
Systematics of Gynandriris (Iridaceae), a Mediterranean- 
southern African disjunct
P E T E R  G O L D B L A T T

Goldblatt, P. 1980 09 18: Systematics o f  Gynandriris  (Iridaceae), a M editerranean- 
southern  African disjunct. Bot. Notiser 133: 239-260. Stockholm. ISSN  0006-8195.

Gynandriris  is a small genus o f  Iridaceae, defined partly by a shortly stalked ovary  with a 
long sterile beak on which the flower is borne, a corm, and also by m em branous, se
mi-transparent, prominently ribbed inflorescence spathes. It is allied to the large African 
genus M oraea  and has an unusual distribution with species in the M editerranean B a
sin-M iddle East and in southern  Africa. The most well known species, G. s isyr inch ium , 
distributed from M orocco to Pakistan, is frequently included in I r i s , but is clearly closely 
related to the southern African species o f  the genus, and thus more closely allied to Moraea  
than to Iris.  Seven species are recognized in southern Africa, four of  which are new. Two 
species are recognized in the N orthern  H emisphere, a departure from the traditional 
trea tm ents  which recognize only a single species. C hrom osom e counts are provided for 
several species, and the distinctive karyotype with a base num ber of x = 6  supports the 
contention based on morphology, that northern and southern  species are closely allied.

Peter Goldblatt. B. A .  K r u k o f f  Curator o f  African Botany, Missouri Botanical Garden,  
P.O. B o x  299, St. Louis, M o  63166, U .S .A .

G ynandrir is , a small genus o f  the Ir idaceae, is 
trea ted  here as com prising seven species in 
sou thern  Africa and tw o m ore in the M edite rra
nean-M idd le  East. It is closely rela ted  to M o 
raea  and belongs with it in the Iridoideae-Iri- 
deae. I have included Gynandriris  with M oraea  
arid several o ther genera  in the subtribe H om e- 
riinae (Goldblatt 1976 b), a group which is ch a r
acterized  by a bifacial leaf  and a corm  of  a type 
unique to this alliance. H om eriinae  are p redom i
nantly African in distribution, Gynandriris  being 
the only genus in the sub tribe  which ex tends 
north o f  the Sahara D esert. The com m on no rth 
ern hem isphere species, G. s isy r in ch iu m , is the 
m ost w idespread, ranging from  M orocco to 
Pakistan , with the o the r  no rthern  species, G. 
m onophy lla ,  having a m ore res tric ted  d is tribu
tion in the eastern  M editerranean  (Fig. 1). In 
southern  Africa, G ynandriris  ex tends  from 
sou theas tern  Z im babw e and B o tsw ana  to the 
sou thw estern  tip of South  Africa (Fig. 1). S pe
cies are concen tra ted  in the south  and sou thw est 
which has a winter ra in fa ll-d ry  sum m er (i.e. 
m edite rranean  type) climate. Gynandriris simu-  
lans  alone occurs in the sum m er rainfall parts  of

sou thern  Africa, w here it is found mainly in se- 
miarid parts  of the interior.

Rela tionships

As trea ted  here Gynandriris  is clearly a natural 
assem blage. The species all appea r  to be very 
closely rela ted , and com paratively  difficult to 
distinguish even for a petaloid m onocot group. 
The distinguishing features o f  the genus are first, 
the shortly  stalked ovary , enclosed  in the in
flo rescence  spathes, which has a long sterile ex 
tension , the beak, on which the flow er is borne 
(Figs. 3, 5); second, a tun icate  corm ; third, very 
d istinctive m em branous inflorescence spathes 
which are  almost transparen t betw een the p ro 
m inent pale vertical veins. The capsules  are also 
t ranspa ren t and when in fruit the charac teris
tically large dark  seeds can  usually be seen 
through the  dry spathes. The flow er is similar in 
basic s truc tu re  in all species, and very  like that 
o f  M o r a e a , with large ou te r  tepals , smaller inner 
tepals , partly  united filaments, and flattened p e 
taloid style branches  with paired  crests . Unlike
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Fig. I. Distribution of G ynandri
ris. Ranges o f  diploid and poly
ploid species are shaded differ
entially. (Although the sou thern  
African G. simulans  is know n 
cytologically from only two 
chrom osom e counts, it is as
sum ed here to be a polyploid 
species).

Iris the tepals  are free, thus a perianth  tube is 
lacking.

The unusual ovary  with its sterile tube is not 
unique in the Iridoideae, but is found also in the 
recently  described  Barnardiella  (Goldblatt 1976 
c), a m onotyp ic  genus from N am aqua land , South  
Africa. Barnardiella  does not have the peculiar 
spathes  o f  G ynandrir is , and has quite different 
flow ers with subequal spreading tepals and fili
form style b ranches. It also has a different ch ro 
m osom e num ber,  x =  10, from Gynandriris  w hich 
has x = 6  and  as 1 have suggested (Goldblatt 1976 
c) it is fairly certain that Barnardiella  and G y
nandriris  are  not directly  related in spite o f  
having such a distinctive ch a ra c te r  as the beaked  
ovary  in com m on.

G ynandriris  s isyr inch ium , the  well know n 
northern  hem isphere  species and type species of 
G ynandrir is , is often associa ted  with Iris,  a 
genus w hich occurs throughout the tem perate  
northern  hem isphere . G. sisyrinchium  is still 
com m only know n today as Iris sisyrinchium  in 
m any coun tr ies  (see T axonom ic  history). T he 
majority o f  system atis ts  in the past treated this 
species as the sole m em ber o f  Iris section G y 

nandriris  (B entham  and  H o o k e r  1882, D ykes  
1913) ignoring its sou thern  rela tives even  though 
the affinities o f  this species to  the African genus 
M oraea  w ere  pointed out early in the n ineteenth  
cen tu ry  by K er  (K er-G aw ler) (1805). The sim ila
rities be tw een  Gynandriris s isyrinchium  (and its 
several sou thern  A frican allies of subtribe Ho- 
meriinae) and M oraea  are  in fact very strong and 
can hardly be regarded as having evolved inde
penden tly  in Iris. The shared  features  include: 
the corm  of  a single in ternode , described e lse
w here  in detail (Goldblatt 1976 b); the linear, 
bifacial, channeled  leaf found in most species o f  
M o r a e a ; a f low er lacking a perian th  tube  (typical 
o f  M oraea  but present in m ost species o f  Iris); 
and  partially united filaments (typical o f  M oraea .  
but not found in Iris).

C yto logy

G ynandriris  has until now been  fairly poorly 
know n cytologically with several coun ts  only for 
G. sisyrinchium  and one each for G. setifolia  and 
G. pritzeliana  (published un d er  G. torta)  (Gold
bla tt 1971). C om parison  of ka ry o ty p es  of the
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northern  and two sou thern  species show ed se v 
eral striking similarities and led me to the c o n 
clusion that the northern  and sou thern  species 
were indeed congeneric, and even closely rela ted  
(G oldblatt 1971 p. 375). Subsequen tly  I have 
made every  effort to obtain more material o f  
Gynandriris  for cytological s tudy  and several 
new coun ts  are reported  here (Table 1). C oun ts  
are now known for six o f  the seven  sou thern  
African species recognized while in the N orth e rn  
H em isphere ,  G. m onophylla  and G. sisyrinchium  
have been  counted , the la tter  over much o f  its 
wide range. A base num ber for the genus o f  x = 6  

can be confidently accep ted . Both northern  sp e 
cies are tetraploid, 2n= 24 , w ith  G. sisyrinchium  
having been  counted from  M orocco , C orsica, 
Portugal, Italy, G reece, Israel, Lebanon , Iran

and Pakistan . The southern  African w inter ra in
fall species are diploid, 2 n = 1 2 , while the wide 
ranging sum m er rainfall a rea  species G. simulans  
is evidently  polyploid with 2n= 24  and 36 rec 
orded  for tw o widely separate  populations.

K aryo types  are similar in all species, poly
ploids having the basic pa tte rn  repea ted . Usually 
the largest pair of ch rom osom es are m etacentric , 
the rem ainder acrocentric  (Fig. 2). F requently  a 
pair, and often tw o pairs o f  satellites are visible, 
on the second largest and one o f  the smaller 
ch rom osom e pairs. The satellites are always 
very large, much longer than the ad jacent ch ro 
m osom e arm , and often the satellites appear 
separa ted  for some distance from the parent 
ch rom osom e. This pa tte rn  is true  fo rG .  setifolia, 
G. cedarm ontana , G. s im ulans, G. australis, G.

Table 1. Chrom osom e num bers in G ynandriris . N ew  counts are in bold print. Goldblatt collections cited are at 
MO.

Species Haploid
num ber

Collection data o r  literature reference

G. pritzeliana 6 (Goldblatt 1971; S. Africa, Cape Nieuwoudtville)
6 S. Africa, Cape, Calvinia-Middelpos, Goldblatt 4275
6 S. Africa, Cape, S. Nieuwoudtville, Goldblatt s.n. no voucher

G. hesperantha 6 S. Africa, Cape, G lenlyon, Nieuwoudtville, Goldblatt 4371
G . cedarm ontana 6 S. Africa, Cape, E. Pakhuis Pass, Goldblatt 4287
G. setifolia 6 (Goldblatt 1971; S. Africa, Cape, W orcester  district)

6 S. Africa, Cape, near Swellendam, Goldblatt 5084
6 S. Africa, Cape, Matjesfontein, Goldblatt 5083
6 S. Africa, Cape, Kenilw orth , Cape Town, Goldblatt 5082

G. australis 6 S. Africa, Cape, Cape St. Francis, Goldblatt 5081
G. simulans 12 S. Africa, Cape, Victoria West, Goldblatt 5085

■ 18 S. Africa, O. F. S .,  Brandfort, Goldblatt 4506A
G. sisyrinchium 12 (Simonet 1932; source  unknown)

12 (Fernandes et al. 1948; Portugal, E vora  “ var albiflora” )
12 (Fernandes et al. 1948; Portugal, Evora)
12 (Fernandes & Queiros 1970-71; Portugal, Setubal)
12 (Delay & Petit 1971; M orocco, El H arhoura)
12 Pakistan, L ow er Sw at, Nasir s.n. cult. MBG, Goldblatt 5080
12 Iran, Kuh Alwend, S. W. H am adan, Furse 2009 (K)
12 Greece, Paros, Young 344 (K)
12 Greece, Athens, Filipapou hill, Goldblatt 5055
12 Israel, D im ona-Y eroham , Goldblatt 5001
12 Israel, Negev, Givat Hagar, Goldblatt 5033
12 Israel, U pper  Galilee, Galil s.n. no voucher
12 Israel, Jordan Valley, Avishai s.n. cult. MBG, Goldblatt 5075
12 Italy, Sicily, E loro, Goldblatt 5072
12 Italy, Sicily, Peninsula Madalena, Goldblatt 5069
12 Malta, Lanfranco  5479/86 (MO).
12 France, Corsica, Tam berg  s.n. cult. M BG, Goldblatt 5079
12 L ebanon, Mt. S anane , Astlet s.n. cult. MBG, Goldblatt 5078

G. monophylla 12 Libya, Cyrenaica, near M arawa, McKrill s.n. cult. MBG, Goldblatt 5077
12 Greece, Athens, F ilipapou hill, Goldblatt 5054
12 Greece, Athens, L ycabetos ,  Goldblatt 5052
12 Greece, Cape Sounion, Goldblatt 5064
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Fig. 2. C hrom osom e cytology of the diploid S. African species o f  Gynandriris , and the M editerranean polyploid 
G. m o n o p h y lla . —  A: Mitotic m etaphase in G. hesp era n th a . —  B: Karyotype of G. pr itze liana . —  C: Mitotic 
m etaphase in G. setifolia. — D : G australis ; —  E: K aryo type  of G. cedarm ontana .  —  F: K aryo type  of G. 
m o n o p h y lla .

m onophylla  and G. sisyrinchium  (Fig. 2 C -E ). In 
the o ther  tw o species exam ined , G. hesperantha  
and G. pritzeliana  (Fig. 2 A, B), the metacentric  
pair is am ongst the smallest o f  the chrom osom es 
and the satellites are on the first and third longest 
ch rom osom e pairs. It is not alw ays possible to 
d em onstra te  tw o pairs o f  satellites but they ap 
pear with sufficient f requency  to m ake it seem 
likely that they  are part o f  the normal karyotype 
for all species even though not visible in every  
p reparation . Published illustrations o f  karyo 
types o f  G. sisyrinchium  by F ernandes  & Quei- 
ros (1970-71), F ernandes  et al. (1948), Ricci 
(1970-71), and S im onet (1932) agree with the 
above  descrip tion  in general, making allowances 
for d ifferences in cytological techniques, and 
also show four pairs o f  satellites as would be

expec ted  in the te traploids. Ricci (1970-71) re 
ported  small differences b e tw ee n  karyo types  of 
typical G. sisyrinchium  and a sou th  Sicily race of 
the species.

The base num ber o f  x = 6  is suggestive o f  a 
re la tionship  o f  Gynandriris  to M o ra ea  subgenus 
Vieusseuxia ,  one o f  the tw o subgenera  of M o 
raea  w ith x = 6  (Goldblatt 1976 a, 1976 b) and the 
only subgenus o f  M oraea  w ith  x = 6  where 
b ranched  and multi-leafed species  occur. The 
p resen t cen te r  o f  subgenus V ieusseuxia  is in 
sou thern  and eastern  South  A frica. M ost species 
of G ynandrir is , and all the diploid species  occur 
in this same general a rea  w hich thus  seem s likely 
to be the place w here the genus  originated. The 
d is tr ibution o f  Gynandriris  in E u ras ia -N o rth  
A frica is secondary , being rem o te  from  the pre-
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sum ed cen te r  of origin o f  the genus an<d from the 
cen te r  for the whole tribe Homeriinae..

H abita t

G ynandriris  is, in general,  adap ted  to> arid hab i
tats  and  tends to be found in areas off poor soil, 
often w here  vegatation has been d is tu rb e d ,  as 
well as in sem i-desert conditions. G ynandriris  
seti fo lia ,  the  well know n C ape spec ie s ,  w hich 
grow s in fairly mesic hab ita ts  nev e r th e less  co n 
form s to this pattern and is one o f  the fe w  species 
o f  Iridaceae that is d istinctly  adven tW e. T hus  it 
often occurs  in unfavorable  habitats , and is fre
quently  recorded  along roadsides ,  ini c racks  in 
paving, and it has been ob se rv ed  by th e  w riter  as 
a lawn w eed  in the south  w estern  C a p e  in infer
tile sandy soil. It is also reco rded  as a weed from 
South  Australia. O ther sou thern  A frican  species 
do not ap p ea r  to have a capacity  for w eed in ess ,  
bu t within their ranges tend  to grow  im poor soils 
and in exposed  and arid situations.

Gynandriris  sisyrinchium  grow s in a  varie ty  of 
habita ts  o v e r  its very great range and is reported  
from hill s lopes, sand littoral and in d e s e r t  co n 
ditions. It occurs  on w aste  sites, in fields and 
near cultivated areas (W endelbo  &  M athew
1975) and roadsides and dry ditches ((Täckholm 
& Drar 1954) which suggests a cap a c ity  for ad- 
ven tiveness .  It is apparen tly  easily d istributed 
and may in fact have ach ieved  its gre:at range in 
more recen t history and  have sp re a d  from the 
M editerranean  basin w ith primitive aigriculture. 
The second  N orthern  H em isphere  spec ie s ,  G. 
m o n o p h y lla , is distinctly coasta l over most o f  its 
range, and grows best w here  there  is little o the r  
vegetation , and in tram pled areas.

R eproduction

Sexual reproduction  occurs  in all spec ies  o f  G y
nandriris. Self-incompatibility is the ru le  in tribe 
H om eriinae, with this condition  well! know n in 
M oraea, H om eria  and Galaxia  (umpublished 
data) but o f  the species o f  Gynandriris  exam ined , 
only G. pritzeliana  and G. sisyrinchimm  ap p ea r  
to be self-incompatible (data  not k n o w n  for G. 
hesperan tha , G. australis  or  G. anotmala); G. 
cedarbergensis  is self-com patible, butt at least in 
the experim ental g reenhouse  does n o t  set seed 
normally by its own pollen. G. seitifolia, G. 
monophylla  and G. sim ulans  are all au toga

m ous in the greenhouse, and produce large 
am oun ts  of viable seed. In terspecific  hybrids can 
be p roduced  betw een all four of the  southern  
African species that I have  grow n, nam ely, G. 
p r itze l ia n a , G. setifolia, G. s im ulans  and G. 
cedarm ontana .  F lowering tim es of the southern  
African and Eurasian  species overlap  very little, 
even  in greenhouse conditions , bu t several a t
tem pted  crosses  betw een sou thern  species and 
G. sisyrinchium  failed. All species reproduce 
asexually  by means of basal corm le ts  p roduced  
in small num bers annually  alongside the main 
corm . In G. simulans  a corm let is also often 
p roduced  in the axil of a basal leaf.

In terspecific  relationships

All species o f  Gynandriris  appea r closely allied 
and inter-relationships are  not clear. Primitive 
and derived  characteris tics  are difficult to eval
uate am ongst the species with minor exceptions. 
The single leaf is likely to be derived from the 
tw o-leafed condition, while spreading inner te 
pals may be ancestral to erec t tepals. Also di- 
ploidy p recedes  polyploidy, and self-compatibili
ty and au togam y are specializations from  self-in
com patib ility  in general and  p robably  so in G y
nandriris. Thus in the southern  African species
G. pritzeliana  may com e closest to the ancestral 
type , with its large flow er, ou tsp read  inner te 
pals, diploidy and self-incompatibility. The coi
led leaves o f  this species a re ,  though specialized, 
a very  superficial charac ter .  The localized G. 
hesperantha  is obviously closely related to, and 
perhaps derived from G. p r itze l ia n a . G. anom a-  
la, with its single leaf, also appears  m ost closely 
rela ted  to G. pritze l ia n a . The diploid and 
self-compatible G. c e d a rm o n ta n a , with erect 
inner tepals, seem s more specialized than  the 
preceeding. G. setifolia ,  the small flowered Cape 
species, has spreading inner tepals , but repro- 
ductively  appears  specialized, and the o ther 
sou thern  African species G. s im ulans ,  which is 
polyploid and au togam ous, has w hat may be the 
m ost specialized flowers in the g roup, with spo t
ted markings, narrow  tepals , and short duration 
of bloom ing (Table 2). This very speculative ra
tionale is the basis for the species arrangem ent in 
the system atic  trea tm ent.

The tw o N orthern  H em isphere  species, 
p resum ably  derived from sou thern  African an 
ces to rs ,  are treated last and are tentatively  re
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garded as the most specialized o f  the genus. 
Thier consis ten ly  e rec t inner tepals and poly
ploidy support the p lacem en t as the most ad 
vanced  species  o f  G ynandrir is .

Systematics

Taxonom ic history

Gynandriris s isyrinchium  (L.) Pari. ,  the first 
species o f  Gynandriris  to be described , was ini
tially referred  to Iris (L innaeus 1753). At the end 
of the L innaean  period, the younger L innaeus 
described  the Cape species G. setifolia  (L. fil.) 
F os te r ,  also placing it in Iris. This species is 
typified by a collection m ade by C. P. Thunberg 
at the C ape and the descrip tion  was in fact c o 
pied from T h u n b erg ’s ms. descrip tion o f  Iris se- 
tacea  which was la te r  published by Thunberg 
(1782). B o th / ,  s isyrinchium  and I. setifolia  were 
assigned by K e r  (1805) to M oraea  w hen he re 
vised and redefined this African genus according 
to L in n a e u s ’ original circum scrip tion .

Salisbury w as the first bo tan ist to suggest s e 
para te  generic  status for Gynandriris  when in 
1812 he p roposed  D iaphane  to include Iris s i
syrinchium  as well as I. junc ifo lia  (a true Iris). 
D iaphane  was not p rov ided  with a description 
and is there fo re  invalid, as is the nam e D. edulis 
(a superfluous synonym  for G sisyrinchium).  
D iaphane  was never validated and thus has no 
taxonom ic  status.

At the sam e time Salisbury  first used the name 
H elixyra ,  also a nom en nudum , as a new genus 
for the very  strange M oraea  longiflora  Ker. This 
species  collected by N iven in South Africa in 
about 1800 was only recently  rediscovered in 
1976 (G oldblatt 1976 b). It is unusual, bu t not 
unique in M oraea  in having a true  perianth tube. 
The nature o f  this tube was not, how ever, ap p a r
ent to B aker (1878, 1896) w ho used Salisbury’s 
H elixyra  as a subgenus of M oraea ,  for the South 
African species  of G ynandriris  including as well 
M. longiflora.  Baker described  several new sp e 
cies o f  Gynandriris  all of which he referred to 
M oraea ,  all bu t one being reduced  to synonym y 
in this trea tm en t.

Brown (1929) raised Helixyra  to generic rank 
and validated the nam e with a full description. 
He also described  four  new species from the 
T ransvaa l,  all of which are placed in synonym y 
here under  G. s im ulans.  H ow ever ,  as F os te r

(1936) po in ted  out. Helixyra  Salisb. ex N. E .  Br. 
w as only validated in 1929 while G ynandriris  
Pari. (Parla to re  1854) is a m uch earlier n am e .  If 
cons idered  as synonym s, G ynandriris  th u s  has 
p reced en ce .  In fact the type species  o f  H elixyra ,
H . f la v a  a  superfluous nam e for M oraea lo n g i
f lo r a ,  is a  true  M oraea  with a  perian th  tube as  its 
recen t red iscovery  in South  A frica has rev ea led  
beyond  do u b t (Goldblatt 1976 b) and H elixyra  is 
thus a nom enclatural synonym  o f  M oraea.

B oth  B aker  (1878, but no t later) and B row n  
(1929) included the N orthern  H em ispere  G. si
syr inch ium  together with the  sou thern  A frican  
species in their concepts  o f  the  alliance (at su b 
generic  or generic level, as H elixyra)  thus im pli
citly agreeing with Ker, K la tt  and o thers  in s e p a 
rating Gynandriris  from Iris and  recognizing its 
c lo se r  affinities with M oraea.  M any o ther E u ro 
pean  bo tan is ts  were how ever  u naw are  of, o r  p re 
ferred  to ignore the ex istence o f  southern  Afri
can  rep resen ta tives  of the genus. This led to  the 
pecu lia r  situation in B aker’s (1892) H a n d b o o k  o f  
the Ir ideae , w here G. s isyr inch ium  is t rea ted  as 
the sole specis o f  Iris subgenus  G ynandriris  
while sou thern  African species are  placed in M o 
raea  subg. H elixyra.  B aker (1896) con tinued  this 
trea tm en t in F lora Capensis w here  he adm itted  
six species  to  the subgenus. Subsequen tly  m ost 
im portan t w orks  on sou thern  A frican flora re 
cognized northern  and sou thern  species as c o n 
generic  (B row n 1929; F os te r  1936).

In E u rope ,  N orth  Africa and the  Middle E ast ,  
t rea tm en t o f  Gynandriris  has b een  and still is 
unsett led . Many im portant floristic and  rev is io 
nary trea tm en ts ,  especially in the la ter n ine
teen th  and early tw entieth  cen tu ry  treat G. s isy
rinchium  as Iris, notably Boissier (1884), F os te r  
(1892), A scherson  & G raeb n er  (1907), Dykes 
(1913) and K om arov  (1935). Several m ore recent 
w orks  also adhere  to this trea tm e n t,  such as 
L aw rence  (1953), Täckholm  & D rar (1954), 
M aire (1959), Baroni (1969), Polunin (1969, 
1972), Zångheri (1976) and G uinochet & Vilmo- 
rin (1978).

Gynandriris  was recognized first in Italy (Par
la tore  1854) and several Italian w orks , e. g. Lo- 
ja c o n o  (1908) and Fiori (1925) con tinued  to main
tain the genus distinct from  Iris ,  although more 
recen t Italian floras do not (Zångheri 1976). A 
n um ber o f  recen t floras recognize  Gynandriris  
am ongst w hich M outerde (1966) and  W endelbo 
& M athew  (1975) are notable, while R odionenko
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(1961) in his study o f  Iris also upholds G ynandr i
ris. T he  close relationship o f  Gynandriris  to M o 
raea  has  also been stressed  by Burtt (1971) w hen 
dealing  with distribution o f  sou thern  African and  
M edite rranean  floras.

M orpholog ica l characters

R o o ts to ck .  The rootstock  is a corm  o f  the M o 
raea  type (Goldblatt 1976 b) w hich is a single 
in te rnode  long and is derived  from  a swollen 
la tera l bud. At the top of the enlarged in ternode  
is a  distinct growing apex and it is from  this po in t 
tha t the  adventitious roots  em erge, ra th e r  than  
from  the base as in the C rocus  type corm . T he 
co rm  is com paratively large in G ynandrir is , 1-2 
cm in d iam eter, except in the dw arf  G. m o n o 
phylla  w hich has corm s usually less than  1 cm  in 
d iam eter. The corms are covered  by brittle , r a 
the r  papery  inner tunics and tougher fibrous 
ou te r  layers. The tunic fibers are often pale, and 
som etim es covered by a m ealy substance , e s p e 
cially in G. pritze liana , w hich w hen scraped  
aw ay  revea ls  the very dark , tough fibers found in 
this species.

Cataphylls .  The 3-4 cataphylls  which shea th  the 
underg round  part of the s tem  and leaves, are 
pale and m em branous, and hardly differ 
th roughou t the genus.

L e a v e s .  There  are either one or two p roduced  
leaves, and both are inserted near  the base  o f  the 
plant. The leaves are long, and slender, and 
m uch exceed  the stem, though often  becom e 
bent or broken. Except in Gynandriris  pr itze l
iana ,  the leaves are channeled  and straight to 
slightly tw isted, and erec t or trailing. L eaves  o f  
G. pritzeliana  are coiled in co rkscrew  fashion 
either throughout or at least distally. This coiling 
is poorly developed in cultivated  plants , but 
seem s constan t in all wild populations. T he leaf 
blade in this species is also distinctive in having a 
broad hyaline band along the adaxial surface. 
L ea f  num ber  is variable in Gynandriris  sisyrin
chium , G. setifolia  and G. s im u lans ,  and to a 
lesser ex ten t in G. m onophylla ,  w here  both  one 
or two leafed plants occur, often side by  side and 
in the sam e collection. T here  seem s no c o n s is 
tent pa tte rn  in leaf num ber though m ore often  
young or depaupera te  plants have a single leaf. 
Gynandriris monophylla  typically has a single 
leaf bu t occasionally two leafed plants occu r .
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and in som e populations a lm ost all plants have a 
small second leaf. The varia tion  in leaf  num ber in 
these  species has no taxonom ic  significance. 
Gynandriris  hesperantha, G. pritzeliana  and G. 
cedarm on tana  always have tw o well developed 
leaves  even in collections m ade  in very dry sea
sons,  w hen plants are o the rw ise  very  stunted. In 
the tw o collections know n o f  G. anom ala  all 
plants have a single leaf.

S te m .  The stem is usually b ranched ,  and in one 
o f  tw o different ways. The scape may be quite 
short and con trac ted , with b ranches  then being 
bo rne  at the same level in sem i-um bellate m an
ner. This pa tte rn  often ap p ea rs  in plants growing 
in open  ground am ongst o th e r  very  short vegeta
tion o r  in drought affected p lants . M ore often the 
s tem  is elongated and short lateral b ranches are 
carried  in the axils of s tem  b rac ts .  In some plants 
there  may be more than one major b ranch , and 
these  are then  p roduced  n ea r  the stem base. 
E ach  branch  bears  an inflorescence at its apex  
and dry b rac t leaves a t the nodes w hich partly 
enclose  the lateral b ranches. There  seems to be 
no significance to the b ranch ing  pattern ,  which is 
very  variable in some species. In G. s im ulans,  
the  entire range o f  b ranching  pa tte rns  may occur 
and  there  seem s no taxonom ic value to this ch a r
acter. Thus B row n’s G. (H elixyra ) spicata  based 
on a very tall specim en with a single main axis 
canno t be recognized and is p laced in synonym y 
here , under G. simulans.

In florescence.  As in alm ost all m em bers  o f  sub
family Iridoideae, the several f low ered  inflore
scence is enclosed  in tw o large opposed  bractlike 
s tructu res, here called spathes. T hese  in fact re 
semble very closely the bract leaves, borne at 
nodes, and are thus distinguished by the ir  posi
tion. The spathes  of Gynandriris  a re  distinctive 
in being m em branous  and sem i-transparen t with 
very  prom inent pale vertical veins. The inner 
spathe is a lw ays slightly longer than the outer, 
and the spathes  o f  Gynandriris  differ be tw een  
species only in overall size. The polyploid G. 
sisyrinchium  has the largest, and the tiny flow
ered G. setifolia  and G. m onophylla ,  the smallest 
(Figs. 3, 6 ). Size, how ever, varies considerably  
even  on the sam e plant, with the main spathes 
usually larger than  lateral spathes.

Flowers. The flowers are the m ost distinctive 
features o f  each  species but are  difficult to study
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in dried material.  F lowers vary  in size,  co lour 
and relative orientat ion of  the tepals.  These  fea 
tures are partly obscured  even in c a r e f u l ly  
pressed material,  and somet imes  are quite im 
possible to detect ,  as  when part ly wilted f lowers 
are pressed  without  fur ther  at tention.  Ideal ly,  
some features such as colour and petal o r ien ta 
tion should be recorded  on labels and all par ts  of  
several  f lowers should be laid out  and  pressed  
individually.

The  f lowers are fugaceous,  last ing a single day 
each.  The timing of  f lowering is character i s t ic  in 
each  species and varies within small limits (Table 
2). F lowers  range in colour from deep  blue-vio
let, through pale blue to lilac or  white usually 
with a white nec ta r  guide. This  whole range is 
known in G. sisyrinchium  but  the species usually 
has light to dark blue f lowers. Gynandriris  
cedarm ontana  is the only species in the genus  in 
which f lowers are consistently white but  in o ther  
species white forms appear  to o c c u r  occasionally 
as mutan ts ,  which I have noted in popula t ions  of  
G. setifolia ,  which otherwise  usually has pale 
blue-purple flowers.  The variety alba  Fe rnandes  
and Garcia (not recognized in this t rea tment)  of  
Gynandriris s isyr inch ium , which evidently dif
fers from the type only in its white f lowers is 
apparent ly  ano ther  example of  the occasional  
occur rence  of  white f lowers in a blue f lowered 
species.  F lowers  o f  G. s im ulans  are unusua l  in 
being speckled so that  the very  pale purple 
ground colour is mott led with small spots  of  
darker  colour.  This speckling fades entirely in 
dry material.

In general form the f lowers are Iris-like, with 
larger , unguiculate oute r  tepals,  smaller  inner 
tepals and petaloid style branches  with paired

Table 2. F lower phenology in G ynandriris .

Species Opening Fading

G. setifolia 12-1 p.m. 5-6  p.m.
G. australis not known not known
G. cedarm ontana  12:30-1:30 p.m. 6-6:30 p.m.
G. pritzeliana 11-12 noon 4—4:30 p.m.
G. hesperantha 4-4:30 p.m. 7-7:30 p.m.
G. anomala ca 11-12 noon not known
G. simulans 3:30-4:30 p.m. 6:30-7 p.m.
G. sisyrinchium 1:30-2:30 p.m. 6-7 p.m.

(in some forms (in some forms
11:30-12:30) 5-5:30)

G. monophylla 1-2 p.m. 5-5:30

crests  above  the stigmatic surfaces.  The  o u t e r  
tepals are always marked with ei ther  white,  less 
often yel low-orange or  somet im es  white a n d  
orange,  nectar  guides at the base of  the l imb of 
the ou te r  tepals.  Tepals  vary  in size in different  
species and tepal length is a good indicator  of  
f lower size. The largest f lowers are found in 
Gynandriris s isyr inch ium , tepals ranging f rom  
(20-)25-40 mm. Intermediate in size are f lowers  
of  G. pritzeliana, G. australis, G. c e d a rm o n 
tana, G hesperantha  and G. anom al a ( tepals  
22-30 mm long), while the smallest  f lowers are 
found in G. s im u la n s { \ l -25  mm),  G. setifolia  and 
G. monophyl la  (11-19 mm long).

Orientat ion of  tepals appears  to be a signifi
cant  charac te r  but can seldom be de termined  
from dried specimens.  The  limb of the ou te r  t e 
pals is ou tspread  ei ther  horizontal ly or  reflexed 
up to 45° below horizontal.

The  inner tepals are e rec t  in G. sisyrinchium,  
G. m onophylla , G. cedarm on tana  and G. h e s 
peran tha ,  and ou tspread in the other  southern  
African species.  The  inner tepals are cons is ten t 
ly smaller than  the ou te r  tepals  and  may be c o n 
t iguous with the outer  tepals at the knee.

A ndroec ium .  Each of  the three  stamens  lies ap- 
pressed  to a style branch and is only slightly 
shorter  than each  branch ,  with the an ther  apex  
lying jus t  below the stigma lobes. The fi laments 
are partly united, usually for one third to one half 
their length. This  feature appears  to be of  some 
significance,  with Gynandriris s im ulans  having 
f ilaments united for ±  1.5 mm,  less than one 
fourth their length.

The anthers,  like the tepals ,  are a good m ea
sure of  f lower size. The largest  anthers are found 
in G. sisyrinchium  (5-10 mm) and G. anom ala  
(8-10 mm). The  smallest an thers  are found in G. 
setifolia  and G. m onophylla  (2.5-4.0 mm) with 
o ther  southern species in te rmedia te  in this char 
acter.

G ynoecium .  The sessile ovary  with its sterile 
beak,  the charac te r  which partly defines G ynan
driris, is o f  limited use in the taxonom y of the 
genus. It varies only in size and is proport ional  to 
spathe length and f lower size (Figs. 3, 5).

The  style branches  and cres ts  are,  like the 
stamens ,  useful indicators  of  f lower size. H ow 
ever,  size of  these two charac te rs  is not always 
proport ional  to overall f lower size. Gynandriris  
s im ulans  thus stands out as having very short
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c re s t s  in compar ison to the o ther  floral par ts .  Its 
s tyle branches  are quite long, but  also narrow, 
and with  its small crests ,  the f lowers of  this spe
cies h ave  a s lender and delicate appea rance .  The 
style ch a rac te r  is often useful in the identif ica
tion o f  G. sim ulans.  Also unusual  is G. cedar
m o n ta n a  which has remarkab ly  large style crests  
(12-13 mm) on a f lower of  intermediate  size.

C a p su le .  The  capsules of  Gynandriris  are dis
t inc t ive in having thin m e m branous  walls and,  
like the  spa thes ,  are t ransparent .  The  seeds are 
com para t ive ly  large and dark  and are visible 
w hen  ripe through the spathes.

Taxonomy 

G ynandr i r i s  Pari.

Parla to re , N uov. Gen. et Sp. 49. 1854. —  Type spe
cies: G. sisyrinchium  (L.) Pari.

Iris  sect. Gynandriris (Pari.) Benth. & H ook .,  Gen. 
PI. 3: 687. 1882 — Iris subg. Gynandriris  (Pari.) L aw 
rence. G entes  Herb. 8: 366. 1953.

M oraea  subg. Helixyra  Salisb. ex Baker, Jour. Linn. 
Soc. Bot. 16: 132. 1878, non sensu Salisb. —  Type 
species: M. longiflora Ker. (Helixyra Salisb. nom. 
nud . ,  an invalid name, typified by the cited species 
H elixyra f la va ,  an illegitimate, superfluous name for 
M oraea  longiflora  Ker, was believed by Baker and 
later by N. E. Brown to represent the earliest name for 
Gynandriris, and they included under this both the 
sou thern  African and northern hem isphere species of 
this genus.)

H elixyra  Salisb. ex N. E. Br., Trans. Roy. Soc. S. 
Afr. 17: 348. 1929, non sensu Salisb.; nom superfl, pro 
Gynandriris  Pari. Type species: H. longiflora  (Ker) N. 
E. Br.,  (=  M oraea longiflora  Ker).

D iaphane  Salisb., Trans. Hort. Soc. 1: 304. 1812, 
nom. nud. Species cited D. edulis nom. illeg. superfl. 
pro Iris sisyrinchium  L. (=  Gynandriris) and D. stylosa  
nom. illeg. superfl. pro Iris juncea  Desf. ( =  Iris).

Plants  small to medium perennial herbs.  Root-  
s tock  a tunicate corm. Cataphylls  2-A, m e m 
branous .  L eaves  1 or 2, bifacial,  ei ther  linear and 
canalicula te or helically coiled.  S tem  e i ther  co n t 
rac ted with branches clustered near base or  ex
tended  with short sessile b ranches ;  b rac t  leaves 
sheathing,  dry and membranous .  In florescence  
spa thes  membranous ,  t ransparent  be tween ver
tical ribs. Flowers  blue to white; ou te r  tepals 
larger  than  inner, spreading to reflexed; inner 
tepals  erec t  or reflexed.  F ilam ents  united in 
lower  half to quarter;  anthers  l inear-oblong.  
Ovary ±  sessile enclosed in inflorescence 
spathes ,  fertile in lower third only and  extended 
upwards  as a s lender sterile beak;  style  short

with f lat tened petaloid b ranches  appressed to 
s tam ens  bearing paired cres ts  above  the t r ans 
verse  bi lobed stigma. C apsu le  enclosed,  t r ans 
parent  with m e m branous  walls; seeds many,  
dark ,  angular  Basic  c h ro m o so m e  num ber  x= 6 .

D istribution.  Southern  Africa: Z imbabwe,
Bo tsw ana ,  Leso tho  and  South  Africa and nor th 
o f  the Sahara  in the M ed i te r ranean  basin,  eas t 
w ards  th rough the Middle Eas t  to Pakistan (Fig. 
1) .

Key to the N or thern  Hemisphere species

1. F low ers small, pale slate-blue, with ou ter tepals
11—16(—19) mm long; an thers  2.5-4.0 mm; leaf 
usually solitary, occasionally  with a small, or full
sized second leaf  ............................. 9. G. monophylla

-  F low ers m edium  to very  large, pale to dark  blue, 
violet, lilac o r  rose purple, with outer tepals 
(20-)25-40 mm long; an thers 4 .5-10.0 mm; leaves 
usually tw o, o r  solitary  8. G. sisyrinchium

Keys to the southern  African species

Tw o keys are p rov ided ,  one for  herbarium m a
terial and  one  for  live plants .

K ey to herbarium  m ateria l

1. L eaves  2, helically coiled  L G .  pritzeliana
-  L eaves  1-2, linear, canaliculate ..................................2
2. A nthers 2 .5-4 .0  mm long; ou ter tepals 12-18 mm

........................................................................ 5. G. setifolia
-  A nthers (4—)5—8 mm long; outer tepals (17-) 19-30 

mm long ...............................................................................3
3. Inner tepals (18—)22—26 mm long; style crests

(4—)7— 12 mm long (outer  tepa! limb not spotted)
................................................................................................... 4

-  Inner tepals 9-20 mm long; style crests 3-6 mm 
long (outer tepal limb spotted throughout)

....................................................................7. G. sim ulans
4. A nthers 7-8 mm long; flowers dark blue-purple

  2. G. hesperan tha
-  Anthers 5-7 mm long; flowers pale blue-purple or 

white ......................................................................................5
5. Inner tepals erect,  to 5 mm wide; flowers white

...........................................................4. G. cedarm on tan a
-  Inner tepals reflexed, 6-7 mm wide; flowers

b lue-b lue purple  ...............................................................6
6. Claw o f  o u te r  tepals 7-8  mm long . 3. G. anom ala
-  Claw of o u te r  tepals 11-12 mm long 6. G. australis

Key to live p la n ts

1. F low ers with inner tepals erect or ascending;
leaves straight not coiled ............................................... 2

-  F low ers with inner tepals outspread to reflexed; 
leaves straight or coiled ................................................. 3
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2. F low ers white; style crests 12-13 mm long
........................................................ 4 .G .  cedarm ontana

-  F low ers dark blue-purple; style crests  7-10 mm 
long ......................................................2. G. hesperantha

3. Tepals speckled throughout; filaments united for 
less than one fourth their length . .  . 7 .  G. simulans

-  Tepals not speckled throughout; filaments united 
for one third to one half their length .........................4

4. Leaves straight, channeled ...........................................5
-  Leaves coiled for entire length or in upper half

....................................................................I. G. pritzeliana
5. O uter tepals 12-18 mm long; anthers  to 4 mm 

long; leaves 1 or 2 ..................................5. G. setifolia
-  O uter tepals 18-28 mm long; anthers  5-7 mm 

long; leaves solitary ........................................................6
6. Claw o f  outer tepals 7-8  mm long . 6. G. anomala
-  Claw o f  outer tepals 11-12 mm long 6. G australis

1. Gynandr ir i s  pritzeliana (Diels) Goldbl . ,
Fig. 3 I

Goldblatt ,  Ann. Missouri Bot. Gard. 63: 781. 1976.
M oraea pritzeliana  Diels, Engl. Bot. Jahrb. 44: 17. 

1910. —  Type: South Africa, Cape, Calvinia, Diels 694 
(B, holotype).

M oraea torta L. Bol., S. Afr. Gard. 17: 418. 1927. — 
Type: South  Africa, Cape, near Calvinia, Compton, 
s .n . (B O L , holotype). —  Helixyra torta  (L. Bol.) B ar
nard , Iris Yearbk. (1932): 52 (Iris Soc. Engl.). — 
Gynandriris torta (L. Bol.) Foster ,  Contr. Gray Herb. 
H arv . 114 : 41. 1936.

P lan ts  medium,  (7-) 12-35 cm  high. Corm  1 .5-2.0 
c m  in diameter ,  tunics dark ,  or  often mealy c o v 
e red  and appearing pale: f ibers coarse and rigid. 
L e a v e s  2, linear, flat in cross  sect ion and helical
ly coiled from the base,  or  in upper  half; ei ther  
upr ight  and exceeding the s tem, or  horizontal ; 
2 .5-5 .0  mm wide,  usually with two prominent  
submarginal  veins and a broad  hyaline band  
along the midline of  the adaxial surface.  S tem  
e i ther  cont racted ,  with b ranches  produced near  
ground ,  or  extended with b ranches  produced  
f rom the base and at each  aerial node.  S pa thes  
he rbaceous ,  becoming dry above ,  or completely 
dry ,  of ten red-flushed;  inner spathe (3d—)37—45 
m m  long,  outer  slightly shorter .  Flowers  dark  
blue-violet ,  with yel low nec ta r  guide; outer te 
pa ls  21-30 mm long, limb half  again as long as 
the claw and  10-15 m m  wide,  ref lexed to ±  45°; 
inner tepals  20-26 mm  long,  up to 7 mm wide,  
also reflexed. Filam ents  5-6 mm  long, joined  in 
low er  1.5-3.0 mm; anthers  4 .5-6.5 mm long. 
S ty le  branches  8-10 mm,  crests  (4—)7—11 mm 
long. Capsule  narrow,  1.5-2.0 cm long; seeds  
angular ,  relatively large. C hrom osom e num ber  
2 n =  12.

Flow ering  time.  M id S e p t e m b e r - N o v e m b e r .

D istr ibu tion .  F rom Loer ies fonte in  and Calvinia 
in the nor th ,  through the Roggeveld  to the Koe-  
does  Mounta ins  and the K o m s b e rg  e scarpm en t  
in the south.  Fig. 3.

G ynandriris  pritzeliana  is a very  distinctive s p e 
cies having strongly coiled leaves ,  a very easi ly 
recognized  character ,  and large very  dark blue to 
violet  f lowers with broad  reflexed inner and 
ou te r  tepals.  The  species was  for  a long t ime 
know n by a synonym G. torta ,  the name it was  
given (as M oraea)  by L ou isa  Bolus  in 1927. Only 
recently ,  when  the types  o f  all spec ies  of  M oraea  
were  examined in the course  o f  a  revision o f  this 
genus  (Goldblat t  1976 b) did it emerge that M. 
pritzeliana  was  in fact a spec ies  of  G ynandrir is , 
and  identical with G. torta.

It  is quite  com m on in dry situat ions in the 
interior  o f  the Cape  wes t  coas t ,  particularly 
a round  Nieuwoudtvil le  and Calvinia,  though it 
ex tends  well to the south and  has  been  recorded  
in the  K oedoes  Mounta ins and at the foot of  the 
K om sberg  be tween  Sutherl and  and  Laingsburg.  
G. pritzeliana  is a diploid spec ies  like the other  
w es te rn  K aroo-Cape  species,  and  it is s trongly 
self- incompatible,  in con t ra s t  with  the related G. 
cedarm on tana  and G. se ti fo lia .  Because of  its 
unspecia l ized f lower with spreading  inner tepals 
as well as diploidy and self- incompatibi l ity,  G. 
pritzeliana  is assigned to a basal  posit ion in the 
genus .  Its spirally coiled leaves ,  al though ob
viously derived,  are regarded  as less fundamen
tal and  overlaid on a basical ly unspecial ized 
species.

2. G yn an d rir is  h esp eran th a  Goldbl .  sp. nov.

Type: South Africa, Cape, G lenlyon, Nieuwoudtville, 
rocky hills, Goldblatt 4371 (M O, holotype, K, NBG, 
isotypes).

P lanta robusta, 40-60 cm alta. C orm us 2-3 cm in dia- 
m etro. Folia 2, lineares, canaliculata. Spatha 45-60 
mm longa. Flores purpureo-violacei;  tepala exteriora 
26-29 mm longa, ungues ca 10 mm, limbus reflexus ca 
10 m m  latus; tepala interiora 22-26 mm longa, erecta, 
ca 5 mm lata. Filamenta 5-6,5 mm longa, connata  2-3 
mm; antherae 7-8 mm. Rami styli 9-12 mm longi, cris- 
tae 7-10 mm.

Plants  40-60 cm high. Corm 2-3 cm in diameter  
with pale mealy tunics. L e a v e s  2, linear, chan
nelled,  6-8 mm wide,  much longer than the stem 
and  trailing. S tem  erect ,  tall, with short branches
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$  G . p r i t z e l i a n a

^  G. h e s p e r a n t h a  

Ak .  G . a n o m a la

H  G . c e d a r m o n ta n a

G. s e t i f o l i a

Fig. 3. Floral morphology of Gynandriris pritze liana, G. cedarm ontana  and G. setifolia,  and  distribution o f  the 
five western Cape species (G. setifolia,  partial range only). A-D: G. cedarm ontana.  —  A: F low er. —  B: O uter 
tepals. — C: Inner tepal. —  D: Style b ranch  and s tam en. —  E -H : G. setifolia. — E: Flower; —  F: O uter tepal. —  
G: inner tepal. — H: Style branch and s tam en. —  I: G. pritzeliana.  F low ers and tepals ±  life size, style branch 
and stamens x 2.

at the nodes.  Spa thes  dry,  45-60 mm long, inner  
slightly longer than outer . Flowers  purple-violet ,  
with yel low nectar  guides; ou te r  tepals 26-29 mm  
long, claw 10 mm, limb reflexed to ±  45°, ca  10 
mm wide; inner tepals  22-26 mm long, erect ,  c a  5

mm wide.  Filam ents  5-6.5  mm  long,  jo ined  2-3 
mm; an thers  7-8 mm. S ty le  branches  9-12 mm 
long, cres ts  7-10 mm. C apsu le  large, seeds  
brown.  C hrom osom e n um ber  2 n = 1 2 .
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Flowering time.  La te  spring,  O c tobe r -N ovem -  
ber.

D is tr ibu tion . Very  local, on the rocky hills east 
o f  Nieuwoudtvil le  in heavy  clay soil. Fig. 3.

G ynandriris hesperantha  is the tallest and one of  
the most  robus t  species of  the genus. It is confi
ned to the low rocky hills to the east of  N ieu 
woudtvil le  in the Calvinia district,  and grows 
only in the heavy red clay soil found in this area.  
It most  resembles  G. p r itze l iana , which is p rob
ably its closest  relative,  and it occurs  entirely 
within the range o f  this more  widespread spe
cies. Gynandriris hesperantha  differs from G. 
pritzeliana  in several  charac te rs ,  being taller, 
and having straight leaves in cont ra s t  to the coi
led leaves o f  the latter.  The two species differ in 
floral details  also, G. hesperantha  having larger  
spathes  and anthers,  and erec t  inner tepals. G y
nandriris hesperantha  is evening blooming, 
f lowers opening at about  4:30 p .m .,  at abou t  the 
t ime that f lowers o f  G. pritzeliana  begin to fade,  
and its f lowers last till well after dark,  fading at 
about  7:30 p.m.

3. Gynandr ir is  anomala Goldbl.  sp. nov.

Type: South Africa, Cape, Roggeveld W. of Middel- 
pos, Goldblatt 4396 (MO, holotype, K, NBG, PRE, 
isotypes).

P lanta ca 30 cm alta. Folium solitarium, linear, canali- 
culatum , ad 7 mm latum, caulis excedentum . Spatha 
36-45 mm longa. Flores caerulei; tepala exteriora 
21-26 mm longa, ungues 8-9 mm, limbus reflexus, 
10-12 mm latus; interiora ca 22 mm longa, reflexa. 
F ilamenta 4 ,5-6  mm longa, connata  2-3 mm; antherae 
5-7 mm longae. Rami styli 8-10 mm longi; cristae ad 10 
mm longae.

Plants  ca 30 cm high. Corm  not known. L e a f  
solitary,  linear, canaliculate,  to 7 mm wide,  
much longer than the stem. S te m  erect ,  b ranch
ing at the nodes. Spa thes  dry,  membranous ,  
somet imes  herbaceous  below,  36-45 cm long, 
inner slightly longer than outer .  Flowers  blue 
with white nectar  guides, s trong and sweet scen 
ted: outer tepals  21-26 mm long, claw 8-9 mm, 
limb reflexed at ca  45°, 10-12 mm wide; inner 
tepals  ca 22 mm long, also reflexed, ca  7 mm 
wide.  Filam ents  4 .5-6  mm long, joined for  about  
half  their  length; anthers  5-7 mm long. Style  
branches  8-10 mm long, crests  to 10 mm. C apsu 
le and seeds  not known. C hrom osom e num ber  
not  known.

Flowering tim e.  October .

D istribution.  A pparently  local in the Roggeveld 
be tween  Calvinia and Middelpos .  Fig. 3.

G ynandriris  ano m a la ,  though know n from only 
two collect ions,  seems quite  clearly a dist inct 
species.  I t appears  to be m os t  closely rela ted to 
G. pritze liana . G. anom ala  is found  along a small 
part  o f  the Roggeveld e s c a rp m e n t ,  and entirely 
within the range of  G. p r i tz e l ia n a . The  two differ 
in serveral  impor tant  f ea tu res ,  al though the ir  
f lowers are similar in s t ruc tu re ,  G. anom ala  has 
pale blue f lowers tha t  h ave  a s trong sweet  scen t  
while those  of  G. pritze liana  are dark  in co lor  
and have no apparent  scent .  Vegeta t ive differ
ences  are more  p rono u n ced ,  as  G. anom ala  has a 
single, l inear  channel led leaf, in cont ra s t  to the 
very  dist inct ive pair  o f  coiled leaves  of  G. pr i tze 
liana. Cytology and  r ep roduc t ive  biology o f  G. 
anom ala  are unknown.

4. Gynandri r is  ceda rm ontana  Goldbl .  sp. nov. ,  
Fig. 3 A -D

Type: South Africa, Cape, W elbedach t,  Bidouw Val
ley, Goldblatt 4287 (MO, holo type, K, N BG , PRE, S, 
US, WAG, isotypes).

Planta 10-30 cm alta. Tunici cormi pallidi, farinosi. 
Folia 2, canaliculata, l ineares. Caulis erecta ,  rami ses- 
siles. Spathae siccae, interior 40-60 mm longa, exterior 
brevior. F lores albi; tepala ex te r io ra  24-27 mm longa, 
limbis 14-16 mm longis; tepa la  interiora 20-25 mm 
longa lineares-lanceolata, e recta .  F ilam enta  5-6 mm 
longa, antherae  5-6 mm. Rami styli 8-11 mm longi, 
cristae ± 1 2 .5  mm longae.

Plants  10 to 30 cm high. C orm  1-1.5 cm in dia
meter ,  with dark  tunics o f  stiff, coarse  fibers 
covered  by mealy subs tance .  L eaves  2, linear, 
canaliculate,  ±  erect  or  t rai ling,  longer than the 
stem. S te m  with one main axis  and few to several 
±  sessile branches.  S p a th e s  m e m branous ,  dry at 
f lowering time; inner 40-60  mm  long,  outer  
slightly shorter .  Flower  white;  ou ter  tepals  lan
ceolate,  24-27 mm long,  l imb 14-16 mm long, 
and 10-12 mm wide,  o u ts p read ,  horizontal  to 
somewhat reflexed; inner tepals  20-25 mm long, 
l inear-lanceolate,  3-5 m m  wide,  erect .  Filam ents  
5-6 mm long, free in up p e r  hal f  to two thirds; 
anthers  5-6 mm. Sty le  b ra n ch es  7-11 mm long, 
crests  11-13 mm long. C apsu le  and seeds  not 
known. C hrom osom e n u m b e r  2n = 12.

Flowering time. S e p te m b e r -O c to b e r .
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D istribution.  Sou thwes te rn  Cape,  m o i s t  sites in 
the arid val leys of  the nor thern  Cedlarberg and 
N a rd o u w  Mts. Fig. 3.

Gynandriris  cedarm ontana  is a fairly/ local spe
cies,  occurr ing in the dry ,  interior  vallleys o f  the 
no r the rn  Cedarberg  and N ard o u w  M oun ta in s  of  
the sou thw es te rn  Cape.  It apparently/  growns  in 
moist  sites only,  ei ther  in seeps or  a lo n g  di tches 
or  s t r eam  banks. Like G. se ti fo lia ,  wlnich occurs  
to the west  and G. pritzeliana  w h ic h  occurs  to 
the no r theas t  of  its range,  it is diplloid, bu t  it 
r esembles  nei ther  of  these  species ve:ry closely.  
It is charac te ri zed  by a relat ively lairge f lower 
which unlike any other  species  of  thie genus is 
white.  Flora l  s tructure is also distinictive. The 
inner  tepals  are erect and  com para t ive ly  nar row  
and al though the f lower is large the sTyle crests  
are disproport iona te  in being larger (than might 
be expec ted  from the overal l size (Fijg. 3 A -D ) .  
Gynandriris  cedarm ontana  is self -eompat ib le 
but  self ferti lization does not  n o rm a l ly  occur.  In 
cont ra s t ,  the short and tiny f lowered  G .  setifolia , 
p robab ly  its closest relat ive,  is apparen t ly  c o n 
sistently au togamous .

5. G yn an d rir is  setifo lia  (L.  fil.) Fostter , Fig. 3 
F - H

Foster ,  contr. Gray Herb. H arv . 114: 40. l!936.
Iris setifolia  L. fil., Suppl.: 99. 1781. —  T y p e :  South 

Africa, Cape Province, without precise loc:ality, T h u n 
berg s.n. (H erb. Thunb. 1163, U PS, holoty'pe). —  M o 
raea setifolia (L. fil.) Druce, Rep. Bot. E x c h .  Club Br. 
Isles 1916: 363. 1917. —  Helixyra setifolia  (L. fil.) N. 
E'. Br., Trans. Roy. Soc. S. Afr. 17: 349. 1(929.

Iris se tacea  Thunb., Diss. I r id .: 20, T a b .  1. 1782 
nom. illeg. superfl. p r o / ,  setifolia  L. fil., Suppl.: 99. 
1781. — M oraea setacea  (Thunb.) Ker, Komig &. Sims, 
Ann. Bot. 1: 240. 1805.

Moraea humilis  Eckl., Top Verz. 15. 18277. nom nud. 
Moraea xerospatha  M acOwan ex Baker,, FI. Cap. 6: 

529. 1897. —  Type: South Africa, Cape T o w n ,  M ac
Owan 3118 (K , lectotype, B O L, isotype).

Moraea rogersii Baker, H andbook  Irid. .‘57. 1892. —  
Type: South Africa, Cape, Mossel Bay, IRogers s.n. 
(K, holotype). — Helixyra rogersii (Baker)) N. E. Br., 
Trans. Roy. Soc. S. Africa 17: 349. 1929. — Gynandri
ris rogersii (Baker) Foster, Contrib. Gray H e rb .  Harv.
114: 40. 1936, syn. nov.

Plants  small,  5—18(—25) cm high. C o rm  1(—1.5) 
cm in d iamete r  with pale tunics. Leaw es  one or  
two,  linear, canaliculate,  2-3 mm wiide, much 
longer than the inflorescence.  Stem is  usually 
branched,  ei ther  very short  with modes c o n 
densed ,  or  elongated. S p a th e s  usuallly dry at
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f lowering t ime,  inner 20-35(-40) mm  long, outer  
slightly shorter .  Flowers  small ,  pale blue-mauve,  
occasionally white,  with yel low-orange nectar-  
guides;  outer tepals  12-18 mm long, limb equal 
or  slightly exceeding the claw, sharply reflexed,
5-9 mm wide; inner tepals  12-16 m m  long, also 
reflexed.  Filam ents  3 .5-6 mm long,  united in 
lower  third to half; anthers  2 .5-4 mm. Style  
branches  4-7 mm long, c res ts  4-7  mm. Capsule  
±  1 cm long, seeds  dark,  angular . C hrom osom e  
num ber  2n =  12.

Flowering tim e.  Late spring,  S ep tember-ear ly  
N ovem ber .

D is tr ibu tion . Sou thw es te rn  Cape,  from Van 
Rhynsdo rp  in the north to G raham stow n  in the 
east,  but  absent  from the sea coas t  be tween  
Mossel  Bay and Port  Elizabeth;  often adventive 
and in was te  places,  roads ides ,  lawns: natura l
ized in Austral ia.  Figs. 3, 4.

G ynandriris setifolia  is readily distinguished 
from the res t  o f  the genus by its small size and 
tiny f lowers (Fig. 3). Although it is fairly vari
able,  and occasionally plants  with larger  than 
usual spa thes  of  f lowers do occur,  it can always 
be recognized by the small size o f  most ,  if not 
always  all, of  the floral parts .

This species is nat ive to the southweste rn  and 
southern  Cape and occurs  under  relatively high 
rainfall condit ions along the south  and west  
coas ts  from Mossel Bay to Van Rhynsdorp ,  ex
tending inland to Matjesfontein and  the Swart- 
berg. It is replaced in the Cedarberg  by the close 
ly related,  white f lowered Gynandriris cedar
m o n ta n a .  G. setifolia  is easily recognized by its 
very small,  pale b lue-purp le  f lowers,  sharply re
f lexed inner and outer  tepals ,  and short  anthers.  
The  f lowers open  be tween noon and 1:00 p.m. 
and fade towards  sunset.

Gynandriris setifolia  is distinctly weedy,  and 
is occasionally found in lawns,  and roadsides 
within its range.  It is also recorded  as an intro
duced  and natural ized weed in Austral ia.  It is a 
diploid species,  but  in all popula t ions  I have ex 
amined  the plants are au togamous ,  and produce 
much seed.  The  reproduct ive  mode is unex
pec ted in the family, but  explains the success of  
the species as a weed.

6. G yn an d riris au stra lis Goldbl .  sp. nov.

Type: South  Africa, Cape, H um ansdorp  Div., Jeffreys

^
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METERS

Fig. 4. Distribution o f  G yn
andriris setifolia and G. au 
stralis.

Bay, duineveld, Fourcade 3309 (BOL, holotype, K, 
isotype).

P lanta 6-25 cm alta. Tunici cormi pallidi. Folium 
unum , linear. Caulis erecta , ram osa. Spathae 35-60 
mm longae. Flores caerulo-purpurei; tepala exteriora 
23-28 mm longa, limbis 13-18 mm longis; tepala inte
riora 18-22 mm longa. F ilam enta 5-5,5 mm longa; an
therae 5 m m  longae. Rami styli 8-9 mm, cristae 8-12 
mm longae.

Plants  6-25  cm high. Corm  ca  1.5 cm in diameter  
with soft,  pale tunics. L e a f  solitary,  channeled,  
e rec t  to trailing. S tem  usually branching,  elon
gate or  barely produced  above  ground,  then with 
branches  clustered near  base.  Spa thes  
d ry-membranous ;  inner 35-60 mm long, outer  
slightly shorter .  Flowers  pale blue, nec tar  guide 
white with orange at base;  outer  tepals  lanceo
late,  23-28 mm long, limb 13-18 mm, spreading 
hor izontal ly to slightly reflexed; inner tepals  
18-22 mm long, to 5 mm wide,  ? outspread .  
F ilam ents  5-5.5 mm long united for 1 mm; an
thers  ca  5 mm long. Style  b ranches  8-9 mm long, 
crests  8-12 mm. Capsule  and seeds not known. 
C hrom osom e  num ber  2n=12.

Flowering time. Late S ep tem ber -ea r ly  N o v e m 
ber.

D istribution.  Southern  Cape  be tween  Mossel  
Bay and Jeffreys Bay,  in coastal  sand dune vege
tation.  Fig. 4.

Gynandriris australis is probably  mos t  closely 
related to the more widespread  G. setifolia, f rom 
which it differs mainly in its very  much larger  
f lower.  It has in the past  been  regarded as G.

setifo lia  but  I bel ieve its f lower,  well beyond the 
range of  variation in f lower  size found in G. 
se ti fo lia ,  and character is t ic  habitat in coasta l  
sand  dunes  indicate the need for  specific r ecog 
nition. Gynandriris australis  has a  restr icted 
distr ibution only along the sou thern Cape coas t  
be tw ee n  Mossel  Bay and Jeffreys Bay.  It is di
ploid,  like the o ther  sou thw es te rn  C ape -w es te rn  
K a ro o  species,  but  its reproduct ive biology has 
not  been  studied.

7. G y n a n d rir is  s im u lan s (Baker)  Foster ,  Fig. 5

F oste r ,  Contrib. Gray Herb. Harv. 114: 40. 1936.
M oraea simulans  Baker, Handbook. Irid. 58. 1892. 

— Types: South Africa, T ransvaal,  Bloemhof, Nelson 
203 (K , lectotype); syntype, without locality, Scott 
Elliot 1250 (K). —  Helixyra simulans  (Baker) N. E. 
Br., T rans. Roy. Soc. S. Africa 17: 350. 1929.

M oraea cladostachya  Baker, H andbook, Irid. 58. 
1892. —  Types: South Africa, V erleptpram, Orange 
R., N. Nam aqualand, Drége 2610 (K, lectotype, L, 
L E ,  MO, S, isotypes); syntype, Cape, eastern frontier, 
B arber s.n. (K). — Helixyra cladostachya  (Baker) N. 
E. B r.,  Trans. Roy. Soc. S. Africa 17: 349. 1929 — 
Gynandriris c ladostachya  (Baker) Foster, Contrib. 
G ray H erb. Harv. 114: 40. 1936, syn. nov.

M oraea burchellii Baker, H andbook  Irid. 57. 1892. 
—  T ype: South Africa, Cape “ Bechuanaland, Jabrins 
fo u n ta in ” , Burchell 2250 (K, holotype). —  Helixyra  
burchellii (Baker) N. E. Br.,  Trans. Roy. Soc. S. Afri
ca 17: 349. 1929 — Gynandriris burchellii (Baker) Fos
ter, Contrib. Gray Herb. H arv . 114: 40. 1936, syn. nov.

Helixyra elata N. E. Br.,  Trans. Roy. Soc. S. Africa 
17: 349. 1929. — Type: South  Africa, Transvaal, Stan- 
derton ,  Rogers 14799 (K, holotype). —  Gynandriris  
elata  (N. E. Br.) Foster, Contrib. Gray Herb. Harv. 
114: 40. 1936, syn. nov.

Helixyra mossii  N. E. Br.,  Trans. Roy. Soc. S. Afri-
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Fig. 5. Floral morphology and distribution of Gynandriris simulans  
A ndroecium  and gynoecium (x  2). — C: Corm ( x  0.5).

A: Whole plant (life size)

ca 17: 350. 1929. — Type: South Africa, Transvaal,  
Geduld, Moss 15607 (K, holotype, S, P, isotypes). —  
Gynandriris mossii (N. E. Br.) Foster,  Contrib. Gray 
Herb. Harv. 114: 40. 1936, syn. nov.

Helixyra propinqua  N. E. Br., Trans. Roy. Soc. S. 
Africa 17: 349. 1929. — Type: South Africa, T ransvaal,  
Zoutpansberg, DvS s.n. (PRE 2462) (K, holotype). —

Gynandriris propinqua  (N. E. Br.) Foster ,  Contrib. 
Gray Herb. Harv. 114: 40. 1936, syn. nov.

Helixyra spicata  N. E. Br., Trans. Roy. Soc. S. 
Africa 17: 349. 1929. — Type: South Africa, Cape, 
Griqualand West, Burchell s.n. (K, holotype). — Gy
nandriris spicata  (N. E. Br.) Foster, Contrib. Gray 
Herb. Harv. 114: 41. 1936, syn. nov.
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Plants  (10-) 14-40(^45) cm high. Corm  1.5-2 cm 
in d iamete r  with pale to dark  tunics o f  ±  entire 
layers or coarse  fibers; often bearing a cormlet  in 
leaf  axil. L e a v e s  1 or  2, linear, channe led,  ex 
ceeding the stem, and 2-4 mm wide.  S tem  ei ther 
con t rac ted ,  sometimes with many basal 
b ranches  or  ex tended ,  with short ,  ±  sessile 
aerial b ranches  and somet imes  longer basal 
branches.  S p a th es  usually dry at f lowering time,  
occas ional ly  herbaceous  near  base;  inner 
(25—>30—55 mm long, ou te r  slightly shorter.  
Flower  pale blue-l i lac,  with darker  speckles over  
entire ou te r  tepal with yel low nec tar  guides; 
outer tepals  (17—)20—28 mm  long, limb ±  equal or 
slightly longer than claw, and to 8 mm wide,  
spreading to reflexed; inner tepals 15-19 mm 
long, 3^4 mm wide,  spreading to reflexed.  Fila
m en ts  5-6 mm  long, united near  base for  1-1.5 
mm; anthers  (4—>5—8 mm. Style branches  8-12 
mm, cres ts  3-6 mm long. C apsule  oblong,  13-20 
mm long,  seeds large, black,  angular .  C hrom o
som e num ber  2n = 24, 36.

Flowering tim e.  A ugus t -S e p tem ber ,  at the end 
of  the dry season.

D istr ibu tion . South Africa,  Leso tho ,  Botswana 
and Z imbabw e,  usually in xeric grass-bushland 
mainly in areas of  the interior  with winter  
drought ,  and  meagre sum m er  rainfall. It is absent  
from the moister  parts  of  su m m e r  rainfall South 
Africa. Fig. 5.

There are comparat ively few collect ions of  this 
species for  such a wide distr ibution and it is 
consequen t ly  rather  poorly known.  Collect ions 
are mainly from populated areas,  and numerous  
from the Witwatersrand,  Bloemfontein and 
Kimberley ,  while the species is represented  by 
single collect ions from sou thw es te rn  Zimbabwe,  
eas tern  Botswana and the nor thern  Transvaa l .  
Moreover ,  few of the col lect ions are complete  
and properly prepared so that floral features are 
known from relatively few spec imens.

As trea ted  here,  all plants  from the sum m er  
rainfall a rea  of  southern  Africa are regarded as a 
single spec ies,  and the seven species recognized 
by Brown (1929) are merged under  one name. O f  
the three earliest names available, all dat ing from 
1892, Gynandriris sim ulans  was chosen  for the 
taxon because  the type spec im en  (Nelson 203, 
here selected as lectotype) is from the cen te r  of  
its range and in no way unusual .  B ro w n ’s species

concep ts  were clearly far  to norrow,  and he  re 
cognized species on the basis  of  growth  form and 
branching habit which as discussed earl ier  are 
now known to be variable even in plants o f  the 
same popula t ions ,  growing close together.  Thus  
G. elata  is a ra the r  robust  southern  Transvaa l  
plant with long branches;  G. prop inqua  a robus t  
northern  Transvaa l  plant; G. sp ica ta  a form with 
very short  branches  on a long stem from Eas t  
Griqualand;  G. m oss ii  and G. burchellii are ra
ther  diminutive forms;  and G. c ladostachya  has 
a conspicuous  cormle t  in its basal axil. Brown 
dist inguished G. s im ulans  f rom the above only 
by height and number  of  b ranches ,  very  unsat i s 
fac tory  specific characters .

Gynandriris s im ulans  has relatively small 
f lowers for the genus,  with ou te r  tepals in the 
17-27 mm long range.  Both inner and ou te r  te 
pals are rather  nar row, and both whorls  are laxly 
outspread  to reflexed.  The  f lowers appea r  to be 
dist inct ive in being speckled  throughout  with 
darker  spots on a pale lilac background  but  this 
speckling rapidly fades in dried material.  Only 
very few collectors  have  noted colorat ion,  but 
the speckling is consis tently mentioned when  
f lower color  is indicated,  and this pa t te rn  is re
ported almost th roughout the range o f  the spe
cies. Ano ther  feature rarely indicated by collec
tors is flowering time,  but  some have given 4-5 
pm as the time f lowers open  (see also Brown 
1936) and I have noted similar  timing in plants 
cult ivated in St. Louis.  My plants,  from Victoria 
West  in the karoo regularly opened at ±  3:30 pm 
and faded at about  7 pm. This very short  b loom
ing period helps explain why G. s im ulans  is so 
rarely gathered and why f lowers are so often 
lacking or wilted in the available collect ions.

The species is evidently polyploid,  though 
chromosom e number  is known from only two 
collect ions. A populat ion from Victoria West is 
tetraploid,  2n=24.  while a collect ion from near 
Brandfort  in the Orange Free State is hexaploid,  
2n = 36. Differences in ploidy may be correlated 
with the variation in floral and vegetat ive charac
ters which seem grea te r  than in most o ther  spe 
cies of  the genus.

8. Gynandrir is  s isyrinchium (L.) Pari. ,  Fig. 6 A.

Parlatore, Nouv. Gen. et Sp. 49. 1854.
Iris sisyrinchium  L., Sp. PI. ed. 1: 40. 1753. — Type: 

illustration "Sisyrinchium m ajus '  in Clusius, Rariorum
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Plantarum Historiae 1: 216. 1601 (lectotype). — M o 
raea  sisyrinchium  (L.) Ker, Konig & Sims, Ann. Bot. 
I: 201. 1805. — Xiphion s isyrinchium  (L.) Baker, Jour. 
Bot. 7: 42. 1871. — H elixvra sisvrinchium  (L.) N. E. 
Br., Trans. Roy. Soc. S. Africa 17: 349. 1929.

Iris collina Salisb., Prod. Stirp. 45. 1796 nom. illeg. 
superf. pro. /. sisyrinchium  L.

Iris fu g a x  Pers. sensu Tenore, Fl. Nap. 1: 15, tab. 4. 
1811, non Pers.. Syn. 1, 54. 1805 nom illeg. superf. pro 
M oraea  tricolor  Andr. — M oraea  f u g a x  (Pers.) Tenore 
sunsu Tenore, Syll. Fl. Neap.: 26. 1831, nom. illeg. 
non M. fu g a x  (de la Roche) Jacq .,  1776.

M oraea tenoreana  Sweet sensu Sweet, Brit. Flow. 
Gard. ser. 1, tab. 1 10. 1825, superfl. nom. nov. pro Iris 

fu g a x  Pers. (homotypic synonym o f  M oraea  tricolor  
Andr.).

D iaph an e  edulis Salisb., Trans. Hort. Soc. 1: 304. 
1812, nom. illeg. superf. pro Iris sisyrinchium  L.

Iris s y r t ic a  Viviani, Fl. Libycae Spec. 3, t.l, f.l. 1824.
— Type: Libya, ‘‘Magnae S yrteos” , location of spe
cimen not known to me, illustration seen.

Iris s isyrinchium  var. m ajor  Cam bessedes, Mém. 
Mus. Paris 14: 314. 1827. Type: Balearic Is. (not 
known to me).

Iris s isyrinchium  var. m inor  C am bessedes, Mém. 
Mus. Paris 14: 314. 1827. nom. illeg. superf. pro. I. 
sisyrinchium  L.; non sensu Aschers. & Graeb., Syn. 
Mitteleur. FI. 3: 517 et auct. (=  G. monophylla  Boiss. 
& Heldr. ex Klatt).

Iris a e g y p t ic a  Delile, Frag. FI. Arab. Petr. 7. 1833.
— Type: Egypt, not seen (possible type at LE).

Iris in vo lu te  Garzia, Effem. Sei. Sicilia 3: 286. 1834.

Fig. 6. The Northern Hem isphere species o f  Gynandrir is  with distribution of G. m onophylla  only: — A: G. 
sisyrinchium  (life size). —  B: G. m onophylla  (life size). (The com plete  range of G. sisyrinchium  is provided in Fig. 
I in which the whole range of the genus in the N orthern  H em isphere  is the same as that fo rG . s isyr in ch iu m .)
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— Type: Italy, Sicily (location of type not known to 
me).

Iris maricoides  Regel, Acta Hort. Petrop. 8: 676. 
1884. — Type: Soviet Central Asia, near Pishpek, on 
arm of R. Pyandzh (not seen). —  Gynandriris mari
coides  (Regel) N evska , Acad. Nauk. S. S. R. Bot. Inst. 
Trudy ser. 1, 4: 217. 1937.

Gynandriris monophylla  Jord .,  Jord. & Four.,  Ic. FI. 
Eur. 2: 27, tab. 291. 1903, nom. illeg. non G. m o n o 
phylla  Boiss & Heldr. ex Klatt 1865-66. — Type: Al
geria near Algiers (figure only seen).

Gynandriris numidica  Jord ., Jord  & Four., Ic. FI. 
Eur. 2: 27, tab. 292. 1903. — Type: Algeria, near C on
stantine (figure only seen).

Gynandriris littorea Jord., Jord. & Four.,  Ic. FI. 
Eur. 2: 27, tab. 293. 1903. — Type: Algeria, near Al
giers (figure only seen).

Gynandriris sisyrinchium  var. alba Fernandez & 
Garcia, Biol. Soc. Brot. 21: 8. 1947. — Type: Portugal 
(not seen).

In synonymy only: Iris zelantea  Vigo (In Pari., 
Nouv. Gen. et Sp.: 53. 1854).

N ote  I . For a discussion of Gynandriris sicula (Toda- 
ro) Todaro (syn. Moraea sicula, Iris todarouna, I. 
m aculata, I. sisyrinchium  var. sicula, and /. sisyrin
chium  var. maculata)  see excluded species.

N o te  2. Varieties listed by Baker (1878), Richter 
(1890), Fos te r  (1892), Pampanini (1936), and Maire 
(1959) are not included in the synonomy.

Plants  medium to large, (6—) 10—30 cm high. 
C onn  1-2 cm in diameter  with tunics of  brown, 
soft textured  or  rarely black and wiry, fine to 
medium fibres. Leaves  1 or  2, linear, more or 
less s traight,  3-5 mm wide. S te m  cont rac ted  or 
extending  well above ground,  few branched,  oc 
casionally simple. Spa thes  usually dry at f lower
ing t ime,  inner (35—)40—65 mm long, outer  slight
ly shorter.  Flowers  pale to deep blue, violet, or 
rose -purp le ;  outer tepals  (19—)21—40 mm long, 
limb sometimes equal to but  usually shorter  than 
the claw, spreading;  inner tepals erect,  19-28 
mm long. Filam ents  (7—)8— 14 mm long, united 
for  about  one third their length; anthers  
(4. l - )4 .5-10.0 mm. Style branches  8-20 mm, 
crests  6-12 mm, shorter  than the branches.  C ap
sule  ca. 2 cm long, seeds black,  angular. Chro
m o so m e  n u m b e r : 2n = 24.

Flowering t im e . Late winter  to late spring, Janu- 
a ry -M ay .

D istr ibu tion . Medi terranean basin and Middle 
East ,  from Portugal to nor thern Pakistan.  Fig. 1.

One of  only two species of  the genus (and of  tribe 
Homeriinae)  found in the nor thern  hemisphere,  
Gynandriris sisyrinchium  is one of  the most

widespread species of  Ir idaceae.  It is relatively 
c om m on  in the Mediter ranean  basin and is c o n 
sequently well known and much collected.  Since 
its descript ion by Linnaeus  in 1753, it has a c 
quired a large num ber  of  synonyms .  Some of 
these appear to differ in no significant way from 
the type ,  but others  have been  applied to discrete 
forms,  especial ly size and co lour  variants . There  
appears  to be no type spec im en ,  and the species 
must  be typified by the illustrat ion in Clusius '  
Rar. PI. Hist.  vol. 1, p. 216 enti tled “ S isyrin 
chium  m a ju s ” , which L innaeus  cited. Linnaeus  
himself  recognized two fo rms,  a larger  f lowered 
and a smaller f lowered.

Variat ion in f lower size is apparently  com mon 
in this species with smaller  f lowered plants often 
found in more arid habi tats ,  and also at the end 
o f  the flowering season.  Several  authors  have 
recognized small f lowered plants  or races as dis
t inct varieties,  from C a m b e s se d e s  (1827), who 
equated  his var. m inor  with L in n a e u s ’ type,  to 
Maire (1959). It is impor tant  to distinguish these 
smaller  f lowered plants,  “ var. m in o r ,"  f rom the 
very distinct G. m o n o p h y l la , a species of  the 
eas te rn Mediterranean,  with f lowers much sm al
ler than the smallest b looms o f  G. s isy r inch ium . 
These  two entities have often been confused,  
and many authors  have equa ted  var. m inor  
C am bessedes  and G. m onophy lla  (Aschers. & 
G raebner  1907; Täckholm  & Drar  1954). It is 
general ly quite easy  to see the differences b e 
tw een  G. sisyrinchium  and G. m onophylla  in live 
plants ,  especially as the two somet imes grow 
together.  The larger f lowered G. sisyrinchium  
typically has clear  bright blue to violet f lowers 
and G. m onophylla  has tiny pale slate gray-b lue 
Powers .  These differences observed  in Egypt by 
Drar (1925) and Täckholm  & Drar  (1954) have 
been confirmed in my field studies in Greece.  
Differences in height and robus tness  accompany  
the floral differences, G. sisyrinchium  usually 
being taller, larger, and often with two leaves, 
while G. m onophylla  usually has one leaf. The 
epithet  m onophylla  is som ew ha t  misleading 
since leaf number is not a specif ic character ,  and 
ju s t  as  G. sisyrinchium  may have a single leaf, G. 
m onophylla  may have two.

Differences in f lower size make  confusion un
likely between G. sisyrinchium  and G. m o n o 
phylla .  The oute r  tepal of  the former  usually 
ranges from 25-40 mm with occasional  speci
mens as small as 19 mm, while the anthers,  a n 
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o the r  good guide to f lower size, usually exceed  5 
mm,  al though in rare examples  they may barely 
exceed  4 mm. G. m o n o p h y l la , in contrast ,  has 
ou te r  tepals  ranging in size from 11-18 mm and 
rarely to 19 mm, and an thers  less than 4 mm 
long, and usually about 3 mm.

The  plant called G. sicula, or  G. sisyrinchium  
var. s ic u la , is a variant I find it difficult to deal 
with.  It was  illustrated and described in detail by 
T o d a ro  (1887-92, as M oraea)  from a cult ivated 
plant in the botanical ga rdens  at Palermo, and 
apparen t ly  originally from southern  Sicily. Dif
fe rences  from G. sisyrinchium  which Todaro  
also knew well, include leaf  number,  flower size, 
and importantly speckled ou te r  tepals in which 
the limb much exceeds  the claw, and short style 
cres ts .  This plant is often recognized in Italian 
floristic t rea tments  but there are,  as far as I have 
been  able to ascertain,  no herbarium collect ions 
of  it o ther  than the type,  which today lacks a 
f lower  and as such is virtually indistinguishable 
from G. s isyr inch ium . Albo (1919), dealing with 
the f lora of  sou theas tern  Sicily, lists numerous  
localities for  this plant which he calls Iris sisyrin
ch ium  var. m acula ta .  With the assistance o f  Dr.
S. Brullo of  the Universi ty of  Catania,  I visited 
two o f  these sites and found plants with f lowers 
slightly different from typical G. sisyrinchium  
(notably and orange mark  at the base of  the nec
tar  guide,  and an orange line down the outer  
tepal  claw) but not at all similar to Todaro ' s  
illustrat ion o fG .  sicula. These  southeas tern  Sici
ly plants are best regarded merely as a regional 
race of  G. s isyr inch ium . Until more light can be 
thrown on G. s icu la , this species must be 
excluded.  Variant forms of  G. sisyrinchium  illu
strated by Ricci (1970-71) from Sicily and Sar 
dinia may relate to the G. sicula  question,  but 
documenta t ion  is inadequate and allows no c o n 
struct ive opinion.  These plants,  however,  also 
lack the spotted tepals mentioned by Todaro.

Gynandriris sisyrinchium  grows in a wide 
variety of  habitats from the sea shore to open 
woodland to true desert condit ions,  with soils 
varying from stony gravel , to rich clay loam, to 
sand.  It often appears  as an adventive,  and 
grows in large numbers  in disturbed sites, fallow 
fields, and road verges. It possibly owes its wide 
distr ibution to man,  who may have inadvertently 
spread the species along with primitive agricul
ture.

G. sisyrinchium  is apparent ly  tetraploid

throughout its range (Table 1), with some var ia
tion in karyotype.  Ricci (1970-71) has d o cu m en 
ted minor karyotypic variat ion in morphological
ly recognizable forms from mainland Italy, Sici
ly, and Sardinia.  The  f lowers of  the two atypical 
forms appear ,  from the i l lustrat ions in his article, 
unusual  but are doubtfully of  any taxonomic im
portance.

9. Gynandr ir i s  monophylla Boiss.  & Heldr. ex 
Klat t,  Fig. 6 B

Klatt, Linnaea 34:578, 1865-66. —  Type: Greece, 
“ Attica ad Phalerum raro”  collector cited as Boissier, 
but probably Heldreich s.n. (ann. 1853) (C lectotype; 
L, MO, isotypes); Paratypes: Spain, Majorca, C am 
bessedes s.n. (K), = G. sisyrinchiunv. S. Africa, Cape, 
Drége 2599 (not seen) and Ecklon & Z eyher Irid. 33 
(LE , MO), = G. se t i fo l ia ; S. Africa, “ Trans-Gariepi- 
n a ” , Ecklon & Zeyher Irid. 301 (not seen), probably G. 
s im ulans .

Iris sisyrinchium  L. var. m on oph ylla  Heldr., Atti 
Congresso Internazionale Botanico, Firenze 234. 1876. 
— Type: Greece, “ Athenas ad Padisha” , Heldreich 
1891 (ann. 1848) (K lectotype, E isotype); Paratype: 
G reece, “ planitie marit. Phaleri” , 1856, Heldriech, 
Herb. Graec. Normal, no. 51 (G, K, W). — G ynandri
ris sisyrinchium  (L.) Pari. var. m onophylla  (Heldr.) 
Halacsy, Consp. FI. Graec. 3: 191. 1904.

Iris sisyrinchium  var. m inor  Camb. sensu Täckholm 
& Drar, Flora Egypt vol. 3, 465. 1954, et sensu auct. — 
M oraea  sisyrinchium  (L.) Ker var. minor  (Camb.) 
Bak. sensu Baker, J. Linn. Soc. Bot. 16: 132. 1878, pro 
parte.

In synonym y only: Iris m onophylla  Boiss. & Heldr. 
(In Klatt, Linnaea 34: 578, 1865-66; Heldr., Atti 
Congr. Bot. Fireze 234, 1876.) — Iris sam aritan i  
Heldr. (In Heldr., Atti Congr. Bot. Firenze 234, 1876; 
Baker, J. Linn. Soc. Bot. 16: 132. 1878.)

Plants  small,  seldom more than  4—6 cm above  
ground including flower. C o n n  8-10 mm in dia
meter ,  tunics dark coloured.  L e a f  usually soli
tary,  10-15 mm long and trailing, occasionally 
with a small second leaf, rarely with two fully 
developed leaves.  S tem  se ldom produced above  
ground,  usually simple,  but somet imes  bearing 1 
or  2 lateral inflorescences on side branchs.  Spat-  
hes  usually dry,  20—30(—35) mm long, oute r  
slightly shor te r  than inner. Flowers  very pale 
blue with nec ta r  guide orange ringed with white; 
outer tepals  11 — 17(—20) mm long, claw pale, d e n 
sely spot ted;  limb horizontal ,  slightly shorte r  
than claw; inner tepals erect ,  9-15 mm long, 
lanceolate,  to 2 mm at widest.  Filam ents  4-6 mm 
long, united for  cai. 1 mm; anthers  2—3(—4) mm 
long. Sty le  branches  5-6 mm long, crests  4-6 
mm. C hrom osom e number'. 2 n - 2 4 .
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Flow ering  t i m e . Mid-March-Apri l .

D is tr ibu tion . Eas te rn  Mediter ranean ,  mainly 
coas ta l ,  Libya,  Egypt ,  ? southern  Israel and 
G reece  in Att ica,  Aegina,  and Crete.  Fig. 6.

W hen  he first described Gynandriris m onophy l
la , Klat t  ci ted several  col lect ions comprising 
w ha t  are today regarded as four  different spe
cies,  Mediter ranean  and South  African, all 
belonging to Gynandriris  and having in com mon 
a single leaf. I have selected the collect ion from 
G reece  as lectotype,  thus fixing the concept  of  
G. m onophylla  as applicable to the dw arf  
G re e c e - N .  African species.  O ther  specimens  
ci ted are a Cambessedes  collect ion from Major
ca,  which  is a shor t-s temmed form of  G. sisyrin
ch iu m ,  and Drége and Ecklon  & Zeyher  plants  
f rom South  Africa, not all o f  which I have seen 
but  which include G. setifolia  and perhaps  G. 
s im u la n s .  T he  Greece  collect ion is chosen  as 
le c to type  firstly because  the name m onophylla  
was  clearly taken from the manuscr ip t  name 
given this collect ion,  and secondly,  fixing the 
nam e  m onophylla  for  the taxon  preserves  cu r 
rent  usage.

Gynandriris m onophylla  was redescribed,  ap 
paren tly independently by Heldreich  in 1876, the 
epi thet  m onophylla  again being used,  though at 
varietal  rank,  as Iris s isyrinchium  var. m onophyl
la. The  species has generally been  accorded  re
cognit ion as a variety of  G. sisyrinchium  in local 
and regional floras subsequen t  to its t rea tment 
by Heldreich  (e. g., Richter  1890, Halacsy 1904, 
Boissier 1884, Muschler  1912, Drar 1925, Post 
1933, Täckholm  & Drar 1954 (under  the name 
var.  minor)-, Rechinger 1943, etc.).  In t rea tments 
o f  larger  areas,  however ,  G. monophylla  has 
usually been  relegated to synonym y as in D ykes ’ 
m onograph  of  Iris (Dykes 1913), as well as by 
B aker  (1892) and Fos te r  (1936).

My own field observa tions  of  G. sisyrinchium  
and  G. m onophylla  have convinced  me tha t  G. 
m onophylla  is indeed a distinct plant and worth  
specific recognition.  In mainland Greece it is 
confined to the Attic peninsula where  it ranges 
f rom Athens  east along the coas t ,  and locally 
inland, to Cape Sounion.  It grows in open  areas 
with shallow soil, or  where the vegetat ion has 
been  much trampled,  but  is absent  from very 
rocky  or  heavily vegetated sites. Interest ingly,  at 
some places,  e.g.,  Fi l ipapou hill in Athens and 
a round  the temple at Sounion,  G. m onophylla

grows together  with G. s is y r in c h iu m , and  in 
these si tuations the dif ference be tw een  the two 
species is quite striking. F low ers  o f  G. m o n o 
phylla  are pale b lue-gray ,  dull co lored ,  and less 
than  half  the size of  the large,  bright  and often 
deep b lue-purp le  f lowers  o f  G. s isy r in c h iu m . 
W here  I have seen  them  growing toge ther there  
are no signs o f  in termed iate forms and  both  s p e 
cies are ra ther  uniform morphological ly al
though,  as often noted,  G. sisyr inch ium  varies in 
height ,  though not in these  a reas  in f lower size.

E lsewhere  in Greece ,  G ynandriris  m onophylla  
occurs  on Aegina,  Crete,  and  on the small island 
o f  G audos  off southern Cre te .  It is evidently  rare 
on Aegina and is not know n to Pauline Haritoni- 
dou,  w ho  has studied the i s la nd ’s f lora in detail .  
On G audos ,  Dörfler  o b s e rv ed  G. sisyrinchium  
growing together with G. m o n o p h y lla  (Dörfler  83 
[W]). G. m onophylla  has a  w ider  range  in N or th  
Africa,  where it occurs  along the coas t  of  L ibya  
and Egypt with an eas te rn  ex tens ion  into n o r th 
ern Sinai (see Post  1933), and  Israel ,  where it is 
rare.  A1 least two collect ions (Zohary  13335 & 
13371) from the Negev  seem  to belong in this 
species.  G. m onophylla  appea rs  to be more var i
able in N. Africa,  and f lowers  range from the 
small size found in G reece  to  ra the r  larger  ones 
especial ly in the Nile del ta  region (e. g., Balls 
s.n.  [E]).

It is usually easy to recognize  Gynandriris  
m onophylla  e i ther  live or  dry by its very small 
f lowers with tepals , s tam ens ,  and  style branches 
all considerably smaller (Fig. 6 A) than  in the 
related but far more c o m m o n  G. s isyr in ch iu m . 
Occasionally problem s m ay  be encoun te red  in 
distinguishing unusually small f lowered and 
dwarfed  specimens o f  G. s isyrinchium  f rom 
larger f lowered forms o f  G. m o n o p h y l la . Colour 
may be useful here,  s ince G. m onophylla  has 
pale blue-gray f lowers w hich  con t ra s t  sharply 
with the clear  and dark  blues  and b lue-purp les  of  
G. s isyr inch ium . In dried material  intermediate 
forms are harder to nam e though  generally a n 
ther  size is a good guide.  Plants  with  anthers 4 
mm or less are almost  cer ta in ly  G. m o n o p h y lla , 
while those with an thers  4.5 mm  or  longer are G. 
s isyr inch ium .

E xclu ded  species

1. Gynandriris apetala  (L. Bol.) R. C. Foster, 
Contrib. Gray Herb. 127: 48. 1939 =  Moraea  
cooperi Baker (Goldblatt 1976 b).
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2. Gynandriris italica (Pari.) Sanguinetti, Prod. 
Flor. Romae 747. 1864 =  Iris chamaeiris  Bertolini 
(D ykes 1913).

3. Gynandriris longiflora  (Ker) Foster. Contrib. 
G ray  Herb. 114: 40. 1936 =  Moraea longiflora  
K er  (see Goldblatt 1976 b).

4. Gvnandriris sicula (Todaro) Todaro , F lora Sicula 
3 :7 3 .  1908.

This species was described (as Moraea)  from a plant 
found in the botanical gardens in Palermo by T odaro  
(1887-1892), who knew the related G. sisyrinchium  
well, and contrasted the two species in his description. 
He distinguished G. sicula  by a consistently solitary 
leaf (versus  two leaves in com m on forms of G. sisyrin
ch ium ),  very  short outer tepal claws, short style crests, 
and im portantly , speckled markings on the limbs of the 
ou ter  tepals. This species is often recognized in floris- 
tic w orks of Italy and Sicily, som etimes as a variety of 
G. sisyrinchium ,  and by various synonyms.

I have attem pted to find plants matching the type 
illustration in Sicily and with the help of Dr. S. Brullo, 
U niversity  of Catania, visited several places where 
populations, locally thought to match G. sicula,  o c 
curred, i.e. coastal southeastern  Sicily (Albo 1919). 
Plants located  mostly had a solitary leaf, but otherw ise 
differed in no significant way from typical G. sisyrin
ch ium ,  having similar pale b lue-purp le  flowers, and 
tepal claws about as long, or longer than the limbs. As 
d iscussed under G. s isyrinchium , I prefer to exclude G 
sicula entirely. Until wild plants matching the type are 
located, it seems best to assum e this plant was a m u
tant or teratological form o f  G. s isyrinchium . It is, 
how ever,  relevant to point out that the southern Afri
can G. simulans  has speckled tepals, and unusually 
short tepal limbs, and the possibility cannot be ex
cluded that  this species was in cultivation at Palermo. 
The type illustration o f  G. sicula  does not sufficiently 
resemble G. simulans  to permit recognition o f  these as 
conspecific.

The synonym y o fG . sicula is as follows:
Gynandriris sicula (Todaro) T odaro , FI. Sicula 3: 73. 

1908. — M oraea sicula T odaro , Hort. Bot. Panorm . 2: 
43, Tab. 34. 1887-1892. — Type: Italy, southern Sicily, 
cult. Hort. Bot. Palermo, Todaro  s.n. (FI, holotype).

Iris todaroana  Ciferri & Giacomini, N om enclator. 
Fl. Ital. vol 1: 150. 1950.

Iris m aculata  Todaro ex Zangeri, Flora Italica 1, 
877. 1976 nom superf. pro Iris todaroana  Ciferri & 
Giacomini.

Iris sisyrinchium  var. sicula  Fiori, N uova FI. Anal, 
d ’ltal. 303. 1923-25; Borg, Descr. FI. Maltese Is. 707. 
1927.

In synonym y only: Iris m acula ta  Todaro. In Loja- 
cono, FI. Sicula 3: 73. 1908

5. Gynandriris spiralis (N. E. Br.) Foster, Contr. 
Gray Herb. 114: 41. 1936 = Barnardiella spiralis 
N. E. Br.) Goldbl. (Goldblatt 1976 c)

6. Gynandriris s tenocarpa  (Schltr.) R. C. Foster. 
Contr. Gray Herb. 127: 47. 1939 = Moraea  
cooperi Baker (Goldblatt 1976 b).
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Ten species of  Stereocaulon  Hoft'm. are recorded from N ew  Zealand and of this num ber 
five (S. argus  Hook, fil. & Tayl.,  S. colensoi Church. Bab., S. gregarium  Redinger, S. 

fronduliferum  Lamb, 5. loricatum  Lamb) appear to be endemic there. Argopsis  megalospo-  
ra Th. F r.,  is confined to the subantarctic  islands (Campbell Island and the A uckland 
Islands, but not M acquarie Island) and has not yet been positively identified from  the 
mainland of New Zealand. A key is given to species recognised in the N ew  Zealand flora 
together with details o f  chem istry , distribution, habitat, morphology and nom enclature.

David J. Galloway, D epartm ent o f  Botany, British M useum  (Natura l H istory), Cromwell  
Road, L ondon  SW 7 5BD, England.

The l ichen family Stereocaulaceae  was first p ro
posed  by  Duvigneaud (1944) to comprise the 
genera  Argopsis  Th.  Fr . ,  Pilophorus  Th.  F r . ,  and 
S tereocau lon  Hoffm.,  which were  earl ier inc lud
ed in the Cladoniaceae (Zah lbruckner  1926, 
Smith 1921). Cooke  & H aw ksw or th  (1970) re 
cord tha t  the first valid publicat ion of  the family 
S te reocau laceae  was by Chevall ier ,  1826-27, as 
an “ o r d e r ” , with the spelling “ S te reocau leae” . 
D uv igneaud ’s studies on the development o f  the 
erec t ,  spore-bearing s tructures  (podetia) of  the 
Cladoniaceae  s. la t . , showed that in A rgopsis  
and Stereocaulon  the ontogeny of  the fertile 
s talks o f  the secondary thal lus is fundamental ly 
different  from that of  species of  Cladonia  and 
B a e o m y c e s . He used Vain io’s (1890) te rm, pseu- 
dopodet ia ,  to describe the erec t ,  secondary thal
lus o f  Stereocaulon  and later  s tudies (Lamb 
1951, 1977, Jahns  1970, H enssen  & Jahns  1973) 
have confirmed and ex tended  this view, adding 
to the Stereocaulaceae  the genus Com psocla-  
dium  L am b  (Lamb 1956).

Species  of  Argopsis  and Stereocau lon  are 
saxicolous or terr icolous and in New Zealand are 
found colonising a wide range of  rock and soil 
types ,  with some species being ±  restr icted to a 
par t icular  substrate e.g. S. vesuvianum  occurs  
mainly on volcanic soils and  on lava.  The  
pseudopodetia  arising from a crus tose  or  granu- 
lar-verrucose or scale-like pr imary thallus which 
is frequently evanescent ,  can be  erect ,  tufted,  ±

copiously  branched  s tructures  up  to 25 cm tall 
(as in robus t  forms o f  S. ra m u lo su m ) ,  or  small,  
simple and densely crow ded-caesp i tose  as in S. 
ca esp ito su m  and S. g reg a r iu m .

The delimitat ion o f  S tereocaulon  was  di
scussed by Dodge (1948) and L a m b  (1951, 1977). 
L am b (1974) also described the anatomy,  
chemist ry  and  morphology  of  A rgops is  toge ther 
with distr ibutional  da ta  on its three  species.

The first col lect ion of  S tereocaulon  f rom New 
Zealand was made  by Joseph Banks  and Daniel 
Carl Solander,  naturalists on Captain  James  
C o o k ’s bark E n d ea v o u r  during the c i rcumnavi
gation of  1769-1771. A specimen of  5. ram u lo 
sum  (Sw.) Rausch . ,  from an unidentif ied coastal 
locality is p reserved  in BM. In 1791, Archibald 
Menzies,  natural is t to George V a n c o u v e r ’s Dis
covery  expedit ion of  1791-1795, ga thered  5. 
ram ulosum  f rom the shores of  Dusky Sound,  
specimens  of  which are preserved in the herbaria 
of  BM, E,  L IN N -S M  and S.

The  nine teenth century  saw an expansion of 
collect ing and subsequen t  taxonom ic  appraisal 
o f  N e w  Zealand lichens including species of  
S tereocaulon  (see Richard 1832, Cunningham 
1836, H o o k e r  & Taylor 1844, Montagne 1845, 
Raoul 1846, Babington 1855, N ylander  1858, 
1860, 1876, 1888, Lindsay 1866, 1868, 1869, 
H ooke r  1867, K rem pelhuber  1868, 1870, Knight 
1884, Hue  1892-1898, Müller Argoviensis  1894, 
1896 a, Hellbom 1896) and at the close of  the
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century the Stereocaulon  f lora of  N ew  Zealand 
( including the subantarct ic  is lands to the south)  
based largely on the collect ions of  Banks  and 
Solander,  Berggren,  Buchanan ,  Colenso,  D ’U r 
ville, Filhol , Haas t ,  Hec to r ,  Helms,  H ooker ,  
Knight,  L indsay,  Menzies  and Sinclair  n u m 
bered six species: S. argus  Hook .  fil. & Tayl . ,  S. 
cortica tu lum  Nyl. ,.S.  colensoi  Church .  Bab. ,  S. 
fro n d u li fe ru m  Lam b (based on Bab ing ton’s 
taxon S. ram ulosum  var.  c o m p r e s su m ), S. ra m u 
losum  and S. vesuvianum  Pers . ,  with several  
varieties and  forms o f  S. ram u losum  accounting  
for  most  o f  the synonyms exist ing in the l i tera
ture up to that  time. Apar t  from a few collect ions 
o f  Colenso,  Haas t ,  H ec to r ,  Monro  and Sinclair  
made  from mountainous inland areas  in the 
1860’s, mos t  of  the nineteen th  century  spec i 
mens  of  Stereocaulon  to be found in E u ro p ea n  
herbaria deriving from N ew  Zea land  are from 
lowland and predominant ly  coastal  localities.

In con t ra s t  to the proliferat ion of  published 
work  relat ing to N ew  Zea land  l ichens tha t  was  
character is t ic  of  the last 15 years of  the nine
teen th  century,  for the first two decades  o f  the 
20th,  little o r  nothing was done.  A mong the few 
l ichens identified by Lindau (1909) from a co l
lection made in the subantarc t ic  were S. argus  
f rom the Auckland Islands ( recorded  as 
Sphaerophorus  argus),  and 5.  argus  ( recorded  
as S. argodes)  and S. ram ulosum  f rom the A n t i 
podes  Islands,  gathered by Leonard  Cockayne .

The  lichenological riches o f  N ew Z e a la n d ’s 
mountains  (particularly those of  South  Island) 
were not explored to any significant extent  until 
the arrival o f  the Swedish  botanis ts  G. E inar  and 
Gre ta  Du Rietz in 1926-27 when the first c o m 
prehensive collect ions of  alpine lichens were 
made.  In Du Rietz's he rbar ium (the l ichens will 
be distr ibuted  to S, GB, U PS  and LD) copious  
collect ions o f  Stereocaulon  contain the fol lowing 
species: S. argus, S. caesp itosum  Redinger,  S. 
cortica tu lum , S. frondu li ferum , S. gregarium  
Redinger,  S. ram ulosum  and 5.  v e s u v ia n u m . A l
though Du Rietz never  published a detai led a c 
count  of  his New Zealand l ichen collect ions, he 
act ively encouraged several  local bo tanis ts  to 
include l ichens in their col lect ions with the result  
that H. H.  Allan (Galloway 1976), G. Simpson 
and J. S. Thomson  collected l ichens from many  
parts  o f  both  North and South  Islands,  dupli 
cates  of  which were sent  to Zah lb ruckner  (1941) 
in Vienna  for  determination.

F rom  these collect ions Red inger  (1936) d e 
scribed tw o  new species f rom South Island c o l 
lections o f  Simpson and T h o m so n ,  naming th e m
S. caesp ito sum  and 5. g r e g a r iu m . Dodge (1948) 
descr ibed S. pulv inare  Dodge f rom New Zea land  
material that is, in my opinion,  only a caesp i to se  
coastal  modificat ion of  S. r a m u lo su m . His la te r  
accoun ts  of  N ew  Zea land l ichens contain m any  
equivocal  taxa,  for  exam ple  his use of  S. a rgodes  
Nyl. ,  refers  to S. lor ica tum  L am b ,  and to  S. 
argus  (F ineran  & Dodge 1970, F ineran  1971) and  
the nom. nud.  S. traversii (Hue)  Dodge (F ineran  
1971) to S. r a m u lo s u m . The  ex t reme poly- 
morphy of  S. ram ulosum  in N e w  Zealand ( inci
dentally not suppor ted by any variat ion in c h e m 
istry) has  confused many au tho rs  over  the years  
result ing in the es tab l ishment of  many s u p e r 
f luous names.  The  accoun ts  of  Dodge (1929), 
Z ah lb ruckner  (1941), Mart in (1966) and Mart in  & 
Child (1972) perpe tua te  the bu rden  of  i rrelevant  
nomencla tu re  surrounding this highly plast ic and 
adap tab le  species, and fu r ther ,  present  a c o n 
fused view of  speciation in the genus  in N e w  
Zealand.

A prel iminary report  on tw o  species new  to 
N e w  Zealand,  S. loricatum  and S. trachyphloe-  
um  L a m b  (Galloway et al. 1976), is a prelude to 
the presen t  s tudy. In a recen t  synoptic world 
trea tm ent of  S te re o c a u lo n , L am b  (1977) records  
11 species and 12 infraspecif ic  taxa  from N ew  
Zealand including a new spec ies  S. wadei L a m b  
which is, in my opinion,  mere ly  a chemical  strain 
of  S. co r t ica tu lu m . Valuable though  L a m b ’s ac 
count  is, I feel that it gives too  much taxonomic  
weight to often only minor  modificat ions,  usually 
envi ronmenta l ly  induced,  and fails to take into 
account  the ex t reme mofphological ,  and s o m e 
times also chemical varia t ion that  is encountered  
in N ew  Zealand popula t ions  of  S te re o c a u lo n . 
Indeed it is a matter  for  regret  that  so many 
subspecif ic taxa  are r eco rded  for what  I can only 
regard at present  as ecological variants  of  plastic 
species.

Material and methods

Collections. In view of the conflicting evidence in the 
literature regarding speciation in Stereocaulon  in New  
Zealand and of the proliferation of poorly defined in
fraspecific taxa, a revision of the New Zealand species 
was undertaken. In this revision I have used my own 
collections made over 18 years from the Three Kings 
Islands (lat. 34°S) in the north of New Zealand, to 
southern Stewart Island (lat. 47°S) in the south. In
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addition, type and other material was examined in, or 
borrowed from the following herbaria: BM, CANU, 
CHR, E, FH, H, H-ACH, H-NYL, LD, LINN-SM, 
MEL, OTA, S, UPS, UPS-ACH, UPS-THUNBERG, 
UPSV, W and WELT. Most of the published taxa 
relating to Stereocaulon  in New Zealand were re
examined as well as all relevant 18th and 19th century 
collections.

A n a to m y  and  m orphology . The taxonomic importance 
of pseudopodetial branching, phyllocladia, cephalodia, 
soredia, apothecia and pycnidia are reviewed in detail 
by Lamb (1951), and for the definition of anatomical 
and morphological terms the reader is referred to this 
account. The development of pseudopodetia and also 
details of ascocarp ontogeny in Stereocaulon  are di
scussed by Duvigneaud (1944), Lamb (1951), Jahns 
(1970) and Henssen & Jahns (1973).

C hem is try .  Specimens were extracted in hot acetone 
and the extracts examined by thin-layer chromato
graphy (TLC) by the method of Culberson (1972). 
Compounds identified from the New Zealand species 
of Stereocaulon  and from A rgopsis  megalospora  are 
detailed in the accounts of Cambie (1968), Culberson 
(1969, 1970), Culberson et al. (1977), Fox & Huneck 
(1970), Fox et al. (1970) and Lamb (1974, 1977).

K ey to  genera

1. Apothecia expanded, to twice as wide as support
ing branch, or wider, thalline exciple massive, ±  
cupuliform, coarsely wrinkled-scabrid, disc 
slightly concave to plane, spores large, broadly 
cylindrical-ellipsoid, muriform, 1—3(—6) per ascus
.................................................................................. A rgopsis

-  Apothecia rarely wider than supporting branch, 
thalline exciple rarely well developed, often 
obscured by disc which is frequently con- 
vex-subglobose, spores narrowly elongate-fusi
form, 1-13-septate, 8 per a s c u s  Stereocaulon

A rgop sis  T h. Fr.

Thallus  dimorphic.  Primary thallus small, ver ru-  
cose ,  soon disappearing.  Secondary  thallus  of  
pers istent ,  fruticose,  often richly branching 
pseudopodeti a  which are firmly at tached to the 
subst ra te  by a s tout  holdfast ,  pseudopode tia with 
inconspicuous  cephalodia and with ±  sca t tered  
phyllocladia.  A pothecia  terminal ,  often large,  
expanded ,  disc plane with a prominent  margin 
and massive thalline exciple.  Spores  large, m ur i 
form, 1—2(—6) per ascus ,  broadly cylindrical-  
ellipsoid. Pycnidia  somet imes  present ,  be low  
apothecia ,  minute,  swollen, clustered,  ostiole 
punc ta te ,  black.  P ycnospores  filiform, curved.

Argopsis  is a Southern  Hemisphere  genus  of  
three species (Lamb 1974) which are restr icted to 
the Auckland,  Campbell and Crozet  Islands and 
to Kerguelen.  One species is known from the
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N ew  Zea land  botanical p rovince  and occurs  on 
the Auckland  Islands and Campbell  Island.  It has 
not yet  been positively identified f rom the N ew  
Z ea land  mainland.

1. A rg o p sis  m egalosp ora  Th. Fr.

Fries 1858: 335 — Type: Campbell Island. J. D. 
Hooker (UPS! holotype; BM, E, FH! isotypes).

A na tom y ,  chemistry,  distr ibution and  morphol
ogy o f  A . m egalospora  is d iscussed  by L am b 
(1974).

A ffin i ty .  A .  m egalospora  is scarcely likely to be 
confused  with any o ther  l ichen in the N ew  Z e a 
land f lora except  S tereocaulon  argus,  and in the 
A uckland Islands and Campbell  Is land the two 
species  are sympatric .  The  plane,  expanded 
apothec ia l  disc, the massive ,  war ted  thalline ex 
ciple,  the pale and smooth  pseudopode tial  cortex 
and the scarci ty of  both cepha lodia  and phyllo
cladia sufficiently dist inguish A . m egalospora  
f rom S . argus.  Fur ther ,  the large muriform 
spores  o f  A. m egalospora  are characterist ic.

H a b ita t  a nd  distribution. A .  m egalospora  is a 
suban ta rc t ic  species found on  exposed  rock  ou t 
c rops  in subalpine grasslands open shrublands 
and am ong  fellfield vegetat ion on the Auckland 
Islands  and  on Campbell  Is land (Lam b 1974). It 
is not know n from further  south on Macquarie 
Island or  to the north on  S tewar t  Island or  the 
sou the rn  mountain  ranges of  South  Island in 
N e w  Zealand.  It  appears  to be one o f  a group of  
relict species (Knightiella splachnirim a  (Hook,  
fil. & Tayl .)  Gyelnik,  Siphulastrum  triste Mull. 
Arg. ,  Siphula  subcoriacea  Müll. Arg.,  Steinera  
spp . ,  and  Stereocaulon  argus  are others)  res tr ic
ted to exposed  subalpine areas be tween lat. 
44-57°S in the southern  Pacific Ocean ,  which 
may possibly represen t  fragments  of  a  once more  
w idespread  antarct ic  f lora (represen ta t ive of  the 
sou the rn  margin of  Gondwanaland)  lost from 
N e w  Zea land  and the Antarc t ic  con tinen t  possib
ly as a result o f  widespread glaciat ions in Plei
s tocene  t imes (Galloway 1979). Specimens of  A.  
m ega lospora  were  examined  in BM, CH R,  OTA 
and U PS.

S tereo ca u lo n  Hoffm.

Thallus  dimorphic.  Prim ary thallus  small crus- 
tose,  granular ,  ver rucose or  squamulose  soon
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disappearing,  very seldom persis tent .  Secondary  
thallus  erec t ,  of  simple or b ranching  p seudopo
detia which are firmly a t tached  to the subs trate 
by a ±  well developed  basal  holdfast ,  p s e u d o p o 
detia  cort icate or  ±  comple te ly decor t icate,  c o v 
ered with verrucae  or  simple or  branched  phy l
locladia which are usually te re te  and cor t icate,  
medulla loosely woven  contain ing  colonies o f  a 
green protococco id  alga, chondro id  axis of  
thick-walled longitudinal hyphae ,  cephalodia  
abundan t  to rare,  containing a b lue-green alga. 
A po thec ia  terminal , lecideine,  disc frequent ly 
convex,  occasionally plane and marginate,  
b row n or red-brown to black,  hypothec ium  u su 
ally colourless,  brown in some species,  para-  
physes  simple,  asci clavate to cylindrical,  8- 
spored.  Spores  colourless,  thin-walled,  e lon
gate-ell ipsoid to cylindrical-fusiform or verm i
form transversely 1-13-septate. Pycnidia  te rm i
nal or  lateral , immersed,  ovoid to spherical ,  
da rkened about  the ostiole. P ycnospores  filiform 
to cylindrical,  straight or  curved.

S tereocaulon  is a genus of  some 123 species of  
wide distribution, 10 species of  which occur  in 
the New Zealand flora. Of  this num ber  five ap 
pear  to be endemic.

K ey to S tereocau lon  in N ew  Z ealan d

1. Phyllocladia with dark centres and light margins 
............................................................. 1.5.  vesuvianum

-  Phyllocladia without dark centres ............................ 2
2. Pseudopodetia 0.3-3 (rarely to 6) cm tall ...............3
-  Pseudopodetia ( 1—)3—25 cm t a l l ................................6
3. Pseudopodetia (1—)3—10 mm tall, mainly simple, 

phyllocladia absent ...........................................................4
-  Pseudopodetia to 3 (rarely to 6) cm tall, phyllo

cladia present or absent ..................................................5
4. Cephalodia persistently pale, w rinkled-scrobicu- 

late, apothecia convex , immarginate, h y p o th e 
cium colourless  9. 5. gregarium

-  Cephalodia brown-black, scabrid, apothecia 
plane, distinctly marginate, hypothecium  brown 
.................................................................8. 5. caesp itosum

5. Pseudopodetia simple or sparingly b ranched ,  to 3 
cm tall, phyllocladia and soredia absent,  cortex 
continuous, distinctly verruculose-areola te  .........

....................................................................10. 5. loricatum
-  Pseudopodetia branched, never simple, phyllo

cladia present ±  sorediate , cortex  con tinuous or 
in flaky patches  ............................... 4 . 5 .  corticatulum

6. Phyllocladia flattened, paler on underside , hypo
thecium b r o w n ............................... 5 . 5 .  frondu liferum

-  Phyllocladia terete, hypothecium colourless . . . .  7
7. Cephalodia distinctly stalked .......................................8
-  Cephalodia sessile or  only verv slightly stalked

........................................................... ' ................................. 9

8. Cortex of pseudopodetia verruculose-areolate, 
apices and phyllocladia sometimes sorediate, 
spores (l-)3^f-septate .............7. 5. trachyphloeum

-  Cortex of pseudopodetia smooth to wrinkled, 
apices and phyllocladia never sorediate, spores 
(5-)6-9(-13)-septate ..............................3. 5. colensoi

9. Phyllocladia numerous, cephalodia large, irregu
lar-wrinkled, apothecia small, disc convex, red- 
brown .................................................6. 5. ramulosum

-  Phyllocladia sparse, cephalodia small, globose, 
sparse, apothecia large, disc plane to slightly con
vex, brown-purple to black ................... 2 . 5 .  argus

In the discussion of species which follows, the arran
gement of taxa is alphabetical within the system of 
subgenera, sections and subsections outlined by Lamb 
(1977).

1. S tereocau lon  vesu v ian u m  Pers . ,  Fig. 1

Persoon 1810: 19 — Type: Italy. In Monte Vesuvia 
(H-ACH! isotype; L-PERS holotype not seen). For 
synonymy see Lamb (1977).

Thallus  to 3.5 cm tall. P seu d o p o d e t ia  s imple or  
sparingly branched ,  tapering f rom base to apex,  
decor t ica te  and rather  pruinose.  Phyllocladia  on 
shor t ,  thick stems,  rounded ,  pel tate ,  becoming 
w ar ted-convolu te  with a p rominen t  dark  g reen
ish-grey cent re and pale margins,  small and 
c row ded  at apices of  p seudopode t ia ,  larger and 
more  d ispersed towards  base  o f  pseudopodet ia .  
Cephalodia  ±  sessile,  in f requent ,  dark  green,  
black or  brown,  ra ther  a m o rp h o u s ,  gelatinous,  
shining,  clustered at base o f  phyllocladia to 
w ards  the base of  pseudopodetia .  A po thec ia  rare 
in N ew  Zealand material,  w hen  present  mainly at 
apices o f  pseudopodet ia,  to 1 mm in diam.,  disc 
pale b rown with a p rominent  conco lorous  margin 
when  young,  occ luded at maturi ty.  Spores 
3—5(—6) septa te ,  (25—)30—50(—55) x  2 .5 -3 .5  a  m 
(L am b  1977).

C h e m is tr y . Atranorin and stictic acid,  ±  norstic- 
tic acid.

A ffin ity .  S. vesuvianum  is d is t inguished  from all 
o the r  species in the N e w  Zea land  f lora by char 
acteris t ic  morphological and chemical  differ
ences ,  viz.,  the clustered pel tate phyllocladia 
with darker  centres  and pale margins ,  and the 
p resence  of  stictic acid in the medulla.  Taxono- 
mically it is remote  from o the r  species  of  Stereo
caulon  found in New Zea land ,  being placed in 
subgen.  Stereocaulon  sect .  D e n u d a ta ,  whereas 
all o f  the o ther  species are included in subgen. 
H oloste l id ium  (Lam b 1977). The  species shows
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Fig. 1. Stereocaulon vesuvianum. — A: New Zealand, Rangitoto Island, H. H. Allan (CHR). — B: New Zealand. 
Mt Tarawera, A. S. D. King (CHR). — Scale in mm.

cons iderable  variation in its morphology from 
erec t ,  ±  conical clumps or  tufts to a sca t tered ,  
closely appressed  crust o f  phyllocladia on very 
reduced  pseudopodetia.  Both forms are i l lustra
ted (Fig. 1) and a full range of  intermedia tes 
exists be tween  these two ex t remes .  L am b  (1977) 
records  S. vesuvianum  var.  nodulosum  (Wallr.) 
L a m b  f. um bona tum  (Wallr.) Lam b,  and var.  
kilim andscharoense  B. Stein,  as occurr ing in 
N ew  Zealand,  but as these taxa  appear  to define 
only environmental ly induced modificat ions 
within the known range of  variation of  S. vesuvi
a n u m ,  I consider  such subspecific taxa  to be 
superfluous.

H abita t and  distribution. S. vesuvianum  is a 
cosmopol i tan species widely distr ibuted in both 
N or thern  and Southern Hemispheres  being par 
ticularly characterist ic of  volcanic soils. In N e w  
Zealand (Fig. 2) it is frequently encountered  on 
lava flows of  even quite recent  age and on pu m i
ce soils of the Volcanic Plateau (North Island),  
on Mt Egmont and on Rangitoto Island.  It is 
genuinely rare in South Island being known there 
from only four localities, Waiau Pass on the 
border of  Nelson and Canterbury  (Galloway & 
Simpson 1978), from alpine grasslands above  the 
Lewis Pass on the slopes of  Mt Technical ,  and-

Kermadec 30°-Norfolk

Three Kings Is

Campbell

Fig. 2. Known New Zealand distribution of Stereocau
lon vesuvianum (dots with a star) and S. colensoi 
(dots).
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Fig. 3. Stereocaulon  argus.  —  A: Campbell Island, J. D. Hooker (BM lectotype). — B: Campbell Island, M. 
Filhol (H-NYL 40013 p.p. lectotype of S. argodes  Nyl.). — Scale in mm.

f rom the slopes of  Hill’s Peak  and Mt Misery 
near  Cass ,  the last two localit ies having been 
d iscovered  by G. E inar  and G re ta  Du Rietz in 
1927. The  record  of  S. vesuvianum  f rom granite 
p av em en t  on the summit  of  Sm i th ’s Lookou t  at 
the sou thern  and of  S tewar t  Is land (Galloway 
1968) is in error ,  the plant  conce rned  being an 
aberrant  fo rm of S. gregarium .  Specimens  of  S. 
vesuv ianum  were examined in BM, CH R,  
H -A C H  and  S.

2. S tereo ca u lo n  argus Hook.  fil. & Tayl . Fig. 3

Hooker & Taylor 1844: 653 — Type: Campbell Island. 
J. D. Hooker (BM, UPS! isolectotypes; FH lectotype 
not seen). — Stereocaulon macrocarpum  var. argus 
(Hook. fil. & Tayl.) Th. Fries 1857 p. 22.

Stereocaulon argodes  Nylander 1876 p. 87. — Type: 
Campbell Island. M. Filhol (H-NYL 40013! lectotype 
here designated).

Thallus  la rge,  robust  4~7(-10) cm tall, branching 
±  d icho tom ous  at base becoming sympodial  to 
wards  ap ices .  P seudopodetia  very  firmly a t
tached  by  a well developed  holdfast ,  basal or  
pr imary  b ranches  stout  1.5—3(—5) mm wide,  often 
decor t ica te ,  smooth ,  to s trongly vertically fur

rowed  and cracked ,  u p p e r  par ts  o f  branches  
mostly corticate a l though the cor tex  may ex tend 
to the base of  pseudopodet ia ;  co r te x  coarse 
and strongly rugose to  ve r rucose  or  areo- 
late-cracked.  Phyllocladia  sparse ,  cort icate,  
with smooth  white shining tips,  s imple,  terete,  
gnarled,  fingerlike at first and  of ten  ±  restr icted 
to the base of  pseudopode t ia ,  becom ing  f lat te
ned,  coral loid-branched at matu r i ty  (to 7 mm 
long) and often ridged and  c racked ,  at the apices 
of  pseudopode tia the phylloclad ia  are smaller  
and nodular,  rounded or  f la t tened.  Cephalodia  
developed on large pseudopode t i a ,  small,  globo
se 1.5(-2)-5 mm in d iam.,  sm oo th  or  coarsely 
rugose,  sessile or  very  short ly stalked,  grey
ish-white,  surface sm ooth ,  matt ,  nev e r  areolate 
or  maculate.  A po thec ia  te rminal ,  large (to 5 mm 
in diam.) ,  disc b rownish-purple  to black,  plane in 
immature  fruits and then  with  a consp icuous  pale 
margin,  becoming convex  and immarginate  at 
maturi ty,  hypothecium 15 p m  tall, colourless to 
pale brownish ,  asci c lava te  6 -8-spored .  Spores  
colourless to pale yel lowish ,  3 -7-sep ta te ,  30-50 
x  4—6 p m .

Chem istry .  Atranorin and  perla tol ic  acid.
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A ffin i ty .  S. argus  may be  confused  with Argopsis  
m e g a lo s p o r a , the two species  are often sympat-  
ric and  share a similar geographical  distribution 
and habi ta t  preference  (see under  the latter  spe
cies).  5.  argus  may also be mistaken  for  some 
forms  or S. ram ulosum  h o w ev e r  the cor tex o f  the 
pseudopode t ia ,  the s truc ture  of  the phyllocladia 
and cepha lodia  distinguish S. argus  (the chem is 
try o f  the two species is similar) and  when it is 
fertile the fruits of  the tw o  species are easily 
separab le.

H a b ita t  a nd  distribution. S. argus  is a  sub
antarc t i c  species found on  rocks  in open wind
sw e p t  grasslands in the Auckland  Islands,  
Campbel l ,  Macquarie and Antipodes  Islands.  
There  is also a record  of  the species from the 
summit  o f  Smith’s L o o k o u t  on Stewar t  Is land,  
the m os t  southerly elevated por t ion  o f  that island 
(Galloway 1968) how ever  the material  is in poor  
condi t ion and as the immature fruits do not c o n 
tain spores  the possibili ty exists  that  the material  
may be a form of S. r a m u lo su m . Although the 
diagnosis  o f  S. argus  was conf irmed (I. M. L am b  
in litt.) the species has yet  to be positively iden
tified f rom the New Zea land  mainland.

S p ec im en s  examined. C ampbell I s la n d : J. D. Hooker 
(BM, E, H-NYL, UPS) — M. Filhol (BM, H-NYL) —  
Mt Beeman, 1958 expedition (BM, CHR) — A uckland  
Islands:  D. Horning (CHR) —  M acquarie  Island: D. 
Horning (CHR) — A ntipodes  Island:  L. Cockayne 
(CHR).

3. S tereocau lon  co len soi Church .  Bab. ,  Fig. 4

Babington 1855: 295 — Type: New Zealand. Colenso 
2746 (BM! holotype, H-NYL 40133 a, WELT L989! 
isotypes) Although the holotype (BM) contains no lo
cality data, the Colenso herbarium (WELT) has an 
isotype collection (Fig. 4) labelled in Colenso’s hand
writing “ . . . Stereocaulon,  a truly beautiful species, 
summit Ruahine. S. botrys W. C.” , see also Colenso 
(1884). — Pilophoron colensoi  (Church. Bab.) Knight 
1884 p. 400. — Corynophoron colensoi  (Church. Bab.) 
Nylander 1888 p. 15.

Stereocaulon colensoi  var. caliginosum  Lamb 1977 
p. 288 — Type: New Zealand, North Island, Kai- 
manawa Range, Thunderbolt Peak, 150 m D. J. Gallo
way 1972 (FH! holotype, CHR! isotype).

Thallus  large, robust  to 8 cm tall, f irmly at tached 
at  base by a well developed  holdfast and there 
often conspicuously g rooved and longitudinally 
fu rrowed with little lateral cracking,  branching 
variable,  complex or  simple.  P seudopodetia  
s tout ,  often vertically fur rowed ,  cort icate or  de-

U l l l l l l l U l l l l l l l —

Vy 7L- *v '

Fig. 4. Stereocaulon colensoi,  New Zealand, Ruahine 
Range, W. Colenso (WELT isotype). Scale in mm.

cort ica te ,  cortex cracked  and som ew hat  m ar 
bled,  smooth  or  wrinkled or  ver rucose-areola te ,  
invest ing pseudopodetia  ±  comple te ly to the 
base ,  or  often restricted to near  the apices o f  the 
pseudopode t ia  in the vicinity of  the fruit. P hyl
locladia  cort icate,  shining, smooth ,  slightly 
cracked ,  terete,  fingerlike at first becoming 
b ranched  in older  parts ,  numbers  very variable,  
num erous  or  sparse.  Cephalodia  very distinctly 
stalked,  ficoid (Fig. 5), often num erous ,  single or 
clustered ,  frequently associated  with phyllo
cladia,  large, greyish-blue,  surface distinctly 
convolu ted  and maculate or  areolate-scabrid.  
A po thec ia  com mon,  lateral and terminal ,  disc 
black or  dark  brownish-b lack,  to 5 mm wide,  
immature  fruits plane or  concave  with a c o n 
spicuous  pale margin,  matu re  fruits consistently 
convex  and immarginate,  hypothec ium co lour
less. Spores  e longate-fusiform (5-)6-9(-13)-sep- 
tate,  75-100 x 4 - 6 p m .

C hem is try .  Collect ions o f  S. colensoi  exhibit a 
ra ther  variable chemis try  (Fox & H uneck  1970, 
F ox  et al. 1970). The type contains atranorin and 
colensoinic acid and this pat tern is found cons is
tently in collect ions from alpine grasslands of  
central  Nor th  Island.  Collect ions from other  
parts  of  North  Island and from all South,  and 
S tew ar t  Is land localities contain in addit ion to
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Fig. 5. Cephalodia, phyllocladia and cortex  of p seu 
dopodetia of S. colensoi  (W E L T  isotype).

at ranorin and colensoinic acid,  varying quant i
ties of  lobaric,  divaricat ic and perlatolic acids.  It 
has yet to be established conclusively whether  
the chemical  variation shown correlates signifi
cantly with any morphological  variation depen 
dent  on a part icular  ecology. F o r  the present ,  at 
least two chem otypes  are recognized from N ew 
Zealand populat ions of  S. colensoi.

A ffin ity . S. colensoi  is most  likely to be confused 
with some robust  forms of  S. ram ulosum  but it 
differs from this species in a number  o f  important  
respects:  its cephalodia are always distinctly 
stalked and the surface of  these  structures  is 
always  wr inkled-scrobiculate,  scabrid,  macula 
te, never  smooth ,  the phyllocladia are p redomi
nantly simple or furcate not  consistently coral- 
loid-branched,  and their chemical  const i tuents  
are different.  The  p seudopode t ia  of  S. colensoi 
are also,  as  a rule, shor ter  and  s tou te r  than those 
of  5. ra m u lo su m ,  and the mature fruits of  5. 
colensoi  are black whereas  those of  S. ram ulo
sum  are red-brown.  These differences also serve 
to distinguish S. colensoi f rom S. argus  and from

S. tra c h y p h lo e u m , f rom the N e w  Guinean  spe
cies 5.  s tau ffer i  Lamb (Frey  1967), and from the 
South  American  species S. im p lexu m  Th.  Fr. 
(L am b  1977). As mentioned  above ,  the numbers  
of  phyllocladia in spec im ens  o f  S. co lenso i  is 
very var iable,  as is the ex ten t  o f  deve lopment  of  
the pseudopodet ia l  cor tex  and  the medullary 
chem is try .  At the nor thern  limit o f  its range (lat. 
39°S) individuals  of  5. co lenso i  tend  to be ra the r  
sparsely  b ranched ,  with short  thick p s e u d o p o 
detia,  invested in a wrinkled or  ver rucose  cor tex  
which ex tends  to the base ,  phyllocladia are spa r 
sely developed  and tend  to be grouped  towards  
the base o f  the p seudopode t ia  along with the 
cephalodia .  C o lenso’s type (Fig.  4) is o f  this 
kind. At lower  al t itudes in N o r th  Island and 
th roughout  lowland and suba lp ine areas in South  
and S tew ar t  Is lands spec im ens  o f  S’, colensoi  are 
taller,  more  r ichly branch ing ,  with a less well 
developed  pseudopodetia l  co r tex  and a m uch  
grea ter  development of  phyllocladia.  The in ter 
nal and ex te rna l  appea rance  o f  the apothec ia  and 
cepha lodia  is similar in bo th  types  and be tween  
these  two ex t remes  it is possible to find a fuli 
range of  intermediate  forms.  T he  influence of  
env i ronm en t  on the morphology  of  S. colensoi 
needs careful  observat ion  in the field. The taxon 
S. co lenso i  var. calig inosum  L a m b  (Lamb 1977) 
which is sympatr ic  with typical S. colensoi on 
the summit  of  the K a im anaw a  Range (North  
Island) is merely an exposed  form of the species 
gathered from the nor thern  limit o f  its range and 
does not deserve  any separa te  taxonomic  status 
and for  this reason it has been included in the 
synonym y of  S. colensoi.

H abita t a nd  d is tr ib u t io n :S .  co lenso i  is a subal 
pine species endemic  to N ew  Zealand (Fig. 2) 
found  in primarily und is tu rbed  sites from sea 
level on subalpine blanket  pea t  in southern 
S tewar t  Is land, to 2000 m in mounta inous  areas 
of  both  South  and Nor th  Islands.  It has not been 
collected from any fu r ther  nor th  than lat. 39°S. It 
is a light-demanding species being most  c o m 
monly encounte red  on rocks in grassland above 
the treeline or  on rocks in grass land in open  r iver  
flats at lower  al titudes. It is very  rarely found in 
deep shade in the interior  of  fo res ts  and seems to 
be much less tolerant  of  shade than  S. ram ulo
s u m .  Unlike this latter  species it is not  a par t i cu
larly aggressive coloniser  of  roads ide  cutt ings or 
r iver  shingle, banks  etc.  On glacial errat ics  and
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on rocks  alongside s treams S. co lensoi is fre
quen t ly  found in associat ion with species of  
P la c o p s is , the orange-red terrestr ial  alga Trente-  
pohlia  and the moss R acom itr ium  lanug inosum .  
This part icular  associat ion of  plants  is often the 
subs t ra te  for the growth o f  seedlings of  species 
o f  N o th o fa g u s  (N. m enziesii  and N . so landri  var. 
cliffortio ides ) in forested areas of  South Island 
both  east  and west  of  the Main Divide. Spec i 
mens  (120) of  S. colensoi were examined  in the 
following herbaria: BM, C H R ,  H -N Y L ,  OTA,  S, 
U PS  and W E L T.

4. S tereocau lon  corticatu lum  Nyl. ,  Fig. 6

N ylander 1858: 117 — Type: New Zealand, sine loco. 
W. Colenso 5144 (H -N Y L 40026! holotype, BM, 
W ELT ! isotypes). The location o f  C olenso’s collec
tions 5144 is given on the packet of the isotype in his 
own herbarium (WELT) as “  . . .  On rocks Mt Tarahi 
and Cape Palliser.”

Stereocaulon leptaleum  N ylander 1860 p. 251 — 
Type: Tasmania, sine loco. J. D. H ooker (H -N Y L  
39978! holotype).

Stereocaulon detergens  N ylander 1888 p. 16 — 
Type: New Zealand, sine loco. Ex H erb Jones 1867 
(H -N Y L  40025! holotype —  S. corticatulum  var. 
detergens  (Nyl.) Müller Argoviensis 1894 p. 22.

Stereocaulon humile  Müller Argoviensis 1896 b p. 88
—  Type: Australia, Victoria. Knight 60 (G! holotype)
—  S. corticatulum  var. humile  (Müll. Arg.) Lam b in 
Frey 1967 p. 244.

Stereocaulon corticatulum  var. com planatum  Lam b 
1977 p. 289 — Type: New Zealand, South Island, 
Otago. Taieri Mouth. J. Murray 1421, 1958 (OTA! iso
type, FH  holotype not seen).

Stereocaulon wadei Lamb 1977 p. 305 —  Type: N ew  
Zealand, N orth  Island. Near W hakapapa, Tongariro 
National Park. A. E. Wade 1966 (BM! isotype, FH  
holotype not seen).

Thallus  ra ther  small to 2-3 cm as a rule, robust  
specimens to 6 cm tall, spreading,  without  a de 
f ined holdfast and often forming dense compact  
colonies amongst  mosses or  on small boulders 
and stones in damp places. Pseudopodetia  
smooth ,  rarely slightly furrowed,  mostly ±  te 
rete or  slightly flat tened,  becoming branched  in 
upper  parts,  ±  extensively cort icate,  cor tex  
cont inuous  or  in flaky patches .  Phyllocladia  
sparse and often poorly deve loped,  ±  indist in
guishable from finer cort icate pseudopodetial  
branches,  or  granular papillose,  spherical ra ther  
variable in shape,  sorediate. Soredia  granular ,  
white,  present  on most  parts of  thallus,  in part  
derived  from breakdown of  phyllocladia.  C ep h a 
lodia a t tached  to main stems,  sessile or  short ly

stalked,  pale brownish-grey,  rounded  globose at 
first becoming scrobiculate -  impressed,  cortex 
smooth  or  slightly macuJate.  A pothecia  rare,  
terminal ,  occasionally also lateral ,  to 1.5 mm  in 
diam.,  disc convex ,  b row n or blackish-brown, 
immarginate ,  hypothecium colourless.  Spores  
st raight acicular-fusiform, 3-septate,  35-50 x  2-3 
p m .

C hem istry .  Atranor in,  rangiformic and norrangi- 
formic acids.  The  taxon S. w adei  contains a t ra 
norin,  perlatolic,  glomell iferic and glomellic 
acids (L am b  1977) but  the spec im ens  of  5. corti
ca tu lum  (40 examined) from o the r  parts of  N ew  
Zealand had the normal chemis try.  It is possible 
that  two separate chemical s trains exist in S. 
cortica tu lum  as in o ther  species  of  the genus 
found in N ew  Zealand.

A ffin ity . S. corticatulum  is character ised by the 
presence  of  soredia and is the only species of  
S tereocaulon  in N ew  Zea land  to have these 
st ruc tures  consistently present ,  al though the de 
gree of  product ion  of  soredia is variable ranging 
from a few erose phyllocladia to a dense granular  
covering of  the whole thallus (Fig. 7). Some col
lections of  S. trachyphloeum  are sorediate at 
their apices but  soredia seem to be ra ther  incon-

Fig. 6. Stereocaulon cor t ica tu lum , N ew  Zealand, Cape 
Palliser, W. Colenso (W E L T  isotype). —  Scale in mm.
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Fig. 7. Stereocaulon cortica tu lum , N ew Zealand. Mt 
Peel in grassland, D. J. Galloway (CHR). —  Scale in 
mm.

s tant  in this species.  It is, however ,  quite distinct 
f rom S. cortica tu lum  and could not  easily be 
confused  with it. S. corticatulum  is most closely 
rela ted  to S. delisei Bory,  and S. m elanopota-  
m icu m  L a m b ,  taxa  not occurr ing in N ew  Z ea 
land (L am b  1977). Apart  from the presence of 
sored ia  S. corticatulum  appea rs  similar in m or
phology to S. fronduli ferum  a l though there are 
d ifferences  in size,  and bo th  spore and chemical  
charac te rs .  As in most  species of  Stereocaulon  
in N e w  Zea land ,  S. corticatulum  has a very vari
able morphology depending largely on microha
b itat  and  microclimate,  ranging from small,  ap- 
p res sed  almos t  c rus tose forms in dry,  exposed  
si tuat ions to ±  robust  luxuriant  forms in damp, 
shaded  si tuations. Some of these forms have 
b een  acc o rded  separate t axonom ic  rank e.g. S. 
cor tica tu lum  var.  c o m p la n a tu m ,  var . humile  and 
S. w adei  (this last separated  only on the basis of  
differing medullary  chemist ry)  but  cannot  real is
t ically be  suppor ted  as good independen t  entities 
until com prehens ive  field studies on the species 
a re  under taken .

H a b ita t  a n d  distribution. S. corticatulum  al
th ough  not  a com m on species  is widespread  in
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N ew  Zea land  ranging from the Three  Kings Is
lands in the north  (lat. 34°S) to the sou thern  parts  
o f  S tew ar t  Is land (lat. 48°S) and it has been  col
lected  on both  eas t  and wes t  coas ts  o f  both  
N or th  and South Islands  from sea  level to 2100 m 
(Fig. 8). It  is known also f rom Austral ia  (W ebe r  
& W etm o re  1972), N ew  G u inea  (Frey 1967), 
Tristan  da  Cunha  (J0rgensen  1976) Argentina,  
Chile,  G ough  Islands  and Sou th  Africa (L am b  
1977), its distr ibution undoub ted ly  being effected 
by  wind-blown diaspores.

Although found on exposed  rocks  in subalpine 
si tuat ions it can tolerate deep  shade .  H o w e v e r  at 
p resen t  scant  ecological information  is available 
on this still underco llected  spec ies.  Orwin (1970) 
d iscussed  l ichen success ion on  recently d e p o s 
ited rock surfaces in several  sites in the Southern  
Alps of  South  Island and r eco rd s  that for  some 
rock  surfaces exposed  for  29-40 years, at 29 
years exposure  14 %  of  the l ichen cover  was 
provided  by S. cortica tu lum  with a 98 % cover  of  
the 40 yea r  old surface.  Thus  in some situations 
S. cortica tu lum  appears  to be an effect ive co lo
niser  of  newly exposed  rock  surfaces  and may 
play a par t  in the p rocess  o f  soil format ion in 
recently glaciated env i ronm ents .  Specimens  of  
S. cortica tu lum  were  exam ined  in the following 
herbaria:  BM, C H R ,  H - N Y L ,  OTA, S and 
W E L T .

5. S tereocau lon  fron d u liferu m  L a m b

Lam b 1977: 293 —  Type: New Z ealand , sine loco. H. 
L ocke Travers (PC -H U E  holotype not seen).

Stereocaulon ramulosum  var. com pressum  Church. 
Bab. Babington 1855 p. 294 —  Type: New Zealand, 
N orth  Island, sine loco. W. C olenso  (BM! lectotype, 
W E L T  L913, L914! isolectotypes).

Thallus  small,  spreading to 3.5 cm  tall. P seu 
dopodetia  ±  erec t ,  b ranched ,  tere te or  more 
com m only  f lat tened appear ing  dorsiventral ,  c o r 
t icate,  cortex commonly  nodu la r  or  cracked.  
Phyllocladia  conspicuously  and  characteri s t ical 
ly f lat tened,  branched ,  leaflike, pinnatifidly a r 
ranged,  paler  on the lower side,  developed to 
wards  the tips of  pr imary and secondary  b ranch
es and appearing as terminal  proliferations of 
these  (Fig. 9). Cephalodia  yel lowish-brown to 3 
mm  in diam.,  spherical to subglobose,  slightly 
wrinkled when young  becom ing  areolate and 
cracked  with age,  sol id-cored.  A pothec ia  termi
nal, small, 1-2 mm wide,  disc b lack  with a con-



Fig. 8. Known New Zealand distribution o f  S tereocau
lon co r t ica tu lu m .

co lorous  margin when  young becoming occluded 
at maturi ty,  thalline exciple brown,  smooth ,  
hypothec ium  brown.  Spores  6-8 per  ascus,  cy 
l indrical-fusiform, 5-10-septate,  40-78 x 3.5-4 

p m .

C hem is try .  Atranorin and fumarpro toce tra r ic  
acid.

A ffin ity . S . fronduli ferum  is a characteri s t ic  e n 
demic species at once dist inguished from all 
o the r  species in N ew  Zea land  by the laterally 
com pressed  pseudopodet ia  with f lat tened leaf
like phyllocladia which are pale on the ir  lower  
surface.  The species may possibly be related to 
the sorediate species S. cortica tu lum  as some 
individuals  o f  that species may be conspicuously  
f lat tened al though S. frondu li ferum  is never  so
rediate and has a different chemis try .  The  r ea 
sons for  the rejection o f  C o le n so ’s spec imens  as 
the type of  a species S. c o m p r e s s u m , are di
scussed by Lam b (1977).

H abita t  a nd  distribution. S . frondu li fe rum  is still 
ra ther  poorly known from N ew  Zea land  and is

Fig. 9. Stereocaulon frondu liferum ,  N ew  Zealand, 
Routeburn Valley, G. Einar and G re ta  Du Rietz (S). — 
Scale in mm.

much in need of  further  s tudy and collect ion.  It is 
k^own from North ,  South and  S tew ar t  Is lands 
(Fig. 10) and ranges from sea level to 2100 m. It 
has been gathered from deep  shade in fores ted  
areas  (where the whole thallus is bright green on 
the upper  surface and pale yel lowish-green or  
whitish below) to exposed  subalp ine grassland 
habitats  in high rainfall areas (here the thallus is 
uniformly creamish-white or  greyish).  14 spec i 
mens were  examined  from the following h e r b a 
ria: BM, C H R ,  S and W E L T .

6. S tereocau lon  ram ulosu m  ( S w . )  Rausch . ,  Fig.

Räuschel 1797: 328 —  Lichen ram ulosus  Sw artz  1788 
p. 147 —  Type: Jamaica. Sw artz  (S! holotype, H -A C H , 
U PS-A C H , U P S -T H U N B E R G ! isotypes).

Stereocaulon fu rca tu m  Fries 1825 p. 285 —  Type: 
Indiae Occidentalis. Ded. C asstrom  (UPS! holotype)
—  S. ramulosum  var . fu rc a tu m  (Fr.) N ylander 1857 p. 
96.

Stereocaulon m acrocarpum  R ichard  1832 p. 34 — 
Type: N ew  Zealand. “ H avre  de VAstrolabe  (Kaiteri- 
teri, Nelson). A. Richard (P C -H U E  holotype not seen)
—  S. ram ulosum  var. m acrocarpum  (Rich.) Church. 
Bab. Babington 1855 p. 294.
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Fig. 10. K now n N ew  Zealand distribution o f  Stereo
caulon fronduliferum .

S tereocaulon  ramulosum  f. elegans  Th. Fries 1857 
p. 12 —  Type: Straits o f  Magellan. N. J. Andersson 
(UPS! lectotype).

Stereocau lon  ramulosum  f. strigosum  Th. Fries 1857 
p. 12 —  Type: “ Söderhafs länderna” . A. Sparrmann 
(UPS! lectotype).

Stereocaulon  vimineum  Th. Fries 1857 p. 13 —  
Type: In alpibus Mexicanis ad Tiuzutlan, 6/47. F, 
L iebm ann (UPS! lectotype) — S. ramulosum  var. vi
m ineum  (Th. Fr.) N ylander 1859 p. 209 —  S. ram ulo
sum  f. vim ineum  (Th. Fr.) H ue 1890 p. 245.

Stereocaulon  proxim um  N y lander 1859 p. 210 —  
Type: P aram o de Talima, Lind. 1005 (H -N Y L  40039! 
lectotype) —  S. ramulosum  f. proxim um  (Nyl.) 
T ucke rm an  1886 p. 228.

Stereocaulon  mixtum  N ylander 1859 p. 210 —  Type: 
Bolivia. Weddell. (H -N Y L 40085! lectotype).

Stereocaulon  macrocarpoides  N ylander 1860 p. 238 
—  Type: Tasm ania. Ex Herb. H ooker.  (H -N Y L  40029! 
lectotype) -  5. proximum  var. m acrocarpoides  (Nyl.) 
N ylander  1861 p. 371 — S. ram ulosum  var. m acrocar
poides  (Nyl.) K rem pelhuber 1870 p. 124.

Stereocaulon  submollescens  Nylander 1876 p. 88 —  
Type: Campbell Island. M. Filhol 1874 (H -N Y L  40089! 
holotype) —  S. ramulosum  var. submollescens  (Nyl.) 
Lam b 1977 p. 325.

Stereocaulon  pulvinare  Dodge 1948 p. 139 —  Type: 
N ew Z ealand , Otago, Dunedin. M ac’s Valley. J. S.

I 'homson (CHR! isotype) — S. ram ulosum  var .  pulvi
nare  (Dodge) Lam b 1977 p. 283.

Stereocaulon m acquariense  Dodge 1968 p. 289 — 
Type: Macquarie Island. H. Hamilton 108 (H erb. 
Dodge holotype not seen).

Stereocaulon ram ulosum  var. pulvinare  f. crebra-  
tum  Lam b 1977 p. 283 —  Type: N ew  Zealand, Otago. 
Port Chalmers. J. S. Thom son (CHR! holotype).

Stereocaulon travers'd (Hue) Dodge in F in e ran  1971 
p. 222 nom. nud. -— Stereocaulon p roxim um  f. travers'd 
Hue 1898 p. 245 —  Type: N ew  Zealand, s ine loco. 
T ravers (P C -H U E  holotype not seen).

Stereocaulon proxim um  var. nudatum  M üller  A r
goviensis 1886 p. 252 —  Type: Australia. B ro g e r ’s 
Creek. Bauerlen 1884 (G! lectotype) — S. ram ulosum  
var. nudatum  (Müll. Arg.) Müller Argoviensis 1896 b 
p. 199 —  S. ramulosum  f. nudatum  (Müll. Arg.) Lam b 
1977 p. 281.

Stereocaulon ramulosum  f. su b co m p ressu m  Lam b 
1977: 282 — Type: Tasmania. Mt Wellington. B astow  
(LD! holotype).

Stereocaulon ram ulosum  f. tom en tosu lum  Lam b 
1977 p. 282 —  Type: Colombia. Dept San tander ,  W 
slope of Param o Rico 3600 m. E. P. Killip & A. C. 
Smith 1927 (S! holotype). For additional synonym s see 
Lam b (1977).

Thallus  variable in size though predominan tly  
very large and well developed ,  to 25 cm  tall, with 
a very  prominent  holdfast,  ye l lowish-brown and 
devoid  of  cortex and phyllocladia.  P se u d o p o 
detia ±  complexly  branching o f  s tout  pr im ary  
branches  and smaller  more r ichly b ran ch e d  sec
ondary  branches  towards  ap ices ,  p rimary  
b ranches  white,  ±  decor t icate with p rominen t  
exposed  fungal hyphae  visible giving a tomen-  
tose ,  ±  fibrillose appea rance  ( x  10 lens) with  oc 
casional  shallow vertical g rooves ,  often lightly 
invested with a thin layer o f  algae,  secondary  
branches  ±  covered with a distinctly greenish 
algal layer. Phyllocladia  te re te ,  cort ica te ,  c o n 
spicuously green when fresh,  s imple and nodula r  
or  f ingerlike at first (often densely  clothing 
young  pseudopodetia)  soon becom ing  complex ,  
coral loid-branched,  most  consp icuous  tow ards  
apices of  pseudopodet ia .  C ephalod ia  num erous ,  
sessile or occasionally short ly sta lked,  p rom i
nent ,  bluish-grey when  fresh,  fo lded indented  or 
wrinkled,  surface smooth  never  areo late or  m a 
culate or scabrid.  A po thec ia  usually terminal  but 
also subterminal  and lateral ,  small,  usually not 
wider than the width o f  the support ing  branch ,  
disc always convex light red -b row n  to dark  
brown never  black,  thalline exciple sm ooth ,  light 
yel lowish-brown. Spores  3 -5 ( -7)-septa te ,  28—40 
(-90) x  3-4 p m .

Chem istry .  Atranorin and per lato l ic  acid,  often
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Fig. 11. Stereocaulon ra m ulosum ,  Jam aica, Sw artz  
(U P S -T H U N B E R G  isotype).

with anziaic acid. Chemical  variat ion in the spe 
cies is d iscussed by L am b  (1977).

A ffin i ty .  S. ram ulosum  is the m os t  widespread  
species of  Stereocaulon  in the N e w  Zealand flora 
and  also the species exhibiting the widest range 
of  morphological  variat ion.  It is remarkably  suc
cessful as an early coloniser  of  dis turbed  ground 
and this success  in adapting to a wide range of 
habitats  has resulted in a profusion of  growth 
forms,  reflected alas in an ex tens ive  taxonomic 
s ynonym y (see above).  The  morphological  va 
r iat ion observed  in N ew  Zea land populat ions is 
not  suppor ted  by an equiva lent  variation in 
chem is try .  A combination  of  several  m orpho
logical character s ,  viz.,  the sessi le,  wrinkled,  
smooth -surfaced  cephalodia (Fig. 12 A), coral- 
lo id-branched phyllocladia,  the large decort icate  
p seudopode t ia  and the small red-brow n convex  
apothecia] discs (Fig. 12 B) serve  to distinguish 
S. ram u losum  f rom all o ther  species  of  S te reo 
caulon  in the N ew  Zealand flora.

H abita t  and  distribution. S. ram ulosum  is the 
most  widespread species o f  the genus  in N ew  
Zea land occurring from the Three  Kings Islands

in the far north of  the count ry  to the subantarc t ic  
is lands in the south,  and is by far  the most  c o m 
monly encountered  species of  the genus ,  and 
certainly one of  the most  commonly  collected of  
N e w  Zea land lichens. It is an aggressive colo
niser  of  dis turbed sites, part icularly o f  roads ides,  
a reas  of  forest  clearance and even penetrat ing 
into urban  areas onto  rocks  in gardens and stone 
walls. It seems to adapt  easily and  quickly to a 
varie ty o f  microhabitats  and  microclimates being 
c o m m o n  on the coas t  in most  parts  of  the co u n 
try and reaching inland to subalpine situat ions as 
high as 1500 m. It is tolerant  of  quite dense  shade 
bu t  in damp,  shaded env i ronments  becom es  
much elongated and devoid of  phyllocladia.  It 
has  the most  northerly range of  the genus  in New 
Zea land  (al though a few specim ens  of  S. cortica
tu lum  were collected from the Three  Kings Is
lands)  and is one of  the most  com monly  collected 
l ichens o f  N or th  Auckland (H ayward  & H a y 
ward 1973, 1974 a, b,  H ayw ard  et al. 1975, 1976).

It is a very  widely distr ibuted Southern  H e m i
sphere l ichen,  reaching the N or the rn  Hemi- 
shpere  in Hawaii ,  the West  Indies (it was  first 
descr ibed  from Jamaica  by Swartz)  Central 
A m er ica  and Mexico (L am b  1977). I ts  distr ibu
tion in N ew  Zealand is shown in Fig. 13. 450 
spec im ens  of  S. ram ulosum  were  examined  from 
the following herbaria: BM, C A N U ,  C H R ,  E,  G, 
H -A C H ,  H -N Y L ,  H, LD ,  M E L ,  OTA,  S, UPS, 
U P S -A C H ,  U P S - T H U N B E R G ,  W E L T .

7. S tereocau lon  trach yph loeu m  Lamb

Galloway et al. 1976: 64 —  Type: Tasmania. H a n se n ’s 
Peak 1136 m, on quartzite-schist,  G. C. Bratt 67/527 
(H erb. G. C. Bratt! isotype, FH  holotype not seen).

Thallus  large, coarse to 9 cm tall, sparingly 
b ranched ,  with a well developed  holdfast.  P seu 
dopodetia  s tout,  1—3(—5) mm wide,  te rete,  cov 
ered  with a ±  continuous ,  coarse ly scabrid,  ver- 
rucose-areola te  cortex,  apices of  pseudopodetia  
often eroded-soredia te.  Phyllocladia  ra ther  
sparse,  variable,  often most  distinct at the apices 
of  small,  clustered  secondary  branch le ts ,  terete,  
fingerlike at first, becoming coral loid-branched.  
Cephalodia  conspicuous ,  s talked,  large (to 3 mm 
in diam.),  wrinkled,  scrobiculate,  surface minu
tely areolate ,  distinctly blue-grey.  Soredia  white 
or  greyish,  granular ,  ra ther  sparse,  developed  on 
the ends  of  pseudopodetia  and possibly the result 
o f  insect at tack.  Apothec ia  rare,  terminal ,  1-3
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Fig. 12. Stereocaulon ram ulosum .  — 
A: Cephalodia and phyllocladia. —  B: 
Apothecia and pseudopodetia . — 
Scale in mm.

mm wide,  disc black,  plane in young fruits and 
with a thin margin,  becoming convex  and im- 
marg inate  at maturity.  Spores  2-5  per  ascus,  
cl avate-fusiform, 1-3-septate, 25-35 x 5 - 7 p m .

C hem is try .  Atranorin ,  fumarpro toce tra r ic  and 
pro toce trar ic  acids,  with perlatolic and anziaic 
acids in apo thec ia  only.

A ffin i ty .  The differences be tween  S. trachy-  
p h lo e u m , S. corticatulum , S. colensoi, S. ra m u 
losum  and S. argus  are d iscussed  by Galloway et 
al. (1976).

H a b ita t  a n d  distribution. S. trachyphloeum  is a

subalpine species with a restr ic ted  occurrence  in 
T asm an ia  and,  al though rare,  occurring from 
750-2100 m in North ,  Sou th  and Stewar t  Islands 
in N ew  Zealand (Fig. 14). Specimens  examined  
are detai led in Galloway et al. (1976).

8. S tereocau lon  caesp itosu m  Redinger,  Fig. 15

Redinger 1936: 132 —  Type: N ew  Zealand. South Is
land, Otago. Mt M aungatua 900 m, on schist rock. J. S. 
T hom son ZA 185 (W! lectotype, CHR! isolectotype) — 
G vm nocaulon  caespitosum  (Redinger) Duvigneaud 
1956 p. 14.

Thallus  dwarf ,  to 8 mm tall. Pseudopodetia
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simple,  erec t ,  fingerlike, occasionally bifurcat ing 
at the apices ,  nodular-papil lose at first, b e c o m 
ing tere te,  cort icate,  cortex cont inuous ,  s o m e 
t imes horizontally c racked ,  smooth  or  wrinkled ,  
often shining,  greyish-white below becoming 
purpli sh-brown above and mott led,  with small 
black pycnidia at apices. Phyllocladia  absen t .  
Cephalodia  basal,  cerebriform and slightly c o n 
voluted,  greenish-black,  surface ra ther  scabrid.  
A po thec ia  terminal ,  disc black 1-5 mm wide,  
deeply concave  at first becoming persistently 
plane at maturi ty with a prominent  raised light 
red-brown margin,  thalline exciple smooth  or 
wrinkled,  red-brown,  hypothec ium 60-75 p m  
thick,  red-brown. Spores  broadly fusiform, 8 per  
ascus ,  6-8-sep ta te ,  30-50 x 4-1 p m .

C h e m is tr y . Atranorin,  pro tocetraric  and fumar-  
pro toce trar ic  acids.

A ffin ity .  S. caesp itosum  is closely related to 5. 
gregarium  and S. loricatum  the o ther  two s p e 
cies in the N ew  Zealand f lora lacking phyllo
cladia.  T hey  form a natural  group which seems

to have evolved  in New Zea land ,  primarily in the 
mountains  of  South Island.  It differs from both
S. gregarium  and 5. loricatum  in the following 
characters :  pseudopodetia  smooth ,  shining,
purp lish-brown towards  apices ,  cephalodia  
greenish-black,  not pale, apo thec ia  at maturi ty  
plane and consistently marg inate  and h y p o th e 
cium consistently red-brown.

H abita t a nd  distribution. S. caesp itosum  forms 
densely  compacted  patches  on rocks in exposed  
alpine situations from the K a im anaw a  Range in 
Nor th  Island to the A uckland Islands (Fig. 14). 
Its pecul iar  and immedia te ly  recognisable 
growth  form al lows it to surv ive in r igorous env i 
ronments  exposed  to the eroding forces of  frost ,  
wind and water.  In associat ion  with species of  
the moss A ndreaea  and the l ichens P sorom a  
buchanani, P. hirsutulum , S iphula  decum bens ,  
S tereocau lon  gregarium  and Toninia bulla ta ,  it 
may play an act ive part in the process of  soil 
consolidat ion in alpine envi ronments .  In addit ion
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Fig. 15. Stereocaulon caesp i
to sum ,  N ew  Zealand, Tin 
Range, S tewart Is land, D. J. 
Galloway (CHR). —  Scale in 
mm.

to its occur rence  in N ew  Zea land S. caespitosum  
is also know n from Austral ia ,  Tasmania  and 
Campbell  Is land (Lamb 1977). 40 specimens of  
S. caesp ito sum  were examined  in the following 
herbaria:  BM, CHR,  OTA, S and W.

9. Stereocaulon gregarium Redinger,  Fig. 16

Redinger 1936: 137 — Type: N ew  Zealand. South Is
land, Otago. Flagstaff Hill, Dunedin 700 m, on schist 
rock. J. S. Thom son ZA 149 (W! holotype, CHR! iso
type) -  G ym nocaulon gregarium  (Redinger) Duvig- 
neaud 1956 p. 14.

Thallus  to 15 mm tall, fertile pseudopodet ia c o n 
spicuously taller than sterile pseudopodetia.  
P seudopode tia  simple, occasionally bifurcating 
at apices,  terete,  fingerlike, cort icate,  cortex 
cont inuous ,  smooth  to c racked ,  verrucose-  
wrinkled,  whit ish-cream never  purplish-brown, 
exposed  forms greyish,  the result of  a crazing of  
fine black lines across the cortex.  Phyllocladia  
absent .  Cephalodia  basal ,  pale yel lowish-brown 
or greenish never  black,  distinctly cerebriform, 
convolu ted .  A pothecia  terminal ,  often 2-3 per  
pseudopode t ium ,  disc black 1-4 mm wide,  plane 
when young with a thin pale margin, becoming 
convex  and immarginate at maturi ty,  thalline 
exciple smooth ,  pale yel lowish-brown,  hypo
thecium 100-120/rm tall, colourless or  pale yel
lowish-brown. Spores  8 per  ascus ,  fusiform, aci- 
cular  6-8(-10)-septa te ,  48-68 x 5 - 6 «m.

C h e m is tr y . Atranor in  and pro toce tra ric  acid,  
with fumarpro toce tra r ic ,  perlatolic  colensoinic 
and anziaic acids as inconstan t  accessory  c o m 
pounds .

A ffin i ty .  S. gregarium  is mos t  closely related to
S. lorica tum  (see below) and to S. caesp itosum  
and  appears  to be endemic  to N e w  Zealand.  It is 
of ten  encoun te red  growing with S. caesp itosum  
but  is dist inguished from tha t  species in the fol
lowing characters :  the p seudopode t ia  are taller 
and  of ten branched at the ap ices ,  the cortex is 
ma tt ,  w r ink led-ve r rucose  and greyish-white 
neve r  purplish-brown,  the cepha lod ia  are pale, 
the apo thec ia  at maturi ty are c onvex  and im
marginate ,  the hypothec ium  is pale yel low
ish-brown or  colourless and the spores are
6-10-sep ta te .

H abita t  and  distribution. S. gregarium  is e n 
demic  to N ew  Zealand and occurs  there on e x 
posed  alpine rocks from Mt R u ap eh u  in Nor th  
Island to the summit  of  S m i th ’s Lookou t  at the 
sou thern  tip of  Stewart  Is land (Fig. 17). In many 
exposed  habitats  it is as soc ia ted  with the related 
spec ies  S. ca e s p i to s u m , the closely appressed  
d w a r f  nature  of  the two species and their  densely 
com p ac te d  pat tern of  growth  making them res is 
tant  to fragmentat ion  and dispersa l  by the e ro d 
ing forces o f  frost,  wind and  water .  The two 
species  are frequently found growing with the 
moss  A ndreaea  and it is possible tha t  this asso-
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Fig. 16. Stereocaulon gregarium ,  New Zealand. D usky 
Sound, Mt Hodges, D. J. Galloway (CHR). — Scale in 
mm.

ciat ion may promote the format ion  of soil in 
areas  o f  recently exposed  rock particularly in 
glaciated regions.  25 spec imens  of  S. gregarium  
were exam ined  from the following herbaria: BM, 
C H R ,  F H ,  OTA, S and W.

10. Stereocaulon loricatum Lam b

Galloway et al. 1976: 61 — Type: N ew  Zealand. South 
Island, Otago, West Matukituki Valley, Mt French 
1600 m on rock. D. J. Galloway 1967 (FH! holotype, 
BM, CHR! isotypes).

I Thallus  to 3 cm tall, pr imary thallus ±  persistent  
of  branch ing  ±  dorsivent ral  ascending lobes.  
P seudopodetia  simple, erec t ,  often 1-2-branched 
at apices,  ±  continuously cor t ica te ,  cortex dis
tinctly verrucose-areola te .  Phyllocladia  absen t .  
C ephalodia  sessile, basal or  occasionally inser t
ed above  the base of  the pseudopodet ia,  pale 
yel lowish or  olive green,  rounded ,  corrugate-  
scrobiculate  or even bo tryose ,  alga S tig o n em a ,  
A p o th ec ia  terminal , often 2-3 clustered  at apices 
of  fertile pseudopodetia,  disc b lack to 3 mm  in 
d iam. ,  plane or concave at  first with a  thin m a r 
gin but  consistently convex  and immarginate at

Fig. 17. K now n N ew  Zealand distribution of Stereo 
caulon loricatum  (dots with a star) and S. gregarium  
(dots).

maturi ty.  Spores  6-8 per  ascus ,  elongate-fusi
form, 5-9-septa te ,  40-70 x 4 - 6 p m .

C h e m is tr y . Atranorin,  colensoinic,  fumarpro- 
toce traric  and salazinic (trace) acids.

A ffin ity .  S. loricatum  is closely related to S. gre
garium  and is often sympatric  with this species 
and with S. c a e sp i to su m . The affinities of  the 
species are discussed by Galloway et al. (1976).

H abita t a nd  distribution. S. loricatum  is an en 
demic alpine species found on schist  rocks in 
Otago and on grewacke rocks in Canterbury ,  in 
areas of  high rainfall at altitudes of  850-2200 m 
(Fig. 17). Specimens  of  S. loricatum  examined 
are recorded  in Galloway et al. (1976).

A ck n o w le d g em en ts . I am grateful to Dr Elke M acken
zie (Costa Rica) for guidance and encouragement in 
Stereocaulon  studies over several years (1967-1978) 
and for much help in the delimitation of the N ew  Z ea
land species; to Mr Peter Jam es (BM) for his assistance 
and informed criticism in the early stages of the work; 
to Mrs G reta Du Rietz (Uppsala) and Prof. Rolf San- 
tesson  (Stockholm) for the opportunity  to examine the
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Roland Moberg (Uppsala) for access to the Carl Peter 
Thunberg Herbarium and for arranging for pho to 
graphy of specimens therefrom; to Mr Peter Green 
(BM) for his skilled photographic assistance, and to the 
many curators of herbaria mentioned in the text. 1 ow e 
a debt of  gratitule to many colleagues both am ateur 
and professional who have allowed me access to their 
specimens of Stereocaulon . Part o f  this work was 
completed during the tenure o f  a Royal Society C om 
monwealth Bursary (1973-1974) at the British M useum 
(Natural History) while on leave from Botany Divi
sion, DSIR, Christchurch, N ew  Zealand, and I thank 
the T rustees of that body for their material assistance. 
Fil. kand. Lars Arvidsson (Göteborg) and Prof. Rolf 
Santesson (Stockholm) critically read the completed 
manuscript and made many perceptive comments on 
it, for which help I am much indebted.
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Botanical literature

De Vogel,  E. F. 1980: Seed lings o f  d ico ty ledons . 
Structure , developm ent, types. Descriptions o f  
150 woody Malesian taxa. 465 pp. ,  including 178 
drawings and 20 colour plates.  Centre for  Agri
cultural  Publishing and Documenta t ion ,  Wage- 
ningen,  the Netherlands .  ISBN 90-220-0696-4.

This beautiful book is the result  o f  a seedling 
projec t  at the Bogor  Botanic Gardens ,  Indo
nesia,  in coopera t ion with the Rijksherbarium, 
Leiden .  Seeds of  Malesian w oody  taxa  were col
lected  and their germination studied.  Most  of  the 
book contains detailed descrip t ions  and accurate 
drawings o f  about 150 species,  so tha t  there is 
much original information. I have checked  the 
descr ipt ion  of  a M em ecy lon  species against 
germinating seeds of  the same species (which by 
pure coincidence are germinating in our  g reen
houses  in Stockholm now) and it is exact  and 
exhaus t ive .  There are also general chapters  on 
seedling morphology and seedling ecology and a 
classificat ion of seedling types with discussions 
of  earl ier  literature.

De Vogel has classified dicot  seedlings in gen
eral,  i.e. not only those of  Malesian taxa,  into 16 
types named after genera ,  e.g. M acaranga  type, 
C yclam en type, R h izophora  type, Garcinia type, 
O robanche type. It is obvious that the system 
has been carefully thought out ,  but  I fear  that it is 
too detai led and that the nam es  of  the types are

too unfamiliar (such as the Heliciopsis ty p e / 
K oordersiodendron  s u b ty p e ) for  it to gain gen 
eral accep tance .

The  most  important  dist inct ion is be tw een  
Type  1 (M acaranga  type)  with  green  assimilat ing 
co ty ledons  and the remain ing 15 types  with 
food-s toring or  haustorial  co ty ledons .  De Vogel 
launches  the new te rm ‘pa rac o ty ledons ’ for  the 
(green assimilat ing) co ty ledons  o f  the first type ,  
whereas  he re se rves  the old te rm co ty ledon  for 
food-storing and haus tor ia l  co ty ledons  only,  
which he considers  primit ive.  The  com m on  and 
famil iar  seedlings with g reen  assimilat ing (pa- 
ra )co ty ledons  have lost the ir  t rue co ty ledons  —  
their  pa racoty ledons  are secondari ly evolved 
and homologous  with the first pair  of  t rue leaves 
in the primitive seedling type .  This  no tewor thy  
hypothes is  is derived from observa tions  o f  Dio-  
spyros  and a num ber  o f  o the r  genera  with va 
rious seedling types.  W h e th e r  it holds for  all 
seedling types  with green assimilat ing (para)co- 
ty ledons  remains to be conclus ively  dem ons t ra 
ted.

This comprehens ive  book  should become an 
importan t  refe rence work  on seedlings not only 
for  the Malesian fo res te r  but  also for morpho- 
logists and taxonomists .

K åre  Bremer



Taxonomie and nomenclatural notes on the genus Limonium in 
Sicily
S A L V A T O R E  B R U L L O

Brullo, S. 1980 09 18: Taxonom ic and nom enclatural notes on the genus Limonium in Sicily. 
Bot. Not iser 133: 281-293. Stockholm. ISSN  0006-8195.

Some taxonomic and nom enclatural notes on the Sicilian species of Limonium are p resen t
ed. N ew  species (L. lopadusanum  Brullo, L. hyblaeum Brullo, L. mazarae  Pignatti, L.  
syracusanum  Brullo, L. zeraphae  Brullo, L. pignattii  Brullo & Di Martino ex Brullo, L. 
furnarii  Brullo, L. calabrum Brullo, L. tauromenitanum Brullo, L. ionicum Brullo, L. 
catanzaroi  Brullo, L. halophilum Pignatti, L. lilybaeum Brullo, L. selinuntinum Brullo, L. 
aegusae  Brullo, L. pachynense  Brullo) and a new subspecies (L . oleifolium Miller subsp. 
algusae  Brullo) are described. Besides, some changes of rank  and new combinations (L . 
intermedium (Guss.) Brullo, L. flagel lare  (Lojac.) Brullo, L. ponzoi  (Fiori & Béguinot) 
Brullo, L. divaricatum (Rouy) Brullo, L. cyr tos tachyum  (Girard) Brullo, L. balearicum  
(Pignatti) Brullo, L. oleifolium Miller subsp. opulentum (Lojac.) Brullo, L. catanense  
(Tineo ex Lojac.) Brullo) are m ade and a new name (L . lojaconi  Brullo) is proposed . A 
check-list o f  the species o f  Limonium  known from Sicily is also presented.

Salvatore Brullo, Istituto di Botanica,  Universitå de Catania,  Via A. Longo 19, 1-95 125 
Catania, Italy.

In Sicily the genus L im o n iu m  Miller is very  rich 
in species,  many of  which,  however ,  ei ther  have 
not  been  described or  have been confused with 
o th e r  species.  There are numerous  authors who 
have  studied the Sicilian species of  L im o n iu m ,  
am ong  them are: Gussone  (1827, 1832, 1843), 
Boissier  (1848), Lo jacono-Pojero  (1907), Pignatti  
(1971, 1972), Brullo & Di Martino (1974), Brullo 
et al. (1977).

In o rder  to clarify the rank and the taxonomic  
value of  a lot of  these critical species,  some 
herbar ium research (BO LO ,  CAT,  FI, N A P ,  
P A L ,  RO, TBS)  have been  carr ied out,  above 
all, in the herbaria of  Gussone  (NAP) and  of  
Lojacono (PAL),  in which the types of  many  
L im o n iu m  species described from Sicily are 
stored.  The presence and distribution o f  the 
L im o n iu m  species on the island and the ne igh
bour ing  islets have been checked  by personal  
collect ions (CAT),  by means  of  which it was 
possible to ascertain  the veraci ty of  many indi
cat ions and to discover new species.  In this 
work,  which is the first contr ibution to the 
knowledge of  the Sicilian species of  L im o n iu m ,  
the taxonomic  rank  of  many species is clarified 
and various new taxa  are also described.

1. L im on iu m  lopad u sanu m  Brullo, sp. nov. ,
Fig. 1

H olotype: L am pedusa , VII. 1828, G ussone (NAP).
Stat ice bellidifolia Guss., Fl. Sic. Syn. 1: 369(1843), 

p .p .,  non G ouan (1765).
Stat ice psiloclada  Boiss. var. gracilis Boiss. in DC., 

Prodr. 12: 651 (1848), p.p.
Stat ice psiloclada  Boiss. var. albida Lojac., FI. Sic. 

2(2): 18 (1907), p .p ., non Boiss. (1848).
Stat ice psi loclada  Boiss. var. spathulaefolia Lojac., 

FI. Sic. 2(2): 18 (1907), p.p.

Planta perennis, 7-25 cm alta, caule ramosissimo, pul- 
vinato, ramis foliis vetustis crebissime vestitis. Scapi 
laeves vel leviter rugosi, exiles, graciles, fragillimi, 
solitarii, pauci, ramis sterilibus nullis vel nonnullis. 
Folia glauca, patentia vel reflexo-patentia, obova- 
to-spathulata, 5 -1 2 x 3 -6  mm (vel in planta macroso- 
m atica 25^10x10-16 mm) obtusa, revoluta, 1—3(—5)- 
nervia. Panicula ampla, fragilis, paulo ramosa, ramis 
simplicibus rare fasciculatis (2-3 nodo), flexuosis, ar- 
cuatis. Spicae 2-8(-10) cm longae. Spiculae l-3(-4) in 1 
cm, 2-3-florae. Bractea interior recta, 4-4,5 mm longa. 
Brac tea exterior 1-1,5 mm longa, 1/6 bracteae interio- 
ris obtegens. Calyx 4,5-5 mm longus, 1 mm ex bractea  
interiore exsertus.

Plant  7-25 cm, pulvinate,  much branched.  Stems 
smooth  or  lightly rugose,  slight, delicate, soli
tary.  Leaves  glaucous,  obovate-spathu la te,  5-12 
x 3-6 mm (rarely 25-40 x 10-16 mm),  1-3
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Fig. I. L. lopadusanum.  H olotype (Gussone, NAP).

(-5)-veined,  obtuse.  Panicle ample ,  fragile, with 
branches  arcuate,  simple,  rarely fasciculated.  
Spikes 2—8(— 10) cm. Spikelets  1—3(—4) per  cm,
2-3-flowered.  Inner bract  4-4.5  mm, straight. 
Calyx 4.5-5 mm.

D istribution.  Islands of  Lam pedusa  (very fre
quent)  and Linosa (rare), along the rocky coast .

Up to now, the species has been confused with 
L. albidum  (Guss.) Pignatti; the latter  is very 
distinct and is endemic on Lampione,  a small 
islet in the neighbourhood o f  Lampedusa .  L. a l
bidum  (Fig. 2) differs from L. lopadusanum  in 
the following characters:  Plant 20-35 cm with 
caulis not pulvinate; s tems rugose-tuberculate ,  
rigid, two in every roset te ,  rarely solitary; leaves 
oblanceola te-spathula te,  25-50 x  5-12 mm; pa
nicle branched also below with branches  genera l
ly fasciculated (2-6 at every  node), s traight,  
c rowded; spikes 2-5(-7)  cm; spikelets (3-)4-8 
per  cm, 6-8(-10)-flowered;  inner brac t  5 mm; 
calyx 5.5 mm.

2. L im onium  hyblaeum  Brullo,  sp. nov. ,  Fig. 3

H olotype: Capo Passero a Scoglitti, in lapidosis mari- 
t im is ,V -V I, Gussone (NAP).

Sta tice  bellidifolia Guss.,  Fl. Sic. Prodr. I: 38(1827),

Fig. 2. L. albidum.  L ec to type  (G ussone, NAP).

non G ouan (1765). — Statice  bellidifolia  Guss.,  FI. Sic. 
Syn. 1: 369 (1843), p.p. non G ouan (1765).

Sta tice  psiloclada  Boiss. var. gracilis Boiss. in DC., 
Prodr. 12: 651 (1848), p.p.

Sta tice  psiloclada  Boiss. var. spathulaefolia  Lojac ., 
FI. Sic. 2(2): 18 (1907), p.p.

P lanta perennis , 6-25 cm alta, pulvinata, scapis laevis, 
rigidis, saepe ramulosis su rsum , ramis sterilibus nullis. 
Folia rigidula, punctata ,  g laucescentia ,  rugosa, plana 
vel leviter revoluta, spathula ta  vel obovato-spathula ta ,  
8 -3 0 (-4 5 )x 4 -1 6  mm, uninervia  vel obscure trinervia, 
apice ro tundata , subito in brevem  petiolum 1,5-2,5 mm 
latum contracta .  Panicula ramis divaricatis, rectis vel 
incurvis, nudis in basi. Spicae 1—3(—5) cm longae. Spi- 
culae 2-3(-4)-florae, 4-6  in 1 cm. B rac tea  interior 4-4,5 
mm longa, lato margine hyalino. B rac tea  exterior obtu- 
sa vel acutiuscula, 1,5-2 mm longa 1/3—1/4 bractea 
interioris obtegens. Calyx 4 -5 ,5  mm longus, ex bractea  
interiore exsertus; limbus tubo  brev io r vel subaequi- 
longus. Corolla coerulea, 5 -5 ,5  mm longa.

Plant 6-25 cm, pulvinate.  L ea v es  glaucescent ,  
rugose,  spathulate  or  obova te -spa thu la te ,  8-30 
( -45 )x 4—16 mm, 1-veined or  obscure ly  3-veined,  
rounded  at apex.  Non-f lower ing  branches  a b 
sent.  Spikes 2-3(-4) -f lowered ,  4 -6  per cm. Inner  
bract  4-4 .5  mm. Calyx 4-5 .5  mm.

D is tr ibu tion . Rocky coas t  o f  sou thern  Sicily (be
tween  Scoglitti and C apo  Passe ro)  and Favig- 
nana.
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Fig. 3. L. hyblaeum .  Holotype (G ussone, NAP).

G ussone  (1843) has ga thered  sub nomine S ta tice  
bellid ifo lia , plants  with their  origin in southern  
Sicily and in Lampedusa .  F rom  the examination 
of  the spec imens  of  Herb.  G ussone  it can be seen 
that this species has two different  taxa  which for  
their remarkable  morphological difference made 
it possible to bring about  a separat ion at the 
specific rank.  These two species,  which are 
r ep resen ted  by L. hyb laeum  and L. lopadu
s a n u m ,  are both at tr ibuted to the L. albidum  
g roup  regarding some of their characters .

3. L im on iu m  m azarae Pignatti,  sp. nov. ,  Fig. 4

Ho'lotype: Sicilia occid. a M azara, XI. 1965, Catanzaro  
(TSB).

Planta foliis rosulatis numerosis, oblanceolato-spathu- 
latis, 5—8(—9) mm latis, apice p lerum que rotundatis. 
Spicae laxissimae (spiculis dissitis, 2-5 in 1 cm) et 
elongatae usque ad 5 cm, eleganter virgatae; spiculae 
1-2-florae; cae tera  sicut L. lopadusano cui affmis.

Similar to L. lo p a d u sa n u m , but leaves oblan- 
ceo la te -spathu la te ,  7— 18(—30) x 5-8(-9)  mm, 
rounded  at apex ;  spikes lax, 1.5-5 cm long; 
spikelets  1-2-flowered,  2-5 per  cm.

D is tr ibu tion . Rocky coast  be tw een  Mazara del 
Vallo and  Capo  Granitola (W. Sicily).

This  species  is similar to L. lo p a d u sa n u m , but  
the na r row er  and less spa thula te  leaves are re 
miniscent  of  those o fL .  m inutiflorum  (Guss.) O. 
K un tze ,  from which it can be distinguished by 
the elongated  inflorescence with very lax spike-

■idem
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Fig. 4. L. mazarae.  Specimen coming from the type 
locality (Brullo, CAT).

lets (as in all species of  the L. albidum  group).  
The  presence  of  populat ions intermediate be 
tw een  L. albidum  and L. m inutiflorum  in sou th 
ern Sicily was already mentioned by Pignatti 
(1972 p. 45). Here  they are formally described as 
a new species. Until now they have only been 
found  in the terr itory be tween  Mazara  del Vallo 
and  Capo  Granitola.

4. L im on iu m  in term ed iu m  (Guss.)  Brullo, comb,  
nov. ,  Fig. 5

Lecto type: Lam pedusa , in inundatis salsis maritimis, 
VII. 1828, G ussone (NAP). — Basionym: Statice in
termedia  Guss.,  Fl. Sic. Prodr. Suppl. 1; 87 (1832).

Statice psiloclada  Boiss. var. intermedia  (Guss.) 
Boiss. in DC., Prodr. 12: 651 (1848).

D is tr ibu tion . L am pedusa  in the salt-marsh near  
the port.

L. in term edium  together with L. lopadusanum ,  
L. a lbidum , L. hyblaeum , L. m azarae  and L. 
p a n o rm ita n u m  (Tod.) Pignatti belongs to the L. 
alb idum  group.  This group is character ized by; 
b ranched  caulis with leaves at its ent ire length,  
covered  below by dry leaves; spathulate leaves;  
in florescence fragile, with sterile branches ab
sen t  or  a few at the base,  poor,  with lax and 
falling spikes;  straight inner brac t  and calyx.
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Fig. 5. L. intermedium.  Lecto type  (G ussone, NAP).

5. L im oniu m  flagellare  (Lojac. )  Brullo,  comb, 
nov . ,  Fig. 6

Lectotype: Alcamo, s .d . ,  Tineo (PAL). —  Basionym: 
Statice flagellaris  L ojac .,  Fl. Sic. 2(2): 27 (1907).

Distribution.  Cliffs near  the sea,  be tween  Bale- 
s trate and Caste l lammare  (Palermo).

6. L im oniu m  ponzoi (Fiori & Béguinot) Brullo,  
comb, et stat. nov.

Lectotype: Drepanum  (Trapani), in rupibus calcareis 
littoreis inter loca Pizzolongo et Bonagia dicta, 
VI-VII.1923, Ponzo 2922 (FI). — Basionym: Statice  
ambigua  Lojac. var. ponzoi  Fiori & Béguinot, Sched. 
FI. Ital. Exs. Forli, Ser. 3, Cent. X X IX -X X X , 384 
(1927). — Statice ponzoi  Ross ex Fiori & Béguinot, 
Sched. FI. Ital. Exs. Forli, Ser. 3, Cent. X X IX -X X X , 
384 (1927), pro syn.

Statice ambigua  Tineo ex Lojac .,  FI. Sic. 2(2): 26 
(1907), non Rouy (1904).

Distribution. Rocky  coast  near  Capo Bonagia 
(Trapani) .

This species is s imilar  to L. boccone i  (Lojac.)  
Litard.  with which it has in c om m on  the num er
ous, dense  and intr icate s tems,  with many sterile 
b ranches  and few terminal  f lowering ones. The 
differential charac te rs  of  the two species are,

Fig. 6. L. flagellare.  L ecto type (Tineo, PAL).

however,  numerous.  L. p o n zo i  has: Caulis with 
green leaves at anthesis;  s tems green when  dry; 
leaves obovate- spa thula te ,  up to 25 mm wide; 
inferior caulis scales 3-5 mm long; spikelets  5-6 
per  cm,  2-3-flowered;  inner brac t  cu rved  dorsal- 
ly, 5-5.5 mm long; medium brac t  3 mm and outer  
one 2 mm; calyx 6 mm; corolla  7 mm. L. bocco
nei instead has: Caulis with wi thered  leaves at 
anthesis;  s tems blackened  when  dry; leaves line- 
ar-spathula te,  up to max.  10 mm  wide;  inferior 
caulis scales 2-5 mm; spikelets  6-7 per  cm,
1-2-flowered;  inner brac t  s traight,  3.5^1 mm; 
medium brac t  2 mm and  ou te r  one 1-1.5 mm; 
calyx 4-5  mm; corolla 5-5.5 mm.

7. L im oniu m  syracu san u m  Brullo,  sp. nov. ,
Fig. 7

Holotype: S. Panagia (Siracusa), 30.VII. 1973, Brullo & 
Bartolo (CAT).

Planta perennis, 15-50 cm alta. Scapi striati, ramis 
sterilibus permultis, simplicibus vel paulo ramosis, 
fragilibus in nodis, articulis curvatis ,  dimorphi, partim 
sunt articulis robustis, rigidis, 1-2 cm longis, diametro
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Fig. 8. L. zeraphae.  H olotype (Brullo & Ronsisvalle, 
CAT).

Fig. 7. 
CAT).

L. syracusanum .  H olotype (Brullo & Bartolo,

non inferiore 1 mm, partim sunt articulis gracilibus, 
flexuosis, subtilibus, 5-15 mm longis, diametro inferi
ore 1 mm. Folia linearia-spathulata, rosulata, 10-50x
3-8 mm, uninervia, in petiolum longum attenuata . Spi- 
cae 2,5—8(—12) cm longae. Spiculae 2 4 - f lo ra e ,  2-3 in 1 
cm. B rac tea  interior recta, 3 ,5(—4) mm longa, laxe cin- 
gentis flores, lato margine hyalino. Bractea exterior
1-2- mm longa. Calyx 4-5 mm longus, ex bractea  inte- 
riore exsertus ,  limbo breviore quam  tubo. Corolla 
coeru lea  5-5,5 mm longa.

Plant 15-50 cm. Stems str iate,  fragile at nodes,  
d im orphous ,  some of these with robust ,  rigid 
segments  1-2 cm long, more  than 1 mm in dia
meter ,  o the r  ones with slender,  f lexuous seg
ments  5-15 mm long, less than  1 mm in diameter .  
Non- f lower ing branches  numerous ,  simple. 
L ea v es  l inear-spathulate,  rosulate,  10-50 x 3-8 
mm,  1-veined. Spikes 2.5—8(—12) cm. Spikelets
2-4-f lowered ,  2-3 per cm. Inner  brac t  straight,  
3.5(—4) mm. Calyx 4-5 mm.

D is tr ib u tio n . Rocky coas t  be tween  Augus ta  and 
Capo P asse ro  (S.E.  Sicily).

This  species  together with L. ponzoi, L . bocco-  
nei and L . f lagellare  belongs to the L. bocconei  
group.  F rom  these species L. syracusanum  dif

fers in several  characters  conce rn ing  the stems,  
the leaves,  the spikes and spikelets .

8. L im on iu m  zerap hae Brullo,  sp. nov. ,  Fig. 8

Holotype: Malta, II Blata i-Baida, 25 .VI. 1973, Brullo 
& Ronsisvalle (CAT).

Sta tice  reticulata  auct. fl. melit., non. L. (1753).
Sta tice  cancellata  auct. fl. melit., non Bernh. ex 

Bertol. (1827).

Planta perennis, 6-40 cm alta. Scapi scabri, prostrati 
vel suberecti,  ramosissimi, ramis sterilibus permultis, 
fragilibus in nodis, densis, intricatis, articulis 4-15 mm 
longis, curvatis , valde divaricatis form antibus angulis 
(60°-)90°-160°. Folia ob lanceolata  vel oblanceolato- 
spathulata ,  plus minusve revolu ta ,  uninervia, 
10-30(-40)x2-6(-9) mm, apice ro tundato  vel obtuso, 
anthesi plerum que sicca. Panicula am pla, spicis curva- 
tissimis, divaricato-reflexis, scorpioideis , (2—)3—8 cm 
longis. Spiculae uniflorae, 2-3 in 1 cm. Bractea interior 
rec ta  vel leviter curvata  in basi, 4 ,5-5  mm longa, cyl- 
lindrica, flores arte am plectens, b runneo-virens exsic- 
catione. B rac tea  media 1,5-2 mm longa. Bractea ex te
rior acu ta , 1-1,5 mm longa, 1/5 b rac teae  interioris 
ob tegens. Calyx 5 mm longus, limbo longiore quam 
tubo , lobis calycinis rotundis , ex b rac tea  interiore 
longe exsertus .  Corolla 6-7 mm longa, coeruleo-lilaci- 
na.
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Plant 6 -40  cm. Stems scabrous ,  prostrate  or  sub- 
erect ,  much branched,  intricate,  with segments  
4-15 mm long, fragile at nodes  and with b ranches  
diverging at an angle of  (60°-)90°-l60°.  N o n 
flowering branches numerous .  Leaves  oblanceo-  
late or  oblanceo la te -spa thu la te ,  10—30(^40) x 2—6 
(-9) cm. Spikes arcua te  (2—)3—8 cm. Spikelets
1-flowered,  2-3 per cm. Inner  brac t  4.5-5 mm, 
straight,  cylindrical.  Calyx 5 mm.

D istribution.  Maltese Archipelago,  on the c o a s 
tal rocks.

On the basis  of  herbarium research  and personal  
col lect ions,  L. zeraphae  is p robably  the only 
species o f  L im on ium  living on the Maltese Is
lands.  In the past,  this species  was reported  as 
Sta tice  reticulata  L. ,  but  in the Linnean  herbar i 
um the specimen  labelled with this name (L IN N  
395.9) is very different from L. zeraphae.  This 
species is dedicated to the Maltese botanist  S te 
fano Zerafa.

9. L im o n iu m  d iv a r ic a tu m  (Rouy) Brullo, comb, 
et stat. nov.

Basionym: Sta tice  v irgata  Willd. var. d iva r ica te  Rouy, 
Rev. Bot. Syst. Géogr. Bot. 1(10): 160 (1903). — L i
m onium  virgatum  (Willd.) Fourr. subsp. divar ica tum  
(Rouy) Pignatti, Arch. Bot. (Forli) 31: 75 (1955). — 
L im on iu m  graecum  (Poiret) Rech. fil. subsp. d ivar i
ca tum  (Rouy) Pignatti, Bot. Journ. Linn. Soc. 64: 366 
(1971).

D is tr ibu tion . Corsica,  Sardinia,  Balearic Is
lands,? Sicily.

L. d ivarica tum  is s imilar  to L. z e r a p h a e , f rom 
which it differs in the following characters :  s tems 
rugose-tuberculate  with segments  1-2 cm long 
and diverging at an angle (45o-)60°-90o(-120°); 
spikes 1-4 cm long, with spikelets  2-3-flowered:  
inner b rac t  straight, com pressed  laterally, 5.5-6  
mm long,  dark when dry; ou te r  brac t  1.5-2 mm 
long, ob tuse ,  overlapping 1/4 of  the inner; calyx 
6 mm, with obtuse lobes,  limb shor te r  than the 
tube.

10. L im o n iu m  p ign att i i  Brullo & Di Martino ex 
Brullo,  sp. nov.

Holotype: Isola Grande dello Stagnone (Marsala), 
14.VII. 1974, Brullo & Di M artino (CAT).

L im onium  pignatti i  Brullo & Di Martino, Boll. St. 
Inform. Giard. Col. Palermo 26: 11 (1974), nomen in- 
validum cum descr. lat. sed design, typi omissa.

D istribution.  Coastal rocks and salt marshes  of  
w es te rn  Sicily between Marsala and Trapani ,  is
lands of  Stagnone,  Favignana and Levanzo .

11. L im o n iu m  fu rn a r i i  Brullo,  sp. nov. .  Fig. 9

Holotype: Capo Granitola (M azara  del Vallo), 26. 
IX. 1973, Brullo (CAT).

Planta perennis, 5-25 cm alta, caule 0 ,5-6 cm longo, 
fruticoso, ramoso, folioso, foliis vetustis inferioribus 
siccis persistentibus. Scapus rugosus sursum , ramis 
sterilibus nonnullis. Folia viridia, ob lanceolata  vel lin- 
earia-spathulata , 10-45x3-6(-9) mm, erec ta  vel erec- 
to-patentia , plana, apice ob tuso  vel ro tundato , mucro- 
nulata. Panicula pyramidata, ramis subtilibus, flex- 
uosis, longo tractu nudis. Spicae 5-20 mm iongae, 
densiflorae. Spiculae 1-2-florae, 8-10 in 1 cm. Bractea 
interior 3,5-4,5 mm longa, recta, lato margine scario- 
so-rufescente. B ractea media et ex ter ior 2 mm longae. 
Calyx 4-5 mm longus, pilosus in tubo, leviter exsertus 
ex bractea interiore; limbus tubo subaequilongus. 
Corolla lilacina, 5-5,5 mm longa.

Plant 5-25 cm. Leaves oblanceolate or  linear- 
spa thula te ,  10-45x 3—6(—9) mm, mucrona te .  Pa
nicle pyramidal ,  with few steri le branches.  
Spikes  5-20 mm. Spikelets  1-2-flowered,  8-10 
per  cm. Inner bract 3.5-4.5 mm,  straight.  Calyx 
4 -5  mm, with pubescent  tube.

Distribution.  Capo Granito la  near  Mazara del 
Vallo,  on the coastal  rocks.

This species is morphological ly very  different to 
the o ther  species of  L im o n iu m  presen t  in Sicily. 
It only has a weak affinity with the L. m inu ti f lo 
rum  (Guss.)  O. Kuntze,  especial ly regarding the 
spikelets.  This new species is named in honour  
of  Prof. F. Furnari ,  my dear  fr iend and co l
league.

12. L im o n iu m  lo ja co n i  Brullo,  nom. nov. . Fig. 10

Lectotype: Trapani presso il Mulino a Vento, 1849, 
T ineo (PAL).

S ta t ice  sicula  Tineo ex L ojac .,  Fl. Sic. 2(2): 20 
(1907).

Distribution:  W. Sicily at Trapani ,  Favignana,  
?Levanzo .

The epithet  “ s icu lu m ” canno t  be used as a ba 
sionym of this taxon in the genus  L im o n iu m , 
b ecause  the name Lim onium  sicu lum  has already 
been used by Miller (1768) in o rde r  to descr ibe 
a no the r  species, which is a synonym of 
L im on ias trum  m onope ta lum  (L.) Boiss. T h e r e 
fore,  a new name is p roposed .  L. lojaconi is
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Fig. 9. L. furnarii.  Holotype (Brullo, CAT).

similar  to L. m inu ti f lo rum , f rom which it differs 
in the following characters :  leaves 3-veined; 
spikes denser  with 4-8 spikelets per  cm; inner 
brac t  4 -4 .5  mm long, slightly incurved at apex;  
ou te r  brac t  1-1.5 mm long, ob tuse,  overlapping 
1/3-1/4 of  the inner; calyx 4-4.5 mm, villose in 
the tube ,  lobes slightly obtuse.  The  species is 
ded ica ted  to the Sicilian botanist  M. Lojacono,  
who first described it as S ta t ice  sicula.

The  four following species (13-16) also belong to 
the L. m inutiflorum  group:

Fig. 10. L. lojaconi. Lec to type  (Tineo, PAL).

13. L im o n iu m  m in u t i f lo r u m  (Guss.)  O. Kuntze,  
Fig. 11
K untze , Rev. Gen. 2: 395 (1891).

Lecto type: Filicudi, in lapidosis maritimis, s.d. G usso
ne (NAP). — Basionym: Statice minutiflora  Guss.,  Fl. 
Sic. Prodr. Suppl. 1: 80 (1832).

D istribution. N. Sicily near  Capo Milazzo and 
the Aeolian Islands.

The species is charac ter ized  by: leaves oblance- 
olate-spathula te,  1-3-veined,  25-^10 x 4-11 mm, 
ob tuse  or  rounded at apex,  glaucous;  non-f lower 
ing branches  few; spikes 1-4 cm long with 3-5 
spikelets  in 1 cm; inner bracht  straight,  3.8-4 
mm; ou te r  bract acute,  2 mm long, overlapping 
1/2 of  the inner; calyx 4.5-5 mm, with few hairs 
in the tube ,  with rounded or  obtuse  lobes,  limb Fig. 11. L. minutiflorum.  L ec to type  (Gussone, NAP).
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shorte r  or  equal to the tube,  exceed ing the inner 
bract  by 1-1.5 mm; corolla 5-6  mm long.

14. L im o n iu m  c a la b r u m  Brullo,  sp. nov.

Holotype: Rupi di Copanello (Prov. di Catanzaro),
11. V I I I .1883, Fiori (FI).

A Limonio minutifloro differl: folia 40-70 mm longa; 
spiculae 6 in 1 cm; bractea interior 3-3,5 mm longa; 
bractea exterior 1 mm longa, 1/4 bractea  interioris ob- 
tegens; calyx pilosus in tubo, 3,5-3,8 mm longus, limbo 
breviore quam tubo.

Distribution. Calabria,  on the mari t ime rocks of  
the Ionic coast near Copane llo  (Catanzaro).

15. L im o n iu m  c y r to s ta e h y u m  (Girard) Brullo, 
comb. nov.

Basionym: Statice cyrtostachya  Girard, Ann. Sei. Nat. 
Ser. 3, 2: 328 (1844).

Distribution. Algeria, rocky coast.

16. L im o n iu m  b a le a r ic u m  (Pignatti) Brullo, 
comb, et stat. nov.

Basionym: Lim onium minutißorum  (Guss.) O. Kuntze 
subsp. balearicum  Pignatti, Arch. Bot. (Forli) 31: 85 
(1955).

D istr ibu tion . Balearic Islands.

17. L im o n iu m  ta u r o m e n i t a n u m  Brullo, sp. nov. ,  
Fig. 12

Holotype: Naxos (Taormina), 6. VII. 1974, Brullo
(CAT).

Planta perennis, 15-40 cm alta, caule fruticoso, foliis 
rosulatis paulo densis, viridibus anthesi, vetustis rare 
persistentibus. Scapi fragiles, elongati, pauci, longo 
tractu nudi, sursum divisi ramis floriferis, ramulis 
sterilibus nullis vel nonnullis. Folia viridia, rigida, 
coriacea, erecta, exteriora 3-nervia, interiora uniner- 
via, margine plus minusve revoluto, linearia-spathula- 
ta, 15^10x3-6 mm, acuta  vel obtusiuscula. Panicula 
generaliter unilateralis. Spicae 1,5—2,5(—3) cm longae, 
spiculis bifloris 4-6 in 1 cm. B rac tea  interior recta, 4 
mm longa, angusto margine hyalino. Bractea media 
1,2-1,5 mm longa. B rac tea ex terior 1,5-2 mm longa, 
1/3 bracteae interioris obtegens. Calyx 4,5-5 mm 
longus, leviter pilosus in tubo, ex bractea  interiore c. 
1,5 mm exsertus; limbus tubo subaequilongus. Corolla 
coeruleo, 5,5-6 mm longa.

Plant 15-40 cm. Leaves  co r iaceous ,  1-3-veined,  
l inear-spathulate,  15 -40x3 -6  mm, revolute.  Pa 
nicle generally unilateral,  with sterile branches 
few or absent .  Spikes 1.5—2.5(—3) cm. Spikelets
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Fig. 12. L. taurom enitanum .  Holo type (Brullo, NAP).

2-flowered,  4-6  per  cm. Inner  bract 4 mm, 
straight.  Calyx 4 .5-5  mm.

D is tr ib u tio n . Taorm ina  on the volcanic rocky 
coas t .

Although the charac te rs  o f  the f lowers and the 
type of  inflorescence of  this species make it s imi
lar to L. m in u t i f lo ru m , a lot o f  o ther  charac te rs  
never the less  make it different  to the latter.

18. L i m o n iu m  io n ic u m  Brullo,  sp. nov. ,  Fig. 13

Holotype: Taorm ina , Isola Bella, 1.X.1978, Brullo & 
Pavone (CAT).

Planta perennis , 12-^40 cm alta, caule fruticoso, inferne 
foliorum vetustorum  dense vestito , foliis superioribus 
rosulatis viridibus anthesi. Scapi flexuosi, erecti, e lon
gati, nitidi vel leviter rugosi, ramosi in inflorescentia, 
ramulis sterilibus nullis. Folia viridia, herbacea, fossu- 
lata, rugosa l inearia-spathulata, 25—8 0 x (3—)4—9( -11) 
mm, 3(-5)-nervia, rare un inervia ,  plana, patentia, la
mina in angustum  et longum petiolum gradatim atte- 
nuata ,  ob tusa  vel ob tusiuscula.  Panicula simplex vel 
paulo ram osa , bilateralis. Spicae 2-5 mm longae. Spi
culae biflorae, 3—5(—7) in 1 cm. Bractea interior 4,5-5 
mm longa, rec ta  vel curva a latere, margine anguste 
hyalino. B rac tea  media 2-2,2 mm longa. Bractea ex te 
rior 2,5-3 mm longa, 1/2 brac teae  interioris obtegens. 
Calyx 5-5,5 mm longus, leviter pilosus in tubo, ex 
b ractea  interiore 0,8-1 mm exsertus ,  limbo quam tubo 
longiore. Corolla coerulea, 6-6,5 mm longa.
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Fig. 13. L. ionicum. Holotype (Brullo & Pavone, 
CAT).

Plant 12-40 cm. Leaves  tender ,  rugose,  lin- 
ear -spa thulate ,  25-80 x (3—)4—9(—11) mm, (1-) 
3(-5)-veined,  plane. Panicle bilateral,  with sterile 
b ranches  absent .  Spikes 2-5 cm. Spikelets
2-flowered,  3-5(-7)  per  cm. Inner  bract 4.5-5 
mm. Calyx 5-5.5 mm.

D istribution.  Calcareous  rocks of  the Isola Bella 
near  Taormina .

This species is akin to L. ta u r o m e n ita n u m , f rom 
which it differs in several impor tan t  morphologi 
cal charac te rs  and ecologically.  In fact,  L. ioni
cum  is a calcicole species,  whereas  L. tauro 
m en ita n u m  is a calcifuge species localized on the 
volcanic rocks.

19. L im o n iu m  o le ifo l iu m  Miller

Miller, Gard. Diet. ed. 8 no. 3 (1768).

19 a. L im o n iu m  o le ifo l iu m  Miller subsp.  a lg u s a e  
Brullo,  subsp.  nov

Holotype: Linosa, rupi marine vulcaniche, X.1973, 
Furnari (CAT).
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A typo differt: planta elata usque ad 60 cm alta; folia
1-3-nervia; spicae 4-10 cm longae, spiculis 2-3 in 1 cm; 
bractea  interior 6 mm longa, bractea exterior acuta,
2.5-2,8 mm longa, angusto margine hyalino, 1/3 brac
teae interioris obtegens; b rac tea  media 2,5 mm longa; 
calyx 6 mm longus, tubus calycis brevior vel subaequi- 
longus quam limbus.

Plant tall, up to 60 cm high. Leaves  1-3-veined. 
Spikes 4-10 cm with 2-3 spikelets  per  cm. Inner  
bract  6 mm. Outer  brac t  2.5-2.8 mm, acute,  
overlapping 1/3 of  the inner.  Medium bract  2.5 
mm long. Calyx 6 mm.

D istribution. Linosa (Algusa), along the volcanic 
rocky coast.

Subsp.  oleifolium  differs from subsp.  algusae  in 
the following characters:  Plant 15^45 cm high; 
leaves 1-veined; spikes 1 —4(—6) cm long with 4-5 
spikelets in 1 cm; inner b rac t  4-5 mm long; outer  
bract obtuse,  1-2 mm long,  overlapping 1/4 of  
the inner; medium bract 1-2 mm long; calyx
4.5-5 mm long, with curved  tube longer than the 
limb.

19 b. L im o n iu m  o le i fo l iu m  Miller subsp.  o p u le n -  
tu m  (Lojac.)  Brullo, comb, et stat. nov.

Lectotype; Porto Empedocle , s .d .,  Lojacono (PAL). 
— Basionym: Statice opulenta  Lojac.,  Fl. Sic. 2(2): 23 
(1907).

D istr ibu tion . Coastal marly soils near  Porto 
Empedocle  (Agrigento).

This  subspecies  differs from the type as follows: 
s tem with few sterile b ranches ,  s tronger,  with a 
base d iamete r  greater  than  0.7 mm; caulis-scales 
less than 4-5 mm; spikelets  6 - 1 1-flowered, 4-6  
per  cm; inner bract 5.5-6.5 mm; outer  bract
2-2.5 mm; calyx 5-6 mm.

20. L im o n iu m  ca ta n z a r o i  Brullo, sp. nov. ,  Fig. 14

Holotype. Ribera, VIII. 1972, Catanzaro  (CAT).

Planta perennis, 25-30 cm alta, caule ramoso longe 
folioso, foliis vetustis caudiculis vestentibus. Scapi 
fragiles, elongati, ramis inferioribus sterilibus, multis, 
subsimplicibus, supremis floriferis in paniculam amp- 
lam digestis. Folia linearia-rhomboidea, 20-50x2^4 
mm, acuta vel obtusiuscula, mucronulata , brunnea an
thesi, plana, uninervia, a t tenua ta  in angusto petiolo. 
Spicae 2-6 cm longae, spiculis bifloris, 2^4 in 1 cm. 
Bractea interior 5 mm longa, recta, iarge albomargi- 
nata, cylindrica, viridis. Bractea exterior acuta vel ob
tusiuscula, 2 m m .longa, amplo margine hyalino, 2/5 
bractea  interioris obtegens. Calyx rectus, 5-5,5 mm
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Fig. 14. L. catanzaroi.  Holotype (Catanzaro, CAT).

longus, tubo subaequilongo vel breviori quam limbo, 
rubescens  versus basim, brevibus et densis pilis se- 
riceis in tubo, limbo omnino albo praeter subtiles 
nervös usque ad apicem loborum excurren tos , lobis 1 
mm longis. Corolla coeruleo-violacea, 6 mm longa.

Plant 25-30 cm. Leaves l inear-rhomboidal ,  20-50 
x 2 - 4  mm, acute or  slightly obtuse,  I-veined. 
Non-f lower ing branches  numerous .  Spikes 2-6 
cm. Spikelets  2-flowered,  2-4 per  cm. Inner 
brac t  5 mm. straight,  with wide hyaline margin.  
Calyx 5-5 .5 mm, straight,  with veins reaching 
apex  o f  the lobe.

D is tr ibu tion . W. Sicily on the clay soils o f  the 
in terior  near  Ribera.

This species seems to be quite isolated taxo- 
nomically as fas as its morphological  chäracter-  
istics are conce rned .  It could be confused  with 
L. o le ifo lium ,  but  the differences be tw een  the 
two species are remarkable.  L. oleifolium  differs 
from L. ca tanzaro i  as follows: robust  s tem, not 
fragile at the nodes;  leaves l inear-spathulate and 
ob tuse ;  shor te r  spikes with spikelets  more 
dense;  inner brac t  incurved,  com pressed  lateral

ly with very n a r row  hyaline margin, da rk when 
dry; ou te r  b rac t  ob tu se  with very  nar row hyaline 
margin, over lapping  1/4 o f  the inner; calyx 4.5-5 
mm, curved ,  g labrous  or  slightly hairy in the 
tube,  limb whit ish only at the apex,  red 
dish-brown in the remainder ,  with veins not 
reaching apex  o f  the lobe;  lobes of  the calyx 
max.  0.5 mm long; calyx with limb shorter  than 
the tube.  It is my p leasure  to name this beautiful 
plant after its d iscovere r  Mr. Fr. Catanzaro .

21. L im o n iu m  c a ta n e n s e  (Tineo  ex Lojac.) Brul
lo, com b ,  nov. ,  Fig. 15

Lecto type: Catania, alia ca la  nella lava sotto la Con- 
ceria, VI. 1851, Tineo (PA L). —  Basionym: Statice  
catanensis  Tineo ex L ojac .,  Fl. Sic. 2(2): 27 (1907).

D istribution.  Catania ,  on  the volcanic mari t ime 
cliffs.

This species is very dist inct  from the o ther  Sici
lian spec ies  o f  L im o n iu m , particularly where the 
branchle t  o f  the s tem and  the morphology  o f  the 
spikes and the spikelets  are concerned .

22. L i m o n iu m  h a lo p h i lu m  Pignatti ,  sp. nov. ,  Fig. 
16

Holotype: M azara del Vallo, esta te  1965, Catanzaro  
(TBS).

Lim on ium  ram osiss im um  (Poiret) Maire subsp. sicu- 
lum  Pignatti, Bot. Journ. Linn. Soc. 64: 366(1971).

D is tr ib u tio n . Sal t-marshes  of  Capo  Feto  near  
M azara  del Vallo (W. Sicily).

The  epithet  1 s icu lum '  c an n o t  be used as a bas io
nym for  this taxon at the specif ic level (cf. also 
no. 12, L. lojaconi above).  A new name is th e re 
fore proposed .

23. L im o n iu m  l i ly b a e u m  Brullo,  sp. nov. ,  Fig. 17

Holotype: Isola Grande dello Stagnone, nei pantani 
salmastri,  14.VII. 1974. Brullo (CAT).

Planta perennis 6-35 cm alta, caule contracto  folioso. 
Scapus robustus, rigidus, s tria tus,  ramis sterilibus 
nonnullis. Folia acuta vel acu tiuscula ,  rigida, plana, 
ob lanceolato-spathulata ,  m ucronu la ta ,  25-50 x  7-13 
mm, laevia, glauca, 3-nervia, rosulata .  Panicula ampla, 
pyram idata , ramis subtilibus flexuosis. Spicae 0,5-2,5 
cm longae. Spiculae biflorae, 7-8 in 1 cm. Bractea 
interior 5 mm longa, margine hyalino 0,5-1 mm lato. 
B rac tea  ex terior obtusa vel acu tiuscula , 2,5 mm longa, 
1/2 brac teae  interioris obtegens. Bractea media 2,5-3 
mm longa. Calyx 5 mm longus, limbo ex loto albo 
aequilongo tubo, lobis obtusis  0,8-1 mm longis.
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Fig. 16. L. halophilum. Isotype (Catanzaro , TSB).

Plant  20-35 cm. Leaves oblanceo la te-spa thula te ,  
20-60 x 5-12 mm, 1-3-veined.  Panicle pyramidal  
with few sterile branches.  Spikes 6-15 mm. 
Spikelets  4-6-flowered,  8-10 per  cm. Inner  bract 
5 mm. Calyx 5 mm with lobes 0.5 mm long.

D is tr ibu tion . Sel inunte on the mari t ime cliffs.

2 5 .  L im o n iu m  a e g u sa e  Brullo,  sp. nov. ,  Fig. 19

Holotype: Favignana, presso il Pantano , 31. VII. 1973, 
Brullo & Bartolo (CAT).

P lanta perennis, 5-25 cm alta, caule suffruticoso, ramis 
foliis vetustis stipatis crebissime vestitis. Scapi nume- 
rosi, scabri, subtili, graciles, flexuosi vel rigiduli, e 
ipsissima basi subito ramosi, ramis sterilibus nonnullis. 
Folia linearia-spathulata, plana, non rigida, scabro- 
rugosa, 10-30 x 4-6(-9) mm, uninervia vel obscure
3-nervia, acuta, mucronulata , gradatim in longum et 
angustum  petiolum attenuata . Ramuli floriferi divari- 
cato-recti ,  in paniculam depauperatarn  digesti. Spicae 
densae , 7-20 mm longae. Spiculae 1-2-florae, 6 -8  in 1 
cm. Bractea interior 4-4,5 mm longa, recta, leviter 
albo-marginata. B ractea exterior acutiuscula, 1,5(—2) 
mm longa, 2/5 bracteae interioris obtegens. Calyx
5-5,5 mm longus, paulo pilosus in tubo, ex b rac tea  
interiore breviter exsertus, limbo ex toto albo longiore

Fig. 15. L. catanense.  Lec to type (Tineo, PAL).

Plant 6-35 cm. Leaves  rigid, oblanceolate-  
spathulate,  25-50 x 7-13 mm, rosulate,  3- 
veined.  Panicle pyramidal with few sterile b ran 
ches.  Spikes 5-25 mm. Spikelets  2-flowered,  7-8 
per  cm. Inner  bract 5 mm. Calyx 5 mm with 
lobes 0.8-1 mm long.

; D is tr ibu tion . Saline soils of  the Isola Grande of
I the Stagnone Archipelago near  Marsala.

24. L im o n iu m  se l in u n t in u m  Brullo, sp. nov. ,  Fig. 
18

Holotype: Selinunte, sulle rupi costiere , 27.VIII. 1974, 
Brullo (CAT).

Planta perennis 20-35 cm alta, caule ramoso, con- 
tracto, folioso. Scapus ram osus, scabrus, ramis robus-

!
tis, d ivaricato-erectis , sterilibus perpauci. Folia oblan- 
ceola to-spathulata , glauca, 20-60 x 5-12 mm, plana, 
acuta vel acutiuscula, 1-3-nervia, sine mucrone vel 
leviter mucronulata. Panicula ampia, pyramidata, 
ramis elongatis. Spicae 6-15 mm longae. Spiculae
4-6-florae, 8-10 in 1 cm. Bractea interior 5 mm longa, 
margine hyalino 0,5 mm lato. Bractea exterior obtusa, 
2 mm longa, 2/3 bracteae interioris obtegens. Calyx 5 
mm longus, limbo tubo subaequilongo, limbo omnino 
albo, lobis obtusis 0,5 mm longis.
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Fig. 17. L. lilybaeum.  Holotype (Brullo, CAT). Fig. 18. L. selinuntinum.  H olotype (Brullo, CAT).

quam tubo , lobis acutis 0,5 mm longis. Corolla 5,5-6 
mm longa, coeruleo-lilacina.

Plant 5-25 cm. Stems numerous ,  scabrous ,  s len
der,  f lexuous,  with few sterile branches.  Leaves  
l inear-spathulate ,  10-30 x 4-6(-9) ,  1-veined or  
obscure ly  3-veined,  acute.  Spikes 7-20 mm. 
Spikelets  1-2-flowered,  6-8 per  cm. Inner bract
4-4.5 mm. Calyx 5-5.5 mm.

Distribution. Is land of  Favignana  (Aegusa) near  
sal t-marsh.

26. L im o n iu m  p a c h y n e n s e  Brullo,  sp. nov. Fig. 
20

Holotype: Pantano Longarini, 21 .VIII. 1972, Brullo 
(CAT).

Planta perennis, 6-50 cm alta, caule contracto, ramis 
foliosis. Scapus robustus, saepe a basi ramosus, ramis 
sterilibus nonnullis, striatus, diam etro  articulorum in- 
feriorum 0,5-2 mm. Folia oblanceolato-spathulata, 
plana, rugosa, viridia-glaucescentia, 15-80x6-16 mm, 
3-nervia vel obscure 3-nervia, interiora saepe m ucro
nulata, longe in petiolum latum 1-2,5 mm attenuata . 
Panicula corym bosa , ramulis divaricato-rectis longe 
nudis deorsum . Spicae 6-12 mm longae. Spiculae

2-3-florae, 8-10 in 1 cm. Brac tea  interior recta, 5 mm 
longa, angusto margine hyalino 0,2-0,3 mm lato, 
ro tundata in apice. Bractea media 2 mm longa. Bractea 
ex terior obtusa, 2-2,5 mm longa, 2/5 bracteae interioris 
obtegens. Calyx 4-4,5 mm longus, tubo laeviter piloso, 
ex bractea  interiore non exsertus ,  limbo breviore quam 
tubo, brunneo-rufescente deorsum , lobis obtusis 0,5 
mm longis. Corolla roseo-lilacina, 5-6 mm longa.

Plant 6-50 cm. Stems robus t ,  striate. Leaves  
oblanceola te-spathulate ,  15-80 x 6-16 mm, 3- 
veined.  Panicle corymbose  with few sterile b ran 
ches. Spikes 6-12 mm. Spikelets  2-3-flowered,  
8-10 per  cm. Inner bract 5 mm. Calyx 4-4.5 mm.

Distribution. Sa l t-marshes near  Pachino (S. Sici
ly).

L. pachynense , L. halophilum , L. lilybaeum, L. 
selinuntinum , L. aegusae  and L. secund iram eum  
(Lojac.)  Brullo, species very dist inct for n u m e r 
ous peculiar  characters ,  all belong to the L. 
ram osiss im um  group (Pignatti  1971, 1972)

A ck n o w le d g em en ts . I am grateful to Prof. S. Pignatti 
for generously giving me valuable advice and for pub
lishing two new species in this paper. I also wish to 
thank Dr M. Erben for his critical reading of the m anu
script.
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Fig. 19. L. aegusae.  Holotype (Brullo & Bartolo, 
CAT).
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Appendix

A current check-list of the genus Limonium in Sicily.

Lim onium  sinualum  (L.) Miller 
Lim onium  feru laceum  (L.) O. Kuntze 
Lim onium  serotinum  (Reichenb.) Pignatti 
Lim onium  calcarae (Tod. ex Janka) Pignatti 
Lim onium  parviflorum  (Tineo in Guss.) Pignatti 
Lim onium  cosyrense  (Guss.) O. Kuntze 
Lim onium  bocconei  (Lojac.) Litard.
Lim onium  ponzoi (Fiori & Béguinot) Brullo 
L im onium  flagellare  (Lojac.) Brullo
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Fig. 20. L. pa ch yn en se . H olotype (Brullo, CAT).

Lim onium  syracusanum  Brullo 
Lim onium  zeraphae  Brullo 
Lim onium  tenuiculum  (Tineo ex Guss.) Pignatti 
Lim onium  catanense  (Tin. ex Lojac.) Brullo 
Lim onium  pignattii  Brullo & Di Martino ex Brullo 
Lim onium  catanzaroi  Brullo 
Lim onium  minutiflorum  (Guss.) O. K untze 
Lim onium  lojaconi Brullo 
Lim onium  taurom enitanum  Brullo 
Lim onium  ionicum  Brullo 
Lim onium  furnarii  Brullo 
Lim onium  albidum  (Guss.) Pignatti 
Lim onium  lopadusanum  Brullo 
Lim onium  hyblaeum  Brullo 
Lim onium  m azarae  Pignatti 
Lim onium  panorm itanum  (Tod.) Pignatti 
Lim onium  intermedium  (Guss.) Brullo 
Lim onium  oleifolium  Miller subsp. oleifolium  
Lim onium  oleifolium  Miller subsp. algusae  Brullo 
Lim onium  oleifolium  Miller subsp. opulen tum  (Lojac 

Brullo
Lim onium  duriusculum  (Girard) Fourr.
Lim onium  halophilum  Pignatti 
Lim onium  secundiram eum  (Lojac.) Brullo 
Lim onium  lilybaeum  Brullo 
Lim onium  selinuntinum  Brullo 
Lim onium  aegusae  Brullo 
Lim onium  pachynense  Brullo 
L im onium  densiflorum  (Guss.) O. K untze 
Lim onium  sibthorpianum  (Guss.) O. K untze 
Lim onium  echioides (L.) Miller
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The em bryology of Eriocaulon hookerianum  is described. The microsporangial wall con 
sists o f  an endothecium, a middle layer and a glandular tapetum  of uninucleate cells in 
addition to the epidermis. Pollen grains are three-celled and spiraperturate at shedding. The 
ovary is superior, tricarpellary and syncarpous with three orthotropous tenuinucellate 
ovules on an axile placenta. E m bryo  sac developm ent follows the Polygonum type. The 
three antipodals fuse to form a cyst. The endosperm  is nuclear. Early cleavages of em b ry 
onal developm ent conform to the Penaea variation, Asterad type. Both integuments con tr i
bute to the seedcoat. The innerm ost layer o f  the pericarp develops band-like thickenings 
and helps in seed release. The results have been evaluated for assessing the system atic  
position o f  Eriocaulaceae. T he elevation o f  the family to the rank of an order by H utchinson  
and Cronquist is justified on embryological grounds.

Govindappa D. Arekal and S . N . R a m a sw a m y,  D epartm ent o f  Post-graduate S tudies  a nd  
Research  in Botany, University o f  Mysore, M ysore 570006, India.

The  Er iocaulaceae  com monly  known as the 
P ipewort  family are a large cosmopoli tan as 
semblage comprising 13 genera  and approx.  1500 
species ,  included under  two subfamilies, Erio- 
cauloideae and Paepa lanthoideae  (Moldenke 
1971). They  are “ the Compos it ae  of  M onoco ty 
ledons” (Rendle 1930). The members  are p re 
dominantly  pantropical ,  though a few extend 
even to the temperate zones.  Although they pos 
sess a wide range of  floral s t ruc ture,  all the spe 
cies toge ther  const i tute,  more  or  less,  a well-de
fined natural  group.  In spite of  a large number  of  
publicat ions regarding the taxonom y of  this fami
ly (see Bentham & H o o k e r  1883, Ruhland 1903, 
1930, Moldenke 1959, 1971), there is no unan imi
ty am ongst  the taxonomists  about  the systematic 
posit ion of  the family in the Monocotyledons  
(Bentham & Hooker  1883, Engler  & Prantl 1887, 
H a lbe r  1912, Bessey 1915, Rendle 1930, Benson 
1957, Hutchinson 1959, Takhtajan 1966, C ro n 
quist 1968).

For  the past two decades  embryological  in
vest igat ions have great ly al tered our ideas 
regarding the importance of  embryology in the 
classificat ion of  angiosperms.  Never the less ,

more  intensive studies are required if a p roper  
basis  is to be provided for  the formulation of  
universal  laws.

Smith (1910) was the first to invest igate the 
embryology of Eriocaulaceae.  He  recorded a 
4-layered an ther  wall including a tepetum of  uni 
nucleate cells, 3-celled pollen,  a Polygonum type 
o f  em bryo  sac with inconspicuous antipodal  
cells,  a nuclear  endosperm and an undifferen
tiated em bryo  in Eriocaulon sep tangu lare . Palm 
(1920) examined the pollen deve lopment in E. 
truncation  and repor ted that it was 3-celled at 
shedding.  Patel & Patel (1964) studied E. cinere-  
um  and recorded  the occurrence  of  3-celled 
sp iraper turate pollen,  a Polygonum type of  e m 
bryo  sac with three antipodal  cells, a nuclear  
endosperm  and an unorganized embryo.  The o c 
cur rence  of  a glandular  tape tum containing 
binuc leate  cells, a 2-celled tr iporate pollen at 
shedding,  a Polygonum type of  em bryo sac con 
taining three  superposed  antipodal  cells, and en 
veloped by an endothelium, a nuclear  endosperm 
and an undifferentiated embryo,  in addition to 
the s tructure  of seedcoat  and fruit wall are sub
sequently  reported by Begum (1968) f o r £ .  quin-
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quangulare .  Since the invest igat ions regarding 
the family are inadequate and the results vary 
Maheshwari  & Kapil (1963) rightly felt that E r io 
cau laceae  deserved a detai led study.  E m b ry o 
logical invest igat ions on the family were under 
taken to fill in the large gap.  The present  paper 
deals with various embryological aspects  of  
E riocaulon h o o ker ia n u m .

Material  and methods

Material for the present study was collected from 
m arshy areas near Bababudan Hills and Mullaiahnagiri 
(1550 and 1850 m altitude respectively), Chikkamaga- 
lore District, K arnataka State, India. The voucher 
specim ens num bered Swamy (SNR. 1-5) were deposi
ted in the H erbarium  of the Post-graduate D epartm ent 
o f  Botany , Manasa Gangotri, Mysore-6. The entire 
flowering and fruiting heads were fixed in F o rm a
lin-Acetic acid-Alcohol (FAA). The involucral bracts 
of  the heads were removed before fixation. In order to 
separate  the minute flowers the flower heads were 
d issected  under a binocular dissecting microscope. 
Hard seeds were softened with 15 % hydrofluoric acid 
(in 70 %  ethyl alcohol). An ethanol-xylol-paraffin se
ries was followed during dehydration  and imbedding. 
Serial cross and longitudinal sections were cut 8-14/^m 
thick and stained in H e idenhain ’s Iron-alum-haema- 
toxylin using erythrosin as a counterstain .

Observations

M icrosporangium  and  m ale g a m e to p h y te . A  
cross section of  a very young anther  is 4-lobed 
and each  lobe is the site of  a microsporangium 
(Fig. 1 A). A large-nucleate densely cytoplasmic 
hypodermal archesporial  cell differentiates in 
each lobe and divides periclinally producing the 
pr imary  parietal and pr im ary sporogenous  layers 
(Fig. 1 B). The cells of  the primary  parietal layer, 
by periclinal division, delimit the endothecium 
from an inner layer, which in turn and by a 
similar  division, gives rise to the middle layer 
and tape tum (Fig. 1 C-F) .  The  tapetal  cells en 
large in size and become conspicuous  by the 
acquisi t ion of  large nuclei and dense  cytoplasm.  
During the later s tages o f  sporangium deve lop
ment the middle layer becom es  crushed.  The

uninucleate  tapetal cells b reak  down after pro
viding nourishment for the microsporocytes  and 
pollen grains. The cells o f  endothec ium increase 
in size and develop fibrillar thickenings on the 
inner s ide of  their tangential walls. The  ep ider
mal cells elongate and increase  in size consider
ably, acquir ing dark-staining granular bodies 
(Fig. 1 P).

Meanwhile,  cells of  the pr im ary sporogenous  
layer divide transversely  and  produce a row of 
sporogenous  cells which soon increase in size, 
becom e spherical and func tion as microspore 
mothe r  cells (Fig. 1 C-G ) .  Meiotic divisions fol
low. Quadripart i t ion of  the mother  cells is suc
cess ive  and the microspore  tetrads are isobi
lateral (Fig. 1 G -F ) .  Soon ,  the microspores en 
large in size,  acquire a spherical  shape and sepa
rate. A conspicuous  vacuole  develops in the 
cy toplasm and pushes  the microspore  nucleus to 
one side (Fig. 1 M-N).  A mitot ic division o f  this 
nucleus  leads to the organ izat ion of  a small gene
rative cell and a large tube cell. The generat ive 
cell gradually moves into the cytoplasm of  the 
tube cell and divides producing  two male gam 
etes.  T h e  two adjacent  microsporangia  coalesce 
before pollen liberation due to the breakdown of 
separat ion layers of  cells. At the time of  s hed 
ding the  pollen grain is 3-celled.  It is spherical in 
shape and has a thin intine and a compara t ively 
thick,  minutely spinascent ,  spiraperturate  exine 
(Fig. 1 O).

M egasporogenes is  a nd  f e m a le  g a m e to p h y te . A 
large dense ly  pro toplasmic hypodermal a rche 
sporial cell is organised very  early in the ovular  
pr im ordium (Fig. 2 A). It inc reases  in size and 
functions directly as the m egaspore  mother  cell. 
After  meiosis-I . two dyad cells are formed (Fig. 2 
B-D).  These  pass through meiosis-II and togeth 
er give rise to a linear or  obliquely T-shaped 
te trad of  megaspores (Fig. 2 D-F) .  Three of  the 
megaspores  in the tetrad usually degenerate and 
the lowermost  one functions (Fig. 2 H). It is rare 
that tw o  megaspores  of  a te trad  show signs of  
fur ther  development (Fig. 2 G). The functional

Fig. 1. Microsporangium and male gam etophyte developm ent in Eriocaulon hookerianum .  — A: Outline of 
t ransverse  section of very young anther, x 750. —  B: T .s. of an an ther lobe showing primary parietal and primary 
sporogenous layers, x 585. —  C, D: Longitudinal sections o f  m icrosporangia showing two stages in the 
developm ent of a 4-layered an ther wall enclosing a layer of m icrospore m other cells, x 1250. — E: Outline of t.s. 
o f  an ther at spore m other cell stage, x 560. — F: Left part o f E to show cellular details, x 625. — G -L : Stages in 
the formation of a microspore tetrad from a m icrospore m other cell, x 1670. — M -O: Stages in the developm ent 
of  a 3-celled pollen. X 1670. —  P: T .s . of part of a m ature an ther lobe to show structural details, x 840.
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megaspore  deve lops  into an 8-nucleate em bryo 
sac of  the Polygonum type (Fig. 2 I-L).  The 
walls of  the antipodal  cells soon disorganize and 
the ir  protoplas ts  fuse together  producing an 
antipoda l  cyst.  This cyst  acqui res  dense cy to 
p lasm and its nuclei increase in size. It elongates 
tow ards  the egg appara tus ,  consequen t ly  r educ 
ing the size o f  the central cell. Its 3 nuclei meet  
and  fuse together  to form a large polyploid nuc
leus (Fig. 3 A -C) .  Meanwhile ,  the two polar n u c 
lei unite forming a secondary  nucleus. Marked 
changes  occur  in the em bryo  sac soon after the 
organizat ion o f  the secondary  nucleus.  The  cen 
tral cell begins to elongate towards  the chalaza 
and increases in size, while vacuolizat ion of  its 
cy top lasm becom es  prominen t  (Fig. 3 C-D).  The 
large nucleus of  the antipodal  cyst  breaks down 
and the entire cyst  itself is gradually pressed 
d ow n by the extending central cell.

The  mature em bryo  sac (Fig. 3 E) is spin
d le -shaped and is in direct con tac t  with the inner 
layer of  the inner  integument.  The egg appara tus 
cons ist s  of  2 degenerat ing  synergids and a large 
egg. The  antipodal  cys t  pers ists  as a dark,  in ten
sely staining mass  at the lower  end of  the sac. 
T he  secondary  nucleus it confined to the chala- 
zal half  of  the em bryo  sac.

E n d o s p e r m . Fert i lizat ion is porogamous.  One of 
the sperm nuclei fuses with the egg and the other  
unites with the secondary  nucleus producing the 
primary endosperm  nucleus (Fig. 4 A).

The  primary  endosperm  nucleus located at the 
ant ipodal  end o f  the em bryo  sac divides and no 
wall is fo rmed  after this division.  The  two result
ing nuclei divide simultaneously  (Fig. 4 B-C).  
Af ter  further  free nuclear  divisions a number  of  
endosperm  nuclei are formed.  These  are distr i
bu ted  th roughout  the em bryo  sac in the peri
pheral  cy toplasm,  more nuclei being confined to 
the chalazal  end of  the young endosperm. Cell
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wall formation begins at the chalazal end and 
gradually ex tends  to the micropylar  part .  When 
the initial wall formation is complete ,  a larger 
am oun t  of  endosperm t issue is noticeable at the 
chalazal  part than in the micropyla r  region,  while 
only two layers of  cells are found along the sides. 
A prominen t  vacuole occupies  the cent re  of  the 
em bryo  sac (Fig. 5 A, B). The  later  growth  of  the 
endosperm  is centr ipetal and is by cell division.  
Ult imately the central vacuo le  becom es  rep laced 
by large isodiametric  cells gorged with reserve 
food in the form of s tarch  gains and oil globules 
(Fig. 6).

Em bryo.  The division o f  the zygote occurs  only 
after  the formation of  a few endosperm  nuclei in 
the em bryo  sac and it is t r ansve rse  (Fig. 7 A, B). 
The result ing apical cell Ca  and  the basal  cell Cb  
divide vertical ly,  each producing  two jux taposed  
cells,  divisions in cell Cb  being ta rdy  (Fig. 7 
C -E ) .  The first p roembryona l  tetrad is, th e re 
fore,  of  the A, category o f  Souéges (1948). The 
two cells derived from Ca  divide vertical ly at 
right angles to the previous one and organize the 
quadran ts  q (Fig. 7 F -H ) .  Periclinal divisions 
follow in the two tiers o f  the p roem bryo  delimit
ing the dermatogen from an inner  group of  cells 
(Fig. 7 J-M).  Rapid vertical and transverse divi
sions occur  in the inner g roup  of cells in the 
quadran t  region,  while anticl inal  divisions occur  
in the dermatogen (Fig. 7 N -T ) .  Division of  cells 
in region Cb are very few. During fur ther  s tages 
of  development the rate of  cell division is slow in 
regions q and Cb  but cells of  the upper part  of  the 
em bryo  increase in size. As a result ,  the region 
expands  (Fig. 7 U-W).  The  em bryo  in a ripe seed 
is comparat ively few-celled,  bel l-shaped and 
undifferentiated (Fig. 7 X).

Ovule, seedcoa t and  fru i t  wall. The  ovule is 
ortho t ropous ,  bitegmic and tenuinucellate.  Each

Fig. 2. M egasporogenesis and developm ent of female gam etophyte  in Eriocaulon h o o ke r ia n u m . — A: An ovular 
primordium showing a hypodermal archesporial cell. —  B: Megaspore m other cell. — C: Dyad cells. —  D: 
N uclear division in dyad cells. —  E -F :  L inear and oblique T-shaped megaspore te trads respectively. —  G: Tw o 
functional megaspores of  a linear tetrad. — H: Functional megaspore and three degenerating m egaspores of a 
linear tetrad. —  I: 2-nucleate em bryo  sac. — J: N uclear division in the 2-nucleate em bryo  sac. — K: 4-nucleate 
em bryo sac. —  L: Organized 8-nucleate em bryo  sac. —  x 760. (See p. 298.)

Fig. 3. Stages in the organization of the antipodal cyst in Eriocaulon h ooker ianum . —  A: An 8-nucleate em bryo  
sac with walls o f antipodal cells disorganized to form a cyst. —  B: Embryo sac with an antipodal cyst having 3 
superposed  nuclei. —  C: E m bryo  sac with an antipodal cyst after fusion of the 3 nuclei in the cyst. —  D, E: stages 
in the developm ent of m ature em bryo sac showing enlarged and elongated central cell; note degenerating 
antipodal cyst. —  A; x  1150. B-E; X 760. — Ant. Antipodal cyst. (See p. 299.)
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Fig. 4. E ndosperm  in Eriocaulon hookerianum .  —  A: Fertilized em bryo sac showing primary endosperm  nucleus 
located at the chalazal end. —  B: First free nuclear division of primary endosperm  nucleus. —  C: E m bryo  sac 
with 4 endosperm  nuclei located at the chalazal end. x  560. — Pen Primary endosperm  nucleus, Pt Pollen tube, 
Syn Synergid, Z Zygote.

in tegument  is 2-layered. The cells of  the inner 
layers of  both integuments are shor te r  and more 
densely  cytoplasmic than cells o f  the outer  layers 
(Fig. 8 A). Marked changes occur  in the cells of  
both  layers of  each of  the integuments during 
post-ferti lization stages. The inner tangential 
walls of  the cells of  the inner layers become very 
thick as the cells increase in length (Fig. 8 B-D) .

Meanwhile,  the cells of  the ou te r  layers also 
elongate and appear to be very  nar row but  their  
walls do not thicken. The th ickening on the inner  
tangential walls of  the inner  layer of  the cells 
increases.  Tannin-l ike subs tances  accumula te  in 
the cells of  the inner layer of  the inner integu
ment while cells o f  the inner  layer o f  the ou te r  
integument become conspicuous ly  vacuolate and
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Fig. 5. Endosperm  in Eriocaulon h ooker ianum . 
—  A: Chalazal part after initial wall formation 
in young endosperm. —  B: Endosperm  after 
first phase o f  wall formation; note a prominent 
central vacuole and presence of greater amount 
of endosperm  tissue at the chalazal end. —  x 
560.
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Fig. 6. Chalazal half o f  a l.s. o f  seed 
to show structural details of endo
sperm tissue, x  560.

increase  in size. As the seed r ipens  and its e n d o 
sperm increases  in volume the o u te r  layers o f  the 
two integuments  as well as the inner layer of  the 
ou te r  in tegument  becom e c rushed  (Fig. 8 E,  F). 
Final ly the seedcoat  cons ists  o f  the ta nn in -con
taining inner layer of  the cells o f  the inner inte
gum en t  and  the remains of  the o th e r  layers o f  the 
cells in addition to the ex t rem ely  thick inner 
tangential  wall of  the inner layer o f  the ou te r  
in tegument (Fig. 8 F).

The  ovarian wall is made up o f  2 or  3 layers of  
elongated  cells (Fig. 8 A). During the post-ferti li
zat ion stages the middle layer,  if p resen t ,  b e 
com es  crushed.  The cells of  the inner layer in
crease  in size and the cells of  the ou te r  layer 
elongate further  and appea r  to be narrow. As the 
per icarp gets older,  prominen t  band-l ike th icken 
ings develop  on the inner side o f  the tangential

walls belonging to cells of  the inner layer. This 
layer helps in the dehiscence  of  the capsule (Fig. 
8 C -F) .

D iscussion

In all the species of  Eriocaulon  investigated so 
far, the struc ture of  the microsporangium and the 
deve lopment  of  the male gam etophy te  are e s 
sentially similar. A cross sect ion of  a very young 
an ther  is invariably 4-lobed and each  lobe c o n 
tains the hypodermal a rchespor ium.  N ever the 
less,  the occurrence  of  two rows of  archesporial  
cells is recorded in E. c inereum  (Patel & Patel 
1964). The presence  of  the two-rowed a rche
sporium could be considered as a primitive fea 
ture  and the single-rowed condit ion derived from 
simplification.  The periclinal division of the

Fig. 7. Development of  em bryo in Eriocaulon hooker ianum .  —  A: Zygote. — B, C: 2-celled proem bryos with 
apical and basal cells. —  D: 3-celled proem bryo. —  E: First proembryonal tetrad. — F -H : Stages in the 
organization of quadrant. —  I-W : Subsequen t stages o f  em bryo  development. —  X: Embryo from m ature seed. 
— A-T: x  990. U -X : x 660. — Ca apical cell, Cb basal cell, q quadrant. (See p. 304.)

Fig. 8. Stages in the developm ent o f  seedcoat and pericarp  in Eriocaulon hookerianum .  —  A: Part o f  longitudinal 
section o f  an ovary at the 8-nucleate stage of the em b ry o  sac to show the s tructure of integument and ovary  wall 
layers. —  B-E: Show changes in in tegum ent and ovary  wall layers during post-fertilization stages. —  F: Shows 
the s tructure  of seed coat and pericarp  at ripe stage. —  A -D : x 920. E, F x  1020. —  Ii inner integument, Oi outer 
integument, Ow. ovary wall. (See p. 305.)
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archespor ia l  cells engendering the primary pe
rietal and primary sporogenous  layers noted in 
E. c inereum  (Patel & Patel 1964) and E. quin
quanguläre  (Begum 1966) has also been obser 
ved in the present  s tudy. The  subsequen t  devel
opm en t  of  the microsporangium wall in E. 
hooker ianum  follows the typical Monocotyledo- 
nous  type (Davis 1966), in which the middle and 
tapetal  layers are sisters.  Although Smith (1910) 
and Begum (1966, 1968) did not follow the devel
opmenta l  sequence of  the microsporangium wall 
in E. sep t angulare  and E. qu inquangu läre , re 
spect ively,  Patel & Patel (1964), cont rary to the 
p resen t  observation,  have described a Dicotyle
donous  type  (Davis 1966) of  the wall deve lop
ment in E. c inereum .  H ow e ve r ,  Figs. 8 and 9 
ci ted in support  of  their conclusion (Patel & Patel 
1964) do not show the critical divisional stages of 
cells in the microsporangium wall. A careful re
invest igat ion of  E. c inereum  would probably re
veal the Monocot  type of  wall development in 
tha t  ta xon  as well.

T h e  consisten t  occurrence  of  uninucleate cells 
in the glandular  tape tum such as noted in E. 
hooker ianum  has also been recorded  f o r £ .  sept- 
angulare  (Smith 1910) and E. c inereum  (Patel & 
Patel  1964). On the o ther  hand,  Begum (1966, 
1968) recorded  the organizat ion of  binucleate 
cells in the tapetum of E. qu inquangu läre . A 
reinvest igat ion of  the same (Ram aswam y 1975), 
how ever ,  has revealed the absence  of  nuclear  
division and  consequent ly the tapetal  cells re
main uninucleate throughout.

T he  microspore mother  cells undergo the 
usual  success ive  type of  meiotic  divisions and 
p roduce  the isobilateral microspore tetrads. 
Never the less ,  the occasional  product ion of  de
cussa te  microspore tetrads  has been noted in E. 
quinquanguläre  (Begum 1968). The  account  of 
s imul taneous  quadripart it ion of  microspore 
mothe r  cells given for  Er iocaulaceae  by Davis
(1966) appears  to be an oversight ,  as no w orker  
has so far  reported its occur rence  in any member  
of  the family.

T h e  pollen grains of  the presen t  s tudy are 
spherical  and 3-celled at shedding with a thin 
int ine and a thick, f inely-sculptured spirapertu-  
rate exine.  Although a similar condit ion has been 
recorded  in E. sep tangulare  (Smith 1910) and E. 
cinereum  (Patel & Patel 1964), Begum (1968) re 
por ted  the  occurrence of  t r iporate pollen in E. 
q u in q u a n g u lä re . Thanikaimoni (1965) and Shar-
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ma (1965) who independently  examined  the pol
len of  E. qu inqu a n g u lä re , how ever ,  noted a 
spiraper turate grain in the species.  This feature 
was confirmed in the reinvest igat ion of  the taxon 
(Ram asw am y 1975). The organizat ion of  a regu
lar s tomium in the an ther  wall be tween  adjacent 
microsporangia,  before the pollen release, and 
the subsequent  discharge o f  pollen of both s po 
rangia through a com mon open ing  observed in E. 
hookerianum  has also been  noted in E. quin
quanguläre  (Begum 1968).

The  organizat ion of  a hypoderm a l  archesporial 
cell and its direct deve lopm ent  into a megaspore 
mother  cell in the ovular  pr imordium such as 
noted in the present  taxon,  has also been repor t
ed in other  invest igated spec ies  o f  the family. As 
in E. septangulare  (Smith 1910), E. cinereum  
(Patel & Patel 1964) and E. quinquanguläre  
(Begum 1968), after normal meiotic  divisions, 
bo th  linear and obliquely T-shaped  megaspore 
tetrads are formed in E. h o o k e r ia n u m . Though 
normally the lowermost  m egaspore  of the tetrad 
is functional in E. h o o k e r ia n u m , as in other  spe
cies of  the family studied (Smith 1910, Patel & 
Patel 1964, Begum 1966, 1968), tw o  megaspores 
of  a tetrad rarely show signs o f  fur ther  develop
ment.  The occasional func tion ing of  all the 
megaspores  of  a tetral r epor ted  in E. sep ta n 
gulare  by Smith (1910) appea rs  to be a misinter
pretat ion.  A critical perusal o f  his (Smith 1910) 
Fig. 12 reveals  that it does  not represent  “ ger
mination of  all the 4 m e g a sp o re s ”  but actually 
refers to an organised 8-nucleate  embryo  sac. 
His report  concerning the p resence  of  5-6 nuclei 
belonging to sterile m egaspores  in Fig. 13, also 
appears  to be a misinterpretat ion.

The mode of  embryo sac development in the 
present  s tudy conforms to the Polygonum type 
(Maheshwar i  1950 b), as in o the r  investigated 
species of  Eriocaulon  (Smith 1910, Patel & Patel 
1964, Begum 1966, 1968).

The antipodal cyst. The mos t  no tewor thy  feature 
of  the em bryo sac of  E. h o o ker ia n u m ,  probably 
peculiar  to Eriocaulaceae,  is the behav iour  of  the 
antipodal  cells. The disorganizat ion of the walls 
of  the antipodal cells and the  subsequen t  fusion 
of  the three uninucleate p ro top las ts  to organize 
an ext remely conspicuous ant ipoda l  cyst such as 
noted in the present  s tudy,  has  also been noted in 
8 other  species of  Eriocaulon  and two more  of  
Brazilian taxa,  viz. P a ep a la n th u s  hifidus  and
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S yn g o n a n th u s  nitens  (Ram asw am y 1975). H o w 
ever ,  accord ing to Smith (1910), the antipodal 
cells are very inconspicuous  in E. sep ta n g u la re . 
But a reassessment of  S m i th ’s (1910) diagrams 
12, 13 and 14 clearly reveals  the organizat ion of  
an antipodal  cyst which has been overlooked.  
Fur the rm ore ,  in all three o f  his (Smith 1910) il
lustrations the egg appara tu s  has been mislabel
led as the nucellus while he referred to the anti
podal region in Fig. 12 as “ germinating mega- 
s p o re s ” . It is surprising how Smith (1910) was 
led to labelling this stage as the “ germination of  
m e g asp o re s ” al though the egg appara tus  can be 
seen in the micropylar  side and the two polar  
nuclei in the centre of  the em bryo  sac. It is quite 
possible tha t  he (Smith 1910) missed the earlier  
s tages o f  the em bryo sac development including 
the organizat ion of  the antipodal  cells. This is 
also true for  the studies on E. cinereum  by Patel 
& Patel (1964). Their  Figs. 39-40 show the dege
nerat ing antipodal cyst in which they have tried 
to discern imaginary superposed  antipodal cells. 
Begum (1968) who repor ted  three conspicuous 
superposed  antipodal cells in E. quinquanguläre  
mentioned  their subsequen t  fusion. It is s trange 
to note tha t  she (Begum 1968) showed 3 ant ipo
dal cells arranged in a vertical row in an embryo  
sac in which the polar  nuclei have already fused 
forming the seccondary  nucleus (cf. Fig. 20), 
while the fusion of  antipodal  cells has been d e 
picted in an em bryo sac in which the polar nuclei 
have not yet fused (cf. Fig. 21). In the light of  the 
presen t  s tudy,  it could be pointed out that t r ans 
verse walls shown between  the nuclei depicting 
the superposed  antipodal cells (cf. Fig. 21) could 
also be imaginary,  as at that stage of the em bryo  
sac the antipodal  cyst begins to degenerate.  A p
parently ,  Begum (1986) has not noted stages of  
the early organizat ion o f  the 8-nucleate em bryo 
sac.  A similar existence of  superposed  antipodal 
cells has been depicted by Swamy & Krishna- 
murthy  (1970) in E. sexangulare.

The secondary  nucleus in the mature embryo sac 
is always  located at the chalazal  end in Eriocau
lon h o o ker ia n u m , a feature which has also been 
obse rved  in the o ther  invest igated Eriocaulaceae 
(Smith 1910, Patel & Patel 1964, Begum 1968).

The existence of  an endothel ium in the ovules 
of  E. quinquanguläre  has been recorded by 
Begum (1966, 1968). The investigations of
S w am y & Krishnamurthy  (1970) regarding a
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species of  Eriocaulon  have shown that an e n d o 
thelium similar in histology and function such as 
seen in the dicots does not  exist in E r iocau
laceae.  The present  s tudy suppor ts  the results of  
Swamy & Kr ishnamurthy (1970).

The endosperm in the present  species is ab 
initio nuclear  as in the o ther  taxa  examined in the 
family (Smith 1910, Patel & Patel 1964, Begum
1968). Accumulat ion of  a large number  o f  nuclei 
in the chalazal part during the development of  
the endosperm  noted in the present  s tudy has 
also been observed in E. quinquanguläre  
(Begum 1968). H owever ,  a uniform distribution 
of  endosperm  nuclei in the peripheral  part  of  
em bryo sac is recorded in E. cinereum  (Patel & 
Patel 1964).

In E. h o o ker ia n u m , cell wall formation in the 
developing endosperm starts  from the chalazal  
end and gradually extends  to the micropylar  
part.  Its subsequen t  centr ipe ta l  growth ul t imate
ly replaces the central vacuole.  In E. sep ta n g u 
lare (Smith 1910) wall format ion starts  from bo th  
the chalazal  and micropylar  ends.

The  fully developed endosperm  in the presen t  
s tudy forms three distinct regions,  a feature that  
has also been noted by Smith (1910) in E. s e p t
angulare.

The first division of  the zygote is t ransverse  
and the proembryonal  te trad is of  the A, c a te 
gory (Souéges 1948) in all the invest igated Er io 
caulaceae  (Smith 1910, Patel & Patel 1964, 
Begum 1968). The el imination of  a typical octan t  
s tage before the product ion o f  dermatogen  in the 
developing em bryo such as noted in E. h o o k 
erianum  is also recorded  in the o ther  invest i
gated Eriocaulaceae.  The  ta rdy  segmentat ion of  
cells in the lower region of  the developing e m 
bryo recorded  in the present  s tudy is similar to 
the condit ion observed  in Eriocaulon sep ta n 
gulare  (Smith 1910). Although the early se
quence  of  divisions follow the Penaea variation 
of  the Asterad type ( Johanson  1950) in E. h o o ke 
rianum ,  the em bryo of  a ripe seed is bel l-shaped 
and undifferentiated.  The cells belonging to de 
flexed flaring edges shown in the embryos  of  ripe 
seeds of  E. cinereum  (Patel & Patel 1964), E. 
quinquanguläre  (Begum 1968) actually belong to 
the persistent  endosperm t issue around the e m 
bryo.  This has been es tablished by critical s tu
dies of  em bryos  in a number  of  species of  Erio
caulon  (Ram aswam y 1975).

Each  of  the two in teguments  is two-layered in
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E. hooker ianum  as in the o the r  invest igated spe
cies (Patel  & Patel 1964, Begum 1968, Swamy & 
K r ishnam ur thy  1970). Both integuments  contr i
bute to the seedcoat ,  but the principal cont r ibu
tion is by the inner layers of  the two integu
ments.  Marked  histological changes  take place in 
the cel ls o f  these  layers during the development 
of  the seedcoa t .  They  elongate along their  vert i
cal axes  and their inner tangential walls become 
very thick.  Contra ry  to the presen t  observations 
in E. qu inquanguläre  Begum (1968) has reported 
the lignification of  ou te r  tangential walls of  cells 
of  the ou te r  layer o f  the inner  integument.  A 
reinvest igat ion of  the same (Ram aswam y 1975) 
has revea led  a type of  thickening such as the one 
noted in E. h o o k e r ia n u m .

The middle layer of  the fruit wall becomes 
crushed  during the deve lopm en t  of  the fruit wall. 
The  cel ls o f  the inner layer increase in size and 
develop  band-l ike thickenings on the inner side 
of  their tangential walls which help in the dehi
scence o f  the fruit, a fea ture  also recorded for 
Eriocaulon  quinquanguläre  (Begum 1968).

S y s te m a tic  position o f  the fa m ily

As far  as  the systematic posit ion of  Eriocaula
ceae is conce rned ,  the ar rangement of  Cronquist  
(1968) appea rs  to be more  appropr ia te.  The p res 
ent embryoiogica l  s tudies suppor t  Cronquist  
(1968), in elevating the family to a separate order  
as it is one  o f  the most  evo lved  families under 
Commelin ideae  in having the highly derived 
pseudanth ia l  involucrate heads poll inated by in
sects . T h ie r  morphological  individuality and dis
t inc t iveness are also apparen t  in their em bryo
logy, especial ly in their 3-celled spiraperturate 
pollen,  tenuinucellate ovules,  a micropyle orga
nized by the inner in tegument alone,  the organi
zat ion o f  a unique ant ipodal  cyst  in the embryo 
sac,  and  a nuclear endosperm  associated with 
the chalazal  location o f  the primary  endosperm 
nucleus.  N ow here  else in the Commelinideae  do 
we find these embryoiogical  features (Davis 
1966). T h e  family Er iocau laceae ,  therefore,  de
serves  to be placed u n d e r  a separa te  order  under  
Com melin ideae .  It appears  to be related to Xyri- 
daceae  which  in turn is pe rhaps  related to the 
Commelinaceae .

H o w e v e r ,  so far, the embryology of  only a few 
genera  o f  Commelinaceae ,  o f  only one genus in 
X yr idaceae  (Davis 1966) and o f  three genera  of
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Eriocau laceae  (Ram asw am y 1975) has been 
w o rk ed  out.  Amongs t  the Englerian Farinosae 
which  comprise more than 5,000 species distri
bu ted  in about  180 genera ,  embryoiogical  infor
mation is available on 25 genera  only (Davis
1966), and often only for  a  single species in each 
genus  (see also H am ann  1964). Therefore ,  a be t 
ter  a n d  f irmer foundation for the phylogeny and 
sys temat ic  position of  E r iocau laceae  can be laid 
dow n only after  a detai led study o f  the em bryo
logy o f  many more taxa  o f  Er iocaulaceae ,  Xyri
dace ae  and Commelinaceae  in part icular  and the 
rela ted  Far inosae  in general .
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Floral anatomy of Nelsonieae (Acanthaceae) with a note on its 
taxonomic status
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anatom y of Nelsonieae (Acanthaceae) with a note on its taxonomic status. Bot.  Not iser  133: 
311-317. Stockholm. ISSN  0006-8195.

The floral anatomy of Elytraria crenata  Vahl. and Nelsonia campestris  R. Br. has been 
studied. The flower is tetracyclic and pentam erous except the gynoecium. T he b rac t  is 
3-traced. The bracteoles in E. crenata are 1-traced, while in N. campestr is , the bracteo les  
and their traces have suffered complete reduction. A natom y shows that the ca lyx  in N.  
campestr is  is basically pentam erous though there are only four sepals ex ternally . The 
sepals are 3-traced. The petals are single traced. I n f ,  crenata  the free limbs o f  the an terior 
corolla lobe fuse by their margins resulting in the formation of th ree  successive tubes .  The 
androecium  in E. crenata consists o f  two anterolateral epipetalous stamens and  three 
filiform stam inodes, while in N. campestr is  two epipetalous fertile stamens are p o s te ro la te 
ral in position and the stam inodes are absent. The stam ens are 1-traced. The ca rpe ls  are
7-traced in E. crenata and 3-traced in N. campestris.  Judging from the position  o f  the 
ventral bundles, the placentation is described as parietal. A residual stele is no ticed  in E. 
crenata.  It is tentatively suggested that Nelsonieae be retained in A canthaceae.
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The A can thaceae  have received considerable a t 
tention f rom  the point o f  floral ana tomy (Rao 
1953, De 1967, Dutta & Maithi 1969). But the 
tribe Nelsoniae  of  doubtful systematic position 
remains  uninves t igated from this angle. The 
presen t  s tudy on the floral anatomy of Elytraria  
crenata  and N elsonia  cam pestris  has been 
under taken  to see how far  the data from floral 
ana tomy toge ther  with the data  from other  di
scipl ines could help in assessing the systemat ic 
posi tion of  these  taxa.

M aterial and  m ethods

Flow er buds o f  different sizes and small bits of inflo
rescences  o f  Elytraria crenata  Vahl. and Nelsonia 
campestr is  R. Br. were fixed in F .A .A. and processed 
following the standard procedures of dehydration, in
filtration and embedding. Sections cut at a  thickness of
8-12 p m  were stained with crystal violet, using eryth- 
rosin as coun te r  stain.

O b servation s

Flower

The  f lower is brac teate ,  te tracyclic ,  zygomor-  
phic,  he te rochlamydeous ,  bisexual  and  hypogy-  
nous (Figs. 1 A, 2 A). It is brac teolate in E. 
crenata  and ebracteola te in N . c a m p e s tr is . The 
pen tam erous  calyx,  with unequal  sepals  is basal- 
ly conna te  and the free l imbs show quincuncial  
aest ivat ion i n £ .  crenata  (Fig. I H -N ) .  The  calyx 
is te t ramerous  with basal conna t ion in N . c a m 
pestris .  It exhibits  imbricate aes t ivat ion (Fig. 2 
E-G).  The  free limbs of  the bilabiate corolla  in 
both the taxa  show inbricate aest ivat ion (Figs.  1 
R, S, 2 N, O). The androec ium consis ts  o f  three 
epipetalous filiform s taminodes  and two fertile 
anterola teral  s tamens  in E. crenata  (Fig. 1 Q) 
and only two epipetalous postero-lateral  fertile 
s tamens  in N . cam pestris  (Fig. 2 F - N ) .  T h e  bi- 
carpellary  syncarpous  ovary  is bilocular at  the 
base and unilocular  from the ovule -bear ing re-
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gion u pw ards  (Figs. 1 N, O, 2 H - K ) .  The style is 
single,  solid and terminates  in a bilobed st igma 
(Figs. 1 A, 2 A).

Floral a n a to m y

The  pedunc le  shows a ring o f  vascu la r  tissue.  It 
ex tends  in the direction of  origin o f  the bract .  An 
arc-like por t ion from the distal ex tended  part  of  
the stele becom es  separa ted and this cons t i tu tes 
the b rac t  supply (Figs. 1 C, 2 B). It  soon b i f u r 
cates  into one median and two lateral t races  (Fig.
1 D). Fu r the r  division of  these  bundles  takes 
place afte r  their  en try  into the b rac t  (Figs. 1 E,  F,
2 C). The  ou te r  epidermal cel ls o f  the brac t  in E. 
crenata  are radially elongated with great ly th ick
ened  walls and narrow lum ena  (Fig. 1 B). In both  
the ta xa  af te r  the demarca tion  of  the b rac t  s u p p 
ly, the ex tended  stele b ecom es  cons tr ic ted prox- 
imally from the stele of  the pedunc le  result ing in 
two arcs o f  vascu la r  tissue which  unite to form a 
ring of  vascu la r  t issue and this cons t i tu tes the 
stele of  the pedicel.  In E. crena ta  at  about  the 
level of  separat ion of  the bract ,  two bracteole 
t r aces  are organized from the stele of  the pedicel 
(Fig. 1 E), while in N . cam pestr is  the brac teoles 
as well as  their vascular  supply  are complete ly 
suppressed .

The  ring-like stele expands  in the thalamus ,  
w here  five sepal t races  are organized (Figs. 1 F, 
2 C). I n £ .  crenata  each sepal t race divides into a 
median  and  two lateral b ranches  in the recepta-  
cu la r  co r tex  itself (Fig. 1 G). Deep staining cells 
are no ticed  at the junction o f  sepal  margins. 
T h es e  glandular  cells cont inue  along the margins 
for som e height af ter  the separa t ion  o f  the limbs 
(Fig. 1 J - L ) .  In N . cam pestr is  five sepal t races  
are organized  (Fig. 2 C), though external ly  there 
are only four  sepals  (Fig. 2 E -G ) .  The  “ an ter io r  
s epa l”  rece ives  two traces while the o ther  three 
r ece ive  one  each (Fig. 2 D-G) .  The lateral t races  
arise conjoint ly with the midrib (Fig. 2 D).

In E. crenata  af ter the organiza t ion of  the 
sepal  supply  the main stele closes  to form a ring 
o f  vascu la r  tissue from which traces  for  the five 
pe tals ,  th ree  staminodes along the pos terior  s ec 
to r  o f  the f lower and two fertile s tamens  along 
the an te r io r  sector  are d em arca ted  in close s u c 
cess ion (Fig. 1 H, I), and all the ten traces  en te r  
the base of  the corolla  tube (Fig. 1 J -O).  The 
bundles  o f  the fertile s tamens  are more p ro m i
nent  and staminodal  bundles are w eaker  (Fig. 1

O). The latter  ex tend only half-way into the 
s taminodal  f ilaments and te rm inate  blindly in 
them  (Fig. 1 P, Q). In N . c a m p e s tr i s , the sepal 
t races are followed by five petal  t races  and two 
traces  for  the two fertile pos te rolateral  s tamens 
(Fig. 2 E) and all the seven  traces  enter the 
corolla  tube  (Fig. 2 F).

While the bundles of  the per ianth  divide to 
form smaller  bundles,  the staminal and stami
nodal bundles remain undivided  (Figs.  1 P-V,  2 
E -O ) .

A little above the separa t ion of  fertile s tamens,  
the two lobes of  the bi labiate corolla  become 
free.  In bo th  taxa the vascu la tu re  shows that the 
upper  lobe is a composite  s t ruc tu re  o f  two petals 
and the lower  lobe is co m p o sed  of  three petals 
(Figs. 1 R,  2 N). I n £ .  crenata  a little above this 
level,  the re  appear in the inner  and ou te r  sides of  
one antero-lateral  petal and on the inner side of  
the second antero-lateral petal ,  small f lat tened 
f ilaments t raversed by small vascu la r  bundles 
(Fig. 1 T). The free limbs of  the ante rio r  petals 
fuse by their  margins gradually at higher levels 
(Fig. 1 U). As a consequence  o f  this three suc 
cessive “ tubes” are fo rmed;  the innermost  
formed  by  the fusion of  the margins o f  the an te 
rior  petal and the two success ive  ou te r  ones by 
the fusion of  the margins o f  the antero-lateral  
petals (Fig. 1 V). It is the unev en  lower  ends of 
these three  “ tubes” that are cut  t ransversely at 
lower levels appearing as f la t tened  f ilaments.

After the organizat ion o f  perianth and 
androec ia l  supply the stele is in the form of a ring 
of  vascula r  tissue (Figs. 1 J,  2 F). In E. crenata  it 
breaks into two median bundles  which function 
as the dorsal  bundles and two lateral bands  of  
vascu la r  tissue (Fig. 1 K). Each lateral band of  
vascular  tissue divides into a median  and two 
lateral bundles (Fig. 1 L); the lat ter  function as 
median  lateral bundles,  while the median bundle 
divides tangentially demarca ting  a com m on  m e
dian lateral bundle to the ex te r io r  and com mon 
ventral  bundle towards the cen t re  (Fig. 1 M, N). 
The com m on median lateral bundles  give off 
branches  into the wall of the ovary  (Fig. 1 M, N). 
In N . cam pestris  from the ring o f  vascu la r  t issue 
a pair  of  dorsal carpellary traces  and a pair  of  
com m on  ventral t races are organ ized  and the 
remaining stele expands and em erges  out in the 
form of a  number  of  t races which  supply the wall 
of  the ovary  (Fig. 2 F -H) .

The  ovary  is bilocular be low and the com m on
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Fig. 1. Elytraria crena ta . —  A: Diagrammatic longitudinal section of flower showing the course o f  vascu la r 
bundles in different floral parts. —  B: T ransverse section o f  bract  showing the ou ter  epidermal cells radially 
elongated with greatly th ickened  walls and narrow lumina. —  C -V : Serial t ransverse  sections of f lower showing 
the origin and distribution of traces to the different floral parts .  —  Abbreviations in Figs. 1 and 2: Br B rac t,  Brl 
B racteole,  Brl.t B racteole trace, Br.t Bract trace, C Corolla tube, CM1 C om m on Median lateral, CV C om m on  
V entral,  Db Dorsal bundle,  Dct Dorsal carpellary trace ,  K Calyx tube, Ml M edian lateral, P Peduncle, Pt Petal 
t race , P t.b  Petal bundle, R Residual stele, SI Sepal lateral trace , Sm Sepal median trace, Sm + Sl Sepal m edian 
trace +  Sepal lateral trace ,  ST Sepal trace, St Staminal trace , S t.b  Staminal bundle, Std. S tam inode , S td .b  
Staminodal bundle, Std.t Staminodal trace, Wb Wall bundle.

m

0

v
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ventral  bundles lie in the sep tum (Figs. 1 N, 2 1, 
J), which breaks  down in the middle making the  
ovary  unilocular  in the ovule bearing region 
(Figs. 1 O, 2 K). The  com m on ventral bundles  
are complete ly  utilized in the ovu lar  supply.  T h e  
solid style is vascularized by the dorsal bundles 
alone (Figs. 1 Q -T ,  2 M), while other  bundles 
t raversing the ovary  wall te rminate  towards  the 
apex of  the ovary.

In E. crenata  after the organizat ion of  the car-  
pellary supply,  a small am ount of  receptacula r  
vascular  t issue is left over  as the residual stele 
(Fig. 1 K, L).

D iscussion

A study o f  the floral ana tomy o f  Elytraria crena 
ta and N elson ia  cam pestris  shows that  the N e l 
sonieae is not basically different from the rest o f  
the tr ibes of  Acan thaceae  in floral anatomical  
characters .

The  tetracyclic  f lower is basically pentarner-  
ous except  the gynoecium with a tendency t o 
wards  reduc tion in the num ber  of  parts of  calyx,  
corolla  and androec ium through fusion or s u p 
pression.

In both the taxa the bracts  subtending the 
f lowers are 3-traced,  the lateral t races arising 
conjoint ly with the midrib and these three b u n d 
led traces arise from a single gap.  The  bracteoles  
in E. crenata  are 1-traced presumably  due to 
suppression  of  lateral t races.  H ow ever ,  a cc o rd 
ing to Johri  & Singh (1959) the bracts  as well as  
bracteoles are 3-traced in E. acaulis . In N . c a m 
pestris  there  is not only external  suppression o f  
bracteoles  but also their vasculature.  It may be 
pointed out  that according to De (1967) the 
bracts  and bracteoles in A can thaceae  are gene r 
ally single traced,  except  in G endarussa  vulgaris 
Nees ,  Strobilanthus g lom era tus  Nees  and Cros-  
sandra infundibuliformis  (L) Nees ,  where a 
3-traced condit ion is present .  Rao (1953) in his 
s tudy on the floral ana tomy o f  Acanthaceae  in
volving all the tribes,  excep t  Nelsonieae,  did not 
mention b rac t  and brac teole supply.

The calyx in A can thaceae  is basically p e n ta 
merous  and shows quincuncial  or  imbricate a e s 
t ivat ion (Rao 1953, De 1967, present  study).  In 
E. crenata  it is described as four-parti te by 
Gamble (1967) and Cooke (1967). But  the presen t  
s tudy clearly shows tha t  in the calyx of  this 
taxon all the five sepals are present .  Therefo re ,

the s ta tem en ts  of G am ble  (1967) and Cooke
(1967) need revision. Pen ta m ero u s  condit ion of  
calyx were  reported by R ao  (1953) and De (1967) 
in some of  the taxa studied by them. Another  
un recorded  feature of  in teres t  about  the calyx of  
E. crenata  is the presence  of  localized glandular  
cells along the radii of  the  fused sepal  margins 
and these cont inue along the margins for some 
height even  after  the separa t ion  o f  the limbs. A 
t endency  towards  reduct ion  in the number  of  
sepals  th rough  fusion of  par ts  is noticed in this 
family (Rao 1953, present  s tudy).  In N. ca m p es
tris (p resen t  study) the ca lyx  shows only four  
parts;  one posterior ,  one an te r io r  and two late
ral. A similar  condit ion w as  repor ted  in a few 
taxa  of  Acan thaceae  by Rao  (1953).

The sepals  in E. crena ta  and  N . cam pestris  
(present  s tudy) as in m any  taxa  of  angiosperms 
are 3-traced.  Two types o f  connat ion  of  sepal 
t races is not iced  in the A c an th a ceae .  The  lateral 
t races  of  sepals  arise conjoin t ly with sepal m e 
dians as in E. crenata, N .  cam pestr is  (present  
study) Sanchezia  nobilis  Hook ,  fil., Eran-  
th em u m  ca p en se  L i n n . , £ .  ro seu m  (Vahl) R. Br. ,  
E. nervosum  (Vahl) R. Br. and  R un g ia  parviflora  
Nees  var . pectina ta  C. B. Clarke (Rao 1953). In 
the second type the lateral t races  of  adjacent  
sepals arise conjoint ly (Rao 1953, De 1967, Dutta 
& Maithi 1969).

There is a reduction in the  n um be r  o f  sepals to 
four as in N . cam pestris  (p resen t  s tudy) and ce r 
tain o ther  taxa  of  A can tha ceae  (Rao 1953, De
1967). In such  cases one of  the four sepals,  gene
rally the an ter io r  receives tw o  traces  indicating 
that it is a compos ite  s truc tu re  fo rmed  by fusion 
two antero-lateral  sepals.  T h u s  the reduct ion  is 
due to fusion and not due ' to  suppression .

The corolla  in E. crenata  and N. cam pestr is  is 
zygom orphic ,  gamopeta lous  and 2-lipped and the 
limbs show  imbricate aes t ivat ion.  The  petals are 
1-traced and  the traces arise in one whorl.

The behav iour  of the lobes o f  the ante rio r  co 
rolla segment in E. crenata  is no te wor thy .  As a 
result o f  fusion of  the margin o f  lobes,  three 
lobes are formed.  The  inne rm os t  is formed  by 
the anter ior  petal and the o the r  two by two an t e 
ro-lateral petals.  No mention o f  this si tuation is 
made  in the descript ion of  Gamble  (1967) and 
Cooke (1967). Thus E. crena ta  s tands  distinct 
from N . cam pestr is  (p resen t  s tudy) and o the r  
invest igated taxa  of  A can thaceae  (Rao  1953, De 
1967, Dutta  & Maithi 1969).
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Fig. 2. N elsonia  ca m p estr is . —  A: Diagrammatic longitudinal section of flower showing the course o f  vascular 
bundles in different floral parts. — B-O: Serial transverse  sections of flower showing the origin and distribution of 
traces to the different floral parts. — Abbreviations see Fig. 1.

0 . 3  m m  
D -O

0 . 5  m m  
B, C

The  androec ium is basically pen tamerous  with 
reduct ion of  s tamens  to two in E. crenata, N . 
cam pestr is  (present  study) and a few others 
(Rao 1953, De 1967). The  fertile s tam ens  are

antero-lateral  in E. crenata  and postero-lateral  in 
N . cam pestr is .  The  stamens  are 1-traced. A 
trend  towards  el imination of  s taminodes  and 
their  vascular  supply is noticed in different taxa
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of  the family.  In Thunbergia, Blepharis, and 
Crossandra  (Rao 1953) there  are four fertile s ta 
mens and one  staminode,  and the solitary stami- 
node ratains the vascular  supply.  In E. crenata  
(present  s tudy) the three s taminodes  in the p os 
terior  sector  o f  the f lower show feebly developed  
vascular  supply extending  only half-way.  In 
Sanchez ia  nobilis though a s taminode is present  
externally its vascula r  supply has suffered c o m p 
lete reduct ion (Rao 1953). In N . cam pestr is  (pre
sent s tudy) there  is no externa l  or  anatomical  
evidence for  suppressed staminodes .

E. crenata  and N . cam pestr is  differ from the 
rest of  the taxa  of  A can thaceae  in the absence  of  
a hypogynous  nectariferous disc.

The  gynoecium in A can thaceae  is uniformly 
bicarpellary syncarpous (Rao  1953, De 1967, 
Dutta  & Maithi  1969, present  s tudy). The  carpels  
are 3-traced in N . cam pestr is  (presen t  s tudy),  
Andrograph is  panicula ta  (Burm.)  Wall ex Nees ,  
Ecbolium  linneanum  K urz  (Dut ta  & Maithi
1969), E ran them um  capense  and E. roseum  (Rao 
1953). Elytraria crenata  s tands apar t  from others 
regarding the 7-traced condit ion  of  the carpels.  
Judging f rom the position of  the com m on  ventral  
bundles the placentat ion in the light of  Pur i’s 
(1952) view can be interpreted as parietal .  In the 
vascularizat ion  of  the style by dorsal bundles  E. 
crenata  and N . cam pestris  resemble the taxa 
studied by Rao (1953).

A residual  stele is present  in E. crenata  and 
this suppor ts  the classical view of  the carpel.  So 
far  this is the only record in this family.

The  systematic position of  Nelsonieae is c o n 
troversial.  It was kept in A can thaceae  by Bent- 
ham & H o o k e r  (1862-1883), Lindau (1895) and 
Leona rd  (1951). Brem ekamp (1953) after  a ca re 
ful s tudy  o f  A can thaceae  and rela ted families,  
arr ived at the conclusion that  Acan thaceae  is a 
he terogenous  group and transfe rred  Nelson ieae 
to the vicinity of  Rhinantheae of Scrophularia-  
ceae on the basis of  endospermic  seeds ,  p lacen
tat ion and dehiscence of  fruit.

Johri  & Singh (1959) on the basis  o f  their s tudy 
on the embryology of  Elytraria acaulis  favoured  
its retention in A canthaceae .  Mohan Ram (1960), 
Mohan  Ram & Masand (1962), Phatak  & Ambe- 
gaokar  (1961) pointed out  tha t  endospermic  
seeds are not  exclusive to Nelsonioideae,  but  are 
also p resen t  in other  acan thaceous  taxa.  Mohan 
Ram & Masand  (1963 p. 90) observed:  “ It is thus 
obvious tha t  A can thaceae  and Rhinantheae have

a close resemblance  in several  impor tan t  fea
tures.  H owever ,  the asym m etr ica l  growth  of  
e ndospe rm  in Nelson io ideae  in cont ra s t  to the 
symmetrica l  type in R h inan theae  is an exclus ive
ly acan thaceous  feature.  T h e  p resence  of  rud i 
menta ry  and nonfunctional  j a c u la to r  in Elytraria  
and N elson ia  and its a b s e n c e  in the Rhinan- 
thaeae  mark a s trong  po in t  o f  d if ference . ’’ 
B rem ekam p (1965) po in ted  out  certain inaccur 
acies in the table given by  Johri  & Singh (1959) 
and claimed that their f indings actually s up 
por ted  his own conten tion  favour ing  the transfer  
of  Nelson ieae to the vicini ty o f  Rhinantheae .  
Accord ing to Mohan R am  & W adhi (1965), the 
resemblances  of  N elson ieae  with  Rhinantheae  
are due  to parallel evolut ion and  there fore do  not 
indicate close relationship to keep  them toge th 
er. Foliar  anatomical  s tudies  by N afday  (1965), 
Paliwal (1966, 1967, 1969) and  Ahm ad  (1974, 
1978) also do not suppor t  the tr ansfer  of  N e l s o 
nieae to Scrophular iaceae.  S hash ikum a r  & Pali
wal (1975 p. 30) observed:  “ T he re  is no doubt  
that  the morphological  ch a ra c te r s  of  Nelson iaea  
are in conformity to those o f  the o the r  t ribes of  
A can thaceae  and a single c h a ra c te r  o f  absence  of  
hyda thodes  does not w a r ran t  its p lacement  in the 
Rh inan theae ’’. The p resen t  s tudy on the floral 
ana tomy also does not  w ar ran t  such  a t ransfe r  
s ince Nelsonieae is not bas ica l ly different from 
the o the r  tribes of  A c an th a ceae  in floral a n a to m 
ical characters .  As there is no information on  the 
floral ana tomy of R h inan theae  a com par ison  
with Nelsonieae has not  b een  possible.  Bhadur i  
(1944) on palynological g rounds  favoured  the 
retention of  Nelsonieae in A can tha ceae  though  
Raj (1961) and Chaubal  (1966) on  the same 
grounds  supported  B re m e k a m p  (1953, 1965). Cy- 
tological evidence of  Gran t  (1955) also does  not 
suppor t  B rem ekam p’s (1953, 1965) view.

Thus  the data from the p resen t  s tudy and the 
available data  from other  discipl ines like e m 
bryology,  foliar ana tomy,  and  cytology do  not 
lend suppor t  to the transfe r  of  N elson ieae  to 
Rh inantheae of  Scrophula r iaceae .
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A new species, Thecotheus himalayensis Kaushal, is described. It is characterized by 
additional interascal elements in the hymenium and minutely w arted  ascospores. A natom i
cal fea tu res  of T. cinereus (Cr. & Cr.) Chen., based on Indian collections are given. 
A scospores  of  T. pelletieri (Cr. & Cr.) Boud. are found to be smaller than in Am erican and 
Canadian collections.
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I agree  with K or f  (1972) in including Thecotheus  
Boud.  in the tribe Iodophaneae  o f  the family 
Ascobolaceae .  In my opinion,  the presence  of 
amyloid asci,  the simple excipu lar  s tructure and 
small apothec ia  in T heco theus  point  to its close 
relat ionship with Ascobolaceae  and justify its 
inclusion in this family.

Three  species, T. h im alayensis  Kaushal ,  T. 
cinereus  (Cr. & Cr.) Chen ,  and T. pelletieri (Cr. 
& Cr.)  Boud.  were examined  during the course  
of  the presen t  invest igat ions.

T. cinereus  was listed by Batra & Batra (1963) 
in their  checklist o f  Indian Discomycetes  as 
A sco p h a n u s  holmskjoldii Hans.  The Indian col
lections of  this species by Batra (PAN s.n.) and 
Wara itch (PAN 2094) contain  clearly warted and 
prominently apiculate ascospores .  According to 
Eckblad  (1968), these collect ions should be 
trea ted  under  Thecotheus holmskjoldii  (Hans .)  
Eckbl .  As Brummelen  (1967) found the spores  of 
T. cinereus  to be complete ly  smooth ,  Eckblad  
(1968) accep ted it as a species distinct from T. 
holmskjoldii. H owever ,  s tudies by Le  Gal (1960, 
1963) and Kimbrough (1969) amply indicate that  
T. holm skjoldii  is conspecif ic  with A . cinereus. 
This view is accepted in this work and the Indian 
collect ions are placed accordingly under  T. c ine
reus.

Observations  regarding anatomical  features  of  
the Indian collect ions of  T. cinereus  are added

here (Fig. 1 A): ectal excipulum up to 85 p m  
thick,  a tex tu ra  angularis,  cells up to 25 x  \6 p m ,  
with their longitudinal axis somew hat  perpen
dicular  to the surface,  ou te r  few layers with 
smaller cells; medullary excipulum 100-125 p m  
thick,  a tex tu ra  globulosa-angularis,  cells often 
hyphoid,  up to 8 p m  wide;  hypothecium very 
much reduced,  tex tura intricata.

T. pelletieri is a rare species in India.  Two 
collect ions from the Weste rn  Himalayas  (Batra 
s.n. and Waraitch 2166 at PAN) have greyish 
apothec ia  and smaller  ascospores  (28-32 x 14-17 
/rm) than those reported from the American and 
Canadian collect ions (32-40 x 20-24 p m )  by 
Kimbrough (1969).

T. h im alayensis  was collected in the late au
tumn of 1971 and 1974. Usual  fungal stain have 
been used to study the microfeatures in the field 
and in the laboratory. The collect ions are de
posited at PAN.

T h ecoth eu s h im alayen sis Kaushal  sp. nov. ,  Fig. 1 
B-D

Holotypus: India, Dalhousie, Panjpula, in stercore 
caprarum , 28.8.1974, S. C. Kaushal 2625 (PAN). Para- 
typi: Dalhousie, Jandri Ghat, in stercore caprarum, 
29.8.74, S. C. Kaushal 2632 (PAN) — Simla, Narkan- 
da, 18.8.71, S. C. Kaushal 2412 (PAN).

Apothecia ad 2,5 mm diam., solitaria vel aggregata, 
sessilia vel brevistipitata, cupulata vel turbinata et raro
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Fig. 1. A: T hecotheus cinereus. —  B-D: T. h im alayensis. — A, B: V.S. o f the apothecium passing through its 
margin. — C: V.S. of the apothecium passing through its centre. —  D: A scospores. —  Arrows in B and C show 
additional interascal elements.

cono idea ,  carnosa, alba, margine integro; hymenium 
album , asperum  propter apices prom inentes ascorum. 
Excipulum  externum e tex tura  angulari, ad 65/um cras- 
sum, cellulis ad 24 x 17 /um, parum  crassitunicatis; 
excipulum  medullosum e tex tura  intricata densa, ad 85 
/um  c rassum , tenuis ad marginem, hyphis ad b p m  latis; 
hypo thec ium  indistinctum. Asci (120—) 160—175(— 186) x
11-14/^m , octospori, cylindrici, apice rotundo, longe 
stipitati, J + .  Ascosporae 12,0—15,5 x 6-7 p m ,  uni- 
seriatae, aliquando ad apicem congestae, ellipsoideae, 
subhyalinae , verruculosae. Paraphyses filiformes, 
sep ta tae , ramosae, ±  rectae, deorsum  ad l , 5 ^ m  cras- 
sae. F ilam enta  simplicia, robusta ,  ± recta vel sursum 
paullo cu rvata ,  subhyalina, ad 5 /im  crassa ascis et 
paraphysibus  immixta.

A pothec ia  up to 2.5 mm in d iameter ,  gregarious, 
single to crowded (only 2-3 cups  placed togeth 
er),  sessi le or with a short  thick stipe, shal low, 
cupulate to turbinate or  rarely obconical ,  regu
lar, f leshy;  external surface white,  smooth;  
margin entire; hymenium white,  som ew hat  
roughened  by protruding ascal tips. Ectal exc ipu
lum a tex tura  angularis,  up to 6 5 (wm thick, with 
cells up to 24 x 17 / /m ,  usually more or  less 
hyphoid  at margin with clavate  tips, slightly 
thick-walled;  medullary excipu lum a dense tex
tu ra  intr icata,  up to 85 pim  thick in the middle,

gradually reduced towards  margin,  with up to 6 
/j.m broad  hyphae;  hypothec ium indistinct.  Asci 
(120—) 160— 175(— 186) x 11-14 p m ,  8-spored,  
cylindrical,  apex rounded,  base long and narrow,  
intensely J +  in fresh material (specially the 
young asci),  slightly less in dry material.  A sc o 
spores 12.0-15.5 x 6-7 /am, uniseriate,  s o m e 
times a few spores c row ded  near  apex,  ellipsoid, 
subhyaline,  verruculose .  Paraphyses  up to 1.5 

/ im wide below, very slightly enlarged above  or 
not at all, thin-walled,  filiform, septate,  freely 
branched at various levels , s traight or slightly 
bent . In terspersed  between asci and paraphyses  
are addit ional  interascal  elements  which are 
erect ,  paraphyses-l ike,  up to 5/um  broad,  slightly 
nar row below, subhyaline,  simple,  stout,  sep ta te  
(septa at irregular  intervals),  straight or slightly 
bent at top.

The additional interascal  elements  described 
for  the presen t  species are not known anyw here  
else in opercula tes  except  in lo d o p h a n u s  kim- 
hroughii Thind & Kaushal  (Thind & Kaushal  
1978). H ow ever ,  such e lements  have been  re 
por ted  amongst  inopercu lates  for  L am herte lla  
acum ina ta  a n d L .  ph a eo p a ra p h ysa ta  by D um on t

BOT. N O TISER 133 (1980)

, 1Q /Jm[ 5 0  /urn ,
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(1971). T. him alayensis  is distantly related to T. 
apicula tus  Kimbr. but  the lat ter  has larger asci 
and ascospores  with very  consp icuous  apiculi.
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The  occurrence  of  green pigments in the embryo,  
and somet imes  in the endosperm  and seed coa t  
of  some angiosperms has  been known since 
H ofm eis ter  (1859). We have  given an account  of  
the phenom enon  in a pape r  written in Russian 
(Yakovlev  & Zhukova  1973). In the presen t  
paper  we at tempt to rev iew the presence of  
chlorophyll  in the em bryo  and its s tructural  
basis.  A list o f  genera invest igated up to now is 
included.

In our  own investigat ions of  this feature we 
have tried to include var ious  stages of  embryo- 
genesis ,  as the chlorophyll  in some taxa  d isap
pears  when the seed matures .  Such a species is 
cons idered to have chlorophyllous embryos ,  ir
respective of  whether  it is present  in mature 
seeds or  during some developmenta l  stages only; 
and also irrespective of  w he ther  it is present  in 
the whole embryo or  only in part  of  it.

Green pigments in seeds

Lub im enko  (1906) di scovered  that the a b s o rp 
tion spect ra of  green pigments from the em bryo 
and the seed coat  of  some species of  Cucurbita-  
ceae were different. L a t e r  Monteverde & L u b i 
m enko  (1909) showed tha t  there were no signifi
cant  differences be tween  leaf  and em bryo 
chlorophyll ,  but that the green pigments of  the 
seed  coa t  differed and were  similar to the p ro to 
chlorophyll  of  etiolated plants.  The seed coa t

p igments  did not,  how ever ,  change into chloro
phyll with increased light exposure.  The pres 
en ce  of  protochlorophyll  in seed coat  does not,  
how eve r ,  seem to be universal  in Cucurbi taceae,  
s ince Seybold (1948) failed to detect  it in two 
species  of  Trichosanthes,  al though their seeds 
w ere  examined at various  stages o f  develop
ment;  the seed coats  contained  chlorophyll a and 
b and (unidentified) caro tenoids  instead.  Rothe- 
m u n d  (1935) found protochlorophyll  in the seed 
coa t  of  Cannabis  (Cannabinaceae).

La te r ,  as the result of  s tudies with the Mg test,  
chromatographic  analysis and spect rophotomet-  
ric analysis ,  it was shown that  the seeds of  some 
ang iosperms  contain chlorophyll  rather  than 
protochlorophyl l  (Kanto r  1955, Toyoda  1959, 
1961, Meeuse & Ott 1962, Negbi & Tamari  1964, 
Orsenigo  1964, Dovbish 1965, Ionesova 1968, 
Marin & Dengler  1972, Ryczkowski & Szewczyk 
1972).

Z hukova  (1963, 1965, 1967), using spec tro
p ho to m e t ry  of  pigments isolated by paper  ch ro 
matography  of  extracts  of  isolated embryos ,  in
ves t igated the green pigments of  9 species,  viz. 
A c e r  p la tanoides  L. ,  A lcea  rosea  L. ,  Geranium  
ruprechtii  Woron.  ex G rosch . ,  Iberis gibralta- 
rica  L. ,  I. umbella ta  DC.,  L inum  aipinum  (L.) 
J acq . ,  N elu m b o  nucifera  Gaertn . ,  R aphanus  
sa tivus  L. and Vicia fa b a  L. The green pigments 
o f  the embryos  proved to be chlorophylls a and 
b. Neither  chromatographic nor spectrophoto-
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metric analysis indicated any differences from 
the leaf  chlorophylls of  these species.  This is also 
valid for  Nelurnbo, and we cannot  support  Toy- 
o d a ’s (1959) view that seed chlorophylls  seem to 
“ differ slightly from those in the normal leaves, 
especial ly in N elum bo  and C ucurb ita ” . Chlo ro
phylls from embryos  and leaves of  N elum bo  
have  the same absorption maxima.

The  chlorophyll  in N elu m b o  nucifera  embryos  
is restr icted to the plumule.  The  species has a 
w oody  pericarp and there fore the chlorophyll 
mus t  be synthesized in darkness ,  a notable fea
ture.

In 8 o f  the species the em bryo  invariably c o n 
ta ined the following carotenoids :  ca rotene ,  lu
tein,  violaxantin,  neoxantin  and probably lu- 
tein-epoxide,  viz. the same pigments as in the 
leaves.  Again N elum bo  nucifera  showed an un
usual  feature as the plumule did not contain ca ro 
tene.  The  embryo of  N. lutea  also lacks carotene 
(M eeuse  & Ott 1962).

Plastid structure

The  ul t ras tructure of plast ids in green embryos  
have  been studied by Orsenigo  (1964), Rezen- 
de-Pinto (1964), Bain & M erce r  (1966), Zhukova  
& Yakovlev  (1966), Klein & Pollock (1968), Öpik
(1968), Marin & Dengler  (1972), Zhukova  (1972, 
1975), Pinfield et al. (1973) and Yakovlev & Z h u 
kova  (1973).

These  plastids are not inert during ernbryo- 
genesis ,  as previously supposed  by some a u 
thors.  They are distinctly differentiated and a c 
t ive,  with a well-developed inner membrane  sys 
tem. The  studies have shown that in reality they 
are chloroplasts ,  in spite of  a num ber  of  features 
distinguishing them from mesophyll  ch lo ro
plasts.  The  most conspicuous  difference is the 
irregularly amoeboid form of the em bryo 
chloroplasts .  The numerous  invaginations and 
evaginat ions enlarge the ou te r  surface.  The inner 
envelope  membranes  are also invaginated (Zhu
kova  1972, 1975).

The em bryo  chloroplasts  differ considerably 
be tw een  different taxa.  Varia t ion can be seen in 
all the structural elements,  viz. in the subdivision 
of  the inner membrane system into the central  
and peripheral  parts , in the format ion of  giant 
grana,  in the occurrence of  strictly orientated 
tubules,  in the formation of  large peris trome 
evaginat ions  free from the membrane  systems,

and in the size and con ten ts  of  the vesicles. C o n 
tact  be tween  chloroplasts  and the membranes  of  
the ER is typical for  many species (Zhukova 
1975).

We thus conclude tha t  the capacity for  chloro
phyll accumula t ion underl ies  the em bryo  green
ing, and that the em bryo  chlorophyll  does not 
differ from the leaf chlorophyll .  Consequent ly 
the concep t  of  ‘chlorophyl lous e m b ry o s ’ seems 
appropr ia te .

Occurrence within angiosperms

Chlorophyllous em bryos  have been found in 428 
species,  belonging to 224 genera  of  72 families. 
Informat ion has been available for  1,094 species,  
belonging to 666 genera from 182 families; li tera
ture repor ts  are included.  A list o f  the invest i
gated  plants are given at the end of  this paper.

Species of  the same genus  do not differ, and in 
many cases the cha rac te r  is cons tan t  in whole 
families and even  in orders .  Thus ,  for example,  
all the invest igated representa t ives  of  Brassi- 
caceae ,  Convolvulaceae,  Dipsacaceae,  Rhamna- 
ceae,  Tiliaceae,  Fabales  and Plumbaginales have 
chlorophyllous em bryos ,  (they are chloro- 
em bryophytes ;  Yakovlev  1969, Yakovlev & 
Z h u k o v a  1973), while e.g.  Boraginaceae ,  Capri- 
foliaceae,  Oleaceae ,  Ranunculaceae ,  Solana- 
ceae,  Betulales and Fagales  lack chlorophyll  in 
the embryos  ( their  represen ta t ives  being leuco- 
embryophytes ) .

Some families, such as A raceae ,  Chenopodia-  
ceae,  Meliaceae,  M yr taceae ,  Polemoniaceae,  
Scrophular iaceae,  are he te rogeneous  regarding 
this charac te r  and it may be useful for the intra- 
familial taxonomy.

We have analysed 31 genera  and 65 species of  
Rosaceae  and found no case  of  em bryo  greening.  
Yet T o y o d a  (1961) repor ted  chlorophyllous e m 
bryos  in Rhaphio lep is  um bella ta .  In Malvaceae 
em bryos  are chlorophyllous  in 9 species in 7 
genera  (the em bryo of  Thespesia  lam pas  has 
only been  studied in m a tu re  seeds).  H owever ,  in 
G ossyp ium  hirsutum  the em bryo  remains co lour
less during the entire em bryogenes is  (Engleman 
1966). Finally,  Neto l i tzky  (1926) noted green 
em bryos  in Caryophyl laceae  but  none of  the 18 
species studied (14 genera)  showed  this feature.

In our previous publicat ions  (Yakovlev & 
Z hukova  1973, 1975) we dem onst ra ted  that the 
cha rac te r  can be used in the analysis  of  relation
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ships within and be tween families.  A closer ex 
amination of  the distribution o f  this character ,  
am ong the angiosperms as a whole is given by 
Dahlgren (1980). Clearly,  fur ther  work on 
screening  various families for  this charac te r  
seems worthwhile.
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Appendix

Chlorophyllous ( + ) and achlorophyllous ( —) em bryos 
in angiosperm seeds. Alphabetic  list o f  families, genera 
and species investigated. In the species indicated with 
an asterisk the embryos w ere  investigated in mature 
seeds only. (E. N.) refers to  unpublished material by 
E. Nikolayeva.

D IC O T Y L E D O N E A E

Acanthaceae
* Aca nth us  mollis  L. —

spinosus  L. (Lubbock 1892) —
Crossand ra  nilotica Oliver —
Ruel lia fo r m o s a  Andr. —

A ceraceae
A c e r  campes tr e  L. +

insigne  Boiss. et Buhse +
macrophyl l im  Pursh (F lahault 1879) +
negundo  L. (E. N.) +
pa lm a tu m  Thunb. +
pla ta no id es  L. +
pse udo pla tan us  L. (F lahault 1879) +

f. bicolor  Dieck +
ta tar icum  L. (E. N.) +

Actinidiaceae 
Actinid ia  arguta  (Sieb, et Zucc.) Miq. —

kolomikta  Maxim. —
Aizoaceae ( = Ficoidaceae)

Delo sp erm a  ecklonis  Schw antes  —
Mesembryanthemum criniflorum L. fil.
*Tetragonia expansa Murr. (Lubbock 1892) —

Alangiaceae
Alangium ridleyi King +

Amaranthaceae 
Amaranthus retroflexus L. (E. N.) —

Amygdalaceae see Rosaceae 
Anacardiaceae

*Anacardium occidentale L. —
Buchanania latifolia Roxb. (Lubbock 1892) +
Cotinus coggygria Scop. (E. N.) +
Mangifera indica L. —
Parishia sp. +
Schinus terebinthifolius Raddi (Lubbock 1892) +

Annonaceae
Asimina triloba (L.) Dunal —
Cyathocalys  sp. —
Mitrephora celebica Scheff. —

polypyrena  Miq. —
Poly alt hia litt oralis Boerl. —

Apiaceae
Aegopodium podagraria  L. —
Archangelica decurrens Ledeb. —
Bupleurum fruticosum L. —
Caropodium platycarpum  (Boiss. et Hausskn.)

Schischk. —
Car um carvi  L. —
Eryngium aquaticum L. —
Heracleum sibiricum L. (E. N.) —
Libanotis  sp. —
*Ptychotis ajowan DC. (Lubbock 1892) —
Siam latifolium L. (E. N.) —

Apocynaceae 
Apocynum androsaemifolium L. —
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*Kopsia albiflora Boerl.
*arhoreci Blume 

*N erium  oleander L.
O chrosia g lom erata  Val.
R auw olfia  serpentina  Benth. et Kurz 

sum atrana  Jack 
R ejoua  aurantiaca  Gaudich. 
Tabernaem ontana  sp.
*Thevetia  nereifolia  Juss.
*Vinca herbacea  Waldst. et Kit. (E. N.) 
V oacanga grandiflara  Rolfe 

Aquifoliaceae
*Ilex aquifolium  L. 

latifolia  Thunb.
Araliaceae 

A ca n th o p a n a x  trifoliatus Voss 
*Aralia chinensis  L. 

racem osa  L.
A ristoloehiaceae

*Aristolochia clem atitis  L. (E. N.)
*A sarum  europaeum  L. (E. N.) 

sieboldii Miq.
A sclepiadaceae

A n tito x icu m  m edium  Pobed. +
offic inale  (Moench) Pobed. +
rossicum  (Kleop.) Pobed. +
scandens  (Somm. et Lev.) Pobed. +

A sclep ias incarnala  L. +
C ynanchum  purpurascens  E. Morr. et Decne. + 
S tapelia  gigantea  N. E. Brown +

Asteraceae
A rtem isia  sp. —
*Baccharis halim ifolia  L. —
B idens tripartita  L. —
Calendula officinalis L. —
C artham us tinctorius L. —
C entaurea  huettii Boiss. —

orientalis  L. (E. N . )  —
C ichorium  sp. —
C irsium  arvense  (L.) Scop.
C repis tectorum  L. —
H elian thus annuus  L. —
Lapsana  com m unis  L. —
R hagadio lus edulis Willd. —
Sen ecio  vulgaris L. —
Taraxacum  hybernum  Stev. (Poddubnaya- 

Arnoldi 1952)
kok-saghyz  Rodin (Poddubnaya-Arnoldi 1952) — 
offic inale  Weber —

Tragopogon dubius Scop. —
m ajus  Jacq. (E. N.) —

X a n th iu m  strum arium  L. (E. N.) —
*Zinnia elegans Jacq. —

A verrhoaceae see Oxalidaceae 
Balsaminaceae 

Im p a tien s  balsam ina  L. —
*noli-tangere  L. (E. N .) —

Basellaceae (Netolitzky 1926) +
B erberidaceae 

B erberis francisci-ferd inandii Schneid. —
gagnepa in ii Schneid. —
ja m es ia n a  Forr. et Wirm. —
pru inosa  Franch. —

B erberis saulieana  Schneid. —
siebold ii Miq. —

vulgaris L. (E. N . )  —
M ahonia aquifolium  (Pursh) Nutt. (E. N . )  —

Betulaceae
A lnus glutinosa  Willd. —
Betula pub  esc ens Ehrh. (E. N . )  —

verrucosa  Ehrh. —
Bignoniaceae 

Catalpa bignonioides  Walt. —
C hilopsis linearis (Cav.) Sweet —
*Incarvillea delavayi Bur. et Franch. —
M arkham ia stipulata  Seem. —

Bixaceae
Bixa orellana  L. —

Bom bacaceae 
Ceiba  sp. +
Durio sp. +
Pachira a ffin is  Decne +

Boraginaceae 
*Alkanna orientalis L. —
A nch u sa  officinalis L. —
Cerinthe m inor  L. (E. N.) —
C ynoglossum  officinale  L. (E. N.) —
E chium  vulgare Lam. (E. N.) —
Lappula  echinata  Gilib. (E. N.) —
*Lithosperm um  m ultiflorum  S. Wats. —
L ycopsis arvensis L. (E. N.) —
*M acrotom ia echioides (L.) Boiss. —
*M ertensia prim uloides Clarke —
M yosotis palustris  (L.) Nath. (E. N.) —

sylvatica  Ehrh. et Hoffm. —
N onea  lutea  (DC.) Reichenb. (E. N.) —

pulla  Lam. et DC. (E. N.) —
S ym p h ytu m  asperum  Lepech. —

officinale  L. (E. N.)
*Tournefortia sibirica  L. (E. N . )  —

Brassicaceae
Alliaria officinalis Andrz. (Chernoyarov 1962) +
A lyssum  c ret ace urn Kotov (FT N.) +

m inutum  Schlecht. (E. N.) F
Arabis alpina  L. +

aubrietipides  Boiss. +
caucasica  Willd. +
rhaetica  Bruegg. +

A ubrietia  cultorum  Bergm. +
Olympic a Boiss. +

Barbarea vulgaris R. Br. (E. N.) +
Berteroa incana  (L.) DC. (E. N.) +
B rassica cam pestris  L. +

e Ion g a t a Ehrh. (E. N.) +
ju n cea  (L.) Coss. (Yoffe 1952) +
nigra  (L..) Koch (Lubbock 1892) +

Bunias orientalis  L. +
C am elina glabrata  (DC.) Fritsch (E. N.) +

sativa  (L.) Crantz (E. N.) +
C apsella bursa-pastoris  (L.) Medik. +
C horispora tenella  (Pall.) DC. (E. N.) +
Conringia orientalis (L.) Dumort. (E. N.) +
C ram be abyssinica  Höchst. (Belyajeva 1965) +

m aritim a  L. +
D escurainia sophia  (L.) Webb (E. N.) +
D iplotaxis tenuifolia  (L.) DC. (E. N.) +
Draba lasiocarpa  Rochel +

verna  L. (E. N . )  +
Eruca sativa  Mill. +
Erysim um  canescens  Roth +
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cheiran tho ides  L. +
Erophila verna  E. Mey. (E. N.) +
H esperis m atronalis  L. (C hernoyarov 1962) +
H utch insia  alpina  (L.) R. Br. +
Iberis am ara  L. +

gibraltarica  L. +
um bella ta  DC. +

Isa tis tinctoria  L. (E. N.) +
Lepid ium  cam pestre  (L.) R. Br. +

draba  L. (E. N.) +
perfo lia tum  L. (E. N.) +
rude rale L. +

Lobularia  m aritim a  Desv. +
Lunaria annua  L. +
M atth io la  annua  Sw eet (Yoffe 1952) +

incana  R. Br. (E. N.) +
R aphanus sa tivus  L. var. radicula  Pers.

(Yoffe 1957) +
Sinapis alba  L. (Yoffe 1952) +

arvensis  L. +
S isym brium  Irio  L. (E. N.) +

loeselii Jusl. (E. N .) +
Syrenia  siliculosa  (M. B.) A ndrz. (E. N.) +
Thlaspi arvense  L. +

Buddlejaceae 
B uddleja alternifo lia  Maxim. —

davidii F ranch . var. m agnißca  (Wils.) Rehd.
et Wils. —

lind leyana  Fost. —
B urseraceae

P achylobus  sp. (Netolitzky 1926) +
Santiria  sp. (Netolitzky 1926) +

Buxaceae
Sarcococca  hum ilis S tapf  —

ruscifo lia  S tapf —
Cactaceae

*Cereus napoleonis  (L ubbock  1892) —
*O puntia dillenii (Ker-G awl.)  Haw.

(L ubbock  1892) —
h u m ifusa  Rafin. —

P hyllocac tus crenatus  Walp. -
R hipsa lis virgata  W eb. -

Caesalpiniaceae 
Bauhinia  sp. +
Brow nea ariza  Benth. +

hybrida  hört. +
C assia spectabilis  DC. +
Cercis siliquastrum  L. (E. N.) +
G leditsia triacanthos  L . (E. N.) +
G ym nocladus dioica  (L.) C. Koch +

C alycanthaceae 
C alycan thus  sp. —

C am panulaceae 
A denophora  sp. —
C am panula  collina  Bieb. —

*sibirica  L. (E. N .)  -
*trachelium  L. (E. N .) —

C odonopsis c lem atidea  Clarke —
Jasione hum ilis  Lois. —

C apparidaceae (incl. C leom aceae)
C leom e sp inosa  L. +

Caprifoliaceae incl. S am bucaceae  
L eycesteria  fo rm o sa  Wall. —
Lonicera alpigena  L. —

henryi Hemsl. —

involucrata  (R ichards.) Banks ex Spreng. 
olgae  Regel et Schmalh. 
pileata  Oliver 
tatarica  L.

S a m b u cu s nigra L. (E. N.)
racem osa  L.

Sym phoricarpus occidenta lis  Hook. 
orbiculatus  Moench. 
racem osus  Rieht. (E. N.)

Triosteum  rosthornii Diels 
Viburnum  cotin ifo lium  D. Don 

odoratissim um  Ker-Gawl. 
opulus L.
rhytidophyllum  Hemsl. 
tinus L.

Caricaceae 
Carica papaya  L.

C aryophyllaceae (see also Illecebraceae)
Arenaria polaris Schischk.
C erastium  purpurascens  Adams 
C ucubalus baccifer L. (E. N.)
D ianthus gratianopolitanus  Vill.
G ypsophila  panicu la ta  L. (E. N.)
L ychn is chalcedonica  L. (E. N.)
M elandrium  album  L. (E. N.) 

elisabethae  (Jan.) Rohrb. 
rubrum  (Weig.) G arcke 

M inuartia  laricifolia  (L.) Schinz et Thell. 
Saponaria  officinalis L.
Silene venosci Aschers, et Graebn.

wallichiana  Klotzsch 
Spergula arvensis L.
Stellaria m edia  L.
Vaccaria pyram idata  Medik.

segeta lis  (Neck.) G arcke 
Viscaria viscosa  (Scop.) A schers.  (E. N.) 

Celastraceae 
C elastrus  sp.
E uonym us alata  (Thunb.) Sieb. 

bungeana  Maxim. 
europaeus  L. (Lubbock  1892) 
ham iltoniana  Wall. 
ja p o n icu s  Thunb. (Toyoda 1961) 
latifolia  Mill 
leiophloea  Stev. 
m aackii Rupr. 
m acroptera  Rupr. 
m axim ow icziana  Prokh. 
pauciflora  Maxim. vnOA*
planipes  Koehne
sachalinensis  (F. Schmidt) Maxim. 
sacrosancta  Koidz. 
sem enovii Regel et H erd. 
verrucosa  Scop. (E. N.) 
yedoensis  Koidz.

Tripterygium  wilfordii H ook. fil. 
Ceratophyllaceae (Netolitzky 1926) 
Cercidiphyllaceae 

C ercidiphyllum  m agnificum  Nakai 
Chenopodiaceae 

Aellenia  autranii (Post) Zohary  
(Negbi & Tamari 1964) 
subaphylla  C. A. Mey. (Ionesova 1968)

* A triplex hort ens is L.
*Beta vulgaris L. (E. N.)

++
 

I 
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+



BOT. N O T ISE R  133 (1980) Chlorophyll  in em bryos  329

C henopodium  album  L. 
anthelm in tic  um  L. 
bonus-henricus  L.

H aloxylon aphyllum  (Minkw.) Iljin 
Kochia indica  Wight (Negbi & Tamari 1964) 

prostrata  (L.) Schrad. (Ionesova 1968) 
Salicornia  sp. (Vassilczenko 1936)
Salsola  arbuscula  Pall. (Ionesova 1968) 

inerm is  Forsk. (Negbi & Tam ari 1964) 
rigida  Pall. (Ionesova 1968) 
ru thenica  Iljin (E. N.) 
volkensii Schweinf. et Aschers. (Negbi & 
Tamari 1964)

C istaceae 
H elian them um  grandißorum  DC.

Clusiaceae see Guttiferae 
C neoraceae

C neorum  tricoccum  L.
C om bretaceae 

*C om bretum  grandißorum  G. Don 
*Laguncularia  sp. (Netolitzky 1926) 
*Term inalia  sp.

Com positae  see Asteraceae 
Convolvulaceae 

C alystegia  sepium  (L.) R. Br. (E. N.) 
C onvolvulus arvensis L. 

lineatus  L. (E. N.) 
scam m onia  L. 
sepium  L. (Lubbock 1892) 
tricolor L. (Lubbock 1892)

Ipom oea  pes-caprae  (L.) Roth 
purpurea  (L.) Roth (E. N.) 
roxburghii Steud.

M errem ia dissecta  (Jacq.) Hall. fil.
(Sankhla et al. 1966)

P harbitis purpurea  (L.) Voigt 
Cornaceae 

C o rn u sfem in a  Mill.
C ornus  sp. (Netolitzky 1926)
C ynoxylon japon icum  Nakai 
Thelycrania sanguinea (L.) Fourr. 

Corylaceae 
Corylus avellana  L.

Crassu laceae (Netolitzky 1926)
R hodio la  rosea  L.
* S ed u m  acre L. (E. N.)

aizoon  L. 
hybrid  um  L.

Cruciferae see Brassicaceae 
Cucurbitaceae 

*A lsom itra m acrocarpa  (Bl.) Roem. 
*B enincasa hispida  (Thunb.) Cogn.
* Bryonia alba L.
Citrullus lanatus  (Thunb.) Mansf.

vulgaris Schrad. (E. N.)
C ucum is melo  L.

sa tivus  L. (E. N.)
C ucurbita  pepo  L. (E. N.)
E cballium  elaterium  (L.) A. Rieh.
*M om ordica  sp.
*Sicyos angulatus  L. (E. N.)

C uscu taceae 
C uscu ta  cam pestris Junck. (E. N.) 

europaea  L. (E. N.) 
lupuliform is  Krock.

+
+
+
+
+
+
+
+

+

+
+
+
+
+
+
+
+
+

+
+

+
+
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+
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C uscuta  sp. (Netolitzky 1926)
Dilleniaceae 

Dillenia  indica L.
Dipsacaceae 

Cephalaria brevipalea  (Somm. et Levier) Litv. 
gigantea  (Ledeb.) Bohr. 
tatarica  Gmel. (Lubim enko 1906) 
uralensis  Schrad. (E. N.)

D ipsacus azureus  Schrenk 
fu llo n u m  L. 
laciniatus  L.

K nautia  arvensis  (L.) Coult. (E. N.) 
m acedonica  Griseb. 
m ontana  (Bieb.) DC.

Scabiosa  bipinnata C. Koch 
caucasica  Bieb. 
lucida  Vill. 
ochroleuca  L. (E. N.) 
olivieri Coult. 
soongorica  Schrenk 

D ipterocarpaceae 
A nisop tera  m arginal a K orth .
D ipterocarpus turbinata  G aertn .
D ryobalanops arom atica  Gaertn .

lanceolata  Burck 
Shorea  palem banica  Miq.
Vatica bancana  Scheff.

E benaceae 
D iospyros discolor Willd. 

fru te scen s  Blume 
kaki L. fil.

E hretiaceae 
Ehretia  acum inata  R. Br. 

m acrophylla  Wall.
E laeagnaceae 

E laeagnus angustifolia  L. (E. N.) 
argentea  Pursh 
latifolia  L. 
um bella ta  Thunb.

H ippophaé rham noides  L.
E laeocarpaceae 

E laeocarpus  sp.
Ericaceae (see also Vacciniaceae)

A rb u tu s andrachne  L.
unedo  L.

Pieris ßorib u n d a  Benth.
*japonica  (Thunb.) D. Don 

Erythroxylaceae 
E rythroxylum  coca  Lam. (M onteverde  & Lubi

menko 1909)
Euphorbiaceae 

A leurites cordata  R. Br.
fo rd ii  Hemsl.

B accaurea  javan ica  Muell. Arg.
Bridelia m onoica  Merr.
D rypetes m acrostigm a  J. J. S.
Euphorbia lam procarpa  Prokh. 

petrophila  C. A. Mey (E. N.) 
soongorica  Boiss.

E uphorbia  sp. (E. N.)
virgata  Waldst. et Kit. (E. N.)

G lochidion cyrtostylum  Miq.
Jatropha eure as L.
Joannesia  princeps  Veil.
*M allotus ja pon icus  (Thunb.) Muell. Arg.

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+

+
+

+

+
+
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* Ricinus com m unis  L. (E. N.)
Securinega su ffru ticosa  (Pall.) Rehd.

Fabaceae
A m orpha  fru tico sa  L. (E. N.)
A straga lus cicer  L. (E. N.) 

glycyphyllus  L. (E. N.) 
ham osus  L.

A stragalus  sp. (Flahault 1879)
Baptisia  australis  (L.) R. Br.
Caragana arborescens  Lam. 

fru te x  (L.) C. Koch (E. N.)
Cicer arietinum  L. (E. N.)
Clitoria ternata  (L.) Baker (L ubbock  1892)
C olutea arborescens  L.
Coronilla varia L. (E. N.)
C ytisus ru thenicus  Fisch. (E. N.)
D olichos lablab  L.
Galega officinalis L. (E. N.)
G enista tinctoria  L. (E. N.)
G lycine m ax  (L.) Merr. (Toyoda 1959)
Glycyrrhiza echinata  L. (E. N.)
H edysarum  coronarium  L. (L ubbock  1892) 

grandiflorum  Pall. (E. N.)
Indigofera  gerardiana  (Wall.) Baker
Laburnum  anagyroides Medik.
L a thy rus pra tensis  L. (E. N.) 

tuberosus  L. (E. N.)
L espedeza  bicolor Turcz.
Lupinus barkeri Lindl. (E. N.)

luteus  L. (Poddubnaya-Arnoldi 1952) 
polyphyllus  Lindl. (E. N.)

M aackia am urensis  Rupr. et Maxim.
M edicago arabica  All. 

arborea  L. 
denticulata  Willd. 
fa lca ta  L. (E. N.) 
lupulina  L.
m inim a  (L.) Grufb. (E. N.) 
orbicularis (L.) Bart.

M elilotus alba Medik. (E. N.) 
offic inalis (L.) Pall. (E. N.)

O nobrychis viciifolia  Scop. (E. N.)
O nonis arvensis L. 

spinosa  L.
P haseolus coccineus  L. 

lunatus  L. (Klein & Pollock 1968) 
m ultiflorus  Willd. (Rezende-Pinto 1964) 
vulgaris L. (E. N.)

P isum  sativum  L.
P terocarpus echinatus  Pers.
R obinia pseudacacia  L. (E. N.)
Sophora  fla vescen s  Ait. 

ja p o n ic  a L.
Therm opsis fa b a cea  (Pall.) DC.
Trifolium cam pestre  Schreb. 

hybridum  L. 
pra tense  L. (E. N.) 
repens  L.
strepens  C rantz (E. N.)

Vicia bithynica  L. 
cracca  L. (E. N.) 
elegans  Guss. (E. N.) 
fa b a  var. major  Harz (Yoffe 1957) 
grandiflora  Scop. (E. N.) 
incisa  Bieb.

— sativa  L. (Poddubnaya-Arnoldi 1952) +
+ sepium  L. +

tenuifo lia  Roth (E. N.) +
+ W isteria sinensis  Rehd. et Wilson +
+ Fagaceae
+ C astanea  vulgaris Lam . (L ubbock  1892) —
+ F agus silvatica  L. (L ubbock  1892) —
+ Q uercus coccifera  L. —
+ *grosseserrata  B lume —
+  *ilex L. —
+ *occidentalis  J. Gay —
+  *serrata  Thunb. —
+ *suber  L. -
+  F icoidaceae see Aizoaceae 
+  F lacourtiaceae
+ H ydnocarpus alpina  Wight —
+ polypeta la  (Sloot.) Sleum. —
+ F um ariaceae
+ D icentra fo rm o sa  Walp —
+ Fum aria officinalis  L. —
+ G entianaceae
+ C entaurium  confertum  Druce —
+  G entiana lutea  L. —
+ Sw ertia  iberica  Fisch, et Mey. +
+ G eraniaceae
+  E rodium  ciconium  (L.) Ait. +
+ cicutarium  (L.) L ’Hdrit. +
+ G eranium  colum binum  L. (L ubim enko 1906) +
+ divarica tum  Ehrh. +
+ gracile  Ledeb. +
+ lucidum  L. (Flahault 1879) +
+ pa lustre  L. (Lubim enko 1906) +
+  pra tense  L. (Lubim enko 1906) +
+ pusillum  Burm. (E. N.) +
+  ro tundifo lium  L. +
+ ruprechtii Woron. ex Grossh. +
+ sangu ineum  L. (L ubbock  1892) +
+  sylva ticum  L. (E. N .) +
+ P elargonium  zonale  Ait. (E. N.) +
+ G esneriaceae
+ R a m o n d ia  pyrenaica  Pers. —
+ Grossulariaceae
+  Grossularia reclinata  Mill. —
+ R ibes nigrum  L. —
+ vulgare  Lam. —
+ Guttiferae (Clusiaceae)
+ Garcinia echinocarpa  Th w. +
+ loureiri Pierre +
+ picrorhiza  Miq. +
+ xa n th o ch ym u s  Hook. fil. +
+  Haloragaceae
+  M yriophyllum  spica tum  L. —
+ Helleboraceae
+ A con itum  napellus L. —
+ A ctaea  rubra  (Ait.) Willd. —
+  A quileg ia  ottonis  Orph. —
+ C im icifuga fo e tid a  L. —
+ Trollius a ltaicus C. A. Mey. —
+ asia ticus  L. —
+  dschungaricus  Regel —
+  europaeus  L. —
+ H ippocastanaceae
+  A escu lu s  h ippocastanum  L. +
+ H ydrangeaceae
+  H ydrangea  petiolaris Sieb, et Zucc. —
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H ydrastidaceae 
H ydrastis canadensis  L. —

H ydrophyllaceae 
H ydrophyllum  fen d leri (A. Gray) Heller —

occidenta le  (Wats.) A. Gray —
Phacelia tanacetifolia  Benth. +

Hypericaceae 
H ypericum  elegans Steph. (E. N.) +

perforatum  L. +
Icacinaceae

G onocaryum  fu scu m  H ochr. +
Ulecebraceae (Caryophyllaceae)

Herniaria bessert Fisch. (E. N.) —
polygam a  J. Gay (E. N.) —

Illiciaceae
*Illicium floridanum  Ellis —

Juglandaceae 
Carya cordiform is C. Koch —
Jug  Ians m andschurica  Maxim. —

nigra  L. —
regia L. —

Labiatae see Lamiaceae 
Lamiaceae

Betonica fo lio sa  Rupr. —
grandiflora  Benth. —

Coleus sp. (E. N.) —
D racocephalum  ruyschianum  L. —
L am ium  purpureum  L. (E. N.) —
L avandula  spica  DC. —
L eonurus cardiaca  L. (E. N.) —

villosus Desf. —
M arrubium  praecox  Janka (E. N.) —
M elissa officinalis L. —
M entha canadensis  L. —

piperita  L. —
Phlom is pungens  Willd. (E. N.) —

tuberosa  L. (E. N.) —
Prunella vulgaris L. (E. N.) —
Salvia aethiopis  L. (E. N.) —

nutans  L. (E. N.) —
Scutellaria galericulata  L. (E. N.) —
Sideritis m ontana  var. com osa  Rochel (E. N.) —
S ta ch ys palustris L. (E. N.) —

recta  L. (E. N.)
sylva tica  L. (E. N.) —

Z iziphora capitata  L. —
Lauraceae

Beilschm iedia  roxburghiana  Nees —
C innam om um  sp. —

*cam phora  T. Nees et Eberm . —
C ryptocaria  sp. —
*Laurus nobilis L. —
Persea gratissim a  Gaertn. fil. —

Lentibulariaceae 
Utricularia em arginata  Benj. (N e to 

litzky 1926) +
Linaceae

Linum  alpinum  (L.) Jacq. +
angustifo lium  Huds. (K an tor  1959) +
austriacum  L. (Schimper 1885) +
fia v u m  L. (E. N.) +
grandiflorum  Desf. f. flo ra  rubro  hort. +
hirsu tum  L. (E. N.) +
hum ile  Mill. (E. N.) +
pallasianum  Schult. (E. N.) +

perenne  L. 
tenuifo lium  L. (E. N.) 
usita tissim um  L. (Poddubnaya-Arnoldi 

1952)
L oasaceae  

L o a sa  vulcanica  André 
Lobeliaceae 

Lobelia  sessilifolia  Lamb. 
urens  L.

L oran th aceae  incl. Viscaceae 
L epidoceras kingii Hook fil. (Hofm eister 

1859)
L o ra n t hus europaeus  L. (H ofm eiste r 1859) 
P hrygilanthus aphvllus  Eichl. (N e to 

litzky 1926)
Viscum  album  L. (Flahault 1879) 

L y th raceae  
L agerstroem ia  indica  L. f. rosea  hort. 
L yth ru m  salicaria  L. 

virgatum  L. (E. N.)
M agnoliaceae 

* M agnolia  kobus DC.
T alaum a  sp.

M aloideae see Rosaceae 
M alvaceae 

A lcea  rosea  L.
A lth a ea  officinalis L.
G ossyp ium  hirsutum  L. (Englem an 1966) 
H ib iscu s syriacus  L.
K itaibelia  vitifolia  Willd.
L a va tera  thuringiaca  L.

trim estris  L. (E. N.)
M alope trifida  Cav.
M alva  neglecta  Wallr. (E. N.)

pusilla  Smith 
*Thespesia  lam pas  Dalz.

M elastom ataceae 
C lidem ia hirta  D. Don 

Meliaceae 
A gla ia  rufa  Miq.
C edrela odorata  L.
C ipadessa  baccifera  Miq.
D ysoxylum  acutangulum  Miq.
M elia azadirachta  L.

toosendan  Sieb, et Zucc.
S andoricum  koetjape  (Burm. fil.) Merr. 
Sw ieten ia  m acrophylla  King 

m a h a g o n i L.
Turraea billardieri Benn.

M em ecylaceae 
M em ecy lon  m yrsinoides  Blume 

nudum  Blume 
M im osaceae 

A ca c ia  auriculiform is  A. Cunn. 
biuncifera  Benth. 
d ea lba ta  Link 
m elanoxylon  Roxb. 
neriifolia  A. Cunn.

A d en a n th era  pavonina  L.
A lb izia  ju librissin  (Willd.) Durazz. 

lophan tha  Benth. 
saponaria  Blume 

N ep tu n ia  plena  (L.) Benth.
Molluginaceae 

M ollugo cerviana  (L.) Ser. (E. N.)

+
+

+

+
+

+
+

+
+

+
+
+
+
+
+
+

+
+
+
+

+

+
+

+
+
+
+
+
+
+
+
+
+
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Monimiaceae 
M atthaea  calophylla  Perkins

M onotropaceae 
M onotropa  sp.

M oraceae 
A ntiaria  toxicaria  Lesch.
A rtocarpus integra  Merr.
A rtocarpus  sp.
D orstenia contrajerva  L.
* F icus carica  L. (E. N.)

pelta ta  Blume 
M aclurq pom ifera  (Rafin.) C. B. Rob. 
M orus alba  L.
Streblus asper Lour.

M oringaceae 
M oringa oleifera  Lam.

M yristicaceae 
H orsfield ia  batjanica  Warb.

glabra  Warb.
M yristica ferrug inea  Wall. 

m acrothyrsa  Miq.
M yrsinaceae 

Ardisia crenata  Roxb. 
ja p o n ica  (Thunb.) Blume 
tuberculata  Wall.

M yrtaceae 
Eugenia aquea  Burm. fil.

brasiliensis Lam . (M onteverde & L ubi
menko 1909) 

paucipuncta ta  Koord. et Valet. 
Leptosperm um  scoparium  Porst.  
M elaleuca hypericifolia  Smith 
M yrtus com m unis  L.
P sidium  littorale Raddi

M yzodendraceae 
M yzodendron linearifolium  DC.

N elum bonaceae 
N elu m b o  lutea  (Willd.) Pers. (M eeuse & 

Ott 1962) 
nucifera  Gaertn.

Nyctaginaceae 
Allionia  ovata  Pursh 
*M irabilis ja lapa  L.

N ym phaeaceae 
N u p h a r luteum  (L.) Smith 
N ym p h a ea  alba L. 

caerulea  Sav.
* Victoria am azonica  (Poepp.) Sow.

Olacaceae
Strom bosia  zeylanica  Card. var. 

sessilis  Hochr.
Oleaceae 

F raxinus excelsior L. (E. N.) 
oxycarpa  Willd. (E. N.)
* viridis Michx.

Jasm inum  humile L.
offic inale  L.

L igustrum  com pact um  H ook. fil. et Thoms 
henryi Hemsl. 
lucidum  Ait. 
ovalifolium  Hassk. 
vulgare  var. sem pervirens  Loud. 

Phillyrea angustifolia  L.
Syringa vulgaris L.

O nagraceae

C ham aenerium  angustissim um  (Hausskn.)
— Sosn.

Clarkia elegans Dougl.
— E pilobium  tetragonum  L.

Fuchsia  sp. (E. N.)
— O nagra biennis L.
— O robanchaceae
— O robanche  sp. (E. N.)
— Oxalidaceae
— A verrhoa bilim bi L. +
— caram bola  L. +
— O xalis acetosella  L. +
— corniculata  L. (E. N.) +
+ hirta  L. (Netolitzky 1926) +

Paeoniaceae
+ Paeonia anom ala  L. —

lactiflora  Pall. —
— su ffru ticosa  Andr. —
— tenuifo lia  L. —
— Papaveraceae
— C helidonium  majus L. —

C orydalis cava  (Mill.) Schweigg. et —
— Koerte (E. N.)
— E schscholtzia  sp. —
— G laucium  corniculatum  (L.) J. Rudolf. (E. N .) —

M econopsis  cam brica  (L.) Vig. —
+ P apaver rhoeas  L. (E. N.) —

som niferum  L. —
+ Sanguinaria  canadensis  L. —
+ Passifloraceae
— *P assiflora edulis Sims —
— Peganaceae see Zygophyllaceae
— Petiveriaceae
— Rivina hum ilis L.

Philadelphaceae
+ D eutzia  scabra  Thunb.

P hiladelphus coronarius  L. —
fa lco n er i  Sarg. —

+ la tifo lius  Schrad. ex DC. —
+ m exicanus  Rehd. —

sericanthus  Koehne —
+ tenuifo lius  Rupr. et Maxim. —
+ Phytolaccaceae

P hyto lacca  esculenta  Van H outte  —
+ Pistaciaceae
+ P istacia lentiscus L. +
+ m utica  Fisch, et Mey. +
— *Pistacia  sp. (Lubimenko 1916) +

vera L. (Vassilczenko 1936) +
P ittosporaceae

+ P ittosporum  crassifolium  A. Cunn.
tobira  Ait.

— Plantaginaceae
P lantago indica L. (E. N.)

— lanceolata  L. (E. N.)
— major L. (E. N.)
— m edia  L. (E. N.)
— ovata  Forsk.
— psyllium  L.
— Plumbaginaceae

A rm eria  m aritim a  (Mill.) Willd. +
pseudarm eria  (Murr.) Mansf. +

G oniolim on tataricum  (L.) Boiss. (E. N.) +
L im onium  gm elinii Willd. (E. N.) +
P lum bago scandens L. +
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Podophyllaceae 
P odophyllum  em odi Wall. —

Polem oniaceae 
C obaea scandens  Cav. (L ubbock  1892) —
C obaea  sp. (Netolitzky 1926) —
C ollom ia coccinea  Lehm. (L ubbock  1892) +
P hlox drum m ondii Hock +

panicula ta  L. (E. N.) +
P olem onium  caucasicum  N. Busch —

coeruleum  L. —
occidenta le  Greene —

Polygalaceae
P olygala  com osa  Schkuhr +

vulgaris L. (E. N.) +
Polygonaceae 

F agopyrum  esculentum  M oench (Poddubnaya- 
Arnoldi 1952)
sag itta tum  Gilib. (E. N.) —

Oxyria digyna  (L.) Hill —
P olygonum  am phibium  L. (E. N.) —

convolvu lus  L. (E. N.) —
coriarium  Grig. —
cusp ida tum  Sieb, et Zucc. —
nitens  V. Petr. —
perfo lia tum  L. —

R h eu m  tataricum  L. (E. N.) —
undula tum  L. —

R u m ex  acetosa  L. (E. N.) —
acetosella  L. —
con fertus  Willd. —

Portulacaceae 
P ortulaca grandiflora  Hook. —

oleracea  L. (E. N.) —
Primulaceae

A nagallis  arvensis L. —
D odeca theon  sp. —
H otton ia  palustris  L. (E. N.) —
L ysim ach ia  num m ularia  L. (E. N.) —

pun cta ta  L. —
verticillaris Spreng. —
vulgaris L. (E. N.) —

Prim ula auricula L. —
bulleyana  G. Forrest —
m acrocalyx  Bunge —

Proteaceae
* H ake a pubescens  Schrad. —

Punicaceae
*Punica granatum  L. (E. N.) —

Pyrolaceae
Pyrola  sp. —

Ranunculaceae (see also H elleboraceae and 
H ydrastidaceae)
A don is vernalis L. (E. N.) —
A n em o n e  crinita  Juz. —

sylvestris  L. (E. N.) —
C eratocephalus orthoceras DC. (E. N.) —
C lem atis cam paniflora  Brot. —

panicula ta  Thunb. —
D elphinium  consolida  L. ( =C onsolida  

arvensis) (E. N.) —
Pulsatilla  pa ten s  (L.) Mill. (E. N .) —

vulgaris Mill. —
R anuncu lus acer L. (E. N.) —

la teriflorus DC. (E. N.) —
lingua  L. (E. N.) —

m uricatus  L. —
polyphyllus  Kit. (E. N.) —

Thalictrum  m inus  L. (E. N.) —
Resedaceae

R eseda  lutea  L. (E. N.) +
odor at a L. +

Rham naceae
C eanothus thyrsiflorus E schsch . +
Frangula alnus Mill. (E. N.) +
H ovenia  dulcis Thunb. +
R ham nus catharticus L. +

dahurica  Pall. +
pallasii Fisch, et Mey. +

R osaceae inch Amygdalaceae and Malaceae 
A grim onia  eupatoria  L. (E. N .) -
A lchem illa  sp. -
A m elanch ier  sp. (E. N.) -
A m yg d a lu s  nana  L. (E. N.) -
A rm eniaca  vulgaris Lam. (E. N.) -
C erasus fru ticosa  Pall. (E. N.) -

vulgaris Mill. (E. N.) -
C haenom eles japon ica  (Thunb.) Lindl. -

chinensis  Koehne —
C otoneaster dam m eri C. K. Schneid. —

fra n ch e tii  Bois —
glaucophylla  Franch. -
henryana  Rehd. et Wils. —
integerrim a  Medik. —
pannosa  Franch. —
salicifolia  Franch. —
thym ifolia  (Baker) Koehne —
tom en tosa  (Ait.) Lindl. —

C rataegus crus-galli L. —
m acracantha  Lodd. —
m onogyna  Jacq. —
prunifolia  (Marsh.) Pers. —

Cydonia oblonga  Mill. —
E xochorda albertii Regel —

racem osa  (Lindl.) Rehd. —
G eum  strictum  Ait. —

virginianum  L. —
urbanum  L. —

L aurocerasus lusitanica  (L.) Roem. —
officinalis  Roem. —

M alus dom estica  Borkh. (E. N .) —
flo ribunda  Sieb. —
scheideckeri (Spaeth) Zabel —
torin go  Sieb. —

M espilus  sp. —
M oquilia tom entosa  Benth. —
O steom eies schw erinae  C. K. Schneid. —
P adus racem osa  (Lam.) Gilib. —

virginiana  (L.) Mill. (E. N.) —
P hotinia serrulata  Lindl. —
P hysocarpus am urensis  Maxim. —
P otentilla  reptans L. (E. N.) —
Prunus divaricata  Ledeb. (E. N .) —

dom estica  L. (E. N.) —
spinosa  L. (E. N.) —

P yracantha  crenulata  (D. Don) Roem. —
gibbsii A. Jacks. —
pauciflora  Roem. —

Pyrus com m unis  L. —
R haphio lep is um bellata  Makino (Toyoda 1961) +
R osa  canina  L. —
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rugosa  Thunb.
R ubus caesius  L. (E. N.) 

idaeus  L. (E. N.)
Sanguisorba  officinalis L.
Sorbaria grandiflora  Maxim. 

lindleyana  Maxim. 
sorbifolia  (L.) A. Br.

Sorbus aucuparia  L. (E. N.)
Spiraea bella  Sims 

blum ei G. Don 
m edia  Schmidt (E. N.) 
opulifolia  (L.) Maxim. (E. N.) 
vanhou tte i (Briot) Zabel

S tranvaesia  nussia  Decne.
Rubiaceae

* A lberta  m agna  E. Mey. (L ubbock  1892)
A speru la  hum ifusa  (Bieb.) Bess. (E. N.)
Galium aparine  L. (E. N.) 

boreale  L. (E. N.)
G ardenia jasm ino ides  Ellis 

*thunbergia  L. fil. (Lubbock 1892)
*Genipa clusiifolia  Griseb.
Ixora  sp.
P sychotria  m aingayi H ook. fil. 

viridiflora  Reinw.
R andia  tom en tosa  Hook. fil.

Rutaceae
Citrus depressa  Hayata (Toyoda 1959) 

erythrosa  hört, ex T anaka (Toyoda 1961) 
keraji hört,  ex Tanaka (Toyoda 1959) 
kinokuni hört, ex Tanaka (Toyoda 1961) 
*limon  (L.) Burm. fil. (E. N.) 
nobilis Lour. (Toyoda 1959) 
oto  hört,  ex Tanaka (Toyoda 1959) 
sinensis  O sbeck (Toyoda 1959) 
tach ibana  (Nak.) Tanaka (Toyoda 1959) 
*unshiu  M arcovicz(E . N.)

D icta m n u s albus L.
Euodia daniellii (Benn.) Hemsl.
Fortunella  margarita  (Lour.) Swingle 

(Toyoda 1959)
Poncirus trifoliata  (L.) Rafin.
Ptelea  trifoliata  L.
R uta  bracteosa  DC. 

graveo lens  L. 
m acrophylla  Soland.

Skim m ia  repens Nakai
*Z anthoxylum  alatum  Roxb. var. planisp inum  

Rehd. et Wils.
*bungei Planch.
*longipes  Rose 
*piperitum  L.
*sim ulans  Hance 

Salicaceae
P opulus alba  L. (Zonova 1953) 

balsam ifera  L. (Nikolayeva 1964) 
hybrida  Bieb. (Zonova 1953) 

nigra L. (E. N.)
Salix  acutifo lia  Vill. (E. N.) 

caprea  L. (Nikolayeva 1958) 
fra g ilis  L. (E. N.) 
p en tandra  L. (Zonova 1953)

Sam bucaceae  see Caprifoliaceae 
Santalaceae

*Thesium  linifolium  Schrank (E. N.)

+
+
+
+
+
+
+
+
+
+

+

+

+
+
+
+

+
+
+
+
+
+
+
+

Sapindaceae 
A llophylus fu lv inervis  Blume 
A phania  boerlagei Valefon 
H arpullia arborea  Radik.

cupanoides  Roxb. (M onteverde  & Lubi- 
m enko 1909) 

thanatophora  Blume 
H eb eco ccu s ferru g in eu s  Radik. 
*N ephelium  lappaceum  L.
P aranephelium  m acrophyllum  King 
*Sapindus drum m ondii H ook, et Arn. 
U ngnadia speciosa  Endl.

Sapotaceae 
A ch ra s zapota  L.
*L ucum a cam pechiana  H. B. K. 
M im usops elengi L.
P alaquium  gutta  Baill.

Saxifragaceae
M itella  caulescens  Nutt.
Saxifraga  caespitosa  L.

volenatiana  Ryl.
Tellim a grandiflora  (Pursh) R. Br.

Scrophulariaceae 
A ntirrh inum  m ajus L.
Collinsia heterophylla  Buist 
D igitalis grandiflora  Mill.
G ratiola officinalis L. (E. N.)
Lim osella  sp. (Netolitzky 1926)
Linaria odorata  Chav. (E. N.)

vulgaris (L.) Mill. (E. N.)
M elanpyrum  arvense  L. (E. N.)
M im ulus lu teus  L.
N em esia  floribunda  Lehm .
Paulow nia  imperialis Sieb, et Succ. 
P enstem on  humilis Nutt.
R hinan thus  sp.
Scrophularia  nodosa  L. (E. N.)
Tetranem a m exicanum  Benth.
V erbascum  blattaria  L. (E. N.) 

lychnitis  L. (E. N.) 
phlom oides  L. 
thapsiform e  Schrad. (E. N.) 
thapsus  L. (E. N.)

Veronica anagallis-aquatica  L. (E. N.) 
andersonii Lindl. 
incana  L. (E. N.) 
longifolia  L. (E. N.) 
persica  Poir. 
prostra ta  L. 
sibirica  L. 
spicata  L. (E. N.) 
urticifolia  Jacq.

Sim aroubaceae 
A ilan thus grandis Prain 
B rucea amarissim a  Desv.
H arrisonia brownii Juss.

Solanaceae 
A tropa  belladonna  L.
B runfelsia  sieberi Regel 
C apsicum  annuum  L. (E. N.)
D atura m etel L.

stram onium  L. (E. N.)
H yoscyam us niger L. (E. N.)
L ycium  barbatum  L. (E. N.) 

chinense  Mill.

+
+
+

+
+

+

+
+
+
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Lycopersicum  esculentum  Mill. (E. N.) 
N icotiana  alata  Link et Otto 

glauca  Graham
tabacum  L. (Poddubnaya-Arnoldi 1952) 

P etunia hybrida  hört. (E. N.)
Physalis a lkekengi L. (E. N.)
P hysochlaina orientalis (Bieb.) G. Don 
Scopolia  carniolica  Jacq.

stram onifo lia  (Wall.) Sem enova 
Solanum  dulcam ara  L. (E. N.) 

nigrum  L. (E. N.)
persicum  Willd. ex Roem. et Schult. 
pseudocapsicum  L.

Sonneratiaceae 
Sonneratia  caseolaris (L.) Engl. 

S taphyleaceae 
S taphylea  p innata  L. (Lubbock  1892) 

S terculiaceae 
Cola acum inata  Schott et Endl.
Firm iana m alayana  K osterm.
P terocym bium  tinctorium  (Blanco) Merr. var.

ja va n icu m  (R. Br.) Kosterm.
Sterculia  sp.

Styracaceae 
S ty  rax benzoin  Dryand. 

obassia  Sieb, et Zucc.
Theaceae

Cam ellia japon ica  L.
*Thea sinensis  L.

Thym elaeaceae 
D aphne m ezereum  L.
Phaleria m acrocarpa  (Scheff.) Boerl. 
Phaleria  sp.

Tiliaceae 
C lappertonia ficifo lia  Decne.
C olona scabra  Burr.
Grewia acum inata  Juss.
Tilia cor data  Mill. (E. N.) 

petio laris  DC. (Lubbock 1892) 
p la typhyllos  Scop. f. praecox  (A. Br.)

Ig. Vassil. 
rubra  Rupr.

' tom en tosa  Moench 
Trochodendraceae

Trochodendron aralioides Sieb, et Zucc. 
Tropaeolaceae

Tropaeolum  m ajus  L.
Ulmaceae 

C eltis australis L. 
glabrata  Stev. (E. N.)
*occidentalis  L.

U lm us laevis Pall. (E. N.) 
scabra  Mill. (E. N.)

Umbelliferae see Apiaceae 
Urticaceae 

Parietaria officinalis L.
Urtica cannabina  L.

V acciniaceae 
O xycoccus palustris  Pers.
Vaccinium  arctostaphylos  L. 

m yrtillus L. 
vitis-idaea  L.

Valerianaceae 
C entranthus ruber (L.) DC.
Valeriana nitida K rey e r(E .  N.)

+

+
+
+

+

+
+
+
+
+

+
+
+

+

+
+

offic ina lis  L.
V erbenaceae 

C allicarpa giraldiana  Hesse 
C lerodendrum  thom osonae  Balf.
*L antana  cam ara  L.
V erbena hybrida hort.
V itex incisa  Bunge 

Violaceae 
Viola a lta ica  Ker-Gawl. 

am bigua  Waldst. et Kit. (E. N.) 
declinata  Waldst. et Kit. (E. N.) 
elatior  Fries (E. N.) 
epipsila  Ledeb . (E. N.) 
rugulosa  G reene 

Viola sp. 
tricolor  L. (Flahault 1879)

Viscaceae see Loranthaceae 
Vitaceae

Vitis vinifera  L.
Zygophyllaceae 

N itraria  sibiricci Pall.
P eganum  harm ala  L. (Netolitzky 1926) 
Tribulus terrestris L. (E. N.)

M O N O C O T Y L E D O N E A E

A gavaceae 
A g a ve  sp.
*P horm ium  tenax  J. R. et G. Forst.
* Yucca aloifolia  L.

Alism ataceae 
A lism a lanceo la tum  With. (E. N.)

p lan tago-aqua tica  L.
E ch inodorus  sp.
Sagitta ria  sagittifo lia  L.

Alliaceae 
*A g a p a n th u s um bella tus  L ’Hdrit.
A llium  o leraceum  L. (E. N.) 

pu lchelium  G. Don (E. N.) 
ro tundum  L.. (E. N.) 
stip ita tu m  Regel 

Amaryllidaceae 
A m aryllis  ( = H ippeastrum ) sp. (E. N.)
Clivia cyrtanth iflora  Van Houtte 
E ucharis am azon ica  hort. (E. N.)
G alan thus nivalis  L. (E. N.)
H a em a n th u s  albiflorus  Jacq. (E. N.)

ka therinae  B aker (E. N.)
H ym enoca llis  occidenta lis  (Le Conte) Kunth 

(Flint & Moreland 1943)
A nthericaceae 

A n th er icu m  ram osum  L.
P aradisia  liliastrum  Bert.

A ponoge tonaceae  (Netolitzky 1926)
A raceae 

A co ru s  sp. (Netolitzky 1926)
A g la o n em a  sp. (Netolitzky 1926)
A risaem a  am urense  Maxim.
Calla pa lustris  L.
N ep h th y tis  sp. (Netolitzky 1926)
P othos scandens  L. (M onteverde & Lubi- 

m enko 1909)
Z a n ted esch ia  aethiopica  Spreng. (E. N.) 

A recaceae  see Palmae 
A sparagaceae

+

+
+
+
+
+
+
+
+

+
+
+

+
+

+
+

+
+

+
+
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A sparagus verticillatus  L. (E. N.) —
Asphodelaceae 

Erem urus  sp. —
Bromeliaceae 

Pitcairnia xanthifo lia  —
Butomaceae

B utom us um bella tus  L. (E. N.) —
Commelinaceae 

Tradescantia virginiana  L. —
Convallariaceae 

Convallaria m ajalis L. -
M ajan them um  dila ta tum  (Wood) Nels. e t Macbr. -
Polygonatum  m ultißorum  (L.) All. (E. N .)

officinale  All. _
Sm ilacina stella la  (L.) Desf. -

Cyperaceae
*Bulboschoenus m aritim us  (L.) Palla (E. N.) —
*Carex sp. (E. N.)

Dianellaceae
Dianelia coerulea  Sims —

Dioscoreaceae 
D ioscorea caucasica  Lipsky —

Hemerocallidaceae 
H em erocallis fla va  L. —

Hyacinthaceae 
Bellevalia sarm atica  (Pall.) W oron. —
C hionodoxa gigantea  Whitt. —
M uscari racem osum  (L.) Mill. —
O rnithogalum  caudatum  Jacq. —

um bellatum  L. (E. N.) —
Scilla sibirica H aw . —

H ydrocharitaceae 
Stra tio tes aloides L. (E. N.) —

Iridaceae
*Gladiolus im bricatus  L. (E. N.) —
Iris pseudacorus  L. —

pum ila  L. (E. N.) _
sogdiana  Bunge —

Sisyrinchium  angustifo lium  Mill. —
Tritonia crocosm ifolia  (Hont.) Bak. +

Juncaceae
Juncus bufonius L. (E. N.) —

filiform is  L. _
lam procarpus  Ehrh. (E. N.) —

Luzula  pedem on tana  Boiss. et Reut. —
Liliaceae s. lat. see Anthericaceae,

Asphodelaceae, Convallariaceae, Dianel
laceae, H emerocallidaceae, H yacin thaceae 
and Liliaceae s. str.

Liliaceae s. str.
Fritillaria ruthenica  Wikstr. (E. N.) —
Tulipa iliensis Regel —

M arantaceae
D onax canniform is  K. Schum. —

N ajadaceae (Netolitzky 1926) +
Orchidaceae 

C alanthe veitchii hort. (Poddubnaya-
Arnoldi 1952) +

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

C oelogyne cristata  Lindl. (Burgeff 1932) 
fla cc id a  Lindl. (Burgeff 1932)

C ypripedium  sp. (Poddubnaya-Arnoldi 1956) 
D endrobium  nobile Lindl. (Poddubnaya- 

Arnoldi 1952)
D endrochilum  sp. (Pfitzer 1899, N e to 

litzky 1926)
Orchis latifolia  L. (Pfeitzner 1880)
P latyclinis  sp. (Rendle 1930)

Palmae ( = Arecaceae)
A rchontophoenix: cunn ingham ianus  D. Don 
A reca ca techu  L.
A renga p innata  Merr.
P hoenix roebelenii O ’Brien 
Sabal sp.
Socratea  durissim a  H. Wendl.
Trachycarpus excelsus  H. Wendl.
Veitchia jo a n n is  H. Wendl.
Z alacca  edulis Blume 

Poaceae
A gropyrum  elongatum  (Host) Beauv. 

(Poddubnaya-Arnoldi 1952) 
in term edium  (Host) Beauv. (Poddubnaya- 

Arnoldi 1952) 
repens  (L.) Beauv. (E. N.) 
sativa  L. (E. N.)

Briza m axim a  L.
C linelym us sibiricus (L.) Nevski 
C ynodon dactylon  (L.) Pers. (E. N.)
D actylis g lom erata  L.
M elica nu tans  L. (E. N.)
P aspalum  sp.
Sorghum  sp.
Triticum aestivum  L . (Poddubnaya-A rnoldi 

1952)
durum  Desf. (Poddubnaya-Arnoldi 1952) 

Potam ogetonaceae incl. Zannichelliaceae 
P otam ogeton  crispus L.

nutans  L. (E. N.)
Zannichellia  palustris  L.

Ruscaceae 
D anaé racem osa  (L.) M oench 
R uscus aculea tus  L. 

ponticus  Woron. (E. N.)
Scheuchzeriaceae 

Scheuchzeria  sp. (N etolitzky 1926) +
Sparganiaceae 

Sparganium  polyedrum  A schers,  et G raebn.
E. N.)

Trilliaceae 
Paris sp.

T yphaceae 
Typha angustifolia  L. (E. N.)

'la tifo lia  L. (E. N.)
Zannichelliaceae see Potam ogetonaceae  
Zingiberaceae 

Z ingiber  sp.

+ 
+ 

+ 
+ 

I 
+ 

+



T h e  t a x o n o m i c  s i g n i f i c a n c e  o f  c h l o r o p h y l l o u s  e m b r y o s  i n  

a n g i o s p e r m  s e e d s

R O L F  D A H L G R E N

Dahlgren, R. 1980 09 18: The taxonom ic significance of chlorophyllous embryos in angio
sperm seeds. Bot. N o tiser  133: 337-341. Stockholm. ISSN 0006-8195.

Evidence presented  by Yakovlev & Z h ukova  1980 in the article “ Chlorophyll in em bryos of 
angiosperm seeds, a rev iew ” is d iscussed. The data  are illustrated in the angiosperm 
diagram from Dahlgren 1975.

A clear tendency  of chlorophyllous em bryos to occur in non-endosperm ous seeds is 
pointed out. This may be related to the fact that chlorophyll p roduction is at least normally 
dependant on a certain am ount of light, and consequently chlorophyllous embryos would be 
exposed to light at least for some period of their development. A chlorophyllous em bryo  is 
found more or less regularly in seeds of the orders Fabales, Geraniales, Capparales, 
Malvales, Cistales, Plumbaginales and Salicales (Dicotyledons) and in Orchidales, Arales 
and Najadales (M onocotyledons). This is also the case in a certain proportion of the taxa  of 
Rutales, Sapindales, Polygalales, Santalales, Celastrales, R ham nales,  Dipsacales and Cor- 
nales bu t less frequently in Solanales, Myrtales, Theales and Caryophyllales. Certain pairs 
o f  allied orders and families are pointed out which differ from each  o ther in this attribute. 
Thus the investigated taxa of Fabales  have chlorophyllous em bryos but not those of 
Rosales, even when these are endosperm less .  Similar differences are found between P lum 
baginales and Polygonales, Convolvulaceae and Solanaceae, Asclepiadaceae and Apo- 
cynaceae, C istaceae and Dilleniaceae, Valerianaceae and Caprifoliaceae, etc. In some 
cases the difference is related to the am oun t of endosperm  in the seeds but this is not always 
the case.

R o lf  D ahlgren, B otanica l M useum , G othersgade 130, DK-1123 K 0benhavn K, D enm ark.

This brief  account  is based  on information p re 
sen ted in the preceding article by Yakovlev & 
Z h u k o v a  (1980).

These  authors  have asked  me to illustrate the 
occurrence  of  chlorophyllous em bryos  using the 
diagram presented  by me (Dahlgren 1975 a) with 
a note on the possible t axonom ic  significance of  
the character ,  and I gratefully comply.  C o n se 
quent ly the present  ar ticle serves  as a cont r ibu
tion to the series of  articles entitled: “ The distr i
bution of  characters  within an angiosperm sys 
t e m ” (see Dahlgren 1975 b, Jensen  & al. 1975, 
Behnke  & Dahlgren 1976, Dahlgren 1977, etc.).

Yakovlev & Zhukova  (1980) presen t  informa
tion on embryos  from. 1,094 species distr ibuted 
am ong  666 genera in 188 families.  The embryos  
of  428 species of  224 genera in 72 families proved 
to contain chlorophyll.

In spite of  the extent  of  the material there are 
still, however ,  important  gaps  in our  knowledge 
and this character  has not  yet been studied in

orders  such as Casuar ina les ,  Droserales,  Gun- 
nera les,  Myricales,  Podos tem ales  and Sarra- 
ceniales.  They  have there fore been  left blank but 
with ques t ion-marks in the diagram (Fig. 1). The  
diagram should preferably be studied in con 
junc t ion  with the Table in Yakovlev  and Z h u k o 
v a ’s article.

The over-all pat tern of  distr ibution seen in Fig. 
1 indicates that seeds with chlorophyllous e m 
bryo  are scat tered th roughout the angiosperms 
and  have evolved in many unrelated groups.

Dicotyledons

Looking  at the distr ibution of  seeds with a 
ch lorophyl lous  embryo (Fig. 1) the immediate 
impression  is that they are concent rated  to a 
grea t  ex ten t  on groups w ithou t  endosperm, e.g. 
Fabales ,  Cappara les and Geraniales,  although 
this  is no t  always the case.  They  are also largely 
absen t  in groups with copious  endosperm and/or
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a mass ive nucellar  cap, such as in Magnolianae 
and Ranunculanae .  This raises the quest ion as to 
the condit ions for chlorophyll  synthesis  in the 
em bryo  o f  an angiosperm seed.  Exposure  of  the 
em bryo  to a certain amount o f  light during the 
deve lopm en t  should be one  of  the decisive,  
maybe  the essential,  requirement for  the fo rma
tion of  chlorophyll ,  al though there are certain 
cases  w he re  Yakovlev and Z hukova  suspect  that 
ch lorophyll  can be formed without  light, as in 
N e lu m b o .  It  should be s tressed  here that these 
authors  have  studied the em bryos  in the course 
of  their development and have not  only recorded  
the p resence  of  chlorophyll  in the em bryo in 
mature seeds.  Actually chlorophyll  can be 
formed but  disappear when  the seeds r ipen; such 
em bryos  are recorded as being chlorophyllous.

If light is normally of  decisive importance  for  
chlorophyll  synthesis  in em bry os ,  then the e x 
pec ted  consequence  would be that  a chlorophyl
lous em b ry o  had not been permanen tly  enclosed 
ei ther  by a thick ovary wall (pericarp) or by a 
com pac t  endosperm or per isperm developed 
ahead  o f  the embryos or by thick integument(s)  
or  nucellus tissue which could absorb  the light. 
Pigment in the protecting envelopes  would also 
be impor tant .  Moreover,  all s tages from the 
few-celled embryos  to the matu re  seed should be 
taken into consideration.  W he the r  access  to iight 
can acc o u n t  for the phenom enon  at large is un 
certain an d  makes a more thorough experimental  
invest igat ion particularly urgent  (see Yakovlev 
& Z h u k o v a  1980).

Cons ider ing  the above ,  I will proceed to de 
scribe the distribution of  seeds with a ch loro
phyllous embryo .  This  was observed  in some 
(but not all) species of  Nym phaea les ,  which is 
indeed w or th  noting as it is enc losed by a certain 
am oun t  o f  endosperm (the even  more extensive 
per isperm ,  however,  does not  cover  the em bryo 
but  is loca ted  below it).

C onsequen t ly  among the ‘pr imit ive’ superor 
ders Magnolianae,  Ranunculanae  and Nym- 
phaeanae ,  chlorophyllous em bryos  are rare. This 
is also the case in o ther  large complexes ,  e.g. 
most  or all Hamamel idanae ,  including orders  
such as Hamamei idales  and Fagales,  the latter  
mostly with the endosperm wholly consumed in 
the matu re  seed,  which is notable and in conflict 
with the above  remarks.

Seeds  almost  constantly with non-chlorophyl-  
lous e m b ry o  also occur in Dilleniales (inch Pae-

onia)  (endosperm-rich) and Rosales (where the 
ripe seeds are generally endospermless) .  The  dif
ference  be tween Rosales and Fabales the latter  
of  which has a chlorophyl lous  em bryo  is c o n 
spicuous and possibly indicates tha t  the affinities 
are not  as close as is often presumed.

In the Dillenianae the families of  Malvales 
more  or less consistently have chlorophyllous 
seeds.  Their  seeds mostly have a thin testa and 
al though endosperm  is often present  this tends to 
be fairly thin in the ripe seeds.  Cistaceae  agrees 
with the families of  Malvales and is probably 
best  placed in this order.  While the embryo may 
be chlorophyllous or  not in Euphorbia les,  it gen 
eral ly lacks chlorophyll  in Urt icales (an ex c e p 
tion noted is Strehlus  o f  Moraceae).  The em bryo 
in the few seeds studied of  Thymelaeaceae  
(Thymelaeales)  were white in spi te of  the fact 
tha t  the seeds are almost  or  comple te ly en d o 
spermless .

In all the families of  Violales, which general ly 
have endospermous  seeds the em bryo  lacks 
chlorophyll  with the exception  o f  some species 
o f  Violaceae.  This is a notable difference from 
the Malvales, the im por tance  of  which cannot  
yet be evaluated.  In Cucurb i taceae ,  the en d o 
spermless seeds have a chlorophyll-free em bryo ,  
which might be explained by the fact that they 
are em bedded  in a ca rnose ,  mostly indehiscent 
fruit. Sal icaceae,  with endospermless  hairy 
seeds in small capsules,  have a chlorophyllous 
embryo.

All taxa  of  Cappara les invest igated (incl. Tro- 
paeolaceae) are character ized  by seeds having a 
chlorophyllous embryo.  The  blank patches in 
this order  represent  families not yet invest igated.  
It is probably no mere chance  that the seeds in 
most  Capparales are endospermless .  Balsamina- 
ceae,  which is often considered  to be closely 
allied to Tropaeolaceae  as well as to the families 
here placed in the o rder  Geraniales,  has a 
non-chlorophyllous em bryo  in spite of  the fact 
that  the fruits are ca rnose ,  green and somet imes  
semi transparen t  and the seeds lack endosperm,  
while in Tropaeo laceae and Geraniales the e m 
bryo  is chlorophyllous.

In the superorder  Rutanae  (Rutales,  Polygala- 
les, Geraniales,  Sapindales,  etc.)  the em bryo  is 
frequently chlorophyllous (the blank parts  of  
Polygalales representing families that have not 
yet been investigated). All taxa  invest igated in 
Gerania les have a chlorophyllous  embryo,  while
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in Sapindales and Rutales the em bryo may or 
may not  contain chlorophyll ,  such as in Anacar-  
diaceae and Sapindaceae.  Chlorophyll  is lacking 
in the embryo  o f  the jug landaceous  seed, which 
is enclosed by a thick pericarp.  Myricaceae has 
not  yet been invest igated.

Celastrales is no doubt  a heterogeneous  order  
in its present  circumscript ion.  Of the two large 
families Celas traceae has seeds with thin or  hard
ly any endosperm and a ch lorophyllous  embryo ,  
while Vitaceae has seeds with copious en d o 
sperm and a non-chlorophyl lous  embryo.

The invest igated taxa of  the orders  Polygona
les, Primulales and Ebenales (the last two often 
being regarded as related to each other) have 
seeds with a non-chlorophyllous embryo while 
those in Plumbaginales have an em bryo with 
chlorophyll .  In most  of  these groups  the seeds 
have copious endosperm.  This is also the case in 
Plumbaginaceae,  where the endosperm is 
s tarchy.  In spite o f  this the em bryo  is reported to 
be chlorophyllous.

The families of  Myrtales vary  somewhat in the 
presence  or  absence  of  chlorophyll  in the em 
bryo;  in Ly thraceae  and O nagraceae  it is c o m 
pletely lacking in the seeds invest igated.  Elaeag- 
naceae (Elaeagnales) agrees with these two 
families, and with Thym elaeaceae  and Protea-  
ceae,  in lacking chlorophyll which is also the 
case concerning the em bryo  of  M yriophyllum  in 
Haloragaceae.

Apart from a single unspecif ied sta tement by 
Netoli tzky (1926) for Crassu laceae ,  the order  
Saxifragales is reported to have seeds with a 
non-chlorophyllous embryo.  Notably,  the saxi- 
fragalean seeds are endosperm-r ich with the ex 
ception of  Crassulaceae.

In Theales,  the families of  which have a very 
variable amount o f  endosperm in the seed,  the 
em bryo  is mostly non-chlorophyl lous,  an excep
tion being the (endospermless)  seed of  Clusia- 
ceae ( =  Hypericaceae).

Some large and probably related complexes  in 
which all taxa seem to have seeds with a 
non-chlorophyllous em bryo  are Araliales and 
Pit tosporales s .s tr . ,  Campanula les  and Astera- 
les, the last-mentioned order  having e ndo 
sperm-less seeds. These orders seem to be close
ly related to each o ther  for several reasons.  In 
Solanales the seeds vary with regard to chloro
phyll in the embryo.  It is p resen t  in taxa  of  Con- 
volvulaceae,  Cuscutaceae  and part  of  Polemo-

niaceae,  otherwise absent .
In Santalales, the em bryo  which is generally 

em bedded  in endosperm  and enclosed by the 
pericarp,  with testa lacking,  is still ch lorophyl
lous, which is notable.

In the natural series of  orders  of  Cornanae  the 
seeds generally have non-chlorophyllous  e m 
bryos em bedded  in copious  endosperm ,  but in 
Cornales  there are some families,  e.g. Icacina-  
ceae,  which form notable except ions .  The seeds 
may or  may not conta in  endosperm.

In the Gentiananae  Dipsacales is he te ro
geneous ,  the seeds o f  Dipsacaceae  and Valeria-  
naceae (with and wi thout  endosperm  respect ive
ly) having a chlorophyllous em bryo  and those of  
Caprifol iaceae and M orinaceae  (with e n d o 
sperm) having a non-ch lorophyl lous  embryo.  
Likewise,  in Gentianales the seeds normally 
have a non-chlorophyl lous  em bryo ,  the exce p 
tion being Asclepiadaceae,  precisely tha t  fami
ly in the order where endosperm is more  or  less 
absent  in the seed.

Caryophyllales is a he terogeneous  o rder  re
garding this character .  W hereas  in most  families 
(inch Phytolaccaceae)  the em bryo  in the seeds is 
white,  it is green in the (few) invest igated taxa  of 
Basel laceae and Nyctag inaceae  and in most 
m em bers  of Chenopodiaceae .

M o n o c o ty le d o n s

In the Monocotyledons ,  chlorophyl lous  em bryos  
are known in a few taxa  of  Alismatanae (A p o n o - 
g e to n , S cheuchzeria , N a ja s ) ,  in some of Aranae ,  
viz. in six genera of  Araceae ,  and in several  
orchids (Orchidaceae) of  the Lilianae.  It is no t
able that these are precisély those groups which 
have no endosperm in the matu re  seeds. Be
sides, there  are a couple of  o the r  (puzzling) taxa,  
viz. H a em a n th u s  (Amary lI idaceae) and Tritonia  
( Iridaceae) which are reported  to have seeds 
with chlorophyllous em bryo .  The  seeds have 
been studied in many taxa  with copious e ndo 
sperm,  all except  the two mentioned  genera hav 
ing non-chlorophyllous embryo .

C o n c lu s io n

It is obvious from the above  that  there is a ce r 
tain but  incomplete correlat ion be tween  ch loro
phyllous embryos  and lack of  endosperm .  Quite 
a num ber  of  groups having seeds  with more  or
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less endosperm  do have a chlorophyl lous em 
bryo and there are also conspicuous ly  large 
groups ,  such as Asterales ,  where non-endo- 
spermous  seeds have a non-ch lorophyllous  e m 
bryo.  Obviously other  condi t ions  are important  
for  the chlorophyll  formation.  W hether  these all 
influence the access of  light to the em bryo  or  not 
is not  comple te ly clear.

Besides the probable conclus ion that various 
condit ions influence the transmission o f  light to 
the em b ry o  the great cons tancy  of  this charac te r  
in many large groups indicates that this may re
flect phylogenetic  relationships to a cert ian de 
gree within each of  these complexes .  Detai led 
invest igat ions including exper imenta l  methods  
are highly desirable in o rder  to elucidate these 
condit ions
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Cyathus griseocarpus, a new bird’s nest fungus from India
H A R O L D  J. BRO DIE and B. M. SHA RM A

Brodie, H. J. & Sharm a, B. M. 1980 09 18: Cyathus griseocarpus, a new bird’s nest fungus
from India. Bot. N otiser  133: 343-345. Stockholm. ISSN 0006-8195.

C yathus griseocarpus  Brodie & Sharm a from India is a ra ther large faintly plicate species of 
pale ivory to pale pink colour. A tunica and a one-layered cortex  are both present.  The 
peridioles are strongly ellipsoidal and possess a metallic grey sheen. The em placem ent is 
broad and byssoid. The new species is believed to be most closely related to C. bulleri
Brodie and may be the Eastern H em isphere equivalent of the latter.

Harold J. B rod ie , Dept, o f  Biology, University o f  Victoria, P .O. B o x  1700, Victoria, British 
Columbia, Canada.
B. M. Sharm a, Punjab University, Chandigarh-160014, India.

A m ong  collect ions of  Nidulariaceae from the 
eas te rn  Himalayan region o f  India,  made by the 
jun io r  au thor  in 1978 and including possibly eight 
species of  C y a th u s , one col lect ion consisting of  
th ir teen fresh specimens in excellent  condit ion 
appea rs  to be a species not  descr ibed heretofore.  
The  unusual  fungus is descr ibed ,  illustrated and 
nam ed in this communicat ion .

Cyathus  griseocarpus Brodie & Sharma sp. nov. ,  
Fig. 1 A - D

H o lo ty p e : India, Ukhrul, M anipur State, on twigs and 
soil in mixed forest, Aug. 29, 1978, B. M. Sharma 
23123 (Herbarium of H. J. Brodie, No. 78104. Isotype:  
ibid. 23123 (Herbarium of B. M. Sharm a, PAN).

C yathus griseocarpus sp. nov. Peridium pallide ebur- 
neum vel pallide incarnatum, obconicum , parietibus 
leviter curvatis, ore 6-8 mm latum, 8-9 mm altum 
basem  globosam excludens; extus leviter plicatum sed 
non perspicue; ore non abrupte expansum; extus pilis 
longis retrorsis obtectum; labium minute fimbriatum et 
intus pallidum. Peridium intus leviter sed non distincte 
stria tum , eburneum pallidum colore. Epiphragma 
eburnea ,  pilis longis obtecta. Basis globosa lata, bys- 
soidea. Peridiola valde ellipsoidea, 2,5 mm longa, 
1,50-1,75 lata, valde nitida grisea, tunicam ferentia. 
Tun ica  distincte visibilis sed tenua, 10-15/^m crassitie. 
Cortex simplex, densus, 30-40 p m  crassitie. Sporae 
m ultae, parvae, pariete crassitie , subglobosae, 5,0-6,0 

p m  x  7 ,5 -9 .0 « m .

H a b i ta t : in caulibus mortuis  in silva; Ukhrul,  
India.

Peridium  ivory coloured to pale pinkish buff,

obconic  with slightly cu rved  sides, 6-8 mm wide 
at mouth ,  8-9 mm high exclusive of  em place
ment;  som ew hat  folded but  not  distinctly plicate; 
mouth  not  flaring; externally composed  of  a very 
f ine-textured tomen tum overlaid by conspicuous  
shiny golden conical tufts  of  down-pointing 
hairs ,  the tufts 0.50-0,75 mm wide at the base 
and up to 1.5 mm long. M outh  o f  peridium beset  
with short  blunt tufts of  hyphae  and light col
oured  on the inside of  lip. Peridium internally 
lightly but  not markedly f luted,  shiny ivory to 
silvery. Epiphragm pale ivory,  beset  with long 
tufted hairs.  E m placem en t  broad,  byssoid,  frag
ile. Peridioles  strikingly el lipsoidal in outl ine (2.5 
mm longx  1.50-1.75 mm wide), distinctly shiny 
grey in colour  (That  of  aluminium metal),  
provided with tunica.  Tunica  distinct but thin 
and easily broken ,  10-15 p m  thick.  Cortex a 
single dense  layer 30-40 / rm thick.  Spores  abun
dant ,  small,  thick walled (1.5 p m ) ,  broad ellip
soid and mostly 5 .0 -6 .0 iw m x 7 .5 -9 .0 ii/m.

The specific name is given in allusion to the 
shiny grey metall ic-coloured peridioles.

Discussion

Until tests  for  possible mycelial compatibi lity 
be tween  C. griseocarpus  and o ther  species can 
be made,  its relat ionship to them is problematic.  
If any one characteris t ic be chosen  as suggesting 
relat ionship to another  species,  it immediately



344 H . J . Brodie  a nd  B. M. Sharm a BOT. N O T ISE R  133 (1980)

Fig. 1. C yathus griseocarpus  Brodie; all material from the holotype. — A: Mature and young fruit bodies on dead 
twig showing hairiness of peridium and loose cottony em placem ent,  X 2. — B: Mouth and inner surface of 
peridium showing light-coloured margin of lip and faint inner plication, x 10. — C: M ature peridia showing tufted 
hairs and unflared apex, x 2. — D: Peridium with light on a single ellipsoidal peridiole with metallic sheen, x 10.

becom es  evident  that the puta t ive relatives differ 
strikingly from C. griseocarpus  in some other 
charac ter is t ic .  Take ,  for example,  the strongly 
ellipsoidal peridioles (Fig. 1 D). The senior 
au thor  has descirbed (Brodie 1974) another  spe
cies, nam ely  C. e l l ip so ideus , f rom India,  the pe 
ridioles o f  which are also strongly ellipsoidal. 
The  signif icance of  this similarity as indicating 
rela t ionship is, however ,  made  extremely doub t 

ful w hen  one considers tha t  C. ellipsoideus  has 
s trongly plicate peridia and large ellipsoidal spo 
res w hereas  C. griseocarpus  has scarcely plicate 
peridia (Fig. 1 B) and small subg lobose spores.

The  off-white colour,  curv ing peridium wall 
and long hairs (Fig. 1 A, C) of  C. griseocarpus  
might suggest relationship with C. pallidus  Berk.  
& Curt . ;  however,  the la t ter  species has much 
smaller  and strictly non-plicate peridia.  C yathus
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Table 1. A comparison of C yathus griseocarpus  and C. bulleri. Both descriptions from  the type material in 
Herbarium  of H. J. Brodie.

C. griseocarpus C. bulleri

Size 8-9 mm high, 6 -8  mm wide 5-9 mm high, 5 -8  mm wide
Shape obconic with curved sides (Fig. 1 C, left) obconic with curved sides
Colour ivory to pale pinkish buff pale grey to linen colour
Em placem ent broad, bysso id , fragile (Fig. 1, A) small or lacking
Exterior only faintly fluted, long strongly plicate, long down-

down-pointing hairs (Fig. 1 A, C) pointing hairs
In terior faintly fluted (Fig. 1 B) ivory to silvery plicate, silvery
Lip with short blunt tufts of hyphae (Fig. 1 B) smooth or minutely fimbriate
Peridiole strikingly elliptical, 2.5 mm x some slightly elliptical,

1.50-1.75 mm (Fig. 1 D) 2.0-2.5 mm
Tunica thin, shiny, metallic grey thick, silvery
C ortex single single
Spores broad ellipsoid, thick walled, spherical to subglobose, thick

5 .0 -6 .0 /< m x 7 .5 -9 .0 (wm walled, variable 5 .0 -8 .5 /rm

bulleri Brodie (1967) is ano the r  almost white 
species,  but  has strongly pl icate peridia. Despite  
this difference in plication,  when  all the c o m 
monly-used morphological  features  are cons id 
ered,  it appears  that the highest  degree of  con 
cordance  of  several f ea tu res  is be tween  C. 
griseocarpus  and C. bulleri, the latter being a 
species at presen t  known to occur  only in the 
American  tropics (Brodie 1967). C. bulleri, is 
cons idered  to be most  closely related to C. ber- 
ke leyanus  (Tul.) Lloyd.

Table 1 presents  a point -by-point  comparison 
of  C. griseocarpus  and C. bulleri.  Although it has 
many  characteris t ics in c o m m o n  with C. bulleri, 
C. griseocarpus  differs clearly from C. bulleri in 
being somew hat  larger, in its very pale ivory to 
pale pinkish colour,  in hav ing a broad byssoid

emplacement,  in being only  faintly pl icate,  in 
having strongly ellipsoidal metal l ic-gray peridi
oles and in having conspicuous ,  glossy,  conica l
ly-tufted peridium hairs.

It may well be that  C. griseocarpus  is the 
Eas te rn  Hemisphere  equ ivalen t  o f  C. bulleri.

A cknow ledgem ent.  The photographs reproduced  here
in were taken by Mr. H. F. Dietrich, D epartm ent of 
Biology, University of  Victoria, to whom the authors 
express their thanks.
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Frus, I. & Vollesen, K. 1980 09 18: The identity of  the Ethiopian m onotypic genus Tzel
lemtinia Chiov. Bot. N o tiser  133: 347-349. Stockholm. ISSN 0006-8195.

The m onotypic genus Tzellemtinia  Chiov. was described from material collected in the 
Begem der Province of E thiopia , and has hitherto been referred to Rhamnaceae. The type 
material o f  the only species, T. nervosa  Chiov., has been examined and found to belong to 
the widespread African species Bridelia scleroneura  Muell. Arg. (Euphorbiaceae). The 
generic nam e Tzellemtinia  Chiov. must therefore be treated as a synonym  of Bridelia Willd. 
Bridelia scleroneura  Muell. Arg. is shown to be widespread on the western escarpm ent and 
in the deep  valleys of the Ethiopian plateau.

I. Friis a nd  K. Vollesen, Institute o f  System atic  Botany, University o f  Copenhagen, 140, 
G othersgade, DK-1123 Copenhagen  K, Denmark.

C hiovenda  described the new genus Tzellem 
tinia, toge ther  with its only species T. nervosa,  
whilst working on his own collect ions made d u r 
ing a trip to N Ethiopia in 1909 (Chiovenda  1911 
pp. 55-56). The new taxon was  published with 
detai led descript ions indicat ing that the plant 
was a small tree with al te rnate leaves and minute 
f lowers in the leaf axils. The  specific epithet  
referred to the marked ret iculate nervation on 
the unders ide of  the leaves. The flowers were 
said to be hermaphrodit ic  with a short,  five lobed 
calyx and very small subspa thula te  petals of  the 
same length as the five s tamens .  The ovary  was 
em bedded  in the disc and had two short ent ire 
s tyles.  The  fruit was a drupe  with two pyrenes.  
Ch iovenda  suggested that the genus was closest 
to Scu tia  in the tribe Rham neae  of  Rhamnaceae ,  
differing from that genus in having al ternate 
leaves of  thick texture and ret iculate nervation,  
and by the non undulate disc.

The genus Tzellemtinia  was accep ted by Pilger 
and Krause  for the fourth ‘N ach t rä ge ’ of  Engler  
and P ran t l ’s ‘Natürl ichen  Pflanzenfamilien’ 
(Pilger & Krause 1915 p. 192), and by Süssen- 
guth for  the second edition of  that  work (Siissen- 
guth 1953 p. 85). It has been included in the latest 
edi t ion of  Willis’ Dict ionary o f  Flowering Plants  
and Ferns  (Airy Shaw 1973), and by Cufodontis  
in his enumeration  of  Ethiopian plants (Cufo
dontis 1958 p. 502). In an article on S Ethiopian 
plants  collected by a G erm an  anthropological

expedit ion Cufodontis  referred a collect ion made 
by Kuls (Kuls 570; FR) in Sidamo Province to 
the species Tzellemtinia nervosa  Chiov.  (Cufo
dontis 1960 p. 374).

The type material of  Tzellemtinia nervosa  
Chiov.  has been examined  by the present  au 
thors and found to be identical with material o f  
Bridelia scleroneura  Muell.  Arg. (Euphorbia 
ceae), particularly specimens  from C Kenya.

A close study of  the diagnoses  of  Tzellemtinia  
and its only species shows how the misunder
standing may have come about:  male f lowers are 
much more numerous  in Bridelia  than female 
ones ,  and Chiovenda must  have mistaken the 
male f lowers for  being bisexual .  The  male f low
ers do, when thus misinterpreted,  show a certain 
similarity with the f lowers o f  Rham naceae .  The  
styles of the female f lowers of  Bridelia sclero
neura  are bifid, as is normal in Euphorbiaceae ,  
while the rudimentary  ovary  of  the male f lowers 
has simple styles as in Rhamnaceae .  The very 
short spathulate petals and the flat, prominent  
disc are also characters  which the male f lowers 
of  Bridelia  share with R ham naceae ,  while the 
very large conical disc and the almost  completely 
immersed  ovary  of  the female f lowers of  Bridelia  
are totally unlike anything found in Rhmanaceae .  
A fur ther  reason for  confus ion could be that the 
androphore  of  Bridelia scleroneura  is very short 
(about  1 mm long) and has obviously  been o ver 
looked by Chiovenda.
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The new synonymy of the genus Bridelia  and 
the species B. scleroneura  can be summarized in 
the following way:

B ridelia  Willd.
Willdenow 1806 p. 978.

Types: Bridelia montana  (Roxb.) Willd., Bridelia 
scandens  (Roxb.) Willd. ( = B . stipularis (L.) Blume), 
Bridelia spinosa  (Roxb.) Willd. ( = B . retusa  (L.) 
Spreng.); syntype species.

Syn. nov.: Tzellemtinia  C hiovenda 1911 p. 55. Type: 
Tzellemtinia nervosa  Chiov.; holotype species.

B ridelia  scleroneura Muell. Arg.
Müller 1864 p. 515.

Orig. mat.: Nigeria; Onitsha, B arte r  577 (K, syntype); 
Nupe, Barter 908 (K, syntype).

Syn.: Bridelia scleroneuroides  Pax 1893 p. 532. Orig. 
mat.: Sudan, Jur, Seriba G hattas,  Schweinfurth 1496, 
1536 & 1844 (B, syntypes ? t ,  K, isosyntypes).

Syn. nov.: Tzellemtinia nervosa  Chiovenda 1911 p. 
56. Orig. mat.: Ethiopia, N B egem der Prov.; Mai Aini, 
Chiovenda 633, Mai Taclit, Chiovenda 721; Ceu Berr, 
Chiovenda 3187; Giamma River, Chiovenda 3227 (FI, 
syntypes).

H abita t and  distribition. Bridelia scleroneura  
has only recently been noted from Ethiopia by 
Chaffey (1978), who records  it from Kaffa Pro
vince and W Illubabor Province .  K uls ’ collection 
originates from Omo Valley in W Sidamo Pro 
vince.  Also collect ions from Didessa Valley in 
Wollega Province (de Wilde 8927; C, WAG) and 
from the W slope of  Rift Valley above Arba 
Minch in Gamu-Gofa Province (Gilbert,  Thulin 
& Aweke 382; ETH, K, MO, UPS,  WAG) have 
been seen by us. The  de Wilde collect ion agrees 
well with the collect ions made by Chiovenda,  
while the collection made by Gilbert ,  Thulin and 
Aweke has less pronounced  reticulate nervation 
and more  scarce indumentum on the underside 
of  the leaves.

The Chiovenda collect ions were all made in 
r iver  valleys in Tzelemti District (hence the gen
eric name) on the N flank o f  Semien Mts. This 
distr ict is in Begemder Province .  Bridelia sclero
neura  is thus distr ibuted in a large section of  the 
W Ethiopian provinces (Fig. 1), ei ther  on the W 
escarpm ent or in the deep valleys.  According to 
the co llec tors ’ field notes the species occur  in 
dry scrub or  in deciduous woodland  between 800 
and 1650 m.

The general  distribution of  Bridelia sclero
neura  ranges from the Guinean  Republic in W

A b o v e  3 0 0  0

1 5 0 0 - 3 0 0 0

0 -  1 5 0 0 m

B e lo w  s e a - l e v e l

L a k e .

Fig. 1. Map of W Ethiopia, showing the known distri
bution of Bridelia scleroneura.  —  Based on the records 
mentioned in the text.

Africa (K eay  1958 p. 370) to C and S Sudan 
(Andrews 1952 p. 56; Wickens  1976 p. 104), and 
from W Ethiopia  sou thw ards  to Kenya,  N T a n 
zania and the Shaba Prov ince  o f  Zaire (Léonard  
1962 p. 32). Throughout its range  the species is 
assoc ia ted with the Sudan ian  type  of  savanna  
and deciduous  woodland.  Its distr ibution agrees 
well with the Sudanian dom ain  of  the Suda- 
no-Zambezian  region,  as these are defined by 
Wickens (1976 p. 42, Fig. 18), al though tr ans
gressing marginally into o the r  phytochoria.

The occur rence  of  such  a widely distr ibuted
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Sudanian species in the deep  valleys of  the 
Ethiopian plateau is in accordance  with the o b 
servations of  Thulin (1978) and lends further  
support  to his conclusion tha t  the large r iver  
val leys have served as migrat ion routes far into 
the Ethiopian highlands for  a large number of  W 
African dec iduous  woodland species.
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External structure of peridium, pseudocapillitium and spores in 
the myxomycete genus Lycogala Adans.

!
U N O  E L IA S S O N  and S T E L L A N  S U N H E D E

Eliasson, U. & Sunhede, S. 1980 09 18: External s tructure of peridium, pseudocapillitium 
and spores in the m yxom ycete  genus Lycogala Adans. Bot. N o tiser  133: 351-361. S tock
holm. ISSN 0006-8195.

The results of a SEM-study indicate that the peridium ornam entation  in species of Lycogala  
is due to foldings of the ou term ost peridial layer. This layer is identical with the slime sheath 
produced by and enclosing the living protoplast. A com parative study of peridium, p seudo
capillitium and spores of different species sets apart L. f la vo fu scu m  and L. fu scovio laceum  
as well distinguished species, while L. conicum, L. epidendrum  and  L. exiguum  are more 
closely allied.

Uno Eliasson and Stellan S u n h e d e , D epartm ent o f  S ys tem a tic  B o tany , University o f  
Göteborg, Carl Skottsbergs Gata 22, S-413 19 Göteborg, Sw eden .

Lycoga la  Adans.  is a m yxom ycete  genus with 
aethal ioid fructificat ions,  a pseudocapill i tium of 
i rregular , often branched  tubes,  and reticu- 
la te -ornamented spores.  The fructifications g e n 
erally have a cons tr icted  base and vary from 
more  or  less globose or conical to pulvinate.  The  
size ranges  from 1 or  2 mm in L. conicum  and L. 
ex iguum  to 4 or  5 cm in L. f la v o fu s c u m . Five or 
six species are known. A doubtful species is L. 
m ysorensis  (Agnihothrudu 1966). It was original
ly descr ibed as a Licea  (Agnihothrudu 1965). If  it 
is real ly a Lycoga la ,  it is unique in having (ex 
char.)  the spore wall sculp tured  with blunt warts .  
Unfortuna te ly  it has not been possible to s tudy 
the type  material as reques ts  for loan forwarded 
to fne Mycological H erbar ium of  the State Agri
cultural  College, Hebbal ,  Bangalore,  India, have 
not  been  answered.  L ycogala  is closely related 
to Reticularia  Bull.,  which,  however ,  normally 
has pulvinate fructifications on a broad base and 
a more  or  less membranous  pseudocapill i tium, 
often frayed out into threads .  Most species of  
Reticularia  resemble L ycogala  in having the 
spores  ret icula te-ornamented.

The  aim of the presen t  s tudy is to clarify the 
surface structure of  peridium, pseudocapil li t ium 
and spores  in different species of  Lycoga la ,  and 
to determine whether  possible differences might 
th row  light upon interrelationships among,  and

justif icat ion of  the intrageneric taxa.  This is the 
first comprehens ive  S E M -s tudy  carried out  in 
the genus.  A few sca t tered  SEM-pictures have 
been published previous ly,  however.  Scho- 
knecht  & Small (1972) il lustrated spores and 
pseudocapil l i t ium o fL .  con icum , L. epidendrum  
and L. f la vo fu scu m ,  Onsberg  (1972) spores of  L. 
fu sc o v io la c e u m ,  and Gai ther  (1976) spores and 
pseudocapil l i t ium o fL .  e p id e n d ru m .

It should be emphasized tha t  the present  paper  
deals merely with surface structures.  S tructures 
within the peridium, below the outer  surface of  
the slime layer, are not discussed.

M aterial and m ethods

The investigation was based on the following speci
mens:

Lvcogala conicum ,  Sweden, Sunhede 4853 (GB) (Figs. 
2 C -E ,  4 D -F ,  6 D);

L. ep id en d ru m , Sweden, Sunhede 3211 (GB)(Figs. 2 
F -H ,  4 G -I ,  5 A-C, 6 E, F);

L. ex iguum ,  USA, N ew York, Long Island, Aug. 
1924 (ex herb. Howard) (K) (Figs. 1 D, 3 A -H , 5 D, E, 
6 G);

L. cf. ex iguum ,  Sweden, 1946-08-20, Nathorst-Win- 
dahl s. n. (GB) (Fig. 5 F, G);

L. f la vo fu scu m ,  Finland, Sunhede 7412 (GB) (Figs. 1 
E, 3 I -K ,  5 H -J ,  6 H);

L. fu sc o v io la c e u m , Nepal, Spchting 165 (holotypus, 
C) (Figs. 2 A, B, 4 A -C , 6 A -C , I, J;.



352 Uno Eliasson and  Stellan Sunhede

Air dried specim ens were m ounted with glue and sput
tered with gold-palladium. The SEM -study was per
formed with a JE O L  JSM-1. We are grateful to Dr Leif 
R yvarden , Oslo, for making it possible for us to use 
this instrum ent. All pictures were taken by Stellan 
Sunhede. M easurem ents on spore ornamentation and 
papillae o f  the pseudocapillitium are based on the 
SEM -pictures  obtained from the above-mentioned 
specimens. Because o f  the limited material involved, 
the results have as far as possible been checked by 
light m icroscope studies of additional material, mainly 
in Z.. con icum  and Z.. epidendrum .  The limitation of the 
material has  been considered upon drawing conclu
sions from the results obtained. Since a part o f  the 
spore wall often collapses inward in dry spores and dry 
spores are  generally smaller than those studied in a 
liquid u n d e r  the light microscope, it has not been re
garded as meaningful to base m easurem ents of spore 
diameters on  the SEM -pictures. Instead the size range 
given for spores and pseudocapillitium is that found in 
the literature for determ ination of m yxom ycetes. The 
figures on spore size include the ornamentation.

O b servation s

L ycogala  con icu m  Pers . ,  Figs. 1 A, 2 C - E ,  4 D -F ,  
6 D

A small species, forming conical to subglobose fructifi
cations (Fig. 1 A) up to 2 mm broad and mostly 2-3 mm 
tall. The peridium generally exhibits a dark subre- 
ticulate pa tte rn  in the upper part. W hen typically de
veloped it is a characteristic  species.

The  surface of  the peridium (Fig. 2 C -E)  is 
wrinkled,  forming up to 20pm high ridges which 
border  fields 30—70(— 100) pm across .  The  ridges 
may be intermingled and heaped into more 
complex  pa t te rns .  The surface may bear  num er 
ous irregular  pores  (Fig. 2 E) 1 -3pm across.

The pseudocapi l l i t ium (Fig. 4 D -F)  consists  of  
a system o f  b ranched  th reads  3 - 8 pm thick with 
expans ions  at the ramifications.  The threads ap 
pear ra the r  smooth  in the light microscope ,  but  a 
sys tem o f  ridges or  in te rconnected  papillae c. 0.1 
/ im high is revealed at higher magnification (Fig. 
4 F).

The spores  (Fig. 6 D) are 5-7 / /m in diamete r  
and have an o rnamenta t ion  of  about  0.3 /<m tall 
ridges. T h e  ridges form a ne twork  with quad
rangular  to septangular  meshes  averaging c. 0.7 
pm across .  The r idges appea r  thin, not exceeding 
0 .05 / /m in thickness.

L ycogala  ep id en d ru m  (L.) Fries,  Figs. 1 B, C, 
2 F - H ,  4 G - I ,  5 A -C ,  6 E,  F

A com m on and well-known species (Fig. 1 B, C). The 
fructifications are more or less globose or when closely
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massed angular from mutual pressure. They are nor
mally 5-10 mm in diameter, but aethalia 2 mm or 15 
mm or more in d iam eter occur. The peridium, when 
seen through a lens, often bears yellowish or brownish 
warts, but often it is almost sm ooth or with only diffuse 
thickenings.

The dark pat tern of  the peridium is at higher 
magnifications revealed to be made up by wr in 
kled or irregular warts  (Fig. 2 G) or  appressed  
r idges forming an inconspicuous  ne twork  (Fig. 2 
F). The warts  are mostly 100-150/rm wide.  The 
appressed  ridges border  fields mostly 50 -100 / /m 
across .  A fine subret iculate pa t tern with meshes  
2 - 6pm wide may appear  on the peridium (Fig. 2 
H).

The  pseudocapil li t ium (Figs.  4 G - I ,  5 A-C)  
consists  of  a system of  b ran ch e d  threads  varying 
in thickness from 12-25 /<m near  the peridium 
down to c. 6pm. Free tips (Fig. 4 H) are rounded  
and may be slightly swollen.  The  threads often 
bear  t ransverse constr ict ions  (Fig. 5 B, C), 
which may occasionally tend  to form a spiral. 
Small rounded papillae 0.1-0.3  pm wide and 
sometimes in te rconnected  by low ridges are 
com m on on the threads (Figs. 4 H, I, 5 B, C).

The  spores (Fig. 6 E ,  F) are 6.0-7.5 / im  in 
d iameter  and have a ret iculate ornamenta t ion  
similar to that in L. co n icu m .  The  ridges are 
0 .25-0 .30 / /m high and the m eshes  average s o m e 
thing between 0.7 and 0 . 9pm across.  Like in L. 
conicum  the ridges do not  exceed  0.05 pm in 
thickness (Fig. 6 E). This  figure is in accordance  
with the TEM-pic ture  published by Gai ther  
(1976) in which the r idges appea r  c. 0.03 / /m 
thick.

L ycogala  exiguum  Morgan,  Figs. 1 D, 3 A - H ,  
5 D -G ,  6 G

An inconspicuous species, forming dark subglobose or 
globose fructifications mostly 2-4 mm wide (Fig. 1 D). 
A dark pattern normally appears  at least in the upper 
part o f the fructification (Fig. 1 D). The species is 
closely allied to L. epidendrum  and has often been 
trea ted  as a variety of the latter. The distinction be
tween the two taxa is not a ltogether satisfactory. There 
have been different opinions about the identity of L. 
epidendrum  var. tesselatum  G. L ister (cf. Nan- 
nenga-Bremekamp 1962, 1974), but today it is general
ly agreed to be a synonym of L. exiguum  (Martin & 
Alexopoulos 1969, N annenga-B rem ekam p pers. 
comm.).

The surface of the per idium (Fig. 3 A -H )  bears  
numerous  pro tuberances  (Fig. 3 G) and low
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Fig. 1. Habit o f  different species of Lycogala.  — A: L. conicum  (Martinsson 1979-08-11, herb. GB) x  11. B, C: 
L. epidendrum  (Sunhede 3211, GB), B X 2.7, C X 8. —  D: L. exiguum  (USA, New  Y ork , Long Island, ex herb. 
H ow ard , K) x  18. — E: L. f la vo fu scu m ,  fructification on wood of living A cer ,  X 2.3 (Finland, Nylandia, 
Fagervik, field picture by S. Sunhede 1978-08-24).
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wart-like structures with folded,  irregular sur
faces (Fig. 3 C, D). The war ts  are mostly 40-70 
/am wide,  they  are 4 0 -8 0 ( -100)//m apart  and may 
be in terconnected  by r idges (Fig. 3 A-C).  The  
ridges may be twisted in various ways (Fig. 3 E, 
F).

The pseudocapil li t ium (Fig. 5 D-G) consists  of  
a system o f  branched threads  mostly 2-10 p m 
thick.  Free  ends  are general ly rounded  and often 
dilated (Fig. 5 D). When seen in the light micro
scope the threads  often appea r  smooth,  but  in 
the SEM-p ic tures  an ornamenta t ion  made up by 
a dense  ne twork  is revealed (Fig. 5 D, E). The 
network  cons is ts  of  ridges c. 0 .15/rm thick. The 
o rnamenta t ion  may be conf luent  so that the ne t 
work is obscured  (Fig. 5 F, G).

The spores  (Fig. 6 G) are generally 4 .5 -5 .5 /um 
in d iamete r  and have an ornamenta t ion  of  c. 0.2 
jum  high r idges forming a ne twork  with pen
tangular  to septangular  meshes  averaging c. 0.5 
fxm  across .  The  thickness of  the ridges is about  
0.05 /urn.

L ycogala  flavofu scu m  (Ehrenb. )  Rost . ,  Figs. 1 E, 
3 I - K ,  5 H - J ,  6 H

This species forms the largest fructifications in the 
genus (Fig. 1 E). The aethalia are pulvinate to semi- 
globose and normally reach 2-A cm in extent. When 
seen under som e magnification the peridium bears a 
faint, whitish, reticulate pattern.

The peridium (Fig. 3 I -K )  is wrinkled with num 
erous,  regularly distr ibuted low folds. N o  war t
like s truc tures  of  the type observed  in the pre
ceding species have been  seen.

The pseudocapil l i t ium (Fig. 5 H -J)  is much 
thicker and more robust  than  in o ther  species of  
the genus. It consists  o f  a system of  branched,  
often irregularly expanded  tubes ,  varying from 
2 5 -6 0 //m in some parts ,  dow n  to c. lO ^m .  Free 
ends  are general ly strongly swollen,  rounded and 
club-shaped (Fig. 5 H, I). Papillae c. I p m  high 
and somet im es  in te rconnected  are rather  evenly 
distr ibuted ove r  the surface o f  the pseudocapill i
t ium (Fig. 5 I, J).

The spores  (Fig. 6 H) are general ly 5-6 / /m in 
diameter  and  bear  a ne twork  o f  c. 0.3 /um  high 
r idges forming pentangular  to septangular  
meshes  averaging c. 0.7 across.  The r idges 
appear  to be c. 0.05 /um thick.
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L ycogala  fu sco v io la ceu m  Onsberg ,  Figs. 2 A, B, 
4 A -C ,  6 A -C ,  I, J

A species forming clustered  aethalia (Fig. 2 A, B) 
which are subglobose and up to 10 mm in diameter. It 
differs from o ther species in the genus in its dark 
brow n spore mass. So far it is know n only from the 
type collection from Nepal (Onsberg 1972).

The  dark brown perid ium appears  smooth  with 
no conspicuous  o rnam en ta t ion .  The  SEM -pic 
tures (Fig. 4 A-C)  reveal  a slightly wrinkled sur 
face,  but  no big war ts  o f  the type  seen  in e.g. L. 
ex iguum  have  been observed .

The pseudocapil l i t ium (Fig. 6 A -C )  consists of  
b ranched ,  irregular ,  often angular  threads  10-35 
f i m thick.  The surface bears  only faint wrinkles 
(Fig. 6 B, C), there  are no papillae or  o ther  
pro tuberances .

The  spores (Fig. 6 A, B, I, J) are generally 7-8 
/ /m  in d iamete r  and have  a r a the r  regular ret i
culat ion with meshes  averaging 0.4 or  0.5 /um 
ac ross .  The  meshes  give the impression  of  being 
more  rounded  than  in the o the r  species.  The 
r idges of  the reticulat ion are c. 0.2 p m  high. On 
ou r  pictures the ridges a p p e a r  th icker  (c. 0.08/rm 
thick) than in the o the r  spec ies  s tudied.  Since we 
are not  sure,  how ever ,  to w ha t  extent  the 
gold-palladium sputte ring m ay  have influenced 
the th ickness,  we refrain f rom giving too much 
weight  to this difference.

W

T axa not includ ed  in th e p resen t study

Lycogala  conicum  var. p u s tu la tu m  Thind. K now n 
only from the type collection from  W Bengal, India. 
Said to differ from typical L. con icum  in “ lacking 
reticulate marking on the co r tex  and in the possession 
o f  brown pseudocapillitial th reads  m arked by faint 
w rinkles”  (Thind 1977). A ppears  from the description 
to be close to typical L. con icum .  N o t  seen by us.

L. mysorensis  (Agnihothr.) A gnihothrudu. Known 
only from two collections from the H assan  district of 
M ysore  State, India (A gnihothrudu 1965). As m en
tioned previously deviating (ex char.)  from all o ther 
Lycogala  species in having the spores sculptured with 
warts. A species of doubtful identity . N ot seen by us.

D iscu ssion

W hen seen through a dis sec t ing  microscope  the 
peridium o fL .  conicum  a n d L .  ex ig u u m  normally 
exhibits  a dark,  dotted o r  subre t i cu la te  o rn am e n 
tation.  The  pattern is often res tr ic ted  to, or  at 
least  more  prominent  in the upper  part  o f  the 
fructificat ion.  At higher magnificat ion  the pat-
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Fig. 2. A, B: Habit o f  L. fu scov io laceum  (holotype), A x 0.9, B x 3.2. —  C -H : SEM -pictures of peridium of L. 
con icum  (C -E) and L. epidendrum  (F -H ). —  C, F, X 70; D, G, x 210; E, H x 700, E insert X 2100. — See further 
text.
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Fig. 3. Peridium o f  L. exiguum  (A -H ) and L. f la vo fu scu m  ( I -K ) 
K x 2100. —  See further text.
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Fig. 4. A -C : Peridium of L. fuscov io laceum .  — D-I: Pseudocapillitium o fL .  conicum  (D -F) and L. ep idendrum  
(G-I). — A x 210; B, D, G x 700; C, E, H x 2100; F, I x 7000. — See further text.
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Fig. 5. Pseudocapillitium o fL .  epidendrum  (A-C), L. ex iguum  (D, E ) ,L .  cf. ex iguum  (F, G), and L . f la vo fu scu m  
(H -J). — A, B, D, J x 2100; C, E, F, G x 7000; H x 210; I x 700. — See fur ther text.
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tern dissolves into small protuberances ,  genera l
ly cal led warts  or  scales in keys and descript ions.  
In the SEM -mic roscope  the pro tuberances  are 
revea led  to have arisen through foldings o f  the 
o u te rm os t  peridial layer and their surface is c o n 
fluent  with that of  the peridium. The p ro tube r 
ances  may have the shape of  warts  or  papillae 
which,  however ,  are often irregularly wrinkled 
or  folded.  If a fold is so thin that the inner o p p o 
site surfaces touch each other ,  a s tructure arises 
that  has  generally been called a scale. This  is 
a t tached  at base and may be erect  or appressed.  
It is th icker  and appears  darker  near  the peri
phery .  Taken  together the folds with their da rker  
margins give the dark ornamenta t ion  to the 
per id ium.  Scales in the sense o f  loose flakes do 
not occur.

T he  layer forming the foldings and papillae is 
identical with the slime layer  enclosing the living 
p la smodium.  This layer is produced  by the living 
pro toplas t  and encloses it like a sheath.  The 
p ro top las t  moves within the sheath,  con t inuous
ly producing  sheath material at its anterior  end 
and leaving the empty  shea th  behind as it moves.  
W hen  the plasmodium stops and rounds up  in 
o rde r  to fructificate it is still enclosed in its 
shea th .  The maturat ion involves loss of  w ate r  
and  a decrease  in size of  the young fructification. 
If the slime sheath has such a composit ion that  it 
canno t  decrease its volume in accordance  with 
the drying protoplast,  the result will be a wr in 
kled and  folded sheath;  that  is, a s tructure o f  the 
type seen in L ycogala .  In L. epidendrum  the 
ornamenta t ion ,  if obvious at all, mostly consists  
o f  yel lowish or  brownish  warts  when seen 
th rough a dissect ing microscope.  H owever ,  in 
the SEM -mic roscope  the warts  are found to be 
folded and irregular and intermixed with more  or  
less appressed  foldings. Obviously  these s truc tu
res are homologous with the surface structures in 
L. con icum  and L. exiguum  and made up by the 
shea th  originally sur rounding the living p ro to 
plast.  Due to the pat tern  formed by the dried 
slime layer the peridium may vary in appearance 
from war ty  to almost  smooth ,  which in the lat ter 
case means  with low appressed  folds. In L. 

f la v o fu s c u m  a reticulate whitish ornamentat ion  
is of ten seen.  Also this pat tern is the result of  
foldings of  the slime sheath,  al though it seems to 
be more  regular than in the previous species.  
Also in L. fu scov io laceum  foldings of  the slime 
shea th  occur,  but they are generally too low to

form a pat tern de tec table with a dissect ing 
microscope.  A micros tructure of  i rregular  pores 
or  a faint reticulation has,  as noted above ,  been 
observed  in L. conicum  (Fig. 2 E) and L. epiden
drum  (Fig. 2 H), respectively.  H ow ever ,  no 
taxonomic  conclusions should be drawn from 
this, since the invest igat ion is based  on very 
limited material and such st ructures  m ay  be de
penden t  upon the condit ions under  which the 
fructificat ion has matured and dried.

Martin (1967), in a light microscope  study of  
the peridium ornamenta t ion  in L. ex iguum ,  
found  that  the “ w ar t s” begin as pus tu la r  bodies 
with homogeneous  conten ts .  The  contents  grad
ually break up into smaller units so tha t  a tessel- 
ate s tage is at tained.  Such  “ tesse la ted  w ar t s” 
were il lustrated by Mar t in and have been  found 
to be beautifully developed  in the fructificat ion 
included in this study.  The  tesselat ion,  however ,  
is an internal s tructure,  easily seen in the light 
microscope  but  not  result ing in any external  pat 
tern detectable in the SE M .  The tesselat ion gives 
rise to internal chambers  or  vesicles about  25,wm 
in diameter .  As expressed  by Martin (1967) their 
appea rance  gives the impression of that o f  “ a 
viscous semiliquid subs tance  dividing into seg
ments  as it dries,  with each  segment forming a 
hyaline sheath surrounding the thickened con 
t e n t s ” . Martin found a cont inuous  series from 
spec imens with warts  with homogeneous  c o n 
tents  to specimens  with tesse la te warts .  He also 
found that  spore maturi ty and dehiscense  of  the 
fruct ificat ion could occur  at any stage o f  devel
opment o f  the warts .  This  suppor ts  our  view that 
the vesicles are st ructures  formed within the 
slime sheath surrounding the fructification.

The st ructure of  the pseudocapil l i t ium has for 
most  species of  L ycoga la  been described as 
“ wrinkled,  papillose or  nearly sm o o th ” . T ran s 
verse  thickenings or  wrinkles may be noted in 
most  species but are mos t  prominent  in L. epi
d e n d r u m , where they occasionally may tend to 
form a spiral (Fig. 5 B). Papil lae have been noted 
in all species studied,  except  in L. fu sc o v io la 
ceum  where the surface is devoid of  p ro tu 
berances  when seen in S E M  (Fig. 6 A -C) .  The  
papillae seen in L. ep idendrum  are in the range of  
0.1-0.3 p m  high. They are unevenly  distr ibuted 
and somet imes  closely grouped  but  also uneven 
in shape and often forming r idges ra ther  than 
papillae (Figs. 4 1,5 C). The papillae observed  in 
L. con icum  are smaller than ttiose seen in L.
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Fig. 6. A -C : Pseudocapillitium and spores of L. fu s c o v io la c e u m . — D-J: Spores o f  L. con icum  (D), L. 
ep idendrum  (E, F), L. exiguum  (G), L. f lavo fuscum  (H), and L. fuscovio laceum  (I, J). —  A, B, J x  2100; C -E ,  
G -I  x  7000; F x 10500. —  See further text.
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ep idendrum  and do not exceed  0.1 /rm. In L. 
ex iguum  the pseudocapil l i t ium has often been 
described as almost  smooth .  The  SEM-pictures  
reveal a reticulate o rnam enta t ion  (Fig. 5 D-G) 
about  0.15/rm high. Thus  the ornamenta t ion  has 
about  the same height as tha t  o f L .  conicum  and 
L. ep idendrum .  Apparen tly the s truc tures  are 
homologous.  The  papillae may be regarded  as 
remnants  of  a network  or  the ne twork  as a result 
of  coalescence  of  papillae. The  papillae may be 
in te rconnected  or  confluent  in their  apical parts,  
so tha t  the outer  part o f  the pseudocapilli tial wall 
appea rs  bilayered in transec tion,  with trabeculae 
connec ting  the layers (Fig. 5 G). Also in L. f l a v o 
fu s c u m  papillae occur  and are relatively evenly 
distr ibuted (Fig. 5 I, J). F lowever ,  these papillae 
are large, reaching about  1 p m  in height (Fig. 5 J; 
note the different magnification as compared  to 
e.g. 5 C, F, G). On the whole the pseudocapil li 
t ium is much coarser  in L. f la v o fu sc u m  than in 
the o the r  species of  the genus.

The  fructificat ions of  L yco g a la  are generally 
in terpreted as aethalia,  a type of  fructification 
bel ieved to have arisen phylogenetical ly through 
coalescence  of  sporangia.  The capillitium is ac 
cordingly regarded as a pseudocapil l i t ium, which 
means  that it is regarded as phylogenetically 
homologous  with sporangia! walls. Although 
cases  exist  among the m yxom yce te s  where such 
an interpreta t ion is reasonable and likely, many 
cases  are dubious,  and the correc tness  of  apply
ing the terms “ ae tha lium” and “ pseudocapill i
t i u m ” is often far from obvious.  The terms have 
been  used here in accordance  with common cus 
tom in the genus. Capillitial s tructures are very 
variable in myxomycete s ,  and the results ob 
tained in this SEM-study hardly permit conc lu 
sions about  the phylogenetic  origin of  the fruct i
fications.

With the exception of  the dubious Lycogala  
m y so re n s is , all species in the genus  have reticu- 
la te -ornamented  spores (Fig. 6 D-J).  As con 
cerns  ornamentat ion,  spores  of  L. conicum  (Fig. 
6 D), L. epidendrum  (Fig. 6 E,  F) and L. f l a v o 

fu s c u m  (Fig. 6 H) are ra the r  similar. All have 
m eshes  averaging 0.7-0.8 p m ,  the ridges are 
0 .25 -0 .30p m  high and do not  exceed  0 .05/ /m in 
th ickness .  Spores of  L. ex iguum  (Fig. 6 G) are,  
as obse rved  also in the light microscope,  genera l
ly smal ler  with smaller  meshes .  In the specimen 
studied here the meshes average  c. 0 . 5 p m ,  the 
r idges are c. 0 . 2 ^  high and  do not exceed 0.05

p m  in thickness.  The most  dev ian t  species c o n 
cerning spore ornamenta t ion  is L. fu sc o v io la 
ceum  (Fig. 6 A, B, I, J). T h e  meshes  are small,  
on an average 0.4 or  0 .5 p m  across ,  and give the 
impression of  being more  rounded  than in the 
o the r  species.  The  height o f  the ridges is c. 0.2 
p m .

From  a taxonomic  point  o f  view this 
S EM -s tudy  sets apart  L. fu sco v io la ce u m  as  a 
very distinct species.  The  perid ium lacks warts  
and high ridges,  the pseudocapil l i t ium is devoid 
o f  ornamenta t ion ,  and the spores  are cha rac te r 
istic with small, som ew ha t  ro unded  meshes .  L. 
con icum  and L. epidendrum  are mutually ra ther  
s imilar  in peridium, pseudocapi l l i t ium, and spore 
ornamenta t ion .  L. exiguum  is allied to them in 
the s tructure of  the peridium; differences have 
been recorded  in the o rnam en ta t ion  o f  the p seu 
docapill i tium and in the size of  the spore meshes ,  
bu t  these differences might have been  obscured  
if a larger am ount o f  material  o f L .  exiguum  had 
been  at hand.  L. f la v o fu s c u m  has a  relatively 
smooth  peridium without  w ar ts  and high ridges. 
The  spores  are similar to those  o f  L. conicum  
and  L. ep idendrum ,  but  its pseudocapil l i t ium is 
different ,  being coarser  and  provided  with much 
larger papillae than in the o the r  species.
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The genus Calceolaria in NW South America 
V. New taxa in the sections Lehmannina and Dermatophylla
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Tw o taxa of Calceolaria  (Scrophulariaceae) from Ecuador are described as new , viz. C. 
cataractarum  (sect. Lehm ann ina) ,  and C. pedunculata  Molau subsp. sum acensis  (sect. 
Derm atophylla) .  The pollination ecology of the species of sect. Lehm annina  is discussed. 
The chrom osom e number 2 n = 3 6  is reported  for C. cataractarum , C. lehm anniana  Krärtz- 
lin, and both  subspecies of C. peduncula ta .

U l f  M olau, D epartm ent o f  S y s tem a tic  Botany, University o f  Göteborg, Carl Sko ttsbergs  
Gata 22, S-413 19 Göteborg, S w eden .

During an expedit ion to E c u a d o r  in 1979, in 
which the au thor part icipated,  the genus C alceo 
laria was  extensively collected.  Within the rich 
material  (more than 200 collect ions of  the genus)  
two collect ions turned out  to represen t  new taxa  
belonging to sect ions earl ier  revised in this se
ries. On the other  hand it is notewor thy tha t ,  
al though several  botanical ly very  poorly know n 
areas  were  visited, no o ther  new  species were  
found.  Thus ,  the present  revision of  Calceolaria  
in N W  South  Amer ica probably  comprises most  
o f  the species actually growing in Ecuador .  N a r 
row endem ics  in botanical ly unexplored areas  
may,  however ,  still be found in the future.

C alceo lar ia  cataractaru m  Molau spec.  nov. (sect.  
Lehmannina)

Orig. coll.: Lpjtnant, Molau & Madison 12316 (GB 
holotype, AAU; cultivated at GB).

Illustrations.  Fig. 1.

Differt a Calceolaria lehm anniana pedunculis et pedi- 
cellis flavo-virentibus, et corolla lu tea cum elaeophoro.

Robus t ,  ascending,  perennial  su b sh ru b , 0 .5 -1 .0  
m high, with the f lowering b ranches  herbaceous .  
Inflorescence and younger  s tems  velut inous with 
b row nish  hairs. L eaves  sessi le,  decussate ;  
blades lanceolate or elliptic, 7 .2 -9 .3 x 1 .9 -2 .5  cm 
(up to 17x7 cm in culture) ,  acute,  cuneate at 
base;  yel low-green above,  velu t inous;  brownish

to yel lowish green benea th ,  ret icula te-venose ,  
velut inous on the major  veins,  in ter spaces  pilose 
to villous with gland-tipped hairs; margins ser 
rate,  revolute  and appear ing crena te .  In flores
cence  distal,  comprising l(-2)  pairs  o f  12-62- 
f lowered cymes  on greenish-yellow primary  p e 
duncles  8.5-17.0 cm long. Cym e brac ts  present.  
Pedicels  0.5-1.8 cm. S epa ls  greenish-yellow 
(turning b row n with age), t r iangular  o r  lanceate,  
acute  and slightly caudate ,  5 .3 -6 .2x2 .5 -3 .2  mm 
at anthesis ,  externally glandular-pi lose,  internal
ly glandular-puberulous.  Corolla  deep  yellow, 
ex ternally minutely glandular -puberu lous ;  upper  
lip a rched,  5 -7 x8-10  mm; lower  lip somewhat  
pendent  to almost project ing,  10-14x8-11 mm, 
sacca te  in c. 1/3 of  its length, internally possess 
ing a well-developed elaiophor  (=  an oi l-produ
cing t issue on the infolded lobe at the distal end 
o f  the orifice, consisting of  a dense tuft of  pluri- 
cel lular gland-hairs; see Vogel  1974), orifice ex 
posed.  A nthers  brown,  glabrous ,  2.8-3.0 mm, 
opening throughout;  thecae  divaricate,  elliptic, 
equal .  Filam ents  c. 0.8 mm. Style  2 .0-2.5 mm, 
straight  or  slightly curved.  C apsule  subglobose,  
5-7 mm long, glandular - tomentose.

C h ro m o so m e  num ber.  2n=36 .  Voucher:  
L0 j tnan t ,  Molau & Madison 12316 (A A U ,  GB).

H abita t .  Seasonally inunda ted cliffs along 
s tream at waterfall,  in cloud forest;  altitude c. 
2600 m.
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Fig. 1. Calceolaria cataractarum  (L0jtnant, Molau & M adison 12316). — A: F low ering branch. — B: Outline of 
leaf. —  C: Flower. — D: F o w er  corolla lip, length section. —  E: Infolded lobe o f  lower corolla lip with a distinct 
elaiophor, ventral view. —  F: Stamen. —  Symbol: e elaiophor. —  A draw n from  photograph, B draw n from 
herbarium  material, C -F  draw n from fixed material. — Scales: A, B 2 cm, C, D 5 mm, E 3 mm, F 1 mm.

Distribution.  Fig. 2. K now n  only from two col
lect ions from the same locality,  viz. in the Santa 
Barbara  Valley,  E slopes of  Cordil lera Oriental,  
Andes  o f  N Ecuador  at the border  with Colom
bia.

R em a rks .  Calceolaria ca taractarum  is very 
closely related to C. lehm anniana  Kränzlin (see 
Molau 1978). The species agree in general 
growth  habit and vegetat ive morphology.  In a 
previous  paper  in this series (Molau 1978 p. 315) 
it was  mentioned as a yel low-flowered form of  C. 
lehm ann iana .  With the present  knowledge,  
how ever ,  based upon field studies and cult ivated 
material ,  C. cataractarum  must  be regarded as a 
dist inct species.

The same ch romosom e num ber  as in C. ca ta 
ra c ta ru m , 2n=36 ,  has also been found in C. leh
m ann iana  (voucher: Lp j tnan t ,  Molau & Madison 
11714 (GB); not previously reported).

Calceolaria ca taractarum  and C. lehm anni
ana  differ in deep yellow vs. white corolla and 
p resence  vs. absence  of  el aiophor  (definition 
given above).  Thus ,  these  two sympatric  species 
are separa ted  only by  floral characters ,  but the

charac te rs  referred to are taxonomica lly very 
importan t  in Calceolaria.

The  presence /absence  of  elaiophor  can  be 
used as a  taxonomic  cha rac te r  at the species 
level in Calceolaria. In N W  South  Amer ica 16 or  
17 out  o f  the approxim ate ly  60 species,  distr i
buted in 8 out of  the 15 sec t ions,  do not possess  
an elaiophor,  i.e. the infolded lobe o f  the lower 
corolla  lip is naked (or, rare ly,  with a few irre
gularly dispersed glandular  hairs). A review of 
this matter ,  comprising all the sect ions in N W  
South America,  will be given in the final paper  of  
this series.

In the absence  of  elaiophor  as well as in o ther  
quali tat ive characters  C. lehm anniana  is c o n 
stant  th roughout its distr ibution area.  N o  inter
mediates  between C. ca taractarum  and C. leh
m ann iana  were  seen in the San ta  Barbara  Val 
ley, even though we worked  in the field there  for 
two weeks.

The  o ther  Calceolaria  species  known to lack 
an elaiophor are all highly special ized (cf. Vogel
1974), more  advanced  than the ir  probable rela
tives.  When correlated with the degree of



BOT. N O T ISE R  133 (1980)

E C U A D O R

50 100 150 2 0 0  k m

Fig. 2. Type localities o f  Calceolaria cataractarum  
( 0  ) and C. pedunculata  subsp. sumacensis  ( O ' -

special ization in other  charac te rs  (e.g. inflores
cence  structure)  the presence  of  an elaiophor 
seems to be the basic condit ion in Calceolaria. 
Thus ,  C. lehm anniana  is obviously derived from
C. ca taractarum .

C. lehm anniana  seems to have a competi t ive 
advantage  over  C. ca taractarum ;  it is today an 
abundan t  plant in the cloud forest areas o f  N 
E cu a d o r  and adjacent  Colombia,  while C. c a ta 
ractarum  is known only from a single locality.

The  change of  corolla co lour  and the loss of  
the e la iophor must  have al tered the pollination 
ecology of  C. lehm anniana.  The  flowers o f  C. 
ca taractarum  are typical Calceolaria  f lowers, 
producing  fatty oil instead of  nectar,  and are 
poll inated by oil-gathering bees.  Judging from 
the size of  the orifice of  the corolla and the 
posit ion of  anthers and st igma,  the efficient pol
l inator  in C. cataractarum  is probably a species 
o f  Centris  (tribus Centridini, subfam. A ntho-  
phorinae;  cf. Vogel 1974). C. lehmanniana,  on 
the o ther  hand,  has true pollen-flowers: the an 
thers are (as in C. ca taractarum )  relatively big, 
rigid, well-exposed and richly pollen producing; 
nei ther  nec ta r  nor oil is p roduced .  The  poll inator 
is here  probably a pollen-gathering bee,  but pol
lination was  not observed  in ei ther  of  the two 
species.  (The weather during our  stay in the S a n 
ta Bårbara  Valley was cold and rainy most of  the
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t ime.) In a mixed populat ion of  C. fi licaulis  Clos.  
(yellow flowers, elaiophor present)  and C. tenel-  
la Poepp.  & Endl. (yellow flowers, elaiophor 
absent)  in the Andes  of  Argentina,  Vogel (197^) 
observed  that the oil-gathering bees regularly 
visiting C. filicaulis  paid no at tention to C. tenel-  
la. The latter  was supposed  to act as a pol- 
len-flower,  and to be facultat ively autogamous .  
H ow ever ,  the f lowers of  the oil-producing Cal
ceolaria  species also serve as pollen source for  
the oil-gathering bees.  In some cases both  pollen 
and oil are collected act ively in the same flower 
(Vogel 1974 p. 131). The Centris  species,  h o w 
ever,  usually do most  o f  their pollen collect ing in 
richly pollen producing f lowers of  other  plant  
groups,  e.g. Cassia  and So lanum  (Vogel 1974 pp. 
217, 221). In the present  case,  it is not likely tha t  
an oil-gathering bee visiting C. cataractarum  
also would visit C. lehm anniana  for  collect ing 
pollen,  s ince the individual bees  usually are very  
true to f lower colour.

The two species o f  sect.  L ehm a n n in a  represent  a 
very obvious case  of  sympatr ic  speciat ion,  
where reproduc tive isolation has originated as a 
by-product  o f  evolu tionary divergence (cf. Gran t  
1971 p. 122). The  genus Calceolaria  is r em ark 
able in that  there are usually no sterility barriers 
be tween  species of  the same sect ion; sympat ric  
species are isolated primarily by pollination e c o 
logy and habitat.  On the o ther  hand strong in- 
compabil i ty barr iers  exist be tw een  the sections.  
The general pat tern in Calceolaria  thus ap 
proaches  the ‘Aquilegia p a t te rn ’ (Grant  1971 p. 
100). Consequent ly ,  the species concept  in Cal
ceolaria  must  be based on external  barriers (e.g. 
poll inat ion syndrome)  ra ther  than internal ones.

Specim ens studied. Ecuador. N apo:  Road from El 
Carmelo (El Pun) towards L a  Bonita, SE o f  Santa 
Barbara, km 53 from El Carmelo, c. 2600 m, 5.III. 1974, 
Harling & Andersson 12507 (GB); 13.IV .1979, L0jt- 
nant, Molau & Madison 12316 (AAU, GB).

C alceo laria  p ed un cu lata  Molau subsp.  su m acen -  
sis Molau subsp.  nov.  (sect.  Dermatophylla)

Orig. coll.: Lpjtnant & Molau 12855 (GB holotype, 
AA U ; cultivated at GB).

Differt a subspecie pedunculata  foliis infra pallide 
viridibus, siccatis in colorem flavo-virentem non con- 
versis, pedunculis et pedicellis et sepalis purpuraceis, 
corolla alba vel eburnea.

Differing from subsp.  peduncu la ta  (see Molau
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1979) in the following characters :  lower leaf  su r 
faces pale green,  not  turning yellow-green when 
dried; pedunc les ,  pedicels  and sepals  purplish 
(green to yel low-green in subsp.  pedunculata)-, 
corolla white  to cream-whi te (deep to bright yel
low in subsp .  peduncula ta).

C h ro m o so m e  num ber.  2n=36 .  Voucher:  Lö j t 
nant & Molau 12855 (A AU ,  GB). The same 
ch ro m o so m e  num ber  has also been found in 
subsp.  p ed u n cu la ta  (vouchers :  Lpj tnan t  &
Molau 11031 (A A U ,  GB) and  11389 (AAU, GB); 
not  prev ious ly  reported).

H abitat.  R o c k y  s tr eambanks  in virgin cloud for
est,  al ti tude c. 3100 m.

Distribution. Fig. 2. K now n only from the type,  
collected on the N E  slopes of  Volcån Sumaco,  
prov.  N a p o ,  Ecuador.

R em arks .  Dur ing  the first biological expedit ion 
to Volcån Sum aco  ever carr ied out  (1979), in 
which I part icipated,  we found  white-f lowered 
spec imens  o f  C. peduncu la ta  in an absolutely 
virgin area .  Volcån Sumaco in situated far  from 
the distr ibution area  of  subsp.  peduncu la ta ,  viz. 
the W slopes  of  Cordil lera Occidental ,  A ndes  of

N E cua do r  (Molau 1979). There  is also a single 
record  o f  subsp. p ed u n cu la ta  f rom Cordil lera 
Oriental (Papallacta, prov.  N apo ,  Lpjtnan t  & 
Molau 11389), but this spec im en we found along 
the roads ide ,  and it was probab ly  spread  by man.

White-f lowered forms are rare within the 
genus Calceolaria. N o  such  cases  are previously 
known from the sect ion D erm atophylla .  The  
white-f lowered popula t ion of  C. peduncu la ta  is 
fu r therm ore  geographical ly widely separa ted 
from the typical,  yel low-flowered form, and 
hence  recognized as a subspecies .

Sp ec im en s  studied. Ecuador. N apo:  N E  slopes of Vol
cån Sumaco, c. 3100 m, L p jtnan t & Molau 12855 
(AA U , GB).
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The pollination ecology of Dactylorhiza sambucina (Orchidaceae)
L. A N D E R S  N IL S S O N

Nilsson, L. A. 1980 09 18: The pollination ecology of Dactylorhiza sam bucina (Orchida
ceae). Bot. N otiser 133: 367-385. Stockholm. ISSN 0006-8195.

Interactions between anthophilous insects and Dactylorhiza sam bucina  L.) Soö were 
studied in three Swedish populations. Queens of B o m b u s  Latr. (H ym enopte ra , Apidae) 
dom inated as visitors and transported  about 90 % of the pollinaria. The species acts by 
deceit and obviously exploits a short stage of the q u ee n s ’ lives w hen they are newly 
em erged after hibernation and have not established foraging routes and are inexperienced 
on food-flowers. Unconditioned scouring queens are induced to visit the gregarious D. 
sam bucina  due to its com parative superiority in floral display and perhaps its s trong floral 
terpene emission. D. sam bucina  seems not to mimic concurren tly  flowering bum- 
ble-bee-plants. After a few exploratory non-rewarding visits predominantly to the low er
most flowers in a very few inflorescences, queens hurriedly leave the place in renew ed 
scouring and searching. Their behavioural response on deception produces a characteris tic  
decline in fruit-setting within inflorescences. Interactive floral and insect morphologies 
indicate optimal adaptation to queens o f  species having medium-long probosces ,  median- 
broad faces and bare centre of the clypeus. The legitimate pollinators in the study areas are 
queens of B o m b u s  lapidarius (L.) and B. sylvarum  (L.).

L. Anders Nilsson, Institute o f  Sys tem atic  Botany, P. O. B ox 541, S-75I 21 Uppsala,  
Sweden.

Sprengel  (1793) int roduced the concept  of  
“ Scheinsaf tb lume” when  he discovered that 
some species of  the genus Orchis  s. 1. lack nec tar  
secre t ion and act by deceiving their  poll inators.  
Darwin (1862) rejected this principle— “ we can 
hard ly bel ieve in so gigantic an im posture” — and 
bel ieved that  flower-visitors regularly suck c o n 
cea led  juices  by piercing the spur-tissues,  a 
theory  which later became commonly  accep ted 
(e.g. Müller 1869, Knuth  1899, Ziegenspeck 
1936). H owever ,  Delpino (1873-74), who like 
Müller  had made field observat ions  on spring 
f lowering species,  supported  and concret ized 
S p renge l ’s deception hypothesis .  He argued that 
these  orchids  are visited only during the first two 
or  three  days of  f lowering when bumble-bees 
have newly emerged and are inexperienced on 
f lowers  and that they soon realize the trick and 
learn to avoid the flowers.  Since Daumann (1941) 
finally disproved Darwin’s theory ,  the in terpre
tation made  by Delpino has been revived (e.g. 
van d e r  Pijl 1966, van der  Pijl & Dodson 1966). 
Vogel (1972) observed that pollination in Orchis  
papil ionacea  L. is positively influenced by the

repeti t ive flight pat tern (patrolling) performed by 
males o f  solitary bees i.e. Eucera  (H ymenopte ra ,  
Anthophor idae )  and proposed  tha t  the absence  
of  nec ta r  secret ion might be an evolutionary  r e 
sponse  to the incorporat ion of  orchids in the 
swarming routes.  Whilst the majori ty of  Orchis  
(s. 1.) species act by deceit ,  at least  three species 
are nectariferous and obvious ly  act as t rue 
food-plants  viz. Galearis (O rchis) spectahilis  
(L.) Raf. (Robertson 1893), Orchis coriophora  L. 
(Eberle 1974) and O. sancta  L. (Dafni & Ivri 
1979). H owever ,  al though the genus  displays 
spec tacula r  and popular  e lements  in the E u ro 
pean flora, the anthecological  specializat ions 
have  largely remained an en igma (cf. Dafni & 
Ivri 1979).

The  purpose o f  the present  s tudy  was  to reveal 
details in the interact ion be tw een  poll inators and 
D actylorhiza  sam bucina ,  a species  of  the nectar- 
less O rchis- type. This gregarious spring f low
ering species is distr ibuted from Iran to N W  
Europe ,  including S E  Sw eden  (Sundermann
1975). Strangely enough,  it occurs  in two colour 
morphs ,  red and yellow', which normally coexist
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on the same localities al though their proport ions  
vary considerably (see Pe t te rsson  1958). Its gen 
eral floral morphology agrees with the ordinary 
O rchis-type  (cf. Darwin 1862, Ziegenspeck 1936, 
Faegri & van der Pijl 1971). Flower-visi tors  
observed  are “ bumble-bees”  (Delpino 1873-74), 
queens  of  the bumble-bee B o m b u s  wurfleini 
m astruca tus  Gerst.  (Hoffer  1883) and the bu t t e r 
fly Leptidea  sinapis (L.) (Pieridae) (Wiklund 
1977). Hitherto,  however,  no insect carrying the 
poll inaria seems to have been  identified.

M ateria l and m ethods

Three populations of Dactylorhiza sambucina  were 
studied during M ay-June 1974-79, two on Öland (A 
and B) and one in Uppland (C). The very rich popula
tion A grows near the northern bo rde r  of the Alvar S of 
Ölands Skogsby. Population B is much more limited 
and grows in a 50 m broad and 400 m long area on the 
old beach 2 km W of Vickleby. Population C occurs on 
H äverö , Hallstavik, on the east coast o f  Uppland.

More or less concurrently blooming entom ophilous 
plants in the same association as D. sam bucina  o f  
im portance for Hym enoptera A poidea are in the p o p u 
lation A Taraxacum  spp., Salix repens  L ., Pulsatilla  
pratensis  (L.) M ill. ,Primula veris L . ,  Saxifraga granu-  
lata L ., Potentilla tabernaem ontani  A sch.,  Anthyllis  
vulneraria  L ., Oxytropis cam pestris  L ., Geum rivale 
L ., L otus  corniculatus L. and Allium schoenoprasum  
L. In addition two other very com m on orchids which 
both act by deceit (lack nectar) are in flower viz. 
Orchis m ascula  L. and O. morio  L. Orchis militaris L. 
which is less frequent begins to flower in early June. 
Along borders near fields L a m iu m  purpureum  L. is 
often frequent. Higher trees and bushes occur here and 
there in the open landscape viz. Prunus spinosa  L. and 
Malus sylvestris  Mill, and when in flower attract bees.

Population B grows betw een fields and deciduous 
trees. Most of the concurrently  flowering species are 
the sam e as in A. Differences are the absence, or 
practically so, o f  S. repens, O. campestris, A schoeno
prasum . O. morio and O. militaris whilst Pulsatilla  
vulgaris Mill, is very common.

Population C occurs mainly along cliffs about 50 m 
from the sea shore but some scattered individuals are 
also present further up in m eadows. Im portant for 
Apoidea are especially Primula veris, Lathyrus vernus  
(L.) B ernh .,  Saxifraga granulata, Polygonatum  odo-  
ratum  (Mill.) Druce, Glechom a hederacea  L ., Tarax
acum  spp. and in shady places Polygonatum  multiflo- 
rum  (L.) All. and a few late Pulmonaria  officinalis L. 
Corydalis spp. which are adapted  bumble-bee-plants 
occur at B and C but are practically finished before D. 
sam bucina  flowers. During the actual period flowering 
Viola hirta L. is present, scattered  on all three locali
ties.

The behaviour of flower-visitors was observed. Pol
len vec tors  were collected in connection with their 
visits to D. sambucina  but also when they frequented 
o ther plants or when they were flying about in the area.

T o  distinguish the pollinaria of D. sam bucina  on col
lected insects  from those of the three frequent Orchis  
species in the same areas on Öland, morphom etric  
m easurem ents  were made of the pollinaria in all four 
species. As a complement to field observation, inter
active morphologies were investigated in experim ents 
with new ly killed but relaxed bumble-bee queens 
whose mouthpart-s and heads were inserted into or 
pressed  against spur-rnouths of fresh flowers.

Scent emitted from inflorescences of D. sam bucina  
and from  flowers of some of the concurrently flowering 
plants, w as analysed as far as possible by gas ch rom a
tography— mass spectrometry (GC-M S) with the 
m ethod  described previously (Nilsson 1978). E xper i
ments on  self- and cross-pollination were carried out 
using isolated racemes. The presence o f  em bryos was 
checked  (under magnification) by spreading capsule 
con ten ts  on a glass plate. Fruit sets in the two colour 
m orphs was compared in one population (C) by m ark
ing all representa tives of one morph within a restricted 
area. U nfortunately , three further similar experim ents 
in 1977 becam e destroyed by exceptionally fast d e 
com position  of withered racemes (A and B) or by graz
ing cattle (C).

F lo w er in g  p henology

The 3-4  week  flowering period of D. sam buc ina  
on  Öland normally starts around May 10 and 
p roceeds  into the first week of June (Fig. 1 B). 
Minor year ly  deviations occur  due to the spring 
wea ther .  During anthesis the maxim um day 
t em pera tu re  rises from about  14° to 19°C (Fig. 1 
A). The  most  expansive stage of  an thes is  occurs  
be tw een  May 13 and 20 when the maxim um day 
tempera tu re  normally is 15-16°C. The  maxim um 
number  of  open  flowers occurs dur ing May 
20-28.  In Uppland (populat ion C) the period 
occurs  only a little later. In certain shady sub 
habi tats  fresh flowers can some t imes  be found 
until the middle of  June.

The first ( lowermost)  flowers open  when the 
stalks are still very short,  sometimes only a few 
cen t im e ters  high. Very early in 1978 it was noted 
in popula t ion B that such flowers often were 
non-resupinate which means that the labellum 
w as  di rec ted  towards the axis of  the inflores
cence  and the spur-mouth was turned  upwards .  
When  the stalks later grew higher these  f lowers 
soon  (in a day or so) rotated and became resu- 
pinate.  La te r ,  flowers higher up in the inflores
cence  were  resupinate when they opened.  In the 
same year  much of the population becam e  d a m 
aged by cold and by a snowfall which tem pora 
rily covered  the shooting inflorescences. Many 
stopped  growing and approximately 56 %  of  the 
buds  (n =  2617) never opened but withered.  In
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Fig. 1. Spring tem peratures ,  flowering o f  Dactylorhiza  
sam bucina  and the activity of  pollen vectors on Öland. 
—  A: M axim um  day tem peratures  at A (The Ecological 
Station) for the years 1976-79 and during the period 
1965-79. — B: Average flowering period during the 
years 1974-79. —  C: No. of  visitors of H ym enoptera  
seen on the flowers. All except Ob (Osmia bicolor $) 
were bum ble-bees. —  D: No. o f  recorded pollen v ec 
tors. —  E: No. o f  pollinaria o fD .  sam bucina  on pollen 
vectors.

1979 a cons iderably  smaller  n u m b e r  of  f lowering 
individuals  were  produced  in the area  indicating 
that  many plants  had not res to red  vigour.

The  f lowering phenologies of  concur ren tly 
b looming food-plants  on Öland important  to 
H y m e n o p te r a  Apoidea during the anthesis  of  D. 
sam buc ina ,  indicate that  a comparat ively  limited 
num b e r  of  species are p resen t  (Fig. 2). Only 7 
species regularly f requented by bumble-bees 
cover  most  o f  the actual time period,  viz. Pri
mula veris, Pulsatilla  spp. ,  Taraxacum  spp . ,  
L a m iu m  purpureum  and Salix repens.  The last 
species ,  how ever ,  is mainly visited by solitary 
bees.

V isito rs  and p o llin a tors

Notw i ths tand ing  134 hours  of  observat ion,  r a th 
er  few visitors were  seen on D. sam bucina .  On 
the o the r  hand quite a num ber  of  insects  bearing 
witness  of  visitation (i.e. pollinaria) were c a p 

tured on other  flowers or  when  they f lew about .  
Normal ly  the pollinaria o f  D. sam buc ina  were 
easily identified due to the ir  long caudicles in 
combination  with ra ther  w eak  pigmentat ion and 
not very  compressed  massulae.  In doubtful  cases 
the caudicles were also morphometr ical ly  c o m 
pared  with the different orchids  presen t  (Fig. 3). 
In exceptional  cases it was  even possible to dis
tinguish between deposited  poll inaria of  the two 
co lour  morphs  on vec tors  because  those from 
the red usually have compara t ive ly  darker  pig
mented  massulae,  somet imes  distinctly so (Fig. 5 
C). In A, 21 % of the pollen vectors  ( n =33) ca r 
r ied also pollinaria from ei ther  Orchis m ascu la  or
O. morio.

The flower-visitors of D.  sam bucina  found con
sisted of  H ymenopte ra  Apoidea  (14 species)  and 
o f  Lepidopte ra  (2 species)  (Table 1). In qu an 
tity, queens of  9 species of  B om bus  s trongly 
dominated  (Fig. 4, left bars) .  The  species B. 
lapidarius  and B. sy lvarum  were clearly most  
f requen t  and together with B. lucorum  and B. 
terrestris  they were recorded  in all populat ions.  
C uckoo  bumble-bees (Psithyrus  spp.)  and  soli
tary bees  were seldom found as visitors,  with the 
exception  of  Osmia b icolor  (Megachilidae) , 
which  was recorded in all popula t ions .  Once  also 
a female of  Andre  na, p robably  A. tibialis (K.) , 
was seen crawling on one inflorescence but  it did 
not try to en te r  the f lowers and it carr ied no 
pollinaria. H oneybees  (Apis m ellifera ) were  only 
found  as visitors in B. The  average  time for  o b 
serving visitation by one bumble-bee  queen  was 
6.4 hours but under  certain ci rcumstances  the 
frequency was clearly higher (see below).

Pollinaria were exclusively t ranspor ted  by 
H y m en o p te ra  (Fig. 4, r ight bars).  The  genus 
B o m b u s  carr ied 86 %  and the two species B. 
lapidarius  and B. sy lvarum  a lone no less than 
65 %  of  all poll inaria (Table 1). I f  the expec ted  
numbers  carr ied by observed  visitors to D. 
sam buc ina  which were not cap tured  are added 
also (as an est imation o f  the mean num ber  ca r 
ried by captured  insects of  the same species)  the 
outs tand ing importance  o f  B o m b u s  is even  more 
p ronounced  viz. 89 %  t r anspor ta t ion.

P h en o logy  o f  pollen  vectors

Hibernated  bumble-bee queens  are occasionally 
seen  on various early spring f lowers (e.g. Salix  
spp.) as early as in the middle of  April but  since
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Spec ies
Flower ing p e r io ds .  May 1978 <Ö l a n d > 
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Primula veris
Pulsatil la vulgar i s
Potenti l la t a b e r n a e m o n t a n i *
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Taraxacum Sec t . Er yt hr osper ma
T. Sec t . Taraxacum
Pulsat i l la p ra tens i s
Lamium pur pur eum
Salix r epen s
Saxi f raga g r a n u la t a *
Anthyl l is  vulnerar ia  
Oxyt ropi s  c a m p e s t r i s  
Prunus  sp i no sa  
Mal us  sy lv es t r i s  
Ge um rivale 
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Fig. 2. Im portant food-plants for bees during the flowering period of Dactylorhiza sam bucina  and in the same 
biotope on Öland. The flowering periods illustrated refer to the situation in 1978. Presence of a few open flowers 
in a species is marked with a thin line and frequent flowering with a heavy line. Pollen vectors  and their num ber of 
pollinaria (in parenthesis) of  D. sam bucina  found on the different flowering plants 1974-79 are given to the right. 
C rosses mark that the insect species in question has been recorded as visitor to the respective plant species in the 
same association during the present investigation but hitherto, during these visits, not observed as carrying the 
pollinaria of D. sambucina.  — * Species only occasionally  visited by bumble-bees.
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Fig. 3. M orphometry of the caudicles of  the pollinia in 
Dactylorhiza sambucina  and in three species of Orchis 
at Skogsby, Öland (each species n=50). The th ree  
categories of  dots represent one, two and three speci
mens, respectively and the sizes of the crosses illustra
te the 95 %  confidence interval.

spring wea the r  undulates,  flights are possible 
only on certain favourable days.  During the first 
act ive period (1-2 weeks),  queens  feed on pollen 
and nec tar  to restore vigour and to make ovary  
development possible (Richards 1977). Then ,  
gradually,  nest-seeking is induced and indi
viduals showing this characteris t ic  behav iou r  are 
seen on Öland from late April to June.

Queens  which have found a nest site, c o n 
struct  their  first brood cell and a honey pot  which 
are provis ioned with pollen and nectar  re 
spectively.  The food is ob ta ined by regular  for
aging flights to areas with food-flowers.  Condi 
tions for  high bumble-bee flight act ivi ty occur  
when air temperatures  are 12.5-14.9°C (Teräs
1976). On Öland the maxim um day tempera tu res  
(1.5 m above  ground) usually reach  this level 
during the first week o f  May (Fig. 1 A). Such 
tempera tu res  of  longer durat ion normally prevail 
some days later  i. e. abou t  the t ime that D. s a m 
bucina  com es  into flower. Dur ing  the middle of  
May a number  o f  queens  have  already e s t a b 
lished nes ts  and are beginning to explore the 
surroundings  for  clusters  o f  food-flowers to
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Table I. Insects recorded as flower-visitors to Dactylorhiza sambucina  and the occurrence of pollinaria on 
different species. —  * Including the expected  number o f  pollinaria on observed visitors which were not cap tured , 
estimated from the mean num ber carried by captured insects of  the same species. —  ** Observed but not 
collected.

Species Localities

No.
observed 
on D. sam 
bucina

No.
of visitors 
to D. sam bu
cina found on 
other flowers

No. of 
visitors to 
D. sambucina 
captured but 
not on flowers

Total no. 
recorded as 
visitors 
to D. sam 
bucina

No. on 
which the 
pollinaria 
were 
counted

Total no. 
of carried 
pollinaria
of D. sam
bucina

Expected 
load of pol
linaria per 
species* (%)

Bom bus lapidarius (L.) $ 9 A B C 7 18 7 28 21 123 39
B. sylvarum  (L.) 9 9 A B C 2 9 16 25 23 96 25
B. tucorum  (L.) 9 9 A B C 4 5 2 9 4 14 7.4
B. terreslris (L.) 9 9 A B C 6 3 2 8 4 15 7.1
B. pascuorum  (Scop.) 9 9 B 2 2 2 15 3.5
B. hypnorum  (L .) 9 A 1 1 1 14 3.3
B. horlorum  (L.) 9 9 B C 1 4 4 3 7 2.2
B. soroeensis (F.) 9 B 1 I 1 4 0.9
B. muscorum  (L.) 9 B 1 1 1 2 0.5
Psithyrus bohemicus (Seidl.) 9 9 B 2 3 3 13 3.1
P. burbutellus (K.) 9 A 1 1 1 3 0.7
Apis mellifera L. ^ ^ B 7 7 7 22 5.2
Osmia bicolor (Sehr.) cf, 9 9 A B C 2 2 3 7 6 10 2.8
H alictus s. 1. 9** A 1 1 1 0 0
Pyrgus malvae (L.) cfcf, 9 9 A C 6 6 6 0 0
Gonepteryx rhamni (L.) 9 9** B 2 2 2 0 0

N o .  v i s i t o r s  N o .  p o l l i n a r i a

200 100 100 200 300 400

B o m b u s  
A p i s
P s i t h y r u s  
O s m i a  
H a l i c t u s  s . I .
L e p i d o p t e r a

Fig. 4. The recorded num ber of different visitors (left 
bars) and the transported  pollinaria of  Dactylorhiza  
sam bucina  (right filled bars). Unfilled portions added 
to the right bars represent the expected  number of 
pollinaria carried by those visitors which were not 
cap tured  (estimated from the m ean num ber carried by 
captured insects of  the same species).

which repetit ive foraging flights are made.  H o w 
ever ,  many queens  still have not  established 
nes ts  but fly about ,  roaming,  especially the 
s om ew hat  later  emerging spec ies  e.g. B om bus  
sylvarum .  In the case  of  queens  carrying polli
nar ia of D. sam bucina ,  91 %  (n = 58) had no 
traces  of  collected pollen in the ir  corbiculae.  In 
B. sy lvarum  none of  23 queens  and  only 3 of  20 in 
B. lapidarius  had ever  col lected  pollen.

After  foraging to their  first b rood ,  queens 
usually sit in their  nests  and remain there when 
the workers  have emerged.  O n  Öland,  the first

workers  of  the common species (e.g. B om bus  
lapidarius ) are regularly observed  during the first 
or  second  week of  June.  Since brood develop
ment takes 3-4 weeks e.g. abou t  21 days in B. 
lapidarius  (Valle 1955), the emergence  of  w o rk 
ers reflects  the qu een s ’ busy foraging during the 
middle of  May.

A num ber  of  queens,  however ,  keep on flying 
about  but never  establish nests  due to nematode  
infection which prevents  the ovaries from devel
oping (Palm 1948). Such queens  make up an in
creasing percentage among the late-flying indi
viduals.  On Öland this is most  obvious from the 
end of  May and onwards  (B. Cederberg,  pers.  
comm.).

Psithyrus  queens appear somewhat later than 
their  hosts  (.Bom bus  spp.) and are present  on 
various  f lowers from about  the middle of  May. 
The solitary bee,  Osmia bicolor, inhabits old 
shells o f  snails often in the same biotope where
D. sam buc ina  grows and at least  the females are 
present  th roughout anthesis .  The  males are early 
and at maximum in May and perform repetit ive 
patrol l ing flights in certain subhabita ts  where D. 
sam buc ina  and Orchis  spp. often are abundant .

Behaviour of flower-visitors

Visits of  bumble-bees to D. sam bucina  were
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seen only dur ing the first half o f  flowering (Fig. 1 
C). Also the numbers  of  recorded  visitors and 
their a t tached  poll inaria indicate that maximum 
of  visitation occurred  during the most  expansive 
stage o f  anthes is  (Fig. 1 D, E). Various observa
t ions and smaller  notes all suggest that the be
hav iour  pa t te rn  o f  queens  mainly was exploited 
by D. sam buc ina  during a period of  perhaps  5-6 
days only in the middle of  May when they were 
in a certain  mood favourable for deception.  For 
example ,  in B on May 16 and 18 1977, 5 queens 
were seen on  inflorescences but  none on May 20. 
At the same place on May 18 1978, 4 queens 
were obse rved  as visitors but  none on the next 
day.  In C on May 22 1977, 6 queens  visited 
f lowers but  4 days  later  only one.  In B on May 20 
1979, only a single queen made visits but 9 furth
er  vec to rs  car rying poll inaria were captured  
nearby .  Observa tions  how ever ,  on May 22 and 
24 were  all negative except  two pollen vectors 
found  on o th e r  plants.  La te r  this year  a rem ark 
ably high fruit set showed that a very high visit
ing fr equency  mus t  have  occur red  before May 20
1.e. during the first few days with really warm 
and sunny w ea the r  (Fig. 1 A).

To 75 % (n=20) ,  the q u e e n s ’ visits occurred  
be tw een  10.30 and 12.30. General ly they came 
scour ing  into the area  in fast flight and suddenly 
descended  when  approaching  an inflorescence.  
In these  cases ,  even if the orchids grew among 
food-f lowers ,  inflorescences of  D. sam bucina  
were usually the first showy objects to become 
ap p roached  and visited. The behaviour  of  the 
queens  a lways  indicated optical far  at tract ion i.e. 
direct  approach .  Ei ther  a single or  up to 5 ra 
cem es  in sequence  were visited,  whereafte r  the 
queens  hurriedly left the place (Table 2, Nos. 
1-12) or  direc ted their at ten tion to food-flowers 
on which cons tancy  became established (Table
2, No.  16). F o u r  queens  which showed cons tan
cy or  had ju s t  visited food-flowers approached
D. sa m b u c in a  only (Table 2, Nos .  16, 18, 20, 21) 
while tw o  queens  al ternated be tween  food-flow
ers and the orch ids (Nos.  19, 22). Occasionally 
queens  were  seen to inter rupt  nest-seeking to 
make a visit (No.  17) o r  to visit an orchid after a 
rest  on the ground (No.  14). Once  a Bom bus  
hortorum  app roached  a yel low inflorescence and 
touched  two f lowers with its front  tarsi but did 
not  alight a l though having cons tancy  on the yel
low f lowered  Primula veris (No.  23). La te r  after 
many  visits to P. veris , if f lew away  approxi

mately 7 meters  and then suddenly visited a red 
inflorescence.  O sm ia bicolor  females ,  as well as 
the lepidop terans,  became a t trac ted  as they 
cam e scouring (Nos.  24-28). In single cases 
bumble-bees  approached  leaves o r  made  visits to 
inflorescences in bud which emphasizes  the 
seeking  charac te r  o f  their  behav iour  (Nos.  3, 22).

Inf lorescences develop  be tween  4 and 37 
f lowers (Fig. 12A). The  left side o f  the histogram 
slopes more strongly which perhaps  suggests 
that individuals with few flowers have  selective 
disadvantages.  Moreover ,  there exists  a positive 
correlat ion between the num ber  o f  f lowers and 
the fruit set (Fig. 12 B). Reasonab ly  this simply 
reflects  the increasing ability to influence pol 
linator  behav iour  i.e. superiori ty  of  floral dis
play.

In inflorescences on developed  stalks,  b u m 
ble-bee queens al ighted on one  o f  the lowermost  
f lowers and then grasped with the front  legs b e 
hind the 5 upstanding per ianth  leaves.  They  sup
por ted  themselves  on the label lum and som e
t imes on adjacent  f lowers by the claws (Fig. 5 B). 
They  pressed  their  heads  as far  as possible into 
the spur -mouth while the s t re tched  mouthpar ts  
explored  the inner of  the spur,  somet imes  m a k 
ing small scratches or  slits in the wall. Queens  
were  also seen to c reep  behind  the front  and bite 
holes in the spur  from the outs ide  by using the 
mandibles (as they often do on  m any  food-flow
ers,  e.g. Corydalis  spp.).  Also ovaries  and buds  
were  at tacked by biting. In 1977 in B, 18 % 
(n=262)  of  pollinated f lowers  showed  minor per 
forat ions made in one way o r  ano the r  by b u m 
ble-bees.  Butterflies probed  into spurs  with their  
probosces .  The labellum and  the spur -en trance  
have pigmented spots  which form a false nec ta r  
guide (Fig. 5 A, 7 A, fng). On both  sides in the 
stigmatic surface,  red p igments  also line the bo t 
tom o f  small tubes (Fig. 7 A, B, fng). The tubes 
are in the positions to st imulate  the eyes of  the 
advancing  visitors at a close di stance .  The  de 
cept ive  nectar  guide is also red in the yel low 
morph.

After  the first f lower,  the queens  crept  u p 
wards  and visited a very lim ited  n u m b er  o f  fu r th 
er f lo w ers  in the inflorescences ,  normally only 
1-3 f lowers.  The max im um  n u m b e r  of  f lowers 
visited within the same inf lorescence  observed  
was  7. Thus negative ex per i ence  caused  by the 
(repeated) lack of  food-st imula t ion soon released 
r enew ed  seeking flight ( cons tancy  was not in-
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Table 2. Behavioural responses  o f  individual insects on Dactylorhiza sambucina. —  Explanations: a arrives to the 
place, ap approaches, const, constancy , 1 leaves the place, P. prat. Pulsatilla pratensis, P. tab. Potentilla  
tabernaemontani, P. veris Primula veris, P. vulg. Pulsatilla vulgaris, R red inflorescence of D. sambucina, T. 
eryth. Taraxacum  Sect. Erythrosperma, Y yellow inflorescence of D. sambucina. Arrows indicate flights 
betw een  individual inflorescences (Dactylorhiza, Orchis, Taraxacum, Primula) or be tw een  individual flowers 
(.Pulsatilla, Potentilla). N um eral before abbreviation of plant species indicates the num ber of plants visited in 
sequence while numeral behind and in parenthesis indicates the num ber of individual flowers visited.

No. Species B ehaviour

1. B o m b u s  lapidarius
2. B. lapidarius  9
3. B. lapidarius 9
4. B. sy lvaru m  9
5. B. terrestr is  9
6. B. terrestr is  9
7. B. terrestr is  9
8. B. terrestr is  9
9. B. terrestr is  9

10. B. lucorum  9
11. B. lucorum  9
12. B. lucorum  9
13. B. lapidarius 9
14. B. lapidarius 9
15. B. lap idarius 9
16. B. lap idarius 9

17. B. terrestr is  9
18. B. lapidarius 9
19. B. sy lvaru m  9

20. B. terrestris 9
21. B. lucorum 9
22. B. lucorum 9

23. B. hortorum 9

24. O sm ia  bicolor 9 
25 „ O. bicolor 9
26. P yrgus malvae 9
27. G onepteryx  rhamni 9
28. G. rham ni 9

a—>R(>3)—»1 
a—>Y(>1)—»1
a-*4R( > lH > a p  leaves of P. v u l g 1 
a—>3Y(>1)—>2R(>1)—»1 
a—>R(1)—»1 
a-H>R(>2)—» 1
a—>R(>1)—>Y(>3)—>R(> 1)— 5 m—*P. vulg.( 1)->1 
a-H>2R(>l}-» 1 
a—>2R(>1)—>1
a-+ 3Y( >  1 )-» apR-^ Y( >  1 }-»• 1
a -> 2 R (> l) -> l
a—>3R(>1)-^1
a—>R(2), grooms-^» netted
rests on the ground—»R( >7)—»Orc/ns mascula  (> 3 ) -^ n e t ted  
Orchis m orio(>  1)— R(2)—> 1
a—>apR-^R(>2)-H»T. eryth .(\)-+P. tab(2)-±a.pR-^-apR-^lT. eryth.^>apR-±3T. eryth.
-*apR-H>T. eryth. const.
nest seeking—>R (>2)-^nest seeking
P. vulg. const.-»apR-^>apR^>P. p ra t . ( l )—>apR-^l
apR-^»2P. pra t .—̂ P. vulg.(\)-±2P. prat.-±P .  vw/g.(l)—>P. p ra / . ( l ) -^ R (1 )-^ 2 P .  vulg. 
-^•R(>1 )-+P. pra t.(  1)—>R(> 1), grooms—»P. pra t .{I }—>R(2)—»apY— 8m—>R(2)-h>R(2) 
-^•apR—>R(> 1)—> 1 
P. prat.  co n s t . -^ap R -^ap R —>1
P. prat.  const.-*apY-H»apY—» a p R ^ a p R —»P. vulg.{ 1)—>1
P. vulg. const.^2R(>l)-H »3P . vn/g.—>3P. pra t .—>apR buds—»T. p ra t .( \ )—»apR buds 
-* a p R  buds-»R (> 2)—>P. prat.(  1)-h»Y bites buds—»apR buds-^2P . prat.^>R (>1)
—»2P. prat.-^>apR buds-^2P . p r a t .^ P .  prat, bud—>apP. p r a t .^ a p P .  prat.
—»apP. p r a t .^ P .  p ra? .( l)—»apR—*P. pra t.(I)—»6P. vulg.-+5P. p r a t . - * \
P. veris const.—>apY, touches two flowers with its front tarsi—>P. veris co n s t .— 7m 
-^■R, slides to the ground, returns and visits tw o flow ers-^P . veris const, 
a—»3R—> I 
a—>Y(1)—»netted
a-* R( >  1)—>oviposits on a leaf o f  Filipendula vulgaris  
ar->2R(>l)->l
a—>2R(>1)-+Y(>1)-h»R(>1)—>1

duced).  This behav iour s trongly  contributes  to a 
charac te r is t ic  distribution o f  pollination and fruit 
set w ith in  inflorescences viz. fruits are p roduced  
mainly in the lower flow er positions (see below). 
The tim e spent per in flo rescence  was generally 
only a few  seconds and nev er  m ore than 20 sec
onds. Q ueens  repea tedly  g room ed  in order to get 
rid o f  a t tached  pollinaria. The fore legs w ere then  
m oved  over the face from  the sides (Fig. 5 E). 
Sim ilar grooming has been observed  in pollen 
v ec to rs  on Orchis (M üller 1869, Malan 1885, 
Vogel 1972).

In B very  early in 1978 a n o th e r  type of visiting 
behav iour was practised by queens  on plants still 
very  short and with non-resup ina te  flowers. 
Q ueens alighted on the top  and then turned  
around  and inserted the p robosces  from above 
into the flowers i.e. in the p ro p e r  position for 
visiting non-resupinate  flow ers. O nce a queen 
was seen to explore a dam aged  inflorescence 
which was lying on the g round.

In the case  queens arr ived  to the place with the 
o rch ids , 8 0 %  (n=15) first tu rned  to the red 
m orph and the res t to the yellow  one. The three
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butterflies all first app roached  the red one. In 
ap p ro ac h es  m ade by bum ble-bees ,  19 %  (n= 72 )  
occu rred  to  the  yellow m orph and of their visits, 
20 %  (n = 4 6 )  occurred  to yellow inflorescences. 
Tw o q u e e n s  and also one butterfly  shifted b e 
tw een the  tw o  morphs (Table 2, N os. 18, 20, 21). 
In the case  o f  inter-spike flights m ade by queens  
from the  red  m orph, 89 %  (n= 37) w ere d irec ted  
to a n o th e r  red  one, while o f  those  made from the 
yellow m o rp h ,  45 %  (n =  11) w ere  directed to  a 
second  ye llow  spike. On the localities s tudied, 
the yellow  m orph occurred  in m uch  low er f re 
quency  th a n  the red m orph  e.g. on B, 10.7 %  
(n=2129) and  on C, 15.8 % (n=3366) only w ere  
yellow.

F ood-f low ers  visited by queens  in direct c o n 
nection w ith  their observed  visits to D. s a m 
bucina  w ere  Pulsatilla vulgaris  and P. pra tens is  
(Fig. 5 D), Taraxacum  Sect. Erythrosperm a  (Fig. 
5 F), P oten ti l la  tabernaem on tan i  and Prim ula  
veris (T ab le  2). Occasionally  Orchis m ascula  or  
O. m orio  w ere  visited before  o r  after D. s a m 
bucina.  Q u een s  did not d iscrim inate  be tw een  the 
tw o spec ies  o f  Pulsatilla. V ectors  carrying polli
naria  w ere  cap tu red  or o bserved  on 14 different 
species o f  food flowers to  w hich they evidently  
had shifted afte r  negative experience  on D. s a m 
bucina  (Fig. 2). In A on May 10 1979, 8 o f  9 
queens th a t  passed a landm ark  in the centre  o f  
the o rch id -a rea , carried pollinaria but in an 
ab an d o n ed  field 1 km N E  of  this site (about 300 
m from  the  nearest D. sam buc ina ) ,  none o f  8 
queens  th a t  visited L a m iu m  purpureum  carr ied  
pollinaria.

A ccord ing  to some d issections  made, q ueens  
parasit ized  by Sphaerularia bom b i  Duf. (N em a- 
toda) o ften  carry  pollinaria (B. Cederberg, pers . 
com m ). Parasit ized  queens gradually  fall in to a 
d isrup ted  behav iour pa tte rn  including w eak ly  
m ain ta ined  constancy , so tha t they som etim es 
frequen t various strange and non-rew arding

CO

98

Fig. 6. Gas chromatogram showing the emission of 
terpenes from 8 inflorescences of Dactylorhiza sam 
bucina with 132 open flowers. Collection was made 
during 9 hours with a pre-column filled with Porapak Q 
50-80 M. GC conditions: L K B  OV-101 25 m glass 
capillary column programmed from 30° to  220° at a rate 
of  8° per minute. Tentative identification: 1 a-p inene ,  2 
Probably myrcene, 3 L im onene, 4 U nknow n, 5 Ses
quiterpene, 6 Trans-caryophyllene, 7 a-bergam otene ,  8 
Probably /1-selinene, 9 Sesquiterpene, 10/?-bisabolene, 
11 Sesquiterpene.

flow ers (L undberg  & S vensson  1975). It is not 
know n w hether  some o f  the queens in Table 2 
w ere infected but according to their behaviour, 
N os. 19 and 22 are suspected  in this respect.

F lora l fragran ce

Fragrance analyses revea led  that inflorescences 
emit a blend of at least 3 mono- and 7 sesqu ite r
pene hydrocarbons  (Fig. 6). The first group is 
clearly dom inated by lim onene while trans-ca
ryophyllene seems largest in the second group. 
No data  suggested fragrance differences betw een 
the tw o m orphs. The concen tra ted  odour over 
enclosed inflorescences resem bles  tha t given off 
by ripe apples.

Fig. 5. Dactylorhiza sambucina  and queens of Bombus lapidarius. —  A: Close view o f  flower o f red co lour morph 
(5 x ) .  —  B: Q ueen  visiting flower. Note that support also is obtained by the claws on adjacent flowers. —  C: Close 
view of face showing attached pollinaria from the red  (R) and the yellow (Y) colour morphs on the clypeus. —  D: 
Q ueen carrying pollinaria on clypeus and visiting a flower of Pulsatilla pratensis. The elastic and bendable 
caudicles o f  the pollinia have been forced backw ards by the corolla and some of the pollinia (p) are visible from 
the outside. —  E: Queen trying to scrape off the pollinaria with the front legs while gripping with mid and hind 
legs on a f lower of Pulsatilla vulgaris. Note that the right front claw (cl) is grasping behind some o f  the pollinia 
whose caudic les  (partly concealed  by the straw o f  a grass) have been streched out about three times their original 
length. —  F: Queen taking nec ta r  from a head o f  Taraxacum  Sect. Erythrosperma. The pollinaria (p) do not 
becom e forced  down amongst the florets and worn due to the comparatively long mouthparts.
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Floral fragrance o f  Primula veris (a species 
from which a queen  once shifted to  D. sa m b u 
cina) run on G C -M S  likewise gave a m ixture  of 
te rpenes w here lim onene was p re sen t  in ra th e r  
large am ounts . H ow ever ,  linalool was a larger 
cons ti tuen t and dom inates the  quality o f  the 
scent. Only one sesquiterpene seem s to  be em it
ted in larger am ounts  viz. a - fa rn e se n e ,  thus the re  
is no striking similarity with the em ission o f  D. 
sam bucina .  The fragrances o f  fu rther  plants 
from w hich shifting was obse rved  viz. Pulsatilla  
spp. and Taraxacum  spp., w ere  run  on G C -M S  
or GC. Although similar or identical com pounds 
(e.g. various m onoterpenes)  w ere  p resen t to 
som e extent, the resem blances  be tw een  the fra 
grances o f  D. sam bucina  and these  plants seem  
trifling. F o r  exam ple the fragrance o f  .P. vulgaris 
has ocim ene as the largest m onoterpene . F ra 
grance mimesis in D. sam bucina  is therefore u n 
likely.

F u nctiona l m orph ology

M ost o f  the perian th , including ou te r  parts  o f  the 
labellum and the spur, is thin and soft but the 
spur en trance  and the basal part  o f  the labellum 
have a m ore rigid cons truc tion  (Fig. 7 A, B). 
Therefore ,  a visiting large bum ble-bee queen  
often supports  herse lf  on ad jacen t flowers in a d 
dition to the grip obta ined by the front c laws 
behind the sepals (Fig. 5 B ). On one occasion, a 
queen  o f  B o m b u s  hortorum  w as observed  to 
lose its grip and fall to the ground w hen the soft 
perianth  suddenly  gave way. T he action o f  
bum ble-bee claws normally  causes  visible 
scra tches  on various floral parts ,  particularly on 
the labellum. N on-resup ina te  early flow ers 
function morphologically because  queens then 
adjust their visiting behav iou r  (see above).

W hen the proboscis  is s tre tched  into the c o m 
paratively  long spur, the face s im ultaneously  ap 
p roaches  the spur-m outh  and strikes the bursi- 
cula: thereby the m em brane  rup tu res  along a 
w eakened  cell layer (Fig. 7 C, bp). F u r th e r  
pressing swings the burs icu la  backw ards  like a 
hinge and gradually exposes  viscid m atter  w hich 
com es into con tac t with the dorsal surface o f  the 
advancing in sec t’s head, w here  it acts as a 
glide-layer until no fu rther  ad vancem en t is p o s 
sible. The bursicula is finally swung up into a 
space behind the projection to w hich it is hinged, 
ju s t  in front o f  the ou te r  bo rd e r  o f  the stigm a

(Fig. 7 D). U n d e r  p ress ,  the som ew hat rec tan
gular ou tline  o f  the spur en trance  becom es slight
ly ad ju s ted  by  ex tension  so that the  front part of 
the v is i to r ’s face is tightly enc losed  laterally. At 
the sam e tim e the vertically  narrow  space below 
the rigid projection holding the  bursicula b e 
com es  com plete ly  filled and tensed  by the head. 
G radually  during ad v an c em en t ,  viscid m atter 
b en ea th  the  viscidia b eco m es  sw ep t off (in opti
mal cases)  until finally, w hen  fu r ther  penetration 
is no t possib le , a very  thin layer  o f  viscid m atter 
is left b e tw ee n  the surface  o f  the insect and the 
discs. In this position (Fig. 5 B) the mandibles, 
labrum  and front parts  o f  the clypeus have 
passed  the viscidia and fill up the w idened part of 
the sp u r-m ou th  form ed by the lateral out-cur- 
vings (Fig. 7 A, c). The thin walls o f  the spur 
often b eco m e  scra tched  o r  pen e tra ted  from the 
inside in various w ays by the sclerous mouth- 
parts .

W hen  the insect re trea ts  from  the  spur-mouth, 
the bu rs icu la  swings back  to approxim ate ly  its 
original position at the  sam e time as the tightly 
adhered  viscidia becom e w ithdraw n, together 
with the  pollinia w hich slip th rough  the p ro tec t
ing folds. In perfect cases  (thin viscid layer under 
the discs), the caudicles  undergo  depression to 
a lm ost 90° in about 20 seconds  after removal. 
Since inflorescences norm ally  are  visited in a 
sh o r te r  time (see above),  this favours  cross-pol
lination. I f  the viscid layer  u ndernea th  the discs 
has not becom e thin enough , no com plete d e 
p ress ion  is possible becau se  the d iscs curve w ith
in viscid m atter  w hen drying. On a legitimate 
pollinator, the dep ressed  caudicles  are d irected 
fo rw ard -d o w n w ard  with the pollinia a little 
cu rved  forw ard (Fig. 5 C).

Pollination occurs w hen  such  a visitor presses 
its face  into the spur-m outh  o f  a flow er because  
the s tigm a covers  The ceiling’ at a  distance b e 
hind the en trance  co rrespond ing  to the depth  
reached  by the p ro trud ing  pollinia. The large 
stigmatic surface is slightly excava ted  along the 
m iddle (Fig. 7 B, s) w hich  com pensa tes  for the 
som ew hat rounded outline o f  the clypeus. As the 
pollinia normally are s itua ted  in front o f  the face, 
they  ne ither  becom e squeezed  be tw een  the face 
and the stigma nor p lunged into the  surface. This 
is im portan t since the stigm atic surface is co v 
ered  by a thick layer o f  sticky mucilage w hich 
w ould  destroy  the delica te  a rrangem en t of m as
sulae o f  the pollinia by cem en ting  them into a
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Fig. 7. Floral morphology in Dactylorhiza sam bucina  —  A: Lateral view of column and spur-mouth (left part o f  
flower removed) (12x). —  B: Cross-section of spur-m outh (2.3 mm behind the bursicula) in posterior view (12x).  
Detail enlarged shows the incurved left border o f  the stigma and the false nec tar  guide running along the ventral 
side o f  the lateral canal. —  C: Lateral view of bursicula  and adjacent parts (50x) . The point where the m em brane 
ruptures  by pressure is marked by an arrow. —  D: Do. showing the action o f  the hinged bursicula which swings 
backw ards into the groove in front o f the stigmatic surface thus exposing viscid matter. Arrow indicates direction 
o f  p ressure  by the head of a pollinator. —  Abbreviations: a anther, b bursicula, bp breaking-point, c curving 
(outwards), fng false nectar guides, 1 labellum, p enclosed pollinium, s stigma, sp spur, vm viscid matter.

com pact and ineffective club after one flower- 
visit.

T he  m ean value o f  the spur-length in p o p u la 
tion B was 15.3 mm (S D = 1 .6 ,  n=200) and in C 
16.1 mm (S D = 1 .7 ,  n=200). In bo th  populations 
the yellow colour m orph had slightly sho rte r

spur-length than the red one, viz. 15.1 (S D = 1 .6 ,  
n = 100) and 15.5 mm (S D = 1 .5 ,  n=100) in B and 
15.6 (S D =  1.5 n=100) and 16.5 mm (S D = 1 .7  
n=100) in C. E x tended  p robosces  o f  dead  
bum ble-bees  o f  the four m ost im portan t B om bus  
species, show ed that the spurs normally are
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 B. l u c o r u m  *

 B. s o r o e e n s i s * *

 B. h y p n o r u m  *

 B. t e r r e s t r i s  *

 B. m u s c o r u m  * *

 B. s y l v a r u m  * *

 B. p a s c u o r u m  *

 B. l a p i d a r i u s * *

 B. h o r t o r u m  *

 D . s a m b u c i n a  (B)

 D . s a m b u c i n a  (C)

2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0  2 2
< m m  >

Fig. 8. The length of the spur in Dactylorhiza sa m 
bucina (n=200  on each  locality) and the length of the 
proboscis (range and mean o f  prem entum  + glossa) in 
bumble-bee species occurring in southern Fenno- 
scandia which were recorded as visitors. —  * from 
Pekkarinen (1979) —  ** from M edler (1962 a, b).

longer than the depth  which could be reached  by 
the m outhparts .  This ensures  that the vectors  
advance u ndernea th  the co lum n which favours 
effective rem oval o f  pollinaria and pollination. 
The length o f  the p robosces  in the v isitor species 
indicates th a t  queens o f  B. hortorum  are not 
legitimate pollinators since the ir  p robosces are 
too long for a  large portion o f  the plant popula
tions (Fig. 8). C om parisons also indicate that B. 
lucorum, B. soroeensis  and  B. hypnorum  are not 
legitimate pollinators as the spurs are m uch 
longer than ‘n ecessa ry ’ (Fig. 8).

In Öland there exists a close adaptation  of the 
inner w idth  o f  the spur-m outh  to the width o f  
faces (across the centre  o f  clypeus) in vectors. 
Both param eters  have an approx im ate  mean 
value o f  3.2 mm (Fig. 9). Accordingly, optimal 
adapta tion  occurs with B o m b u s  queens having 
not too b road  faces. T w o such species, i.e. B. 
lapidarius  and  B. sylvarum ,  have a face-width o f  
about 3.6 (n= 21) and 3.0 mm (n=23),  respec tive
ly and ap p ea r  as tw o distinct peaks in the h isto
gram (Fig. 9).

In terac tions  betw een flow er and vecto r  m or
phologies give rise to d ifferences in the deposi
tion o f  viscidia (Fig. 10 A -I) .  Visitors having 
small heads (Fig. 10 A -C ) receive deposition 
high up on the face as m ore o f  the head pene
trates  into the  en trance. Since broad-faced spe
cies opera te  more outside the flower, they re 
ceive the viscidia on the fron t edge o f  clypeus or

B.s B.l

I I     ! ■ ■ ■  ""I11—  ̂ . " ,  —  i^ n -I .......................... I I I P I I ■ I \

2.0 3.0 4.0
Width  of spur e n t r a n c e  (bot tom) and of  

f a c e  a cr oss  the  ce n t r e  o f  c l y p e u s  ( t o p ) ( m m )

Fig. 9. Morphological adaptation of the flowers of D ac
tylorhiza sambucina  on Öland to the head o f  the pollen 
vectors .  L ow er unfilled bars rep resen t  the width of the 
spur-en trance x = 3 . 18, S D = 0.27 , n =  100) and the upper 
filled bars the width of the face ac ross  the centre  of 
clypeus of pollen vectors (x= 3 .22 ,  S D = 0 .43 ,  n=70). 
U pper  unfilled bars from the base line illustrate the 
n u m b er  of ea rned  pollinaria on faces (x=3.31, 
SD = 0 .3 9 ,  n=316). The two distinct peaks in the upper 
histogram s are due to the frequency  o f  Bombus sylva
rum $ $ B. s, (x=3 .0  mm) and Bom bus lapidarius $> ? 
B. 1, (x =  3.6 mm).

on labrum  (Fig. 10 H, I) w hich is unfavourable  
beca u se  afte r depression the pollinia then easily 
beco m e  destroyed  be tw een  the m andibles. S pe
cies having middle-sized faces rece ive  viscidia 
on the cen tre  o f  clypeus (e.g. Fig. 10 D, G and



BOT. N O T IS E R  133 (1980) Pollination in D actylorhiza  379
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F G H I
Fig. 10. T he deposited pollinaria o f  Dactylorhiza sambucina  on the heads of different visiting bees (5 x ) .  Viscidia 
have been filled black and represen t a cumulative p icture o f  the deposition on one or more specimens o f  the same 
bee species. —  A: Osmia bicolor d  with two pollinaria. —  B: Do. 4 9 9 with a total of 7 pollinaria. —  C: Apis 
mellifera 1 £ $  with 22 pollinaria. — D: Bombus sylvarum  19 9 9 with 82 pollinaria. —  E: Bombus pascuorum  2 
9 9 with 15 pollinaria. —  F: Bombus hortorum 3 9 9 with 7 pollinaria. —  G: Bombus lapidarius 19 9 9 with 118 

pollinaria. —  H: Bombus terrestris 4 9 9 with 16 pollinaria. —  I: Psithyrus bohemicus  2 9 9 with 9 pollinaria. — 
The heads A - l  have been arranged in respect to increasing face-width across the centre  of  clypeus in the different 
species.

Fig. 5 C). This surface is m ost favourable for 
a t tachm en t due to the absence  o r  relative sp a r
seness o f  hairs. In B om bus  queens ,  parts o f  the 
face near clypeus are densely  hairy  and not su it
able for effective adherence  o f  viscidia. In 
queens o f  Psithyrus bohem icus ,  c lypeus is den 
sely hairy also in the centre . Thus  the pa tte rn  of 
deposition indicates floral adapta tion  to queens  
o f  a group o f  not too b road-faced  Bom bus  spe
cies.

The num ber of a ttached  pollinaria on vec to rs  
is generally quite low (Fig. 11): the largest nu m 
ber found on a single vec to r  was 15. Many (47 %) 
carried  only one or tw o pollinaria and 66 %  c a r 
ried 4 or less. About half  o f  the vectors  (53 %) 
had even num bers which suggests some in te rac
tive im perfectness. H ow ever ,  in B in 1978, 
exam ination  showed that in flow ers which had 
missing pollinaria 80 % (n =75) had both  re 

m oved  and 68 %  had been  pollinated. In the case 
o f  flowers with one pollinarium rem oved , 53 % 
had been pollinated (n=15) while of flowers with 
both  pollinaria left, only 1.1 % (n =  1119) had 
been  pollinated. Thus it seem s tha t both  removal 
o f  pollinaria and cross-pollination efficiently take 
p lace during the sam e visit.

The elasticity o f  the caudicles allows them to 
be s tre tched  to m ore than 5 times the original 
length before they b reak  off. W ith optimal (thin 
layer) a t tachm ent on the clypeus of a legitimate 
vec to r ,  caudicles b reak  off at the ir  bases close to 
the discs ra ther  than the discs becom ing d e 
tached  from the surface o f  the vector. 
B um ble-bees  are hardly able to s tre tch  caudicles 
m ore than 3 times the original length in a t tem pts  
to  get rid o f  the pollinaria (Fig. 5 E). During visits 
to o the r  plants with deep  flow ers the caudicles 
easily bend backw ards  if the pollinia becom e run
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Fig. 11. T he num ber of pollinaria on pollen vectors o f  
Dactylorhiza  sambucina.

into various  floral parts  which minimizes loss o f  
m assulae (Fig. 5 D). On more superficial food- 
flow ers the  pollinaria on bum ble-bees do not 
touch  floral parts  at all due to the com paratively  
long p ro b o sces  (Fig. 5 F). W ithin a few days 
afte r  the beginning o f  an thesis , vectors  w ere  re 
gularly found  with only caudicles and discs left 
on the ir  heads  which suggests that the pollinia 
b ecom e w orn  out in one or m aybe a few days due 
to  the highly active, ex trem ely  an thophilous and 
pow erfu l vectors.

F ru it set

Fruits  a re  developed only afte r pollination (Table 
3). A uto-pollination does not occur although 
so m etim es  the  pollinia lean out o f  their pockets  
w hen th e  enclosing folds of the an ther  shrink 
during the  final part o f  an thesis . Com pared  to 
conspecific  crossing, selfing gives a low er pe r
cen tage  o f  seeds contain ing distinct em bryos.

Pollination with O. m ascu la  and O. morio  pollen 
p roduces  no or practically  no fruits and em 
b ryos . In a single specim en  a very  weak positive 
reac tion  for O. m ascu la  pollen w as noted. O b
viously  fruit set o f  D. sam buc ina  found in mixed 
populations with these  Orchis  species can be 
regarded  as a resu lt o f  conspecific  pollen tran s 
fer.

F ru it  set of na tura l popula tions  fluctuates 
considerab ly  be tw een  different years  but also 
b e tw een  different popula tions  (Table 4). Popula
tion A has constan tly  a very  small success per 
individual while o the rs  may reach  above 40 % 
fruit set. On one occasion  in A 43 inflorescences 
on a small spot w ere  exam ined  bu t only 2 (0.3 %) 
o f  the  694 open, a lm ost finished flow ers had been 
pollinated which suggests ra ren ess  o f  visitors in 
certa in  subhabitats .  The low fruit se t in B in 1978 
w as mainly due to  the dam age caused  by cold. 
N ex t year the fruit set w as 15 tim es higher. In C 
the percentage w as abou t 5 times higher in 1977 
than  in 1976. O n  S kabbho lm en  in U ppland, 
Sko ttsberg  (1907) rep o r ted  very  low fruit sets for 
the years  1900 and 1901 viz. 2.2 and 3.1 % of the 
flow ers respectively.

In  C in 1977 the yellow m orph  had 5.6 %  
h igher fruit set than  the red  m orph . In B in 1977, 
100 inflorescences o f  each  m orph  in mid-anthesis 
w ere  examined: on  average , 0.9 and  1.8 flowers 
per  plant were pollinated o f  the red  and yellow 
m orphs  respectively . A dditional scattered 
observa tions  support that the re  is at least no 
d ras tic  difference in fruit p roduction  betw een the 
m orphs.

A slight, almost linear, co rre la tion  exists be 
tw een  the num ber o f  flow ers in inflorescences 
and num ber of fruits p roduced  (Fig. 12 B). F o r  
individuals with less than  10 f low ers  there seem s 
to be a fast decline tow ards  no fruit se t at all. The

Table 3. Results of controlled pollination experim ents with Dactylorhiza sam bucina .  
individual.

on the same plant

Conditions
No. of 
plants

No. o f  
flowers

No. of 
strongly 
swollen 
ovaries

No. of 
slightly 
swollen 
ovaries

Seeds
with
em bryos. 
Range (%)

Seeds
with
em bryos. 
Mean (%)

Self-pollinated 15 30 29 0 4.5-88 43
Cross-pollinated 15 29 29 0 32-95 75
With O. m ascu la  pollen 10 20 0 2* 1.7* 0.2*
With O. m orio  pollen 10 20 0 0 0 0
U n to u ch ed 15 160 0 0 0 0
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Table 4. F ruit  set o f  Dactylorhiza sambucina.  —  * This 
value is probably too high as only large fruiting indi
viduals could be found this year due to exceptionally 
fast decomposition.

Locality Year
No. of 
plants

No. of 
flowers

No. of 
fruits

Fruit set per 
specimen (%)

A 1976 135 2157 41 2.1
A 1977 30 595 54 8.2
A 1978 44 640 117 18.2*
A 1979 180 2588 219 9.3

B 1978 257 2617 65 2.8
B 1979 62 572 213 41.7

C 1976 68 1268 115 9.7
C 1977 62 Y 845 417 48.5
C 1977 217R 3075 1341 42.9
C 1979 90 1305 255 20.6

p h en o m en o n  is probably  a result o f  differences 
in a t trac t ive  capacity (see above).

A very  striking decrease  in fruit production 
exists  from  the bottom  to the top  of inflores
cences  (Fig. 12 C, Ds). C om pared  to flowers in 
the low erm ost position (No. 1) flowers in posi
tions N os. 26-37 have about 15 times less fruit 
set. I f  a curve is construc ted  for a non-deceptive 
n ec ta r  producing orchid which stimulates pol
linator cons tancy , a com plete ly  different p ic ture 
is ob ta ined  as showed with Platanthera chlo-  
rantha  (Cust.)  Rchb. (Fig. 12 C, Pc), a m oth-pol
linated species (see N ilsson 1978). The rapid 
decline o f  fruit set upw ards  in inflorescences o f  
D. sam buc ina  reflects the behav iour of deceived  
pollen vectors  and the early visiting before all 
flow ers are open.

D isc u ss io n

Phenologies, in teractive morphologies, flower- 
visiting and occurrence of pollinaria on insects 
show  tha t D. sam bucina  is almost exclusively 
pollinated by B om bus  queens. In the s tudy 
a rea s ,  species  having middle-sized heads are  the 
legitimate pollinators i.e. B. lapidarius and  B. 
sy lvarum .  These two species are com m on in 
F en n o scan d ia  also outside the distribution o fD .  
sam buc ina  (cf. L0ken 1973 and Hultén 1971). 
Solitary  bees seldom act as pollinators which is 
rem arkab le  since many species (e.g. A ndrena)  
are  at m axim um  during the anthesis of D. s a m 
bucina.  E ven  patrolling males of Osmia bicolor, 
w hich spend most of their lives among D. s a m 
bucina,  contribute  rarely to pollination. Floral 
a llu rem ent seems inefficient for solitary bees.

T he pollination system  based  on deception  
functions  optimally during the unconditioned  
stage in the B om bus  populations tha t occurs 
shortly  after their em ergence  from hibernation . 
This is in accordance  with the prelim inary 
observa tions  made by Delpino (1873-74). H offer 
(1883) recorded  visits on M ay 13 which thus 
points in the same direction. During this stage, 
w hich occurs  in May for all B o m b u s  species, 
queens  have to make frequen t exp lora to ry  visits 
to various  supposed food-sources , which favours 
the system . Exam ination of the corb icu lae  c lea r
ly ind icates  that this occurs  before the food for 
the first brood is collected. Since bum ble-bees  
soon estab lish  individual foraging rou tes  to c lus
ters o f  food-flowers (M anning 1956, H einrich  
1976), the system  of  decep tion  reasonably  fu n c 
tions mainly before such habits  have been  ac 
quired . The general behav iour o f  bum ble-bees  in 
rela tion  to  D. sam bucina  seems similar to that 
ob se rv ed  on C alopogon pulchellus  (Salisb.) R. 
Br., a n o th e r  orchid acting by deceit (H einrich  
1975 a). L a te r ,  obviously, only occasional visits 
take p lace in addition to those  made by unhea l
thy queens . Delpino (1873-74) argued tha t b u m 
ble-bees soon learn to avoid D. sam bucina  and 
B o m b u s  has been observed  to avoid Orchis  spe
cies w hen  these are growing am ongst o th e r  f low 
ers (van  der Pijl 1966). During cons tancy  on 
food-flow ers in mixed populations such  reac 
tions a re  to be expec ted  (if not mimetic re sem 
blance is involved). H ow ever ,  there is no evi
dence  to  suggest that the drop in visiting after the 
unconditioned  stage, reflects anything but the 
q u e e n s ’ habits to keep to the ir  daily foraging 
rou tes  which certainly do not incorpora te  D. 
sam buc ina .

Inexperienced  bum ble-bees (“ N eulinge” ) are 
a t trac ted  to their first flowers by optical cues 
afte r w hich they explore the floral construction  
for food  (K ugler 1935). Thus, the colours  in D. 
sam buc ina  are probably adapta tions for spon ta 
neous far  a ttraction o f  pollinators. In the case of 
C alopogon  pulchellus  H einrich  (1975 a) p re 
sen ted  a theory  that the ability to deceive  is 
increased  by its variability in colour as it should 
take pollinators longer time to avoid the species. 
The coexisting  o f  colour m orphs in D. s a m 
bucina  might be such an adaptation . F u r th e r  
observa tions  are needed , how ever, before any 
conclusions  can be made. The colours of the 
m orphs are expected  to fall close to optical sen-
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Fig. 12. The size of inflorescences and the positions 
and production of fruits in Dactylorhiza sambucina.  
Countings have been lumped from the three popula
tions studied. —  A: Histogram illustrating the num ber 
o f flowers developed by inflorescences (n=853). —  B: 
Relationship between the num ber of flowers in inflo
rescences  (n = 853) and the (mean) num ber of produced

sitivity m axim a in bum ble-bees  since many 
bum ble-bee-adapted  plants have e ither of these 
tw o ground colours e.g. Corydalis  spp., La-  
m ium , S tachys, Galeopsis  etc. In contrast to the 
situation in the populations studied, the yellow 
m orph  dom inates in f requency  in Central G o t
land and also further south  in E urope  (Pettersson 
1958). In N orw ay  only the yellow morph occurs 
(R obak 1940). W hereas the la tte r  might reflect 
long distance dispersal of m onotypic seed, re
gional and local m orph ratios probably reflect 
adap ta tions  to the d iversity  o f  concurrently  
flowering food-flowers and  to the com position of 
bum ble-bee faunas in different regions and eco 
logical habitats. E x is tence  o f  the  tw o morphs 
seem s advantageous as it should provide a 
sophisticated  possibility for fast selection to 
w ards  optimal utilization o f  the locally available 
potential for deception. The small differences in 
spur-lengths betw een the m orphs found, are per
haps correlated to small differences in the 
com position  o f  pollinators or in their behaviour

P o s i t i o n  of f l o w e r s  
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fruits. T he solid line has been fitted by eye while the 
line of short dashes represen t the regression line 
(y = 1.76 +  0.07x) according to the m ethod o f  least 
squares. —  C: Fruit set at different levels in inflores
cences o f  D. sam bucina  (Ds dots) ( n =915) and in an 
orchid species (P la tanthera chlorantha  Pc, crosses) 
(n=296) which gives reward in the form of nectar to its 
visitors (moths). T he positions o f  flowers have been 
num bered  from below. Fruit set (mean) for each flower 
position is given as the re lative difference in percent 
betw een  the value for each  position and the fruit set 
(mean) o f  flowers in the low erm ost position (flower 
No. 1). T he curves have been  fitted by eye.

vis-a-vis the morphs. A possib le  trend  from the 
few data  on com para tive  fruit set and “ m orph 
c o n s ta n c y ” by queens  might be that the yellow 
m orph has  a slight selective advan tage  and th e re 
fore slowly increases in percen t in the popula
tions studied.

H ow ever ,  the g ene tica l 'sy s tem  responsible  for 
the co lour variability is unknow n . In addition to 
the d istinct two co lours ,  there  also exist in te r
m ediate  light red spec im ens  at, norm ally , very 
low percentages  in all popu la tions .  S ince queens 
do not seldom shift b e tw een  the m orphs, the 
light red  individuals can n o t re f lec t a  simple F, 
offspring but probably  rep resen t certain  gene 
com binations  which are  p ro d u ced  in continuous 
in trogressive hybrid ization  b e tw ee n  the two 
m orphs.

The false red p igm ented n ec ta r  guide pa tte rn  is 
obviously  an adap ta tion  to s tim ula te  alighting 
and food searching reac tions  (cf. K ugler 1970). 
The im pression o f  a deep  spur also  has  this effect 
(K ugler 1970). That the spur is “ apparen tly
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fu n c tio n le ss”  (van de r  Pijl & D odson 1966) 
seem s doubtful. In D actylorhiza  incarnata  (L.) 
Soö D aum ann  (1941) found  that 8 .4 %  of the 
visited flow ers show ed dam ages caused  by p ro 
bosces .

T he  non-resup ination  o f  early flow ers might 
perhaps  be in terpreted  as an adap ta tion  to the 
b eh av io u r  of queens.  H o w ev er ,  Z iegenspeck  
(1936) no ted  that bum ble-bees  spontaneously  
tu rned  the head dow n when confronted  with 
non-resup ina te  flowers o f  Dactylorhiza  m acu-  
lata  (L .) Soö. The floral te rpene  em ission in D. 
s a m b u c in a  probably  s tim ulates  the queens to 
alighting and food search ing  on the  flowers.

W hy is D. sam bucina  g regarious and w hy does 
it norm ally  dom inate  the  floral display on its 
localities? Since the species  normally  grow s in 
the op en ,  gregariousness  probably  a ttrac ts  
scouring  queens very  effectively. It also releases 
renew ed  scouring afte r a few  exp lo ra to ry  visits. 
This might favour cross-pollination  and perhaps 
m inim izes the energetic  costs  o f  the pollination 
system  (w hich is paid by o the r  plants), in that 
queens  soon becom e d irec ted  to clusters o f  
food-flow ers.

N o ev idence  suggests that D. sam bucina  mi
mics e i the r  one or a group  of food-plants utilized 
by the  queens.  Since the  orchid  is totally de 
pen d en t on the energy p roduced  by o the r  plants 
to its po llinators, it seem s im probable from an 
energe tic  point o f  view tha t selection tow ards  
such resem blance  should be advantageous. 
B um ble-bee  queens are highly energy-requiring 
po llinators  (H einrich 1975 b) and  simply cannot 
spend  m uch  of the ir  active time flying about and 
becom ing  deceived. T h ere fo re  selection p ro b 
ably ac ts  in a way w hich, to a certain degree , 
m akes D. sam bucina  d istinguishable from the 
q u e e n s ’ food-plants as its decep tion  system  acts 
within the  limits o f  the energy  flow from these  
plants . This is supported  also by the fact that 
food com petit ion  betw een pollinators is m ost se 
vere in spring (M osquin 1971). Thus co lour and 
frag rance  resem blances  with food-plants are not 
necessari ly  of selective advan tage  for the polli-

I
nation system  in D. sam buc ina .  The pollination 
sy stem  probably  benefits from Sphaerularia  in
fection  o f  queens since no nesting, frequent 
scouring  and  disrupted  co n s tan cy  (L undberg  & 
S v en sso n  1975) produce m ore situations for de 
cep tion . The spread o f  Sphaerularia  within 
popu la tions  varies and som etim es  reaches very

high levels (Palm 1948). In con tras t  to healthy 
queens ,  infected individuals are  expected  to c o n 
tribute  to pollination now  and then throughout 
anthesis .

The visitation which resu lts  in predom inant 
fruit set in the low erm ost f low er positions, w as 
already  reported  by Delpino (1873—74) but 
Z iegenspeck  (1936) later denied  the correctness  
o f  D elp ino’s conclusions. Only a few flowers in 
the inflorescence con tribu te  directly  to seed p ro 
duction  whilst the majority functions only in 
a ttrac tion . Therefore  few flow ers in an inflores
cence  have  a selective d isadvan tage. The num 
ber o f  flowers p roduced  m ust be m uch higher 
than w hat is necessary  for seed production  
alone. A pparently  this is one o f  the costs of 
deception . On the o ther  hand  q u e e n s ’ short a c 
tions reasonably  p roduce  a prom inent out- 
c rossing breeding system  w hich prom otes high 
genetic variability in the species. It seems th e re 
fore that D. sam bucina  has an ex traord inary  
potential for evolutionary  response.

The inhibited developm ent of fruits and em 
bryos in crosses  with Orchis  pollen points to an 
ex istence  o f  a strong genetic barr ie r  in that 
d irection. H ow ever, hybrid records  indicate that 
the barr ie r  is incom plete (Sunderm ann  1975). 
A ccording  to observations  o f  pollinaria on 
queens , interspecific pollen transfe r  with D. 
sam buc ina  as a m other plant, is frequent. A lso 
the non-discrim inating exp lo ra to ry  behaviour of 
queens  points to a low degree o f  ‘e thological’ 
isolation be tw een  these orchids.

T he  s trong m ulti-com ponent te rpene  em ission 
seem s to render D. sam buc ina  to an isolated 
position within D actylorhiza.  For instance, D. 
incarnata  is practically scen tless ,  only very  
small am oun ts  of a -c o p a e n e  are em itted , while
D. m acu la ta  ssp. fu c h s i i  Druce only produces 
small am oun ts  of 4 sesqu ite rpenes  (Nilsson un- 
publ.). D. sam bucina  is the only spring flowering 
m em ber o f  Dactylorhiza  in northern  E urope  
(Sunderm ann  1975) and since the early Orchis  
species O. m ascula  and O. morio  also have 
s trong te rpene  em issions (N ilsson unpubl.), po l
lination o f  nectarless orchids in spring by bu m 
ble-bee queens seem s to require  strong fra
grances. T hus , the s ta tem en t that the nectarless 
Orchis  species “ are scentless  or have faint fra 
g ra n c e ” (Dafni & Ivri 1979) is contrad icted  by 
gas chrom atographic  evidence.

The pollination system  based  exclusively on
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deception  o f  queens seem s also isolated within 
Dactylorhiza. F o r  exam ple D. incarnata  is polli
nated by inexperienced  bum ble-bee w orkers  
(D aum ann  1941) and since fresh  w orkers  em erge 
from  nests all the time (‘n ew co m e rs ’), deception 
is working fully throughout an thesis , not only the 
first days of flowering as supposed  by van der 
Pijl & D odson (1966). A general pollination 
principle probably canno t be ascerta ined  for 
e ither Dactylorhiza  or  Orchis  bu t these species 
are anthecologically specialized to exploit m ore 
or less d iverse deception situations. That any 
additional a ttrac tan ts  are p resen t (Faegri & van 
der  Pijl 1971) in addition to  co lour and scent is 
not supported  by any ev idence  (cf. Daumann 
1971).

The early flowering m akes D. sam bucina  ex 
posed  to hazard  with unreliable factors  such as 
spring w ea the r  and the h ibernation success of 
B o m b u s  queens. H ow ever ,  both  flowering and 
em ergence from  hibernation are  probably co n 
trolled by the same spring w ea the r  factors which 
ensure  coex istence (cf. S iivonen 1942). Van der 
Pijl & D odson (1966) suppose  that the pollination 
system  of Orchis  spp. ( s . l . )  is “ ra ther  unbal
anced  and unsa tisfac to ry”  and “ more or less 
unspecia lized” . This seem s not to be the case in
D. sam bucina .  On the con tra ry , the pollination 
system  in this species is highly specialized not 
only to a certa in  congeneric  group o f  available 
insect pollinators but also to a certain  stage in 
their lives.
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Everniastrum andense sp. no v., a neotropical paramo lichen
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Kärnefelt, I. 1980 09 18: E verniastrum  andense  sp. nov .,  a neotropical param o lichen. Bot. 
N otiser  133: 387-394. S tockholm . ISSN 0006-8195.

Brief in troductory  rem arks on the genus are followed by a detailed description of the new 
species, E. andense  Kärnef. The section on taxonom y deals mainly with the affinity o f  the 
new species w ith/s. ecuadoriense  (R. Sant.) Hale. E. andense  appears to be endemic to the 
northern  A ndean  region o f  N eotropis  colonizing twigs o f  param o shrubs. Illustrations of 
anatomical and morphological characteris tics  and a distribution m ap are included.

Ingvar Kärnefelt ,  D epartm en t  o f  Sys tem atic  B o ta n y , University o f  Lund, Ö. Vallgatan 18, 
S-223 61 L und, Sw eden .

T he  genus Everniastrum  was estab lished  by  H ale  
(1976 a) and  com prised  21 species, several o f  
w h ich  had  earlier been  inc luded  in Parm elia  sub 
genus  Everniiform es  (H ale & W irth 1971). Since 
then  E. m exicanum  has been  discribed by Egan
(1978) and  E. param ense  by H ale & L opéz-Fi- 
gueiras  (1978).

T h e  genus is mainly charac terized  by long 
m ore  or less canaliculate lobes, with or w ithout 
long marginal cilia. F u r th e r  the  thin epicortical 
layer  is pored , and a tranorin  was found as co rti
cal su b s tan ce  in all 23 species. Several m edullary  
su b s tan ces ,  including pro to lichesterin ic  acid , are 
also reported .

E vern iastrum  is a mainly neotropical genus, 
m os t o f  the species occurring  in high m ounta in  
reg ions from Mexico to Chile and A rgentina. 
Only four species occu r  in Asia and one, E. 
a fr ic a n u m ,  is described from  a similar hab ita t  in 
T anzan ia .

M a ter ia l and  m ethods

I have examined the material of Everniastrum  in LD 
and GB. The material o f  E. andense  was borrow ed  
from G B, M and S. In US I saw  in addition material 
from the type locality.

Light and interference con tras t  m icroscopy was 
carried  out on sections c. lO - G ^ m  thick, sectioned on 
a freezing microtome and stained in Lactic  Blue. 
Scanning electron microscopy was carried ou t on one 
spec im en each o f  E. andense  and E. ecuadoriense  ac 
cording to  the procedure described  by Hale (1973, 1976 
b). Thin layer chromatography was carried out acco rd 
ing to the method described by Culberson (1972).

E vern iastru m  an d en se K ärnef . ,  sp. nov.

Holotype: Venezuela, M erida State, Sierra de Santo 
Domingo, Param o de M ucuchies, near Laguna Negra, 
alt. 3500-3750 m, on dead twigs of Hypericum larici- 

fo l iu m ,  13.1 1979 Santesson 20418 (S).

E. ecuadoriensi simile a quo differt lobis magis canali- 
culatis brunneis  apice non ramosis et ciliis marginali- 
bus longioribus minus ramosis. Cortex et medulla K - ,  
C - ,  K C - ,  P D -.  A tranorinum  deest in cortice; in m edul
la acidum  lichesterinicum et acidum  protolichesterini- 
cum  adsunt.

Thallus  subfruticose, u nb ranched  or sparsely  
d icho tom ously  b ranched , apically always un
b ranched ,  forming ra th e r  open  colonies. L o b es  
longish, linear, 0 .3-0 .5(-1 .0) cm, suberect, 
0.2—0.5(—1.0) mm broad. Upper surface  slightly 
vau lted , pale brow n to dark  b row n, sometimes 
with blackish portions, sm ooth  and usually dull. 
L ow er  surface  canalicu late , pale brown to 
brow n, often with transve rse  ridges or sm ooth, 
usually dull. Basal portions  o f  the  lobes usually 
blackish. M argins  usually th icker and darker  
than the middle portions  o f  the lobes. Cilia 
abundan t on the m argins, (1—)2—3(—5) m m  long, 
often singly b ranched , or som etim es several 
tim es, b lackish. P seudocyphellae  and soralia not 
p resen t.

Epicortical layer  pored. Pores  usually irregu
larly form ed 10(-20)/^m large, often assem bled  in 
sm aller groups. Upper cortex  20-30 p m  thick, 
p ro sop lec tenchym atous , com posed  o f  m ore or 
less anticlinally oriented hyphae , peripherically 
with a b row n  pigm entation. Portions o f  the cor-
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Fig. 1. A: E. andense.  V enezuela , Anden, Estado Merida, Strasse A partaderos-V alera ,  El Aguila, c. 3850 m, 
1969 Oberwinkler 15158 c (M). — B: E. ecuadoriense . E cu ad o r,  Pichincha, eas te rn  slopes of Cerro Iliniza, alt. c. 
4200 m .s .m .,  paramo, epiphyte on Chuquiraga,  1972 Arvidsson  & Nilsson 903 (GB).

Fig. 2. Cilia, hymenium and pycnidium of E. andense .  —  A: SEM micrograph showing the simply branched  
marginal cilia. 1979 Santesson 29418 (S, holotype). —  B: Close to the tip o f  a cilium showing the strongly 
conglutinated bundles of  hyphae. 1979 Santesson 24418 (S, holotype). SEM. —  C. Cross-section o f  hym enium  
with asci and ascospores. 1969 Hertel 10662 (M). In terference  contrast micrograph. —  D: Cross-section of 
pycnidium. Enlarged the slightly dumb-bell-shaped pycnoconidia . 1969 Hertel 10662 (M). In terference contrast 
micrograph. — E: Cross-section o f  hymenium with asci and  ascospores. 1979 S an tesson  24418 (S, holotype). 
SEM . —  F: Immature pycnidium immersed in the pored surface. 1979 Santesson 24418 (S, holotype). SEM .
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Fig. 3. Pored epicortical layer and cortex. —  A. E. andense .  1979 Santesson 24418 (S, holotype). SEM . —  B: E. 
ecuadoriense.  Malme, Lich. austroam ericani 356 (LD). —  C: E. andense.  C ross-section  showing penetra ted  
upper cortex . 1979 Santesson 24418 (S, holotype). SEM . —  D. Another part o f  the sam e cortical section as in C 
showing a larger gap in the cortex .

tex perfora ted , in places b roken  under  the pores. 
M edulla  60 -220p m  th ick , s truc tu re  dense , hyp- 
hae 2 .5 -3 .5  p m thick. A lg a e  concen tra ted  near  
the u p p e r  cortex in a layer 10-20/rm  thick, indi
vidual cells green and spherica l,  8 -12 /rm  in d ia
meter. L o w er  cortex  10 -20 /rm  thick, prosoplec- 
tenchym atous ,  darker  than  the  upper cortex .

A p o th ec ia  often ab u n d an t ,  developing on the 
upper surface, laminal. D isc  (0 .2-)0 .5-2 .0(-4 .0)

mm broad, usually d a rk e r  brow n than the 
thallus, glossy. Thalline m argin  with a pored 
epicortical layer, som etim es slightly crenulated  
and with short cilia, 0.2—0.5(— 1.0) mm. H y m e n i
um  4 0 -5 0 p m  thick. A s c i  cylindrical to c lavate , 
2 5 -3 5 x 5 -1 0  p m .  Spores  8, hyaline, round to 
subglobose 4—6 x 4—5 //m . P araphyses  sep ta ted , 
c. 5 0 x1 .5  p m .  H y p o th ec iu m  20-30 p m  thick, 
colourless. Pycnidia  sca t te red  on the upper su r
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Fig. 4. E. andense .  —  A: Pored thalline margin o f  apo thec ium . 1979 Santesson  24418 (S, holotype). SEM . —  B: 
U npored  low er surface. 1979 Santesson  24418 (S, holotype). SEM .

face , im m ersed , pyriform. Conidiophores  abou t 
30 p m  th ick  in the m ature  pycnidial cham ber.  
P ycnocon id ia  slightly dum b-bell-shaped, ab o u t 
5 .0 x 0 .5 /rm .

C hem is try

C ortex  and medulla K - ,  C - ,  K C -  and P D - .  E. 
a n d en se  contains lichesterinic and protoliches- 
terinic acids in the medulla. N o cortical reac tions  
o r  substances  were de tec ted , E. andense  thus 
being the only species in the genus lacking atra- 
norin  in the cortex.

T axonom y

O f the  o ther  23 species included in the genus, E. 
andense  appears  to be c losest to E. ecuadoriense  
(see San tesson  1942). The new  species is d is tin 
guished on the linear brow nish  and canaliculate 
lobes with ra ther  long b lackish  singly b ranched  
marginal cilia (Fig. 1 A, 2 A). E. ecuadoriense  
has slightly w ider less canaliculate  lobes, the 
upper  surface being flatter. F u r th e r  the b ran ch 
ing o f  the lobes o f  E. ecuadoriense  is different, 
apically usually d icho tom ously  branched and  
w ith  several lateral b ranches  (Fig. 1 B). The cilia 
on E. ecuadoriense  are usually  m ore abundan t 
but are  shorter  and the la teral branches often

n um erous .  The u ltra s tru c tu re  o f  the cilia of both  
species  is as described  by H ale  (1976 b), co m 
posed  o f  strongly conglu tinated  bundles of 
h y p h ae  (Fig. 2 B).

B ecause  o f  the long marginal cilia and the li
near  canaliculate  lobes E. andense  have certain  
ch arac te r is t ics  in co m m o n  with A naptych ia  and 
o th e r  m em bers of the P h y s c ia c e a e . The rep ro 
ductive  s truc tu res ,  ho w ev er ,  are parm eliaceous 
(Fig. 2 C, D, E, F).

F u r th e r  E. andense  differs from E. equa-  
doriense  in the brow n co lour  o f  the upper lobe 
su rface , the upper surface  o f  the lobes in E. 
ecuadoriense  being m ore greyish. T he lower su r
face o f  the two species also differs in s tructure ,
E. a ndense  being ridged while in E. ecuadoriense  
it is rougher.

T he  pored  epicortical layer is a generic charac
te r  ra th e r  than a critical species character .  W hen 
I first saw material o f  E. andense  I believed it 
could  be in the genus Cetraria. F o r  practical 
pu rp o ses  I also used  a herbarium  nam e which 
unfo rtunate ly  has also b ecom e know n outside 
Lund. H ow ever ,  a f te r  having s tudied the m a te 
rial in the SEM  I realized  the new taxon  could 
no t possib ly  belong to Cetraria.  All species of 
Cetraria  exam ined in the SEM  have a non-pored 
epicortica l layer. I the re fo re  also decided not to 
use the unpublished  specific ep ithet which had
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Fig. 5. H abita t  o f  E. andense ,  showing the site in 
V enezuela  on the Paramo de Mucuchies at about 
3500-3750 m .s .m . The vegetation is dominated by the 
large sh rubby  Espeletia  (Asteraceae). The darker 
shrubs are H ypericum  laricifolium , where the cortico- 
lous species is growing. January  1979, Rolf Santesson.

been  in tended  to honour a Cetraria  m onographer 
(see L opez-F igueiras  1977).

A ccord ing  to Hale (1976 b) the epicortical po
res are  c. 10 -3 0 p m  in d iam eter. In E. andense  
the pores  a re  usually about 10 p m  in d iam eter, 
appearing  in smaller groups as also stated by 
H ale (1973) (Fig. 3 A). The s truc tu re  of the epi
cortical layer  o f  E. ecuadoriense  is the same as 
that in E. a ndense  (Fig. 3 B).

T he  cortical layer is usually only broken by 
narrow  passages penetrating to the algal and m e
dullary layers  (Fig. 3 C). O ccasionally even 
larger parts  o f  cortical tissue are lacking (Fig. 3 
D). In addition  scattered  pores occur on the 
apothecia l thalline margin (Fig. 4 A). The lower 
surface , how ever ,  is non-pored (Fig. 4 B).

The main function of the pores is presum ably  
to allow  gas exchange be tw een  the algae and the 
a tm o sp h ere .  H ale (1976 b) concluded that a 
pored  ep ico rtex  could be charac teris tic  of lichen 
g roups that have evolved or are centred  in the 
tropics , giving exam ples from the genera Cocco-  
carpia  and H y p o tra c h y n a . Species within eco 
logically corresponding  lichen genera  in boreal 
o r  arc tic  regions have non-pored epicortical lay
ers. A pored  epicortex would probably  be an 
inadequa te  cover  for the sensitive algal layer d u 
ring the  long period of frost.

H a b ita t

Subalp ine habita ts  in the A ndean  region are lo
cally charac terized  by giant shrubby  Espeletia

(A steraceae) and o the r  large shrubs. This unique 
type o f  vegetation is called param o.

In V enezuela  E. a ndense  has been  found at 
a ltitudes of c. 3500 m to 4250 m growing on twigs 
o f  H ypericum  laricifolium  (Fig. 5). According to 
P ro fesso r San tesson  (in litt) the new species was 
locally abundan t on dead  sh rubs  1-2 m high. In 
E cu a d o r  it was found toge ther  with E. ecuadori
ense  at c. 4200 m grow ing on twigs o f  Chuquira-  
ga  (A steraceae).

H ypericum  laricifolium  is the substra te  also 
for o th e r  notable species, such as Parm eliopsis  
angustior  Nyl. and an undescribed  species of 
N e p h r o m o p s is .

D istribution

E. andense  is so far only know n from  the no rth 
ern neotropical A ndean  region (Fig. 6 A). The 
specific epithet refers to this region. Most col
lections have been  m ade in a ra th e r  limited area  
south o f  Lago de M aracaibo  in the param o region 
o f  Cordillera dc M érida in V enezuela . In a lichen 
collection from E cu ad o r  in the  P ichincha A n
dean region east o f  the C otopax i m assif I also 
d iscovered  a small spec im en  o f  the species. E. 
andense  probably occurs  ou ts ide  these  tw o A n
dean areas. I assum e the species to colonize 
similar A ndean habitats  from  northern  V enezue
la to Colom bia and E cuador.

T w o o ther  species, E. peru v ia n u m  and E. sub-  
nepa lense ,  have in addition been  described from 
high elevations in Peru (H ale 1976 a), a probable 
sou thern  limit for the species distribution. E. 
ecuadoriense  is only know n from a few localities 
in the central A ndean region o f  E cu ad o r  (Fig. 6 
B). This species p resum able  has a som ew hat 
w ider A ndean distribution.

A num ber of o ther  lichens are also mainly 
d istr ibu ted  within the no rthern  A ndean  region. 
H ypotrachyna  lopezii (H ale 1975), H. cendensis,
H . meridensis, H. neoflavida , H . primitiva  (Hale 
& Löpez-Figueiras  1978) and Pseudoparm elia  
venezolana  (Hale 1976) are described  from the 
V enezuelan  param o, and one cru s to se  species, 
R hizocarpon  oberwinkleri (H ertel 1974). H y p o 
trachyna andensis, H . chicitae, H. endery-  
thraea, H. obscurella, H. os teo leuca , H. physo-  
dalica  and H. pro ten ta  are  also centred  in the 
region, some with ex tensions  to the Caribbean 
region in the north and to the A m azon  region in 
the south  (Hale 1975). A lso mainly endem ic to
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the northern  Andean region are a few species of 
Cladonia ,  viz. C. arcuata, C. bicolor, C. bolivi
ano, C. polia  and C. rot undata  (Ahti 1961).

H ow ever,  the northern  A ndean  region and  the 
param o type of vegetation are not wholly unique 
floristically. Hertel (1971) reported  a num ber of 
com m on H olarctic c rus tose  lichens from the 
Venezuelan param o, i.e. Candelariella vitellina, 
Leca n o ra  atra, L. badia, L . poly tropa, Lecidea  
atrata, L. crustulata, L. lapicida, L. tesselata, 
Lecidella  elaeochroma, R h izocarpon  superfi
ciale, Sarcogyne  sim plex  and Trapelia coarcta-  
ta.

Localities.  Ecuador. Pichincha: Eastern slopes of 
Cerro  Iliniza, alt. ca 4200 m.s.m . Paramo, epihyte on 
Chuquiraga,  1972 Arvidsson & Nilsson 903 (GB) 
(small specimens on dominating E. ecuadoriense  colo
ny).

Venezuela. Anden, Estado Merida: Strasse Aparta- 
deros-Valera, El Aquila, c. 3850 m, 1969 Oberwinkler 
15158 c (M, two packets with same number). — Distri 
tio Rangel, Paramo de M ucuchies, Höhenrücken ober
halb der Strasse von der Passhöhe El Aguila nach 
Pinango, c. 1 km NW von El Aguila, alpine Stufe, c. 
3900 m, 1969 Hertel & O berw inkler 10662 (M). —  
Sierra de Santo Dominigo, Param o de Mucuchies, near 
Laguna Negra, alt. 3500-3750 m, on dead twigs of 
H ypericum  laricifolium , 1979 Rolf Santesson 29418 (S, 
holotype; LD, isotype); 29402 (S).
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Venezuelan material and provided me with a picture 
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wish to thank Mr Lars Arvidsson, Göteborg , and Pro
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astrum  material.
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Thind, K. S. & Sharm a, M. P. 1980 09 18: Pezizella kashmirensis, a new d iscom yce te  from 
India. Bot. N o tiser  133: 395-396. S tockholm. IS S N  0006-8195.

A new species,  Pezizella kashm irensis  Thind & Sharm a, is described and illustrated from 
the N orth -W estern  Himalayas, India, and a key is provided for the three known Indian 
species o f  the genus.

K. S. Thind an d  M. P. S harm a , B otany D epartment,  Pan jab  University, C han
digarh-160014, India.

T he generic nam e Pezizella  w as proposed  by 
Fuckel (1870), including species  having small 
excipular cells, asci and a sco sp o res .  No sharp  
line exists be tw een  Pezizella  F uck ,  and H ym e-  
noscyphus  S. F. Gray bu t the  fo rm er  differs from  
the la tter by the smaller cells o f  the ectal excipu- 
lum lying at low level to the  surface, slightly 
narrow er asci and smaller a scospo res  (Dennis 
1968).

In India, the genus is prev iously  known only 
by two species, P. discreta  (K ars t .)  Dennis and 
P. com panu li fonn is  (Fuck.)  D ennis , recorded  by 
Thind and Singh (1970) and Singh (1974), re 
spectively. In the p resen t p ap e r  a new  species is 
described  and illustrated. K ey to  the three Indian 
species is provided.

Key to the Indian species of Pezizella

1. A scocarps on fern rhizome P .  companuliformis
-  Ascocarps on other substra tes  .................................. 2
2. Ascocarps on Salvia glutinosa  twigs; asci J + ;  

ascospores 5 .0-6 .5 x  1 .0-1.5/<m  P.  discreta
-  Ascocarps not on S a lv ia ; asci J - ;  ascospores

6.5-9.0 x 1.0-1.5 ............................... P .  kashmirensis

P e z iz e lla  k a sh m ir e n s is  T h in d  e t  S h a r m a  sp. n o v . ,  
F ig .  1 A - B

Orig. coll.: India, Jammu & Kashm ir,  on way to Pissu 
Ghati, Chandanwari (3,200 m), on dead herbaceous 
angiospermic stems, 29.8.1972. M. P. Sharma 3986 
(PAN holotype; isotypes at TA A  and with Dr. W. D. 
G raddon, Ross-on-Wye, England).

Ascocarpi ad 2,5 mm diametro, superficiales, sessiles 
ad subsessiles, dense gregarii, solitarii, nonnunquam  
confluentes, carnosi, discoidei vel haud profunde cu-

Fig. 1. Pezizella kashm irensis . —  A: Vertical section of
the apothecium  showing excipulum  and hymenium. x 
320. —  B: Ascospores. x 800.

pulati, reguläres, in vivo crem icolorati  ad pallide-flavi 
in sicco flavo-brunnei, glabri; hym enium  concolora- 
tum , concavum , leve; margo tenuis,  in teger in sicco 
incurvatus. Excipulum ex ternum  ad 95 / im  crassitie, 
tex tu ra  porrecta ,  hyphis ad angulam  angustam  super- 
ficiei; cellulae ad 8.0 x 5,5 p m  , parietibus tenuibus; 
excipulum medullosum ad 33 / im  crassitie , tex tura  in- 
tricata densa; hyphae angustae , parie tibus tenuibus ad 
1,7p m  latae; hypothecium haud distinctum . Asci 50-57 
x 3,5-6,5 p m ,  8-spori, J - ,  c lavato-cylindracei,  apici- 
bus angustis sed obtusis, deorsum  brevistipitati. Asco- 
sporae 6 ,5-9.0 x 1 .0 - l ,5 ^ m ,  irregulariter biseriatae, 
anguste aciculares, rectae vel parum  curvatae , hya- 
linae, parietibus tenuibus, leves, unicellulatae, haud 
guttulatae. Paraphyses ad 2,2 p m  latae, filiformes, 
hyalinae, septatae, simplices vel ram osae ,  ascosporum  
superantes. In caulibus em ortuis herbace is  Angio- 
sperm arum .
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T he specific epithet refers to the K ashm ir Valley, 
w here  the m aterial was collected.

A sc o c a rp s  up  to  2.5 mm across ,  superficial, ses
sile to  subsess ile ,  highly gregarious, solitary, 
som etim es  in confluent m asses ,  f leshy , discoid 
o r  sha llow -cupu la te ,  regular; c ream  to light-yel
low  w hen  fresh ,  becom ing yellow ish-brow n on 
dry ing , sm o o th ;  hym enium  conco lo rous, con 
cave ,  sm oo th ; margin thin, en tire , incurved  on 
drying. E c ta l  excipulum  up  to 95 p m  th ick, a 
te x tu ra  p o r re c ta  with hyphae  lying at low angle 
to  the su rface ; hyphal cells small, up  to  8 .0 x 5 .5  
/ tm ,  th in-w alled ; m edullary exc ipu lum  up to 33 
p m  th ick , a  com pac t tex tu ra  in trica ta , with nar
row , th in-w alled , up to 1.7 p m  wide hyphae; 
h y p o th e c iu m  indistinct. A s c i  50-57 x  3 .5-6.5 
p m ,  8 -spored , J —, clavate-cylindrical, with nar
row ly  o b tu se  apex , gradually  tapering  d o w n 
w ard s  into a  small stipe. A sco sp o res  6 .5 -9 .0  x 
1 .0 -1 .5 /zm , irregularly b iseriate , narrow ly  acicu- 
lar, s tra igh t or slightly cu rved , hyaline, th in-w al
led, sm o o th ,  one-celled, aguttu la te . P araphyses  
up to  2 . 2 p m  w ide, filiform, hyaline, thin-walled, 
sep ta te ,  s im ple  or b ranched , slightly projecting 
bey o n d  the  tips o f  asci.

P. kashm irens is  is recognised by  cream -co l
ou red  sessile  to subsessile shallow -cupulate

ascoca rps ;  small J — asci; and  narrow ly  acicular 
ascospo res .  It differs from  an allied P. vulgaris 
(Fr.)  H ö h n .,  in having larger asci and narrow ly 
acicular, one-celled a sco sp o res ,  and by its o c 
cu rrence  on h erbaceous  s tem s. P. parile  (K arst.)  
Dennis is a similar fungus, bu t differs by its J + 
asci,  longer a scospo res  6-14 x 1.5-2.0 p m  
(D ennis  1968), and o ccu rren c e  on Betula  stem s.
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Foliar sclereids in Sri Lanka (Ceylonese) species of Memecylon 
(Melastomataceae)
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(Ceylonese) species of M em ecylon (M elastom ataceae).  Bot. N otiser  133: 397^401. S tock
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The majority o f  Ceylonese M em ecy lo n  species have filiform foliar sclereids, w hereas  som e 
species have variously shaped , ramiform  sclereids. In the la tter cases sclereids are useful 
diagnostically at the specific level. In one species the sclereids are aggregated to sc lerocysts  
enclosing the veinlets and vein-endings.

T. A n anda  R ao  & S. Chakraborti, Bo tan ica l Survey o f  India, H ow rah-711103, India.
K. Bremer, Institu te  o f  Bo tany ,  University o f  S tockholm , S-106 91 S tockho lm , Sw eden .

Recently Rao & Jacques-Félix  (1978) surveyed  
foliar sclereids of African M e m e c y lo n . B rem er  
(1979) revised the taxonom y o f  M em ecylon  in 
Ceylon. In this paper we describe  the sclereids of 
Ceylonese M e m e c y lo n , and discuss some p e r t i 
nent taxonom ic questions.

M aterial and  m ethods

Herbarium specimens were kindly provided by the 
Museum of Natural History, S tockholm  (S), and the 
Smithsonian Institution, W ashington D.C. (US). The 
specimens are listed in Table 1. L eaves  were cleared 
by the technique of Foste r  (1946) and unstained p rep a 
rations were used for cam era  lucida drawings and 
photomicrography.

S clereid  m orphology

The species and their sclereidal forms are su m 
marized in Table 1. S tudies o f  the cleared leaves , 
by hand sections and m acera tions  (Figs. 1, 2), 
revealed the presence o f  sclereids in all 44 s p e 
cim ens of the 27 species investigated here. The 
leaf anatom y of the three C eylonese  species M . 
gracillim um  A lst.,  M. orbiculare  Thw. and M. 
revolution  T hw ., known only from  the type co l
lections, is still unknow n.

The sclereids are categorized into two main 
types,  viz. filiform sclereids and ramiform sc le r
eids. In addition, M. parvifo lium  has sclerocysts. 
The distributional pattern  is d istinctly  term inal 
or subterm inal at the vein-endings in the species

with ram iform  sclereids. In the species  w ith fili
form sclere ids it is difficult to  establish  the re la 
tionship  with the vein-endings because  of the ir  
c r iss -c ross  pattern  o f  d is tribu tion . The positional 
re la tionsh ip  with the vein-endings can be sett led  
only by ontogenetic studies (F o s te r  1946, Rao 
1951, 1957). The m orphological details o f  the 
main form s are as follows.

Filiform sclereids.  As a lready  repo rted  filiform 
sclere ids p redom inate  in M em ecy lo n  (Rao 1957, 
Rao & Bhupal 1974, Rao & Jacques-F é lix  1978). 
T he C ey lonese  species o f  M e m e c y lo n  are no e x 
cep tion  and  filiform sclereids are observed  in 19 
species. T hey  form a tangled m ass  o f  thread-like 
fo rm s, with or w ithout b ranches .  T heir  d is tr ibu 
tion o v er  the lamina is not uniform  and o c c a 
sionally  they  form a loose s trand  at the margins. 
T hey  have a thick secondary  wall, a line-like 
lum en, and a smooth cell wall, rare ly  spiculated 
or undula ting  and often with acum ina te  endings. 
H o w e v e r ,  in M. pe tio la tum  the  filiform sclereids 
have a thin secondary  wall and a  com paratively  
large uniform  lumen. W h e th e r  this is a  deve lop 
mental stage or a charac teris t ic  o f  the species is 
no t clear.

T he sclereids vary from  being unbranched  and 
relatively short to being ex trem ely  elongated, 
f requen tly  branching to Y- o r  T -shape . Filiform 
but rela tively  s touter profusely  b ranch ing  sc le r
eids with long draw n ou t b ranches  occur  in M. 
varians.  F u r th e r  charac te r iza tion  at specific
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Table 1. Ceylonese species o f  M em ecy lon ,  investigat
ed specimens or references to earlier investigations, 
and sclereid form, filiform (F), ramiform (R), or scler
eids aggregated to sclerocysts (S).

M. angustifolium  Wight 
M. arnottianum  Wight ex 

Thw ., Fig. 2 D

M. capitellatum  F . ,
Fig. 1 D

M. clarkeanum  Cogn. in 
DC., Fig. 1 A, B, 2 B

M.  sp. aff. clarkeanum  
Cogn. in DC.

M. ellipticum  Thw.
M. fu sce sc en s  Thw., Fig. 21 
M . gardneri  Thw., Fig. 2 G

M. grande  Retz.
M. hookeri Thw.
M. leucanthem um  Thw.

M. macrocarpum  Thw.
M. macrophyllum  Thw .,

Fig. 2 E 
M. ovoideum  Thw., Fig. 2 F 
M. parvifolium  Thw.,

Fig. 2 J 
M.  sp. aff. parvifolium  

T hw ., Fig. 2 K 
M. petio la tum  Trim, ex 

Alst.
M. phyllanthifolium  Thw.

ex Trim.
M. procerum  Thw.

M. sp. aff. procerum  Thw., 
Fig. 2 C 

M. rhinophyllum  Thw.

M. rivulare Bremer

M. rostratum  Thw.

M. ro tundalum  (Thw.) Cogn.
in DC., Fig. 2 A 

M. royenii Bl.

M. sylvaticum  Thw.
M. um bella tum  Burm. fil.

M. urceolatum  Cogn. in DC..
Fig. 1 C 

M. varians  Thw., Fig. 2 H 
M. wightii Thw.

Fagerlind 2085 (S) F  
B rem er 831, 1019 (S) R 
Fagerlind 489 (S) 
W am beek & Wann- 
torp 2887 (S)
B rem er 910 (S) F 
Fagerlind 2066,
4575 (S)
Waas 413, 423, 428 R 
(US)
W am beek & Wann- 
torp  2908 (S)
B rem er 861 (S) F

B rem er 900 (S) F
B rem er 832 (S) R
B rem er 1003 (S) R
Fagerlind 4567 (S) 
B rem er (1979) F
Fagerlind 2084 (S) F
K osterm ans 24493 F 
(US)
Rao (1957) F
Fagerlind 2076 (S) R

B rem er 969 (S) R
K lackenberg  436 (S) S

Brem er 999, 1001, R 
1002 (S)
Jayasuriya 1711 (US) F

B rem er (1979) R
Rao (1957)
Jayasuriya  & F
B andaranayake 1801 
(US)
Fagerlind 2081 (S) R
Waas 912 (US) 
Sumithraarachchi F
DBS 622 (US)
Fagerlind 4568 (S) F
W ambeek & Wann- 
torp 2883 (S)
W am beek & Wann- F
torp 2954 (S)
B rem er 1044 (S) R

Fagerlind 2077, F
4571,4577 (S)
Fagerlind 487 (S) F
Fagerlind 2070 (S) F
W anntorp  2584 (S) 
Fagerlind 4560 (S) F

B rem er 795, 881 (S) F
Sumithraarachchi & F
Waas DBS 279 (US)

level would be difficult. H o w e v e r ,  this salient 
ana tom ica l feature  with a few internal cha rac te rs  
o f  ep iderm al layers, palisade layers ,  crystals  etc. 
m ay help in leaf identification o f  species with 
filiform sclereids.

R a m ifo rm  sclereids.  This main form  and its vari
an ts  as recognized by Rao & Bhupal (1973) are 
found  in 10 species. T he sim plest is the subsphe- 
ro idal form  with slightly o r  excessive ly  d raw n 
ou t arm s with acum inate  endings. T here  are 
m any  intergrading form s such  as fusiform and 
rh izo fo rm  sclereids. A n o th e r  significant form is 
rep re sen ted  by the co lum nar  sclereids.

T h e  species with ram iform  sclereids fall into 
tw o  groups. C olum nar ram iform  term inal sc ler
eids oriented vertically in the m esophyll and 
som etim es  touching the ep iderm is  with o r  w ith
ou t  flanges or forking arm s o ccu r  in M . c larkea
n um , M . m acrophyllum ,  and  M . o v o id e u m . 
T h e re  are subtle d ifferences in the overall d ispo 
sition, w idth o f  secondary  wall and  lum en, and 
o u te r  surface o f  the sclere ids in these  species. 
V ariously  shaped short  ram iform  term inal sc le r
eids orien ted  horizontally  an d /o r  vertically  to  the 
lea f  surface occur in M . arno ttianum , M . f u s c e 
scens ,  M. gardneri, and M . ro tunda tum . M. 
phyllan th ifo lium  also belongs here  (B rem er 1979, 
R ao  1957). The shape and  o rien ta tion  o f  the 
sc lere ids  differ be tw een  the species. In M . g ard 
neri the sclereids a re  d istinctly  vertically  a r 
ranged .

S clerocys ts .  Sclereids in aggregates o r  en ca se 
m en t of sclereids around  the veins or ve in -end
ings, which are thus often  in te r ru p ted ,  occu r  in 
M. parvifo lium .  Parallel in s tances  are  found in 
H ibhertia  (Rao & Das 1979), L im o n iu m  (Rao & 
Das 1968), and O ryctan thus  (K uijt 1961).

T ax o n o m ic  im p lica tion s

T axonom ic  problem s alluded to by B rem er 
(1979) are here illuminated by sc lere id  m o rp h o 
logy. In the three following cases  the identity  of 
the  foreign entities canno t be confirm ed  before 
fu r th e r  flowering m aterial is availab le , how ever.

M . c larkeanum .  A m ong the five co llections  d e 
te rm ined  as M. c larkeanum  the  co llections  of 
W aas  and W am beek  & W an n to rp  show  co lum 
nar  ram iform  sclere ids, w h ereas  B re m e r ’s col
lection shows filiform sclere ids. A pparen tly  the



Fig. 1. L ea f  clearings (A, C, D) and maceration (B) showing foliar sclereids, 50 x .  —  A, B: M. clarkeanum  with 
co lum nar ramiform sclereids (Waas 413). — C: M . urceolatum  with filiform sclereids (Fagerlind 4560). — D: M. 
capitellatum  with filiform sclereids (Fagerlind 2066).
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la tter  collection represents  ano ther  species. It 
could be the Indian species M. heyneanum  or  M. 

ja m b o s io id e s  or possibly a new species.

M. parvifo lium .  This species is charac terized  by 
sc le rocysts ,  whereas the similar M. c u n ea tu m  
has co lum nar sclereids (Rao 1957). N e v e r th e 
less, B rem er (1979) provisionally united the two 
species, pending a detailed study based on m ore 
material. Sclereid morphology indicates that 
B re m e r’s collections, provisionally identified as 
M. pa rv ifo liu m , actually rep resen t the little- 
know n M. cuneatum .

M. procerum .  Jayasuriya & B an d a ra n ay ak e ’s 
collection of this species has filiform sclereids 
and rounded  leaf bases, similar to those o f  the 
type  collection, the sclereids o f  which are u n 
know n. W aas’ and Fagerlind’s collections, d e 
te rm ined  as M. procerum ,  have co lum nar ram i
form sclereids and cuneate leaf bases and a p p a r 

ently they represent an o th e r  species, possibly 
M. g ig a n teu m ,  the sclereids o f  which are not 
know n. This little-known species was p rov i
sionally united with M. procerum  by Brem er
(1979).
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Fig. 2. Semi-diagrammatic sketches of leaf sections showing foliar sclereids, c. 75 x .  —  A: M. ro tunda tum  with 
subspheroidal-fusiform ramiform sclereids (Bremer 1044). —  B: M. clarkeanum  with columnar ram iform  scler
eids (Waas 413). — C.: M. sp. aff. procerum  with co lum nar ramiform sclereids (W aas 912). —  D: M. arnottianum  
with ramiform sclereids (W am beek & W anntorp  2887). —  E: M. macrophyllum  with colum nar ramiform sclereids 
(Fagerlind 2076). — F: M. ovoideum  with colum nar ramiform sclereids (Brem er 969). —  G: M. gardneri  with 
vertically arranged ramiform sclereids (Bremer 1003). —  H: M. varians with comparatively s tou t filiform 
sclereids (Bremer 881). — I: M . fu sce sc en s  with subspheroidal-fusiform ramiform sclereids (Bremer 832). —  J: 
M. parvifolium  with sclereids aggregated to sc lerocysts  around the veins or vein-endings (Klackenberg 436). — 
K: M. sp. aff. parvifolium  with co lum nar ramiform sclereids (Bremer 999).
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A  n e w  s p e c i e s  o f  P o l y a l t h i a  ( A n n o n a c e a e )  f r o m  M o z a m b i q u e

K . V O L L E S E N

Vollesen, K. 1980 09 18: A new  species of  Polyalthia (Annonaceae) from  Mozambique. Bot. 
N otiser 133: 403-404. S tockholm . ISSN 0006-8195.

Polyalthia m ossam bicensis  Vollesen is described. The species is endemic in M ozambique 
and is phytogeographically  res tr ic ted  to the Zanzibar-Inham bane Regional Mosaic.

K. Vollesen, Institu te  o f  S ys tem a tic  Botany, G othersgade 140, DK-1123 C openhagen K, 
Denmark.

In my paper  on A nnonaceae  from  T anzan ia  (V ol
lesen 1980 p. 56) a rem ark  w as m ade concern ing  
an undescribed  species o f  Polyalth ia  Blume from  
M ozam bique. At that time the  species was only 
know n to me from a single fruiting specim en and  
was there fore  left unnam ed.

E xcellen t material of this species  has now b e 
com e available, showing w ithou t doubt that the 
species  is new. Actually, the p lan t has p rev io u s 
ly been  recorded  from M ozam bique (Paiva 1970 
p. 370), but in that paper  it w as identified as 
Polyalthia s tuhlm annii  (Engl.) V erde. T he  new  
species  is undoubtedly  rela ted  to P. s tuh lm ann ii  
but the tw o taxa differ in a n u m b e r  o f  charac te rs  
as show n in the key. As Paiva  (1970) gives an 
ad equa te  description in English, a good figure 
and precise localities for all know n  collections, I 
shall confine m yself  to adding a  Latin diagnosis. 
A key to the species of Polyalth ia  now know n 
from Africa is also included, slightly revised af
te r  Vollesen (1980 p. 59).

Polyalthia mossambicensis V ollesen , sp. nov.

Type: M ozambique, Zam bezia, Maganja da  C osta ,  
G om bene Forest,  January 10, 1968, Torre & Corre ia  
17018 (LISC holotype; BR, COI, L M U , SRG H iso
types ,  not seen).

Polyalthia stuhlmannii  auct. non (Engl.) V erde . ,  
Paiva 1970, p. 370 & Tab. 1.

P. stuhlmanni (Engl.) Verde, affinis, ramis juven ibus  
dense  pilosis, bracteolis majoribus, sepalis inter se li- 
beris, petalis longioribus, m onocarpiis  minoribus long- 
ius stipitatis ab ea diversa.

H abita t .  The species has been  recorded  from 
coasta l fores t with H y m e n a e a  (Trachylobium ) 
verrucosa  G aertn . ,  P teleopsis  myrtifolia  (Law s.) 
Engl. & Diels, Craibia, C ynom etra , Albizzia, 
M itnusops ,  at altitudes a round  25 m a.s.l. The 
habitats  o f  the species are very  similar to those 
o f  P. s tuh lm anni  from the coasta l forest in K e 
nya and Tanzania. The tw o o ther  African spe
cies, although also endem ic in the Zanz ibar-In 
ham bane  Regional Mosaic (W hite 1976), occur at 
som ew hat higher altitudes: P. tanganyikensis  
V ollesen from 300-600 m a.s.l.  and P. verd- 
courtii Vollesen around  250 m a.s.l.

Spec im ens  studied.  Torre & C orre ia  14564 (K, LISC), 
14577 (LISC), 16201 (LISC), 17018 (LISC), 17062 
(LISC).

K ey to  th e  sp e c ie s  o f  P o ly a lth ia  in  A fr ic a , r ev ised  
a fter  V o lle se n  1980 p . 59

1. Stipes of  m onocarps 10—17 mm long, longer than 
monocarps ...........................................................................2

-  Stipes of m onocarps 3-7 mm long, shorter than 
monocarps ........................................................................  3

2. Stipes 10—12 mm long. Monocarps 9-10 mm long. 
Young b ranches with scattered adpressed hairs. 
Sepals united at base. Bracteoles c. 1 mm long, 
deciduous. Petals 10—17(—20) mm long

................................................................... P. stuhlmannii
-  Stipes 11-17 mm long. M onocarps 6—8(—9) mm 

long. Young branches densely pilose. Sepals 
free. Bracteoles 1.5—2.0(—3.0) mm long, persis
tent. Petals 15-28 mm long . . .  P. m ossam bicensis

3. Petals 7-12 mm long and 3-4 mm wide. Leaves 
without domatia. Pedicels articulated. Sepals 
united at base ............................... P. tanganyikensis

-  Petals 23-35 mm long and 7-9  mm wide. Leaves 
with domatia. Pedicels not articulated. Sepals 
free ............................................... .............P. verdcourtii
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Autler hyphae in the fungus genus Nidula (Nidulariaceae)
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Brodie, H. J. 1980 09 18: Antler hyphae in the fungus genus Nidula (Nidulariaceae). Bot. 
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The peridiole walls of all four species of Nidula  are com posed  chiefly of or include 
heavily-pigmented thick-walled hyphae having the form of antlers of a stag. The bases of 
these hyphae  lie parallel to the peridiole outline and are in terwoven; the branched portions 
tend to be radially arranged. The form o f  the hyphae is distinctive for each species and the 
species constitu te  a graded, taxonom ically  significant series from the most pigm ented and 
most an tler like to the least pigm ented and least antler like. In two species o f  Nidula (N. 
emodensis  and  N. n iveotom entosa)  no tunica of thin-walled hyphae envelops the antler 
hyphae externally; and, for both species, it has been observed  that the peridiole wall 
behaves in a strongly hydrophobic manner. In the o ther two species (N. macrocarpa  and N. 
Candida) an tle r  hyphae are su rrounded  by a loosely-knit tunica and the peridiole wall as a 
whole exhibits  hydrophilic behaviour .  It is suggested that antler hyphae may play some 
important role in the dispersal o f  the peridioles of  Nidula  during the process o f  d issem ina
tion by rain splash.

Harold J. Brodie, Department o f  B iology, University o f  Victoria, P.O. Box 1700, Victoria, 
British Columbia, Canada.

The presence  o f  dark -b row n, thick-walled 
b ranched  hyphae in the perid iole wall of N idula  
em odens is  (Berk.) Lloyd w as first com m ented  
upon by Lloyd (1906). In sta ting  that he had “ not 
met this structure  in any o th e r  species of Nidu- 
la r iaceae” , Lloyd implied that the dark , 
b ranched  hyphae constitu te  a highly specific 
qha rac te r  for the recognition o f  N. em odensis .  
H ow ever ,  the supposed res tr ic tion  of such hy
phae to N . em odensis  was con trad ic ted  by C u n 
ningham (1924) who reported  tha t similar hyphae  
were to be found in the peridiole wall of spec i
mens w hich he identified as N . Candida (Peck) 
White (possibly an e rroneous  identification, as 
will be show n later).

In W hite ’s description o f  the genus N idula  
(W hite 1902), there  is no re ference  to the m icro 
scopic appearance  and s tru c tu re  of the o u te r 
m ost bounding layer of the peridiole. This very  
distinctive genus was es tab lished  to acco m m o d a
te tw o fungi, N. Candida and  N. m icrocarpa  
Peck ex White (=  N. n iveo tom en tosa  (H enn .)  
L loyd), which had been described  earlier but 
assigned to o ther genera. Som e years la ter,  
Lloyd (1917) added one o th e r  species to N id u la ,  
nam ely N , m acrocarpa  L loyd  from Chile, and

again, no atten tion  was given to the microscopic 
s truc tu re  o f  the peridiole wall.

The four species nam ed above were accepted  
as valid in my m onograph of the N idulariaceae 
(Brodie 1975). I believed tha t,  because  three of 
the four are easily recognized and separated 
from one ano ther  on the basis  o f  gross m orpho
logy, several questions might be left unansw ered  
tem porarily . These  questions are: (1) w hether  or 
not N. em odensis  is separab le  from all o ther 
species o f  N idulariaceae, as Lloyd believed, by 
m eans o f  the b ranched , thick-walled hyphae of 
the peridiole wall; (2) w h e th e r  or no t N . e m o 
densis  is a valid species; and  (3) w he ther  or not 
similar hyphae are p resen t in the peridiole wall of 
o the r  species o f  N idula .

Only recently  have I had the opportunity  to 
reconsider  these p rob lem s, the incentive being 
the receipt of a num ber o f  fresh collections (from 
India) o f  N. em o d e n s is , a species which has 
here to fore  been know n to  me from only a few 
scan ty  collections. This paper  p resen ts  o bse rva 
tions on the nature of the hyphae  tha t com pose 
the ou te r  bounding layer o f  the peridioles of all 
four species of N idula .  The observations  throw  
considerable  light on the h itherto  unsolved prob-



406 H arold  J . Brodie BOT. N O T ISE R  133 (1980)

lems of taxonom y  in this intriguing genus. In 
addition, som e questions are raised as to the 
possible function o f  such highly modified hy 
phae.

M a ter ia l a n d  m eth o d s

The principal material studied consisted of specimens 
selected from  my own herbarium, each chosen because 
it seemed to represent the species fully and ‘typically’, 
though the specimens were not the official types. Extra  
large, ex tra  small and o ther deviant forms were 
avoided. Collection data and num bers of the material 
selected are as follows.

Nidula em o d en s is : Herb. H. J. Brodie No. 73022; I. 
P. S. Thind, Gulaba, Kula (H. P.), India, Sept. 25, 
1971.

N .  n iveo to m en to sa : Herb. H. J. B. No. 68031; P. N. 
D. Seym our, H ope , British Columbia, Canada, Oct. 5, 
1968.

N . m a cro ca rp a : Herb. H. J. B. No. 71068; Roland 
Thaxter,  C orra l,  Chile, Dec. 1905.

N . Candida : Herb. H. J. B. No. 78007; Mrs. C. 
Scates, Post Falls, Idaho, U .S .A .,  July 9, 1978.

For each species, specimens from localities o ther 
than those given above were also examined; since no 
marked differences from the specimens listed were 
noted, the additional material is not cited, however.

After peridioles had been soaked for 24 hr. in water, 
portions o f  the ou ter peridiole wall were simply teased 
apart for microscopic examination. In addition, sec
tions of peridioles were cut (10/im ) after being im bed
ded in paraffin in the usual way but not stained. It was 
much easier to discern the form and length of entire 
dark branched  hyphae in teased-out bits o f  wall than in 
sections, w here  little o f  the b ranched  hyphae appeared 
except as short  sectioned pieces.

O b se r v a tio n s

Description o f  antler hyphae

N. em odens is  (Fig. I A, B, I). Undoubtedly  the 
m ost im pressive  exam ple of w hat I consider may 
appropria te ly  be called an tle r  hyphae is to be 
found in this species (Fig. 1 A, B). The antler 
hyphae are  very  dark  brow n in colour, very thick 
walled (3 -4 p m )  and b ranched  in such a way as to 
suggest the antlers o f  a stag (Fig. 1 A, I). These  
hyphae are  8 .5-10 .0 /rm  in d iam eter  at the widest 
portions and  taper abruptly  tow ards  their apices, 
the narrow  part often being som ew hat prolonged 
as a peg. It is difficult to ascerta in  their length; 
m any seem  to  be as much as 3 00 p m  long and a 
few may exceed  this. The walls o f  the hyphae are 
so thick (Fig. 1 A, I) that often no lumen is 
visible. T h ey  bear no recognizable clamp co n 
nections though  occasionally  a constriction of 
the lumen suggests a simple septum .

N . n iveo to m en to sa  (Fig. 1 C, D, I). Although the 
an t le r  hyphae o f  th is  species (Fig. 1 C, D) bear  
considerab le  resem blance  to those of N . e m o 
d e n s i s , some distinct d ifferences are to be noted . 
On the average, those  of N . n iveo tom en tosa  are 
not quite as wide ( 6 - 9 //m ); they  tap e r  tow ards 
the apices but less abruptly  than in N . em o d en 
sis.  A ntler hyphae in this species are  less heavily 
p igm ented  and less  frequently  b ranched  than in 
N . em odensis  and the branching  is less sugges
tive o f  antlers (Fig. 1 C, D, I). A lthough a large 
portion  o f  the an t le r  hyphae in this species are 
th ick  walled m any , with the sam e m anner of 
branch ing , have walls o f  only m oderate  th ick 
ness. N o  clamp connec tions  are  ev ident though 
simple septa  are p resen t occasionally . As far as it 
is possible  to trace individual hyphae  in the ta n 
gle, m any appear to  be even  longer than those of 
N. e m o d e n s is .

N . m acrocarpa  (Fig. 1 E , F, I). A ntle r  hyphae 
a re  seldom  over 3-5  p m  wide (m axim um  m ea
su red , 7 p m ) .  T hey  are apparen tly  ra ther short 
bu t they  are so closely in terw oven  that it is diffi
cult to  be certain (Fig. 1 E , F). T hese  hyphae are 
m uch less strongly co loured and much more fre 
quen tly  branched than  in the  tw o  preceding spe
cies and usually (though not invariably) have 
quite  blunt apices (Fig. 1 E).

N . C a n d id a  (Fig. 1 G, H, I). B ranched , coloured 
hyphae  are p resen t,  bu t they are only slightly 
th icker  walled than  matrical hyphae , are not 
c learly  branched an tler fashion and seem differ
en tia ted  from hyphae  o f  the internally-located 
hyphal matrix chiefly by p igm entation  (Fig. 1 G, 
H).

T he antler hyphae, as described  above, do not 
a p p e a r  to project apprec iab ly  beyond  the layer of 
mucilaginous material w hich coats  the exterior 
o f  the peridioles: or, if they  do, they  are not 
recognizable under the s te reom icroscope ,  even 
at a magnification o f  30 x ; this is true  w hether  
dry o r  w etted peridioles are being exam ined.

S ec t io n s  o f  peridiole wall

As no ted  above, sections o f  perid ioles reveal 
next to nothing o f  the m orphology  o f  antler hy 
phae . Indeed , if one had recou rse  only to sec
tions,  it would be unlikely that the form of these 
s truc tu re s  would be revea led . In the photographs 
o f  sections of all four species illustrated  in Fig. 2,
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Fig. 1. A, B: Nidula em o d en s is ; an tle r  hyphae, showing thick walls, m anner o f branching and peg-like extensions 
of apices, x 300. — C, D: N . niveotomentosa',  note sparse branching and blunt apices of  antler hyphae. x 2 0 0 .— 
E, F: N . macrocarpa', less s trongly coloured sinuous antler  hyphae showing tendency for more terminal 
branching (E); E x 250, F x 150. —  G, H: N. Candida ; coloured hyphae am ong colourless matrical hyphae. x 
200. —  I: composite drawings o f  all four species o f  N idula ,  based on cam era lucida outlines, and emphasizing the 
differences in form among the four, x ca 600.
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Fig. 2. A: Transverse section of peridiole wall of Nidula e m o d e n s i s ; bases of an tler hyphae form the dark layer in 
the top ha lf  of photo, x 550. —  B: N. niveotomentosa-, bases of antler hyphae at top; below, inner portion of 
peridiole wall, x 450. — C: N. macrocarpa-,  section of peridiole wall showing wide, loose, outer layer (tunica); a 
few an tle r  hyphae (arrows) are recognizable projecting from the dark com pact layer below. X 450. —  D: N. 
Candida', peridiole wall com posed of thin tunica; bases of  antler hyphae form a dense lower layer from which 
some (uppe r  center) project into tunica (arrows), x 450.

antler hyphae  are clearly recognizable only in 
Fig. 2 C (com pare Fig. 1 E and F). A strictly 
t ran sv e rse  section of the hyphae illustrated in 
Fig. 1 A, for exam ple, would give no hint o f  their 
true form . Photographs o f  sections o f  the peridio
les o f  all four species o f  N idula  are included in 
this com m unica tion  because  no such pho to 
graphs have  been published heretofore and b e 
cause  they  do, very clearly , provide evidence

regarding species d ifferences in the genus N id u 
la. C om m ents  on these  sections , therefore, fol
low.

N. em odensis  (Fig. 2 A). T he  ou te r  boundary  of 
the peridiole apparently  consis ts  alm ost entirely 
of an tle r  hyphae, the horizonta l basal parts of 
w hich form the large dark  h yphae  at the top of 
the photograph.
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N. niveotomentosa  (Fig. 2 B). T he entire perid io 
le wall in section displays three  regions. O n the 
ou ts ide  is a layer o f  a lm ost am orphous  hyphae 
w hich have given rise to the mucilage with which 
the perid ioles are provided  externally . Below 
this, the very  dark antler hyphae  are rep resen ted  
only by the ir  horizontal basal parts . In terna l to 
the an tle r  hyphae is a layer o f  slightly darkened  
hyphae  tha t are ra ther  closely in terw oven.

N . m acrocarpa  (Fig. 2 C). The ou term ost layer 
o f  the wall consists  of a layer o f  ra ther loosely 
woven undifferentiated and unpigm ented  hyphae  
which p robably  corresponds  to the ‘tun ica ’ in 
Crucibulum  and some species o f  C yathus.  F o r  a 
d iscussion  o f  the use o f  the term  tunica see Dring 
(1977) and  Brodie (1977). A ntle r hyphae appear  
to p ro jec t out into this tun ica  layer, and their 
basal horizontal elem ents form  a single com pact 
layer  that is probably com parab le  to the cortex  in 
C y a th u s .

N . Candida (Fig. 2 D). A loose ou te r  covering or 
‘tu n ic a ’ is present as in N . macrocarpa  but is 
only abou t half as thick as in th a t  species (com 
pare  Fig. 2 C and D). A ntler hyphae probably  
p ro jec t into this as is suggested by the dark  blunt 
hyphal tips seen in the upper  cen te r  of the p h o to 
graph. The horizontal e lem ents  of antler hyphae  
are in te rw oven  into a dense dark  cortical layer as 
in N . m acrocarpa.

B ehav iour  o f  peridiole wall tow ard  water

T hat an tle r  hyphae are strongly hydrophobic is 
readily  observed  by placing dry  peridioles of 
e ither  N . emodensis or N . niveotomentosa  into 
con tac t  with a droplet of w ater .  W ater d rops 
abou t 4 mm in d iam eter w ere  placed on a sheet of 
w axed  paper  w here they assum ed an a lm ost 
spherical outline. A dry peridiole was placed 
c lose to the w ater drop and pushed slowly to 
w ards  the  drop using a needle, the operation  
being carried  out under the s tereom icroscope. 
U pon  con tac t with the w ate r  sphere, a peridiole 
was seen  to float on the surface; it could be 
pushed  around with the needle but could not be 
fo rced  into the inside o f  the w ate r  sphere. Only 
afte r a period of two hours on  the w ater surface 
was it possible to im merse the  peridiole. In c o n 
tras t ,  peridioles of N . macrocarpa  and N . Can
dida w ere  carried im m ediately  to the inside o f  a 
w ate r  drop. It was also o bserved ,  for the two

la tter species, that the w ate r  drop quickly lost its 
spherical form  and spread out widely, indicating 
a m arked change in surface tension.

The difference in behav iour be tw een  the two 
groups of Nidula  indicates clearly: (1) that the 
an tle r  hyphae which form  the ou te r  boundary  
layer o f  the peridiole wall in N. em odensis  and 
N. n iveo tom en tosa  confer a strong hydrophobic  
potential to the peridiole wall; (2) that the ou te r  
enveloping tunica sheath in N. m acrocarpa  and 
N . Candida confers a s trong hydrophilic po ten 
tial to the peridiole wall.

Discussion

Taxonom ic problem s

T he above  observations give at least partial an 
swers to the questions ra ised  at the beginning of 
this com m unica tion . The s tructures  which I have 
nam ed antler hyphae occu r  in one form  or ano th 
er in all four species o f  N idula .  L lo y d ’s implica
tion that N . em odensis  can be recognized  simply 
by the p resence o f  antler hyphae  is the re fore  not 
correct.

As to the validity o f  N . em odensis , the present 
study enables me to reaffirm the opinion given in 
my m onograph (Brodie 1975) that N . emodensis  
is indeed a valid species. A lthough I have shown 
herein  that antler hyphae occu r  also in N . niveo
tom entosa, the elem ents o f  the la tter species are 
quite different from those o f  N . emodensis and 
provide an excellent ch a rac te r  for the separation 
o f  these  tw o species, additional to those  which I 
recorded  in my m onograph (Brodie 1975 p. 144). 
A fu rther point for species differentiation com es 
from exam ination o f  the sections o f  the  peridio
les, w here N. niveotomentosa  is charac terized  
by the p resence  o f  a layer o f  som ew hat coloured 
loosely-in terw oven hyphae below  the ou te rm ost 
layer (Fig. 2 B), a ch arac te r  not posse ssed  by N. 
emodensis  (Fig. 2 A).

As noted in the brief literature rev iew  given 
above , C unningham  (1924) reported  the  presence 
of an tler hyphae in N . Candida with the  sentence 
“ peridiola possess  the peculiar s tout, spiny, col
oured fibrils so noticeable in the la tte r  spec ies’’ 
(referring to N. emodensis). I have  shown 
(above) tha t antler hyphae  are p resen t in N. 
Candida but they  are  very  different from  those of 
N .  emodensis  (cf. Fig. 1 A, B and G, H). Al
though I have been unable to exam ine C unning
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h a m ’s m ateria l,  several points in his description 
o f  N . Candida lead one to believe that he was, in 
fact,  dealing with a slightly atypical form of N.
e m o d e n s is .

The ‘tunica’ o f  N . macrocarpa and N. Candida

B oth  these  species are  separab le  from the o ther 
pa ir  of N idula  species in possessing  an external 
layer  o f  unpigm ented  loosely-knit hyphae that 
com prise  a ‘tu n ica ’; that o f  N . Candida is thin 
(Fig. 2 D), while that o f  N . m acrocarpa  is twice 
as th ick  (Fig. 2 C). If  this fea tu re  is taxonomical- 
ly significant, one could assum e that N . m acro
carpa  and N . Candida are closer, taxonomically , 
to the nex t m ost ‘ad v an c ed ’ genus, Crucibulum  
(w ith strongly  developed tunica), than are N.  
em o d en s is  and N. n iv e o to m e n to s a , both of 
w hich  lack any  s tructu re  suggesting a tunica. On 
this point, it may be im portan t to note that study 
o f  sections  o f  entire fruit bodies o f  N . m acro 
carpa  reveals  the highly in teresting  fact that the 
peridioles o f  the la tter  species are ‘co n n ec ted ’ to 
one  an o th e r  and to the wall o f  the peridium by 
hy p h ae  g rouped into s trong strands that are 
clearly  revea led  in sections (O verstree t 1955). 
T he  connecting  hyphal s trands  to be seen in N.  
m acrocarpa  suggest tha t this species may be but 
little rem oved ,  in an  evo lu tionary  sense, from 
the  status th a t  characterizes  the m ore advanced  
genus Crucibulum  w here  the connecting  hyphal 
s trands  are  organized into the funicular cord 
(Brodie  1975).

Coloured, branched hyphae  in o ther N idularia
ceae

T h e  presence  of co loured , thick-walled, b ran 
ched  hyphae  was noted by R. E. Fries (1910) in 
the  so-called “ p rim ary”  wall o f  the fruit body of 
N idularia  p isiform is  Tul. (=  N . fa r c ta  (Roth, ex 
Pers .)  Fr.) .  T hese  hyphae are part of the perid i
um  wall, how ever ,  and are not p resen t in peridio
les.

W hat ap p ea r  to be the sam e kind o f  hyphae 
w ere  reco rded  and illustrated by White (1902) as 
occurring  in Granularia pulv inata  (Schw.) 
K u n tz e  (=  Nidularia pulv inata  (Schw.) Fr.) 
though  no detailed descrip tion  was given.

T he  presence  of spiny p igm ented hyphae in 
the  perid ium  wall o f  som e species o f  the fungi 
fo rm erly  grouped toge ther  as the genus N idu la 

ria and the absence  o f  such hyphae  in o th e r  
spec ies,  led Palm er (1961) to es tab lish  a sep a ra te  
genus, M ycoca lia ,  to include those species 
which do not possess  spinose asep ta te  h y p h a  in 
the perid ium  wall. Palm er also illustrated and 
described  these “ tin ted , rigid, sp inose , asep ta te  
h y p h a e ” (Palm er 1961 p. 56).

It is doubtful tha t the N idularia  hyphae  are 
closely com parab le  to the an tle r  hyphae  o f  N id u 
la', the form er are  bese t with short ,  b road ,  sharp  
spines entirely lacking in the la tter. H o w e v e r ,  it 
is im portan t to m ention the Nidularia  hyphae  in 
the p resen t con tex t because  I know  of no o th e r  
re ferences  to the p resence  o f  co loured  b ranched  
hyphae of any com parab le  sort within the  family 
N idulariaceae.

O f o th e r  G aste rom yce tes  possess ing  dendrit ic  
hyphae , one in particular is especially  w o rth y  of 
a t ten tion  in the p resen t con tex t ,  nam ely  the ge
nus L im n o p e r d o n . This rem arkab le  uniloculate 
gas te rom yce te  (described by the au th o rs  as a 
floating “ puffball” ) possesses  a perid ium  c o m 
posed  of “ clam ped hyphae , in terw ined  with 
d e n d ro p h y ses”  (E sco b ar  et al. 1976). A lthough 
the dendrophyses  o f  L im n o p erd o n  a re  no t c lo se 
ly com parable  morphologically  to the  an tler 
hyphae of Nidula  (being m uch b ran ch e d  and 
only 1 p m  in diameter) they  are  interestingly 
similar in being hydrophobic  and  con tributing  to 
the ability of the peridium o f  L im n o p erd o n  to 
float upon water (M cCabe 1979).

P ossib le  phylogeny  and  fu n c t io n  o f  an tler  hy 
p h a e

The form  of the antler hyphae  is sufficiently dif
feren t am ong the four species o f  N idula  tha t the 
species may be arranged in a series  (Fig. 1 I) 
ranging from the most highly specia lized (left), or 
m ost ex trem ely  modified from  vegeta tive  hy 
phae, to  the least specialized. W h e th e r  or not we 
are really dealing with a phy logenetic  series is, at 
this po in t, problem atic.

As fo r  the possible function  and  adap tive  value 
o f  such  specialized s truc tu res  as an tle r  hyphae , 
again one can only specu la te  at p resen t;  how 
ever,  I find it difficult to believe tha t the  an tler 
hyphae  in Nidula  do not have  a function rela ted  
to the process o f  spore d ispersal by splash 
action . I therefore offer an hyp o th es is ,  hoping 
tha t it may stimulate efforts  to  estab lish  its vali
dity o r  to disprove it.
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T he  peridioles of all species  of Nidula  are 
co m parab le  to the shape o f  a som ew hat fla ttened  
bun; i.e. c ircular in outline in one plane and 
ellipsoidal in in a plane at right angles. T hey  are 
su rro u n d ed  on the outside by a layer o f  gelati
nous, adhesive  material (p resum ably  derived  
from  the break-dow n o f  hyphae) which causes  
them  to becom e securely a t tach e d  to any vege
tation w hich they may strike a f te r  being splashed 
out o f  the ir  fruit bodies. I have  often w ondered  
w hy these  peridioles do not becom e so firmly 
glued to one another, while still within the N id u 
la fruit body , that it would be im probable that 
they could be dispersed separa te ly . It is now  
suggested tha t they are, so to say, kept d iscre te  
and  separab le  by virtue o f  the s tiff  antler hyphae. 
It should  be noted that these  b e a r  no hooks that 
might in terlock; ra ther ,  they  possess  rigid, b ra n 
ched  pro jections that, for ad jacen t peridioles, 
m ay p reven t the agglutinating action of co n ti
guous and  continuous layers o f  mucilage.

O th e r  considerations may com plicate  efforts 
to solve the problem of the function  o f  the an tle r  
h yphae , the w ater relations o f  the peridiole wall 
for exam ple .  Dr. D. B. O. Savile (in litt. Oct. 
1979) poin ted  out to me tha t,  in the rusts  and 
o th e r  fungi, depth of spore wall pigm entation is 
co rre la ted  well with res is tance to  penetra tion  by 
w ater .  It may be that the melanin w hich is 
(presum ably) present in the dark-coloured  an tle r  
hyphae  has a profound effect upon  the w ettabili
ty o r  non wettability o f  the peridiole. Persuing 
this suggestion, I have found th a t  the antler h y p 
hae of tw o species of N idula  a re  hydrophobic; 
but w hether  or not this feature  plays a significant 
role in the process o f  splash d ispersal of perid io 
les is not yet clear. Investigations of such q u e s 
tions are in progress but the resu lts  are, as yet 
inconclusive.
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A new journal, Nordic Journal of Botany, and its supplementary 
series, Opera Botanica

N ordic  Journal o f  B o tany .  From  January  1981 
the publication o f  four Scandinavian botanical 
jou rnals  will cease: B otaniska  N o tiser  (Sweden), 
B otan isk  Tidsskrift and Friesia  (D enm ark) and 
Norw egian  Journal o f  B o tany  (N orw ay). A new 
jo in t Scandinavian jou rna l ,  N ordic  Journal o f  
B otany ,  is to appear.

N ordic  Journal o f  Botany  is a new  m em ber of 
the family of jou rna ls  supported  by the N ordic  
Publishing Board in Science. The publication of 
the jou rna l is a jo in t Scandinavian p ro ject with 
tw enty-eight scientists from D enm ark, Finland, 
N orw ay  and Sw eden as Editors in their special 
fields. Editor-in-C hief is P rofessor M orten 
Lange o f  the U niversity  of C openhagen.

The jou rna l will accep t papers dealing with the 
following branches  o f  Botany: T axonom y of 
higher plants, tropical and holarctic; G eobotany ; 
S tructural Botany; Mycology; Lichenology; 
Phycology. Studies in Plant Ecology, Plant 
physiology and Bryology will usually be pub
lished in the sister journals  Oikos, Holarctic  
Ecology, Physiologia  Plantarum  and L in d 
berg ia.

O ne volum e a year  is to appea r in six issues, in 
all abou t 1,200 printed pages. The first issue is to 
appea r  at the beginning of 1981. The con ten ts  of 
each issue are to be divided into seven  sections, 
each devoted  to one of the above-m entioned  
b ranches  of Botany. Papers on General 
T axonom y and on the Taxonom y o f higher 
plants in the S outhern  H em isphere south  o f  the 
tropics will be included in the section on ho larc
tic taxonom y. The geobotanical section will con 
tain phytogeographical and phytosociological 
articles, while the section on s tructu ra l botany  
will include m icrostruc tu re  as well as anatom y 
and cytology.

The new journal will be international in scope

with contributions from  bo tan is ts  all over the 
world. The language is to be English.

Opera Botanica.  F rom  January  1981 Opera  
Botanica  will ap p ea r  in a new form at but will 
continue to publish com prehensive  papers  such 
as monographic trea tm en ts .  Papers  th a t  would 
formerly have been  published in D a n sk  Botan isk  
A rkiv  are also now  to appea r in Opera B otanica  
which is es tim ated  to appear with about 800 
printed pages a year.

Manuscripts.  C ontr ibu tions  to N ord ic  Journa l o f  
B otany  and Opera B otan ica  should be sent to the 
Editor-in-Chief, P ro fesso r  M orten  Lange , Insti
tute of T hallophytes,  0 .  Farim agsgade  2 D, 
DK-1353 C openhagen  K, D enm ark.

Subscriptions.  T he subscrip tion price o f  N ordic  
Journal o f  B o tany  is 480 D .K r. a year  plus po s t
age, payable in advance . The price of Opera  
Botanica  is 15 D .K r. for 16 prin ted  pages plus 
postage. Subscribers  pay on acc o u n t for 800 
printed pages a year. Paym en t for excess  pages 
o r  a reduction in price for few er pages in any 
particular year will be made in connec tion  with 
paym ent of the following y e a r ’s subscrip tion .

Subscription orders  and co r resp o n d en ce  co n 
cerning subscrip tions to N ordic  Journa l o f  
B otany  and Opera Botanica  should  be sent to 
Nordic Journal o f  Botany , The S ec re ta ry ,  0 .  
Farim agsgade 2 D, DK-1353 C openhagen  K, 
Denmark. The o rd e r  form on the nex t page may 
be used. O rders for 1981 should preferab ly  be 
sent in before N o v em b er  15, 1980.

Specia l issue o f  B o tan iska  N otiser.  T he  final is
sue of Botaniska Notiser,  which is to  appea r  in 
D ecem ber 1980, will be devo ted  to bo tan ica l re 
search , past and p resen t,  as re la ted  to  L und  and 
including the h istory  o f  B otan iska  N otiser.
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