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T he  originally monotypic genus Thelom m a  M ass. (lichenized fungi, Caliciales) is 
em ended , and seven species occurring in N o rth  A m erica  and Europe are included. 
T helom m a  is characterized by immersed apothecia  with m azaedium , thick, dark 
hypothecium  and dark  simple or one-septate spores. O ne species is new, new combinations 
have been proposed for five species and three genus nam es and three species names are 
considered taxonom ic synonym s. F o u r  lectotypes have been selected and one neotype 
proposed.

D escrip tions of the species and nomenclatural com m ents are given. Information on the 
general m orphology, spore u ltrastructure, chemistry , distribution and ecology o f  the 
species is also included.

Thelom m a  com prises crustaceous to placoid species with apothecia immersed in 
prom inent verrucae. T he  apothecia have a m azaedium  and a very thick dark  brown to 
black hypothecium. T h e  edge of the excipulum proprium  is uncoloured and very thin. 
Spores dark brown to black, simple and spherical or one-septate  and ellipsoidal.

L e i f  Tibell, Institu te  o f  S y s tem a tic  B o tany , U niversity  o f  U p p sa la ,  P . O. Box 541, 
S-751 21 U p p sa la ,  S w ed en .

In connection  with previous studies on C y­
p he l ium  (Tibell 1969, 1971) the subgeneric 
division o f  this genus was considered . It was 
pointed  out that a grouping o f  the species on the 
basis o f  the ana tom y o f  the apo thec ia  and the 
s truc tu re  o f  the spores was possib le , and that 
these  groups co rresponded  in part to  three 
sections described  by N å d v o rn ik  (1942). T h e  
species o f  the section “B ia to r iu m ” N ådv . (not 
validly published) a t trac ted  my atten tion  and a 
short note  on the s truc tu re  of the spore  wall as 
studied by T ransm ission  E lectron  M icroscopy  
w as included in Tibell (1971 p. 144). I t  was also 
pointed out tha t this spore s truc ture  occurred  
in species with one-sep ta te  as well as non- 
sep ta te  spores. T o  me it seem ed ev iden t that 
this group o f  species rep resen ted  a distinct 
genus and so an investigation o f  possibly related 
species was carried out. T h ese  species are  here 
placed in the em ended  genus T h e lo m m a , and a 
revision o f  the genus is p resen ted .
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Historical survey

T h e  first species o f  T helom m a  to  be described  
was T. siliceum  in 1831 when F ée  referred  it to 
Gassicurtia, a nam e rejected by H aw k sw o rth  
(1975). N ex t ,  T. m a m m o s u m  (as Cyphelium  
m a m m o s u m )  was described  by H ep p  from the 
C anary  Is lands (1857) and T. oce lla tum  (as 
A co lium  o ce l la tu m ) from E urope  by K oerber  
(1861). T hus  at that time all species occurring  
outside the main d is tributional area  o f  Thelom ­
ma  (i.e. N o r th  A m erica) had been described .

In 1860 M assalongo e rec ted  the new  m o n o ­
typic genus Thelom m a  for C yphelium  m a m m o ­
sum  H epp . H o w ev er ,  T helom m a  was not 
accep ted  in the lichenological litera ture  and was 
not, for exam ple ,  m entioned  in F ün fs tück  & 
Z ah lb ruckner  (1907 and 1926).

T helom m a californicum  (as Trachylia cali- 
fo rn ica  T u ck .) ,  T. carolin ianum  (as A colium  
carolinicinum  T u ck .)  and T. occiden ta le  (as
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Cyphelium occiden ta le  H erre )  w ere  all described 
from C alifornia  in 1864-1910. T h e  fourth 
endem ic N o r th  A m erican  species, T. santes-  
son ii , is descr ibed  in this paper.

In 1927 V ain io  described  the m onotypic genus 
C ypheliopsis , based  on A co lium  bolanderi T uck .
( - T . m a m m o s u m )  and since then Cypheliopsis  
has been a generally accep ted  genus, even 
though in 1923 Sam paio  had described the 
m onotyp ic  genus Carlosia  with the sam e diag­
nostic featu res  as C ypheliopsis.  In E u rope  
Carlosia  has  been a generally accep ted  genus. 
E xcep t for th e  tw o last-m entioned species (both 
with spherical,  non-sep ta te  spores) the o ther 
species o f  T he lom m a  have usually been in­
c luded in C yp h e l iu m .

H ow ever ,  it is in teresting to  note that the 
separation o f  the species with non-sep ta te  spores 
from those with one-sep ta te  spores also has 
m et with objections. T u ck e rm an  (1872 p. 237) 
m akes the  following com m ent on Acolium  
bolanderi (= T. m a m m o s u m ) and A. californicum  
(= T . ca lifo rn icum ): “ T h e  general agreem ent, in 
all most im portan t s truc tu ra l details , o f  these 
tw o lichens, taken in connec tion  with the 
difference in the ir  spores ,  furnishes evidently 
a new  argum ent against the generical separation 
o f  the  round-spored  Calicia  (Cyphelium  K oerb. 
A nzi. C haeno theca  T h .  F r . ) ” A lthough T u c k e r ­
m an was w rong  with regard to his criticism of 
the  separa tion  o f  C haeno theca  from Calicium  
he was undoub ted ly  correc t in his particular 
exam ple.

In 1942 N åd v o rn ik  united Cyphelium  calici- 
fo r m e  (F lo t.)  Za.hlbr. ( = 7 \  o ce l la tu m ) and C. 
carolin ianum  (Tuck.) Z ahlbr. ( = T. carolinia- 
n u m )  in the  section Biatorium  N ådv . (not 
validly published) o f  Cyphelium .  This  section 
was charac te r ized  by im m ersed apo thec ia  and 
a thick, d a rk  hypothecium . In the same paper 
Cypheliopsis  was accep ted ,  bu t it was pointed 
out that Carlosia  and Cypheliopsis  could pos­
sibly be united in a single genus.

In a recen t taxonom ic survey by Poelt 
(1974) Carlosia  and Cypheliopsis  are still kept 
separate , while T helom m a  is neglected.

Material and methods

Specimens from the following herbaria were inves­
tigated (abbreviations according to Index H erbariorum  
1974): BM, C A N L , D S, F ,  F H ,  G ,  H , H -N Y L , 
L, L IS U , S, S F S U , U A C , U B C , UC and UPS. I w as

also given the opportunity  to s tudy material from the 
private herbaria  of D r  K. Kalb, N eum arkt/O pf. 
and Prof. J .  Poelt, G raz .  T h e  au th o r’s herbarium 
is abbreviated T ib .,  and presently  kept in UPS.

Light M ic ro sc o p y  (LM). F o r  light microscopic studies 
sections 15-20 p,m thick were cut on a freezing 
microtome. Lactic blue was used as a s tandard 
clearing and staining agent. It is very useful, par­
ticularly if hea ted , but it should be observed that 
the crystals in the cortex and medulla are dissolved 
by this method. LM figures as well as m easurem ents 
were recorded  from w ater-m ounts.

Transmission E lectron  M ic ro sc o p y  (TEM ). Material 
prepared as described in Tibell (1975).

Scanning E lectron  M ic ro sc o p y  (SEM). A scospores  
from the u pper  part o f  the m azaedium  were gently 
dusted directly  onto  a specim en stub. T he specimens 
were in som e cases pre-coated with carbon, but in 
most cases directly coated with gold or palladium 
during rotation. N o  particu lar advantage was noted 
when the material was pre-coated with carbon. 
T he  specimens were exam ined in a JE O L  JSM  U-3 
Scanning Electron M icroscope operating at 10 or 
15 kV. T he  spores of  the T h e lo m m a -species are very 
thick-walled when m ature , and in m ature spores no 
specimen dam age caused by low pressure  o r  other 
factors were observed.

Thin L a y e r  C h ro m a to g ra p h y  (TLC). T L C  was carried 
out in accordance  with the m ethod  described by 
Culberson  (1972). System B (n-hexane-diethyl e th e r -  
formic acid, 13:8:2) was used as a s tandard system 
for routine identifications as well as fo r  T L C  separa­
tion and isolation of subs tances  to be investigated by 
MS. After elution the thin-layer plates were in­
vestigated in UV-light, 254 and 350 nm. T hen  they 
were sprayed with 10% H .,S 0 4 and heated at about 
110°C for 10-15 min.

M ass S p e c tro m e try  (MS). T he  mass spectra  were 
recorded with an  LK B  A 9000 M ass Spectrom eter,  
using the heated  direct inlet system. Spectra  were 
recorded at ionization cham ber tem peratures  from 80- 
I30°C. T h e  energy of the ion beam  was 70 or 20 eV, 
the lower energy yielding a higher proportion o f  high 
molecular weight ions. M S was carried ou t on 
substances isolated with T L C  or on fragm ents of 
lichen thalli (cf. Santesson  1969). In some cases 
particular parts of the lichen thallus -  e. g. the 
mazaedium -  were investigated.

Taxonomically important characters

Thallus

T he  thallus o f  the species  is c ru s taceo u s ,  thin 
and sm ooth in T. carolin ianum ,  v e rrucose  in 
T. m a m m o s u m , T. o c c id e n ta le , T. oce lla tum ,  
T. san tesson ii  and T. s iliceum  and placoid  in 
T. californicum.

T he  cortex  in T. ca liforn icum , T. m a m m o su m
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and T. san tesson ii  is thick and densely  in ter­
spersed  with granu lar  crystals  (Fig. 13 C). 
T. occ id en ta le  and T. oce lla tum  have a thin 
co r tex  w ithou t g ranu la r  crystals  (Fig. 9 B). T. 
s il iceum  has a ra th e r  thin co r tex  densely  
in te rspersed  by granules, but the cell walls  are 
less consp icuously  th ickened  than  in the th ree  
f irs t-m entioned  species. T. carolin ianum  has  a 
ra th e r  thick pa rap lec ten ch y m ato u s  co r tex  filled 
with g ranu la r  crysta ls . In T. ca liforn icum , T. 
m a m m o s u m ,  T. san tesson ii  and  to a lesser  
e x ten t  in T. siliceum ,  m assive s trands  o f  
cortical tissue  pene tra te  far do w n  into the 
m edullary  layer  o f  the v e rrucae  and the 
dividing-line be tw een  cortex  and phycob ion t-  
con ta in ing  layer is very  irregular (Fig. 13 B).

A p o th ec ia

T h e  apo thec ia  are im m ersed  in sm ooth , semi- 
g lobose to conical ve rrucae  in T. californ icum ,  
T. m a m m o s u m  and T. san tesson ii.  T h e  surface  
o f  the  v e rrucae  is m uch m ore uneven  in T. 
occiden ta le ,  T. ocella tum  and T. s iliceum .  
T h e  verrucae  o f  the last th ree  species  are also 
m uch less regular in shape. Ferti le  v e rru cae  in 
T. carolin ianum  are very  low, gradually  rising 
from  the thallus. T h e  excipulum  is very  th ick  at 
the base  in all species. T h e  lateral part o f  the 
exc ipu lum  is very thin, and usually  hyaline, 
m ore rarely slightly brow nish . T h e  central part 
o f  the  excipulum  is dark  brow n to b lack. A 
faint greenish-yellow  pru ina  is som etim es  seen 
on the surface o f  the m azaed ium  in T. o cc id en ­
tale  and T. ocella tum .

A sei

T h e  asci in all species excep t for T. carolini­
anum  are cylindrical with uniseria te  spores .  In 
T. carolinianum  the asci are o b o v a te ,  with partly 
overlapping spores. T h e  asci d is in tegrate  at an 
early stage leaving the maturing spores  free  in 
the  m azaedium .

Spores

T. ca liforn icum , T. carolin ianum , T. occ iden ta le  
and T. ocella tum  have one-sep ta te  spores. In 
the o ther species the  spores are spherical and 
non-septate . T h e  spore  wall is very  dark , 
blackish-brow n, and  th ick  in all spec ies ,  excep t

for T. carolinianum  w hich has a m oderately  
thick spore wall. In T E M  the spore  wall s truc ­
ture is fairly similar and  characteristic  in all 
species  ex cep t for T. carolin ianum .  E lectron- 
dense  and e lectron-lucen t areas a lternate  in a 
spot-like, ±  reticu la te  pa tte rn  (Figs. 3 A, 8 A -B ). 
In T. carolinianum  (Fig. 6 A) the spore wall has 
a much m ore minutely granular appearance . 
W hen young the spores  in this species are 
provided with a distinct, thin and hom ogeneous 
ou te r,  p rim ary  wall. T h is  outer wall soon 
dis in tegrates, rup tu res ,  and  gives rise to  an 
irregular o rnam enta tion  o f  the spore (Fig. 6 B). 
In the o th e r  species o f  Thelom m a  o rn am e n ta ­
tion o f  the spores does not originate from the 
disintegration o f  such a distinct prim ary wall. 
A s  to form ation o f  spore  o rnam enta tion  T. 
carolinianum  show s considerab le  similarities to 
several species o f  Calicium  as described  by 
T ibell (1975). T. californicum  is peculiar in 
having a distinct pattern  o f  light and dark  strands 
in the spore  wall as seen in LM. A fairly regular 
o rnam en ta tion  o f  low ridges arranged  in a spiral 
pattern  is also seen in SE M  (Fig. 3 B-C). A  w eak 
striation pa tte rn  is also som etim es seen in LM  in 
sem i-m ature  spores o f  T. ocella tum  (cf. Tibell 
1971) and T. m a m m o su m .

C hem istry

E panorin ,  rh izocarpic  acid and usnic acid w ere 
reported  from T. ocella tum  by Tibell (1971). 
T h is  seem s to be the only previous report on 
secondary  consti tuen ts  from  Thelom m a.

T he  chem istry  o f  T helom m a  is ra the r  c o m ­
plex, and since the s truc tu re  o f  one o f  the major 
secondary  cons ti tuen ts  has not yet been clarified 
the taxonom ic conclusions  in this report may be 
som ew hat prelim inary. It is no tew orthy  tha t the 
secondary  consti tuen ts  in Thelom m a  rep resen t 
b iogenetically different groups. D ivaricatic  acid, 
norstic tic  acid, salazinic acid and usnic acid 
(Fig. 1 A) originate from the acetate-polym alo- 
nate  pa thw ay , while epanorin  and rh izocarpic 
acid originate from the shikimic acid pathw ay. 
M oreover ,  the cons ti tuen ts  derived from the 
ace ta te-po lym alonate  pathw ay vary  cons ider­
ably as to biogenesis. D ivaricatic  acid is an 
orcinol type  depside, while norstic tic  and 
salazinic acid are /3-orcinol type depsidones. 
T h e  subs tance  here  called “ 446 C l”  is a depside 
or deps idone  s tructura lly  related to  divaricatic
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T able 1. Secondary constituents in Thelomma.

Species H ym enium  and 
mazaedium

Thallus

californicum - “ 446 C l”

m am m osu m norstictic acid 
salazinic acid

“ 446 C l”

san tessonii norstictic acid 
salazinic acid

divaricatic acid

siliceum norstictic acid 
salazinic acid

“ 446 C l”

occ iden ta le epanorin 
rhizocarpic acid

usnic acid

ocella tum epanorin 
rhizocarpic acid

usnic acid

carolinianum - norstictic acid

acid. D ivaricatic and salazinic acid have not 
earlier been reported  from Caliciales.

T h e  secondary  constituents  are very  specif­
ically localized, and e ither con ta ined  in the 
hym enium  and m azaedium  or in the vegetative 
thallus. In Tab le  1 the occu rrence  and location 
o f  major secondary  constituen ts  in different tax a  
is summarized.

T h e  hym enium  and m azaedium  contain  e ither 
a mixture of norstic tic  and salazinic acid (T. 
m a m m o s u m , T. santessonii  and T. siliceum ),  
epanorin  and rh izocarp ic  acid ( T . occidentale  
and T. oce l la tu m ) or no secondary  constituen t 
has been found (T. californicum  and T. caro­
linianum).  T h e  thallus contains e ither “ 446 C l”  
(T. californicum, T. m a m m o s u m  and T. sili­
c eu m ),  d ivaricatic acid (T. santessonii) ,  no rs t ic t­
ic acid [T. carolin ianum )  or  occasionally  usnic 
acid (77 occidentale  and T. ocella tum ).

T h e  distribution of secondary  consti tuen ts  
am ong the species also agrees well with 
morphological, ecological and distributional d a ta  
to  form a subgrouping o f  the genus, which 
how ever,  is not at p resent formally recognized 
(cf. p. 226).

T he  structurally  unknow n substance “ 446 C l”  
has been investigated by T L C ,  M S and N M R . 
F o r  the in terpreta tion o f  da ta  I am very m uch 
indebted to D r  J. S an tesson , U ppsa la .  “ 446 
C l”  was isolated by T L C . It is KC +  rose red , 
has M = 4 4 6  and contains one chlorine. T h e  
acid part  of the m olecule seems to  be very

similar to a ch lorina ted  acid part o f  divaricatic  
acid. T h e  alcoholic part o f  the m olecule , how ­
ever, show s several d ifferences as com pared  
with the  alcoholic part o f  d ivaricatic  acid. It is 
thus not likely tha t the re  is a very  simple 
b iogenetic rela tionship  be tw een  “ 446 C l”  and 
divaricatic acid , but ra th e r  tha t in any  b iosyn­
thetic pa thw ay  betw een  these  subs tances  several 
steps might be assum ed.

A p ro p er  thallus reac tion  is only m et with in 
T. californ icum , T. m a m m o s u m  and 7. siliceum,  
which reac t KC + rose red due to  the p resence 
o f  “ 446 C l” . T. ocella tum  is un ique in having 
an I +  dark  blue m edulla  reac tion . A  reaction 
with PD  may o f  cou rse  be ob ta ined  if a solution 
is applied to the apo thecia ,  then  the  thallus will 
also be slightly co loured  due  to diffusion from 
the m azaed ium  and hym enium .

T h e  investigations on the  location o f  sub­
s tances  w ere  carried  out by T L C  and MS o f 
selected parts  o f  the spec im ens , and investiga­
tion o f  PD reac tion  in sections . All specim ens 
were routinely  investigated by T L C  in C u lb e r­
s o n ’s solvent system  B (1972). A  rep resen ta tive  
plate developed  in U V 254 is show n in Fig. 1 B. 
Several m inor, unidentified cons ti tuen ts  have 
been m et w ith, but they are  om itted  in the 
following trea tm en t.

Ecology and distribution

T h e  m ajority  o f  the species (7 . californicum ,  
T. m a m m o s u m ,  T. san tesson ii  and T. s iliceum )  
occu r  on siliceous rocks. T. californ icum ,  how ­
ever, is not rarely found on lignum. T h e  o the r  
species  (T. carolin ianum , T. occ iden ta le  and  7. 
ocella tum )  o ccu r  exclusively  on lignum. T h e  
rock-inhabiting species seem  to have a m ore 
uniform habita t ecology, occurring  mainly in 
coasta l a reas ,  though often ascend ing  ra th e r  high 
in altitude. In C aliforn ia  T. ca liforn icum , T. 
m a m m o s u m  and T. san tesson ii  often o c c u r  to ­
gether, and in some areas  they  evidently  form an 
im portan t part  o f  the vegeta tion  o f  exposed  
rocks. T. californicum  is know n from  a res tr ic ted  
area  in C aliforn ia  only (Fig. 4 A), T. san tesson ii  
occurs  in Californ ia  and  Baja  Californ ia  (Fig. 
4 D ), while T. m a m m o s u m  o ccu rs  from Baja 
C alifornia  to V an co u v er  Is land  on the A m erican  
W  coas t (Fig. 4 B), in the C a n a ry  Is lands  and 
in Portugal. T. siliceum  is know n from a few 
localities in C and S E u ro p e  only (Fig. 12).
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Fig. 1. Secondary  constituents  in T helom m a. -  A: S tructu re  o f  identified secondary  constituents. -  B: Thin- 
layer chrom atogram  o f  Thelom m a  species containing depsides and depsidones. M erck Silica Gel F 2 5 4 plate, 
developed in solvent system  B of C ulberson (1972). R ecorded  in U V  light (254 nm). -  1 Reference, 2 T. ca li­
fo rn icu m ,  3 T. carolin ianum , 4 T. m a m m o su m ,  5 T. san tesson ii ,  6 T. siliceum,  7 reference. -  ln  T. californi­
cum  the substance above “ 446 C l”  is not identical with divaricatic acid as proved by T L C  in other solvent 
systems and by MS.
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Table 2. Comparison of C yphelium  and T helom m a.

C yphelium T helom m a

Apothecia

Sessile or immersed, with Immersed in verrucae,
a dark brown-black lateral part of excipulum
excipulum well devel­ very thin and hyaline.
oped also laterally, thus Basal part of excipulum
forming a distinct brown-black, very thick
excipular margin and cushion-like

Spores

1-septate or sub- None-septate or 1-sep-
muriform. Secondary tate. Secondary wall
wall usually with (except for in T. caro ­
concentrically arranged lin ianum ) with a distinct
layers pattern of electron lucent 

and electron dense areas 
forming a ± distinct 
network

Secondary constituents

Vulpinic acid —

Atranorin —

Chloroatranorin —

Rhizocarpic acid Rhizocarpic acid
Usnic acid Usnic acid
Norstictic acid Norstictic acid
- Epanorin
- Divaricatic acid
— “ 446 Cl”
- Salazinic acid

A m ong the lignum-inhabiting species  T. caro­
linianum  is odd in its geographical d is tribution 
and ecology. It occu rs  in F lo rida  and South  
C aro lina  only, far aw ay  from the main d is tr ibu ­
tion a rea  o f  the genus  in N o r th  A m erica . T h e  
o the r  tw o lignum-inhabiting species -  T. occ i­
dentale  and T. oce lla tum  -  are  closely re la ted , 
bu t have different geographical as well as zonal 
distributions. T. occ iden ta le  o ccu rs  in N o r th  
A m erica , along the Pacific C o as t ,  from  C a l i­
forn ia  to A laska. I t  seem s to  o ccu r  in ra th e r  
humid areas at low elevations  (Fig. 4 C). 
T. ocella tum  is k n ow n  from E u ro p e  only , 
occurring  in the U p p e r  to  L o w e r  O roborea l 
Z o n e  in the A lps and  o the r  m oun ta inous  areas  
in C en tra l  Europe , and also from  the M iddle  
to the N orthern  Boreal Z o n e  in S candinavia .
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Thelomma M ass. em end. L. Tibell

T helom m a  Mass. 1860: 268. -  Originally monotypic: 
T. m a m m o su m  (Hepp in Hartung) Mass.

H olocyph is  Clements 1909: 71, 174. -  Originally 
monotypic: H . bolanderi (Tuck.) Clements

C arlosia  Samp. 1923. -  Originally monotypic: C. 
lusitan ica  Samp.

C yphelium  sect. C ypheliopsis  Zahlbr. in Fünf­
stück & Zahlbruckner 1903: 84. -  Originally mono­
typic: C. bolanderi (Tuck.) Zahlbr.

T ha l lu s  m odera te ly  to ra the r  th ick , crus taceous  
o r  p lacoid. A po thec ia  im m ersed  in prom inent 
v e rru cae ,  w ith m azaed ium . H ypo thec ium  dark  
b ro w n  to b lack, thick. Edge o f  excipulum  
proprium  very  thin, unco loured . Spores  dark  
b row n-b lack , simple and spherical or one- 
sep ta te  and  ellipsoidal.

T a xo n o m ic  rem arks.  T h re e  species  groups can 
be recognized  on bo th  m orphological,  chemical 
and  ecological basis. T h e  first one  (T. californi­
cum , T. m a m m o su m ,  T. san tesson ii  and T. sili­
c e u m )  includes saxicolous species with a  p ref­
e re n c e  for coasta l areas. In the hym enium  and 
m azaed ium  they  (except for T. ca l ifo rn icum ) 
con ta in  norstic tic  and  salazinic acid. In the 
tha llus they  have d ivaricatic  acid o r  “ 446 C l” . 
T. ca liforn icum  is abe rran t  in having a 
placoid thallus and o n e-sep ta te  spores; the 
o th e r  ones are  very  hom ogeneous. T h e  se ­
cond  group includes T. occidentale  and  T. 
oce l la tum .  T h ey  are bo th  lignicolous, p ro d u ce  
epano rin  and rh izocarp ic  acid in the hym enium  
and m azaed ium  and usnic  acid  in the thallus. 
M orpholog ica lly  too they  are very close, but 
T. oce lla tum  has isidia and apo thec ia  are  not 
o ften  found. T. oce lla tum  is also unique in 
having  a s trong 1 + blue reac tion  in the m edulla. 
F inally  T. carolin ianum  has  an isolated position 
in th e  genus. O ccurr ing  on lignum in F lo r id a  
and South  Caro lina it is also geographically  
iso la ted . It has  a d isco rdan t chem istry  with 
no rs tic tic  acid in the thallus only. M orpho logy  
and spore  on togeny  also  differ considerab ly  
from  the o the r  species o f  T he lom m a,  but ra th e r  
than  erec ting  a m onotyp ic  genus 1 think it can 
be  accep ted  in Thelom m a.

A  com parison  of C yphelium  and T he lom m a  is 
given in T ab le  2.
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Key to the species

1. Spores non-septate ......................................................................................................................................................... 2
Spores 1-septate .............................................................................................................................................................  4

2. Thallus greyish, KC + rose red ................................................................................................................................... 3
Thallus with a yellow to olivaceous tinge, KC -  ............................................................................ 6. T. santessonii

3. Spores with a very coarse ornamentation (Fig. 15 D), fertile verrucae irregular in shape (Fig. 15 A,
C) ................................................................................................................................................................................  7. T. siliceum
Spores with a less coarse and irregular ornamentation (Fig. 7 E), fertile verrucae smooth and regular 
in shape .      3. T. m am m osum

4. Thallus verrucose or rimose, KC -  ............................................................................................................................  5
Thallus placodiform, KC + rose red ............................................................................................ I. T. californicum

5. Mature spores 22-28 x 14-15 /zm, thallus thick, verrucose, PD -  ......................................................................  6
Mature spores 13-17 x 8-9 /zm, thallus thin, smooth, rimose, PD + red     2. T. carolinianum

6. Thallus with black, well-delimited groups of minute isidia, medulla I + dark blue ..................  5. T. ocellatum
Thallus without isidia, medulla 1 -  ............................................................................................................. 4 . T .  occidentale

1. T . californicum (Tuck.)  L. T ibell, com b. nov.

Trachylia  californica  T u ck .  1864: 263. -  C yphelium  
californ icum  (Tuck.) Z ahlbr.  in Fünfstück  & Zahl- 
b ru ck n e r  1903: 84. -  Lectotype (selected here): 
“ Acolium  Californicum T . On m etam orphic sandstone 
rocks, O akland  Flills, California, H . N . Bolander, 
1864 . . . ” , herb. Tuck . (FH).

C yphelium  fa rlo w i T u ck ,  ex H erre  1910: 61. -  
L ec to type  (selected here): “ Acolium Farlowi Tuc- 
kerm . in litt. aug. 20, 1885 M onterey , Cal, Rocks 
near the s e a ” , herb. T u ck .  (FPi).

C yphelium  anderson i H erre  1910: 62. -  Lectotype 
(selected here): “ S an ta  C ruz, on lignum, C. L. 
A n d e rs o n ” , herb. H erre  (F, Field H erb . no. 1247525).

Thallus  large, faintly yellow ish-grey-grey , 0 .3 -  
0.4 mm th ick , with d is tinct,  radia ting  lobes in the 
periphery  (Fig. 2 A , B). C o r te x  distinct,  30 -  
40 /zm thick, consis ting  o f  perpend icu lar  hyphae 
densely  in terspersed  with m inute granular 
c rysta ls . Surface  o f  the  thallus minutely granular 
(Fig. 2 B). Ferti le  ve rrucae  conical, 2 .0 -2 .5  mm 
in diam. A po thec ia .  M azaed ium  1.1-1.7 mm in 
d iam ., 0 .5 -0 .7  mm high. H ym enium  80—1 10 /zm 
high. C en tra l part o f  excipulum  0 .2 -0 .4  mm 
thick. C ortex  o f  the verrucae  consis ting  o f  three 
layers. T h e  ou te rm os t,  hyaline layer is 10-15 /zm 
thick, parap lec tenchym atous  with very  indi­
stinct hyphae.

T h e  next layer is densely  in terspersed  with 
minutely granular crys ta ls ,  50-60 /zm thick. T he  
low est layer is very  irregular, p rosop lec ten- 
chym atous , with s trands o f  hyphae  penetrating 
deep  into the ve rrucae ,  giving the ou te r  bo rd e r­
line o f  the phycobion t-con ta in ing  layer a 
strongly folded appea rence  (Fig. 2 C). Spores  
8 /ascus, uniseria te . Sem i-m ature  spores  with a 
distinct s tria tion pattern  as seen in LM  (Fig. 
2 D). M atu re  spores 1-septa te , slightly con-

striced at sep tum , 1 5 -2 0 x 1 0 -1 2  /zm. M ature  
spores  with an o rnam entation  o f  minute ridges 
in te rrup ted  by irregular fissures (Fig. 2 E, 
3 B, C). In T E M  the spore  wall is seen to have 
a s tru c tu re  very similar to  that o f  T. m a m m o su m  
and  T. san tesson ii  (cf. F ig. 8 B and Fig. 3 A).

In T E M  the  spore wall consists  o f  electron- 
den se ,  spot-like areas in a m ore electron-lucent 
m atrix . T h e  spore wall is thick (c. 2-2.5 /zm), 
and  in longitudinal section the  dark spots  are 
seen  to  be arranged slightly concentrically  while 
the e lec tron-lucen t s trands  are slightly radiating 
(Fig. 3 A).

C h e m is tr y . Thallus K —, C —, K C + rose red, 
PD  - .  T h e  m azaedium  o f  T . californicum  is 
PD —. T h e  vegetative thallus contains “ 446 C l”  
as the  m ajor constituen t.  In addition th ree  or 
fo u r  non-indentified minor substances forming a 
d istinct pa tte rn  on the  T L C  plates were recorded  
(Fig. 1 B).

Ecology  a n d  distribution. T. californicum  
o ccu rs  on siliceous rocks, particularly on sand­
s tone ,  and on lignum o f  old posts and fences. 
It g row s in open  situations. Collected from sea 
level to 800 m altitude.

T. ca liforn icum  is know n from a restric ted  
a re a  in C alifo rn ia  only (cf. Fig. 4 A).

E xsicca ta  exam ined:  K rypt. Exs. Vind. 1952 (F, S, 
U P S ).  Rel. T uck .  143 (FH , U A C , U C , UPS). 
Z ah lb ruckner ,  Lieh. rar. 292 (S).

U .S .A .:  California, A lam eda C o .,  Oakland Hills, 
1864 Bolander (lectotype o f  Trachylia californica), 
1863 Bolander (Rel. T uck . 143), Bolander (FH), 1910 
H e rre  (F), 1911 H erre  (F), H erre  (Krypt. Exs. 
V ind . 1952). -  M arin  C o . ,  San Francisco Bay, 1942 
B row n (F); 1.6 km E  o f  Stimons Beach, 1942 Brown
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Fig. 2. Thelom m a californicum . -  A -B : Well developed thallus on lignum with m ature  apothec ia  and marginal 
lobes. California, San M ateo  C o .,  near Point Atio N uevo , 1932 H erre  (UPS). - C :  Section of m atu re  apothecium . 
N o te  the irregular outline o f  the phycobiont-containing layer. Zahlbruckner,  Lieh. Rar. exs. 292 (S). -  
D -E :  Semi-mature and mature spores. N o te  the striated appearance  of the spore wall o f the semi-mature 
spores. Sushan 14672 (UPS).
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Fig. 3. T helom m a californicum . -  A: Section o f  m ature  spore. -  B-C: M ature  spores. N o te  the longitudinally-- 
spirally arranged ridge pattern. -  A -C :  California, San M ateo C o .,  near Point A no  N uevo, 1932 H erre  
(UPS).
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Fig. 4. D istribution o f  T helom m a  species on the N o rth  A m erican  W est Coast. -  A: T. californicum . -  B: T. 
m a m m o su m . -  C: T. o cc id en ta le . -  D: T. santessonii.

(F); 5 km SE  o f  Stimons Beach, 1942 Brown (F); Point 
Reyers Peninsula, Krakers  Beach, 1962 T hiers 798 
(SFSU); R ocky  T t . ,  1962 V olk 373 (SFSU); 1930 
Kelley (F) -  M endocino  C o . ,  C leone State Park, 1951 
Kelley (UC) -  M onterey  C o .,  1885 Farlow  (lectotype 
o f  A colium  farlow ii, cf. above) -  San Franc isco  C o.,  
M ission Hills , 1866 Bolander (FH); San Francisco, 
1892 B lasdale (DS, F ),  1892 H ow e (DS, F );  Skyline 
Bid., 1962 L argen t 60 (SFSU ) -  San M ateo  C o .,  
San B runo M ts . ,  Bolander (F), 1906 H erre  (DS, F, 
F H , U C); N e a r  Pigeon Point, 1932 H erre  (DS, F), 1943 
Herre (F), 1957 Sushan 14672 (UPS); Point Aho 
N u ev o ,  1932 H erre  (F, UPS); South end of Cahill 
Ridge R oad , 1967 Jordan  835 (C A N L), Jordan  836 
(SFSU ) -  S an ta  C lara  C o .,  Santa C ruz  M ts .,  H erre 
(Zahlbruckner ,  Lieh. rar. exs. 292) -  Santa C ru z  Co.,  
Santa C ru z ,  1886 (FH , with T. occ iden ta le), 1910 
H erre  (lec to type o f  C yphelium  andersonii, cf. above); 
C orra litos,  1939 H e rre  (F); Santa C ruz  M ts .,  Bonnie 
D on , 1939 H erre  (F) -  S onom a C o .,  Petalum a, 
M adison  S tree t ,  1939 K och (F) -  C ounty  unknown, 
near San F ran c isco ,  1892 H ow e (F); Stengel Ranch, 
1905 H e rre  (DS, F); Between Watsonville and M oss 
Landing, 1909 H erre  (F); “ California” , 1865 Bolander 
(F, F H ).

2. T. caro lin ianum  (Tuck.) L. Tibell, com b. nov.

A colium  carolin ianum  T uck . 1872: 237. -  C yphelium  
carolin ianum  (Tuck.) Zahlbr. in Fünfstück  & Zahl-

b ruckner  1903: 84. -  L ec to type  (selected here): “ A. 
Carolin ianum  T. in litt., G en .  p. 237, 483 on old 
C ed ar  logs, Bluffton, S .C . ,  legit M ellicham p” ex 
herb . T u ck .  (FH).

Thallus  c ru s taceous ,  con tinuous ,  sm ooth , ri- 
m o se -a re o la te ,  ra the r  thin (c. 0.2 mm thick), 
and w ith a faint, dull redd ish-brow n colour. 
C o r te x  30-35 /am th ick , densely  in terspersed  by 
granu la r  crysta ls.  M edulla  and s trands  o f  the 
medulla reaching  the co r tex  are also richly 
in te rspersed  by granular crysta ls .  A pothec ia  
developing  in older verrucae .  Ferti le  verrucae  
som ew hat rugose, 1.0-1.5 mm  in d iam ., slightly 
to m odera te ly  elevated . M azaed ium  0 .6 -1 .0  mm 
in d iam ., b lack, non-p ru inose , 0.15-0.22 mm 
high. H ym enium  55-75 p m  high, L + dark  blue. 
C en tra l part o f  excipulum  0.16-0 .35 mm  thick, 
b row nish-b lack . C o r tex  o f  fertile verrucae  
densely  in terspersed  with c rysta ls  and with 
a uniform , 35-70 g m  thick phycobiont-con- 
ta in ing layer not in te r ru p ted  by strands of 
hyphae  (Fig. 5 B). A s c i  pyriform  c. 35-^40 x 
14-16 gun (Fig. 5 C ), with a long stalk. Spores  
1-septate, 8/ascus, partly  overlapp ing , 13—16 x 
6 -8  gun, slightly incised at sep tum  and with a
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Fig. 5. i  helom m a carolin ianum . -  A: Well developed thallus. -  B: Section of mature apothecium . N o te  
strands of crystals in the medulla (arrow). -  C: M atu re  pyriform asci. - D :  M ature  spores. -  A ,  C: L ec to type .  -  
B, D : Calkins 207 (S).

BOT. N O T IS E R  129 (1976) The genus T helom m a  231



Fig. 6. T helom m a carolinianum . -  A: Section of m ature spore. N o te  the three wall-layers. Innerm ost layer 
very e lectron-lucent.  Middle layer hom ogeneous and with a distinct ou ter  limit. O uterm ost layer thin and 
uneven ,  giving rise to an ornam entation  o f  the spore surface. Calkins 207 (S). -  B: M ature  spore with 
o rnam enta tion  of small verrucae and cracks. F lorida, Gainesville, 1915 Nelson (FH).
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slightly uneven su rface  (Fig. 5 D). In T E M  the 
m a tu re  spores  a re  seen  to have a very  thin and 
irregular p rim ary  wall (Fig. 6 A), and a thick 
seco n d a ry  wall w ith very  uniform s tructure . 
T h e  o rnam en ta t io n  o f  the spores  (Fig. 6 B) is due 
to the  irregular su rface  o f  the prim ary  wall.

C h e m is tr y . T hallus  K  +  deep  red, PD + yellow, 
C —. All specim ens in the list of localities w ere 
investigated by T L C  and found to contain  
nors tic tic  acid. T h e re  are  tw o m ore  PD + 
su b s tan ces  p resen t,  bu t they have not been 
identified. I t  should  be noted that no PD +  sub­
s tance  occu rs  in the  m azaed ium .

T axonom ic  rem arks .  A lthough T. carolinianum  
has apo thec ia  o f  T h e lo m m a - type it differs 
in several respec ts  from the o ther  species in 
the  genus, particu la rly  in chem istry  and u ltra ­
s truc tu re  of spores .  N ors t ic t ic  acid occurs  as 
a m inor substance  in o th e r  species o f  Thelom m a  
(cf. T ab le  1) but in these  species it occurs  in 
the m azaed ium  and not in the  thallus. T h e  
very  hom ogeneous  s truc tu re  o f  the secondary  
wall is also rem arkab le .  As to geographical 
d istribu tion  T. carolin ianum  is also isolated from 
all o th e r  species. H o w e v e r ,  I think it is m ost 
conven ien t to include it in Thelom m a,  though 
it has a ra the r  iso la ted  position in the  genus.

E cology a nd  d is tr ibu tion . T. carolinianum  o c ­
curs  on lignum o r  d eco rt ica ted  trunks. It has 
been recorded  from “ p in e”  stum ps and lignum 
o f  Jun iperus  and Taxodium .

T. carolin ianum  is know n from  a restric ted  
area  in F lo r ida  and South  C aro lina  only. I have 
seen no material co llec ted  later than  1915.

U .S .A .:  F lorida, Gainesville , 1915 Nelson (FH ) -  
Jacksonville , Calkins (F, UC) -  Fake City, 1900 
collector unknow n (F) -  Sanford, 1911 Merrili & R app 
(FH). -  South  C arolina, Bluffton, Beaufort, 1868 
M ellichamp, H erb .  T u ck .  (FH ) -  do .,  M ellichamp 
(lectotype, cf. above) -  “ S. C arolina, Sea C o a s t” , 
Ravenal (F). -  P rovince unknow n, Calkins, N orth  
Am erican F ichens 207 (S).

3. T. m am m osum  (H epp  in H artung) M as  sal.

M assalongo 1860: 268. -  C yphelium  m am m osum  
H epp  in H artung  1857: 147. -  Coll. orig.: "C yphelium  
m am m osum  H epp , L. Taiche , no. 43” (UPS). 
M assalongo erroneously  indicated that  C. m am m o su m  
w as described from M adeira ,  a m isconception also met 
with in later publications (e.g. H aw ksw orth  1975).

A colium  bolanderi T uck . 1866: 27. -  L ec to type  
(selected here): "A co liu m  bolanderi in litt, ad Boland. 
Oakland Hills, grows with Trachylia Calif, but seems 
to me a different p lan t” , ex H erb. T uck .  (FH).

? Trachylia vouauxi H arm and  in Pitard & H arm an d  
1911: 8. -  Coll. orig.: C anary  Islands, T enerife ,  
Buenavista, Pitard 327 (microslide from PC kept in 
U PS) -  H ierro , “ troncs de Sabines de la D e h esa  de 
los R ey es” , 1906 Pitard (UPS).

Thallus  light grey to  slightly yellow ish-grey or 
with a brow nish  tinge, a reo la te -v e rru c o se .  
A reo lae  w hen  still flat 0 .5 -0 .8  m m  in d iam .,  
fertile verrucae  strongly convex , 1 .1-1.6 mm  in 
diam. (Fig. 7 A -B ) .  C o rtex  sm ooth  and slightly 
shining, coriaceous. A p o th ec ia  develop ing  in 
older verrucae ,  with a thick thalline margin. 
M azaed ium  black, epru inose , no t o r  slightly 
protruding. Ferti le  verrucae  often  incised at the 
base, alm ost peltate. M azaed ium  0 .20-0 .35  mm 
high, hym enium  70-90 p m  thick. C en tra l  part o f  
excipulum  0.12-0.16 m m  high, consis ting  o f  
dark-coloured  hyphae. C o r tex  o f  the  verrucae  
consisting o f  th ree  layers. T he  o u te rm o st  layer is 
form ed by a hyaline, p a rap lec ten ch y m ato u s  
tissue, c. 8-13 p m  thick. N e x t  th e re  is a 2 5 -  
55 p m  th ick  well-delimited layer  filled by small, 
irregular crysta ls.  T h e  low est layer  is very 
irregular and consists  o f  s trands  o f  a pro- 
sop lec tenchym atous  tissue pene tra t ing  deep  into 
the verrucae  giving the ou te r  borderline  o f  the  
phycobiont-conta in ing  layer a strongly  folded 
appearance  (Fig. 7C ).

Spores  uniseria te , 8 /ascus, but o ften  only 6 o r  
7 m ature .  A s c i  cylindrical, 33-38 x 5 - 6  g m  w hen 
mature. Spores  13-16 p m ,  non-sep ta te ,  sp h e r ­
ical, with a coarsely  irregular o rnam en ta t io n  
(Figs. 7 E, 8 C -E ) .  In sem i-m ature  spores  a 
faint striation in the wall is som etim es  seen in 
LM. In T E M  the spore wall show s a very  
distinct pattern  o f  e lec tron -dense  and electron- 
lucent parts  forming a reticula te  pa tte rn . T h e  
dark spots  are  com paratively  large in the  m iddle 
part o f  the wall becom ing much sm aller tow ards  
the periphery . T h e  electron-lucent s trands  in 
betw een are  often slightly radiating while the  
dark spots have a tendency  tow ards  concen tr ic  
a rrangem ent,  particularly  in the o u te r  part o f  the 
wall (Fig. 8 A -B ).

Chem istry.  Thallus K —, C —, KC +  rose red, 
PD —. T h e  m azaedium  con ta ins  nors tic tic  and 
salazinic acid. T h e  co r tex  a n d /o r  m edulla  
contains “ 446 C l” . M ost specim ens inc luded  in
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0.2mm
i— — — —i

Fig. 7. Thelomma mammosum.  -  A: Well developed thallus. Coll. orig. (UPS). -  B: D o . ,  lec to type of 
Acolium bolanderi. N o te  the perithecia o f  Discothecium gemmiferum  in the thalline margin o f  the apothec ia  
(arrows). - C :  Section of m ature apothecium. R. San tesson  18004 (UPS). -  D: M atu re  ascus and sem i-m ature 
spores with a faint striation pattern . -  E: M ature  spores with irregular ornam entation . -  D -E :  Sushan 
14577 (S).
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Fig. 8. Thelomma m am mosum .  -  A: Tangential sec tion  of m ature  spore. N o te  the distinct electron-lucent and 
electron-dense areas. -  B: Part o f  wall o f  m ature spore. -  C -E :  M ature spores with irregular ornamentation. -  
A -C :  Coll. orig. (UPS). - D - E :  Bird 19199 (UPS).
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T ab le  3. Com parison o f  diagnostic features o f  The­
lomma mammosum  and T. santessonii.

T. mammosum T. santessonii

Thallus grey or only with Thallus distinctly yel­
a very faint yellowish- 
olivaceous tinge

lowish-olivaceous

Thallus comparatively Thallus thick, fertile
thin, fertile verrucae 
1.1-1.6 mm

verrucae  1.4-2.1 mm

“ 446 C l” , thallus KC + Divaricatic acid, thallus
rose red K C -

the list o f  localities below  w ere found to contain 
these  substances  by T L C  but in a few instances 
norstic tic  acid was not found.

Taxonom ic  rem arks.  In m any respec ts  T. m a m ­
m o su m  is similar to T. santessonii,  and in some 
parts  of California they  often occu r  together. 
T h e  differences be tw een  T. m a m m o s u m  and 
T. santessonii  are  sum m arized  in T ab le  3. T. 
m a m m o su m  and T. san tesson ii  also have dif­
feren t total d istributions (cf. Figs. 4 B and  4 D).

T. m a m m o su m  is frequently  infected by the 
parasitic py renom ycete  D isco thec ium  gem m i-  

fe r u m  (T. Tayl. in M ackay) V ouaux. T h e  
determ ination  o f  D. g em m iferu m  on the  lecto­
type  o f  A co lium  bolanderi  was kindly confirm ed 
by Prof. R. San tesson . In Californian material 
kept in F H  and U PS  some 20%  of  the  specim ens 
are  infected. T h e  perithecia  o f  the parasite  
preferably develop in the  thalline margin o f  old 
apo thecia  (Fig. 7 B). It is interesting to note  
that so far I have seen no material o f  T. sa n te s ­
sonii  a ttacked by this parasite , though in some 
cases T. san tesson ii  is found toge ther  with 
infected T. m a m m o su m .

Trachylia vouauxi  probably  belongs to The­
lom m a m a m m o su m ,  bu t the material 1 have 
seen so far (cf. above) is too  scanty  to  allow 
a definite identification. Trachylia vouauxi  w as 
described from the C anary  Is lands (Tenerife and 
H ierro ,  one locality from each island). T h e  
chem istry  is identical with tha t o f  T. m a m m o ­
sum ,  but the ex ternal m orphology o f  the 
Jun iperus- inhabiting specim en from H ierro  is a 
little different. T h e  o ccu rrence  on Juniperus  is 
rem arkable  -  I have seen no specim en o f  T. 
m a m m o su m  growing on o the r  substra ta  than

rocks. Until fu r th e r  m aterial is available, par­
ticularly from the  H ierro  population, the  sys­
tem atic position  of Trachylia vouauxi  remains 
uncertain. T h e  thallus o f  the H ierro  material is, 
con tra ry  to the  s ta tem en t in the description o f  
T. vouauxi,  K C  +  rose red.

Ecology a n d  distribution. T. m a m m o su m  occurs 
in coasta l a rea s ,  and seem s to be abundant at 
low altitudes in som e areas o f  California, 
particularly  on islands such as the San  C lem ente  
and Sta C a ta lin a  islands. It occurs  on siliceous 
rocks in open situations, and has been recorded 
from the spray  zone up to c. 700 m (California) 
and  800 m (C anary  Islands). A s to the o ccu r­
rence o f  one  specim en o f  Trachylia vouauxi  on 
Juniperus sab ina ,  see T axonom ic  rem arks  
above.

T. m a m m o s u m  has an in teresting distribution. 
O n the A m erican  W est C o as t  it occurs  from 
Baja C alifo rn ia  to British C olum bia  (Fig. 4 B). 
T. san tesson ii  has a m uch m ore restric ted , 
southern  d is tr ibution (Fig. 4 D ) .  It is particularly 
no tew orthy  th a t  T. m a m m o s u m  is also found on 
the C an ary  Is lands and in Portugal. A lthough 
these  a reas  and the Baja C aliforn ia-B ritish  
C olum bia  part o f  the A m erican  W coas t certainly 
have som e similarity in maritime climate I know  
o f  no phy togeographical parallel, ne ither  am ong 
higher plants no r  am ong  lichens.

N ew  to Europe .

Exsiccata examined: Cum m ings, D ecades  of N orth  
A m erican Lichens II: 141 (F H , S). H asse ,  Lieh. exs. 7 
(FH: p.p. with T. santessonii, DS). Krypt. Exs. 
Vind. 1647 (F H , UPS: with T. santessonii). Rel. 
Tuck . 101 (F H , U C , U PS). W eber, Lich. Col. exs. 75 
(S: with T. santessonii. DS).

Canada: British Columbia, V ancouver  Island, 
V ictoria, 1957 E yerdam  2601 (C A N L , U PS); do., 
Salt Spring Island, small island between G oa t  Island 
and D ead  M an  Island, E of G an g es ,  1967 Bird 
19199 (F H , U P S ),  W alte r  H ook , 1969 Bird 23856 
(CANL).

U.S.A.: Washington, San Juan C o . ,  San Juan  
Island, L onesom e C ove ,  1961 Eyerdam  (DS), do., 
48°29' N ,  123°10' W , Jam es  (CANL). -  Oregon, 
Lincoln C o .,  0.8 km S o f  Seal R ocks, 44°29' N , 
124°09' W , 1972 Pike 2305 (UPS). -  California, 60 
localities from the following counties: A lam eda, 
C ontra  C osta ,  Los Angeles, M arin , M onterey ,  O range, 
San Diego, San M ateo , Santa  C lara and Sonom a. A 
detailed list o f  localities is kept in S and U P S  and 
copies are available on request.

Mexico: Baja California, G uadalupe  Island, Islote 
N egro , 1963 W eber & M cC oy Jr. (W eber, L ich. Col. 
exs. 75).
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C anary Islands: L anzaro te , Teiche, coll. orig. (cf. 
above). -  Tenerife, Anaga Peninsula, between Mt. 
Taborno and Paso, nearCaseiro LaCumbre, along the 
highroad, 1974Tibell 5651 (Tib., UPS).

P ortugal: E strem adura , Berlenga, close to Carreiro 
doMosterio, 1951 Tavares 4065 (LISU); do.,southern­
most part, 1951 Tavares 4257 (LISU).

4. T . occidentale (H erre) L. Tibell, com b. nov.

C yphelium  occiden ta le  Herre 1910: 62. -  Lectotype 
(selected here): California, Santa Clara County, 
foothills near Stanford University, Baker, Pacific 
Slope Lichens 436 (F).

Thallus  c ru s taceous ,  verru co se -su b areo la te ,  
grey (Fig. 9 A), w ithout isidia. Cortex  11-24 p,m 
thick, hyaline. N o  crystals  in the co r tex , nor in 
the medulla. W ithout s trands of h yphae  p en e ­
trating into the m edulla  from the cortex . T he  
borderline o f  the medulla is even, parallel with 
the surface (Fig. 9 B). M edulla  I —. Fertile  
ve rrucae  1.2-1.8 mm  in diam ., w ith uneven  
surface. A po thec ia  single in the fertile verrucae  
or rarely 2-3. M azaed ium  0 .7-1 .0  mm in diam ., 
som etim es with a greenish-yellow  pruina. 
H ym enium  55-80 p.m high. Central part o f  
excipulum  0.23-0.33 mm high, blackish-brown. 
A sc i  cylindrical. Spores  1-septate, 8 /ascus, 
un iseria te , 22-28 x 12-15 p.m, constr ic ted  at 
septum . In LM  the surface o f  the spores is 
sm ooth  or m inutely uneven (Fig. 9 D). T h e  
spore wall as studied in T E M  (Fig. 10 A) is very 
similar to that found in T. ocella tum  and o ther  
Thelom m a  species excep t for T. carolinianum.  
In SEM  (Fig. 10 B) the spore surface is seen to 
be minutely uneven , possibly a drying artifact, 
s ince no co rrespond ing  s truc tu re  is found in the 
T E M  pictures.

Chem istry .  Thallus K - ,  C - ,  K C - ,  P D -.
M edulla  I — . T h e  m azaedium  often has a  g reen­
ish-yellow pru ina  consisting of te tron ic  acid 
derivatives. N ine  specim ens w ere investigated 
by T L C , MS or both  m ethods. As in T. oce l­
latum  a ra the r  confusing situation is encoun te red  
with considerable  variation in n um ber  and 
am ount of substances  detected . Epanorin , 
rhizocarpic acid and usnic acid were found in 
the following specim ens: California, no further 
locality indicated, A ndersson , U P S ; Santa  C ruz , 
1887 Farlow , F H ;  Santa C ru z  M ts, Stengel 
Ranch, 1905 H erre ,  FH  and Sushan 14818, 
U PS . E panorin  and rhizocarpic acid w ere de-
17 -  B o tan isk a  N o tis e r

tec ted  in K och  217, F H  and N ash  8020, U PS . 
U sn ic  acid only was found in Baker, Pacific 
Slope L ichens 436, F H  and U PS  and no sub­
s tance was de tec ted  in Brodo, Lich. C anad. 
exs. 32, U PS .

Taxonom ic rem arks. T. occidentale  is m or­
phologically and chem ically  very  similar to T. 
ocella tum ,  and differs mainly in not being 
isidiate and having an I -  medulla. The tw o 
species also have a different geographical and 
zonal distribution. T. occidentale  occurs  in 
coasta l hem ib o rea l- tem p era te  areas  in N o r th  
A m erica , w hereas  T. ocella tum  is found in 
boreal and  oroboreal a reas  in Europe.

E co logy  and  distribution. T. occidentale  occurs  
on lignum, preferably  fencing posts. In some 
cases  the substra te  is indicated as lignum of  
redw ood. It has been  recorded  from sea level to 
600 m altitude, from sou thern  A laska to  C ali­
fornia, and is know n from N o rth  A m erica  only 
(Fig. 4 C ) .

N ew  to  A laska, British C olum bia  and 
W ashington.

Exsiccata exam ined : Baker, Pacific Slope L ichens 436 
(F, F H ,  U PS). Brodo, Lich. Canad. exs. 32 (UBC, 
U C , UPS).

Canada. British Columbia, Hastings, Burrard Inlet, 
1889 M acoun (C A N L) -  Q ueen C harlo tte  Islands, 
M oresby  Island, Alliford Bay, 53°12' N ,  131 °59' W, 
Brodo & Shchepanek , Brodo 11761 (UAC and Brodo, 
Lich. Canad . exs. 32).

U .S .A .:  Alaska, Ju neau , M endenhall Valley, 1972 
W ennekens (SFSU ) -  California, Hum bolt C o .,  Cape 
M endocino , 8 km S o f  C apetow n, 1966 Ammirati 
392 (SFSU ) -  M onterey  C o .,  Hastings Natural 
R eservation E o f  Jam esburg , 1956 I. T avares  58 e 
(UC) -  San Diego C o .,  Santa C ruz, 1885 Farlow 
(F), 1886 A nderson  (with T. californicum, FH ); 
Santa C ruz, 1887 Farlow  (FH); Santa C ruz  M ts.,  
F atjo  Ranch, 1908 H erre  1293 (F, F H ) -  San Luis 
Obispo C o .,  23 km E of C am bria ,  along State Route 
46, N ash  8020 (ASU, U PS) -  San M ateo  C o .,  Pilarcitos 
C reek  C anyon , 1957 Sushan 14818 ( U P S ) -S a n ta  C lara 
C o .,  foothills near Stanford University , 1902 Baker 
(Baker, Pacific Slope Lichens 436, lecto type, cf. 
above); do .,  1902 B aker (FH); 6.5 km W o fG ilro y ,  1942 
Brown (F) -  Sonom a C o .,  Kenw ood, 1887 Bioletti 
(F); Highway 128, 38 km past C loverdale , 1968 
Setzer 1581 (SFSU ); B arbour Ranch Pasture, 6.5 km 
N of Santa R osa ,  1938 Koch (DS, F). -  C ounty  un ­
know n, Santa  C ruz  M ts..  Stengel Ranch, 1905 Herre  
(DS, FH ). -  Washington, Clallam C o .,  Dungeness 
Bay, 48°09' N .  123°08' W , Brodo 15272 (CANL); 
do .,  Bird 23107 (UAC).
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Fig. 9. Thelom m a occ iden ta le . -  A: Thallus with fully developed apothecia. N o te  the irregular surface 
o f  the fertile verrucae. -  B: Section o f  m ature  apothecium. C ortex  com paratively  thin and phyeobiont- 
containing layer  even (arrow). -  C: Part o f  hymenium with asci, young and semi-mature spores and 
m ature spores. -  D: M atu re  spores. -  A , D: Baker, Pacific Slope Lichens 436 (UPS). -  B, C: Sushan 
14818 (UPS).

DD
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Fig. 10. Thelom m a o cc id en ta le . -  A: M atu re  spore. Sushan 14818 (UPS). -  B: M atu re  spore with o rn am en ­
tation of minute cracks. T hese  cracks may at least partly be a drying artifact. N a sh  8020 (UPS).
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5. T . ocellatum (K oerb .)  L. T ibell, com b. nov.
A co lium  ocella tum  Koerb. 1861: 285. -  Cyphelium  
ocella tum  (Koerb.) Trev . 1862: 4. -  Lectotype 
(Tibell 1971): Switzerland, H epp  (H epp, F lechten  
Eur. 331, ex Herb. K oerb .,  L).

Thallus  c rus taceous , well developed  with flat­
tened , subcrenula te  verrucae  o r  subareola te , 
grey. Isidia  ±  frequen t,  forming irregular, but 
well-delimited, black patches  (Fig. 11 A). Isidia 
a lm ost globose, 27-40 ptm in d iam ., covered 
by  a dark , dense  p lec tenchym a (Fig. 11 C -D ). 
Is id ia  particularly  abundan t w hen the  thallus is 
sterile and in nu tr ien t-en riched  habitats . Cortex  
22-32 pan th ick , form ed by hyphae  perpend i­
cu lar  to the  surface and som etim es with swollen 
and brow nish  apices. A n ou te rm ost,  com pletely 
hyaline layer, c. 10-13 pan th ick is also usually 
p resen t.  N o  crystals in the co r tex  nor in the 
medulla. N o  strands o f  cortical hyphae  penetra te  
dow n  into the verrucae  and the borderline o f  the 
phycobiont-conta in ing  layer is even. Medulla  
1 +  blackish-blue. A pothec ia  developing in old 
verrucae .  Ferti le  verrucae 1.5—2.0(—2.5) mm in 
d iam .,  with uneven surface. M azaed ium  0 .5 -  
1.0 mm in d iam ., som etim es with a greenish- 
yellow  pruina. Edge o f  the excipulum  ±  distinctly 
greenish-yellow . H ym enium  80-110 /xm high. 
C en tra l  part o f  excipulum  0.14-0.22 mm thick, 
brow nish-b lack . C ortex  o f  fertile verrucae  w ith­
ou t c rysta ls ,  and with a uniform phycobiont- 
con ta in ing  layer not in terrupted  by strands of 
hyphae  (Fig. 11 B). A sei  cylindrical, with a long 
stalk . Spores  1-septate, 8 /ascus, uniseriate, 
22-28 x 1 2 -1 5  /zm, slightly constr ic ted  at sep­
tum , and with a slightly uneven surface. In TE M  
m a tu re  spores  are seen to have a wall with 
e lec tron-dense  and electron-lucent parts. T he  
e lectron-lucen t parts  are som etim es slightly 
rad ia ting  (Tibell 1971). A w eak pattern of 
e lec tron-lucen t s trands in the ou te rm ost part of 
the wall is som etim es also seen , and this 
ev idently  gives rise to an indistinct striation 
pa tte rn  som etim es observed  in LM (cf. Tibell 
1971). In SEM  the surface o f  the spores is 
seen to have a slight, irregular o rnam entation  
(see Tibell 1971).

C hem is try .  Thallus: K - ,  C - ,  K C - ,  P D -.  M e­
dulla  I +  dark  blue. T he  m azaedium  and the  edge 
o f  the excipulum  contain te tronic  acid der iva­
tives .  U sn ic  acid is met with in some specim ens 
(cf. T ibell 1971). In three specim ens investigated

by D r  J. S an te sso n  epanorin  and rhizocarpic 
acid w ere  found  (Tibell 1971). Reinvestiga­
tion by M S o f  o th e r  specim ens cited afforded 
additional reco rds .  T h u s  in Tibell 4298 and  Anzi, 
Lich. Lang. exs .  211 (UPS) w ere  found to 
contain  epano rin  and rhizocarp ic  acid. Tibell 
4246 and H e p p ,  Lich. Eur. 331 (U PS) were 
too scan ty  to be  reinvestigated.

T axonom ic  rem arks.  See T. o cc id en ta le .

Eco logy  a n d  d istr ibution. T. ocella tum  occurs on 
lignum o f  con ifers , often on w ooden  fences and 
pos ts  in the vicinity o f  cu ltivated  a reas .  These  
localities seem  to be nutrien t-enriched . In such 
localities sterile thalli o f  T. ocella tum  often cover 
large areas.  S pecim ens m ore richly provided 
with ap o th ec ia  have  been found on dry, 
d eco rt ica ted  tw igs and  trunks o f  Pinus cembra  
and L ar ix  decidua  a t high a ltitudes in m oun­
ta inous areas  o f C  E urope .

T. oce lla tum  is know n from E u ro p e  only, 
w here  in Scand inav ia  it occurs  from the 
H em ib o rea l  to  the M iddle Boreal Z o n e ,  and in 
C E u ro p e  in the  U p p e r  and M iddle  O roboreal 
Z o n es .  I t  may also possibly  o ccu r  in the  Low er 
O roborea l  Z o n e  in the A lps , the C arpath ians  
and  the S ude te s .  A  m ap o f  the  distribution is 
given in Fig. 12. It should  be no ted  tha t I have 
not had the o ppo rtun i ty  to investigate material 
from Polish herbaria ,  and thus  a num ber of 
Polish  localities cited in T o b o le w sk i  & K upczyk  
(1974 map 218, as C yphelium  calic iform e)  are 
lacking in my map. A dditional localities to those 
listed by Tibell (1971) are given below.

W eb e r  (1967) reported  Cyphelium  caliciforme  
(nom en nudum  = A co liu m  ocella tum  K oerb . fide 
W eber)  as new  to N o r th  A m erica ,  bu t this was 
p robably  based  on misidentified material of 
7. o cc id en ta le . I have seen one of the three 
collections cited by W eb e r  and it belongs to 
T. occidenta le .

T h e  species is new to Scandinavia , though so 
far only sterile m aterial has been  collected 
from this area.

E xsicca ta  exam ined'. V ézda ,  Lich. Sei. exs. 1252 
(Herb. Kalb , U PS).

A ustria: Sa lzburg , K itzbühler A lpen, Zell am See, 
Schm ittenhöhe , 1973 Kalb (V ézda, Lich. Sei. exs. 
1252); do .,  Zell am See, W  of Schm ittenhöhe ,  1973 
Santesson  24,822 (UPS). -  Vorarlberg, Rätikon, 
L atschä tz-A lm , 1975 Kalb (H erb. Kalb).

Ita ly: T ren tin o -A lto -A d ig e , O rtle rg ruppe ,  Martell- 
tal, M ahder ,  c. 1 km N N W  o f  Zutri t t-See, 1971 Tibell
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0.1 mm
I  m*

Fig. 11 .T h e lo m m a  ocella tum . -  A: Thallus with m ature  apothecia and well limited, black isidiate areas 
(arrows). Tibell 4433 (Tib.). -  B: Section o f  m ature apothecium . Switzerland, Zerm att,  1871 Th. M. Fries 
(UPS). -  C: Section of isidiate part of thallus. -  D: Isidia with well developed cortex. -  C -D : Tibell 4315 
(Tib.).
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Fig. 12. Distribution o f  Thelomma ocellatum  (dots) and T. siliceum (stars).

4479 (Tib.) -  S am ta le r  Alpen, N of D urnholz ,  
Seebachtal, c. 3 km N N E  o f  D urnho lz , 1971 Tibell 
4433 (Tib., UPS).

Sweden: Ångermanland, U llånger par.,  c. 18 km 
N N E  of K ram fors, H å ll ,  1975 M oberg 2832 (UPS). -  
Härjedalen, Hede p a r . ,  9 km S of H ede ,  Gam m el- 
vallen, 62°20' N , 13°31' E , 1973 Tibell 5463 (Tib.). -  
Jämtland, Offerdal p a r . ,  Y ttero lden , 1975 Tibell 6313 
(Tib.). -  Östergötland, V äversunda  par., Om berg, 
D jurkälla , 1975 Tibell 6117 (Tib.). -  Uppland, A lsike 
par .,  Fredrikslund, 1975 Tibell 5811 (Tib.) -  S tavby 
par., V äsby , 1976 Tibell 6315 (Tib.). -  Västman­
land, V ästerås-B arkarö  par., c. 13 km S SE  of 
V äste rås ,  Ridön, O rm häll,  1975 M oberg  3048 (UPS).

Switzerland: Wallis, Walliser A lpen, Zerm att,
G o m e r  Schlucht, 1974 Kalb  (herb. Kalb); do., Z e r ­
matt,  Furri,  1974 Kalb (herb. Kalb); do., Zerm att,  
Fideln, 1974 K alb  (herb. Kalb).

6. T, santessonii L. T ibell,  sp. nov.

Thallus pallide lu tescens ex olivaceo b runneus ,  crus- 
taceus, a reo la to -verrucosus .  V errucae fertiles fere 
peltatae 1.4-2.1 mm diam. C ortex  laevigatus parum  
nitidus, coriaceus. A po thec ia  im m ersa, in verrucis  
vetustis p ro tuberantia .  M azaedium  nigrum, eprui- 
nosum. Excipulum  basi valde incrassatum , brunneum
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vel nigricans. Asci cylindrici, 31-38x4-5 gm. Sporae 
g lobosae, non-septa tae, 14-16 gm  diam. ornam ento  
scabro  irregulari munitae. Thallus K - ,  C - ,  K C - ,  
PD - .  M azaed ium  acidum norsticticum et salazinicum 
continens. C o rtex  vel medulla, vel am bo acidum 
divaricatum  continentes.

H olo typus: U. S. A .,  California, Los Angeles Co.,  
San C lem ente  Island, W shore, from Eel Point to 
Seal C o v e ,  1966 R. Santesson 17960 (UPS).

Thallus  pale yellow, with an o liv aceo u s -b ro w n ­
ish tinge, c ru s taceous ,  a reo la te -ve rrucose .  
A reo lae  w hen still not fertile 1 .0-1.5 mm in 
diam. Ferti le  verrucae  incised at the base, 
a lm ost peltate , strongly convex, 1.4-2.1 mm in 
diam. (Fig. 13 A). C ortex  sm ooth , slightly 
shining, co riaceous . A pothecia  developing in 
o lder verrucae ,  fully immersed. M azaed ium  
black, ep ru in o se ,  not or slightly protruding. 
M azaed ium  0.31-0.42 mm high, hym enium  
70-90 p m  high. C entra l part o f  excipulum  
0.23-0 .36  mm  high, consisting of dark  brown 
hyphae. C o r tex  o f  the verrucae consisting o f  
three  d is tinct layers (Fig. 13 C). T h e  ou te rm ost 
layer is form ed by a hyaline, paraplecten- 
chym atous  tissue , c. 6-11 p m  thick. N e x t  there  
is a well-delim ited 40-50 p m  thick layer filled 
by small, irregular crystals.  T he  low est layer is 
very irregular and consists  of s trands o f  a 
p ro sop lec tenchym atous  tissue penetra ting  deep 
into the  verrucae ,  giving the ou te r  borderline 
o f  the  phycobiont-conta in ing  layer a strongly 
folded app ea ran ce .  Spores  uniseriate, 8 /ascus. 
A sc i  cylindrical, 3 1 - 3 8 x 4 - 5  p m  w hen m ature. 
Spores non-sep ta te ,  spherical, 14—16 p m  in 
diam ., with a coarse ,  irregular o rnam entation  
(Fig. 14 B). In sem i-m ature spores  a faint 
stria tion pattern  is som etim es visible. In T E M  
(Fig. 14 A) the spores  are very similar to those 
o f  7. m a m m o s u m .

C hem istry .  T hallus  K —, C —, KC —, PD —, T he  
m azaed ium  con ta ins  norstic tic  and salazinic 
acid. T h e  cortex  or medulla, or bo th , contain 
divaricatic  acid. All specim ens included in the 
list o f  localities below were found to contain 
these subs tances  by T L C . The p resence o f  
divaricatic  acid was also confirmed by MS in 
the holo type.

T axonom ic  rem arks. T. santessonii  is closely 
related to 7. m a m m o su m ,  and rem arks  on the 
tw o species are  given under the latter species.

Eco logy  and  distribution.  7. san tesson ii  occurs

on siliceous rocks in coastal areas o f  California 
and Baja California , alt. 20-500 m. In  C ali­
fornia it mainly occu rs  in the  southern part. 
It thus has a much more restric ted  and m ore 
southerly  d istribution than 7. m a m m o su m .  In 
southern  California it often occurs  together with
7. m a m m o s u m .

Exsiccata ex a m in e d : H asse ,  Lich. exs. 7 (FH: p .p .,  
with 7. m a m m o su m ).  Krypt. E xs. Vind. 1647 (p.p., 
with 7. m a m m o s u m : U P S , S). W eber, Lich. Col. exs. 
75 (p.p., with 7. m am m osum '.  F H ,  S, UAC, UPS).

U .S .A .:  California, Los Angeles Co.,  San C le ­
mente Island, R. Santesson 17960 (holotype, cf. 
above), 17967, 18069 (UPS), 1966 W eber L-42628 
(UC); do .,  ju s t  N of Boulder, 1966 R. Santesson 
18208 (UPS), 18209 (UPS: p .p.,  with 7. mammosum)-,  
Santa Catalina Island, A rrow  Point, 1966 R. Santesson 
17600 a, b (UPS), 1966 W eb er  L-42119 (CANL); 
do., SW of Empire Landing, 1966 R. Santesson 
17495 (UPS); Santa M onica Range, 1913 H asse 
(H asse, Lich. exs. 7) -  M on terey  C o.,  Carmel 
Valley, S slope of Pinyon C reek ,  1949 Hassis (UC) -  
Riverside C o .,  near R iverside, 1911 Reed 3170 ( F H ) -  
Santa C lara C o.,  near Stanford University, H erre  
(Krypt. Exs. Vind. 1647. p .p .,  with 7. m a m m o su m )  
-  Solano C o .,  SE o f  Vallejo, 2 km N of Blue Rock 
Springs Park , 1966 T u ck e r  6170 (UC) -  N o  further 
locality indicated, 1874 Eisen (UPS).

Mexico: Baja California, c. 45 km S of the U.S. 
border, betw een H alfway H ouse  and El Burrito, 1966 
R. Santesson 18259, 18264 (UPS) -  c. 18 km SW of 
Ensenada, Punta Banda S of Bahia T odos Santos, 
1966 R. Santesson  18296 e, 18297 f  (UPS) -  Punta 
Banda, 1973 Sigal 39 (SFSU ) -  G uadalupe Island, 
Islote N egro ,  1963 W eb er  & M cC oy, Jr. (W eber, 
Lich. Col. exs. 75, p .p. with 7. m a m m o su m ).

7. T. siliceum (Fée) L. T ibell, com b. nov.

Gassicurtia silicea  Fée  in M éra t 1831: 252 (as 
Gassicurtia silacea).  F ée  material has been requested 
from G and STR, but no authentic  material has been 
obtained. In 1837 Fée gave a very  detailed description 
o f  Gassicurtia silicea, including notes on the ontogeny 
o f the apothecia ,  the m azaedium  and the asci. From 
this description it is evident that G. silicea is a 
Thelom m a  species. During some thirty years N y lander  
repeatedly collected a Thelom m a  species on sandstone 
in Fonta inebleau , the type locality of G. silicea. 
N ylander  consistently  called it G. silicea, and in his 
herbarium (H -N Y L ) there  are six specimens from 
Fontainebleau and one from M orbihan. F u rth er  
material has also been distributed in N y lan d e r’s 
H erb . Lich. Paris no. 150. T hus  there seems to be 
little doubt that  N y la n d e r ’s material really belongs to 
G. silicea, and it seems reasonable to select a neotype 
from his material. -  N eo type : “ Gassicurtia silacea  
F ée ,  Fonta inebleau , W. N y la n d e r” , Herb. Nyl. p.m. 
52 (H). A  discussion o f  the nom encla ture of this 
species is also given by H aw ksw orth  (1975).

Carlosia lusitanica  Samp. 1923: I. -  Coll. orig.:
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Q1mm

Fig. 13. Thelomma santessonii.  -  A: Thallus with m ature apothecia. -  B: Section o f  apothec ium . -  C: C ortex  
o f  fertile verrucae. T h e  outerm ost layer (arrow) is very thin and below this an even layer filled with crystals 
is found. The thick innerm ost cortical layer is in som e areas  seen to reach far down into the phycobiont- 
containing layer. - D :  Semi-mature and mature spores. -  A -D :  H olotype.

9.2mm,
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Fig. 14. Thelom m a santessonii.  -  A: Section of a lm ost m ature spore. Holo type. -  B: M atu re  spores with 
irregular ornam entation . R. Santesson  17600 a (UPS).
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0.1 mm

2 mm
Fig. 15. Thelomma siliceum. -  A, C: Thalli with m ature apothecia. -  B: Section of apotheciuim  T he cortex  
is comparatively thin. -  D: M ature spores with coarse and irregular ornam entation . -  A, D: . avares 22U2 
(UPS). -  B, C: Poelt 10067 (Herb. Poelt).
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Fig. 16. Thelom m a siliceum. -  A: Section of mature spore. -  B: M atu re  spore with irregular ornamentation. -  
A -B : N y lande r ,  Herb. Lich. Paris 150 (UPS).
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“Carlosia lusitanica Samp. Taboa?o, sobre o granito, from a  few, sca tte red  localities only in Middle 
J. Sampaio, det. G. Sampaio” (LISU). and South  Eu ro p e  (Fig. 12).

N e w  to  G reece .

Thallus  c rustaceous, ve rrucose -a reo la te ,  when 
fully developed in part a lm ost sublobate. 
A reo lae  0.8-1.2 mm in diam. T hallus  when well 
developed with a minutely granular surface 
similar to  that found in T. californicum. Ferti le  
verrucae 0.8-1.2 mm  in d iam ., dull, often very 
irregular (Fig. 15 A, C). A pothec ia .  M azaedium  
0.6-0 .8  mm in d iam ., black, often bent to one 
side or the other. M azaed ium  0.20-0.25 mm 
high, hym enium  70-110 p m  high and central 
parts  o f  excipulum 0.16-0.22 mm thick, dark 
brow n. Edge o f  excipulum  very thin, reaching 
to approxim ately  one third o f  the height o f  the 
m azaedium . C ortex  o f  fertile verrucae  uniform, 
30-50 p m  th ick and densely in terspersed  by 
minute, granular crystals. Dividing line to  the 
phycobiont-conta in ing  layer fairly even (Fig.
15 B). Edge o f  thalline margins ±  crenu la te ,  
whitish. Spores  uniseriate. M atu re  spores 10- 
14 p m  in d iam .,  unicellular. Surface o f  the 
m ature  spores very irregular (Figs. 15 D , 16 B). 
In SEM it looks as if parts  o f  the spore wall 
w ere torn aw ay from the  surface, leaving open 
scars. This irregularity o f  the spore surface is 
also seen in T E M  (Fig. 16 A). In T E M  ano ther  
peculiarity is observed . T h e  spore wall s tructu re  
is ra ther  similar to  that one o f  for exam ple  
T. m a m m o su m ,  but the  e lec tron -dense  elem ents  
are smaller and partly o rien ta ted  in different 
directions in different parts  o f  the  wall (Fig.
16 A), while the spore wall o f  T. m a m m o su m  
has a m ore uniform , reticulate s truc tu re  form ed 
by larger e lec tron-dense  and electron-lucent 
areas.

Chem istry.  Thallus  K —, C —, KC +  rose red, 
PD - .  T h e  m azaedium  conta ins norstic tic  and 
salazinic acid. T hallus  contain ing  “ 446 C l”  as 
m ajor constituent.

E cology and  distribution. T. siliceum  occurs  on 
siliceous rocks. M any  o f  the collections are 
from sandstone. It seem s to be confined to 
coastal areas, though reaching high altitudes 
(800-900 m) on A ttica, G reece  and Serra  da  
E s tré la ,  Portugal. T h e  type  locality -  close to  
Paris -  is puzzling. H ere  it w as collected from  
1824 to  1896. Perhaps this has to be considered  
as a relict locality. T. siliceum  is so far know n

Exsiccata exam ined : N y lander ,  Lich. Paris 150 (G, 
UPS). T av a re s ,  Lich. Lus. exs. 27 (LISU , UPS).

France: Morbihan, Isle de G roix , collec tor un ­
know n, H erb .  N yl.  p .m . 50 (H). -  Seine-et-Marne, 
F onta inb leau ,  neo type ,  cf. above; Fonta inbleau, 
Rochers de F ran c h a rd ,  1854 N ylander,  H e rb .  Nyl. 
p.m. 51 (H); Fon ta inb leau , 1854 N y lander ,  Herb. 
N y l.  p .m . 53 (H), 1863 N y lande r ,  H erb . Nyl. p.m. 
49 (H), 1881 N y lander ,  H erb . Nyl. p.m. 48 (H), 
N y lande r ,  H erb .  N yl. 43323 (H), 1896 Boistel (BM).

Greece: Attica,  immediately W o f  the top of 
Imittos close to  A thens ,  on N-facing side o f  siliceous 
boulder, 1971 Poelt 10067 (Herb. Poelt).

Portugal: Alto Alentejo, F ron te ira  de Marväo- 
G alegos, 1948 T av a res  2590 (LISU). -  Beira Alta, 
T aboa§o , coll. orig., cf. above -  Serra  da  Estréla, 
C aldas  de M anteigas, 1944 T avares  115 (LISU); 
do . ,  S enhora  do  D es té rro ,  1947 T av a res  2202 
(L ISU , U P S ),  1946 T av a res  (Tavares, Lich. Lus. 
exs.  27) -  Between Ervas  T en ras  and Pinhel, 1962 
T av ares  6823 (LISU ) -  Tras-os-Montes, be tw een  Vila 
Real and M ur?a ,  1957 T av a res  5863, 5871, 5872 
(L ISU ) -  R ibeira  de Sampaio, 1957 T ava res  5956 
(LISU).
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N o tes  are given on tw enty-one species o f  angiosperms that are either new for G reece 
or have been very  rarely recorded, o r  are otherw ise o f  interest. T he species are: Silene 
tem pskyana  F rey n  & Sint.,  A n em o n e  nem orosa  L ., H ym eno lobus  pauciflorus  (Koch) 
Schinz & T hell . ,  Alchem illa  flabella ta  Buser, Dry as octopetala  L .,  Ononis repens L .,  
Trifolium pa llescens  Schreb .,  Polygala supina  Schreb.,  M alva  alcea L . ,  Aesculus  hippo- 
castanum  L . ,  B upleurum  affine  Sadler, Gentianella crispata  (Vis.) J. Holub, M entha  x 
verticillata L ., M ela m p yru m  cristatum  L ., M elam pyrum  arvense  L., M elam pyrum  hera- 
cleoticum  Boiss. & O rp h . ,  Euphrasia hirtella Jord . ex R eu t . ,  Lathraea squamaria  L ., 
Filago m in im a  (Sm.) P ers . ,  Alism a lanceolatum  W ith .,  and Ruscus  hypoglossum  L.

A rne  Strid, Insti tu te  o f  Sys tem atic  Botany, University o f  Copenhagen, 140 Gothersgade,  
DK-1123 C openhagen  K, D enm ark.

T his  b r ie f  report  adds a few species to  the 
G reek  flora and  gives phy togeographical and 
taxonom ic  co m m en ts  on an additional num ber 
tha t a re  rare o r  o therw ise  o f  in teres t.

Mt O lym pos  (2917 m), on the b o rd e r  be tw een  
T h essa ly  and  M acedon ia ,  has been  the subject of 
several publications (most im portan t are  those 
o f  H ay ek  1928 and  Stojanov & Jo rd an o v  1938), 
but is far from being exhausted  as a source  of 
in teresting  botanical material. T h e  present 
au thor  is w orking on a com prehens ive  survey of 
the vascu la r  flora and vegetation o f  the m ountain  
and has so far registered som e 1400 species.

Mt F a lak ro n ,  also know n as Boz Dagh 
(2229 m), is situa ted  in eastern  M acedon ia  north 
o f  the tow n o f  D ram a. T h e  m ost im portant 
p ape r  on the m ountain  is tha t by K itanov  
(1943), based  on trips m ade in 1941 during which 
he collected 715 species. T h e  m ountain  had 
previously  been visited briefly by M attfeld  and 
by Rechinger; the  total n um ber  o f  species 
know n to the m ountain  w as s ta ted  by K itanov 
as 793. A  few w ere added by Q uéze l & C ontan- 
driopoulos (1968) and there  are  undoub ted ly  m a­
ny m ore to  be found. T he  a rea  is (or at least was 
in 1970) a military a rea  and a special en try

perm it m ust be ob ta ined  from the military 
authorities in D ram a  and Kavalla. T he m oun­
tainous a rea  ad jacent to  the Bulgarian border 
(the sou thernm ost ex tension  o f  the R hodope 
range) has never been  explored botanically. 
Several boreal species tha t are know n to stop 
short o f  the bo rder  are  probably  also to  be 
found on G re e k  te rr i to ry  in this area.

This  article is based  on material collected 
on M t O lym pos in 1970, 1974 and 1975, and on 
M t F a lak ron  during a brief  visit in July 1970. 
T he  abbreviation A K S  in the list o f  collections 
indicates that the vo u ch er  is preserved in my 
own herbarium . Public herbaria  are indicated 
by s tandard  abbrevia tions.

Silene tempskyana F rey n  & Sint.

M t O lym pos,  southern  foothills: 2.5 km from Kallithea 
along road to O lym pias, 600 m. M eadow  in agri­
cultural area. ! 8306, 9.5. 1974 (AKS).

This is a m em ber  o f  the  Silene conica  group. 
In F lo ra  E u ropaea  (1: 180, 1964) it was included 
in ssp. subconica  (F r iv .)G av io li .  It is, how ever, 
so strikingly different from the com m on form o f
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Silene conicci (which is w idespread  in the area) 
that it probably deserves  at least subspecies  
rank. S. tem p skya n a  is charac te r ized  by a 
robust habit, broad leaves, very large pink 
petals and a g landular-pubescent calyx.

T h e  type o f  Silene tem pskyana  is S intenis, 
iter thessal. no. 23 (Thessalia  graeca , Pindus 
tym phaeus: in vineis ad K alam baka. 4.5. 1896; 
G , LD), w hich closely m atches  the above  
collection. T h ese  are  apparently  the  only tw o 
records so far.

T h e  affinities o f  S. tem pskyana  w ere  d iscussed  
by F reyn , following the type descrip tion  (Bull. 
H erb . Boiss. 5: 584-585, 1897). H e  concluded  
that it might best be regarded  as a  subspecies  
o f  S. juvenalis  Del. T h e  question can  probably  
only be solved by  experim ental s tudies. U n ­
fortunately  bo th  the know n collections are  in 
early flowering stage and have no  fruits.

Anemone nemorosa L.

M t Olympos,  S side: X ero lakkos valley, S of the road 
L eptokarya to K arya, 630 m. M oist, rocky ledge 
by the river in mixed forest. ! 8230, 7.5. 1974 (A K S, 
A TH U ).

V ery  rare in G reece ;  there  are old reco rd s  from 
M t Parnassos  (S ibthorp, cf. H a låcsy  1901 p. 6), 
M t A thos (G risebach , cf. R ech inger 1943 p. 
182) and possibly a few m ore places.

O n  M t O lym pos it was found only in a very 
restric ted  area o f  som e 100 square  m eters ,  
toge ther  with R u scu s  hypoglossum ,  for exam ple.

Hymenolobus pauciflorus (K och) Schinz & T h e ll .

M t Olympos,  E foothills: Ravine just  N o f  L itochoron , 
250 m. In shade on moist, rocky ledge under small 
overhang. ! 8060, 2.5. 1974 (AK S, A T H U ).

T his  collection m atches  material from C o rse  
determ ined  (in LD) as H. p ro cu m b en s  (L.) 
N u tt ,  ex T orr .  & G ray  var. revelieri (Jord .)  
Pam p. It is p robab le  that these  plants are  b e t te r  
placed in H. p a u c i f lo ru s , how ever.  T h e y  are 
charac terized  by the ir  small size, very  s lender 
habit, entire  or 3-lobed spathulate low er leaves, 
4-12-flowered inflorescences and nearly  o rb ic ­
ular siliculas. T h e  habitat of the p lan ts  from M t 
O lym pos also agrees be tte r  with tha t o f  H .  
pauciflorus  than  with that o f  H . p ro cu m b en s  
which is usually maritime or found  on saline

soils. H. pauciflo rus  has so far not been  recorded  
from the Balkan Peninsula , but the  species 
limits are  in need  o f  experim ental s tudy. The 
form o f  the  silicula (elliptical-oblong to narrowly 
obova te  in H . p ro cu m b en s ,  nearly orbicular in
H . p a u c i f lo r u s ) m ay prove to be the  best 
distinguishing charac ter .

Alchemilla flabellata Buser

M t Falakron,  sum m it area, 2150-2220 m. R ocky slopes 
facing N  and E. ! 1111, 19.7. 1970 (AKS).

A lchem illa  flabe lla ta  is a fairly distinct species 
ch a rac te r ized  by trunca te  leaf lobes with long, 
n a rro w  incisions and c. 4 tee th  on e i ther  side. 
T h e  co llection closely m atches  the plant il­
lu s tra ted  in the  Bulgarian flora (5: 287, 1973) 
as well as m ateria l from the Alps. T h e  species 
w as not reco rd ed  for G reece  in F lo ra  E u ropaea  
(2: 54, 1968), but has in fact been  collected 
once  before  on M t F a lak ron  at an altitude o f  
1980 m (K itanov 1943 p. 239). R ech inger 
co llec ted  the species on the Boz-D agh o f  Serrai 
som e 40 km  W  of  M t F a la k ro n  at c. 1600 m (see 
R ech inger  1939 p. 471). T h ese  seem to be the 
only G re e k  reco rds  so far.

A n o th e r  rem arkab le  species grow ing together  
w ith A lchem illa  f labe lla ta  near  the summit o f  
M t F a lak ron  is D ryas octopeta la  L . (! 1077, 
A K S ).  It is apparen tly  the sou thernm ost locality 
for this w ell-know n arctic-alpine species. It was 
co llected  here  by K itanov  and later by G oulim is ,  
bu t is not no ted  for G r  in F lo ra  E u ro p a e a  (2: 
34, 1968).

Ononis repens L.

M t O lym pos,  N W  foothills: Along road to Petra ,  at 
the point where the road crosses the river N  o f  the 
village, off the road K aterin i-A g. D im itrios,  250 m. 
C learing in deciduous forest with scrub of Paliurus  
spina-chris ti . 19260, 13.8. 1975 (AKS).

D istingu ished  from O. sp inosa  L. ssp. sp inosa ,  
w hich is com m oner  in the  area , by the  partly  
su b te r ran ean  stem, w eak  non-paired sp ines , 
o b o v a te  trunca te  leaflets (1 .5-1.8 times as long 
as w ide) and  the legume clearly  ex c e e d e d  by 
the  calyx.

Ononis repens  w as not repo rted  from  G re e c e  
in F lo ra  E u ro p aea  (2: 147, 1968), bu t the  map 
in M euse l,  Jäger & W einer t  (1965 m ap 232 b) 
show s it from the  n o r th e rn m o st part  o f  the
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coun try  as well as from one station in central 
G reece .  H ayek  (1: 830, 1927) recorded it from 
T h rac ia  and M acedonia.

I

Trifolium pallescens Schreb,
I

A com m on consti tuent of snowbed meadows on Mt 
O lym pos betw een c. 2300 and 2800 m, occasionally 
dow n to c. 1500 m, e.g. W slopes of Ag. A ntonios, 
2500-2600 m (! 1300, 24.7. 1970; AK S), between 
Roudhi and F lam broro , 1900-2000 m (! 157, 20.6. 1970; 
A K S ),  betw een  Skolio and Ag. A ntonios, 2580- 
2650 m (! 9434, 18.8. 1975; A K S), and the saddle 
betw een Ag. A ntonios and Bara, 2350-2470 m (! 9503,
21.8. 1975; A K S ,  A TH U ). Stojanov & Jordanov  
(1938 p. 190) reported  the species “ in halboffenen 
Assozia tion  F es tu ce tu m  cyllenicae  in der G egend 
Bara, au f cca. 2600 m M eereshöhe; auf grasigen 
Stellen zwischen den Gipfeln Skolion und Stavroitia 
sowie am Fusse  von Skala, cca. 2500-2800 m .”

Trifolium pa llescens  is very similar to  alpine 
fo rm s o f  T. repens  L. T hey  are distinguished 
on the  following characters :

T. pallescens:  C aesp itose ; old specim ens with 
a m assive , vertical tap-root up to 8 mm in 
d iam eter; b ranches  num erous , short, p rostra te  
to ascending, n ever  rooting; stipules with a wide 
herbaceous  field around the mid-vein and 
scarious m argins, free part often entirely  
herbaceous, lanceola te , very gradually narrow ed  
into an acum inate  apex; flow ers cream  to pale 
pink; ovules 2. 2n =  16 (Favarger 1965).

T. repens:  M assive tap-root lacking; s tem s 
creeping and often rooting at the nodes; stipules 
entirely m e m braneous  or with a green mid-vein, 
free part abruptly  con trac ted  into a subulate 
apex; flowers white to pink; ovules  2-4. 2n =  32 
(several coun ts); 2n =  16 reported  in material 
from A fghanistan  (Podlech & Dieterle 1969).

T h e  type  o f  T. pallescens  is from the  Alps 
(material in M) and show s the m assive tap-root 
and lanceolate stipules characteris tic  o f  this 
species. M aterial from the Alps often has a less 
densely caesp itose  habit and larger leaves and 
flowers than  plants from O lym pos . T h e  total 
distribution com prises  the A lps, P yrenees , 
C arpath ians  and m ountains of the Balkan 
Peninsula (M eusel, Jäger & W einert 1965 m ap 
237 b). O lym pos appears  to be the sou thernm ost 
locality; the  similar plants found in snow-bed 
m eadow s at high altitudes in the  P indhos m o u n ­
tains all belong to T. repens.  H andel-M azzetti  
(in H ayek 1928 p. 288) reported  T. repens  var. 
orphanideum  Boiss. from M t O lym pos as

“ häufig in S chnee tä lchen  zw ischen 2200 und 
2400 m ” . T h is  record  may refer to T. p a l­
lescens  w hich is a characteris tic  constituent of 
the A lo p ecu ru s  gerardii  association in such 
localities. T h e  alpine form  of T. repens  does 
not seem  to occur  on M t O lym pos. T he species 
is confined to  lower altitudes, only occasionally 
reaching subalpine levels and then only in more 
o r  less d is tu rbed  hab ita ts  (e.g., a round Refuge 
A a t c. 2100 m).

T. pa rn a ss i  Boiss. & Sprun .,  although som e­
tim es con fused  with the  superficially similar 
T. pa lle scens  and often growing mixed with it 
on M t O lym pos  (though less com m on), is in 
fact a very  d istinct species  easily recognized 
by its large calyx with a s traw -coloured tube 
and green , broady tr iangular teeth w hich are 
only half as long as the tube. It is endem ic 
to high m ounta ins  o f  the  G reek  mainland 
(including P eloponnesos) .

Polygala supina  Schreb.

M t O lym pos,  N side: F o w es t  part o f  the Papa Rem a 
ravine, 400-500 m. M acchie. ! 8358, 11-12.5. 1974 
(A K S, A T H U );  Same place. ! 9029, 7.8. 1975 (AKS); 
Sam e ravine, 600-700 m. M ixture of macchie and 
dec iduous forest.  ! 9157, 8.8. 1975 (AKS).

Also collected by E. S au e r  (Saarbrücken) on the 
eas te rn  side o f  Mt O lym pos betw een Litochoron and 
S tavros (Sauer,  19.5. 1970).

T h e  species is rare in G reece  and has only 
recently  been  reported  (cf. R echinger 1963 p. 
253). T h e  co llections from the Papa Rem a ravine 
have wings abou t half  as wide as the capsule , 
a very  short  gynophore , and  pseudolateral few- 
f low ered  racem es ; they  thus  apparently  belong 
to ssp. rhodopaea  (Velen.) M cNeill , previously 
believed to o ccu r  only in Bulgaria and the N E  
co rn e r  o f  G re e c e  (cf. McNeill 1968 p. 31, 
K itanov 1943 p. 248).

M alva alcea L.

M t O lym pos,  N W  side: 6 km from Kokkinoplos along 
road to P e tra ,  1050 m. Roadside in mixed forest. 
Erect herb, c. 1 m tall. ! 9650. 29.8. 1975 (AKS, 
A T H U ).

T h e  species is new  for G reece .  It belongs to  a 
form with large (35-40 mm), ra ther  shallowly 
em arg inate  petals .

18 -  B o ta n isk a  N o t i s e r
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A fter the preparation  o f  this m anuscrip t,  
M alva alcea  was reported  by Voliotis (1976 pp. 
34-35) from Mt Lailias in the N E  part of G reek  
M acedonia.

Aesculus hippocastanum L.

Mt Olympos, S side: Bottom of X erolakkos valley, 
S of the road L ep to k a ry a-K ary a ,  630 m. A few large 
trees by the stream. ! 8242, 7.5. 1974 (AKS, A T H U ).

Mr O ssa , N E  side: A bove Karitsa , 650 m. C onsti tu ­
ent o f mixed forest. Several large trees in full 
flower. Obs. 26.5. 1974.

Also mentioned by Diapoulis (1935 p. 418) from 
Mt O lym pos, without precise locality.

T his  species is generally believed to be 
indigenous in a small area only on the bo rder  
betw een G reece ,  A lbania  and Y ugoslav ia  (cf. 
m ap in H o rv a t ,  G lav ac  & Ellenberg 1974 p. 
73) together with one station in E Bulgaria. 
T h e  trees  on O lym pos and O ssa  grow far from 
human habitation, how ever ,  and do not appea r 
to have been  in troduced.

Bupleurum  affine Sadler

M t Olympos, N W  side: 5 km from Petra  along forest 
road to Kokkinoplos, 700 m. D ry  deciduous oak 
scrub nea r  the road. ! 9293, 14.8. 1975 (AKS, A TH U ).

This species w as previously know n only from 
the  Pannonian-Pontic  area  and from a single 
station in N W  T u rk ey .  It is rela ted to B.  
praea ltum  L. which was collected on M t 
O lym pos by Sintenis (it. orient, a. 1889 no. 1844) 
and Sintenis & Bornm üller (it. true. a. 1981 no. 
1838), bu t differs in the shape and co lour o f  
the petals ,  size o f  fruits, etc. (cf. drawings in 
F lo ra  o f  T u rk ey  4: 401, 1972). A ccording  to 
Snogerup , who revised the genus for the F lora  o f  
T u rk ey  and  kindly confirm ed the identity o f  the 
above collection, it is generally found in 
deciduous oak fo rest,  shibliak, e tc . ,  a ra the r  
unusual habitat for an annual Bupleurum  
species.

Gentianella crispata (Vis.) J. H olub

A species with sca tte red  occurrences  on M t 
O lym pos ,  reported  from several places be tw een  
c. 1900 and 2800 m (Diapoulis 1935 p. 422, 
W agner 1935 p. 281, S to janov & Jo rd an o v  1938 
p. 203, Q uézel & C on tandriopou los  1965 p. 78). 
j .  Persson  (Göteborg) collected  it near Refuge

A at c. 2100 m in Sep tem ber 1974 and I 
o bserved  it in a couple o f  localities in the same 
area  in A ugust 1975. T h e  species was not 
reco rded  for G re e c e  in F lo ra  E u ro p ae a  (3: 64, 
1972) and  M t O lym pos  may well be the only 
G re e k  locality.

T h e  to tal d is tribution of Gentianella crispata  
com prises  p ar t  of the Balkan Pen insu la  and 
sou thern  Italy, a disjunction that is no t uncom ­
mon in the alpine flora o f  M t O lym pos (R a n u n ­
culus brevifolius  is ano ther  example).

M en tha  x  verticillata L.

M. aquatica  L. Xarvensis  L.
M t Olympos, S side: A long the road L ep to k a ry a-  
K arya ,  22.8 km  from intersection with the national 
road n ea r  L ep tokarya, 770 m. Along a stream in 
mixed forest. ! 9532, 27.8. 1975 (AKS, A T H U ).

T h e  plan ts  are  com plete ly  sterile with small, 
em pty  an thers .  T h is  well-know n hybrid has not 
previously  been recorded  with certa in ty  for 
G reece  (cf. F lo ra  E u ropaea  3: 184, 1972).

M elam pyrum  cris ta tum  L.

Mt Falakron, N  side: Between the villages of 
Volakas and M esovounion , 1100 m. M eadow  and 
rem nants  of  beech  forest. ! 1010, 18.7. 1970 (AKS).

T h e  collection apparently  belongs to ssp. 
crista tum  (cf. H ayek  2: 199, 1929). T h e  species 
was not reco rded  for G reece  in F lo ra  E u ropaea  
(3: 254, 1972). In actual fact it has been collected 
by K itanov  (1943 p. 268) in the sam e area , but 
does not seem  to have been found e lsew here  
in the  country .

M elam pyrum  arvense L.

M t Falakron: T h e  valley o f  Prosotsani, ju s t  N  turn-off 
to N ev ro k o p io n ,  620 m. ! 938, 17.7. 1970 (AK S, W).

T h e  species w as previously collected  in the 
sam e area  by R echinger (1939 p. 496, no. 
6259), K itanov  (1943 p. 268), and Q uézel & 
C on tand riopou los  (1968 p. 31). T h e re  are  a few 
additional gatherings from G re e k  M acedon ia ,  
a lthough the  species was not reco rded  for 
G re e c e  in F lo ra  E u ro p ae a  (3: 254, 1972). T he  
collections apparen tly  belong to ssp. arvense .
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M elampyrum heracleoticum Boiss. & O rph .

Mt Olympos,  N side: Papa R em a ravine, E side, 
600-700 m. D eciduous mixed forest. F ou n d  only in a 
very restr icted area  but locally abundan t.  ! 9135,
8.8. 1975 (AKS, ATH U ).

T h e  species  is new for G reece  (previously 
reco rded  only from A lbania and Y ugoslav ia). It 
is a d is tinct species charac terized  by  pec tina te  
bracts  in which the teeth  end in long, filiform 
aris tas .  T h e  upper  bracts are clearly  bluish- 
violet as  in M . nem orosum ,  not g reen  as s ta ted  
in F lo ra  E uropaea .

Euphrasia hirtella Jo rd .  ex Reut.

M t Falakron:  N-facing, barren  slope N W  of the 
summit area, 1500-1600 m. ! 1034, 19.7. 1970 (AKS); 
det. T h .  Karlsson.

T h e  species  is new  for G reece .  It has an arctic- 
alpine distribu tion  extending to  w este rn  S iberia  
and the C aucasus .

Lathraea squamaria L.

M t Olympos, E  side: Enipevs valley, Ag. D ionysios ,  
betw een  the m onastery  and the river, 750 m. Mixed 
forest. A pparen tly  parasitic on the roo ts  of Corylus 
avellana. ! 8136, 3.5. 1974 (AKS).

T h e  species is new  for G reece .  T h e  su rro u n d ­
ings o f  the now  ruined m onaste ry  o f  Ag. 
D ionysios  are am ong the most frequently  visited 
sites on M t O lym pos. Previously  no botanis t 
seem s to  have been  there as early as the  be ­
ginning o f  M ay, how ever, which is certain ly  
the reason  why such a consp icuous  species 
as L a th ra ea  has escaped  notice.

T h e  related L. rhodopaea  D ingier is endem ic 
to Bulgaria and N E  G reece ,  including the  island 
o f  T h a so s  (cf. R ech inger 1943 p. 486). It is 
taller, yellow ish-brow n, with a non-secund  
inflorescence, sho rte r  pedicels and smaller 
flowers.

Filago minima (Sm.) Pers.

Macedonia, prov. & distr. Pierias: 4 km  SSW  Ag. 
Dim itr ios along main road to E lasson  (between 
O lym pos and T itaros),  800 m. ! 219, 21.6. 1970 
(AKS).

T his  species is apparently  very  rare  in G reece .  
W agen itz  (1968 p. 64) recorded  it only from tw o

sta tions, one in E  M acedon ia  n ea r  the Y ugo­
slavian bo rder  (Rechinger no. 9063 a) and one 
on the  island o f  Ikaria  (R unem ark  & N orden- 
s tam  no. 16386). L a te r ,  R u n em ark  e t al. co l­
lected  it 5 km N N W  Elasson  not far from M t 
O lym pos (no. 44930) and I have also  collected 
it n ea r  Vlasti in prov. K ozan is  (no. 1174). Being 
a  fairly inconspicuous plant of trivial localities 
it may have  been overlooked and  therefore 
c om m oner  in T hessa ly  and M acedon ia  than 
indicated by the four reco rds  so far.

Alisma lanceolatum W ith.

M t Olympos, N W  side: 5 km from Petra  along 
forest road to Kokkinoplos, 670 m. By a small pool 
in a grazed m eadow  on the right hand side c. 400 m 
from the road. ! G-74-31-09, 14.5. 1974 (only living 
material collected).

T h e  species is rare in the Balkan Peninsula . 
It does  not appea r  in H ayek  (1933), and Björk- 
qvist (1967, 1968), w ho m ade a b iosystem atic  
s tudy  o f  the genus, reco rded  it only  from tw o 
places in G reece  (the islands o f  C re te  and 
Sam os) and  a few in Bulgaria and  Rom ania. 
R ecen tly  it has also been collected on  the G reek  
m ain land , how ever.

T here  are four sheets in the G oulandris  M useum:
(1) Regio A egaea sept.,  penins. Sithonia: in collibus 
ad orientem  porti K oufos, alt. 150 m. In depressione 
quadarn paludosa. G re u te r  no. 10466, 17.6. 1972;
(2) Ipiros, prov. lonnan ia ,  distr. Pogoni: Anatoli, 
am ongst reeds. Jeavons no. 433, 4.9. 1971; (3)Thraki-  
Komotini: X anthi, Kalisti to Porto Lago. M arshy  area. 
S tam atiadou no. 4130, 16.8. 1968; (4) Ip iros, prov. 
P reveza ,  distr. N ikopolis-Parga; Between Louros and 
the bifurcation to N e a  Sam pous, place named 
T soum aneika ,  alt. 30 m. M arshland. A bundant.  
S tam atiadou  no. 12459,29.5. 1971.

In C onserva to ire  Botanique, G eneve  (G) there is 
a lso  a  sheet collected by Heldreich (prope Aetolico, 
in halipedo. 21.5. 1878), and Rechinger (1943 p. 706) 
recorded  the species from Mytilene and C hios.

T h e re  are tw o  ch rom osom e races, 2 n = 2 6  and 
2 n = 2 8  (see d iscussion in B jörkqvist 1968 pp. 
25-28). Plants with 2n = 2 8  have only been  found 
in S cand inav ia  and  Poland. T h e  plants  from 
O lym pos  have 26 ch rom osom es.

Ruscus hypoglossum L.

Mt Olympos, S side: X ero lakkos valley S o f  the road 
L ep to k a ry a  to K arya, 640 m. Rocky ledge in mixed 
forest nea r  the river. ! 8255, 7.5. 1974 (A K S, A T H U ,
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LTR). -  N side: Papa R em a ravine, E side: 700- 
730 m, 0-30 m above the river. Beech forest. Obs.
12.8. 1975.

T h ere  is a single sheet in the G oulandris  M useum  
(ATH): M ount Seloma W of K aritsa O ssa ,  alt. 
1050 m. Fagetum. T . Rous no. 332, 28.6. 1972.

Rechinger (1943 p. 733) cited records from Mt 
Athos.

R u scu s  hypoglossum  is a species of rare o ccu r­
rence in northern  G reece .  On M t O lym pos it is 
a constituent o f  beech fo rest,  preferably in 
moist, rocky places near a  s tream . T h e  vegeta­
tion in such places is largely com posed  o f  central 
European  and subatlantic species. A m ong the 
shrubs are Buxus sem pervirens, Fraxinus ornus, 
Ilex  aquifolium, H edera  helix, C lem atis vitalba, 
D aphne laureola  and C otoneaster  nebrodensis;  
am ong the herbs and g rasses are  species such as 
Arabis  turrita, Sanicula europaea, Geranium  
robertianum , L a c tu c a  muralis, N eo ttia  nidus-  
avis, P olygonatum  pru inosum , B rom us bene-  
kenii and M elica uniflora.

A ck n o w led g em en ts .  T he  field work in 1970 was 
financed by grants from several Swedish foundations, 
viz. Knut och Alice Wallenbergs stiftelse, Kungl. 
Fysiografiska Sällskapet i L und, J. A. Wahlbergs 
minnesfond, Landshövding Per Westlings minnesfond 
and Svenska T obaks  Aktiebolaget. T h e  field work in 
1974 and 1975 was financed by a grant from the 
C arlsberg Foundation. In 1970 I w as accom panied at 
various times by R. v. Bothmer, L .-Å . G ustavsson , 
E. Jende, and K. H. Rechinger, in 1974 by J. Steen 
A ndersen and in 1975 by S. O usted  H ansen . T hanks  
are also due to A ndré  Charpin  (Geneva) and Elisabeth 
G eorg iadou (Kifissia) who checked some specimens in 
the C onservatoire  Botanique and the G oulandris  
N atural History M useum , respectively.
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o f  all species are described. Sclereids have been observed in all the species here described.
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India.

Stephania neoguineensis K undu & G u h a ,  sp. nov.

Planta m agna usque ad 6 m scandens (in ripa in silva 
Castanopsis  ad altitudinem 1400 m perveniens). 
Caulis cos ta tus ,  solidus, lignosus, non pubescens, 
aliquantum  tortus ,  exaspera tus ,  punctatus.  Folia 
simplicia, a lterna, petiolata, exstipulata; petioli co s­
tales, solidi, basi distincte pulvinati tortique, glabri, 
5 .5-6 cm  longi, quam  lamina breviores; lamina 8 .3 -  
11.7 cm longa et 6 .9-9 .6  cm lata, coriacea , utrinque 
glabra, pagina inferior grisea, superior pallidior, 
palmatim 10-nervia, interdum  9-nervia, nervi infra plus 
prom inentes.

å inflorescentia in inferiore parte caulis exoriens, 
maxima, 45 cm longa, pedunculata, mixta umbel- 
liformi-paniculata, axis primarius costatus, glaber, ca 
39 cm longus, nonnullos ramos umbellatos ferens, axes 
secundarii ab axe primario alternatim Orientes, 6.0-
7.5 cm longi, costati, glabri, graciles. Unusquisque 
axis secundarius est umbella composita. Ad apicem 
axis secundarii est umbella ramorum gracilium 
tertiariorum (5-7 interdum 4), 3-3.5 cm longorum; 
rami tertiarii ad apicem plerumque 6-7 ramos 
gracilissimos glabros ferentes, qui denuo umbellae 
sunt, muitos (lores ferentes; cymulae ultimae laxae.

Flores  masculi virello-albi, pedicellati; pedicelli
1.1-1.7 mm longi. F lores  1.2-1.75 mm longi. Sepala 
6, libera, 2 serialia, 1.2-1.85 mm longa, 0.5-0.9 mm 
lata, obovata ,  ad marginem integra, apice acuta , basi 
t runca ta ,  tenuia, glabra, uninervia. Petala  3, libera, 
0 .4-0 .9  mm longa, par ite r lata, obdelto idea, apice 
ro tundata , basi ob tusa , margine integra, nervo centrali 
ad circa medium furcato , non valde cam osa .  Stamina 
6, in synandrio  peltato connata ,  stipite synandrii 
0 .7-0 .9  mm longo, apice ca 0.5 mm lato; synandrium 
ex tro rsum , antherae transversali ter  dehiscentes.

Flores 9 et drupae adhuc ignotae.

Holotype: N e w  G uinea , Eastern Highlands, Distr. 
A rau ,  c. 1500 m, 23.10. 1959, Brass 32246 (US).

Large clim ber, climbing up to 6 m in Castanop-  
s is -oak forest on bank of stream . Stem ribbed, 
solid, w oody , g labrous, som ew hat tw isted , 
surface rough, puncta te  (dotted). Leaves  simple 
(Fig. 1 A), a lternate , petiolate, exstipulate . 
Petiole  r ibbed, solid, distinctly pulvinar and 
tw isted at base, g labrous, 5 .5-6  cm  long, shorter 
than the lamina. L am ina  pelta te , ovate , 8 .3 -  
11.7 cm long and 6 .9 -9 .6  cm broad, coriaceous, 
palmately 10-nerved, som etim es 9-nerved, 
nerves m ore  prom inent on low er surface; both 
surfaces g labrous, low er surface grey and paler 
than upper surface, margin entire, base rounded, 
apex cuspidate .

M ale  in florescence  (Fig. 1 B) a mixed umbel- 
liform panicle, borne on lower leafless part of 
stem , very  large, 45 cm long, pedunculate , 
prim ary axis ribbed, glabrous, about 39 cm long, 
bearing a num ber  o f  umbellate branches; 
secondary  axes a l te rna te  on the prim ary axis, 
6 .0-7 .5  cm long, ribbed, glabrous, slender, 
each being a com pound  umbel with (4—)5—7 
tertiary  axes  3-3 .5  cm long; each o f  these  at 
its tip usually bear 6-7  very slender, glabrous, 
umbelliferous b ranches , each bearing num erous 
flowers; u ltimate cym ules  loose.

M ale  f lo w ers  (Fig. 1 C) 1.2-1.75 mm long,
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Fig. 1. Stephania  neoguineensis.  -  A: Leaf. -  B: Inflorescence. -  C: M ale flower. -  D: Sepals. -  E: Petals . 
F: Synandrium.
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T ab le  1. D ifferences between Stephania  neoguineensis  and S. m ontana .
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O rgan S. neoguineensis S. m ontana

L am ina broadly ovate triangular or narrowly triangular
coriaceous chartaceous
margin entire margin som ewhat undulate
apex cuspidate apex apiculate
base rounded base truncate  to slightly rounded, basal 

com ers  som etim es apiculate
Petiole inserted 2.4-3.2 cm from base of lamina inserted 0.4-0.5 cm from base of lamina
Petal obdeltoid obovate

green ish-w hite ,  pedicellate, pedicel 1.1-1.7 mm 
long. Sepa ls  (Fig. 1 D) 6, free in 2 row s,  1.2- 
1.85 m m  long, 0 .5 -0 .9  mm broad , o bova te ,  
thin, g labrous, with 1 unbranched  cen tra l nerve , 
margin entire, apex acu te ,  base  trunca te .  
Peta ls  (Fig. 1 E) 3, free, 0 .4-0 .9  mm long and 
0 .4 -0 .9  mm broad , obdelto id , with rounded  
apex , base  ob tu se ,  margin entire, 1 central nerve 
b ifurcating at abou t the  middle, no t very  fleshy. 
S ta m e n s  6, connate  in a peltate synandrium  
(Fig. 1 F ) ,  stalk o f  synandrium  0 .7 -0 .9  mm  long, 
top  o f  synandrium  about 0.5 mm broad, an thers  
ex tro rse ,  dehiscing transversely .

F em a le  p la n t  unknow n.

S tephan ia  neoguineensis  belongs to the section 
T ham no thyrsa  D iels  and is related to S. m on ta n a  
D iels  (Diels 1915). T h e  two species differ in 
some respec ts  (Table 1).

A n a to m y

S te m .  A  tran sv e rse  section o f  the s tem  (Fig. 
2 A) show s the following s truc tu res .  Periderm  
well developed . C ortex  few -layered; inner 
co rtex  with b rachysc lere ids  (Fig. 2 B). Six to 
eight vascu la r  bundles  present each  with a 
sc le renchym atous  bundle cap. T h e  caps  are 
united in young stem s, but when the s tem s 
increase  in th ickness  the bundle caps becom e 
separa ted ,  bu t are  united by the b rachysc lere ids .  
S econdary  g row th  o f  xylem a lm ost c ru sh es  
prim ary phloem . Pith  very  small.

Lea f.  V ein  islets and vein endings 6.94 and 
7.84 per m m 2 respectively  (Fig. 2 C). Sclere ids 
abundan t ,  assoc ia ted  with veins (Fig. 2 D) and 
w ith  vary ing  shape (Fig. 2 E). R od-shaped  
crysta ls  (Fig. 2 F ) are also p resen t in cells 
su rrounding  the veins. Cells of the spongy

p arenchym a contain  large and small oil globules 
staining red with Sudan  III. T h e  ratio epidermal 
cells :palisade cells is 1:17.58. S tom ata anom- 
ocytic . Papillae p resen t on all epidermal cells 
on the  lower surface.

S tep h a n ia  form am i K undu  & G u h a ,  sp. nov.

P lan ta  scandens. Caulis costa tus ,  solidus, glaber, 
lignosus, exaspera tus . Folia  simplicia, a l tem a, petio-

Fig. 2. Stephania  neoguineensis.  -  A: T. S. o f  the 
stem. -  B: Brachysclere ids from the stem. -  C: 
V enation . -  D: Vein islet showing sclereids and 
crysta ls .  -  E: Sclereids. -  F: Crystals.
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Fig. 3. Stephania  form anii .  -  A: P art  o f a branch. -  B: M ale flower. -  C: Sepals. - D :  Petals. -  E: Synandrium 
-  F: T. S. o f  the stem. - G :  Venation.

lata, petioü validi, costati, glabri, asperi, laminis 
multo breviores, 5.0-6.5 cm longi, basi pulvinati 
distincte tortique, lamina peltata, petiolo affixo 2 .4 -  
2.35 cm a basi laminae, lanceolato-ovata, coriacea, 
utrinque glabra, pagina inferior superiore pallidior, 
palmatim  9-nervis (nervi 3 superiores magis prom i­
nentes) nervis paginarum inferiorum valde prominenti- 
bus, 12-16 cm longa, 6 .6-7.9 cm lata, coriacea.

6  inflorescentia umbellato-cymosa, peduncula ta , 6 -
7.5 cm longa, pedunculus gracilis, costa tus ,  c. 4.8 cm 
longus, radii primarii 3-4, 0 .9-1.9 cm longi, graciles, 
costati ,  radii secundarii 2-2.25 mm longi, cymulae 
ultimae plusminusve laxae. Alabastra  crem ea, pedicel- 
lata, flores 0.75-0.8 mm longi, 0.5-0.7 mm lati. 
Sepala  6, interdum 5, libera, 2-serialia, obovata , 
margine integra, apice ro tundata , basi obtusa, 0 .75- 
0.85 mm longa et 0.25-0.35 mm lata, tenuia, uninervia, 
sepala utroque costae latere atro-colorata . Petala  3, 
libera, carnosa , parum unguiculata, margine integra, 
apice truncata ,  0.35 mm longa et 0.2 mm lata, 
uninervia. S tam ina 4, in synandrio peltato connata,

stipite synandrii 0.6-0.75 mm longo, zona centralis 
sterilis synandrii valde reducta , apex synandrii 0 .2 -
0.3 mm latus, synandrium  introrsum.

F lores  9 et d rupae adhuc ignotae.

H olotype: P ap u a -N ew G u in e a ,  Isuarava, 5000 ft, 13.2. 
1936, C a r r  15556 (BM).

C lim ber,  stem w oody , ribbed, solid, g labrous, 
surface  rough. L e a v e s  (Fig. 3 A) simple, 
a l te rna te ,  petiolate. Petiole  s tou t,  r ibbed , 
g labrous, m uch shorter  than  lam ina, 5 .0-6 .5  cm 
long, pulvinar and distinctly  tw isted at the  base ,  
surface  rough. L am ina  peltate , petiole inserted  
2.4-2.35 cm from base  o f  lamina, la n ceo la te -  
ova te ,  12-16 cm long and  6 .6 -7 .9  cm b road ,  
co riaceous , palm ately 9-veined (upper 3 veins 
m ore  prom inent) , veins more p rom inen t on 
low er surface, both surfaces  g labrous, low er
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T able  2. D ifferences between Stephania  fo rm a n ii  and S. psilophylla.

Organ S. form anii S. psilophylla

F am ina ovate to lanceolate ovate to broadly ovate
12-16 cm long and 6 .6-7 .9  cm broad 5-9 cm long and 4-8 cm broad
vein reticulations not raised on  leaf  surface vein reticulations raised on both surfaces
apex attenuate apex acuminate

M ale inflorescence 6-7.5 cm long 1.4 cm long
Sepals obovate elliptic or broadly oblanceolate
Petals rectangular with angustate  base obdeltoid
Synandrium 0.6-0.75 mm long 0.5 mm long
D istribu tion Papua-N ew  G uinea F uzon , Philippines

su rface  paler than  upper surface, margin entire, 
base rounded , apex attenuate .

M ale  in florescence  (Fig. 3 A ) a peduncu la te  
um bella te  cym e, 6-7.5 cm long, peduncle  
s lender,  r ibbed , 4.8 cm long, p rim ary  rays 3-4, 
0 .9 -1 .9  cm  long, slender, r ibbed; secondary  rays
2-2.25 m m  long; ultimate cym ules  m ore  or less 
loose.

M ale  f lo w e r  (Fig. 3 B): B uds  c ream -co loured , 
ped icella te , pedicel 1.05-1.3 mm  long, articula te  
at a d is tance  o f  about 1 mm from the  base. 
S epa ls  (5-)6 (Fig. 3 C), free, in 2 row s, obovate ,  
0 .75-0 .85 mm  long and 0.25-0.35 mm broad , 
thin, margin en tire , apex rounded , base ob tuse , 
1 centra l vein, dark  on both  sides o f  the  midrib. 
Peta ls  3 (Fig. 3 D ),  free, fleshy, 0.35 mm  long, 
0.2 mm broad ,  with short c law s, margin entire, 
apex  trunca te ,  1 central vein. S ta m e n s  4, c o n ­
nate  in a peltate  synandrium  (Fig. 3 E), stalk 
o f  synandrium  0.6-0.75 mm long, its central 
sterile top  zone much reduced ,  synandrium  
top  0 .2 -0 .3  mm broad , an thers  in trorse.

F em ale  p lan t  unknow n.

S tephan ia  fo rm a n ii  belongs to  the  section 
Stephan ia  (sect. E ustephania  D iels) and is 
related to  S . psilophylla  (Presl) F o rm an  (Form an 
1956) from w hich it differs in the charac ters  
given in T ab le  2.

T he species has been named in honour of the 
eminent specialist in M enisperm aceae, D r  L. L. F o r ­
man, Kew.

A n a to m y

S te m .  A  transverse  section (Fig. 3 F )  show s 
the following regions. Epiderm is single-layered, 
the cells highly suberized on th e  ou te r  side.

C o r tex  few -layered, collenchym atous. Eight 
vascu la r  bundles p resen t,  each with a scleren- 
chym atous  bundle cap. Pith small, p a ren c h y m a­
tous.

L ea f.  Sclereids and crystals  (Fig. 4) similar in 
shape  to those  o f  S. neoguineensis ,  but fewer. 
V ein  islets and vein endings (Fig. 3 G ) 2.2 and 
5.5 per  m m 2 respectively . T he  ratio epiderm al 
cells :palisade cells is 1:7.08. S tom ata  ano- 
m ocytic . Papillae absent.

Sclereids

Sclere ids are  p resen t in abundance  in S. n eo ­
gu ineensis  and S. fo rm a n i i  w here they occu r  
assoc ia ted  with the veins.

Fig. 4. Stephania  form an ii .  -  A: Vein islet showing 
sclereids and crystals. -  B: Sclereids. - C :  Crystals .
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Fig. 5. R h a p to n em a  swinglei.  -  A: Branch of a male 
plant with leaves and inflorescences. -  B: Male 
flower. - C :  Bracteoles. - D :  O u te r  sepals. -  E: Inner 
sepals. - F :  Petals. - G :  A ndroecium .
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R hap tonem a swinglei K undu  & G u h a ,  sp. nov.

Fru tex  scandens, ligneus, villosus, pilis brunneolis 
dense tectus. Foliorum petiolus strictus, 0 .7-0 .9  cm 
longus, villosus, lamina coriacea , utrinque glabra,
3 .2-5 .4  cm longa, 1.2-2.0 cm lata. Inflorescentiae 6  
axillares, peduncula tae, villosae, 0 .4-0.95 cm longae. 
Sepala 6, obovata ,  apice ro tundata , peta la  6, raro 8, 
angulari-elliptica, apice obtusa, vix acuta , 0 .9-1 .0  mm 
longa, 0.4-0.5 mm lata. Stamina 3, usque ad medium 
conna ta ,  apice libera. Flores 9 et d rupae adhuc 
ignotae.

H olotype: M adagascar,  200-300 m, 30.8-7.9. 1928, 
H u m b er t  & Swingle 5546 (MO 1709189).

Stem  climbing, te re te ,  w oody, surface densely  
covered  with brow nish  villous hairs . L ea ves  
(Fig. 5 A) simple, a lternate , exstipu la te ,  
petio late. Petiole  m uch shorter than  the lamina, 
4-10 mm long, densely  covered  w ith  brow nish  
villous hairs, tere te . L am ina  co riaceous , oblong, 
apex  usually rounded , margin slightly revo lu te ,  
both  surfaces g labrous, venation pinnately  
reticula te .

M ale  in florescences  0 .6-1.2 cm long, axillary, 
p eduncu la te  cap ita te  cym es; 2-5 inflorescences 
in each  leaf axil on ordinary  leafy b ranches; 
rachis 0 .4-0 .95 cm long, s lender, villous.

M ale f lo w ers  (Fig. 5 B) sesssile, b rac teo la te .  
Bracteoles  (Fig. 5 C ) 2 ,  equal or unequal, oblong, 
margin entire , 0.8-1 mm long, 0 .25-0.35 mm 
broad , villous on ou te r  surface, rounded  at 
apex , trunca te  at base , with 1 midvein. S epa ls  
6, free , in 2 row s, thin. O u te r  sepals  (Fig. 5 D) 
obova te ,  1.8 m m  long, 0.85 mm broad , en tire , 
rounded  at apex , acu te  at base , veins 3, 
diverging. Inner sepals (Fig. 5 E) broadly  
obova te ,  1.8 mm long, 0.9-1 mm broad , entire, 
rounded  at apex , acute at base, veins 3, 
diverging, usually unbranched . P eta ls  (Fig. 5 F) 
6 or som etim es up to  8, free, m em branous , 
som ew hat angular elliptical, 0.9-1 mm long, 
0 .4-0 .5  mm broad , base angusta te , ob tu se  at 
apex ,  up p er  half o f  margin som etim es lobate ,
1 midvein with 2 la terals dividing into a  few 
b ranches . S ta m e n s  (Fig. 5 G ) 3, 0.95-1 mm 
long, filam ents united into a colum n, u p p erm o st  
part of the filaments free, an thers  dorsifixed, 
4-lobate, 0.3 mm broad  and 0.2 mm thick.

F em ale  f lo w ers  and drupes  not found.

T h e  first species o f  R h a p to n e m a ,  a genus 
endem ic to  M adagascar ,  was estab lished  by 
M iers  (1867, 1871) and bears  the nam e R.

cancellata.  F ive  m ore species have  subsequently  
been added by o ther  w o rkers  (Baillon 1870, 
Baker 1887, D iels 1910, 1921). T h e  new species 
differs clearly from the o th e r  species o f  R h a p ­
tonem a  in the ch a rac te rs  o f  the leaf laminae, 
type o f  inflorescence and  shape o f  sepals and 
petals: F rom  R. cance lla ta  M iers  in the non- 
papyraceous, brow n-villous leaves and the male 
inflorescence w hich is no t solitary. F rom  R.  
thouarsiana  (Baillon) D iels  ( = Tripodandra  
thouarsiana  Baillon) in the  m uch smaller leaves, 
the non-papyraceous  lam inae , the type of 
inflorescence and  shape o f  lam inae and the much 
longer sepals. F rom  R. latifolia  D iels in the 
much smaller leaves, the non-acum ina te  laminae 
and the hairy petioles. F ro m  R . densiflora  D iels 
in the m uch smaller leaves w hich are not 
lanceola te  or lanceo la te-ovate ,  the m uch smaller 
male inflorescence and th e  shape o f  the sepals 
and petals. F ro m  R. bakeriana  D iels in the 
smaller leaves , the non-em arg inate  base o f  the 
laminae and the ou te r  sepals  w hich  are not 
l inear-spa thu la te .  F rom  R. glabrifolia  D iels in 
the much sho rte r  petiole, the  leaves w hich are 
not lanceolate or ova te - lanceo la te ,  the non- 
acum inate  apex and the non -subspa thu la te  ou te r  
sepals.

T he species has been nam ed in ho n o u r  of P rofessor
C. F. Swingle.

A n a to m y

S tem .  T .  S. (Fig. 6 A). S ingle-layered epiderm is, 
ou te r  walls strongly cu tin ized , hairs long, un i­
cellular. C o rtex  narrow , sc le renchym atous; cells 
of inner cortex  p a ren c h y m a to u s ,  containing 
tannin. 22 vascu la r  bundles  p resen t,  each with a 
sc lerenchym atous  bundle  cap , c ap s  united, a 
sc le renchym atous  sheath  on inner side o f  each 
bundle. Pith consisting o f  th ick-walled  p a ren ­
chym atous cells.

Lea f.  Sclere ids (Fig. 6 B) abundan t ,  associa ted  
with the veins. T h e  ra tio  ep iderm al cells: 
palisade cells is 1:4.58. S to m a ta  (Fig. 6 C) 
anom ocytic , often sunken , usually  su rrounded  
by 9-10 cells. Epiderm al cells w ithou t papillae. 
Vein islets 14.1 per  m m 2, vein endings 41.1 
per m m 2 (Fig. 6 D).

A transec tion  of the leaf  (Fig. 6 E) shows 
that bo th  sides are covered  with a th ick  cuticle. 
Below the upper  ep iderm is  th e re  are  usually two
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Fig. 6. R h a p to n em a  swinglei.  -  A: T . S. o f  stem. -  
B: Various types of sclereids from leaf. - C :  S tom a. -  
D: Venation pattern. -  E: T .  S. o f  leaf.

layers o f  palisade cells. T h e  spongy m esophyll 
consists  o f  3-4  layers o f  loosely a rranged  cells 
o f  w hich the up p er  one or tw o  layers are 
elongated and resem ble the palisade cells. In 
certain  cells ju s t  below the  upper ep iderm is 
stellate crysta ls  are present. T h e  spongy 
m esophyll con ta ins  irregularly shaped  glands 
su rrounded  by thin-walled p a ren ch y m a cells 
much sm aller than the spongy cells. V ascu la r  
bundles are su rrounded  by very  thick-walled 
sc le renchym a cells ex tending  from the upper to 
the  low er epiderm is.

Petiole. A transec tion  o f  the low er part  (Fig. 
7 A) show s the following s truc tu res:  single­
layered ep iderm is ,  ou te r  and radial walls o f  
ep iderm al cells highly cutinized with a  few  very  
long unicellular ep iderm al hairs. C o r te x  collen- 
chym atous  with only a few irregularly d is tr ibu ted  
b rachysc lere ids ; vascu la r  bundles 6, each  with
3-4-layered  sc lerenchym atous  bundle  caps ,  the 
caps  uniting to form a con tinuous  sc le ren ­
chym atous  ring. Pith and medullary rays  thick-

Fig. 7. R h a p to n em a  swinglei, T .  S. o f  petiole. -  A: 
L o w er  part. -  B: M iddle part. - C :  U p p e r  part.

walled. T . S. o f  m iddle part o f  petiole (Fig. 7 B) 
show s m ore  num erous  b rachysc lere ids  in the  
co r tex . V ascu la r  bundles  quite separa te  with 
poorly  developed  bundle  caps. P ith  and m edu l­
lary rays  thin-walled. A T . S. of the up p erm o st  
part o f  the petiole (Fig. 7 C) resem bles  that 
o f  the  m iddle part bu t the  bundle  caps  are 
fairly well developed  and are  not united.
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Wood-inhabiting fungi of alder forests in North-Central 
Scandinavia
3. M yxomycetes 

Uno E liasson  a n d  Å ke  Strid

Eliasson, U . & Strid, Å. 1976 10 22: Wood-inhabiting fungi o f  alder forests in N orth- 
Central Scandinavia. 3. M yxom ycetes.  Bot. N o tise r  129: 267-272. Stockholm. ISSN 
0006-8195.

M ore than 300 specim ens, comprising 41 species, o f  wood-inhabiting M yxom ycetes 
were collected from alder forests in N orth-Central Scandinavia. Physarum serpula  
M organ is reported  as new to Europe. D idym ium  crustaceum  is cited from three 
localities. T h ese  appear to be the first definite records of this species from Sweden.

Uno Eliasson, D epartm en t  o f  Sys tem atic  Botany, University o f  Göteborg, Carl 
Skottsbergs Gata 22, S-413 19 Göteborg, Sweden.
Å ke  Strid, D epartm en t  o f  Ecological Botany, University o f  Umeå, S -90187 Umeå, 
Sweden.

In this investigation of the w ood-inhabiting fungi 
o f  a lder fo res ts  in N orth -C en tra l  Scand inav ia  
(Fig. I) by the second au thor in terest has been 
concen tra ted  on the group A phyllophorales  
(Strid 1975), bu t o th e r  fungi such as agarics and 
G a s te ro m y c e te s  (Strid 1976) w ere also collected. 
Even  the  M y x o m y ce tes  were included in so far 
as they grew on wood. Because the main aim 
o f  this investigation  w as to collect A phy llo ­
phorales , the m e thod  used m akes no claim to be 
particularly  suitable for M yxom yce tes ,  no t even 
the  w ood-inhabiting  species. Exceedingly  mi­
nute  species will have been overlooked  in the 
field, bu t som e w ere discovered  by chance  
w hen  exam ining  pieces o f  w ood w hich  bore 
o the r  fungi.

T h e  a lder w oods  investigated, 99 in num ber,  
rep resen t a reas  in w hich little a tten tion  has 
previously  been paid to M yxom yce tes .  Even  if 
the field m e thods  used were not w ell-adapted 
for making rep resen ta t iv e  collections o f  this 
group o f  o rgan ism s, especially  for a study  o f  
the ir  ecology and  distribu tion , it never the less  
seem s justif iab le  to  p resen t this accoun t o f  the 
M y x o m y ce tes  w h ich  w ere  collected.

T h e  f irs t-m entioned  au thor is responsib le  for 
the  specific de term ina tions  and  for the  tax-

onomical com m ents .  M o re  than 300 specim ens 
have been exam ined . M ost  o f  the material is 
deposited in herbarium  U M E  and duplicate 
specim ens o f  som e collections are in G B.

A lder w ood s in vestiga ted

T h e  alder w oods o f  cu rren t in terest are defined 
as the type o f  vegetation where live alders 
dom ina te  the tree layer  and the type o f  vege ta ­
tion where alders are rep laced  in the tree layer  
by o ther tree species  bu t still exist as dying, 
d ea d  a nd  fallen trees. T w o  species of a lder are 
present within the investigated area. A lnus  
glutinosa  occurs  at a very  few localities and 
is dom inan t at only tw o o f  the sou thernm ost.  
At all o ther localities A. incana  is the dom inan t 
tree. F u r th e rm o re ,  som e o ther trees, both 
deciduous and coniferous species, are also 
interm ixed. T h e  alder w oods  w ere  considered  
as form ing a single vegetational unit and the 
collections o f  M y xom ycetes  w ere taken  from  all 
occurring  tree species. T h e  exac t situation and 
the general vegetation  o f  the individual localities 
can be found in an earlier paper  (Strid 1975 
Figs. 2, 3, pp. 20-46). M yxom yce tes  w ere  co l­
lected  at 78 o f  the 99 alder wood localities



268 Uno Eliasson a nd  Å k e  Strid BOT. N O T ISE R  129 (1976)

ULEÅ

,29
■SWEDEN

100

33
34

38

i# .i

UMEÅ

72

7576

78

86
8 3 .

84 ' 82

90 88 ' JC

Ö s t e r s u n d ' SUNDSVALL

96
97

/so
TRONDHEIM

k m
5 0

N o r w a

Fig. 1. Distribution of the investigated localities at which M yxom ycetes  were collected. T he  localities in the 
U m eå  region, the framed a rea  in the centre  o f  the east coast,  are excluded here but can be found in Fig. 2. -  
Insert: T he  Scandinavian peninsula with the investigated area m arked.
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investigated (Figs. 1, 2). T h e  num bering o f  these 
localities is re ta ined  from Strid (1975). F u r th e r ­
m ore , a num ber o f  specim ens from some o ther  
localities, not included in Strid (1975), are 
p resen ted , viz. nos. 100-109 below  (see Figs. 
1, 2).

100 Sweden, Pite lappm ark, A rvidsjaur, Reivo forest 
reserve. 197509 17-19.

101 Sw eden, V äste rbo tten , U m eå , M ariehem . 1972 
05 10, 1973 05 25.

102 Sw eden, V äste rbo tten ,  U m eå , Sörfors bridge. 
1972 05 16.

103 Sweden, Jäm tland ,  Stugun, S of Lake S M ö rt­
sjön. 1972 09 13.

104 Sweden, Ångerm anland, Vibyggerå, Skulesko- 
gen. 1972 1001.

105 Sweden, Lycksele  lappm ark, Sorsele, on the 
slope W of the S end of Lake Överstjuktan. 
1974 06 24.

106 Sweden, Lyckse le  lappm ark, Stensele, W of the 
hill Rönnberget. 1974 08 26.

107 Sweden, Lyckse le  lappm ark, T ärna ,  Rödings- 
näset. 197409 05.

108 Sweden, Lycksele lappmark, T ärna ,  W o f  Lake 
Björkvattnet. 1974 09 06.

109 Sweden, V ästerbotten , Sävar, Skeppsvik. 
1970 06 06.

List o f species

The find localities are numbered according to Figs. 
1 and 2 and to the list of localities in Strid (1975 pp. 
20-46). Comments are given on the substrate and, in 
some cases, also on the taxonomy. Unless otherwise 
stated, the substrates (tree species) are abbreviated as 
follows.

AInus  -  A . incana  
Betula -  B. pubescens  
Picea  -  P. abies  
Pinus  -  P. sylvestris  
Populus  -  P. tremula  
Prunus -  P. padus  
Salix -  5 . caprea  
Sorbus  -  S. aucuparia

Ceratiom yxa fru ticu lo sa  (Müll.) M acbr.  -  33, 
47, 58, 72. A lnus,  unspecified coniferous wood.

Licea castanea  G . L ister -  89. Salix.

L icea m inim a  F ries  -  1-3, 30, 47, 51, 53, 62. 
Alnus, Salix.

Tubifera fe rru g in o sa  (Batsch) J. F . G m el. -  17, 
30, 100. A lnus,  Picea, Pinus.

Lycogala  ep idendrum  (L .) F r ies  -  1, 5, 7, 9, 
10, 12, 14, 23, 29, 34, 38, 51, 75, 79, 82, 84, 88, 
95, 96, 98. A lnus,  Betula , Pinus, Salix.
1 9 -  B o ta n i s k a  N o t i s e r

Fig. 2. Distribution of the investigated localities in the 
U m e å  region. T h e  town centre of U m eå  is situated 
ju s t  SW  of locality 101.

R eticu laria  ju ra n a  M eylan  -  72, 101. Picea  and 
A ln u s ,  respectively .

A s  show n b y  N an n en g a -B rem ek am p  (1958 a 
p. 776, 1974 p. 86), the s tructure  o f  the 
pseudocap illi t ium  is ra ther  variable in this 
spec ies .  L ike  the specim ens collected  (Strid 
13393) from  the  locality 101, it may consist o f  
th read-like  s truc tu res  forming an irregular n e t­
w o rk ,  often with irregular m em branous  ex ­
pans ions  a t the junc tions ,  or, as in the co llec­
tion  (Strid 13305) from locality 72, it may be 
fo rm ed  o f  broader,  m em branous  strands with 
ro u n d ed  perfora tions . In the latter case  it 
a p p ro ac h es  tha t o f  R. sp lendens  M organ  in 
ap p ea ran ce .  D r  N . E. N annenga-B rem ekam p , 
w ho  kindly exam ined  a piece o f  the pseu­
docapillitium  from Strid 13305, referred it to 
R . ju ra n a .  O b v io u s ly R. ju rana  and /? ,  sp lendens  
a re  ra th e r  c losely  related. K owalski (1975 p. 452) 
has  relegated  the fo rm er to a mere variety o f  
th e  la tter.

R eticu laria  lycoperdon  Bull. -  9, 20, 23, 109. 
A ln u s ,  B etu la .

R eticu laria  olivacea  (E hrenb .)  F r ies  var. simu- 
lans  (R ost.)  N an n .-B re m . -  2. Alnus.

Cribraria argillacea  (Pers.) Pers . -  23. A lnus.  
A n  in teres ting  substra te  for a species normally 
found  on  con iferous wood.

A rcyria  cinerea  (Bull.) Pers. - 9 0 .  A lnus.
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Arcyria  incarnata  (Pers .)  Pers . -  5, 10, 12, 18- 
20, 28, 36-38, 51, 61, 69, 75, 77, 79, 86, 90, 96, 
98. A lnus, B etu la , Salix,  unspecified coniferous 
w ood , dead fruiting-body o f  Phellinus igniarius.

Arcyria  nu tans  (B u ll .)G rev .  -  23, 25, 30, 47, 59, 
62, 67, 82, 83, 88, 91, 97, 99, 102. A lnus  glu- 
tinosa, A .  incana  (mainly), Salix, unspecified 
coniferous w ood .

Arcyria  oerstedii  R ost.  -  66. Alnus.

A rcyodes  incarnata  (Alb. & Schw .) O. F. 
C o o k  -  37, 54. A lnus,  dead  fruiting-body of 
Phellinus igniarius.

Trichia decip iens  (Pers.) M acbr.  -  3-5, 8, 10, 
11, 18 ,20 , 30, 4 4 , 6 8 , 7 3 , 8 2 , 9 1 , 9 5 ,  105. Alnus,  
Picea , Salix, Sorbus.

Trichia fa v o g in e a  (Batsch) Pers. (sensu M artin  
& A lexopoulos  1969 p. 160) -  6, 17, 36, 95, 100. 
A lnus,  Betula, Salix.

Trichia lu tescens  (A. Lister) A. L ister -  8. 
Salix.

Trichia scabra  R ost.  -  6, 44. Alnus,  dead 
fruiting-body o f  Phellinus igniarius.

Trichia sub fusca  R ex  -  36. A lnus.

Trichia varia  (Pers.) Pers. - 2 - 4 ,  13, 15, 17, 18, 
74, 77, 100, 104. A lnus,  Picea, Salix, Sorbus,  
unspecified  con ife rous wood.

E ner th en em a  pap il la tum  (Pers.) R ost.  - 1 , 2 ,  10, 
37. A lnus,  Salix.

S tem on itis  axifera  (Bull.) M acbr.  -  13, 30. A l­
nus, Salix.

S tem on itis  fu s c a  R o th  -  1, 9, 37, 44, 62, 74. 
Alnus,  dead fruiting-body o f  Phellinus igniarius.

S tem on itis  hyperop ta  M eylan  -  67. Alnus.

S y m p h y to c a rp u s  a m aurochae to ides  N an n .-  
Brem . -  108. Betu la  tortuosa.

C om atricha  e legans  (Racib.) G . L ister -  47. 
A lnus.

C om atricha  nigra  (Pers .)  S chroet.  -  1-5, 10-12, 
16, 20, 22, 23, 25, 28, 36-38, 73, 85, 91, 97, 99. 
A lnus  g lu tinosa , A .  incana, Prunus, Salix, 
unspecified  con ife rous w ood, dead fruiting- 
body o f  A ntrod ia  serialis.

C om atr icha  typho ides  (Bull.) Rost. -  3, 7. 
A lnus,  Sorbus.

B adham ia  utricularis  (Bull.) Berk. -  12, 49, 54, 
63, 64, 66. A ln u s ,  Betula , Salix, unspecified 
coniferous w ood .

Fuligo m u sc o ru m  A lb. & Schw. -  66. D icranum  
sp.

Fuligo sep tica  (L .)  Wiggers -  39, 59, 66, 103, 
106, 107. A lnus,  B etu la ,  Picea, P opulus.

Craterium leucocepha lum  (Pers.) D itm ar  -  84, 
86, 90. A lnus.

T h e  pseudoco lum ella  and  several o f  the capil- 
litial ca lcareous  nodules  in the sporang ia  (Strid 
10819) from locality  84 are d istinctly  yellow, 
but o th e r  c h a ra c te rs ,  e.g. the greyish peridium  in 
the  u p p e r  ha lf  o f  the sporangium , agree be tte r  
with th o se  o f  this very  variable species, than 
with th o se  o f  C. aureum  (Schum .) R ost.

P hysarum  c inereum  (Batsch) Pers. -  49. A lnus.
T h e  fructifications from this locality (Strid 

7505) vary  from  rounded  sporangia and short 
p lasm odiocarps  to  strongly-netted  plasm odio- 
carps  (Fig. 3). A  low (pseudo-)colum ella is 
p resen t in at leas t  som e o f  the fructifications. 
T h e  spores  are  8 .5 -9  p m  in d iam ., faintly 
w arted , pale b ro w n  in transm itted  light. T h is  
collection resem bles  P. vernum  Som m . in som e 
charac te rs  (well developed  p lasm odiocarpous 
fructifications, o ccu rren ce  on  bark), bu t the size 
and co lour  o f  the  spores agree with P. c ine­
reum .  T h e  tw o  species are closely rela ted , and 
in term ediate  specim ens apparen tly  occur 
(A lexopoulos & Såenz  R. 1975 pp. 248, 257). 
C h arac te rs  delim iting the two ta x a  require 
fu rther  s tudy.

P hysarum  c o n tex tu m  (Pers.) Pers . -  69, 106. 
A lnus,  dead  fruiting-body o f  Phellinus nigro- 
limitatus.

A s diagnostic  ch a ra c te rs  w hich separa te  P. 
m u co su m  N an n .-B re m . from P. con tex tum ,  
N an n en g a-B rem ek am p  (1974 pp. 312-314) m e n ­
tions the th ree  peridial layers , the ou te r  o f  
which b eco m es  slimy w hen m oistened , and the 
thin margin fo rm ed  by the p ro trud ing  peridium 
in sporangia with  a  fla ttened  top, in P. m u co su m .  
A  peridial margin is p resen t in som e o f  the 
sporangia  from  locality 106 (Strid 14125), bu t is 
not visible in those  from locality 69 (Strid 
7954). In  the  sporangia  w ith  a p ro trud ing  margin 
the perid ium  m ay be in terpreted  as being 3- 
layered , in sporangia  w ithou t such a margin it
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Fig. 3. P lasm odiocarpous fnictification o i  P hysarum  cinereum  (Batsch) Pers. -  x  12

appears  2-layered. A pparen tly  the  th ree  peridial 
layers are  not a lw ays distinct in P. m u co su m .  
in the original descrip tion  of the species 
(N annenga-B rem ekam p  1958 b p. 782) the 
peridium was described  as 2-layered, later 
N an n en g a-B rem ek am p  (1974 p. 314) described  it 
as 3-layered at least in the  upper  half. D r 
N an n en g a-B rem ek am p  kindly sent material (N.- 
B. 1603) o f  P. m u co su m ,  which I have com pared  
with tha t co llected  by Strid and with specim ens 
in J a a p ’s M y x o m y ce tes  Exsiccati,  N o .  5. J a a p ’s 
exs icca te  is labelled “ P hysarum  con tex tum  
P e r s .” and has been cited under  tha t specific 
nam e by M artin  & A lexopoulos  (1969 p. 295). 
T h e  spores  from all the four different sources 
agree well in size, o rnam enta tion  and colour. 
T h e  o u te r  peridial layer becom es soft when 
m oistened and  takes  on the sam e appearance  
in all cases .  T o  me they all seem to represen t 
one single taxon.

P hysarum  notabile  M acbr. -  73. Populus.

P h ysa ru m  nutans  Pers. -  2-5 , 8-10, 12, 14, 15, 
17, 19, 28, 34, 36, 38, 40, 45-47, 52, 53, 57-59, 
63, 66, 70, 72, 74, 75, 78, 79, 82-84, 86, 88, 90- 
92, 97-99. A lnus  glutinosa, A . incana, Betula, 
Picea , Salix, Sorbus.

P hysarum  serpula  M organ - 9 7 .  A lnus.
T his  species is c losely  related to P. auris- 

ca lp ium  C ooke  and P. decipiens  C urtis .  T h e  
d ifferences and rela tionships be tw een  the three  
ta x a  have been d iscussed  by F a r r  (1961, 1967). 
P. serpula  has not been reported  from  Europe 
p rev iously .  T h e  species is rare and there is still 
som e  doubt concern ing  the range o f  intraspecific 
varia tion . T h e  actual collection (Strid 12100) 
k ey s  to P. serpula  in M artin & A lexopoulos  
(1969). D r  M arie  F a r r ,  who kindly exam ined  the 
spec im en , confirm ed my determ ination : “ I t  
p robab ly  belongs in P hysarum  serpula  despite



272 Uno Eliasson and Å k e  Strid BOT. N O T ISE R  129 (1976)

its unusually bright colour, sm ooth  peridium, 
and sparsely  calcareous capillitium. T h e  spores  
are typical for the species, but the p resence  o f  
num erous ‘g ian t’ spores indicates some degree 
o f  abnormal maturation. H ow ever ,  it is no t P. 
auriscalpium,  n o r / 5, decipiens, P. superbum ,  or 
P. alpinum,  and I would tentatively  place it 
in P. serpu la , at least for the time b e in g .” 
(F arr  in litt.)

Physarum  viride  (Bull.) Pers . -  91, 97. A lnus,  
unspecified deciduous tree .

M ucilago Crustacea  W iggers -  36. O n dead  
m osses on a live twig o f  Salix.

D idym ium  crustaceum  F ries  -  44, 76, 89. 
Alnus, Salix.

Probably  the  first definite Sw edish  records  for 
this species. Santesson  (1964 p. 119) includes the  
species in his list of Swedish M yxom yce tes ,  
but refers to  R. Fries (1912 p. 757), w ho, in 
turn , refers to E. F ries  (1849 p. 452). A ccord ing  
to the la tter the species had been found in the 
province o f  V ästergö tland , but no reference 
material has been  found in Sw edish  herbaria.

D idym ium  m elanosperm um  (Pers.) M acbr. -  64, 
104. Alnus, Sorbus.
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Anchusa  phocidica  L .-Å . G ustavsson , sp. nov. (Boraginaceae) and Arenaria gionae  
L.-Å. G ustavsson , sp. nov. (Caryophyllaceae) are described. Both are chasm ophytes on 
limestone rocks. T hey  are endemic to M t G iona, S terea Ellas, G reece. The differences 
betw een these species and their closest relatives are given.

Lars-Åke Gustavsson, D epartm ent o f  Plant Taxonom y, University o f  Lund, Ö. Vallgatan  
18-20, S-223 61 Lund, Sw eden .

A nchusa phocidica L .-Å . G u stav sso n ,  sp. nov. -  
Figs. 1, 2

T ypus:  G u s tav sso n  6945 (LD holotypus, G ,  W).

P lanta perennis, caespitosa, suffruticosa, to ta  setosa. 
C aules  20-30 cm longi, ascendentes ad erecti. Folia 
basalia  rosulata , 9-14 cm longa, 6-10 mm lata, 
lanceolata  ad lineari-lanceolata, leviter s inuata ad 
integra, in petiolum 2-4 cm longum sensim attenuata . 
Folia caulina inferiora ad 6 cm longa et 7 mm lata, 
sessilia, lanceolata ad lineari-lanceolata. Folia supe- 
riora caulina minora, saepe ad basin latiora, ±  am- 
plexicaulia. Inflorescentia  paniculata, p luricym osa, 
cymis 15—25-floris, bracteis 1-5 mm longis. Fedicelli 
florum inferiorum c. 5 mm longi, erectipaten tes ,  
florum superiorum 1-2 mm, erecti. Calyx in anthesi 
3-4 m m , in statu fructescenti 4.5-7 mm longus, 
saltern ad 3/5 in lobos late obtusos ad subspatnulatos 
divisus. Corolla  laete caerulea , ac tinom orpha; tubus 
1.8-1.9 mm longus, limbus 7-8 mm in d iam etro, 
squam ae vix 1 mm longae. Stamina filamentis c. 
0.5 mm longis praedita. A ntherae 1.0-1.1 mm longae, 
c. 0.6 mm latae. Stylus 1.4-1.5 mm longus. N uculae  
nigrae, 3.2-3.5 mm longae, 1.7-1.9 mm latae, ir- 
regulariter reticulatae, superficie tuberculata . 
N u m eru s  chrom osom atum  (2n) 18.

C aesp i to se ,  suffruticose perennial. W hole plant 
se tose  with simple, stout as well as s lender, 
pa ten t to appressed , ±  tuberc le-based  hairs. 
S te m s  20-30 cm , ascending to e rec t,  leafy 
th roughou t and branched  above. Basal leaves  
in ro se ttes ,  9-14 cm long (including petiole), 
6 -10  mm broad , lanceola te  to linear lanceola te ,

slightly sinuate to entire at margin and gradually 
tapering  tow ards  the 2-4  cm long petiole. 
L ow er cauline leaves up to  6 cm long and 7 mm 
broad, sessile, lanceola te  to linear lanceolate. 
U pper cauline leaves smaller and often b roadest 
near the base, som ew hat amplexicaul. In flores­
cence  paniculate  with some cym es, each usually 
with 15-25 flow ers sub tended  by small b rac ts ,  
1-5 mm long. C y m es  strongly condensed  in early 
anthesis , later elongating to 2 .5-6  cm. Pedicels, 
in fruit, o f  low er flowers c. 5 mm and 
e rec topa ten t,  those  o f  upper flowers 1-2 mm and 
erect. C alyx  2 -4  mm in anthesis , in fruit 
e longated  to 4 .5 -7  mm and divided to at least 
3/5 into broadly  obtuse  to subspathu la te  and ±  
unequal lobes. L obes appressedly  hairy outside , 
except for the glabrous and scarious apical part, 
light blue when young, later becom ing brow n, 
inside g labrous excep t for the ex trem e base. 
M argins o f  calyx lobes with fine hairs at apex 
and with tuberc le-based , rigid hairs below. 
Corolla  bright blue, ac tinom orphic; tube  1.8- 
1.9 mm long, limb 7-8 mm in d iam eter, scales 
less than 1 mm. S tam ens with filaments c. 
0.5 mm long. A n thers  1.0-1.1 mm long and c. 
0.6 mm broad , dark  b row n. Style 1.4-1.5 mm 
long in fruit, s tigm a capitate and c. 0.2 mm 
broad. N u tle ts  b lack, 3 .2-3.5 mm long and
1.7-1.9 mm broad , irregularly reticula te , surface 
tubercula te . C hrom osom e  num ber  2n =  18.
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Fig. 1. A n ch u sa  phocidica,  type collection. -  A: H abit.  -  B: Corolla, opened out. - C :  Calyx. - D :  K aryotype.
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Fig. 2. A: N utle ts  o f  A nchusa  phocidica,  type  collection. -  B: N utle ts  o f  A. serpentinicola  (Rech. fil. 
17718).- x  10.

M ateria l seen.  G re ece ,  nom os Phocis: M t G iona ,
3.5 km E of Sikea. E-facing limestone cliffs, c. 2000 m.
15.7. 1975. G us tavsson  6945.

Distribution a n d  habita t.  A .  phocid ica  is know n 
only from  the  type  locality w here  it grow s in 
crev ices  and on narrow  ledges in a s teep  
E-facing lim estone cliff in th e  sum m it ridge at c. 
2000 m. Only abou t 10 spec im ens  have been  
o b se rv ed ,  but as the hab ita t  is situa ted  in a  vast 
rocky  a rea ,  fu r ther  finds are  to  be expec ted .

Taxonom ic  re la tionsh ips . In  his m onograph ic  
t rea tm e n t o f  A n c h u sa  G u su leac  (1927) d is tin ­
gu ishes  only one spec ies,  A . barrelieri (All.) 
V ittm an , under  the new  subgenus C yn o g lo t t is . 
It is d is tr ibu ted  in S E  E u ro p e  from Italy  e a s t ­
w ards  to C U k ra in e  and in the w estern  p ar t  o f  
A sia  M inor, bu t does  no t o ccu r  in G re e c e  
(C hater 1972). R ech inger (1960) described  a 
second  species  o f  the sam e subgenus , A .  
serpentin icola , which inhabits  serpentine  rocks 
o f  M t V ourinon  in N o m o s  K ozan i,  N  G re e c e .  
It has la ter also been  rep o r te d  from the s o u th e rn ­
m ost part o f  Y ugoslav ia ,  w here ,  how ever ,  it 
grow s in crev ices  o f  l im estone  rocks.

A n ch u sa  phocid ica  is m o s t  closely rela ted  to 
A . serpentin icola  R ech . fil. T h ese  tw o  species 
are distinguished from  A. barrelieri (All.) V i t t ­
man mainly on  their caesp ito se  habit. A .  ser ­
pentin icola  differs from A . phocid ica  in having 
shorter and  n a r ro w er  leaves ,  up to 10 cm long 
and 4-7  mm broad , and  m ore p ronounced  
sinuate leaf  m argins. It also has smaller flow ers: 
coro lla  limb c. 5 m m , tube  1.5-1.6 mm  long

and style c. 1.0 mm. F u r th e rm o re  the  nutlets 
o f  A .  serpentin icola  a re  b row n, forming a 
p ronounced  angle be tw een  the collar-like ring 
and the rest o f  the nut and  its surface is m ore 
weakly tubercu la te  (Fig. 2).

Cytology.  F ive  plants cultivated  in L und  w ere 
s tudied. A fter  trea tm en t overnight in 2 mM 8- 
hydroxiquinoline root tips were squashed  and 
stained in ace toorcein .

T h e  ch rom osom e n u m b e r  was found to be 
2n =  18 (Fig. 1 D). T h e  size varies be tw een  3.9 
and 6.3 gh. O ne  sub te locen tric  pair has  satellites 
on the short arm . T h e re  are 3 o the r  pairs o f  
sub te locen tric  and 5 pairs o f  m e tacen tr ic -sub -  
m etacen tr ic  ch rom osom es.  Within each  o f  these 
groups the individual pairs  cannot be identified 
because  o f  small d ifferences in length and arm 
indices.

P revious cytological investigations o f  sub­
genus Cynoglottis  have only  been carried  out for 
A. barrelieri. S trey  (1931) counted  the  c h ro m o ­
som e num ber for the first time and found it to 
be 2n = 16, bu t he gives no fu rther  inform ation 
on the ch rom osom e m orphology. Smith (1932) 
confirm ed this count. T h e  ch rom osom e co m ­
plem ent in his material seem ed to cons is t  o f  1 
sub te locen tric  pair with satellites on the short 
a rm , 2 m etacen tr ic  pairs and  5 subm etacen tr ic  
pairs. A deviating ch rom osom e  n u m b e r  was 
found by L ew itsky  (1940). H e found 2n =  18, i.e. 
as in A n ch u sa  phocid ica ,  but no inform ation 
on the ch rom osom e s truc tu res  was given.
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Fig. 3. Arenaria gionae,  type 
collection. -  A: H abit.  -  B: 
Sepals, ou te r  to  inner. -  C: 
Y oung gynoecium . -  D: Petal 
and stamens.

Arenaria gionae L .-Å . G u stav sso n ,  sp. nov. -  
Fig. 3

Typus: G u s tav sso n  6811 (LD holotypus, G ,  K, 
U PA , W).

H erba  perennis, caespitosa , glaberrima. Caules flori- 
feri 1—2(—3) cm alti, foliis 2 oppositis, connatis . Folia 
3.0-7.0 mm longa, 0.5-1.1 mm lata, 4- ad 8.5-plo 
longiora quam lata, anguste lanceolata ad linearia, 
uninervosa. F lores solitarii. Pedicelli 4—6 mm longi. 
Sepala ad basin carinata , 3.5-4.1 mm x 1.6-2.4 mm, 
ex teriora lanceolata , interiora ovata . Petala 6 .5 -
8.5 mm longa, 2 .5-3.0 mm lata, obovata ,  ad basin 
leviter a t tenuata . F ilam enta  5.0-5.5 mm longa. 
A ntherae  0 .7-0 .8  mm longae, 0.5-0.6 mm latae. 
Styli 3. C apsu la  sepala paullo superans, regulariter 
dentibus 6 dehiscens.

C om plete ly  g labrous, caesp itose  to  mat-forming 
perennial. F low ering  s tem s  s lender, 1 —2(—3)

cm high, usually with 1 pair o f  opposite , 
connate  leaves. L eaves  3 .0-7 .0  mm long and 
0.5-1.1 m m  broad, 4-8 .5  times longer than 
broad , narrow ly  lanceola te  to  linear, c row ded ,
1-veined and with entire margins. Flowers
solitary. Pedicels 4 -6  m m , bracts  narrow ly

«
triangular, 1.5-2 mm long. Sepa ls  keeled at 
base , 3.5-4.1 mm x 1.6-2.4 mm, ou te r  ones 
lanceola te  with narrow  scarious margin, inner 
ones ovate  with a scarious margin up to 0.7 mm 
broad . Peta ls  6 .5-8 .5  mm x  2 .5 -3 .0  mm, o b ­
ova te ,  slightly a t tenua te  a t base. F ilam ents  5 .0 -  
5.5 mm , c. 0.2 mm broad  at base. A n thers  
0 .7-0 .8  m m  x 0 .5 -0 .6  m m , reddish . Styles 3, 
2 .3-3 .2  mm long. Capsule  slightly exceeding  
sepals, 3 .2 -3 .6  mm long (w hen dry and with 
recurved  teeth) and 1.9-2.4 m m  b road , normally
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Table 1. The most important characters separating Arenaria gionae from its closest relatives.

Arenaria
species

Flowering
stem

Pedicel
length
(mm)

Number of 
flowers 
per stem

Leaves Sepals Hairiness

length (cm) length (mm) length/ 
breadth

shape

1bulica1 <1 ? 1 3-4.5 3.5-4 c. 3.5 
acuminate

“ asperulo-
pubescens”

minutissima 1.5-3 ? 1-2 1-3 2-3.5 4-4.5
shortly acuminate

stems and leaves 
“ crispule puberulis” 
pedicels and sepals 
glandular-pubescent

antitaurica 2-4 5-15 1-2 6-10 5-7 3-5
acuminate to acute

densely glandular- 
pubescent

uninervia =£4 3-10 (1—)2(—3) 5-11 3-4 3.5^1
acuminate to acute

densely glandular- 
pubescent

cretica

jj-

2-10 4-12 1-5 3-10 2-4.5 3-5
acute to obtuse

var. cretica: glandu­
lar-pubescent except 
for the leaves, var. 
stygia: whole plant 
glandular-pubescent

gracilis 2-8 7-18 (1—)2(—3) 3-8 3-5.5 3.5-5.5
acute to obtuse

stems papillose- 
scabrid, rest glabrous

gionae 1-2 4-6 1 3-7 4-8.5 3.5—4.1
acute to obtuse

completely glabrous

dehiscing with 6 teeth , teeth up to 1.5 mm long, 
acute. Seeds and chrom osom e number un­
known.

Material seen. Greece, Nomos Phocis: Mt Giona, 
6 km NW of Prosilion. Limestone outcrop on a
5-facing slope at 1900-2000 m. 21.5. 1975. Gustavs­
son 4666. -  Mt Giona, 7 km NW of Prosilion. 
Small limestone outcrops on E-, S-, and W-facing 
slopes at 2000-2150 m. 13.7. 1975. Gustavsson 6811. 
Typus.

Distribution and habitat. Arenaria gionae  is 
only known from alpine habitats at altitudes o f  
betw een  1800 and 2200 m on M t G iona. It is 
an obligate chasm ophyte occurring in minute 
lim estone crevices on E-, S- and W -facing slopes 
in the N E  part o f  the G iona m assive, about
6 -7  km N -N W  o f Prosilion. In addition to the 
collections A. gionae has been observed in 
several localities within this area.

Taxonomic relationships. Arenaria gionae  
belongs to section  Rariflorae W illiams (cf. 
M cN eill 1962, 1963). Its c lo sest relatives are in 
Iran, Turkey and on the Balkan Peninsula and 
Crete. In each o f  these three geographical areas

tw o closely  related species are endem ic: A. 
bulica S tapf ex W illiams and A. minutissima 
R ech. fil. & Esfandiari from Iran, A. antitaurica 
M cN eill and A. uninervia M cN eill from the 
Anti-Taurus Mt in southern Turkey (Davis 1967) 
and A. cretica  Sprengel and A. gracilis W aldst. 
& Kit. from the Balkan Peninsula and Crete 
(Chater & H alliday 1968, H alåcsy 1901). T he  
m ost important differences betw een these  
species and A. gionae  are given in Table 1. It 
is evident from the table that Arenaria gionae 
can be easily separated from the other species 
o f  section  Rariflorae by its short flowering  
stem s, short pedicels, solitary flow ers, linear 
leaves (4 -8 .5  tim es longer than broad) and in 
being com pletely glabrous.
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Morphology of Ploiarium alternifolium and the taxonomic position 
of Ploiarium
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T h e  m orphology, ana tom y and embryology of Ploiarium alternifolium (Vahl) M elchior is 
described. T he  s tom ata  are paracytic  and idioblasts containing druses and tannin are 
com m on in leaves. T h e  young stem shows a spongy cortex , groups of pericyclic 
fibres and a he terogeneous pith. Pith cells with druses and starch  are seen in the root. 
In the wood the pores  are solitary and contain vessel deposits and tyloses. T he 
parenchym a is m ostly  apotracheal diffuse. T he rays are heterogeneous and are uni- or 
biseriate. Bordered pits are p resen t on the lateral walls o f  vessels and fibres. T he 
flowers are b isexual, regular and white. T here  are num erous stamens in five bundles. 
T h e  anther wall is 4-layered -  the innerm ost constituting the Secretory  tapetum. Pollen 
is tricolporate and 2-celled. T h e  ovules are num erous, ana tropous, tenuinucellate, 
bitegmic and conspicuously  elongated. D evelopm ent o f  the em bryo  sac conforms to the 
Polygonum type. Fertilization is porogamous. T he  endosperm  is nuclear. T he mature 
em bryo  is straight and much elongated. T he fruit is a capsule that dehisces from the 
base upwards. A vailab le  anatomical and embryological evidence justifies the inclusion 
of Ploiarium in the Bonnetiaceae ra ther  than th eT h e ace ae .

N. Prakash, Department o f  Botany, University o f  New  England, Armidale, N .S .W .,  
2351, Australia.
Y. Y. Lau, Department o f  Botany, University o f  Malaya, Kuala Lumpur, Malaysia.

Ploiarium ,  earlier know n as A rc h y ta e a  owing to 
confusion  with that South  A m erican  genus, 
con ta in s  th ree  species occurring  chiefly in South 
East A sia  but ex tending to N ew  G u in ea .  It has 
been variously  included in the  T h e a c e a e  and the 
B onne tiaceae  by different taxonom is ts .  Airy 
Shaw  (in Willis & Airy Shaw 1973) and H u tch in ­
son (1973) have included the  genus in the 
B onne tiaceae  which formed the  tribe B onnetieae 
in the  T h e a c e a e  o f  Engler (see M elch io r  1964). 
W hile the B onnetiaceae  o f  A iry  Shaw  has three 
genera , A rchy taea ,  B onnetia  and Ploiarium, 
tha t o f  H u tch in son  includes four additional 
g enera  from the  G u ttife rae  -  Caraipa, Haplo-  
clathra, K ie lm eyera  and M ahurea .  T h e  latter 
au th o r  spelled Ploiarium  as Plo iarum .  Based on 
anatom ical differences M etcalfe  & C halk  (1950) 
recognised  Bonnetiaceae  but left Ploiarium  in 
the T h ea ceae .

T his  s tudy  on the vegetative an a to m y  and

em bryology o f  Ploiarium  alternifolium  (Vahl) 
M elchior seeks to clarify the system atic  position 
o f  the genus in the light o f  data  from internal 
m orphology.

Material and methods

Plant specimens w ere  collected along R aw ang-B atu  
A rang  Road about 20 miles N o rth  of Kuala Lum pur, 
M alaysia  and also from the U niversity  of M alaya 
cam pus. Both vegetative and reproductive materials 
w ere  fixed on the spot in F A A  (in 70% alcohol) 
and placed in a vacuum  cham ber for 15 minutes to 
rem ove air bubbles from larger buds and flowers. 
A fte r  at least 48 hours in the fixative, young roots 
and stems were placed in a 1:1 mixture of glycerine 
and 70%  alcohol overnight to bring about softening. 
T h e  wood blocks w ere  trea ted  with 50% aqueous 
hydrofluoric acid for 48 hours. Following routine 
dehydration  and em bedding procedures  (Sass 1958), 
sections were cut on a m icrotom e at 10-15 microns. 
T h ese  were double stained with 1 % alcoholic safranin 
‘0 ’ (1 hr) and 0 .5 %  alcoholic fast green F .C .F .
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Fig. 1. Vegetative ana tom y (ep epiderm is, mc mucilage cell, pa p a renchym a, pc p rocum bent ray cell, 
pp perforation plate, st stom ata, uc upright ray cell, vb vascular bundle, ve vessel,  vr vascular ray). -  A: T .s .  leaf. 
-  B: Peel from low er epidermis. -  C: T .s .  wood from stem. - D - G :  Portions  o f  vessel m em bers  from m acerated  
wood. -  H: R.l.s. o f  ray. - I - M :  T .l.s .  o f  rays. -  A , C ,  H -M  x 110, B x 540, D -G  x 220.
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(15 seconds). A voucher specimen (accession no. 
K L U  21058) was deposited in the herbarium at the 
D ep ar tm en t  of  Botany, U niversity  of M alaya.

Results

G eneral m orpho logy

T h e  plan t is an everg reen  shrub reaching a height 
o f  abou t 6 m eters  in m arshy  acidic soil in 
associa tion  with N e p en th es  gracilis. T h e  leaves 
are oblong-lanceola te , shiny, green on the 
adaxial side bu t yellowish green on the abaxial 
side, up to 8 cm  long and 2.5 cm broad , and 
with minutely too thed  pink edges.

T h e  flow ers are solitary, bisexual, pentam - 
e ro u s ,  axillary, borne on pedicels 2-3 cm long. 
T h e re  are  tw o b rac ts  below  the calyx. T he  sepals 
are  g reen  but with a pink margin while the 
peta ls  are w hite . T h e re  are num erous s tam ens 
w h ich  are g rouped  into five bundles. T he  
gynoecium  is pen tacarpe lla ry ,  syncarpous  and 
con ta ins  num erous  greatly elongated ovules 
bo rn e  on axile p lacentae. T here  are five 
nectaries  at the base  o f  the ovary . T h e  fruit is 
a septicidal capsu le  splitting from the base to 
the apex  into five parts w hich are  supported  
by a cen tra l  co lum n. T h e  styles persis t in the 
fruit.

L e a f  a n a to m y

T h e  leaf  is th ick  and dorsiventra l.  T h e  upper 
ep iderm is  is devoid  of s tom ata  and is lined by a 
thick layer o f  cuticle . U n d ern ea th  this is a layer 
o f  mucilaginous hypoderm al cells (Fig. 1 A). 
T h e  m esophyll consis ts  of 2 -4  layers o f  palisade 
tissue , the low erm ost cells o f  which grade into 
the spongy tissue which forms up to tw o-thirds 
o f  the  th ickness  o f  the lam ina and shows 
num erous  idioblasts containing d ruses  and 
tannins. N o  sclereids are observed  in the  leaf. 
T h e  leaf base is decurren t and therefore a 
distinct petiole is absent. T h e  midrib contains a 
U -shaped  vascular strand. T h is  is accom panied  
by several smaller lateral veins. T h ere  are 
num erous  s tom ata  on the low er epidermis. 
E ach  guard  cell is accom panied  by a parallel 
subsid iary  cell and the  s tom a ta  are  o f  the 
rub iaceous  or paracy tic  type (Fig. 1 B).
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S tem  ana to m y

T h e  outline o f  the young  stem  is circular. T h e  
cortex  is about 12 layers thick and is com posed  
o f  an ou te r  zone o f  com pac t p arenchym a cells 
and an inner zone o f  spongy tissue containing 
prom inent in tercellu lar spaces. T h e re  are  d ruses  
in some cortical cells and irregularly shaped 
sclereids in be tw een . T h e  endoderm is  is not 
distinct. T h e  pericycle is heterogeneous and 
contains isolated groups o f  fibres. T he  vascular 
cam bium  is continuous and p roduces  phloem  
tow ards  the periphery  and xylem tow ards  the 
cen tre .  T h e  phloem  fibres are  thick-walled and 
elongated. T h e re  is a distinct pa renchym atous 
pith containing num erous  tanniniferous cells. 
T h e  cork  is subepiderm al in origin and although 
the cells rem ain thin-walled they  accum ula te  
tannin.

W ood  ana to m y

W ood in roots  and stem s is essentially similar. 
V esse ls  a re  diffusely porous , p redom inantly  
solitary (Fig. 1 C) and often contain vessel 
deposits  and balloon-shaped  ty loses. Pores small 
(d iam eter 75-100 m icrons). M ean m em ber length 
0.7 to 1 mm. Perforation  plate simple and 
oblique (Fig. 1 D). O ccasionally  tw o perforation 
plates on an end wall (Fig. 1 E). In tervascu lar  
pitting scalariform to  opposite , large (Fig. 1 F ,  
G ).  W ood p a renchym a  mostly apo tracheal 
diffuse but a few para tracheal scanty. R ays uni- 
and biseria te , 3-30 cells high, mostly K r ib ’s 
he terogeneous type II (Fig. 1 I -L )  but some 
(Fig. 1 M ), type I. Ray  cells gorged with 
tannins and in terconnected  through num erous  
simple pits on their th ickened  radial walls (Fig.
1 H). F ibres with bo rdered  pits on both radial 
and tangentia l walls which are m odera tely  thick.

R o o t  ana tom y

In addition to  norm al roo ts , stilt roots  are 
p resen t at the  base  o f  the stem . T h e  phellogen 
is initiated in the roots  below the epidermis 
very  early in developm ent -  even before the 
vascu la r  cam bium  becom es active. T h e  cork  
cells are suberised  and accum ula te  tannin. T he  
co rtex  is about 12 layers  thick as in the stem 
but the in tercellu lar spaces are  m ore abundan t 
in the root. T h e  sclere ids and crystals  are also
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Fig. 2. D evelopm ent in an ther  (cw callose wall, en endothecium , ep epidermis, gn generative cell, mc 
microspore m other cell, ml middle layer, tp tape tum , vg vegetative cell, vt vascular  trace). -  A, B: T .s .  an thers  at 
m icrospore m o ther  cell and m ature pollen grain stages, respectively; the dark areas are tanniniferous. -  C: 
Detailed structure of an ther lobe from A. -  D: T apeta l  cells at the m icrospore tetrad stage. -  E: A n th e r  wall 
at dehiscence, only epidermis and endothecium  remain. -  F: Meiosis 2 in spore m other  cell. - G ,  H: M icrospore  
tetrads. -  I : Pollen grain. -  A, E x  235, B x 60, o thers  x 560.

m ore abundan t as com pared  with the stem . T h e  
endoderm is  is no t very distinct from the inner 
cortical layers. T h e  xylem is diarch with two 
alternating  phloem strands. T h e  pith cells 
usually  have  tannin, c rysta ls  or starch grains.

A n th er  d eve lopm en t

T h e  an the rs  are te trasporang ia te  (Fig. 2 A , B) 
and are  supplied with a single vascu la r  trace . 
T annin  deposition  takes p lace very  early  in

an ther  deve lopm en t in the cells o f  the  connec tive  
and the epiderm is. C rys ta ls  in the form  o f  d ruses  
are com m on in the connective .

T h e  an ther  wall at the m icrospore  m o th e r  cell 
stage (Fig. 2 C) consis ts  o f  four layers  o f  cells 
lying below  the epiderm is. T h ese  are  e n d o ­
thecium , tw o  m iddle layers and the sec re to ry  
tape tum . T h e  endothecium  develops fibrous 
bands  before the  deh iscence o f  the  an th e r  
(Fig. 2 E). T h e  ep iderm is is pers is ten t.  T h e  
middle layers are  ephem eral. T h e  tape ta l  cells



BOT. N O T IS E R  129 (1976) M orpho logy  o f  Ploiarium  283

Fig. 3. D evelopm ent in ovule and seed (co cotyledon, dm degenerating m egaspores, eg egg, es em bryo sac, 
hy hypostase ,  ii inner integument, nu nucellus, oi ou ter integument, pe primary endosperm  nucleus, pn polar 
nuclei, sc sporogeneous cell, sn secondary  nucleus, su suspensor,  sy synergid, zy zygote). -  A, B: L.s. ovular 
primordia. -  C: L.s. young ovule, the integuments are  just initiated. -  D: T .s .  ovule. -  E: L.s. ovule. -  F : L.s. 
nucellus showing a dyad, the u pper  cell is degenerating. -  G , H: M egaspore te trads.  - 1: Tw o-nucleate  em bryo 
sac with rem nants  o f  a dyad cell and a megaspore. -  J ,  K: Four- and eight-nucleate em bryo sacs. -  L, M: 
Organised em bryo  sacs, antipodals still seen in L. -  N: Fertilized em bryo  sac. -  O: Zygote. -  P: Two-celled 
p roem bryo . -  Q: M ature  em bryo. -  E, Q x 45, D x 190, others x 470.
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(Fig. 2 D) becom e b inucleate  at the time of 
meiosis in the m icrospore m other cells. In the 
transverse  section o f  an an ther  there  are three  
or four sporocy tes  in each sporangium . M eiosis 
in these followed by sim ultaneous cytokinesis 
results  in te trahedral and decussa te  m icrospore 
te trads  (Fig. 2 F -H ) .  T h e  callose wall of the 
m icrospore m other cells becom es gelatinous in 
appearance  as meiosis p roceeds  and disin­
tegrates soon after the m icrospores  are form ed, 
thus releasing them  in the sporangial cavity. 
T h e  m ature  pollen grains are tr ico lporate , have 
a thick o rnam ented  exine, and are two-celled 
(Fig. 2 I). Rarely  4-colporate grains are found.

M egasporangium

N u m ero u s  ovules are bo rne  on axile placentae. 
E ach  ovule arises as a p ro tuberance  which 
gradually undergoes curva tu re  and differentiates 
into an ovule (Fig. 3 A -C ).  T h e  ovules are 
anatropous, bitegminal and tenuinucellar. T he  
ovules are conspicuously  elongated; the  width to 
length ratio being 1 to 10 o r  m ore (Fig. 3 E). 
T h e re  is a very long and massive nucellar 
tissue present below the oblong em bryo  sac 
which at maturity  occupies only the terminal 
eighth of the length of the nucellus. M uch  o f  it 
the re fore  persists  into the seed and is gradually 
but com pletely consum ed by the developing 
endosperm . T h e  classification o f  the ovule as 
tenuinucellar despite  the p resence of massive 
chalazal nucellar tissue  is because  in the  fo rm a­
tion of the  m egaspore m other cell the  arche- 
sporial cell does not cut off a parietal cell 
(see D avis  1966). Both the in tegum ents  form the 
m icropyle. T h e  ou te r  integument consists  of 
three  layers o f  cells and the inner tw o layers 
(Fig. 3 D) before fertilization of the ovule. T h ere  
is a slight increase in the num ber o f  layers in 
each integument in the seed in which the cells 
becom e generally enlarged and accum ula te  
tannin but o therw ise  remain unmodified.

M egasporogenes is  and  deve lo p m en t o f  the  
f e m a le  g a m eto p h y te

T h ere  is a single subepiderm al archesporial cell 
which enlarges and directly becom es the 
sporogenous cell (Fig. 3 C). W ith further 
enlargem ent and onset o f  meiosis it becom es the 
m egaspore m other cell. A parietal cell is not

cut off prior to  its form ation. M eiosis  in the 
m egaspore m o th e r  cell usually results  in four 
m egaspores  arranged  in e i the r  linear or T -shaped  
m anner (Fig. 3 G ,  H). T h e  m icropylar m ega­
spores degenera te  while the chalazal is func­
tional. H o w e v e r ,  som etim es the upper dyad cell 
fails to  divide and d egenera tes  as such (Fig. 
3 F ,  I). T h e  nucleus o f  the  single functional 
m egaspore  divides and a vacuole separa tes  the 
daughter nuclei (Fig. 3 I). T w o  successive  
m itoses in this em bryo  sac give rise to  four 
and eight-nucleate  gam etophy tes  (Fig. 3 J ,  K). 
T h e  eight nuclei then organise into a pattern  
charac teris t ic  o f  the Polygonum  type  o f  em bryo  
sac (Fig. 3 L). T h e  an tipodal nuclei are  not 
seen to form  cells and degenera te  e i ther  before 
(Fig. 3 M) o r  after the fusion of the tw o polar 
nuclei (Fig. 3 L).

Seed

Both the synerg ids degenera te  after the po- 
rogam ous doub le  fertilization. T h e  zygote and 
the prim ary  endosperm  nucleus  are the only 
consti tuen ts  o f  th e  em bryo  sac in the seed for a 
long time afte r fertilization. Seeds collected at 
regular in tervals  for four w eeks from enlarging 
fruits alw ays show ed this stage. T h e  zygote 
divides transverse ly  (Fig. 3 O , P). In  the material 
collected by us we could not observe  fu r ther  
deve lopm en t o f  the  em bryo  except in the seeds 
at the time o f  d ispersal w hich conta ined  a s tr ik ­
ingly e longated , s traight, na rrow , cylindrical 
em bryo  with tw o term inal equal co ty ledons  and 
a short un iseria te  su spenso r  (Fig. 3 Q).

Discussion

M etcalfe & C halk  (1950) described  in the leaves 
o f  Ploiarium  idioblasts w hich are alm ost c ircular 
or rec tangular, slightly th ickened  and mostly 
solitary, and they  included a figure depicting 
the s truc tu re  o f  a vascu la r  ray and  transverse  
section o f  the  w ood. While including the genus in 
the T h ea ceae ,  they  suggested that its possible 
exclusion from the family along with certa in  
o thers  would leave T h e a c e a e  with genera  which 
are m uch m ore uniform in s tructure . W e 
confirm the p resence o f  c ircu lar idioblasts  
contain ing  e i the r  tannin o r  d ruses  in the leaf  and 
the points o f  w ood ana tom y illustrated by them 
for the  genus.
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W e fu rther  find that lik& A rchy taea ,  Ploiarium  
also show s decu rren t leaf  bases ,  paracy tic  
s to m a ta  and subepiderm al thin-walled cork  
w hich are  charac te rs  com m on to B onnetia  as 
well. T h e  tw o fo rm er genera , how ever ,  differ 
in the  nature  o f  the pericycle  w hich is entirely 
sclerified in A rchy taea  bu t is he terogeneous  in 
Ploiarium .  L ike B onnetia  (M etcalfe & Chalk  
1950), Ploiarium  also has vessels  with simple 
perfora tions,  he te rogeneous  rays w hich are 1-3 
cells w ide, s tem  co r tex  with sclereids and 
phloem  with fibres.

T h e re  is no  em bryological w ork  on any 
o th e r  genus o f  the  B onnetiaceae  o f  either 
Airy Shaw  (Willis & A iry  Shaw  1973) or 
H u tch in son  (1973). In th e  T h e a c e a e  itself 
detailed  em bryology  o f  only Camellia  is know n 
(Kapil & Sethi 1963, Sethi 1965). T h e re  are 
som e im portan t d ifferences in the  em bryological 
ch a rac te rs  of Camellia  and  Ploiarium. Ploiarium  
show s a m onosporic  Polygonum  type  o f  em bryo  
sac deve lopm ent,  w h ereas  Camellia  (Baw a 1970) 
show s a b isporic Allium type  o f  developm ent.  
T h e  shape o f  the ovule and  the s truc tu re  o f  
the  m atu re  em bryo  are  also m arked ly  dif­
feren t in the tw o taxa. A  h ypos tase  is present 
in Cam ellia  but not in Ploiarium .  T h ere  are 
none the  less significant similarities betw een 
them  in the s truc ture  o f  and  developm en t within

the an thers . In both taxa the  ovules are 
ana tropous, bitegmic and tenuinucellar.  Both 
show  a nuclear  endosperm .

Taking  into accoun t charac te rs  from both  
vegetative ana tom y and em bryology, w e support 
the rem oval o f  Ploiarium  from the T h e a c e a e  
and, based  on ev idence so far available , its 
p lacem ent in the B onnetiaceae .
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■In plastids of sieve elements are usually found ergastic accumulations of starch (S) 
and /o r  protein (P). T h e  P-type o f  accum ulations are restric ted to certain groups of 
angiosperms and are of different subtypes, which prove characteristic to particular 
groups of plants. O ne subtype, with more or less cuneate  protein bodies, is found in all 
the m onocoty ledonous taxa so far investigated, which are scattered over most orders 
distinguished. A  similar shape of protein bodies is found only in Asarum  o fAristolochiaceae 
among the d icotyledons. A second P-subtype, w here  protein  filaments form a ring- 
shaped structure around a light matrix, is characteristic o f  all taxa of Caryophyllales 
studied. O ther  subtypes of P-plastids are found in families o f  M agnoliales, Aristolochiales 
and Laurales in the superorder M agnolianae, in all three families of  Fabales (Rosanae), 
in V itaceae and L eeaceae  within Rham nales (Celastranae), and in some o ther more 
scattered genera: Eucryphia, Minus, Rhabdodendron  and (probably) in Brassica and 
Capparis. Both starch and protein accumulations occur in the sieve elements of  
gym nosperm s, how ever,  the P-type is restricted to  P inaceae. T he  possible relationships 
o f  groups with P-type plastids in sieve elements are discussed.

H .-Dietmar Behnke, Lehrstuhl fü r  Zellenlehre der Universität Heidelberg, Im Neuen-  
heimer Feld 230, D-6900 Heidelberg, Germany.
R o l f  Dahlgren, Botanical Museum o f  the University o f  Copenhagen, Gothersgade 130,

feren t types  o f  s ieve-elem ent plastids have not 
been com ple ted , but som e patterns of the d istr i­
bution are taking shape and contribute  in ter­
esting possibilities.

Types of sieve-element plastids

A prim ary  distinction can be m ade betw een 
sieve elem ents  with accum ula tions  consisting o f  
proteins (P-type p lastids)  and those  lacking 
protein, w hich is usually com bined  with 
p resence o f  starch  (S-type plastids).  P-type 
s ieve-e lem ent p lastids may also contain starch 
grains in addition to the  protein accum ulations.

T h e  presence  o f  prote in-accum ulating  plastids 
is restric ted  to certain  groups in the angiosperm  
system  (Fig. 1). T h e y  are found in: (A) all 
m onoco ty ledons  so far investigated; (B) the

DK-1123 Copenhagen, Denmark.

D uring  the last decade  the u ltras truc tu re  o f  the 
s ieve-elem ent plastids has been extensively  
investigated by one o f  us (H .-D . B.). T h e  
following accoun t is based primarily on pub ­
lished reports  (e.g. sta tus reviews by Behnke 
1972, 1975 c, 1976) but also conta ins unpublished 
results  on various taxa  (investigated by Behnke 
or o th e r  authors).

In plastids o f  sieve e lem ents  there  are tw o 
m ajor kinds of ergastic accum ula tions ,  viz. 
starch  or protein. T h e  m icrom orphology  o f  these 
accum ula tions  which is used to define different 
types  and  sub types  o f  s ieve-elem ent plastids has 
proved  to be charac teris t ic  of larger groups o f  
taxa , and there fore  gives in teresting  and  useful 
inform ation to  be used in fu rther  considera tions 
on in terrela tions am ong angiosperm s.

T h e  investigations on occu rrence  o f  the  dif­
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Fig. 1. D istribution o f  s ieve-element plastids with protein accum ulations (shaded groups). T h e  different types o f  shading denote  largely different 
kinds o f  protein inclusions. T he letters refer to the grouping in the text. -  A: M onoco ty ledons.  -  B: C aryophyllanae. - C :  M agnolianae. - D :  Fabanae .  
-  E: V itaceae and R ham naceae (Rhamnales) in Celastranae and Eucryph iaceae  (Cunoniales) in H am am elidanae. -  F: U lmus  (U lm aceae, Urticales) 
in Dillenianae, R habdodendron  (preliminarily in R u taceae, Rutales) in R utanae , and Capparis  (Capparidaceae) and Brassica  (B rassicaceae) in Cap- 
parales, Violanae. -  White areas am ong dicotyledons represen t groups having sieve elem ents with starch inclusions only or groups not yet investigat­
ed. T h e  orders  among m onocoty ledons where no representa tive  has yet been studied are white but supplied with a question-m ark.
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su p ero rd e r  C aryophy llanae ; (C) a  num ber  of 
families in sup ero rd e r  M agnolianae, viz. the 
o rders  M agnoliales , Aristolochiales and  Laura- 
les: A n n o n aceae ,  C anellaceae , E upom atiaceae , 
M onim iaceae  (incl. A therosperm a taceae) ,  som e 
L au raceae  and M agnoliaceae , H ernand iaceae ,  
C a ly can th a ceae  and A ris to loch iaceae ; (D) the fa­
milies o f  Fabales: a few genera  studied in 
M im osaceae  and Caesalp in iaceae and a co n ­
siderable  num ber  o f  genera  in F ab aceae  (though 
P-type plastids are lacking in several o ther 
g enera  in the last-m entioned family); (E) the 
families V itaceae  and E eeaceae  o f  R ham nales  
and the family E ucryph iaceae  o f  C unonia les  
(Saxifragales?); and finally, (F) a few in ter­
esting  genera , viz. U lm us  (but not in o ther  
genera  o f  U lm aceae) ,  R habdodendron  (but 
not in o the r  R utaceae), and Brassica  as well 
as Capparis  (Capparales).

T h e  S-type plastids are presum ed to occur in 
virtually all groups o f  d icotyledons excep t those 
m entioned  and are therefore  o f  subord inate  
in teres t in this context. H o w ev er ,  it is of 
crucial im portance  to  note , for exam ple , the 
absence  of P-type plastids and the p resence 
o f  S-type plastids, in some families now 
excluded  from , for exam ple , C aryophyllanae .

T h e  P-type plastids can be divided into a 
num ber o f  sub types  and forms as shown by 
electron  m icroscopy (Behnke 1975 a, b, 1976). 
T h e  sub types  to a reasonable degree are 
charac te r is t ic  o f  some o f  the groups o f  plants 
m entioned  above.

Pro te in  may be present in the sieve tubes in 
the form o f  crystallo ids, digested by 0 .5%  
pepsin and mostly by 0 .3%  trypsin , and /o r  in 
the  form  o f  protein filaments which under the 
experim ental conditions used were not a ttacked 
by these  enzym es. The u ltras tructura l m o r­
phology o f  the protein  inclusions, i.e. the size, 
shape and arrangem ent o f  crystallo ids and/or 
f ilam ents, can be used for characteriz ing  some 
sub types .

The monocotyledonous subtype -  Fig. 3 A -B

In the m onocoty ledons , the protein  inclusions 
are variably large, cunea te  crystallo ids normally 
found in considerab le  num bers .  P rotein  fila­
m ents  are lacking. P-type plastids have been 
d em onstra ted  for a great varie ty  o f  genera

(distributed am ong orders  acco rd ing  to D ahlgren  
1975):

Alismatales: H ydroc le is ,  E c h in o d o ru s . -  Hydrochari- 
tales: B utom us, E lodea .  -  Zostera les: P o ta m o g e to n .  
-  D ioscoreales: D io sc o re a ,  T am us. -  Asparagales: 
Sm ilax , R u scu s ,  A s p a r a g u s , D r a c a e n a ,  Sansevieria ,  
Yucca, A n ther icum , A g a v e ,  M u scar i ,  Allium, Spre-  
kelia. -  T accales: S c h izo c a p sa ,  Tacca .  -  H aem o- 
dorales: X iphid ium , E ich h orn ia , P h ilydrum , -  Liliales: 
G loriosa , L ir iope , Iris, A ls tro em er ia .  -  Orchidales: 
A n oectoch ilu s ,  Vanda.  -  Bromeliales: Billbergia,  
Tillandsia, O rthophytum , V riesea , Vellozia. -  T y- 
phales: Spargan iu m , Typha.  -  Zingiberales: M usa,  
H edych iu m , C ostu s ,  Canna, C a la th e a .  -  Commeli- 
nales: D ichorisandra , S p iro n em a , Tinantia, Trade-  
scan tia .  -  Eriocaulales: E riocau lon .  -  Juncales: J  un­
cus, Luzula.  -  Cyperales: Scirpus . -  Centrolepidales: 
Centro lep is .  -  Poales: R e s t io ,  F lagellaria , A ven a ,  
H o rd eu m , O ryza , Ph leum , S a cch a ru m , Seca le ,  Se-  
taria , S orghum , Triticum, Z e a .  -  Arecales: A renga ,  
C aryo ta ,  C h a m a e d o re a ,  C h a m a e r o p s , C ocos ,  Elaeis,  
L iv is ton a , N y p a ,  Phoenix , P res  toe  a, R hapis ,  R o y -  
s to n ea ,  W ashingtonia . -  P andanales:  P an dan u s. -  
C yclanthales: C arludovica .  -  Arales: A ru m , D ieffen-  
bachia , T yphonodorum , L em n a .

T his  is a rep resen ta t ive  list and  indicates  tha t 
the m onocoty ledons  exhibit a  high degree o f  
hom ogeneity  as regards  this charac te r .  O ne  
significant fact is that B u to m u s ,  H ydrocleis  
and Echinodorus  have the typical m onoco ty le­
don P-type plastids w h ereas  in the similar 
C abom ba, N u p h a r  and N y m p h a e a ,  all in 
N y m p h aea les ,  the plastids are  S-type. In some 
species o f  Piper  and P eperom ia  and in H out-  
tuynia  and Saururus,  all in P ipera les ,  there are 
also S-type plastids, but there  are P-type plastids 
in A rales (which agrees with P iperales in a 
num ber o f  features). F inally , D ioscorea  (Dio­
scoreales) has the m onoco ty ledon  P-type p las­
tids although this genus exh ib its  m any d ico ty ­
ledonous traits . All this ind icates  that the 
m onoco ty ledons  are  perhaps  a m ore h o m o ­
geneous group than is som etim es considered .

T he C a ryop h y llan ae  su b typ e -  Fig. 3 C -D

In the supero rder  C aryophy llanae ,  which c o n ­
sists o f  the  single o rd e r  C aryophy lla le s ,  the 
s ieve-e lem ent p lastids are  o f  a subtype not 
found in any  o the r  ang iosperm s. Protein fila­
m ents  are always p resen t and are  organized 
into a peripheral ring-shaped s truc tu re  around 
a light matrix . C rysta llo ids  a re  also  often p resen t 
as globular o r  polygonal bodies. T h e  absence  
o f  crystallo ids or the ir  specific m icrom orphology
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Fig. 2. Sieve-element plastids in families of M agnolianae (A -C , F), V itaceae  (D) and Eucryphiaceae (E). Poly 
gonal protein  crystalloids (c) are present in A - E  and protein  filaments (f) in A, B and F . S tarch inclusions: s.
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are used  to distinguish be tw een  th ree  different 
fo rm s o f  this sub type  (Behnke 1976). S tarch  is 
only rarely p resent. T hough  p resen t in three 
fo rm s this sub type  seem s to charac te r ize  a 
hom ogeneous  group, the  C aryophy llanae  (Dahl­
gren 1975), com prising  the following families 
(of w hich a considerab le  num ber  o f  genera  have 
been  show n to  have this specific subtype): 
P h y to laccaceae  (incl. L o p h io ca rp u s ), Agdesti- 
d aceae ,  S tegnosperm ataceae ,  A ch a to ca rp aceae ,  
N y c tag in acea e ,  A izoaceae , M olluginaceae, 
D id ie reaceae ,  C ac tacea e ,  P o rtu lacaceae ,  H ec- 
to re l laceae , Basellaceae , C h en o p o d iaceae  (inch 
D y sp h a n iace ae ) ,  H a lophy taceae ,  A m aran tha-  
ceae  and  C aryophy llaceae .

T h is  very  characteris tic  sub type  o f  protein- 
accum ula ting  plastids con tribu tes  to making 
C ary o p h y llan ae  a very distinct group. O ther  
charac te r is t ic  fea tu res  are the starch-rich  pe- 
r isperm  usually su rrounded by a curved  em bryo, 
the com m on p resen ce  o f  beta la ins ,  the  mainly 
cam p y lo tro p o u s  or am phitropous  ovules, the 
a lm ost constan tly  bitegmic, crass inucella te  
ovu les ,  the nuclear  endosperm  form ation , the 
3-nucleate  pollen grains, e tc . In these  features 
a lone C aryophy llanae  s tands  out as entirely 
d is tinctive, p robab ly  meriting o f  being placed on 
a level w ith the  m ono- and d ico ty ledons (cf. 
D ah lgren  1975 Fig. 2).

T h e  exclusion  from C aryophy llanae  o f  
B at(id)aceae, G y ro s tem o n ac eae ,  Theligonaceae , 
Po lygonaceae  and  P lum baginaceae , which all 
lack P-type plastids, is supported  by other 
features . T h u s ,  for exam ple , all o f  them  lack 
perisperm  w ith s tarch; the s tarch  in P lum ­
baginaceae and Po lygonaceae  being form ed in 
the endosperm .

The subtype in Magnolianae -  Fig. 2 A -C ,  F

In the su p ero rd e r  M agnolianae, conditions dif­
fer m arkedly  from the m onoco ty ledons  and 
C aryophy llanae .  F o r  exam ple ,  P -type sieve- 
elem ent plastids are found only in certain  
families: A n n o n aceae ,  C ane llaceae ,  E upom atia- 
ceae , A ris to loch iaceae  (Fig. 2 A), C alycan tha-  
ceae , M onim iaceae  (Fig. 2 B), H ernand iaceae  
(Fig. 2 C ) ,  and som e L au raceae  and Magnolia- 
ceae. S econdly , the ir  m icrom orpho logy  is so 
variable tha t at least three  d ifferent form s can be 
defined in this subtype. T h e  pro te in  is usually 
found in the form o f  a single, polygonal c ry s ta l­

loid in these  families, bu t in A sarum  (of A r is to ­
lochiaceae) there  are  several cunea te  bodies (as 
in m onocoty ledons) .  T h e  size of the pro te in  
bodies may be large, small o r  variable in M ag n o ­
lianae. Separa te ,  irregularly to  regularly a rran g ­
ed protein  filam ents are som etim es p resen t  in 
A nnonaceae ,  C anellaceae , C a lycan thaceae ,  M o ­
n im iaceae, and A ris to loch iaceae. O ccas iona lly ,  
viz. in Canella  (Fig. 2 F ) ,  crystalline bodies are  
not fo rm ed at all, protein filaments prevailing 
instead.

T h e  great variation in the shape o f  P -type 
plastids in M agnolianae probably indicates  
p rim itiveness. L ike  o the r  charac ters ,  such as the 
p resence  and types  o f  benzylisoquinoline al­
kaloids and the p resence  o f  cells with essen tia l 
oils, the P-type plastids denote  re la tionships 
within M agnolianae.

S tarch  inclusions are  usually p resen t in the 
s ieve-e lem ent plastids in M agnolianae. T h u s  
lack of pro te in  and p resence  o f  starch (i.e. S- 
type  plastids) only would be ex pec ted  as the  
result o f  reduction  in the course  o f  evolu tion  
in the group. This  is found in several families, 
such as A ustroba ileyaceae ,  W in teraceae, M yris- 
ticaceae , C h lo ran th aceae  and some L au ra ceae  
and M agnoliaceae .

The Fabales subtype -  Fig. 3 E

In the  o rder Faba les  (of supero rder  R o san ae  
in D ahlgren  1975), conditions are variable and 
still incom pletely  know n, though the  results  
so far are  som ew hat unexpected . T h e  protein  
inclusions in Fabales  usually consist o f  few to 
m any , irregularly shaped  crystalloids o f  variable 
size. This sub type  o f  prote in-accum ulating  sieve- 
elem ent plastids has been  found in genera  o f  all 
th ree  families in F aba les ,  viz. in M im osaceae : 
A cac ia  and M im o sa ,  C aesalp in iaceae: B auhin ia ,  
Cassia, Cercis  and Gleditsia, and in F abaceae :  
A stragalus ,  Coronilla, Dalea, L o tus ,  L up inus ,  
M edicago , M elilo tus, Ononis, P e ta lo s tem u m ,  
P isum , Trifolium  and Wisteria. A p a r t  from  the 
pro tein  deposits  starch  inclusions a re  also 
usually p resen t in the s ieve-elem ent p lastids o f  
these  genera. Protein  was found to be absen t 
in some genera  o f  F ab aceae ,  how ever ,  the 
p lastids thus  being classified as S-type (Fig. 
3 F). T h ese  genera  are: Baptisia , D esm o d iu m ,  
D olichos, Galega, Glycine, H ippocrep is ,  Pha-  
seolus, Robin ia , Vicia  and Voandzeia  (several o f
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w hich are charac terized  by the p resence  of 
stipels).

P-type plastids in Vitaceae, Leeaceae and 
Eucryphiaceae -  Fig. 2 D ,  E

T h e  R ham nales  (of supero rder  C e las tran ae  in 
D ah lg ren  1975) rep resen t ano ther  o rder  c o n ­
ta in ing S-type and P-type sieve-elem ent plastids. 
W hile  S-type plastids have been  found in 
R h am n aceae ,  e.g. its genera: C eano thus, Col- 
letia, N o ltea  and R h a m n u s ,  the families V ita ­
ceae  and  L eeaceae  exclusively  con ta in  P-type 
plastids with polygonal protein crystalloids 
(Fig. 2 D ), e.g. in the following genera  in­
vestigated : A m p elo p s is ,  Cissus, Parthenocissus,  
T e tra s t ig m a , Vitis and Lee a.

In a critical appraisa l o f  the o rd e r  R ham nales  
Jo h n s to n  (1974), unaw are  of the  plastid data, 
p roposed  to separa te  its tw o suborders ,  placing 
the R ham nineae  (and its only family R h am ­
naceae) next to  the Rosales and the  Vitineae 
(V itaceae  and L eeaceae)  near  the  Saxifragales 
s.l. and /o r  Sap indales , p robably  as a separate  
o rd e r  V itales. T he  sieve-elem ent plastid data  
tend  to  support this trea tm en t in that Rosales 
and R ham nineae  are purely S-type taxa  and as 
in o r  near  Saxifragales s.l. there  is one  family 
with P-type p lastids, the E ucryph iaceae  (of the 
o rd e r  C unon ia les  in D ahlgren  1975). T h e  P- 
sub type  o f  Eucryph ia  (single polygonal c ry ­
stalloid; Fig. 2 E) not only com es  c lose to  those 
in V itineae but could also be used as a link 
with the P-type o f  M agnolianae.

V itaceae  also shows resem blance  to  R utaceae  
and D illen iaceae in the endo- o r  exo testa l seed 
walls with tracheidal cells (C orner 1976 p. 47).

Other genera with P-type plastids

In addition to  the taxa  m entioned  above, P- 
type plastids are  found in U lm us  (U lm aceae, 
L r t ica le s ) ,  in R habdodendron  (uncertain  af­
finity, som etim es referred to R u taceae ,  Rutales), 
and in Brassica  and Capparis  (placed in Cap- 
parales).

A m ong  num erous  rep resen ta tives  o f  U rtica les

and o ther  o rders  (often referred to the H am am e- 
lidae sensu Takh ta jan ) investigated for plastids 
only one genus p roved  to have P-type plastids, 
viz. U lm us.  S tarch w as frequently  found to  be 
absent in U rtica les. T h e  protein inclusions in 
Ulmus  consist o f  crystalline, rectangular 
to rhom boid  bodies. P -type plastids are lacking, 
how ever,  in the materia l studied o f  Celtis and 
A p h a n a n th e  in the sam e family, and in all 
material studied o f  U rticaceae ,  C annabaceae  
and M oraceae  and, for exam ple, in the orders  
C asuarina les ,  Fagales, M yricales , Juglandales, 
Leitneriales  and H am m am elida les ,  which are 
som etim es associa ted  with U rtica les . T h e  
aberran t condition in Ulm us  is no tew orthy  as 
Ulmus  is also unique within the family in having 
te trasporic  em bryo  sacs, 3-nuclear pollen grains 
and sam aras. So far its system atic  position has 
how ever not been questioned .

T he  presence  o f  P-type plastids (with small, 
single pro te in  inclusions) in Brassica  (results 
taken from  m icrographs in Favali & G ero la  
1968) and  Capparis  is con tra ry  to reports  on
S-type plastids in the sam e order. In  view o f  
the repea ted ly  obse rved  difficulty in critically 
distinguishing the small, som etim es am orphous  
protein from  o th e r  con ten ts  o f  the plastids, 
fu rther  investigation o f  a g rea ter  num ber  o f  
species, initiated by one o f  us (H.-D. B.), would 
probably  clarify this d iscrepancy .

T h e  descrip tion o f  P -type plastids with small 
polygonal inclusions in Rhabdodendron  renders 
the alignm ent of this genus both with the S-type 
o rder  Rutales  (as p roposed  by T akh ta jan  1969, 
Puff & W eb e r  1976) and the P-type C aryo- 
phyllales (as trea ted  by P rance 1968) u n sa t­
isfactory. T h e  specific P-type plastids o f  R h a b ­
dodendron  agrees best with som e forms in the 
subtype o f  M agnolianae.

Discussion and conclusions

In the gym nosperm s, P -type  plastids in sieve 
elem ents are  know n only in the P inaceae, 
w hereas  in all o the r  families (A raucariaceae , 
T ax o d iacea e ,  C u p ressaceae ,  P odocarpaceae ,  
C epha lo taxaceae)  o f  Pinidae as well as in

Fig. 3. S ieve-element plastids of the m onocotyledon subtype (A -B), o f  the C aryophyllanae subtype (C-D) 
and of the Fabales  subtype (E -F) .  -  A -B  with cuneate  protein crystalloids, C -D  with ring-like bundle of 
filaments (f) and crystalloids (c), E with polygonal crystalloids (c), and F  with starch inclusions (s) only.
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T ax id ae  there  are only S-type plastids. S-type 
p lastids are also found in the cycads and in 
G inkgo, Ephedra, Welxvitschia  and G netum .  
T h e  protein inclusions in the sieve e lem ents  of 
P inaceae agree perhaps m ost closely with those 
o f  C aryophylla les ,  both  consisting  o f  a ring- 
shaped s truc tu re  o f  filaments.

A s the gym nosperm ous ancesto rs  o f  the 
angiosperm s are  probably very  distantly  related 
to p resen t-day  gym nosperm s, the conditions 
in the latter groups may be o f  little relevance 
in connection  with the angiosperm s. Still, it is of 
great in terest tha t bo th  P- and S-types are 
rep resen ted  in the  gym nosperm s. This may also 
have been the case in the (extinct) ancesto rs  of 
the angiosperm s.

B ehnke (1972 p. 180) d iscussed  the possible 
significance o f  P -type p lastids in angiosperm s. 
H e  concludes: “ I f  traced  back  along a den ­
drogram  proposed  by T akh ta jan  (1969) from top 
to base, we are  led to the striking fact that 
there  are continuously  connecting  lines to the 
M agnolia les” , and . . .  “ only the line to  C a ry o ­
phyllales has a gap in the R anuncu la le s” . 
F ro m  this B ehnke  further concluded  that “ both  
P- and S-type plastids (or a com bined  P/S-type) 
w ere  p robably  p resen t in the ancesto rs  of 
ang iosperm s”  and  that e ither P-type or S-type 
features have  been  lost in the course  o f  
phylogeny.

P rovided  that P -type plastids have a com m on 
origin we would presum e tha t they  w ere  p resen t 
in the ancestral angiosperm s or at least in some 
o f  the earliest evo lu tionary  b ranches  o f  them . 
A s m entioned  above , they  are p resen t and quite 
variable within M agnolianae. T hus  again we find 
tha t this group has a key position am ong 
presen t-day  ang iosperm s, which has previously 
been  supported  by m onosu lca te  pollen grains, 
3 -m erous flow ers, successive  type  o f  micro- 
sporogenesis , ap o ca rp y ,  cellular endosperm  
form ation , lack o f  vessels , etc. Several o f  these 
features are  often regarded  as primitive in 
angiosperm s. P -type plastids would have been 
conserved  in som e plant groups, in each b ranch  
o f  w hich they  have undergone divergent evo lu ­
tion. T h u s ,  if  P -type plastids w ere  ever  present 
in the com m on ances to rs ,  the enzym es for the 
protein  accum ula tions  have been lost in most 
evo lu tionary  b ranches ,  starch accum ula ting  S- 
type plastids being  the only ones left.

T h e  absence  o f  P -type plastids in R anuncu-

lanae (R anuncu la les ,  N elum bona les ,  Papave- 
rales) is not inconsis ten t with this assum ption ; 
there  is no or w eak  direct ev idence tha t these  
o rders  a re  transitional betw een pre-M agnolianae 
and C aryophy llanae .

P-type plastids m ay  also have originated poly- 
phyletically , i.e. a long  different lines o f  evo lu ­
tion. T h e  fact tha t the P-type plastids differ 
from one an o th e r  in som e o f  the different 
main taxonom ic  g roups  may support this a l te rna­
tive. M eeu se  (1970 p. 67) regarded  the uniform 
sieve-e lem ent p lastids  in the m onoco ty ledons  as 
“ an o th e r  cogent argum ent in favour o f  a 
he terogeneity ,  i.e. o f  an independen t origin o f  
M o n o co ts  and D ico ts ,  In  M agnolianae,
how ever ,  s ieve-e lem ent plastids have developed  
a cons iderab le  varia tion  in forms. T h e  shape o f  
the protein  bodies in A sa ru m ,  as one exam ple , 
falls within the pa tte rn  o f  the m onoco ty ledons  
and does  not support M e e u s e ’s argum ent. In 
this connec tion  m ay be m entioned  the great 
im portance  a t tached  by E l-G azzar & H a m z a  
(1975 p. 24) to  o th e r  morphological similarities 
be tw een  D io sco reace ae  and A ris to loch iaceae . 
T h u s ,  on sieve e lem en t plastid data , a com m on 
ancestry  of m onoco ts  and the M agnolianae is 
possible. O th e r  fea tu res  con tribu te  to connec t 
the  tw o  groups.

T h e  sieve-e lem ent plastids con tribu te  in ter­
esting inform ation tha t supports  prev ious indica­
tions o f  re la tionships . T h e  key position of 
M agnolianae, in this as well as in o the r  c h a ra c ­
ters , is consp icuous ,  like the possible connec tion  
with the in this fea tu re  very  distinctive group 
o f  m onoco ty ledons .  Like the m onoco ty ledons , 
the C aryo p h y llan ae  form as a distinct group. 
Fabales  has an o th e r  sub type  o f  P-type plastids 
which, although on first considera tion  less 
cons is ten t,  could rep resen t  a side branch 
(charac terized  by multiplication o f  protein 
crystallo ids) o f  the  line leading to Eucryphia-  
ceae and V itaceae -L eeaceae .  T h is  fact tha t the 
la tte r  families have the same sub type  of P- 
p lastids might w arran t  reconsidering  the ir  
affinities and d iscussing  a c loser re la tionship  
than that h itherto  accep ted . F o r  the m om ent, 
the p resence  o f  P -type plastids in o th e r  groups, 
such as U lm us  and  R habdodendron ,  gives no 
definite indication o f  o the r  affinities o f  these  
groups than  those  previously  suggested , while 
fo rC a p p a ra le s  fu rther  results  should be awaited.
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N o te  a dded  in proof. G unnera  (G unneraceae , 
G unnera le s)  has recently  been  investigated and 
found to conta in  P-type s ieve-e lem ent plastids 
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S o m e  50 s p e c ie s  a n d  s u b s p e c i e s  a r e  d i s c u s s e d .  4 n e w  t a x a  a r e  d e s c r i b e d  f ro m  C  a n d  S 
P in d h o s ,  v iz .  C am p a n u la  p in d ico la ,  C en taurea  triamularia, L i th o sp erm u m  goulandriorum  
s s p .  thessa licum  a n d  S olenanthus p indicus.  16 s p e c ie s  a r e  r e p o r t e d  as  n e w  fo r  P in d h o s ,  
5 n e w  to  G r e e c e  a n d  1 ( Thesium brachyphyllum  B o i s s . )  n e w  to  th e  B a lk a n  P e n in s u l a .  
T h e  n e w  h y b r id  A chillea  f r a a s i i  S c h u l t z  x A .  ho losericea  S ib th .  &  S m .  is d e s c r ib e d .  
N e w  c h r o m o s o m e  n u m b e r s  f o r  10 t a x a  a r e  g iv e n .

Björn A ldén ,  D e p a r tm e n t  o f  P lan t Taxonom y, U niversity  o f  Lund, Ö . Vallgatan 18,
S-223 61 Lund, S w ed en .

T his  report  p resen ts  new or no tew orthy  high- 
m ountain  plants from the S and C parts  of the 
P indhos m ounta ins  on the G reek  m ainland. T h e  
a rea  investigated  is shown in Fig. 1. T w o  
serpen tine  m oun ta ins ,  M t M avrovoun i and M t 
Milia (the a rea  also know n as Lingos), c. 10 km 
N o f  M t Z ygos  w ere  also visited. F ield-w ork  
was carried  out during the sum m ers  o f  1971 to 
1974. M ore  than  5,000 collections w ere  m ade, 
m ost o f  them  from above  1800 m. C ircum stances  
p reven ted  the a u th o r  from investigating an area  
S and SE  o f  M t K arava. T hese  p a r ts  are  still 
unknow n botanically .

U nless  o the rw ise  stated the nom encla tu re  
follows F lo ra  E u ro p aea  1-3 (Tutin e t  al. 1964— 
1972) and P rod rom us  F lo ra  peninsulae Bal- 
canicae  2 and 3 (H ayek 1931, 1933). T he  main 
w orks  consu lted  fo r  inform ation on general 
distribution are V ergle ichende Chorologie  der 
zen tra leu ropä ischen  F lora  (Meusel et al. 1965), 
F lo ra  der Schw eiz  (H ess et al. 1967-1972), 
F lo ra  o f  T u rk e y  1-5 (Davis 1965-1976) and 
F lo ra  E u ro p a e a  1-3 (Tutin et al. 1964-1972).

T w o  m ountains  previously  unexplored  bo tan i­
cally will be briefly d iscussed below.

Mt Koziakas

M t K oziakas  is one o f  the  m ountains bordering 
the plains o f  T hessa ly ,  20 km W of  T rikkala . 
It consis ts  o f  hard lim estone exhibiting karst 
form ation with a series o f  steep-sided cliffs 
running N and  S. In the  summit area , with 
peaks be tw een  1750 and  1901 m, are also som e 
occurrences  o f  younger and softer limestone. 
T h e  tim ber-line, form ed by A bies  borisii-regis, 
is be tw een  1700 and 1800 m accord ing  to the 
aspect. T h e  boulder-rich  rocky parts  have an 
ex trem ely  rich mixed flora. D epressions  in the 
hard lim estone form ra the r  isolated niches 
each with one or a few dom inant species that 
are virtually res tr ic ted  to the depress ion  (Fig. 2). 
M ost o f  the species on M t K oziakas are non- 
alpine, mostly  nem ora l plants such as A cta ea  
sp ica ta , Fraxinus excelsior, L ilium m artagon,  
Lonicera  alpigena, M alva  m oscha ta ,  Polygona-  
tum officinale, R u b u s  idaeus, Senec io  nem o-  
rensis, So lidago virgaurea  and Thalictrum aqui- 
legiifolium. Species m ore typical to alpine 
regions in G reece  are A sp len ium  f is s u m ,  G e­
ranium m acrorrh izum , H erac leum  sphondylium  
ssp. pyrena icum , Saxifraga panicula ta  and  S.  
se m p e r v iv u m .

Classification into m ontane , subalpine or
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Fig. 2. M t K oziakas . Part o f  a depression in hard limestone at c. 1800 m.

alpine species is often problem atic . T h e  alti- 
tudinal phy tozonation  is not well defined 
because  o f  climatic conditions, grazing and tree 
felling. Only a limited num ber o f  species can 
be regarded as being restric ted  to given alti- 
tudinal levels. T h ere  are  at least th ree  very  rare 
species on M t K oziakas  that add to its in terest,  
viz. Allium  heldreichii, G eranium  aris ta tum  and 
L ith o sp erm u m  goulandriorum  ssp. thessa licum  
A ldén , ssp. nov. T h e  richness  o f  the flora and 
the re la tive accessibility  o f  the a rea  m ake Mt 
K oziakas well w orth  protecting.

Mt Pachtourion

M t Pach tourion  consists  o f  three ridges with 
peaks be tw een  1800 and  2000 m, the ch ief 
ones being Soufli and Katafili. (The m ost 
w esterly  parts are also know n as N era idha  -  
not m arked in Fig. 1). It lies roughly 7 km SE 
o f  the  village o f  G hard ik ion  in the valley o f  
A sp ropo tam os and SE o f  Mt K akard itsa , the 
highest peak in C Pindhos. Between the peaks 
Soufli and Katafili, which are  very steep, are  a 
series o f  low er peaks. O n the N slopes Fagus

Fig. 1. C and S P indhos. M ountains visited:

Augo (Q)
Baros (F)
Boutai (E) 
Dhokimi (B) 
K akard itsa  (J) 
K arava (U) 
K atarrachias (H)

Kauki (Z) 
K azarm a (T) 
K ourouna  (I) 
Koziakas (P) 
L iakoura (Y) 
Loupata  (R) 
M azur-Ailas (S)

N era idha  (O) 
Pachtourion (K) 
Peristeri (C) 
Perivoulion (G) 
Pteri (X)
Spilea (M)
T rapos (D)

Tringia (N) 
T zoum erka  (L) 
Voutsikaki (V) 
Zygös (A)
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Fig. 3. Mt Pachtourion. A N W  slope with F agus sylvatica  reaching 1800 m.

sylvatica  a scends  to 1800 m (Fig. 3) and to 
abou t 1600 m on the  S slopes. An interesting 
feature o f  M t Pachtourion is the abundance  of 
b ase-poor m etam orph ic  rocks, viz. iron silicates 
and the mineral pyro lusite . H ere  Euphorbia  
glabriflora, Achillea absin thoides  and Senecio  
viscosus  w ere  found. On the  S s lopes at about 
1700 m in screes and o ther  stony  places, 
A sy n e u m a  c a n e sc e n s , Centaurea triamularia  
A ldén, sp. nov. and Euphorbia  deflexa  occur. 
T h e  arom atic  species N ep e ta  spruneri, Saiureja  
parnassica  and  A rtem isia  absin th ium  dom inate. 
On som e o f  the very s teep  N E  slopes o f  the 
peak Katafili A can tho lim on  androsaceum  c o v ­
ers the rocks  in parts. In the boulder-rich  areas 
o f  hard  lim estone on the peak Soufli Sideritis  
perfo lia ta  w as found, and in moist rock m ead ­
ow s on the N  side A lchem illa  plicatulci and 
C oelog lossum  viride. M any o f  the cliff system s 
and peaks in this fascinating area remain to be 
investigated.

Chromosome counts -  material and methods

Plants have been raised from seed and bulbs collected 
in nature and kept in cultivation in the experim ental 
g reenhouses of the Lund Botanical G ard en s .  C h ro m o ­
some counts  w ere  m ade from root tips of young 
plants that had been kept overnight at a tem pera tu re  
of c. 3 °C . T h e  root tips were then fixed in the 
Svalof modification of N avash in -K arpechenko  fixative 
and later sectioned with a microtome and stained 
with crystal violet.

Apiaceae

Peucedanum longifolium W aldst. & Kit.

Collections.  Mt Augo, 6 km SW of Pirra, 1850- 
1950 m, A 2401 -  M t Boutai, 4 km SW of Chalikion, 
1800-1900 m, A 3194 -  Mt Pachtourion , 5.5 km SSE of 
A tham ania , c. 1900 m, A 4706 -  Mt K oziakas , 5 km 
N E  of Pertoulion, c. 1900 m, A 1517 -  Mt T rap o s ,  
5 km SW of C halik ion, 1800-1850 m, A 4208 -  M t 
T zo um erka ,  4 km W o f  T heodhoriana ,  c. 2000 m, 
A 2740.
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Prev ious ly  only reco rded  from Mt Phalakron  in 
N E  G re e c e  (Q uézel & C on tandriopou los  1968).

T h e  specim ens collected are  not in the  fruiting 
stage. T h e  leaf  lobes are very narrow  (0.5-1 
m m , rarely up to 2 mm) the material thus  being 
referable  to  P. longifolium.

P. longifo lium  occurs  on dry rocky  ground 
b e tw ee n  1800 and  2000 m, often assoc ia ted  with 
Jur inea  mollis  ssp. glycacantha , Salvia argen-  
tea, L aserp itium  siler ssp. garganicum  and in W 
Pindhos also with A lkanna  nonneiform is.

G en era l  d is tribu tion . Balkan Peninsula.

A sp len ia cea e

A sp len iu m  fissu m  Kit. ex Willd.

C ollec tions . M t K akarditsa ,  3.5 km W o f  A tham ania , 
2050-2250 m, A  3531 -  Mt K atarrachias,  6 km E N E  of 
K alarrites ,  2100-2160 m, A 5308 -  M t K oziakas, 
6 km E  of Pertoulion, c. 1850 m, A 4841 -  Mt 
Pach tourion ,  6 km SSE of A tham ania , c. 1800 m, 
A  4653 -  M t Perivoulion, 7.5 km S of Chalikion, c. 
2100 m, A 3336 -  M t Spilea, 4 km SSW of 
T heo d h o r ian a ,  1850-1930 m, A 2 8 9 9 -  Mt T rap o s ,  5 km 
W S W  of Chalikion, 1980-2080 m, A 3815 -  Mt 
T zo u m erk a ,  4.5 km  W of T heodhoriana, 2000-2050 m, 
A 2753.

Prev iously  reco rded  from M t Peris te ri in 
P indhos (Quézel & C ontandriopou los  1965).

M ost plants from  Pindhos have 2 -3-p innate , 
ra the r  short and  broad leaves. In habit they are 
thus  c loser  to A . lepidum ,  but in o th e r  respects  
(glabrous leaf  lam ina, spore size and sculpture) 
the specim ens agree with A . f i s su m .

A . f i s s u m  grow s in crev ices o f  cliffs and 
boulders  o f  hard  lim estone from 1800 to 2200 m 
but is not com m on.

G en e ra l  distribution. M ountains o f  SC and SE 
Europe.

A sp len iu m  v ir id e  H ud s.

C ollections. M t K akarditsa ,  4 km W of A tham ania , 
2250-2350 m, A 3692 -  M t K atarrachias,  6 km E N E  
o f  K alarrites ,  2150-2250 m, A 5193 -  Mt Mav- 
rovouni, 5 km W N W  of Milea, 1900-2000 m, A 5139 -  
M t Milia, 5 km N W  of Milea, 2050-2100 m, A 4937 -  
M t Perivoulion, 7.5 km S o f  Chalikion, c. 2100 m, 
A 3186 -  M t T ra p o s ,  6 km SW o f Chalikion, c. 2200 m, 
A 4142 -  M t T zoum erka ,  5.5 km W SW  o f  T h e o ­
dhoriana, c. 2250 m, A 2754.

R eported  from M t T rap o s  ( =  M t Plaka) by 
Q uézel & C on tand riopou los  (1965).

Rare in P indhos. O ccurs  in moist places 
am ong rocks and on rock ledges in the  W parts. 
O n M t K akard itsa  up to 2300 m.

G enera l distribution. N  tem pera te  regions.

Asteraceae

Achillea absinthoides Hal.

C o llec t io n s . M t  K a k a r d i t s a ,  3 k m  W  o f  A t h a m a n i a ,  
c .  2000  m ,  A  3650 -  M t  L o u p a t a ,  6 k m  S S W  o f  
P e r to u l io n ,  1850-2000  m ,  A  1724 -  M t  P a c h t o u r i o n ,
5.5  k m  S S E  o f  A t h a m a n i a ,  c. 1830 m ,  A  4681; d o ,  
c.  1800 m ,  A  4695 -  M t  T z o u m e r k a ,  4 .5  k m  W S W  
o f  T h e o d h o r i a n a ,  1800-1900  m ,  A  2657; d o ,  1 900 -  
1950 m ,  A  2699.

Previously  reco rded  only from M t T zo u m erk a  
(locus classicus) and M t Sm olika above the 
village o f  S am arina  (Zaganiaris 1938-40). N o  
specim ens have been seen from  the  last locality 
(left out in Fig. 8 A).

A . absin thoides  grow s on dry  rock  ledges or 
s tony slopes from 1800 to 2000 m, mainly on 
base-poor m etam orph ic  rock  and assoc ia ted  with 
Senec io  viscosus.

C hrom osom e n um ber  2n =  18 (A 3650). N o  
prev ious counts .

G en e ra l  d is tribution. E ndem ic  to  P indhos 
(Fig. 8 A).

Achillea fraasii Schultz  x  A. holosericea Sibth. & 
Sm.

C ollec tion .  M t  T r a p o s ,  5 km  S W  o f  C h a l ik i o n ,  
1800-1850  m ,  A  4215.

A new hybrid with the basal and low er cauline 
leaves 3-pinnate, as in A. fraasii,  but with 
b roader  segm ents . Indum entum  of  leaves on 
both  surfaces dense  with villous-sericeous hairs 
as in A .  holosericea. Bracts as in A .  fraasii,  
with sparse  covering  o f  long hairs. Ligules 
cream -coloured . Pollen stainability 12.5% (in 
co tton blue).

T he  hybrid was found on a dry rock ledge 
growing toge ther  with the parental species.

Centaurea phrygia L.

C ollec tions.  M t  B a r o s ,  8 km  S S W  o f  C h a l ik io n ,  
1850-1950  m ,  A  3069 -  M t  P e r i s t e r i ,  6 km  W  o f  
C h a l ik i o n ,  c. 2150 m ,  A  4190  -  B e tw e e n  M t  P e r is te r i  
a n d  M t  T r a p o s ,  5.5  k m  W S W  o f  C h a l i k i o n ,  c .  2000 m ,  
A  4239.

21 -  Botan iska  N o tise r
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Fig. 4. Centaurea triamularia. -  
A: H ab it .  -  B: A chene. -  C -E :  
Involucral b racts ,  o u te r  (C), 
middle (D) and inner (E). -  
Aldén 4792 (holotype).

O n a few m ounta ins  in W C Pindhos some plants 
belonging to the  C. phrygia  group w ere found. 
T h e  sam e taxon has been reported  by F o rm an ek  
(1897) from  M t D hok im i under C. nigrescens  
Willd. F ro m  the  Balkan Pen insu la  w here  the 
degree o f  variability o f  the C. phrygia  group is 
high a n u m b e r  o f  local taxa  have been  given

species  rank (cf. Sävu lescu  1964). C h a ra c te rs  
such as b ranch ing , ind u m en tu m , shape o f  leaves 
and  capitu la , shape  and co lour o f  b ra c t  a p ­
pendages ,  som e o f  th e se  partly  m odificative, 
have been  used  for diagnosis. T h e  n om encla tu re  
used below  is acco rd ing  to  D ostå l (1975).

O f  the subspec ies  recognized  w ithin C.
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phrygia  the plants from Pindhos app roach  ssp. 
m elanoca la th ia ,  endem ic  to the C arp a th ian  
M ounta ins.  T h ey  differ in some ch a ra c te rs ,  viz. 
s tem s simple (rarely branched once  or tw ice), 
10-30 cm , leaves narrow ly  lanceola te  to ovate-  
lanceo la te ,  sparsely  puberulent to greyish  
arachno id - tom en tose , involucre m ostly  with 
arachno id -tom en tose  bracts. C h arac te rs  such  as 
indum entum  and shape o f  leaves vary  a c c o rd ­
ing to habitat. The same charac ters  also d is tin ­
guish them from ssp. phrygia  which also 
differs slightly in shape o f  appendage.

Ssp. rarauensis, a  local taxon in R om ania , has 
simple s tem s and a rachno id - tom en tose  leaves , 
but differs in having b roader  leaves and a  dark  
b row n, not black, bract appendage. T h e  G re e k  
plants thus show new  vegetative c h a ra c te r  
com binations , but as the group is in need  o f  
revision I prefer to  place them  under  C. phryg ia  
s .! .,  in the  vicinity o f  ssp. m elanoca la th ia ,  
w ith no  o the r  epithet.

T h e  plants w ere found on d ry  ground that 
had been  previously wet and in m eadow s up to  
2150 m.

G enera!  distribution (C. phrygia  s.l.). N ,  C  and 
SE E urope  to W  Asia.

Centaurea triamularia A ldén, sp. nov. -  F ig. 4

Typus: G raec ia ,  Thessalia: M ons Pach tourion , supra  
pagum A tham ania in A spropotam os, in rupes tr ibus ,  
aridis, subalpinis, c. 1700 m, 31.7. 1974, Aldén 4792 
(LD holotypus).

Perennis. Caulis humilis, p rocum bens vel ascendens ,  
9-20 cm altus, arcuato-recurvatus, basi et ad medium 
ram osus. Folia integra vel sparsim serra ta ,  u trinque 
breviter hirta et ±  arachnoidea, 5-13 x 2 0 -5 0  mm, 
inferiora obovato-lanceolata , in petiolum attenua ta , 
media et superiora obovato-lanceolata  vel lanceolata, 
saepe subhastata . Capitula solitaria, subsessilia. Pe- 
dunculi mox incrassati. Involucrum cylindricum ,
6—9(—10) x  12-15 mm, phyllis appendicibus non ob- 
tectis, sparse lanatis vel subglabris. A ppend ices  
interiores orbiculatae, ad apiceni fimbriatae, obscure  
fuscae, mediae, 6-8 mm, lanceolatae, ad apicem  
filiformes, plumoso-ciliatae c. 8-12-fimbriatae, o b ­
scure fuscae, arcuato-recurvae a ttenuatae . F lo res  
dilute purpurei. A chaenia c. 3 mm longa, papposa , 
pappo ad 1 mm longo. N um ero  chrom osom atum  
2n =22 .

P rocum ben t to  ascending  perennial. S te m s  from 
a rh izom e, 9-20  cm , arcua te ,  b ranched  at or 
below  middle. L eaves  entire to rem otely  se rra te ,  
a rachnoid-puberu len t,  5-13 x 2 0 -5 0  mm , low est

a t tenua te  into a petiole, obovate-lanceo la te ,  
m iddle and upper subhas ta te ,  obovate-lanceola te  
to lanceolate. C apitu lum  single on short, slightly 
th ickened  peduncles. Invo lucre  cylindrical,
6 - 9 x 1 2 - 1 5  mm. Bracts  sparsely  lanate to 
subglabrous, not com ple te ly  covering each 
o ther.  A ppendage  o f  inner b rac ts  orbiculate with 
a fimbriate apex, dark b ro w n , middle 6-8 mm, 
a t tenua te  into a subulate-filiform acum en , 
a rcua te -recu rved ,  pectinate-fim bria te  with 8-12 
fimbriae on each side, b lackish-brow n. Florets  
pale purple. A chenes  c. 3 m m , reddish-brow n, 
finely puberulent. P appus  up to 1 mm long.

In size o f  involucre and type o f  b ract appendage 
C. triamularia  resem bles C. indurata, but 
differs m arkedly in habit, size o f  achenes  and 
length o f  pappus. C. tr iamularia  is best placed 
near  C. stenolepis  and perhaps  also C. phrygia  
ssp. pseudophryg ia ,  which it approaches in 
achene and pappus ch a rac te rs ,  bu t not in habit, 
shape o f  leaves and shape and size o f  
involucre.

C. triamularia  grow s on d ry  and  stony slopes 
o f  base-poor rock at c. 1700 m. C hrom osom e 
num ber 2n = 22 .

Gnaphalium hoppeanum K och

Collections. M t K akard itsa ,  4 km  W  of A tham ania, 
2250-2350 m, A 3696 -  Mt K a rav a ,  3 km E S E  of 
Vlasion, c. 2100 m, A 995 -  M t K atarrachias,  5.5 km 
E N E  o f  Kalarrites , 2150-2250 m, A 5256 -  Mt 
Peristeri, 6 km W of Chalikion, c. 2150 m, A 3965; do, 
2200 m, A 4161; do, 2200-2290 m, A 4179 -  Mt 
Perivoulion, 7.5 km S o f  C halik ion, 2100-2180 m, 
A  3320 -  Mt T ra p o s ,  5 km W SW  of Chalikion, 
1980-2080 m, A 3809 -  M t T zo u m erk a ,  4.5 km W SW  
o f  Theodhoriana ,  1900-2000 m, A 2514.

G. hoppeanum ,  in some cases  confused with 
G. sup inum ,  has previously been  collected on 
M t Peristeri (M aire & Petitm engin  1908, as G. 
sup inum ,  Q uézel & C on tand riopou los  1965) and 
on M t T z o u m e rk a  (Baldacci in H alåcsy  1902, 
as G. sup inum ).  N o  G. sup inum  has been found 
in the material from C and S P indhos . Specim ens 
o f  G. hopp ea n u m  from P indhos have one to 
m any capitu la , w hen few they  are  ra ther  d is tan t,  
when m any they  are c ro w d ed  at anthesis . 
A fter  an thesis ,  how ever ,  g row th  continues so 
tha t the capitu la  becom e m ore distant.

G. h o p p ea n u m  grow s in a variety  o f  alpine 
habitats .
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G enera l distribution. A bruzzia  in Italy and the 
S Balkan Peninsula.

Scorzonera hispanica L.

Collections.  M t Baros, 8 km SSW  of Chalikion, 
1850-1950 m, A  3080 -  M t Boutai, 4 km SW of 
Chalikion, 1800-1900 m, A 3200 -  Mt Kakarditsa,
3 km W of A tham ania , 1820-1920 m, A 3712 -  Mt 
K ourouna, 2 km SSW of Aghio Paraskevi,  1900- 
1970 m, A  2015.

N ew  to C and S Pindhos.
Plants  e rec t,  s tem s 20-50 cm , usually 

branched  above  the middle, leaves 10-25 x 
0.2-1 .0  cm. M orphologically  the material is 
referable to  var. glastifolia  (Willd.) Wallr. (cf. 
H ay ek  1931).

S. hispanica  grow s in d ry  m eadow s from 1800 
to 1950 m.

G enera l distribution. C and  S E u rope ,  S R us­
sia, C aucasus ,  T u rk ey  and Siberia.

Scorzonera mollis Bieb.

Collections.  Mt A ugo, 6 km SW of Pirra, 1850-2000 m, 
A  2346; do, 1700-1800 m, A 2359; do, 1800-1850 m, 
A 2375; do, 1850-1900 m, A 2402 -  M t Boutai,
4 km SW of Chalikion, 1800-1900 m, A 3210 -  Mt 
Spilea, 3.5 km SSW of Theodhoriana ,  c. 1800 m, 
A 2854 -  M t T rapos ,  5 km SW o f Chalikion, 1800- 
1850 m , A 4207.

In  P indhos previously know n only from Mt 
Smolika (Baldacci 1899) and Mt G ram m o s  
(Zaganiaris 1938-40).

S. mollis  grows in dry  stony places up to 
1900 m.

C hrom osom e num ber 2n =  14 (A 3210). N o  
previous counts.

G enera l distribution. S E  E urope , Asia to Iran.

Scorzonera purpurea L. ssp. rosea (Waldst. & 
Kit.) N y m an

Collections.  Mt Baros, 8 km SSW of Chalikion, 1800- 
1900 m, A 2933; do, 1850-1950 m, A 3105 -  Mt 
Pachtourion, 5 km SSE o f  A tham ania , c. 1800 m, 
A 4575.

T h e  taxon is here trea ted  as a subspecies  o f  
S. purpurea  (N ym an 1879).

Ssp. rosea  is rare in G reece  collected on M t 
K aim aktsalan  (Rechinger 1936) and near the  
village o f  S iatista (Zaganiaris 1938-40) in G reek

M acedon ia  and in P indhos on M t Said Pascha  
(near M t Z ygos) by Sintenis (in H alåcsy  1901). 
Only one  typ ica l specim en was co llected  on 
M t Baros. In te rm ed ia tes  be tw een  ssp. rosea  
and ssp. peristerica  w ith  densely  fibrous stock 
apex but with ra th e r  short recu rved  leaves occur  
on M t P ach tou rion  and  M t Baros.

C om pared  w ith  ssp. peristerica  ssp. rosea  
seem s to  be m ore  sensitive to grazing and was 
found in r iche r  ungrazed  m eadow s a t about 
1850 m.

G enera l d is tribu tion . EC  E u ro p e ,  from C 
Italy  to C G re e c e .

Boraginaceae

Alkanna nonneiformis G riseb .

C ollections. Mt Boutai, 4 km SW o f  Chalikion, 
1800-1900 m, A 3221 -  Mt K akard itsa ,  4 km W of 
A tham ania , 2250-2350 m, A 3570 -  M t Loupata ,  6 km 
SSW of Pertoulion, 1850-2000 m, A 1728 -  Mt 
Peristeri, 5 km W o f  Chalikion, c. 2100 m, A 4113 — 
M t Perivoulion, 7.5 km S of Chalikion, 2100-2150 m, 
A 3138 -  M t T ra p o s ,  5 km SW of Chalikion, 1800— 
1850 m, A 4209 -  M t T zo u m erk a ,  4.5 km WSW of 
T heodhor iana ,  1800-1900 m, A  2652; do, 1900-1950 m, 
A  2682.

N ew  to G re e c e .  A. non n e i fo rm is , previously 
regarded as endem ic  to  Y ugoslav ian  M acedon ia ,  
was found mainly in the  W  parts  o f  C Pindhos 
(Fig. 8 B). It is ra ther  variable, especially in 
shape o f  leaves and in indum entum . T h e  relation 
betw een eg landular  and glandular hairs on the 
calyx and ped icels  is not as d is tinct as previously 
described  (cf. R ech inger 1964), i.e. the glandular 
hairs do not alw ays dom inate .  In some 
specim ens from  P indhos the corolla  is almost 
glabrous externally  and the middle cauline 
leaves lanceola te  to ovate-lanceo la te .  T h e  
nutlets are 2 .5-3  mm (in the Y ugoslavian 
M acedonian  specim ens up to 2.5) with only a 
m odera te  dow nw ard  cu rva tu re  o f  the apices. 
T h e  foeniculi are  larger than  in plants from 
Y ugoslav ian  M acedonia .

A. nonneiform is  grow s on rock ledges and in 
dry stable sc rees ,  often below  S- to E-facing 
cliffs, from  1800 to 2300 m.

G en era l  d is tribution. S Y ugoslav ia  and P in ­
dhos in G reece .
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Fig. 5. Lithosperm um  goulandriorum.  -  A , B, D , E: ssp. thessa licum . -  C: ssp. goulandriorum.  -  A: 
Habit. -  B-C: N utlets  from the ventral side. -  D: Calyx and bract after anthesis. -  E: Corolla  (opened). -  
A , E: A ldén 1515 (holotype). -  B, D: Aldén 1202. - C :  S tam atiadou 7244 (holotype).

Lithospermum goulandriorum R ech . f. ssp. 
thessalicum A ldén, ssp. nov. -  Fig. 5

Collections.  G raec ia ,  Thessalia: M ons Koziakas, 
supra pagum  Elati, in praeruptis ca lcareis, 1900 m.
7.7. 1972 Aldén 1515 (LD holotypus); M t Koziakas, 
11 km N W  of Pili (near Elati), c. 1800 m, A 1202; 
5 km N E  of Pertoulion, 1750-1900 m, A 1505.

Ssp. goulandriorum  similis, sed calyx 9-11 mm (post 
anthesin  ad 15 mm), corolla major, (22-)25-30 m m , 
12-15 mm diam etro , in vivo et in sicco azurea , 
an therae  1.3-1.5 m m  longae, fructus 4 x 2 . 8  mm,  
com presso-ovoideus, latere in tem o carinatus, apice 
abrupte  a ttenuatus , basi c. 2 mm latus. N u m ero  
chrom osom atum  2n =  28.
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Short ly villous to strigose perennial with a stout,  
black,  vertical rhizome. S tems simple,  ascending 
to erec t ,  (7—) 10—20(—25) cm. Basal leaves  in 
a rose t te ,  at tenuate into pet ioles, laminas 
lanceolate,  up to 15 cm long, 5-20 mm broad ,  
acute.  Cauline leaves lanceolate to ovate-  
lanceolate (rarely ovate) ,  2 -6  x  7—15(—20) mm. 
Indum entum  o f  leaves and  brac ts  str igulose to 
strigose.  In florescence  in dense  cincinnate 
cymes  or  subcapi ta te  with 10— 15(—18) f lowers. 
Pedicels  1-4 mm. Calyx  9-11 (after anthesis  up 
to 15 mm),  str igose,  with lobes linear to linear- 
lanceolate.  Corolla funnel-shaped,  very slightly 
oblique,  12—15 x (22—)25—30 mm, with lobes
5-6 mm long, externally sparsely pilose,  azure 
blue. S ta m en s  inserted 1.5 mm above  the in­
sertion of  the corolla.  A n thers  1.3-1.5 mm long. 
Style  short,  c. 0.6 mm and erect .  N utle ts  
4 x 2 . 8  mm, smooth  and shining, ovoid,  c o m ­
pressed dorsi-ventrally,  with a ventral carina,  
abruptly  nar rowed  at apex and with a broad 
base (2 mm).

T h e  genus  L ith o sp erm u m  is maintained acc o rd ­
ing to Riedl (1967).

Ssp. goulandriorum  was  found by Stamatia-  
dou on M t Timphi in Epiros in 1969 and later  
descr ibed by Rechinger  (1971).

Ssp. thessalicum  is clearly separable from ssp. 
goulandriorum  in having very large azure  blue 
corollas. T h e  inf lorescence is denser  and the 
indum entum consists  of  hairs at least 1 mm long, 
giving a greyer appearance .  T h e  nutlets are 
greyish-white and  shining as in ssp. gou landrio ­
rum,  but differ in having a well-marked,  not 
subatt enuate  apex and a broad base.

Ssp.  thessalicum  is a chasm ophy te  growing on 
hard l imestone from 1800 to 1900 m.

Chro m o so m e  num ber  2 n = 2 8  (A 1202). In the 
sect ion M argarosperm um  Reichenb. ,  which 
compr ises  6 taxa  most of  which are evidently 
old relicts,  no ch rom osom e  counts  are yet 
available of  L. gaston ii  Benth. ,  from the 
F ren ch  Pyrenees ,  and L. goulandriorum  ssp. 
goulandriorum .  T h e  more  widespread L. p u r ­
p u r  eo-coeruleum  and L. zollingeri A. D C . ,  from 
E  Asia,  both have 2n =  16 (Reese 1952, Britton 
1951, M atsuura  & Suto 1935, G rau  1966). L. 
calabrum  T en . ,  endemic  to S Italy has 2 n = 2 0  
(Grau 1968).

Solenanthus pindicus Aidén,  sp. nov.  -  Fig.  6

Typus.  G raec ia ,  Thessalia: Mons K akarditsa ,  supra 
pagum A tham ania  in A spropotam os, in rupestribus, 
aridis, superioribus, 2050-2250 m. 20.7. 1973. Aldén 
3507 (LD holotypus).

Perennis. Caulis simplex, crassus, ad 60 cm longus. 
Folia basalia longe petiolata, ad 35 cm longa, 2-4 cm 
lata, inferiora e t media sessilia lanceolata vel ovato- 
lanceolata, superiora ovato-lanceolata vel ovata .  Folia 
et caules b rev ite r  tomentosi. Inflorescentia sat longe 
paniculata , ramis non vel paulo crassis , fructiferis 
sat laxis. Pedicelli calyce breviores vel subaequantes. 
Calyx (post anthesin) 4-5 mm longus, laciniis 
linearibus vel lineari-lanceolatis, obtusis. Corolla  
tubulosa, 5-6 m m  longa, stamina valde exserta ,  8-10 
mm longa. N u cu la  magna, com pressa , plana vel paullo 
convexa, interne et lateribus ±  dense aculeolata  vel 
sub-glochidiata, glochidia 1-2-unguiculata, ex terna  
non vel parce aculeolata. Aculei semiaequales. 
A reolae non aculeatae glabrae, nitidae.

Robus t  perennial  up to 60 cm. S te m s  s imple,  
rather  thick,  s tr iate-sulcate.  Basal leaves  long- 
pet iolate,  up to 35 cm, with lamina lanceola te,
2-4 cm broad ,  lower and middle cauline leaves 
sessi le,  acute,  a t tenuate- ro tundate ,  lanceolate to 
ovate-lanceola te ,  upper  cauline leaves ovate- 
lanceolate to ovate.  Leaves  and stem short ly 
tom entose .  In florescence  ra ther  lax, branches  
not  or  slightly th ickened ,  elongating until fruiting 
stage.  Pedicels  2-4 mm, mostly shor te r  than 
calyx.  Calyx  (after anthesis)  4-5 mm, tom entose ,  
with lobes linear  to l inear-lanceolate.  Corolla 
tubular ,  5-6 mm long, glabrous  or  with a few 
hairs externally.  S ta m en s  long-exserted (3-4 mm 
above  apex o f  corolla),  f ilaments 8-10 mm long. 
Style  long-exserted.  N u tle s  5-6 mm long,  outer  
surface with a few circular  glochidia up  to  1 mm 
long, hooks  o f  glochidia (0—)1(—2), lateral and 
inner surfaces rather  densely glochidiate-acu- 
leolate.

S. pindicus  is related to the likewise very local 
S. albanicus,  known from N W  G re e c e  and S 
Albania.  T h e  most  useful charac te rs  are the 
number  and shape o f  the glochidia.  S. pindicus  
has much few er  and shor ter  (up to 1 mm) 
glochidia on the ou te r  surface of  the nutlet 
and the glochidia or aculei  are subequal  mostly 
with one  (rarely 0 or  2) apical hook  (in S. 
albanicus  (2-)4-6 hooks;  Fig. 6B) .  T h e  upper  
cauline leaves are ovate-lanceolate to ovate,  
not  ova te - rhombic as in S. a lbanicus. S. 
s tam ineus ,  a mainly SW Asiatic  species,  occurs  
on Mt C he lm os  on Peloponnesos .  It differs from
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Fig. 6. A, C -F :  Solencinthus pindicus.  -  B: S. albanicus.  -  A: Habit. -  B-C: G lochidia from nutlets. -  D: 
Nutlet.  -  E: C oro lla  and stam ens. -  F: C alyx  and style. -  A , C -F :  Aldén 3507 (holotype). -  B: Baldacci 188 
(holotype).
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both S. pindicus  and 5.  albanicus  in its grey 
indumentum o f  leaves and stem and the f lat­
tened glochidia. A fourth species in G reece ,  
S. scardicus,  was  reported  from M t Kaimakt-  
salan by Zaganiaris  (1938-40). It is best  dist in­
guished from the others  on larger  and winged 
nutlets.

S. pindicus  grows on  dry stony rock  ledges 
at about  2150 m.

Campanulaceae

Asyneuma canescens (Waldst .  & Kit. ) Gr iseb .  & 
Schenk ssp. canescens

Collections. M t K arava, 3 km ESE of Vlasion, c. 
2150 m, A 974 -  M t K azarm a, 4 km N E  o f  Vlasion, 
c. 1800 m, A 720; 5.5 km N E  o f  Vlasion, c. 1900 m, 
A 4378 -  Mt M azur-A ilas ,  3 km E S E  o f  Argidhea, 
1750-1800 m, A 882 -  Mt Pachtourion , 5 km SSE of 
A tham ania , c. 1880 m, A 4576.

A .  canescens  ssp.  canescens  (cf. Dambold t  1970) 
is new to Pindhos,  but  known both N  and S of  
the area.  It is a rare plant  in Pindhos,  found  
mainly in the S E  parts.  T h e  plants from Pindhos 
are usually smaller than normal ,  have ascending,  
often f lexuose to erect  s tems,  10-20 cm, leaves
1-3 cm long, f lowers mostly single in the panicle.

It grows in dry stony places from 1750 to 
2100 m.

G enera l  distr ibution. S E  Europe .

Campanula pindicola Aldén,  sp. nov.  -  Fig. 7

Typus.  G raecia ,  Thessalia : M ons K akard itsa ,  supra 
pagum Atham ania in A spropo tam os, in rupestribus 
calcareis superioribus, c. 2100 m. 21.7. 1973. Aldén no. 
3669 (LD holotypus).

Perennis. Caules plures, tenues, nudi, tere tes ,  
ascendentes ,  15-20 cm alti. Rhizom a tenue repens. 
Folia basalia ignota (per anthesin deficientia), caulina 
inferiora lanceolato-spathulata, integerrima vel rarius 
sparsim crenulata, 1-2 X 5 -I0  mm, media et superiora 
linearia vel lineari-lanceolata, stricta vel paullo reflexa, 
media longiora ±  dense obsita, basi et apice breviora,
0 .4-2 .0  x  10—30(—37) mm, plerumque canaliculata, 
ob tusa  et breviter m ucronata. F lores (1 —)2—6, subnu- 
tantes, racemum laxum formantes. Bractea 6-10 mm 
longa. Pedunculi et pedicelli ±  crassi,  p lerum que ante 
anthesin nutantes, 3.5-12 mm. Calyx glaber, 6-9 mm 
laciniis 3-6(-7) mm tenuibus triangularibus vel lineari- 
bus, apice reflexis. Corolla cyanea, breviter cam panu- 
lata, apice parum expanda  demum subangustata, 9 -  
11 mm longa, interne papillosa et sparse pilosa, 
laciniis 3-4 mm longis, triangularibus. Stamina c.

5 mm longa. S tigm a corollam subaequans. Recepta- 
culum  papillosum, 3-loculare.

G lab ro u s  perennial .  S te m s  several ,  terete,  
s om ew hat  r ibbed,  s lender,  ascending,  15-20 cm, 
from a s lender more  or  less horizontal  rhizome. 
Basal leaves  unkn o w n ,  absent  at anthesis ,  lower 
cauline leaves lanceola te-spathulate ,  ent ire  or 
very rarely remote ly  crenulate,  1 - 2 x 5 - 1 0  mm, 
middle and upper  cauline leaves l inear  to linear- 
lanceola te ,  s traight  or  slightly recurved ,  0 .4 -  
2.0 x 10—30(—37) mm, usually canaliculate ,  o b ­
tuse and shortly mucronate .  Middle cauline 
leaves  longest and more  abundant .  In florescence  
( l - )2 -6 - f low ered ,  lax, with \ ^ \  undeveloped  
f lower primordia.  Peduncles  and pedicels  rather  
s tout ,  usually recurved ,  3.5-12 mm long. Bracts
6-10 mm long. Calyx  6-9 mm  with lobes
3-6(-7)  mm, nar rowly tr iangular  to linear, apex  
recurved .  Corolla  dark  blue,  short ly cam- 
panulate ,  scarcely expanded ,  9-11 mm long, 
lobes (2-)3-4  mm  long, t riangular.  Inner  surface 
o f  corolla  with papillae and very fine dendroid  
hairs. S ta m e n s  c. 5 mm long. S tigm a  a lmost  
equall ing corolla.  Ovary  papil lose,  3-locular.

C. pindicola  is clearly referable to the taxo- 
nomically very  difficult subsect .  H eterophylla  
(Witas) Fed .  T h e  nomencla tu re  below according 
to Podlech  (1965). O f  the four series recognized 
within this subsect ion C. pindicola  com es  close 
to species in Saxico lae  Witas.  T h e  main dif­
ference  is the slender rh izome which it has in 
com m on  with C. gentilis  K o v an d a  (K ovanda  
1968) that  was  placed in Saxico lae  by K ovanda  
(1970). C. gentilis  differs from C. pindicola  in 
shape  and size of  corolla,  the more  abundant  
lower cauline leaves, leaves increasing abruptly 
in length upw ards  and  in being densely 
caespitose.  An in termedia te between Saxicolae  
and Vulgares  Witas  is C. velebitica  from N 
Balkan. It differs from C. pindicola  in having 
much larger,  broadly cam panu la te  corollas and 
nar row er  calyx  teeth.  C. rom anica ,  a  typical 
Saxico lae ,  differs (apart from the thickened 
rh izome)  in having the middle cauline leaves 
remote ly  serrula te  and a nar rowly  cam panula te  
corolla.  T h e  only C am panula  species with a 
papillose receptacle (as in all Sax ico lae)  known 
from Pindhos  is C. albanica  ssp.  albanica.  It is 
com m only  1-flowered with corollas 14—18(—22) 
mm  long. In the shape  o f  the corolla  C. 
pindicola  com es  close to species in the series
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Pusillae.  A s  C. caesp itosa ,  for example ,  they 
have,  how eve r ,  pers isten t  leaf  roset tes ,  nodd ing  
f lower  buds  and  smooth  receptacles.

C. p ind ico la  g row s  together  with C. a lbanica  
ssp. albanica  in l imestone crevices  at about  
2100 m.

Caprifoliaceae 

Viburnum lantana L.

Collections.  M t Baros, 8 km SSW  of Chalik ion, 
1900-2000 m , A  3293 -  Mt K oziakas , 6 km  É  o f

Pertoulion, 1800-1840 m, A 4826 -  M t T ra p o s ,  5 km 
SW  o f  Chalikion, c. 1900 m, A 4205 -  Between Mt 
T rap o s  and M t Peristeri, 5 km W SW  o f  Chalikion, 
c. 1950 m, A 4134 -  Below Mt Zygos, 2 km N E  of 
M etsovon , c. 1250 m, A 122.

N e w  to Pindhos.  Only a few records  from 
G re e c e ,  viz. M acedon ia  and W T h ra c e  (cf. 
Rechinger  1939, Gania t sas  1939), M t Parnassos  
in S te rea  Hel las and Peloponnesos .

V. lantana  is a predominantly woodland 
species,  but  grows in l imestone crevices  and 
on  rock  ledges from 1800 to 1950 m in a few
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places in Pindhos .  Also found on serpentine 
rock at  1250 m near the village of  Metsovon.

G en e ra l  distribution.  S and C Europe  to C 
U k ra in e  and N  Africa.

Caryophyllaceae

Paronychia  polygonifolia (Vill.) DC.  
in L am .  & DC.

Collections.  M t K arava, 4 km N N W  of V lasion, 
1950-2000 m, A 4338 -  M t V outsikaki, c. 4 km 
E S E  of V lasion, c. 2020 m, A 4438.

In G r e e c e  previously only known from a few 
moun ta ins  in S terea Hellas,  i.e. the region S of  
P indhos .

I t  was  found  growing toge ther  with Herniaria  
parnass ica  in dry m eadow s  at about  2000 m in 
S E  Pindhos .

G en e ra l  distr ibution.  S Europe  to Turkey .

Crassulaceae 

Sedum a t ra tu m  L.

Collections.  M t K akard itsa ,  4 km W of A tham ania , 
c. 2300 m, A 3605 -  M t K atarrachias ,  5.5 km E N E  
o f  K ala rri tes ,  2150-2250 m, A 5237; 6 km E N E  of 
K alarri tes ,  c. 2100 m, A 5272 -  M t Peristeri, 6 km 
W  of C halik ion, c. 2200 m, A 4182 -  M t Perivoulion,
7.5 km S o f  Chalikion, 2050-2150 m, A  3324 -  M t 
T ra p o s ,  5 km W SW  of Chalikion, 1980-2080 m, A 
3843; 6 km SW of Chalikion, c. 2220 m, A  4156.

S. a tra tum  is new to C  Pindhos  and not  c o m ­
mon in G re e c e  though  localities are known from 
most  mounta in  areas except  from Peloponnesos .

Plants  from Pindhos have stems 1.5-7 cm,  
unb ran ch e d  or  branched  with erec t  branches,  
leaves  green to red,  petals  greenish-yellow to 
a lmost  pink,  up  to twice as long as sepals .  
A cco rd in g  to W ebb  (1961) ssp.  carin th iacum  
occurs  in the Aust r ian alps,  Slovenia,  the 
D o lom i te s ,  N Albania  and Epiros in N W  G reece .  
It  appea rs  to be the dominan t  form on the 
Balkan Peninsu la ,  though plants  corresponding  
to ssp.  atra tum  occu r  here and there  in the 
region.  T h e  variat ion,  even within small popu la ­
t ions,  is, however ,  too wide to justify the 
m a in tenance  of  the two subspecies recognized 
by W e b b  (1964).

Mater ial  from Aust r ia  and Switzerland shows 
the sam e  morphological  variat ion.
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I
S. a tra tum  g row s  on moist  ground,  on  rock 

ledges,  etc.  up to  2300 m.
G enera l  distr ibution.  M ounta ins  o f  C and S 

Europe .

Cyperaceae

Carex  d iand ra  Schrank

Collections.  Below Mt Baros, 7 km SSW  of 
Chalik ion, 1600-1650 m, A 4256; do, A 4260 -  
Between M t Peristeri and M t T rap o s ,  6 km W SW  
o f Chalikion, c. 2000 m, A 4020.

N e w  to  G reece .
C. diandra  shows  a high degree of  variabili ty 

in the area,  part ly as the result o f  hybridizat ion 
with C. pan icu la ta .  Plants  from Pindhos  have 
s tems 20-40 cm ,  leaves 1-5 mm broad ,  spikes 
up to  1 cm long,  not or  very shortly stalked,  
lowes t  brac ts  somet imes  very long. Some of the 
plants  are also more  robus t  than  normal and 
co r respond  to var . m ajor  (Koch)  A. & G .  (cf. 
H y lande r  1966).

O n  M t  Zygos ,  nea r  the road  be tween  Tr ikka la  
and loa nn ina ,  are some tussocks  o f  the hybrid 
C. diandra  XC. panicu la ta .  T hey  are p r e d o m ­
inantly sterile, have short -s ta lked  spikes,  long 
lower  brac ts  and  in te rmedia te  utriculi c h a r ­
acters .

C. diandra  g row s  in poor-fens above  the 
t imber-line in the W and more  humid parts 
of  Pindhos .

G en e ra l  distr ibution.  Eu rope ,  C ana ry  Islands,  
C au ca su s ,  N Asia,  N A m er ic a  and N e w  Z e a ­
land.

Carex  silvatica Huds.

Collections. M t A ugo, 4.5 km SW o f Pirra, 1650- 
1750 m, A 2160 -  Mt N era idha ,  4 km N W  of 
Pertoulion, c. 1900 m, A 1607.

N e w  to Pindhos .  Previously  reported from N E  
G re e c e  (H ayek  1933), M t  Bela V oda  E of  Lake  
P re s p a  (Zaganiaris  1938-40) and E u b o e a  (Rech- 
inger 1936).

T h e  Pindhos  localities o f  a woodland species 
such as C. silvatica  are interest ing in that  they 
are 100 to 200 m above the present  t imber-  
line, and m ay  indicate p rev ious  al t i tudes of  
t imber-lines in the  area.  On m any  of  the m o u n ­
tains the w oods  have  b een  des troyed  and 
recovery  is very  slow and  counte rac ted  by
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grazing.  O th e r  typical  woodland  species can also 
be found  far  above  the p resen t  t imber-line.

G e n e ra l  distr ibution.  Eu rope ,  N Africa,  
t em pera te  Asia,  in t roduced  and natura l ized  in 
eas te rn  N Amer ica.

Euphorbiaceae

Euphorbia brittingeri Opiz  ex  Samp.

Collections. Mt B aros, 8 km SSW  of Chalikion, 
1900-2000 m , A 3010 -  Below M t Zygos, 4 km N N W  
of M etsovon , c. 1400 m, A 125.

E. brittingeri  is reco rded  for G re e c e  in Smith & 
Tul in  (1968) but I have seen no report s  of  
localities.

It belongs to the critical E. ep ithym oides  
group and resembles  E. m on tenegr ina  in having 
leaves  ser ra te  or  serrulate to hal f  or  more 
than  ha l f  o f  the leaf  margin.  T h e  length o f  the 
tuberc les  on the fruits (often used as a key 
charac te r )  is not  cons tan t  within E. brittingeri 
as tube rc les  2-3 t imes as long as wide,  can 
somet imes  be found.

T h e  morphology of  the plants  col lec ted in 
Pindhos  is as  follows: Perennial  with ra ther  
short s tems,  20-30 cm,  woody  below. Steri le 
shoo ts  present .  L eaves  10-30 mm long,  obova te  
to ovate- lanceola te ,  mostly serrulate to more  
than ha l f  of  their  length,  with sparse  long 
hairs  be low  and on margins. Ray leaves 
yel lowish at anthes is ,  rhomboid-el liptical .  Raylet  
leaves suborbicular .  C apsu le  densely  covered  
with yel low, slender tube rc les .  Seeds  yel lowish- 
brown,  sm ooth ,  c. 2 mm.

E. brittingeri  was  found in m eadow s  and on 
moist  rock  ledges from 1400 to 1950 m.

G enera l  distr ibution.  W  and C Europe ,  N and 
C Italy and N and C Balkan Peninsula.

Euphorbia deflexa Sibth.  & Sm.

Collections. Mt Pach tourion , 7 km S S E  o f  A th a ­
mania, 1680-1720 m, A 4782; 5 km SSW  o f  A th a ­
mania, c. 1700 m, A 4787.

N e w  to P indhos .  E. deflexa  is a plant with a 
wide al t itudinal ampl i tude known from the 
coastal  lowlands  but also from several  mounta in  
areas ,  for  example ,  M t  P a rnassos ,  M t O lym pos  
(in H a lå c sy  1904) and M t  V erm ion  (Rechinger 
1939).

C h ro m o s o m e  num ber  2n = 16 (A 4787). N o  
p rev ious  counts  known.

In the single locality on M t  Pach tourion it 
w as  growing in scree of  non-calcareous  rock  at 
c. 1700 m.

G ene ra l  distribution.  Endem ic  to G re e c e  and 
C re te .

Euphorbia glabriflora Vis.

Collections. M t Pachtourion, 5.5 km SSE o f  A th a ­
m ania, c. 1830 m, A 4675; do, c. 1800 m, A 4696 -  
M t Z ygos ,  4 km N E  o f  M etsovon , c. 1750 m, A 
1297.

A  rare  species in Pindhos  collected on  Mt 
Z y g o s  (H aussknech t  1897, as E. pindicola  sp. 
nov .)  and above  the village o f  Malakas i ,  near  
M t  Zygos ,  by Sintenis (in H alåcsy  1904).

E. glabriflora  grows in open woods  or  above  
the timber-line up to 1850 m in areas  with 
non-ca lcareous  rock,  especially on serpentine.

C h ro m o s o m e  num b e r  2n =  16 (A 1297). N o  
p rev ious  counts  known.

G e n e ra l  distr ibution.  C Balkan Peninsula.

Fabaceae

Astragalus purpureus Lam.

Collections. Mt Augo, 6 km SW of Pirra, 1800 m, 
A  2367; do, 1850-1900 m, A 2429.

N e w  to G reece .  N e a re s t  localities in Albania.
T h e  plants  from M t Augo differ som ew hat  

f rom the SC European  plants in being smaller  
in most  of  their parts,  s tems up to 10 cm, 
leaves  up to 4 cm, peduncles shor ter  than or  as 
long as leaves.

T h e r e  were  c. 100 individuals growing in 
c rev ices  of  a l imestone rock  at 1800 m and also a 
few individuals on a rock  ledge somewhat higher 
up.

G e n e ra l  distr ibution.  S and W  Europe  f rom W 
F ra n c e  and E Spain to C Balkan Peninsula.

Lathyrus pallescens (Bieb.)  Koch

Collections. M t Baros, 8 km SSW  of Chalikion, 
1850-1950 m, A 3085 -  M t N era idha ,  3 km N  of 
C hats ipe tr ion ,  1950-2000 m, A 1105 -  M t Peristeri ,
5.5 km  W o f  Chalikion, 2100-2200 m, A 3936; 6 km 
W o f  Chalikion, 2050-2150 m, A 4010; 5 km W  of 
C halik ion , c. 2100 m, A 4119 -  M t Perivoulion, 7.5 km 
S o f  Chalikion, 1950-2050 m, A  3124; do, 2100-
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Fig. 8. K now n localities in G reece  for 4 species. -  A: Achillea abs in tho ides . -  B: A lkanna  n onne ifo rm is . -  
C: Geranium aristatum. -  D: Asphodelus albus.
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2180 m, A 3319 -  M t Tringia, 2.5 km N  o f  Paleocho- 
rion, 1850-1950 m, A 339; 6 km S of K astanea ,  
1800-1900 m, A 473.

N e w  to G reece .
L. p a lle scen s  is a glabrous or  sparse ly  hairy 

perennial .  A cco rd ing  to Ball (1968) L. pa llescens  
is a p ubescen t  plant  with a pubescen t  or  villous 
calyx.  Th is  is not so. Spec imens  from Pindhos  
and several  o th e r  spec imens  seen  from outside 
G r e e c e  are g labrous  or  sparsely hairy with a 
g labrous calyx,  but with the  margins o f  the 
calyx teeth  mostly ciliate. T h e  closely related 
L. p a n n o n ic u s  is dis t inguished from L. pa lles­
cens  in hav ing  the style filiform, not dilated,  
at the apex .  T h e  co lour of  the corolla  in plants 
from Pindhos  is c ream-su lphur ,  somet imes  with 
a violet tinge.

L. pa lle scens  g rows on ra the r  dry  rocky  but 
grass-r ich slopes from 1850 to 2150 m.

G ene ra l  distr ibution.  SE  Europe ,  T r a n s c a u c a ­
sia and E T u rk e y .

Geraniaceae

Geranium aristatum Freyn  & Sint.

C ollections. M t Baros, 8 km SSW  o f Chalikion, 
1850-1900 m, A 3273 -  M t Boutai, 3 km SSW  of 
Chalikion, c. 2000 m, A 3448 -  Mt Koziakas , 6 km 
E of Pertoulion, c. 1850 m, A 4851 -  Between Mt 
Peristeri and M t T ra p o s ,  5 km W SW  of Chalikion, 
1860-1930 m, A 4053; do, c. 1950 m, A 4127.

A rare plant in G re e c e  (localities in Fig. 8 C) 
with the locus classicus  on M t T rapos  (Freyn 
1897). Also  reported  from M t  Ph lam bouro  above  
the village o f  Katafigion (Zaganiaris  1938-40), 
Mt T imphi  (Goulimy 1955, Quézel  & Contan-  
dr iopoulos 1965) and on Mt Bela V o d a  (Quézel & 

I Con tand r iopou los  1968). In H ayek  (1927) M a c e ­
donia refers  to localities in Y ugoslav ia  ju s t  N of  
the G re e k  b o rd e r  and E o f  L ake  Doiran  
(Bornmül ler  1925).

G. aris ta tum  grows am ong  boulders  and on 
ledges of  hard l imestone from 1800 to 2000 m.

G enera l  distr ibution.  S Alban ia ,  S Yugoslavia 
and N W  to  N C  G reece .

Geranium sylvaticum L. ssp. sylvatieum

Collections.  Below M t Baros, 7 km SSW  o f  C hali­
kion, 1600-1650 m, A 4264 -  M t K ata rrach ias ,  6 km 
E N E  o f  K alarrites ,  2150-2250 m , A 5195 -  Mt
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T rap o s ,  6 km W SW  of Chalikion, 2150-2250 m, A 
3896.

N e w  to Pindhos.  T h e  nearest  localities o f  G. 
sy lva ticum  are in N E  G reece  and in Albania,  
though  some of  these belong to ssp. caerulea-  
t u m .

Ssp.  sylva ticum  occurs  in moist  rock  meadows 
up to 2200 m.

G ene ra l  distribution.  T em pera te  Eurasia,  
in t roduced  in N Amer ica.

Iridaceae

Iris germanica L.

Collections. Mt T rapos ,  5 km SW of Chalikion, c. 
1950 m, A 4229; do, 1950-2000 m, A 4232.

I. germ anica  is now a widely cult ivated species 
and  natural ized in most  parts of  S and C Europe .  
P rev ious  collect ions in Pindhos  are from Mt 
T im p h i  (Goulimy 1955: probably I. germ anica;  
Phitos  1962: Iris sp.;  Quézel  & Contandr iopoulos  
1965: Iris  spec. ,  magnifique espéce  sans doute  
nouvelle) .

T h e  plants  from Pindhos  differ somewhat from 
the  descript ion in H a y e k  (1933) in having stout 
s imple s tems,  30-50 cm with about  3 f lowers 
and slightly recurved  leaves,  10-40 X 1.0-3.5 cm. 
Plants  cult ivated in the greenhouses  in Lund 
were  up to 70 cm high and  branched.

I. germ an ica  is probably  indigenous in P ind­
hos.  It was found on a few rock ledges from 1950 
to 2000 m.

C h ro m o s o m e  numbers  2n = 4 6  (A 4229) and 48 
(A 4232). Previous reports  are 2 n = 2 4 ,  34, 36, 
44, 48 and 60 (Fedorov  1969).

G ene ra l  distr ibution.  S and C Europe,  N 
A fr ica  and Israel.

Lamiaceae 

Salvia argentea L.

Collections.  M t A ugo, 6 km SW of Pirra, 1850— 
1900 m, A 2406 -  Mt Boutai, 4 km SW of Chalikion, 
1800-1900 m, A 3195 -  Mt K azarm a, 6 km N E  of 
V lasion , 1900-2000 m, A 4406 -  Mt Kauki, c. 2 km N 
o f  K erasochorion ,  1600-1750 m, A 113 -  Mt N eraidha,
2.5 km W o f  Pertoulion, c. 1500 m, A 1663 -  Mt 
Peristeri ,  5 km W o f Chalikion, c. 2100 m, A 4115 — 
M t T rap o s ,  5 km SW o f  Chalikion, 1800-1850 m, 
A 4217 -  Mt V outsikaki, 4 km E o f  Vlasion, 1600-
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1700 m, A 621 -  Mt Tzoum erka ,  4.5 km W SW  of 
Theodhoriana, 1900-1950 m, A 2680.

N o t  previously reported from the area  though 
known from N W  Pindhos (Halåcsy 1902).

S. argentea  is represented by two altitudinal 
forms,  one tall, amply b ranched ,  lowland to 
m ontane  form and one ra ther  short ,  shortly 
b ranched  form, found at higher al t itudes.  The  
lat ter  form, which  is called var . alpina  Heldr.  
(cf. H a låcsy  1902), is not uncom m on in C and S 
Pindhos  and occurs  on dry s tony E or S slopes 
from 1500 to 2100 m.

Genera l  distr ibution.  S Europe.

Sideritis perfoliata L.

Collection.  Mt Pachtourion, 5 km SE o f  Atham ania , 
1900-1940 m, A 4707.

Very  rare in G reece ,  and  outside Pindhos  only 
repor ted  from M t  Athos  (by several authors)  
and M t Phengari  on Samothrace  (Turrill 1935, 
as var. lanata, A de  & Rechinger  1938).

T h e  plants from N E  G re e c e  differ from those 
in P indhos  in being densely lanate.  In P indhos 
it is repor ted  from Mt A grapha  (Heldreich in 
Ha låc sy  1902), M t N era idha  (Maire & Petit- 
mengin 1908) and Mt G r a m m e s  (Zaganiaris 
1938M-0). Mt N era idha  (not the one  shown in 
Fig. 1) is rather  close to and W of  the peak 
Soufli, Mt Pachtour ion,  where  5. perfo lia ta  
was found in 1974. A glabrous form (not seen 
by me and perhaps  wrongly determined)  was 
repor ted  from M t Augo in Epiros (Regel 1942). 
T he  plants  on M t Pachtourion are 20-35 cm, 
sparsely hirsute and glandular and have 4-10 
verticil lasters.  Y oung  leaves sublanate.

As S. perfoliata  is a mainly Anatolian  species 
the localities in Pindhos are of  great  interest.

It grows in crevices of  hard limestone.
Genera l  distr ibution.  G reece ,  Anatolia .

Stachys recta L. s.l.

Collection. Mt Loupata , 6 km SSW o f Pertoulion, 
c. 1850 m, A 1676.

1 have seen no previous reports  of  5. recta  f rom 
Pindhos  except  that o f  Baldacci (1898). A fairly 
distinct morphological  form of  S. recta  was  
found on Mt Loupata .  Plants  collected on M t
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Kakarditsa  by Baldacci  (as S. recta)  though in 
poor condit ion be long  to this form.

T h e  morphology  of  the plants  from Mt 
Loupa ta  shows som e new combinat ions  of  
characters  (habit and f lower in Fig. 9): A s ­
cending to erec t ,  short ly hispid, almost  eg- 
landular  perennial ,  10-15 cm. Leaves  10-20 x 
X4-10 mm, crena te -den ta te ,  the lower  ones 
pet iolate,  ovate  to obovate ,  rounded  to cunea te  
at base,  the u p p e r  ones  sessile to subsessi le ,  
oblong to lanceola te.  Indum en tum  of leaves,  
s tem and calyx o f  cr i spate to ±  straight hairs 
up to 1 mm long. F lowers  in 1-2 verticil­
lasters,  each  with 1-6 f lowers. Calyx  c a m ­
panulate,  7-9 mm ,  with a few short glandular  
hairs. Calyx  teeth  subequal ,  margins covered 
with subsessi le  glands,  acuminate,  broadly tr ian ­
gular, c. 1/3 as long as the tube.  Coro lla  12-15 
mm,  yellow with or  without  purple spots,  
pubescent -g landular ,  upper  lip 4-5  mm, lower 
lip 7-9 mm. T h e  num ber  o f  verticil lasters , 
f lowers and habit  is clearly influenced by 
habitat  and al t i tude.  In habitat,  habit and leaf  
shape,  but  not  shape  o f  calyx tee th and degree of  
hairiness,  it is close to  S. beckeana .  Th is  taxon ,  
which is res tr ic ted  to S W  Yugoslav ia  and N 
Albania,  is no th ing  but  an altitudinal form of  
S. recta  with long hairs  perhaps  meri ting 
recognit ion as a subspecies .  A n o th e r  high- 
mounta in taxon ,  descr ibed from N Albania,  is 
S. recta  L. ssp.  dörfleri (Hayek)  Hayek .  
Though  in habit close to the plants from Pindhos 
it differs in having narrowly tr iangular  calyx 
teeth.  As  the whole group  shows a ret iculate 
variational pat te rn  and no experimental  studies 
have yet been carr ied out,  no new specific 
or  infraspecific epithet  is given to this C Pindhos ; 
taxon.

It was found in mobile scree at c. 1850 m.
G enera l  distr ibution {S. recta  s.l.). S Europe  

to W Asia.

Liliaceae

Allium guicciardii (Boiss.) Heldr.

Collections. M t K akard itsa ,  3 km W of A tham ania , | 
1820-1920 m, A 3725 -  Mt Koziakas, 5 km N E  of 
Pertoulion, c. 1750 m, A 1478; 6 km E of Pertoulion, I 
c. 1600 m , A 4861 -  M t Milia, 5 km N W  of Milea, 
2050-2100 m, A 4966 -  Mt Pachtourion, 5 km SSE 
of A tham ania , c. 1700 m, A 4790.
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c  m

In Pindhos known only from the lower slopes 
o f  M t Peristeri  (Haussknech t  1899).

It grows on dry stony slopes from 1600 to 
2100 m and  was  also found on serpen tine in the 
mountains N o f  Mt Zygos.

C hro m o so m e  numbers  2n =  16 (A 4966) and 32 
(A 3725, 4790). N o  previous counts  known.  
T h e  closely related A .  f la v u m  has 2n = 16 
(Fedorov 1969).

General  distr ibution.  C and S Balkan Pen in ­
sula.

Allium heldreichii Boiss.

Collections. M t  Koziakas, 11 km N W  of Pili, c. 
1800 m, A 1231; 5 km N E  of Pertoulion, c. 1900 m, 
A 1518; 6 km E of Pertoulion, c. 1850 m, A 4849.

A . heldreichii , previously regarded  as endem ic  
to Mt O lym pos ,  was first found outside Mt 
Olympos by Rechinger  (1939) and G an ia t sa s  
(1939) on Mt Vermion.

It belongs to the section Allium  and is very

5 m m

Fig. 9. Stachys recta  from C Pindhos. -  A: 
H abit .  -  B: Flower. -  Aldén 1676.

closely related to A. aucheri  Boiss.,  in E 
Anatolia ,  Iran and C aucasus  (cf. Wende lbo  
1971). The  newly d iscovered plants on Mt 
Koziakas  are even closer  to  A. aucheri than 
the previously known ones  in having tepals
7-10  mm long. In fact when the charac te rs  of  
plants  from Mt O lym pos  and Mt Koziakas are 
cons idered together,  the difference be tween 
A . heldreichii and A. aucheri  is very slight 
being mainly a quest ion o f  plant  height and shape 
o f  perigonium, and A. heldreichii could perhaps  
be t te r  be classified as a subspecies  of  A.  
aucheri.

A .  heldreichii  is thus  a taxon which again 
shows the connec tion be tween  N C  G reece  and 
more  easterly elements.

It is a predominant ly  woodland species.  It 
g rows in rocky places on M t Koziakas up to 
1900 m.

C h ro m o s o m e  num ber  2n =  14 (A 4849). N o  
previous counts.

Genera l  distr ibution.  Endem ic  to N C  and N 
G reece .
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Allium parnassicum (Boiss.) Hal.

Collections. Mt K atarrachias ,  5.5 km E N E  o f  K alar­
rites, c. 2050 m, A 5339 -  M t Koziakas, 6 km E of 
Pertoulion, 1750-1850 m, A 4815.

A G re e k  endemic  species. Some localities in 
S te rea  Hellas,  one on Mt Peristeri  in Pindhos  
(Maire & Peti tmengin  1908) and one on Mt 
Smolika (Zaganiaris 1938-40).

G ro w s  on  dry  grassy slopes from 1750 to 
2050 m.

G enera l  distr ibution.  SC, C  and N W  G reece .  

Allium suaveolens Jacq .

Collection. M t  K akard itsa ,  3.5 km W o f A tham ania , 
2050-2250 m, A 3506.

N e w  to G re e c e .  T h e  neares t  localities are in 
Albania.

T h e  plants  f rom Pindhos  have smaller  umbels,  
20-25 mm and slightly longer s tamens  than 
specimens  seen  from outside G reece .

A . suaveo lens  was found on rock ledges on 
the N E  side o f  Mt Kakardi tsa .

C h ro m o s o m e  num ber  2n =  16 (A 3506) which 
agrees with previous  reports  (Fedorov  1969). 

G enera l  distr ibution.  C and S Europe.

Asphodelus albus Mill.

Collections. Mt A ugo, 4.5 km SW of Pirra, c. 
1650 m, A 2327 -  Between Mt T rapos and Mt 
Peristeri, 5 km W SW  of Chalikion, c. 1950 m, A 4135 -  
Below M t Zygos, 4 km N N W  o f  M etsovon, c. 1400 m, 
A 128.

A mainly W M edi te r ranean  species,  in Pindhos 
collected previous ly  on Mt T ragope t ra  (near  M t 
Dhokimi)  by Sintenis (cf. H alåcsy  1902) and on 
M t Timphi (Phitos 1962). O uts ide  Pindhos 
repor ted  from Mt Vermion  (Rechinger 1939, 
Gania t sas  1939) and Mt Bela V o d a  (Zaganiaris 
1938-40). T h e  know n localities in G re e c e  are 
shown in Fig. 8 D.

On M t Augo ,  at about  1600 m, it was  growing 
in abundance ,  almost  cover ing some of the 
slopes. Seen  but  not  collected on Mt Boutai.

C h ro m o s o m e  num ber  2 n = 2 8  (A 2327). 
Previous counts  2 n = 2 6  and 56 (Fedorov  1969, 
Lovka  et al. 1972).

Genera l  distr ibution.  S Europe ,  from Bretagne 
to C  Balkan.

Ophioglossaceae

Botrychium lunaria (F.)  Swar tz  in Schrad.

C ollec tions.  M t B aros, 8 km SSW of Chalikion, 
1800-1900 m, A 2975; do, 1900-2000 m , A 3023 -  
M t K akard itsa ,  3.5 km W  o f A tham ania , 2050-2100 m,
A 3664; 4 km W o f  A tham ania , c. 2350 m, A 3750 -  
Mt K arava, 3 km N N W  of Vlasion, 2050-2150 m,
A 4290; 3 km N W  of Vlasion, c. 2150 m, A 4306 -  
M t K atarrachias ,  5.5 km E N E  of Kalarrites, 2150—
2250 m, A 5241 -  M t M azur-A ilas ,  3 km E S E  of 
A rghidhea, c. 1800 m, A 932 -  M t Peristeri, 6 km 
W of Chalikion, 2200-2295 m, A 3945; do , 2200-2290 
m, A 4165 -  Mt Perivouiion, 7.5 km S of Chalikion, 
2100-2180 m, A 3318; do, 2050-2188 m, A 3133 -  
M t T rapos ,  5 km W S W  of Chalikion, 1980-2080 m,
A 3829; 5.5 km W S W  o f  Chalikion, c. 2100 m, A 
3865 -  M t Tringia, 6 km S o f  K astanea, 1950-2000 m,
A 1935 -  M t T zo u m erk a ,  4.5 km W SW  o f Theodhori- 
ana, 1750-1850 m, A 2487; do, 1900-2000 m, A 2507 -  |
Below M t Zygos, 4 km N N W  of M etsovon , c.
1400 m, A 126.

I

N o  published localities seen from C and S 
Pindhos.

S om ew hat  variable according to habitat.  Plant 
height varies  from 1-15 cm.

B. lunaria  is a com m on  species in the area  and 
can be found in a variety of  habitats  from rich 
and moist  rock  m eadow s  to d ry  places of  
hea th land cha ra c te r  up  to 2300 m.

G enera l  distr ibution.  Between 35° and 65° in 
the N H em isphe re ,  Patagonia,  S Aust ral ia  and 
Tasmania .

I1

Ophioglossum vulgatum F.

C o llec t io n s . M t K akard itsa ,  3 km W of A tham ania , 
c. 1800 m, A 3773 -  Mt K oziakas, 5 km N E  of 
Pertoulion, 1740 m, A 1561.

N e w  to P indhos ,  but collected in 1965 by 
Rechinger (Rechinger 18641, unpublished) near  
Mt Zygos  at 1500 m. Apar t  from Pindhos known 
from Mt A thos  (n.v.) ,  the islands o f  N a x o s  and 
Ikaria (Runemark  et al. 1960), the is lands of  
A ndros  (Snogerup & Bothm er  31699, 31962 and 
32575, unpublished) and Kephall inia (Snogerup 
23729, unpublished).

G r o w s  in wet p laces  up to 1800 m.
G enera l  distr ibution.  Europe ,  Asia  and N 

America .
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Orchidaceae

Coeloglossum viride (L.) H ar tm .

Collections.  M t Baros, 8 km SSW  o f  Chalikion, 
1850-1900 m, A 3274 -  M t K atarrachias ,  6 km E N E  
o f  K alarrites ,  2150-2250 m, A 5206; do, c. 2100 m, 
A 5275 -  Mt Pachtourion , 5 km S E  o f  Atham ania , 
1900-1940 m, A 4737 -  Mt Perivoulion, 7.5 km S o f  
Chalik ion, c. 2100 m, A  3177 -  M t T rap o s ,  6 km 
W S W  o f  Chalikion, 2150-2250 m, A 3888.

N e w  to Pindhos ,  but known from M t  Olympos.  
C. viride  is the only orchid spec ies,  with the 
excep t ion  o f  Orchis pallens, tha t  can  be 
found at higher al t itudes in Pindhos.

It g rows  in moist  rock m e adow s  from 1900 to 
2250 m.

G e n e ra l  distribution.  Europe  to  Siberia and N  
A m er ica .

Poaceae

Agropyron sanctum (Janka) Hackl .

Collections.  M t L iakoura , 4 km E N E  of G ran itsa ,  
1400-1500 m, A 755 -  Mt Pteri,  5 km N N E  o f  

G ran i tsa ,  c. 1700 m, A 1883.

A par t  from localit ies in N E  G re e c e  (cf. R ech in ­
ger 1939) only know n from M t  Vouts ikaki  (Mt 
G have l lu )  (F o rm anek  1897, H a u s s k n e c h t  1899) 
in SE Pindhos .

A. sa n c tu m  grows on dry s tony slopes ju s t  
above  the  timber-l ine.

G e n e ra l  distribution.  Endemic  to G reece .

Festuca paniculata (L.) Schinz & Thell .

Collections.  M t Baros, 8 km SSW  o f  Chalikion, 
1850-1950 m, A 3056; do, c. 1900 m, A 4244.

First  recorded  from G reece  by G an ia t sa s  (1939) 
on M t  Vermion .  La te r  reported  by Quézel  & 
Con tand r iopou los  from Mt Smolika  (1965) and 
Mt Bela V oda  (1968). T h e  neares t  localities 
outside G re e c e  are in Albania and  Yugoslavian 
M acedonia .

A few tufts o f  F. panicu la ta  were  found on a 
dry grassy slope of  heathland charac te r .

G enera l  distr ibution.  C and S Europe ,  N W  
Africa.

II
I
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R an u n cu laceae  

A ctaea  sp icata  L.

Collections. M t Koziakas , 6 km E o f  Pertoulion, 
1800-1840 m, A 4833 -  M t Pach tourion ,  6 km SSE 
o f  A tham ania , c. 1800 m, A 4656 -  Between Mt 
Peristeri and M t  T rap o s ,  5 km WSW o f  Chalikion, 
1860-1930 m, A 4062; do, c. 1950 m, A  4128.

Except  for  an early report  from Peloponnesos  
by Sibthorp (in H alåcsy  1901), r ecorded  from 
M t  C ho lom on  (on Chalkidhiki ;  Zaganiari s  1938— 
40), M t  Vermion  (Quézel  & Contandr iopou los  
1968), Mt Timphi  (Goul imy 1955, Quéze l  & 
C ontandr iopoulos  1965) and M t  Per is te ri  (Quézel 
& Contandr iopoulos  1965).

A. spicata  is a p redominantly  woodland 
species but occurs  at higher al t i tudes in S 
Europe.

In Pindhos it was  found in c rev ices  and among 
boulders of  hard l imestone from 1800 to 2000 m. 
It is probably  spread  by rock part r idges  (A le c - 
toris g ra e c a ) which nes t  a m o n g  the  boulders 
and eat the berries.

G enera l  distr ibution.  T e m p e r a t e  Eurasia .

R an u n cu lu s p la tan ifo liu s L.

Collection. Mt Baros, 8 km SSW o f  Chalikion, 1850— 
1900 m, A 3275.

Very  rare in G re e c e  and only know n from Mt 
G ra m m o s  (Zaganiaris  1938-40) and  tw o  localities 
in C Pindhos,  in and near the  val ley o f  Aspro-  
po tamos ,  viz. on Mt Mikrogura  above  the village 
o f  Chalikion (Sintenis in H a låcsy  1901) and near 
the village o f  K as tanea  at 1700 m (Quézel & 
Contandr iopoulos  1965). All localit ies  are in 
forest.

O n  Mt Baros R. platanifo lius  w as  found in 
a moist  rock crevice far above  the timber-l ine.

Genera l  distr ibution.  C and S Europe,  
Belgium and W  Fennoscandia .

R osaceae

A m elan ch ier  ova lis Med.

Collections. Mt T rapos ,  5 km SW of Chalikion, c. 
1900 m, A 4206 -  M t T zo u m erk a ,  4.5 km WNW of 

T heodhoriana ,  c. 2100 m, A 2761.

N e w  to Pindhos.  T h e  neares t  local ity is on Mt 
Parnassos  in S te rea  Hellas.

22 -  B o ta n i s k a  N o t i s e r
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above 1800 m

20km

Fig. 10. K now n localities of  4 Thesium  species in C 
and S Pindhos. Thesium linophyllon  ssp. linophyl- 
lon (dots), T. brachyphyllum  (circles), T. arvense  
(unfilled triangle) and T. parnassi  (filled triangles).

Differs  from A .  o v a l i s  var. c r e t ic a ,  known 
from Cre te ,  Peloponnesos  and the island of  
Y oura ,  N Sporades  (Snogerup & Phitos 43312, 
unpublished),  in the leaves lacking persistent  
indumentum.

In P indhos  A .  o v a l i s  grows in vertical 
l imestone cliffs.

G enera l  distribution.  C and S Europe ,  
C aucasus ,  L ebanon  and N W  Africa.

Santalaceae

Thesium arvense H o rv a to v s zk y

Collections. Mt N era idha ,  3 km N  of C hatsipetrion , 
1950-2000 m, A 1108; do, 1900-1950 m, A 1114.

T. a r v e n s e  was repor ted  from M t Peristeri  and 
Mt K a ra v a  by Quézel  & Conta ndr iopoulos
(1965), but  the plants  were  incorrect ly de te r ­
mined and probably  belong to T. l in o p h y l lo n  
ssp. l in o p h y l lo n  (Greuter ,  pers .  comm.) .  T hus  
the locality on Mt N e ra id h a  seems so far to 
be  the only in P indhos  (Fig. 10).

It is an ex tremely  variable species and when 
not  in f lower is somet im es  hard  to distinguish 
from T. d i v a r i c a tu m .  T h e  lat ter ,  col lected at

lower  al t itudes in Pindhos ,  S te rea  Hellas  and on 
Pe loponnesos  differs , how ever ,  in having less 
dense  longitudinal venat ion on fruits,  longer 
pedicels  and a s lenderer  habit.  Length  of  brac ts  
and brac teo les  is very variable and o f  less 
diagnostic  value.  T. a r v e n s e  on Mt N era id h a  is 
smaller  than normal ,  has more  condensed  
panicles and ra the r  short  brac ts  as long as to 
twice as long as the  fruit.

It was  found on  dry grazed grassy slopes from 
1950 to  2000 m.

G ene ra l  distr ibution.  S E  to E Europe  to C 
Asia (H endrych  1968).

Thesium brachyphyllum Boiss.

Collections. M t K azarm a, 4 km N E  o f  Vlasion, c. 
1850 m, A 662 -  M t N e ra idha ,  4 km N W  o f  P e r­
toulion, c. 1900 m, A  1590 -  M t Tringia, 3 km N N W  
of Paleochorion, c. 1900 m, A  219.

N e w  to the Balkan Peninsula  (localities in Fig. 
10). T h e  localit ies given in Boiss ier  (1879) and 
later  ci ted in H a y e k  (1924) refer  to specimens  
col lected by Pichler  in “ mont is  Balkan Thra-  
c i ae”  and by Balansa in “ T au r i  Cilicici supra 
Bulghar  M a a d e n ” . T h e  lat ter  locality was  
evidently mis in terpre ted by H a y e k  as being in 
Bulgaria,  not in SC T u rk e y  as it is. H ow e ve r ,  
both spec imens  are said to be  stoloniferous and 
thus canno t  be T . b r a c h y p h y l l u m .

T h e  plants  from Pindhos  have the following 
morphology (Fig. 11): P rocum ben t  to ascending,  
esto loni ferous  perennial  up to  5 cm with a stout  
and w oody  stock.  L eaves  c row ded ,  up to 13 mm 
long but  usually m uch  shorter .  N u t  c. 2.5 mm, 
with a few prominent  longitudinal veins and 
lateral anas tom os ing  veins.  Bracts  2-5 t imes as 
long as nut.  Inf lo rescence  beginning below 
middle.  The  stoloni ferous  T. p a r n a s s i  has nuts  
at least  3 mm long, usually with several 
p rominen t  longitudinal  veins or  somet imes  quite 
s m oo th  with scarce ly  not iceable  lateral veins.  
Leaves  on stem not  c row ded .  Bracts equalling 
or  tw ice as long as nut.  Inf lorescence shorter ,  
beginning at or  above the middle o f  the stem.

T. b r a c h y p h y l l u m  grows on dry grassy slopes.
G en e ra l  distr ibution.  G r e e c e ,  Crimea ,  A n a ­

tol ia and  C au ca su s  (H endrych  1966).

Thesium linophyllon L.  ssp. linophyllon

Collections.  M t A ugo, 6 km SW  o f Pirra, 1850- 
1900 m, A 2427; do, 2000-2050 m , A 2237 -  Mt Baros,
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Fig. 11. A , C: Thesium brachyphyllum .  -  B: T. parnassi.  -  A: Habit.  -  B-C: N uts .  -  A , C: A ldén  219. -  B: 
A ldén 2942.

8 km SSW  of Chalikion, 1850-1950 m, A 3092 -  Mt 
Boutai, 4 km SW of Chalik ion, 1800-1900 m, A 
3196; 3 km SSW of Chalik ion, 1950-2000 m, A 3436 -  
M t K akard itsa ,  3 km W of A tham ania ,  c. 2000 m, 
A 3472; 3.5 km W o f  A tham an ia ,  2050-2100 m, A 
3670 -  Mt K atarrachias,  5.5 km E N E  of Kalarrites, 
2000-2050 m, A 5317 -  M t K o u ro u n a ,  2 km SSW of 
Aghio Paraskevi, 1800-1900 m, A 1977; do, 1900-1970 
m, A 2023 -  M t L o u p a ta ,  6 km SSW  of Pertoulion, 
1850-2000 m, A 1718 -  Between Mt Peristeri and 
M t T ra p o s ,  5 km W SW  of Chalik ion, 1860-1930 m, 
A 4054; do, c. 1950 m, A 4130 -  M t T rapos ,  5.5 km 
W S W  o f  Chalikion, c. 2200 m , A 4137; 5 km SW of 
Chalikion, 1800-1850 m, A 4216 -  Mt T zoum erka ,
5.5 km W SW  o f T heodhoriana ,  2100-2250 m, A 2577.

N e w  to  Pindhos.  Prev iously  repor ted  from M t  
Athos  (cf. H end rych  1969). T h e  localities in 
P indhos  are given in Fig. 10.

T h e  nomencla ture  is accord ing  to  H endrych  
(1969).

Ssp.  linophyllon  is ex t remely  variable in 
vegetat ive charac te rs  but  always  stoloniferous.

I t  grows in dry  m eadow s  from 1850 to 2200 m 
on calcareous  ground.

Genera l  distribution.  C,  SE  and E Europe  
extending to the  Ukra ine (H endrych  1969).

Thesium parnassi Å . D C .

Collections. Mt Baros, 8 km SSW  of Chalikion, 
1800-1900 m, A 2942 -  Mt Dhokimi, 9.5 km W of 
K astanea, 1850-1900 m, A 4886; do, c. 1850 m, A 
4916 -  M t M avrovouni, 5 km W N W  of Milea, 
1900-2000 m, A 5118 -  M t Milia, 5 km N W  of 
Milea, c. 2150 m, A 4988.

N o t  previously collected in S and  C Pindhos.  
Locali t ies  in Fig.  10.

T. parnassi  grows on dry or moist  grassy 
slopes up to 2150 m on non-ca lcareous  ground 
and was  also found in the serpentine mounta ins  
N o f  Mt Zygos.

G enera l  distr ibution.  Albania,  G re e c e ,  Italy,  
Sicily and Yugoslavia.
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Scrophulariaceae 

Limoselia aquatica L.

Collection. Mt Karava, 3 km N N W  of Vlasion, c. 
1950 m, A 4323.

Only one  previous locality known in G reece ,  
viz. M t  Timphi (Quézel  & Contandr iopoulos  
1965).

L. aquatica  is a ra the r  polymorphic  species a 
num ber  o f  forms o f  which have  been described.  
Plants with linear to l inear-setaceous leaves have 
been called f. borealis Less.  (cf. N e u m a n  1901). 
D w a r f  plants  can often be found growing to ­
gether  with normal-sized individuals.  Plants  with 
pedicels up to as long as leaves occur in the 
two known localities in G reece .  T h e s e  plants  
agree with plants  I have seen in Scandinavia.  
N ormally  the f lowers are 5-meröus but plants 
with 4-merous  f lowers have been seen in 
material from Scandinavia and G reece .  T h e  
collect ion described as L. tenella  (Quézel & 
Contandr iopoulos  1965) is thus  a form of L. 
aquatica .  T h e  plants  from M t K a ra v a  are only 
6-20 mm tall, with l inear  to l inear-setaceous 
leaves. T h e  pedicels  are shor te r  than to almost  
equall ing the leaves  and the f lowers are 4-5- 
merous.

It was  found in a doline where  snow had 
previous ly  lain.

G enera l  distr ibution. Euras ia ,  G reen land  and 
N Amer ica.
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M icropeziza  F u ck ,  is the correct name for the genus previously known as Actinoscypha  
Karst, and Niesslella  H öhn . Peziza cornea  B. & Br. is shown to belong here, and M.  
scirpicola  F u ck . ,  Trochila ignobilis K arst . ,  Mollisia sylvatica  K ars t . ,  and Belonidium  
aurantiacum  R ehm  to be conspecific with it. T he correc t  nam e becomes M. cornea  
(B. & Br.) N an n f.  A ctinoscypha  graminis  Karst, is given a new epithet, viz., karstenii  
N annf.,  when transferred to Micropeziza,  because of the earlier M. graminis  (Desm.) 
Rehm. M. verrucosa  (E. Müll.) N annf. is a new combination. M. punctum  Rehm is shown 
to deviate so strongly in the structure o f  the excipulum that it is m ade the type o f  a new 
genus, Scutomollis ia ,  to which also three new species are referred, viz., S. leptoderma,
S. operculata,  and  S. s tenospora .  Both genera are considered to belong to the Molli- 
sioideae. T h e  various positions of the fruitbodies in relation to the matrix within this 
group are d iscussed  and so is the taxonomic position o f  Nannfeld tia  Petr. A ctinoscypha  
muelleri G rad d o n  m ust be removed from the genus, but no be tte r  position can be 
assigned to it.

J. A . N annfe ld t,  Institu te  o f  Sys tem atic  Botany, University o f  Uppsala, P .O. B ox  541, 
S-751 21 Uppsala I, Sw eden.

In 1919 H öhne l  (cf. 1923 p. 112) com bined  into 
his new genus Niessle lla  th ree  inconspicuous  
A sc om yce te s  which grow saprophytica l ly  on 
grasses  and sedges and w hose  superficial 
ascoca rps  deve lop benea th  a shield of  radiating 
hyphae ,  which shield irregularly tears  open  to 
expose  the flat hymenium.  T h e s e  were  M icro­
p ez iza  scirpicola  F u ck . ,  M. p u n c tu m  R ehm ,  and 
B elonidium  aurantiacum  Rehm .  H e  considered 
Niessle lla  and his monotypica l  tropical  genus 
D iscom ycella  (Höhnel  1912 p. 400) as Micro- 
thyr iaceae that  imitate D is c o m y c e te s  (“ Di- 
scomyce ten  vor täuschende  M ic ro th y r i a c e e n ” ). 
1 found later  (Nannfeld t  1932 p. 319) that  the 
m uch  older  monotypical  A c t in o scyp h a  Kars ten  
(1888 p. 5; A . gram inis  Kars t . )  is most  probably 
congeneric  with Niessle lla .  T e n  years  ago M ül­
ler (1966) conf irmed this, rev ised  the genus 
(without  mentioning B. aura n tia cu m )  and 
described a new species (A . verrucosa).  He  
found H ö h n e l ’s (and my) in te rpreta t ion  e r ro ­
neous  and recognized in A c t in o scyp h a  typical

inoperculate D iscom yce tes  that  could u n ­
res trainedly be referred to D erm ateaceae  sensu 
meo.  After  tha t  one  more  species has been 
descr ibed,  viz.,  A. m uelleri  G rad d o n  (1972 p. 
158).

T h e  “ G r u n d a r t ”  of  Niesslella  is M icropeziza  
scirpicola, which F ucke l  (1870 p. 291) placed 
as the second in its two-species  genus.  A c c o rd ­
ing to  his principles Höhnel  regarded the first 
species,  M . p o a e  F u c k . ,  as the “ G r u n d a r t ”  o f  
F u c k e l ’s genus.  U nfor tunate ly ,  he made no 
serious a t tempt to sett le its identity. H e  did not 
see the type collect ion (F. rhen.  1174) and 
trust ing on R e h m ’s general reliability he 
satisfied himself  by finding that  the fungus 
distr ibuted by Rehm (Ascom. exs. 1221) as 
M. po a e  is “  eine echte  Moll i s iee” . Sac- 
cardo  (1889 p. 343) had earlier referred M icro­
peziza  po a e  to Mollisia  and listed “M icro­
peziza  Fuck ,  ex p . ” as a synonym of  tha t  
genus.  Strangely enough,  the correc tness  o f  this 
synonymy has neve r  been ques t ioned.  F o r ­
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tuna te,  but  still s tranger,  is the fact tha t  nobody  
has observed  that M icropeziza  Fuck .  (1870) as 
a generic nam e  an tedate s  Mollisia  (Fr.) Karst.  
(1871) and  uncrit ically drawn the nomenclatorial  
consequences .

M . po a e  is represented  in H erb .  R ehm  (S) by 
two samples of  the type  collect ion. Some 
more  samples  de te rmined by R ehm  as N iptera  
p o a e  (Fuck .)  Rehm  show the same species,  
and his descr ipt ion  (Rehm 1891 p. 558) refers 
also to it. Th is  fungus agrees in all essential  
respects  with M . scirpicola, and so M icro ­
peziza  b ecom es  the correc t  nam e  for  our  genus.  
But the re  a re  in R e h m ’s herbar ium under  the 
nam e o f  M . po a e  also samples of  M . karstenii  
( =A.  gram in is)  and M . p u n c tu m  as well as 
species of  Mollisia  s. lat.,  e.g. Rehm ,  Ascom.  
1321, i.e. the  collect ion which had misled 
Höhnel .

Peziza cornea  Berkeley & Broome (1851 p. 
183) as redescr ibed  and depicted by Dennis  
(1960 p. 117, PI. X X  L =  1968 p. 185, PI. XXIII  
L) shows so many  features  suggestive of  
M icropeziza  tha t  it too  had to  be examined  in 
this connec tion .  When  D ennis  remarks  that 
“ al though this species was  most  thoroughly 
redescribed  by  M assee  from the type collect ion 
at K ew  it has  been  strangely misin terpreted 
by cont inen ta l  a u th o r s ” , he had evidently 
H öhne l  and mysel f  in mind.  T h e  fo rmer  (1918 
p. 366) had not  seen the type  specimen but  only 
part  o f  a later  collect ion (Rbh. ,  F .  eur.  1119), 
col lected by Broome himself  on  the same matrix 
(Carex pan icu la ta ) ,  “ von dem anzunehm en  ist, 
dass es denselben Pilz en thä l t” , an assumpt ion 
that  proved to be er roneous .  Höhnel  found his 
fungus to be a minute Mollisia. Th is  (or a 
closely related species?)  was il lustrated by me 
(Nannfeldt  1932 p. 126), and going from bad to 
worse I s ta ted  later (Nannfeldt  1936 p. 193; 
repea ted  by R am sbo t tom  & Bal four-Browne

1951 p. 72) tha t  the type specimen is identical.  
T h a t  s ta tem en t  mus t  have been due to a 
misunders tanding  o f  which was the true type  
material.

T h e  label of  the  Rabenhors t  exs iccatum gives 
June  1867 as the collect ing date but  no locality 
w hatsoever .  Bes ides two copies of  this exsic­
catum there  are five more  samples in K  collected 
by Broome in the same month  (all on leaves 
of  C. pan icu la ta ) ,  viz. two “ Batheas ton ,  June  
1867”  (Herb.  Phillips and Herb .  Plowright; a 
sample with the same labelling is in S from 
Herb .  Sydow),  two “ O akfo rd  Valley,  1 June  
1867” (Herb.  Broome) and one “ Oakford  
Valley,  St. C a t h e r in e ’s, 3 June  1867”  (Herb.  
Broome).  T h e y  show all H ö h n e l ’s fungus, 
except  the sample  from Herb .  Plowright ,  which 
is now devoid o f  any fungus.  All these samples 
em anate  certainly from one and the same 
locality, viz. O akford  Valley.

It should furthermore be observed that a small piece 
of paper is attached to the Phillips sample with 
sketches of asci and spores and with the words 
“ Sp. Herb. C.E.B. -  .007 x .001 mm” , for this makes 
the treatment in his Manual (Phillips 1887 p. 332; 
copied in Saccardo 1889 p. 640) a complete mystery: 
Batheaston is given as the sole locality and, never- 
Oeless, the apothecia are said to be 300-500 /zm 
broad and the spores “ fusiform, slightly curved, 
biguttulate, at length pseudo-uniseptate, 15x2 jam” , 
for these details point unequivocally to the true 
P. cornea, and this is otherwise not known from the 
Batheaston area.

T h e re  are in K five more  samples o f  P. cornea  
collected by Broome on C. panicula ta ,  but 
rather  on sheaths  than on leaf  blades,  which 
makes  the phrase  ‘on dead s ta lks’ o f  the original 
descript ion more  intelligible. They  all seem to be 
from Spye Park  (Wiltshire).  T h e  diagnosis gives 
“ M arch  1850”  as the collect ing date,  and so a 
sample (n. 109) da ted “ 3/18 -  1850”  must  be the 
holotype.  A n o th e r  sample  (also from Herb.  
Broome)  was  collected “ Febr .  1850” and one  
(with a duplicate  in Herb .  Fries,  U PS )  “ March

F ig .  1. A :  “ A c t in o s c y p h a ” m uelleri  ( i s o ty p e  Z T ) .  M e d ia n  s e c t i o n ;  th e  c u t i c l e  c lo th in g  e x c ip u lu m  s e e n  to  
th e  r ig h t ;  in t r a e p id e r m a l  m y c e l iu m  a l s o  d i s c e r n ib le  (c .  240 x).  -  B - D :  Ncinnfeldtia a tra  ( M ü l le r  U P S ) .  -  
B-C: M e d i a n  s e c t i o n s  (c. 370 X  a n d  c. 180 x).  -  D :  P a r t  o f  sh ie ld  (c .  370 x).  -  E - G :  M icropeziza  cornea. -  
E  ( ty p e  o f  Belonidium  aurantiacum)-.  M e d ia n  s e c t i o n  (c. 370 x).  -  F  ( ty p e  o f  M. sc irp ic o la ): E x c i p u lu m  f ro m  
o u t s i d e  (c .  370  x).  -  G  (III. 1859 B ro o m e ) :  Y o u n g ,  still s e m i t r a n s l u c e n t  sh ie ld  (c . 370 x).  -  H-K: M. p o a e .  -  
H-l ( ty p e ) :  A s c u s  w ith  1 -sep ta te  s p o r e s  a n d  m e d ia n  s e c t i o n  o f  a p o t h e c i u m  (c. 1000 x a n d  c. 240 x) .  -  J  (j. A .  N . 
23966): P a r t  o f  e x c ip u lu m  f ro m  o u t s i d e  (c. 3 7 0 x ) .  -  K (J. A .  N. 4115): P a r t  o f  m e d ia n  s e c t io n  s h o w in g  th e  
th ic k  w a l l s  o f  t h e  e x c ip u la r  c e l ls  (c .  370 x).
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1859” . O ne  sample (from Herb .  Ravene l)  is 
marked “ Wiltshire -  Febr .  1851” . T h e s e  show 
all the same fungus,  which proves  to be a 
typical M icropeziza. T h e  fifth sample,  dated  
“ 1/29 -  51” shows -  at least now -  only a few 
apothec ia  of  a Mollisia  (s. lat.) with dark  
excipulum and a narrow fringe of  dark radiating 
hyphae  sur rounding  the base o f  each fruitbody.

T h e  descript ion of  Belonidium  rufum  Schroe te r  
(1893 p. 109) led Rehm  (1896 p. 1228) to suppose 
a close relat ionship to M . scirpicola. According 
to information from D r  W. S to janowska  (in litt. 
29.XI.  1975) no material is now to be found in 
his herbarium (WROC).

Crit ical perusal  of  descript ions o f  small sessile 
D iscom yce tes  on grasses and grass-like m o n o ­
co tyledons brought to light two more  candidates  
for inclusion into M icropeziza ,  viz. ,  Trochila  
ignobilis Kars ten (1871 p. 248) and Mollisia  
sylvatica  Kars ten  (1888 p. 4). M ore  species may 
still be hidden under insufficient or  misleading 
descr ipt ions,  and intensified field studies will 
certainly add new species and widen the host- 
ranges and distributions of  the old ones.

N o  o ther  host  families were  included in my 
search,  for experience has convinced  me that  
“ moll is ioid”  fungi growing on grasses and 
similar plants to a cons iderable  ex ten t  const i tute 
special genera restr icted to such plants.  It 
should not be forgotten,  however ,  tha t  Höhnel  
(1919) th o u g h tD iscom ycella  (w i th / ) ,  tjibodensis  
on dead leaves of  A m o m u m  sp.) to be closely 
related to Niessle lla .  On the o ther  hand,  our 
increased knowledge of  M icropeziza  makes  my 
suggestion (Nannfeldt  1932 p. 199) untenable 
that also Pezolepis  H.  Sydow (1925 p. 408) might 
be of  this kinship.

A ctinoscypha  m uelleri  G ra d d o n  (1972), the 
latest acquisi t ion to our  genus,  is a most  
distinct ive fungus,  well il lustrating the highly 
neglected wealth o f  small “ moll is ioid” D isco ­
myce tes  which grow on grasses and similar

plants and for  which  only too  often no satis­
factory generic nam es  can be found.  T h e  above  
species is such a case.  It is no M icropeziza  
and does not fit into any o ther  genus  known 
to me. My examinat ion  of  it ( isotype,  ZT)  
failed to show  shields or  remnants  of  such.  T h e  
shape of  a median section (Fig. 1 A; also well 
shown in G r a d d o n ’s drawing) differs marked ly  
from that  of  a t rue  M icropeziza .  T h e  t i ssues  o f  
the matrix benea th  the apothec ia  are filled by 
hyphae  (not show n  in his drawing but  in my 
photograph) ,  and  in one sect ion the excipulum 
was seen to be covered  by a strongly refract ive,  
yel lowish m em brane ,  c. 1 thick,  smooth  
except  for shal low grooves  at intervals  of  c.
10 p m .  Th is  m e m b ran e  is clearly a flap o f  the 
matrical cut icle and the grooves  mark  the  limits 
be tween  the cells o f  the epidermis and indicate 
that the apo thec ia  form subcuticularly,  ju s t  as 
they do, e .g. ,  in “M ollis ia” advena  Kars t ,  and 
“D ibelon ie lla” eriophori  (Kirchn. )  Müll .  & 
Défago ( = “ M ollis ia” cym bispora  Ros tr . )  ac ­
cording to information from Mrs  Berta A n d e r s ­
son.  A. m uelleri  resembles  also in some respec ts  
Coronellaria  Karst .

U p  to now,  nine nominal  species have  thus 
been found to belong to M icropeziza ,  bu t  are 
they all specifical ly dist inct? Certainly no t ,  but  
the answ er  given below is only tentat ive,  for  the 
material available at presen t  is hardly sufficient 
to show the full variabili ty and host range of 
these ra re and little collected fungi.

M . p u n c tu m ,  M . karsten ii {—A.  gram in is) ,  
and M . verrucosa ( —A.  verrucosa)  each  possess  
charac te rs  (vide infra) that make  the ir  dis­
t inctness obvious ,  but the o ther  six agree closely 
with each  o the r  in all essential  points.  T h e y  dif­
fer from the first three in the shield (Fig. 1 G),  
whose  cell walls are thin and ra ther  pale ( instead 
o f  thick and da rk ;  Fig. 2 G)  but  share with M. 
karstenii  and M. verrucosa  the peculiar  e x ­
cipulum formed by conglutina ted  rows  of

1------------------------------------------------------------------------------

Fig. 2. A -E :  Micropeziza karstenii. -  A -B  (Syd., M yc. germ. 2156): A pothec ium  from below with rem nants 
o f  the shield and median section (both c. 150 x). -  C (Starbäck): Part o f  the same showing excipular s tructure 
(c. 370 x). -  D (Lohammar): Excipulum from outside (c. 150 x). -  E (J. A. N .  11522 a): Shield splitting up and 
exposing hymenium (c. 370 x). -  F -K :  M . verrucosa.  -  F (type): F issu red  shield (c. 370 x). - G  (Dutoit): j
Shield (c. 150 x). -  H - I  (Kretschmer): Eccentric and median sections o f  apothecium  (c. 150 x). -  J (Dutoit): 
A pothec ium  from below with rem nants of the shield; asci with pigmented spores visible in the centre  (c.
150 x). -  K (type): Margin of apothecium  from below; to the left rem nants  o f  the shield; to the right squeezed- 
out hymenial elements showing pigmented tips of paraphyses  (c. 370 x).
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elongated cells with hyaline,  thick and strongly 
refract ive walls (Figs. IE,  F ,  I - K ;  2 A -D ,  
H - K ) .

M icropeziza  scirpicola  and Mollisia sylvatica,  
known only from their  type collect ions,  agree in 
general appearance ,  all microscopic  details , and 
matrix ( leaves of  Scirpus silvaticus),  and so they 
can safely be declared synonymous .  It should 
be observed  that  H öhne l  (1919) totally over ­
looked the excipu lum in M . scirpicola  taking its 
al leged absence  as a distinguishing mark from
B. aurantiacum  and that  Müller  (1966) did not  
notice its peculiar  s tructure.

Peziza cornea  and Belonidium  aurantiacum  
are both  described from Carex;  the fo rmer  
(on C . panicu la ta )  is known from several  finds 
in the type locality and from one more  English 
collect ion (Dennis 1960, 1968), the lat ter  (on
C. acutiform is)  f rom the type collect ion from 
G e rm a n y  only.  The  apo thec ia  o f B. aurantiacum  
are slightly paler  but otherwise the agreement 
be tween all spec imens  is so full that  they 
cannot  be kept  apart.  They  agree further  in 
almost  every respect  with M . scirpicola.  Be­
sides in hosts  they differ in apothecial  size, 
the Scirpus  fungus having slightly smaller 
apothecia .  T h e  asci o f  M . scirpicola  are also on 
the average somewhat shor te r  and th e h y m e n iu m  
accordingly a little lower.

Trochila ignobilis is based on two simul­
taneous  f inds,  one ( lectotype) on Eriophorum  
vag ina tum  and the o ther  (para type)  on Carex  
sp. T h e  material is very poor,  especial ly the 
duplicates of  the lecto type in S (from Herb .  
Rehm) and U P S ,  but there  cannot  be any doubt  
which  fungus Kars ten  had in mind,  for  no o ther  
fungus is to be seen in the “ maculis albicanti- 
b u s ” . This  is a M icropeziza ,  which in all 
details agrees with those trea ted  above .  T h e  
diagnosis  is thus so far  misleading as it gives 
the apothec ia  as “ erumpenti -superf ic ial ia” , and 
so is the com ment “ aeqvo fere ju re  ducitur  ad 
Trochilam  vel M o l l i s ia m " .

As far  as I unders tand ,  all later  records  of  
this species are e rroneous .

Rehm (1888 p. 142) reported as Naevia  ignobilis 
(K arst.)  Rehm an im m ersed-erum pent fungus on 
Carex curvula, collected by G . W inter and distributed 
as Micropeziza subvelata  Rehm  in J. K ze, F . sei. 
585 and R bh .,  F . eur. 2648. H e had com pared 
W in te r’s fungus with “ Originalen K a rs ten ’s ”  (i.e., the 
sample now in S) and found them  to agree so well 
as to be conspecific. This conclusion is incom ­

prehensible , for W in te r’s fungus belongs clearly to the 
H ysteropezizella  d iminuens  com plex , but from that 
date on K a rs te n ’s species has invariably been regarded 
as an im m ersed-erum pent species. T h e  nam e has, in 
fact, only rarely been actually used  (e.g., by R ostrup  
1888 p. 539, 1891 p. 612, 1894 p. 18, 1904 p. 119 and 
S chroe te r  1893 p. 151) but has now  and then been 
referred to as doubtfully distinct from two o ther 
K arsten  species, viz., T. fu sce l la  and T. d iminuens.  
W hen I (Nannfeldt 1932 p. 114) had found that  the 
latter species and Hysteropezizella  caricis (Peck)
H . Syd. are  synonym ous,  F ind (1934 p. 89) transferred  
N . ignobilis to H ysteropezizella  and used it “ ad 
in terim ”  as a collective name for various species of 
H ysteropezizella  (and Merostictis)  on C yp eraceae  and 
grasses.

A  second  collect ion on E riophorum  vag ina tum  
o f  a fungus in every  detail agreeing with 
K a r s t e n ’s species  has been seen from G e rm an y .

A recent  Swedish  collect ion (Holm 727 c) o f  a 
morphological ly indist inguishable fungus  on 
Juncus  e f fu sus  turned  up  w hen  this pape r  was  
almost  comple ted .  Th is  find m akes  it even  more  
p robable  tha t  we are dealing with a single 
species possess ing a ra ther  wide hos t  range.  As 
cornea  is the oldest  of  the ep ithets ,  the correc t  
nam e o f  the species becom es  M icropeziza  
cornea.

M . poae ,  finally, is described from leaves of  
Poa sude tica  ( = P . chaixii),  and fungi o f  the 
same morphology have b eco m e  know n from 
culms and leaves of  various grasses .  T h e y  are 
certainly all conspecif ic  and  agree on the whole 
rather  well with the p receding  fungus  on 
C y p e rac eae  a n d  Juncaceae .

In F u c k e l ’s diagnoses  the only tangible dif­
ferences  be tw een  M. p o a e  and  M. scirpicola  
are “ ascis subclava tis ,  s t ipi tat is” in the fo rm er 
and “ ascis sessi l ibus oblongis’’ in the lat ter and 
spores  12 x 2 /am and 12-14 x 3 /xm, respective ly.  
Rehm  found dif ferences in the size of  the 
apo thec ia  (0.2-1 mm against 0.1-0 .15 mm) and 
in the spores ,  viz.,  0 ( - l ) - sep ta te  1 0 - 1 2 x 2 - 2 .5  
p m  against  1 (-3)-septate 1 5 - 1 7 x 2 . 5  /xm, but 
described the asci with about  the same words  
in both.  T h e  hymenial  el ements  are very difficult 
to see clearly because  of  the ir  agglutinat ion.  
T h e y  change also cons iderably  with  increasing 
age, the agglutinat ion becom ing  s tronger,  the 
swellings o f  the paraphysa l  tips more  p ro ­
nounced  and their walls pigmented .  T h e  slow
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d e v e lo p m en t  o f  the asci  with only few ripening 
at e ac h  t ime m a k es  it almost  impossible to find 
free m a tu re  spores .  All descript ions of  the 
hymenia l  e lem en ts  mus t  thus  be taken  cum  
grano  salis.

T h e  samples  on C y p e ra c e a e  have spores  that  
differ very  little f ro m  those of graminicolous 
spec im ens .  (The r ece n t  collect ion on Ju n cu s  is 
ra the r  young  w i thou t  matu re  spores.)  In  both 
g roups  the  spore  size lies as a rule within 
1 2 - 1 6 x 2 - 3  p m .  T h e  broades t  spores observed  
em a n a te  from gramin ico lous  specimens and  the 
few 3-septa ted  f rom such on Cyperaceae .

A dif ference  in the  shape of  the ascus may 
seem a  futile c h a ra c te r  and one difficult to 
define as the shape  changes  with the age, 
but in the p resen t  case  it is easy to see that 
asci  o f  com parab le  age are thicker and s touter  
(especial ly basal ly)  in specimens from C y p e r ­
aceae  and  J u n cu s  than  in such from grasses 
(Fig. 1 H) ,  ju s t  as F u c k e l  noticed.

T h e r e  are,  h o w ev e r ,  additional differences.  
T h e  shie lds are in both  groups fo rmed  by 
radiat ing  hyphae  with  so thin and pale walls 
tha t  they  are t r an s p a re n t  under  the microscope  
(Fig. 1 G).  In spec im ens  from C ype rac eae  the 
walls are bright  yel lowish b rown and the young 
shields in situ  show the same colour under  a 
hand lens.  T h e  d iamete r  of  the hyphae  is
2-3 p m .  In the gramin icolous  spec im ens  the 
walls are still th inner  and their  colour under  the 
m icroscope  is a pale and dirty yel lowish b rown 
with a tinge to w ard s  olive. T h e  hyphae  reach a 
d iam ete r  o f  only 1-1.5 pm .

T h e  s t ruc tu re  o f  the excipulum is also 
markedly  different  in the two groups ,  the 
radiat ing th ick-walled hyphae being straighter  
and  less closely sep ta ted  in the graminicolous 
spec im ens ,  espec ia l ly  their terminal  cells are 
dist inctly longer.

M o re o v e r ,  the fungi on C ype rac eae  and 
Ju n cu s  seem to g row  in very  wet habitats ,  as 
indicated by the microscopica l  algae tha t  as a 
rule a c c o m p a n y  them on the matrix,  whereas  
those on grasses  g row  in drier , wholly terrestr ial  
localities.

M . p o a e  will thus  be kept  as a separa te  
species.

T h e  n u m b e r  o f  acceptab le  species has thus 
been r educed  to five: M. cornea, M . karstenii, 
M . poae ,  M . p u n c tu m ,  and M. verrucosa.  T h ree  
addit ional ,  new spec ies  (one on Carex  and two

on Ju n cu s )  will be described below. Thei r  
affinities are with M. punc tum .

M ore  species certainly remain to be de tected  
and descr ibed.  T h u s ,  a N o r th  Amer ican  sample 
(U. S. A.:  Washington ,  M t Baker;  ZT!)  on 
C arex  sp. col lected by Prof. E. Müller shows a 
fungus close to M . verrucosa  but  probably 
distinct.  T h e  sample  is too poor  for descrip­
tion but,  never theless ,  most  interest ing as being 
the first find o f  a M icropeziza  outside Europe.  
F u r the r ,  D r  O. Eriksson has given me some 
Swedish and  Norwegian  samples of  E lym us  
bearing shields similar to those o f  M icropeziza  
but  too young to show the details o f  excipulum 
and hymenium necessary  for  identification.  
A no the r  case  for  intensified field studies!

A sc om yce te s  with ascoca rps  developing beneath  
a superficial o r  subcuticular  covering shield have 
as a rule been placed in a special group 
(Hemisphaeria les)  with numerous  members ,  
especially in the tropics.  It has become evident  
(cf.,  e .g.,  Luttrel l  1951, 1973, Arx  & Müller  
1954, Mülle r  & A rx  1962) that this is no true 
(monophylet ic)  taxon  but  ra ther  an ecologic 
and phys iognomic assemblage of  fungi that by 
convergent  evolution have reached  the same 
“ life f o r m ” in response  to their  superficial 
habitat.  T h e  conce rned  fungi are mostly 
bi tunicate but some few inoperculate D is c o m y ­
cetes  have been de tec ted  amongs t  them (and 
more may remain unobserved).  T hus ,  Diplocar-  
pon rosae  W olf  (1912) with subepidermal 
apothec ia  formed benea th  a subcuticular  radi ­
ating shield was  described as a new genus 
o f  Micro thyriaceae.  H ow ever ,  when a closely 
related species without  shield was  discovered,  
it became clear  that  they were  D iscomycetes ,  
and the presence  or  absence  o f  a shield was not 
even considered as sufficient for  generic d ist inc­
tion (Wolf  1924; cf. Nannfe ld t  1932 p. 171-172). 
Sch izo thyr iom a  Höhn ,  with wholly subcuticular  
frui tbodies should also be remembered  (Holm 
1971).

Wholly superficial are the frui tbodies in 
M icropeziza  (and D isco m yce l la ?) as well as in 
N annfe ld tia  Pe trak  (1947).

Prof. E. Müller  (in litt.) has drawn my 
at tention to the last-mentioned genus (sole 
species N .  atra  Petr,  on leaves o f  Carex f i rm  a) 
and generously supplied material (Switzerland: 
K l G raubünden :  D av o s  Ducanta l  b. Sertig
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2.IX. 1971 E. Müller)  for s tudy.  Clearly it does 
not belong to the Phac id iaceae  as suggested by 
its au thor  (and repea ted by K o r f  1973 p. 280). 
Prof. Müller  suggests  a close affinity to M icro­
peziza ,  but I cannot  follow him in this. In 
my opinion it affords ra ther  an additional 
example  o f  convergent  evolution leading to 
“ hem isphaer io id”  fruitbodies (Fig. 1 B-C).  The  
following are the principal deviat ing features: 
(1) T h e  s tructure of  the shield w hose  radiating 
hyphae  from the very beginning are firmly 
coalesced into a plate similar to that of  many 
Micro thyriaceae  (Fig. 1 D);  (2) the breaking 
up of  the central suprahymenial  part o f  the shield 
into polygonal cells or  small groups  of  cells, 
simulating an epi thecium; (3) the p resence  o f  a 
rich subcuticu lar  and int raepidermal mycelium 
benea th  the fruitbodies and of  num erous  hyphae  
perforat ing the wall o f  the matrix and connect ing  
the mycelium with the frui tbodies.  F u r the r  
deviating fea tures are the shape and non- 
septat ion o f  the spores.  T o  P e t r a k ’s very  full 
descript ion can be added that  the spore wall 
eventually becom es  smoky grey and that  the 
ascus tips show a small,  flat, directly I +  ring 
with a wide opening.

A  very  homogeneous  and certainly monophyle t i c  
group is formed by M . cornea, M . karstenii, 
and M . poae,  each  o f  which happens  to be 
the type  of  one  of  the three  genera  we are 
conce rned  with. The  crucial feature is the 
pecul iar  texture  o f  the marginal excipulum 
(vide supra).  O th e r  impor tan t  trai ts are the 
struc ture of  the shield, the tendency  to 
agglutinat ion o f  the hymenial  elements  (which 
may becom e almost  as firm as in O rbilia ), the 
general  shape and size o f  the spores ,  and the 
intense direct  reactivi ty to iodine in the p e r ­
forated apical ascus plug (becoming almost 
black).  T h e  perforat ion is relatively wide and 
easily seen from above.  In M. cornea,  where 
the apical part o f  the plug reaches  c. 3 g m  in

d iameter ,  it can be seen that the plug cons ists  
o f  a wider apical cylinder and a na r row er  
proximal one  separated  by a low uncolourable  
ring.

As the iodine reactions have been found  to 
offer  several  previously neglected complica t ions  
with bearing upon the use o f  this cha rac te r  in 
taxonom y  (cf. Kohn  & K orf  1975; N annfe ld t  
1976) and affect ing also species t rea ted  in this 
paper  I have  found it advisable to describe 
the reac t ions  in detail.

In M. cornea  and M . p o a e  the shields are 
formed by h yphae  whose  walls are thin and pale. 
T h e  remnants  o f  the shields contrast  thus  only 
slightly in co lour  from the excipulum when 
a t tached  to it (Fig. 1 F ,  J). In M. karstenii,  on 
the con t ra ry ,  the hyphae (especially those  in 
the cent ral  par t  o f  the shield) possess  th icker  
and much darker  walls,  and their  remnants  
consequent ly  s tand out as dark crus ts  or  scurves  
on the  pale excipulum (Fig. 2 A).

M. verrucosa  agrees exactly with the  pre­
ceding group with regard to the excipulum and 
has also shields o f  the same type (Fig. 2 F ,  G ,  
J ,  K) but  the conglutinat ion of  the hyphae  is 
s tronger (approaching  the  condit ions  in N an n -  

fe ld tia ) .  T h e  walls of  the hyphae  are more  
undulate,  and  their  free ends are shor t  and 
rounded  with pigmented walls. T h e  shields of  the 
N o r th  A m er ican  sample referred to above  are of  
about  the same character .

T h e  eventual ly  rough and pigmented spore 
wall in M.  verrucosa  is unique within the genus,  
but  two m ore  alleged unique charac te rs  do 
not hold true,  for  the cup-shaped base  o f  the 
apothec ium and  the presence  o f  a dark  thick 
“ sub icu lum ”  be tween it and the matrix are 
f ictions due  to the study o f  eccentr ic  sect ions.  
Median sect ions show apo thec ia  o f  exact ly the 
same shape and position as in the o ther  species 
(Fig. 2 H ,  I).

Pigmentat ion  of  the spore wall is no co m m o n  
feature  within the Moll isioideae and,  when  it

Fig. 3. A -D : Scutomollisia p u n c tu m  (J. A. N. 14611). -  A: M edian section o f  young fruitbody; apothecium  still 
covered by the shield (c. 600 x).  -  B: Margin of excipulum from outside (c. 370 x ) .  -  C: Y oung ascus  with 
maximal wall thickening (c. 1000 x). - D :  Margin o f  shield (c. 370 x).  -  Er-G: S. s tenospora {type). -  E: Part  o f  
mature ascus with two spores left; the large drop in the distal end of the spores visible (c. 1000 x). -  F: T w o  
confluent shields (c. 150 x).  - G :  Margin of excipulum from outside (c. 370 x). -  H-J: S. leptoderma  (type). -  
H: Margin of excipulum from outside (c. 370 x ) .  -  I: Apothecium  from below with rem nants of the shield 
(c. 150 x ) .  -  J: Margin o f  excipulum from outside (c. 370 x). -  K-L: S. operculata  (type). -  K: Shield on top 
of apothecium  (c. 240 x). -  L: A pothecium  from below; to the right operculum adhering to the excipulum  
(c. 370 X ) .



BOT. N O T IS E R  129 (1976) M icropeziza  a nd  Scutomollisia  331



332 J. A . N an n fe ld t BOT. N O T ISE R  129 (1976)

occurs ,  it appears  as a rule ra ther  late. It is to 
be  found,  e .g.,  in " N ip t  e ra ” arctic a Rehm as 
well as in several  members  of  the Hysteropezi-  
zella  complex  (cf. Défago  1968). T h e  situation 
resembles  thus that in H emiphacid iaceae  and 
Sclero t iniaceae discussed by K o r f  (1962 p. 16- 
18).

T h e  spore wall is almost  without  exception 
smooth  in the whole Helotiales.  A roughness 
comparable  to that in M . verrucosa  seems to 
occur  occasionally in " N ip te r a ” arctica  and to 
consist  o f  minute (occasionally confluent) am or­
phous  granules at tached to the wall and can 
hardly be designated as a t rue ornamentat ion.

M . p u n c tu m  and the three novelt ies  differ 
strikingly from the preceding in the s tructure of  
the excipu lum (Fig. 3B, G ,  H ,  J ,  L),  which 
agrees with that  typical o f  the Mollisia-Py-  
renopeziza  complex.  T he i r  excipu lum is formed 
by radially arranged,  diverging rows o f  ± 
isodiametric  cells o f  which the ou te r  are 
subglobose and have strongly pigmented walls 
except  tow ards  the margin,  where  the terminal  
cells o f  the rows are elongated and ±  clavate 
with paler  walls. Because  of  the deviat ing 
excipulum these species will be placed in a new 
genus,  Scutom ollis ia ,  with M. p u n c tu m  as  the 
type species.

It could be expec ted  that  the excipulum 
should tend to be reduced or  t ransformed when 
the apothec ia  develop benea th  a shield, since 
its protect ing  function has been taken over  by 
the shield, ju s t  as is the case in most  m embers  
o f  the H ysteropezizella  complex  w here  the 
matrix affords protec t ion to the ±  immersed 
apothec ia  (cf. Défago 1968). Such is evidently 
also the case with the species o f  M icropeziza  
sensu  restrictiore  and in one of  the new species 
o f  Scutom ollis ia ,  viz.,  S. lep toderm a,  in which 
the excipulum is thin, externally dissolved into 
long (up to 70 jiun), flaccid,  free, hypha-like 
rows of  subcylindrical  cells (c. 2-4 /xm in diam. 
and up to 20 /xm long) te rminating in a large 
subglobose or broadly pyriform cell (ca. 8-12 x 
8-12 /xm) (Fig. 3 H ,  J). All cells remain long so 
thin-walled and pale that  the whole excipulum 
is easily overlooked.  In the three o ther  species 
it is as s trong, coherent  and dark as normally 
in the M ollis ia -P yrenopeziza  complex.

T h e  shield (Fig. 3 D, F ,  K) has the same 
s tructure in Scutom ollis ia  as  in Micropeziza.  
T h e  normal way for the hymenium to become

ex posed  is by ±  radial,  centrifugal f issures in 
the shield,  result ing in a number  o f  t r iangular 
f laps,  ±  f irmly adhering to the excipulum. T h e  
num ber  o f  such  flaps and,  consequent ly ,  their  
b read ths  vary  from species to species. S. lep to­
derm a  has the most  numerous  and nar rowes t  
flaps (Fig. 3 H -J ) .  O n e  o f  the new species of  
Scu tom ollis ia ,  viz.,  S. opercula ta ,  forms an 
interesting exception.  T h e  centre of  its shield is 
f i rmer and does  not  ruptu re  from the pressure 
o f  the growing apothec ium. T h e  entire shield is 
instead lifted from the matrix.  Somet im es  it 
b ecom es  lying on the apothec ium as a free 
opercu lum (Fig. 3 K) until it falls off, but  usually 
it remains  a t tached  to the matrix on one side 
and adheres  on tha t  side to the excipulum 
(Fig. 3 L). T h e  material o f  S. s tenospora  is 
too  young  to show with certainty how the 
shield behaves .

In S. p u n c tu m  the asci are ra ther  plump, 
±  cylindrical,  almost  sessi le and,  when  young,  
hardly nar row ed  upwards  and broadly rounded,  
thus similar to  those  o f  M . cornea  but  still more  
ex t rem e.  T he i r  wall is firm, thick and strongly 
refract ive.  Before spore formation the wall can 
apically reach a th ickness  of  well 2 /xm (Fig. 
3 C).  Also the  wall (and the median septum) 
o f  the young spores is unusually thick and highly 
refract ive.  In one o therwise  typical apothec ium 
(J .A .N .  14611) still unsep ta ted  spores had smoky 
grey walls tha t  got a distinct violet tinge by 
iodine. T h e  asci are I -  as  observed  by Rehm 
(1881, 1891), and not even pre trea tm ent with 
K O H  and H 2S 0 4 provokes  a positive reaction.  
N o  apical plug is to be seen.  In its place 
there  is a thin,  almost  flat cushion.  Müller
(1966) reports  a posi tive react ion and d raw s  an 
ascus  o f  the same shape  and with the same 
apical plug as in his o ther  species. N o w ,  h o w ­
ever ,  he f inds (in litt. 22.XII.  1975) that  he must  
have been the victim of  some mistake.

T h e  new 5.  lep toderm a  has also p lump and 
uncondit ionally  I -  asci as  well as spores  that 
ra the r  early show a very distinct median septum.

T h e  two remaining species,  S. operculata  
and 5.  s tenospora ,  possess  on the cont rary  
graci le asci with subconical  t ips,  including 
minu te  apical plugs (c. 1 /xm in diameter)  that 
with iodine directly acqui re a pure ,  but  not  
very  dark  blue.  N o  fully mature spores  have 
been seen  and only few that  have escaped  from 
the asci.  T h e y  are hyaline-walled,  subcylindri-
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cally clavuliform with the upper  end slightly 
thicker  and more  rounded than the lower,  show 
no sign o f  sep ta t ion,  and contain  a row o f  
usually four ra the r  large drops  (vacuoles?) ,  
of  which the  u ppe rm os t  as a rule is the largest  
and si tuated very  close to the end  (Fig. 3 E).

T h e  ag reem en t  in exc ipular  s tructure of  the four  
species of  Scutom ollis ia  with the M ollis ia -  
P yrenopeziza  com plex  is so close tha t  it canno t  
be doubted  tha t  they are der ived from it. O n  
the o the r  hand,  the differences in the same 
respec t  f rom the true M icropezizae  are so 
profound tha t  the two genera mus t  represen t  
different  evo lu tionary  lines. In view o f  our  
present  know ledge  (cf. N annfe ld t  1976) there  is 
no h indrance  for keeping both  I — and I +  
species  in Scutom ollis ia ,

M ore  detailed compar isons  with the M o ll is ia -  
P yrenopeziza  complex  are out o f  the  ques t ion  
as long as its taxonom y is in its presen t  chaot ic  
s tate,  but  som e  remarks  on the posit ion o f  the 
apo thec ium in relat ion to the matrix may be 
useful here.  In the floristic l i terature M ollisia  
(inch Tapesia  F uck . )  is regularly descr ibed  as 
having superficial  apothecia but this is not 
correct .  K o r f ’s formulat ion (1973 p. 291) is not 
accura te  ei ther:  “ A po thec ia  entirely superficial,  
rarely with a tiny base inserted in the host  
t i s sue” . T h e  “ inserted b a s e ” is the p r imordium,  
which forms within the matrix ju s t  below its 
surface and from which the apo thec ium grow s  
out.  H öhne l  (e.g.,  1918 p. 577-578) calls such  a 
base  a “ h y p o s t r o m a ” , and Le Gal  & M angeno t  
(e.g.,  1958 p. 31, 1961 p. 316) des igna te  such 
apo thec ia  as “ sub e ru m p en t” . T h e  p resence  o f  
such an intramatrica! pr imordium is ra the r  the 
rule than an exception.  But,  for example ,  
G ra d d o n  (1972) was  misled to cons ide r  this 
feature so unusual  that he nam ed  his new 
M. s trom a tica  af ter it. T h e  type  species o f  
Mollisia (M. cinerea  (Pers. ex  Fr.)  Karst . ) ,  
Tapesia (T. fu s c a  (Pers. ex F r . )  F uck . )  and 
H aglund ia  N annf .  (H . pere legans  Nannf .)  
possess such  primordia (cf., e .g. ,  Nannfe ld t  
1932 figs. 13a, 23a and 11a, tab. IV fig. 3, 
tab.  VI figs. 1 and 2). M ore  exam ples  are 
i llustrated by, e .g. ,  Le  Gal  & M an g en o t  (1958, 
1960, 1961, 1966), Bellemere (1968), and Aebi 
(1972).

On the o the r  hand,  H ü t te r  (1958) goes too  far 
in the oppos i te  direction when  ascribing all

the “ Moll i s ieae” (i.e.,  B elonopsis  (Sacc.)  
R ehm ,  Mollisia, Tapesia,  and  Trichobelonium  
(Sacc.)  Rehm) a stipe-like apothecial  base.  H e  
over looks  the ex is tence  o f  closely allied species 
with ±  b road-based ,  t ruly superficial apothecia.  
H o w e v e r ,  ra ther  few species can with full 
conf idence  be placed in this latter  category,  for a 
tiny intramatrical base is easily missed,  if not 
specially sought  for.

Le Gal  was  evidently well aware of  this 
distinct ion,  and amongst  her detai led and exac t  
descript ions and drawings  we find two wholly 
superficial lignicolous species, viz., Mollisia  
cinereo-olivascens  L e  Gal  & Mangenot (1958 p. 
52-53 as N ip tera  cinerea  var. olivacea;  1961 p. 
304-308) and M. undula to-depressu la  (Feltg.)  
Le  G al  & M angenot (1960 p. 152-160). O t h e r ­
wise the few reliable examples  known to me are 
on subs trates with smooth ,  firm and persistent  
surfaces .  O n e  such  species,  M. millegrana  
(Boud. )  Nannf.  on Filipendula ulmaria, is il­
lust ra ted  by me (Nannfeldt  1932, figs. 14c and 
d), but this is far from being a typical Mollisia. 
M ore  typical species seem to occur  on grasses,  
C y p e rac eae  and Juncaceae ,  but for lack of  
adequa te  studies they  cannot  be mentioned by 
reliable names .  At least part o f  N iptera  Fr .  
sensu D ennis  (1972) belongs here,  e .g.,  Peziza  

ju n c ised a  Kars t ,  s s p . juncine lla  Kars t ,  as shown 
by the type spec imen .  In some cases  there is a 
dense  intramatrical mycelium beneath the 
apo thec ia  (just as in N a n n fe ld t ia , see above),  
in o ther  cases  there  is no or  only a sparse 
inconspicuous  mycelium.

If  we fur ther  rem e m ber  that the bases o f  ± 
superficial “ moll is ioid”  apothec ia  are often 
su rrounded by a fringe of  radiating brown- 
walled hyphae  adpressed  to the matrix,  it is 
easy to imagine how species with superficial 
apo thec ia  benea th  a shield can have evolved.  
T h e  as sumption  tha t  Scutom ollis ia  has arisen 
this way  from the M ollisia-Pyrenopeziza  c o m ­
plex seems unavoidable.

F o r  the species o f  M icropeziza  a corre-  
spondingevolu tion  is probable,  but their  “ r o o t s ” 
are less obvious .  Shields and hymenia are so 
similar  to those  in Scutom ollis ia  as to suggest a 
close affinity, but the excipulum is so deviat ing 
tha t  on first sight the affinity with the Mol-  
lisioideae (and even with the D erm ateaceae  on 
the whole)  might  be ques t ioned.  H owever ,  the 
format ion  of  “ sc le renchymat ic” tissues can

23 -  B o ta n i s k a  N o t i s e r
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evidently be real ized in most  groups o f  fungi, 
probably  as a response to edaphic  condit ions.

T h e  pigmentat ion of  spore walls and pa- 
raphysal  tips (as in M . verrucosa ) is an unusual  
fea ture in the Moll is ioideae though far from 
unknow n,  and also the  roughness o f  the spore 
wall has at least one  counte rpar t  (see above).  
It  seems thus possible that  also M icropeziza  
is derived from the Moll isioideae and that  its 
peculiar  excipulum has arisen by reduct ion  of  
the normal ex te rnal  layer accompanied  by a 
strong “ sc le renchymat iza t ion” o f  an inner layer.

Le  Gal  & M angenot  (1958 p. 52-54,  1961 p. 
301-308) describe and depict  a lignicolous 
typical Mollisia  (M. cinereo-olivascens  Le  Gal  
& Mangenot) ,  in which the perihymenial  
excipulum has “ une zone  interne de f ilaments 
incolores et redressés ,  å disposit ion radiale,  å 
parois réfringentes plutöt  épaisses;  ces parois 
ne se colorent  pas au bleu co ton ,  alors que le

con tenu  des hyphes  bleuit i r . tensém ent ' ’ (1958 
p. 52). This  is word  for word  applicable to the 
M icropeziza  exc ipulum.  On several occas ions  I 
have  seen similar  t issues in superficial culmi- 
colous spec ies  o f  Mollisia  s. lat. (which I 
m us t  leave anonym ous) .

Evolu tiona ry  lines in the opposite  direct ion,  
i .e. ,  tow ards  immersed  and at the  most  ± 
e rum pen t  apo thec ia  lead evidently to the 
H ysteropezize lla  com plex ,  where  likewise re ­
duced  and /o r  t rans fo rm ed  exc ipula can be found.  
A n  inner “ s c le renchym at ic”  layer of  M icro ­
pez iza  type is thus  very consp icuous  in M ero-  
stictis circinata  (Lib.)  Défago.  It becom es  thus  
still more  likely tha t  M icropeziza  too has 
its phylogenet ic  “ ro o t s ”  in the M ollis ia-Py­
renopeziza  com plex ,  represen t ing  an ind e p en d ­
ent  line and a m ore  “ a d v a n c e d ”  stage than  
Scu tom ollis ia .

Key to Discomycetes with superficial apothecia formed benea th a shield of  radia t ing hyphae
1. Hymenium in mature apothecia with an “ epithecium” of crumbled remnants of the shield. On Carex

firm a  .....................................................................................................................................  N annfeld tia  atra (see p. 329-330)
Hymenium naked in mature apothecia ......................................................................................................................... 2

2. Perihymenial ectal excipulum of “ textura oblita” ; its hyphae with thick, hyaline, strongly refractive walls
(M icropeziza ) ...................................................................................................................................................................  3
Ectal excipulum “ mollisioid” , i.e., “ textura globulosa” - “ textura angularis” ; cells brown-walled, towards 
the margin elongated and claviform, paler (S c u to m o l l i s ia ) ......................................................................................  6

3. Shield of rather pale, thin-walled hyphae; its torn flakes almost concolorous with the excipulum when
attached to the apothecium ............................................................................................................................................... 4
Shield hyphae with strongly pigmented walls; the torn flakes of the shield much darker than the 
excipulum ............................................................................................................................    5

4. Shield hyphae 2-3 /xm in diam.; their walls bright yellowish brown. Asci plump, <55 /xm long. On
Cyperaceae and J u n cace ae ............................................................................................................................ M. cornea
Shield hyphae 1-1.5 /xm in diam.; their walls pale and dirty yellowish brown with a tinge of olive. Asci 
gracile, mostly 55-75 /xm long. On grasses  ............................................. .............................................M . poae

5. Spores hyaline, smooth. On grasses ...........................................................................................................M. karstenii
Spore wall early greyish brown, rough. On Carex sempervirens  ............................................................... M . verrucosa

6. Asci plump with broad rounded tips, unconditionally I - .  Spores 15-22 x 3.5-4.5 /xm, early with a distinct
median septum .................................................................................................................................................................  7
Asci gracile, acuminate with minute apical plugs, directly I + (pure blue). Spores narrower (c. 2 /xm broad), 
long (permanently?) unseptate .......................................................................................................................................  8

7. Excipulum conspicuous with distinctly pigmented cell walls. On grasses, esp. N ardus  .............. S. p unc tum
Excipulum thin and long translucent, dissolved into free cell rows; cell walls thin and rather pale. On 
Juncus  ................................................................................................................................   S’, leptoderma

8. Spores 16-22 x 2 /xm. On Juncus  ..........................................................................................   S. s tenospora
Spores 8-11x2 /xm. On Carex binervis ...............................................................................................  S. operculata

M irrnnpyH si F n r k  A ctinoscypha  K a rs t . ,  M edd. Soc. F. Fl. F enn .  16: 5
(1888). - T y p u s  (only species): A . graminis  Karst.

Fuckel,  Jb. N assau . V er. N a turk .  23-24 ( =  Symb. Niesslella  H ö h n . ,  Ber. D eu tsch .  Bot. G es .  36: 468
myc.): 291 (1870). -  L ec to typus (sel. bv H öhnel (1919). -  T y p u s  (by designation): M icropeziza scirpi-
1919): M . poae  Fuck. cola Fuck.
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Fig. 4. A: M icropeziza cornea  (Holm 727 c). -  B: M . karstenii (J. A. N. 7739). -  C: M. poae  (J. A. N. 4115). -  
D: M. verrucosa  (Dutoit). -  E -F :  Scutom ollis ia  p u n c tu m  (J. A. N. 11771 d). -  G: 5. stenospora  (type). -  H: 
5. leptoderma  (type). - 1 : 5 .  operculata  (type). -  All 6 x,  except F  (12 x). -  Photo  K erstin  Holm.

1. Micropeziza cornea (B. & Br.) N annf .  nov. 
comb.

Peziza cornea  B. & Br., Ann. Mag. N a t.  H ist.  2:7: 183 
(1851). -  CaUoria cornea  Phill., M an. Brit. Discom. 
p. 332 (1887). -  Mollisia cornea  H ö h n . ,  S itz .ber. 
A kad . Wiss. Wien, M ath.-nat. Kl. 1, 127: 367 
(1918; non sensu Höhn.). -  T ypus  (only coll.): 
England (Carex panicu la ta)  18.III. 1850C. E. Broome 
(K!).

[Peziza scirpicola  F u ck . ,  F . rhen. 1870 (1866; nom. 
nud.).]  -  M icropeziza scirpicola  F u ck . ,  Jb. N assau .  
Ver. N aturk . 23-24 ( = Symb. myc.): 292 (1870). -  
Mollisia scirpicola  Sacc., Syll. fung. 8: 384 (1889). -  
Belonidium scirpicola  ( " sc irp ico lum ” ) Rehm  in Rbh., 
K ryp t .F l . ,  ed. 2, 1:3: 567 (1891). -  Urceolella 
scirpicola  Boud., Hist. Class. D iscom . d ’Eur. p. 130 
(1907). -  Niesslella scirpicola  H ö h n . ,  Ber. D eutsch . 
Bot. G es .  36: 468 (1919). -  A ctin o scyp h a  scirpicola  
E. M üll., Ber. Schweiz. Bot. G es .  76: 234 (1966). -  
T ypus  (only coll.): F u ck . ,  F . rhen. 1870 (Scirpus  
silvaticus).

Trochila ignobilis K arst. ,  Bidr. känned . Finlands 
nat. folk 19 ( =  M yc. Fenn . 1): 248 (1871). -  Pha-

cidium ignobile K ars t . ,  A c ta  Soc. F . Fl. Fenn ica  
2:6: 160 (1885). -  N aev ia  ignobilis Rehm in Rbh.,  
K rypt.-F l.,  ed. 2, 1:3: 142 (1888; non sensu Rehm). -  
Hysteropezizella  ignobilis  Lind, Kgl. D anske Vidensk. 
Selsk., Biol. M edd. 1! (2): 89 (1934; non sensu 
Lind). -  Lectotypus (sel. here): Finland (Eriophorum  
va g in a tu m ) P. A. K arsten (Herb. Karsten 1535 H!; 
isolectotypi: S! UPS!)

Mollisia sylvatica  K arst. ,  M edd. Soc. F. Fl. Fenn. 
16: 4 (1888). -  T ypus  (only coll.): Finland (5c. silv.)  
P. A. Karsten (holotypus: Herb. Karsten 1495 H!; 
isotypus: S!).

Belonidium aurantiacum  Rehm in Rbh. I.e. p. 564 
(1891). -  Niesslella aurantiaca  H öhn. I.e. p. 468 
(1919). -  T ypus (only coll.): Syd., M yc. march. 1582 
(Carex acutiformis).

Matr.:  various C yperaceae ,  e.g. Carex acutiformis  
and C. pa n icu la ta , Eriophorum vaginatum,  and Scir­
pus silvaticus,  as well as Juncus effusus.

Exs.:  F uck . ,  F. rhen. 1870 (“ Peziza s c .” ) S! = 
Herb. Barbey-Boiss. 1171 (“ M icrop . s c .” ) S! UPS! -  
Syd., M yc. m arch. 1582 (“Moll. Karstenii  var. 
Caricis” ) S! UPS!
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[Non: Jaap , F. sel. 151 (“ Pezizella turgidella” ). 
-  Rbh., F .  eur. 1119 (“ Peziza cornea” )- -  Syd., Myc. 
germ. 1003 (‘‘Pezizella turgidella” ), 1941 (id.), 3145 
(‘Moll, co rn e a ’), 3549 (id.). -  Syd., M yc. march. 
366 (‘‘H elotium  aspidiicolum ” ). -  All =Mollisia  
spp.]

///.: Figs. 1 E -G , 4 A; Rehm I.e. p. 510 (Bel. aur.)\ 
D ennis 1960 PI. XX L (Moll, cornea) = 1968 PL 
X X III  L; M üller 1966 figs. 2c, 3 (Act. sc .) .

S pec im ens  seen

Sw eden:  Uppland: Dalby “ Je ru sa lem ” (J. e ff .)  3.X. 
1975 K. & L. Holm 727c (UPS!).

Finland:  T avas tia  australis: T am m ela  M ustiala 
Pellinsuo (Er. vag. & Carex  sp.) 6.IX. 1870 P. A. 
Karsten (leetotypus Tr. ign. & paratypus: H erb. 
K arsten  1534 Hl); M ustiala Särkijärvi (Sc. silv.)  
22.VIII. 1887 P. A. K arsten  (typus Moll. sylv.).

G ermany:  Bayern: H aspe lm oor nr. M ünchen  (Er. 
vag .)  30.IX. 1910 G .  A de 19 (S!). -  Brandenburg: 
Paulsborn nr. Berlin (C. ac.)  VIII. 1887 P. Sydow 
(Myc. m arch. 1582; typus Bei. aur.) . -  Hessen: 
M appen nr. N assau  (Sc. silv.)  “ v e re”  L. Fuckel 
(F. rhen. 1870; typus Microp. sc.).

England: C heshire (C. p a n .)  II. 1949 W. G . G raddon  
(comp. Dennis ll.ee.). -  Wiltshire: Spye Park  (C. 
p a n .)  II. 1850, 18.111. 1850, 29.1. 1851, II. 1851 & 
III. 1859 C . E. Broome (vide supra; K! UPS!).

T he  records from Somerset (Batheaston area) are all 
erroneous (vide supra). T h a t  from Y orkshire  (see 
R am sbottom  & Balfour-Browne 1951 p. 72) cannot be 
verified as no voucher specimen has been seen.

2. Micropeziza karstenii Nannf .  nov.  nom.

A ctinoscypha  graminis  Karst. ,  M edd. Soc. F. FI. 
F enn . 16: 5 (1888). -  T ypus  (only coll.): F inland, 
Tam m ela ,  ‘ad lacum Salois’ (Molinia coerulea)  P. A. 
K arsten  (H; n.v.). [Non Micropeziza graminis  (Desm.) 
R ehm .]

M a t r.: various grasses, e.g. Arrhenatherum , Calama-  
grostis, Cinna, Molinia, Poa.

Exs.:  S yd .,  Myc. germ. 2156 (“ Niptera P o a e” ) S! 
UPS!

III.: Figs. 2 A -E ,  4 B; Müller 1966 figs. 1, 2b.

S p ec im e n s  seen

Sw eden:  Småland: K ärda Källunda (Cal. canescens)  
28.VI. 1929 J. A. N . 2168 (UPS!). -  Uppland: 
U ppsala (B ondkyrka)U lleråker  (Cal. can .)  13.VI. 1946
S. Lundell (UPS!). -  G ästrikland: G ävle Lövudden 
(Cal. can .)  14.VII. 1945 J. A. N .  7739 (UPS!); 
(Cal. purpurea)  2 .VII. 1963 J. A. N . 18201e (U P S !). -  
Hälsingland: F o rsa  Mt Storberget (Cinna latifolia) 
22.V I I . 1936 G . L oham m ar (S! U M E! UPS!). -  J ä m t­
land: N y h e m  D ockm yr (Cal. sp.) 24.VI. 1975 J. A. 
N . 23947e (K! UPS!). Åre Handöl (Cal. sp.) 20.VII. 
1951 J. A. N .  11520b & 11522a (UPS!).

Finland:  T av as tia  australis: T am m ela  Salois (Cal. 
sp.) VII. 1887 K. S tarbäck  (Herb. Karsten 1494, H !); 
(Mol. coer.)  V III .  1887 P. A. Karsten & K. S tarbäck 
(isotypus?; S !).

G erm any:  Bayern: B ayrischer Wald auf dem Rachel 
(Cal. can .)  7.V1II. 1923 H . Sydow (Myc. germ. 2156).

Switzerland:  K ' G raubünden : Fürstenalp  1850 m 
(Cal. varia)  V II I .  1903 A. Volkart (S! as Mollisia  
poaeoides ,  det. Rehm). -  K l Wallis: A letschreservat 
M oränenw eg  (Arrh. versicolor  & Poa alpina) 24.VII. 
1964 E. M üller (I.e.: ZT!); Beialpweg (Cal. villosa) 
26.VII. 1964 E . M üller (I.e.; ZT!).

Austria:  Tirol: O rtler  G um penhöfe  (F es tu ca ?) VI. 
1884 H Rehm (1891 p. 559, 1914 p. 103 as Niptera  

poae;  S!).

3. Micropeziza poae F uck .

F uckel,  Jb. N a ssa u ,  Ver. N a tu rk .  23-24 ( =  Symb. 
M yc.): 291 (1870). -  [Peziza Poae  Fuck . ,  F . rhen. 
1174 (1866; nom. nud.).]  -  Mollisia Poae  Sacc., 
Syll. fung. 8: 343 (1889). -  N iptera  Poae  Rehm  in 
Rbh., K ryp t.-F l.,  ed. 2, 1:3: 558 (1891). -  T ypus  (only 
coll.): F u ck . ,  F .  rhen. 1174 (Poa su d e t ic a = P .  
chaixii).

M atr.:  various grasses, e.g. Calamagrostis , Festuca,  
Poa.

Exs.:  F u ck . ,  F . rhen. 1174 (‘‘Peziza P .” ) S! = Hb. 
Barbey-Boiss. 1170 (‘‘Mollisia P .” ) S! -  Syd.,  M yc. 
m arch. 962 (“ Mollisia K ars ten ii” ) S! UPS!

[Non: Rehm , A scom . 1221 (‘‘Niptera  P .” ), q .e. 
Mollisia  sp. -  Syd., M yc. germ. 2156 ( “ Niptera P . ” ), 
q .e. Microp. graminis.  -  T h ü m .,  F . austr. 838 
(‘‘Microp. P . ” ), q .e. Mollisia  sp.]

Hl.: Figs. 1 H - K ,  4 C.

S p ec im en s  seen

Sw eden:  Uppland: U ppsa la ,  Eriksbergsskogen (Cal. 
canescens)  28.VIII. 1942 S. Lundell (UPS!). Vänge 
“ Fiby u rsk o g ”  (Cal. arundinacea)  8 .IX. 1930 J. A. 
N . 4115 (S! UPS!). -  G ästr ik land: G äv le  “ A rboretum  
V allshage”  (P. nem oralis)  16.VIII. 1975 J. A. N . 
23966 (UPS! ZT!).

G erm any:  Bayern: Bayrischer Wald A rb e r  (grass)
IX. 1885 H . R ehm  (S !). -  Brandenburg: G rünew ald  
nr. Berlin (Cal. epigeios)  16.IX. 1885 P. Sydow (Myc. 
m arch. 962). -  H essen: O estr ich  H interlandsw ald 
(P. chaixii)  “ au tu m n o ” L. Fuckel (F. rhen. 1174; 
typus). -  Thüringen: O b e rh o f  (F. a ltissima)  VII. 
1906 0 .  Jaap  (1914 p. 426; S!).

Austria:  Tirol: Kaiser-Gebirge Stripsen-Joch (Cal.?)
X. 1905 H . Rehm  (S!).

R e h m ’s record  (1891 p. 559; 1914 p. 103) from O rtle r  
(Tirol) is erroneous and refers to M. karstenii, 
J a a p ’s (1914 p. 426) on Glyceria f lu itans  from 
Thüringen cannot be controlled as no specimen has 
been available.
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4. M icropeziza verrucosa (E. Müll.) N annf .  nov.  
comb.

A c t i n o s c y p h a  ve r ruc os a  E. Müll., Ber. Schweiz. 
Bot. G es .  76: 236 (1966). -  T ypus  (by designation): 
Switzerland 21.VII. 1964 M üller (ZT!).

M a t  r.: Carex  s e m p e r v i r e n s .

Exs. :  O.

///..• F igs. 2 F - K ,  4 D; M üller 1966 figs. 2d, 5. 

S p e c im e n s  seen

F rance:  D é p ' Savoie: H au te  M aurienne Petit M ont 
Cenis  29.VI. 1966 E. M üller (I.e.; ZT!).

Swi t ze r la nd:  K 'G rau b ü n d en :  Albulapass Murtel digl 
C rasp  alv 14.X. 1972 E. M üller (ZT!). Alp T r id a  above 
Sam nauntal c. 2450 m 11.VII. 1930 E. & G .  K re tsch ­
m er (S! UPS!). -  K ‘ Wallis: A letschreservat Moosfluh 
nr. Brig 21.V II. 1964 E. M üller (typus, ZT!); M o rän en ­
weg 3 .VIII. 1964 E. Müller (ZT!) and 20.IX. 1965
E. M üller  (I.e.) & F. C asagrande (ZT!). “ In vallecula 
‘M e n o u v e ’ ad m ontem  summum P aen inum ”  2100 m 
13.V II I .  1939D. Dutoit (UPS!).

R o m a n ia :  Transylvania: “ supra  vallem Bulea prope 
pag. Ä rp ä s ”  1900 m 22.VII. 1 9 1 4 J .T u z so n  (S!).

This  species is probably ra ther  co m m o n  on its 
hos t ,  as I have been able to pick out  three 
samples  from the phanerogamic  collect ions in S 
and U PS .

A N o r th  A m erican  specimen (U.S.A.: W ashington E. 
M üller, on Ca rex  sp.; ZT!) represents  certainly an 
undescribed species close to M. verrucosa  (see p. 
329).

Scutomollisia Nannf.  nov. gen.

M ic ro pez i za  Fuck, persimilis sed differt s truc tu ra  
excipuli apotheciorum  ut in Moll i sia  et P y r e n o p e -  
z iza,  extus “ tex tura  globulosa” , margine cellulis 
e longatis claviformibus. -  Species typica: M icr opez iza  
p u n c t u m  Rehm.

Very similar to M icropeziza  F u ck ,  but  differing 
in the  s truc ture  of  the apothecial  excipulum, 
which  agrees with that in the M ollis ia -P yren o ­
pez iza  com plex ,  externally o f  “ te x tu ra  globu­
lo s a”  and marginally with elongated,  claviform 
cells.

1. Scutomollisia leptoderma Nannf .  nov.  sp.

S cutum  ca. 0.2-0.3 mm diam ., opacum , atrobrunneum , 
denique irregulariter stellatim findens. Excipulum  
apothecii “ mollisioideum” , tenue, extus paullo pig- 
m enta tum , in series (ad 70 p m  longas) laxas liberas 
cellularum subcylindricarum, 2-4 g m  diam. et ad 20

p m  longarum dissolutum et in cellulam subg lobosam - 
late pyriformem (8-12x8-12 / im ) term inatas .  Asci 
45-75 x9-12 pm,  claviformes, utique I - ,  8-spori. 
Sporae (haud m aturae) 16-20x3.5-4.5 pm ,  subfusi- 
formes, cito distincte medio unisep ta tae . Paraphyses 
filiformes (ca 1 /xm diam.), ap ice  abrupte  clavatae 
vel subglobosae (ad 6 /um crassae). -  H ab . in culmis 
anni praeteriti J  unci arc tic i x f i l i form  is in Lapponia 
Lyckselensi Sueciae. -  Typus: 1 .VIII. 1927 N orden- 
stam (UPS!).

Shield c. 0.2-0.3 mm in d iam.,  ci rcu lar  or 
somew hat  irregular , opaque ,  b lack ish brown,  
eventually  breaking up into n um e rous  na r ro w ­
ly tr iangular flaps clothing the apothec ium.  
H y p h ae  of  the shield c. 3 -4  p m  in diam.;  
their  walls dark  b row n,  c. 0.3-0 .7  p m  thick.

Exc ipulum thin, “ moll is ioid” , externally 
faintly pigmented and dissolved into f laccid free 
rows (up to 70 p m  long) o f  subcylindrical  cells 
(2-4 p m  in diam. and up to 20 p m  long) and a 
terminal  subglobose  or  b roadly  pyriform cell 
(c. 8-12 x  8-12 /xm).

Asci  45-75 x 9 - 1 2  /xm, claviform with  broad  
rounded tips, uncondit ionally I —, 8-sporous.

Spores  (hardly matu re)  1 6 - 2 0 x 3 . 5 - 4 . 5  p m ,  
subfusiform, straight or  slightly cu rv ed  rather  
early with a distinct median sep tum ,  hyaline.

Paraphyses  filiform (c. 1 p m  in diam.),
apically abruptly clavate o r  subglobose (up to 
6 /xm in diam.),  hyaline,  not  agglutinated.

M atr.: June us arcticus x fi l i form is .

E x s . .O .

III.: Figs. 3 H -J, 4 H.

S pec im en  seen

Sw eden:  Lycksele  lappmark: Stensele  on the bank of 
Lake S torum an at S toruman Railway Sta tion 1 .VIII. 
1927 S. N ordenstam  (typus).

2. Scutomollisia operculata N annf .  nov .  sp.

Scutum  ca. 0.15-0.25 mm diam .,  opacum , a t rob run­
neum, sensim e matrice operculatim  sub levans sed 
p lerum que uno latere perpetuo affixum et ceteroquin  
apothecium  lateraliter appressum , rarius circum circa 
sublevatum et ad tem pus apo thec io  superpositum . 
Excipulum  apothecii “ mollis io ideum ” , ex tus  pigmen- 
ta tum , “ textura g lobulosa” , cellulis 5-10 /xm diam., 
iis marginem versus doliformibus, ca. 7 x 4  /xm, 
extrem is claviformiter elongatis, saepe basi col- 
liformiter constrictis, ad 10-12 pm  longis. Asci clavi­
form es, apicem versus subconice a ttenuati,  35—50(—60) 
x 5  /xm, directe I + ,  8-spori. Sporae (haud m aturae)
8 - 1 1 x 2  pm ,  subcylindrice subclaviform es, apicibus
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rotundatis, guttatae, hyalinae. Paraphyses  graciles, 
hyalinae, filiformes, ca. 1 /xm diam ., apice clavulate 
incrassatae , ad 2.5 /xm diam. — H ab. in foliis anni 
praeteriti Caricis binervis in H ordaland  N orvegiae. -  
Typus: H olm  756 (holotypus: U PS!, isotypus: BG!).

Shield o f  radiat ing hyphae ,  c. 0.15-0.25 mm in 
diam.,  circular  or  somew hat  irregular , opaque,  
blackish brown,  eventually  not cracking by 
radiat ing f issures but  lifted in its ent irety from 
the matrix by pressure  o f  the growing a po the ­
cium. A s  a rule the shield remains  fixed to 
the matrix on one side and becom es  on that 
side pressed to the apothec ium; rarely it 
becomes  lifted all round by the apothec ium and 
rests  on it until eventually falling off. H yphae  
o f  the  shield c. 3 /xm in diam.,  their  walls dark  
brown and 0.5-0.7 /xm thick.

Exc ipu lum typically “ moll is ioid” , the ou te r ­
most  layer of  “ tex tura  g lobulosa”  with brown-  
walled cells, c. 5-7  /xm in diam. T o w a rd s  the 
margin the cells form dist inct parallel rows,  
becom e barre l-shaped,  c. 7 x 4  /xm, the marginal 
cells clavate,  with paler  but  yet distinctly pig­
mented  walls,  up to 10-12 /xm long, often 
basally with a constr ic ted  neck.

Asci  clavate,  35-50(-60) x  5 /xm, sessile with a 
basal  knob,  upwards  subconical ly at tenuated  
with a minute apical plug ( <  1 /xm in diam.),  
directly I + ,  8-sporous.

Spores (hardly mature)  8-11 x 2  /xm, sub- 
cylindrically subclaviform, rounded  in both  ends 
and slightly tapering tow ards  the lower end,  
straight or  slightly cu rved ,  hyaline,  with a row of 
rathe r  large drops (vacuoles?) .

Paraphyses  filiform (c. 1 /xm in diam.) ,  
slightly incrassated apically up to 2.5 /xm, 
hyaline,  not agglutinated.

Matr.: Carex binervis.

E x s .: O .

III.: Figs. 3 K , L, 41.

S pec im en  seen

N o n \’ay: Hordaland: Bergen Fyllingsdalen 24.111. 
1976 K. & L. Holm 756 (typus).

3. Scutomollisia punctum (Rehm) Nannf .  nov.  
comb.

Micropeziza punctum  Rehm , Ber. N a tu rh .  Ver. A ugs­
burg 26: 65 (1881). -  Beloniella p u n c tu m  Rehm ,

A scom . n. 261 b (1887); Hedwigia 26: 98 (1887). -  
N iptera  p u n c tu m  Sacc .,  Syll. fung. 8: 485 (1889). -  
Belonidium p u n c tu m  Rehm  in Rbh.,  K ryp t.-F l. ,  ed. 
2, 1:3: 569 (1891). -  Niessletla p u n c tu m  H öhn .,  Ber. 
D eu tsch .  Bot. G e s .  36: 470 (1919). -  A ctinoscypha  
punc tum  E. M üll .,  Ber. Schweiz. Bot. G es .  76: 
235 (1966). -  T y p u s  (only coll.): Rehm , Ascom. 261 
(N ardus  stricta).

M atr .:  N ardus  stricta  and o ther  grasses, e.g. Calama-  
grostis  and Poa.

Exs.:  R ehm , A scom . 261 {“Microp. p . ’’) S! UPS!; 
261 b (“Bel. p . ” ) S'.

III .:  Figs. 3 A -D ,  4 E - F ;  M üller 1966 figs. 2 a (ascus 
tip erroneous),  4.

S p ec im e n s  seen

Sw eden:  Hälsingland: L os ,  betw een Lake  Fräken tjä rn  
and Lake  N ä ts jö n  (N .  str .)  25.VII. 1956 J. A. N . 
14611 (H! U PS!).  -  Härjedalen: T ännäs Mt H am ra- 
fjället ( N . s tr .)  23.VII. 1933 J. A. N . 4658 b (UPS!). 
-  Jäm tland: Å re  H ögåsen  (IV. str.)  4 .VIII. 1951 J. 
A . N .  1177Id (UPS!).

Finland:  L ap p o n ia  enontekiensis: Mt Valtioaivi c. 
800 m (Cal. neg lec ta)  31.VII. 1960 L . & H. Roi- 
vainen (Müller 1966 p. 235; H!).

G erm any:  Bayern: B ayrischer Wald A rber  (N. 
s tr.)  IX. 1885 H .  Rehm (Ascom. 261b; 1891 p. 569; 
1914 p. 105). -  Sachsen: Erzgebirge F ichtelberg 
1902 W . K rieger (fide H öhnel 1919 p. 269).

Switzerland:  K ‘ G raubünden  and K ‘ Wallis: one find 
each (N .  s tr .)  (Müller 1966 p, 235; ZT!).

Austria:  Tirol: T aschach-G lacier  im Piz-Tal (Poa  
sp.?) V III .  1875 H . R ehm  (S! as Niptera poae) .

C zechoslovak ia : C echy: Teplice (= T ep l i tz )  (N .  
str.),  sum m er 1873 F. v. T hüm en (Rehm , A scom . 
261; typus).

R eh m ’s record  (1891 p. 569) from Krain cannot be 
verified as no voucher specimen is to be found. His 
record (1914 p. 105) from T aubenberg  (Oberbayern) 
is e r roneous ,  and so is J a a p ’s (1914 p. 426) from 
Thüringen.

4. Scutomollisia stenospora Nannf.  nov.  sp.

Scutum  0.15-0.3  mm diam ., opacum , a trobrunneum . 
Excipulum apothecii extus pigm entatum , “ tex tu ra  
g lobu losa” , cellulis ca. 6-8 /xm diam., iis marginem 
versus claviform iter elongatis, extrem is ad 2 0 x 3 -  
4 /xm. A sci 5 0 - 7 0 x 6 - 7  /xm, graciles, anguste  clavi- 
form es, apicem  versus subconice attenuati,  directe 
I + ,  8-spori. Sporae  (immaturae) 1 6 -2 2 x 2  /xm, 
subcylindricae-subclav iform es, saepe leviter cur- 
vatae , apicibus rotundatis , guttatae. Paraphyses  
filiformes (ca. 1 /xm diam .), apice clavulate incrassatae 
(ad 2 /xm diam .),  hyaline. -  Hab . in culmis anni 
praeteriti Junci subnodulosi  in Scania Sueciae. -  
Typus: H olm  223a (UPS!).

Shield c. 0 .15-0.3 mm in d iam. ,  ci rcular  or  s o m e ­
what  irregular,  opaque ,  blackish b row n.  T h e
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material too  young for showing  how  the 
apo thec ia  becom es  exposed .  H y p h a e  o f  the 
shield c. 3 Aim in diam.;  their walls dark 
brown,  c. 0 .5-0 .7  p m  thick.

Excipu lum typical ly “ moll is ioid” ; the o u te r ­
m os t  layer of  “ tex tura  g lobulosa” with brown-  
walled cel ls (c. 6-8 //mi in diam.) . T o w a r d s  the 
margin the cel ls form distinct parallel rows  and 
becom e elongated  ±  clavate  (the marginal  up to 
2 0 x 3 - 4  p m )  with paler  but  yet  distinct ly 
pigmented walls.

Asci  c. 50-70 x 6 - 7  p m ,  graci le,  clavate and 
subconical ly a t tenuated  above ,  with a minute 
apical plug direct ly I +  (pure but no t  very  dark 
blue),  8-sporous .

Spores  ( immature)  1 6 - 2 2 x 2  p m ,  subcylin-  
drica l- subclav i form with rounded  ends ,  straight 
or  slightly cu rved ,  hyaline with (usually 4) 
large drops  (vacuoles?) ,  the largest very  close to 
the upper  end.

P a raphyses  filiform (c. 1 p m  in diam.) ,
septa te ,  slightly incrassa ted apically (up to 2 p m  
in diam.) ,  hyal ine,  not  agglutinated.

Matr.: J  uncus subnodulosus.

Exs.: O.

III.: Figs. 3 E -G ,  4 G .

Sp ec im en  seen

Sweden:  Skåne: Benestad Örup 14.VI. 1974 K. & L. 
H olm 223a (typus).
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I

Pollen and stigma conditions in the Balanophoraceae s. lat. 
B erte l H an sen

H ansen ,  B. 1976 10 22: Pollen and stigma conditions in B alanophoraceae s. lat. Bot. N otiser  
129: 341-345. S tockholm. IS S N  0006-8195.

A survey o f  the nuclear conditions in ripe pollen o f  the Balanophoraceae s. lat. is given. 
T he survey includes 17 genera  o f  a total o f  19 in the family. It is based on 38 specimens 
investigated. Binucleate as well as trinucleate species occur in the family. F o r  some of 
these taxa the stigmatic surface was investigated by SEM . “ Sm oo th” as well as 
“ sec re to ry ”  stigmas were observed . T hese  conditions may well correspond to the 
recently  discovered “ d ry ”  and “ w e t”  stigma conditions. T h e  correlations of stigma 
conditions and num ber o f  nuclei in the pollen grains are dem onstrated . One genus, 
Scybalium ,  is no tew orthy  in having species with binucleate as well as species with 
trinucleate pollen grains. C orre la tion  with “ sec re to ry”  and “ sm ooth”  stigmas, respec­
tively, is here found even on the specific level.

Bertel H a n se n , Botanical M u seu m  o f  the University o f  Copenhagen, Gothersgade 130, 
DK-1123 Copenhagen, D enm ark .

D ur ing  my w ork  on a revision o f  South 
A mer ican  Balanophoraceae  preparat ions  o f  male 
f lowers in H o y e r ’s solution were made.  In 
one slide o f  C orynaea spruce i 1 was able to 
notice s truc tu res  in the pollen grains,  indicat ing 
tha t  they  had 3 nuclei.  T o  my great surprise 
Brew baker  (1967) repor ted  the Ba lanophoraceae  
to be binuc leate,  partly based  on observa tions  on 
H elosis  and R hopa locnem is ,  bo th  o f  them close 
relatives o f  Corynaea.  Davis  (1966) stated tha t  
the pollen grains o f  the Ba lanophoraceae  are 
3-celled, when shed.  Lotsy  (1901) considers  
binuclea te  pollen grains to be the rule in 
R hopa locnem is ,  but  he has observed  and 
il lustrated trinucleate grains as well. U m ik e r  
(1920) and Fagerl ind (1938 a) report  t r inucleate 
poilen grains in H elosis .  Steindl (1945) found 
binuclea te  grains in C ynom orium .

Having assem bled a large and representative collection 
from various herbaria for my revision 1 decided to 
make a su rvey  of pollen nuclear conditions throughout 
the family. Pollen from herbarium  specim ens was 
treated with aceto-carm ine. Sufficient staining was 
obtained in m ost cases within 20 hours, even in 
herbarium specimens more than 100 years old.

Material preserved  in alcohol o rF A A  generally stained 
badly or not at all and had to be discarded. Only 
slides with many well stained grains were used in 
determining the num ber o f  nuclei. T he  results are 
listed in Table 1 and some are illustrated in Fig. 1 
A -H .

In the subfamilies Cynomorio ideae ,  Dac ty lan- 
thoideae,  Sarcophyto ideae ,  Lophophyto ideae ,  
and Balanophoroideae the binucleate condit ion 
is found without  exception (Fig. 1 E-G).

In a spec imen o f  Balanophora  latisepala  a 
n um ber  o f  grains turned  out to be tr inucleate 
(Fig. 1 H). When a young synandrium o f  the 
same collect ion was  invest igated, however,  only 
binucleate grains were  found.  T h e  tr inucleate 
condit ion in this case  is apparently due to 
comple t ion of  the second mitosis in old anthers  
as noted by Brew baker  (1967) and others 
and should not  to be confused with the real 
t r inucleate condit ion.  Also  in a specimen of 
Balanophora  po lyandra  with 2 nuclei prevailing, 
grains with 3 and even 4 nuclei were seen. H o w ­
ever,  in such cases  the shape o f  the nuclei was 
irregular  and ill-defined.

In subfamily Helos idoideae the trinucleate



342 Bertel H ansen BOT. N O T ISE R  129 (1976)

Table 1. T axa  and collections investigated. -  A: N u m b er  of nuclei in pollen grains. -  B: Stigma conditions, 
0 “ sm oo th” , +  “ sec re to ry” .

Taxon Collection A B

Cynomorioideae

Cynomorium coccineum  L. K uhbier et al. 1755 2

Dactylanthoideae

Dactylanthus taylorii Hook. f. Ward s.n. 24.4. 1947 2
H a ch e ttea austrocaledonica  Baill. M ac Kee 12684 2

Sarcophytoideae

Sarcophyte sanguinea  Sparrm. Ecklon & Z e y h e r  s.n. 2
S. piriei H utch . Faerkel s.n. M ay  1976 2
C hlam ydophytum  aphyllum  Mildbr. Jans 1131 2

Helosidoideae

Scybalium ja m a icen se  (Sw.) Schott & Endl. T ay lo r  219 2
S. jam aicense Ttirckheim 2657 2
S , jam aicense Ekm an 3348 +
S. fung ifo rm e  Schott & Endl. G e h r t  39621 2
S . fungiform e Lem os s.n. O c t.  1962 +
S. depressum  (Hook, f.) Eichl. S teyerm ark 52634 3
S. depressum Fosberg  & C o re  21518 0
Helosis cayennensis  (Sw.) Spr. Holm -Nielsen e t al. 4155 3
H. cayennensis Snetlhage s .n . 11/9-1923 3
H. cayennensis Maguire et al. 47091 3 0
Corynaea sprucei  E ich l. Holm -N ielsen et al. 6910 3
C. sprucei Williams & G ibson  28189 3
C. sprucei G ra n t  10029 3
C. sprucei W urdack  952 0
Ditepalanthus malagasicus  (Jum elle&  Bathie)

Fagerl. H um bert  s .n . 1950 3
R hopalocnem is  phalloides Jungh. H ook . f. & T hom s, s.n. 1850 3
Exorhopala ruficeps  (Ridl.) Steen. Law  s.n. 1880 3

Lophophytoideae

Lophophytum  leandri Eichl. K rapovickas  15509 2
L. leandri H atsch b ach  19606 +
L. mirahile S cho tt  & Endl. Peckolt s.n. c. 1880 2
O m hrophytum  sp. nov. Schunke 3943 2
O. sp. nov. Sparre 13049 2
Juelia subterranea  Asplund Sleum er 3054 2
J. subterranea Shepard 246 2
J. subterranea Pfister s.n. Chile +

Balanophoroideae

Balanophora fu n g o sa  Fors t ,  ssp. indica (Am .)
B. H ansen H ennipm an 3119 B 2

B. dioica R. Br. ex Royle H ook . f. & T hom s, s.n. c. 1850 2
B. latisepala  (Tiegh.) Lee. Balgooy 2677 2
B. latisepala K err  9120 2
B. latisepala K e rr  7864 2
B. latisepala K e rr  3411 2
B. latisepala T agaw a et al. T  9898 2(3) ?
B. laxiflora Hems]. Iwatsuki et al. T  8385 2
B. polyandra  Griff. H ook. f. & T h o m s ,  s.n. c. 1850 2 (3 ,4 )
B. rejlexa  Becc. C o m e r  R SN B  5254 2
B. harlandii H ook . f. Larsen et al. 4589 2
Langsdorffia hypogaea  M art. M osen  4404 2
L. hypogaea Allen 4773 +
Thonningia sanguinea  Vahl D. M üller s .n . 1963 2
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Fig. 1. A -H :  LM microphotographs o f  pollen grains stained with aceto-carm ine. -  I—P: SEM  micrographs of 
stigmas from herbarium specimens. -  A: Scybalium  depressum ,  S teyerm ark  52634, X315. -  B: Helosis 
cayennensis ,  Holm -Nielsen et al. 4155, x315. -  C: Corynaea sprucei, Holm -Nielsen et al. 6910, x315. -  
D: Exorhopala  ruficeps, Law  s.n., x l2 5 .  -  E: Sarcophyte piriei, Fasrkel s .n . ,  x400 . -  F: Scybalium  
ja m a ic e n s e , T iirckheim  2657, x500. - G :  L o p h o p h y tu m  leandri, K rapovickas 15509, X315. -  H : Balanophora  
latisepala,  Tagaw a T  9898, x  1000. -  I: Scybalium  depressum ,  Fosberg  & C ore  21518, x500 . -  K: Helosis 
cayennensis ,  M aguire & al. 47091, x500. -  L: Scybalium jam aicense ,  Ekm an 3348, x200 . -  M: Juelia 
subterranea,  P fister s .n . ,  x  135. -  N ,  O: B alanophora latisepala,  T agaw a T  9898, x600. -  P: Langsdo iff ia  
hypogaea ,  Allen 4773, x320.
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condit ion was  invariably found in Helosis,  
Corynaea, D itepa lan thus,  R h o p a lo c n e m is , and 
Exorhopala  (Fig. 1 A -D ) .  Scybalium  with 4 
species know n is particularly interesting.  
Binucleate pollen grains were  found in S. 

ja m a ic en se  f rom the W es t  Indies  (Fig. 1 F) and
S. fu n g i fo rm e  from the sur roundings  of  Rio de 
Janei ro ,  but t r inuclea te pollen grains were  found 
in S. depressum  from the Colombian  and 
Ecuador ian  A ndes  (Fig. 1 A). Unfor tunate ly  pol­
len was not  available from the E  Brasilian S. 
glaziovii.

Taxonomic concept o f Scybalium

Scybalium  thus should be added  to the exclusive 
list o f  10 genera  with binucleate as well as 
t r inucleate grains given by Brew baker  (1967). 
H ow e ve r ,  H o o k e r  fil. (1856) trea ted  the three  
species of  the present  Scybalium  know n by him 
as Phyllocoryne jam a icens is ,  Sphaerorhizon  
depressum  and Scybalium  fu n g ifo rm e .

T h e  generic concept  is usually a m atte r  of  
individual tas te  to a much greater  ex tent  than the 
specific concept .  In my opinion,  the three  species 
ju s t  ment ioned form a completely natural  group 
toge ther  with Scybalium  glaziovii, a group that 
is clearly differentiated from the remaining 
Helosidoideae.  In the Scybalium  species the 
stem and inflorescence are covered  by well- 
developed scaly leaves and bracts .  In Helosis,  
Corynaea, D itepalanthus,  and Exorhopala  the 
s tems are completely  dest i tute o f  scaly leaves,  
while in R hopa locnem is  some spec imens  are 
found to have very rudimentary  scales.  In the 
five genera of  Helos idoideae jus t  mentioned the 
inflorescences in the young stages are covered 
not  by bracts  but by the marginally coherent  
pel tas of  pel tate scales.  T h e  na ture of  these 
pel tate scales has been discussed by Fagerl ind 
(1945). I suppor t  his theory  that they are the 
sterile, pel tately widened apical par ts  of  
secondary  axes.  In this charac te r  the Helos i­
doideae except  Scybalium  agree with some of 
the Lophophy to ideae ,  which have binucleate 
pollen.  F u r th e rm o re  Helos idoideae  as well as 
Lophophy to ideae  have two styles. H o w e v e r ,  in 
subfamily Helos idoideae  the androec ium is 
always  transformed into a synandr ium,  while the 
male f lowers are bis taminate  in the L o p h o ­
phytoideae.

But in what  respect  does  Scybalium  resemble

the o the r  Helos ido ideae?  First o f  all, the very  
uniform bicarpe llate gynoec ium consist ing o f  a 
c om pressed  inferior  ovary  with two styles,  
which is found  in all genera and species;  
secondly ,  the s truc ture  o f  the androec ium which 
is very similar  in Scybalium , H elosis ,  and 
C orynaea,  shown in i l lustrat ions by Richard 
(1822), H o o k .  fil. (1856), Fagerl ind (1938 b). 
Regarding  pollen morphology the Scybalium  
species invest igated have po lypantopora te  
grains in con t ra s t  to the rest o f  Helos idoideae  
and the L ophophy to ideae ,  which have tr icolpate 
or t r i co lporate grains.

It has b een  proposed  by Schii rhoff  (1926) 
that  t r inuc lea te  pollen grains represent  the more  
advanced  stage,  a theory  strongly suppor ted  by 
B rew baker  (1967). T h u s ,  in this respect  it seems 
appropr ia te  to cons ider  Lophophy to ideae  the 
m ore  primit ive of  the tw o  subfamilies.  Likewise 
within the H elos ido ideae  the genus  Scybalium  
would  rep resen t  the primitive state,  with S. 
depressum  being more  advanced .

Stigma conditions

B rew baker  (1957) and Brew baker  & M ajum der  
(1961) repor ted  on a syndrom e o f  physiological  
differences linked to the binucleate  and tr i­
nucleate pollen condi t ions .  The  charac te rs  in 
which di fferences were  found to occur  are such 
as viability o f  grains in vitro,  s torage longevity,  
site and type  of  self-incompatibil ity control 
sys tems.

H es lop-H arr i son  et  al. (1975) com m en ted  on a 
newly d iscovered  charac te r  apparent ly  to some 
extent  belonging to this syndrome,  the surface 
condit ions of  the stigma.  “ W e t ” stigmas (in the 
natural  condit ion) are mostly restr ic ted  to groups  
with binuc leate grains,  whereas  tr inucleate 
grains are usually found associa ted with “ d r y ” 
stigmas. O.  M at t sson  (personal  communica tion)  
suggested a scanning electron microscopy 
(SEM ) invest igat ion of  herbarium material based 
on the assum pt ion  that in originally wet stigmas 
some residual  secret ion  would still be left on 
the st igmatic surface.  A survey of  the stigmas 
o f  a  n u m b e r  of  Balanophoraceae  has been 
carr ied out.  The  styles were  mounted  on a 
specimen s tub and subsequently  coated  under  
vacuum by gold. T h e  interpretat ion  of  the 
SEM  micrographs  should be made  with great  
caution.  I rrelevan t  subs tances  might easily
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a t tach  to the st igma.  T h e  c ru s taceous  residue 
might  have  d ropped  off or  it might even  cover  
the st igmatic surface complete ly and thus  be 
ove r looked .  T h e  results are listed in Tab le  1 and 
som e  exam ples  are shown in Fig.  1 I -P .  T h e  
te rm “ s m o o th ” is used for  s tigmas appear ing  in 
the S E M  as clean and free from any  secondary  
res idue ,  while “ s e c re to ry ” is used for  stigmas 
with a consp icuous  c rus taceous  residue.  T h e  
“ s m o o t h ”  condit ion  might well co r respond  to 
the “ d r y ”  condi t ion of  H es lop -H ar r i son  et  al. 
(1975) and the “ sec re to ry”  condit ion  to the 
“ w e t ” . Bear ing this in mind,  a glance at Tab le  1 
shows  us in the Balanophoraceae  at least  in 
some cases  a posit ive correla t ion  on the one  
hand  be tw een  “ sec re to ry” st igmas and binu­
c lea te  grains, on the o ther  hand  be tween  
“ s m o o t h ”  st igmas and tr inucleate grains,  which 
even  holds true  dow n to the specif ic level within 
the rem arkab le  genus Scybalium .

In B alanophora ,  a highly special ized genus 
with ex t re m e  morphological  reduc t ions ,  the 
female  f lower is reduced to an ovary  and a style 
consis t ing  of  four rows o f  cells.  T h e  entire 
pistil measure s  about  1-2 mm in length.  The  
style and st igma cover  about  3/4 o f  the entire 
length and it is no t  possible to dist inguish the 
st igmatoid part  morphological ly (H ansen  1972). 
Fig. 1 N and O  show the apical s tigmatoid 
par t  o f  two styles with a pollen grain at tached 
at a. T h e  origin o f  the material a t tached  at b is 
not quite  clear . It might be due to pollen grains 
hav ing touched  the style. In any  case  it can 
hard ly be interpreted as a c ru s tac eous  residue 
o f  the same obvious  kind as seen  in Fig. 1 
M and P. F u r th e r  invest igat ions are needed to 
show  w h e th e r  the binucleate genus  B alano ­
phora  has  “ w e t ”  stigmas.

A ckn o w led g em en ts .  O. M attsson and D. Shalom have 
taken part in valuable discussions on the general 
problem s of pollen and stigma conditions as treated 
here. G .  S. M ogensen  instructed me in the staining 
technique. R. D ahlgren and O. M attsson  kindly read

the manuscript and m ade helpful suggestions for its 
im provem ent. T o  these colleagues I offer my sincere 
gratitude.

SEM-investigations were carried out with a C a m ­
bridge instrum ent at the Institu te  of Historical 
G eology  and Palaeontology, U n ivers ity  of C o p en ­
hagen. LM -investigations by m eans o f  a L e itzD ia lux -  
O rthom at from the D anish  State Science Council.
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Blackall ,  W. E.  & G r ieve ,  B. J.:  H o w  to know  
W estern A ustra lian  wildflowers. Second im­
pression o f  parts  I, II and III in one volume 
1974 and part  IV in ano ther  (1975). Part  I—III 
with pp. 1-595 +  I -C X X II ,  part IV with pp. 
596-861 +  1-137. Univers i ty  of  W es te rn  A u s t r a ­
lia Press.  D is tr ibu ted  by T h e  R ichmond P u b ­
lishing Co . ,  R ichm ond ,  Surrey,  England.  Price 
£ 6.60 (parts I-1II),  £ 14.85 (part IV).

T h e  presen t  w ork  is unique in being a key  of  
a bou t  860 pages printed from a handw ri t t en  
original! This  key  includes about  3,000 species 
found in the sou thw es te rn  districts (the W arren ,  
Darl ing,  Stirling, A v o n ,  Eyre,  Coolgardie,  A u s ­
tin and  Irwing Dis tr icts)  o f  Austral ia .  T h e s e  
regions have mainly hot dry sum m ers  and cool 
humid winters ,  i.e. a M edi te r ranean  type  of  
cl imate.  T h e  vegetat ion thus consist s  chiefly 
o f  d ry  sclerophyllous  scrub,  but part  o f  the 
region is deser t  and part consists  o f  E uca lyp tu s  
and Casuarina  woodland  and Eucalyp tus  forest .  
In these  districts are found many m e m bers  of  
Res t ionaceae ,  Elaemodoraceae ,  C asuar inaceae ,  
Pro teaceae ,  M yr taceae ,  Dil leniaceae,  G ooden ia -  
ceae ,  Epacr idaceae ,  M yoporaceae ,  Styl id iaceae  
and o the r  typical ly Austral ian families,  not to 
mention the many  interesting genera  of, for  
example ,  F a b a c e a e  and R ham naceae .  M an y  
genera  are large and  making keys for  these  is 
there fore not an easy  task.

T hough  handwrit ten  the text  is clear  and easily 
read,  and the i l lustrat ions dem ons t ra te  typical 
fea tures  of  the species or often whole branches  
or  whole plants ,  bu t  somet imes  character i s t ics  
leading to new ent r ies  in the key.  T h e  Latin 
nam es  given in the key lack names  o f  au thors ,  
but  this is partly com pensa ted  for in the indexes 
at the  end o f  the vo lumes .  In these the au thor  
is given for the Lat in  names  in Parts  II to IV, 
but  not  for  those o f  the very extens ive Par t  I. 
In format ion is also given on those  distr icts  
where  the species of  Parts  II to IV occur.  
T h e  second vo lum e (Part IV) has a som ew ha t  
larger format  and conta ins  16 pages with co lour  
pho tographs .  In this part is also found a key to

the families and a glossary.
It is my firm belief  that  this key will be of  

lasting impor tance  to all who wish to determine 
southwes te rn  Austral ian plants.  It  should be 
very useful in the field as well as in a h e r ­
barium. It will also be of  t r em endous  help 
to taxonomis ts  working on an ex tensive flora or 
a revision within the area.  The  neat  drawings of  
leaves, fruits,  f lowers, etc. include information 
difficult to obtain from conventional  keys or  
from descript ions.  T h e  book  can therefore be 
strongly r ecom m ended  to H erba r ia  as well as to 
professional  botanists  and am ateurs  who come 
into con tact  with this interesting flora.  M o r e ­
over,  in this book the possibilities of  the 
pictorial ized key are carr ied further ,  perhaps,  
than in any o ther  work  o f  this scope.

Rolf  Dahlgren

Pankow,  H. 1976: Algenflora der O stsee. IE  
Plankton  (einschl. ben th ischer  Kieselalgen). 
Unte r  Mitarbeit  von V. Keil und B. Mar tens .  
493 S. 880 Abb .  175 Fotos .  V E B  G ustav  
F ischer  Verlag,  Jena .  DM 71.-.

Bei der  Bes t immung der  Algen ist es eine 
äussers t  m ühsam e  Arbei t  all die erforderl iche 
Literatur  zusam m en  zu tragen.  D a h e r  ist es 
erfreulich,  dass  ein zusam m enfassendes  Werk  
aller in der  O s t see  vo rkom m enden  Algen e r ­
schienen ist.

Dies Buch hat ein kleines,  handliches Format 
und einen zusam m enfassenden  -  vielleicht oft zu 
unvollständigen -  Tex t  und ist mit reichlichem 
Bildmaterial versehen .  D a  ich mich überwiegend 
mit Dia tomeen beschäft ige,  habe ich vor allem 
diesen Teil kritisch bet rachtet .

Die zu Beginn des Buches gegebene „ Ü b e r ­
sicht über  das verw ende te  H alob iensys tem “ 
wäre  übersichtl icher gewesen ,  wenn der  V e r ­
fasser  S imonsens  ausgezeichnetes ,  vollständiges 
Halobiensys tem widergegeben hätte ,  wo ein 
Vergleich mit den Sys temen  von E km an ,  Kolbe
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und H usted t  direkt gegeben ist. Von Vortei l 
wäre  es gewesen alle V erkürzungen  gesammelt  
zu erklären; nun sind einige im T ex t  erklärt,  
andere fehlen.  Was  ist z. Beisp. mit “ O r ig .” 
im Bildtext gemeint?  Ist  es  das ursprünglich 
vom A uto r  der  Art  beschr iebene  Original oder  
ist es das Original der  beiden Mitarbeite r ,  die 
lt. V orwor t  die Zeichnungen  verfert igt haben? 
Leider  sind die , ,v e rä n d e r t e n “ Abbildungen oft 
sch lechter  als die ursprünglichen Originale.  Als 
Mangel  muss auch das Feh len  der  G r ö s s e n a n ­
gabe im Bildmaterial angesehen werden.  Im 
Lite ra turverze ichnis  vermisst  man vielleicht 
N a m e n  wie N .  G .  W. Lagers ted t ,  G .  Lundquist  
& H. T hom asson ,  M.-B. Florin,  N .  Foged ,  U.  
Miller.

Betrachte t  man jedoch  das Buch als G anzes  
als , ,dem Praktiker  einen Schlüssel  zu bieten,  
der  ihn bei seiner  Arbe it  u n te r s tü tz t “ so erfüllt 
es seinen Zw eck .  D e r  Spezial is t ,  der  genauere 
Best immungen ausführen m öch te ,  muss  nach 
wie vor zur Spezial l i teratur  greifen.

Hannelo re  H åkansson

Feilenberg ,  G .  1974: C hrom osom ale  Proteine. 
Funktion  und Bedeutung bei höheren Organis ­
men.  159 S. 24 Abbildungen.  15 Tabellen.  
Verlag Eugen Ulm er,  Stuttgart.

T h e  present  volume in troduces  a new series of  
publications -  “ Phytologie.  Klass ische  und 
moderne  Botanik in E inze ldarstel lungen” . It 
deals  with a rapidly developing field o f  molecular  
biology and thus runs the risk of  becoming 
partly out  of  date  within few years.  Still, it is a 
valuable survey o f  a subject  otherwise ra ther  
difficult o f  access for  the non-expert .

A lucid account  is given o f  our  knowledge  
in this field, as well as of  its many defi- 
ciences.  The  s truc ture  of  different kinds o f  
proteins (protamines,  histones and acid c h ro m o ­
somal proteins) is described ,  as well as their 
occur rence  and analytical  methods  of  indicating 
them.  Later ,  a detai led descript ion is given of  
the synthesis ,  tu rnover  and enzym atic  modifica­
tions o f  chromosom al  proteins.  Subsequently  
their interact ions with certain cell com ponents ,  
changes  occurr ing in different parts  o f  the cell 
cycle and during ontogenesis ,  organ  and tissue

specif icity are descr ibed.  T h e  final chap te r  
d iscusses  the co-opera t ion  of  different protein 
fract ions with D N A  and R N A  and the regula­
tion o f  gene act ivi ty (here cal led “ Matrizen- 
a k t i v i t ä f ’).

T h e  book is essential  to scientis ts  working in 
different fields o f  molecular  biology.  It is also 
r ecom m ended  to all those  who wish to keep in 
con tac t  with recen t  deve lopm en t  in this area.

Sven A sk e r

G er lac h ,  D .  1976: D as L ich tm ikroskop . Eine  
E in führung  in Funktion , H a n d h a b u n g  und  
Spezia lverfahren  fü r  M ediz iner  und  Biologen. 
311 pp.  G e o r g  T h ie m e  Verlag,  Stut tgart .  ISBN 
3-13-530301-2. P r ice  D M  19.80.

M any  s tuden ts  o f  biology and medicine are 
certainly not  sufficiently familiar  with the 
technical  facilities o f  the com pound  microscope  
to m a ke  the bes t  use o f  it. Th is  very  ins truc­
tive manual  p resen ts  the uses and handling of  the 
c om pound  mic roscope  and there fore fills an 
obvious  need .  T h e  mechan ica l  and optical 
cons truc t ion  is described ,  and the physical  facts  
behind the origin of  the virtual image are 
clarified. Phase  con t ra s t  microscopy ,  inter fer ­
ence  con t ras t  microscopy,  f luorescence micro ­
scopy,  microscopy  using polarized light and 
pho to m icrography  are some of the numerous  
topics t rea ted  in detail.  Pract ical  instruc t ions  for 
ad jus tment and  trouble-shoot ing  are given in a 
num b e r  o f  appendices .  T he  book  is explicitly 
addressed  to beginners  and no part icular  
previous  knowledge  is necessary .  H ow ever ,  1 
am glad to say that after p resen ting  basic in­
format ion  the book  pene t ra tes  far  more  a d ­
vanced topics ,  too,  and is there fore of  great 
interest  to the a dvanced  research  w orker  as well. 
T h e  type o f  offset em ployed  (the right-hand 
margins are u neven  and some o f  the il lustra­
tions are dull and  greyish) by no means  
des troys  the good impression  made by this 
com prehens ive  little tex tbook  with its c o n ­
cent ra ted  presen ta t ion .  An edit ion available to 
the non-G erm an-speak ing  world would be w e l­
come.  G e r l a c h ’s book is to be highly r e c o m ­
mended.

G u n n a r  W eimarck


