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T h e  ch ro m o so m e n u m b er has been determ ined  fo r 29 po p u la tio n s. A neu p lo id y  and 
aneusom aty  have been  o b se rv ed . K ary o ty p es are  given fo r O don tites verna  (B e ll.)D u m . 
(2n =  40), O. rubra  (B aum g.) O p iz  (2n = 18) and O. litoralis F r. (2n =  18). B oth m itosis and 
m eiosis w ere stud ied . T w o  theories o f p rev ious possib le m isin te rp re ta tio n  o f the ch ro m o 
som e num ber o f the d ip lo ids are given.

Britt Snogerup, D epartm en t o f  Plant Taxonom y, U niversity o f  Lund, W allenberg L a b o ra 
tory, Fack, S-220 07, Lund, Sweden.

Within Scandinavia  the fo llowing taxa o f  O d o n 
t i te s  have been recognized by different authors:

O don tites verna  (B e ll.)D u m .
O dontites rubra  (B aum g.) O piz (O . serotina  D u m .) 

ssp. rubra
ssp. rubra  var. pallida  Lange 
ssp. rubra  f. tescaria  K. Joh . 
ssp. pum ila  (N o rd st.)  U . Schneider 

O don tites litoralis F r. 
ssp . litoralis
ssp. litoralis var. baltica  E klund ex M ark i. 
s sp .fen n ic a  M arkl.

O . v e r n a  is known only as a w eed .  It is d istin
guished from O . ru b ra  in being few -branched ,  the 
branches (mostly in the upper part o f  the stem)  
making an acute angle with the stem. O . ru b ra  
is m uch-branched , the branches arising from the 
base o f  the stem at an obtuse angle. O . ru b ra  
is the c o m m o n es t  sp ec ies ,  occurring in grass
land, salt m arshes and as a weed . T he  epithet ssp.  
p u m ila  has been given to an extrem ely  lo w -g r o w 
ing salt-marsh eco ty p e  (Pedersen 1963). T he  
epithets v e r n a  and ru b ra  have both been used in 
a co l lec t iv e  sense.

O . l i to r a l is  grow s in salt marshes and on the 
brackish shores o f  the Baltic and is distinguished  
from O . ru b ra  in having the first f low er  at the 
5th—7th n od e,  leaves  shorter than the internodes  
and the style  shorter than the upper lip o f  the 
flower. T h e  epithets ssp .f e n n ic a  and var. b a lt ic a

were g iven to local races from the brackish  
shores o f  the G u l f  o f  Finland and o f  the Åland  
Islands respect ively  (Marklund 1955).

Material and methods

T he seeds o f  O dontites  do  not g erm in a te  un less exposed  
to low w in ter tem p era tu re s and  m o is tu re  fo r 12-18 
w eeks (V allance 1951). Seeds w ere sow n in po ts  in D e 
cem ber and p laced  in open fram es at the  B otanical 
G ard en s , L un d , for 18 w eeks and  th en  m oved  to  a 
g reenhouse (15°C). W ithin a w eek the  seeds had 
germ inated . Seedlings w ere p re trea te d  w ith  a sa tu ra ted  
solution o f 1,4 -d ich lo robenzene for 1 1/2-2 hou rs (L e p 
per 1968), fixed in abso lu te  a lco h o l:ace tic  acid  (3:1) 
overn igh t, s ta ined  w ith F eu lgen  (h y d ro ly sis  10 m ins.) 
according to  L ep p er (1968) and then  tre a te d  w ith a 5 %  
aqueous so lu tion  o f pectinase  fo r 2-3  h o u rs. T h e  squash  
techn ique d escrib ed  by Ö ste rg ren  & H e n e e n  (1962) 
w as used  on m eristem atic  tissu es o f  th e  p lum ule and 
lateral roo t-in itia ls. C ell d iv ision  had ceased  in the 
radicle. I f  the  F eu lgen  sta in ing  p roved  to o  w eak  ace to - 
carm ine w as ad ded  to  the p re p a ra tio n . T o  p rev en t 
b leaching the slides w ere left in ace to n e  only  till the 
astralon  co verslip  loosened .

Slides fo r investigating  m eiosis w ere m ade from  flow 
er buds fixed  overn igh t in ab so lu te  a lco h o l, ch lo roform  
and glacial ace tic  acid (6:3:1) and sta in e d  overn ig h t in 
H C l-carm ine at 60°C (Snow  1963). E x cess  sta in  w as 
rem oved in 70%  alcohol. A n th e rs  w ere  c ru sh ed  in 
45%  H A c and squashed  in a d ro p  o f  H o y e r 's  m edium  
under a g lass co verslip  (B eeks 1955). P M C s, pollen 
m itoses and  dividing som atic tissu es w ere  stud ied . 
Well sp read -ou t ch ro m o so m es w ere found  in term inal 
cells o f  som e a n th e r  hairs.

9 -  B otaniska N otiser
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T ab le  1. P rev iously  published ch ro m o so m e num bers o f 
O don tites.

Species 2n C oun ted  by

O. rubra 20 W itsch 1932 as O. serotina , 
R o ttgard t 1956, S o rsa  1962, 
S chneider 1964

O. rubra 18 G re ilh u b er 1971
O. litoralis 20 Sorsa 1963, S ch n e id er 1964
O. verna 40 W itsch 1932, R o ttg ard t 1956, 

Schneider 1964

O th e r  m ethods fo r  p reparing  slides fo r chrom osom e 
co u n ts  w ere less successfu l. P re trea tm en t w ith co l
chicine and  hydroxych ino line  gave rise to  o v e rco n 
trac tio n . S tick in ess o ccu rred  in such  p repara tio n s as 
well a s  in sec tions fixed in N av ash in -K a rp ec h en k o .

V o u ch e r specim ens are d eposited  at LD.

Chromosome numbers and karyotypes

T he  previously published chrom osom e numbers 
in O dontites  are  cited in T ab le  1. T h e  num ber 
2n = 20 for O. litoralis published by Rottgardt 
in T isch ler  (1950) and in R ottgardt (1956) refer to 
erroneously  de term ined material o f  O. rubra 
(Pedersen 1963). In Fedorov  (1969) the num ber 
2n = 20 for O. rubra  is also cited from R ohw eder  
(1937) and T isch le r  (1937) and 2 n = 4 0  for O. 
rubra  from T isch ler  (1934) and Sod (1959), but no 
counts  o f  their ow n are given in these works. In 
the sam e work 2n = 2 0  is cited for O. verna from 
Fagerlind (1937), which must be a misprint for 
Fagerlind (1936). Fagerlind discusses ch rom o 
some numbers but no counts  o f his own for 
O dontites  are given. G re ilhuber  (1971) presumes 
that previous reports  o f  2n =  20 are the result o f 
misinterpretation. The chrom osom es o f  O don
tites are small and often show stickiness.

My investigations confirm the diploid num ber 
found by G reilhuber.  In both mitosis and meiosis 
I have found 2n =  18 for O. rubra  and O. litoralis. 
In each o f  4 populations out o f  20 I have found 1 
aneuploid plant (Table 2). T h ree  of them had 
2n = 20 and the fourth 2n =22. This plant showed 
abnormal meiosis with the m etaphase  configura
tions 61, 5", 2m or  61, 8". Laggards occurred  
at anaphase . Meiosis was not studied in the o ther 
3 aneuploids.

T he  normal diploid ch rom osom e complement 
consists of 18 m etacentr ic  to subm etacentric  
chrom osom es (Fig. 1 A -C ). T h e  ch rom osom es 
show a gradual decrease  in size from 3.5 p m  to

T ab le  2. C hro m o so m e num b er o f  S cand in av ian  O d o n 
tites  species. N = n u m b er o f  p lan ts  in v estig a ted . -  
1 = Pollen m itosis. -  2 =  M ateria l co rre sp o n d in g  to 
M a rk lu n d 's  s s p .fe n n ic a .  - 3 = M a te r i a l  co rre sp o n d in g  
to  M a rk lu n d ’s ssp . litoralis var. b a ltica . - 4  =  M aterial 
co rre spond ing  to K. Jo h a n sso n ’s ssp . rubra  f. tescaria .

L ocality  n 2n N

O .rubra
Sw eden , S k åne, K lagsham n, BS 14 9 3
Sw eden , S kåne, S jö to rp , BS 117 9 1
Sw eden , S kån e , L junghusen , BS 118 9 18 3
Sw eden , S kåne, S kanör, BS 119 9 18 5

20 1
Sw eden , Ö land , L . V ick leby , W idén

030119 18 1
Sw eden , Ö land, V entlinge, W idén 030115 18 1
S w eden , G o tlan d , B älsalv ret,

T . K arlsson  0302034 18 1
F in land , Regio abo én sis , N au v o ,

L illandet, BS 97
1
9
1

1
1

O. litoralis
S w eden , G o tlan d , K lin teham n, BS 33 18 1
S w eden , S örm land , D alb y ö , B rev iken ,

BS 18 18 2
F in lan d , K arelia  austra lis , V iln iem i, BS 662 18 1

20 i
F in land , K arelia  au s tra lis , H äm een k y lä ,

BS 692 18 1
F in land , K arelia  aus tra lis , P y ö tsaa ri,

BS 742 9 18 5
F in lan d , R egio  abo én sis , K o rp p o o , BS 873 18 1
F in land , Regio abo én sis , K o rppoo ,

K orpostrom , BS 913 18 1
F in lan d , Regio aboénsis, V ää ttä in en ,

V ohlo , BS 100 9 18 3
F in land , Regio aboénsis, L ep ä in en ,B S  104 18 1

20 1
F in land , Regio aboénsis, K ittam aa,

P itkä luo ta , BS 101 18 1
F in land , Regio aboénsis, K ustav i,

H annu la , BS 108 18 I
F in land , Regio aboénsis, R oola, BS 115 18 1

O. verna
Sw eden , S kåne, K iaby , BS 120 20' 1

38 1
S w eden , G o tlan d , A rd re , BS 22 40 1
S w eden , G o tlan d , F alud d en , BS 47 40 1

39 2
Sw eden , G o tlan d , V ägum eviken , BS 53 40 1
S w eden , G o tlan d , T ing städ e , BS 60 20' 40 4

38 1
Sw eden , G o tlan d , O them , BS 63 40 1

38 1
Sw eden , G o tlan d , M arteb o , BS 61 20' 2
S w eden , G o tlan d , F riggars, BS 64 40 1

39 1
S w eden , G o tlan d , F id e , BS 45 40 1
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Fig. 1. K aryo types  o f  O dontites. - A :  O. rubra  (BS 119). 2n =  18. -  B: O. litoralis (BS 33). 2n =  18. - C :  O. litoralis 
(BS 74), material cor responding to M a rk lu n d ’s s s p .fe n n ic a . 2n =  18. - D :  O. verna  (BS 60). 2n =40 .  -  E: O. verna  
(BS 60). n =  20, pollen mitosis . -  Scale  10 p m .

1 p m. A satellite is often visible on one o f  the 
longest pairs.

F o r  O. verna  I have found the numbers  2n = 3 8 ,  
39, 40 (Table 2). The euploid num ber o f  O. verna  
is 2 n = 4 0 ,  which is confirmed in the pollen 
mitosis (Fig. I E). I have also found aneusom aty  
in som e individuals where the numbers 36, 38, 39 
and 42 are found together with the euploid 
number.

T h e  chrom osom es are m etacentric to submeta- 
centric. T h ey  range from 3 p m to 1 g m  with a 
gradual decrease  in size from the largest to the 
smallest.  O n e  of the longest pairs has a satellite 
(Fig. 1 D).

In PM C s o f  O. rubra and O. litoralis one bivalent 
usually divides precociously giving the im pres
sion o f  10 bivalents instead o f  9 (Fig. 2B). At 
pachytene , diplotene and diakinesis a strongly 
staining aggregation can be seen on the nucleolus. 
It is p robably  heterochromatin belonging to the 
satellite chrom osom es. T he  nucleolus is visible 
until late diakinesis. In counts made at diakinesis 
this aggregation could possibly be interpreted as a 
separate  bivalent (Fig. 2C). Meiosis was normal 
in nearly all cells investigated.
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Fig. 2. PM C s o f  O don tites. -  A: M e tap h ase  I, O. rubra  
(BS 119). -  B: M e tap h ase  1 ,0 .  litoralis  (BS 74), material 
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visible on  the satelli te c h rom osom e  and the nucleolus. 
-  Scale 10 p m .
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Three new species of brown fruticose Cetraria
Ingvar Kärnefelt

Kärnefelt , I. 1977 06 30: T h re e  new species o f  b rown fruticose C e trar ia .  B ot. N o tise r  130: 
125-129. S tockholm. ISSN  0006-8195.

C. arenaria  Kärnef. sp. nov.,  an A m er ican  lowland species growing on sand and  distr ibuted 
from N e w  England to the G re a t  Plains o f  w es tern  C a n ad a ,  with a d isjunct occu rrence  in 
C olom bia  and C. austra liensis  W. W eb er  ex Kärnef.  sp. nov. ,  an alpine species from 
Australia, N e w  South Wales, Snow y M ounta ins ,  are described  and illustrated. C. fa s tig ia ta  
(Del. ex Nyl.  in N orr l . )  Kärnef. stat.  nov . ,  based  on an infraspecific  taxon of  C. delisei, is 
redescribed ,  il lustrated and one table  is p resen ted  com paring  it with C. delisei.

Ingvar K ärnefe lt, D ep a rtm en t o f  P la n t T axonom y, U niversity  o f  L u n d , Ö . V allgatan 18, 
S-223 61 L und , Sw ed en .

W hen working with the brown fruticose C etrariae  
1 first noticed C. arenaria  and C. fa s tig ia ta  on 
herbarium specimens under o ther names. Only 
after having studied the plants in the field (C. 
arenaria  in M aryland, W isconsin, M assachuset ts  
and Michigan and C. fa s tig ia ta  in Alaska) did 1 
becom e convinced of their status.

C. australiensis  has been distributed in Lich. 
Exs. C O L O  454 as C oelocaulon australiense, 
unpublished. F o r  morphological,  anatomical and 
chemical reasons the species is better  accom m o
dated among the brown C etrariae.

A more extensive presentation o f  these species 
is to ap pear  in a monograph (Kärnefelt in prep.).

I have exam ined  all collections o f  C. arenaria  and 
C. fa s tig ia ta  in A B S L , C A N L ,  C O L O ,  F H ,  H ,  L E ,  
LD, M IC H ,  M IN ,  M SC, N E B C ,  S, U P S ,  U S ,  WIS. 
T h in  layer  ch rom atography  was carr ied  out  according 
to the m ethod  described by C u lberson  (1972).

C. arenaria Kärnef. sp. nov.

Holo typus:  Michigan, on sandy soil, 35 miles west  of  
St. Ignace on U .S .  2, 5.9 miles west  o f  junction  of  
M 117 to N e w b e r ry ,  M ackinaw C o . ,  1949 Im shaug 5449 
(LD).

Thallus f ru t icosus ( l - )3 ^ t ( -7 )  cm longus, pars proxi-  
malis p le rum que  longe indivisa, par tes  distales pluries 
divisae. L acin iae  (0 .5 -)I-4 (-12)  mm latae, leviter

canaliculatae ,  partibus planis, margin ibus hic inde p on
tibus connec t is ,  d icho tom e divisae. S u perfic ie s inferior 
c inereo-brunnea  vel pallide c inerea ,  raro  obscure 
b runnea ,  laevis vel longitudinalite r porca ta ,  opaca  vel 
nitida. Superfic ie s  superior  conco lo r  vel saepe 
obscurio r ,  laevis sed saepe  rugis transversa libus  d is tan
tibus munita ,  nitida, interdum opaca .  Par tes  basales 
raro  ruben tes.  P seu d ocyphe llae  m arg ina les  plerumque 
praecipue par t ibus distalibus persp icuae .  P seu d o cy
phellae lam ina tes  p lerum que paucae ,  m inutissimae, sed 
a l iquando in part ibus thalli expans is  num erosae .  
M argines lacin iarum  p rominenti is  acicularibus,  0.5-1 
mm longis munitae. A p o thecia  rarissima, marginalia  ad 
apices laciniarum posita , d iscus 0 .5-3  mm, obscure  
brunneus .  S porae  oc tonae ,  hyalinae, el lipsoideae, 3 .5 -  
4 x 5 .5-6  /xm. Pycnid ia  ra ra  terminalia  in prominenti is 
maginalibus posita,  microconidia  bacillaria,  circa 1 x 5 
/xm. Medulla  K - ,  C - ,  K C - ,  P D - .

Thallus fruticose (1 —)3—4(—7) cm large, proximally 
with usually long undivided portions and distally 
more densely branched. L ohes  (0.5—) 1—4(—12) 
mm broad, weakly channelled and with plane 
parts, lobe margins here and there  folded together 
and connected  with thallus bridges, dichoto- 
mously branched. L ow er surface  greyish brown 
to pale greyish, rarely dark brow n, smooth 
or weakly ridged along the lobes, dull or glossy. 
U pper surface  concolorous o r  often darker, 
smooth but with sparse transverse  wrinkles, 
usually glossy, sometimes dull. Basal parts 
only rarely reddish. M arginal pseudocyphellae
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F ig. 1. A : C. arenaria. M inneso ta , P olk  C o ., 1953 T h o m so n  17005 (W IS). -  B: C. fa s tig ia ta ,  ra th e r  luxurian t 
specim en . P e tsam o , 1931 R äsänen  (H ). -  C : C. austra liensis . L eft specim ens, N ew  S o u th  W ales, 1968 W eber & 
M cV ean  L-49746 (C O L O ); right spec im en s, 1967 W eber & M cV ean  L-47321 (C O L O ). -  All illustrations in natural 
size.
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usually distinct, especially on the upper parts 
of the thallus. Laminal pseudocyphellae usually 
uncommon and very small, but occasionally 
numerous on expanded thallus parts and then 
larger. M arginal projections 0.5-1 mm long, 
acicular. Apothecia  marginal on the lobe ends, 
very rare, disc 0.5-3 mm, dark brown. Spores 8 
per ascus, hyaline, ellipsoidal, 3.5-4 x 5.5-6 /am. 
Pycnidia on top of the marginal projections, very 
rare; microconidia rod-shaped, about 1 x 5  /am. 
Medulla K - , C - ,  K C - ,  P D - .

C. arenaria (Fig. 1 A) differs from C. islandica 
mainly in the acicular marginal projections and in 
the absence of distinct laminal pseudocyphellae. 
Otherwise the taxon has usually been referred 
to as C. islandica subsp. crispa (Brodo 1968) or 
as C. ericetorum  (Taylor 1968) because of the 
PD negative medulla. C. arenaria  also differs from 
C. ericetorum  in the acicular marginal projections 
and the less channelled and flatter lobes. Chemi
cally C. arenaria differs from C. islandica in the 
absence of fumarprotocetraric acid. However, 
the two species contain the same aliphatic com
pounds (lichesterinic and protolichesterinic 
acids). C. arenaria and ericetorum  prove to have 
different aliphatic compounds when tested in the 
B-system (Culberson 1972) for the identification 
of lichen products.

C. arenaria is mainly a North American 
lowland species preferring sandy environments. 
The species is fairly common on the Atlantic 
seaboard from Maine, Massachusetts, Rhode 
Island, Connecticut to New York (Long Island). 
Inland it is found in Vermont, Pennsylvania, 
Maryland, Virginia, West Virginia and Ohio. 
However, the best-known localities are along the 
shores of Lake Michigan and Lake Huron. 
There has been a general agreement among 
American lichenologists that these plants merit 
nomenclatural recognition (Imshaug 1957). C. 
arenaria is also found on the eastern shore of 
Lake Superior and on the northern shore of Lake 
Ontario. The species occurs only scattered in 
Wisconsin, Minnesota, Manitoba, Saskatchewan 
and Alberta. C. arenaria also occurs in an iso
lated locality in Colombia, South America.

The species is named because of its preference 
for sandy situations.

Cetraria australiensis W. Weber ex Kärnef. 
sp. nov.
H o lo ty p u s: A u stra lia , N e w  Sou th  W a le s , S n o w y  
M ou n ta in s , K o sc iu sk o  S tate  Park, sum m it o f  M ou n t 
Stil w e ll, K angaroo  R ange, 1981 m .s .m .,  a b o v e  C h ar
lo ttes  P a ss , abundant loca lly  on w in d sw ep t heath o f  
E p a c r is p e tru p h ila -B a e c k ia  g u n n ia n a , occu rrin g  lo ca lly  
en tan gled  in b room -like m a sse s  on dead tw ig s , 1968 
W eber & M cV ea n  (L ich . E x s. C O L O  454) (C O L O ).

Thallus fru ticosu s  aliquantum  C. d e lis e i  m in utae s im ilis , 
l - 2 ( - 3 ) c m  lo n g u s, p a rsb a sa lis  ad c irca  0 .5  c m , in d iv isa , 
partes d ista les  d e n s iss im e  d iv isa e , partes b a sa les  et 
lacin iae p rincip a les 1 .5 -2  m m  latae , sa ep e  p orc is  longi- 
tudinalibus praed itae. L a c in ia e  irregulariter vel d ich o -  
tom e d iv isa e , 0 .5 -1  m m  la tae , fere planae v e l la ev iss im e  
can a licu la te . M argin es m ed io  cra ss io re s . S u p er fic ie s  
in fer io r  f laveo -b ru n n ea  vel o b scu re  brun nea, la ev is  et 
o p aca . S u p e r fic ie s  su p e r io r  c o n co lo r  ve l p lerum q ue  
in feriore ob scu r ior, la ev is  et o p aca . Pars b asa lis  
laev iter  ru b en s. P s e u d o c y p h e l la e  m a rg in a le s  pu ncti- 
form es in su p erfic ie  inferiore p ositae . M a rg in es  la c in ia 
rum  p rom in en tiis  d isp ersis , c irca  0 .5  mm lon gis  et c ilis  
p au cis , a liq uanto  d iv is is , 1-2 mm longis m u nitae. A p o 
th ec ia  ignota. P y c n id ia  rara term inalia p rom in en 
tiis m arginalibus praed ita , m icrocon id ia  bacillaria  
circa  1 x 6  /um. M ed ulla  K - ,  C - ,  K C - ,  P D - .

Thallus fruticose somewhat resembling a tiny 
C. delisei, 1—2(—3) cm large, with an unbranched 
basal portion, about 0.5 cm, and distally more 
densely branched, basal part and main lobes 
1.5-2 mm broad, often with longitudinal ridges. 
Lobes irregularly or dichotomously branched, 
0.5-1 mm broad, almost plane or very weakly 
channelled. The margins usually thicker than the 
central parts. Lower surface yellowish-brown to 
dark brown, smooth and dull. Upper surface 
concolorous or usually darker, smooth and dull. 
Basal parts pale reddish. M arginal pseudo
cyphellae dot-like. Marginal projections about 
0.5 mm, scattered. On the edges also a few 
branched cilia c. 1-2 mm long. Apothecia  not 
known. Pycnidia rare, on top of the marginal 
projections; microconidia rod-shaped about 1 x 6  
pm . Medulla K —, C —, K C - ,  P D - .

The species is accommodated in the group of 
brown Cetrariae because of the lobe form, the 
marginal pseudocyphellae on the lower surface 
and the marginal projections with terminal par- 
meliaceous pycnidia (Fig. 1 C).

The cortical layers, 30-70 pm  thick, consist of 
pachydermatous paraplectenchyma overlying a 
prosoplectenchymatous tissue. The medulla, 
140-190 pm  thick, is composed of loosely inter
woven hyphae 3-6 pm  thick. The algae of Tre- 
bouxia type, each 10-15 gm in diameter, are
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Table 1. Comparison of C. delisei and C. fastigiata.

Species Lobes Lobe tips Lower surface Pseudocyphellae

C. delisei weakly channelled 
to plane

acute or at least partly 
acute on wider lobes

smooth or 
wrinkled

marginal and laminal 
usually distinct

C. fastigiata subtubular and 
cucullate

more obtuse smooth and 
pitted

marginal almost indis
cernible, laminal few, 
poorly developed

spread th rough  the medulla or concentra ted  near 
the upper  cortex .

T he species  produces lichesterinic and proto- 
lichesterinic acids., common in this group of 
lichens.

C. austra liensis  is only known from the Snowy 
M ountains in Australia, where it grows unattach
ed but in tertangled  amidst twigs o f  small alpine 
shrubs or on the  ground in p rotec ted  depressions.

Cetraria fastigiata (Del. e x N y l .  in N orr l . )K ärnef .  
stat. nov.

Cetraria delisei (Bory ex Schaer.) Nyl. var. fastigiata  
Del. ex N yl., Flora 52 p. 444 (1869), nomen nudum. 
-C etraria delisei (Bory ex Schaer.)Nyl. ssp .fastigiata  
(” *C. fa s tig ia ta ” ) Del. ex Nyl. in Norrl., Not. Sällsk. 
Fauna Fl. Fenn. Förh. 13 p. 323 (1873). -  Cetraria 
hiascens (Fr.) Th. Fr. var. fastigiata  (Del. ex Nyl. in 
Norrl.) Wainio, Meddel. Soc. Fauna Fl. Fenn. 6 p. 119 
(1881) and Ark. Bot. 8 (4) p. 23 (1909). -  Lectotype  
(selected here): Finland, Enontekis, Hetta, 1867 
Norrlin det. Nylander (H).

Thallus f ru ticose  ( l - )3 -4 (-6 )  cm large. Lohes  
2-5 mm b road ,  canaliculate or a lmost tubular, 
d ichotom ously  branched and the margins cucul- 
late with shor t  branchlets , lobe tips obtuse, basal 
parts m ore  weakly channelled or plane up to 
15 mm wide. Low er surface  dark  brown, grey- 
brown, yellow-brown or pale b row n, smooth and 
pitted, usually  glossy. U pper surface  concolor- 
ous, m ore  pitted, dull or glossy. M arginal 
pseudocyphellae  very narrow and almost indis
cernible. L a m in a l pseudocyphellae  sparse and 
poorly developed . M arginal pro jections  0.1-1 
mm, sparse  o r absent, rarely on the lobe tips. 
A pothecia  marginal on the lobe ends, disc 2-10 
mm, usually with a slightly wavy margin, dark 
brown or b row n. Spores  8 per ascus, hyaline, 
ell ipsoidal, 2 .4 -3 .6  x 6-8.4 /urn. P ycnidia  on top 
of the marginal projections, dark  brown; micro- 
conidia rod-shaped ,  about 0 . 5 x 5  p m .  Medulla

K —, C  + , K C - ,  P D - .  C onta ins  gyrophor ic  and 
hiascinic acids.

T h e  epithet, taken from aD elise  herbar ium  name, 
was first m entioned by N y land er  (1869), bu t w ith
o u t an acceptable  description. A valid description 
was published a few years later by N y lan d e r  in 
N orr l in  (1873). In this work N orrl in  adopted  
N y la n d e r ’s habit of  marking infraspecific units 
above  variety with an asterisk, as in the case of 
C. fa s tig ia ta .

C. fa s tig ia ta  is readily dis tinguished from its 
c losest relative C. delisei on the s truc tu re  o f the 
lobes and pseudocyphellae  (Table 1). T h e  lobes 
o f  C. fa s tig ia ta  (Fig. 1 B) resemble m ore  closely 
those  of C. cuculla ta  or C. ka m cza tica  than the 
m ore  finely divided lobes o f  C. delisei.

C. fa s tig ia ta  is a poor com petito r  on the arctic 
tundra  and occurs  chiefly where minor d ep re s
sions and bare spots form niches. It is also found 
in d epressions in northern  boreal bogs. O nly ra re 
ly is C. fa s tig ia ta  found in o ther  habitats . The  
sam e kind o f  habitats are exploited by other 
b row n C etrariae, e.g. C. andrejevii, C. delisei and 
C. n igricascens. H ow ever ,  these species  all have 
a much wider ecological amplitude and C. fa s t i 
g ia ta  consequently  is the least successful.

C. fa s tig ia ta  is found on N ew found land ,  sca t
tered in the C anadian  Arctic and in Alaska. On 
the Eurasian  continent C. fa s tig ia ta  is distributed 
in the eas te rnm ost part of  Siberia and from the 
Urals  to northern  Scandinavia.

Acknowledgements. I am very grateful to Dr Teuvo 
Ahti, Helsinki and Professor Rolf Santesson, Stock
holm for nomenclatural and taxonomic comments on 
C. fastigiata  and to Dr Irwin M. Brodo, Ottawa, Dr 
Richard C. Harris, Ann Arbor and Dr Henry A. 
Imshaug, East Lansing, for comments on C. arenaria.
I gratefully acknowledge the honour Dr William 
A. Weber, Boulder, has paid me in allowing me to de
scribe his unpublished Australian species. I am also 
grateful to Dr Ove Almborn, Lund, for criticism of the 
work and for correcting the Latin descriptions. The



BOT. N O T IS E R  130 (1977) New  species o f  Cetraria 129

S w ed en -A m erica  F o u n d a tio n  financed  m y v isit to 
C an ad a  and U SA  in 1976.
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Galenia secunda (Aizoaceae) new to Europe
Lars Arvidsson and Magnus Lidén

A rvidsson, L. & Lidén, M. 1977 06 30: G alenia secunda (A izoaceae) new to Europe. Bot.  
Notiser 130: 130. Stockholm . ISSN  0006-8195.

Galenia secunda  (L. fil.) Sonder is reported from the province o fC ad iz , S Spain. T he species  
is native to S Africa. It probably cam e to Europe by human activity.

Lars Arvidsson and M agnus L idé n , D epar tm en t  o f  System atic  Botany, Universi ty  o f  
G öteb o rg , Carl Skottsbergs G a ta  22, S A 1 3  19 Göteborg,  Sweden.

In 1968 a specimen of G alenia secunda  (L. fil.) 
S onder  was collected in S Spain. As far as we 
know, no G alenia  has been collected in Europe 
before. T h e  Spanish plant agrees well with the 
description given by A dam son (1956) except that 
the leaves are  a lternate only in the upper parts 
o f  the stems. Some specimens in S, determined 
by A d am so n , also have opposite  leaves, ho w 
ever, and S on der  (1862) states that the young 
leaves are often opposite . O u r  plant is rather 
robust with large flowers (perianth lobes 3.0-3.2 
mm long), red anthers and a gynoecium with five 
styles. It agrees well with the type in herb. 
Thunberg  (UPS). Galenia secunda  is evidently 
very close to G. pubescens  (E. & Z .)  D ruce, 
which is said to be green and less hairy and with 
perianth segm ents  2.0-2.5 mm. Both species are 
very polym orphic  and many subspecific taxa 
have been described. H ow ever ,  the som ewhat 
larger flowers and the dense hair iness of our 
specimen seem to justify our determination.

T h e  Spanish specimen (prov. Cadiz ,  2 km 
N C hiclana de la Frontera ,  21.4. 1968, S trand 
hede et al. 826 (G B)) was found on saline soil 
near the Atlantic O cean in com pany with 
A rthrocnem um  g la u cu m , A . perenne. B eta

m acrocarpa , L im on iastrum  m onopeta lum , M e- 
sem bryan them um  nodiflorum , Salsola  soda  and 
S uaeda  vera.

G alenia secunda  probably cam e to E urope by 
human activity. The  plant is indigenous to South 
Africa (Adamson 1956) and southern  Namibia  
(Friedrich 1972). It has also been collected in 
F lorida , U S A  (Curtis 6869 (S) " th e  seeds ev i
dently  brought in ba llas t” ) and in A delaide , S 
A ustralia  (Kaspiew 35 (S)).

T h e  occurrence  o f  G alenia secunda  in Europe 
is not very remarkable since several o ther 
species o f  the Aizoaceae have been naturalized 
here. A t least seven of the eleven species of 
A izoaceae  mentioned in F lora  E uropaea  (Tutin 
1964) originate from S Africa.
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Moesziomyces, a new genus of Ustilaginales
Kalman Vdnky

V ånky ,  K. 1977 06 30: M oesz iom yces ,  a new genus o f  Usti laginales. B ot. N o tis e r  130: 
131-135. S tockholm. ISSN 0006-8195.

A  new genus  o f  Usti laginales,  M o esz io m yces , is described .  T h e  genus  is ch a rac te r ized  
by m any-spo red ,  perm anent  spore balls in which the spores are bound  toge ther  by  surface 
o rnam en ts  appear ing  as m eshes ,  o r  a t the margins as thin ir regular  wings,  w hen  the spores  
are  separa ted .  There  is no columella in the sori. T h e  following new  c om bina t ions  are made: 
M o esz io m yces  bulla tus  (Schröt.)  V ånky  (type species o f  M o e sz io m y c e s ), M . evern ius  
(H. Syd.)  V ån k y ,  M . globu ligerus  (Berk.  & Br.) V ånky  a n d M .  penicillariae  (Bref.)  V ån k y .

K ålm ån  V ånky, K yrkbyn  4 4 , S-78041 G agnef, Sw eden .

The genus Tolyposporium  was erected by 
Woronin (1882) for Sorosporium junci Schröter. 
A description of T. junci is provided for com
parison with the species segregated here in the 
new genus M oesziomyces.

Tolyposporium junci (Schröt.) Woronin

Sori small, tumor-like (Fig. 1 A, B) in the flowers 
(often involving only part of the inflorescence, 
the capsule or only the base of the inflorescence 
and spreading to the adjacent bracts and rachis), 
less often in the stems, forming a naked, black, 
granular agglutinated spore mass, composed of 
spore balls. Spore balls (Figs. 1 C, 2 A-C) variable 
in form and size, globose, subglobose, elongated 
or irregular, 16—5()(—80) ptm long, opaque, dark 
chestnut-brown to black-brown, composed of 
3-40 or more spores. Spores (Figs. 1 D, 2D) sub- 
globose to more or less angular, often rounded 
cuneiform and irregular, (6.4—)8—13.6(—16) gm in 
diameter, chestnut-brown to black-brown, 
smooth on the contact surface and provided 
with irregular warts on the free, slightly convex 
surface. The wall is unequally thick and may 
vary from 0.5^1 q-m within the same spore. 
Type on Juncus bufonius L., Silesia, Carlowitz 
near Breslau (at present Wroclaw, Poland), coll. 
J. Schröter.

Fig. 1. Tolyposporium  ju n c i  on Ju /u  us b u fo n iu s. -  A: 
T h e  host  plant with the fungus sori, x  0.6. -  B :T h e  sori, 
x  3. - C :  Spore  ball, x 625. - D :  S pore s ,  x 625.
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Fig. 2. Tolyposporium junci. -  A, B: Spore balls, LM x 1100. -C :  Spore balls, SEM x630. -D :  Spores in a spore
ball, SEM x 2420.

D istribution: on Juncus bu fon ius  L.: Europe, 
N . A m erica ;  on J. cap ita tus  Weig.: Europe 
(Poland, Sweden).

The heterogeneity o f T olyposporium

O v er  the years  num erous species o f  fungi with 
spore balls and an uncertain sys tem atic  position 
have been included in the genus Tolyposporium . 
C onsequen tly  this genus becam e heterogeneous
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containing species with widely different m or
phology and biology. So far about 40 species have 
been referred to this genus. Som e of them belong 
to the genus Thecaphora, e .g . Tolyposporium  
davidsonii Dietel & H olw ay which in fact is 
conspecific with Thecaphora pilu laeform is  Ber
keley & C urt is ,  on Isocom a veneta  (Compositae), 
or Tolyposporium  iresine  Elliot which is The
caphora iresine (Elliot) H. S. Jackson  on Iresine  
celosina  (Amaranthaceae). Several species of 
Tolyposporium  turned out to belong to the genus 
Sorosporium , e.g. T. anthistiriae  P. H enn . ,  
T. cenchri Bref., T. christensen ii Ragunath, 
T. everhartii (Ellis & G allow ay) Dietel, 7. fili- 
fe ru m  Bussee, T. tr istachidis  (Sydow) Zundel. 
Tolyposporium  cocconii Morini on the leaves 
o f  C arex  spp. belongs to the genus Schizonella  
with all the characteristics o f  this genus, except 
for one: the spores in pairs are  agglutinated in 
smaller or larger balls. Tolyposporium  crepidis- 
ruhrae  (Jaap) Ciferri is a species of E ntylom a. 
T. glabrum  Ciferri belongs to the genus Spha- 
celo theca; T. bursum  (Berk.) Me Alpine to the 
genus U stilago; T .ju n c i  Lind (non Woronin) is 
C intractia lidii Liro and T .ju n c i  (Schrot.)  W oron. 
ß. jo h a n so n ii Blytt on Juncus bufonius  is Uro- 
cystis jo hanson ii (Lgh.) M agnus . T he  genus 
G lom osporium  (type: T. lep tideum  Sydow, in the 
seeds o f  Che nopodium  album  L.) was separated 
from the genus Tolyposporium . Tolyposporium  
eriocauli Clinton was recently transferred to the 
genus D erm atosorus  (W hitehead & Thirum a- 
lachar 1972). Several species o f  Tolyposporium  
are Fungi Imperfecti e.g. T. chloridis  P. Henn. 
(!), T. pam peanum  Speg.,  T. ph ilipp inense  H . & 
P. Sydow, T. reticulatum  Speg. and T. volkensii 
P. H enn . (!).

Apart from the above-m entioned  species, the 
genus Tolyposporium  is still ra ther he te ro 
geneous. H ow ever ,  there is a group of 4 or 5 
species with com m on charac teris tics  which are 
still quite different from the type of the genus 
(T. ju n c i  (Schrot.) W oron.) . F o r  this small group 
of fungi belonging to the family Ustilaginaceae, 
it proves necessary  to set up a separate  genus, 
for which 1 propose the nam e M oesziom yces, 
in honour o f  the Hungarian mycologist G usz tåv  
M oesz (1873-1946).

it

Fig. 3. M oesziomyces bullatus on Echinochloa crus- 
galli. -  A: The host plant with the fungus sori, x 0.6. -  
B: One sorus in a spikelet, x 3. - C :  Spore ball, x 140. -  
D: Spores, x 625.

Moesziomyces V ånky gen. nov.

Typus generis: M oesziomyces bullatus (Schröter) 
Vånky.

Sori ovariicoli, sine columella; sporae in glomerulis 
multisporis ornamentis superficialibus firme conjunc
tae, haec aspectu macularum irregularium reticuli vel, 
ad margines sporarum separatarum, alarum irre
gularium.

Sori in the ovaries, without columella. Spores  
in many-spored spore balls firmly agglutinated 
by surface ornam ents  appearing as irregular 
meshes, or at the margins as thin irregular wings 
when the spores are separated.

Moesziomyces bullatus (Schröter) V ånky  
comb. nov.

Sorosporium bullatum  Schrot.,  Abh. Schles. Ges. 
Vaterl. Cultur, Abth. Naturw. Med. 1869-72:6, 1869. — 
Tolyposporium bullatum  (Schröt.) Schröt.,  Krypt. Fl. 
Schles. 3: 276, 1887. -  Type on Panicum crus-galli L. 
(=Echinochloa cu s-g a lli  (L.) Beauv.), Germany, 
Silesia, near Liegnitz (at present Legnica in Poland), 
Sept. 1869, coll. Schneider, in Rbh. Fgi. eur. 1489 (!).
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x 1100. -  B: Spores, LM x 1100. -C :  Spore ball, SEMFig. 4. M oesziom yces bullatus. -  A: Young spore ball, LM 
x 500. - D :  Spores, SEM x 2450.

Sori in the ovaries (Fig. 3 A , B), usually infecting 
occasional ones, globose to ovoidal, 2.5-4 mm 
in length, covered  by a sm ooth , first green, later 
brown m em brane  which rup tures  irregularly 
disclosing a granular, b lack-brown spore mass 
com posed  of spore balls. T h e  sori lack a co lu
mella and are often detached entirely. Spore balls

(Figs. 3 C ,  4 A, C) varying in shape and size, 
globose, subglobose, ovoidal, elongate to irregu
lar, dark  brown, opaque ,  50-220 x6 0 -3 20  gm  
in d iam eter ,  com posed  o f  many  (often several 
hundred), firmly agglutinated spores. Spores  
(Figs. 3D , 4B , D ) globose, ovoidal to irregular, 
slightly polyhedral, 6.4—8(—8.8) x  7.2—10.4(—12)
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pm  in d iam eter ,  semi-hyaline to light yellowish- 
brown, bound together by surface ornam ents 
appearing as meshes, or at the margins as thin 
irregular wings, when the spores are separated 
(Fig. 4D ).  T h e  immature spores are round, while 
the m ature  spores often becom e slightly poly
hedral as a result o f  mutual pressure.

D istribution: on different species o f  Echi- 
nochloa: Asia ,  E urope and N o rth  America.

Moesziomyces evernius (H. Sydow) Vånky 
comb. nov.

T olyposporium  evern ium  H. Syd. ,  A nn . M yc . 37: 443, 
1939. -  T ype  in the ovaries o f  P aspa lum  d istichum  
L., Akalgarh ,  Punjab, W. Pakistan ,  coll. S. Ahm ad (!).

T o lyposporium  p a sp a li  L angdon, Papers  Univ. 
Q ueens land ,  D ept .  Biol. 2(9): 4, 1948. -  Type  in the 
ovaries  o f  P asp a lu m  d istichum  L . ,  Enoggera  C reek ,  
A shgrove ,  Brisbane,  Q ueens land ,  Austral ia ,  2 .III. 
1943, coll. R. F. N . Langdon  (!).

D istribution: on P aspalum  d istichum  L.: Asia 
(China, India, W. Pakistan), Australia.

Moesziomyces globuligerus (Berkeley & Broome) 
V ånky com b. nov.

T hecaphora g lobu ligera  Berk. & Br.,  T rans .  Linn. 
Soc. L o n d . ,  Bot. II, I: 407, 1880. -  T olyposporium  
g lobuligerum  (Berk. & Br.) Ricker, Jou rn .  M yc. 11: 
112, 1905. -  Type  in the ovaries o f  L eersia  hexandra  
Swartz ,  Brisbane  River,  Queens land ,  Austral ia .

Testicularia  leersiae  C ornu ,  Ann. Sei. N a t .  Bot. 
VI. 15: 275, 1883. -  U stilago leersiae  Durieu .  in 
C o rnu ,  Ann . Sei. N a t .  Bot. VI. 15: 274, 1883. -  Type in 
the ovaries  o f  Leersia  hexandra  Sw artz ,  Alger ia, VIII .  
1862, coll. M. L e tourneaux .

D istribution: on Leersia  hexandra  Swartz:
Africa (Algeria, Ivory C oast,  M orocco ,  N yasa-  
land, U ganda),  N . and S. A m erica ,  Asia (India), 
Australia; on L . japon ica  M akino: Asia (China).

Moesziomyces penicillariae (Brefeld) Vånky 
comb. nov.

Tolyposporium  penicillariae  B re f . , U n te rs .  G esam m t.  
Mycol.  12: 154, 1895. -  Type  in the  ovar ies  o f  P eni
cillaria sp ica ta  Willd ., about F e b r .  1891, coll. A. 
Barclay.

Tolyposporium  sen eg a len se  Spegazzin i ,  Ann. M useo  
N ac .  Hist. N a t .  26: 118, 1914. -  Type  in the ovaries 
o f  Penicillaria typho idea  Fig. & D e  N o t . ,  W. Africa : 
Senegal , D ak a r ,  XII.  1913, coll. C .  Spegazzini.

D istribution: on P ennisetum  g laucum  (L . )R .  Br. 
( — P. am ericanum  (L .)S c h u m .,  =  P. typhoideum  
L . ,  — Penicillaria typhoidea  Fig. & De N o t. ,  =  
P. spicata  (L.) Willd.): Africa (common), S. 
Asia (India).

A ckn o w led g em e n ts . T h e  au tho r  would like to express  
his s incere  thanks  to P rofessor  J. A. N annfe ld t  and 
D r  L. Holm  for reading the m anuscr ip t  and for the 
Latin  diagnosis ,  to D r  R. F . N .  Langdon , D r  Ch. 
Z am bet tak is ,  the D irec to rs  and C u ra to r s  o f  herbaria  
from BPI, M , S, and U PS  for the  loan o f  the types 
and specimens.
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Miscellaneous notes on algal taxonomy and nomenclature IV
Peter S. Dixon and Linda M. Irvine

D ix o n ,  P. S. & Irvin e,  L. M .  1977 06  30: M isc e l la n e o u s  no tes  on algal taxon om y and n o m e n 
clature IV. B o t. N o tis e r  130: 137-141.  S tock h o lm .  I S S N  0006-8195.

(1) T h e  correct  n am e for the N o r th  Atlantic  s p ec ie s  o f  F u rce lla r ia  is F. lu m b rica iis  (H u d s .)  
Lamour.  (2) P e tr o c e lis  c ru en ta  J. Ag.  m ust be typif ied by material at L D ,  in Herb.  A lg .  
Agardh. 27581.  (3 ) R h o d o p h y llis  d iv a r ica ta  (S tackh .)  Papenf.  must  be  typified by the original  
descr ipt ion o f  F u cu s  b ifidu s  H u d s . ,  in the a b s e n c e  o f  material . (4) With regard to nam es  
apply ing to s p e c ie s  o f  G e lid iu m  it is s h ow n  th a tG .  corn eu m  var. la tifo liu m  must by typif ied  
by material c o l le c t e d  at S id m outh ,  n o w  at E; that F u cu s p u s illu s  S tackh.  must  be typif ied,  
provis ionally ,  by material at BM; that F u cu s crin a lis  Turn,  m ust be  typified by material in 
B M -K ; and that F u cu s c o rn eu s  var. s e s q u ip e d a lis  C lem ,  m ust be  typified by material  at 
L D , in Herb.  Alg .  Agardh.  32975.  (5 )S c in a ia  tu rg id a  C h em in  m ust be  typified by material at 
L D , in Herb.  A lg .  A gardh. 32180.

P e te r  S . D ix o n , D e p a r tm e n t o f  E c o lo g y  a n d  E vo lu tio n a ry  B io lo g y , U n iv e rs ity  o f  C a lifo rn ia , 
Irv in e , C a lifo rn ia  92717, U S A .
L in da  M . Irv in e , D e p a r tm e n t o f  B o ta n y , B ritish  M u seu m  (N a tu ra l H is to ry ) , L o n d o n  S W 7  
5B D , E n g lan d .

T he  following notes refer to fu r ther  taxonom ic 
and nom enclatural problems detec ted  during p re 
liminary w ork  for the first volume (Rhodophyta) 
o f the for thcom ing Seaw eeds o f  the British Isles  
(Dixon & Irvine 1977).

The correct name for the North Atlantic species 
of Furcellaria

T h e  genus Furcellaria  was described by Lam ou- 
roux (1813 p. 45, reprint p. 25) and at the time he 
included tw o species, F. lum bricaiis  (based upon 
F ucus lum brica iis  var. a  T u rn .)  and F. fa s tig ia -  
tus (based upon  Fucus lum bricaiis var. ß T u v n .) .  
T he  form er species was selected as the lectotype 
of the genus Furcellaria  by L aP y la ie (18 29 p .  66).

L a m o u ro u x ’s reference is to T u rn e r  (1802 p. 
317-320) w here  the latter dis tinguishes varieties 
a  and ß  o f  F ucus lum bricaiis having either 
‘lineari-lanceolate cylindrical binate pods, often 
an inch long ' o r  ‘apices very short,  d iaphanous , 
o f  an ova te ,  o r  ovato-lanceolate form, c o m 
pressed, and o f  a pale-pink co lour ' .  L ater ,

T urner  (1808 p. 11) calls these varieties a  lum 
bricaiis and ß  fa s tig ia tu s . F ro m  the accom pany
ing illustrations, it is clear that the former re 
presents te trasporangial plants and the latter 
spermatangial plants of the species currently but 
erroneously known as Furcellaria fa s tig ia ta  
(L.) Lam our. T u rn e r  gives a number o f refer
ences under his F. lum bricaiis var. ß  but Fucus 

fa s tig ia tu s  L. (1753 p. 1162) is not among them. 
In fact, in both 1802 (p. 309, p. 315) and 1808 (p. 
9) T u rn e r  gives F. fa s tig ia tu s  L. as the basionym 
of F ucus rotundus  var.  y  fa s tig ia tu s  (L . )T u rn .  
Although L inn aeus’s plant was shown by D rew  
(1958 p. 750) also to be representa t ive  of the taxon 
under discussion, she com m ents  that “ those 
familiar only with the usual form found on the 
Atlantic shores might well be excused for being 
uncertain o f  its identity . . .  W aern  . . .  considers 
the specimen now selected as the type (PI. 62 a) 
to be ‘like an old piece of Furcellaria fa s tig ia ta , 
which may be found dropped  on the roads of 
G o t lan d ’, i.e. what is known in those parts as 
Kräkel.  Com parison  of the specimen of PI. 62

10 -  B o ta n isk a  N o t is e r
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and photographs of Baltic specimens o f  F .fa s ti-  
giata  given by W aern  certainly support this 
s ta tem en t .”  A combination based upon Fucus 

fa s tig ia tu s  L. would how ever be a later homonym 
of  Furcellaria fa s tig ia ta  L am our.  D rew  also 
investigated the application of the binomial Fucus 
lum bricalis  H uds .  (1762 p. 471). T here  is a speci
men bearing this name in the H erbarium  of the 
British M useum  (Natural H istory) (BM) which 
appears  to have belonged to H udson  and since 
H udson  changed the name la ter (1778 p. 589, 
Fucus fu rc e lla tu s )  it must be an early specimen 
if not the type. It is p roposed to accept this 
specimen provisionally as having lectotype s ta
tus. As show n by D rew ,  it is a typical plant of 
the species u nder  consideration. U n d e r  Fucus 
lum bricalis var. a ,  T u rn e r  (1802) quotes a number 
o f references including ‘F ucus lum brica lis’ in 
Gmelin (1768 p. 108, t.6, f.2) an d G oo den ou gh  & 
W oodw ard  (1797 p. 204). Both of these works 
attribute the binomial to H udson  (1762 p. 471), 
so the combination  becom es F. lum bricalis 
(Huds.) L am ou r . ,  the correct name for the taxon 
in the genus Furcellaria.

The typification of Petrocelis cruenta J. Agardh

T h e  species P etrocelis cruenta  was described by 
J. Agardh (1851 p. 490) w ithout citing any speci
mens, but giving the habitat as ‘ad oras H iber
niae, Angliae et G a ll iae ’. T he  Irish record is evi
dently based on H arvey  (1847 pi. 117, as ‘Cruoria 
p ellita ’) and the English one upon Berkeley (1833 
pi. I, fig. 3, as ‘C haetophora  p e llita '), both of 
which are quoted  by J. Agardh, the latter with 
a query. In the Agardh H erbarium  at Lund (LD) 
are two specimens, nos. 27580 and 27581, sent by 
the brothers  C rouan  from Brest, collected on 
8th D ece m b e r  1849, which presumably  provide 
the record for F rance .  T h ere  is also a pencil 
sketch by J. A gardh apparently  made from no. 
27581, a mica preparation. T his  sketch shows the 
intercalary te trasporangia  with cruciately a r 
ranged te traspores  typical o f  the genus P etro
celis (first described  by J. A gardh in the same 
publication) but not actually mentioned in the 
species description. H arvey ,  in his illustration, 
shows only undivided te trasporangia  and there
fore it seems appropriate  to select the Crouan 
specimen preserved  on mica, H erb .  Alg. Agardh. 
no. 27581, as the lectotype o f  P etrocelis cruenta  
J. Ag.

The typification of Fucus bifidus Huds.

B ifida  d ivaricata  S tackhouse  (1809 p. 95, 97) is 
derived from F ucus bifidus  H uds .  (1778 p. 581) 
and shares the sam e type , as does  R h odophyllis  
divaricata  (Stackh.) Papenf. (1950 p. 190) (R h o 
dophyllis  Kiitzing (1847) has been  co nserved  
against Bifida  S tackh.) . H u d s o n ’s F ucus b ifidus  
is a later hom onym  of  F . bifidus  S. G .  G m elin  
(1768 p. 201); the com bination  R hodophyllis  
bifida  must therefore  be t rea ted  as a new  name 
and attr ibuted to Kiitzing (1847 p. 23). Papenfuss  
discussed the interpre tation o f  the binomial 
F ucus b ifidus  H uds. and conc luded  that it is 
synonym ous with R h o d ym en ia  p a lm e tta  sensu 
G rev .  ( = R . p seu d o p a lm a ta  (L am our .)  Silva). 
T h e  evidence for this a ssum ption  appears  to be 
based on a s ta tem ent by T u rn e r  (1809 p. 5) that 
Sir T ho m as  Frankland  had sent him an original 
specimen o f  H u d so n ’s, which T u rn e r  illustrates 
on Plate 73 (Fig. g). It is know n, how ever,  that 
H u d s o n ’s interpre tations of his own ‘spec ies ’ 
changed a great deal over  the years .  In  view of the 
information given by F rank land  in an unpublished 
paper presented  to the L innean  Society  in June  
1806 that his first co rre sp on den ce  with H udson 
took place in 1782, when he sent specim ens  from 
Scarborough for identif ication, it seem s likely that 
any specimens and com m en ts  passed  to F rank-  
land by H u dson  represen ted  the la t te r ’s later 
views. In fact, the wording o f  H u d s o n 's  original 
description: ‘F ronds  1-1 1/2 inches, translucent, 
once and then immediately twice bifid, cuneiform 
or dilated tow ards the apex , flat,  vein less ,  purple, 
d iap han ou s’ would seem m ore  c lose ly  to describe 
R hodophyllis d ivaricata  than R h o d ym en ia  p seu 
dopa lm ata . Fu rther ,  the fo rm er species  occurs 
not infrequently on the H am psh ire  coast (e.g. 
Southsea  Castle), whilst the la tter  appears  to be 
rare in the area. It seems reasonab le ,  therefore, 
to accept H u d so n ’s original descr ip tion  as the 
lectotype o f  F ucus b ifidus  and that  it refers to the 
plant currently  known as R h o d o p h yllis  divari
cata.

The typification of names applying to species of 
Gelidium

Identification of specimens o f  G elid ium  has 
always been  notoriously difficult,  so much  so that 
Bornet referred to it as “ genre d iab o l iq ue” . T h e  
difficulties have been caused  by th e  very great
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morphological plasticity shown by all entities 
growing under different environmental condi
tions and by uncertainties in the application of 
names caused by improper typification.

Sequential observations of m arked plants have 
indicated that there are only three species in the 
British Isles -  G. latifolium  (Grev.) Born. & 
T h ur . ,  G. pusillum  (Stackh.) Le Jol . ,  and G. ses
quipedale  (C lem.)Thur. This  represents  a marked 
reduction from the num ber of species accepted 

I in the most recent revision in Europe (Feldmann 
& Hamel 1936). T he  attribution of species, sensu 
F eldm ann & Hamel, is as follows:

Present treatment Feldmann & Hamel

Gelidium latifolium G. attenuatum
G. latifolium

Gelidium pusillum G. crinale
G. pulchellum
G. pusillum

Gelidium sesquipedale G. sesquipedale

In general, the axes of the G. pusillum  aggregate 
are cylindrical although the tips may become 
som ewhat spathulate during the winter months 
while those of the G. latifolium  aggregate are 
predominantly flattened but becoming more 
terete during the winter months. Both G. la ti

fo liu m  and G. pusillum  occur  on the Atlantic 
coast o f  Europe from southern N o rw ay  toG ibra l-  
tar (although of limited occurrence  in the N o rth  
Sea) and also in the M editerranean. G. sesqu i
pedale, in comparison, is one of the few species 
o f  the genus with little variation o f  external form 
other than in size. It is o f  rare occurrence  in 
Devon and Cornwall, extending to Mauritania  
and into the Mediterranean.

Despite  the need for accura te  typification in a 
genus where the taxonomy has becom e so c o n 
fused, little has been achieved. D aw son  (1953) 
made a few comm ents on those entities which 
occurred on the Pacific coast of  N orth  A merica 
while Segi (1963) attempted to typify many 
epithets in the genus. T he  work o f  D aw son  is 
som ewhat unreliable while the supposed typifica- 
tions of Segi are largely meaningless.

T he  following comm ents are offered on the 
typification o f  entities relevant to the British 
flora.

Gelidium corneum var. latifolium

This variety was described b y G rev i l le  (1830 p. 
143) on the basis o f material from T re v o n e  Bay, 
Cornw all,  and Waldon rocks , T orbay ,  Mrs. 
Griffiths. Sidmouth and T o rq u a y ' .  T h eG rev i l le  
collection in the herbarium of  the Royal Botanic 
G ard en ,  Edinburgh (E), contains one sheet ap pa r
ently with material from both  Waldon Rocks and 
T rev on e  Bay, a second sheet with several speci
mens from T revone  Bay and a further sheet with 
a single specimen from Sidmouth. O f these, the 
single specimen from Sidmouth best shows the 
characteristics of the taxon, as now understood, 
and this has been selected as lectotype. The 
variety was given specific status by Bornet & 
T h u re t  (1876).

Fucus pusillus Stackh.

T h e  original trea tm ent o f  F ucus pusillus  by 
Stackhouse  (1795 p. 16) was based on material 
collected at Sidmouth. A ttem pts  at typification 
were made by D aw son  and Segi: D aw son  (1953 p. 
62) states The w hereabou ts  o f the original m a
terial unknow n to the w ri te r ’; the com m ents  by 
Segi (1963) refer to specimens o f  no relevance 
to the typification of F. pusillus  Stackh.

Material possibly relevant to the typification 
has been found in two herbaria.

(1) T h e  British M useum  (Natural History), 
London  (BM), possesses one sheet apparently 
received directly from Stackhouse  himself. This 
sheet , with two small clumps of material,  is 
annota ted  'F ucus pusillus  N er .  B rit .’ in S tack
h o u se ’s hand and 'J. S tack ho use ’ on the reverse 
in the same hand. A second specimen received 
through the Skrimshire herbarium is annotated 
'F ucus pusillus. S tackh. N er .  Brit. 6. This was 
sent to me by D. T u rn e r ,  who had it from Mr. 
S tackhouse  -  1797', in Skrim shire 's  hand.

(2) T he  L am ouroux  herbarium at the Labora- 
toire de Botanique, C aen  (CN) contains a speci
men annota ted  'F ucus pusillus  N er .  B rit .’, in 
S tac k h o u se ’s hand, filed in carton 19, folder 153.

T h e  first specimen listed above has been a c 
cep ted  provisionally as lecto type o f  F. pusillus  
Stackh.

Fucus crinalis T urn .

T h e  description of F ucus crinalis given by T urn e r  
(1819 p. 4) is based on various collections, which
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are cited as follows: 'On the English and Irish 
coasts. -  R ocks  in the sea at Sheringham in 
Norfolk. -  A t Sidm outh , growing on F. abrotani- 
fo liu s . M rs .  Griffiths. -  N e a r  Ilfracombe. Mr. 
H are. -  R ocks  at Kilmouth in Cornwall. Mr. 
Rashleigh. -  A t Brighton, forming large patches 
on the flat chalk-rocks about low w ater mark. 
Mr. Borrer. -  Sides of Belfast Lough. Mr. T e m 
ple ton’. In addition , T urne r  describes ß tr icu sp i-  
datus, based  on material received from M ertens, 
originating on the F rench  coas t ,  to which T hore  
had applied the manuscrip t name ‘F ucus tri- 
cu sp id a tu s’.

T u rn e r  was obviously uncertain  as to the attri
bution o f  various entities now referable to the 
genus G elid ium  since most specimens of that 
genus in his herbarium  are inadequately labelled. 
This is in 'm arked  contrast to o ther  genera, where 
specimens are  fully labelled and, when used as 
the basis fo r an illustration, this is clearly stated.

The  K ew  algal collection, now at the British 
M useum  (Natural H istory) contains the follow
ing material.

(1) A specim en labelled ‘S idm outh N ov  1807 
Mrs. G rif f i th s ’, in T u rn e r ’s hand.

(2) Several small clumps of material,  associa
ted with tw o labels, one annota ted  in B orre r’s 
hand ‘F u c u s  crinalis fr. Brighton July 1812’.

(3) F ive  specim ens mounted on three small 
pieces o f  p aper ,  tw o annotated T u r n e r ’s H e rb . ’, 
in H o o k e r ’s hand, and ‘Gelidium crinale J.  A g . ’, 
in A. D. C o t t o n ’s hand. In addition, one is anno
tated in A. D. C o t to n ’s hand: T h i s  is T u rn e r ’s 
idea of G. crinale  and may be taken as type 
f.[ide] W A S[e tche l l] ’.

(4) Several specimens on small pieces o f paper, 
associated with a label annota ted  ‘F ro m  the 
sandpool S idm outh  around every  side. T he  same 
as Mr. S tack ho use  found small black tubercles 
scattered on the stem & leaves’, in M rs G riffiths’s 
hand, with tw o o ther  annotations , ‘F. pusillus’ 
and ‘co rneus  var yo un g ’, in unknown hands. In 
view of the s ta tem en t by T u rn e r  that M rs G rif 
fi ths’s material was collected as an epiphyte on 
F. abro tan ifo lius  and the uncertain ty  that the 
label refers to the material with which it is now 
associated, it would seem best to reject this 
material from consideration in the typification.

There  have been various attem pts  to typify 
Fucus crinalis. M os t accep t the material from 
the Kew H erb a r iu m  which Setchell regarded as 
T u r n e r ’s idea o fG .  crina le’. Setchell apparently

rem oved a portion of this, as G a rd n e r  (1927 p. 
277) refers to having ‘examined a sterile fragment 
of the a ssum ed type o fG . crinale  T u rn . ,  obtained 
from the H erbarium  at K ew, England, by W. A. 
Setchel l’. D aw son  (1953 p. 64) co m m en ts  that the 
type ‘may be considered  to be a specim en without 
locality da ta  from the T u rn e r  H erba r iu m , now in 
K ew, England. It is annota ted  T h i s  is T u rn e r ’s 
idea of G. crinale and may be taken  as type. f. 
W .A .S . ’; he also rem oved  a fragm ent ,  now pre
served in the H erbarium  o f  the Allan H ancock  
F ounda tion ,  University  o f  S outhern  California, 
Los Angeles (H A H F ),  as specim en 55234. T he  
material Setchell,  G a rd n e r  and D aw so n  were 
dealing with had at least passed through  T u r n e r ’s 
hands, even if it is o f  uncertain  type sta tus.  O f  the 
specimens Segi (1963 p. 514) com m en ts  on, how 
ever, none can be considered  as type  material 
o f F ucus crinalis Turn .

Selection o f  the type locality has also posed 
problems. T u rn e r  states that his il lustration was 
based on a specimen collected by H are :  ‘to him I 
am indebted for the specimen here figured, as 
well as for the name now given to i t ’. D awson 
uses this sta tem ent as an indication o f  the typi
fication but then gives the type locality (Dawson 
1953 p. 64) as ‘rocks at K ilmouth, Cornwall, 
England '.  This  choice results from a misreading 
o f  the d a ta  p resented by T u rn e r  due to the 
curious punctuat ion  used by the latter. T h e  Hare 
locality is, in fact, ‘near I l f racom be’, the collec
tion from Kilmouth, Cornwall having been made 
by ‘Mr. Rash le igh’.

T he  specimen annota ted  by Setchell is p roba
bly the best choice which can be made at the 
present time, although the specim en should not 
be regarded as o f higher status than provisional 
lectotype.

Fucus corneus var. sesquipedalis C lem .

This varietal epithet, the basionym o f  Gelidium  
sesquipedale, was applied by C lem en te  (1807 p. 
317) to plants from Algeciras (Spain).  T h e  present 
location o fC le m e n te ’s herbarium is unknown and 
there is every  indication that it has been d e 
stroyed. T h e re  is material sent by C lem en te  to C. 
Agardh in the Agardh H erbarium  at Lund (LD); 
a fragment sent by C lem ente  to T u rn e r ,  which 
was present in the Kew H erbarium  in 1958, c an 
not now be located in the material transferred 
to the British M useum  (Natural H is to ry )  (BM-K).
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It would seem best to accept one o f  the C lem ente 
specimens at Lund as being of provisional lecto- 
type sta tus; the most appropriate  is H erb . Alg. 
A gardh. 32975.

The typification of Scinaia turgida Chemin

Setchell (1914) suggested that there were several 
species confused in Europe under the name S. 

fu rce lla ta  (Turn.) J.  Ag., now known as S . fo r -  
cellata  Biv. (see Dixon & Irvine 1977). Setchell’s 
suggestion was taken up by Chem in  (1926) who 
dem ons tra ted  that the entity known as S . fu rc e l
lata  var.  subcosta ta  J. Agardh differed markedly 
from S. fu rcella ta  var. fu rce lla ta  in terms of 
s tructure ,  reproduction and spore germination. 
C hem in proposed that this variety be given sp e 
cific s ta tus  but used the epithet turgida  on the 
grounds that it is more appropriate  than su b 
costa ta . T he  later suggestion by Hamel (1930) 
that the epithet subcosta ta  should be used is in
correct,  since an epithet has no priority outside 
its rank.

S . turgida  Chemin and 5'. fu rce lla ta  var. su b 
costa ta  J.  Agardh share the same type i.e., the 
material collected in Tangier and now filed in the 
Agardh H erbarium , Lund (LD), as Herb. Alg. 
A gardh. 32180.

A ckn o w led g em e n ts . W e are  indeb ted  to the D irec to rs  
o f  the B otanical M useum , L und , and  the British 
M useum  (N atura l H isto ry ) fo r perm ission  to  exam ine 
m ateria l; to  D r P. C . Silva and M r R. R oss for a s s is
tance  in the  p repara tion  o f th is p ap er and helpful 
com m en ts.
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A new species of Crepis from Mt Olympus, Greece
Arne Strid

Strid , A . 1977 06  30: A  n ew  s p e c ie s  o f  C rep is from  M t O ly m p u s, G r e ec e . B ot .  N o t i s e r  130: 
143-145. S to ck h o lm . IS S N  0006-8195.

C re p is  p a w l o w s k i i  sp . n o v . is d escr ib ed  from  b eech  forest on M t O lym p u s. It is related  to  
C. g e r a c io id e s  H a u ssk n . and C. v isc idu la  F roel.

A rn e  S tr id ,  In s t i tu te  o f  S y s t e m a t i c  B o ta n y ,  G o t h e r s g a d e  140, D K -1 1 2 3  C o p e n h a g e n  K ,  
D e n m a r k .

Crepis pawlowskii Strid sp. nov. -  Fig. 1

H erb a  p eren n is, 5 0 -7 0  cm  a lta , e rh izom ate  ob liq u o  
su rgen s. Folia  caud ica lia  7 -1 7  x  2 - 4  cm  m agna, oblan- 
ceo la ta , p etio lis  b rev ib u s, profu n d e runcinate  pinnati- 
fida v e l lyrata. Caulis  a basi u n icu s, e re c tu s , in m edia  
planta et supra ram ificatus, 3 -1 5  cap itu lis  term inatus, 
fo lio  ca u lin o  u n ico  d em in u to  ram um  infim um  fu lgen te , 
fo lio lis  ad ram ificationes su p er io res  b ra c tea ce is . P e 
dunt-uli  ten u es , 3 -8  cm  lon g i, ad a p ic e s  v ersu s  non  
in crassati. C apitu la  erecta  c irc iter  4 0-flora . Invo lucru m  
cy lin d ricu m , 1 1 - 1 3 x 5 - 8  mm m agn um , glabrum , 
m in ute nigro-papillatum . F o v e o la e  recep tacu li p le 
rum que c iliis  m arginatae. C o ro l la  16 -20  m m  lon ga , sa tu 
rate fla v a ; tubus pilis c r isp is  p raesertim  supra v e stitu s . 
A c h e n iu m  glabrum , ad a p icem  v ersu s  a tten uatum , 
nullum  tam en rostrum  m an ifestu m  fo rm a n s, 8 -1 0  cari
nis c ra ss is  a liisqu e ten u iorib u s co sta tu m . P a p p u s  a lbu s, 
6 -8  m m  lon gu s, b iseria lis, pilis b a si 30 g m  cra ss is .

Perennial, 50-70 cm high. R h izo m e  oblique, 15- 
30 x c .  8 mm, bearing many long, fleshy fibres 
c. 1 mm in diameter. C audica l leaves  6-8, 
ascending, 7-17 x 2 - 4  cm, oblanceola te ,  acute  to 
subobtuse , gradually a ttenu a te  into a narrow 
winged petiole c. 1/5 as long as the blade; deeply 
runcinate-pinnatifid to lyrate, the terminal lobe 
large, hastate ,  the lateral lobes narrow , distinctly 
re trorse ; pubescent below, especially on the 
mid-vein, with white, eglandular,  ra ther short 
and coarse  hairs, glabrescent above. S tem  single, 
erect ,  terete ,  fistulose, s triate, b ranched  at the 
middle and above, 3 -15-headed; sparsely pubes
cent below, glabrescent above ; with a single, 3-7 
cm long, linear, entire cauline leaf at the lowest

branching, and very small, bract-l ike leaves at 
the upper branchings. P eduncles suberect,  slen
der, 3-8 cm long, not th ickened tow ards the 
apex, without or with 1-2 minute b rac ts ,  nearly 
glabrous except for a tuft o f crispate hairs just 
below the head. H eads  erect, ra the r  large, 
about 40-flowered; involucre cylindrical,  11- 
13 x 5-8 mm. O uter bracts 6-8, 1/4-2/5 as long 
as the inner, ovate-lanceolate, acute ,  margin 
som ewhat scarious and often finely lacerate 
towards the apex. Inner bracts 12-16, linear- 
lanceolate, acuminate ,  ciliate in the apical 2-3 
mm. Both ou ter and inner bracts glabrous on both 
sides, but especially the inner densely covered 
with minute black papillae on the upper  surface, 
and with a dorsal crest near the apex. R ecep 
tacle  flat, alveolate; the pits without rim, 
usually fringed with thin, white, 0 .5-0 .8  mm long 
cilia. Corolla  16-20 mm long, bright yellow; 
ligule 2-3 mm wide, teeth c. 0.4 mm long, sub
acute , with a crest of papillae. Corolla-tube 5-7 
mm long, crispate-hairy, especially above. 
A n th er  tube c. 4 . 5 x 0 . 8  mm; appendages very 
small, oblong, ob tuse ; filaments c. 2 mm long. 
S ty le  b ranches c. 2 mm long, uniformly thick, 
ob tuse , greenish, with erecto-patent scabridity. 
M ature achenes  not seen; half -mature ones 
medium brow n, glabrous, 5-6 mm long, a ttenuate 
towards the apex but not distinctly beaked, with 
8-10 coarse  and some finer ribs, calloused at 
base, with a slightly expanded pappus disk at
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Fig. 1. Crepis pawlowskii Strid sp. nov. -  A: Habit. -  B: Capitulum. -C :  Inner involucral bract seen from the out
side. -  D: U pper part o f d itto, seen from the side to show dorsal crest. -  E: F loret. -  F: U pper part of ligule, to 
show papillate structure of teeth. - G :  Anther tube. -  H: Two half-mature achenes. -  K: Part of receptacle to 
show alveolate structure (cilia not drawn, apparently sometimes lacking).
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apex. P appus  white, 6-& mm long, 2-seriate; 
pappus hairs c. 30 p m  wide at the base.

Belonging to sect. D esiphylion , and apparently 
related to C . geracioides H ausskn .  and C. visci- 
dula  Froel. (cf. Babcock, Univ. Calif. Publ. Bot. 
22: 226-232, 1947), but distinct on account of its 
very reduced cauline leaves, s lender peduncles 
which are not thickened tow ards  the apex , gla
brous involucre, often ciliate recep tacu lar  pits, 
and th inner pappus hairs.

T he  specific epithet com m em ora tes  the d is tin
guished Polish botanist P ro fesso r  B. Pawlowski

who lost his life in a climbing accident on Mt 
O lympus in 1971.

O rig .  co il .  G r e e c e ,  T h e s s a ly ,  Mt O ly m p u s:  N W  part, 
8.2 km from the village  o f  Petra a long forest  road to 
K ok k in op los ,  860 m, at the point w h ere  the road c ro s s e s  
low er  part o f  X ero lakki  R em a.  F a g u s  forest  in ravine.  
Strid & Kjel lsson  1 1 1 6 1 ,4 .6 .  1976 (A T H  h o lo ty p e ,  C ,  
I D  iso types) .  T h e  sp e c ie s  is o n ly  k n o w n  from this 
gathering.

A c k n o w l e d g e m e n t s .  T h e  field w or k  on M t O ly m p u s  
w as  supported by a grant from the  C ar lsb erg  fo u n d a 
tion. T h e  Latin diagnosis  w as  prepared by D r  T. C h r is 
tensen ,  and the illustration by M r B. J o h n sen .





Chrysochromulina pyramidosa sp. nov. (Prymnesiophyceae) 
from Danish coastal waters
Helge Abildhauge Thomsen

T hom sen, H, A. 1977 06 30: Chrysochromulina pyramidosa sp. nov. (Prym nesiophyceae) 
from Danish coastal waters. Bot. N o t ise r  130: 147-153. Stockholm . ISSN 0Ö06-8195.

Chrysochromulina pyra m id o sa  sp. nov. is described on the basis o f electron m icroscopy  
o f shadowcast w hole m ounts, prepared from water sam ples collected  in O ctober 1975 at 
two localities in the Storebaelt (Denmark). The saddle-shaped cell possesses tw o sm ooth  
flagella and a short haptonem a. The cell surface is covered with scales o f tw o types. The  
underlying scales are circular, flat, w ide-m eshed plates, whereas the outer scales have a 
pyramidal superstructure on an otherw ise similar base-plate.

H elge Abildhauge Thomsen, Institut f o r  Sporeplanter, 0 .  F arim agsgade 2 D ,  DK-I353  
Copenhagen K, Denmark.

T h e  genus C hrysochrom ulina  was established by 
Lackey (1939) to comprise a “ three-flagella ted” , 
golden-brown organism observed  in the Scioto 
river system of  Ohio, U .S .A . Lackey  (1939) 
stated that one flagellum was directed forwards; 
this one was heavier than the two others  and was 
held rigid when the organism was at rest. T he  
two other  flagella were posteriorly directed and 
thinner, and when the cell rested, they  w ere often 
kept undulating. T he  locom otory  difference 
noted by Lackey was la ter ultrastructurally  
substantiated. Parke et al. (1955, 1962) showed 
that the anterior flagellum (hap tonem a in Parke et 
al. 1955) had a fine structure  different from that 
o f usual flagella. C hris tensen (1962) established a 
separate  class -  H ap tophyceae  -  for this and 
related genera previously placed in the C hryso-  
phyceae. Because of recent recom m endations  in 
the International Code of Botanical N o m e n c la 
ture, H ibberd  (1976) proposed that the name 
H ap tophyceae  should be replaced by the name 
Prym nesiophyceae.

Including the new taxon to be described below, 
there  are now 29 named species of C hryso
chrom ulina, 28 of which are b rackish/m arine. 
Only the generic type species C. parva  Lackey  
thrives in freshwater. L ead b ea te r  (1972) listed 
22 species; the increase in num ber is due to the

following species: C. pon tica  Rouchijainen 
(1966), C. orbiculata  Rouchijainen (1972), C. 
cam panulifera  M anton & L eadbea te r  (1974), C. 
adriatica  Leadbea te r  (1974), C. birgeri Hällfors 
& Niemi (1974), C. spinifera  (Fournier) Pienaar 
& N orris  (1976), and C. pyram idosa  sp. nov.

Records o f  C hrysochrom ulina  species from 
Danish waters are rather sparse,  at least re 
garding the num ber o f  localities involved. C. 
parva  has been recorded from the freshwater 
lake H aarupsande  (Kristiansen 1971) and from 
the oligohaline lake Selsp (Wpldike 1973). 
M anton & Leadbea te r  (1974) reported  19 marine 
C hrysochrom ulina  species from the eas t  coast of 
N o rth  Ju tland, five of them also from the west 
coast. A part  from these findings, a previously 
unpublished find of C. ericina  Parke & Manton 
from the Kattegat bay Isefjorden (District Ks) is 
included in the check-lis t of  D anish  marine algae 
by C hris tensen  & T hom sen  (1974).

Investigations on marine nanoplankton flagel
lates from the Baltic, the Danish Sounds, and the 
Kattegat carried out during 1975/76 have provid
ed new information on the occurrence  of known 
C hrysochrom ulina  species, and in addition have 
uncovered  some apparently  undescribed species.

T h e  present paper deals with the description 
o f  C. pyram idosa  sp. nov.
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C hrysochrom ulina pyram idosa Thomsen sp. nov.
Cellula ephippioides, 3 /j,m longa, 4 gm  lata; flagella 
bina 10—13 gm longa, haptonema 5-6 gun longum. 
Squamae dim orphae, aliis e laminis solum constitutis, 
aliis e laminis et machinis superimpositis. Squama 
prioris gregis orbicularis, circiter 0.7 yu.m diam., 24 
costis radiantibus et 7-8 anularibus concentricis fere 
aequidistantibus ornata, costa anulari marginali aliis 
crassiore. Squama alterius gregis e lamina illius satis 
simili, 0.8-0.9 gm  diam ., 27-28 costis radiantibus et 
8-9 anularibus ornata, anularibus interioribus aequi
distantibus, marginali crassiore a vicina distantiore, 
et quattuor trabeculis crassis e margine laminae 
surgentibus machinam pyramidiformem super illam 
formantibus constituta.

In aqua subsalsa lecta salinitatis 14 %c tem peraturae 
11.5 graduum Celsii die 21 Oct. anni 1975 prope Asnass 
e freto danico Storebaelt hausta, figura 1 A typifica 
monstrata.

Cell saddle-shaped, 3 gim long x 4 pm  wide; 
two flagella 10-13 yam long, and a haptonema 5-6 
gm long. Scales of two types. Some are plate
like, circular, approximately 0.7 yam in diameter, 
with a pattern of radiating ridges (24 in number), 
and 7-8 nearly equidistant concentric rings, the 
ring at the edge being thicker than the others. 
The second type of scales have a plate-like base 
which is constructed in a similar way with a dia
meter 0.8-0.9 yam, 27-28 radiating ridges, and 
8-9 concentric rings. The innermost rings are 
equidistant, the distance between the outermost 
thicker ring and the next ring somewhat greater. 
From the margin of the plate four thick struts 
branch off creating a pyramidal superstructure.

Found on October 21st 1975, in sea water 
samples from Asnaes, the Storebaelt, Denmark. 
Salinity 14%o, temperature 11.5°C. Holotype 
Fig. 1A.

M aterial and m ethods

The sub-surface w ater samples used for this investiga
tion were collected in O ctober 1975, at two localities 
in the Storebaelt (Asnaes (55° 38.5' N , 10° 46.5' E) and 
Spodsbjerg (54° 56' N , 10° 53' E)), Denm ark. The 
preparation of the whole mounts for electron micro
scopy took place on board the oceanographic vessel 
“ Martin K nudsen” .

The water samples were collected by means of a 5 1 
water bottle and immediately filtered through a 20 gun 
net in order to rem ove the larger organisms. The 
resulting nanoplankton suspension was concentrated

by gentle centrifugation. W hole m ounts were prepared 
by transferring small drops of the resuspended pellet 
of material onto carbon/form var coated grids. Fixation 
\yas made in osmic vapour. A fter com plete drying, 
the grids were washed for c. 10 min. in redistilled 
water in order to remove salt crystals. W hen com 
pletely dry, the grids were stored in gelatine capsules. 
The subsequent handling of the grids took place at 
the Institut for Sporeplanter, U niversity  of C open
hagen. G rids were shadowcasted with gold/palladium, 
and examined in a JEM -T8 electron m icroscope at the 
Institut for Sporeplanter.

O bservations

Chrysochromulina pyramidosa  occurred in small 
numbers in the samples. The description of the 
external morphology is based on electron micro
scopical evidence only. Light microscopical in
formation is not an absolute necessity for the 
description of a Chrysochromulina  species. This 
is due to the fact that the by far most important 
specific characteristic within this genus is the 
scale structure, which can only be clarified by 
means of the electron microscope. In considering 
measurements of body size as well as length of 
flagella and haptonema, allowance must be made 
for shrinkage during processing of the cells for 
whole mounts.

The haptonema of C. pyramidosa  measures 
5-6 gm, which is about twice the body length 
and approximately half the length of the flagella 
(Fig. 1 A). The two flagella, which both end in a 
hairpoint (Fig. 1 A), differ slightly in length. The 
cell proper is saddle-shaped, with the flagella 
and the haptonema inserted in the apical de
pression (Fig. I A).

Two types of scales cover the cell body. The 
inner layer consists of circular, plate-like scales, 
approximately 0.7 gm in diameter (Fig. 1 B, C). 
These scales show a loosely woven pattern of 
radiating ridges (24) and 7-8 approximately equi
distant concentric rings. The dorsal and ventral 
surfaces of these scales are virtually indistin
guishable. All the ridges that form the scale are 
of equal thickness, with the exception of the 
outermost ring which is conspicuously thicker 
(Fig. 1 B).

The outer layer consists of more elaborate

Fig. 1. Chrysochromulina pyramidosa  from Denm ark. -  A: W hole cell showing scales, a haptonem a, and two 
flagella. Micrograph T  1075, x 9000. -  B: Plate-like inner scales. N ote thickened margins. M icrograph T 1530, 
x 50000. -C :  M ixture of scale types. Inner plate-like scale to the left. Pyramidal superstructure of scale from the 
outer layer to the right. M icrograph T  1530, x 50000.
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scales, m ade up o f  a subtending circular flat 
base plate, and a superstructure  com posed of four 
converging stru ts (Fig. 2 A -C ) .  T h e  plate-like 
base, which in many respects  is similar to the 
inner scale type described above, is 0.8—0.9 /urn 
in diam eter ,  and is formed by 27-28 radiating 
ridges and 8 -9  concentric  rings. T h e  innermost 
rings are equidistant, whereas the distance b e 
tween the  o u te rm ost two rings is considerably 
greater (Fig. 2 B ,  arrows). T h e  ou term ost ring 
as well as the four struts that form a pyramidal 
s tructure  (Figs. 1C, 2C )  are thicker than the 
rem ainder of the meshwork.

Fig. 2 A, C  (arrowheads) shows some addi
tional scale material between the four struts , 
apparently  running from one strut to a point 
above the  centre  o f  the scale and back again to 
the neighbouring strut. A transverse  section of 
the pyramidal superstructure  thus presents itself 
as two right tr iangles jo ined together to form a 
cross. F ro m  Fig. 2 B it appears ,  however,  that 
this ex tra  material is not always present.

Fig. 2 D ,  E  was kindly supplied by Professor 
1. M anton . T h ey  show some very similar scales 
from a w ate r  sample collected off the South 
African coast  (N ovem ber 13, 1972; 4 miles N W  
of H ou t Bay N eck  near C ape  T o w n; 33° 57.6 S, 
18° 16.9 E; 33 ft. depth , w ater tem perature  I2°C). 
The differences be tw een the D anish  and the 
African material are marginal. T he  simple 
plate-like inner scales of the latter are slightly 
larger (approximately  0.8 /urn versus 0.7 /xm) 
and have 9-11 concentric  rings versus 7-8; 
otherwise they ap pear  identical. T he  pyramidal 
scales seem to agree completely with those found 
in the Danish  material.  T he  interconnecting 
material be tw een  the four struts found on some 
of the pyramidal scales from the Danish  material 
is apparently  lacking in the equivalent South 
African scales.

In spite of minor differences the Danish and the 
South African material seem to represent the 
same species, suggesting that C. pyram idosa  
has a worldwide distribution.
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Discussion

The p resence  o f  a h ap tonem a and two flagella, 
the d im orphism  of  scales, and the s t ruc tu re  of 
the apparen t ly  unmineralised scales tog e the r  
justify the inclusion of C. pyram idosa  in the 
genus C hrysochrom ulina .

Scale s tructure  alone is sufficient to  d is t in 
guish C. pyram idosa  from o ther  species o f  the 
genus when observed in the electron m icro 
scope. T h e  shape  and size o f the cell body and  the 
length of the hap tonem a relative to the length 
of the flagella can be used for preliminary light 
microscopical determination. With regard  to 
these ch arac te rs ,  how ever,  C. pyram idosa  re 
sembles C. fra g ilis  L eadb ea te r  (1972), C. m inor  
Parke & M anton  in Parke  et al. (1955), and in 
particular C. adriatica  L ead b e a te r  (1974).

T h e  pattern  o f  ridges on the plate-like inner 
scales as well as on the subtending plates o f  the 
ou ter pyramidal scales is similar to tha t  o f  C. 
acantha  L ead bea te r  & M an ton  (1971), C. parva  
Lackey (1939) (Parke, Lund & M anton 1962), and 
C. adria tica  L eadbea te r  (1974). The com m on 
feature is the sparse w oven pattern dom inated  
by delicate radiating ridges equally visible on 
both surfaces. T he  entire construction  o f  the outer 
scales o fC .  pyram idosa  also has a certain re sem 
blance to that o f  C. acan tha , the superstructure  
in both cases  consisting o f  four struts . In C. 
acantha  the stru ts support  a central spine, 
whereas in C. pyram idosa  they make up a py ra
midal structure .  A central spine supported  by 
four struts is known from several o ther  species 
of C hrysochrom ulina . In these species, how 
ever, the pattern on the low er part of the scale 
differs substantially from that found in C. p yra 
m idosa.

T h e  scale s tructures  o f  C. p on tica  Rouchijainen 
(1966), C. orbiculata  Rouchijainen (1972) and 
C. birgcri Hällfors & Niemi (1974) remain to be 
charac terized  on the basis o f  electron micro
scopy.

T h e  hap tonem a o f  C. p o n tica  m easures up to

Fig. 2 A -C : Chrysochrom ulina pyram idosa  from Denmark. -  A: Scales from the outer layer. Arrowheads indicate 
the connecting scale material betw een struts. Micrograph T 1536, x  40000. -  B: Sca les from the outer layer. 
The arrows dem arcate the gap betw een the two outer rings. N o te  the thickness o f  the outer ring and the struts as 
opposed to the remainder of the m eshwork. Micrograph T 1534, x  5 0 0 0 0 .- C :  Scatter o f  scales from both layers. 
The three scales from the outer layer at the top o f the figure clearly show  the pyramidal form. Arrowhead indicates 
scale material betw een  struts. M icrograph T 1532, x 50000. - D ,  E: C hrysochrom ulina p yram idosa  from the coast 
o f South Africa (courtesy o f  Prof. I. M anton). - D :  Scales from the inner layer, x 30000. -  E: Pyramidal scales 
from the outer layer, x  30000.
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70 p.m, which definitely rules out any possi
bility o f conspecificity between this species and 
C. pyram idosa .

C. hirgeri has not only a quite different shape, 
but is also considerably larger than C. pyra 
m idosa . A forthcoming paper will demonstrate  
im portant differences also on the electron m icro
scopical level.

C. orbicula ta  may be conspecific w ithC . m inor 
Parke & M anton  in Parke et al. (1955), C. frag ilis  
L ead bea te r  (1972), C. adriatica  Leadbeater 
(1974), o r  C. pyram idosa  sp. nov.,  the description 
by Rouchija inen (1972) being too little detailed to 
ensure  positive identification. If  future investiga
tions dem ons tra te  the presence o f  C. pyram idosa  
in the Black Sea ,  which is the type locality of 
C. orbiculata , one  may claim that C. pyram idosa  
(described on the basis o f  electron microscopy 
only) and C. orbiculata  (described on the basis 
o f  light microscopy  only) are conspecific. With 
regard to C. adriatica  the situation is the same. 
F rom  a biogeographical point o f  view it seems 
probable  that at any rate this latter species may 
well o ccu r  in the Black Sea (type locality: Kastel 
Bay, Adriatic S ea  (Leadbeater 1974); also found 
in the G u lf  of Elat, Red Sea (Thomsen 1977)). 
In both cases the specific epithet orbiculata  
takes priority.

If e ither C. m inor  or C. frag ilis  occurs in the 
Black Sea, C. orbiculata  may be quoted as 
synonym  to one of these (the specific epithets 
m inor  and fra g ilis  take priority).

As pointed ou t by Black (1968) a significant 
parallelism exists between calcified and uncalci
fied m em bers  o f  the Prym nesiophyceae . A 
com par ison  of the scale structure  in Chryso- 
chrom ulina  with that of a num ber o f  coccolitho- 
phorid genera clearly dem ons tra tes  that the calci
fied and the uncalcified genera do not represent 
two separate  evolutionary lines (see M anton et al. 
1975, 1976, 1977). The new spec iesheredescribed  
provides a rem arkable  example to this general 
observation . T h e  pattern on the inner and the 
ou te r  scales o f  C. pyram idosa  shows obvious 
similarities with that on the scales and unm inera
lized coccoliths o f  the coccolithophorid W igwam - 
m a arctica  M anton  in M anton  et al. (1977), the 
main difference being a m atter  of degrees o f 
sym m etry . In both  species four struts attach 
them selves to the thickened rim of the basal 
plate o f some o f  the scales, converging above

the plate to form a pyram idal,  or tent-like, 
superstructure .

O n  account o f  the obvious similarities be tw een  
C. pyram idosa  and W. arctica  it is quite likely 
that these two species are phylogenetically more 
closely related than e. g. C. pyram idosa  and 
C. cam panulifera  M anton  & Leadbea te r  (1974).

C ontinued  investigations o f  marine nan op lank
ton will undoubted ly  result in the demonstration  
of many more exam ples of evolutionary affinity 
between coccolithophorids  and species of 
C hrysochrom ulina . Pending such observations 
and cultural experim ents  on som e of the orga
nisms, how ever ,  it is probably most convenient 
to maintain the traditional classificatory principle 
of keeping mineralized and unmineralized genera 
in separa te  families.

Acknowledgements.  The author wishes to thank Profes
sor I. Manton, University of Leeds, for permission to 
publish her micrographs (Fig. 2D , E). 1 also wish to 
thank P. Walne and T. Christensen for reading and 
commenting on the script. The Latin diagnosis was 
kindly prepared by T. Christensen. H. Feltrin typed 
the manuscript. The Danish Agency of Environmental 
Protection is acknowledged for permitting the author 
to participate in some of the monthly belt-project- 
cruises onboard the oceanographic vessel “ Martin 
Knudsen” .

References
Black, M. 1968: Taxonomic problems in the study of 

coccoliths. Palaeontology II: 793-813.
Christensen, T. 1962: Alger. In T. W. Böcher et al. 

(eds.), Botanik. II. Systematisk Botanik. Copen
hagen.

-  & Thomsen, H. A. 1974: Algefortegnelse. Oversigt 
over udbredelsen a f  danske salt- og brakvandsarter 
f raset ikke-planktiske kiselalger. Copenhagen.

Elällfors,G. & Niemi, Å. 1974: A Chrysochromulina 
(Flaptophyceae) bloom under the ice in the Tvär
minne archipelago, southern coast of Finland. Mem. 
Soc. Fauna Flora Fenn. 50: 89-104.

Hibberd, D . J. 1976: The ultrastructure and taxonomy 
of the Chrysophyceae and Prymnesiophyceae 
(Haptophyceae): a survey with some new observa
tions on the ultrastructure of the Chrysophyceae. 
Biol. J. Linn. Soc. 72(2): 55-80.

Kristiansen, J. 1971: A Danish find of Chrysochromu
lina parva (Elaptophyceae). Bot. Tidsskr. 66: 33-37.

Lackey, J. B. 1939: Notes on plankton flagellates from 
the Scioto river (with descriptions of new forms). 
Lloydia 2: 128-143.

Leadbeater, B. S. C. 1972: Fine structural observations 
on six new species of Chrysochromulina (Hapto
phyceae) from Norway. With preliminary observa
tions on scale production in C. microcylindra sp. 
nov. Sarsia 49: 65-80.



BOT. N O T IS E R  130 (1977) C h r y s o c h r o m u l i n a  p y r a m i d o s a  153

-  1974: U ltras t ruc tu ra l  obse rva t ions  on nanop lank ton  
collected from the coas t  of  Jugoslavia  and  the Bay of  
Algiers. J. Mur. Biol. Ass. U. K .  54: 179-196.

-  & M anton ,  1. 1971: F ine s t ruc tu re  and light m icro
scopy o f  a new species o f  C h rysoc h rom ul ina  (C. 
acantha). Arch. Mikrobiol.  78 : 58-69.

M anton ,  I. & L eadbea te r ,  B. S. C .  1974: F ine-s t ruc
tural obse rva t ions  on  six species o f  C h ry s o c h ro m u 
lina from w ildD an ish  marine nanop lank ton ,  including 
a descrip tion  o f  C .  cam panulifera  sp. nov.  and a p re 
liminary sum m ary  o f  the nanop lank ton  as a whole. 
Biol. Skr. 20,5: 1-26.

M anton ,  I. & S uther land, .! .  1975: F u r th e r  obse rva t ions  
on the genus P appom onas  M anton  & O a tes  with 
special refe rences to P. virgulosa sp. nov. from 
west G reen land .  Br. Phycol. J. 10: 377-385.

M anton ,  1., Su ther land,  j .  & O a tes ,  K. 1976: Arct ic 
coccoli thophorids:  tw o  species o f  T u rr i sp h ae ra  gen. 
nov. from west G reen lan d ,  A laska ,  and  the N o r t h 
west  Passage.  Proc. R. Soc. Lond. B. 194: 179-194.

-  1977: Arctic  coccoli thophorids:  W igw am m a arctica  
gen. et sp. nov.  from G reen lan d  and arc t ic  C a nada ,  
W. annulifera  sp. nov. from South  A frica  and S. 
Alaska and C alc ia rcus alaskensis  gen. et  sp. nov. 
from S. Alaska.  Proc. R. Soc. Lond. B. (in press).

Parke,  M .,  L und, J. W. G .  & M a n to n ,  I. 1962: O b s e r 
vations on the biology and fine s t ruc tu re  o f  the type 
species o f  Chrysoch rom ulina  (C. parva  L ackey)  in 
the English Lake District. Arch. Mikrohiol. 42: 
333-352.

Parke, M .,  M an ton ,  I. & C la rke ,  B. 1955: Studies on 
marine flagellates. II. T h re e  n e w  species of  C h ry s o 
chromulina. J . Mur. Biol. Ass.  U . K. 34: 579-609.

Pienaar , R. N. & N orris ,  R. E. 1976: The micro
unatomy o f  Chrysochromulina spinifera nov.  comb,  
with particular reference to sca le  production.  (In 
prep.).

Rouchijainen, M. I. 1966: D uae  species  novae  e chrys-  
ophytis mobilibus maris nigri. N o v .  Syst . Plant.  Non  
Vase. 1966: 10-15.

-  1972: Flagellatae marium austra l ium  nova.  N ov.  Syst.  
Plant.  Non Vase. 9: 11-17.

T hom sen ,  H . A .  1977: A preliminary study o f  the G ulf  
o f  Elat nanoplankton, with particular emphasis  on 
the choanoflagellates .  (In prep.) .

Woldike, K. 1973: P hy top lank ton  in the oligohaline 
lake, Selso. Primary p roduction  and s tanding crop. 
Ophelia 12: 27^)4.

11 -  Botaniska N otiser
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T h e  new, m onotyp ic  N o r th  African genus H eliocau ta  is formally published and  its re la
tionship to o ther  g enera  o f  the A n th e m is  com plex  is discussed.

C hristopher John  H u m p h ries, D ep a rtm en t o f  B o tp n y , British M u seu m  (N a tu ra l H istory), 
C rom w ell R oa d , L o n d o n  S W 7 5BD , E ngland .

On the basis o f  a detailed morphological and 
I anatomical s tudy it is possible to show  that/l /rr/- 

cyclus, like several o ther currently  recognised 
genera of the  A n th em is  complex is a paraphyletic 
assemblage. T h e  affinities o f  the curious mat- 
forming alpine species named by L itard iére  & 
Maire (1924) as A nacyclus a tlan ticus  were 
brought into question in a revision o f  the genus 
(Humphries in prep.)  as the capitulum , floret and 
cypsela differ in most respects from those  o f  the 
type species and its close allies. In this species 
there are also several character  sta tes  which 
are not shared by other genera of the Anthe- 
mideae. T h u s ,  it is placed into a new genus, 
H eliocau ta , descr ibed below, and the reasons for 
its separation  from A nacyclus  are d iscussed.

Heliocauta H um phries  gen. nov. -  Figs. 1, 2

Herbae perennes humiles; caudex brevis, praemorsus. 
Folia  basalia, rosulata, triternatisecta, segmentis ulti
mis brevibus linearibus. P eduncu li simplices, mono- 
cephali ex axillis foliorum orti. C apitu la  hemisphaerica, 
parva (7-11 mm diametro) homogama, discoidea, flos
culis hermaphroditis fertilibus; receptaculum coni- 
cum paleaceum. A n th o d ii phyllaria  (involucri bracteae 
seu squamae) triangularia vel oblongo-lanceolata, dorso 
viridia, margine scariosa fusco apice versus plus- 
minusve erosa. R ecep ta cu li phyllaria  (paleae) oblongo- 
linearia, carinata hyalina, scariosa apicibus obtusis ser- 
rulatis. F lo scu li  regulares hypocrateriformes; minuti 
(2.5-3.2 mm longi) lobis limbi parvis patentibus 
triangularibus apicibus fere cucullatis. A n th e ra e  basi 
obtusae; filamenta infra antherum tumida. S ty lu s  teres,

glaber , nectario  consp icue  lobato basi c inc tus ,  ramis 2 
brevibus divaricatis anguste  oblongis apice paulo peni- 
cillatis. C ypselae  anguste  obcu n ea tae ,  leviter dorso- 
ventral i te r  com pressae ,  costis  la teral ibus 2, cos t is  inter
mediis u tr inque 1-3 obscuris  ap ice  trunca tae ;  pappus 
coroniformis,  minutus.

Typus:  H eliocau ta  a tlan tica  (Litard. & Maire)  H u m 
phries. N o m e n  ex pekio K a v tbw  or i tur ,  ob capitulorum 
aspec tum  adus tum.

Perennial creeping herb; stems short,  reduced to 
a praem orse  caudex. L eaves  in a basal rosette, 
tr ipinnatisect, with tiny, linear, ultimate lobes; 
primary lobes in 3-6 opposi te  or subopposite 
pairs; rhachis flat or slightly canaliculate, na r
rowly tr iangular in outl ine, with a b road, hyaline, 
winged, sheathing base and 4 -6  distinct veins. 
P eduncles  simple, m onocepha lous ,  emerging 
from the leaf axils. C apitu lum  hemispherical, 
small (7-11 mm in d iam eter) ,  homogamous, 
discoid with fertile, herm aphrodite  florets; 
receptacle  conical,  paleaceous. Phyllaries in 
3 rows, tr iangular to oblong-lanceolate, green 
on the dorsal surface, the margins scarious, 
brown at the apex, ±  erose. R ecep ta cu la r scales  
oblong-linear, carinate ,  hyaline scarious, the 
apex obtuse , serrulate. F lorets  regular, hypocra- 
teriform, minute (2.5-3.2 mm long), the lobes 
patent,  tr iangular in shape, with a somewhat 
cucullate apex. A nthers  obtuse  at the base, the 
fi laments distinctly enlarged at the collar. Style  
te rete , slightly swollen at the base, set in a con-
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spicuous lobed nectary; style branches short, 
about the same thickness or slightly thicker than 
the shaft, truncate-penicillate at the tips. Cyp
selus narrowly obcuneate, terete to slightly dor- 
sally-ventrally compressed with 2 distinct, vas
cularized lateral ribs and 1-3 obscure dorsiven- 
tral ribs; truncate, dark-brown or grey-black 
due to a dense tannin layer in the testa; the 
scalariform, thickened epicarp is invested, here 
and there, with linear series of dark-brown 
resin cells; pappus a minute, erose corona. 
Cotyledons anteriorly-dorsally orientated.

Heliocauta atlantica (Litard. & Maire) Humphries 
comb. nov.

Basionym: Anacyclus atlanticus Litard. & Maire, 
Mem. Soc. Sei. Nat. Maroc 4 (1): 13 (1924).

Caudex 2^t mm crassus, interdum stolones emittens. 
Folia ambitu oblongo-lanceolata, 3-8 x 1-2.5 cm, plus- 
minusve glabra ad villosa. Pedunculi decumbentes,
3.5-15 cm longi, apicem versus parce villosi sed sub 
capitulo dense pubescentes. Capitula 7-11 mm dia
metro. Anthodii phyllaria circa 2 mm longa. Flosculi 
primo pallide flavis demum brunnescentibus, tubo 2.5- 
3.2 mm longi, lobis 0.1-0.3 mm longi. Antherae 1-1.5 
mm longae. Cypselae  1.5-2 mm longae, fere 1 mm latae.

Stem s  2-4 mm thick, occasionally producing sto
lons. Leaves oblong-lanceolate in outline, 3-8 x 
1-2.5 cm, ±  glabrous to densely villous. Pedun

cles decumbent, 3.5-15 cm long, sparsely to den
sely pubescent below the capitulum. Capitula 7 -  
11 mm in diameter. Phyllaries c. 2 mm long. 
Floret tubes 2.5-3.2 mm long, lobes 0.1-0.3 mm 
long. Anthers  1-1.5 mmlongatanthesis.Cy/we/ös
1.5-2 mm long and up to 1 mm wide.

var. atlantica
Anacyclus atlanticus var. eu-atlanticus Maire in 
Jahandiez & Maire, Cat. PI. Maroc 3: 767 (1934).

A variety from the Atlas mountains occurring on 
granitic or porphyritic rocks between 2900 and 
3600 m.

Specimens seen: Grand Atlas, Reraya: rocailles 
porphyriques terreuses auTizi-n-T agherat 3300-3600m, 
22.7.1922, Maire (MPU holotype, P, LD, S isotypes)-  
Great Atlas mountains, Refuge Neltner, Djebel 
Toubkal, 3200 m, Polunin 2155 (BM); same locality, 
granite gravel and scree nr. stream, Newbould 490 
(BM); same locality, 9600 ft., pastureland on granite 
bedrock, 9.7.1966, Lambert 119 (BM); same locality, 
22.7.1976, C. J. & A. R. Humphries 101 (BM); same

locality, 3500 m, 20.8.1951 Rauh 299 (M); same locality, 
3600 m, 2.8.1951, Schoffer (M); same locality, 1933, 
Stodieck (M); Jbel Toubkal, nr. stream, 11,000 ft., 
14.9.1955, Newbould 403 (BM) -  Refuge d ’Hangaye, 
vers 3000 m, Grand Atlas Central, 31.7.1938 in herb. 
Maire (MPU).

var. dasyphylla Humphries

Anacyclus atlanticus var. vestitus Humbert ex Jahan
diez & Maire, Cat. PI. Maroc 3: 768 (1934), nom. nud.

Varietas rara maroccana in montibus Grand Atlas (in 
parte orientali) et Moyen Atlas inter 2800 et 3500 m 
supra mare crescens, a var. atlantica indumento folio- 
rum pilis densis simplicibus distinguenda.

An extremely rare variety from the eastern High 
Atlas and the Middle Atlas mountains occurring 
between 2800 and 3500 metres, distinguished 
from the type variety by its dense indumentum 
of simple hairs on the leaves.

Specimens seen: Grand Atlas, Ari Ayachi, Humbert 
(AL holotype, RAB); same locality, Sindsiert, 3600 m, 
Schmittfluren, 17.9.1953, Rauh 754 (M )-M iddle Atlas, 
Chaine du Bou Iblane, 2800-3200 m, Emberger & 
Maire (AL, R A B )-M ont BouNacer, 3000 m, Emberger 
(AL, RAB).

Distribution and habitat

H. atlantica  is known exclusively from wet, 
cold montane pastures in the Middle and High 
Atlas mountains, where it has only been found in 
4 locations (Fig. 2), all of which are over 2900 m.

Cytology
Twenty-two plants of var. atlantica collected during 
August 1976 (C. J. & A. R. Humphries 101) from Jbel 
Toubkal (High Atlas) were cultivated at the Chelsea 
Physic Garden. After pre-treatment overnight in a 
saturated solution of paradichlorobenzene root-tips 
were stained in Feulgen and squashed in 45% acetic 
acid. Fresh buds were squashed directly in aceto- 
orcein.

The chromosome number, reported here for the 
first time, was found to be 2n = 18, the most com
mon number for diploids in the Anthemideae. 
There are nine pairs of meta- and submetacentric 
chromosomes, two pairs of which have satellites 
on their shorter arms. Meiosis was normal with 
9 pairs of bivalents at metaphase I.

Taxonomic remarks

This interesting taxon was originally described 
by Litardiére & Maire (1924) from material col-
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Fig. 1. H eliocauta atlantica. Based on live material (C. J. & A. R. H um phr ie s  101). - A :  Habit. -  B: M a tu re  leaf. -  
C: Y o ung  leaf. - D :  S tem  bract.  - E :  F low ering  capitu lum . - F :  F lo re t  at anthesis .  - G :  D issected  floret  at  an thesis .  -  
H: R e cep tacu la r  scale.  -  I: A n thers .  -  J :  F ilam ent collar  and an th e r  base. -  K: Stigma. -  L: M a tu re  cypse la ,  
an ter ior  view.

lected in the High Atlas mountains: “ In ditionis 
Ourika jugo Tachdirt (Maire 1921. nondum 
florens, Maire and Litardiére, 1922) et in valle 
amnis Ouelga (Litardiére, 1923); in ditionis

Reraya valle amnis Ouenkrim (Litardiére, 
1923).“

Because H eliocauta  a tlantica  resembles the 
two perennial varieties o f  A n a cyc lu s  pyrethrum
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Fig. 2. Known range of Heliocauta atlantica.

(Humphries in prep.) in gross morphology Maire 
placed it in the same genus with the comm ent,  
“ Affinis A . pyrethro  L. et A . depresso  Ball, a 
quibus valde  differt caudice brevi praem orso 
radices fasciculates edenti (nec in radicem c ras 
sam palarem abeunti,  capitulis minoribus homo- 
gamis, florescentia  valde serotina etc. Sectioni 
Pyrethrariae DC etsi eligulatus, ob perennitatem, 
flosculos regulares, tubum com presseum  et vege
tationis m odum  ad sc r ib en d u s ."  This  is clearly a 
classification mainly based on an overall re sem 
blance in convergent characters ,  i.e. similar 
adapta tions to the alpine environm ent in which 
both species occur. A more detailed examination 
shows that  the two species are very different 
from each other.

M atu re  individuals of A . pyrethrum  are ch a rac 
terised by the presence of a solitary, woody 
rootstock which can be up to four or five years 
old. T h e  prem orse  stem of H . a tlantica , on the 
o ther hand , p roduces at least three fasciculate 
roots (Fig. 1 A). T ran sv e rse  sections show that 
these roo ts  rarely survive for longer than two 
years. In s tead  perenniality is achieved by the d e 
velopm ent o f  stolons, capable o f reaching lengths 
of up to 12 cm. T ransve rse  sections of the p ro 
tracted s tem  show that it can  survive for two or 
three years .  Both species p roduce  an annual ro 
sette of leaves which emerges from the centre  o f 
the perennat ing  stocks. T he  flowering shoots in

A . pyre th rum , homologous to the  lateral 
b ranches o f  cauline corym bose  cym es  in o ther 
genera of the  A nthem ideae  (H um phries  in prep.) , 
emerge during the month  o f  F ebrua ry  to form a 
rosette  of p rocum ben t shoots which flow er at 
the tips from M arch  until June. T h e  d ecum ben t 
flowering shoots  o f  H . a tlan tica  do not form 
flat rose ttes  but develop from the axils of the 
leaves and flower from August until O c to b e r  or 
N ov em b er .

T h e  flowers and fruits o f H. a tlan tica  differ 
in many respec ts  from those of A n a cyc lu s . The 
recep tacu la r  scales o f the former are  extremely  
narrow, delicate, carinate  and ch a r taceou s  with 
an acum ina te ,  brow n-tipped apex and som ew hat 
erose  at maturity . By com parison  the scales of 
A n a cyc lu s  are tough, m ucrona te  and barely 
keeled but distinctly herbaceous  at the  base  and 
centre ,  particularly in those from the o u te r  parts 
o f the capitulum . T he  heads of H eliocau ta  are 
hom ogam ous consisting only of disc florets  with 
regular corolla  lobes. H o m ogam ous  heads are 
found in annual species o f  A n a cyc lu s (A. m onan- 
thos and A . va len tinus)  but these frequently  have 
zygom orphic corollas with two o f  the apical 
lobes longer than the o ther  three. T h e  cypselas 
of H eliocau ta  are also very different from an y 
thing to be found in A n a cyc lu s , especially by the 
thin pericarp , the small ribs and the overall size 
(Figs. 1 L, 3). T he  epicarp consists  o f  colourless, 
horizontally thickened cells and is invested with 
tanniniferous sphacelae which ap p ea r  to be 4-7- 
celled resin glands (Fig. 1 L). T he  pappus is a tiny, 
marginal, toothed corona. In a transverse  section 
of the pericarp  a one-celled, scalariform epicarp 
(Fig. 3 C), a narrow 1 —2-celIed m esocarp  and 
3-5 sc lerenchym atous  ribs are show n. The deep 
brown co lour is brought about by a very thick 
tanniniferous substance  in the inner layers of the 
testa (Fig. 3 B).

T h e  cypselas  o f A nacyc lu s , as in so many other 
genera o f  the A nthem ideae ,  provide the un am 
biguous diagnostic features o f the genus (H u m 
phries in prep.). T hey  are flattened in an anterior- 
dorsal plane with 2 lateral wings. T h e  pericarp 
consists  o f  a basal layer o f sclerenchym a, some 
2-3 cells th ick covered by a 1-2-celled layer of pa 
renchym a. T he  wings contain  radially elongated 
parenchym atous  tissue surrounding 2 laterally 
placed vascular bundles. T h e  epicarp  is covered 
with slime cells in linear series, as in H eliocauta , 
but they contain colourless mucilage. T h e  pappus
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v a r ie s  in d if fe ren t  sp ec ie s  f ro m  a m arg ina l  rim to 
an  a n te r io r  a p p en d a g e .
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Relationship to other genera

T h e  r e p re s e n ta t iv e s  o f  the  A n th em is  a n d  A chillea  
c o m p le x e s  in the  N o r t h e r n  H e m is p h e r e  form  a 
g r o u p  o f  11 re la ted  g e n e ra  (T ab le  1). A l th o u g h  
e ac h  p o s s e s s e s  m an y  d ifferen tia l  f e a tu re s  the 
ind iv idual  tax a  can  be de lim ited  on  a few  d ia g n o s 
tic c h a r a c t e r  s ta te s  o f  u n iq u e  s ta tu s ,  a s  th ese  he lp  
to  de f in e  m o n o p h y le t ic  g ro u p s ,  an e ssen t ia l  r e 
q u i r e m e n t  for  na tu ra l  c la ss if ica t io n s  (H enn ig  
1966). T h e  m ost  im p o r ta n t  f e a tu re s  o f  this kind  
are  o b ta in e d  from  the  m o rp h o lo g y  o f  th e  cy p se la s  
and  the  cap i tu lu m .  O th e r  p oss ib ly  useful  c h a r a c 
te r  s t a te s  a re  found  in the  ty p e  o f  e m b ry o - s a c  
d e v e lo p m e n t  (Harling  1950, 1951) an d  in the  
d i s t r ib u t io n  o f  s e c o n d a ry  m e ta b o l i te s  (G reger  
1975, 1977, H a rb o rn e  et  al. 1970). A su m m a ry  o f  
useful m o rp h o lo g ica l  fe a tu re s  o f  g e n e ra  in the  
A n th em is  c o m p le x  to g e th e r  w ith  A chil lea ,  H elio-  
c a u ta  a n d  Sclerorhachis  is g iven  in T a b le  1.

A  d e ta i le d  ex am in a t io n  o f  the  fru i ts  in the  
g e n e ra  o f  th e  A nth em is  c o m p le x  rev ea ls  a n u m b e r  
o f  paralle l  m orpho log ica l  t r e n d s  w h ich  tend  to 
o b s c u r e  ac tu a l  re la t io n sh ip s .  Su c h  f e a tu re s  
inc lude  the  an te r io r ly -d o rsa l ly  c o m p r e s s e d  
c y p se la s  o f  A nth em is  s ec t io n  C o ta  w h ich  have  7 -  
22 r ibs  a n d  a s im ila r  n u m b e r  o f  v a s c u la r  b u n d le s  
in the  p e r ic a rp  (W agen itz  1968, K y n c lo v a  1970, 
R e i tb re c h t  1974); the  w e ak ly  m o n o sy m m e t r ic  
sh a p e ,  th e  ba re ly  visible  r ibs an d  th e  th in  p e r ica rp  
o f  the  c y p se la s  in C ham om il la ;  a n d  the  th ick  
t a n n in i fe ro u s  layers  o f  the  t e s ta  in the  d a rk  
c o lo u re d  c y p se la s  o f  M atricar ia .  T h e  p re sen c e  
o f  m y x o g en ic  cells  on the  p e r ic a rp  re p re se n t  
a p l e s io m o rp h o u s  co n d it io n  as  th ey  a re  c o m m o n  
to  all o f  the  main gener ic  c o m p le x e s  in the  
A n th e m id e a e .  H o w e v e r ,  the  resin-fi l led  g lands  o f  
the  ty p e  fo u n d  in H el io ca u ta  h a v e  on ly  b e en  
o b s e r v e d  e ls e w h e re  in Sclerorhach is .

H el io ca u ta  c an  im m ed ia te ly  be  d is t in g u ish ed  
to g e th e r  with  A n a cyc lu s ,  L e u c o c y c lu s  and  
Achillea ,  f ro m  the  r e m a in d e r  o f  the  c o m p le x  on  
the  ba s is  o f  slightly o r  c o m p le te ly  an te r io r ly  c o m 
p re s se d  c y p se la s  with 2 d is t in c t  la te ra l  ribs o r  
w ings c o n ta in in g  only  2 v a s c u la r  b u n d le s  in the  
p e r ic a rp  wall.  T h e  rem a in ing  g e n e ra  h a v e  m o re  o r  
less t e r e te ,  ang led ,  m o n o m o r p h ic ,  la te ra l ly  c o m 
p re s se d  o r  ev en  o c cas io n a l ly  an te r io r ly -d o rsa l ly  
c o m p r e s s e d  cy p se la s  b u t  w ith  a t  leas t  3, usua lly

0 1 2  mm

0 1  mm
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QQOO

Fig. 3. C ypsela anatomy o f H eliocau ta  a tlan tica . -  A: 
T .s. across the median region. -  B :T .s . in the region o f  a 
rib. -C :  Surface view  o f the epicarp to show  scalariform  
thickening o f the cell walls. -  cot cotyledon, end 
endosperm , ep epicarp, m m esocarp, scl sclerenchym a, 
t testa, vb vascular bundle.
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Table 1. Morphological features of Heliocauta, Achillea and related genera. The characters are as follows:

1 Habit: a annual, b biennial, c perennial
2 Perennial habit: a rhizomes, b stolons
3 Receptacular scales: + present, -  absent
4 Receptacular hairs: + present, -  absent
5 Cypselas: + heteromorphic, -  homomorphic
6 Cypsela symmetry: a terete/actinomorphic, b late

rally compressed, c anteriorly/dorsally compressed, 
d zygomorphic

7 Number of vascular bundles in the pericarp
8 Number of cypsela ribs
9 Cypsela wings: + 2 wings, -  absent

10 Cypsela parenchyma: a absent, b spongy, c single
layered, d multi-layered

11 Cypsela sclerenchyma: a absent, b hypodermic

sclerocarp, c oval braced, d palisade, e multi-strand
ed, f 1-2-stranded

12 Pericarpic resin ducts and glands: + present, -  
absent

13 Pericarp lacunae: + present, -  absent
14 Slime cells: -  absent, a present, b sphacelate, c on 

ribs, d over whole surface
15 Number of nuclei in embryo-sac
16 Corolla: -  not basally enlarged, a basally saccate, b 

anteriorly-dorsally overlapping fruit, c dorsally 
overlapping fruit

17 Cotyledons: a anteriorly-dorsally orientated, b 
laterally orientated

Genus 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Leucocyclus c a + _ _ c 2 + + c e — c b
Achillea c a + - - c 2 2 - b f - c 2 - b
Sclerorhachis b + - - a b 4-5 0 ■ - c -
Heliocauta c b + - - c 2 3-5 - b f + - - - a
Anacyclus a c (a) + - - c 2 0 + b e - - d 1 (c) a
Cladanthus a + + - b 0 - a e - - - 1 - b
Anthemis sect.

Ant he mis a-c a + - - a 10 8-10 - c d e - - (a) 4 - a b
Anthemis sect.

Cota a—c a + - - a c 22 22 - d c - - - 4 - b
Anthemis sect.

Ammanthus a (+) - - a 0-10 - - - - -
Chamaemelum a c (a) + - - b 5 0 - d bd - - - 1 a b
Chamomilla a - - - b 4-5 3 - b f ( + ) - d 1 - b
Matricaria a c (a) - - b d 3 4-5 - d f - (+ ) (a) 4 - a b
Otospermum a — — ■ a 5 5-6 — d e — — — —

5-10, or even  up to 22 vascular bundles in the 
pericarp wall. A nacyc lu s  and Leucocyclus  
together form a monophyletic assemblage char
acterized by large cypselas with lateral wings 
and thick, con tinuously  thickened pericarp walls. 
G rie rson  (1975) considers L eucocyc lu s  to be 
unique on accoun t o f  its vermiform leaves, the 
narrow  wings on the cypselas and the dorsiven- 
trally com pressed  disc corollas divided into 2 
overlapping lobes at the base, which clasp the 
upper part o f  the cypsela  on the anterior and 
dorsal faces.

By com par ison  both H eliocauta  and Achillea  
have relatively tiny cypselas  with 2 distinct lateral 
ribs ra ther  than wings, and extremely  thin peri
carp walls (cf. Briquet 1916, R eitbrecht 1974, 
for details o f  A ch illea ). The relationship between 
H eliocauta  and A chillea  was originally suggested 
by phytochem ical data .  G reg e r  (1977) has shown 
that the flavonoid profile o f H eliocauta  re
presents a w idespread plesiom orphous pattern

with com pounds similar to those  found in Tana- 
ce tum , A rtem isia , A n t he m is  and Achillea  
although the exact profile is identical only to the 
one o f  A chillea . M orphologically , H . atlantica  
is closest to the montane species o f  the Achillea  
harrelieri (Ten.) Schultz Bip. -  A . oxyloha  (DC.) 
Schultz Bip. group o f  the E uropean  Alps, on the 
basis o f the monocephalous heads ,  slender,  
brown-tipped receptacular scales, dark-brown 
margins on the phyllaries, cypsela  size, pinnati- 
sect leaves and its perennial habit .

Although A chillea  is one o f  the largest genera 
in the A nthem ideae  and com prises  a wide varia
tion in many characters ,  H eliocau ta  cannot 
be included without a grave d is tort ion of its 
coheren t definition. F ea tu res  o f  H eliocauta  not 
found in any species of A chillea  include the 
actual position of the vascular bundles  in the ribs 
o f  the cypselas (basal ra ther  than  central), the 
horizontal wall thickenings o f  the cells in the 
pericarp, the variable s trands o f  sclerenchym a
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form ingextra ribs and the s m a l l ,e r o s e coroniform  
pappus.

A ckn o w led g em e n ts . My sincere thanks go to D r  W. T . 
S tearn  for helping me to write the Latin description 
and deciding upon an appropria te  name for the genus, 

i I would also like to thank A nne  Davis  for producing 
Fig. 1 and D r  H. G reg e r  for al lowing me access  to 

\ unpublished information.
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New and noteworthy species of Neottioideae (Orchidaceae) 
from Ecuador
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L 0jtn a n t, B. 1977 06 30: N ew  and n o tew orthy  species o f N eo ttio id eae  (O rch idaceae) from  
E cuador. B ot. N o tise r  130: 163-172. S tockholm . ISSN  0006-8195.

T h ree  species o f E cu ad o rian  o rchids are  d escribed  as new , A lten ste in ia  fra g o sa  L p jtnan t, 
C ranichis p a ch n o d es  L q jtn an t and Sobralia  m elano thrix  L p jtn an t. T w o  new  com binations, 
A ltenste in ia  n ig rescens  (S ch ltr.) L p jtnan t and P silochilus ph ysu rifo liu s  (Rchb. f.) L p jtnan t 
are  m ade. T h e  la tte r  tw o  species and C ranichis diphylla , E llean thus a m eth ys tin u s, E. 
h a em a to xa n th u s , E . sp h a e ro cep h a lu s, E rythrodes arie tina , G om phich is traceyae, 
P on th ieva  keraia , the  genus P alm orch is, P terichis b a rb ifro n s, P. ga lea ta , P. m ultiflora , 
Sobralia  candida  and  S. rigidissim a  are rep o rted  for the first tim e from  E cuador.

B ern t L p jtn a n t, B o ta n ica l In stitu te , U niversity  o f  A a rh u s, 68 N o rd landsve j, DK-8240  
R issko v , D enm ark.

T he  taxonomic decisions presented  result from 
determination of a great num ber of o rchids col
lected during the 1st and 2nd D anish  Botanical 
Expedition to E cuador  (cf. Holm-Nielsen  & Jep- 
pesen 1968, EIolm-Nielsen et al. 1975, Lpjtnant 
1977). T he  research  was carried out at the Orchid 
Herbarium of  O ak es  Ames, H arvard .  Without 
the com prehensive  collections of type-material 
at A M E S  and the unique guidance of the cura tor 
D r  Leslie A. G a ra y ,  this work would not have 
been practicable.

T he flow ers and floral parts in F ig. 2 are  d raw n from  
m aterial p rese rv ed  in FA A , those  in F igs. 1 and  3 are 
from  dried  m aterial.

Altensteinia fragosa Lpjtnant sp. nov.

O rig. coll.: E cu ad o r, prov. N ap o , 10 km ab ove L aguna 
de P apallac ta  on  ro ad  Q u ito -P a p a lla c ta , road  sides 
and g rass param o w ith  num erous sm all lak es , 3800 m 
(78°07' W , 0°20 ' S), 5.6.1973, H o lm -N ielsen , Je p p esen , 
L p jtnan t & 011gaard 6755 (AAU ho lo type).

T e rre s tr is , e rec ta , 40 cm  alta. R a d ic ib u s  fasc icu la tis . 
c rass is , pilosis. F oliis  ro su la tis, 4 -5 , g lab ris, lanceo lato - 
e liip ticis, lam ina 4 -6  cm  longa, in m edio  10-24 mm lata, 
petio lo  c. 2 cm  longo. Scapo  sim plici, te re ti, vaginis c. 
11 scario sis, sub  an thesin  jam  em arc id is , im brican tibus 
ob tec to , sup ra  v e rsu s  rhach idem  p arce  puberu lo . 
Spica  dense  m ultiflo ra , cy lindrica, 9 cm  longa, 11-14

mm in d iam etro . B racteis  hyalin is, ovato -lanceo la tis , 
acum inatis, flores m ulto su p e ran tib u s , su rsum  d e 
c rescen tib u s , prim um  e rec tis , deinde reflex is , m argine 
erosu lis , 1.5-2.5 cm  longis. F loribus  a lbescen tibus, 
parvulis, inversis , glabris. S ep a lo  p o stico  concavo , 
ob longo-ellip tico , o b tu so , u n in e rv a to , m argine valde 
erosu lo , 2.1 mm longo, 1.2 mm lato . S epa lis la teralibus  
valde co n cav is , ob lique obovato -ob long is , un inervatis, 
m argine valde e ro su lo , 3.2 mm longis, 1.2 mm latis. 
Petalis  ob longo-ligulatis, o b tu sis , u n in erv a tis , m argine 
apicem  versus irregu larite r e ro so -d en ticu la to , 2.5 mm 
longis, 1 mm latis. Labello  ca lceo la to , tr ilo b a to ; lobis 
incurv is, lace ra tis , lobis la te ra lib u s expansis sem i- 
o rb icu laribus, lobo m edio triangu la ri; d isco  praecipue 
5 -nervato , nerv is la tera libus ram osu lis; ju x ta  basin 
glandulis 2 subglobosis o rn a to ; to to  labello  2.3 mm 
longo, 1.6 mm lato . C olum na  b rev i, rostello  em ar
ginato. O vario  sessili, cy lind rico , apicem  versus 
sparsim  pilosulo.

Terrestr ia l,  erect ,  35 to 45 cm tall. R o o ts  fasci
culate, fleshy, pilose. Lea ves  4 -5 , rosulate, gla
brous, lanceolate-elliptic, basally p roduced into 
a 2 cm long petiole, including the petiole 4-6 
cm long and 10-24 mm wide in the middle. Scape  
erect, terete , completely  enclosed by c. II scari- 
ous sheaths which are evanescen t during 
anthesis, those close to the rhachis partly 
pubescent.  Spike  dense, many-flowered, cylin- 
dric, 6-10 cm long and 11-14 mm in d iameter 
excl. bracts. Bracts  hyaline, ovate-lanceolate.
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acuminate, much longer than the flowers, d e 
creasing in size upw ards, first erect , then with 
age reflexed in middle, with erose margins, 1.5-
2.5 cm long. F low ers whitish, small, non- 
resupinate , glabrous. D orsal sepa l concave, ob 
long-elliptic, ob tuse ,  one-nerved, with deeply 
erose margins, 2.1 mm long and 1.2 mm wide. 
Lateral sepals  obliquely ovate-oblong, deeply 
concave, one-nerved, with prominently erose 
margins, 3.2 mm long and 1.2 mm wide. Petals  
oblong-ligulate, obtuse , I-nerved with irregularly 
erose-denticulate margins tow ards the apex,
2.5 mm long and 1 mm wide. L ip  calceolate, 
3-lobed, lobes incurved, lacerate, lateral lobe 
when expanded semi-orbicular, the median lobe 
triangular; disc principally 5-nerved with late
ral nerves b ranched ,  near the base with 2 sub- 
globose glands, the  whole lip up to 2.3 mm 
long and 1.6 mm wide. C olum n  short;  rostellum  
emarginate. Ovary  sessile, cylindric, near the 
apex sparsely pilose.

This new species (Fig. 1) is distinguished from 
A . riobam bae  (Schltr.) H aw kes  and A . m acra  
(Schltr.) Hawkes by the erose sepals, erose-den- 
tate petals, and by the more s talwart appearance 
and smaller flowers. In addition, it differs from 
A . m acra  by its long and acuminate  bracts. The 
species is distinguishable from A . leucantha  
Rchb. f. and A . pa leacea  Kth. by the ch arac
teristics mentioned above and by the 3-lobed 
lip.

T he  specific name is descriptive of the margin 
of bracts, sepals and petals, fra g o su s  meaning 
b ro k en ,ro u g h ,  uneven.

The following collection is referable to this new spe
cies: Ecuador, prov. Imbabura, timber line vegetation 
on the hacienda Yura Cruz, l OkmN of Ibarra, paramo 
dominated by grass, 3700-3800 m (78°05' W, 0°22' N),
25.5.1973, Holm-Nielsen et al. 6481 (AAU).

Altensteinia nigrescens (Schltr .) Lqjtnant 
comb. nov.

Basionym: Aa nigrescens Schltr. in Feddes Rep. Beih. 
7: 49, 1920.

This species has formerly only been known from 
C auca, Colombia, w hence it has been described.

As A a  Rchb. f. hardly deserves  the rank o f  a 
genus (cf. Schweinfurth 1958, Brieger 1974, 
Dunsterville & G a ra y  1976) the above new com 
bination has been made.

Ecuador, prov. Imbabura, hacienda Yura Cruz, 10 km 
N of Ibarra, Festuca paramo and scrub (mainly in the 
djuebradas), 3500-3600 m (78°05' W, 0°22' N),
25.5.1973, Holm-Nielsen et al. 6376 (AAU).

Cranichis diphylla Sw.

Sw., Prodr. Veg. Ind. Occ. 120, 1788.

This species ,  ranging from M exico th rough C 
America and  the W est Indies to Peru (Schwein- 
furth 1940, 1958, Dunsterville  & G aray  1972), 
has not formerly  been repor ted  from Ecuador,  
although it seem s to be widely dis tr ibuted  in that 
country.

Ecuador, prov. Carchi, Valle de Maldonado, km 60 on 
road Tulcån-Maldonado, cleared slopes along road and 
denser cloud forest, 2700 m (78°04' W, 0°51' N)
18.5.1973, Holm-Nielsen et al. 5701, 5705 (AAU). -  
Prov. Loja, road Loja-Zamora, I km E of the pass (km 
12), dry grass slopes, shrubby mountain slopes and elfin 
forest, 2725-2750 m (79°09' W, 4° S), 17.4.1973, 
Holm-Nielsen et al. 3692 (AAU).

Cranichis pachnodes Lqjtnant sp. nov.

Orig. coll.: Ecuador, prov. Carchi, Paramo El Angel, 
just before the pass on road El Angel-Tulcån, humid 
paramo vegetation with abundance of Espeletia hart- 
wegiana, 3450-3500 m (77°54' W, 0°41' N ), 14.5.1973, 
Holm-Nielsen, Jeppesen, Lpjtnant & 011gaard 5245 
(AAU holotype).

Terrestris, erecta, gracilis, 50 cm alta, Radicibus fas- 
ciculatis, fusiformibus. Foliis basilaribus, 2, suberectis 
vel erecto-patentibus, longepetiolatis; lamina elliptica, 
acuta, usque ad 9 cm longa, 4 cm lata; petiolo 8-10 cm 
longo. Scapo  stricto, apicem versus glanduloso- 
piloso, vaginis 7, acuminatis ornato. Racemo  cylind- 
rico, subdense multifloro, 3.5 cm longo. Bracteis pa
tentibus, lanceolato-ellipticis, acuminatis, quam ovariis 
pedicellatis brevioribus, margine sparse glanduloso- 
pilosis. Floribus glabris, albidis, extus viridi suffusis. 
Sepalo postico  late elliptico, subacuto, 4.2 mm longo, 
1.8 mm lato, obscure 3-nervio. Sepalis lateralibus 
ellipticis, subacutis, 4.6 mm longis, 2.5 mm latis, 
obscure 2-nerviis. Petalis uninerviis, spathulatis, obtu
sis, 4 mm longis, 1.1 mm latis. Labello  concavo, 
suborbiculari, obtuso, 4 mm longo, 2.5 mm lato; disco 
obscure 3-nervio, nervis obscure ramosis. Rostello 
simplici. Ovario cylindrico, glabro vel sparse puberulo.

Terres tr ia l ,  erect , s lender, up to 50 cm tall .R o o ts  
fasciculate, fusiform. L ea ves  basa l ,  2 -3 , suberect 
to e rec to-patent; lamina elliptic, acu te ,  up to 9 
cm long and 4 cm wide; petioles 8-13 cm long. 
Scape  e rec t ,  glandular pilose with 4 -7  acuminate 
sheaths. R a cem e  cylindric, subdensely  many- 
flowered, 3.5-7 cm long. B racts  pa ten t ,  lanceo-
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Fig. 1. A lten s te in ia  fra g o sa  (ho lo type). -  A: H abit. -  B: D orsa l sepal 
F : G y n o s te m iu m . - G :  Bract from  th e  middle o f the in flo rescence.

C : L ate ra l sepal. - D :  P etal. -  E: L ip. -

2 mm

1 mm
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late to elliptic, acuminate ,  shorter than the 
ovary, sparsely glandular pilose along the m ar
gins. Flow ers glabrous, white, faintly greenish 
tinted, particularly on the ou te r  side. D orsal 
sepal broadly elliptic, obtusely acute , 4.2 mm 
long and 1.8 mm wide, inconspicuously 3-nerved. 
Latera l sepals elliptic, bluntly acute ,  4.6 mm 
long and 2.5 mm wide, indistinctly 2-nerved. 
P etals  1-nerved, spathulate, blunt, 4 mm long 
and 1.1 mm wide. L ip  concave  with green dots 
on the inner side, suborbicular, obtuse, 4 mm 
long and 2.5 mm wide, with 3 inconspicuous 
and indistinctly ram ose nerves.  R ostellum  
simple. O vary  cylindric, glabrous or sparsely 
pubescent at the base when young.

This new species (Fig. 2) is characterized  by 
its spathulate petals and its indistinctly ramose 
and inconspicuous nerves on the lip. Cranichis 
pachnodes  resembles C. fen d ler i Schltr.,  but is 
differentiated by a less rounded  lip and by the 
characteristics mentioned above.

T h e  specific nam e is descriptive of the cold 
habitat of  the spec ies , pachnodes  meaning chilly 
or cold.

Elleanthus amethystinus (Rchb. f. & Warsz.) 
Rchb. f.

R chb. f. in W alp. A nn . 6: 479, 1862. -  B asionym : 
E velyna am eth ystin a  R chb . f. & W arsz . in Bonpl. 2: 
113, 1854.

After comparing a copy at A M E S  of  Reichen- 
b ach ’s drawing of the type o f  this species, it 
was obvious that ou r  collection represents this 
rarely collected species, hitherto reported only 
from Peru and Colom bia (Schweinfurth 1958).

E cuador, prov . L oja, km  13 on Pan A m erican  H ighw ay 
N o f L oja , dry  rocky slopes w ith sc a tte red  g rass and 
sh rubs, 2050 m (79° 14' W , 3°55' S), 1.5.1973, H olm - 
N ielsen  et al. 4635 (A A U ).

Elleanthus haematoxanthus (Rchb. f. ex Lind.) 
Rchb. f.

R chb. f. in W alp. A nn . 6: 485, 1863. -  B asionym : 
E velyna h a em a to xa n th a  R chb. f. ex L in d ., Illustr. 
H ortic . 29: 51, 1882.

H itherto  only known from Colom bia  this species 
may now be acknowledged as part o f the E cu a
dorian flora.

E cu ad o r, p rov . Z a m o ra -C h in c h ip e , road  L o ja -Z a -  
m ora, km  37, s te e p  slopes c o v e red  w ith sh ru b s , 1750 
m (79°04' W , 3°59' S), 18.4.1973, H o lm -N ie lsen  et 
al. 3758 (A A U ).

Elleanthus sphaerocephalus Schltr.

Schltr. in F e d d e s  R ep . B eih. 27: 17, 1924.

E lleanthus sphaerocepha lu s, which is closely 
related to E. cep h a lo tu s  G a ra y  & Sweet and E. 
sodiroi Schltr . ,  is recorded here for the  first 
time from outs ide  Colom bia.

E cu ad o r, p rov. Z a m o ra -C h in c h ip e , road  L o ja -Z a- 
m ora, km 54, s te e p  c layey  slopes w ith  sc a tte red  shrub 
vegetation  and d e n se  herb  co v e r, 1300 m (78°59' W , 
4°02' S ), 18.4.1973, H o lm -N ielsen  et al. 3784 (A A U ).

Erythrodes arietina (Rchb. f. & W arm .) A m es

A m es, O rch id a c e a e  7: 66, 1922. -  B asionym : P hysu ru s  
arie tinus  R chb. f. & W arm ., O tia  Bot. H am b . 2: 52, 
1881.

This inconsp icuous but charac teris t ic  species, 
known from Brazil (type),  Peru ,  and V enezuela  
(Foldats 1969), is reported  here for the first time 
from Ecuador.

E cu ad o r, p rov . M o ro n a -S a n tia g o , M isiön  B om boiza, 
rain fo re s t, c. 800 m (78°34' W , 3°29' S), 23.4.1973, 
H olm -N ielsen  et al. 4153 (A A U ).

Gomphichis traceyae Rolfe 

Rolfe in K ew  Bull. 1916: 78.

G om phich is traceyae  has so far  only been repo r t
ed from C olom bia , where it is widely distributed 
(Renz 1948). A lthough it is apparen t ly  common 
in the sou thern  Ecuadorian  dry  scrub regions, 
it has undoubted ly  been e i ther  overlooked or 
confused with the allied G. alha  L ehm . & Kränzl.  
(cf. Kränzlin  1899, Renz 1948).

E cu ad o r, prov . A zu ay , km 67 S o f  C u en ca  on Pan 
A m erican  H ighw ay , x e ro p h y tic  sc ru b , 2-3 m high, 
in term ingled  w ith m eadow s and  d r ie r  grass land, 
3250 m (79°08' W , 3°18' S), 4 .5 .1973 , H olm -N ielsen 
et al. 4933 (A A U ). -  P rov . A z u a y , km  85 on Pan 
A m erican  H ighw ay N o f  L o ja , d ry  low  scrub vege
ta tio n , m ore hum id in sm all ho llo w s and valleys, 
2850-2950 m (79° 11' W , 3°35' N ) , 3.5.1973, H olm - 
N ie lsen  et al. 4829 (A A U ).



BOT. NOTISER 130 (1977) N eo ttio ideae  fro m  E cuador  167

5 mm
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2 mm

Fig. 2. Cranichispachnodes (holotype, B isotype). -A : Habit. -  B: Old inflorescence. -C rD orsal sepal. -D : Lateral 
sepal. -  E: Petal. -  F: Flower. -  G: Lip. -  H: Gynostemium. -  I: Anther.
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The genus Palmorchis

The genus P alm orchis, which has its centre  in 
northern S A m erica  and ex tends to P anam a and 
Trinidad (Schweinfurth & Correll 1940), has not 
up to the present time been repor ted  from E cu a 
dor. Plants o f  P alm orchis  are not rare in the 
A m azonian  lowlands of E cuador but due to their 
insignificant appearance  they can easily be o v e r 
looked.

D espite  the immature  buds, the cited collection 
may be referable to P. lohula ta  (Mansf.)  C. 
Schweinf. & Correll,  which, according to 
Schweinfurth & Correll (1940) is known from 
Peru and Colombia. H o w ever ,  strangely enough, 
Schweinfurth (1958) excludes any mention of 
species o f P alm orchis in his O rch ids  o f Peru.

E cuador, prov. M o ro n a -S an tiag o , M isiön  B om boiza, 
rain fo res t, c. 800 m (78°34' W , 3°29' S), 23.4.1973, 
H olm -N ielsen  et al. 4154 (A A U ).

Ponthieva keraia G aray  & D unste rv .

G aray  & D u n s te rv ., V enz. O rch . 111. 6: 382, 1976.

This species, which has recently been described 
as endemic to V enezuela ,  seem s to be ra ther 
widespread. It is distinguished from the closely 
related Colom bian P. ochrea ta  Renz by the 
distinct horn on the lateral petals and by the 
cordate  base of these floral segments.

E cu ador, prov. A zu ay , km 91 on Pan A m erican  H igh
way N o f  L oja, dry  sc ru b , 1-3 m high, 2900 m (79° 10' W , 
3°25' S), 5.5.1973, H o lm -N ielsen  et al. 5111 (A A U ).

Psilochilus physurifolius (Rchb. f.) Lpjtnant 
comb. nov.

B asionym : P ogonia  physurifo lia  R chb . f. in N ed e rl. 
K ruidk. A rch . 4: 324, 1858.

T he  genus P silochilus is new to the flora of 
Ecuador;  in fact the mem bers  o f  this small genus 
also seem to be rare in the two other northern 
A ndean countr ies ,  C olom bia and Peru (cf. 
Schweinfurth 1970, G a ray  1974).

Psilochilus physurifo lius  (type from G uiana)  is 
closely related to P. m acrophyllus  (Lindl.) A m es,  
which is described from Cuba. P. physurifo lius  is,

in fact, often considered conspecific  with P. 
m acrophyllus  (cf. A m es & Correll  1952, Fo ldats  
1969). H o w ev er ,  an exam ination  o f  the types of 
the tw o taxa  has shown that they are  not con- 
äpecific. But it is deplorable  that the f lowers of 
the type o f  P. physurifo lius  were in very  poor 
condition even at the time the species  was 
described. In describing P ogonia  m acrophylla , 
Lindley (1858) writes: “ T h e re  is one very  like it 
in S c ho m b urgk ’s collections, but my specimens 
of it are scarcely  sufficient for pu b lica t ion .” 
In the very same year R eichenbach  (1858) based 
Pogonia  physurifo lia  on the collection o f  Schom- 
burgk mentioned above.

Vegetatively P. physurifo liu s  and P . m acro 
phyllus  are dif ferentiated by the following ch a rac 
ters:

C h a ra c te r P. physurifo liu s P. m a cro p h y llu s

L eaves acu m in a te , tapering acu te

L eaf base tap e rin g -ro u n d ed co rd a te

Petio le m ore than  1 cm very  sh o rt, leaf- 
base c lasp ing  the 
stem

B racts acum inate acu te  to  blunt

T h e  C olom bian P. m adcro i (Schltr.) Schltr.  
may be conspecific with P. physurifo lius  (cf. 
Schlechter 1920). T h us  P. m adcro i resembles 
P. physurifo lius  in having a long claw to the lip 
unlike the short claw o f  P . m acrophyllus.

O f th e  co llec tions stud ied  at A A U  and A M E S , the 
follow ing are  refe rab le  to  P. p h ysu rifo liu s:

V en ez u e la , B olivar, C e rro  V en am o  (parte  Sur- 
O es te ), ce rca  de los lim ites con  la G u a y a n a  Ing lesa, 
950-1150 m, 29-30.12.1963, S te y e rm a rk , D unste rv ille  
& D u n ste rv ille  92382 (A M ES). -  M e rid a , w oods above 
las C u a d ra s , along Q u eb rad a  M o lin o , N  o f T o ro n d o y , 
1820-2255 m , 27.3.1944, S tey e rm ark  55780 (A M ES).

E cu ad o r, prov. P asta za , Shell M e ra  rain fo res t, 2 km 
N o f  Shell M era, 1050 m (78°03' W , 1°29' S), 6.6.1968, 
H o lm -N ielsen  & Je p p e se n  340 (A A U ).

Pterichis barbifrons (K ränzl.)  Schltr.

S ch ltr. in F eddes R ep. Beih. 9: 127, 1921. -  B asionym : 
P resco ttia  barhifrons  K ränzl. in E ngl. B ot. Ja h rb . 54, 
Beibl. 117: 19, 1916.

Fig. 3. Sobralia  m elano thr ix  (ho lo type). -  A: H ab it. -  B: D o rsa l sepal. -  C: L atera l sepal. - D :  P eta l. - E :  F low er. -  
F: Lip. - G :  G yn o stem iu m .
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This species, described from Peru , was regarded 
as being conspecific with P. galea ta  Lindl. by 
Schweinfurth (1941); however,  com par isons  with 
type material have shown that P. barbifrons  is 
most likely a distinct species. It is distinguished 
from P. galeata  by its glabrous sepals and bracts 
and by its linear falcate petals.

A pparently  P. barbifrons is a ra ther  comm on 
species in E cuador;  yet,  because  it has been 
considered identical with P. ga lea ta  up to now, 
it has only been reported  from Peru .

E cuador, prov. C a rch i, Param o El A ngel, in the  pass 
on  road  El A n g e l-T u lcån , v ery  hum id  E spele tia  
param o, 3 /30-3830 m (7ü"54' W , 0°4I' N ), 15.5.1973, 
H olm -N ielsen  et al. 5450 (A A U ). -  P ro v . A zu ay , km 
50 S o f  C uenca  on Pan A m erican  H ighw ay , påram o, c. 
3500 m (79°07' W , 3°18' S), 6-10 .5 .1973 , H o lm -N ielsen  
et al. 5128 (A A U ). -  P rov . A zu ay , km 85 on Pan 
A m erican  H ighw ay N, o f L o ja , d ry , low  sc rub  v eg e ta 
tion, m ore hum id in sm all hollow s and  valleys, 2850- 
2950 m (79° 11' W , 3°35' S), 3 .5.1973, H olm -N ielsen  
et al. 4767 (AAU).

Pterichis galeata Lindl.

L indl., G en . Sp. O rch . 445, 1840.

This species has been reported from Peru (type), 
Bolivia, Colombia, and V enezue la  and is h e re 
by confirmed as being part o f  the Ecuadorian  
flora.

E cuador, prov. C o to p ax i, Q u e v e d o -L a ta c u n g a  road , 
above Pilalö, in cloud  fo res t, m ostly  steep  slopes, 
c. 3200-3300 m (78°56' W , 0°58' S), 8 .4.1973, H olm - 
N ielsen  e t al. 3279 (A A U ).

Pterichis multiflora (Lindl.) Schltr.

Schltr. in Engl. B ot. Ja h rb . 45: 389, 1916. -  B asionym : 
A crea  m ultiflora  L in d l., O rch . L inden  26, 1846.

During this study the num ber o f  P terich is  species 
recognized as native to E cuador has a lm ost been 
doubled. H itherto  four species, P. parviflora  
(Lindl.) Schltr.,  P. pauciflora  Schltr . ,  P. seleni- 
glossa  Schltr. and P. triloba  (Lindl.) Schltr. have 
been reported from Ecuador.  Including the 
species in d iscussion, which, up to now, has only 
been known from Colom bia (cf. D unsterville  & 
G aray  1966, 1976) the num ber has reached  seven.

E cuador, prov. C a rch i, Påram o El A ngel, in the pass on 
the road  El A ngel-T ulcån , very  hum id E spele tia  
påram o, 3750-3850 m (78°54' W , 0°41' N ), 15.5.1973, 
H olm -N ielsen  et al. 5453 (A A U ).

Sobralia candida (Poepp. & Endl.)  R chb .  f.

R chb. f ., F l. S e r re s  8: 247, 1853. -  B asionym : C yatho-  
glo ttis cand ida  P o ep p . & E n d l., N o v . G e n . Sp. PI. 1: 
56, 1836.

This ch arac te r is t ic  species has so far been  known 
from Peru (type),  C olom bia , and V enezue la  
(Dunsterville & G a ra y  1961 ,Foldats  1969) and is 
now also rep o r ted  from Ecuador.

E cu ad o r, p ro v . Z a m o ra -C h in c h ip e , road  L o ja -Z a- 
m ora, km  54, s te e p  c layey  slopes w ith sc a tte re d  shrub 
vegeta tion  and  d e n se  herb  c o v e r , 1300 m (78°59' W, 
4°02' S ), 18.4.1973, H o lm -N ielsen  et al. 3779 (A A U ). -  
A ls o k m 4 9 ,c . 1500 m , H o lm -N ielsen  et al. 3829(A A U ).

Sobralia melanothrix Lpjtnan t sp. nov.

O rig. coll.: E c u a d o r, prov . P ich in ch a , km 40-51 on 
road S an to  D o m in g o  de los C o lo ra d o s -Q u ito , fo rested  
slopes along R io  P ila tö n , 1100-1400 m (78°55' W, 
0°22' S ), 14.6.1973, H o lm -N ie lsen , Je p p e se n , L p jtnan t 
& 011gaard 7150 (A A U  ho lo type).

T e rre s tr is , u sq u e  ad  1 m a lta ; cau lib u s e re c tis , infra 
vaginis em arc id is  o b tec tis , su p ra  fo liosis. V aginis  ad- 
p ress is , plus m in u sv e  p u b escen tib u s . Foliis ovatis vel 
o v a to - la n c e o la tis , acu tis vel ab ru p te  subacu m in a tis , 
sessilibus, cum  vaginis a rticu la tis , lam inis su b tu s atro - 
p ilosis, 7 -14  cm  long is, 2 .3 -3 .2  cm  latis. In flo rescen tiis  
te rm in a lib u s , se ss ilib u s , unifloris. F loribus  su c ced a 
neis. S ep a lo  p o s tic o  anguste  ellip tico , u trin q u e  a tte n u a 
to , a cu to , 42 m m  longo , 11 mm lato . S ep a lis  la teralibus  
ob lique fa lc a to -la n c e o la tis , a cu tis , vel subob tusis, 
m argine u n d u la tis , rev o lu tis , 51 m m  longis, 12 mm latis. 
P eta lis  o b o v a to -o b la n c e o la tis , a cu tis , m arg ine un d u la 
tis, u sq u e  ad  44 m m  longis, 10 m m  la tis . L abello  e 
c u n ea ta  basi in fund ibu lifo rm i, in am bitu  su b q u a d ra to -  
o b o v a to , an tice  su b tru n ca to , m inu te ap icu la to , 
m argine valde u n d u la to  e t m inu te  e ro so -d en ticu la to ; 
d isco  in m edio  in c rassa to  et a lte  u n icarin a to , basin 
versu s carin is ab b rev ia tis , o b lique  in se rtis o rn a to , 
in ter ca rin as  m inu te  pap illoso ; to to  labello  4 cm longo, 
2.9 cm  lato . C o lu m n a  g racili, lev ite r  s in u o sa , apicem  
versu s a la ta , ju x ta  c linandrium  fa lca ta , u sq u e  ad 3 cm 
longa. O variis cy lin d race is .

Terres tr ia l ,  up  to 1 m tall, basal half leafless, 
provided with distinct ev anescen t  sheaths. 
S h ea th s  ap p ressed ,  more o r  less pubescent. 
U p p e r  half o f  the stem leafy. L ea ves  ovate to 
ovate- lanceo la te ,  acute  to abrup tly  subacumina- 
te, sessile, a r t iculate  with leaf shea ths ,  7-14 cm 
long, 2 .3-3 .2  cm wide, leaf shea ths  and the under
side o f  the leaf blades dark  pilose. In florescence  
terminal, single-flowered, flowers produced in 
succession from 3 pubescen t ,  imbricating 
sheaths. F low ers  with reddish b row n  sepals and 
petals and purple  lip margined with white and
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yellow in the throat.  D orsal sepal narrowly 
elliptic, attenuated  in both ends, acute , 42 mm 
long, 11 mm wide. L atera l sepals obliquely 
fa lcate- lanceola te ,  acute to subobtuse with rev o 
lute, wavy margins, up to 51 mm long and 12 mm 
wide. P etals  obovate-ob lanceola te ,  acute , with 
undulate margins up to 44 mm long and 10 mm 
wide. Lip  infundibuliform from a cuneate  base, 
subquadra te -obova te  in outline when spread, 
sub truncate  in front,  minutely apiculate , the t ru n 
cate part heavily undulate and minutely erose- 
denticulate, disc thickened in the middle with a 
longitudinal, erect keel and with a pair of obli
quely inserted short keels at the base, the area 
between the basal fleshy keels and the median 
carina minutely papillose, the base o f  the lip 
dorsally carinate, the whole lip 4 cm long and 
2.9 cm wide at the truncate  apex. Colum n  
s inuous, ra ther slender, winged tow ards the 
apex, terminating in a pair of falcate processes 
at the clinandrium, up to 3 cm long. Ovary 
cylindric.

This new species (Fig. 3) is distinguished from 
S. atropubescens  Ames & C. Schweinf. and S. 
lowii Rolfe by the distinct keels on the lip. In 
addition, it differs from S. a tropubescens  by 
its larger flowers and from S . lowii by its c o n 
siderably broader  leaves and red-brown, not 
purple flowers.

Sobralia  m elanothrix  resembles S. a tropube
scens from C osta  Rica with its darkly pubescent 
sheaths and leaves. In fact, 5. m elanothrix  and 
S. a tropubescens  seem to represent another 
example of the close phytogeographical relation
ship which exists between C os ta  Rica and E cua
dor, and which Reichenbach (1878) has already 
pointed out.

It may be noted that the type o f  5. a tropube
scens does not measure more than 28 cm in 
height; the height differences be tw een S. a tro
pubescens  and S. m elanothrix  taken from the 
diagnoses, however, can hardly be considered 
to have any significance because  only the upper 
leaf-bearing part o f  S. a tropubescens  is present 
on the type sheet of that particular species.

T he  specific name is descriptive of the darkly 
pubescent sheaths and leaves, m elanos  meaning 
black, dark ; and thrix  meaning hair.

Sobralia rigidissima Lind, ex Rchb. f.

Rchb. f. in Bonpl. 2: 278, 1854.

Sobralia  rig id issim a  has so far only been reported 
from the type locality in Colombia.

Ecuador, prov. Zam ora-C hinchipe, road Loja-Za- 
mora, km 24-25. steep rockv slopes with scrub, 1950- 
2100 m (79°05' W, 3°59' S), 15.4.1973, H olm -N ielsen et 
al. 3455 (A A U ).
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The genus Vulpia in its widest sense is review ed. A lm ost all the 28 or so species in the 
world have been exam ined with respect to a wide range o f m orphological, anatomical and 
cytological characters, with due em phasis on caryopsis m orphology and leaf anatom y, 
which have been neglected in the past. It is concluded that Vulpiella (one species) is a genus 
quite distinct from Vulpia and more properly placed close to Cutandia,  and that Ctenopsis  
(four species) is also best recognised as a distinct genus, although c lo se  to Vulpia. Within 
Vulpia four well-defined groups are recognisable; these are given sectional status and 
their nomenclature and scope are set out in detail. O f the four, section  M onachne  (three 
species) occupies a key position, as it is intermediate betw een sections Loretia  and Vulpia 
and is the section w hich section Spirachne  most closely approaches.

R. C o tton , Division o f  B io logy, Pres ton  Polytechnic, Preston, England.
C. A. S tace ,  Botanical  Laboratories ,  School  o f  Biological Sciences, University o f  Leicester ,  
Leicester , England.

In its widest historical sense the genus Vulpia 
C. C. G mel.  contains some 28 species,  among 
which five m ajor groups have been recognised: 
Vulpia, Loretia , Sp irachne, C tenopsis  and Vul
piella . T hese  groups have at various times been 
given different taxonomic ranks, e ither as distinct 
genera or as subgenera or sections o f  Vulpia. 
The species assigned to these five groups are 
given in Table  1, in which the classification 
suggested by Maire (1955) and adopted  by us in 
the first paper  in this series (Cotton & Stace 
1976) is provisionally used. Vulpia, Loretia  and 
Spirachne  are there considered as sections of 
Vulpia, and C tenopsis  and Vulpiella  as distinct 
genera.

In addition to these five groups, o ther  taxa have 
from time to time erroneously been included in 
Vulpia. N o tab le  among these are V. m ichelii 
(Savi)Reichenb. and V. tenuicula  Boiss. & R eu t . ,  
for which the sectional name K oelerio ides  Willk. 
has been used (Willkomm & Lange 1870), but 
which are now adays placed in the separa te  genus 
Avellinia  Pari, in the tribe A veneae . Species such 
as these are not covered in this account .

T h e  five groups differ cytologically and geo
graphically (Cotton & Stace  1976); on both 
counts  Vulpia  is the most d iverse .  In this group 
diploids (2n =  14) (V. h ro m o id es , V . fon tq u era n a , 
V. m em branacea , V. m uralis, V. o c to flo ra ), 
te traploids (2n = 28) (V . am b igua , V. ciliata, 
V . fa sc icu la ta )  and hexaploids (2 n = 4 2 )  (V. hir- 
tig lum is, V. m egalura, V. m icrostachys, V. 
m yuros, V . persica , V . sc iu rea )  occur,  and it has 
the widest distribution of all the groups, being 
found throughout Europe as far north as Scotland 
and S. Scandinavia, and in N o r th  Africa, W. and 
C . Asia, and N orth  and South  A m erica .  Several 
species have becom e naturalized in E. Asia, 
A ustralasia  a n d C .  and S. Africa. In the o ther four 
g roups only diploids (2n =  14) have  been recorded 
and the species are restricted to the M edite r
ranean region. C hrom osom e num b ers  o f  Loretia  
and Spirachne  are given in C o tton  & Stace  (1976). 
In C tenopsis  and Vulpiella  we know  o f  only one 
published chrom osom e count each: C tenopsis 
delicatula  from Portugal (Fernandes  & Queirös 
1969) and Vulpiella tenuis from Tunisia  (Ker- 
guélen 1975).
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Table  1. Species  o f  V ulpia  sensu  lato allocated to the 
genera  and sec t ions  recognised  by M aire  (1955).

Vulpia C. C. G m el.  section Vulpia

V. am bigua  (L e G a l l )  M ore  
V. a n to fa g a sten s is  Parod i  
V. brom oides  (L.)  S. F .  G ra y  
V. ciliata  D um or t .
V . fa sc ic u la ta  (Fo rsk .)  Samp.

(V. m em b ra n a cea  auct .)
V. fo n tq u e ra n a  M e lderis  & S tace  
V. hirtig lum is  Boiss.  &  H au ssk n .
V. m em b ra n a cea  (F .)  D u m o r t .

(V. long ise ta  (Brot .)  H acke l)
V. m icro sta ch ys  (N u t t . )  Benth.
V. m uralis  (K unth)  N e e s  (V . broteri Boiss. & R eute r)  
V. m yuros  (F .)  C. C .  G m el .

(incl. V. m ega lura  (N u t t . )  R ydb .)
V. octo flora  (Walt.)  R ydb .
V. persica  (Boiss. & Buhse)  K recz .  & Bobr.
V. sciurea  (N ut t . )  H e n r .

Vulpia section Loretia (Duval-Jouve) Boiss.

V. a lopecuros  (Schousboe)  D um ort .
V. gen icu la ta  (L.)  L ink  
V. ligustica  (All.) L ink  
V. litardiereana  (Maire)  A.  C a m u s  
V. ob tusa  T rab u t
V. pauana  (Fon t  Q u er )  F o n t  Q u er  
V . se tacea  Pari.
V. sicula  (C. Presl)  L ink

Vulpia section Spirachne (Hackel) Boiss. 

V. inops  (Del.) H acke l

Ctenopsis D e N ot.

C. cyn o suro ides  (Desf .)  P au n e ro  
C. delica tu la  (Lag.)  Pau n e ro  
C. gypsoph ila  (Willk. ex H acke l)  Paunero  
C. pectine lla  (Del.)  D e  N o t .

Vulpiella (Trabut) Burollet

Vulpiella ten u is  (Tineo) Kerguélen 
(V. incrassa ta  (Salz, ex Loisel .)  Burollet)

Variation in m orphology is o f  obvious im por
tance in taxonom y at all levels, and that in Vulpia  
has been do cum en ted  in many publications. 
Anatomical variation in grasses  has, how ever,  
mostly been applied to the taxonom y o f  the higher 
ranks, and only m ore  recently  to that o f species 
and genera. L ea f  ana tom y of Vulpia was m e n 
tioned by P ée-L ab y  (1898), Lewton-Brain  (1904)

and Burr & T u rn e r  (1933), but only as uncritical 
descrip tions o f  one or two species. L a te r  Paunero  
1(1963, 1964) gave detailed descrip tions o f  the leaf 
epidermal ana to m y  o f  many species o f  Vulpia 
(including Vulpiella)  and Ctenopsis.

Although there  are many floristic accounts  of 
parts o f  the genus Vulpia, and other  accounts  
covering specialised aspects  such as leaf ep ider
mis, a broad review  o f  the whole genus covering 
a very wide range of structural aspects ,  which is 
essential for the p roper  unders tanding  o f  any 
genus, has not previously been a ttem pted . In this 
paper  we presen t the results o f  such a survey 
o f  the above  five groups and discuss this in 
relation to their taxonom y. Specific limits are not 
in general covered  here, but it is necessary to 
adopt four changes from the nam es used in C o t 
ton & Stace (1976): Vulpia fasc icu la ta  (Forskål) 
Samp, for V. m em branacea  (L .) D um ort . ;  V. 
m em b ra na cea  (L.) D um ort ,  for V. longiseta  
(Brot.) H acke l;  V. muralis  (Kunth) N ees  for 
V. broteri Boiss. & R euter;  and V. myuros  f. 
m egalura  (N utt .)  S tace & C o tto n  for V. megalura  
(N utt .)  Rydb. R easons for these changes have 
been given by Stace & C otton  (1976 a, 1976 b, 
1977).

Material and methods

Material  s tudied  cons is ted  o f  wild collected plants or  
plants g rown from wild collected  ca ryopses  (c. 450 
collections) ,  and herbarium spec im ens from BM, K, 
L ISI ,  L TR  and  M A N C H . V o u c h e rs  o f  all the wild 
collections subsequen t ly  cult iva ted  are  preserved in 
LTR.

M e a su re m e n ts  w ere  m ade on spikele ts  taken from 
the middle portion o f  the in florescence or  o f  a panicle 
b ranch ,  since these  exhibited the least variat ion.  Unless 
o therw ise  n o ted  the size range o f  charac te rs  given is the 
range o f  m eans  calculated  for each  specimen, and not 
the range o f  ex trem es.

T h e  second  culm leaf be low  the inflorescence was 
used for  anatom ical  work. F o r  internal  anatom y leaves 
w ere  variously  hand-sec tioned ,  sectioned with a 
f reezing m icro tom e,  or  w ax-em bedded  and sectioned 
with a rocking microtom e. Prepara tion  of  ep idermises 
followed the technique o f  C la rke  (1960), with some 
m odifica tions. A fter  softening in hot 88 %  lactic acid the 
abaxial epiderm is was isolated by  laying it on a slide and 
scraping aw ay  the adaxial ep iderm is and  internal tissues 
from ab o v e  with a sharp  scalpel . In the isolation of  the 
adaxial ep idermis it was n ecessa ry  to cut  away the 
tough abaxial epidermis and its associa ted  scleren-  
ch y m a  with a scalpel held at a n ar row  angle to the leaf, 
before sc raping aw ay  the soft mesophyll .  The te rm ino
logy used  to descr ibe  the leaf  epiderm is  follows that  of  
M etcalfe  (1960).
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W e have exam ined material o f all the species named 
in Table 1 except V. ob tusa , which is only a doubtfully 
distinct species. For ease o f reference, for the m ost part 
in this paper we use the names o f the five groups without 
qualification as to rank. H ow ever, the species are 
referred to as belonging to one o f the three genera 
Vulpia, C tenopsis  and Vulpiella, although in the case o f  
Vulpia  their allocation to the sections V ulpia, L oretia  or 
Sp ira ch n e  is indicated. The abbreviation V. stands for 
Vulpia; Vulpiella  is never abbreviated.

Results

T h e  grasses  considered here are typically pooid 
(festucoid) in their major characteristics.  Within 
the five groups under  review the morphological 
and anatomical charac ters  of g reatest taxonom ic 
value are as follows.

G row th habit

All species,  with the exception o f  V. se tacea , V. 
sicula  and V. litardiereana  (L o re tia ) are annuals . 
This pattern persists in cultivation, a lthough 
certain specimens of V. a lopecuros  and V. g en i
culata (L o re tia ) showed a response  to w arm , 
humid glasshouse conditions by rooting at the 
lower nodes of some culms.

Branching of all species, including the p e ren 
nial ones ,  is intravaginal only, in con tras t  to that 
in the related perennial genus F estuca , where 
both intravaginal and extravaginal branching 
occurs .

V ivipary, the premature germination o f  the 
ca ryopses  while still attached to the inflores
cence, has been observed only in one sample of 
V. ciliata (Vulpia), from Ardingly, E. Sussex, 
England.

In florescence  characters

E xsertion . T he  degree of exsertion  o f  the inflores
cence at and after anthesis is a valuable specific 
ch arac te r  within certain groups o f  Vulpia, In 
particular, it is a discriminant be tw een  V. bro- 
m oides  and V. m yuros, and a partial d iscrim i
nant be tw een  V. m em branacea  and V. fa sc i-  
culata . T h is  charac ter is, how ever ,  subject to 
ecophenetic  variation, for in very  dry conditions 
the normally exserted  inflorescences of V. bro- 
m oides  may becom e included in the upperm ost 
leaf-sheath and closely resem ble  those o f  V. 
m yuros. We have observed this condition in

material o f  V. brom oides  from a wall-top in 
Ireland and from shingle-banks in England.

Branching. In Vulpia and L oretia  inflorescences 
range from branched panicles with long pedicels 
to subspicate racemes. T he  m ost ex trem e ex am 
ples of the la tter occur in V. a lopecuros  (L o re tia ) 
and V. persica  (Vulpia). All the species of 
C tenopsis have very sparsely b ranched  inflores
cences and in C. pectinella  they  are  more or less 
spicate. In species with racem ose  or spicate in
florescences the pedicels are borne  on only two of 
the three faces of the t r ique trous  rhachis, and 
the inflorescences are therefore secund. This is 
particularly marked in C. pec tin e lla . Vulpiella 
and Spirachne  have paniculate  inflorescences.

P edicels. In Loretia , Sp irachne  and three species 
o f  Vulpia (V. m em branacea , V . fa sc icu la ta , V. 

fo n tq u era n a )  the long pedicels are conspicuously 
dilated ahd flattened distally (Fig. 1). Dilation is 
scarcely developed in o ther  species ,  even where 
the pedicel is very long.

Pulvini. Well developed pulvini are present in the 
axils of panicle b ranches and pedice ls in V. m icro- 
stachys  agg. (Vulpia). T hese  swell after anthesis 
and cause the branches or spikelets  to become 
strongly divergent or even reflexed. In Vulpiella 
pulvini are present,  but the b ranch es  do not b e 
com e reflexed. Pulvini are not found in other 
species, but are characteristic  of certa in related 
genera  such as Scleropoa  and C utandia .

Sp ike le t groups. In Sp irachne  the spikelets, 
each with a distinct pedicel, are arranged in 
constant groups o f  three on top o f  a common 
pedicel-like panicle-branch (Fig. 1F). In all 
o ther species the spikelets are  bo rne  indepen
dently.

Sp ikele t characters

A estiva tion . In most plants o f  Sp irachne  the 
normal distichous arrangem ent o f  glumes and 
florets has becom e twisted so tha t these parts 
form a gradual spiral a round the rhachilla. This 
unique charac te r  was descr ibed  in detail by 
Hackel (1880), when first recognising Spirachne  
as a subgenus o f  Vulpia, a lthough  he also re 
cognised a variant which exhib i ted  the normal
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distichous arrangement (var. suhdisticha  Asch. 
& H ackel,  cf. Maire 1955).

G lumes.  In all but two species the two glumes 
are distinctly unequal, the lower being not more 
than three-quarters the length o f  the upper. In 
the genus F es tu ca , on the o ther  hand , the lower 
glume is almost always more than th ree-quarters  
the length of the upper, ln V . inops  (S p ira chn e) 
the tw o glumes (including awns) are subequal 
in length, but the lower glume is much narrower 
than the upper and has a shorter body  and longer 
awn (Fig. 1 F), while in V. octoflora (Vulpia) the 
lower glume is up to 7/8 as long as the upper 
(Fig. 1 H). It is sometimes more useful to express  
glume length in relation to the length o f  the 
adjacent lemma; V. sicula  and V. se tacea  may 
be separated  by this charac te r  (upper glume 
longer than adjacent lemma in V. s e ta c e a , shorter 
in V. sicula).

In extrem e cases the lower glume is very 
short and veinless, or has one minute vein (Fig. 
1). This  is the case in all species o f  Ctenopsis  
and in certain species o f Loretia (V. alopecuros,  
V. ligustica)  and Vulpia (V. m em b ra na cea ,  V. 
fasc iculata , V. ciliata, V. am bigua).  N e v e r th e 
less both Loretia  and Vulpia  possess  o ther  
species with relatively long lower glumes (Fig. 1); 
up to 3:5 the length of the upper in V. geniculata  
(Loretia), up to 3:4 in V . brom oides (Vulpia),  and 
up to 7:8 in V. octoflora (Vulpia). In Vulpiella the 
ratio is approximately 3:4 (Fig. 1 B).

G lum e-ra t io  is therefore a very important d ia 
gnostic criterion in Vulpia and related genera. 
C are  is needed, however, to make m easurem ents  
only on spikelets which are not terminal on the 
inflorescence or on its b ranches ,  for in such 
spikelets the lower glume is often much longer 
than usual.

The  num ber o f veins is generally 0-1 in the 
lower glume and 1-3 in the upper  glume, the 
higher num bers  in each case being associated 
with the longer and broader glumes. In Spirachne  
there are 3 and 5 veins respectively.

In most species the glumes are  acum inate  or 
sharply acute  at the apex. In V. ciliata and 
V. am bigua  (Vulpia) the upper  glume is hyaline at 
the apex , which frequently b reaks off, giving the

false impression that the apex is blunt. In 
Spirachne  and V. m em bran acea  and V . fa sc ic u 
lata (Vulpia)  the upper glume has an awn up to as 
long as the body, while in V .fo n tq u era n a  (Vulpia) 
and annual species o f  Loretia  the upper  glume 
is also characteristically , though more shortly, 
awned.

The glumes are mostly rounded  dorsally but 
in Ctenopsis cynosuroides  and  C. pectinella  the 
upper glume is keeled distally.

G lum e pubescence  is reviewed under lemma.

Sterile florets.  A s in most pooid grasses,  the 
1 —2(—3) most apical florets in each spikelet are 
reduced in size and male or sterile in the majority 
o f  the species. H ow ever ,  tw o other patterns also 
occur.

In V. ciliata and V. am bigua  (Vulpia) there are 
only 1-3 fertile florets , but 3-7 distal sterile 
florets. T h e  lemmas of the la t te r  exceed those of 
the form er in length and width (and in V. ciliata 
bear a different pattern of indum entum ), but have 
shorter awns (Fig. 2 B ,  C). T h e  paleas of the 
sterile florets are reduced or absent.

In V. m e m b ra n a c e a , V. fa sc icu la ta  and V. 
fon tquerana  (Vulpia)  there is a congested group 
of  2-6 very small sterile florets (Fig. 1 C ,  E). This 
pattern also occurs  in Spirachne,  where there is 
only one fertile floret,  jus t  as there often is in 
V . fo n tquerana .

Rhachilla.  T h e  lowest floret is more or less sessile 
within the glumes, but the res t are separated by 
rhachilla segments which provide useful taxo 
nomic charac te rs  in terms o f  length, shape and 
indum entum . In V . m em bran acea ,  V .fasc icu la ta  
and V. fo n tq ueran a  (Vulpia)  and in Spirachne  
the apical group o f  sterile florets is borne on a 
long slender rhachilla segm ent which separates 
this group from the fertile florets .

Dispersal units.  In most species the unit o f d isper
sal is a single floret with the next higher rhachilla 
segment, the spikelet disarticulating at the base 
of each floret and leaving the pedicel and two 
glumes on the parent plant. T h e re  is usually no 
abscission layer at the base o f  sterile or male 
florets, so the most distal fertile floret carries

Fig. 1. Spikelets of representative species of Vulpia sensu lato. -  A: V. geniculata. -  B: Vulpiella tenuis.  - C :  V. 
fasc icu la ta .  -D :  V. alopecuros. -  E: V . fontquerana .  -  F: V. inops.  -G :  Ctenopsis pectinella .  -  H: V. octoflora.  
-  I: Ctenopsis  gypsophila. -  K: V. myuros .  -  L: V. ambigua.
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B 3 mm

Fig. 2. L em m as o f  rep re sen ta tiv e  sp ec ies  o f  V ulpia  
sensu  la to . -  A : V. brom oides. -  B: V. ciliata  (from  
fertile  flo ret). -  C : V. ciliata  (from  ste rile  floret). - D :  
Vulpiella  tenu is. -  E: C tenopsis g ypsoph ila .

with it any more distal sterile ones. Such a unit 
is thus particularly bulky in V. ciliata, V. 
am bigua , V. fon tqu era na ,  V. fa sc icu la ta ,  and 
V. m em b ra na cea  (Vulpia).  In plants o f  the first 
three o f  these species bearing spikelets with only 
one fertile floret,  all the florets therefore  fall 
as a single unit. In all these species the antrorsely 
hispid lem mas are efficient in penetrating  fur and 
clothing, etc . ,  and act as a dispersal agency.

In V . fa sc icu la ta  and V. m em b ra na cea  (Vulpia)  
and in Loretia  abscission occurs  less readily 
below each floret, but in addition there  is an 
abscission layer at the base o f  the pedicels. H ence  
the dispersal units are mixtures o f  single fertile 
florets , single fertile florets with one or more 
sterile florets a t tached ,  and whole spikelets. T h e  
last are particularly characteristic  of V. alopecu-  
ros (Loretia).  In these species abscission som e
times occurs  at the base of each rhachilla segment 
ra ther  than above it. T he  an trorse ly  hispid, 
distally dilated pedicels are efficient in dispersing 
whole spikelets.

In Spirachne  there  is little abscission within

Fig. 3. A dax ia l and la teral v iew s o f lem m a calluses o f 
rep re sen ta tiv e  species o f Vulpia  sen su  la to . -  A: 
V. fo n tq u e ra n a . -  B: V. fa sc ic u la ta .  - C :  V. brom oides. 
- D :  Vulpiella  tenu is.

or below  each spikelet, but it regularly occurs at 
the base  o f  the  ultimate panicle b ranch  bearing 
three spikelets , so that the unit o f  dispersal is 
three spikelets  (with a total o f  three  fertile florets).

In Vulpiella  abscission often occurs  also at the 
position o f  the pulvini, at the base o f  the pedicels 
and panicle b ranches , a feature  shared with the 
related genus Cutandia  but scarcely developed in 
the pulvinate  V. m icrostachys (Vulpia).

Floret characters

Callus.  T h e  callus appears  to be derived from the 
most basal part of each rhachilla segment, and 
the lem ma arises from it. In most species the line 
of disarticulation lies adjacent to and below the 
callus, so that it forms the most basal part of each 
separa ted , ripe floret. In the majority o f  species 
considered  here it is a th ickened, glabrous, 
horse-shoe-shaped s tructure ,  approximately 0 .1 -  
0.2 mm in the plane of the longitudinal axis of 
the lem ma (Fig. 3 C ,  D). H ow ev er ,  in V. alope- 
curos (Loretia)  and V. fa sc icu la ta  and V. m e m 
branacea (Vulpia) it is much longer (0.5-0.8 
mm), pointed and antrorsely  hispid (Fig. 3B), 
while in V .fon tq ueran a  it is 1-1.5 mm, antrorsely 
hispid and sharply pointed (Fig. 3 A). In the last 
case the callus is about as long as the rest of the
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rhachilla segment, the florets th u s  being separa t
ed by 2-3 mm, and serves as an effective agent 
o f  dispersal. In the o ther three species, on the 
o ther  hand, the spikelets often fall as a single 
unit, so the pointed callus p lays a much lesser 
role in dispersal.

L em m a .  T he  usual features of th e  lemma such as 
size, shape, num ber and p rom inence  o f  veins, 
length of awns and pubescence  a re  all important 
diagnostic charac ters ,  but many of them vary at 
or even below the species level.

T h e  longest lemmas (excluding awns) are found 
in V. alopecuros  (L o re t ia ), V . fa sc icu la ta  and V. 
m em branacea  (V idp ia ), w here th e y  may be up to 
c. 18 mm long, and the sh o r te s t  in V. sciurea  
(Vulpia ), where they are on ly  2.5-3.5 mm 
long. It must be emphasised th a t  these m eas
urem ents apply to only the tw o  lowest florets, 
and are extrem es of means. M o re  distal florets 
usually have smaller parts, those  o f  apical, 
sterile florets often being minute, and exceptional 
spikelets can often be found w h ere  even the basal 
florets have m easurem ents  o u ts ide  those given 
above. We consider that m ean  basal lemma 
length is the m ost satisfactory m easu rem en t  for 
diagnostic purposes. Lem m a w idth  is seldom of 
diagnostic value, but it can be u sed  to  separate 
V. bromoides  (1 .3-1.9 mm) an d  V. muralis 
(0.8-1.3 mm) (Vulpia).

In Vulpia, Loretia, S p iraehne  and Ctenopsis  
the lemma is narrowed at the a p e x  into an awn 
of varying length, often longer than the lemma 
itself (Fig. 2 A -C ) .  In C tenopsis  (Fig. 2 E) and 
some species o f  Vulpia the aw ns are shorter, 
the extreme being found in C. pectinella ,  with 
awns up to c. 1 mm only. T he  lem m a is mostly 
very gradually narrowed at th e  apex ,  but in 
Ctenopsis  and a few Vulpia spec ies  it is more 
abruptly so. In Vulpiella (Fig. 2D )  the lemma 
is slightly but distinctly n o tch ed  at the apex, 
and the awn arises from the term ination  of the 
midrib at the base of the notch , as in the genus 
Cutandia.

In Vulpia, Loretia, Spiraehne• and Ctenopsis  
the lemmas are mostly 5-veined and rounded on 
the back, although in C. pec tine lla  they are 
som ewhat keeled and in V. ciliata and V. 
ambigua (Vulpia) they often p o sse ss  only 3 veins 
(Fig. 2 B ,  C). In all cases the v e in s  are  usually 
rather inconspicuous. In Vulpiella,  on the o ther  
hand, the lemmas are consp icuo us ly  3-veined

and strongly keeled on all 3 veins (Fig. 3D). In 
lemma charac te rs ,  therefore ,  Vulpiella closely 
resem bles the genus C utandia .  It must be noted 
that in both Cutandia  and Vulpiella  microscopic 
exam ination o f  cleared lem m as usually shows an 
extra  pair o f  very weakly developed  veins.

L em m a (and glume) pu bescence  is a very 
variable charac te r ,  but its pa ttern  of variation is 
som etim es o f  great interest. In some species no 
variation has been recorded ,  e.g. V. m e m 
branacea (Vulpia),  where the lemmas are 
glabrous apart  from antrorse ly  directed pricklets 
on the awn and veins. But in most species 
variation o ccurs  from totally glabrous to densely 
pubescen t lemmas. T he  pubescence  of the 
glumes and lemmas, and o f  the margins, veins 
and o ther  surfaces o f  the lemma, often varies 
independently ,  so that a great many combinations 
are  possible . T hese  are particularly num erous in 
V. a lopecuros (Loretia)  w here  they were treated 
in detail by M aire (1955), and in V. m icrostachys  
(Vulpia),  in which many segregates have been 
described  based  on these and o ther  characters  
(Lonard  & G ould  1974). V. megalura (Vulpia)  is 
in fact only a variant of V. myuros  with ciliate 
lem m as and we therefore recognise it as only a 
fo rm a of the latter (Stace & C otton  1976 b). In 
most species the variant with densely pubescent 
lem m as is much less com m on than the subgla- 
brous variant, but in V. hirtiglumis (Vulpia) the 
reverse  is the case, only one example o f  this 
species w ithout pubescent lem m as having been 
seen by us. V . ciliata and V. sciurea (Vulpia)  and 
V. a lopecuros (Loretia)  are  also more often 
pubescen t than not. V. ciliata differs from V. 
am bigua  mainly in its lemma pubescence, being 
hairy on the margins and dorsal midline in the 
fo rm er but glabrous or scabrid in the latter. T here  
are  also small differences in floral m easurem ents  
betw een  these  two species, which are more or 
less a llopatric. T h ere  are, how ever,  occasional 
glabrous variants o f  V. ciliata  (var. imberbis  
(Vis.) H alåcsy )  which occu r  among typical 
variants well outs ide the geographical range o f  V. 
am bigua .

Palea.  T h e  paleas provide relatively few diag
nostic charac te rs .  In all the species they are  2- 
keeled, bifid at the apex and slightly shorter  than 
to as long as the lem mas, but small specific 
differences in overall shape, degree o f  apical 
notching and pubescence  do occur. Palea length
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1 mm

Fig. 4. Adaxial views of caryopses of representative 
species of Vulpia sensu lato. -  A: F. my uros. -  B: 
V. octoßora. -  C: Vulpiella tenuis. -  D: Ctenopsis 
cynosuroides.

may be a slightly be tter  discriminant than lemma 
length in separating  V. fa sc icu la ta  from V. 
m em branacea  (Vulpia).

S ta m en s. In L oretia , Spirachne, C tenopsis  and 
Vulpiella  there  are usually three s tam ens, which 
become exser ted  at anthesis, although the anther 
size and the degree of exsertion varies a good 
deal. T hu s  in C. pectinella , C. cynosuro ides, C. 
gypsophila  and Spirachne  the anthers  are only c. 
0.4-1.4 mm and appea r  just beyond the lemma tip 
at anthesis,  w hereas  in species o f  Loretia  they are 
mostly 2^4 mm and pendent on long filaments. 
Occasionally , plants o f these groups with only I 
or 2 stam ens have been recorded (cf. Maire 1955).

In Vulpia  there  is a g rea ter  range in such 
stamen charac te rs .  V. fa sc icu la ta  and V. m em 
branacea  have  I-3 anthers which are 0.7-2 mm 
and jus t  exser ted  at anthesis; V. fo n tq u era n a  
has 3 an thers  0 .5-0 .8  mm and also jus t  exserted  
at anthesis; and the o ther species have usually a 
single an ther  0 .3-0.8 mm and included at 
anthesis. In the third group occasional specimens 
are encoun te red  with 2 or 3 anthers ,  or in which 
the anther ju s t  protrudes at anthesis o r slightly 
exceeds 0.8 m m , but basically it is a group of 
cleistogamous, self-pollinated grasses.  Within it, 
V. ciliata  and  V. am bigua  represen t ex trem es;

théy are ephem eral,  c le is togam ous g rasses  with 
a single an ther  0 .4-0 .6  mm long. H o w e v e r ,  we 
have seen specim ens  of V. m yuros  in England 
and o f  V. m uralis  in Sicily with a single, well- 
exserted  an ther ,  and similar exam ples o f  the 
A m erican species have been repor ted  by L onard  
& G o u ld  (1974) and K annenberg  & Allard (1967). 
V. persica  has I-3 small an th e rs ,  and there 
is no justif ication for B o r’s (1970) referring it to 
Loretia . T h e  undehisced an thers  are either 
yellowish or deep  violet in co lour ,  and we have 
seen both co lour  variants on different plants 
in the same population of several species. Similar 
variation is found in a great m any  g rasses o f  v a ry 
ing relationships,  and seems to  be o f  very little 
taxonomic significance.

Ovary and  lod icu les. T h ese  organs provide 
relatively few taxonom ic  ch arac te rs .  In Vulpiella  
the lodicules are  ovate  and ra ther  irregularly 
toothed at the apex, w hereas in Vulpia, L oretia , 
Spirachne  and C tenopsis  they  are  usually 
narrow er and are consp icuously  bifid, the 
relative lengths and shapes o f  the two teeth 
varying from species to species. In lodicule 
charac ters  Vulpiella  resem bles the genus C utan- 
dia ra ther  than Vulpia  and its allies.

T he  ovary  is glabrous in m ost species,  and 
provided with two terminal o r subterminal styles. 
H ow ever ,  in all species o f  Loretia  except V. 
alopecuros, in V . fa sc icu la ta  (V ulpia), and in 
Spirachne  it is conspicuously  pubescen t at the 
apex. This  charac te r  is a cons tan t  discriminant 
between V. fa sc icu la ta  and V. m em branacea , 
which are o therwise  ex trem ely  difficult to 
separate . It should be noted tha t in P aunero (  1964) 
the drawings of the spikelets (Figs. 21, 22) o f 
these two species have becom e transposed ,  so 
that the  ovary  o f  V. fa sc icu la ta  wrongly appears  
glabrous.

C aryopsis. T h e  caryopsis  varies from linear to 
narrowly elliptic in outline, with a short em bryo 
visible at the base of the abaxial (dorsal) surface. 
T he  species with the relatively broades t  ca ry o p 
sis (ratio c. 1:4) is V. octoßora  (V ulpia) (Fig. 4 B), 
and those with the narrow est ones (ratio c. 1:7) 
are V. m em branacea , V. fa sc ic u la ta , V. m yuros  
(Fig. 4 A), V. ciliata  and V. am b igua  (Vulpia). 
T hose  species with a p ubescen t ovary-tip  retain 
this characteris tic  on the ripe caryops is .  A cc o rd 
ing to P aunero  (1963) the apex o f  the caryopsis is
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papillose in C tenopsis de lica tu la  and C. cyno- 
suroides, and sm ooth  in C. gypsophila  and  C. 
pectinella , but we have  not observed such a 
difference.

T h e  abaxial surface is rounded in Vulpia, 
L oretia , Sp irachne  and C tenopsis, but strongly 
carinate  in Vulpiella, p roducing a more o r  less 
trigonous caryopsis. T h e  edges o f  the caryopsis 
are rolled round on to the adaxial side to produce 
a groove which obscures  the hilum to varying 
degrees in different species.

T h e  hilum is very narrow and almost as long as 
the caryopsis  in Vulpia, L oretia  and Spirachne  
(Fig. 4 A, B), but less than  half as long in 
C tenopsis  and Vulpiella  (Fig. 4 C , D ) .

T h e  palea is w rapped  round the caryopsis and 
in Vulpia, Loretia , Sp irachne  and Vulpiella  is 
firmly adherent to it, but in C tenopsis  the 
caryopsis  remains more or less free from the 
palea.

L e a f  characters

M orphology. L eaf  morphology is not very 
variable. All the species possess  flat leaf-blades 
which, how ever,  becom e convolu te  as the season 
advances. In dry condit ions this often takes place 
well before flowering.

A few species show consp icuously  dilated 
upper leaf-sheaths, this cha rac te r  being part ic
ularly well displayed in V. fa sc icu la ta  (Vulpia) 
and to a lesser extent in o th e r  species w here the 
inflorescence is partially enclosed  in the upp er
most leaf-sheath at anthesis.

T h e  m em branous  ligules show  some variation 
in length, which is particularly useful in 
separating C. delicatula  (0.1-0.5 mm), C. 
gypsophila  (0.5-1.5 mm) and C. cynosuroides  
(1-2.5 mm).

In terna l ana tom y. T h e  anatom ical details o f  the 
leaves follow the typical festucoid pattern 
described by Metcalfe (1960).

T h e  adaxial surface o f  the leaf-blade is 
strongly ribbed, each rib corresponding  to the 
position o f  a vascular bundle ,  the most p rom i
nent o f  which is the midrib itself (Fig. 5). In 
most species there are approxim ate ly  9-13 veins 
across the leaf width, the midrib  and the third 
one on e ither side being larger than the o thers ,  
but frequently  some o f  the smaller veins are 
missing or there  are extra  ones .  In C tenopsis  and

Spirachne  there  are usually only 5-7 veins, 
which alternate between large and small.

Bundles (caps) of fibres above and below each 
vein, especially the midrib, and at the leaf 
margins, are developed to varying extents. They 
are distinctly better developed in V . fasc icu la ta , 
V. m em branacea  and V. fo n tq u era n a  (Vulpia), 
Loretia , Vulpiella  and (especially) C tenopsis 
than in Spirachne  and the rest o f Vulpia. In some 
cases ,  especially in Vulpiella  and Spirachne, 
the epidermal cells contiguous with the scleren- 
chym a bundles, particularly on the abaxial sur
face, are lignified and very narrow in cross sec
tion, as is equally clearly seen on epidermal pre
parations. Spirachne  (Fig. 5C )  is also distinctive 
in that the abäxial leaf surface is keeled on the 
midrib and major lateral veins, w hereas it is more 
o r  less rounded or flat in all o ther  species. The  
differences in the bulliform cells o f  V. m yuros 
f. m yuros  and f. m egalura  given by Lonard & 
G ould  (1974) were not observable  in ou r  material.

E piderm is. T h e  epidermal anatom y is again typi
cally festucoid (Metcalfe 1960), but variation 
within this pattern occurs . T he  abaxial epidermis 
exhibits two major zones, costal and inter
costal, but on the adaxial epidermis there is a 
narrow  intermediate zone between the two. and 
the intercostal zone can be subdivided into cen 
tral bulliform and marginal stomatal regions. On 
both epidermises long cells, short cells, hairs and 
s tomata may occur.

T h e  epidermises of Vulpia, L oretia , Spirachne, 
and C tenopsis  are very similar. O n the abaxial 
epidermis (Fig. 6 A )  the long cells are  very long, 
parallel sided and have tightly undulate anticlinal 
cell-walls in the intercostal zones. T h e  short cells 
vary greatly in abundance, but a re  generally 
present in both costal and intercostal zones. 
T hey  are very short, with sm ooth  walls, and 
vary in the degree to which they are  single or 
paired; single short cells are e i ther cork-cells 
o r  prickle-bases, whereas double short cells 
consist of  two cork-cells, a cork-cell and a 
silica-cell or a cork-cell and a prickle-base. In 
the costal zone up to about four adjacent short 
cells may occur. O n the abaxial surface all the 
hairs are prickles: short, more or less conical, 
thick-walled hairs arising from a short cell. They 
are p resent on the leaf margin and to varying 
degrees (but never frequent) in the costal and 
intercostal zones. S tom ata are only of sporadic
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occurrence on the abaxial epidermis; when pres
ent they are confined to the intercostal zones.

On the adaxial epidermis (Fig. 6B ),  except 
close to the margins, the long cells are straight- 
walled, and short cells (apart from hair- or 
prickle-bases) ra ther infrequent and more or less 
confined to the costal and intermediate zones. 
H airs  are generally much more abundant than on 
the abaxial epidermis, but may or may not be 

j confined to the costal zone. In almost all cases 
at least the majority o f  hairs in the costal zone 
are macrohairs, often mixed with prickles and 
sometimes with intermediate types. Microhairs 
and papillae are absent. T he  density of m acro
hairs varies considerably from species to species 
and to some extent within species and, o f course, 
constitutes the macroscopic charac ter  ‘leaf 
pubescence '.  Macrohairs are absent from the 
material seen o f  V. sciurea  (V ulp ia ) and C. 
pectinella , and prickles too (except on the leaf 
margin) from that of the latter; material of all 
the o ther species examined possesses both 
macrohairs and prickles. T h e  stomatal zone 
consists o f modified (shorter) long cells with 
rows of stomata bearing the typically gramine
ous paired subsidiary cells. T he  bulliform cells 
are large, thin-walled cells with flattened ends.

Within V ulpia , L ore tia , Spirachne  and Cten- 
opsis variation is thus virtually confined to the 
frequency, distribution and pairing of short cells 
and the frequency of prickles on the abaxial 
epidermis, and the frequency and distribution of 
prickles and macrohairs on the adaxial epidermis, 
and the quantitative differences observed are not 
well correlated with any o f  the four taxonomic 
groupings. M oreover,  it is possible, with the

! examination o f  further material,  that many of the 
apparent interspecific differences would dis
appear. Epidermal characters of this sort, possi
bly distinguishing V. fa sc icu la ta  and V. m em 
branacea (Vulpia), have been given by Stace & 
C otton  (1976 a).

T he  epidermal characters of the single species 
o f Vulpiella  (Fig. 6 C ,  D) differ markedly from 
the above. T he  main differences are  as follows:

(1) Short cells are confined to the costal zones 
on both epidermises.

(2) Short cells on both epidermises are often in

Table 2. Stomatal length and chrom osom e number in 
two species groups o f Vulpia. Stomatal lengths are 
ranges o f  means (in three cases only one collection  
measured).

Species 2n Stomatal 
length (^m)

V. myuros 42 34-57
V. hirtiglumis 42 53
V. bromoides 14 24-39
V. muralis 14 29—43
V. octoflora 14 39

V. fasc icu lata 28 33-59
V. m em branacea 14 26—41
V. fontquerana 14 36

pairs or g reater units, or separa ted  by longer 
short-cells.

(3) Short cells on both epidermises are much 
longer than in the o ther taxonom ic  groups, and 
mostly with markedly undulate anticlinal walls.

(4) Silica cells all have m arkedly  undulate an 
ticlinal walls and occur in the  costal zones of 
both epidermises.

(5) Long cells on the abaxial epidermis have 
straight anticlinal walls, and are  conspicuously 
wider at their midpoint than at their ends.

(6) T h ere  are more s tom ata  in the intercostal 
zone on the abaxial epidermis.

(7) Hairs are absent from the abaxial epider
mis.

(8) Prickles are present in the costal zone but 
hairs are otherwise absent from the adaxial 
epidermis.

T he  list o f  differences is im pressive, and m ore
over leads to a much closer resem blance  between 
abaxial and adaxial epidermises o f  Vulpiella than 
between those of the o ther four groups.

S to m a ta l length . A lthough there  is not a good 
overall correlation between ch rom osom e number 
(Cotton & Stace 1976) and stomatal length, within 
certain critical species groups of Vulpia it is 
better. Tab le  2 shows that the  hexaploids V. 
m yuros  and V . h irtiglum is  have on average longer 
stomata than the three related diploids, and that 
the tetraploid V. fa sc icu la ta  has on average 
longer s tomata than its two related diploids.

Fig. 5. L eaf-sections of representative species o f  Vulpia sensu lato. -  A: V. a lopecuros.  -  B: V. fasciculata. - C : V. 
inops.  -  D: V. myuros.  -  E: Ctenopsis  gypsophila.  - F :  Ctenopsis pectinella.  - G :  Vulpiella tenuis. -  Shaded  
regions: vascular bundles. Black regions: sclerenchyma.
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B

100 ym D
Fig. 6. Epiderm ises o f  Vulpia a lopecuros  (A, abaxial; B, adaxial) and Vulpiella  tenu is (C , abaxial; D , adaxial). 
Black regions: silica-cells.

Discussion

The morphological and anatomical characters 
previously surveyed clearly serve to differentiate 
taxa at all levels. Hence, it is possible to define 
each of the five taxonomic groups recognised and 
various subgroups within some of them, as well 
as the individual species and infraspecific taxa.

Vulpiella

Of the five groups, Vulpiella is clearly the most 
distinct. It differsfrom Vulpia, Loretia, Spirachne 
and Ctenopsis in the well-developed pulvini at the 
base of the inflorescence branchlets, at which 
disarticulation takes place; in the 3-veined, 3- 
keeled lemmas with a notched apex; in the broad,
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irregularly toothed iodicules; in the trigonous 
caryopsis with a short hilum; and in a cons ider
able num ber of features o f the leaf epidermis 
(notably the straight-walled long cells and the 
relatively long, undulate-walled silica-cells on 
both epidermises). Many of these charac ters  are 
traditionally considered important diagnostic 
features in the G ram ineae ,  and together they 
provide convincing evidence that Vulpiella  and 
Vulpia  are not congeneric. In all its important 
charac ters  the single species o f  Vulpiella  most 
closely resembles the genus C utandia, which will 
be reviewed in a later paper; it is simply the long 
awns and non-divaricating inflorescence b ran ch 
es o f Vulpiella  which give it a superficial r e 
semblance to Vulpia. We are therefore o f  the 
opinion that Duval-Jouve (1880) and C am us 
(1943) were wrong in placing this species in 
Loretia  Duval-Jouve and in Vulpia subgenus 
Loretia  section Incrassatae  A. C am us re sp ec 
tively.

C tenopsis

C tenopsis  differs from the o ther  three groups in 
its relatively short,  broad caryopses which have

I a short hilum and which lie more or less free from 
the palea at maturity, although we are not aw are 
that these characters have been stressed by 
previous workers. Traditionally (cf. Maire 1955) 
C tenopsis  has been treated as a monotypic  genus 
(type species C. pec tin e lla ), but Paunero  (1963) 
added to it the other three species in Table  1. 
T hese  have been usually included in Vulpia, 
although the name N arduretia  has also been 
coined for them (Huguet del Villar 1925). C. 
pectinella  is certainly the most distinctive of the 
four species, particularly with regard to its 

; sessile spikelets,  keeled, shortly-awned lemma 
apex and glabrous leaf epidermis, but in general 
the characters  surveyed here support P a u n e ro ’s 
b roader concept o f  the genus. It is additionally 
characterized by its simple, secund inflorescence, 
large abaxial bundles of leaf sclerenchym a, 
minute lower glume, rather abruptly  narrowed 
lemmas often with rather short aw ns, keeled 
upper glume in two species, and 3 short, slightly 
but distinctly exserted anthers. While argum ents 
could be made for including C tenopsis  in Vulpia, 
we feel that at least equally strong argum ents 
exist for recognising it as a distinct genus and we 
therefore  prefer to follow P a u n e ro ’s treatment.

Vulpia, Loretia  and Sp irachne

There  are good differences be tw een  Loretia  and 
Vulpia if, for the present, we set aside V .fa sc i-  
culata, V. m em branacea  and V. fon tquerana . 
Loretia  has chasm ogam ous florets with three 
long anthers ,  well developed leaf-sclerenchyma, 
and distally dilated pedicels with a basal abscis
sion layer, while in Vulpia  the  florets are cleisto- 
gamous (or nearly so) with often a single, short 
anther, the leaf-sclerenchyma is less abundant, 
and the pedicels are un th ickened  and lack an 
abscission layer. T hese  are  c lear differences 
which, ih the absence o f  V .fa sc icu la ta  and its two 
allies, would strongly suggest generic separation 
for Vulpia  and Loretia .

V. fa sc icu la ta  and V. m em branacea  are very 
closely related and have been much confused 
in the past (Stace & C otton  1976 a); many authors 
have not recognised them as distinct species (cf. 
Maire 1955). V . fo n tq u era n a , a recently d iscov
ered endemic from SW. Spain (Melderis & 
Stace 1968), is much more dis tinct,  but neverthe
less obviously closely related. T h e  three share in 
comm on the general facies and short anthers of 
Vulpia, and the well developed  leaf-scleren
chyma, distally dilated pedicels and usually 3, 
exserted anthers o f  Loretia . M oreover ,  spikelet 
disarticulation o f  V. fo n tq u era n a  is as in Vulpia, 
whereas that of  the o ther  tw o species is as in 
Loretia , and the hairy ovary  apex  of V . fa s c i
culata  is found elsewhere in Loretia  but not in 
Vulpia. T h ese  facts clearly show that V. fa s c i
culata, V. m em branacea  and V. fon tquerana  
form a well-defined taxon som ew hat  intermediate 
between Loretia  and Vulpia. T h is  group is further 
characterized by the well-awned upper glumes, 
the distinctive apical group o f  sterile florets and 
the very well developed, pointed basal callus. It 
(or those mem bers  o f it under s tudy at the time) 
has previously been described  as section 
M onachne  (Dumortier 1824) and section In ter
m ediae  (Camus 1943).

Spirachne  is clearly most similar to M onachne  
of the above 3 groups, with which it shares the 
apical group of sterile florets, 3 short,  slightly 
exserted  anthers,  the aw ned  u pp er  glume and 
distally dilated pedicels. It is, how ever ,  unique in 
its groups of three spikelets (each usually with 
a spiral aestivation), subequal glumes and keeled 
leaves.

T h u s ,  within the genus V ulpia, excluding
13 -  B o ta n isk a  N o t is e r
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Vulpiella  and C tenopsis, four major groups are 
recognisable. Within each o f  these there is varia
tion roughly proportional to the num ber of 
species, but in ou r  opinion it does not warrant 
recognition of fu r ther  supra-specific categories. 
Some of this variation is parallel within the four 
groups. F o r  exam ple  the glume ratio shows a 
wide range o f  variation in Vulpia, M onachne  
and Loretia , the  range being greatest in Vulpia 
and least in M onachne, and awn-length is similar
ly variable. T h e  existence of parallel variation 
within many species, regardless o f  the group 
to which they belong, has been pointed out p re
viously, particularly with regard to pubescence.

Within each o f  the two largest groups, Vulpia 
and L o re tia , the re  are species or groups of species 
with distinctive, exceptional features. Notable 
among these is the perennial habit in V. sicula, 
V. se tacea  and V. litardiereana (Loretia); the 
characteristic  g roup of apical sterile florets and 
3-veined lem mas in V. ciliata  and V. am bigua  
(Vulpia); the subsessile spikelets in V. persica  
(Vulpia); and the pulvinate inflorescence b ranch
es in V. m icrostachys (Vulpia).

R ela tionsh ip  to  F estuca

The closest re lations of Vulpia (includingLoretia , 
M onachne  and Sp irachne)  are C tenopsis, dis
cussed above, N ardurus, to be discussed in a 
later paper, and F estuca . F estuca  and Vulpia 
have been traditionally separa ted  by up to six 
characters ,  none  of which, how ever,  forms an 
absolute criterion. H ence  V. sicula  and its two 
allies are perennials , V. gen icu la ta , V. setacea  
and o thers  have well-branched panicles, Loretia  
has chasm ogam ous florets , V. octo flora  and 
Spirachne  have subequal glumes, V. octoflora  
has rather abruptly  narrowed and shortly awned 
lemmas, and V. geniculata  and V. brom oides 
have relatively broad caryopses ;  all these ch arac
ters are typical o f  F estuca . N everthe less  it is 
possible to separa te  the two genera  by a com bina
tion of charac te rs  and, although it is admittedly 
simply a practical convenience , we prefer this to 
their amalgamation.

O f  the four groups of Vulpia, Loretia  is 
obviously the most similar to F estuca , forming 
a link between F estuca  and the other three 
groups.

Taxonomic conclusions

W e consider  Vulpiella , C tenopsis  and  Vulpia  to 
be separa te  genera ,  but the s ta tus  o f  th ese  and 
the ranks acco rded  the four g roups  within 
V ulpia  will rem ain  a m atter  o f sub jec tive  ju d g e 
m ent unless numerical taxonom ic  s tud ies  can 
produce an accep tab le  objective sys tem .

Loretia , Vulpia  and Sp irachne  are all dis tinct 
groups which might well merit recognition  at 
the generic level but for the fact tha t  M o n a ch n e  
clearly links the fo rm er tw o and Sp irachne  seems 
closer to M o n a ch n e  than to the o thers .  T herefo re  
we recognise these  four groups as sec t ions of 
Vulpia. We consider  this c lassif ication to be the 
m ost useful and practical, but it is c learly  a 
phenetic, not a phylogenetic , one.

Within C tenopsis, C. pectinella  is d is tinct from 
the o ther  three  species and the two g roups  merit 
sectional status.

T h e  following conspec tus  sets ou t the classifi
cation we have adopted , together  with the  most 
im portan t supra-specific synonym s and  an indi
cation of the scope of each taxon. A m ore  detailed 
taxonom ic descrip tion  of all the taxa ,  including 
the species,  will be given in a la ter paper.

Vulpiella (Trabut)  Burollet

Basionym: Cutandia subg. Vulpiella Trabut
Type species: Cutandia incrassata (Salzm. ex Loisel.)

Bentham = Vulpiella tenuis (Tineo) Kerguélen 
Other synonyms: Cutandia sect. Vulpecula Hermann; 

Vulpia subg. Loretia sect. Incrassatae A. Camus, 
pro parte excl. typ.

Monotypie

Ctenopsis D e N ot.

Type species: C. pectinella (Del.) De Not.

Sect. Ctenopsis

Synonym: Festuca subg. Vulpia sect. Pectinula Her
mann 

Monotypie

Sect. Pseudocynosurus (Willk.) C o tto n  & Stace, 
comb. nov.

Basionym: Vulpia sect. Pseudocynosurus Willk., in 
Willk. & Lange, Prodr. Fl. Hisp. 1: 91 (1861)

Type species: V. delicatula (Lag.) Dumort. = C. deli- 
catula (Lag.) Paunero 

Other synonyms: Narduretia Huguet d. Villar; Festuca
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subg. Vulpia sect . Ctenopsis  sens. H e rm a n n ,  non 
sens. orig.

O th e r  species: C. gypsophila  (Willk. ex Hacke l)  
Paunero ;  C. cynosuroides  (Desf.)  Paunero

Vulpia C. C. G mel.

T y p e  species: V. myuros  (L.) C. C . G m el .
Synonym s: Mygalurus  L in k ,D as io la  R a f . \Chloam nia  

Raf.;  Distomomischus  Dulac

Sect.  Vulpia

Synonym : Vulpia subg. Euvulpia sect . Articulatae  A. 
C a m us

Species included: All species un d e r  sect . Vulpia in 
T  able 1 with the exception  o f  the three included under
sect . Monachne  be low

Sect. Monachne Dumort.

T y p e  species: V. uniglumis (Ait.) D um or t .  = V. fasci-  
culata  (Forsk.)  Samp.

Synonym: Vulpia subg. Euvulpia  sect.  Intermediae  A. 
C a m us

O th e r  species: V. m embranacea  (L . ) D u m o r t . ;  V .font-  
querana  Melderis  & Stace

Sect.  Spirachne (Hackel) Boiss.

Basionym: Vulpia subg. Spirachne  Hackel  
T y p e  species: V. inops  (Del.) Hackel  
M onotypie

Sect.  Loretia (Duval-Jouve) Boiss.

Basionym: Loretia  Duval-Jouve
Lecto type species: L. geniculata  (L.) Duval-Jouve,  

selected here, =  V. geniculata  (L.) Link 
O the r  synonyms: Vulpia subg. Pseudofes tuca  R ouy; 

Vulpia subg. Loretia  sect. Festucoides  A . C a m u s  & 
sect . Incrassatae  A. C am us ,  pro parte incl. typ.  

O th e r  species: All species under  sect . Loretia  inTable  I .
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Spore-producing and apical meristems in vascular plants -  
a comparison
Lennart Brunkener

Brunkener ,  L. 1977 06 30: Spore-producing and apical  m eris tem s in vascular  plants - a  co m 
parison.  B ot. N o tise r  130: 189-201. S tockholm. ISSN 0006-8195.

A com parison ,  mainly based  on li tera ture be tw een  the organization o f  spore-producing and 
apical  m eristem s is m ade  in various groups of  vascu lar  plants.  T h e  co m parison  is carried out 
only with respec t  to the occu r rence  of  periclinal divisions in the superficial cell layer  of 
the m eris tems and concern ing  the p ter idophytes also in respec t  to the num ber  o f  initials. 
T h e  two kinds o f  m eris tem s are reported  to be undifferentiated (unstrat ified) in pteridophytes 
and differentiated in ang iosperm s except for the roots  o f  a n um ber  o f  angiosperms. During 
the evolution a transition from undifferentiated to differentiated apical meristems and spore- 
producing m eristem s p robab ly  has occurred .  In most  gym n o sp e rm s  studied  the spore- 
producing m eris tem s h ave  attained the m ore  advanced  stage while the shoot apical  
m eristem s of  most  genera  still are quite undifferentiated o r  show intermedia te  conditions.

L enn a rt B ru n ken er , In s titu te  o f  B o ta n y , U niversity  o f  S to ckh o lm , L . F resca ti, S-104 05 
S to ckh o lm  50, Sw eden .

T h e  d i s t in g u ish e d  Bri tish  m o rp h o lo g is t ,  B o w e r  
(1896),  s ta te d  th a t  th e  s tudy  o f  the  sp o ra n g ia  o f  a 
v a sc u la r  p lan t  sh o u ld  be c a r r ied  o u t  in the  light o f  
a k n o w le d g e  o f  th e  s e g m en ta t io n  o f  its ap ical  
m er is te m s .  H e  c o n s id e r e d  tha t  the  ear l ie s t  d e v e l 
o p m e n t  o f  th e  sp o ra n g ia  in the  m ain  c o r r e s p o n d s  
to  the  g ro w th  o f  th e  apical m e r i s t e m s  o f  th e  sa m e  
p lan t .  A c c o r d in g  to  th is  v iew  p lan ts  with  tu n ica -  
c o rp u s  d i f fe re n t i a te d  (stra tif ied)  sh o o t  ap ic e s  
should  h a v e  sp o ra n g ia  wh ich  o r ig ina te  f ro m  tw o  
s e p a ra te  initial l a y e r s  (ep iderm al and  su b e p id e r -  
mal init ials) a n d  th a t  p lants  with u n d i f fe re n t ia te d  
(not t u n ic a -c o r p u s  d if fe re n t ia te d ,  un s tra t i f ied )  
sh o o t  ap ic es  sh o u ld  have  sp o ra n g ia  w h ic h  are  
d e r iv ed  f ro m  th e  o u te r m o s t  cell l ay e r  o f  the 
m o th e r  o rg an .  B o w e r ’s s t a te m e n t  a lso  implies  
th a t  the  o rg a n iz a t io n  o f  all ap ica l  m e r i s t e m s  o f  
a p lant  is e s s e n t ia l ly  similar.  L a t e r  A l len  (1946), 
F o s t e r  & G i f f o r d  (1959) and  F a g e r l in d  (1961, 
1971) d i s c u s se d  th e  co rre la t io n  b e tw e e n  the  
s t ru c tu re  o f  sp o re -p ro d u c in g  m e r i s t e m s  a n d  th a t  
o f  shoo t  ap ical  m e r i s te m s .  H o w e v e r ,  no d e ta i led  
c o m p a r is o n  b e tw e e n  the  tw o  ty p e s  o f  m e r i s t e m s  
w ith in  d if fe ren t  g ro u p s  o f  v a s c u la r  p lan ts  has 
b e en  p e r fo rm e d .  F o r  that  re a so n  this s u r v e y  o f

the  o rg a n iz a t io n  o f  sh o o t  a n d  roo t  apical  m e r i 
s tem s as  well as sp o re -p ro d u c in g  m e r is te m s  has 
been  c a r r i e d  ou t .  O n  the  b as is  o f  th is  in form at ion  
an a t t e m p t  has b een  m a d e  to  c o m p a re  the tw o 
kinds o f  m er is te m s .

Apical m eristem s are unlimited con tra ry  to spore-  
producing ones and exhibit  various patterns o f  zonal 
s tructure which do  not occu r  in sporangia. O n  that 

.account no  com parison  be tw een  the m eristems is made 
in regard to cytohistological zonation  and to the degree 
of  mitotic activity in different cell com plexes  except 
for  the rate  o f  periclinal divisions in the ou term ost  cell 
layer. T h e  com parison  is carried out only with respect 
to the o ccu rrence  o f  periclinal  divisions in the supe r 
ficial cell layer  o f  the m eris tem s and concerning  the 
p ter idophytes also with respec t  to the numberofin it ia ls .  
With m eristem  initial(s) is (are) here  m eant the cell or  
the cells from which all meris tem  tissue ultimately is 
derived. In this paper  the descrip tions o f  vegetative 
meristems generally  refer  to fully deve loped  shoots and 
roots.

Within m any systematic  groups the information about 
the organization o f  apical  m eris tem s and /o r  spore-pro
ducing m eris tem s is insufficient  o r  lacking. Since there 
is very  little information on the  s tructure  o f  the 
meristems in question  o f  one and  the sam e plant  the 
comparison be tw een  the m eris tem s has been made 
between different plants o f  the species o r  be tween dif
ferent species  o f  the genus. In som e cases there are
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contradictory reports in the literature respecting a cer
tain type o f m eristem  of a species or a genus which 
may be due to many reasons. T he structure o f  the 
m eristem  may be different in different individuals o f 
the species or in various species o f the genus. The 
investigations perhaps do not refer to the sam e stage 
o f developm ent and the meristem may show different 
organization during the ontogeny. Furthermore the 
sam e m eristem  may have been interpreted in various 
w ays by different authors. It seem s, how ever, that 
at least m ost species o f  a genus usually show the same 
organization concerning a certain meristem in regard 
to the presence or absence o f  a d iscrete outer layer 
and in regard to the number o f initials (one or more). 
Even if the present paper is a preliminary report it will 
give information on whether B ow er’s theory is correct.

The reports on the ontogeny o f  the sporangia are 
partly based on the author's own investigations 
(Brunkener 1973, 1975). In the present paper the 
results from the author’s preliminary studies on vegeta
tive shoot apices and on strobili o f  som e gym nosperm s 
are also m entioned. T he references concerning a certain 
taxon in m ost cases represent only a selection  of  
works.

Pteridophytes

T h e  growth o f  the pteridophyte shoots is initiated 
from one or more cells in the superficial layer. 
In som e genera , however, the frequency  of 
periclinal divisions in the surface at the summit 
o f  the apex is low or very low. Most investiga
tions about the roots show that there is a single 
apical initial or a layer o f initials immediately 
inside the root cap. T he  sporangia in all p te r ido 
phytes are initiated from one or more cells in the 
ou te rm ost layer o f  the m other organ.

T h u s  the spore-producing meristems and the 
shoot apical meristems of pter idophytes and the 
root apical m eristems of at least most p ter ido
phytes are  undifferentiated which agrees with 
B ow er 's  theory. Below some reports  are m en 
tioned in which the initials o f  the apical m eri
stems are described to be stratified or to show 
a tendency  to stratification. M oreover,  an a t
tempt has been made to com pare  the num ber 
of initial cells (one or more) o f the sporangia 
and of the apical meristems of shoots and roots.

P silo taceae

T h e  apical m eris tem of the rhizome and the aerial 
shoot o f P silo tum  (Ford 1904, Bierhorst 1954) 
and the rh izome o f  Tm esipteris (Sykes 1908) is re 
ported to possess  a single, large apical cell. 
W ardlaw (1945) found that such a cell usually can

be observed  but that it is difficult to refer 
the deve lopm ent o f  the meristem to the division 
of a single cell.

Regarding the sporangium B ow er (1894. 1908) 
could not definitely say that there  is only  one 
initial cell. Fagerlind (1961) was o f  the same 
opinion concerning P silo tum  while Bierhorst 
(1968) stated that the sporangium of  both genera 
originates from a group o f  surface cells. T he  
a u th o r ’s studies on P silo tum  have show n that 
the initiation o f  the sporangium at least so m e
times can be traced to the division of a single 
m o the r  cell.

L yco p o d ia cea e

T u rn e r  (1924) reported that the apical g row th of 
the shoot o f  L ycopod ium  proceeds  from two 
groups o f  cells. A few superficial cells give rise 
to the “ d e rm ato gen ”  and the “ perib lem ” while 
ano th e r  group o f  cells immediately below the 
surface group produces the “ p le rom e” . Härtel 
(1938) and Freeberg  & W etm ore  (1967) described 
a  g roup  of superficial initials from which all 
the s tem  tissue is ultimately derived. Bhambie & 
Puri (1963) arrived at the sam e result but spoke 
about a m ore  or less d iscrete  superficial layer.

A ccord ing  to B ruchm ann (1874), S tokey 
(1907) and G utten berg  (1964) the root apical 
m eris tem  grows from four independent super im 
posed tiers o f  initials which give rise to calyp- 
trogen, derm atogen, periblem and plerome.

T h e  sporogenous tissue is derived from several 
initial cells (Bower 1908, B runkener  1973).

Selag inellaceae

T he  shoot apical meristem is variable according 
to the species and som etim es even within the 
sam e species (Bruchm ann 1909a, W and 1914, 
Popham  1951). In certain  species a single, 
usually tetrahedral apical cell has been d em on 
stra ted , while in o ther species two such cells 
or m ore  often several initials have been d e 
scribed. Bruchmann (1909 a) reported  that in 
Selag inella  poulteri young shoot apices show a 
single apical cell, w hereas older branches may 
show  several initials. In 5. gracilis, W and (1914) 
descr ibed  a group of initials in the main shoots 
but a single apical initial in o lder lateral shoots. 
Bhambie & Puri (1963), how ever ,  never found 
signs of a single apical initial and believed that
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throughout Selaginella  there is a group of large 
conspicuous initials in the shoot apical meristem.

Also the organization o f  the root apex seems 
to vary from species to species. A single apical 
cell has been dem onstra ted  in some of the few 
investigated species (Guttenberg 1964, 1966, 
W ebster  & Steeves 1967). W ebste r  & Steeves 
maintained that the num ber and dis tinctness 
o f the initials may vary even during the deve lop
ment of the root. In S. m artensii they found in 
several roots that the cap is derived from sep
arate  initials. Bruchmann (1909 b) described 
a stratified initial group with two distinct tiers in 
.S. spinulosa  and three such tiers in S. lyallii. 
According to G uttenberg  (1966) species of Sela 
ginella  with a single apical initial in the shoots 
also have such a cell in the roots while other 
species with a group of superficial initials in the 
shoots exhibit a stratified initial region in the 
roots. It is, however,  too early to p ropose this, 
since only a few species have been  compared 
in this respect. Moreover,  an investigation of 
S. densa  (W ebster & Steeves 1963) does not 
support this view.

T he  sporogenous tissue arises from a group of 
initials (Bower 1908, Brunkener 1973).

Isoetaceae

T h e  stem apex o f Isoetes  (West & T a k e d a  1915, 
G u ttenberg  1966)a n d S tylites  (R a u h & F a lk  1959) 
show a few superficial initials, which rarely divide 
periclinally. Bhambie & Puri (1963) described for 
Isoetes  a discrete superficial layer at the summit 
o f  the apex but found some periclinal divisions 
on the sides. T hey  suggested that the zone of 
cells inside the outermost layer at the summit is a 
self-perpetuating complex.

In regard to the root apex o f  Isoe tes  Bruch- 
mann (1874) and G uttenberg  (1964) reported a 
meristem with common initials for calyptrogen 
and derm atogen and separate initials for periblem 
respectively plerome. Rauh & Falk (1959) arrived 
at the same result regarding S ty lites . In Isoetes  
Paolillo (1963) observed two initial groups, one 
that produces the procambium and the inner 
cortex and one that gives rise to the rest of the 
root. On the contrary , Bhambie (1972) described 
in Isoe tes  a group of common initials responsible 
for the formation of all parts o f the root.

T he  sporogenous tissue is derived from a 
num ber o f initials (Smith 1900, B ow er 1908).

E quisetaceae

A tetrahedral apical cell is present in the shoot 
apex as well as in the root apex. A ccording to the 
prevalent view this cell is actively dividing. Buvat 
& Liard (1953) and D ’A m ato  & Avanzi (1968), 
how ever,  reported that the apical cell in 
established shoot apices divides very rarely and 
is devoid of histogenetic potencies.

Regarding the sporangium B ow er (1894) and 
Campbell (1940) always, and G oebel  (1880) at 
least in most cases , found only one initial. 
Fagerlind (1961) was o f  the opinion that it is 
a lmost impossible to prove this. According to my 
own studies it appears that at least in some cases 
there is a single initial.

O phioglossaceae

Campbell (1911) and Sen (1968) reported  that the 
apex of the rhizome of O phioglossum  possesses  a 
central initial that, how ever,  canno t be designat
ed as a typical apical cell. In con trast  to this a 
layer of prismatic  superficial initials has been 
observed by G ew ir tz  & Fahn (1960), Bhambie & 
Senger (1971, quoted from Bhambie 1972) and 
McAlpin & White (1974). Also in the shoot apex 
of B otrych ium  and H elm in th o sta ch ys  a single 
apical cell (Campbell 1911) o r a group of initials 
(Bhambie & Senger 1971, quoted  from Bhambie 
1972) has been described. S tevensen  (1976 b) 
stated that the shoot apex o f  B otrych ium  
cytohistologically is com posed  of three  zones of 
“ initials” . A zone of surface ” initials” usually 
contains a conspicuous centrally located apical 
cell, from which all parts of the sh o o ta re  derived.

F o r  the root apex of O phioglossum  a te t ra 
hedral apical cell has been reported  (Campbell 
1911, G ew ir tz  & Fahn  I960, Sen 1968, Bhambie 
& Rao 1973). Campbell (1911) observed  this 
condition also in B otrych ium  and H elm in 
thostachys. H e stated, how ever,  that in all three 
genera the apical cell is replaced by several more 
or less equivalent initials in o lder roots. This  was 
confirmed by Bhambie & R ao  (1973) with 
reference to O phioglossum .

T h e  sporangium of  O phioglossum  generally 
arises from a few initials but som etim es there  is 
probably only one (Brunkener 1973). B otrych ium  
and H elm in thostachys  in most cases  show a 
single initial (Bower 1908).
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M ara ttiaceae

A pyramidal or prismatic apical cell predomi
nates in the apex of the stem of  the young sporel- 
ing, whereas a g roup of equivalent initial cells 
occur in older shoot apices (Charles 1911, West 
1917, Campbell 1918).

Corresponding  conditions have been described 
for the root apices (Campbell 1911, West 1917, 
G u ttenberg  1966). In thicker roots, however, 
there is from the beginning a number of 
equivalent initials.

T he  sporangium generally originates from a 
single initial (Bower 1908).

L ep tosporang ia tae

According to the classical view on the shoot apex 
of the leptosporangiate  ferns the growth proceeds 
from a single apical cell with tw o or three cutting 
faces (Popham 1951, Wardlaw 1951, Clowes 
1961, G u ttenb erg  1966, F os te r  & Gifford 1974). 
T he  results from several recent investigations 
support this concept o f an active apical cell 
(Hébant-Mauri 1975, S tevenson 1976a). In 
O sm unda , how ever,  S teeves (1963) found that a 
distinct apical initial may be identified in dormant 
shoot apices but cannot be recognized in actively 
growing ones. McAlpin & White (1974), who 
examined 19 leptosporangiate genera stated that 
most o f them do  not show a single apical cell 
which divides in a regular,  predictable sequence. 
They  described a promeris tem consisting of 
many “ initials”  but, like many o ther  authors, did 
not use the term initials for the cell or the cells 
from which all the tissue of the shoot is ultimately 
derived. In the shoot apex o f  D ennstaedtia  
Stevenson (1976 a) distinguished a number of 
“ initials”  which are derived from a prominent 
apical cell. He emphasized that the apical cell is a 
constituent of the fern apical meristem and 
considered that the efforts o f  H agem ann (1964), 
D e Albertis & Paolillo (1972), McAlpin & White 
(1974) and other authors  to discount totally the 
presence o f  an apical cell is untenable.

In the root apices o f  the leptosporangiate ferns 
a single, usually te trahedral apical initial has been 
demonstrated . G u tten berg  (1966) and Bhambie & 
Rao (1973), how ever,  found that a single apical 
initial in young roots of O sm unda  is replaced by a 
num ber o f equally prominent initials in older or 
thicker roots. In A zo lla  the apical cell of the root

apex is reported  to cut off a single root cap  cell 
(Clowes 1961). Subsequently  the root grows 
partly from the apical cell, partly  from a group of 
cells which originates from the first root cap  cell 
and gives rise to the root cap . A ccord ing  to 
A vanzi & D ’A m ato  (1967) the single apical cell in 
the root apex of M arsilea  beh av es  as a typical 
initial only during the early deve lopm ent o f  the 
root. L a te r  the cell becom es qu iescen t in the sense 
that it does not divide or divides rarely, w hereas 
the surrounding cells still are m eris tem atic .  O ther  
au thors  such as Bhambie & Rao (1973) also found 
a tendency  to the presence o f  a qu iescen t centre 
in the roots of some leptosporangia te  ferns. 
C low es (1967) stated that the occu rrence  of a 
single te trahedral apical cell and the very  obvious 
derivative pattern in the surrounding tissues does 
not prove that the apical cell divides to give rise to 
this pattern . T h is  cell pattern merely shows that 
there has been a genetic re lationship in the past.

T h e  sporangium of the Leptosporang ia tae  with 
the exception  of the O sm u nd aceae  is derived 
from a single m other cell. In the O sm undaceae ,  
how ever,  the sporogenous tissue can be traced in 
origin to a single cell.

D iscussion

Shoot apical meristems o f  vascular cryptogams 
are undifferentiated. In L ycopod ium  a n d Isoetes, 
how ever,  the ie  is a w eaker or stronger tendency 
to the elimination of periclinal divisions in the 
superficial layer at the summit o f  the apex. In 
m ature roots of L ycopod ium , a few Selaginella  
species, Isoe tes , S ty lites  and A zo lla  a dif feren
tiated initial group in the apex has been reported. 
Bhambie & Puri (1963), how ever ,  described a 
com m on group of initials in roots  o f  Isoe tes  and 
Esau (1965) stated that all tissues of the root in 
vascular cryptogam s are derived either from a 
single apical cell or from a n um ber  o f  initial cells 
arranged in one tier.

S ince a sporangial initial in many  p ter idophytes 
in appea rance  does not diverge from adjacent 
meris tematic  cells and since its daughte r  cells at 
first are  not divergent, it is in many cases very 
difficult or impossible to determ ine  the num ber of 
initials. Often it can be decided that the first 
sporogenous cells o f a sporangium arise through 
periclinal divisions of a few cells while it is 
uncertain  w hether the latter originate from a 
single sporangium initial. In certa in  cases  it is also
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Table 1. N um ber of initials o f  shoot and root ap ices and o f sporangium primordia in pteridophytes. -  1 Reports o f  
one initial in som e species and more initials in other species. - 2 Reports o f one initial in young apices and more 
initials in older apices o f the same plant (species).

T axon Shoot apex Root apex Sporangium
primordium

P silotum one - one (at least in som e cases)
T m esipteris one - one or more?
L ycopodium more more more
Selaginella one or more' 2 one or more' more
Iso e tes more more more
Equisetum one one one (at least in som e cases)
O phioglossum one or m ore1 one or m ore2 more (in general)
Botrychium one or more' one or m ore2 one (in general)
He Imint h ost achy s one or more' one or m ore2 one (in general)
M arattiaceae one or m ore2 one or m ore2 one (in general)
Leptosporangiatae (excl. 

O sm undaceae) one or more' one one
O sm undaceae one or m ore2 one or m ore2 one

difficult to establish w hether  there  is one or more 
initials in the apical meristems. A ccordingly  the 
com parison between the spore-producing m eri
stems and the apical m eris tem s in regard to the 
num ber o f  initials in many cases m ust be very 
uncertain. M ore detailed information about the 
num ber o f  sporangium initials in p ter idophytes  
has been given earlier (B runkener  1973).

Since there  are different opinions about the 
mitotic activity o f  the apical cell in the fern shoot 
and root and since the num ber o f  species which 
have been thoroughly investigated in this respect 
is low, no satisfactory generalization about the 
role o f  the apical cell can be made. White (1971) 
considered , however, that it seems possible that 
the single apical cell o f  the typical fern shoot and 
root might be active during the early developm ent 
o f  the organ but becomes more or less quiescent 
when the organ matures. This  condit ion has also 
been reported  in the shoot apex  o f  Equisetum  
(Buvat & Liard 1953, D 'A m a to  & A vanzi 1968) 
and may be observed in all p ter idophytes  with an 
apical cell in the shoot and root apex . If  the apical 
cell really loses the ability to divide, the growth of 
the adult organ consequently  p roceeds  from a 
group of initials. If  the apical cell, how ever,  is not 
quiescent but divides at times it must be regarded 
as the single true initial.

T h e  num ber of initials (one o r  more) o f  the 
apical meristems in shoots and roots and of the 
spore-producing meristems are sum marized in 
T able  1 which is partly generalized. W hen a single 
apical cell is present the cell is here  considered  to

show at least a certain degree o f  mitotic activity 
and therefore can be regarded as a true initial. In 
most groups of p ter idophytes the n um ber  of 
initials in the root co rresponds  to that o f  the shoot 
o f the same species (genus).

The num ber o f initials (one or more) of the 
apical meristems and that o f the spore-producing 
meristems agree in Lycopodium , Isoetes  and 
many species o f Selaginella and of the Lepto- 
sporangiatae and at least som etim es in Psilotum  
and Equisetum. In the M aratt iaceae  the single 
initial of the sporangium corresp on ds  to the 
condition in the apical m eristems only in very 
young plants.  In respect to the Ophioglossaceae 
the num ber o f initials o f  the spore-producing 
meristems seems to agree with that o f  the shoot 
apices only in some species and with that of 
either young or old root apices.

In shoot and root apices within the M ara t
tiaceae and the O sm undaceae  and in root apices 
within the Ophioglossaceae a single apical cell is 
often reported to be gradually replaced by a group 
o f  equivalent cells. This ontogenetic  deve lop
ment supports  the view that a meristem with a 
single initial represents  a more primitive stage 
than a meristem with a num ber o f  initials. The 
defenders o f this opinion also em phasize  the 
occurrence  of a single apical cell in many algae 
and b ryophytes .  On the basis of  this view it can be 
stated that the more advanced  evolutionary  stage 
has been attained in many p ter idophytes  but in 
some of them not with regard to  all meristems. 
T hus  the transition from the stage with one to the
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stage with several initials obviously can take 
place in a meristem independently  o f the 
condit ions in o the r  meristems. M eristems in 
which an apical cell is more or less quiescent or is 
replaced by a n um b er  o f initials may be regarded 
as transitional form s between meristems with a 
single perm anent initial and meristems with 
several perm anent initials. In some pter idophytes 
the spore-producing meristem originates, som e
times from a single initial, som etimes from a few 
initials. This condition may also be considered a 
transition from m eristems which always show a 
single initial to m eristems which always show two 
or m ore  initials. O n  the contrary , how ever,  it can 
be suggested that a spore-producing meristem 
with several initials is more primitive than one 
with a single initial in accordance  with the general 
view that the eusporangiate  p ter idophytes are 
phylogenetically more primitive than the lepto- 
sporangiate ones.

Gymnosperms

C ycadaceae

All studies on the shoot apices show that the 
growth proceeds from some initials in the 
superficial layer (Johnson 1951).

A ccording to the few investigations about the 
ontogeny of the sporogenous tissue the micro
sporangia as well as megasporangia arise from 
two-layered initial groups (Brunkener 1973).

G inkgoaceae

In both long and short shoots the initials o f the 
apex belong to the outerm ost layer (Foster 1938).

Starr  (1910) reported  that the sporogenous 
tissue o f  the microsporangium probably origi
nates from a single subepidermal cell. T he  mega
sporangium is derived from a two-layered initial 
group (Brunkener 1973).

P inaceae

In all investigated genera periclinal divisions are 
com m on in the superficial layer o f the shoot apex 
(K orody 1937, Allen 1947, S acher  1954). My own 
studies on young male and female strobili in 
Pinus m ugo, P . sylvestris, P icea abies, P. 
pungens, P seudo tsuga  taxifolia , Tsuga canaden
sis, L arix  decidua  and on young male strobili

in A b ie s  ve itch ii as well as my studies on vege 
tative shoot apices o f  these species also show 
that these  apical meristems are  undifferentia ted.

T h e  m icrosporangium  arises from the surface 
layer. T h e  sporogenous tissue o f  the m eg a 
sporangium originates directly (Pinus, T su g a ) or 
e ither d irectly  or indirectly (P seudo tsuga , 
Larix, P icea ) from the superficial layer (B ru n 
kener 1973). In the first case (“ direct o r ig in” ) a 
cell in the ou te rm ost layer cuts  off a sporogenous  
cell. In the la tter case (“ indirect o r ig in” ) an 
inner cell arisen in this way cannot be regarded 
as sporogenous. On the con tra ry  the cell gives 
rise to a small group of cells of  which the inner 
cells are som atic  and one or a few of the ou ter  
cells,  that is immediately inside the ou te rm ost 
layer of the ovule, p roduce  the sporogenous 
t issue (B runkener  1973 p. 375).

T axodiaceae

In m ost o f  the species studied the initial region 
o f  the shoot apical meristem is obviously  un 
differentiated but the frequency  o f  periclinal divi
sions in the initials is definitely lower than in the 
P inaceae (Cross 1943). In Taxodium , how ever,  
the periclinal divisions in the ou te rm ost layer 
appea r  to be absent in the perm anen t shoots co n 
trary  to the deciduous shoots (Cross 1943).

T h e  microsporangium of Taxodium  (Coker 
1903, Vasil & Sahni 1964), C ryptom eria  (Ers- 
pam er 1952, Singh & C hatte r jee  1963) and Cun- 
ningham ia  (Brunkener 1973)and the m egasporan
gium of C ryptom eria  (Singh & C hatte r jee  1963) 
are repor ted  to originate from tw o initial layers.  
A ccording to  Shaw (1896) the same condition 
seem s to exist in the megasporangium of Sequo ia .

C upressaceae

Periclinal divisions in the superficial layer o f  the 
shoot apex have been observed  in C ham aecyparis  
(H ejnow icz  1957), L ibocedrus  (Jackman 1960), 
C allitris, Juniperus, Thuja  (A. Pillai 1963 b) 
and C upressus  (S. K. Pillai 1963). In Thujopsis, 
how ever,  Seeliger (1955) found, with few e x c ep 
tions, a d iscrete ou ter  layer. In Juniperus com 
m unis  I have investigated the apical meristem of 
lateral buds and in C ham aecyparis p isifera, 
Thuja occidentalis and C allitris sp. the apical 
m eris tem  of  various lateral branches .  In Ju n i
perus  147 periclinal divisions (mitoses or cell
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pairs, which clearly show that mitoses ju s t  have 
occurred) were recorded in the ou ter layer at the 
summit of the shoot apex in 109 of the 118 buds 
studied during the period Ju ly -O c to b e r  (147/ 
109-118). The corresponding value was for 
C ham aecyparis 4/4-46 (September, October) ,  
for Thuja 4/4-38 (July, August) and for Callitris 
22/16-28 (in greenhouse).

Almost all investigations of the C upressaceae  
show that the sporangia arise from two distinct 
initial layers .T he  rate o f periclinal divisions in the 
outermost layer of the generative axis o f  Juni
perus com m unis at the time of megasporangium 
initiation does not seem to be as high as prev i
ously (Brunkener 1973) was suggested. T h e re 
fore, the megasporangium can be said to arise 
sometimes directly and sometimes indirectly 
from the outermost layer (cf. Pinaceae). The 
microsporangium of Juniperus com m unis  is re 
markable owing to the occurrence  of occasional 
periclinal divisions in the ou ter of the two initial 
layers.  The  inner cell produced by such a division 
can give rise to sporogenous cells.

C ephalotaxaceae

Singh (1961 a, b) demonstrated  that the shoot 
apical meristem of C ephalo taxus  possesses 
superficial initials, whereas the microsporangium 
as well as the megasporangium originates from 
two-layered primordia.

P odocarpaceae

The growth o f  the shoot apex of P odocarpus 
(Johnson 1951, Jackm an 1960, Pillai & Pillai 
1974), D acrydium  and P hyllocladus  (Jackman 
I960) proceeds from some cells o f the outermost 
layer.

T he  microsporangium of P odocarpus  and 
A cm opyle  originates from two distinct layers of 
m other cells (Brunkener 1973) and to judge 
from the drawings made by Law son  (1923 a, b) 
the same condition seems to exist for the mega
sporangium of M icrocachrys and P herosphaera.

A raucariaceae

In Araucaria  (Griffith 1952, S. K. Pillai 1964) and 
A gath is  (Jackman 1960, Pillai & Pillai 1974) the 
apical shoot meristems are tunica-corpus 
organized.

F rom  Burlingame’s (1913) illustrations it is ev i
dent that the primordium of the microsporangium 
of A raucaria  is two-layered.

Taxaceae

In lateral buds o f  Taxus bacca ta  I have found 
periclinal divisions in the ou te rm ost cell layer at 
the summit of the apex (15/13-22, A ugust, S e p 
tember). In young generative secondary  shoots 
the result was 45/32-40. A ccording to K em p 
(1943) the shoot apex of Torreya  grows from an 
undifferentiated group of initial cells.

In Taxus the m other  cells of  the m icrosporan
gium are arranged in two distinct layers.  T h e  
same condition is reported  for both types of 
sporangia in Torreya (Coulter & Land 1905, 
Kemp 1959). In T axus , how ever ,  the first spo ro 
genous cells o f  the megasporangium originate 
directly o r sometimes probably  indirectly from 
the outerm ost layer of the m other  organ (B run
kener 1973).

G netinae

In G netum  (Johnson 1951, Fagerlind 1954, 
Pillai & Pillai 1974) and in E phedra  (Gifford 
1943, Seeliger 1954, Fagerlind 1971, Pillai & 
Pillai 1974) older shoots have  tunica-corpus 
differentiated meristems. In W elw itschia  Rodin 
(1953) and M artens & W ate rkeyn  (1963) detec ted  
occasional periclinal divisions in the superficial 
layer o f the shoot apex. Fagerlind (1954), h o w 
ever, emphasized that the activity o f  the apical 
meristem ceases very early and that co rre sp o n d 
ing young stages o f G netum  and Ephedra  also 
show periclinal divisions in the ou term ost layer.

According to the sum m ary  o f  Schnarf  (1933) 
the initials of the microsporangium and m ega
sporangium of  the three genera  are arranged in 
two layers. Fagerlind (1961, 1971) who confirmed 
this with respect to the microsporangium showed 
that the sporogenous tissue o f  the m egasporan 
gium in the G netinae  is derived from the su p e r
ficial cell layer.

T he  limited amount ofin form ation  on the apical 
structure o f  strobili shows that they are o r 
ganized as the vegetative apices in respect to 
the presence  or absence of a tunica-corpus 
(Guttenberg 1966, Gifford & C orson  1971). 
Fagerlind (1971), how ever,  found occasional 
periclinal divisions in the ‘’p seud o tun ica"  o fb o th
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male and female strobili of Ephedra  which 
exhibits tun ica-corpus  differentiated vegeta tive 
shoot apices.

R o o t apical m eris tem s

According to o lder literature the root apices of 
gym nosperm s have separate initials for the stele 
(plerome), w h ereas  the o ther  parts  o f  the root 
are derived from comm on initials. T he  reports , 
however, refer to embryonic  roots. Allen (1947) 
and Wilcox (1954) studied older roots and recog
nized a g roup  o f  com m on initials for all the 
tissues of the root in P seudo tsuga  respectively 
A bies. Allen distinguished three and Wilcox two 
groups of tem po ra ry  initials which are derived 
from the centra l group of perm anent initials. 
Also in the C y cadaceae  and G inkgo  a common 
group of initials fo r all the tissues o f  the root 
has been repor ted  (A. Pillai 1963 a). On the basis 
of available li terature G uttenb erg  (1964) d is tin
guished two separa te  groups of initials in primary 
roots o f  gym nosperm s.  H e considered , however,  
that the independen t initials for plerome later 
become inactive and that the growth of the root 
then proceeds from a com m on group of initials. 
A. Pillai (1964) studied the root apices of 27 
species belonging to 14 genera  and 5 families 
within the C onife rae  and found that all species 
exhibit two separa te  initiating zones. O ne central 
initiating zone is responsible for the growth of the 
stele and the central region of the root cap 
(columella). T h e  o th e r  zone o f  initials which is 
si tuated a round  the stelar pole and the proximal 
end o f  the columella  (as a hollow cylinder) gives 
rise to the co rtex  and the peripheral region of the 
root cap. T h u s  the two groups o f  initials d is tin
guished by A. Pillai are not arranged in su pe r
imposed tiers as was described in older literature. 
In the root apex o f  Ephedra  A. Pillai (1966) 
observed three  separate  groups o f  initials. T here  
is a d iscrete layer of stelar initials that is si tuated 
immediately above a layer o f columella initials. 
The initiating zone for the cortex  and the peri
pheral region o f  the cap  surrounds the stelar pole 
and the proximal part of the columella.

A. Pillai (1966) has suggested an evolutionary 
trend in the organization o f  the root apex in 
gymnosperms. T h e  most primitive type with an 
undifferentiated initial region occurs in the 
C ycadaceae  and G inkgo. T he  C oniferae exhibits 
a more advanced  type with two separate  groups

of initials and E phedra  which has three such 
groups probably  represents  the most advanced  
type. T h e  occurrence  of a qu iescent cen tre  in 
the root apices has been dem ons tra ted  in many 
angiosperms but the available information is yet 
too insufficient to justify a generalization regard
ing the presence  o f  such a region in gymnosperm 
roots.

D iscussion

A com parison  betw een the root and shoot apical 
meristem shows that  both types o f  meristems are 
undifferentiated in the C ycad aceae  and in 
G inkgo. On the basis o f  A. Pillai ’s view (1964) the 
root apical meristem o f  the Coniferae with two 
specially arranged groups of initials agrees 
neither to the unstratified shoot apex o f  most 
conifers nor to the tw o-layered  one in certain 
o ther conifers. N o r  in Ephedra  the root apical 
organization with three groups o f  initials co rre 
sponds to the stratification of the shoot m eri
stem. If, how ever,  G u t te n b e rg ’s (1964) sugges
tion that gym nosperm s have com m on initials in 
the root apex is correc t ,  the organization of the 
shoot and root apical meristem agrees in most 
gym nosperm s.

In T ab le  2 the frequency o f  periclinal divisions 
in the superficial cell layer o f  the shoot apex at the 
summit and of the sporangium primordia is 
mentioned very approxim ate ly . N o  reports 
concerning the roots are noted in the table since 
the roots o f  most investigated gym nosperm s (A. 
Pillai 1964, 1966) show a special organization that 
does not occur  in shoot apices o r  sporangium 
primordia. It must be em phasized that the table is 
based upon few investigations and therefore is 
strongly generalized. It is difficult to compare the 
frequency of periclinal divisions of different 
studies since the f requency  almost always 
is related with such vague expressions as "peri- 
clinal divisions are ra ther c o m m o n "  or "p e r i
clinal divisons o ccur  occas iona lly" .  M ore
over, in many gym nosperm s more or less 
p ronounced  seasonal variations can be observed 
with respect to the rate o f periclinal divisions in 
the superficial layer. D uring a certain period 
num erous such periclinal divisions can be 
detec ted  but during an o the r  period the apical 
meristem gives the expression  o f  being tunica- 
corpus differentiated. If such variations are 
reported in the li terature the period with the
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highest frequency is represented in the table. 
F ur the rm ore  the conditions in main and lateral 
shoots may be different as in Taxodium . In 
certain gym nosperm s the megasporangium-pro- 
ducing meristem at first is tunica-corpus orga
nized but later shows a higher or lower frequency 
of periclinal divisions in the outerm ost layer. 
Since these divisions do not give rise to 
sporogenous tissue they have been neglected in 
the table. M any genera are incompletely or not at 
all investigated with reference to the meristems in 
question. In almost all gym nosperm  genera the 
s tructure  o f  the sporangia is described but only 
few studies give information about w hether  the 
early primordium is undifferentiated or differen
tiated. T h e  information in the table, however, 
p resumably  corresponds to the condition in most 
genera within a respective family.

It is evident from the table that the arrangement 
o f  the initials of the microsporangium in general 
corresponds  to that of the megasporangium of the 
same genus (family). F urtherm ore ,  it is clear that 
the s tructure  o f the spore-producing meristems 
on the whole agrees with that o f  the apical shoot 
m eristems in the Pinaceae. This  condition is 
possibly valid also respecting the A raucariaceae. 
In the G netinae  only the meristem of the 
microsporangium corresponds to that of the 
shoot apex. In Juniperus com m unis  the shoot 
apex relatively often exhibits periclinal divisions 
in the superficial layer. Such divisions also occur 
in the ou te r  layer of the spore-producing 
meristems but in a much lower frequency. T hus 
the latter meristems show a strong tendency to 
tunica-corpus differentiation and one can speak 
about only a certain degree of accordance 
between these meristems and the shoot apical 
meristem. In most gym nosperm s it seems to be no 
such accordance . Some genera, how ever, such as 
C ryptom eria , Taxod ium , C ham aecyparis, C u
pressus  and Thuja, which have sporangium 
initials arranged in two discrete layers, possess 
shoot apices which show a stronger or weaker 
tendency to tunica-corpus organization.

In all gymnosperm seedlings anticlinal as well 
as periclinal divisions occur in the superficial 
cells o f  the shoot apical meristem (Guttenberg 
1961). In some families this condition becomes 
perm anent in the fully developed shoot while in 
o ther families the rate of periclinal divisions 
decreases more or less. A ccordingly one can 
speak about an intermediate type of meristem

Table 2. The approximate frequency o f  periclinal 
divisions in the superficial layer o f  the shoot apical 
meristem and of the micro- and m egasporangium in 
gym nosperm s. - P  = Periclinal d iv isions are reported to 
occur very often or often. -  (P) =  Periclinal d ivisions are 
reported to occur occasionally , relatively rarely or 
rarely. -  O = Periclinal divisions are reported to occur 
very rarely or never (tunica-corpus organization).

Taxon Shoot
apical
meristem

M icro
spor
angium
primor
dium

M ega-
spor-
angiurn
primor
dium

C ycadaceae P O O
G inkgoaceae P O O
Pinaceae
Taxodiaceae

P P P, (P)

Taxodium ( P ) ,0 O -

other genera 
C upressaceae

P. (P) O o
Juniperus P (P) (P)
Thujopsis O - -

other genera (P) o o
C ephalotaxaceae P o o
Podocarpaceae P, (P) o o
Araucariaceae
Taxaceae

o o —

Taxus (P) o (P)
Torreya p o o

G netaceae o o (P)
Ephedraceae o o (P)
W elw itschiaceae o o (P)

betw een , on one side, clearly undifferentiated 
shoot meristems as in the C y ca d a c e a e  and the 
P inaceae, and, on the o ther  side, tunica-corpus 
organized shoot meristems in the A raucariaceae  
and th eG netinae .  Most investigated genera  of the 
T axodiaceae  and the C u pre ssacea e  and some 
genera of the P odocarpaceae  and Taxus  appear to 
have apical shoot m eristems of such an inter
mediate type. T he  T ax od iaceae  and the C u 
pressaceae seem to be the most he terogeneous 
families in this connection , since undifferentiated 
and tunica-corpus differentiated m eris tem s as 
well as meristems o f  the in term edia te  type have 
been described. T he  shoot apical meristem of 
Taxodium  d istichum  indicates tha t  even a single 
plant can be heterogeneous in this respect.

In harm ony with the condition  in the shoot 
apices intermediate types also o ccu r  between 
undifferentiated and d ifferentiated sporangium 
primordia. T he  m icrosporangium primordium of 
Juniperus com m unis  and the megasporangium
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primordium o f  P seu d o tsu g a , Larix, P icea, 
Juniperus and Taxus can be regarded as 
belonging to an intermediate type of meristem. 
The young microsporophyll o f  Juniperus co m 
m unis has a discrete ou te r  layer and the 
microsporangium primordium is stratified. H o w 
ever, when the cells o f  the inner initial layer o f  the 
primordium begin to divide periclinally, o r  at a 
later point o f  time, the ou te r  cell layer 
occasionally can  cut off a single cell that can give 
rise to sporogenous cells. T h e  megasporangium- 
producing m eris tem  of P seudo tsuga , Larix, 
Picea, Jun iperus  and Taxus is organized in 
ano ther  way. T h e  m other organ does not show a 
discrete ou ter layer and the sporogenous tissue is 
derived directly or indirectly from superficial 
cells.

Angiosperms

The shoot apical meristems o f  all investigated 
angiosperms with a few exceptions are reported 
to be tunica-corpus organized. T h e  num ber of 
layers in which only anticlinal divisions occur  
may fluctuate during the ontogeny o f  the plant, in 
connection with the initiation o f  leaves and under 
the influence o f  environmental factors. Thielke 
(1951, 1965) de tec ted  periclinal divisions in the 
outerm ost layer of the apex at the summit in 
young fast growing shoots in some species o f 
Saccharum  and Erianthus. T h e  organization o f  
the apices, how ever ,  changes and la ter only 
normal tunica-corpus differentiation can be 
observed. A lso  in a few other  genera occasional 
periclinal divisions in the ou term ost layer o f  the 
shoot apex have been reported  but may be 
regarded as pathologic changes. T here  is rela
tively little information about the apical m er i
stems of inflorescences and flowers but it seems 
as if also these  meristems are tunica-corpus 
differentiated (Guttenberg 1960, Esau 1965).

According to H an s te in ’s histogen theory  (1868) 
the root apical meristem of  angiosperms is 
initiated from a group o f  m other  cells, the 
histogen initials, which are arranged in three 
discrete , superimposed tiers. H o w ever ,  in many 
angiosperms it has been dem ons tra ted  that the 
histogens are not as discrete as was previously 
thought. G u t ten berg  (1960) sum marized the 
information on root apical organization in 
angiosperms and distinguished two principal 
types, the closed and the open. T h e  closed type

exhibits three d iscre te  and super im posed  initial 
groups which are  responsible  fo r the d e v e lo p 
ment o f the plerome, periblem, derm a tog en  and 
root cap. T he  open  type has com m on initials for 
all t issues o f the root or for all tissues exce p t  for 
the plerome. Transitional form s betw een  th e  two 
types are also described. Both the  principal types 
are found in d icoty ledons as well as in 
monocoty ledons . G u tten berg  s ta ted  that th e  two 
basic types are developed from a closed type  in 
the embryonic root. L a te r  this type  o f  o rg an iza 
tion is retained o r  replaced by the open type .

A ccord ing  to C low es (1959, 1961, 1967) the 
apical meristem o f  the root in m ost angiosperm s 
and perhaps in most vascu la r  plants has a 
quiescent centre ,  which consis ts  o f  many  cells 
which divide rarely or never. T h e  qu iescent 
cen tre  is shaped like a hem isphere  and the  cells 
on the  surface o f  this qu iescen t com plex m ay be 
regarded as the initials o f  the meristem. C low es  
em phasized that the degree o f  qu iescence  in a 
root may vary and that the bo un dary  betw een  the 
region and the surrounding initials fluctuates in 
position. Several o ther  investigators as Byrne & 
H eim sch  (1968, 1970), also desci ibed a quiescent 
cen tre  in the roots o f  certa in  angiosperms. 
A u thors  as Popham (1958) a n d G u t te n b e rg  (1960, 
1964), however,  were doubtful about the exis t
ence o f  such a region. Even if there  are 
contradictory  views about the structure  o f the 
root apex it is evident that a large num ber o f 
angiosperms shows a differentia ted (stratified) 
root apical meristem that, how ever ,  only partly 
harm onizes with the tun ica-co rpus  organization 
of the shoot apex. T h e  stratification of the root 
meristem does not agree with that of  the shoot 
meristem since the divisions in the root 
“ h is togens” do not occur  in the sam e m anner  as 
in the  tunica layers.

Both the microsporangium and the m ega
sporangium are derived from differentiated initial 
groups which accordingly co rrespo nd s  to the 
organization of the shoot m eris tem.

Conclusions

D uring  the evolution a transit ion from undiffer
entia ted to differentiated apical m eristems and 
spore-producing m eristems probably  has o c 
curred. This  change can ev idently  take place at 
different points o f  time in apical m eristems and 
spore-producing meristems. In most gymno-
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sperms studied the spore-producing meristems 
have attained the more advanced  stage while the 
shoot apical meristems o f  most genera still are 
quite undifferentiated or show intermediate 
conditions.

T h is  review shows that B ow er’s theory about 
the accordance  between the organization o f  the 
spore-producing meristems and that of the apical 
m eris tem s is partly correct. T h e  pteridophytes 
and angiosperms at large can be regarded as 
hom ogeneous groups in this respect whereas the 
gym nosperm s exhibit varying conditions with 
p ter idophyte as well as angiosperm characters.  
With reference to the organization of the spore- 
p roducing meristems and the apical shoot and 
root meristems the gym nosperm s, therefore, as 
in many other respects, can be considered a 
transitional group between pteridophytes and 
angiosperms.
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New finds of Cornucopiae cuculiatum (Poaceae) in Europe 

Alfred Hansen and W . Lohmeyer

H ansen, A . & L ohm eyer, W. 1977 06 30: N ew  finds o f C ornucopiae cuculiatum in Europe. 
Bot. N ot ise r  130: 203-204. Stockholm . ISSN 0006-8195.

Cornucopiae cuculiatum  is reported as new to the islands o f C rete and K os (E A egean  
region). Its general distribution is reviewed.

Alfred Hansen, Botanical  Museum, Universi ty o f  Copenhagen, G othersgade 130, D K -1 123 
Copenhagen K, Denmark.
W. Lohmeyer, F lossw eg 14, 5300 Bonn-Bad G odesberg,  BRD.

The  au thors  have  found the small annual grass 
C ornucopiae cucu lia tum  L. (for description and 
il lustration see Bor 1968 p. 300) as new to the 
islands of C re te  and Kos (E Aegean region). On 
C re te  >t was found in April 1976 by W L  in the 
village o f  Skism a (Schima), c. 7 km W o f  Aghios 
N ikolaos , prov. Merabello. O n K os it was 
found in a n u m b er  o f  localities in 1974-76 by 
AH (Fig. 1).

C ornucopiae cucu lia tum  always grows under 
ra ther wet conditions : on the borders  o f  ditches, 
small ponds and rivulets, and also in areas  w ate r
logged during w in ter but dry in sum mer. O n Kos 
it is often associa ted  with O enanthe prolifera.

T he  species has clearly an eastern  total distri
bution (map in C olosan te  & Ricci 1972) and pre
vious finds in E urope  are few and mostly old. It 
has been found on the islands o f  Patm os (Sibthorp 
& Smith 1806) and R hodes (Fiori 1938) in the E 
Aegean area ,  and on the island o fG o z o ,  Maltese 
Islands (Som m ier  1911). T h ere  is also a recent 
record from C  Ita ly,  near Latina in Agro Pontini 
(Colosante & Ricci 1972).

The  species might still be present on Patmos 
and R hodes since these is lands lie within its 
probable native area. O n G o z o  only a single plant 
was found growing in a ditch, and the find 
probably rep resen ts  an occasional introduction 
only. C o losan te  & Ricci (1972) regard, although 
with some reserva tions ,  the o ccurrence  in Agro

Pontini as native. T h ey  refer to the fact that a 
num ber o f  other E M edite rranean  plants have 
their w esternm ost o ccurrences  in C Italy.

Outside Europe C. cucu lia tum  is known from 
Turkey  (probably w idespread in the S and W 
parts), Lebanon , W Syria and Israel (Boissier 
1884, Post 1896, P o s t& D in s m o re  1933,Thiébaut 
1953, M outerde  1966), Iraq (Rechinger 1964, Bor 
1968) and doubtfully Iran (Parsa 1950, not m en
tioned by Bor 1970). It is said to be more or less 
common in Israel and L ebanon  (Post 1896, Thié- 
baut 1953) but from other  areas  only very few 
finds have been published and  most o f  them are 
old. T he  species is probably much overlooked

Fig. 1. L ocalities for Cornucopiae cuculiatum  on the 
island o f K os. Scale 1:625,000.
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and further field  w ork will undoubted ly  shed new  
light on its true d istribution and freq uency .
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Drawings of Scandinavian plants 115-117 
Epilobium L. sect. Epilobium  

A lf Oredsson and Sven Snogerup

O redsson, A . & Snogerup, S. 1977 06 30: Drawings o f Scandinavian plants 115-117. E pilo
bium L. sect. Epilobium. B ot. N o tise r  130: 205-211. Stockholm . ISSN  0006-8195.

Drawings and descriptions are given for E. glandulosum  Lehm, and for tw o Scandinavian  
form series included under E. ciliatum  Raf. without taxonom ic rank.

A lf  O redsson an d  Sven S n ogeru p , D epartm en t o f  P lant T axonom y, U n iversity  o f  Lund, 
Ö . Vallgatan 20, S-223 61 Lund, S w eden .

T hese  species are recent introductions in the 
area, but are well established and spreading. 
T hey  belong to an American group recognized by 
its characteristic  seed surface, with markedly 
papillate ridges. Autogamy seems to be dominant 
in the group, but occasional cross-ferti lisation 
gives rise to hybrids both within the group and 
with European  species. T he  former at least seem 
to be relatively fertile, and the taxonom y of the 
group is difficult. A revision is now being carried 
out by professor Raven, St Louis. T h e  popula
tions of various minor areas  are often quite 
constant within themselves but differ from one 
another. T his  may reflect the introduction of a 
few presumably rather homozygous biotypes.

T h e  descriptions given below are made on 
Scandinavian material only and are certainly not 
valid for the entire American material of these 
species. T w o  form series are here presented as 
E. ciliatum  form A and E. ciliatum  form B respec
tively. T h ey  differ in several characters  so that in 
Scandinavia they are ju s t  as easily separated  as 
are pairs o f  related species in o ther parts  o f the 
genus. Professor Raven (pers. com m .),  however, 
states that they will be trea ted  together in his 
revision. U n d e r  these c ircum stances we find it 
unw arranted  to retain a different taxonom y for 
the introduced forms in Europe.

115. Epilobium glandulosum L eh m ann  1830

Perennial herb, (20—)40—90(— 110) cm  high. Plant 
sparingly branched, producing one or a few 
(7-)15-30(^45)-flowered inf lo rescences, small 
specimens often unbranched  with an apical in
florescence more than half o f  the plant height. 
T urions  formed late in the au tum n, at the surface, 
sessile or at the end o f  stolons up to 10 mm long 
with small spathulate leaves, as dense  rose ttes  o f 
c. 10, broadly obovate ,  ob tuse ,  g labrous, fleshy, 
entire to weakly serrate leaves 8-15 mm long, 
first pale reddish, later dark reddish  or in shaded 
positions pure green.

Stem (1.5—)2.5^4(—6) mm thick, terete ,  with 
w eak lines below the leaf margins,  lines often 
inconspicuous on older stem parts. S tem subgla- 
brous to sparsely hairy be low , often more 
densely so on the lines, g radually  more hairy 
upw ards, in apical part usually ra ther  densely 
hairy, most hairs glandular, 0-0.3 mm , erect to 
incurved, some eglandular, incurved to ad- 
pressed , 0 .2-0 .4  mm long.

L o w er  and middle leaves opposi te ,  most bracts 
usually alternate, leaves not decurren t ,  their 
bases often united. Basal leaves smaller, with a 
petiole up to 10 mm long, ob ova te -spa thu la te  to 
lanceolate , subentire. Middle cauline leaves 
(35-)50-90 mm long, (15—)20—30(—35) mm broad, 
sessile o r with a petiole up to  2 mm long, ovate 
to narrowly ovate ,  acute , basally  subentire ,  in
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middle and upp er  part sharply but often irreg
ularly serrate  with largest teeth usually c. 
0.5 mm high. Bracts ra ther large, like the middle 
cauline leaves, only the upper ones slightly 
smaller,  more lanceolate in form and often more 
distinctly petiolated. Basal and middle cauline 
leaves subglabrous, upper ones sparsely hairy 
chiefly on petiole, margin and veins, hairs smaller 
than those o f  the stem and predom inantly  glan
dular.

Pedicels first erect ,  in fruit erec topaten t .  Young 
buds obovoidal, la ter ±  broadly ellipsoidal, 
with a distinct mucro 0.2-0.3 mm long. Sepals 
(3.5—)4.5—5 mm, connate  to c. 1.5 mm at base, 
narrowly ovate  to lanceolate, green to reddish, 
usually sparsely glandular, denser  on connate 
part , rarely also with some eglandular hairs. 
Petals (6-)6.5-7.5(-8.5) mm, notched to 1-2 mm, 
±  pinkish-purple or often ra ther light pinkish. 
A nthers  (0 .5-)0.7-0.9 mm, long filaments 
(2.5—)3.5—6 mm, short filaments 1.5-2.7 mm, 
usually less than half as long as the long ones. 
Pistil equalling or slightly shorter than the long 
s tamens, st igma capitate.

Capsule  stalk (5—) 10—15 mm. C apsule  50—60(— 
70) mm, sparsely to moderately hairy but young 
ovaries more densely  hairy, usually with glan
dular hairs only but rarely with some eglandular 
ones as well. Seeds 1.0— 1.3(—1.4) mm long, 0 .4 -  
0.5(—().6) mm broad, ± narrowly obovoidal, 
basally acute ,  apically obtuse,  ventrally flattened 
with inconspicuous lines, neck inconspicuous or 
up to 0.05 mm, dorsal surface with c. 25 promi
nent,  papillose edges, chalazal hairs 32^40(^45), 
6-7.5 mm long. F low er homogam ous, anthers 
often opening at bud stage.

E. g landulosum  has a ra ther irregular dis tribu
tion in S and C Scandinavia, with centres  around 
Stockholm and G öteborg ,  in V ästergötland and 
in S Skåne. It occurs  in waste places, loading 
places, roadsides and similar localit ies, but in 
several places has also invaded ditch margins, 
shores of lakes and rivers etc. It must be regarded 
as established, and new localities are to be ex 
pected anyw here  in the area.

E. g landulosum  is indigenous in N America.
K nown hybrids: with E. m on tanum , palustre , 

parviflorum , roseum  and te tragonum .

116. Epilobium ciliatum Rafinesque 1808, form A 

E. rubescens auct. scand.

Perennial herb, (15—)30—60(—80) cm high. Plant 
branching from the base or rarely in denser 
vegetation only in upper part ,  with branches 
emerging at a very sharp angle, producing several 
o r  in small specimens only one 5—15(—20)- 
flowered inflorescences. O ften  forming adventi
tious shoots from basal in ternodes, similar to 
small individual plants.  T ur ions  formed late in 
the autum n, sessile or on stolons up to 5 mm long, 
at surface, as rosettes o f 5-10 leaves usually 
broadly obövate ,  subentire, glabrous, somewhat 
fleshy, reddish. Sometimes not forming special
ized turions but regenerating from the basal 
parts of the previous y e a r ’s plants.

Stem 1-5 mm thick, te re te ,  with weak lines 
below leaf margins, lines inconspicuous in older 
stem parts. Stem glabrous to subglabrous below, 
gradually more hairy upw ards, apically m oder
ately to densely hairy, with incurved to adpressed 
eglandular hairs 0 .2-0.4 mm long and glandular, 
patent to incurved ones 0-0.25 mm long.

Basal and middle cauline leaves opposite, 
most brac ts  alternate , not decurren t,  bases of 
opposite leaves usually united. Basal leaves 
smaller,  with a petiole 5-10 mm long, obovate- 
spathulate to lanceolate, subentire. Middle 
cauline leaves (25—)35—60(—110) mm long, (7—) 10— 
20(-27) mm broad, with a petiole 2—8(—12) mm 
long, narrowly ovate  or rarely lanceolate, acute, 
sharply but often irregularly serrate  in middle 
and upper part with teeth less than 0.5 mm, in 
basal part entire to subentire .  U p p e r  leaves 
gradually smaller and often more lanceolate in 
form. Basal and middle cauline leaves subgla
brous to completely g labrous, usually with only 
few and very small hairs on the margin, upper 
bracts often slightly more hairy, especially on 
margins and veins.

Pedicels erect in bud and flower, in fruit erect 
to erec topatent.  Y oung buds obovoidal, la ter ± 
broadly ellipsoidal with a dis tinct mucro c. 0.2 
mm long. Sepals 3-4.5(-5) mm, connate  to 1-1.5 
mm at base, narrowly ovate to lanceolate, usually 
reddish especially on the margins, moderately 
hairy, denser  on the basal part,  with chiefly

Fig. 115. Epilobium glandulosum  Lehm. -  A: Habit, x 1/3. -  B: Winter bud, x 1/2. - C :  Stem node, x 2.5. - D :  
Cauline leaves, x  1. -  E: Upper leaves, x 1. - F: Upper stem part, x 2.5. - G :  Buds, x 1. -  H : Flower, x 1. -  J: 
Apical part of  capsule, x 2.5. -  K: Style, x 1. -  L: Petal, x 1. -  M: Sepals, x 2.5.



208 A l f  Oredsson and Sven Snogerup



BOT. NOTISER 130 (1977) D raw ings o f  Scand inavian  p lan ts 115-117 209

eglandular hairs. Petals 4 .5-6.5 mm , notched to 
1-1.5 mm, white o r rarely light pink. A nthers  
0.5-0.7 mm, long filaments 2.5-4 mm, short fila
ments 1.2-2.2 mm, usually about half as long as 
the long ones. Pistil usually shor ter  than the 
long stamens, sometimes no longer than the short 
ones, stigma capitate .

Capsule  stalk 10—25(—35) m m  in the basal part 
of the inflorescence, in the apical part shorter. 
Capsule  (50-)60-75(-85) mm, young ovaries 
densely hairy, ripe fruits moderately  so, with both 
glandular and eglandular hairs like those o f  the 
stem. Seeds 1.1-1.3 mm long, 0.4-0.45 mm broad, 
narrowly obovoidal, basally acute ,  apically 
obtuse, with a neck up to 0.05 mm long, ven- 
trally flattened, dorsally with c. 25 prominent, 
papillose edges, chalazal hairs 30-40, 6.5-8.5 
mm long. F low er homogam ous, anthers  often 
opening at bud stage.

E. ciliatum  form A is com m onest a round 
Stockholm a n d G ö tebo rg  and o nG o tlan d ,  but has 
also been observed  in scattered  places all over 
S and C Scandinavia. It is locally well established 
and probably spreading. Its re lationship to form 
B requires fur ther investigation. T h e  two forms 
are normally well separated, but fertile specimens 
and populations presumed to be intermediate 
and probably hybridogenous have been o b 
served. Form  A occurs in the same sort of habitats 
as form B and E. g landulosum  and often together 
with them.

E. ciliatum  form A is indigenous in N America.
K nown hybrids: with E. m on tanum , pa lustre , 

roseum  and te tragonum .

117. Epilobium ciliatum Rafinesque 1808, form B

E. adenocaulon auct. scand.

Perennial herb, (25—)50— 100(—130) cm high. Plant 
branching apically, or rarely from the base  to 
form several or in dwarfed specimens rarely 
only one, (5-)10-20(-30)-flowered inflores
cences. T urions  formed late in the autum n at the 
surface, sessile or at the end o f  stolons up to 
10 mm long with small, spathulate  leaves, as 
dense rose ttes  o f broadly obovate  to elliptical, 
entire, glabrous, fleshv leaves 10-15 mm long,

dark reddish or in shaded position rarely almost 
pure green.

Stem ( l - )2 ^K -8 )  mm thick, terete , with weak 
lines below the leaf margins, lines often incon
spicuous on older stem parts. Stem subglabrous 
below, gradually becoming more hairy upw ards, 
in apical part moderately  hairy with incurved 
to adpressed  eglandular hairs 0 .2-0.4 mm long 
and erect to incurved, glandular ones 0-0.2 
mm long.

M ost leaves opposite or nearly so, usually only 
upper bracts alternate , not decurren t,  leaf bases 
usually not united. Basal leaves smaller, with a 
short or up to 10 mm long petiole, obovate- 
spathulate, subentire. Middle  cauline leaves 
(30—)50—90(—140) mm long, (8—) 15—25(^40) mm 
broad, sessile or with a petiole up to 3 mm long, 
narrowly ovate, acute , sharply but often ±  irreg
ularly serrate with the largest teeth usually c. 
0.5 mm high. U p p e r  leaves gradually smaller and 
often som ewhat narrow er in form, usually with 
a petiole 1-3 mm long. Basal and middle cauline 
leaves subglabrous or sparsely hairy chiefly on 
the margin and sometimes also on the veins, u p 
per bracts usually sparsely and som etimes more 
uniformly hairy, hairs smaller than those of the 
stem.

Pedicels first erect , in fruit e rec to p a ten t . Y oung 
buds obovoidal, la ter ±  broadly ellipsoidal, 
with a distinct mucro  c. 0.2 mm long. Sepals 
(3-)4-4.5 mm, connate  to c. 1.5 mm at base, n a r 
rowly ovate  to lanceolate, green to ra ther strongly 
reddish, sparsely to moderately  hairy, denser  on 
the connate  part,  with both glandular and eglan
dular hairs. Petals 4—6.5(—7.5) mm, notched to 
1.5-1 mm, ±  pinkish purple or rarely very light 
pink to white. A nthers  0 .6-0 .9  mm, long fi la
ments  2.5-3.5 mm, short fi laments 1.2-2 mm , 
usually at least half as long as the long ones. 
Pistil equalling or slightly exceeding the long 
s tamens, stigma capitate.

C apsu le  stalk 4—8(—10) mm. C apsu le  (45-)50- 
60(—70) mm, sparsely to moderately  hairy but 
young ovaries densely hairy, with glandular as 
well as eglandular hairs like those o f  the stem. 
Seeds (1.0—) 1.1—1.3(—1.4) mm long, 0.4-0.45 mm 
broad, narrowly obovoidal, basally acu te ,  ap i
cally obtuse,  ventrally flattened with inconspic-

Fig. 116. Epilobium ciliatum Raf., form A . - A :  Habit, x 1/3. -  B: Winter bud, x 1/2.-C :  Stem node, x 2 .5 . - D :  
Cauline leaves, x 1. -  E: Upper leaves, x 1. - F :  Upper stem part, x 2.5. - G :  Buds, x 1. -  H: Flower, x 1. - J: 
Apical parts of capsules, x 2.5. -  K: Style, x 1. -  L: Petal, x 1. -  M: Sepals, x 2.5.
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uous lines, neck less than 0.05 m m , dorsal surface  
with c. 25 prominent, papillose edg es ,  chalazal  
hairs 3 2 - 3 5 M 0 ) ,  7 - 9  mm long. F lo w er  homo-  
gam ous ,  anthers often opening at bud stage.

E. c ilia tum  form B is rather co m m o n  in S and 
C Scandinavia.  It is indigenous in N  Am erica  
and has probably been introduced separately  
in several different places .  It occurs  on rubbish

heaps,  loading places and roadsides ,  but has 
also invaded ditch margins, shores  o f  lakes and 
rivers, tracks and gardens. It is apparently  
spreading rapidly, and may be found anyw here  
in the area, generally S o f  c. 6 3 °N .

Known hybrids: w ithE . p a lu s tr e , p a rv iflo ru m , 
roseu m  and te tra g o n u m .

Fig. 117. Epilobium ciliatum  Raf., form B. - A :  Habit, x  1/3. -  B: Winter bud, x 1 /2 . - C :  Stem node, x 2 . 5 . - D :  
Cauline leaves , x 1. -  E: Upper leaves, x 1. - F :  Upper stem part, x 2.5. - G :  Buds, x  1. - H :  Flower, x 1. - J :  
Apical parts o f  capsules,  x 2.5. -  K: Style,  x  1. -  L: Petal, x 1. -  M: Sepals, x 2.5.





Drabopsis verna C. Koch (Brassicaceae) new to Europe
Lars-Åke Gustavsson

Gustavsson, L.-Å. 1977 06 30: Drabopsis verna C. Koch (Brassicaceae) new to Europe.  
Bot. N o tise r  130: 213-214. Stockholm. ISSN 0006-8195.

D rabopsis verna  C. Koch is reported from LefkaOri on Crete. This Irano-Turanian species  
is previously known from C Anatolia and eastwards to W Himalaya. A description of  the 
specimens from Crete is given.

Lars-Å ke G u stavsson , D epartm en t o f  P lan t Taxonom y, U niversity o f  Lund, Ö . Vallgatan  
18-20, S-223 61 Lund, Sw eden.

Drabopsis verna C. Koch

Koch, Linnaea 15: 253 (1841) -  A rab idopsis verna 
(Koch) N . Busch, FI. Cauc. Crit. 3, 4: 457, 460 (1909).

A rabis scapigera  Boiss. , Ann. Scienc. Nat.  Ser. 2, 
17: 54 (1842).

A rabis nuda Bel. ex Boiss. , Ann. Scienc.  Nat. Ser. 2, 
17: 54 (1842)-S isym b riu m  nudum  (Bel.) Boiss . ,  FI. Or. 
1:214 (1867) -  D rabopsis nuda  (Bel.)  Stapf, Denkschr.  
Akad. Wiss. Wien, Math.-Nat. Kl. 51, 2: 298 (1 8 8 6 ) -  
A rabidopsis nuda (Bel.) Bornm., Beih. Bot. Centralbl. 
28, 2: 535 (1911).

C ollection: Crete, N om os  Canea, Lefka Ori, 5.5 km 
S E -E S E  of  the village of  Omalos.  Somewhat moist, 
stony ground close to snow patches, together with 
C rocus sieberi G ay, on a NW-facing slope, 1800— 
1850 m, 8.5. 1973, Gustavsson 2196 (ED).

This Irano-Turanian species is new to Europe. 
It is previously known from C and E Anatolia, 
T ranscaucasia ,  Iraq, Iran, Afghanistan, C  Asia, 
W Pakistan and W Himalaya. T he  occurrence  
on C rete  is phytogeographically remarkable 
in that it extends the distribution o f  the species 
more than 1000 km westw ards (Fig. 1).

T h e  lrano-Turanian element as a whole is 
poorly represented on C rete ,  more richly re
presented on the S and C mainland o f  G reece .  
Am ong Irano-Turanian species occurr ing  on 
C rete  can be mentioned A can tho lim on  androsa- 
cettm  (Jaub. & Spach) Boiss., A traphaxis  billar- 
dieri Jaub. & Spach and M attia strum  lithosper- 
m ifolium  (Lam.) Brand.

D. verna  belongs to the group of relict species 
with a very disjunct distribution on the eastern 
M editerranean  mountains (cf. G reu te r  1972). It 
probably belonged to the flora o f C re te  before 
the island was isolated from the Anatolian 
continent,  i.e. during the upper  M iocene to Plio
cene (M eulenkamp 1971, C reu tzbu rg  1963).

All the C retan  material was flowering and some 
specimens bear immature fruits. T he  plants are 
extremely small, laying near the lower limit of 
the range of variation. T he  siliquae are much 
shorter than previously described for the species, 
probably because  they are not fully developed. 
With regard to the most variable charac ters  of the 
species the morphology of the C re tan  plants is 
as follows: S tem  single, 0 .7 -2 .0  cm, pubescent,  
with stalked, branched hairs with 2-4 rays. 
L eaves  spathulate to oblong-spathulate , entire, 
up to 5.5 x  2.1 mm, pubescen t ,  with branched 
hairs especially on the margins. P edicels  in fruit 
up to 1.0 mm. Sepa ls  1.3-1.5 x  0 .6-0 .8  mm with 
simple and branched hairs. P eta ls  1.8-2.2 x 0 .5 -  
0.7 mm. Siliquae  up to 8 mm long and 0.8 mm 
broad, pubescent,  with b ranched  hairs with 2 and 
3 rays.

In com parison with the descriptions given in 
most oriental floras, e.g. D avis  (1965) and 
Rechinger (1968), the plants from C rete  also 
deviate in having pubescent siliquae. Such plants 
have been described as A rabidopsis verna  (C.
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Fig. 1. D is t r ibu t ion  o f  D rabopsis verna  in the w es te rnm os t  part o f  the total area o f  distr ibution ,  according to l i tera
ture reco rds  and herbar ium sheets  seen by me.

Koch) N . Busch var. hebecarpa  N . Busch, in 
contrast to var. leiocarpa  N . Busch with gla
brous siliquae. According to herbarium material 
specim ens with pubescent siliquae are rare, but 
do som etim es occur growing together with plants 
with normally glabrous siliquae. Such mixed 
collections have been seen from N Iran and R us
sian Armenia. The specim ens o f the Cretan 
collection have constantly pubescent siliquae.
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A study of the Leptopeltidaceae
Lennart Holm and Kerstin Holm

Holm, L. & H olm , K. 1977 06 30: A study o f  the L eptopeltidaceae. S o t. N otise r  130: 215-229. 
Stockholm . ISSN  0006-8195.

The family Leptopeltidaceae von H öhnel CPhacidiales’) has been am ended to com prise 
unitunicate genera only, viz. L ep tope l t is  von Höhnel s. lat., Dothiopelt is  E. M uller, and 
Ronnigeria  Petrak. D o th i th y r e l la v . H öhn., Leptopeltopsis  Petr., and M oe szope l t is  Petr, 
are included in the synonym y o f  Leptopeltis .  The follow ing new com binations have been  
published: Leptopel t is  litigiosa (D esm .) L. & K. H olm , L. gregaria  (Petr.) L. & K. H olm , 
L. nebulosa  (Petr.) L. & K. H olm , and L. lanariae  (Fuckel) L. & K. Holm .

Lennart an d  Kerstin Holm, Institute o f  S ys tem atic  Botany, Universi ty o f  U ppsa la ,  P. O. 
Box 541, S-751 21 Uppsala , Sw eden .

T he  family Leptopeltidaceae was established by 
von Höhnel (1917 p. 417, as ‘L ep tope l t ineen’) to 
accom m odate  ‘Phacidiales’ with subcuticular as- 
cocarps .  With H öhne l’s circumscrip tion the 
taxon was highly heterogeneous, comprising 
elements as disparate as L ep topeltis  and 
R hytism a . N o  wonder that o th e r  investigators, 
like T heissen  & Sydow (1918), and N annfeldt 
(1932) did not recognize the group, referring the 
type g en u s ,L ep topeltis , to the ‘H em isphaer ia les’; 
the fo rm er authors  considered L ep topeltis  to be 
related to S tigm a ten .

T he  L eptopeltidaceae was revived again as a 
taxonomic group by Petrak  (1947 a) w ho 
restricted the family to the genera  L ep topeltis  and 
L ep topelte lla , only. He did not express an 
opinion about its position in the A scom ycete  
system. P e t r a k ’s article is the  most thorough 
study so far devoted  to these  fungi, and it has 
definite merits , in addition to the improved 
circumscription o f  the family. H e  noticed the 
exis tence o f  the ‘hypo s tro m a’ in the host tissues, 
with differences in different species,  which he 
utilized as taxonom ic characters .  M oreover,  he 
described two new valid pter id icolous species, 
viz. L ep tope ltopsis  nebulosa, and M oeszopeltis  
gregaria, referring each of them  to a new genus of 
its own. Petrak  had a very  narrow  generic

concept ,  guided i.a. by presumed differences in 
spore septation.

In a second article, published s imultaneously, 
Petrak  (1947 b) reported on the so-called M icro- 
thyrium  arctic am  O u d . , a saprophy te  on leaves of 
P otentilla  spp. H e  considered  this species to be a 
true m em ber of the Leptopel t idaceae , referring it 
to the new monotypic genus R onn igeria . We 
agree with P e tr a k ’s classif ication, though it has 
been criticized by o ther workers.

A n o the r  notew orthy contr ibution  w as made by 
von A rx (1964) w ho included some fur ther  genera 
in the family, viz. D othithyrella , and D oth iopel
tis. T h e  first-mentioned genus had earlier been 
classified among the Microthyriales,  but von Arx 
rightly recognized its close affinity with the L e p 
topeltidaceae. D othiopeltis  also clearly  belongs 
here. O therw ise  von Arx followed Petrak  rather 
closely, though with a som ewhat b ro ad e r  generic 
concept ,  uniting D othithyrella  and L ep topeltis  
(under the name P ycno thyrium ). C oncern ing  the 
general relationships von Arx classified the 
family among the D othiora les ,  a view first held by 
M üller & von Arx (1962).

T h e  Leptopeltidaceae have recently  been 
treated anew  by von Arx & M üller ,  in their 
survey of the bitunicate A sco m y ce tes  (1975); 
here the family has been considerably  enlarged
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20 /um
Fig. 1. Spores. -  A: L eptopeltis  pteridis .  -  B: L. litigiosa. - C :  L .f i l ic in a .  - D :  L. nebulosa  (on Athyrium filix- 

fem ina) .  -  E: L. nebulosa  (on Lastrea  dryopteris).  -  F: L. nebulosa  (on D ryopteris  filix-mas).  - G :  L. gregaria. -  
H: L. sp ., no. 576b. -  I: Dothiopeltis  arunci. -  J: Ronnigeria arctica.  -  K: Leptope l t is  lunariae.  -  All x  1,000.

again, also including genera such as A u to 
graphum , A ulographina , L em b o sin a , and 
M orenoina.

In our opinion the L eptopeltidaceae should 
certainly be recognized as a distinct group, 
appropriately of family rank, but restricted to the 
genera L ep topeltis  s. lat.,  D othiopeltis, and 
Ronnigeria , only. A s will be show n the group is 
quite distinct from other superficial ‘Hemi- 
sphaeriales '  by the ascus structure .

Two morphological problems

A scu s structure

M ost hemisphaeriaceous fungi are apparently 
bitunicate, and the Leptopel tidaceae  have also 
been regarded as such, e.g. by von Arx & Miiller 
(1975), and Luttrell (1973). T his  view, however, 
seems to be erroneous. Personally , we have 
never observed a L ep topeltis  ascus exhibiting the 
‘Jack  in the box ' mode of dehiscence . A negative 
indication may not be very convincing, but some 
traits o f  the ascus microstruc ture  certainly are. 
We refer to the T E M  micrographs in Fig. 6.

For the ultrastructural studies the material (dried 
herbarium specim ens) was prefixed in 2.5 %  glutaralde- 
hyde in 0.1 M sodium cacodylate buffer, pH 7.2, at 
room temperature for 48 h, and postfixed in 2 %  K M n 04 
for 1 h. It was dehydrated in a graded ethanol series, 
embedded in Epon, and sectioned  with a LKB  
Ultrotom e I equipped with a D u Pont diamond knife. 
The sections were poststained in 2 %  uranyl acetate for 
20 min. and in R eynold's lead citrate for 6 min. For

exam ination a JEOL 100 B transm ission electron  
m icroscope was used , operating at 60 kV.

T h e  ascus wall is thickened at the apex, and the 
lower part of the th ickened region extends 
dow nw ards  as an annular projection into the 
apical epiplasm. M oreover ,  t races of a cylindrical 
ring o f  e lec tron transparen t material can be 
discerned in the apical thickening. An ascus tip 
structure  o f this kind is com m onplace  among the 
U nitun ica tae , but unknown am ong the Bituni- 
catae. T he  pictures do not permit any definite 
conclusions as to ascus wall stratification; 
apparently  fresh material is necessary for 
obtaining unequivocal pictures. H ow ever,  it is 
becoming gradually apparen t that even the 
U nitunica tae  possess  a com plex ascus wall, 
com posed of several strata (cf. Bellemere 1975, 
C odron  1974, S chran tz  1970).

In terthec ia l threads

A nother  morphological problem of prime im
portance is the true nature  o f  the interthecial 
threads, p resent in the ascocarps  of Leptopeltis  
and D oth iopeltis. This question  has hardly been 
discussed, and not much clarification can be 
obtained from the literature. Petrak  (1947 a) 
called them ‘P a rap hy so iden ’, as did von Arx 
(1964); according to the lat ter they represent 
rem nants  o f  the interthecial ‘t i s su e ’; ‘Die fädig 
faserigen Paraphyso iden  gehen aus dem durch 
die Asci verdrängten  Binnengew ebe he rv o r’ (von
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A rx 1964 p. 185). H ow ever ,  the two il lustrations 
in von A rx ’s paper seem contrad ic tory : fig. 2 
(Leptopeltopsis lunariae) is in accordance  with 
the cited concept ,  with interthecial filaments, 
attached above and below; fig. 1 (P ycnothyrium  
litig io sum ) ra ther illustrates true paraphyses.  The 
term ‘p a raph yses’ is used by von Arx & Müller 
(1975).

We have found no evidence of the interthecial 
fi laments being true paraphyses but are inclined 
to interpret them as paraphysoids,  in the sense of 
C heste rs  (1938), i.e. true filaments, not co m 
pressed rem nants  o f a p seudoparenchym a. It is 
worth noting that they are lacking in R onnigeria, 
the ascocarp  centrum of which seems to be made 
up of a rapidly dissolving pseudoparenchym a, 
apparently composed of short-celled, adherent 
hyphae. It seems conceivable that such hyphae 
may develop into paraphysoids in the course of 
evolution. In several bitunicate Hemisphaeriales,  
on the contrary , the interthecial filaments are 
reported to be pseudo-paraphyses.

General description and discussion

T he  Teptopeltidaceae s. str. can be briefly 
characterized  as follows:

A scocarps  supracuticular, o r  mostly subcuti- 
j i  cular, scu ta te -c rus tose ;  scutellum one-layered, 

of generally radially arranged cells,  ±  square in 
i surface view; basal layer often poorly developed, 

hyaline or ±  pigmented. N o  superficial m y
celium , but often an intramatrical ‘h yp o stro m a ’. 
In terthecia l fila m en ts  n u m erou s-n on e ,  septate, 
often with gelatinous walls. A sc i  oblong, sessile, 
‘unitun ica te’, wall apically thickened with an 
annular ‘co lla r’ projecting dow nw ards ,  I — . 
Spores  thin-walled, hyaline, generally allantoid 
or fusiform, continuous or mostly with 1-3 
transverse  septa, rarely muriform. Conidial 

\ s ta tes  com m on, generally o f  the Lep to thyrium , 
rarely o f  the Pycnothyrium  type.

Saprophytes ,  particularly com m on on the 
petioles o f ferns, also in the leaves and stems of 
various dicotyledons.

T ype genus: L ep topeltis  von Höhnel.

T he  family seems to be very isolated, and at 
present we cannot assign it a be t te r  place than that 
given by von H öhnel,  among the ‘Phacidiales’, 
which is admittedly an expedien t for the time 
being. T he  Leptopeltidaceae  are  a very homo-
15 -  B o ta n isk a  N o t is e r

geneous group, and it seem s reasonable to 
accom m odate  most o f  them in one genus, i.e. 
Leptopeltis. This means a considerable  lumping 
as the generic segregation has been extensive, 
based mainly on two sets o f  characters: spore 
septation and hypostrom a structure .

H ypostrom a

As regards this vegetative s truc ture  the variation 
in amount as well as in tex tu re  is considerable, 
and each species has its pa ttern  of variation, as 
rightly pointed out by Petrak , though he overesti
mated the interspecific differences.

Ronnigeria  is a ltogether devoid of a hypo
stroma, and L ep topeltis  litigiosa  and L. lunariae  
have at most traces of it, whilst in D othiopeltis  
arunci it is more in the form of loose hyphae 
(Fig. 4B ).  In the o ther species it is generally 
well developed, often completely  filling up 
several host cells, not only in the epidermis, 
but also in the underlying cortex . M oreover,  the 
hypostroma is not restricted to  the matrix cells 
just beneath the ascocarps bu t may extend con
siderably outwards.

The  hypostrom a is generally pseudoparenchy- 
matous, o f  ±  isodiametric cells, forming a textura 
angularis o r a tex tura  globulosa. In Leptopeltis  
nebulosa  and L. gregaria  it is mainly made up of 
globose cells (Fig. 5), whilst the angular cells 
dominate in L. fd ic in a  and L . p terid is. These  
species were described by Petrak  (1947 a) as 
having a s trom a of very small,  ra ther  thick-walled 
cells, a som ewhat exaggerated  statement. It is 
true that the cell size is less than  in L. nebulosa  
and L. gregaria, but it is not as minute as 
indicated by Petrak , generally being 5-7 pm . In 
L. fd icina  we have only seen normal thin-walled 
cells, whilst in L. p terid is  the hypostrom a is, in 
fact, partly slightly sc leroplechtenchym atous, 
with som ew hat thickened cell walls (Fig. 4A), 
though thin-walled cells are  common. With 
regard to the hypostrom a L . fdicina  and L. 
pterid is  are very similar.

A part  from the pseudoparenchym atous  tissue 
there is often a loose hyphal ne tw ork ,  or, quoting 
Petrak (1947 a p. 246), the s trom a is ‘teils aus 
reichverzweigten, kurzgliedrigen, durchschei
nend grau- oder  hell o livenbraun gefärbten 
H yphen  bestehend , teils pseudoparenchym a- 
tisch, durchscheinend  o livenbraun ' .  This State
ment originally referred to L ep tope ltis  nebulosa
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only (cf. Fig. 5 A), and the said condition was the 
basis for the e rec t io n  of the genus L ep topeltopsis , 
but it also applies to  L. gregaria  (Fig. 5 B), and to 
some extent even  to L . filic ina  and perhaps to 
o ther species as well. In  fact, L.gregaria  and L. 
nebulosa  are strikingly similar in hypostroma 
characters,  and these  by no means justify the 
assigning of those  species to different genera.

T o  sum up: differences exist in hypostroma 
structure, but they  are not sufficiently clear-cut 
to justify a generic  segregation.

Spore sep t at ion

Spore septation is the o ther param eter  employed 
in generic delimitation within the Leptopel- 
tidaceae. A lthough  extremely important on the 
specific level, it has ,  how ever,  been utilized as 
the basis for a large num ber of schematic, ill-

Key to the genera

1. D ic ty o sp o ro u s  .......................................................................
A m ero sp o ro u s , d id y m o sp o ro u s o r phragm osporous

2. In terthecia l th re a d s  p resen t .................................
In terthecia l th re a d s  absen t .............................................

Leptopeltis von H öhnel

von H öhnel, B er. D eu tsc h . Bot. G es . 35: 418 (in clave) 
(1917) -  L ep to p e ltin a  P e trak , S ydow ia  I: 240 (1947), 
non Spegazzini 1923 -L e p to p e ltin e lla  P e trak , Sydow ia 
5: 187 (1951) -  T y p e : L ep to p e ltis  filic in a  (L ib .) von 
H öhnel, Ber. D e u ts c h . Bot. G e s . 35: 422.

D othithyre lla  v on  H öhnel, A nn . M ycol. 16: 171 (1918) 
- T y p e :  D. litig iosa  (D esm .) von H öhnel.

L ep topelte lla  von  H öhnel, B er. D eu tsch . Bot. G es . 
35: 418 (in c lav e) (1917) -  T y p e : L . perexigua  sensu 
von H öhnel.

M oesziella  P e tra k , A nn. M ycol. 25: 323 (1927) -  
T ype: M . pu lchella  P e trak .

M oeszo p e ltis  P e tra k , S ydow ia 1: 241 (1947)- T y p e :  
M . gregaria  P e tra k .

L ep to p e lto p sis  P e tra k , S ydow ia 1: 243 (1947)-T y p e :  
L. nebulosa  P e trak .

P ycn o th yriu m  D ied ick e  sensu  von A rx , A cta  Bot. 
N eerl. 13: 183 (1964), non sensu  orig.

N om encla tu ra l co m m en ts

T h e  n o m en cla tu re  w as u n fo rtu n a te ly  m ore confused 
because o f P e tr a k ’s erro n eo u s typ ifica tion  o f L e p to 
peltis  by ‘L . a q u ilin a ’, i.e . L . p ter id is , w ith the co n 
sequen t in tro d u c tio n  o f the superfluous nam es L e p to 
p eltina  and L ep to p e ltin e lla . V on  H öhnel definite ly  
sta ted  th a t L . f i l ic in a  is the type: un fo rtunate ly  the 
w rong typ ifica tion  w as accep ted  and perpe tu a ted  by 
von A rx & M üller.

founded A scom ycete  genera. In this c a se  the 
foundation is particularly shaky, as the alleged 
differences are largely illusive, based on im m a
ture material.  Petrak  e.g. believed L ep to p e ltis  

filic ina  to be am erosporous ,  and L . p terid is (=L.  
aquilina) and L. nebulosa  to be d idym osporous ,  
whilst in fact they are all ph rag m o sp o ro us  at 
maturity .  P e trak 's  m isconception  largely co n 
tributed to his erecting the genera  L ep to p e ltin a  
and Lep topeltopsis.

T h e  only genus which can be kept ap a r t  from 
L ep tope ltis  on sporological g rounds  isD oth iopel-  
tis, characterized  by its muriform spores ,  and it is 
chiefly a matter o f  opinion w he th e r  to unite them 
or not.

T h e  consequences of the above considera t ions 
will apparently  be a large-scale lumping, resulting 
in an extensive synonym y. T h e  three  genera 
recognized by us can easily be dis tinguished.

.................................................................................. D o th io p e ltis
  2
....................................................................................... L ep to p e ltis
.......................................................................................R o n n ig eria

A n o th e r  m istake w as the ad o p tio n  o f  the nam e 
P ycno th yriu m . T h is genus w as es tab lish ed  by D ied icke 
(1913 p. 175) for tw o im perfec t fungi, P ycn o th yriu m  
gracile  D ied , (described  as new ), and P . litig iosum  
(D esm .) D ied ., the la tte r nam e based  on L ep to stro m a  
litig iosum  D esm . A s poin ted  ou t by e.g . von H öhnel, 
D e sm a z ie re s ’s original m ateria l in fac t re p re se n ts  an 
im m atu re , perfect sta te . F o r  th is reaso n  von A rx  argued 
that the  nam e P ycno thyrium  ought to app ly  to the 
perfect s ta te , taking p reced en ce  o v e r the younger 
D oth ithyre lla . T h is argum en ta tion  is, h o w ev er, u n 
tenab le . A s is eviden t from  the d esc rip tio n , P y cn o th y 
rium  is a  genus of Fungi Im p erfec ti; if D e sm a z ie re s ’s 
original m aterial does no t fit D ie d ic k e ’s d escrip tio n , it 
can n o t se rve  as type fo r P ycn o th yriu m  e ith e r  (som e
thing w hich von A rx ap p a ren tly  took  fo r gran ted); 
then  the  o th er species, P. gracile , m ust be se lected  as 
the ty p e . D iedicke h im self did not designate  one.

In frageneric  taxonom y

G enera lly ,  the species delimitation does not seem 
to be very problematic, a condition  related to the 
pronounced  host-specificity prevailing in the 
genus; ‘Leptopeltella  p e re x ig u a ’ only, is said 
to be plurivorous. Useful taxonom ic characters  
can be drawn particularly from the spore type, 
but also from the hypostrom a. A sco ca rp  shape, 
on the o ther  hand, is too  variable to be of much
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Fig. 2. Ascocarps in surface view. -  A: Leptopeltis pteridis, x 6 . -  B: idem, x25 . -  C: L . litigiosa, x25. - D :  
L. nebulosa, x 12.-E : idem, x 6 . -F :L . litigiosa, x 6 . - G .L .filic ina , X 2 5 .-H :L. gregaria, x 2 5 .- I :  idem, x 6.
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value: it can vary  from circular to linear and 
ramified in the sam e species and within one 
collection, a lthough a certain type may dominate; 
for ins tance m ost ascocarps o f L ep topeltis  liti
giosa  are circular. T he  mode o f  dehiscence is 
also very variable. Elongate ascocarps mostly  
open by an elongate fissure whilst the round ones 
open by a star-like or circular slit, or completely  
irregularly (cf. Fig. 2).

A ch a rac te r  evidently o f some importance is 
the degree of pigmentation in the basal layer, 
this being hyaline, if present at all, in L e p to 
peltis  p terid is, L . litigiosa, and L .filic in a , whilst 
strongly pigmented in L. lunariae; L . gregaria  
and L . nebulosa  are intermediate in this respect.

L ep tope ltis  is a small genus, even with ou r  wide 
circumscrip tion . So far there  are  only seven 
known and nam ed species; besides we have a few 
collections of uncertain  s ta tus ,  on M atteuccia  
(see u nder  L. nebu losa ), and in the lam ina  o f  
D ryopteris fd ix -m a s  (L ep topeltis  sp. no. 6). T h e  
material at hand is insufficient for formal t r e a t 
ment. N o  doub t there  still remains a great deal to 
d iscover -  the Leptopelt idaceae  have been badly 
neglected in spite o f their frequency. T hey  are

easily o verlooked  though, and above all, th ey  are 
seldom en co un te red  in a well developed state. 
Obviously they becom e rapidly p a sses  after 
ripening -  most material collected by us has been 
either im mature or dead, and the same is true 
for the few herbar ium  specim ens seen.

The recognized species are  presented in the 
following survey ,  with notes  on diagnostic 
characters ,  host-range, dis tribution, and n o m e n 
clature; for detailed descrip tions we refer mainly 
to P e trak ’s and von A r x ’s papers ,  though they 
should be taken with reserve  in some respects .

Proposing a formal subgeneric hierarchy seems 
prem ature,  but som e suggestions may be made. 
A unique position is held by L ep tope ltis  p terid is, 
on account o f  its non-radiate  scutellum and partly 
sc lerop lec tenchym atous hypostrom a. L . liti
giosa, too, s tands som ew hat apart  because  of its 
supracuticular ascocarps .  T h e  o ther pteridicolous 
species, L .fi lic in a , L . nebulosa , and L. gregaria, 
are apparently  closely allied. L . lunariae p ro b 
ably stands close to ‘L ep tope lte lla  perexigua ' 
(a species not seen by us) and  may be related to 
D othiopeltis.

Key to the species of Leptopeltis

1. On ferns ................................................................................................................................................................................................  2
On d icots .............................................................................................................................................................................................. 7

2. Shield distinctly radiate...................................................................................................................................................................... 3
M ature shield not radiate; on Pteridium  ...................................................................................  I. L. p ter id is

3. A scocarp s supracuticular; on P teridium   2. L. litig iosa
A scocarp s subcuticular; on other hosts .................................................................................................................................. 4

4. Spores continuous (always?) .......................................................................................................................................................  5
Spores finally septate ....................................................................................................................................................................... 6

5. In petioles o f L astrea  p h egop ter is   5. L. gregaria
In the leaf-blade of D ryopteris fd ix -m as  .....................................................................................................................6. L. sp.

6. Spores narrowly fusiform, with ±  pointed ends; on D ryopteris  ................................................................... 3. L. fd ic in a
Spores broadly fusiform, with obtuse ends; on various ferns  4. L. nebulosa

7. Spores 2-celled; on Lunaria   7. L. lunariae
Spores 4-celled; on various hosts ....................................................................................... 8. 'L ep topelte lla  perexigua'

1. Leptopeltis pteridis (Mouton) von Höhnel

von H öhnel, Ann. M ycol. 15: 304 (1917) -  G loniella  
fd ic in a  (L ib .) M outon f. P terid is  M outon, Bull. Soc. 
R oy. Bot. Belg. 28(2): 80 (18 8 9 )-T y p e :  Belgium, ‘sur 
les stipes morts du Pteris aquilina’ (n .v .).

L ep to p e ltis  aquilina  Petrak, Sydow ia 1: 237 (1947) 
-  H ypoderm a aquilinum  Rehm, Ber. N ath ist. V er. 
Augsburg 26: 68 (1881) -  Schizothyrium  aquilinum  
Rehm , D isc .-F I. 75 (1888) -  non Sphaeria aquilina  
F r., Syst. M ycol. 2: 522.

E xs.: Krieger, F. sax. 1169 ('Aulographum  f ilic in u m ’) 
(S) -  R ehm , A sc. 270 (‘H ypoderm a aqu ilinum ’) (S),

A sc. 1227 (‘A utographum  filic in u m ')  (S) -  Thiim en, 
M yc. univ. 73 ('H ysterium  aqu ilinu m ’) (UPS).

Fig. 1 A , 2 A , B, 4 A.

A scocarps  subcuticular,  often densely scattered, 
±  elliptic, elongated along the petioles or veins, 
c. 0.3 mm long, mostly several confluent into 
larger crus ts ,  up to 2-3 mm. H ypostrom a  well 
developed, partly slightly sc le rop lec tenchym a
tous, o f small cells, mostly 5-7  g m , first hyaline, 
later dark. A sc i  oblong, up to  30 x 12 jum, mostly
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8-spored, but spore abortion is com m on. Spores 
mostly allantoid, with obtuse or som ew hat acute 
ends, 12-15 x 3 4 pm, usually 2-celled, but
3- and 4-celled spores occur. In terascicu lar  
threads  numerous.

In dead  leaves of P terid ium  aquilinum , espe
cially the petioles, but also in the foliar veins. 
C o m m on ,  as is the imperfect state , L epto thyrium  
pterid is  E hrenb. ex Fr.

This  species is generally recognized even macro- 
scopically by the relatively large black asco- 
carps, looking like tar spots,  much more c on 
spicuous than the smaller and lighter L . litigiosa, 
which is a lways present (see under this species). 
In the m icroscope it is easily identified by the 
non-radiate  shield, com posed  o f  a textura 
angularis -  not textura  ep iderm oidea, as stated 
by von A rx  & Müller (1975 p. 29). T h is  deviating 
s tructure  is apparently  secondary; originally the 
scutellum cells are radially arranged.

T h e  ascocarps  occur even in the leaf segments, 
but as far as we have observed, always sub- 
cuticularly in the veins -  according to Petrak 
(1947 a p. 235) they may even grow subepider- 
mally in the mesophyll, then considerably 
deviating in morphology.

With regard to the nom encla ture  we must 
admit that the identification with M ou to n ’s 
fungus may be somewhat problematic. We have 
followed von Höhnel who apparent ly  had not 
examined type material, and it cannot be exclud
ed that M o u to n ’s description was at least partly 
based upon Leptopeltis litigiosa. Several 
authors ,  such as Rehm and Petrak , and more 
recently von Arx & Muller,  have identified this 
fungus with Sphaeria aquilina  F r . ,  a species 
taken by o thers  to be a M ycosphaerella . Both 
in terpre tations are erroneous -  as it is apparent 
from the description and the original material, 
Sphaeria  aquilina  is a L ep tos trom a .

2. Leptopeltis litigiosa (Desm.) L. & K. Holm, 
comb. nov.

Leptostrom a litigiosum  Desm aziéres, Ann. Sei. Nat. 
Bot. ser. 2, 19: 338 (1843) -  M icrothyrium  litigiosum  
Sacc., M ichelia 1: 496 (1879) -  Dothithyrella litigiosa 
von H öhnel, Ann. Mycol. 16: 171 (1918) -  Pycno- 
thyrium litigiosum  Died, sensu von Arx 1964 et auct. 
rec., non sensu Diedicke -  Type: Moug. & N estl., 
Stirpes C rypt. 673 (UPS!).

Exs.: D esm ., PI. Crypt. Fr. 1327 (n.v.) -  Lundell &

Nannf., F. exs. suec. 664, 778 (UPS) -  Moug. & 
Nestl. Stirpes Crypt. 673 (UPS).

Fig. 1 B, 2C , F , 3 A.

A scocarps  densely sca t tered , supracuticular,  
generally occurring in ab undance  and ±  covering 
large parts o f the petioles. Solitary ascocarps 
usually circular, c. 0.1 mm diam eter ,  but often 
several confluent into crus ts  up to 1 mm large. 
Shield  radiate, splitting irregularly o r often with 
a star-like or circular fissure. H ypostrom a  none 
or almost none. A sei oblong, 25-30 x 10-12 p m . 
Spores  generally allantoid, (11—) 15—18(—20) x  
2.5-3.5 gm , long 2-celled but finally (always?)
4-celled.

On dead petioles o f  P terid ium  aquilinum .

An extremely com m on fungus, at least in S can 
dinavia, where it seems to be the constan t co m 
panion of its host. T he  bracken  is cosm opolitan , 
and L . litigiosa  also perhaps , but very little is 
known about its distribution. It is apparently  
restricted to P teridium  -  the old unverified record 
of an occurrence  on O sm unda  (Desm aziéres 
1843) is surely erroneous.

Lep topeltis  litigiosa  often grow s intermixed 
with L. p terid is, but they are  easily dis tinguish
able, even by sight, as rightly pointed out by von 
Höhnel I.e.: ’W ährend die D oth ithyrella  kleine 
rundliche, b raunschw arze ,  fast m atte  F ru c h t 
körper besitzt,  zeigt der zweite  Schlauchpilz  
[ = L . p te r id is ] stets längliche oder  lanze t ten 
förmige pechschw arze , stark g länzende S tro 
m a ta ’. T he  difference in brill iancy is due to the 
difference in habitat -  supracuticular,  and sub
cuticular, respectively. Microscopically  they are 
easy to distinguish by the different shield 
textures,  whereas the spores are very similar; 
L litigiosa, though, seems to  have slightly 
longer and narrow er spores,  which more often 
become 4-celled.

A n imperfect form was described by Diedicke 
(1913 p. 175) as P ycno thyrium  litig iosum ; its 
existence was denied by von H öhnel (1918 p. 
171) but confirmed by G ro v e  (1937 p. 198). We 
have not seen it. Von Arx (1964 p. 185) also 
reported a conidial state, but according to his 
description most likely belonging to L ep to 
thyrium .

With regard to the nom encla ture  it can be noted 
that D esm aziéres  in his protologue cited Sclero 
tium  pterid is  P ers . ,  but as this nam e is a nom en  
nudum , the epithet litigiosum  is not endangered.
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Fig . 3. A: L e p to p e l t is  litig io sa ,  shie ld  and asci . -  B: L. g r eg a r ia ,  shie ld .  - C :  R o n n ig e r ia  a r c tic a ,  a sc i .  - D :  L .f i l i -  
c in a , part o f  sh ie ld  and asci.  -  A ll  x  530.

3. Leptopeltis filicina (Lib.) von Höhnel

von  H öh n e l ,  Ber. D e u ts ch .  Bot.  G e s .  35: 358 (1917) -  
A ylo g ra p h u m  f il ic in u m  Libert,  PI. Crypt.  Ard.  275 
(1834) -  T y p e :  Belg ium , ‘A d  stipites  A sp id i i  Filicis  
m aris ’ (BRUS!).

A p o ria  J a a p ii  R eh m ,  A bh.  Bot.  Ver.  Brandenburg  
47: 84 (1905) -  L e p to p e ltin e lla  J a a p ii  Petrak,  Syd ow ia  
5: 187 (1951) -  T y p e :  G e r m a n y ,  S c h le s w ig -H o ls te in ,  
Sattenfe lde ,  D r y o p te r is  sp in u lo sa ,  23 .V I .  1904, Jaap 
(S!).

E x s.:  Jaap,  F .  sel. 82 (S) -  Libert,  PI. Crypt.  Ard.

275 (B R ,  S) -  (Krieger,  F .  sax .  1169 & R e h m ,  A s c .  1227 
=  L . p te r id is ) (S).

F ig . 1C ,  2 G ,  3 D .

M a trix : D r y o p te r is  spp . ,  as D . f il ix -m a s , D . a s s im ilis ,  
D . d ila ta ta , D . sp in u lo sa ;  in the pe t io les  and larger 
veins .

A scocarps  sca ttered , subcuticular,  linear-ellip
tic. H ypostrom a  mainly o f  tex tura  angularis, of 
isodiametric cells, 5-7 p m . A sc i oblong, c. 30 x 
10 /am, 8-spored. Spores  fusiform, often termi-
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nally pointed, 18-20 x 3—4(—4.5) /im, finally (al
ways?) 4-celled.

This species is characterized  by its narrow 
spores ,  generally pointed at the ends. W e can 
find no support for the recognition of Aporia  
ja a p ii  as a separate  taxon -  a large am oun t of 
material,  collected on various m em bers  o f  the 
D ry op teris d ila ta ta  complex, seems to agree per
fectly with the form on D ryopteris filix -m as. 
W hen R ehm  described A poria  ja a p ii he was evi
dently ignorant o f Lep topeltis  filic ina  -  o the r
wise, in all probabili ty, he would have referred 
his fungus to this species. C ertain ly  Petrak 
(1947 a) claimed that there were tw o different 
taxa, A poria  ja a p ii differing by ‘oft etwas 
kleineren F ruch tkörper  und durch die am Rande 
meist viel heller gefärbten Zellen der  D e c k 
schicht, deren Radialwände dicker sind als die 
Q uerw ände .  A uch  sind die Sporen de r  A. Jaapii 
im D urchschn it t  etwas grösser '  (pp. 239-240). 
H ow ev er ,  these alleged differences are imagi
nary. Even in the ‘t r u e ’ L. filic ina , the marginal 
scutellum cells are almost hyaline, with the radial 
walls th icker than the transverse  ones. Petrak  
did not see any mature spores, nor did Rehm, 
who claimed them to be one-celled in A poria  

jaap ii. His type material is im mature but 2- 
celled spores occur.

L ep topeltis  filicina  is of course easily dis tin
guishable from L. litig iosa , and by no means 
only a ‘Substra tfo rm ’, as suggested by von Arx 
(1964 p. 185). It is probably ra ther com m on and 
widespread in Scandinavia; we have seen material 
from the Swedish provinces o f Skåne, U ppland, 
Dalarna , and Hälsingland, and from M öre  og 
Romsdal in N orw ay.

4. Leptopeltis nebulosa (Petrak) L. & K. Holm, 
comb. nov.

Leptopeltopsis nebulosa Petrak, Sydowia 1: 244 
(1947) -T ype: Czecho-Slovakia, Moravia pr. Podhorn, 
in dead petioles of Athyrium filix-femina, 2.V.1925, 
leg. Petrak (n.v.).

Fig. 1D -F, 2D , E, 5 A, 6.

In aspect similar to the preceding species ,  L. 
nebulosa  is very easily dis tinguishable, though, 
by the spores which are shorter and relatively 
b roader ,  with obtuse ends, often allantoid, 
(8-) 10-11 x (2.5—)3—3.5 /xm, long 2-celled but 
finally, at least sometimes (always?), with 3

septa. A sei 20-25 x  10-12 g m .  B asa l layer p res
ent, ±  pigmented below. H ypostrom a  well 
developed, mostly p seudoparenchym atous ,  of 
textura  angular is- textura  globulosa, cells 5-8 pm  
diameter, with dark cells.

In the petioles o f  various ferns.

L ep topeltis nebulosa  is apparen t ly  a common 
fungus on A thyrium  filix -fem in a , though hitherto 
known only from the type collection. We have 
seen a great am ount of material on this host 
from Sweden (Skåne, U ppland , andG ästr ik land).  
M oreover,  the species can obviously  occur on 
o ther hosts too. We have one collection on 
D ryopteris filix -m a s, which in every  respect is 
a perfect match ofL . n ebu lo sa :‘N o rw a y ,  M öre og 
Romsdal, c. 4 km N E  o fG jö ra ,  close to the river 
D riva, 1.VII. 1975, 666 a.

T he  occurrence  on D ryopteris filix -m a s  may 
be exceptional, but this is certa inly not the case 
with another  host, viz. L ustre  a dryopteris. N o  
L ep topeltis  has so far been recorded  on this fern, 
but we have 5 collections agreeing closely with 
L. nebulosa:

Sweden: Uppland. Uppsala, 25.V. 1975, 577a. -A lun -  
da, pr. Hävermossen, 2.VI. 1976, 582. -  Västmanland. 
Nora pr. Kerstinbo, 21 .V. 1975, 571 a. -D alarna. Sund
born, Mjölnarvallen, 884 b.

Norway: Sör-Tröndelag. Oppdal, Gisnafallet,
29.VI.1975, 638.

We can also report the o ccurrence  on M atteuc-  
cia stru th iop teris  o f  a L ep tope ltis , which possibly 
belongs to L . nebulosa. We have 6 Swedish 
collections, from U ppland , G ästr ik land ,  and 
T orne  Lappm ark , but none is in a sta te  to permit 
a safe determination. T h e  h ypostrom a is sugges
tive of L. nebulosa.

5. Leptopeltis gregaria (Petrak) L. & K. Holm, 
comb. nov.

M oeszopeltis gregaria  Petrak, Sydowia 1: 241 (1947) — 
Type: Norway, Sogn, Naeröy-dal [‘Naerae-Tal, Sagne- 
fjord' I.e.], on dead petioles of L astrea  phegopteris ,  
10.V I .1936, leg. Ade (n.v.).
Fig. IG , 2H , I, 3 B, 5 B.

A scocarps  often densely sca ttered , broadly ellip
tic-subcircular,  usually 100-150 p m  long, 
opening by a longitudinal slit. B asa l layer  p res
ent, the cell walls adheren t to  the substratum 
being darkly pigmented. H yp o stro m a  well devel-
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Fig. 5. H ypostrom ata in host tissue. -  A: L ep topeltis nebulosa. -  B: L. gregaria . -  A ll x  610

oped, mostly of textura g lobulosa, partly of 
textura  angularis, of com paratively  large, dark 
cells up to 10 /a.m. A sc i normally  with 8 spores 
but the n um ber  is extrem ely  variable; super
numerary  spores are frequent and we have seen

asci with up to c. 16 spores. Petrak <1947 p. 243) 
reported 4- and 6-spored asci. T h e  spores are 
also exceptionally variable in size and shape. 
N ormally  they are ± ellipsoidal, 1 0 -12x3^1  
p m , always(?) continuous.

Fig. 4. Section s o f ascocarps. -  A: L ep to p e ltis  p terid is, hypostrom a by the arrow. -  B : D oth iopeltis arunci, hypo- 
stroma by the arrow. - C ,  D: R onnigeria  arc tica , with conspicuous basal layer but no interthecial threads. -  All x 
530.
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This  species is apparently  restricted to Lastrea  
phegop teris, and seems to be rathei com m on, 
though so far only recorded from the type collec
tion. It is characterized i.a. by the unicellular 
spores. We do not exclude the possibility of 
sundry spores becoming septate ,  but this is 
apparently  exceptional.

Specimens seen: Sweden-: Gästrikland. Hille par., 
Brännsågen, 2 I.V. 1975, 563. -D alarna. Sundborn par., 
Mjölnarvallen, 22.VI.1974, 198; 21.VI.1975, 596, 597; 
23.VII.1975, 708.

Norway: Möre og Romsdal. c. 4 km NE ofG jöra, 
1.VII. 1975, 662.

6. Leptopeltis sp.

Fig. 1H.

A scocarps  subcuticular, densely clustered and 
often confluent, on both sides o f the leaf blade, 
circular, c. 50 g m  diameter, 25 p m  high; basal 
layer pigmented on the underside. N o  hypostro- 
ma. A sc i oblong, generally 1 7 -2 0x 10 -12  p m ,  
usually 8-sporous, but supernum erary  spores 
occur. Spores  oblong, continuous, hyaline, 7-10 
x 2.5-3 /am.

Specimen seen: Sweden: Uppland, Uppsala, ‘Predik
stolen’, last year's fronds of Dryopteris filix-mas, 
25.V. 1975, 576 b.

An extremely interesting fungus, unique by its 
habitat,  growing abundantly in the leaf blade, 
outside the veins. It probably represents  a new 
species, but because of the limited material we 
confine ourselves to this mention.

7. Leptopeltis lunariae (Fuckel) L. & K. Holm, 
comb. nov.

Microthyrium Lunariae Fuckel, Fungi rhenani 2471 
(1872); Jahrb. Nass. Ver. Naturk. 27/28 p. 53 (1873) -  
Gloniella lunariae von Höhnel, Fragm. Mykol. 1004 
(1919) -  Leptopeltopsis lunariae von Arx, Acta Bot. 
Neerl. 13: 187 (1964)-T ype: Austria, Kirchdorf, dead 
stems of Lunaria rediviva, leg. Schiedemayer (S!).

Fig. 1 K.

A scocarps  superficial, densely sca ttered , elliptic, 
up to 0.3 mm long, but often confluent into larger 
crusts, intimately mixed with the imperfect form 
(L epto thyrium  lunariae  Kunze). Sh ie ld  radiate, 
a th in  basal layer present, with dark  cell walls. N o

hypostroma. A sc i  ob long-cy lindrica l ,  40^45 x 
12 p m , 8-spored. Sp o res  e ll ipsoid-fusiform , h y a 
line, 10-14 x 4-5  p m , with one ,  often subm edian 
septum.

T h e  species is kn ow n to us from the type co llec 
tion only, which, how ever,  is very  rich. It is 
plainly dis tinct from the pter idicolous species,  
i.a. by the dis tinct basal layer, but is probably  
a close ally o f  the following species.

8. ‘Leptopeltella perexigua’ von Höhnel

von Höhnel, Ber. Deutsch. Bot. G es. 35: 422 (1917) -  
‘Pycnothyrium perexiguum ’ von Arx, Acta Bot. Neerl. 
13: 186 (1964)- n o n Hysterium perexiguum  Spegazzini.

IMoesziella pulchella Petrak, Ann. Mycol. 25: 323 
(1927) -  Type: Czecho-Slovakia, Moravia, pr. W eiss
kirchen (Hranice), dead stems of Senecio fuchsii, 
1925, leg. Petrak (W?).

U nfortunate ly  no material o f  this species has been 
available for s tudy, but judging from the desc r ip 
tions published, it seems to be a true L ep topeltis , 
characterized i.a. by a dis tinct, dark  basal layer, 
and by 4-celled spores. A ccord ing  to Petrak  and 
von A rx , it is the perfect sta te  o f  the very c o m 
mon and plurivorous L ep to thyrium  vulgare 
(Fr.) Sacc .,  a fungus, repor ted  by others to be 
the imperfect form o f  H yp o d erm a  com m une  
(F r . )D u b y  (e.g. G ro v e  1937 p. 163).

F or  the time being the fungus is probably 
devoid of a correc t  name. T h e  epithet ‘perexi
g u a ’ must be d ropped ,  as it is based  on a m isin ter
pretation: von H öhnel e rroneously  identified his 
fungus with H ysterium  p erex iguum  Speg. We 
have examined the type (Italy, Belluno, in dead 
stems of A ngelica  silvestris, 28. IX. 1879, leg. 
Spegazzini,  LPS!) and can verify that it is 
hysteriaceous, having nothing to do with the 
Leptopeltidaceae. C onsequen tly ,  it is the turn of 
M oesziella  pulchella  P e t r . , if it is synonym ous, as 
claimed by Petrak . T he  correc t  name would then 
be L ep topeltis  pulchella  (Petrak), but without 
an autopsy we refrain from making the formal 
combination.

Dothiopeltis E. Müller

Muller, Sydowia 10: 197 (1957).

This genus was erected  for the sole species D. 
arunci and is still monotypic. It is closely related

Fig. 6. Leptopeltis nebulosa, electron micrographs. -  A: Ascus, x 8,000. -  B: Ascus tip, a cylindrical electron- 
lucent ring by the arrows, x 30,000.
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to Leptopeltis and the taxa might well be united. 
It seems reasonable, though, to keepDothiopeltis 
as a separate genus, because of the muriform 
spores and the well developed basal layer.

Dothiopeltis arunci E. Müller
Müller, Sydowia 10: 197 (1957) -  Type: Switzerland, 
St. Gallen,  in dead stems of Aruncus silvestris, 
25.V.1955, E. Muller & H. Schüepp (UPS isotypus!).

Fig. 11, 4 B.

Ascocarps scattered, subcuticular, elliptical in 
aspect in surface view, up to 0.2 mm long. Shield  
radiate, opening by a longitudinal slit. Basal layer 
well developed, up to 10 pm  thick, of 1-2 layers of 
angular cells with strongly pigmented walls. 
H ypostroma poorly developed. Interthecial 
threads fairly numerous, with 2-3 septa. Asci ± 
oblong, c. 30 x 12 yam, 8-spored. Spores variable 
inform, ± irregularly ellipsoidal, hyaline, mostly 
14-17 x 5-6 yam, generally with 4-5 transverse 
septa and one longitudinal septum in one or two 
central segments.

For a detailed description we refer to Muller’s 
paper, though in some respects our findings are 
at variance with his. We have not seen the basal 
layer as strongly developed as in his Fig. 1 d, 
nor are we able to confirm the existence of a 
’Mittelsäule’, i.e. a central, sterile part of the 
ascocarp.

Dothiopeltis arunci seems to be a very distinct 
species, but is so far only known from the type 
collection.

Ronnigeria Petrak
Petrak, Sydowia 1: 310 (1947). -  Type: Ronnigeria 
arctica (Oud.) Petrak I.e.

This genus, so far monotypic, is remarkably 
deviating by the absence of interthecial threads. 
The asci, however, are exactly the Leptopeltis 
type, and Petrak was certainly quite right when 
referring the genus to this family, though the 
relationship has been denied by von Arx & 
Müller (1954 p. 399).

Ronnigeria arctica (Oud.) Petrak

Petrak, Sydowia 1: 310 (1947) -  M icrothyrium arc- 
ticum  Oudemans, Versl. Meddel. Kon. Akad. Weten- 
sch., Afd. Natuurk.,  ser. 3. 2: 160 (1885) -  Type:

Novaja Zemlya, Potentilla frag iform is, VIII.  1881, M. 
Weber (n.v.).

Fig. 1 J, 3 C, 4C ,  D.

Ascocarps mostly densely crowded, often con
fluent, amphigenous, subcuticular, solitary ones 
lenticular, generally 100-125 yam diameter. 
Shield irregularly radiate, basal stratum well 
developed, of 3-4 cell layers, the undermost 
one with strongly incrusted walls. N o  inter
thecial threads, no hypostroma. A sci rather 
few, ± oblong, c. 35^10 x 10-12 yam, 8-spored. 
Spores continuous, hyaline, 8—12(—15) x 2.5— 
4(—5) yarn, very variable in form and size, oblong- 
ellipsoidal, often slightly cuneiform.

in dead leaves, especially the lamina, of 
Potentilla spp.

For a full description, see Petrak (1947 b). Evi
dently the fungus has an arctic-alpine distribu
tion. It is widely spread in the Arctic and is 
quite common in northern Scandinavia, on 
Potentilla crantzii (even found on P. hyparctica). 
However, it is apparently not coextensive with 
P. crantzii; this plant is common around Uppsala, 
where the fungus seems to be lacking. Petrak 
found it on a collection from Austria, Burgenland, 
which was the first, and still seems to be the sole, 
record from Central Europe.

Excluded genera

As mentioned in the introduction, several fungi 
have been wrongly referred to the Leptopeltida- 
ceae by various authors. Most of the 13 genera, 
originally included by von Höhnel, are evident 
outsiders and need not be considered; an excep
tion is Thyriopsis Theissen & Sydow which was 
reintroduced by Müller & von Arx (1962) and 
still kept in the family by von Arx & Müller 
(1975). In the latter work some further taxa 
were included, viz. Autographum  Lib., Aulo- 
graphina v. Arx & Müller, Lem hosina  Theissen, 
and M orenoina Theissen. These had been placed 
among the Asterinaceae by the same authors in 
1962, a classification which is definitely to be 
preferred, as they are all bitunicate. This is also 
the case for Thyriopsis, which seems to be fairly 
closely related to e.g. Lem hosina.

In 1919 von Höhnel erected the new genus 
Lichenopeltella, based on M icrothyrium macu
lans Zopf, a parasite in the thallus of Umbili
caria hirsuta. He stated that the fungus ‘stellt eine
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neue G attun g  dar, die wegen des fast oberfläch
lichen W achstum s am besten neben der subcu- 
ticulären Leptopelte lla  gestellt werden kann' 
(1919 p. 553). Von Höhnel was, however, more 
superficial than the fungus, which in fact is basally 
immersed in the lichen thallus, as is also illus
trated by Müller & von Arx (1962 p. 239, fig. 82), 
who followed von H ö h n e l’s classification. 
L ichenopelte lla  m aculans  has bitunicate asci and 

i seems to be akin to M ycosphaerella .

! A c k n o w le d g e m e n ts . T h e  au thors are greatly indebted 
to D r  E. Miiller, Zurich ,  and to the cura tors  o f  BR, K, 
LPS and S, for kindly sending material for study. The 
skilful technical assistance o f  Miss Elisabeth Bäuml, 
M rs Ulla-Britt  Sahlström, and M r  Lars Johnsson  is 
gratefully acknowledged.  T h e  w ork has been supported 
by the Swedish N atura l  R esearch  Council ,  grant 
2074-015.
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Flower-visiting lizards on M adeira

Ivar Elvers

E lv ers , I. 1977 06 30: F lo w e r -v is itin g  lizards on  M adeira. B o t. N o tis e r  130: 2 3 1 -2 3 4 . S to c k 
holm . IS S N  0006-8195.

T h e M adeiran  lizard L a c e r ta  m u ra lis  d u g e s ii  has been  o b serv ed  to v is it f lo w ers  o f  the in tro
d u ced  s p e c ie s  A lo e  a r b o re  sce n s  and o f  the in d igen ou s E ch ia m  n e rv o su m  in a m an ner very  
sim ilar to  that o f  ordinary pollinatin g v is itors. It is su g g ested  that th is lizard -flow er  inter
rela tion sh ip  m ay be lo o k ed  up on as a p o ssib le  m od el o f  a p a la e o -ec o lo g ica l co n n e c tio n  
b e tw ee n  p re-an g iosp erm s and reptilian pre-birds.

Iva r  E lv e r s , B o ta n ic a l In s titu te , U n iv e rs ity  o f  S to c k h o lm , L illa  F re s c a ti ,  S -104 05 , S to c k 
h olm  50, S w e d e n .

T he  fauna of the Atlantic island o f  Madeira  
includes only one species of reptiles: an 
indigenous form of the wall lizard, Lacerta  
m uralis dugesii, which is very abundant,  e sp e 
cially in the vicinity o f  hum an settlements.  In 
sunny w eather it can be seen on rocky precipices, 
on house walls, on stone fences etc.

T his  lizard has been observed  visiting the 
flowers of different plants -  obviously to lap up 
necta r in the flower. A short account o f  two 
closely followed cases will be related here.

Observations

A loe arborescens is a South African shrubby 
xerophyte,  reaching a height o f  0 .5-2 metres. 
This species is grown frequently on M adeira  as an 
ornamental plant. F rom  O c to b e r  to F ebruary  it 
carries dense, upright racem es of pendant,  
brightly red flowers. In its native surroundings it 
is ornithogamous, as is indicated by the vivid 
colour o f  the flowers and the very rich nectar 
production. On Madeira frequent visits are made 
by honey bees (Fig. 1 A) and  som etimes by 
indigenous birds, this is also true w here o ther  
introduced plants are concerned  (cf. Vogel 1954 
p. 328).

On C a p e G a ra ja u ,  a high cliff on the southern 
shore of Madeira, a religious m onum ent has been

erected, surrounded by a horizontal, gravelled 
plain. O n one side of the plain there is a small, 
stone-walled shed. This  shed and the walls 
supporting the plain is the site of a great number 
o f  lizards. A round  the place dense  populations of 
A loe arborescens are growing; some o f  the plants 
stand very close to the shed (Fig. 1 B).

In D ecem ber  1976 observations were made of 
numerous visits o f  lizards in the flowers o f  these 
plants (Fig. 1C). This Lacerta  population 
comprised animals o f  varying size; the flowers 
were exploited only by the young, still small 
individuals,  which could poke their heads into the 
interior of the flowers. T h e  adult lizards, who 
could no longer enter the legitimate way did not 
a ttempt any necta r thefts.

N ew  observations were m ade on C ap eG a ra jau  
in February  1977. T he  A loe  specimens along the 
shed wall were in a postfloral stage and although 
o ther plants in the vicinity still carried flowers, no 
lizards could be seen in them.

H ow ever,  in the natural vegetation on the 
slopes of the cape another  plant species was now 
in full bloom, viz. E chium  nervosum . T h is  shrub, 
reaching a height of c. 1 m etre ,  is endem ic  to the 
Madeiran archipelago. It carr ies very consp ic
uous inflorescences: num erous  cym es of light 
blue flowers, densely packed to form a heavy, 
upright spike-like construction . T h e  nectar
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production is rich, frequently attracting visitors, 
viz. pollinating insects.

On one point o f C a p e G a ra ja u  where the stone 
wall supporting the gravelled plain rises from the 
surrounding natural ground, two small Echium  
shrubs were flowering. T h e  inflorescences of 
these were frequently visited by the Lacerta  
population from the adjacent wall (Fig. ID). In 
the E chium  flowers the necta r was available to 
lizards of any size; they could just sit on the 
inflorescence and rapidiy dip their tongues into 
the flowers.

The distance betw een the A loe  plants e x 
ploited by the shed lizards in D ecem ber and the 
E chium  plants exploited by the wall lizards in 
F ebruary  is c. 30 metres. T he  Lacerta  population 
which had become accustom ed to nectar drinking 
in the A loe  flowers may have moved over to the 
E chium  plants later on. T hough  it does seem 
more probable that the populations stick within 
very limited territories, with the result that the 
different plants were visited by different lizard 
populations.

T h e  flower-Iizard inter-relationship observed 
may thus be provoked when a suitable flower 
grows jus t  in front o f a lizard-wall. T w o  other 
observations were made under these conditions, 
indicating such an incentive behind the adap ta 
tion o f  the lizards to the flowers. Firstly a visit o f  a 
lizard in flowers o f E cheveria atropurpurea  (in 
the Madeira Botanical G a rd en  February  1967) 
was observed, and secondly a group of lizards 
visiting Salvia sp lendens  (in the S taC a ta r in a  Park 
in central Funchal,  F ebruary  1977). A fifth plant 
species where M adeiran  Lacerta  specimens have 
been observed among the flowers is A gave  
attenuata  (observations in F ebruary  1967, 1970 
and 1977). In this case, how ever,  it cannot with 
certainty by claimed that the purpose o f  the visits 
was that of lapping nectar.

As to the A loe, the  E chium  and th e Salvia, the 
lizards were observed to approach  the flowers by 
climbing up along the stems o f  the plants, as well 
as by jumping directly through the air from the 
adjacent stone wall o r  from o ther  b ranches of the 
plants. T hey  showed the same versatile agility in 
such jum ps as may be seen among lizards hunting 
for insects on the room walls in houses in the 
tropics.

Discussion

V ery little attention has been given to  the 
possibility tha t  reptiles may have any im portance  
as pollinators. T he  small and agile lizards th a t  can 
be observed  am ong flowers in the w arm er  parts  of 
the world are  typically carn iv o ro us ,  and their 
hard, sleek body surface does  not seem at all 
suitable for pollen carriage. T o  them  the 
inf lorescences of plants probably  chiefly mean 
hunting grounds for insects.

During earlier periods in Earth  h is tory the 
situation may, however,  have been  different. 
Copro li tes  from the Perm ian and Jurass ic  
indicate that reptiles have been brow sing on  the 
flowers o f those  days (Schw eitzer 1968, H arr is  
1945, 1956, cf. also Faegri & van de r  Pijl 1966 p. 
20). In a recent pa laeobotanical trea tise  on 
angiosperm origin, reptiles have actually been 
m entioned as a possible a lternative to beetles as 
original pollinators (Hughes 1976 p. 57).

At the present time birds are  important 
pollinators. If  similar ties exis ted  in the Jurassic ,  
they would have involved pre-angiosperm s and 
pre-birds, which underw ent a m ore  o r  less 
con tem p ora ry  evolution. In this re spec t the close 
relationship between birds and reptiles should be 
considered ; the birds might even be classif ied as a 
group among the reptiles (von H u ene  1956).

Probably  the relationship observed  on Madeira  
is ra ther  unusual: it is so striking that it could 
hardly have escaped notice had it been o f  more 
com m on occurrence . H ow ever ,  the  biological 
interest of the observations does not primarily lie 
in the fact that the lizards might bring about some 
cross-pollination in the few plants they visit. 
Since their behaviour so closely follows that of 
ord inary  pollinators, it might instead be taken as a 
sign that an ethological basis for ecological 
relationships with flowers may be present among 
reptiles. T h ereb y  is an interesting question 
raised: is w hat we today call o rni thogam y directly 
derived from pollination by reptiles am ong early 
angiosperm s?

T he figures are reproductions from part-pictures o f  
pairs o f  stereoscopic colour photographs. The three- 
dim ensional realism o f  the originals cannot be 
com m unicated. Biologists visiting Stockholm  are, 
h ow ever, invited to call upon the author to inspect the 
originals.
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Fig. 1. A: Honey-bee in a flower o f  A loé arborescens. -  B .A lo e  arborescens at a stone-walled shed. T o the left on 
the sunny side some lizards (Lacerta muralis dugesii). - C :  An inflorescence of Aloe arborescens. A young lizard 
is sucking nectar. - D :  Inflorescences of Echium nervosum  visited by a lizard drinking nectar. -  M adeira, Cape 
Garajau, D ecem ber 1976 (A -C ) and February 1977 (D). Photo Ivar Elvers.

16 -  Botaniska Notiser
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Studies in African Cyperaceae XV
Amphicarpy and spikelet structure in Trianoptiles solitaria

Richard Wheeler Haines and Kåre Arnstein Lye

H a in es , R. W. & L y e , K . A . 1977 06 30: S tu d ies in A frican  C y p e r a ce a e  X V . A m p h icarp y  
and sp ik e let structure in T ria n o p tiles  solitaria . Bot.  N o t i s e r  130: 2 3 5 -2 4 0 . S to ck h o lm . IS S N  
0006-8195.

T h e  m orp h ology  o f  T rianopt i les  so l i tar ia  (C. B. C l.)  L ev y n s  is d escr ib ed  and illu strated . 
T h is  Sou th  A frican  plant has basal sp ik e le ts , each  red u ced  to  a so litary  fe m a le  flow er  
e n c lo sed  in a utricle probably  rep resen tin g  a m od ified  g lu m e, in ad d ition  to  th e 2 -flow ered  
aerial sp ik elets . N e w  leafy  c u lm s and basal sp ik e lets  spring to g e th er , a s m u ltip le  b u ds, 
in the ax ils  o f  the le a v es . In th ese  fea tu res  it is highly sp ec ia lised . T h e  3- or 4 -g lu m ed  aerial 
sp ik e let sh o w s a m on op od ia l structure particularly c learly  and th is , rather than a c y m o se  
structure, is probably ch a ra cter istic  o f  o th er  R h y n ch o sp o rea e .

R ic h a r d  W h ee le r  H a in es ,  D e p a r t m e n t  o f  A n a to m y ,  U n iv e rs i t y  o f  T a s m a n ia ,  H o b a r t ,  
A u s tra l ia  7001.
K å r e  A rn s te in  L y e ,  B o ta n ic a l  In st i tu te ,  The A g r icu l tu r a l  U n iv e rs i t y  o f  N o r w a y ,  N-1432  
Å s - N . L . H . ,  N o r w a y .

The genus Trianoptiles Fenzl

T he genus Trianoptiles was described by Fenzl 
in Endl. G en .  PL, p. 113 (1836). T he  type species 
is Trianoptiles capensis (Steud.) Harv. in G en .  
S. Afr. PI. ed. 2, p. 422 (1868), based o n E cklonea  
capensis  Steud.,  in Flora 1829, p. 138. H ow ever 
the generic name Ecklonea  Steud. had to be 
rejected because it had previously been used for 
a genus o f  seaweeds.

T he  genus Trianoptiles is closely related to 
Carpha  R. Br., but differs in having hypogynous 
bristles feathered at the base, 3-fid at the apex 
(Clarke 1898 for E cklonea). H ow ever,  C larke 
(1898 p. 271) writes “ The structure of the spikelet 
and flower in this plant is so exactly that o f  
Carpha  that it might be better to sink the genus 
in C a rp h a ."  Pfeiffer (1930) merged the two 
genera.

H ow ever when the basal female flowers were 
discovered (Levyns 1943), n ew ev id en cesu p p o r t 
ing the separation of the two genera cam e to 
light. Verbelen (1970) found the embryo to be 
o f  the F im bristylis  type in both genera, but in 
Trianoptiles the embryo has a dis tinct capitellate

top-like form. The vegetative anatom y in the two 
genera also differs in several c ha rac te rs  (Metcalfe 
1971).

T herefore  in this work we have accepted  the 
genus Trianoptiles as being separate  from 
C arpha, although we realize that they are  closely 
related.

Description

Trianoptiles solitaria  (C. B. C l.)  L evyns  is a 
dw arf  South African annual growing in sea
sonally dam p areas of the C ape  Flats ,  first d e 
scribed by C larke  (1900 p. 759) as Ecklonea  
solitaria. It is one of the th ree  species of its 
genus, all ra ther similar and all confined to the 
C ape Province (Levyns 1943, A dam son  & Salter 
1950, Phillips 1951). It p roduces two kinds of 
fruit, one aerial, the o ther  at ground level. T hus  
it is am phicarpous , as are several species o f Bul- 
hostylis and Scirpus  recently reviewed by Haines 
(1971) and Raynal (1976), and now placed in 
A hiidgaardia  and Sch o enop lec tu s  (Haines & 
Lye 1977). It is discussed here because  it is a very 
good example of the habit in the classic  sense
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Fig. 1. T rianoptiles so litaria  drawn from Lye 6697, R ondebosch, Cape P rovince, S. Africa. -  A , B: H abit. - C :  
Culm s and basal flow ers, with the achene case from which the seedlings grew. - D :  Aerial inflorescence in fruit, the 
basal glum e split. - E :  Basal spikelet. - F :  Aerial spikelet with 4 glum es. - G :  F low er in fruiting stage with perianth 
and filam ents. - H :  Aerial spikelet with 3 glum es, the lowerm ost fertile. - I :  Basal fruit with its split utricular base.

o fZ o h a ry  (1937) and H ylander  (1946), as illustrat
ing a possible way by which amphicarpy can be 
developed and as a basis for reconsideration of 
the d ispu ted  spikelet s t ructure  in Rhyncho- 
sporeae.

T h e  plant is tufted, new culms developing in the 
axils o f  the leaves o f  the older culms (Fig. 1 A , 
B). T h e  fruit from which the plant grew may be 
p reserved  as a split shell at its base (Fig. 1C). 
Each culm bears  up to 3 foliage leaves and ends 
in a 2-flowered spikelet, with o r without add i
tional la teral spikelets below. Solitary female 
flowers are  found at the plant base, their st igmas 
raised high above the ground surface on long 
styles.

T h e  in ternodes at the base o f  the culm are more 
elongated than in m ost tufted sedges, so that the 
roots growing from successive nodes come to

form tiers one above  the other. Raynal (1967) 
found similar elongated basal in ternodes in some 
specimens o f  L ipocarpha chinensis and noted 
that they  might be mistaken for stolons: “ il faut 
se défier de prendre  pour des stolons des tiges 
allongées vert icalem ent ou p re s q u e " .  T hey  are 
illustrated in a form of A bildgaardia  (Fimbristy- 
lis)h ispidu la  by Lye (1971 Fig. 2) and in Pycreus 
elegant ulus and P. lanceolatus by Flaines & Lye 
(1977). In the L ipocarpha  Raynal (1967) ascribed 
their deve lopm ent to “ un ensab lem ent dans le lit 
d ’un cours d ’e a u ” , the A bildgaardia  was sur
rounded by w indblown sand and the Pycreus 
plants w ere growing on silt. In  Trianoptiles they 
appear  to be norm al formations, possibly devel
oped in adaption to  life in the rich, though tem po
rary, tu r f  tha t  springs up  after rains.

T h e  aerial spikelet may have 3 (Fig. 1D , H) or
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4 (Fig. 1 F) glumes, the upperm ost always empty, 
the lowermost also empty when there are 4. The 
flower bases are hidden in the glumes, only the 
ends of the long 3-branched styles and the 
filaments, from which the anthers soon drop, pro
truding. T he  flower has a 3-partite perianth of 
flattened bristles,  each bristle trifid at the tip and 
long-ciliate on the margins (Fig. 1 G ) .T h e a c h e n e s  
are elliptic, often splitting the lowest glume as 
they expand (Fig. 1 D), with a hard coat bearing 
tubercles in longitudinal rows. At fertilization, 
which, as usual in C y peraceae ,  precedes 
anthesis, the perianth is poorly developed and 
its cilia adpressed but later it grows and its 
cilia spread. T he  fruit d isarticulates with the 
perianth and persistent filaments remaining a t
tached, possibly as an aid to dispersal.

T h e  solitary female flower at the plant base 
is reduced to a pistil without trace of any perianth 
or stamens. It is closely surrounded by a long
necked utricle with an oblique opening from 
which the style or its 3 b ranches protrude  (Fig.
1 E), the arrangement closely resembling that in 

C arex. Enfolding the swollen base of the utricle 
there is often a short wide scale, probably a 
prophyll such as is comm only  found at the base of 
the lateral, as opposed to the terminal, spikelets 
o f  C yperaceae  (Haines 1966, Raynal 1971). If 
this is the case the utricle must be a modified 
glume, not a modified prophyll as in C arex.

When fertilised, presumably by pollen from the 
aerial spikelets o f the same or a neighbouring 
plant, the basal flowers form globular achenes, 
heavier than the aerial fruits. E ncased in their 
utricles and old leaf bases they stay in place even 
after the plant has died. T he  specimen shown in 
Fig. 1 C grew from such a fruit. T he  fruits at the 
base of each culm ripen before the aerial fruits at 
its apex.

Clarke found the basal fruits resulting from 
these flowers in Trianoptiles capensis  (Steud.) 
H arv . ,  the type species o f the genus. But though 
he was familiar with the similar fruits in 
B ulbostylis hum ilis and B. brevicaulis and in 
these species described them correctly ,  in 
Trianoptiles he described (1898) and figured 
(1909) the utricle necks and bodies as “ slender 
rh izom es” and “ minute bulbils” . Schönland 
(1922) also figured the fruits but w ithout 
indicating their nature. Later writers have 
recognised their true nature, but usually m ake no 
mention of the utricle, which encloses the pistil so

tightly that it appears  to have been  missed. 
H ow ever,  Levyns (1943) describes the female 
spikelet as “ consisting o f  2 -4  tightly sheathing 
bracts and a terminal flower, the basal portion of 
the spikelet sub terranean , only the narrow, 
tubular tip o f  the upperm ost bract and the style 
branches projecting” .

The annual habit and reduced  unisexual 1- 
flowered basal spikelets forming large fruits fixed 
in place to grow during the next wet season are 
typical of amphicarpous plants and can be 
paralleled to S ch o en o p lec tu s la teriflorus  and 
articulatus, for example (H aines  1971, Raynal 
1976). T h e  reduction o f  the aerial inflorescence to 
one or a few spikelets with only 2 flowers in each 
is peculiar to the species. T h e  early ripening o f  
the basal fruits is com m on in am phicarpous 
species but their enclosure in a utricle is unique.

Development of amphicarpy

In most C yperaceae  the buds  in the axils o f  the 
lower leaves or sheaths grow  into new  culms, 
either directly or by first forming stolons which 
end in new culms. T h e  buds nea re r  the culm apex 
form inflorescence branches  of the panicle or 
anthela as the case may be, sub tended  by the 
inflorescence bracts. An in term ediate  group o f  
leaves either subtend buds which do not develop 
except in emergencies w hen the plant apex is 
destroyed or have no buds at all in the ir  axils. 
Such an arrangement is described in, for 
example. Scirpus sy lva ticus  by Irmisch (1855) 
and M onoyer  (1934) and generalised by M ora  
(1960) and others.

In Trianoptiles there  are usually no em pty  axils 
(Fig. 2 A -C ).  Haines (1971) suggested that in 
amphicarpous sedges the “ in term ediate  em er
gency b u d s”  might “ have beco m e  specialised to 
give the basicaulous f low ers” . But here condi
tions are more complex, and at the sam e time 
more easily examined as the elongation of the 
in ternodes makes dissection relatively easy  even 
in the dry specimen.

At the base of each new culm the scales are 
delicate and soon wither leaving the basal flowers 
in their axils exposed. N o  new shoots  form in this 
region but there may be tw o flowers, each 
presumably  representing a 1-flowered spikelet, in 
a single axil.

T h e  lowest foliage leaf (Fig. 2 A - C ,  f )  
subtends a complex with a well developed
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Fig. 2. Branch system s of Trianoptiles, the parts spread to expose the axils. - A - C :  Culm bases with basal flow ers 
and new culm s. - D :  Remains o f  a plant from a previous season. -  E: A pex o f  a strong culm with terminal and lateral 
spikelets. -  b basal flower; f  foliage leaf; p prophyll; s leafy shoot.

prophyll (p), one or more basal spikelets (b) and, 
usually, a new  leafy shoot (A and C , s). The 
second leaf (f2) may subtend a leafy shoot, a 
s talked or sessile spikelet or a combination of 
these, but, in the material investigated, no basal 
type spikelet. The  third and any succeeding 
leaves sub tend  only solitary sessile spikelets of 
an aerial type ,  or, in the case of the uppermost 
leaf o f  w eak shoots, they may be empty.

Multiple branching in a single leaf axil is 
w idespread  in C yperaceae . T h e  branches may 
arise in succession, each from the axil of a 
prophyll o f  an earlier axis as in the inflorescence 
fragments o f  R hynchospora  corym bosa  and 
Scleria  naum ann iana  d rawn and analysed by 
H aines (1966). O r  the branches may arise 
independently ,  each with its own prophyll,  as the 
pair o f  spikelets  placed side by side or one before 
the o ther ,  in tandem , in Car ex utricularia  (Schulz 
1887). T h e re  may be many branches in complex 
a rrangem ent as in the inflorescence of Cyperns 
papyrus  (Schum ann 1892, Raynal 1971), and 
when they are  crow ded the prophylls may be lost 
as in Sch o en u s  nigricans  (Haines 1966). The

arrangement in Trianoptiles, with basal flowers 
and new culms set together in the leaf axils 
appears unique in C y p eraceae  and must be an 
extreme specialization, probably based on a less 
developed type of multiple budding in an 
ancestral species.

Spikelet in Rhynchosporeae

Since the w ork of Pax (1886) and Celakovsky 
(1887) the spikelet o f  R hy nchosporeae  and 
Sclerieae has been considered  to be a cymose 
structure or rhipidium. Each flower above the 
first was said to terminate  an axis springing from 
the axis below (Fig. 3 E, F )  and this produced a 
major distinction from Scirpeae and Cypereae 
where the s tructure  was m onopodial,  with the 
flowers set laterally on a simple rachilla (Fig. 3G , 
H).

H ow ever,  Schum ann (1890) and Holttum 
(1948), on the contrary , found no essential 
difference in the spikelet st ruc ture  between 
Scirpeae and R hynchosporeae ,  describing both 
as being monopodial in s tructure .  K ern  (1962)
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Fig. 3. Spikelet  arrangement in T ria n o p tiles  and other R h y n c h o s p o rea e .  -  A ,  B: D i s s e c t io n s  o f  4- and 3 -g lum ed  
sp ikele ts .  - C :  Fruit with perianth bristles. - D :  Plan o f  a f low er  in posit ion .  -  F ,  F: D iagr am s  o f  sp ike le ts  o f  c y m o s e  
structure. - G ,  H: D iagram s o f  spike le ts  o f  monopodia l  structure, - p s  perianth s egm en t;  ra rachilla; st s tam en;  w 
wing.

agreed that the spikelets were similar but 
described both as cymose. Haines (1966) showed 
in Schoenus, R hynchospora  and Scleria  how 
each flower was enw rapped by the margins of the 
glume above that which subtended it, so giving a 
false impression that it was a terminal structure. 
Raynal (1971) from new evidence based on the 
structure of the rachilla, showed that in C yperus 
at least the structure  was monopodial.

Phillips (1951) described the aerial spikelets of 
Trianoptiles as “ cymose, with 3-5 more or less 
dis tichous bracts and in most cases two perfect 
flowers associated with the 2 upperm ost b rac ts” . 
H ow ever ,  in reality the simple uncrowded 
spikelet shows the monopodial structure  partic
ularly clearly (Fig. 3 B). The lower flower is 
enwrapped by wing-like extensions (w) o f  the 
glume subtending the upper flower and the 
upperm ost glume is empty.

In a4-glumed spikelet (Fig. 3 A) the lowermost

glume (1) is clearly empty. G lu m e  2 has a flower 
in its axil. T he  rachilla is con tinued  (ra) with a 
hollow facing the flower and partly enclosing it. A 
pair of wings (w) are continued d ow nw ards  from 
glume 3 along the margins o f  the rachilla and 
these help to deepen the hollow. G lu m e  3 
subtends the upper flower which is again 
enclosed laterally by the wings o f  the empty 
glume 4. T he  flower is set with the median stamen 
and style-branch abaxial (C , D ) as in Scirpeae and 
C ypereae  and the 3 perianth bristles a lternate 
with the stamens as the m ajor segm ents  o f  a 
Fuirena  (Clarke 1898).

Since glume 4 is a t tached to the rachilla at 
about the same level as 3 it might be reasonable  to 
consider the upper flower as being set above  it, as 
stated by Phillips. But that would leave glume 3 
empty, a most improbable situation. In the 3- 
glumed spikelet (Fig. 3B )  the arrangem ent is 
similar but the lowermost glume 1 o f the4-g lum ed
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type is m issing. T he w ing-like ex ten sio n s o f  
glum es 3 and 4 enw rapping the flow ers be low  are 
to be found in m any sp ec ies  o f  C yp eru s ,  form ing  
K iikenthal’s (1936) “ a la e” , considered  by him as 
belonging to the rachilla rather than the glum es. 
T h ey  are less fam iliar in R h yn ch osp oreae .

An ex ten sion  o f  either the cy m o se  or 
m onopodial sy stem  could  result in a m any- 
flow ered  sp ikelet (Fig. 3 E or G  to F or H ). But 
since E is clearly  wrong for Trianoptiles ,  F is 
presum ably w rong for R h yn ch osp oreae  with 
several flow ers, up to 5 in Sc h o e n u s  (H aines  
1966), over 30 in R h y n c h o s p o ra  c a n d id a  (H aines  
& L ye 1977). Indeed it is doubtful if  the cy m o se  
structure w ould ever  have been  proposed  if such  
well d evelop ed  sp ik elets had been exam ined  by 
the earlier w orkers.

A ckn o w led g em e n ts . O ne o f us (K . A . L .) w ould like to 
than k  M iss E lsie E ste rh u y sen  fo r  her kind and able 
guidance while study ing  S outh  A frican  C y p e raceae  in 
the field.
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Femsjonia peziziformis (Dacrymycetales) in North Europe
John Eriksson, Stellan Sunhede and Anna-Elise Torkelsen

Eriksson,  J . ,  S u n h ed e ,  S. & T o r k e l se n ,  A . - E .  1977 06  30: F em sjo n ia  pez iz iform is  (D a c r y 
m y ce ta le s )  in N or th  Europe.  B o t. N o tis e r  130: 241-247 .  S to ck h o lm .  I S S N  0006-8195.

F em sjo n ia  p e z iz ifo r m is  (L é v .)  Karst. (D a c r y m y c eta les )  is treated with regard to  its o c c u r 
rence  in N o r th  Europe.  F. p e z iz ifo r m is  is the only  k n ow n  sp e c ie s  in this area. A  deta iled  
investigation  o f  its m orph ology  has been  m ade.  Intraspecif ic  and intergeneric  relations are 
d is cu s sed .  N o t e s  on  the eco lo g y  are g iven ,  and the distribution in N o r th  Europe is m apped.  
T h e  s p e c ie s  is recorded as being n ew  to D en m a rk  and N o r w a y .

Joh n  E riksson  a n d  S te lla n  S u n h ed e , D e p a r tm e n t o f  S y s te m a tic  B o ta n y , U n iv e rs ity  o f  
G ö te b o rg , C a rl S k o ttsb e rg s  G a ta  22 , S^413 19 G ö te b o rg , S w e d en .
A n n a -E lise  T orke lsen , B o ta n ic a l M u seu m , U n iv e rs ity  o f  O slo , T ro n d h eim sve ien  23 B, 
O slo  5, N o rw a y .

T he  genus F em sjon ia  was established by E. 
Fries,  who described F. lu teoalba  (Fries 1849) 
and named the genus after his home parish of 
Fem sjö  in Småland. Since then the genus has 
only appeared  once in Scandinavian mycological 
li terature (K arsten  1876). It has therefore been 
looked upon as being extremely  rare in this 
part of the world. T he  next report concerning 
its occurrence  in Scandinavia is given by 
M cN abb  (1965) who regards three taxa d e s 
cribed by K arsten  as being synonym ous with 
Fem sjonia lu teoa lba  and the o lder Exidia 
pezizaeform is  Lév. During the last few years 
the species has been collected a few times in the 
N ordic  countr ies.  T his  is also the first report of 
the fungus from D enm ark  and N orw ay . In 
Estonian SSR several collections have been 
made during the last three decades (Fig. 5).

O utside E urope two other species have been 
described, viz. F. orientalis  K obay. (Kobayasi 
1939 p. 217) and F. pezizo idea  (P. H enn.)  
M cN abb  (M cN abb 1965 p. 226). F. natalensis 
C ooke and  F. radiculata  (Fr.)  Martin are 
species exc ludendae  (M cNabb 1965 p. 227).

Femsjonia peziziformis (Lév.) Karst.

Karst .,  Bidr. Finl.  N a t .  Fo lk  25 ( =  M y c o lo g ia  fennica  
3): 352,  1876. -  E xid ia  p e z iz a e fo r m is  L é v . ,  A nn .  Sei. 
N at.  Bot.  I l l ,  9: 127, 1848.

F em sjo n ia  lu teo a lb a  Fr . ,  S u m m a  V e g .  Scand .  II: 
341,  1849. - N e o t y p u s  Erikss . & J a co b s s .  19602.

D a c ry m y c e s  m e se n te r ic u s  Karst . ,  Finl . Basidsv .  
459, 1889. -  L e c to ty p u s  Karst . 1556.

Ö a c ry m y c e s  ra d ice lla tu s  Karst . ,  H e d w ig ia  29: 178, 
1890. - H o l o t y p u s  Karst . 1559.

D itio la  co n fo rm is  K arst .,  Fungi  F en n .  E x s .  6 2 9 ;N o t .  
Sällsk. F. Fl.  F enn .  Förh.  13 ( = S y m b .  M y c .  F enn .  
2): 223, 1873. -  L ec to ty p u s  Karst . 1554.

D a c ry m y c e s  c o n fo rm is  (K arst .)  N e u h . ,  Ark.  Bot.  
28 A ( l ) :  44,  1936.

F ruitbodies single or gregarious, often confluent, 
sessile or with a short stalk, when fresh mostly 
5 to 10 mm in diam eter ,  sometimes larger,  at first 
circular, pustulate to discoid, convex , plane, or 
slightly concave. Old fruitbodies more irregular 
(Figs. 1, 2 A, B), bright yellow when young, 
darkening to dull or brownish yellow when old, 
fleshy to firmly gelatinous; hym enium  at first 
even and smooth , in old specimens more or less 
wrinkled (Fig. 2 A); underside white in young 
fruitbodies, dull yellow in old ones. H yphal 
system  monomitic, hyphae fibulate (Fig. 3 F , G ) ,  
in the tramal part of the fruitbody th inwalled, 2-3

17 -  B o ta n isk a  N o t is e r
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5 m m

5 m m

Fig. 1. Fruitbodies o f Femsjonia peziziformis onP inus sylvestris. -  A: D ry specimens. N ote  the pezizoid shape. -  
B: T he sam e specim ens in wetted state. The fruitbodies have swollen considerably. -  Coll. Sunhede 6695. Photo: 
S. Sunhede.
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3 5 m m 5 m m

Fig. 2. Femsjonia peziziformis. - A :  Tw o fresh fruitbodies on a branch of Corylus avellana. N o te  the wrinkled
surface of the lower specimen. Coll. Hallingbäck 19603. -  B: Both separate and coalescing pezizoid, fresh fruit
bodies on a fallen branch of Quercus. Coll. Eriksson & Jacobsson 19602. - C ,  D: SEM -pictures o f hyphae from the 
underside of a fruitbody. C shows one and D three clavate-globose apices of hyphae, all more or less collapsed. 
Also note the rough, wrinkled or finely tuberculate surface of the hyphae. -  Photo: S. Sunhede, T . Hallingbäck & 
L. Ryvarden.
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pm  wide, richly branched, arranged more or less 
parallel, in the subhymenium densely united; 
hyphae of the white cover of the underside 
coarser, c. 4-5 /urn wide, with thick, gelatinous 
walls, often encrusted with small grains in mature 
specimens (Fig. 3G), apically swollen into more 
or less isodiametric, thickwalled cells with a 
rough, wrinkled or finely tuberculate surface 
(Figs. 2C , D, 3G). Basidia first cylindrical, 
then slightly clavate, 65-100 /urn long, sometimes 
more, 5-6 /urn wide, with numerous yellow oil- 
drops in the protoplasm and with a basal clamp; 
sterigmata two, stout, at first obtuse, then subu
late, 25-30 /urn long or more, and basally c. 4 /urn 
wide (Fig. 3 E). Basidia in mature specimens 
forming a dense palisade. N o specially differen
tiated sterile hyphae elements (paraphysoids, 
dikaryophyses) were observed. The sterile 
hyphae seen between the basidia are rather 
young hymenial hyphae, participating in the 
basidium production (Fig. 3 E). Spores narrowly 
ellipsoid, broadly subcylindrical or slightly subal- 
lantoid, usually broader towards the base, mostly 
25-32 x 8-10 /urn but rather variable in size and 
shape (Fig. 4), thinw^illed, smooth, non-amyloid, 
non-cyanophilous; in microscopical preparations 
made from hymenial parts several spores septated 
by thin parallel septa into 2-16 cells (Figs. 3D, 4); 
spores in the sporeprint studied werenon-septate; 
when these spores were placed in a drop of water 
most of them became 2-16-septate after 30 hours 
and initials of germ conidia could be seen, after 
48 hours a few developed germ conidia were 
observed (Fig. 4B , K), the largest ones being 
ellipsoid, ab. 2 x 1 pm , and filled with yellow 
oil. One spore attached to a fruitbody was found 
to have produced numerous oblong conidia 
(Fig. 4C), reaching a size of 3.5 x 1.5 pm , all 
conidia developed from the convex, abaxial side 
of the spore.

Femsjonia peziziformis is easily recognized by 
its conspicuous discoid, bright yellow fruitbodies 
with white undersides and by its large spores. 
It looks very much like a Discomycete, e.g. a 
large species of Helotium. It is reminiscent 
of the closely related genus Ditiola, but the

T -9 :

P \
i

Fig. 4. Spores o f  F em sjon ia  p ez iz ifo rm is . - A -K :  1-, 2-,
4-, 8-, and 16-celled spores. -  B, K: T w o  16-celled 
spores with two young conidia  each .  - C :  Spore  with 
several oblong conidia, all from the convex ,  abaxial side 
of  the spore. -  Del. J. Eriksson.

fruitbodies are wider and not so obviously 
stalked. In Ditiola fruitbodies are produced in 
large numbers, often in hundreds, whereas in 
Femsjonia they occur in a much smaller number 
or even singly.

History and taxonomy

The fungus was described by Fries (1849) and for 
a long time it was known as Femsjonia luteoalba. 
However, there was a species described earlier 
by Léveillé (1848) as Exidia pezizaeformis. 
Karsten (1876 p. 352) referred it to the genus 
Femsjonia Fr. Bourdot&Galzin (1928 pp. 71,72) 
considered Femsjonia luteoalba and F. pezizae
form is  as distinct species. The former was 
characterized by aseptate spores and by growing 
on deciduous wood as Betula, Prunus padus and 
Quercus. The latter was said to have 12-24- 
septate spores and to grow on coniferous wood. 
Later Bourdot (1932 pp. 206, 207) described the 
spores of F. luteoalba as 5-10-septate and those 
of F. pezizaeformis as multiseptate. McNabb 
(1965 p. 226) expresses a different opinion: 
“ As the spores of F. peziziformis are tardily 
septate, it is doubtful whether these distinctions

Fig. 3. M ic ro a n a to m y  of  F em sjon ia  p ezizifo rm is. - A :  Section through fru itbody, show ing position of  the Figs.  E 
a n d G .  -  B: Sect ion  through old f ru i tbody  with wrinkled  hym enium . - C :  Cellular  hyphal apices from the u n d e r 
side o f  the f ru i tbody .  - D :  Spores,  1-, 2-, and 16-celled. -  E: Section through part o f  the hym enium  with basidial 
palisade, su b hym e n ium , and tramal hyphae .  - F :  Par t  o f  hyphae from the unders ide  o f  the f ru itbody. - G :  Section 
through h ypha l  layer  on the unders ide  o f  the  fruitbody. - C o l l .  D iss ing  & S ivertsen  7 .IX. 1973. Del.  J. Eriksson.
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Fig. 5. K now n distribution o f  F em sjonia peziziform is  
in N orth Europe.

can be maintained, and I prefer to regard Bourdot 
andGalzin 's  two species as different-aged collec
tions of a single species.”

Léveillé (1848) wrote the epithet pezizaefor- 
mis, which, however, according to the Interna
tional Code 1972 art. 73 should be considered to 
be an orthographic error and should be changed 
to peziziformis. This change was made by 
M cNabb (1965).

As to the generic arrangement with Femsjonia 
as a separate genus, we do not want to make any 
definite decisions, but we are of the opinion that 
the genera Dacrymyces, Ditiola and Femsjonia 
are very close to each other. The large spores 
and the general appearance of Femsjonia pezizi

form is  make the species easily recognizable but 
these differences are hardly acceptable for gene
ric separation. Another difference from Ditiola is 
the cellular swellings in the apical part of the 
sterile hyphae, which as a rule cover the exterior 
of the fruitbody in F. peziziformis (Figs. 2C, 
D, 3G). The exterior of the fruitbodies o f Ditiola 
is also white, composed of coarse hyphae, similar 
to those in F. peziziformis but without the apical 
swellings. Moreover the hyphae of Ditiola are 
non-fibulate. Whether or not these differences 
can be looked upon as sufficient for generic 
separation is a matter for future discussion.

As there seems to be no authentic material

left of Femsjonia luteoalba Fr. we designate 
the collection Eriksson & Jacobsson 19602 as the 
neotype of Femsjonia luteoalba  Fr. This collec
tion of many well developed fruitbodies is from 
the same geographic region as the original 
specimen from Femsjö.

Ecology and distribution

All North European specimens, except for three 
on Pinus, have been found on various deciduous 
woods, viz. Alnus incana (3 specimens), Betula  
pubescens (1 ) ,B . verrucosa (I),  Betula  sp. (17), 
Corylus avellana (2), Quercus petraea  (1), and 
Quercus sp. (1). There seems to be no material 
left from Fries but he notes “ Trunc. Betulae ad 
Fem sjö” (Fries 1849 p. 341). All specimens have 
been found on twigs and trunks of decaying 
wood.

F., peziziformis is able to grow under very 
varying climatical conditions, e.g. in the mild, 
humid climate of Jylland, the oceanic climate of 
Central and Northern Norway, and the rather 
continental climate of East Norway, Central 
Sweden, Estonian SSR and South Finland (Fig. 
5). Most of the specimens (26) were collected 
during August-December but there was also one 
collection in May. In spite of its rather con
spicuous appearance few collections ofF . pezizi

form is  have been made in North Europe (except 
for Estonian SSR) indicating that the fungus may 
be rare at least in some regions. The collections 
are scattered and there is no definite distributio
nal pattern (Fig. 5). For the distribution outside 
North Europe see i.a. Martin (1952), McNabb 
(1965) and Raitviir (1971).

Collections

The herbarium abbreviations are in accordance with 
Holmgren & Keuken (1974). T he Sw edish  specim ens 
are in the private herbaria o f the authors in G öteborg; 
the Estonian specim ens are in T A A , the Finnish ones in 
H. W hen possible the specim ens are cited from south 
to north in each country, except tor Estonian SSR.

D enm ark: Jylland, Aarhus am t, H örby lunde on 
Q uercus p e tra ea  l .X . 1950 B. & J. Eriksson 5004 (UPS).

Finland: Tavastia  australis, T am m ela, M ustiala, on 
B etula  20.X II. 1865 Karsten 1556; on B etu la  4.V . 1872 
Karsten 1558; on Betula  18.IX . 1894 Karsten 1553 -  
Tam m ela, M ustiala, Särkjärvi, on A lnus incana  20.IX. 
1867 Karsten 1552, 1554 -  T am m ela, M ustiala, Salois, 
on Betu la  19.IX. 1890 Karsten 1559 -  H ollola, Tiiris- 
maa, on B etu la  1889?W ainio 1555.

N orw ay: O slo, 0stm arka, Splvdobla, on B etula  9 .IX.
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1956 E ftes t0 l (O) - N ord-T rpndelag , N am n ssk o g an ,  on 
B etu la  24.XII.  1974 T 0 nsberg (O) -  N ord la n d , R ana ,  
-  U tsk a rp e n ,  on B etu la  12.IX. 1976 T o rk e ls e n  773/76 
(O) R ana ,  Lasken ,  Rundfjell , on Betu la  7 . IX. 1973 Dis-  
sing & Sivertsen (TRH) -  R a n a ,  0 r t f je l lm oen  b r o -  
Rundfjell , on B etula  9 .IX. 1975 S iver tsen  (TRH).

Sw ed en : H alland, Breared par ish ,  A skarebygge t ,  on 
C orylus avellana  16.XI. 1975 Hall ingbäck 19603 -  
S m å la n d , Fem sjö  parish , “ Betulae ad F e m s jö ”  (Fries 
1849 p. 341) -  H alland, T v å å k e r  parish, S ibbarp, on 
Q uercus  sp. 16.X. 1975 Eriksson  & Ja co b ss o n  19602 -  
D alarna, G a rpenbe rg  par ish , G arp e n b e rg s  gård, on 
P inus sy lvestr is  29.VIII . 1974 S unhede  6695.

E ston ian  S S R : D istr. H a a p sa lu , Kulli , on  B etu la  
14.V III .  1960 Raitviir  -  V irusaar ,  on C orylus avellana  
10.X. 195 8 P arm as to -D is tr . H arju , Vikipalu, o n B etu la  
14.XI. 1959 Raitviir -  D istr. H iium aa , T a h k u n a ,  on 
B etu la  F IX .  1960 R a itv i i r -D is tr .  Jö g eva , Enn iksaare ,  
on B etu la  30.IX. 1958 K alam ees  -  K urista ,  o n B e tu la  
3.X. 1960 Kalam ees -  V oore ,  on B etu la  verrucosa  
17.IX. 1970 P a r m a s to -D is tr . P ärnu , A v as te  o n B e tu la  

p u b escen s  9 .IX. 1952 P arm asto  -  E idapere ,  o n B e tu la  
I7 .X . 1959 R aitviir -  D istr. R a kvere , Jöe taguse ,  on 

A lnus incana  7.VIII . 1961 K alam ees  -  Pölula,  on 
B etu la  11.VIII .  1958 R a itv i i r - D is tr .  Vöru, Sömerpalu ,  
on  P inus sy lvestr is  19.IX. 1952 P arm as to .

R ussia n  S S R :  Distr .  Tikhvin  (Leningrad  region), 
Rugui,  on P inus  20.VIII . 1961 B ondar tseva  (TAA). -  
O ne  specim en (in H) from the Kola region cited by  
Kars ten  as D itiola con form is  is D a crym yces  sp.

A ckn o w led g em e n ts . We are indeb ted  to the direc tors  
and cu ra to rs  o f  the following herbar ia  for loan o f  spec i
mens: H , O , T A A , T R H ,  and U P S .  We are most  grateful 
to D r  J. Lepiksaar ,  G ö teb o rg  and D r  A. Raitviir ,

T a r tu ,  w ho  have  helped us with the mapping o f  the 
Estonian  localit ies , to P ro fesso r  J .  A. N annfe ld t ,  U p p 
sala for reading the m anuscrip t  and to P ro fes so r  A. 
F ridh ,  G ö te b o rg  for  discussions on Latin  o r thography .
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Jacobsen , H. 1970: D as Sukku len ten lex ikon . 589 
pp, 1063 figs. G ustav  F ischer,  Jena .  Price DM 
4 8 :-  (cloth).

Although this s tandard work has been on the 
m arket for a number o f years , as yet it has not 
received attention in this journal.  It deserves to 
be mentioned as a useful d ictionary of succulent 
plants,  covering about 6,500 species belonging to 
355 genera of various families. O nly  the cacti are 
excluded, being similarly dealt with in Backe- 
b e rg ’s well-known ‘K akteen lex ikon '.

T h e  contents have been condensed  in order to 
be accom m odated  in a single volume. The 
essential information given includes short d e 
scriptions, indications o f  origin, and hints about 
cultivation. Larger genera are provided with keys 
to sections and species.

T he  extensive list of synonym s at the end may 
give the impression of a critical treatment 
throughout, but this is naturally not the case. 
W here most genera are co ncerned  the author 
simply lists species in alphabetical order  without 
a ttempting to evaluate their  taxonom ic  status.

T he  work claims to cover  all succulents  (except 
cacti) described prior to 1970. Irrespective of the 
hazards o f  definition how ever,  it must be stated 
that the coverage is far from complete .  Many 
genera, which have not been subject to recent 
revision, are quite stepmotherly  treated. T ake 
one example from the succulent Liliaceae, only 
14 species o f Bui bine  are listed, which is less than 
half the num ber of species described. A mong the 
succulent Compositae  O thonna  can be m en
tioned as a taxonomically intricate and as yet u n 
revised genus, and many omissions and in
consistencies can also be noted here.

T he  problem of  defining a succulent has been 
referred to above. C onsidering the rather 
incomplete coverage of truly succulent genera,

one is surprised to find W elw itschia  (although 
with an apology) represen ted , as well as a number 
of halophytes lacking horticultural interest. Also, 
the inclusion of certain bulbous plants seems 
quite arbitrary (e .g . , A m m o ch a r is , H aem anthus, 
L ita n th u s ), as the majority o f  well-known bulbs 
are not treated (A g a p a n th u s , A llium , Lilium , 
U rginea, etc.).

A pparently  the book should be used with great 
caution. T h ere  are also inconsistencies in the 
phytogeographical information. In many cases 
the distribution a rea  is roughly outlined, but all 
too frequently only the type  locality is cited, 
which may give a false impression where the 
range is concerned.

T he  large and phytogeographically  important 
genus Z ygophyllum  is rem arkably  maltreated. 
T h e  distribution o f  the genus is given as the 
C anary  Is lands, and the only species mentioned 
is Z . fo n ta n esii.

U nfortunately  the nom encla ture  is not always 
in accordance  with the rules. Som e proposed new 
taxa  are apparently  not validly published due to 
the lack o f  Latin diagnoses, e.g. the new sections 
and subsections o f  C otyledon.

T he  illustrations are mainly black-and-white 
photographs of cultivated plants.  T hey  are 
plentiful and useful, but not all o f  them are 
beautiful.

T h e  above may suffice to warn the reader  about 
uncritical digestion of the conten ts  of this 
nevertheless impressive work. In spite of 
num erous errors and shortcomings, the book is a 
useful source o f  information and a handy  tool for 
quick reference on a vast subject.

Bertil N ordenstam
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Löve, A .,  Löve, D . & Pichi Sermolli,  R. E. G .  
1977: Cytotaxonomical atlas o f  the Pteridophyta. 
X VIII +  398 pp. J.  C ram er, V aduz.  ISBN 3-7682- 
1103-7. Price D M  150:-.

F o r  many years cytological da ta  on the Pter i
d ophy ta  have been scattered in several compila
tions, making it necessary to look up at least 8 
sources for information about a particular taxon. 
This  has made the search for information on this 
group ra ther  inconvenient and time-consuming. 
C hiarug i 's  and Fabbri 's  w orks have long proved 
their value as sources o f information of this kind, 
but the rapid accumulation o f  data  since their 
publications has greatly increased the need for a 
m odern  synthesis. T he  Chiarugi and Fabbri 
chrom osom e tables might stand as models for 
such a work, although one could wish that 
information on the geography of counted 
specimens had been added.

N o w  Löve, Löve & Pichi Serm olli’s C yto
taxonom ica l atlas o f  the P teridophyta  has been 
published. It deviates in principle and detail from 
Chiarug i 's  and F abb r i 's  w orks. T he  points of 
criticism are too numerous to be dealt with in 
detail. A few examples o f the types of error in 
which this book abounds will have to suffice.

T h e  authors  deliberately exclude hybrids and 
supposedly incorrect counts a lthough the critieria 
for exclusion of counts are not clear. Publications 
before A nno  Mantoni (1950) have been omitted 
unless their information fits in with the classif ica
tion o f  the atlas. At the same time many later 
undocum ented  counts are included although in 
my opinion they strongly need reassessm ent.

T ax a  have been arranged according to a 
for thcoming classification, to be published in 
W ebbia  by Pichi Sermolli.  It represents an 
ex trem e splitting into families and genera. This is 
not the place to discuss classif ication, but it must 
be mentioned that the names of original publica
tions have not been followed. T ax a  have been 
dis tributed according to the new system with the 
necessary new combinations. T h e  original identi
fication is brought among o ther  synonyms. In 
some cases the synonym y is incorrect e.g. 
P hlegm ariurus taxifolius  (Sw.) Löve & Löve is a 
T ropica l A m erican species, not Indian as is the 
cytologically examined plant quoted. T he  latter 
was identified as L ycopod ium  ham iltonii var. 
petio la tum  (Lycopodium  taxifo lium  Spring nom. 
non val.)

Sometim es ch ro m osom e  num bers  alone, even  
very approxim ate  ones, seem to have  determ ined  
the grouping o f  species. T h u s  L ycopod ie lla  
caroliniana  is cited as 2 n = 7 8 ,  in line with the 
supposed x = 1 3  o f  this genus. Lycopod ium  
m eridionale  is cited as 2n = c .  138 which is made 
to correlate  with x =  17 o f  L yco p o d iu m . F a r  from 
being m em bers  o f two different genera  these two 
species are very closely related, perhaps even 
conspecific, and the actual num ber  is now known 
to be n =  35 or multiples.

All counts  have been cited as somatic num bers ,  
although the majority o f  counts  were made from 
meiotic material.  All meiotic counts  except those 
of known agam osporous species have simply 
been doubled for the sake o f  uniform citation. 
Since meiotic and somatic counts  o f agam o spo r
ous ferns are  equal, this practice is a source  of 
error because  o f  the probability o f  undiscovered 
agamospory among the cited taxa.

T he citation of counts  is not always faithful, 
e.g. M anton 1950 indicated “ 2n =  at least 260” 
for Lycopod ium  selago. This  is cited in the A tla s  
as c. 264.

T he  practice  of giving the supposedly  correc t  
number for each species in addition to actual 
counts is superfluous in most cases ,  whilst in 
other cases it is potentially misleading. M isin ter
pretations o f  approximate  counts  have been the 
cause of taxonomically w rong conclusions as for 
example the instance o f  L yco p o d iu m  m eridionale  
already mentioned. In P alh inhaea  cernua (Lyco
podium  among friends) it requires a strong faith to 
find the suggestions of 2n =  208, 260, 338 and 416 
convincing as supposedly correc t  numbers, 
considering the actual cited counts  were 208, 220, 
272, c. 330, c. 340, and 416.

T he  derivation of base num bers  presented are 
often confusing or directly misleading, especially 
where aneuploid evolution is involved in a  group 
of genera. Thelyp ter idaceae  forms a natural 
evolutionary group, the lowest meiotic numbers 
o f which form an almost com plete  aneuploid 
series 27-36. In the atlas the lowest meiotic 
number has been given in bracke ts  as a secondary 
base num ber in some genera, but not in all. All 
numbers excep t prime num bers  o f  the series have 
been divided to give a lower possible base 
number. This  results in a base n um b er  series of 7, 
9, 12, 15, 17, 29, 31, which does not make sense 
without excess ive mental acrobatics .  T he  ca l
culations of base numbers seem ra ther  arbitrary.
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In Thelypteridaceous genera with n = 3 6  and 
multiples, 12 was chosen as the base number 
although it could equally well be 9 (or 3, 4, 6, or 
181).

The literature references for Lycopodiaceae 
are seriously confused. I have not been able to 
check them all, but in the first ten pages I found 10 
errors, all referring to counts by Löve & Löve! A 
count of Lycopodium selago  was omitted from 
the book as stated in the introduction p. xi. Later 
on page 4 the same reference was used for 
Ly copodium clavatum.

I have only examined here Lycopodiaceae s. 
lat. in detail, but random samples from the rest of 
the book leave little hope that it is better.

In conclusion it should be said that this book 
does not meet the need we have for a modern 
compilation. There are too many omissions, 
misquotations, misstatements, and misjudge
ments to be excused, and as a result we still have 
to check all the same references as before. It is 
feared that this book will have a harmful influence 
on future work on the Pteridophyta. It should 
never have been published.

Benjamin 011gaard

Sybenga, J. 1975: M eiotic configurations. A 
source o f  information fo r  estimating genetic 
parameters. 251 pp. Springer-Verlag, Berlin, 
Heidelberg, New York. ISBN 3-540-07347-7, 
0-387-07347-7. Price DM 6 8 : - (clothbound).

The present volume is the first of a planned series 
of monographs on theoretical and applied 
genetics from Springer’s publishing house. 
Several branches of genetics covered by the 
series are of interest to many plant taxonomists, 
for example evolutionary genetics, population 
genetics, ecological genetics, biometrical gene
tics and cytogenetics.

Sybenga’s book is devoted to the quantitative 
analysis of observations on meiotic configura
tions with emphasis on their bearing on recombi
nation. The author presents numerous mathema
tical formulae, diagrams and photomicrographs 
to help the reader to obtain the maximum amount 
of information from the slides.

For practical reasons the analysis of crossing- 
over is dealt with first. Observations at different

levels of resolution are taken into account, 
ranging from direct and exact determination of 
number and location of chiasmata and of the 
chromatids involved in specified chromosomes, 
to indirect estimation of recombination from 
bivalent number. In the latter case the chiasma 
frequency can only be inferred from the number 
of “ bound” chromosome arms. The effects at 
different meiotic stages of structural and numeri
cal deviations are analysed in detail.

Analysis of chromosome pairing is largely 
dependent on the availability of satisfactory 
models, since it is rarely possible to observe 
actual pairing direct. A number of such models 
are described and applied to various cases, and 
their merits and shortcomings discussed.

The last part of the book is devoted to the 
analysis of chromosome orientation and segrega
tion.

The cytogeneticist, or the taxonomist using 
cytogenetic methods, will certainly gain much 
from a study of Sybenga's book. Not only will it 
enable more relevant conclusions to be drawn 
from the observations but I am also convinced 
that the researcher will actually see more than 
before on his slides, after he has been made more 
aware of the meaning of the microscopically 
observable features of meiotic configurations.

Anna Weimarck

Cramer, J.(ed.): Bibliotheca Liehe nologic a. A 
series of original papers and reprints of books 
on lichens.

1. Hannemann, B. 1973: Anhangsorgane der 
Flechten. Ihre Strukturen und ihre systematische 
Verteilung. IV + 123 pp., 3 tables, 181 drawings 
and microphotographs. J. Cramer, Lehre, G e r 
many. Price DM 50:- (paperbound as the fol
lowing volumes).

2. Awasthi, D. D. 1975: A monograph o f  the 
lichen genus Dirinaria. IV + 108 pp., 16 distribu
tion maps, 59 figures in 15 plates. Gantner 
Verlag, Vaduz, Liechtenstein. ISBN 3-7682- 
5452-6. Price DM 40:-.

3. Wunder, H. 1974: Schwarzfriichtige, saxi- 
cole Sippen der Gattung Caloplaca (Lichenes, 
Teloschistaceae) in M itteleuropa, dem M ittel
m eergebiet und Vorderasien. 11 + 186 pp., 9
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plates. J . C ram er, L ehre. ISB N  3-7682-0924-5. 
Price DM  40:—.

4. Jiirging, P. 1975: E piphytische F lechten  als 
B ioindikatoren der L u ftverunre in igung , darge
stellt an U ntersuchungen und  B eobachtungen  in 
B ayern. 11 + 164 pp ., 43 m aps, diagram s and 
tables. G an tn e r V erlag, V aduz. ISB N  3-7862- 
0964-4. P rice DM 50:-.

5. D e  W it, T . 1976: E piphytic  lichens and air 
pollu tion  in the N etherlands. 115 pp ., 114 m aps, 
diagram s and tables. G an tn e r V erlag , V aduz. 
ISBN 3-7682-1059-6. Price D M  60:-.

T he various series o f botanical w orks issued by 
the publisher J . C ram er during the last few 
decades have included several papers on lichens. 
“D isserta tiones B o ta n ica e’’ is a collection of 
theses for the Ph.D . degree. Som e o f them  deal 
with lichenology, viz. N o. 4, G . E igier, Studien  
zur G liederung der F lech tenga ttung  Lecanora  
(1969), N o . 9, K. K alb, F lech tenge Seilschaften  
der vorderen Ö tzta ler A lpen  (1970) and N o . 17, 
V . W irth , S ilika tflech ten -G em einscha ften  im 
ausseralpinen Zentraleuropa  (1972). T he upsurge 
o f in te rest in lichens during the last few  years 
has resu lted  in a special series “Bibliotheca  
L icheno log ica ’’.

A nhangsorgane der F lechten  is an accoun t of 
the m orphology o f the appendix  organs o f lichens 
and an effort to use these in taxonom y. T he 
paper has been presen ted  as a Ph .D . thesis at 
the F ree  U niversity  of Berlin under P rofessor 
J . Poelt. T he au thoress has devoted  much 
atten tion  to the term inology o f  rh izines, hairs, 
ho ldfasts, e tc. including a detailed  survey of the 
extensive literature . M any o f these organs attach 
the lichen to its substra te , w hereas o thers have 
no apparen t function.

T h e  term s met with in p revious w orks, 
for in stance by L indau and F rey , have often 
been used  in different senses. Instead  o f d e 
fining the existing term s the au tho ress has som e
tim es preferred  to crea te  new  ones, such as 
“ R h izo p ten ” , “ R h izohyphen”  and “ L ichen- 
o rh izen ” . In the rev iew er’s opinion, the result 
o f this procedure is that the p resen t com plex 
term inology has becom e still m ore chaotic.

T h e  concluding chap te rs contain  a com 
prehensive survey o f the lichen system  w ith a 
d iscussion  of the availability o f the appendix 
organs as auxiliary taxonom ic charac te rs .

T he m ajority  o f the lichen species now  referred  
to the genus D irinaria  have m ostly  been  reco g 
nized as a subgenus o r  section  o f  P hyscia . W ith 
the delim itation  g iven  in the m onograph  by D r 
D . D . A w asth i (L ucknow , Ind ia) it seem s to  be 
a w ell-defined genus in the P hysc iaceae .

26 species are  reco rded . 4 species and  4 
varieties o r form s a re  described  as new . A g reat 
m any taxa  have been  recom bined . T h e  au th o r 
has been successfu l in finding m ateria l su itab le  
fo r lecto typ ification  o f  all re lev an t tax a  excep t 
D. applanata  and D . con fluens. In  these tw o 
cases neo types have been  p roposed .

T he accep ted  tax a  a re  fully d escribed  together 
w ith fairly de tailed  lis ts  o f specim ens seen. T h e  
taxonom ic rev ision  is p receded  by b rie f general 
chap te rs on h is to ry , m orphology , chem istry , 
ecology, etc.

Dirinaria  is a pan trop ica l genus ex tend ing  to 
easte rn  N o rth  A m erica , S ou th  A frica , eastern  
A ustra lia  and Ja p a n . N o  species occur in 
E urope. D istrib u tio n  m aps are  p rov ided  for all 26 
species.

T h e  cosm opo litan  genus C aloplaca  (inch 
B lasten ia )  is one o f  the largest lichen genera 
including abou t 500-600 species. S om e groups 
have been  studied  recen tly  b u t like m any o th e r 
genera  o f c ru s to se  lichens it is badly  in need o f 
a m onographic rev ision .

T h e  p resen t study  by D r H . W under w as 
initiated by P ro fesso r J . Poelt and has been used 
as Ph.D . thesis at th e  F ree  U n iv e rs ity  Berlin. 
It has a lim ited scope trea ting  m ainly the 
C aloplaca variabilis group , i.e ., saxicolous 
species (m ainly on ca lcareous rocks) with black 
apo thec ia . 8 species are recognized  and d e 
scribed in detail, som e o f them  w ith varieties. 
T h e  au tho r has seen about 1,600 co llections from 
the m ajor H erbaria  in E urope, bu t only a se lec t
ed num ber o f s ta tions are quo ted .

T h e  num erous tax a  described  by various 
au th o rs  have been carefu lly  checked . L ecto types 
have been se lected  in alm ost all ca se s , and no 
less than 22 species and 26 varie ties are  placed 
in synonym y. Som e taxa  are  recom bined . T he 
well know n species C. variabilis has been neo
typified as no type m aterial re fe rab le  to  Persoon 
has been traced . 3 species described  by H ue and 
probably  belonging to  th is g roup  have been 
om itted  as no types w ere availab le  in Paris (PC). 
In the experience  o f the rev iew er m ost of H u e ’s
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material, even from his last years, can be found 
in PC. H owever,  this requ ires  a personal visit to 
the Paris Herbarium and a good portion of 
patience and luck.

T h e  author explicit ly s ta tes tha t the group 
does not constitute a natural unit . In addition, 
he also treats two species from the ferruginea  
group, which normally have  rusty-red  apothecia 
sometimes changing to b lackish-brown or black.

T h e  influence of polluted air on the lichen vegeta
tion has been studied for more than  a century. 
T he  literature on this topic has been  exceedingly 
abundant during the last few decades. A c o m 
prehensive survey o f  the various kinds of 
research  carried out in this field was presented 
in 1973 under the title o f “A ir pollu tion  and  
lich en s’’ (ed. Ferry  et al.). Cf. review in Bot. 
N o tise r  1974 p. 155.

M an y  years ago A rnold  (Z u r L ichenenflora  
von M ünchen , 1891-1901) d rew  attention to the 
fact that various species o f  lichens are lacking 
o r are  on the decline in the central parts o f 
Munich. T he  recent w ork  by D r  P. Jiirging 
(Lehrstuhl für L andschaftsökologie ,  München) 
gives a broad account o f the “ air hygienic” 
situation in the M unich a rea  during the past 
decade. Following S e rn an d e r ’s classical term i
nology he has distinguished several zones, viz. 
“ F le ch tenw üs te” , “ Innere K a m p fzo n e” , “ M itt
lere K am pfzone” , “ Ä ussere  K a m pfzo ne” and 
“ N o rm a lzo n e ” . H is map from 1968 has been 
followed up by later s tudies from 1973-1974 
showing that certain species o f foliose lichens 
recorded as extinct have reappeared  owing to 
improved air conditions in the central part of 
the city. T he  map from 1968 should be compared 
with maps showing the precipitation of dust and 
the emission of sulphur dioxide in the same 
area and at the same time.

Fumigation experiments  w ere performed in 
nature  using some of the m os t im portant pollut
ants , viz. S 0 2, H Cl, H F ,  NH.j and C O . T he  
techniques used and the dam age caused  to the 
relevant lichen species are d iscussed in some 
detail.

T h e  au thor has studied the behavior  o f certain 
epiphytic lichen species in areas with varying 
pollution. H e  has mainly chosen  foliose lichens 
that are  sensitive to varying ex ten ts ,  e.g.,  
A n ap tych ia  ciliaris, E vernia  prunastri, H ypo- 
gym nia  physodes, Loharia  pu lm onaria , X an-

thoria parietina  and several species of P arm elia , 
Physcia  and R am alina . It is rem arkable  that he 
draws very little a ttention  to Lecanora coni- 
zaeoides, o therwise known as the most resistant 
lichen in polluted areas. T h e  reason is that he 
seems to consider L . con izaeo ides  to be an 
ecological modification o f  L . varia caused by the 
special conditions in u rban  areas.

Holland is known as one o f  the most polluted 
areas in Europe. This  fact has been noted  in 
various works, not the least by D r  J. J B ark 
man, the eminent specialist in the sociology of 
epiphytic m osses and lichens. O ne  of his s tu 
dents , D r  T . D e  Wit, (Rijksinstituut voor N atu u r-  
beheer, L eersum , H olland) has published a thesis 
which gives a com prehensive  survey o f  the 
present relation of air pollution to lichen vege ta 
tion in this country.

A large num ber o f  species o f  epiphytic lichens 
on trees throughout the N eth e r lan ds  have been 
listed using a 5 km square  grid as a basis. 
Distribution maps o f  20 lichen species are given. 
Comparison with da ta  from around 1950 reveals a 
decline almost everyw here  in the country . T he  
area be tw een  R otterdam  and A m sterdam  has 
become especially impoverished.

A s in the preceding w ork  results o f  fumigation 
experiments are presented. In addition to the 
gases used by D r  Jürging, D r  D e  Wit has also 
used C 2H 4, 0 3 and a combination of S 0 2 and 0 3. 
Even low concentrations o f  these air pollutants 
cause significant morphological damage to the 
lichen species investigated.

O ve Almborn

Brodo, I. M. & H aw k sw orth ,  D . L. 1977: 
A lectoria  and  allied genera in N orth  A m erica . 
O pera  Botanica 42. S tockholm. 164 pp., 1 + 6 7  
figures and distribution maps. ISBN 91-546- 
0211-1. ISSN 0078-5237. Price S K r 8 7 : - (libraries 
SK r 145:-).

T h e  first a t tem pt to provide a m onograph 
on the N o r th  A m erican species of the lichen 
genus A lectoria  was made by H o w e  (1911) w ho 
accepted 10 species. D u R ietz  (in a preliminary 
Synopsis L ichenum , 1926) recognized 19 species 
all over the world. In the following decades 
Gyelnik , R äsänen , M o tyk a  and o thers  (all notori-
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ous split ters) “ rev ised” the genus, or parts o f 
it, in various ways. Their  work  resulted in the 
publication of num erous more or less vague and 
superfluous taxa. T h e  present volume by I. M. 
Brodo (Ottawa, C anada)  and D. L. H aw ksw orth  
(Kew, England) is a necessary  clearing-up in 
this jungle.

T h ere  is a tendency  today to divide large 
lichen genera into smaller perhaps more “ na t
u ra l”  units o f  generic rank. Poelt et al. have 
segregated P hysconia  and P hysciopsis  from 
P hyscia  and H eteroderm ia  from A nap tych ia . 
Hale has recently  p roposed a subdivision of 
Parm elia  (s. latissimo) into 10 genera. Following 
this trend Brodo and H aw ksw orth  have split the 
old A lectoria  into 4 genera, viz. A lectoria  Ach. 
s. str. (8 species in N orth  America), Bryoria  
gen. nov. (the nam e derived from Bryopogon  
and A lectoria; 27 species),  P seudephebe  Choisy  
(2 species) and Sulcaria  Bystr . (1 species). U s e 
ful charac ters  for the delimitation of these 
genera have been found, for example, to be the 
cortical structure  and the presence or absence  
of certain chemical com pounds .

A lectoria  s. str. comprises A . nigricans, 
ochroleuca  and sarm entosa  (with ssp. vexilli
fe r  a ), etc. U n d e r  B iyoria , which is divided into 5 
sections, we m eet with the well-known species 
B. chalybeiform is, bicolor, nitidula, sim plicior, 
im plexa, f r em on tii and others. P seudephebe  will 
hopefully be the perm anent generic name for 
P. m inuscula  and pubescens , which for many 
years have vacillated betw een  A lectoria  and 
Parm elia. Sulcaria  is represen ted  by the new 
species S. badia, which is tentatively placed 
here in addition to S . su lca ta  and S. virens, 
both known from Asia  only.

A lectoria nidulifera  N orrl .  is recorded as 
Bryoria fu rce lla ta  (Fr.) comb. nov. T he  Friesian 
epithet, which is older, can be avoided under

A lectoria  as the combination  A . fu rce lla ta  
exists for an o the r  species. U n fo r tun a te ly ,  this 
procedure  has not been possible un der  B ryoria. 
A . ju b a ta  is treated  as a nom en  co n fu su m  (Art. 
69 in the C o d e  o f  N om encla tu re )  and A . prolixa  
is considered  a synonym  of  the sam e taxon.

A m ong the  38 species reco rded  from N o rth  
A m erica  9 are  described as new. A grea t many 
com binations transferring bo th  N o r th  A m erican  
species and  o thers  to the accep ted  genera  are 
made.

Each species is described in detail often with 
photographs and always with d is tribution maps. 
The n um erous  taxa described by previous 
workers  have  been carefully checked  and typ i
fied which has resulted in long lists o f  synonym s. 
In addition to  the maps there  are  fairly exhaust ive  
lists o f  localit ies seen by the au thors  and 
represen ted  in the major N o r th  A m erican  
Herbaria .

T h e  taxonom ic  t rea tm en t is p receded  by 
com prehensive  and well-il lustrated chap te rs  on 
A natom y and  morphology, C h em is try ,  T a x o 
nomic concep ts ,  Ecology, D istr ibu t ion , and 
Im portance  to  man and nature.

As m any o f  the species t rea ted  are  widely 
dis tributed in the N o r th e rn  H em isph ere  this 
monograph will also be m ost useful to the 
European  reader.

T h e  au th o rs  have worked jo in tly  on this project 
since 1970. This  method has been  som ewhat 
unusual am ong lichenologists, but has evidently 
many advantages. E rrors  and omissions caused 
by one a u th o r  can be co rrec ted  by the other. 
T he  rev iew er sincerely recom m ends this form of 
coopera t ion for future m onographic  works on 
lichen taxonom y.

Ove A lm born
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