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The genera Treleasia Speg., Mycorhynchus sacc., Copranophilus Speg., Ascolanthanus 
Caill., and Acariniola Maj. & Wisn. are considered congeneric with the earlier monotypic 
Pyxidiophora  Bref. & Tav. Mycorhynchidium  Mall. & Cain is transferred from  the Hypo- 
creaceae to the family Pyxidiophoraceae G. Arnold em end. Lundq.,  which will thus contain 
two accepted genera. The nom enclature o f  P . asterophora  (Tul.) Lindau, the type species 
of Pyxidiophora, is analysed, and the specific name is lectotypified. The following com ­
binations are new: Pyxidiophora arvernensis (Bret. & Faur.),  P. bainemensis  (Bret. & 
Faur.),  P. caulicola (H aw ksw . & Webst.),  P. fusco-olivacea  (G. Arnold), P. grovei 
(Hawksw. & Webst.), P. marchalii (Sacc. & M arch.), P. microspora (H aw ksw . & Webst.), 
P. moseri (Maj. & Wisn.), P. petchii  (Bret. & Faur.) ,  P. schotterianus (Bret. & Faur.),  P. 
spinuliformis (Speg.), and  P. subbasalipunctata  (Maj. & Wisn.). Ascolanthanus trisporus 
Caill. is considered a synonym  o f  P. spinuliformis. P. badiorostris  L undq .,  on cow dung 
from Sweden, is new to science, and P. arvernensis  and P. grovei  are reported  as new to 
northern Europe. A Chalara state has been found in the two latter species.

Nils Lundqvist, Institute o f  System atic  Botany, Box 541, S-751 21 Uppsala, Sweden.

A recen t s tudy  on the pyrenom ycete  genus 
M ycorhynchus  Sacc. by H aw ksw orth  & W ebste r  
(1977) has inspired me to present the Swedish 
records  o f  th ree  species, material that has been 
filed in my herbarium  since long. The known 
species o f  the genus are seldom collected and 
investigated because  of their rarity, smallness, 
and the short duration  of their fruit-bodies. Most 
of them  have been  described as new by B reton  & 
Faurel (1968) and by H aw ksw orth  & W ebste r  
(1977). T hese  au thors  also discuss the generic 
taxonom y and cam e to the conclusion tha t Tre­
leasia  Speg., R hynchonectr ia  H öhn . (=  Eleu- 
therosphaera  G rove), and A sco lan thanus  Caill. 
are related to M y c o rh y n c h u s , and that C oprano­
philus  Speg. should  be taken as a  synonym  of  it.

I soon becam e  aw are that also the forgotten  
Pyxidiophora  Bref. & T av .,  a genus not trea ted  
by the above-m entioned  au thors , had to be taken 
into considera tion ; it seemed hardly distinct 
from  M ycorhynchus  and the generic nam e is 
o lder than any o f  those re levan t here. I shall 
com m ent upon  these genera , but first it is neces­
sary to d iscuss the nom encla ture  of the type 
species o f  Pyxid iophora  and its supposed  co n ­

nection to A rto trogus  asterophorus  Fr. and 
Asterophora  Ditm. ex Fr.

The nomenclature of Pyxidiophora 
asterophora
The m onotypic genus Pyxidiophora  was e s tab ­
lished by Brefeld & von Tavel (1891 p. 188) for a 
pyrenom ycete  and its phialidic conidial state 
parasitizing the parasitic  agaric A sterophora  
lycoperdoides  (Bull, ex Mérat) S. F. Gray (=  
N ycta lis  lyc.).  T hey  called this p y ren o m y ce te  P. 
nyctalid is,  but w ere  not the first to describe  it. 
The Tulasne b ro thers ,  to whom  they  referred, 
gave in 1865 an excellent descrip tion  and illu­
stration o f  it u n d e r  the name H y p o m y c e s  astero­
phorus  Tul. (Fig. 1). H ow ever,  the T u lasnes  b e ­
lieved that the star-like ch lam ydospores  tha t are 
so abundan t on the pileus of A sterophora  belong 
to the p y renom yce te ,  which thus w as supposed  
to possess tw o conidial states.

The Tulasnes never  intended to describe  a  new 
species. They referred  to their first publication
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on the  subject (Tulasne & Tulasne 1860), w here 
the parasite  is called “ H y p o m yces  asterophorus  
(Fr.) T u l.” , and to a species nam ed A rto trogus  
asterophorus  Fr. by Fries (1849 p. 497). A r to ­
trogus  Mont. was originally a m onotypic  genus 
e rec ted  for A. hydnosporus  M ont. (Berkeley 
1845), an oom yce te  belonging to P yth ium  and 
found  on various d icoty ledonous plants. Butler 
(1907 p. 100) and M iddleton (1943 p. 127) have 
surveyed  the intricate story o f  the d iscovery  of 
this organism. The echinulate oogonia  o f  A.  
hydnosporus  apparen tly  made Fries believe in a 
relationship betw een this species regarded  as a 
parasite  and A. a s te ro p h o ru s , after he had ab an ­
doned  his earlier  conviction (1829 p. 205, 1838 p. 
371) that the ch lam ydospores  w ere  p ar t  o f  the 
agaric (or gas te rom yce te  or w ha teve r  he con ­
sidered it to be).

The status of the nam e P yxidiophora nyctali- 
dis depends on the typification o f  A . as tero ­
phorus  and on Art. 59 o f  the B otanical C ode  of 
N om encla tu re  (Stafleu et al. 1978). F ries  (1849) 
gave no specific diagnosis of his species, only the 
following references: ” A steroph. Dittm. p.p. 
C ord . IV. f. 24” . The A sterophora  s tory  was 
given an am ple accoun t by Buller (1924) and 
C o rner  (1966), and shall not be repea ted  here. 
T here  has also been  som e d iscussion w hether  
D itm ar’s genus is anam orph ic  or te leom orphic . 
The generic nam e was validated by Fries  in 1821 
(not in 1829, as is generally  thought),  and  al­
though no species was mentioned at the tim e, the 
genus was m onotypic  by direct and indirect c ita­
tion o f  pre-starting point au thors , w ho m en­
tioned one species only, A garicus  lycoperdoides  
Bull. All these  au thors  described lam ellae, i.e. 
“ organs which bear  bas id ia”  (Art. 59.1), which 
m akes A sterophora  a te leom orphic genus. H o w ­
ever, this conclusion has been ques tioned ,  and 
the two conflicting views were p resen ted  by, 
i.a . ,  Donk (1964) and Singer (1975 p. 224), re ­
spectively. Exam ples  o f  how the tw o in te rp re ta ­
tions affect the nom encla tu re  of A. asterophorus  
are given below.

A rtotrogu s a stero p h o ru s Fr.

The first a lternative  is S inger’s v iew , viz. that 
A sterophora  is a te leom orphic  genus. W hen 
Fries  changed his mind in 1849 about the nature 
o f  the ch lam ydospores  he was undoub ted ly  in­
fluenced by C orda (1840), w hom  he cited. C orda

restric ted  A sterophora  to the im perfect s ta te , 
claiming his new  species A st.  agaricicola  to be a 
parasite on the agaric. H e also gave the  following 
citation: “ (A ste rophora  agaricoides Fries I.e. 
[Syst. Mycol.] III. p. 205 A. lycoperdoides Ditt- 
mar I.e. Taf. 26? N ees  Syst. II. Fig. 114?)” . But 
none o f  these  references  are  re levan t for the 
typification o f  A st.  agaricicola  as C orda  never 
used paren theses  for what he considered  true 
synonym s of o th e r  species dealt with in the sam e 
work, and , besides , he questioned  tw o  of the 
references. F r ie s ’s citation o f  C orda  binds Art.  
asterophorus  to  A st.  agaricicola,  the only spe­
cies included in the  genus by this au tho r,  and his 
pro parte  re ference  to D itm ar’s A sterophora  
points naturally  also to the ch lam ydosporic  
state.

H ow ever ,  C o rd a ’s accoun t is incorrect a c ­
cording to Article 59, as he adop ted  the name of 
a perfect state genus for an im perfec t fungus, 
which m akes A s t .  agaricicola  a  validly published 
but illegitimate nam e. Fries was thus entitled to 
make a new  nam e for the ch lam ydosporic  s tate , 
and Art. as terophorus  must be typified by C or­
d a ’s material, if such exists. F rom  this follows, 
too, that all com binations based  on F r ie s ’s epi­
thet are  referable  to the anam orph  only. It should 
be added that A r to t r o g u s , although being a nam e 
of a te leom orphic  genus, does not th rea ten  Art.  
asterophorus  as a legitimate nam e o f  an im per­
fect fungus, because  p leom orphic oom yce tes  are 
not covered  by Article 59.

If  we now try the second a lternative , that 
Asterophora  is the nam e o f  an im perfect state 
genus, Article 59 is not applicable. A st.  agari­
cicola is then a legitimate but incorrect nam e 
being a younger taxonom ic synonym  of  A st.  
lycoperdo ides . The nam es Art. asterophorus  and 
Ast. agaricicola  are  accordingly no longer con ­
nected to each o the r  because  F r ie s ’s re ference  to 
Ditmar now takes precedence . Art. as terophorus  
becom es a superfluous nam e for Ast. lyco­
perdo ides ,  and all com binations with the ep ithet 
also becom e illegitimate.

The conclusion o f  this analysis is that w h ich ­
ever application we give to A s te ro p h o ra ,  Art.  
asterophorus  is the nam e of an im perfect fungus. 
Thus a full study o f  the nom encla tu re  o f  A s te r o ­
phora  is irrelevant here , since it has no bearing  
on the typification o f  H yp o m y c e s  as terophorus  
or Pyxidiophora nyctalidis.  N o r  have I h ad  rea ­
son to search for the correc t nam e of the  chla-
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m ydosporic  state. Finally, it should be  m en­
tioned that the nam e N ycta lis  asterophora  Fr. 
(Fries 1838), a superfluous nam e for A st.  lyco­
perdo ides ,  has no nom enclatural connec tion  to 
Art. a s terophorus  Fr. (Fries 1849).

H y p o m y ces asterop horus sensu Tul. —  Fig. 1

We m ust now clarify w he ther  H y p o m yces  
asterophorus  (Fr.) Tul. (Tulasne & T ulasne  
1860) w as published as a new  com bination or as 
the nam e o f a new species. Plowright (1882), 
L indau  (1897), Maire (1911), and Müller & von 
Arx (1962) took it for g ranted  that the nam e 
should be applied to the pyrenom ycete  and a t tr i­
buted  to the Tulasnes, w hereas  W inter (1885) 
m aintained that a new epithet should  be coined , 
a nam e change actually m ade by Brefeld & von 
Tavel (1891).

W e depend  again upon  Art. 59 (last p a ra ­
graph), w hich means that the com bination m ust 
be re jec ted  and that the ep ithet asterophorus  
m ust be adopted  for a new  species with a new  
type and be credited to the Tulasnes  alone. T he  
inclusion in their descrip tion  o f  the ch lam ydo­
sporic s ta te  o f  A sterophora  is o f  no im portance , 
as the specific name in its new position is fixed to  
the te leom orph of the pyrenom ycete .  This solu­
tion had not been possible if Art. asterophorus  
were the name of a te leom orphic  species, in 
which case  the type o f  the nam e H. asterophorus  
(Fr.)  Tul. would have been  tha t of its basionym , 
and the pyrenom ycete ,  accordingly , would have 
to be given another name.

Pyxid iophora n ycta lid is Bref. & Tav. —  Fig. 2

Brefeld & von Tavel (1891) had a c lear concep t 
o f  this fungus. They  managed to grow it in cul­
ture, and proved that the phialidic anam orph  
with catenate  conidia was beyond doub t a s ­
sociated with the perithecia. Brefeld (1889) had 
earlier confirm ed by cultural work an old ex ­
perim ent by  K rom bholz  (1831) showing the con­
nection betw een the ch lam ydospores  and 
A s te ro p h o ra . Because o f  the particular conidial 
state, the simple s truc ture  of the perithecia ,  and 
the absence  o f  a strom a, Brefeld & von Tavel 
classified the pyrenom ycete  in a genus o f  its 
ow n, a correct step in my opinion, a lthough their 
descriptio  generico-specifica does not quite  suf­
fice to m odern s tandards. They also c rea ted  the

new name Pyxidiophora nyctalidis  for the 
pyrenom ycete ,  and deliberately  exc luded  the 
chlam ydosporic  state. This was logical but re ­
dundant according to ou r  present ru les ,  as they 
cited the T ulasnes, and thus m a d e /3, nyctalid is  a 
superfluous name for H yp o m yces  asterophorus  
Tul. (Art. 63).

It is possible, how ever,  that  the solution given here will 
not be final. Art. 59 is now debated more than ever and 
there is a two-alternative proposal by an I.M .A . Sub­
committee (W armelo 1979) to change the Article to the 
effect that any com bination of names be tw een  im per­
fect and perfect states shall be considered validly pub­
lished and legitimate. According to one model there 
would be, how ever, possibilities for excep tions when 
new forms are in troduced with “ w rong”  citations. 
Pertinent references and indications of com b. nov. or 
nom. nov. would be regarded as formal errors .  This 
model does not change the situation o f  H . astero ­
phorus  as p resented  here.

But the other alternative allows no such  exceptions, 
and the typifications of all binomials published as 
combinations shall strictly follow Art. 55. I f  this ver­
sion will be sanctioned by the XIII International Bota­
nical Congress 1981, the name P. nycta lid is  will be­
come the correct nam e of the pyrenom ycete ,  as Bre­
feld & von Tavel explicitly excluded the ch lam ydo­
sporic state.

A comparison between Pyxidio­
phora and Mycorhynchus
It is evident a lready  from earlier descrip tions  
that these tw o genera  are  morphologically  str ik­
ingly similar. C h arac te rs  in com m on are the 
small, light-coloured, long-necked perithecia , 
the peridial s truc tu re  with ±  isodiam etric  cells 
below and elongate cells in the neck, the absence  
o f  paraphyses ,  the deliquescence o f  the asci, the 
low num ber of spores  per ascus (2-6), and  the 
hyaline, sep ta te ,  ±  fusiform spores usually  a r­
ranged in a parallel m anner. N one o f  the  au thors  
who have studied these  genera has thought of 
com paring them  with each other, ex cep t perhaps  
Arnold (1972 a), w ho placed them  in his new 
family Pyx id iophoraceae , but w ithou t fu rther  
com m ent. It is possible  that the parasit ic  habit 
and the p resence  o f  a conidial sta te  in P yxid io ­
phora  asterophora  w as considered fea tu res  alien 
to  M y c o rh y n c h u s .

T he spores

The T u lasn es’ and  Brefeld’s draw ings o f  the



124 Nils L u n d q v is t BOT. N O T ISE R  133 (1980)

t  . T t  i .  Sa. I'i v i .  ('mm. i  111



BOT. N O T IS E R  133 (1980) The genus  P yx id iophora  125

Fig. 2. Pyxidiophora nyctalidis  (after Brefeld & von Tavel 1891) and its phialidic Chalara State; perithecia, asci, 
and ascospores  to the right.

species do not show distinctly the elongate spore 
base charac teris t ic  o f  M y c o rh y n c h u s , although 
the fo rm er au thors  described the spores as muc- 
ronate  at each end. H ow ever, it appea rs  from  the 
illustrations by Maire (1911) and Müller & von 
Arx (1962), which are founded on au then tic  
specim ens, that at least the base o f  the spores is 
drawn out. M aire’s figure also show s an apical 
outgrow th caused  by a thickening o f  the wall, but 
there  is no indication that the spore  wall inflates 
laterally as in most M ycorhynch i.  I have ex ­
amined this material in PC and Z T  (see further 
discussion under  P. asterophora). In the PC 
sample num erous  loose ascospores  and rem ­
nants o f  perithecia  w ere found. The ZT collec­

tion contains in tact perithecia and spo res .  In no 
case were asci seen.

The spores are 25 -2 9 x 5 -5 .5  /um, ±  fusiform 
with a pointed base  and a  m ore o b tu se  apex, 
both  formed by a thickening o f  the  wall, and 
staining with co tton  blue; the rest o f  the  spore 
wall is fairly thick, but not inflated. T h e  shape is 
m ore asym m etric  than  is ev ident from  earlier 
illustrations; the spores may be flat on  one  side 
and rounded on the o ther, som etim es bent and 
boomerang-like, even  slightly sigmoid, bu t  regu­
lar in ventral view. The young spo res  are 
one-celled, filled with small oil d ro p s ,  then 
transversely  sep ta te  in the middle la te  in their 
developm ent. T he pro toplast is c. 15x5  //m ,

Fig. 1. H ypom yces asterophorus  (after Tulasne & Tulasne 1865). Fruit-bodies and ch lam ydospores o f  the agaric 
Asterophorus lycoperdoides  to the left; perithecia, asci, ascospores , and a phialidic Chalara state o f  H. astero­
phorus  to the right, both conidial s ta tes are som ew hat intermingled on the figure, since the T ulasnes thought them 
to belong to one and the same species, the pyrenom ycete .
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usually with rounded  ends. M atu re  spores often 
contain  a couple  o f  large oil d ro p s ,  and do not 
usually stain with co tton  blue. The most rem ark ­
able d iscovery is that many spores are provided 
with a brow n, apical or subapical s p o t  in the wall 
o f  exactly  the sam e kind as in M y co rh yn ch u s  
(see below). In one spore even tw o  spots were 
observed  (Fig. 3).

It is difficult to find any fundam en ta l differ­
ences in spore m orphology (or periithecial s truc­
ture) be tw een  Pyxidiophora  and M ycorhynchus .  
In the latter genus  the species are distinguished 
in the main by different size and! form o f the 
perithecia, peridial cells, and spore:s, form o f  the 
pro toplast,  occu rrence  of the pigirrented spot in 
the spores, som etim es  spore n u m b e r,  and num ­
ber and position  of the sporal sep>ta. E ven  the 
p igm entation and  the septation m a y  som etim es 
vary within  the species, the form er feature being 
particularly  capricious. The fact th a t  the spore 
wall in P. asterophora  does not g;elatinize and 

) swell laterally is probably o f  no m o re  than speci­
fic value. This detail rem ains to b e  investigated 
more thoroughly  on living M yco rh yn ch u s  spp., 
w here in som e cases  a lateral in flation  seems 
only little m arked .

B
The asci

B
Both Pyxidiophora  and M yco rh yn ch u s  have 
early deliquescing, ±  ellipsoidal a s c i  with a few 
spores at about the  same level. An ap ica l ap p ara ­
tus is not know n in the M y c o r h y n c h i , but Müller 
& von Arx (1962) and P arguey -L educ  (1977, 
quoting from D urand 1964) have d esc r ib e d  and 
illustrated a th ickened , refractive ap>ical ring with 
a narrow  pore in P. asterophora.  N o  o ther  au ­
thor seems to have noticed this r ing , not even 
such keen observers  as Brefeld anid the Tulas- 
nes. N either have I seen it; in fact, (there is not a 
trace o f  asci in the material investigated  by me, 
which also includes sectioned pe r i thec ia  full o f  
spores. A pparently  intact asci can  be  seen only 
in young, living fungi.
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Oddly enough, the ZT  collection, which ob­
viously was studied by Brefeld, is the  one on 
which Müller & von Arx d iscovered  the  ring. Dr 
Emil Müller in Zürich  has inform ed me (in litt.) 
that the tw o asci on his illustration a re  the only 
ones that w ere  found. As far as he can  rem em ber 
there  was an apical ring, but not quite as distinct 
as appears from  his drawing.

I have not been  able to con tac t Miss Frangoise 
D urand, w ho left science som e years ago, bu t Dr 
Agnes P arguey-L educ  in Paris has kindly com ­
m ented on the subject (in litt.) and also  sent me 
some excerp ts  from D urand’s unpublished  paper 
(drawings and legends). Durand sectioned 
young, living perithecia  and exam ined  the ascus 
cytology on m aterial stained with trypan  blue 
and iron hem atoxylin-eosin . She s ta tes  tha t the 
apical ring is far from  being constan t ,  and  w hen 
p resen t, it is in the form of “ deux m asses  claires, 
arrondies, sym étriquem ent d isposées  et fixées å 
la paroi a sca le” . She did not investigate w he ther  
it was chitinoid or am yloid, but no ticed  that it 
stained more or less with trypan  blue. A ccording 
to Dr P arguey-L educ, the material on D urand ’s 
microscopic slides has now totally de terio ra ted .

It is thus p roved  that P. asterophora  at an 
early stage possesses  some kind o f  non-functio- 
nal ring. It seem s to  be indistinct and  ev an e­
scent, which explains why so few mycologists  
have seen it. In my opinion the ephem era li ty  of 
this apical appara tus  disqualifies it as a generic 
charac ter  versus  M ycorhynchus.

Müller & von A rx have also dep ic ted  an 
elongate ascus with five 2-3-seriate spo res ,  and a 
similar phenom enon  was illustrated by Brefeld & 
von Tavel (1891 Fig. 52: 3). It is possib le  that 
with a larger n um ber  of spores per a sc u s  the asci 
may elongate fu rther. W hen liberated  from  the 
asci, the spores adhere  to one ano th e r  in various 
num bers and com binations (Fig. 3 A, B). In Du­
ra n d ’s material the asci are 8-nucleate , but only 
three spores per ascus  developed and  they  w ere 
all arranged at the sam e level when full-grown.

.............................................................        —      ' — —  —  i .  —  ■ ........ ...................  .......................

Fig. 3. Pyxidiophora asterophora. A-D: Pyxidiophora nyctalidis from Herb, von Tavel (ZT). — E -I: H ypom yces  
asterophorus  from Herb. Tulasne (PC, lectotype). Material in lactic blue and water (A). Fig. E taken in phase 
contrast.  —  A, B: Perithecia and aggregations of discharged spores. —  C: Vertical section of perithecium with 
spores; note the orientation of the spo>res with their broad end directed upwards. — IT—I: Spores; note the 
rounded ends of the protoplast in D, E, ithe pigmented spot in F, G, I (arrow), and the germ hypha in H (arrow). 
Scales: A = B; D. E. G = F. H. I = C.
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O ther ch a ra cters

The parasitism  and the p resence o f  a conidial 
state in P. as terophora  are certainly not more 
than specific charac te rs .  The habita t is not 
exclusive c o m p ared  to the ecological range in 
M ycorhynchus . Treleasia sacchari  Speg.,  which 
is reported  from  sugar cane leaves and belongs 
e ither in P yxid iophora  or M y c o r h y n c h u s , may be 
a parasite, too . M. caulicola  H aw ksw . & W ebst, 
and M. p e tch ii  Bret. & Faur. are saprobes  on 
rotten  herb aceo u s  stalks, and M . hrunneo-capi-  
tatus  H aw ksw . & W ebst, on polypores. “ R h y n - 
chonectria lo n g isp o ra ” sensu G rove inhabits, 
i.a .,  m y xom yce te  p lasm odia, and tw o  o r  three 
species are  supposed  to grow in bark  beetle  gal­
leries (see d iscussion  under Acariniola).  T he re­
maining species  are coprophilous.

U nfortunate ly  the anam orph was absen t from 
the samples o f  P. asterophora  s tudied by me. 
According to descrip tions  and illustrations it is a 
brow nish Chalara  w ith lageniform phialides and 
cylindrical to ellipsoidal, one-celled, hyaline co- 
nidia, 7 -10x3  ^ m .  Conidial states w ere  thought 
to be missing in M yco rh yn ch u s , but do exist in 
four o ther species,  and are similar to that of 
Pyxidiophora  (see discussion under A sco lan tha-  
nus, Copranophilus, Pyxidiophora a rvernens is , 
and P. grovei).

C onclusion

The foregoing accoun t shows the difficulty in 
separating the tw o genera. A dm itted ly , P. 
asterophora  exhibits  a  com bination o f  characters  
not observed  in typical M ycorhynchus  species, 
but they are  not sufficient for a generic  distinc­
tion.

Other supposedly related genera
The em ended  c ircum scription  o f  Pyxidiophora  
dem ands a renew ed  scrutiny o f  o the r  genera 
considered as re la ted  to M y c o rh y n c h u s . The 
am plest su rvey  was given by Breton  & Faurel 
(1968), on w hich  som e additional com m ents  shall 
be made.

T releasia  Speg. 1896

Specim ens o f  the type species, T. sacchari

Speg., are  no longer p resen t in Spegazz in i’s her­
barium  (LPS), w hich has been  verified by at least 
fo u r  m ycologis ts . To judge  from Spegazzin i’s 
original ske tch  o f  the  species, published by Pet- 
rak  & Sydow  (1935), Treleasia  s tands very  close 
to  M yco rh yn ch u s  in the  old sense. T he  spores 
a re  said to be, i.a . ,  fusiform, straight, and uni- 
sep ta te  in the  middle. B reton  & Faurel rated the 
sporal d ifferences  be tw een  the g enera  highly, 
stressing  the sym m etry  and acute  ends  of the 
Treleasia  spo res  in con tras t  to the asym m etrical,  
subclav iform  spores  in M ycorhynchus .  There  is, 
how ever ,  a hitch  in this com parison. O ne has to 
distinguish b e tw ee n  the  shape of the pro toplast 
and  the form  o f  the whole spore after the swell­
ing of the  wall. S evera l Pyxidiophorae  have fusi­
form , m ore o r  less sym m etrica l p ro top lasts  very 
similar to the  spores  o f  T. sacchari.  T he  perti­
nen t question  is w he ther  Spegazzin i’s descrip­
tion and d raw ing  are  accura te ,  or if he d isregard­
ed or failed to o b se rv e  a th ickened spore wall. 
W ith the w ide circum scrip tion  adop ted  for 
P yxid iophora  here ,  Treleasia  falls within it, and 
his concep t is o f  little im portance. H o w ev er ,  if 
P yxid iophora  and  M ycorhynchus  are kept as 
separa te  genera , it is hardly  possible to  tell which 
one is congeneric  with Treleasia  as long as 7. 
sacchari  has not been  found and restudied . 
M oreover,  S pegazz in i’s description and  figure of 
8-spored asci m ay be a m isinterpretation o f  a 
d ischarged  spo re  c lu ste r  (Petch 1936).

R h y n ch o n ectr ia  H öhn . 1902

N o material is left at K o f  the m ono type , the 
fungicolous R. longispora  (Phill. & Plow r.) 
H öhn . (Petch  1941). The discussion on the re la ­
tionship  be tw een  R hynchonectr ia  and M y c o ­
rhynchus  has been  totally focussed on in te rp re ­
ta tions o f  the  R hynchonec tr ia  spores, w hich are 
said to be, i.a . ,  fusiform , one-sep ta te , and  ap- 
pendaged at bo th  ends. Som e authors  m erge the 
genera ,  o the rs  keep  them  apart (e.g. H aw ks- 
w orth  & W ebs te r  1977). F u r th e r  specu la tions on 
the nature  o f  these  spores  are certainly fruitless 
until the type  species  has been found again and 
exam ined . O ther,  neglected charac ters  m ay  be 
equally  im portan t .  T he  long and relatively na r­
row  asci (130-150x20-25  /im ) are a typ ica l of 
Pyxid iophora  s. lato. I consider R hynchonec tr ia  
unrela ted  to this genus.
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A sco la n th a n u s Caill. 1967

The discrim inating  features o f  this genus against 
M yco rh yn ch u s  a re , according to Breton & F a u ­
rel (1968 p. 257), a strom a, a conidial s ta te ,
3-spored asci, and  spores with pigm ented girdles 
and an  appendage  at bo th  ends. Such criteria  are 
not sufficient to circum scribe  genera  in this fam i­
ly (p. 133). T hree-spored  asci, for exam ple ,  are 
met w ith  also in Pyxidiophora badiorostris  n. 
s p . ,P .  ba inem ensis  (Bret. & Faur.)  L u n d q .,  and 
P. grove i  (H aw ksw . & W ebst.) L undq .,  and api- 
cally a t tenua ted  spores occur in a num ber  of 
species of the genus. H ow ever,  the s trom a and 
the na tu re  o f  the conidial state may be charac te rs  
o f  w eight and deserve  an analysis.

A . trisporus  Caill., the m onotype, was co llec t­
ed from  three  p rovinces  in Spain and four in 
F rance .  I have exam ined  seven F rench  sam ples 
(PC) rep resen ting  three gatherings:

Seine-et-O ise: Carriéres sur Seine. Dried specimens on 
straw (1), on straw in alcohol (2), and on agar in fo rm a­
lin (3), 20.VII. 1956. M ontesson. On straw in lacto- 
phenol, 31.V.1967 (4), on agar in lactophenol,
12.VI. 1967 (5), and on agar in alcohol, 7 & 12. VI. 1967 
(6). —  Oise: Saint Gervais near Beauvais. On straw in 
alcohol-formalin-acetic acid, 21.I I I .1961 (7). All m ate ­
rial was obtained from horse dung.

Only the gatherings from Carriéres sur Seine and 
M ontesson  belong to the protologue o f  A . tri­
sporus.  T hese  localities are situated N W  of Paris 
(“ Region pa r is ienne” ). Nos. 1 and 2 conta in  
s trom ata  and the im perfect state only, w hereas  
all the o thers  also have perithecia. Specim ens 
with m ature ,  pigm ented spores are p resen t on 
no. 6, and this would be suitable for a possible 
typification (cf. p. 142).

The agar cu ltures  are not pure, but a mixture 
of infected dung and agar. Thus som e o ther  sp e ­
cies are  also p resen t,  i.a., a Pyxidiophora  spe­
cies. This occurs  on nos. 3 and 5, w here peri­
thecia o f  A . trisporus  could not be de tec ted , and 
also mixed with fruit-bodies of this species on 
no. 6. Its perithecia  are single or aggregated, 
(200-)230-300x70-95 p m ,  neck (115-) 140-190x 
27-36 /rm , peridial cells 10-19//m in d iam ., neck 
cells 13-33x3.5  urn, spores slender, 38-50 /a n  
long, with a middle septum , a subapical, b row n, 
som etim es hollow, flattened patch, a 25 -3 3 x 3  
/ tm  large p ro top las t,  and a 9-12 p m  long basal 
appendage. T runca te ,  cylindrical Chalara  coni- 
dia, 9 -15x4 /< m  w ere  found, but no phialides.
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My first thought was tha t this species could be 
a developm ental stage o f  A . trisporus. A lthough 
not proved, it is possible that p igm ented  spores 
may be produced  in im m ature fruit-bodies. The 
idea m ust be abandoned , how ever, s ince  the  dif­
ferences in perithec ia  and spores are  too  great. 
Besides, A. trisporus  has och raceous,  large 
s trom ata , 1-12 mm  in diam. (according to  Cail- 
leux), recognizable also when sterile, w hereas 
the Pyxidiophora  perithecia  in ques tion  at m ost 
form  a minute, yellow ish subiculum, if  any at all.

A part from no. 6, A . trisporus  is rep resen ted  
also on nos. 4 and 7 with fructifications. In  the 
tw o first-m entioned collections the perithec ia  
m easure  300-630x90-215  p m  w ith a tapering, 
b road-based  neck , 225-380x50-135 p m ,  and 
large neck cells, 17 -42x6-10  p m .  T he  spore 
w idth is stated  to be 6-7  p m ,  w hich certainly 
includes the inflated wall; the p ro top las t  is only
4 - 5 p m  broad. The Saint Gervais spec im ens are 
even  taller with perithec ia  up to 690/4 m. Cailleux 
gives unusually low figures for the perithecial 
w idth , 40-60/4m, and he might have inc luded  the 
above-m entioned  Pyxidiophora  in his m easu re ­
m ents. E ven  young fruit-bodies o f  A . trisporus  
a re  w ider than  that.

The im perfect s ta te

Fig. 4. The ven tricose-ros tra te  con id iophores ,  
up to 55 p m  long, have a few basal sep ta  and 
produce chains o f  subcylindrical to  narrow ly 
obovoid (not ellipsoidal as in C ailleux’s figure), 
probably  holoblastic conidia, 11 -1 7 x 4 -5 .5  p m ,  
with consp icuous, mostly deciduous co n n ec­
tives.

The situation is com plicated by the o ccu rrence  
o f  typical Chalara  phialides. They grow  in few er 
num bers on the s trom ata , mixed with the o ther 
kind o f  con id iophores ,  and are abou t the same 
size, but m ore regular in form with a cylindrical 
collarette. The conid ia  are o f  a size similar to 
those m entioned above , strictly cylindrical with 
trunca te  ends lacking connectives. W he th e r  this 
Chalara  is connec ted  with the Pyxid iophora  in 
question or w h e th e r  A. trisporus  has tw o  ana- 
m orphs, I am unable  to decide. P erhaps  none of 
the two im perfects  is associated  with A. tri­
sporus.  The non-phialidic anam orph has  recen tly  
turned up on badger dung from H arparbo l,  Al­
munge par . ,  U pp land , Sweden (1.X.1979, L q t 
12415-d, U PS), and it is worth noting th a t  neither



Fig. 4. A sco lan thanus trisporus from Carriéres sur Seine, France, leg. Cailleux 20.VII. 1956 (PC); formalin-pre­
served specimens on straw. Phase contrast.  —  A -E : Catenate conidia with tapering apex and distinct connec­
tives; part o f  conidiophore visible in A. —  F, G: Chalara phialides with cylindrical, trunca te  conidia without 
connectives found mixed with the afore-mentioned state; possibly not belonging to A. trisporus. Scales: B, G = 
A; D, E =  C.
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Chalara  nor any Pyxidiophora  perithecia  could 
be detected on the material. S ingle-spore cultu­
res have not yet been made.

W hen com paring A . trisporus with species of 
M ycorhynchus, M. spinuliformis  (Speg.) Bret. & 
Faur. (=  C opranophilus s.)  is the first one to be 
discussed.

Copranophilus Speg. 1909

The generic name has usually been placed in 
synonym y with M yco rh yn ch u s . In 1964 I exa­
mined the type collection of C. spinuliformis  
Speg., the m onotype (on cow dung from La Pla­
ta, XII. 1908, LPS 1761), but failed to find any 
perithecia. Breton & Faurel (1968 p. 232) also 
searched in vain. Fortunate ly  the descrip tion, 
illustration, and original drawing give a fairly 
good clue to  the m orphology o f  the species. Im ­
portant inform ation in the protologue seem s to 
have been neglected: “ Acervuli subglobosi parvi 
albo-cinerelli, sp inuloso-hirti”  and “ Acervuli 
superficiales subglobosi tenelli (3-4 mm diam.); 
perithecia s trom ate  centrali subgossypinulo  
dense constipata  

These phrases s ta te , in fact, that the species 
has a 3-4 mm large, whitish, spiny-hairy strom a

and that the perithec ia  are densely  aggregated on 
this stroma. A lso  S pegazz in i’s illustration (co­
pied by Breton & Faurel) show s this distinctly. 
All these fea tu res  suggest A s c o la n th a n u s . On the 
dried collection o f  A. trisporus  m entioned , the 
m asses of con id ia  form a whitish p o w d er  on the 
s trom a, which could  co rrespond  to what Spe- 
gazzini called “ albo-cinerelli” . T he spinose- 
hairy surface m ay allude to the mat of erect 
conid iophores. T h ere  are on the whole very few 
characters , if an y ,  to separa te  the tw o fungi. All 
m easurem ents  co rresp o n d  roughly to one ano th ­
er in the two descrip tions , excep t that the neck 
cells in C. sp inuliform is  are som ew hat longer, 
30-60 ^ m ,  the perithecia  are  said to be “ fusci- 
d u la”  (apart from  the hyaline ostiolum), and 
som e peridial cells are “ sinuoso-parenchym a- 
t ico” .

A phenom enon  em phasized  greatly  by Breton 
& Faurel is the  upside-dow n position of the 
spores in the ascus .  As in the Treleasia  case, I 
ra ther  believe, as  did Petch  (1936), that Spegaz- 
zini never saw  asci. The supposed  ascus wall 
could be the aggregated  inflated walls of the 
ou te r  spores. B esides, w hen spores  have been 
observed  p ro trud ing  from the perithecial o s tio ­
lum in o ther M yco rh yn ch i  (or Pyxid iophorae),  
the broad a n d /o r  pigm ented end  alw ays com es
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first (cf. Fig. 3 C). Only one o ther  species has 
been described  with supposedly  b road-based  
spores  (A rnold 1972 a), viz. M. fu sco -o livaceus  
G. A rnold , but the au tho r  is certainly m istaken 
about the  o rien ta tion  of these spores, as he nei­
ther  d iscovered  asci nor even m entioned  this 
charac teris t ic  w hen com paring his species with 
o thers  in the genus.

An intriguing detail on Spegazzini’s drawing 
still rem ains to be explained: four, one-celled, 
e longate , hyaline bodies with a tapering  end. 
They w ere  called “ élém ents indé te rm inés”  by 
B reton  & Faurel, and were not m entioned  by 
Spegazzini, not even in the legend. H ow ever ,  on 
the ske tch  kept in LPS  1761 the size is given to 
12-15 x3jUm. I do not hesitate to in terp re t these 
bodies as conidia. They  have the same form  and 
size as those o f  A. trisporus. Spegazzini was 
obviously uncerta in  about the origin o f  these 
conidia, and  preferred  to ignore them.

T he taxonom ic  value o f  the s trom a is limited 
as som e M ycorhynchus  spp. are m ore or less 
strom atic  too. Thus the perithecia of M . schot-  
terianus  are said to be partly sunk in a  soft, 
parenchym atous  s trom a. The caulicolous M. 
petchii  (=  M. marchalii sensu Petch) is de­
scribed to have perithecia “ clustered , super­
ficially on, or partly em bedded in, a delicate 
p arenchym atous ,  pale brown s trom a, forming 
subglobose tufts up to 0.5 mm d iam eter, o r  sm al­
ler and confluent in extended p a tch es ’’ (Petch 
1936). N everthe less ,  neither of these th ree  au ­
thors no r H aw ksw orth  & W ebster, w ho also 
studied P e tc h ’s original specim ens, have had any 
objections to range this fungus am ong the 
non-strom atic  species o f  M y c o rh y n c h u s . In 
some cases the occurrence  of a s trom a is not 
even constan t as a specific p roperty  (cf. P yxid io ­
phora  grovei).

Conclusions

A sco la n th a n u s  and Copranophilus  are  un­
doubtedly  congeneric . Probably also their type 
species are  conspecific , although no p igm en ta­
tion was found in the spores o f  C. sp inu li fo rm is . 
If  the s trom a be accepted  as a generic charac te r ,  
Copranophilus  must be maintained for the  s tro ­
matic species w ith A sco lan thanus  as a synonym . 
In my opinion this is not taxonom ically  m otiva t­
ed and the  genus can be merged with M yco rh yn ­
chus ,  i.e. Pyxidiophora  s. lato. N o r  is the peculi­

The genus Pyxid iophora  131

ar conidial sta te  in Copranophilus  a  convincing 
argum ent for generic separation o f  the  perfect 
state.

A carin io la  Maj. & Wisn. 1978 a— Fig. 5

This genus was estab lished  for two Polish spe­
cies, A . basalipuncta ta  Maj. & W isn. and A. 
subbasalipuncta ta  Maj. & Wisn. (the holotype), 
supposed to be parasites  on mites in bark  beetle 
galleries. In the sam e paper the similar Thax- 
teriola m oseri  Maj. & Wisn. is described , also 
from Poland and with the same ecology. The 
la tter  fungus has also been  recorded on mites in 
Louisiana, U .S .A . (Majewski & W isniewski 
1978 b). All th ree  species were thought to be 
organisms o f  unknow n taxonom ic position, and 
were placed in the “ Thaxteriolae  g ro u p ’’, a 
name used by T h ax te r  (1920) for ex ternal a r th ro ­
pod parasites resem bling L abou lben iom ycetes ,  
and charac terized  by an elongate, sep ta te , 
apically tapering thallus with a b lack  foot-cell 
and by form ation  o f  spores in the apical cell.

Majewski & W isniew ski found that none  o f  the 
species was confined to any particular host spe­
cies o r  sex, o r  to any  special part of the  body o f  
the mites, but they  w ere most com m on on the 
legs. The thallus is said to be a ttached  to  the host 
by a dark  foot, w hich in T. m oseri  possesses  a 
“ penetra tion  p o re ” . In the Acariniola  species 
this pore is located near the middle o f  the thallus 
in the same cell.

W hen I saw the illustrations o f  these  fungi I 
was struck by their ex trem e similarity to Pyxi­
diophora  ascospores .  By the courtesy  of Dr T. 
Majewski in W arsaw  (WA) I could exam ine  five 
slides (incl. six para types) of the species, and my 
first im pression was confirm ed. The hoof-like, 
dark “ foo t”  o f  T. m oseri  is a parallel o f  the 
pigmented body found in A sco lan thanus  tri­
sporus  (=  Pyxid iophora  sp inuliform is ) and 
M ycorhynchus subspinuliform is  Bret. & Faur. 
The “ penetra tion  p o re ” , w hatever function it 
may have, is p resen t in P .  grovei  too (Fig. 10). A 
pigm entation in the middle part o f  the “ tha llu s” 
is met with in M ycorhynchus  brunneocapita tus  
H aw ksw . & W ebst, as well. The “ tha lli”  often 
adhere to one a n o th e r  in bundles and  with the 
same orientation as in d ischarged Pyxid iophora  
spores. The form  o f  the  pro toplast is similar. The 
pointed “ t ip”  o f  the “ thalli”  does not differ in 
outline from the basal elongation o f  the  Pyxidio-
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Fig. 5. Spores of  A cariniola  and “ Thaxterio la” on mites from  Zielonka Forest, Poland, leg. Pawlik (WR); 
specimens in polyvinyl-lactophenol. Phase contrast.  —  A, B: “ T haxterio la” m oseri (slide 708); different focussa- 
tions; the white spot is an artifact. —  C, D: Acariniola subbasa lipuncta ta  (328); note the pigm ented spots and the 
upper limit o f  the protoplast (arrows). —  E : A . basalipunctata  (140); germ hypha at arrow. Scale: A -D  = E.

phora  spore. A germinating spore w as observed  
on slide 140 o f  A . basalipunctata  (Fig. 5 E) and it 
looked exactly  like the germ hypha illustrated on 
Fig. 3 H (P. a s terophora ) and Fig. 6 D, 7 (P. 
arvernensis  (Bret. & Faur.) L undq.) .  The au ­
th o rs ’ Fig. 3 C (left spore) may show  the same 
phenom enon .

M ajewski & W isniewski illustrate “ thalli”  
with b roken  “ t ip s”  with diffuse, cy toplasm ic 
globules inside, and postulate that the la tter 
could be spores ,  but they have not seen such 
spores with certa in ty .  The small, hyaline, ellip­
soidal spores  observed  here and there  on the 
mites are p robab ly  conidia of G raphium  o r  asco­
spores o f  C eratocystis  species that also inhabit 
bark  beetle  galleries. The material is not very 
easy to study because  o f  its trea tm ent for several 
days in 50°C lactophenol and mounting in poly­
vinyl lac tophenol; some finer details might have 
d isappeared . T hus ,  a strongly inflated wall, like 
in most Pyxid iophora  spores, could not be seen, 
nor the u p p e r  co n to u r  of the p ro top las t in T. 
m oseri,  not even  by phase contrast.

These  species apparently  form fruit-bodies in 
the bark  beetle  galleries. Their slimy spores ag­
gregate at the  ostio lum , and becom e transported  
by passing m ites, probably  also by beetles. Such

an adapta tion  explains the higher concen tra tion  
of spores on the legs o f  the vectors .

M ajewski & W isniewski considered  the septa- 
tion an im portant charac te r ,  and restric ted  the 
three-celled spores to  T. m oseri  and  the two- 
celled spores to  the Acariniola  species. Such 
features are  not of generic sta tus in Pyxidio­
phora .  A couple o f  spores  o f  A. basalipuncta ta  
were even found to have  an ex tra  septum near 
the base. H ow ever ,  T. m oseri  is clearly distinct 
from the o ther  two by its peculiar, hoof-like, 
pigmented body (8 x 5 .5  ^ m )  with a pore. The 
total spore size is 4 5 -5 0 x 5 .5 -6 .5  p m  (41-54x  
4 .5 -6 /<m; orig. diagnosis), and the basal e longa­
tion c. 5-6  p m .  The upper  part o f  the spore is 
verruculose .

The Acariniola  species are separated  only with 
difficulty. T heir  spores have about the sam e size 
(A. basalipunctata:  3 4 -5 1 x 4 .5 -8  / tm ; A. su b ­
basalipunctata:  24 -5 3 x 3 -7  p m ;  orig. m easu re ­
m ents), a flattened, b row n , pore-less, subapical 
body ( 4 x 3 x  1.5-2 p m ;  my m eas.) ,  and a small, 
b row n ring (2 -2 .5 p m ;  my meas.) above  the sep ­
tum. Their basal elongation is 5-11 p m  long and 
their p ro toplas ts  resem ble each o ther  with the 
rounded upper tip far below  the pigm ented body. 
In A. basalipunctata  the upper [sic!] cell and in
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A. subbasa lipunc ta ta  the lower [sic!] cell is 
verrucu lose ,  but the o ther  cell may also be partly 
roughened . The material seen by me is too 
scarce to  allow definite conclusions as to  the 
taxonom y o f  the A carin io lae ,  particu larly  as 
their fruit-bodies are unknow n. The tw o fungi 
may be conspecific. The names A. subbasa li­
p unc ta ta  and T. m oseri  are here com bined  into 
P yx id iophora , w hereas  a transfer of A . basali­
p u n c ta ta  should be postponed pending fu rther  
studies.

It shall be added  that Thaxteriola  (Spegazzini 
1918) is a genus quite  unrelated to Pyxidiophora.

Dr T. Majewski (in litt.) now shares my opin­
ion about the nature  o f  his species, bu t prefers  
not jo  jo in  me in the new com binations.

S pec im ens exam ined . The WA material was collected 
by C. Pawlik from the Zielonka Forest near Poznan, 
Poland, on vectors of D endrolaelaps  and P roctolae- 
laps in galleries of  H ylurgus ligniperda  (F br .)  and 
M yelophilus piniperda  (L.) on Finns silvestris. —  A . 
b a sa lip u n cta ta : 3 .III. 1974 (slide 140), 6.IV. 1974 (241, 
on D endro lae laps ; not publ.), 13.V .1974 (364). — A. 
su b b a sa lip u n c ta ta : 6 .IV. 1974 (241), 5 .V. 1974 (328),
13.V. 1974 (364). —  T. moseri: 13.V. 1974 (364), 
9 . III. 1975 (708).

i: Synopsis
Pyxidiophoraceae G. Arnold 1972 a em end. 
Lundq.

Pyxidiophora  s. lato and its synonym s w ere  re­
ferred by earlier au thors  to e ither pycnidial fungi 
or to the H ypocreaceae  s. lato. Müller & von 
Arx (1962), how ever, placed Pyxidiophora  s. str. 
in the H ypom ycetaceae ,  and M ycorhynchus  in 
the H ypocreaceae  s. str. H ow  these families 
should be defined will not be treated here . In­

i' form ation on their history and various circum - 
; scriptions is given in Rogerson (1970), w ho  ac ­

cepted  only one family in the order, viz. H y p o ­
creaceae . His approach  was adopted by Müller 
& von Arx (1973). A contrasting s tandpoin t was 

I taken  by Arnold (1968, 1972 b), who m aintained 
I the H ypom ycetaceae  in a very narrow sense  (3-4 

genera) and excluded Pyxidiophora  s. str.
That this genus has been placed in one or o ther  

o f  these families is understandable. The re se m ­
blance, particularly  to H y p o m y c e s , is obv ious as 
regards perithecial colour, spore m orphology, 
habitat, and lack of paraphyses. But the ascal

form and s truc tu re  and m anner  o f  spore  d is­
charge are different, and the tw o  g enera  are 
probably not akin. Even m ore far-fe tched  is to 
place Pyxidiophora  s. str. am ong the  N ec tr ia e ,  
as proposed by C lem ents  & S hear (1931).

The first to  realize the exclusiveness  o f  P yxi­
diophora  s. lato was Spegazzini (1909) in a  com ­
ment on C o p ranoph ilu s : “ G enus exim ium  cum 
Treleasia  familiolam N ectr iaceis  nonnihil aber- 
rantem  certe c o n s ti tu en s” . A rnold (1972 a) a r ­
rived at the sam e conclusion, and e rec ted  the 
new family Pyxid iophoraceae for P yxid iophora  
s. str. and M y c o rh y n c h u s . H e cons idered  it 
related to the M elanosporaceae becau se  o f  its 
deliquescent asci. If  this theory  be co rrec t ,  the 
Pyxid iophoraceae may not even belong to the 
H ypocrea les,  as Rogerson  (1970) did not include 
the M elanosporaceae in this o rder.

W hether the im perfect s ta tes  could  con tr ibu te  
to the family classification here  is uncerta in . 
Chalara  is found in Pyxidiophora  and one sp e ­
cies of H y p o m y c e s , bu t does not seem  to  occu r  
in M elanospora  (Tubaki 1958). On the o the r  
hand, authorities such as N ag Raj & K endrick  
(1975) and Arnold (1972 b) do not m ention  any 
connection be tw een  Chalara  and H y p o m y c e s . 
The latter au th o r  lists 11 im perfect g enera  for the 
H ypom ycetaceae  and 7 for H y p o m y c e s , and 
claims that the conidial states in question  c h a ra c ­
terize the species only.

As far as is know n only tw o genera  consti tu te  
the family Pyxid iophoraceae: the type  genus in a 
wide sense and the m onotypic M ycorhynch id ium  
Mall. & Cain (M alloch & Cain 1971). T he la tter  
taxon, which was originally p laced in the H y p o ­
creaceae, differs merely by its c le is tocarp ic  
state. This fea tu re  is given little taxonom ic 
weight by som e m odern  au thors , bu t a genera li­
zation is not defendable. In this case  I regard  the 
cleistocarpic state as being a good generic  c r ite ­
rion. A minor em endation  o f  the family limits is 
thus necessary:

N on-strom atic  or s trom atic ; a scoca rps  ostio- 
late and long-necked or c losed , ±  light-coloured, 
m em branaceous. P araphyses  lacking. Asci uni- 
tunicate , non-am yloid , soon deliquescing. 
Spores fusiform to clavate to cylindrical,  usually  
basally elongate, with one o r  a few  transverse  
sep ta ,  rarely one-celled, m ature  hyaline but 
often ultimately with limited, b row n  p igm enta­
tion, particularly  in the upper part.  Conidial sta te  
hyphom ycetous , phialidic and holoblastic  (?).
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Saprophytic ,  especially  coprophilous, rarely 
parasitic.

P yxid iop h ora  Bref. & Tav. em end. Lundq .

Brefeld & von Tavel 1891 p. 188. —  Orig. monotype: 
P. asterophora  (Tul.) Lindau.

R h yn ch o m yces  Sacc. & March, in March. 1885 p. 
60, nom. illeg.; non R hynchom yces  Willk. 1866. — 
M ycorhynchus  Sacc . in Sacc. & D. Sacc. 1906 p. 418. 
— Orig. m onotype: R. m archalii Sacc.

Treleasia  Speg. 1896 p. 236. —  Orig. monotype: T. 
sacchari Speg.

C opranophilus  Speg. 1909 p. 410. —  M onotype: C. 
spinuliform is Speg.

A sco la n th a n u s  Caill. 1967 p. 1473. —  M ono type :/! .  
trisporus Caill. nom. illeg. (not typified) =  P yxidio­
phora sp inu liform is  (Speg.) Lundq.

Acariniola  Maj. & Wisn. 1978 a p. 7. —  H o lo ty p e :T .  
subbasa lipuncta ta  Maj. & Wisn.

Perithecia  f ree  o r  partly sunk in a soft, light- 
coloured s tro m a  o r  subiculum, hyaline to ochra- 
ceous, rare ly  partly  brow n, long-necked. Peri- 
dium  p seu d o p aren ch y m ato u s ,  m em branaceous, 
tw o-layered , w ith  an ou te r  layer o f  isodiam etric 
cells below  and  elongate, cylindrical cells in the 
neck. P a ra p h yses  absent. A sc i,  w here observed , 
subclavate  to  ellipsoidal, unitunicate , rapidly 
dissolving, w ithou t or rarely with a non-functio- 
nal apical r ing, non-am yloid, 2 -3-4 (-8?)-spored . 
Spores  paralle l to one ano ther  in the ascus, at 
m aturity aggregating in slimy m asses  on the 
ostiolum, su bc lava te  to fusiform or cylindrical, 
a t tenuated  particu larly  at the base, 0 -4-sep ta te  at 
a late stage, usually  with a gelatinized and swell­
ing, sm ooth  o r  verrucu lose  wall, m ature  hyaline 
but often finally with an apical ur subapica l, la te­
ral, b row n body  or with smaller p igm ented spots 
or girdles. Conidial s ta tes , w here know n, phiali- 
dic (C ha lara ) and holoblastic (?). —  C opro­
philous o r  sap rophy tic  on o ther substra tes ,  ra re­
ly m ycoparasitic .

Particu lar a t ten tion  should be draw n to the 
pigm ented body  o f  the spores, since it has been 
allotted a d iagnostic  value at the specific level 
(H aw ksw orth  & W ebste r  1977). The taxonom ic 
im portance o f  this phenom enon  seem s exagger­

ated. T here  may be species in the  genus that are 
unable to develop  such  a  s tage, bu t certainly 
others that regularly  o r  only sporadica lly  do it. A 
pigm entation is know n in ten  o r  e leven  species o f  
P yx id io p h o ra . Its p ro tec tive  function  must be 
practically nil, no r  is it co n n ec ted  with the 
physiological m a tu ra tion  o f  the spores .  It may be 
an evolu tionary  whim.

H aw ksw orth  and W ebs te r  acc e p te d  12 species 
in M ycorhynchus  including C o p ra n o p h ilu s . With 
the addition o f  P yxid iophora  s. s tr . ,  P. badio- 
rostris n. sp .,  Treleasia, A s c o la n th a n u s , and 
Acariniola  the n um ber  inc reases  to 20, but 5-7 of 
these species have a  dubious s ta tus .  It has not 
been my am bition  to  rev ise  them  all, as they 
have been  given good trea tm en ts  by o ther  
au thors . A p ar t  from  those  a lready  analysed , only 
the three Sw edish  species  shall be fully de ­
scribed.

P yxid iop h ora  a rv ern en sis  (Bret. & Faur.)  Lundq. 
comb. nov .— Figs. 6 A - E ,  7

M ycorhynchus arvernensis  Bret. & Faur. 1968 p. 249.

N on-strom atic ; pe r ithec ia  yellowish, g labrous or 
with a few th ick , sep ta te ,  hyaline hairs, narrow ly 
pyriform, 1 3 0 -170x45-65Jwm, long-necked; neck 
tapering, 6 5 -1 0 5 x 2 0 -3 0 p m ,  com posed  of elon­
gate, cylindrical cells, 10 -18x3-4 .5  / tm , which 
are draw n out into poin ted  beaks a round  the 
ostiolum; peridial cells rounded  to angular, 7-18 
p m  in diam. P araphyses  lacking. A sc i  not seen. 
Spores  c lavate-fusiform , 4 8 -5 7 x 5 -7  / ;m , swell­
ing to 10/rm in w idth , hyaline; pro toplast at first 
fusiform, often t ru n ca te  at base , then rounding 
up at the ends ,  3 8 -4 8 x 3 .5 - 4 p m ,  with a sep tum  
in or ju s t  below  the middle; the inflated wall 
contracted  above  into a  point, often slightly 
constric ted  below  the apex , and basally e lon­
gated into a  whip-like, 6-1 O ^m  long appendage. 
At m aturity  a f la t tened , rounded or angular, 
brown body , 5 - 6 x 4 x  1.5-2.5 p m ,  occasionally  
develops in the spore  wall laterally below  the 
apex.

Fig. 6. A -E : P yxid iophora  arvernensis. Lqt 3429-b (UPS). —  F -H : P yxidiophora badiorostris  n. sp., Lqt 2776-e 
(UPS). Material in lactic blue. Figs. B, D, E, G taken in phase contrast.  —  A: Perithecium. —  B: Spores showing 
the inflated wall and the shape of the protoplast.  —  C: Spores; note the pigmented spot (arrow). —  D: 
Germinating spore  (arrow). —  E: Chalara  phialide with conidium (arrow). —  F: C rushed perithecium and  spores. 
— G, H: Perithecial neck. Scales: B, D, E, H =  C; G =  A.
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2 0  )im
t n z

Fig. 7. P yxidiophora arvernensis. Lqt 3429-b (UPS). 
Spores; one with a germ hypha.

Specim ens exam ined . S w ed en : Jä m tla n d , Åre par., 
Storlien, in subalpine region, on re indeer dung, 
17.VI. 1962, Lqt 3429-b (UPS). — U ppland, Rasbokil 
par.,  NW of Lake  Lafssjön, on roe dee r  dung, 
25.X. 1964, O. E riksson  2510 (UPS). —  Finland: Kuu- 
sa m o , K uusam o par .,  SSW of L iikasenvaara near 
Oulankajoki River, on hare dung, 24.VIII. 1978, Lqt 
11679-a (UPS, slide). N ew  to Northern Europe .

All specim ens are  developed in moist cham ber  
cultures. T he species was hitherto  know n only 
on cow and h o rse  dung from C lerm ont-Ferrand  
in France. B re ton  & Faurel did not obse rve  any 
pigm entation in the spores, nor the s trong  infla­
tion o f  the spore  wall. They also s tated  that the 
length of the cells hardly exceed 10/tm, and that 
the “ p s e u d o sp o ro p h o re ” — i.e. the basal e longa­
tion w ithout p ro top las t— is absen t (p. 256). I 
consider ail these  differences versus the  N ordic  
specim ens to be e ither  within the normal varia­
tion o f  the species o r  be founded on incom plete  
observations (cf. com m ent under Pyxidiophora

and P. grovei) .  T he  p seu d o sp o ro p h o re  cou ld  be 
difficult to  distinguish from the p ro to p la s t  in 
young spores .  A new  study o f  au th en tic  speci­
m ens m ay be needed  to  settle th e se  ques tions .

The type  o f  P. arvernensis  (leg. B re ton  
3.X. 1965) is said to be  placed in Paris (PC ), but 
“ is not ava ilab le”  th e re  (J. M o u ch acca  in litt.). 
N or  has Dr A ndré  Breton (C le rm on t-F errand )  
any material in his possess ion , s ince  he left all of 
it to the  late L. Faurel (Breton in litt.). It is 
possible  tha t co llec tions  o f  this species and  o ther  
Pyxid iophorae  are  still am ong F a u re l ’s m ycolo- 
gical rem ains ,  and  have not yet been  filed in PC. 
Dr B reton  also took  the trouble to  send m e fresh 
horse dung  from  the  type locality , the C ournon  
Bridge at Allier R iver, but P. arvernensis  did 
unfortunate ly  not develop  in my m oist ch am b er  
cultures.

The im perfec t sta te .  Fig. 5 E. A hyaline Chalara  
is p resen t on L q t 3429-b, growing mixed with the 
perithecia. Both s ta tes  seem to orig inate  from 
the sam e h yphae ,  bu t the connec tion  rem ains  to 
be p roved  by single-spore cultures. The phialides 
are  lageniform, 2 5 -3 8 p m  long, w ith  a  5 .5 - 8 p m  
wide v en te r  and a 3-4/<m wide, cylindrical colla­
rette. T he  conid ia  are  6 -1 9 x 3 -3 .5  p m ,  cy lindri­
cal, t runca te ,  one-ce lled , hyaline.

Pyxidiophora as terophora  (Tul.) L indau— Figs.
1-3

Lindau 1897 p. 351.
H yp o m yces asterophorus  Tul. in Tul. & Tul. 1860 p. 

14; non H . asterophorus  (Fr.) Tul.,  ibid. =  A stero ­
phora  lycoperdoides  (Bull, ex Mérat) S. F. Gray, stat. 
con. —  Pyxidiophora N yctalid is  Bref. & Tav. 1891 p. 
189, nom. superfl. for H . asterophorus  Tul. — Lecto- 
type selected here on A . lycoperdoides  from Héricy, 
F rance , H erb . L. R. Tulasne (PC).

Im perfect state: Chalara hrefeldii Lindau nom. nov. 
in Rabenh. 1906 p. 750. —  P olyscy ta lum  fu n g o ru m  
Sacc. 1886 p. 336; non Chalara fu n g o ru m  (Sacc.) Sacc. 
1877. -  Orig. coll. from Hockering W ood, England, 
IX. 1880, leg. C. B. Plowright and J. M. Du Port (not 
seen).

Illustra tions. Tulasne & Tulasne 1865 PI. IX: 4—10. — 
Plowright 1881 PI. 147: c -h  (partly after the Tulasnes). 
—  Brefeld & von Tavel 1891 PI. V: 51, 52. — Maire 
1911 PI. XVI: 1. —  Müller & von Arx 1962 Fig. 317. — 
Parguey-Leduc 1977 Fig. 1 d. Copied illustrations are 
excluded here.

Sp ec im en s exam ined. France'. Se in e-e t-M a rn e , 
H éricy , “ In Ag. adusto  et Nyctali superposita” , 
V III-IX . 1858, leg. L. R. Tulasne as H ypom yces  
asterophorus  and N ectria  m icroscopica  Tul. in sched.
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(PC, lectotype). — Germ any: W estfa len , M ünster, Hil­
trup, near the railway station, “ au f  Nyctalis  as te ro ­
phora  auf Russula ad u s ta” , IX. 1889, leg.?, H erb. F. 
von Tavel as P yxidiophora N yctalid is  nob. (ZT).

I have exam ined all material o f  A sterophora  
lycoperdoides  in H erb . Tulasne, but found the 
py renom ycete  on the  collection from H éricy  
only. F our samples originate from Chaville in 
Seine-et-Oise (25.VII. 1860; end o f  Ju ly , 1860; 
V II-V III .  1860; VIII. 1860), and one from  Meu- 
don in Seine-et-Oise (25.X. 1857). O ne is w ithout 
a  locality and date. The Tulasnes (1865) stated  
that they saw the chlam ydosporic  fungus “ h u n ­
dreds  o f  times . . . .  in the neighbourhood o f  V er­
sailles [close to Chaville], Com piegne e t c . ’’, but 
only rarely the ascophorus  state, which w as first 
d iscovered  “ around  Fontainebleau  in A ugust 
1858” . This place alludes to H éricy , which is 
situated close to Fontainebleau . In 1860 the au ­
thors  reported  the species as a whole on both  
A sterophora  lycoperdoides  and A . parasitica  
(Bull, ex Fr.) Sing, from “ Fon tebe llaqueo  
agri versaliensis, Modoni nem pe, Cavillae, 
e t c .” .

As regards B refeld ’s herbarium , it is not m en­
tioned in Lanjouw  & Stafleu’s index o f  co llectors  
(1954) and is said to be unknow n (Stafleu & 
Cow an 1976). I have received negative answ ers  
from Munich (M), Miinster (M STR), and also 
from the Botanical G arden  in M iinster, o f  which 
Brefeld was the d irec tor in the 1880’s. But Dr I. 
F riederichsen  in H am burg  (HBG) has kindly in­
form ed me that in 1935-36 all the c ryp togam ic  
collections of the Botanical Institute in M iinster 
w ere sent by Prof. Mevius to the Berlin Mu­
seum. The unopened boxes w ere kept in the 
cellar during the w ar and escaped the des truc tion  
on March 1, 1943. In an institutional repo rt  in 
W illdenowia 2, p. 783, 1961, B refeld’s herbarium  
is stated to be accessible, but this does not ac ­
cord with inform ation received from Dr B. H ein, 
C ura to r  o f  the Berlin H erbarium . H e has 
searched  in vain for P. nyctalidis  and o the r  Bre- 
feldian collections.

Fortunate ly  there is an authentic  sam ple  o f  P. 
nyctalidis  in Zürich (ZT). This syn type  can be 
used for lectotypification if one o f  the p roposals  
to change Art. 59 be accepted (p. 122). In such a 
case also the T u lasn es ’ material of the species 
will receive syntype status as part o f  the proto- 
logue of P. nyctalidis.
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Distribution. P. asterophora  is undoubted ly  
rare. A part from F rance  and G erm an y  it is r e ­
ported  only from England (Plowright 1882) and 
U .S .A . (Berkeley 1875). S accardo  (1883) listed 
also Finland (K arsten  1873) and  Italy , but the 
Italian collection in H erb . S accardo  (PAD) and 
the U ppsa la  copy o f  K a rs te n ’s Fungi Fenn . Exs. 
No. 512 do not exhibit the py ren o m y ce te .  The 
sam e is certain ly  true  for the C ro u a n s ’ (1867) 
records  from B rittany , as there  is no indication 
that perithecia  w ere seen. F u r th e r  inform ation 
on the bibliography o f  the species is given by 
A rnold (1976).

The im perfect sta te .  Figs. 1, 2. This was placed 
in P olyscy ta lum  by S accardo  (1886), in Chalara  
by L indau (1906), in P aec ilom yces  by Tubaki 
(1958 p. 206), and again in Chalara  by N ag Raj & 
K endrick  (1975) in their m onograph  o f  this ge­
nus. There is still som e uncerta in ty  abou t the 
co rrec t epithet o f  the anam orph . The la tter  au ­
thors  re jected the nam e Chalara brefeldii as a 
nom en dubium , as they  had not been  able to 
locate and exam ine the type. N o r  could  they get 
enough inform ation from the descrip tion . They  
obviously allude to Brefeld & von T a v e l’s publi­
cation , but overlooked  that C. brefeldii  and 
Polyscyta lum  fu n g o ru m  a re  bo th  founded on 
Plow right’s English material. This type collec­
tion, if it exists, has apparen tly  not been re ­
studied.

P yxid iop h ora  b ad iorostris  L undq . sp. nov. 
— Figs. 6 F - H ,  8

From  Latin bad ius, chesnut-brow n, and -rostris, 
beaked, referring to the brown perithecial neck.

Nonstrom atica; perithecia semi-immersa, vulgo dis- 
persa, 230-295x 105-140 ^ m ,  globosa, longicollia, ± 
glabra; collum 95-145x21-28p m ,  sursum  decrescens, 
apice conico, valde transverse  rugosum , badium. 
Peridium  m em branaceum , semipellucidum, flavidum, 
cellulis externis angulatis vel ro tundatis ,  10-23 p m  
diam.; cellulae ex ternae colli elongatae, 10-20x4.5 
p m ,  circa ostiolum longe acutae, cristis crassis, badiis, 
transversis, anastom osantibus obtectae . Paraphyses  
carentes. A sc i  trispori, 45-50x 10-20 ^ m ,  subclavati, 
inamyloidei, cito deliquescentes. Sporae  38-52 x 
4.5-5.5 p m ,  longe clavato-fusiformes, basim versus 
attenuatae , hyalinae; protoplastus 27-38x3-3.5 p m ,  
utrinque acutus tum ro tundatus , infra medium 
l(-2)-septatus; paries sporarum  praesertim  apicaliter 
tum escens, appendicem  basalem, 14-18 p m  longam 
formans, m aturitate  corpore brunneo , applanato, 
ro tundato , subapicali, 5-6x4.5x2 p m ,  instructus. 
Species coprophila.
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Fig. 8. Pyxidiophora badiorostris n. sp. A, B: L q t  3165 (U PS, holotype). C, D: Lqt 2776-e (UPS). —  A: Spores at 
hyaline and pigmented stages. —  B: Young, th ree -spo red  ascus. — C: Perithecium. —  D: Detail o f  the perithecial 
neck.

Non-strom atic; perithecia  sca tte red  o r  aggre ­
gated, 230-295x105-140 p m ,  rounded , long­
necked, glabrous or with a few th ick , hyaline 
hairs; neck 95-145p m  long, 21-28 p m  w ide b e ­
low, 13-15 p m  wide above, conical at the  tip, 
rugose, chestnut-brow n. Peridium  m e m b ra n a ­
ceous, sem i-transparent, yellowish, with 
thin-walled, angular to rounded, 10-23 p m  large 
outer cells; neck cells cylindrical, 10-20x4 .5 ^ m , 
forming 5-6 visible longitudinal row s, po in ted  
around the ostiolum, covered  with b row n , th ic k ­
ened, transverse , anastom osing  ridges and 
plates. Paraphyses  lacking. A sc i  un itun ica te ,  
3-spored, 45-50x10-12 p m ,  su b c lav a te ,  
non-amyloid, w ithout apical ap p ara tu s ,  deli­
quescing. Spores  gathering around the os tio lum  
in slimy m asses, 38-52x4.5-5 .5  p m ,  hyaline , 
elongate, clavate-fusiform , with a d raw n -o u t 
base; protoplast 27-38x3-3 .5  p m ,  with acu te ,  
later rounded ends, l(-2)-septa te  be low  the 
middle; ou ter spore wall swelling, particu la rly  in 
the upper part of the spore, giving it an o b tu se

although tapering profile, often slightly con ­
stricted below the apex , and forming a 14-18pm 
long basal elongation. At m aturity  a brow n, flat­
tened , rounded body , 5 .5 -6 x 4 .5 x 2  p m ,  is laid 
dow n subapically and laterally in the spore wall. 
Coprophilous.

Specim ens exam ined . Sw eden: Å n g erm a n la n d , Ytter- 
lännäs par., Västertorp, on cow  dung, 20.VIII. 1961, 
Lqt 3165-e (UPS, holotype); isotypes in K, S, TRTC. 
— Jäm tland , H am m erdal par.,  Fyrås ,  on cow dung,
14.VIII. 1960, Lqt 2776-e (UPS).

T he  specimens appeared  a f te r  23-28 days in 
moist cham ber cultures. P. badiorostris  i easily 
distinguished from all o th e r  P yxidiophorae  by its 
b row n, rugose perithecial neck . N o  distinct 
s trom a has been o bserved ,  no r  any conidial 
s tate.

P yxid iophora b a in em en sis  (Bret. & Faur.) 
Lundq. comb. nov.

M ycorhynchus bainem ensis  Bret. & Faur. 1968 p. 246.
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A carin io la  b a sa lip u n cta ta  Maj. & Wisn. 1978 a 
P -9

This may be a synonym  of Pyxidiophora subbasali- 
puncta ta  (Maj. & Wisn.) Lundq.; see com m ent under 
Acariniola.

M ycorh yn ch u s b ru n n eo-cap ita tu s H aw ksw . & 
W ebst. 1977 p. 331

This species could be the same as P yxid iophora  m icro- 
spora  (H aw ksw . & Webst.) L undq .;  see com m ent 
under that name.

P yxid iop h ora  cau lico la  (H aw ksw . & W ebst.)  
Lundq . com b. nov.

M ycorhynchus caulicola  Hawksw. & W ebst. 1977 p. 
331.

P yxid iop h ora  fu sco -o livacea  (G. A rnold) L undq . 
com b. nov.

M ycorhynchus fu sco -o liva ceu s  G. Arnold 1972 a p. 
190.

P yxid iop h ora  grovei (H aw ksw . & W ebst.) 
Lundq. com b. nov .— Figs. 9, 10.

M ycorhynchus grovei Hawksw . & W ebst. 1977 p. 333.

Perithecia  free or gregarious on a s trom a , 
yellowish, g labrous or with a few thick, hyaline 
hairs, g lobose, long-necked, 200-290x 70-95 /rm ; 
neck cylindrical to tapering, po in ted , 100-190/rm 
long, 20-28 p m  wide below, c. 14 p m  w ide 
above, com posed  o f  cylindrical cells, 1 5 -3 1 x 3 -4  
p m ,  ending in narrow  beaks around  the ostio lum ; 
outer peridial cells rounded to angular, 9— 18(—23) 
/rm  in diam. P araphyses  absent. A sc i  3-spored , 
c. 55x20  p m ,  ellipsoidal, evanescen t.  Spores  
clavate-fusiform , (4 3 -)4 8 -5 8 x 4 .5 -6 p m , swelling 
up to 8 /tm  in w idth, hyaline to yellowish; p ro to ­
plast at first fusiform, often trunca te  at base , 
then rounding up at the ends, 3 8 - 4 5 x 3 - 4 .5 p m ,  
with a tran sve rse  septum  in o r  ju s t  below  the 
middle; the inflated wall forms an acu te  apex  and 
a 13-16/rm long, whip-like, basal elongation. At 
maturity a  subapica l,  flattened, round or angular, 
brown body, 4 - 5 x 3 - 4 x 1.5-2 .5 p m, occasionally  
with a cen tra l pore, is form ed laterally in the 
spore wall.

Specim ens exam ined . Sw eden: U ppland, F o rsm ark  
par.,  Rönngrund, on fresh sheep dung, 26.IX. 1962, Lqt 
3788-a (IMI, PC, S, UPS). Haga par .,  Å torpet,  on fresh
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elk dung, 18.XI. 1979, G unnerbeck 3477-d (UPS). U p p ­
sala, Marieberg, on sheep dung, 23.VII. 1964, Lqt 
4302-c (UPS). N ew  to northern  Europe.

The only find h ither to  know n is on horse  dung 
from L iverpool, England (Grove 1932 as M yco ­
rhynchus m archalii \ H aw ksw orth  & W ebste r  
1977). The Sw edish  specim ens appeared  after
11-12 days in moist cham ber. They are  acco m ­
panied by a Chalara  s tate (Fig. 8 F), indistin­
guishable from that found together with P. 
a rvernens is . N e ith e r  in this case has the co n n ec ­
tion been  proved.

A ccording to the original descrip tion , P. gro­
vei deviates from  my specim ens by sm aller neck 
cells (10x3  /tm ), slightly longer spores (53-65 
/tm ), and absence  o f  a  pigmented stage and a 
strom a. H o w ev er ,  Dr David H aw ksw orth  (Kew) 
has told me (in litt.) tha t he has re-exam ined the 
type collection o f  P. grovei  and d iscovered  three 
pigm ented spores ,  and  found that the neck  cells 
could be up to 3 2 p m  long. He also rem arks  that 
the tendency  to form  a s trom a seems to  be gen ­
eral in the genus, and he does not a t tach  m uch 
taxonom ic im portance  to it.

The rela ted  P yxidiophora petchii (Bret. & 
Faur.) L undq . (=  M ycorhynchus m archalii 
sensu Petch  1941) m atches  Swedish m ateria l in 
some respec ts  too , fo r  exam ple as regards  the 
occurrence  o f  a s tro m a  and the size o f  the neck 
cells. On study ing  the original slides (in BM), 
B reton & Faure l (1968) also detected tw o pig­
m ented spores. On the  o ther  hand, P. pe tch ii  is 
caulicolous and its peridial cells are m uch too 
small, only 7-10 /rm  in diam. F u rtherm ore ,  
P e tc h ’s spore  m easurem en ts  are unreliable in 
this case. T hey  w ere  stated  to be 40-63 x 6 - 7 / /m ,  
but both  Breton & Faurel and H aw ksw orth  & 
W ebster (1977), w ho investgated dried material 
in Kew, could not find spores exceeding 53/<m in 
length. Dr H aw k sw o rth  has kindly com pared  
material o f  my 4302-c with both P. grovei  and  P. 
petch ii ,  and found it to  accord with the form er 
species. Particularly  the longer and  s lender 
spores and the larger peridial cells distinguish P. 
grovei  from P. petch ii.

P yx id iop h ora  m arch a lii (Sacc.) Lundq . comb, 
nov.

R hynchom yces m archalii Sacc. in March. 1885 p. 60.
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15 pm 
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Fig. 10. P yxidiophora grovei. Lqt 4302-c (UPS). 
Spores at pigmented and hyaline stages.

gated a rich material o f  P. m icrospora  w ithout 
finding any p igm entation , w hereas such o c ­
curred regularly in m ature  spores o f  M. brun- 
n eo ca p i ta tu s . I am not fully convinced that this 
difference is cons tan t .  D r H aw ksw orth  suggests 
that if the species be united , microsporus  is the 
epithet to be preferred .

Pyxidiophora moseri (Maj. & W isn.) L undq . 
comb. nov.

A cariniola m oseri Maj. & Wisn. 1978 a p. 5. The spe­
cies is d iscussed under A cariniola.

Pyxidiophora petchii (Bret. & Faur.)  Lundq. 
comb. nov.

M ycorhynchus p etch ii Bret. & Faur. 1968 p. 244. See 
com m ent under P. grovei.

Pyxidiophora schotteriana (Bret. & Faur.)  
Lundq. com b. nov.

M vcorhynchus scho tterianus  Bret. & Faur. 1968 p. 
250.

Pyxidiophora spinuliformis (Speg.) Lundq. 
comb. nov.

C opranophilus sp inuliform is  Speg. 1909 p. 410. See 
com m ent under Copranophilus.

Pyxidiophora subbasalipunctata  (Maj. & Wisn.) 
Lundq. com b. nov.

Acariniola subbasa lipuncta ta  Maj. & Wisn. 1978 a p. 
7. See com m ent under Acariniola.

Pyxidiophora microspora (H aw ksw . & W ebst.) ,  ^
Lund com b nov M ycorhynchus subspinuhformis Bret. & Faur.

1968 p. 252.
M ycorhynchus m icrosporus  Hawksw. & Webster, sta tus o f  this species is doubtful. A lthough

p ' ' lacking(?) a s trom a and a conidial state, it is very
M ycorhynchus brunneocapila tus  H aw ksw . & close to Pyxidiophora spinuliformis  (incl. A sco-
W ebst. (1977 p. 331) may be a synonym . The lan lhanus trisporus)  in certain  perithecial and
only tangible difference between the  two is the sporal charac ters .  It has, to  mention one, the
pigmented spores in M. b ru n n eo ca p ita tu s . Dr same kind o f  tw o-capped  pigm entation o f  the
H aw ksw orth  reports  (in litt.) that he has investi- spores. The species should be studied anew .

Fig. 9. Pyxidiophora grovei. A, B, D -F : Lqt 4302-c (UPS). C: Lqt 3799-a (UPS). Material in lactic blue. Figs. 
B -D , F  taken in phase contrast.  — A: Perithecium with pigmented spores. —  B: Perithecium with a young, 
three-spored ascus visible through the wall (arrows mark the outline of the ascus). —  C -E :  Spores; com pare the 
form of the ends of the protoplasts in the pigmented and the hyaline spores. — F: Chalara  phialide with a 
conidium. Scale: B -D , F  =  E.
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A scolan th an us tr isp oru s Caill. 1967 p. 1474; not 
validly published.

As has been elucidated earlier in the present 
paper,  the differences be tw een  this species and 
Copranophilus spinuliformis  Speg. are  insignifi­
cant. If  the form er is to be accep ted  as an inde­
pendant species, its nam e must first be validated 
by a typification. Cailleux (1967, 1973) m en­
tioned but did not specify the type. Since a valid 
publication o f  a name requires an indication of 
the type (Article 37), one must require tha t at 
least some clue to it shall be pub lished ,  ir respec­
tive o f  w hether  the type is m arked in the her­
barium or not. This is also the in terpreta tion  of 
H aw ksw orth  (1974 p. 156), who cites an exam ple 
directly applicable here.

D ubious nam es

H ypom yces fu sisporus Tul. in Tul. & Tul. 1865 p. 
55

The perithecia are said to be whitish to dingy, 
elongate, 150-200x50-60 p m ,  the asci broadly 
obovoid, 4-spored, and the spores obovoid-fusi- 
form, 50 x  10/rm, with a cuspidate  b a s e .

The type collection is from  Chaville in Seine- 
et-Oise, France, 3. VII. 1860, H erb . Tulasne 
(PC). It has the text “ perexigua, Sphaeronem atis  
aem ula, in Ag. adusto  nyctalife ro”  and a poor 
drawing of a spore tha t is hyaline, claviform  with 
a m ucronate  apex and a longitudinal row  of three 
oil drops(?) in the middle.

M. Cornu (XI. 1887), Maire (1911), and Arnold 
(6.1.1965) studied the material w ithout finding 
any pyrenom ycete , and they all trea ted  H. fu s i ­
sporus  as a synonym  of  H . asterophorus  Tul. (=  
Pyxidiophora a.)- I can verify that the species is 
no longer present on the scarce substra te ,  which 
is Asterophora  parasitica  (Bull, ex Fr.) Sing.

The smooth-walled chlam ydospores typical o f  this 
agaric are also found here. The Tulasnes were ac­
quainted with these spores, which they naturally 
thought to be parasitic and specifically distinct from H. 
asterophorus. They consequently established a new 
species, Hypomyces baryanus, solely for these 
chlamydospores, but the name is illegitimate according 
to Art. 59.3 (Tulasne & Tulasne 1860 p. 13).

T releasia?  m usicola  Speg. 1909 p. 411

A uthentic  specim ens are lacking accord ing  to 
B reton & F au re l’s (1968 p. 232) and my own

exam ination o f  the  type collection (on b a n a n a  
leaves, L a  Plata, 30.IX. 1906, C. S p e g a z z in i , LPS 
1752). Only nine em pty  leaf fragm ents  a r e  left, 
and an enclosed draw ing alm ost identical t o  the 
published illustration. The species looks  l ik e  a 
m em ber of P yx id io p h o ra , except that th e  asci 
have a short, na rrow  stipe and a tapering  t ip .  If 
this is correctly  in terpreted , T. m usicola  m a y  not 
belong in P yxid iophora ,  but Spegazzini m a y  also 
have made a m istake (cf. T. sacchari).

T releasia  sacchari Speg. 1896 p. 235

This species is d iscussed  under  Treleasia.  I t is 
certainly a rep resen ta tive  of P yx id io p h o ra  s. 
lato. N o type spec im ens exist.

E xcluded  sp ecies

M ycorhynchus b etae (Hollr.) Sacc. & D. S acc .  
1906 p. 418

Sphaeronaema betae Hollr. 1904 p. 202. This is a 
coelomycete.

M ycorhynchus ex ilis  (H öhn.)  Sacc. & D. Sacc. 
1906 p. 418

Rhynchomyces exilis Höhn. 1902 p. 1021. This is a 
coelomycete.
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Floristic report from the island of Psathura (Greece)
SV E N  S N O G E R U P , R O L A N D  von B O T H M E R  and M ATS G U S T A F S S O N

Snogerup, S., Bothm er, R von & G ustafsson , M. 1980 06 16: Floristic report from the 
island of Psathura (Greece). Bot. N o tiser 133: 145-148. S tockholm. ISSN 0006-8195.

All vascular plants known from the island are listed with com m ents on a few finds such as 
Pilularia m inuta  A. Braun, Taraxacum  sect. P alustria, Callitriche brutia  Petagna and 
Ranunculus baudotii Godr. The new com bination A ph a n es m inutiflora  (Azn.) Snog, et al. is 
made.

Sven  Snogerup, R o la n d  von B othm er and  M ats G usta fsson , B C T  D ep a rtm en t, The W allen­
berg Labora tory, F ack, S-220 07 L und  7, Sw eden.

Psa thu ra ,  the northernm ost island in the N o rth ­
ern Spo rades ,  is situated 7 km N o f  G iura and c. 
50 km S o f  the Chalkidiki peninsulas (Fig. 1). It is 
0.8 k m 2 in area . Most o f  the island is only c. 10 m 
high above  sea level, the highest point being only 
17 m. It is mainly covered by open scrub in 
which the shrubs Pistacia lentiscus, Sarcopote-  
rium sp inosum , Ole a europaea  var. sylvestris, 
R osa  canina, M yrtus  com m unis  and Vitex ag- 
nus-castus  have been observed. Ferula c o m m u ­
nis was also abundant. The flattest parts  are p re ­
sum ably flooded during the w inter and in 1972 at 
least one pool remained in the south at the end of 
April. O utcrops of tertiary lava occu r  in the 
north  and south. The soil cover is shallow con-

Fig. 1. The geographical position of Psathura.

sisting o f  fresh  p roducts  of e rosion  with very 
little hum us. In the south  is a small a rea  of 
mobile sand.

As even the highest parts  o f  P sa th u ra  must 
have been little above  sea level w hen  the w ater 
reached its highest level during postglacial times 
m ost o f  the flora must have reinvaded  during this 
com paratively  short time. This may explain why 
6 o f  the c. 130 species h itherto  know n  from  P sa­
thu ra  have not been recorded  or ob se rv ed  by us 
on the o ther  islands o f  the N orthern  S porades , 
viz. Pilularia m inuta , Callitriche brutia, R a n u n ­
culus baudotii, Taraxacum  sect. Palustria , Ly-  
thrum  borys then icum  and Elatine sp. T he  se­
mi-aquatic habita ts  m ust have been  under-popu­
lated in te rm s o f  species num ber for long periods 
and rep resen ted  a challange to long d is tance dis­
persal.

The area  is grazed by only a few  sheep , but 
grazing may previously  have been  heavier. 
There is a lighthouse on the island, and during its 
construction  in particu lar some species may 
have been in troduced . Probable in troductions  by 
man are So lanum  nigrum, Brom us m adritensis,  
Urtica urens, U. pilulifera, Silene vulgaris, Car- 
daria draba, Cap sella rubella  and M alva parvi-  
f lo ra ,  etc.

Though P sa thu ra  is not truly m aritim e the 
com position o f  its vegetation show s som e traits 
reminding o f  m aritim e islets, as the unusually  
high frequency o f  som e individual species such 
as Ferula co m m u n is  (cf. R unem ark  1969).

Psathura

N O R T H E R N

S P O R A D E S

S K I R O S

20 kmE U B O E A
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The few p rev ious  m entions of p lan ts  from  P sa­
thu ra  are cited  in o u r  list of species accord ing  to 
Phitos (1967) an d  m arked  “ lit” . T he island was 
visited by B o th m er  and G ustafsson  on the 25th 
April, 1972. In  all, 80 collections and  field notes 
on some c o m m o n  species w ere m ade. The col­
lections are  kep t at LD . The list a lso  includes a 
few collections and  observa tions  m ade by 
Runem ark  and  N o rd en s tam  in 1960, m arked  “ R 
& N ” . A full-scale floristic investigation o f  the 
N orthern  S p o rad es  is being carried out in co o p e ­
ration with D. Ph itos ,  P a tras ,  see G usta fsson  and 
Snogerup (1974).

Aphanes m inutiflora  (Azn.) Snog. & al.,  com b, 
nov.

Alchem illa  m inu tiflora  A znavour,  Bull. Soc. Bot. Fr. 
46: 141-142 (1899).

The species is distinct in habit as well as  in the 
size o f  hyp an th ia  and  we cannot acc ep t  it as a 
synonym  o f  A . m icrocarpa  (Boiss. & Reut.) 
Rothm . W e found  th e se  tw o species grow ing 
mixed on Peris te ri ,  N S porades ,  bu t no  in te rm e­
diates (Snogerup  & B o thm er 43820 and 43821, 
LD). A. m inutiflora  has also been  found  on Ski- 
ros (Snogerup & G ustafsson  44289, LD ) but not 
in the in tensely  investgated  area  o f  the  Kik- 
ladhes. A. m inutiflora  differs from  A. m icro­
carpa  in having hypan th ia  only 0 .5 -0 .6  m m  long. 
U n d er  favourab le  conditions it reach es  a height 
o f  up to 12 cm , with in ternodes up to 15 mm, the 
leaves, ho w ev er ,  being only 5-8 mm. It is also 
m ore yellowish than  A. m icrocarpa  and  the less 
similar A. arvensis  L.

Comments on some o ther  finds

Pilularia m inu ta  Dur. ex A. Braun has p rev io u s ­
ly been reco rd ed  only from  some widely sca tte ­
red W M edite rranean  localities as show n in Jalas 
& Suom inen (1972) and Meusel & al. (1965). It 
occurred  in the  pool in the south  and had  ripe 
spores. The m ud  was full o f  the ha rdened  sporo- 
carps of p rev ious  years .  The leaves w ere  only
5-12 mm long and  the rh izom e was very  thin like 
the leaves. T h e  sp o rocarps  w ere 1.0-2.2 mm in 
diam eter, w ith  long hairs . The spores  resem bled  
those of W M ed ite r ran ean  material.

This is an  easily overlooked spec ies ,  and it 
was in fact found  in this locality only b eca u se  a

sample o f  the mud was collected fo r  la te r  in­
spection. Pilularia m inuta  may the re fo re  have a 
m uch more con tinuous  distribution th an  is indi­
cated by the com paratively  few localities ob ­
served. Irregular and widely disjunct o c c u r re n ­
ces are, how ever ,  know n for o th e r  sem iaquatic  
species in the E  M editerranean , as those  repo rt­
ed by G radste in  and Sm ittenberg (1977).

Taraxacum  sect.  Palustria. M ost o f  the  species 
o f  this section are  more northerly  and o ccu r  at 
higher altitudes. The leaves o f  the  P sa th u ra  m a­
terial are m ore deeply  divided than  is usual in 
this section. This may be a new species but the 
material has been  left underte rm ined  pending 
revision by a specialist.

Callitriche brutia  Petagna is s ta ted  by Schots- 
m an (1972) to o ccu r  only in W and S Europe 
reaching Italy. Cham berlain  (1972), how ever ,  re ­
cords it from the Is tanbu l area , from  Zonguldak 
in N T urkey  and from  the E A egean  island of 
Lesvos. Our find confirm s that it occu rs  in the E 
M editerranean.

L y thrum  borysthen icum  (Schrank) L itv . is rare 
in the Balkan Peninsula . In the A egean  area it is 
previously know n from near Is tanbu l and from 
Crete.

R anunculus  baudotii  Godr. is reported  only 
doubtfully from  G reece (Cook 1964). O ur m ate­
rial is small-flowered but o therw ise  quite typical. 
Equally small-flowered forms are  found, for 
exam ple in Scandinavian  material.

A n t  he mis  spp. The mainly maritime species o f  
A n th em is  in the  Aegean are still imperfectly 
unders tood . We leave the two species from P sa­
thura undeterm ined.
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List o f  sp ec ies

Pteridophyta

43464 Pilularia m inuta  Dur. ex A. Braun

mAngiospermae

obs P arietaria cretica  L. 
obs Urtica pilulifera  L.
43475 U. urens L.

1 43474 P olygonum  m aritim um  L.
43420 R u m e x  pu lcher  L.
obs Salsola  kali L.
obs C erastium  glom eratum  Thuill.
43439 M oenchia  erecta  (L.) P. Gaertn.

(43457 P etrorhagia velutina  (Guss.) P. W. Ball & 
H eyw .

43467 Polycarpon diphyllum  Cav.
43461, 43463 Sagina  ape tala  A rd., different forms 

yobs Silene gallica  L.
43476 S. vulgaris (Moench) Garcke, weedy form 
obs C lem atis cirrhosa  L.
43466 R anuncu lus baudotii Godr.
43485 R . chius  DC.
43493 Fum aria  ju d a ica  Boiss.
43443 P apaver p inna tifidum  Moris 
obs Capparis sp inosa  L.
obs A rabidopsis thaliana  (L.) Heynh.
obs C akile m aritim a  Scop.
43488 Capsella rubella  Reut.
43482 Cardaria draba  (L.) Desv.
43445 M alcolm ia flexu o sa  (S. & S.) S. & S. ssp. 

naxensis  (Rech. fil.) A. Stork
43468 C rassula tillaea  Lest.-Garl.

[ 43444 Sedum  litoreum  Guss.
43469 U m bilicus horizonlalis  (Guss.) DC.
43432 A ph a n es m inutiflora  (Azn.) Snog. & al.
43480 R osa canina  L.
lit. R. pouzin i Tratt.
obs Sarcopoterium  spinosum  (L.) Spach
R & N obs A nthyllis  herm anniae  L.
43490 H ym enocarpus circinnatus  (L.) Savi 
43471 L o tus angustissim us  L.
43455 L . conim bricensis  Brot.

Tit. L. cytiso ides  L.
43483 M edic ago littoralis Lois.
43437 M . truncatula  Gaertn. 
lit. Trifolium arvense  L.
43422 T. cam pestre  Schreb.
43453 T. g lom eratum  L.
43433 T. su ffo ca tu m  L.
43478 Erodium  cicutarium  (L.) L ’Hér. ssp. cicuta- 

rium

43462 E. m oscha tum  (L.) L ’Hér. 
obs G eranium  rotundifolium  L. 
obs Linum  trigynum  L.
43419 E uphorbia  exigua  L.
43479 E. paralias  L.
R & N obs E. peplis  L.
43460 E. pep lus  L.
obs M ercurialis annua  L.
obs P istacia  len tiscus  L.
43497 M alva parviflora  L.
43489 H ypericum  rum eliacum  Boiss.
43426 Lythrum  borysthenicum  (Schrank) Litv. 
obs M yrtus com m unis  L.
43421 C rithm um  m aritim um  L. 
obs E ryngium  cam pestre  L. 
obs E. m aritim um  L.
43486 Ferula com m unis  L. ssp. com m unis  
lit. Ferulago nodosa  (L.) Boiss. 
obs L agoecia  cum inoides  L.
43470 Tordylium  apulum  L.
43441 Torilis nodosa  (L.) Gaertn. 
obs A nagallis arvensis  L.
obs A stero linon  linum -stella tum  (L.) Duby 
obs Olea europaea  L. var. sylvestris Brot.
43472 C entaurium  m aritim um  (L.) F ritsch
43473 C. erythraea  Rafn ssp. rhodense  (Boiss. & 

Reuter) Melderis
43435 G alium  m urale  (L.) All.
43495 E chium  arenarium  Guss.
43446 L ithosperm um  apulum  (L.) Vahl.
43423 M yoso tis incrassata  Guss, v a r .p o n tic a  (David) 

Grau
43484 V itex agnus-castus  L.
43465 C allitriche brutia  Petagna 
obs P rasium  m ajus L. 
obs Salvia verbenaca  L. 
obs Teucrium  divaricatum  Heldr.
43494 So lanum  nigrum  L. ssp. nigrum  
43438 Linaria pelisseriana  (L.) Mill.
43430 P lant ago bellardi All. 
obs P. coronopus  L. s.l.
43429 P. lanceola ta  L.
43477 Lonicera  im plexa  Ait.
43418 Valerianella m icrocarpa  Lois, 
obs A etheorh iza  bulbosa  (L.) Cass.
R & N 16871 A steriscus aquaticus  (L.) Less.
obs Beilis annua  L.
obs C alendula arvensis  L.
R & N obs Carlina corym bosa  L.
R & N obs C entaurea spinosa  L.
43454 Crepis hellenica  Kamari ssp. hellenica
43436 Filago eriocephala  Guss.
43434 F. p yg m a ea  L.
43459 H edypno is rhagadioloides (L.) F. W. Schmidt 

ssp. tubaeform is  (Ten.) H eyek 
43456 H ypochoeris glabra  L. 
obs Inula  viscosa  (L.) Ait. 
lit. O tan thus m aritim us  (L.) Hoffm. & Link, 
obs Pallenis sp inosa  (L.) Cass.
43442 S o n ch u s oleraceus L .
43431 Taraxacum  sect. Palustria

obs P ancra tium  m aritim um  L.
43424 Juncus bufonius  L.
43427 J. ca p ita tus  Weig.
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43491 C arex divisa  Huds.
43492 C. divulsa  Good.
obs Aira e legan tissim a  Schur.
43451 B rom us m adritensis  L.
43450 B. scoparius  L.
43440 C atapodium  m arinum  (L.) Hubb. 
obs C. rigidum  (L.) Dony
obs D actylis g lom era ta  L. ssp. hispanica  (Roth) 

Nym.
obs H ordeum  m urinum  L. s.l. 
obs L agurus ova tus  L.
43481 L olium  rigidum  Gaudin ssp. lepturoides 

(Boiss.) Senn. & Maur. 
obs L ophoch loa  cristata  (L.) Hyl. 
obs O ryzopsis m iliacea  (L.) Asch. & Schweinf.

43428 Parapholis incurva  (L.) H ubb.
R & N 16869 Phalaris aquatica  L.
43417 P. m inor Retz.
obs P. australis  (Cav.) Steud.
obs Psilurus incurvus  (Gouan) Schinz & Thell.
43448 Vulpia m uralis  (Kunth) Nees
43449 V. m yurus  (L.) Gmel.
obs A risarum  vulgare  O. Targ.-Tozz.

Because of insufficient material the following collec­
tions are  left undeterm ined:
43425 Elatine  sp.
43447 L im onium  cf. oleifolium  Mill.
43458 A nthem is  cf. scopulorum  Rech. fil.
43496 A . c f . flex ica u lis  Rech. fil.



A new species of Elaphomyces Nees ex Fr. subgen. Malacoderma 
Vitt.
L A R S E. K E R S

Kers, L. E. 1980 06 16: A new species of E laphom yces Nees ex Fr. subgen. M alacoderm a 
V it t .5 o / .  N otiser 133: 149-153. Stockholm. ISSN 0006-8195.

Elaphomyces striatosporus  Kers sp. nov. (Ascom ycetes, P lec tascales ) is described from 
southern Norw ay. The species is recognized by its small ascocarps (0.3-1.2 cm  in diam.), 
the persistent and whitish mycelial crust, the black, horny (dry) peridium and by the spores 
which are unusually large among the M alacoderm ei,  viz. (10-)14-16(-18),um in diameter 
and which have a reticulate to striate ornam entation . Only found once , under  Corylus 
avellana. The new species is com pared with those species with which it may be confused.

Lars E. Kers, Bergius Botanic Garden, P .O. Box 50017, S-104 05 Stockholm, Sweden.

Elaphomyces stria tosporus sp. nov. (subgen. 
M alacoderm a Vitt.) —  Figs. 1-3

Holotypus: Norvegia. Regio Osloensis: Aker. Prope 
locum Gaustad nominatum. 22.IX. 1952. Leg. F.-E . 
Eckblad s.n. (0).

Species haec a speciebus aiiis subgeneris Malacoder- 
matis  Vitt. facile distinguitur his notis: crusta  mycelia- 
lis terrestris  persistens e hyphis copiosis albis vel dilute 
ochraceis com posita ,  cortex  mollis laevis sepiaceus vel 
ater, 30-40/zm crassus, peridium 0,5-1,5 mm crassum , 
madefactum elasticum gelatinosum atrum que, in sicci- 
tate corneum  et olivaceo-brunneum, ascosporae 
atro-brunneae (10—) 14— 16(— 18) /zm diametro, ornamen- 
to variantes, eodem  aliquantum irregulariter asperula- 
tis vel reticulatis vulgo autem subtiliter rugosis vel 
striatis. Species hypogaea adhuc semel sub Corylo  
avellana, ubi ascocarp ia  gregaria vel dense aggregata 
creverunt,  inventa est.

A scocarps  small, globose, spherical or usually 
som ew hat dep ressed , without regular d ep re s ­
sions (foveae), elastic and soft in moist cond i­
tion, drying very hard, not brittle. Surface 
sm ooth , som ew hat wrinkled in dry material, 
dark  sepia  to a lm ost black, dull. Smallest and 
largest m ature specim en 0 .3 x 0 .4  cm and 0 .8 x  1.2 
cm in d iam eter  respectively. C rust consp icuous, 
firmly adhering to  the ascocarp  surface, pe rs is t­
ent, com posed  o f  a white to pale ochraceous  
tinged mycelium mixed with soil particles. 
M ycelium of the crust flocculent, of loosely 
tangled hyphae, hypheal elem ents  richly

branched , with few septa , rigid, hyaline under  
the m icroscope, sm ooth , unequally  th ick , gen­
erally 1.5-3.0 p m  in d iam ete r  but with local 
swellings up to 6 -1 0 / /m  in d iam eter ,  wall c. 0.3 
p m  thick. A djacen t hyphae often anas tom osing  
by small papillae. Roots o f  vascu la r  plants 
sparsely p resen t in the c rust,  som e ro o ts  found in 
intimate con tac t with the cortical wall but not 
penetrating into the peridium . C ortex  up  to 30-40 
p m  thick, so ft-tex tu red , p seudoparenchym atic ,  
dark  sepia to black in section, w eakly  differenti­
ated from the peridium. E x te r io r  surface  o f  co r ­
tex sm ooth, dull, densely  and inconspicuously  
reticulate by m inute, dark sepia  co loured  pa t­
ches separated  by very  narrow  m eshes  in a pale 
brow n colour. T he  reticulation is only visible on 
cleaned, m oistened  materia l studied un d er  high 
magnification. C ortex  com posed  o f  diffusely 
separated  groups of opaque cells. The g roups are 
broadly conical to f la t tened-e longate  in vertical 
section, up to 5 0 -7 0 p m  broad  at base and  30-40 

high, cells 3-10/<m  in d iam eter ,  m ostly  iso- 
diametric, forming a tex tu ra  angulosa , walls 
variously th ickened  up to  2.5 p m .  Cortical 
groups m ore o r  less confluent at the ir  bases , 
laterally connec ted  and som etim es a lso  covered  
by a com pact system  of tangentially  orien ted  
hyphae with cells isodiam etric to elongate , pale 
brow n to hyaline and sm ooth . Peridium  m uch 
th icker than the co r tex , 0 .5-1.5 mm th ick , fleshy
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Fig. 1. E laphom yces stria tosporus  Kers sp. nov. —  A: Mature ascocarp  in median, vertical section , c= c ru s t ,  
p=perid ium , g=gleba. —  B: Two asci with im mature ascospores.  —  C: Apical portions o f  ascogene hyphae with 
ascus primordia. —  D: Cortex and peridium in vertical section, c x = c o r te x .  —  E: Surface o f  a scocarp  showing a 
plane, reticulate pattern. —  F: T hree m ature ascospores  showing variable ornam entation  (light microscope). — 
G: Unripe ascospore. —  H: Cortex and ou te r  portion of the peridium in vertical section, c x = c o r te x .  —  J: 
Innermost portion of the peridium in vertical section. (Drawn from the holotype).

elastic when moist, o f  a horny con tex t w hen dry, 
dull black in moist condition. N ew ly cut sections 
o f  dry material glossy dark  o livaceous b row n, 
concolourous or usually  faintly stria ted  by a few 
diffusely m arked tangential lines o f  a paler col­
our than the rest. Sections o f  dry perid ium  with a 
faint bluish tinge w hen studied with the naked

eye. Peridium co m p ac t ,  non-lacunose , co m ­
posed  o f  mainly parallel, tangentia lly  oriented 
hyphae. B undles o f  hyphae  running cross-w ise 
w ith the o rd inary  sy stem  m ore frequen tly  p res ­
ent in the ou te r  portion  o f  the perid ium . H yphae 
gradually b ro ad e r  tow ards  the in terior, 2 -3 /xm  in 
d iam eter  near  the co r tex  w hereas  reaching  5-8
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10 11 12 13 14 15 16 17 18 1 9 / u m

Fig. 2. Diagram showing variation in ascospore  size in 
E laphom yces stria tosporus. Ornam entation included. 
The m easurem ents  based on spores from four asco­
carps. (From  the holotype).

/um  in d iam ete r  near the gleba, walls 1 .0 - 1 .5 /m  
thick, slightly gelified. G leba  dark  sepia w hen 
m ature , sharply  set off from the perid ium ; dis­
sepim ents  w hite , evanescen t,  spurious or lacking 
in m ature  a scoca rps ; capillitium abundan t ,  hy­
phae sm oo th , ashy grey in mass, 1.5-2.5 p.m in 
d iam eter, strongly coiled and  tw isted , w ith  few 
septa , sparsely  b ranched ,  thin-walled. A sc i  
(4-6-)8-spored, spherical to obovate  in outline, 
(2 5 - )3 0 -3 5 /m  in d iam eter  w hen  8-spored, 25-30 
p m  in d iam ete r  when 4—6-spored, stipe c. 5 p m  
long, the size o f  the spores  shows little if  any 
variation within the individual asci. A sco sp o res  
spherical, often with long remaining (tetrad) fa­
cets in you th , (10-) 14-16(-18) p m  in d iam eter  
inclusively o rnam enta tion  1 .0 -1 .5 p m  high. Im­
m ature spores  hyaline to pale yellowish brow n, 
sm ooth  to faintly w arted , exospore  c. 1.0 p m  
thick, cy top lasm  enclosing a  large oil d rop . Ma­
ture spores  dark sepia to a lm ost black in m ass, 
small spores  opaque, larger spores with a sem i­
transparen t endospore  wall and an opaque  exo ­
spore o rnam enta tion . O rnam enta tion  variously 
shaped , irregularly tuberculiate to incom pletely  
reticula te in some spores w hereas  minutely ru­
gose to s tr ia ted  in most spores.

H o lo ty p e : N orw ay . Oslo District: A ker. N ear  
G austad . U n d e r  Corylus avellana.  22.IX. 1952. 
Leg. F .-E .  Eckblad s ’n. (O).
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Fig. 3. M ature ascospores  of  E laphom yces stria to ­
sporus, showing variable ornamentation. A =  the 
com m on type. B =  uncom m on type with a dense 
ornamentation. SEM -pictures. (From  the holotype).

C om m ents

The material has previously  been  classified te n ­
tatively as E la p h o m yces  leveillei Tul. (Eckblad 
1962 p. 208, 1971, pp. 15, 17). The new  species 
is, how ever, easily distinguished from tha t spe­
cies e.g. by its m uch  smaller a scoca rps ,  whitish 
mycelial c rust,  the very  thin and sm ooth  cortex , 
the horny and  black  peridium , the smaller spores 
and by the ex o sp o re  ornam entation . W hereas  E. 
leveillei has the brittle  and carbonaceous  cortex  
characteristic  o f  the subgenus Scleroderm a  
Vitt., the new  species is the first Scandinavian  
represen ta tive  o f  the subgenus M alacoderm a  
Vitt. This subgenus has been  charac terized  by a 
very  thin and fleshy cortex . The surface o f  the 
ascocarps  the re fo re  generally becom es more or 
less wrinkled in drying. Besides, the spores  are
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com paratively small for the genus, viz. less than 
lS ^ m  in previously know n species. A lthough E. 
striatosporus  show s the cortical fea tu res  which 
distinguish the M alacoderm a-group, the spores 
are som ew hat larger than would be typical for 
the subgenus.

A com parison has been  m ade with o the r  spe­
cies o f  the M alacoderm a-group. T he  following 
species are know n from  Europe: E. atropurpu-  
reus  Vitt., E. citrinus  V itt.,  E. im m utabilis  
Speg., E. m utabilis  V itt .,  E. papilla tus  Vitt., E. 
sulphureo-pallidus  V acek. F rom  northern  A m e­
rica A . appalachensis  L inder seem s to be the 
only species which can  be clearly referred  to this 
species group (cp. F ischer 1897, D odge 1929, 
V acek 1949, Ceruti 1960, Szem ere  1965, L inder 
1939).

I can not find E. stria tosporus  to be closely 
allied to any o f  the aforem entioned  species. The 
new species may, how ever,  be com pared  w ith F .  
mutabilis  and E. papilla tus. E. mutabilis  is fairly 
variable and it has a persisting, th ick  crust 
suggesting that found in E. s tr ia tosporus  (cp. 
Tulasne & Tulasne 1851 p. 105 & Tab. 3: 1, 
H esse  1894, p. 65, F ischer 1897 pp. 84, 85, Ceruti 
1960 Tab. 2). E. mutabilis  differs from  E. stria to­
sporus  in the soft-textured, pale co loured  perid ­
ium, the smaller spores  and in the exospore  
ornam entation. E. im m utabilis  is generally  con­
sidered to be m erely a form o f  E. mutabilis  (Fi­
scher 1897 p. 85). It differs in the sam e features 
as does E. mutabilis.

Szem ere has reported  10—19(—26) p m  large 
spores in some specim ens which he refers to E. 
papillatus  (Szem ere 1965 p. 92). The new  species 
is certainly distinct from E. papilla tus  s. str. 
which differs in the weakly organized crust,  the 
yellowish brow n and papillated cortex , 
loose-textured, lacunose and purplish peridium, 
generally 4-spored asci, and in the sm aller spores 
and their o rnam enta tion  (cp. H esse  1894 p. 67, 
Dodge 1929 p. 163, Ceruti 1960 Tab. 3: 2).

Elaphom yces  str ia tosporus  may also be con­
fused with E. cyanosporus  Tul. although this 
species belongs to a quite different species 
group, viz. the subgenus Scleroderm a  subsec­
tion Phlyctospora  (Zobel) Dodge. The rep re ­
sentatives o f  this subsection are  charac terized  by 
a rooting, sterile base. This fea tu re  m ay, how ­
ever, be weakly developed and even  lacking in 
some specimens. It is not always a reliable char­
acteristic. E laphom yces  cyanosporus  shows a

superficial resem blance  to  E. s tr ia to sp o ru s  due 
to the thick, b lackish  co loured  and h a rd  per id ­
ium, the slightly w rinkled  su rface  and th e  gen­
erally small a scoca rps .  It differs from  E. s tr ia to ­
sporus  in the m uch th icker  co r te x ,  the c o n te x t  of 
the peridium and in the  large spores  w ith  a  regu­
lar, dense reticu lum  (cp. D odge 1929 p. 181 ff, 
Ceruti 1960 Tab. 10 & 11).

The new  species is easily identified b y  the 
usually striate spores .  A co m p arab le ,  th o u g h  not 
identical o rnam enta tion  is found  in tw o  o the r  
species, viz. E. v irga tosporus  H ollos  and  E. 
carbonaceus  C o rne r  & H a w k e r  (C eru ti 1960 
Tab. 10: 2, C orner  & H a w k e r  1953 Fig. 2 G).

The developm ent o f  the spo re  o rn am e n ta t io n  
seem s to  follow a general schem e  in all species 
studied. Minute, vertical rods  a re  fo rm ed  into a 
sm ooth , gelatinous exospo re .  A s the m a tr ix  dries 
these  rods glue to each  o ther.  T h ey  do  th is  to a 
variable extent and in d ifferent w ays so  as to 
form  blocks, w arts , spines, p la tes  etc. (H a w k e r
1968). M ost spores  o f  E. s tr ia tosporus  ap p ea r  
striate under the light m icroscope . In  these  
spores the rods coalesce  into n a rro w  p la te s  with 
few  anas tom oses  or b ran ch es  (Fig. 3 A). In ex ­
trem e cases som e p la tes  ex ten d  u n in te rrup ted  
and simple from pole to pole . I f  the p la tes  are 
broken  up at short in tervals  the  spores  ap p ea r  
minutely and irregularly re ticu la te  u n d e r  the  light 
m icroscope (Fig. 3 B).
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The authors have  been studying the genus Cro­
cus  in N G reece  since 1976. This article is based  
only on m aterial collected by ourselves . We have 
made co llections all over G reece, but mainly 
from the cen tra l  and northern parts . In this paper 
80 populations represen ting  10 taxa, mainly from 
N G reece, are  included. 56 of them  w ere exam i­
ned cytologically . F urther  details on ch ro m o ­
some m orphology , distribution and variation will 
be presented la ter.

A large n u m b e r  of chrom osom e counts  have 
been published by Brighton et al. (1973). They 
have started a  cy to -taxonom ic study o f  the genus 
based on som e 700 collections kept in cultivation 
at Kew.

Cytological investigation was limited to mitotic stu­
dies using a root tip squash technique. The best results 
were obtained when the root tips were collected im­
mediately after a frost night and then pre treated  in 
alpha-brom onaphtalene for five hours in a refrigerator 
at a tem perature o f  c. +4°C. They were then fixed in 
Carnoy (3:1), hydrolyzed in 1-N HC1 at 60°C for 8 
minutes, stained in Feulgen for c. two hours and trea t­
ed in a solution o f  5 % pectinase before squashing in 
45 % acetic acid. The squash technique used was as in 
Östergren & H eneen  (1962). We counted the ch rom o­
som e num ber o f  at least 10 good m etaphase plates of 
each individual.

Unless o therw ise stated the nomenclature is accord­
ing to Hayek (1933).

The following abbreviations are used: ZE  Evgenia 
Zacharof, PA K ostas  Papanicolaou, N. Dramas, N. 
Kavalas etc. refer to the administrative departm ents 
(Nomos) of  Greece.

Material and m ethods

The material has been cultivated either in a private 
garden in Thessaloniki or in the experimental field of 
the Copenhagen University Botanical Garden. We 
generally collected 20 individuals from each popula­
tion, 10 for drying and 10 for cultivation. Only one 
corm was kept in each  pot so that individual ch rom o­
some numbers could be established.

The first set o f  o u r  collections is kept at the H e r­
barium of the Institu te  of Systematic Botany and 
Phytogeography, Thessaloniki, Greece (H .Th.). Less 
complete sets are  at Kew (K) and Copenhagen (C).

Crocus cvijicii K osanin

Collections: N. Pellis: Mt Voras, 2 km N of Notia, 
opening in beech forest, 1500 m, PA 3213 (H .T h .,  C) — 
N. Florinis: Mt V arnous, c. 3 km before Pisoderi, 1550 
m, ZE 601 (H ,T h .,  C) —  N. Imathias: Mt Vermion, 
along the path from the refuge of Tria Pigadia to the 
peak of Tsanakts is ,  1600 m, ZE 838 (H .Th.); same 
path , 1900 m, Z E  538 (H .T h .,  C); above Koutsoufliani, 
around the church  of Agios Pavlos, 1200 m, ZE 536 (K, 
H .T h .,  C); above Ano Gram matiko, aiong the road to 
Magoula, 1250 m, ZE  539 (K , H.Th.); summit area , E 
o f  the peak o f  Tsanaktsis ,  1800 m, ZE 541 (K, H .Th.)
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—  N. Ioanninon: Mt G ram m os, 10 km N of Plikati, 
Koukouli, 1820 m, Z E  542 (H .Th.,  C) —  N. Larisis: Mt 
Ossa, snow-patches in summit area, Z E  603 (H .Th.,  
C).

N ew  to Mt V oras , V arnous, G ram m os and Ossa. 
In G reece C. cvijicii was previously know n from 
a single locality on Mt Vermion (M athew  1976 a). 
Outside G reece it is p resent in SW  Jugoslavia 
and SE Albania.

C. cvijicii is a spring species with finely fib­
rous, reticulate corm -tunics , 2-4 leaves and  pale 
c ream  to deep  orange-yellow  flowers with pube­
scent throat. It has been  found at snow -patches  
at 1800-2300 m, flowering in M ay and June 
(M athew  1976 a). W e have, how ever,  also col­
lected it in beech  forest,  flowering in M arch (PA 
3213, ZE 601, 536, 539).

The species is morphologically and cyto- 
logically variable. Variation was observed  in 
flower colour, shape and size o f  tepals , num ber 
o f  sheathing leaves, and length o f  perianth-tube.

C hrom osom e n u m b e r : 2n= 18 , 19, 20, In the po­
pulations ZE 541 and 536 it was found to be 
2n =  18 and 19, respectively . In PA 3213 and ZE 
601 both 2n =  18 and 2n = 20 was found; finally ZE 
542 had 2n=18  excep t for one individual which 
had 2n=20. The num bers  2n= 19  and 20 are re ­
ported  for the first time, the previously known 
num ber being 2 n —18 (Brighton et a!. 1973). 
Chrom osom e n um ber  variation within popula­
tions has also been  observed  in C. scardicus  
Kosanin (Sopova 1972), which is a close ally of 
C. cvijicii occurring in the m ountains W of 
Skopje, Jugoslavia; it has 2n= 32 , 34, 35 and 36. 
Further  investigations will be carried out on C. 
cvijicii.

Crocus pulchellus H erbert

Collections: N. Chalkidikis: Peninsula of Agion Oros, 
main massif of Mt Athos, S side, rocky place, 1850 m, 
PA 3005 (H .Th., C); above Karyes, chestnut forest, 
550 m, PA 3006 (H .Th.);  Peninsula of  Sithonia, hill of 
Dragoudeli, Agios Ilias, 750 m, PA 3004 (H .T h .,  C); 
peninsula of Kassandra , c. 500 m N W  o f  N ea Skioni, 
by the road, PA 3073 (H.Th.). — N. Kavalas: Mt 
Pangaeon, central part o f  summit area , Tsekour 
Madra, 1550 m, PA 626 (H .Th.) —  N. Imathias: Mt 
Vermion, c. 3 km N o f  Koumaria, Ornofolies, 800 m, 
ZE  581 (H.Th.) —  N. Serron: Ipsom ata L achana, on 
road from Serre to Thessaloniki, PA 3062 (H .Th.).

C. pulchellus  is flowering from the beginning of 
Septem ber to the end o f  O ctober. The corm-tu-
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nics are sm ooth and papery ,  splitting in to  rings at 
the base ,  the leaves  a re  absen t at a n th e s is ,  and 
the flowers are lilac-blue. It occurs in the  S E  part 
o f  the Balkan pen insu la ; in G reece it is ra ther  
com m on in the north .

It is found in open  w oods bu t we also  co llected  
it in the summit a reas  o f  M t Athos and  Mt P an ­
gaeon. The plan ts  from  Mt Athos w ere  reported  
by G risebach (1844 p. 374) as C. spec iosus  Bieb.; 
the la tter in fact occu rs  only in SE B ulgaria  and 
the Crimea. The A thos material may h av e  been 
m istaken for C. spec io sus  because  o f  its strongly 
veined tepals, bu t differs in the  following ch a ra c ­
ters: F low ers n ev e r  speckled  ex ternally ; th roat 
o f  perianth deep  yellow; filaments yellow  and 
densely pubescen t,  an thers  0 .9-1.4 cm , white.

C hrom osom e n u m b e r : 2 n = 10 , 12. All popu la ­
tions mentioned above ,  excep t for PA  3006, have 
been studied. In all plants exam ined the c h ro m o ­
som e num ber w as found to be 2n = 12 excep t for 
tw o individuals o f  PA  3005 which had 2n=10; 
this num ber is new  for the species which o th e r­
wise seem s to have  uniform ly 2n=12  (Brighton 
et al. 1973, S opova  1972).

Crocus cancellatus H e rb e r t  s.lat.

C ollections: N. Pierias: Mt Olimbos, ju s t  N of Lito- 
choron, Mili, 350 m, PA 3078 (H .Th.) —  N. Kavalas: 
Mt Pangaeon, N N W  side, above the m onastery of Thia 
Analipsis, rocky place, PA 912 (H .Th.) —  N. Imathias: 
Mt Vermion, N o f  K oum aria ,  Ornofolies, ZE 511 
(H .Th.) —  N. Chalkidikis: Peninsula o f  Agion Oros, 
main massif of Mt A thos, around the church of Pana- 
gia, rocky place, 1550 m, PA 3010 (K, H.Th.).

C. cancellatus  is flowering from the beginning of 
Sep tem ber to the middle o f  N ovem ber.  Its main 
characteristics are: C orm -tunics  strongly fib­
rous, coarsely re ticu la te ; leaves absent at an ­
thesis; flowers w hite to deep  blue-purple. It 
occurs  in G reece  and S Jugoslavia . The record 
from the peninsula  o f  Agion O ros is a new one; 
within this relatively small a rea  there  are no less 
than 5 species o f  Crocus.

C hrom osom e n u m b e r : 2 n = 16 , 16 + 1B. B
chrom osom es have  been  reported  previously 
(Brighton et al. 1973). W e found 2 n = 1 6 + lB  in 
all plants o f  PA  3078 from Mt Olimbos which 
agrees with the repo rt  by M athew  from the same 
area. All the o th e r  popula tions  cited above had 
2 n =  16.
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C rocu s o liv ier i Gay

Collections: N. Chalkidikis: Peninsula of Agion Oros, 
along the path o r  the summit area, mixed forest, 1250 
m, PA 3013 (K , H.Th.) -  N. Thessalonikis: Mt Chor- 
tiatis, E side, c. 1 km S of the village of Peristera, ZE  
519 (K, H .Th.) .

F o r  a desc r ip t ion ,  see M athew  (1976 b). O ur 
material fits subsp . olivieri exactly . In both ou r 
populations the  filaments are minutely pubescent 
but only those  of ZE  519 have a purple spot at 
the apex.

C h ro m o so m e  /lumber:  2 n = 6 + lB .  One acc esso ­
ry ch ro m o so m e was found in all plants exam ined  
of  both  popula tions .  Previous reports  indicate 
2 n = 6  (M ath e r  1932, Pathak  1940, Sopova 1972, 
Brighton et al. 1973), 6+2B  (Brighton et al. 
1973).

C rocus fla v u s W eston

Collections: N. Ioanninon: Mt Gram mos, around Dro- 
sopigi, 800 m, Z E  544 (K, H.Th.) —  N. Pierias: Mt 
Olimbos, E side, S of Litochoron, 500 m E of the 
church o f  Agios Ioannis, mixed with C. chrysanthus , 
PA 3014 (K, H .Th.) .

C. f la v u s  be longs to the C. olivieri group. F or  a 
charac teriza tion , see Mathew (1976 b). PA 3014 
fits subsp. f l a v u s  exactly , while ZE 544 seem s to 
be subsp. d issec tu s  Baytop & M athew, which 
has several s lender style branches; it has been 
considered an endem ic o f  W Turkey.

C hrom osom e num ber:  2n= 8 , counted in both 
populations. Brighton (1976) found 2 n = 8  and 
8+1 IB. N o  accesso ry  chrom osom es were o b ­
served by us.

C rocus ch ry sa n th u s Elerbert

Crocus chrysan thus  belongs to the C. biflorus  
group (see un d er  C. stridii). C. chrysanthus  is 
distributed on the Balkan Peninsula and in E 
Romania. It is variable cytologicaily (Sopova 
1972, Brighton et al. 1973) and morphologically. 
It is ra ther com m on  in G reece. We found the 
somatic ch rom osom e num bers 2n = 8, 12, 18, 19, 
20. Our material with 2n = 8 differs m orpho ­
logically and therefore  we describe it here as a 
new subspecies.

C. ch rysan th u s subsp. m ultifo lius Papanicolaou 
& Zacharof, ssp . nov. — Fig. 1 A
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Orig, coll.: N. Larisis: 3 km E  of Skotousa, Aigiannis, 
400 m, 24.2.1976, Papanicolaou 3015 (C holotypus, K 
et Herb. Univ. Thessaloniki isotypi).

Folia (4—)5—6, flores superantia. Filamenta papillosa; 
lobi antherarum  colorati atropurpurei. Chromosoma-  
torum somaticum  num erus 2n = 8.

Other collections: N. Magnisias: Above Velestinon, 
around the church of Panagia, 500 m, PA 3039 (H. Th.) 
—  N. Pellis: Mt V oras (Kajmakcalan), along the forest 
road to the highest point, opening in beech  forest, 
1350-1500 m, 1976 PA (C).

L eaves usually 5-6 , much exceeding the flowers. 
Filam ents  papillose; basal lobes o f  an thers  with a 
blackish-purple spot at the tip. C hrom osom e  
num ber  2n =  8.

2n = 8  was counted  in all three collections m en­
tioned. The cy to type  with 2n = 8  occurs  in S 
Jugoslavia as well. (S opova 1972), but nothing is 
mentioned about morphological features o f  the 
Jugoslavian plants. K now n distribution in 
G reece, see Fig. 2.

C . ch rysan th u s subsp. c h ry sa n th u s—  Fig. 1 B

Collections: N. Kastorias: Mt Vitsi, 3 km after Oxia on 
forest road from K astoria  to the peak , opening in beech 
forest, 1206-1300 m, Z E  527 (K, H .Th.,  C); along the 
road from K astoria  to Amideon, on the cross to Klis- 
soura, ZE 513 (K, H .T h .)  —  N. Kozanis: Mt Voion, 5 
km before Pentalofos, on road from K onitsa to K ozani, 
opening in beech forest, 1500-1550 m, Z E  526 (K, 
H .T h .,  C); Mt A skion, c. 5 km from Vlasti on road to 
Ptolemaida, beech forest, 1300 m, ZE  528 (K, H .T h .,  
C) — N. Larisis: Mt Ossa, 2 km N of Spillia, opening in 
oak forest, 900-950 m, ZE  525 (K, H .T h .,  C); c. 3 km 
from Elason on road to Larisa, ZE 530 (K, H .T h .,  C) 
—  N. Ioanninon: 5 km before Metsovon on road from 
Trikala to loannina, opening in beech forest, 1500 m, 
ZE  524 (H .Th.,  C); Mt Grammos, 5 km N o f  Plikati, 
opening in beech forest, 1300 m, 1978, ZE  (K , H .Th.,  
C) —  N. Pierias: Mt Olimbos, Litochoron, around the 
church of Agios Ioannis, PA 3012 (K, H .T h .,  C) —  N. 
Serron: Ipsom ata Lachana, on road from Serre to 
Thessaloniki, Z E  533 (K, H .Th.,  C); Mt Kerkini (Be­
lles), 3 km N o f  Ano Porojia, 700 m, ZE 523 (K , H .T h .,  
C); Mt Menikion, Mousnitsa, c. 20 km from Serre 
along the forest road to the peak, 900 m, ZE  520 (K, 
H .T h .,  C); 11 km N o f  Serre, close to Chrisopigi, 800 
m, Z E  516 (K, H .T h .,  C) —  N. Dramas: Mt Rodhopi, 
along the forest road from Drama to K aradere, 1100 m, 
ZE  532 (H .T h .,  C); Mt Falakron, E side, beside Nestos 
river, Tulubari, c. 850 m, ZE 531 (K, H .T h .,  C) —  N. 
Kilkis: c. 3 km from Kilkis on road to Thessaloniki, ZE 
522 (H .Th.,  C); 3 km from Polikastron on road to 
Kilkis, ZE 823 (H .T h .,  C) —  N. Thessalonikis: Mt 
Chortiatis, above Chortiatis, along the forest road to 
the peak, opening in beech forest, 850 m, ZE  521 (K, 
H .T h .,  C); outside Asvestochorion, Kouri, oak forest, 
PA 3040 (H .Th.) —  N. Chalkidikis: Peninsula o f  Kas-
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Fig. 1. C rocus ch rysa n th u s, habit (x0 .5 ) and stamen (x5 .7 ).  —  A: subsp. m ultifo lius  (PA 3015), note papillose 
filament and blackish spot at tips of  anther lobes. — B: subsp. chrysan thus  (ZE 531).
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I
 Fig. 2. Localities for cultivated material o f  •  C. chry­
san thus  ssp. chrysan thus  (open circles: not cytologi- 
cally studied. —  ■  C. olivieri. —  $  C. fla vu s . —  T  C. 
chrysanthus  ssp. m ultifolius.

gig

sandra, c. 5 km N of Kalandra, ZE 518 (K, H .T h .,  C)
—  N. Kavalas: Mt Pangaeon, S -S E  side, along the 
forest road from Akrovounion to the peak o f  Pilaf 
Tepe, opening in beech forest, 1400 m, ZE 517 (K, 
H .T h .,  C); E o f  Kavala, near Podolivadon, ZE  514 (K, 
H .T h .,  C) —  N. Imathias: Mt V erm ion, along the road 
from Veria to Kozani, close to Panagia Soumela, 1300 
m, Z E  515 (K , H .Th.,  C) —  N. Pellis: c. 4 km from 
Edessa  on road to Fiorina, PA 3011 (K , H .Th.) .

L eaves  3-4 , sho rte r  than the flow ers; basal lobes 
of an thers  with or without a b lackish-purple  
spot; filaments usually glabrous.

C hrom osom e number:  2n=12 , 18, 19, 20. The 
num ber 2 n = l8  is new for the species, found in 
three plants o f  ZE  515 while the rest had 2n = 20; 
the num ber 2n = 19 is also new, found in two 
plants of ZE  523, while the rest had 2n = 20. 
2 n= 12  was know n previously (Brighton e t al. 
1973); in out material it occurs in Z E  528 and ZE
516. In all the o ther  populations exam ined  (ZE 
527, Z E  530, Z E  524, ZE  533, Z E  532, Z E  531, 
ZE 522, ZE 823, ZE 521, PA 3040, ZE 512, ZE
517, ZE  514, PA 3011) 2n = 20 was found. The 
geographical origin o f  our material is shown in 
Fig. 2.

C rocus sieberi Gay

Collections: N. Pellis: Mt Voras (K ajmakcalan), S 
side, N E of Panagitsa, along the forest road from Pati- 
ma to Kalivia Giannakoula, 1350-1500 m, 1976, PA (C)
— N. Ioanninon: 5 km from Metsovon on road to 
Trikala, Profitis Ilias, beech forest, 1500 m, ZE 512 (K,
H .Th.) — N. Serron: Mt Menikion, 23rd km on road 
from Serre to Eripia Lailia, opening in beech forest, 
1300-1350 m, ZE  508 (K, H. Th.) — N. Imathias: Mt 
Vermion, between K astanea and Zoodochos Pigi,

beech forest, 1250-1350 m, ZE  500 (K, H .Th.) —  N. 
Kozanis: Mt Askion, ju s t  outside Vlasti on road to 
Ptolemaida, beech forest, 1300 m, ZE 504 (K, H .Th.) 
— N. Thessalonikis: Mt Vertiskos, above O ssa, along 
the path to the peak, beech and oak forest, 800 m, PA 
202 (H.Th.) —  N. Kastorias: Mt Voion, above Kotili, 
1200-1300 m, PA 201 (H .Th.)  —  N. Pierias: Mt Pieria, 
W of E latochorion, 850-950 m, PA 209 (H .Th.).

C. sieberi is a spring species with reticula te 
corm -tunics bu t w ithout a basal spa the . The 
flowers are pale lilac to deep lilac-purple or 
com binations with w hite; there  are 2-7 leaves,
1.5-6 mm wide, p resen t at anthesis.

The species w as previously regarded  as en ­
demic to G reece  but occurs  in Jugoslavia  as well 
(B. M athew, pers . com m .). It is morphologically  
very variable (Fig. 3). C. nivalis Bory & Chaub. 
from N W  G reece  and C. atticus  Orph. from  A tti­
ca are possibly conspeciftc. ZE  512 (Fig. 3 D) fits 
m ore o r  less C. nivalis (H ayek  1933) by having a 
deep yellow, pubescen t  th roat and 7-10  mm  long 
anthers. Plants in term ediate  to C. sieberi s .str . 
are found in o th e r  populations, how ever.

Z E  508 (Fig. 3 A) is deviant and we are  not 
sure w hether  it belongs to C. sieberi or  to  C. 
veluchensis  H erb , or is a hybrid be tw een  these 
two; some individuals have a white , pubescen t 
throat and white filam ents, features, occurring in 
C. ve luchensis , w hereas  o ther  plants in the same 
population have  yellow, glabrous th roa t and 
yellow filaments. C. sieberi and C. veluchensis  
are very close and possibly not distinct species.

C hrom osom e num ber:  2n —22, 24. T he c h ro m o ­
some num ber was found to be 2n=22  in Z E  500, 
ZE  504, PA 201, PA 1976 and 2n = 24 in ZE  508 
(only two plants w ere exam ined cytologically); 
this may be a  hybrid betw een C. sieberi with 
2n=22  and C. veluchensis  with 2n =  26, bu t fu r­
ther studies are  needed  since intraspecific aneup- 
loidy is com m on in Crocus.

C rocus v elu ch en sis  H erbert

C ollections: N. Pierias: Mt Olimbos, E side, S of L ito­
choron, 500 m E of the church of Agios Ioannis , PA 
3000 (K, H .T h .)  —  N. Dramas: Mt W. Rodhopi, along 
the forest road from  D ram a to the peak of Karadere, 
Bozovo, mixed forest, 1400 m, ZE 500 (K, H .Th.) ;  Mt 
Falakron, E of Pirgi, alpine region, snow -patches, 1700 
m, ZE 552 (H .Th.);  Central Rodhopi, N of Prasinada, 
peak of Spilia, 1100 m, Z E  557 (H .Th.) — N. Florinis: 
Mt Varnous, 3 km from Pisoderi on road to Fiorina, 
1500 m, ZE  506 (K , H .Th.); Mt Varnous, 8 km E of 
Agios Germ anos, Z E  507 (K, H .Th.) —  N. Imathias:
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Fig. 3. Crocus s ieb eri, 
tepals from five different 
individuals from four po ­
pulations. —  A: ZE 508. 
—  B: ZE 504. — C: ZE 

.505. —  D: Z E  512.
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Mt V erm ion, above Agios Pavlos, 1700 m, PA 261 
(H .Th.) —  N. Magnisias: Mt Pilion, ju s t  above Chania, 
beech forest, PA 3002 (K, H .Th.) —  N. Kavalas: Mt 
Pangaeon, S side, along the road from A krovounion to 
the peak o f  Pilaf T epe ,  opening in beech forest, 1200 m, 
ZE  503 (K , H .T h .) ;  Mt Pangaeon, central part of 
summit area , Tzitzova , snow-patches, 1700-1750 m, 
ZE  509 (K , H .T h .)  —  N. Larisis: Mt Ossa, alpine area, 
snow -patches, PA 3001 (K, H .Th.) — N. Chalkidikis: 
Mt Cholomon, above Arnea, beech forest, 650 m, ZE 
501 (K, H .T h .)  —  N. Serron: Mt Kerkini (Belles), 
above Ano Porojia, 900 m, ZE 551 (H.Th.) —  N. Xan- 
this: Mt Rodhopi, W of Dimarion, opening in beech 
forest, ZE 602 (H .T h.)  —  N. Pellis: Mt Paikon, W of 
Kromni, 1300 m, ZE  553 (H.Th.); Mt Voras (Kajmak- 
calan), W of Ano Garefion, 1100 m, PA 3021 (H .Th.)  — 
N. Kilkis: Mt Disoron (Krousia), above Ano Theo- 
dorakion, 600 m, PA 3022 (H .Th.) —  N. Ioanninon: Mt 
G ram m os, N of Plikation, 1200 m, ZE 555 (H.Th.).

C. veluchensis  belongs to the spring-flowering 
group with reticu la te  corm -tunics which is also 
rep resen ted  in G reece  by C. cvijicii and C. sie­
b er i ; the flow ers are pale to deep  lilac-blue with a 
white , pubescen t th roat.  It is distributed on the S 
part of the Balkan peninsula.

A ccording to H ayek  (1933), C. veluchensis  has 
entirely white or violet flowers with a hairy 
throat, while C. sieberi has white and violet or 
pure  white tepals , while the throat is yellow and 
glabrous. T he only  reliable charac ter  in ou r m a­
terial of C. veluchensis  seems to be the white 
throat, how ever.  The species overlap in d istri­
bution (Fig. 4) and ecology.

C hrom osom e n u m b e r : 2n = 24, 25, 26. 2 n - 2 6  was 
found in all populations studied (ZE 500, Z E  557, 
PA261, ZE  503, ZE  501, Z E  551, ZE  553, PA 
3021, PA 3022) except in ZE  552 which had 
2 n= 24  and 25. Previous reports are 2n = 20 (So­
pova 1972), 2 n = 2 6  (Brighton et al. 1973), 2n= 46  
(Popova 1972).

Crocus stridii Papanicolaou & Zacharof, sp. nov. 
-  Fig. 5

Orig, coll.: N E  G reece , N. Thessalonikis, Mt Chorti­
atis, above Chortiatis , 800 m, 14.2.1977, Z acharof 543 
(C holotypus, H erb . Univ. Thessaloniki isotypus). In 
meadow, by a stream , together with C. chrysanthus.

Cormus ovoideus, 1,5-2 cm diam.; tunicae papyra- 
ceae, inferne in annulos concentricos horizontaliter 
circumscissos secedentes; Folia vaginantia 4-6, al- 
b\da.: folia  5-8, synanthia , 1-1,2 mm lata, ciliata, flores 
superantia; bracteae  binae, albidae, 6-8 cm longae. 
Flores 1-3, hiemales; perianthii tubus 5-10 cm longus, 
extus 6-vittatus, fauce puberulus; perianthii segmenta  
oblanceolata, acu ta ,  2 ,5 -3 ,5x0 ,7 -1  cm magna, extus
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Fig. 4. Localities for cultivated material o f  •  C. velu­
chensis (open circles: not cytologically studied). —  H 
C. sieberi (total distribution in N Greece).

3-vittata vel alba, basi aurantiaca. Filamenta  auran- 
tiaca, papillosa vel puberula, 5-6 mm longa; antherae  
a tropurpureae vel luteae, 11-14 mm longae, sagittatae, 
lobis basalibus 2-2,5 mm longis; pollen pallide flavum; 
stigma  antheris brevius vel plus minusve aequans; s ty ­
lus aurantiacus, rami stigmatici 3. Capsula  ellipsoidea, 
9-11 x4 ,5-5 ,5  mm.

Corm  ovo id -g lobose , 1.5-2 cm in d iam ete r ;  tu­
nics sm ooth, the innerm ost co riaceous , the ou te r  
papery , splitting into rings at the base ,  the rings 
too thed , cons tr ic ted  at the top into a  short too th ­
ed sheath. Shea th ing  leaves  (p roper  spathes)
4-6 , whitish. L ea ves  5-8, p resent at an thesis , 
s lender, acum inate ,  much exceeding the flowers, 
upper surface w ith a distinct white line covering 
as much as c. 2/3 o f  leaf-width, distinctly  or 
sparsely ciliate. Bracts  (bracteoles) 2, whitish, 
6 -8  cm. Flowers  1-3, appearing in w in ter; peri- 
anth-tube very slender, white w ith  6 purple 
s tr ipes, 5-10 cm long, c. 1.1 mm in diam eter; 
seg m en ts  oblong-lanceolate , more o r  less acute ,
2 .5 -3 .5 x 0 .7 -1  cm , the outer mostly white with 
th ree  purple stripes on the back o r  entirely 
w hite , the inner white and not s tr iped; throat 
deep  yellow to orange, puberulent.  Filam ents  
orange, papillose or puberulent, 5 -6  mm long; 
anthers  mostly purple  (some individuals with 
yellow anthers) , 11—14 x c .  0.5 mm, c. 2.5 times 
as long as the filam ents, sagittate, with basal 
lobes 2-2.5 mm long; pollen grains pale yellow. 
Sty le  o range-red, divided into 3 s lender b ranch ­
es, shorter than  or equal to the an thers .  Capsule  
elliptical, 9-11 X 4.5-5.5 mm. C hrom osom e num ­
ber 2n= 10.

Crocus stridii is a w inter species belonging to the
C. biflorus com plex , characterized  by sm ooth ,
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Fig. 5. Crocus strid ii, type collection. —  A: H abit.  —  B: Part o f  th roat,  s tam ens and style 
papillose filament). —  D: C orm  (note tunics splitting off at base).

C: Stamen (note
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Table 1. D ifferences betw een Crocus stridii and re lated species. Inform ation on C. biflorus and C. crewei is taken 
from H a y e k  (1933) and H ooker (1845) respectively.

Species No. of  sheathing leaves No. of  leaves Pubescence o f  throat 
and filaments

Anthers

Colour Length  (mm)

C. biflorus 2 3-5 glabrous yellow 6-11

C. crewei 2 2 glabrous purple 5-6

C. stridii 3-6 5-8 puberulent or  papillose purple or  yellow 11-14

papery  corm -tun ics  splitting into rings a t the 
base. T h e  com plex  com prises C. pes ta lo zzae  
Boiss. and  C. danfordiae  M aw  (both e x ­
tra -E u ro p ean ) ,  C. chrysanthus, C. biflorus  Mill, 
and C. crew ei  H ook . fil. (M athew  & B aytop  
1976). C. stridii is most similar to  the tw o last 
m en tioned ,  but can be easily separa ted  on the 
higher n um ber  o f  leaves and sheath ing  leaves, 
the longer an thers  and the puberu len t th roa t 
(Table 1). T here  is ano ther  plant described  from 
W T urkey  w hich com es into cons idera tion , C. 
biflorus  var. nubigena  (H erbert) Bak., which 
also belongs to the above m entioned  com plex  
(M athew  & B aytop  1976) and has purp le  an thers  
but differs constan tly  from C. stridii in having 
an ther  length 6-7  mm (B. M athew , pers .  
com m .).
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Inheritance of dissected leaflets in Vicia grandiflora Scop
K O ST A S  P A P A N IC O L A O U

Papanicolaou, K. 1980 06 16: Inheritance o f  dissected  leaflets in Vicia grandiflora Scop. 
B ot. N otiser 133: 165-167. S tockholm. IS S N  0006-8195.

Entire  versus d issected leaflets in Vicia grandiflora  Scop, is controlled by a single pair o f  
genes, the former showing incomplete dominance. Individuals with the three types of leaflet 
shape (entire, in term ediate and dissected) may be found in the same population and are not 
w orthy of taxonom ic recognition. All three forms have 2n=14 and 97-99 per cent pollen 
fertility.

K ostas Papanicolaou, In s titu te  o f  S ystem a tic  B o tany, 140 G othersgade, DK-1123 C open­
hagen K, D enm ark.

Vicia grandiflora  Scop, is a yellow-flowered a n ­
nual w hich m ay  be distinguished from  the s u p e r ­
ficially sim ilar V. lu tea  L. and V. hybrida  L . on 
the g labrous s ta n d a rd ,  subequal ca lyx-teeth  and  
relatively large n u m b e r  of seeds per  legum e (c. 
15). It is w id esp read  in the east M edite rranean  
area  ex tend ing  w estw ards  to Italy and Sicily 
(Ball 1968) and  eas tw ards  to S Russia, the C ri­
mea, N and  N W  Iraq  and Afghanistan (Davis 
1969).

V. grandiflora  is a  variable species, especially  
as far as leaflet cha rac te rs  are concerned  (Bois- 
s ier 1872, H alåcsy  1901, H ayek  1927, Davis
1969). Plants w ith  d issected  leaflets have been  
recognized as V. grandiflora  var. dissecta  Boiss. 
(Boissier 1872) o r  as V. serrata  Pantoc . (Pantoc- 
sek 1873); the  la tte r  has been recom bined  as V. 
grandiflora  var. serrata  (Pantoc.) Rohl. (Rohle- 
na 1905) o r  V. grandiflora  subsp. ro tundata  
(Ser.) Janch . var. serrata  (Pantoc.) Rohl. (H ayek  
1927).

M aterials an d  m eth o d s

Variation in leaflet shape was observed in a collection 
(Papanicolaou 127) from  Mt Pangaion (Pangaeon) in 
N E  Greece. Seeds taken from herbarium specimens 
gave rise to five individuals with entire leaflets, four 
with dissected  leaflets and two with an intermediate 
type o f  leaflets.

Reciprocal crossings were made betw een individuals 
with entire and  d issec ted  leaflets. Nearly all the flow­
ers o f  three individuals with entire leaflets and two

individuals with d issected  leaflets were em asculated  to 
be used as female parents . The anthers were removed 
by means o f  a forceps prior to pollen shedding, an 
excessive am ount of foreign pollen was immediately 
put on the stigma, and the inflorescences were isolated 
in bags. Pollination was repeated after 6-7 days. After 
10 days the bags were removed to facilitate the ripen­
ing of the pods.

All the inflorescences of one individual with entire 
leaflets, one with dissected leaflets and two with the 
intermediate type of leaflets were isolated in bags with­
out em asculation to be self-pollinated.

Seeds of all the above plants were harvested  in the 
end of June, 1978, and sown in D ecem ber o f  the same 
year.

To establish the chrom osom e numbers the plants 
were kept overnight at c. 5°C; root tips were fixed in 
the Svalöv modification of the N avashin-K arpechenko 
fixative, sectioned with a microtome and stained with 
crystal violet. At least ten good m etaphase plates were 
examined in each slide.

Pollen fertility was established by using “ cotton 
b lue"  (10 g phenol, 10 ml glycerine, 10 ml lactic acid, 
10 ml water, 0.5 g cotton blue). A small am oun t of 
pollen was mixed in a droplet o f  the above solution on 
a slide and covered  with a plastic cover slip. The per­
centage of s tained pollen grains was calculated (be­
tween 250 and 300 pollen grains were counted  in each 
slide).

R esu lts and d iscu ssion

Crossings be tw een  individuals with entire  and 
d issected leaflets produced  hybrids with the 
in term ediate  type o f  leaflets regardless w hether  
plants with dissected leaflets were used as male 
or female paren t (15 hybrids w ere p roduced  in
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Fig. 1. L eaves (70 %  o f  natural size) of Vicia grandiflora. — A & C: Dissected, and entire leaflets respectively . — 
B: Interm ediate  leaflets o f  a hybrid betw een A and C.

one case, 20 in the o ther). Pollen fertility o f  pa r­
ents as well as hyb rid s  was found to be 97-99 per 
cent.

Ten seeds o f  tw o legumes, obtained from  tw o 
isolated (self-pollinated) flowers of a plant with 
entire  leaflets p roduced  ten individuals which 
had the sam e leaflet shape as the parent.

Fifteen seeds  o f  th ree  pods, obta ined from 
three  isolated (self-pollinated) flowers o f  a plant 
with d issected  leaflets produced fifteen indi­
viduals which had  the same leaflet shape as the 
parent.

F rom  the  two individuals with an in term ediate  
type o f  leaflets 46 seeds were obtained after iso­
lation (self-pollination) o f  six flowers. T hese  
seeds gave rise to eleven individuals with entire  
leaflets, 23 with an in term ediate  type of leaflets 
and 12 with d issected  leaflets, i.e. very  c lose to a 
1:2:1 ratio.

The results  agree with the assum ption tha t the 
observed  varia tion  in leaflet shape is contro lled  
by a single pair o f  genes, the facto r for entire 
leaflets show ing incomplete dom inance .

Presum ably this applies also to the fo rm s  with 
dissected leaflets w hich have p rev ious ly  been 
recognized as a separa te  variety or ev en  species. 
Given the simple genetic background  and  the 
fact that mixed popula tions occur, p lan ts  with 
d issected leaflets should not be recognized  as a 
separate  taxonom ic  entity.

Leaflet shape may be used as a genetic  m arker 
by plant b reeders .  It is im portant for identifying 
hybrids in highly self-pollinating spec ies  such as 
many in the genus Vicia. Donnelly (1958, 1962) 
and Moriya (1961) have  used the flow er colour or 
the absence o f  tendril, respectively , as an aid in 
identification of varie ties, in seed certif ica tion , in 
weeding out off-type plants resulting from 
chance crossing or m echanical m ixing, and in 
genetic studies o f  o th e r  characteristics .

The ch rom osom e num ber was coun ted  in four 
individuals (two with entire and tw o with dis­
sected leaflets). It w as found to be 2 n = 1 4  in all 
cases. This agrees with the num ber repo rted  by 
others from o ther  a reas  (Y am am oto  1973, D on­
nelly 1962, etc.).
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Taxonomie significance of septal ultrastructure in the genus Onnia 
Karsten (Polyporineae/Hymenochaetaceae)
R O Y A L L  T. M O O R E

Moore, R. T. 1980 06 16: Taxonom ic significance of septal u ltrastructure in the genus 
Onnia K arsten  (P o lyporineae /H ym enochaetaceae) .  Bot. N o tiser 133: 169-175. Stockholm. 
ISSN 0006-8195.

Septal u ltrastructure o f  O nnia  spp. and a selected num ber of o ther poly pore type species 
indicates that there  is an anom alous group o f  genera  in the H y m enochaetaceae  with 
nonperforate paren thesom es.  T hese  are O. circinata, O. leporina, O. tom en tosa , Inono tus  
hispidus, and P hellinus torulosus. The species found to have regularly perforate  paren the­
som es were Coltricia perenn is, F om es fo m en ta r iu s , Phaeolus schw einitzii and Polyporus  
tuberaster. The possible taxonom ic significance o f  these observations is discussed.

R oyall T. M oore, S choo l o f  B iological a nd  E nvironm enta l S tudies, N ew  U niversity o f  
Ulster, C oleraine, N orthern  Ireland, BT52 I SA.

The several patterns  o f  septal u l t ras truc tu re  are 
o f  critical im portance  in the taxonom y of higher 
fungi (M oore 1978, 1979, 1980). Within the 
B asidiom ycota there  occur several fundam enta l 
variations o f  the characteris tic  do lipore/pa- 
ren thesom e septum : m ost species o f  the su p e r ­
class H om obasid iom ycia  have regularly p e r ­
forate  paren thesom es (Patton and M archant 
1978), while the jelly fungi (H eterobasid io- 
mycia), with the exception  of the T rem ellineae , 
have nonperforate  paren thesom es. An excep tion  
to this distribution was reported  by Setliff et al. 
(1972) w hen they  show ed nonperfo ra te  p a ­
ren thesom es in Polyporus tom en tosus .  A lthough 
this assignment o f  this species is accep ted  by, 
e .g .,  O verholts  (1953), H arrison  (in P e te rsen  
1971), and Miller (1972), an inquiring le tter  to  Dr.
D. N. Pegler elicited the response tha t this spe­
cies “  . . .  has no connection  with the genus P o ­
lyporus  (Mich.) Fr. nor indeed with the family 
Polyporaceae (Fr.) Fr. It is a xan thochro ic  spe­
cies belonging to the H y m enochae taceae  D onk, 
in the genus Onnia  K ars t.  . .

The following study was therefore undertaken  
to determ ine if the septal m orphology o f  this 
species was an isolated exam ple or w hether ,  
perhaps, it was part o f  a larger anom aly.

M ateria ls and  m eth ods

Mycelium from cultures of  the following fungi was 
fixed for 1 h in 3 %  acrolein in 0.2M sodium cacodylate 
buffer (pH 7.2), w ashed for 1 h in the buffer, postfixed 
for 1 h in 1 %  buffered O s 0 4, rinsed in the buffer (two 
changes in 10 min.), dehydrated in an acetone series 
(interrupted by overnight staining in 1 %  uranyl nitrate 
in 70 % acetone) transferred to propylene oxide, and 
em bedded in E pon 812. Epon resin was p repared  by 
mixing exactly 10 ml of Epon 812 with 8.9 ml o f  MNA 
(m ethylnadicanhydride) and then adding and mixing
0.28 ml DMP-30 (2,4,6-tri [dimethylaminomethyl] p h e ­
nol). Material from propylene oxide was processed 
through a graded series of 2:1, 1:1, 1:2 propylene 
oxide:Epon resin mixture (15 min per step), and then 
through three changes of 100 % Epon over a day. 
Specimens were then placed in flat embedding moulds 
and caused to harden by being placed in a 60°C oven 
for 48 hours.

Sections cut with a diamond knife on a Cambrid- 
ge-Huxley u ltram icro tom e were picked up on uncoated  
grids and stained for about 30 seconds with R eynolds’ 
lead stain (1.33 g lead nitrate +  1.76 g sodium citrate 
dissolved in 30 ml distilled water; shake for 30 min, add 
8 ml IN  N aO H  and dilute to 50 ml with distilled water). 
After a thorough rinsing the grids were exam ined in an 
AEI EM-6G electron microscope.

Coltricia perennis  (Fr.) Murrill. Centraal Bureau voor 
Schimmelcultures, CBS 372.52.
F om es fo m en ta r iu s  (L. ex Fr.) Kickx. Forest  Products 
R esearch L abora to ry ,  Aylesbury, England, FPR L  
50E.
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Fig. 1. Difference in growth rates on malt agar be­
tween, left, Onnia circinata  (CBS 246.30) and ,  right, 
O. leporina (CBS 420.48).

Inonotus hispiclus (Fr.) Karsten. CBS 386.61.
Onnia circinata  (Fr.) K arsten . CBS 246.30.
Onnia leporina  (Fr.) Jahn. CBS 420.48.
Onnia tom entosa  (Fr.) K arsten. DAOM 52894. 
P haeolus schw einitzii (Fr.) Patouillard. C B S  326-29. 
Phellinus torulosus (Pers.) Bourd. & Galz. F P R F  222. 
Polyporus tube rast er Fries. Eastern F o res t  Products  
Laboratory  of Canada, O ttaw a, S-61.

R esu lts and d iscussion

The first o f  K a rs te n ’s tw o species, Onnia cir­
cinata,  was designated as the type by Murrill in 
1903 (Donk 1960). This species and  Polyporus  
dualis  Peck have been placed in sy n o n o m y  with 
O. leporina  (Jahn 1978). In culture C B S  420.48 
grows much slow er than  CBS 246.30 (Fig. 1). In 
the 1972 CBS catalogue the first n u m b e r  is listed 
as P. circinatus  var. dualis  and the  second  is 
listed as P. circinatus  F ries. The p a ren th eso m es  
o f  both isolates are nonperforate  (Fig. 3). Those 
o f  CBS 246.30 are  unusual in that in m edian 
section they frequently  display a c ircum flex  p ro ­
file with a clear spot in the central ‘b e n d ’ (Fig. 3 
A). There is a suggestion in Fig. 2 B tha t the 
paren thesom es o f  O. tom en tosa  m ay have  simi­
lar central inclusions. A lthough the  p a re n th e ­
somes of these tw o isolates are co m p arab le ,  the 
m arked differences in their grow th  ra te s  may 
indicate that O. leporina  and O. circinata  a re , in 
fact, distinct species. But it must be em phasised  
that these observed  cultural d ifferences are  be ­
tw een ju s t  two isola tes— one that has  been  in 
culture since 1948, the o the r  since 1930 (last two 
digits of the CBS num bers). Their  s ignificance, if

any, can  be verified only  by ex tensive  s tu d ie s  o f  
more, p referab ly  recen tly  co llec ted , iso la tes . 
(There is, o f  co u rse ,  the added  ca ve a t  o f  all 
mycological s tudies  based  on cu ltu res ,  th a t  the 
results are  no be t te r  than  the co rrec t iden tity  o f  
the isolates being used).

K a rs ten ’s second  species, Onnia to m en to sa ,  
was transferred  to Coltricia  by Murrill in 1904; it 
is trea ted  in this genus by R yvarden  (1978), al­
though he a lso  includes it in his key to the 
species o f  O nnia;  L o w e  (1942) trea ts  the species 
as a synonym  o f  Polyporus circinatus.  In  Col­
tricia, C. to m e n to sa  is the only spec ies  with 
setae. T he ty p e  species o f  Coltricia  is C. p e re n ­
nis, a species tha t has perfora te  p a ren th eso m es  
(Fig. 5 A , C), while C J O .  tom en to sa  has n o n p e r ­
forate p a ren th eso m es  (Fig. 2 B, C) and in which 
a central c lea r  inclusion may occasionally  be 
seen (Fig. 2 B). T h e  u ltras truc tura l ev idence , 
therefore, suppo rts  K a rs te n ’s original in te rp re ­
tation and  J a h n ’s (1978) p resen t inclusion o f  this 
species in O nnia.

There  is a n o th e r  species o f  Onnia, O. tr iqueter  
(Lentz) Im az .,  bu t material o f  this species has 
not been available. T h e  cha rac te rs  of this and  the 
o ther  tw o recogn ised  species a re  also d iscussed  
by Cerny (1974).

Jahn (1978) rem arks  in his sum m ary  that 
Onnia  is close to  Inono tus ,  a n o th e r  K ars ten  ge­
nus segregated from  P olyporus  Fr. and typified 
by I. hispidus.  T he sep ta  o f  this species have 
nonperforate  p a ren th eso m es  (Fig. 3 D). T he  dif­
ference in septal m icrom orphology  be tw een  C. 
perennis  and I. h isp idus  could be a critical dia­
gnostic ch a ra c te r  fo r  separating  Coltricia  and 
Inonotus,  g enera  w hose borderline is “ som e­
what tro u b leso m e” (R yvarden  1978).

Pegler in the a fo rem en tioned  co rrespondence  
also suggested tha t P haeolus  schweinitzii  and 
Phellinus  spp. might also be re la ted  to Onnia. 
These  genera , like Coltricia, Onnia, and In o n o ­
tus, are in the H y m en o ch ae taceae .  The type 
species of Phellinus, P. torulosus,  does have 
nonperforate  p a ren th eso m es  (Fig. 2 A), but 
those o f  Phaeolus  schweinitzii ,  type  species of 
this genus, p rove  to be perfo ra te  (Fig. 5 B, E). 
Because many species  o f  Phellinus  have been 
previously referred  to  F o m es  (s. lat.) and the 
o ther  species ex am ined  here to Polyporus, it was 
deem ed desirable  to  de term ine  the u ltrastructure  
o f  F. fo m en ta r iu s  dead Polyporus tuberosus,  their 
respective type species. B oth  o f  these  species
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Fig. 2. Paren thesom e morphology. — A: Slightly oblique section o f  a Phellinus torulosus  dolipore septum 
showing both of the nonperforate paren thesom es (x  100,000). —  B -C : Onnia tom entosa  parenthesom es 
(x250,000). —  B: A parenthesom e with a median clear spot similar to those  of O. circinata  (Fig. 3 A); the rim of 
the dolipore is discernible on the left. — C: Median paren thesom e sec tion  showing the structural characteristics: 
a  pair of bounding m em branes that frequently  are observed to  be con tinuous  with the endoplasmic reticulum (see 
Fig. 3 D & M oore 1975), a central in terposed line or m em brane (see M oore & Patton 1975), and a dark matrix 
material.

have the an ticipated perforate  p aren thesom es  
(Figs. 4, 5 D).

The taxonom y o f  the ‘po lypo res’ is very  com ­
plex and in a state  o f  flux. A n um ber o f  the

postfriesian  g en era  proposed  in the last cen tury  
and early  in this one are only now gaining general 
recognition , largely through close atten tion  to 
the mitic system  (Pegler 1973 a, b). But, as Donk
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Fig. 4. Septa o f  Fomes fomentarius. — A: l.s. through a clamp connection showing both dolipores and perforate 
parenthesom es (x50,000). — B: Median l.s .  o f  a septum at higher magnification showing the perforate  nature of 
both parenthesom es (x 100,000).

(1964) points out, im provem ents  in the classi­
fication o f  these  fungi requires “  . . .  an increas­
ingly bigger reperto ire  o f  charac ters  from which 
to d raw .”  The im portance o f  cultural, develop­
mental, and histochem ical studies is well e s tab ­
lished (Petersen  1971, Part 2), but the signifi­
cance o f  subcellu lar characters  discernible only 
by transm ission electron m icroscopy still re ­
mains largely unappreciated . In the present li­
mited sampling of the H ym enochaetaceae  there

is the p rospectus  o f  an  aggregate o f  species with 
nonperforate  paren thesom es. T h o se  exam ined  
here represen t only the polyporoid genera  o f  the 
subfamily H ym enochae to ideae  and  ap p ea r  in the 
group at the end o f  D onk’s (1964, p. 276) key. 
This group also includes Aurificaria , Cyclo- 
m yces, Coltriciella, Flaviporellus, Phylloporia,  
and Xanthoporia .  To determ ine the  ex ten t o f  the 
distribution o f  this exceptional trait will require  
the exam ination o f  not only m aterial from spe-

Fig. 3. Dolipore septa with nonperforate paren thesom es (x 100,000). — A-B: Onnia circinata. — A: A near 
median section in which each parenthesom e has a circumflex profile and displays a clear spot in its ‘b end’ 
(compare with Fig. 2 B of O. tom entosa ); a characteristic  darkly staining occlusion is observable  in the upper 
orifice o f  the dolipore. —  B: Median dolipore section showing both occlusions and typical paren thesom es. C:
Onnia leporina. — D: Inonotus hispidus.
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cies o f  these  and  o the r  genera in the family, but 
also material o f  additional species o f  the genera  
exam ined  here .  M ost such material is not avail­
able in the m ajor culture collections. The elu­
cidation o f  this inform ation requ ires ,  therefore , 
that au tho ri t ies  who know and have access  to 
living m ateria l o f  these  species (field or culture) 
a rrange for its e lectron  microscopical analysis.

I remain conv inced  that septal u ltra s tru c tu re  is 
basically a conserva tive  charac te r  and  tha t ex­
ceptions to general patterns  can be o f  great taxo­
nomic im portance . Thus species o f  Inono tus ,  
Onnia  and Phellinus  with nonperfo ra te  pa ren ­
thesom es are  novel within the H om obasid io - 
mycia, while species  of Coltricia and  Phaeolus  
with perfora te  paren thesom es  ap p ea r  to be coun ­
ter-excep tional,  bu t w hether  ju s t  within this 
group o f  genera  or within a larger segm en t o f  the 
subfamily o r  family remains to be determ ined .

A cknow ledgem en ts. It is a pleasure to recognise the 
es teem ed assistance of Dr. S. F. Low ry  for his help 
with the electron microscopy and photography. The 
very helpful correspondence  of Dr. D. N. Pegler is also 
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The pollen morphology of the tribe Calenduleae with reference to 
taxonomy
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Pollen morphological studies o f  the representa tives o f  all the 8 genera of the tribe Calendu­
leae were m ade by  light and  transmission electron microscope. The tribe is ra th e r  stenopa- 
lynous and five pollen types  reliable to the genera o f  the tribe are recognizable. The pollen 
morphological da ta  confirm the current generic boundaries of  the tribe and  indicate a 
reassessm ent of  the taxonom ic status of  D ipterocom e, which does not fit in the tribe 
Calenduleae. S tructural exine characteristics in this tribe support a consanguinity  with the 
H eliantheae and Senecioneae.

Joseph Praglow ski and  E lisabeth  G rafström , P alynologiska L aboratoriet, N aturh istoriska  
R iksm u see t. S-104 05 S to ckh o lm  50, Sw eden.

The C alenduleae  currently  com prise  eight genera  
including the strongly deviating, m onotyp ic  
genus D ip terocom e  w hich has to be considered  
m ore as a “ satelli te”  genus of the tribe. The tribe 
Calenduleae consis ts  o f  113 species and a large 
num ber o f  subspecies  (Norlindh 1978).

The Calenduleae  occur throughout Africa. 
They are also found in south and centra l E u rope  
and in west and sou thw est Asia, but seem  to be 
concen tra ted  in the M editerranean a rea  and 
South  Africa.

Palynologically, the tribe is ra the r  stenopaly- 
nous. H ow ever ,  certain pollen m orphological 
fea tu res ,  recorded  in the genera and species o f  
the tribe, are undoubted ly  interesting for ta x o ­
nomic purposes .

The m ost im portan t pollen m orphological 
studies o f  the taxa included in the C alenduleae  
w ere  previously  made by Stix (1960), Dimon 
(1971), Praglowski (in Norlindh 1978) and Skvar- 
la et al. (1978). H ow ever ,  in these publications, 
the Calenduleae are trea ted  in a larger c o n tex t  
and a pollen morphological m onograph on the 
Calenduleae still does not exist. T here fo re ,  the 
au thors  felt that a brief palynological investiga­
tion of the tribe Calenduleae would be useful.

The aim of the study is to p resen t a general 
survey o f  the pollen morphological da ta  o f  the  37 
represen ta tives  of the entire tribe investigated

hitherto and to establish  the pollen types.  It is 
also hoped that the results  obtained will be useful 
for fu rther taxonom ic  w ork on the tr ibe  C alendu­
leae.

M aterial and m eth ods

Dried polliniferous material from S w as used 
along with one specim en o f  Gibbaria scabra  and 
one o f  Castalis tragus  received from  GB and 
LD , respectively . All the specim ens w ere  se lec t­
ed and identified by Prof. T. N orlindh.

Material for light m icroscopic s tud ies  was ace- 
tolyzed and em bedded  in glycerin-jelly. The 
slides were sealed with paraffin and  abou t 20 
pollen grains w ere  m easured and exam ined  the 
day after the p repara tion  o f  slides. T h e  light mi­
croscope observa tions  are inco rpora ted  in the 
text and sum m arized  in Table 1. P h o to m ic ro ­
graphs w ere taken  with a Leitz O rtho lux  m icro­
scope equipped with x 100, N .A . 1.32, oil im­
mersion objective  using Ilford sheet film SP 348. 
The material for e lec tron-m icroscopy  was not 
acetolyzed. W hole anthers  were trea ted  for 
about 50 hours in T A G  solution (R odew ald  & 
K arnovsky 1974). Subsequently , the  pollen 
grains were trea ted  with 0.1 % O s 0 4 solution, 
dehydrated , and em bedded  in Spurr. U ltra-thin 
sections, about 600 Å thick, w ere sec tioned  on
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Table 1. Pollen m orphological data o f selected species of the tribe Calenduleae. M easurem ents in ^ m . Collections, see Appendix.

Taxon
polar
axis

eq.
diam. ora

lalon-
gate

lolon-
gate

distinctly 
pointed 
ends at 
equator

slight- 
ly con­
stricted

not con­
stricted

colpi
dis­
tinct

com para­
tively
distinct

almost
indis­
tinct

i

w
V
tl
2.

Calendula
C. officinalis 42 44 8x4 + +

C. arvensis 46 47 10x5 + +
C. echinata 37 38 8 x 6 (+ ) + +
C. fulgida 39 43 7x3 + +
C. maritima Ross 347 38 40 7x5 + +
C. suffruticosa 39 42 8x5 + +

Osteospermum
O. spinosum var. spinosum 32 34 4x10 + + (+) +
O. spinosum var. runcinatum 28 30 3x8 + + +
O. polygaloides 27 28 2x6 + (+) + +
O. sanctae-helenae 32 33 6x4 + + + 2-.

0 . thodei 33 35 8x6 (+ ) + 2i

O. calendulaceum 27 29 3x6 + +
O. dentatum Acock 650 30 31 4x7 5x3 (+ ) +
O. dentatum Lindeberg s.n. 34 36 4 x 7 + + 2-

O. connatum 29 30 7x3 + +

O. amplectens 27 28 5x4 + +
O. fruticosum 33 34 2x8 + + +
O. acutifolium 32 33 4x10 + + +
0 . caulescens 36 38 5x10 + + +
O. ecklonis 29 31 3x8 + + (+) +

Chrysanthemoides
C. incana 30 31 5x3 + +
C. monilifera 31 32 3x7 1 + •f

Dimorphoteca
D. pluvialis 25 26 2x6 + + +
D. chrysanthemifolia 34 36 3x9 + + + +
D. cuneata 31 32 4x11 + +
D. montana var. montana 29 31 3x12 + + + + 21
D. montana var. venusta 36 37 6x11 + + 2-
D. polyptera 25 24 3x2 + +

D. sinuata (n=9) 26 27 3x7 + +

D. sinnuata (2n = 18) Diameter =37 ̂ m 5x9 + + +■

Cas tails
C. tragus 30 32 3x9 + + +
C. nudicaulis 31 33 5x10 6x5 + + + + 54
C. spectabilis 36 38 5x14 4- + +

Gibbaria
G. scabra 30 31 3x6 (5x3) + q-
G. ilicifolia T. N orlindh 5595 26 27 (3x5) 4x3 + +

G. ilicifolia Hafström  s.n. 25 28 (3x4) 4x3 + +

Garuleum
G. pinnatifidum 34 35 6x4 + + 2 -
G. latifolium 32 33 5x3 + +
G. bipinnatum 33 35 6x4 + + 2-J

Dipterocome
D. pusilla 32 30 6x3 + +
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rem arks

; 7.0 5.0 1.5 2.0 13.0 pollen often irregu lar in size and shape (genetic 
d isturbances)

10.0 4.5 1.5 4.0 13.0 caveae  com parative ly  high
t 7.0 3.0 1.0 2.5 9.5 o ra  often w ith m inu te, po in ted , lateral incisions

7.0 4.0 1.0 3.0 10.5 ora often w ith m inu te, po in ted , lateral incisions

1 7.0 3.5 2.0 + (+ )  3.5 13.0 hole in sp ines d istin c t, c ircu la r o ra  o ccu r

|  8.0 4.0 1.0 5.0 13.0 caveae com parative ly  high

6.5 2.0 2.5 + 1.0 7.5

6.0 1.5 2.0 + 1.0 6.5
5.5 1.5 2.0 + 1.5 7.5
8.0 2.5 2.5 + + < 1 .0 8.0 o ra  often rec tangu lar in shape

7.5 2.5 2.5 + +  2.5 9.0 conical confines in the  solid  zone o f  sp ines are 
encountered

15-5 2.0 3.0 + 1.0 6.5

5.5 2.0 2.5 + 1.5 8.0

s 8.5 2.0 3.0 + +  1.0 9.0 com paratively  large, o v a l o ra , conical confines 
in the solid zone o f  sp ines are  encoun te red

6.0 2.0 2.5 + (+ )  1.0 8.0 slightly co n stric ted  o ra  occasionally  o ccu r, conical 
confines in the  solid zo n e  o f  spines are en co u n te red

5.5 2.0 2.0 + 1.0 6.5 circu lar o ra  occu r
6.0 1.5 2.5 + 1.5 7.0
7.0 2.0 3.0 + 1.0 8.0
7.5 2.0 3.0 + 1.5 8.5
5.5 1.5 2.5 + 2.0 7.0

5.5 2.5 2.0 + < 1 .0 6.5 caveae th in , sp inu les com parative ly  densely  d istribu ted

5.5 2.0 2.0 + < 1 .0 6.5 caveae thin, sp inu les com parative ly  densely  d istribu ted

6.0 2.0 2.0 + 1.0 6.5 pollen com parative ly  sm all, caveae  d istin c t, spines slender
; 8.0 2.0 3.0 + < 1 .0 9.0 o ra  varying in size
; 6.0 1.7 1.8 + 1.0 6,0
6.0 2.0 2.3 + 1.2 7.5 ora  d istinc t, o ften  co n s tric ted , caveae thin
9.0 2.0 3.0 + + 2.5 9.0 o ra  b road , caveae  high, sp ines often  w ith tw o holes

5.Ü 1.0 2.0 + 1.0 5.5 pollen com parative ly  sm all, sp inules w ith sho rt solid 
zone

5.5 1.0 2.0 + 1.5 5.5 pollen com paratively  sm all, spinules w ith sh o rt solid 
zone

8.0 1.0 2.0 + 1.0 7.0 tetraplo id  species, pollen  com paratively  large, 
asym m etric , o ften  w ith  m ore than  3 ap ertu re s

6.0 < 1.5 2.0 + 1.2 7.0

7.0 2.0 2.0 + < 1 .0 6.5

7.5 1.5 2.5 + < 1 .0 8.0

5.0 1.5 2.0 + 1.5 6.0 spines usually  w ith one hole

5.0 1.5 1.5 + + 1.0 6.0 pollen and sp inules com parative ly  sm all, tw o 
holes in sp ines o ften  o ccu r

5.0 1.5 1.5 + + 1.5 6.0 pollen and sp inu les com parative ly  sm all, tw o 
holes in sp ines often  o ccu r

5.5 3.0 2.0 + < 1 .0 7.0 caveae th in , sp inules d ensely  d istribu ted
5.5 3.0 3.0 + + < 1 .0 8.5 caveae th in , sp inules densely  d istributed

§5-5
&

3.0 2.0 + < 1 .0 7.0 caveae th in , sp inules densely  d istribu ted

I
6.0 

1---------
6.5 very  d ifferent type o f  po llen , lacking cav eae , w ith d istinc t 

in fratectal b acu la  and m inute sp inules on the  tectum

I
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an L K B  4801 A ultratom e with a d iam ond  knife 
and post s ta ined  with aqueous uranyl ace ta te  and 
lead citrate . Sections were exam ined  with a 
Zeiss 10 transm ission  electronm icroscope.

G en eric d escr ip tion  (excluding D ip terocom e)

The pollen grains are radially sym m etrica l,  usu­
ally ob la te-sphero idal, polar axis 24-48 ^ m ,  
equatorial d iam ete r  24-49/^m, 3-colporate , tecta- 
te, caveate .

The exine scu lp tu re  is spinose or less frequen t­
ly spinulose. T he  exine s tructu re  consists  o f  a 
com paratively  th ick  tectum  com plex , lacking in- 
fratecta l bacula .

T he  tec tum  com plex  (corresponding  to the 
exine s truc tu re ,  Fig. 3, inkdrawing), increases  in 
th ickness  u n d e r  the  supratectal p rocesses .  It is 
com posed  o f  th ree  layers differing considerably  
in th ickness . T he  outerm ost, relatively thin (c. 
0.2 / /m ), con tinuous  com pact layer with tectal 
perforations (Fig. 2 G, arrow  t) has a sm ooth  
surface and p rogresses  to the base  o f  the solid 
part o f  the spines w here it am algam ates with the 
latter. The th ickes t,  median layer (Fig. 2 G, 
bracket)  consis ting  o f  intratectal bacu la  or o ther 
elem ents  o f  the exine usually radially oriented 
and often irregular in shape, is ra the r  airy. The 
innerm ost layer  o f  the tectum  com plex  (Fig. 1 C, 
arrow  B) usually  twice as thick as the ou te rm ost 
one, is th inner  than  the median, bacu lar  layer. 
The inne rm ost layer, “ S tü tz sch ich t”  (Stix 1960), 
appears  to cons is t  of thickened basal segm ents  o f  
intratectal bacu la ,  which fuse a lm ost entirely 
into a rela tively  com pact layer with distinct, 
channel-like confines in it. As a rule, the inner 
surface of the  innerm ost layer o f  the tectum  
com plex cons is ts  o f  bacula-like or o th e r  irregu­
larly shaped p rocesses  protruding into the ca­
veae  o r  fusing with the underlying foot layer. In 
all the layers o f  the tectum  com plex , excep t the 
solid supra tec ta l  part o f  p rocesses ,  there  are  mi­
nute internal fo ram ina  varying in size and shape.

The foot layer  occurs universally. In Calen­
dula  it is vestigial or partially lacking. T he  foot 
layer is con tinuous , com pact, and approxim ate ly  
as thick as the ou te rm ost layer of the tectum  
com plex. T h e  internal foram ina are  not en ­
countered  in the foot layer.

The endex ine, p resen t as a rule, is often slight­
ly lamellate, con tinuous or occasionally  d isrup t­
ed in non-apertura l parts 0 .5 -1 .0 ,um  thick, and
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considerably th icker  in Calendula.  In this genus  
the endexine is approx im ate ly  as th ick  a s  the 
innerm ost, co m p ac t layer  o f  the tec tu m  com plex  
in non-apertural par ts .  The distal su rface  is u su ­
ally sm ooth, the proxim al mostly  u n ev en ,  often 
with processes.

G en eric d escr ip tion  o f  D ip terocom e

The pollen grains are  radially  sym m etrica l,  p ro ­
late spheroidal, po lar axis 31 jum, equ a to r ia l  dia­
m eter 20^111, 3-colpora te , tec ta te ,  caveae  lack­
ing.

The exine scu lp tu re  is sp inulose, co n s is ts  of 
minute, supra tec ta l  solid spinules less th a n  0.5 
jum high.

The exine s truc tu re  consists  o f  te c tu m  p e r ­
fo ra tum  containing a thin layer  o f  in tra tec ta l  b a ­
cula and distinct, com para tive ly  th ick  infratectal 
bacula  reaching 3.0/<m in length.

The nexine is approx im ate ly  2 .0 ^ m  thick.

D escription  o f  p o llen  typ es

The tribe C alenduleae , as c ircum scribed  in the 
p resen t paper, exhibits  certa in  pollen  m orp h o ­
logical features w hich are  useful for the e s ta b ­
lishment of five pollen types  encoun te red  within 
the tribe. The pollen types  are nam ed afte r  the 
genera  O steosperm um , Calendula, Gibbaria,  
Garuleum  and D ipterocom e.

O steosperm um -type  Fig. 1 A -C

Pollen grains with usually  la longate , often large, 
slightly constric ted  o ra , having poin ted  ends. 
The total num ber o f  spines o r  spinules is 65-80. 
T he spines consis t o f  an upper solid and an 
underlying s truc tu red  zone. The solid zone 
usually contains one  m inute hole.

Calendula-type  Fig. 1 D -I

Pollen grains rela tively  large (equatorial d ia­
m eter to 50 //m ), w ith large distinct, lo longate, 
unconstric ted  o ra  and  a  large num ber  o f  s lender 
spines consisting mainly o f  a  long solid zone. 
The spines are num erous  (100-130).

Gibbaria-type Fig. 3 A

Pollen grains with usually lo longate, uncon-
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stric ted ora. T he  total num ber o f  sp ines  c. 70. 
The spines cons is t  o f  an upper solid and  an 
underly ing s truc tu red  zone. The solid zone  con ­
tains one  or tw o  minute holes.

G aruleum -type  Fig. 3 C -E

Pollen grains with 100-120 spines, cons is ting  of 
an upper  solid and an underly ing s truc tu red  
zone. As a ru le , the solid zone con ta ins  one or 
tw o minute holes. The individual spines are si­
tua ted  ra th e r  closely at the base. O ra  lo longate, 
thin (less than  1 .0 /rm  high).

D ip terocom e-type  Fig. 3 F - H

Pollen grains with m inute supratec ta l solid sp inu­
les (less than  0.5 high), distinct infratectal bacula 
and com para tive ly  thick nexine. (c. 2 .0 /rm ). C a­
veae lacking entire ly . O ra lolongate.

Key to pollen types

1. Infratectal bacula always present, well devel­
oped , caveae  lacking .................. D ipterocom e-type

-  Infratectal bacula lacking, caveae present as a 
rule .....................................................................................  2

2. O ra usually lalongate  Osteospermum-type
-  O ra lolongate .................................................................  3
3. Approximately 70 spines in one pollen grain 

......................................................................Gibbaria- type
-  100-130 spines in one pollen grain ............................4
4. Equatorial d iam eter more than 38 pm ,  distance 

betw een the apices of spines 7-10,um ....................
................................................................... C alendu la-type

-  Equatorial diameter 35 //m or less, distance 
between the apices of spines c. 5p m  ..................

................................................................... G aruleum -type

Rem arks on pollen morphology

According to the definition o f  scu lp ture  (Prag- 
lowski 1975, Praglow ski & Raj 1978), in C alendu­
leae only the supra tec ta l  solid part o f  spinules or 
spines should be included in the exine sculpture. 
The underly ing, non-solid part o f  p rocesses  
transgressing into the tec tum  com plex  and p ro ­
truding over the c ircular con tour o f  pollen grains 
integrates with the form er apical part. The low er 
non-solid part o f  p rocesses also form s part o f  the 
tectum  com plex  structurally , and consequen tly  
belongs to the exine s tructure . In ag reem en t with 
the evidence encoun tered  in the investigation, 
the spiny p rocesses  are  in terpreted  as consisting

of two different parts , which w ere m easu red  se­
parately.

In C alenduleae, as well as in several o th e r  taxa  
o f  the C om positae ,  one process is com p o sed  of a 
sculptural supratec ta l solid part and o f  a s truc­
tured , tectal part,  both o f  which fo rm ing  one 
morphologically indivisible unit, the sp ine (Fig. 3 
1) .

The pollen grains in the C alenduleae  are  char­
acterized by the p resence o f  d is tinct caveae 
(Figs. 1 B “ C ” , 2 E “ C ” ) which are found  in all 
the genera with the exception  o f  D ipterocom e.  
The caveae have  been d iscussed  o r  exhibited 
previously by, e .g .,  Stix (1960), Skvarla  & T ur­
ner (1966), S kvarla  et al. (1978) and H o rn e r  & 
Pearson  (1978). T here  exists, how ever ,  a certain  
degree o f  confusion concern ing  the Stratigraphie 
settlem ent o f  the caveae. In the p resen t  paper, 
the caveae are  said to be situated over  the unsplit 
foot layer.

In fact, there  is no pollen m orphological or fine 
structural ev idence  which supports  splitting the 
foot layer. In the Calenduleae the foot layer is 
continuous, com pac t and hom ogeneous  and  does 
not contain internal foramina. T h e  internal 
organization of the remaining tectal part of the 
ectexine exhibits ,  as a rule, internal foram ina, 
which are also found in the basal zone  o f  the 
tectum  (Fig. 1 H) corresponding  to  “ S tü tz­
sch ich t”  (Stix 1960) and to the “ foot layer  1”  
(H orner & P earson  1978).

The pollen grains o f  all the genera  in the Ca­
lenduleae excep t for D ipterocom e  have  spines or 
spinules in w hich the supratec ta l solid part usual­
ly contains only one hole (Fig. 2 E). P rocesses  
with two holes o r  conical confines are  also 
found, but are  rare. Stix (1960) descr ibes  and 
illustrates similar results  in the pollen types  of 
Calenduleae with the exception o f  the Osteo- 
sp erm u m - type , which according to her ,  should 
be void o f  in trasp inu lar  holes. In fact,  these 
holes are enco u n te red  in all species o f  O steo­
sperm um  investigated  in this w ork (cf. O steo­
sperm um  sp inosum  var. sp in o su m ,  Fig. 1 B). 
The omission o f  this feature  in O steo sp erm u m  by 
Stix (1960) p robab ly  depends  on the fac t tha t her 
excellent s tudy  w as perform ed by light m icro­
scope exclusively . F o r  the  sam e reaso n ,  the 
authors  can hard ly  agree with Stix (1960) regard ­
ing the p resence  of infrategillar bacu la  in the 
Calendula-  and C asta lis- types. The e lem en ts  in 
these two pollen types  considered  by Stix as
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short,  infrategillar bacula, f inestruc tu ra lly  be­
long to  the low est layer o f  the tec tum  com plex 
(“ S tü tz sc h ich t” ).

C om m en ts w ith  re feren ce to taxon om y

The pollen grains o f  Calendula  ( the type-genus 
for the tribe), possess  some m orphological fea­
tures charac teris t ic  o f  this genus only. These  
fea tu res  include size o f  pollen grains, w hich are 
the largest w ithin the tribe (equatorial d iam eter  
up to 50 /tm ) ,  the  p resence o f  particularly  large, 
lolongate ora ,  high caveae (up to 5 p  m), an inner 
organization o f  long, solid s lender spines, an  al­
most total ab sen ce  o f  the foot layer  and the  p re ­
sence o f  com partive ly  thick endexine. Calendula  
represen ts  a characteris t ic , pollen m orphologi­
cally well delimited and easily recognizable  
g roup, w hich can hardly be confused  with any 
o the r  rep resen ta tive  o f  the tribe.

The O steosperm um  pollen type includes the 
largest genus O steosperm um  (c.70 species) and 
som e o ther  small genera, D im orphotheca ,  
Castalis  and C hrysanthem oides .  I t is, how ever,  
ra the r  difficult to record clear pollen m orpho­
logic criteria  useful for a good generic  segrega­
tion within this group of taxa. Possib ly , the pol­
len grains o f  the  genus C hrysan them oides  could 
be separated  from the rest because  o f  the slightly 
larger num ber o f  spines, but this fea tu re  alone is 
insufficient for the segregation. The type-species 
o f  the subgenus O steosperm um  O. sp inosum  and 
that o f  subgenus Tripteris O. den ta tum  are easily 
d istinguishable on pollen morphological criteria. 
The pollen o f  O. den ta tum  differs from that o f  O.
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spinosum  by having large oval ora, wide colpi 
and thick exine. Conical confines in the solid 
zone of spines occu r  ra th e r  frequently .

The pollen morphological affinity be tw een  the 
genera D im orpho theca  and O steosperm um  is 
obvious. T he  pollen grains o f  O steosperm um  
fru ticosum ,  the  type-species  o f  the section Blax- 
ium  (formerly genus), have  m ore  morphological 
features in com m on  with O. sp inosum  than with 
D im orphotheca  pluvialis,  type-species  o f  the 
genus D im orphotheca .

Usually lolongate o ra  and  spinules having one 
or two holes distinguish the pollen grains o f  the 
small genus Gibbaria  (tw o species) from the Os- 
teosperm um -D im orphotheca-C asta lis  com plex. 
The pollen m orphological profile o f  the genus 
Gibbaria, ho w ev er ,  is less p rom inen t than  that of 
the genera d iscussed  previously . N everthe less ,  
in spite o f  the differences m entioned  above , po l­
len m orphologically Gibbaria  seem s to  fit best in 
the com plex O steosperm um -D im orpho theca-  
Castalis. To a certa in  ex ten t,  the pollen grains of 
Gibbaria scabra  differ from those  of Gibbaria  
ilicifolia in size, the ch a rac te r  o f  the ora, and the 
num ber o f  holes in the solid p ar t  of the spines.

The pollen grains o f  G aruleum  are ch a ra c te r­
ized by the p resence  of a  com paratively  large 
num ber of spines, lolongate o ra ,  com paratively  
wide colpi and particularly  thin caveae. The 
spines in pollen grains o f  G aruleum  s tand much 
closer to each  o th e r  than  those  in Calendula  and 
the caveae in G aruleum ,  in con trad is tinc tion  to 
Calendula, are particu larly  thin. Pollen m orpho­
logically, G aruleum  s tands ra th e r  far from O ste­
osperm um  and D im orpho theca  and the p resen t

Fig. 1. A: Osteospermum dentatum, equatorial view, os large, lolongate. —  B-C  Fragments of sections through 
spine-bearing exine. — B: The spine and tectum , supratectal solid part o f  the spine lacks the  internal foramina 
which are found only in the tectal s trata, “ C ” em pty cavea. —  C: Infraspinal tectum, sectioned near the spine 
centre (the spine not visible). The internal foramina (dark dots) distinct. Com paratively long bacular elements of 
the median zone and the basal, ra ther com pact zone of the tectum arrow  “ B ” overlying the cav ea  “ C ” , filled with 
delicate, granular material. The foot layer arrow  “ fl”  is com pac t com paratively thin and  continuous. The 
endexine under the foot layer, partially disrupted at the inner surface. — D -E  Calendula fulgida,  pollen grain in 
polar view. —  D: high focus. —  E: Optical cross-section, showing high caveae and long, s lender spines. — F: 
Calendula arvensis, equatorial view exhibiting large lolongate os and distinct colpus. —  G - H  Calendula suffruti- 
cosa, an almost perfectly radial section through the spines and the infraspinal exine. — G: Solid, supratectal part 
o f  the long spine, approximately as long as the remaining ectexine. Vestigal foot layer presen t.  — H: Section 
through the exine along the border of one of the colpi in the area w here  the tectum  anas tom oses  or is very close to 
the endexine. The section shows a bulging part o f tectum  in the vicinity o f  the spine centre. C avea reduced. The 
internal foramina are found in all layers o f  the tectum . The foot layer is lacking. The endexine “ e n ” dark stained, 
thick, as thick or slightly thicker than the basal zone o f  the tectum. — I. Calendula maritima  SEM x4300 . Slender 
spines and the area  of the aperture with operculum-like lid, which is connected  with the exine surrounding the os 
by means of delicate radial elements, arrow. — All light micrographs x  1080, transmission e lectron micrographs 
x 13,000.
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study can hardly  provide argum ents  in favour of 
a c loser  taxonom ic  affinity betw een Garuleum  
and the la tter tw o genera.

The pollen grains of D ipterocom e  differ 
essentially  from  the remaining rep resen ta tives  of 
the C alenduleae  by the absence  o f  caveae and  by 
supratec ta l spines w hich are reduced  to minute 
solid sp inules, less than  0 .5 /rm  high. The o ccu r­
rence o f  d is tinct infratectal bacula, as well as 
com paratively  th ick  nexine is also typical for this 
genus only. Pollen morphologically, D iptero­
com e  does not fit at all in the tribe Calenduleae 
and in this respec t exhibits affinities with the 
Cynareae  and  the A nthem ideae. O ther ch a ra c ­
teris tics  in D ip terocom e  deviating from those  in 
the tribe Calenduleae  include sub-bilabiate m ar­
ginal flowers, an thers  muticous at the base ,  and 
connate  filaments (N orlindh 1978, p. 962). T ak ­
ing into accoun t the above features and pollen 
morphology, the taxonom ic status o f  the mono- 
typic genus D ip terocom e  undoubtedly  deserves  
reconsideration . The geographical distribution of 
D ipterocom e,  ex tending  from Palestine ea s t­
w ards as far as Afghanistan, also show consider­
able d isp lacem ent from the main distribution 
area  o f  the tribe Calenduleae. Only one species 
o f  the tribe Calenduleae , Calendula persica  C. 
A. M ey., has a similar, though probably not as 
ex tensive, d is tribution as D ip te ro co m e .

The pollen grains o f  the endem ic species O ste­
osperm um  sanctae-he lenae,  a relict species from 
the Tertiary  (N orlindh 1978 p. 969), are easily 
distinguishable from remaining taxa o f  the tribe 
through com paratively  high caveae, distinct, 
ra the r  large o ra  and the presence of conical con ­
fines in spinules. The peculiar geographical iso­
lation of this species is also reflected in the pol­
len morphology.
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The pollen grains of the tetraploid sp ec im en  of 
D im orphotheca  s inuata  show som e m o rp h o lo g ­
ical differences and aberrations hav ing  to  do 
mainly with the size, sym m etry , and  n u m b e r  of 
spines.

Pollen o f  C alenduleae  show affinity w ith those  
of the A stereae , Senecioneae, and H e lian theae .  
The latter tribe was considered by  several 
au thors  to exhibit the most primitive ch a ra c te rs  
in the C om positae  (Bessey 1915, H u tch in so n  
1916, W odehouse  1928 b, Tom b 1975).

The occurrence  o f  internal fo ram ina  in the  ec- 
texine, encoun te red  only in H elian theae , S en e ­
cioneae, and Calenduleae  as well as in one  sp e ­
cies of the C ichorieae , seems to be a prim itive 
feature and agrees with the phylogenetic  s ta tus  
of the three tribes m entioned above.

The consanguinity  o f  the Calenduleae  w ith  the 
Senecioneae, as expressed  by Small (1919), 
N orlindh (1946), C ronquist (1955 b), and  o th e r  
au thors , is in harm ony  with the pollen  m o rp h o ­
logical data  and pe rhaps  the C alenduleae  should  
be considered  an offshoot of the S en ec io n eae  
rather than a d irect derivative of the  H e lian ­
theae.
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Fig. 2. A -D  Dimorphotheca sinuata. —  A-B polar view. —  A: com paratively  high focus. —  B: optical cross- 
section. — C -D  large pollen grain from a tetraploid specimen (2n=18) in two, successive foci. —  C: relatively 
high focus showing two of the large asymmetrically distributed apertures.  —  D: optical cross-section, the num ber 
of spines at least twice those in the grain from the diploid specimen (A-B). —  E: Dimorphotheca chrysanthemi-  

folia. Fragm ent of  the section showing the spine, the tectum and high cavea “ C ” beneath the tec tum . The upper, 
solid part of the spine contains one hole. — F - H  Castalis tragus. — F: pollen grain in equatorial view  exhibiting a 
large lalongate os with pointed ends and a distinct colpus. —  G: Section showing the structure of the exine. The 
tectum  consists of an outer perforated thin layer, a median zone with bacula-like elements and at the base, an 
innermost, ra ther com pact zone facing the cavea. All three layers o f  the tectum  contain the internal foram ina 
(small black dots). The foot layer “ f l ”  comparatively thin, continuous, lacking the internal foram ina. The 
endexine dark, continuous, its innermost surface with globular excrescences  intruding into the intine. T he intine 
approximately as thick as the endexine. — H: Section through the spine with one hole and the underlying, 
structured part. —  All light micrographs x 1080, transmission electron micrographs x 13,000.
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A p p en d ix . C ollections investigated

* Species exhibited in Figs. 1-3.

C a len d u lea e  Cass. T ype-genus C alendula  L.

Calendula  L. Type-species C. officinalis L.

C. officinalis L. Iran, Aschabad. Sintenis 403
C. arvensis  L. Sicily, Palermo. Lanza s.n.*
C. echinata  DC. Morocco. Agadir. Maire s.n.
C .fu lg id a  Raf. Sicily, Palermo. Todaro  619*
C. maritima  Guss. Sw eden, cult. H ort.  Bergianus. 

N orlindh s.n.* —  Sicily, Trapani. Ross 347
C. suffruticosa Vahl. Tunisia, M ountain Kalaa-El- 

H arra t .  Murbeck s.n.*

Osteospermum  L. Type-species O. spinosum  L.

Subgen. Osteospermum  (L.) T. Norl. T ype-species O. 
spinosum  L.

Sect. I. Oppositifolia  D C .-X I.  Spinosa  T. Norl.
O. spinosum  L. var. spinosum. South Africa, Cape 

Province. N ordenstam  33 
O. spinosum  L. var. runcinatum Berg. South  Africa, 

Cape Province. Norlindh 5621 
O. polygaloides  L. South Africa, Caledon Div. Haf- 

ström & Lindeberg s.n.
O. sanctae-helenae  T. Norl. S:t Helena. N orm an  10 
O. thodei Mark. South Africa, Bergville Distr. B arc­

lay & Gentry  988

Sect. XII. Blaxium (Cass.) T. Norl. Type-species 
O steospermum fruticosum  (L.) T. Norl. A revision 

of Blaxium  is now in progress by Norlindh (1978, p. 
977) w ho thinks it might be possible to re-establish this 
old Cassinian genus.

O. fruticosum  (L.) T. Norl. South Africa, Cape Pro­
vince. Norlindh 5543 

O. acutifolium (J. Hutch.) T. Norl. South Africa, 
Caledon Div. Wall s.n.

O. caulescens  Harv. Cult. Hort. Bergianus, S tock ­
holm. Norlindh s.n.

O. ecklonis (DC.) T. Norl. Cult. Stockholm, Univ. 
Bot. Garden. Norlindh s.n.

Subgen. Tripteris (Less.) T. Norl. Type-species O steo­
spermum dentatum  Burm. fil.

Sect. XIII. Trifenestrata T. Norl. — XV. Efenestrata  
T. Norl.

O. dentatum  Burm. fil. South Africa, Milnerton. Lin- 
deberg s.n.* —  South Africa, Cape Province. Acock 
650
O. connatum  DC. South Africa, Cape Province. 

Ecklon & Z eyher 154
O. amplectens  (Harv.) T. Norl. Cult. Hort. Bergia­

nus, Stockholm. Norlindh s.n.

Sect. XVI. Oligocarpus (Less.) T. Norl. Monotypie.
O. calendulaceum  L. fil. (Transitional species b e ­

tween the subgenera Osteospermum and Tripteris.) 
Norlindh 1943, p. 346. Cult. Hort. Bergianus, S tock­
holm. Norlindh 5830

Chrysanthemoides  Tourn. ex Fabr. Type-species C. 
incana (Burm. fil.) T. Norl.

C. incana (Burm. fil.) T. Norl. South Africa, Cape 
Province. H afström  s.n.

C. monilifera (L.) T. Norl. ssp. monilifera. South 
Africa, S tellenbosch Distr. Acock 453*

Dimorphotheca  Vaill. ex Mnch. Type-species D. plu- 
vialis (L.) Mnch.

D. pluvialis (L.) Mnch. South Africa, Cape Provin­
ce. Norlindh 5515

D. chrysanthemifolia (Vent.) DC. Sweden, cult. 
Hort. Bergianus. Norlindh s.n.*

D. cuneata  (Thunb.) Less. South Africa, Cape P ro­
vince. Wall s.n.

D. montana  T. Norl. var. montana. South Africa, 
Cape Province. Norlindh 5925

D. montana  T. Norl. var. venusta. South Africa, 
Cape Province. Es terhuysen  11340

D. polyptera  DC. South Africa, Kuiseb River Re­
gion. Kers 1284

D. sinuata DC. Sweden, cult. Hort. Bot. Lundensis. 
Norlindh s.n.*

D. sinuata DC. (tetraploid specimen). Sw eden, cult. 
Hort. Bergianus. Norlindh s.n.*

Castalis Cass. Type-species C. tragus (Ait.) T. Norl.

C. tragus (Ait.) T. Norl. South Africa, Calvinia Div. 
Lewis 65253*. LD.

C. nudicaulis (L.) T. Norl. var. graminifolia South 
Africa, Cape Province. Norlindh 5537

C. spectabilis  (Schltr.) T. Norl. South Africa, 
Transvaal. H afström  & Acock 1542

Fig. 3. A: Gibbaria ilicifolia, equatorial view, os large, lolongate. —  B: Chrysanthemoides monilifera, polar view.
—  C -E  Garuleum pinnatifidum. —  C: equatorial view, os large, lolongate, colpus wide. —  D -E  polar view. —  D: 
pollen grain in comparatively high focus, showing a ra ther large num ber o f  spines. — E: optical cross-section, 
thin white lines between the tectum and nexine are the caveae. —  F - H  Dipterocom e pusilla. F -G  equatorial view.
—  F: pollen grain in low focus exhibiting the apical parts of thick, infratectal,  partially branched bacula. — G: 
optical cross-section, showing a thin layer with intratectal bacula, thick infratectal bacula and thick nexine (dark 
layer). —  H: polar view, optical cross-section. —  I: Schematic representa tion  of the tectum  complex and the 
spine in the Calenduleae (Dipterocome  excluded). Sp. the spine. So. the solid, supratectal part o f  the spine with 
one hole, lacking the internal foramina. St. the s tructured, wide part o f  the spine included in the tectum complex. 
The latter complex corresponds to the exine s tructure  and contains the internal foramina (thick, dark  dots). B. the 
com pact zone at the base of the tectum complex (S tützschicht according to Stix 1960). —  All light micrographs x 
1080.
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Gibbaria Cass. Type-species G. scabra  (Thunb.) T. 
Norl.

G. scabra  (Thunb.) T. Norl. South Africa, Willow- 
more Distr. D ahlstrand 1334. GB.

G. ilicifolia (L.) T. Norl. South Africa, Cape Pro­
vince. Norlindh 5595*

G. ilicifolia (L.) T. Norl. South Africa, Cape Pro­
vince. H afström  s.n.

Garuleum Cass. Type-species G. pinnatifidum  (L ’He- 
rit.) DC.

Subgen. Garuleum. Type-species G. pinnatifidum

G. pinnatifidum. (L ’Herit.) DC. South Africa, 
Sneeuwbergen. Drége s.n.*

G. latifolium Harv. South Africa, Natal. Rudatis 
1864.

Subgen. Rutidocarpaea  (DC.) T. Norl. (monotypic)

G. bipinnatum (Thunb.) Less. South Africa, Albany 
Distr. Wall s.n.

Dipterocome  Fisch. & Mey. A m onotypic “ satellite”  
genus in the tribe.

D. pusilla. Fisch. & Mey. Afghanistan, Nachitshe- 
van. Grossheim & Gurvitsh s.n.*
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Anatomy of the phylloclades of Phyllocladus hypophyllus
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The anatomy of the m ature phylloclades of Phyllocladus hypophyllus Hook. fil. has been 
studied with the aid o f  light microscopy and scanning and transmission electron micro­
scopy. The ontogeny o f  the phylloclades has been examined by light microscopy of cleared 
material and by scanning electron microscopy of transversal and longitudinal sections. The 
similarity with the ana tom y of coniferous leaves is striking and includes the presence of 
transfusion tissue. Transfusion tissue in stems is here apparently reported for the first time. 
The cortex of the phylloclades contains several thin-walled, large cells, previously de­
scribed as “ sclereids” . Their structure and ontogeny indicate, how ever, that they are in 
fact accessory transfusion tracheids. Resin ducts are well differentiated in juvenile organs 
implying that resin production  has an important role, perhaps in protection of the plant.

Britt Berggren, Institute o f  Botany, University o f  Stockholm, S-106 91 Stockholm, Sweden.

Phyllocladus hypophyllus  H ook. fil. is a  conifer 
growing in moist forests  in m ountain regions on 
B orneo  and N ew  Guinea. It has some rem a rk ­
able properties , e .g .,  the organization o f  the  re ­
productive as well as the assimilating organs. 
The leaves are  small and scaly and fall o ff  early, 
while flattened leaf-like stems, so-called phyllo­
clades or c ladodes , assum e assimilating p ro p er­
ties. This kind o f  feature has evolved indepen­
dently  in several angiosperm  families, and is 
described  for instance in C actaceae and the gen­
era  R uscus  and A sparagus  (V elenovsky 1903), 
but seems to be limited to Phyllocladus  am ong 
the gym nosperm s.

The genus Phyllocladus  is now generally  re­
garded as a m em ber o f  the family P odocarpaceae  
(de Laubenfels 1969), but was earlier p laced in 
Taxaceae  (Pilger 1903). Several investigators 
have considered the genus as being in term ediate  
betw een P odocarpaceae  and T axaceae ,  am ong 
them  R obertson  (1906), who has found a few 
Podocarpacean  fea tu res ,  while the occu rrence  in 
P. alpinus  of  la teral bundles o f  centripetal xylem 
is belived to be due to relationship with T ax a­
ceae. She finds it especially notable that the sec­
ondary  walls of the centripetal xylem show  a 
com bination o f  bordered  pits and spiral or 
scalariform thickenings.

Keng (1963, 1974, 1977) has studied the ana­

tom y o f  P. hypophyllus  and described the vas­
cular tissues at different levels o f  the s tem  and in 
the phylloclades (K eng 1977). The pinnate  phyl­
loclades is com posed  o f  5-10 segments. Im m e­
diately below each segm ent, the vascular tissue 
o f  the stem form s a cylinder of xy lem  and 
phloem and in addition two small traces ,  which 
en te r  the segm ent, and one leaf-trace o f  a scaly 
leaf. Sections cut th rough the phylloclade seg­
ments perpend icu lar  to the vascular bundles 
show them to be com posed  of a num ber  of 
leaf- and branch-traces  arranged in one plane. 
Each vascular bundle is accom panied by a resin 
duct external to the  phloem. Keng regards the 
phylloclade as an ancien t structure , in which the 
distinction be tw een  leaf and branch  has not been 
sharply developed , and after em phasizing the re ­
lationship to P odocarpaceae  as well as T axaceae  
has proposed the estab lishm ent o f  the new  fam ­
ily Phyllocladaceae.

H ida (1951) s tudied the assimilating organs o f  
som e conifers and found the phylloclades o f  P. 
hypophyllus  H ook . fil. (“ P. protractus  (W arb.) 
Pilger” ) to develope palisade ch lorenchym a on 
the “ adaxia l”  side. M ost conspicuous in his pic­
tures is how ever  the occurrence of large, relati­
vely thin-walled cells in the cortex. T hose cells 
w ere in terpreted  as sclereids.

A characteristic  feature o f  coniferous leaves is
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the transfusion tissue, com posed  o f  tracheids 
and often in addition parenchym a cells. It is a s ­
sociated with the vascular bundles (F oste r  & 
Gifford 1973, N app-Zinn  1966). The origin and 
function of the transfusion tissue has not been 
satisfactorily de term ined , but the tissue is com ­
monly assum ed  to be concerned  with trans loca­
tion be tw een  the vascular bundle and the meso- 
phyll. The distribution o f  transfusion tissue va­
ries betw een different families and genera . In 
Podocarpaceae it occurs  as a wing-like process 
on each side o f  the vascular bundle , as described 
by Griffith (1957) in a study on anatom y and 
ontogeny o f  transfusion tissue in Podocarpus  
macrophyllus.  A djacent to the phloem  there 
occur specialized thin-walled, elongated trans­
fusion pa renchym a  cells, viz. S trasburger cells 
(albuminous cells). The transfusion tracheids  are 
of different size and shape, varying from isodia- 
metric to elongated with the same length as xy ­
lem tracheids. The lignified walls are  scalari- 
form, scalariform-reticulate or have c ircular 
bordered  pits. A ccessory  transfusion tissue in 
Podocarpus m acrophyllus  occurs  as two 
wing-like ex tensions of the transfusion tissue and 
consists  o f  tracheids  and parenchym a cells. Most 
o f  the cells are  elongated at right angles to the 
veins. As Griffith (1957) has pointed  out, the 
lignified elem ents  o f  the accessory  transfusion 
tissue have been described by different au thors  
as tracheids, sclereids, and osteosclere ids . Due 
to the p resence o f  bordered  pits, characteris tic  
for elem ents o f  the xylem, she finds the designa­
tion as tracheids justified. The transfusion tissue 
o f  Pinus  needles com pletely  surrounds the two 
vascular bundles and is bounded  on the outside 
by an endoderm is. It consists  o f  relatively 
thin-walled tracheids  with bordered  pit-pairs and 
large parenchym atous  cells (Walles et al. 1973). 
On the abaxial side o f  each vascu la r  bundle there 
are also album inous cells adjacent to the phloem. 
The album inous cells have local wall th icken­
ings, characteristic  of transfer cell activ ity , as 
described for Pinus  by P aram esw aran  and Liese 
(1970) and Walles et al. (1973). The album inous 
cells in gym nosperm s are considered to be func­
tionally com parable  to the com panion  cells in 
angiosperm phloem  (Esau 1969).

The purpose of this investigation was to use 
con tem porary  techniques to study the structura l 
adaptations o f  the s tem  structures  o f  P. hypo­
phyllus  as assimilating organs, and to use this

information fo r  com parison  o f  their an a to m y  
with that o f  con ife r  leaves. An investigation  of 
the ontogeny o f  the phylloclades w as m a d e  to 
obtain further insight into the  organization o f  the 
tissues and the natu re  o f  different cell types .

Material and m ethods

Segments of  phylloclades from  P. hypophyllum  w ere  
sampled from a plant collected on Mount K inabalu , 
Borneo, by H. E rd tm an  and grown in the g reen -house  
of the Institute o f  Botany, U niversity  of  S tockholm .

Material to b e  examined by light m icroscopy (LM ) 
was cut into relatively large p ieces, c. 25 m m 2, and 
fixed in FAA fo r  at least 24 hours ,  dehydra ted  in an 
ethanol series, em bedded  in Paraplast,  cut into 8-10 
/um thick sections, and stained with safranin-fast green. 
Segments of 3, 5, 18 and 29 mm length were stud ied  by 
clearing. After fixation the material was c lea red  by 
treatment with 5 %  N aO H  for 3 days at 37°C and then 
with a saturated solution of chloral hydrate for 3 days 
at 37°C. The cleared tissues w ere  stained with safranin.

F or  scanning elec tron  m icroscopy (SEM ) the m a te ­
rial was fixed and  em bedded as fo r light m icroscopy. It 
was cut into th ick  sections (c. 30,um), deparaffinated 
with xylene, t ransferred  to ethanol, critical point dried 
from C 0 2, spu tte r  coated with Au-Pd, and observed  
with a Cambridge S tereoscan  600.

F or transmission electron microscopy (TEM ), 
phylloclade segm ents  were cut into small p ieces (1-2 
m m 2) and fixed in g lutara ldehyde solutions. The spe­
cimen in Fig. 3 B was fixed in 2 %  glutara ldehyde in 0.1 
M phosphate buffer (pH c. 7.0). The material used for 
the remaining T E M  pictures was fixed with 2 % gluta­
raldehyde in 0.1 M cacodylate buffer. After osmication 
with I %  O s 0 4 in 0.1 M phosphate  buffer the speci­
mens were em bedded  in Epon-Araldite (M ixture No. 
1, Mollenhauer 1964) or Spurr resin (Spurr 1969). They 
were cut with a  diamond knife. The sections were 
stained with uranyl acetate  and lead citrate and exam ­
ined with a Zeiss EM  10 A.

Observations

M ature  phylloclades

The mature segm en ts  are 60-70 mm long.

The epidermis  is covered  with a th ick  cuticle, 
and SEM  pic tu res  (Fig. 1 B) show  an almost 
sm ooth surface in terrupted  only by scattered 
stom ata, which occur  on bo th  sides of the 
phylloclade. C leared  material dem onstra te s  that 
the size and shape  of the epidermal cells is very 
irregular. T E M  pictures reveal that the  cuticle 
and the cell walls contain  num erous  m inute  c rys­
tals (Fig. 2 A). B oth  ou te r  walls and  anticlinal 
walls are th ickened  (Figs. 1 A, 2 A), and the 
presence of a heavily  stained nucleus shows that



BOT. N O T IS E R  133 (1980)

the ep iderm al cells have living p ro top las ts .  In 
T E M  m icrographs  epiderm al cells have  a thin 
peripherial cy top las t  and a large vacuo le ,  som e­
times contain ing  tannin  as dense  granules  (Fig. 2
A).

T he  s tom ata  are  som ew hat sunken  below  the 
surface and o v e ra rch e d  by subsid iary  cells. A d ­
ja cen t  to the s tom atal opening p ar t  o f  the subsi­
diary cells is raised to form  a p ro tec ting  rim 
(Figs. 1 B, 2 A , B). The guard cells show n in Fig. 
2 A are  not centrally  cu t,  bu t it is apparen t that 
the walls be tw een  the tw o guard cells are re la ti­
vely thick. E v e n  the walls in c o n tac t  with the 
subsidiary cells are th ickened . In the  guard  cell 
show n in Fig. 2 A there  a re  several m itochon­
dria, ch lo rop las ts ,  many E R  profiles, several 
vacuoles , and  darkly  s tained bodies (p resum ably  
lipids). The subsid iary  cells (Fig. 2 A) also have 
th ickened  walls, and contain  a nucleus ,  ch lo ro ­
p lasts, m itochondria , and tannin in the  vacuoles. 
T here  is no hypoderm is  in the phylloclades 
(Figs. 1 A, 3 C).

The cortex  is prim arily  com posed  o f  chloren- 
chym a cells and  large, em pty  cells which have 
been in terp re ted  as sclereids (H ida  1951). 
C h lo renchym a cells form  a palisade layer on the 
adaxial side o f  the phylloclade and have a large 
central vacuole  and m any ch lorop las ts  (Fig. 3 A,
B). The ch loroplasts  have m any g rana  and often 
contain  a large starch  grain and several plasto- 
globuli. M itochondria , ER , r ibosom es, and ta n ­
nin globules are  also found in ch lo renchym a 
cells.

The large cells lack pro toplas ts  and  have re la ­
tively thin, lignified secondary  walls as seen in 
LM and are som ew hat elongated at right angles 
to the vascu la r  bundles. They  have  elongated 
pores and wall thickenings (Figs. 2 B, 3 A, B). 
T hese  cells ap p ea r  to be accesso ry  transfusion 
tracheids and will be referred to as tracheids. 
T hese  tracheids  are  relatively evenly  distributed 
throughout the co r tex , and are quite  apparen t 
due to their g rea te r  size (Figs. 1 A, 3 A, C) as 
com pared  w ith  the  ch lo renchym a cells. F o r  in­
stance , the tracheid  shown in Fig. 3 A has  a 
d iam eter of c. 65 /xm and a length o f  c. 130/xm,  
and some tracheids  are  larger than  this. M any 
intercellular spaces are  formed be tw een  the ac ­
cessory  transfusion  tracheids and the spongy 
ch lorenchym a (Fig. 3 A , C).

N ear  the ph loem  of  each vascu la r  bundle there
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is one schizogenous resin duct,  w hose  epitelial 
cells are su rrounded  by a sheath  o f  relatively 
thin-walled p a renchym a cells (Fig. 3 C).

The vascular tissue and  the transfusion tissue. 
The arrangem ent o f  the vascular bundles  in 
transversal sections can  be seen in Fig. 5. The 
metaxylem  is com posed  o f  tracheids  with thick 
lignified walls, and row s o f  p a ren ch y m a cells 
(Figs. 3 C, 4, 6 A). T he pro toxy lem  tracheids 
with spiral or scalariform  wall thickenings (Fig. 6
A) are com pressed ,  while the m etaxy lem  tra ­
cheids are arranged  in regular row s and have 
very  thick walls with bordered  pits (Fig. 6 A). On 
the walls tow ards p arenchym a cells the pits are 
simple, as ex pec ted  (Fig. 6 A). In T E M  pictures 
the secondary wall o f  the m etaxylem  tracheids  
appears  to be com posed  o f  at least th ree  layers. 
The parenchym a cells contain  ER, m itochondria  
and o ther organelles and have vacuoles o f  vary ­
ing size, som etim es with a content dense  to  e lec­
trons. The walls have  prim ary pit-fields. Xylem 
and phloem are separa ted  by 1-2 row s o f  cam bial 
cells. The phloem  can be regarded as abaxial in 
the flattened b ranches ,  o f  w hich the segm ents  o f  
the phylloclades are  com posed. It consists  of 
som ew hat com pressed ,  relatively thin-walled 
sieve-cells (Figs. 4, 6 A) and some p arenchym a 
cells. Just ou ts ide  the phloem  there  are some 
fibers with ex trem ely  thick secondary  walls (Fig.
5). Cells with m any vacuoles and wall ingrowths 
like those in transfe r  cells have been observed  in 
the  rows o f  p a ren c h y m a  in the phloem  (Fig. 4). 
These  transfer cells have thin layers o f  p ro to ­
plasm with am oeboidal chloroplasts ,  containing 
starch grains.

Surrounding the vascular s trand there  is a 
sheath of tw o kinds o f  cells, all very large, some 
of them thin-walled and parenchym atic  and 
o thers  em pty  with th icker walls, w hich in trans­
verse section look like having spiral thickenings 
and bordered  pits like tracheids. T he th ick-w al­
led cells are elongated in the sam e d irection as 
the veins. T hese  cells are much w ider than  the 
xylem tracheids bu t not as large as the earlier 
m entioned accesso ry  transfusion tracheids . The 
bundle “ s h ea th ”  is supposed  to be a  transfusion  
tissue with p a ren c h y m a  cells and tracheids . The 
living transfusion cells have a  dense con ten t,  bu t 
localized wall th ickenings in com bination  with a 
dense p ro top las t,  characteristic  o f  a lbum inous 
cells, have not been  found. E ven  in the transfu-
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sion tissue, tran sfe r  cells with wall th ickenings 
are seen in T E M  pic tures  (Fig. 6 B) and  in LM of 
semithin sections o f  S purr  em b ed d ed  material, 
s tained by  the  m ethod of G unn ing  and Pate  
(1969).

O ntogeny  o f  the phylloclades

The epiderm is.  In the phylloclade segm ents  of 
3-5 m m  length , the epidermal cells are  arranged  
in relatively regular rows. The anticlinal walls 
have no secondary  thickenings. T h e  segm ents 
seem  to be co m p o sed  of branching s tem s as well 
as rud im en ta ry  leaves (cf. V elenovsky  1903). 
S tom ata  have  differentiated only in w hat might 
be regarded  as im m ature leaves (cf. Fig. 7 B). 
Th ickened  secondary  anticlinal walls o f  the ep i­
dermis cells can  be seen in phylloclade segm ents 
o f  18 mm length. The cells are m ore  irregular 
than  at the earlier  stages of deve lopm ent.  S to ­
m ata o ccu r  on  all surfaces o f  the phylloclade.

The cortex.  T he accesso ry  transfusion  tracheids  
d ifferentiate slowly. In segments of/ 3-5 mm 
length, tracheid  initials can be seen  as cells, 
w hich are som ew hat elongated at r ight angies to 
the veins. W hen the phylloclade is c. 18 mm  
long, the accesso ry  transfusion trache id s  have 
assum ed  the ir  irregular shape. D evelopm en t of
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the characteristic  secondary  wall of the  accesso ­
ry transfusion tracheids  (Fig. 3 A) is not present 
in segments o f  18 mm length but is found in the 
segment w hen it is 29 mm long. Resin  ducts  on 
the o ther  hand can be observed  in segm ents  that 
are only 5 mm in length.

The vascular tissue and  the transfusion tissue. 
There  are pro toxy lem  tracheids with spiral wall 
thickenings in phylloclade segm ents tha t are  no 
more than 3 mm in length. They have developed 
acropetally , but have not in these im m ature  seg­
ments reached  the leaf  apex  (Fig. 7 A). N ear  the 
leaf apex a few relatively large cells have devel­
oped (Fig. 7 A) which at this stage show  spiral 
wall thickenings and probably are transfusion 
tracheids. W hen the phylloclade segm ent is 5 
mm long, each leaf trace o f  the phylloclade (Fig. 
7 B) has two o r  more row s o f  xylem tracheids. 
The tracheids have  differentiated a lm ost to the 
leaf apex and are  surrounded  by m any  transfu ­
sion tracheids , w hich develop basipetally  from 
near the leaf apex  (Fig. 7 C). The deve lopm ent of 
the cauline bundles o f  the phylloclade still lags 
behind, as can be seen in Fig. 7 C, but neverthe­
less they have a few transfusion tracheids  (Fig. 8 
A, C). Some o f  the transfusion tracheids  have 
already developed bordered  pits (Fig. 8 B).

Fig. 1. —  A: T ransverse  section of lateral part o f  phylloclade. Epiderm is cells with nuclei and thick cuticle, 
chlorenchym a cells, and large accesso ry  transfusion tracheids with lignified walls. One stoma, centrally cut, is 
also seen (arrow). LM. — B: Cuticle with scattered stomata; subsidiary cells form a slightly elevated, protecting 
ring. SEM . —  Scale line equals 50,urn. —  Key to labelling in Figs. 1-8: C cuticle, CA cambium , CC chlorenchym a 
cell, CP chloroplast, EC epidermal cell, GC guard cell, MX m etaxylem , PF phloem fiber, PH phloem, PX 
protoxylem , R ray, RD resin duct, S accessory  transfusion tracheid, SC subsidiary cell, T P  transfusion paren­
chym a, TT  transfusion tracheid.

Fig. 2. — A: C om posite  figure of t ransve rse  sections that include a guard cell and a subsidiary cell. In the guard 
cell chloroplasts with several starch grains and vacuoles with globules o f  tannin can be seen. In the subsidiary cell 
the nucleus and a vacuole with tannin are seen. T E M . — B; T ransverse  section of a s tom a with guard cells, 
overarched by subsidiary cells, which a re  partly raised above the surface. A thin-walled accessory  transfusion 
tracheid forms the bottom of a substom atal  cavity. SEM. —  Scale lines equals 10/xm. —  Labelling, see Fig. 1. 
(See p. 194.)

Fig. 3. —  A: Section through a num ber o f  thin-walled accessory  transfusion tracheids, devoid of contents  and 
with many pit-fields in their walls. One ch lorenchym a cell is also seen. Its protoplasm forms a netlike structure 
and contains several chloroplasts. S E M . Scale line equals 2 0 /rm. —  B: The secondary wall o f an accessory 
transfusion tracheid  shows unsym m etrical distribution of the pits, which are more num erous on the walls in 
contact with ch lorenchym a cells. The ch lo renchym a cell contains chloroplasts with starch grains and large tannin 
globules in the vacuole. TEM . Scale line equals 10/rm. — C: T ransverse  section o f  a phylloclade shows epidermis 
with a s toma, large accessory transfusion  tracheids, vascular bundle with xylem and phloem, and a sheath of 
thin-walled parenchym a cells. Outside th e  phloem is a resin duct with thin-walled secretory cells. SEM . Scale line 
equals 50,« m .  —  Labelling, see Fig. 1. (See p. 195.)
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Discussion

A part from the arrangem ent o f  the vascular 
bundles, the phylloclades o f  Phyllocladus hypo ­
phyllus  show  striking similarities w ith  coniferous 
leaves. The th ick  cuticle and the th ickened  outer 
and anticlinal walls o f  the epiderm al cells are 
found both  in needles of Pinus  and phylloclades 
o f  P hyllocladus. Phyllocladus  has living ep ider­
mal cells and  lacks a hypoderm is , in con trast to 
the needles o f  Pinus.  T hese  distinctions may be 
due to the evo lu tion  o f  Phyllocladus  in a less dry 
climate than  P inus.

The cortex  o f  the phylloclades is com posed  o f  
two types o f  cells, ch lo renchym a and thin-walled 
non-living cells. T hese  la tter cells, w hich are  ex ­
tremely variab le  in shape (Fig. 3 A, B) seem  to 
me to co rre sp o n d  to the accessory  transfusion 
cells, which Griffith (1957) has described  in 
Podocarpus.  The accessory  transfusion  tra ­
cheids in the  leaves o f  P odocarpus  are isodia- 
metric or e longated  at right angles to the veins, 
som etim es w ith  a wavy outline. T heir  pores are 
gathered in g roups in the parts  o f  walls that are in 
contact with o th e r  cells. The cells w ith  lignified 
secondary walls in the phylloclades o f  Phyllo­
cladus  d ifferen tiate  quite late like the accessory  
transfusion tracheids  of Podocarpus.  Similar 
cells are found  in the leaves o f  Araucaria ,  and 
L ederer  (1955) has suggested that they might be 
hom ologous to  the accessory  transfusion tissue 
o f  Cycas.

In con trast to  the accessory  transfusion  tra ­
cheids, the transfusion  tracheids o f  Podocarpus  
d ifferentiate basipetally , very early during on to ­
genesis. T h e  sam e phenom enon  has been noted 
in the case o f  the bundle sheath  tracheids  of

Phyllocladus  (Fig. 7 C). T hose  cells seem  to be 
identical to  the tracheids  in w hat R obertson  
(1906) has called centripeta l xylem. B ecause  o f  
the mode o f  deve lopm ent (basipetally) I p refer  to 
consider them  as transfusion  trach e id s  (cf. 
Napp-Zinn 1966 p. 27). The early deve lopm en t of 
transfusion tracheids  in pine neddles  has been 
described by C am pbell (1972), w ho  like Walles 
et al. (1973), found these  cells to have  relatively 
thin, secondary  walls with bordered  pits and to 
be devoid o f  p ro top las ts ,  fea tu res  w hich are  also 
com m on to  the transfusion  tracheids  o f  Phyllo­
cladus  (Fig. 6 A). L e d e re r  (1955) in his s tud^  of 
gym nosperm  leaves  has included Taxus  am ong 
those gym nosperm s w hose  transfusion  tracheids 
have scalariform  wall thickenings and  bordered  
pits. The transfusion  pa renchym a cells o f  Taxus  
leaves are found below  com pressed  phloem  cells 
and above and be tw een  the transfusion  tra­
cheids. T he transfus ion  pa renchym a  cells o f  Pi­
nus  needles have  a large vacuole with tannin 
deposits  and  a very  thin lining o f  cy toplasm  
(Campbell 1972); similar cells are observed  in 
Phyllocladus  (Fig. 6 B).

In Pinus  need les ,  as well as in som e o ther 
coniferous leaves , the transfusion  tissue  is b o r ­
dered by an endoderm is ,  bu t P odocarpus  leaves 
lack this delim itation o f  the transfusion  tissue. 
L ede re r  (1955) m akes a distinction be tw een  the 
pinacean type  with a well developed  end o d er­
mis, and the Taxus  type  with only a  “ paren- 
chym atic s h e a th ”  and transfusion  tracheids  and 
transfusion p a ren c h y m a  gathered into m ore or 
less com pact com plexes .  L ede re r  considered  the 
Taxus  type to be the m ore primitive. Podocarpus  
obviously belongs to this Taxus  type and the 
same seems to be the  case  with Phyllocladus

Fig. 4. T ransverse  section of part o f  a vascular bundle. The xylem tracheids have thick, secondary  walls with 
bordered pits; on the walls adjacent to parenchym a cells only half-pits. The parenchym a of the xylem has only a 
thin layer o f  pro toplasm , and a large vacuole, sometimes filled with granular material. The cam bium  cells are 
irregular, contain ing several amoeboidal plastids. Some of the sieve cells have relatively thick walls. TEM . — 
Scale line equals  lO/im. —  Labelling, see Fig. 1.

Fig. 5. T ransverse  section of phylloclade, showing the orientation of vascular bundles in the cen tre  of  a mature 
phylloclade. —  A: Edge of section. LM. —  B: Middle part o f section. LM. —  Scale line equals 50 p m .  — 
Labelling, see Fig. 1. (See p. 198.)

Fig. 6. —  A: T ransverse  section of a vascular bundle with phloem , m etaxylem , pro toxylem , transfusion 
tracheids, and transfusion parenchym a. The protoxylem elements are slightly deform ed, while phloem and 
metaxylem form regular rows. SEM . Scale line equals 10//m. —  B: Part o f  a transfusion parenchym a cell with 
wall thickenings traversed by p lasm odesm ata (arrows). This cell is in terpre ted  as a transfer  cell. T E M . Scale line 
equals 1 /zm. —  Labelling, see Fig. 1. (See p. 199.)
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cladodes (Figs. 3 C, 8 C). Just outside the v ascu ­
lar strands the re  are thin-walled p a renchym a 
cells with many chloroplasts  and  globules o f  
tannin, alternating with the thin-walled cells with 
lignified walls which I suggest are  transfusion  
tracheids.

The developm ent o f  the phloem  has not been 
studied in the p resen t investigation. In cleared 
segments, how ever, the phloem cells can  be seen 
as several parallel lines of elongated  cells, even 
w hen the segm ent is only 3 mm long. Only one 
line o f  pro toxylem  can be seen in the c leared 
material, while SEM  pictures of a c ross section 
show this line to be com posed o f  3-4 row s o f  
protoxylem  tracheid  elements (Fig. 8 C). At that 
early stage the phloem can hardly be distin­
guished from the cortex . The sieve cells m ature 
relatively late, after elongation is com ple ted , as 
Campbell (1972) and N euberger & E vert  (1974) 
described for pine needles. That in terpreta tion  
can be com pared  with the report o f  relatively 
rapid sieve cell differentiation in the hypoco ty l o f  
P in u s  r e s in o s a  (N euberger & E vert  1974); in this 
case the cambial activity is repo rted  to begin 
soon after com pletion of elongation o f  the hypo ­
cotyl.

There have been  num erous specula tions as to 
the function o f  the many ergastic substances  
found in plants. Som e have been regarded  as end 
products  o f  m etabolism, that are  not utilizable 
metabolically, e.g. tannins, te rpenes , and resins 
(Esau 1977). Resin ducts, how ever, differentiate 
very early in the ontogeny o f  leaves (N app-Z inn
1966) and resin ducts are reported  even  in young 
shoots , 1 mm thick (K ucera  & Butterfield 1977), 
o f  P h y l lo c la d u s  species. I have found schizogen- 
ous resin ducts in cross sections o f  5 mm long 
phylloclade segm ents and the younger segm ents 
smell strongly of resin w hen cut. Thus I want to

suggest that resin  p roduction  offers p ro tec tio n  
against p reda to rs ,  tha t is no longer needed  w hen 
the organ is m ature  and  contains m any f ibers  and 
o ther  cells with stiff walls. My suggestion  is 
consistant with C am pbe ll’s (1972) obse rv a tio n  o f  
the frequent degenera tion  o f  the resin can a ls  of 
m ature  pine needles.
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Detailed morphological studies of a  com prehensive herbarium material of Tropical African 
Bartsia with rotate  white to pink corolla necessita ted  reduction of two of the five species 
previously recognized (B . mannii Hemsl. and B. elgonensis R. E. Fr.) to synonym s o ff i .  
abyssinica  Benth., while two others ,  viz. B. petitiana  (A. Rich.) Hemsl. andR . nyikensis R.
E. F r.,  are reduced to varie ties of the same species. The distribution o fR . abyssinica  s.lat. 
is mapped and its varia tion  pattern  described.
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The Tropical African species o f  Bartsia  with 
white to p ink corolla have long been  p rob le ­
matical to taxonom ists .  O f the tw o earliest sp e ­
cies described , B. abyssinica  Benth , and B. p e t i ­
tiana  (A. Rich.) H em sl. ,  both from E th iop ia ,  the 
la tter  was regarded  by Engler (1892 p. 384) as 
synonym ous with the former. In the rev is ion  by 
Fries (1924) they  were maintained as separa te  
species toge ther  with the later descr ibed  B. 
m annii  H em sl. from W est Africa (H em sley  1906 
p. 459), and tw o  more new species, B. e lgonensis  
R. E. Fr. from  Mt Elgon and B. nyikensis  R. E. 
Fr. from Malawi. The num bers o f  collections 
seen by Fries  for the five species recognized  by 
him were only 2, 9, 1, 1 and 1, respec tive ly ,  so  he 
had little ch an c e  to apprec ia te  the varia tion  w ith­
in each  of his taxa. In most herbaria  the nam ing 
of  material o f  this group has been so h aphazard  
that a  thorough revision was needed  (cp. H e d ­
berg 1957 p. 325).

This investigation was performed as a team  work 
during a postgraduate  course in systematic bo tany  at 
the University o f  Uppsala  under the supervision o f  the 
senior author. T he participants in this course  (P.-E. 
Holmlund, R. L. A. M ahunnah, B. M horo, W. R. 
Mziray and A .-C . N ordenhed) all took part  in the 
handling of herbarium  material, m easurem ents  and 
tabulation, d iagram  construction, etc.,  as well as in the 
drawing of taxonom ic conclusions and drafting the

manuscript. The evolutionary discussion and the final 
wording were contributed  by the senior author.

M aterial and m eth ods

This study was based on herbarium material, obtained 
on loan from BM, BR, EA, K, P, S and U PS (abbre­
viations according to Holmgren & Keuken 1974). Alto­
gether some 330 sheets  were inspected, representing 
270 collections. F rom  this material we selected for 
detailed scrutiny all collections containing reasonably 
good flowers, fruits and leaves, altogether 215. All 
features deemed to be o f  potential taxonomic interest 
were measured or recorded. Leaves, flowers and fruits 
were measured with an ordinary hand rule to the near­
est mm. The pubescence  of styles and stems was s tu­
died under a stereomicroscope with up to 50 x  magni­
fication. Pollen morphology was studied partly on ace- 
tolyzed grains under  an ordinary light m icroscope (oil 
immersion), and partly with a scanning electron micro­
scope (Jeol JSM  35). Seed morphology was studied 
under a s tereom icroscope and is illustrated with SEM 
photographs (Fig. 4). The results of m easurem ents of  
maximum leaf width and of the length/width ratio of 
the fruits are show n in histograms (Figs. 2, 3) and the 
combined variation in maximum leaf width and  fruit 
shape ratio is illustrated in a pictorialized sca tte r  dia­
gram, in which symbols for other variables are also 
en tered (Fig. 5). Each numerical value used rep re ­
sents the m ean of 3 m easurem ents.  The altitudinal 
preference o f  the three varieties recognized by us is 
given in a histogram (Fig. 1) and the geographical 
distribution o f  the taxa  recognized is shown on distri­
bution maps (Figs. 6, 7).
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1000 2000  3000  4000
Fig. 1. H istogram s com paring  the altitudinal distribu­
tion of Barr sia abyssinica  var. nyikensis (A), var. 
abyssinica (B), and var. petitiana  (C). The horizontal 
axis gives the altitude in m, the vertical axis the num­
ber o f  collections recorded  for each altitude interval o f  
250 m.

Morphological varia tion  and taxonomic con­
clusions

The main d istinctive criteria  em ployed by Fries 
(1924 p. 65) within this group w ere w hether  or 
not the in flo rescence  is b ranched , w hether  the 
bracts are longer than  the flowers, and w hether 
or not the leaves are  petio late . H e also quoted  
differences in the  shapes  of inflorescence 
b ranches, fruit ap ex ,  and  calyx lobes. H ow ever ,  
none o f  these  criteria  resu lted  in a c lear  d is tinc­
tion in the larger m ateria l available to  us. It is 
true that m ost of the specim ens labelled B. pe ti­
tiana have an u n b ran ch e d  inflorescence— al­
though the ir  stem s are  often  b ranched  at the base 
(cp. e.g. F ries  1924 PI. 2:1). But in term ediate  
specim ens with 1-2 b ranches  do occur. It is also 
w orth  record ing  tha t the  specim ens with u n ­

1 2 3
Fig. 2. H istogram s illustrating the variation in the ratio 
of fruit length to  fruit width (horizontal axis) in the 
material studied of Bartsia abyssinica  var .  nyikensis 
(A), var. abyssinica  (B), var. petitiana  (C), and the 
interm ediate  specim ens (D).

branched  in flo rescence , va r  .p e ti t iana ,  ascend  to 
m uch  higher levels than  those  m ore richly b ran ­
ched , vars. abyssin ica  and nyikensis  (Fig. 1). 
T he  reduced  b ranch ing  o f  the inflo rescence  at 
high level m ay o f  cou rse  be  su spec ted  to rep re ­
sent only an altitudinal modification, but since 
this fea tu re  is mostly  coupled w ith  glabrous 
styles and  m any-ridged seeds it is m ore  likely to 
rep resen t a genetically  conditioned adapta tion . 
Climatical v ic issitudes at a high level are  known 
to have caused  adap tive  reductions  in height and 
b ranch ing  in m any afroalpine taxa, e .g . D ipsacus  
p innatifidus  S tend . ex A. Rich. (H edberg  & 
H edberg  1977).

W hether  o r  not the b rac ts  are longer than  the 
flow ers seem s to be o f  little taxonom ic  signifi­
cance— no d iscon tinuous varia tion could be 
found in ou r  material. T he same applies  to the 
a t tachm en t o f  the leaves. A short petio le can 
som etim es be found  on larger leaves, bu t most o f  
them  are sessile. The shape of the  fruit apex 
depends too  m uch upon  the  degree o f  ripening 
and  the m an n er  o f  p ress ing  to be o f  m uch use, 
bu t the genera l shape o f  the fruit ( length/w idth
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Fig. 3. H istogram s illustrating the variation in m ax­
imum leaf width (horizontal axis, mm) in the material 
studied o f  var. nyikensis (A), var. abyssinica  (B), var. 
petitiana  (C), and the intermediate specimens (D).

ratio) proved  more useful (Fig. 2). As regards  the 
appea rance  o f  the inflorescence there  is a ten ­
dency for specim ens called B. nyikensis  to  have 
th inner and more curved  inflorescence b ranches ,  
but there is no definite distinction. A no ther  
ra ther striking feature in most ny ikens is -spec i­
m ens is the narrow  leaves (Fig. 3). N everthe less  
in term ediates  also o ccu r  in this charac ter .

A previously neglected morphological ch a ra c ­
ter was found in the seeds. In typical “ 5 .  nyi­
ken s is "  these have more than ten com para tive ly  
iow longitudinal ridges, w hereas in the res t o f  the 
material the ridges are few er (usually 6-9), high­
er, and more translucent. But in term ediate  seeds 
do occur (Fig. 4 A -C ),  and this c h a ra c te r  is not 
definitely linked with the o ther featu res  c h a ra c ­
terizing llB.  ny iken s is” . Yet ano ther  in teresting 
criterion was found in the pubescence  o f  the 
styles, w hich tend to be glabrous in the nyikensis  
material, glabrous or weakly pubescen t in the 
petitiana  material, and pubescent in the rem a in ­
ing collections.

The pollen m orphology was studied in a few

represen ta tive  collections. T he  pollen grains are 
tricolpate or occasionally  te tracolpate  with a 
ra th e r  variable P /E  ratio and show the  same 
characteristic  reticulum  with Croton  pa ttern  as 
occu rs  in the yellow-flowered Bartsias from the 
sam e region (H edberg  et al. 1979 p. 6).

T he com bined  variation in the features  m en­
tioned is illustrated in a pictorialized sca tte r  dia­
gram  (Fig. 5). T he w eak correlation d em o n stra t­
ed  be tw een  the different features s tudied makes 
it impossible to maintain any interspecific 
boundary  within this material. We have th e re ­
fore decided to divide it into three  varieties: var. 
abyssinica, var. petitiana,  and var. nyikensis, 
be tw een  which fall a num ber of in term ediate  
specim ens. The material from W est Africa, p re ­
viously called B. m annii, and rep resen ted  in the 
sca tte r  diagram by special sym bols, differs in no 
significant w ay from var. abyssinica. The type 
collection o f  B. e lgonensis  clearly falls within the 
variation range o f  var. petitiana.

Synopsis

Bartsia abyssinica Benth.

Bentham 1846 p. 545; Engler 1892 p. 384; H em sley  & 
Skan 1906 p. 460; R. E. Fries 1924 p. 67; Robyns 1947 
p. 245; Agnew 1974 p. 567.

Alectra abyssinica  (Benth.) A. Richard 1851 p. 118. 
— Glossostylis abyssinica  Höchst, ex A. R ichard 1851 
p. 118, pro syn. —  Orig. coll.: Ethiopia, Mt. Scholoda, 
Schim per I: 356 (BM, BR, K lectotype, selected here, 
P, S).

Perennial suffru tescent herb up to 3 m high. 
S tem s erect or ascending, som etim es rambling, 
te re te ,  usually ±  densely  pubescen t with straight 
or hooked, pa ten t or retrorse hairs. L eaves  el­
liptic to lanceola te , sessile or subsessile , thick 
and rigid, with rounded  or cunea te  base and o b ­
tuse or acute  apex , crenate . Inflorescence an 
open spike-like racem e, branched  or un ­
branched . Corolla obliquely cam panula te  with 
curved  tube, sho rte r  than the limb, white to pink. 
Style about 6 (5.5-7) mm long, g labrous or 
pubescent. C apsule  ovoid to almost globular. 
Seeds about 0 .9-1 .2  mm long, slightly curved , 
provided  with 6-14 longitudinal ridges (Fig, 4 
A -C ). Pollen grains spheroidal, c. 2 9 p m  in dia­
m eter, tricolpate , exine with distinct Croton  p a t­
te rn  resem bling tha t in Bartsia longiflora  (cp. 
H edberg  et al. 1979 Figs. 8-9).

Three  varie ties are  recognized.



208 O. H ed b erg  et al. BOT. N O T ISE R  133 (1980)

Fig. 4 A-C: SEM  photom icrographs o f  seeds o f  Bartsia  
abyssinica.  —  A: B. abyssinica  var. abyssinica  
(Tweedie 3207, K; dorsal view). Typical var. abyssini­
ca seed with about 6-8 high and thin ridges, only 2 of 
which are clearly seen in the photograph —  B: Seed of 
B. abyssinica  var. nyikensis  (Fanshawe 9753, K; ven-y 
tral view). Typical var. nyikensis  seed with c. 13 low 
and thick ridges. —  C: Seed of B. abyssinica  var. 
petitiana  (Am shoff 9478, K; dorsal view). Interm ediate  
seed type with about 10 relatively low ridges (6 of 
which are seen in the photograph). —  All x70.

Fig. 5. Pictorialized scatter diagram illustrating the combined variation in the ratio of fruit length to fruit width 
(horizontal axis) and maximum leaf width (vertical axis). Specimens from West Africa are represented  by square 
symbols, those from East Africa by filled or unfilled circles.
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under 500 m.

Fig. 6. Known geographical distribution o f  Bartsia abyssinica  var .  abyssin ica  (black dots), var. nyikensis  (star 
dots), and of interm ediate  specimens not referable to any o f  the 3 varieties (open rings).

Key to the varieties

1. Inflorescence usually distinctly branched  ............. 2
-  Inflorescence usually unbranched  or with 1-2 

branches ............................................... 3. var .p e t i t ia n a
2. Style pubescent; seeds as a rule with less 

than length/width ratio mostly at least 1.8 
 1. var. abyssinica

-  Style glabrous; seeds usually with more than 10 
ridges; fruit length/width ratio usually less than 1.8 
..................................................................... 2. var. nyikensis

1. B . ab yssin ica  var. abyssin ica

Orig. coll.: see above.

B. mannii H em sley  1906 p. 459; R. E. Fries 1924 p. 67; 
Hutchinson & Dalziel 1931 p. 224; H epper 1963 p. 367. 
— Orig. coll.: Cam eroons, Cam eroons Mt. 2150-2750 
m, Mann 1264 (K isotype) and 1986 (K lectotype, 
selected here).

B. elgonensis  R. E. Fries 1924 p. 67. —  Orig. coll.: 
Mt. Elgon, short  grass and bush, 21.X. 1916, J. D. 
Snowden 450 (BM isotype, K holotype —  not re ­
found!).

In flo rescence  usually  b ranched  in its up p er  part. 
Fruit e longate  (length /w idth  ra tio  g rea te r  than 
1.8 in 27 spec im ens  o f  29). S tyle  pubescen t .  
M axim um  leaf width  usually at least 5 mm (in 28 
specim ens o f  33). S eeds  with a m ax im um  o f  10 
longitudinal ridges. Corolla  usually  p ink , when 
young som etim es c ream y  white o r  yellow.

Distribution a n d  habita t.  C am ero o n s ,  Nigeria, 
E th iopia , Zaire , U ganda ,  K enya ,  T an z an ia  (Fig.
6). G rassland  or sc rub , fo res t  edges etc. 
1250-3000 m above  sea  level.

Additional collections. Nigeria:  Okoja, Sonkw ala, Ik- 
wette , Savory & K eay 25258 (K). C am eroons:  C am e­
roons Mt, Dunlap 198 (K); H epper 2843 (K); Maitland 
1025 (K); Mann 1862 (K); Menvillon 1168 (K); Morton 
K 609 and K 853 (both  K); Tam ajong 22213 (K). 
A dam aw a, Mambila, H e p p e r  1661 (BR, K). Dschang, 
Mt B am boutos, Sanford  5607 (K). M anenguba Mts, 
M ann 1927 (P). Zaire:  B etw een L akes  Kivu and E d ­
ward, H um bert  7918 (P). Masisi-Kivu L ake ,  Lebrun



BOT. N O T IS E R  133 (1980) The Bartsia abyssinica-group  211

5085 (BR, K). Ethiopia:  Tigre, Mt Scholoda,, Schim per 
1531 (BM, BR, K, UPS). Tossa Mt, S u th e r lan d  223 
(UPS). Kaffa, Maigudo Mt, Fri i s 480 (BR). Magi, Gil­
bert 363 (K). S idamo, Am aro Mt, Gillett 14943 (EA, 
K). Uganda:  Virunga Mts, Purseglove 2096) (EA , K); 
Taylor 1784 (BR); Thom as 1716 (BM, K). Edgon, Tot- 
hill 2257 (K). K enya:  Elgon, Lack 369 (EA , K.); Lugard 
53, 140 and 693 (all K); Symes 222 (EA); T w e ed ie  1378 
(K, S). Cherangani, Mainwaring K 49 (K):; Tweedie 
3207 and 4179 (both K). Tindiret, M ainw aring  3079 
(EA, K). N arok ,  G reenw ay 14917 (EA). Thom son 
Falls, Blake B 7666 (EA , K). Tanzania:  Kyimbila, 
Stolz 2353 (BM, BR, EA, K, S).

2. B . ab yssin ica  var. nyikensis (R. E.. F r.)  O. 
H edb . et al. com b. nov.

Bartsia nyikensis  R. E. Fries 1924 p. 66. —  Orig . coll.: 
Malawi, Nyika Plateau, c. 2250 m, Sept. 19(02, M. Mc 
Clounie 60 (K holotype).

Inflorescence usually branched w ith  long 
b ranches  (in 14 collections o f  15). Fruiit subglo- 
bose  (length/w idth ratio  below 1.8 in 14 speci­
m ens o f  15). Style g labrous. M axim um  Leaf width 
usually less than  5 mm (in 13 sp ec im en s  o f  15). 
Seeds with m ore than  10 longitudinal r id g es .  C o­
rolla usually w hite , often with a p ink o r  purp le  
tinge, occasionally  com pletely pink o r  p u rp le .

Distribution and  habitat.  Zam bia, M alaw i,  S. 
T anzan ia  (Fig. 6). U pland  grassland, e v e rg re e n  
forest m argins, e t .,  1750-3000 m above  s.ea level.

Additional collections. Tanzania: Kinga, G o e tz e  1127 
(BR). Kyimbila, Stolz 1391 (K, S) and 2136 ((BM, BR, 
EA, K, P, S). M beya, N apper 1179 (EA); Po.cs 6751 D 
(EA); Richards 9685 (BR) and 13984 (BR, K).. Njom be, 
Gillett 17776 (EA); Prins 162 (EA); P rocter 1 857 (EA); 
Richards 6596 (K). Rungwe, Greenway 8403 (BR, EA, 
K); Procter 1443 (EA). Zam bia:  Nyika Plaheau, Fan- 
shawe 2753 (K). Lundazi, White 2748 (K). Malawi: 
Nyika Plateau, Brass 17169 (BM, BR, EA, K ) ;  Brum-

I
mitt 10759, 11911 and 11959 (all K); Jacksom 879 (K); 
Pawek 9997 (EA , K); Richards 10501 (BR!). Ufipa, 
Brummit & Synge WC 68 (BR, EA, K, U P S ) .

sit

3. B . ab yssin ica  var. petitiana (A. R ich .)  O. 
H edb. et al. com b. nov.1
Alectra petitiana  A. Richard 1851 p. 118. — Bartsia  
petitiana  (A. Rich.) H emsley 1906 p. 460; R„ E. Fries 
1924 p. 65; Hedberg  1957 p. 171, 325; H e p p e r  1963 p. 
367; Agnew 1974 p. 567. —  Orig. coll.: E thiopia, 
Ouodgerate, A. Petit s.n. (K, P holotype).

Inflorescence usually unbranched  o r  o c c a s io n a l­
ly with 1-2 b ranches .  Fruit e longate (length/ 
width ratio  at least 1.8). Style glabrouss (in 13 
specim ens o f  17) or sparsely  p u b e sc e n t  (in 4

specimens). M axim um  leaf width at least 5 mm 
(in 15 specim ens o f  16). Seeds with a  m axim um  
of 10 longitudinal ridges. Corolla usually pink or 
pinkish-purple, rarely  white.

Distribution and  habita t.  C am eroons, E thiopia , 
U ganda, K enya , T anzan ia  (Fig. 7). O pen g rass­
land, rocky ground, ericaceous scrub , and 
afroalpine m oorland , 1750-4250 m above sea 
level.

Additional collections. Cameroons:  C am eroons Mt, 
Boughey 12657 (K); K eay 28607 (K); Migeod 183 
(BM). Ethiopia: Begemdir, H edberg & Aweke 5373, 
5410 and 5503 (all UPS); Nievergelt 1154 (EA). Goj- 
jam , Evans & Flenley 333 (EA, K). Shewa, A m shoff 
9793 (BR); Ash 1021 (K) and 2054 (EA); Gilbert 452 
(EA, K); Gilbert & Tew olde 3244 (K); M ooney 6424 
(K); Robertson 1268 (K) and 1449 (EA, K); W est 5708 
(EA). Harerge, Burger 1261 (K); Gillett 5322 (K). 
Arussi, Am shoff 9098 (BR); H edberg 4158 (UPS). 
G em u Gofa, Scott 133 (K). Bale, Ash 2181 (K); H ed­
berg 5672 (UPS). S idamo, Gillett 14943 (BR). Debra 
Eski, Schim per 127 (S). W ouramboulchi, Omer- 
C ooper 151 (K). Vociacia, Am shoff 8478 (BR). Ugan­
da: Elgon, D um m er 3362 (K); Lind 2101 (EA); Morri­
son 276 (EA); Rose 10140 (K); Rwaburindore 428 (K); 
Snow den 474 (BM); Synge S 855 and S 1899 (both 
BM); Thom as 595 and 2684 (both K); Tothill 2436 (K); 
W ood 157 (K). K enya:  Elgon, Bickford 56 (EA); G ard ­
ner 2246 (EA, K); Gillett 18454 (EA, K); G ranvik  s.n. 
(S); Taylor 3466 and 3513 (both BM); Tw eedie 3227 
(EA). Cherangani, M abberley & McCall 246 (EA , K); 
Thulin & Tidigs 80 (EA , UPS); Tweedie 2811, 3510, 
3869, 3895 and 4199 (all K). Aberdares, Fries 2353 (BR, 
UPS), 2598 (UPS) and 2895 (UPS); H edberg  1646 (S, 
U PS); M einertzhagen s.n. (BM); Pierce 1244 (EA) and 
1477 (EA, K); Taylor 1287 and 1371 (both BM); Verd- 
court 4000 A (EA). Mt K enya, Allt 100 (K); J. Bally B. 
3221 (K); Copley 169 (EA); Fries 1172 (S, UPS); Gillett 
16231 (EA); H edberg  2003 (S, UPS) and 4283 (UPS); 
H epper & Field 4857 (K); Lugard 412 a (K); Marien 
639 (EA); M einertzhagen 9460 (EA); Moreau 116 and 
171 (both EA); Schelpe 2649 and 2790 (both BM); 
Slade 3438 (EA); Strid 4384 A (UPS); Synge 1728 
(BM); V erdourt 2061 and 3493 (both EA); Williams B. 
6404 (EA, K). T urkana, Sekerr Mt, Thorold  3217 (EA). 
N arok , G reenw ay & Kanuri 15065 (EA). Ol-joro Orok, 
Pierce 1667 (EA). Leikipia, Battiscombe 866 (EA). 
T im boroa, Mainwaring 2208 (EA); Napier 2208 (BR). 
Tindiret, Maas G esteranus 5502 (BR, S). Tanzania: 
Kilimanjaro, C ooper 5 (BM); Cotton 37 (K); Gilbert K 
25 (EA) and 571 (BR, K); Greenway 3732 (BR, EA); 
Harris & Jenik 848 (EA); Hedberg 1215 (S, UPS) and 
1311 (UPS); King 37 (EA); N apper 610 (EA , K); 
Schlieben 4802 (BM, BR, P, S); V erdcourt 1214 (EA, 
K); W ood 927 (K). Mt Meru, Cooper 45 (BM); Gilbert 
2143 and 2185 (both EA); Greenway 13509 (EA); Ren- 
voize & Abdallah 2405 (K); Richards 26735 (K); Vesey 
FitzGerald 5315 (EA , K); White 1284 (BM). A rusha , 01 
Doinyo Loldadw enye, Newbold 5945 (EA , K). Iringa, 
Image Mts, Carm ichael 378 (EA). Oldeani, M oreau 54 
(EA). Kyimbila, Stolz 1016 (P, UPS). M beya, R ichards
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Fig. 7. K nown geographical distribution of Bartsia abyssinica  var. petitiana.

13980 (EA). Njom be, Gillett 17743 (EA); Procter  1584 
(EA); Richards 7472b and 7753 (both K). N yika Pla­
teau, H enderson  s.n. (BM). Rungwe, Thom pson  884 
(EA).

In tervarietal specimens

As em phasized  above  the distinctions betw een 
the three varieties are  not c lea r— interm ediate  
specim ens are  fairly frequent. Som e deviate 
from var. abyssin ica  by having g labrous styles, 
as Dale 2426, K; M ooney 5170, K; Thulin & 
Tidigs 157, EA . O thers  depart from var. nyiken­
sis by having more elongated fruits and few er 
ridges on the seeds , as for instance K erfoo t 4254 
(EA), Lees 72 (BR, K), Paw ek 541 (K), R ichards 
22 416 (K), and R obson  340 (BM, K). Finally 
some collections are  in term ediate be tw een  the 
varieties abyssinica  and petitiana  as H edberg  
5672 (U P S ) , 'L in d  2885 (K), and R ichards 13980 
(K). These  in tergrade to such an ex ten t be tw een

the varieties as to disqualify them  from  a higher 
taxonom ic rank  (cp. Fig. 5). The geographical 
distribution o f  these  in term edia te  specim ens is 
shown in Fig. 6.

Interm ediate  collections exam ined . Cameroons:  
Cam eroons Mt, Morton 12657 (K). Buca Mts, Maitland 
668 (K). Mt O ku, L etouzey  13470 (P). Ethiopia:  Hed- 
scha, Schimper 328 (BM). Arussi, Mooney 5170 (K). 
Uganda:  V irunga Mts, Purseglove 2096 (BR). Elgon, 
Thom as 556 (K). K enya:  Elgon, Irwin 48 (K); Lugard 
53 (EA). Cherangani, Dale 3426 (K); Irwin 368 (EA); 
Thulin & Tidigs 157 (EA). A berdares ,  H em sley  785 
(EA); Lind 2885a (K); N attrass  1405 (EA); Williams 6 
(BR, EA). Tanzania: Kilimanjaro, Volkens 780 (BM). 
Usafua, Goetze 2982 (BR). Kyimbila, Stolz 1390 (BM). 
Ngori Crater, Geilinger 2735 (K). Kiwira River, Mac 
Innes 374 (BM). M beya, Davies M 18 (K); Kerfoot 
1781 and 4254 (both EA); R ichards 13980 (K). N jombe, 
Gillett 17743 and 17776 (both K); Prins 106 (EA); P roc­
ter 1857 (BR). Nyika P la teau, R obson  340 (K). Malawi:  
Nyika Plateau, R ichards 22416 (BR). N ganda  Peak, 
Pawek 541 (K). Z a m b ia : Nyika Plateau, L ees  72 (BR, 
K); Robson 340 (BM).
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Evolutionary aspects

From  an evo lu tionary  point of view  Bartsia  
abyssinica  p rov ides  an interesting exam ple  of 
parallel diversification under the influence o f  lo­
cal geographical isolation (var. nyikensis)  and  of 
altitudinal differentiation (var. petitiana).  The 
la tter variety  beautifully illustrates the a u to c h to ­
nous origin o f  an afroalpine taxon. It may ap p ea r  
surprising that a local variety has deve loped  in 
the N yika a rea  ra ther  than in W est A frica for 
instance, the m ountains of which are  geo ­
graphically m ore isolated, but also in o ther  
groups the am oun t o f  endem ism  seem s to  be 
unusually high in the N yika P lateau, e.g. in Ar- 
disiandra  (Taylor 1958 p. 146) and L eo  no t is (M. 
lw arsson , unpublished). A num ber of a from on- 
tane tree species reach  their n o r the rn  o r  
southern  limit, resp .,  in Malawi (W hite 1970 p. 
75), and the a rea  round the northern  end o f  L ake  
Malawi show s a high concentra tion  o f  species, 
e .g ., o f  W ählenbergia  (Thulin 1975).

An intraspecific  variation range o f  the  sort 
found in Bartsia  abyssinica  is by no m eans  u n ­
com m on— similar cases  occur in m any o ther  
afroalpine and afrom ontane taxa, as A lchem illa  

johns ton ii  O liv., Swertia crassiuscula  Gilg and 
Cineraria grandiflora  V atke (cp. H edberg  1957) 
as well as Bartsia decurva  H öchst,  ex Bth. 
(H edberg et al. 1979). An exam ple of an  even  
greater morphological variation is d isp layed  by 
S tachys  aculeola ta  H ook, f., which has the sam e 
general distribution (B j0rnstad, Friis & Thulin 
1971). A still m ore ex trem e adaptation to a froa l­
pine conditions is found in D ipsacus p inna tif idus  
(H edberg & H edberg  1977).
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The Paspalum conjugatum  biotype studied has 40 chrom osom es which are not paired 
during diakinesis and the first m etaphase. At the end of meiosis, two megaspores are 
formed in many ovules. The em bryo  sac is diplosporic and invariably develops from the 
chalazal megaspore. Irregularities during m egasporogenesis and later stages can occur and 
as a result the percentage o f  seed set is only 45.5 on the average. Development of the egg is 
autonom ous and starts  abou t two days  prior to anthesis. H ow ever, pollination is necessary 
for the developm ent of  the endosperm . The pollen tube grows into the em bryo  sac through a 
PAS substance present in the intercellular spaces at the micropylar end o f  the ovule. The 
tube penetrates into the degenera ted  synergid and discharges its sperms and vegetative 
nucleus into it. After releasing the tw o  sperms, the degenerated synergid contains two large 
and two small, darkly-stained bodies, which may be interpreted as X-bodies. Triple fusion 
results in the developm ent of  an endosperm  with 120 chrom osom es in each cell.

Chuan-ying Chao, D epartm ent o f  B io logy, The Chinese University o f  Hong Kong, Hong  
Kong.

Five out o f  nine species o f  P aspalum  found  in 
Taiwan are of particular in terest to cyto logists  
because  o f  their peculiar way o f  meiosis, m ode 
of reproduction  and the p revalence o f  po ly ­
ploids. T hus ,  the hexaploid (2n=60) o f  P. orbi- 
culare  was found to be asynaptic  and dip losporic  
(Swanson 1957, Chao 1964). The ch ro m o so m e 
num bers n = 2 0  and 27 and 2 n = 54  have also been  
reported  for this species (Cave 1958, 1965, 
M oore 1972, 1973) and in ou r cultures p lants with 
1 2 0  ch rom osom es were found in the progenies o f  
the asynaptic  hexaploid. In the case of the s p e ­
cies P. longifolium,  one te traploid (2n=40) is 
desynaptic (Pi & Chao 1974) and d iplosporic  
(Chao 1974) while the octoploid (2n = 80) induced 
from the desynap tic  tetraploid by co lchicine 
treatm ent show s normal m icrosporogenesis  (Pi 
& Chao 1974) with the em bryo sac developing  
from the reduced  m egaspore (Chao 1974). O th e r  
chrom osom e counts  reported  for this species are  
n= 2 5  and 30 (M oore 1973, 1974) and  2 n = 6 0  
(O rnduff 1968).

In P. cornmersonii,  the hexaploid (2n=60) and 
the dodecaploid  (2 n = 1 2 0 ) induced from  the 
hexaploid are  both  asynaptic  (Pi & C hao 1974)

and  diplosporic (C hao 1974) but meiosis and em ­
b ryo  sac deve lopm ent in the dodecaplo id  col­
lected  from the sam e region as the asynaptic  
hexaploid are norm al (Pi & C hao 1974, Chao
1974). C h rom osom e num bers 2 n = 2 0  (O rnduff
1967) and 2 n = 4 0  (Darlington & Wylie 1955, Cave 
1958, 1964, O rndu ff  1968, M oore 1972, 1973) 
have also been reco rded  for this species.

Meoisis and em bryo  sac developm ent in the 
te traploid (2n=40) o f  P. thunbergii are reported  
to be. desynap tic  and  diplosporic, respectively  
(Chung 1974). O ther  chrom osom e num bers  re ­
ported  for this species are  2n=20  (Darlington & 
Wylie 1955) and 2n =  60 (O rnduff 1968).

It could be seen tha t in each  o f  the 
above-m entioned  four species, different poly­
ploids do exist and  that all the asynap tic  o r  d e ­
synaptic  b io types  are diplosporic bu t  the  au to ­
nom ous  developm en t of the unreduced  egg prior 
to  anthesis was not observed  in all these  b io types 
(Chao 1964, 1974, Chung 1974). In the case  o f  the 
rem aining species, P. con jugatum ,  m ic rosporo ­
genesis in a b io type (2n=40) collected  in n o r th ­
ern  Taiwan was reported  to be asynap tic  (Fang 
& Li 1966). C h rom osom e counts  for this species
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have consistantly  been n = 2 0  or 2 n = 40  (Darling­
ton & Wylie 1955, Chen and H su 1961, O rnduff 
1967, Moore 1972, 1973). This paper reports  the 
m ode o f  reproduction  in a biotype o f / 5, con juga­
tum.

M aterial and m ethods

The plants used for this study were raised from seeds 
collected from the cam pus of the National Taiwan 
University, Taipei, Taiwan. They were grown in the 
greenhouse of The Chinese University o f  Hong Kong. 
Voucher specimens have been deposited in the H e rb a ­
rium of the Department o f  Biology, the Chinese U n i­
versity of Hong Kong. Spikes at stages ranging from  
megasporogenesis to late endosperm  developm ent 
were fixed in formalin acetic-alcohol (FAA) for 24 h 
and then washed with 70 %  ethanol. Individual ovaries 
were dissected out for dehydration and paraffin infil­
tration. Paraffin sections were cut 15 / im  thick and 
stained with iron hematoxylin. C hrom osom es were e x ­
amined in nine cells during diakinesis or pro-meta- 
phase I.

Furtherm ore, to study the early developm ent of  the 
em bryo and endosperm , individual ovaries were 
dissected out from the florets about 48, 24 and 0 h 
before pollination and 5, 8 and 12 after pollination and 
then fixed in 4 % glutaraldehyde (GA) and em bedded  
in Epon 812 (Chao 1977). Some ovaries were 
freeze-substituted and Epon-em bedded (Chao 1971, 
1977). Sections were cut on a Sorvall ultram icrotom e 
with a diamond knife at 2 / /m  thick. They were stained 
with periodic ac id-Schiff s reagent (PAS) (Chao 1971), 
PAS and aniline blue black (ABB) (Chao 1971), tolui- 
dine blue (TB) (Chayen, Bitensky & Butcher 1973), o r  
PAS and TB.

In order to study the meiosis in pollen m other cells 
(PMCs) and to determ ine the endosperm  chrom osom e 
number, florets at appropriate  stages were fixed in 
ethanol-acetic acid (3:1) solution for 24 h. M icrosporo- 
cytes and endosperm  were then squeezed out and s ta ­
ined with acetocarmine.

R esults

M egasporogenesis

M egasporogenesis in the biotype o f  P. con juga ­
tum  studied is similar to  that of the asynap tic  or 
desynaptic taxa  of the four species o f  P aspa lum  
(Chao 1964, 1974) m entioned above. A single 
m egasporocyte grow s rapidly after it is d ifferen­
tiated (Fig. 1 A). T he  chrom osom es are 40 in 
num ber and invariably not paired (Fig. 1 B). 
Pairing conditions at earlier stages could not be 
analyzed. During m etaphase  I, the univa len ts  
m ove to the equatorial plane w here a resti tu tion  
nucleus is later form ed . Second division p ro ­
ceeds normally in m any cases and leads to the

form ation  of tw o unreduced  m egaspores (Fig. 1
C). In a num ber o f  ovules, how ever ,  irregulari­
ties during meiosis do o ccu r  and as a resu lt ,  all 
meiotic p roducts  may degenerate  (Fig. I D).

M icrosporogenesis

Meiosis in the PM Cs was also exam ined . Similar 
meiotic pattern  was revealed  in both  male and 
female tissues. Forty  ch rom osom es are also not 
paired during diakinesis  and m etaphase  I and  a 
restitu tion nucleus is form ed later (Fig. 1 E). At 
the end o f  m icrosporogenesis , m any PM Cs form 
dyads.

M egagam e  togene sis

In the ovules in w hich tw o m egaspores  are 
form ed after m eiosis, the m icropylar one invari­
ably degenerates  and the chalazal one develops 
into the em bryo  sac (Fig. 1 F , G). The deve lop ­
ing m egaspore enlarges rapidly and , after 2-, 4- 
and 8 -nucleate stages (Fig. 1 H , I), form s an 
em bryo  sac with the  egg and tw o synergids at the 
m icropylar end , th ree  antipodals  at the chalazal 
end, and two po la r  nuclei ju s t  above  the egg 
appara tus  (Fig. 1 J). The th ree  an tipodals  divide 
again to form 12-24 b inucleate  cells. A posporic  
developm ent o f  the em bryo  sac was not o b se r­
ved in this s tudy . T here fore ,  P. longifolium  is 
also diplosporic.

W hen the em bryo  sac m atures ,  which takes 
place about tw o days prior to pollination, the egg 
is highly vacuola ted  (Fig. 2 A) and conta ins a 
num ber of large s tarch  grains. Its nucleus is cen ­
trally located. Each  o f  the tw o synergids has a 
filiform appara tus  at the m icrocylar end (Fig. 2
B). The synergid nucleus is usually located at the 
micropylar side and close to the la teral wall. At 
this stage, the ovule o f  P. con juga tum  also con ­
tains a periodic ac id -Sch iff  s (PAS) substance 
around the m icropy lar  ou te r  in tegum ent,  in the 
micropyle and in o the r  intercellular spaces  below 
the em bryo sac (Fig. 2 C) as in tha t o f  P. orbi- 
culare  and o the r  species (Chao 1971).

A u to n o m o u s  d eve lo p m en t o f  the em bryo  prior to 
pollination

In m ore than half o f  the ovaries  p roem bryos  of 
up to seven cells w ere observed . T he  unferti­
lized, highly vacuo la ted  egg divides transversely
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Fig. 1. A -J: Paspalum conjugatum.  Portions o f  longitudinal paraffin sections of young ovules. —  A: A megaspo- 
rocyte (arrow) before onset o f  meiosis. —  B: A m egasporocyte (arrow) during diakinesis showing some of its 40 
univalents (other univalents being present in the adjacent sections). —  C: Tw o megaspores (arrows) produced 
after meiosis. —  D: All sporogenous cells (arrow s) degenerated as the result of irregular megasporogenesis. —  E: 
A group o f  PM Cs at different stages of the first meiotic division. Single arrow indicates a prom etaphase cell in 
which 40 univalents can be counted under the microscope. Double arrow s indicate cells in which the restitution 
nucleus is being formed. —  F: The m icropylar megaspore (arrow) degenerating. — G: The developing chalazal 
megaspore (double arrows) and degenerated m icropylar m egaspore (single arrow). —  H: A 2-nucleate em bryo 
sac. — I: An em bryo sac during the second te lophase . — J: An em bryo  sac containing the egg, 2 polar nuclei and 3 
antipodals (2 synergids not seen in this section).

first into a basal cell and an apical cell one  to two 
days before pollination (Fig. 2 D, E). At this time 
the two synergids beside the 2 -celled em bryo  
becom e highly vacuolated  (Fig. 2 E). T he  basal

cell o f  the p roem bryo  divides transversely  again 
while the apical cell usually divides vertically. 
F u r th e r  divisions are usually longitudinal for the 
tw o apical cells to form a quadrant. The cell ju s t
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Fig. 2. A-G : Paspalum  conjugatum.  Portions of longitudinal E pon  sections of ovules fixed before anthesis by 
freeze-substitution (A-C) or with GA (D-G). A -C , stained with PAS and ABB; D, E and G, TB; F , PAS and TB. 
—  A: Mature em bryo sac showing the vaucolated egg (E) containing som e starch grains and one synergid (S). — 
B: Mature em bryo sac showing one synergid (S) with a filiform appara tus  (arrow) and a nucleus , and one polar 
nucleus. — C: PAS substance (arrows) present at the micropylar end o f  the ovule (E-egg). —  D, E: E m bryo sac 
containing 2-celled em bryo (arrows) and one polar nucleus. Note the highly vacuolated synergid (S) in E. —  F; 
Em bryo sac showing one polar nucleus (double arrows) just above the proem bryo. Tw o o f  the em bryonic cells 
(single arrows) are dividing. — G: An ovule just  before anthesis showing the 7-celled em bryo  (double arrows), 
one highly vacuola ted  synergid (S) and 2 polar nuclei (single arrows) in the process of  fusion.

below this quadran t divides e ither transversely  
or vertically (Fig. 2 F). Thus, a 7-celled em bryo 
may be formed before pollination (Fig. 2 G). At 
this time, one o f  the two highly vacuolated  
synergids degenerates . The fusion o f  the two 
polar nuclei begins at the time w hen the egg 
starts  to divide. At first, their ad jacent m em ­
branes make con tac t at several points and fuse 
together to form bridges between the nuclei. But 
this process of fusion progresses very  slowly and 
ju s t  prior to pollination the two polar nuclei are 
still separated  (Fig. 2 G).

Pollen tube grow th  a nd  endosperm  deve lopm en t

The mature pollen grain o f  P. co n ju g a tu m  con ­
tains two sperm s and one vegeta tive  nucleus, all 
being sp indle-shaped (Fig. 3 A).

After pollination, the pollen tube grow s down 
from the style into the in tercellu lar space  be­
tw een the ovary  wall and  the o u te r  in tegum ent. 
W hen the tube reach es  the m icropylar  end of the 
ovule, it touches  the PAS substance  (Fig. 3 B), 
by which it goes into the m icropyle and  in tercel­
lular space b e tw een  row s of nucella r  cells below 
the em bryo sac. F inally it pene tra tes  the  em bryo
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sac wall, passes  betw een the two synergid walls 
at the m icropylar end and enters the degenera tedp
synergid through the upper part o f  the filiform 
appara tus  (Figs. 3 B, C). In some ovu les,  the 
pollen tube en ters  the degenerated  synergid 
directly  through its filiform appara tus . T he  tube 
then discharges  its con ten ts  into the synergid , 
including the tw o sperm s and the vegetative nu­
cleus. This takes place about five hours after 
pollination. After the pollen tube d ischarges, the 
degenera ted  synergid becom es very dark  in col­
our, especially  when stained with PAS reagent 
(Fig. 3 B). It is ra ther  light in colour w hen stained 
with TB . The tw o sperm s then m ove to the  tip of 
the synergid and becom e spherical. T heir  in ten­
sely-coloured nucleus is surrounded by a clear 
zone, p robably  the cytoplasm ic shea th . The 
sperm s leave the synergid through a small o p en ­
ing in the tip o f  the synergid wall and go in to  the 
central cell, leaving behind two small, darkly-

I stained bodies (Fig. 3 C, D). T hese  tw o small 
bodies alw ays lie close together at the tip o f  the 
synergid and there  is an em pty space above  them  
which might have been formerly occupied  by the 
tw o sperm s (Fig. 3 C). In the middle o f  the  de­
genera ted  synergid, there  is a large, elliptical or 
irregular, darkly-sta ined structure , which may be 
the vegetative nucleus of the pollen tube (a r ro w ­
head in Fig. 3 D). F u r th e r  down the m icropylar 
end at the lateral side o f  this cell, there is ano th e r  
large, irregular, darkly-stained body w hich is 
believed to be its degenerated  nucleus (singleif?
arrow s in Fig. 3 D).

In one ovule, the upper portion o f  the degen­
erated  synergid burst after the pollen tube p en e ­
trated it. The spindle-shaped sperm s and the 
vegetative nucleus were then discharged from 
the degenerated  synergid as shown in Fig. 3 E. In 
this figure, there is one small and one large 
spindle-shaped, darkly-stained body (single and 
double arrow s) similar to those in the m ature  
pollen grain (Fig. 3 A). The small one, being 
surrounded by a clear zone, may be the sperm  
and the large one the vegetative nucleus o f  the 
pollen tube. In ano ther  ovule fixed about eight 
hours after pollination, one sperm is a lready  to 
be found in one of the polar nuclei, while the 
other one is located at the tip of the persistent 
synergid (Fig. 3 F). The latter is a dark ly-s ta ined , 
spherical s truc ture ,  being surrounded by a clear 
zone. Sperm s present in the persistent synergid 
have also been observed  in barley (Cass & J e n ­

sen 1970).
As mentioned before, the two polar nuclei 

start to fuse as early as w hen  the egg begins to 
divide. H ow ever ,  this p rocess  seem s to proceed  
very slowly. At the time w hen one sperm  pene­
trates  one o f  the tw o polar nuclei, they  are still 
only partially fused (Fig. 3 G , H). P enetra tion  of 
the sperm into the polar nucleus takes  place 
about eight hours after pollination. T h e  con ten ts  
o f  the sperm nucleus then gradually  d isperse  into 
the polar nucleus (Fig. 3 H). The very  triple 
fusion has not been observed  so it m ust proceed 
very rapidly. As each endosperm  nucleus was 
found to contain  120 ch rom osom es (Fig. 3 I), 
fusion of the sperm  nucleus with the  tw o polar 
nuclei, each with 40 ch rom osom es,  must take 
place before the endosperm  initial s tarts  to di­
vide. The second  sperm  was usually found lying 
at the periphery  of the upper portion of the em ­
bryo (Fig. 3 J) and p resum ably  degenera tes  later. 
The endosperm  initial divides into tw o nuclei 
which are usually  located at the la teral side o f  the 
central cell. A bout 12 hours after pollination, the 
endosperm  may be com posed  of 4 -8  nuclei and 
the em bryo o f  about 20 cells. T he  endosperm  
nuclei divide actively and at about 30 hours after 
pollination, both  the endosperm  and  em bryo 
consist of about 50 cells. Since the endosperm  
cells are m uch larger than the em bryon ic  ones, 
the endosperm  is several times la rger than  the 
em bryo  at this stage.

D iscussion

Fang & Li (1966), in their study on m icrosporo ­
genesis in a biotype o f f .  con juga tum ,  found that 
about 98 %  o f  the m icrosporocy tes  from a resti­
tution nucleus and presum ably  unreduced  
m icrospores are form ed in PM Cs at the end of 
meiosis. Irregularities w ere o bserved  during 
m icrosporogenesis  and as a  result only 42 % 
good pollen grains w ere scored  in the ir  material. 
In our b iotype, it was found that ch rom osom es 
are  not paired during diakinesis (Fig. 1 B, E) and 
usually only dyads are form ed at the end of 
meiosis. Irregularities in m egasporogenesis  re ­
sult in the failure of the developm ent of the em ­
bryo sac in a n um ber o f  ovules. T he  percentage 
of seed set from 19 samples consis ting  o f  1389 
counts  is 45.5 which is close to the  42 %  good 
pollen reported  by Fang & Li (1966).

O ur study revea ls  that this b io type is diplo-
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Fig. 3. A -J. P aspalum  conjugatum.  Portions of longitudinal Epon sections of ovules (A, m atu re  pollen grain; I, 
endosperm  nucleus) fixed after anthesis (A, mature pollen grain) with GA (B, freeze-substituted; I, acetic ethanol) 
and stained with TB (B, PAS; I, acetocarmine). —  A: Mature pollen grain containing 2 sperms and one vegetative 
nucleus. —  B: Ovule section showing the pollen tube (arrows) in the PAS substance around the integum ents and 
between rows o f  nucellar cells, and the darkly-stained degenerated  synergid (double arrows) af te r  pollen tube 
discharge. —  C: Degenerated and persisted synergids (DS, PS) about 8 hours after pollination. N ote  a small 
opening (arrow) at the tip of DS connected with an empty space, below which are two small darkly-stained 
bodies. Note also the entry of the pollen tube into the DS betw een  two micropylar synergid walls. —  D: The 
degenerated synergid containing several darkly-stained bodies. The lowest large one (single arrow ) may be the 
degenerated synergid nucleus, middle large one (arrowhead) vegetative nucleus, and two top small ones (double 
arrows) remains of 2 sperms. — E: U pper portion of the degenerated  synergid burst and som e con ten ts  o f  the 
pollen tube discharged into the central cell. One small, spindle-shaped body surrounded by a c lear zone may be 
the sperm (single arrow) and the large one the vegetative nucleus (double arrows). —  F; O ne spherical, 
darkly-stained body surrounded by a clear zone at the tip of  the persisted  synergid may be the sperm  (arrow) 
(another sperm  already penetrated into the polar nucleus). —  G: One sperm  (single arrow) in one polar nucleus.
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sporic and the developm ent of the e im bryo is 
au tonom ous , starting about two days b e f o r e  a n ­
thesis, but the pollination and triple Fusion are 
necessary  for the developm ent o f  tlhe en d o ­
sperm . Such a m ode o f  seed d e v e lo p m e n t  had 
been  reported  in som e apomictic plantts (M ahe- 
shwari 1950, Battaglia 1963, Steffen 1963)

The chrom osom e num ber in P. con ju iga tum  is 
invariable (2n= 40  or n = 20). This is com trary  to 
the o ther four species o f  Paspalum  foumd in T a i­
w an, viz. P. orbiculare, P. longifoilium, P. 
com m ersonii,  and P. thunbergii.  D if fe ren t  ch ro ­
m osom e num bers  exist in each o f  t h e s e  four 
species. In all the diplosporic biotypes; o f  these 
four species, pollination is a p re req u is i te  for the 
developm ent of the egg into an em bryo  although 
fertilization of the egg does not usuially take 
place. Occasionally , how ever,  the fusiion o f  an 
egg with one sperm  may occur in t h e s e  taxa. 
C onsequently , offspring with doubled c h ro m o ­
some num ber can som etim es be e x p e c te d  in the 
progenies. This has been  observed  in o u r  cul­
tures as well as reported  in o ther  p lan ts  and  may 
also account for the prevalence o f  poly;ploids in 
nature . In P. con juga tum ,  how ever, t h e  deve l­
opm ent o f  the egg starts  prior to a n th e s i s  and is 
au tonom ous. Consequently , plants w i th  doubled  
chrom osom e num ber can hardly be proiduced.

In angiosperm s, the degenerated  sy n e rg id ,  
after the pollen tube discharge, usually con ta ins  
two, sometimes m ore, darkly-stainedl bodies 
term ed X-bodies (M aheshw ari 1950, F i s h e r  & 
Jensen 1969, Kapil & Bhatnagar 19750- These  
X-bodies have been variably in te rp re te d  but 
most research  w orkers  believe that thety are  the 
degenerated synergid nucleus and v e g e ta t iv e  
nucleus. This interpretation is based on  their 
position as well as the p resence o f  D N A  (F isher 
& Jensen 1969). H ow ever,  o ther  r e s e a rc h  w ork ­
ers believe that X-bodies are the c y to p la sm ic  
remains of the sperm s. In the d e g e n e ra te d  sy n ­
ergid of P. con juga tum ,  at least fo u r - darkly- 
stained bodies, two large and tw o srmall, are 
usually found after the pollen tube dlischarge 
(Fig. 3 D). The two large ones may re p re s e n t  the

degenerated synergid nucleus and the vegetative 
nucleus o f  the pollen tube , respectively . T he two 
small ones may be bes t in terpreted  as the re ­
mains o f  the tw o sperm s left in the  synergid, 
possibly the d ischarged  cytoplasm ic shea ths  of 
the sperms. T hus , there  may be four so-called 
X-bodies in the degenera ted  synergid o f  P. con­
juga tum .

R eferences

Battaglia, E. 1963: Apomixis. In P. M aheshwari (ed.), 
Recent advances in the embryogeny o f  Angio­
sperms. Int. Soc. Plant Morphologists, Delhi.

Cass, D. D. & Jensen ,  W. A. 1970: Fertilization in 
barley. Amer. J. Bot. 57: 62-lb .

Cave, M. S. 1958, 1964-65 \ Index to plant chromosome  
numbers fo r  1956, 1957, 1963 and 1964. Chapel Hill.

Chao, C. Y. 1964: M egasporogenesis, megagameto- 
genesis and em bryogeny in Paspalum orbiculare. 
N ew Asia College A cad. Ann. 6: 15-25.

Chao, C. Y. 1971: A periodic ac id-Schiff s substance 
related to the directional growth of pollen tube into 
embryo sac in Paspalum  ovules. Amer. J. Bot. 58: 
649-654.

Chao, C. Y. 1974: Megasporogenesis and megagame- 
togenesis in Paspalum  commersonii and  P. longifo- 
lium at two polyploid levels. Bot. N otiser  127: 
267-275.

Chao, C. Y. 1977: F urther cytological studies of  a 
periodic ac id -Sch iff  s substance in the ovules of 
Paspalum orbiculare and P. longifolium. Amer. J. 
Bot. 64 : 921-930.

Chayen, J.,  B itensky, L. & Butcher, R. G. 1973: Prac­
tical histochemistry. London.

Chen, C. & H su , C. i 961: Cytological studies on Tai­
wan grasses 1. Tribe Paniceae. Bot. Bull. Acad.  
Sin. 2: 101-110.

Chung, S. 1974: Meiosis and embryo sac developm ent  
in Paspalum thunbergii Kunth ex Stend. M. Ph. 
thesis, the Chinese U niversity  of Hong Kong.

Darlington, C. D. & Wylie, A. P. 1955: Chrom osom e  
atlas o f  flowering plants. London.

Fang, J. S. & Li, H. W. 1966: Cytological studies in 
Paspalum conjugatum  Berg. Bot. Bull. Acad. Sin. 
7: 1- 1 2 .

Fisher, D. B. & Jensen , W. A. 1969: C otton embryo- 
genesis: the identification as nuclei of the  X-bodies 
in the degenerated  synergid. Planta 84: 122-133.

Kapil, R. N. & Bhatnagar, A. K. 1975: A fresh  look at 
the process of double fertilization in angiosperms. 
Phytomorphology 25: 334—368.

Double arrows indicate portion of another- polar nucleus. —  H: Contents  of  the sperm nucleus are being 
intermingled with those of polar nucleus. Double arrows indicate portion of another polar nucleus. — I: 
Endosperm  nucleus during the m etaphase witth 120 chrom osom es. —  J: Young embryo. The darkly-stained body 
at its upper right side may be one of the two siperms (arrow). Double arrow s indicate the two small, darkly-stained 
bodies at the tip of the degenerated synergid..



222 Chuan-ying C hao BOT. N O T IS E R  1-33 (1980)

Maheshwari, F. 1950: An introduction to the em bryo­
geny o f  angiosperms.  New York and London .

M oore, R. J. 1972-74: Index to plant ch rom osom e 
numbers for 1970 (1967-71 and 72). Regnum  Veg. 
84: 1-134(90: 1-539 and 91: 1-108).

Ornduff, R. 1967-68: Index  to plant ch rom osom e num ­
bers for 1965 (1966). Regnum Veg. 50: 1-128 (55:
1-126).

Pi, P. H. & Chao, C. Y. 1974: M icrosporogenesis  in 
Paspalum longifolium and P. com m erson ii  on two 
different polyploid levels. Cytologia 39: 453-465.

Steffen, K. 1963: Fertilization. In P. M ahesw ari (ed.), 
Recent advances in the em bryology o f  Angio­
sperms. Int. Soc. Plant M orphologists, Delhi.

Swanson, C. P. 1957: Cytology and cy togenetics .  Eng­
lewood Cliffs.



Conostylis neocymosa sp. no v. (Haemodoraceae) from 
south-western Australia
S T E P H E N  D. H O P P E R

Hopper, S. D. 1980 06 16: Conostylis neocymosa sp. nov. (Haemodoraceae) from 
south-western Australia. Bot. Notiser 133: 223-226. Stockholm. ISSN 0006-8195.

C. neocymosa  S. D. H o p p er  sp. nov. is described. It has no close relatives, and occurs at 
isolated localities th roughout the northern  and central wheatbelt o f  the South West Botani­
cal Province of W estern  Australia. C. cym osa  is synonym ized under C. aculeata.

Stephen D. Hopper, Western Australian Wildlife Research Centre, Departm ent o f  Fish­
eries and Wildlife, P. O. Box 51, Wanneroo, W . A. 6065, Australia.

This paper deals with a taxonom ic p roblem  ar is ­
ing ou t of a w ider study o f  the system atics  o f  the 
Conostylis  aculeata  R. Br. species group  of 
sou thw este rn  A ustralia  (H opper 1977, 1978).

In his original description o f  C. cym osa ,  Bent- 
ham  (1873) cited several collections including 
Blackwood River Oldfield, Cham pion  Bay O ld­
field, sand plain near Burnell’s Spring, G ree- 
nough Flats C. G ray , and Busselton Pries. G reen
(1960), in a revision of Conostylis, reduced  C. 
cym osa  to synonom y under C. acu lea ta  ssp. 
aculeata  w ithout com m ent,  but from  his list of 
specim ens exam ined it would ap p ea r  that only 
the Oldfield, B lackwood River syn type  o f  C. 
cym osa  was seen. H ow ever,  a determ inav it slip 
signed by G reen  and dated 17 D ecem ber 1959 on 
the Oldfield Cham pion Bay type specim en o f  C. 
cym osa  at M E L  reads “ Affin. C. aculea ta  R. 
Br.; not sufficiently distinct from C. aculeata  to 
be regarded as a separate  spec ies’’.

I have exam ined  this same specim en at Mel­
bourne , and Mr B. R. Maslin has exam ined  and 
photographed the Oldfield and Grey type  collec­
tions at Kew. O ur observations suggest that 
there are clear morphological differences be ­
tw een the northern  (Cham pion Bay, G reenough  
Flats) and southern  (Blackwood River) spec i­
mens in the type collections o fC .  cym o sa  (Table 
1, Fig. 1).

Since the type material o f  C. cym osa  is h e te ­
rogeneous, and Bentham  did not nom inate  a ho-

lo type, a lec to type  m ust be chosen  to clarify the 
identity o f  the species. The nam e must remain 
a ttached  to that part of the type collection which 
co rresponds  most nearly with the original de­
scription (Stafleu 1972). It would appea r  that 
Bentham  based  his descrip tion o f  C. cym o sa  on 
the sou thern  specim ens, since the following de­
tails are given: “ placentas stipitate, covered  all 
over with num erous o vu le s”  and “ leaves often 
above  1ft (30.5 cm) long, . . .  , bordered  by a few 
distant rigid cilia” . H ence  it is necessary  to 
choose  one o f  the sou thern  specim ens as the 
lectotype. I p ropose  to nom inate  the Oldfield, 
Blackwood River specim en as the lec to type , 
since I have not seen the Busselton specim en 
collected by Pries. F u rthe rm ore ,  I cons ider  that 
these  southern  specim ens are conspecific with 
C. aculeata,  and therefore p ropose  to synony- 
mize C. cym osa  under  C. aculeata .  This leaves 
the northern  specim ens, which are clearly dis­
tinct from C. aculeata ,  w ithout a formal nam e. It 
is the taxon rep resen ted  by these  specim ens 
w hich is described  below  as C. neocym osa .

C onosty lis acu lea ta  R. Br. subsp. acu leata  

Brown, Prod. F I .  Nov. Holl. 1: 300 (1810).

C. cymosa  B enth .,  F I .  Austral. 6: 439(1873). L ec to ­
type: B lackwood River Oldfield (K, photo seen) se­
lected here. —  Syntypes: Busselton, Pries?



224 S te p h e n  D. H opper  B O T. N O T IS E R  133 (1980)

Table 1. M orphological features of  the two taxa included in the type collection o f  Conostylis cym osa.

Feature Southern specimens 
(Blackwood River, Oldfield 
= C. aculeata  R. Br. 

s u b s p . aculeata

Northern specim ens 
(Champion Bay,
Oldfield and 
Greenough F la ts ,
C. Gray)
= C. neocym osa

S. D. H o p p e r  sp. nov.

ovules

perianth lobe/tube  
length ratio

anther length

fruit shape

inflorescence height

leaf dimensions

colour o f  leaf 
bases

marginal spines 

leaf surface

num erous, covering the 
entire p lacental surface

2-3:1

2-4 mm

tapering tow ard  base

much shorter  than leaves

3>-A mm broad , greater 
than 25 cm long when 
mature

dark brown

indurate, widely spaced

nerves num erous ,  close 
together, separated  by 
shallow sulcae

few, reflexed from  
the ventral surface 
of placenta

3-4:1

4-6 mm

globose near base

shorter than leaves

1.5-2 mm b road ,  up 
to 27 cm long when 
mature (usually less 
than 25 cm)

yellowish green

ciliolate, close 
together

nerves few, well 
separated by deep  
sulcae

C on osty lis n eo cy m o sa  S. D. H opper  sp. nov. — 
Figs. 1 B, 2, 3

Orig. coll.: 3.9 km S of Eneabba Store along Brand 
Highway, in hea th  dominated by Nuytsia, Banksia  and 
Xylomelum, yellow sand, 6 August 1975, S. D. H o p p er  
445 (PE R T H  holotype, CANB isotype).

C. cym osa  B en th .,  FI. Austral. 6: 439 (1873) pro parte 
(as to specim ens Champion Bay, Oldfield; Greenough 
Flats, C. Gray; not as to lectotype).

A C. acu leata  R. Br. differt: ovulis paucis a pagina 
ventrali p lacentae  reflexis; lobis perianthii quam  tubum  
3^1-plo longioribus; antheris 4 -6  mm longis, fructibus 
ad basin globosis, basibus foliorum flavovirentibus, 
marginibus spinis ciliolatis multis.

Perennial herb, caespitose, som etim es with 
short s tem s 1-4 cm long, producing s lender  stilt 
roots from  leaf  bases. L eaves  yellow at the base , 
green e lsew here ,  equitant, conduplicate  a t the

base , o therw ise  flat, 10-25 cm  long and 1-4 mm 
broad , with num erous  c losely -spaced  ciliolate 
marginal spines 0 .5-2 .0  m m  long and  rarely m ore 
than  3 mm apart .  In florescence  a loose cym e, 
usually o f  less than 1 0  floWers, on a once or 
tw ice divided scape 5-15 cm  high, sho rte r  than 
the leaves. Flowers  yellow, 8-15 mm long with 
pedicels 3 -6  mm long; perian th  shortly  tom en- 
tose  outside , g labrous w ithin, the lobes 6 - 8  mm 
long and 3-4  times longer than the tube. S ta m en s  
uniseriate , filaments 0 .3-1 .0  mm long, an thers  
4—6 mm long. Style  5-8 m m  long, the stigma ±  
level with the top of the  an thers .  Ovules  few, 
reflexed from  the ventra l surface  o f  the p lacenta . 
Fruits ±  g lobose. C h ro m o so m e  n u m b er  n = 8 .

Distribution and  habita t.  T he  South  W est B o ta ­
nical Province of W este rn  A ustra lia , at isolated 
localities near  G era ld ton , E n ea b b a ,  W atheroo , 
J ibberding and M erredin (Fig. 3). N ea r  Eneabba
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Fig 1 A-B. Type specim ens of C. cym o sa  at Kew. —  A: Banks of Blackwood River, Oldfield —  B: Mixed 
collection of Cham pion  Bay, Oldfield, and sandplain near Burnell’s Spring Greenough F la ts , C. Gray. Both 
specimens in B are now included in C. n eocym osa  sp. nov. —  Photo: B. R. Maslin.

the species occu rs  in heath  with sca tte red  emer- 
gents of E uca lyp tu s  todtiana  and B anks ia  spp. 
on flat or undulating  sandplain.

Specim ens exam ined .  W of Gunyidi, 5 S ep tem ber 
1971, A. C. Burns 11 (PERTF1); M oresby Range, 6 
August 1970, A. C. Burns 5 (PERTH); sandplain  near 
Burnell’s Spring, G reenough Flats, C. G ray  n .s. (K, 
photo seen); 14.7 km N o f  Eneabba  S tore along Brand 
Highway, 24 June 1976, S. D. H opper  444 (PER TH ); 
E neabba township , 16 Septem ber 1976, S. D. H opper  
446 (PERTH); 13.9 km S o f  E neabba S tore along Brand 
Highway, 6 August 1975, S. D. H opper  447 (PE R T H ); 
12.2 km N of E n eab b a  Store along Brand H ighw ay, 18 
August 1975, S. D. H o p p e r  448 (PERTH ); J ibberding, 
O ctober 1905, M. K och 1321 (M E L , N SW ); rabbit 
p ro o ffen ce  near W atheroo ,  M. Koch 1321 (PE R T H ); 
Gunyidi, 11 N o v e m b e r  1963, F. Lullfitz 2859 
(PERTH); C ham pion Bay, Oldfield (M E L , K photo 
seen); Booraan, 7 A ugust 1949, E. Salisbury (PER TH ).

Despite the fact that it has ciliolate marginal 
spines on its leaves, Conostylis n e o c y m o sa  ap ­
pears  to show little affinity with the  C. aculeata  
group, differing noticeably in having few  ovules 
reflexed from the ventral surface o f  the  p lacenta  
and in having much longer perian th  lobes and 
an thers  (Table 1, Fig. 3). C. n eo cy m o sa  has no 
obvious close rela tives, but may be  d istantly  re ­
lated to C. crassinervia  J. W. G reen  and  a num ­
ber o f  its undescribed  allies w hich o c c u r  in the 
E neabba  heath lands. F u r th e r  re sea rch  is needed 
to clarify the situation.

Conostylis  neocym osa  occurs  in large num ­
bers along road verges and in bu rn t  hea th  in the 
E neabba  area . Seedlings are quite  com m on  in 
such habita ts ,  suggesting that the spec ies  may be 
relatively easy  to germ inate  and g row  in cultiva­
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Fig. 3. Known distribution and cam era  lucidlai drawing 
o f  a half-flower of C. neocymosa.

Fig. 2. Photographs o f  C. neocymosa  on a road verge 
north of Eneabba (S. D. H opper 448, PERTH ).

tion. With its loose cym ose inflorescences, rela­
tively large flow ers and yellow-green leaves it 
would make an a ttrac tive  horticultural subject.
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Rubus arcticus L. subsp. x stellarcticus subsp. nov
E. G U N N Y  K. L A R S S O N

Larsson, E. G. K. 1980 06 16: Rubus arcticus L. subsp. x stellarcticus subsp. nov. Bot. 
Notiser 133: 227-228. Stockholm. ISSN 0006-8195.

An artificial hybrid from  tw o subspecies of  Rubus arcticus L. is described here under the 
nam e Rubus arcticus L. subsp. x stellarcticus. M easurem ents are given for both parents 
and hybrid.

E. G. K. Larsson, Swedish University o f  Agricultural Sciences, Experimental Division o f  
North Swedish Horticulture, S-901 10 Umeå, Sweden.

Horticulturally  in teres ting , artificial hybrids 
were made from tw o  subspecies  of R u b u s  arcti­
cus  L. (subgen. C yc la c tis ), R osaceae . P aren ts  of 
the hybrids were R . arcticus  subsp. arcticus,  the 
arctic raspberry , a lso  called arctic  b ram ble  or 
nectarberry  (in Sw ed ish  “ å k e rb ä r” ), and  R. 
arcticus  subsp. s te l la tus  (Sm.) Boiv. em end . 
H ult. ,  the A laskan raspberry  (in Sw edish  
“ a laskaåkerbär”  o r  “ a laskaha llon” ).

Evidence o f  trea ting  the tw o paren t tax a  as 
subspecies was given by H ultén  (1968) from 
studies in nature , by L a rsso n  (1969) th rough  ex ­
perim ental taxonom y , by Kallio (1975) from  bio­
chemical studies o f  the arom atic  co m p o u n d s  and 
by Kotimäki and H iirsalm i (1979) from  cy toge­
netic studies. O ssiann ilsson  (1964), having 
studied Swedish aph ids ,  p roduced  the following 
information by co r re sp o n d en ce  in 1970: “ The 
aphid M acrosiphum  rubiarctici  was n ev e r  found 
in any o ther R u b u s  bu t arcticus  and s te lla tus .  It 
supports your conclusion  that these  species  must 
be subspecies o f  the  sam e sp ec ie s” .

Material and hybridization work

The normally wildgrowing Rubus arcticus  subsp. 
arcticus was easily cu ltivated at the Öjebyn H orticu l­
tural Experimental S ta tion  (65°19'N), now belonging to 
the Swedish University o f  Agricultural Sciences.

Rubus arcticus subsp. stellatus  plants were brought 
from Alaska by H ultén. In spring 1933 som e plants 
were transplanted in the Botanical G ardens  in Lund  in 
South Sweden, w here  they never produced  any  fruit; 
neither did they in the Botanical G ardens in U ppsala  
according to H ylander in 1970. I received a clone from

Lund  in 1951. In 1952 it had only one flower which was 
pollinated with subsp. arcticus. The cross-pollination 
resulted in one large, red, beautiful berry. T he seeds 
were sown but unfortunate ly  the plants died in the 
greenhouse after a couple o f  years. In 1957 the same 
cross was repeated  successfully and also in 1963, this 
time in both directions. Valuable clones were selected 
for their delicious berries.

Rubus arcticus L. subsp. x  stellarcticus G. L ars ­
son subsp. nov.

Holotype: Sweden, Ö jebyns trädgårdsförsöksstation 
(cult.), 20.VII. 1964, G. Larsson (LD). Illustr: Larsson 
(1969) Fig. 11, upper part.

Rubus arcticus ssp. x stellarcticus  plerum que ad Ru- 
bum arcticum  ssp. arc tic urn accedit,  sed saepe erectior 
et magis luxurians. Ad Rubum arcticum  ssp. stellatum  
accedit floribus suaveolentibus et fructibus sem per 
rubris.

The recom m endation for the epithet stellarcticus 
com es naturally as stellatus is the m other plant o f the 
first cross-breeding; furtherm ore the origin of the hy­
brid will be known by this epithet, which is also al­
ready known to those working with the plant. The 
Swedish name “ allåkerbär”  is suggested for the same 
reasons.

T he hybrid R u b u s  arcticus  subsp. x stellarcticus  
mostly resem bles  R. arcticus  subsp . arcticus, 
bu t it is often m ore luxurian t and high yielding. 
L ike R . arcticus  subsp. stellatus  the flowers 
have a p leasan t fragrance and  the berries  are 
always red. C onsequen tly ,  a new  type  o f  “ åker­
b ä r”  has been  p roduced  w hich can be cultivated 
and produce berries  also south  o f  the natural 
a rea  o f  d is tribution o f  R. arcticus  subsp . arcticus
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Table 1. C harac ters  in Rubus arcticus subsp. x stellarcticus and its paren ts .  Mean values ±  s tandard  errors; N in 
brackets; H C C , see W anscher (1955).

R . arc ticus  
subsp. arcticus

R . arc ticu s  subsp. 
x s te lla rc ticu s

R . a rc ticu s  
subsp. s te lla tu s

Vigour Weak intermediate or often  luxuriant strong

Height mm 150-250 250-450 200-400

L eaves  
stom ata length p m

trifoliate 
23.91 ±0.23(100)

alm ost a lw ays trifoliate 
23.2 5 ± 0 .23(600)

trilobed
26.0 5 ± 0 .28(150)

Flowering early, continuous early, continuous tw o distinct b lossom -periods

Flow ers 
number/stalk  
diam eter mm  

fragrance 
colour

1 or 2(3), above the leaves
25.91 ±0.31(75)
none
violet-purple HCC 30-31

(1)2(3), above the leaves  
28.8 6 ± 0 .43(50) 
very pleasant 
violet-purple HCC 30-31

1, below  the leaves  
3 4 .1 5 ± 0 .40(75) 
very pleasant 
purple-violet HCC 32-34

Sepals
number
length/w idth mm 
glands

6 .2 9 ± 0 .11(75)
6 .7 2 ± 0 .1 3 (7 5 )/2 .5 2 ± 0 .10(25) 
red —reddish

7 .1 6± 0 .09(50)
7 .6 6 ± 0 .1 5 (5 0 )/2 .4 4 ± 0 .10(25) 
yellow  (generally)

7 .77± 0 .09 (75 )
8 .9 6 ± 0 .16 (75 )/2 .0± 0 (25 )  
yellow

Petals
Num ber
length/w idth mm

6.41 ±0.15(75)
11.85 ± 0 .13(75)/7 .44± 0.21(25)

7 .4 8 ± 0 .14(50)
13.2 4 ± 0 .2 0 (5 0 )/7 .0 ± 0 .26(25)

7.71 ± 0 .10(75)
15.6 4 ± 0 .2 3 (7 5 )/8 .3 6 ± 0 .18(25)

Anthers
number 6 4 .8 0 ± 2 .85(25) 78 .64±  1.81(25) 6 6 .7 2 ± 2 .16(25)

Carpels
number 26 .84±  1.83(25) 40 .92±  1.14(25) 35 .2 0 ±  1.07(25)

Pollen  
diam eter/im  
% activity

20 .78±  0 .10(200)
79.3 (several c lones,
6 sam ples, 5388 grains)

20.6 2 ± 0 .07(1000)
49.0 (several c lon es ,
31 sam ples, 17 810 grains)

2 2 .7 4 ± 0 .17(200)
75.2 (one c lo n e , 8 sam ples, 
7169 grains)

Fruit
ripeness
colour
500 g sam ples 
aroma
keeping quality

middle o f July 
brownish r e d - l ig h t  green  
6-700 berries 
strong, typical 
none (juicy berries)

middle o f  July 
dark —bright red 
3-400 berries
in som e c lon es arcticus-M ke  
none (juicy berries)

beginning o f  A ugust
dark red
3-400 berries
w eak a rc ticu s
very good  (dry berries)

Drupelets 
length/w idth mm 4 .2 0 ± 0 .0 5 (100 )/2 .94± 0 .05(100) 5 .12±0.05( 100)/3.75 ±  0.04( 100) 5 .8 4 ± 0 .0 5 ( 100)/4.45 ±0.05( 100)

1000-seed w eight mg 2659 (2600) 3269 (490) 4228 (2500)

their developm ent during the ripening o f  the berry, 
with special reference to Rubus stellatus Sin. Turun 
yliopisto. Turku.

Kotimäki, M. & Hiirsalmi, H. 1979: C ytogenetic  stu­
dies on Rubus arcticus, Rubus stellatus and their 
hybrids. Hereditas 91: 83-89.

Larsson, E. G. K. 1969: Experim ental taxonom y as a 
base for breeding in northern  Rubi. Hereditas 63: 
283-351.

Ossiannilsson, F. 1964: Contributions to the knowl­
edge of Swedish aphids. III. List o f  Food Plants. 
Lantbrukshögsk. Ann. 30: 457. Uppsala .

W anscher, J. H. 1955: Wanschers blom sterfargekart. 
Ed. 2. Copenhagen. (Based on Horticultural Colour 
Chart, 1938—40.)

in Europe— field experiments indicate this.
Table 1 shows some characteristics o f  parents 

and hybrids. All da ta  are taken from Larsson  
(1969).
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T w o new species, A eollan thus angustifolius  Ryding and A. cucullatus  Ryding, are de­
scribed from the highlands o f  Cam eroun, Central African Republic and Nigeria. Illustration 
and distribution map are provided. A. engleri Briq. is reported  from  West Africa for the first 
time. A key to the West African species o f  the genus is also provided.

O lo f  Ryding, Insti tu te  o f  Sys tem atic  B o ta n y , University o f  Uppsala, P.O. B ox 541, S-751 21 
Uppsala, Sweden.

The genus Aeollanthus  Mart, ex Spreng, (later 
often spelled A eo la n th u s ) is confined to southern  
and tropical Africa. T here  are abou t 35 species in 
all, most o f  them  in the highlands o f  East Africa 
and South  Tropical Africa. During revisional 
work on the genus it was found that the W est 
African material o f  the o therw ise  East African 
species A. repens  Oliv, actually consis ts  o f  two 
different quite d is tinct taxa, described  here  as 
tw o new  species, A. angustifo lius  and A. cucu l­
latus. A .  engleri Briq. is reported  from W est 
Africa for the first time, and a key to the five 
species now  known from this a rea  is given.

A. angustifolius Ryding sp. nov .— Fig. 1 A -D

Orig. coll.: Letouzey  8067, C am eroun, Z abondo , 25 
km N E o f L in t e ,  30.IX. 1966 (P holotype, UPS).

Species nova ab A. repenti  foliis angustis integris, par­
te basali calycis fructiferi persistenti cupulata  zygo- 
m orpha differt; ab A. am busto  spicis densis, bracteis 
foliis multo brevioribus, labio infero trilobato corollae 
apice (tri-) qu inqueden ta to  recedit.

Annual, d ecum ben t o r  erect herb  10-50 cm high. 
Stem with few to m any b ran ch es ,  rarely  u n ­
branched , often w oody  near the base , often re d ­
dish, ±  pubescen t .  Leaves  opposite ,  fleshy, 
narrowly linear to narrow ly  lanceola te , (6 - )  1 0  x
1.5-5 mm, usually m ore than 6  times as  long as 
wide, obtuse at the apex , som etim es redd ish , ±  
pubescen t and with sessile glands; margins entire  
and revolute; m idvein ±  p rom inen t benea th . In ­
florescence co m p o sed  o f  dense  sp ikes, up to

2(—3.5) cm long, forming a lax panicle; spikes 
one-sided, naked  on the back, with tw o  flowers 
at each node on the main axis, o therw ise  a l te rna­
tely with one or tw o flow ers at each node; b racts  
ovate , obovate  o r  H edera-shaped , w ith a large 
gland near the apex , 2-3.5 x 1-2 m m , som etim es 
red , pubescen t or ciliate and som etim es with 
sessile glands. Calyx two-lipped, deh iscen t,  3-4 
mm long in fruit; upper  lip obtuse o r  3-dentate; 
low er lip obtuse; basal part cupular c. 1 mm high 
and 1.5-2.5 mm long with undulate  margin and a 
long ob tuse  lobe pointing ou tw ards . Corolla 
blue, pink or violet with markings inside, papil­
lose or pubescen t outside ; tube narrow , 5.5-8 
mm long; upper lip 4-lobed; low er lip boat- 
shaped , 3-lobed; lateral lobes short with a nar­
row tooth  at the apex; central lobe long, truncate  
with (3)5 narrow  teeth at the apex. A nthers  all c. 
0.5 mm long. Style bifid at the tip. N utle ts  
sm ooth black 1-1.3 x 0.8-1.1 mm.

Distribution and  habitat.  In the highlands of 
Cam eroun , on the Mambilla Plateau in Nigeria 
and in the B ozoom  Region in the C entra l African 
Republic (Fig. 2 A). Growing on rocks or in shal­
low soil, usually in humid places as depressions 
and seepage grounds; alt. 1200-1900 m.

Variation. C om pared  to most o the r  species of 
the genus A. angustifo lius  is a fairly hom o­
geneous species. Collections from B am enda 
Region and S C am eroun , how ever, usually are 
m ore densely pubescen t than the rest o f  the m a­
terial.
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I
C o m m e n ts  on taxonom y. A. angustifo lius  is a 
very distinct taxon. T he three-lobed lo w er  lip o f  
the corolla  with narrow  teeth at the ap e x ,  is 
un ique within the genus. Its taxonom ic position  
is not quite certa in , but its nearest re la tives  are 
most likely to be found among the species  w ith  a 
zygom orphic basal persistent part o f  the fruiting 
calyx (S topp 1958 a, b). H ow ever,  it d ev ia tes  
from them  by its arrangem ent o f  the flowers in 
the spikes. A. am bustus  Oliv. (=  A. virgatus  
G ürke) perhaps is the one which is m ost sim ilar 
to A. angustifo lius.  L ike the la tter species it has 
narrow  leaves with entire revolute m argins , and 
basal parts o f  the calyces with undula te  m argins, 
but in con trast to A. angustifolius  the  b rac ts  o f  
A .  a m bustu s  have the same shape as the  leaves . 
The collections cited as A . re p en s  by M orton  
(1962, 1963) actually all belong to A . a n g u s t i ­
fo l iu s ,  with the exception of H ep p e r  1356 (see 
below). A . repens  is confined to eas te rn  A frica 
and  originally described  from Tanzania . It is not 
closely related to A . angustifolius. It is easily 
d istinguished f ro m / I .  angustifolius  above  all by 
the b roader den ta te  leaves and the  t ru n ca te  
actinom orphic basal part o f  the fruiting calyx . A. 
edlingeri Giirke was described from  N ’G aoun- 
dere in C am eroun (Giirke 1905). T he type  m a te ­
rial has been des troyed  in Berlin and its identity  
is not quite certain. H ow ever, it canno t be con- 
specific with A . angustifolius. A ccord ing  to  the 
description the leaves of A. edlingeri a re  4-12 
mm wide, while the leaves o f  A. angustifo lius  are 
not more than  5 mm wide. In the descrip tion  of 
A . - edlingeri Giirke also distinguishes be tw een  
lanceola te-obovate blunt bracts 3-4  x 2 mm  and 
lanceolate pointed “ vorb lä t te r”  2-3 x 1 - 2  mm. 
T he G erm an term “ vorb lä t te r”  undoub ted ly  re ­
fers to the kind o f  sterile bracts p resen t in most 
species of the genus, but not in A .  a n g u s t i fo l iu s , 
w here all b racts  are o f  the sam e kind. O f the 
species in C am eroun  only A. helio tropio ides  
Oliv, agrees with the description o f  A. edlingeri. 
N o o ther material o f  A. helio tropioides  from

I N ’G aoundere  has been seen, bu t one collection  
(Raynal 12101) is from Nangé only 60 km E o f  
N ’G aoundere . A . heliotropioides  has p rio rity  to 
A. edlingeri, bu t fu rther investigations may, 
how ever, show  that a still o lder nam e, A. sua-

1
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veolens  Mart, ex Spreng, has to  be used for this 
taxon.

Collections besides the type. C am eroun , 16 km S 
Djouo, 24.11.1962, Letouzey 4390 (P, UPS); Mbo- 
lemba, 8 km N Ngola, 10.V. 1963, Letouzey  4997 (P, 
UPS); near Ngat, 10 km SSE M balmayo, 16.VI. 1972, 
Letouzey 11291 (P, UPS); Massif du Mbepit, 30 km 
SW Foumban, 21.X. 1974, L etouzey  12950 (P, UPS); 
Bangoua, Meurillon 932 (P); M okonessi, 20 km N N W  
Zoetele, 7.VII. 1972, Letouzey  11446 (P); 3-5 km SW 
Choam, 40 km S M esamena, 16.11.1962, Letouzey 4268 
(P, UPS); Bam enda, R., Bum, IV. 1931, Maitland 
1642 (K); Bam enda, Migeod 495 (K); Banja,
13.VIII. 1951, Ujor 29962 (K); Nkambe, Binka Mt., 
31.I X .1952, Savory 377 tK); Bombi, 17.I X . 1951, Ujor 
30222 (K); near Tello falls, W. de Wilde 4268 (BR); 
N ’Gaoundere, Ngan H a, Jacques-Felix  8674 (P); 
Sadolkoulay, 36 km E N ’G aoundere , 5 .XII. 1964, R ay­
nal 12251 (P, UPS); Nangue, Jacques-Felix  8168 (P, 
UPS); Salal Haleo, 60 km NE Tibati, 24.IX. 1963, L e­
touzey 5959 (P, UPS); H osserengo 80 km NE Tibati, 
10.IX. 1963, L etouzey  5684 (P, UPS). Central African 
Republic, Region o f  Bozoom, Tisserant 2957 (P). Ni­
geria, near G em bu, 10.VIII. 1973, Chapman 99 (K); 
17.VIII. 1973, Chapman 108 (K); Tugan, 10.XII.1968, 
Daramola 62441 (K).

A. cucullatus Ryding sp. nov. —  Fig. 1 E -G

Orig. coll: Jacques-Felix 8461, Cam eroun, Poli near Vo- 
kré, 3.X. 1967 (P holotype).

Species nova ab A. repenti  basi sagittata et apice cucul- 
lato labii inferi corollae, ab A. tuberoso, A. rivulari et A. 
sedoide  calyce in statu fructifero longiore, parte basali 
truncata persistenti, dentibus labii superi deorsum curva- 
tis, labium inferum p.p. tegentibus, a b d .  buchneriano,  
A. candelabro  et A. neglecto  foliis sessilibus basi cu- 
neatis differt.

Perennial decum bent herb. Stem s 1 to many, 
often rooting at the nodes, glandular and often 
pubescent in the upper part. Leaves opposite, or 
on the short-shoots fasciculate, fleshy, sessile, 
elliptic, up to 12-35 x 4-11 m m , ±  acute at the 
apex, cuneate  at the base, ± glandular, sometimes 
papillose to pubescent; margin minutely crenate; 
veins obscure beneath. Inflorescence composed 
of spikes forming a panicle; the spike on the main 
axis usually with opposite flowers; other spikes 
one-sided with alternately 1 o r  2  flowers at each 
node, with sterile bracts on the back; bracts ellip­
tic 2-4 x 1-2.5 mm, ±  glandular and papillose; 
sterile bracts smaller and narrow er. Fruiting calyx

1
Fig. 1. A-D: A. angustifolius. —  A: Habit. —  B: Section through a leaf x 3. —  C: Fruiting calyx. —  D: Flower. — 
E -G : A. cucullatus. — E: Habit. —  F: Fruiting calyx. — G: Flower.
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Fig. 2. A: K now n distribution of A. angustifolius.  Q =  inexact locality. —  B: K now n distribution of A. 
cucullatus.

2-lipped, dehiscent at the base, 3-5 mm long, ±  
glandular and papillose; upper lip somewhat 3 - 
lobed, whith the lobes folded over the lower lip; 
lower lip truncate or 2 -lobed; basal part circular, 
truncate o r  almost so, often with a deep dep res­
sion at the insertion of the pedicel 1 .2 - 1 .5 mm in 
diam., c. 0.5 mm high. Corolla 2-lipped, pale vio­
let, glandular and papillose on the outside; tube
4.5-6  mm long; upper lip subequally 4-lobed with 
violet markings near the throat; lower lip b o a t­
shaped, with a hood at the apex and 2  acum inate 
lobes near the base. Stamens 4; the 2 upper longer 
with c. 0.5 mm long anthers; the 2 lower with c.
0.9 mm long anthers. Style bifid at the apex. N u t­
lets sm ooth black, 0.8-1.0 x  0 .7-0.9 mm.

Distribution and habitat. In the highlands of C a­
meroun and Nigeria (Fig. 2 B). Growing on rocks 
or shallow soil; alt. 1200-1900 m.

Variation and  affinities. In most o f  the material o f  
A . cucullatus  the leaves are sparsely pubescent or 
papillose and with sessile glands, and the inter­
nodes of the spikes are not elongated in the fruiting 
stage. Some of the material deviates, however, by 
having pubescent leaves, with long both glandular 
and eglandular hairs, or by each second internode 
of the spikes in the fruiting stage being elongated 
up to 5 mm. Herbier C .N .A .D . 1747 is the most 
extrem e collection in both these respects.

H epper 1356, that was cited as A. repens  by 
Morton (1962, 1963) belongs to A . cucullatus. A .

cucullatus  is, how ever, not closely related to A.  
rep e n s , and is easily distinguished from this spe­
cies by the hooded tip and  the two acuminate 
lobes near the base o f  the low er lip of the corolla 
(Fig. 1 G).

The nearest relatives to A . cucullatus  are un­
doubtedly to be found am ong a group of species, 
mainly occuring in Angola, which all agree with it 
in the shape o f  the low er lip o f  the corolla. Of 
these species A. candelabrum  Briq. perhaps is the 
one which is closest to A . cucullatus. Both these 
species have about the sam e shape of the fruiting 
calyx, which is more than  3 mm long, with the 
upper lip folded over the low er one and with a ±  
truncate  basal part (Fig. 1 F), but A. candelabrum  
is easily distinguished from A. cucullatus  by the 
petiolate leaves and the usually more erect stem. 
At least superficially A. tuberosus  Hiern and A.  
sedoides  Hiern are even m ore similar to A . cucul­
latus.  They have the sam e decum bent habit and 
sessile elliptical leaves as A. cucullatus,  but differ 
from this species in the fruiting calyx being less 
than 3 mm long, with an unfolded upper lip and a 
deeply cupular or less than  0.35 mm high basal 
part, and also by the basal na rrow  part of lower lip 
of the corolla in the late stage o f  the anthesis being 
more than 1.5 mm long.

Collections besides the type. Cameroun,  Nyafianga, 
42 km N N E  Bafia, 9.IX. 1966, Letouzey 7822 (P, UPS); 
Mt. Golep, 36 km N Bafia, 22.XI. 1969, L etouzey  9580 
(P); Mt. Bam boutos , VII. 1939, Lepesm e Paulain Vil-
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liers 562 (P); W Dschang Region, Bafou, 9 .XII. 1969, 
H erb ier  C .N .A .D . 1747 (P); N ’G aoundere, N gan  H a ,
14.X. 1967, Jacques-Felix  8637 (P). Nigeria.  N guron je ,
15.VIII. 1966, de Leeuw 1763 (K); Bauchi P. Ja raw a  
hills, E of F edere , 25.VIII. 1962, Law lor & Hall 354 
(K); A dam aw a Division, Vogel Peak Area, 14.XI. 1957, 
H epper  1356 (BR, K, P. S); Bauchi P. Sheve M ts.,  
21.VII. 1968, Hall 551 (K).

A . en g leri Briq.

The W est African material o f  this species is all 
from the highlands near N ’G aoundere  in C a m e ­
roun. The type collection (W elw itsch 5615) 
com es from Angola. The species also o ccu rs  in 
Malawi, M ozam bique, Tanzania , Z am bia  and 
Zaire. The form in C am eroun has large and 
b road  bracts , and particularly resem bles  the  
form in w estern  Angola.

Collections f r o m  West Africa. Cam eroun,  N ea r  Tello 
Falls, 47 km E N ’Gaoundere, 27.XI.1964, W. de Wilde 
4261 (K , P); 15 km N N ’Gaoundere, 20.IX.1967, J a c ­
ques-Felix 8234 (P); N ’G aoundere, 11 .X. 1967, Jac ­
ques-Felix 8605 (P); 45 km E N ’G aoundere, 24.X. 1967, 
Jacques-Felix  8828 (P); N atzaré , 10.I I I .1933, L ho te  
122 (P); Gouloumou, 11 km N Belel, Raynal 12340 (P).

K ey to  A eo llan th u s in W est A frica

This key is construc ted  for the area dealt with in H e p ­
per (1963) and for Cameroun. One of the species,  A .  
engleri only occurs in the part of C am eroun which is 
not included in the area of this Flora.

1. Bracts more than 5 mm long ....................A. engleri
-  Bracts  less than 5 mm l o n g ...........................................2
2. Spikes with 2 flowers at each or at each  second  

' node; lower lip of the corolla with narrow  tee th  or

a hood at the apex .......................................................... 3
-  Spikes with 1 flower at each node; lower lip of the 

corolla with neither teeth nor a hood at the apex 
.................................................................................................. 4

3. Basal part o f  fruiting calyx zygomorphic; lower 
lip of  the corolla cuneate at the base and with 
narrow teeth at the apex; spikes dense ..................

.................................................................. A. angustifolius
-  Basal part o f  fruiting calyx actinom orphic or 

almost so; lower lip o f  the corolla with two acu ­
minate lobes near the base and with a hood at the 
apex; spikes ±  dense .........................A . cucullatus

4. Basal part o f  fruiting calyx zygomorphic and
cupular; leaves a ttenuate  a t the base ....................
....................................................................... A . pubescens

-  Basal part of fruiting calyx actinomorphic and
truncate; leaves rounded  at the base .......................
.............................................................. A. heliotropioides
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Curators of BR, K, P and  U PS for placing material at
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critically reading my manuscript.
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N annenga-B rem ekam p, N. E. 1979: De N eder-  
landse M yxom yce ten .  Ed. 2. (In D utch .)  460 pp. 
Published by Koninklijke N ederlandse  N atuur- 
historische Vereiniging (K .N .N .V .) ,  H oogw oud . 
P rin ted  by Thiem e & Cie B. V ., Z u tphen . ISBN  
90-03-93130-5. Price DF1 54 (including surface 
mail postal rate).

The first edition o f  De N ederlandse  M y x o m y c e ­
ten  appeared  in 1974. The second edition com ­
prises an unaltered reprint bound toge ther  with a 
20 pp. supplem ent. With references to pages and 
lines in the book the supplem ent p rov ides  co r ­
rections and supplem entary  rem arks.  It also 
brings the list of know n species (in the world) up 
to date. The p resen t review will co n s id e r  the 
com plete  volume.

The book starts  with a general and b r ie f  survey  
o f  the biology o f  the m yxom ycetes. G ood  advice 
is given on collecting, preparing o f  p erm anen t 
slides, and keeping o f  specim ens. H o w e v e r ,  the 
bulk o f  the book is a taxonom ic trea tm en t o f  the 
species found in the N etherlands. Fo rty - tw o  
genera  and about 237 species are included. Keys 
are provided for families, genera and  species. 
The descriptions are exhaustive and are  acco m ­
panied by instructive illustrations. T he  speci­
mens on which the illustrations are  based  are 
listed separately. Im portan t synonym s are cited. 
The useful taxonom ic com m ents  and d iscussions  
are often extensive and include num erous  taxa 
beyond the title o f  the book. F rom  a scientific 
point o f  view the trea tm ent fulfils high dem ands.

The gross system atics  follows the system  gen­
erally accepted today  in so far as the endospo- 
rous species are divided into the o rders  Echino- 
steliales, L iceales, Trichiales, S tem onita les ,  and 
Physarales . The genera  Barbeyella  and  Clasto-  
derm a  are included in the Echinostelia les  in ac­
cordance with the paper by A lexopoulos  &

B rooks in M ycologia, vol. 63, 1971. Listerella  
and  Diachaea  are  maintained in the Trichiales 
and  S tem onita les , respectively . D ictyd ium  is 
merged with Cribraria, while Lindbladia  is t rea t­
ed  as a separate  genus. N o  new tax a  or com bi­
nations are formally  established in the book; all 
taxonom ic changes and novelties have been 
published previously  in separate  papers . As far 
as the order  S tem onita les  is concerned  the tax o ­
nom y follows in the main N annenga-B rem e- 
k a m p ’s revision o f  the group (Proc. Kon. Ned. 
A kad. W et.,  Ser. C, vol. 70, 1967). Persons used 
to M artin & A lexopoulos  (1969, “ The M yxom y­
c e te s ’5, U niversity  o f  Iow a Press) may feel un ­
familiar with such genera  as Collaria, Paradia-  
cheopsis , S tem on itops is  and Sym phytocarpus .  
N everthe less  the rev iew er is inclined to believe 
th a t  N annenga-B rem ekam p’s revision is a step 
tow ard  a be t te r  unders tand ing  o f  the in terre la­
tionships o f  the taxa within the Stem onitales.

The circum scrip tion  of several species is nar­
ro w er  in N an nenga-B rem ekam p’s p resen t book 
than  in e.g. the world m onograph by Martin & 
A lexopoulos m entioned  above. Thus Fuligo rufa  
and  F. laevis— both normally included in F. sep- 
t ica— are recognized  as distinct species. So are 
a lso  e.g. P hysarum  lividum  and P. reniform e.  In 
variable  species intraspecific taxa are frequently 
distinguished. T h ree  or four varieties are recog­
nized in Trichia contorta , T. decipiens, Fuligo  
sep tica  and Craterium  leucocephalum . Trichia 
fa v o g in ea  is t rea ted  in the broad sense but the 
charac teris t ics  o f  the forms som etim es regarded 
as species {T. fa v o g in e a  s .s tr . ,  T. affinis, T. per-  
similis)  are described  and illustrated.

The book is richly illustrated with line d raw ­
ings o f  all taxa  found in the N etherlands. Many 
o f  the illustrations are taken from the a u th o r’s 
previous publications. The au thor  has a well de­
veloped artistic ta lent. The general style o f  the
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drawings is ra ther  special, by close exam ination 
often giving the im pression of roughness or even 
care lessness . H ow ever ,  the technique has turned 
out to be  superb  in this case and the illustrations 
are am ong the most instructive ever published on 
the m yxom ycetes.  T he whole range o f  variation 
in some species is beautifully covered  by the 
drawings. A few species, e.g. E ner thenem a  pa- 
pilla tum ,  may perhaps  be regarded as over-illu­
s tra ted , in so far as some drawings could have 
been om itted  w ithout thereby losing any infor­
mation o r  lessening the instructive or scientific 
value o f  the book.

A useful part o f  the book is form ed by 13 
plates w ith b lack-and-white spore drawings of 
species o f  the S tem onita les  and the Physarales . 
The specim en on which each spore drawing is 
based is cited. The spores are figured as seen in 
the light m icroscope, and all are d raw n  to the 
same scale. The drawings are carefully prepared 
and the variation in ornam entation  as well as 
spore size is instructively shown. A ccording to 
the au thor  (pers. com m .) the reason  why only 
tw o o rders  have been  illustrated in this respec t is 
that a com parison  o f  different species concerning 
the darkness  o f  the spores is taxonom ically  most 
useful in these  orders . A lthough the p lates main­
ly com prise  species found in the N etherlands, 
some o the rs  are also included. The spore  d raw ­
ing o f  A m a u ro c h a e te  com ata  is based  on a spe­
cimen from California. This is a no tew orthy  re­
cord  since the species has only been  reported  
from  Europe .

Although hardly affecting the scientific value 
o f  the book  the num erous typographical errors 
and inconsistencies are to be regretted . The re­
viewer is incapable of critisizing the D utch text 
bu t the misprints affecting the scientific nam es in 
keys and descrip tions are many and often con­
spicuous. It is a pity that the second edition of 
the book is an unaltered reprint in the sense  that 
the typographical e rrors  have been reprin ted .

Elly N annenga-B rem ekam p has often referred  
to her research  on m yxom ycetes as a hobby. 
T ha t may be so, bu t it is a hobby that com prises  
a considerable  part o f  her life. T oday  she is one 
o f  the world au thorities  on m yxom ycete  taxo­
nomy. H er  private m yxom ycete  collection in 
D oorw erth , N etherlands, com prises som e 10 000 
num bers and is rich in type material. It is to be 
hoped tha t it will be taken over and m anaged by 
an official scientific herbarium.

N an n en g a-B rem ek am p ’s book  belongs to  the 
im portant literature in m yxom yce te  ta x o n o m y . 
Although it is prim arily a trea tm en t o f  the  spe­
cies found in the N etherlands  and as su c h  in­
cludes less than half o f  the species know n in the 
world, the b read th  o f  the taxonom ic  d iscuss ions  
s tre tches far beyond  that o f  a local flora. It is 
very  useful also to those  not familiar w ith  the 
Dutch language, and it is not surprising th a t  the 
first edition was sold out in a few  years.

The book can be o rdered  from  the K oninklijke 
N ederlandse  N atuu rh is to rische  Vereiniging. The 
price is low (DF1 54). P aym en t in a d v a n c e  is 
required, paid to the D utch Postal Giro 130.28 of 
the “ Bureau K .N .N .V . ,  H o o g w o u d ’’ . F o r  those  
possessing  the first edition the supp lem en t can 
be ordered  separa te ly  (price DF1 2).

U no  Eliasson

Shishkin , B. K. & Y u zepchuk , S. V. (eds.): L a ­
biatae.  In F lo ra  o f  the U S S R . T ransla tion  from 
R ussian  by Israel P rogram  fo r  Scientific T ra n s ­
lations, Jerusalem . Vol. 20, 1976 (Bound c. 169 
sF r.)  and  vol. 21, 1977 (c. 165 sFr.).  B ound and 
p ap e rb ack  versions.

T he  tw o L ab ia tae  vo lum es o f  the Flora o f  the  
U S S R  (1934-1964) have  b een  translated  into 
English un d er  the ed ito rsh ip  o f  Dr N. L andau . 
T he  translation project w as com m enced  in 1963 
by the Israel Program  for Scientific T ransla tions  
supported  by the Sm ithson ian  Institu te, U SA . 
T he  purpose  is to make this eno rm ous  w ork  (30 
volum es and a general In d ex  in Russian co m ­
prising c. 17,500 species) m ore  available to a 
b roader  public. In 1973 the  “ A dditam en ta  et 
co rr ig en d a” was published by S. K. C zerepanov  
increasing the num ber o f  species  to c. 2 1 ,0 0 0 . 
Editors o f  vol. 20 w ere  B. K. Shishkin  & S. V. 
Y uzepchuk and o f  vol. 21 B. K. Shishkin , both 
volum es w ere originally published in 1954. 
Scientists  contributing to th e se  volum es were: 
A. G. B orisova, S. G. G o rsh k o v a ,  M. V. Klo­
kov , O. E. K norring, L . A. K uprinova , E. G. 
Levin , V. V. P is’y aukova ,  E. G. Pobed im ova, 
A. I. Poyarkova , B. K . Sh ishk in , S. V. Y uzep­
chuk ,  I. T. V asil’chenko  and  E. V. Voitova.

The system atic  index o f  the  species, the diag­
noses o f  the new  taxa, all the figures and the 
general index to each vo lum e have been  pho to ­
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copied  from the original Russian version . The 
pagination  from the original version is prin ted  in 
the margin o f  the English translation . U n fo r tu ­
nately  this information is lacking in the A ddenda  
(vol. 21 pp. 463-489) containing the descrip tions  
o f  new  taxa. When using the flora, the lack o f  an 
a lphabe tic  genus index to both  L ab ia tae-vo lum es 
was a g reat obstacle. To facilitate m atters  for the 
read e rs ,  I have prepared such an index w hich 
can be copied and interfoliated in the volum es. 
The num ber  o f  species in F lora E u ro p a e a  c o m ­
pared  to F lora o f  the U SSR  is indicated fo r  each  
genus in the index. Each volum e also conta ins 
tw o m aps o f  U SSR folded inside the cover.  
P robab ly  due to photocopying  of the originals 
with red borders , the printing quality o f  these  
maps is not good. The m aps show  the flora re ­
gions o f  U SS R  and ex tra-R ussian  flora regions. 
The floristic  division o f  E u ropean  U SSR  has in 
m ost cases  been followed in F lora E uropaea . In 
all, 913 species in 70 genera  are keyed out. The 
“ A d d ita m en ta  et corr igenda”  added  111 new 
species. Very few subspecific taxa are d istin­
guished . Some cultivated and alien species such 
as Salvia splendens  Ker-Gawl., Lavendula  spica- 
ta L. etc. are included in this figure. T h e  figures 
can be  com pared  to F lora  E u ro p aea  with 452 
species in 41 genera (see Table). The num ber of 
subspec ies  and varieties maintained here is m uch 
higher while not many aliens are included. F ive 
new  g enera  were described in the R ussian  ve r­
sion o f  the  flora, one of which (N eustruev ia  Juz.) 
h o w ev e r  was w ithdraw n in the Corrigenda to 
vol. 20 (vol. 21 p. 462). A bout 75 new species 
w ere  described  in various p recursory  papers  plus 
62 new  species described in the F lo ra  itself. In all 
the new  species com prise more than 15 % o f  the 
total num ber.  Some new com binations  and  new 
nam es are  presented  in the text, unfortunate ly  
w ithout references in the index. T he seven  larg­
est genera  with 62 % of the species are  S cu te l­
laria (148 species), Thym us  (136), N ep e ta  (82), 
Salvia  (75), E rem ostachys  (52), S tachvs  (50) and 
P hlom is  (49). In F lora E u ropaea  three genera 
have a com parable  num ber o f  species: Thym us  
(6 6 ), S ta c h ys  (58) and Teucrium  (49). F ive, m ain­
ly M editerranean-A zoric  genera  in the F lo ra  
E u ro p ae a  are not rep resen ted  in F lora  o f  the 
U SSR: Cedronella, Cleonia, H orm in ium , Prasi- 
u m  and  Thymbra.  The 34 genera  not occurring  in 
F lo ra  E uropaea  are shown in the Table. The 
fourteen  genera with m ore species in F lora

E uro p aea  than in F lora of the U SSR  are listed 
here: Acinos, A juga  (+  = m ore than tw ice the 
num ber of species), Ballota  (+ ) ,  Calam intha ,  
Galeopsis, L a m iu m , L avendula  (+ ) ,  M icrom eria  
(+ ) ,  O riganum  ( +  ), Prunella, R osm arinus,  Si- 
deritis (+ ) ,  S ta c h ys  and Teucrium  (+ ) .

W hen com paring the F lora  o f  the U SSR  with 
F lora E u ro p aea  it is soon ev ident that there  is a 
d ifference in species concep t and several o f  the 
new  species described in F lora  o f  the U SSR  are 
reduced  to synonym s in F lo ra  Europaea. To o b ­
tain a figure o f  the proportion , I have com pared  
the nam es used in both  floras in the genus Thy­
m us.  F rom  56 such nam es, nine w ere treated  as 
synonym s in both  floras. O f the rest, 23 were 
maintained in both floras while no less than 24 
nam es w ere reduced to synonym s in F lora E uro ­
paea. Seven o f  these synonym s refer to nam es 
which w ere described as being new in the p repa­
ration o f  the flora. The lumping represen ts  
17.65 %  of  the checked species and this would 
cut the total num ber of species (913-163) to 750. 
To illustrate the difference in species concep t 
one exam ple is chosen. A lthough Salvia viridis 
L. is generally accepted  to be conspecific with S. 
horm in ium  L. in European  floras, both are  m ain­
tained as species in F lo ra  o f  the U SSR  and the 
hybrid betw een these co lour forms is described 
as a new species S. intercedens  Pobed. In the 
taxonom ic  note (vol. 21 p. 214) I quote: “ A spe­
cies in term ediate  be tw een  S. horminium  and S. 
viridis, clearly of hybrid origin . . .  As regards 
o the r  hybrid forms p roduced  by these species, 
displaying o ther  com binations o f  characters , the 
occurence  is rare and sporadic  in areas o f  co h a­
bitation o f  the parent spec ie s” . As this d iscre­
pancy in species concep t betw een Russian and 
E uropean  botanists  will alw ays form a source o f  
confusion , there is a great need for dialogue re ­
garding these  questions.

The flora is amply illustrated and not less than 
400 L abia tae  species have been depicted. U nfor­
tunately  som e o f  the original accuracy  has been 
lost in the English version , e.g. Vol. 20 Fig. 4 and 
Vol. 21 Figs. 6 , 11 and 23 are not acceptable , 
probably  due to differences in black/white shade 
be tw een  figures on the sam e page. The trans la­
tion seem s to be accep tab le  and the species 
descrip tion  and keys are detailed and accurate . 
Several spelling m istakes, om itted  letters, w ords 
and references  unfortunately  low er the general 
im pression o f  the volum es translated .
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T he g rea t  work o f  translating the F lora o f  the L a m iu m 12 13 21 124 8 8

U S S R  is soon reaching its com pletion and we L a v e n d u la  
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gratefully  acknow ledge the patien t and careful
i j c t/ /1M i Mu
L o p h a n th u s 8 0 20

l * t J

275
1 U J

183
w ork sp en t on the p repara tion  o f  these two vo­ L y c o p u s 7 2 21 591 423
lumes. M a jo ra n a 1 0 21 462 330

M a rru b iu m 15 12 2 0 233 155
M eeh a n ia 1 0 20 529 363

M attias Iw arsson M elissa 1 1 21 411 294
M elittis 1 1 20 498 336

C om parison o f  the Labiatae genera in Flora Europaea and M en th a 22 14 21 5% 427
Flora o f  the U SS R  with an index to V ols. 20 and 21. M e ta s ta c h y s 1 0 21 192, 140,

652 470
Fl. U SSR  FI. Eur. V ol. Russ. Eng. M icro m eria 44 21 21 426 304
N o. o f N o. o f page page M o lu cce lla 1 1 2 1 181 132
species species N e p e ta 82 24 20 286 191

N e u s tru e v ia 0 0 20 501 338
A c in o s 4 5 21 441 316 20 526 360
A g a s ta c h e 1 0 20 273 181 21 642 462
A ju g a 4 1 0 20 17 13 O cim u m 1 0 21 641 460
A m a ra c u s 1 0 21 447 320 O riganum 3 13 21 463 331
A m e th y s te a 1 0 20 69 47 O rth o d o n 1 0 21 633 454
B allo ta 3 7 21 187 137 O to steg ia 4 0 21 182 133
B eto n ica 7 0 21 237 172 P a n zeria 3 0 21 157 114
C ala m in th a 4 5 21 429 307 P erilla 2 1 21 630 452
C ha itu rus 1 0 21 144 104 P ero vsk ia 6 0 21 374 267
C h a m a e sp h a c o s 1 0 21 243 177 P h lo m id o sc h e m a 1 0 21 242 176
C linopod ium 5 1 21 436 312 P h lo m is 49 12 21 57 41
D ra co cep h a lu m 35 5 20 439 295 P lec tra n th u s 3 0 2 1 638 458
D rep a n o ca ryu m 1 0 20 228, 151, P runella 3 4 20 494 332

516 350 P se u d e re m o s ta c h y s 1 0 20 500 337
D ysophylla 1 0 21 637 457 P seu d o m a rru b iu m 1 0 21 642 462
E lsho lzia 3 1 21 634 455 R o sm a r in u s 1 2 20 70 48
E re m o s ta c h y s 52 1 21 1 3 S a lv ia 75 36 21 244 178
E rian thera 1 0 21 140 101 S a tu re ia 13 12 21 413 295
G a leo b d o lo n 1 1 21 138 100 S c h izo n e p e ta 2 0 20 282 188
(=  L a m ia s tru m ) S ch ra d er ia 4 0 21 363 260
G aleopsis 5 9 21 111 79 Scu te lla r ia 148 13 20 72 50
G lech o m a 3 2 20 437 293 S id er itis 10 28 20 253 168
G o n tsch a ro v ia 1 0 21 628 450 S ta c h y o p s is 3 0 21 108 77
H y m e n o c ra te r 2 0 20 488 328 S ta c h y s 50 58 21 194 141
H y p o g o m p h ia 2 0 20 491 330 T eucrium 21 49 2 0 39 27
H y sso p u s 9 1 21 448 320 T h u sp e in a n th a 1 0 20 232 154
K u d rja sch ev ia 4 0 20 474 319 T h ym u s 136 66 21 470 335
L a g o ch ilu s 27 0 21 160 116 W iedem ann ia 1 0 21 142 102
L a g o p s is 4 0 20 248 165 Z iz ip h o ra 22 6 21 381 272
L a lle m a n tia 5 0 20 482 324 Total 913 446
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