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B o t a n i s k a  N o t i s e r  1954, H ä f t e  1. L u n d

Revisions of some Pliocene charophyte 
gyrogonites.

By H e n n i n g  H o r n  a f  R a n t z i e n .

In  connection w ith  an  investigation of som e gyrogonites f rom  the 
A ustr ian  Pliocene, the m orpho logy  a n d  sys tem atic  affin ities  of which 
will be discussed in an o th e r  paper, the  w r i te r  h a s  exam ined  the records 
of Pliocene ch a ro p h y tes  in the literature . T h o u g h  no m ate r ia l  has been 
ava ilab le  for com parison  of m ost of these species, some ra th e r  in fo r­
m ative  figures a n d  descrip tions allowed generic  re-identif ications 0 11  the 
basis  of the li te ra ture  alone. As these im ply  considerab le  extensions of 
the  geological ranges of some genera, a n d  as the Pliocene cha rophy te  
f lo ras  are bu t little know n, some short notes m a y  be m otivated.

In  view of the m a n y  interesting p roblem s connec ted  w ith  Paleogene 
a n d  still older cha rophy tes ,  it is h a rd ly  su rp r is ing  that most studies of 
gyrogonites are  m ore  or  less exclusively devoted  to these form s. Neogene 
charophy tes ,  011 the o th e r  hand , have  received relatively little notice. 
T h is  refers par t icu la r ly  to the Pliocene a n d  so m ew h a t  less to the  Mio­
cene gyrogonites. T he neglect of the Pliocene species m ay  in some degree 
have  been caused by a s ta tem ent by  J. G r o v e s  (1924, p. 84): »In some of 
the Pliocene a n d  Pleistocene beds Ch am -f ru i t s  are  a b u n d an t ,  but, as 
m ig h t  be expected, these resem ble for  the most p a r t  those of species 
co m m o n  and widely d is tr ibu ted  a t  the present day.» This s ta tem ent m ay 
be t ru e  of at least pa r ts  of the Pleistocene, th o u g h  w ith  the reservation 
that few gyrogonites of th a t  age have been  critically  studied. W ith  re ­
gard  to the Pliocene, on the o ther hand , a n d  pa r t icu la r ly  to its lower 
parts ,  it seems so m ew h a t  exaggerated. P re sen t  observations seem to 
ind ica te  that the ch a ro p h y te  floras of the  Pliocene, though extremely 
frag m en ta r i ly  know n, d iffer ra th e r  strongly  fro m  the c h a ro p h y te  floras 
of today, an d  th a t  no Pliocene gyrogonite can  —  a t least for the present — 
be iden tif ied  with an y  living species. Th is  is p e rh a p s  also only w ha t
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might be expected, considering the comparatively short period of 
existence of most species of fossil charophytes known in any great 
detail ( M ä d l e r  1953 a ,  p. 65), a  fact that is ra ther im portant to their 
evaluation as Stratigraphie fossils.

G r o v e s ’ check-list of fossil charophytes from 1933 enumerates only 
three species of gyrogonites ascribed to Pliocene deposits. Two of them, 
identified with still existing species, viz. Char a connivens S a l z m a n n  ex 
B r a u n , Nitellopsis obtusa ( D e s v a u x ) G r o v e s , were reported by G r o v e s  

(1924, p. 84, 88) from the Cromer Forest Bed of Norfolk, England; this 
deposit is for the present time considered Lower Pleistocene ( K i r c i i - 

h e i m e r  1940, p. 159, B a d e n - P o w e l l  1950, p. 10, W o l d s t e d t  1950, 
p. I l l ) ,  however, and the two Cromerian species have for that reason 
been omitted from the list of Pliocene charophytes at the end of this 
paper. The third species in G r o v e s ’ catalogue, Chara zoberbieri, had 
been described by v. F r i t s c h  (1885, p. 424) from the Rippersroda depo­
sits of Thuringia, Germany, of Middle Pliocene (Reuverian) age (K i r c h - 

he im er ,  op.c., p. 150). Three charophyte species were reported from the 
Pliocene deposits of Sinkiang by Lu (1946, p. 273— 277). The most note­
worthy contribution so fa r  in this field was recently made by P a p p  

(1951), who reported nine forms — among them five previously un­
described species —  from the Austrian Pliocene. He has supplemented 
his account of these forms by drawings, which allow detailed compari­
sons with other known types of gyrogonites.

Before discussing the Pliocene gyrogonites, an introductory observa­
tion seems necessary. This concerns the circumstance that all Pliocene 
gyrogonites have been ascribed to Chara, while the comments in this 
paper indicate that  some of them cannot possibly be included in that 
genus, and that none of the others can with absolute certainty be refer­
red to it. It should be remembered in this connection, however, that the 
three types of fossil gyrogonites originally referred to Chara (B r o n g - 

n i a r t  1822, p. 320 322) comprise two species (C. medicaginula,
C. helicteres) which definitely do not belong to that genus, while the 
generic identity of the third (C. lemani) has not been possible It) estab­
lish with any certainly. Later students have generally adopted this 
usage, and apart from a few deviating types the Kosmogyreae dis­
tinguished by S t a c h e  1889, the trochilisks and sycidiads studied by 
K a r p i n s k y  1906, the Clavator discovered by R e i d  & G r o v e s  1916, and 
B e l l ’s Palaeochara acadica of 1922 — all fossil gyrogonites have been 
referred to Chara, even in G r o v e s ’ catalogue of 1933. P i a ’s attempt 
(1927, p. 89) to refer all free gyrogonites except the Kosmogyreae and
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Palaeochara  to the organ-gemis Gyrogonites [ L a m a r c k  1804, p. 356] 
L a m a r c k  1822, p. 614 — once established for »Chara» medicaginula — 
met with no success and has been criticizised ( P e c k  1941, p. 289, R å s k y  

1945, ]>. 29, M ä d l e r  1952, p. 3). The establishment of the nam e Aclisto- 
chara  ( P e c k  1937, p. 86) for a type of gyrogonite deviating from present- 
d a y  Chara in systematically important features ( M ä d l e r  1952, p. 7), 
a n d  the segregation of some other genera of gyrogonites —  Sphaero- 
chara  and Obtusochara — has led to a more differentiated outlook on 
th e  system of the Charophyta ( M ä d l e r  1952, p. 14— 15; further discus­
sed and  commented upon by M ä d l e r  1953 a, p. 63— 65 and 1953 b, 
p. 474 l'f.; cf. P e c k  1953, p. 224— 225). An inclusion of fossil charophytes 
in these new genera has accordingly not been possible until the last few 
years. The reference of all gyrogonites to the genus Chara — still 
adhered  to by some students of this group — is ra ther a general desig­
nation  of fossil charophytes than a reference to any particular generic 
group. This also implies that a re-examination of previously described 
types of gyrogonites will necessitate several generic transfers and new 
combinations.

P ro fe sso r  O l o f  II. S e l l i n g , Sc.IT, has  re ad  th e  m a n u s c r ip t  of this p a p e r  
a n d  lias suggested  severa l im pro v em en ts .  T he  w ri te r  is indeb ted  to  h im  fo r  
m u c h  he lp  a n d  encou ragem en t.

Aclistochara, Sphaerochara, and Kosmogyra in the Pliocene.

1. A clis tochara  nana  (Lu) H. a f  R.

Aclistochara nana  (Lu) H. a f  R., n. comb. (fig. 1 a— c).

Chara na na  L u  1946, p. 276, fig. 2 : 3  a— c.
»Oogonia sm all ,  e longate-suhovoid  in shape, ta pe r ing  steadily  a n d  regu la r ly  

to the apex  a n d  g rad u a l ly  to the som ew hat  obtuse  bases  w ith  the  g rea tes t  
t r an sv e rse  d ia m e te r  above mid-heigh t.  Leng th  m e asu r in g  about 715 p, b re a d th  
455 p. Spiral-ce lls  show ing  11— 12 convolut ions , sm oo th ,  convex, w ith  the 
su tu res  in b ro a d  and  deep fu rrow s .  W id th  of the sp ira l-ce lls  variable ,  m e a ­
su r ing  a b o u t  65 u at the u p p e r -h a lf  p o r t io n  and  48 u n e a r  the base. E q u a to r ia l  
angle  a b o u t  15°. T ips p ro n o u n ced ,  fa in tly  swollen, giving rise to a dis tinct, 
sl ightly  p ro jec t ing  rosette.» (Lu I.e.).

O ccu rrence :  »at Kizil-Ming-Oi . . ., ab o u t  8 k m  n o r th  of K ucha and  V2 km  
eas t  of the K ucha-B ai m o to r  road», Sinkiang. —  K u ch a  F o rm a t io n  ( =  K u e h a r  
G roup  of N o r i n  1935 b a n d  1941), Middle Bed ( =  Series B of N o r i n  1935 a, 
p. 80, 1935 1), p. 340 f f .). On the  age of the la t te r  C h a n e y  1935, p. 97 w rites: 
»It is c lea r th a t  it can be re fe r re d  to th e  Pliocene  on th e  basis  of its s t ru c tu re  
a n d  lithology, a n d  th a t  the  f lo ra  is re la ted  in k in d  an d  in  clim atic  im plica t ions
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to Pliocene floras in Asia and  in western North America. While the possibility 
must be considered that it m ay  be as young as the Pleistocene, the evidence 
now at hand favours the reference of this flora to the Pliocene». N o r i n  (1941, 
p. 186) considers this bed »probably Pliocene».

T he figures a n d  descrip tions of the apica l regions of these gyrogonites 
show beyond  a n y  doub t th a t  they  shou ld  be re ferred  to Aclistochara, 
as defined  by p resen t s tuden ts  of this group. In A. nana  the spiral cells

n a r ro w  in the pe r ip h ery  of the apical 
pole, b u t  expand  ab ru p t ly  in the  apical 
centre. This  is a distinctive of one of Ihe 
types re fe rred  to Aclistocharci (see p. 9). 
Species of Aclistochara  have usually  a 
f la t  ap ica l region, a charac ter  which w as 
inc luded  in the diagnosis of the  genus 
( F e c k  1937, p. 86). As gyrogonites g ra d u ­
ally  taper ing  tow ards  the  sum m it, b u t  
p rov ided  with tlie apical s truc tu re  c h a ra c ­
teristic of Aclistocharci, have been en co u n ­
tered now  a n d  then  (see e.g. M ä d l e r  

1952, Taf. IF fig. 29), this cha rac te r  seems 
less reliable f ro m  a sys tem atic  po in t  of view.

Charci nana  has  been  c o m p ared  by L u  (op.c., p. 277) with C. escheri 
U n g e r  (1850, p. 34) a n d  C. elegans  D o l l f u s  & F r i t e l  (1920, p. 255). 
As f igured  by  D o l l f u s  & F r i t e l  (op.c., fig. 17), C. elegans does not 
belong to any  of the types usua lly  re fe r red  to Aclistochara, a n d  is also 
in o th e r  respects r a th e r  d iffe ren t  from  A. nana. W h e th e r  the la tter  is 
distinct from  some of the fo rm s  included in C. escheri  seems more 
questionable, however. C. escheri  — as usually  in terpreted  —-  evidently 
com prises r a th e r  d iffe ren t  fo rm s, some of w h ich  belong to the Aclisto- 
chareae. As the tax o n o m y  a n d  var ia t ion  of C. escheri is not well u n d e r ­
stood, a n d  its typification  not adequa te ly  investigated, a com parison  
with A. nana  is difficult.

O u r  know ledge of the  Aclistochara  type of gyrogonites is of c o m p a ra ­
tively recent date.

P e c k  (1937, p. 86— 90) u n i ted  a g roup  of seven species f ro m  the 
U pper Ju rass ic  M orrison fo rm a tio n  of W y o m in g  to a new  genus, 
Aclistochara,  defin ing  th em  as com pris ing  gyrogonites whose spiral 
cells »ascend to a t ru n c a te d  su m m it  w here  they te rm inate  w ithout 
m eeting  in the center, leaving a consp icuous opening  into the interior

Fig. J. Aclistochara nana  (Lu) 
H. a f  R. Sinkiang: 8 k m  N of 
Kucha (Kuchar Group, Series B; 
Pliocene).  — a: gyrogonite  in 
la te ra l  view; b: apical view; c: 
basa l  view. — After Lu 1946, 

fig. 2 : 3  a— c. —  All fig. 
approx. 25/1.
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of each oogonium». From various Lower Cretaceous formations of 
U.S.A., P e c k  (1941, p. 290—292) described two additional species, bid 
according to M ä d l e r  (1952, p. 8) one of these, A. m undula , probably 
belongs lo Ihe Clavatoraceae. In the same year, R å s k y  described 
A. staubi from the Lower Miocene of H ungary  (R å s k y  1941, p. 300) 

up to the present the youngest recorded gyrogonites referable to 
these morphological types. Nine more species of the same genus were 
established by R å s k y  (1945, p. 40— 46) from other H ungarian  Middle 
Cretaceous, Paleocene, Eocene, and Oligocene deposits. An Eocene type 
of gyrogonite of this morphological group has been recorded from Peru 
( P e c k  & R e k e r  1947, p. 5), and four additional forms from the Eocene 
of U.S.A. ( P e c k  & R e k e r  1948, p. 87— 89). Some occurrences of Aclisto- 
chara from the Paleocene (B e l l  1949, p. 36) and Lower Cretaceous 
(L o r a n g e r  1951, p. 2357) of Alberta, Canada, have also been reported; 
the latter paper includes a description of a new species. H o r n  a f  R a n t - 

z i e n  (1951, p. 672—673) listed four species of Aclistocliara from South 
America, one of them previously described as a Chara, and R å s k y  

(1952, p. 43) gave a new record from the Eocene-Oligocene of Hungary. 
Fourteen new forms of Aclistocliara were described by M ä d l e r  (1952. 
p. 18— 30) from the Kimmeridge of NW Germany, eight of which were 
given specific rank. Two gyrogonite forms of Aclistocliara  type have 
finally been described by H o r n  a f  R a n t z i e n  (1953, p. 6— 7, 1954, in 
the press) from the Middle Triassic (Keuper or Muschelkalk) of South 
Sweden. The geological range of the morphological types of gyrogonites 
referred lo Aclistocliara is accordingly know n to comprise the Middle 
Triassic, Upper Jurassic, Lower Cretaceous, the whole of the Paleogene, 
and the Lower Miocene. The present species widens this range also to 
the Pliocene.

It may be added that a still older record of Aclistocliara than  the Triassic 
exists, though this —  apparently  on account of some uncertainty at tached 
lo il — is not generally included when stating the range of this genus. This 
record refers to the discovery of a num ber of gyrogonites in a marine shale 
(Cherokee) of the Pennsylvanian of Missouri, U.S.A., described by P e c k  
(1934 a, p. 54) as Gyrogonites moreiji. P e c k ' s  description and discussion, which 
is of considerable interest, is quoted in extenso  below (his figures are rep ro ­
duced here as fig. 2 a— e):

»Gyrogonites moreyi, n.sp. (Plate 1, figures 1— 3, 5, 6.)
Oogonium subovate to ovate-rotundate, ranging from .3 to .4 mm. in height, 

higher than  wide, greatest transverse diameter at or usually below mid-height. 
Spiral ridges intercellular, fairly broad, making a little more than  one com ­
plete tu rn  around the oogonium. At the center of each ridge is a fine furrow
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marking the lateral contact of the cells. The furrows separating the ridges are  
approximately equal to the ridges in width.

Occurrence. —  Cherokee (Pennsylvanian) shale about thirty fixe feet above 
the Bevier coal at the Brick Plant, Columbia, Missouri; ? Winterset (Penn­
sylvanian) from Quarry at Swope Parkway and Prospect,  Kansas City, Mis­
souri; ? W auhaunsee (Pennsylvanian) near Manhattan, Kansas.

I lolotypes and Paratypes.  —  Catalog numbers 31007— 3, 31007— 4, Univer­
sity of Missouri.

Approximately one hundred  specimens of G. moreyi  have been collected 
from the Cherokee by Mr. John  Roberts and Mr. Philip Morey. They differ 
slightly in the length-width ratio, as is shown in the accompanying illustrations.

A single specimen has been collected from the Winterset limestone and  a n ­
other from the W auhaunsee formation. These forms are too poorly preserved 
to permit specific identifications and I am tentatively referring them to 
G. moreyi . »

Three years later, when establishing the genus Aelistocliarct, P e c k  (1937, 
p. 87) noted: Species of charophyte  oogonia that should be referred to Aclisto- 
chara are as follows: . . .; Gyrogonites moreyi  Peck, Pennsylvanian, Missouri 
(Peck, 1934, p. 50, figs. 1— 3, 5, 6).» In 1949, »about 50 specimens of Char a 
moreyi (Peck)» were reported  from the Pennsylvanian of Iowa, U.S.A., »re­
covered from the Higginsville limestone member of the Ft. Scott form ation 
exposed near Madrid in the N.E. 1/4, sec. 33, T. 82 N., 11. 26 W.» ( T h o m a s  
1949, p. 233).

Owing to some morphological similarities — not extending to the apical 
pole, however - between G. moreyi  P e c k  and a Middle Triassic species of 
Praechara, the former was briefly discussed by H o r n  a f  R a n t z i e n  (1954, in 
the press). Although it was pointed out there that according to P e c k  (1937) 
G. moreyi should he referred to Aclistochara,  it was not included in the geolo­
gical range of this genus. The reason was the somewhat incomplete co rrespond­
ence between the holotype of G. moreyi,  as figured in apical view by P e c k  
(1934 a, pi. p. 50, fig. 2; this paper, fig. 2 b), and the holotype of Aclistochara  
bransoni —  type of the genus —  in summit view as reproduced by P e c k  
(1937, pi. 14, fig. 9). It seems also rather  difficult to refer the apical a rrange­
ment of G. moreyi to any of the three principal apical types of Aclistochara  
discussed below (p. 9). Apart from  this, it was noted that the figures show 
rather large variations in shape, num bers of convolu t ions , etc.

The differences between G. moreyi  and the aforesaid forms of Aclistochara  
may be due to heavy retouching or imperfect photographic reproductions of 
the former, and no inferences can be draw n from the figures alone regarding 
the possible systematic significance of these differences. It seems however, that 
we have better defer the inclusion of the Pennsylvanian record in the geological 
range of Aclistochara  until the type material of G. moreyi has been re-examined.

The morphological interpretations of the Aclistochara gyrogonites 
have varied greatly. At the original establishment of this genus, the 
flattened apical region and  the large apical opening were considered 
diagnostic, and motivating the generic distinction ( P e c k  1937, p. 86).
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F ig .  2. G y r o g o n i te s  m o r e i j i  
P e c k  (A cl is to c l ia ra  m o r e i j i  
( P e c k )  P e c k ) .  F.S.A.. Mi s ­
s o u r i :  C o l u m b i a  (Che ro -
k e e  sh a l e ;  P e n n s y l v a n i a n ) .
—  a:  h o l o t v pe ,  g y r o g o n i t e  
in l a t e r a l  v iew;  b:  ho l o-  
I vpe ,  a p i ca l  vi ew;  c: l iolo-  
l ype ,  ba s a l  v i ew;  d:  p a r a -  
t y pe ,  l a t er a l  v i ew;  e: p a r a -  
t ype ,  l a t e r a l  view.  —  Af te r  
P e c k  1934 a. pi. ( u n n u m b .  
in j). 50) ,  fig. 1— 3, 5, 6.
-  All fig. 54/1.

H a r r i s  (1939, p. 77— 78) regarded  the large apical hole as a less reli­
ab le  feature , possibly due to the apex being accidentally  b roken  off: 
this was also observed in a Clavator grovesi gyrogonite. H a r r i s '  sta te­
m e n t  has  been d iscussed by R å s k y  (1945, p. 41) w ho stressed the 
d is tinc tness  of the large apical opening, and  noted th a t  H a r r i s '  obser­
va tion  § eher beweist, dass der Gyrogonit von Clavator grovesi,  der 
a u c h  in einer A bbildung gebrach t wird (Plate X, Fig. 10), n ichts  anderes 
ist, als der einer Aclistocliara-A r l .»

T he  diagnosis of Aclistocliara  was am en d ed  by P e c k  (1941, p. 290). 
He defined  the genus as com pris ing  gyrogonites whose sum m it regions 
were cha rac te r ized  by  »five calcified co ronu la  cells resting on their  
d is ta l  extremities or, in the absence of co ronu la  cells, indenta tions 
show ing  their fo rm er  presence». T he term »calcified coronu la  cells» 
ap p a re n t ly  ind ica ted  the swelling of the sp ira l  cell-1ips in the apical 
centre, observed in several previously described species (see e.g. H e e r  

1855, Taf. IV, S c h i m p e r  1870— 1872, pi. V, D o l l f u s  & F r i t e l  1920, fig. 
1— 23). T h e  b reak in g  off of these »calcified co ronu la  cells» exposed the 
large opening  orig inally  believed diagnostic  of Aclistocliara. However, 
the co ronu la  cells of fossil and recent ch a rophy tes  are  not usually  calci­
fied ( R e i d  & G r o v e s  1921, p. 181, G r o v e s  1925, p. 12, 1926, p. 165, 
1933, p. 3, R a o  & R a o  1939, p. 2, R å s k y  1941, p. 297) and  such sum m it 
expansions  —  in terpre ted  e.g. by  D o l l f u s  & F r i t e l  (1920, p. 254) 
as »vestiges de la coronide» —  were therefore  considered term inal 
expansions  of the spiral cells ( G r o v e s  1933, p. 3).

R eal ca lc ified  c o ro n u la  cells occu r acco rd ing  to  P e c k  (1934 b, p. 91— 92) 
an d  C r o f t  (1952, p.  209) in  som e of th e  tro ch ilisk s  (T rochiliscus  subg. Kar- 
p in s k y a ) .  A ca lc ified  c o ro n u la  has m oreover been reco rd ed  in  Char a sausari 
fro m  the  In d ia n  In te r tra p p e a n s  ( S a h n i  & R a o  1943, p. 215 f f .).
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With regard to these terminal structures, R å s k y  was ahle, however, 
to confirm P e c k ’s record as to the presence of the »klar erkennbaren 
5 Coronula-Zellen» in three H ungarian  species of Aclistoclmra (R å s k y  

1945, p. 41). Some years later, P e c k  & R e k e r  (1947, p. 5) reviewed on 
the base of large collections the characters of Aclistocharci with the fol­
lowing comments: »We are unable to prove that  the five collar-like 
nodes on the summits of the oogonia are separate from the calcareous 
spirals as true coronula cells should be. We are also unable to prove that 
the five nodes are simply terminal expansions of the regular spirals. 
W e do find that the combination of characters, including . . . the p re ­
sence of summit nodes (coronula cells) on well-preserved specimens, 
allows us to differentiate readily the one group of oogonia from the 
other group . . .». P e c k  (1953, p. 210, cf. also p. 221) maintains that  in 
Aclistoclmra »coronula cells or evidence of their former presence are 
preserved». M a s l o v  (1947, p. 88) and P a p p  (1951, p. 279), who —  judg­
ing by the illustrations — seem to have dealt with forms close to the 
general concept of Aclistochara, apparently consider these structures 
terminal extensions of the spiral cells. M a s l o v  (I.e.) uses the expression 
»the base of coronule»; P a p p  designates these structures »Krönchen- 
gestell» (op.c., p. 283 ff.).

M ä d l e r  (1952, p. 6— 7, 1953 b, p. 478) lias contributed much to an 
understanding of the apical structures of gyrogonites referred to Aclisto- 
chara. He denies that the terminal expansions can be calcified coronula 
cells. He furtherm ore stresses the systematic importance of a character 
found in some types of Aclistochara  gyrogonites, viz. the decrease in 
width and weak calcification of the spiral cells in the apex periphery 
which forms a grooved, weak zone, along which the whole apical region 
is sometimes broken off, resulting in the large apical opening observed 
by P e c k  in 1937. M ä d l e r  (1953 b, p. 478) writes:

»Das ist biologisch nicht ohne Bedeutung. Die rezenten Charophyten keimen 
so, dass das Würzelchen und der Vorkeim durch die Spitze des Gipfels hin- 
durchstossen. Das dürfte bei den Aclistochara-Arten, bei denen die Spitze oft 
sogar durch Kalkablagerung verfestigt ist, nicht möglich gewesen sein . . . Es 
hat vielmehr den Anschein, als ob hier bei der Keimung der Oospore durch  den 
inneren Quellungsdruck das ganze Gipfelstiick herausgesprengt wurde. Dieser 
Umstand lässt es geraten erscheinen, die Actistochara-Arien  nicht zu der U nter­
familie der Chareae zu ziehen, sondern dafür  eine besondere Unterfamilie 
Aclistochareae aufzustellen . . . »

Equally important is M ä d l e r ’s observation that the gyrogonites 
referred to Aclistochara  comprise some types of rather different apical
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structures. Some gyrogonites of this group are thus characterized by the 
narrowing of the spiral cells in the apical periphery, described above, 
and by the resultant formation of a peripheral, narrow, weakly calci­
fied zone, along which the whole strongly calcified summit hood may 
break away, leaving a very large opening (M ä d l e r  1952, Abb. 1 c— d, 
1953 b, Abb. 17 c— d). A. staubi R å s k y  (1941, Taf. VII, fig. 2 a) appears 
to be a good representative of this type of apical structure. In other 
species of gyrogonites the walls of the spiral cells are reinforced towards 
the apical pole, become abruptly  weaker near to their tips, and again 
reinforced in the tips themselves, the hood being mostly sunk below 
the surface of the other lime-shell (M ä d l e r  1952, Abb. l b ,  1953b, 
Abb. 17 b). In that case a somewhat smaller part  of the apical hood has 
probably been broken off at the germination. A. thörensis M ä d l e r  (1952, 
Taf. B, fig. 8) m ay serve as a typical example. A third  type (M ä d l e r  

1952, Abb. 1 a, 1953 b, Abb. 17 a) seems to differ in principle from the 
others. In this type there is a ra ther small apical opening, the hood of 
which — if any —  has not yet been observed. This apical orifice is 
delimited by the usually somewhat swollen tips of the spiral cells. 
There is, however, no distinct narrowing — nor any particularly weak 
calcification — of the spiral cells of the apex periphery, and germ ina­
tion m ay have taken place without any partial breaking off of the lime- 
shell. This structure is met with in several older forms, viz. A. k im m e-  
ridgensis M ä d l e r  (1952, Taf. B, fig. 13). M ä d l e r  (1953 b, p. 478) points 
out that these differences might be used for the further differentiation 
of the genus. Intergradations of the three types described are, however, 
ra ther common.

As defined by present students of this group, the genus Aclistocliara 
is a somewhat heterogeneous assemblage of forms ( M ä d l e r  1952, p. 7). 
This does not refer only to the varying structures of the apical poles, 
but also to the considerable variations in size and shape of the gyrogo­
nites, which are probably greater than in any other genus of charo- 
phytes. It should furtherm ore be remembered that gyrogonites in which 
I he apical structures described above are combined with various types 
of tubercular decoration are known from the North American Eocene 
( P e c k  & R e k e r  1948, p. 88— 89); if the tuberculate forms without such 
apical structures are segregated from other fossil gyrogonites — the 
genera Kosmogyra  and Kosmogyrina  of the Kosmogyreae — the tu b er­
culate Aclistochareae should either be removed from that subfamily 
entirely, or perhaps better -  as proposed by M ä d l e r  (1952, p. 8—9, 
1953 b, p. 479) — form a separate genus within it. It should finally be
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noted that gyrogonites provided with the apical structures characterizing 
Ihe Aclistochareae are ra ther widely distributed stratigraphically (see 
p. 5— 6); they are among the most persistent of all morphological types 
of gyrogonites. The fossil species of charophytes so far investigated 
usually appear to have existed only for a short time ( M ä d l e r  1953 a, 
p. 05), and  the investigations of Ihe last few years seem to indicate that 
this apparently  also applies to the genera, though of course to a less 
extent. The exceptionally wide Stratigraphie range of Aclistochcira may 
have something to do with the morphological heterogeneity observed 
within it. The writer’s observations seem to point to different though 
overlapping Stratigraphie ranges of distribution of the various types of 
apical structures of Aclistochcira gyrogonites described by M ä d l e r . 

This would moreover support Ihe heterogeneous impression of this 
group.

Judging by the illustrations, several gyrogonites ascribed to various species 
of Chcira seem to be provided with the apical structures considered charac­
teristic of the Aclistochareae. A few of them were transferred  in the first de­
scription of Aclistochcira ( P e c k  1937, p. 87), and some other similar cases 
were mentioned by M ä d l e r  (1952, p. 9). An examination of the published 
figures of gyrogonites reveals a considerable num ber of such instances. 
Illustrations in H e e r  (1855, Taf. IV), S c h i m p e r  (1870— 1872, pi. V ) ,  D o l l f u s  
& F r i t e l  (1920, fig. 1- -23), R e i d  & G r o v e s  (1921, pi. IV—VI), and R a o  & R a o  
(1939, pi. I— Ilf) — to take but a few examples — are particularly in fo rm a­
tive in this respect. As gyrogonites of types referable to the Aclistochareae have 
often been confused with forms of entirely different apical structure, and 
original materials sometimes are mixtures of various forms, a general transfer 
to Aclistochara  of forms like those illustrated in the papers cited above is 
rather useless without a check-up of the type material in each individual case.

2. A clistochara  s in k ia n g en sis  (Lu) H. a e  R.

Aclistochara sinkiangensis (Lu) II. a f  R., n. comb. (fig. 3 a— c).

Cham sinkiangensis  Lu 1945, p. 34, pi. I, fig. 1 a— c.
[As regards Char a sinkiangensis Lu 1946, p. 274, see below].
»Oogonium large, obovoid in shape, swollen at the middle, with the sides 

converging rapidly from the greatest diameter to the somewhat obtuse base and 
gradually  lo the truncate, slightly depressed and broad apex. Length ranging 
from  1125 ji to 1280 u, breadth  935— 1060 p. Spiral-cells showing 8— 9 convo­
lutions, smooth, convex, with the sutures in broad and deep furrows. W idth  
of these cells uniform, measuring about 130— 160 u. Equatoria l angle about 
16— 18°. Tips of the spiral cells a t the apex slightly depressed, giving rise to a 
rem arkable rosette.» (Lu 1945, p. 34).

Occurrence: about 20 km N of Kucha, Sinkiang (acc. to Lu 1946, p. 274; 
the first, brief record of this locality, Lu 1945, p. 33, reads »near Kucha»). -—
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Fig. 3. Aclistoclmra sinkiangensis (Lu) II. a f  R. Sinkiang: 20 km N of Kucha (Kuchar 
Group, Series C; Cretaceous— Lower Tertiary). — a: gvrogonite in lateral view; 
b: apical view; c: basal view. — After Lit 1945, pi. I, fig. 1 a—c. — All fig. 32/1.

K u ch a  F o rm a t io n  ( =  K u ch a r  G roup  of N orin  1935 b a n d  1941), L o w er  Bed 
( =  Series C of N orin  1935 a, p. 77— 78, 1935 b, p. 340— 341), being of C re ta ­
ceous o r  poss ib ly  L ow er T e r t ia ry  age» (Norin  1941, p. 186).

F u r th e rm o r e  re p o r te d  (L it 1946, p. 273— 274) f r o m  »at Kizil-Ming-Oi . . ., 
ab o u t  8 km  n o r th  of K uch a  a n d  Va k m  east of the  K ucha-B ai m o to r  road», 
S inkiang. —  K u cha  F o rm a t io n  ( =  K u c h a r  Group of N orin  1935 b an d  1941), 
Middle Bed ( =  Series B of N or in  1935 a, p. 80, 1935 b, p. 340 f f .), w h ich  is 
acc. to Chaney  1935, p. 97 a n d  N orin  1941, p. 186 of P liocene  age. —  R eg ard ­
ing the  age de te rm in a t io n  of the  Series B, see no tes  p. 3— 4.

This species —  w hich, accord ing  to the descrip tions a n d  figures is 
doubtless re ferab le  to Aclistochara  as defined by  present s tuden ts  —  was 
described from  Pre-Pliocene deposits. It is inc luded  in this review because 
of its supposed  occurrence  in Pliocene beds of the K u ch a r  Group. Of its 
affinities, Lu  (1945, p. 34) writes: »this new species is s im ilar  to Chard  
m eriani  U nger from  the Miocene an d  Oligocene of E u rope  in the  size 
an d  shape, b u t  is d is t inguished  from  the la tter  by its trunca te  a n d  very 
b ro ad  apex.» Ju d g in g  from  Lu 1945, pi. 1, fig. l b ,  this p ap er  fig. 3 b ,  
the apical s truc tu re  of A. s ink iangensis  m ay largely  co rrespond  to tha t  
of the A. stauhi  type (cf. p. 9).

The gyrogonites from  the Pliocene Series B of the K u ch a r  Group 
were never fo rm ally  described, b u t  only a re ference  m ad e  to the C re ta ­
ceous or  E a r ly  T e r t ia ry  specim ens described as A. s inkiangensis .

Considering the app aren t ly  considerable  d ifference  in age betw een  
the Series B a n d  C of the K u ch a r  Group acco rd ing  to N o r in  (1941. 
p. 186) a n d  the brief  existence of the species of fossil eh a rophy tes  so fa r  
investigated ( M ä d l e r  1953 a, p. 65), it seems less p robab le  th a t  the  
Pliocene gyrogonites re ferred  to Char a s inkiangensis  by  L u  (1946) 
should  be conspecific  w ith  the Cretaceous —  L ow er T e r t ia ry  specim ens
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d e sc r ib e d  u n d e r  th a t  n a m e  by  L u  (1945). G y ro g o n i te s  o f  the  s a m e  g e n e ­
ra l  type  as  A . s in k ia n g e n s is  w ere  n o t  r a r e  in the  T e r t ia ry .  L u ’s d e t e r ­
m in a t io n s  show  th a t  su c h  fo rm s  a r e  a p p a r e n t l y  r e p r e s e n te d  in th e  
P l io ce n e  of  S in k ia n g  too. A re -d e p o s i t io n  b y  r iv e r in e  ac t io n  of  o ld e r  
d e p o s i ts  c o n ta in in g  gy ro g o n ite s ,  w h ic h  w o u ld  e x p la in  the  p re se n ce  of 
the  C re tac eo u s  —  L o w e r  T e r t i a ry  .4. s in k ia n g e n s is  in  P l io ce n e  s t r a ta ,  
s h o u ld  a lso  be  co n s id e red ,  b u t  seem s in  th is  ca se  less p ro b a b le ;  th i s  
q u es t io n  is dea l t  w i th  a t so m e length  u n d e r  K o s m o g y r a  n o d o sa  (p. 16 
— 18). S u m m a r iz in g  th e  ev idence  r e la t in g  to  th e  P l iocene  sp e c im e n s  
r e fe r re d  b y  L u  (1946) to  Chara  s in k ia n g e n s is , it m ig h t  b e  s a id  t h a t  a l ­
t h o u g h  g y ro g o n ite s  o f  th e  s a m e  g e n e ra l  m o r p h o lo g ic a l  ty p e  m a y  be  
ex p e c ted  in s t r a t a  of  th is  age, the  id e n t i ty  of  these  P l io ce n e  s p e c im e n s  
w i th  th e  type m a te r i a l  o f  A . s in k ia n g e n s is  r e m a in s  to b e  p ro v ed .

3. Kosmogyra nodosa (Lu) H. a f  R.

K o s m o g y r a  n o d o sa  (Lu) H. a f  R., n. co m b .  (fig. 4 a — d).

C hara  n o d o s a  L u 1946, p. 275, fig . 2: 1 a— c, 2.
»O ogonia  large, o v o id  in  sh ap e , w ith  sid es c o n v erg in g  ra p id ly  fro m  the g r ea t­

est tra n sv erse  d iam eter  at m id -h e ig h t to w a rd  the a p ica l p o r tio n  an d  regu lar ly  
to  th e  so m ew h a t tru n ca te  base. L ength  ab ou t 1080 u; breadth  varies from  840 u 
to 715 p. S p ira l-ce lls  sh o w in g  14— 15 co n v o lu tio n s , fla t or o c c a s io n a lly  s lig th ly  
co n ca v e , d ecorated  w ith  ro u n d ed  tu b ercles at n ea r ly  regu lar in terv a ls  and  w ith  
th e  su tu res in  co n v ex , very  narrow , but d istin c t ridges. T h e w id th  o f these  ce lls  
is u n ifo rm , m easu rin g  ab ou t 76 u, w ith  an eq u a to r ia l a n g le  o f 8 C— 9 °. A p ex  
u n k n o w n . B ase narrow , tru n cate , p ro jectin g  s lig h tly  to th e  p ro x im a l end.»  
(Lu I.e.).

O ccurrence: »at K izil-M ing-O i . . ., a b ou t 8 km  north  o f K ucha an d  V2 km  
east o f  th e  K ucha-B ai m o to r  road», S in k iang . —  K u ch a  F o rm a tio n  ( =  K uchar  
G roup o f  N o r i n  1935 b and  1941), M iddle B ed  ( Series B o f N o r i n  1935 a, 
p. 80 , 1935 b, p. 340  f f .), w h ich  is acc. to  C h a n e y  1935, p. 97 and  N o r i n  1941, 
p. 186 o f P lio cen e  age. —  R egard ing  the age d e term in a tio n  o f  th e  Series B, see  
n o te s  p. 3 — 4.

A c c o rd in g  lo o u r  p re se n t  k n o w le d g e  a n d  Ihe sy s te m  of th e  G haro-  
p h y t a  a d o p te d  b y  M a h l e r  (1952, 1953 a  & b ;  cf. P e c k  1953), g y r o g o ­
n i te s  w i th  tu b e r c u la r  d e c o ra t io n  in w h ic h  the  tu b e rc le s  a re  ce l lu la r ,  i.e. 
s i t u a te d  a long  th e  m id d le  of  th e  sp i ra l  cells, s h o u ld  b e  r e f e r r e d  to the  
g e n u s  K o s m o g y r a  S t a c h e  (1889, p. 130). T h i s  gen u s  w a s  f irs t  d e s c r ib e d  
f r o m  th e  P a leocene ,  a n d  s im ila r  f o rm s  h a v e  la te r  b e e n  f o u n d  in v a r io u s  
E o c e n e  a n d  O ligocene  d epos i ts ;  th e re  is a lso  a  s ing le  r e c o rd  f ro m  th e  
M iocene  (S a rm a t ia n )  of H u n g a r y  ( R å s k y  1941, p. 302). I n  th e  la tes t  
s u rv e y s  Ihe r a n g e  of  K o s m o g y r a  is s ta te d  » P a lä o z ä n  b is  E o zä n »  ( M ä h -
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l e r  1953 a, p. 64) o r  »Unt.-Mittl. Tertiär»
( M ä d l e r  1953 b, p. 483). T h e  P l iocene  
s p e c im e n s  d esc r ib ed  by Lu (1946) ex ten d  
th e  geo log ica l  r a n g e  of th is  t y p e  o f  gyro- 
gon i te ,  a n d  a re  th e re fo re  in c lu d e d  in this 
d isc u ss io n .

Lu (op.c., p. 276) has co m p a re d  the 
p resen t  species w ith  the L ow er  Tertia ry  
K o s m o g y r a  vasi formis  (R e id  & G r o v e s )
Pi a,  to w h ich  it is r a th e r  s im ila r  in gene­
ral shape. T he  la tter — though  vary ing  in 
size —  seems a lw ays to be considerab ly  
sm alle r  a n d  provided w ith  few er  convo­
lu tions; judg ing  by the original m ater ia l  
of K. vasi formis  ■— as f igu red  by  R e id  &
G r o v e s  (1921, pi. IV, fig. 13— 1.5) — the 
a r ra n g e m en t  of the tubercles differs in 
som e degree from  that of K. nodosa.  This 
also applies to the gyrogonites w hich  R a o  
& R a o  (1939, p. 6, pi. I, fig. 5, pi. II, fig.
5 a— c) w ith  some hes ita tion  re fe r red  to 
R e i d  & G r o v e s ’ species.

T h e  n a tu re  of the tu b e rc u la r  decoration a n d  the system atic  position 
an d  affin ities  of these gyrogonites  have been  discussed repeatedly. Al­
though  some p lausib le  exp lana tions  and  im p o r ta n t  points have been 
b ro u g h t  ou t in the discussion, the prob lem  still seems unsettled, at 
least partly . T he w riter  w ishes to stress th a t  his reference of Chara  
nodosa  to Ko sm o g yra  does n o t  m ean  th a t  he has  taken  up  a defin ite  
a t t i tude  to the ra th e r  in tr ica te  question w h e the r  a system atic  d is t in c ­
tion of so o rn am en ted  gyrogonites is tenable o r  not. T he  m ateria l  neces­
sary  for th a t  is no t available. But it appears  to be of some in terest to 
point out that specim ens of th is  p ar t icu la r  Ivpe, w h ich  are especially 
charac ter is t ic  of some Paleogene deposits, m a y  have occurred  up  to the 
end of the T ertiary ,  a fac t  w ith  some possible bear ing  on the m o r p h o ­
logical and  sys tem atica l in te rp re ta t ion  of these forms.

T he  p resen t  s tate of ou r  know ledge of tubercu la te  gyrogonites will 
ap p ea r  f ro m  the fo llow ing b r ie f  sum m ary .

Kosmoggra ,  described by Stache (1889. p. 130), was made to include 
the large, spherical gyrogonites with tubercular decoration and flat or

Fig. 4. Kosmogyrci nodosa  (Lu) 
It. a f  R. Sinkiang: 8 k m  N of 
Kucha (Kuchar Group, Series B; 
Pliocene).  —  a: Hie lies! p re ­
served gyrogonite  in la te ra l  
view; b: apical  view; c: basa l  
view; d: a n o th e r  specimen,
la te ra l  view. — After Lu 1946, 
fig. 2: 1 a— c, 2. — All fig. 

approx.  25/1.
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convex spiral cells occurring  a b u n d a n t ly  in some beds of the Middle 
» L ibu rn ian  F o rm ation»  (S t a c h e  op.c., p. 86) w hich  is considered  
equivalen t to the M ontian  of the Paleocene (see e.g. E d w a r d s  1932, 
p. 215). S t a c i i e  (op.c., p. 130) also established the genus Kosm ogyrella ,  
s im ila r  to K osm ogyra ,  bu t with concave spiral cells; bo th  genera  were 
inc luded  in the new  subfam ily  Kosmogyreae.  T he  la tte r  division w as 
ad o p te d  by  M a h l e r  (1952, p. 15, 1953 b, p. 483; see also P e c k  1953, 
p. 225), b u t  Kosm ogyrella  S t a c h e  was dropped, a n d  the  new  genus 
K o sm o g yr in a  was established fo r  gyrogonites w ith  in terce llu lar  t u b e r ­
cu la r  decorations ( M a d d e r  1952, p. 5— 0, 1953 b, p. 479).

T ubercu la te  gyrogonites were, however, k n o w n  before  S t a c h e  e s ta b ­
l ished K osm ogyra.  Such  fo rm s h a d  been described by  L y e l l  (1820, 
p. 94), H e e r  (1859, p. 150), a n d  W a t e l e t  (1866, p. 54— 56), a n d  h a d  
been  included  in the genus Chara.

In 1913, T u z s o n  described a tubercu la te  type of gyrogonite as 
Characeites verrucosa  ( T u z s o n  1913, p. 209). More or less sim ilar  speci­
m ens  were by D o l l f u s  & F r i t e l  (1920, p. 248 252) and  by R e i d

& G r o v e s  (1921, p. 184— 186) ascribed  to Chara. However, in his s u r ­
vey of the fossil charophy tes ,  P i a  (1927, p. 90) re fe rred  all tubercu la te  
gyrogonites  —  except two species of K osm ogyrella  —  to S t a g h e ’s 

K osm ogyra .  This  was am en d ed  to com prise  not only the original sp h e r i ­
cal, b u t  also the m ore  or less oval types. P i a  m oreover inc luded  in 
K o sm o g yra  the Ju rass ic  Cliara hleiclieri ( S a p o r t a  1873, p. 214), a fo rm  
w h ich ,  however, according to P e c k  & R e k e r  (1947, p. 4, 1948, p. 85) 
belongs to the Clavatoraceae. G r o v e s  (1933) again  limited K osm ogyra  
to the original L ib u rn ian  species of S t a c h e , an d  listed the  o thers u n d e r  
the genera  in which  they had  been originally  described. In recent years, 
gyrogonites  of tubercu la r  decora tion  have either been described as or 
re fe r red  to species of Chara  (R a o  & R a o  1939, p. 5— 6, L u  1946, p. 275, 
P e c k  & R e k e r  1947, p. 4, 1948, p, 87), or included in K osm ogyra  
( R å s k y  1941, p. 302 -303, 1945. p. 46— 52, 1952, p. 41 43). P e c k  &

R e k e r  (1948, p. 87— 89) have proved  th a t  in tercellu lar  as well as ce l­
lu la r  tu b ercu la r  decorations occur in some species of Aelistochara,  a n d  
M a h l e r  has  (1952, p. 6) referred  a Chara  species of R å s k y  (1945, p. 37) 
w ith  in terce llu lar  tubercles to the  new7 genus K osm ogyrina.

O pinions d iffer r a th e r  widely regard ing  the m orphologica l in te rp re ta ­
tion of this k ind  of decoration. W hile  for instance  S t a c h e  (1889, p. 130) 
considered  the presence of tubercles sufficient to m otiva te  the es tab lish ­
m e n t  of a new  subfam ily  a n d  new  genera, D o l l f u s  & F r i t e l  (1920, 
p. 247— 249) inc luded  tubercu la te  a n d  n on - tubercu la te  form s in the
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s a m e  species, thus regarding tubercular decorations as not being impor­
tan t  enough even for the delimitation of species. S c o u r f i e l d  (in R e i d  
& G r o v e s  1921, p. 185) considered the tubercles of »Char a » vasiformis  
t o  be of organic origin, developed within the spiral cells, and  R e i d  & 
G r o v e s  (op.c., p. 182) noted that no corresponding structure had been 
observed in recent »oospores». G r o v e s  (1933, p. 41) left the m atter  open, 
n o t in g  that the tubercles, at least in some cases, »may merely represent 
a n  in terrupted incrustation», a view »supported by the occurrence on a 
liv ing  species (Chard delicatula, Ag.) of an interrupted calcareous in­
c rus ta tion  closely resembling the supposed tubercles on some of the 
fossils.» But G r o v e s  also pointed out that »on the other hand, in many 
o f  the species enumerated below, the prominences are so evenly spaced, 
so  symmetrical, and so definite in shape, as to seem to preclude the pos­
sibility  of their being merely due to external incrustation.» W ith  regard 
t o  some types of gyrogonites, R å s k y  (1941, p. 303) stressed that »die 
Verzierungen und Erhebungen der Spiralzellen waren derart gleicli- 
m äss ig  verteilt und so regelmässig ausgebildet, dass ich es für  ausge­
schlossen halte, dass es sich dabei nu r  um Vorgänge der äusseren Rin­
denbildung handeln solle.» H o r n  a f  R a n t z i e n  (1951, p. 664) noted that 
a l though  the stage of growth may be responsible for some variation in 
tu b ercu la r  arrangem ent in individual gyrogonites, and although the p re ­
sence of tubercles m ay not be reliable evidence in the specific identifica- 
t ion of a small specimen sample, the tendency to form tubercles seems 
to  be of at least some systematic importance. P e c k ,  who has consider­
ab le  experience of tuberculate gyrogonites in North American deposits, 
ho lds  an entirely different opinion, put forw ard in 1948 (P e c k  & R e k e r  
1948, p. 88). These authors state that »tubercles m ay have little if any 
system atic value in the classification of the charophytes», and  P e c k  
(1953, p. 221) concludes »that the tubercles m ay or may not be present 
o n  a species and  that, it present, they may be represented by varying 
degrees of prominence», and that »they [ P e c k  & R e k e r ]  therefore in­
cluded  Kosmogyra  as a synonym of Chara.» M ä d l e r ,  on the other hand, 
considered »die Knoten eine taxonomische Besonderheit, die es rech t­
fertigt, der Gattung Kosmogyra  eine besondere Unterfamilie Kosmo-  
gyreae  in der Familie der Characeae einzuräumen» ( M ä d l e r  1953 b, 
p. 478). M ä d l e r  furtherm ore put forward two alternative interpretations 
o f the nature of the tubercles. One postulates the existence of a hypothe­
tical lamella situated in the inner wall of the spiral cell, a lamella which 
secretes calcium carbonate in the form of papillae at regular distances 
( M ä d l e r  1952, p. 11). The other interpretation is that not only the
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walls of Ihe spiral cells bill also llieir nuclei —  of w hich  there are 
several in each cell —  are  calcified, and  that the tubercles are  formed 
by  the la tte r  (Mä d ler  1953 b, p. 478).

T he occurrence  a n d  state of preservation of K. nodosa  show some 
in teresting  points. T h e  m a tr ix  is described by Lu (op.c., p. 274) as »one 
piece of pale grey ca lcareous sandstone c row ded  w ith  num erous 
oogonia; . . . am o n g  94 specim ens s tudied 67 are  refe rred  to Chara 
sinkiangensis ,  25 belong to C. nano  (sp. now) and two specimens belong 
to C. nodosa  (sp. nov.).» Tw o pages la ter on, he gives the additional 
in fo rm atio n  th a t  »this fo rm  is rep resen ted  by  only two incomplete 
c ru sh ed  specimens. T he  cross-section along equa to r  is oval and  not 
c ircu la r  as in o ther  species f rom  the K ucha Form ation .»

It has  been pointed  ou t th a t  the state of p reservation  a n d  relative 
a b u n d an ce  of gyrogonites in a deposit m ay  som etim es supply  some 
in fo rm ation  rega rd ing  the  sed im enta tion  conditions of this deposit 
( H o r n  a f  R a n t z i e n  1953, p. 8— 10, 1954, in the press). This has  been 
investigated in respect of a l te rna ting  m ar in e  a n d  lacustr ine  sediments. 
In  most —  possibly in all cases —  the presence of gyrogonites in a 
m ar in e  sedim ent thus  indicates a m ar in e  re-deposition of f resh-w ater  
sediments.

Re-deposition of gyrogonites m igh t  also be caused by ru n n in g  water, 
however, In th a t  case, the  gyrogonites of some riverine deposits m ight 
h av e  been p r im ar i ly  deposited  in an  o lder geological environm ent.  As fa r  
as the w rite r  know s, however, no pub lished  accounts  of occurrences of 
gyrogonites in r iverine sedim ents have in te rp re ted  them  as older th a n  
Ihe m atrix . Ii seems, nevertheless, tha t this question ought to be co n ­
sidered as a possible exp lana tion  of some rem ark ab le  records of types 
of gyrogonites outside the ir  know n geological range.

W h e n  considering  a possible re -deposil ion  of gyrogonites, there  a re  two c i r ­
cu m s tan ces  re la ting  to the ir  state of p rese rv a t ion  and  relative a b u n d an ce  tha t  
m igh t  conceivably  affect Ibe decision. One is w hen  the gyrogonites  are  s u p e r ­
ficially co r ro ded  o r  o therw ise  f r a g m e n ta ry  an d  b ro k e n  up. T h is  m ay  be a 
re su lt  of w ea ther ing  an d  tra n sp o r t  f ro m  the orig inal place of sed im enta tion , 
o r  m ay  sim ply  be due to u n fa v o u ra b le  geological condit ions fo r  the  p re se rv a ­
t ion  of the  som etim es fragile gyrogonites  d u r ing  or a f te r  fossilization. T h e  
o th e r  is w hen  in a large m a te r ia l  from a com para t ive ly  sm all  an d  s t ruc tu ra l ly  
ho m og eneo us  piece of m a tr ix ,  indica ting  u n ifo rm  sed im en ta ry  conditions, some 
species a re  a b u n d a n t ly  represen ted ,  w hile  o thers  a re  only fo u n d  in single spec i­
mens. O bservat ions on recen t  c h a rop hy tes ,  an d  studies of some occurrences  of 
th e i r  fossil fo rm s  the  vegetative p a r ts  of w hich  a re  also p reserved  —  e.g. in 
Ihe B rit ish  P u rb ec k  s t r a ta  ( H a r r i s  1939) and  in the »L ibu rn ian  F orm ation»  a t
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Trieste (S t a c h e  1889) —  prove tha t  charophytes mostly grow in associations 
containing one or a few species only; the »oospores» of these will then be 
found  in the sediment in considerable abundance. Exceptions occur of course, 
especially when changing environmental conditions cause some species to dis­
ap p e ar  and others are close on their  tracks. As a rule, however, one particular 
patch is during a given space of time inhabited by only one or a few species 
of charophytes.

If, consequently, the frequencies of different types of gyrogonites occurring 
in a riverine deposit differ ra ther  widely; if moreover the most sparsely repre­
sented kinds of gyrogonites appear  to be in a somewhat weathered, corroded, 
b roken  up, and fragmentary condition; and if finally these gyrogonites are of 
types common in m uch  older deposits but not found in rocks contemporary 
with tha t  which is examined, it would seem tha t  the possibility of a re-deposi­
tion should be considered. This does of course not imply that all such occur­
rences necessarily are re-depositions.

In the case of Kosmogyra nodosa, some circumstances indicate the possibility 
of re-deposition. K. nodosa  is of a morphological type characteristic of the 
Lower Tertiary, and besides the two Sinkiang specimens there is only one more 
Neogene record of this genus, viz. from the H ungarian Miocene, in which 
according to R å s k y  (1941, p. 302) »ein seitlich sta rk  zusammengedrücktes und 
beschädigtes Exemplar» was found. F rom  L u ’s description it is furthermore 
clear tha t  he found only two specimens of the Kosmogyra -type in a piece of 
m a tr ix  crowded with oogonia — a very small number in comparison with 
the frequencies (67 and 25) of the two accompanying types of gyrogonites — 
an d  these two specimens were moreover »incomplete» and »crushed».

As mentioned above, Lu (op.c., p. 274) determined the fossil horizon of the 
Pliocene specimens as »equivalent, both in lithologv and in Stratigraphie posi­
tion, to bed B of Norin», i.e. the Series B of the Kuchar Group. N o r i n  (1935 b, 
p. 341— 342, and 1941, p. 186— 187) described the composition of this bed as 
follows:

»Lithologically the Pliocene sediments are very similar to those which are 
being deposited in the Tarim basin today, with the exception that strata, which 
can  be interpreted as fossil sand dunes have not been identified. In all the 
regions mentioned the sediments are developed in similar fine-grained facies 
suggesting a quietely proceeding sedimentation by rivers, which often changed 
their  course. According to Chaney the sediments are characterized by a flora of 
the same general type as the vegetation, which at present time covers the shore 
zone of the large rivers and the swamps of the Tarim basin . . . From the 
evidence of the sediments and their flora we can  get a rough idea about the 
p rincipal geographic features of the Tarim  basin during the Pliocene. It was 
then  as it is now a large, drainageless continental basin with its deepest part 
in the east. The rivers from the surrounding higher land deposited their silt 
a n d  sand forming wide flood plains and deltas, which soon transformed the 
bas in  into the immense flat plain, which it is today.» (N o r i n  1 935  b).

»The middle division, Series B, consists of gray, cream-coloured, and yellowish, 
indu ra ted  silt and silty sandstones with a thickness exceeding 500 m. A striking 
fea tu re  is the scarcity of red coloured or coarse-grained sediments. Lithologi­
cally, these sediments are very similar to those which are being deposited in the

‘2  H o t a n i s k a  N o t i s e r  195i.
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basin by the Tarim  River system today. Fossil plants occur in abundance at 
several levels but only few species are represented. In a large collection made 
at the ruins of Qizil-ming-öi, west of Kuchar, C h a n e y  (1935) identified Carex 
sp., Nuphar bohlini, Populus norini, Spirea sinkianga,  and T ypha  sp. This flora 
has, according to C h a n e y , a Pliocene aspect. It represents a vegetation of the 
same general type as fringes the large water courses and the swamps of the 
Tarim Basin in present time, and suggests a climate only slightly more hum id  
than the present.» ( N o r i n  19-11).

The locality of Kosmogyrci nodosa  seems to be very near, or almost identical 
with, tha t  in which the above-mentioned macrofossils were found. The litho- 
logical aspect of the sediment is evidently riverine material slowly accumulated 
in the deeper parts of a large basin.

Summarizing the above discussion of a possible re-deposi t ion of the 
Kosmogyrci nodosa gyrogonites, o n e explanation of their presence 
— which is somewhat surprising in view of the scarcity of the Kosmo- 
gyra type of gyrogonite in Neogene strata — might lie that they were 
originally laid down in older deposits, perhaps the Lower Tertiary rocks 
of the Kuchar G Series, and subsequently freed from this first environ­
ment by erosion, and carried by running water to their present location 
in the Pliocene sediments.

It m ust be emphasized, however, that this theory, although supported 
by some observations on the material, will natura lly  be very difficult 
definitely to prove, particularly as no comparable observations on gyro­
gonites from other strata have been made. In cases like the present, it 
seems, however, important to bear in mind the possibility of re-deposi­
tion as an  eventual source of error in discussing instances where gyro­
gonites are used as Stratigraphie markers.

Nothing is known of the lithological conditions of the sediment in 
which the single Kosmogyrci specimen from the Miocene of Pécs, H un­
gary, was found. The sparse information on this find precludes any 
statement as to whether it can be explained in the same or any similar way.

4. Sphaerochcira globosaforma ( P a p p ) H. a f  R.

Sphaerochara globosaforma  ( P a p p ) II. a f  IT, n. comb. (fig. 5 a— c).

Chara globosaforma  P a p p  1951, p. 282, Taf. 1, fig. 2 a— c.
»Gehäuse kugelig, in der Seitenansicht zehn Spiralwindungen zeigend; die 

Basis zeigt ein sehr kleines, fünfeckiges Loch, zu welchem die Spiralkämme 
mit einem deutlichen Knick hinziehen. An der Oberseite laufen die Spiral­
windungen zusammen, ohne dass ein Krönchengestell zur Ausbildung käme.

In der Seitenansicht erscheinen die F lanken der Spiralwindungen schwach 
konkav, die Nahtlinie ist etwas eingesenkt, was in der Seitenansicht sichtbar 
wird.» ( P a p p  op.c., p. 283).
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Fig. 5. S p haerochara  g lobosa form a  ( P a p p )  I I.  a f  R. Austria:  Nieder-österreich ,  
Leobersdorf  (Pliocene, P an n o n ian ,  Zone D). —  a: holo tvpe,  gyrogonile  in lateral  
view; b: ho lo tvpe ,  apical view; c: holotype,  basa l  view. —  Aller P a p p  1951, Taf. 1, 

fig. 2 a— c. —  All fig. approx .  33/1.

O ccurrence: Ziegelei Polsterer, Leobersdorf, N ieder-österreich , Austria. — 
Pliocene, P annonian , Zone 1) (regarding the subdivisions of the Pannonian in 
the Vienna Basin, see P a p p  1948, p. 123 ff., and J a n o s c h e k  1951, p. 599— 610).

In 1925, G r o v e s ,  describing a new species of Chara, C. brewsterensis, 
from the Cretaceous of Texas, rem arked that »these large broadly- 
ellipsoid fruits with more or less truncate extremities probably do not 
belong to the genus Chara as in its present restricted sense» ( G r o v e s  

1925, p. 13). A few years later G r o v e s  (1933, p. 4) pointed oul that 
»some of the fossil types . . . clearly do not belong lo C h a r a, notably 
the large spherical type of the Upper Eocene and  Oligocene Beds, of 
which C. medicaginnla m ay be taken as I he type.» A generic segregation 
of such gyrogonites from Chara thus seemed motivated, bul was com­
plicated by the fact that the typification and  taxonomy of these large 
and spherical, often widely distributed forms of the Lower Tertiary 
were not well understood. As figured by some students, e.g. by D o l l f u s  

& F r i t e l  1920, Chara medicaginula  and C. beliefere.s -  to lake two 
of the most abundant forms —  doubtless include gyrogonites with the 
apical structures characteristic of Aclistochara, but other gyrogonites 
that are neither referable to Chara s.sir., nor to Aclistochara are also 
ascribed to the same species. As interpreted in later papers, many of 
these previously described species of gyrogonites are probably not con- 
specific with their types.

Spherical gyrogonites »vom Gipfelbau der Chareae und von + kuge­
liger Gestalt ohne Verzierungen» were segregated by M ä d l e r  (1952,
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p. 6), who referred these forms to the new genus Sphaerochara. The Upper 
Oligocene Chard liirmeri R å s k y  (1945, p. 36, Taf. I, Abb. 10— 12) was 
selected as the genotype, and  the above-mentioned Charci brewsterensis 
G r o v e s  (1925, p. 12, fig. 1) and  C. perlata P e c k  & R e k e r  (1947, p. 3, 

pi. p. 2, fig. 19— 21) as additional species. In a review of the stratigraphy 
of fossil cluirophytes, M X d l e r  (19 53  a, Taf. 1) indicated the distribution 
of these three species (Cretaceous and Oligocene). A gyrogonite of 
Sphaerochara, not specifically described, has recently been reported 
from the Middle Trias; in size and shape this comes ra ther close to the 
genotype (H o r n  a f  R a n t z i e n  1953 ,  p. 7, 1954, in the press).

Resides of their spherical or very broadly oval shapes, the gyrogonites 
of Sphaerochara type are also characterized by the structures of their  
apical poles. The apical tips of the spiral cells are not at all, or very 
slightly, expanded, and turn  together either into a point (S. perlata 
(P e c k  & R e k e r ) M ä d l e r , as figured by P e c k  & R e k e r  1947, pi. p. 2, 

fig. 19),  or along a short broken line (the Middle Triassic Sphaerochara  
sp. acc. to H o r n  a f  R a n t z i e n  1954, in the press, or 5. brewsterensis 
(Gr o v e s ) M ä d l e r , as figured by G r o v e s  1925, fig. 1 b). One character 
relating to the calcification of the spiral cells has been pointed out by 
M ä d l e r  (1952, p. 11, Abb. 3 h— i), viz. that the spiral cells are hollow, 
though sometimes filled up with calcite, so that only a very small pore 
or slit is left of the original lumen. A possible explanation of this kind 
of structure, which was also observed and  described by G r o v e s  (1920,  
p. 126, fig. 1) and  M a s l o v  (1947 ,  p. 88, fig. 1), is tha t the calcite is 
excreted from the whole inner parietal surface of the spiral cell, while 
in other gyrogonites only the inner and lateral walls take part in the 
formation of the lime-shell. Although this feature m ay prove charac­
teristic of the Sphaerochara  species, similar phenom ena have also been 
observed in gyrogonites whose apical structure conforms to that of the 
Aclistochareae (Gr o v e s  op.c., M a s l o v  op.c.). There is also a third 
character, which m ay possibly be of some use. The equatorial angles 

i.e. the angles at which the enveloping cells cut the equator — of the 
so far known species of Sphaerochara  are more acute than in other gyro­
gonites, except in some spherical species of the Aclistochareae and some 
of the Kosinogyreae ( H o r n  a f  R a n t z i e n  1954, in the press).

Gyrogonites of Sphaerochara  are apparently not particularly frequent, 
even if several more no doubt rem ain  to be described. They seem at any 
rate to be less abundan t  than for instance forms referable to the Aclisto­
chareae.
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Fig. 6.  Sphcierochara rollei ( U n g e r )
H. a f  R. Austria: Steiermark, Thai 
n e a r  Gralz (Miocene, Helvetian ?). — 
a: gyrogonite in apical view; b: late­
ral view. After U n g e r  1858, Taf. I, 
fig. 19— 20. - Fig. 24/1.

In  view of the few know n instances of the occurrence of such forms,
the  present record from the Pliocene is of some interest. Only one speci­
m en  of Chara globosaformn  is known, but according to the figures 
( P a p p  1951, Taf. 1, fig. 2 a— c), this seems to be very well preserved and 
fa ir ly  characteristic. The gyrogonite is figured as subspherical, the spi­
ral cells as slightly convex or ra ther as flat, and  the equatorial angle as 
between 5° and  10°; the tips of the spiral cells, which are not swollen, 
ap p e a r  to unite at the apex into a short, broken line. As figured and 
described by P a p p ,  Chara globosaforma  is doubtless referable to 
Sphaerochara,  an d  is the latest known record of that genus.

As pointed out by P a p p  (op.c., p. 282), S. globosaforma  is ra ther
sim ilar  to Chara rollei U n g e r  from the Miocene of Austria. Phis latter 
species is of some interest in Ibis connection, and might for that reason 
be briefly discussed.

Fhe type  loca l i ty  of C. rollei  is the Castle of T h a t  in  th e  vicinity  of Gratz, 
S te ie rm ark ,  A ustr ia ,  a n d  th e  ty pe  s t r a tu m  Miocene beds, w h ich  w ith  some 
d o u b t  are  a sc r ibed  to th e  H elvetian . T he  fo r m a l  desc r ip t io n  ( U n g e r  i n  R o l l e  
1856, ]). 546; cf. U n g e r  1858, p. 9) reads:

»Uh. f ru c tu  elliptico. in f ra  Irunca to  (0.84 m m . longo, 0.76 m m . lato) valvis 
sp i ra l ib u s  a la tere  visis 7 concavis, c o m m is su ra  crista tis ,  bas i  in t im e  conducatis ,  
a p ic e  absq u e  v e rru c is  te rm ina t is .  —  T e rra  l ign itum  ad cas te l lum  T h a l  p ro pe  
G raec iam , Stiriae.»

F ig u re s  o f th e  o rig ina l  m a te r ia l  ( U n g e r  1858, Taf.  T, fig. 19 —21; this paper ,  
fig. 6 a— b) sho w  th e  fo l low ing  features.  In  la te ra l  v iew  ( U n g e r  op.c., fig. 19; 
th i s  paper ,  fig. 6 b) the gyrogon i te  is of a lm o s t  sphe r ica l  shape .  The u p w a rd  
d i r e c te d  pole  —  believed by  U n g e r  to be th e  ap ica l  one —  is sl ightly p r o ­
t ru d in g ,  while the  d o w n w a rd  d irec ted  pole  is m o re  ro u n d ed .  Ju dg ing  by  the  
f ig u re ,  how ever,  th is  shou ld  no t  be descr ibed  as t r u n ca te .  T h e  spiral cells have  
7 f l a t  or  sl ightly  convex convo lu t ions  a t  a  r a t h e r  acu te  ang le  to the  e q u a to r  
(in the separa te ,  m o re  m ag n i f ied  fig. 21 o f  th e  sam e p a p e r  th e  convo lu t ions  
a r e  rep ro d u c ed  as sl ightly  concave) .  Fig. 20 (fig. 6 a of th is  p ap e r)  rep resen ts  
th e  same spec im en  f ro m  its lower, b ro a d e r  po le ,  w h ich  by  U n g e r  is in te rp re te d  
as th e  basa l  end. T h e  t ips  of the  envelop ing  cells a re  n o t  u n i te d  in a pore ,  b u t  
a lo n g  a sh o r t  b ro k e n  line.
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U n g e r ’s figures and descriptions caused S c h i m p e r  (1869, p. 227) to say 
»M. Unger a pris le soramet pour la base, et c’est aussi dans ce sens qu it a fait 
représenter ce fruit», and G r o v e s  (1933, p. 29) also points out tha t  »Unger 
evidently mistook the apex for the base». None of these authors  gave any 
reasons for their opinions, bu t  they are apparently  quite right, for if the 
arrangem ent of the spiral cell-tips is correctly draw n in U n g e r  1858, Taf. I, 
fig. 20 (this paper, fig. 6 a), the pole illustrated cannot be basal, bu t m ust be 
apical.1 In another paper ( H o r n  a f  R a n t z i e n  1954, in the press) the writer 
has attempted a brief survey of the various types of apical and basal a rrange­
ments met with in fossil gyrogonites and recent »oospores». Despite some v ar ia ­
tions the bases are in principle alike in one point, viz. in the presence of a small 
central pore, usually pentagonal, of less varying size than  the apical orifice. 
In the living oogonium, this central basal pore was filled by an uncalcified 
basal cell. The basal tips of the enveloping cells, on the other hand, are never, 
as far  as we know, meeting along a short broken line.

The spherical shape of the gyrogonite, and its apical structure, where the 
unexpanded spiral cell-tips meet along a broken line, show that C. rollei 
U n g e r  should be referred to Sphaerochara. Its citation and synonymy should be:

Sphaerochara rollei ( U n g e r )  H. a f  R., n. c o m b .  (fig. 6 a —b) .
Chara Rollei U n g e r  in R o l l e  1856, p. 546; U n g e r  1858, p. 9, Taf. 1, fig. 

19— 21; S c h i m p e r  1869, p. 22 7 ;  Gr o v e s  1933, p.  29;  P a p p  1951, p. 283.
Gyrogonites Rollei P i a  1927, p. 90.

O ur know ledge of the var ia t ions  of S. rollei and  S. g lobosa form a  is 
no t com plete  enough  to show  w he the r  the two are  suffic iently  d is tinc t 
lo be m a in ta in ed  as separa te  species. T he d ifferences are, anyw ay ,  
a p p a re n t ly  small. S. g lobosa form a  is larger (polar axis 1050 p, largest 
equa to r ia l  d iam ete r  900 p) a n d  ten convolutions are  accord ing  to P a p p  
(op.c., p. 283) visible in la te ra l  view (if also the par t ly  visible co n vo lu ­
tions  a t  the poles a re  included, the  specim en figured  by  P a p p ,  op.c., 
T af .  1, fig. 2 a ,  has  eleven convolutions). According to U n g e r  (1858. 
p. 9), S. rollei is 840 p long a n d  760 p at the equa to r ;  it lias seven c o n ­
volu tions in la te ra l  view. —  S. rollei extends the range  of the Sphaero-  
cliara  gyrogonites also to the. Miocene.

In  th is  connection il m igh t he of interest to note  that the varia tions 
in the  so far k n o w n  gyrogonites of the Sphaerochara  type are  c o m p a ra ­
tively small, m ostly  var ia tions  in size. T he  Oligocene S. h irm eri  is a 
r a th e r  sm all  form, its po la r  axis being 500 —550 p an d  largest eq u a to r ia l  
d ia m e te r  460— 550 p. It is of regu la r  spherical shape, a n d  its spiral 
cells, w ith  10— 11 convolutions, cut the equa to r  at a very acu te  angle

1 For that reason, fig. 19 of U n g e r  op.c. has been reversed in fig. 6 1> of this 
paper, the apical end thus pointing upwards, according to the general usage when 
figuring gyrogonites.
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Fig. 7. »Chara» granulifera  H e e r . Switzerland: Kt. Vaud,
Paudex and Belmont (to which of these localities the spe­
cimens figured are to be ascribed is unknown) (Miocene,
Aquitanian ?). — a: gyrogonite in lateral view; b: lateral 
view. - After H e e r  1855, Taf. IV, fig. 8 a—b. — a: 15/1;
b: approx. 30/1.

(< 5°). It is not known whether the apical tips of its enveloping cells 
unite at a point or along a short line. The undescribed Triassic species 
is close to the genotype, but still smaller (polar axis c. 450 u, largest 
equatorial diameter c. 460 u ), and shows 12 flat, cellular convolutions. 
Its equatorial angle is about 8°, and the apical cell-iips unite along a 
short broken line. This Triassic specimen belongs to the ra ther few 
know n instances of gyrogonites whose equatorial widths exceed their 
lengths. This is still more pronounced in the apparently ra ther distinct 
S. perlata from the Cretaceous of Peru (polar axis 780 u, largest equa­
torial diameter 810 u,). S. perlatci differs from  all other known species of 
Sphaerochara  in being clearly truncate above and  provided with high, 
ra the r  narrow  intercellular ridges; its convolutions — 7 or 8 in n u m ­
ber —  are accordingly concave. Apically, the spiral cells unite at a point. 
The Cretaceous S. brewsterensis from Texas belongs to the same size- 
group, but it is very broadly ovoid rather than  spherical (polar axis 
c. 750 u, largest equatorial diameter 650— 675 p). There are 12— 13 flat 
or slightly convex, cellular convolutions at an acute equatorial angle; as
figured by G r o v e s  (1925, fig. l b ) ,  its spiral cells unite apically at a

point. The Miocene S. rollei is slightly larger than  S. brewsterensis, bu t 
otherwise of similar shape; as described by U n g e r , the principal d if­
ferences are: fewer convolutions (7), less convex spirals, and  the apical 
cell-tips meeting in a broken line. The Pliocene S. globosaforma is the 
largest known species of Sphaerochara. It is similar Io S. rollei, bu t  
larger, and more convolutions are visible.

h i  th is  conn ec t ion  it m a y  be n o ted  th a t  a n o th e r  Miocene type  of gyrogonite ,  
Chora granu lifera  H e e r  (1855, p. 27),  m ig h t  poss ib ly , acco rd ing  to the  d e sc r ip ­
tion  (»Ch. f ru c tu  globoso, m in im o , obtuso , sp ir is  a la tere  visis, 7— 8, p lan is ,  
ra r iu s  convexiusculis») a n d  i l lu s tra t ions  ( H e e r  op.c.,  Taf. IV, fig. 8 a— b, r e ­
p ro d u ced  in S c h e m p e r  1870— 1872, as pi. V, fig. 47, a n d  in th is  p a p e r  as fig. 
7 a— b ), have  to be re fe r red  to Sphaerochara ,  b u t  absence  of ad eq ua te  i n f o r ­
m a t io n  o n  its ap ica l  pole s t ru c tu re  m akes  this  q u es t ion  d ifficu l t  to decide w i th ­
o u t  access to the type  m ater ia l .  It h as  been  re p o r te d  from  deposi ts  in  S w itze r­
la n d  a n d  Alsace ascr ibed  to th e  A quitan ian .
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List of Pliocene Charophyta.

Besides the four species revised and discussed above, there are records 
of some more Pliocene charophytes, most of which have recently been 
published in a paper by P a p p  (1951) on the Neogene gyrogonites of 
Austria. They have all been ascribed to the genus Char a. Several p rob­
ably belong to other genera, but in most cases the information available 
does not permit their definitely referred to any particular organ-genus. 
For the sake of convenience, the Pliocene charophyte species know n to 
the writer are listed below in alphabetical order.

1. A clistochara  nana  (Lu) H. a f  R. See p. 3.

2. A clistochara sinkiangensis (Lu) H. a f  R. See p. 10.

3. Chara escheri B r a u n  ex  U n g e r .

Char a Escheri » A l e x .  B r a u n  Manus c.» U n c .e r  1850, p. 34.
Gyrogonites Escheri P i a  1927, p. 90.
F o r synonym y and  illustrations up to 1933, see G r o v e s  1933, p. 17. L ater 

contribu tions: P a p p  1951, p. 287, Taf. 3, fig. 11— 14; C r o f t  1952, p. 212, pi. 19, 
fig. 21— 28, text-fig. 7 A, C.

P l i o c e n e  o c c u r r e n c e s :  Burgau, Burgenland, Austria (Pannonian, 
Zone 1), acc. to P a p p  I.e.). — Eichkogel at Mödling, N ieder-Österreich, A ustria 
(Pannonian, Zone Id, acc. to P a p p  op.c., p. 288). — As to the subdivisions of 
the P annon ian  in the Vienna Basin, see P a p p  1948, p. 123 ff. and J a n o s c h e k  
1951, p. 599— 610. —  F or Pre-Pliocene records (ascribed to the Oligocene — 
Miocene), see references in G r o v e s  I.e. and P a p p  1951, p. 287.

C. escheri — a common, widely distributed type of gyrogonite —  is 
complex and  ill-defined. Some gyrogonites ascribed to this species doubt­
less belong to the Aclistochareae, others m ay possibly be referred to 
Chara s.sir. One of the forms referred to this species has been studied in 
detail by C r o f t  (l.c).

4. C hara longovata  P a p p .

Chara longovata  P a p p  1951, p. 289, T a f .  3, fig. 17 - 1 8 .
P l i o c e n e  o c c u r r e n c e :  Dclsenbachgas.se, Vienna, A ustria (P anno­

nian, Zone E ,  acc. to P a p p  I .e .) .  — Regarding the P annonian  subdivisions, see 
C. escheri.

This is a fairly characteristic type of gyrogonite, oblong or subcylindri- 
cal with more or less truncate poles and 13— 14 narrow, convex, flat or 
slightly concave convolutions. Its polar axis is 500— 600 u long, its



SOME PLIOCENE CHAROPHYTE GYROGONITES 25

largest equatorial diameter 350 u. More or less similar gyrogonites have 
been described from older deposits, e.g. Aclistocliara m in im a  M ä d l e r  
(1*952, p. 21. Taf. A, fig. 30— 35) of the Kimmeridge, A. j one si P e c k  and 
A. elongata P e c k  of the Morrison ( P e c k  1937, p. 88— 89, pi. 14, fig. 12 
— 15, 24— 25), A. cylindrica P e c k  (1941, p. 291, pi. 42, fig. 38— 39, 
41 44) of the Draney and  the Bear River of the Lower Cretaceous, and
Chara tornata R e i d  & Gr o v e s  and C. subcylindrica  R e i d  & Gr o v e s  
of the Upper Eocene (Re i d  & Gr o v e s  1921, p. 187, pi. V, fig. 1— 5). 
C. longouata differs in a num ber of characters from the gyrogonites 
m entioned above, however, in  the general shape it also shows some 
resemblance to the »oospores» of some recent species of Chara s.str., 
which have less pointed poles than  is usual in the genus, e.g. C. aculeo- 
lata K ü t z in g  ex R e i c h e n b . (C. polycantha  B r a u n  ex L e o n h .). C. long- 
oimta m ay belong to the types usually referred to the Aclistochareae, but 
its systematical position cannot be ascertained without access to the type 
material.

5 . Chara m ajoriform is  P a p p .

Chara majoriformis  P a p p  1951 ,  ]>. 2 8 2 ,  T a f .  1, f ig .  1.
P l i o c e n e  o c c u r r e n c e :  Eichkogel at Mödling, Nieder-Österreich,

Austria (Pannonian, Zone H, ace. to P a p p  I.e.). —  Regarding the Pannonian  
subdivisions, see C. escheri.

Two specimens of an almost spherical, very large gyrogonite (polar 
axis 1370 u) were found by P a p p  among Chara meriani. F rom  P a p p ’s 
description they appear to have the apical structure characteristic of the 
Aclistochareae, though this question cannot be settled with certainty. 
P a p p  points out that they m ay be allied lo C. meriani.

6. Chara m erian i  B r a u n  ex  U n g e r .

Chara Meriani » A l e x .  B r a u n  Manusc.» U n g e r  1850 . p .  34 .
Chara meriani meriani  P a p p  1 9 5 1 ,  p .  2 8 3 ,  Taf. 1, fig. 3 , 4 a — c.
Gyrogonites Meriani P i a  1 9 2 7 ,  p .  90.
A  list o f  s y n o n y m s  and illustrations is given b y  G r o v e s  1933, p. 2 5 — 20. 

L ater  contributions: M a s l o v  1947, p. 81, 88, fig. 7 11; P a p p  I.e.
P  1 i o c c n e o c c u r r e n c e  s: Ziegelei and Sandgrube, Leobersdorf, N ieder­

öste rre ich ,  Austria (Pannonian, Zone C). — Götzendorf, Moosbrunn, Nieder­
ös terre ich ,  Austria (Pannonian, Zone F). — Mödling, Eichkogel, Nieder-Öster- 
reich, Austria (Pannonian, Zone H). •— Tihany, öes, Hungary  (Pannonian, 
»obere Gongerienschichten»). All references acc. to P a p p  op.c., p . 2 8 4 .  —- Re­
garding the Pannonian subdivisions, see C. escheri. — F or  Pre-Pliocene records 
(ascribed to the Oligocene— Miocene) see references in G r o v e s  1933, p. 26 ,  and 
moreover M a s l o v  op.c., p .  90, P a p p  I.e.
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The remarks as to the imperfect knowledge of the taxonomy of 
C. escheri also apply to this species. Pliocene specimens — as figured by 
P a p p  — have apical characters which might motivate their inclusion in 
the Aclistochareae as defined by M ä d l e r  (1952) .

7. Chara m eriani s s p .  minoritesta  P a p p .

Chcira meriani minoritesta  P a p p  1951, p. 284, T a f .  2, fig. 5— 6.
P l i o c e n e  o c c u r r e n c e :  Mödling, Eichkogel, Nieder-Osterreich, Austria 

(Pannonian, Zone IT, acc. to P a p p  I .e . ) .  —  Regarding the P annonian  subdivi­
sions, see C. escheri.

These gyrogonites are slightly smaller (polar axis 1010 u) than those 
of C. meriani meriani of P a p p  1951, p. 284 (polar axis 1300 u ). They 
were found in association with the latter.

8. Chara m ultispira  P a p p .

Chara multispira  P a p p  1951, p. 289, T a f .  3, fig. 16.
P l i o c e n e  o c c u r r e n c e :  Delsenbachgasse, Vienna, Austria (Panno­

nian, Zone E , acc. t o  P a p p  I .e . ) .  —  Regarding the Pannonian subdivisions, see 
C. escheri.

A broadly ovoid type of gyrogonite, polar axis, c. 550 p, with 13 slightly 
convex, narrow, cellular convolutions. The rather truncate apical pole, 
as figured by P a p p , might indicate some affinity with the Aclistochareae, 
or with Obtusochara among the Chareae, hut definite evidence is 
lacking.

9. Chara spirocarinata  P a p p .

Chara spirocarinata  P a p p  1951, p. 285, T a f .  2, fig. 8 a —b.
P l i o c e n e  o c c u r r e n c e: Mödling, Eichkogel, Nieder-Osterreich, Austria 

(Pannonian, Zone I I ,  acc. to P a p p  I .e . ) .  — Regarding the Pannonian subdivi­
sions, see C. escheri.

As described and figured by P a p p , C. spirocarinata doubtless belongs 
lo the Aclistochareae as defined hy M ä d l e r  (19 52 ) .  The structure of its 
apical pole is diagnostic. Owing lo its somewhat doubtful distinctness as 
a species, no formal transfer to the Aclistochareae has so far been con­
sidered desirable.

10 .  Chara stiriaca  U n g e r .

Chara stiriaca U n g e r  in R o l l e  1860, p. 49, Taf. IV, fig. 6.
Gyrogonites stiriacus PlA 1927, p. 90.
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Fig. 8. »C h a in » zoberbieri  v. F r i t s c h . Germ any: Thuring ia ,  R ippers roda  (Pliocene, 
R euverian).  —  a: gyrogonite  »von der Seile»; b:  »ungefährer Umriss des D u rc h ­
schnittes eines der Sp ira lbänder» ;  c: »Oberlheil  der F ru c h t  von innen  gesehen. 
Scheibe u n te r  der Coronula»; d: »Unteres Ende  von  aussen.» Alter v. F r i t s c h  1885, 

Taf. XXVI, fig. 2— 5. —  a, c, d: approx.  20/1; 0: approx. 40/1.

R e f e r e n c e s  in  G r o v e s  1933; p. 31; see f u r t h e r m o r e  P a p p  1951, p. 285, T a f .  2, 
fig. 7 a — b.

P l i o c e n e  o c c u r r e n c e :  » P a n n o n ,  Z iegele i  P o l s t e r e r  be i  L eo b e r s -  
d o r f  (Z o n e  D  n a c h  P  a  p  p )  e in  E x e m p l a r  ( B e s t im m u n g  u n s i c h e r ) »  ( P a p p  I . e . ) .

C. stiriaca (described from Hundsdorf in Steiermark, Austria; Mio­
cene) seems a fairly characteristic species. As figured by U n g e r  (I.e.) 
and  P a p p  (I.e.) it might possibly lie referred to the Aclistochareae, in 
w hich case it would lie allied to the species of Aclistochara characterized 
by very narrow  apical openings (cf. M a u l e r  1952, Abb. l a ,  1953b, 
Abb. 17 a), i.e. of the apical type of A. kimmeridgensis.

1 1 .  Chara zoberbieri v .  F r i t s c h .

C h a ra  Z o b e r b ie r i  v.  F r i t s c i i  1885, p. 424, T a f .  XX VI,  fig. 2— 5; th is  p a p e r  
fig. 8 a — d.

G y ro g o n i te ;s' Z o b e rb ie r i  PlA 1927, p. 90.

K le in e  f a s t  k u g e l ig e  F r ü c h t e  v o n  0 ,02— 0,65  M il l im e te r  L än g e ,  0 ,55— 0,56 
M i l l im e te r  B re i te .  D ie  z u s a m m e n g e r o l l t e n  5 V a lv e n  g e h e n  je  1 V2 m a l  u m  die  
S p o r e ,  so  d a s s  m a n n  v o n  a u s s e n  8 R i p p e n  s ieh t ,  d ie  d e r  V e r b i n d u n g  je  zw e ie r ,  
m i t  e r h ö h t e n  R ä n d e r n  a n  e in a n d e r  s to s s e n d e n  (a lso  a u s s e n  a u s g e h ö h l t e n )  
S p i r a l s c h a l e n  e n t s p r e c h e n .  Z w is c h e n  je  z w e ie n  d e r  S p i r a lb ä n d e r  w i r d  d ie  fe ine  
T r e n n u n g s l i n i e  u n t e r  d e m  M ik r o s k o p  s i c h tb a r .  D ie  C o r o n u l a  s c h e in t  a u f  e in e r  
k r e i s r u n d e n ,  v o n  i n n e n  s i c h tb a r  w e r d e n d e n  S c h e ib e  g e s t a n d e n  zu  h a b e n .»  
(v .  F r i t s c i i  I . e . ) .

R e f e r e n c e s  in  G r o v e s  1933, p. 37.

P l i o c e n e  o c c u r r e n c e :  R i p p e r s r o d a ,  a t  »d e r  z a h m e n  G era» ,  T h u ­
r in g ia ,  G e r m a n y  (v. F r i t s c h  I.e.). Acc. to K i r c h h e i m e r  (1940, p. 150) th is  
d e p o s i t  is M id d le  P l io c e n e  ( R e u v e r ia n ) .
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The description and figures cannot be used for a reference of this 
species to any of the Tertiary genera of fossil charophvtes. Its almost  
spherical shape, and the description of its apical pole, do not appear to 
conform very well to the corresponding features of Chara  s.sir. gyro- 
gonites. Its ascription to that genus is accordingly open to doubt. It m ay  
belong to the Aclistochareae or to Sphaerochara  according to the defi­
nitions of these groups of gyrogonites, but this cannot be decided w ith ­
out examining the type material.

v. F r it s c h  has compared Ihe gyrogonites of C. zoberbier i  with the 
smaller and more oblong-oval Chard sadleri  U n g e r  of the Ödenburg 
Miocene (cf. U n g e r  1850, p. 36, 1852, p. 81, pi. 25, fig. 7— 9).

Also another type of gyrogonite is mentioned from the Rippersroda  
deposits (v. F r it s c h  op.c., p. 425). This differs considerably from  
C. zoberbieri,  but as it has not been specifically described it has not 
been separately listed in the present paper.

12. Kosmogyra nodosa (Lu) FI. a f  R. See p. 12.

13. Sphaerochara globosa (P ap p )  H. a f  R. See p. 18 .

Summary.

In connection with a survey of the records of charophyte gyrogonites in 
Pliocene deposits (p. 24— 28), some revisions have been made on the basis of 
descriptions and illustrations of various species.

1) Char a nana  Lu from the Pliocene Bed B of the Kuchar Group of Sin- 
kiang belongs to the genus Aclistochara  as defined by present students of tins 
group, and the new combination Aclistochara nana  (Lu) H. AF R. is made. 
Char a sinkiangensis Lu from the lower Bed C (Cretaceous— Lower Tertiary) of 
the Kuchar Group, with a doubtful record also from the Pliocene Bed B of 
the same group, also belongs to this genus (Aclistochara sinkiangensis (Lu) 
H. a f  R., n.comb.). With regard to furthe r  Pliocene occurrences of the Aclisto­
chareae, it is noted that Char a spirocarinata  Papi> (Pannonian, Austria) doub t­
less belongs to this group, as probably  also Char a stiriaca U n g e r  (Austrian 
Miocene, a doubtful record from the Austrian Pliocene). New nomenclatural 
combinations of the two latter species have not been made. The diagnostic 
characters of Aclistochara and their morphological interpretations are briefly 
reviewed. Aclistochara  is a ra ther  heterogeneous assemblage of forms that 
ought to be divided further. The Stratigraphie distribution of this group is 
wide, and includes the Middle Trias, Upper Jurassic, Cretaceous, and most of 
the Tertiary up to the Lower Miocene; the present paper  shows tha t  some spe­
cies also occur in the Pliocene. Some records from the Pennsylvanian ascribed 
to Aclistochara  arc also discussed; the affinities of these Pennsylvanian remains 
seem still doubtful, however.
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2!) T he  g y ro go n i te s  of tu b e rc u la r  d ecora t ion ,  re fe rred  to the  Kosmogyreae, 
a n d  fo u n d  in  the  Paleocene— Miocene, a re  also rep resen ted  in the  Pliocene, 
C h a ra  n od o sa  Lu f ro m  the P liocene  Bed B of the  K uch ar  Group of Sinkiang 
b e in g  do ub tle ss  re fe rab le  to th a t  g ro up  (K osm og yra  nodosa  (Lu) H. a f  IL, 
n. c o m b .) .  T h e  K osm o gy reae  are  surveyed , an d  the n a tu re  of the ir  tu b e rcu la r  
d e c o ra t io n  d iscussed .  As rega rds  the iso la ted  f inds of tu be rcu la te  gyrogonites  
f r o m  the  M iocene  (S arm atian )  and  the P liocene, the  possib il ity  of in te rp re t in g  
th e m  by  a  re -d epo s i t io n  of o lder  deposits  by  r iver  ac tion  is discussed. Even  
th o u g h  th e re  is n o  conclus ive  evidence  of re -deposit ion , Miocene an d  Pliocene 
f in d s  of tu b e r c u la te  gyrogonites  m a y  be exp la in ed  in th is way, in w h ic h  case 
the p r im a r y  occu r ren ces  of these  gyrogon ites  w o u ld  be  Paleogene.

3!) A sp h e r ica l  gy rogon ite  f rom  th e  A us tr ian  Pliocene (P an n o n ian ) ,  Chara  
glo ibosa form a  P a p p , sh o u ld  —  as descr ibed  a n d  figured  —  be re fe r red  to  the 
genms S p h a ero ch a ra  (S. globosa fo r m a  ( P a p p ) 11. a f  R., n. com b.) .  Species 
r e f e r r e d  to  S p h a ero ch a ra  an d  th e i r  m o rp h o lo g y  are  discussed. T he  p resen t  
spec ies  is c o m p a r e d  w i th  o th e r  fo rm s  of the  sam e  genus, and  also w i th  Chara  
roll’ei U n g e r  (Miocene of A ustr ia ) .  A ccording to the  i l lus tra t ions  pub lished ,  
the  la t te r  species  sh ou ld  be re fe r re d  to Sphaeroch ara  as S. rollei ( U n g e r ) 
H. a f  R., n. co m b .  A fu r th e r  Miocene ty p e  o f  gyrogonite, Chara granulifera  
H e e r , m ig h t  poss ib ly  also be in c lu ded  in the sam e genus, b u t  its sys tem atica l  
p o s i t io n  c a n  o n ly  be settled by a n  ex a m in a t io n  of the type  m ater ia l .  F o rm s  
re f e ra b le  to Sp ha ero ch a ra  a re  k n o w n  f ro m  the  Middle Trias ,  Cretaceous, an d  
Oliigocene; species d iscussed  in th is  p a p e r  w iden  the  geological range  of th is 
g e n u s  to in c lu d e  also the Miocene a n d  the  P liocene.

Paleobotanical Department, Riksmuseum. 
Stockholm 50, Sweden, November 1953.
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B o t a n i s k a  N o t i s e r  1954, H ä f t e  1. L u n d

The distribution of Pseudoperonospora erodii 
(Fuck.) Wilson in Skåne (Scania), South Sweden.

By A r n e  G u s t a v s s o n .

(M e d d e la n d e n  f r å n  L u n d s  B o ta n i s k a  M u s e u m  nr .  107.)

In  an  earlier pap e r  ( G u s t a v s s o n . 1953) 1 m entioned  some collections 
of th is  fungus from  the a u tu m n  of 1952. Then 1 found  it in five localities 
in Sou th  Sweden, w hich  w as r a th e r  interesting as it had  not earlier been 
repo rted  from  our  country .

G ä u m a n n  (1923) gave the d is tr ibu tion  of the fungus  011 E ro d iu m  
cicutcirium  (L.) LTIér. as th e  following countries: Germany, Austria, 
D e n m a rk  an d  Russia. M oreover D e n n i s  ( D e n n i s  a n d  W a k e f i e l d , 1946) 
rep o r ted  a f inding from  E n g lan d .  In a personal com m unica tion  to m e 
he  w ro te  tha t  he h a d  n o t  seen the fungus since then, b u t  tha t  it »is a very 
inconspicious fungus  a n d  m a y  be m ore  p lentifu l th a n  the records  sug­
gest».

D u r ing  the su m m e r  a n d  a u tu m n  of 1953 1 was also interested in 
P seudoperonospora  erodii a n d  tried to clarify its d is tr ibu tion  in Skåne. 
T h e  investigation has  in d ica ted  tha t this fungus, not earlier k n o w n  from  
Sweden, seems to be ra th e r  c o m m o n  in Skåne. D e n n i s  is u n d oub ted ly  
right w hen he says tha t the fungus  is difficult to discover, hut it fo rm s 
so charac ter is t ic  spots on the leaves of the host that w ith  a little prac tice  
it is ra th e r  easily detected. T h e  spots are  often n u m ero u s  but. as a rule, 
r a th e r  small. T he ir  colour changes  from  faint greenish yellow to d a rk  
red. The a t tacks are  often  w eak , but sometimes a great part of the u n d e r ­
side of the  leaves is covered by  the  dense greyish violet felt fo rm ed  by 
the  conidiophores.

As is seen from  the m a p  (fig. 1), I have found  the fungus  in m a n y  
p laces  in Skåne. T he  sm all  in tervals  here and  there  are  p ro b ab ly  not 
due  to the absence of the fu n g u s  in these places. They  are m o re  likely
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Fig.  1. Ma p  o f  Ihc d i s t r i b u l i o n  o f  P s e u d o p e r o n o s p o r a  erod i i  in S kå ne .

to be  regarded  as gaps in I lie investigation. As all these are  not very 
extensive, I believe th a t  they have  no greater im portance.

T h is  fungus is not m en tioned  in the list of the m icrom yceles  of Skåne  
that was published by H a m m a r l u n d  in 1932. It seems ra th e r  cu r ious  
that H a m m a r l u n d , w ho had  w orked  on the list fo r  several years, qu ite  
overlooked  this species. However, this shows how  easily such a fu n g u s  
m ay  escape notice. It m ay  be very  difficult to discover the first time, 
b u t  a f te r  this it m ay  be fou n d  m ore  frequently.

T h e  ap p earan ce  of the conid iophores  has been trea ted  by bo th  G ä u ­

m a n n  an d  D e n n i s , therefo re  on ly  a pho tograph  of a con id iophore  
(fig. 2) is included here.
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Fig. 2. C onid iophorc  from 
P  s e n d  o p e  ro n o s  p o  ra er odii.  
8X40. Ten  div is ions of the 
scale co rre sp o n d  lo about 
42 u. F ro m  collection no. 
3748: Tryde, 300 m. north- 
west of the church ,  field. 
22/9 1953.

T h e  conidia are as a ru le  som ew ha t ovoid or almost c ircu lar . In order 
to de te rm ine  the  var ia t ion  betw een  d iffe ren t localities 1 have  m easu red  
100 conidia f rom  each  of 20 collections accord ing  to the m e th o d  e m ­
p loyed  in m y earlier investiga tion  ( G u s t a v s s o n ,  1953). T h e  average 
values  thus ob ta ined  hav e  been p laced into a coord inate  system  (fig. 3). 
As m a y  he seen from  this, the var ia t ion  in length  a n d  b re a d th  is r a th e r  
great.  T he average length varies between 21.9 a n d  24.6 u w ith  a ra th e r  
m a rk e d  concentra tion  of the points  between 22.5 and  23.5 p. T h e  average 
b re a d th  lies betw een 18.9 a n d  21.9 p. Most of the points  are  concen tra ted  
in th is  case betw een  20.0 a n d  21.5 p. T he  quotient of length  divided by  
b re a d th  varies betw een  1.08 a n d  1.18. Almost ha lf  of these values lies 
be tw een  1.08 a n d  1.11.

In m y  last paper I d iscussed some of the conceivable causes of this 
var ia t ion . I m en tioned  there  as possible factors, in add ition  to  the n a tu ra l  
varia tion , the h u m id i ty  a n d  the tem p era tu re  of the a ir  with re ference  to 
G ä u m a n n  am ong  others. F u r th e rm o re ,  the age of the  cond ia  m a y  p e r ­
h a p s  have a certa in  in f luence  on the results; younger  conidia  m ay  give 
low er values th a n  older ones. Too old conidia  m ay  also change  the  r e ­
sult som ew hat;  especially those of old collections w here  m a n y  conidia  
often are  destroyed and  pe rh ap s  impossible to m easure.

F inally ,  I will m en t io n  a cause of error, which is surely of very little 
im portance  hu t still m ay  be w o r th  m ention ing . M any times it is d ifficult 
to decide w he the r  a cer ta in  conidium  really  lies u n d e r  the cover glass in 
such  a position th a t  the real length  and b read th  are  m easured . If  a con i­
d ium  lies inclined, this is r a th e r  easily seen, h u t  it can n o t  be detected 
w h e th e r  the con id ium  is s tand ing  on edge. W hen  the  con id ia  are  long
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Fig. 3. D iag ram  over the size of the conidia  in 20 collections of 
P seudo per ono spora er od ii.

an d  na rro w , this possibility is probably  ra th e r  slight, b u t  w hen, as is 
the  case w ith  Pseudoperonospora erodii, they  a re  a lm ost g lobular, the  
possibility m u s t  be m u ch  greater. T he average length  and  consequently  
also the quotient will then be a little too small.

Several a u th o rs ,  w hen  describing new  species of this a n d  re la ted  
genera , have m easu red  conidia from  a single collection a n d  then  given 
very exact s ta tem ents  abou t the average length and  b re a d th  of the 
conidia. As the  varia tion  between differen t collections of the sam e 
fu n g u s  can be as great as this little investigation shows (fig. 3), th is  
m e th o d  should  not be used. It would be be tte r  to give only a p p ro x im a te  
m a x im u m  a n d  m in im u m  values for the  m easurem ents .

This variation between different collections has also been shown by 
H olm  (1946), who placed values from several collections into a co­
ordinate system in the same m anner as described here. He had  been 
working with several species of Plasm opara  and tried to show tha t  it
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m a y  be possible to separa te  them  in this way. As I have m a te r ia l  from  
only  a single species of Pscudoperonospora,  I cannot carry  ou t  a s im ilar 
investigation. However, later on 1 hope 1 shall be able to m ak e  the same 
type of s tudy  with some species of the re la ted  genus Peronospora.
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On Neohodgsonia H. Perss., the new hepatic genus 
from New Zealand and Tristan da Cunha.

By H e r m a n  P e r s s o n .

Five  years  ago, 1 received for de te rm ina tion  fro m  Professor G. E. Du 
PiiETZ of U ppsala  a collection of b ryophy tes  f ro m  his journey  in New 
Zea land  in 1926— 1927. A m ong th em  was a specimen of Marchanticiles  
w h ich  w as im m edia te ly  recognized as represen ting  a new  genus. I m ad e  
inqu iries  abou t this p lant and, th ro u g h  the k indness  of Mrs. E. A. H o d g ­

s o n , I got in touch with Mr. K. W . A l l i s o n , one of the m ost successful 
collectors in New Zealand. He h a d  no t collected this hepatic  h im self  b u t  
h a d  some m ate r ia l  f rom  certa in  o the r  localities. He was k in d  enough  to 
send  m e p a r t  of this —  ra th e r  scanty  —  m ateria l ,  m ain ly  dried  speci­
m ens.

L a te r  I su rp ris ing ly  fo u n d  that the new genus was represented  from  
several localities in a collection b rou g h t  hom e from  Tris tan  da C unha  
by  the  N orw egian expedition in 1937— 1938 un d e r  the leadersh ip  of 
Dr. E. C h r i s t o p h e r s e n  [the T ris tan  p lan t (fig. 2), w hich  is at least 
n e a r ly  re la ted  to the New Zealand, will be dealt w ith by Dr. S. A r n e l l  

in h is  w o rk  on the hepa tic  collections of the Norwegian expedition | .
D ue  to special c ircum stances  the new  genus was p re lim inarily  p u b ­

lished, w ithou t  any  illustrations, u n d e r  the n a m e  of H odgsonia  in 
Decem ber, 1953 ( P e r s s o n  1953). U n fo rtuna te ly  I h a d  overlooked that 
the n a m e  of H odgsonia  h ad  been used some 100 years ago for a genus 
of p h an e ro g am s .  In  a brief correc tion  1 published  the nam e  of N eo h o d g ­
sonia  fo r  this genus ( P e r s s o n  1954).

Since these publica tions are  less accessible, it seems ap p ro p r ia te  to 
pub lish  here  a som ew ha t extended descrip tion  of Neohodgsonia.  A serie 
of p h o to g ra p h s  will be added. F o r  a m ore  detailed  descrip tion  the read e r  
is r e fe r red  to a fo r thcom ing  paper, based  on fresh  m ateria l,  by Miss 
E. C a m p b e l l , P alm ers to n  North, N .Z .
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The new genus has been n am ed  for Mrs. E. A. H o d g s o n . W airoa , t h e  

w ellknow n New Z ea land  hepaticologist.

N eohodgsonia  H . P e r s s .  (Marchantiaceae)

N eo h o c lg so n ia  H . P e r s s . ,  C o r re c t io n ,  S t o c k h o lm  14.1.1954. — Syn .:  H o d g -  
so n ia  H . P e r s s . ,  S t o c k h o lm  2 2 .X I I . 1953, n o n  H o o k .  f. et T h o m s ,  in P ro c .  L in n .  
Soc. ii. (1853) 257, n o n .  F .  M u e l l .  F r a g m .  ii. (1860).

Polyoica (monoica et dioiea). Tha llus  hab i tu  s la tu raque  generi Mar- 
c.hantiae simillimus. S t ra tu m  an ticum  altum , cavernosum . S tom ata  
composita, cellulis 4— 6, tr iseria lis  cincta. Squam ae  posticae uniseriales. 
Peduncu lus  carpocephali  5— 12-capsulus, ex apice frondis, sulco uno 
rh izophoro , superne  bis b ifu rca tu s ,  ram u lis  ca rpocephalo  capsulis 2— 3 
feren tibus vel m odo b ifu rca tu s ,  ca rpocephalo  bilobato  lobisque iterum  
bilobatis, u tr isque  cap su la  u n a  instructis. Capsula ovoidea, in s inuum  
cavern ifo rm em  inclusa, par ie te  ven tra li  cuius rimis longitudinalibus 
disrum pet. E la teres  c. 400 p, bispiri. P eduncu lus  m asculinus dioieus ex 
apice frondis, m onoicus  ex p a r te  m ed iano  thalli, prope peduncu lum  
carpocephali  ortus. Scyphuli  fo rm am  posi tu ram q u e  iis M archan tiae  
similes.

Species singula  a d h u c  nota ,  Novae Zeelandiae.

N eohodgsonia m irab ilis  H . P e r s s .

N e o h o d g s o n ia  m ir a b i l i s  H . P e r s s . ,  C o r re c t io n ,  S t o c k h o lm  1 4.1.1954. —  Syn .:  
U o d g s o n ia  m ira b i l i s  H. P e r s s . ,  S t o c k h o lm  22 .X II .1953 .

T hallu s  c. 3 cm longus, c. 0,8 cm latus, i te rum  bifurca tus , apice b re ­
viter incisus, tenu ite r  re t icu la tus .  Costa c. sextam  partem  d iam e tru m  
thalli m etientem , sensim  in alas a ttenua ta ,  ventro p a ru m  prom inens, 
rhizoideis num erosis  vel latis, par ie t ibus  tenuibus vel valde angus tio r i­
bus, parie tibus  crassis p raed ita .  S tra tu m  an ticum  a ltum  cavernosum , 
cavernis  bi- vel sub tr is tra t is .  S tom ata  com posita , Iriseriatis cincta, serie 
u traque  cellulis 4(— 0), po ro  externo m agno , c. 45 p longo, aperto , 
in ferno  subquadra to .  Cellulae epiderm idis  ub ique  leptodermes, c. 30 
4 0 X 0 0 — 00 p. S quam ae  posticae  mediocres, uniseriales, oblongae ovatae

Fig. 1. Neohodgsonia  mirabil is  H. P e r s s . a: p a r i  of the lype from  New Zealand, 
Doubtfu l  Sound, G. E. & G. D u  R i e t z  2035: 1. Dried. 1/1. b: upper p a r t  of a female  
receptacle  seen side-face, New Zealand, Mt H oldsw orth .  N. S. B u t l e r  2583. Alco­
hol. 5/1. — c: female  receptac le  seen from above, do. d: thallus with female  (the 
longer one) and  male receptacle ,  do. Dried, l/'l  (all: m ateria l  in Herb. Pa laeobot .  
Dept., Swedish Museum of N a tu ra l  History. S tockholm ).  — Pho to :  K. E. S a m u e l s s o n .
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—  lingulatae, ob tusae  —  subuculae , in tegerrim ae vel leviter c renu la tae ,  
non appendicu la tae ,  secus m a rg in e m  costae collocatae. Alae tenuissim ae 
pellucidae, ventro  p lu m ifo rm ite r  c ristu latae , cristulis rub ro -b runne is ,  
intus cavernis s tom atophor is  p raed itae  et in ter eas canalibus latis, 75—  
200 u d iam etro  (etiam costa cana libus  similibus instructa) , succo rubro- 
b ru n n eo  saepeque co rpo ribus  ±  ovoideis rubro-brunne is ,  c. 30 u longis 
completis (corporibus o le ife r is? ) . Peduncu lus  carpocephali  5—  12-cap- 
sulus, ex apice frond is  ortus, pallidus, p le rum que  2 5 cm longus, sq u a ­
m ae m inores  ovoideae lanceolatae. subacu tae  sparse  vestitus, sulco 
uno rh izophoro  su p ra  m ed iu m  peduncu li  b ifu rca to  insti tu tus  (latere 
opposito  sulci s tra to  cavernoso, cavernis uniserialibus), su p ern e  bis 
b ifurca tus ,  ram u lis  ca rp o cep h alo  tr iangulari,  capsulis 2— 3 feren tibus 
vel m odo  b ifu rca tus ,  c a rpocephalo  b ilobato  lobisque iterum bilobatis, 
u tr isque  capsula  u n a  instructis .  C arpocephalus  dorso grosse verrucosus, 
s tra to  cavernoso vestitus, cavern is  s tom atophoris , sal magnis num erosis ,  
ventro  strato  tenui b icellulari, basi co rona sq u a m a ru m  p a rv a ru m  o rn a ­
tus. Capsula ovoidea, p a r ie tu m  incrassalio  nodulosa  et incom ple tite r  
sem iannu la ta ,  in s inum  cavern ifo rm em  inclusa parie te  ven tra li  cuius 
r im is long itud inalibus d is rum pet.  Sporae rub ro -b runneae , angula to-  
globosae, c. 17— 23 p d iam etro ,  ±  glabrae, sat late alatae. E la te res  c. 
400 u longi, bispiri. P ed u n cu lu s  m ascu linus  c. 1 cm longus, dioicus ex 
apice frondis, m onoicus ex p a r te  m ed iano  thalli, prope  p ed u n cu lu m  c a r ­
pocephali ortus. C apitu lum  m ascu l in u m  parvum , disciforme, fere  c i r ­
culare, m arg ine  lato tenuissim o, pori cana lium  an th e r id io ru m  dorsales. 
Scyphuli  (quod con tinen t ig no tum  est) rari, 2— 2,5 m m  d iam etro , f o r ­
m am  pos itu ram que  iis generi M archan tiae  similes, lobati, m arg ine  
ciliato-den I iculato.

N e w  Z e a l a n d :  South Island, F iord Bot. Distr., Doubful Sound, track 
from Wilmot Pass to Deep Gove, montane forest belt, March 1, 1927, G. E i n a r  
& G r e t a  D u  R i e t z  2035: 1 (Type in 11erb. Palaeobot. Dept., Swedish Museum 
of Natural History, Stockholm); South Island, Head of Lake Manapouri, J a n u ­
ary 8, 1947, G. S i m p s o n  (Herb. K. W. A l l i s o n  H 891). North Island, T ara rua  
Mts, near Table Top, in water course north of Field Hut, c. 2,600 ft., January  1, 
1934, V. L. Z o t o v  7485; North Island, Tararua  Mis, Ml Holdsworth, on a forest 
bank, c. 3,000 ft., March 18, 1950, N. S. B u t l e r  2583.

This  strik ing hepatic  is at a glance charac ter ized  by the fem ale  organs: 
the s ta lk  of the receptacle  is twice b ifu rca ted  (sometimes the b ra n c h e s  
of the  first o rder  m a y  be undiv ided). This  is unlike every th ing  so fa r  
k n o w n  in Marchantiales.  In te res t ing  is th a t  the n u m b e r  of the involucres 
(and capsules), 5— 12, co rresponds  well with conditions in M archantia .
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Fig. 2. X cohodgson ia  spec, 
f ro m  T r is ta n  da  Cunha, 
fo res t  W . of 3rd gulch, 550 
— 600 m. alt., .January 8, 
1938. E. C h r i s t o p h e r s e n  

& Y . M e j l a n d  930. Dried. 
1/1 (m ateria l  in Herb. 
Pa laeobo t .  Dept.,  Swedish 
M useum  of N a tu ra l  H is­
tory. S tock h o lm ). —  Pho  t o : 
K. E. S a m u e l s s o n .

T h e  s ta lk  of the fem ale  receptacles has  one [by M archanlia  2(— 4)] rhi-  
zoid  fu rrow s .  T he carp o cep h alu s  is coarsely tubercu la te  in a m a n n e r  
resem bling , e.g., several F im briaria  species (Fig. 1: b a n d  c).

T h e  thallus, w hich  varies as to size, is not unlike tha t  of M archantia  
bu t  differs above all by its very  soft s tructure . This  is par t ly  due to the  
fact tha t  the ep iderm al cells (and m ost o ther cells too) are fragile a n d  
th in-w alled , a n d  pa r t ly  to the unusua lly  r ich  developm ent of the  air-  
c h a m b e r  layer. In teresting  arc  the big b row nish  channels , which, on the 
ven tra l  side of the thallus, are  visible to the n ak ed  eye. Nolicable is also 
th a t  the u p p e r  su rface  of the tha llus  w hich  has large areolae fo rm ing  a 
d is t inc t  ne tw ork , is not p la in  as in M archantia  and  m ost o ther M archan-  
liates  bu t uneven. This is due to the fact th a t  the areolae a re  so m ew h a t  
bu lg ing  a n d  som ew hat resem ble  conditions in some Marchantiales  such  
as Clevea  a n d  Sauteria  a n d  —  vet m ore  p ronounced  Exorrm otlieca .

T h e  pores  are  of the barre l  type. The cup -shaped  cupules are  r a th e r  
s im ila r  to those in Marchantia.  T he  ven tra l  scales are  a rranged  in only  
one  row on each side (in M archantia  typically  three rows).
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The systematic position of Neohodgsonia is not easy to settle. This 
would need detailed investigations of fixed material. No doubt it is 
closely related to the family Marclmntiaceae Dum. (1829) emend. 
K. M ü ll .  (1940), where I have provisionally placed it. The bifurcated 
carpocephalus makes a primitive impression. 11 appears possible that 
Neohodgsonia  represents a branch from the phylum leading to Mar- 
chantia.

From a phytogeographical point of view it is interesting that Neohodg­
sonia occurs in Tristan da Cunha as well as in New Zealand.

L itera tu re .

P e r s s o n ,  H., (1953) .  H odgson ia  now gen. (Hepaticae). -  Stockholm.
—  (1 9 5 4 ) .  Correction. —  Stockholm .
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Zur Problematik der »Steppenböden».

Von E. S c h l i c h t u n g .

Ins t i tu t  fiir P f lan ze n e rn ä h ru n g  und  B odenkunde  de r  Universitä t  Kiel.

In der bodenkundlichen und pflanzensoziologischen Literatur sind 
Steppen- und steppenartige Böden bzw. Pflanzengesellschaften m eh r­
fach beschrieben worden. Dabei hat es sich nicht nur um Böden der 
heutigen Steppen gehandelt, sondern m an ha t darüber hinaus Böden 
mit bestimmter Genese bzw. Ökologie darunter verstanden wissen wol­
len. W o sich also heutiges Klima und Vorkommen von »Steppenböden» 
bzw. Steppenpflanzengesellschaften nicht in Einklang bringen liessen, 
war m an gezwungen, die Ausprägung des Bodenprofils in frühere Zei­
ten zu verlegen bzw. die Pflanzengesellschaften als Reliktformen aufzu­
fassen. Es ist zweifelhaft, ob m an damit in allen Fällen das Richtige tat.

Als erstes sei die Frage erörtert, ob es überhaupt zweckmässig ist. 
den Begriff »Steppenboden» zu verwenden. Das ist im Wesentlichen 
ein Nomenklaturproblem. In der Bodenkunde wird heute fast allgemein 
anerkannt,  dass m an zur Klassifizierung bodeneigene Merkmale be­
nutzen sollte.1 Dagegen verstösst die Bezeichnung »Steppenboden». Sie 
ist überdies als Bodentypenbegriff nicht spezifisch, denn in den Steppen 
finden wir verschiedene, gut gegeneinander abgrenzbare Formen, wie 
Sierosem, Burosem, Kastanosem und Tscliernosem ( K u b i e n a , 1 9 5 3 ) .  

Auf der anderen Seite ist die Gleichsetzung von Böden mit AC-Profil und  
Steppenböden ( W a l d h e i m , 19 4 7 ,  S. 73) nicht gerechtfertigt, da auch 
solche Böden ein AC-Profil haben, die m an nicht zu den Böden der 
Steppen rechnen darf (z.B. Ranker und Rendzina). —  Meist hat man 
wohl mit »Steppenboden» den Tscliernosem (die Schwarzerde) und mit

1 E ine  E inte ilung nach  den F a k to re n  de r  Bodenbildung, wie sie besonders  von  
S t r e m m e  und seinen Schülern  geübt wird, ist an fech tbar ,  weil bislang keine sy s tem a­
t ischen q u an ti ta t iven  U nte rsuchungen  über  die relative B edeutung der einzelnen F a k ­
to ren  vorliegen (vgl. J e n n y , 1941).
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»steppenartig veränderten»  Böden schw arzerdeähn liche  B ildungen  ge­
meint (z.B. S t r e m m e , 1936).

Die B erechtigung der Bezeichnung »sleppenarlig» oder s c h w arze rd e ­
artig  fü r  bestim m te  B od en fo rm en  des h um iden  Klimabereichs w ird  bei 
Abwesenheit von S teppenpflanzengesellschaften  meist aus der Ta tsache  
hergeleitet, dass diese Böden ü b e r  m e h r  oder m inder  k a lk re ichem  M ut­
tergestein ähn lich  dun k le  u n d  z.T. auch  ähn lich  m ächtige  A-Horizonte 
haben  wie die Schw arzerden . D arin  sind sie aber  auch  den Rendzinen 
und m eh r  noch gewissen P a ra ren d z in en  ähnlich , ln  der L i te ra tu r  ist 
schon m ehrfach  a u f  die V erb in d u n g  zwischen Schw arzerden  un d  R end­
zinen hingewiesen w orden  (z.B. S t e b u t t . 1930). Weil f rü h e r  das  P r im a t  
des Klimas u n te r  den F a k to re n  der Bodenbildung  postuliert wurde, 
stellte m a n  die Schw arze rde  quasi als den N orm alfall und die Rendzina 
als den (intrazonalen) Sonderfall  hin. Logischerweise sollte ab e r  zur 
Klassifizierung un d  N am engebung  das gem einsam e (bodeneigene) M erk­
m al benutz t werden, das die s tä rks te  D ifferenzierung gegenüber anderen  
F o rm en  au sd rü c k t  (vgl. S c h l i c h t i n g , 1953 a), in diesem Fall also der 
m ehr  oder m in d e r  hohe  Kalkgehalt .  So sieht K u b i e n a  (1948) die S ch w arz ­
erde au ch  als M ullp a ra ren d z in a  der  Steppe an un d  belässt ih r  lediglich 
aus h is torischen  u n d  Z w eckm ässigke itsg ründen  ihre  Eigenstellung. Das 
um gekehrte  Vorgehen, die Rendzina  als K alkste inschw arzerde  zu be ­
zeichnen (S t r e m m e , o . J.), verstösst gegen die von uns e rhobene F o rd e ­
rung. F ü r  die oben e rw ä h n te n  Böden sollte m a n  also statt de r  Bezeich­
nungen  »steppenartig» oder schw arzerdear t ig  den Namen rendzina- 
ähn lich  bzw. P a ra re n d z in a  w ählen.

Dieses Vorgehen ist s icherlich  do rt  gerechtfertigt, wo auch  floristisch 
keine Beweise fü r  eine rezente  oder subfossile S teppenvegetation  m eh r  
beizubringen sind (z.B. a u f  F e h m a rn ,  vg l .  S c h l i c h t i n g , 1953 b). Wie 
verhält  es sich aber  dort, wo Pflanzensoziologen ausserha lb  des S teppen ­
gebietes »steppenartige» Gesellschaften kar tieren : k an n  m an  diese Böden 
als schw arzerdear t ig  beze ichnen?  Eine sichere Deutung  solcher S c h w a rz ­
erden ist n u r  in den Fä llen  m öglich, wo sowohl e indeutig  der N achweis 
geführt  wird, dass diese Pflanzengesellschaften  Relikte e iner echten 
S teppenvegetation sind, als auch  der C h arak te r  der B odenprofile  die 
ehemalige S ch w arze rd en a tu r  e rk en n en  lässt.

Aus der P flanzengese llschaft  allein die Bezeichnung fü r  einen Boden 
abzuleiten, ist so lange unsicher,  wie nicht erwiesen ist, dass  diese 
Gesellschaft spezifisch fü r  eine bes t im m te  B odenform  ist. Z w a r  steht 
auch  heute  noch  eine e inw andfre ie  Definition des Begriffes »Steppe» 
aus ( B r a u n - B l a n q u e t , 1951, S. 554), abe r  fü r  unsere  Zw ecke m ag
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genügen, sie als Landschaflsform in einem semiariden, kalttemperierlen 
Klima anzusprechen, deren Böden die geringen Niederschlagsmengen 
bis zu einem gewissen Grade in ihren oberen Lagen zu speichern ver­
mögen (L u n d e g å r d h , 1949, S. 240). Sind aber die Steppenpflanzen 
durch diese Standortsverhältnisse so eindeutig charakterisiert, dass um ­
gekehrt alle Böden mit solchen Pflanzengesellschaften als »Steppen­
böden» bezeichnet werden können? Diese Frage lässt sich z.T. bereits 
durch ihre U m kehrung beantworten: W enn »Steppenpflanzen»-Gesell­
schaften auch ausserhalb der Steppe Vorkommen, so kann das auch als 
Beweis dafür angesehen werden, dass sie nicht spezifisch für diese sind, 
hier also ihren Namen zu Unrecht tragen. Doch bedarf dieser Schluss 
noch der Erläuterung.

Der Zeigerwert einer Pflanzengesellschaft ist um so sicherer, je bes­
ser ihre Ökologie bekannt ist. Die Feststellung, dass sich Ökologie und 
lloristische Gruppierung der Gesellschaft zueinander verhalten wie die 
noch recht wenig bekannte Ursache zur sichtbaren W irkung (B r a u n - 

B l a n q u e t , I.e., S. 554), klingt wenig ermutigend. W enn aber die Bezie­
hung zwischen Pflanzensoziologie und Bodenkunde aus dem empiri­
schen Bereich in den kausalen verlagert werden soll, muss die Ökologie 
in den Mittelpunkt gerückt werden. W ir wollen dabei analog zu unserem 
Vorgehen bei der Besprechung der Beziehungen zwischen gewissen 
Rendzinen und Tschernosemen die gemeinsamen Merkmale von Kalk- 
und Steppenpflanzen ihren Unterschieden gegenüberstellen (wobei wir 
uns z.T. an die eingehenden Untersuchungen von W a l d h e i m  in Schonen 
an lehnen).

Kalk- und Steppenpflanzen sind angepasst an einen hohen Elektrolyt­
gehalt der Bodenlösung, in der im Gegensatz zu derjenigen von Marsch- 
und Alkaliböden die Erdalkalikarbonate und -sulfate über die Alkali­
halogenide dominieren. Der hohe Ca- und Mg-Gehal! der Rendzinen und 
Tschernoseme bewirkt gleichzeitig hohe pH-W erte und damit z.B. eine 
geringere Anlieferung von Mn und Fe. Es ist auch zu vermuten, dass sol­
che Pflanzen empfindlich gegen grössere Al-Mengen sind.

Anpassung an hohen Elektrolytgehalt der Bodenlösung bedeutet aber 
auch, dass die Pflanzen einen hohen osmotischen Druck aufbringen, um 
genügend Wasser aufnehmen zu können, oder einen geringen W asser­
bedarf haben müssen. Im Jahresdurchschnitt  betrachtet gleicht der 
W asserhaushalt der Rendzinen und Pararendzinen im humiden Klima 
sehr dem des Tschernosems, und zwar um so mehr, je geringer der 
Tongehalt (und die Verwitterungstiefe) und je steiler die Hanglage ist 
(am stärksten ausgeprägt bei Süd-Exposition). Wir haben es hier also
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mit einem Faktorenersatz (vgl. B a c h , 1950): trockenes Grossklima - 
geringe W asserkapazität zu tun. Die Mergelrendzinen und -pararend- 
zinen im humiden Klima versorgen dagegen dank ihrer hohen W asser­
kapazität ihre Pflanzen gut mit Wasser (sie sind daher natürliche 
W aldstandorte).

Überblickt m an diese Verhältnisse, so wird m an W a l d h e i m  (I.e.) in 
seiner Feststellung zustimmen müssen, dass die Steppenvegetation im 
weitesten Sinne eine Kalkflora sei. Besonders die Kalktrockenpflanzen 
und die Steppenpflanzen sind als homologe Gesellschaften aufzufassen. 
Das Differenzialmerkmal (Anpassung an das Grossklima durch kurze 
Entwicklungszeit) ist nu r  den Steppenpflanzen eigen. Daher schlägt 
Verf. vor, sie ökologisch nu r  als Sondergruppe der Kalkpflanzen zu 
betrachten (vielleicht gelingt es einmal, diese Gesellschaften auch pflan­
zensoziologisch schärfer zu umgrenzen als es bisher der Fall w a r ) . Da­
mit entfiele die Berechtigung, die »steppenartigen» Gesellschaften im 
humiden Klimagebiet noch weiter als solche und die betreffenden Böden 
als »Steppenböden» zu bezeichnen. Es sind vielmehr Kalktrockenrasen­
gesellschaften (wie sie in der pflanzensoziologischen L iteratur auch 
schon vielfach genannt werden) und Rendzinen bzw. Pararendzinen.

F ür  die betreffenden Böden in Schonen bemerkt W a l d h e i m  selbst, 
dass sie m ehr an die Rendzinen als an die eigentlichen Steppenböden 
erinnerten; nennt sie aber trotzdem »Steppenböden». Verf. hatte Ge­
legenheit, mehrere der von W a l d h e i m  beschriebenen Profile aufzu­
nehmen. Ein schwarzerdeartiger Charakter war in keinem Fall festzu­
stellen, es handelte sich vielmehr um trockene mullartige Pararendzinen, 
z.T. um Ranker.

Zusammenfassend lässt sich feststellen, dass Steppenpflanzengesell­
schaften und Kalktrockenrasengesellschaften ebenso als homologe F o r­
mationen aufgefasst werden können wie Schwarzerde und Pararend- 
zina. Der Name »Steppenpflanzen» sollte daher auf die Pflanzen der 
Steppen beschränkt bleiben und entsprechend der Name »Steppen­
böden» auf die Böden der Steppen.
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Smärre uppsatser och meddelanden.

O edipodium  Griffithianum (D icks.)  Schw aegr . funnen i Dalarna.

Under ett par sommarveckor 1951 hade jag förm ånen att  åtfölja lektor 
F o l k e  L u n d b e r g , Kungälv, på en bilfärd, som berörde stora delar av Dalarna. 
Min exkursionskamrat ägnade sitt huvudintresse åt p lanktonundersökningar  
men deltog flitigt och med stor framgång i det bryologiska fältarbetet.

Under bestigningen av den i Idre sn belägna Städjan (1,130 m) den 6 juli 
fann L u n d b e r g  i en liten k lippskreva p å  östsidan av stortoppen en mossa, som 
frapperade honom. Till m in överraskning kunde jag konstatera, att det var en 
av våra sällsyntaste och samtidigt egendomligaste bladmossor, den för Dalarna 
nya Oedipodium Griffithianum.  Det visade sig sedermera att den förekom rik- 
likt på liknande ståndorter i närheten.

Lokalen var belägen på ca 1,000 m:s hö jd  och utgjordes av små hålor och 
skrevor i den sparagmitformation, som uppbygger fjället. Topografien här  på 
stortoppens östsida är brant.  Som vanligt växte Oedipodium  ej direkt på berget 
utan  på ett jordlager. Den om en levermossa s tarkt påminnande, näs tan  ärg- 
gröna mossan bildade ofta sm å m attor  på botten  av hålorna. I regel var den 
steril men väl utvecklade frukter  anträffades också. Den övriga vegetationen 
var, som vanligt då det gäller Oedipodium,  sparsam  och artfattig. Den utgjordes 
endast av dåligt utvecklade former av Ditrichum ho momall um  koll., Lophozia  
alpest ris och Webera nutans.

Oedipodium Griffithianum,  som får räknas  till de kalkskygga mossorna, är 
enda arten av sitt släkte. Detta anses oftast bilda en egen familj, Oedipodiaceae, 
m en förs ej sällan, pä ungefär  lika goda grunder, till familjen Splaclinaceae. 
E j blott till sitt utseende och byggnad ä r  det en högst märklig art,  även dess i 
hög grad splittrade utbredning fö r t jäna r  uppm ärksam het:  Storbritannien, S kan­
dinavien, Grönland (såväl v. som o.kusten), Alaska (Kodiak-ön) och Falklands- 
öarna (där den 1907 upptäcktes av T. G. H a l l e  och G. S k o t t s b e r g ). E n  utbred- 
ning påminnande om denna uppvisar levermossan Gijmnomitrium crenulatum: 
Storbritannien, Norge (//ex-regionen), Alaska och Sydgeorgien, den är emel­
lertid, till skillnad från Oedipodium,  u tpräg la t kustbunden. Bägge måste räknas 
till de oceaniska mossorna, för Oedipodium  särskilt u tm ärkande skulle vara den 
stora amplituden vad tem pera tu rfo rd ringarna  beträffar.  1 det fallet påm inner 
den starkt om den oceaniska-suboceaniska levermossan Anastrepta orcadensis, 
som vi dagen innan i vackra tuvor an träffade på 800 m:s höjd  å Storfjället i 
T ranstrand  sn (den är i Sverige ungefär lika sällsynt som Oedipodium;  i Dalarna
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var d en  förut tagen på en lokal i Idre sn. Totalutbredning: Europa, Färöarna, 
H im alaya ,  Kina, Japan, Alaska och Hawaii).

I Skandinavien  har  Oedipodium  sin huvudutbredning inom //ex-regionen i 
Norge, där  den ej kan sägas vara sällsynt och där den ofta växer vid havets 
nivå. Märkligt ä r  därför  att den så ofta förekommer i fjällen och här  ej sällan, 
även fertil,  på hög nivå. I Norge ä r  den funnen på  ett flertal lokaler i olika 
fjä l lom råden, samtliga söder om Trondheimsfjorden, och når  på Gausta 
en h ö jd  av 1,550 m. I Sverige var den då M ö l l e r  1936 gjorde sin sam m an­
ställning känd från  en lokal i vardera Härjedalen, Jäm tland  samt de fyra syd­
ligaste lappm arkerna  och dessutom från  en lokal i låglandet: Partilie i Götc- 
borgs-trakten. Härtill kan, förutom  lokalen på Städjan, läggas följande nya 
lokaler:  Jämtland. Hallen sn, D rom skåran, ca 1,000 m, st., 15 juli, 1944, O l a v  
G j a e r e v o l l  samt Lycksele lappmark. Tärna sn, Brantfjället, klyfta mellan 
s tenblock på toppen, ca 1,000 m, st., 15 juli, 1946, A. H ü l p h e r s . Högst når 
Oedipodium  i Sverige på Storsola i Sylmassivet, där  den tagits på 1,300 m:s 
höjd. 1 Finland är den endast känd  från  Nord-Saana i Kilpisjärvi-området. 
Den in tressan ta  ar ten  fö rt jäna r  att eftersökas, förvisso ä r  den endast funnen på 
en r inga  bråkdel av sina förekomster. H e r m a n  P e r s s o n .

Växtanteckningar från trakten kring Torne träsk sommaren 1952.

U nder  tiden 27.6.— 23.8. 1952 arbetade jag vid Abisko Naturvetenskapliga 
s ta tion  med insamling av växter till en botanisk trädgård  i Björkliden. Härvid 
iakttogs många in tressanta och för trakten  nya eller sällsynta arter, vilka 
kanske  kan  vara av intresse. Som fram går av listan är de flesta iakttagna på 
ku ltu rpåverkad  m ark  i Björkliden eller intill järnvägen. Vid angivande av 
lokaler h a r  den flygfotogrammetriska som m arkartan  »Abisko, Björkliden, Riks­
gränsen» använts.

E q u ise tu m  h iemaleXuariegatnm  (E. trachyodon). Mellan bv.-stugan vid Torne- 
h a m n  och Pesujärvi i fjällbjörkskogen på 500 m ö.b.

Deschampsia atropurpurea  (Wo.) S c h e e l e . Allmän på V-sidan av Kuokel 
(550 m ö.h.).

Phippsia  algida (S o l .) R. Bil Allmän på Jebren tjåkko  på 1.050 m ö.h. till­
sam m ans med Ranunculus glacialis. L och Saxifraga tennis. (Wo.) II. Sm. 

Agropyron  mutabile. D r o b ., T. V e s t . I f jällbjörkskogen på Nuoljatunneln till­
sam m ans med A. caninum.  (L.) PB.

Care.x rufina  D r e j . Översilad, ±  blottad eller mossbevuxen grusmark på V- 
sidan  av Kuokel ]>å 500 m ö.h. omkring den 15.8. til lsammans med Koeni- 
gia islandica L, vilken är  en stor sällsynthet i trakten. Arterna växte tä m ­
ligen allmänt tillsammans på  flera lokaler utefter sam m a sträckning av 
sm åsjöar  från Vadvetjåkko till Björkstugan.

Chamorchis alpina (L.) L. C. R i c h . Tämligen allmän ovan trädgränsen på N- 
sluttningen av Nuolja (600 m ö.h.) samt på skifferhäll Ö. Pesujärvi. På 
det sistnämnda stället växte arten til lsammans med Erigeron unalascli- 
ken se  (DC.) Vierh.
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Gymnadenia connpsea  (L.) R. B r . och f. alba. I Scirpus ctespitosus - kärr  
N. Björkliden. Här växte även Orchis maculata.  L. De båda ar te rna  förekom 
rikligt tillsammans. Trots ivrigt sökande kunde inte något hybrid liknande 
exemplar upptäckas.

Polygonatum vcrticillatum  (L.) Au.. I f jällbjörkskogen vid Jebren jåkkstugan  
1951.

Salix herbaceaXpolaris.  Vid fallen i Ridonjira, Nuolja 1951.
Si lene Cucubalus W i r . Björkliden samt jv-vallen S. därom.
Thalictrum alpinum  L. Ljusgrön form vid Rallarkvrkogården, Torneham n 

( =  lokalen för Cardcimine amcira L.)
Ranunculus auricomus  L. Björkliden.
Rorippa islandica (Oe d e r ) B o i i r . L o k a l  s o m  f ö re g å e n d e !
Fragaria vesca L. Lokal som nästföregående på jv.-vallen!
Potcntilla nivea  L. Snoriljåkko (925 m ö.b.) ocb NV-sician av Låktatjåkko.
P. norvegica I.. Björkliden.
Alchemilla (dpina L. Klippan mellan skidlinbanan ocb Ivåppasjåkk, Björkliden.
Trifo lium  spadiceum  L. Jv-bron över Rakkasjåkk, Björkliden.
Polggala Amarella  Cr. Lokal som föregående samt slänten vid b v.-stugan vid 

Tornehamn, vilket torde vara Sveriges nordligaste lokal för arten.
Hippuris vulgaris L. Liten göl mellan Pålnoviken ocb N juoraätno (»Lerälven ) 

tillsammans med Utricularici vulgaris L.
l lcraclcum Sphondglium  L. ssp. sibiricum. (L.) A h l f v . Björkliden samt jv.- 

vallen N och S därom i enstaka exemplar.
Primula s tr ida  H o r n . Stranden av Torne träsk vid Djupviken och Abisko Östra 

samt vid Silverfallet i Rakkasjåkk.
Myosotis silvatica E h r h . ssp. frigida. T. V e s t . f. alba. N. Rallarkvrkogården, 

Tornehamn.
.1/. arvensis (L.) H i l l . Björkliden.
Prunella vulgaris L. Gångstig vid Lugnet, N. Björkliden.
Veronica serpyllifolia  L. Björkliden.
Plantago major  L. Nuoljatunneln, Lugnet och Björkliden samt jv.-vallen.
P. media  L. Lokal som föregående!
Antennaria alpina (L.) G.e r t n . &. 6 exemplar den 21.7. på SV-sluttningen av 

Jebrentjåkko (950 m ö.b.) på snölegemark. Här växte rikligt med hon­
individer av arten samt A. dioeca. (L.) G.e r t n ., S  och ?.

Ant lie mis Unctoria L. Björkliden (troligen nordligaste lokalen i Sverige.)

I n g v a r  N o r d i n , V äs te rå s .

Växtanteckningar från trakten kring Vemdalen, Härjedalen 
sommaren 1950.

I bö r jan  av juli 1950 deltog jag i ett av Sveriges Fältbiologiska Ungdoms­
förening arrangerat läger i NO-delen av Härjedalen och intilliggande delar av 
Jäm tland. De besökta fjällen visade sig vara mycket karga och fattiga, och 
endast från  Sånfjället noterades några mer krävande arter. Listan upptar  de 
intressantaste fynden under en tiodagars vistelse.
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Cryptogrammci crispa (L.) R. B r . 1 exemplar nära  toppen på N. Skalsfjället.
Matteuccia Struthiopteris  (L.) T o d . Fuktig fjällbjörkskog på N-sluttningen av 

Varggransfjället.
Listera cordata  (L. )  R.  B r . Tämligen allmän vid Skorvdals- och Skalsfjällen. 

Även sedd på N-sluttningen av Sånfjället tillsammans med Cocloglossum  
viride  (L. )  H a r t m .

Corallorhiza trifida C h a t . Enstaka exemplar h ä r  o c h  var, bland anna t vid 
Varggrans-, Hög- o c h  Sånfjällen.

Thalic trum  simplex L. Stranden av Vikarsjön, Hedeviken.
Viola m ontana  L. Bäckravin mellan Skalsfjällen.
E pilob ium  lactiflorum  H a u s s k n . Fjällbäck mellan Skalsfjällen, tillsammans 

m e d  E. Hornemanni.  R c h r .
Moneses a ni floro (L.) A. Gr. Enstaka exemplar på S-sidan av N. Skalsfjället.
Loiseleuria procumbens  (L.) D e s v . På skiffermark vid en fjällbäck på NO-sidan 

av  Sånfjället samt nära  toppen på Oxsjövålen (Jmt.).
Cassiope hypnoides  (L.) D. D o n . Fjällbäck på NO-sidan av Sånfjället.
Arctostaphylos (dpina (L.) S p r e n g . Lokal som föregående samt på Oxsjövålen 

och i fjällbjörkskogen på N-sluttningen av Högfjället.
Diapensici lapponica L. Lokal som Cassiopel
Gentianella Amarella  (L.) H. Sm. Röjans jv.-station (Jmt.).
Bartsia alpina  L. Tämligen allmän på lågäng på S-sidan av Vikarsjön ti l lsam­

m ans  med Pedicularis Sceptrum-Carolinum  L., vilken även sågs vid Oxsjön 
( Jm t . ) .

Taraxacum neevosum. Dr. Vägkant vid Vemdalsskalets pensionat den 14.7.
T. spectabile  Dt. Lokal som föregående den 11.7.
/'. boreum  D t . Fuktig gräsm ark nära  Vemdalsskalets pensionat den 14.7. Arten 

ä r  endast uppgiven för Norge. Bestämningarna av m askrosorna h ar  u t­
förts  av fil. dr G u s t a f  H a g l u n d .

I n g v a r  N o r d i n , V ä s t e r a s .

Nya växtloka ler  för kärlväxter i Jämtland.

Nedanstående växtfynd har  gjorts vid korta  besök i Jämtland 1948— 1952, 
sis tnäm nda år tillsammans med docent B. H y l m ö  och kam rer  P. O l r ö G .  V äxt­
lokalerna finnes icke angivna i L a n g e s  Jämtlandsflora, H u l t é n s  atlas eller 
I h  i . a n d e r s  nya flora.

Art- oeli lokalförteckning:

Cgstopteris fragilis (L.) B e r n h . ssp. alpina  ( W u l p .) H a r t m . Frostviken: bäck ­
rav in  på Raudeks ostsida i sent framsmält skreva. Reg. alp. N v f ö r 
J ä m t 1 a n cl.

Cgsto pteris fragilis (L.) B e r n i l  ssp. dickieana  (S i m ) H y l . Frostviken: Hylla 
på  Fågelbergets sy dbrant. Reg. silv. N y  f ö r  n o r r a  J ä m t l a n d .  

Botrych ium  lanceolatum  (S. G. G m e l .) Å n g s t r . Stugun: Borglunda på t o r r ­
backe invid landsvägen, 1 ex.

Calamagrostis canescens ( W e b .) R o t l i Xepigeios  (L.) R o t h . Stugun: Fredriks- 
lund  på grusås mot älven. N y f ö r J ä m t i a n  d.
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Carex Bigelowii T o r r . X rufina D r e j .  Åre: Skurudalsbergen och B låham m aren  
i reg. alp. tillsammans med föräldraarterna. S tåndorterna in term ediära  
mellan föräldraarternas. Hybriden iakttogs på ett tiotal lokaler och å te r ­
finnes säkerligen i detta område på de flesta ställen, d ä r  rufina  växer. 
Bestämningen har  confirmerats av fru E l s a  N y h o l m ,  som undersökt 
bladanatomien. Hybriden har  icke angivits tidigare från Jäm tland.

Carex atrata h.fsf norvegica R e t z .  Åre: Gräslifjäll, reg. alp.
Luzula pallescens Sw. Frostviken: Fågelbergets brantsida på k lipphyllor  i reg. 

silv.
Chamorchis alpina (L.) L. C. R i c h .  Åre: Skurudalshöjdens västsida, reg. alp. 

riklig.
Saxifraga adscendens L. Frostviken: På Randek i reg. alp. fö rekom m er rikligt 

en form  med rosafärgade blommor, som enligt fil. d r  T h .  L a n g e  av 
honom aldrig iakttagits i Jämtland.

Myricaria germanica (L.) D e s v .  Åre: Sandrevlar i Handölan ca 5 km ovanför 
Handöl.

Bjuv i januari 1954.
K. E .  F l i n c k .

A N ote  on the Viability of Aseptic M oss Cultures.

In microbiology, methods have been worked out, e.g. lyophilization and trea t­
ment with mineral oil, which make il possible to preserve cultures of fungi and 
bacteria aseptic and alive for a long period of time without the trouble of re ­
peated transfers. In the case of mosses, which are more rarely studied in pure 
culture, the question of preservation has probably not so often been encountered. 
To brvologists and physiologists interested in studies of that sort, however, the 
following observations may be of some value.

About twelve years ago I isolated a num ber of moss species from spores or 
gamophyte shoots ( F r i e s  1 9 4 2)  and grew them in sterile culture under various 
conditions. In order to keep these cultures alive as long as possible without 
transfer to a new medium 1 kept the stock-cultures on agar in so-called F re u ­
denreich flasks (Fig. 1). The moss-studies were discontinued in 1943, and since 
then no fu rthe r  transfers of the stock-cultures were made. However, when ten 
years had passed 1 thought it might be interesting to establish whether  any of 
the cultures was still living.

During these ten years the flasks had been placed in a laboratory  window, 
lacing east. The temperature of the room had varied between 18° C and 22° C, 
but especially in the summ er mornings the strong sun-light m ay have raised 
Ihe tem perature of the flasks considerably.

Fach one of these 50 ml Freudenreich  flasks contained 10 ml of a nutrient 
medium solidified with 1.5 °/o agar, representing a slanting surface on which 
the moss was growing. The medium consisted of: KNO„ 1.2 g., C a (N 0 3)2 
0.12 g., K2H P 0 4 0.12 g., MgSO ( • 7 H.,() 0.24 g., and F ed , ,  traces, per litre of 
distilled water. Gas exchange occurred through the narrow  tube at the top of 
the flask and probably also to a certain degree through the ground joint be-
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Fig. 1. Two cultures of Hylocomium squarrosum 
on agar in Freudenreich flasks. Age of the cul­
tures, one year fa) and eleven years (b). Half 
natural size.

tween the cap and the basal par t  of the flask. Since the diameter as well as 
the length of the top tube differed rather  much from one flask to another  the 
rate of evaporation varied correspondingly.

In September 1952 the medium appeared completely dry in most flasks, and 
the protonerna and gam ophyte shoots were white or brownish. In none of these 
cases any furthe r  growth was observed from the samples transferred  to fresh 
agar medium. Nine flasks, however, still contained water and in six of them 
the moss proved to be living and capable of developing new shoots w hen trans­
ferred to the new culture flask. These six species were, Funaria hygrometrica, 
Ceratodon purpureus, H ylocomium squarrosum, M nium  undulatum, Mnium  
pseudo-punctatum,  and Aulaeo m n iu m  palustre. The three non-viable cultures, 
viz. L ep tobryum  pyriforme, H ylocom ium  triquetrum,  and a duplicate of Funa­
ria hygrometrica,  contained less water than the others.

In no case the new protonerna and  the shoots developing from the inocula 
on the fresh medium showed any signs of damage or degeneration. Thus it 
appears  that growing moss cultures can be mainta ined without any drawbacks 
for at least ten years in Freudenreich  flasks, provided the evaporation is not 
permitted to proceed too far.

Institute of Physiological Botany, University of Uppsala, February  23, 1954.

N i l s  F r i e s .
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Från Lunds Botaniska Förenings förhand­
lingar 1953.

Don 12 februari. L abora to r  T o r e  L e v r i n g , Göteborg, höll föredrag om 
Befruktningen hos fucaceerna och ulvaceerna».

Inledningsvis redogjorde föredragshållaren för befruktningsförloppet hos 
fucaceerna samt för gameternas byggnad. Bl.a. hade påvisats, att spermatozoi- 
derna voro omgivna av ett tunt geléhölje av fucoidin.

Ytan hos mogna, obefruktade ägg består av följande lager: ytterst ett skiktat 
geléhölje, äggmembranen, l ipoprote inm em branen samt innerst ett kortikalskikt 
E fter  befruktningen fram träder  snabbt en befruktningsm embran, som är  två- 
skiktad. Det inre skiktet ä r  starkt negativt dubbelbrytande och innehåller bl.a. 
cellulosa och fucoidin. Det yttre består av äggm embranen jämte återstoden av 
geléhöljet. I kortikallagret,  som levererar väggmaterial efter befruktningen, har  
polysackaridsulfat (fucoidin) frigjorts.

Föredragshållaren  visade sedan en av honom upptagen film, som illustrerade 
fortplantningsorganens och gam eternas byggnad samt befruktningsförloppet 
hos fucaceerna.

Till slut visades en färgfilm om generationsväxlingen hos Ulva lactuca, v a r ­
vid föredragshållaren läm nade en kort redogörelse för gameternas och zoo- 
sporernas byggnad samt deras reaktionssätt vid fortplantningen.

Den 9 mars. Valdes P rofessor G ö t e  T u r e s s o n , Ultima, till föreningens 
hedersledamot.

Uppläste Docent O v e  A l m b o r n  revisionsberättelser för 1 9 5 2  års räkenskaper. 
Full ansvarsfrihet beviljades tacksamt räkenskapsförarna.

Höll Dr K ä t h e  S e i d e l  från  Hydrobiologische Anstalt der Max-Planck- 
Gesellschaft in Plön (Holstein) föredrag över ämnet »Scirpus lacustris. W ert 
und  Auswertung».

Dr S e i d e l  talade om sä vens förekomst och användning nu och i äldre tider. 
Bedan de gamla grekerna kände till konsten att fläta föremål av säven. F ö re ­
dragshållaren  nämnde, vilken utomordentligt stor nytta folk i alla världsdelar 
haft och ha av säven. Bl.a. gavs som exempel att de kända  balsabåtarna på 
Titicaca-sjön ofta är  u trustade med segel flätade av sävstrån.

Under Dr S e i d e l s  ledning bedrives i Nordtyskland sedan flera år til lbaka ett 
om fattande arbete för att u tforska sävens användbarhet.  Den har  bl.a. i fråga 
om äggvite-, kali- och fosfathalt visat sig överträffa både majs och lupin, var-
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lö r  d e n  ä r  etl hö g v ärd ig t  foder. Kom post jo rd  av S c irp as  lacustris  h a r  visat sig 
u to m o rd en t l ig t  värdefu ll .  Odling av g rö n sak e r  och b lo m m o r  på dy lik  jord  h a r  
f r a m k a l l a t  verk l iga  jä t te fo rm er .

Sä v en  ä r  en fö r trä f f l ig  sa n d b in d a re  och h a r  u n d e r  senare  tid även  b ö r ja t  
p la n te r a s  som  s t r an d sk y d d .  Då den  även b ilda r  k ra f t ig  ro th u m u s  söker  m an  
g eno m  B in sen k u l tu r  vid N ord- och Ö s te r s jö k u s te rn a  v inna  m a r k  för å k e r ­
b ruk .

I)en 20 april. F irad e  fö r e n in g e n  silt 95 -å r s ju b i leu m .
F ö re n in g e n s  s t ip end iu m  u r  Ju b i leu m sfo n d en ,  kr. 200 : — , tilldelades F ru  

E l s a  N y h o l m  fö r  exk u rs io n e r  i T o rn e  L a p p m a r k .  Ur S vante  M urbecks  fond  
t i l lde lades  A m a n u e n s  B e n g t  U l f  kr. 38 2 : 50 som  b id rag  till s tud ie resa  till 
Z ü r ic h  sam t till fo to g ra f iu tru s tn ing .

S om  nytt  n a m n  p å  B o ta n isk a  N otisers S u p p lem e n t  b e s täm d es  »Opera 
Botan ica» .

I ett h ä lsn in gs ta l  hy l lade  ordf .  den  nyva lde  h ede rs ledam o ten ,  P ro fesso r  
( i ö T E  T u r e s s o n , som  d ä re f te r  hö ll  fö red rag  över ä m n e t  »H ierac ium  pilosella, 
k ro m o so m ta l  och  u tb redn in g» .

Kvällens a n d r a  fö red rag  över experim en te ll t  t ax o n o m isk a  u n d e rs ö k n in g a r  
hos Poa  hölls av P ro fe sso r  T. G. T u t i n  f r å n  Leices ter,  E ng lan d .

D en  te traploicla  Poa a n n u a  m ed  28 k ro m o so m e r  sku lle  enligt ett f ö rm o d a n d e  
av P ro f .  N a n n f e l d t  va ra  en k o m b in a t io n  av de b å d a  a r t e rn a  P. sup ina  och  
in f in n a .

F ö re d r a g s h å l l a re n  h ade  p rö v a t  d e n n a  hypotes .  P. annua ,  k o rsad  m e d  supina,  
gav en tr ip lo id  m e d  7 b iva len te r  och 7 u n iv a len te r  i meios. S am m a resu l ta t  e r ­
hölls  d å  a nn ua  k o rsades  m ed  in f irm a .  Korsning av su p ina  och  in f irm a  gav m es t  
s terila ,  d ip lo id a  h y b r ide r ,  m en  också  ens taka  te t ra p lo id a  m ed  re la t iv t  n o rm a l  
meios. K o m b in a t io n en  ö v e renss täm de  med P. annua ,  v a rm e d  Prof .  N a n n f e l d t s  
h y p o te s  var  b e k rä f ta d .

F ö d e ls ep la tse n  fö r läde  P rof .  T u t i n  till v ä s t ra  m e d e lh a v sk u s te rn a  d ä r  de b å d a  
fö r ä k l r a a r te rn a  f innas  icke a l l t fö r  långt if rån  v a ra n d ra .

Den 17 maj. F ö re n in g e n s  v å re x k u r s io n  h a d e  a n o r d n a t s  i s a m a rb e te  m ed  
H äls ingborgs  B o tan isk a  F ö re n in g  och F ö ren in g en  L ä n d s k ro n a t ra k te n s  N a tu r .

F ö rs ta  m å le t  va r  Å lab od arna  d ä r  F ö rsö k s le d a re  A r v i d  N i l s s o n , L a n d sk ro n a ,  
v isade  lo k a le rn a  för den  sä l lsyn ta  O robanche m ajor ,  v a rav  v in te rs tån d a re  fan ns  
k v a r ,  och  E q u ise tu m  telmciteia.

Vid G ea-gården  i Å varp  b e rä t ta r  L ek to r  H e r v i d  V a l l i n , Hälsingborg , om den  
sä re g n a  om givningen ,  d en  en b ev u x n a  fä lad sm a rk e n .

E x k u rs io n en  fo r tsa t te  d ä re f te r  u n d e r  ledning av F o lk sk o l lä ra re  P e r  M å r ­
t e n s o n , H äls ingborg ,  till H a l labä cken  och en i n ä rh e te n  av d e n n a  belägen  äng  
m ed  bl.a.  Orchis  m ascula , Gagea spa thacea  och T h a l ic tr u m  a qu ileg ifo lium .  
N ä s ta  e ta p p m å l  var  en  ängsbokskog  vid S ö deråsen  d ä r  h u v u d a t t r a k t io n e n  va r  
den  n o rd l ig as t  k ä n d a  loka len  fö r  Petasi tes albus. F ö r  äng sb ok sko gen  ty p isk a  
a r t e r  ku n d e  s tu d e ra s :  L a t  h y  rus vernus , R u m e x  sangu ineus ,  Carex silvatica  och  
L a th ra ca  sqaum aria .  E n  god u p p fa t tn in g  om k o n tr a s te n  m e l lan  d e n n a  börd iga
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bokskog och sådan på urbergsraorän fick deltagarna en stund senare, då ett 
bokbestånd uppe på Söderåsen besöktes. H är var f loran  mycket fattigare och 
u tm ärk tes  av bl.a. Descliampsici flexuosa, Galium saxatile och Trientalis  
europaea.

Uppe på Söderåsen besöktes även ett fattigkärr liksom en lokal för Blechnum  
spicant  i närheten av länsgränsen.

Den 5 juli. Som m arexkursion  till Mons Klint u n d e r  ledning av Professor  
T iio r v a l d  S ö r e n s e n , Köpenhamn.

Kring det gamla godset Liselund sågs rikliga bes tånd av Bromus Benekeni  
och B. ramosus, Circaea lutetiana  och R um ex sanguineus  liksom förvildade 
exem plar av Daplme laureola.

Efter  besök vid Lilleklint, där  buskvegetationen på b ran te rna  huvudsakligen 
utgjordes av Hippophae,  gick resan till Jydelcjet d ä r  Epipactis atrorubens, 
Orchis ustulata  och purpurea  studerades. Mon är  k än t  för sin rikedom på 
orkideer och i skogen kring Store Klint fick deltagarna tillfälle se två stora 
sällsyntheter: Cephalanthera rubra  och C. Damasonium.  Stort intresse til ldrog 
sig även de frodiga bestånden av jättefräken, Equise tum  telmateia.

Slutligen förevisade Prof. S ö r e n s e n  Hovblegebackarna. Detta skoglösa parti 
i sydvästra  hörnet av Klinteskoven uppvisar en egendomlig vegetation. K arak­
teristiska arter voro: L inum  cmstriacum, Onobrychis viciifolia, Sanguisorba  
minor  ssp. muricata  och Reseda lutea. På dessa till synes mycket to rra  backar 
växte även Parnassia palustris.

Den 4 oktober. Svampexkursion till Eriksdal,  Röddinge, Lyckås och Löde- 
rnp under  ledning av Fröken  Ma j a -Le n a  N il s s o n , Ystad.

Den (> oktober. Höll Fil. mag. H en ry  R u f e l t  fö redrag  om »Auxiner och 
geotropism .

E fter  en  kort g e n o m g å n g  av term er och d e f in it io n er  i a n s lu tn in g  till de  geo-  
tr o p isk a  f e n o m e n e n  gav fö red ragsh å l laren  en kort ö v erb lick  av d en  nu v a ra n d e  
u p p fa t tn in g e n  av den  o r togeotrop isk a  rea k t io n en s  fö r lo p p  en lig t  W e n t -Ci io - 
l o d n y s  aux in teor i .

Mag. R u f e l t  hade genom att til lföra auxin och antiauxin  till rötter av lin 
och vete försökt variera deras naturliga auxinhalter  och genom att s tudera 
deras reaktioner under dessa förhållanden försökt k la rgöra  problemen. Under 
försökens gång hade vissa resultat f ramkommit,  som kunde förklaras med 
existensen av en reaktion, som motverkar den normala positiva reaktionen. 
D enna negativa reaktion har  tidigare påvisats av L u n d e g å r d h . Det visade sig 
all denna reaktion påverkas av ett använt antiauxin, p-klorfenoxi-isosmörsyra 
m edan  den däremot tycks vara okänslig för inclolylättiksyra. Precis motsatta 
fö rhå llanden  visade sig gälla för den norm ala positiva reaktionen, som kan fö r ­
skjutas m ed IAA men är okänslig för PCIB. Följaktligen tycks IAA och PCIB 
icke vara  direkta antagonister utan får antagas inverka på olika system i rö t ­
terna.

Äm neslärare Ch a r l e s  R e i m e r , Alnarp, dem onstrerade Ca rl  S c hildba c ks  
Holzbibliothek varav en samling på 200 band til lhör Alnarps trädgårdsinstitut.
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D en IB november. Val av styrelse för kom m ande verksam hetsår  förrättades. 
Den nya styrelsen fick följande sammansättning: Ordf. Fil. dr A s t a  A t.m e - 

s t r a n d , omval; v. ordf. Docent H e m m i n g  V i r g i n , nyval; sekr. Amanuens L e n ­
n a r t  E e i a s s o n , nyval; v. sekr. Amanuens R o l f  D a h l g r e n , nyval; styrelseleda­
m öte r  utan särskild funktion, Proff. I I a .n s  B u r s t r ö m  och H e n n i n g  W e i m a r c k  

sam t Direktör K. E. F l i n c k , omval; revisorer, Lektor O s c a r  P a l m g r e n , nyval 
och Docent O v e  A l m r o r n , omval; rev.suppl., Docent B e r t i l  H y l m ö  och 
Assistent A n d e r s  K y l i n , omval.

P rofessor H u g o  O s v a l d , Uppsala, h ö l l  föredrag över ä m n e t :  »Myrar på N y a  

Zeeland».
Föredragshål la ren  redogjorde för resultat och intryck från en resa 1951 i 

syfte at t  s tudera kä r rm ark e rn a  på Nya Zeeland, att söka parallellisera dem med 
m y ra r  och k ärr  på n o rra  halvklotet samt att bistå vid planeringen av deras 
skötsel och uppodling.

M yrarna  behandlades i olika kategorier alltefter ar tsammansättningen:
Podocarpus-skogarna representerade en näringsrik kärrm arkstyp  med snabb 

förm ultn ing  och relativt ringa torvlager. Underskiktet utgjordes ofta av 
Cordyline.

P h o rm iu m  tenax-kärren  hade ringare men dock relativt god näringstillförsel.  
H är växte också bl.a. Cnrex och Blechnum  men även Cordyline.

Ä nnu  näringsfattigare m yrar  hade Cladium teretifolium  som karaktärsväxt.
De nyzceländska k ä r rm ark e rn a  uppvisade en rad för oss ovanliga egenskaper. 

Artsamm ansättn ingen var helt främmande. Icke många släkten och ännu  färre 
a r te r  voro gemensamma med de nordeuropeiska myrarnas.

M yrarna  uppvisade aldrig några täckande m attor  av Sphagnum,  delvis 
kanske beroende på de ofta förekommande bränderna,  som syntes ingå som en 
no rm al faktor i mossarnas regenerationsförlopp. En typisk egenskap för de 
nvzeeländska m yrarna var vidare f rånvaron av laggar.

D en 15 december. Ett s tipendium på 100: k ronor  ur fonden »Gertrud
Jönssons Minne tilldelades fil. stud. G e r t r u d  N i l s s o n .

Eil. mag. H e n r y  R u f e l t  uppläste revisionsberättelse för årets växtbyte. Full 
ansvarsfr ihe t för bytesföreståndaren föreslogs och beviljades.

E f te r  livlig diskussion beslöt föreningen att fr.o.m. 195-1 höja medlem s­
avgiften till 18:- -  kr. (för studerande till 12: — kr.).

Amanuens B e n g t  U l f  höll föredrag över »Vegetationen i Kungsmarken .
Områdets historia kan följas sedan lång tid tillbaka. Den från dam m en i 

ungefär östlig riktning löpande gärdesgården har  bevisligen existerats sedan 
1600-talets slut, troligen längre. Området norr  om denna gärdesgård har  under 
hela denna tid varit betesmark, medan området söder därom varit slåtteräng 
fram till omkring 1900 och först därefter betats. Det geologiska underlaget på 
ömse sidor om gärdesgården är detsamma. Vegetationen visar emellertid stora 
o likheter på de båda sidorna. Den norra delen består av en mager, tuvig äng 
med kraftigt inslag av Carex-arter och på tuvorna Cirsium acaule, m edan  den 
södra delen utgöres av en betydligt rikare äng med kraftig gräsväxt och ett stort 
inslag av diverse örter, som äro mycket sällsynta på norra området och ofta 
t.o.m. saknas där.
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D essa sk i l lnader  i vegeta tionen  k u n n a  k n a p p a s t  b e ro  p å  n ågo t a n n a t  än olika 
b e h a n d l in g  u n d e r  m y cke t  lång tid. V ege ta t ionsana lyser  i fas ta  p ro v y to r  u t fö rd a  
av  a m a n u e n s  U l f  u n d e r  so m m are n  1952 ge exakt besked  om o l ik h e te rn a  i vege­
ta t ionen . B ottensk ik te t  ä r  svagt u tveck la t  på b åd a  sidor.

A vkastn in gsfö rsök  u t fö rd a  u n d e r  so m m a re n  1953 visa, a l t  det södra  o m råde t  
ger u n g e fä r  dubbelt  så m yck e t  hö per m 2 som det no rra .

Bo P e t e r s o n .
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Litteratur.

K. AIy u b ä c k , E n zy m a t isch e  Katalyse. —  de G ru y te r  & Co, Berlin  1953. —  
IS t  S.

I h a n d b ö c k e r  i växtfysio logi fö rek o m m e r  i a l lm ä n h e t  k o r t fa t tad e  enzym- 
k e m is k a  f r am s tä l ln in g a r ,  begränsad e  till d en  fö rhå l la ndev is  o fu l ls tän d iga  bild 
m a n  h a r  av v äx te rn as  enzym kem i. I sp ec ia l l i t te ra tu ren  stöter m a n  d ä re m o t  allt 
o f t a r e  på  h ä n v is n in g a r  till den  bä t t re  k ä n d a  a n im a lisk a  och m ik ro b ie l la  e n z y m ­
k em in ,  och väx tfys io logen  i gem en blir  tv u ng en  a t t  k on su l te ra  b io kem isk a  
h a n d b ö c k e r .  Det f inns  också m agn if ika  sådan a ,  inte minst av prof .  M v r b ä c k s  

h a n d .  M an h ä ls a r  do ck  m ed  ti llfredsställe lse  föreliggande volym av sam m e  
r u t in e ra d e  h a n d b o k s to r fa t ta r e ,  som en k o n c en tre ra d  och lä t th an te r l ig  u p p ­
s lagsbok ,  v ilken  som re fe rensverk  för ic.ke-specialister h a r  på tag l iga  fö rd e la r  
f r a m f ö r  de s to ra  verken . —  Boken  bör  jar m ed  ca 40 s idor »Allgemeine Chemie 
d e r  E n zym e» ,  som  k a n  rek o m m en d e ra s  som k u rs lä sn ing  i växtfysiologi. H u v u d ­
de len ,  som  b e h a n d la r  de speciella enzym en, ä r  inte endast  en m y cke t  de ta l j r ik  
k a ta lo g  över enzym , deras  s t ru k tu r ,  fö rek o m st  och verkn ingssät t ,  u tan  den  ger 
o c k så  en  s a m m a n fa t ta n d e  bild  av de viktigaste re sp ira t ionssystem en . —  Man 
f å r  o ck så  ett k la r t  och  k o r r e k t  in t ryck  av  h u r  litet m a n  vet om  de speciellt 
v äx tfy s io lo g isk a  p rocessernas ,  särskil t  a ss im ila t io ns fö r lo pp ens  enzy m kem i;  det 
m a n  vet ku n d e  d ä r f ö r  ha  ko m m it  f r am  tydligare .  Så sa k n a r  m a n  h ä n v isn in g a r  
till d en  —  låt v a ra  o fu l ls tänd ig t  k ä n d a  —  en zym a tiska  o m sä ttn ing en  av auxin , 
o c h  m o ly b d e n k a ta ly se n  av n i t ra t redu k tio nen .  —  Förf .  h a r  fått  in en otrolig  
m a n g d  fak ta  på  b o k en s  180 sidor och f r am s tä l ln in g en  ä r  överskådlig .  V erke t 
k a n  r e k o m m e n d e ra s  a lla  växt fysiologer. Det r inga  om fån ge t  gör d essu tom , a tt  
m a n  v åga r  h o p p as  på nya  upp lagor ,  så a t t  b oken  inte fö rå ld ras ,  u ta n  u tveck las  
i t a k t  m ed  det l ivaktiga äm ne, som d en  b eh an d la r .

H a n s  B u r s t r ö m .

A. W. H a u p t : P la n t  M orphology. Mc Graw-Hill Book Co., New York, 
Totronto, L on do n  1953. 46-1 s., $ 8.

H a n d b ö c k e r  i v äx tm orfo log i k u n n a  v a ra  u p p la g d a  på  m y cke t  o lika  sätt. 
H a u p t s  P la n t  M orpho logy  ä r  en speciell morfologi,  som b e h a n d la r  o lika  växt- 
g r u p p e r  v a r  fö r  sig, varv id  h u v u d p a r te n  av  f ram stä l ln in g en  ägnas åt k r y p t o ­
g a m e rn a .  F ö r  v a r je  o rd n in g  skildras b y g g n ad  och fo r tp lan tn ing ,  an t in g en  för 
he la  o rd n in gen  eller fö r vissa typ iska  s läk ten . F ram s tä l ln in g en  belyses av  t a l ­
r ik a  goda  i l lu s tra t ion e r ,  av vilka de f lesta  ä ro  original. Det ä r  en m ä n g d  fakta ,  
so m  p å  d e t ta  sätt bli f r am lagd a ,  och å tsk il l iga  av dem  ha  blivit k ä n d a  genom  
n y a r e  u n d e rsö k n in g a r .  F ö r  a t t  n äm n a  ett exem pe l så u ppg iver  förf. b e t r ä f fa n d e
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Equisetiims  protallier, att de ej äro dioika, som föru t  antagits  och ofta al lt jäm t 
uppgives, utan att de typiskt äro monoika; dock utvecklas anteridier och arke- 
gonier på olika tid, och dåligt utvecklade protal lier  b ä ra  ibland endast an te r i­
dier, vilket gett upphov till den gamla uppfattn ingen. Förf .  lägger stor vikt vid 
fylogenetiska förhållanden; slutkapitlet i boken behand la r  utvecklingen inom 
växtriket,  olika utvecklingstendenser och utvecklingsserier, och även i den 
m era speciella behandlingen söker förf. klargöra de utvecklingslinjer, som 
finnas.

Beträffande förf:s systematiska indelning observerar m an, att de behandlade 
flagellaterna delas upp i fyra olika klasser, vilket säkerligen är motiverat med 
hänsyn till gruppens heterogena natur.  A and ra  sidan räknas  con jugaterna 
endast som en ordning under Chlorophyceae, en anordning  som kanske är 
m era diskutabel. Till svam parna föras även klasserna Schizomycetes  och Mijzo-  
mycetes.  F.ö. lägger m an  märke till at t  b land  leverm ossorna Sphaerocarpales  
urskiljes som en särskild ordning bredvid Marchantiales, Jiingermcmniales  och 
Anthocerotales,  och att b land p teridofyterna förf. i l ikhe t med vissa andra  
systematiker sammanför Psilotales med Psilophytales  till klassen Psilophytinae.  
Det senare motiveras morfologiskt m ed antagandet,  att sporangierna hos Psilo­
tales äro terminala på dikotomiskt anordnade  grenar, alltså en likhet med 
arrangemanget hos Psilophytales.  B land gym nosperm erna föras al ltjämt 
Ephedra, G netum  och Welwitschia  till sam m a ordning, trots deras s to ra  olik­
heter, och man saknar här  i övrigt hänvisningar  till F l o r i n s  undersökningar; 
tydligen h a r  förf. ej u tnytt jat  dessa, vilket m edför t  en del oriktiga uppgif te r  och 
antaganden beträffande fylogenien. F ö r  angiosperm ernas del ges en allmänt 
morfologisk framställning, varvid bl.a. olika em bryologiska typer få en för­
tjänstfull behandling — förf. har  på denna  punk t sam arbeta t  med P. M a h e s i i - 
w a r i  — , och de viktigare ordningarna anfö ras  även, dock mycket summ ariskt,  
mest i form av en uppräkning av deras karakteristika.

Framställningen i H a u p t s  morfologi är k lar  och lättil lgänglig; särskilt för 
den som undervisar i någon del av det behandlade äm net utgör boken en värde­
full källa, som kompletterar andra  fram ställn ingar , genom sina ta lr ika  sak­
uppgifter och även genom sitt r ikhaltiga och belysande illustrationsmaterial.

H .  H j e l m q v i s t .
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Notiser.

D ocentförordnande. T il l  d o c e n t  i v ä x l fy s io lo g i  vid L a n l b r u k s h ö g s k o l a n  h a r  f ö r ­
o r d n a t s  fil. d r  I v a r  E k d a h l .

U tm ärkelse. L e t t e r s t e d t s k a  f  ö r f a t t a  r p  r i s e I h a r  av  K. V e t e n s k a p s ­
a k a d e m i e n  u t d e l a t s  till p r o f e s s o r  C a r l  S k o t t s b e r g  f ö r  a r b e te t :  »The v e g e ta t i o n  of  
th e  J u a n  F e r n a n d e z  I s l a n d s » .

Uppdrag i utlandet. P r o f e s s o r  Å K E  G u s t a f s s o n , S ta te n s  S k o g s f o r s k n in g s in s t i t u t ,  
h a r  a v  u n iv e r s i t e t e t  i A lg ie r  k a l l a t s  a t t  u n d e r  j a n . —m a r s  1954 d ä r s t ä d e s  b e d r iv a  
f o r s k n i n g  o c h  h a n l e d a  a v a n c e r a d e  y n g r e  f o r s k a r e  i g e n e t ik  o c h  a l lm ä n  b io log i .  —  
P r o f e s s o r  H e n n i n g  W e i m a r c k  h a r  g e n o m  B r i t i s h  C ounc il  m o t t a g i t  en i n b j u d a n  f r å n  
D e p a r t m e n t  o f  B o t a n y  v i d  u n iv e r s i t e t e t  i L e ic e s te r  till f ö re l ä s n in g a r .  A v s ik te n  ä r  a l t  
k n y t a  k o n t a k t  m e d  a n d r a  b o t a n i s k a  in s t i tu t .

F orskningsanslag. S t a t e  11 s n  a I u r  v e t e  n s k a p 1 i g a  f o r  s k n i  n g s r å  d 
h a r  i d e c e m b e r  1953 u t d e l a t  f ö l j a n d e  a n s l a g  till b o t a n i s k  fo r s k n in g :  T il l  fil.  lic. 
O .  A n d e r s s o n  1.800 k r .  f ö r  a v s l u t a n d e  u n d e r s ö k n i n g a r  a v  d e n  s v e n s k a  ä d e l lö v ­
s k o g e n s  s t o r s v a m p a r ;  till  B o t a n i s k a  sä l l s k a p e t .  S to c k h o lm ,  3.500 kr . f ö r  u t f o r s k a n d e  
a v  S t o c k h o l m s - t r a k t e n s  m o s s -  och  l a v f lo r a ;  till fil. d r  G. E r d t m a n  6.200 kr. f ö r  b e s t r i ­
d a n d e  a v  k o s t n a d e r  f ö r  d e t  p a ly n o l o g i s k a  l a b o r a t o r i e t  i B r o m m a ;  till fil. lic. O .  H e d ­

b e r g  8.300 k r .  f ö r  s t u d i e r  a v  d e n  a f r o a l p i n a  f l o r a n s  u p p k o m s t  ocli  u tv e c k l in g ;  till 
l a b o r a t o r  A .  L e v a n  18.500 k r .  f ö r  s t u d i e r  ö v e r  y t t r e  f a k t o r e r s  i n v e r k a n  p å  c y to lo g i s k a  
f ö r h å l l a n d e n ;  till p r o f e s s o r  H .  L u n d e g a r d h  7.250 kr. f ö r  i n s t r u m e n t a n s k a f f n i n g  f ö r  
v i ix ( fy s io lo g isk a  u n d e r s ö k n i n g a r ;  till fil. lic. M. M a x e l l  3.050 kr . f ö r  f o r t s a t t a  a r b e t e n  
ö v e r  s y n t e t i s k a  t i l l v ä x t ä m n e n  m e d  a s y m m e t r i s k  b y g g n a d ;  till fil. k a n d .  U l l a  R e g n e l l  

800 k r .  f ö r  b e s t ä m n in g  a v  m ik ro f o s s i l  i tv å  s e d i m e n t k ä r n o r  u r  A l b a t r o s s e x p e d i t i o n e n s  
A t l a n t m a t e r i a l ;  till p r o f e s s o r  (i .  S k o t t s b e r g  6 1 3 :5 0  kr .  f ö r  y t t e r l i g a r e  f r a m s tä l l n in g s -  
k o s t n a d e r  f ö r  två  v e g e t a t i o n s k a r t o r  ö v e r  J u a n  F e r n a n d e z - ö a r n a ;  lili p r o f e s s o r  Vivi  
T ä c k h o l m  6.000 kr .  f ö r  b o t a n i s k a  s t u d i e r  i G eneve  o ch  Kew fö r  f u l l f ö l j a n d e  av  d e l  4 
av  » F lo r a  o f  E g y p t» .

F r å n  M a g n u s  B e r g v a l l s  s t i f t e l s e  h a  hl.a.  f ö l j a n d e  a n s l a g  u td e l a t s :  
T il l  fi l.  lic. S. B j ö r k m a n  2 .000 kr .  f ö r  c y t o - t a x o n o m is k a  u n d e r s ö k n i n g a r  i n o m  s lä k te t  
A yro s t i s ;  till fil. lic. L. E h r e n b e r g  10.000 k r .  f ö r  f o r s k n i n g a r  r ö r a n d e  f r u k t t r ä d e n s  
v in t e r v i l a ;  till fil. d r  1. G r a n h a l l  12.000 kr . f ö r  u n d e r s ö k n i n g a r  a v  s a m b a n d e t  m e l l a n  
v in te r v i l a ,  k ö l d h ä r d i g h e t  o c h  s t r å l n i n g s k ä n s l i g h e t  h o s  k n o p p a r  o c h  f r ö n  av  f r u k t ­
t r ä d ;  till  agr .  lic. P. E .  N i l s s o n  8.000 k r .  f ö r  u n d e r s ö k n i n g  r ö r a n d e  r e l a t i o n e r n a  m e l ­
la n  v ä x t e n  o c h  m a r k e n s  m i k r o b f l o r a ;  till d o c e n t  H e d d a  N o r d e n s k i ö l d  4.500 kr .  f ö r  
g e n e t i s k a  s tu d ie r  ö v e r  a r t b i l d n i n g s p r o b l e m e t  i n o m  s lä k te t  L u z u l a ; till l a b o r a t o r  
W . R o d h e  7.000 k r .  f ö r  u n d e r s ö k n i n g  av  f y t o p l a n k t o n p r o d u k t i o n e n  i s j ö n  E r k e n .
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K. L a n i 1) r  n k s a k a d e m  i e n  h a r  vid sin h ö g t i d s s a m m a n k o m s t  d e n  2<S ja n .  
1954 u td e la t  bl .a .  4.000 kr .  till agr .  lic. N. B i n g e f o r s  f ö r  f o r t s a t t a  u n d e r s ö k n i n g a r  
a n g å e n d e  ä r f l l i g h e t s f ö r h å l l a n d e n a  h o s  r ö d k lö v e r  m e d  h ä n s y n  till r e s i s t e n s e n  m o t  
s t j ä l k n e m a t o d  m .m .;  2.220 kr .  till d o c e n t  E. Å k e r b e r g  och  agr. lic. S. B in g e f o r s  f ö r  
u n d e r s ö k n i n g a r  r ö r a n d e  f r ö b i ld n in g e n  h o s  Medicago falcala o c h  ho s  h y b r i d e n  m e l l a n  
M. falcata o c h  sativa; 1.000 kr .  till ag r .  lic. J. M a c  K e y  fö r  f o r t s a t t a  u n d e r s ö k n i n g a r  
r ö r a n d e  r ö n t g e n i n d u c e r a d e  m u t a t i o n e r  i vete.

K.  V e t e  n s k a p s a k a d e m i e n h a r  i f e b ru a r i  1954 f r å n  K r o k s k a  f o n d e n  u t ­
d e la t  500 kr .  till fil. lic. O. R u n e  f ö r  e n  in v e n te r in g  av  s e r p e n t in f lo r a n  i n o r d v ä s t r a  
E u le  L a p p m a r k ;  500 kr .  till fil. m ag .  T o r d  I n g m a r  f ö r  u n d e r s ö k n i n g  av  m y r o m r å d e t  

F lo r a n »  i n o r r a  F p p l a n d ;  f r å n  11. E .  J o h a n s s o n s  f o n d  l e k to r  E.  A l m q u i s t  1.200 k r .  
f ö r  h ie r a c io lo g i s k a  fä l t  u n d e r s ö k n i n g a r .  D et  L e t te r s t e d t s k a  u n d e r s tö d e t  f ö r  m a k t -  
p å l ig g a n d e  u n d e r s ö k n i n g a r  u t d e l a d e s  av  a k a d e m i e n  till fil. lic. L. E h r e n b e g  fö r  
u n d e r s ö k n i n g a r  ö ve r  k e m is k a  e f f e k te r  av  j o n i s e r a n d e  s t r å ln in g  m.m .

F r å n  K o n  u n g G u s t a f \ ’ 1 A d o I l s  70 - å  r  s f o n d f ö r s v e n  s k k u l t u r  
h a r  u td e l a t s  hl .a .  4.000 k r .  till fil. lic. F. W i k b e r g  fö r  u n d e r s ö k n i n g a r  ö v e r  bio-  
k e m i s k a  m u t a t i o n e r  h o s  s v a m p a r .

B la n d  de a n s la g ,  s o m  u n d e r  å r  1953 u td e la t s  f r å n  K n u t o c h A 1 i c e W  a 1 1 cn- 
b e r g s  s t i f t e l s e ,  m ä r k e s  et t  a n s l a g  p å  24.650 kr .  til! p r o f e s s o r  11. B u r s t r ö m s  
u n d e r s ö k n i n g a r  vid b o t a n i s k a  l a b o r a t o r i e t  i L u n d  ö v e r  t i l lv i ix täm n cn  o ch  d e r a s  v e r k ­
n i n g a r  i r ö i t e r ;  e t t  a n s l a g  p å  41.000 kr. till til. d r  G. E r d t m a n  f ö r  f o r s k n i n g a r  vid de t  
p a ly n o l o g i s k a  l a b o r a to r i e t  i B r o m m a  och  u t r u s tn in g  av  l a b o r a to r i e t s  n y a  lo k a le r .

Finnes någon, som kan stå till t jänst med fotos (från växtplatsen) av Bo- 
trych ium  simplex, B. matricariifolium  och B. uirginiamim,  ombedes han  eller 
hon godhetsfullt sätta sig i förbindelse med Civiling. H j .  H y l a n d e r ,  Ala­
meda n 22, Karlskrona, likaledes om 2 (helst 3) ark kunna  anskaffas av vardera 
Rubus  circticus f. leuciticus, R. arctieusfKidceus, R. Chamcemorus f. scliizo- 
petalus, R. idceus f. subviridis, R. SprengeliiX.Wahlbergii, R. polyanthenuis  v. 
sericeus , R. ccesiusX,plicatus  och R. gothicus v. eriocarpus. Byte med and ra  väx­
ter kan event, ordnas.

Upprop.

H j . H y l a n d e r .

U N IV .-B IB L ,
l u n d

1 2 A P R . 1 9 W  
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Pollen Morphology and Plant Taxonomy . 1

By G. E r d t m a n .

W il l i  i l lu s t r a t io n s  b a s e d  on  Ihe a u t h o r ' s  o r ig in a ls ,  b y  An n a -L is a  N i l s s o n .

Introduction. Pollenm orphological characters have often been used in 
the taxonom y of the angiosperm s, particu larly  in the Acanthaceae (bv 
L i n d a u  and others), B ignoniaceae ( U r b a n ) ,  Brom eliaceae ( M e z ) ,  Con- 
volvulaceae ( H a u l i e r ) ,  G entianaceae ( G i l g ) ,  O rchidaceae ( R e i c h e n ­

b a c h  fil.), Phytolaccaceae ( W a l t e r ) ,  Podostem aceae ( W a r m i n g ) ,  

Portulacaceae ( F r a n z ) ,  etc. A broad  and com prehensive trea tm ent of 
the sub ject was presented in 1935 by R o g e r  P. W o d e h q u s e  in his book 
»Pollen Grains». There followed, in 1952, the treatm ent given by the 
present au tho r in »Pollen M orphology and P lan t Taxonom y. P a rt I. 
A ngiosperm s.»

it is essentially on this book of 1952, and  on results accum ulated  
after its publication th a t today ’s report is based. The Palynological 
L aboratory , Stockholm, possesses a collection of approxim ately 16,000 
pollen and spore slides from  about 14,000 differen t species. W ith this 
m ateria l at hand il has been possible to outline a m ore detailed m o r­
phological classification of the pollen grains than  has previously been 
done. The occurrence of the individual pollen types has been followed 
throughout the angiosperm s as well as the gym nosperm s, ferns, and 
the m ain  groups of mosses. Some groups have been m apped in great 
palynological detail. O thers belong to realm s of w hich little or nothing 
is know n. A wider knowledge can only be a tta ined  if a m uch greater 
num b er of plants is investigated. Furtherm ore, we m ust strive to 
im prove the techniques employed. O rdinary  m icroscopes do not usually 
reveal too m any details of sm all pollen grains and  spores. Here, studies

1 R ap p o r t  général,  co lloque »Palynologie el Systématique», com m un  aux sections 
T ax in o m ie  générale et Palynologie ,  V i l le  Congrés In te rn a t io n a l  de Botanique, Paris ,  
Juil let  1954.

5 B otan iska  Notiser 195b.
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of u l t ra - th in  sections by  m eans  of the electron microscope open up a 
new  line of a p p ro a c h  (A fz e l iu s ,  E r d tm a n ,  S j ö s t r a n d  1954) .

Until pa lynology will have  acqu ired  a b ro ad e r  an d  safer foundation , 
m a n y  taxonom ical ind ica t ions  provided by pollen m orpho logy  m ust be 
taken  with reservation . However, these indications will gain in con- 
clusiveness w hen  supp o r ted  b y  ana tom y , cytology, an d  so forth . On the 
whole, taxonom y can only gain by  considera tions of any  description 
—  m acroscopical, m icroscopical,  and  u ltram icroscopical.

M onocotyledons and D icotyledons. Early Angiosperm s. In con fo rm ity  with 
o th e r  bo tan ica l evidence, pa lynological facts as we know  them  do not 
support  the existence of a sh a rp  dem arca tion  line between monocolyle- 
donous and d ico ty ledonous p lants . Monocotyledonoid ch a rac te rs  occur 
in the A nnonaceae, C a lycanthaceae ,  Ganellaceae, Ghloranfhaceae, l)e- 
generiaceae, E upom atiaceae ,  H im an tand raceae .  Magnoliaceae, Moni- 
m iaceae, Myristicaceae, N ym phaeaceae , P iperaceae, Saururaceae ,  and 
possib ly  also in a  few o ther  d icotyledonous families. On the o ther  hand , 
some m onoco ty ledonous  p lan ts  exhibit  certain dicotyledonoid  c h a r a c ­
ters: there  are, for  instance, pollen  grains w ith  three, or more, rounded  
a p e r tu re s  in the A lism ataceae, A m aryllidaceae  (.Phlebocarija  a n d  o ther  
m em bers  of the H ypoxidoideae-G onosty lideae), Araceae (A n th u r iu m ) , 
a n d  Brom eliaceae  (A echm ea ) . T he  E riocau laceae  have  »spiraperturate»  
gra ins  of a type very  s im ilar  to that found in some dicotyledonous 
p lan ts , etc.

Pollen  grains w ith  com posite  apertures ,  w here  the inner  p a r t  of the 
a p e r tu re  has not the  sam e outline as th a t  of the ou ter  part ,  have  only 
been en coun te red  in the typical dicotyledons, and  the sam e applies to 
long, m erid iona l a p e r tu re s  (colpi) an d  long ape rtu res  (rugae) u n i­
form ly  distr ibu ted  over the pollen grain  surface.

F ro m  a m orpho log ica l  point of view the aper tu res  of the pollen grains  
of the m onocoty ledons a n d  the m onocoty ledonoid  dicotyledons seem 
to be m ore  »primitive» than  the aper tu res  of the pollen g ra ins  of m a n y  
dicotyledons. Paleontological records  leave us in u n c e r tan ty  as to w h ich  
pollen types - d ico ty ledono id  o r  m onocoty ledonoid  w ere the first 
to appear .  T rico lpa te  pollen  gra ins  of a type sim ilar  to pollen grains  in 
certa in  d icotyledons of ou r  days have been found  in rhaeto-liassic  beds. 
In some grains, n o t  all the colpi a re  of the same length. T he sam e 
fea tu re  is met w ith ,  in p resen t-day  plants, in the Gercidiphyllaceae, 
E ucom m iaceae ,  a n d  H am am elid aceae  (D isty lium  giia tem alense ) . (F inds 
of alleged dico ty ledonous pollen gra ins  have also been m ad e  in Pre-
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Fig. 1. A, Tr isyn g yn e  codonandra  (.Fagaceae); pollen grain  in polar and  equato r ia l  
view ( X I 000); to the  left +  ab e r ra n t  pollen g ra ins  1X250). —  B, Carludovica pa l­
mata  (G yc lan thaceae) ; a, polar  view (groove-bearing, non-ap er tu r ife ro u s  face up);  
b, long itud inal  equato r ia l  view (the e q u a to r  — not indicated in the figure —  at right 
angles to the vertical dem arca t ion  line be tw een the sectioned and  the non-sectioned 
pa r t  o f  the e x in e ) ; c, transverse  equator ia l  view (surface, aper tu r ife rous  end of the 
pollen grain; a — c X 1000); d and e, exine s tra tif ica tion  (X2000); f— h, LO-analysis:  

exine p a t te rn  at high (f), m ed ium  fg), and  low (h) focus.

ju ra ss ic  s tra ta . T he  most sensa tiona l  f ind  of this k ind, by  N a u m o v a , 

is th a t  of po ra te  grains  —  slightly  s im ila r  to those in Alnus  or Mijrio- 
p h y l l u m  —  in C arboniferous layers  in Russia.)

D ico ty ledonous pollen gra ins  w ith  com posite  ape r tu res  a p p e a r  in 
C retaceous beds. The rhaeto-liassic  pollen grains  just  m en tioned  so m e ­
times show signs of hav ing  fa in tly  com posite  apertures . Also, the re  a re  
ind ica tions  of an occurrence  of d ico ty ledonous pollen g ra ins  w ith  c o m ­
posite ape r tu re s  in still older layers; but this needs fu r th e r  confirm ation .

As to the h is tory  of cer ta in  d ico ty ledonous p lan ts  it is in te res t ing  
to no te  tha t  T e r t ia ry  or even Cretaceous pollen grains  of the sam e 
type as in the m o d e rn  New G uinean a n d  New Caledonian species of 
N oth o fa g u s  have  been found  in A ustra lia  by  Dr. C o o k s o n  a n d  New 
Z ea land  by Dr. C o u p e r . It m a y  be ad d ed  th a t  m ale  specim ens of some 
N ew -Caledonian trees, Trisyngyne ,  w ere  once re fe rred  to the E u p h o rb ia -  
ceae b y  B a i l l o n . Fem ale  specim ens have  now  been found  and, in c o n ­
sequence, 'Tr i syngy ne  has  been  re fe r red  to the  Fagaceae  by B a u m a n n - 

B o d e n h e i m . A m ere  glance at th e ir  pollen g ra ins  is sufficient to reveal
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tha t  they  are  of the sam e type  as in Nothofagus,  m ore  precisely of that 
special subtype of w h ich  the oldest geological finds were m ade (Fig. 1 A).

T he  earliest ap p e a ra n ce  of pollen grains  of a m onocotyledonous 
pollen type can n o t  be es tab lished  until a safe distinction be tw een  the 
pollen grains of m onoco ty ledons  and  those of certain gym nosperm s 

m em bers  of the B ennetti ta les ,  etc. - can be made.

Steno- and Eurypalynous Fam ilies .  Some ang iosperm  families a re  steno- 
palynous m ore  or  less u n ifo rm  pollen-m orphologically  —  while 
o thers  are  eu rypa lynous , i.e., charac ter ized  by a m ore  or less great 
a r r a y  of pollen types, d i ffe ren t  in size, shape, aper tu re ,  exine s t ra t i f ic a ­
tion. etc.

T he  stenopalynous fam ilies are, as a rule, very na tu ra l .  This is 
exem plified  by  the A sclepiadaceae, Cruciferae, E riocaulaceae, G ram i­
neae, Gyrostem onaceae, Meliaceae, M yrtaceae, and  Sapotaceae. In  a d d i­
tion. the Labiatae , L au raceae ,  R h am naceae , and T h ym elaeaceae  m ay  
equally  be called stenopalynous. One m a y  add  the Chenopodiaceae, 
E ricaceae, an d  U m belliferae, b u t  it m u s t  be rem em bered  tha t pollen 
g ra ins  sim ilar  to those in these fam ilies are  also found  in re la ted  groups, 
such  as the A m aran thaceae ,  E pacridaceae , a n d  Araliaceae.

T he  th ick-walled  pollen gra ins  in the G yrostem onaceae have  no 
co u n te rp a r t  in o the r  p lan ts . Incidenta lly , th is is one of the reasons for  
classifying this sm all A us tra l ian  fam ily  as a unit of its own, while it 
w as earlier  un ited  w ith  the  Phyto laccaceae .

T he prevalence of a s tenopa lynous  condition  does not a lw ays  p r e ­
clude the app lica tion  of ce r ta in  palynological d a ta  to taxonom ica l  
p roblem s. Thus, am ong  the Um belliferae the E ch inophoreae  a re  c h a ­
rac terized  by  b ila teral,  2 -a p e r tu ra te  grains, w hereas, as fa r  as is know n, 
the rest of the fam ily  has  rad io sy m m etr ic  grains  w ith  th ree  aper tu res .  
In the Labia tae , again, som e genera  have 3-, o thers  6 -aperlu ra te  grains. 
A ttention has been d ra w n  to the fact th a t  the  3 -apertu ra te  grains  seem 
to be shed in a 2-nucleate, the 6-colpate in a 3-nucleate stage. N ever­
theless, fu r th e r  exam ples  i l lus tra ting  the ap p a ren t  coincidence of cyto- 
logical a n d  pollenm orpho log ica l  d a ta  are  desirable.

T he  eu rypa lynous  fam ilies  are  m ore  frequent. Some of them , e.g. the 
O eno theraceae  an d  the  Chlaenaceae, a re  to some exten t »stenom orphic». 
T h is  m a y  sound  pa radox ica l .  T he  oeno theraceous  pollen gra ins  are  
genera lly  3 -ape r tu ra te  a n d  spherica l o r  m ore  or less f la ttened. T he 
ch laenaeeous  gra ins  a re  a lw ays  un ited  in tetrads. According to the 
wide var ia t ion  as to size, a p e r tu re  shape, a n d  exine stra tif ication  these
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Fig. 2. C allitriche verna; a, la te ra l  view, surface  (left) a n d  section (right; the  section 
does n o t  reach the apertu re ;  XlOOO); 1), exine s t ra ti f ica tion  ( X 2000); e— g, LO-ana- 

lysis, p a t te rn  at high (e), m edium  (f), and  low (g) focus.

families can, however, be aptly styled eurypalynous. Other distinctly 
eurypalynous families include the Acanthaceae, Amaryllidaceae, Ara- 
ceae, Bignoniaceae, Compositae, Euphorbiaceae, Flacourtiaceae, Gera- 
niaceae, Guttiferae, Icacinaceae, Leguminosae (partly at least), Lilia­
ceae, Linaceae, Loganiaceae, Santalaceae, Olacaceae, Saxifragaceae, 
Sterculiaceae, and Verbenaceae.

Some of these families are very natural, others are clearly hetero­
geneous, at least in some measure. In the first case there is no reason 
to advocate a splitting of the families, not even for families such as the 
Leguminosae, which are cumbersome to deal with on account of their 
large size.

The Achariaceae, Euphorbiaceae, Loganiaceae, Saxifragaceae, and 
Sterculiaceae typify more or less heterogeneous assemblages. In many 
euphorbiaceous plants the pollen grains are »crotonoid», i.e. provided 
with a characteristic exine pattern similar to that in Croton, Jatropha, 
Manihot, and other genera. Outside the Euphorbiaceae crotonoid grains 
have been found, for instance, in the Callilriehaceae (Fig. 2) a fact 
which strengthens the old assumption of a relationship w ith  the 
Euphorbiaceae — and furtherm ore in several buxaceous genera and in 
the Thymelaeaceae. The characters the Thymelaeaceae and the croto­
noid members of the Euphorbiaceae have in common have not, it seems, 
been duly stressed in the past. Other euphorbiaceous plants (Micran- 
theum , Pseudantlms  etc.), once united by A g a r d l i  into a special family, 
the Micrantheaceae. have spinuliferous grains similar to those in 
Petalostigma. The non-crotonoid grains in Euphorbia  and  m any other 
genera are slightly similar to those in the Tiliaceae and other families.
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On  insuf f i c i en t  t a x o n o m i c a l  e v i d en c e  several  r a r e  p la n t s  h a v e  been 
l u m p e d  to ge th e r  w i t h  the S a x i f r a g a c e a e  d u r in g  the  lapse  of  the  years .  
H u n t e r s  fo r  m i s p l a c e d  p la n t s  m e e t  no  d i f f i cul ty  he re  in t r a c k i n g  d o w n  
the i r  prey.  Severa l  of  these  p l a n t s  h a d  to r e m a i n  in the  Sax i f rag ace ae ,  
for the  sc a rc i ty  of  m a t e r i a l  a v a i l a b le  m a d e  il d i f f i cul t  to r e v a l u a t e  the i r  
s ys t em at i c  posi t ion .  In  spi t e  of  the  u n p r o m i s i n g  n a t u r e  of the  sub jec t  
a  pa lyno log i s t  c a n  o f t en  ex t rac t  i n f o r m a t i o n  f r o m  sc an ty  a n d  o th e rw is e  
f ai r ly  useless f r a g m e n t s  of  h e r b a r i u m  spec imens .  In  this w a y  it is p o s ­
sible to suggest  the  r e m o v a l  o f  severa l  genera  f r o m  the  Sax i f ra gac ea e .  
F l o w e r  f r a g m e n t s  of  B eren ice  a rg u ta  (Réunion)  m o s t  u n e x p e c t e d ly  
y i e l ded  typical ly c a m p a n u l a c e o u s  pol l en  grains .  A re inve s t iga t ion  of  
the m a c r o s c o p i c a l  f e a tu r e s  o f  th i s  p l a n t  s u p p o r te d  its r e f e r en c e  to the  
C a m p a n u la e e a e .  A r a r e  species,  f r o m  N ew  Guinea,  K ania  eugen io ides ,  
type of  a specia l  s u b f a m i l y  ( K a n i o i d e a e ) , h a s  po l l en g ra i ns  o f  d i s t inc t ly  
m y r t a c e o u s  c h a r a c t e r .  K a n ia  h a s  a l so  b ee n  inves t iga ted  b y  Dr.  M e t ­

c a l f e , Kew. W i t h o u t  k n o w i n g  a n y t h i n g  ab o u t  the po l l en  m o r p h o l o g y  
in K a n ia , he  f o u n d  s u n d r y  a n a t o m i c a l  f ac t s  po i n t ing  t ow ar ds  th e  Myr ta -  
ceae.  Th i s  co in c id en ce  n o  d o u b t  p o w e r f u l l y  su p po r t s  the  l e g i t i m ac y  of  
t r a n s f e r r in g  K ania  to th a t  f a m i l y  to w h ic h ,  by  its genera l  ha b i t  a lone  
(as ind ic a t ed  by  the  speci f i c  n a m e  eu g e n io id e s ) , this p l a n t  b e a r s  suc h  
a  m a r k e d  r es e m bl a nc e .

At Mor ogo ro  in the  T a n g a n y i k a  T e r r i t o r y  Dr. E g g e l i n g  r ec en t ly  
f o u n d  a p la n t  ( E g g e l i n g  no.  6442) w h o s e  c l ass i f icat ion  by  m e a n s  of 
o r d i n a r y  m a c r o s c o p i c a l  c h a r a c t e r s  w as  difficul t .  Afte r  a pa ly no l og i ca l  
inves t iga t ion  of  a n  a n t h e r i f e r o u s  f l o w e r  f r a g m en t ,  a n d  wi tho u t  k n o w i n g  
a n y t h i n g  ab ou t  th e  p l a n t ,  exc ep t  th e  c o u n t r y  of or igin,  il w a s  sug ges ted  
that  its r e l a t ives  s h o u ld  be  s o u g h t  (cf. Fig.  3), in the first  p lace ,  in o r  
n e a r  tw o  m o n o t y p i c a l  g e n e r a  usu a l ly  r e f e r r ed  to the  S ax i f rag ace ae ,  
viz. M o n tin ia  (Sou th  Afr ica)  a n d  Grevea  (M ada gasca r ) .  Mr.  M i l n e - 

R e d h e a d , in c h a r g e  o f  the  p l a n t  a t  Kew,  fo l lowed  this sugges t ion .  
» E g g e l i n g  no.  6442» will  t h u s  join the  Afr i can f lo ra  as a n e w  species  
o f  Grevea, a n d  this  genus ,  to g e th e r  w i t h  M o n tin ia , will  l a t e r  p e r h a p s  be  
r e f e r re d  to a n e w  f am i l y  of  d i c o ty le d o n o u s  plants.

C horis tg lis  is p l a ce d  b y  E n g l e r  in Saxi I r ag ac ea e -E sca l lo n i o id eae -  
Eorges ieae ,  a t r ibe w h ic h ,  bes id es  Choristg lis ,  cons is t s  of  the m o n o -  
typical  genu s  Forgesia .  B e n t h a m  a n d  H o o k e r  place Choris tg lis  in the 
v ic in i ty  of  Itea.  S o m e  b o ta n i s t s  c l as s i fy  the  l at ter  ge n u s  as a f a m i ly  of  
its own .  T h e  po l l en  ty p e  in I tea  is exce ed ing ly  rare.  T h e  o c c u r r e n c e  of  
the  s a m e  pol len typ e  in C horis tg lis ,  a n d  in no o th e r  s a x i f r a g a c e o u s  
p la n t s ,  t h u s  f o r m s  an a r g u m e n t  in f a v o u r  of the idea ex p r e ss ed  by
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Fig. 3. P ol le n  m o r p h o l o g y  in Grevea  a n d  M o n t in ia  ( X 1000).  —  A, » E g g e l i n g  

no.  6442» ( X 10001. —  B. G revea m adc igascar iens is ; a. a p e r t u r e  a n d  exine  s t r a t i f i c a ­
t ion ( X2 0 00 ) .  —  C, M o n t in ia  cciryophijllacea;  b,  p o l a r  view,  s u r f ac e  (left) a n d  sec-  
t ion ( r i ght ) ;  c, e qu a t o r i a l  v iew ( sect ion;  h. c X 1000);  d. a p e r t u r e  (detai l ;  X20 00 ) .

c
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B e n t h a m  and H o c k e r .  The pollen grains in Forgesia are quite dif­
ferent from those in I tea.

In the Sterculiaceae, several genera, e.g. Fremontia, have pollen grains 
similar to those in the Bombacaceae. Pterospermum, Dombeya, Frio- 
laena  and  related genera have grains of a malvaceous habit. Those in 
Craigia are distinctly liliaceous. Pollen morphology thus brings out the 
vagueness of family demarcations within Malvales.

Subfamilies. The hearing of pollen morphology on splitting the angio- 
sperm families into subfamilies has been dealt with to some length in 
»Pollen Morphology and  P lant Taxonomy». Let me only mention here 
that pollen morphology in the Hydrocharitaceae supports a transfer, 
suggested by Dr. D a n d y ,  of Enhalus  from the Thalassioideae to Vallis- 
nerioideae. Pollen morphology makes possible an  outline of different 
groups within the Lecythidaceae and the Rapateaceae. It is, furthermore, 
not in harm ony with the conventional subdivisions of the Tiliaceae. 
Tilia occupies an isolated position within the present Tilioideae. Pollen- 
morphological and other characters suggest a closer relationship be­
tween Tilia and  the Brownlowia  group. According to M e t c a l f e  and 
C h a l k  the wood anatom y of the simarouhaceous subfamilies Irvingi- 
oideae and  Kirkioideae m ay possibly support the ranking of these groups 
as distinct families, if this were indicated on other morphological 
grounds. Pollen morphology provides the additional indication. The 
pollen grains in Iiirkia acuminata, K. pubescens, and K. wilmsii  are 
thus of a singular type and so are, though in a less striking manner, 
the pollen grains in Irvingia  and Klaineodoxa.

The subfamilies in the Ulmaceae (Celtidoideae and Ulmoideae) are 
fairly  well defined also pollen-morphologically. Zelkova (subfamily 
Celtidoideae), however, has pollen grains of the Ulmus type. In addi­
tion, other characters are common to Zelkova and  the Ulmoideae: the 
style is excentric in both and central in the rest of the family.

The Asclepiadaceae would be palynologically homogeneous if the 
Periplocoideae were referred to the Apocynaceae. The subfamily Mo- 
ronoboideae, of the Guttiferae, possibly merits the rank of a special 
family. In the case of the Magnoliaceae sensu lato and the Olacaceae 
pollen-morphological data can rightly be adduced in favour of their 
splitting into smaller units.

Genera incertae sedis. Emblingia calceoliflora, a rare plant from 
W estern  Australia, was referred b y  F .  M u e l l e r  to the Capparidaceae.



POL LE N MORPHOLOGY AND PLANT TAXONOMY 73

Fig. 4.  Emblingia  calceoli fiord  (Greenough River, W. Australia;  F. M u e l l e r  Oct. 
1877, herb .  Melbourne),  a, equator ia l  view; b, po lar  view (hi surface, bo equatoria l  
cross section, subequatorial  cross section); c, young grain (polar view; X 250); 

d, pa r t  of hair .  — a, b, d X 1000.
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Fig. 5. Hanguana malaijana  (syn. S u su m  ant h e lm in th icu n i ) ,
x i o o o .

The large pollen grains  (Fig. 4) are, however, w idely d ifferen t f ro m  the 
sm all  grains usually  fou n d  in this family, no r  are they quite s im ilar  lo 
an y  o the r  pollen g ra ins  so fa r  described. In the m icroscopical slides of 
E m bling ia  the pollen grains are  in terspersed  w ith  small ha irs  of the 
sam e type as those genera lly  fou n d  in pollen slides of polygalaceous 
plants . Suspicion has  thus been  a roused  and  the suggestion m a d e  that 
E m bling ia  should  be re fe r red  to the Polygalaceae —  which  w ould  m ean  
a considerab le  w idening of the m orpho log ica l range of th is  fam ily  —  
or to a special fam ily  at the side of it.

A no ther  slightly dub ious  cappar idaceous  genus, Pentadip landra ,  has  
som etim es been re fe r red  to the Pen tad ip land raceae ,  of an  u n ce r ta in  
position. Pollen m orpho logy  corrobora tes  its re tention w ith in  the Gap- 
paridaceae .

S p h en o s tem o n  is a New Caledonian genus, provisionally , th o u g h  for 
insuffic ien t reasons, re fe r red  to the  Aquifoliaceae. It m ig h t  be w orth  
while the investigate w h e th e r  o r  not the s im ilarity  betw een  the  s trange  
pollen gra ins  in this genus a n d  those in ldenburg ia  (or N o u h u y s ia ) , 
a n o th e r  genus of u n ce r ta in  taxonom ic position from  New Guinea, is 
taxonom ically  significant.

S im m o n d s ia  deviates f ro m  the rest of the Buxaceae. its pollen  grain 
details  are  s im ilar  lo those in cer ta in  Gentrosperm ae. A ccording l o  v a n  

T i e g h e m , S im m o n d s ia  forms a family of its own not f a r  f rom  the 
Aizoaceae-Tetragonieae.

H anguana  m a l  ay ana  (syn. S u sn m  a n the lm in th icum )  d iffers  from 
Flagellaria  an d  Joinvillea  b o th  in pollen m orpho logy  (Fig. 5) and  ep i­
derm is  s truc tu re  an d  should  p rob ab ly  no t he re ferred  to the  F lagellaria- 
ceae. E n d l i c h e r  m ore  than  a cen tu ry  ago re fe rred  it to the  Xerotideae.

Thorelia,  a l i t t le -know n genus from sou th-eastern  Asia, has  once 
tentatively  been placed in the  L ythraceae .  Pollen m orphology , as well 
as an  ana to m ica l  investigation b y  Dr. M e t c a l f e , tends to show  th a t  it 

shou ld  he referred  to the Myrtaceae. T he  sam e applies to H eteropyxis  
a n d  Psiloxylon.
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Fig. (j. A, D uckeo d en d ro n  cestroides.  - B, Datura arborea.  >< 1000.

It is impossible to re ta in  Trapella  in  the Pedaliaceae. A special family, 
T rapellaceae ,  has  been  suggested, bu t it rem ains  to be seen if this is 
really  the best solution of the p roblem .

Canotia hok ican tha  is re fe rred  to the  Koeberliniaceae by M e t c a l f e  

a n d  C h a l k . Its pollen grains, how ever, are  no t very s im ilar  to those in 
Koeberlinia spinosa.  An a ff in ity  to Ihe Capparidaceae , H ypericaceae, 
Rosaceae, Rutaceae, a n d  S ax ifragaceae  has also been suggested. On the 
whole the pollen gra ins  in Canotia seem to be m ore sim ilar  to those in 
ce r ta in  celastraceous genera  than to those in any  of the families m e n ­
tioned. Nor are  the po llen -m orpho log ica l indications in accord  w ith  the 
ana tom ica l  ones in D uckeodendron  cestroides. This  p lan t was p r im ar i ly  
refe rred  to the Solanaceae. This is c o rro b o ra ted  by  pollen m orpho logy  
(Fig. 6), since the gra ins  a re  s im ila r  to those in several solanaceous 
p lan ts ,  e.g. C estrum  sm ith i i  and  Datura suaveolens. L a te r  D u ckeoden ­
dron  w as refe rred  by  K u h l m a n n  to a special family, the D uckeodendra- 
ceae. According to M e t c a l f e  and  C h a l k  D uckeodendron  does not fit 
well in the Solanaceae. R e c o r d  fo u n d  the wood resem bling that in some
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Fig.  7. Call iandra  c a l i fo rn ica ,  oc t ad  (XlOOO). Deta i l  f i gure :  oc l ad  in l a t e r a l  view
( X 250).
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Fig. 8. Call iandra  p o r to r ic e n s is ,  m orpho log ica l  a na lysis  o f  polyad .

of the Apocynaceae. The apocynaceous pollen grains, however, are 
different from those in Duckeodendron.

Curiously enough, pollen grains of the very isolated, supposedly saxi- 
fragaceous genus Roussea  have some characters in common with the 
rare, almost unique pollen type met with in Ribes.

Brcichypodandra clievalieri, a recently described tree from French 
Indo-China, has been referred to the Tiliaceae. This is not supported 
by pollen morphology. Parallel cases are offered by Plcityspermation
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Fig. 9. A, G net um venosum. ----- B, G. a fr icanum .  C, G. m ontanum .  § 1 0 0 9

crassifolium, a New Caledonian tree which cannot be placed in the 
Myrtaceae, and Oceanopapciver neocaledonicum  which certainly finds 
no safe refuge among the Papaveraceae.

In concluding what had necessarily to be an extremely cursory sketch 
of some genera of a more or less uncertain  systematic position, let me 
add one or two remarks on some supposedly caprifoliaceous genera. 
Alseuosmia, M emecylanthus, and Pachydiscus. These genera are con­
fined to a part of the world — New Caledonia and New Zealand 
widely separated from the main distributional area of the family. Their 
pollen grains are different from those of the rest of the family. This no 
doubt corroborates a comment made by S c h l e c h t e r  that these genera 
might in reality not belong to the Caprifoliaceae.

New Families. Withdrawal of Fam ilies .  Pollen-morphological characters 
can be adduced in support of the establishment of new families, such 
as the Ctenolophonaceae, Dioncophyllaceae, Gyrostemonaceae, Hydro- 
caryaceae, Pentaphragmataceae, Siphonodontaceae, and Winleraceae. 
They can equally be adduced — in fact, this has already been done in 
several cases — in favour of an amalgamation of poorly justified 
families with other families. Thus, the Diclidantheraceae have been 
referred to the Polygalaceae and the Laeistemaceae to the Flacourlia- 
ceae. By the same token, Adoxa  should probably be referred to the 
Caprifoliaceae (or Sambucaceae), Dysphcmia to the Chenopodiaceae, 
Thurnia  to the Juncaceae to mention only a few examples. Other more 
or less »shaky» families include the Buxaceae, Crypteroniaceae, Em- 
petraceae, Eucryphiaceae, Fumariaceae, Gomortegaceae, Grubbiaceae. 
Hippocrateaceae, Julianiaceae (there are several points suggesting a 
relationship between Juliania  and Pistacia), Martyniaceae, Nolanaceae, 
Octoknemataceae, Sargentodoxaceae, Sparganiaceae, etc.

Genera. Gayea, Bcinksia, and Cobaea are examples of stenopalynous 
genera. In conformity with most monocotyledons, Gayea has pollen
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grains  w ith  a distal fu r ro w . T he w ide  range  in size of the grains  is of 
in terest  to cytology a n d  pa lynology  alike. The bilateral, 2 -ap er tu ra te  
pollen g ra ins  in B a n k s ia , ind is tinguishable  from  those in D ryandra ,  
va ry  in size f rom  18 to 82 p, in te rm s of longest d iam eter. In  the  
spherical,  p o ly ap e r tu ra te  gra ins  in Cobaea (he correspond ing  figures 
are  ap p rox im ate ly  100 io 200.

A nem one ,  Sym p locos ,  an d  A hin g iu m  a re  eurypalynous.  T he pollen 
gra ins  in Anem one  have  e ither  three to n u m ero u s  m erid iona l  fu rrow s, 
o r  fu rro w s  or pores u n ifo rm ly  d is tr ibu ted  over the entire  exine surface. 
Some species have »sp ir-aper tu ra te»  grains —  w ith  ape r tu res  m ore  or  
less s im ila r  to a spiral. T he  d is tr ibu tion  of the d ifferen t ape r tu re  types 
w ith in  the genus is taxonom ica lly  im portan t.

T he  a p e r tu ra l  an d  sp o ro d e rm a l  var ia t ions  found  in the pollen g ra ins  
of S ym plocos  an d  A la n g iu m  likewise seem to have taxonom ical s ign i­
f icance and  m ay  be add u ced  in favour  of splitting these genera  if 
indicated  by o ther  c h a ra c te r s  as well. (if. also Calliandra  (Fig. 7 a n d  8).

Pollen m orpho logy  has  been in s trum en ta l  in the inevitable splitting, 
into several genera, o f  P olygonum .  Moreover, pollen m orpho logy  in ­
d icates the advisab ili ty  of splitting Abelia  into two separa te  genera: the 
section Enabelia  has pollen grains  of the sam e type as those in Linnaeci, 
K olkw itz ia ,  S y m p h o r ica rp u s ,  etc., w hereas  the section Zabelici h a s  
grains  of a distinctly  d if fe ren t  type w hich is absen t in o the r  caprifo lia- 
ceous plants . Pollen -m orpho log ica l  features, com bined  with o th e r  
cha rac te rs ,  f u r th e rm o re  indicate  the necessity  of restr ic ting  the cyclan-



8 0 G. ERDTMAN

thaceous genus Ccirludovica to Carludovica palmata, the type species 
of the genus (Fig. 1 B). The pollen grains in Curionia capensis, the only 
African species of the genus, are different from those in the species in 
New Guinea and New Caledonia.

Material at hand  would seem to show that pollen studies will be 
instrumental in taxonomic revisions of several large and difficult genera 
such as Centaurea, Gilia, Matisia, Oenothera, Pandanus, and others.

In Macrolobium, another large genus, there is a slight, though con­
stant and reliable, difference between the pollen grains from the 
African species and those from the South American species. In optical 
cross section, the superficial exine ridges in the South American species 
are more or less angular to square or rectangular with the longest sides 
perpendicular to the general exine surface. In the African species, the 
upper part of the ridges is more or less rounded. Thus, by means of 
pollen grain characters alone, it is possible to decide whether a Macro­
lobium  specimen comes from Africa or from America. On the other 
hand, there is no visible difference between the pollen grains in the 
African species of Macrolobium  sensu stricto and those in the species 
transferred to Gilbertiodendron and  Pellegriniodendron.

M a r k g r a f  divides Gnetum  into two sections, Gnemonomorphi and 
Cylindrostachys. The former is subdivided into Eugnem ones (Asiatic), 
Micrognemones (African, Fig. 9B ),  and Araeognemones (American, 
Fig. 9 A). Each subdivision has a special pollen type. The pollen type 
in the Eugnem ones is similar to or identical with that in Cylindro­
stachys (Fig. 9 C).

In every young science, and  palynology is one of them, it is par ti­
cularly important to exercise great care to avoid hasty conclusions. 
There are m any pitfalls in the path of palynology. For instance, the 
pollen grains in Salix are, as a rule, long and narrow and provided with 
three furrows, while in the closely related Populus they are spherical 
and without distinct apertures. The pollen grains in Larix  and Pseudo­
tsuga have no air-sacs, but those in related genera have. The pollen 
grains in Leschenaultia  are strikingly different from those in other 
goodeniaceous genera. They are united in tetrads, in one species (Le­
schenaultia longiloba) often even in polyads (Fig. 10).

This does not necessarily imply that in some cases pollen m orpho­
logy runs parallel to recognized taxonomic characters, while in other 
cases it does not. It m ay thus be possible to bridge the pollen-morpho-
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logical gaps between Saltc and Populus, or between Lurix  and Cedrus. 
The occurrence of tetrads and polyads in Leschenaultia  is not more 
rem arkable than is, for instance, the mixed occurrence of monads, 
tetrads, and polyads in the Mimosoideae. But even now, and  fo r ­
tunately, m any mysteries remain unsolved. They are one of the m any 
incentives that stimulate continued palynological research.

C B v ta n i s k a  N o t i se r  1954.
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Palynology: Aspects and Prospects. III.
E d i t e d  b y  G. E r d t m a n .

The previous parts of »Palynology: Aspects and  Prospects» were 
published in Svensk Botanisk Tidskrift, Vol. 42, pp. 407— 483, 1948, 
and Vol. 45, pp. 233— 256, 1951. The present par t  deals with palynology 
in France. Russia, and North America.

For several reasons palynological research w ork in F rance will a t trac t  
particular attention this year. Thus, at the 8th International Botanical 
Congress to convene in Paris in July, palynology will, for the first time, 
be represented by a section of its own. In cooperation with some of 
her colleagues the secretary of the section, l)r. M. V a n  C a m p o ,  briefly 
reviews below the French institutions and  scholars engaged or interested 
in palynological research w ork (p. 000). These notes are followed by 
some lines devoted to the m em ory  of Professor G. D u b o i s ,  who lias 
been active in France for 30 years in the field of pollen statistics 
(p. 000). A summary, by Professor G. L e m é e ,  of the main results of 
pollen-statistical investigations in F rance will presumably appear in a 
forthcoming part of »Aspects and  Prospects».

The chapter »Palynology in Russia» consists of two papers. One of 
them, by Mme T c h i g o u r i a e v a ,  deals w ith  the pollen grains in Ephedra  
and  suggested precursors to this pollen type. In (lie other paper, 
O. G o r o d k o v  discusses pollen grains, including pollen grains of Arte­
misia, from Quaternary strata in the Kotelny Island, one of the New 
Siberian islands. These papers have been translated at the C.E.D.P. 
(Centre d Etudes et de Documentation Paléontologiques, 3 Place Val- 
hubert, Paris Ve). The Bulletin Trimestriel dTnformation edited by 
this agency lists the titles of a num ber of other Russian papers on paly­
nology now available in French translation.

The notes on palynology in North America (p. 98) are a mere 
enumeration of the papers read at two palynological symposia held in 
the U.S.A. in 1953. Nevertheless, they convey, in a nutshell, an idea of
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the scope, trends, a n d  results of the palynological research work carried 
out in Canada, the United States, and  Mexico.

La Palynologie en France.

Exposé Générale.

Par M. V a n  Ca m p o .

Les recherches su r  les pollens sont faites surtout dans la region pari- 
sienne et å Strasbourg.

A Paris, le laboratoire  du Professeur P. D e f l a n d r e  et le laboratoire 
de Palynologie du Muséum d'Histoire Naturelle ont a leur actif des 
recherches sur la morphologie des pollens fossiles et vivants. Les paly- 
nologistes connaissent surtout P. D e f l a n d r e  par ses belles découvertes 
de pollens dans les si lex. II a bien voulu nous communiquer les indica­
tions suivantes sur les travaux en cours dans son laboratoire:

»Parmi les travaux  qui sont a l ’actif du Laboratoire de Micropalé- 
ontologie de l'Ecole Pratique des Hautes etudes, 9(5 boulevard Raspail 
Paris VI, on signalera tout d ’abord un Mémoire de L. V a l e n s i  (Poitiers): 
microfossiles des silex du Jurassique moyen. Ce Mémoire, qui a servi 
de Thése de Doctorat, parait  dans les Mémoires de la Société Géologique 
de France, T. XXX1L N° (58 (1954), surtout consacré aux Dinoflagellés 
et aux  Hystrichospheres, il mentionne aussi des pollens et des spores, 
qui sont figurés mais non encore identifiés avec precision.

J e a n  D e u n f f  (Rennes) poursuit ses recherches sur les microorganis- 
mes planctoniques des roches primaires de Bretagne (Hystrichospheres 
du Sibirien et eventuelles spores du Dévonien). 11 a déja public une 
note préliminaire su r  ce sujet ((i. R. Acad. Sc. T. 233, 1951, p. 321).

M adame M. D e f l a n d r e - R i g a u d  (Paris), dans u n  program me général 
d 'e tude des Silex crétacés de France et d ’Union franqaise a examine 
des silex du Sénonien supérieur du Bassin parisien, donl eile a determine 
les microfossiles, en partieulier les Hystrichospheres; line note sera 
publiée tres prochainem ent sur ce sujet.»

Le Laboratoire de Palynologie, installé au Muséum d'Histoire N atu­
relle, 61 rue de Buffon, Paris V, a été organisé de la facou suivante: 
a coté des appareils nécéssaires aux analyses polliniques nous avons 
constitué des collectioris et des fichiers.

Les collections des pollens de Coniféres comprennent actuellement 
environ 1(500 preparations; les études ent reprises sur ces pollens ont
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po u r  b u t  line descrip tion  détaillée de l’exine p o u v a n t  é tayer  des recher-  
ches de systém atique  et de phylogénie. Les pollens des Abiétacées, 
des Taxodiacées, des Gupressacées ont été exam inés avec soin, des 
recherches  su r  les pollens des A raucariacées  sont en cours. P o u r  les 
Coniférales, la tendance  ac tnelle  est sans conteste  de fa ire  jo u e r  aux  
grains  de pollen v ivants et fossiles un  g ran d  role d an s  la c lassif ica tion  
et en 1950, dans  un fascicule  de son traité  su r  les G ym nosperm es , 
H. Ga u s s e n  11'hésite pas å co n n n en cer  son chap i t re  su r  la c lass if ica tion  
des Coniférales p a r  u n  tab leau  s ép a ran t  les Tax ines  des P o d o c a rp in e s  
et des P inoid ines  d ’apres  leurs grains  de pollen. Nous sonnnes  par t i-  
cu lié rem ent convaincus que les pollens doivent étre de m oins en  m oins  
négligés d an s  les classifications, nous suivons en  cela le c o u ra n t  qu i se 
dessine depuis quelques années, nous pensons que les pollens p eu v en t  
é tre  des ind ica teurs  de Invo lu tion  de p rem ie r  choix se d if fé ren c ian t  en 
cela de n o m b reu x  au tres  o rganes  de la p lan te  b eaucoup  p lus  sensibles 
a u x  conditions du milieu.

La collection des pollens de l ’H erb ie r  de F ra n c e  est en cours  de r e a ­
lisation, les pollens sont m ontés  p a r  la m éthode  de R. P. W o d e i i o u s e , 

l ’a u te u r  n ’ignore pas les crit iques que Fon peu t  faire å cette technique , 
m ais  les p repara tions  sont faites Ires rap id em en t  et dans  1’état  actuel 
des m oyens  du labo ra to ire  nous som m es par l is  de 1'idée su ivante : 
m ieux  v a u t  une collection im p a r fa i te  qui existe q n ’une  collection par-  
fa ite  qu i n ’existe pas, nous m o n t r a n t  en cela fidéle disciple de no tre  
M aitre  H. G a u s s e n  qui a écrit: »1111 ouvrage im p a rfa i t  qui p a ra i t  vau t  
m ieux  q u a m  ouvrage p a rfa i t  qu i ne p a ra i t  pas». Toutefois  lo rsque  de 
jeunes  c h e rch eu rs  travaillen t au  laborato ire , nous leur a p p re n o n s  les 
techn iques  que nous avons eu le privilege d ’app lique r  en Suéde lors 
d ’un  s tage  dans le L ab o ra to ire  de Palynologie  de B rom m a.

O utre  les collections nous  som m es en tra in  de consti tuer  ces in s t ru ­
m en ts  de travail ind ispensables  que sont les fichiers. Deux fichiers 
illustres sont en cours  d ’o rgan isa tion , les fiches porten t  une  re p ro d u c ­
tion des dessins ou des m ic ro pho tog raph ies  de pollens ou de spores 
choisis p o u r  leur qualité  ainsi q u ’une ind ica tion  du  livre ou de l 'artic le  
d o n t  ils ou t  été ex tra its  ou b ien  des m ic ropho tog raph ies  ou des dessins 
inédits. L ’idéal serait q u 'a  ch a c u n e  de ces fiches co rresponde  une p re ­
pa ra t io n ,  actuellem ent nous  avons plus de fiches que de p rép a ra t io n s .  
Ces f iches sont d u n  g rand  secours p o u r  fa ire  une p rem ie re  déterm i- 
n a t ion  des pollens et des spores  trouvés d an s  les p rép a ra t io n s ,  no tre  
souci co n s tan t  a  été de met tre a la disposition du plus g ra n d  no m b re  
possib le  de chercheu rs  u n  in s t ru m e n t  qui leur évite les p re m ie rs  écueils
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de l ranalyse pollinique el leur permette de faire rapidemenl du travail 
utile. Ce fichier se m anipule  an moyen d ’index colorés donnant les 
m odalités indiquées su r  les fiches perforées des laboratoires du J. Iver- 
sen el K. F aegri.

U n deuxiéme fichier comprend les reproductions des mémes fiches 
classées par  ordre alphabétique des families et destiné plutot aux re- 
cherches de systématiqne, un fichier annexe de pelites fiches ordinaires 
classées p a r  ordre alphabétique des genres penne t de trouver rapide- 
m en t les collections et dans les ficliiers les documents concernant une 
espéce donnée.

Un fichier illustre classé par ordre alphabétique des genres existe au 
Centre de Documentation du Muséum.

L e fichier bibliographique est pour une grande part la reproduction 
de celui du Laboratoire de Palynologie de Bromma.

Ces fielders sont entrepris avec l’appui du Centre de Documentation 
du Muséum dirigé p a r  le Professeur J. R o g e r  qui a bien voulu nous 
d o nner  les precisions suivantes:

L'o r  g a n i s a I i o n d e  1 a d o c u m e n t a t i o n p a 1 v n o 1 o g i q u e
e n F  r a n c e.

C’esl essentiellement de l’organisation mélhodique de celle docum en­
tation, dans le cadre clu Centre d ’Etudes et de Documentation Paléonto- 
logiques du Muséum National d ’Histoire Naturelle (3 Place Valhubert 
Paris  V) que nous voulons parier. La coordination de la bibliographie 
et de  l’ensemble de la documentation relative aux spores et pollens 
étant un exemple caractéristique du fonctionnement du C.E.D.P.. il est 
indispensable de dire au préalable quelques mots de cel organisme.

Les principes fondam entaux ayant présidé a la mise en place de ce 
centre d 'information sont les suivants: grouper a 1’échelle internatio­
nale. sans porter préjndice aux organisme existants, les renseignements 
el inform ations de toutes natures relatives a la paléontologie et, en 
meine temps, réunir les renseignements fournis par d ’autres disciplines, 
géologie an sens large, biologie, techniques de laboratoire etc. . . . que la 
recherche paléontologique utilise.

Pratiquem ent la premiere source d ’informations est fournie par la 
bibliographie, pa r  les articles et ouvrages, an 1'ur et a mesure de leur 
parution. La premiere tache du C. E. 1). P. est done le dépouillement 
m éthodique et accéléré du m axim um  de littérature. Dépouillement 
méthodique, e’est å dire que non seulement les litres sont mis sur fiches
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et classes suivant un double Systeme (alphabétique et malleres), mais 
les catégorles de la systématique sont aussi mises sur fiches (signaléti- 
ques et, dans toute la mesure du possible, aussi fiches illustrées). D6- 
pouillement accéléré, c ’est å dire suivant un  ry thm e hebdomadaire.

Comme complément å cette premiere base il a fallu, évidemment, 
prévoir la possibilité de diffuser toute la documentation. A cette tåche 
essentielle s ’ajoutent encore: un service de recherches d ’ouvrages et 
périodiques difficiles å obtenir normalement, un service de traductions 
étendu aux langues d 'a lphabet non latin, etc.

Gette documentation est méthodiquement établie et, en principe, com ­
plete depuis i940. Pour divers secteurs, en raison de 1’existence dans 
le cadre des cbercheurs scientifiques du G.E.D.P. ou du Muséum, d un 
ou plusieurs spécialistes qualifiés, il a été possible d ’élaborer plus com- 
plétement la documentation et de 1’étendre de facon exhaustive, notam- 
m ent aux années antérieures ä f940.

La paléobotanique en général et la palynologie en particulier représen- 
tent précisément Tun de ces secteurs.

Dans le domaine palynologique, grace å  1’activité de Mme V a n  Ca m p o , 
la realisation de la section telle que nous l 'entendons, fut en grande 
partie effectuée an mom ent de la premiere reunion de la Commission 
in ternationale de Palynologie a Paris le 18 Septembre 1953.

G. E r d t m a n , Président de cette Commission, a soutenu Fidée d ime 
centralisation, au G.E.D.P., de la documentation palynologique, étant 
entendu que, comme de coutume, elle continuerait ii se faire également 
å son laboratoire de B rom m a pour les tirages a part.

Trois mesures importantes furent proposées par  le Prof. E r d t m a n  el 
furent adoptées:

1. Communication au G.E.D.P. du vaste fichier palynologique com ­
plet réuni a Bromma. Ge fichier est m ain tenan t incorporé å la docu­
m entation du G.E.D.P. el comporte environ 4500 references.

2. Appel adressé aux palynologistes pour (jue, continuant d adresser 
leurs publications au laboratoire de Bromma, ils en assurent en méme 
temps le service au G.E.D.P.

3. A Pavenir la bibliographie annuelle palynologique sera réunie au 
G.E.D.P. et sa publication se fera  dans Grana Palynologica.

Apres ces rappels nous pouvons tracer les grandes lignes de la docu­
m entation  palynologiques existant au G.E.D.P.

1. Bibliographie. Outre le fichier général du G.E.D.P., par ordre 
alphabétique des auteurs, il existe un fichier spécifiquement palyno­
logique, complet, (Masse suivant le plan de la bibliographie palynologique
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de G. E r d t m a n . Evidemment les rélérences nouvelles viennent chaque 
sem aine s ’y ajouter. Signalons (jue cet ensemble pent, 11011 seulement 
étre consulté sur place, mais q u ’il pen i étre diffusé en totalité on partie 
sous fo rm e de copie sur papier héliographique.

2. Systématique des spores et pollens. Des l'ichiers signalétiques et 
des fichiers illustrés lui sont réservés.

a. Fichiers signalétiques. L ’un com prend les genres (et toutes les 
categories supra-spécifiques) dans l’ordre alphabétique. Un autre donne 
dans 1'ordre alphabétique également les noms d espéces. Dans un troi- 
siéme fichier les espéces sont groupées suivant la classification.

b. F ichiers illustrés. Ils comprennent des fiches du format 185X245 
mm. p o r tan t  la figuration des spores et pollens et, en outre, leur descrip­
tion. Un jeu de fiches illustrées est classé par ordre alphabétique des 
genres.

3. L a  bibliothéque palynologique de tirages a part est en voie de 
constitution. Outre les grands services qu'elle rend pour la consultation 
sur place, eile permet d 'obtenir dans un temps plus court la realisation 
des m icrofilm s d a r  tides qui sont demandés.

4. Le palynologiste peut encore faire appel aux autres moyens d ’in- 
form ation  du ( i.F.D.P. par exemple il est souvent tres utile de pouvoir 
trouver des rélérences sur la Stratigraphie, la sedimentation, les tech­
niques de laboratoire, etc. . . .  11 faut signaler aussi le lot de traductions 
existant déja et qui s accroit sans cesse.

11 ap p a ra i t  done que la centralisation réalisée, sans nuire a Porigi- 
nalité des travaux de chacun, produit déja d heureux elfels. Elie dim i­
nue les perles de temps qui résultent de la recherche des informations, 
et des difficultés d'acces a la documentation. De plus, pa r  la collabora­
tion ainsi établie, par le dépouillement mélhodique des publications 
périodiques, on peut réaliser une docum entation sans lacunes.

L’am p leu r  des résultats que peut donner une teile organisation ne 
pourra d ’ailleurs étre appréciée que dans un avenir de quelques années. 
Une active persévérance sera certes nécessaire.

Peu d é lu d es  ont été faites en France sur les pollens atmosphériques 
en liaison avec les études médicales. Sur le rhum e des foins, les phéno- 
ménes allergiques sont étudiés par le Docteur H a l p e r n  dans son ser­
vice de 1’hopital Broussais; cetle année vont étre entreprises des études 
systématiques sur la richesse en pollens de Patmosphére parisienne.

Pour ce qui concerne Pétude des pollens liée a Papiculture Monsieur 
J. L o u v e a u x  a  bien voulu donner le texte suivant:
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»Diflerents travaux sur le pollen son! actuellem ent poursiiivis å la 
Station de Recherches Apicoles de B ures-sur Yvette (Seine-et-Oise).» 
Deux directions principales soni suivies:

1. Analyses polliniques de miels francais. Ce travail esl conduit par 
les m éthodes d ’analyse pollinique des miels telles qu’elles ont été dé- 
finies p ar la Commission de Botanique Apicole de l'U.I.S.B. en 1952. 
630 miels environ onI été analysés, en provenance de toiites les régions 
de F rance mais plus spécialem ent de la région parisienne. P lusieurs 
dizaines de miels étrangers ont été en outre examinés pour serv ir de 
controle en m atiere de repression des fraudes. Le but du travail est; 
d ’arriver a pouvoir caractériser les d ifféren ts miels francais q u an t å 
leur origine géographique et d ’établir les liaisons existant entre la  flore 
locale et la  com position du miel. Un m ém oire su r les résultats obtenus 
ju sq u ’ici est en cours de rédaction.

2. E ludes sur la récolté et 1’u tilisation du pollen par les abeilles. 
Ce travail est conduit å 1’aide de trappes å pollens, un artiele su r ce 
sujet est en cours de publication.

Des études sont égalem ent faites å la Station de Bures sur la valeur 
alim entaire du pollen et sur ses propriétés biologiques.

Des analyses polliniques de miels sont faites égalem ent a Nice par 
M. B a r b i e r  (Laboratoire de recherches apicoles des Services Vétéri- 
naires), p a r M. B a l d e n s p e r g e r  (Centre de diagnostic de Guebwiller, 
H aut-R hin), ainsi que p ar le Dr. M o r e a u x  de la Facullé des Sciences 
de Nancy.

M adame C. S q s a - B o u r d o u i l  (Laboratoire de Génétique du Centre 
N ational de la Recherche Scientifique, Gif-sur-Yvette, Seine-et-Oise) a 
entrepris des recherches sur la com position biochim ique des pollens 
dans ses rapports avec la physiologie et la génétique, sur la stérilité et 
les déficiences des pollens, sur la com position com parée des pollens 
el des spores el enfin sur la com position des pollens et la system atique.

Des analyses polliniques, afférentes aux recherches pétroliféres, ont 
été entreprises par M. C. S i t t e e r , In stitu t F rancais du Pétrole, 4 place 
B ir-H akeim , Rueil-M almaison, Seine-et-Oise.

Les recherches des spores dans les charbons avaient été pratiquées 
a Lille, elles sont actuellem ent poursuivies, accessoirement d ’ailleurs, 
p a r M. B. A l p e r n , Centre d ’Etudes et de Recherches des C harbonnages 
de F rance, Verneuil, Oise.

Les laboratoires d ’analyse pollinique de S trasbourg sont spécialisés 
dans ré tu d e  des tourbes et des sédim ents quaternaires. Le Professeur
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G. D u b o i s  avait. fondé au laboratoire de Géologie el de Paléontologie 
de la Faculté des Sciences, 1 n ie  Klessig å Strasbourg, un  centre d ’ana- 
lyses polliniques, il était aidé dans ses travaux par Madame D u b o i s .

Le Professeur G. L e m é e  de 1'Institut de Botanique de la Faculté des 
Sciences, rue de FUniversité, å Strasbourg, a pratique Fanalyse polli- 
nique en pliytosociologue averti.

11 nous semble tres im portant de signaler que, cede année, pour la 
premiere fois en F rance, 1’altention des étudiants en Sorbonne est large- 
ment attirée sur F im portance des pollens pour la systématique végétale 
dans le cours du Professeur M. C h a d e f a u d .

Nous terminerons p a r  un souhait, le Vllléme Gongrés International 
de Botanique com prend  une section de Palynologie; d ’autre p a r t  pen­
dant le Gongrés, la Commission internationale de Palynologie poursu ivra 
ses t ravaux  sous la présidence du G. E r d t m a n ,  nous avons Fespoir que 
les Palynologistes assisteront nom breux aux séances et que leurs dis­
cussions contribueronl a faire progresser cette science, jeune encore, 
qui prom et d enrichir considérablement le domaine de la Botanique.

G eorges Dubois *10.9. 1890, f2.10. 1953.

P ar J. S i t t l e r - B e c k e r  e t  J. S a u v a g e .

G e o r g e s  D u b o i s  naqiuit a  Armentieres (Nord). Aprés avoir été éléve du 
Lvcée de Lille, il poursu iv it  å FUniversité de cette ville des études de méde- 
cine et de sciences naturelles. Au cours de ses années lilloises, G e o r g e s  D u b o i s  
fut 1 éléve des géologues J. G o s s e l e t , encore actif, et surtout de C i i . B a r r o i s , 
ainsi que des palébotanistes C h a r l e s  et P a u l  B e r t r a n d .

Le le r  avril 1928 la Faculté des Sciences de Strasbourg le désigna pour  
occuper la chaire de Géologie et de Paléontologie. En 1934, suecédant å M. E. 
d e  M a r g e r i e , G e o r g e s  D u b o i s  devint Président du Service de la Carte Géo- 
logique d ’Alsace et de Lorraine.

Le noiuhre de ses publications s élévent å 261. Elles sc rapportent pou r  la 
p lupart a 1 étude des te rra ins  quaternaires, a la connaissance de la tourbe et 
de Fhistoire forestiére m ise en evidence par  l’analyse pollinique.

II a m ontré que la classification des lignes de rivages, proposée par  D e p é r e t , 
pouvait s’appliquer, pouir les lignes les plus basses, å la région nord de la 
France. Preuve a été fai te, par correlations stratigraphiques, q u ’apres la der- 
niére ligne de rivage suspendue, le niveau de 1‘Océan s était abaissé eustatique- 
ment pendant la poussée glaciaire wiirmienne, puis était remonté, également 
eustatiquement, lors de la derniére des glaciations terminales (transgression 
f landrienne).

II a synchronisé, tou jours  par  la Paléontologie stratigraphique, cette t rans­
gression flandrienne avec les multiples mouvements transgressifs et régressifs 
des détroits danois et die la Baltique, établissant que ces événements élaient
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dus a 1 interference de la transgression flandrienne et du soulévem ent local 
isostatique épiglaciaire et postglaciaire du Massif scandinave. 11 fu t le p rem ier 
en F rance qui appliqua aux phénom énes flandriens la géochronologie p o st­
glaciaire de D e  Ge e r .

La nécessité de coordonner les événem ents flandriens les plus récents airte- 
nérent G e o r g e s  D u b o is  a s ’interesser aux analyses polliniques des to u rb es en 
app liquan t la m éthode de v o n  P o st  et L a g e r h e i m . Grace å  l ’incessante col­
laboration  de Mme D u b o i s , il a pu  faire depuis 1934 un nom bre considerable 
d ’analyses polliniques et établir Lexistence en no tre pays de deux types d ’bis- 
toire forestiére fo rt différents dans leurs details, bien que synchronisables, 
celui des regions m ontagneuses et celui des regions de plaines. Une école 
d analyse pollinique, dans laquelle travailléren t 15 de ses éléves, fu t crée ä 
S trasbourg.

P endan t la guerre de 1939 le P rofesseur et Mme D u b o is  étud iéren t les 
les depots tourbeux du M assif-Central, et c’est å leur base, dans des niveaux 
argileux, que furen t déterm inées les varia tions clim atiques de l’oscillation 
allerödienne. Actuellement l ’h isto ire de m ultiples regions (Fiandres, B retagne, 
Bassin parisien, Ardennes, P laine d ’Alsace, Vosges, Ju ra , Alpes, M assif-Central) 
a été établie par l’analyse pollinique.

Ge o r g e s  D u b o is  é ta i t  u n  n a tu r a l i s t e ,  d o u é  d  u n  d o n  d o b s e r v a t io n  e t  d  u n e  
m é m o i r e  r e m a r q u a b l e .  II  a im a i t  la p e r f e c t i o n  d a n s  le t r a v a i l  et a v a i t  le m e m e  
so u c i  d e  c u l t u r e  g e n é ra le ,  m u s ic a le ,  l i t t é r a i r e  e t  a r t i s t iq u e .

Sa paro le ovocatrice, son enseignem ent clair, agrém enté d ’anecdotes am ü­
santes, son entbousiasm e su rto u t ont suscité bien des vocations de botanistes 
et géologues. II nous sera im possible de pa rco u rir  l ’Alsace, sans le rev o ir  par 
la pensée, vétii d u n  loden brun, chaussé de gros soul i ers å clous, son m arteau  
de géologue a la m ain et suivi d une troupe joyeuse.

Ge o r g e s  D u b o is  participa , début septem bre 1943, au Congres de 1 I n q u a  
å Rome et a Pise. 11 y fit une com m unication synthétisant les resultats palyno- 
logiques obtenus par son école.

Revenu en F rance, il assista le 18 septem bre å la prem iere reunion  de la 
Com mission In ternationale de Palynologie qui se tenait a Paris et oil il devait 
reprosen ter son pays.

La Palynologie en Russie.

1. Paysages pléistocénes peri-glaciaires en Asie du Nord.1

P ar  B. N. G o r o d k o v .

II exisle parmi les paléographes des d isaccords sur les representations 
des paysages périglaciaires des grandes glaciations du Pleistocene. 
L'opinion dominante est que, å la limite des glaciers, on an voisinage

1 Comples rendus de YAcadémie des Sciences de l'URSS, 1948, t. 61, no. 3, p. 513— 
516. Trad. P i e t r e s s o n  DE S a i n t  Aubin (Centre d ’fitudes et de Documentation Palé- 
ontologiques, No 143).
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direct des toundras préglaciaires, existaient des »steppes périglaciaires», 
des »steppes loessiques l'roides» et meine des déserts rappelant ceux de 
la Mongolie actuelle, c"est-å-dire des paysages préglaciaires essenlielle­
inen l différents des paysages arctiques contemporains (2, 4).

Les partisans d 'une  succession de zones de paysages différente de 
celle d ’au jo rd ’hui p o u r  les époques glaciaires, appuient leur opinion 
non seulement sur les conditions climatiques nettement continentales 
dans la bande périglaciaire, mais aussi sur la présence dans les depots 
de pollens de végétaux steppiques, en particulier d’absinthe et de carotte. 
Bien des paléobotanistes ont soutenu 1’existence des »steppes périgla­
ciaires» par  1’analyse de la flore actuelle de FArctique, ou ils ont trouvé 
des végétaux de disjunction dite arcto-steppique (1, 9).

Les partisans de la  sucession normale des zones de paysage au 
Pléistocéne soutiennent que les aires de végétation arcto-steppiques ont 
été instituées d ’apres des erreurs: les analyses des restes fossiles d ’age 
glaciaire témoignent de toundras périglaciaires, et non de steppes (3, 8).

E n  1927, B. N. G o r o d k o v  et E. S. K o r o t k i e v i t c h  ont rapporté  de 
bile Kotelny (archipel de la Nouvelle Sibérie) un échantillon minéral 
et organique de pollens de 21.5 1. d’eau, obtenu par dégel de glaces 
fossiles (pétrifiées).

Cette glace a été exlraite d ’un  affleurement de rivage pen élevé, a 
1’em bouchure de la riviére Katalinka sur la rive nord ouest de l ile, 
au voisinage de collines basses constituées de calcaire Paléozoique. La 
glace pétrifiée se trouve ici, comme cela est particulier aux glaces fos­
siles des iles de la Nouvelle Sibérie, traversée de veines épaisses de 
couches loessiformes et recouverte d ’une couche de limon loessiforme 
de 40 -60 cm d ’épaisseur.

La répartition égale des pollens dans la glace, les petites bulles d ’air, 
qu'elle contient, étant elle méme tres compacte, témoignent d 'une pro­
venance d ’un aneien névé. Le pollen see détaché s éléve a 85 g. environ.

R. V. F e d o r o v a  a  procédé a 1’analyse des nombreux pollens et 
spores, séparés du substra tum  mince et poudreux, renferm ant aussi pas 
mal de restes de pet its végétaux. Sur 664 grains polliniques, 4 °/o repré- 
sentaient du pollen arboréen, 80 %  du pollen non arboréen, et 16 °/o 
des spores. Une partie  des pollens proviennent des couches antéquater- 
naires, de large étendue sur File Kotelny. P arm i les pollens arboréens 
prédominent ceux de Pinus Sibirien et de P. silvestris, les autres appar- 
tenant å Picea, Betula, Ainus. Ce pollen provient saus conteste d ’un 
transport éloigné.

Les couches de c o t i  vertu re contenaient beaucoup plus de pollens
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arboréens ce qui s'explique par le voisinage des loess å Fepoque de la 
fusion intense des glaces pétrifiées, particuliérement dans le cours de 
la période chaude optimum postglaciaire. Outre les pollens, ces dépöts 
contenaient des fragments de radicelles indéterminés, et d ’autres tissus 
végétaux.

Le pollen non arboréen de la glace se composait pour 52 %  d'Arte­
misia  et pour 35 %  de graminées; parm i les autres pollens, en partie 
indeterminable, on reléve Chenopodiaceae, Garyophyllaceae, Ericaceae. 
On n ’a pas signalé de pollens de Salix et de Carex ni d ’arbres feuillus, 
malgré les excellentes conditions de conservation dans la glace. P arm i 
les spores prédominaient nettement celles de mousses proprem ent dites, 
mais on en a vu aussi quelques unes d ’hépatiques, de fougéres et de 
spha ignes.

Dans la flore actuelle de l ile Kotelny, contenant environ 75 espéces 
de plantes vasculaires, nous ne rencontrons absolum ent aucun  repré- 
sentant des Artemisia et Chenopodiaceae. Parm i les saules, Salix polaris 
esl Ires commun; parm i les Cyperaceae on Irouve deux espéces d Erio- 
phorum.  Parm i les mousses, abondantes au sud de File, on trouve des 
sphaignes. Les graminées sont universelles. Ainsi, la végétation de début 
de la derniére époque glaciaire, dans la région de File Kotelny différait 
de celle des deserts polaires de ce meine temps.

La seule analyse pollinique ne pent donner des résultats suffisants 
pour reconstituer les paysages, mais eile y est d ’un grand  secours, en 
presence d ’autres restes fossiles, dégagés de la petrification glaciaire 
pulvérisée, par R. V. F e d o r o v a  et E. S. K o r o t k i e v i t c h . Parm i de tres 
nom breux debris de feuilles de graminées et de mousses proprement 
dites (families des Amblystegiaceae, Bryaceae, etc.), nous avons deter­
mine quelques fleurs bien conservées de graminées: Atropis angustata 
V. Kreez., et Deschampsia aff. brevifolia R. Br. La premiere prospere 
actuellement parmi les glaces de la Nouvelle Zemble et de la terre 
Francois-Joseph, dans les déserts polaires du Taim yr nord et de File 
Kotelny. Elle occupe des emplacements froids, découverts, presque 
dépourvus de neige. L ’habitat local des Deschampsia  esl semblable. 
A ces espéces arctiques typiques se ra ttachent des mousses de substra­
tum calcaire, Barbula aff. rigidula Mitt. (déterminées par  L. I. S a v i t c h ). 

On a rencontré également des enveloppes feuilles externes d inflores- 
cences d 'Artemisia aff. borealis Pall. Tons ces restes se distinguent des 
végétaux actuels par des dimensions un pen plus faibles ce qui témoigne 
d ’un climat plus rude. 11 y a correspondance entre les pollens prédomi- 
nants  et les débris microscopiques.
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P a r m i  les au tres  g ise iuen ts  de la zone des déserts polaires, nous  con- 
na isso n s  bien, grace  a d e s  recherches  appropriées ,  celui de Pile W rangel. 
A la d ifference  des lies de la Nouvelle Sibérie, cette ile n ’a pas été 
atl.ein ie  p a r  la g lac ia tion , c ’est p o u rquo i Ton rencon tre  dans sa flore et 
d a n s  sa fau n e  1111 g r a n d  n o m b re  de fo rm es  interglaciaires. On compte 
su r  File W ra n g e l  e n v iro n  170 espéces vasculaires, m alg ré  des étés plus 
l'roids que ceux de File Kotelny. P a rm i  cette végétatiou q u a tre  a b s in ­
thes des déserts  p o la ire s  son t assez com m unes . Sur les rochers  de File 
H enrie t te ,  voisine de celle  de la Nouvelle Sibérie, on n ’a trouvé  ju sq u ’a 
ce j o u r  q u 'u n e  seule a b s in th e  (A rtem is ia  henriettae  Krasch.) voisine de 
A. borealis. 11 est p e rm is  de supposer  q u ’a la  fin de la dern ié re  période 
in te rg lac ia ire  la végéta tion  é ta it la m ém e  dans  la région de Kotelny et 
de W ran g e l ,  m ais  la g laciation  u l té r ieu re  Fa en par t ie  anéan tie  et a 
crée une  d iffé rence  f lo r is t ique  en tre  les zones désertiques po laires de 
ces d e u x  iles.

D 'apres l ’analyse des inclusions parm i les glaces pétrifiées de File 
Kotelny, nous arrivons aux conclusions suivantes sur les conditions 
géographiques de la lak o u tie  sep tentrionale au début de la derniére 
épocjue glaciaire, conclusions correspondant jusqu 'a un certain  point 
aux reconstitutions de E. v o n  T o l l  (10).

L e glacier de la p h o n e  Iak o u te  est reslé immobile, dans  une Ires 
g ra n d e  m esure , aux  s lad es  les p lus anc iens  de son développem ent;  il 
en est  résulté  dans  les po in ts  de relief b a s  des accum ula tions  d ’apports  
neigeux  qui se sont t r a n s fo rm é s  en névé et ont fo rm é å leur base des 
ensem bles  de glaces pétrifiées.

Au m om ent ou s’accom plissa i t  cette accu m u la t io n  de névé, il existait 
enco re  de vastes su rfaces  po laires désertiques, p robab lem en t su r  les 
h a u te u r s  peu  enneigées. Ces su rfaces  m o n tra ie n t  une flore voisine de la 
flo re  actuelle  des dése r ts  pola ires  dans  les lieux non  a tte in ts  p a r  la  g lac ia ­
tion; elles é ta ien t c o m m e  a u jo u r d ’hui, privées de végétation a rbo réenne  
su r  a u  m oins 50 °/o de  leur é tendue. La végétation  des déserts polaires 
du  P le istocene receva it  1’été des pollens des surfaces  de névés et gla- 
ciaires, et Fhiver, ces d ése r ts  recevaien t pas  m a l  de poussiéres m inéra les  
et o rganiques,  com m e le fon t  m a in te n a n t  les glaces r ivera ines  de la 
m e r  aup rés  des iles de Nouvelle Sibérie (5).

L es l im ons loessiform es, la rgem ent,  développées dans  la Iakou tie  du 
n o rd ,  sont su r to u t  d o r ig in e  éolienne. Ils se sont auccuinulés  dans  les 
g laces de névé. Le sec teu r  ac tuel des glaces m ortes  des iles de la N ou­
velle Sibérie re p ré se n te  le paysage  d u  P leistocene tard if ,  a lors  que 
Fanc ienne  g laciation  g én éra le  cédait d u  te rra in .  La fonte des glaces
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m ortes appelait l’accum ulation en surface de couches loessiques. Ces 
couches »toundrasiennes» étaient ravinées p a r des torrents: eiles s’am on- 
celaient et se réam oncelaient dans les depressions, form ant des veines 
m inerales con tenant des restes d ’an im aux quaternaires. Plus ta rd  des 
inclusions plus puissantes de couche loessiform es rem aniées com m en- 
cérent å se faire rem arquer en surface, recouvrant des pétrifications 
glaciaires, et se redeposaient de nouveau, constituant des variétés de 
couches loessiform es distinctes par leur com position m inerale.

Les paysages des régions bordiéres glaciaires de la Iakoutie, et, pro- 
hablem ent, aussi des autres régions périglaciaires du Pleistocene repré- 
sentaient des déserts polaires et des toundras, et non pas des steppes. 
Plus au sud. ils se chargaien t graduellem ent de loess.

En conclusion des considérations sur l'appartenance végétale des po l­
lens de Chenopodiaceae dans les apports préglaciaires, on a estimé 
qu’ils constituaient, de méme que ceux d ’Artemisia, un argum en t en 
faveur des steppes périglaciaires. S a k s  (7) a publié des analyses polli- 
niques des dépdts de glaciation m axim um  au nord  de la Sibérie occi­
dentale, ou il signale des pollens d ’om belliferes, et N i k i t i n e  (6) a com ­
m uniqué des déterm inations de semences de Chenopodiaceae, dont 
quelques unes plus m éridionales que celles de la dépression Sibérienne, 
mais å pen prés de méme åge. Ces semences appartenaien t a Cheno- 
podium  a lbum , C. glaucum, C. po lysperm um  et C. rubrum.  Ce sont des 
espéces courantes de rivages qui au jo u rd ’hui prosperent sur les a llu ­
vions récentes du loess de la dépression Sibérienne occidentale. Elles 
devaient étre tres com m unes sur les berges des torrents fluvioglaciaires 
au Pleistocene, sans présenter avec les steppes le m oindre rapport.
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2. Structure du pollen des Gnétales.1

P ar  A. A. T c h i g o u r i a e v a .

11 exisle différentes theses sur la position phylogénique des Gnétales, 
et dans  le Systeme leur place n'est pas encore bien nette. Ainsi par 
exemple, K q z o - P o l i a n s k i i  (5), ainsi que d ’autres auteurs, estime que 
VEphedra  est un descendant des Goniféres, Welwitschia, descendant des 
Bennettitales, tandis que Gnetum  provient d ’un Angiosperme voisin du 
groupe des Santalacées. K o z o - P o l i a n s k i i  (6,7) fait descendre YEphedra  
des Cordaites, ainsi que les Goniféres, tandis qu’-il considere Welwit­
schia et Gnetum com m e des representants des Santalacées. H e i n t z e  

rapporte  les Gnétales aux Polygalales.
Depuis quelques années on se sert aussi des caractéres morpholo- 

giques du pollen pour des questions de phylogénie (2, 4, 6 etc.).
Sans m ’arreter en détail å la description du pollen des Gnétales, que 

Gon peut trouver dans un certain nom bre d ’ouvrages (1, 6, 9), remar- 
quons settlement que le pollen des trois genres de Gnétales est different. 
L ’Ephedre  et Welwitschia  sont plus prés entre eux que de Gnetum. 
Le pollen de Gnetum  est sphérique et porte des épines; le pollen 
d 'Ephedra  et de Welwitschia  porte des sillons et des cotes, grace aux- 
quels »le grain peut changer de forme et de dimensions sans déchirure 
de 1’enveloppe».

D  a p r é s  K o z o - P o l i a n s k i i , l e  p o l l e n  d 'Ephedra e t  d e  Welwitschia  e s t  

h a u t e m e n t  s p é c i a l i s é .

Dans les dépöts du Permien supérieur et du Trias inférieur du Pré- 
oural méridional, nous avons rencontré des grains de pollen qui per- 
m ettent de faire quelques hypotheses sur 1’origine des Gnétales.

Le trail caractéristique des grains de pollen trouvés est l'exislence de 
facettes, leur caractére sillonné, et certains possédent des sacs å air — 
»ailés» (Fig. 1, 2, 4, 5, 6), les autres portent des sacs a air réduits (Fig. 
3, 7, 9) et les troisiemes n ’en possédent pas du tout (Fig. 8, 10).

Ges grains appartenaient probablemenl a des Goniféres du Permien. 
Le caractére sillonné des grains de pollen est de toute évidence une 
adapta tion  aux conditions xérophytes. Les sillons donna ien t de Pélasti- 
cité et permettaient le changement de forme du grain sans abim er l ’en- 
veloppe, lorsque les conditions d 'hum idité changeaienl [analogie avec 
les grains de pollen de YEphedra  et de Welwitschia  (6)].

1 D okl. Ak. N. S.S.S.R. (1949), t. 65, No 4, p. 555— 557. T rad . S. K e t c h i a n  (Centre 
d ’E tudes et de D o cu m en tatio n  P a léon to log iques, No 768).
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Cette interpretation concorde avec ce que les grains de pollen du  type 
conitere avec un corps sillonné se rencontrent seulement dans  les 
depots permiens el peut-étre dans les depots du Trias inférieur, tandis 
que pour l 'Europe un certain nombre d ’auteurs ( K r i c h t o f o v i t c h  etc.). 
indiquent 1111 caractére chaud, sec du elimat et 1111 caractére xérophyte  
de la végétation. II est évident que cette xérophytisation ne pouvait pas 
lie pas de faire sentir aussi sur la morphologie du pollen. Les formes 
initiales de ces Coniféres a grains de pollen sillonés étaient probable- 
ment les grains de pollen de Cordaites å 1111 sac å air, entourant le corps 
du grain. La cause d ’une telle hypothése est la presence de formes chez 
lesquelles on trouve des traces d ’ailes rondes (Fig. 2, 3, 5).

Le lien des Coniféres avec les Cordaites, basé sur la morphologie, 
s ’établit pa r  rinterm édiaire  du genre Permien Walchia, ayant des grains 
de pollen å 1111 seul sac å air.

La présence de formes intermédiaires (Fig. 3, 7, 9) entre les formes 
»ailées» (Fig. 1, 2, 4, 5, 6) et les formes »nues» (Fig. 8, 10) m ontre 
que des formes »ailées», sillonnées, ont donné naissance aux formes 
»nues». Nous avons déjå remarqué 1111 fait analogue pour les Coniféres 
sur un  materiel plus vaste.

Les formes sillonnées pourraienl étre les formes initiales pour les 
grains de pollen de 1 'Ephedra et, en particulier, de Welwitschia.

Cette hypothese se fonde sur les faits suivants:
1) Analogie du caractére des sillons chez les formes permiennes fos­

siles trouvées et les grains de pollen actuels de YEphedra  et de Wel­
witschia.

2) L'étude des grains de pollen de 1'Ephedra, de Welwitschia,  apres 
la préparation habituelle par attaque par alcali a 10 %  a m ontré  que 
l'enveloppe de beaucoup de grains de Welwitschia  a formé une sorte 
de grad ins a l’endroit correspondanl aux sacs å air  — aux a i les de nos 
lormes fossiles (Fig. 12, 13, 14, 15). Tandis que les grains de pollen 
d Ephedra  de différentes éspéces, éludiés en grande quantité et prove- 
nant de nombreuses régions géographiques du  monde, n ’ont pas mani- 
festé cette propriété, ce qui montre dans une certaine mesure leur plus 
grande différence par rapport å 110s formes initiales »ailées» que les 
grains de pollen de Welwitschia.

3) L ’adaptation actuelle de YEphedra  et de Welwitschia  a 1111 habitat 
xérophyte est également 1111 »écho» de leur passé lointain.

Comme nous 1’avons indiqué plus haut, les grains de pollen sillonnés 
des Coniféres se rapporten t au Permien, avec un  climat chaud  et see.

Ainsi, le point de vue de K o z o - P o l i a n s k i i , d’aprés lequel YEphedra
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Fig. I -  10: gra ins de pollen fossiles, rencon trés  dans  les depots  permiens et du 
T r ia s  supérieu r  (?) du P ré o u ra l  du Sud. Fig. 11: Pollen actuel d 'E phedra foliata. 
Fig. 12— 16: Grains de pollen de Welwitschia.  — Dessinés å la ch am bre  claire  d ’Abbe, 

grossisement environ 600 fois. La s t ru c tu re  des sacs est schématique.

est tin descendant des Cordaites, de méme que les Con i l ores, se con­
t inue  par nos trouvailles de pollen.

E n ce qui concerne l ’origine de Welwitschia,  il y a divergence.
P a r  la morphologie du pollen, Welwitschia  et Ephedra  son t voisins 

et nous pensons que les formes permiennes sillonnées »ailées» pour- 
raient étre les formes initiales pour les grains de pollen de Welwitschia, 
tandis que K o z o - P o l i a n s k i i  éstime å  priori que Welwitschia  est né de 
Gnetum,  et que tous deux sont des representants des Santalacées.

Malheureusement parm i les Santalacées nous n'avions ä notre dis­
position que des grains de pollen des genres Viscum, Thesium,  å épines

B o ta n is k a  N o tise r  195b.
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(analogie avec Gnetum), m ais å Irois pores. P ar conséquent, d ’apres la 
morphologie du pollen, il est difficile de rapporter le Gnetum  (et encore 
moins le Welwitschia) aux Santalacées.

Le pollen des Polygalales a principalem ent le type silloné (analogie 
avec VEphedra), mais il est aussi polyporate, de sorte qu'il nous sem ble 
impossible de rapporter toutes les Gnétales aux Polygalales ( H e i n t z e ), 

en se basant sur la m orphologie du pollen.
La com m unication de ces quelques données a été faile dans le but 

d ’a ttire r l’attention des chercheurs sur ce genre de trouvailles de pol­
lens fossiles, qui p ar la suite peuvent constitute!' des données précieuses 
sur la phylogénése de ce groupe original et com bler la lacune de leurs 
annales géologiques, car d ’apres l'avis de A. N. K r i c h t o f o v i t c h  les 
anciennes indications sur les Coniféres sont pen vraisem blables; par 
exemple des determ inations comme Gnetopsis, qui sont probablem ent 
des Cycadofilicales du Garbonifére supérieur, Ephedrites, déterm inés 
com m e provenant du Jurassique, du Crétacé, etc.

P a r la meine occasion j ’exprim e m a grande reconnaissance au P ro ­
fessen r B. M. K o z o - P o l i a n s k i i  pour ses indications précieuses.
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K r i c h t o f o v i t c h ,  A. M. 1941. Paléobotanique.

Palynological  Conferences in the USA 1953.

A. P a lyn o logy  Sym posium , Yale University  21 February.

Ca i n , S t a n l e y  A. (University of M ichigan): The Use of Size-Fre- 
quency in the D eterm ination of Species of Pollen.

I l lu s t ra t ions  f ro m  some of the  genera  will show  cases in w h ich  the  te ch ­
n ique  a p p ea rs  to be usefu l an d  o th e r  ins tances w h e re  it is in ad eq u a te  alone, or 
even useless.
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G r a y s o n ,  J o h n  (University of Michigan): A Size-Frequency Study 
of Fossil Pinus  Pollen from Lake Bottom Sediments of the George 
Reserve Southeastern Michigan.

D a h l ,  E i l i f  (Botanical Museum, University, Oslo, N orw ay): Climato- 
logical In terpretation o f Postglacial Pollen and Microfossil Records.

F r e y ,  D a v i d  G. (Indiana University): Wisconsin and post-Wisconsin 
Palynology of Eastern North Carolina.

B u t l e r ,  P a t r i c k  (Harvard  University): Pollen Studies of Small 
Swamp, Cape Cod, an d  of the Barnstable Marsh, Cape Cod.

D o n a l d s o n ,  A l a n  (University of Massachusetts): Plant Microfossil 
Study of a Cape Cod, Massachusetts Peat Bog.

I g n a t i u s ,  H e i k k i  (Yale University): Lateglacial and Postglacial His­
tory in North-Central Quebec— Ontario, Canada.

Studies of lake sediments and peat bogs reveal the following sequence: 
(1) Lateglacial tundra  character ized by non-arboreal pollen and a high alder 
frequency. The large am ount of pine pollen in this zone is considered to be 
due mainly to long distance transportation. (2) The postglacial sequence in 
Ontario consists of (a) basal spruce zone, followed by (b) very bigh pine 
m axim um , and (c) reappearance of spruce. Birch increases after the culmina­
tion of pine. The postglacial sequence in northern  Quebec does not show a 
well developed pine zone; instead birch has a high maximum in the middle 
of this  sequence.

W i l s o n ,  L. R. (University of M assachusetts): Peat Studies of N orth­
eastern Ontario.

L e o p o l d ,  E s t e l l a  (Yale University): Current Pollen Studies in Cer­
tain River Terraces of Northeast Wyoming.

B e n n i n g h o f f ,  W i l l i a m  S. (U. S. Geological Survey): Pollen of an 
Interglacial Lignite from  Seward Peninsula, Alaska.

L i v i n g s t o n e ,  D a n i e l  (Yale University): Some Pollen Diagrams from 
N orthern Alaska.

H e u s s e r ,  C a l v i n  J. (Yale University): Additional Pollen Profiles from 
Southeastern Alaska.

W o l f e ,  M a r g a r e t  K. and E. S. B a r g h o o r n  (Harvard University): 
Fossil Maize from the Valley of Mexico.

C l i s b y  K . IE, F. F o r e m a n  and L. Z e e v a e r t  (Oberlin College and 
Mexico City): Fossil Pollen and Stratigraphy from Two Deep Cores 
under  the City of Mexico.

The purpose of this p ap e r  is to record the close correlation of the pollen 
profile with the s tra t igraphy and the water holding capacity of the sediments 
in two 70-meter cores u n d e r  the City of Mexico. Diagrams are presented which
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show percentage of pollen genera, total pollen population, gross sed im entary  
phases and geotechnical properties. Throughout the cores, pine is the dom inan t  
tree genus, hut reaches its maxima during shallow water phases of the lake. 
Oak and alder increase during  the deeper water phases. F ir  seems to indicate 
cooler temperatures ra the r  than  just higher precipitation. Genera such as 
maize and spruce are infrequent in the profile but m ust he considered.

T axodium  and mierocoquinas of ostracods appear  in association w ith  each 
other. Diatoms and sponge spicules are noted in frequency of appearance.  
Rapid deposition and volcanic activity obscure or destroy the pollen.

H a m i l t o n ,  R i c h a r d  (University of Massachusetts): Plant Microfossil 
Studies of an Arkansas Wilcox (Eocene) Coal.

L e  B l a n c ,  A r t h u r  (University of Massachusetts): Plant Microfossil 
Studies of the Rockport, Texas Project of the A.P.I.

R a r g h o o r n ,  E l s o  S. (Harvard University): Pollen and Spores of the 
Rrandon Lignite and  their Paleoecological Significance.

R a r g h o o r n ,  E l s o  S. (Harvard University): Some R e c e n t  W ork  on 
Fossil Soils from the Piedmont of South Carolina.

R e n n i n g h o f f ,  W i l l i a m  S.: Some Applications of Palynologv to the 
E ar th  Sciences in Alaska.

Techniques involving fossil pollen are being applied to diverse researches in 
Alaskan geochronology and geobotany. Results of these pollen studies are 
occasionally ambiguous and commonly less positive than results of co r ­
responding studies in tem perate  latitudes. The deposition and history  of 
pollen-bearing sediments in boreal regions account for some obstacles of the 
method. F u r th e r  problems are imposed upon Ihe method and interpre tat ion  
of results by the nature of Ihe floras, ecological characteristics of boreal vege­
tation, and  geological processes of frost climates. It is suggested that the most 
promising approach for palynologv in the North is th a t  of working toward 
Ihe reconstruction of local vegetation at Stratigraphie horizons, to add this 
total environment, then the application of these extrapolated results to geo­
logic and biotic chronologies. Palynologv promises little success in the p r o ­
duction of independent vegetation chronologies for regions of boreal forest 
o r  tundra.

B. Second National Pollen Conference, December 28— 29.
Joint Session of AAAS, Section G-Botanical Sciences, and the 

Ecological Society of America.

F o r e m a n ,  F r e d  (Oberlin College): Studies of Mexican Profiles, I: 
Textural and Petrographie Analyses.

C l i s b y ,  K a t h r y n  (Oberlin College): Studies of Mexican Profiles, II: 
Pollen Profiles.
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E l l i s ,  W a d e  ( O b e r l i n  College): Studies of Mexican Profiles, III: 
Statistical Analyses.

B a r g h o g r n ,  E l s o  S. and W o l f e ,  M a r g a r e t  K . (Biological L abora­
tories, H arvard  University) and C l i s b y ,  K a t h r y n  (Oberlin College): 
Studies of Mexican Profiles, V: Fossil Maize in the Valley of Mexico.

M a n g l e s d o r f ,  P a u l  C. (Botanical Museum, H arvard  University): 
Variations in Pollen of Maize and Its Relatives.

Round-table Discussion: Interrelations of Palynology and other Disci­
plines.

C o u r t e m a n c h e ,  A l b e r t  (service de Biogéographie, University of 
Montreal) and  P o t z g e r ,  J o h n  E. (Butler University): Bog Study E x ­
pedition by P lane  Across the Laurentian Shield: A Kodachrome Record.

P o t z g e r ,  J o h n  E. (Butler University) and C o u r t e m a n c h e ,  A l b e r t  

(Service de Biogéographie, University of M ontrea l) : A series of Bogs 
Across Quebec from  the St. Lawrence Valley to Jam es Bay.

C a i n ,  S t a n l e y  A. (University of M ichigan): Studies on Pollen Re­
presentation, I: Spectra from Moss Polsters in Relation to Forest Types 
in Central Quebec.

G r a y s o n ,  J o h n  (University of M ichigan): Studies of Pollen Repre­
sentation, II: Spectra from Moss Polsters in Relation to Forest Types 
in Eastern Quebec.

P o l u n i n ,  N i c h o l a s  (Harvard University): Arc tie Aerobiology: Pollen 
Grains, etc., Observed on Sticky Slides Exposed in Various Regions in 
1950 .

H e u s s e r ,  C a l v i n  J. (American Geographical Society, New Y ork ): 
Palynology of the Taku Glacier Snow Cover, Alaska, and ils Signi­
ficance in the Determination of Glacier Regimen.

B u t l e r .  P a t r i c k  (Biological Laboratories, H arvard  U niversity): 
Palynologic.al Studies of the Barnstable Marsh, Cape Cod, M assachu­
setts.

Round-table Discussion: Problems of Profile Interpretation.

W i l s o n ,  L. R . (University of M assachusetts): The Value of Plant 
Microfossils in Ancient Strandline Studies.

G e r a r d ,  R o b e r t  (McGill University): A Method for Pollen Sampling 
in Permafrost.

C a i n ,  S t a n l e y  A. (University of Michigan) : F u r th e r  Studies on Size- 
Frequency Characteristics of Conifer Pollen.
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C r  AN w e l l  S m i t h ,  L u c y  (Cambridge, Massachusetts) : N o t h o f  agu.s: 

Its Living a n d  Fossil Pollen.
T r a v e r s e ,  A l f r e d  (U.S. B ureau  of Mines, G rand  F orks,  North  Du­

kota): T he Application of Palynological M ethods to Investigations of 
T ert ia ry  Coals.

B l a k e s l e e ,  A l b e r t  F. (Smith C ollege): The Use of Pollen in Genetic 
Studies.

R ound-table  Discussion: P rob lem s of Palynologica l Techniques.
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On Pollen  Grains and Dinoflagellate Cysts in 
the Firth of Gullmarn, SW. Sw eden .

By G. E r d t m a n .

M arine  sedim enls  ai the sou th-w estern  coast of Sweden have repea ­
led ly been  I he subject of pollen-statistical investigations ( E r d t m a n  

1921. H a l d e n  1922 etc.). T he present p ap er  contains some d a ta  on the 
n u m b e r  of pollen g ra ins  a n d  spores w hich settle in d iffe ren t  seasons, 
a f te r  t ravers ing  the sea w ater , in the sedim entogeneous zone at the sea 
bottom . T h ey  fu r th e r  inc lude  some observations on dinoflagella te  cysts 
a n d  o th e r  »hystr ichosphaero id»  bodies. T he  investigations w ere carried  
out f ro m  1947 to 1949 a n d  du r in g  part of the su m m er  of 1952 at the  
M arine R esearch  L a b o ra to ry  a t  Bornö. Bornö is a small is land  s itua ted  
in the in n e r  pa r t  of the F i r th  of Gullmarn, about 75 km  N N W  of 
G othenburg .

T he  f ind ing  of pollen grains  including pollen grains  of several 
k inds  of he rbs  —  in abyssa l sed im en t cores ob ta ined  by Dr. B. K u l l e n - 

b e r g  d u r in g  Professor H a n s  P e t t e r s s o n ’s oceanograph ic  reco n n a is ­
sance  w o rk  in the M ed ite rranean  in 1947 (cf. L a r s s o n  a n d  E r d t m a n  

in P e t t e r s s o n  1948) p rov ided  a stim ulus  for  the present paper. An- 
oilier reason for u n d e r ta k in g  the investigation was the desire to present, 
if possible, some data  illustra ting  the a n n u a l  am ount of pollen g ra ins  
and  spores settling th rough  the waters. T he investigation w as m ade  
possible th a n k s  lo the good offices of P ro fessor P e t t e r s s o n , w hom  I 

wish to t h a n k  for valuable  suggestions and  substan tia l  aid. My th a n k s  
are  fu r th e r  due lo Dr. J e r l o w  a n d  Dr. K o c z y  for  various suggestions, 
as well as lo P ro fessor T. B r a a r u d , Oslo, Dr. A s t r i d  G l e v e - E u l f : r . 

Uppsala, Dr. LI. H ö g l u n d , Lysekil, Professor II. K u f f e r a t h , Brussels, 
and  Dr. O. W e t z e l . Eutin , fo r  ready  assistance in the identif ica tion  of 
p lane  ton organism s.

Follow ing a suggestion of D r .  K o c z y , I he settling m ate r ia l  (pollen
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Fig. 1. A, P rotocera tium  re t icula tum  ( B r a a r u d  d e t . ) ; June  1952; fixed in form aline;  
sm alle r  a n d  prov ided  with  sh o r te r  spines than the cysts described  by B r a a r u d  

(1945; N.B.: the line f ro m  tlie lower query should  end at the inner  c o n to u r  line of 
the cyst wall.  B. cf. Peridin ium  tr iquetrum  ( B r a a r u d  det.);  Ju n e  5— August 1. 
1949; H ystr ichosphaera  cf. furcata  (O. W e t z e l  det.) was encoun tered  in the  same 
sample . —  C, »Probably  not a dinollagellate  cyst» ( B r a a r u d ) ; Sept. 1— Oct. 7. 1948. 
— D, »Probably  a d inoflagellate  cyst» ( B r a a r u d ) ;  June  1 -Ju ly  7, 1949. X 1000.

grains, spores, etc.) was collected in corked flasks without bottom and 
an inside diameter of 95 m m  fixed upside down 15 metres below mean 
sea level and 22 metres off the precipitous shore. The total depth at 
this place amounts to 30 metres. The difference between high and low 
water levels is practically negligible.
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Fig. 2. A, P a r t  of a »dinoflagellate cyst?» ( B k a a r u d  del.);  May 4— Ju n e  4, 1948. — 
B, of. Goniaulax polyedra  ( B r a a r u d  d e l . ) ; Sept. 1— Oct. 7, 1948. X 1 <)()().

The flasks were generally exchanged monthly, the sediment con­
densed by centrifuging and  subjected to chemical treatment (as a rule 
with H 2F 2, followed by acetolysis). The total am ount of the pollen 
grains was calculated in the same way as described by E r d t m a n  1937 
(cf. also E r d t m a n  1943, p. 183, lines 11— 22 from below).

Bornö is densely forested, chiefly by mixed pine-spruce-forest with 
some adm ixture of birch, oak. alder, and beech, etc. Data on the flora 
and vegetational history of this part of Sweden have recently been 
published by H. F r i e s  (1945) and M. F r i e s  (1951).
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Fig. 3. A, Goniaulcix p o ly e d r a  (B r a a r u d  d e l . ) ; Sept .  1— Oct. 7, 1948;  cf. Fig. 1. p. 1.91, 

in E i s e n a c k  1951! —  B, H excis terias p r o b le m a t ic a  (A. C l e v e - E u l e r  cle t .) ; M a y  4 —  

J u n e  11, 1948;  s p e c im e n  w i th  se ven  a r m s  (fixed in  fo rm a l in e ) .  XlOOO.
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b
c

d
4. » P ro b a b ly  a d in o f la g e l l a t e  cyst» ( B r a a r u d ) ; J u ly  1952; f ixed  in f o rm a l in e ;  

b:  s a m e  a s  a ( c ro s sed  p o la r s ) ,  a. b  X 1000; c X 2000.

Tab. 1. T ree  and shrub sp o res  co llected  in the Firth of Gullmarn 1947— 1949.
(Technique, see  p. 104, 105.)
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S ep t .  1947 295 ___ 18 03 ___ 2 1 14 122 4 i 1 5 i 1 233
Oct. 1947 — 347 — 28 50 - — — 19 118 17 -j- 1 6 10 1? 1 257

10.1 1 -  15.12 47 — 301 16 01 - 1 — 21 159 18 2 _ 5 0 — — 289
15.12 47 — 10.1 48 377 : — — 37 55 — 2 2 10 114 15 — — 10 13 1 ? 1 200

20.5 — 3.0 48 1 4 428 890 04 2 107 ___ 0 ____ 42 103 22 ___ ___ 05 ___ 1 408
3.0 13.7 40 179 1,000 40 5 42 --- — _ 20 40 7 2 4 120

13.7 2.8 20 117 420 21 4 22 — — 9.5 1 1 5 2 1 — — — 50
2.8 - 1 . 9 30 190 585 19.5 12 41 — 2 — 22 40 5 1 1 2 3 — 135
1.9 — 7.10 30 151 100 4.0 13 00 --- — — 4 18 4 1 4 — — — 110
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1.6 — 5.7 34 119 1,360 40 3 4 — — — — 73 1 — — — 6 1? — 88
5 .7 — 1.8 49 27 227 486 18 4 15 — — 7 83 4 — 1 2 3 — 1 120
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Tab. 2. Non-tree and non-shrub spores collected in the
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Sept. 1947 __ 295 — .— 4 5 __ 3 2 __ — 11 10 1
Oct. 1947 — 347 — 1 8 2 1 1 2 — 1 10 15 4

10.11 — 15.12 47 — 361 — 1 4 1 1 3 — — 2 8 18 5
15.12 47— 16.1 48 — 377 — — 1 4 1 — 3 — — 2 5 23 6

20.5— 3.6 1948 14 428 896 64 __ __ 1 ? __ 1 __ __ 2 1 2 —
3.6— 13.7 40 179 1,600 40 — 1 — 1 — — — — 3 28 3

13.7— 2.8 20 117 420 21 — — 28 — — 1 1 — 3 16 3
2.8— 1.9 30 196 585 19.5 — 3 8 — — 1 — — 23 6 4_i
1.9— 7.10 36 151 166 4.6 — 7 1 1 1 — — 7 11 1

7 . 10 - 1 5 . 1 1 39 122 324 8.3 2 — 1 — — — 1 5 —
15.11— 28.12 43 144 159 3.7 — 6 — — 1 — 2 8 6 1
2 8 . 1 2 - 6 . 2  49 40 — — — — — — — — — i Ä : — _ _ — I

6.2 4 9 —2.3 49 24 237 48 2 — 1 1 1 2 — --- — 7 3
2.3— 16.3 14 142 42 3 — — — 1 — --- — 5 6 1

16.3 — 1.4 16 100 16 1 1 1 — — — — --- 1 3 2 1
1 . 4 -  4.5 33 230 396 12 — 2 — — 2 7 --- 4 9 12 11
4.5— 1.6 28 200 3,696 132 _ — — — __ -- 2 1 — ;
1.6—5.7 34 119 1,360 40 — — — — — — --- — 10 4
5.7 1.8 49 27 227 486 18 — — 1 — 1 2 1 — — 62 8

The results of the pollen- and  sporestatistical investigations appear 
from Tab. 1 2 .  In one year (August 1948 to July 1949) about 520.000 pol­
len grains and  spores passed I lie sea water and sedimented in the flasks 
(intake area 71 cm 2). A horizontal square area, 1X1 mm, thus receives 
about 73 pollen grains and spores per year. The lowest num ber of pollen 
grains and spores was collected in February  and March 1949 (1 3 per
sq. cm and day), and the highest num ber in May 1949 (about 132 per 
sq. cm and day). The firlli was frozen from December 29, 1948 to 
February 5, 1949. No observations were made during this period.

The tables give the absolute numbers of pollen grains in trees 
(Alnus— Ulmus), shrubs (Corylus—Sulix), herbs (Caryophijllaceae— 
Urticacene) , ferns and mosses (A thyrium—Sphagnum ). The relative fre­
quencies can be calculated from the sums given in the tables.

The alder pollen frequency reaches a m axim um  in April; pine pollen 
predominates in June; the Artemisia, Rumex,  and Gramineae pollen 
maxima occur in July, that of Ericales tetrads in August.
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Firth of G ullm arn 1947—49. (Technique, s e e  p. 104, 105.)
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Pollen grains of Ruppia  were encountered three times (in July, Oc­
tober, and  December). Even late in the year (October— December) the 
pollen grains and spores traversing the water are practically of the 
same kind as those of earlier seasons, though their num ber is consider­
ably smaller. In  all probability, these pollen grains originally settled 
on land and  were later swept into the sea by strong winds.

In connection with the pollen-statistical investigation of the samples 
s tray  observations on »hystrichosphaeridoid» organisms were made. 
Some of these (cf. Figs. 1— 4) have been identified by Professor 
T. B r a a r u d . Resting spores of Goniaulax polyedra (cf. further N o r d l i  

1951) were very common in some samples. Thus in the sediment sample 
collected in September and the first week of October 1948 their f re ­
quency was about 66 times that of the pollen grains. In other words, 
the total »palynological population» of the sea water (dinoflagellate 
cysts, pollen grains, and  spores) was, in those au tum n weeks, about 
twice as large as during the spring pollen m axim um  recorded in May.
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In the three last weeks of October and the first week of November 
the average num ber of Goniaulax cysts was only about three times th a t  
of the pollen grains.

The walls, or at least their outer part, of the »hystrichosphaeridoid» 
organisms (including the dinoflagellate cysts) have several features in 
common with the sclerine of the pollen grains and  spores, such as their 
resistance to acetolysis and to treatment with hydrofluoric acid. Their 
fine details can be illustrated, just as in pollen grains, by m eans of 
palynograms, etc.

Fresh »hystrichosphaeridoids», when fixed in formaline, often exhibit 
various greenish, yellowish, sometimes even faintly reddish shades. 
The contents observed in fresh specimens of Hexasterias problenmtica  
(cf. Fig. 3 B) would seem lo suggest that these organisms are phyto- 
geneous.

Generally speaking many hystrichosphaeridoid organisms have several 
traces in common with certain dinoflagellate cysts. There is need for 
fu r ther dinoflagellate studies on the lines of those undertaken by B r a a - 

r u d  (1945) to give us better insight into the actual relationships between 
dinoflagellate cysts on the one hand, and the more or less heterogeneous 
group of »hystrichosphaeridoid organisms» on the other. Literature 
on the latter subject has recently been compiled [ E r d t m a n  in Geol. 
Fören. Stockh. Förhandl. 1949 (p. 76), 1950 (p. 37), 1951 (p. 107), 
1952 (p. 31), 1954 (p. 26)].

The fact that living hystrichosphaeridoid organisms have been found 
in the waters of the Firth of Gullmarn proves —  w hat has earlier been 
emphasized on several occasions ( E r d t m a n  1950; cf. also Svensk Bot. 
Tidskr. p. 55. 1949) — that Ihe occurrence of such organisms in post­
glacial sediments etc. does not necessarily imply an adm ixture  of 
allochthonous elements from older, hystrichosphaeridoidiferous strata.

Goniaulaeoid cysts also occur in abyssal sediments from  the Medi­
terranean, collected by Professor H a n s  P e t t e r s s o n . This was pointed 
out by the present author in a paper read in September, 1953, at the 
th ird  I.N.Q.U.A. Congress (Pisa), and it was then suggested that in­
vestigations should be undertaken into the occurrence and  frequency 
of some types, at least the most distinct ones. Will it be possible to use, 
to some extent at least, hystrichosphaerids and  hystrichosphaeridoid 
organisms in the same way as pollen grains and  spores in peats and 
lacustrine sediments? If this can be done, m arine  sediments poor in 
pollen grains, or lacking them altogether, would, nevertheless, be 
accessible to micropalaeontological investigations similar to pollen 
statistics.
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On the Occurrence of Pediastrum in Tertiary 
Strata in the Isle of Wight.

B y  O . B o r g e  ( f )  and G. E r d t m a n .

In the October issue of the American Journal of Science for 1953  
(Vol. 251, pp. 7 5 3 — 760) L. R. W i l s o n  and W . S. H o f f m e i s t e r  de­
scribed four new species of Pediastrum  from the Lower Form ation 
(Paleogene) of southern Sumatra. The authors state, am ong other 
things, that until the Sum atra  discovery Pediastrum  was not know n in 
the fossil state earlier than  Pleistocene.

This statement m ust be challenged. For, in 1935, the junior au thor 
found well preserved Pediastrum  coenobia in a layer with Chara among 
the Headon beds in the isle of Wight. These beds are Oligocene or 
possibly Eocene (cf. C h a t w i n ,  C. P., Guide to Geological Excursion to 
the Isle of Man and the Mainland opposite; Geological Survey Centenary, 
London 1935; p. 20). A notice on this m atter was included in a paper 
read at the combined meeting of the Geobotanical and Palaeobotanical 
Sections, Vlth In ternational Botanical Congress, Amsterdam, September 
5, 1935. The paper in question (»New Methods in Pollen Analysis») was 
published in Svensk Botanisk Tidskrift in 1936 (Vol. 36, pp. 154 164).
It concludes as follows:

»ln its botanical application  pollen analysis should not be restric ted  solely 
to tracing the h isto ry  of the forest trees but should be used, also, to trace the 
h istory  of all p lants whose pollen can lie indubitably identified. Nor does the 
idea apply to pollen analysis of Q uaternary  deposits alone. The older deposits 
present a wealth of sim ilar problem s. Of these only one m ay be m entioned 
here: the origin and histo ry  of the Angiosperms. A few weeks ago 1 collected 
some rock samples in I tie Isle of W ight and on the m ainland opposite, ranging 
in age from  Oligocene to U pper Jurassic times. T reating these sam ples by the 
m ethods just m entioned it was possible, in some cases a t least, to isolate pollen 
and  spores in great profusion  in  addition to such delicate things as coenobia 
of Pediastrum  etc. C onsequently it does not seem unreasonable to hope tha t 
pollen analysis of suitable sam ples of Cretaceous and Jurassic  m ateria l etc.,
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will co n tr ibu te  to the e luc idation  of the p ro fo u n d ly  im p o r t a n t  p rob lem  re la ting  
It) the orig in  a n d  ear ly  h is to ry  of the  A ng io sp e rm s .» 1

In a letter dated August 9, 1935, (he senior au thor gave a detailed 
report on the Pediastrum  coenobia from the Headon beds. They were 
all found lo belong to the still existing, common species Pediastrum  
borycinum  (f. typicum ).  He also made a collocation of the finds of the 
same species in Late Quaternary deposits in Sweden [cf., for instance, 
papers by L a g e r h e i m  (1902, 1903), v o n  P o s t  (1903 and  1909), H o l s t  
(1906), W i t t e  (1906), S e r n a n d e r  (1910), H a l d e n  (1917), S u n d e l i n  
(1917), and E r d t m a n  (1921), listed in »Literature on Palynology» by 
G. E r d t m a n ],

Dr. O. B ü r g e , a generous and unconventional scientist, well known 
for his papers on microscopical algae, died in 1938. His careful exam ina­
tion of the fossil Pediastrum  coenobia from the Isle of Wight provided 
an impetus for writing the present note.

Palynological Laboratory, Bromma, December 1953.

1 At that lime there were, in fact, special reasons for stressing the future im ­
portance of micropalaeontology in tracing tlie early his tory of the Angiosperms. 
Thus, the junior au thor  in July 1935 discovered stray pollen grains of a dicotyle­
donous type in another deposit in the Isle of Wight, viz. the »Dirt Bed» (Middle 
Purbeck, Upper Jurassic strata). For certain reasons these findings were never 
published. The discovery of a large juglandoid pollen grain (diameter 70 p) was, 
however, mentioned incidentally in an interview published in the Swedish newspaper 
Svenska Dagbladet, April 3, 1938. Notes on these grains, camera lucida drawings etc. 
are preserved in the archive of Ihe Palynological Laboratory, Bromma. The micro­
scope slides were not sealed and so became spoiled.

B o ta n iska  N o tise r  195b.
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Bau und Form von Sporotrapoidites illingensis 
n. gen. et sp. sporomorpharum . 1

Von W . K l a u s .
Geologische Bundesanstalt ,  Wien.

Gross ist die Zahl bisher bekannter fossiler Mikrosporen aus verschie­
denen Ländern und Strafen. Gross ist die Zahl der hiefür nach  ver­
schiedenen Gesichtspunkten eingeführten Namen. Noch grösser können 
die Schwierigkeiten sein, fossile Mikrosporen mit den jetzt bekannten  
zu identifizieren. Der Grund hiefür scheint klar. Die älteren, wenn auch 
kurzen, aber für den Stand vor etwa 30 Jahren  klaren Beschreibungen 
und Abbildungen stammen aus der Pionierzeit der Mikrofossilbestands­
aufnahme. Obwohl damals kaum  geahnt werden konnte welche For- 
inenfülle sich nach Fortsetzung dieser Arbeiten kundtun  würde, haben 
einzelne Autoren schon Typuspräparate angefertigt und immer wieder 
gefordert, in der klaren Erkenntnis, dass an einem so kleinen und in 
seinem Bau oft so komplizierten Objekt wie einer Mikrospore for t­
gesetzte Schlussfolgerungen n u r  auf einer konstanten Basis dem 
Typuspräpara t  — aufgebaut werden könnten. Die W irren der Zeit 
mögen es mit sich bringen, dass man bei Bestimmungsfragen zur Zeit 
nicht in allen Fällen auf die alten Typen zurückgreifen kann. Bei m a n ­
chen neueren Arbeiten steht ihr Umfang in umgekehrtem Verhältnis 
zur angegebenen Zahl von Typuspräparaten, d.h. dass die grosse Zahl 
der angeführten, vielleicht neuen Sporomorphen wohl geeignet ist unser 
Interesse in Anspruch zu nehmen, nicht aber zu eindeutigen Entschei­
dungen bei Bestimmungen herangezogen werden kann.

Dabei betonen doch alle konsequent-palynologisch arbeitenden For­
scher immer wieder die Notwendigkeit der paläontologischen Sporen­
bearbeitung, worunter hier die m orphographische Bearbeitung von Spo­
renformen auf Grund von Typuspräparaten  verstanden wird. R. P o t o -

1 P a ly n o g rap h ica  (No. 1). M orphographic  studies of recent and  fossil spores  edited 
by G. E r d t m a n  and  W. K l a u s , In terna tiona l  Commission on Palynology.
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n i é  h a t  seil J a h r e n  im m e r  w ieder die T y p u sp räp a ra t io n  gefordert und  
S p o ren m o n o g rap h ien  em pfohlen, die Notwendigkeit hiefiir aus seiner 
E r f a h r u n g  ableitend. G. E r d t m a n  h a t fü r  rezente und  auch fossile 
Sporen  an  H a n d  von  detaillierten P a ly n o g ram m en  die R ich tung  zu 
k la ren  D arste llungen  gewiesen. Auch K i r c h h e i m e r  sagt (1950, S. 156): 
»Man sollte . . . d u rc h  g rundlegende U n tersuchungen  den zu w eiteren  
S ch lussfo lgerungen  berech tigenden  Kredit des V erfahrens schaffen.»

Herkunft des Untersuchungsmateriales. Das Sediment, aus welchem  die 
h ier b e sch r iebene  Sporen fo rm  in m eh re ren  E xem p la ren  p räp a r ie r t  w e r ­
den k o n n te ,  s ta m m t aus  e iner B raun k o h len g ru b e  des l l a u s ru c k  in O b er­
ös terre ich . Die H a u s ru c k b ra u n k o h le n  liegen in den k o h le fü h ren d en  
Süssw assersch ich ten  O berösterreichs . Sie w u rd e n  der  oberen Süssw as­
serm olasse  (Ober-Miozän) zugerechnet. Seit dem Z a h n fu n d  von Hip- 
parion gracile  K a u f  gelten  Teile der  H ausruckflöze  (Wolfsegg, O b er­
flöz) als  s icheres U nter-P liozän  (E. T h e n i u s  1952). S lra t ig raph iseh  
tiefere Anteile (westlicher H ausruck ) ,  aus welchen  die hier b esch r ie ­
bene S p o ro m o rp h e  s tam m t,  könn ten  dem  Ober-M iozän angehören .

Die P robe  w u rd e  im  Tiling, wo zwei F lözbänke, etwa 1.5 m m äch tig  
im T ie fbau  abgebau t  w erden, von Doz. Dr. H. Z a p f e  im J a h re  1950 
aus dem  d ü n n en  Zw ischenm itte l  in der U nter-Bank, Heissler-Stollen. 
S tre ichendstrecke , en tn o m m en  und  freundlichst zu r  palynologischen 
U n te rsu c h u n g  zur  V erfügung  gestellt. Die Sed im entprobe  und  das a u f ­
bere ite te  S p orenkonzen tra t  sind u n te r  No. »1 11» in der  Sam m lung  de r  
Geologischen B undesansta l t  in W ien  au fbew ahrt .

Lithologische Beschaffenheit des Sedimentes. I lu m o se r  p las tischer Ton. 
In be rg feu ch tem  Z u s tan d  von g ra u b ra u n e r  Farbe , m itu n te r  mit einem 
leicht ro sa ro ten  Anflug. Keine Schichtung. Die P robe  w urde  einige 
Z en tim e te r  über O b e rk an te  des un te ren  K ohlenblattes der  E löz-Unter- 
b a n k  en tnom m en .

Isolationsmethode. Das Sediment w urde  mit F lussäu re  und  Salzsäure  
zuerst vom a n o rg an isch en  Anteil befreit. Der o rganische  R ücks tand  
e rgab  n ach  C hlorierung  und Azetolyse un d  A ufnahm e in Glyzeringela­
tine seh r  k la re  P rä p a ra te ,  welche vorw iegend pflanzliche  M ikrosporen 
en tha lten . Holz- und  K utiku la rres te  sind sehr selten.

Erhaltungszustand der Exinen. M ikrosporen sind vorwiegend k ö rp e r ­
l ich -dre id im ensional e rha lten , Korrosion un d  Desorganisation  so gut
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wie nicht feststellbar. Zu morphographischen Studien sind die Sporen 
dieser Probe besonders gut geeignet -  bei alpinen B raunkohlen eine 
ausgesprochene Seltenheit. Die Azetolyse bewirkt wohl eine Quellung 
der Exinen in der Grössenordnung von etwa 10— 20 %. Sie hat sich, 
abgesehen von den hervorgerufenen sehr kontrastre ichen Braun- bis 
Gelbfarbwerten, die eine Detailuntersuchung sehr erleichtern, zum S tu ­
dium der Exinenstratifizierung und des Aperturen-Baues — das wäre 
besonders zu betonen — auch an Jungtertiärmaterial als ganz h e rv o r­
ragend geeignet erwiesen. Es liegt heute Veranlassung vor, auf diesen 
letzteren Punkt besonders hinzuweisen, denn Kontrollversuche mit 
Wasserstoffsuperoxyd, Natriumperborat und Kalilauge haben ergeben, 
dass diese Methoden wohl weniger kostspielig und zeitraubend sind, 
aber für  genauere morphographische Untersuchungen wegen der s ta r ­
ken Aufhellung, der teilweise auftretenden Korrosion der Exinen und 
besonders wegen der hiebei relativ undeutlichen Aperturenbaues sehr 
viel zu wünschen übrig lassen.

Palynokoinum  der Probe. Die beschriebene Sporomorphe kom m t in fo l­
gender Vergesellschaftung (Palynokoinum, R. P o t o n ié  1951) in E inzel­
exemplaren, die sich prozentuell nicht erfassen lassen, vor:

Seqao io ipo l len ite s  p o ly f o r m o s u s  T h i e r g .............................................................................sehr se lten
T axod io ipo l len i te s  s p ............................................................................................................................... häufig
S c ia d o p i ty s -p o l le n i te s  se rra tu s  R. P o t .  & Y e n .........................................................................  se lten
Tsugaepo l len i tes  m a c r o se r ra tu s  W o l f f  (major)  ............................................................... se lten
T sugaepo l len i tes  m a c r o se r ra tu s  W o l f f  (minor)  ...............................................................  se lten
Tsugaepo l len i tes  igniculus m a jo r  et m in o r  R. P o x ............................................................  se lten
P in u spo l len i tes  la b d a c u s  m in o r  R. P o t .................................................................................... häufig
P in u spo l len i tes  la b d a cu s  m a jo r  R. P o t ..................   häufig
P iceaepo l len i te s  m ic ro a la tu s  m in o r  R. P o t   sehr häufig
P iceaepo l len i te s  m ic ro a la tu s  m a jo r  R. P o t ............................................................................... se lten
Piceaepol len i te s  a la tus  R. P o t .........................................................................................................  se lten
Abiespolleri i tes a b so lu tu s  T h i e r g ....................................................................................................  häufig
Cedro ipo l len i te s  s p .......................................................................................................................  sehr selten
P la ty s a ccu s  l ibellus  (R. P o t . )  ............................................................................................  sehr se lten
L a rico ipo l len i te s  m agn u s  R. P o t ........................................................................................  sehr se lten
C aryapo l len i tes  s im p le x  R. P o t ....................................................................................................... se lten
P te ro c a r y a p o l le n i te s  s te l la tus  R. P o t ...........................................................................................  se lten
Ju g lan do ipo llen i te s  (aff. regia  und cinerea)  ...............................................................  sehr selten
L iq u id u m b a rp o l le n i te s  s t ig m o s u s  R. P o t ...................................................................................  se lten
T iliapo llen ites  in s truc tus  R. P o t   sehr selten
Tiliap  oll  enites  indub i ta b i l i s  R. P o t .............................................................................................. se lten
Diverse  sa licoide  P o l l e n f o r m e n ......................................................................................................  se lten
Q u erco ipo l len i tes  henric i  R. P o t ....................................................................................................  häufig
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P ollen ites  laesus R. P o t ..................................................................................................................  selten
Q uerco ipo llen ites m icrohenric i R. P o t ...............................................................................  häufig
W ei te re  quercoide Po l len fo rm en  ............................................................................................... selten
C upu lifero ipo llen ites lib larensis  P o t .  T h .............................................................................  selten
C u p u lifero ipo llen ites v illensis  T h o m so n  ...................................................................  seh r  selten
C astaneoipo llen ites exactus  R. P o t ................................................................................  sehr  selten
C ornaceoipollenites p a rm ularius  R. P o t ....................................................................... seh r  selten
S ifm ploco ipo llen .ites clarensis et subspec. T h i e r g .................................................  sehr  seilen
S ym p lo co ip o llen ite s  triangulus  R. P o t ........................................................................ sehr  selten
S apo taceo i po li en ites  s p .........................................................................................................  sehr  selten
S a m b u co ip o llen ites  s p ...........................................................................................................  seh r  selten
llico ip o llen ites  iliacus R. P o t .......................................................................................... sehr  selten
llico ip o llen ites  m argarita tus  R. P o t ..............................................................................  sehr selten
llico ip o llen ites p ro p inquus  R. P o t ................................................................................. sehr  selten
E ricaceo ipo llen ites ericius  R. P o t .................................................................................  sehr  selten
E ricaceo ipo llen ites roboreus  R. P o t .............................................................................. sehr  seilen
P ollen ites oculis noctis  T h i e r g .......................................................................................  sehr selten
P o llen ites briih lensis  T h o m s o n ......................................................................................  sehr selten
F agoipo llen ites  sp ...........................................................................................................................  häufig
U lm oid ites undu losus  W o l f f  ................................................................................................  häufig
Z e lko w o id ite s  sp .................................................................................................................................  selten
P ollen ites  cf. w illra thae  R. P o t .......................................................................................  sehr selten
X ysso ip o llen ites  rodderensis  T h i e r g ............................................................................. sehr selten
N yssap o llen ites  accessorius  R. P o t ........................................................................................ häufig
X yssa p o llen ite s  ancdepticus R. P o t ...........................................................................................  selten
A1 ysso ip o llen ite s d ispar  R. P o t ................................................................................................. häufig
A raliaceo ipo llen ites ed m u n d i  et subsp. R. P o t ................................................................... selten
R hoo ip o llen ites  s p ..............................................................................................................................  selten
Diverse Gramineae  ................................................................................................................ sehr seilen
C om posito ipo llen ites  (cf. Ligulif lo r a e ) ....................................................................................  selten
M yriophylloide  E xinen ......................................................................................................  sehr selten
Caprifolioide  E xinen ...........................................................................................................  sehr  selten
P o tam oge tono ide  Exinen ..................................................................................................  sehr selten
L em noide  Exinen .............................................................................................................................  selten
T rap o id e  Exinen ....................................................................................................................  sehr selten
O void ites ligneolus R. P o t ..................................................................................................  sehr seilen
T etraporina  N a ü m o w a  sp ................................................................................................... sehr  selten
Engelhardtioipollenit.es m icrocoryphaeus  R. P o t ....................................................  sehr selten
B etu laceo ipo llen ites b itu itu s  R. P o t .......................................................................................  häufig
M yricaceo ipo llenites  s p ...................................................................................................................  selten
A lnuspo llen ites m e tap lasm us  und ähnl.  sp ..........................................................................  häufig
C arpinoide Exinen ...........................................................................................................................  selten
S p o rites  p rim arius  W o l f f  ............................................................................................... sehr selten
P olypodiaceae-sporites hacirdtii R. P o t .  & Y e n ..................................................... sehr selten
P olypodiaceae-sporites  cf. speciosus  R. P o t ..............................................................  sehr selten

P r ä p a r a t - B e le g m a te r i a l  (T y p e n ) .  D i a g n o s e ,  B e s c h r e i b u n g  v o n  B a u  u n d

F o r m ,  d i e  M e h r z a h l  d e r  M i k r o p h o t o s  u n d  d a s  P a l y n o g r a m m  d i e s e r  A r -
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beit beziehen sieh au f  das H o lo ty p u sp räp a ra t .  W eite re  Exinen d ien ten  
dem  Studium der V ariationen. Die S p o ro m o rp h en  liegen als E in z e lk o rn ­
p räp a ra te  in der  S am m lu n g  des V erfassers an  d e r  Geologischen B u n ­
desanstalt in W ien auf, und  zw ar  u n te r  fo lgenden  N u m m ern :  H olotypus, 
E in ze lk o rn p räp ara t  (»EKP») 112. W eite re  E x inen :  E K P  27, 44, 111. 
113, 115, 117, 118, 130.

Auch ist dam it e rneu t  gezeigt, dass  die d a u e rn d e  E rh a l tu n g  fossiler 
M ikrosporen m öglich  ist. An sich w ä re  es unnötig , dies zu e rw äh n en .  
W en n  abe r  einzelne Autoren dieser, a l lerd ings n ich t  ganz beq u em en  
M ethodik u n te r  A n fü h ru n g  von Art. 18 der  N om en k la tu rreg e ln  (1935) 
aus dem Wege gehen, so erscheint eine S te l lungnahm e angezeigt. In 
Art. 18 heisst es: »Ist ein d a u e rn d e r  E rh a l tu n g sz u s ta n d  eines E x e m ­
plares oder eines P rä p a ra te s  unm öglich , so w ird  die A nw endung  des 
N am ens einer Art oder e iner U n terab te i lung  e iner Art d u rc h  die u r ­
sprüngliche  Beschre ibung  oder  A bbildung bestim m t.»  Die Möglichkeit 
de r  dau ern d en  E rh a l tu n g  einer Spore bew eisen a u c h  die a lten  noch  gut 
e rha ltenen  S p o ren p räp a ra te  von E h r e n b e r g  u n d  F i s c h e r .

W ir sind d ah e r  n icht der Ansicht, dass m a n  bei der Aufstellung n eu e r  
n o m enk la to r ischer  E inhe iten  a u f  T y p e n p rä p a ra te  verzichten  darf .  Die 
A nfertigung eines T y p u sp rä p a ra te s  im N achh ine in ,  d.h. n a c h  erfo lg ter  
Pub lika tion , e rach ten  w ir  n icht oder  n u r  b e sc h rä n k t  gültig, da  keine 
G ew ähr gegeben ist, dass es sich bei dem  P rä p a ra t  ta tsäch lich  u m  das 
gleiche Ind iv iduum  handelt ,  das seinerzeit zu r  Festlegung des Typus  
pho to g rap h ie r t  oder beschrieben  w urde .

Zur D arste llungsmethode. Ein K örper  ist ein dre id im ensiona les  O bjekt 
—  auch  rezente u n d  fossile M ikrosporen . D argestellt  w e rd en  sie f lä c h e n ­
haft ,  d.h. du rch  P ro jek tion  in die Tafelebene. Nicht eine, sondern  drei 
(bei rad ia lsym m etr ischen  F o rm e n  zwei) ausgew ählte  P ro jek tionsb ilde r  
geben ü b e r  die räum liche  B eschaffenheit  des K örpers A uskunft.  W e n n  
m an  sicher der h ie fü r  vorte ilhaf ten  M ethoden  de r  da rs te l lenden  Geo­
m etrie  bedienen will, w ird  de r  K örper  a u f  drei au fe in a n d e r  senkrecht 
stehende  Ebenen  projiziert, die P ro jek t io n sb i ld e r  in die T afe lebene  ge­
k lapp t  u n d  dann  als Aufriss (jt2), G rundriss  ( j iJ ,  Kreuz- u n d  Seitenriss 
(jt3) bezeichnet.

Folgerichtig  benötigen w ir also a u c h  von jeder  M ikrospore de r  Ü ber­
sicht ha lbe r  drei Bilder um ih re  d re id im ensiona le  A usdehnung  zu e r ­
fassen. Besonders sinnvoll e rschein t dieses V erfahren , w enn  es sich um 
die D arste llung von räu m lich  gut e rha ltenen  Sporen  handelt .  Strati- 
g rap h isch  ältere Sporen sind dagegen seh r  oft p la t tgedrück t ,  sodass
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eines de r  P ro jek t io n sb i ld e r  n ich t viel m e h r  als einen Strich e rkennen  
lassen wird. Aber auch  das ist n ich t ganz  ohne  Interesse, denn  da raus  
geht d a n n  am  besten  die p la t tg ed rü ck te  F o rm  hervor.

In Tafe l I ist versuchsw eise  die un te rsu ch te  Spore in Aufriss (Fig. 1), 
K reuzriss  (Fig. 2) und G rundriss  (Fig. 3) pho to g rap h ie r t  worden. Dazu 
w u rd e  das H o lo ty p u s-E x em p la r  u n te r  dem M ikroskop in e rw ärm ter ,  
le ich ter  bew eglicher  G lyceringelatine in die ausgew ählten  Lagen  ge­
b rach t  un d  p h o tog raph ie r t .

Um einem  e inhe itl ichen  u n d  d a m it  verg le ichbaren  Vergrösserungs- 
m a ss ta b  gerecht zu w erden , ist in T afe l I sowohl der  H olotypus als auch  
die w eite ren  S p o ren fo rm en  in 500-facher V ergrösserung abgebildet.

Die D e ta i lau fn ah m en  von T afe l V u n d  VI w urden  m it einem Im m e r ­
sionsob jek tiv  num . Ap. 1.25 hergestellt  und  sind im M asstab 1 : 1000 
w iedergegeben. Die gerade  Zahl 1000 erm öglicht eine e infache  U m ­
re c h n u n g  de r  G rössenm asse von n u n  in u (1 m m  =  l u). N atürlich  geht 
diese V ergrösserung  a u c h  a u f  Kosten der  T iefenschärfe . Da es h ie r  aber  
au f  die W iedergabe  von S k u lp tu r  u n d  S truk tu rde ta i ls  a n k o m m t un d  
a u sse rd em  die A bbildungen  de r  Tafel I die gleiche Spore n u r  halb  so 
s ta rk  vergrössert bring t, g lauben  w ir  diesem Nachteil n ich t zu grosse 
B edeu tung  beim essen zu m üssen . W e n n  es in m a n c h e n  Fä llen  n o tw en ­
dig w ar .  bei den A u fn a h m e n  die K ondensorb lende  m e h r  als zwei Drittel 
zu verengen, s ind  an s tä rk e r  l ich tb rechenden  Konturen , wie z.B. in 
Taf. 1 Fig. 3, 7, 8, in Taf. I l l  Fig. 3— 6, 8. 10. in Taf. IV Fig. 1— 3, 6, 7. 
9. 10, in Taf. V Fig. 1. 3, 4, 7, 8 u n d  in Taf. VI Fig. 1 5 an  den Exinen-
rä n d e rn  ein bis m e h re re  B eugungsstre ifen  ents tanden .

E rkenn tn isse ,  welche am  H olo typus  d u rc h  subjektive B eobachtung  
gew onnen  un d  soweit als eben m öglich  d u rch  die vielleicht e tw as o b jek ­
tivere pho to g rap h isch e  W iedergabe  zum  Teil festgehalten  w erden k o n n ­
ten. w u rd e n  neben der  B eschre ibung  in Art eines P a ly n o g ram m es  zur  
g rap h isch en  D ars te llung  gebrach t.  E r d t m a n  hat diese k la re  Darstel- 
lungsweise  e ingeführt.  Ich b in  in d ieser Arbeit bem üh t seinen w e r t ­
vollen Beispielen n a c h z u k o m m e n .  Dabei bin ich m ir  wohl bewusst, dass 
das P a ly n o g ra m m  ebenso wie die Beschre ibung  die subjektive A uffas­
sung  des V erfassers üb e r  den Bau de r  S porom orphe  darlegt, n u r  viel­
leicht in e twas b ü n d ig e re r  F o rm , als dies in einer Beschre ibung allein 
geschehen kann . Die V ergrösserung  der  H au p tf ig u r  im P a ly n o g ram m  
ist 2150-fach, d e r  P o lans ich t  links un ten  etw a 540-fach, der  ideali­
sierte E x inenschn it t  (Fig. f) 4300-fach. Die Art dieser Darstellungs- 
weisen soll den W erd eg an g  des S tud ium s vom H olo typus-Ind iv iduum  
zur  B eschre ibung veranschau lichen .
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Sporotrapoidites  no v. gen. sporomorpharum.

Genotypus: Sporotrapoidites illingensis n.sp. Taf. I, Fig. 1— 3.
Diplotypus: E inzelkornpräparat Nr. 112, Sammlung Klaus, Geolo­

gische Bundesanstalt, Wien.
Derivatio nominis: Wegen der m orphograpischen Ähnlichkeit des 

Sporenbaues der rezenten Gattung Trapa (Näheres vgl. unten).
D i a g n o s e :  Prolate bis suboblate Mikrosporen mit einem in Pol- 

ansicht ±  dreieckig bis runden, in Äquatorialansicht linsenförmig bis 
runden »Zentralkörper». Dieser ist den Meridionalrichtungen folgend 
von meist drei Exinenkrausen umgeben, welche sich an zwei gegenüber­
liegenden Polen unter  einem Winkel von etwa 120 Grad zusammen - 
schliessen. Im Äquator sind von den Krausen +  um hüllt  in der Regel 
drei sich meridional erstreckende + kurze, schmale Aperturen vor­
handen an welchen noch weitere Differenzierungen auf treten können. 
Die Exine ist aus mindestens zwei Lamellen aufgebaut. An einem Pol 
k ann  eine Y-Marke vorhanden sein.

Bemerkungen: Sporen deren Meridionalkrausen sich abgelöst haben, 
sind an den charakteristischen Ablösungsstellen ausser den weiteren 
Merkmalen als zu dieser Gattung gehörig zu erkennen (vgl. Taf. 1 
Fig. 7, 8, Taf. VI Fig. 4—6). Zuweilen sind auch n u r  zwei Meridional­
krausen ausgebildet (vgl. Taf. I Fig. 9).

Die Festlegung des Namens erfolgte u.a. unter Berücksichtigung der 
Vorschläge E r d t m a n s  (1947), der m ehrfachen Hinweise R. P o t o n i é s  

(1952 u.s.w.), der Berichte über Empfehlungen des III. Karbon-Kon­
gresses von Heerlen 1.951 (vgl. D i j k s t r a  1952) und der Besprechungen 
auf der Tagung der Paläontologischen Gesellschaft in Trier 1951. Wir 
sind bei der Benennung etwa nach  folgenden Gesichtspunkten vorge­
gangen:

1. Gegenstand der Untersuchungen ist eine fossile Sporomorphe aus 
dem T e r t i ä r .  Hiefür wurde, um eine Sporengattung möglichst tref­
fend zu charakterisieren, sowohl von E r d t m a n  (1947) als auch  R. Po- 
t o n i é  (1952) vorgeschlagen, den morphographischen Vergleich durch 
Hinweis auf die Gestalt bekann te r  rezenter Sporomorphen anzudeuten, 
wie z.B. »Fagidites» oder y>Fagoipollenites». E r d t m a n  betont, ganz 
unserer Auffassung entsprechend: »Nichts sei hiermit gesagt oder a n ­
genommen betreffend irgend eine mögliche Verwandschaft zwischen 
Fagus und der oder den Ursprungspflanzen der in Frage stehenden 
Sporomorphen. Missverständnisse würden vermieden durch  die klare 
Definition des rein morphologischen Charakters.» Das angenähert na-
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tiirliche System R. P o t o n i é s  ist, wie er selbst folgerichtig sagt, in W a h r ­
heit ein künstliches.

Demzufolge soll im Form gattungsnam en unserer Sporomorphe der 
Name Trapa  Vorkommen unter Hinweis auf ausschliesslich m orpho­
logisch ähnliche Exinenbauverhältnisse innerhalb der rezenten Gattung 
Trapa.

2. Weiters soll hier betont werden, dass es sich lediglich um ä h n ­
l i c h e  und nicht identische Exinenkonstruktionen handelt. F ü r  solche 
Hinweise sah E r d t m a n  1947 die E ndung -id, R. P o t o n i é  1951 -oid 
oder -oi vor. Eine »trapoide» Exine ist somit jenen innerhalb der rezen­
ten Gattung Trapa ähnlich.

3. Damit sogleich ersichtlich ist. dass es sich um eine fossile Spore 
oder Pollenexine handelt, sollte nach  R. P o t o n i é  (1952) die Sporo­
morphe die Endung »-sporites» oder »-pollenites» erhalten. Abgesehen 
von der Konformität mit paläobotanischen Gepflogenheiten — wie z.B. 
-phyllum, -xylon, -pteris u.s.w. zu sagen — ist dies wohl notwendig, 
um dem Paläontologen zu zeigen, dass das genannte Fossil un ter den 
Gesichtspunkten der Bestimmung dispergierter Sporen und den damit 
verknüpften Schwierigkeiten zu betrachten  ist und sich z.B. in den 
Fossillisten einer bestimmten Fundstelle deutlich von den anderen ge­
nannten Fossilien abhebt.

Ob wir nun  -sporites oder -pollenites als Suffix hinzufügen, wäre im 
Einzelfalle zu entscheiden. In Grenzfällen wird das auch m orphogra- 
phisch nicht ganz einfach sein. Daher meinen wir zunächst grundsä tz­
lich für alle dispergierten Sporen, wobei Pollenexinen generell als Mikro- 
sporenexinen angesprochen werden, die Bezeichnung »-sporites» wählen 
zu sollen. Unsere Sporen-Formgattung müsste demnach »Trapoispo- 
rites» heissen. Nach I b r a h i m  (1933) könnte m an allerdings auf Grund 
des Vokales »-/-» vor -sporites an eine Spore mit Y-Marke denken. 
Dieser E indruck sollte aber bei unserer Sporomorphe nicht aufkommen. 
Versuchsweise soll daher die Silbe »spor(o)» vor den m orphograpbi- 
schen Vergleichsnamen gesetzt werden. Unsere Formgattung müsste 
dann  heissen:

Sporo- irap- oid- ites

Spore, s. lat., I Trapa \ ähnlich  fossil
Sporom orphe ,
.Sporengestalt

Damit ist der Fossilfund nicht nu r  als Spore s. lat. gekennzeichnet 
sondern die Prefix »Sporo-» soll gleichzeitig an »sporomorpha» erin-
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nern. was besagen soll, dass es sich lediglich um  einen Hinweise der 
Gestalt und nicht notwendigerweise der botanischen Verwandschaft 
handelt. Auf die eventuelle Möglichkeit statt Sporotrapoidites »Sporo- 
trapoites» zu schreiben sei hingewiesen.

Diese Art der Benennung will das künstliche (angenähert natürliche) 
System, wie es sich besonders im jüngeren T ertiä r  öfters mit Vorteil 
verwenden lässt, auf den ersten Blick kenntlich machen.

Das ausgesprochen künstliche System, wie z.B. das der paläozoi­
schen Sporites, wird dagegen nach wie vor die E n dung  »-sporites» auf- 
weisen können und sich dadurch vom künstlichen System jüngerer 
Formationen, dem rezente Sporenkonstruktionstypen zum Vergleich 
zur Verfügung stehen, unterscheiden.

Um bei der erstmaligen Benennung zu betonen, dass es sich um Spo­
renformgenera und -spezies handelt, sei »sporomorpharum »der Kenn­
zeichnung »nov. gen.» angefügt. In diesem Zusam m enhang ergibt sich 
die Frage, wie m an zunächst rezente Sporom orphen unbekannter  H er­
kunft nennen sollte (z.B. Formen un ter den Sporomorphen, die an 
einem Moospolster oder Flechtenthallus haften), ln  diesem Falle könnte 
m an ähnlich verfahren, wie wir es hier für  fossile Sporomorphen vor­
schlagen. W ürde es sich z.B. um eine Sporomorphe handeln, die in 
ihrem Bau ähnlich den Exinen der Gattung Trapa  ist, so könnte m an 
von einer »trapoiden» Sporomorphe (»Sporotrapoides») sprechen.

U n t e r s c h i e d e  g e g e  11 ii b e r a n d e r e  11 ä h n 1 i c h e n S p o- 
r e n  g a l t  u n g e n :  Der beschriebene Sporentypus ist so differenziert, 
dass eine Verwechslungsmöglichkeit mit bisher bekannten Sporengat­
tungen nicht gegeben erscheint. Anlass zu Bestimmungsschwierigkeiten 
könnten höchstens Sporenfragmente geben. W enn m an  auf solche eine 
Bestimmung überhaupt aufbauen will, wird m an  auf Form  der Kolpen, 
vielleicht auch auf das feinreticuliert erscheinenden Exinenfeld, dem 
ursprünglich die Meridionalkrausen aufgelagert waren, achten:

Folgend wird die fossile Sporen-Formspezies dieser Gattung be­
schrieben :

Sporotrapoidites  il lingensis  n.sp. sporom orpharum .

Holotypus: Sporotrapoidites illingensis n.sp., Taf. 1 Fig. 1 —3, Taf. 11 
Fig. 1— 10, Taf. Ill Fig. 1 10, Taf. IV Fig. 1— 3, Taf. V Fig. 1. Einzel­
ko rnpräpara t  112, Geologische Bundesanstalt, Wien.

Derivatio nominis: Nach dem Fundort  »Illing» Bergbau in Oberöster­
reich.
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Locus lypicus: Zw ischenm itte l  in de r  U n te rb an k  des Heisslerstollens, 
S tre ichendstrecke, Illing, H ausruek-K ohlen , Oberösterreich.

S tra tu m  ty p ic u m : J u n g te r t iä r  (O berm iozän— U n te rp liozän ) .

D i a g n o s e :  M ikrosporen  deren  »Zentralkörper»  in P o lans ich t  (jt1 ; 
Taf. I Fig. 3, Taf. V Fig. 1) ru n d  bis ±  dreieckig und  von drei Ex inen ­
k rau sen  m erid iona l  um sch lossen  ist. Diese treffen  sich in den Polen 
und  schliessen dort  einen W in k e l  von 120 Grad ein. In  Ä quato rans ich t 
(jt2, Jt3; Taf. I Fig. 1, 2, Taf. II,  Taf. Ill,  Taf. IV Fig. 1 - 3 )  Z en­
tra lk ö rp e r  ru n d  bis linsenförm ig . Die aufge lagerten  E x in en k rau sen  
verle ihen de r  Spore ±  sp inde lfö rm ige  Gestalt. Drei zusam m engesetzte  
Ä q u a to r ia laper tu ren ,  von E x inente ilen  der  Krausen um schlossen. Ü ber 
ein kurzes, schm ales  In tex inen-Ö s von m er id iona le r  E rs t reck u n g  
wölbt sich die Exoexine  so vor, dass ein die O s-Form  fortsetzendes 
Vestibulum entsteht,  das in Ä quato rans ich t  (jt3) e tw a ha lbk re is fö rm ig  
von b asa len  Anteilen der  Isolierschicht (Bacula) um sch lossen  wird. 
Den äusseren  Abschluss der A pertu r  bildet je eine s treng äqua to r ia l  
ausgerich te te  kleine Q uer-R uga de r  Exoexine welche in Seitenansicht 
(jt3) bis zum  zen tr ifugalen  R an d  der V estibu lum begrenzung eingreift. 
E x o e x in e n s tru k tu r  der  seitlichen V estibu lum begrenzung englum ig un- 
regelm ässig  reticuliert, fe iner  als die sonstige K rausend iffe renz ie rung  
der  Exoexine. E xine  aus m indes tens  zwei Lam ellen  aufgebaut.  Glatte 
Intexine, b acu la te  Exoexine  m it Isolierschicht (Basis der  Bacula  in den  
K rausen  und  A pertu ren  teilweise m ite in an d e r  verschmolzen) und Exo- 
lamelle. F läch en an s ich t  der  E x ine  (LO -A nalysis) : E nglum iges In fra -  
re tic iilum  am  Z en tra lk ö rp e r ,  s ta rk  gedehnte  und  verzerrte  In f r a s t ru k tu r  
in den M erid iona lk rausen .

F arbe :  Nach Azelolyse Z e n tra lk ö rp e r  b raun ,  K rausen  und A pertu ren  
hellgelb.

D e t a i lb e sc h r e ib u n g .  P o l a r i t  ä t: G u t  erhaltene Exinen isopolar ( E r d t m a n  
1952), d.h. die Äquatorehene teilt die Exine in zwei gleiche Hälften. An einer  
nicht voll entwickelten Sporomorphe des gleichen Präparates (Taf. I Fig. 6, 
Taf. VI Fig. 1— 2) ist der proximale Pol durch eine schwach angedeutete  
Y-Marke kenntlich. Der gegenüberliegende distale Pol lässt keine solche Bil­
dung erkennen (Taf. VI Fig. 3).

P
G rösse  (H o lo ty p u s ;  vgl. T a f .  I: 1— 3) 72 u

E  K (vgl. S. 124) 
56 u 55 u

V a r i a t i o n : 
M in im u m  
M a x im u m

62 Li 41 u 38 u
81 fi 63 ii 59 fl
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S y m m e t r i e :  R ad ia lsy m m etr isch  (W o d e h o u s e  1935). E ine  dreizühlige 
H a u p tach se  (Polachse) steh t  senk rech t  au f  die Ä qu a to reben e  u n d  schne ide t 
diese im Z entrum . Drei Sym m etr ieebenen ,  sen k rech t  zur  Ä q u a to reben e  d u rc h  
das  Z en tru m  gelegt, rep rä sen t ie ren  die E b en en  der  M e r id io na lk rausen  u n d  
schne iden  sich u n te r  e inem  W in ke l  von 120 Grad.

Bei dem  K orn  de r  Taf. I Fig. 6 un d  Taf. VI Fig. 1, 2 schliessen die Y-Strali- 
len m it  den K rauseneb enen  eine W ink e l  von 60 Grad ein.

G e s t a l  t: Ä q u a to ran s ich t  (Aufriss k 2 u n d  K reuzriss  jt3) : vgl. Taf. I Fig. 1, 
2, Taf.  II, Taf.  III, Taf. IV Fig. 1 - 3 .

a) G esam tansich t (einschl. M erid io na lk rausen ) :  S u b p ro la t  (subsphero idal;  
V erhältn is  P /E  X 100 =  129).

(Index poll inis  Lg/Lt,  +  ( I v e r s e n  & T r o e l s - S m i t h ) =  1.29 (1.33— 0.75)].
V a r  i a t i o n d e r  G e s t a l t  (76 gemessene E x in e n ) :

suboblat spheroidal subprolat prolat
G esam tk o rn ............... — 10 22 6
Ohne K ra u s e   10 24 3 1

P o l a n  s i c h t  (G rundriss  jt1); Vgl. Taf. 1 Fig. 3, Taf. V Fig. 1.
D e r  G rundriss  des E x in e n k ö rp e rs  ohne  K rausen  h a t  die F o rm  eines g le ich­

seitigen sph ä r isch en  Dreieckes, dessen E ck en  abg e ru n d e t  e rscheinen .
V aria t ionen: Die D reieckseiten  k ö n n en  je n a c h  Q uellungszustand  s ta rk  k o n ­

vex ausgebauch t ,  +  gerade  verlau fen d  oder  in se l teneren  F ä l len  auch  k o n k av  
eingedellt sein. So weist zum  Beispiel die vielleicht a b n o rm a l  en tw ickelte  
F o r m  der  Taf. I Fig. 6, Taf.  VI Fig. 1— 3, s t ä rk e r  konvex  gew ölbte  Seiten auf  
als n o rm a l  ausgebildete  F o rm e n  ( I io lo ty p u s ) . Grössere F o rm e n  hingegen sind 
o ft  d u rc h  k on k a v e  Seiten (Taf. V Fig. 2— 4) gekennzeichnet.  Die M erid io na l­
k ra u s e n  reichen ü b e r  den U m riss  (Ambitus, E r d t m a n  1952) des Z e n tra lk ö r ­
p e r  ±  weit h inaus ,  un d  zw ar  in fo lgendem  V erhältn is :

H o lo typus : Z en tru m  his Z e n t ra lk ö rp e rk o n tu r  17 u, Z e n t r a lk ö rp e r k o n tu r  
bis äussers te  B egrenzung  der  K rause  15 u.

V erhä ltn is  a /b X  100 — 110 (Vgl. Tal'. I Fig. 3).
V aria t ion: Bei e iner  g rösseren  Zahl von F o rm e n  greift die K rause  n ich t  

so weit ü b e r  die Z e n t ra lk ö rp e rk o n tu r  hinaus . Das oben angegebene V erhältn is  
ist z.B. bei E in z e lk o rn p rä p a ra t  No. 111 207, No. 117 164, No 27 110.

G r ö s s e :  MA, S po ra  m a g n a  (E r d t m a n  1 9 5 2 ) ;  vgl. Taf. 1 F ig .  1 3. Die
Masse sind im Anschluss an  die Speziesdiagnose gegeben. Ausser den zwei 
D im ens ionen  P (Polachse) und  E (Äquatorbreite)  ist h ie r  noch  die d ritte  
D im ens ion ,  welche zu r  Defin ition  eines K örpe rs  e r fo rd e r l ich  ist. angegeben 
u n d  zw ar  K (Kreuzriss) . K m uss  sich nicht m it  E decken.

A p e r t u r e n  (Vgl. ausser  den  P h o to d a rs te l lu ng en  das P a ly n o g r a m m ) : Tri- 
c ry p to co lpo ra t ,  a n g u la p e r tu r a t  (Vgl. E r d t m a n  I . e . ) .

W o  die M erid io na lk rau sen  die Ä q uato rebene  schne iden  liegen sym m etr isch  
angeo rd ne t  die d re i  kom pliz ier t  gebauten , zu sam m engese tz ten  A perturen .

a) In tex inenan te i l  de r  A p e r tu r  (N e x in e n a p e r tu r ) .
Die In tex ine  des Z en tra lk ö rp e r s  weist drei enge Qra auf. V erhä ltn is  Os-Breite 

zu L änge wie e tw a  1 : 1 5  (Taf. IV Fig. 8).
Länge eines Os (Taf. IV Fig. 1— 3), H o lo typ  13 p; var i ie r t  bis  18 u.
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Breite eines Os (Taf. V Fig. 1), Iiolotyp etwa 1.0 p; variiert his 2 p (Taf. I 
Fig. 5, Taf. IV Fig. 8).

Die polwärts weisenden Enden des Os sind abgerundet. Vgl. Taf. I Fig. 2, 5; 
Taf. IV Fig. 1, 2, 3, 8, Taf. VII Fig. a.

1)) Exoexinenanteil der Apertur (Sexinenapertur; vgl. Taf. VII Fig. a, b, c, e 
und Hauptfigur.)

Unmittelbar um die Ränder des Os löst sich etwa in gleicher Distanz von 
diesen der Exoexinenanteil von der Intexine ab und wölbt sich in Richtung 
der Meridionalkrausenebene vor. Die Vergrösserung des Exoexinenkolpen- 
raum es — das Vestibulum — zeigt in ausgewählten Schnitten Taf. VII Fig. b, 
e und  Hauptfigur. Als Grundlage dienten hiefür auch die Photos Taf. II Fig. 
1— 5, 8, 9; Taf. I l l  Fig. 1, 2, 5, 7, 8, 9, Taf. IV Fig. 1— 3, 5— 9, 11, Taf. V 
Fig. 1, 3, 8. In jt3 (Kreuzriss) ist die seitliche Begrenzung des Kolpenraumes 
durch  die halbkreisförmige Kontur der basalen Verschmelzung der Bacula e r­
sichtlich (Taf. IV Fig. 1— 3).

Die Breite des Vestibulums übertrifft nicht wesentlich die des Os (Palyno- 
gram m  Taf. VII Fig. b, e; Photos Taf. II Fig. 8; Taf. III  Fig. 7; Taf. IV 
Fig. 9; Taf. V Fig. 1, 3).

Die Apertur endet zentrifugal mit einer Äquatorialeinschnürung der Exo- 
exine. Das Vestibulum schliesst sich in zentrifugaler Richtung nicht vollkom­
men. Wo die Endosexinenkontur des Vestibulums von der Äquatorebene ge­
schnitten wird ist die Ektosexine stark reduziert, was zur Bildung einer 
kleinen äquatorialen Einschnürung führt  (Vgl. Taf. VII, Hauptfigur und 
Fig c. Weiters Phot. Taf. II Fig. 6, 7, 8; Taf. IV Fig. 1, 3, Taf. V Fig. 6.). 
Wo die Kerbe der E inschnürung (Seitenansicht jt3) mit der endosexinösen 
Vestibulumbegrenzung zusammentrifft ist die dünnste Stelle der Exine. An 
dieser Stelle fragmentieren Exinen der untersuchten Probe am häufigsten 
(Vgl. Taf. V Fig. 6).

E x i ii e n - B a u. Am Holotypus und weiteren Form en scheint sich folgen­
der Exinenaufbau ableiten zu lassen:

I n t e x i n e (Nexine, E ndex ine) ; Palynogramm Taf. VII Fig. e, f, g. Photos: 
Taf. II, Fig. 3— 5; Taf. I l l  Fig. 1; Taf. IV Fig. 1, 2, 11; Taf. V Fig. 1, 4, 7, 8; 
Taf. VI Fig. 5.

Die innerste Lamelle des Kornes, die Intexine (im Palynogramm schwarz 
gezeichnet) baut den »Zentralkörper» auf und gibt ihm die suboblate Gestalt. 
Nach Azetolyse ist sie b raun  gefärbt, jedenfalls etwas dunkler als die exo- 
exinösen Meridionalkrausen. Sie erscheint bei Ap. 1.25 glatt, s tärker licht- 
brechend als die Sexine; Dicke etwa 1.5 p (Palynogramm Fig. e).

An den O rarändern  ist die Intexine etwas aufgebogen. Die in den Photos 
m anchm al recht zahlreich erscheinenden Beugungsstreifen, sind keine Lamel­
len. Vielmehr entsprechen sie der Becke’schen Linie und geben daher je nach 
ihrer  Bewegungsrichtung beim Heben und Senken des Objektives lediglich den 
Grad der Lichtbrechung gegenüber dem Einbettungsmedium an.

E x o e x i n e  (Sexine, Ektexine). Bauprinzip: An die Intexine schliesst sich 
die Isolierschicht mit Exolamelle (R. P o t o n i é  1934; Endosexine +  Ectosexine 
nach E r d t m a n  1952). Je nach Lage am Sporenkörper ist die Exoexine ver­
schieden differenziert.

Flächen zwischen den Krausen (Vgl. Palynogramm Taf. VII, Hauptfig. und
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Fig. e; Photos: Taf. II Fig. 2— 5, Taf. III Fig. 1, Taf. IV Fig. 3, 11): Exocxine 
etwa 1.5 u dick, aus Isolierschicht und  Exolamelle bestehend. Dic Pila (bzw. 
piloide Bildungen) schliessen sich mit ihren Capita so eng zusammen, dass 
diese eine geschlossene Lamelle ergeben (Exolamelle, Tegillum, Tectum). Die 
Bacula (Stäbchen) der Isolierschicht sind sehr kurz (0.1— 0.3 ji), verbreitern 
sich und digitieren mitunter an tier Basis, dem Übergang zur Intexine (Nexine). 
Stellenweise verschmelzen sie. Die Oberfläche der Exolamelle erscheint, en t­
sprechend der Wölbung der Capita, leicht gewellt.

LO-Analyse (Vgl. E r d t m a n  1952):  In F lächenansicht gibt sich bei H och­
einstellung (Ap. 1.25) ein engmaschiges, sehr zartes Reticulum zu erkennen 
(Lumina etwa 0.5— 0.8 u) . Lumina dunkel, Muri hell. Bei Tieferstellung des 
Tubus tritt Umkehr der Aufhellung ein, die Konturen bleiben etwa die gleichen.

Bau der Meridionalkrausen ausserhalb der Aperturen: Die Krausen sind 
Abhebungen der Exoexine unter starker Vergrösserung und Dehnung der Pila. 
Die Basen der Bacula schliessen sich zu einer ± geschlossenen Lamelle (Vgl. 
Palvnogramm) von welcher die Bacula unter  enormer Verlängerung etwa 20 u 
zentrifugal an den Meridionalgrenzen der Krausen (Taf. VI Fig. 6) beiderseits 
em porstreben und in den stark vergrösserten und verdickten Capita endigen. 
Diese reihen sich in meridionaler Richtung lose aneinander. In der Fläche 
senkrecht dazu, also in der Tangentialebene zu den äussersten Krausenbegren­
zungen, sind die Exoexinenelemente dagegen sehr schwach ausgebildet und 
dienen der Verbindung der beiden meridional verlaufenden Capita-Reihen 
einer Krause (Vgl. die Hauptfigur des Palynogrammes, Mitte; Taf. II Fig. 6— 
10, Taf. IV Fig. 5— 8; Taf. V Fig. 1, 2, 5). Das schmale Feld dazwischen ist 
in F lächenansicht fein retikuliert. Die Höhe der Krausen vergrössert sich 
gegen die Pole zu, w ährend ihre Breite abnimmt. An den Polen schliessen sich 
die Krausen unter einem Winkel von 120 Grad zusammen. Ebenso vereinigen 
sich in den Polen ihre H ohlräume; sie sind dort etwa 2 u breit und 20 u hoch 
(Taf. III Fig. 3, 4, Taf. IV Fig. 2, 10).

E x o e x i n e  d e r A p e r t  u r e n :  Die Fusslamelle der Isolierschicht,  durch 
Fusion der Bacula-Basen entstanden, hebt sich parallel zum intexinösen Os- 
Rand ab und bildet das Vestibulum. Über dem Vestibulum sind die Bacula 
stark  verkürzt.  Am stärksten ist dies direkt im Äquator der Fall, wodurch es 
zur Entstehung der E inschnürungen kommt.

Erhaltungszustände und Variationen der beschriebenen Sporomorphe: Die
Meridionalkrausen sind in ihrer zentrifugalen Ausdehnung oft s tärker redu­
ziert, besonders in der Region der Aperturen wo sich das Vestibulum oft n u r  
undeutlich abzeichnet. Auch die kleine äquatoriale E inschnürung fehlt m it­
unter. Die Krausen können abgerissen sein (Taf. I Fig. 7, 8. Taf. VI Fig. 1—6). 
An solchen Exinen sind besonders gut die Ansatzstellen der Krausen zu sehen.

In der Sedimentprobe des Holotvpus fand sich eine Spore welche von dem 
hier  beschriebenen typischen Bau etwas abweicht. Die Spore ist kleiner, die 
Krausen sind stark reduziert und an einem Pol ist eine, wenn auch nicht sehr 
deutliche Y-Marke erkennbar (Taf. 1 Fig. 6, Taf. VI Fig. 1— 3). Wie Y-Strahlen 
verlaufen n i c h t parallel zu den Krausen, sondern schneiden deren Seiten 
senkrecht. Zwischen zwei Y-Strahlen verläuft somit eine Krause und daher 
auch eine Apertur. Das ist weiter nicht erstaunlich, denn es ist das Bau-
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pr inz ip  de r  A n g iosperm en-P o llenex inen .  W ir  haben  ganz ähn lich e  V erhältn isse  
ja  au ch  z.B. hei den Ericaceae . Das h a t  H. P o t o n i é  schon  1934 und  auch  
an d e re  B o tan ik e r  e rk a n n t  u n d  d a h e r  m it  vollem Recht die Area contagionis  
als  H om ologie  d e r  K eimstellen  be trach te t .  Ä hnliche  V erhältn isse  f inde t E k d t - 
m a n  (1943) an  ju n g en  Pollenex inen  von Trcipa na tans  (S. 46 Fig. 223).

Es fa n d  sich auch  eine E x ine  von d ico lp o ra tem  Bau w elche  au f  G rund  ih re r  
sonstigen M erkm ale  zu r  G attung  S pora trapo id i te s  zu stellen w äre  (Taf. 1 
Fig. 9). Ein einziger K rau se n k ra n z  um gib t m er id io na l  das Korn.

Vergleich mit bekannten  ähnlichen Sporenform en. Über fossile Sporen - 
exinen aus p räquartä ren  Schichten, welche unserer Gattung nahestehen, 
berichtet M t c h e d l i c h v i l i  (1953). Sie wurden in Ober-Kreide und T er­
tiärschichten West-Sibiriens, in einer Tertiärprobe aus Ost-Sibirien und 
im Q uartär  von Leningrad gefunden und  mit der rezenten Gattung 
Trapa  identifiziert. Der Bau unseres Typus stimmt im Wesentlichen 
mit den dort geschilderten charakteristischen Merkmalen überein. 
Unsere Sporomorphe weicht nu r  insoferne ab, als die zentrifugalen Teile 
der Apertur-Exoexine n i c h t  durchbrochen sind und an der K rausen­
vereinigung der Pole kein schwach ausgebildetes Dreieckfeld sichtbar 
ist. Das sind aber Unterschiede, welche m an höchstens die Bedeutung 
von Form-Spezies beimessen könnte.

Da es sich in unserer Arbeit ausschliesslich um eine morphogra- 
phisehe Charakterisierung der Sporomorphe handelt, wird sie nicht der 
Gattung Trapa  direkt eingeordnet — wie dies M t c h e d l i c h v i l i  h an d ­
habt — sondern durch Form-Spezies und Form-Genus festgelegt.

Aus dem Interglazial und Spätquartär sind Pollenexinen der Gattung 
Trapa wiederholt erw ähnt (zum ersten Mal in Schweden von A s s a r s - 

s o n  1927, wo sich auch zwei Abbildungen finden).

Botanische Zugehörigkeit .  E r d t m a n  hat sich m ehrfach  (1943, 1952) 
mit Bau und Form der Pollenkörner von Trapa natans  beschäftigt. Der 
allgemeine, sehr bezeichnende Aufbau stimmt mit dem unserer ter­
tiären Sporengattung annähernd  überein. Unsere Sporenformspezies 
unterscheidet sich durch  die äquatoriale E inschnürung und den in Pol- 
ansicht zentrifugal einheitlich geschlossenen Krausenrand. Die Zeich­
nung E r d t m a n s  1943 (Taf. XIII Fig. 223) zeigt dagegen eine Aufspal­
tung der Krausenränder. Aber es handelt sich dort um ein unreifes 
Korn. Weitere wesentliche Angaben über die Konstruktion rezenter 
JYopu-Exinen finden sich bei G i b e l l i  und F e r r e r o  (1895) und 
M t c h e d l i c h v i l i  1953 [Trapa astrachanica  ( F l e r ) V i n t e r , Fig. 1 
a, b, c].

Man kom m t zu dem Schluss, dass die hier beschriebene Sporomorphe
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grosse Ähnlichkeit mit solchen der rezenten Trcipa-Arten aufweist (viel­
leicht im Range einer Formgattung), in Details aber doch abweicht. 
Morphographische Studien der Pollenexinen von verschiedenen rezen­
ten Arten der Gattung Trapa würden weitere Vergleiche erleichtern.

Resümee. Aus der jung te r t iä ren  B rau n k o h len lag e rs tä t te  des H a u s ru c k  in O b e r ­
österreich  wird eine S poren fo rm  m o rp h o g rap h isch  un tersuch t .  Von der m ik ro s k o ­
pischen B eobachtung des H olo typus-Exem plares  au sg eh en d  w ird  an  H a n d  von P h o t o ­
serien verschiedener Orientierung der Versuch un te rn o m m en ,  Bau und  Form  der 
S p o rem o rp h e  zu rekons tru ie ren  (Palynogram m ) u n d  d u rc h  Diagnose und  Deta i l ­
beschreibung die Auffassung des Verfassers d a rü b e r  darzulegen. M orphographiscb  
bestehen Ähnlichkeiten gegenüber Po l lenform en  d e r  lebenden  Gattung Trapa.  Der 
Holotypus und  weitere Sporom orphen  dieser Art sind  u n te r  angegebenen N um m ern  
als E inze lk o rn p räp ara te  in der Sam mlung der  Geologischen Bundesanstalt ,  W ien  
aufbewahrt .
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P o t o n i é , R., T h o m s o n , P.,  T h i e r g a r t , F . ,  1950: Zur N om enk la tu r  der neogenen 
S p o ro m o rp h a e  (Pollen und  Sporen).  Geol. Jb. Bd. 65.

W o d e  HOUSE, B. P. 1935: P o l le n  g ra in s ,  th e i r  s t r u c tu r e ,  i d e n t i f i c a t io n  a n d  signi  -
S p o ro m o rp h a e  (Pollen und  Sporen).  Geol. Jb. Bd. 65.

W o d e  HOUSE, B. P. 1935: Pollen grains, their s tructure ,  identif ication and  signi­
f icance in science and  medicine. New Y ork a n d  London.

T a f e l e r k l ä r u n g .

Alle P h o to s  wurden  vom Verfasser hergestell t  und stam m en  von unreluschierlen 
Negativen.

E K P  =  E in ze lk o rn p räp ara t  aus  der Sam m lung  des Verfassers.
A ufbew ahrung:  Geologische B undesansta l t ,  Wien.

T a f e l  1. Übersicht (500 X) .

Fig. 1. Holotypus,  Aufriss ...............................................................................................  EKP 112
2. Holotypus,  Kreuzriss ...........................................................................................  EKP 112
3. Holotypus,  Grundriss ........................................................................................... EKP 112
4. Aufriss, Vestibulum-Einste llung ...................................................................... EKP 27
5. Aufriss, Kolpus-Einstellung ............................................................................... EKP 27
6. F o r m  mit Y-Marke ................................................................................................ EKP 117
7. Z en tra lk ö rp e r  ohne Krause,  Foe. A  EKP 118
8. Z en tra lkö rper  ohne Krause,  Foe. B (hoch) .........................................  EKP 118
9. Dicolpates K o r n ......................................................................................................  EKP 116

T a f e l  11. D e ta i lau fnahm en  (900 X ).
Focus-E inste l lung:  Vgl. Skizze rechts unten.

Fig. 1. E ins te llung vor dem A p er tu rran d    EKP 112
2. E ins te llung linke K on tu r  s c h a r f ......................................................................  EKP 112
3. Eins te l lung O rn am en ta t io n  Z en tra lk ö rp e r  ............................................... EKP 112
4. E ins te llung rechte  K o n tu r  scharf  .................................................................  EKP 112
5. E ins te llung In tex inenbegrenzung  un d  Vestibulum und Ivrausen-

o rnam en ta t ion  .........................................................................................................  E KP 112
6. Apertur von vorne (Jto), vor Ruga .................................................................  EKP 112
7. Q uerruga  wird s c h a r f   EKP 112
8. V es t ibu lum -Innekontur  e rschein t    EKP 112
9. Ruga wird unscharl t .  In n e re  Vest ibu lum -Kontur    EKP 112

10. Scharfe instellung im  Exoex inenaper tu r fe ld  ................................................ EKP 112

T a f e l  111. (Fortse tzung von 11).
Vgl. bezüglich Einstellung Skizze rechts  unten .

Fig. 1. Auflagerung der K rausenbas is  au f  Intexine, K rausenornam en ta t ion .  EKP 112
2. Krause polwärts  s c h a r f   EKP 112
3. Pole scharf.  Vert ika llum en der K rausen  sich tbar    EKP 112
4. Kolpusansatz  von Innen .  P o lk rau sen lu m en  scha rf    EKP 112
5. Beginn des V estibu lun i-Inn raum es   EKP 112

9 B otaniska Notiser 195i.



13U W. KLAUS

6. A per tu r  von Innen   EKP 112
7. Apertur  von Innen. Seil 1. innere  Vestibuluragrenze   EKP 112
8. Verbrei terung  des Vest ibularraum es.  Ä quator ia le r  l ichter F leck

deutet  Lage de r  Ruga an  ..................................................................................... EKP 112
9. 10. Eins te l lung gegen Vestibu lum -Ende  ....................................................  EKP 112

T a f e l  IV (900 X).
Vgl. bezüglich E inste llung Skizze. (Die Skizze sollte u m  90 nach  links gedreht 

w e rd e n ) .

Fig. 1. Kreuzriss. Apertur-Seitenansicht.  E ins te l lung au f  K rau sen ran d  . . . .  EKP 112
2. E ins te l lung auf  O rnam en ta t ion  des V e s t i b u l u m   EKP 112
3. E x in en o rn am en ta t io n  in Gegend des In tex inenkolpus  .........................  EKP 112
4. A pertu r  von vorne. Ruga undeutl ich  .............................................................. EKP 27
5. Beginn des Vestibulum .........................................................................................  E K P  27
0. F or tse tzung  ................................................................................................................  EKP 27
7. Intexinen-Os zeichnet sich ab    EKP 27
8. E ins te l lung auf  Intexinen-Os   EKP 27
9. Optischer Vestibulum-Sclmitt  von Z en t ru m  des Kornes  au fg en o m ­

m en  ................................................................................................................................  EK P 27
10. Eins te l lung au f  P o lk rau sen .... .............................................................................. EKP 27
11. Eins te l lung au f  I n t e x i n e n k o n t u r   E KP 27

T a f e l  V.
Grundrisse  (Polansicht;  1000 X).

Fig. 1. H olotypus.  E ins te llung auf  Ä q u a t o r e b e n c ....................................................  EKP 112
2. E ins te l lung au f  K r a u s e n p o l ................................................................................ E KP 111
3. E ins te l lung au f  Äquatorebene. Exoex inenab lösung  zur  Apertur  . . .  E KP 111
4. E ins te l lung au f  Äquatorebene. Exoex inenab lösung  zur Apertu r  . . .  E KP 111
5. E ins te l lung auf  K rausen tangentia lf läche  und Pol .................................. EKP 111
6. F rag m en ta t io n  der Apertur in der Ruga ....................................................  EK P 113
7. E xoexinenab lösung  in der Apertu r  (lateral)   EK P 111
8. Exinen lam ellen  in Kolpusregion .................................................................. EKP 111

T a f e l  VI.
P o lansich ten  (1000 X).

Fig. 1. A bnorm al entwickletes Korn. Prox im al .  Pol mit Y-Marke   EKP 117
2. A bnorm al  entwickletes Korn. P rox im al .  Pol mit  Y-Marke ...............  EKP 117
3. A bnorm al  entwickletes Korn. Distal.  Po l  ohne Y-Marke .................... E KP 117
4. Z en tra lk ö rp e r  ohne Krause. Lamellen Tiefeinst .  P o la n s ich t  EKP 118
5. Dlo. Hocheinste llung ...........................................................................................  EK P 118
6. Dto. E ins te llung au f  K rausenab lösungsf läche  ..........................................  EKP 118

T a f e l  VII.
P a ly n o g ram m  (Hauptfigur 2150 X ) .  Anna-Lisa Nilsson  delin.

H aup tf igu r :  Drei Viertel voll ausgezeichnet,  oberes rechtes Viertel Schnitt .
a. S chn i t t  in Höhe Intexinen-Os (Schnittf läche senkrecht zur  Krausenebene).
b. Pa ra l le lschn i t t  h ierzu du rch  Vestibulum.
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Para lle lschnitt  h ierzu  du rch  Ruga.
Polansichf (540 X ).
Ä quator ia lschnit t  durch  Z en tra lk ö rp e r  u nd  Apertur (halbseit 
E x inenschnitt  am  Z en tra lk ö rp e r  (4300 X ).
Schnitt  d u rc h  die Krause  in Krausenebene .



B o t a n i s k a  N o t i s e r  1954, H ä f t e  2. L u n d

Märkligare nytillskott till den svenska kärlväxt- 
floran sedan 1920.

Av N i l s  H y l a n d e r .

När jag satt den tidsgräns bakåt som rubriken anger, så h a r  detta inte 
skett på en slump. När det gäller den svenska kärlväxtflorans u tfors­
kande, kan m an med goda skäl dra en gräns ungefär vid åren  1920— 21. 
1920 utgav N o r d s t e d t  sin sam m anställning Prima loca p lantarum  
suecicarum, som kan  sägas ge en sum m arisk  sam m anfa ttn ing  av vad 
som dittills var känt av i Sverige funna  kärlväxtarter. Ungefär vid 
denna tid börjar också G u n n a r  S a m u e l s s o n  publicera sina Floristiska 
fragment, varmed han  visar hu r  förbluffande mycket som alltjämt stod 
att finna av nyheter inom detta om råde redan på grundval av det före­
liggande herbarienmterialet för en specialist med tillräckligt skarp  blick 
och tillräcklig kännedom om litteraturen och floran i and ra  europeiska 
länder. De blevo också en stark stimulans för fortsatta floristiska fält­
studier och inledde den mycket aktiva period inom svensk fanerogam- 
floristik, som de senaste decennierna utgöra.

Ämnet bereder emellertid av an d ra  orsaker svårigheter både i fråga 
om avgränsning och disposition. För det första kan  m an fråga: vad är 
»märkligare»? — ja vad menas i detta sam m anhang med nytt? Gör man 
en jämförelse mellan artbeståndet i de två på varandra  följande u p p ­
lagorna av Lunds Botaniska Förenings kärlväxtförteckning 1917 och 
1941, finner man antalet i Sverige som konstant vildväxande funna arter 
— alltså sådana som slå med vanlig, ej kursiv stil ökat betydligt. 
Jäm för m an 1917 års förteckning inte med 1941 års utan med den allra 
sista artlistan över området, Å s k e l l  och D o r i s  L o v e s  kromosom tals­
lista, blir skillnaden ännu m era  m arkerad , men samtidigt blir det också 
klart, vari en del av denna tillökning av artantalet egentligen består, 
nämligen i en uppvärdering av åtskilliga underarter  och varieteter till 
självständiga arter, u tan att dessa enheters avgränsning i och för sig
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ändrats; i något annat hänseende innebära alltså dessa fall intet nytill­
skott till floran. Det saknas emellertid inte exempel på den motsatta 
ytterligheten, n ä r  de nya ar te rna  inte bara sakna motsvarighet i den 
äldre förteckningen utan t.o.m. urskilts från  det nordiska floraområdet, 
ev. just från  Sverige, som för vetenskapen nya arter. I de fall, där detta 
gäller — och de förekomma huvudsakligen i den Löveska listan — är 
det dock utan undantag fråga om m er eller mindre kritiska växter, och 
knappast i ett enda fall ha r  de nya arternas a r trä t t  blivit oomstridd.

Det är inte om sådana fall —  sådana på  sin höjd som underarter 
värderbara »arter» som Pyrola norvegica, Myosotis praecox och serotina 
och Atriplex praecox eller »kromosomarter» som Anthoxan thum  alpi­
na m  och R um ex  temiifolius — som jag h ä r  skall tala. En enda sådan 
nyurskild  nordisk art skall jag dock i förbigående nämna, nämligen den 
av B r u u n  1938 beskrivna Primula scandinavica. Denna står P. farinosa 
n ä ra  m en är väl skild från denna, även (som B r u u n  visat) i vissa finare 
morfologiska detaljer, såsom »farina»-kornens storlek, och inte bara 
genom de olikheter, m an redan tidigare iakttagit i fråga om kronans 
form och färg, fodrets typ etc. och genom vilka den n ärm ar sig den 
brittiska P. scotica. I likhet med denna, med vilken den hos oss tidigare 
identifierats, m en i motsats till farinosa, ä r  P. scandinavica monomorf i 
b lom morna, d.v.s. alla b lommor h a  sam m a typ av ståndare och pistill; 
från  både farinosa och scotica avviker den genom kromosomtalet. 
1 själva verket ä r  detta den egentliga skillnaden gentemot äkta P. sco­
tica, de morfologiska olikheter som B r u u n  fram dragit (märkets form, 
antalet stänglar p r  individ) äro näppeligen genomgående, och engelska 
forskare synas nu föga benägna att godta scandinavica som stälvständig 
art. Vidare undersökningar synas vara påkallade, innan m an tar defini­
tiv ställning till frågan om dess arträtt ,  vilken i viss m ån komplicerats, 
sedan helt nyligen engelska forskare konstaterat, att även inom P. fari­
nosa s. str. olika kromosomtal finnas inom Sveriges område.

Jag skall f.ö. inskränka mig till ett antal fall, lite m er än elt tjog, av 
så att säga hederliga, »goda» arter, som nästan alla för länge sedan, i 
flertalet fall för mer än hundra  år  sedan, erhållit sina nam n men som 
först under de senaste 30 åren k u nna  sägas ha  blivit enrollerade i den 
svenska floran. Detta betyder inte — som ganska självfallet är, eftersom 
jag hela tiden skall inskränka mig till arter, som m an kan kalla in ­
hemska eller i ett par fall, där det gäller kultiirmarksarler, vitt spridda 
och stabiliserade arter — att dessa nyheter skulle ha  kommit in i landet 
först under denna period. Men en del av dem ha först under denna tid 
verkligen blivit funna på svenska lokaler, dit de kommit för årtionden
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eller århundraden, ja, en del för årtusenden sedan. Detta är den ena 
kategorin av »nya arter». Den andra, som ur en synpunkt kanske er­
b juder ännu mer intresse, nämligen för den som är intresserad av hu r  
en vetenskaplig upptäckt görs, utgörs av sådana fall, där växterna i 
själva verket länge varit kända eller, tydligare uttryckt, där det sen 
länge funnits material av växterna från Sverige men där detta material 
aldrig blivit riktigt identifierat till arten — vad som här  hänt, är alltså, 
att nr det gamla materialet en ar t  dragits fram, som man förut ej räknat 
med som svensk.

Det är emellertid den förstnäm nda kategorin, som väcker den största 
sensationen och som ensam understundom  rentav kan få ä ran  alt delges 
den stora allmänheten genom tidningarna. Detta är inte förvånansvärt: 
fynd av denna typ innebära ofta även för botanisterna av facket något 
fullständigt oväntat, ar terna i fråga äro ej sällan mycket distinkta och 
i och för sig remarkabla, och det slumpmässiga momentet, som ger 
k rydda åt nyheten, ökas stundom  av all finnaren är en kanske inte alls 
vidare botaniskt bevandrad person. Vi ha under de allra sista åren fått 
ett par sådana tillskott, och ett fall bara för ett par år sen illustrerar det 
sagda på ett mycket typiskt sätt. Den 10 mars 1951 meddelade de 
svenska tidningarna, att en göteborgsk skolpojke i en sjö i Värmland 
funnit en för Sverige ny blomväxt, nämligen Elisma natans. Fyndet 
hade gjorts i den lilla sjön Vålungen i Långseruds s:n sommaren 1950 
men hade först nyligen blivit bekant genom att exemplaret blivit lämnat 
till granskning hos dr C a r l  B l o m  i Göteborg. Arten, vars släktskap och 
växtsätt båda antydas av det svenska namnet fly Isvall ing, är ju eljest 
mycket karakteristisk: den är visserligen ganska n ära  besläktad med det 
egentliga svaltingsläktet, Alisma, och liknar detta i kalkens typ, men 
skottsystemet är mycket olika, uppbyggt som det ä r  av en trådfin, på 
bottnen krypande och vid noderna vidfäst stjälk; varje nod bär dess­
utom en krans av 3 små fjällika blad, av vilka 2 stödja var sin ensamma 
blomma, som medelst ett långt fint skaft exponeras på vattenytan, 
medan u r det tredje bladets veck utgår en knippa likaledes långskaftade 
blad med den lilla ovala skivan flytande på ytan.

Det svenska fyndet av Elisma natans — eller, som man väl hädanefter 
är tvungen att kalla den, Lnron ium  natans — är inte orimligt men dock 
mycket oväntat. 1 Norden har arten sen länge ett litet snävt begränsat 
område i västra Jylland. Men så upptäcktes den 1923 helt oväntat i 
Alnsjöen nära Oslo, en liten mager skogssjö, där den vid närm are  efter­
forskning 1926 befanns växa i ymnighet och enligt L id  1949 tycktes 
täcka hela bottnen. Förekom sten beskrevs först (1930) av H o l m b o e .
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vilken som sannolikaste förklaring angav en tillfällig spridning med 
fåglar; att det inte var fråga om någon avsiktlig utplantering eller någon 
annan  antropokor spridning syntes av sjöns läge och andra omständig­
heter tydligt. Att den svenska förekomsten måste härledas från en fågel- 
transport från  Norge, kan  det väl knappast råda någon tvekan om, helst 
som flytsvaltingen där verkligen naturaliserats och uppenbarligen be­
finner sig i spridning: 1949 kunde nämligen L i d  meddela en ny fyndort, 
strax intill den första, och dessutom omtala, att arten utbrett sig rikligt 
i en sjö, där H o lm b o e  1929 planterat ut den. Artens totalutbredning 
sträcker sig genom Västeuropa från Spanien till Storbritannien och 
österut genom Tyskland, enligt uppgift ända  till Polen. Högeligen rem ar­
kabelt är, att den också en gång, en enda, blivit funnen på Java.

Fåglarnas medverkan vid spridningen av växtdiasporer är ju sen 
länge mycket uppm ärksam m ad och h a r  ju fram för allt ofta framhållits, 
n ä r  det gällt att förklara från  en arts huvudutbredning starkt disjunkta 
förekomster, t.ex. den baltiska förekomsten av Silene viscosa eller före­
komsten på Ölands alvar av den sydosteuropeiska Plantago tenuiflora.  
Del andra  spridningssätt, som brukar  anföras som förklaring till dylika 
oväntade fynd, i fall när en reliktförekomst verkar utesluten, är anemo- 
kori, spridning med vinden. Ettdera av dessa agens, och kanske då sna­
rast vinden, får väl göras ansvarigt, som också finnaren själv framhållit, 
för del närm ast före i tiden liggande nytillskottet till den inhemska 
svenska kärlväxtfloran, och det med tanke på artens säregna utseende 
och sydliga na tu r kanske mest rem arkab la  under långliga tider, n ä m ­
ligen den lilla orm bunken Ceterach off icinarum.  Släktet, som om fattar 
bara  några få närstående arter, är nära  besläktat med Asplenium  — vår 
art kallades av L i n n é  Asplenium ceterach men är lätt att känna igen 
på att den smala, enkelt pardelade skivan på undersidan är täckt av 
brett triangulära fjäll, vilka som m ycket unga äro färglösa men snart 
nog an ta  en skimrande gulröd färg härav  namnet kattguldbräken, 
varunder Ceterach of ficinarum uppenbarar  sig i H u l t é n s  atlas. Ett i 
mitt tycke bättre nam n är mjältbräken, bildat efter artens tyska nam n 
Milzfarn och syftande på dess forna medicinska användning liksom 
släktnam net Asplenium.

Arten är en klippväxt med utbredning från Brittiska öarna över 
Frankrike  och Pyreneiska halvön ner till Marocko och vidare österut 
genom hela Mediterranområdet i E uropa  och Afrika samt Mindre 
Asien, Palestina och Kaukasus ända till Centralasien. I det inre E uropa 
går den med en smal utlöpare från väster in i mellersta Tyskland; dess­
utom finns (eller fanns) den på en fyndort i Polen som antropokor,
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nämligen på fästn ingsm urarna vid Grudsiatz (f.d. Graudenz) nära 
Gdansk (f.d. Danzig). Även den nordligaste av dessa lokaler är ju emel­
lertid så pass avlägsen, att man inte hade anledning att vänta sig arten 
i Norden. Som så ofta i fråga om sydliga arter, var det Gotland, som 
visade sig äga den; lokalen, östsidan av Grogarnsberget i Östergarn på 
öns östra sida, blev funnen 29 juni 1948 av en läroverkslärare i Örebro, 
G ö s t a  N y h l é n . H är växer arten sparsamt men dock i flera tuvor, både 
större och helt små, i »horisontella sprickor och grottor i kalkklipporna» 
på så låg höjd över havet, att fyndorten, som dess finnare påpekar i sin 
redogörelse i Botaniska Notiser 1949, måste ha varit dränkt av havet 
åtminstone under Ancylus-tid och troligast även under Litorina-tid. Om 
en relikt förekomst kan del alltså, säger han, inte rimligen vara fråga; 
fågelspridning skulle däremot kunna  tänkas, eftersom växtplatsen var 
bebodd av skogsduvor, likaså spridning av sporer med vinden från en 
mellaneuropeisk lokal. Men att härom  bevisa något är ännu ogörligt 
och kommer väl att så förbli.

Den motsatta tolkningen, alltså en relikt förekomst och ej en (eljest 
väl tekniskt möjlig) recent vindspridning vill B e n g t  P e t t e r s s o n  d är­
emot ge åt en liknande starkt disjunkt gotländsk förekomst av en syd- 
och mellaneuropeisk växt, där han  själv var den lycklige upptäckaren 
ocli som han för några år sedan väckte storsensation med hos sina kol­
leger, nämligen Orchis Spitzelii. P e t t e r s s o n  fann denna art den 4 juni 
1939 i Halls socken på Gotland och kunde därmed, som han  själv skri­
ver i sin redogörelse för fyndet i festskriften för C a r l  S k o t t s b e r g  1940, 
jäm nt 140 år efter W a h l e n b e r g s  på sin lid lika märkliga fynd av 
Orchis palustris »på Gotland påvisa en representant för en artgrupp av 
släktet Orchis som till denna dag varit okänd i Sverige, ja i hela norra 
och mellersta Europa norr om Schwarzwald». Den står b land svenska 
arter närm ast O. mascula men skiljs lätt genom brunaktig  överläpp och 
fram för allt genom konisk, nedåtriktad, inte nedåt bredare och uppåt- 
höjd sporre. Efter det P e t t e r s s o n  gjort sitt fynd visade det sig också, 
att arten i själva verket insamlats redan 1914 på Gotland av dr. E. T i l  

F r i e s  i Visby, som visserligen kallat den mascula men på etiketten till 
sitt exemplar anm ärk t  skillnaden i blomfärg. P e t t e r s s o n s  förmodan, 
att arten skulle stå att finna på flera lokaler på ön, har också visat sig 
riktig. När han 1951 (i B o s v a l l  & P e t t e r s s o n :  Gotlands orkidéer) 
meddelade en karta  över de gotländska fyndorterna, hade dessas antal 
stigit till 11. I alla fallen, inkl. det ursprungliga, är lokalen av över­
raskande trivial karak tär ,  i de flesta nära överensstämmande med den 
första, som utgjordes av en torr och mager, mjölonrik tallskog strax
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intill kusten. Han påpekar emellertid, att lokalklimatet och m arkförhå l­
landena på dessa ståndorter måste anses ganska bra s täm m a överens med 
de förhållanden, som äro kända för artens förekomster i Alperna; på 
det hela taget är den, så vitt m an vet, en kalkväxt. Dessa håda om stän­
digheter ge ju  en viss förklaring till dess trivsel på Gotland, 'där den 
enligt honom måste anses vara av gammalt datum — som redan antalet 
lokaler antyder trots att den så länge undgått upptäckt; detta i sin 
lur kan  förklaras inte bara  med ståndorternas triviala karaktär,  som 
inte inbjudit till eftersökning av ra ra  orkidéer, men även därmed att 
arten endast under den ganska korta blomningstiden sticker av tillräck­
ligt från mascula. På det hela taget är arten ganska polymorf, vilket 
står i samband med att den har en så splittrad utbredning; med u n d an ­
tag för Gotland och ett par öar vid Dalmatiens kust är den rent m ontan 
(mestadels högmontan). Mera talrika äro dess lokaler endast i Alperna 
och på nordvästra Balkanhalvön; här ifrån  går den över Balkan till 
Mindre Asien, där ett par fyndorter äro kända, liksom en enda är bekant 
från Spanien och en från Marocko.

Ett tredje spridningssätt — alltså utöver fågel- och vindspridning -— 
nämligen med havsström m ar ligger väl närm ast till hands att anta för 
en tredje remarkabel sydsvensk novitet, vars upptäckt dock ligger unge­
fär 25 år tillbaka i tiden, nämligen umbellaten Oenanthe Lachenalii, 
funnen 1927 av dåvarande skolpojken, nu lasarettsläkaren N i l s  S ö d e r ­

s t r ö m , som själv publicerade sitt fynd i Svensk Bot. Tidskrift 1930. 
Fyndorten var en holme i Blekinge, i närheten av Bonneby, men egen­
domligt nog — som finnaren påpekar — ligger den inte ute i yttersta 
havsbandet utan långt in i skyddat läge. Därför ställer han sig skeptisk 
mot att den skulle förts hit av havsström m ar från  sina närm aste  hai­
tiska förekomster, som ligga på tyska nordkusten —  arten finns näm ­
ligen, så vitt m an vet, inte på Bornholm, fastän H u l t é n  i sin atlas råkat 
pricka in några lokaler för den där utan han vill snarare tro, att den 
lilla Blekingeförekomsten är en rest av en tidigare större utbredning. 
Detta kan synas djärvt men får nog inte utan vidare avspisas, särskilt 
när m an tänker pä vad som hänt med en annan  havsstrandsumbellat, 
nämligen Ligusticum scoticum. Denna var i Sverige känd  blott från 
Västkusten intill del J o h a n  E r i k s o n  1927 just i Blekinge fann den i ett 
enda litet ex.; och nu har den, åtskilliga år senare, visats äga en inte så 
oansenlig förekomst i Hälsingland, med strödda sparsam m a utposter 
(men får väl snarast tolka förhållandet på del sättet) i Gästrikland och 
nordligaste Uppland. Hur som helst, en spontan förekomst är det säkert 
fråga om när det gäller Oenanthe Lachenalii i Blekinge — som en an-
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m ärkningsvärd  omständighet påpekade S ö d e r s t r ö m , att den växte till­
sam m ans med Juncus maritimus,  som eljest inte lanns i närheten. 
Inom Norden finns O. Lciclienalii f.ö. blott i D anm ark  men där på 
ganska många håll, dels kring Limfjorden, dels vid kusten i sydöstra 
Jylland, Fyn, Langeland, Falster och Sjaelland.

Ytterligare några arter, som tillhöra havsstränderna eller deras n ä r­
maste omgivningar, ha under 1111 ifrågavarande tid upptäckts som nya 
för Sverige, flertalet i de sydligaste landskapen. För det allra märkligaste 

och i sanning högst rem arkabla  — av dessa h a r  säreget nog aldrig 
givits någon ordentlig redogörelse i litteraturen u tan  endast korta noti­
ser, och vad som är känt om fyndomständigheterna har traderats m u n t­
ligen. Vad jag syftar på  ä r  N i l s  D a h l b e c k s  fynd sommaren 1944 av 
Scutellaria minor nära Torekov i nordvästligaste Skåne. Det var enligt 
finnarens egen relation beroende på en blandning av slump och nyfiken­
het, att det gjordes: hade han  inte behövt stiga av sin cykel för att öppna 
en grind, när han  for över strandängen, och hade han  inte samtidigt 
varit nog nyfiken att begagna tillfället att titta efter, om det möjligen 
kunde finnas något sevärt i någon av de små pölar med vitmossa kring, 
som funnos i närheten som svackor i ängen, så hade den oansenliga 
växten förblivit oupptäckt — för hur lång tid är svårt att säga, ty det 
har senare visat sig, a t t  den faktiskt finns på ytterligare ålm. ett par 
liknande lokaler i sam m a trakt, detta enligt S t e n  S e l a n d e r , som ägnat 
sig åt en del detaljerad florautforskning av området under några  som­
rar. Detta tyder ju på alt det i varje fall inte är fråga om någon så all­
deles recent förekomst; att den undgått upptäckt ä r  inte så mycket att 
undra  över, 0111 man känner dess obetydlighet — den gör verkligen, ålm. 
i fråga 0111 svenska ex., skäl för epitetet m inor , ty den blir inte många 
cm hög, och cless b lommor med sin ganska blekt violettskära krona äro 
också små och föga iögonenfallande. Ståndorten är väl inte heller av den 
typ, att den ofta efterforskas. Den torde motsvara vad som är normalt 
för a r ten  inom dess egentliga utbredningsområde, som är 111.1.111. a t lan ­
tiskt och mot norr sträcker sig upp till Storbritannien och nordvästra 
Tyskland. Man kan alltså inte säga, att Scutellaria minor var någon växt. 
som m an  var inriktad på att finna, inte någon av de där arterna, som 
m an i första hand satte på listan över växter som borde efterspanas.

Det kan  däremot med större eller mindre rätt sägas 0111 de tre å ters tå­
ende havsstrandsarterna inom denna grupp av nyheter. Två av dem äro 
bottn iska och sedan länge bekanta  från Finlands-sidan. Den ena är 
Hippuris tetraphijlla} den andra R um ex fennicus  —  eller, som man nog 
måste kalla den, R. pseudonatronatus. Hippuris tetraphijlla hade visser-
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ligen flera gånger förut blivit rapporterad  som svensk, från helt olika 
trakter av östkusten, men uppenbart med orätt eller åtm. u tan  säkra 
bevis, och det första säkra fyndet kom först 1930, då den blev funnen 
nära Umeå av dåvarande skolgossen, num era  botanik-licentiaten L e n ­

n a r t  H o l m . — - R um ex pseudonatronatus blev konstaterad som svensk 
något tidigare, nämligen 1922, då disponenten S t e n  G r a p e n g i e s s e r  

fann den vid stranden av Holmöarna, också i närheten av Umeå. Här 
ha sedan flera fyndställen blivit funna och publicerade av T h . A r w i d s - 

s o n , och dessutom har ett litet område blivit funnet för den i H aparanda  
skärgård. H ur pass konstant den är på sina fyndställen och i Sverige på 
det hela laget, vet m an väl mycket lite om — den är ju även i F inland 
lile rörlig av sig; som stabiliserad får  m an  nog ändå räkna den även på 
svenska sidan.

Detta är däremot mycket tvivelaktigt i fråga om art nr 3, som i m ot­
sats till de båda föregående tillhör västkusten, nämligen sandmållan, 
Atriplex sabulosa, tidigare mera bekant som A. maritima  eller A. fari­
nosa. Den har  ju redan tidigare figurerat från  Sverige men endast i 
egenskap av adventiv, f.ö. blott med få och gamla fynd. Om någon 
antropokor tillförsel kan det tydligen inte gärna vara tal i fråga om det 
fynd, som motiverar dess upptagande i min översikt, nämligen det som 
G u n n a r  D e g e l i u s  1943 gjorde på Nordkoster i Bohuslän i ett enda exem­
plar; som ju arten är ettårig, är det alltså ganska ovisst om den alltjämt 
lever kvar i vår flora. Å andra sidan kan det mycket väl tänkas, att 
den förr eller senare skall visa sig ha gjort en ny och mera lyckad kolo­
nisation, på samma sätt som tycks ha skett under de allra sista årtion­
dena på norska sydkusten, enligt vad som skildrats av H o l m b o e  och 
N o r d i i a g e n ; härifrån  måste ju med all rimlighet framstöten mot Bohus­
län ha utgått. Denna norska expansion —  m an  kanske får använda 
detta uttryck, eftersom gamla ex. tyda på att arten haft smärre spontana 
förekomster i området sen långt tillbaka — är i sin lur dock ganska 
anm ärkningsvärd, ty det är från artens norska område en ganska avse­
värd sträcka ner till dess egentliga sam m anhängande utbrednings­
om råde.1 Sandmållan är nämligen en ar t  som bör hemma på stränderna 
av Atlanten och Nordsjön från F rankr ike  upp till England och västra 
Jylland: där är den känd  från  ett tjugotal lokaler upp till norra  Vend- 
syssel. Överallt växer den som i Skandinavien i fin sand.

Flertalet nya arter av denna grupp tillhöra emellertid, som naturligt

1 Sedan o v anstående  skrivits  h a r  I v a r  S e g e l b e r g  i Svensk Bot. T idskr.  48: 1 
(1954) m eddelat ,  att  han  hösten  1953 funnit  »ett h u n d ra ta l  individ» av a r ten  på h a v s ­
s t ran d en  vid Åsa i Ölmevalla  s:n  i Halland.
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är, fjällen. De flesta höra till den så att säga väntade kategorien, d.v.s. 
sådana som tidigare varit kända från Norge och i m ånga  fall även Öst- 
fennoskandia. För inte mindre än 4 av dessa står den oförlikneligt skarp­
synte H a r r y  S m i t h , nämligen Drabci crassifolia, Stellaria longipes (eller 
S. crassipes, om m an accepterar H u l t é n s  uppdelning av denna a r t ­
grupp) -  vardera funnen på 2 lokaler i Torne lap p m ark  1920 — samt 
Ranunculus sulphureus  på Pesisvare vid Abisko 1925 och slutligen 1933 
den först hos H e d b e r g  1952 publicerade Armeria sibirica eller, som den 
väl bör heta, A. scabra, från  det högst m ärkvärd iga och växtrika fjället 
Pältsa i Torne lappm arks allra nordligaste kil, vilken sistnämnda art 
visserligen redan tidigare angetts som svensk men med orätt. För en 
annan  av de nya fjällarterna, nämligen Gentianella aurea, fanns det d ä r ­
emot tidigare hederliga svenska belägg, men de härs tam m ade från 
en förekomst vid Abisko, där arten väl u tan  något tvivel kommit in från 
Norge, närm are  bestämt med hö någonstans från  Narviks-kusten, där 
den är vanlig på strandängarna. Men 1929 fann G u n n a r  B j ö r k m a n  

också en av de loögda — arten som otvivelaktigt indigen fjällväxt 
på Tjårgesvare i Lule lappm ark; han  har  närm are  berättat därom i sin 
avhandling om floran i Stora Sjöfallets nationalpark  10 år senare. Sist i 
skaran  av dessa nya men mer eller m indre väntade fjällväxter kom m er 
så 1935 Carex holostoma,  funnen av  A x e l  N y g r e n  vid Riksgränsen, 
nätt och jäm nt innanför gränsen m ot Norge.

Men även fjällen ha för några år sedan givit en ar t  av sam m a över­
raskande slag som t.ex. Orchis Spitzelii och vetenskapligt väl av nästan 
ännu större intresse, nämligen den tidigare på Europas fastland blott 
från  Kanin nos kända Potentilla emarginata  eller, som m an nog måste 
kalla den, P. hijparctiea. Det var S t e n  S e l a n d e r  som 1941 gjorde detta 
högst oväntade fynd på krönet av fjället S talotjåkko i Virihaure-områ- 
det i Lule lappmark, c. 1.300 m ö.h.; fyndet var desto hedersam m are 
som växten var i frukt. Följande år kunde  han  dock beskåda och samla 
den i blommande skick, och hans fä rdkam ra t  C a r l  S k o t t s b e r g  fann 
den på en andra lokal på fjället. Ytterligare 2 år  senare fann  S e l a n d e r  
och O l o f  R u n e  den på det närbelägna fjället Jeknafo, där den på 
1.400 m höjd t.o.m. var ganska riklig. Enligt S e l a n d e r  synes arten i 
Lule lappm ark  ha mycket speciella fordringar på sina ståndorter: »dessa 
utgörs», säger han, »av branta, blåsiga höjd kam m ar inom översta delen 
av regio alpina media, där snöbetäckningen under vintern måste vara 
högst obetydlig, och är på ett undantag  när  [S k o t t s b e r g s  lokal] be­
lägna på fjällens lovartssidor åt väster och söder. . . . Marken består 
av vittrat kalkhaltigt skiffergrus» m ed gles koloniartad vegetation, där
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ar tens  m y ck e t  k ra f t iga  jo rd s ta m m a r  fäs ta  den tillräckligt k ra f t ig t  för  
a t t  den skall k u n n a  u th ä rd a  den s ta rk a  uppfrysn ingen . Artens u tb re d ­
n ing  ä r  högark tisk t  c i rk u m p o lä r ;  a tt  den i den n o rd isk a  f jä l lked jan  
skulle f innas  jus t  i Lule  l a p p m a rk  kan , som S e l a n d e r  säger, synas 
g an sk a  oväntat,  m en i s jä lva verket hyser, som h a n  sam tid ig t  f r a m ­
håller. detta  s to ra  k o m p a k ta  högfjä llsm assiv  en ganska  enas tående  u p p ­
sä ttn ing  av typ iska  »övervintrare», där ib land  15 av Sveriges 22 väst- 
a rk t isk a  a r te r  —  bl.a., på  ett p a r  h u n d ra  m :s  av s tån d  f rån  Potent illa. 
Draba crassifolia. Att Potentillci hyparctica  h ä r  m åste  räk n as  som en 
in terglacial relikt, en »övervintrare», k a n  det näppeligen  r å d a  någo t 
tvivel om.

Med den sista a r t  jag n u  skall sk ild ra  inom  de »nyupptäcktas»  g rupp  
m åste  vi em ellertid  å te rv än d a  till Sydsverige, n ä rm a re  bes täm t till Got­
land. Sam tid ig t k an  den arten  sägas bilda en övergång till näs ta  grupp, 
den m a n  skulle k u n n a  k a l la  de nyavslö jades g rupp  —  ty fynde t  gjordes 
inte i n a tu re n  u ta n  i herbarie t .  Den in tressera r  m ig speciellt, eftersom  
det ä r  den enda  novite t jag  själv k u n n a t  b id ra  ined —  m en  fyndet, 
a lltså den ursp rung liga  insam lingen  av exem plaren , gjordes inte av mig. 
Min s.k. u p p tä c k t  var  så tillvida lön för ett avsiktligt letande, som att 
jag  gjorde den n ä r  jag gick igenom  U ppsa la -herbarie ts  svenska m ater ia l  
av Veronica tr iphylla  på  jak t  efter en a n n a n  art, V. Dillenii (eller 
V. campestris),  som m ed  h ä n s y n  till sin fö rekom st gan sk a  lång t  n o rru t  
i T y sk lan d  rim ligen  k u n d e  tän k as  växa  i Sydsverige och för  vilken ett 
högst ob sk y r t  svenskt fynd  spökat i l i t te ra turen . Jag  fa n n  den inte, 
vare sig då  eller senare, m en  i stället en kollekt f rån  Visby, sam lad  1896 
av K. J o h a n s s o n  och ka llad  » V. tr iphylla  cum  f. n a n a », vilken jag  såg 
vara  en för  Sverige ny  a r t ;  vid genom gång av det a l lm än n a  herbarie t  
visade den sig vara  den av A l l i o n i  1785 beskrivna  V. praecox.  När jag  
för säkerhe ts  skull även g ran sk ad e  vårt no rd iska  m ate r ia l  av V. arven- 
sis, låg även  där  (under n a m n e t  V. arvensis  f. serrata) ett l ikaså av 
K. J o h a n s s o n  på Gotland n ä rm a re  bes täm t i H ejdeby  1906 sam lat 
a rk  av V. praecox. I själva verket s tår  a r ten  m orfo logisk t täm ligen m itt 
em ellan  dessa båd a  arter, fas t  den ål båda  hållen  ä r  m ycke t  väl skild 
genom bladens, kapselns  och frönas form —  det ä r  inte på  något sätt en 
kritisk  art u tan  en m ycket  hederlig, fr is tående  och föga variabel art. 
ö m  b lo m m o rn a  k u n d e  jag  inte få  m y ck en  föreställning på  de avslöjade 
herbar ieexem plaren , av v ilka det ena a rke t  upptog  ex. i frö, det a n d ra  
y tterst små, b a ra  någ ra  få  cm höga ex., som jus t  b ö r ja t  b lom m a. Det 
in tre ssan ta  v a r  nu  em ellertid  f r a m fö r  allt, a lt  det red an  av uppg if te rna  
på  e t ike t te rna  enligt m in  m en ing  var  tydligt fråga  om  spo n tan a  före-
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k o m ste r  på  k a lk k l ip p m ark .  Delta bek rä f tades  också  sn a r t  nog: fö ljande  
å r  f a n n  B e n g t  P e t t e r s s o n  a r ten  väl inte på  någon  av de gam la  loka­
le rna  m en  på  en n y  go tländsk  lokal av u tp räg lad  a lv a rk a ra k tä r ,  och 
2 å r  senare  kunde  den ska rpsyn te  N i l s  A l b e r t s o n  u p p täck a  den på 
två  a lva r loka le r  på Ö land, d ä r  senare  y tterligare  en lokal blivit funnen  
av Ö landsf lo rans  egen m onograf, R i k a r d  S t e r n e r . Att denne dittills 
k u n n a t  förbise  den h a r  en m ycket  enkel fö rk la r ing  i a t t  a r ten  ä r  u to m ­
ordentlig t  tidig (A l b e r t s o n  sam lade  den i b lom  siste april) och sedan 
snabb t försvinner. Men uppenbart  ä r  även —  efter A l b e r t s o n s  och 
S t e r n e r s  n o g g ran n a  u n d e rsö k n in g a r  av dess s tå n d o r ts fö rh å l la n d e n  på 
Ö land, d ä r  den förgäves eftersökts på  stora a lvare t —  att dess k ra v  äro 
m ycket speciella och a tt  den både är  och k o m m e r  a t t  förbli en stor 
sällsynthet.  Omöjligt skulle väl emellertid, som A l b e r t s o n  fram hålle r ,  
inte vara, a t t  a r ten  skulle stå  a t t  f inna  inom Skånes sa n d o m rå d e n ;  i så 
fall skulle m a n  få en viss bekräfte lse  på  en gam m al u p pg if t  om a t t  den 
skulle  h a  sam lats  i T o ru p  i östra  Skåne, vilken E l i a s  F r i e s  m eddela t 
p å  g ru n d v a l  av ett gam m alt  he rb a r ieex em p la r  f rå n  1700-talet. P å  detta 
sätt, som sandväxt, fö rek o m m er  V. praecox  i Eng land , d ä r  den först på 
1930-talet blev fu n n en  i to rra  h a lv k u l tu rsam h ä llen  m ed  m.l.m. u tp rä g ­
lad sandhedsvegeta tion , l ikaså  i Tyskland , delvis i sam h ä l len  av m era  
påtag lig  spon tan  k a ra k tä r .  L ängre  söderu t blir  den ån y o  k lippväxt, och 
även  så långt n o r ru t  som i K yffhäuse r-om råde t  vid R hen  h a r  den en 
sådan  fö rekom st p å  kalkberg .

P å  en del av s ina lokaler, bl.a. i Eng land , u p p t rä d e r  den  ti l lsam m ans 
m ed  en växt, m ed vilken den både  växtgeografisk t och i fråga  om  sin 
svenska  upp täck tsh is to r ia  v isar på tagliga  l ikheter, n äm ligen  a lvarkösan , 
Apera interrupta.  Alt en sm åväx t Apera- fo rm  fö rekom  ute på  Ö lands 
a lvar  som en n o rm a l  konsti tuen t  va r  sen länge bekan t ,  och redan  E l i a s  

F r i e s  gav den en särsk ild  varie te tsbeteckning  un d er  A. spica-venti:  var. 
pygm aea ,  vilken behölls ä n n u  av H o l m b e r g  i första häf te t  av h an s  flora 
1922. 2 å r  senare visade den u tom orden tlige  a r tsy s tem atik e rn  T y c i i o  

V e s t e r g r e n , att den i s jälva verket inte alls va r  någon  fo rm  av A. spica-  
venti  u tan  identisk ined en a n n an  l innaeansk  art, A. in terrupta  (beskri­
ven av L i n n é  som Agrostis in terrupta  1759). Utöver hab itue lla  k ä n n e ­
tecken, speciellt den sm ala  v ippan, som även i k u l tu r  fö rb lir  konstan t,  
skiljs d en n a  f rån  A. spica-venti, åkerkösan , genom  sina y t te rs t  kor ta  
s tå n d a rk n a p p a r .  I Sverige f inns a lva rkösan  dels, u ppenbarl igen  mycket 
sällsynt, på  Gotland, dels vida sp r idd  på  Ö lands a lv a rm a rk e r ;  ja, 
V e s t e r g r e n  skriver, a t t  »det ä r  troligt, a tt  Ö lands söd ra  a lvar  ä r  den 
en d a  p lats  på  vår  jord , d ä r  den k an  be trak ta s  som a llm än». U tan fö r
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Sverige förekommer arten huvudsakligen på »sandfält, vägkanter, åk ra r  
och liknande ställen med öppen vegetation, t.o.m. m urar»; i södra 
m editerranom rådet möter man den som bergväxt. Utanför Europa, där 
den f.ö. går upp till södra Skottland, södra Holland och två lokaler i 
Tyskland (i Köln- och Hildesheims-trakten), är den med säkerhet bara  
känd från  en lokal i Transkaukasien och från  Atlas.

Ytterligare två goda men länge bortglömda eller missförstådda gräs­
arter ba under denna period blivit utredda ocli påvisade som svenska, 
nämligen Poa supina  och Glycerin declinata. Namnet Poa supina hade 
ju  tidigare förekommit i svenska floror, exv. hos N e u m a n  1901, fast det 
som betecknats så egentligen bara  varit kraftigt färgade modifikationer 
av Poa annua  —  säreget nog ligger dock i Uppsala-herbariet en kollekt 
av verklig supina  samlad av E l i a s  F r i e s  och bestämd till denna, vilket 
dock aldrig ledde till alt F r i e s  definitivt accepterade arten. Definitivt 
urskild som en egen, väl skild art med avsevärd utbredning inom Sve­
rige blev Poci supina först på 1930-talet genom J. A. N a n n f e l d t . Denne 
hade under sina Poa-forskningar visserligen fäst sig vid en del utländskt 
herbariematerial, kallat P. supina  och avvikande från det vanliga vit- 
gröet genom förlängda, krypande skottaxlar, men någon klarhet om att 
här förelåg en artskild typ fann han  ej förrän ban  sett en uppgift i 
H a r a l d  L i n d b e r g s  bok Itinera mediterranea, att P. supina  skulle skilja 
sig från  P. annua  genom mycket längre ståndarknappar. Då väcktes 
emellertid N a n n f e l d t s  nyfikenhet på allvar, och han kunde strax ko n ­
statera, att denna k a rak tä r  stämde genomgående för utländsk supina  
och även att svenska exemplar, som han tidigare funnit ha samma skott­
system, också hade långa ståndarknappar och alltså borde räknas till 
P. supina. Närmare granskning gav ju också vid handen, att denna 
skilde sig även i andra  detaljer, exv. vippformen, från  P. annua. Detta 
blev ännu tydligare, nä r  levande material blev tillgängligt för studium 
— och sådant levererades prompt, när våren efter upptäckten kom, av 
Uppsala-botanisterna. Poa supinas favorittillhåll äro väl tram pade 
skogsstigar och parkgångar o.d. —- jag har därför döpt den till tramp- 
gröe — li.b. om de äro mullrika, men gärna också kring uthus, på 
ladugårdsbackar, beten etc.; på sandig m ark  söker m an den i regel för­
gäves. På det hela taget är arten europeisk-nordafrikansk, men N a n n ­

f e l d t  bar också påvisat den från Sibirien och Himalaja. 1 Sverige är 
den — med skenbara eller verkliga ojämnheter i utbredningen — fu n ­
nen upp till Jäm tland  (och på en lokal i Torne Lappmark) och är i 
m ånga landskap traktvis helt vanlig. 1 de övriga nordiska länderna är 
den alltjämt förvånansvärt litet samlad: från  Norge är den, bortsett från
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ell gam m alt fynd vid Oslo, bara känd från några lokaler i Sör- och 
Nord-Tröndelag i nära  anslutning till de jäm tländska förekomsterna, 
från D anm ark  bara  från  Bornholm; i Finland, där den kunde väntas 
vara ganska spridd, med tanke på artens ymnighet i Uppland, h a r  den 
först helt nyligen blivit påvisad, nämligen från  ett par ställen i Eckerö 
på Åland. Härtill måste emellertid påpekas, att trampgröet måste sökas 
under våren och försom m aren — denna art har nämligen gentemot den 
när som helst under året blommande cinnua den m arkerade olikheten, 
att den blom mar bara  en kort och avgränsad period och sen snabbt 
m ognar och sprider sitt frö, varpå strået vissnar. Dess hybrid  med annua, 
som nästan alltid finns, nä r  ar te rna  — såsom ofta sker — växa till­
sammans, håller därem ot långt därefter på med sin resultatlösa blom ­
ning och kan  långt in på högsommarn påträffas med sina karak teris­
tiska utspretande blomfjäll, mellan vilka de smala och alldeles hop­
skrum pna s tåndarknapparna  sticka ut; steriliteten sam m anhänger med 
den av N a n n f e l d t  fastställda skillnaden i kromosomtal mellan arterna.

Även Glyceria declinata, som m an skulle kunna  kalla blågrönt m an n a­
gräs — med tanke på dess bladfärg och i anslutning till de förut existe­
rande nam nen på sam arterna  flintans och plicata, resp. vanligt och 
skånskt m annagräs — skiljer sig, som engelska botanister nyligen visat, 
i sitt kromosomtal från  sina närmaste släktingar, de just näm nda arterna, 
med vilka den länge varit förblandad. G. declinata h a r  nämligen soma­
tiskt 20 kromosomer, de båda övriga 40. Över huvud taget var det 
genom engelska botanister som arten på 1930-talet så att säga å te rupp­
täcktes och även dess yttre morfologiska, från  de övriga arternas väl 
m arkerade karak tä r  ånyo påpekades. Den är uppenbarligen ej alls säll­
synt i Storbritannien, och på det hela laget är den så vitt m an vet väst­
europeisk: efter vad jag själv sett i herbarier går den från  Portugal över 
västra Frankrike, västra Tyskland och Danmark upp till södra Norge. 
Beskriven blev den från  Normandie av B r É b i s s o n  1859, och dess för­
nedring var alltså inte så lång som den redan 1804 beskrivna Poa supi­
nas men å andra  sidan djupare — den förhållandevis inskränkta u tbred­
ningen kan väl kanske andragas som en förmildrande omständighet. 
Det är dock möjligt, att denna sträcker sig längre in i Mellaneuropa, 
om nämligen den av W i m m e r  & G r a b o w s k i  från  Schlesien beskrivna 
G. fluitans  f. pumila  verkligen hör hit; detta verkar av beskrivningen att 
döma i varje fall inte omöjligt. Fak tum  är emellertid, att detta nam n 
senare i Sverige använts för att beteckna exemplar som verkligen till­
höra G. declinata, t.ex. hos H o l m b e r g  1926, ja, att H o l m b e r g  själv 
samlat sådana och spritt dem under detta namn. Det besynnerliga är nu.
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att den beskrivning han  ger i andra häftet av sin flora av denna f. 
pum ila  just fram häver de båda viktigaste karak tärer,  genom vilka decli­
nata  skiljer sig från fluitans, nämligen de korta s tåndarknapparna  —  en 
k a ra k tä r  gemensam med plicata — och den även från  den sis tnäm nda 
avvikande uppflikningen av ytterblomfjällets spets i tre (eller fem) 
ko rta  uddar. Han tillägger: växer på u ttorkade ställen; småaxen likna 
dem hos G. plicata. Det s istnämnda är riktigt, och i m ånga fall ä r  det 
jus t  med denna som declinata förväxlats hos oss, men första delen av 
meningen, jämte första delen av beskrivningen av f. pumila,  nämligen 
såsom lågväxt, 10— 20 cm hög, nedliggande —  uppstigande med kort, 
axlik vippa, stämmer inte genomgående; tydligen hade H o l m b e r g  ej 
stött på arten i andra  än dessa m agra modifikationer. Det var emellertid 
på  sådana exemplar i Uppsala-herbariet som arten  till slut (1948) av 
den gästande unge engelske botanisten M a x  W a l t e r s  fastställdes som 
svensk. Bilden av både arten och dess utbredning ändrades emellertid 
snabbt, när W. och jag fortsatte herbarieundersökningen: de få loka­
lerna mångdubblades, och arten framställde sig i väl utbildat och då 
mycket prydligt skick i sam m a ögonblick vi genomgingo materialet i 
Göteborgs botaniska trädgårds herbarium. Det visade sig, att den 
— nästan  uteslutande på 1930-talet — inom Göteborgs och Bohus’ län 
samlats på inte mindre än 28 lokaler, delvis i källdrag i skalbankar, men 
genomgående bestämts till plicata. Till större delen låg den där if rån  i 
m agnifika exemplar med ofta V2 111 höga strån och dm-långa rika vip­
por. Redan inom en vecka kunde vi f.ö. genom den påpasslige N i l s  

A l b e r t s o n s  hjälp få levande exemplar från  ett nytt område för m.l.m. 
riklig förekomst, nämligen Falköpings-trakten i Västergötland. Dess 
älsklingstillhåll voro här enligt A l b e r t s o n  gyttjiga, helst rikligt ko- 
tram pade och naturligtvis även -gödslade vattningspölar, dam m kanter  
eller kärriga betesmarker o.d. Jag har senare själv i Skåne haft tillfälle 
att f inna den och försöka diska den något så när ren på  en sådan lokal; 
den var förvisso ej av sådan natur, att man där letade efter snygga 
exemplar till sitt herbarium , och detta växesätt och därav följande 
oskönhet är naturligtvis främsta anledningen till att arten så litet u p p ­
m ärksam m ats i Sverige. Under de senaste åren ha åtskilliga nya fy n d ­
orter kommit till från Skåne, i vars slättbygder den torde vara ganska 
vanlig, men till sin utbredningstyp är arten alltjämt inom Sverige sydlig 
och västlig, med den mot öster längst fram sk ju tna  fyndorten i Gustav 
Adolf i Västergötland, strax intill Smålandsgränsen V 0111 Jönköping. 
Den är 1111 också, särskilt genom S t ö r m e r s  undersökningar, känd från  
några lokaler vid Norges sydkust.

10 B o t a n i s k a  N o t i s e r  1954 .
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Hela denna upptäcktshistoria, ålm. den svenska delen därav, påm in­
ner i högsta grad om en annan  arts, där också en gästande utlänning 
gjorde upptäckten. Vad jag åsyftar är Alchemilla eller hellre Aplianes 
microccirpa, vars förekomst i Sverige fastställdes av den tyske Alche- 
mi/åi-specialisten W e r n e r  R o t h m a l e r  vid hans besök i Stockholm 
1937. Till min skam måste jag erkänna, att jag skulle ha gjort u p p ­
täckten själv, om jag haft  lite mera nyfikenhet — jag hade nämligen 
sett R o t h m a l e r s  strax förut publicerade monografi över gruppen och 
ett ögonblick reflekterat över möjligheten att A. microccirpa kanske 
skulle k u nna  finnas även i Sverige; men eftersom den i Europa gällde 
som rent mediterran (och därutöver endast var känd  från  östra Nord­
amerika) slog jag tyvärr bort tanken igen. När R o t h m a l e r  på som m a­
ren kom  till Stockholm och G. S a m u e l s s o n  uppm anade honom att gå 
igenom Riksmuseets svenska Aphanes-material hade han emellertid 
under fortsatt herbariearhete funnit material från  Böhmen, Bulgarien 
och F rankr ike  och från  5 lokaler i Tyskland. En del av de nordligare 
fynden voro dock, enligt vad R o t h m a l e r  ansåg, av recent antropokor 
na tu r  och att A. microccirpa skulle visa sig vara en inom vissa trakter 
av Sydsverige rentav ganska vanlig art, fanns del ingenting som tydde 
på. Så visade sig emellertid vara fallet — genom våra gemensamma 
herbariegranskningar kunde vi fastställa den från mellan 60 och 70 
svenska lokaler. Utbredningsbilden, inlagd på en karta, blev i princip 
ej mycket olik bilden för den reviderade A. arvensis  s. str., och i inte 
m indre än 30 fall funnos ar te rna samlade och upplastade tillsammans 
från  sam m a lokal. Icke i något fall hade dock insamlaren på något sätt 
antytt något om en sådan blandning, trots att de båda arterna i själva 
verket ej bereda några som helst bestämningssvårigheter, när de — som 
nästan  alltid är fallet — ha utvecklade blommor. Trots det så ofta 
gem ensam ma uppträdandet fanns det dock vissa tecken som tydde på 
en viss ekologisk olikhet — så föreföll microccirpa avgjort vanligare än 
arvensis  i Blekinge, medan på Gotland arvensis var tämligen allmän 
men microccirpa blott samlad på  5 lokaler. Att sådana olikheter verk­
ligen existera visades några å r  senare i ett vackert arbete av den dansk­
isländske forskaren G u w j ö n s o n  över de båda arternas förekomst i Dan­
mark.

När jag näm nde Aphane:s-arternas samförekomst, så är ju denna en 
egendomlighet som dock ej alldeles saknar paralleller — jag kan erinra 
om Lumium-arterna av purpureum -gruppen som exempel, men det är 
ett anna t fall som jag i förbigående speciellt ville fästa uppm ärksam ­
heten på, nämligen Geranium bohemicum  och G. lanuginosum. Den
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sistnämnda kan ju också ha skäl att bli näm nd i denna översikt, efter­
som dess rä tta  identifiering faller inom den nu ifrågavarande tidsperio­
den. Det var nämligen hösten 1932 som jag på ett sam m anträde i Bota­
niska sektionen av Naturvetenskapliga student.sällskapet i Uppsala 
kunde meddela, att den växt E r i k  A l m q u i s t  1916 på material från  Små­
land och Söderm anland beskrivit som G. bohem icum  ssp. deprehensum,  
i själva verket var identisk med den från Sydfrankrike tidigare be­
skrivna G. Perreymondii  S h u t t l e w ., vilken i sin tur snart nog blivit 
identifierad med den redan 1784 av L a m a r c k  från  »Numidien» be­
skrivna G. lanuginosum. Jag genomgick också åtkomliga herbarier och 
fann några förut obeaktade svenska fynd av denna, men mera hade jag 
inte tid ocli tillfälle att ägna mig å t saken, som i stället togs upp av 
K. V. O. D a h l g r e n , vilken redan tidigare sysslat med de båda arterna 
och framställt den fullständigt sterila hybriden mellan dem. H an publi­
cerade 1943 resultaten av sin nya undersökning i en mångsidig up p ­
sats, som också avsåg att stimulera växtsamlare att meddela nya fynd. 
Detta lyckades också i viss mån: ett pa r  år senare kunde D a h l g r e n  

redovisa 6 nya lokaler för lanuginosum , 1948 ytterligare 2, och senare 
ha ännu  ett par kommit till. Detta är procentuellt inte så litet: sam m an­
lagt känner m an  arten alltjämt bara  från  något över 20 lokaler eller 
lokalgrupper. Bortsett från 1 lokal i Dalsland och 2 n ära  varandra i 
nordöstra Västergötland —  den förra anm ärkningsvärt nog alldeles in­
till Vänern, de senare alldeles vid Vättern — falla alla inom östkust- 
provinserna och med bara några  få undan tag  alldeles intill kusten. Den 
sydligaste ligger i mellersta Kalmar län, den nordligaste Ö om Uppsala. 
Äldsta fyndet är gjort redan 1813 och ganska anm ärkningsvärt: på eti­
ketten b a r  nämligen finnaren, den som eharacéspecialist kände lektor 
W a l l m a n , antecknat: »Af denna besynnerliga Geranium hvars petala 
äro hela. fann jag allenast tvenne specimina. Till pusillum  kan den väl 
knappast föras, men ännu mindre till bohem icum  i hvars sällskap den 
växt?» Skillnaden i kronbladen är nu föga påfallande gentemot bohe­
micum,  men eljes äro olikheterna både talrika och påtagliga, dels i 
b ladformen (kuriöst nog tydligast på hjärtbladen), dels i m ärkenas färg: 
hos bohem icum  gröngrå, hos lanuginosum  bjärt röd, och fram för allt i 
frönas färg och ytstruktur.

Enligt vad m an vet om arternas uppträdande i Sverige, är deras eko­
logi fullkomligt densamma, de äro — som fram går av nam nen svedje- 
näva f ö r  bohem icum  och brandnäva, bildat av L i n d m a n , f ö r  lanugino­
sum  — båda antrakofiler, som kom m a fram  på brännfläckar men också 
stundom visa sig på obränd mark. som blivit starkt uppvärm d av solen.
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()c‘h åtminstone på en avsevärd del av lanuginosum-lokalerna har denna 
vuxit tillsammans med bohemicum  men, som det tycks, alltid sparsam ­
mare än denna. Detta sam uppträdande är desto m era säreget som 
arterna i sin totalutbredning äro starkt olika: bohem icum  är nämligen 
utanför Sverige, sydöstra Norge och södra F inland östeuropeisk med 
några få och strödda lokaler även i mellersta Europa, lanuginosum  d ä r ­
emot är utanför Sverige rent mediterran m ed sina nordligaste fyndorter 
i dep. Var i sydöstra F rankrike  och f.ö. känd från Algeriet, Marocko, 
södra Frankrike, Italien, Korsika, Sicilien och Grekland. Dess förekomst 
i Sverige är ju därför högst överraskande, eftersom denna måste vara av 
gammalt datum; »det lönar sig», säger D a h l g r e n , »nog ganska litet att 
spekulera om sättet för dess invandring». Kanske det, men någon mera 
problematisk växt ur invandringshistorisk synpunkt ha vi knappt i vår 
flora; i varje fall bör den ju definitivt slå ihjäl den teori, som särskilt 
H e i n t z e  lanserat, att G. bohemicum  inkommit till Sverige med finnråg 
i slutet av 1500-talet och början av 1600-talet eller i sam band med 
svedjebrukets spridande genom invandrare från Finland. G. lanugino­
sum  väntar alltjämt på att bli funnen i Finland.

Glgceria declinatas och Aphcines micro carpas svenska upptäckts- 
historia har på allra sista tiden fått en parallell, där upptäckten av en 
för Sverige ny art g rundar sig på direkt efterforskning. Också i detta 
fall liksom i fråga om Glgceria declinata var det en engelsman som först 
kunde rapportera den som svensk pä grundval av gammalt herbarie- 
material, och även i detta fall är del fråga om en för länge sen beskriven 
men senare feltolkad, d.v.s. ej rätt uppskattad  art. Det gäller den art, 
som med ett av mig kombinerat nam n kallas Rorippa microphylla  men 
som från början beskrevs — redan 1830 av B o e n n i n g h a u s e n  hos Rei- 
CHENBACH — som Nasturtium microphgllum.  Det är en art, som otvivel­
aktigt står nära  Rorippa nasturtium-aquaticum  eller —  som de flesta 
engelsmän alltjämt synas vilja kalla den — Nasturtium officinale , och 
den avviker liksom denna från våra övriga Rorippa-arter genom vita 
blommor. F rån  R. nasturtium-aquaticum  skiljer den sig emellertid 
genom mycket långa och smala skidor med fröna ordnade nästan i e n 
rad, inte i två tydliga rader som hos nasturtium-aquaticum.  Det n ä r ­
mare studiet av denna Rorippa-grupp påbörjades av den mycket f ram ­
stående engelska cytotaxonomen I r e n e  M a n t o n , som 1935 kunde m ed­
dela, att vad hon kallade Nasturtium officinale visat sig omfatta två i 
fråga om fruktform en skilda typer med olika kromosom tal, somatiskt 
resp. 32 och 64. Av den lågkromosomiga och kortfruktiga typen hade 
hon sett exemplar bl.a. från Skåne, av den högkromosomiga och lång-
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fruktiga bl.a. f rån  Danmark. Ett par år senare fullföljdes under­
sökningen av professor M a n t o n  i samarbete med hennes landsm an 
H o w a r d , och därvid upphöjdes den högkromosomiga typen till egen 
art, som (med hänsyftn ing på de enradiga skidorna) kallades N. unise- 
riatum,  medan nam net N. officinale behölls för den lågkromosomiga. 
Nu kunde de emellertid stödja den förras ar trä tt  även på en k a rak tä r  av- 
inte bara  kvantitativ u tan  m era kvalitativ art: de visade nämligen, att 
fröna hos uniseriatum  hade en mycket tätare nätmönstring än officinale. 
Denna k arak tä r  är i själva verket mycket lätt att se även på ganska 
unga frön; och frön utvecklas hos båda arterna mycket snabbt efter 
blomningen. Därigenom är också den redan i miss M a n t o n s  första 
arbete omtalade, i naturen  funna  hybriden mellan arterna mycket p å ­
fallande: den är nämligen så gott som fullständigt steril. Eftersom den, 
under antagande av att arterna äro resp. di- och tetraploida, är triploid, 
är ju  detta visserligen endast vad m an kunde vänta, men M. & H. visade, 
att detta inte ä r  hela saken liksom att den i naturen  förekom mande 
tetraploiden inte är en u r officinale uppkom m en autotetraploid. Med 
kolchicinmetoden kunde de nämligen ur diploid officinale fram ställa 
en autotetraploid, men denna visade sig ej alls ha uniseriatums  k a ra k ­
tärer vare sig i f ru k t  eller frön —  den var helt enkelt en förstorad of f i ­
cinale. Men till på köpet visade sig den hybrid  de framställde mellan 
denna, i fråga om frösättningen med stamarten jämngoda tetraploid och 
i naturen  funnen  uniseriatum  lika steril som den triploida hybriden.

Redan efter miss M a n t o n s  första arbete granskade jag Uppsala-her- 
bariets nordiska material av Rorippa nasturtium-aquaticum  men u tan  
fullständig framgång. Sedan arbetet n r  2 med den u tm ärk ta  f rö k a rak ­
tären kommit, upptog jag undersökningen på nytt, denna gång även av 
övriga nordiska herbarier och med bättre lycka. Jag ansåg mig därvid 
också kunna identifiera den nya arten med B o e n n i n g h a u s e n s  gamla 
Nasturtium microphijllum  —  ett nam n som understundom använts av 
svenska florister och växtsamlare för särskilt magra exemplar av nastur­
tium-aquaticum  - men innan jag hann publicera min studie, m eddela­
des sam m a slutsats av en botanist i Kew, II. K. A t r y - S h a w . Samtidigt 
gav denne också en översikt av denna arts utbredning, som befanns vara 
tämligen kosmopolitisk, och kunde därvid också meddela ett fynd av 
den vid Visby enligt ett ex. i Kew-herbariet. Här samlades arten åtskil­
liga gånger under tiden 1861— 1882, men alla exemplaren härstam m a 
uppenbarligen från  en och sam m a fläck, nämligen Gamla ham nen i 
Visby, och allt tyder på att det h ä r  varit fråga om en enda förekomst, 
kanske en enda klon, som kommit in en enda gång men funnit en viss
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trevnad; med all sannolikhet är det fråga om en adventivförekomst, väl 
troligen med barlast. I själva verket fanns vid början av min u n d er­
sökning i herbarierna inte ett enda exemplar därutöver, alltså inte något 
verkligt inhemskt, av microphylla  från  Sverige — allt material av g ru p ­
pen från  fastlandet hörde till nasturtium-aquaticum} alltså den kort- 
fruktiga, diploida arten. Detta är desto säregnare som en genomgång av 
det danska herbariematerialet visade, att i detta land tvärtom allting 
hörde till microphylla  — så när som på en enda kollekt av nasturtium-  
aquaticiim. Men innan min undersökning avslutats inlöpte ett skånskt 
ark, som visade sig vara microphylla, samlat 1944 av N i l s  A l b e r t s o n  

på en från andra sam m anhang botaniskt välbekant lokal nära Lund, 
Fågelsång. Jag h a r  senare själv besökt denna lokal och sett den frodas 
rikligen.

F rån  Gotland låg emellertid inte så lite material under namnet nastur- 
tium-aquciticum  eller liknande från  ett par andra lokaler. Vad voro då 
dessa exemplar? Ja, de hade redan från  början gjort mig besvär, men 
sedan jag småningom lärt känna  de båda ar ternas karak tärer  bättre, 
tvekade jag inte om bestämningen: det var den nyss näm nda hybriden 
mellan dem. Den synes num era tyvärr vara mindre riklig än förr men 
h a r  åtminstone för blott ett par å r  sen ännu  haft en ganska riklig fynd- 
lokal, vid Lum m elunda N om Visby, ty därifrån  h a r  inte bara  S a m u e l s ­

s o n s  exsickatverk fått sill som R. nasturtium-aquaticiim  distribuerade 
material, u tan när den sistnämnda skulle sättas in som en av de nytill­
kom na arterna på en färgplansch i andra  upplagan av Vilda växter i 
Norden, kom just denna förekomst alt bli utvald. Denna bild är tydlig 
nog att visa de karakteristiska, helt felslagna frukterna. Hur den got­
ländska förekomsten av hybriden skall förklaras, är inte så lätt att av ­
göra, med tanke på alt den åtminstone tidvis tydligen omfattat mer än 
ett vattensystem, men särskilt därför alt m an inte kan påvisa något 
sam band  mellan denna och Visby-lorekomsten av microphylla  och att 
den andra  av föräldraarterna, nasturtium-aquaticum,  aldrig blivit sam ­
lad på ön! Jag kan inte förstå annat än att hybriden som sådan, antingen 
i form av ett frö eller en skottbit kommit in med någon återflyttande 
vattenfågel från f jä r ran  land, funnit sig väl tillrätta och sedan, kanske 
med liknande hjälp men väl delvis genom vattendrift, spritt sig vidare. 
Hybriden är från flera håll i England känd som ymnigt växande i floder 
u tan  föräldrarnas sällskap, och m an har  ju f.ö. även andra  exempel 
inom  släktet på att vegetativ förökning och spridning spelar en stor 
roll inte bara i fråga 0111 arter u tan  även i fråga 0111 vissa sterila hybri-
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der, som trots sin felslående frösättning äro väl i stånd att sprida sig och 
uppträda som »föräldralösa».

Jag tänkte avsluta denna exposé med en art, som i motsats till de nyss 
näm nda visar, hur  en sen länge känd  växt under långliga tider kan  få 
vänta på ett giltigt artnamn. Det gäller en av de Epipactis-arter av lati­
folia- gruppen, som N a n n f e l d t  i en uppsats i Botaniska Notiser 1946 
meddelade som nya för den nordiska floran, nämligen den som redan 
1780 avbildades på ett träffande sätt i F lora Danica men senare ömsom 
förblandades med olika icke-nordiska arter, ömsom —  när den alls 
uppm ärksam m ades —  räknades som en form av latifolia, tills den av 
N a n n f e l d t  identifierades med en strax förut från  Persien beskriven 
art, E. persica, med vilken emellertid även den ännu senare beskrivna 
E. Troodi från Cypern skulle vara identisk, liksom en från  England, 
närm are bestämt ön Wight, ungefär samtidigt beskriven art, E. vecten- 
sis. Just i Storbritannien ha under de senaste decennierna en hel rad  av 
varandra  närstående, huvudsakligen genom minutiösa b lom karaktärer 
skilda typer beskrivits som nya arter, vilka samtliga, så vitt hittills känt, 
ha en ganska liten utbredning, i flertalet fall inskränkt till S torbritan­
nien. Det kunde ju därför synas överraskande, att just denna, av 
N a n n f e l d t  som en extrem kalkväxt (med svenska lokaler på Gotland 
och Öland, i Skåne och Östergötland samt flerstädes i östra Jylland och 
de danska öarna) avslöjade växt skulle äga en så vid utbredning, då 
den visserligen hos oss ej är svår att skilja från latifolia men vid jäm ­
förelse med de näm nda brittiska typerna inte intar någon m arkerad  
morfologisk särställning. Fortsatta  studier av en av de brittiska Epipac- 
/is-forskarna, 1). P. Y o u n g , ha också visat, att såväl E. persica som 
E. Troodi äro var för sig skilda arter, och att ej heller E. vectensis 
s tämmer nog väl med den nordiska växten för att lämpligen kunna  för­
enas med denna. 1 själva verket är enligt Y o u n g s  iakttagelser —  publi­
cerade i Botaniska Notiser 1953 — den sistnämnda ej känd  utanför 
Sverige och Danm ark; han ger den - med tanke på dess långdragna 
upptäcktshistoria — här  nam net E. confusa. Samtidigt korrigerar han 
en annan  av N a n n f e l d t s  identifieringar; denne hade nämligen i sin 
uppsats från Danm ark  som nya angett även den redan 1828 beskrivna 
och från många håll i Västeuropa kända E. purpurata  (även kallad 
E. sessilifolia) men dessutom en av de förut som engelska endemer a n ­
sedda arterna av sent datum, nämligen E. leptochila. Y o u n g  kunde nu 
på visa, att denna sistnäm nda verkligen växer i D anmark — men att den 
av N a n n f e l d t  så benäm nda växten var en av de m ånga form erna av 
den polymorfa E. phijllanth.es, ett gammalt bortglömt namn, som Y o u n g
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upptagit som sammelbeteckning för ett komplex av närstående, av 
vissa författare som artskilda uppfattade, former m ed m.l.m. u tpräglad 
självbefruktning. Över huvud taget sam m anhänger denna bildning av 
m.l.m. skarpt avgränsade »småarter» inom denna grupp med en m.l.m. 
genomförd övergång från den norm ala korsbefruktningen till själv­
befruktning; de morfologiska skiljekaraktärerna hänföra  sig också i 
stor utsträckning till könsdelarnas byggnad. Exemplet är ett av flera 
från senare år, där en revision resulterat i påvisandet av en för Sverige 
eller floraområdet ny art men där denna utredning i sin tu r  snart fått 
revideras med avseende på nomenklaturen, därför att den första identi­
fieringen varit oriktig. Detta sam m anhänger med att dessa utredningar 
i större och större utsträckning rört sig med kritiska grupper, som er­
bjuda svårigheter både genom de obetydliga eller svårgripbara k a rak ­
tärerna och i avseende på den litteratur vari de förut behandlats. Men 
på sådana fall skall jag, som jag i inledningen näm nde, h ä r  ej gå in 
— det synes just lämpligt att sluta med Epipnctis confusa} som ur en 
synpunkt sett måste räknas som kritisk, u r  en annan  som en av de 
»hederliga » ar terna.
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Studies on Bacterial Nutrition.
I. Utilisation of Different Sugars or Mixtures of Sugars  

by Three Soft Rot Bacteria.

By M. K. T o l b a , D.I.C., Ph. D.(London) and  S. S. G h a n e m , M. Sc. (Cairo).
F ro m  the B otany  D epartm ent,  Facu lty  of Science, Cairo University , Egypt.

I. Introduction.

Bacterial soft rots of the fleshy tissues of plant, in particular storage 
tissue, have been the subject of investigation for m any  years and has 
been ascribed to a num ber of bacteria which are closely similar in their 
morphology and staining reactions. LIa r d i n g  and  M o r s e  (7) compared 
some 43 strains of soft rot bacteria and  claimed that Ihese bacteria should 
be recognised as but varieties of one organism, Bacillus carotovorns, 
now known as Bacterium  carotovorum  or Erw inia carotovora. Sub­
sequent researches by other investigators (L e e c h  [8], B o n d e  [1]) have 
all tended to strengthen the view of the identity of soft rot bacteria. In 
Britain, up to the present, three separate species have been recognised, 
viz. Bacterium carotouorum  (Jones) Lehm ann and Neumann, 
B. phijtoplithorum  (Appel) Burgwitz and  B. aroideae (Townsend) Stapp.

In a trial to settle this controversial state of affairs with regards the 
relationship between the three bacteria, it was thought advisable to 
tackle the problem from the point of view of the utilisation, by the above 
three bacteria, of different sugars when used as carbon sources either 
singly or in mixture. The monosaccharides glucose, fructose and galac­
tose and the disaccharides sucrose and lactose were used.

The similarity or dissimilarity of the behaviour of the three organisms 
on such sugar media may help in formulating a clear view as to whether 
they should be recognised as but strains of one and the same organism 
or three separate species.
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II. Materials  and Methods.

The organisms used in this investigation were as follows:

1 .  Bacterium aroideae,  Dowson, 66.
2. Bacterium carotovorum, Jones.
3. Bacterium phytoph thorum ,  Appel.

The three cultures were kindly supplied by the P lant Bacteriological 
Laboratory  of the Imperial College of Science and Technology, London.

In this series of experiments a basal medium of the following consti­
tution was prepared:

Asparagin   10 grams
MgSO j • 7 H 20 ............................ 2.5
K H ,P 0 4   5 »
Distilled water t o   500 ml.

The different sugars were dissolved separately in sterile distilled water 
at the rate of 4 °/o. Equal volumes of the different sugars or mixtures 
of sugars and the basal medium were mixed. The full culture media so 
obtained were distributed into a series of sterile 150 ml. conical flasks 
at the rate of 10 ml. per flask and inoculated at the rate of 0.2 ml. of a
suspension of each of the three bacteria under test in sterile distilled
water. The flasks were then incubated at 25° G for 48 hours during 
which the sugar concentrations of the different media were estimated 
at 24 hour intervals.

The methods used for sugar analysis of the media were those given by 
S a i d  ( 1 1 ) .

III. Experimental  Results.

1. Sugar Utilisation by B. aroideae , B. carotovorum  and B. phytoph­
thorum  Subcultured in Media Containing 2 °/o Sucrose, Glucose, 
Fructose or a Mixture of Glucose and  Fructose.

A.. Analysis of the Media.

The results of the analysis of the media for their sugar-contents are 
presented in Figs. 1— 6.

a. B. aroideae: The fall in the concentration of sugars in all the 
media was proceeding at different rates during the first and second 
24 hours, being m uch higher during the former than the latter. Con­
sidering the first period of 24 hours the concentration dropped most
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Fig. 1. Suga r  c oncen tra t ion  of media 
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Fig. 2. Sugar co ncen tra t ion  of m ed ia  
con ta in ing  sucrose  a n d  inoculated with 
B. aroideae  (mgms glucose per 1 ml. 
m edium ).  —  T.R.V. =  Total  Reducing 
Value. — D.R.V. - Direct Reducing 

Value.

rapidly in case of glucose followed by sucrose, with no material d if­
ference between the drop of concentration in media containing fructose 
or a m ixture of glucose and fructose. Along the whole experimental 
period the order of drop in concentration of sugar from the different 
media was as follows: glucose >  sucrose >  mixture of glucose and fruc­
tose >  fructose.

It is interesting to note further that the glucose fraction disappeared 
from its mixture with fructose much faster than the fructose component 
during the first 24 hours while the rate of disappearance of the two 
components of tlie mixture was, more or less, the same by the end of the 
experimental period.

b. B. carotovorum: The fall in the concentration of sugar in all the 
media was proceeding in almost the same manner, being much faster 
during the first than  the second 24 hours. No substantial difference was 
observed between the rates of disappearance of the different sugars 
from their media during the whole experimental period.
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Fig. 4. Sugar concentra t ion  of m edia  
conta in ing sucrose a n d  inocula ted  with 
B. caro tovorum  (mgms glucose per 
1 ml. m edium ).  —  T.R.V. =  Tota l  R e­
ducing Value. D.R.V. — Direct Reduc­

ing Value.

It  is w orth  m ention ing , how ever, th a t  the ra te  of d isap p earan ce  of 
the f ructose  com ponen t f rom  the m edia con ta in ing  glucose a n d  fruc tose  
w as slightly  h igher than  th a t  of glucose during  the whole  experim en ta l  
period.

c. B. p h y to p h th o ru m :  T he  fall in concen tra t ion  of sugar  in all media 
was proceeding, on the  whole, at different b u t  fa ir ly  s teady rates. T he  
sugar  concen tra tions  d ropped  ra th e r  rap id ly  in case of sucrose a n d  g lu ­
cose media, with  a m u ch  slower ra te  of d isappearance  of sugar  from  
m ed ia  conta in ing  a m ix tu re  of glucose a n d  fructose or  fructose alone.

F ro m  the above discussion it can be seen tha t  B. aroideae  prefers 
glucose to fructose an d  in a m ix tu re  of bo th  it s ta rts  utilising glucose 
un til  the m ed ium  is a lm ost depleted  of it a n d  then, only, it s ta r ts  m ak ing  
use of apprec iab le  a m o u n ts  of fructose. B. carotovorum ,  on the o ther  
hand , utilises a lm ost equal a m o u n ts  of fructose an d  glucose w h en  su p ­
plied to it separately . In a m ix tu re  of the two sugars  it a t ta ck s  bo th  
sugars  at a lm ost the sam e rate, p robably , w ith  a very slight p re fe rence
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con ta in ing  glucose, fructose  o r  a m ix ­
ture of glucose and  fructose  and  in ­
oculated  with B. p h y to p h th o ru m  (mgms 

glucose per 1 ml. m edium ).

B.  p h y t o p h t h o r u m

2 0

D R V

G L U C O S E

F R U C T O S E

5

O
UJ

2
oo
a:
U Ja
U
<
o3
UJ

O
T I M E  i n  h o u r s

Fig. 6. Sugar co n cen tra t io n  of m edia  
con ta in ing  sucrose  a n d  inoculated  w ith  
B. p h y to p h th o ru m  (mgms glucose pe r  
1 ml. m edium ).  —  T.R.V. =  Total Re­
ducing Value. —  D.R.V. — Direct Reduc­

ing Value.

of fructose to glucose. B. phytophthorum  prefers glucose to fructose 
whether supplied separately or in a mixture.

B. Sucrose Inversion by the Three Bacteria.

The total sucrose inversion was calculated by S a i d  (I .e. ) ,  in his sugar 
feeding experiments, as the sum of sugar uptake by the tissue and direct 
reducing value of the corresponding medium. In this investigation the 
am ount of sucrose inverted was calculated as the sum of the sugar 
utilised by the organism and  the direct reducing value of the correspond­
ing medium and presented in Table 1.

The results in Table 1 show that sucrose undergoes rapid hydrolysis 
by B. aroideae, a slower ra te of hydrolysis is exhibited by B. phy toph­
thorum, especially during the second 24 hours. Culture media inoculated 
with B. carotovorum  failed completely to reveal any trace of reducing
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Table 1 . Total Sucrose  Inversion by B. a ro ideae  and B. phytophthorum
(expressed as mgrns glucose pe r  ml. m edium ).

Organism
Age of culture  in hours

24 48

B. aro ideae ......................
B. p h y to p h th o r u m .......

18.06 18.29 
8.05 8.77

sugars throughout the whole experimental period. In order to reach a fair 
judgement ahoul this peculiar behaviour of B. carotovorum  the organism 
was inoculated into culture media containing different concentrations 
of sucrose, namely, 1 °/o, 2 °/o, 3 °/o, 4 °/o and  5 °/o, incubated at 25° G 
and  the culture media analysed for their contents of reducing sugars 
after 24, 48 and  96 hours. The results obtained failed again to reveal the 
presence of any reducing sugars in the different media.

Another trial was made in which the organism was inoculated into a 
culture medium containing 2 °/o sucrose and  the medium tested for the 
presence of invert sugar after 3, 6, 9 and  24 hours from inoculation. 
The results of the above experiment, as presented in Table 2, show that 
the rate of sucrose inversion by B. carotovorum  slightly exceeds the rate 
of utilisation during the early hours of growth. This result, though not 
very conclusive, 3̂ et, judging by what happens in the other two bac­
teria, m ay he taken as a supporting evidence of the conclusion that  
B. carotovorum  hydrolyses sucrose before taking it up.

Table  2. Direct Reducing V a lues  of Medium Inoculated with B. carotovorum  
at Different Intervals from the T im e of Inoculation

(expressed as m gm s glucose pe r  ml. m edium ).

Age of Culture  
in Hours

Direct Reducing  Value 
of the Medium

0 (Initials) ....... 0.36
3 .......................... 0.53
6 .......................... 0.50
9 .......................... 0.41

I 24 .......................... 0.00

To test w hether or not the enzyme concerned with sucrose inversion 
by the three bacteria is excreted into the external medium, the organisms 
were inoculated into 2 %  sucrose culture media, incubated for 24 hours 
and analysed for their direct reducing values. The media, freed from
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Table  3. A nalys is  of M altose  and Raffinose Culture Media at Different Intervals  
from Inoculation with the three Bacteria
(expressed as m gm s glucose per ml. m edium).

Sugar in the culture  medium

Organism
Age of 
c u ltu re Maltose Raffinose

in hours
D.H. V. T .R .V . D- - M : 1 D .R.V. 

T .R .V .

B. aroideae  ..................... j
0

24
S .18 
(>.73

16.37
13.39

50 o/o 0.00
51 o/o 2.95

j 0 8.18 16.37 50 °/o ! 0.00
3 7.96 1 6.03 49.7 0/0 1.09

B. carotovornm  ................. 6 7.80 15,94 49.0 O/o 0.92
!) 7.64 15.69 48.7 o/o 0.76

1 24 6.94 14.03 49.4 o/o 0.00

B. phijtoph thorum  .....j 0 8.18 16.37 50.0 0 /0  0.00 
49.6 o/o 0.9524 7.79 15.69

the ir  bacteria l  contents, were then  re incuba ted  for a n o th e r  24 hours  an d  
aga in  ana lysed  for the ir  con ten ts  of reduc ing  sugars. T he results o b ­
ta ined show ed no  difference  in Ihe direct reduc ing  values of Ihe m edia  
betw een  the first a n d  second 24 hours ,  thus  ind ica ting  th a t  Ihe enzym e 
w as not secreted into the ex te rna l  m edium .

To test for Ihe n a tu re  of the enzym e concerned with Ihe b reakdow n  
of sucrose, the three bac te r ia  were inocula td  into culture  m edia  co n ­
tain ing 2 %  m altose  or the  fruc tos ide  raffinose. The m edia  were a n a ­
lysed for  the ir  d irec t an d  total reduc ing  values in case of maltose an d  
for  direct reduc ing  value only  in  case of raff inose  during  a period of 
24 hours. The results are  presen ted  in Table  3.

T h e  results  in T able  3 show  th a t  raff inose  undergoes hydrolysis  by 
Ihe th ree  bac te r ia  a n d  the r a te  of b re a k d o w n  is faster than  the ra te  of 
utilisation, thus  reduc ing  sugars  a p p e a r  in Ihe external m edium . B. caro- 
to v o r u m , again as in the case of sucrose m edia  failed completely to 
reveal any  trace of reducing  sugars  at the end of 24 hours, but the  ra te  
of hydro lysis  of raff inose  exceeds the ra te  of utilisation during  the early  
h o u rs  of growth.

Maltose is utilised to a r a th e r  small extent by the three bacteria . 
E s tim ation  of the direct reduc ing  values of maltose in Ihe initial s a m ­
ples show ed tha t  this value am o u n ts  to 50 °/o of the total reducing  value 
of the sugar. This  value did no t  show an y  appreciab le  varia tions  at the  
en d  of 24 hours  in case of Ihe th ree  bacteria . This result can be explained 
on the basis  of e ither  th a t  m altose  is hydro lysed  an d  the hydrolysis  pro-
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ducts are used up as soon as they are formed or that it is taken up by 
the three bacteria as such without hydrolysis.

2. Sugar Utilisation by B. aroideue, B. carotovorum  and B. phytopli-
thorum  Subcultured in Media Containing 2 %  Lactose, Glucose.
Galactose or a Mixture of Glucose and Galactose.

A. Ancdijsis of the Medio.

The results of the analysis of the media are presented graphically in 
Figs. 7— 10. These results show that the fall in the concentration of 
sugars in all the media inoculated with each of the three bacteria was 
proceeding at different rates in the first and second 24 hours, being, in 
almost all cases, higher in the former than  the latter. Throughout the 
whole experimental period the drop in concentration of sugar was high­
est in media containing glucose or a mixture of glucose and galactose.

It is interesting to note that the glucose fraction disappeared from its 
mixture with galactose much faster than the galactose component in 
case of B. aroideae. B. phytoph thorum  and B. carotovorum  show much 
less pronounced differences in the rates of disappearance of the two 
sugars than B. aroideae.

Estimation of the direct reducing value of lactose in the initial sam ­
ples showed that this value amounts to 56.9 °/o of the total reducing 
value of the sugar. This value did not show any appreciable variations 
during the whole experimental period in case of the three bacteria. This 
result can be explained on the basis of either that lactose is taken up 
by the three bacteria as such without hydrolysis or, that it is hydrolysed 
and the hydrolysis products are used up as soon as they are formed.

W hen the Ihree bacteria were inoculated into culture media con­
taining different concentrations of lactose, namely, 2, 3, and 4 °/o and 
the media were analysed for their direct and total reducing values at 
various time intervals, the ratio of direct to total reducing values was, 
in all instances, ranging between 55.2 %  and 56.0 °/o. This result, to­
gether with similar results reported by several investigators with higher 
plants and fungi, support the view that lactose is taken up unhydrolysed.

The above results, thus, show that the highest amount of sugar uti­
lised by the three bacteria was from glucose and the least from lactose 
containing media. They also show that glucose is preferentially utilised 
by the three bacteria from its mixture with galactose. This fact is more 
pronounced in case of B. aroideae than the other two organisms.

11 B o ta n is k a  S o t i s e r  195k.
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Fig. 7. Sugar concen tra t ion  of m edia  
inocula ted  with B. aroideae  (mgms glu­

cose per 1 ml. m edium ).
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Fig. 8. Sugar concen tra t ion  of m edia  
inoculated with B. caro tovorum  (mgms 

glucose per 1 ml. medium).

IV. D iscussion.

From the foregoing experiments the following points have been 
observed:

1. Utilisation of Different Sugars by the Three Bacteria.

The experiments reported in this investigation involved the utilisa­
tion of six different sugars by the three bacteria. Throughout the whole 
work the three bacteria utilised, at different rates, all the sugars used 
whether mono- or disaccharides. B. aroideae and B. phytophthorum  
utilised more glucose than fructose from their media when the sugars 
were supplied separately. B. carotovorum did not show such behaviour. 
W hen glucose and fructose were supplied in a mixture to the three bac­
teria B. aroideae and B. phytoph thorum  showed preferential utilisation 
of glucose, at least at a certain stage of the experimental period, while 
B. carotovorum used up slightly more fructose than  glucose throughout. 
Presence of fructose with glucose in the mixture significantly reduced 
the rate of utilisation of the latter sugar by B. phytophthorum.  Such

----------  G L U C O S E

  G A L A C T O S E

_  M I X  T U R E  
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Fig. 9. Sugar co n cen tra t io n  of media  
inocula ted  with B. p h y to p h th o ru m  

(mgms glucose pe r  1 ml. m edium ).
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Fig. 10. Direct Reducing Values 
(D.R.V.) and Total  Reducing Values 
(T.R.V.) of lactose m edia  inoculated 
with B. aroideae, B. caro tovorum  and 
B. p h y to p h th o ru m  (mgms glucose per 

1 ml. medium).

effect w as not observed in case of the o ther  two organism s. T he three 
b ac te r ia  utilised m ore  glucose th an  galactose w hen  supplied  separately  
o r  in m ix ture .

Sucrose was hydro lysed  into glucose and  fructose before it is used up  
by  the three  b ac te r ia  while  lactose a n d  m altose are, most p robably , 
taken  up  as such w ithou t  hydrolysis.

Sucrose was the best d isaccharide  utilised while m altose was the least 
an d  lactose occupied an in te rm edia te  position.

2. Sucrose Inversion in the Culture Media by  the Three Bacteria.

It has  long been k n o w n  th a t  w hen  sucrose was supplied  in the cu lture  
m edia  of p lan t  tissues it was a lw ays  b ro k en  dow n in the external 
m ed iu m  at the p ro top lasm ic  surfaces of the p lan t  tissues an d  some of 
the p ro d u c ts  of the sucrose b reakdow n  are  subsequently  absorbed  (Ro b -
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b i n s  (10), G a w a d i  (6), S a i d  (11), B u r s t r ö m  (2), D o r m e r  and S t r e e t  

(3) and S t r e e t  and L o w e  (13)). Owing to the fact that the rate of sugar 
uptake is always less than the rate of sucrose breakdown in the external 
media, reducing sugars usually appear in these sucrose media.

G a w a d i  (I.e.), S a i d  (I.e.) and B u r s t r ö m  (I.e.) suggested that the 
sucrose breakdown in the culture media of plant tissues was brought 
about by means of invertase enzyme centres situated at the protoplasmic 
surfaces of the plant tissue. The possibility that invertase enzyme was 
excreted by the plant tissues into their external media was refuted by 
the fact that when these tissues were removed, the cultural media 
showed no hydrolytic power on sucrose ( S a i d  (I.e.)). This fact is sub ­
stantiated by the results obtained in the present investigation when 
sucrose culture media freed from their bacterial contents failed com ­
pletely to reveal any hydrolytic power on sucrose.

S a i d  (I.e.) and N a g u i b  (9) suggested that the invertase centres of the 
protoplasmic surfaces were all of the fructofuranosidase type and  not 
a-glucosidase type. D o r m e r  and S t r e e t  (I.e.) and  S t r e e t  and L o w e  

(I.e.) postulated that sucrose breakdown in the media of their excised 
plant roots was by means of specific phosphorylase enzyme. This phos­
phorylase enzyme has been found in bacterial sources by D o u d o r o f f ,  

K a p l a n  and H a s s i d  (5) and  D o u d o r o f f  (4).
In this investigation the three bacteria under test readily hydrolysed 

sucrose and utilised appreciable amounts of its hydrolytic products. 
Maltose, on the other hand, was utilised to a very small extent when 
compared with sucrose and no trace of reducing sugars was revealed in 
the external media containing maltose. The ratio of direct reducing 
value (D.R.V) to total reducing value (T.R.V.) in such media was, more 
or less, 50 °/o. This indicates that maltose is, most probably, taken up as 
such without hydrolysis. It may, thus, be postulated that  the enzyme 
concerned with sucrose hydrolysis is not of the a-glucosidase type, lest 
it should have broken down maltose in a, more or less, similar way lo 
sucrose.

The possibility was still there that the enzyme concerned with sucrose 
inversion is a specific sucrose phosphorylase, but the fact that the 
three bacteria hydrolysed the fructoside raffinose in their culture media 
verified the view held by Said and  his co-workers, namely, that the 
invertase enzyme responsible for sucrose hydrolysis is of the fructo­
furanosidase type.
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V. Summary.

1. The utilisation of different sugars or mixtures of sugars, when present as 
carbon sources in the culture media, by B. aroideae, B. carotovorum  and 
B. p h y toph thorum  was studied.

2. The three bacteria utilised, at different rates, all sugars used in this 
investigation. B. aroideae and B. phytoph thorum  preferentially utilised glucose 
from its m ixture with fructose.The glucose fraction disappeared from its mixture 
with galactose m uch  faster than the galactose component in case of B. aroi­
deae. B. carotovorum  and B. phytophthorum . B. carotovorum  and B. ph y to p h ­
thorum  when inoculated into the media induced much less pronounced differ­
ences in the rates of disappearance of the two sugars than  B. aroideae.

3. Sucrose is hydrolysed into glucose and fructose before it is used up by 
the three bacteria while lactose and maltose are, most probably, taken up as 
such without hydrolysis. The enzyme concerned with sucrose inversion is, in 
all probability, of the fructofuranosidase type.

4. The results of the present investigation tend to strengthen the view tha t 
the three bacterial organisms should be recognised as three separate species.

Acknowledgements. —  The authors are greatly indebted to Prof. H. S a i d  and 
Dr. H. F a w z y , of the Botany Department, Faculty of Science, Cairo University, 
for their illuminating discussions and criticisms.
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A new Genus and a new Species among the Desmids.

B y  R o l f  G r ö n b l a d  a n d  P a a v o  K a l l i o .

1. Taxonom ical Notes.

B y  R o l f  G r ö n b l a d .

Through the kindness of my friend Mr. A r t h u r  M. S c o t t  (New 
Orleans, U.S.A.) 1 have the honour to publish the description of a very 
rem arkable new Desmid w hich was found by Mr. S c o t t  in m aterial 
sent to him  from  Brazil by Dr. H a r a l d  S i o l i  of Belém. The algae were 
collected by m eans of a p lankton-net from  Lago da Boca do Igarapé 
M entai on the A rapiuns River, which is a tribu tary  of the Rio Tapajos, 
which joins the Amazon a short distance above Santarem .

The new alga is at once distinguished from  all Desmids hitherto 
know n by having the two semicells different in shape. Thus the cell 
is asym m etrical while both semicells are sym m etrically built, the shape 
of these bearing some resem blance to certain  species of Staurcistrum. 
In other w ords: to see th a t the alga really is a Desmid we only have to 
im agine both semicells like each other; then there would be som ething 
not very unlike a species of Staurcistrum.

Scottia G r ö n b l a d ,  n o v .  g e n .

D e s c r i p t i o g e n e r i s: Cellulae maiores, medio sinu late aperto p ro ­
funde constrictae; semicellulis inter se dissimilibus: una apice valde protruso, 
corona apicati dentium 8 vel 9 instructa, superior nominetur; altera apice late 
rotundato, laevi inferior nominetur. Habitus semicellularum subovatus a basi 
inflata versus apicem angustior; in utraque semicellula corona brachiorum 
6 subapicalis a l teraque corona brachiorum  10 superisthmialis loco p lurim um  in­
flato insidentium sunt. Brachia omnia semicellulae superioris sursum curvata, at 
brachia semicellulae inferioris quoque in directionem eandem ( =  sursum) cu r­
vata sunt; b rach ia  omnia cava, non solida, spinis nonnullis in loco maximae 
curvaturae sitis, in finem tricuspidatam exeuntia, cuspidibus interioribus duplo 
longioribus. Cellula a vertice visa circularis brachiis 10 in parte terminali
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Figs. 1— 9. Scottia mira  G r ö n b l .  1. F r o n t  view. 2. Vertical view of upper  semicell. 
The  f igure  shows 8 teeth in the corona ,  w ith  a space for a n in th  tooth, which was not 
presen t .  3. Vertical view of a n o th e r  u p p e r  semicell,  with the lower whorl of processes 
om it ted .  4. Basal view of lower semicell,  seen f ro m  undernea th .  5. Ventral  view of 
low er  semicell,  seen f ro m  the is thm us;  the lowest  w horl  of six processes is omitted. 
6— 9. Vert ical  views of apical coronae ,  w i th  8 a n d  9 teeth. The figures are  d raw n  to 
a m ag n if ica t io n  of a bou t  385. All of  them  a re  f ro m  d ifferen t  specimens.
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A M S
Figs. 10— 12. Scottia m ira  G r ö n  HI.. 10. Slightly lilted front view, showing a  fully 
developed upper semicell with an attached partially developed lower seinicell. 

11, 12. Diagrams showing supposed sequence of cell-division. — About 325X.

den ticu la t is  e m a rg in e  r a d ia t im  exeun tibus ;  in t ra  m a rg in em  b rach i is  6 s im ilibus 
et in ce n tro  d en tibu s  8— 9 in  c ircu lo  o rd in a t i s ;  c ircu lus in sem icel lu la  in fe r io re  
deest. C eterum  m e m b ra n a  laevi. M assa  ch lo ro p h y llacea  a d m o d u m  dub ia ,  ut 
v ide tur ,  lam in is  long itu d ina l ibu s  5 a u t  6 in cen tro  in te r  se no n  a d h a e re n t ib u s ;  
nucle is  am ylace is  (ut v ide tur)  singulis in  u n a q u a q u e  lam ina ;  (cf. G r ö n b l ., 

Desm. Brasil.  Tab. X, Fig. 200); e lam in is  lam ellae sub t i l iss im ae in  b rach i is  
exeuntes.

D e s c r i p t i o  s p e c i e  i, q u ae  S co ttia  m ira, nov. spec, n o m in e tu r ,  idem 
est ac  descr ip t io  generis. D im ens iones:  long  sine proe. 108— 128, long. c. pr. 
159— 189, lat. sine proc . 50— 57, 1 a t . c. pr. 132— 159, is thm . 27— 3-1 u.

Cells large, at the middle divided into two semicells by means of a 
widely open, deep constriction. Semicells not alike: the one with an 
apical corona of 8 or 9 teeth we m ay call the upper, the other one with a 
rounded smooth apex we call the lower one. (These terms are quite 
arbitrarily  chosen only for the reason that  they just »look so», and  be­
cause we have to call them by different names.) Both semicells are 
somewhat obovate with an inflated basis tapering towards the apices; 
they have a whorl of 6 processes just below the apex, which in the upper
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semicell is strongly protruded, in the lower widely rounded. Another 
whorl of 10 processes is to be found — also in both semicells — near 
the isthmus, inserted at the most inflated point. In the upper semicell 
all processes are strongly curved upwards and  in the lower semicell the 
processes are also curved, but not so strongly, in the same direction to­
wards the upper semicell (»in the wrong direction»). All processes are 
hollow and  furnished with a few acute spines on the outer margin at the 
region of their greatest curvature, and all processes terminate in three 
slightly divergent spines, of which the inner one is twice as long as the 
other two. Vertical view circular, at the outer m argin with 10 radiating 
processes which are denticulated at their ends; inside the margins with 
6 similar processes and in the central area with 8— 9 teeth arranged in 
a circle; this latter lacking in the vertical view of the lower semicell. 
Between the processes the cell-wall is smooth. (This does not m ean that 
there should be no pores.) The shape of the chromatophores we have 
not been able to establish as to their details, but it seems that there are 
6 or 5 axile longitudinal »laminae» or »bundles» from which pairs of 
fine extensions go into the processes of the lower whorl and single 
extensions into those of the upper whorl. The num ber of the pyrenoids 
is not known, but in vertical view there sometimes can be seen one pyre- 
noid in each lamella, which are not connected at the central longi­
tudinal axis.

There is only one species known of this new genus with the charac­
teristics of the genus. This species may be called Scottia m ira , nova sp.

Dimensions of the cell: length without processes 108— 128, with proc. 
159— 189, width without pr. 50— 57, with pr. 132— 159, isthm. 27— 34 p.

H a b i l a  t: Lago da  Boca do Igarapé  Mentai; app ro x im ate  loca t ion  2° 38' S. lat., 
55° 34' W. long. In a s tra igh t  line it is ab o u t  85 kin f rom  Santarem , in the d irec tion  
W  15° S, or  a course  of 255°. ’Iga rap é ’ is a native  (Tupi Indian) w o rd  m eaning  
l iteral ly  ’b o a t-w ay ’ which  is used, only in this p a r t  of lower Amazonia,  lo designate 
a n y  s t ream , even some which would  be considered  good-sized r ivers  in Europe.  
The Ig. Mentai is a t r ibu ta ry  which flows into the sou th  b ank  of (lie Rio Arapiuns 
a sh o r t  d is tance below the confluence of the Rio Marö a n d  Rio Aruä, whose ju n c ­
t ion fo rm s  the Rio Arapiuns. The la t ter  in tu rn  f lows inlo Ihe Rio T apa jös  a short  
d is tance  above its junc t ion  with Ihe Amazon River.

T he  ’Lago da B oca’ of the Ig. Mentai is not  a true lake, b u t  a lake-like  widening 
a n d  deepening  of the s t ream  bed ju s t  a t  the point where  it jo ins the Rio Arapiuns. 
This  p h e n o m e n o n  (T luss-See’ o r  ’M ündungsbuch t’) occurs on  m an y  of the small and  
large rivers  in this region; its cause is not  know n, but m ay  be due to a local sinking 
of the ea r th 's  crust .  In  Ihe case of the Ig. Mentai, the ’L ago’ is ab o u t  2 km. long. 
500 in. wide, and  5.50 m. deep in the d ry  season; in the ra iny  season  it is som ewhat 
deeper  b u t  not m uch  larger, because of the fa ir ly  steep banks.  The  s t re am  itself, just
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Fig. 13. Sco ttin  mirci G r ö n b l .  — P ho tom ic rographs :  A. M. S c o t t .

above the enlargem ent,  is 10—15 m. wide and abou t  1 m. deep, with  a f low of p e r ­
haps  1 m./second. The  s t ream  discharge,  therefore,  is so m uch  sm aller  than  the 
volume of w ater  in the lake th a t  there  is no appreciable  cu rren t  in the latter.  P e rh ap s  
fo r  this reason, the lake p lank ton ,  principally  Zooplankton, is m u ch  m ore  a b u n d a n t  
th an  tha t  of the s tream . The lake w a ter  is b row nish  in colour, an d  has a p H  of 4.5; 
this ra the r  high acidity  is a characteris tic  of m ost of the rivers in the region.

Mr. S c o t t  tells m e  that he believes he has once seen this alga in one 
of his samples from  Florida, U.S.A. But it was so mixed up with debris 
and looked so strange that  he did not recognize it as being a Desmid.

Collector of the material: Dr. phil. H a r a l d  S i o l i , Belém, Brazil. 
Collected September 15th 1953.

Type specimens are kept in the collections of Mr. A. M. S c o t t . 

Material has been sent to Professor G. W. P r e s c o t t , to Dr. phil. 
W. K r i e g e r  and to the present writer. Dr. phil. P a a v o  K a l l i o  also has 
at his disposal specimens of the type collection.

All drawings were made by Mr. S c o t t , who wishes lo thank  Mrs. 
D o r o t h y  P e r i n e  for her assistance in inking his pencil drawings.

In conclusion 1 wish to thank  Dr. H a n n a h  C r o a s d a l e  for kind assist­
ance in writing the Latin diagnosis. Also 1 have to thank  my friend 
Dr. phil. P a a v o  K a l l i o  for his very interesting contribution to the p ro ­
blem of symmetry.
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2. Cytological Discussion and Survey of Symmetry and Polarity
in the Desmids.

B y  P a a v o  K a l l i o .

T he desmids possess a very charac te r is t ic  s t ru c tu ra l  feature, th e  
h igh ly  developed sym m etry  of the  cells. T axonom is ts  have  long been 
aw a re  of this, b u t  the  origin of the  sym m etry ,  its dependence  on the  
nuc leus  a n d  011 the special s t ru c tu ra l  charac ter is t ics  of the  cytoplasm  
have  only  recently  becom e objects of s tudy  ( W a r i s  1950, K a l l i o  1951, 
1953, 1954).

T h e  sym m etry  re la tionships  a re  best k n o w n  for  several species of 
the  genus Micrasterias. These algae are  n o rm a lly  b o th  b ipolarly  a n d  
b ila te ra l ly  sym m etr ica l  (cf. W a r i s ) .  T h e  fo rm er  type of sym m etry  
m e a n s  tha t  the semicells are m ir ro r  im ages of each  o ther ;  this sym m etry  
is d is tu rbed  only w ith in  the limits of the  total phenovaria t ion . A ve r t i­
cal p lane  bisecting the po la r  lobes a long  the  m a jo r  axis divides the cell 
b i la te ra l ly  into two identical halves.

Owing to the fact th a t  the two semicells a re  fo rm ed  at d ifferen t times, 
it is possible th a t  env ironm en ta l  cond itions  p revailing  w hen  the d a u g h ­
ter semicell is developing m a y  affect its s t ru c tu re  in such a w ay  th a t  it 
d iffers from  its p a re n t  semicell. It is k n o w n  th a t  the  shape of the  sem i­
cell is very sensitive to such  en v iro n m e n ta l  changes a n d  form s m o rp h o ­
logically m ore  or less a sy m m etr ica l  have  been encoun tered  bo th  in 
n a tu re  a n d  in cultures. In  add ition  to changes  in env ironm enta l  cond i­
tions, also genotypic m u ta t io n s  m a y  lead to b ip o la r  asym m etry .  Such 
asy m m etr ica l  fo rm s have ac tua lly  been  fou n d  only in labora to ry  cu l­
tures, hut there  is no doub t th a t  they also exist in nature . T he best 
exam ples  of b ipo la r  a sy m m etry  d u e  to changes in the nucleus have been 
encoun tered  in artif ic ia l experim ents  p la n n e d  to induce polyploid forms. 
C entrifugation, continued  il lum ina tion  a n d  o th e r  p rocedures  ( K a l l i o  

1951. 1953 b) m ay  he used to p ro d u ce  polyploid form s. In these t r a n s ­
fo rm ations  an in te rm edia te  form is p ro d u ced  in w h ich  the paren t  semi- 
cell is of n o rm a l  size (haploid) a n d  the  n ew  semicell is definitely larger 
(diploid) in size. Several o ther m u ta t io n s  w ith  asym m etrica l features 
have  also been observed in the genus Micrasterias  ( K a l l i o  1954). In 
these cases the d ichotypical (asym m etrica l)  in te rm edia te  cell form is 
a t ran s ien t  one. Until quite recen tly  no D esm id species w as know n  in 
w h ich  b ipo la r  a sy m m etry  is an  in h e r i ted  property .

B ilateral a sy m m etry  m ay  also occur  som etim es in ab n o rm a l  environ-
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mental conditions, but in most cases such forms m ay be considered 
phenovariations. There are, however, species with normal inherited 
asym m etry  among the Desmids, e.g. in the Genus Closterium. More 
im portant in this connection is, however, that asymmetrical forms have 
been artificially produced whose asymmetry is transferred to the pro­
geny. Examples of these asymmetric forms are the uniradiate forms of 
Micrastericis thomasiana  var. notata  ( W a r i s  1951, K a l l i o  1951) and 
M. rotata var. evoluta ( K a l l i o  1951, see Fig. 1).

A theory of the genetic origin of the bilateral asymmetry has been 
proposed ( W a r e s  and  K a l l i o ) which is based on the following cyto­
plasmic characteristics. The cytoplasm contains a small num ber of self- 
duplicating plasmatic fram ew ork units which are in some degree inde­
pendent of each other. The num ber of such units in normal biradiate 
Micrasterias cells is three. This num ber may, however, be artificially 
altered, either diminished or increased. In the uniradiate cells one of 
the structural units of the cell, viz. one corresponding to the side lobe 
complex or wing (cf. K a l l i o  1954), is lacking, and the cell continues to 
develop with only two structural axes and produces a clone like it with 
constant properties. The difference between the uniradiate and norm al 
biradiate strains is purely plasmatic since both forms have the same 
n u clea r cons t i t u t i on .

The diploid cell of M. thomasiana  has also two forms or facies (cf. 
T e i l i n g , 1950), the triradiate and  the quadriradiate forms (Figs. 3 
and  4). The diploid form of M. rotata var. evoluta is normally biradiate, 
but a triradiate form m ay also be produced which is in some degree 
constant ( K a l l i o  1954). In all known cases where the degree of radial 
symmetry has undergone a change, the change in the num ber of plas­
matic structural units has involved the side lobe axis. A change may, 
however, also occur in the num ber of polar lobes. This has been 
observed under the following conditions. A culture containing a diploid 
strain of M. thomasiana  var. notata was badly infected by some species 
of Protococcales algae. The Micrasterias cells ceased to divide after a 
few cell divisions. In m any of the cells the polar lobes were bifurcate, 
i.e. there were two polar lobes side by side. In some cells these two 
polar lobes were not completely separated at the base. Cells were also 
found in which the polar lobes of both semicells were bifurcate (Figs. 
5— 6). The cells were transferred to grow under norm al optimal condi­
tions as a pure culture in an »MS-solution» ( W a r i s  1953). The cells 
underwent division in the new environment and bifurcate polar lobes 
could be distinguished in many of the new semicells (Fig. 5). These
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bifurcate polar lobes were observed both in cells in which there was 
only one polar lobe in the mother semicell and in cells where also the 
mother semicell had  a bifurcate polar lobe. W hen the cells divided the 
second time, however, the latter type of cell produced only bifurcated 
polar lobe semicells and the cells with normal polar lobes semicells 
with normal polar lobes. After several divisions, however, all new semi­
cells formed were normal.

These cases m ay have involved some sort of plasmatic continuity 
which is related to the so-called dauermodifications. It is also possible 
that these forms are the result of a toxic reaction which has become 
evident only in the polar lobes. Thus it seems that the different plas­
matic units differ in their reaction to external influences (cf. K a l l i o  
1951).

It has been assumed that the plasmatic structural units (axes) in the 
Micrasterias cell are as long as the cell itself. In each cell division all 
the axes are severed at the isthmus and  each half of the structural 
unit forms a new half which is its m irror image. This autocatalytic re ­
production is one of the m ajor processes involved in cell reproduction.

The series of observations to be described below illustrate a pheno­
menon which shows the significance of the mother cell for the develop­
ment of the new semicell. In Fig. 7 a Micrasterias thomasiana  var. 
notata  cell is shown. This cell was produced from a cell in which a 
wall of some kind had appeared at the base of one of the side lobes 
(at the point to which the arrow points) during a centrifugation experi­
ment. The chloroplast in the side lobe in question first turned brown and 
later became colourless; the visible s tructure of the cytoplasm differed 
from the normal. W hen the cell divided, two cells were formed, one of 
which was normal in all respects, bu t the semicells in the other cell 
were abnormal as shown in Fig. 7. In the new semicell there is seen 
a colourless area symmetrically situated with respect lo the abnormal 
colourless side lobe in the mother semicell. After the next division the 
symmetrical colourless area was still present in both new semicells, but 
the new semicells formed in the third division were normal in appear­
ance.

All the phenomena described above justify the conclusion that  there 
exists a cytoplasmic self-perpetuating mechanism in the Micrasterias cell. 
In each cell division all the cytoplasmic structural units duplicate them­
selves, or, to use the term introduced b y  H u g o  d e  V r i e s , »intracellular 
pangenesis» occurs. The duplication is controlled b y  the nucleus, i.e. 
the num ber of plasmatic units is to a large degree dependent on the
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Figs. 1 7. E A c ons tan t  bila tera lly  a sy m m etr ic  form, the u n irad ia te  fac. of Micra-
sterias tliomctsiana  A r c h . var.  notata  ( N o r d s t .) G r ö n b l a d . Living cell. 2. Micrasterias 
rotata  (G r e v .) R a l f s , var. evoluta  T u r n e r . A dichotypical fo rm  with a n  un irad ia te  
a n d  a b i rad ia te  semicell. Living cell. 3 a n d  4. T r irad ia te  and  quadr irad ia te  facies of 
the diploid fo rm  of Micrasterias thom asiana  A r c h . Dead cells seen from  the end. 
5 and 6. Micrasterias thom asiana  A r c h . var. notata  ( N o r d s t .) G r ö n b l a d , diploid 
fo rm  with  b ifurca te  p o la r  lobes. Living cells. 7. Micrasterias thomasiana  A r c h . var. 

notata  ( N o r d s t .) G r ö n b l a d . See text.
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nuclear  effect (as show n by  the hap lo id  a n d  d iploid  form s of M. th o m a -  
siana  A r c h .). On the o the r  hand , however, the  m echan ism  of p lasm atic  
duplica tion  in some cases functions to some extent independent of th e  
nuc lear  influence (compare, e.g. the  u n irad ia te  an d  b irad ia te  h ap lo id  
form s of M. thom asiana  var. notata).

The p h en o m en a  described have revealed  some features of p lasm atic  
duplication  as encoun tered  in the Desmids. T he  relation between c y to ­
plasm ic s truc tu re  a n d  nuc lea r  effect is also reflected in the following 
observations. W h e n  co m p ared  with the  charac teris tics  of no rm al cells, 
varia tions in cell s tru c tu re  m ay  be caused  bo th  by changes in th e  
nucleus as well as by  changes in the cytoplasm , e.g. the shape of the side 
lobes in the dip lo id  (biradiate) a n d  the  hap lo id  (uniradiate) cells o f  
M. thom asiana  var. notata.  In  principle  the au tocata ly tic  rep roduc tion  
of p la sm as tru c tu ra l  un its  is s im ilar to ch rom osom e a n d  gene division 
a n d  to the division of protofibrils  described by  M o n n é  (1948).  The f o r ­
m er process does not, however, lake place on  the (macro) m olecular  
level, but involves large o rganised  s truc tu ra l  units.

F o r  the present we have  no convincing exam ples of the behaviour of 
cy toplasm ic units  in sexual reproduction . It should  be possible to d e te r ­
m ine  the ind iv iduality  of the cytoplasm ic  units by cross-breeding tw o 
facies w ith  identical n u c lea r  constitutions. Such experim ents  h av e  
n o t  been perform ed. T here  is, however, in the li te ra ture  one observation 
w h ich  suggests such  an  occurrence. T u r n e r  (1921) has  reported  the  
produc tion  of a t r i rad ia te  a n d  a quadri rad ia te  cell f rom  a single zygote 
of S tanrastrum  Dickiei  var. parallelum.  It is obvious tha t  this occurrence  
m ay  be a t tr ibu ted  to genom ic variation. T he  possibility should, h o w ­
ever, be  considered th a t  the  s truc tu ra l  dua li ty  existing in the nucleus in 
the zygote phase  in all p robabili ty  also exists w ith in  the cytoplasm . 
Ge i t l e r  (1948, 1951 a, 1951 b) has  observed p lasm atic  striation in 
E unotia  and  has  discussed a type of regu lar  p la sm as tru c tu ra l  change  
accom pany ing  sexual reproduction. Also these observations point to an  
independent behav iou r  of the cytoplasm  in sexual reproduction.

The new  genus Scottia  described above differs clearly in its m o rp h o ­
logy from  all o the r  k n o w n  Desmids. Its b ipo la r  asym m etry  is an in h e ­
rited characteristic . T he two semicells, »upper» an d  »lower», a lw ays d i f ­
fer in m orphology , bu t w hen  the cell divides, the upper  semicell p roduces 
a  semicell w hich  has  the fea tures  of the lowrer semicell, an d  vice versa. 
This provides a simple exam ple  of po la r i ty  in a cell. T he differen tia tion  
an d  d e te rm ina tion  p h en o m en a  w hich  are  closely re la ted  can ap p a ren t ly  
be favourably  s tudied  in the  species.
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T h e  w o rk  done on the  Micrcisterias species suggests a w ork ing  h y p o ­
thesis w h ich  m a y  be of value in the s tudy  of polarity  in the  genus 
Scottia . T h e  cy top lasm ic  s t ru c tu ra l  un its  in the Scottia  cell m u s t  differ 
in m a n y  respects  f rom  those in the Micrcisterias cell. In the  first place, 
in the Sco ttia  cell there  m a y  be d istinguished  two sym m etr ica l  systems: 
one (upper) w h o r l  w ith  six an d  one (lower) w ith  ten processes an d  an  
equal n u m b e r  of sy m m etry  axes. In  addition , there is an  apica l corona  
com pris ing  8— 9 teeth  a n d  one can  n o t  ascribe any  degree of rad ia tion  
to the cell as a whole. E x p er im en ta l  studies can be expected to reveal a 
m ore  com plex  system  of p la sm as tru c tu ra l  units  th a n  th a t  fo u n d  in 
Micrcisterias. Is it possible to change the degree of the  two differen t 
w horls  in the cell independen tly  in  p lo id ization  experim ents?  Will the 
anuc lea te  u p p e r  a n d  low er semicells d iffer  f ro m  each  other, e.g. in a n a ­
logous fea tu res  as do the denucleate, u n irad ia te  and  b irad ia te  Micra- 
stericis cells (K a l l i o  1950)?

B ipolar  a sy m m e try  presupposes a sy m m etry  in the d ifferen t p lasm a- 
s t ru c tu ra l  units. W h e n  these units  are  severed, the halves fo rm ed  do not 
p roduce  new  halves th a t  a re  identical w ith  the  paren t  halves. The a sy m ­
m etrica l s t ru c tu ra l  un it  possesses the p ro p er ty  tha t, w hen  it is b roken  
into two a t the m idpoin t,  b o th  halves are  capable  of regenerating  the 
orig inal a sy m m etr ica l  unit. If th is  is ac tua lly  the  case, it m eans  th a t  
the  p rob lem  of po la r i ty  has  been m oved to a lower level, from  the p ro to ­
plast level to the  level of p la sm as tru c tu ra l  units. T he u lt im ate  solution 
m u s t  be t ra n s fe r re d  to the field of m acrom olecu la r  systems.

1 w ish  to th a n k  Dr. phil. R o l f  G r ö n b l a d  for placing the  m ater ia l  of 
Scottia  a t  m y  disposal.
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B o t a n i s k a  N o t i s e r  1954, H ä f t e  2. L u n d

Some Remarks on Fragilaria zasuminensis.

In 1937 C a b e j s z e k o w n a  described a new species of Fragilaria: 
F. zasuminensis. According to H u b e r - P e s t a l o z z i  (1942) H u s t e d t  

doubts that it is a Fragilaria. He considers it to belong to an Asterionella 
species. C l e v e - E u l e r  (1953) also includes it in Asterionella gracillima 
var. Ralfsi.

A closer study of a Scanian form, that undoubtedly belongs to Fragi­
laria zasuminensis  C a b e j s z ., indicates that the species in question should 
lie included in the genus Asterionella. The only real difference between 
the Scanian and Polish form is the shape of

the valve- and girdle-view, just as is the case 
in Asterionella formosa, observed in the same 
lakes. The dots would seem to be a kind of 
short spines. It differs, however, in some re­
gards from the two Asterionella species:

B y  A s t a  L u n d h -A l m e s t r a n d .

the pseudoraphe. In the first-mentioned form 
no pseudoraphe was to be seen under the 
microscope, although the best avaible optics 
were used in collaboration with A. P r e i s l e r , 

Malmö, whereas C a b e j s z e k o w n a  notes a 
distinct pseudoraphe. The frustule resembles 
on the whole those of Asterionella formosa  
and gracillima (Fig. 1). There are, e.g., also 
a row of black »dots» on the edge between

c

1. It apparently  never forms characteris­
tic stars like the other two Asterionella but 
chains (Fig. 2). The colony shape is some­
what suggestive of that of Diatoma elonga- 
tum.

2. The valve-view has another shape. It is

Fig. 1. a. Asterionella  formosa .  
b— e. .1. zasum inens is  from  
(he valve-view  and girdle- 

view. H öja len  12.8.1952. 
lOOOx.
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F ig . 2. A sterionella  zasum inensis. P h o to m ic ro g ra p h . C o lo n y  m o rp h o lo g y . L ills jö n
12.8.1952. A b o u t 600 X .

somewhat curved and the ends are ra ther flattened out with a slight 
concavity in the middle (Fig. 1 b— d and 3 b).

3. The length proportions are different in the lakes investigated by the 
author. In Höjalen A. formosa  has a length of 60— 70 p  and F. zasumi- 
nensis  35— 45 p  (the same length records as C a b e j s z e k o w n a  has given).

4. F. zasuminensis has about 18— 20 striae in 10 p in the Scanian 
lakes. (In Poland C a b e j s z e k o w n a  states 1 6— ‘20 in 10 p.) A. formosa  
has in the same lakes considerably denser striae, about 25 in 10 p.

The differences are so considerable, that it seems justifiable io de­
scribe the form as a distinct species. Then it should be called Asterio­
nella zasuminensis ( C a b e j s z . )  now comb.

C l e v e - E u l e r  includes A. Ralf si W .  S m . (S m i t h  1 8 5 6 ) ,  A. (formosa  v.?) 
Ralf si G r u n . (Fig. 5 2 :  2 in V a n  H e u r c k  1 8 8 0 — 85) and F. zasuminensis  
C a b e j s z . in A. gracillima var. Ralfsi (W. Sm.) A. C l ., which can hardly 
be correct. According to descriptions and figures A. Ralfsi would seem 
to be very closely related to A. gracillima. H u s t e d t  ( 1 9 3 2 )  also includes 
it in this species. Fragilaria zasuminensis, however, differs appreciably, 
as is clear from the facts discussed above. C l e v e - E u l e r ’s figure 401 B
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Fig. 3. A sterionella  zasu- 
m inensis. P h o to m ic ro ­
graph. a. Girdle-view 1). 
Valve-view. H ö ja len  12.8. 

1952. About 1500 X.

k (1953) resem bles Ihe la tte r  and  could thus  belong to F. zasum inens is ,  
b u t  the  valve-view is not depicted, an d  therefore  no evidence can  be 
obtained.

T he  d is tr ibu tion  of Asterionella zasum inensis  in Sweden is not kno w n  
in detail. T e i l i n g  (1946) charac terizes  it as a »massig selten» p lan k t ic  
form, occu rr ing  in lakes of d ifferent troph ic  types. In Scania it has  so 
fa r  been fo u n d  by the a u th o r  in p lan k to n  samples from  the  lakes 
Höjalen, T illsjön a n d  Gårsjön, all s ituated in the parish  of Vi 11 sjö. Till­
sjön is close to H öjalen  an d  runs  off into this lake. T he effluen ts  o f  
Höjalen a n d  G årsjön  debouelie into ö re to rp ss jö n .  All three lakes are  
cha rac ter ized  by  clear, very b row nish  w ater  poor in lime.
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Bryologiska notiser.

Av O l l e  M å r t e n s s o n  och E l s a  T u f v e s s o n - N y h o l m .

III. D i c r a n e l l a  r ip ar ia  ( I L  L i n d b . )  M å r t .  e t  N y h .  n .  c o m b .

I Societas pro F auna  et Flora Fennica anmälde H .  L i n d b e r g  den 
5 m ars 1898 en för vetenskapen ny art, Oncophorus riparius. Referatet 
från  detta sam m anträde (1900, p. 29) b ruka r  i floror och handböcker 
anges som originalbeskrivning. O. riparius jämföres här med O. wahlen- 
bergii B r i d ., »från hvilken den är lätt skild genom de styfva, uppåt—  
utåt riktade smala bladen och den med ring försedda kapseln». Nu läm nar 
emellertid L i n d b e r g  något längre fram i sam m a årgång av tidskriften 
(p. 200) en latinsk diagnos, som — även om den i stort sett inte är u tfö r­
ligare än hans anm älan  — hellre bör tagas som originalbeskrivning under 
det att den tidigare anm älan  betraktas som nomen nudum. Beskrivningen 
lyder: »A congenibus, One. virente et One. Wahlenbergii, praecipue dif­
fert fobis rigidis, strictis basi non dilatatis, cellulis marginalibus 2-seria- 
tis, capsula annulo instructa.— Isthmus karel., Valkjärvi, in ripa arenosa 
fluminis Vuoksen, prope pag. Pasuri, una cum. One. Wahlenbergii, 
Polgtricho *cubico, Amblysteg. adunco etc.»

Existensen av den nybeskrivna arten tycks ha varit föga känd  även 
bland nordiska bryologer. A r n e l l  och -Je n s e n  läm na sålunda i sin 
Sarekflora (1910, pp. 182— 184) en mycket utförlig diagnos av Onco- 
phorus hambergii utan all L i n d b e r g s  art på något sätt omnämnes vid 
diskussionen av den nya artens systematiska ställning.

Om vi följa O. riparius’ vidare öden i floror och handböcker skola vi 
finna, att H a g e n  (1915, p. 118) givit den varietets rang under Kiaeria 
starkei ( W e b . & M o h r ) H a g . Senare floraförfattare tyckas alla ha  rönt 
inflytande från H a g e n  och vi finna nu mossan som varietet under 
Kiaeria blgttii ( S c i i i m p .) B r o t h , eller dess synonym Dicranum blgttii 
S c h i m p . Oncophorus hambergii upptages i regel som synonym till varie- 
teten. M ö n k e m e y e r  (1927, p. 204), som troligen missuppfattat H a g e n ,
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sätter den som synonym til! D. blyttii. E n  sammanställning av synony­
m erna finnes nedan i sammanfattningen.

Då A r n e l l  och J e n s e n , som ovan omtalats, lämnat en utförlig b e ­
skrivning av arten, vilja vi här endast näm na några få mera påfallande 
egenskaper. Bladen äro kort tillspetsade, upprätt utstående, med plana 
kanter. Nerven är något plattad och till sin byggnad överensstämmande 
med den hos släktet Dicranella S c h i m p . Ledarcellerna ligga sålunda 
ventralt, stereidband saknas eller är mycket svagt utvecklat på nervens 
ventrala sida; på dorsalsidan finnes däremot ett brett och väl utvecklat 
stereidband. Bladets cellvävnad är tämligen lucker, cellerna tilltaga 
något i storlek från  bladkanten mot nerverna och från  bladspetsen mot 
bladbasen. Differentierade bashörnceller saknas.

Släktet Oncophorus B r i d . omfattande arterna O. virens (Sw. ex 
H e d w .) B r i d . och O. wahlenbergii B r i d . har blad av annat utseende 
och byggnad. Nervens ledarceller ligga ungefär i bladets mitt, på dorsal - 
såväl som på ventralsidan förefinnes elt väl utvecklat stereidband; cell­
vävnaden i lamina är tämligen kompakt, bashörncellerna äro mer eller 
mindre tydligt differentierade.

I likhet med de båda näm nda O n c o p h o r u s -art e r n a är Dicranella 
riparia autoik. A r n e l l  och J e n s e n  anföra detta som ett skäl att föra 
sistnämnda art till släktet Oncophorus. E rfarenheten har  emellertid 
visat att könet hos mossorna i m ånga fall ha r  underordnad systematisk 
betydelse. Sålunda äro arterna av släktet Dicranella — som vi anse även 
bör omfatta släktet Anisotliecium  M i t t . —  vanligen dioika men ett f å ­
tal arter kunna vara både autoika och dioika.

Varför H a g e n  fört arten till det av honom uppställda släktet Kiaeria 
och som varietet under K. starkei ( W e b . & M o h r ) H a g . är gåtfullt. 
Någon likhet med detta släkte utöver fam iljekaraktärerna förefinnes 
knappast. Bladens cellvävnad är helt annorlunda. Kiaeria står nära  
släktet Dicranum  H e d w .; bladens cellstruktur påminner starkt om detta 
släkte.

II. L i n d b e r g s  exemplar från  originallokalen skiljer sig något från 
den typ som är känd  från Skanderna. Den förra har  sålunda något b re ­
dare nerv och bladkanten är längre ner dubbelskiktad. Andra olikheter 
ha ej iakttagits. Sporstorleken, peristomets och kapselns utseende före­
falla vara lika.

Om artens ekologi veta vi just inte så mycket mer än att mossan före­
trädesvis växer på fuktig, sandig jord eller svämsand. De mossor den 
anträffats växande tillsammans med äro tämligen intetsägande och tyda 
inte på att några speciella krav beträffande substratet skulle föreligga.
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Den finska lokalen ligger i barrskogsregionen under det a tt arten i Sve­
rige och Norge endast ä r känd  från  Skandernas subalpina och lågalpina 
bälten.

S v e r i g e :  Lule lap p m a rk :  Sarek, R ap aä tn o s  strand ,  b jörkreg ionen ,  1902, A r n e l l  
& J e n s e n  (Univers.  Bot. Mus., Uppsala).  T orne  lap p m ark :  T orne träsk -om rådet ,  
M aivatt jåkko,  vid bäck  i lågalp ina bältet,  1949, E l s a  T u f v e s s o n - N y h o l m  (Univers. 
Bot. Mus., Lund) .

F i n l a n d :  I s th m u s  karelieus: Valkjärvi,  in r ipa  a renosa  flum. Vuoksen, 15.VI. 
1895, H. L i n d b e r g  (Univers. Bot. Mus., Helsingfors).

N o r g e :  Opland, r ipa r ia  Slethavn, ad terram , 1220 m  s.m., 15.V III .1889, I. IIagen  
(Det Ivgl. Norske  Vidensk. Sel.sk. Mus., T rondheim ).
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Sum m ary.

In the p re sen t  p a p e r  some prob lem s concerning the taxonom y of that species which 
originally  w as described as Oncophorus  riparius  If. L i n d b . are discussed. It is our 
opinion tha t  these prob lem s are best solved, w hen  the species is referred to the genus 
Dicranella  S c h i m p . The results m ay  be sum m arized  as follows:

Dicranelia riparia  (II. L i n d b .) M a r t , el N y i i . nov. comb.
S y  n  o n  y  m  s: Oncophorus  riparius  H .  L i n d b ., 1910, p.  29 (nom. n u d . )  a n d  p. 200. 

— O ncophorus  hamberg ii  A r n . & C. J e n s ., 1910, pp. 182- 184. —  Kiaeria starkci  
( W e b . & M o h r ) H a g . var. riparia  (H .  L i n d b .) H a g ., 1915, p. 118. —  Kiaeria blyttii  
(S c h i m p .) B r o t h , v a r .  riparia  (I I .  L i n d b .) B r o t h . 1923, p. 88. —  Dicranum  blyttii  
S c h i m p . v a r .  r iparium  (I I .  L i n d b .) M o e n k e m ., 1927, p .  205.

Dicranella riparia  has  been collected f ro m  alluvial sand  or »bare», sa n d y  soil. 
There a re  only  fo u r  F e n n o sc a n d ia n  localities.  The F inn ish  orig inal locality lies in the 
coniferous fo res t  belt bu t  the Swedish localit ies and the  Norw egian  one a re  s ituated  
in the suba lp ine  and  low-alpine belts of the Scandes.
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Om ullfloran vid Lackalänga i Skåne.

Av T h . L a n g e , K. E. F l in c k  o c h  B. H y l m ö .

I vårt land är ett områdes stationära flora vanligen mycket artfattig 
och snart genomgången, om ej svårare eller kritiska släkten tagas upp 
till observation. För den stora gruppen av amatörbotanister utgör in- 
komlingarna vid ham nar och på industritomter då ofta ett kärkomm et 
tillskott, även om endast undantagsvis adventivfloran blir så artrik  som 
vissa år vid Lackalänga. De genom kulturtransport tillfälligt inkom na 
arterna har utan tvivel också ett berättigat intresse. Många av dem h a r  
visat sig kunna hålla sig kvar i den nya omgivningen och så småningom 
komma att spela en betydande roll i vegetationen.

Vår nuvarande flora sammansättes till stor, ja kanske övervägande 
del av kulturspridda arter. Arternas utbredning och frekvens bestämmes 
säkerligen i stora delar av vårt land i mycket högre grad än m an van­
ligen vill erkänna av m änniskans kulturåtgärder. För vår tids liksom 
för kommande generationers botanister bör det vara av intresse att följa 
de främ m ande arternas inkörsportar och försök att på olika sätt natura- 
lisera sig. H y l a n d e r  (1953, sid. XI) anför i sin flora: »Denna grupp 
(antropokorerna) spelar en högst väsentlig roll fram för allt i den vegeta­
tion av m er eller mindre klar halvkulturtyp, vars oerhörda utsträckning 
inom stora delar av vårt område man ofta synes mig ha allt för svårt 
att inse, med påföljd att man också är alltför obenägen att erkänna 
många sena, ofta mycket sena invandrares eller utkomlingars fullkom­
liga naturalisation och på ett stundom något romantiskt sätt låter om ­
dömet om den vilda, stabila florans sammansättning i otillbörlig grad 
avgöras efter arternas ’inhem skhet’»;.

Utomlands har  sedan länge flerstädes de starka och snabba föränd­
ringar som äger rum i florans sammansättning starkt uppm ärksamm ats. 
I England diskuterades exempelvis nyligen på en konferens med 270 
deltagande botanister detta problem ( L o u s l e y  1953), varvid bl.a. peka-
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des pä de m ånga nyinkomlingar, som under det sista århundradet natu- 
raliserats på brittiska öarna. Inte minst ullfloran uppm ärksamm ades 
därvid.

Kring Furulunds Yllefabrik i Lackalänga socken (numera Furulunds 
köping) bar vid flera tillfällen en rik adventivflora iakttagits. Sålunda 
b a r  artförteckningar över denna ullflora publicerats av B l o m  (1929, 
1933 och 1936), H y l m ö  (1947) och av P r o b s t  (1949). Dessa adventiv- 
växter har vissa år uppträtt  synnerligen rikligt medan de andra år nästan 
belt saknats. Under åren 1949 och 1950 användes kardavfall från fabri­
ken som utfyllnadsmaterial denna gång vid igenläggandet av ett gam ­
mall sandtag, varvid ullfloran uppflam m ade i stor art- och individ­
rikedom. Avfallet la des i metertjocka lager, ibland med ett tunt grus­
skikt ovanpå. Vid ullavfallets nedbrytning alstrades liksom bos stall­
gödsel under drivbänkar värme och den stegrade m arktemperaturen 
synes ha gynnat de ofta värmekrävande inkom Ungarnas trivsel. Redan 
i medio av m aj kunde arter av bl.a. Medicago, Bromus  och Hordeum  
insamlas i välutvecklade exemplar med mogna frukter.

Sannolikt är åtskilliga av ullväxterna kortdagsväxter, som först under 
höstens korta dagar får impuls till blombildning. Bland förmodade 
kortdagsväxter, vilka först blommat i oktober eller november, kan f ram ­
hållas Cynodon dactylon, Inula graveolens och flera chenopodiaceér. 
Åtskilliga plantor hann  överhuvud ej utvecklas till blomning och har ej 
kunna t  bestämmas I ill ar t  eller släkte.

Många inkomlingar uppträder endast i en generation. Andra utvecklar 
dock fullgott frö och har  genom självsådd återkommit år efter år. 
Enstaka ullväxter ba r  i Lackalänga fast fotfäste sedan åtminstone 20 år, 
men det stora flertalet nyinkomlingar försvinner efter ett eller ett par år 
då de har svårt att hävda sig i konkurrensen när  området växer igen. 
Sannolikt hade fler arter kunnat klara sig om de erbjudits tillgång lill 
öppen mark.

1 nedanstående förteckning har för en del utsatts hemlandet. Repre­
sentanter finnas från  alla större ullprodueerande områden, bl.a. Medel­
havsländerna, Sydafrika, Australien, och Sydamerika. Särskilt Australien 
har släppt till m ånga arter. Den ullspridda växtens hemland utgör dock 
inget säkert indicium på ullens ursprung. Många ullspridda arter har 
genom vår tids enorm a handelsutbyte länder och världdelar emellan 
kommit att bli kosmopolitiska ogräs. Dessa vanligen torkresistenta arter 
utgör dominerande inslag i växtligheten på industritomter och i h am n ­
områden i subtropiska länder och är där också allm änna ogräs i betes­
m arker och på uppodlad kulturm ark. De stora fåruppfödningsländerna
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har etl stort antal gemensamma ogräs. Inte minst vanliga bland dessa ä r  
arter ursprungliga i länderna kring Medelhavet.

En annan grupp av ullinkomlingar till Lackalänga utgör de odlade 
foderväxterna. Intressantast är m åhända  Trifolium subterraneumx vars 
blomställningar efter blomningen gräver sig ned i marken. Inte minst i 
Australien och på Nya Zeeland är denna klöverart en omtyckt vallväxt. 
Cynodon dactylon är en allmänt odlad foderväxt, som också i m ånga 
länder användes i trädgårdsgräsmattor. Omtyckta fodergräs är även 
Eleusine indica, Setaria italica, Digitaria sanguinalis och Lolium rigi­
di um.

B l o m  (1929) har tidigare diskuterat ullflorans spridningsbiologi. Art 
och individrika är växter vilkas frukter eller frön har  organ som lätt 
häftar vid fårens pälsar, t.ex. Me die ago, Erodium , X an th ium , Centaurea 
liksom många gräsarter. Även frön av arter med safliga frukter inkaps­
lar sig lätt i pälsen, då fåret under sin vila spränger sönder dessa frukter 
(Cucumis, Nicandra och Physalis).  Men även m ånga glatta fröer häf ta r  
vid i fårens spillning i ullen (Amciranthus, Sisymbrium  och Brassica).

Nedanstående lista upptar ca 150 arter, varav ej mindre än ca 60 är 
gräs. Med största sannolikhet h a r  samtliga upptagna arter inkommit 
med ullen. Flera av arterna har  ej tidigare insamlats i vårt land. I listan 
ingår även fynd gjorda av överste Ca r l -A x e l  T o r é n .

De ofta mycket svåra och tidskrävande artbestäm ningarna har till 
övervägande delen utförts av L a n g e . Fil. dr. Ca r l  B l o m  och fil. dr. 
E r ik  A s p l u n d  h ar  läm nat värdefull hjälp med detta arbete.

G ram ineae  D a c ty lo c te n iu m  a e g y p t iu m  (L.)  R i c h t .

A n d r o p o g o n  p e r tu s u s  W i l l d . (Australien) v ' b u l a n s  (R - Bk ) liACK' (Australien)
Tragus ra c e m o su s  (L .) A l l . C g n odon  d a c ty lo n  (L.) P e r s .

E r ioch loa  ra m o s a  O. K u n t z e  (Australien) Chloris  d iva r ic a ta  R. Rr. (Australien)  
Setaria  v ir id is  (L.) PB. tru n ca ta  R. B r .  (Australien)

i talica  (L.) PB. —  v - a b b re v ia ta  T h e l l .

P anicu m  m i l ia c e u m  L. v irga ta  Sw.
d ic h o to n i f lo ru m  MiCHX. v en tr ic o sa  R. B r .  v . tenuis  B e n t h .

Digitaria sanguinal is  (L.) S c o p . s sp .  vul- D ip lach n e  un inerv ia  (C. P r e s l ) P a r o d i  

garis  H e n r . (Sydamerika)
E chin o ch lo a  crus-gall i  (L.) PB. S t ip a  ar is t ig lum is  F. v. M.
E ragros t is  m e g a s ta c h g a  ( K o e l .) L k . - var iab il is  H u g h e s

tef  ( Z u c c a g n i ) T r o t t e r  (Afrika) —  c o m p r e ss a  R. B r .

f i l i fo rm is  ( T h u n b .) N e e s  (Sydafrika) L ep tu r u s  in cu rva tu s  T r i n .

—  B r o w n i i  N e e s  L o liu m  tem u le n tu m  L.

- sp .  - - r ig id u m  Ga u d .
Eleusine ind ica  (L.)  Ga e r t n . Vulpia  gen icu la ta  (L.)  L k
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Vulpia brom oides  (L.) S. F. Gray

— m y  urus  (L.) C. C. Gm e l .
- megcilura (N u t t .) R y d b .

L o phoch loa  cristata  (L.) H y l .
Avena fa tu a  L. ssp. eufatua  H y l .
Agrostis avenacea  J.  F. Gm e l .
P olyp o g o n  m onspeliens is  (L.) D e s f . 
Gastr id ium ven tr icosum  (Go u a n ) Sc h .

et T h .
S porobo lus  Poireti i  (R. e t  P.)  H i t c h c . 

(A us t ra l ien )
— Linclleyi  B e n t h . (Australien) 
Triraphis  mollis  R. B r . (Australien) 
E hrharta  longiflora  Sw. (Sydafrika) 
Phalaris angusta  N e e s

— canariensis  L.
— -  m in o r  R e t z .
—  paradoxa  L.
B rom us catharticus  V a iil  (ev. f. aristatus  

(J. e t  W .)  Ae l l . et T h e l l .)
—  rigidus  R o t h

—  sterilis  (L.) R o t h

—  tec torum  L.
— m adritens is  L.

- v. Delilei  Boiss.
— rubens  L.

—  alopecuroides  P o i r .
D anthonia  semiannularis  (L a b i l l e ) R. 

B r . (Australien)
— racemosa  R. B r . (Australien) 
A nthosachne  australcisica  St e u d . 
H ordeum  ju b a tu m  L.

-  m a r in u m  H u d s .
— m u r in u m  L. ssp. e u m u r in u m  B r i q .
—  —  ssp. l epor inum  (L k ) A. et G. 

p u b i f lo ru m  H o o k . f i l . (Sydamerika)
— com p ressu m  Gr i s .
— c o m o su m  J. et C. P r e s l  (S y d a m e r ik a )

Polygonaceae
P u m e x  B row nii  Ca m p d . (A us tra l ien )

Chenopodiaceae
C hen o p o d iu m  pratericola  R y d b .
-  a m brosio ides  L. ( S y d a m e r ik a )

—  cris ta tum  F. v. M. (Australien)
—  pum ilio  R. B r . (A us t ra l ien )
 f. g landu losum  (M o q .) Ae l l .

C henopod ium  carinatum  R. B r . y. holop- 
terum  Ae l l . (A ustra l ien)

—  —  v. m elanocarpum  Ae l l .
—  B onte i  Ae l l . {carinatum Xcr is ta tum )
—  giganteum  D. D o n .

Probsti i  Ae l l . (A ustra l ien )
—  auricom iform e  M u r r , et T h e l l . 

antarc ticum  (H o o k , f .) B. et  H. 
(P a ta g o n ie n )

—  m yrio cep h a lu m  (Be n t h .) Ae l l . 
(A us t ra l ien )

Atrip lex  tatarica  L.
—  angulata  B e n t h . (A ustra l ien )
—  leptocarpa  F. v. M. (A ustra l ien )  
Bassia quinquecuspis  F. v. M. v. villosa

B e n t h . (A ustra l ien )
Salsola kcdi L.
—  ruthen ica  I l j i n

Amaranthaceac
A lternanthera  pungens  H. B. K. 
A m a ra n th u s  chlorostachys  W i l l d . 

(A rgen t ina )
—  re troflexus  L. (N o rd a m e r ik a )
—  blitoides  S. W a t s . v . aragonensis  

S e n n e n

-  Dinteri  S c h in z  v . uncinatus  T h e l l .
—  Thunberg i i  M o q . (S y d a fr ik a )
  f. macula tus  T i i e l l .

Aizoaceae
M esem b r ia n th em u m  crysta ll inum  L. 

(A fr ika)
—  sp.

Caryophyllaceae
Silene  gallica L.
Kohlrausch ia  prolifera  (L.) K u n th  

Papaveraceae
A rgem one  m exicana  L. ( C e n t r a la m e r ik a )  

Cruciferae
Brassica Tournefor t i i  Go u a n  ( in d iv id r ik )  
Diplo tax is  tenuifolia  (L.) DC.

- muralis  (L.) DC.
Lep id iu m  ruderale  L.
— gra m in i fo l iu m  L.
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Subularia marit ima  (L.) D e s v .  
S isym brium  a ltiss im um  L.
—  orientale  L.  ( i n d i v i d r i k )

Leguminosae
Psoralea tenax  L i n d l .  ( A u s t r a l i e n )  

Scorpiurus  sp.
Medicago arabica (L.)  A l l .
— hispida  G a e r t n .

- v. denticulata  ( W t l l d . )  U r b .
— — v lappacea  ( D e s r . )  B u r n .  

praecox  DC. (M e d i t . )
—  Schimperiana  H ö c h s t .  (Sydafrika)
— laciniata  (L.) M i l l .  (Sydeuropa, 

Afrika)
- - f. integrifolia  G o d i l

— m inim a  L.
 v. recta ('D e s k . )  B u r n .  (Sydeuropa)
—  tribiiloides  D e s r .

Melilotus indicus  A l l .
Trifo l ium  angusti fo l ium  L. (Medit.)
— subterraneum  L.
— striatum  L.
— tom en tosum  L.

Oxalidaceae
Oxalis stricta  L.

Geraniaceae
E rod ium  cicutarium  (L.)  L ’H é r .  ( m å n g -  

formig)
m o sch a tu m  (L.) L T Ié i l  

- cygnorum  N e e s  ( A u s t r a l i e n )

Botrys  (G av .)  B e r t o l .  (M e d i t . )  

Stephan ianum  W iL L D .

— br achy car p u m  ( G ö d r . )  T h e l l .  ( A m e ­
r ik a )

Malvaceae
Malva parviflora  L. (Medit.) 

Cueurbitaceae
Cucumis m yriocarpus  N a u d .  (Sydafrika) 

Onagraceae
Oenothera nocturna  J a c q .

Lythraceae
L y th ru m  hyssopifo lia  L.

Umbclliferae
Caucalis lappula  ( W e b . )  G r a n d e  

A m m i  visnaga  (L .)  L a m .  (Medit.)

Verbenaccae
Verbena bonariensis  L.

Labiatae
M arrubium vulgare  L.

Solanaceae
Nicandra physa lo ides  (L.) G a e r t n .  (Syd­

amerika)
Physalis m in im a  L.  (Australien, tropik.)  
Datura ferox  L.
—  s tram on ium  L.
—  tatula  L. (Argentina)
Nicotiana glauca G r a h a m  (Argentina)

Scrophulariaceae
Verbascum virga tum  W i t h .

— ph lom oides  L.

Plantaginaceae
Plantago coronopus  L. ssp. Cupani  

(Guss.) P i l g e r

Compositae
Calotis hisp idula  F. v. M. (Australien)
Vittadinia scabra  DC.
Erigeron bonariense  L.
Inula graveolens  (L.) D e s f .
X a n th iu m  s tru m a riu m  L.
—  sp inosum  L.
Verbesina encelioides  (C a v .)  B. el H. 
Bidens  sp.
Centaurea solsti tialis  L.
— melitensis  L.
C ar t h a m u s  lam dus  L.
Tagetes m in u tu s  L. (Sydamerika) 
S chkuhr ia  advena  T h e l l .  (Sydamerika) 
Leontodon  nudicaulis  (L.) B a n k s .  
Chrysocoma tenuifolia  B e r g e r  (Syd­

afrika)
Felicia tenella  (L.) DC. (Sydafrika) 
Arctotheca calendula  (L.) L e v y n s  (Syd­

afrika)
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New Lichens.

By A. H. M a g n u s s o n .

Leciclea (Biatora) curvula H. M a g n .  n. sp .

Thallus verrucoso-diffractus, crassiusculus, fuscescenti-cinereus, ver­
rucis minutis, irregularibus, dense contiguis, basi constrictis, KOH —, 
CaCl —, Pd — , hypothallo indistincto. Apothecia simplicia vel saepe con­
glomerata, atra, prim um  plana tenuiterque m arginata , mox convexa, 
immarginata, subscabrida. Excipulum crassum, atrofuscum, uniforme, 
completum. Hypothecium crassum, incoloratum. Thecium superne late 
fuscoatrum, paraphysibus clavatis, superne pallide fuscis. Sporae 
octonae, oblongae, curvatae.

P o l a n d :  Sudeten, Heuscheuergebirge, Glatz. On perpendicular cliff 
of sandstone by the road Karlsberg— Wunschelberg, 630 m s. m., 1951. 
Z. T o b o l e w s k i .

The largest specimen seen 1.5 cm square, consisting of 0.3— 0.5 mm 
broad, packed verrucae forming a 0.3— 0.5 m m  thick thallus, in the 
thickest part with deep and broad cracks bu t not forming real areolae. 
Apothecia dense, simple ones about 0.5 m m  broad, ra ther  plane and only 
slightly prominent, sometimes in 2— 3 m m  wide clusters, convex and 
more elevated above thallus surface. Sometimes abortive clusters are 
found without a limit between the single apothecia.

Thallus cortex about 10 ii thick, in KOH brown-grey, cells indistinct, 
1— 2 p diam. Algae 7— 10 a large in a dense, 100 p thick stratum. 
Medulla colourless in upper part, in lower part mixed with a dark +  
granular stuff, hyphae densely intricate, 4 p, thick-walled. — Apothecia 
about 0.3 mm deep. Exciple 50— 65 p tmck all round and  black-brown. 
Hypothecium to 120 p deep at centre. Thecium about 70 p tall, like 
hypothecium I —; upper 20— 25 p dark-brown, in KOH blackish blue- 
green like the exciple. Paraphyses in H N 0 3 2 p thick, apices pale brown
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for 6— 8 p, tips 3— 4 p thick, clavate. Spores 8.5— 11 X 3.5— 4.5 u, more 
or less arcuate, especially w hen ripe.

The new species belongs to the rivulosa-cyathoides-group and  has 
spores resem bling those in arcuatula  (Arn.) H u e  or recensa S t i r t . but 
has a d ifferen t shape of the thallus, in the last two areolate, in curvula  
verrucose and  th ick  w ith clustered, black apothecia. I have exam ined 
p art of an  apothecium  in recensa (from. Brit. Museum) w hich has 
0.8 m m  broad, plane, black apothecia with a concolorous thin, p rom i­
nent m argin. The exciple very thick at base, brow n-black. Theoium 
75— 85 u tall, colourless-greyish, upper 15— 20 p black-brow n. Hypo- 
thecium  50— 70 u, colourless. Thecium  and hypothecium  1 +  blue, 
apices of asci very dark  blue, tips of paraphyses 10— 20 p, very dark 
green-brow n, contiguous in KOH, clavate, 4— 5 p. Spores 12 11 X
4— 4.5 p, in KOH thicker than  in the Poland specimen. Apothecia 
KOH —, P d - .

C atillaria  (B ia torina) tcivastiana  H. M a g n . n. sp.

Thallus obscure viridi-cinereus, effusus, tenuis, continuus, rimosus, 
inaequalis vel verruculosus, KOH — , I — , CaGl —. Apothecia arcte ad­
nata, m inuta, atra , disco plano vel convexulo, m argine prim um  tenui, 
mox depresso. Excipulum  caerulescens. H ypothecium  incoloratum . The­
cium tenue, pallide caeruleo-viride, paraphysibus conglutinatis. Sporae 
octonae, uniseptatae, m inutae, oblongae.

F i n l a n d .  Tavastia a u s tr .: Jäm sänkoski, Kanhariovesi, on basal 
cortex of Salix  on the hank, August 1952 (holotype); Padasjoki, Sak- 
sala, on the ban k  of lake Päijänne, August 1953, also on basal cortex 
of Salix, coll. A r v o  K o s k i n e n .

T halli small, up to 3 X 2 cm, extenuated and very th in  tow ards the 
circum ference, uneven and  thinly cracky bu t not distinctly areolate. 
Apothecia 0.3— 0.5 m m  wide, some larger ones irregularly  convex, some 
more or less clustered. —  Apothecia 0.15— 0.25 mm thick w ithout 
algae but lum ps of 4— 7 p large algae seen below the exciple. This 
35— 50 u th ick  below, th inn ing  tow ards edge and  often absent at centre, 
intensely d ark  bluish-green with radiating, conglutinate, indistinct 
hyphae. H ypothecium  35(50) p thick, m ainly colourless, sometimes 
lengthened dow nw ards a t centre. Thecium  50 p tall, sordid, ±  pale blue- 
green to surface, I + blue, in 11X. violet red like the exciple but fainter. 
Asci about 35 X 12 p, w all at top about 5 p thick. Paraphyses firm ly 
conglutinated, about 1.7 p th ick  to the apices hut indistinct also in KOH. 
Spores 10 X 3— 3.5 p, partly  simple.

13 B u ta n is ka  N o t i s e r  i9 5 L



194 A. H. M AGNUSSON

The new species is characterized by the somewhat thick thallus, the 
blue-green exciple, the pale hypothecium and the conglutinate para- 
physes. At first glance it resembles Lecidea euphorea.

Lopadium saxicolum  H. M a g n . n. sp .

Thallus tenuissimus, viridi-cinereus, subcontinuus vel evanescens. 
Apothecia crebra, majuscula, adpressa vel sessilia, fuscoatra, plana, 
margine crassiusculo, haud  prominente, subpersistente. Excipulum cras­
sum, sordide olivaceo-fuscum cum hypothecio crasso obscuriore con­
fusum, KOH-j- fuscorufescens. Thecium altum, pallidum, superne ob ­
scure olivaceum. Paraphyses simplices, apicem versus intricatae. Sporae 
octonae, pallidae, submuriformes, elongatae.

I n d i  a. United Provinces: D w arahat Almora 1948, P. N. Mehra , on 
siliceous rock at 5500 ft.

Thallus at base of apothecia with 6— 8 p wide algae in large crowds, 
hyphal tissue with indistinct about 2 p large cells and a few 2— 3 p 
(hick, long-celled hyphae, KOH —, GaCl —. Apothecia 0.7— 1(1.2) m m  
wide, very dark  brown to almost black, surface opaque, slightly rough, 
limitation of the m argin to the disc often diffuse.

Apothecia 0.4— 0.5 m m  thick, the pale part 200 p deep, CaCl+ brown- 
red. Exciple laterally 70— 100 p thick, sordid olive-brown with rad ia t­
ing hyphae obscured by minute granules and grading into 100— 150 p 
thick, darker brown-olive hypothecium, both paler in KOH and 
±  brown-red. Thecium 150— 160 p tall, pale, 1 +  dark  blue; upper 
10— 18 p dark olive ( + brown), surface uneven. Paraphyses thin, 1 p, 
simple except in upper 17 p where they are densely intricate with con­
stricted, subglobose joints. Asci 100— 115 X 25 p, 1+  uniformly blue, 
wall 2— 2.5 p thick, at apices 3— 3.5 p. Spores 8, (25)35— 45 X 10 p with 
about 7 transversal septa and one longitudinal one in the central part, 
cells 9— 12, angular.

There are very few saxicolous species of Lopadium  described, one 
from Paraguay: bilimbioides M ü l l .  A r g .  and one from Patagonia: di f ­
fluens N y l . b u t  both have shorter spores.

Acarospora geophila H. M a g n . n. sp .

Thallus squamuloso-verrucosus, squamulae juniores minutae, verru- 
ciformes, rufofuscae, rotundae, laevigatae, squamae vetustiores m ajo ­
res, convexae, caesio- vel viridi-albescentes, partim  irreguläres, omnes 
late affixae, KOH —, CaCl —, Pd  —, subtus fuscae. Apothecia saepius 
solitaria, in quavis areola vetusta immersa, mediocria, disco fuscoatro,
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concavo, margine thallode ± crasso elevato cincto. Tliecium altum, 
paraphysibus superne fusco-clavatis. Sporae numerosae, minutae, glo­
bosae.

U. S. A. W ash ing ton : Grant Co., 1.5 miles N. of Burke, 011 soil under 
Artemisia tridentata, April 10, 1953, coll. R. D a u b e n m i r e  (53195), comm. 
A l b e r t  W. G. T. H e r r e .

Squamules 0.7— 1.5 (2j mm diam., older ones contiguous or approach­
ing, younger ones dispersed, warmly brown, smooth, convex, sterile or 
with young apothecia, the older ones larger and thicker, whitish or 
usually with a greenish cover, rarely smooth, mostly rough, shagreen­
like. — A brown areola 0.75 X 0.4 nun in size. Its cortex 10— 20 p thick, 
diffuse, upper 5 p dark red-brown, cells 2— 3 p in the colourless part, 
indistinct, but +  broad strands of hyphae are often seen far dow n­
wards. Algae 0— 11 u in a 50— 70 p thick, yellow-green stratum. Medulla 
±  nubilated, in KOH translucid, but w ith numerous remaining stone- 
particles. Lower side more or less brown.

Apothecia present in most rough squamules, solitary or occasionally 
2(3), perhaps 011 account of concrescent areolae, disc 0.5— 1 nun wide, 
black-brown, at first concave with prominent, faintly furrowed thallus 
margin, then plane with thin, smooth, hardly rising margin. — The 
edge of one, 0.8 X 0.4 m m  large verruca, 100 p broad, in upper 100 p 
without algae, laterally with dense, 8— 12(20) p large algae inside the 
15— 20 p thick, colourless cortex, exterior 5 p red-brown, amorphous 
s tratum  10— 15 p. Exciple 10— 15 p thick, colourless or indistinct. Hypo- 
thecium 20— 25 p, colourless, sometimes root-like lengthened at centre. 
Thecium 85— 90 p tall, colourless, 1+  dark  blue like the hypothecium to 
the algae; upper 5— 8 p dark  brown-red, in HNOs ±  sordid bright red. 
Paraphyses 1.7 p thick, tips in KOH 3.5 p with brown »cap». Asci easily 
bursting, 85 X 20— 25 p, wall mostly 3— 3.5 p thick. Spores probably 
about 100, 3— 3.5(4) p diam., globose.

The new species belongs to the Div. 2, subglobosae in my Monograph 
of Acarospora (p. 119) and is undoubtedly akin to A. epilutescens and 
peltastica  Z a i i l b r .  But it is still more similar to A. washingtonensis 
II. M a g n .  (in Ann. Crypt. Exot. 6: 4(5, 1933) which has a ra ther agreeing 
inner structure but higher thecium, 100—110 p, partly  ellipsoid spores, 
quite naked, larger and irregular squamules fastened to stone. A new 
locality for this species is Arizona; near Oraibi, coll. K. B a r t l e t t  1935 
(comm. J .  H e d r i c k  19 36 ) .

A. geopliila is an obvious species, especially 011 account of the su r­
face cover in older squamules, which have a distinct greenish colour.
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it seems to depend upon the 15— 25 p thick, gelatinous, colourless s t ra ­
tum, frequently interrupted which probably is the cause of the shagreen­
like surface. On a note upon the label Dr H e r b e  had  stated: cortex 
C +  red, but I have not been able to find a real colouring in the cortex 
with CaCl. Occasionally the dark  brown surface takes on a more r e d ­
dish colour, found also in H N 0 3. Both naked and pruinose squamules 
were tested with a solution of CaCl giving a bright red colour in Parm. 
subcmrifera, but without result.

Leccinora (Eulecanora) thallophila  H. M a g n .  n. sp.

Thallus horisontalis haud  evolutus. Apothecia primum verrucas a lb i­
das supra thallum Dermcitocarpi formantia, sensim in apothecia leca- 
norina evoluta, demum majuscula, basi valde constricta, subtus flave­
scentia, disco plano vel undulato dense albosuffuso, margine crasso 
prominente flexuoso cincto. Cortex apothecii crassus, cellulis mediocri­
bus formatus. Thecium subtenue, superne fusco-fulvum. Sporae octonae, 
simplices, ellipsoideae.

U. S. A. Utah: San Juan  Co., Devil’s Canyon 1952, at 6300 ft. On 
Dermatocarpon  cf. miniatam  on dry exposed sandstone. Coll. S e v i l l e  
F l o w e r s , comm. J o h n  W. T h o m s o n  (s.u. L. crenulata).

Apothecia 1— 3 m m  wide, KOH —, mostly upon the edge of the lobes, 
at first thick, smooth, highly elevated, then flexuose-crenulate, margin 
slightly inflexed. — Apothecia 0 .3- 0.5 mm thick, lower cortex 50— 70 u 
thick, colourless except nubilated 15— 18 p, its cells 5— 9 X 4— 5 p large, 
irregular, often perpendicularly stretched, oblong, with gelatinized walls, 
at edge narrow er and nubilated. Medulla lax, easily torn, hyphae very 
loosely intricate, greyish nubilated. Algae 10— 17 u diam., stratum  about 
50 p thick reaching the edge. Exciple 20— 25 p along base with parallel, 
gelatinized hyphae up to the edge. Hypothecium faintly developed. T he­
cium 70 p tall, colourless, 1+  dark  blue; upper 8 p brown-fulvous, dis­
solving in KOH or CaCl without coloration. Paraphyses 1— 1.5 p, simple 
apices not thickened, ending in a gelatinous cover of the thecium. Asci 
45— 50 X  10 p, clavate. Spores 10- -13 X 7-—8 p, wall thin. —  Conidia 
unknown.

This lichen has only an ontwordly similarity to L. crenulata, the 
s tructure especially of the cellular, thick cortex being quite different. 
It belongs perhaps to the Hageni— albescens-group but I have not been 
able to state a near relative of it from my keys of the genus. Till these 
intricate groups have been treated monographically it m ay be appro-
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pria te  to give it a name. Most likely it has its affinities among the saxi- 
colous species.

Lecanora (Euleccinora) wisconsinensis H .  M a g n . 11. s p .

Thallus viridiglaucus, dense verruculosus, latus, verruculis contiguis, 
granuliformibus, saepe valde irregularibus, verticaliter excrescentibus, 
KOH et Pdf -  flavis. Apothecia numerosa, dispersa, majuscula, sessilia, 
ad basin valde constricta, disco rufo-testaceo vel testaceo-rufo, plano, 
m argine glaucescente vel albicante, flexuoso, leviter prominente cincto, 
crystallos majusculos haud  formantia. Paraphyses superne leviter in­
crassatae. Sporae octonae, simplices, mediocres, ellipsoideae.

Thallus surface very uneven, partly with contiguous low granules, 
0.2— 0.25 m m  broad, partly with crowded, high to vertically lengthened 
granules, often constricted at base and + packed. Apothecia 1— 1.5 mm 
broad, soon plane with shining, furrowed margin, paler than the thallus, 
often +  whitish. — Apothecia 0.4— 0.5 mm thick with the pale part  to 
250 u deep. Margin 130 p thick, algal s tratum  there about 100 p con­
tinuing all round the base. Cortex 20— 25 p thick, colourless or ±  grey­
ish with  intricate hyphae. Exciple 35— 50 p thick, not refracting but 
cellular. Hypothecium 100— 150 u deep, colourless with perpendicular 
hyphae. Thecium 70 p tall, sligthly brownish upwards, 1 +  dark  blue 
100 p deep; uppermost 3— 5 p red-brown, not dispersed. Paraphyses 
contiguous, also in KOH, apices only 2 u thick. Spores 12— 13 X 8.5 p, 
ellipsoid or some subglobose.

U. S. A. Wisconsin: Marienette Co., near Pembine, 011 the bark  of 
Pinus strobus at 1.5 111111 height, 1952 W. L. C u l b e r s o n  (1418), Holo- 
lype. Same county near W ausaukee (1177). Conidia 17—20 X  0.5 u. 
±  arcuate. Also near Peshtigo, still more coarsely granular with coarsely 
granular  apothecia margins (1514). Lincoln Co., near Merill (1538) very 
small but typical. All collected by C u l b e r s o n  1952 011 Pinus strobus.

This new species in the subfusca-group is characterized hv its coarsely 
granular thallus, large, often crenulate apothecia without large crystals 
in the algal stratum, and the yellow Pd-reaction in the thallus.

Lecanora subradiosa  Nyl. v .  interm edia  H. M a g n .

Thallus flavescenti-griseus, crassus, verrucoso-subareolatus, verrucis 
perpendiculariter accrescentibus, basi constrictis, valde irregularibus 
compositisque, cortice KOH flavo, CaCl+ subcitrino. Apothecia num e­
rosa, adpressa, valde irregularia, disco fusco-atro, saepius cinereo-prui- 
noso, CaC l+  citrino.
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P o 1 a n d. Sudeten, Eckstein bei Karlsberg. On perpendicular rock 
of sandstone, 8 2 0  m  s.m . 1953 Z. T ü b o l e w s k i .

The new variety is intermediate between the type and v. caulescens 
S t n r  [Lichenes in Ergehn, naturwiss. Reise Erdschias-Dagh (Klein 
Asien) 1907]. The verrucae grow in v. caulescens vertically to a height 
of 2 mm while branching and form 3— 6 m m  broad head-like growths. 
This form is issued in S u z a  exs. 108 as v. stipitans S u z a  (probably never 
published). The thallus is in v. intermedia only about 1 mm thick bu t  
the irregular verrucae show the tendency of lengthening vertically, are 
densely crowded and produce ra ther num erous apothecia. I possess in 
my herbarium a specimen: Kutak, Lieh. Bohem. 526 from Ivrkonose 
(Riesengebirge) collected in 1920 which is ra ther similar only differing 
in the almost black and immarginate apothecia.

Lecanora (A spicilia) lim ita ta  H. M a g n .  n. sp.

Thallus determinatus, cinereus vel albocinerascens, rimoso-areolatus, 
areolis planis vel centro versus interdum concavis, marginibus leviter 
prominentibus, areolis marginalibus tenuioribus, hypothallo obscuro 
limitatis, 1 — , KOH —, CaCl —, Pd —. Apothecia pauca vel in centro thalli 
numerosa, immersa, minuta, disco atro, saepe irregular!, leviter depresso, 
margine proprio haud  evoluto. Thecium altum, paraphysibus superne 
+ moniliformibus. Sporae majusculae, ellipsoideae.

U. S. A. Wisconsin: Iowa Co., Blue Mounds, on chert boulders 1953, 
June 16, J o h n  W. T h o m s o n  (4237) s.n. laevata with Plujscia sp. and 
Ccdoplaca sp. (cf. festiva).

Thallus forming ±  orbicular areas, 1— 2.5 cm diam., limited by a 
distinct, very dark, subfimbriate hypothallus on naked stone, areolae 
0.5— 1.0 m m  wide, mostly angular, smooth or in older, perhaps over­
nourished parts with thick, raised edges or by pressure higher to ir­
regularly verrucose. —- Cortex 25 u thick, ±  grey, K O H +  translucid. 
hyphae perpendicular with 2— 3 p wide, rounded, thin-walled cells. 
Medulla grev, cellular, with much air, translucid in H N 0 3.

Apothecia often lacking, in one individual dense, disc 0.3—0.5 (0.7) 
m m  wide, irregularly rounded without prominent thallus margin. — 
Apothecia about 200 u deep. No exciple developed. Hypothecium 50— 
90 p high at centre, colourless. Thecium 115 p high, 1 +  dark  blue to 
the algae; upper 25 p sordid blue-green, in KOH ±  brown with a violet 
shade. Paraphyses in KOH constrictedly septate, in upper part 
±  branched with globose or broadly ellipsoid joints, 3 p thick. Spores
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6— 8, 20— 25 X 13— 15(17) p, broadly ellipsoid. — Conidia 7 9 X 0.5 a.
straight.

L. limitata can not belong to L. laevata on account of its pale colour, 
shorter conidia and lacking KOH-reaction. After the description it 
comes near to L. laxula, but this species has verruculose, thicker thallus 
entirely covered hy apothecia, larger cells in the thallus cortex, a distinct 
exciple and more densely moniliform par. etc.

Examined after F in k ’s Lichen flora U. S. A. the lichen seems to be­
long to L. laevata but his species limitation is too wide and he does not 
take the chemical reactions in consideration.

Buellia montana H. M a g n .  n. sp.
Thallus tenuissimus, fusco-cinerascens vel viridi-cinereus, laevigatus. 

Apothecia adpressa, minuta, disco plano, atro, margine concolori, pro­
minenti cincto. Excipulum extus obscure fuscum, intus pallidior. Hypo- 
thecium atrofuscum, crassum. Thecium mediocre, hyalinum, superne 
viridi-fuscum, apicibus paraphysarum capitatis. Sporae octonae, uni- 
septatae, fuscae, pariete septoque tenui.

I n d ia .  United Provinces: Nainital, China Peak 1949, at 7000 ft, on 
cortex. P. N. M e h r a .

Thallus little conspicuous as a smooth film on the cortex, to 100 p 
thick, 1—, KOH —, CaCl —, Pd —. Cortex 10— 15 p, hyaline, cells 3—4 p. 
Apothecia 0.5- 0.7 mm, dense, sometimes contiguous. — Apothecia 
about 0.3 mm thick. Exciple laterally 60— 70 p with exterior 25 p dark 
brown, cellular, cells 2.5—3 p, thick-walled, isodiametric, inwards 
gradually paler, grading into black-brown hypo thecium, 75—80(100) p 
thick. Thecium 75—80(90) p tall, hyaline, without oil, 1+ dark blue; 
upper 12- 15 p green-brown. Paraphyses contiguous, simple, 1.5 p, 
apices distinct, 3—4 p, brown-capitate. Asci 65—80 X 18 p, wall at apex 
3.5—4 p thick. Spores long enclosed and conglutinated, 20—25 X 10 — 
12 p, mostly old, not constricted.

The new species reminds of B. Zahlbruckneri, but this one has ver­
rucose white thallus, KOI4+ yellow and slightly smaller spores. 
B. nubilioides N y l. from Ceylon has only 0.35 mm large apothecia and 
16—20 X 7— 11 p large spores. — Rinodina conradi with red-brown 
apothecia and 25— 40 X 14— 16 p large, typical spores was present in 
one specimen.

Buellia schisticola H. M a g n .  n. sp.
Thallus olivaceo-fuscus, effusus, subsquamuloso-areolatus, areolis 

laxe affixis, convexis, irregularibus, minutis. Apothecia sparsa, adpressa,
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minuta, disco atro, plano, prim um  tenuiter marginato, mox immarginato. 
Excipulum cum hypothecio atrofusco. Theeium mediocre, superne 
viridi-fuscum. Sporae octonae, uniseptalae, obscurae, minutae.

I t a l y .  Liguria, inter Vesima et Arenzano, June 1951, C. Sbarbaro  
(11), on schistose, siliceous rock.

Thallus covering several square cm, very uneven from the 0.4— 1.0 
mm large, irregularly shaped, mostly ±  convex areolae, often with the 
edges free from the substratum and sublobate, underside pale; 1—, 
KOH —, GaCl —, Pd —. Thallus 150— 200 u thick, cortex about 10 p, 
mainly consisting of the olive-brown apices of hyphae with a 5— 7 p 
thick, continuous amorphous stratum above. Algae 8-—12 u diam., yel­
low-green, s tratum 50— 70 p thick. Medulla colourless, its hyphae 
± intricate.

Apothecia 0.3— 0.5 m m  wide, solitary or 2— 3 concrescent, widely 
dispersed with innate base, superficial, 0.3 m m  thick. Marginal exciple 
20—25 p thick, black-brown or ra ther pale brown, ±  separated from the 
70 100 p thick black-brown hypothecium with ils diffuse limitation.
Thecium 75— 85 p tall, colourless, without oil, 1+  dark blue; upper 
10— 15 p dark green-brown. Paraphyses contiguous, 1.7 p, apices 3.5— 
5 p, capitate, green-brown with a brown »cap». Spores 12— 14 X 7 p, 
as young pale sordid green with distinct inner wall, as old entirely 
thin-walled, dark brown-green, hardly  constricted at the septum.

Pycnidia forming very small, dark  verrucae, especially in exterior 
parts of the thallus. Conidia 3— 4 X 1 p, straight.

An obvious species on accoun t of the d a rk  brown, ir regu la r  squam - 
ules, at f irs t sight recalling a  Rhizoccirpon species. Buellia subbadia Anzi 
m ay  be so m ew ha t s im ilar  bu t is d a rk  grey w ith  b lack  hypo tha llu s  and  
large spores, 15— 18 p long a n d  often  curved.

K oerberia  b ifo rm is  Mass ., new to America.

In a collection of lichens obtained from Dr J ohn  W. T h o m so n , 
Wisconsin, there was an undetermined, puzzling specimen with large, 
blue-green algae and vermiform spores. II was collected in Arizona: 
Santa Rita Mts, Whitehouse canyon at 6900 ft on bark  of Arbutus 
arizonica 1943 by R. A. D a rro w  (1686). Its whole structure placed it 
in Placijntliiaceae according to the study by E il if  Dahl  in Medd. om 
Grönland, Vol. 150, 2: 49, 1950. At last I found the solution: Koerberia, 
although the algae ought to be Nostoc (according to Za h l b r . in P flan­
zenfamilien). Se r v it  has treated it in Hedwigia 74: 130, 1934 — where 
a good description is found — and places it into Lichinaceae that  ae-
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cording to D a i i l  contains algae of Calothrix-type. Take myself S e r v i t  
has found large algae up to 18 p diam. and has found it impossible to 
retain it in Collemataceae.

In order to call attention to this species, now found in America, 1 will 
give a description of the above-mentioned specimen well agreeing with 
materia l from Europe in my herbarium. Thallus 1— 2 cm large, oliva­
ceous or sordid blue-green, thin, laciniate, loosely appressed to the 
crumbling substratum, lacinae 3— 1 m m  broad, irregularly incised with 
some parts  only 0.1 m m  broad, underside not darker. Thallus 70— 100 p 
thick, at the ends of lobes without distinct cortex. Exterior 40— 50 p 
with ra ther dense, bright blue-green algae, 8— 12(15) p large. At centre 
there is a 12— 15 p thick colourless stratum with longitudinal, thin 
hyphae and below it rounded or lengthened crowds, 25— 35 p large, of 
smaller 3— 5 p wide algae in inrolled chains (resembling Nostoc). In 
other parts the whole thallus is cellular with thin-walled 6— 12 u 
angular cells.

The apothecia are dense, biatorine, 0.4— 0.5 mm wide, convex, im- 
marginate, intensely brown-red, constricted at base. They are 0.25 mm 
thick with soon excluded exciple. In young apothecia it is 35— 40 p 
thick consisting of radiating hyphae widening outwards and there with 
distinct, 5— 8 X 3 — 5 p large, thin-walled cells. Rather numerous large algae 
are enclosed in the inner part. Hypothecium 50— 70 u high, pale yellow­
ish red, cellular, cells about 2 p. Thecium 70— 80 p tall, colourless, 1 +  
dark  blue; surface pale or brownish yellow. Paraphyses contiguous, 
simple, 1.7 p to the apices. Asci about 35 X 7— 10 p, narrowly clavate. 
Spores 8, bacilliform, 25— 30 >< 1.5— 1.8 p, without visible septa, in the 
asci spirally contorted, as free either curved or contorted.

This apparently  isolated but according to the new find widespread 
and old genus can not after the hitherto followed taxonomic principles 
remain within Collemataceae. But its proper, final place in the system 
must depend upon further studies of the structure in several genera with 
blue-green algae.

The find is interesting being the first (to my knowledge) outside 
Europe, where it is limited to a few localities north  of the Mediterranean. 
Like several other finds (e.g. Biatorella microhaema  N o r m , in Uruguay) 
it shows that also rare lichens m ay have an unexpected, wide distribu­
tion.

The holotypes or at least part of the holotype are preserved in my 
herbarium.
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Litteratur.

J o h n  G. D o n y ,  Flora of Bedfordshire. —  The Corporation of Luton Museum 
and  Art Gallery. Henry Burt & Son Ltd, Bedford, 1953. 532 p. Pris 42 s.

I den långa raden av engelska lokalfloror h a r  en lucka blivit fylld i och med 
utgivandet av ovanstående arbete. Den enda tidigare existerande sammanställ­
ningen av floran inom hela grevskapet Bedfordshire daterar sig från 1798.

Bedfordshire, beläget ung. mellan Oxford och Cambridge, hör icke till de 
botaniskt m era  intressanta grevskapen i England. Emellertid innehåller D o n y s  
flora en hel del, som säkerligen kan  vara av intresse även för svenska b o ta ­
nister. Speciellt då det stora kapitlet om »Natural Regions» med ganska in ­
gående beskrivningar av ett stort antal växtsam hällen med uppgifter om sä r­
skilt de al lmännare växternas frekvens.

Floran, som följer det för landskapsfloror sedvanliga schemat, inledes med 
en historik över Bedfordshires botaniska utforskande. I den långa raden av 
f ram stående botanister, som varit verksam m a inom grevskapet, märkas hl.a. 
D r u c e ,  S a u n d e r s  och W i l m o t t  jäm te  ett flertal ur  den nu verksamma staben 
vid Kew-herbariet.

Kortare översikter lämnas över områdets klim at och geologi liksom diskus­
sioner över florans sammansättning och dess förhållande till angränsande 
distrikt. Den egentliga flora-delen om fattar  ej endast kärl växter u tan  även en 
del kryptogam grupper. Vid behandlingen av de senare har  författaren fått 
h jä lp  av specialister. Som brukligt i floror av denna typ lämnas uppgifter om 
ståndort, inhemskt namn, utbredning och tidigaste fynd för de olika arterna. 
Nomenklaturen, vad kärlväxterna beträffa, följer i det stora hela C l a p h a m , 

T u t i n  and W a r b u r g ,  Flora  of the British Isles (1952).
Jäm te  Illinium bulbocastcinum, Seseli libanotis och Hypochoeris maculata 

från kalkområdena, näm ner D o n y  hl.a. Primula elatior, Ornithogalum pyre- 
naicum  och M elampyrum cristatum  som de m era  intressanta arterna inom 
grevskapet. 1 en särskild avdelning behandlas  adventivväxterna. Av dessa äro 
120 arter  att hänföra till »ullfloran».

E tt 20-tal vegetationsbilder, några u tbredningskartor samt ett topografiskt 
register komplettera framställningen.

B o  P e t e r s o n .

W. J. G a r n e t t :  F reshwater  microscopy. Constable & Co. Ltd. London. 1953. 
300 p. Pris 30 s.

Boken om fattar  en inledande del med beskrivning av insamlings- och mikro- 
skoperingsteknik och en efterföljande klassifikationsdel med beskrivning av 
a l lm änt förekommande sötvattensväxter och -djur. Det zoologiska avsnittet 
behandlas givetvis inte i detta sammanhang.
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Förf. diskuterar ganska ingående olika metoder och apparate r  för insamlings­
arbetet. Han berör därvid detaljer, som för m era  avancerade forskare synas 
självklara, men som behöva inprän tas  i nybörjare, t.ex. nödvändigheten av att 
anteckna karakteristika beträffande insamlingslokalen redan vid besöket. Vik­
tigt är också hans påpekande om de olika lokalmiljöer, som finnas t.o.m. i en 
liten damm. Dam m arnas m ikroorganism värld  ligger för övrigt förf. särskilt 
varmt om hjärtat.

Därefter redogör förf. för olika m ikroskoptyper och vad de dnga till. H an  
rekomm enderar speciellt mörkfältsbelysningen, emedan denna kan fram kalla  
en mångfald annars osynliga s trukturer.  I m örkfä lt  kan m an uppleva »the full 
beauty of microscopic aquatic life». H an  tillhåller även sina läsare at t  rita, 
eftersom m an  då tvingas att lägga m ärke till detaljer. Han näm ner även de 
nyaste hjälpmedlen, t.ex. reflekterande objektiv och faskontrast.

Alla tillbehör räknas omsorgsfullt upp, som äro oundgängliga vid detta slags 
mikroskoperingsarbete, pincetter, pipetter o.s.v. Detta är  säkerligen nyttigt för 
nybörjare, som inte ha tillfälle att lä ra  av m era  erfarna forskare, men ibland 
går förf. kanske onödigt långt, som när  han  ingående beskriver handhavande  
av en pipett utan gummituta.

Den andra delen av boken vill underlä tta  bestämningen av de insamlade o rga­
nismerna. Det största u trym m et ägnas b land växterna ål algerna. Förf. sa m ­
manför, när  det gäller Chloropliyceae, alla liabituellt närstående typer obe­
roende av deras genetiska släktskap, vilket ä r  en god idé. Nybörjaren vet då, 
vad som finns att välja på vid bestämningen. De olika släktena beskrivas på 
ett lättfattligt och initierat sätt, och figurer komplettera beskrivningen. Inte 
minst intressant är redogörelsen för algernas ofta märkliga livscykel. E ndas t  
ett fåtal arter nämnas som exempel, men m a n  hade nog önskat att i dessa fall 
de nu gängse nam nen hade använts. På PI. XII kallas t.ex. P m nu/ar ta -arterna 
för Navicula.

Boken ä r  utan tvekan synnerligen lämplig för nybörjare, som få m ånga råd  
och tips. De uppmanas att begränsa sig och få också anvisning på lämpliga 
studieobjekt. Förf. skriver med en entusiasm, som måste smitta av sig på läsa- 
ren, och med sitt stora biologiska intresse kom m er han nog att stimulera s tu ­
diet av levande organismer, vilket skulle vara  mycket värdefullt inom m ånga  
alggrupper, inte minst b land diatomeerna.

A S T A L  U N D H - A L M E S T R A N D .
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Notiser.

Professors namn. F ö re s tå n d a re n  vid P a ly n o lo g isk a  lab o ra to r ie t ,  B rom m a, fil. d r  
G u n n a r  E r d t m a n  h a r  av Kungl. M aj:t  t illdelats  p ro fesso rs  namn.

N aturhistoriska riksm useet. Till in ten d en t  vid N a tu rh is to r i sk a  r ik sm u see t  i S to ck ­
holm h a r  u tn ä m n ts  fil. d r  G u s t a f  H a g l u n d .

V etenskapsakadem iens Linném edalj. Vid s a m m a n t r ä d e  den  14 apr il  heslöt K. 
V e ten sk ap sak ad em ien  a tt  u tdela  sin s tö r re  L in n é m ed a l j  i silver till Mr H e n r i k  J.  
V o u g t ,  P o m o n a ,  Californicn , fö r  h an s  m e d v e rk a n  v id  a n sk a ffa n d e t  av den sek tion  
av det cal ifo rn iska  jä t teexem plare t  av Sequoicidendron g igan teum , som  sta ten Cali­
fornia  sk än k t  till N a tu rh is to r iska  riksmuseet.

D oktorsdisputation. Agron. lic. J a m e s  M a c  K e y  fö rsv a rad e  lö rd ag en  den  10 a p r i l  
1954 i U ltuna  en  g ra d u a lav h a n d l in g  m ed tite ln :  »N eutron  a n d  X-rav  exper im en t  in 
W h ea t  a n d  a Revision of the Speltoid Problem.»

Forskningsanslag. K. V e l e n s  k a p s a k  a d e m  i e n  h a r  t i l l e rk ä n t  fil. lic. 
O l o f  A n d e r s s o n  det L in d a h lsk a  s t ipendie t  på  8.000 kr. fö r  s lu t red ige ring  av en  
g rad u a lav h a n d l in g  om  s to rsv a m p arn a  i sö d ra  Sveriges lövskogar.

L ä n  g m a n s k a k u 1 t u r f o n  d e n  l iar  till fil. lic. O l o f  A n d e r s s o n  u tde la t  
2.250 kr. för  t ryckn ing  av tab e l lm ate r ia l  till h a n s  d o k to rsa v h an d l in g  »Studies in the 
L arger  F ung i  of S o u th e rn  Deciduous W o o d s  in Sweden».

F  o n d c n  f ö r  s k o g 1 i g f o r s k n i  n  g liar u tde la t  hl.a. fö l jan d e  anslag: till 
prof. A r t u r  H å k a n s s o n  1.000 kr. fö r  u n d e r sö k n in g  av b e f ru k tn in g  och em bryo-  
b i ldning hos svensk tall och gran , till j ä g m ä s ta re n  J a n  L e k a n d e r  750 kr. för  s t u ­
dier av g ranproven ienser  i Tysk land  och D an m ark .

Vid L u n d s  un ivers i te t  h a r  u r  C. E. O. N o r d s t e d t s  f o n d u tde la ts  till a m a ­
nuens B e n g t  U l f  110 kr. som  b id rag  till en  resa  i b o tan isk t  syfte till Öland och 
Fa lbygden  och till prof.  H e n n i n g  W e i m a r c k  25 0  kr. som b id rag  till en s tud ieresa  i 
England.

K. F  y s i o g r a f i s k a s ä 11 s k a p e l  i L u n d h a r  utdela t  1)1.a. fö l jande  anslag: 
till fil. lic. O l o f  A n d e r s s o n  och H a n s  R u n e m a r k  500 kr. fö r  r i ln ing  och t ryckning 
av en und e r lag sk a r ta  över E u ro p a  i ska la  1/10. till fil. mag. A r n e  G u s t a v s s o n  

1.000 kr. fö r  fä l tundersökn inga r  över P ero n o sp o ra -a r te rn a  i Skåne, till fil. kand. 
N i l s  M a l m e r  500 kr. fö r  k os tnader  fö r  p rov tagn ingsm a te r ia l  och resor  i sam band  
m ed en u ndersökn ing  över vissa m v rv äx te rs  ha ll  av m in e ra ln ä r in g säm n en  på olika 
s tåndorte r ,  till prof.  H e r i b e r t  N i l s s o n  800 kr.  fö r  artificiella  ba s ta rd e r in g a r  i fjällen 
m ellan typer  av Sa/ix-gruppen Virescentes,  till lab o ra lo r  H u g o  S j ö r s  120 kr. för 
kostnader  för  fosfat- och ka l iana lyse r  av n a tu r l iga  h u m u sjo rd ar ,  till sektionen 
Skånes F lo ra  800 kr. för läckande  av m e rk o s tn a d e r  vid undersökn ing  av f lo ran  inom 
olika de lar  av Skåne.
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F rå n  H i c r t a - R e t z i u s s t i p e n d i e f o n  d h a r  utdela ts  bl.a. fö l jande  s ti­
pendier :  till fil. d r  I n g v a r  G r a n h a l l  2.000 kr. fö r  undersö k n in g ar  över infly tandet 
av  fysio logiska  fak to re r  p å  väx tens  känsl ighe t  fö r  gam m a- och neu trons trå ln ing ,  till 
l ab o ra to r  Ax e l  N y g r e n  2.000 kr. för  u n d e rsökn ingar  av inter- och intraspecifika  
b a s ta rd e r  inom släkte t  M elandrim n , till docent  G u n n a r  H a r l i n g  2.000 kr. för  d e ta l j ­
teck n in g ar  till en m o nograf i  över fam il jen  C ijclanthaceae, till docent  M a t s  W / e r n  

1.700 kr. för  algologiska u n d e rsö k n in g a r  vid Sveriges västkust.
Ur s t i f t e l s e  n L a r s H i e r  t a  s M i n n  e h a r  hl.a. lek tor  A l f  L i l j e f o r s  

erhå l l i t  ett anslag  på  400 kr. fö r  a tt  på  Åland s tudera  och insam la  m ateria l  av 
5 o r b u s- h y b  r  i d e r .

F r å n  K n u t  o c h A l i c e  W a  l i e n  b e r g s  s t i f t e l s e  h a r  bl.a. utdela ts  
100.000 kr. till Uppsala un ivers ite t  för  re s tau re r ing  av orangeribyggnaden  i Linné- 
t r ä d g å rd en  och 8 .000  kr. till lab o ra to r  W i l h e l m  R o d h e  fö r  undersökn ing  a v  

fy to p la n k to n p ro d u k t io n en  och dess betingelser i s jön  E rken.

Corrections.

p. 82. Palynology:  Aspects a n d  Prospects.  III., read  IV.
p. 82, line 13, read  p. 83.
p. 82, line 16, read p. 89.
p. 90. line 28, read  1953.
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Studies on Bacterial Nutrition.
II. Effect of so m e  M icronutrient E lem ents on Respiration and  

Sugar U tilisation  by Three Soft Rot Bacteria.

By M. K. T o l b a , D.I.C., Ph. D. (London) and S. S. G h a n e m , M. S c . (Cairo).
F ro m  the  B o tan y  D ep artm en t, F acu lty  of Science, Cairo U niversity , Egypt.

I. Introduction.

In a previous paper the authors (14) studied the utilisation of diffe­
rent sugars or mixtures of sugars by three closely related soft rot 
bacteria and found that  they exhibited considerable differences in the 
utilisation of these sugars. In the present investigation the effect of 
some micronutrient elements on respiration and sugar utilisation by 
the same three soft rot bacteria is studied.

C a l v e r y  (2) c l a s s i f i e d  t h e  t r a c e  e l e m e n t s  in t o  t h e  f o l lo w in g  f o u r  
g r o u p s :

1. Nutritive trace elements.
2. Non-nutritive and non-toxic trace elements.
3. Non-nutritive and toxic trace elements.
4. Miscellaneous trace elements.

The first group includes those elements which have been shown to 
play a definite role in biological oxidation. Among these the most im ­
portant are cobalt, copper, iron, zinc and manganese. Iron is im portant 
in the growth of azotobacter when both combined nitrogen and  a tm o­
spheric nitrogen are used [B u r k  (1)], and  it is undoubtedly essential or 
stimulative for m any other microorganisms. Specific examples are s tu­
dies by R e e d  and R i c e  (9), Me I n t i r e , R i c k e r  and  P e t e r s o n  (5), 
S t r o m  (13), P a p p e n h e i m e r  and J o h n s o n  (8), W a r in g  and W e r k m a n  
(15), Y o u n g , B e g g  and  P e n t z  (16), N o r é u  (7) and several other in ­
vestigators.

The function of the two elements copper and zinc in metabolic

14 B otaniska  N otiser 195b.
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processes is properly catalytic. The effect of these elements on bacterial 
growth and metabolic activities have been studied by F o s t e r  and  
W a k s m a n  (3), N o r é n  (1. c.), M u l d e r  (6), L e w i s  (4) and many others.

II. M aterials and Methods.

The organisms used in this investigation were as follows:

1. Bacterium aroideae, Dowson, 66.
2. Bacterium carotovorum, Jones.
3. Bacterium phytophthorum ,  Appel.

The three cultures were kindly supplied by the Plant Bacteriological 
Laboratory of the Imperial College of Science and  Technology, London.

Is this series of experiments a basal medium of the following constitu­
tion was prepared:

Glucose .............................. 20 grams.
Asparagin ......................... 10 grams.
k h 2p o 4 ........................... . . .  5 grams.
M gS04 • 7HoO .................. 2.5 grams.
Re-distilled water to . . . . . . 1.000 ml.

To aliquot samples of the basal medium so obtained F e S 0 4 • 7H20, 
C u S 0 4 • 5H20 , and Z n S 0 4 • 7H20  were added to give the following 
concentrations of iron, copper and zinc respectively, expressed as p.p.m., 
0, 10, 20, 50 and 100. In the preparation of the above culture media 
asparagin, M gS04 • 7LLO and micronutrient element salts were purified 
according to S t e i n b e r g ’s (12) method. Potassium dihydrogen phos­
phate was sterilised separately in view of the fact that it is easily 
precipitated by calcium carbonate. Glucose was dissolved separately in 
cold sterile distilled water to eliminate the possible decomposition of 
sugar during autoclaving. It was purified in the cold according to the 
aluminium hydroxide precipitation method given by Snu and J o h n ­

s o n  (1 1 ) .

The stock culture media so obtained were distributed into a series of 
sterile 150 ml. conical flasks at the rate of 10 ml. per flask. The media 
were then inoculated at the rate of 0.2 ml. per culture flask of a 
suspension of each of the three bacteria under test in sterile distilled 
water. The flasks were then incubated at 25° C for 48 hours during 
which respiration and sugar concentrations of the media were estimated 
at 24 hour intervals.

The methods used for sugar analysis were those given by S a i d  (10).
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Fig. I. Apparatus used fo r  the est im ation  of carb o n  dioxide output.

F or the determination of carbon dioxide output a simple apparatus  as 
shown in Fig. 1 was used. In any one experiment a current of air is 
first passed through two tubes of soda lime (A and B) to remove any 
carbon dioxide originally present. The current is then allowed to bubble 
through a tower (C) of barium  hydroxide to which some drops of 
phenolphthalein  nre added. This tower serves to ensure the complete 
elimination of carbon dioxide from the air. The carbon dioxide-free 
air curren t is then passed through a glass tube (1)) (1.5 cm. diameter 
and 15 cm. length) plugged with cotton, and sterilised before use. It 
serves as a cotton filter to ensure the sterility of the air current after 
passing through the Baryta solution. The carbon dioxide-free sterilised 
air then flows into a compound T tube (E) which subdivides it into as 
many divisions as there are cultural flasks (F). The air current passes 
through the cultural flasks for 30 minutes. W hen laden with carbon 
dioxide given off by the respiring bacteria air current passes out of 
the culture flask through the outlet (f) into a 250 ml. conical flask 
containing 50 ml. of, approximately, 0.5 N barium  hydroxide.

The respiratory carbon dioxide given off by the bacteria during the 
experimental period is precipitated in the form of barium  cabonate. The 
residual barium  hydroxide is titrated against a s tandard HC1 solution 
with phenolphthalein as an indicator. The difference between this 
value and  that for a b lank  titration using the same quantity of barium 
hydroxide solution gives an estimation of the carbon dioxide in terms of 
the standard  acid.
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Fig. II. Sugar  co ncen tra t ion  of the d ifferen t  m edia  inocu la ted  with the three  b a c ­
teria  (mgms glucose per 1 ml. m edium ).

III. D iscussion of R esults.

!. Ef fect  of  Iron on Respiration and Glucose Utilisation by B. aroideae, 
B. carotovorum, and B. phytophthorum.

A. U t i l i s a t i o n  o f  S u g a r :

The results of the analysis of the media for their sugar contents are 
presented graphically in Fig. 11. These results show that: The fall in 
concentration of glucose in all the media inoculated with B. aroideae 
was proceeding at different rates in the first and  second 24 hours being 
much higher in the former than  the latter, a fact which is explicable 
on the basis of the very small amounts of sugar left in the media at the 
end of 24 hours.

It is worthmentioning, however, that the organism failed completely 
to absorb any sugar from the medium containing 100 p.p.m. iron during 
the second 24 hours.

The same fact that the fall in concentration of glucose in the diffe­
rent culture media was much higher during the first than  the second 
24 hours was again observed in case of B. carotovorum. The disap­
pearance of glucose from the media in case of this organism was much 
faster when iron was present in concentrations more than 10 p.p.m. 
during the first 24 hours. At the end of 48 hours these differences in 
the rates of disappearance of glucose from the different media were 
very m uch reduced.

The difference between the rate of disappearance of glucose during
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Fig. III. C arbon dioxide ou tpu t  by the three bacter ia  on  the d ifferent  culture media 
(mgms c arbon  dioxide per 1 ml. m edium).

the first and  second 24 hours was much less exaggerated in case of 
B. phytophthorum  than the other two organisms. Presence of iron in 
different concentrations did not materially affect the rate of utilisation 
of glucose by this bacterium.

B. C a r b o n  D i o x i d e  O u t p u t :

The amounts of carbon dioxide output by the three bacteria in the 
different media at the end of 24 and  48 hours are presented in Fig. III. 
These results show that:

B. aroideae: The presence of iron in the medium increases the total 
carbon dioxide output at the end of 48 hours. The increase in the rate 
of respiration goes hand  in hand  with Ihe increase in the concentration 
of iron, during the first 24 hours, while the carbon dioxide output 
during the second 24 hours increases with the increase in iron con­
centration up to 50 p.p.m. On the medium containing 100 p.p.m. iron 
the carbon dioxide output falls suddenly and  reaches that from the 
control medium.

B. carotovorum: behaved in a, more or less, similar way to B. aroideae 
with a less m arked depressive effect of the highest iron concentration 
on respiration during the second 24 hours.

B. phytophthorum:  Carbon dioxide output by this organism increases 
slowly with increasing the concentration of iron in the medium th roug­
hout the whole experimental period up to a concentration of 50 p.p.m.
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Fig. IV. Sugar concen tra t ion  of the d ifferen t  media  inocula ted  with  the three b ac ter ia  
(mgms glucose pe r  1 ml. m edium ).

 2 0  eRM.cu
 5 0  RRM.CU
  IO O R R M .C U

followed by a decrease in the respiration rate on increasing the con­
centration of iron.

The highest carbon dioxide output by the three bacteria at the end 
of 48 hours is revealed on media containing 50 p.p.m. iron.

2. Effect of Copper on Respiration and Glucose Utilisation by B. aroideae, 
B. carotovorum and B. phytophthorum.

A. U t i l i s a t i o n  o f  S u  g a r :

The results of the analysis of the media for their sugar-contents are 
presented graphicaly in Fig. IV. These results show that: The fall in 
concentration of glucose in the different media inoculated with B. 
aroideae and B. carotovorum  was proceeding at different rates during 
the first and second 24 hours. In the control samples the rate of 
disappearance of glucose was higher in the first than the second 24 
hours. The reverse statement holds true for the disappearance of sugar 
from media containing copper in its different concentrations. The high 
rate of sugar disappearance during the second 24 hours as compared 
with that of the first 24 hours was more pronounced when copper was 
present in its highest concentration, namely, 100 p.p.m.

On the whole, increasing the concentration of copper in the media 
induced a m arked  reduction in the rate of disappearance of sugar from 
the media inoculated with the above two organisms.

B. phytophthorum  behaved in a, more or less, similar way to B.
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Fig. V. C a r b o n  d io x id e  o u t p u t  b y  th e  th r e e  b a c t e r i a  on  the  d i f f e r e n t  c u l tu r e  m e d ia  
(m g m s  CO 2 p e r  1 ml. m e d i u m ) .

aroideae and  B. ccirotovorum except for the fact that the rate of disap­
pearance of glucose from the control samples was proceeding at a ra ther 
steady rate during the whole experimental period.

The above results show that the presence of copper markedly reduced 
the rate of utilisation of glucose by the three bacteria. Increasing the 
concentration of copper was accompanied by a steady decrease in the 
total am ount of sugar utilised by the three bacterial organisms.

B. C a r b o n  D i o x i d e  O u t p u t :
The amounts of carbon dioxide output by the three bacteria in the 

different m edia at the end of 24 and 48 hours are presented in Fig. V. 
These results show that the presence of copper in concentrations of 
10 and  20 p.p.m. did not materially affect the carbon dioxide output 
by the three bacteria th roughout the whole experimental period when 
compared with that from the controls, while its presence in higher 
concentrations significantly reduced the rate of respiration. The latter 
effect was more pronounced in the media containing highest concentra­
tion of copper, namely, 100 p.p.m. in case of B. aroideae and B. caroto- 
vorum  only.

3. Ef f ect  of  Zinc on Respiration and Glucose Utilisation by B, aroideae.
B. carotovorum and B. phytophthorum .

A. U t i l i s a t i o n  o f  S u g a r :
The results of the analysis of the media for their sugar contents are 

presented in Fig. VI. These results show that the fall in concentration
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Fig. VI. Sugar concen tra t ion  of the d ifferen t  m edia  inocula ted  with  the th ree  b a c ­
teria (mgms glucose pe r  1 ml. medium ).

of glucose in the different media inoculated with B. aroideae and  B. 
ccirotovorum  was proceeding at different rates during the first and  
second 24 hours, being much higher in the former than the latter. The 
disappearance of glucose from all the media inoculated with B. phytoph- 
tliorinn proceeded at ra ther steady rates during the whole experimental 
period.

On the whole, the presence of zinc in the medium in its different 
concentrations did not materially affect the rate of disappearance of 
sugar from media inoculated with the three bacteria.

The above results, therefore, show that the presence of zinc did not 
induce any substantial differences in the amounts of sugar utilised by 
the three bacteria during the whole experimental period when compared 
to the control samples except, probably, a slightly lower rate of sugar 
utilisation exhibited by B. aroideae in presence of zinc during the first 
24 hours of the experiment.

B. C a r b o n  D i o x i d e  O u t p u t :

The results of the carbon dioxide output by the three bacteria in 
the different culture media are presented in Fig. VII. These results 
show that the presence of zinc in the medium did not materially affect 
the carbon dioxide output by the three bacteria throughout the whole 
experimental period when compared with that of the control samples.
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Fig. VII. C arbon  dioxide o u tp u t  by the three  bacter ia  on tbe d ifferen t  culture  m edia  
(mgms carb o n  dioxide per 1 ml. m edium ).

IV. Sum m ary of Conclusions.

1. The effect of the presence of iron, copper and zinc in different 
concentrations in the culture media on the respiration and utilisation 
of glucose by B. aroideae, B. carotovorum  and B. phytophthorum  was 
studied.

2. Presence of iron and  zinc in different concentrations in the cul- 
lure media did not materially affect the rate of glucose utilisation by the 
three bacteria while increasing the concentration of copper in the 
medium was accompanied by a drastic fall in the am ount of sugar 
utilised from the different media by (lie three bacteria.

3. Presence of iron in the culture media significantly increased, while 
the presence of copper significantly decreased the rate of carbon dioxide 
output by the three bacterial organisms. Zinc did not seem to induce 
any appreciable effect on the rate of respiration exhibited by the three 
bacteria.
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Einige Bemerkungen zu drei Aufsätzen von  
Fr. Hustedt.

Von R. W. K o l b e .

Paleobotaniska avdelningen, Naturhistoriska Riksmuseum, Stockholm 50.

Zu einigen Fragen der drei Aufsätze von F r .  H u s t e d t  (1945, 1952 
und  1953, s. Literaturverzeichnis) soll nachstehend Stellung genommen 
werden. Ich werde diese Aufsätze nicht einzeln besprechen, sondern 
einige wichtige Punkte der genannten Arbeiten in 3 Gruppen zusammen­
fassen:

1. Zur S truktur der Diatomeen,
2. Zur Verwertbarkeit der durch das Elektronenmikroskop gewonnenen 

Erkenntnisse für die Taxonomie und
3. Zur Revision des Halobien-Systems.

1. Zur Struktur der D iatom een .

Man kan  H u s t e d t  n u r  zustimmen, wenn er schreibt (1952, S. 301): 
»Mit Diskussionen über die Porengestalt besonders der Pleurosigma- 
Arten ist seit einem Jah rhundert  viel Papier bedruckt worden, und 
im m er noch scheint die Frage nicht endgültig gelöst zu sein». Ich 
möchte hinzufügen: es ist auch nur zu verständlich, dass diese Frage 
noch nicht so gelöst worden ist, dass alle Zweifel verstummen. Nach 
den mühevollen Untersuchungen der Diatomeenstrukturen, die seit 
einem Jah rhundert  mit dem Lichtmikroskop angestellt wurden und die 
die allmähliche Verbesserung dieses Instruments und der Untersuchungs­
methoden deutlich widerspiegeln, trat seit kurzem ein neues Instrument 
— das Elektronenmikroskop (nachstehend: Elmikr. abgekürzt) — an 
dessen Seite, mit neuen Eigenschaften, einer enorm gesteigerten Auf­
lösungsfähigkeit und einer entsprechend erhöhten sog. »nützlichen Ver- 
grösserung». Dass die mit Hilfe des neuen Instruments erhaltenen Resul-
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täte einer Skepsis seitens einiger M ikroskopiker begegnen, ist nicht n u r 
verständlich, sondern auch fü r die Fragen über die F einstrukturen  n u r  
nützlich. Indem  wir die Punkte, bei denen die einerseits m it dem L ich t­
m ikroskop; andrerseits m it dem Elm ikr. gewonnenen Deutungen ü b er­
einstim m en, festlegen, über die strittigen Punkte diskutieren und  u.U. 
durch  neue Belege klären, können wir einer endgültigen Lösung der 
F ragen allm ählich näherkom m en. Dies kann am  besten jeweils von 
Fall zu Fall geschehen und die Aufsätze von H u s t e d t  (1945 u. 1952) 
bilden dazu einen w illkom m enen Anlass. Um nich t ins »Uferlose» zu 
geraten, will ich nachstehend alle allgem einen Ueberlegungen m öglichst 
verm eiden und n u r auf die H auptpunkte der K ritik H u s t e d t s  eingehen, 
die die K a m m e r s t r u  k t u r und den Bau der P o r e n einiger D ia­
tom een betreffen.

K a m m e r s t r u k t u r .  Es scheint mir, dass hinsichtlich des K am ­
m erbaus keine wesentlichen Divergenzen zwischen der Auffassung 
H u s t e d t s  und der meinigen vorliegen. Nach beiden Auffassungen 
handelt es sich um  Hohlgebilde, die durch Seitenwände voneinander 
abgegrenzt sind. Die eine Aussenw and (ob die biologisch äussere oder 
innere, ist für die Diskussion belanglos) ist durch eine M em bran gebildet, 
die mit feinen bis feinsten Poren oder Poroiden versehen ist, die zuweilen 
h a rt an  der Grenze der A uflösungsfähigkeit des Elm ikr. stehen. Diese 
M em bran wird von H u s t e d t  »poroide Membran» oder »Schliesshaut», 
von m ir (1951, S. 636) »Siebmembran» genannt. Die andere Aussenwand 
kann  entw eder ganz fehlen (»offene Kammern» nach K o l b e  1951) oder 
vorhanden  sein und in diesem Falle einen ± grossen Porus tragen 
(»halbgeschlossene Kamm ern», K o l b e  1951), der von H u s t e d t  als 
»innere K am m eröffnung» bezeichnet wird. Ich nenne diese Aussenwand 
»Porenm em bran» (1951). Nach m einen E rfahrungen  gehören die 
m eisten Kam m ern, die dem hexagonalen K am m ertypus entsprechen 
(aber n ich t n u r diese) dem halbgeschlossenen K am m ertypus an, und 
hierzu gehören Arten von Coscinodiscus, Triceratium , Biddulphia, aber 
auch Neidium, Achnanthes, Dipioneis und w ahrscheinlich noch viele 
andere.

Der Bau der gröbsten Kam m ern lässt sich auch mit dem L ichtm ikro­
skop deutlich nachw eisen und die ausgezeichneten Stufenaufnahm en 
von H u s t e d t  (1945, Taf. XIX, Fig. 2— 7 — aber auch in seinen 
früheren  Arbeiten, deren Zitate ich aus P latzersparnis unterlasse) sind 
objektive Beweise fü r die Gemeinsamkeit unserer Auffassungen. 
Vergleicht m an diese A ufnahm en m it elektronenm ikroskopischen 
Bildern, z.B. K o l b e  1948, Fig. 6, so ist deren Ä hnlichkeit augenfällig.
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Sie — d.h. die licht- und elektronenm ikroskopischen A ufnahm en — 
ergänzen sich darin , dass

1. H u s t e d t s  lichtm ikroskopische A ufnahm en die räum lichen Ver­
hältnisse durch die optischen Q uerschnitte nachw eisen und  nacheinan­
der S iebm em bran, K am m erquerschnitt und Porenm em bran darstellen.1 
Infolge der grossen Tiefenschärfe des Elm ikr. erscheinen bei meinen 
A ufnahm en dagegen Poren- und Siebm em bran gleich scharf und ohne 
räum liche W irkung.

2. Bei den lichtm ikroskopischen A ufnahm en stehen selbst die groben 
Einzelheiten der Tricercitium-m em bran bereits an der Grenze des Auf­
lösungsverm ögens des L ichtm ikroskops und erscheinen daher unscharf; 
bei Form en m it feineren Einzelheiten sind diese lichtm ikroskopisch 
n ich t m ehr auflösbar, und das dürfte für die meisten Kamm ern gelten, 
ln  E rgänzung hierzu sind bei den elektronenm ikroskopischen Auf­
nahm en diese Einzelheiten noch scharf definiert.

In einem P u n k t scheinen jedoch H u s t e d t s  und meine Auffassungen 
auseinanderzugehen: dem C harakter der Porenm em bran. H u s t e d t  
(1945, S. 318 —  allerdings n u r in dieser Arbeit) bestreitet, dass es sich 
hei der Porenm em bran  um  eine besondere M em bran S c h i c h t  h an ­
delt. Dieser B ehauptung w iderspricht die Tatsache dass m an bei re ich­
lichen M aterial, z.B. von grob areolierten Coscinodiscus-Arten häufig 
Schalen sieht, bei denen e n t w e d e r  die S ie b -o d e r  die P o ren ­
m em bran abgesprengt ist. Ich habe in hunderten  von Fällen sowohl 
einzelne, als auch  m it der unverletzten Schale zusam m enhängende 
B ruchstücke der M em branen von Coscinodiscus nodulifer gesehen und 
dabei beobachtet, dass es sich in einigen Fällen um  zusam m enhängende 
Stücke der Porenm em bran, in  anderen —  der Siebm em bran handelte. 
Auch Coscinodiscus asteromphalus, bei dem die Siebm em bran ja  sehr 
deutlich ist, zeigte in einigen Fällen das gleiche Verhalten. P e r a g a l l o  
(1897— 1908, Taf. CXV, Fig. 12) zeichnet eine solche Ablösung und 
sicher hat H u s t e d t  auch derartige Beobachtungen gemacht, ohne viel­
leicht d a rau f geachtet zu haben, dass viele der abgelösten Stücke zur 
Porenm em bran gehörten. W enn H u s t e d t  an der zitierten Stelle schreibt: 
»Ebenso ergibt sich aus der Form  der Kam m erwände, dass m an die 
durchlochte W andfläche nicht etwa als eine besondere W andschicht 
auffassen kann. Die Öffnungen sind lediglich die Folge der T-förm igen 
E rw eiterung der K am m erw ände, und der Begriff »Prim ärschicht» ist

1 Die Kammern von H u s t e d t s  Objekt, Triceratium, gehören auch dem halb- 
geschlossenen Typus an  und zeigen, dass innerhalb derselben Gattung die Grösse 
des Porus der Porenm em bran variiert — vgl. seine Figuren 4 und 6.
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somit nur  als Gegensatz zu den als sekundäre Bildungen aufzufassen­
den Kammerwänden zu verstehen», so kann  m an  entgegnen, dass die 
Kammern ein zusammenhängendes Gebilde sind und dass m an kaum  
einen prinzipiellen Unterschied zwischen deren einzelnen Teilen machen 
kann. Ob die Porenm em bran als zusammenhängendes Gebilde erscheint 
oder nicht, dürfte im Wesentlichen von der Porengrösse abhängen. Nach 
meiner Auffassung ist eine Membran — zumindest in den Fällen, in 
denen sie sich als zusammenhängende Schicht abheben lässt — , als 
ein selbständiges Gebilde aufzufassen, unabhängig von dessen, uns noch 
gänzlich unbekannten Genesis.

Meiner Ansicht nach ist der Charakter der Porenm em bran: ob sie 
nun als selbständige Schicht aufzufassen ist oder nicht, nu r  von u n te r­
geordneter Bedeutung. Wichtiger ist der andere Diskussionspunkt, die 
Frage nach  der Natur der S c h l i t z e  (Poren) in den Kammern von 
Pleurosigma} Gyrosigma und wahrscheinlich bei den Naviculae 
orthostichae, die auch sonst Verwandtschaften mit den genannten 
Gattungen zeigen. H u s t e d t  (1945 und 1952) bestreitet die Wirklichkeit 
dieser Gebilde und hält sie für Beugungsbilder. Seine Auffassung be­
gründet H u s t e d t  durch eine Reihe von theoretischen Argumenten. Von 
jedem seiner Argumente kann  m an sagen: es kann  richtig sein, es kann 
aber auch eine andere Erklärung geben und  ich könnte eine gleiche 
Reihe von Gegenargumenten anführen, von denen aber augenscheinlich 
das gleiche gesagt werden könnte. Eine Diskussion auf dieser Basis kann 
»uferlos» werden und führt  auf ein Gebiet, das ein Biologe kaum  mehr 
beherrschen kann; hierzu gehört die Frage, ob die Interferenz bei den 
extrem kleinen Wellenlängen des Elektronenstrahls überhaupt sicht­
bare Beugungsbilder hervorrufen kann. Diese Fragen dürften nur von 
Physikern entschieden werden und deren Entscheid wird den p rak­
tischen Mikroskopiker häufig nicht restlos befriedigen bezw. über­
zeugen. H u s t e d t  (1945, S. 329) schreibt hierzu auch gewissemassen 
vorbeugend: »Eine Zurückweisung meiner Einwendungen mit Hilfe 
von physikalischen Gesetzen und mathematischen Formeln muss aber 
vom Standpunkt des Biologen abgelelmt werden, weil keine Gewähr 
dafür gegeben ist, dass die in Frage kommenden Gesetze restlos oder 
gänzlich fehlerfrei e rkannt sind, und  ausserden in der mikroskopischen 
Praxis sich manches anders ausnim m t als es der Theorie nach erscheinen 
dürfte.» Ich will mich auf den S tandpunkt H u s t e d t s  stellen, den Boden 
theoretischer Erwägungen verlassen und mich beschränken auf eine 
kritische Analyse der nebenstehenden elektronenmikroskopischen Auf­
nahme, und zwar n u r  von deren Teilen, bei denen der E inwand von



EINIG E BEMERKUNGEN ZU DREI AUFSÄTZEN VON FR. H U ST E D T  221

Fig. 1. P leurosigm a aestuarii B r e b .  B ruchstück  einer Schale.  E lek tronenm ikrosk .  
Aufnahme, nachvergrösser t  nach  K o l b e  1951.

übereinanderliegenden S trukturen (die Beugungsbilder hervorrufen 
könnten) wegfallen muss.

Fig. 1 ist eine Nachvergrösserung meiner Aufnahme ( K o l b e  1951, 
Fig. 1) einer Bruchkante von Pleurosigma aestuarii Breb. Der Bau der 
K amm ern dieser Form (und verwandter Formen) ist meiner Auffassung 
nach  stereometrisch vergleichbar mit einer Schachtel, deren durch die 
Seitenwände bedingter Querschnitt sechseckig ist. Die eine Ausenwand 
(Siebmembran) besitzt ein ovales Siebfeld1 (»grosse Ellipse» nach 
H u s t e d t  1945, S. 328), die andere (Porenmembran) ist mit einem Porus 
in Gestalt eines relativ langen und schmalen Schlitzes versehen, dessen 
Realität H u s t e d t  bestreitet.

Betrachtet m an die abgebildete Bruchkante, so sieht man an einigen 
m arkierten  Stellen Teile der Siebmembran (1, 2), als auch der Poren­
m em bran (3, 4, 5) frei in den Raum hineinragen. An den mit 3 und 
4 m arkierten  Stellen sind die Ränder der Schlitze sehr deutlich abge­
bildet. Der Einwand von etwaigen Interferenzerscheinungen fällt infolge 
ihrer freien Lage ganz weg, auch ist es bezeichnend, dass die Schlitz­
ränder etwas korrodiert sind und daher leicht gezackt erscheinen. Die

1 Die zar ten  Siebfelder sind infolge langer  Lagerung  meines Materials in w äss­
rigen L ösungen  ganz aufgelöst und  d ah er  in der Aufnahm e n ich t  s ichtbar.  Sic sind 
jedoch  ausgezeichnet  dargeste ll t  bei H e l m c k e  u . K r i e g e r  ( 1 9 5 3 ,  Taf. 6 2 ) .
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gleiche Gezacktheit zeigen die Schlitzränder auch  in den Teilen der 
aufnahm e, in denen beide M em branen (Poren- und Siebm em bran) 
übereinanderliegen und  ein angebliches virtuelles Bild erzeugen kö n n ­
ten. E in  solches virtuelles Bild dürfte aber streng gradlinige und glatte 
R änder aufweisen. Man siebt ferner, dass die Regelmässigkeit und 
gleichbleibende Länge der Schlitze, die H u s t e d t  (1952, S. 296) als 
verdächtig auffiel, n icht grösser ist, als diejenige der K am m ern (man 
beachte z.B. die unregelm ässigen Kamm ern im rechten Teil des Bildes 
— 2 Reihe von rechts — , denen auch entsprechend anders orientierte 
und sogar gekrüm m te Schlitze entsprechen). Schliesslich zeigt die Stelle 
3 m it aller D eutlichkeit die Endigung eines Schlitzes am K notenpunkt 
der K am m er-Seitenw ände und  dürfte die A nnahm e H u s t e d t s  (ebenda) 
widerlegen, dass es sich um durchgehende Beugungs-Längslinien 
handelt.

Nach einer genauen und kritischen B etrachtung dieser Aufnahm e 
glaube ich nicht, dass ein Zweifel an der Realität der Schlitze zu 
bestehen b rauch t und dass es keiner weiteren theoretischen B egrün­
dungen bedarf, um diese Auffassung zu stützen.

Die Aufnahm e von H e n d e y  (Ko l b e  1951, Taf. II, Fig. 3) ist augen­
scheinlich von einem frischen, wenig korrodierten Exem plar gem acht 
worden. Trotzdem  dürfen  die etwas zackigen R änder einiger Schlitze, die 
auf dem O riginal deutlicher hervortreten, als auf der Autotypie, auf die 
Analogie dieser S truk turen  auch bei Ncivicula crucigera (Grun.) Gl. 
schliessen lassen. Nach m einer Ueberzeugung w erden weitere elektronen­
m ikroskopische U ntersuchungen auch bei vielen anderen Form en an a ­
loge B ildungen erschliessen.

2. Zur Verwertbarkeit der durch das Elektronenmikroskop  
gewonnenen Erkenntnisse für die Taxonomie.

H u s t e d t  (1952, S. 300) verhält sich sehr skeptisch in bezug auf die 
V erw ertbarkeit der durch das Elm ikr. erschlossenen Einzelheiten für 
die D iatom een-System atik. Die Gründe, die er zugunsten seines S tand­
punktes anführt, sind:

1. Die U nsicherheit, ob eine aufgenom m ene Form  — infolge der 
heute noch schwierigen elektronenm ikroskopischen Technik —  auch 
w irklich identisch ist m it der vorher im M aterial bestim m ten. H u s t e d t  
bring t als Beispiel Navicula subtilissima Gl., fü r die ich auf G rund ihrer 
F e in stru k tu r eine U eberführung in die Gattung Anomoeoneis  befür­
wortete (K o l b e  1951, S. 641) und  bezweifelt die richtige Bestimm ung
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der elektronenm ikroskopisch aufgenom m enen Form , die er fü r Ano- 
moeoneis exilis hält, aus 2 Gründen:

a. Seine Nachm essung m einer Fig. 6 ( K o l b e  1951) auf G rund der 
angegebenen Vergrösserungszahl ergab eine Streifendichte von etwa 33 
T ransapikalstreifen  in 10 mp, die fü r Nav. subtilissima  zu grob ist. 
H u s t e d t  ist aber ein Messfehler unterlaufen: die Vergrösserungszahl 
von 33 000 : 1 ist richtig, sie entspricht einem Masstab der F igur von 
1 p =  33 mm. Auf 33 m m  kom m en in Fig. 6 etwas über 4 T ransap ikal­
streifen, was einer Streifendichte von etwa 40 in 10 p bei dem Original 
entspricht, Bei m einer Fig. 5 ist dagegen die Vergrösserungszahl von 
15 000 : 1 infolge eines D ruckfehlers falsch angegeben: sie soll heissen 
10 000 : 1; setzt m an diese Zahl ein, so ergibt sich auch bei Fig. 5 die 
gleiche Streifendichte von etwa 40 in 10 p.

b. Die Längsstreifen (nach H u s t e d t : Längsrippen) m üssten auch 
im L ichtm ikroskop sich tbar sein. Aus der el. m ikr. Aufnahm e Fig. 6 
geht n icht hervor, dass es sich um Rippen handelt, sie m üssten sonst als 
dunklere Stellen in der A ufnahm e erscheinen. Ihre Breite schw ankt 
zw ischen etwa 0,2— 0,3 u, so dass es — besonders hei einer M em bran 
von gleichbleibender Dicke — fraglich erscheint, ob sie im  L ich tm ikro­
skop sich tbar sind.

Im  übrigen bin ich sicher, dass Navicula subtilissima  bei der Auf­
nahm e Vorgelegen hat: diese Form  ist im O riginalm aterial relativ häufig, 
w ährend Anomoeoneis n u r in der V arietät A. serians var. brachysira  
selten vertreten w ar und keine U ebergangsform en gefunden w erden 
konnten.

Zu P u n k t 2 und 3 von H u s t e d t s  Ausführungen m öchte ich bem erken, 
dass es eine Frage ist, ob »der M em branbau der D iatomeen im E lektro­
nenm ikroskop viel einheitlicher ist, als es bei lichtm ikroskopischer 
B etrachtung den Anschein hat, soweit der grundsätzliche Bau in Frage 
kommt.» ( H u s t e d t  1952, S. 300). Das hängt m .E. nur davon ab, wie 
weit m an den Begriff »grundsätzlicher Bau» fasst, ln E inzelheiten ist 
der Feinbau der D iatom eenm em bran überraschend vielfältig, vielleicht 
vielfältiger als die lichtm ikroskopisch sichtbaren S trukturen, wie dies 
die vorzüglichen el. m ikroskopischen A ufnahm en von H e l m c k e  u . 

K r i e g e r  (1953) eindrucksvoll zeigen.
Die vielen, teilweise klassischen lichtm ikroskopischen U ntersuchungen 

der Diatom een schufen die Grundlage für das V erständnis des Baues 
ihrer Zellm em branen; trotzdem  sind unsere Kenntnisse der feinsten, 
jenseits der Grenze der A uflösungsfähigkeit des L ichtm ikroskops ste­
henden S trukturen  noch gering. Die bisherigen Resultate der Elektronen-

15 Bulaniska  N otiser 195b.
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m ikroskop ie  fü h rte n  zw ar zu einer V ertiefung  u n se re r K enn tn isse  
ein iger m orpho log ischen  E inze lhe iten  der D ia to m een m em b ran , rü tte lte n  
ab er in ke iner W eise an  dem  G ebäude der D iatom een-S ystem atik . Sie 
fü h rte n  —  taxonom isch  gesprochen  —  n u r  zu  V orschlägen  von geringen  
V erschiebungen der system atisch en  S tellung  e in iger A rten: ausser dem  
besprochenen  F a ll von Navicula  subtil iss im a  verw eise ich au f Navicula  
pelliculosa  (K o l b e  u . G ö l z  1943, S. 93) u n d  Stephanod iscus b inderanus  
(K o l b e  1948, S. 17). W as sp ä te re  U n te rsu ch u n g en  noch  b rin g en  w erden , 
w issen w ir n ich t. Sollten —  n a c h  k ritisch e r S ich tung  —  a llm äh lich  
neue, fü r  die T axonom ie  w ich tige E rk en n tn isse  d a rau s  resu ltie ren , so 
w ird  m an  sie —  w ohl oder ü b e l —  v erw erten  m ü s s e n .  W oh in  das 
fü h ren  k a n n  u n d  w ird , ist ebenso  u n b e k a n n t u n d  b ra u c h t w ohl heu te  
n ich t d isk u tie rt zu w erden.

Die theo re tisch  w ichtige F rag e , m it der H u s t e d t  (1952, S. 301) seinen 
A ufsatz abschliesst, ist: w iew eit sind w ir b e rech tig t e lek tro n en m ik ro ­
skopisch abgebildete S tru k tu re n  als reelle G ebilde zu be trach ten , bezw . 
wie w eit sind  w ir T äu sch u n g en  d u rch  In te rfe ren ze rsch e in u n g en  a u s ­
gesetzt? Diese F rag e  steh t im Z u sam m en h an g  oder ist eine d irek te  Folge 
von H u s t e d t s  Zw eifel an  d er W irk lich k e it der Schlitze der Pleuro-  
sigm a-K am m ern . U eber an d ere  Fälle , bei denen  eventuelle  T äu sch u n g en  
d u rch  das E lek tro n en m ik ro sk o p  vorliegen k ö n n ten , ist m eines W issens 
n ich t berich te t w orden . D u rch  m eine A u sfü h ru n g en  g laube ich den 
N achw eis g eb rach t zu hab en , dass die Schlitze der Pleurosigma-  
M em bran r e e l l e  G e b i l d e  darste llen . D am it w äre  der b ish er e in ­
zige Zw eifelsfall au fg ek lä rt u n d  es liegt ke in  G rund  vor, das E le k tro n e n ­
m ik roskop  als e in  w eniger zuverlässiges In s tru m e n t zu h a lten , als das 
L ich lm ik roskop  u n d  die m it dem  ers te ren  erzielten  R esu lta te  a  p rio ri 
skep tisch  zu b e trach ten .

3. Zur Revision des Halobiensystems.

In  seiner »Revision des H alobien-System s» sch re ib t H u s t e d t  (1953, 
S. 515), dass m ein  System  »n ich t restlos befried ig t, auch  w enn es eine 
verbreite te  A nw endung g e fu n d en  h a t, an d re rse its  ab e r au ch  abgelehn t 
w urde ( T h i e n e m a n n  1950, S. 112).» Um zu zeigen, w ie diese 
»A blehnung» aussieh t, zitiere ich  die a n g e fü h rte  ku rze  Stelle aus der 
A rbeit T h i e n e m a n n s :

»Berücksichtigt m an  alle biologischen V erhältnisse der Binnensalzstellen, so 
kann m an vom NaCl-Oligotypus bis zu einem Gehalt von 1 °/o sprechen, der 
Mesotypus erstreck t sich dann bis etwa 3 °/o, darüber h inaus kom m t der Poly-
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Ivpus (Ko l b e  1927, S. 112 zieht die Grenzen für  Diatomeen etwas anders). 
Diese Grenzziehung wird deshalb so schwierig, da jedenfalls die tierischen 
I lalobionten der Binnensalzgewässer nicht etwa an einen bestimmten Bereich 
des NaCl-Spektrums gebunden sind, sondern sich zum Teil euryplastisch durch 
den ganzen Bereich vom Ende des Oligotypus bis zum extremen Polytypus 
hindurchziehen. Ko l b e  nennt die Diatomeenformen, deren Entwicklungsop­
tim um und Verbreitungsgebiet im Polytypus liegen, Euhalobien; wir nennen 
sie lieber Polyhalobionte; es folgen die Mesohalobionten und die Oligobalo- 
bionten (wenn Ko l b e  seine Oligobalobien in halophile, indifferente und halo- 
phobe aufteilt, so können wir ihm nicht folgen: wir brauchen den Ausdruck 
halophile im Gegensatz zu halobionten und haloxene in anderem Sinne (vgl. 
S. 29 30i».

Wie ersichtlich, beschränkt sich T h i e n e m a n n  darauf z u  konstatieren, 
dass die Grenzen zwischen dem Poly-, Meso- und Oligotypus von mir 
etwas anders gezogen wurden, als von ihm, dass er ferner den Begriff 
der halophilen Elemente in einem anderen Sinn gebraucht und daher 
m ir dar in  nicht folgen kann.

Die Kritik meines Halobiensystems durch H u s t e d t  richtet sich aus­
schliesslich gegen die »Unlogik» dieses Systems, »die darin besteht, dass 
innerhalb derselben Rangstufe eine Verschiebung des Einteilungs-Grun­
des vom Qualitativen zum Quantitativen eingetreten ist» ( H u s t e d t  1953, 
S. 515). H u s t e d t s  Kritik wäre auch durchaus berechtigt, wenn eine 
solche Verschiebung des Grundprinzips tatsächlich vorliegen würde. 
Dies ist aber n i c h t  d e r  F a l l  und die Grundlagen der Ueber- 
legungen H u s t e d t s  beruhen auf einem Missverständnis bezw. seiner 
abweichenden Deutung meines Systems. Um es gleich vorweg zu 
nehmen: mein System der Halobien ruht — wie wohl alle formalen 
Systeme, die Milieuspektra verwenden —  auf einer r e i n  q u a n t i t a ­
t i v e n  Grundlage und zwar sowohl in den 3 Haupt-, wie in den 3 
Untergruppen.

Bei der Aufstellung meines Halobiensystems lehnte ich mich an das 
in der Ökologie bew ährte Prinzip der Unterteilung des Spektrums 
( N a u m a n n ) der ökologischen Typen, die durch einen veränderlichen 
Faktor bedingt werden, in 3 Abschnitte: den Poly-, Meso- und Oligo­
typus. Im gegebenen Fall (Abhängigkeit vom Salzgehalt des Biotops) 
ergaben sich mithin die 3 Hauptgruppen der Fu- ( =  Poly-), Meso- und 
Oligohalobien, die dem Salzgehalt des Biotops in abnehmender Salz­
konzentration entsprechen. Bei der letzten Hauptgruppe, den Oligohalo­
bien waren Unterteilungen erwünscht, da bekanntlich bei dieser Gruppe 
weitere ökologisch bedingte Fazies ±  deutlich hervortreten. Ich un ter­
teilte daher die Oligohalobien (wieder quantitativ nach abnehmender
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Salzkonzentration des Biotops) in halophile —  also Oligohalobien, die 
sich aber der nächsthöheren H auptgruppe näh ern  — , indifferente und 
halophobe, die »Anpassungen an extrem geringe Salzmengen zeigen» 
(K o l b e  1932, S. 269). Gewiss könnte m an die 3 letztgenannten Fazies 
auch als gleichberechtigte Gruppen neben die H auptgruppen stellen; 
da jedoch diese 3 Fazies die Gesamtheit der Bewohner (Diatomeen) 
des Süsswassers ausm achen, ist es entschieden richtiger, sie als U nterab­
teilungen der Oligohalobien aufzufassen. Das System in dieser Form  
scheint m ir die »natürlichen» Verhältnisse am  besten darzustellen:

Seewasser — Euhalobien
Brackwasser — Mesohalobien
Süsswasser — Oligohalobien, unterteilt in halophile, indifferente und 

halophobe Form en. (Vgl. hierzu Textfig. 5 in K o l b e  1927, S. 114, die 
das Einteilungsprinzip erläutert).

Ich glaube, dass Inkonsequenz das Letzte ist, was m an diesem System 
vorwerfen kann, wenn m an sich von vornherein bew usst ist, dass es 
auf einer quantitativer Grundlage aufgebaut ist.

H u s t e d t  geht in seiner K ritik von einer Reihe von Voraussetzungen 
bezw. Unterstellungen aus, die durchaus nicht zutreffen. Der Reihe nach 
sind es die folgenden:

1. F ür die Euhalobien sei die Anwesenheit von NaGl erforderlich, 
aber ohne R ücksicht auf die Menge, so dass es sich hier um  einen 
qualitativen C harakter handle. Wieso denn: ohne Rücksicht auf die 
Menge? Da die Euhalobien an der oberen Grenze des »natürlichen» 
NaCl-Spektrums stehen, ist die obere Grenze der Salzkonzentration für 
deren W ohnbereiche festgelegt und von der unteren Grenze der Salz­
konzentration sind sie ebenso abhängig, wie die anderen Gruppen. 
W ären sie es nicht, so w ürden sie auch in anderen, niederen Bereichen 
des NaCl-Spektrums leben können. Der Begriff »Euhalobien» ist m ithin 
ebenso quantitativ  bedingt, wie die Definition der übrigen Gruppen.

2. Zu den Oligohalobien bem erkt H u s t e d t , dass ein geringer Salz­
gehalt ertragen werden kann, aber nicht erforderlich sei, dass es sich 
also auch hier um  ein qualitatives M erkmal handle. W ir können — 
exakt gesprochen — für eine gegebene Form  n u r die Grenzen ihres 
Vorkommens in einem bestim m ten Spektralbereich eines ökologischen 
Faktors feststellen, bestenfalls das Minimum, Optim um  und M aximum 
der K onzentration fü r diesen von ih r bew ohnten Spektralbereich. Dies 
gilt auch fü r den Bereich der niederen Salzkonzentrationen, also auch 
fü r die Gruppe der Oligohalobien. 1.)
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Dass die O ligohalobien d u rc h  eine obere Grenze von der an  höhere 
K onzen tra t ionen  angepass ten  G ruppen abgesondert  werden, ergibt sich 
aus  dem  obigen Schem a, ebenso, dass der Bereich der Mesohalobien als 
m it t le re  G ruppe d u rc h  eine obere u n d  eine un te re  Grenze bed ing t  ist.

3 . Bei den ha lo p h o b en  Arten unterste llt  H u s t e d t ,  dass diese den 
Salzgehalt  n ich t  n u r  n ich t  »erfordern», sondern  ihn  als en tw ick lungs­
h in d e rn d  »ablehnen», d ah e r  sei au ch  dieses M erkm al ein qualitatives. 
H u s t e d t  m ein t  u n te r  »Salzgehalt» augenschein lich  einen hö h e ren  Salz­
gehalt,  denn  abso lu t ch lorfre ie  Gewässer gibt es in  der N a tu r  k a u m  und  
dass  a u c h  geringe Spuren  eines Stoffes u.U. n ich t  ohne  W irk u n g  auf 
einen O rgan ism us  sind, ist bekann t.  W enn  H u s t e d t  schreibt, dass die 
h a lo p h o b en  D ia tom een  den  (höheren?) Salzgehalt als en tw ick lungs­
h in d e rn d  ab lehnen , so k a n n  m a n  n u r  dagegenhalten , dass sie sich darin  
ebenso verhalten , wie F o rm en  anderer  H a lob iengruppen : eine oligo- 
halobe  F o rm  leh n t  —  um  m it H u s t e d t  z u  reden  —  einen S tan d o r t  m it 
hö h e rem  Salzgehalt  als den fü r  sie op tim alen  ebenso als en tw ick lungs­
h in d e rn d  ab, wie eine euhalobe  F o rm  ein Gewässer mit geringerer  Salz­
konzen tra t ion . Im  G runde genom m en m eint H u s t e d t  wohl u n g e fä h r  
dasselbe, was d u rc h  m ein  System ausged rück t  ist: dass die ha lophoben  
F o rm en  an  die geringsten  NaCl-Mengen angepass t sind. Das W e se n t­
liche ist aber, dass obere (wenn au ch  relativ geringe) S a lzkonzen tra t io ­
nen  fü r  ih ren  W o h n b e re ich  b es t im m end  sind —  dass m ith in  auch  fü r  sie 
das quan ti ta t ive  M om ent aussch laggebend  ist, ebenso wie fü r  die E uhalo- 
b ien  die un te ren  Konzentra tionsgrenzen .

Ich fasse z u sam m en :  das von m ir  vorgeschlagene System der H alo ­
bien  um fass t  den in der N a tu r  am  häufigs ten  vo rk o m m en d en  Bereich 
des N aC l-Spektrum s u n d  ist a u f  re in  q u an ti ta t ive r  Grundlage aufgebaut.

E in  jedes H alobien-System  berücksich tig t n u r  e i n e n  ökologischen 
F a k to r  u n d  sagt n ich t  e tw a aus, dass der Salzgehalt den einzigen ökolo­
gischen F a k to r  bei den D iatom een  darstellt.  Es ist k lar, dass —  beson­
ders die O ligohalobien —  in ih re r  E n tw ick lung  von anderen , z.T. noch 
u n b e k a n n te n  F ak to ren  ab h äng ig  sind, wie z.B. viele E u no tien  vom 
p H -F ak to r ,  gewisse Nitzschien von der  T roph ies tu fe  u.s.w. N u r  die 
N ebene inanders te llung  der  op tim alen  Bereiche in n e rh a lb  der versch ie­
denen ökologischen F a k to re n  k a n n  fü r  eine F o rm  ein G esam tbild  ih re r  
ökologischen A nsp rüche  ergeben.

Im m e rh in  ist der  Salzgehalt ein sehr wichtiger, augenfä lliger  u n d  
leicht e rm it te lba re r  F a k to r  u n d  gibt — selbst allein b e trach te t  —  ein 
gewisses Bild ü b e r  die Verteilung w esentlicher ökologischer Gruppen  
der D iatomeen.
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Die von H u s t e d t  vorgeschlagene A bänderung beruht in erster Linie 
darauf, ob ein Salzgehalt

1. unbedingt erforderlich,
2. nicht erforderlich ist oder
3. als entw icklungshindernd abgelehnt wird.
Der wichtigste Ein wand gegen diesen Vorschlag ist, dass m it dem 

Faktor »Salzgehalt» operiert wird, ohne dass dieser Begriff einiger- 
m assen präzisiert wird. Ist der Salzgehalt eines eutrophen Sees von — 
sagen wir — 50 mg/1 ein Gehalt, der n ich t erforderlich ist? Bezw. ist 
der Cl-Gehalt eines Braunw assersees von 9,2 mg/1 Gl (Rudträsket, m it 
überwiegend halophober Diatom eenflora) ein Gehalt der noch nich t 
abgelehnt wird und nicht berücksichtigt zu werden braucht? Das letz­
tere ist nach den E rfahrungen  schw edischer Limnologen nicht zulässig: 
der Cl-Gehalt von Süssgewässern ist m eist auch ein Indikator fü r die 
Eutrophiestufe eines Gewässers und zw ischen Hochmooren, die p ra k ­
tisch n u r von Regenwasser gespeist werden und solchen, die 
Beziehungen zum M oorgrund haben (Du R i e t z , T h u n m a r k ) bestehen 
trotz relativ geringer Unterschiede in den Gl-Zahlen (die sich in der 
Grössenordnung von wenigen mg/1 bewegen) erhebliche floristische 
Verschiedenheiten. In ein auf quantitativer Grundlage ruhendes System 
lassen sich die W ohnbereiche auch innerhalb  der niedrigsten NaCl- 
K onzentrationen einordnen.

Die von H u s t e d t  vorgeschlagene A bänderung sieht — als logische 
Folge seines qualitativen G rundprinzips —  das Zusam m enlegen bezw. 
E inordnen der Euhalobien (bei H u s t e d t : Polyhalobien) und M esohalo­
bien in eine H auptgruppe vor: die m arinen  und Brackw asserform en 
bilden zusam m en die Gruppe der Euhalobien. Die halophoben D iato­
meen, die n u r eine re!, kleine Gruppe der Süsswasserdiatom een d a r­
stellen, werden dagegen im Rang zu einer der 3 H auptgruppen seines 
Systems erhoben. Gerade diese Gruppe ist — definitoriseh gesehen — 
m.E. ganz unhaltbar in der Fassung von H u s t e d t . E s ist doch unm ög­
lich festzustellen, ob und von welcher Grenze an ein »Salzgehalt» nicht 
erforderlich oder entw icklungshindernd ist, welches M erkmal nach 
H u s t e d t s  Vorschlag den U nterschied zwischen Oligohalobien und 
halophoben Form en darstellt.

Es scheint m ir ferner richtig, dass ein Halobiensystem  sich an die 3 
grossen Gewässertypen: Meer-, Brack- und Süsswasser anlehnt. Im 
System von H u s t e d t  w ürden seine H auptgruppen etwa den Gewässer­
typen: Salzwasser, Süsswasser und Moor- oder Gebirgswasser ent­
sprechen.
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H u s t e d t  beklagt sich, dass bei Anwendung meines Systems F eh l­
deutungen Vorkommen. Ich fürchte, dass dies bei jedem System (auch 
bei der A bänderung nach H u s t e d t ) unverm eidlich ist denn. . . 
Irren  ist m enschlich. Gewiss ist die W ahl des G rundprinzips fü r ein 
ökologisches System bis zu einem gewissen Grad eine Ansichtssache — 
im vorliegenden Fall: quantitatives oder qualitatives Prinzip. Mir scheint 
das erstere exakter zu sein. Ich glaube — nach allem oben A usgeführten 
nicht, dass m ein System »aus logischen Gründen abgeändert werden 
m u s s »  ( H u s t e d t  I.e., S. 518, gesperrt von m ir).
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Introduction.

Numerous hormone-like growth-regulating compounds have been 
investigated from both theoretical and  practical points of view. Many 
different kinds of plant materials and techniques have been used. These 
facts render comparisons difficult or unrealizable. Furtherm ore we do 
not know w hat is included in the concept »growth» which either 
comprehends total enlargement of a plant or a part of a plant (as in 
this paper), or is measured as cell elongation of an organ (e.g., the 
Avena-tests and the pea-test). Increases or decreases of growth can 
take place in physiologically different ways. Therefore comparisons not 
only between different works but even between different compounds 
m ay  be uncertain. In order to overcome at least some of these diffi­
culties the effects of a series of growth regulators (Table 1) have been 
investigated by a routine method. In connexion with that attention has 
been devoted even to morphological effects other than mere alterations 
of cell elongation. These have been referred to their physiological p ro­
cesses, and a proposal of an alteration of the growth terminology has 
been made based upon these results.

All except two of the compounds investigated have been prepared by Dr. 
N i l s  Å k e  J ö n s s o n , Department of Organic Chemistry, the Royal Institute of 
Technology, Stockholm, Sweden. Hydratropic acid has been obtained from 
Prof. A r n e  F r e d g a , Department of Organic Chemistry, Uppsala University, 
Uppsala, Sweden, and decahydronaphthaleneacetic acid from Prof. H. V e l d s t r a , 
N. V. Amsterdamsche Chininefabriek, Amsterdam, Netherlands. The writer 
wishes to express her appreciation to all of them.

Methods.
Seeds of W eibull’s Eroica wheat were soaked for 24 hours in distilled water. 

The absence of heavy metals in all water was controlled by testing with 
dithizone. The seeds were then placed in Petri dishes on wet filter to germinate 
for two days without light and at 22° C. Well germinated plants with their 
first three adventitious roots 1—2 cm in length were planted on perforated 
cork bricks in beakers containing one litre of nutrient solution. This was 
renewed every day during the treatment, i.e., three days. Each beaker contained 
45 wheat plants. The beakers were placed in a constant room with continuous 
artificial illumination, a tem perature of 20.0—20.5° C, and a relative humidity 
of 23—40 per cent. The solution had the following composition C a(N 03)2 
10~ 3 M,  MgS04 5- 10“ 4 M,  KH2P 0 4 10~3 M,  and H3B 03 10 4 M.  The growlh- 
regulating acids were used as water-soluble sodium salts and added to the 
nutrient solution. Two compounds, cyclohexyloxyacetic acid and a-cyclohexyl- 
oxypropionic acid were delivered and used as cyclohexylamine salts. A special 
test with cyclohexylaminohydrochloride showed that these ions did not cause
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Table 1. List o f  com pounds, tested  in th is in vestiga tion . The numbers refer  
to the curves of activity in figures 6 21.

cyclohexyloxyacetic acid —1 
phenylacetic acid =  2 
phenoxyacetic acid =  3 
2-methylphenoxyacetic acid =  4
2.4-dimethylphenoxyacetic acid = 5
2.6-dimethylphenoxyacetic acid = 6 
2 chlorophenoxyacetic acid =  7 
4-chlorophenoxyacelic acid =  8
2.4-dichlorophenoxyacetic acid (2,4-D) - 9 
35-dichlorophenoxyacetic acid =  10
2.4.6-trichlorophenoxyacetic acid =  11 
2-methyl-4-chlorophenoxyacetic acid

(methoxone) =12 
2-methyl-6-chlorophenoxyacetic acid =  13
2-methyl-4,6-dichlorophenoxyacetic 

acid =  14
1-naphthaleneacetic a c id =  15
3-indoleacetic acid =  16 
0-chloro-3-indoleacetic acid =  17

a-cyclohexyloxypropionic acid =  18 
a-phenylpropionic acid =  19 
a-phenoxypropionic acid =  20

o -(2,4-dimethvlphenoxy)propionic acid =  21 
a- (2,6-dimethylphenoxy)propionic acid =  22 
a- (4-chlorophenoxy) propionic acid =  23 
a - (2,4-dichlorophenoxy) propionic acid =  24 
a- (2,4,6-trichlorophenoxy (propionic acid =  25 
a-3-indolepropionic acid =  26
a-cyclohexyloxyisohutyric acid =  27 
a-phenylisobutyric acid =  28 
a-phenoxyisohulyric acid =  29 
a-(2-methylphenoxy)isobutyric acid =  30 
a- (2,4-dimethylphenoxy) isobutyric acid =  31 
u- (4-fluorophenoxy) isobutyric acid =  32 
a-(4-chlorophenoxy)isobutyric acid =  33 
a- (4-bromophenoxy) isobutyric acid =  34 
a- (4-iodophenoxy) isobutyric acid =  35 
a - (2,4-dichlorophenoxy)isobutyric acid =  36 
a- (2,4,6-trichlorophenoxy) isobutyric acid =  37 
a- (2-methyl-4,6-dichlorophenoxy) isobutyric 

ac id =38  
a-3-indoleisobutyric acid =  39
decahydronaphthaleneacetic  acid 
cyclohexylaminohydrochloride

an y  g ro w th  activity. T h e  pH in th e  f re sh  so lu tions  am o u n te d  to 5.2 a n d  a f te r  
24 h o u rs  it h a d  increased  to ab o u t  6.0. So lu t ions  con ta in ing  10 4 M  o r  m o re  of 
a g row th - reg u la t in g  co m p o u n d  som etim es h a d  a pH  value  h ig he r  th a n  5.2 an d  
w ere  th en  bu ffe red  w ith  0.1 M  p h o sp h o r ic  ac id  to the  pH  of the  control.  A ccor­
d ing  to the  pK of these co m p o u n d s  th is  inc rease  in p H  is of no  g rea te r  im p o r ­
tance . T h e  solutions w ere  ae ra ted  the  w ho le  time. After th ree  days  the  leng ths 
of th e  f irs t th ree  roo ts  a n d  of their ep id e rm a l  cells w ere m e a s u re d  an d  the  
m orp ho lo g ica l  effects of the  co m p o u n d  w ere  s tud ied  m acro -  an d  m ic ro sco p i­
cally. T he  root g ro w th  w as m e asu red  as f ina l  roo t length m in us  initial roo t 
length . T he  n u m b e r  of roo ts  in  each  c o n cen t ra t io n  was 135. T h e  leng ths of 
tw en ty  cells f ro m  each of ten roots, i.e., 200 cells rep resen t in g  one rep licate  
of a series, were m easu red  d irec tly  in a m ic ro scop e  w i th o u t  any  staining. The 
cell n u m b e r  was ca lcu la ted  as the  average ro o t  g ro w th  div ided by the  average  
cell length.

R oot g ro w th  a n d  cell n u m b e rs  have  been  expressed  in the  d iag ram s  as per 
cen t  of the  con tro l  in  o rde r  to overcom e th e  possib le  var ia t ions  of t ime b e t­
ween the  d if fe ren t series. Cell lengths h av e  been  expressed  in p. All the 
va lues  w hich  de te rm ine  the curves of the  d iag ram s  a re  averages be tw een 
repe t i t ions  of the  sam e test. 4 to 13 tests h ave  been  m ad e  w ith  each  c om po un d .

T h is  p ro cedu re  includes one fault.  Cell e longa t ion  in in tac t  roots  is not 
c o n s ta n t  du ring  the  th ree  days  b u t  increases  (14). T h e  cell lengths were 
m e a s u re d  in th a t  p a r t  of the  root, w h ich  g rew  out du r in g  the th i rd  day. T h e re ­
fore  the  values of the  cell leng th  are  h igh, co m p a re d  w ith  those  of the root 
g ro w th ,  an d  the ca lcu la ted  cell n u m b e r s  w ill  be low. In  tests w i th  g row th  
subs tan ces  w h ich  do not a lter  this time cu rv e  the  values of cell n u m b e r  will
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Fig. 1. The variation of cell lengths in p between the controls throughout the in­
vestigation period. The variation is within 194 u—251 u.

be fa ir ly  correc t ,  w h en  expressed  in pe r  cent of the  contro l.  Closer s tudies  of 
cell m u l t ip l ica t io n  effects m u s t  inc lude  an  investiga tion  of even tua l  devia t ions 
from  th is n o rm a l  tim e curve.

R e s u l t s .

I. Growth Observations.

The growth-regulating compounds thus investigated influence the 
roots in different ways. They act upon their cell elongation, their 
geotropic response, the rate of cell division and, furthermore, they cause 
toxic effects.  These different physiological phenomena will be described 
in the following together with some selected experiments.

1. D e c r e a s e d  C e l l  E l o n g a t i o n .
The length of epidermal cells from wheat roots cultured under con­

ditions mentioned above is on an average 221 p. The average values of 
the individual series vary from 194 p to 251 p (Fig. 1). The cell 
stretching period of such roots can be shortened by the addition of 
certain growth regulators. These m ay stop cell elongation when the cells 
are about 40 p long without killing the plants.

The breadth  of inhibited cells as well as their general appearance 
does not differ from the controls. During the entire experimental period 
the cell breadth has been about 20 p.

As a consequence of inhibited elongation of epidermal cells root hairs

15. 2h21 21 D A T E
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are numerously developed. They m ay become longer than the hairs of 
I he control roots. The roots will thus have a brush-like appearance.

Phenylacetic acid is an example of this type of growth compounds. 
The cell elongation of roots grown in a nu trien t solution containing 
10~ ü M  phenylacetic acid differs in no way from the control roots. Cell 
elongation of roots grown in 10“ 5 M  phenylacetic acid is slightly inhi­
bited. On three different occasions it has been m easured as 178 p, 169 a 
and 191 p. A stronger inhibition is produced by a 10-4 M  solution. The 
cell lengths of two identical treatments were 121 p and 138 p. The roots 
are killed by a 3 • 10” 4 M  solution (Fig. 6).

Often the plants survive even if their three first roots have been 
killed. As they still are nourished from their endosperms, they are able 
to form new roots. These new roots are highly insensitive to growth 
substances and the plants m ay therefore survive.

In rare cases the three first roots m ay adap t  themselves to compounds 
which inhibit cell elongation in sublethal concentrations. W hen plants 
are transferred to a 10~4 M  solution of phenylacetic acid, the cell elonga­
tion of their roots is highly inhibited during the first hours. Then cell 
elongation is increased until the solution is renewed. The fresh solution 
causes a new inhibition. Such a periodical variation will make it diffi­
cult to obtain good average values of cell lengths. This adaption or 
inactivation occurs, besides in solutions of phenylacetic acid, also in 
solutions of a-3-indoleacetic acid but not when any of the other sub­
stances are employed. This phenom enon has former by been observed 
when using flowing solutions and cannot be due to insufficient quanti­
ties of the substance (11).

Substances other than  phenylacetic acid which inhibit cell elongation 
m ay act in weaker concentrations, bu t the morphological course of 
inhibition is the same as has been reported in the foregoing. According 
to the literature some compounds belonging to this group can under 
certain conditions give rise to a weakly increased cell elongation of 
roots in very dilute solutions. This phenom enon has not occurred in the 
present investigation.

2. I n c r e a s e d  C e l l  E l o n g a t i o  n.

As well as the cell elongation period can be shortened by the addition 
of certain growth regulators to the m edium  of the roots, it can also be 
lengthened by the addition of other similar compounds. Then the cell
elongation continues beyond w hat is norm al for untreated roots. The
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average cell length of roots treated in this manner may rise to about 
390 p before elongation is completed (Fig. 9).

The activity of a-phenoxyisobutyric acid first shown by B u r s t ö m  (14) 
exemplifies this. Cell elongation of roots grown in nutrient solution 
containing 10“ ° M  a-phenoxyisobutyric acid does not significantly differ 
from that of the controls. On two occasions it amounted to 264 p and 
224 p. These lengths are almost within the variation of the controls 
which is 194—251 p. The cell lengths of roots in 10 5 M  phenoxyiso- 
butyric acid in four identical treatm ents were 293 p, 320 p, 298 p, and 
302 p. A 3 - 10 “5 i\/ solution gave a length of 326 p and 10-4 M  gave 
386 p. A solution of 3 • 10~4 M  phenoxyisobutyric acid killed the roots. 
Even in such a high concentration as 10“ 4 M,  when the root length 
becomes shorter than the controls, depending on the inhibition of cell 
division (Fig. 19), this cell stretching ability is thus m aintained (Fig. 9). 
The elongated cells have their norm al breadth and their general 
appearance corresponds to that of the controls. When cell elongation is 
promoted in this way, the length of the root hairs decreases. Often at 
maximal elongation no root hairs are formed whatsoever.

3. A n t a g o n i s  m.

If roots grow in a nutrient solution containing both one compound 
which decreases and one which increases cell elongation, this growth 
will be intermediate (15). Moreover, if such an inhibiting or stimulating 
compound is added together with other compounds, which alone are 
inactive, the elongation effect of the first one can he weakened (34) 
(Fig. 14). However no growth effects other than elongation have been 
observed after such treatments. Other morphological observations which 
have been made are the same as those described under the headings of 
Decreased and Increased Cell Elongation.

4. In  c r e a s e d  P o s i t i v e  Ge o  t r o p i s m .

Variations in geotropic response of roots are also included in growth. 
Untreated roots growing in nutrient solution are positively geotropic. 
They are not straight, however, but grow irregularly in different direc­
tions. This may depend partly upon local disturbances of cell elonga­
tion which give rise to sudden crookings of the roots, although the 
roots grow downwards the whole time (Figs. 2 A, 3 A, 5 A).

The geotropic response of roots with a shortened period of cell elonga­
tion is about the same. No deviations have been observed.
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Fig. 2. T h e  growth  action of a-(2-methy l-4 ,6-dich!orophenoxy)isobutyric  acid, sh o w ­
ing increased positive geotropism  and toxicity.  3-day-old plants.  pH  5.2 a t  Ihe s tart  
and 6.0 a t  the end of the experiment.  A =  control.  ß  =  1 0 ~ 8 M of the acid. No grow th  
a lte ra t ions .  C =  10~ '  M, D =  10~G M, and  E = 1 0 ~ 5 M C-E  sliow (i) increased roo t  
growth, depending  on accelerated  cell m ultip lication  and  cell elongation,  (ii) increased 
positive geotropic  response of the roots, an d  (iii) no sh o o t  a ltera tions .  F  =  10—4 M.

Toxic  effects. Roots have been killed and  shoots a re  s trongly inhibited.

Fig. 3. T h e  growth  action of a-3-indoIeisobiityric acid, show ing  »a geo tro p ism ». 
.d e c o n t ro l .  ß = 1 0 - 6 M of the acid. Increased  root  length  (159 per cent) an d  som e­
w ha t  increased positive geo trop ism  of the roots.  C =  10—5 M. Increased  root  length 

(154 per cent) and »ageotropism», i.e., roots  grow  in all d irections.

Fig. 4. Spiraliza tion  of roots w i th  increased positive geotropism.  A =  con tro l  root  
w ith  s t ra ig h t  rows of ep iderm al cells. B  =  t reated  roo t  w i th  spiralized ep iderm al cell 

rows. The d a rk e r  p a r t  in the centre is the stele.

Roots with promoted cell elongation but without any signs of toxi­
city deviate macroscopically from the controls. Their positive geotropic 
response increases as their cell length increases. Roots with maximal 
cell length grow almost vertically without the crookings which charac­
terize the controls (Figs. 2 B — E, 3 B, 5B) .  Such an increase of the 
positive geotropism has not been observed on roots with norm al or 
inhibited cell elongation.

A detailed investigation of geotropism has been performed at this 
laboratory by R u f e l t  ( 43 ) .  He found a positive geotropic reaction in 
norm al roots and another one which is antagonistic thereto. This coun-
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Fig. 5. Dif ferent  geotropic response of  roots.  .4 =  un trea ted  roots. B — D =  roots, 
t rea ted  with  a-3-indoleisobutyric  acid,  ß = 3  • 10-« M,  C =  10~5 M, D =  3 • 10~5 M.  
A show s positive geotropic response of un trea ted  roots.  B  shows increased positive 
geotropism, connected  w ith  increased cell e longation. C and  to a g reater  extent 

D show »ageotropism», connected  with  incipient toxicity.

teraction is eliminated by a-(4-chlorophenoxy) isobutyric acid and  the 
result will be more pronounced with roots exhibiting positive geotropism. 
This has also been observed here.

Often the increased positive geotropic response is correlated to a 
microscopic effect. The outer parts of the roots grow in spirals around 
their stele. Thus a row of epidermal cells is not straight as the controls 
(Fig. 4 A) but spiralized (Fig. 4 B).

5. » A g e o t r o p i s m » .

Some of the compounds which prolong the cell elongation period 
cause another geotropic effect. This is observed in high, weakly toxic
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concentrations when root length is decreasing m uch m ore than cell 
length, w hich even m ay increase (Fig. 15). It m anifests itself as a loss 
of geotropic response of the roots. T hus the roots grow in all directions 
not irregularly  w ound as the controls bu t bent in smooth curves 
(Figs. 3 C, 5 C— Ü). They m ay even grow upw ards and reach the s u r­
face of the nu trien t solution. Thus B in figure 3 is 159 and C is 154 
per cent of the control although the roots in G are so curled th a t they 
seem to be as short as the control.

The theoretical background of this phenom enon is not known. It is 
im possible to say, w hether it is a real loss of geotropism or an  increased 
negative geotropic reaction. The phenom enon has therefore been called 
»ageotropism» from  a m orphological point of view.

6. C e l l  M u l t i p l i c a t i o  n.

Cell elongation and  cell m ultiplication m ay be independent of each 
o ther (12, 13). This has also been observed in the present investigation 
in some cases (Figs. 16— 21). E longation and m ultiplication m ay also 
be related to each other, either so th a t they change the bulk growth in 
the same direction or so that they counteract each other. A fu rth e r 
analysis of the present m aterial lends support to the notion th a t a 
relation between the two processes can exist.

Compounds which inhibit elongation also inhibit cell m ultiplication. 
An exam ple of this is phenylacetic acid, the elongation effects of w hich 
have been reported above. A 10"6 M solution did not influence elonga­
tion or m ultiplication w hich am ounted to 105 per cent. The average 
num ber of a control is 180 cells. A 10 5 M solution inhibited both p ro ­
cesses. The cell num bers corresponding to the values for elongation 
am ounted to 97, 67, and 89 per cent of their controls. A 10-4 M solution 
of the acid more strongly inhibited elongation and the corresponding 
cell num bers were 39 and 70 per cent. The variation of cell num bers in 
otherw ise identical treatm ents are here consistently greater than  the 
variation  of cell elongation. This has even earlier been observed (12). 
However, all the substances inhibiting celt elongation tested here, also 
inhibit cell multiplication  (Figs. 16, 17).

Com pounds w hich prom ote cell elongation can also prom ote cell 
m ultiplication, w hich is exemplified by a-phenoxyisobutyric acid (see 
above). A 10~6 M solution had  no effect on elongation or m ultiplication. 
The cell num bers am ounted to 97 and  95 per cent. A 10~5 M solution of 
the acid prom oted elongation and increased the rate of cell m ultiplica-
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lion to 129, 105, 114, and  124 per cent respectively. The average cell 
n um ber of roots in a 3- 10~5 M solution was 118 per cent.

Not every prom otor of cell elongation increased cell m ultiplication 
(Figs. 18— 20). Varying results have been obtained with different com ­
pounds and in different series of the same com pounds, although, none 
of them  hove significantly decreased the rate of cell multiplication.

The foregoing results show how elongation and m ultiplication change 
the bu lk  grow th in the same direction. How these two processes m ay 
counteract each other is exemplified by tests w ith sublethal concentra­
tions of prom otors of elongation. A 10~4 M solution of a-plienoxy- 
isobutyric acid, w hich increased cell elongation to 185 per cent, strongly 
decreased the cell num bers w hich am ounted to only 52 per cent of the 
control. A 3 • 1(V4 M solution of the acid was lethal.

All com pounds when non-toxic either inhibit or prom ote cell m ulti­
plication or do not interfere w ith it at all. W hen they are used in so 
high concentrations that toxicity occurs cell m ultiplication is inhibited. 
It is im possible at this stage to decide w hether inhibited cell m ultip lica­
tion caused by m orphologically non-toxic concentrations of com pounds 
w hich inhibit cell elongation is a separate process or the very first results 
of w hat here is called toxicity.

7. T o x i c i t y .

All grow th regulators tested here cause toxic effects in high concentra­
tions, independent of the other m orphological effects they m ay exert. 
The sym ptom s of toxicity do not appear in tests w ith low but active 
concentrations. W hen the concentration is increased they occur very 
suddenly and  both shoot and root growth are inhibited. The leaves do 
not develop norm ally and  the roots become th in  and transparent. Root 
hairs evolve irregularly. The average cell elongation generally decreases 
but the variation of length of the individual cells increases. As has 
already  been m entioned, cell division is strongly inhibited. In still 
stronger solutions all root growth is stopped and, if the plants cannot 
adap t them selves to the medium , they will die.

II. Connexions betw een  the Different Growth R esponses and the  
Chemical Structure of the Compounds.

There are connexions between the different growth observations 
related here and the chem ical structures of the grow th-regulating sub­
stances employed. According to the requirem ents for growth activity

16 B o ta n isk a  N o tise r  195b.
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Table 2. Structure o f  the com pounds used. Compounds marked with * have  
also been used with methylated or chlorinated rings. The asymmetric com ­

pounds are racemic.

Acid chains
Ring sys tem s ±  oxygen bridge

cyclohexyloxy- phenyl- phenoxy- 1-nap h th a len e -  ! 3-indole-

acetic acid ............ + + T" *
1

+  ! + *
a-propionic acid.. . + + +  * ! +
a-isobutyric  acid + + * +

laid dow n by K o e p f l i ,  T h i m a n n ,  a n d  W e n t  (26), la te r  evolved a n d  
discussed by m a n y  others the com pounds  consist of a r ing  system, even 
w ithou t  double bonds, a n d  a side chain ,  w h ich  ends w ith  a carboxy l 
group (Table 2). T he acids investigated he re  have  all been a-substitu ted . 
In m ost cases there  has  been an  oxygen a to m  betw een  the r ing  a n d  the  
acid chain. As r ings cyclohexene, benzene, n a p h th a len e ,  a n d  indole have  
been used. T he side cha in  has consisted of acetic, propionic , or isobu- 
tyric acid. The racem ic  fo rm  of the  a sy m m etr ic  substances has  been 
employed. T he phenoxyalky lcarboxy lic  acids have  been  substitu ted , i.e., 
ha logena ted  or  m e thy la ted  in their ortho-  a n d  para-positions, a n d  
3-indoleacetic acid has also been ch lo r ina ted . Some n ap h th a len ea lk y l-  
carboxylic  acids, lack ing  in table 2, will be  repo rted  in a  separa te  pap e r  
in order to m ake  the  table m ore  complete.

Definitions.

Auxins are generally  defined as g ro w th  substances cha rac ter ized  by  
their  capacity  to induce elongation in shoot cells. If the concept aux in  
effect m eans  influence upon  certa in  g ro u p s  of g ro w th  processes, the 
concept an tiaux in  effect should  linguistically  m ean  influence upo n  these 
or para lle l  processes w h ich  p roduce the opposite results. Therefore, in 
this p a p e r  the concept an tiaux in  is used  for  co m p o u n d s  w h ich  inhibit 
shoot cell elongation a n d  stim ula te  roo t cell e longation w ithou t  the  
presence of externally  added  auxins. T h is  m eans th a t  antiaux ins  coun­
teract the  endogenous auxins  of plants.  L a te r  these concepts will be 
slightly altered, b u t  for the  time being they  will be used in this sense.

C om pounds w hich  inh ib it  one or b o th  of these tw o effects (auxin 
a n d  an t iau x in  effects) b u t  have no effect w h en  ad d e d  alone, are  called 
antagonists, aux in  an tagonists  or a n t ia u x in  an tagonists .  T h ey  antago­
nize on ly  externally  added growth-active  com pounds .  Thus , for example, 
an  aux in  m ay  be an tagon is t  to a n o th e r  auxin  (22, 44). Inactive com-
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p o u n d s  m a y  be au x in  an tagonis ts  as well as an tiaux in  an tagonists  (34. 
69, this paper) .

O f course n o th in g  prec ludes an  an tiaux in  fro m  also being an  a n ta g o ­
n ist (15). T h e  an t iau x in  m a y  coun terac t  bo th  endogenous aux ins  and 
ex te rna lly  ad d ed  ones. A ntagonist  is a m ore  com prehensive concept 
t h a n  an tiaux in . T he  coun terac tion  of an  an tagon is t  can be, e.g., inh ib i­
tion of the  abso rp tion  of an  aux in  or  an  an tiaux in , or it m a y  block the 
t ranspo r t .  T h u s  it is not necessary that they  interfere w ith  growth  
reactions.

H owever, the m a in  p rob lem  has  been to de term ine  the effects of the 
syn thetic  co m pounds  upon  the  natural  g row th  of roots, i.e., the ir  ac t i­
vity as aux ins  or an tiaux ins .  W h e n  only the ir  m orphological activities 
hav e  been no ted  a n d  not the ir  biochemical, the concept au x in  an d  
an t ia u x in  are  used from  a m orpho log ica l point of view. W h e th e r  the 
b iochem ica l  reactions w h ich  result in m orphological aux in  a n d  anti- 
au x in  effects also a re  para lle l  b u t  opposite reactions, so th a t  the  con ­
cept an t iau x in  can be applied  even from  this point of view, can  not be 
in fe rred  f ro m  th is  investigation. This m a y  no t necessarily  be the 
case (43).

1— 2. C e l l  E l o n g a t i o n .

T h e  substances w h ich  have  been tested here  inh ib it  or p rom ote  cell 
e longation of w h ea t  roots as has  been previously  described, o r  they  are 
inactive. An accoun t of th is  a n d  the references in the l i te ra tu re  w hich  
have  been availab le  to the a u th o r  will be given.

S u rvey  of the Literature.

The references in table 3 have been classified according to the different test 
methods, which are used in order to measure different kinds of elongation in 
plants. Growth tests which include growth phenom ena other than  elongation, 
e.g., initiation of roots, parthenocarpv, modification of organs, abscission, bud 
development, or seed germination have been placed in the last column. Growth 
substances which have been defined as auxins are m arked  off in italic type 
in the table. Compounds which have been defined as antiauxins, are m arked off 
in hold-faced type, and  inactive compounds in common type.

As is seen in the tab le  the  references from  the  l i te ra tu re  agree fa ir ly  
well. E very  c o m p o u n d  w h ich  decreases root cell elongation in this paper  
is w i th o u t  exception called an a ux in  in the literature.  W e i n t r a u b  repo rts  
2,4-1) as an  an tagon is t  to indoleacetic acid (59). To w h a t  ex ten t the 
g row th -inh ib it ing  co m p o u n d s  tested here  belong to one or m ore  groups
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Table 3. Survey o f  the a c tiv ity  o f  the com pounds, fo u n d  in the litera tu re  
and in the p resen t study. The references have been classified according to 
the different tests. Tests which not directly include cell elongation have been

Com pounds Avena
c u rv a tu re

T ypes of tests 

Avena cy linder Pea c u rv a tu r

1. cyclohexyloxyacetic  acid ...........................................
2. pheny lace tic  acid  ......................................................... 19, 50, 01 19,36,50,51,60,61,71 9, 19, 2 6 ,5 0 ,5 1 ,6(
3. phenoxyacetic  a c i d ......................................................... 41, 56 18, 25, 36, 41, 56, 58 18, 41, 48, 54*,
4. 2 -m ethy lphenoxyacetic  a c i d .......................................
5. 2 ,4 -d im ethylphenoxyacetic  acid  ..............................
6. 2 ,6 -d im ethylphenoxyacetic  acid  ..............................
7. 2 -ch lorophenoxyacetic  acid ....................................... 41, 56 18, 36, 41, 56, 58 18, 41, 48, 54, 5
8. 4 -ch lorophenoxyacetic  acid  ....................................... 41, 56 18, 25, 36, 41, 56, 58 18, 41, 48, 54, 57
9. 2 ,4-dich lorophenoxyacetic  acid .............................. 4, 18, 41, 56 6, 18, 32, 34, 35, 36 18, 41, 42, 48, 4

41, 56, 57, 58, 71 54, 58
10. 3 ,5-dich lorophenoxyacetic  acid  .............................. 58 49, 58*
11. 2 ,4 ,6 -trich lorophenoxyacetic  acid  ......................... 34, 36, 58 49*, 54, 57* 58
12. 2-m ethy l-4-ch lorophenoxyacetic  acid ................... 18, 41, 56 18, 41, 56 18, 41
13. 2 -m ethy l-6-ch lorophenoxyacetic  a c i d .....................
14. 2-m ethy l-4 ,6 -d ich lorophenoxyacetic  acid  ............ 20
15. 1 -naphthaleneacetic  acid  ........................................... 4, 5, 50, 61 50, 51, 60, 61, 71 267, 42, 50, 51,

54, 60, 61
16. 3-indoleacetic  acid ......................................................... 4, 5, 19, 27, 6, 19, 34, 35, 36, 47 9, 19, 24, 26, 42,

29, 47, 50, 61 50, 51, 60, 61, 71 49, 50, 51, 53, 60
17. 6 -chloro-3-indoleacetic  a c i d ....................................... 24

18. a -cyc lohexyloxyprop ion ic  acid  ..............................
19. a -ph en y lp ro p io n ic  a c i d ................................................ 26
20. a -p h en oxyprop ion ic  acid ........................................... 18, 41, 56 IS, 25, 41, 56 18, 41
21. a -(2 ,4 -d im ethy lphenoxy)p rop ion ic  acid  ..............
22. a - (2,6 -d im ethv lphenoxy)p rop ion ic  acid  ...........
23. a -(4 -ch lo ro p h en o x y )p ro p io n ic  acid ..................... 18, 41, 56 18, 41, 56 18, 41
24. u - (2,4 -d ich lo rophenoxy)p rop ion ic  a c i d ................ 18, 41, 56 18, 41, 45, 56 18, 41, 45, 48
25. a -(2 ,4 ,6 -trich lo rophenoxy)p rop ion ic  a c i d ...........
26. a -3-indo leprop ion ic  acid ........................................... 27, 28 28 26

27. a -cyc lohexyloxyisobutyric  acid  ..............................
28. a -phen y liso b u ty ric  acid .............................................. 26, 62
29. a -p h en o x y iso b u ty ric  a c i d ........................................... 18, 41, 56 18, 41, 56 18, 41
30. a -(2-m ethy lphenoxy) isobu ty ric  acid  .....................
31. a - (2,4 -dim ethylphenoxy) isobu ty ric  a c i d ..............
32. a- (4-fluorophenoxy) isobu ly ric  acid .....................
33. a -(4-ch lorophenoxy) isobu ly ric  acid ..................... 18, 41, 56 18, 35, 41, 56 18, 41
34. a- (4-brom ophenoxy) isobu ty ric  acid  .....................
35. a -(4 -io d o phenoxy)isobu ly ric  acid  .........................
36. u - (2,4 -d ich lo ro p h en o x y )iso b u ty ric  a c i d .............. 18, 41, 56 18, 35, 41, 56 18
37. a - (2,4,6 -trieh iorophenoxy) isobu ly ric  a c i d ...........
38. a- (2 -m ethy l-4 ,6 -d ich lorophenoxy)isobutyric  acid
39. a -3 -indo leisobu lyric  acid ...........................................
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c o llec ted  in the last  column. Auxins (sh oot  auxins) have  been m arked off in 
italic type  (00), an t iaux in s  (root auxins) in bold-faced type  (00), and inactive  

com pounds in co m m o n  type  (00). Sym bol:  * =  very w e a k  activity.

Types of tests

Pea
cy linder Root g row th Root cell elongation O ther g row th tests

Fig.
1 8
2 51 10, 69, 70 6 38, 67, 66
3 3*, 32, 39, 52*, 69, 70 15 6 18, 32, 40, 41, 56, 63*, 65*
4 52 6 22, 38
5 52 6 38, 63
6 11
7 31, 52 6' 18, 22, 31, 38, 40, 71, 56, 63, 65
8 31, 52 6 1, 18, 31, 38, 40, 41, 56, 63, 65
9 42 2, 3 , 31, 32, 39, 52, 67, 6 1, 7, 8, 18, 23, 31, 32, 38, 40, 41,

68, 69, 70 46, 56, 59, 63, 65
0 31*, 52 6 31
1 31*, 52 11 31, 38, 63
2 3, 52, 70 6 / , 7, 8, 18, 22, 38, 41, 46 , 56
3 52 13 22
4 52 11 22
5 42, 51 10, 39, 67, 68, 70 10A, 15, 16, 17 6 23, 32, 38, 53, 63, 67, 66

6 42, 51 3, 10, 30, 32, 33, 39, 67, 11, 12 12 23, 24, 32, 33, 38, 73, 53, 67, 66
68, 69, 70

7 6 27

8 8
9 10 7
0 69, 70 15 7 18, 38, 70, 71, 56, 63
1 7 38, 63
2 7
3 15 7 18, 38, 70, 71, 56, 63
4 70 15 7 18, 23, 38, 70, 71, 76, 56, 63
5 7 46, 63
) 10, 70 7 38

7 8
S 10 9
) 69, 70 14, 15, 17 9 18, 40, 41, 56
) 9
I 9
2 10
5 10 A, 12, 13, 14, 16 9, 10 18, 40, 41, 43, 56
t 10
) 10
5 14 9 18, 40, 71, 56
7 14 9
3 9
9 13, 14 9
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of activity a n d  —  if the  la tte r  shou ld  be the case —  the  re la tions o f  
these groups to each  o ther are  no t  to he d iscussed 011 the  basis of the  
present investigation.

Among the com pounds  w h ich  p rom ote  root cell elongation a n d  th u s  
are called an tiauxins ,  the following ones have  not been fou n d  in th e  
literature:

cyclohexyloxyacetic  acid 
a- (cyclohexyloxy) propionic  acid 
a- (cyclohexyloxy)isobutyric acid 
a- (2,6-d im ethylphenoxy) p ropionic  acid 
a- (2-methylphenoxy) isobutyric  acid 
a- (2 ,4-dimethylphenoxy) isobutyric  acid

Figs. 6— 11. Root cell elongation activitg in u. Cell e longation of con tro l  roots varies 
between 194 u a n d  251 p an d  is m a rk e d  with  ho r izon ta l  lines. C om pounds  which  
inhibit n o rm al  elongation  are  aux ins (shoot auxins),  an d  those which  increase cell 
elongation  to m ore  th an  251 p are an tiau x in s  (root auxins) .

Fig. 9. Isobutyric  acids.Fig. 6. Active acetic acids  (besides 
3-indoleacetic acid).

2. phenylacetic  acid
3. phenoxyacetic  acid
4. 2 -m ethylphenoxyacetic  acid
5. 2 ,4-dim elhylphenoxyaeetic  acid
7. 2-chlorophenoxyacetic  acid
8. 4 -chlorophenoxyacetic  acid
9. 2 ,4-dichlorophenoxyacetic  acid

10. 3 ,5-dichlorophenoxyacetic  acid
12. 2-methyl-4-chlorophenoxyacetic  acid 
15. 1 -naphthaleneacetic  acid
17. 6-chloro-3-indoleacetic  acid

Fig. 7. Propionic acids.

19. a -pheny lp rop ion ic  acid
20. a -phenoxyprop ion ie  acid
21. u-(2 ,4-dim ethy lphenoxy)prop ion ic  acid
22. a - (2,6-d im elhy lphenoxy)propion ic  acid
23. a -(4 -ch lo rophenoxy)p rop ion ic  acid
24. a -(2 ,4 -d ich lorophenoxy)prop ion ic  acid
25. a - (2,4,6-Ir ich lorophenoxy)prop ion ic  acid
26. a-3-indolepropionic  acid

Fig. 8. C yclohexy loxy  acids.

1. cyclohexyloxyacetic  acid
18. a -cyc lohexyloxypropionic  acid
27. a -cyc lohexyloxyisobutyric  acid

28. a -phenyl isobutyric  acid
29. a -phenoxyisohulyric  acid
30. a-(2-methylphenoxy) isobutyric 

acid
31. a-(2,4-dimethylphenoxy) isobutyric  

acid
33. a- (4-chlorophenoxy) isobutyric  acid
36. a - (2,4-dichlorophenoxy) isobutyric  

acid
37. a-(2,4,6-trichlorophenoxy) isobutyric 

acid
38. a-(2-methyl-4,6-dichlorophenoxy) - 

i sobutyric  acid
39. a-3-indoleisobutyric  acid

Fig. 10. Halogenated  isobutyric acids.

32. a -(4 -fluorophenoxy) isobutyric  acid
33. a- (4-chlorophenoxy) isobutyric  acid
34. a-(4-brornophenoxy) isobutyric  acid
35. a- (4-iodophenoxy) isobutyric  acid

Fig. 11. Inactive diorthosubst i tu ted  
phenoxyace tic  acids.

6. 2 ,6-dimethylphenoxyacetic  acid
11. 2,4,6-tr ichlorophenoxyacetic  acid
14. 2-methyl-4,6-dichlorophenoxyacetic  

acid
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a- (4-fluorophenoxy) isobutyric acid 
«- (4-bromophenoxy) isobutyric acid 
a- (4-iodophenoxy) isobutyric acid 
a- (2-methyl-4,6-dichlorophenoxy) isobutyric acid.

Cyclohexanealkylcarboxylic acids w ithout the oxygen bridge have 
been tested and found inactive.

W ith regard to the experiences of the purity  of grow th substances, 
reservations m ust be m ade for the activity of a- (2,6-dimethylphenoxy) 
propionic acid. Its m axim al cell elongation am ounted to 117 per cent 
(control =  100 per cent), i.e., it is lower than th a t of all other antiauxins. 
The result is, nevertheless, fairly  repeatable and does not depend upon 
irrelevant conditions. It is possible th a t the substance is inactive an d  
that the sam ple used contained a certain percentage of antiauxins as 
im purities. According to the definitions established this acid will un til 
further notice be called an antiauxin.

The following com pounds, w hich have been found to be antiauxins 
in this investigation, have been tested earlier but w ith diverging results:

1. Phenoxyacetic acid. W hen used in shoot tests phenoxyacetic acid 
has been found either inactive (18, 41, 48, 56, 58) or a weak auxin (36, 
41, 54, 63, 65). Twice an  inhibiting activity has been observed (25, 32). 
In root tests phenoxyacetic acid has in m ost cases been found inactive 
(15, 39, 69, 70). A u d u s  (3) has worked with inhibiting concentrations. 
These were high (30 p.p.m. and  100 p.p.m.) and  it cannot be decided 
whether the inhibition is a mere auxin activity or a toxic inhibition 
which is caused even by antiauxins and otherw ise inactive com pounds. 
L i n s e r  (32) has found a slight stim ulating effect upon root growth. 
In this investigation a m axim al cell elongation of 156 per cent was 
found (contro l= 100 per cent). Not even 3- 10-4 M acid caused inh ib i­
tion of cell elongation (Fig. 6). Inhibition of root growth has been 
observed and it depended wholly upon decreased cell m ultiplication 
(Fig. 16). Therefore phenoxyacetic acid is classified as an  antiauxin 
in this paper.

2. 3,5-dichlorophenoxyacetic acid. This acid has been found inactive 
o r practically inactive in shoot tests (49, 58). In root tests it is found 
to have inhibiting effects (31, 52). W hen studying epiderm al cell 
elongation of w heat roots 3,5-dichlorophenoxyacetic acid acts in the 
same w ay as phenoxyacetic acid, i.e., as an antiauxin. Maximal cell 
elongation was 353 p or 164 per cent (Fig. 6).

3. a - (2,4,6-trichlorophenoxy) propionic acid has been investigated by
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Fig. 12. Root length inhibition, caused by 3-indoleacetic acid, showing Ihe great 
variation between different identical treatments, depending on adaptation. o = v a lu e s  
of root length of plants, treated with substances 8, 9, 15, or 17, in per cent of 
the controls (co n tro l=  100). •  =  values of root length of plants, treated with 3-indole­
acetic acid. (......) represents treatm ents at the sam e occasion. The average curve
has been drawn (— ). The acid has about the same activity as substances 9, 15 and 17.

8. 4-chIorophenoxyacetic acid 16. 3-indoleacetic acid
9. 2,4-dichlorophenoxyacetic acid 17. 6-chloro-3-indoleacetic acid 

15. 1-naphthaleneacetic acid

S y n e r h o l m  and  Z im m e r m a n  in their tom ato tests and it caused no cell 
elongation (46, 63). In the present investigation this acid was active as 
an antiauxin. It caused a m axim al cell elongation of 301 u or 134 per 
cent (Fig. 7).

4. a -phenoxyisobutyric acids have been found to be inactive in shoot 
tests (18, 26, 35, 41, 56, 62) except in one case. The physiologists at 
W ye found a very weak auxin activity when using a- (2,4-dichloro- 
phenoxy)isobutyric acid (18, 41). In one case, in the root tests, 
a-phenylisobutyric acid is classified as not inhibiting (10). Nothing is 
said about possible positive effects. In all other cases the investigated 
isobutyric acids have been reported as antiauxins (10 A, 12, 13, 14, 15, 
16, 17, 43, 69, 70) as is the case in this paper (Figs. 8— 10).

Further Results.

The foregoing results led to fu rth e r studies, m ainly com parisons be­
tween the activity of the d ifferent com pounds, and of the different parts 
of the com pounds.

a. Substitutions of the side chain. — The acetic acids are thus either 
inhibitors or prom otors. Phenoxyacetic acids m ay be inactivated by 
diorthosubstitu tions of the ring. The propionic acids are also both in-
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hibitors and promotors. The isobutyric acids are all promotors. T hus  
the type of a cid chain does not alone determine the qualitative ef fect  
of the substance.

ß. Importance of the ring systems. — An effect which may determine 
qualitative activity is saturation of the ring system. The three acids w ith  
saturated rings, i.e., cyclohexyloxyacetic acid, a-cyclohexyloxypropionic 
acid and a-cyclohexyloxyisobulyric acid, promote cell elongation. The 
saturated acetic acid has a very weak activity. The propionic acid is 
more active and the cyclohexyloxyisobutyric acid has about the same 
activity as phenoxyisobutyric acid (Fig. 8). It m ay be mentioned in this 
connexion that decahydronaphthaleneacetic acid has no such anti- 
auxin activity.

One factor which influences the quantitative activity of the growth 
substances is the size of their ring system. The three 3-indolealkyl-  
carboxylic acids are more active (up to about 100 times) than the  
unsubstituted phenyl- and phenoxyalkyIcarboxylie ones, either they 
inhibit or promote elongation (Figs. 7, 9, 12). The effects of 3-indole- 
acetic acid is not accounted for in figure 6 or figure 16, because of its 
adaptative ability. Only total root growth has been plotted in figure 12. 
Although the values are fluctuating, root growth is inhibited by 3- 
indoleacetic acid to about the same extent as by 1-naphthaleneacetic 
acid.

The phenylalkylcarboxylic acids all have weak activity. Both phenyl- 
propionic and phenylisobutyric acid require higher concentrations than  
the corresponding phenoxysubstances in order to give the same effect 
(Figs. 7, 9). Phenylacetic acid is difficult to compare with phenoxy- 
acetic acid this way as the former inhibits and the latter promotes cell 
elongation, nevertheless their activities are weak.

y. Substitutions of the ring system.  — Even methylcition and halo- 
genation of the rings influence the activity of the compounds. Two 
types of comparisons have been made, firstly the activity of different 
substitutions within each of the three acid groups, secondly the activity 
of correspondingly substituted acids.

y1. Quantitative comparisons within each acid group. — The activity 
of the substituted phenoxycicetic acids may be divided into three groups 
(Table 4 A). The figures in this and the following tables (5— 8) should 
be only vertically compared. Each column represents one series.

To the first group belong 2-methyl-, 2,4-dimethyl-, and 4-chloro- 
phenoxyacetic acid.

To the second group belong 2,4-dichlorophcnoxyacetic acid (2,4-D)
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T ab le  4 A —C. The elongation  a c tiv ity  o f  su bstitu ted  phenoxy- an d  indole- 
acetic acids. The values are only vertically comparable. Control values — 194ji —

251 p (Fig. 1).

Table 4 A. Phenoxyacetic acids. Cell elongation in p. The acids are divided 
into three groups: (1) weakly  active, (II) highly active, and (III) inactive.

C om pounds
Molarity

3 • 1 0 - 7 3 • 1 0 - 7 3 • 10 - 7 10—G 3 • 10-«

I
2 -m ethy lphenoxyace tic  acid .......................... 192 192 132
2 ,4-dim ethylphenoxyacetic  acid ................. 234 180 177 108
4-chlorophenoxyacetic  acid .......................... 206 178 147 126

II
2 ,4-dichlorophenoxyacetic  a c i d ..................... 106 81 75
2-m ethyl-4-chlorophenoxyacetic  acid . 53 61

Ill
2-methyl-4,6-dichlorophenoxyacetic  acid 216 206 226

Table 4 is. Further com parisons between 2 ,4-dich lorophenoxyacetic acid  
(2,4-D) an d  2-m ethyl-4-ch loroph en oxyacetic acid  (methoxone). Cell e longa­

tion in p., showing methoxone as the more active inhibitor.

C om pounds
Molarity

10-8 3 ■ 1 0 - 8 i o - 7 3 • 1 0 - 7

2,4-dichlorophenoxyacetic  acid (2,4-D ) ..........................
2-m ethy l-4-ch lorophenoxyace tic  acid (m ethoxone) ...

238
213

184
136

166
70

80
56

Table 4 C. Indoleacetic acids. Chlorination increases the activity of 3-indole-
acetic acid.

Com pounds
Cell length 
in ji a t  M

Hoot growth in per cent 
of the controls at  M

3 • 10—8 i o - 7 i o - 8 3 • IO” 8 : 1 0 - 7 i o - 7

196 196 87 75 38 53
6-chloro-3-indoleacetic  a c id . . . 112 52 63 37 19 20

and 2-methyl-4-chlorophenoxyacetic acid (methoxone), both of which 
are more inhibiting than Ihe others (Table 4 A, Fig. 6). Some lesls have 
been m ade in order to investigate the differences between these two 
herbicides (Table 4 B). This has been done several times before by other 
physiologists (1, 3, 7, 8, 18, 38, 41, 46, 52, 56, 70). Their results are 
sometimes contradictory which m ay depend on different methods or 
plant material, on varying purity of the different samples, and also on
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Table 5. The cell elongation activity o f  substituted a-phenoxypropioriic acids. 
Cell e lo n g a t io n  in p. The v a lu e s  are only  vert ica l ly  com parable .  The acids are  

div ided  into tw o groups: (1) w e a k ly  active ,  and (11) h igh ly  active.

Compounds
Molarity

i o - 7 10” 7 3 • 1 0 - 7 1 0-6 IO“ 6 IO” '5 IO“ 6

I.
a-phenoxypropionie acid ......................
a- (2,4-dimethylphenoxy) propionic acid 
a-(4-chlorophenoxy)propionic acid . .

205
198
202

157
207
203

155

187

118
94

135

100

97

113
91

113

11.
a - (2,4-dichlorophenoxy)propionic acid 78 91 112

w hat they include in the concept of horm onal effects. In this investiga­
tion m ethoxone inhibited elongation of epiderm al cells of w heat roots 
m ore strongly than  2,4-D. Nevertheless total root growth was m ost 
inhibited by 2,4-D depending on decreased cell division.

To the th ird  group belongs 2-m ethyl-4,6-dichlorophenoxyacetic acid, 
which is inactive alone (Table 4 A). Even the other three d iorthosubsti­
tuted phenoxyacetic acids, i.e., 2,6-dimethyl-, 2-methyl-6-chloro-, and 
2,4,6-trichlorophenoxyacetic acid belong to this group (Figs. 11, 13). 
Com parisons between 3-indoleacetic acid and 6-chloro-3-indoleacetic 
acid show that even this chlorination increases the ability of inhibiting 
cell elongation (Table 4 C) (24).

T he phenoxypropionic acids m ay be classified in a sim ilar way into 
two grou])s. U nsubstituted phenoxypropionic acid, 2,4-dimethyl-, and 
4-chlorophenoxy propionic acid have about the same inhibiting activity 
upon cell elongation (Table 5, Fig. 7), w hereas 2,4-dichlorophenoxy- 
propionic acid is more strongly inhibiting. It is rem arkable that 2,4,6- 
trichlorophenoxypropionic acid is neither an  inhibitor, nor an inactive 
com pound as the corresponding acetic acid, bu t prom otes cell elongation 
(Fig. 7).

M ethylated and halogenated phenoxyisobutyric acids prom ote cell 
elongation as does the phenoxyisobutyric acid itself. This acid and the 
2-m ethyl-, and 2,4-dim ethylphenoxyisobutyric acids have about the 
sam e activity (Table 6). W hen chlorinated, the activity is increased. The 
4-chloro-, 2,4-dichloro-, 2,4,6-trichloro-, and 2-methyl-4,6-dichloro- 
phenoxyisobutyric acids are exemples of this (Table 6, Fig. 9). Those 
findings agree well w ith B u r s t r ö m ’s (14). One chlorine increases the 
effect of a-phenoxyisobutyric acid while further chlorination causes no 
fu rth e r increase. Thus the two diorthosubstituted phenoxyisobutyric
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Table  6. The cell elongation activity o f  substituted a-phenoxyisobutyric acids. 
The same plan as in table 5

C om pounds
Molarity

I O - 6 1 0 - (; 10-5

I.
a -phenoxy isobu ty r ic  acid ................................................ 249 224 320
a-12-m ethy lphenoxy) isobutyr ic  acid ............................ 223 236
a-(2 ,4 -d im ethy lphenoxy)isobu ty r ic  acid ..................... 247 248 319

II.
a -(4 -ch lo ro p h en o x y ) iso b u ty r ic  acid ..............................
a - (2,4-dichlorophenoxy) isobutyric  acid .....................
a- (2-methyl-4,6-dichlorophenoxy) isobutyric  acid . .

288
317

324
304
326

acids promote cell elongation as the diorthosubstituted propionic acids.
Even the effects of the other halogens, fluorine, bromine, and iodine 

in the pum-position on the ring of a-phenoxyisobutyric acid have been 
studied (Fig. 10). These three acids behaved as the chlorinated one and 
were all antiauxins. Their activity ranged as follows: J > B r> C l> F .  
The larger the ring, the greater the activity. This corresponds to the 
fact that  the indole compounds are more active than the phenyl com ­
pounds.

y2- Quantitative comparisons between correspondingly substituted  
acids. —  The activity of correspondingly substituted acids lias also 
been compared. 2,4-dimethyl-, 4-chloro-, and 2,4-dichlorophenoxy- 
acetic and  a-phenoxypropionic acids have been used. Their elongation- 
inhibiting ability is not significantly either qualitatively or quantita­
tively, when propionic acid has been used as side chain instead of acetic 
acid (Table 7).

From what has been recorded in the foregoing it appears that substi­
tution in 2-, in 4-, or in 2/ r  positions upon the ring may increase the 
activity of a growth regulator whether it is an inhibitor or a promotor.

The increase in activity of 2,4-dimethylphenoxypropionic acid com ­
pared with phenoxypropionic acid (Fig. 7) is greater than that  of 
2,4-dimethylphenoxyisobutyric acid compared with phenoxyisobutyric 
acid (Fig. 9).

The increase in activity obtained by using 2,4-dimethylphenoxyacetic 
acid instead of 2-methylphenoxyacetic acid (Fig. 6) is greater than the 
increase obtained with 2,4-dimethylphenoxyisobutyric acid instead of 
2-methylphenoxyisobutyric acid (Fig. 9).
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Table 7. Com parison between correspondingly su bstitu ted  phenoxyacetic an d  
oi.-phenoxypropionic acids, showing that there is no difference in cell e lon ga­
tion activity between the corresponding acids. The sam e plan as in tables 5 —6.

Com pounds
Molarity

8 • t o - 7 3 ■ 1 0 - 7 i o - G 10-6 l O - 6 3 • 1 0 -6 10 6

2,4-dim ethylphenoxyacetic  a c i d .................... 234 191 96 108 69 44
a- (2 ,4-dim ethylphenoxy)propionic  acid . . 207 173 96 91 30 37

4-chlorophenoxyacetic  a c i d ............................ 20« 139 126
a- (4-chlorophenoxy) propionic  acid ........... 203 187 113

2.4-dichlorophenoxyacetic  acid .................... 106
a - (2,4-dichlorophenoxy) p rop ion ic  acid . . . 112

The increase in activity of 2,4-dichlorophenoxyacetic acid compared 
with 4-chIorophenoxyacetic acid (Fig. 6) or the increase with 2,4- 
dichlorophenoxypropionic acid compared with 4-chlorophenoxypro- 
pionic acid (Fig. 7) are both significant, while there is no increase in 
activity of 2,4-dichlorophenoxyisobutyric acid compared with 4-chloro- 
phenoxyisobutyric acid (Fig. 9).

The greatest quantitative difference in activity between two phenoxy-  
acetic or a-phenoxypropionic acids is brought about when a A-chlori- 
nated acid is changed to a 2,4-dichIorinated one, but when using  
phenoxyisobutyric acids the greatest increase is found between the 
unsubstituted acid and the 4-chlorinated one. Thus the ring substiiu- 
lions employed here give greater effects in phenoxyacetic and 
a-phenoxypropionic acids than in a-phenoxyisobutyric acids. This 
m ay depend upon the balance between the hydrophilic and lipophilic 
parts of the different molecules (53, 54).

3. A n t a g o n i s  m.

There is another group of compounds which has been investigated, 
the diorthosubstituted phenoxyacetic acids. In the literature (Table 3)
2.4.6-trichlorophenoxyacetic acid is classified either as inactive (31, 34, 
36, 54, 57, 58, 63) or as an auxin (31, 38, 49, 52, 58); 2-methyl-
4.6-dichlorophenoxyacetic acid is reported as inactive (20, 22, 52) and
2.6-dimethylphenoxyacetic acid has not been found in the literature. 
In this investigation these acids did not exhibit any activity other than 
toxicity. They do not influence cell elongation in non-toxic concentra-
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Fig 13. The  activity  of impure  and  puri f ied  
2-mcthyl-6-chlorophenoxyacetic  acid. The 
s trongly decreased values in the c o n c e n t r a ­
tions of 1O -0 M a n d  10—5 M  a re  results  
w ith  the sam ple  used by H a n s e n  (22) .  The 
two upper  curves are  results  of a purif ied  
sample, showing no grow th  effects b u t  only 
toxicity in a 10—4 M  so lution. RG=^=root
growth. CL =  cell length.  CN =  cell num ber.  

-6  -5 -A log M

j  100

o CN

50

lions. The cells elongate as control cells until the plants are poisoned 
and  killed (Fig. 11).

The 2-methyl-6-chlorophenoxyacetic acid is classified as an auxin in 
the list of T h o m p s o n  el al. (52). The au thor found in an earlier in ­
vestigation of hers (22) that this acid was active in the same way as 
methoxone, i.e., it acted as an auxin. But in the present investigation 
the acid caused no growth effect but toxicity. W hen this was studied 
more closely it was found that the sample which was used in the former 
investigation still gave rise to auxin effects. W hen the test was repeated 
with a carefully purified sample from Dr. J ö n s s o n ,  these auxin effects 
wholly disappeared (Fig. 13), and therefore they m ay be ascribed to 
impurities in the first sample. Concerning cell elongation of wheat roots 
2-methyl-6-chlorophenoxyacetic acid seems to be inactive.

W hen a diorthosubstituted phenoxyacetic acid is added together with 
an auxin, the auxin-induced growth of Avena coleoptiles is competitively 
inhibited (34, 35). In the present study the inactive 2-methyl-4,6- 
dichlorophenoxyacetic acid has been added together with the antiauxin  
a- (2-methyI-4,6-dichlorophenoxy)isobutyric acid and the result was the 
same. This was also performed with another cultivation m ethod with 
the same result. The antiauxin-induced cell elongation of wheat roots 
was inhibited by the acetic acid. Both acids were added in the same 
concentrations (Fig. 14). Because of these results 2-methyl-4,6-dichIoro- 
phenoxyacetic acid is called an antagonist against the corresponding  
a-isobutyric acid.

The same test has been repeated with 2,4,6-trichlorophenoxyacetic 
acid which is inactive by itself and  the antiauxin a-(2,4,6-trichloro- 
phenoxy) propionic acid. The result was not the same as in the form er 
experiment. The antiauxin activity of the propionic acid was not altered
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Fig. 14. Inactive  d ior thosubst i tu ted  
phenoxyace t ic  acid is antagonistic  to 
the correspondingly  substi tu ted  phen-  
oxyisobutyr ic  acid but not to the p ro ­
pionic acid  (which bo th  are  an tiaux ins  
=  roo t  auxins) .  In the mixed solu t ions 
(b roken curves) the acids are used  
in equal concen tra t ions .  Cell e lo n g a ­
tion in q.
11. 2,4 ,6-tr ichlorophenoxyacetic  acid 
14. 2-m ethyl-4,6-dichlorophenoxyacetic  

acid
25. a- (2,4,6-tr ichlorophenoxy) p rop ion ic  

acid
38. a -(2 -m ethyl-4 .6-dichlorophenoxy)- 

isobutyric  acid

by the acetic acid. Therefore 2/ t ,6-trichlorophenoxy acetic acid is not an 
antagonist against the corresponding a-propionic. acid. Perhaps the 
results can be generalized to the extent that we are allowed to call 
d iorthosubstitu ted  acetic acids antagonists to elongation-prom oting 
isobutyric acids but not to elongation-prom oting propionic acids. But 
they are not antiauxin  antagonists in general. The results give rise to 
doubts th a t these propionic and isobutyric acids are antiauxins of the 
sam e type. The shapes of the curves of the propionic and isobutyric 
acids are also different. The propionic acid curves lack a pronounced 
peak at an  optim al concentration. It m ust also be kept in m ind th a t 
these results are restricted to epiderm al cell elongation of w heat roots.

4— 5. G e o t r o p i s  m s.

The alterations of geotropism, w hich have been described under 
Growth Observations, are related to com pounds w hich above has been 
defined as antiauxins.

Thus the three acetic acids, cyclohexyloxyacetic acid, phenoxyacetic 
acid and  3,5-dichlorophenoxyacetic acid, and two propionic acids, 
a-cyclohexyloxypropionic acid and a- (2,4,6- trichlorophenoxy) propionic 
acid caused increased positive geotropism. No such increase was caused 
by a- (2,6-dim ethylphenoxy)propionic acid. Its m axim al antiauxin  acti­
vity was also less than  the other antiauxins (Fig. 7). F inally  all the 
th irteen a-isobutyric acids increased the positive geotropism  of roots. 
Thus increased positive geotropism appears in non-toxic concentrations 
and together with increased cell elongation.
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C E L L  L E N G T H  C E L L  N U M B E R
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Fig. 15 B.Fig. 15 A.

Fig. 15. »A g eo tro p ism ». 15 A: cell e longation  an d  15 B: cell n u m b er of roo ts, trea ted  
w ith  su b stances, causing  »ageotropism ». V alues in  p e r cen t of the co n tro ls (contro l 
=  100). Cell e lo n g a tio n  is accelerated , even if the  m ax im um  of the curve has been 
passed . T he freq u en cy  of cell m u ltip lica tio n  is rap id ly  sinking, ind ica ting  increasing  

toxic ity . o = n o  »ageotropism ». ® =  »ageotropism ».
3. ph en o x y ace tic  acid 

10. 3 ,5 -d ich lo rophenoxyacetic  acid 
25. a -(2 ,4 ,6 -trich lo ro p h en o x y )p ro p io n ic  acid  
29. a -p h en o x y iso b u ty ric  acid 
39. a -3 -in d o le iso b u ty ric  acid

Only some ol' the compounds which increase the positive geotropism 
are in higher concentrations able to cause »ageotropism» (Results 15). 
Thus the cyclohexyloxyalkylcarboxylic acids are unable to do so. Among 
the aromatic compounds three unsubstituted ones, i.e., phenoxyacetic 
acid, a-phenoxyisobutyric acid, and a-3-indoleisohutyric acid cause loss 
of geotropism. F urtherm ore  3,5-dichlorophenoxyacetic acid and a - (2,4,6- 
trichlorophenoxy) propionic acid have this ability (but not a - (2,6- 
dimethylphenoxy)propionic acid!); a-phenylisobutyric acid and  the 
substituted a-phenoxyisobutyric acids lack this activity. Thus besides 
their ef fect  on other physiological processes these five compounds first 
give rise to an increase of the positive geotropism of wheat roots, then 
cause »ageotropism».

17 B ota n iska  N o t i s e r  195i.
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A com m on quality of these compounds is their w eak toxicity. As is 
seen in figure 15 A cell elongation of the roots is accelerated by the 
concentrations which cause ageotropism. This is the case even if the 
m axim um  of the curve has been passed. The frequency of cell division 
is, nevertheless, lower th an  cell elongation (calculated in per cent of the 
control values). Often it is less than  the control and falls rap id ly  (Fig. 
15 B). This phenom enon occurs when an an tiauxin  is used in toxic 
sublethal concentrations (Results I 6 and 17).

6. C e l l  M u l t i p l i c a t i o n .

In concentrations w hich do not cause visible toxic sym ptom s the 
acetic and  a-propionic acids w hich are auxins (Table 3), inh ib it cell 
m ultiplication (Fig. 16, 17). There are no differences in cell m ultip lica­
tion between 2,4-dim ethylated phenoxyacetic and a-phenoxypropionic 
acids (Table 8). C hlorination of the ring system increases the effect 
of the acetic acids. The d iorthosubstituted phenoxyacetic acids, w hich 
have no cell elongation activity, do not interfere w ith cell division until 
toxicity occurs (Fig. 21). The antiauxins, i.e., the cyclohexyloxyalkyl- 
carboxylic acids (Fig. 18), phenoxy- and 3,5-dichlorophenoxyacetic acid 
(Fig. 16), a-(2,6-dim ethylphenoxy) - and a-(2,4,6-trichlorophenoxy) - 
propionic acid (Fig. 17), a-phenylisobutyric acid and  all the 
a-aryloxyisobutyric acids (Figs. 19, 20) either do not alter or they 
accelerate the rate of cell division. F inally  all the grow th substances 
tested here inhibit cell m ultiplication in toxic concentrations.

The ability to cause cell m ultiplication or increase the rate thereof is 
considered to be one of the qualities of an auxin.

Nevertheless in this investigation the antiauxins accelerate the rate 
of cell m ultiplication, while the auxins re tard  it. This will be discussed 
later.

Figs. 16— 21. Root cell mult ip l ica t ion  activ ity  in pe r  cent of the con tro ls  (control =  
100). T he  aux ins (shoot auxins)  a lways decrease cell m ult ip licat ion  of roots, while 
the a n t iau x in s  (root auxins) do no t  decrease  bu t  even can increase  cell mult ip licat ion  
in non- tox ic  concentra t ions .
Fig. 16. Active  acetic acids  (besides 3-indoleacelic  acid). The  same acids as in fig. 6. 
Fig. 17. Propionic  acids. The  sam e acids as in figure 7.
Fig. 18. C yclohexy loxy  acids. The sam e acids as in figure 8.
Fig. 19. Isobutyr ic  acids. The  same acids as in f igure 9.
Fig. 20. Halogenated  isobutyr ic  acids. The same acids as in f igure 10.
Fig. 21. Inac tive  diortho subs ti tu ted  phenoxyace t ic  acids. The  sam e acids as in fig. 11.
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Table 8. Cell num bers o f  ro o ts  trea ted  w ith  correspon d in g ly su b stitu ted  
phenoxyacetic and a-phenoxypropionic acids. Chlorination (even  with o n e  

chlorine) increases  the inhibiting activ ity  of the a cet ic  acids.

C om pounds
Molarity

3 • 1 0 - 7 3 • 1 0 - 7 1 0-« 10-« 10-6 3 • 10 6 I O - 5

2 ,4-dimethylphenoxyacetic  a c i d ....................
a - (2,4 -d im ethy lphenoxy)prop ion ic  acid . .

215
223

173
164

215
187

187
115

132
187

43
43

4-chlorophenoxyacetic  a c i d ............................
a -(4-chloroplienoxy) p rop ion ic  acid ...........

165
211

94
143

68
117

2,4-dichlorophenoxyacetic  acid ....................
c i-(2 ,4-dichlorophenoxy)propionic acid . . .

102
170

7. T o x i c i t y .

The morphological phenomena which have been described above as 
indicating toxicity depend on the structure of the compound in so far 
that methylation and chlorination in 4- and 2,4-positions increase the 
toxicity which all these compounds exert. This increase is greater when 
using auxins than  antiauxins (Table 9). W hen a phenoxyalkyl- 
carboxylic acid is substituted in its 2,6-positions such an increase does 
not occur, if the compound is inactive as the acetic acids or an anti- 
auxin as the propionic and isobutyric acids. Therefore this increase of 
toxicity can not only be dependent on some decomposition of the mole­
cule. The 2,6-substituted compounds show that the structure of toxic 
growth regulators must fulfil the requirements for special growth p ro ­
cesses, e.g., have auxin activity, in order to cause increased toxicity. 
It is hardly likely that  this depends upon differences of the dissociation 
of the compounds (14). The problem is still very vague and undefined.

The toxic activity of antiauxins and  their cell elongation activity do 
not seem to be related to each other. The cell elongation activity of 
a-phenoxyisobutyric acid is about 30 times weaker than  that of a-3- 
indoleisobutyric acid while their toxicity is found within the same 
range of concentration (Fig. 9). Their elongation curves have quite a 
different appearance on account of this. The curve for a-phenoxyiso- 
butyric is steep and has a m arked maximal point, the curve for a-3- 
indoleisobutyric acid is less steep and that for a-(2,4,6-trichlorophenoxy)- 
propionic acid (Fig. 7) is horizontal within a certain range and  has thus 
no m axim um  at all. The elongation activity of a-phenylisobutyric acid 
(Fig. 9) is very weak and its curve is soon interrupted by the great 
toxicity of the compound.
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D iscussion.

I. Auxin Theories.

There are six m ore or less diverging theories of the problem  stru c­
tu re— activity. These theories will not be com pared here; only that w hich 
is relevant to each theory will be discussed. It should be kept in m ind 
th a t the experim ental m ethods upon the results of w hich these theories 
are based, are not uniform .

1. The present results support the structu ra l requirem ents for activity 
given by K o e p f l i ,  T h i m a n n ,  and W e n t  (26) in so fa r th a t all auxins in 
this investigation fulfil these requirem ents, but they are not applicable 
to cell elongation activity in general. They do not hold good for cell 
elongation of roots, as the three cyclohexyloxyalkylcarboxylic acids a re  
active, although lacking double bonds in  the ring (they increase the 
g rand  period of cell elongation of roots). Moreover, a num ber of substan­
ces which fulfil their requirem ents for auxins have been found here to  
be either antiauxins or inactive. A ntiauxins are phenoxyacetic acid, 
3,5-dichlorophenoxyacetic acid, a-(2,6-dim ethylphenoxy) propionic acid, 
a- (2,4,6-trichlorophenoxy) propionic acid and  all the thirteen a-isobu- 
iyric acids. Inactive substances are the four d iorthosubstituted phenoxy­
acetic acids.

This study has shown th a t there are other kinds of cell elongation 
activities am ong grow th substances than  auxin activity. They seem to 
have different s tructu ra l requirem ents.

2. A physico-chem ical theory of s tructure and  activity has been 
evolved by V e l d s t r a  (53, 54 ) .  L ater he has revised and discussed the 
results of other physiologists (55). The present au tho r can not decide 
to w hat extent her results confirm  or contradict his theories, when she 
has not studied the special physico-chem ical qualities of the com pounds 
used. However, V e l d s t r a  finds that it is not the structure of the entire 
m olecule bu t a very special com bination of active groups in that m ole­
cule that is of p rim ary  im portance. The present results support th is 
conclusion.

3. H a n s g h  a n d  M u i r  (20, 21, 36, 37) h a v e  f o u n d  t h a t  c e r t a i n  g r o w t h -  
a c t i v e  s u b s t a n c e s  c a n  b e  i n a c t i v a t e d  b y  d i o r t h o s u b s t i t u t i o n ,  a n d  w i t h  
t h i s  a s  a  b a s e  t h e y  h a v e  l a i d  d o w n  t h e i r  t w o - p o i n t  a t t a c h m e n t  t h e o r y .  
M c R a e  a n d  B o n n e r  (34, 35) h a v e  t r i e d  to  e x p l a i n  t h i s  t h e o r y  k in e t i -  
c a l l y  a n d  h a v e  i n c l u d e d  a n t i a u x i n  a c t i v i t y  a n d  a n t a g o n i s m  in  t h e  t h e o r y .

According to this theory diortho-substituted acids and  a-arylisoby- 
ty ric  acids block auxin at either of the two attachm ent points by steric
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h indrance. But in this investigation the a-isobutyric acids counteract 
endogenous auxins while the diorthosubstituted acetic acids do not 
com pete with them  bu t w ith the a-isobutyric acids. This indicates that 
blocking of the ring and  blocking of the side chain belong to different 
reactions. In  this study the diorthosubstituted acetic acids have no in ­
fluence upon root cell elongation and  this corresponds w ith the results 
of H a n sc h  and  M u i r . However, both the com pounds phenoxyacetic 
acid and  3,5-dichlorophenoxyacetic acid, w hich according to the two- 
point a ttachm ent theory should be auxins as both their attachm ent 
points are free, are antiauxins. This theory does not explain why 
d iorthosubstitu ted  a-phenoxypropionic acids are antiauxins while cor­
responding acetic acids are inactive antagonists and nor why these ace­
tic acids antagonize diorthosubstitu ted  a-phenoxyisobutyric acids but 
not d iorthosubstitu ted  a-phenoxypropionic acids.

4. The p ar a-theory  of L e a p e r  and  B i s h o p  (31) is not applicable to 
an tiaux in  activity as 3,5-, 2,6-, and  2,4,6-substituted antiauxins are not 
inactivated (Figs. 6, 7, 9).

5. The W ye school requires three receptor centres for activity, the 
two w hich are postulated  under point 3 and m oreover one at a h y d ro ­
gen atom  attached  to the a-carbon atom (57). They have used several 
different tests an d  have found a-aryloxyisobutyric acids inactive in 
these tests (in exceptional cases a weak auxin activity has been obser­
ved). These com pounds are active as antiauxins in our root cell elonga­
tion tests. Leaving this out of consideration other exceptions have been 
found. According even to the three-point a ttachm ent theory phenoxy- 
acetic acid and  3,5-dichlorophenoxyacetic acid should be auxins, not 
antiauxins as here.

6. T h im a n n  has critically reviewed these thories (49) and found 
qualities in com m on. He explains the activity of a com pound by the 
qualitites of the constituents of the molecule and their influence upon 
each other. He classifies 2,4,6-substituted phenoxyacetic acids as weak 
auxins an d  3,5-dichlorophenoxyacetic acid as inactive. Thus the p re ­
sent results are not corresponding as the 2,4,6-substituted acids are 
inactive and the 3,5-substituted one is active as an antiauxin.

As is seen none of these theories can satisfactorily explain the present 
results. All six theories are founded on different shoot tests w ithout 
attem pts to identify  grow th phenom ena w hich have been studied, i.e., 
elongation in all kinds of shoot tissues without considering the d ifferen t 
growth processes w hich compose cell elongation (17). Some investiga­
tions have been based on total root growth or root cell elongation. As
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to cell m ultiplication, geotropism  and  other groups of grow th processes 
they have been poorly studied.

It is rem arkable that it is chiefly Ihe activity of certain  particular 
compounds, which does not agree w ith m ost of these theories. These 
compounds are above all phenoxyacetic acid, 3,5-dichlorophenoxyacetic 
acid and diorthosubstitu ted  a-phenoxypropionic acids. Nevertheless 
these theories m ay all be of some value if the concept activity is restric­
ted to auxin activity, defined as a prom otion of shoot cell elongation. 
Sim ilar but not identical laws m ay control the activity of root cell 
elongation. Auxins inhibit elongation of root cells. On the other hand  
compounds w hich accelerate elongation of root cells do not necessarily 
inhibit that of shoot cells (Table 3). There are com pounds such as 
3,5-dichlorophenoxyacetic acid and  a-aryloxyisobutyric acids which are 
inactive on shoots and accelerate elongation of roots. W hen a com pound 
is called active, the k ind  of activity should be stated. W hen it is said 
that only com pounds w ith an unsatu ra ted  ring system are active, active 
m eans prom oting grow th of stems. In this investigation the three com ­
pounds which have a saturated  ring system  are active, i.e., they p ro ­
mote cell elongation of roots.

These different kinds of activity em phasize one point. It is necessary 
to try  to solve the m any problem s of growth before the relation of 
structure — activity can he cleared up. V e l d s t r a  says (55): »The p ro ­
blem of structure —  activity will not be completely solved as long as 
our knowledge of the natu re of action is so m uch less than  that of the 
structure».

Prim arily  m orphological observations should be m ade and  referred 
to their different physiological actions, and, when these are known and 
well defined, the structure of the com pounds influencing each of these 
actions m ay be established. No fu rther theory will be laid down here, 
but an attem pt will be m ade to refer the growth observations, which 
have been carried out, to their physiological actions and  some special 
relations will be discussed.

II. Physiological Actions and Their Interrelationships.

The seven grow th observations can be referred to a few physiological 
groups of actions. These are auxin activity, antiauxin  activity, an tago­
nism and toxicity. Auxin activity includes decrease of cell elongation 
and cell m ultiplication in roots. Antiauxin activity includes increase of 
cell elongation, cell m ultiplication, and positive geotropism. Antagonism
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is the ability to re tard  or block these two kinds of actions and does not 
necessarily belong to the growth processes. This is underlined by the 
fact that  antagonists sometimes act only upon externally added growth 
substances. Toxicity  should, from a physiological point of view, be 
decomposing, destructive processes which do not belong to genuine 
growth processes, but it can not be separated from every growth action 
in this paper. Here it includes decreases of cell elongation and cell multi­
plication and perhaps also the »ageotropism».

This classification cannot simply be used due to the relations which 
exist between these groups of actions. Both auxin and antiauxin acti­
vity include cell elongation and cell multiplication of shoots and  roots. 
The first problem which arises will then  be the relations which exist 
between these kinds of elongation and  multiplication.

E l o n g a t i o  n— M u l t i p l i c a t i o n .

Auxins promote cell elongation of shoots. If the constitution of the 
cells permits, they can also cause stimulation of mitosis and cell divi­
sion. We can reason in the same way concerning the antiauxin activities 
as regards roots. But the increased cell num ber will only appear if no 
inhibiting factor is present (17). This m ay  explain the variation of cell 
multiplication which has been described in Results I 6. The increase 
in cell elongation of roots will appear chronologically after the cell 
multiplication.

Multiplication and  elongation should as a m atter of principle he kept 
apart  when growth is studied, as they represent two physiologically 
quite different processes. This principle is not invalidated by the fact 
that some growth compounds act upon  both processes, but it is the 
reason why total root growth is no good measure of activity of growth 
substances.

Total root growth can apparently be stimulated only to a certain 
limit (200 per cent) by cooperation of multiplication and elongation 
depending on nutrition and other conditions. If cell multiplication is 
increased by an antiauxin (at a high nitrogen concentration as is used 
here), elongation can seemingly be substituted by multiplication 
(10 A, 17).

Acceleration of cell multiplication as well as of cell elongation is 
a ttributed to the auxin effects. The acceleration is changed to inhibition 
in roots depending on superoptimal concentration of na tu ra l  auxin. 
W hen further auxin is added externally the elongation will be still
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strongly inhibited. The reported inhibition of m ultiplication cannot be 
distinguished from  th a t type of inhibition, which is a sign of toxicity. 
It m ay be the very first sym tom  of toxicity. If this is the case the ability 
to stim ulate cell m ultiplication will be a genuine quality of auxins. 
The com pounds w hich here are classified as antiauxins should then be 
antiauxins only as regards elongation and auxins as regards m ultip lica­
tion. The definition of antiauxins has also been based only on the 
elongation activity of the compounds. If the same com pound exerts a 
d ifferent influence upon the two processes, m ultiplication and  elonga­
tion, this is another reason for differentiation until their definite re la­
tions have been classified.

This in terpretation gives us a possibility of applying the growth 
terminology, now in use for shoot growth, even to root growth. Then 
auxins can be called shoot auxins and the com pounds, w hich up to now 
have been called antiauxins can be called root auxins. Shoot auxin in­
creases elongation of shoot cells and root auxin increases elongation of 
root cells. Both accelerate cell multiplication in their respective organs. 
if the conditions perm it, and  both increase the tensibility of the cell wall 
(17). Thus shoot and root processes, which are morphologically alike, 
will be uniformly nominated.

Nothing in this view is contradicted by the fact th a t shoot and root 
auxins antagonize each other in certain cases. This corresponds with the 
thought that there are twTo kinds of growth, w hich have m uch in com ­
mon, but are not identical. O ther supporting evidence is the influence 
of root auxins upon geotropism (cf. R u f e l t  43).  If there is one m aster 
reaction, influenced by additional factors (48), or if there are various 
equal reactions, cannot be definitely decided.

These lines of thought are lim ited by the fact that not even cell 
elongation and cell m ultiplication are single growth processes but two 
groups of processes. The different com ponents, w hich contribute to each 
group m ust be isolated and  defined before the growth concepts can 
be finally  established. At the present stage, however, the concepts shoot 
and  root auxin seem to be appropriate.

S h o o t  a n d  R o o t  A u x i n  E f f e c t s  — T o x i c i t y .

A nother problem  is the relations between, on the one hand, the 
grow th effects of shoot and root auxins and, on the other hand, their 
toxicity. It has earlier been shown th a t both shoot and root auxins inhibit 
cell elongation and m ultiplication in toxic concentrations. They inhibit
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not only their respective organs, but shoot auxins inhibit both elongation 
and multiplication of roots and root auxins inhibit — when toxic — the 
growth of the shoots. The effects of shoot auxins on roots cannot be 
separated from toxicity. They increase the cell wall tensibility, which 
is a real auxin function (17) in the same concentrations as the inhibi­
tions appear, which m ay be toxic signs depending upon overdosage.

The higher the concentration of a shoot auxin used in a root test, the 
shorter the grand period of root cell elongation. Finally elongation 
amounts only to about 40 p. F u rther increase of concentration causes no 
further inhibition before lethal concentration is reached. Thus some 
elongation remains which is not affected by these compounds. There is 
a natural explanation to this. The volume of living dividing cells must 
be enlarged to a certain limit by swelling of the cell content, which m ay 
go on independently of the influence of growth compounds upon the 
cell elongation proper. W hen studying shoot auxin antagonism in root 
tests, e.g., the interaction between 2,4-D and  an antagonist, it is inexpe­
dient to supply 2,4-D in too high a concentration. If growth is reduced 
so much that only this independent growth remains (69, 71), the effect 
of the antagonist is computed relative to the residual growth, which 
probably does not imply any real elongation but actually a zero value.

Root auxin effects on roots can be separated fairly well from toxicity. 
The growth functions of unsubstituted root auxin appear in different 
concentration areas while their toxicity appears within the same high 
concentrations. F urtherm ore  elongation and toxicity depend on ring 
substitutions in different ways. The real growth effects are stimulating  
functions, while the toxic ones are inhibiting.

One growth observation, »ageotropism», appeared only in toxic con­
centrations, proceeded by increased positive geotropism. A certain high 
concentration was required in order to give rise to this phenomenon. 
Perhaps it m ay only appear when using root auxins of weak toxicity. 
Other more toxic root auxins which increase the positive geotropical 
response m ay kill the plants before »ageotropism» appears. »Ageo­
tropism» m ay also depend on the chemical structure of just those com ­
pounds which cause it. It can not be said whether »ageotropism» 
depends on an increase of a negative geotropic reaction or loss of the 
ability to react geotropically (cf. R u f e l t ).

Thus from the different functions only the two kinds of auxin effects 
and toxicity remain. The auxin types are shoot auxin and root auxin, 
both stimulating elongation and multiplication in their di f ferent  plant
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parts. The root auxins are furthermore able to increase the positive 
geotropism of roots. All other observations can be referred to toxicity 
or to processes which are not real growth functions.

Summary.

The influence of about 40 com pounds on the grow th of w heat roots has 
been studied. Their effects appeared as decreased and increased cell elonga­
tion, antagonism  against externally added grow th substances, increased p o si­
tive geotropism, »ageotropism», decreased and increased cell m ultip lication , 
and toxicity. These d ifferent m orphological observations have been described 
separately and after a survey of the literature have been related to the s tru c ­
ture of the d ifferent com pounds. The agreem ent of these kinds of influence 
with six more or less divergent growth theories has been discussed. None of 
these theories w holly explains the results obtained. Yet all of them  are valid 
to a certain extent if they are restricted to auxin activity in shoots.

The different m orphological observations can be referred to some few real 
grow th processes, and the grow th active substances have been classified accor­
ding to these. Real grow th processes are increased cell elongation and cell 
m ultiplication, and, fu rtherm ore, increased positive geotropism . Decreased 
cell elongation and ceil m ultiplication, antagonism , »ageotropism», and toxi­
city cannot w ithout reservations be included in real growth. Auxins exert in ­
hibiting effects in roots w hich have been in terpreted  as overdosage and cannot 
be separated w ith certain ty  from  toxic inhibitions. Com pounds h itherto  classi­
fied as antiauxins, owing to their ability to counteract root inhibitions of 
auxins, have the same effects in roots as auxins in  shoots. A ntiauxins increase 
cell elongation and cell m ultip lication  in roots, if conditions perm it, and cause, 
furtherm ore, increased positive geotropism . Antagonists are com pounds, w hich 
counteract the effects of externally added auxins or antiauxins, w ithout having 
any real growth effects of their own.

According to these data the concept shoot auxin has been introduced instead 
of auxin and the concept root auxin instead of antiauxin. Thus processes in 
shoots and roots, w hich are m orphologically alike, will be uniform ly nom inated.
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Diatomeen und einige andere Algen aus dem 
»de Hoek »-Reservat in Nord-Transvaal.

Von B. J. C h o l n o k y .
U n iv e rs i te i t  v a n  P re to r i a .

Auf einer E xkursion m it dem H errn Prof. Dr. R. K r a e u s e l  aus 
F ran k fu rt a.M. h a t Prof. Dr. H. G. S c h w e i c k e r d t  (Pretoria) in dem 
»de Hoek »-W aldreservat in der Nähe des Debegeni-W asserfalles im 
Zoutpans-Gebirge aus aéropliytischen und halb-aérophytischen, saueren 
(pH =  5,6) S tandorten 17 Algen- und M oosproben gesammelt, von denen 
einige wichtige Aufschlüsse besonders über die Diatomeen-Gesellschaf- 
ten ähnlicher, tropischer Standorte aus einer bisher gänzlich unbekann­
ten Gebiete lieferte.

Die Proben, von denen n u r eine die Bestim m ung des pH ’s erm ög­
lichte, w aren die folgenden:

1. »Triefende, schattige, vertikale Felswand. Debegeni.» — Typisch halb- 
aerophytisches M aterial, dessen H auptm enge durch  die Cyanophyta gebildet 
w ird. In der so gebildeten gallertigen Masse lebt auch eine sehr individuen­
reiche D iatom eenassoziation und einige wenige Desmidiazeen.

2. »In stark fliessenctem W asser. Felsplatten  m it Podostem onaceen. Debe­
geni.» — Zwischen den Stengeln und B lättern der Podostem onacee habe ich 
ausser einiger vegetativen Spirogyra -Fäden n u r Diatom een gesehen.

3. »Triefende Felsen. Schatten. Debegeni.» — Das M aterial w ird durch  ein 
lockeres M oosrasen gebildet, in welchem ausser der M icrochaete trcinsvaalensis, 
einer vegetativen O edogonium  sp., und einiger Chlorococcalen sehr viele D iato­
meen Vorkommen.

4. »Moosrasen auf einer kleinen Insel zwischen Gras. Debegeni.» — Das 
M aterial w ird durch  eine Jungerm anniale gebildet, die sicher hauptsächlich  
subm ers leben musste, da sie aérophytische E lem ente n u r spurenw eise, desto 
reichlicher aber die eines saueren, tropisch-subtropischen Baches beherbergt. 
Die anderen Algengruppen w aren nu r spärlich vertreten  (pH =  5,6).

5. »Auf feuchten Felsen und Holz in der Nähe des W assers. Schatten.» — 
Eine Jungerm anniale und eine Bryale bildet das M aterial, in welchem  ich 
ausser unbestim m baren Resten einer Oscillatoria n u r eine reichliche D iato­
m eenflora feststellen konnte.
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6. »Feuchter M oosrasen auf horizontaler Felsplatte. Schatten. Debegeni.»
— Rasen einer Jungerm anniale, in welchem einige Cyanophyten und eine arm e 
D iatom eenflora zu beobachten war.

7. »In praller Sonne. Schnell fliessendes W asser. Debegeni.» — Das M aterial 
w ird durch eine rein vegetative, also unbestim m bare Spirogyra  sp. gebildet, 
die n ich t besonders viele Diatomeen beherbergt. Andere Algen habe ich n ich t 
gesehen.

8. »Suid ingang tot Forestry-pad. M oosrasen im Schatten auf vertikalen 
Felsen im Walde.» —  In diesem Rasen eines Laubm ooses konnte ich n u r 
wenige, hauptsächlich  aerophytische Diatomeen beobachten.

9. »Baumrinde, H albschatten, gelbbraun. Debegeni.» — Kleine Laubm oose 
und  F lechten m it einer ziemlich reichlichen D iatom eenflora.

10. »Moosrasen. Debegeni. E piphytisch auf einer Liane.» — Ein Moos­
rasen m it einer überraschend  reichen D iatom eenflora, die verm uten lässt, dass 
der S tandort zeitweise überschw em m t oder ausserordentlich nass wird.

11. »Zwischen Felsen. Schatten. Selaginella. Debegeni.» — Eine nur teil­
weise aerophytische Assoziation eines m it Laubm oosen gemengten Selaginella- 
Rasens.

12. »Moosrasen auf flachen (horizontalen) Felsen. Schatten. Debegeni.» — 
Die h ier vorkom m ende D iatom eenassoziation ist sehr individuen- und form en­
arm , zeigt aber deutlich, dass sie n u r teilweise autochton sein kann.

13. »Schattige Felsen. Debegeni-W asserfall, ca. 8 m vom W asser entfernt».
— Ausser einer typisch tropisch-aérophytischen, fo rm enarm en D iatom een­
assoziation konnte ich keine andere Algen zwischen den B lättern der getrock­
net angekom m enen Moose entdecken.

14. »Auf den B rettw urzeln einer Anthocleistra zambeziaca  (Loganiaceae). 
Debegeni.» — Trockener Moosrasen m it nu r auffallend wenigen, w ahrschein­
lich hauptsächlich  verschleppten Diatomeen, die m an keinesfalls als eine 
au tochtone Assoziation auffassen kann.

15. »Moosrasen. E piphytisch  auf Lianen. Debegeni.» —  Ein getrockneter 
M oosrasen, der sicher öfters und fü r längere Zeit überschw em m t wurde, da 
sie n u r wenige aerophytische, viel m ehr aber die in den saueren, tropischen 
Bächen Afrikas häufige Diatom een enthält. Ein teil der sehr reichlichen Dia­
tom eenflora ist also sicher heterochton.

16. »Auf lebenden Baum stäm m en, etwa 2 m über dem Boden. Nähe des 
Hotels Magoebaskloof. Oberste Baumgrenze. Schatten.» — G etrockneter L aub­
m oosrasen mit n u r wenigen, aerophytischen Diatomeen.

17. »Moosrasen. Epiphytisch. E inem  vertikalen B aum stam m  entnommen. 
Nähe der obersten Baum grenze. Magoebaskloof-Hotel.» — Eine noch ärm ere 
aerophytische Assoziation in einem ebenfalls getrockneten Moosrasen.

Ich bem erke noch, dass die P roben 1— 15 am 9. Dez. 1953 und die beiden 
letzten (16, 17) am  16. Jän n er 1954 gesamm elt w urden.

Es bedeutet fü r m ich eine angenehm e Pflicht, sowohl dem H errn  Prof. 
Dr. R. K r a e u s e l , besonders aber dem H errn  Prof. Dr. H. G. S c h w e i c k e r d t  

fü r das Sammeln und die Ü berlassung der M aterialen meinem  aufrichtigen 
D ank auch auf dieser Stelle einen Ausdruck zu geben.
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Die Thom asson-A nalysen dieser Proben habe ich unterlassen, da sie 
kaum  m it voller B erücksichtigung der M ilieufaktoren gesam m elt w u r­
den und m ir ausser dem einzigen pH keine andere hydrologische An­
gaben über die F undorte  zur Verfügung stehen. Die geschätzte H äufig­
keit der gesehenen Form en habe ich nach den m it den oben an g e fü h r­
ten N um m ern angegebenen S tandorten zwischen K lam m ern in der 
A ufzählung der gefundenen Form en angegeben, da ich eine tab e l­
larische Zusam m enstellung ähnlicher Schätzungen — die zw angsläufig 
sehr persönlich und von nebensächlichen Faktoren abhängig sein 
m üssen, w odurch sie n u r mit einem hohen Masse des E rk en n tn is­
optim ism us m ite inander vergleichbar sind — nicht n u r überflüssig und  
kostspielig, aber auch irre führend  halte. Die vollkommene U nbekannt­
heit dieses interessanten Gebietes lässt m ir aber die ausführliche A uf­
zählung der gefundenen Form en, besonders die der seltenen und  neuen, 
unerlässlich  erscheinen.

Im  Texte sind, wie gesagt, die Fundorte m it ihren N um m ern a n ­
gegeben, nach  diesen stehen die von m ir stets gebrauchten Andeutungen 
der geschätzten H äufigkeit (SH =  sehr häufig, H =  häufig, ZH =  ziem ­
lich häufig, NS =  n ich t selten).

Zuerst zähle ich die seltenen, wenig bekannten oder neuen Diato- 
m een-Form en auf. Diese sind:

Achnanthes inflata KG. f. elatoides  n.f. — H u s t e d t  (1937— 39) h a t 
au f den Sunda-Inseln die durch L e u d i g e r - F o r t m o r e l  beschriebene 
F orm  »Navicula elata» w ieder aufgefunden und diese als V arietät zu r 
A. inflata gestellt. Die Selbständigkeit der Varietät w ird auch durch  ihre 
A uxosporenbildung bestätigt (vgl. G e i t l e r  1932). In einem dieser M ate­
rialen  habe ich eine Form  der A. inflata gefunden, die, was ihre U m ­
risse betrifft, der var. elata ähnlich aber viel kleiner ist, da ihre Länge 
m eistens n u r 20— 25 p und die Breite 10— 12 p beträgt, d.i. auch u n te r 
den Abm essungen der typischen Form  bleibt. Da ich aber in dem re ich ­
lichen M aterial auch einige Übergänge (Fig. 4) nach dem Typus ge­
sehen habe, kan n  ich sie n u r als Form beschreiben. — Fig. 1— 4. — 
F u n d o rt 5.

A .  K ra eu se l i i  n.sp. — Die raphenlose Schale dieser Art zeigt eine 
gewisse Ä hnlichkeit m it der der A. hungarica  G r u n . ,  ihre R haphen- 
schale ist aber grundsätzlich von letzterer verschieden, so dass ih re  
nächsten  V erw andten w ahrscheinlich un ter andere Achnanthes-Arien  
zu suchen sind (etwa A. radiosa H u s t . ,  A. Holstii Cl. u s w . ) .  Die Schalen 
sind linear-lanzettlich  oder lanzettlich, niem als linear, die Schalen­
enden sind gleichm ässig lanzettlich verschm älert und abgerundet, n ich t

18 B otan iska  N otiser 195b.
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vorgezogen. L änge 12— 25 g, Breite 4— 6, meistens 5 p. R h aphenscha le :  
die Z en tra lpo ren  der  R h ap h e  stehen meistens m assig  vone inander  e n t ­
fernt, Axialarea ziemlich breit, lanzettlich, in der  Mitte n ich t erw eitert,  
die S tre ifung  ist au ch  in de r  Mitte unun te rb ro ch en .  Die Streifen, von 
denen  18— 20 in 10 p sind u n d  die an den E n d en  etwas enger stehen, 
ver laufen  besonders  a u f  den Schalenenden  au ffa l lend  s ta rk  radial, s ind  
fein u n d  sehr u ndeu tl ich  punktiert .  R haphenlose  Schale: P se u d o rh a p h e  
eng, n u r  in der Mitte etwas breiter,  die Streifen sind schw ach , m eistens 
n u r  an  den Schalenenden  deutlich  radial, sie sind abe r  au ch  h ier a u f ­
fa llend  m in d e r  divergent, als die de r  R haphenscha le .  Ih re  Anzahl b e ­
träg t 16— 18 in 10 a, sie sind deutlich  punk tie r t ,  m it  e tw a 20— 22 
P u n k te n  in 10 u. —  Die Art w idm e ich dem H errn  Prof. Dr. R. K r a e u s e l  
aus F r a n k f u r t  a.M., der a u f  der  de Ifoek -E xkurs ion  te ilgenom m en h a t te  
u n d  bei dem  S am m eln  der P roben  behilflich  war. —  Fig. 5— 10. —  
F u n d o r te  3, 4, 5 (NS), 7, 9 (NS), 10 (NS), 15 (NS).

A. K raeuselii var. clebegetiica  n. var. —  In einem M ateriale (15) h ab e  
ich n eb en  den typ ischen  /1. K raeuselii-Indiv iduen  au ch  viele E x em p la re  
einer grösseren, robuste ren  F o rm  gesehen, die e tw a 30 p lang u n d  6— 7 p 
breit, au sserdem  aber  au ch  in der S tru k tu r  ih re r  R h ap henscha len  a u f ­
fallend abw eichend  w aren. So w a r  bei diesen die lanzettliche A xialarea 
in d e r  Mitte s ta rk  lanzettl ich  erw eitert  u n d  w aren  einige Streifen neben  
dem  M itte lknoten unregelm ässig  verkürz t.  Da ich keinen  Ü bergang  zu 
dem  T ypus  beobach ten  konnte , ha lte  ich die B enennung  dieser F o rm en  
notw endig . —  Fig. 11, 12. —  F u n d o r t  15.

A. oblongella  O e s t r . —  N ach H u s t e d t  (1937— 39, Bd. 15: 199) 
w äre  die »Allgemeine Verbreitung» dieser Art »tropisches Asien». Auf 
G rund  m eine r  B eobach tungen  m uss  ich annehm en , dass sie in den 
T ropen  viel a llgem einer verbreite t ist. Dass sie übera ll  eine »C ha rak te r ­
form» Giessender Gewässer wäre, k a n n  ich a u f  G rund  der h ie r  U n te r ­
suchten  F u n d o r te  n ich t  bestätigen. Die A ngaben über  die pH -G renzen 
bei H u s t e d t  (I.e.) k a n n  ich k a u m  als s t ichha ltend  an n eh m en , da  sie 
au f  floris tischen F u n d e n  u n d  n ich t  au f  ökologischen U nte rsuchungen  
gegründet sind. Hier m öch te  ich noch bem erken , dass m an ch e  der ge­
sehenen E xem pla re  s ta rk  u nsym m etr isch  w aren  (Fig. 17) u n d  dass die 
Stre ifung  der rhap h en lo sen  Schalen im m er ±  s ta rk  unregelm ässig  ist. 
—  Fig. 13— 17. F u n d o r te  2, 3, 4, 5 (NS), 7, 9, 11 (NS), 12.

A. p inna ta  H u s t . —  Die gesehenen vielen sehr  typ ischen  E xem pla re  
en tsp rechen  vo llkom m en den Zeichnungen  H u s t e d t s  in A. S c h m . All. 
T. 413, Fig. 45— 54. Die Art: k a n n  dem n ach  keinesfalls e iner »Tiefen- 
biocönose» angehören, sie ist v ie lm ehr eine Art saurer , 0 2-reicher, tro-
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pisch-subtropischer Kleingewässer, die bei pH 8 sicher nicht lebend, 
vielmehr n u r  verschleppt oder subfossil angetroffen werden konnte. — 
Fundorte  10 (NS), 15 (ZH).

A. Woltereckii H u s t . (in A. S c h m . All. T. 410, Fig. 25— 28). —  Die 
Art kom m t hier in wohl kurzen, sonst aber typischen Exemplaren 
vor. Die mittleren Transapikalstreifen der Rhaphenschale sind deutlich 
s tärker lichtbrechend, vielleicht auch dicker, wie die übrigen. Die Breite 
der bandförm igen Mittelarea variiert ziemlich stark. — Fig. 18, 19. — 
F undort  4.

Caloneis Chasei C h o l n c k y  (1954 A). — Die Art kommt hier in ebenso 
typischen Exem plaren wie in den Vumba-Gebirgen und in der Nähe 
von Umtali vor, wodurch eine floristische Verwandtschaft dieser be­
nachbarten  Gebiete angedeutet wird. Ökologisch scheint sie ±  steno- 
typisch azidophil, mesotherm und aerophil zu sein. — Fig. 20. — 
Fundorte  8, 15.

Cymbella Chasei C h g l n o k y  (1954 A). — Unter den vielen normalen 
habe ich m anchm al auch etwas dichter gestreifte Individuen gesehen. 
Das Vorkommen dieser Art ist wieder ein Beweis für die floristische 
Verwandtschaft der ähnlichen sfidrhodesischen und nordtransvaal- 
schen Standorte. Der Variationsbereich der Art in diesen Fundorten  
wurde auf den Fig. 21— 23 veranschaulicht. — Fundorte 1, 3, 5, 9, 10.

C. javcinica H u s t . — H u s t e d t  (1937—39, Bd. 15: 424) versucht auch 
hier au f Grund, nach  seiner eigenen Behauptung, »zerstreuter Funde» 
den pH-Bereich dieser Art festzustellen, seine Fundorte sind aber Bäche 
und ein Fischteich, die wahrscheinlich eine sehr heterochtone, teilweise 
subfossile Flora beherbergen, die kaum als eine Assoziation aufzufas­
sen ist. Nach meinen bisherigen Beobachtungen in Südafrika (vgl. 
C h g l n o k y  1954 A, B und C, und besonders 1953 A) ist die Art etwas, 
eurytypisch azidophil und stenotypisch mesotherm, die in tropisch- 
subtropischen Gebieten um  pH 6 ihr Optimum findet, ln manchen 
Standorten habe ich unter den sehr typischen auch längere (Länge bis 
33 p) und  etwas dichter gestreifte (bis 13 Transapikalstreifen an der 
Dorsalseite in 10 p) Individuen gesehen, die aber durch gleitende Über­
gänge an dem Typus gebunden waren. K r a s s k e  (1948) hatte auch ä h n ­
liche Varianten in Brasilien gefunden, der die Art in neutralen oder 
schwach basischen Gewässern ebenfalls nicht beobachten konnte. — 
Fundorte  1, 3, 4, 5 (NS), 10, 15 (NS).

C. Mesiana C h g l n o k y  (1953 B und 1954 B). — Diese in saueren Ge­
wässern (Leeufontein in Transvaal) entdeckte und in dem ebenfalls, 
sauerem Mogol-Fluss in einer grösseren Form vorkommende Art ist in
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diesen M aterialen in beiden Grössen vorhanden, die m iteinander m it 
vollkommen allm ählichen Übergängen verbunden sind. — Fig. 24. — 
Fundorte 3, 4.

C. rciytoriensis Ch o l n o k y  var. debegenica  n. var. — Die hier gesehe­
nen Form en weichen etwas von der typischen (Ch o l n o k y  1953 B, 
1954 C) ab, da sie m eistens zu den kürzesten  (Länge um 20 p) und 
breitesten (Breite etwa 5 p) gehören und  ihre Streifung auch etwas 
gröber punktiert und w eiter stehend ist (9— 10 dorsale T ransap ikal­
streifen in 10 p). Vorläufig trenne ich diese Form en ab, da ich den 
Typus hier n icht auffinden konnte, da aber das m anchm al isolierte 
Vorkommen einer Form  keine Grundlage fü r die Benennung einer 
Varietät bilden kann, m üsste m an  den obigen Varietäts-N am en im 
Falle des Auffindens einiger Übergänge einziehen. — Fig. 25. — 
Fundort 4.

C. turgidula G r u n . var. Kappii C h o l n o k y  — vgl. Ch o l n o k y  1953 A 
und 1954 C. Eine typische Form  neu tra ler und schw ach basischer 
Gewässer des südlichen Afrikas, die dem entsprechend hier sehr selten, 
sicher n u r verschleppt vorkom m t. —  F undort 16.

E u n o tia  cictinelloides n.sp. — H u s t e d t  (1952) hat neuerdings die 
»rhaphidioiden» D iatom een ausführlich  behandelt, wobei auch m eh­
rere neue tropische Arten aus Brasilien beschrieben wurden. E r v e r­
sucht die Scheidung zwischen Actinella  und Eunotia  in der hetero- 
oder isopolen N atur der A pikalachse festzulegen. Die schwache Hetero- 
polarität bei vielen tropischen Arten habe ich w iederholt hervorgehoben 
(Ch o l n o k y  1953 B, 1954 A) und nach der V erm ehrung ähnlicher 
Funde, wie z.B. E. synedraeform is  H u s t . (1952), E. longissima  H u s t . 

(1952), E. Mesiana Ch o l n o k y  (1953 B) m id E. Theronii Ch o l n o k y  

(1954 B), aber auch m ehr oder m inder deutlich asym m etrischer F o r­
m en der »gewöhnlichen» Eunotia-Typen (E. rhomboidea  H u s t . 1950) 
bin ich zu der Auffassung gezwungen, dass die Asymmetrie der Apikal-

F ig . 1— 52. —  1 - 4  A c h n a n t h e s  i n f l a t a  K g . v a r .  e l a t o i d e s  n . v a r .  —  5— 10 A. K r a e u -  
s e l i i  n .s p .  —  11, 12 A. K r a e u s e l i i  v a r .  d e b e g e n i c a  n . v a r .  —  13— 17 A. o b l o n g e l l a  

O e s t r .  —  18, 19 A. W o l t e r e c k i i  H u s t .  —  20  C a lo n e i s  C h a s e i  C h o l n o k y  —  2 1 — 23 
C y m b e l l a  C h a s e i  C h o l n o k y  —  24 C. M e s i a n a  C h o l n o k y  —  25 C. r a y t o n e n s i s  C h o l ­

n o k y  v a r .  d e b e g e n i c a  n . v a r .  —  26 E u n o t i a  c ic t in e l lo id e s  n .s p .  —  27— 31 E. d i s s i m i l i s  
H u s t .  —  32  E. f a l l a x  A. C l .  —  33  E. f a l l a x  v a r .  g r a c i l l i m a  K r a s s k e  —  3 4 — 35 
E. p o l y d e n t u l a  B r u n .  —  36  E. p o r c e l l u s  C h o l n o k y  —  37 — 41 E. R a b e n l i o r s t i i  C l.  

v a r .  m o n o d o n  G r u n .  —  42— 45 E. R a b e n l i o r s t i i  v a r .  i r r e g u la r i s  n . v a r .  —  46, 47 

E. S c h w e i c k e r d t i i  n .s p .  —  48— 50 E. S io l i i  H u s t .  —  51 H. s u b a e q u a l i s  H u s t .  —  52 
E . te n e l la  (G ru n .)  I I u s t . v a r .  d e n s e s t r i a t a  C h o l n o k y .  —  V e rg r .  1330 /1 .
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achse k au m  als generisches U n te rsche idungsm erkm al gew ählt  w erden  
kann . So f inde ich es besser, die im Material 10 reichlich vo rkom m ende ,  
s ta rk  a sym m etr ische  E unotia  n ich t als Actinella  zu beschreiben, da  die 
zwei Genera f rü h e r  oder spä te r  doch w ieder vereinigt (oder aber  a n ­
dere M erkm ale zu ih re r  U ntersche idung  gewählt) sein m üssen  w erden . 
Die Apikalachse ist bei E. actinelloides  s ta rk  heteropol, indem  der eine 
Pol breit u n d  gleichmässig, de r  andere  spitzlich abe r  ebenfalls gleich- 
m ässig gerunde t ist. Die Ventralseite  der Schalen  ist schw ach  u n d  
unregelm ässig  konkav , die Dorsalseite asy m m etr isch  konvex. Vor den  
Polen kom m en  keine E in d rü ck u n g en  vor. Die E n d k n o te n  sind in den  
E cken  der Ventralseite  deutlich  asym m etr isch  entwickelt, indem  d e r  
des breiten  E ndes grösser, robuste r  ist. Die L änge  der  Schalen  ist 
25— 35 p, ihre Breite in der Mitte e tw a 5 u. Die T ran sap ik a ls t re ifen  
s ind in  der Mitte sehr  unregelm ässig  gestellt, e tw a 8 in 10 p, deu tlich  
punktiert ,  in der  N ähe de r  Polen au ffa l lend  d ich te r  (bis e tw a 20 in 
10 p) und  viel undeu tl icher  punk tie r t .  —  Fig. 26. —  F u n d o r t  10.

E. dissimilis  H u s t . (1937— 39, Bd. XV: 164). —  Neben den d u rc h  
H u s t e d t  (I.e. u n d  A. S c h m . Atl. T. 382, Fig. 101, 102) gezeichneten  
F o rm en  ko m m en  in diesen re ichlichen M ateria len auch  andere  V a r ia n ­
ten vor, von denen  einige a u f  den F iguren  dargestellt  w urden . Ich  
habe  E xem pla re  m it tiefer oder abe r  gar  n ich t  e inged rück te r  R ü c k e n ­
linie, aber  au ch  andere , au ffa l lend  robuste, breite  beobachte t,  die m it 
vo llkom m en gleitenden Ü bergängen  a n e in an d e r  gebunden  sind. Die 
Fig. 27 stellt ein E x em p la r  in e iner etwas schiefer Lage dar, w o d u rch  
das Ü bergreifen  der  p leura len  S treifung s ich tba r  ist. In  einigen d e r  
un ten  a n g e fü h r ten  M ateria len  k o m m e n  überw iegend  kleine E x em p la re  
(Länge 45— 50 p, Breite e tw a 8 p) vor, die abe r  ebenfalls k a u m  als 
selbständige F o rm en  aufzufassen  sind. Ich  m öch te  a u f  dieser Stelle 
auch  au f  dem  sehr  ch a rak te r is t ischen  Verlauf der T ran sap ik a ls t re ifen  
in der Nähe de r  Po len  a u fm e rk sa m  m achen . —  Fig. 27— 31. F u n d ­
o r te  3, 4 (NS), 5 (NS), 6, 9, 10 (NS), 11, 12, 15 (NS).

E. fa llax  A. G l . —  F ine  in der le tz teren Zeit in trop ischen  Gewässern 
w iederholt  gesehene Art, die ich au ch  in den b e n a c h b a r ten  rhodesi- 
schen Gebirgen (vgl. C h o l n o k y  1954 A) beobach te t habe. —  Fig. 32. 
—  F u n d o r t  9.

E. fa llax  var. gracillima  K r a s s k e . —  Sie scheint ebenfalls in saueren  
S tandorten  der  T ropen  allgem ein verbreite t z u  sein (C h o l n o k y  1952, 
1954 A). —  Fig. 33. —  F u n d o r te  1, 6.

E. mogolensis  C h o l n o k y  (1954 B). —  Die W aterberge , wo die Art 
en td eck t  w urde , sind n ich t  zu weil von diesen S tandorten  en tfern t. In
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dem  einzigen a n g e fü h r te n  M aterial habe  ich sehr typische E xem pla re  
gesehen. —  F u n d o r t  9.

E. p o lyd en tu la  B r u n . —  Eine b isher noch n u r  selten gesehene, in 
äh n l ich en  t rop ischen  S tandorten  w ahrsche in lich  abe r  öfter  v o rk o m ­
m ende, s teno typ isch  azidophile  u n d  eury typisch  m eso therm e Art, die 
als solche se lbstvers tänd lich  »halophob» ist. —  Fig. 34, 35. —  F u n d ­
orte  5, 9.

E. porcellus  C h o l n o k y  (1953 B, 1954 A). In  der  letzteren Zeit habe  
ich  diese kleine, ch a rak te ris t ische  E uno tia  bei pH  5— 6 öfter in  S ü d ­
a f r ik a  gesehen. Die F ig u r  stellt ein E x em p la r  m it  e twas abw eichenden  
U m risslin ien  dar. —  Fig. 36. —  F u n d o r te  3, 10, 13.

E. R a b en h o rstii Cu. var. m onodon  Gr u n . —  Es ist sehr auffallend, 
dass die typ ische  F o rm  in trop ischen  Gewässern w eder d u rch  H u s t e d t  
(1937— 39), n o ch  d u rc h  K r a s s k e  (1948), no ch  du rch  m ich  (Ch o l n o k y , 
1954 A) au fg e fu n d en  w urde, dem zufolge halte  ich es sehr w a h rsc h e in ­
lich, dass in  dieser »var. m onodon»  eine »gute», selbständige Spezies 
vorliegt, die n u r  d u rc h  gewisse zufällige Ähnlichkeit  m it  E. R a b en ­
horstii Gl . v e rb u n d e n  w urde . Es w äre  vielleicht besser, sie w eite rh in  
als Spezies au fzufassen , in welchem  Falle m e in e r  M einung n ach  die 
B en en n u n g  »E. G runow iana»  die richtigste  sein könnte . Die re ich lichen  
F u n d e  sow ohl h ie r  als a u c h  in Süd-Rhodesien  beweisen, dass die Art 
az idoph il  bis azidobiontisch , meso- oder p o ly the rm  ist. Ich  b em erk e  
noch, dass ihre  Schalen  im m er  deutlich  he teropol sind, die A sym m etrie  
de r  beiden Po len  k o m m t zum indest  in dem  Verlauf der  po la ren  T r a n s ­
ap ik a ls t re i fen  im m er  zum  Ausdruck. Um die b isher  noch  n ich t gut 
b e k a n n te  V aria tion  der  Art anzudeuten , hab e  ich a u f  den Fig. 37— 41 
einige der in den u n ten  a n g e fü h r ten  M ateria len  gesehenen Schalen  
dargestellt .  —  F u n d o r te  5, 6 (ZH), 8 (ZH), 10 (NS), 13 (NS), 15.

E. R a b en h o rstii  C l. var  ir re g u la r is  n. var. [oder vielleicht r ich tiger  
E. G runow iana  (G r u n .) var. irregularis  n. var.]. —  Die F o rm  der  S c h a ­
len ist m eistens  sch lanker ,  als bei der v o rhergehenden  Art, die A p ik a l­
achse  ist a u c h  h ie r  m e h r  oder m in d e r  heteropol. Die A sym m etrie  k a n n  
m a n c h m a l  so weit gehen, dass einseitige »sekundäre» Buckels au f  d e r  
b re i te ren  H älf te  de r  Schalen  en ts tehen  k ö n n en  (Fig. 43). Länge 15— 25 p, 
m ax im a le  Breite  e tw a 7 p. Die T ran sap ik a ls t re i fen  ver lau fen  sehr u n ­
regelm ässig  u n d  s tehen  m a n c h m a l  besonders  stellenweise in der  S c h a ­
lenm itte  bei längeren  E x em p la ren  au ffa l lend  weit, 10— 12, in e inzelnen 
F ä llen  sogar 8— 9 in 10 p. An den Scha lenenden  ist die S tre ifung d e r  
typ isch en  E. G runow iana  ähnlich . Ich  habe  einige Zweifel, ob diese 
F o rm  m it  dem  T ypus  zu verb inden  oder r ich tiger  als selbständige Art
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aufzufassen wäre, da die Unterschiede in der Form und Struktur der 
Schalen zu weitgehend sind. Jedenfalls konnte ich keine Übergänge 
feststellen, obzwar in dem selben Material auch E. Rabenhorstii var. 
monodon ( =  E. Grunowiana) reichlich vertreten war. — Fig. 42—45. 
— Fundort 8 (NS).

E. Schweickerdtii n.sp. — Eine eigentümlich gebaute, sicher meso- 
oder polytherme ( =  »tropische») Eunotia  aus der Verwandtschaft der 
E. parallela E., mit der sie aber nicht zu verbinden ist. Die Schalen 
der Art sind auch »wurstförmig», ihre Bauchseite ist aber nu r  schwach 
gekrümmt, mit der die Dorsallinie parallel verläuft. Die Enden sind 
breit und gleichmässig gerundet und ebenso wie bei E. parallela, nicht 
vorgezogen, nicht gestutzt oder auf einer Seite eingedrückt. Nur bei 
den längsten Exemplaren konnte ich eine kleine Unregelmässigkeit im 
Verlauf der Ventral- und Dorsallinie beobachten (Fig. 46), die aber 
auch bei diesen miteinander parallel bleiben. Länge 50— 70 u, Breite 
6— 7 p. Den auffallendsten Unterschied zeigen die Endknoten, die nicht 
in den Ecken der ventralen Schalenenden zu finden, sondern sehr 
deutlich m ehr nach der Mitte zu verschoben und auch m ehr in der 
Mittellinie der Schalen gelagert sind. Mit dem Ventralrand sind sie 
durch einen Rliaphespalt(?) verbunden und ausserdem tragen sie ein 
eigenartiges Anhängsel in der annähernden Mittellinie der Schale, das 
sowohl polwärts als auch nach der Schalenmitte zu entwickelt ist. In 
der letzteren Richtung liegen diese stark lichtbrechenden und darum  
auffallenden Äste in der bekannten Längsleiste (»Pseudor'haphe»). Letz­
tere ist in der ganzen Länge der Schalen gut entwickelt und verbindet 
die beiden Endknoten miteinander. Die »Pseudorhaphe» ist dadurch 
noch m ehr auffallend, dass die Transapikalstreifen auf der ventralen 
Schalenhälfte etwas dichter stehen und nicht mit denen der Dorsal­
hälfte korrespondieren. Eine Pseudorhaphe ist allerdings auch bei 
E. parallela auf der Valvarseite sichtbar, sie ist aber viel m ehr ventral- 
wärts verschoben. Die bei E. parallela sehr regelmässige Streifung ist 
bei E. Schw eickerdtii sehr unregelmässig. Die Anzahl der Transapikal­
streifen ist auch bei E. Schw eickerdtii etwa 14, auf der Dorsalseite 
meistens nu r  10— 12 (manchmal etwas dichter) in 10 u, die auch in 
der Nähe der Polen nicht auffallend dichter werden. Eine w ahrschein­
lich noch m ehr in dem Verwandtschaftskreis dieser Art gehörige 
Eunotia  hat H u s t e d t  (1952) aus Brasilien unter E. curuula I I u s t . be­
schrieben, mit der sie im Bau des Endknotens aber in keinen anderen 
morphologischen Merkmalen der Schale übereinstimmt. Hier bemerke 
ich noch, dass die scheinbare Verlängerung des Endknotens in polarer
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Richtung auch bei E. Scluveickerdtii ein länglicher Porus sein kann. — 
Die Art widme ich dem Herrn Prof. H. G. S c h w e i c k e r d t , dessen Eifer 
diese interessanten Materiale zu danken sind. — Fig. 46, 47. — F u n d ­
orte 3, 4.

E. sim ilis H u s t . — Diese Art habe ich in Afrika, allerdings nu r  in 
saueren Gewässern, sehr oft gesehen (vgl. Ch o l n ü k y  1953 B, 1954 A 
und C), die sich hier somit als eine für pH natürlich »empfindliche» 
Art erweist. A u t o c h t o n  kann  sie natürlich keinesfalls bei pH 8 (!) 
Vorkommen (vgl. H u s t e d t  1937— 39). Wie es auf Grund meiner bis­
herigen E rfahrungen  zu erwarten war, ist sie auch in einigen dieser 
Materialen eine der häufigsten Eunotien. — Fundorte 5 (ZH), 6 (II), 
8, 10 (NS), 11 (ZH), 15 (ZH).

E. Siolii H u s t . (1952). — Die Art ist in geeigneten Standorten in 
Afrika wahrscheinlich allgemein verbreitet (vgl. C h o l n o k y  1953 B) 
und sehr gut durch  ihre Streifung und gestutzte Enden charakterisiert, 
die eine Verwechslung mit den kleineren Exemplaren der E. subaequalis 
H u s t . ausschliesst. Um die Variabilität der Art in diesen Materialen 
festzulegen, habe ich drei der gesehenen Exemplare auf den Fig. 48— 50 
dargestellt. —  Fundorte  10 (NS), 14, 15 (ZH).

E. subaequalis H u s t . (1937—39 oder A. S c h m . All. T. 382 , Fig. 5— 10). 
—  Ebenfalls eine der häufigsten Eunotien  saurer südafrikanischer 
Gewässer (vgl. Ch o l n o k y  1953 B, 1954 A und C). Ein auffallend kleines 
Exem plar aus dem Material 3, die auch sehr weit gestreift ist (Länge 
16 p, Breite 4,5 p, etwa 10 Streifen in 10 p) und doch nicht mit der 
vorhergehenden Art zu verwechseln ist, habe ich auf der Fig. 51 d a r ­
gestellt und  bemerke, dass sie mit gleitenden Übergängen an dem Typus 
gebunden war, so dass eine Benennung kaum  in Frage kommen kann.

-  Fundorte  1 (NS), 2, 3 (ZH), 4 (SH), 5 (ZH), 6, 7, 9 (ZH), 10 (NS), 
11, 12, 15.

E. tenella (Gr u n .) H u s t . var. densestriata  Ch o l n o k y  (1953 B). 
ln einem dieser Materialen kom m t diese kleine, in Transvaal entdeckte 
später aber auch in  Rhodesien beobachtete (Ch o l n o k y  1954 C) Varietät 
reichlich vor, von denen ein kleines Exemplar auf der Fig. 52 dar- 
gestellt wurde. — Fundort 4 (NS).

E. Tschirchiana  O. M. — In dem unten angeführten einzigen S tand­
ort kom m t diese Art in sehr typischen Exemplaren in einer mässig 
grossen Anzahl vor, so dass angesichts des Fundortes und des Vorkom­
mens eine Verschleppung nicht ausgeschlossen ist, und  so könnte sie 
hypothetisch aus einem Kleingewässer mit einem hohen pH hierher 
gelangt sein. Ohne einer eingehenden ökologischen Untersuchung kann
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ich aber den »ökologischen Charakter» dieser Art noch keinesfalls 
als bekannt annehm en, da sie hier sicher in einer saueren Umgebung 
in einer w eiterhin typisch azidophilen Assoziation vorkom m t. Der 
neueste Fund H u s t e d t s  (1953) aus der Oase Gafsa in Tunis ist floris- 
tisch wohl sehr wertvoll, kann  aber die Frage der Ökologie dieser n u r 
selten gesehenen Art doch nicht entscheiden, da z.B. n icht einm al das 
pH des Oasenteiches bekannt ist und da in der Liste der im Teiche 
gefundenen F lora auch Anomoeoneis brachysira (B r é b .) Cl. vor­
kom m t (und bei H u s t e d t  kann  sicher keine Sprache von einer Ver­
wechslung bei der Identifikation  sein), die auch durch H u s t e d t  (z .B. 

1937— 39, Bd. 15: 219) selbst als »stenotop» »in Beziehung auf dem 
pH-W ert» bezeichnet wurde, die eine »Massenentwicklung» um  pH 5,5 
zeigt, ist die Annahm e vollkom m en berechtigt, dass in diesem O asen­
teich zum indest ein Teil der gefundenen Diatom een heterochton ist. 
Solange m an aber m it n u r einer »Sammelprobe» arbeitet, die fü r floris­
tische Entdeckungen sehr gut geeignet sein kann, ist es m ehr als 
gewagt, über Ökologie zu sprechen. — Fig. 53, 54. — F undort 15.

E. valida H u s t . —  Die gesehenen Exem plare sind wohl schlank, sie 
bleiben aber auch in dieser H insicht in den R ahm en der HusTEDTschen 
Diagnose. Die Form  und die auffallend starke Verkieselung der Schalen 
schliessen eine Verwechslung m it anderen Arten aus. E. valida habe 
ich übrigens auch in den benachbarten  Vumba-Bergen Süd-Rhodesiens 
aufgefunden (C h o l n o k y  1954 A), so  dass sie in entsprechenden F u n d ­
orten des südlichen Afrikas w ahrscheinlich m ehr verbreitet ist. — 
Fig. 55. — F undort 1.

E. vum bae  C h o l n o k y  (1954 A). — Ebenfalls ein Beweis fü r die 
Beziehungen dieser S tandorte m it den südrhodesischen, wo die Art in 
den Vumba-Bergen entdeckt wurde. Allerdings sind die liier gesehenen 
Exem plare im D urchschnitt kleiner, m anchm al kaum  15 u lang, die 
sonst aber sehr typisch und der ursprünglichen Diagnose entsprechend 
sind. — Fig. 56— 58. — Fundorte 6, 8.

Frustulia Chasei C h o l n o k y  (1954 A). — Diese in der Umgebung von 
Umtali in Südrhodesien entdeckte Art kom m t zerstreut auch in Nord- 
T ransvaal vor. — Fig. 59. — Fundorte 3, 4.

Gomphonema Clevei F r i c k e  ( =  G. bracliyneura  O. M.). — Die Arl 
ist in Afrika eine charak teristiche Form  neu tra ler und  schw ach a lk a­
lischer Gewässer, in welchen sie eine grosse V ariabilität zeigt. Die Be­
hauptung H u s t e d t s  (1937— 39), nach  welcher die Art au f den Sunda- 
Inseln eine grössere V ariabilität zeigen sollte, ist sicher etwas verfrüht, 
da die D iatom eenflora von A frika grösstenteils auch heute noch als
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unbekannt gelten muss, obzwar eben G. Clevei zu den wenigen Arten 
gehört, die auch die älteren Autoren mitgeteilt haben (ausser O. M ü l ­

l e r  1905 auch F r i t s c h  und R i c h  1925, E r l a n d s s o n  1928, R i c h  1937 
usw.), die Zuverlässlichkeit dieser Angaben ist aber wahrscheinlich nur 
im Falle O. M ü l l e r s  und E r l a n d s s o n s  gesichert (vgl. auch C i i o l n o k y  

1954 C). Ich finde die Art neuerdings regelmässig in allen neutralen 
und  schwach alkalischen Gewässern, besonders in Bächen vor, wo sie 
eine Variabilität zeigt, die der auf den Sunda-Inseln ähnlich ist. Da 
die Art zwischen pH 7 —7,5 das Optimum erreicht, ist ihr spärliches, 
wahrscheinlich auch heterochtones Auftreten in den hier untersuchten 
Materialen gut verständlich. — Fundorte  3, 4, 7.

G. javanicum  I I u s t . (1937— 39). — Die Art ist auf Grund der 
Diagnose H u s t e d t s  sehr leicht von dem G. parvulum  und seine F o r­
men zu trennen, desto mehr, da die Gallertporen am Fusspol bei 
G. javanicum  sehr deutlich sichtbar und die Transapikalstreifen auch 
nicht parvulum -artig fein, aber robuster, obzwar ebenfalls undeutlich 
punktiert  sind. Die Variabilität der Art ist in diesen Standorten ziem­
lich gross, zwischen den sehr vielen typischen Exemplaren kommen 
einzelne mit gar nicht oder kaum  vorgezogenen Kopfenden vor. Die 
Übergänge sind ganz allmählich. Ökologisch kann  m an die Art vor­
läufig gar nicht charakterisieren, da m an so etwas auf Grund spärlicher 
rein f l o r i s t i s c h e r  Angaben, in welchen stillschweigend aber sehr 
optimistisch angenommen wird, dass die Art in allen Fundorten w irk ­
lich leben und sich norm al vermehren konnte, keinesfalls leisten kann. 
Diese Funde hier lassen das Vorkommen bei pH 6,8 auf Bali (Danau 
Bratan) doch nicht so ganz unnatürlich erscheinen (vgl. H u s t e d t  I.e., 
Bd. XV: 435). —  Fig. 6 0 ^ 6 3 .  — Fundorte 1, 3 (H) 10, 15.

Navicula adnata I I u s t . — Die in dem unten angeführten Material 
gesehenen wenigen Exemplare sind etwas dichter gestreift (auch in der 
Mitte bis 18 Streifen in 10 p), wie es in der Diagnose H u s t e d t s  

(1937—39, Bd. XV: 264) angegeben wurde. Die Form  der Schalen 
stimmt besser mit der Diagnose (I.e.) und Zeichnungen I.e., T. XIX, 
Fig. 16, 17, als mit den Abbildungen in A. S c h m . Ati. T. 400, Fig. 6—9 
überein, ich halte es aber wahrscheinlich, dass h ier nu r  eine phäno­
typische Variation vorliegt. Auf Grund der gesehenen wenigen Exem ­
plare konnte ich diese Frage keinesfalls entscheiden. Nach H u s t e d t  

wäre sie eine alkaliphile Aerophyt, obzwar seine Fundortenliste meistens 
Moospolster angibt, wo das pH auch im Falle niedrig sein kann, wenn 
die Umgebung alkalisch ist. Dieser Standort 4 mit seinen Eunotia sub-
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aequalis-, E. tenella var. densestriata- und Frustulia rhomboides-  
Mengen kann  kaum  als alkalisch gelten. — Fig. 64. — F undort 4.

N. brekkaensis  P e t e r s e n . —  Es ist seit den U ntersuchungen 
H u s t e d t s  (1937— 39) bekannt, dass in den Tropen m eistens die langen 
Exem plare der Art überwiegen, un ter denen in diesen S tandorten auch 
ungew öhnlich lange beobachtet werden konnten (z.B. Länge 41 p, 
Breite 4 p, Fig. 65). Ich muss es aber bem erken, dass h ier in m anchen 
Standorten (z.B. 13) u n te r den norm alen auch viele echt »isländisch» 
kleine (vgl. P e t e r s e n  1928) zu beobachten w aren, die m it gleitenden 
Übe rgängen zu den in den Tropen typischen Form en gebunden w aren. 
— Fundorte 10 (NS), 12, 13 (SH), 14, 15 (NS).

N. cymbelliform is  n.sp. — Die Art steht vielleicht der N. kuripa-  
nensis H u s t .  und der N. cryptocephaloides H u s t .  am  nähesten. Die 
Form  der Schalen ist am  m eisten der N. cryptocephaloides ähnlich, 
lanzettlich, an  den Polen deutlich vorgezogen, aber viel schlanker, da 
sie bei einer Länge von 30— 35 p n u r etwa 5 p breit ist. Die Form  der 
Schale m acht eine Verbindung m it N. kuripanensis  ebenfalls unm ög­
lich, obzw ar die Streifung, zum indest was ihre Dichte betrifft, besser 
mit letzterer übereinstim m t, da bei N. cymbelliformis  ziemlich ko n ­
stant 20 T ransapikalstreifen  in der Mitte der Schalen auf 10 u fallen, 
die aber h ier auch nach  den Polen zu n u r unbedeutend enger werden. 
Die Axialarea ist auch abw eichend, da sie nicht so eng, vielm ehr, 
besonders bei einzelnen Exem plaren (Fig. 67) deutlich lanzettlich ist. 
Die Streifen stehen in der Mitte der Schalen parallel oder sehr schw ach 
radial, und  bleiben auch in der Nähe der Polen schwach radial. Die 
Zentralporen der R hapheäste stehen mässig weit voneinander entfernt. 
Der E ndknoten ist gut entw ickelt und das E ndspalten  der Rhaphe 
deutlich, die R haphespalten selbst gerade und auch in der Nähe des 
M ittelknotens kaum  gekrüm m t. Einen w eiteren auffallenden U nter­
schied bilden die um  den M ittelknoten sehr unregelm ässig verkürzten 
Transapikalstreifen, w odurch aber doch keine deutlich abgesetzte 
Zentralarea gebildet wird. — Fig. 66, 67. — F undort 1.

N. debegenica n.sp. — In dem unten angeführten  M aterial habe ich 
m ehrere E xem plare einer Navicula beobachtet, die m einer M einung 
nach der Gruppe der »Naviculae m inusculae» angehören muss, die 
sich aber m it keinem  der m ir bekannten  V ertreter dieser Gruppe ver­
binden lässt. Die Schalen sind in der m ittleren Vs ih rer Länge linear, 
in den polw ärts liegenden dritteln  keilförm ig zugespitzt und  abgerun­
det, n icht vorgezogen. Die Schalen sind auch viel grösser, um  die Art 
m it etwa N. minuscula  G r u n .  verbinden zu können, und  da die Valven
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keine Depressionen zeigen, ist eine Verbindung m it N. Krasskei H u s t . 

ebensowenig möglich. Länge 18— 20 u, Breite 5— 6 u. die V ariations­
breite der Art ist aber m it diesen Angaben kaum  erschöpft, da ich in 
dem M aterial n ich t besonders viele Exem plare gesehen habe. Die 
Rhaphe ist gerade, fadenförm ig, Zentralporen massig weit gestellt. Die 
Streifen konnte ich in M onobrom naphtalin-Präparaten  in P hasenkon­
trast n u r in dem m ittleren  Abschnitt etwas deutlicher auflösen, sie sind 
sicher m ehr als 42— 44 in 10 g. Die Grenzen der auch in der Mitte nicht 
erw eiterten A xialarea sind im m er deutlich sichtbar. H ier bem erke ich 
noch, dass die P unk tierung  der Streifen auf den F iguren den w irk­
lichen V erhältnissen nicht entspricht und ist nu r eine technische D ar­
stellung der unsicherer Sichtbarkeit. — Fig. 68. — F undort 10.

N. Hambergii  H u st . (1937— 39; A. Schm . All. T. 400, Fig. 12— 15 
unter N. quadripartita H u st .; über die System atik und Synonym ik 
der Art s. H u sted t  1943:281). — Die gesehenen Exem plare w aren 
m anchm al nu r 12 g lang. Die Polen der kleinsten Schalen sind kaum  
vorgezogen. M anche grosse Exem plare haben auch eine von den oben 
angeführten  Zeichnungen H u stedts  abw eichende Form  gezeigt, da 
aber alle diese V arianten  m it gleitenden Übergängen an dem Typus 
gebunden sind und  w ahrscheinlich auch zu dem norm alen Form  Wech­
sel der Art gehören, ist eine Benennung überflüssig. Einige der ge­
sehenen abw eichenden Form en habe ich auf den Fig. 72— 75 d a r­
gestellt. —  Fundorte 1 (NS), 3, 15.

N. invicta  H u s t . (1937— 39, auch in A. S c h m . Atl. T. 402, Fig. 63) 
erscheint m ir eine m ehr allgemein verbreitete Bewohnerin der saueren, 
0 2-reichen Kleingewässern der tropischen Gebirge dieses Gebiets zu 
sein, da ich sie auch in den benachbarten  südrhodesischen Vumba- 
Bergen au f ähnlichen S tandorten nachw eisen konnte (vgl. C i i o l n o k y  

1954 A). — Fig. 76, 77. — Fundorte 10, 15.
N. Kotscluji G r ü n . — Die Art scheint in 0 2-reichen, saueren Klein­

gewässern und »aerophytischen» S tandorten auch in den Tropen all­
gemein verbreitet zu sein (vgl. C i i o l n o k y  1952). Die Meinung H u s t e d t s  

(1937— 39) über die Ökologie der Art — die eigentlich sich selbst 
w iderspricht, erw eckt den E indruck, dass bei dem, w ahrscheinlich 
kolorim etrischen, Messen des pH der a k t u e l l e  Zustand a m T a g e 
reg istriert wurde, wobei in Kleingewässern durch das A ssim ilations-02 
das pH selbst m it 2,0 höher ausfallen kann. Bei Quellen m it erneutem  
W asser kann  sich dieser Fehler viel m inder gelten lassen. M e s s i k o m - 

m e r  (1942) hat die Art übrigens auch n u r bei niedrigem  pH gefunden. 
— Fig. 78. — F undort 6 (H).
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N. Kraeuselii  n.sp. — Die Art gehört in der Gruppe der »Navi­
culae mesoleiae» und ist morphologisch wohl noch am  meisten 
mit der N. Voigtii M e i s t e r  ( 1932) verwandt, mit der sie aber keines­
falls zu verbinden ist. Abgesehen von der gänzlich abweichenden S truk ­
tur der Schalen, konnte ich mich über die Selbständigkeit dieser Art 
auch durch Vergleichung überzeugen, da ich die echte N. Voigtii in der 
letzteren Zeit in Südafrika, auf einem wohl unerwarteten Standort, 
auffinden konnte. Die Schalen der N. Kraeuselii sind breitlanzettlich 
mit im m er deutlich vorgezogenen Enden. Ihre Länge variiert zwischen 
45—90 ü. die Breite 18— 28 u. Die Rhaphespalten sind +  S-förmig ge­
bogen, die Zentralporen nach der einen Seite abgebogen. Die E ndspal­
ten sind in Schalenansicht nu r  teilweise sichtbar, da die grösste Hälfte 
des bogenförmigen Spaltens in der Pleuralseite liegt. Sie zeigen mit 
ihren konvexen Seiten in dieselbe Richtung, in welcher die Zentral­
poren abgebogen sind. Die Axialarea ist lanzettlich, transapikal asym ­
metrisch, in der Mitte durch eine eigenartige Verkürzung der Streifen 
transapikal + stark erweitert und durch die letzten, grösseren, stärker 
lichtbrechenden Punkte der Transapikalstreifen, die von den übrigen 
P unkten  durch einen grösseren Abstand geschieden sind, gesäumt. Die 
Transapikalstreifen sind in der Milte radial, in der Nähe der Polen 
stark radial, in der Mitte etwa 11— 12, etwas weiter polwärts 12— 13 
und in der Nähe der Polen 13— 15 in 10 p, grob punktiert, in der Mitte 
der Schalen etwa 16— 18 Punkte in 10 p. Am Schalenrande ist der erste 
Punkt der Streifen länglich, strichförmig und auffallend gross, die den 
Schalenrand selbst, besonders bei grösseren Exemplaren deutlich .sicht­
bar, nicht erreichen und auch von den übrigen Punkten  der Streifen 
ebenfalls durch eine regelmässige, ziemlich breite, dem Schalenrand 
parallele Leiste getrennt werden. Bei sehr vielen Exem plaren habe ich 
auch unregelmässig zwischengeschobene kürzere Streifen gesehen, die 
am Schalenrande die schon beschriebene S truktur aufweisen und nach  
der Mitte zu mit den norm al langen zu verschmelzen scheinen. Die

Fig. 53 — 89. —  53, 54 E u n ot ia  T sch irc h ian a  O .  M. —  55 E. va l ida  H u s t .  —  56— 58 
E. v u m b a e  C h o l n o k y  —  59 F rustu l ia  Chasei  C h o l n o k y  —  60— 63 G o m p h o n e m a  
ja v a n ic u m  H u s t .  —  64 N avicu la  a d n a ta  H u s t .  —  65 N. b r e k k a é n s i s  PETERSEN —  
66, 67 N. c y m b e l l i f o r m is  n .sp . —  68 N. debegen ica  n .sp. —  69— 71 N. la p id o sa  
K r a s s k e  —  72— 75 N. Hcimbergi  H u s t .  —  76, 77 N. invic ta  I I u s t .  —  78 N. K o t s c h y i  
G r u n .  —  79, 80 N. K raeuse l i i  n .sp. —  81 N. se m in u lo id es  I I u s t .  —  82, 83 N. Thiene-  
m a n n i i  H u s t .  var. afr icana  n. var. —  84, 85 N. tr id en tu la  K r a s s k e  —  86 P in n u la r ia  
borea l is  E. var. rh o d e s ic a  C h o l n o k y  —  87 P. bras il iensis  H u s t .  var. debegen ica  
n. var. —  88 P. c a lo n e i fo rm is  H u s t .  —  89 P. d ebegen ica  n. sp. —  Vergr. 1330/1.
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m ittleren Streifen sind unregelm ässig verkürzt, wobei einzelne Poren 
der Streifen norm al, die übrigen nur schattenhaft, w ahrscheinlich m in ­
der tief entw ickelt sind. In  der R ichtung des m ittelsten Streifens auf 
einer Seite der Z entralarea befindet sich ein deutlicher Porus, der 
m anchm al durch  einen grösseren (Fig. 79), in anderen  Fällen n u r 
durch einen unbedeutenden Abstand (Fig. 80) von den schattenhaft 
entw ickelten letzten Poren des m ittleren Streifens getrennt sind. Die 
Punkte, die die Axialarea begleiten, sind in der Nähe des Z en tra lkno­
tens durch  eine weitere Aushöhlung des Zellwandes m ite inander v er­
bunden, wobei aber ihre Individualität erhalten  bleibt. —  Die Art b e­
nenne ich, als Andenken an  seiner Afrika-Reise, in w elcher er auch 
die Gelegenheit zum  Sam m eln dieser M aterialen geschaffen hat, zu 
E hren  des H errn Prof. Dr. R. K r a e u s e l  aus F ran k fu rt a.M. — Fig. 
79, 80. — Fundorte 1 (ZH), 3.

N. lapidosa K r a s s k e .  —  Diese in den unten angeführten  M aterialen 
reichlich vorkom m ende Navicula habe ich m it einigem Zweifel als 
N. lapidosa identifiziert, da sie nicht vollkomm en m it den Zeichnungen 
H u s t e d t s  (in A. S c h m .  Atl. T. 400, Fig. 69— 72) übereinstim m t. Bei 
den gesehenen Exem plaren verläuft die Rhaphe nicht gerade, aber im ­
m er leicht bogenförm ig gekrüm m t (auch bei den kleinsten Individuen, 
Fig. 71), dem entsprechend ist die mässig enge Axialarea auch etwas 
unsym m etrisch. Ob die Unterschiede in der Streifung n u r der Zeichen­
technik H u s t e d t s  zuzuschreiben ist, konnte ich n icht entscheiden, bei 
den gesehenen Exem plaren sind die Streifen aus in Phasenkontrast 
deutlich sichtbaren länglichen, strichförm igen P unkten aufgebaut, von 
denen die letzten an  der A xialarea gröber und deutlicher sind, w odurch 
die Axialarea einen Saum erhält. Die Variation, Schalengrösse, S trei­
fenzahl und  Streifengang entsprechen den zitierten Abbildungen besser, 
obzw ar in diesen reichen M aterialen neben den norm alen  auch sehr 
kleine und  sehr grosse Individuen zu finden waren. Die Länge der 
Schalen in 10. — Fig. 69— 71. — Fundorte 11 (NS), 15 (NS).

N. seminuloides  H u s t .  (1937— 39). — Die hier gesehenen, etwas lan- 
zettlichen Form en halte ich dem Typus identisch, besonders nachdem  
H u s t e d t  (1953) ähnliche Form en aus der Oase Gafsa ebenfalls zu dem 
Typus eingereiht hatte. Die Art scheint in diesem Gebiete (in den Ber­
gen um  der südrhodesischen Grenze) in entsprechenden Standorten 
ziem lich allgem ein verbreitet zu sein (vgl. C h o l n o k y  1952, 1954 A). — 
Fig. 81. —  F undorte 10, 11, 12.

N. Thienemannii  H u s t .  var. africana  n. var. —  D ie  h i e r  g e s e h e n e n  
E x e m p l a r e  w e i c h e n  so  w e i t g e h e n d  v o n  d e m  H u s T E D T s c h e n  T y p u s  a b ,



D IA T O M E E N  UND EINIGE ANDERE ALGEN 287

dass ich sie als eine selbständige V arietät auffassen muss. Eine w irk ­
lich korrek te Beurteilung der Lage ist dadurch  erschwert, dass die 
Zeichnungen H u s t e d t s  in A. S c h m . Atl. T. 402, Fig. 53— 56 und in 
1937— 39, Bd. XV: T. XVII, Fig. 16, 17 untere inander auch verschieden 
sind. Diese V arietät unterscheidet sich von dem Typus durch die m ehr 
lanzettliche Form  der Schalen, die an den Enden breit kopfig sind. Die 
polaren Enden sind nicht breit und gleichmässig, sondern im m er +  
deutlich keilförm ig abgerundet. Die gesehenen Exem plare w aren 12— 
15 p lang und 4— 5 p breil (also auch beträchtlich  kürzer, als der 
Typus) m it etwa 25 T ransapikalstreifen  in der Mille in 10 p, von w el­
chen einzelne bei m anchen Exem plaren unregelm ässig w eiter gestellt 
sein konnten (Fig. 82). Die Streifen in der Schalenm itte sind im m er 
unregelm ässig verkürzt. Die lanzettliche Axialarea kann  m anchm al 
ziem lich breit sein. Die Schattenlinien in der Nähe der Polen (Septen?), 
sowie die Punktierung  der Streifen entspricht den HusTEDTSchen 
Zeichnungen in A. S c h m . Atl. I.e. und sind besonders im P hasenkontrast 
deutlich sichtbar. — Fig. 82, 83. — Fundort 1.

N. tvidentula K r a s s k e  (vgl. H u s t e d t  in A. S c h m . All. T. 400, Fig. 
85— 87). — Die Art scheint in den tropischen Gebirgen um  der siid- 
rhodesischen Grenze un ter azidophilen-azidobiontischen V oraussetzun­
gen häufiger vorzukom m en (vgl. C h o l n o k y  1954 A). Ich bem erke 
noch, dass die S tru k tu r bei den hier gesehenen Exem plaren bei weitem  
nich t so deutlich, wie bei denen aus dem Vumba-Gebirge war, indem  
ich hier die S treifung n u r in der Nähe des M ittelknotens deutlicher 
sehen konnte. Die Streifenzahl ergab sich auch bei diesen E xem plaren 
au f 40—42 in 10 u. U nter den norm alen habe ich auch etwas breitere 
(Breite bis 4,5 p) Individuen gesehen. — Fig. 84, 85. — Fundort 7.

Nitzschia parvuloides  C h o l n o k y  (1953 B). — Diese in saueren Ge­
w ässern T ransvaals entdeckte Art scheint in entsprechenden S tandorten 
des Gebiets eine ziem lich allgemeine V erbreitung zu haben (C h o l n o k y  

1954 A, 1954 C). — F undorte  3, 4, 5, 9, 10, 13, 15 (NS).
N. parvuloides f. curta C h o l n o k y  (1954 A) — kom m t zwischen den 

typischen Form en meistens vereinzelt, m anchm al aber auch »isoliert» 
vor. In dem unten  angeführten  M ateriale habe ich auch sehr kurze, 
n u r 17— 18 p lange, Exem plare beobachtet. — F undort 8.

Pinnularia borealis E. var. rhodesia C h o l n o k y  (1954 A). — Diese in 
den Vum ba-Bergen entdeckte und an P. lata (B r é b .) W. Sm. f. thurin-  
giaca ( R a b h .) A. M a y e r  erinnernde V arietät scheint in diesen saueren, 
0 2-reichen, tropischen Gewässern in der Nähe der Grenze von Nord-

19 B o ta n is k a  N o tise r  195b.
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Transvaal (vielleicht auch in anderen ähnlichen Lokalitäten des sü d ­
lichen Afrika) häufiger vorzukommen. — Fig. 86. — Fundort 15.

P. brasiliensis H u s t . var. debegenica  n. var. — Die typische Form  
H u s t e d t s  (A. S c h m . AU. T. 389 , Fig. 10) habe ich in den Vumba- 
Gebirgen Südrhodesiens aufgefunden, von der die hier gesehenen E xem ­
plare einige Abweichungen gezeigt haben, die m ir eine Absonderung 
dieser Form en nötig erscheinen Hessen. Die Form  der Schalen, deren 
Länge 65— 70 p beträgt, ist nicht linear sondern linear-elliptisch mit 
schwach und breit vorgezogenen Enden. Sie sind auch breiter als der 
Typus, da sie meistens eine Breite von 10 p erreichen. Die Rhaphe zeigt 
deutlich einen komplexen Bau, so dass die Art sicher in der Gruppe 
»Complexae» einzureihen wäre. Die Form der Areas, Anzahl und Ver­
lauf der Streifen entspricht dem Typus. — Fig. 87 . —  Fundort 1.

P. caloneiformis  FIu s t . (1937—39, Bd. XV: 397, T. XXIII, Fig. 6 
und A. S c h m . Ati. T. 385, Fig. 8). —  Obwohl die gesehenen Exemplare 
nu r  35— 45 p lang und 6 p breit, mit 11— 12 Transapikalstreifen in 10 p, 
waren, erscheint es mir zweifellos auch durch die sehr charakteristische 
S truktur der gesehenen Schalen, dass sie mit der HusTEDTschen Art 
identisch sind, desto mehr, da H u s t e d t  nur wenige Exemplare gesehen 
hatte, die kaum  die volle Variation der Art erfassen konnten. Die Art 
ist wahrscheinlich m ehr azidophil und ist im Fischteich am Puntjak- 
pass in Westjava sicher nicht autochton. — Fig. 88. — F undort  9.

P. debegenica  n.sp. — Eine kleine Art aus der Verwandtschaft der 
P. acoricola H u s t . und P. obscura K r a s s k e , mit denen sie aber nicht 
zu verbinden ist. Die Schalen sind linear oder linear-lanzettlich, schlank, 
an den Enden lang und breit schwach kopfig vorgezogen. Länge: 18— 
23 p, Breite: etwa 4 p. Die Rhapheäste sind etwas verbogen mit einem 
nicht langen Polspalten, die nach derselben Seite konvex in welcher 
die einander nicht besonders weit entfernten Zentralporen abgebogen 
sind. Die Axialarea ist eng und nach der Milte zu asymmetrisch lan- 
zettlich verbreitet. Die Zentralarea ist eine meistens asymmetrische, 
bei allen gesehenen Exemplaren stark entwickelte Querbinde, die auf 
der Seite, nach welcher die Zentralporen abgebogen sind, schmäler ist. 
Die Transapikalstreifen sind voneinander mässig weit gestellt, in der 
Mitte radial, an den Enden konvergent. Die feine Struktur, etwa 20 
Streifen in 10 p, und geringe Abmessungen schliessen eine Verwechs­
lung mit anderen ähnlichen Arten aus. — Fig. 89. — Fundort  3.

P. K raeuselii n.sp. — Steht vielleicht der P. graciloides H u s t . 
(A. S c h m . Atl. T. 392, Fig. 2, 3; 1937—39, Bd. 15:293) am  nähesten, 
mit der sie aber nicht zu verbinden ist. Die Schalen sind linear-ellip-
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tisch, an den Enden  breit und gleichmässig abgerundet mit nicht ge­
wellten Seitenlinien. Da ihre Länge 120— 130 p und ihre Breite etwa 
18 p beträgt, ist die Schalenform plumper, als bei P. graciloides. Die 
Rhaphespalten verlaufen leicht wellig, die Zentralporen sind einander 
mässig genähert, die Endspalten lang und gross, ebenso, wie bei P. gra­
ciloides, s tark  entwickelt. Die Axialarea ist linear-lanzettlich, mässig 
breit, etwa XU der Schalenbreite einnehmend, in der Mitte undeutlich, 
meistens n u r  einseitig erweitert, wodurch eine wenig entwickelte Mittel­
area  entsteht, die niemals als eine Querbinde entwickelt ist. Die T rans­
apikalstreifen stehen mässig weit voneinander entfernt, verlaufen bei 
den meisten Exem plaren etwas unregelmässig, in der Mitte wenig radial, 
an den Enden mässig konvergent, vor den mittelsten habe ich niemals 
den für P. graciloides charakteristischen, schattenartigen Kranz schwach 
l ichtbrechender Punkte  oder Flecke gesehen, 8—9 in 10, die von 
einem, durch die Kammeröffnungen gebildeten, schmalen, dem Scha­
lenrande genäherten Längsband gekreuzt sind. Abgesehen von dem 
Bau der Rhaphe wäre eine Verbindung mit Arten aus der Gruppe 
»Maiores» [wie z.B. P. Debesii H u s t ., P. macilenta  (E.) Gl .] auch 
durch  die bei diesen sowohl in der Milte als auch an den Enden p ara l­
lelen Streifung unmöglich. — Die Art widme ich dem Herrn Prof. 
Dr. R. K r a e u s e l  aus F rankfurt  a.M. —  Fig. 90. —  Fundort 15.

P. nodosa  E. var. clebegenica n. var. — Die gesehenen Exemplare 
waren grösser und  robuster, als der Typus, da sie eine Länge von 
100— 110 p und  eine Breite von 13— 15 p aufwiesen. Ausserdem sind 
die Transapikalstreifen verhältnismässig kürzer, wie bei dem Typus, 
w odurch  eine sehr breite Axialarea entsteht, die den welligen Konturen 
der Schale folgend wellig begrenzt breit lanzettlich ist. Der wichtigste 
Unterschied ist, dass die Transapikalstreifen auch polwärts kurz 
bleiben, im Gegenteil zu dem Typus noch weiterhin verkürzen und n u r  
in einem kurzen Abschnitt der Schalen schwach konvergent sind. Der 
Rhaphespalt steht sehr deutlich schief. — Fig. 91. - Fundort 5.

P. Sch w eickerd tii n.sp. — Diese neue Art gehört in der Verwandt­
schaft der P. polyonca  (BréB.) ö .  M., mit der sie aber in keiner weite­
ren Beziehung zu bringen ist. Die Schalen sind linear-lanzettlich mit 
verbreiteten, grossen, breit-kopfigen Enden, 55—65 p lang, etwa 8 p 
breit. Die Ränder der Schalen sind niemals dreiwellig. Die Rhaphe ist 
fadenförmig, die Zentralporen stark einseitig abgebogen, einander 
mässig genähert. Nach derselben Seite zeigt die konvexe Seite des 
langen, etwas bajonettförmigen Polspaltens. Die Axialarea ist lanzett­
lich, etwas unregelmässig, deutlich unsymmetrisch, die Zentralarea ist
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eine ±  breite Querbinde, die durch den stets ungleich starken, massig 
radialen Verlauf der mittleren Transapikalstreifen ebenfalls a sym ­
metrisch ist, die noch durch den auf der einen Seile m ehr allmählichen 
Anschluss der Axialarea erhöht wird. Transapikalstreifen 11— 12 in 
10 p, in der Mitte (beiderseits der Rhaphe asymmetrisch) schwach 
radial oder beinahe parallel, an den Enden konvergent, die Konvergenz 
ist aber niemals so stark, wie hei P. polyoncci. — Die Art benenne ich 
zu E hren  des Sammlers dieser Materialen, des H errn Prof. Dr. H. G. 
S c h w e i c k e r d t  aus Pretoria. — Fig. 92. — Fundort 15.

Stciuroneis pygm aea  K r i e g e r  var. a fr ica n a  n. var. — Die typische 
Form  dieser in Europa nicht besonders oft gesehenen Art habe ich in 
den angrenzenden südrhodesischen Gebieten (vgl. C h o l n o k y  1954 A, 
1954 C) und auch in diesen Proben (Material 4) wiederholt beobachtet, 
in den unten angeführten Materialen, meistens von dem Typus isoliert, 
tritt eine andere Form auf, die wohl die gleichen Struktureigenschaften 
besitzt, aber in ihrer Grösse den Typus weit übertrifft. Ich habe wohl 
einige Übergangsformen (z.B. im Material 5) gesehen, meine aber, dass 
die hier zusammengefassten Individuen einem anderen Variations­
bereich angehören, so dass ihre Benennung berechtigt zu sein scheint. 
Die Länge der Schalen der Varietät kann  28— 29 p, ihre Breite 5— 6 u, 
meistens 6 p erreichen, in ihrer Form  stimmt sie mit der des Typus 
überein. Die Breite des Stauros variiert ziemlich stark, die Form  der 
Axialarea ist ebensowenig konstant, da sie m anchm al deutlich lanzelt- 
lich ausgebildet ist (Fig. 94). Transapikalstreifen 30 in 10 p. — Fig. 93, 
94. —  Fundorte, 1, 3, 5, 7, 10, 15.

S u rire lla  Schw eickerdtii n. sp. — gehört in der Verwandtschaft der 
S. gracilis (W .  Sm.) G r u n .  und S. delicatissima  L e w i s ,  von der letzteren 
ist sie aber so tiefgreifend durch ihre Abmessungen, S truktur und Ver­
kieselung verschieden, dass eine Vergleichung kaum  möglich ist. Die 
Schalen der Art sind vollkommen isopol, aber nicht linear und an ihren 
Enden keilförmig gerundet, sondern linear-lanzettlich, nach den Polen 
zu sehr allmählich, gleichmässig verschmälert und hier breit und eben­
falls gleichmässig abgerundet. Die Länge der Schalen ist 85— 110 p, 
ihre Breite etwa 7 p, so dass sie verhältnismässig viel länger und schlan-

Fig. 90— 106. —  90 Pinnulciria K raeu se l i i  n.sp. —  91 P. n o d o s a  E. var. debegen ica  
n. var. —  92 P. S c h w e ic k e r d t i i  n.sp. —  93, 9-1 S tau ron e is  p y g m a e a  K r ie g e r  var. 
a fr ican a  n. var. —  95, 96 Surire lla  S c h w e ic k e rd t i i  n.sp. — 97— 100 C h roococcu s  
d e b e g e n ic u s  n.sp. — 101— 103 M icrochaete  t ran svaa len s is  n.sp. — 104 Characium  
t r a n s v a a le n s e  n.sp. —  105, 106 C los ter iu m  Venus  Kg. var. deb eg en ica  n. var. — 
V ergr. bei den Fig. 90— 96 1330/1, bei den Fig. 97— 106. 580/1.
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ker wie S. gracilis ist. Die Rippen sind breit, Flügelkanäle etwa 60 in 
100 p. Schalenfläche deutlich gestreift, 22— 24 Transapikalstreifen in 
10 p, die in der Mittellinie eine mässig enge Pseudorhaphe frei lassen. 
Gürtelhand linear, an den Enden etwas verschmälert, ebenfalls völlig 
isopol. — Die Art widme ich dem Herrn Prof. Dr. H. G. S c h w e i c k e r d t  

aus Pretoria, der diese Materialen gesammelt hatte. — Fig. 95, 96. — 
Fundort 4.

Bei der Untersuchung sind mir ausser den Diatomeen auch einige 
andere Algen aufgefallen, die sicherlich als neue Arten gelten müssen. 
Diese sind:

Chroococcus debegeniciis  n.sp. — Die Art kom m t in dem unten 
angeführten Materiale in einer enormen Menge vor, wodurch das ganze 
in eine schleimige, bräunliche Gallertmasse verwandelt wird. Sie gehört 
in der Verwandtschaft des C. W estii (W. W e s t ) B o y e  P., da die 
Coenobien, die S truktur der Gallerte und die Form  und Position der 
Zellen in den Coenobien am  meisten mit dieser Art übereinstimmen. 
Ich habe aber viele Coenobien mit acht Zellen gesehen (obzwar diese 
schon im Zerfallen in Vierergruppen begriffen waren) und besonders 
die Abmessungen der Einzelzellen -  11 — 18 p — bleiben weit un ter
den Massen des C. Westii. Die Ökologie der beiden Arten scheint ü b e r ­
einstimmend zu sein. Einige Stadia der Entwicklung der Coenobien, 
deren Beobachtung durch das reichhaltige Material ermöglicht wurde, 
stellen die Fig. 97— 100 dar. — Fundort 1.

M icrochaete transvaa lensis  n. sp. — gehört zu den Verwandten der 
M. catenata L e m m .  Die Gallertscheide ist auch hier hyalin, nicht ge­
schichtet, farblos und mit dieser sind die Fäden 12— 13 p breit, an  den 
Querwänden leicht eingeschnürt, die Einschnürung ist bei den älteren 
Querwänden tiefer. Die Länge der Zellen variiert nicht nach der Posi- 
tion in dem Trichom sondern augenscheinlich nach  dem Teilungs­
rhythmus, 2,5— 7 p. Am unteren Ende der Fäden kommt entweder 
nur eine Heterozyste oder eine Dauerzelle und darunter eine Heterozyste 
vor. Die Dauerzellen werden meistens mit einem Abstand von 1 1,5 p
von den vegetativen Zellen des Trichoms getrennt, so eine Trennung 
kom m t aber in der Jugend und bei den Heterozysten überhaupt nicht 
vor. Die Dauerzellen sind ellipsoidiscli, ihre Längsachse fällt in der 
Längsachse des Trichoms, 10X12— 13 p, die Heterozysten sind kugel­
rund  mit einem Durchmesser von etwa 9 p. Sowohl an den Enden der 
Dauerzellen als auch an den Polen der Heterozysten kom m en besonders
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im Alter zapfenförmige W andverdickungen vor. — Fig. 101— 103. — 
Fundort 3.

Characium transvaalense  n.sp. — Die Art steht dem C. ornitho- 
cephalum  A. B r a u n  am nähesten, von dem sie aber schon in ihrer 
minder asymmetrisch-halbmondförmigen Form abweicht, da die Indi­
viduen nur asymmetrisch-lanzettlich sind. Ihre Abmessungen weichen 
ebenfalls stark ab, da die gesehenen Exemplare etwa 60 lang waren, 
wovon die Zelle (ohne Stiel und Dorn) 36—37 u ist. Die Breite ist nur 
8—9 u. — Ein zweizeiliger Zustand: Fig. 104. — Fundort 3.

Closterinm Venus Kg. var. debegenica n. var. — Die in den unten 
angeführten Materialen gesehenen Exemplare waren ohne Ausnahme 
kurzer und besonders auffallend breiter als der Typus, mit dem sie 
sonst übereinstimmen. Länge 70— 110 p, Breite 12,5— 15 p. Sonst wie 
die Art — Fig. 105— 106. — Fundorte 1, 4.

Ausser den schon aufgezählten selteneren und neuen, konnte ich in 
den vorliegenden Proben das Vorhandensein folgender, mehr allgemein 
verbreiteter Diatomeen feststellen:

Achnanthes affinis  G r u n . :  9 (SH), 10 (ZH), 11 (H), 12, 15 (NS). — A. exi­
gua  G r u n . :  4. —  A .  inflata  K g . :  1 (H), 3 (H), 4, 5 (SH), 6 (SH), 7, 9, 10 (ZH), 
11, 13 (NS), 15 (H). —  A. lanceolata ( B r é b . )  G r u n .  var. rostrata  H u s t . :  4, 
5 (NS), 7, 9, 15. —  A. linearis W. Sm.: 2, 3, 4 (NS), 5, 7. — A. linearis var. 
pusilla  G r u n . :  10, 15. —  A. microcephala  K g . :  4, 10. —  A. minutissima  K g . :  
1, 2 (SH), 3 (11), 4 (SH), 5 (41), 6, 7 (SH), 8 (NS), 9, 10 (SH), 11 (41), 12, 
13, 14, 15 (S4I). —  A. minutissima  f. cryptocephala  ( G r u n . )  H u s t . :  7 (SH), 
8, 15 (H).

Anomoeoneis brachijsira  ( B r é b . )  Gl.: 9.
Caloneis silicula (E.) Gl. var. truncatula  Grun.: 4.
Cocconeis placentula  E. var. euglypta  (43.) Gl.: 15.
Cymbclla microcephala  G r u n . :  1 (H). — C. naviculiformis  A u e r s w . :  11. — 

C. turgida ( G r e g . )  Ct.: 3, 5, 10, 15 (NS). — C. ventricosa  K g . :  3, 4.
Dipioneis subovalis  Gl.: 1 (ZH), 4, 7, 10, 15.
Eunotia  arcus  E.: 15. — E. exigua ( B r é b . )  G r u n . :  15 (NS). —  E. prae­

rupta  E.: 1. —  E. praerupta  var. bidens  G r u n . :  1. — E. tenella ( G r u n . )  H u s t . : 
5, 9, 11, 15 (NS). —  E. trinacria K r a s s k e  var. undulata  H u s t . :  6.

Fragilaria pinnata  E.: 2.
Frustulia rhomboidcs  (E.) D e  T o n i :  4 (ZH). — F. rhomboides  var. rho- 

desica C h o l n o k y :  4. —  F. rhomboides  var. saxonica ( R a b h . )  D e  T o n i :  4 (H), 
5 (NS), 10, 11, 15. —  F. vulgaris (Tnw.) D e  T o n i  var. angusta  C h o l n o k y :  9.

Gom phonema augur  E. var. Gautieri van  H e u r c k :  4, 7. —  G. gracile E.:
1, 2, 3, 4, 6, 7, 10, 15 (ZH). — G. longiceps E. var. m ontanum  ( S c h u m . )  Cl.:
3 (II), 4, 5 (NS), 7, 9, 10 (NS), 11, 12, 14, 15 (ZH). —  G. longiceps var. sub- 
clavatum  G r u n . :  2 (NS), 3 (NS). — G. parvulum  (K g . )  G r u n . :  2 (ZH), 3 (NS),
4 (H), 5 (II), 6, 7 (H), 9 (NS), 10 (H), 12, 15 (H). — G. parvulum  var. läge-
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nuhim  ( G r u n .) I I u s t .: 2, 3, 4 (H), 5 (H), 6, 7, 8 (NS), 9 (NS), 10 (NS), 12, 
15 (H). —  G. parvu lum  var. m icropus  (Kg.) C l.:  10. —  G. parvu lu m  var .  
subellipticum  C l.:  3, 11, 15.

Hantzschia am ph io xys  ( E. )  G r u n . :  14 .  —  H .  am p h io xys  f .  capita ta  O.  M. :  9 .  
—  H. am ph io xys  v a r .  africana  H u s t .: 12 .  —  H. a m p h io xys  v a r .  africana  
f .  minuta  C i i o l n o k y :  3,  5,  8 ,  9 ,  10, 11, 12 ,  16  (NS).

Melosira Dickiei  (Th w .) Kg.: 1 (NS), 10 (ZH), 13, 15. —  M. Roeseana  
R ab h . :  8 (NS), 15. —  M. Roeseana  var. epidendron  G r u n . :  1 (SH), 2, 3, 5,
6 (NS), 7, 9 (NS), 12, 13, 14, 15, 15 (SH), 17 (II).

Navicula bryoph ila  P e t e r s e n : 2, 3 (ZH), 5, 7, 10 (NS), 15 (NS). —  N. cari  E. 
var. angustci G r u n .: 2, 4, 5, 15. —  N. contenta  G r u n .: 3, 8, 13, 15. —  N. con­
tenta  f.  biceps  A r n o t t : 3, 4 (H), 6, 8 (H), 11, 13 (ZH), 14, 15, 16. —  N. con ­
tenta  f. parallela  P e t e r s e n : 1 (H), 5, 8 (SH), 9 (NS), 11, 12, 13, 14. —  N. con­
tenta  f. undulata  Ch o l n o k y : 1. —  N. cryp tocepha la  K g .: 2, 4, 9. —  N. hunga-
rica G r u n . var. capitata  (E.) C l .: 4, 10. —  N. K rasskei  H u s t .: 1 (H), 2 (NS), 
5, 8, 9, 10, 12, 14, 15. —  N. Lagerheimii  C l.:  3, 4, 5, 6, 8 (H), 9, 10, 11 (NS), 
12, 13 (H), 15 (NS). —  N. Lagerheimii  var. in termedia  H u s t .: 8 (H), 10 (NS), 
12, 15. —  N. m in im a  G r u n . var. atom oides  ( G r u n .) C l .: 10. —  N. mutica  K g .: 
3, 9, 16 (H), 17. —  N. m utica  f .  Cohnii ( H i l s e ) H u s t .: 4. 6, 8, 16. —  N. m u ­
tica var. nivalis  (E.) H u s t .: 16. —  N. pupula  K g .: 5. —  N. radiosa  K g .: 2, 4, 
5, 9, 15. —  N. radiosa  var. tenella  ( B r é b .) G r u n .: 4.

Nitzschia denticula  G r u n .: 4 .  —  N. dissipata  ( K g .) G r u n .: 4 .  —  N. fru s tu ­
lum  ( K g .) G r u n . v a r .  perpusilla  G r u n .: 2,  4 ,  11 .  —  N. linearis ( A g .) W. S m .: 
1, 2,  3,  4 ,  15 .  —  N. palea  ( K g .) W. S m .: 4.

Pinnularia borealis  E.: 1, 13 (NS). —  P. borealis  var.  rectangulata  H u s t .: 
1, 4, 5, 8 (NS), 9, 10, 12, 13 (H), 17. —  P. borealis  var. rectangulata  f. conica  
C h o l n o k y : 3, 6. —  P. g ibba  E.:  5, 15. —  P. gibbci var. parva  (E.) G r u n .: 
14, 15. —  P. lep tosom a  G r u n .: 1, 3. —  P. m esolep ta  (E.) W. S m . f. angusta  
C l .: 4. —  P. microstauron  (E.) C l .: 4 .  —  P. obscura  K r a s s k e : 4, 10, 15. —  
P. subcapitata  G r e g . var. Hilseana  ( J a n i s c h ) O. M.: 4, 10.

Stauroneis anceps  E.: 4. —  S. p ygm a ea  K r i e g e r : 4.
Surirella delicatissima  L e w i s : 4 .  —  S. linearis  W . S m .: 4 .  —  S. linearis  var.

helvetica  ( B r u n ) M e i s t e r : 4 ,  5.  —  S. tenera  G r e g .: 4 .

Synedra minuscula  G r u n .: 4 .  —  S. rum pens  K g .: 13. —  S. rum pens  var.
Meneghiniana  G r u n . :  4 .  —  S. rum pens  var.  scotica  G r u n . :  2 ( I I ) ,  4  (ZH), 5,
7 ( I I ) ,  9, 10, 15 (ZH). —  S. ulna ( N i t z s c h )  E.: 1, 2 (H), 3 (SH), 4, 5, 7 (ZH), 
9, 10 (NS), 12, 14, 15 (NS). —  S. ulna var. aequalis  (Kg.) H u s t . :  10. —  
S. ulna var. am ph irrh yn ch u s  (E.) G r u n . :  7. —  S. vaucheriae  IvG . var. capitel-  
lata G r u n . :  12.

ln  den teilweise getrockneten, teilweise m it Form azetalkohol fix ier­
ten M aterialen konnte ich ausser den schon aufgezählten neuen Form en 
und den unbestim m baren vegetativen Conjugatae und Oedogonia auch 
einige V ertreter anderer Algengruppen beobachten, deren Aufzählung 
m ir durch die vollkomm ene U nbekanntheit des Gebietes doch erw ünscht 
erscheint. Diese sind:
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C y a n o p h y t a :

Aphcinocapsa rivu laris  ( C a r m .) R a b h . : 1; —  Gloeocapsa ca ldar iorum  R a b h .: 
1 ;  —  G. cong lom era ta  K g .: 1; —  L y n g b y a  M artensiana  M e n e g h .: 6 ;  —  Micro­
cystis  pu lverea  ( W o o d ) M i g u l a : 1 ; —  Nostoc  sph aer icum  V a u c i i .: 1; —  
Oscillatoria tenu is  A g .: 6 .

C h l o r o c o c c a l e :

T etraed ro n  lo n g isp in u m  ( P e r t y ) H a n s g . :  3 ,  4 .

Zitierte Literatur:

C h o l n o k y ,  B. J., 1952. Beiträge zur  Kenntnis  der Algenflora von Portugies isch  Ost- 
Afrika (Mozambique). 1. —  Boletim da Sociedade Po r tu g u esa  de Ciencias 
Naturais .  Vol. IV. 2a Série (Vol. XIX) : 89.

— 1953 A. Diatom een-Assozia tionen aus dem Hennops-Rivier  bei Pre tor ia .  — 
Verh. d. Zool.-Bot. Ver. in Wien, Bd 9: 131.

- 1953 B. H ydrobiologische  U n te rsuchungen  in T ransvaa l  I. Vergleichung der 
herbst l ichen  Algengemeinschaften in Rayton-Vlei u n d  Leeufontein.  —  Hydro- 
hiologia. Im Druck.

—  1954 A. D ia tom een  aus Süd-Rhodesien. — Portuga liae  Acta Biologica. Im  Druck.
- 1954 B. Ein Beitrag zur  Kenntnis  der Algenflora des Mogol-Flusses in Nordost- 

T ransvaa l.  —  Österr.  Bot. Zeitschr. Bd. 101: 118.
— 1954 C. Neue u n d  seltene Dia tom een aus Afrika.  — Österr. Bot. Zeitschr.  Im 

Druck.
E r l a n d s s o n ,  S., 1928. Dia tom een  aus Afrika. — Svensk B otanisk  Tidskr.,  Bd. 22:448.
F r i t s c h ,  F. E. an d  F. R i c h ,  1924. Contributions to ou r  knowledge of the freshw ate r  

Algae of Africa. 4. F re sh w a te r  and  subaeria l  Algae from  Natal.  —  T ra n s ­
actions of the  Royal Society of South  Africa, Vol. XI: 297.

G e i t l e r ,  L . ,  1932.  Der Form w echse l  der pen n a ten  Diatomeen. — Archiv f. P ro t i s ten ­
kunde ,  Bd. 78.

H u s t e d t ,  F., 1937— 39. Systematische und ökologische Untersuchungen  über  die 
D ia tom een-F lo ra  von Java, Bali  u n d  Sum atra .  — Archiv f. Hydrob.,  Suppl. Bd. 
XV u nd  XVI.
1950. Die D ia tom eenflo ra  no rd d eu tsch e r  Seen mit  besondere r  Berücksichtigung 
des holste in ischen Seengebiets. V.—VII. Seen in Mecklenburg, L auen b u rg  und 
N ordos tdeu tsch land .  —  Archiv f. Hydrob.,  Bd. X L IIF  329.

—  1952. Neue u nd  wenig bekann te  Diatomeen. III. Phylogenetische  Variat ionen 
bei den rh a ph id io iden  Diatomeen. —  Ber. d. Deutsch. Bot. Ges., Bd. LXV: 133.

- 1953. Dia tom een  aus der Oase Gafsa in Südtunesien. Ein  Beitrag zur  Kenntnis 
der Vegetation a f r ikan ische r  Oasen. — Archiv f. Hydrob.,  Bd. 48: 145.

M e i s t e r ,  F . ,  1932. Kieselalgen aus  Asien. —  G e b r .  Borntraeger ,  Berlin.
M e s s i k o m m e r ,  E., 1942. Beitrag zur Kenntnis der Algenflora un d  Algenvegetation 

des Hochgebirges um  Davos.  — Beiträge zur geobotanischen L an d esau fn ah m e  
der  Schweiz. Heft 24. Bern.

M ü l l e r ,  ()., 1905. Bacillariaceen aus dem  Nyassalande  und  einigen ben ach b ar ten  
Gebieten. Dritte  Folge. — E n g l e r s  Bot. Ja h rb ü ch e r ,  Bd. 36: 137.



29(5 B. J. CHOLNOKY

P a t r i c k ,  R., 1940. Some new  D ia tom s f ro m  Brazil.  —  Notulae  Naturae ,  Nr. 59. 
P e t e r s e n ,  J. B., 1928. The  Aerial Algae of Iceland. — B otany  of Iceland, Vol. 2. 
R i c h ,  F., 1937. C on tr ibu tions  to our  knowledge  of the f reshw ate r  Algae of Africa. 12. 

Some Diatoms f ro m  the Victoria  Falls . —  T ransac tions  of the Royal Society 
of South Africa,  Vol. XXIV: 207.

S c h m i d t ,  A., 1872— 1944. Allas der Dia tom aceen-K unde.  —  Aschersleben-Leipzig.



B o t a n i s k a  N o t i s e r  1954 , H ä f t e  3. L u n d

A new  Variety of Euphrasia lapponica.

By O l o f  R u n e  and  O l a f  I. R o n n i n g .
University  of Uppsala. T rom sö  Museum.

During an  excursion to F innm ark  in 1953, the present authors visited, 
among other places, Mount Duken on the Isle of Mageröy which is 
situated relatively close to the North Gape. This m ountain is hotanically 
famed for, inter alia, such remarkable species as Arenaria humifusa  
and Braija purpurascens,  the latter having there its one and only Scan­
dinavian locality. N o r d h a g e n , in 1935, gave an account of the phyto­
geographic significance of the Mt Duken flora.

In contrast to most earlier visitors, we reached Mt Duken from the 
south by using the North Cape road which is under construction. In 
this way, we obtained a chance to study the flora of the narrow  lime­
stone belts that radiate southwards for about 10 km  from the mountain.

In the limestone area approximately 3 km  south of Mt Duken, a rich 
occurrence of a particular, albinic type of Euphrasia lapponica was 
noticed. Though very small, 1— 2 cm, this plant is easily perceived 
by its pale-green colour, dense appearance and comparatively big, 
quite white flowers. It was later found in abundance in several places 
south of Mt Duken, its most northern  locality being on the SW slope 
of the mountain. The North Gape road runs so close to several rich occur­
rences that botanists travelling along this road in the future can hardly 
fail to notice this peculiar plant.

As a m atter  of fact, this type of Euphrasia  has been collected before 
in that area, viz, by N o r d h a g e n  in 1934 and  by G j a e r e v o l l  in 1952. 
Their collections in the Museum of the University of Bergen and  in the 
Trondheim Museum, respectively, are the only ones traced by us in the 
official he rbaria  of Scandinavia.1

Earlier botanists, who generally approached Mt Duken from the 
north  evidently failed to detect the most abundan t occurrences of this

1 N orw egian  m a te ria l checked by  R u n n in g , Sw edish  m ate ria l by  R une.
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plant to the south of the mountain. In his F lora of F innm ark  (1934), 
O v e  D a h l  recorded only Euphrasia frigida from Mt Duken. N o r d - 

h a g e n , in 1934, discovered also E. lapponica there ( N o r d h a g e n  1952). 
However, his find refers to the type race of the species which occurs 
sparsely on the dry  limestone of the northern  side of the mountain. 
It seems restricted to that par t  of the area, being, as far as we could 
see, non-existent in the southern part.

Thus, two different types of Euphrasia lapponica, with different 
areas of distribution, are to be found on Mageröy: (1) the type race 
occurring sparsely on the dry limestone-scree of the northern  and 
central parts of Mt Duken, and (2) the albinic race appearing in 
abundance on the southern side of the mountain in stations less dry 
than  those of the former.

The occurrence of Euphrasia lapponica on Mageröy constitutes the 
northernmost outpost of this Scandinavian endemic. The outpost has 
also a ra ther isolated position, the nearest finds being in the dolomitic 
areas round the inner parts of Porsangerfjord and on the Isle of Söröy 
(see m ap 1576 in H u l t é n  1950, N o r d h a g e n  1952). The albinic forms 
of Euphrasia lapponica are so far heard  of only in this isolated part of 
the distribution area of the species.

The albinic type of Euphrasia lapponica, dom inant on Mageröy, is 
very uniform and differs in several respects from the type race of the 
species. In our opinion, there is justification for classifying it as a 
variety, var. pallida n. var.

E u p h ra s ia  lapponica  Th . F r . j:r var. p a l l id a  n. var.
P lan ta  condensata, 1— 2.5 cm alta, tota pallide viridis. Corolla pure alba. 

Folia duplo-triplo longiora quam  latiora, u troque m argine plerum que biden- 
tata, dentibus lam inae aequilatis vel brevioribus. Semina c. 1.5 (1.2— 1.8) mm 
longa. F loret medio Augusti. Ceterum ut form a typica.

H abitat in Mageröy, prov. F innm archiae Norvegiae, in solo m ineralico 
calcario sat hum ido, c. 100 m s.m.

C o l l .  o r i g . :  Norvegia, F innm ark , par. N ordkapp: prope Sätertind, occi­
dentem  versus, ad viam. 29/7 1953 O. R u n e  et O. R o n n i n g .  T ypus in Mus. 
Bot. Trom soeensi.

Var. pallida differs morphologically from other types of E. lappo­
nica by its pale-green colour, white flowers, invariably smaller size, 
smaller seeds, and comparatively broader leaves which are so crowded 
as to give the plant a dense appearance (see Fig. 1).

In general, Euphrasia lapponica  has the purplish-brown colour 
typical of the E. salisburgensis group. Specimens of a particularly
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Fig. 1. — 1— 4: Euphrasia  lapponica  var. pallida. — Different types of specimen 
from  the p o pu la t ion  of the W  side of Mt Sätertind,  south  of Mt Duken, collected 
29/7 1953.

1. Pa le-green  specimen of abou t  m ax im um  size (rare), 2. D:o, n o rm a l  size 
(frequent),  3. J):o, abou t  m in im u m  size (rather frequent) ,  4. Slightly pu rp le-co loured  
specimen ( r a re ) .

5: E. lapponica  s. str., typical d w arf  specimen from  the dolomite  a t  Börselv, 
Po rsanger ,  collected 14/8 1953.

Note the  dense ap p ea ran ce  of 1— 3 as com pared  with 5, a n d  also the less dense 
of the pu rp l ish  specim en (4) as com pared  with the  pale-green ones 1— 3. Unit of 
the scale 1 cm. —  Photo :  S.  E r i k s s o n .

large grow th m ay som etimes tu rn  m ore or less dark  grey-green. In 
var. pallida  the stem, leaves, bracts, and sepals lack all trace of a 
purp lish  colour. The corollas are generally pure white, w ith the yellow 
spot of the lower lip bu t slightly perceptible. In  some cases, m ore or 
less vague, purple lines are to be seen in the white corolla. These lines 
appear m ore distinctly  on d ry  m aterial. However, the m ore o r less 
w hitish flow ers are not restric ted  to var. pallida but are som etimes 
m anifested also in the type race of E. lapponica, whose flowers are
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normally pale-blue. Recently, a special race with purplish-blue flowers, 
found in South Norway was described by N o r d h a g e n  (1952) as var. 
purpureocoerulea.

Apparently, var. pallida is an albinic type, differing also in o ther 
respects from the type race of the species.

Euphrasia lapponica varies considerably in size. Big and highly 
branched specimens, 10— 15 cm, may be found, e.g., in the scree areas 
of the Junkerdalen  valley in Salten, Norway. On the other hand, exposed 
stations in the alpine region usually harbour small unbranched  spe­
cimens, about 5 cm high. In such populations the smallest individuals 
m ay even attain a size typical of var. pallida. In the latter, however,
the entire population consists of individuals either falling below or
equalling the m inim um  size of E. lapponica s. str., being only 1— 2.5 cm 
high.

The dwarf specimens of E. lapponica s. str. generally have few 
flowers and  leaves and the inflorescence is ra ther open (see Fig. 1).

In spite of the small size, var. pallida is rich in leaves and  flowers, 
forming a dense inflorescence (see Fig. 1).

The leaves of E. lapponica s. str. have a length 3— 4 times their
breadth and  have 3— 4 pairs of acute teeth, exceeding the breadth  of 
the leaf. In var. pallida, the leaves are constantly broader or 2— 3 times 
as long as they are broad; their teeth are less acute and comparatively 
shorter and broader, their length being less than  the breadth  of the leaf. 
A similar difference appears in the teeth of the bracts and the sepals.

One of the essential differences between E. lapponica and E. salis- 
burgensis, as pointed out b y  T h . F r i e s  (1921), is the bigger seeds of 
the former. The length of the seeds of E. lapponica  (measured by the 
present authors) is approx. 2 m m  (1.8— 2.3) while in E. salisburgensis  
approx. 1.5 mm.

However, in var. pallida the seeds are clearly smaller than  in E. lap­
ponica  s. str., or equal approximately 1.5 mm (1.2— 1.8). This would 
imply that the variety has seeds similar in size to those of E. salis­
burgensis.

In other respects var. pallida differs but slightly from the type race 
of E. lapponica. Thus, the leaves, the bracts and the capsules of var. 
pallida are completely glabrous, while the stem carries a few short and 
depressed hairs. Except in colour, the flowers of var. pallida do not 
differ from those of the type race of E. lapponica. In spite of the small 
size of the variety, the flowers do not differ in size from those of the 
species (approx. 7 mm). Accordingly, var. pallida is ra ther large-
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flowered. Nor do Ihe capsules of the variety differ in shape or size from 
those of the species.

By the shape of the leaves and the dense appearance of the plant, 
var. pallida is partly  reminiscent of Euphrasia frigida or, rather, the 
so-called hybrid  between E. frigida and E. lapponica. However, the 
complete lack of hairs on the capsules of var. pallida closely relates 
it to E. lapponica.

In  the population of var. pallida, a few specimens (totalling approx. 
1— 2 %) exist which are more or less purplish-brown in colour, some 
of them having the norm al colour of the species. These specimens 
approach  the type race of E. lapponica also in other respects, having 
narrow er leaves and more open inflorescence (see Fig. 1). They cannot 
be regarded as mere hybrids between var. pallida and the type race of 
E. lapponica, the latter being totally lacking in these localities. In 
addition, they are quite fertile and m ay be conceived as an aberrant 
type of the variety.

At our visit to Mageröy on July 29— 30, var. pallida had just begun 
to flower. The comprehensive herbarium  material collected by the 
present authors at the time includes but a very few specimens with the 
capsules and ripe seeds developed. As the Spring of 1953 was unusually 
w arm  in N Scandinavia, the vegetation was m uch ahead of schedule. 
In more norm al summers, the flowering of var. pallida is sure to take 
place in August. Thus, Ihe specimens collected by G j a e r e v o l l  on 
August 18, 1952, are in full flower. All the specimens of the type race 
of E. lapponica observed by the present authors on Mt Duken and at 
Porsanger at the beginning of August had  ceased flowering much 
earlier. However, the stations in question are extremely dry and warm, 
being situated on dry dolomite gravel. As pointed out by N q r d h a g e n  

(1952), E. lapponica is a clearly xerophilous plant, whose early 
flowering here m ay partly  be due to its occurrence in dry, warm, well- 
drained, and  early snow-free stations. It generally starts to flower a 
little later than, e.g., Drgas octopetcda, one of its most constant 
followers.

The present variety has been found in more moist and  less well- 
drained stations than is typical of the type race of E. lapponica. It 
usually grows in the patches of bare soil of a silty composition formed 
in Dryas-heaths by frost action or w ind erosion. Among the species 
characteristic of this vegetation the following m ay be mentioned: Dryas 
octopetcda, Car ex glacicdis, Thalictrum alpinum, Saxifraga aizoides, 
Festuca ovina, Euphrasia frigida, and in some places, Bray a purpuras-
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cens. However, the ground is actually more m oist than  this list would 
indicate.

The fact that the flowering of Dry as octo petala  and  m ost of the 
o ther species m entioned above was passed when var. pallida  had just 
begun suggests a later flowering of var. pallida, as com pared w ith the 
type race of the species.

Thus, a characterization of var. pallida should be supplem ented w ith 
the following ecologic peculiarities: (1) var. pallida  flowers later than  
the type race of the species, and (2) it seems less xerophytic than  the 
latter.

Euphrasia lapponica, usually highly purple-coloured w ith pale-blue 
flowers, has two aberran t races, distinguished as varieties: (1) var. 
purpureocoerulea  N o r d h a g e n  with purplish-blue flowers, and (2) var. 
pallida  R u n e  & R o n n i n g  which is, in ter alia, albinic.

A sim ilar variation is seen in another Euphrasia  species in Scandi­
navia, i.e. E. micrantlia  R c h b . (E. gracilis F r . ) .  This is represented by 
two races in Scandinavia: (1) E. m icrantha  s. sir. w ith bluish-w hite 
flowers and  (2) E. m icrantha  var. primaria  ( F r .) H y l . (see H y l a n d e r  

1945) w ith dark  purple flowers. The form er occurs in the whole d istri­
bution area of the species in Dano-Fennoscandia. The latter is restricted 
to the w estern parts of Norway, Sweden, and  D enm ark. In some dis­
tricts it is possibly the only representative of the species, while in others 
bo th  races are present. In the eastern part of Sweden and in Finland 
var. prim aria  is non-existent.

In addition, an albinic form  is also recorded in this species, i.e. 
f. pallida  ( H ü l p h e r s ) H y l ., characterized by a pale-green colour and 
w hite flowers. In this case the loss of colour is not followed by m orpho­
logical changes. This form is found only in one locality in the province 
of H alland  (Halm stad, in hea ther growth on sand at the sea shore, 
leg. A. H ü l p h e r s  28/8 1920).

Several o ther species of Rhinanthoideae, w ith norm ally m ore or less 
coloured leaves or bracts, present albinic form s in Fennoscandia. These 
are generally characterized by a loss of colour w ithout any m orpho­
logical changes. Such form s are, e.g., M elam pyrum  nem orosum  f. albi­
d u m  S v a n l ., M. cristatum  f. pallens H a r t m ., M. arvense f. pallens 
S t e r n ., Odontites litoralis f. pallida B l o m , Bartsia alpina f. ochroleuca 
B l y t t , Pedicularis palustris ssp. borealis f. ochroleuca (L^e s t .) H y l . 

These albinic form s of Rhinanthoideae  usually constitute a limited part
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of a local population and have consequently been given the lowest 
taxonomic rank, i.e. forma.

As regards Euphrasia lapponica  var. pallida a higher taxonomic 
rank than  form a is justifiable, the albinism being combined with other 
characteristics, for instance, the late flowering. Although a seasonal 
dimorphism cannot be said to occur neither in Euphrasia lapponica  
nor in any other plant of the Arctic with its short vegetational period, 
var. pallida seems to show characters very typical of the intraspecific 
variation in Rhinanthoideae,  viz. albinism and different flowering-time.

The authors are much indepted to Dr N i l s  H y l a n d e r  of Uppsala, for 
his valuable assistance in the course of these investigations.

Uppsala and Tromsö, May 1954.
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B o t a n i s k a  N o t i s e r  1 9 5 4 ,  H ä f t e  3. L u n d

Saussurea alpina på Falbygden.

Av L e n n a r t  F r i d é n .

I början  av detta sekel konstaterades för första gången på Falbygden 
förekomsten av fjällskära, Saussurea alpina (L.) DC. Fyndet av denna 
för Sydsverige intressanta relikt gjordes i Dimbo socken öster om 
Gerumsberget. Det redovisas i l itteraturen första gången av W e s t f e l d t  

(1927) och omnämnes av A l b e r t s o n  (1946 s. 429). Av samtal med 
prof. E l i a s  M e l i n  hösten 1953 framgick, att han  som skolyngling till­
sammans med K. A. S t a l i n  i sin hemsocken, Dimbo, stötte på en liten 
förekomst av Saussurea. Det var vid tidpunkten för eller kort efter 
utgivandet av R u d b e r g s  (1902) Västgötaflora, i vilken det inte uppges 
någon lokal för Saussurea alpina i Skaraborgs län. Med ledning av 
prof. M e l i n s  beskrivning av lokalens läge V om kyrkbyn »vid en liten 
väg, som leder uppåt berget» (Gerumsberget) företog jag i december 
1953 en rekognoscering. Det enda som där påminde om k ärr  eller fuktig 
äng var en sänka i en kulturbetesm ark  m ed ett Veronica beccabunga — 
Glyceria //mhms-källdrag. Av samtalet tycktes vidare framgå, att det 
av A l b e r t s o n  (1941) om näm nda »Lambevadskärret», som ligger S om 
kyrkbyn, icke skulle ha varit den åsyftade växtplatsen för fjällskäran 
(jmfr A l b e r t s o n  1946 s. 429). P å  båda  här näm nda platser, liksom i 
trakten i övrigt, ha r  växten förgäves eftersökts under ett flertal exkur­
sioner. Saussurea-iörekomslen  i Dimbo s:n, kanske num era  spolierad, 
har, såvitt författaren kunna t  finna, icke angivits på någon ulbred- 
ningskarta.

Nära femtio år ha  gått utan någon ny rapport om Saussurea från  
Falbygden. Det fanns anledning befara, att denna trakt förlorat ett 
intressant element i sin flora. Glädjande nog är så ej fallet. Till min 
överraskning har jag de senare åren funnit inalles tre förut okända 
Saussurea-lokaler, samtliga belägna i den sydöstra delen av Falbygden.

Min första upptäckt av Saussurea skedde i juli 1951 i Sjöängen i 
Slöta s:n. Det är ett botaniskt m ärklig t område med kalkfuktängar
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och gungflyartade rikkärr, vilka senare uppvisa en rik anhopning av 
nordöstliga myrväxter. Bland fältskiktets arter m å särskilt framhållas 
den 1946 å terupp täck ta  Saxifraga hirculus (A l b e r t s o n  1946; F r i d é n  

1951 s. 385) och den sedan funna Stellaria crassifolia var. paludosa 
(A l b e r t s o n  1949 s. 178). Saussurea växte i en liten björkdunge i fukt- 
ängsområdets u tk a n t . . Trots omsorgsfullt sökande stod f jällskäran ej 
att f inna på m er än en enda tuva, och denna gjorde märkligt nog in­
tryck av att vara  en edafiskt ogynnsam ståndort för växten, med inslag 
av sådana ar te r  som lingon och Carex pilulifera.

Min andra  upptäckt av fjällskäran skedde på våren 1952. I en liten 
betesm ark i västra delen av Skörstorps s:n fångades min u p p m ärk ­
samhet av någ ra  tuvor, tämligen rikt beväxta med Saussurea-liknande 
blad. Mina m isstankar besannades vid nästa besök den 23 juli. 
Tuvorna lyste blå av vaniljdoftande fjällskära. Upptäckten stimule­
rade till förnyade undersökningar i trakten, särskilt på Gerumsbergets 
nedre sluttningar, där det förekom mer åtskilliga ka lkkärr  och kalk- 
fuk tängar med lämpliga ståndorter för fjällskära.

Mitt tredje fynd av Saussurea gjordes den 30 augusti 1953 i sydöstra 
delen av Skörstorps s:n. Där uppträdde fjällskäran i en Schoenus-myr, 
som jag besökt redan 1948 m en då blott ägnat en flyktig undersökning 
vid ett resultatlöst försök att verifiera R u d b e r g s  (1902) uppgift om 
Pedicularis sceptrum-carolinum  i socknen. De båda lokalerna för Saus­
surea alpina i Skörstorps s:n äro belägna ungefär 3 km från varandra  
och bilda ett litet centrum  för denna art på Sydöstfalbygden, till vilket 
de förut m era  isolerade förekom sterna i Dimbo och Slöta socknar 
ansluta sig.

Den sydsvenska utbredningen av Saussurea alpina, dess allm änna 
orientering och dess isolerade läge i förhållande till artens nordliga 
areal i vårt land fram går av k ar to rna  hos E r l a n d s s o n  (1940) och 
H u l t é n  (1950). Av de berörda landskapen, Småland och Västergötland, 
uppvisar det förra  blott en enda lokal. Den är belägen vid Nobyån 
SV om Tranås och upptäcktes av A. G. H a n n e r z  1915. De västgötska 
lokalerna återfinnas i trakten  av Ulricehamn, huvudsakligen i anslu t­
ning till övre Ätradalen. Båda områdena, ungefär mitt emot varandra  
på ömse sidor om Vättern, ligga något nedom 58:e breddgraden. Härtill 
kom m er nu  det något nordligare belägna förekomstområdet på Sydöst­
falbygden. Avståndet från  Sjöängen, Falbygdens sydligaste Saussurea- 
lokal, till de närm aste  lokalerna i Älvsborgs län i Dalum och Möne 
socknar ä r  i det närm aste  tre mil.

För Ulricehamnstraktens Scumurea-lokaler ha r  W e s t f e l d t  (1927)
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lämnat en utförlig redogörelse, grundad såväl på mångåriga fältstudier 
som litteratur- och herbarieuppgifter. Enligt nyligen meddelade u p p ­
gifter ( W e s t f e l d t  1 9 5 2 )  anges över fyrtio lokaler för fjällskäran, 
fördelade på åtta eller, enligt senare m untligt meddelande, nio fy n d ­
socknar. Det fram går av W e s t f e l d t s  artiklar, att f jällskäran förekom ­
mer på »sidlänta, m er eller mindre översilade s ta rrkärrängar  med en 
förhållandevis hög kalkhalt hos den underliggande moränen» ( W e s t ­

f e l d t  1 9 5 2  s. 74) och är »å samtliga sina förekomster funnen tillsam ­
man med en del avgjort kalkgynnade arter» ( W e s t f e l d t  1 9 2 7 ) .  F ö r ­
teckningen över sådana arter upptar bl.a. Cirsium oleraceum, Polygala 
amarella, Epipactis palustris, Primula farinosa, Lathyrus palustris, 
Carex lepidocarpa, Schoenus ferrugineus och Orchis Trciunsteineri. Av 
dessa saknas endast Cirsium oleraceum  på Falbygdens Saussurea- 
lokaler, om nämligen Orchis cruenta  anlages vikariera för O. Trciun- 
steineri.

Saussurea-lokalen vid Tranås är beskriven av E r l a n d s s o n  (1940). 
Fjällskäran växer h ä r  inom ett Filipendula ulmaria-dominerat, tuvigt 
område och alltid på något högre liggande tuvor. I en tabell redo­
visar han för växtsammansättningen på fyra Saussurea-förande tuvor. 
Därjämte lämnas en växtlista för lokalen i dess helhet.

Vad beträffar Saussurea-förekomsternn  på Falbygden har  författaren 
ägnat särskild uppm ärksam het åt de båda lokalerna i Skörstorp. 
E huru mina undersökningar icke avsett ett ingående sociologiskt s tu ­
dium, torde de fram lagda resultaten b idra till att kasta ljus över fjä ll­
skärans miljö, dels mera allmänt i de ifrågavarande kalkkärren, dels 
mera lokalt på Saussurea-iörnnde  tuvor. För att underlä tta en jä m ­
förelse med den av E r l a n d s s o n  ( 1 9 4 0 )  gjorde undersökningen har  jag 
liksom han uppgjort en allmän artförteckning för en av lokalerna. För 
vegetationen på Saussurea-iörunde tuvor redovisas i tabellform, ehuru 
det ej är fråga om detaljanalys. Täckningsgrad och konstans ha därvid 
ej angivits. Dessa frågor skall dock beröras i det följande.

I. Ängen vid Quinnevad. Så kallar jag den västra Skörstorp-lokalen, 
belägen på Gerum sbergets ortocerkalklager, en avsats ungefär 220 m ö.h. 
Saussurea alpina förekommer där i en till formen rektangulär betes­
m ark  med sidorna respektive 125 och 150 m. Området, som i SV be­
gränsas av en NV-rinnande bäck, sluttar obetydligt mot V. Ungefär 
halva arealen upptages av kärr  och fuktäng, som i riktningen N— Ö 
bågformigt inramas av björklöväng. Denna, som fläckvis domineras 
av Filipendula ulmaria, hyser riklig Trollius och rätt ymnig Hierochloé 
odorata. I kärrvegetationen dom inerar Molinia och Carex-arter, särskilt
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Fig. 1. Ängen vid Quinnevad, sydvästra  delen, med utsikl mot Alleberg i väster. 
S körs to rps  s:n, Falbygden. — Foto: F r i d é n  23.7.1952.

C. hostiana  och C. panicea. Växtsamhällena uppvisa därjäm te ett rikt 
inslag av C. lepidocarpa. Bottenskiktsdominanter äro Drepanocladus 
intermedias  och Campylium stellatum. Eriophorum latifolium, täm ­
ligen rikligt förekommande, f ram träder i sommaraspekten som ton­
givande element. Ett  färgrikt inslag bildar då Orchis cruenta, som u p p ­
träder rikligt i täta grupper inom ett begränsat område. I övergångs- 
zonen mellan k ä r r  och björklöväng spelar i¥o/tnia-samhällen, ofta med 
riklig Brizci media, en viktig roll. Det är i denna Molinia — Briza media-
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äng som vi främst finner Saussurea. F jä llskäran undviker alltför hydro- 
fila växtsamhällen och utväljer som ståndort så gott som undantagslöst 
de tuvor, vars vegetation illustreras av analystabellen. Det Saussurea- 
förande området m äter  i riktningen NV— SÖ 50 m  i längd, bredden 
växlar mellan 15 och 25 m. Fjä llskäran träffas dessutom i en del av 
kärret på gruppvis förekommande ängstuvor samt sparsam t i b jö rk ­
lövängen.

I ängen vid Quinnevad blom mar fjällskäran rikt med 40— 50 (— 70) 
cm höga stjälkar men uppträder dessutom som sterila bladrosetter. Den 
23 juli 1952 var växten i full blom. Att denna »fortgår till in på hösten» 
(S t e r n e r  i L a g e r b e r g  1949 s. 1673) s tämmer tydligen inte med syd­
svenska förhållanden, ty en m ånad  senare, den 24 augusti, var dess 
blomning vid Quinnevad helt avslutad och alla stjä lkar buro fruk tsam ­
ling. F ruk terna  voro dock ännu ej mogna, ty trots stark blåst rycktes 
ej de penselförsedda frukterna  loss. Då det visade sig svårt att u p p ­
skatta fjällskärans individfrekvens, räknade jag endast de blommande 
stjälkarna. Deras antal uppgick året 1952 till 160, året därpå till om ­
kring 400.

II. Schoenus-myren vid Sörgården. Den andra  Skörstorplokalen för 
Saussurea alpina återfinnes S om kyrkan  i socknens sydöstra del och 
ligger på  Gissebergets SV-sluttning på ortocerkalk c:a 225 m  ö.h. Betes­
marken, i vilken fjällskäran förekommer, är betydligt större än före­
gående och om fattar m arker av skilda slag. Schoenus-klxrren, med 
tämligen grund torv på kalkmorän, begränsas i V av låga åsar av kalk- 
rikt isälvsgrus samt vidare åt V av djup, num era  d ränerad  torvjord.

Myrområdet om fattar två till typen skilda Schoenus-kärr. Det norra 
kärret, h ä r  betecknat som område II a, är störst, sluttar sakta åt V 
och präglas av en öppen Schoenus-dominerad yta, omgiven av b jö rk­
skog. Denna är stundom, såsom i norra  delen, r idåartad  men bildar 
i S en större björkdunge, delvis lövängsartad. S om dungen finna vi 
det m indre Schoenus-kärret, här betecknat som område II b, med litet 
b ran ta re  sluttningar och små källrännilar.

O m  r å d e  II a. Den öppna m yren i områdets centrum, med spar­
samt förekom mande videbuskar och enstaka, förkrym pta  b jörkar jämte 
någon tall, domineras i fältskiktet av Schoenus ferrugineus  och Carex 
hostiana. C. lepidocarpa och C. panicea  förekom m a rikligt. C. flacca 
och C. capillaris åter m era sparsamt. Den i Schoenus-myren rikligt 
uppträdande Molinia coerulea blir ofta dom inant i myrens kantzoner, 
d ä r  b jö rk  och vide på något torrare m ark  tilltaga i frekvens. Bland 
videarterna m ärkas  särskilt Salix aurita, S. hastata, S. nigricans och
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Fig. 2. F jä l lskä ran ,  Saussurea  alpina, i B riza m edia-r ik  Molinia-ikng m ed ingående 
P o ten tilla  erecta  och M enyan thes trifo lia ta \ som inslag m ärkes  Geum rivale  (t.v.) 

och Vicia cracca  (t .h .) . — Ängen vid Quinnevad. — Foto:  F r i d é n  23.7.1952.

S. pentandra. Vidare har  från  området antecknats Orchis cruenta  och 
O. incarnata. Epipactis palustris, som saknas i område I (Quinnevad), 
förekom m er här i rika bestånd. Dessutom uppträda Parnassia palustris 
och Primula farinosa rikligt. På fuktängstuvor nära fastm ark mot Ö 
växer Gentianella uliginosa tillsammans med G. amarella och Euphra- 
sia-arter.

Norra Schoenus-m yren (II a) är svagt sluttande och översilad, ehuru 
k ä llm yrkarak tären  ej är utpräglad. Philonotis calccirea och Cratoneu- 
rum  falcatum  ha iakttagits blott som sparsamt inslag i vegetationen. 
Drepanocladus intermedius och Campylium stellatum  uppträda som 
bottenskiktsdominanter. Särskilt anm ärkningsvärd  är rikedomen på
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levermossor. Förutom Preissia, Pellia Fabbroniana  och Ricccirdia 
pinguis ha sådana intressanta arter som Moerchia hibernica och Sca- 
pcinia Degenii h ä r  insamlats.

Förekomsten av Saussurea alpina inom området ä r  karakteristiskt 
nog bunden till övergångszonen mellan den öppna m yren i centrum  
och den omgivande ßcfu/u-kantskogen. Rikligast företrädd är fjä l l­
skäran  i det Molinia-dominerade ängsbältet i S inemot den förut 
näm nda  större björkdungen. Arten växer här, liksom vid Quinnevad, 
främ st på tuvor.

O m  r å d e  II b. I det mindre, m era sluttande Schoenus-kärre t är 
ka rak tä ren  av kalkkällm yr starkt f ram trädande  med den kalktuffbil- 
dande Cratoneurum com m utatum  som bottenskiktsdominant. Även 
and ra  element är hä r  rikt kalkinkrusterade, bl.a. Dreponcladus-arte r  
och Philonotis calcarea. Källmyren uppvisar dessutom vackert u t ­
bredda, av betesdjur ej söndertram pade Ctenidium molluscum-m attor 
med rikt inslag av Preissia quadrata. Föru tom  de från  II a näm nda 
ar te rna  av Moerchia och Pellia h a r  P. Neesiana här insamlats. En 
Sphagnum -art ha r  iakttagits, nämligen S. Warnst or fianum.

Bland kärlväxterna har från område II b antecknats ymnig Molinia, 
riklig Eriophorum latifolium  samt Salix hastata, S. Starkeana  *livida 
och Orchis incarnata. Av förut ej antecknade arter m å bl.a. näm nas 
Drosera anglica i Sphagnum -samhället, Peucedanum palustre i ett 
Carex rosfrcda-källdrag samt Inula salicina i björklöväng. Saussurea 
alpina förekom mer flerstädes på tuvor i myren och i närheten  av 
björkuppslag. Detta tä tnar  ovanför m yren  mot Ö till en liten skuggrik 
björkdunge, omkring 40 år gammal. Torvjorden täckes av en rik förna 
av löv och kvistar. Vegetationen behärskas av Filipendula ulmaria, 
Tussilago farfara och fläckvis av Rubus idaeus. Förekomsten av fjäll- 
skära  i denna björkdunge, h ä r  betecknad som område II c, får sanno­
likt betraktas som en kvarleva från  en tid, då m arken  hölls mera 
öppen.

Förteckning över växterna på Saussurea-]okalen vid Quinnevad i Skörstorps s:n.
Med ( +  ) u tm ärkas de arter, so m  ingå i kärlväxtlis ta  och luv-tabell  hos  E r l a n d s ­

s o n  ( 1 9 4 0 ) .

B e ta la  a lba  (coll.)

J u n ip e ru s  c o m m u n is  
S a lix  h a s ta ta
—  n igr ican s
— p e n ta n d r a

( +  ) S a l ix  re p en s
—  S ta r k e a n a  'd ivida

A n e m o n e  n e m o r o s a  
C altha p a lu s tr is  

( +  ) C a m p a n u la  r o tu n d ifo l ia

( +  ) 

( +  )
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C e n ta u rea  jacea  

Cerasti  u m  h o lo s t e o id e s  

C irs iu m  acaule

—  p a lu s t r e  

Crepis  p r a e m o r s a  

E q u i s e t u m  a rv e n se

—  p a lu s t r e

F i l ip e n d u la  u lm a r ia  

G alium  borea le

— p a lu s tr e
—  u l ig in o su m

Gent i ane  II a a m a r e l l  a 

- -  u l ig inosa  

G eu m  rivale  

L i n u m  c a th a r t i c u m  

M a i a n th e m u m  b i jo l iu m  

M e n y a n t h e s  t r i fo l ia ta  

M y o so t i s  p a lu s t r i s  

Orchis  i n c a r n a ta

—  c r u e n ta  

P a rn a ss ia  p a lu s t r i s  
P ed icu la r is  p a lu s t r i s  
P in g u ic u la  vu lgar is  
Poly g a la  a m a r e l la  
Pol y g o n  u m  vi vi p a r  u m  
P o te n t i l la  erec ta
—  p a lu s tr i s  
P r im u la  fa r in o s a  
P y r o la  r o t u n d  i f  o l ia 
R a n u n c u lu s  r e p e n s  
S a u s s u r e a  a lp in a  
S u cc isa  p ra te n s i s  
T a r a x a c u m  p r a e s ta n s

c o r d a tu m
—  E lcm an ii
—  te n e b r ic a n s  
T r ig lo c h in  p a lu s t r e  
T ro i l i  us e u r o p a e u s  
Tuss i la g o  farfarci  
V a c c in iu m  o x y c o c c o s
—  u l ig in o s u m
—  v i t is - idaea  
Vicia cracca  
Viola  ep ips i la

A gros t is  g ig a n tea

Agro s t is s to lo n i  fera  

B r iza  m e d ia  

Carex  caesp i to sa  

( +  ) —  capil laris
d ioeca

—  f lacca  

( +  ) — fu s c a
( +  ) —  h o s t ia n a
( +  ) —  lep id o c a r p a

( +  ) — m o n t a n a
—  oederi

—  p a n icea  

----- r o s tra ta

(-)-) E r i o p h o r u m  a n g u s t i f o l i u m

- l a t i fo l iu m  

F e s tu c a  ov in a

( +  ) —  ru b r a

J u n c u s  a lp in u s  * a r th r o p h y l lu s

- a r t ic u la tu s  

H ie r o c h lo e  o d o ra ta

( +  ) L u z u la  m u l t i f l o r a
( +  ) M olin ia  coeru lea

( +  )
. 1 ul ac o m n i  u m  pa l  ustre  
B r y u m  p s e u d o t r i q u e t r u m  

( - f )  C alliergon g ig a n te u m  
( +  ) C alliergonella  cu s p id a ta

C a m p y l iu m  elocles 
( +  ) • s te l la tu m
( +  )   '■'■protensum
( +  ) C l im a c iu m  d e n d r o id e s

C r a to n e u r u m  f i l i c in u m  
C te n id iu m  m o l i u s c u m  
D r e p a n o c la d u s  in te r m e d iu s  
Fi s s ide  n s adi  a n  t h o i d e s 
H y l o c o m i u m  s p le n d e n s  
M n iu m  Se liger i  
P h ilo n  o t i s ca lcare a 
K h y t ia d  e I p h u s  t r iq u e t r  u s 
T h u i d i u m  P h il ib er t i  

( +  ) T o m e n t h y p n u m  n i te n s

( +  ) M o erch ia  h ib e r n ic a
P lag io ch i la  a sp le n o id e s  
Preiss ia  q u a d ra ta  
R ic c a rd ia  p in g u is



312 LENNART FRIDÉN

E n är  Saussurea  fö rek o m m er  på tu v o r  i sk ilda  vegetationstyper,  h a r  förteckningen 
över väx te rna  i f jä l lskä rans  miljö blivit täm ligen om fattande .  E n  del a r te r  ha  dock 
uteslutits ,  särskilt  f rån  en su m p sk o g sa r la d  del av b jörk lövängen .  Orchis incarnata  
u p p t räd e r  vid Quinnevad  i två  sk ilda  typer,  den ena rel. s torvuxen m ed rö d a  b lo m ­
mor, den  a n d ra  liten och spenslig med b lo m m o r  i ljus rosa. O. cruenta  avser en 
lågvuxen typ med p u rp u r fä rg a d e  b lo m m o r  och på b å d a  sidor tät t  svartf läckiga  blad.

Tab. 1. Analys av vegetationen på Saussurea-förande tuvor vid Quinnevad och
Sörgården i Skörstorps s:n.

1 2 3 4 5 6 7 8 9  10 11 12 13 14 15

Betula alba (coll.) ................................... —  +  + --------------- +  —  + ----------- + ----------- +
Pinus silvestris  .......................................  —  —  —  —  +  — -------------------------

Jun iperus  c o m m u n i s ...........................  + -----------— —
Salix  hasta ta  ............................................ —  —  —  — +
— nigricans  ..............................................  + ----------
— r e p e n s   +  —  — ---------
— sp   h _|-----------

Campanula rotundifo l ia  ........................—  +  —  —  — --------- — ------ ---
Cardamine  sp. (ster.) ..............................  —  —  — — — ----------—  +  —
Cirsium p a l u s t r e .......................................  — --+ ------------------------------------- +  —  +  — +  —
Crepis pa ludosa  ......................................... —  —  —  — — ------------------- — ------------ +
E m p e tr u m  n igrum  .................................  — ---------  + ---------------------- — —
Epipcictis p a l u s t r i s ......................................  t------------------+  —  + ---------------
E quise tum  palustre  ................................ —  —  — — —  + ---------—  — +  +
Filipendula ulmaria  ................................  +  +  —  — — + --------------- — -------------------------
Galium boreale  ........................................ + --------—  —  +   — — --------------- +
— palustre  ............................ —  —  — ----------  — —  +  —
—  ulig inosum  ............................................ —  +  +  — +  +  — +  — +  +  — +
Geum rivale   ..................................  +  —  + ------- + ---------- — ---------- + ------------ +
Lin u m  c a t h a r t i c u m ..................................  —  —  +  + --------------------------------------------------------
M enyan thes ...t r i f o l i a ta ............................ +  —  +  — +  +  +  +  —
Parnassia p a l u s t r i s ................................... +  +  +  — + --------- + ------------  —
Polygon um  viv iparum  ............................ —  +  +  +  +  —  +  — — — — —  ~~ —
Potentil la erecta .......................................  +  +  +  +  +  +  +  +  +  +  —  +   ~ +  +
R ubus idaeus  .............................................  —    —  — ----- ---------------------- +

Saussurea a l p i n a .......................................  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
Succisa p r a t e n s i s .......................................  —  +  — ---------  + ---------------
Tussilago fa r  far a .......................................  —  —  —  — — — ---------------— -----------— +
Vaccinium o x g c o c c o s ..............................  —  —  — — — — —  —  +  —  —  —  — — —
— ul ig inosum  ............................................ —  +  —   +  —  —  + ---------------
—  vit is-idaea  .............................................  — -+ ------------------------------+ -------------------------------
Veronica c h a m a e d r y s ............................. —  — — —  — — — — --------------------- +
Vicia c r a c c a ............................................... d- — d- —
Viola epipsila  .............................................  —  —  — -----------------   — +

Briza m ed ia  ............................................... + ------------- + ------------------------------- + ---------------
Carex capillaris  ......................................... —  —  + ----------------------------------------- + ---------------
—  f u s c a ........................................................—  +  — --------------------------- +  — ---------------- — —
—  h o s t i a n a ....................................................—  —  — +  +  —  + --------------------- —
—  lepidocarpa  ............................................ +    — + -----------— — +  — +  —
—  panicea  ..................................................  +  +  —  +  +  — +    +

D escham psia  c a e s p i to s a ........................  — ----------— — —  — — — -------------------------- +
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Festuca r u b r a ............................................
— ovina  .....................................................
Juncus alpinus *arthrophyllus  . . . .
—  articulatus  ............................................
Luzula multiflora  ..................................
Molinia coerulea  .....................................

1 2 3 4 5 6 7 8 9  10 11 12 13 14 15

 1--------------------------------------------------
+  - I --------------------------------------------- —  +  +  + --------------------------------- +  —

Aulacomnium palustre  ................ . . . . -------- — — +  — — — — — — — + — —
Brachythecium r i v u l a r e .............. . . . . -------- — -------- — — — — — -------- — +
Bryum  pseudotriquetrum  .......... . . . . -------- — + +  — -b — — — + -------- — +
Calliergonella cuspidata  ........... . . . . -------- — + +  — — — — — — -------- — +
Campylium e l o d e s ......................... . . . . -------- — + +  — — + — + + ------ b — —
—  stellatum  ..................................... . . . . ------ b + + H------ + + — + + -------- + +
--------*protensum  ............................ . . . . ------ b — + -------- -b — — + + -------- + +
Climaci um dendroides  ................ . . . . ------ h + — +  — — — — — — -------- — —
Cratoneurum falcatum  ................ . . . . -------- — — -------- — — — — — -------- + —
Ctenidium molluscum  ................ . . . -------- — + -------- — — — — + -------- + —
Dicranum Bonjeani  ..................... . . . . -------- — — -------- — — + — 1— -------- — -b
Drepanocladus intermedius . . . . . . . -------- — — -------- + + — + — -------- — —
Fissidens adicinthoides  ................ . . . . -------- + + -------- + + — — + ------ b + +
H ylocom ium  s p l e n d e n s .............. . . . . ------ b + — +  + — — + — — — + + +
Mnium u n d u l a t u m ......................... . . .  . -------- -------- — +
—  S e l ig e r i ......................................................  —  -+- +  — +  +  —  + ------------ +  +  +
Rhytiadelphus triquetrus  ..................... —  +  +  — — —  +  — ----------------------------------
Polytr ichum  ju n ip e r i n u m ...................   —  — -------------------- + --------------- ---------------
—  strictum  ...................................................  —  — — ------------- + -------------------------------
Sphagnum nemoreum  ............................  —  —    +  — ------------   *
Thuidium Philibert i    —  —  +  — +  —  +  —  — -------------- ---------------
Tom enthypnum  nitens   +  — +  —  — — -------------------------

Calypogeia Neesiana  ............................  —  —  —  — ----------  + ----------
Cephcilozia bicuspidata    —  — —  — --------- ;-------------- — +  — —
—  Loitlesbergeri  .....................................   —  —...— —  — —  — — — — +  — —■
Moere hia h ib e r n ic a .................................... —  + .... -  —  — +   +  —
Pellia F a b b r o n ia n a ................................. —  —  —  —  —  — ----------- —  —  —  — —  +  —
Plagiochila a s p l e n o i d e s ........................ —  —  +  +  +  —  +  + --------- + --------------- +
Preissia q u a d r a ta .....................................  —  —  —  +  — —  — —  — —  —  — —  — —
Scapania D e g e n i i ........................................  —  — — — -------------------- + --------------------

Analyserna nr 1— 5 avse område I (Q uinnevad), nr 6— 13 område II a (norra 
Schoenus-myren) , nr 14 område II b (södra Sc/m enus-m yren) och nr 15 område II c 
(litem björkdunge). Provytorna äro i regel m indre än 1 m2. Som exem pel på tuvor­
nas storlek med resp. längd, bredd och höjd  angiven i cm kan anföras till nr 2: 
60X 55X 30 , nr 4: 5 0X 50X 25 , nr 5: 4 0 X 3 0 X 1 5 , nr 9: 1 2 0 x 9 5 x 5 0 , nr 14: 50X 50X  15 
och nr 15: 1 0 0 X 1 0 0 x 2 0 . Nr 8 avser endast en liten tuvslänt. Tidpunkt för ana­
lyserna: nr 1: 23.7.1952, nr 2— 3: 23.7.1953, nr 4 —5: 18.8.1953, nr 6— 12: 15.9.1953, 
nr 13: 2.12.1953 och nr 14— 15: 23.6.1954.

I ta b e llen  in går  ej n å g o n  a n a ly s  fr å n  S jö ä n g en . D en S a u ssu re a -fö ra n d e  
tuvan , n ä rm a st ett M o /in ia -ä n g sfra g m en t nä ra  in till b jö rk träd rötter  u p p v isa r  en  
h eterogen  a rtsa m m a n sä ttn in g  av  k ä rr -re lik ter  jäm te  x e ro fila  och  a c id ifila  
e lem en t. D en  23 .6 .1 9 5 4  a n teck n a d es  fö lj . arter p å  en  6 0 X 6 0  cm  sto r  yta: 
R h a m n u s  fran gu la ,  E q u i s e tu m  f lu v ia t i l e , E. p a lu s t r e , F i l ip e n d u la  u lm aria ,  
P o te n t i l la  erecta ,  R u b u s  saxat i l is ,  S a u ss u re a ,  T u ss i la g o ,  V a c c in iu m  vit is-idciea,  
Carex fusca ,  C. p i lu li fe ra ,  F e s tu c a  o v in a ,  M olin ia ,  A u la c o m n iu m  pedustre ,  Cii-
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macium dendroides, Dicranum scoparium, H ylocom ium splendens, Pleurozium  
schreberi och Rhytiadelphus triquetrus.

Den 22.7.1954 gavs mig tillfälle till ett kort besök i den av W e s t f e l d t  
(1939) beskrivna Saussurea-lokalen vid ö n n a rp  i Hössna s:n. På  en 50X50 cm 
stor yta, en föga m arkerad  tuva, antecknades följ. arter: Angelica silvestris, 
Betula (ungpl.), Equisetum  palustre, Fili pendula ulmaria, Galium uliginosum, 
Geum rivale, Juncus filiformis, Menyanthes, Polygonum viviparum, Potentillci 
erecta, Saussurea, Scirpus silvaticus, Carex fusca, Aulacomnium  palustre,  
Climacium dendroides, Hylocomium splendens, Rhytiadelphus triquetrus, 
Tornentliypnum nitens och T huid ium  Philiberti. I närhe ten  Cirsium oleraceum. 
Blad av steril Saussurea  förekom här i T om en th yp n u m  nitens — Sphagnum  
W arnstorfianum-samhällen.

Levermossan Moerchia hibernica  publicerades som ny för Västergötland av 
A l b e r t s o n  (1942), som anser arten vara »starkt förbisedd i våra  ka lk trak ­
ter» (jmfr A l b e r t s o n  1949 s. 187). På Falbygden ha  sedan flera fynd gjorts. 
0  om Falbygden har  arten av mig insamlats i Velinge s:n vid Hök ensås.

Fyndet av den som sällsynt betraktade levermossan Scapania Degenii synes 
bekräfta  A l b e r t s o n s  (1946 s. 426) påstående, att arten e j  är  så sällsynt på 
Falbygden. Beträffande artens utbredning i stort kan hänvisas till A l b e r t s o n  
(1942) och av honom  anförd  litteratur. Härtill bör läggas A r n e l l  (1950), 
som påvisat arten i material f rån  Nordamerika.

De av mig i tabellen redovisade analyserna ha, som förut antytts, icke av ­
sett fullständig »rutanalys». Några kompletterande anm ärkningar  må h är  
tillfogas. Saussurea (fertil utom i analys n r  15) ingår i samtliga analyser. 
Potentilla erecta up p n å r  därnäst den högsta konstansen. Molinia, Briza  och 
Vicia cracca äro underrepresenterade i de analyser, som medtagits. Vad botten­
skiktet beträffar nå Campylium-arterna  hög konstansprocent och Hylocomium  
splendens  är  vanlig på de högre tuvorna. Som jämförelse meddelas här  de 
arter, som E r l a n d s o n  (1 9 4 0 )  konsta tera t på samtliga av honom  analyserade 
tuvor (4 st.): Filipendula ulmaria, Galium palustre, Potentilla erecta, Vacci­
nium uliginosum  och Vicia cracca samt Climacium dendroides  och Hyloco­
m ium  splendens.  Den förstnämnda, älgörten, som vid Nobvån upp träde r  starkt 
dominerande, intar lyckligtvis en tämligen blygsam plats i de Saussurea- 
förande ängarna på  Falbygden och är  ofta steril på fjällskäretuvorna. Dessa 
lämnas orörda av betesdjuren, något som jag särskilt iakttagit vid Qninnevad.

Ett par  odlingshistoriska detaljer må här  anföras. Ängen vid Qninnevad, 
tillhörande ett f.d. soldattorp, har  hävdats som slåtteräng till omkring 1910, 
före vilken t idpunkt den ej var särskilt hägnad gentemot torpets eller g rann­
gårdarnas åker. Betningen efter 1910 av den dittills kala ängen h a r  varit mild 
och om rådet har  i sällsynt hög grad förskonats från  kultu rrad ika la  åtgärder. 
Namnet Qninnevad betecknar en plats vid sockengränsen mellan Skörstorp 
och Slöta. Det anger, att en gammal trafikled här  nått  den från  Gerumsberget 
kommande, tidvis översvämmande bäcken. Saussurea-ängen torde ha berörts 
av dessa översvämningar i sin sydvästra del, där f jällskäran saknas. Bäck­
fåran bar  på senare tid avsevärt fördjupats. Område II vid Sörgården ingick 
före laga skiftet (jmfr kar ta  hos L i n d g r e n  1939 s. 126) i en vidsträckt, sä r­
skilt hägnad äng.
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Som väntat upp träder Saussurea på Falbygden i näringsrik, kalk- 
betonad miljö. Sådana kalkindikatorer i fältskiktet som Schoenus fer­
rugineus, Corex capillaris och C. lepidocarpa viti na om växtsamhällenas 
k a rak tä r  av vad Du R i e t z  (1949 s. 292 ff.) kallar extremrikkärr. Ytter­
ligare belägg härfö r  ge sådana bottenskiktselement som Cratoneurnm  
com m utatum , Philonotis calcarea och Moerchia hihernica. Detta mot- 
säges ej av de på åtskilliga tuvor förekommande inslagen av acidifila 
element, t.ex. Polytrichum  och Vaccinium vitis-idaea. Företeelsen är 
icke så alldeles ovanlig på tuvor, som växa i höjden i skyddat läge och 
röna påverkan av björklövsförna. F jä llskäran torde med sina rötter 
nå ned lill kalkrikare jordlager eller träffas av kapi!lärt uppstigande, 
kalkhaltigt vatten. I ett fall, då tuv-analysen antagit alltför heterogen 
karak tär ,  har jag gjort en uppdelning. Det gäller den höga Sphagnum  
nem oreum - tuvan i II a. De båda analyserna redovisas i tabellen, den 
från  tuvans övre delar som n r  9, den från ett lägre parti som n r  10.

Att Saussurea alpina uppträder på Falbygden är ej alldeles över­
raskande med tanke på att traktens kalkflora har ett rikt inslag av 
m er eller mindre nordliga (och nordöstliga) arter. Som exempel må 
särskilt näm nas Selaginella selaginoides, Poa alpina, Saxifraga hirculus 
och Stellaria crassifolia v. paludosa. F rågan  huruvida Saussurea tidi­
gare haft större utbredning på Falbygden är svår att besvara. Den 
inskränk ta  arealen kan  vara spridningshistoriskt betingad. Lokalerna 
ligga, liksom Ätradalens, ovan den högsta m arina  gränsen. Förf. frågar 
sig. varför Östfalbygden har  så få Saussu rea - fö rek () m s I e r , m edan Ätra­
dalens äro så talrika. Om fjällskäran tidigare haft högre frekvens på 
Sydöstfalbygden, vad är då orsaken till att den minskats? Det är ej 
blott på Falbygden sådana frågor anm äla sig. K o t i l a i n e n  (1951 s. 144 
f f . ; k a r ta  s. 162), som ingående diskuterar Saussurea-problemen i 
Nordfinland, framhåller, att artens förekomst även där ställer problem 
och att den håller sig till de kvartärgeologiskt äldsta områdena. Vi får 
också veta, att f jällskäran är »anspråkslös» längst i N men utpräglat 
euirof redan S om den stora vattendelaren.

Alt Saussurea alpina ej tidigare anträffa ts  i Skörstorp beror väl 
f räm st på en bristfällig undersökning av socknen. Som fjällskäran på 
de båda lokalerna uppträder i hög frekvens, har en inblick i artens 
livsvillkor och miljö möjliggjorts. Om hem ortsrätt  för Saussurea på 
Falbygden kan m an  nu draga säkrare slutsatser än vad de sparsam m a 
och sporadiska förekomsterna i Dimbo och Slöta socknar tillåtit. Ur 
såväl vetenskaplig som naturskyddande synpunkt är det angeläget, att 
f jällskärans existens på de skildrade lokalerna ej äventyras. Den nu-
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varande hävden gynnar uppslag av träd  och buskar i s tarrkärren  och 
deras närmaste  omgivning, platser som betesdjuren undvika. Den p å ­
gående igenväxningen, påskyndad av dikning (hitintills i m indre om ­
fattning), ger dock ännu rum  åt ett rikt blomsterflor på fria kärry to r  
och ängar med spridda lövträd och buskar. Vi bevittna en tilltalande 
fas i den utveckling mot slutenhet, som försiggår. Att i tid förhindra 
fullständig igenväxning och fram för allt att avvärja kulturbeteshot på 
de platser, där fjällskäran ännu  dröjer kvar, blir en uppgift för n a tu r ­
skyddet.

Nomenklaturen i denna uppsats följer för kär lväxterna H y l a n d e r  

1941 (und.: Juncus alpinus *arthrophyllus sens. H y l . 1953), för b lad­
mossorna J e n s e n  1939 och för levermossorna W e i m a r c k  1937.

Uppsatsen har  möjliggjorts tack vare god hjälp från  flera håll. För 
de forskningstillfällen, som beretts mig på Växtbiologiska Institutionen 
i Uppsala, tackar jag hjärtligt prof. G. E. Du R i e t z . Dessutom ber jag 
få fram föra  ett varm t tack till prof. E. M e l i n  för värdefulla upplys­
ningar om det första fyndet av Saussurea på Falbygden och till docent 
N. A l b e r t s o n , överläkare S. A r n e l l , fil. drr. C. B l o m  och G. H a g l u n d  

samt docent H. S j ö r s  för värdefull hjälp med bestämningar.

L ittera tu r .

A l b e r t s o n , N. 1941: Bidrag till Fa lbygdens  moss- och lavflora. —  Sv. Bot. Tidskr.  
35. Uppsala.

—  1942: Selaginella se laginoides (L.) Link, i söd ra  och m ellers ta  Sverige. —
Sv. Bot. Tidskr.  36. Uppsala.

—  1946: Saxifraga Hirculus L. vid Lövberga  på  Falbygden. —  Bot. Notiser. Lund.
—  1949: Call iergon sa rm en to su m  och Meesia t r ique tra  i södra  Sverige. Några ord  

o m  M ellom sjöm yren i Dala. —  Sv. Bot. T idskr. 43. Uppsala.
A r n e l l , S. 1950 :  Scapania  Degenii an d  S. Simmonsii  found  o n  the  N orth  American 

Continent.  The  Bryologis t 53.
Du R i e t z , G. E. 1949: H uvudenhete r  och huvud g rän se r  i svensk m yrvegetation. — 

Sv. Bot. Tidskr.,  43. Uppsala.
E r l a n d s s o n , S. 1940: Saussurea  a lp ina  (L.) DC. funnen  i Sm åland. —  Bot. Notiser. 

Lund .
F r i d é n , L .  1951 :  F a l b y g d e n  o c h  d e s s  p l a t å b e r g  —  b o t a n i s k a  s t r ö v t å g  i h e m b y g d e n .

—  Swanberg, P. O. och Gurry-Lindahl,  K., N a tu r  i Västergötland. Göteborg. 
H u l t é n , E .  1950: Atlas över v äx te rnas  u tb redn ing  i Norden. F anerogam er ,  orm- 

bunksväx ter .  S tockholm.
H y l a n d e r , N. 1941: Kärlväxter.  — Förteckn ing  över Skandinaviens växter  I utgiven 

av L u n d s  B o tan iska  Förening, uppl.  3. Lund.
— 1953: N ordisk  kä r lväx tf lo ra  I. — Stockholm.
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J e n s e n ,  C. 1939: Skand inav iens  b ladm ossflora .  —  Kobenhavn.
K o t i l a i n e n ,  M. J. 1951: Über die Verbreitung der m eso-eu trophen  Moorpflanzen 

in N ord f inn land .  —  Ann. Acad. Scient. Fenn., A IV: 17. Helsinki.
L i n d g r e n ,  G. 1939: F a lbygden  och dess n ä rm as te  omgivning v id  1600-talets mitt . — 

Geographica  n r  6. Uppsala.
R u d b e r g ,  A. 1902: F ö r teckn ing  öfver Västergötlands fanerogam er och k ä r lk ry p to ­

gamer.  —  Mariestad.
S t e r n e r ,  R. 1947: Compositae.  —  L a g e r b e r g ,  T., Vilda växter  i Norden. Stockholm. 
W e i m a r c k ,  H. 1937: Mossor.  —  Förteckning  över Skandinaviens växter, utgiven av 

L u n d s  B o tan iska  Förening.  Lund.
W e s t f e l d t ,  G. A. 1927: Saussurea  a lp ina  (L.) DC. i Västergötland. —  Sv. Bot. 

Tidskr.,  21. Uppsala.
—  1939: Cirsium o leraceum  (L) Scop. i söd ra  Västergötland. —  Acta Hort.  Bot.

Gothenburgensis .  Vol. XIII. Göteborg.
—  1952: Glaciala re lik ter  i S juhäradsbygden .  — Ur »Från Borås och de sju

härad e rn a» .  Borås.

Summary.

The species p opu la t ion  of Saussurea alpina  in sou thern  Sweden ( H u l t é n  1950) 
—  p ro b a b ly  of a relict n a tu re  an d  an  im m igran t  f rom  the south  —  occurs in Sm å­
land  (in only  one locality; E r l a n d s s o n  1940) and  Västergötland, where  the species 
has m an y  localit ies in A trada len  near U lr iceham n ( W e s t f e l d t  1927). It is no te ­
w o r th y  tha t  its d is tr ibu tion  is m ain ly  outside Fa lbygden, the  calcareous Cambro- 
S i lur ian  region in cen tra l  Västergötland, where  the f lo ra  includes several so- 
called n o r th e rn  species, e.g., Poa alpina, Saxifraga hirculus, Selaginella, Stellaria 
crassifolia  v. paludosa.  Only in recent years  has the au th o r  succeeded in f inding 
Saussurea  alpina  in sou th -eas te rn  Falbygden, where  the  species was noted  once 
before, 50 years  ago, by Prof.  E l i a s  M e l i n  bu t  since then it has no t  been observed 
( A l b e r t s o n  1946, p. 429).

The f irst  of the th ree  f inds accounted  for here  was m ade  in Slöta pa r ish  close to 
»Sjöängen», the fen with  a rich g rowth of Saxifraga hirculus  described by A l b e r t ­
s o n  (1946). The two localit ies in Skörs to rp  pa r ish  have been studied  in greater  
detail  by  the author .  As is seen from  the list of species (p. 310) the  locality at 
Q u innevad  is com posed  of calcareous fens and  moist  m eadows, where  Saussurea  
occurs  in Molinia  — Brizci media  m eadow  in the trans i t iona l  zone between fen 
and  su rro u n d in g  b irch  wood. The hab ita ts  consist as a rule of ±  large hum m ocks,  
whose com posit ion  of the vegetation is i l lustra ted  by the  table (p. 312). Saussurea  
is p resen t  in all the analyses. If these la t ter  are  supplem ented  with general obse rva ­
tions it is clearly evident tha t  Potentil la erecta, Briza media, Molinia coerulea, Vicia 
cracca, C ampglium  species and, on a certain type of hum m ocks,  H y lo co m iu m  splen­
dens  (cf. E r l a n d s s o n  1940) a tta in  a high constancy.

The find of the r a re  l iverwort  Sccipania Degenii  lends suppor t  to the a ssum ption  
tha t  the  species has a centre  in Fa lbygden  ( A l b e r t s o n  1942; A r n e l l  1950, p. 299).
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Introduction,

In order to m ake the set of growth-active compounds in the first 
paper of this series (9) more complete the following compounds have 
been investigated:

1-naphthaleneacetic  acid =  15
2-naphtha leneacetic  acid =  40
1-naphthoxyacetic  acid =  41 
4 -ch lo ro- l-naphthoxyace tic  acid =  43 
2 ,4-dichloro-l-naphthoxyace tic  acid =  44
2-naphthoxyacetic  acid =  42 
a - l -n ap h th o x y p ro p io n ic  acid =  45
a-(2 ,4-dichloro- l-naphthoxy)  p rop ion ic  acid =  46 
a -2 -naphthoxypropion ic  acid =  47 
a - l-n ap h th o x y iso b u ty r ic  acid =  48 
a-2-naphthoxyisobutyr ic  acid =  49

The numbers after the compounds refer to the curves of activity in 
figures 1— 4.

Table 1 shows a survey of the structure of these compounds and is 
a complement to table 2 in the first paper. P lant materials and methods 
have been exactly the same as those reported there.

Results.

Even the naphthalene compounds affect the growth of wheat roots 
in four different ways. They influence cell elongation, geotropism, cell
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Table  1. Structure o f  the com pounds used. Compounds marked with * have also 
been used with chlorinated rings. The asymmetric compounds are racemic.

Acid chains
Ring systems dr oxygen bridge

1-naph tha lene  2 -naph tha lene  1-naphthoxy 2-naphthoxy

acetic acid .......................... +  . +  + *
oc-propionic a c i d ................. i + *
x-isobutvric  acid ............ 1 1 -1- +

multiplication and  are toxic in high concentrations. The controls behave 
in all details as has been described in part  I of this series. Therefore 
the morphological chapter of the results in part I will not he repeated.

C e l l  E l o n g a  t i o n.

A survey of the elongation activity of the compounds is given in 
table 2. Only the literature which has been available to the author is 
reported. As is seen, the naphthalene compounds which act as auxins 
in this investigation, i.e., they inhibit cell elongation of roots, are with 
two exceptions (1, 30) regarded as auxins in the literature. They can be 
divided here into two groups (Fig. 1). To the first group belongs 
1-naphthaleneacetic acid and  the data  for this compound are taken 
from part I. The second group consists of three acids, 2-naphthalene- 
acetic acid, 2-naphthoxyacetic acid, and  a-2-naphthoxypropionic acid, 
which all have the same inhibiting effect on epidermal cell elongation 
of wheat roots. A 3 • 10-8 M  solution of 1-naphthaleneacetic acid in ­
hibits cell elongation about 50 per cent, whereas a 10“ 5 M  solution of 
one of the o ther three acids is required to cause the same inhibition.

The references in the literature to the antiauxins (root auxins) are 
very divergent. The only conclusion which can be drawn is that in most 
cases the isobutyric acids are inactive in shoots (8, 16, 19, 26). Two 
exceptions have been found (8, 36). In roots a-1-naphthoxyisobutyric 
acid is reported as an antiauxin while a-2-naphthoxyisobutyric acid is 
classified as an  auxin and  an antiauxin  at the same time (35, 36). The 
1-naphthoxyacetic and  a- l-naphthoxypropionic acids are reported as 
auxins (8, 16, 24, 26), as antiauxins (34, 35, 36), and as inactive com ­
pounds (8, 14, 23). There are no references in the literature to 4-chloro- 
1-naphthoxyacetic acid and a - (2,4-dichloro-l-naphthoxy) propionic 
acid, while 2,4-dichloro-l-naphthoxyacetic acid has been mentioned 
once (20), exhibiting very weak auxin activity. In the present study all 
these seven acids act as antiauxins (root auxins) (Figs. 1, 2). The

- I  Uotaniska N o l i s e r  1954.
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Fig. 1 Fig. 2

Figs. 1— 2. R o o t cell e longation  ac tiv ity  in u. Cell elongation of contro l  roo ts  varies 
be tw een  194 p a n d  251 u a n d  is m arked  with  horizon tal  lines. C om pounds which 
inhib it  n o rm al  e longation  have been defined as auxins (shoot auxins) ,  and  those 
which increase  cell e longation  to more th an  251 p are  an tiaux ins  (root auxins) .  The 
values for 1 -naphtha leneacetic  acid have been  taken from  p a r t  I of this publication

series.

Fig. 1. 15. 1 -naphtha leneacetic  acid 
40. 2 -naphtha leneace t ic  acid
42. 2 -naph thoxyace t ic  acid
47. a -2 -n ap h th o x y p ro p io n ic  acid
48. a - l -n a p h th o x y iso b u ty r ic  acid
49. a -2 -naph thoxy isobu ty r ic  acid

Fig. 2. 41. 1-naphthoxyace tic  acid
43. 4 -ch lo ro - l -naph thoxyace tic  acid
44. 2 ,4 -d ich loro-l-naphthoxyacetic  acid
45. u - l -n ap h th o x y p ro p io n ic  acid
46. a - (2 ,4 -d ich lo ro - l-naph thoxy)p rop ion ic  acid

m axim al values for the different compounds are 302 u to 379 p, i.e., 
132— 163 per cent (control =  100 per cent). The 2,4-dichlorinated 
naphthoxypropionic acid is the most active one and has about the same 
activity as a-3-indoleisobutyric acid (Part I, Fig. 9).

The above results show the same gradation of activity as has been 
reported by V e l d s t r a  (24): 1 -naphtaleneacetic acid is more active 
than 2-naphthaleneacetic acid; 1-naphthoxyacetic acid is less active 
than 2-naphthoxyacetic acid. Active means active as an auxin. In the 
present study 1-naphthoxyacetic acid has no auxin activity at all, i.e., 
it acts as an antiauxin.
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ä b e r g  (36) has given an interesting survey of the effects of n a p h ­
thalene compounds in shoots and roots. The results of the present 
study agree with his except in one case. He reports a-2-naphthoxyiso- 
butyric acid as having both auxin and antiauxin qualities, as it represses 
total growth of both roots and  shoots of flax. In the present investiga­
tion this acid clearly stimulates the growth of wheat roots and is thus 
only an antiauxin and not an  auxin as in Ä b e r g ’s root tests. W hen cell 
elongation (Fig. 1) and cell multiplication (Fig. 3), which together con­
stitute total root growth, are studied the acid stimulates both these 
processes. The acid will be fur ther discussed later.

G e o t r o p i s  m .

In regard to geotropism increases in positive geotropic response of 
the roots have been caused by some compounds, whereas »ageotropism» 
has not been observed. Increased positive geotropism is described and  
discussed in the first part of this study and has been obtained here in 
treatments with a-1- and a-2-naphthoxyisobutyric acid. Thus all iso- 
butyric acids employed in part I or II stimulate cell elongation and  
positive geotropic response of roots in non-toxic concentrations. The 
same phenomenon has also been observed in roots treated with a-1- 
naphthoxypropionic acid and  a-(2,4-dichloro-l-naphthoxy)propionic 
acid, whereas treatments with the acetic acids have not resulted in any 
alterations of the geotropism.

C e l l  M u l t i p l i c a t i o n .

Compounds which inhibit cell elongation also inhibit cell multiplica­
tion (Fig. 3). Thus the two (shoot) auxin groups are cell-multiplication 
inhibitors in roots. The anliauxins (root auxins) do not change the 
normal cell multiplication or they increase it (Figs. 3, 4). This is the 
same as has been observed in part I and supports the conclusions 
made there.

T o x i c i t y .

In high concentrations all the compounds disturb the norm al m or­
phology of the plants and, furthermore, they inhibit the rate of 
cell multiplication (Figs. 3, 4). The astonishing shape of the curve 
showing cell length of plants, grown in a-2-naphthoxypropionic acid 
(Fig. 1, Curve 47) is correlated with toxicity. W hen morphological 
signs of toxicity occur the cell length increases again. Single roots can 
attain the same cell length as the control roots, but the meristematic
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Figs. 3— 4. Root cell multip lication  activity,  in pe r  cent  of the contro ls  (control =  
100 p e r  cent).  The auxins (shoot auxins) decrease  cell m ultiplication of roots ,  while 
the an tiaux ins  (root auxins) do not  decrease bu t  even can increase  cell m ultip lication

in non-toxic concentra t ions .

Fig. 3. The same acids as in fig. 1.

Fig. 4. The same acids as in fig. 2.

processes are deranged. The cells are brown coloured and slender and 
very easy to distinguish from the control cells. The cell multiplication 
is inhibited (Fig. 3, Curve 47). Å b e r g  (36) has reported a similar 
phenomenon when using high concentrations of 1-naphthoxyacetic 
acid and  a-2-naphthoxyisobutyric acid in the A vena cylinder test. Both 
of them inhibit shoot growth in low concentrations and are therefore 
called antiauxins by him (this is quite in agreement with the present 
study). In 1()-4 M  and 10 3 M  solutions this inhibition is followed by 
another kind of activity of the same compounds so that total shoot 
growth increases again, lie explains this restoring effect as »residual 
auxin activity» of the compounds. In the present results this dis­
appearing inhibition of cell length cannot be a growth effect which
appears only in absence of toxicity, as it is observed together with
morphological signs of toxicity. Fu rther  studies of the effects of these 
acids upon the different processes of flax growth are desirable.

Discussion .

Exceptions to the growth theories, discussed in part I, exist in the 
foregoing results, even if these theories are restricted to auxin activity 
in shoots.
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According to the two-point attachment theory the 2,4-dichlorinated 
naphthoxyacetic and propionic acids can be substances which sterically 
block auxins, but the theory does not explain the ability of the u n su b ­
stituted 1-naphthoxyacetic and propionic acid to stimulate cell elonga­
tion of roots. Following the theory, they should be inhibitors as both  
their a ttachm ent points are free.

For the same reasons these three acids are exceptions to the three- 
point a ttachment theory, as they all have a hydrogen atom attached to 
the a-carbon of the acid chain.

Neither does any of the other growth theories satisfactorily explain 
the activity of all compounds employed here. No fu rther theory can 
be proposed at this stage.

Nevertheless the results obtained with the naph thoxy  compounds 
agree well with those in part I and support the conclusions made there. 
Applying the same terminology to morphologically similar processes 
we will have two types of auxins: (i) shoot auxins, stimulating elonga­
tion and multiplication of shoot cells, according to the literature, and, 
as in this and other investigations, inhibiting the same processes in root 
cells, (ii) root auxins, stimulating elongation and multiplication of 
root cells. The reports in the literature of the effects of root auxins 
am ong  the naphthalene compounds on shoots are not in agreement 
with each other. The root auxins, except the i-naphthoxyacetic acids 
em ployed, are furthermore able to increase the positive geotropism of 
roots.

Summary.

This pap e r is a com plem ent to »A Physiological C lassification of »Shoot 
Auxins» and  »Root Auxins» I». The effects of 10 additional naphthalene com ­
pounds have been investigated and described. They are of the same kind as 
in part I and can he referred  to the same growth processes. The com pounds 
are classified according to these effects as shoot and  root auxins.
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Endosperm Formation in Salix.

B y  A r t u r  H å k a n s s o n .

In s t i t u t e  o f  Genetics , L u n d .

The m ature seeds of Salix  and of Populus do not contain any endo­
sperm, the interior of the seed is filled of the embryo. As in most cases 
of »endosperm-less seeds», some endosperm is formed though it is later 
absorbed by the embryo; only in Orchidaceae and Podostemonaceue the 
division of the prim ary  endosperm nucleus fails. Statements on endo­
sperm development have been made by C h a m b e r l a i n  (1897) who 
investigated some Scdix species from US. He found that  the initial 
endosperm development precedes embryo development, a four-celled 
embryo being accompanied of eight or ten endosperm nuclei, soon, 
however, the embryo cells outnum ber the endosperm nuclei. The few 
endosperm nuclei formed are never separated through cell walls. 
N a g a r a j  (1952) has recently investigated two Populus species, P. del­
toid es and P. tremuloides. Endosperm development always precedes 
embryo development, the large vacuole here becomes filled of endo­
sperm and walls are formed between the nuclei. Later this endosperm 
is consumed by the embryo. N a g a r a j  corrects the statements of G r a f  

(1921) of bisporic embryosac and aporogamy in Populus: the em bryo­
sac develops after the Normal type and the pollen tube uses the micro- 
pyle. Also the early description of the embryology of Salix  contained 
obscure points. It has later been shown that the embryosac develops 
after the Normal type ( H å k a n s s o n  1929, M a h e s h w a r i  and R o y  1951).

Investigation of certain Salix hybrids indicated a stronger develop­
ment of the Salix  endosperm than previously had  been described. 1 have 
now studied endosperm formation in S. caprea (diploid) and S. cinerea 
(tetraploid), using capsules from isolated and artificially pollinated 
catkins. The investigation also includes A. neocinerea (tetraploid) p ro ­
duced b y  Prof. N i l s s o n  through crossing S. caprea and S. viminalis,
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and  a shrub with the num ber 4805, which was a highly complex hybrid, 
the result of crossing twelve different species and subspecies. The 
investigation materia l of neocinerea and the 12-hybrid was from open- 
pollinated catkins.

This new investigation confirms that in Scilix endosperm development 
immediately after fertilization somewhat precedes embryo growth 
though soon cell divisions in the embryo occur more frequently, while 
endosperm development slows down. It does not stop, however, though 
the central vacuole never is filled. Cell formation occurs in a certain 
degree, bu t only in the m icropylar and chalazal directed parts of the 
endosperm. Thus the endosperm is more developed than the descrip­
tion of Ch a m b e r l a i n  indicated, though it is no doubt more weak than 
in Populus. Seed development is ra ther rapid in Salix. During the first 
week after pollination it is comparatively slow but during the second 
week the considerable embryo growth sets in, which becomes still more 
rapid in the th ird  week. The rapid growth of the embryo during the 
second week is connected with the expanding of the leaves, which must 
by and by result in an increasing nutrient supply to the young capsules.

12-hybrid. — The species and subspecies used by N i l s s o n  in pro­
ducing this hybrid  are S. viminalis, caprea, nigricans, phylicifolia, 
purpurea, daphnoides, repens, aurita, aegyptiaca, silesiaca, grandi folia, 
gracistylis. The investigated shrub had a very vigorous seed develop­
ment.

Stages showing the earliest endosperm development were here 
abundant. A certain differentiation of the young endosperm begins 
early. W hen the endosperm contains four nuclei one of them has moved 
into the n arrow  pocket of the embryosac which has contact with chalaza 
cells; this nucleus divides two times (Fig. 2). Perhaps here is the gate 
through which nutrients stream to the embryosac during the early part 
of seed development. The cytoplasm is more dense here. The endosperm 
at the em bryo end of Ihe embryosac may take a course of its own, 
showing independent development. This is clear from Fig. 1. Ilere all 
nuclei in this part are dividing while the nuclei in other parts of the 
endosperm are at rest. A loose tissue of vacuolate endosperm cells is 
always formed here surrounding the embryo (Fig. 3 and 4). In ovules 
where the eggcell had  broken through the epidermis the embryo was 
outside the endosperm (compare p. 330). The nuclei from the middle 
part  of the endosperm multiply more or less; their num ber remains, 
however, modest in Ihe 12-hybrid. Cells are never formed here.

There is no sharp  limits between the three parts of the endosperm
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as is the case in m any ab initio cellular endosperms. Nuclei from the 
middle part contribute to the chalazal as well as to the micropylar 
endosperm. In older seed with embryo occupying 2/s of the interior 
endosperm m ay still be seen in the two ends of the seed, later it has 
disappeared.

S. caprea. — During the first week w eather conditions had  been very 
bad, open-pollinated capsules showed ra ther few fertilized ovules, the 
most advanced had 8 endosperm nuclei, while its embryo consisted of 
8 cells. In artificially pollinated catkins most ovules, however, had  
endosperm and embryo. Common num bers  of endosperm nuclei were 
16 and 32. In embryosacs with 16 dividing nuclei the most advanced 
mitotic stages were in the chalaza directed end, the wave of mitosis 
apparently begins here and proceeds towards the m icropylar end of 
the embryosac. The size of the embryo was ra ther variable, 9— 42 cells, 
usually 25— 39 cells. Sometimes one finds ovules with embryo but 
lacking endosperm; the undivided central nucleus was close to the 
embryo. Such ovules were also seen in other investigated Salix forms. 
While ovules with endosperm nuclei rapidly increase in size, remain 
ovules lacking endosperm unchanged with no mitosis in nucellus or 
integument. Unfortunately the chromosome num ber of the embryo in 
such ovules could not be determined, presumably the embryos are 
diploid.

After two weeks most embryos had  cotyledones. Some very advanced 
embryos filled half the seed. The endosperm was still developing. In 
many seeds simultaneous endosperm divisions occurred; in one case 
their num ber was about 250, showing the formation of about 500 endo­
sperm nuclei. A ra ther high percentage seeds with endosperm divisions 
indicates perhaps a »seconda prim avera» of the endosperm. As in other 
Salix-forms the endosperm part  surrounding the embryo often becomes 
cellular. It is very poor of cytoplasm. This part  of the endosperm had 
been absorbed in the seeds with the largest embryos. At the chalazal 
directed part  of the seed the cytoplasm of the endosperm is ra ther dense, 
containing a somewhat variable num ber of closely packed nuclei. Also 
here cellformation m ay be observed. The lateral parts of the seed has 
one layer of free endosperm nuclei, they may, however, lie ra ther close. 
There is also endosperm between the cotyledones of the embryo: endo­
sperm formed below the embryo has been invaginated by the two 
cotyledones. One m ay find endosperm mitosis here (Fig. 5). Mitosis is 
simultaneous in the whole par t  of the endosperm having free nuclei.

A num ber of ovules had only a few endosperm nuclei. Such ovules
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Figs. 1— 6. E n d o sp e rm  in Salix.  —  1— 4: 12-hybrid. —  1: Young embryo  and  e n d o ­
sperm, mitosis in the m ic ropy lar  d irected  pa r t  of the latter.  X 150. — 2: chalazal  
p a r t  of the endosperm  shor t ly  after  fert i l ization.  X700. — 3, 4: tissue fo rm at ion  in 
the  m ic ro p y la r  par t  of the endosperm . X 700. — 5: S. caprea,  two weeks a f te r  
pollination , endosperm  divisions be tw een the cotyledones of the embryo. X150. — 
5 b: the  sam e m ore  enlarged. X 1000. — 6: S. cinerea, twro weeks after  fertilization, 

em bryo  a n d  endosperm . X 50.

show very reduced size; the embryo is small having only 50— 100 cells. 
Also ovules with a central nucleus are still observed. The absence or 
weakness of endosperm is no doubt detrimental to the development of 
ovule and embryo. Small, undifferentiated embryos in seeds with little 
endosperm had often an abnorm al position at the lower end of the
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m icropylar canal. It has been observed that old embryosacs in ovules 
w ith  delayed fertilization have destroyed the nucellar epidermis. The 
abnorm al position of the resulting embryo leads to abortion, probably 
owing to defective contact between endosperm and embryo.

After three weeks the embryo of S. cciprea filled the seed. A small rest 
of the endosperm m ay be at the chalazal end of the seed, but there is 
no endosperm between the main part  of the embryo and  the testa, as 
erroneously stated in N e t o l i t z k y .

S. cinerea. — Ovule and embryosac were larger in this tetraploid 
species. A somewhat slower seed development than  in caprea is probable. 
A fixation made 6 days after pollination showed often 16 endosperm 
nuclei while the highest num ber of embryo cells observed was 30. How­
ever, the development had partly been under better weather conditions 
than  in S. caprea during the first week. In a second cinerea fixation 
one week after pollination showing development under still better 
w eather conditions most ovules had 32 endosperm nuclei; the embryo 
had  here in larger ovules 56— 70 cells. Later embryo development 
becomes more rapid, in ovules fixed 11 days after fertilization one may 
find embryos with small cotyledones. The endosperm seems, judging 
from the latter fixation and one made after 14 days to have a smaller 
num ber of nuclei than  the endosperm of S. caprea. Cellformation is 
perhaps more frequent at least in the chalazal part, but the main part 
of the cinerea endosperm is less developed, the free nuclei lying less 
closely than  in caprea.

After three weeks the embryo does not fill the seed though it may 
occupy 'V4 of the interior. Some endosperm m ay still be seen below the 
embryo also in large seeds. Curious are occasional endosperm forma­
tions showing a superficial resemblance to young embryos. They are 
spherical but there are no cell walls between the nuclei. The capsules 
of S. cinerea contain two and three weeks a lter pollination m any bad 
ovules, that is ovules with a small embryo having only about 50 though 
more often 100— 150 cells. Endosperm was lacking or very weak. Such 
ovules have reduced size and clearly are aborting though one m ay long 
observe occasional mitosis in the embryo. The percentage aborting 
seeds was much higher than  in S. caprea.

S. neocinerea. — The seeds had probably in most cases been formed 
after fertilization with pollen from S. cinerea, a shrub of the latter 
species growing quite close. The young seeds show a certain develop­
ment of a micropylar and a chalazal endosperm part but on the whole 
the endosperm seems very meagre. Em bryo development seemed more
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slow than  in cinerea. However, the seeds of bursting capsules are com ­
pletely filled of a fully differentiated embryo; they showed no trace of 
endosperm.

Conclusions.  — The endosperm of Salix has no storage function 
being of ephemeral nature. During the earlier half of seed development 
it is, however, ra the r  conspicuous and  m ay long show mitotic activity. 
No doubt the endosperm has certain physiological functions during this 
period. The form ation of growth substances inciting the growth of the 
fertilized ovules is such a function. W hen no endosperm is formed 
ovules rem ain  small. The occurrence of auxins in endosperms has been 
established in several cases, for instance in rye. A second function of 
the Salix endosperm  is probably a certain influence on the development 
of the embryo. Early  some endosperm nuclei are in contact with the 
embryo and  the young embryo is surrounded of endosperm. Young 
embryos outside the endosperm do not seem to attain the stage of 
cotyledone formation. A function in supplying the embryosac with 
nutrients has perhaps the chalazal endosperm assemblage.

No doubt the endosperm of Salix is reduced. In the ancesters of the 
genus must have been forms with endosperms of the more usual angio- 
spermous type. The occurrence of cells in small parts of endosperm 
indicate reduction from a stage of cell formation in the whole endo­
sperm. Judging from the investigation of N a g a r a j  the Populus endo­
sperm is less reduced, filling the central vacuole, though it later dis­
appears also here. This is in agreement with the fact pointed out of 
several authors that the embryology of Populus  seems more primitive. 
Among primitive Popu/us-characters enumerated by N a g a r a j  may be 
mentioned two integuments in certain species, a larger parietal tissue 
and  more archesporial cells in the nucellus. Embryologists have there­
fore concluded that  Populus is the more primitive, Salix the more 
derived genus. This is also the most common opinion of morphologists. 
H j e l m q u i s t  (1948) while acknowledging that »in the embryology of 
Populus  there are some features that  appear more primitive than  in 
Salix» considers, however, ihe latter genus as I he older. The reason 
of this divergent opinion is among other things the more variable and 
original floral organization of Salix. The higher num ber of stamens, 
carpels and  ovules in Populus is secondary (I.e. p. 163).

The family Salicaceae has an isolated position in the system. It forms 
an  order Salicales whose relations to o ther angiosperms is unclear. The 
flower is very simple and E n g l e r  ranges the order as num ber 2 in his
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system. In view of the reductional traits of the seeds this position seems 
too low. H j e l m q u i s t  has ra ther recently discussed its phytogeny. He 
includes Scilicales in the order group Am entiferae  stressing similarities 
to the order Juglandales with the families Myricciceae and Juglanda- 
cecie, Am entiferae  he considers to be a primitive group related to the 
most primitive dicotyle, Casuarina. On the other side we have the views 
of m an y  m odern authors that the simplicity of the flower is secondary 
( B e s s e y , H a l l i e r , H u t c h i n s o n , G u n d e r s e n , L a w r e n c e ) .  N a g a r a j  

who investigated the embryology of Populus is convinced of this more 
high position.

Clearly the embryology of Salicales shows certain reductional traits 
in ovule and  endosperm. This reduction seems, however, partly an 
adaption to the dispersal of the seeds with the wind. The capsule fruit 
with the often ra ther num erous small seeds with hairs is an important 
charac ter  of Salicales.

In Betulales, Fagales and Juglandales the fruit has only one large 
seed lacking endosperm, however. The difference in the fruit has 
not precluded the common view that Scdiccdes is related to Amentiferae. 
Under such circumstances the embryological differences do not seem 
to prevent the assumption of affinity. The ovule of the family Fagaceae 
has two integuments but the nucellus has already a moderate size, 
showing a certain reduction. The reduction in Salicales is more p ro ­
nounced.
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Denna lilla bok ger en intressant exposé över en undersökning, som igång­
sattes för  att lösa ett praktiskt problem, och skildrar det arbete, som nedlagts 
av några tyska forskare på odling av europeiska jordorkideer. Undersökningen 
kom till stånd på am erikanskt initiativ och planlades redan 1934. U.S.A. hade 
då ett stort behov av salepsrot, ty salepsdekokt utgjorde det dåvarande vik­
tigaste läkemedlet mot Cholera Infantum. Då de naturliga förekomsterna av 
orkideer naturligtvis ej kunde räcka till, gällde det att försöka med odling i 
stor skala. I boken behandlas undersökningar från 1935 och fram till 1953, 
således under  en lång följd av år. Krigsåren störde arbetet avsevärt,  bl.a. 
genom byte av forskare och vidare förstördes en stor del av observations- 
resultaten vid ett bombanfall mot Botaniska institutionen i W ürzburg. Liksom 
annorstädes hade man i Tyskland lagt m ärke till att orkideerna i naturen  
snabbt minskade i antal och att det fungerande naturskyddet var fullständigt 
ineffektivt i detta hänsende. Ett av undersökningsproblemen var därför  att 
söka ta reda på om det fanns möjlighet att genom odling öka bestånden i 
naturen. Boken om fattar  i stort två avsnitt, varav det första behandlar labora- 
torieförsök och den andra  delen fältförsök. Den första delen, som gjordes i 
slutet på  30- och bör jan  på 40-talet, är  naturligtvis delvis redan föråldrad, 
och förfa ttaren  h ar  ej berört de resultat man erhållit i U.S.A. vid laboratorie- 
odling av orkideer. Men den ger en ingående beskrivning av metodik och ger 
en tydlig bild av de stora svårigheter, som äro förbundna med odling av denna 
typ av orkideer. Försöken gåvo emellertid vid handen, att det fanns stora 
möjligheter att med gott resultat dra upp jordorkideer ur  frön och sedan odla 
dem i växthus. Det var emellertid stora risker för felslag och odlingsproblemet 
hade så lunda ej lösts till grunden. Särskilt stor omsorg fo rdrar  arbetet med 
symbiossvampen. Den andra  delen av boken visar h u r  svårt det är  at t  till­
fredsställande utföra fältförsök i större skala, så att signifikanta resultat k unna  
erhållas. Ofta kan ett å r  med olämpliga klimatiska förhållanden m edföra att 
p lan to rna  dö ut. Fältförsöken utfördes i olika typer av vegetation och ge vid 
handen, att det är  mycket svårt att få de u tplanterade orkideerna att trivas. 
I allmänhet hade samtliga exemplar dött ut vid försökstidens slut, d.v.s. efter 
något mer än 10 år. O rsakerna härtill hade ej utretts til lfredsställande. Över-
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huvud h a r  författaren  tagit m ycket lätt på den fysiologiska sidan av problemet, 
och h a n  kommer ofta med rena antaganden angående orsaken till orkidéernas 
försvinnande. F örfa ttaren  lyckas ej lösa problemet att odla orkideer i stor 
skala fö r  framställning av salepsdrog. Till de i mångt och mycket negativa 
resultaten bidrager säkerligen förhållandet, att undersökningen verkställdes 
under delvis mycket besvärliga omständigheter.

A r t u r  A l m e s t r a n d .

O t t o  P e s t a : Berggewässer. Naturkundliche W anderungen zur Untersuchung 
ostalpiner Tümpel und Seen im Hochgebirge. Wissenschaftliche Alpenvereins­
hefte. Heft 14. Universitätsverlag Wagner. Innsbruck. 1953. 46 sid.

Bokens syfte ä r  att stimulera a lpvandrarna till undersökningar av de vackra 
små a lpsjöar  de träffa  på. I slutet uppräknas  ett antal apparater  och insam- 
lingsutensilier, som äro nödvändiga redskap för kemisk-fysikaliska och bio­
logiska studier. En beskrivning ges av olika miljöfaktorer, som förläna s jöarna 
här  en annan  typ än låglandssjöarna, t.ex. de extrema tem peraturförhållan­
dena, vilka endast tillåta en månadslång sommartid. Förf. skiljer noga mellan 
s jöar  och »Tümpeln», de senare i allmänhet mindre och grundare. K arak­
teristiska växt- och d ju rar te r  omnämnas, varvid huvudvikten till synes lagts 
på de senare, som illustreras med ett antal figurer. Förf. konstaterar, a t t  de 
flesta organism erna äro ubikvister u tan  specifika miljökrav. Han pekar även 
på ett område, som hittills icke varit föremål för studier, nämligen bakterie­
livet, vilket väl för övrigt i lika hög grad gäller alla andra  sjöar.

Förf.  skriver lättfattligt och utan  tyngande termer och kan säkerligen vänta 
sig en stor läsekrets bland alpbitna amatörer.

A s t a  A l m e s t r a n d .

W a l t e r  B a u m e i s t e r : Mineralstoffe und Pflanzenwachstum. — Fischer, 
S tu ttgart  1954. 176 sid. Pris 18: 90 kr.

Förlaget har  i å r  utgett en ny upplaga av B a u m e i s t e r ’s lilla men starkt 
koncentrerade och innehållsrika arbete om växtens mineralnäringsämnen. Det 
behandlar  ämnenas förekomst i marken, upptagning samt biokemiska och 
p rak tiska  betydelse. För vart äm ne ges en kort litteraturöversikt och i sin 
helhet är  boken mycket väl p lanerad  och klart och redigt skriven. Uppdel­
ningen av mineraläm nena i »element med ionverkningen», »spårelement» och 
»element med okänd verkan» är  naturligtvis som alla sådana klassificeringar 
artificiell och dömd att misslyckas. Denna anm ärkning väger dock lätt. Det 
märkliga ä r  att boken tryckts om oförändrad, så att den står kvar på 1951 
års s tåndpunkt.  Framstegen sedan dess äro dock så markanta, t.ex. b e trä f­
fande betydelsen av Mo och Co, att en bearbetning hade varit påkallad. Boken 
fyller otvivelaktigt ett behov som bekväm uppslagsbok, särskilt för den som 
icke ä r  fackman, och vore fullt användbar  även som lärobok på högre stadium. 
Man få r  därför  hoppas att förlaget låter nybearbeta nästa upplaga; något 
större hänsyn  bör då också tagas till den engelskspråkiga litteraturen.

H a n s  B u r s t r ö m .
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M a x  K o e r n i c k e :  ( E .  S t r a s b u r g e r ) ,  Das kleine botanische P rak tikum  für 
Anfänger. — 14:e upplagan. Fischer, Stuttgart 1954. 248 sid. Pris 14 DM.

De identiska 13:e och 14 :e upplagorna av detta klassiska verk ha  följt tätt 
på varandra ,  ett tydligt bevis på  att detta fortfarande är  den nära  nog enda 
praktiska handledning som finns i växtanatomi. F örändringarna m ot före­
gående upplagor äro obetydliga. — Innehållet i boken kan delas upp i två 
från varand ra  skilda och egentligen oberoende moment. Det ena är  de p rak ­
tiska anvisningarna för framställning och undersökning av mikroskopiska 
väx tprepara t  av alla slag. I fråga om detaljrikedom och erfarenhet bakom 
uppgifterna ä r  denna del oöverträffad. Detta är  väl också bokens huvudtema. 
— Det and ra  ä r  det anatomiska kunskapsstoff  som är inflätat i de tekniska 
skildringarna; då det gäller kormofyter står det tyvärr inte på sam m a nivå 
utan är  egentligen en upprepning av adertonhundrata lets  synpunkter  på  växt- 
anatomin. Detta visar sig både i terminologi, begreppsbildning och val av 
material.  Det ä r  skada att bearbetaren  icke m oderniserar boken i detta av­
seende. Det kan inte hjälpas, att det trots det stora tekniska värdet av boken 
gör ett förlegat intryck att se xylem på  en och samma rad kallat ved, xylem, 
kärldel, vasaldel och hadrom  utan  hänsyn till innebörden av begreppen, finna 
silceller sam m anblandade med silrör, samt Aristolochia  anförd som typ för en 
dikotyledonstam. En påtaglig brist ä r  fortfarande att en skildring av typ­
material med sekundär rottil lväxt saknas.

Denna kritik r ik ta r  sig naturligtvis ej mot de kapitel som behandla tallo- 
fyter, och som teknisk vägledning bibehåller boken sitt värde.

H a n s  B u r s t r ö m .

B. S. M e y e r  och D. B. A n d e r s o n :  Plant Physiology, 2:a uppl. van Nostrand, 
New York 1954. 784 sid. Pris 47: 60 kr.

Förs ta  upplagan av denna lärobok u tkom  1939 och ä r  därför sedan länge 
föråldrad. Man hälsar därför  med verklig tillfredsställelse icke bara  att en ny 
upplaga utgivits utan  också att förff. inte skytt någon möda att revidera och 
modernisera boken. F örändringarna  mot förra  upplagan ä r  avsevärda. Kapit­
len om vattenbalans, vilket ä r  förff:s eget forskningsområde, h a r  skurits ner 
starkt, och ä r  nu bättre balanserade mot de övriga avsnitten, de inledande 
kolloidkemiska kapitlen ha  också begränsats eller uteslutits. I stället h a r  ett 
nytt kapitel »Enzymes» införts och hela ämnesomsättningsfysiologin om redi­
gerats. Särskilt kapitlet om fotosyntes h a r  utökats. Detsamma gäller avsnitten 
om tillväxt, som vidgats f rån  c:a 130 till 200 sidor. Avvägningen mellan de 
olika delarna av fysiologin ä r  mycket bättre än i första upplagan, och förff. 
är  värda en eloge för det resoluta sätt på vilket de redigerat om sitt verk. 
Två al lm änna anm ärkn ingar  kan  man dock rikta mot denna bok, liksom mot 
alla am erikanska läroböcker: retningsfysiologin är  behandlad styvmoderligt 
och endast som ett bihang till auxinläran, och den europeiska lit teraturen borde 
ha beaktats bättre. 1 båda avseendena är  dock denna bok vida bättre än  andra  
am erikanska och är  utan  tvivel en av de bästa al lmänna läroböcker i växt- 
fysiologi som finns för närvarande.

I I a n s  B u r s t r ö m .

22 Botaniska  N otiser 195i.
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Growth and differentiation in plants. Red. av W a l t e r  E .  L o o m i s . — The 
Iowa State College Press, Ames, Iowa 1953. — X +  458 sid. Pris 7: 50 doll.

Tillväxtfenomenen — uppbyggandet av nytt organiskt material inordnat i 
en levande s truk tur  — intar  en central ställning inom biologin. De utgör inte 
bara en angelägenhet för fysiologerna utan  berör även morfologi, anatomi, 
embryologi, genetik m.fl. vetenskapsgrenar, för att inte tala om den betydelse 
de har  ur agrikulturell synpunkt. Det är  alltså ett v idsträckt ämne av stort 
allmänt intresse, som föreliggande bok behandlar. Den ingår i den serie m ono­
grafier över växtfysiologiska ämnen, som utgives av »American Society of 
Physiologists».

Innehållet utgöres av aderton uppsatser, de flesta författade av am erikanska 
forskare. Vid urvalet av bidragen har  begreppet tillväxt getts en rätt vid to lk­
ning. Sålunda förekommer en utförlig framställning av hela problem kom ­
plexet heterosis, vilken huvudsakligen håller sig på det genetiska planet, 
vidare uppsatser om fotoperiodiska reaktioner och vernalisering. En lång u p p ­
sats om elektriska potentialer hos växter förefaller att ha rä tt  lös anknytning 
till det i bokens titel angivna ämnet. I ett inledningskapitel ger redaktören  en 
översikt över det komplicerade område boken behandlar  och på samma gång 
en sammanfattning av innehållet i de följande uppsatserna. Detta är ett lyckat 
grepp: det hjä lper  läsaren att h itta  den röda tråden i verket, och det ger red. 
en väl u tnyttjad möjlighet att komplettera och sammanfoga det tämligen 
heterogena materialet i de övriga uppsatserna. Ett par  av kapitlen utgöras av 
primärmaterial från undersökningar över tillväxten hos m ajsrötter  resp. 
sträckningstillväxten hos bomullsfibrer. Det hade varit lyckligare, om de ersatts 
med en mera allmän diskussion av de fysiologiska aspekterna av meristematisk 
tillväxt och sträckningstillväxt, ett aktuellt område där en m era  allsidig belys­
ning saknas i boken.

Även i övrigt är  boken tämligen ojämn, t.ex. beträffande de olika fö rfa t ta r ­
nas sätt att lägga upp sitt äm ne och förmåga att göra en både inträngande 
och intressant analys av problemen. Somliga nöjer sig med att utan d jupare 
eget engagemang behandla lit teraturen på området, medan andra  visar prov 
på en mera självständig behandling av själva ämnet. Det senare sättet är av ­
gjort det mest givande och passar bäst i en bok av denna typ, vars syfte är  
att ge en mera allmän belysning av problemen. En uppsats, som behandlar  
vad som väl måste anses vara det centrala i diskussionen om tillväxt och dif­
ferentiering, nämligen den levande protoplasman, kan anföras som exempel på 
den förra typen. »Structure and Synthesis of Protoplasm» är  titeln och fö r­
fattare är  II. S. M c K e e , Sydney. Uppsatsen är  späckad med fakta, och på 
30 sidor hinner  förf. med att ge över 300 lit teraturhänvisningar. Den har  
naturligtvis åtskilligt att ge i fråga om forskningsresultaten på området, men 
man saknar onekligen en m era resonerande framställning om protoplasmans 
funktion, när  det gäller cellens tillväxt och utformning. En kort översikt av 
morfogenetiska fenomen och faktorer  av E. S i n n o t t  representerar  i viss mån 
den motsatta ytterligheten — inte en enda lit teraturhänvisning. Men den ger 
ett klart intryck av h u r  utomordentligt sammansatta de företeelser är, som 
ligger bakom organismens utveckling av en bestämd form eller s truktur. 
Redaktören själv har  skrivit en intressant redogörelse för »Growth Correla­
tion». En annan  uppsats, som bör  näm nas för sitt intresseväckande framställ-
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ningssätt, är en, som hand lar  om »Dormancy» — viloperioder —  av N. C. 
T h o r n t o n . En uppsats mot slutet av boken om patologisk tillväxt av A. J. 
R i k e r  och A. C. H i l d e b r a n d t  u tm ärker  sig också genom en personlig stil. 
Den är  mycket innehållsrik och mängder av forskningsresultat refereras, men 
förfat tarnas förmåga att plocka in sina egna synpunkter  på problemen gör 
det hela levande. De kan lätta upp framställningen med en sådan passus som: 
At least once a year a colleague appears with a new issue of a learned journal 
and says, »Well, I see the crown gall problem has been solved!» We reply, 
»What, again?» — Detta ger ett karakteristisk t drag, som gäller inte bara 
gallforskning utan  m ånga andra  grenar av biologisk forskning. Forskaren 
frestas att u r  sitt ofta mycket speciella materia l dra långtgående slutsatser, 
vilka lätt ger intrycket,  att problemet nu är  löst.

Växternas tillväxtfysiologi har  under de senaste decennierna i allt högre grad 
blivit liktydigt med hormonfysiologi, och diskussioner av auxinet och dess 
inverkan på snart sagt alla fenomen, som står i sam band med tillväxten, kom ­
mer igen i de flesta kapitlen. En uppsats fö rfa t tad  av S. G o r d o n  är  ägnad åt 
en mera direkt översikt av hormonfysiologin. I denna behandlas teorierna 
om til lväxthormonernas natur,  bildningssätt och verkningsmekanism. Den slut­
sats förfat taren  kom er till är, att den biokemiska mekanism, varigenom 
auxinet ingriper i cellförloppen, fo rtfa rande ä r  höljd i dunkel trots allt det 
arbete, som lagts ned på att k lara upp problemet.

En uppsats  om »Cellular Differentiation» av B. C o m m o n e r  och AL Z u c k e r  
innehåller en strikt analys av hithörande biologiska problem och en grundlig 
genomgång av de möjligheter, som erbjuder  sig att experimentellt studera 
differentieringsförloppen på det cellulära planet.  Tyvärr  skrevs uppsatsen 
redan 1950, varför den senare delen hunn it  förlora mycket av sin aktualitet 
till följd av den snabba utvecklingen på det cytokemiska området. K a t h e r i n e  
E s a u , ledande am erikansk växtanatom, ger en koncis och överskådlig f ra m ­
ställning av den m oderna uppfattningen om h u r  vävnaderna hos stam och rot 
differentieras ur  de apikala meristemen. 1 övrigt förekommer uppsatser om 
den matematiska behandlingen av olika typer av tillväxt och om heterotrof 
tillväxt hos växter.

Som en sam manfattning kan sägas, att boken innehåller mycket vetande 
och ger många intressanta synpunkter  på centrala biologiska problem. Den 
ger en god bild av den botaniska tillväxtforskningens nuvarande läge och 
utgör en värdefull tillgång för forskare inom de om råden den har anknytning 
till och bör även kunna  tillfredsställa andra, som har  ett m era allmänt intresse 
för botanisk forskning.

L e n n a r t  E l i a s s o n .

W a l t e r  W. K r e u g e r : Principles of Microbiology. W. B. Saunders Com­
pany, Philadelphia & London. 1953. —  XXIII +  648 sid., 143 ill. — Pris 
5: 50 doll.

Det föreliggande arbetet ä r  äm nat att vara grund för en nybörjarkurs  i 
mikrobiologi för »college students» och som sådan  spänna över hela det om ­
råde, där mikroorganismer utöva sin verksamhet,  utan att dock lägga särskild 
vikt vid någon speciell gren av ämnet. Av bokens c:a 650 sidor ägnas ungefär
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hälften fundamentella frågor, nödvändiga för den, som vill få en inblick i 
mikrobiologi, medan andra  hälften utgöres av den praktiska tillämpningen 
—  en beskrivning av alla de processer i det praktiska livet, där m ikroorganis­
m er på ett eller annat sätt gripa in. överhuvud  lägger man m ärke till fö r ­
fattarens strävan att visa den nära  kontakten mellan den mikrobiologiska 
vetenskapen och det praktiska livet. Detta gör, att boken utomordentligt väl 
läm par  sig för den, som vill få en allmän inblick i mikroorganismernas värld, 
m edan en mera vetenskapligt inriktad läsare m åhända  skulle önskat sig litet 
större u trymme för såväl den teori, som ligger bakom  dessa tillämpningar, 
som den teknik, som är  oumbärlig för den, som vill arbeta på området.

Arbetet inledes dels med en historisk översikt av mikrobiologien från  
Leeuwenhoek’s till våra dagar, dels med en genomgång av protoplasmans 
uppbyggnad och betydelse hos mikroorganismerna, enligt författarens förord 
avsedd för  den, som ej tidigare sysslat med biologi överhuvud. — Härefter 
följer en genomgång av de grupper av organismer, som konstituerar »the 
microscopic world»: bakterier, svampar, protozoer, rickettsior och virus. Bak­
terierna upp ta  h ä r  givetvis största utrymmet. Bakteriecellens byggnad ägnas 
stort intresse, och bl.a. frågan om bakteriernas k ä rn a  diskuteras med moderna 
rön som bakgrund. Framställningen beledsagas av en mängd fotografiska u p p ­
tagningar, som äro mycket upplysande. Bakteriernas systematiska ställning 
diskuteras, och ett större antal teoretiskt eller p raktiskt viktiga bakterier, 
inordnade i släkten och familjer, namnges och beskrives. — Den följande 
genomgången av mikroskopiska svampar är  mindre uttömmande, och bild­
materialet är betydligt magrare, vilket också gäller för protozoerna. Rickettsior 
och virus ha fått sin berättigade plats, storleksordningen belyses genom jä m ­
förelse med övriga mikroorganismer och ett flertal e lektronmikroskopiska bil­
der fullständigar framställningen.

Efter  denna systematiska genomgång av m ikroorganismerna övergår förf. 
till m ikroorganismernas fysiologi. Att på 50 sidor belysa rollen av enzymer, 
näring och metabolism, yttre faktorers inverkan samt ärftlighets- och varia- 
tionsförhållanden torde inte vara en lätt uppgift, i synnerhet som fram ställ­
ningen samtidigt skall göras elementär. H är  har  också populariseringen s tundom 
resulterat i oklarhet.  Detta gäller ett flertal kemiska grundläggande begrepp. 
Sålunda ä r  pH-frågan dunkelt behandlad, med påföljd att även t.ex. begrep­
pet buffert  blir oklart. — För en mera praktiskt inriktad läsare ges här  
emellertid ideligen exempel på til lämpningen av teorien. Vid behandlingen av 
tem peraturförhållandena hos mikroorganismer t.ex. överföres uppm ärksam ­
heten till verkan av pastörisering av mjölk, konservering av födoämnen och 
frystorkning av bakterier, medan i osmoskapitlet intresset överföres till ko n ­
servering medelst höga koncentrationer av socker och salt.

Mikrobiologisk teknik behandlas i ett av arbetets större delar. Man finner 
h ä r  en genomgång av vanliga medier för odling och differentiering av m ikro­
organismer, spridningsmetoder, en mycket utförlig beskrivning av mikroskop 
och deras fysikaliska bakgrund, inklusive faskontrast- och e lektronmikro­
skopen, ävensom olika färgningsförfaranden. Olika steriliseringsmetoder, fysi­
kaliska och kemiska, ägnas ett kapitel och antibiotika ett. — Möjligen skulle 
den p rak tisk t arbetande nybörjarmikrobiologen önska sig en något utförligare 
beskrivning av exempelvis metoder för ympning och mätning av tillväxt.
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Ett kapitel om mikroorganism er i jord och deras verksamhet bildar över­
gången till bokens m era  praktiska del. Kolets, kvävets och svavlets kretslopp 
i naturen  belyses bl.a. schematiskt, vilket kan vara till stor hjälp för läsaren, 
men riktigheten av den del av kvävecykeln, som vill åskådliggöra denitrifika- 
tionen, ä r  i den föreliggande formen tvivelaktig (s. 320). Likaså ä r  det fö r ­
lopp, som försiggår vid svavelbakteriers oxidation av svavelväte, ytterst fö r ­
bryllande beskrivet (s. 321— 322).

Man får  sedan följa förfat tarens beskrivning av det industriella u tny tt jandet 
av mikroorganism er vid framställningen av alkoholika, jäst, org. syror, aceton 
och and ra  produkter.  Födoäm nen av olika slag, från  ost till sauerkraut,  
analyseras ingående. K nappast någon produkt torde här  vara överhoppad. — 
En analys av avloppsvatten och behandling av sådant samt mikrofloran  hos 
vatten i övrigt och dettas rening ägnas var sitt kapitel. — Efter en skildring 
av mikroorganism er i mjölk och analysmetoder för mjölk avslutas denna del 
av boken med ett kapitel om matförgiftning.

Den allmänt intresserade läsaren finner i arbetets två sista delar svar på 
många frågor av vital betydelse i praktiska livet. Det torde inte finnas många 
infektionssjukdomar, som h ä r  ej omnämnes och vilkas upphovsorganism ej 
näm nes och beskrives, de m å utgöras av bakterier, svampar, protozoer, 
r ickettsior eller virus. Av särskilt stort värde för förståelsen av profylax och 
terapi vid dessa infektioner är  härvidlag kapitlet om immunitet och immuni- 
sering.

Ett i förhållande till bokens övriga omfång mycket kortfa tta t  kapitel om 
växts jukdom ar orsakade av mikroorganismer avslutar arbetet.

Till varje kapitel h a r  förf. fogat ett antal frågor på innehållet i kapitlet,  
avsedda som hjälp vid kurshandledning. Likaledes åtföljes varje kapitel av en 
lista med handböcker, tyvärr  enbart engelskspråkiga, för fördjupade studier 
i ämnet.

Tryckfel (?) av det m era allvarliga slaget föreligga på sid. 107 (avsnittet 
Nitrobacteriaceae) och sid. 187 (näst sista stycket, f järde raden), där  n itrat 
i båda fallen rimligtvis bör ersättas med nitrit.

Genom sin breda uppläggning och genom den utförlighet, varmed i syn­
nerhet alldagliga företeelser beskrives, är  K r e u g e r s  bok mycket lättläst och 
lämplig för den, som vill skaffa sig en allmän översikt över ämnet. F ö rfa t ta ­
rens avsikt att för läsaren betona den roll m ikroorganismerna spela i na tu ren  
och i vårt  dagliga liv, p rak tisk t  och ekonomiskt, h a r  förvisso lyckats.

B i r g i t  N o r d b r i n g - H e r t z .

D i e  E v o l u t i o n  d e r  O r g a n i s m e n  herausgegeben von G. H e b e ­
r e r . 2. erweiterte Auflage. Lief. I. Grundlagen und Methoden. S. 1— 172. 
Subskriptionspris DM 12:10. — Lief. II. Die Geschichte der Organismen. 
S. 173— 422. Snbskr.pris DM 17: 70. — Gustaf Fischer Verlag, Stuttgart.

H ögproduktionen av större arbeten i evolutionslära har  fortsatt . I F ören ta  
Staterna har  G. G. S i m p s o n  publicerat »The m ajor  features of evolution» 
i vilken material f rån  hans tidigare viktiga bok »Tempo and mode in evolu­
tion» ingår. I Storbritannien h ar  utkomm it två samlingsverk. Det ena »Evolu­
tion» innehåller ett 30-tal föredrag hållna vid ett symposium i Cambridge



340 LITTERATUR

anordnat av »The society of experimental biology». En trevlig resumé av 
J. B. S. H a l d a n e  inleder boken. En u tm ärk t recension av den finner man i ett 
av de sista häftena av tidskriften Evolution. Under titeln »Evolution as a 
process» h ar  ett 20-tal kända zoologer med J u l i a n  H u x l e y  i spetsen publicerat 
uppsatser med ofta mycket trevligt innehåll. C a r t e r ’s »Animal evolution» 
ligger en smula längre tillbaka i tiden (1951). I Sverige har  u tkomm it det till 
sidantalet största verket, H e r i b e r t  N i l s s o n ’s »Synthetische Artbildung». Detta 
har  dock en alltigenom anti-evolutionär karaktär .  I Tyskland h ar  u tkomm it 
bl.a. R e m a n e ’s  »Die Grundlagen des natürlichen Systems, der vergleichende 
Anatomie und der Phylogenetik», en ny  upplaga av R e n s c h  »Neuere Probleme 
der Abstammungslehre», Z i m m e r m a n n ’s »Evolution» samt det här  recenserade 
arbetet.

Första upplagan kom ut 1943, alltså mitt under kriget, vilket troligen är 
orsaken till att det värdefulla verket u tanför  Tyskland förefaller vara relativt 
okänt, i varje fall ser man det sällan citerat i anglosachsisk lit teratur. Det 
består av ett 20-tal självständiga uppsatser, var och en åtföljd av en li t teratur­
förteckning. F örfa tta rna  äro alla framstående, ofta intressanta forskare. Olika 
aspekter av evolutionen belysas, så att verket m er eller m indre f ram står  som 
en handbok i evolutionslära. Den nya upplagan är tryckt på u tm ärk t papper  
och har  goda illustrationer. Med hänsyn till utstyrseln och det stora formatet 
(stor oktav), är  priset moderat.

Lieferung I inledes av »Die philosophische Begründung der Deszensenz- 
theorie» av professor D i n g l e r , troligen en kär  läsning för tyskar. Det största 
avsnittet iir W a l t e r  Z i m m e r m a n n ’s »Die Methoden der Phylogenetik». H är  
finnes mycket av intresse och många värdefulla synpunkter,  men framställ­
ningen ä r  kanske något svårläst, bl.a. beroende på  en formlig h ierarki av 
rubriker  och underrubriker. En resumé av evolutionsmetodernas historia som 
utförligt behandlats i ett större nyutkomm et arbete finnes här. E tt  intressant 
zoologiskt problem behandlar  R e n s c h  i »Die phylogenetische Abwandlung der 
Ontogenese». I lä r  diskuteras bl.a. fylogenetisk neotäni,  d.v.s. att d ju r  med helt 
ny organisation kan  uppkom m a genom att den ontogenetiska utvecklingen 
avstannar på larvstadiet då könsmognad in träder (av förf. ej använt exempel, 
lansettfisk ur  tunikat- larv) . Det sista avsnittet »Psychologie und  Stammes­
geschichte» är skrivet av den nu världskände K o n r a d  L o r e n z . H an har  gjort 
banbrytande undersökningar över fiskars och fåglars etologi men ger sig här  
även i kast med svårare problem i kapitlet »Von den Voraussetzungen der 
Menschwerdung» med sina tre underrubriker  »Die zentrale Repräsentanz des 
Raumes und die Greifhand», »Die Spezialisation auf Nicht-Spezialisiert-Sein 
und die Neugier» och »Die Domestikation und die Weltoffenheit». Parentetiskt 
m å anmärkas, att i »Evolution as a process» ett mera begränsat hithörande 
problem behandlas av T i n b e r g e n  under rubriken »The origin and evolution 
of courtship and threat display».

Lieferung II som behandlar  organismernas historia inledes av en uppsats 
över den absoluta kronologin av L u d w i g  R ü g e r , varpå följer ett större pale- 
ontologiskt bidrag av W e i g e l t  »Die Paläontologie als stammesgeschichtliche 
Urkundenforschung». Det är  rent zoologiskt men förhållandevis utförligt och 
även för en botanist erb juder  det en intressant och trevlig lektyr. Ett nytt 
avsnitt är  F r i e d r i c h - F r e d g a s  »Die stammesgeschichtliche Stellung der Virus-
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Arten und das Problem der Urzeugung». Av en framstående fackm an får vi 
här  en u tm ärk t  framställning av virusforskningens resultat. Förf. har  ej 
kunnat citera f rå n  volymen om virus i Cold Spring Harbor »Symposia on 
quantitative biology», tydligen kom den ut alltför sent, men många andra 
skrifter från  1953 äro  med, så refereras W a t s o n  och C r i c k ’s uppfattn ing av 
molekylstrukturen hos DNA (desoxiribosnukleinsyra). Nyare teorier över livets 
uppkom st refereras. De två sista avsnitten över växternas och djurens historia 
äro mycket koncentrerade vilket ju är  oundvikligt om förf. skall behandla alla 
viktigare grupper. Om växterna skriver K a r l  M ä g d e f r a u . Han blev ju mycket 
känd  genom sin u tm ärk ta  »Paläobiologie der Pflanzen» men framställningen 
här  är  ej lika bra. Den är  mycket lättläst, h a r  väl valda figurer men gör 
intryck av att vara  en aning för ytlig. M. m enar att angiospermerna icke är  
en enhetlig grupp. Som bekant har  många forskare ansett Polycarpicae vara 
de äldsta angiosperm erna medan andra  betonat monochlamydéernas primitivi- 
tet. Men fråga är  om denna stridsfråga löses genom att ge båda par te rna  rätt. 
M. förfäk tar  att en del av angiospermerna härs tam m a från  konifererna via 
Casuarina, en annan  del från Cycadofyter ev. genom Caytoniales. I det av ­
bildade stam trädet kom m a de båda angiospermgrupperna synnerligen långt 
från  varandra ; de avsluta två olika huvudgrenar som skiljas åt redan nära  
tidig devon. Det verkar  egendomligt. Det kan tydligen ej ofta nog betonas, 
att förekomsten av åt takärnig  embryosäck av karakteristiskt utseende och av 
dubbelbefruktning inom alla större angiospermgrupper ta lar starkt emot en 
polyfyletisk härstamning. Djurens historia har  A. R e m a n e  skildrat.  Det väl­
diga materialet synes han ha  behandlat mycket skickligt, och han  h ar  givit en 
även för en icke-fackman läsbar framställning.

Den nya upplagan  är  ännu  icke färdig, ytterligare två eller tre Lieferungen 
bebådas. Rl.a. skall genetik och evolutionsforskning hos växter och djur, 
kulturväxternas uppkomst, domestikation och hominidernas fylogeni behand­
las. Det ä r  fråga om ett mycket värdefullt arbete, som i den nya upplagan 
bringats fullt up-to-date och kan rekommenderas åt alla biologer.

A r t u r  H å k a n s s o n .
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Notiser.
D oktorsdisputation. Agron. l ic .  C a k l  G u s t a f  v o n  H o f s t e n  f ö rsv a rad e  t isdagen  

den 25 m aj  1954 i U ltuna  en gradualavhand l ing  m ed titeln: »Studier över s läkte t  
Taraxacum  W lGG. m ed särskild  hänvisning till g ruppen  Vulgaria  D t  i Skandinavien».

L unds B otaniska F örenings stipendier. L unds B o tan isk a  F ö re n in g  h a r  n r  S v a n t e  

M u r b e c k s  fond  u tdela t  ett s t ipendium  å 180 kr. till fil. kand .  K e r s t i n  L e x a n d e r  fö r  
inköp av  e n zy m p rep a ra t  för  undersökn ing  av ro tp igm ent hos vete och u r  J  u  b  i- 
l e u m  s f o n d e n  ett s t ipendium  å 150 kr. till fil. stud. K a r i n  H o l m q u i s t  som 
bid rag  till växtgeografiska  fä ltarbe ten  inom R av lundaom råde t.

F orskningsanslag. S t a t e n s  n a t u r v e t e n s k a  p  l i g a  f o r s k n i n g s r å  d  
h a r  u t d e l a t  b l . a .  f ö l j a n d e  a n s l a g :  t i l l  fil . lic.  K. A s c h a n  3.300 k r .  f ö r  g e n e t i s k a  o c h  
f y s i o l o g i s k a  s t u d i e r  a v  h a t t s v a m p e n  Collybia velutipes,  t i l l  p r o f .  H .  B u r s t r ö m

12.000 kr. fö r  arbeten  över t illväxtens mekanism , till prof. G. E. Du R i e t z  2.500 kr. 
för b o tan isk  fä ltfo rskn ing  i F ra n k r ik e  och Eng land  rö ran d e  ar td ifferen tie r ingen  
inom  Euphrasia,  h a v ss t ran d k l ip p o rn as  lav- och algbälten sam t m y ra rn a s  ekologi, 
till p rof.  F .  F a g e r l i n d  12.000 kr. för  undersökning  över k ä r lväx te rnas  fu n d a m e n ta la  
byggnad, kom pat ib i l i te tsundersökn ingar  m ed ym pat och sugkra f tsm od if ie ra t  m ateria l  
samt m orfo log iska  och em bryologiska  s tudier  inom  vissa t rop iska  växtgrupper,  till 
prof. IL F l o r i n  och docent  C. H a r l i n g  9.152 kr. för  fo rskn ing  vid Berg ianska  
institu tionen, till agr. dr. L .  F r e d r i k s s o n  8.900 kr. för inköp  av a p p a ra tu r  fö r  
a u to m a tisk  m ätn ing  och regis trering  av n åg ra  olika växters  fos fa tupptagande ,  till 
docent  T. H e m b e r g  6.150 kr. för u n d e rsö k n in g ar  av b a lansen  mellan fritt  och 
b u n d e t  aux in  och a n d ra  aux in fö rs tad ie r  hos groende frön  och ro tan d e  s ticklingar 
sam t av de enzym er som reg lerar  den n a  balans,  till fil. lic. H . H o r n  a f  R a n t z i e n

6.000 kr.  fö r  u n d e rsö k n in g ar  över fossila charofy ter ,  till inst i tu t ionen  för sy s te m a ­
tisk b o tan ik ,  Lund, 7.200 kr. för  embryologiska,  cytologiska och m orfo log iska  
a rbeten ,  till kom m ittéen  för palynologi, B rom m a, 38.000 kr.  för  palynologisk  f o r s k ­
ning, till docent B. L i n d b e r g  6.600 kr.  för  u ndersökn ing  av k o lh y d ra te r  i lavar  och 
alger, till fil. lic. B. L ö v k v i s t  9.600 kr. för  m orfo log isk t- taxonom isk  undersökn ing  
över Cardamine pratensis-kom plexet  b a se rad  på e rhål lna  cytogenetiska och bio- 
sys tem at iska  resultat ,  till prof. E. M e l i n  och docent N. F r i e s  7.000 kr. för u n d e r ­
sökning  över tillväxt och m etabo lism  hos svam par  i kon tinuer l ig  vä tskekultur ,  till 
l a b o ra to r  T. N i l s s o n  3.600 kr.  för  po llenanaly tisk  bearbe tn ing  av provserier  f rån  
Ageröds mosse, till docent  B. N o r k r a n s  3.300 kr. för s tud ier  över f rågor  fö rb u n d n a  
med cellu losans och licheninets enzym atiska  nedbrytning, till l ab o ra to r  A. N y g r e n  
7.200 kr.  fö r  u n d e rsö k n in g ar  inom  släktena  Calamagrostis  och Poa,  till fru  E. Ny- 
h o l m  10.656 kr. för  a rbete  m ed »Illustrated Moss F lo ra  Fennoscandinav ia» ,  del II, 
till fil. lic. H. R u n e m a r k  9.000 kr. för  un d e rsö k n in g ar  av cellulosabildningen hos 
vissa s lem svam par,  till prof. M. G. S t å l f e l t  7.200 kr. för  undersökn ing  av ljusets 
in v erk an  p å  p ro to p la sm an s  viskositet hos landväxterna ,  till växtbiologiska l a b o r a ­
toriet,  L und ,  9.850 kr. fö r  s tud ier  över den na tur l iga  vegetat ionens beroende  av sitt 
suhs lra t .
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Studies in the Floral M orp ho logy  of Opuntia  
Dillenii Haworth.

1. Development of the Ovule and Gametophytes.

By Y. 1). T i a g i .

Department of Botany, Agra College, Agra, India.

Introduction.

T h ere  has  been a considerable  divergence of opinion as lo the syste­
m atic  position  of the  fam ily  Cactaceae. It has been assigned differen t 
places by d ifferen t a u th o rs  ( W e t t s t e i n  1944, E n g l e r  a n d  D i e l s  1936,  
W a r m i n g  1904, H u t c h i n s o n  1926, L a w r e n c e  1951, G u n d e r s o n  1950).  
A historic  résum é of the various positions assigned to Cactaceae in  the 
n a tu ra l  systems of c lassifications f rom  the time of J u s s i e u  to E n g l e r  
has  been  given by  H u b e r  (192 9 ) .  In  1950 Prof. M a h e s h w a r i  (Delhi) 
suggested  to Prof. B. T i a g i  (Ajmer) tha t  he w ork  out the em bryology  
of O puntia  D illenii. Since the la tter  was p reoccupied  w ith  his studies 
on Cuscutaceae  an d  O robanchaceae  in the su m m er  of 1952, Prof. 
M a h e s h w a r i  asked  m e to und er tak e  this w ork  w ith  a view of fu r th e r  
elucidating  the m orphology , affinities an d  system atic  position of Cacta­
ceae. This fam ily  is, moreover, charac ter ized  by an  inferior ovary . As 
is well know n, the n a tu re  of the in ferior  ovary  has  been one of the  most 
b it te r ly  deba ted  topics of floral m orphology . In view of this Prof. 
V. P urt (Meerut) also approved  of m y w ork ing  out the vascu la r  a n a ­
tom y of the flower of Cactaceae a long w ith  o ther  aspects of floral 
m o rpho logy  so that o u r  know ledge regard ing  the n a tu re  of the in ferior  
ovary, especially in this family, m ight be increased. T he p resent work 
w h ich  is the first of its series w as s ta r ted  at Delhi a n d  con tinued  at 
Agra.

23 B o ta n isk a  N o tise r  195'n
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Material and M ethods.

Opuntia Dillenii is naturalized in several parts of Northern India. At 
one time it was a very serious and troublesome pest but has recently 
been brought under control by the cochineal insect. At Ajmer it is very 
commonly used as an effective hedge plant, flowering twice a year, in 
the months of March— April and September— October. In the beginning 
several hundred slides, already prepared by Prof. T iagi were passed 
on to me. Subsequently, more material was collected. The outer tissues 
of the ovarian wall were trimmed off and the material fixed 011 the 
spot, in F.A.A. In the case of some older buds and flowers the ovules 
were removed.

Previous Work.

Literature 011 the embryology of Cactaceae, especially the gameto- 
phytes prior to 1931 has been carefully summarized by Schnarf (1931). 
The following is a brief sum m ary of the work done on the embryology 
of this family after 1931.

Mauritzon  (1934) studied the development of the embryo sac in 
three species of Rhipsalis. The second meiotic division in the micro- 
pylar dyad cell is said to be never completed, so that the tetrad consists 
of an upper dyad cell with a resting or dividing nucleus and two lower 
megaspores. The m ature embryo sac conforms to the ‘Polygonum ’ type 
of development (Ma h e sh w a r i  1950). A few stages in the development 
of the embryo are also figured from which the type of embryonomy 
cannot be definitely made out. O11 the basis of his embryological studies 
the author strongly supports the inclusion of the Cactaceae in the order 
Centrospermales (W e t t s t e in  1944).

The following year N eumann  (1935) studied the development of 
pollen, ovule and embryo sac of Pereskia amapola  var. argentina. The 
mature pollen grain is trinucleate. The embryo sac conforms to the 
'Polygonum' type of development. On the basis of remarkable sim i­
larities in the development of Pereskia with other Centrospernialean 
families she decidedly favours the position taken by W e t t s t e in  (1944) 
regarding the systematic position of the family.

It m ay be mentioned here that none of these authors studied the 
morphology of Passifloraceae. Cactaceae also shows significant features 
of resemblance with Passifloraceae and may possibly be also related 
to Passiflorales. W ork in this direction is in progress in this laboratory.

Archibald  (1939) investigated the  developm ent of the ovule a n d
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seed of O puntia  aurantiaca.  H er  account of the developm ent of the 
ovule is p ra isew o r th y  since it has rem oved all previous anom alies  
rega rd ing  its designation. T he  m a tu re  ovule is r ightly  term ed ‘Circino- 
t ro p o u s ’ and  the th ird  ‘in te g u m e n t’ h a s  been show n to be fo rm ed  by 
the funicle. Developm ent of the em bryo  sac is described as conform ing  
to the ‘A ll ium  type ( M a h e s h w a r i  1950). She reports  f requen t u n ­
deve lopm ent and  d iso rgan iza tion  of the em bryo  sac an d  the  p roduc tion  
of adventive em bryos fro m  the nuce lla r  cells resulting  in po lyem bryony. 
T he endosperm  is rep o r ted  to be absent and consequently  the adventive 
em bryos  develop w ithout it —  an  observation recorded  for  the first 
time, constitu ting  a n ew  a n d  th ird  type of adventive em bryony .

Recently  T i a g i  (1954) has  reported  the  salient features of the life 
h is to ry  of Opuntia  Dillenii. Since then M a h e s h w a r i  an d  Ch o p r a  (1954) 
have  repo rted  p o lyem bryony  due to the presence of adventive em bryos 
of nuce lla r  origin in O puntia  Dillenii. This w as a b u n d a n t ly  presen t  in 
m y  m ateria l .

M icrosporogenesis.

T he young  a n th e r  consists of a hom ogeneous m ass of p a re n c h y m a ­
tous cells a n d  il is nea r ly  ellipsoidal in cross section bu t  soon becomes 
fourlobed. T he single arehesporia l  cell is h y p o d e rm a l  and no t  very 
conspicuous in early  stages (Fig. 1). As seen in longitud inal sections, 
the n u m b e r  of a rehespo ria l  cells varies from  six to ten. T h e  arche- 
sporial  cell divides peric lina lly  lo fo rm  a small ou te r  parie ta l  cell an d  
a large in n e r  sporogenous cell w ith  denser cytoplasm , consp icuous 
nucleus an d  nucleolus. T he  p r im a ry  parie ta l  cell by peric lina l a n d  
an tic lina l divisions fo rm s a wall of three layers  su rro u n d in g  the  single 
p r im a ry  sporogenous cell (Fig. 2). The tape tum  is ‘g la n d u la r ’ in na tu re .  
Its cells becom e en la rged  w ith  denser cytoplasm  and  m ore p rom inen t 
nuclei. T he  tapetal cells rem ain  in situ till they a re  com pletely  a b ­
sorbed. T he  nuclei of the tapetal  cells divide jus t  before  the in itia tion  
of the reduction  division in the m icrospore m o th e r  cells. T he divisions 
are typ ica lly  mitotic  (Figs. 6— 11) but cytokinesis does not take  place 
with the  result that m ost of the tape ta l  cells becom e b inuclea te  (Fig. 12). 
In the m a jo r i ty  of cases the tapetal cells rem a in  b inuclea te  th roug h o u t ;  
som etim es the divisions m a y  proceed fu r th e r  resu lting  in the fo rm a ­
tion of a tri- to po lynuclea te  cell. In such cases the nuclei m a y  show 
fusions (Fig. 12). T he cells of the single m iddle  layer  becom e fla ttened  
and  c ru sh ed  at m a tu r i ty .  At the shedding  stage of the pollen the endo- 
thecial cells become en larged  and  develop f ibrous th ickenings (Fig. 19),
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while the an ther epidermis becomes flattened and  slightly lignified; 
some of its cells grow as papillae as the an ther approaches m aturity  
(Fig. 19).

In most cases the prim ary sporogenous cells divide transversely so 
that there is a single row of microspore mother cells as seen in a longi­
tudinal section of the an ther (Fig. 5). However sometimes one or two 
vertical divisions may also occur resulting in the formation of two or 
more microspore mother cells, seen in a cross section of the an ther 
(Figs. 3, 4). The stages of reduction division were not present in m y 
material. Cytokinesis seems to occur by furrowing; the resulting micro- 
spores are arranged in a tetrahedral m anner (Fig. 13). In addition to 
the original wall of the microspore mother cell, a mucilaginous wall is 
secreted by the protoplast which surrounds the young tetrad. Micro- 
spores are liberated in the loculus by the dissolution of this m uci­
laginous envelope, the original wall disappearing somewhat later with 
the tapetal cells.

Male G am etophyte.
The young microspore (Fig. 14) enters upon a growth period during 

which its cytoplasm first becomes uniformly vacuolate; later the 
vacuoles unite to form a single large central vacuole. Consequently the 
nucleus becomes displaced towards the periphery in the thin peripheral 
layer of cytoplasm (Fig. 15). At m aturity  the cytoplasm increases and 
the vacuole disappears. The next stage observed is the binucleate con­
dition in which the pollen grain contains the spindle-shaped generative 
cell lying free in the cytoplasm of the larger tube cell (Fig. 16). The 
generative cell divides to form two spindle-shaped male gametes which

Figs. 1— 20. Microsporogenesis and  the male gametophyte .  — 1: c.s. a n th e r  showing 
the single h ypode rm a l  a rchesporia l  cell. - 2: same, showing the m icrospore  m other  
cell su r ro u n d ed  by  three  wall layers.  —  3, 4: same, but with two a n d  three micro- 
spore m o th e r  cells respectively. —  5: l.s. of a po r t ion  of an th e r  showing the single 
row  of m ic rospore  m o th e r  cells. 6— 11: Various stages in the mito t ic  divisions 
of the nuclei of tape tal  cells. —  12: c.s. an the r  showing binucleate  tapetal cells, 
c rushed middle  layer;  one tape tal  cell shows four  nuclei in the process of fusion. —- 
13: A te t rad  of m icrospores enveloped in mucilage. —  14: A young microspore.
15: A uni-nuclea te  vacuolate  pollen grain. —- 16: A two-celled pollen grain, the 
generative cell is spindle-shaped. — 17: A m atu re  pollen gra in  show ing Ihe spindle- 
shaped m ale  gametes,  tube nucleus degenerating. 18: Surface view of a m atu re  
pollen g ra in  showing the o rn am en ta t io n  and  the  germ pores. —  19: F ib ro u s  thickenings 
in the endothecium ; note a papil late  epidermal cell. —  20: A double  pollen grain  
showing two tube nuclei and  two generative cells, each binucleate. — c.s. =  cross 
section; l.s. —-longitudinal section.
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are definite cells, the cytoplasmic sheaths around the nuclei being very 
conspicuous (Fig. 17). In the m ature pollen grain the tube nucleus 
shows signs of degeneration and is reduced to a lump of chromatin 
(Fig. 17). The pollen grain at the shedding stage is trinucleate; the 
intine is thin and smooth, the exine is coarsely reticulate and shows 
about twelve germ pores (Fig. 18).

An interesting case of a double pollen grain containing two tube 
nuclei and two generative cells each having two nuclei of the male 
gametes, there being no cytokinesis, was also observed (Fig. 20).

Ovule.

The development of the ovule (Figs. 21— 26) largely follows the 
same course, as outlined by A r c h i b a l d  (1939) for Opuntia aurantiaca. 
The ovule arises as a small protuberance on the placenta, which 
elongates and forms the funiele. The tip of the funicle then bends on 
account of vigorous growth on the outer side, the two rows of the 
ovules on a placenta bending in opposite directions. By the time the 
rudiments of the inner integument followed by those of the outer 
appear on it, the ovule becomes erect again (Figs. 23, 24). The curva­
ture of the funicle does not stop here; by the time the embryo sac is 
fully m ature  the ovule lies once more in an anatropous position (Fig. 
26). The term ‘Circinotropous’ was coined by A r c h i b a l d  (1939) for this 
type of ovule. Both the integuments are two-layered (Fig. 41) though 
the inner integument becomes multilayered at the apex and  alone forms 
the micropyle by its protruding, swollen apex. At m aturity  there is a 
conspicuous air space between the two integuments in the chalazal 
region (Figs. 40, 46). A r c h i b a l d  (1939) has also reported a similar 
space in her material of Opuntia. N e u m a n n  (1935) also records the 
presence of a similar air space in Pereskia and regards it as an important 
point of resemblance with Centrospermales where it is a frequent 
occurrence.

Transverse sections of the ovule (Figs. 27 -30) at different levels 
show the way in which the margins of the funicle grow out, ultimately 
fusing with the part of the funicle on the opposite side and encasing 
the ovule in a third ‘integument’. In early stages the line of fusion is 
distinct but at m aturity  all traces of fusion disappear. In longitudinal 
section of the ovule the spiral canal leading to the micropyle is dis­
tinctly seen on the inner surface of the funicle, lined by glanular 
papillae (Fig. 26). G u i g n a r d  (1886) thinks that the papillae help the
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Figs.  21— 3-0. D e v e lo p m e n t  o f  the  Ovule. —  21: c.s. o f  y o u n g  o v a r y  s h o w in g  o v u la r  
p r i m o r d i a ,  o u t e r  t issues  t r im m e d .  22: An o v u la r  p r im o r d iu m .  — 23— 26: l.s. ovule  
s h o w in g  o r ig in  of  i n t e g u m e n t s  a n d  c u r v a t u r e  of  fun ic le .  —  25: T w o  ovu les  b o r n e  
on  a s ing le  fun ic le .  —  27— 30: c.s. of  ovu le  a t  v a r io u s  levels s h o w in g  th e  f u n ic u l a r  
in te g u m e n t .  — o.s.c. =  o p e n in g  o f  th e  s p i r a l  c a n a l ;  p . ^ g l a n d u l a r  p a p i l l a e ;  s .c .— 

s p i r a l  c a n a l ;  v..s. =  v a s c u la r  s t r a n d .

pollen tube in their  jo u rn ey  to the micropyle. T he  opening of the spiral 
cana l  is a small pore  ju s t  n e a r  the base of the funicle (Fig. 26, o.s.c.).

Som etim es two ovule initials arise side by side an d  the ir  funicles 
begin to grow  all toge the r  (Figs. 24, 25) giving the impression tha t  the 
two ovules arise b y  b ra n c h in g  of a single funicle. This condition  is 
s im ilar  to that of Cereus tortuosus  w here  G u i g n a r d  (1886) reports  
th a t  the m a in  t ru n k  of the funicle gives rise to about th ir ty  b ranches  
or ‘secondary  fun ic les’ each t ipped  by an  ovule. A single vascu la r  
s t ran d  en te rs  the fun ic le  from  the p lacen ta l bund le  and travels up  to 
the cha laza l  region (Fig. 26, v.s.).

T he  cells of the n u ce l la r  epiderm is  in the apical region become highly  
e longated  rad ia lly  a n d  som etim es m ay  even s im ula te  pollen tubes. The



350 Y. 1). TIA Gl

nucellus increases rap id ly  011 account of anticlines a n d  periclines in the 
parie ta l  cell an d  la ter  in the  nuce lla r  epidermis, u l t im ate ly  resulting in 
the fo rm a tio n  of a charac ter is t ic  beaked  nuce lla r  cap. N e u m a n n  (1935) 
th inks  th a t  the nuce lla r  cap facilitates the passage  of the pollen tubes 
to the  em bryo  sac; this she regards  as a n o th e r  im p o r tan t  po in t of 
resem blance w ith  the Centrospermciles w here  a nuce lla r  cap occurs 
frequently.

Megasporogenesis.

Usually there  is a single large hyp o d e rm a l  a rchespo ria l  cell (Figs. 
31, 32); sometimes there  are two, bo th  h y p o d e n n a l  or one hypo d erm al  
and the  o ther  ben ea th  it (Figs. 33, 34). The archesporia l  cell or cells 
by peric lina l division fo rm  a small ou ter  p r im a ry  parie ta l  cell an d  a 
large inne r  m egaspore  m o th e r  cell w hich  becom es deep-seated on 
account of divisions in the parie ta l  cell a n d  the  nuce lla r  epiderm is 
(Figs. 35— 38)* T he  m egaspore  m o th e r  cell elongates a n d  its nucleus 
moves to a cen tra l  position (Figs. 39— 41). T he bivalen t ch rom osom es 
then a r ra n g e  themselves on the equa to r  (Fig. 42) a n d  a wall is fo rm ed 
at the conclusion of the first meiotic division, resu lting  in the fo rm ation  
of two d y ad  cells (Fig. 43). At the conclusion of the second meiotic 
division a  l inear  te t rad  of four  m egaspores  is p roduced  (Figs. 45— 47). 
In m a n y  cases the u p p e r  dy ad  cell fails to divide and  a row  of th ree  
cells is p roduced  (Fig. 44). T he  walls separa t ing  the two low er from  
the tw o up p er  m egaspores  or  the undiv ided  m icropy lar  d y ad  cell is 
m ark ed ly  oblique (Figs. 44, 49) in most cases. In  R hipsa lis  ( M a u r i t z o n  

1934) the second meiotic division in the m ic ro p y la r  dyad  cell w as never 
completed. Usually the chalazal m egaspore  functions (Fig. 49). but 
occasionally  the m ic ro p y la r  m egaspore  m ay  also enlarge s im u ltan e ­
ously w ith  the cha lazal  one (Fig. 45).

Figs. 31—-48. Megasporogenesis. —  31, 32: Single h y p o d e n n a l  a rchesporia l  cell.
33, 34: two archesporia l  cells. —  35, 36: Megaspore m o th e r  cell associated  with two 
par ie ta l  cells. - 37, 38: Two megaspore  m other  cells, each with a par ie ta l  cell.
39—41: Megaspore m other  cells. —  42: Megaspore m o th e r  cell show ing  the first 
reduction  division. — 43: Two dyad cells, upper  one degenerating. —  44: A row 
of th ree  cells, the upperm ost  is a dyad  cell the two lower m egaspores;  note the 
oblique transverse  walls. —  Fig. 45: A l inear tetrad  of fou r  m egaspores,  the  m ic ro ­
pylar  and  chalazal have enlarged. —  46, 47: A completely m atu re  ovule showing a 
linear te t rad  of m egaspores.  —  48: Two dyad cells, upper  p robab ly  converted into 
a bisporic b inucleate  em bryo  sac.
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Embryo Sac.
The bi-, tetra- and octonucleate stages (Figs. 50— 52) are rapidly 

passed. Mature embryo sac conforms to the ‘Polygonum ' type of 
development. The prominently hooked synergids (cf. Dahlgren  1938) 
are pyriform in shape and show a large prom inent basal vacuole 
(Figs. 54, 55). The two prominent polar nuclei seem to fuse sufficiently 
late in the development of the embryo sac. As in other plants of the 
family (Dahlgren  1939) they are surrounded by starch grains (Fig. 56) 
which may increase in amount. The antipodal cells are generally 
ephemeral and vary in shape and arrangem ent (Figs. 55— 57). In one 
case the antipodal cells were prominent and  two of them became 
binucleate (Fig. 55). Perfectly healthy embryo sacs contain little starch 
but embryo sacs showing signs of degeneration accumulate an abund­
ance of starch grains, obscuring its structure.

In one case indications of bisporic development were also seen. Here 
after the conclusion of the first meiotic division, the nucleus of the 
micropylar dyad cell had divided giving rise to a prominent bisporic 
E.S. while the lower dyad cell was still undivided (Fig. 48). A r c h i b a l d  

(1939) reported a bisporic embryo sac of the Allium  type for Opuntia 
aurantiaca. Strong doubts regarding A r c h i b a l d ’s work were expressed 
by M a h e s h w a r i  (1950): “Her figures are not convincing and it seems 
probable that the development is really of the Polygonum  type as in the 
other Cactaceae” . M a h e s h w a r i  (1941) had also questioned the reported 
occurrence of a bisporic embryo sac of the Allium  type in Cuscuta 
reflexa  ( J o h r i  and N a n d  1934) simply because development of the 
embryo sac in other species of Cuscuta conforms to the monosporic 
'Polygonum'  type. In a reinvestigation of this species ( J o h r i  and T i a g i  

1952), T i a g i  prepared and examined several thousand slides at Ajmer 
and  it was shown conclusively, to the entire satisfaction of Prof. 
M a h e s h w a r i , that the development of the embryo sac follows the 
‘Allium  type as was reported earlier. In the Angiosperms there is an 
evident tendency for megasporogenesis and megegametogenesis to over­
lap. It is in this way that the various types of bisporic and tetrasporic

Figs. 49— 57. E m b ry o  sac. — 49: E m b ry o  sac m o th e r  cell, capped by three de ­
genera ting  megaspores.  —  50, 51: Binucleate embryo sac. — 52: T etranuc lea te  embryo 
sac. — 53, 54: Mature  embryo  sac, without  an t ipoda ls  which have degenerated; the 
vacuolate  synergid has  overgrown the o ther  synergid. — 55: M ature  embryo sac, 
a n tip o d a l  cells conspicuous,  two of them  binucleate.  — 56: M ature  embryo sac, 
synergids degenerated.  — 57: Octonucleate embryo  sac, the egg a p p a ra tu s  and  the 
an tipoda ls  degenerating.
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embryo sacs are presumed to have evolved from the monosporic type 
(S c h n a r f  1936). A few more cases m ay be cited from  the literature 
where development of the embryo sac follows different types in the 
same genus, sometimes even in the same species. Scilla indica and  
S. hyacinthina  are monosporic (G o v i n d a p p a  and S h e r i f f  1951. S u l b i i a  

1954) while all other species investigated so far ( H o a r e  1934) conform 
to the ‘Allium ’ type. Zizyphus jujuba  is monosporic (S r i n i v a s a c h a r  

1940) and is also reported to be bisporic (K a j a l e  1944); Zizyphus  
oenoplia is monosporic (S r i n i v a s a c h a r  1940); Zizyphus rotundifolia  
is bisporic (A r o r a  1953). Many more instances of a similar nature m ay 
be added to this list.

Frequently the embryo sac disorganizes (Fig. 57), the general sequence 
although not always constant being, egg, antipodals, synergids and  
lastly the secondary nucleus. The lacuna thus formed in the nucellus 
usually enlarges. In most of these cases the integuments and perisperm 
develop normally resulting ordinarily in non-embryonate seeds. Due to 
adventive embryony from nucellar cells some embryonate seeds are also 
formed. This behaviour is more usual for the Opuntia specimens under 
cultivation. It is suspected that in the case of Opuntia Dillenii, plants 
raised from seeds develop embryonate seeds while plants propagated 
by vegetative means m ay ultimately lose the capacity of producing 
embryonate seeds. Occasionally the embryo sac fails to develop; this 
occurs after the formation of I he megaspore m other cell. Completely 
m ature ovules in which the development of the embryo sac had been 
arrested at the tetrad stage were present in my material (Figs. 46, 47).

The embryogeny and endosperm of Opuntia Dillenii will lie dealt 
with separately.

Summary.

1. There is a single row of m icrospore m other  cells in each of the four 
loculi of tlie anther. Divisions of the tapetal nuclei are typically mitotic.

2. The mature pollen grain is three-celled. A double pollen grain is reported. 
The exine is coarsely reticulate, shows about a dozen germ pores.

3. The mature ovule is of the “ Circinotropous” type, crassinucellate, with 
a beaked nucellar cap, bitegmic, micropyte formed by the inner integument. 
The third “integument” is formed by the funicle.

4. The single, sometimes two hypoderm al archesporial cells cut off prim ary 
parietal cells which by their divisions along with divisions in the nucellar 
epidermis form a nucellar cap and add to the nucellus.

5. The four megaspores show a linear arrangement; sometimes there are 
three, the upperm ost being an undivided dyad cell.

6. The mature embryo sac has Hie usual eight-nucleate appearance.
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True or Apparent Sub-chromatid Breakage and the 
Induction of Labile States in Cytological 

Chromosome Loci.

By G u n n a r  Ö s t e r g r e n  a n d  T h e r e s i a  W a k o n i g .

I n s t i tu te  o f  Genetics ,  U n iv e r s i ty  of  L u n d ,  L u n d ,  Sw eden .

Many of the phenom ena of chromosome breakage that result from 
treatments of the most various kinds occur in essentially the same 
m anner irrespective of w hat special kind of treatment that was used. 
A thorough knowledge of the characteristic ways of reaction of the 
chromosomes will consequently be a necessary basis for a detailed 
analysis of the action of any individual chromosome-breaking agency.

One type of effect which has been produced by many different kinds 
of trea tment is the so-called “sub-chromatid” breakage. II was reported 
from treatments with ultra-violet light and with x-rays by S w a n s o n  

(1947) working on pollen-tube mitosis of Tradescantici. Recent studies 
using x-rays are those of L a C o u r  and R u t i s h a u s e r  (1953) on endo­
sperm of Scilla sibirica, and  C r o u s e  (1954) on meiosis in Lilium . The 
effect, which these au thors interpret as the consequence of hall'-chro- 
malid or sub-chromatid interchanges, has also been reported by various 
investigators using treatments with chromosome breaking chemicals 
( D a r l i n g t o n  and K o l l e r  1947, L e v a n  and T j i o  1948, Ö s t e r g r e n  

1948, D ’A m a t o  1950 a and b, 1952 a and b, A v a n z i  1950, K i h l m a n  

1952 a). It is not necessary to review here all the various interpretations 
presented in connection with these observations.

These possible sub-chromatid interchange figures were called “pseudo- 
ch iasm ata” by L e v a n  and T j i o  (1948), a term which unfortunately  had  
earlier been used by various authors for another effect, viz. for ch ro ­
matid interchanges of the ordinary type. In the absence of a better term 
we are still going to use it here (in the sense of L e v a n  and T j i o ).
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Two different phenomena are characteristic of this effect which, at 
least superficially, looks like sub-chromatid breakage:

(A) The occurrence of constrictions in the chromatids, induced by 
the treatment. These are the so-called “erosions” of L e v a n  and  T j i o . 
We suggest that they m ay be called break-constrictions. The region 
distal to such a constriction is an “attached fragm ent”. These constric­
tions have been interpreted as sub-chromatid or half-chromatid breaks 
by various authors (S w a n s o n  1947, D ’A m a t o  1952 b, M a r q u a r d t  
1950), i.e. due to a breakage of some but not all the strands of a chro- 
m onem a which is conceived as a multi-strand or, at least, as a double- 
strand structure.

(B) The second effect consists in the phenomenon that the anaphase 
chromosomes remain attached to one another in strictly localized points; 
thus a phenomenon quite distinct from a general stickiness of the whole 
chromosome body. These points of a ttachment are the pseudochias- 
m ata  of L e v a n  and  T j i o  (1948). The effect looks very m uch like what 
would be expected in the case of a sub-chromatid (or half-chromatid) 
interchange and it has sometimes been interpreted so, as already m en ­
tioned above. In favourable cases this effect m ay be recognized also in 
melaphase-type chromosomes.

It is a characteristic feature of these two effects that they are p ro ­
duced by x-ray treatment of prophase (and perhaps also metaphase) 
chromosomes (Sw a n s o n  1947, L a C o u r  and R u t i s h a u s e r  1953, Cr o u s e  
1954). Thus it woidd appear that these effects result from breakage of 
the chromosomes when they are in the contracted and spiralized state. 
The effect is different from that obtained in the resting nucleus, where 
“full b reaks” of the ordinary type are obtained. Thus, if the effects 
were due to sub-chromatid breakage, then it appears to be an important 
feature of the chromosomes to respond towards x-ray treatment in this 
way only during a special period of the cell cycle.

Another interpretation of these effects was suggested by the present 
writers at the Genetics Congress, 1953, in Bellagio. This interpretation 
will be described and discussed a little more in detail in the present 
paper. According to our theory these effects are due to the induction 
of ordinary  “full” breaks in chromosomes that are spiralized and 
covered with matrix. The matrix prevents the pieces resulting from the 
breakage to separate from one another. If the breaks induced in a 
chrom onem a under these circumstances are able to rejoin in new com­
binations, the expected result will be in complete agreement with the 
observed so-called “sub-chromatid interchanges” or pseudochiasmata.
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In these interchange figures four chromatid  segments will he united. 
They are connected in the directions of the old combinations by that 
part of the m atrix  which had  been formed before the chromosomes 
were broken, and they are connected in the directions of the new com­
binations by the rejoined chromonem ata which are covered by that 
part of the matrix which was formed af te r  the reunion had taken place.

The induced constrictions are supposed by us to be due to simple 
breaks (of ordinary  “full” type) where the pieces remain connected by 
the matrix. It is supposed that the continued development of the matrix 
is inhibited at the break, with the consequence that there results a 
constriction. In accordance with this idea one will expect that the hreak- 
constrictions will have a different appearance at metaphase depending 
upon w hat stage has been treated. The earlier that the break occurs 
during prophase, the higher will be the degree of constriction at m eta­
phase and a treatment of the very earliest stages of matrix formation 
will give rise to various transition stages between attached and free 
fragments. These expectations are in good agreement with what we have 
found in x-ray experiments with root tip mitoses of Allium Cepa, a 
result which strongly supports our theory.

An advantage of our theory is that it easily explains w hy  breakage 
during the division stages gives ano ther result than breakage during 
the resting stage. The reason is simply the presence of the matrix which 
keeps the fragments together. If we assume sub-chromatid breakage 
we have to face the difficulty of explaining why x-rays produce this 
type of change only during the division stages and not in the resting 
nuclei. On the basis of our interpretation, on the other hand, il is 
possible to assume that the chromonem ata react in principle in the same 
way, by “ lull b reaks” , during all stages of the nuclear cycle, which 
appears to be a simple and natural assumption.

Our interpretation is also in good agreement with the observations 
of S p a r r o w  (1944, 1948, 1951), S p a r r o w  and M a l d a w e r  (1950), 
S p a r r o w , M o s e s  and  S t e e l e  (1952), and H a q u e  (1953), who found 
that the spiralized stages of the chromosome cycle are much more 
sensitive to x-ray treatment than the resting nucleus; the induced 
breaks, however, are not to be seen in the treated mitoses, only in the 
next division are the results of the fragmentation directly visible as 
lull breaks. This is easy to understand if the fragments remain con­
nected by the m atrix  when induced during mitosis, as suggested here. 
D a r l i n g t o n  and L a  C o u r  (1953) have also realized that it might be the 
matrix (or “nucleic acid charge”) which holds the parts together at

21 B o ta n is ka  X o t i s e r  J954.
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m eta-  a n d  a n ap h ase  (I.e., p. 54). W ith  re g a rd  to the  type of b reak ag e  
fo u n d  at the nex t  division in such cases, see fu r th e r  below.

T h e  envelope or “m a t r ix ” of the m ito tic  ch rom osom es m a y  consist 
of layers of r a th e r  d iffe ren t  constitution. Thus, th e re  is p ro b ab ly  often 
a  r a th e r  fluid  surface  layer. Changes in  th is  layer m a y  be the cause of 
such  an  effect as ch rom osom e stickiness. Obviously, however, this 
m a te r ia l  canno t be responsible  for the effects considered  here. T he  
a p p ea ran ce  of the chrom osom es w hen  sub jec ted  to m ech an ica l  d e fo r ­
m a t io n  by the m ito tic  forces (bivalents of first m e tap h ase ;  dicentric  
bridges) suggests, however, th a t  the  m a in  c a rr ie r  of the  m echan ica l  
p roperties  of the m eta-  a n d  a n ap h ase  ch rom osom es is not som eth ing  
like a spiral spring  (chrom onem a) b u t  r a th e r  like a con tinuous  body  
hav in g  p roperties  m ore  or less in te rm ed ia te  betw een  In d ia  ru b b e r  an d  
chew ing  gum. This m a te r ia l  w ould  be a k in d  of “m a t r ix ” of an o th e r  
n a tu re  th a n  the r a th e r  f lu id  surface layer. It is this very  tough  m ater ia l  
w h ich  we assum e to be responsible fo r  the  p resen t  effects.

E xp er im en ta l  w ork  bear ing  on the p re sen t  question  has been  carried  
o u t  by us w ith  co u m a r in .1 W h e n  on ion  root lips are  treated  with 
c o u m a r in  p ractica lly  no b reakage  of the  chrom osom es occurs in the 
resting  nuclei. T he  t rea tm en t  has, how ever, a very  effective c h ro m o ­
som e-break ing  action  d u ring  mitosis ( Ö s t e r g r e n  a n d  W a k o n i g , P r o ­
ceed. 9 th  In te rna l .  Congress of Genetics, in the press). T he  resu lt  of this 
b reak ag e  becomes fully visible only in the nex t  m itosis  (in a sim ilar 
w ay  as in S p a r r o w ’s w ork  on x - ir rad ia t io n  of m e tap h ase  ch ro m o so m es) . 
T he  t rea tm en t  used by  us w as 1 mM  p e r  litre fo r  12 hrs  at 13 C or, 
in  some cases, at room  tem pera tu re .  Some experim ents  were m ad e  with 
c o u m a r in  alone a n d  some w ith  colchicine applied  s im ultaneously  with 
a n d  a f te r  the coum arin .  By the use of colchicine it is possible to d is­
tinguish the  cells which  divide du r in g  the co u m ar in  t rea tm en t  from 
those that rem ain  in the resting  condition ; the fo rm er  becom e te trap lo id  
w hile  the  la t te r  rem a in  diploid.

In  the mitoses passing  u n d e r  direct in f luence  of the co u m arin  trea t­
m e n t  (the X] mitoses) the effect consists p rac t ica l ly  only  of pseudo- 
c h ia sm a ta  a n d  induced  constr ic tions (a ttached  f ragm en ts) .  “Full" 
ch ro m a t id  b reaks  occur only rarely . T hese  X, m itoses are  fo u n d  during 
the period of t rea tm en t  a n d  shortly  a f te rw a rd s  (e.g. 12 hrs. a f te r  t rea t­
m en t  at 13 C in com bined  experim en ts  w ith  colchicine). These facts

1 The ch rom osom e b reak ing  activity of co u m a r in  was discovered by  Ö s t e r g r e n  

( 1948 ) .
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suggest that the treatment breaks the chromosomes during a period of 
the mitotic cycle when the chromosomes have a matrix. Possibly the 
sensitive period begins just before the start of the matrix  formation, 
an idea which m ight explain the few “full” breaks occurring besides 
the m any  changes of “partia l” type. Now, if these changes had been 
real half-chrom atid  or sub-chromatid ones, then they would have 
appeared at the next (tetraploid) mitosis as chromatid (or sometimes 
even sub-chromatid) changes. The tetraploid mitoses (Ihe X2 mitoses) 
show, however, a high frequency of chromosome-type changes (i.e. 
changes affecting both chromatids), a fact supporting Ihe idea that 
ihe changes in the previous division were of chromatid type, as assumed 
in our interpretation of the nature of these pseudochiasmata and induced 
constrictions.

The influenced tetraploid cells show an average of something like 
40 breaks per cell. (Many of the fragments are of the “m inute” type. 
As these probably  are interstitial deletions they were counted as two 
breaks.) In a sample of 37 cells containing more than a hundred 
recognizable chromosome-type interchanges (dicentrics and polycen- 
trics) there was found a single quadriradial (possible chromatid in ter­
change) and 4 triradials. An important feature of the quadriradial and 
at least three of the triradials was the occurrence of constrictions in 
some of the chromatids at the loci of breakage and reunion or their 
sister loci. This suggests that these figures might derive from delayed 
breakage (in the X2 prophase) of labile loci induced at the treatment 
(cf . below).

The quadriradial and the 4 triradials were found in 5 different cells, 
one of these changes in each cell. Besides these changes the cells in 
question also contained numerous other changes which all were of 
chromosome type. The quadriradial might possibly be derived from 
a pseudochiasma of the previous division, if the half-chromatid in ter­
change idea were valid, but the triradials are not easily explained on 
such an interpretation. We cannot expect a half-chromatid-interchange 
pseudochiasma of the X, cell to appear as a triradial in the X2 divi­
sion. In order to explain our triradials we have to assume tha t  some 
other mechanism has been working and under these circumstances, this 
other mechanism is very likely to produce quadriradials also. Conse­
quently the occurrence of the triradials may give more evidence against 
than  in favour of the half-chromatid-interchange interpretation of the 
pseudochiasmata. (An explanation of the origin of the quadri- and tri- 
radials is given below.)
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Thus, I he qu ad r irad ia ls  expected from  the  p seu d o ch iasm ata  of the 
previous division on the basis of the su b -ch ro m a tid  in te rchange  idea 
were on the whole absen t;  the single observed  case has  a dubious 
c h a rac te r  because of the  constric tions p resen t in it. U nfortuna te ly  the 
evidence m ay  not be considered as quite conclusive, however, as it m ay  
be suggested th a t  the  strongly  influenced cells show ing pseudoch ias ­
m a ta  in the X 1 mitoses d id  no t survive to give a te trap lo id  X2 division. 
The X 2 mitoses s tudied  m ay  derive from  X t cells show ing no  or only 
very few p seu d o ch iasm ata  a n d  the changes of ch rom osom e type seen in 
the te trap lo id  cells m ig h t  derive from  frag m en ta t io n  a t  a s tage o ther  
th a n  that first supposed {e.g. a t  telophase of th e  X-, mitoses). On the 
o th e r  hand , it seems very probable, however, th a t  the  strongly  f r a g ­
m ented X2 cells derive directly  f rom  the s trong ly  in fluenced  X x cells, 
a n d  th a t  we are  study ing  the sam e frag m en ta t io n  effect a t  two d i f ­
ferent deve lopm enta l stages.

An in teresting  fea tu re  of the fo rm ation  of the p seu d o ch iasm ata  in the 
X 1 cells is that, in some types of t rea tm en t  at least, they are  m ore  often 
fo rm ed  betw een  non-sis ter  ch rom atid s  th a n  be tw een  sister chrom atids . 
This fact gives s trong evidence against the idea th a t  the pseudoch ias ­
m a ta  m ight be sim ply  a consequence of some k in d  of s tickiness.1 The 
result is in ag reem en t w ith  the  idea th a t  they  result f ro m  breakage, 
however, in so f a r  as b reak s  d is tr ibu ted  at ra n d o m  shou ld  only rarely  
occur in about the sam e position in bo th  the tw o sister chrom atids .  In 
the Xj mitoses it is also found  tha t  the ind u ced  constric tions usually  
occur in one only  of the two sister ch rom atid s  a t  each in fluenced  locus. 
It is difficult to judge  if pa irs  of constric tions occur m ore  often  th an  
expected  from  random ness ,  if so, this effect m ight suggest a non- 
random  dis tr ibu tion  of breaks, some loci being  especially sensitive. 
P airs  of constr ic tions  m igh t  theoretically  be due also to negative hetero- 
pycnosis of h e te roch rom atic  regions. Negative he teropycnosis  can, in 
a n y  case, not be a general exp lana tion  of the constrictions, as most of 
them  occur  in one ch ro m a tid  only.

In the te trap lo id  X 2 cells m a n y  induced  constr ic tions are  found  to 
occur besides the o rd in a ry  breaks.  In these cells, however, the constr ic ­
tions usua lly  occur  in pairs, i.e. s im ultaneously  in b o th  the two sister 
loci of each influenced chrom osom e. A sim ila r  p ic ture  is repeated  in

1 Naturally ,  this does not  exclude the possibility tha t  there  could also  exist some 
pseudochiasm a-l ike  figures resulting f rom  simple stickiness in this as well as in 
other  experiments.  It is quite  possible tha t  I tie pseudoch iasm ata  may have a he te ro ­
genous origin, and th a t  stickiness m ay  lie the cause of some cases.
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the  oc toploid (X3) cells, a l though  here  the constric tions m a y  not so 
o f ten  occur  in pa irs  (a possible d ifference between te trap lo id  a n d  octo­
p lo id  cells in this respect should  be subjected  to fu r th e r  s tudy  in o rder  
to a sce r ta in  it). Negative heteropycnosis  or  “nucleic acid s tarva tion"  is 
n o t  likely to be the  com plete  exp lanation  of these pa ired  constrictions, 
because  in an octoploid cell s tudied we found  only 2 out of 8 h o m o ­
logous satellite ch rom osom es showing pa ired  constric tions of this in ­
du ced  k ind. All the 8 hom ologous h e te roch rom atic  regions shou ld  have 
been  starved, as they were u n d e r  the  sam e physiological conditions (in 
the  sam e cell). If  the p lan t  w ere he terozygous w ith  respect to this h y p o ­
thetical  h e te roch rom atin ,  there  should  in an y  case be 4 satellite c h ro ­
m osom es show ing  the sam e effect.1 F u r th e rm o re ,  there  are  all in te r ­
m ed ia tes  betw een  pa ired  a t tach ed  fragm en ts  a n d  pa ired  free f ra g ­
m ents, a  fac t suggesting th a t  these pa ired  constric tions are  a  f ra g m e n ­
tation  effect.

Now, we have seen in the x -ray  experim ents  th a t  the constric tions 
o r ig ina te  from  irrad ia t io n  of late stages of the nuc lea r  cycle, i.e. stages 
w h ich  soon pass in to  m e tap h ase  (p resum ably  these stages belong to the 
p ro p h ase ) .  T hen  it seems reasonable  to suppose th a t  the  pa ired  co n ­
s tr ic tions  found  in the X 2 cells of the c o u m arin  experim ent m igh t  also 
rep re sen t  cases in w hich  the chrom osom e b reakage  has  o ccu rred  during  
the p ro p h ase  of the  s tudied  mitosis. O ur in te rp re ta t io n  is as follows: 
D u r in g  the  t rea tm en t  some loci in the trea ted  X , cells m a y  change or 
“m u ta t e ” to a labile  state. In the following resting  stage each of these 
m a y  rep roduce  to give two labile sister loci, one in each chrom atid .  
T hese  m a y  rem ain  relatively stable d u ring  the  resting stage, b u t  the 
p ro p h a se  (and p robab ly  the  o the r  mitotic  stages) rep resen ts  a critical 
per iod  du r in g  w hich  b reak s  easily arise in these labile loci. W hen  
b reak ag e  occurs d u ring  the X2 p rophase  in such a pa ir  of labile loci 
the resu lt  will be a pa ir  of induced  constric tions in the following meta- 
phase . T he critical period  of the division cycle in the X2 cells m ay  
co rrespond  to the coum arin-sensitive  period in the X x cells. It m ay 
begin  just  before  the onset of the m a tr ix  fo rm atio n  an d  thus  also 
exp la in  the  occurrence  of a few “fu ll” b reak s  of o rd in a ry  kind. A 
de layed  b reakage  of this k ind  m a y  explain the origin of the  single 
q u a d r i ra d ia l  an d  the fou r  t r irad ia ls  found. T he constric tions observed 
at the  in te rchange  points in these are  p re su m ed  to be due to p rophase

1 It w o u ld  be v a lu a b le  to collect m o r e  ev id en ce  o f  th is  k in d ,  b u t  it is not so 
e a s y  to  get it, as  th e  c h r o m o s o m e  c o m p le m e n t  o f  the o n io n  c o n ta in s  o n e  c h r o m o ­
s o m e  p a i r  on ly ,  w h ic h  is ea sy  to recogn ize :  the  m a i n  sa te l l i te  c h r o m o s o m e  pa ir .
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breakage of a sister locus to the locus that a little earlier went through 
“ord inary” chromatid breakage.

Pairs of constrictions occurring at X2 might, however, also be sug­
gested to be due to another mechanism, viz. a more or less identical 
reproduction of a chromosome showing a sub-chromatid break. In this 
way we would get two chromatids each showing a partial b reak of the 
same kind  as the m other chromosome. This interpretation was sug­
gested by D ’A m a t o  in the discussion at the Eighth International Con­
gress of Botany, Paris 1954. We have 110 definite evidence bearing on 
this question but we have, for the time being, adopted the labile-locus 
idea as our working hypothesis feeling that it m ay be more probable. 
In any case we are still considering the other idea as an alternative 
possibility. It is naturally  even possible that both these effects m ay 
occur in the same material.

It should be mentioned that  the tetraploid cells also contain many 
cases where the induced constriction is found in one only of the two 
sister chromatids. The m ajority  of these constrictions occur in a paired 
condition, however. O11 the basis of the labile-locus idea the single con­
strictions would represent cases where only one of the two sister loci 
has broken. The unbroken one may survive for some time and break 
at a later mitosis. Perhaps some “healing” or back-mutation to stability 
m ight also occur and perhaps be involved in some of these cases. The 
induced constrictions seen in the octoploid mitoses might be due to 
labile loci that have been able to survive the tetraploid division.

A changed chromatid in an  cell will naturally  appear as a changed 
chromosome (two changed sister chromatids) in the tetraploid X2 cell 
generation. In the next mitosis (the octoploid X3 generation) the same 
change will be represented by a pair of sister chromosomes of identical 
appearance. This is also the rule in the X:, cells. These octoploid cells 
are  very difficult to analyze, but still our observations are sufficient to 
dem onstrate  that besides these changed chromosomes occurring in 
pairs there are also m any changed chromosomes that are represented 
by a single specimen only in each cell. The shape of these exceptional 
chromosomes suggests an origin from sister reunion in the tetraploid 
cells. Perhaps they may, some of them at least, originate from the 
paired constrictions of the tetraploid cells, these being breaks which 
become more reactive for reunion in the X2 telophase, when the matrix 
has disappeared. In the tetraploid cells there are, however, also some 
cases of sister reunion of ord inary  type. These m ay result from reunion 
following pre-prophase breakage of labile sister loci, that is a kind of
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“ iso-chromatid” breakage, or they m ay possibly be due to a delayed 
reunion of chromosome-type breaks (reproduction followed by reunion).

Besides num erous norm al diploid cells a very low num ber of diploid 
cells showing changes was observed in the recovery phase of these 
experiments. The frequency of changes in these cells deviated strongly 
from randomness (Poisson series), each influenced cell usually showing 
m any changes. F or this reason it is supposed that these cells had  been 
in a sensitive period when treated. Our interpretation is that they were 
in prophase when treated, but instead of completing their division, 
they reverted to resting nuclei, a phenomenon not very unusual at 
various toxic treatments of mitosis {e.g. D ' A m a t o  1950 c ) .  We suppose 
that during the recovery phase of the experiment they may start mitosis 
again, still remaining diploid cells. As expected from this idea all these 
cells showed changes of chromatid type. Besides chromatid-type changes 
they also showed induced constrictions, usually only in one of the sister 
loci. These constrictions m ay represent delayed breaks corresponding 
to the paired constrictions in the tetraploid cells. Then, these cells would 
be a kind of “dem asked” Xj cells, the m atrix  has been broken down 
and later been formed anew. It is interesting to notice the presence of 
“lu ll” chromatid interchanges in these cells, as expected from our 
interpretation of the na tu re  of the pseudochiasmata. Our idea was that  
the pseudochiasmata were full chromatid interchanges that were 
m asked by the presence of matrix.

Inspired by K i h l m a n 's  results (1951, 1952 a and b) we also m ade a 
similar experiment with caffein. In our study we used 10 mM per litre 
for 12 hrs. Colchicine was applied two hours before the caffein in order 
to start the c-mitosis, during the caffein treatment, and afterwards. 
The experiment was perform ed at 13 C. The result was fairly similar 
to that  of the eoumarin experiments. In this case, however, the frequency 
of changed diploid cells found during the recovery phase was m uch 
higher. In this case, too, the relatively few changed diploid cells showed 
m any changes each. They presumably represent reverted prophases 
that have entered mitosis again (demasked X, cells). The tetraploid cells 
resemble those of the eoumarin experiments. They show besides ord i­
nary  chromosome changes very m any attached fragments present in a 
paired condition. Chromatid interchanges were more common in these 
tetraploid cells than in the tetraploid eoumarin cells. Perhaps they are 
due to delayed breakage as suggested above.

Our observations are in agreement with K i h l m a n 's  conclusion that  
caffein breaks the chromosomes only during mitosis. The occurrence
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of diploid cells w ith  changes (presum ably  rev e r ted  prophases)  d e m o n ­
strates, however, th a t  caffein  is capable  of p e n e tra t in g  into the nuc leus  
even though  the  n u c le a r  m em b ra n e  is present. It is quite  possib le  tha t  
(he l im itation  of Ihe caffein action to the m ito tic  stages m a y  be  a m a t te r  
of differences in sensitivity of d ifferent stages, r a th e r  th a n  a m a t te r  of 
pene tra t ion  pow er  as suggested by  K i h l m a n . His in te rp re ta t io n  w as 
tha t  the p u rine  derivatives w hich  were fo u n d  to induce ch rom osom e 
break ag e  in the resting  nuclei could do so because  they  w ere  able  to 
pene tra te  into the  resting nuclei th ro u g h  a lipoid layer su r ro u n d in g  
these, while Ihe o the r  pu r in e  derivatives w h ich  induced  f rag m en ta t io n  
only  during  mitosis were unab le  to pene tra te  th ro u g h  this lipoid layer. 
These ideas are  supported  by  his observations on the solubility  p ro ­
perties of the purines  in question; the  p a r t i t ion  coefficient l ipo id /w ater  
being m u ch  h ig h e r  for the substances induc ing  b reak ag e  in the resting  
nucleus. It is, however, a characteris tic  fea tu re  of his d a ta  th a t  the 
substances w hich  com bine  the  two p ropert ies :  (1) ab ili ty  to cause 
b reakage  in Ihe resting  nucleus, a n d  (2) h igh  re la tive lipoid solubility, 
also have a th ird  p ro p er ty  in com m on, viz. a special chem ica l  s truc tu re  
(they are, all of them , a lkyl ethers or  th ioe thers  at c a rb o n  a to m  nr.  8). 
11 is quite  possible th a t  the two m en tioned  p ropert ies  m a y  both  be 
conditioned  by this charac ter is tic  s tructure ,  in s tead  of the one being 
caused  by  the other. It  is in teresting  to notice  th a t  c o u m a r in  w hich  
has  a m u ch  h igher  solubility in solvents of l ipoid  type th a n  in w a te r  1 
still acts  accord ing  to the sam e schem e as the TM U-type of K i h l m a n , 

thus  in d isagreem ent w ith  his in terpre ta tions.  K i h l m a n  could  observe 
Ihe presence of lipoids a ro u n d  the nuclei by  m ean s  of  s ta in ing  with 
S udan  black. But, of course, there could be an  accu m u la t io n  of lipoids

1 A rough  test that we have made dem ons tra ted  th a t  the solubili ty  of coum arin  
in ethyl e ther is som ew hat m ore  th an  ten per cent; its solubili ty in water ,  on the 
o ther  hand, is, according to H o d g m a n ’s H andbook  of Chemistry  a n d  Physics, 
0.01 per cent. Our personal  impress ion  is tha t  the w a te r  solubili ty of  coum ar in  is 
som ew hat  h igher than  that,  hut in any  case the pa r t i t io n  coefficient e ther /w ater  
will have a value of several hundred .  — Another subs tance  of interest  in the present 
connection  is maleic  hydrazide.  According to M c L e i s h , this substance  influences the 
ch rom osom es in the resting nuclei (1953, p. 143). W e have  not seen m u ch  abou t  its 
solubili ty  properties ,  but the sta tem ent in the Merck Index (6th ed.) that  it is 
slightly soluble in hot alcohol and  m ore  soluble in hot  w a te r  does ra ise  the  suspicion 
tha t  its pa r ti t ion  between lipoid and  water  will be largely  in the d irec tion  of the 
water  phase. It is quite possible tha t  here we m ay have  an exception to K i h l m a n ’s 

ru le  of the  opposite  kind, viz. a substance of low relative lipoid solubili ty causing 
b reakage  inside the resting nucleus.
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there  even w ithou t  the ir  in f luencing  the perm eab ili ty ;  they m ig h t  form  
a porous  envelope.

T h e  crit ical r e m a rk s  p resen ted  here n a tu ra l ly  do not d isprove Ki h l - 
m a n ' s  p erm eab i l i ty  theory. This in te rp re ta t ion  m igh t  still be valid, if 
we m ak e  the  a ssum ptions  tha t:  (1) caffein pene tra tes  into the p rophase  
nuclei because  the lipoid envelope m ay  he dissolved a t  an  earlier  stage 
th an  the o rd in a ry  n u c le a r  m em brane ,  a n d  (2) it is possible th a t  cou- 
m a r in  itself m a y  n o t  he acting  directly on the  chrom osom es, bu t in the 
c y top lasm  it is t ra n s fo rm e d  into or induces the fo rm ation  of an o th e r  
subs tance  of ch ro m o so m e-b reak in g  activity, w hich  is unable  to p en e ­
tra te  th ro u g h  the lipoid envelope of the nucleus. Assum ptions of this 
k ind  a re  ce r ta in ly  not im probab le  at all, hu t  it m ust rem ain  fo r  fu r th e r  
w ork  to test if they also app ly  to the ac tual situation.

T he  fac t th a t  in ce r ta in  trea tm en ts  the effect is restr ic ted  to the d iv i­
sion stages w as given an a lte rna tive  in te rp re ta t ion  here, viz. tha t  the 
d iffe ren t  stages v a ry  very  s trongly  in the ir  sensitivity to the  trea tm ents .  
Such a v a r ia t io n  in sensitivity  is know n  fro m  x -ray  experim en ts  (e.g. 
S p a r r o w  1944, 1948, 1951, H a q u e  1953). These experim ents  dem ons tra te  
th a t  the division stages are  m u ch  m ore  sensitive to x-rays th an  the 
resting  stage. If  effects of this k ind  shall he able to explain  the d i f ­
ferences be tw een  d iffe ren t  substances  il will n a tu ra l ly  be necessary  to 
assum e th a t  the  d iffe ren t  substances do n o t  act in the  sam e w ay  on the 
various m ito tic  stages; the  increase in sensitivity of the  m ito tic  stages 
relative to the resting  stage is m u c h  h igher  in some substances th a n  in 
o thers. T h is  is n o t  an  im probab le  assum ption ; we kn o w  a lready  th a t  
there  are  d iffe rences  in the mode of action betw een  d iffe ren t substances 
an d  o th e r  t rea tm en ts ,  thus I v ö l m a r k  (1953) reports  tha t  d iffe ren t gene 
loci re sp o n d  r a th e r  d iffe ren tly  tow ards  d iffe ren t  m utagen ic  trea tm ents , 
one locus m a y  give m o re  m u ta t io n s  w ith  one t rea tm en t  a n d  an o th e r  
locus m o re  m u ta t io n s  w ith  an o th e r  trea tm ent.  11 is also kno w n  th a t  
d if fe ren t  chem ica ls  d iffe r  from  one an o th e r  w ith  respect to the ir  c h ro ­
m osom e b re a k in g  action  on specific ch rom osom e regions, some su b ­
stances give m ore  b reak s  in one region and  others  give m ore  in o ther 
regions. (L e v a n  1952, M c L e i s h  1953).

T he  n a tu re  of the changes  in the chrom osom es w hich  m ak e  them  
m u c h  m o re  sensitive tow ards x-rays d u ring  the m ito tic  stages are  
u n k n o w n .  It seems a reasonab le  w ork ing  hypothesis , however, to 
assum e th a t  these sam e ch rom osom e physiological changes also cause 
the d iffe rence  in response  of the chrom osom es tow ards  co u m arin  t r e a t ­
m en t  w h ich  is fo u n d  be tw een  resting  nuclei a n d  mitotic  chrom osom es,
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although in this case the effect of the changes is m uch bigger. F u r th e r­
more, our observations of the X2 cells suggest that there occurs in them 
a breakage in the prophase of loci that have turned labile during 
the treatment. We have assumed that these labile loci remain relatively 
stable during the resting stage but that lliey break during a sensitive 
period in the prophase. It seems very probable that this sensitive period 
is identical with the period of increased x-ray sensitivity and with the 
period of coumarin sensitivity of the chromosomes. It is probable that 
this period may extend all through the contraction stages of the chro­
mosome cycle (from prophase until telophase). A breakage of labile loci 
occurring in fully contracted chromosomes would, however, not be 
recognizable in the same mitotic cycle; only by indirect evidence from 
the next mitosis might it be possible to lest its existence and  even then 
only with great difficulty. (We have at present but little hope that it 
will ever be possible to test this special question.)

The interpretation presented here involving the idea of a delayed 
breakage of labile loci induced during the treatment is in good agree­
ment with the observations by A u e r b a c h  (1951, 1952) and  A u e r b a c h  

and M o s e r  (1953) that chemical treatments (nitrogen mustard, form ­
aldehyde) often cause a mutation of genes to a labile state. Such labile 
genes often m utate at later stages to give rise to various stable muta- 
tion-types. Our observations m ay well concern the cytological aspect 
of the same effect; chromosome breakage and  gene mutations being 
closely related phenomena.

Some of the effects suggested in our interpretations of the coumarin 
experiments m ay also occur in the experiments by R e v e l l  (1953) on 
chromosome breakage in Vicia Faba by means of di-(2:3-epoxypropyl) 
ether. He reports that the cell is sensitive to this substance during early 
resting stage, but that the real breaks originate only at a later period. 
He has found a constant ratio of chromatid to chromosome type of 
breaks, with variable dosages and intensities of treatment. Furthermore, 
some of his structural changes are of the “partia l” type, such as is 
characteristic of chromosome breakage during the mitotic stages. These 
observations suggest to us that his treatment m ay induce a labile stale 
in some chromosome loci during the sensitive period in early resting 
stage. After that, these labile loci reproduce, each of them giving two 
daughter loci, when the chromosome is passing over into the post-split 
condition. Later on follows a critical period in the chromosome cycle, 
when a great num ber of these labile loci break. Sometimes both the two 
sister loci break, simulating a break of chromosome type, and some-
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times only one of them breaks to give a chromatid  break. The propor­
tion of these two events will, of course, be constant irrespective of the 
dosage and intensity of the previous treatment. This critical period of 
breakage probably starts somewhat before the formation of the matrix 
and  continues into the m atrix  period, a fact which would explain the 
occurrence of both full and partial breaks. The observations by 
M c L e i s h  (1953) on the effect of maleic hydrazide on Vicia suggest 
similar phenomena. He thinks that in this case, too, there may be a 
sensitive period in early resting stage (I.e., p. 139). He also gets many 
attached fragments and partial changes in his experiments, a fact 
suggesting to us that the real breakage often takes place when the 
matrix  formation has already started. An interesting observation made 
by him is that the “quadriradials and triradials often show a constric­
tion at the same locus of breakage but in the undam aged chrom atid” 
(I.e., p. 142). This is a result in good agreement with our observations 
and  interpretations concerning the triradials and the single quadri- 
radial found by us in the tetraploid X2 cells of the coumarin experiment.

Chromosome breakage at meiosis should be able to give important 
evidence concerning the nature of the apparent sub-chromatid inter­
changes (or pseudochiasmata). Irradiation of first prophase and m eta­
phase should give changes of this kind. W hen these occur between 
sister chromatids and are located between the first and the second 
chiasm a (or between the th ird  and  the fourth etc.) they should be 
visible as bridges of the characteristic “pseudochiasma” type at first 
anaphase. W hen such sister-chromatid effects are located proximally 
of the first chiasma or between the second and the th ird  (or the fourth 
and the fifth), then they will connect chromosome regions that, are due 
to separate only at the second division. If they were true half-chromatid 
interchanges, then we should find them again as “pseudochiasmata” 
in the second anaphase. If a half-chromatid interchange occurred be­
tween non-homologous chromatids that both became included in the 
same tetrad nucleus (an event that sometimes should take place), then 
we should find it again in the first pollen mitosis as a chromatid inter­
change. But if the pseudochiasmata were due to full-chromatid inter­
changes that are masked by the presence of the matrix, as assumed in 
our working hypothesis, then they should be found as full-chromatid 
changes in the second division and as chromosome-type changes in the 
first pollen mitosis.

Now, C r o u s e  (1954) is of the opinion that she has found “half- 
chrom atid” interchanges at the second anaphase in Lilium  after
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x-irradiation of first metaphase. Her fixation was made 8 hrs after 
irradiation. We believe it possible that her timing of the stages was 
faulty and that, in reality, she may have irradiated second prophase. 
According to Cr o u s e , cells irradiated at first m etaphase may be found 
in first anaphase two hours later. If we subtract these 2 hrs from her 
8 hrs, there will be 6 hrs left for Tj, interkinesis, P n, Mn and part of 
An, which seems too short a time, as telophases and especially p ro ­
phases are usually much slower than  meta- and  anaphases, judging 
from their relative frequency in root tips. The synchronization of stages 
between different anthers is often somewhat incomplete, and the timing 
of stages in such an experiment as the present one by means of this 
phenomenon is ra ther difficult. It is of interest to notice that R e e s  
(1953) found pseudochiasmata in root tip anaphases of Scilla cam- 
panulata  in the period from 2 to 8 hrs after the irradiation. Obviously 
the cells have, in this case, been in a stage 8 hrs before fixation which 
responds with pseudochiasmata and which belongs to the same mitotic 
cycle as the observed anaphases. It seems reasonable to assume that 
these cells were irradiated in the prophase of the same mitosis as was 
later fixed in anaphase.

H a q u e  (1953), on the other hand, carried out an experiment on 
Tradescantia  in which he x-irradiated diakinesis and studied second 
anaphase. He got a great deal of chromatid-type changes and “a n u m ­
ber of cells” (no indication of the frequency is given) showing pseudo­
chiasmata; some attached fragments were also seen. The fixation was 
m ade 24— 30 hours after irradiation, so the cells are not likely lo have 
been in second prophase. More information concerning various details 
of the results would be needed in order to judge if these second division 
changes of “partia l” type might be due lo a real survival of h a lf­
chromatid  changes from the first division or if they might result from 
a delayed breakage of loci that had turned labile as a consequence of 
I lie treatment.

Also, the possibility is not excluded that some pseudochiasma-like 
figures might arise from stickiness in cells physiologically disturbed b}< 
the genotypical changes caused by the radiation. (Physiological changes 
resulting directly from the irradiation may also be considered, but seem 
less likely, as the x-ray dosage used was very low, 18 r, and a relatively 
long time had  passed before the fixation.)

Furtherm ore, H a q u e  studied the first pollen mitosis after x-irradia­
tion of various earlier stages. He found that irradiations given at about 
the time of the meiotic divisions produced a great quantity  of breaks
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of ch ro m o so m e type; no b reak s  of ch rom atid  type are  reported . Some 
con tro l  of the in te rp re ta t io n  that the cells i r rad ia ted  were in the  meiotic. 
d ivision stages is given by  the  fact tha t  they show a s trongly  increased 
sensitiv ity  tow ards  the trea tm ent.  S p a r r o w  has d em o n s tra ted  tha t  
such  an increased  sensitivity  tow ards b reakage  is charac ter is tic  of the 
ch rom osom es, w hen  they are  in the division stages.

As the genera l conclusion of ou r  ow n observations, as well as of the 
o th e r  results  d iscussed here, we th in k  it m a y  be s ta ted  th a t  there  is 
som e evidence support ing  the view that some effects app ea r in g  like 
su b -ch ro m a tid  b reakage  m a y  instead  be due to o rd in a ry  c h ro m a tid  
b reak ag e  w hich  is m ask ed  by  the presence of a m atrix .  Such c h ro m o ­
som e changes  m a y  e i ther  orig inate  directly,  w hen  the chrom osom e- 
b re a k in g  trea tm en t is applied  to a stage when the ch rom osom es have 
a m a tr ix ,  o r  indirectly  if the trea tm en t  is capable  of chang ing  certa in  
loci in the chrom osom es to a labile state, w hich  m akes th em  liable to 
becom e broken , la te r  on, at a stage w hen  the chrom osom es have a 
m atr ix .

W e do not consider  the evidence on this question  to be conclusive, 
as yet. S u b-ch rom atid  b reakage  can also, w ith  a h igher  o r  lower 
p robab ili ty ,  be suggested to account for such observations as those 
d iscussed here. Natura lly , m a n y  of the various in te rp re ta t ions  sug­
gested here  do not m u tu a l ly  exclude one ano ther.  Thus, the  “pseudo- 
c h ia s m a ta ” might, as fa r  as we know , be due bo th  to m ask ed  full- 
c h ro m a t id  in te rchanges  a n d  to sub -ch ro m atid  in terchanges,  w hich 
m ight even occur in the sam e cell.

T h e  fact th a t  we are  favouring  an  in te rp re ta t io n  w hich  does no t 
a ssu m e  ha lf-c l irom atid  s truc tu ra l  changes does n o t  m ean  th a t  we are  
doub t in g  the existence of a subdivision of the ch rom atid s  in ha lf  c h ro ­
m atids. Such a subdivision has been reported  by  m a n y  a u th o rs  a n d  we 
feel tha t it is very probable . O ur  in te rp re ta t ion  sim ply  m ean s  th a t  
we a re  assum ing  that the two halves of a c h ro m a tid  or of an  early  
resting-stage chrom osom e actually  form  a func tiona l  un it  w ith  respect 
to ch ro m o so m e b reakage  an d  reunion. This w ould  explain  w hy  x -rad ia-  
lion of ear ly  resting stage usually  gives the ch rom osom e type of change. 
W e suppose tha t there m ay  be a biological ad ap ta t io n  for  this k in d  of 
ch ro m o so m e to function as a single unit of breakage . T here  is one 
s tage in the life cycle when b reakage  is a n o rm a l  event, i.e. a t  the 
crossing-over in the meiotic p rophase . W h e n  the ch rom atid s  b re a k  a n d  
rejoin in the crossing-over process, each ch rom atid  acts as a single 
unit;  it m a y  be ad ap ted  to do so because sub -ch ro m atid  crossing-over
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would prevent the first meiotic anaphase disjunction of the paired  
chromosomes. It is quite possible that the same biological adaptation 
m ay be involved, when the two half-chromatids or the two halves of 
an early resting stage chromosome are functioning as unit of b reakage 
together.

Breakage may be considered as a normal way of reaction of the ch ro ­
mosomes, a type of behaviour which they are adapted to show as 
a norm al phenomenon during the meiotic prophase. You have just to 
pull the right “switch” in order to make them do so at other stages 
of the life cycle, too. W hen the appropriate kind of “stimulus” is 
applied to a chromosome region, it responds by putting the meiotic 
breakage mechanism into work, and this mechanism gives as the result 
a breakage all across the chromatid: all its sub-units are broken. During 
the meiotic prophase this mechanism extends its action even beyond 
an individual chromatid: another chromatid intimately paired with 
the first one is also broken all across its width at the same locus where 
the first chromatid was broken. This isolocus breakage of two paired 
chromatids makes it possible for the crossing-over to take place.

This interpretation involves the idea that the breakage follows upon 
the transmission of a kind of impulse across the chromatid and that 
this breakage impulse m ay even be transmitted over to another ch ro ­
matid intimately paired with the first one. The production of iso- 
chromatid breaks by x-radiation of mitotic chromosomes is usually 
considered lo be due to the fact that the ionization track (of the electron 
liberated at the absorption of the x-ray quantum) is so broad that it is 
sometimes capable of hitting the two chromatids of a single chrom o­
some. We do not intend lo criticize or to shed doubt on this in terpre ta­
tion, but only to suggest that conceivably an alternative mechanism 
might work in some cases, viz. that a breakage impulse might be trans­
ferred from one chromatid to another one in contact with it.

Ideas of this kind would be able to explain how ;i chemical change 
due to a chromosome breaking substance m ay be able to break a 
chrom atid  all through. The chemical change at the point of attack m ay 
have been very small, perhaps only a bimolecular reaction between a 
molecular group in the chromatid and a single molecule of the attacking 
substance. The chromatid is very likely to consist of numerous parallel 
strands. The prim ary  change in one of them m ay act as a “stimulus” 
which starts a mechanism resulting in breakage of all of these parallel 
sub-units.

Naturally, the meiotic crossing-over process is different in very
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im portant respects from the events of induced chromosome breakage. 
Thus: (1) the meiotic breaks always rejoin in new combinations (or 
maybe restitute into the old combinations), they never remain open as 
induced breaks sometimes do; and (2) the exchanges at meiosis always 
give two monocentric chromatids, never a dicentric and an acentric 
one (except of course in cases of abnormal gene seriation as in inver­
sions). This difference m ay be due to subsidiary factors present in the 
meiotic propliase, especially the very close and intimate pairing between 
homologous regions, factors absent in other cells. Thus, this difference 
need not be an argum ent against the idea presented here of a close 
relationship between crossing-over and induced breakage.

The idea of a close relationship between the induced breakage and 
the natura l  breakage of the crossing-over process is not a new one. 
Such a relationship was earlier suggested by M a r q u a r d t  (1950) and 
R e v e l l  (1953). Their ideas are, however, in m any respects different 
from the hypotheses presented above.
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Summary.

In the present paper the nature of what has been considered as sub-chro­
matid breakage is discussed. The effect consists of two different phenomena: 
(1) the occurrence of induced constrictions, separating “attached fragments’ 
from the main part of the chromosome, and (2) the occurrence of what looks 
like sub-chromatid interchanges between two chromatids.

The interpretation is presented that these two effects are in reality due to 
a full-chromatid breakage which has taken place in a chromatid that is 
spiralized and covered by matrix. The matrix maintains in continued connection 
the pieces that were associated before the breakage and the result looks like 
part-chromatid  changes.

The material used in our investigation was Allium Cepa. X-ray experiments 
show that changes of this “sub-chromatid” type are found in cells fixed a 
short time after the treatment, i.e. presumably treated in prophase. Chromo­
some breakage experiments by means of coumarin support our interpretation. 
In order to make it more easy to recognize the different cell generations 
colchicine was also applied in some of the coumarin experiments. Coumarin 
breaks the chromosomes practically only during mitosis, the resting stage being 
insensitive to the treatment. In the X1 cells which are under direct influence 
of tlie coumarin a very large majority of the changes are of the “sub-chro­
matid” type. In the next cell generation (X2) there are, however, nearly 
exclusively changes of chromosome type (i.e. affecting both the two chrom a­
tids). This suggests that the changes in the previous mitosis were in reality of 
chromatid type, although they were masked by the presence of a matrix.
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T h e  occu rre n c e  of induced  constr ic t ions in p a i r s  in the X., cells (i.e. a ffec ting  
b o th  ch ro m a t id s  at the sam e locus) suggests th a t  th e  t r e a tm e n t  has  caused  
a change  to a labile state in some loci d u r in g  the  t re a ted  X x mitosis. T hese  
labile loci have  rep ro d u ced  d u r ing  the res ting  stage to give two labile s is ter  
loci an d  these have, bo th  of them , b ro k en  d u r in g  a critical period  in the  X 2 
p rop hase .

O u r  evidence is no t considered, at p resen t,  to p rove  o u r  in te rp re ta t io n s  
conclusively. It is still possible to suggest the  a l te rna t iv e  in te rp re ta t ion ,  f rom  
m an y  of o u r  observations , th a t  the effects a re  due  to a real su b -ch ro m a t id  
b reakage.

O th e r  results  on ch ro m osom e  breakage  a re  d iscussed  in connec tion  w ith  o u r  
ideas an d  some suggestions are  m ade  to exp la in  w h y  the ch ro m atid s ,  a l th o u g h  
m ult ip le  in the i r  com posit ion , m a y  still beh ave  as un its  in b reak age  an d  
reun ion .  These  suggestions im ply  the idea  of a close re la tionsh ip  betw een  the  
ind uced  b reak age  an d  the n a tu ra l  process  of crossing-over.
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Actinotaenium

genus  Desmidiacearum resuscitatum.

B y  E i n a r  T e i l i n g .

L im n o lo g ic a l  I n s t i t u t i o n  of  (he U n iv e r s i ty  o f  L u n d .

Already the earlier desmidiologists have paid particular attention to 
the elongate, baculiform desmids: Closterium N i t z s c h  1817, Cylindro­
cystis M e n e g h i n i  1888, Penium, Docidium  and Spirotcienia B r é b i s s o n  
1844, Tetmemorus  R a l f s  1844, Mesotaenium, Pleurotaenium  and  Net- 
rium  N ä g e l i  1849 and Triploceras B a i l e y  1851. Later discoveries are 
Roya  W e s t  1896, lchtyocercus  W e s t  1897 and Triplastrum  I y e n g a r  
et R a m a n a t h a n  1942. In the past century a large num ber of baculiform 
species have been distinguished which because of the straight cells and 
lack of sculpture have generally been assigned to Penium  and also 
Cylindro cystis.

L ü t k e m ü l l e r ' s  epoch-making research (1902) on the structure of 
the desmid cell wall opened up a new and safe ground for the taxonomy 
of the baculiform desmids. As to their biosystematy, L ü t k e m ü l l e r  
(1905) made a revision of the species assigned to Penium, l ie  approved 
only twelve species as true Peniu, the remaining were transferred to 
Cylindrocystis, Netrium, Closterium, and no fewer than fourteen species 
to Dysphinctium,  a genus that he earlier (1902) had included in Cos- 
marium.  Later on (1910, p. 479) he rejected Dysphinctium  and  used 
the name Cosmurium  for these species. His revision of Cylindrocystis 
(1913) comprised seven true species, and seven doubtful whereas five 
were excluded and assigned to Cosmurium. This system of classifying 
has, to a certain degree, been continued by K r i e g e r  (1937).

Most of the species, excluded from Penium  and Cylindrocystis and 
included in Cosmurium, possess a fusiform shape with rounded apex, 
a shallow isthmus furrow, no wall sculpture, and a stelloid chloroplast.
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T h e ir  p lacoderm  n a tu re  is evident by  the dense pores over all Ihe wall 
except the  is thm us zone.

T he  p resen t  a u th o r  (1952, p. 292) has un ited  this g roup  u n d e r  the 
in terim istic  n am e  of the Clevei-section and  em phasized  that this group  
represen ts  a  taxonom ic  u n i ty  th a t  m u s t  he kept quite  separa te  from the  
collective n a m e  C osm arium  as well as f rom  a n y  real d iagnosed desmid 
genus. In the  following the  au thor ,  on the basis of the principles s u b ­
m itted  in his papers  1950 and  1952, in tends to rise this section to the 
rank  of a new  genus: A ctino taenium .

C osm arium  and Dysphinctium.

In  o rd e r  to elucidate the taxonom ical position of Actino taen ium  it is 
necessary  to disentangle  the concepts C osm arium  a n d  D ysph inc tium .

C osm arium  appea rs  at the first time as a generic n a m e  invented  by 
C o r d a  (1835) an d  used on some species, la te r  assigned to Cosm arium ,  
Micrasterias, an d  E uas trum .  Out of this diffuse concept it has d e ­
veloped into a generic n a m e  reserved fo r  hi rad ia te  desm ids w ithou t  
spines, insertions and  processes. T he  b irad ia te  c h a rac te r  “infla to-com - 
pressed  segm en ts” (R a l f s  1848, p. 92) is em phasized  also by  M e n e g h i n i  
and  E h r e n b e r g , while R a l e s  adm its  tha t  “some species w ith  g lobular  
o r  cy lindrica l segments can by no m eans  be sepa ra ted  from the c o m ­
pressed ones” . W h e n  com paring  these species w ith  P e n iu m , he says: 
“In  C osm arium  the fronds  are  never elongated, are  a lw ays constric ted  
in the  middle, an d  the s ta rch  vesicles are  sca t te red” . R a l e s ’ list of 
species conta ins  33 species. T he W e s t s , in M onograph  II, p. 126, says: 
“ One of the d istinguishing fea tures  of a C osm arium  is the entire  outline 
of the cells, w hich  are  likewise destitute of sp ines .” At presen t negative 
ch a rac te rs  exceed in the defin ition  of Cosmarium.

D uring  the cen tu ry  that has elapsed since R a l e s ’ declaration , Cos­
m a r iu m  has been used as a storage-box for species which  have not 
convenien tly  been placed in m ore  definite  genera. By this, the concept 
of Cosm arium  has  got a very  p rom iscuous  content and, actually , to an  
ex ten t w h ich  itself proves the  c h a rac te r  of a provisory, P r i n t z  (1929) 
ra tes  the n u m b e r  of species at 809! In spile of this hodgepodge, obvious 
to every desmidiologist, Cosm arium  seems to be com prehended  as a 
genus sensu stricto  and  the desmidiologists have eagerly been  at w ork  
in en la rg ing  it w ith  new species instead of f inding out new  points of 
view in o rd e r  to discern the  genetic, or at least, the typological lines 
into w hich  Cosm arium  m u s t  he disintegrated.
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Dysphinctium  was instituted by N ä g e l i  in 1849 as a genus with the 
following subgenera and  species:

Actinotaenium: Dys. Regelianum { — curtum),  fusiform, onmi-radiate 
cell and stelloid chloroplast.

Calocylindrus: Dys. annulatum ,  cylindrical with series of small n o ­
dules, chloroplast with 1— 2 pyrenoids. Dys. cylindrus { — Penium).

Dyspliinclium: Dys. M eneghinianum { — connatum ), pseudo-omni- 
radiate, chloroplast furcoid, dicentric. Dys. striolatum { =  tesselatum), 
pseudo-omniradiate, chloroplast furcoid, limbo-parietal.

N ä g e l i 1 gives (p. 109) the following diagnosis: “Zellen einzeln oder 
getrennt, an den Polen abgerundet, in der mitte einer leichten r ingför­
migen Furche, Querprofil kreisförmig oder oval, in jeder Hälfte ein 
centrales oder zwei neben dem Mittelpunkt liegenden Chlorophyll- 
bläschen”. And lie comments: “Diese Gattung ist eine künstliche, sie 
vereinigt mehrere Typen, welche aus Mangel an vollständigen Unter­
suchungen noch nicht als selbständige Gattungen aufgestellt werden 
können, und hier als Untergattungen folgen”.

In spite of this obvious and  critical declaration, N ä g e l t 's genus was 
taken up by several taxonomists, probably in order to have a genus for 
the increasing num ber of species that otherwise could not be placed 
anywhere but under the diffuse nam e of Cosmarium. This trend  has 
especially been forwarded by d e  B a r y  (1858), R e i n s c h  (1867), D e l - 

p o n t e  (1873), K i r c h n e r  (1876), H a n s g i r g  (1888), d e  T o n i  (1889), 
and T u r n e r  (1896). D e  B a r y  incorporated Dysphinctium  in Cosma­
rium. Of his four subgenera Dysphinctium  contains the globoid species, 
e.g. moniliforme  and connatum,  and Calocylindrus (including Actino- 
taeniuml) embraced baculiform  species, e.g. Cucurbita, Palangula, and 
curtum. R e i n s c h  enlarged D ysphinctium  with Tetmemorus  as a sub­
genus. K i r c h n e r  raised Calocylindrus to a separate genus containing 
ten species and placed it between Closterium and Docidium  but rejected 
the rest of Dysphinctium.  H a n s g i r g  m aintained Dysphinctium  with the 
subgenera Actinotaenium  and  Calocylindrus, and added a new one: 
Tetmemoridium.  This basis of division was accepted by d e  T o n i  who 
gave Actinotaenium  24, Calocylindrus 12, and Tetmem oridium  3 species. 
By this the artificial composition of Dysphinctium  was accentuated in 
absurdum. T u r n e r  divided Dysphinctium  into Cylindrosphinctium  and 
Sphaerosphinctium  the charac ter  of which is indicated by the names. 
No further efforts of consolidating the genus were made an d  in this

1 It s e em s  v e ry  u n l ik e ly  th a t  N ä g e l i  w a s  a w a r e  of  R a l e s ’ b o o k ,  at le a s t ,  R a l f s ’ 
n a m e  is no t  m e n t io n e d  in N ä g e l i ’s t r e a t m e n t  of  these  d esm id s .
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cen tu ry  it lias been quite  omitted, its species b ea r  the nam e of 
C osm arium .  R a b e n h o r s t  (1865) ab an d o n ed  it an d  at recent time also 
the W e s t s  w ho jus t ify  the ir  re jection by  find ing  it “based upon in ­
defin ite  c h a rac te rs  a n d  the l im itation  of w h ich  could not be clearly 
defined" (M onograph  II, p. 127). Actually, the la t te r  failing is valid 
also fo r  a good deal of the  desm id  genera, especially in reg a rd  to Cos­
m arium ,  and  is im possible  to avoid: there are  only few limits in Nature, 
limits are  m ade  by  Man, artific ia l an d  conventional.

The taxonom ic  p rob lem  of the fo rm er  D y sp h in c t iu m  species has no t 
been  solved by p lac ing  th em  in Cosmarium,  it has  been pu t  in an  out- 
of-the-w ay corner. Nevertheless, N ä g e l i ’s idea w as a good one, it w as 
w recked  by the co n tem poraneous  lack of taxonom ic  principles except 
the one of s im ila r  shape  in quite general terms. At present, it is possible 
to d istinguish  be tw een  p r im a ry  an d  secondary  cylindrical shape  of the 
cell a n d  we k n o w  d iffe ren t  kinds a n d  degrees of the evolution of the  
chloroplast.  Several c h a rac te rs  of po tentia l taxonom ic  value are not 
clear, fo r  ins tance  the s t ru c tu re  of the zygospore and of the surface  
of the cell wall. T here  is, at least at present, not found  any  genetic 
connection  be tw een  a sm ooth  an d  a g ranu la ted  or verruca te  surface. 
In m y  opinion, the desm ids w ith  these two k inds of surface  m u s t  be 
kep t  separa te  as rega rds  th e ir  taxonom ic  position. On the con tra ry , we 
know  th a t  the b acu l i fo rm  shape is a t ta ined  by desm ids of quite d i f ­
ferent origin a n d  that the convergency phen o m en o n  is r a th e r  com m on.

Certain  fea tu res  of this h istorical genus D ysph inc tium  a re  incom ­
patible w ith  the genera l concept of Cosmarium.  This implies that they  
represent diverse lines of evolution, for instance  the A ctino taen ium  
type, the c o n n a tu m  type, the tesselatum  type, the Debaryi  type etc. 
In o rder  to show the generic  position of Actino taen ium  I shall develop 
m y com prehens ion  of the taxonom ic  differences between it and  the 
o ther  p lacoderm  desmids. According to C a m p  (1951) the  term  ta xo n o m y  
is used in the sense of d is tinguish ing  genera  a n d  h ig h e r  taxa, the bio- 
sy s tem a ty  dea ling  with species a n d  lower taxa. H ither to  bu t  little used 
terms a re  defined  in T e l l i n g  1950 an d  1952.
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Taxonomic discussion.

The starting point is L ü t k e m ü l l e r ’s epoch-making research 011 the 
structure of Ihe cell wall on the basis of which he could assign the des- 
mids into the main groups Sciccoderms and Placoderms, the latter 
divided into three tribus: Penieae, Closterieae and  Cosmariecie according 
to the m anner of cell division and growth which depends on the 
structure of the cell wall.

As mentioned above, L ü t k e m ü l l e r , by the aid of this new taxonomic 
principles, was able to revise and emend some desmid genera. Especially 
in Penium  and Cylindrocystis he found a lot of species which, owing 
to their cell wall pores and the m anner of division and formation of 
the zygospore were separated from these genera and placed in Cos- 
marium.

Other principles are founded 011 the vertical symmetry of the semi­
cell, the so called desmid radiation and, in intimate connection with 
this feature, the morphology of the chloroplast. In his paper 1952 the 
present author has draw n up the probable evolution of the desmid 
chloroplast 011 the basis of its comparative morphology and increasing 
efficiency from lower to higher forms. In this w ay it has been possible 
to derive the diverse types of parietal chloroplasts from primitive 
axile ones.

The general trend to a better light ecology that favours the mutations 
resulting in a more effective photosynthesis, has  gone along the path 
of increasing Ihe surface of the chloroplast and  consequently the su r­
face of the cell. The most primitive type of desmids now existing may 
be represented by a desmid in structure and dimensions something 
like Cylindrocystis, having a short cylindrical cell with an unsegmented 
cell-wall without pores, a central nucleus and  a stelloid chloroplast. 
The cell division is of normal vegetative type. In the saccoderm desmids 
the enlargement of the cell and chloroplast occurs in apical direction, 
a faint lateral enlargement is known but in a few cases (Netrium). In 
the lower placoderms (Penieae and Closterieae) evolution has gone the 
same paths, viz. apical extension, in Closterium also combined with a 
lateral inflation. By this, Penium  possesses a typical baculiform shape. 
Its generic characters, compared with other similar genera, are the lack 
of pores and isthmus furrow, the peculiar m anner  of division and, 
combined with this, the intercalary growth. Thus, the porous cell wall 
of Penium-like desmids at once (often after staining) decides their
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taxonomic position. Most of the species of Actinotaenium  have been 
separated from P enium , some of them also from Cylindrocystis, by the 
aid of this character. The chloroplast of' Penium  and the small Closte- 
r ium  species is typical stelloid.

All higher placoderm desmids, i.e. L ü tk e m ü ll e r  s tribus Cosmarieae, 
possess a compound porous cell wall with a constant oblique fissure 
lying in a plan that exactly divides the cell in two symmetrical semi­
cells. This group consists of two quite different parts: Actinotaenieae 
and Anguloradiateae, demonstrated on p. 385. For the actual problem 
of Actinotaenium  it is convenient to summarize the occurrence of the 
types of the chloroplast in those genera from which most of the species 
have been distinguished:

Penium:  typical stelloid with  entire  lamellae.
Cylindrocystis: lobo-stelloid, i.e. a central core with one pyrenoid 

and radiating laciniate or dissected lamellae, ihe lobes of which often 
being thickened in their parietal ends.

The m ain part of the placoderm desmids, i.e. all of them except the 
Actinotaenieae, show an angulo-radiate structure. The lamellae of 
Ihe starlike chloroplast are grown out radially and the cell wall is 
grown out in corresponding bulges, the radii, that gives the semicell, 
when seen in end-view, a regular poly-bigonal shape. The primitive 
bulges are short angles but they are mostly developed into an immense 
richness of forms, especially in Staurastrum. It must he emphasized 
that the fundamental structure of a desmid is either omniradiate or 
anguloradiate.

T he rad ia l  extension of the semicell h a s  not a ffected  the  is thm us 
zone, except in a small n u m b e r  of cases. In this way, these desmids 
have got the ir  charac teris t ic  shape: a cell, by a false “constr ic t ion” in 
the middle, form ing two sym m etrica l semi-cells (“segm ents” accord ing  
to Rales a n d  earlier  desm idiologists) .

The lateral expansion of the lamellae in the bulges itself implies an 
increase in photosynthesis. This is made even more effective by the 
longitudinal division of the edges of the lamellae, a feature characteristic 
of the tribus Anguloradiateae mi hi, see p. 385. In primitive desmids of 
this tribus e.g. Desmidium  and Staurastrum, this furcoid  chloroplast 
is very evident when seen in end view. The furcoid chloroplast is 
capable of a most elaborate metamorphosis in a great num ber of forms 
according to the size and shape of the semicell. The furcoid nature  of 
the most evolved derivations are discernible only by means of the 
transitions analyzed by comparative morphology.
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The present au thor has (1950) emphasized that the primitive angular 
desmids were multiradiate and that  their evolution to the present state 
has proceeded by means of successive reduction of the num ber of the 
radii; i.e. from perhaps 10-radiate through decreasing num ber to the at 
present common quadri-, and triradiate stages up to the biradiate end 
stage. This process is clearly visible in the variability of certain species, 
that exhibit 6-, 5-, 4-, and 3-radiate facies, e.g. Staurastrum zonatnm.  
The Janus-forms consisting of semi-cells of different radiation, e.g. 
5 +  3, 4 +  3, 4 +  2, 3 +  2 are demonstrative transitions. The selecting 
factor of the reduction is light; the ehloroplasts of the “compressed 
biradiate desmid exhibit a greater surface in relation to the volume than 
pluriradiate desmids and, actually, the biradiate show a richness in 
forms, superior to the p luriradiate ones. The vast majority of the 
Anguloradiatae are biradiate, especially considering the genera. This 
evolution is quite analogous to the flattened shape of all green organs: 
leaves, cladophylls, phyllodia, flat thalli and similar forms occurring 
in the whole vegetable kingdom.

The biradiate desmids are the most advanced and their evolution has 
proceeded in several diverse paths. Some of these are morphologically 
very distinct, e.g. Micrasterias and  the long Euastra, some other are 
conventionally assorted in small genera by the aid of morphological 
peculiarities, e.g. Oocardium, Cosmo cladium, Onychonema, and the vast 
majority are brought together under the name of Cosmarium. In  Cos- 
marium, however, a num ber of desmids circular in end view, have been 
inmixed and their position has been codified, mainly by the authority  
of R a l e s . Staurastrum  is the nam e of a collection of several other 
evolutionary branches, still on their way to Ihe end stage and, conse­
quently, showing diverse stages of radiation. Staurodesmus  is one of 
these lines recently distinguished, ils biradiate stage has since long 
been known under Ihe name of Arthrodesmus. Several of the norm ally  
biradiate great genera, Cosmarium, Micrasterias, Euastrum, and Xan- 
tliidium, contain species that sometimes occur as tri-, and even quadri- 
radiate specimens. They must be interpreted as examples of occasional 
reversion back to stages that have been passed during the phylogenetic 
evolution of Ihe actual species.

D y s p h i n c t i u m  i n  t h e  l i g h t  o f m o d e r n 
I a x o n o m i c p r i n c i p l e  s.

Dysphinctium  was erected in order to unite the rounded desmids, 
uncombinable with the om niradiate genera then known, e.g. Cylindro-
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cystis and  Penium. As this concept was formed out, it was quite as 
artificial as Cosmarium,  il contained two morphological groups: baculi- 
form  and globular desmids, the latter comprising bi-globular and mono- 
globular forms. Disregarding the omni-radiate species, belonging to 
Actinotaenium, the other types will be dealt with from evolutionary 
points of view.

Especially in biradiate desmids evolution has proceeded in regressive 
direction, forming desmids more or less rounded in cross-section in 
w hich the biradiate character in some cases is difficult to discern. As 
a rule, this inflation has affected but the semicells, not the isthmus, 
significant examples are shown by the bigloboid Cosmaria, e.g. monili- 
forme, praegrande, and the excavatum-group. Cosmarium Welwitschi 
is interesting since its ornamentation has conserved the biradiate pattern. 
An inflation of the isthmus zone is very rare, in Cosmarium  it is found 
e.g. in connatum  and pseudoconnatum, australe, and alpestre. In other 
anguloradiate desmids an extreme degree of istlnnal enlargement is found 
in Hyalothecci, Desmidium  spp., and Bambusina,  in the latter the isth­
mus is even wider than the semicells. Two or three small granules, 
regularly dispersed on the surface of the semicells of Hyalothecci and 
Bambusina  must be interpreted as rudiments of the earlier angles 
( T e i l i n g  1950, p. 306). This secondary circular structure is termed 
pseudo-omniradiate.  Some genera have conserved their angulo-radiate 
origin more evidently in their apices, viz. Tetmemorus, Ichtyocercus  
and  Triploceras. Their baculiform structure is a m atter of convergency 
towards the primitive baculiform structure in Actinotaenieae, Closte- 
rium, Penium,  and  certain saccoderm genera.

The baculiform species of Dysphinctium,  except the species here 
assigned to Actinotaenium,  are such secondarily rounded and elongate 
desmids although their baculiform character is less pronounced com­
pared with Tetmem orus  etc. They are characterized by the deep sinus 
and  the transverse section of the semicells that generally is not quite 
circular but broad-oval, conveniently termed quasi-omniradiate, show­
ing the origin from biradiate desmids of Cosmarium-type. At any rate, 
the narrow  sinus and the broad-oval cross-section (very seldom circular 
in certain specimens) are features that at once distinguish these des­
mids from the Actinotaenieae.

In m any cases the biradiate origin of the pseudo-omniradiate and 
quasi-omniradiate desmids of the former Dysphinctium  with smooth 
cell wall is visible in their chloroplasts. Cosmarium connatum, Printzii, 
and Thwaitesii possess a dicentric and pseudoconnatum  a tetracentric
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chloroplast; both types are normal derivations in large cells of a 
biradiate furcoid chloroplast. Cosmarium pseudarctoum  occurs also in 
a triradiate facies ( B o r g e  1923), thus proving that the circular shape 
is a secondary one. Intricate cases are found in some rounded desmids 
in which the inflation of the semicell has given rise to frontal secondary 
ridges of the chloroplast, thus forming a pseudo-stelloid chloroplast 
very similar to the primitive stelloid one where all radiate ribbons are 
primitive lamellae (see T e i l i n g  1952, p. 282). Unmistakable examples 
are e.g. Tetm em orus and Triploceras.

A l i t t l e  r e v i s i o  n o f L ii t k e m ri 11 e r's 
d e s  m i d  s y s t e 111.

The principles of desmid taxonomy that have appeared from  my 
studies of the desmid radia tion  and  the comparative morphology of the 
desmid chloroplast have necessitated a  revision of L ü t k e m ü l l e r s  

system (1902, p. 408). The change affects only the highest placoderms, 
the tribus Cosmarieae. This tribus is characterized by a three layered 
cell wall with pore-apparatus and  a constant fissure joining the semi- 
cells where the division takes place.

It consists of two quite different parts. The first, Actaeniotaenieae, 
embrasing four genera, is characterized by a) the primitive omniradiate 
baculiform shape with the apical growth common to the lower placo- 
derms (i.e. Penieae and  Closterieae) and  b) the primitive stelloid chloro­
plast that in A ctinotaenium  and Docidium  is typical in the smaller 
species and  in the larger species is transformed, more or less, into the 
taenio-parietal type; in Pleurotaenium  it is mainly taenio-parietal and 
in Groenbladia is reduced to the laminate type. The second part, Angulo- 
rcidiateae, embrasing the m ain part of L ü t k e m ü l l e r  s Cosmarieae, is 
characterized by a) the angulo-radiate shape and b) the furcoid  
chloroplast which has developed into the very many kinds of forms, 
neglected or unexplained by the desmidiologists. The ability of angular 
expansion and lateral enlargement of the cell wall in connection with 
the exceptional ability of the furcoid chloroplast in developing new 
and effective forms of parietal chloroplasts has given rise to an immense 
evolution of desmid species and  also genera, a circumstance that  ne­
cessitates a taxonomic expansion of L ü t k e m ü l l e r ’s tribus.

A survey of the present system of the placoderm desmids according 
to the au th o r’s results is presented in the next page.
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A. Non-constant fissure of division. Gmniradiate cells.
3. Tribus Penieae. Cell wall without pore-apparatus, chloroplast 

stelloid.
4. Tribus Closterieae. Cell wall with pore-apparatus, chloroplast 

stelloid -> holo-parietal.
B. Constant fissure of division. Cell wall with pore-apparatus. Ceils 

always composed of two quite symmetrical semicells.
5. Tribus Actinotaenieae. Omniradiate cells. Chloroplast stelloid 

or developed into taenio-parietal or laminate ones.
Genera:
Cell wall without sculpture:

Actinotaenium. Chloroplast stelloid or developed into a taenio- 
parietal one.

Groenbladia. Chloroplast laminate.
Cell wall with sculpture:

Docidium. Chloroplast stelloid —̂ taenio-parietal. 
Pleurotcienium. Chloroplast stelloid, or mostly, taenio-parietal.

6. Tribus Anguloradiateae. Cells angulo-radiate or developed into 
pseudo-omniradiate. Chloroplast furcoid, often developed into 
pseudo-stelloid, limbo-parietal, sector-parietal, and discoid. 
Genera:
p 1 ii r i -------

Staurastrum

Stnurodesmus

f i I i f o r m :
Phymatodocis
Desmidium

1) a c u 1 i f o r m :

Euastridium

Streptonema

- b i r a d i a t e :

Cosmarium
Xanthidium
Euastrum
Micrasterias

Spondylosium
Sphnerozosma
Hyulotheca
Bambiisinn

Ooccirdium

Cosmocladium

Onychonema

Triplocercis 
T riplast rum

Tetmemorus
Ichtyocercus

A c t i n o t a e n i u m  ( N ä g e l i ) T e i l . — genus novum, olim 
s ub ge n u s D y sp hi net i i.

Cellulae singulae, omniradiatae, a fronte visae, fusiformes, crassiores 
int magis tenues, vel etiam cylindricae sulco isthmiali inconspicuo
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praeditae, extremitatibus cellularum rotundatis aut obtuso-planatis. 
Membrana levis, in speciebas nonullis infra apicem incrassata; poris 
praedita nisi in sulco isthmiali; pori, precipue regionis apicalis, in 
quibusdam speciebus satis magni; in his poris interdum organa poro- 
rum, velut granula membranae olim interpretata. Massa chlorophylla- 
cea stelloidea vel lobo-stelloidea, vel etiam in speciebus quibusdam 
m a j o ribustaenio-parietalis.

Omniradiate cells, in front view thicker or slender, fusiform or 
cylindrical; with a faint isthmus furrow; the ends of the cells rounded 
or obtuse-planned. Cell-wall smooth, in some species thickened on the 
inside of the apex; with pores except the isthmus furrow, in certain 
species also fairly great pores, especially in the apical part; in these 
pores there are often pore-organels that have been interpreted as 
granules of the wall. Chloroplast stelloid or lobo-stelloid, in larger 
species even taenio-parietal.

It seems as if the desmidiologists have been loo bound by tradition to 
react against the unnatural mixture of omniradiate and biradiate species 
in Cosmarium. Thus, it is of great interest that S c h e l l e n b e r g  (1897), 
in an account of a lecture delivered in the Botanical Society of Zürich, 
proposed Actinotaenium as a separate genus, though vaguely and on 
unsufficient premises. He had examined a subaerial desmid that he 
considered belonging to Actinotaenium and had also in N ä GELLs literary 
remains found five anonymous species evidently belonging to Actino­
taenium. He considered this little group as intermediate between Cos­
marium and Penium. If Actinotaenium could not be approved as a 
separate genus, it would, as a section, be alotted quite as well to Cos­
marium  as to Penium. A foreshadowed later description of these species 
has not appeared.

Morphological survey.

T h e  c e l l - w a l l  is smooth. The granules mentioned in the dia­
gnoses of several species, are the protruding pore-organels ( =  Poren - 
organe sensu L ü t k e m ü l l e r ) of the great apical pores, e.g. in A. tracluj- 
polum, rufescens, Clevei, and Taylori. On the contrary, a zone of 
greater pores are situated on the basal part of the semi-cell of A. syd- 
neyense. Scattered great pores among the small ones are recorded in 
several species, a feature that probably has been overlooked in many 
cases. All species have dense pores arranged irregularly or in oblique- 
crossing rows. A. subpalangula shows transverse rows of greater pores
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visible by I lie p rom inen t  pore-organels , its fo rm a  de pauperatum  is 
c rea ted  on the basis of spec im ens f ro m  w hich  the p ro tru d in g  par ts  are 
lost, because  of the action  of chem ical factors, s ta ted  by  K le b s .

An apical interior thickening of the cell-wall is stated in several 
species. This is a ra ther common feature in desmids with rounded ends. 

T h e  c e l l  is always omni-radiate, the form a fronte is fusiform 
- cylindrical — guitar-shaped with a faint isthmus-furrow. The apex 

is rounded or oh I use, never tapering to a point. In a few species of the 
curtum  group a faint constriction of the apical part is noted. Slightly 
inflated semi-cells are also noted.

T h e  c h 1 o r  o p 1 a s t is stelloid, lobo-stelloid, or taenio-parietal. In 
the vast m ajority  of the species, having less than about 50 u diameter, 
the chloroplast is regular with entire or parietally thickened edges of 
the lamellae and one pyrenoid. In elongate species, A. ungulatum, elon- 
gatum, diadematum  and Clevei two or three pyrenoids are stated. In 
subpalangula, subtile, perm inutum , pyramidatum , viride, and  diplo- 
sporum  the chloroplast with one pyrenoid is lobo-stelloid. In the fairly 
large Taylori 45— 50 u thick, the edges of the lamellae are intensively 
plicate and  the chloroplast has a corresponding augmented num ber of 
dispersed pyrenoids.

The large species A. turgidum, capax, and probably grande with a 
diameter of 60 u and more have taenio-parietal chloroplasts with m any 
pyrenoids. Cosm. hibernicum,  possibly a large form of diplosporum,  is 
recorded having parietal band-like chloroplast with several pyrenoids. 
It seems very unlikely that a taenio-parietal chloroplast sensu stricto 
has been formed in a desmid only 45 u in diameter. Probably a m is­
interpretation of badly conserved material.

T h e f o r m a l i o  n o f s p o r e s is known in a few species. The 
spores recorded show a puzzling diversity. Azygospores are found in 
diplosporum  by Skuja (1949, Tab. 27: 11) as well as true zygospores 
(Fig. 12). In Ibis species several scientists have found double spores 
interpreted as zygospores, viz. L u n d e l l ,  E i c h l e r ,  D u c e l l i e r ,  H o m ­
f e l d ,  and  A l l o r g e .  These are meant to be formed in that m anner that 
the protoplasts of the two cells divide, thus forming four gametes, a 
process reconstructed by O l t m a n n s  (1922, p. 122, Fig. 88: 1) in regard 
to Closterium lineatum. However, to judge from H o m f e l d ’s picture of 
the initial stage of the sporeformation (1929, Tab. 5 :58),  it is not 
unlikely that these spores are azygospores when considering the limits 
of the protoplasts. In pictures of corresponding cases in Closterium the 
position of the double spores of Cl. lineatum  and lunula gives the im-
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pressioii that they are real zygospores, whereas the double spores of 
rostratum seem to be azygo-spores according to L a g e r i i e i m s  picture 
(1886, p. 48, Fig. 3).

L ü t k e m ü l l e r  has, in letters to N o r d s t e d t  (1911) an to G. S. W e s t  

(1912) sent drawings of double-zygospores of cucurbitinum at the for­
mation of which four cells are participants (eight semicells!), Fig. 
nostr. 78. Consequently they must he regarded as true zygospores. 
From an initial sphaerial form they become more square-shaped as the 
definite shape. L ü t k e m ü l l e r , in his letter to N o r d s t e d t , brings up the 
question, if not N o r d s t e d t 's find of a spore of cucurbitinum var. poly- 
morplium (1888, p. 71, Tab. 7: 20 c) may he an isolated half of a mature 
double zygospore.

Angular mono-zygots are known in A. minutissimum, crassiusculum, 
pseudocucurbita, and Mooreanum, the latter with one papilla in each 
of the four corners. A. pyramidatum  has oval somewhat angular zygo­
spores. Globular, smooth zygospores are found in A. sydneyense and 
truncatum  and sphaerial zygospores with conical papillae are recorded 
in cucurbita and subglobosum. A similar spore is assigned to Clevei by 
C u s h m a n  (1905, Tab. 7:8) hut the determination seems questionable.

Remarks of methodics.

The generic difference between Penium and Actinotaenium contains 
several elements.

Penium: cell wall without pores, ornamented with punctuations, 
granulations, or striations, the fissure of division is variable, a circum­
stance sometimes marked by intercalary segments.

Actinotaenium: cell wall always with small pores, in certain species 
also great pores (scrobiculations) with protruding pore organels, the 
fissure of division is constant, situated in a faint isthmus furrow.

The consequences of these distinguishing characters, (valid also if 
the name Actinotaenium is substituted by the name Cosmarinm) de­
veloped by L ü t k e m ü l l e r , have not been exploited and in many cases 
quite neglected. Thus, there are still some desmids of uncertain position, 
for instance Penium rufescens, gelidum. In measure, this depends on 
doubts about the absence of pores in the membrane of Penium. In 
Penium poly mor phum, L ü t k e m ü l l e r  was unable to find any pores 
(1902, p. 382, Tab. 18: 44, 45) while K r i e g e r  (1935, p. 225) emphasized 
that apical pores have been stated by him. Both may he right; the 
possibility exists that the specimens examined by K r i e g e r  may belong
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to a form of Actinotaenium,  in shape and dimensions agreeing to 
Penium poly mor phum .  On the other side, pores probably may occur 
in Penium  quite as well as in the near related Closterium. That is why 
the wall ornamentation and the m anner of division signify the deciding 
characters.

By a compilation like this it is not expedient and even not possible 
to try to m ake a revision of certain polymorphic species, e.g. A. curtum,  
rufescens, cucurbitinum, cucurbita, inconspicuum. The short forms of 
Pleurotaenium m inutum ,  a very heterogeneous species, may quite as 
well be alotted to Actinotaenium  as to the more specialized genus 
Pleurotaenium. The changes of the nomenclature undertaken by the 
author, are based on the extensive survey obtained from studies during 
several years, but they are, as all biosystematic work, a m atter  of taste 
and, consequently, very eas)^ to be critisized by every desmidiologist.

By the formation of Actinotaenium  the nomenclature makes justice 
to the original names given by the authors. W hen a lot of Penia and 
Cylindrocystid.es were transferred  to Cosmarium, several of their names 
were already attached to species of the latter genus. Thus, several of 
these names must be rejected and new ones were created, especially by 
L ü t k e m ü l l e r . These new names must now, in their turn, be rejected 
and  the old names are restored. To each species there is added a list 
of literary references containing directions to pictures and nom encla­
ture of the actual species, varieties and formae.

The selection of the species is made on the basis of the descriptions 
and pictures from the literature available to me. Of course, the incom­
pleteness of the sources, often met with, has not permitted a definite 
decision in several cases, especially the chloroplast is very often quite 
neglected. Some species have been revised as to their biosystematy and 
nomenclature. No diagnoses are communicated but in m any cases com ­
ments of similiarities and differences are given. The chorological dis­
tribution is not considered. These limitations depend on my opinion 
that it seems reasonable not to anticipate the thorough revision of the 
part of Cosmarium, corresponding to Actinotaenium,  probably under­
taken by K r i e g e r  for the new edition of R a b e n h o r s t ’s Kryptogamen­
flora before his sudden and  regrettable death.

Abbreviations.  As a rule, no abbreviat ions beyond  the trad i t iona l  ones are used, 
only Actino taen ium  and  Cosm arium  are abbreviated  in com bina tion  with species 
names. The often used double  nam e W. and  G. S. W e s t  ist wri t ten  W e s t . Dim: 
(followed by figures) m eans  dimensions,  the figures before  the cross indicate the 
length and those  a fte r  the cross  indicate  the b read th  of the cell in microns.  The 
th ickness of the is thmus is insignif icant and  omitted.
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The species now assigned to Actinotuenium,  are dealt with in the 
order of the following list, in which they are arranged typologicallv 
according to the chloroplast and  the shape.

A. Species with stelloid chloroplast.

The curtum  group:
1. c u r tu m ,
2. lagenar io ides ,
3. e longat u m ,
4. Clevei,
5. ru fe sc en s ,
6. t u r g id u m ,
7. g rü n d e ,
8. capax .

The cucurbitinum  
g roup :

9. cruciferum,
10. s u b g lo b o s u m ,

11. W o lle i ,
12. t r a c h y p o l u m ,
13. c u c u r b i t i n u m .

The adelochondrum  
group:

14. a d e lo c h o n d r u m ,
15. o b c u n e a t u m ,
16. t u m i d u m ,
17. sy d n e y e n s e .

The cucurbit (i group:
18. p a la n g u la ,
19. i n c o n s p ic u u m ,

B. Species with lobo-stelloid chloroplast.

The pyram idatum  
group:

27. p y r a m i d a t u m .

The sub palangula 
g ro u p :

28. su b p a la n g u la ,
29. su b t i le ,
30. p e r m i n u t u m .

20. t r u n c a tu m ,
21. c ra s s iu s c u lu m ,
22. T a y to r i ,
23. c u cu rb i ta ,
24. p se u d o c u c u r b i ta .

The Mooreanum  
g ro u p :

25. m i n u t i s s i m u m ,
26. M o o r e a n u m .

The viride group:
31. v ir id e ,
32. d i p lo s p o r u m .

1. Actinotaenium  curtum  (Bréb.) comb. nov. Dim: 22— 60X 10— 
32. Fig. 1.

Cosm. curium:  R a l f s  1848, p. 109, T ab . 32: 9. N. C a r t e r  1920, p. 271, Fig. 1 A, B. 
W e s t  and  C a r t e r  1923, p. 267. I n s  a m  und K r i e g e r  1936, p. 99, Tab. 1:25, 26. — 
Pen ium  curtum:  K ü t z i n g  1849, p. 167. W i l l e  1885, p. 87, Tab. 13: 3. T u r n e r  1886, Tab. 
1:3. W e s t  1904, p. 97, T ab . 10:21, 22. BORGE 1911, p. 8, Fig. 1, 2. SAMPAIO 1944, 
Tab. 2 :2 9 —31. D ysp h in c tiu m  Regelinnum:  N ä g e l i  1849, p. 110, T ab. 6: E. — 
Penium Regelianum:  W i l l e  1879, p. 55, T ab. 13: 7. D ysphinc tium  curtum:  D e  T o n i  
1889, p. 877. — Calocylindriis curtus:  K i r c h n e r  1878, p. 143. C o o k e  1886, p. 126, 
Tab. 43 :11 . W o l l e  1887, p. 54, Tab. 12:15, 16. Cosm. Thwaitesii  var. curtum:  
K l e b s  1879, p. 27. — P en ium  p h y m a to sp o ru m :  W i l l e  1885, p. 87, Tab. 13:4.

('. majus.  Dim: 41 4 8 X 21— 25. W i l l e  1879, p. 56, Tab. 14:73. W e s t  1904, p. 98,
Tab. 10:24, 25. B o r g e  1899 a, p. 762, Fig. 5. I n s a m  und  K r i e g e r  1936, p. 99, Tab. 
1:28. M e s s i k o m m e r  1942, p. 142, Tab. 4 :7 , and  1945, T ab. 2 :39 .

f. minus.  D im : 30— 3 2 x 1 5  -16. W i l l e  1879. p. 56, Tab. 13: 75. W e s t  1904, p. 142. 
Tab. 10:23. M e s s i k o m m e r  1942, p .  142, T ab. 4 :8 .

f. in term edium .  Dim: 36— 3 8 x 1 5 — 17. W i l l e  1879. p. 56, Tab. 13:74.
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v a r .  obtusum .  Dim: 41— 4 5 x 2 0 — 23. Fig. 9. W e s t  1900, p.  289. T a b .  412:1 , 2. 

W e s t  1904, p. 99, Tab. 10: 26.
v a r .  globosum.  D i m :  31— 3 8 x 2 4 — 28. W i l l e  1879, p .  56, T a b .  13: 72.

A. curtum,  under the nam e of Regelianum,  is the type specimen of 
Actinotcienium being the species for which NX d e l i  created the sub­
genus Actinotaenium  of the collective genus D ysphinctium  in 1849. 
N X g e l i ’s picture of Regelianum  is clear and  also complete, (even divi­
sion stage) showing the fusiform shape with apical internal papilla 
and  the stelloid chloroplast with six lamellae. This form has been 
refound and depicted by several authors, often without the apical 
papilla, but the nam e curtum  has also been applied to desmids of 
varying forms of which especially the rounded ones seem to be foreign 
to the type, e.g. by N . C a r t e r , W o l l e , C o m é r e  and M e s s i k o m m e r . 

W i l l e  (1879) however, found several forms, viz. mcijus, and medium  
which, in his opinion, form a continuous series between f. typicum  and  
his var. globosum.

P e v a l e k  (1924, p. 62, Fig. 6) has described a var. velebitinum,  the 
semicells of which have inflated bases and  slightly excavated apices. 
It makes the impression neither belonging to curtum  nor to Actino­
taenium.

var. a t tenua tum  ( I n s a m  et K r i e g e r ) com b. nov. Dim : 62— 87X 20— 30. Fig. 2. —  
Cosm. a ttenuatum:  R a l f s  1848, p. 110, T ab. 17 :9 . W e s t  1908, p. 118, Tab. 74:24, 25.

- Cosm. cur tum  var. mcijus: R a b e n h o r s t  1868, p. 177. —  Calocylindrus attenuatus:  
C o o k e  1886, p. 127, Tab. 43: 1, 2. — D ysph inc tium  a ttenua tum :  T u r n e r  1892, p. 44. 
— Cosm. Thwciitesii: K l e b s  1879, p. 27. —  Calocylindrus Thwaitesii:  W o l l e  1884, 
p. 56, Tab. 12: 19. —  Cosm. curtum  var. a t tenua tum :  I n s a m  und  K r i e g e r  1936, 
p. 99, Tab. 1:27. —  Not M a s k e l l  1888, p. 15, Tab. 2: 16!

Already R a l f s  (p. 110) confessed that he in certain cases had been 
doubtful about specific difference between A. curtum  and attenuatum.  
M a s k e l l  (1888) used the nam e Cosm. curtum  var. attenuatum  for a 
desmid of exactly the same front view as attenuatum.  This nam e must 
be rejected because of the clearly b iradiate s true tu r in apical view.

v a r .  Bourrellyi  n o m .  n o v .  D i m :  3 4 X 1 7 .  F ig .  3. —  Cosm. conicum:  B o u r r e i .l y  

1949, ]). 186, T a b .  4: 50.

B o u r r e l l y ’s d e s m i d  d i f f e r s  s o  m u c h  f r o m  t h e  W e s t ' s i n s u f f i c i e n t l y  

k n o w n  Cosm. conicum  t h a t  i t  is h e r e  p r o p o s e d  a s  a  s c r o b i c u l a t e  v a r i e t y  

o f  curtum.

It is impossible to m ain ta in  a specific difference between A. lagena- 
rioides, pseudotinecense, elongcitum, and lanceolatum; the differences 
being vague concerning only proportions and  dimensions. Probably

2(i B o ta n is k a  N o t i se r  1954.
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earlier desmidiologists have been standing in awe of the generic names, 
for instance on the one side Penium lunceolatum and on the other side 
Cosmarium elongatum. The present author has compromised by joining 
the broader lagenarioides—pseudotinecense and the more slender elon­
ga tum —lunceolatum.

The typical Clevei falls, in my opinion, somewhat outside this group 
and is in itself rather differentiated in direction to a more cylindrical 
shape, such as rufescens. As mentioned earlier the scrobiculations of 
the vertex, when observed, possess not deciding hut only secondary 
rank as a specific character.

2. Actinotaenium  lagenarioides (Roy) comb. nov. Dim: 92— 9 5 X 
45. Fig. 4.

Pen ium  lagenarioides: B i s s e t  1884, p . 197, T a b .  5 : 6 .  W e s t  1904, p . 93 , T a b .  
9:  12. — D ysp h in c tiu m  lagenarioides:  L ü t k e m ü l l e r  1905,  p. 337. — Cosm. lage­
narioides: LÜTKEMÜLLER 1910, p . 479.

Bisset’s p icture seems to be unique, W e st ’s is a copy of it. In a 
w ritten com m ent Bisset  has corrected the arrangem ent of the pores: 
they should be scattered, not in rows.

var. pseudotinecense  (Gr ö n b i ..) com b. nov. Dim: 122— 157X45— 57. Fig. 5. — 
Cosm. pseudotinecense:  G r ö n b l a d  1921, p. 42, Tab. 7:61. —  Cosm. lagenarioides: 
Gr ö n b l a d  1920, p. 43, T ab. 5 :2 4 . —  Cosm. elongatum:  I r é n é e -M a r i e  1952, p. 112, 
Tab. 11:1. — Cosm. Faakense:  B e c k -M a n n a g e t t a  1929, p. 3, Fig. 2.

G r ö n b l a d ’s distinguishing of his species depended on the stelloid 
chloroplast in contrast to the very similar Cosm. turgidum var. tine- 
cense R a c i b . This author had not mentioned anything about the chloro­
plast hut turgidum has a taenio-parietal one. Like tinecense also pseudo­
tinecense has a constricted vertex but G r ö n b l a d  has sent me a picture 
of pseudotinecense without this constriction and he is inclined to con­
sider lagenarioides as belonging to the normal, unconstricted pseudo­
tinecense.

3. Actinotaenium  elongatum  (Racib.) comb. nov. Dim: 1 2 8  180X 
34— 59. Fig. 6.

Cosm. elongat urn: R a c i b o r s k i  1885, p. 68, T a b .  11:1. B o r g e  1923, p. 8, T a b .  1:3. 
S k u j a  1928, [i. 156, Tab. 4: 1. G r ö n b l a d  1936, p. 2. Tab. 1: 4. — Calocylindrus elon­
gat us: R a c i b o r s k i  1884, p. 9.

f. brevius.  D im : 106X36. B o r g e  1923, p. 8, T a b .  1:4.  —  Cosm. elongatum:  Ge d e r - 
g r e n  1932, p. 45, Fig. 14.

The typical form of this species quite agrees with A. curtum var. 
attenuatum and could he regarded as a f. maximum  of it.
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var. lanceolatum  (T u r n .) com b. nov. Dim: 81— 9 8 x 2 0 — 36. Fig. 8.
P en ium  lanceolatum:  T u r n e r  1892, p. 17, T ab. 1 :7 . B o r g e  1903, p. 74, Tab. 1 :3 .
D ysp h in c tiu m  lanceolatum:  L ü t k e m ü l l e r  1905, p. 337. — Cosm. lanceolatum:  

L ü t k e m ü l l e r  1910, p. 479.
f. subcy lindricum  (W. et G. S. W e s t ) c o m b .  nov. D im :  134x35 . — P en ium  lan­

ceolatum  var. subcy lindricum  W e s t  1902, p. 134, Tab. 18:5.
var. afr icanum  (S c h m i d l e ) com b. nov. Dim : 96— 128X27— 35. Fig. 7. — P enium  

Clevei var. africanum:  S c h m i d l e  1898, p. 20, Tab. 1 :12 . -  Penium Clcvci f. elon- 
gcitum: W e s t  1907, p. 140, Tab. 13: 2.

4. Actinotaenium  Clevei (Lund.) comb. nov. Dim: 85 116X 35— 
42. Fig. 10, 13.

P en iu m  Clevei: L u n d e l l  1871, p. 86, T ab. 5: 11. W e s t  1904, p. 87, Tab. 8 :36 , 37. 
— P en ium  Tluuaitesii: C l e v e  1864, p. 492. —  Calocylindrus Clevei: W o l l e  1884, 
p.  56, T ab. 50:27. — Calocylindrus Thwaitesii:  W o l l e  1884, p.  56, T ab. 50:28. —  
D ysph inc tium  Clevei: D e  T o n i  1889, p.  893. —  Cosm. Clevei: L ü t k e m ü l l e r  1910, 
p. 479. W e s t  and  C a r t e r  1923, p .  267. Gr ö n b l a d  1920, p.  40, Tab. 5 :2 3 . T a f t  

1937, T ab. 2 :37 . I r é n é e - M a r i e  1949, p .  253, T ab. 1 :5 . —  P enium  breve  var. arcti- 
cum:  W i l l e  1879, p. 57, T ab . 14: 76. ----- Penium diadem atum :  Gu t w i n s k i  1902, p. 585, 
Tab. 3 7 :2 0  (Fig. n o str. 13).

var. delicatu lum  ( J o s h . )  com b. nov. Dim : 6 3 x 2 6 . Fig. 80 (in Fig. 23!). —  P enium  
delicatu lum  J o s h u a  1885, p .  653, Tab. 25 :9 .

L minus.  Dim: 37X 15. -  P enium  de lica tu lum  var. m in u s  W e s t  1895, p. 47, Tab.
5: 36.

var. crassum  (W. et G. S. W e s t )  com b. nov. Dim: 80— 9 8 x 4 2 — 45. Fig. 11, — 
Penium Clevei var. crassum:  W e s t  1894, p. 4, Tab. 1 :5 . W e s t  1904, p. 88, Tab. 
8 :3 8 . C u s h m a n  1905, p. 225, Tab. 7 :8  ( z y g o s p o r e ) .

var. gelidum  ( W i t t r . )  com b. nov. D im : 36— 6 2 x 1 4  - 49. Fig. 14.   Penium geli­
dum:  W i t t r o c k  1883, p. 122, Tab. 3 :2 4 . C e d e r g r e n  1932, p. 25, Tab. 1 :3 . — 
Pen ium  rufescens:  G u t w i n s k i  1909, p. 445, T ab. 7 :8 . ‘/ M e s s i k o m m e r  1942, p. 136, 
Tab. 2: 5. —  IPeniella sudetica:  B e c k - M a n n a g e t t a  1926, p. 6, Fig. 9 12.

Iv r i e g e r  (1935, p. 240) un ited  gelidum  w ith  his P en iu m  rufescens  in 
spite of  the apical scrobiculations. The sam e objection m ust  be ra ised  
to his p lacing of Peniella sudetica  in P en ium  p o l i jm orphum  (p. 229); 
B e c k - M a n n a g e t t a  em phasizes  the porous  cell wall. On the o ther  side, 
the absence  of an  is thm us fu rro w  speaks against ils position in A ctino­
taenium .

5. Actinotaenium rufescens ( C l e v e )  comb. nov. Dim: 50— 9 4 X  

2 0 —32. Fig. 19, 20.

P en iu m  rufescens:  C l e v e  1864, p. 493, Tat). 4 :5 . B o r g e  1903, p. 75, Tab. 1 :6 . 
W e s t  1904, p. 99. Tab. 6: 12, 13. M e s s i k o m m e r  1943, Tab. 6 :3 . I r é n é e -M a r i e  1939, 
p. 88, Tab. 9 :1 3 . K r i e g e r  1935, p. 240, Tab. 10:13, 14. T ai-t  1937, Tab. 2 :36 . 
L h o t s k y  1949, p. 4, Tab. 1 :8 . M e s s i k o m m e r  1927, p. 95, Tab. 2 :7 , and  1935, p. 39,
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Figs. 1— 20. 1: curtain  — 2: var.  attenua tum  —  3: var. Bourrelly i  i: lagenarioides
— 5: var.  pseudotinecense  — 6: e longatum  — 7: var. africanum  — 8: var. lanceolatum  — 
9: c u r tu m  var. obtusum  —  10: Clevei — 11: var. crassum —  12: subpalangula  — 
13: Clevei —  14: var. gelidum  —  1(5: cruc iferum  — 15: f. m inus  — 17: var. pluri- 

rad ia tum  — 18: turg idum  var. o vatum  - -  19— 20: rufescens.
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Tab. 1 :7  (f. ac hr oa) . — - P enium  chri jsoderm a: B o r g e  1906, p. 15, Tab. 1 :7 . D u c e l - 
l i e r  1916, p. 54, Fig. 30, 31. D i c k  1923, p. 215, Tab. 4: 12 (Fig. n o str. 19). Do­
cidi um  breve  var. arcticum:  G u t w i n s k i  1896, Tab. 6: 24. Penium d id ym o ca rp u m  
var. alpinum:  S c h m i d l e  1895, p. 346, T ab. 14: 17.

This species is by K r i e g e r  (1932, p. 240) placed in Penium  in spite 
of the great apical scrobiculations of chrijsoderma which, in K r i e g e r  \s 
(and H o m f e l d ’s 1929, p. 15) opinion belongs to rufescens. L ü t k e ­

m ü l l e r  has (in litt. 12/11 1912) communicated to G. S. W e s t , that he 
had studied a rich material of rufescens and discerned a dense pore- 
apparatus. As distinguished from the rest of the curtum  group, this 
desmid is almost cylindrical with rounded ends, transitional forms occur 
in Clevei. A. rufescens also shows an apparent similiarity to cucur­
bitinum  and  certain pictures assigned to this species could quite as 
well be called rufescens.

6. Actinotaenium turgidum  ( B r é b .) comb. nov. Dim: 138 -207 X 
73— 100. Fig. 21.

Cosm. turgidum:  R a l f s  1848, p. 110, Tab. 3 2 :8 . P e t k o f f  1900. p. 10, T ab. 1 :4 . 
B o r g e  1901, p. 23, Tab. 2: 12. W e s t  1908, p. 115, Tab. 75: 1— 3. M e s s i k o m m e r  1943, 
Tab. 10:4 (Fig. s in is tr .) . K r i e g e r  1932, Tab. 8 :10 . P leuro taen ium  turgidum:  
D e  B a r y  1858, p. 75, T ab. 5 :3 1 . —  Pleurotaeniopsis turgida:  L u n d e l l  1871, p. 51. 
L ü t k e m ü l l e r  1893, p.  43, Tab. 3: 26. Calocxjlindrus turgidus:  K i r c h n e r  1878, p .  142. 
C o o k e  1886, p .  127, Tab. 44: 1. — Disphinc tium  turgidum:  D e l p o n t e  1877, p .  133, 
T ab. 2 1 :1 — 6. —  Cosm arid ium  turgidum:  H a n s g i r g  1888, p. 145. —  Cosm. DeBargi  
var. turgidum:  K l e b s  1879, p. 28.

var. sub ro tunda tum .  D im : 140 x  77. Fig. 28. W e s t  1908, p. 116, Tab. 75:4.
var. ligatum.  Dim: 116— 153X50— 68. Fig. 24. W e s t  1907, p. 204, Tab. 13: 7. B o r g e  

1918, p. 32, Tab. 2 :27 , 28. M e s s i k o m m e r  1943, Tab. 10 :4  (Fig. dextr.).
var. ornatum.  Dim: 2 0 0 x 8 4 . S c h m i d l e  1895 a, p. 72, Tab. 1 :16.
v a r .  ovatum.  Dim: 164— 2 4 0 x 8 3 — 97. Fig. 18. N o r d s t e d t  1888, p. 63, T a b .  7:30. 

I n s a m  u n d  K r i e g e r  1936, p .  110, T a b .  2 :6 .
var. tinecense.  Dim: 160— 1 6 7 x69 . R a c i b o r s k i  1885, p. 69, Tab. 10:2.

This large species of obtuse curium  type differs from the proceeding 
species of this group by its taenio-parietal chloroplasts, carefully studied 
by L ü t k e m ü l l e r  ( 1 8 9 3 ) .  To it some interesting varieties have been 
assigned, viz. ligatum  with an isthmal constriction, extremely scarse 
in Actinotaenium, fu r ther subrotundatum  with almost globular semi- 
cells, and tinecense with a slightly constricted apical part.

7. Actinotaenium grande ( D e l p . )  comb. nov. Dim: 216X100. 
Fig. 26.

D isp h yn t iu m  (!) grande: D e l p o n t e  1877, p. 231, Tab. 21 :9 .
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T h is  d e s m id  d if fe r s  f r o m  A. tu rg id u m  b y  ils  larg er  s ize  a n d  c y l i n d r i ­
ca l sh ap e .  D e l p o n t e  h a s  n o t  seen  the c h lo r o p la s t  but a c c o r d in g  to  th e  
s ize  th e re  is 110 d o u b t  th a t  it h a s  ta e n io -p a r ie ta l  ch lo ro p la s ts .

var. cuneatum  (W. B. T u r n e r ) com b. nov. Dim : 195- 220X 95- 100. Fig. 23. - 
D ysph inc tium  grande  var. cuneatum.  T u r n e r  1892, p. 40, Tab. 7 :5 .

This desm id  agrees w ith  gründe  in the size, the small constric tion  of 
the apical pa r t  also occurs in tu rg idum  var. tinecense. lagenarioides  
var. pseudotinecense,  a n d  cu r tu m  var. obtusum .

8 .  Actinotaenium  capax  ( J o s h u a )  comb. nov. Dim: 140 1 6 5 X

6 6 — 90. Fig. 29.

Cosm. capax-. J o s h u a  1885, p. 645, Tab. 8: 25. -  D ysphinc tium  su h tu rg id u m : T u r ­
n e r  1892, p. 80, Tab. 7 :4 . — Cosm. suh turg idum  (T u r n .) S c h m i d l e  in W e s t  1908, 
p. 116, Tat). 75: 5.

T here  is no  d ifference  in shape  n o r  d im ensions between capax  an d  
suh turg idum :  they are  identical an d  the nam e  capax  possesses the 
priority . T he  ch lo rop las t  is taenio-parieta l .  

The fo rm a  m in u s  m u s t  m ore  co rrec tly  be considered a variety:

var. m inus  (S c h m i d l e ) com b. nov. D im : 60 120X37— 64. Fig. 25. — S c h m i d l e

1895 b, p. 300, Tab. 4 :2 . W e s t  1908, p. 116, T ab. 116:22, 23. K r i e g e r  1932, p. 188, 
Tab. 8: 7. C e d e r g r e n  1932, p. 45, Fig. 15. S k u j a  1949, p. 143, Tab. 26: 8, 9. v a n  O y e  
1953, p. 284, Fig. 74. Pleurotaeniopsis subturgida  var. m in o r : S c h m i d l e  1896, 
p. 305.

9. Actinotaenium cruciferum  ( D e  B a r y )  comb. nov. Dim: 15—
3 0 X 1 0 — 15. Fig. 16, 17.

Cosm. c ru c i f e r u m : D e  B a r y  1858, p. 72, Tab. 7 :3 — 6. v a n  O y e  1953, p. 281, Fig. 64. 
S a m p a i o  1944, Tab. 2 :16 , 17. —  D ysp h in c tiu m  cruciferum:  H a n s c i r g  1888, p. 185 
and  243. G u t w i n s k i  1896, p. 43, Tab. 6 :2 5 . Penium cruciferum:  NORDSTEDT 1888,
p. 71, T ab. 7: 19. W e s t  1904, p. 100, Tab. 10: 18— 20. var. pluriradians:  W i t t r o c k

1889, p. 48. W o l l e  1887, T ab. 6 1 :9  11. TAYLOR 1834,  p. 242, Tab. 45 :16 . T a f t

1837, p. 398, Tab. 2 :35 . ? S c i i m i d l e  1898 a, p. 17, Tab. 1:12, 13. L o w e  1923, Tab. 
3: 7. —  Cosm. subarctoum:  M a n g u i n  1936, p. 8, T ab. 1: 12, and 1940, Tab. 1: 12. -— 
Cosm. g lobosum  f. minus:  B o u r r e l l y  1952, p. 495, Tat). 8: 75. W e s t  1909, Tab. 68 :5 .

f. latius. D i m :  21— 2 4 x 1 6 - 1 9 .  M e s s i  KOMMER 1942, p. 143, Tab. 4 :12 , 13. GRÜN- 
BLAD 1935, p. 4, F ig .  15, 16. T a f t  1937, p.  198, T a b .  2: 10.

f. minus,  f. nov. Dim: 1 2 x 7 —-8. Fig. 15. — Cosm. pseudcirctoum  var. p e r m in u tu m : 
M a n g u i n  1937, Tab. 2. B o u r r e l l y  1952, p. 222. Tab. 28:513, 514.

A. c ru c ife rum  has  a stelloid ch lo rop las t  while the sim ilar  species 
p e r m in u tu m  a n d  subtile  have  lobo-stelloid chloroplast. T he cell in fron t 
view is gu ita r-shaped . Several c i rcu la r  form s of Cosm. pseudarctoum
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and Cosm. y lobosum  of a  s im ilar f ro n ta l  shape  are  n o ted  an d  also 
carefu lly  depicted. It seems correct to assign som e of these to crnci- 
fei'iim. In  the p a r t  con ta in ing  p robab le  a n d  d oub tfu l  species the s ep a ra ­
tion of c ircu la r  form s, previously  assigned to b irad ia te  Cosmaria  is 
discussed.

D e  B a r y  f o u n d e d  h is  sp e c i e s  011 a  f a i r l y  s l e n d e r  f o r m  w i t h  a  c h lo r o -  

p l a s t  h a v i n g  f o u r  l a m e l l a e  (o b s e rv e  t h e  n a m e ) ,  l a r g e r  f o r m s  h a v e  five  

o r  m o r e  l a m e l l a e  w h i c h  h a s  g iv e n  r i s e  to t h e  s u p e r f l u o u s  n a m e  pluri- 
rad ia tum ,  F ig .  17.

T h e  s ta tem ents  given by  B o r g e  a n d  S k t j j a  of cruc iferum ,  cannot, 
011 the  hasis of the s t ru c tu re  of the chloroplast ,  be re fe r red  to cruci- 
fe ru m .  A fu r th e r  d iscussion is given in connection  to subtile.

10. A ctinotaen ium  subglobosum  ( N o r d s t . )  comb. nov. Dim: 32— 
48 X 15— 30. Fig. 33.

Cosm. subglobosum:  N o r d s t e d t  1878, p. I t ,  T ab. 1 :13 . J o h n s o n  1894, p. 287, 
Tab. 1: 13. T he follow ing p ictu res, only ou tline  d raw in g s in  fron t view, m ay  possib ly  
belong to th is  species: K r i e g e r  1932, p. 187, Tab. 8: 12, I n s a m  un d  K r i e g e r  1936, 
p. 109, Tab. 1 :8 , B o u r r e l l y  1952, p. 224, Tab. 29 :531, S c i i m i d l e  1895 b, p. 300, 
Tab. 4 :3 , and Cosm. cur tum  i. M e s s i k o m m e r  1942, p. 142, Tab. 4 :9 , 10.

This  desm id  has  a ra t io  of length  : b re a th  of on ly  1.5, sem i-g lobular  
ends a n d  a fa in t constr ic tion  at the  is thm us. T he  ch lo roplast  is stelloid 
w ith  6— 10 lamellae, the  edges of w hich a re  slightly  laciniate.

T h e  zygospore is g lobu lar  w ith  m am illa te  verrucae.

11. A ctinotaen ium  W olle i (G rö n b l .)  comb. nov. Dim: 35 - 5 1 X 
28— 35. Fig. 40.

Cosm. Wollei: G r ö n b l a d  1924, p. 14, Tab. 2 :6 6 , 67. I r é n é e - M a r i e  1952, p. 138, 
Tab. 12: 10. — Cosm. g lobosum:  W o l l e  1884, p. 60, Tab. 49: 14 17. I y e n g a r  1951,
Fig. 3: I).  — Cosm. g lobosum  var. Wollei: W e s t  1906, p. 151, Tab. 15: 17. K r i e g e r  

1932. p. 177, Tab. 7 :8 , 9. G. S.  W e s t  1907, p. 118, T ab. 7: 10. W e s t  1902, Tab. 20: 
42. - Dgspli inct ium  subellipticum:  SCHMIDLE 1898a, p. 21, Tab. 1:15.

T he shape  is in m ost  cases a lm ost globoid w ith  a fa in t is thm us- 
fu rrow . T he  stelloid ch lo rop las t  has  6— 9 lam ellae .

T h e  zygospore is sm ooth  a n d  globoid ( W e s t  1896).
P l a y f a i r ’s Cosm. g lobosum  var. Wollei  (1914, Tab. 3 :3 )  can not 

be long  to this species because  of its d icen tr ic  ch loroplast;  it is pseudo- 
o m n ira d ia te  from  a b i rad ia te  origin.
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Figs. 21— 35, 80. — 21: turg idum  — 22: trachypo lum  var. M essikom m eri  23: grande  
var. cu nea tum  — 24: turg idum  var. l igatum  — 25: capax  var. m in u s  —  26: grande
— 27: m in u t is s im u m  var. octangulare  — 28: turg idum  var. ro tu n d a tu m  — 29: capax
— 30: t rachypo lum  —  31: pseudocucurb ita  —  32: t rachypo lum  var. elongatum

33: subg lobosum  — 34— 35: m in u t is s im u m  — 80: Clevei var. delicatulum.
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12. Actinotaenium  trachypolum  (W. et G. S. W est ) comb. nov. 
Dirn: 22-  3 0 X 11 - 17. Fig. 30.

Cosm. t ra c h yp o lu m  W e s t  1897 c, p .  166, Tab. 8 :  14, 15. S k u j a  1949, p .  144, Tab. 
26 :4 . — P en ium  cu ticu lare : C o s a n d e y  1934, p. 44, Tab. 2 :15 , 16.

v a r .  e longatum.  D im : 32— 4 4 x 1 6 — 18. Fig. 32. W e s t  1902, p. 168. Tab. 20 :39 , 40. 
K r i e g e r  1932, p .  189, T a b .  9: 11.

var. M ess iko m m eri  nom . nov. Dim: 3 3 x 2 0 — 22. Fig. 22. L ü t k e m ü l l e r  1900, p. 12, 
Tab. 1:31, 32. M e s s i k o m m e r  1935, p. 50, Tab. 4 :36 .

The type form has apical great pores and the protruding parts of 
their pore-organels have been taken for granula; the form described 
by M e s s i k o m m e r  shows a homogeneous pore-apparatus of mixed small 
and  great pores.

13. Actinotaenium  cucurbitinum  (Biss.) comb. nov. Dim: 51— 
90X 23—35. Fig. 3(5.

P en iu m  cucurb it inum :  B i s s e t  1884, p. 197, Tab. 5: 7. S t r o m  1919, p. 21, T ab. 4: 4. 
W e s t  1904, p. 94, T ab . 9: 13, 14. G. S. W e s t  1904, p. 139, Fig. 51 I). G i s t l  1914, 
p. 15, Tab. 1 :8 . —  D ysp h in c tiu m  cucurbitinum:  L ü t k e m ü l l e r  1905, p. 337. — 
Cosm. cucurb it inum:  L ü t k e m ü l l e r  1910, p. 479. T a y l o r  1934, p. 252, T ab. 45: 15. 
M a n g u i n  1937, T ab. 2 :2 9  (Fig. dex tr.). P r e s c o t t  and  S c o t t  1952, p. 8, Tab. 4 :1 1 . 
I n s a m  und K r i e g e r  1936, p. 99, Tab. 1 :3 . — Calocylindrus cucurbit inus:  K i r c h n e r  

1878, p. 143. —  Cosm. palangula:  v a n  O y e  1953, p. 178, Fig. 35. —  Pen ium  deli- 
c a tu lum  var. perfora tum :  G u t w i n s k i  1902, p. 584, Tab. 37: 19.

f. minus.  D im : 43— 5 8 x 1 7 — 24. W e s t  1904, p. 95, Tab. 9 :1 6 . G r ö n b l a d  1934, 
p. 267, Tab. 4 :4 , 5. P r e s c o t t  1936, T ab. 16:8. B o u r r e l l y  1948, p. 494, Tab. 8 :7 0 , 
an d  1952, p. 219, T ab . 19:535. M a n g u i n  1937, Tab. 2 :30 . R o s a  1951, p. 215, T ab. 
12:14.

f. majus.  Dirn: 97— 100X 35— 43. W E S T  1904, p. 95, Tab. 9: 17. 
f. m in u t is s im u m .  M a n g u i n  1937, Tab. 2 :31.
var. angustum .  D im : 7 4 x 1 9 . Fig. 37. G r ö n b l a d  1945, p .  17, Tab. 5 :97 . 
var. grande. Dim: 89— 118X 36— 48. G r ö n b l a d  1921, p .  43, Tab. 7 :62 . B o r g e  

1930, p .  3 3 ,  T ab. 2 :2 5 , and 1936, p .  32, Tab. 1 :20 . I n s a m  u n d  K r i e g e r  1936, p .  99, 
Tab. 1 :1 , 2. H i r n  1903, p. 17, T ab. 2 :27 .

var. magellanicum  ( B o r g e )  com b. nov. Dim: 47— 5 7 x 1 9 — 20. Fig. 42. - Pen ium
magellanicum:  B o r g e  1906, p. 29, Tal). 2: 7. C om pare /1. palangula  var. Wolleil  

var. M anguini  var. nov. Dim : 57— 5 8 x 2 4 . Fig. 44. — Cosm. cucurb it inum  fo rm a. 
M a n g u i n  1937, p. 24, T ab. 2 :2 9  (Fig. sin ist r . ) .

This variety is characterized by the quite cylindrical shape with 
semi-globoid ends. It had an internal apical papilla, only found in one 
o ther picture of cucurbitinum,  viz. P r e s c o t t  and S c o t t  1952. Probably 
not belonging to cucurbitinum.
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var. m in u tu m  P r e s c o t t . Fig. 39. M e s s i k o m m e r  1945, Tab. 2:38. 
var. subpol i jm orphum .  D im : 71— 86X 29 -38. Fig. 41. N o r d s t k d t  1888, ]). 71, T ab . 

7 :20 . W e s t  1904, p .  95, Tab. 9: 19, 20, and 1907, p .  189, Tab. 13: 14. M a s k e l l  1889, 
p. 27, T ab. 5 :50 . K r i e g e r  1932, p. 174, Tab. 9: 14.

var. subretusum .  D im : 47X 30. Fig. 38. M e s s i k o m m e r  1954, p. 33, Tab. 1 : 5 .  
?B o r g e  1894, p. 22, Tab. 2 :1 7 .

var. trunca tum .  D im : 5 3 :7 0 X 1 5 — 29. Fig. 43. K r i e g e r  1932, p. 174, T ab. 9 :1 5 . 
— Cosm. cucurbit inum:  Ir é n é e - M a r i e  1939, p. 182, T ab. 26: 12. —  *>P en iu m  lage- 
narioides  var. in te rm edium :  G u t w i n s k i  1902, p. 584, T ab. 37 :18 . —  Cosm. cu cu r ­
b i tinum  1. minus:  B o u r r e l l y  1946, p. 93, Tab. 4 :49 .

var. scoticum.  D im : 95— 97X 42— 44. W e s t  1904, p. 96, Tab. 9: 18. — Cosm.  
Thwciitesii var. scoticum:  W e s t  1894, p. 8, Tab. 1:15.

As seen from the list above this desmid has been depicted by m any  
desmidiologists who have found it very rich in forms. That all of these 
belong to the real A. cucurbitinum  is dubious, the author has only 
brought most of the literary finds together and also added some des- 
mids published under other names.

The nam e hints a similiarity to cucurbita. The reason w hy B i s s e t  

assigned his desmid to Penium  instead of Cosmarium  is unknow n; his 
diagnosis is very laconic: “F rond shaped as figured. Endochrome in 
fillets, three of which are usually seen in front view. Membrane sparsely 
punctate. Length 85— 90 u b reath  32—35 p.” I have examined a slide 
with B i s s e t ' s  own type specimen in N o r d s t e d t ’s collection and can 
confirm B i s s e t ’s picture, except the distribution of the pores: they are 
scattered, not in rows, a l ithographer’s error that B i s s e t  has noted in 
the reprints.

Most of the desmids cited above, show a narrow  oval— slightly fusi­
form shape with rounded ends, but also forms with retuse ends W e s t  

1904, Tab. 9 :13, 17, S t r ö m  1919, Tab. 4 :4 , and I r é n é e - M a r i e  1939 
p. 182, Tab. 20: 12 are assigned to tiiis species. The latter are to be com ­
pared with the retuse forms of A. cucurbita and would probably more 
correctly be assigned to this species; agreement in shape is more im­
portan t than difference in size, at least on the present stage of our 
knowledge.

An almost square zygospore (of var. subpolymorphum)  was firstly 
described by N o r d s t e d t .  Later, L ü t k e m ü l l e r  found double zygo­
spores. His pictures are not published but he sent drawings to N o r d ­

s t e d t  and  G. S. W e s t .  His spores (Fig. 78) are immature, globoid 
with a beginning square-form, L ü t k e m ü l l e r  thought that  N o r d s t e d t  s 

find was one isolated part of the m ature double-spores.
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14. Actinotaenium adelochondrum  (Elfv.) comb. nov. Dim: 32— 
52X15— 20. Fig. 45.

Pen ium  adelochondrum :  E l f v i n g  1881, p. 17, Tab. 1: 13. W e s t  1892, p. 128, Tab. 
19:19, 1904, p. 93, T ab. 8 :39 , 31, an d  1907, p. 190, Tab. 13:15. S c h m i d l e  1893 a, 
]). 547, Tab. 28 :2 . D y sp h in c t iu m  P u langula : H e i m e r l  1891, p. 594, Tal). 5 :7 . — 
D gsphinc tium  adelochondrum :  L ü t k e m ü l l e r  1905, p. 337. — Cosm. adelochondrum :  
L ü t k e m ü l l e r  1910, p. 479. B o r g e  1936, p. 30, Tab. 1:19. -— P en ium  cyl indrus  
var. a ttenuatum.  R a c i b o r s k i  1890, p. 74, T ab. 7 :21 . -  Penium m in u tu m  var. cras­
sum:  B o r g e  1903, p. 75, Tab. 1 :4 . —  P en ium  fusi forme:  L a y  1884, p. 69, T ab. 2: 11.

var. Kriegen.  D im : 26— 36X 12— 13. Fig. 46. M e s s i k o m m e r  1942, p. 143, T ab. 4 :2 0 . 
K r i e g e r  1938, p. 60, Tal). 1:29.

This desmid, fusiform with retuse (or rounded) ends, has great pores 
the pore-organels of which E l f v i n g  interpreted as granula, corrected 
by B o r g e  (1936, p. 30). Probably  it is these “granu la” that R a c i b o r s k i  

has depicted on his Penium cylindrus  var. attenuatum,  both the con­
stricted cell and the size agree with adelochondrum. K r i e g e r  (1932, 
p. 241) has considered Penium fusiforme  G a y  as a synonym of Closte- 
rium navicula, it may, however, more correctly be assigned to adelo­
chondrum ; shape and size agree and G a y  did not find any vacuoles 
or crystals. Possibly other finds of Closterium or Penium navicula will 
be assigned to Actinotaenium, in specimens without end-vacuole, the 
structure of the isthmus or the division-stages are decisive.

A spiny and globoid zygospore, found by W. W e s t  (1892, Tab. 21: 
18) and at first assigned to obcuneatum,  is suspected io belong to 
adelochondrum  ( W e s t  1908, p. 111).

15. Actinotaenium obcuneatum  (W . W e s t )  comb. nov. Dim: 28— 
42 X 15- -18. Fig. 59.

Cosm. obcuneatum:  W . W e s t  1892, p. 162, Tab. 21: 18. - Cosm. parvu lum:  W e s t

1908, p. 110. K r i e g e r  1933, Fig. 9: .1, K .  B o u r r e l l y  1946 a, p .  495, T ab. 7 :6 9  “par- 
fa item ent c ircu la irc” . A l l o r g e  1931, p. 358, T ab. 8 :6 . S a m p a i o  1944, T ab . 1.3: 
4 2 -  44.

Cosm. parvulum  is a dimorphous species. B r e b i s s o n ’s diagnose con­
tains no statement as to the cross-section but of the pictures of later 
authors some show an ovale, others a circular cross-section, sometimes 
confirmed in the description. Even if quasi-omniradiate forms of par­
vulum  theoretically m ay develop circular specimens, it is probable tha t  
the forms depicted by K r i e g e r ,  A l l o r g e ,  and B o u r r e l l y  represent a 
separate species. This is one of the cases in which, because of the s im ­
plicity of the form, a convergency of omniradiate and biradiate des-
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mids may occur. W i i e l d e n  (1947. p. 84, Tab. 5: 1) and M e s s ik o m m e r  
(1945, p. 101, Tab. 2: 45) have given pictures of the biradiate parvulum 
and also have shown that a small apical excavation occurs on biradiate 
specimens. This excavation, previously observed by B o r g e  (1911, p. 13, 
Fig. 8) and I I a n s g ir g  (1888, p. 187, Fig. 109, under the name of 
Dysphinctium pusillum, incorrect end-view!) may be a character of the 
biradiate parvulum in contrast to obcuneatum.

16. Actinotaenium tumidum  (W o lle )  comb. nov. Dim: 65— 70X 
28—31. Fig. 51.

Cylindrocystis tumida: W o l l e  1887, p. 23, Tab. 56: 7, 8. — Cylindrocystis angu­
lata: W e s t  1896, p. 237, Tab. 13: 25, 26. Cosm. floridanum: L ü t k e m ü l l e r  1913,
p. 228.

var. brasiliense ( G r ö n b l a d ) .  Dim: 65—84X21—27. Fig. 52. — Cosm. floridanum 
var. brasiliense: G r ö n b l a d  1945, p. 135, Tab. 6: 108. K r i e g e r  1950, p. 40, Fig. 34.

This species was depicted by W o l l e  under the name of Cylindrocys­
tis tumida Ga y . W o l l e ’s picture has a distinct isthmus-furrow, while 
G a y ’s picture is devoid of it and shows a lobo-stelloid chloroplast, that 
is why W o l l e  must be regarded as the author. The W e s t s  described 
it as Cyl. angulata and L ü t k e m ü l l e r  changed the name to floridanum 
since the names angulatum and tumiclum already were occupied in 
Cosmarium.

17. Actinotaenium sydneyense (R a c ib .) comb. nov. Dim: 69—73X  
25- 29. Fig. 50.

Penium lagenarioides var. sydneyense: R a c i b o r s k i  1892, p. 368, Tab. 6:3. — 
Penium heterotaphridium: W e s t  1902, p. 135, Tab. 18:3, 4. — Dysphinctium hetero­
taphridium: L ü t k e m ü l l e r  1905, p. 357. Cosm. heterotaphridium: L ü t k e m ü l l e r  

1910, p. 479.

R a g ib o r s k i’s desmid was overlooked when the W e s t s  named their 
desmid. The two desmids agree exactly in form, dimensions, and the 
arrangement of pores and scrobiculalions. R a c ib o r s k i described a 
stelloid chloroplast with eight lamellae and one pyrenoid. The W e s t s  
found a smooth (immature?) globoid zygospore.

18. Actinotaenium palangula  (Bréb.) comb. nov. Dim: 32—48X 
14— 17. Fig. 49.

Cosm. Palangula: R a l f s  1848, p .  212. B r e b i s s o n  1856, p .  132, Tab. 1 : 2 1 .  N o t a r i s  

1867, Tab. 3:24. W e s t  1908, p .  108, Tab. 74:4—6. G r ö n b l a d  1947, p .  25, Fig. 17. 
Calocylindrus Palangula: K IR C H N E R  1878, p .  143. Dysphinctium Palangula: M a n s -
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g i r o  1888, p . 184. — Cosm. C ordanum  f. minus:  M a s k e l l  1888, p . 1(1, Tab. ‘2 :2 0  
(Fig. dex tr.) . —  Cosm. Cucurbita  var. Palangula:  K l e b s  1879, p . 28, T ab . 3 :8  b — d.

var. Wollei.  Dim: 51— 75X 21— 25. Fig. 47. — Calocijlindrus Cucurbita:  W O L L E  

1884, p. (14, Tab. 12:14. idem  f. Wollei:  E i c h l e r  1894, p. 126, T ab . 2 :14 . — 
Penium Cucurbitinum:  G lS T L  1914, p. 15, Tab. 1 :8 . — Cosm. cucurb it inum:  TA Y LO R 

1933, p. 252, Tab. 45: 14.
var. silesiacum  ( K i r c h n e r )  com b. nov. Dim: 42— 51X 12— 14. Fig. 48. — Calo­

cijl indrus Cylindrus  var. silesiacus:  K i r c h n e r  1878, p. 143. — P enium  cyl indrus  var. 
silesiacum:  S c i i M i D L E  1893, p. 20, Tab. 3 :6 . J o h n s o n  1895, p. 291, Tab. 239:2.

B r f b i s s o n 's  picture (lithographed by himself) shows a baeuliform  
cylindrical cell with obtuse or slightly rounded ends. In the short 
diagnosis he em phasized that the pores are arranged  in transverse rows 
and persisted in it against R a l f s ’ critique (1848, p. 212). R a l f s  and 
also d e  N o t a r i s  have found the pores arranged  as a system  of two 
oblique-crossing series of pores, a pattern  th a t implies the vertical rows. 
Except for the pore arrangem ent palangula d iffers from  cucurbita  only 
by a greater ratio of length : breadth , thus, it could be regarded as a 
long variety  of cucurbita, as K le b s  hos proposed.

K i r c h n e r  (1878) created  var. silesiacus of Calocijlindrus (Penium) 
Cylindrus and characterized it by its dense and irregular punctae, i.e. 
granules. S c h m id le  (1893) and J o h n s o n  (1895) have used this nam e 
for a desm id w ith an  evident isthm us-furrow . J o h n s o n  has depicted 
the pores and  S c h m id le  the granules, i.e. in this case the p ro trud ing  
pore-organels. Though K r i e g e r  has taken up these two pictures as 
belonging to Penium cylindrus , it seems inevitable to reject them  as 
Penium  and  assign them  to Actinotaenium, m ost probably to A. pa­
langula.

19. A c t in o ta en iu m  inconspicuum  (W. W e s t )  comb. nov. Dim: 13 -  
19(— 30) X 5— 8. Fig. 57, 58.

P en ium  inconspicuum:  W . W E S T  1894, p. 4, Tab. 1:6, 7. W E S T  1896, p. 237, Tab.
12:34, an d  1904, p. 101, T ab. 10:15— 17. D ysp h in c tiu m  inconspicuum:  L ü t k e -

m ü l l e r  1905, p. 337. —  Cosm. bacillare: L ü t k e m ü l l e r  1910, p. 484. A l l o r g e  e t

M a n g u i n  1941, p. 166, Fig. 17.
A. inconsp icuum  1. bacillare  (ad in te rim ): G r ö n b l a d  1921, p. 37, Tab. 1 :38. 

A l l o r g e  1931, p. 353, T ab. 10:19, 20. M e s s i k o m m e r  1928, p. 206, Tab. 8 :4 , an d  
1943, T ab. 9 :1 8 . K r i e g e r  1932, p. 170, Tab. 9 :12 . H u z e l  1936, p. 76, T ab. 9 :1 2 . 
B o u r r e l l y  1952, p. 219, T ab. 28:507 (f. m ajus) .

W. W e s t ’s species h a s  a  double-ovale shape  bu t an  o the r  so m ew h a t  
dev ia ting  fo rm  w ith  the sam e dim ensions h a s  been  pub lished  b y  several 
au thors .  This desm id has  stra ight-sided, slightly  conical semicells and.
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in certain cases, an internal apical papilla. It is recorded from different 
parts of the world and  is uniform also in the dimensions. It makes the 
impression of a small form of Pleurotaenium m inutum  and may con­
veniently be called f. bacillare until its relations are quite known. It 
agrees with I r é n é e - M a r i e ’s picture (1952, Tab. 2: 11, 12), labelled as 
Penium crassum  var. inflatum  hut this au thor has in a letter told 
me that it should correctly he called Pleurotaenium m inutum  var. 
crassum.

L ü t k e m ü l l e r  (1910, p. 484) recorded a dwarf form of only 7X 4.5 u.

20. Actinotaenium  truncatum  (B ré b .)  comb. nov. Dim: 22— 47 X 
10— 14. Fig. 62, 63.

P enium  truncatum :  R a l f s  1848, p. 152, Tab. 25 :5  (c. zyg.). D e l p o n t e  1877, 
p. 181, Tab. 15: 37—39. N o t a r i s  1867, p. 69, Tab. 8 :78 .  W o l l e  1884, p. 35, Tab. 
5 :9 ,  10, a n d  Tab. 5 :21 ,  22 (variety).  C o o k e  1886, p. 14, Tab. 17:4. W e s t  1904, 
]). 82, Tab. 8: 24— 26. —  P leurotaenium  truncatum :  CLEVE 1863, p. 494. — Cosm.  
abscissum  L ü t k e m ü l l e r  in m anuscr . :  K r i e g e r  1935, p. 342.

Already R a l f s  described Penium truncatum  to be “minutely dotted” 
and L ü t k e m ü l l e r  reported to G. S. W e s t  (in litt. 1911) that he had 
examined this desmid and had  found its membrane to be porous, 
consequently belonging to Cosmarium. In K r i e g e r  (1935, p. 242) 
Cosm. truncatum  is taken up as a synonym to Cosmarium abscissum  
L ü t k . L ü t k e m ü l l e r  had  invented this nam e for Penium truncatum  
and in his m anuscript he gives the diagnose: “Chloroplast axil mit 6 
ganzrandigen Längsleisten. Von Cosmarium Palangula durch die p a ra l­
lelen nach oben nicht convergierenden Seiten, den abgestutzten Scheitel, 
durch die dünnere Zellhaut und die abweichende Verteilung der Poren 
unterschieden” , (communicated by Dr. G r ö n b l a d ) .  G r ö n b l a d  has 
(1921, p. 29) described a Cosm. abscissum. As ('.asm. abscissum  L ü t k . 

is a nomen nudum,  there may not be any confusion.
The zygospore is smooth and sphaerial ( R a l f s , W o l l e ) .

Figs. 36— 64. — 36: cucurb it inum  — 37: var. angusta tum  — 38: var. subre tusum  — 
39: var. m in u tu m  —  40: Wollei  — 41: cucurb it inum  var. su b p o ly m o rp h u m  42: var. 
magellanicum - 43: var. trunca tum  — 44: var. Manguini - 45: ade lochondrum  ----- 
46: var. Kriegen  — 49: palangula  — 47: var. Wollei  — 48: var. silesiacum  — 50: syd-  
neyense  — 51: tu m id u m  — 52: var. brasiliense  — 53: Mooreanum  — 54: 1. con­
str ic tum —  55: zygospore —  56: viride  — 58: inconsp icuum  —  57: f. bacillare — 
59: obcunea tum  — 60: p e rm in u tu m  —  61: subtile  — 62 63: trunca tum  -  64: cucur­

bita, zygospore.
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Figs. 36— 64.
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21. Actinotaenium crassiusculum  (D e  H a r y ) comb. nov. Dim: 56— 
70X 11— 23. Fig. 77.

Penium crassiusculum:  D e  B ary  1858, p. 73, Tab. 5 : 5 — 7. B ö r g e s e n  1890, p. 931, 
Tab. 2 : 1 .  L ü t k e m ü l l e r  1900, p. 116, Tab. 6:2. B o r g e  1906, p. 15, Tab. 1 :6 .  W e s t  
1904, p. 96, Tab. 8 : 4 ,  5. D u c e l l i e r  1916, p. 56, Fig. 33-— 35. I r é n é e -Ma r ie  1952, 
p. 30, Tab. 4 : 1 .  Co o k e  1886, p. 44, T ab. 1 7 :17 .  —  P en ium  Brebissonii  var. cras­
siusculum:  K l e b s  1879, p. 23, Tab. 3: 1. — Cos m. crassiusculum:  I nsa m  u n d  K r i e g e r  
1936, p. 98, Tab. 1 :5 .  Al l o r g e  et Ma n g u in  1941, p. 168, Fig. 22.

This desmid was not transferred from Penium  by L ü t k e m ü l l e r  in 
his revision of 1905, but he has later fin a letter to G. S. W e s t )  stated it 
a Cosmarium  (the pores have been noted already by B ö r g e s e n )  . 

Evidently the pores are m ore difficult to discern than on palangulci 
and this circumstance m ay have caused these two so similar species 
to be assigned to different genera. The difference seems to lie mainly 
in the size; crassiusculum  is, as a rule, longer, more than 50 it compared 
with pcilangula that scarsely exceeds 50 p.

D e  B a r y  depicted a lateral nucleus, (repeated in W e s t s ’ Monograph), 
a position that has not been verified by D u c e l l i e r . The chloroplast 
has 6— 7 lamellae. B o y  and  B i s s e t  (1894) have found the zygospore 
“similiar to that of phym atosporum  but with angles less prominent and 
more round” .

22. Actinotaenium Taylori (N. C a r t e r ) comb. nov. Dim: 160 
230X45— 50. Fig. 65.

Cosm. Taylori:  N. C a r t e r  1935, p. 169, Figs. 27, 28.

This interesting species has a scrobiculate cell wall, the upper third 
of the semicell bears pores in transversal and longitudinal rows with 
protruding pore-organels. In connection with the largeness of the cell 
the chloroplast has developed in a parietal direction; the edges of the 
lamellae are curled and  laciniatc. II contains several axile pyrenoids.

23. Actinotaenium cucurbita (B r é b .) comb. nov. Dim: 29— 51 X  

15—24. Fig. 66.
Cosm. cucurbita: B a l e s  1844, p. 395, Tab. 11:10, and  1848, p. 108, T ab. 17:7. 

K l e b s  1879, p. 28, Tab. 3 :8  b, c, g. S c h m i d l e  1894, p. 89, Tab. 6 :3 . W e s t  1908, 
p. 106, Tab. 73 :31—33. K r i e g e r  1932, p. 174, Tab. 9 :16 . T a y l o r  1934, p. 252, 
Tab. 51 :6 . I r é n é e - M a r i e  1939, p. 181, Tab. 22:11. I n s a m  und  K r i e g e r  1936, p. 99, 
Tab. 1:14. L h o t s k y  1948, p. 3, Tab. 2 :46 . H u z e l  1936, p. 91, Tab. 11:2, 3. B o u r - 

RELLY 1952, p. 219, Tab. 29:532 (form a). S a m p a i o  1944, p. 350, Tab. 13:37— 39. — 
Cosm. Palangula:  D e  B a r y  1858, p. 72, Tab. 6:51. D ysphinc tium  Cucurbita:
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G r u n o w  1858, p. 500. G u t w i n s k i  1909, p. 448, Tab. 7 :1 1 a  (var. in fla tum ).  — 
Calocylindrus C ucurb ita4. K i r c h n e r  1878, p. 143. C o o k e  188G, p. 125, Tab. 44:7 . 
W . W e s t  1889, p. 18, T ab . 3: 15. P enium  a d e lo c h o n d ru m 4. K u f f e r a t h  1914, p. 297, 
Fig. 8 (var. p u n c ta tu m ) ,  an d  p. 298, Fig. 9 (var. constr ic tum ) .

I. majus.  Dim: 0 0 x 3 0 . W . W e s t  1892, p. 162, Tab. 24:25. W e s t  1908, p. 107, 
Tab. 74:2.

f. minus.  Dim: 2 4 x 1 2 . B o u r r e l l y  1946, p. 93, Tab. 4 :52.
f. m in im u m .  W e s t  1895, p. 176.
i. ro tundatum .  D im : 2 8 x 1 6 . K r i e g e r  1932, p. 174, Tab. 8: 13. v a n  O y e  1953, p. 281, 

F'ig. 65, an d  1949, p. 295, Fig. 21. N. C a r t e r  1920 a, p. 217, Tab. 10:14, 15.
1. latius. Dim: 37— 4 0 x 2 3 — 27. W e s t  1908, p. 108, Tab. 74: 1. I n s a m  und K r i e g e r  

1936, p. 99, Tab. 1:6. D u c e l l i e r  1918, p. 123, F’ig. 106. -  Calocylindrus Palangula
var. rotundatus:  I s t v a n f f i  1888, p. 288, Tab. 1:21, 22. — Cosm. Palangula:  K l e b s  

1886, p. 357, Tab. 2 :1 5 . —  Cosm. conicum:  G u t w i n s k i  1909, p. 492, Tab. 7:16.
var. attenuatum.  D im : 24— 4 6 x 1 5 — 23. Fig. 67— 69. G. S. W e s t  1904b, p. 286, 

T ab . 464:18. W e s t  1908, p. 108, Tab. 73 :34— 36. L o w e  1923, Tab. 3 :8 . A l l o r g e  e l 

M a n g u i n  1941, ]). 168, Tab. 26: 1— 3. G r ö n b l a d  1938, p. 3, F'ig. 8. K r i e g e r  1944, 
p. 269, Fig. 45. S k u . t a  1949, p. 120, Tab. 26: 1, 2. I r é n é e - M a r i e  1952, p. 109, Tab. 
10: 17. S a m p a i o  1944, p. 351, Tab. 13:40, 41. - Cosm. curtum:  B o r g e  1894, p. 22,
T ab. 2 :17 . - D y sp h in c t iu m  cucurbita  f.: S c H M i D L E  1895, p. 347, Tab. 14:16. G u t ­

w i n s k i  1909, p. 448, Tab. 7:11 (var. in fla tum ).  —  Cosm. Cucurbita: K l e b s  1879, 
p. 28, Tab. 3: 8 d. M a n g u i n  1937, Tab. 2 :28 . M e s s i k o m m e r  1943, Tab. 10:5. KossiN- 
S K A . I A  1938, Tab. 2: 11. —  Cosm. Palangula:  v a n  O y e  1952, p. 178, F'ig. 35. —  Cosm. 
conicum:  W e s t  1895, p. 71, Tab. 8: 12. B o u b a l  1947, p. 50, Tab. 5: 10 (var. brevius).

var. robustum .  D im : 63— 6 5 x 3 0 —33. F'ig. 70. K r i e g e r  1950, p. 40, F’ig. 8.
Z ygospores: W e s t  1908, p. 106, Tab. 74:3. H o m f e l d  1929, p. 41, Tab. 5:54. 

G r ö n b l a d  1921, p. 53, Tab. 7:63. F r i t s c h  and R i c h  1937, p. 184, Fig. 13:1, Fig. 
n o str. 64. S k u j a  1949, p. 120, Tab. 26: 3.

Ju d g in g  from  the m a n y  varieties a n d  form s this species is very v a r i ­
able; next to /1. cu cu rb i t in u m  the m ost depicted species of Actinotae-  
n iu m .  B r e b i s s o n ’s m a in  type is cylindrical w ith  a b ru p t ly  re tuse ends 
b u t  the a t ten u a te  type w ith  more conical semi-cells a n d  slightly rounded  
ends m ay  lie quite as p rom inen t .  W ith in  these two types there  is a great 
va r ia t ion  in the p ropor t ions  and the  size.

The W e s t s  (1908, Tab. 73: 32) have depicted the chloroplast, showing 
lappets of the lamellae radiating from the pyram id . Already D e Baby 
(1858, Tab. 6:51), however, has depicted a typical stelloid chloroplast, 
a structure confirmed by N. C a r t e r ,  B o u r r e l l y ,  K le b s ,  and H u z e l ,  
the latter has described a parietal extension of the edges.

Mature zygospore have a globoid shape with conical verrucae, Fig. 64.
It is of interest th a t  K r i e g e r  (1944) an d  B o u r r e l l y  (1952) have 

seen an  in te rna l  ap ica l papilla.
Cosm. conicum  W e s t  seems to fall into one of the m a n y  form s of

27 B o ta n isk a  N o tise r  1951.
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cucurbita.  T here  is an o th e r  desmid, D y sp h in c t iu m  con icum  T u r n e r , 
tha t m ay  be assigned to A ctino taen ium ,  see species inquirendae , p. 415.

24. Actinotaenium  pseudocucurbita  (B o u rr .)  comb. nov. Dim: 
24X 16 . Fig. 31.

Cosm. pseudocucurb ita  B o u r r e l l y  1946, p. 96, Tab. 4 :5 0 . 51.

It d iffers  f rom  cucurbita  in the rec tangu la r  zygospore. T he cells show  
a s tr ik ing  s im iliarity  to Calocylindrus Palangula  var. ro tunda tus  
Ist w a n ffy  (1888, Fig. 21) b u t  this one is twice the  size of p seu d o ­
cucurbita.

25. Actinotaenium  minutissimum  (N o rd s t . )  comb. nov. Dim: 12— 
19 X 9— 11. Fig. 34, 35.

P en iu m  m inu t is s im um :  N o r d s t e d t  1873, p. 46, Tab. 1:21. C o o k e  1886, p.  95, 
Tab. 17:10. W e s t  1904, p. 81, T ab . 8 :2 0 — 23. N. C a r t e r  1922, p. 63, Tab. 4 :1 5 . 
K r i e g e r  1932, T ab. 7 :9 . —  Cosm. n a n u m  L ü t k e m ü l l e r  (in manuscr.)  G r ö n b l a d  

1934, p.  269, F ig .  5: C. T a f t  1937, p .  402, Tab. 2: 15. —  Cosm. Luetkemuelleri:  
G r ö n b l a d  1935, p. 4.

1. majus.  Dim: 13— 27X 10— 18. W i l l e  1884, p. 48, Tab. 3 :9 . B o r g e  1903, p. 94, 
Tab. 1:2.

Cell broad-ovale , w ithou t  is thm al constriction, chloroplast  w ith  fou r  
lam ellae  (Grö n bl a d , T a f t ). Borge  has found  a questionable  fo rm a 
m ajor  w ith  a fa in t  is thm us-fu rrow ; it m ay  be a small fo rm  of A. c u cu r ­
b itinum .

T he zygospore is lens-shaped  with four rounded  angles (No r d s t e d t , 
W i l l e , Kr i e g e r , N. Ca r t e r ).

V ar. suboctangulare  (W. W e s t)  com b. nov. Dim : 14 — 16X10. Fig. 27.
P en ium  suboctangulare:  W . W e s t  1892, p. 128, Tab. 224:20. W e s t  1904, p. 81. 

Tab. 8: 14- 19.

K r ie g e r  (1932, p. 242) has  p roposed  that this desm id be assigned 
to M ooreanum ,  the latter, however, has the angles of the zygospore 
ending in a d istinct papilla  w hile  the zygospore of suboctangulare  has 
the angles cut off, giving it the shape  of an  octagon.

26. Actinotaenium Mooreanum  (Arcii.) comb. nov. Dim: 17— 2 6 X 
11— 15. Fig. 53, 55.

P en iu m  M ooreanum:  A r c h e r  1864, p. 50, Tab. 1 :34— 44. C o o k e  1886, p. 44, Tab. 
17:5. S c h m i d l e  1893, p. 21, Tab. 3 :8 , 9. W e s t  1904, p. 80, T ab. 8 :8 — 10. G u t w i n s k i  
1907, p. 444, Tab. 7 :9  ( z y g o s p o r e ) .  S t r ö m  1923, p.  464, T ab. 12:6. - -  Penium pusil­
lum:  D e l p o n t e  1877, p. 185, Tab. 15: 34— 36. — D ysphinc tium  cruciferum  var. tatri-
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c u m : G u t w i n s k i  1909, p. 447, Tab. 7: 10. — D ysp h in c tiu m  M o o rea n u m : L ü t k e m ü l l e r  

1905, p .  337. — Cosm. M ooreanum:  L ü t k e m ü l l e r  1910, p. 479. B o r g e  1936, p.  35, 
Tab. 1:21.

f. constrictum.  F ig .  54. S c h m i d l e  1893, p.  21, T ab. 3 :10 , 11, and  1897, p. 22, 
F ig .  3 ( z y g o s p . ) .  — P en ium  sp. B o r g e  1930, p. 26, T ab. 1: 12, 13.

P e n iu m  sp. B o r g e  agrees well in  the  shape  w ith  slightly constr ic ted  
shape, the  size a n d  the chloroplast.

Cell b road-oval or cylindrica l w ith  ro u n d ed  ends. Chloroplast  stelloid 
w ith  six lamellae. Zygospore q u a d ra n g u la r  w ith  slightly constr ic ted  
sides a n d  one pap il la  on each  angle.

27. Actinotaenium  pyram idatum  (W. et G. S. W e s t )  comb. nov. 
Dim: 34— 4 9 X 2 2 — 26. Fig. 71, 72.

Cylindrocystis  pyramidata:  W e s t  1902, p. 134, T ab. 1 8 :1 , 2. W e s t  1907, Tab. 
1 3 :4 , 5. —  Cosmarium cylindrocystiforrne:  G. S. W e s t  1912, p . 85. B o u r r e l l y  
1952, p . 219, Tab. 2 9 :5 3 6 . — P enium  p y ra m id a tu m  K r ie g e r  1932, Tab. 7: 13.

This  desniid is s im ila r  to a b ro ad  cu r tu m  h u t  has a lobo-stelloid 
chloroplast.  The zygospore is ellipsoidal a n d  smooth.

Cosm. sub p y r a m id a tu m  ( W e s t )  L ü t k .  ( W e s t  1901, p. 78, Tab. 2: 
8— 11 a n d  L ü t k e m ü l l e r  1913, p. 228, Tab. 2: 28) is no doub t an  A ctino­
taen ium  h u t  as yet insuffic ien tly  know n. T he  shape  is of cu r tu m  type 
an d  very  sim ilar  to th a t  of p yra m id a tu m .  However, the d iagnose does 
not m en t io n  an y th in g  abou t the ch lo rop las t  a n d  W e s t s ’ p ic tu re  gives 
no in fo rm ation  of it bu t  a grea t pyrenoid . L ü t k e m ü l l e r  has  exam ined  
W e s t s ’ m ate r ia l  a n d  has  s ta ted  the porous cell wall and  the oval zygo­
spore. In  a picture, sent to G. S. W e s t  in 1912, he has depicted  the 
con trac ted  ch loroplasts  a n d  they agree m ore  w ith  a lobo-stelloid ch lo ro ­
plast th a n  w ith  a stelloid one.

In spile of the so m ew h a t  sm aller  size a n d  the still obscure  ch lo ro ­
plast h u t  accord ing  to the s im iliarity  in sh ap e  an d  the identity  of the 
zygospore, this desm id  is likely to he u n ited  w ith  pyra m id a tu m .  In this 
case the n a m e  sub p y r a m id a tu m  possesses priority .

28. Actinotaenium subpalangula  (E lfv .)  comb. nov. Dim: 25— 34 X 
20— 25. Fig. 12.

Cosm. subpalangula:  E l f v i n g  1881, p.  14, Tab. 1 :11 . B o r g e  1906, p.  29, la b . 
2 :20 . B o r g e  1936, p.  37. T ab . 1: 18. W e s t  1908, p. 109, Tab. 74:7 . — D ysph inc tium  
subpalangula:  DE T o n i  1889, p.  882.

f. depaupercitum:  L a g e r h e im  1886, p. 47.
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The barrel-shaped cell is very characteristic, compare A. cucurbita 
1‘. latius. The large pores are arranged in transverse rows, bearing 
protruding pore-organe'ls. These m ay be lacking or overlooked; f. de- 
pauperatum. The chloroplast is lobo-stelloid.

D ic k ’s subpalangula  (1 930 , p. 41 , Tab. 7 : 1 2 )  differs in shape so 
much that B o r g e  (1936 , p. 37) found it dubious. Probably these g ra ­
nules are true ones and not pore-organels. The circular form in end- 
view caused D ic k  to deny a connection with Cosm. amoenum,  perhaps 
it m ay be a small form of Cosm. elegantissimum  var. simplicius, com ­
pare I r é n é e -M a r i e  1939, Tab. 3 0 : 12.

29. Actinotaenium  subtile (W. et G. S. W e s t ) comb. nov. Dim: 
14— 18X10— 12. Fig. 61.

Pen ium  sub t i le : W e s t  1897 a, p .  479, Tab. 6 :8 , 9. W e s t  1904, p .  92, Tab. 8 :2 7 — 
29. — D ys ph i  net i uni subtile:  L ü t k e m ü i .l e r  1905, p.  336. — Cosm. subtile: L ü t k e  

Mü l l e r  1910, p. 494. B e y e r i n c k  1926, p. 50, Tab. 8: 165. B o r g e  1936, p .  38, Tab.
1:26. A l l o r g e  1931, p.  361, T ab. 10:27, 28. Cosm. cruciferum:  B o r g e  1930, p.  32,
Tab. 1 :21— 23. B o r g e  1936, p.  32, T ab . 1:22. SKUJA 1934, p .  69, Fig. 97.

var. subsparsepunctcitum:  Gr ö n b l a d  1921, p. 38, Tab. 7 :3 4 — 37.

This desmid has a very simple shape, broad-oval with obtuse ends 
and a faint isthmus-furrow. It is distinguished from similar desmids 
by the lobo-stelloid chloroplast with 5— 7 lobes, carefully depicted by 
G r ö n b l a d . On stained specimens B o r g e  h a s  observed the pore-organels.

Desmids published as Cosm. cruciferum  by S k u j a  and B o r g e  are 
probably to be assigned to subtile because of the lobo-stelloid chloro­
plast. S k u j a , however, has (p. 69) mentioned that the cell-division is 
performed in the simple m anner, characteristic of the saccoderms, 
Penium  and Closterium. If this observation is confirmed, his desmid 
must be placed with the saccoderms, nearest to Cylindrocgstis.

30. Actinotaenium perm inutum  ( T u r n e r , G. S. W e s t ) comb. nov. 
Dim: 10 - 1 4 X 5 — 8. Fig. 60.

Cylindrocystis  minutissima:  T u r n e r  1892,  p. 16, Tab. 1 : 2 4 .  W e s t  1904, p .  62,  
Tab. 5 : 9 .  H u z e l  1936, p . 75, Tab. 19: 18. T a f t  1937,  p. 402,  T ab. 2 : 2 4 ,  - Cosm.
p erm in u tu m :  G. S. W e s t  1914, p. 1641.  G r ü n b l a u  1921,  p. 37 , T ab. 7 : 3 9 — 41. — 
Cosm. pseudarctoid.es: S t r ö m  1920,  p .  31,  Tab. 3 : 7 ,  8. Cosm. pseuclarctoum  var. 
perm inu tum :  BOURRELLY 1946, p. 496 ,  T ab. 8 : 7 1 .

Cell guitar-shaped in front view, chloroplast lobo-stelloid with 4—7 
lobes.
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31. Actinotaenium  viride  (C o r d a ) comb. nov. Dim: 40— 6 5 X 2 0 — 
36. Fig. 56, 73.

Colpopelta viridis: C o r d a  1830, p. 206, Tab. 2: 28. —  Cosm. Colpopelta:  B r é b i s s o n  

1861, p. 734. — Cosm. C ordanum :  R a b e n h o r s t  1858, p. 177. T u r n e r  1885, p. 954, 
Tab. 4: 15. B o r g e  1906, p. 36, Tab. 2 :21 . W o l l e  1887, T ab. 40 :28 . — Cosm. viride: 
J o s h u a  1885, p. 34, T ab . 254:3 . W e s t  1895, p. 71, Tab. 9 :27 , and 1908, p. 113, 
Tab. 74 :16— 18. B o r g e  1928, p. 101, Tab. 1 :15 . K r i e g e r  1932, p. 190, Tab. 8 :11. 
T a y l o r  1934, p. 272, T ab. 50: 14, and  Tab. 55 :8 . I n s a m  u nd  K r i e g e r  1936, p. I l l ,  
Tab. 1:9. S a m p a i o  1944, T ab . 13:45— 48. — D ysp h in c tiu m  Cordanum:  HANSGIRG 

1888, p. 186. — D y sp h in c t iu m  viride: D e  T o n i  1884, p. 885. Cylindrocystis  (?) 
depressa: T u r n e r  1892, p. 16, Tab. 7 :11 . —  Calocylindrus diplosporus: W i l l e  

1884, ]). 56, Tab. 12: 8. —  D ysphinc tium  g lobosum  var. subviride:  S C H M ID LE 1893, 
p. 24, T ab. 6 :1 3 , an d  1894, p. 51, Tab. 7 :7  (Cosm. m on i l i fo rm e  1. subviride).

C minus.  Dim: 3D 03X 18 19. W. W e s t  1892, p. 161. M a s k e l l  1888, p. 15,
Tab. 2 :2 0  (Fig. s in is tr .) . W e s t  1907, p. 205, Tab. 13:12 (var. trunca tum ),  and 1908, 
p. 113, T ab. 74: 19.

This desm id  is one of the first d is tinguished  as a p ic ture  (Fig. 56) 
given by C o r d a  (1835, p. 206, Tab. 2: 25) w ith  explanation, un d e r  the 
nam e  of Colpopelta viridis.  T here  m ay  be little doub t tha t C o r d a ' s 

“an im a lcu le” is a desm id, though  he has  seen bo th  “b o u c h e ” and  “tube 
a l im e n ta ire ” . I le  m en tio n ed  the conten t as green an d  the skin as rough. 
Since then  it h a s  been fo u n d  and  depicted by several botanists, all of 
them show ing  the  gu i ta r -sh ap e  w ith  ro u n d ed  or  re tuse ends in f ron t  
view a n d  (sometimes) also the c ircu la r  end view. As regards  the ch lo ro ­
p last no th in g  w as m entioned , but S k u j a  (1934, p. 76) has  given a d e ­
scrip tion: a cen tra l  core w ith  a large py reno id  a n d  n u m ero u s  rad ia t ing  
lappets  with  so m ew h a t  th ickened  ends, i.e. a lobo-stelloid chloroplast.

The  var. t r unc a tu m  a n d  f. glabrum  W e st  are  om itted ; the separa ting  
ch a rac te rs  are  of no b iosystem atica l interest. P e rh ap s  Dysphinc t iu m  
in fe ru m  T urner  (1892, p. 40, Tab. 1 : 21) a n d  P en iu m  sp. F ritsch (1912, 
p. 20, Tab. 3: 45, 46) belong  to f. minus.

It is im possible  to d is tingu ish  outline p ictures of viride from certa in  
desm ids described  as Cosm. mo n i l i f e ru m  var. p an dur i for me  and  Cosm.  
globosum,  w hich , how ever,  have a fu rco id  chloroplast,  the lamellae 
hav ing  entire  edges.

Cosm. viride var. c o m p re ss u m  T a ft  (1945, p. 200, Tab. 3 :37 ,  38) is 
not viride  because  of the b irad ia te  shape and  the  g ranu la te  cell wall.

32. Actinotaenium diplosporum  (L u n d .) comb. nov. Dim: 60 7 2 X  

28— 29. Fig. 74.
Cylindrocystis  d iplospora:  L u n d e l l  1871, p. 83, Tab. 5 :7  (c. zyg .). N o r d s t e d t  

1888, p. 72, Tab. 7 :25 . B o r g e  1891, p. 13, Fig. 11. T u r n e r  1892, p. 16. Tab. 7 :8 .
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67 68

V. 'Jj

Figs. 65— 79. — 65: Taylori  —  66: cucurbita  67— 69: var. attenuatum  — 70: var. 
r o b u s tu m  ----- 71— 72: p y ra m id a tu m  —  73: viride  — 74: dip losporum  ----- 75: var. 
am er ica n u m  — 76: I. m inus  - 77: crassiusculum  78: cucurbit inum,  zygospore — 

79: d ip losporum  var. am ericanum  i. minus,  zygospores.

W e s t  1904, p. 61. Tab. 4 :4 0 , 41 (c. zyg .). G. S. W e s t  1916, p. 306, Fig. 230 1. 
D u c e l l i e r  1916, ]). 50, Fig. 27 (zyg.). T a y l o r  1934, p. 240, Tab. 45 :8 . — Penium  
dip losporum :  J a c o b s e n  1874, p. 161. Cosm. cordanum:  W. W e s t  1889, p. 18, 
Tab. 3 :2 3 . — Cosm. d ip lo s p o ru m : L ü t k e m ü l l e r  1913, p. 227, Tab. 2 :27 . N. C a r t e r  

1920, p. 271, Tab. 10:21. A l l o r g e  1841, p. 355, Tab. 8 :9  (c. zyg.). — Cosm. pseudo-  
h ib e r n ic u m : L ü t k e m ü l l e r  1910, p. 492, Tab. 2 :27 . — Cosm. h ibernicum:  G r ö n b l a d  

1920, p. 42, Tab. 5 :21 , 22. —  Cosm. viride:  I r e n e e - M a r i e  1939, p. 182, Tab. 21:16, 
and  T ab . 24 :14 , and  1948, p. 173, Tab. 3 :7 . — ?Schizospora pachyderma:  R e i n s c h  

1875, ]). 87, Tab. 17:1.
f. minus.  D im : 3 1 —4 3 x 1 5 — 17. - Cylindrocystis  americana  var. mirior: I r é n é e -  

M a r i e  1839, p. 377, Tab. 66 :1 , 2. Cosm. quadra tum  f. cylindricum:  E i c h l e r  1894, 
p. 126, T ab . 2: 15.
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f. m a j  us.  D i m :  102— 1 5 0 X 4 7 — 55. —  Cy l i ndr ocys t i s  d i p l os p o ra  s sp .  m a j o r  f. con-  
st r i cta:  W e s t  1804, p. 4, Tab. 1 : 9  a. C y l i ndr ocys t i s  d i p l osp or a  var. ma jo r:  W e s t  
1904, p. 61,  Tab. 4 : 4 3 .  -— Cosm.  d i p l o s p o r u m  var. m a j u s : A l l o r g e  1931,  p .  355,  

Tab. 8 : 1 0  (c. zy g . ) .  I r é n é e - M a r i e  1949,  p .  255, Tab. 1 : 7 .  S k u j a  1949, p .  122, 

Tab. 2 6 : 1 1  (var. maj us l ) .

T he pic tures  of this desm id  show in fron t view 2 types: one is s lightly 
g u i ta r -sh ap ed  an d  the o ther  a lm ost cylindrical. The fo rm er is L u n d e l l ’s 

type form . I I  som ew hat resem bles A. viride bu t has a b ro a d e r  is thm al 
pa r t ,  m o re  obtuse ends and , in m ost pictures, the in te rna l  apical papilla. 
I have  used  this papilla  as a d istinguish ing  c h a rac te r  against viricle 
a n d  also against var. am ericanum .  In  the list above only I r é n é e - M a k i e ‘s 

p ic tu re  in 1939, Tab. 21: 16 has  the shape a n d  size of viride, while  his 
f. t y p ic u m  is typical diplosporum .

A. d ip losporum  h a s ,  a s  viride, a  l o b o - s t e l l o i d  c h l o r o p l a s t ,  d e s c r i b e d  

b y  L ü t k e m ü l l e r  a n d  N . C a r t e r  a n d  u n m i s t a k e a b l y  d e p i c t e d  a l r e a d y  

b y  L u n d e l l .

T he double  zygospore, depicted by several au thors ,  consists of tw o 
squares  w ith  rounded, som ew hat bulged angles. S k u j a  (1949) fo u n d  
azygospores  and zygospores of no rm al type, bo th  fo rm ed  by  the 
cy lindrica l type w ithou t apical papilla. T he  cylindrica l type  agrees 
very well w ith :

var. a me r i c a n u m  (W. et G. S. W e s t )  com b. nov. Dim: 52 - 6 4 X 2 2 — 26. Fig. 75. 
—  C y l i nd r oc y s t i s  amer i cana:  W e s t  1898,  p. 281, Tab. 1 8 : 5 ,  6. C u s h m a n  1904, p .  161,  

Tab. 7 : 3 .  T a y l o r  1934,  p. 239 ,  Tab. 4 5 : 9 .  I r é n é e -M a r i e  1948,  p. 47 , Tab. 2: 17. —  
Ci j l indrocys l i s  d i p l ospor a:  E i c h l e r  1893,  p .  163, Tab. 1 0 : 3 2 .  SKUJA 1949,  p .  122,  

Tab. 2 5 : 1 0 ,  and Tab. 2 7 : 1 1 ,  12 ( s p u r . ) .  H o m f e l d  1927,  p. 43,  Tab. 6 : 5 7  ( s p o r . ) .  
K r i e g e r  1933,  p. 70, Fig. 25 F.

1. mi nu s  n o b .  D i m :  3 1 — 4 0 x 1 4  -18 .  Fig. 76. —  Cy l i ndr ocys t i s  ame r ic ana  v a r .  

mi nor :  C u s h m a n  1905,  p. 582,  Tab. 2 6 : 1 .  I r é n é e - M a r i e  1939,  p .  37,  Tab. 9 : 6 ,  7. 
C y l i nd ro c y s t i s  d i p l os p o ra  1. in t ermedia:  S c h m i d l e  1894,  p. 50, Tab. 7 : 9 .  Cosm.  
i l ludens  L ü t k e m ü l l e r  m s c r .

f. majus .  Dim: 88— 10 3 X 43— 48. —  Cy l i ndr ocys t i s  d i p l osp or a  var. ma jo r:
W. W e s t  1892, p. 131, Tab. 2 0 :5 .  W e s t  1904, p. 61, Tab. 4 :4 2 ,  and 1907, p. 190, 
Tab. 13:1 .  —- Cosm.  d i p l o s p o r u m  var. majus:  HOMFELD 1927, p. 43, Tab. 6 :5 8 ,  59.

T h e  s tru c tu re  of the cell wall is no t know n  well enough to estab lish  
the p lacoderm  charac ter ,  b u t  points of ag reem ent w ith  o ther  desm ids 
t ra n s fe r re d  from  Cylindrocystis  to the  Placoderm ae  a re  enough  to 
ass ign it to Actino taen ium .  Several scientists have  depicted  the porous  
cell wall, e.g. W e s t  1907, A l l o r g e , S k u j a .

A ccording to W e s t , this varie ty  i s  cylindrica l w ith  ro u n d ed  ends 
a n d  has  no apical papilla. The few sta tem ents  of the d im ensions h in t
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a size somewhat smaller than  A. diplosporum. The ehloroplast is lobo- 
stelloid.

L ü t k e m ü l l e r  has (according to letters to N o r d s t e d t  in 1911 and to 
G. S. W e s t  in 1912) studied a desmid of somewhat smaller size and 
the same shape, although without isthmus-furrow, and laciniate stelloid 
ehloroplast, which he considered a new species: Cosm. illudens Fig. 79. 
It forms double zygospores of exactly the same type as diplosporum  
formed by four mother-cells. In his picture the apical papilla is lacking. 
This desmid is here ranged in var. americanum  f. minus.

Of the pictures of A. diplosporum  var. majus  and f. intermedium, 
some show the apical papilla, others do not. According to the proposed 
division of this species they are assigned to diplosporum  and var. 
americanum.

Note about Penium didymocarpum  L u n d .

K r i e g e r  has (1934, p. 241) recommanded Penium didymocarpum  to 
be a synonym of Cosm. diplosporum. Didymocarpum, however, is a 
true Penium  according to L ü t k e m ü l l e r  (1905, p. 337). After extended 
studies on this genus, L. communicated (in a letter to G. S. W e s t  in 
1911), that the cell wall of Penium didymocarpum  has no pores but 
longitudinal rows of small granula, visible after staining, quite as other 
Penia. He also sent a picture of the microstructure of Penium poly- 
m orphum , d idymocarpum, phym atosporum  and his incurvum  n.sp. 
rnscr. Thus, the uniting of didymocarpum  with diplosporum  must be 
cons i de red inco rrec t.

Unsufficiently know n  desmids probably belonging 
to Actinotaenium.

Penium australe R a c i b o r s k i  (1892, p. 7. Tab. 6:11). The porous 
cell wall, depicted by R a c i b o r s k i , G. S. W e s t  (1907. p. 108, Tab. 6: 3, 4), 
W e s t  (1897 c, Tab. 8: 6) confirms the placoderm character. No infor­
mation of the ehloroplast is given, but P l a y f a i r  (1907, p. 168, Tab. 
2: 5) recorded, under this name, a similar with slightly attenuate semi- 
cells that has 6— 8 lamellae and  one great pyrenoid. On the other side. 
P l a y f a i r  (1914, p. 98, Tab. 3: 2) found a dicentric f. crassius.

Peniuni bisporum  T u r n e r  (1892, p. 17, Tab. 1:10). This is only a 
peculiar double spore with four adhering semicells and belongs to Cos- 
marium  according to K r i e g e r  (1933, p. 24).
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D ysphinctium  conicum  T u r n e r  (1892 ,  p. 43 , T a b .  1: 26) n o t  id e n t i c a l  
w i t h  Cosm. conicum  W e s t ,  h e r e  a s s i g n e d  (o cucurbitu v a r .  attenuatum.

Dysphinctiiim dubium  T u r n e r  (1892 ,  p. 40, Tab. 1: 2). The diagnose 
is incomplete, nothing about the end-view or the chloroplast. S k u j a  

(1949 ,  p. 122, Tab. 26 :  15) has depicted il with a lobo-stelloid chloro­
plast. B e r n a r d  (1908 , p. 91, Tab. 6: 121) has, with a ?, submitted a 
Cosm. dubium  n.sp. of a quite different kind. Diagnosis unsufficient.

D ysphinctium exile T u r n e r  (1892, p. 40, Tab. 1:21*). The shape 
suggests a small curtum.

Penium granulatuni ( B e n n e t t )  W e s t  (1904, p. 87, Tab. 8:39) re­
miniscent in shape and size of S c h m i d l e ’s Penium cylindrus var. sile- 
siacum, here labelled as palangula var. silesiacum.

D ysphinctium inferum  T u r n e r  (1892 ,  p. 40, Tab. 1 : 2 1 )  reminiscent 
in shape of cruciferum,  nothing about the chloroplast.

Cosmarium globosum  B u l n .  p.p. This desmid was originally described 
as b iradiate and even triradiate ( W i l l e  1879, Tab. 13:41), but there 
are also desmids of the shape of globosum  in front-view, that modern 
desmidiologists have described as quite c ircular in end-view. In the 
cases where the chloroplast is described as stelloid or lobo-stelloid, 
these desmids m ust be taken into consideration as belonging to Actino- 
taenium.  The desmids described by W e s t  (1909, p. 29, Tab. 68: 1, 2), 
I r é n é e - M a r i e  (1939, p. 174, Tab. 21: 14), B o u r r e l l y  (1952, p. 220, Tab. 
29:533, 534), B o r g e  (1894, p. 23, Tab. 12:20), I n s a m  und K r i e g e r  

(1936, p. 100, Tab. 5: 10), S c h m i d l e  (1893, p. 24, Tab. 6: 13) are examples 
of this category. This point of view is also applicable to Cosm. sub- 
arctoum,  from which some forms have been transferred to cruciferum.

Cosm. liibernicum  W. W e s t  (1892, p. 163, Tab. 21: 19). This desmid 
is similar to viride in the shape but is twice the size. Most striking are 
the irregularly disposed taenio-parietal chloroplasts. In W e s t  1909, 
Tab. 74: 21, W. W e s t ' s  picture is retoushed with regularly disposed 
chloroplasts. Probably the chloroplast is stelloid and erroneously inter­
preted. The desmid is found only in one locality. G r ö n b l a d ’s supposed 
liibernicum  (1920, p. 42, Tab. 5: 21, 22) is in shape and dimensions 
diplosporum.

Pleurotaenium m inu tum  var. crassum  W. W e s t  m ay contain transi­
tional forms to Actinotaenium,  e.g. I r é n é e - M a r i e  (1952  a, p. 21. Tab. 
1 : 2) and  (1952 , Tab. 2: 11, 12) under the nam e of Penium crassum.

Cylindrocystis roseola T u r n e r  (1893, p. 436, Fig. 18).
Penium pachyderm um  P l a y f a i r  (1907, p. 166, Tab. 2 :6),  Dysphinc­

tium  Thwaitesii var. incrassatum  f. tatricum  G u t w i n s k i  (1909, p. 444.
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Tab. 7:12), Cylindrocystis diplosporci (?) Ce d e r g r e n  (1932, p. 224, 
Tab. 1: 1). — The two latter are very similar in shape with their thick 
walls (teratological?), they are reminiscent of cucurbita.

Cosm. Schomburgkii  B o r g e  (1800, p. 21, Tab. 1:24) is a large des- 
mid with semicells circular in front-view as in end-view and  open 
acute sinus. Nothing about the chloroplast. It seems to agree well with 
turgidum  var. sub rotundatum.

Penium  (?) sibiricum  B o l ü t  (1885 , p .  120, T a b .  6 : 4 3 ) .  O n l y  t h e  
t e t r a e d r i c a l  z y g o s p o r e  w i t h  e a c h  a n g le  e n d i n g  i n  a  s h o r t  s p i n e  a n d  
a d h e r e n t  s e m ic e l l s  o f  th e  m o t h e r  ce l l s  a r e  f o u n d .  It is v e r y  s i m i l a r  to  
t h e  z y g o s p o r e  a n d  a l s o  to  th e  s e m ic e l l s  o f  Closterium navicula, c o m p a r e  
F r i t s c h  a n d  R ic h  (1937, p. 165, F ig .  3 A). T h e s e  a u t h o r s  s t a t e  t h a t  
m a n y  o f  t h e  s p e c i m e n s  h a d  b r o a d e r  a n d  m o r e  t r u n c a t e  e n d s  t h a n  u s u a l ,  
a  c i r c u m s t a n c e  a g r e e i n g  w i t h  B q l d t ' s  p i c t u r e .  K r i e g e i i  (1933 , p. 242) 
d e c l a r e d  i t  to  b e  a  Cosmarium.

Cylindrocystis diplosporci var. stenocarpa  S c h m i d l e  (1898 a, p. 16, 
Tab. 1:10). L ü t k e m ü l l e r  (1913, p. 228) considered it a separate 
species.

Penium subrufescens B o r g e  (1918, p. 13, Tab. 1:6).
Cosm. sub pyram idatum  ( W e s t ) L ü t k ., see p. 409.
Cosm. subtilissimum  G. S. W e s t  (1914, p. 1041, Tab. 22:45) is an 

Actinotcienium of cucurbita-type bu t only 15 u long. The chloroplast is 
single with an isthmal pyrenoid. Such a reduction occurs in small des- 
mids, e.g. subtile.

Cosm. Thwciitesii (B o r g e  1899 a, p. 762, Fig. 6) is a double-oval 
desmid, circular in end-view, by B o r g e  com pared with cucurbitinum  
var. scoticum  W . W e s t .

Rejected species.

There are also m any species of the D ysphinctium- type that are similar 
to certain species of Actinotaenium.  They can be ranged in three groups:

A. Those that have a deep or narrow sinus. They are dealt with in 
the introduction.

B. Desmids of globoid shape and a faint, open sinus. In this group 
there are several desmids with circular cross-section. Their pseudo- 
omniradiate nature is reveiled by the chloroplast, dealt with in the 
introduction and T e i l i n g  1952.

Dicentric chloroplast occur for instance in Cosm. Rehm anii  G u t -  
w i n s k i  (1909, p. 449, Tab. 7: 13),  Cosm. Westii B e r n a r d  (1908 ,  p .  91,
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Tab. 6:  120) a n d  S k u j a  (1949,  p.  145, Tab. 2 6 : 6 ,  7),  Cosm. conn a tu m  
B ré b .  ( in m o st  figures b ro a d  ovale), Cosm. Printzii  B o r g e  (1921, p.  16, 
Tab. 1: 7) .

T e t r a c e n t r i c :  Cosm. p seu d o co n n a tu m  N o r d s t ., Cosm. alpestre  B oy  

e t  B is s ,  a c c o r d i n g  to  C o s a n d e y  (1934,  p. 453 ) ,  Cosm. zonarium  W e s t , 

if B e r n a r d ’s v a r .  latius  (1909,  p.  40,  T a b .  3 : 5 6 )  b e lo n g s  to  zonarium .
G. Desm ids of bacu l i fo rm  shape.

Cosm. T hw aites i i  R a l e s  has  been  the incorrect n am e  of several des- 
mids, n o w  in A ctino taen ium .  11 has a b ro ad ly  oval end-view a n d  is 
d icen tr ic  (K l e b s  1879, Tab. 3, 5 ).  Cosm. Debaryi  A r c h , conta ins  some 
qu as i-o m n irad ia te  fo rm s  w ith  a small, open sinus. Cosm. gonioicles 
W e s t  is som etim es depic ted  as a lm ost c ircu la r  in end-view. Cosm. 
anceps  L u n d ,  has  a front-v iew , a lm ost exactly  like Act. obcunea tum ,  it 
has, how ever, a  very  ch a rac te r is t ic  b irad ia le  end-view. Cosm. variabile  
M a s k e l l  (1888 ,  Tab. 2: 15) is clearly  biradiate .

I). D ysp h in c t iu m  sp a rsep u n c ta tu m  S c h m i d l e  (1895, p. 348,  Tab. 15: 

1 6 )  is very  s im ilar  to subtile  b u t  is accord ing  to the diagnosis elliptical 
in end-view.

The figures are drawn after pictures from papers of the following authors:

B i s s e t : 4, 36 .
B o r g e : 8, 42 .
B o u r r e l l y : 3, 15, 31 ,  57, 71.  
C a r t e r : 65 .
CE DERG REN:  14.
C o r d a : 56.
D e l p o n t e : 26 .
D i c k : 19.
E l f v i n g : 12 , 45.
F r i t s c h  a n d  R i c h : 64.
G r o n b l a i ): 5, 17, 37, 4 0 ,  6 0 ,  61 ,  77 

(o r ig . ) .
G u t w i n s k i : 13, 55.
H i t z e  c :  66 .
J o h n s o n : 33 .
J o s h u a : 29 ,  80 .

K r i e g e r : 2, 20, 21 ,  32 ,  41 ,  43 ,  52,  
59, 70.

L u n d e l l : 10.
L ü t k e m ü l l e r : 74, 76  (o r ig . ) ,  78 , 79. 
M a n g u i n : 44.
M e s s i k o m m e r : 22, 38, 39 ,  46 .  
N o r d s t e d t : 18, 35.
N ä g e l i : 1.
R a c i b o r s k i : 50.
S c h m i d l e : 7, 48 ,  53 ,  54 ,  67.
S k u j a : 6, 25, 36 .
T a y l o r : 16, 34 ,  47 .
T u r n e r : 23, 73.
W e s t : 9, 11, 24, 27 ,  28, 49 ,  58, 62,  

63 , 68 ,  69 ,  72, 75.
W o l l e : 51.

I owe Miss H a n n a h  C r o a s d a l e  and Dr. R o l f  G r ö n b l a d  my sincere thanks, 
the form er for the Latin diagnose and correcting the manuscript, the latter 
for valuable informations.



418 EINAR TEI LING

L itera tu re  c i t ed .

A l l o r g e ,  V. el P. 1931: Héterocontes ,  E uch lorophycées  et Conjugées de Galicie. 
Revue Algologique 5.

A l l o r g e ,  P. el M a n g u i n ,  E. 1941: Algues d ’eau douce des Pyrénées  basques.
Bull. Soc. bot.  F rance  38.

A r c h e r ,  W. 1864: Descriptions of a new species of C osm arium  ( C o r d a )  a n d  of 
P enium  ( B r é b . ) .  — Qual. Journ .  micr. Soc. 4. 

d e  B a r y ,  A. 1858: U n tersuchungen  über  die Familie  der C onjugaten .  - Leipzig. 
B e c k - M a n n a g e t t a ,  G. 1929: Neue Grün- und Blaualgen aus K ärn ten  und  den Su­

deten. — Arch. P ro t is ten k u n d e  66.
B e i j e r i n c k ,  W. 1926: Over Verspreiding en Periodic i te t  van  de Zoetwaterwieren .

Verh. K. Akad. W eh  A m ste rdam  25: 2.
B e n n e t t ,  A. W. 1887: F re sh -water Algae of North  Cornwall.  Jou rn .  Boy. Micr. 

Soc. 1887.
B e r n a r d ,  G h .  1909: Algues unicellulaires d ’eau douce récoltées dans  le dom aine  

malais . —  Dept, agricult .  Indes Néerlandaises.
B i s s e t ,  J. R. 1884: List of Desmidieae, found in ga ther ings  m ade  in the n e ig h b o u r ­

hood  of Lake W inderm ere .  —  Journ .  Roy. Micr. Soc. 4.
B o l d t ,  R. 1885: Bidrag till kännedom en  om Sibiriens Chlorophyllophycéer .  - Öfvers. 

K. Vet. Ak. förhandl.
B o r g e ,  O .  1891: E tt  litet b idrag  till Sibiriens C h lo rophyllophycéenflo ra .  Bih. 

K. Vet. Akad. handl.  17: 111: 2.
1894: Siisswasser-Chlorophyceen, gesammelt von Dr. A. Osw. Kih lm an  in n ö rd ­
lichsten Russland, Gouvernement Archangel. Ibid. 19:111:5.
1899: Ueber tropische und  subtropische  S iisswasser-Chlorophyceen. — Ibid. 24: 
III: 12.
1899 a: Süsswasseralgen von F ran z  Josephs  Land,  gesam m elt  von der Jackson-  
H a rm w o r lh ’schen Expedit ion . — öfvers .  K. Vet. Akad. F ö rh an d l .  1899 n r  7. 
1901: Siisswasseralgen aus Süd-Patagonien . Bih. K. Vet. Akad. Mandl. 27: 10. 
1903: Die Algen der ersten Regnellschen Expedition , II, Desmidiaceen. — Arkiv 
f. Bot. 1. Stockholm.
1906: Beiträge zur Algenflora von Schweden. Ibid. 6.
1911: Die Süsswasseralgenflora  Spitzbergens. — W idenskabs-se lsk .  skrifter.  
1:11. Krist iania.
1918: Die von Dr. A. Löfgren in Sao Paolo  gesam m elten  Siisswasseralgen. 
Ark. f. Bot. 15: 3.
1921: Die Algenflora des Tåkernsees.  —  Sjön T åk e rn s  fa u n a  och flora n:o  4. 
1923: Beiträge zur Algenflora von Schweden 3. — Ark. f. Bot. 18: 10.
1928: Siisswasseralgen (in Zellpflanzen Ostafrikas) .  H edwig ia  68.
1930: Beiträge zur Algenflora von Schweden 4. —  Ark. f. Bot. 23: 12.
1936: Beiträge zur Algenflora von Schweden 5. —  Ibid. 28: 6.

B o u r r e l l y ,  P. (et 11. L e b q i m e ) ,  1946: Notes sur  quelques Algues d ’eau douce de 
Madagascar.  — Biol. Jaa rboek ,  Dodonaea,  13.

— (et E .  M a n g u i n ) ,  1946a:  Contr ibu tion  ä  la  Flore  algale d ’eau douce des Azores. 
— Mem. Soc. de Biogeographie 8.

- —  1949: Contribution  å 1’étude de la flore algale d 'eau  douce  de Madagascar.
Mem. Inst. Sci. M adagascar,  ser. B, 11:2.

1952: Algues d ’eau douce de la Guadeloupe. -  Par is .



ACTINOTAENIUM 419

B r é b i s s o n ,  A. 1856: Lis te  des Desmidiées observées en Basse-Normandie .  —  Paris.
1861: in P r i t c h a r d ’s H is to ry  of the  Infusoria ,  ed. -t. — London.

B ö r g e s e n ,  F. 1890: D esm id ieae  (in Symb. flor Brasiliae centr.  cognosc).  Viden- 
skapl. Meddel. f ra  n a tu rh .  Forening. Köbenhavn.

C a m p ,  W. H. 1951: Biosjrs tem aty .  — Brittonia  7:3.
C a r l s s o n ,  G. W. 1913: Siiss-wasseralgen aus der Antarclis ,  Südgeorgien und den 

Fa lk land inse ln .  — W iss .  Erg. schwed. Siidpolarexp. 1901— 03. 34.
C a r t e r , N e l l i e  1920 :  Studies  on the  Chloroplast  of Desmids I I I .  — A n n .  o f  Bot.

1922: F re sh w a te r  Algae f ro m  New Caledonia and  the  Isle of Pines. — Linn. 
Soc. Jo u rn a l  46. L ondon .

—  1935: Alpine desm id f lo ra  of British Columbia. —  Ibid. 50.
C e d e r g r e n ,  G. 1932: Die A lgenflora  der Provinz Härjeda len .  — Ark. 1'. Bot. 25 A: 4. 
C l e v e ,  P. T. 1864: B idrag  till k än n ed o m en  om Sveriges sö tvattensalger af familjen

Desmidieae. — öfv e rs .  K. Vet. Ak. Förh .  20.
C o M ERE, J. 1899: C onjugées  des environs de Toulouse. — Bull. Soc. bot. F rance  46. 
C o r d a ,  A. J. 1835: O bserva tions  su r  les anim alcules  microscopiques.  — Almanach 

de Carlsbad.
C o s a n d e y ,  F .  1934: C o n tr ib u t io n s  å  l a  connaissance  des Desmicliacées des environs 

de Sainte-Croix.  — Mem. Soc. Vaudoise  Sci. Nat. 31.
C u s h m a n ,  J. A. 1904: D esm ids  f ro m  South W este rn  Colorado. — Bull. T orrey  bo I. 

Club 31.
1904 a: Desmids f rom  New F o und land .  Ibid. 32.
1905: A con tr ibu tion  to  the Desmid flora of New Ham pshire .  — B hodora  7.
1905 a: Notes on the zygospores of certain New England  desmids. — Bull. 
T o r rey  bot. Club 32.

— 1906: New E ng land  desm ids  of the subfam ily  Saccodermeae. — Ibid. 33. 
D e l p o n t e ,  J. B. 1877: Spec im en Desm idiacearum  su b a lp in a ru m  II. —  Turin.
D i c k ,  J. 1923: Beiträge zu r  Kenntn is  der Desm idiaceenflora  von Siid-Bayern II.

Botan. Archiv III.
D u c e l l i e r ,  F. 1916: C o n tr ibu t ion  ä 1’étude de la flore desmidiologique de la Suisse I. 

—  Bull. Soc. bot. Geneve. 7.
1918: Contributions etc. II. Ibid. 10.

E i c h l e r ,  B .  1894: M aterialy  do F lo ry  wodoroslow  okolic Miedzyrzecza. — Pam ie tn ik  
Fizyjo-graficzny 12.
1894: Materialy do F lo r y  etc. —  Ibid. 13.

E l f v i n g ,  F. 1881: A n teckn ingar  om  finska desmidiéer. — Acta Soc. fauna  flora 
Fennica  11:2.

E s p e n s c h i e d ,  E. 1903: Die Desm idiaceen des bergischen Landes. Jahresber .  na lurf .  
Ver. Elberfeld.

F r i t s c h ,  F. E. 1912: F r e s h w a te r  Algae. National Antarctic  Expedition 4.
— and R i c h ,  F. 1937: Algae f ro m  the Belfast Pan ,  Transvaal.  -— Trans.  Roy. 

Soc. South Africa 25: 2.
G a y ,  F. 1884: Essai d ’une  M onograph ie  locale des Conjugées. — Montpellier.
G i s t l ,  R. 1914: Beiträge zur Kenntn is  der Desmidiaceenflora  der Bayrischen H o c h ­

moore.  — Diss. M ünchen.
1927: Beobach tungen  ü b e r  die Desmidiaceenflora  der Moore um Kirchsee. — 
Kryptog. Forsch. Bayer,  bot. Ges. M ünchen 7.



420 E I N A R  T E I L I N G

G r u n o w ,  A. 1858: Die Desm idiaceen und  Ped ias lreen  einiger österreichischen Moore.
- Verh. zool. bot. Ges. W ien.

G r ö n b l a d ,  R. 1920: F inn länd ische  Desmidiaceen aus Keuru. —  Actc Soc. Fauna .  
F lo ra  Fennica  47.

— 1921: New Desmids f ro m  F in lan d  and  N orthern  Russia . — Ibid. 49.
1924: Observations on some Desmids. — Ibid. 55.
1934: A short  report  of the F re sh w ate r  Algae recorded from  the neighbourhood 
of the zoological Sta tion  a t  Tvärm inne.  —  Mem. Soc. Faun .  Flor. Fennica  10. 
1935: Subaeria l  Desmids II. Soc. Sei. Fenn. Gomm. biol. 5 :4 .
1939: Algologische Notizen III. Desmidiaceen aus Lunz, Niederösterreich. — Ibid. 7.

— 1945: De algis Brasiliensibus,  p raes ipue  Desmidiaceis. — Acta Soc. Sei. Fenn. 
Nov. ser. B, I I : 6.

— 1947: Desmidiaceen aus Salmi. — Ibid. 66: 1.
G u t w i n s k i ,  R. 1896: De nonnu l l is  algis novis.  — Acta Acad. Krakow 33.

— 1902: De Algis a Dr:e M. R a c i b o r s k i  anno  1899 in insula Java  collectis. •— 
Bull. Acad. sci. Cracoviae.

— 1909: F lo ra  Algarum  m o n tiu m  T atrens ium . — Bull. Acad. Sci. Gracovie.
H a n s g i r g ,  A. 1 8 8 8 :  P ro d ro m u s  de r  Algen flora von Böhm en II. — Prag.
I I e i m e r l ,  A. 1891: Desm idiaceae a lpinae.  —  Verh. zool.-bot. Ges. 41.
H i r n ,  K. E. 1903: Zur Kenntn is  der Desmidiaceen F inn lands .  —  Acta Soc. fauna  

f lora Fenn ica  25:3.
H o m f e l d ,  H. 1929: Beitrag zu r  Kenntnis der Desmidiaceen Nordwestdeutschlands.

— Pflanzenfo rschung  12.
I I u z e l ,  G. 1936: Beitrag zur  K enntn is  der m icroskopischen Pflanzenwelt  der Rauhen 

Wiese. —  Veröff. W ü r t t .  Landesste lle  f. N aturschutz  13.
I n s a m ,  I. und K r i e g e r ,  W. 1936: Zur Verbrei tung der Gattung Cosmarium in Süd - 

tirol. —  Hedwigia 76.
I r é n é e - M a r i e  1939: F lore  desm idiale  de la region de Montreal.  — Laprairie.

1948: Contributions ä la connaissance  des Desmidiées de la région des Trois- 
Riviéres III. Le N atural is t  C anadian  75.
1949 a: C ontr ibution  etc. V. — Ibid.  76.
1949: Quelques Desmidiées du Lac Mistassini. Ibid. 76.
1952: Contribution  a la connaissance  des Desmidiées de la région du Lac 
St. Jean . - Hydrobiologien  1952.

— 1952 a: Desmidiées de la Region de Quebec IV. —  Le Naturalis t  Canadien 79. 
I s t v a n f f i ,  G. 1888: Algologische Untersuchungen  der T orfbildungen in Ober-Ungarn

(in H ungarian  language).  — Budapest.
J a c o b s e n ,  J. P. 1874: Apercu sys tem atique  et crit ique sue Ics Desmidiacées du D äne­

mark. - Botanisk  T idskrif t ,  Köbenhavn.
J o h n s o n ,  L. N. 1894: Some new and  ra re  Desmids of the United States I. Rull 

Torr.  bot. Club 21.
— 1895: Some new etc. II. Ibid. 22.

J o s h u a ,  W. 1885: Burm ese  Desmidieae. - Jou rn .  Linn. Soc.-Bot. 21.
K i r c h n e r ,  O. 1878: K ryp togam en-F lo ra  von Schlesien 11:1. Breslau.
K l e b s ,  G. 1 8 7 9 :  Ueber die F o rm en  einiger Gattungen der Desmidien Ostpreussens.

— Schriften Physikal.-Ökonom. Ges. Königsberg 20.
— 1886: Ueber die Organisat ion  der Gallerte bei einigen Algen und Flagellaten.

—  Unters,  hot. Instil. Tübingen 2.



ACTINOTAENIUM 421

K o s s i n s k a j a ,  C. 1938: Algae f rom  the environm ents  of Jukki  (in Russ ian  language).
— Acta Inst. hot. Acad. sei. Sovjet, ser. lt.

K r i e g e r ,  W. 1932: Die Desmidiaceen der Deutschen limnologischcn Sundaexpedition.
—  Arch. Hydrohiol.  Supplem entband  11.

-  1935: Die Desmidiaceen (in R abenhors ts  K ryptogam en-F lora  13:1:1 .
1938: Siisswasseralgen aus Spitzbergen. — Ber. deutsch, bot.  Ges. 56.
1944: Siisswasseralgen aus Griechenland. —  Ibid. 61.
1950: Desmidiaceen aus der m on tanen  Region Südost-Brasil iens. — Ibid. 63. 

K u f f e r a t h ,  H. 1914: Notes sur la Flore algologique du L uxem bourg  septentrional.  — 
Annal. Biol. lacustr.  7.

K ü t z i n g ,  F. T.: Species Algarum. —  Lipsiae.
L a g e r h e i m ,  G. 1886: Algologiska bidrag  I. — Bot. Notiser. Lund.
L h o t s k y ,  0 .  1948: Klic k  urceni ceskych ras spaejivych. — “Vesm ir” .

—  1949: Po zn am k a  k l'lore Desmidiacei H rubeho  Jeseniku. — Gas. Vlast. Spotku
m use jn iko  v Olomuci 58.

L o w e ,  Gh . 1923: F re sh w ate r  Algae and  Diatoms. — C anadian  Arctic Exp. 1913, 18. 
Vol. 4.

L u n d e l l ,  P. M. 1871: De Desmidiaceis ([uae in Suecia inventae sunt. -  Acta Reg.
Soc. Sei. Upsal.

L ü t k e m ü l l e r ,  J. 1893: Beobachtungen über  die C hlorophyllkörper  einiger Desm idia­
ceen. —  Österr . bot. Zeitschr.

— 1900: Desmidiaceen aus der Umgebung des Millstättersees in Kärnten. — Verb.
K. K. zool.-bot. Ges. Wien.

—  1902: Die Zellmembran der Desmidiaceen. — Golm, Beitr. Biol. d. P flanzen 8 :3 .
— 1905: Zur  Kenntnis  der Gattung Penium.  —  Verb. zool. bot. Ges. W ien 55.

1913: Die Gattung Cylindrocystis  Menegh. — Ibid. 63.
1910: Z ur  Kenntnis der Desmidiaceen Böhmens. - Ibid. 60.

M a n g u i n ,  E. 1937: Les Algues des Rochers su in tan ts  de Saint-Léonard-des-Bois.  -
Bull. Soc. Agr. Sei. Arts de la Sarthe 56.

M a r g a l e f ,  R. 1948: Flora ,  F a u n a  y com m unidades  bioticas tie las aguas del Pir ineo 
de la Gerdana. Monogr. Estacion E stud ios Pirenaicos.

M a s k e l l ,  W. M. 1888: F u r th e r  notes on the Desmidieae of New Zealand. — Trans.
New Zealand Instil. 21.

M e s s i k o m m e r ,  E. 1927: Biologische Studien im T o rfm o o r  von Robenhausen.  - Mitt. 
bot. mus. Univ. Zürich 122.
1928: Die Algenvegetation des Hinwiler- und Oberhöflerriedes.  ■— Vierteljahr- 
schr. Naturf.  Ges. Zürich 73.
1935: Die Algenwelt der inneren  Plessur-a lpen. — Ibid. 80.

— 1942: Beitrag zur Kenntnis der Algenflora und Algenvegetation des H o c h ­
gebirges von Davos. ----- Beitr.  Geobot. L andesaufnahm e  Schweiz 24.
1943: Hydrobiologische Studie an der M oorreservation der Schweizerischen 
N a tu rfo rschenden  Gesellschaft in R obenhausen-W etz ikon.  —  Vierteljahrschr.  
na tu r fo rsch .  Ges. Zürich, Beih. 2.
1945: Algen aus dem westlichen Berner  Oberland. —  Mitt. na turf .  Ges. Bern. 2.

—  1954: Beitrag zur Kenntnis der Algenflora des Urner Reusstales. — Hydro-
biologia 6.



422 E IN A R  TELLING

N o r d s t e d t ,  O. 1878: De algis aquae  dulcis et de Characeis ex insulis Sandviceusibus 
a Sv. Berggren 1875 reporta tis .  —  Minnesskr. Fysiograf. Sällsk. Lund.
1888: F re sh w a te r  Algae, collected by  Dr. S. Berggren in New Zealand a n d  
Australia. —  Sv. Vet. Akad. Handl.  22: 8. 

d e  N o t a r i s ,  G. 1887: E lem enti  per lo studio  delle Desmidiacee Italiche. —  Genova. 
O l t m a n n s ,  F r . 1922: Morphologie und Biologie der Algen I. Jena. 
v a n  O y e ,  P. 1949: Nouvelles Données sur les Desniidiacées des Environs de Matadi 

(Congo beige). — H ydrobiologia  1.
1953: C ontr ibution  å la connaissance  des Desniidiacées du Congo beige. — 
Ibid. 5.
1953 a: E tude  sur  les desniidiacées du  grand-duché  de Luxembourg. —  Bull. 
Soc. Roy. bot. Belgique 85.

P e t k o f f ,  S t .  1922: La vegetation des eaux de Vitocha. —  Annuaire  Univ. Sophia  18. 
P e v a l e k ,  I. 1924: Geobotanicka i a lgoloska  is trazw anje  cretova u H rva tsko j  i 

Slovenyi. —  “R a d ” 230.
P l a y f a i r ,  G. 1. 19!)7: Some new or less k n o w n  Desmids found in New South W ales.  

Proceed. L innean  Soc. New S. W ales 32.
1914: C ontr ibution  to a knowledge of (he Biology of (he Richmond river. — 
Ibid. 39.

P r e s c o t t ,  G. W. 1936: Notes on a lpine  an d  subalpine Desmids f rom  W estern  United 
States. —  Mich. Acad. Sei. Arts L etters  21.
and  S c o t t ,  A. M. 1952: Some Sou th  Australian Desmids. —  Trans. Roy. Soc. 
South Australia  75.

R a b e n h o r s t ,  L. 1868: F lo ra  Algarum  aquae  dulcis el subm arine  I I I .  —  Lipsiae. 
R a c i b o r s k i ,  M. 1884: Desmidyje  okoloc Krakowa. —  Korn, fizyjogr. Akad. Urniej. 

Krakowie 19.
1885: De nonnullis  Desmidiaceis novis vel m inus  cognitis quae in Po lon ia  i n ­
ventae sunt. — Pam . Akademii um iejetn .  Krakowie 10.
1890: Nowe Desmidyje. — Ibid. 17.
1892: Desmidvja  zebrane  przez Dr. E. Ciastonia w podrozy na okolo ziemi. - 
Ibid. 22.

R a l f s ,  J. 1844: On the British Desmidieae. —  Ann. Mag. Nat. Hist. 14.
— 1848: The British Desmidieae. -  - London.

R e i n s c h ,  P .  1875: C ontr ibutiones ad Algologiam et Fungologiam 1. Leipzig. 
R o u b a l ,  L. 1 9 4 7 :  The Desmidiaceae o f  the Pirin Planina.  Sumptibus Soc. hot. 

Ceckoslovacae 8.
R o y ,  J .  and  B l s s e t t ,  ,1. P .  1893/94: On Scoltish Desmidieae. Ann. Scott. Nat. Hist. 
S a m p a i o ,  J .  1944: Desmidias portuguesas .  Boletim da Sociedade B ro ter iana  18. 
Sch E l l e n b e r g ,  II. C. 1897: Ueber eine neue Desmidiaceengall ung. Ber. Schweiz, 

bot.  Ges. 7.
ScHMiDLE, W. 1893: Beiträge zur Algenflora des Schwarzwaldes und der Rheinebene. 

—- Ber. na turf .  Ges. F re iburg  7.
1893 a: Algen aus dem Gebiete des Oberrheins. — Ber. Deutsch, bot.  Ges. 11. 
1894: Aus der C h iorophyceen-F lora  der Torfstiche zu Virnheim. — Flora  78.
1894 a: Einzellige Algen aus den Berner-Alpen. Hedvvigia 33.
1895: Beiträge zur a lp inen Algenflora. — Österr.  hot. Zeit sehr.
1895 a: W eitere  Beiträge zur Algenflora der Rheinebene und des Schwarzwal 
des. —  Hedwigia 34.



ACTI N O T A E N I UM 423

S c h m i d l e ,  W. 1895 b: Einige Algen aus Sum atra .  —  Hedwigia 34.
1896: Süsswasseralgen aus Australien. F lo ra  82.
1897: Beiträge zur  Algenflora des Schwarzwaldes und des ö b e r rh e in s  VI. — 
Hedwigia 36.
1897 a: Zur Kritik  einiger Suesswasseralgen. Nuova Notaris ia  8.

- - 1898: Ueber einige von K n u t  B o h l i n  in Pite L a p p m ark  und Vesterbotten ge­
sam melte  Siisswasseralgen. - Bih. K. Vet. Akad. handl.  24.
1898 a: Die von Prof.  Dr. V o l k e n s  und  Dr. S t u h l m a n n  in Ostafr ika  gesam ­
melten Desmidiaceen. —  Englers bot.  Jah resber .  26.

S k u j a ,  H. 1928: V ora rbe iten  zu einer Algenflora von Lett land IV. - - Acta Horli  bot. 
Univ. Latviens. 3.
1934: Beitrag zur  Algenflora Lett lands 1. Ibid. 7.
1949: Zur  S iisswasseralgenflora  Burm as. — Nova Acta Reg. Soc. sei. Upsal. 
ser. IV: 14.

S t r ö m ,  K. M. 1919: F re sh w a te r  Algae from  Tuddal  in Telemark. — Nyt Mag. natur-  
vidensk. 57.
1923: The Algae F lo ra  of the Sarek Mountains.  —  Nat. wiss. Unters. Sarek- 
gebirg. 3.

T a f t ,  C l .  1937: The Desmids of O klahom a 111. Trans.  Amer. micr. Soc. 5 6 .  

T a y l o r ,  R. 1934: The F re sh w a te r  Algae of N ew foundland  I. —  Mich. Acad. Sei. 
Arts & Lett. 19.

T e i l i n g ,  E. 1950: R adia t ion  of Desmids. Bot. Notiser. Lund.
— 1952: E vo lu t ionary  studies on the shape of the cell a n d  of the chloroplas t  in

desmids. — Bot. Notiser. Lund.
de T oni , G. B. 1889: Sylloge Algarum  I: 2. - Pavia.
T u r n e r ,  W. B. 1885: On som e new and  ra re  Desmids.  — Journ .  Roy. micr. Soc. 11: 5. 

1886: Notes on F re sh w a te r  Algae. —  The Naturalis t.
1892: The Fresl i-water  Algae (principally Desmidieae) of East India. — 
K. Svensk. Vet. Akad. Handl .  25:5.
1893: Desmidiological Notes. —  The Naturalis t .

W e s t ,  W. 1889: List of Desmids from  Massachusetts ,  U.S.A. — Journ .  Roy. micr. 
Soc.
1892: A C ontr ibution  to the F re shw ate r  Algae of W est  Ireland. Journ .  L in­
nean Soc. 29.

W e s t ,  G. S. 1904: A T rea tise  on the British f reshw ate r  Algae. —  Cambridge biol. 
series.
1904 b: W est Ind ian  fresh w a te r  Algae. - Jou rn .  of Bot. 42.
1907: Report on the F re sh w ate r  Algae, including P h y top lank ton ,  of the third 
T angany ika  Expedit ion  — Journ .  Linn. Soc. Bot. 38.
1912: Algological Notes VII. Algae from  Queensland. — Journ .  Botany. 50. 
1914: A Contr ibu tion  to ou r  Knowledge of the F re sh w ate r  Algae of Columbia. 
—  Mem. Soc. Sci. nat.  Neuchatel 5.
1916: Algae I. — C ambridge  Botanical H andbooks .

W e s t ,  W .  an d  G. S. 1894: New British Fre shw ate r  Algae. — Journ .  Roy. micr. Soc. 
- 1895: A Contr ibu tion  to ou r  Knowledge of the F re sh w ate r  Algae of M adagas­

car. —  Trans .  Linn. Soc. 5.
1896: On some North  American Desmids. — Ibid.

28 B o ta n iska  N o tise r  1951.



424 E I N A R  T E  I LING

W e s t , W. a n d  G. S. 1897 a: A Contribution  to the F reshw ater  Algae of the South  of 
Eng land .  —  Journ .  Roy. micr. Soc.

— 1897 b: W elw itsch ’s African f reshw ate r  Algae. - Journ.  Botany.
1897 c: Desmids f ro m  Singapore.  —  Journ .  Linn. Soc. 33.

- 1898: On som e Desmids of the  United Slates. — Ibid.
— 1900: Notes on F re sh w a te r  Algae 11. Jou rn .  Botany.

1902: A C ontr ibu t ion  to the F re shw ate r  Algae of Ceylon. — Trans. Linn. 
Soc. VI.
1904: A M onograph  of the British Desmidiaceae I. — London.

— 1908: A M onograph  of the British Desmidiaceae III. — London.
— 1907: F re sh w a te r  Algae from  B urm a.  — Ann. Roy. hot. Garden Calcutta  6. 

W e s t  and  C a r t e r , N e l l i e  1923: A Monograph of the British Desmidiaceae V. -
London .

W h e l d e n , R. M. 1947: Algae, in B o tany  of the Canadian Eas te rn  Arctic. —  National 
M useum  of Canada  Bulletin 97.

W i l l e , N. 1879: Fe rskvandsa lger  f ra  Nova ja Semlja. — Öfvers, K. Vet. Akad. för- 
handl.

— 1884: Bidrag  till Sydam erikas  algflora  I— III. — Bili. K. Sv. Vet. Akad. handl.  
8: 18.

—- og R o s e n v i n g e , L.  K. 1885: Alger f ra  Novaja-Zemlja og  Karahavet.  - D jim pna-  
Togtets zool.bot. Udbytte.

W i t t  r o c k , V. B. 1883: Om snöns och isens flora. —  N o r d e n s k i ö l d : Studier och 
fo rskn ingar.

—  & N o r d s t e d t , O. 1889: Algae aquae  dulcis exsiccatae, fase. 21. — Stockholm.
W o l l e , F r .  1883: F re sh w a te r  Algae VII. —  Bull. Torr. bot. Club 10.

— 1884: Desmids of the  United States.  — Bethlehem, U.S.A.
— 1887: F re sh w ate r  Algae of the United States. — Bethlehem.

W o o d , N. C. 1873: A C ontr ibution  to the History of the F reshw ater  Algae of North
America. —  Sm ithson Contrib. Knowledge 19.

Index  o f  t a x a  in A c t in o ta e n i um

(including synonym s of Calocylindrus, Cosmarium, Cylindrocystis , D ysphinc tium ,  
P en ium  etc.). Synonym s are  prin ted  in italics.

abscissum  .................. . 404 attenua tum  .................. 391 c h r y s o d e r m a ................ 395
Actinolaenieae ......... . 385 austra le  ......................... 114 Clevei ............................. 393
a d e lo ch o n d ru m  . . . . . 401 f. c r a s s i u s ................ 414 f. elongat u m ........... 393

var. K r i e g e r i ......... . 401 bacillare  ....................... 403 f. m inus ................... 393
var. constr ic tum  . . 407 b i s p o r u m ....................... 414 var. africanum . . . 393

. 407var. p u n c ta tu m  . .
Brebissonii

var. c rassum .......... 393
alpestre  ....................... . 417 var. delicatulum . . 393

. 413 var. crassiusculum 406 var. g e l i d u m ...........americana  .................. 393
var. m inor  ............ . 412 breve C lev e i - sec t io n .............. 377

am o en u m  .................. . 410 var. a rc t ic u m . . 393. 395 C o lp o p e l ta .................... 411
anceps .......................... . 417 C a lo c y l in d r u s .............. 378 conicum ......................... 415
anqulaia  ..................... . 402 capax ........... 396 407
A ngulorad ia teae  . . . . . 385 var. m i n u s .............. 396 var. brevius  ........... 407



ACTINOTAENIUM 425

c o nnatum  ..................... 417
C o rd a n u m . .  403, 411, 412
crass iuscuhim  ...........  406
crassum  .........................  415

var. infla tum .......... 404
crucifer  u m   396, 415

f. latius ....................  396
f. m inus  ................... 396
var. pluriradians  397
var. ta tr icum  .......... 408

cruciferum  ................... 410
cucurb i ta  ...........  406, 407

f. latius   407, 410
f. m a ju s  ................... 407
f. m in im um  ...........  407
f. m inus  ................... 407
f. r o tu n d a tu m  . . . .  407 
var. a t ten u a tu m  . . .  407
var. in f la tum  .......... 407
var. palangula  . . . .  403 
var. ro b u s tu m  . . . .  407

cucurb i tinum  ..............  399
f. m a ju s  ................... 399
f. m inus  ................... 399
f. m in u s  ................... 400
f. m inu t iss im um  . . 399 
var. angustum  . . . .  399
var. g r a n d e ..............  399
var.  magellanicum  399 
var.  Manguini . . . .  399 
var. m in u tu m  . . . .  400 
var. scoticum  400, 416 
var. su b p o ly m o r­

ph um ....................  400
var. sub re tusum  . . 400 
var. t ru n ca tu m  . . . 400

cucurb it inum  ..............  403
c u r t u m ............................ 390

f. in te rm ed ium  . . . 390
f. m a ju s  ................... 390
f. m i n u s ....................  390
var. a t te n u a tu m  . . . 391 
var. Bourrellyi . . . .  391 
var. g lobosum  . . . .  391
var. m ajus  ..............  391
var. o b t u s u m   391

c u r i u m ............................ 407
cuticulare  ..................... 399

cylindrocyst i form e . . 409 
cylindrus  

var. at tenuatum  . . 401 
var. si lesiacum . . . 403 

Cylindrosphinc tum  . . 378
Debaryi .........................  417

var. turg idum  . . . .  395
d e l i c a tu lu m ...................  393

var. minus  ..............  393
var. perfora tum  . . 399

depressa  .......................  411
d iadem atum  ................  393
d i d y m o c a r p u m   414

var. alp in u m  .......... 395
diplospora

var. s tenocarpa  . . . 416
d i p l o s p o r a   411, 413

f. intermedia  .......... 413
var. et ssp. m ajor .  . 413
f. constricta  ............ 413

dip losporum  . . .  411, 412
f. m ajus  ....................  413
f. m inus ....................  412
var. m ajus  ..............  413
var. am er icanum  . . 413
f. m ajus  ....................  413
f. m i n u s ....................  413

dub ium  .........................  415
D y s p h i n c t i u m ..............  378
elegant issimum

var. simplicius . . . .  410
elongat um ..................... 392

f. brevius ................  392
var. a f r icanum  . . . 393 
var. lanceo la tum  . . 393 
f. su b cy l in d r ic u m . . 393

elongat um  ....................  392
exile ................................  415
F a a k e n s e .......................  392
f lor idanum  ................... 402

var. brasiliense . . . 402
fu s i fo rm e  ..................... 401
gelidum  .........................  393
globosum ...........  411, 415

f. m inus  ................... 396
var. subviride  . . . .  411
var. W o l l e t ..............  397

g o n i o id e s .......................  417

g rande  ............................ 395
var. cunea tum  . . . .  396

g r a n u l a t u m ................... 415
he tero taphrid ium  . . . 402 
h ibern icum  . . . .  412, 415
illudens   413, 414
in c o n s p ic u u m ..............  403

f. b a c i l l a r c ................ 403
incu rvum  ....................  414
in fe ru m  .........................  411
lagenario ides ..............  392

var. pseudotine-
cense ..................... 392

var. sydneyense  . . 402 
var. in term edium  . . 400

lanceolatum  ................  393
var. subcylindricum  393

L u e t k e m u e l l e r i   408
m a g e l la n i c u m ..............  399
minu t iss im a  ................  410
m inutiss im um  ............ 408

f m a ju s  ....................  408
var. suboctangulare  408 

m in u tu m
var. c r a s s u m . .  404, 415 

m in u tu m
var. crassum  .......... 401

monil iferum
var. pan d u r ifo rm e  411 

monil i  f  arme
f. s u b v i r i d e ..............  411

M opreanum  ................  408
f. constr ic tum  . . . .  409

n a n u m  ............................ 408
n a v i c u l a .......... 401, 416
obcu n ea tu m  . . . 401, 417
pach yderm um ...........  415
p a langu la    402, 406

var. silesiacum 403, 415
var. Wolle i . . 399, 403

Palangula
399, 401, 406, 407 

var. ro tunda tum
407, 408

p a rv u lu m  ....................  401
Peniella sudetica  . . . .  393
p e rm in u tu m  ................ 410
p h y m ato sp o ru m  . . . .  414



426 EINAR TEILING

p h y  m a t o spor um  . . . .  390
p o lym orphum  ...........  414
P rin tz ii .........................  417
pseudarcto ides  .......... 410
pseudarc toum  

var. p erm in u tu m
396, 410

p seu d o co n n atu m  . . . .  417 
p seu d o cu cu rb ita  . . . .  408 
pseud o h ib ern icu m  . . 412
p se u d o tin e c e n se   392
pu sillu m  .......................  408
p y r a m id a tu m ..............  409
quadratum

f. cylin d ricu m  . . . .  412 
Regelianum  . . . .  378, 390
R ehm anii ..................... 416
r o s e o la ............................  415
r u f e s c e n s .......................  393
Schizospora  pachy-

d e r m a .........................  412
S c h o m b u rg h ii ............... 416
s ib i r ic u m .......................  416
sp a rsep u n c la tu m  . . . .  417 
S p h a ero sp h in c tiu m  . . 378

subarctoum  . . . .  396, 415
su bellip ticum  ..............  397
subglobosum  ..............  397
su b o c ta n g u la r e ...  408
subpa lan g u la  ..............  409

var. d ep au p era tu m
409, 410

su b p y ram id a tu m  . . . .  409
su b ru fescen s ..............  416
s u b t i l e ................... 410, 416

var. su b sp a r sepu n c -
ta tu m  ..................... 410

su b ti l is s im u m ......  416
su b tu rg id u m  ................  396
sydneyense ................... 402
T ay lo ri .........................  406
T e tm e m o r id iu m . 378
T h w a ite s ii . . 391, 393,

416, 417
var. curtius  ...........  390
var. sco ticum  . . . .  400

T hw aitesii
var. in crassa tu m

f. t a t r i c u m . 415

tra c h y p o lu m ................. 399
var. e longatum  . . . 399 
var. M essikom m eri 399

tru n ca tu m  ..................... 401
tum idum  .......................  402

var. b rasiliense  . . . 402
tu r g id u m .......................  395

var. ligatum  ...........  395
var. o r n a t u m   395
var. ovatum  ............ 395
var. su b ro tu n d a tu m

395, 416 
var. tinecense 392, 395

variab ile  .......................  417
v i r i d e ....................... 411, 412

f. glabrum  ..............  411
f. m inus ...................  411
var. com pressum  ..  411 
var. tru n ca tu m  . . .  411

W estii ............................  416
W ollei ............................  397
z o n a r iu m .......................  417
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A new Species of Lepidozia from South Africa.

By S i g f r i d  A r n e l l .

Gävle, Sweden.

Lepidozia spinosa — nov. spec.

S. A f r i c a :  Cape P rov .: Table M ountain, Disa Gorge, A r n e l l , n. 1078, 
1097 etc. — Knysna, Deepwall forest, A r n e l l , n. 1515, 1925 etc. Type specimen 
n. 1515 (Riksm useum, Stockholm ).

Dioica, viridis, in solo humido vel in cortice repens. Caulis usque 
25 m m  longus, remote pinnatus, pinnis attenuatis. Folia caulina con­
tigua, recte patula, asymmetrical, breviter tr i— quadrilobata; lobis tri­
angularibus, basi 3— 4 cellulas latis, cellula apicali longa, hyalina, in 
angulo 90 divergente; disco brevi. Cellulae 10— 12(— 18) p, cellulae 
basales majores. Amphigastria parva, tri—quadrilobata, lobis uniseria- 
lis; cellula apicali longa, hyalina. Perianthia  in ramo brevi postico 
terminali posita, fusiformia, profunde quadrilobata; cellula apicali 
longa, hyalina. Capsula oblonga. Sporae 10 u, brunneae, laeves. Elateres 
bispiri, 5— 6X200 p.

Dioicous, d a rk —pale green, on wet soil rich in humus or on decaying 
bark. Stem up to 25 mm long, about 60 u in diameter, pinnate, branches 
projecting at 45— 90 to the stem, with long leafless or microphyllous 
stolons. Leaves approximate, somewhat concave, asymmetrical, 5- 7 
lobed. Ventral (upper) lobes triangular, short, base 3— 4 cells wide, 
dorsal lobes 2— 4, 2—3 cells long and one cell wide, all lobes with a 
long hyaline apical cell, generally at right angles to the axis of the lobe 
and  directed towards the apex of the shoot. Discus broad, at the base 
of the upper lobe usually an obtuse tooth or shoulder. Insertion trans­
versal in the dorsal portion, in the lateral portion oblique at about 30 
to the axis of the stem. The leaf nearest below the exit of the branches 
smaller and consists usually of the 3— 4 short dorsal lobes, occasionally 
also 4— 5 lobed with one or two larger lateral (ventral) lobes. Cells 
10— 12 (— 18) p, basal cells larger. Amphigastria small ± patent, 3— 4-



428 S I G F R I D  A R N E L L

Cb

Fig. 1. Lepidozic i  sp in o s a  S. A rn .  —  a F r a g m e n t s  of  sh o o t s  in d o r s a l  (left) a n d  
v e n t r a l  v iew  (r igh t) .  —  d  A m p h ig a s t r i a .  —  / B rac ts .
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Fig. 2. Lepidozia  spinosa  S. Arn. — b Latera l  lobes of a leaf f rom  a branch.  — 
c Ditto f ro m  the stem. e Fem ale  organ with per ianth .  —  y  Spores.

lobed, lobes uniseriate and frequently with a hyaline apical cell. Female 
organs on short ventral branches. Bracts in 1 — 2 pairs, inner bracts 
deeply 4-lobed, lobes dentate, with a long apical cell. Perianth longly 
ovate, pluriplicate almost to the base, m outh dentate with ciliate teeth. 
Calyptra thin. Sporogonium ellipsoid. Spores 10 p, brown, smooth, with 
1 2  large chloroplasts. Elaters bispirate, 5— 0 p wide and up to 200 p 
long. Male organs not observed.

This species holds an isolated position in the genus and I propose a 
new subgenus for it, Apiculo-Lepidozia, characterized by long apical 
cells of the leaves and amphigastria, and by the shape of the insertion 
line of the leaves as described above.
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Smärre uppsatser och meddelanden.

Några anmärkningsvärda gräsfynd.

Under en exkursion längs stranden söderut från  Timm ernabben i Ålems 
socken av Kalmar län den 3 juli 1954 fann jag i Alsterån Leersia oryzoides 
(L.) Sw. Den växte invid östra stranden nära  åmynningen. Någon klar u p p ­
fattning av beståndets storlek var svår att få, eftersom endast bladen av de 
närm ast stranden växande exemplaren nådde över vattenytan. Då artens u t ­
bredning nyligen varit föremål för utförlig behandling i denna tidskrift (av 
A s t a  L u n d h  1942 och av H e l g e  R i c k m a n  1947) äro kom m entarer  till fyndet 
överflödiga.

Ammophilci arenaria (L .)  L i n k  påträffades av mig den 2 september 1945 
vid Sandviken på Järflotta i Ösmo socken, Södermanland, och den 26 augusti 
1951 på  Nåtarö i Utö socken, där den växer vid både Stora och Lilla Sand. 
F ynden  äro om näm nda av H y l a n d e r  i Nordisk Kärlväxtflora (Stockholm 1953, 
s. 311) och av A l m q u i s t  i Natur i Södermanland (Göteborg 1952, s. 82; och 
skulle alltså kunna anses tillräckligt offentliggjorda och ej behöva ytterligare 
omnämnas.

Emellertid äro fyndomständigheterna sådana, att några  kom m entarer  torde 
vara lämpliga. Arten är  sannolikt en nyinvandrare i Stockholmstrakten. F r å n ­
sett ett adventivfynd vid Sandham n omkring 1890 och ett vid Djupe i Bergsjö 
socken, Hälsingland, var den ej känd från östkusten no rr  om Blekinge förrän  
på 1930-talet, då den påträffades på Ålö i Utö socken (Stockholmstraktens 
Växter, 2. uppl. s. 19), där den växer på stranden av viken på öns sydöstsida. 
Vikens s trand är  av u tskjutande berguddar uppdelad i flera bågformade san­
diga partier. På det yttersta på nordöstra  sidan funnos vid mitt första besök 
den 5 ang. 1934 något 10-tal tuvor av A m m ophila ; för övrigt eftersöktes den 
förgäves längs stranden. E tt par  år  senare var situationen oförändrad, men 
vid ett besök den 26 september 1954 befanns den ha spritt sig högst betydligt 
och bildade nu etl 150 m långt och 5— 10 m brett bestånd längs stranden. 
E lym u s arenarius var så gott som fullständigt undanträngd. På de övriga 
sandiga strandpartierna  längs viken funnos enstaka tuvor.

De båda Nåtarö-lokalerna besökte jag 16 aug. 1934 utan  att anträffa A m m o ­
phila. Till mitt förfogande hade jag då, som ofta vid exkursioner i skärgården, 
endast en knapp t u tm ätt  tid mellan landstigning på en brygga och avfärd från 
en annan, varför den floristiska inventeringen ej kunde bli så grundlig som 
önskvärt. Emellertid saknas Am m ophila  även i en förteckning på sällsynta 
växter, som docent S t e n  S e l a n d e r  år  1923 anträffade på Nåtarö. Denna lista
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Fig. 1. Ammophila arenaria (L.) L ink  i Stockholm strak ten .

Utom ])å de 4 på  k a r ta n  m ark e rad e  lokale rna  funnen  en gång vid Sandham n, till­
fälligt inkom m en  med bar las t  om kring  1890. — K ar tan  fig. 1 godkänd  för publicering 
i rikets a l lm änna  ka r tve rk  den 14 december 1954.

ställdes av f in n a re n  godhe ts fu ll t  till m i t t  fö rfogande ,  då S to ck h o lm s tra k ten s  
V äxter redigerades. Det ä r  m y ck e t  osannolik t ,  a l t  ingen av oss skulle h a  setl 
A m m o p h i la ,  om  den fu nn i ts  d ä r  vid t iden fö r  v å ra  besök, i sy n n e rh e t  som  vi 
b åd a  fu n n i t  den vida m in d re  iögonenfa llande  Elytr ig ia  juncea  v id S to ra  S and  
(säkerligen =  S e l a n d e r ’s Ö stra  Sand enl. ex. i R iksm useets  h e rb a r iu m ) .  E n d a s t  
n åg ra  få  m en  k ra f t ig a  A m m o p h i la - tu v o r  sågos 1951 på  v a rd e ra  av de b å d a  
N å tarö - loka le rna .

P å  J ä r f lo t ta  fan n  jag 1945 en  ej särdeles s tor m en  r ik t  v ip p b ä ra n d e  tu va  av 
A m m o p h i la  arenaria. År 1929 h ad e  jag g jor t  en m ycke t ingående  invente r ing  
av öns flora, f r a m fö r  allt av s a n d s t rän d e rn as ,  u ta n  att f in n a  a r ten ,  v a r fö r  den 
b ä r  m ås te  h a  v a n d ra t  in u n d e r  m ellant iden. Vid senare  besök b a r  jag  å terse t t  
den  u rsp ru n g l ig a  tu v an  och  dessu tom  fu n n i t  ett p a r  m in d re ,  helt sterila. Vid 
det senas te  (1949) b e fu n n o  sig alla tu v o rn a  i ett m ycket dåligt skick, och det 
ä r  tvivelaktigt, o m  de a l l t j äm t  f innas  kvar.

Av den  r ik a  flora, som jag fan n  1929 (Selaginella, Salsola, Cakile, L a th y r u s  
m ar i t im u s  etc.) fan ns  1949 ej m yck e t  kvar .  Alla de 4 n ä m n d a  a r t e rn a  h ad e  
fö rsvunn it ,  och  Carex arenaria  och A tr ip lex  li toralis  b a  helt tagit ö ve rb and .
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(I)en sistnämnda fanns där  redan 1929, liksom även pä sandstränderna på 
Torö. Att endast Stockbonäs udde namnes under Södertörnsområdet i Stock­
holmstraktens Växter, beror på ett förbiseende.)

Den närm ast de näm nda lokalerna belägna plats, där Ammnphila  fö rekom ­
mer, är så vitt kän t Gotska Sandön. Det ligger nära till hands att antaga, att 
den invandrat därifrån. Avståndet dit ä r  80 km, både Ålö-lokalen och Nåtarö- 
lokalerna vetta mot sydöst eller öster och öppna havet, och sydöstliga vindar 
äro ej sällsynta. Sannolikast är  kanske, att rhizombitar drivit över och givit 
upphov till de första tuvorna. Artens rika förekomst på Gotska Sandön är 
betingad av inplantering, jf r  A r w i d s s o n  i K.V.A. Avh. i Naturskyddsärenden 
N:o 1 (1938) s. 36. Någon anledning att antaga, att Ammophila  skulle vara 
inplanterad på Ålö och Nåtarö finnes ej. Sandviken på Järflotta ligger mera 
skyddad för vindar från  öppna havet,  men är  dock öppen mot söder. Naturligt­
vis kan en rhizombit av en tillfällighet ha drivit dit.

Elytrigia juncea  (L.) N e v s k i  ssp. boreoatlantica (S im .  & G u i n . )  H y l .  finnes 
på Älö invid det stora A m mophila-bestandet. Den sågs ej alls 1934 och å r  1954 
endast i sterila exemplar. Även på  Nåtarö och vid Drumbudd på Utö liar jag 
endast sett den steril, S e t . a n d e r ’s ovan näm nda Nåtarö-exemplar ha däremot 
ax, och vid Sandham n är  den flera gånger sedd axbärande och tycks alltså 
trivas där. Det förefaller egendomligt, att Ammophila  ej lyckats sätta sig fast 
på Sandön.

Vid Stenshuvud (Södra Mellby socken, Skåne) påträffade jag den 7 juli i år 
ett bestånd av Hordelymus europaeus  (L.) I I a r z  i en Carpinus-dunge invid 
den väg, som från  den sydöstligaste gården i Svinaberga by leder ned mot 
sandfältet söder om berget. Ett tjugotal fertila strån funnos på en yta av några 
kvadratmeter. Lokalen ligger u tanfö r  det fridlysta området.

Arten i fråga är i Skåne tidigare känd  endast från Röddingedalens nordsida, 
där den förekommer inom Röddinge och Sövde socknar i bestånd, av vilka 
åtminstone ett par  äro ojämförligt r ikare än det vid Stenshuvud. F ö r  övrigt 
är den i Sverige känd från  ett litet om råde p å  Gotland (se I I y l a n d e r , Nordisk 
Kärlväxtflora s. 382; 9 lokaler uppges i lit teratur och på herbarieetiketter, flera 
av dem ligga emellertid mycket nä ra  varandra  eller äro möjligen delvis iden­
tiska), vidare 6 lokaler på Öland (5 på mellersta Öland, därav 2 vid Borgholm 
mindre än 1 km från varandra, och 1 i Böda nära  öns nordspets), 1 i Smålands- 
delen av Kalmar län, 2 i Södermanland och ej mindre än 9 i Uppland, därav 
5 i Möja inom ett litet område, vilket dock är  större än det, som rym m er 5 av 
de gotländska lokalerna.

Hordelymus  har  alltså en anm ärkningsvärt stor frekvens i den nordligaste 
delen av sitt utbredningsområde. 1 D anm ark  finns den på många lokaler, r ik ­
ligast på södra delen av Jyllands östkust (se ID l a n d e r ' s Flora och H u l t é n  s 
Atlas, karta  274), i Norge och Finland saknas den. Utanför vårt f loraomräde 
är  den utbredd mot väster till Skottland och Irland, franska Atlant-kusten, 
Pyrenéerna, mellersta Spanien, åt söder till Algeriet och Mindre Asien och åt 
öster till Kaspiska Havet och övre Volga. Utbredningen är ojämn och har 
många luckor.

E r i k  A s p l u n d .
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P otentilla  anglica  X P . erecta i V ästergötland.

Sensommaren 1952 upptäckte undertecknad hybriden mellan Potentilla ang- 
lica och P. erecta på två lokaler i Björketorps socken i sydvästra Väster­
götland.

På den ena lokalen, som var skuggig och relativt fuktig, växte gles granskog 
med en undervegetation av bl.a. mossor, Potentilla erecta (rikligt), Melcim- 
pyrum  silvaticum, Goodyera repens  och Listera cordata (sparsamt).

Denna hybrid  var storvuxen med revor på upp till 8 dm:s längd. Stjälk - 
bladen, av vilka endast ett var 5-fingrat, voro grovt och vasst sågade. Spets­
tanden på de flesta uddbladen var långt framskjuten, påm innande om stora 
P. erecta-blad. Det 5-fingrade bladets skaft var 2,5 cm, medan de övrigas höll 
sig mellan 0,5 och 1 cm.

Den andra  lokalen, ett p a r  km från föregående, utgjordes av en starkt sol- 
exponerad gräskant, belägen mellan en landsväg och en gärdesgård. Förutom  
hybriden insamlade jag där  också Potentilla anglica, som förekom i ett flertal 
individ tillsammans med P. erecta.

Hos denna hybrid  voro k ronorna 5-taliga. F ör  övrigt var växten liten, endast 
omkring 28 cm hög. Samtliga stjälkblad voro 3-fingrade och överensstämde 
närmast med blad hos P. anglica.

E l o f  C a r l s s o n .

A m scott ia  Grönbl. —  Nom . nov.

A correction to the article “A new Genus and a new Species among the Des- 
mids" by R. G r ö n b l a d  and P. K a l l i o . — Botaniska Notiser 1954, Häfte 2.

Since it has come to our knowledge that the name Scottia" of a new genus 
of the Desmidiaceae,  published by the author, is a homonym, another genus 
bearing the same name — Scottia R. Bit. 1812 (Papilionaceae) — and having 
been previously published, the name created by us is not valid and must be 
rejected. (Internat.  Rules of Botan. NomencL, Art. 60).

Thus the name A m sc o t t ia  G r ö n b l ., nom. nov. — derived from A. M. S c o t t  —  
has to replace “Scottia  G r ö n b l . 1954' with the diagnosis unchanged. Accord­
ingly the new species “Scottia mira  G r ö n b l . "  is to be called A m sco tt ia  mira  
G r ö n b l ., nov. comb, with the diagnosis unchanged.

R o l f  G r ö n b l a d .
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Svensk Botanisk Litteratur 1953.

(Meddelanden från  Lunds Botaniska Museum, Nr 108.)

F örteck n in g en  o m fa t t a r  skr if te r ,  som  helt eller delvis ä ro  av vetenskapligt- 
bo tan isk t innehå l l  och som  try ck ts  i Sverige u n d e r  1953, sam t vidare sk r if te r  
av sam m a  art,  pub lice rad e  i u t lan de t  de tta  å r  av svenska fö rfa tta re .  E ndas t  
v e tenskapliga  a rbe ten  i egentlig m en ing  m ed tagas ;  p o p u lä rv e ten skap liga  sk r i f ­
ter och recens ioner  h a  i a l lm än h e t  u te läm na ts .  F rå n  den in te rna t ione l la  k o n ­
gressens i S tockholm  fö rh a n d l in g a r  m ed tagas  ve tenskapliga  b id rag  och m ed ­
delanden, m en  diskussionsin lägg  i an s lu tn in g  till dessa an fö ra s  ej särskil t.  

K om p le t te r in ga r  m o t tag as  ta ck sam t av u tg ivaren .

F ö r k o r t n i n g a r.

ACS: Acta Chemica Scandinavica, Köbenhavn (tr. i Helsinki).
AfB: Arkiv för Botanik, Stockholm.
AfK: Arkiv för Kemi, Stockholm.
AHB: Acta Hort i Bergiani, Stockholm.
BN: Botaniska Notiser, Lund.
ECR: Experimental Cell Research, New York (tr. i Uppsala).
GFF: Geologiska Föreningens i Stockholm Förhandlingar.
Her.: Hereditas, Lund.
KLA: K. Lantbrukshögskolans Annaler, Uppsala.
KLT: K. Lantbruksakademiens Tidskrift, Uppsala.
Nat. i Dis.: Natur i Dalsland. Under red. av N.-G. K a r v i k  och K. C u r r y - L i n d a h l . 

Stockholm.
Nat. i Ang.: Natur i Ångermanland och Medelpad. Under red. av O. E l o f s o n  och 

K. C u r r y - L i n d a h l . Stockholm.
NST: Norrlands Skogsvårdsförbunds Tidskrift, Stockholm.
PBC: Proceedings of the Seventh International Botanical Congress Stockholm 1950.

Stockholm-Waltham (tr. i Uppsala).
PFÅ: Sveriges Pomologiska Förenings Årsskrift, Stockholm.
PP: Physiologia Plantarum, Köbenhavn (tr. i Lund).
SBT: Svensk Botanisk Tidskrift, Stockholm.
SS: Statens Skogsforskninginstitut, Stockholm.
SST: Svenska Skogsvårdsföreningens Tidskrift, Stockholm.
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SUT: Sveriges Utsädesförenings Tidskrift ,  S tockholm.
SV : Statens Växtskyddsansta lt ,  Experim entalfä ltet .
SvN: Sveriges Natur,  å rsb o k  och tidskrift ,  Göteborg.
VT: Våra  träd. Red. av T. A r n b o r g  och I. H u s t i c h . Stockholm.

A natom i.  M orfologi.  E m bryolog i.

1. A l l e n , O. N., and  A l l e n , E. K., The produc tion  of rootle ts  f rom  nodules of
certain  w oo d y  leguminous plants. PBC, 159— 160.

2. A l m e i d a , E. J. d e , M orphological and  physiological anom alies  in Olea euro-
paea  L. PBC, 378.

3. B a l l , E., E xper im en ta l  dividing of a shoot apex. PBC, 371— 372.
4. B a u m , H e r m i n e , Die Bedeutung der postgenita len Verwachsung für das Ver­

ständnis  des Baues von Karpell  und  Gynözeum. PBC, 355— 356.
5. B e l l , P. R., Stelar s t ru c tu re  in the  genus E laphoglossum . PBC, 381.
6. B i s s e t , K. A., and  H a l e , C. M. F., Complex cellular s t ruc tu re  in bacteria.

ECR 5, 449— 454.
7. B u c h h o l z , J. T., E m bryo logy  of gym nosperms. PBC, 374— 375.
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9. B u v a t , R. A., Des effets cytologiques de 1’eau el le dé te rm in ism e  de la forme

des chondriosom es.  PBC, 366— 367.
10. C a m i c i , L e o n t i n a , a n d  S e r m o n t i , G., Morphological observations on the

organisat ion  of the m ycelium  of Penicil lium chrysogenum  in submerged 
culture. PBC, 452— 453.

11. v a n  C a m p o - D u p l a n , M a d e l e i n e , D u terme »sillon» d ans  la nom enclatu re
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végétaux. PBC, 246— 247.
18. D e b r a u x , G., La feuille isolée en survie. Reactions histologiques et a n a to ­

ni icpies. PBC, 379— 380.
19. D i x o n , 11. M„ Mitotic ho rm one.  PBC, 783.
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Litteratur.

J o h n  R a m s b o t t o m :  M ushroom s and  Toadstools.  — Collins. London. 1953. Pris  
30 s.

I den  engelska serien The New N atu ra l is t  h a r  u tkom m it m ånga  böcker, som  är  
u tm ä rk ta  till sitt pris. F rå g a n  är emellertid  om inte topp u n k ten  nås av R a m s b o t t o m s  

svam pbok. Den bygger på  t rad i t io n e r  f rån  I s a a c  W a l t o n s  dagar  och är en riktig 
bibel för svam pälskaren .  Bokens sä regna  k a ra k tä r  kom m er  tydligast till u t t ry c k  i 
kap it len  om  ätliga och giftiga svam par ,  svampodling, älvringar, tryffeljakt,  rö ta  och 
mykologiens historia .  H är  ä r  fa k ta  och fabler sam m anf lä tade  till fan tasieggande  
och t ju s an d e  m önster  på  ett helt  enkelt  mästerligt  sätt.

Materiale t  ä r  icke sys tem atisk t  b e hand la t ,  ehu ru  särski lda  kapitel  f innas om r ö k ­
svam par ,  jo rd s t jä rn o r ,  s t inksvam par ,  b rö d k o rg ssv am p ar  och tryfflar.  F ängs lande  
som en ä v en ty rs ro m an  är  kap it len  om sp o rk a rak tä re r ,  självlysande svam par,  m ykor-  
rhiza  och penicillin. D är jäm te  f innas  f lera  tyvärr  all tför k o r ta  kapite l  om ekologien 
i olika växtsam hällen .

De s t rå lan d e  b i lde rna  i färg och svart-vit t b id raga  för t jänstfu l lt  till att ge boken  
en kvali tet,  som  m an inte ä r  b o r t sk ä m d  med.

B e n g t  Å k e s s o n .

Notiser.

G öteborgs botaniska trädgård. Till  in tenden t  vid Göteborgs bo tan iska  t r ä d g å rd  
h a r  u tn ä m n ts  docent  G u n n a r  D e g e l i u s .

Tryckningsbidrag till Botaniska N otiser och Opera Botanica. Av Sta tens n a t u r ­
vetenskapliga  fo rskn ingsråd  h a r  L u n d s  Botaniska förening erhålli t  ett ans lag  å 
12.000 kr. fö r  u tg ivande  av B o tan isk a  Notiser  u n d e r  1955 och 0.000 kr. för  u tg iv an d e  
u n d e r  1955 av Opera  Botanica.

R ä t t e l s e :  hä f te  3, p. 342. fil. lic. H. R u n e m a r k  9.000 kr. fö r  u n d e r sö k n in g a r  
av cel lu losabildningen hos vissa s lem svam par  (enl. tidningsuppgift)  — läs: för 
u n d e rsö k n in g a r  inom  lavsläktet  R hizocarpon .
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