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The tw o species nos. 109 and 110 are 
closely related. In term ediates are few, bu t 
some of them , e.g. from  southernm ost 
Sweden, are apparen tly  w holly fertile. 
Thus the genetic rela tionsh ip  of these 
species probably  m erits fu rth e r  inves
tigation. They m ay he isolated by eco
logical differences and p redom inan t au 
togam y ra th e r  than  by harrie rs  of in te r
sterility.

109. Epilobium  collinum  C. C. G m e l i n  1826

P erennial herb, (5— )15— 35 (— 60) cm 
high. Stem often unbranched , bu t m ore 
or less stun ted  branches usually  present 
in m ost leaf axils, som etim es prolonged 
and giving the p lan t a densely branched  
habit. Stem usually  w ith 6— 15 pairs of 
leaves below  the inflorescence, leaves usu
ally longer than  the internodes, producing 
one or several (1— )3— 6(— 12)-flowered 
inflorescences. Stolons su b te rranean  or 
occurring at the surface, very short and 
inconspicuous or up to 10 m m , reddish, 
w ith dense, scale-like leaves. T urions epi- 
gean, form ed late in  the au tu m n  as dense 
rosettes of 10— 20 fleshy, b road ly  obovate 
leaves 3— 6 m m  long, or rare ly  prolonged 
up to 20 mm w ith small and  very thick 
25

leaves, reddish w ith green on the upper 
sides of the leaves.

Stem 0.5— 2(— 3) m m  thick, quite terete, 
usually ra ther densely hairy, especially 
in the upper p a rt and below the m idribs 
of the leaves, hairs 0— 0.25 mm, recurved 
to ad pressed or some very short glands 
patent, m ostly eglandular, only some of 
the shorter ones glandular.

Most leaves opposite, usually only the 
bracts alternate, all petiolate, petioles in 
middle and  upper leaves 1 —5 m m , in 
basal ones up to 10 m m, leaf bases usu
ally not united, never decurrent. Basal 
leaves sm aller, spathu la te  to obovate or 
elliptical. Middle cauline leaves 10— 30 
(— 40) mm long, 5— 12 (— 22) mm broad, 
ovate to narrow ly ovate, obtuse to acute, 
regularly  serrate w ith usually  6— 12 up 
to 1 mm long, fo rw ards-pointing  teeth 
on each side. U pper leaves sm aller, short- 
petiolate, usually narrow ly to very n a r
rowly ovate, sharp ly  tapering to the acute 
or obtuse apex. Leaves sparsely hairy, 
denser on m argins and both sides of the 
m idrib, hairs like those of the stem.

Pedicels erect in all stages. Buds ellipso
idal to ohovoidal, w ith a b road  conical 
tip, not m ucronate. Sepals (3— )3.5— 6 
mm, connate to 0.8— 1.5 m m  at base, 
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Fig. 109. Epilobium coll inum  C. C. Gmel. —  A: Habit, X l /3 .  —  B: Winter bud, X l /2 .  — C: 
Stem nodes, X2.5. —  I): Cauline leaves, X L  —  E: Upper leaves, X L  —  F: Upper stem 
part vvilh leaves, X2.5. —  G: Buds, X L  —  H: Flower, X L  —  J: Apical part of capsule, 

X 2.5. —  K: Style, X L  —  L: Petal, X L  —  M: Sepals, X2.5.

na rro w ly  ovate  to lanceo late ,  reddish  or  
pure  green, m o d era te ly  to d en se ly  ha iry  
at base,  sp a rse ly  above .  P eta ls  (5— ) 6 —  
7.5 (— 9) m m , n o tc h e d  to 1 — 1.5 m m ,  
reddish  to purp l ish -p ink ,  very  rarely  l ight  
pink or w h ite .  Anthers  (0.5— )0 .65— 0.8

m m , long f i lam ents  3.5— 5 ( — G) m m , sh ort  
f i lam ents  3— 3 .5 (— -i) m m .  Sty le  usually  
shorter  than  the long s tam ens ,  st igm a 4- 
lohed, lobes  1— 2 m m .

C apsule  sta lk  (3— ) 6 — 10 (— 20) m m . Cap- 
side (30— )4 0 — 50 (— 60) m m ,  dense ly

Fig. 110. Epilobium m ontanum  L. —  A: Habit, X l /3 .  —  B: Winter buds, X l /2 .  —  C: Stem 
nodes, X2.5. —  D: Cauline leaves, X l .  —  E: Upper leaves, X I .  —  F: Upper stem part 
with leaf, X2.5. — G: Buds, X l .  —  H: Flower, X L  —  J: Apical part of capsules, X2.5. —  

K: Style, X l .  —  L: Petal, X L  -— M: Sepals, X2.5.
B ot. N o tise r , v o l .  128, 1975
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hairy, h a irs  like those of the stem, m ostly 
eglandular, incurved to adpressed. Seeds 
1 — 1.1 (—-1.2) mm long, 0.4— 0.5 m m  broad, 
narrow ly obovoidal, obtuse at apex, ta 
pering to an  acute base, w ithout a neck, 
flattened side w ith a m arked obtuse ridge 
and two furrow s, surface w ith m any + 
irregular row s of sm all bu t distinct pap il
lae, chalazal hairs usually 40— 45, 5.5— 
7.5 mm long. F low er hom ogam ous.

E. collinum  occurs m ostly in rather 
dry hab itats such as hillsides and rocks. 
It is ra th e r com m on in Norw ay except 
for the arc tic  parts, in Sweden from 
H alland, V ästergötland and Ö stergötland 
north  to M edelpad and Jäm tland, and in 
the southern  coastal areas of F inland. In 
southernm ost Sweden and in the more 
northeastern  parts of Sweden and F inland 
it occurs only in m ore or less scattered 
localities. In the southern  p art of the 
m ountain  chain  it grows up to at least 
1250 m.

E. collinum  is a E uropean  endemic, 
occurring in m ost parts  of the continent 
but stated to be absent from  the British 
Isles, the N etherlands and  Denm ark.

Known hybrids: w ith E. lamyi, m onta
num, obscurum, palustre  and roseum.

110. Epilobium  montanum L. 1753

Perennial herb, 20— 60 (— 90) cm high. 
Stem usually  simple or b ranched in the 
upper p art only, but m ore or less stunted 
branches present in m ost leaf axils, rarely 
prolonged and some specimens thus b ra n 
ched from  the base. Stem producing one 
or several 4— 10(—-15)-flowered inflores
cences, usually  w ith 3— 8 pairs of leaves 
below the inflorescence, leaves usually 
shorter th an  the internodes. Stolons formed 
at the surface or subterranean, very short 
and inconspicuous or up to 10 mm, 
reddish, w ith dense scale-like leaves. Tu- 
rions epigean, form ed late in the autum n 
as dense rosettes of 10— 15 fleshy, broadly 
obovate leaves 4— 10 m m  long, reddish 
w ith green on the upper side of the leaves.

Stem (1— )2— 3(— 4) m m  thick, quite 
Bot. N otiser, vol. 128, 1975

terete, usually  sparsely hairy  below, m od
erately to densely above, hairs 0— 0.3 mm, 
paten t to incurved, m ostly glandular, the 
eglandular ones long and incurved.

Most leaves opposite, only the bracts 
alternate, all petiolate, petioles in m iddle 
and upper ones 1— 6 mm, in basal ones 
up to 10 mm, leaf bases usually not 
united, never decurrent. Basal leaves sm al
ler, spathu la te  to lanceolate or elliptic. 
Middle cauline leaves (20—-) 35— 60 (— 90) 
mm long, (10— ) 20— 30 (— 45) mm broad, 
ovate or rarely  narrow ly  ovate, acute, 
serrate w ith usually 20— 40, ± irregular 
teeth up to 1 mm long on each side. U pper 
leaves sm aller, short-petiolate, ovate to 
narrow ly ovate, acute. Basal leaves sub- 
glabrous, m iddle and  upper ones g rad 
ually becom ing m ore hairy  especially on 
the m argin and bo th  sides of the veins, 
hairs like those of the stem.

Pedicels erect in all stages. Buds ellips
oidal, b lun t w ith a sm all but usually  
distinct m ucro. Sepals (5— )6— 7.5 mm, con
nate to 1.5— 2.5 m m  at base, lanceolate, 
acute, pure green or m ore or less reddish, 
sparsely to m oderately hairy. Petals (7— ) 
9— 12 (— 15) mm, no tched to 1.5— 2 mm, 
reddish to purp lish  pink, very rarely  light 
pink or white. A nthers (0.7—)0.8— 1.0 
mm, long filam ents 5.5— 7.5(— 8.5) mm, 
short filam ents 3.5— 5 mm. Style about 
equalling the long stam ens, stigm a 4-lobed, 
lobes c. 2 mm.

Capsule stalk (5— )10— 15 (— 20) 111111. 
Capsule (40— )60— 70(— 80) 111111, densely 
or rare ly  sparsely hairy , hairs like those 
of the stem, m ostly glandular, erect, eglan
dular ones only on the ridges. Seeds 
(1.15— ) 1.2— 1.3 111111 long, 0.4— 0.5 mm 
broad, narrow ly  obovoidal, obtuse at apex, 
tapering to an acute base, w ithout a neck, 
flattened side w ith a ra th e r inconspicuous 
ridge and two shallow  furrow s, surface 
w ith m any ±  irregular row s of sm all but 
distinct papillae, chalazal hairs usually  
45— 55, 7.5— 10 111111 long. F low er hom o- 
gam 011 s.

E. m ontanum  occurs in m oist woods 
and sim ilar shady habitats, som etim es also
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in open, m oist places, bu t also along small 
roads and in o ther disturbed habitats. 
It is com m on in the southern  low lands 
of Scandinavia up  to c. 62°N and  along 
the N orw egian west coast, w ith scattered 
occurrences fu rth e r north  and up to c. 
600 m in the m ountains. It is lacking in 
the n o rthern  part of F inland.

E. m ontanum  occurs th roughou t Europe 
except in the southernm ost parts, and 
through  w estern and n o rth ern  Asia to 
Japan.

Known hybrids: w ith E. collinum, glan
dulosum, hirsutum, lactiflorum, obscurum,  
palustre, parviflorum, roseum  and tetra
gonum.
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The Iris Subgenus Susiana in  Lebanon and Syria

Shaukat A. Chaudhary, Grace Kirkwood, and Carolyne Weymouth

C h a u d h a r y ,  S. A., K i r k w o o d ,  G. & W e y m o u t h ,  C. 1976 05 06. The Iris subgenus 
Susiana in Lebanon and Syria. — Bot. Notiser 128: 380—407. Lund. ISSN 0006-8195.

Twenty-three taxa belonging to Iris subgenus Susiana  S p a c h  (Oncoeyclus 
irises) from Lebanon and Syria have been described, their limits established, and 
Iheir inter-relationships discussed. Five of the taxa are new, two represent new 
combinations.
S. A. Chaudhary, Grace Kirkwood, and Carolyne Weymouth, Post Herbarium, 
Faculty of Agricultural Sciences, American University of Beirut, Beirut, Lebanon.

T h e  irises belonging  to the subgenus  
Susiana  S p a c h  a re  c o m m o n ly  trea ted  as 
subgenus or section Oncoeyclus,  o r  s im ply  
re fe rred  to as oncoeyclus irises, o r so m e 
tim es as oncos only. Iris susiana,  the  type  
species for th is  subgenus  was described  
b y  L i n n a e u s  in 1753 f ro m  m ate r ia l  c u l 
t iva ted  in E u rop e .  D urin g  the  la t te r  p a r t  
o f the 19th c en tu ry  B o i s s i e r , B e r b e y , 
B a k e r  and  F o s t e r  descr ibed  som e Onco-  
cyc lus  species f ro m  the  region. T he  largest 
n u m b e r  of species,  how ever,  w as described  
by  D i n s m o r e  f ro m  the region descr ibed  as 
Syria , Pales tine an d  Sinai (1933, 1934). 
D a v i s  (1954) considered  D i n s m o r e ’s sp e 
cies to be m icrospecies .  T he  au th o rs ,  on  
the o th e r  hand ,  have  fou nd  D i n s m o r e ’s 
observa tions  to he m u c h  m o re  re liable  in 
most cases co m p ared  w ith  those of som e 
of the  later w orkers .  W e s t  (1953) an d  la te r  
o th e r s  following W e s t  have  observed  tha t  
I. susiana  L .  does not d if fe r  grea t ly  f ro m  
I. basaltica  D i n s m . a n d  th a t  I. susiana  h a d  
th erefo re  p ro b ab ly  been  in t rod uced  in to  
E u ro p e  from the I. basaltica  p o p u la t io n s  
in Syria. U n fo r tu n a te ly  the p resen t a u th o r s  
a re  no t very fam il ia r  w ith  /. susiana  b u t  
w o u ld  like to po in t out th a t  /. k ir k w o o d i  
( including its in f raspec if ic  taxa) ,  I. sofa-  
rana,  /. so farana  suhsp. kasruwcina  a n d  
I. westi i have often  been confused  even 
by  professional taxonom is ts  as have  o th e r
Bot. N otiser, vol. 128, 1975

taxa, too. One need on ly  look in a lm ost  
a n y  h e rb a r iu m  to see the  confusion in 
id en tif ica t ion  of the  oncoeyclus species 
f ro m  th is  region w h e n  p igm en ta t io n  h a s  
been  th e  m a jo r  c r i te r ion  used. W e feel 
th a t  it w o u ld  req u ire  m o re  intensive s tudy  
to say w ith  an y  degree of confidence 
w h e th e r  /. susiana  is the same as /. 
basaltica.

In the  p resen t  w o rk  I he au thors  have  
tr ied  to m ak e  use of c r i te r ia  such as the  
rh izom e, the n u m b e r  of leaves, the n u m b e r  
of nodes, the k in d  of bea rd ,  the k in d  of 
h e a rd  ha ir ,  the m o rp h o lo g y  of style b r a n 
ches, th e  k in d  of p o l l in a to r  tunnels,  to 
som e ex ten t the k ind  of p igm en ts  (Table 1), 
a n d  the  cytological evidence so fa r  av a i l 
able. At the sam e time the undesirab il i ty  
of exaggera ted  lu m p in g  together  o r  sp l i t 
ting up  has  been kept in mind.

MATERIAL

The oncocjTdus irises are notoriously u n 
satisfactory for studying from herbarium 
material. As far as was possible, therefore, 
natural colonies of the different taxa were 
surveyed. This was generally re-located live 
material that was collected and directly 
studied, or planted at the farm of the 
American University of Beirut in the Beqa’a 
Valley of Lebanon for comparison and in
vestigation during subsequent springs. Where 
colonies could not be relocated or reached
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T able 1. P r  esence/absence of absorp tion  p eak s  in different  nM ranges in e th an o l  extracts  
f ro m  one fall + one s tan d ard  of some Iris  subgen. Susiana  taxa. (+) denotes  tha t  p eaks  
are  present in some of the biotypes investigated. P eak  pa tte rns  could be used as an  
indica tor  of re la tionships .  Iris sofarana  f. fra n j ieh  is a m u ta n t  and  has  some peaks that  
d i ffe r  f rom  norm al  populations.  All colour va r ia t ions  in no rm al  I. sofarana  subsp. sofarana  
were  analysed to d iscount  m inor  peak var ia tions .  — A B eckm an DB G self-recording

sp ec tropho tom eter  was used.

nM ranges

T axon

75
0—

74
0

67
0—

66
0

65
5—

64
5

62
0—

61
5

57
2—

56
7

56
0—

55
0

53
7—

52
7

52
5—

46
5

0

-+ 40
0

COCO

10C5CO 32
5—

32
2

32
0—

31
5

30
0—

29
0

28
5—

27
5

27
2—

25
7

23
0—

21
0

k irkw o o d i i  subsp. c a lc a r e a .............. + + + + + + + + + +
kirkinoodii  var. k i r k w o o d i i .............. + + - + + + + + + + - - + + - - 9

k irkw o o d i i  var. m a c r o t e p a l a ........... + + - + + + + + + - - - + + - - ?
basaltica  .................................................... + + - + + + + - + + - - + + - - +
so farana  subsp. kasruw ana  ........... + + - + + + + - + + - - + - + - +
sofarana  subsp. sofarana  ................ + + - + + + + + + + - - + - + - +
yebrudii  subsp. y e b r u d i i .................... + + - + + + - + + + - - + + - - +
herm ona  .................................................... + - + + + + - + + + - - + + - - +
jordana  ....................................................... + + - + + + + - + + + - + + + + +
bostrensis  ................................................... + + + + + + - - + + + - + + - - +
auranitica  f. auranitica  .................... + + - + + + - - + + + - + + - + +
auranitica  f. w ilk iana  ......................... + O- - + + + - - + + + - + - - + +
sw ensom ana  ........................................... + + - + + + - - + + - - + - - - +
assadiana  ................................................... + + - + + + ? + + + - - + - + - +
sofarana  f. franjic li  ............................. + - + - (+) (+) - - + + - + - - (+) + +

live m ateria l  was obtained, generally th rough  
the courtesy of the Aril Society In terna t iona l  
and  its m em bers  —  such m ateria l  included 
taxa from  localit ies which, because of the  
polit ical situation, are  inaccessahle f rom
Lebanon. The p resen t  studies are based 
upon observations on live m ateria l  f rom
n a tu ra l  populat ions,  except for  eight taxa  
in which case studies a re  based upon  im 
ported  au then t ic  m ate r ia l  (from n a tu ra l  c o 
lonies) grown together  w ith  the o ther  taxa  
u n d e r  the same condit ions,  or only 011 
h e rb a r iu m  m ate r ia l  or l i te rature  as in d i
cated under  the respective taxa in the text. 
The h e rb ar iu m  m ate r ia l  studied is f rom  the 
collections in the Post  H erbar ium  (BEI)
at the American University  of Beirut,  the  
Royal Botanic Gardens, Kew (K), an d  the  
P. M o u t e r d e  H erb ar iu m ,  p a r t  of which is 
at  Geneva (G) p a r t  const itu t ing  the H e r b a 
rium of the Lebanese  Nationa l  Council  fo r  
Scientific R esearch  (LNRC).

MORPHOLOGY

T he p lan ts b e lo n g in g  to th is su b gen u s  
are rh izo m a to u s; the rh izom es, th o u g h
so m etim es sto lo n ife ro u s, are gen era lly

sh o rt and  co m p act, the p la n ts  fo rm in g  
c lu m p s. T he lea v es are u su a lly  arcu a te ly  
up righ t, so m etim es very  stro n g ly  recu rved  
and even  circin ate , the d egree o f cu rvatu re  
o ften  ch a n g in g  du ring c u ltiv a tio n . T h e  
nu m ber o f  lea v es var ies from  5 to 13 
in  the sp ec ies in  the reg ion . T h e stem  
varies in  len gth  from  a b o u t one d ec im eter  
to one m etre. T h e  g en era l a p p earan ce  
o f the p la n ts  is su ch  that th ey  can  ea sily  
be id en tified  as b e lo n g in g  to th is sub- 
gen u s 011 their  v eg eta tiv e  parts a lo n e , 
p ro v id ed  on e  is so m ew h a t fa m ilia r  w ith  
the group . T h e p lan ts are u n iflo ro u s .  
T h e p ed u n c le  varies in len g th  and  m a y  
be c o m p le te ly  co v ered  b y  the lea v es or  
ex p o sed  —  the nu m ber o f  n o d es v isib le  
ab ove  the basal leaves is  v ery  o ften  a 
reliab le  ch aracter  in the id e n tif ic a tio n  o f  
so m e o f the taxa. T he flo w er  h as the  
ch a ra cter istic  iris m o rp h o lo g y . It is e n 
clo sed  by  a pair o f  sp a th es or “v a lv e s” 
w h ich  m a y  be in fla ted  or not and then  

Bot. Notiser, vol. 128, 1975
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tightly clasping the ovary. The outer p e r i
an th  leaves are  know n as “falls” w hich 
in this subgenus are usually recurved and  
even folded back. The basal ha lf of the 
fall has a patch  of dense or sparse hairs  
on the dorsal face, the hairs constitu ting  
the beard . The beard  hairs m ay be long 
(up to about 1 cm) or m ore often short 
(not exceeding 0.5 cm). W hen the beard  
is dense, the hairs m ay be longest in 
the m iddle g radually  decreasing in length 
tow ards the sides, or the hairs m ay fo rm  
a b rush  along the m edian region and  
the la tera l piles m ay then be of very sho rt 
hairs. Along the m edian region at the 
end of the beard  a signal spot usually  
of a darker colour is present. In  paler 
biotypes the signal spot can be paler 
or even indistinct. The inner perian th  
leaves, the standards, are erect and often 
laterally  recurved. The petaloid style is 
trifurcate, the th ree branches superposed 
above the falls, each having a stam en 
tucked beneath  it. At the tip each b ranch  
is divided into two lobes (the lobes have 
also been referred  to as crests). These 
are uprigh t, o ften  recurved, and  arc u su 
ally the same co lour as the falls.

The style b ranches are usually  arched  
or keeled and laterally  incurved. These 
branches, that by the degrees of th e ir  
arching and la tera l incurving form  tu 
bular, straigh t o r oblique— horizontal or 
arched tunnels, are referred  to here as 
po llinator tunnels, the floors of w hich 
are contribu ted  by the respective fall. 
There are varia tions in the form  and  
structure of the po llinator tunnels -— 
in some the style branches and the falls 
contribute equally  to the lateral w alls 
of the tunnel, o r the falls m ay contribu te 
the floor only w hile the lateral walls are 
m ade by the proportionate ly  w ider style 
branches; or the  style b ranches m ay be 
raised horizontally  or obliquely upw ards 
above the falls form ing a sort of la terally  
open tunnel. Below the tip of each style 
branch  is a pouch-like structure , the stig- 
m atic pouch, facing outw ards. The an thers 
lie alm ost para lle l w ith and covered by the
Bot. Notiser, vol. 128, 1975

style branch, the tip of the anther hard ly  
ever reaching beyond the base of the 
stigm atic pouch. P resum ably, the floral 
pigm entation (together w ith the smell in 
certain  cases) a ttracts  the particu lar kind/s 
of pollinator/s to the flower. The w ider 
the range of the pigm ents present the 
greater the num ber of d ifferen t kinds of 
insects attracted  m ay be. The size and the 
shape of the po llinator tunnel could pos
sibly restrict the num ber of kinds of 
pollinators. The beard  hairs are directed 
outw ards and the pollinator, therefore, 
presum ably  riding the hairs reaches up 
firs t the stigm atic pouch (where any 
pollen that the po llinato r m ay be carrying 
on its dorsal side w ould get deposited) 
and then the anthers.

The fru it is a 3-cham bered capsule 
w hich is usually inflated, often appearing  
6-lobed because of the two rows of seeds 
present in each cham ber; in one species 
at least the pod is cylindrical and not 
lobed except w hen it begins to shrink  
during the process of drying up. The 
dehiscence of the capsule is longitudinal 
loculicidal. The seeds on drying up are 
usually  dark, alm ost black in colour w ith 
a prom inent w hite, circular, “sucker- 
m o u th ” aril. The term  oncocyclus was 
probably  derived from  th is “circular- 
callosity” by S i e m s s e n  (1846) who first 
used it.

It could be of significance tha t in 
species inhabiting areas that are relatively 
m ore arid  the style b ranches and  their 
lobes are of a pa ler colour, contrasting  
w ith the falls. M oreover, the yellow pig 
m ent in  these species is to some extent 
discernable, while the flow er size and 
shape also d iffer to some extent from  
those of the species found growing in the 
w estern Lebanese ranges and  the  Anti- 
lebanon.

DELIMITATION, PHYLOGENY AND 
SUBDIVISION

C ontrary to a n u m b er  o f  trea tm en ts  
(e. g. L a w r e n c e  1953, R o d io n e n k o  1961),
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Fig. 1. Map of the region showing the d is t r ibu t ion  o f  the following Iris  taxa :  AL anti- 
libanotica . — AS assadiana. —  AU auranitica. —  B basaltica. —  BI b ism arck iana . — 
BO bostrensis. —  C cedreti. ■— D dam ascena. —  H h erm ona . — HY, HY? heyla n d ia n a . 
—  J  jordana . —  KG k irkw o o d ii  subsp. calcarea. —  K k irkw o o d ii  subsp. k ir k w o o d ii  var. 
k irkw o o d ii.  —  KM k irkw o o d ii  subsp. k ir k w o o d ii  var. m acrotepala . ■— L lortetii. —  SK 
sofaranci subsp. kasruw ana . —  S sofarana  subsp. so farana. —  SW  sw enson iana . —  W  

w estii. —  YE yebrud ii subsp. edgecom bii. —  YY yebrud ii subsp. yebrudii.

the authors consider tha t  the oncocyclus 
irises constitute a group sufficiently dis
tinct both morphologically and cytologi- 
cally to merit consideration at subgenus 
level —  Iris subgenus Susiana  S p a c h . 
Morphologically, this group can he identi
fied even on vegetative characters.  Cyto- 
logicallv it is characterized by the hasic 
chromosome num ber x =  l(), and in hav
ing probably the most asymmetrical karyo
type in the genus Iris. The synonymy 
given below is reproduced chiefly from 
L a w r e n c e  (1953) and W e r c k m e i s t e r  
(1967).

Iris L. s u b g e n u s  Susiana S p a c i i

Spach  184(5 in Ann. Sc. Nat.  Ser. 3, 5: 110; 
184(5 in Hist.  Nat. Veg. 12: 70— 71.

Genus O ncocyclus  SlEMSS. 1846 in Bot. 
Zeit. 4: 706— 707.

Subgenus O ncocyclus  (S i e m s s .) A l e f . 1863 
in Bot. Zeit. 21: 206; B a k e r  1877 in J. Linn. 
Soc. Lond .  (Bot). 16: 142.

Section O ncocyclus  ( S i e m s s . ) B a k . 1876 
in Gard. Chron. Ser. 3, 5: 788.

Subgenus P ogoniris  R a n d o l p h  1948 in Bull. 
Amer. Iris Soc. 109: 4; n on  S p a c h  1846,  
nec B a k .  1876.

Subsection  O ncocyclus  (SlEMSS.) B e n t h . as 
in L a w r e n c e  1953 in Gentes Herb . 7, Fasc. 
4 : 3 4 6 ;  as in R o d i o n e n k o  1961,  Genus Iris, 
Akad. Nauk. USSR.

Bot. Notiser, vol. 128, 1975
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On the basis of the present studies, the 
authors  propose four definite groups of 
oncocyclus irises in the region (Fig. 1): 
(1) the species growing in the Lebanese 
western ranges and extending northwards 
into Syria; (2) the Antilebanon group of 
species; (3) the southern Syrian, Jordanian 
and partly  Palestinian group of species; 
and (4) the eastern Syrian desert and 
northeastern  Syrian group of species. The 
western Lebanese range and adjacent 
southwestern Syrian group includes I. 
sofarana, /. cedreti, I. basaltica, and I. 
kirkw oodii. The Antilebanon group in 
cludes species growing on this range and 
on the adjoining plateaux, viz. I. bis- 
marckianci, I. herm ona, I. lortetii, I. anti- 
libanotica, I. damascena, and I. yebrudii. 
I. w estii occupies a position midway be
tween the above two groups. The Jabl- 
Druze, H auran, northern  Jordan  and 
northeastern  Palestine regions have species 
with clavate non-echinate beard hairs, 
and dense beards (except I. jordana). In 
most of these species the yellow pigment 
is discernable through the dense purple 
spotting, or the style branches are shades 
of yellow-orange. The eastern Syrian 
desert and its northeastern  region have 
two reported species: I. heylandiana, and 
I. assadiana. Both of these have clavate- 
cylindrical,  non-echinate beard hairs. /. 
assadiana  is stoloniferons and, probably, 
so too is I. heylandiana. The latter has 
a linear beard  of  uniform-sized, relatively 
sparse hairs which spread out laterally 
near the base of the falls. I. assadiana 
has a linear median brush of long, dense 
hairs surrounded laterally by very short, 
dense, purple hairs. This beard character 
is intermediate between the northern  Syr
ian— southern Turkish  group of irises in 
the north  and the H auran— northern  P a l
estine— Jordan ian  group in the south. Ob
viously, the nor thern  Syrian— southern 
Turkish  group of oncos needs to be stu
died in detail to establish the species 
limits in the complex. I. jordana  is a 
taxon which shows similarities to the 
H auran  group of oncos though the beard 
Bot. Notiser, vol. 128, 1975

and foliage characters are strikingly dif
ferent and point to the possibility of 
another  complex (or only a relict?) in the 
Palestinian region.

It has often been suggested (e.g. D a v i s  

1954) that the oncocyclus group in the 
Levant has evolved from a southwestern 
expansion of the Irano-Turan ian  groups 
from the mountains south— west of the 
Caspian. Cytological evidence ( W e y m o u t h  
& C h a u d h a r y  1974) indicates that the 
species partly  comprising the group So- 
faranae of W e y m o u t h  & C h a u d h a r y  and 
endemic to the western Lebanese ranges 
and to the adjoining Syria in the North 
are the most primitive of the species 
studied. The species endemic to Jabal- 
Druze, the Hauran, northern  Jordan and 
the adjoining region are apparently  the 
most advanced of the species investigated. 
Considering this evidence it could be 
suggested that the species endemic to the 
western Lebanese ranges and the adjoining 
Syrian territory in the north  at least, 
have originated from a southerly expan
sion of the group from southern Turkey. 
Such a view would be supported by the 
karyotype of I. k irkw oodii subsp. calcarea, 
which could he regarded as the most 
primitive, a possibility suggested by W e y 
m o u t h  and C h a u d h a r y  (1974).

In the present w ork  we have followed 
W e y m o u t h  and C h a u d h a r y  in dividing 
the subgenus Susiana  into two groups -—- 
their “Sofaranae” and “P urpuro-aurantae". 
However, we feel tha t these groups should 
be treated as sections of the subgenus, and 
therefore, propose the sections as below. 
The species within a section have been 
arranged according to the sequence that 
we feel is the most natural in view of 
the information at present available. H ow
ever, /. jordana, I. heylandiana  and I. 
assadiana  (/. sp. affin, barnumae  in W e y 

m o u t h  & C h a u d h a r y  1974) have been 
placed under the section Bostria  (group 
“ Purpur o-aurantac” of W e y m o u t h  & 

C h a u d h a r y ) only for the sake of con
venience. They probably  belong to other
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co m p lexes  w h ich  m a y  need  to be sepa ra ted  
as m o r e  in fo rm a t io n  becomes available.

W e  do recognize section Oncocyclus  
( S i e m s s . )  B a k .  (with I. paradoxa  S t e v e n  
as  the  type species) as a section u n d e r  
the subgenus  Susiana,  w hich  nam e  has  
p r io r i ty  a t  the  ra n k  of section. This section 
is, a p p a re n t ly ,  qu ite  d is tinct f ro m  those 
p ro p o s e d  below  an d  is no t represen ted  in 
the region.

Section  Sofaria

Group Sofaranae of W e y m o u t h  & C h a u d -  
h a r y  1974.

Tepala externa fere numquam longiora 
quam 1 1/2 lata. Barba sparsa, capillis
papillato-echinatis. In taxis a nos cognitis 
chromosomata quod longitudinem in series 
bene distinctas divisa.

F a l ls  usua l ly  not m ore  th a n  1.5 times 
as long as wide. Beard  of sparse, p a p i l 
late— echina te  hairs . In the  taxa  for w h ich  
the in fo rm a t io n  is available  ( W e y m o u t h  
& C h a u d h a r y  1974), the  ch rom osom es  
fall into d is t inc t  length  g roups  and  do 
no t in te rg rad e  fro m  the  longest to the 
shortest .

T y p e  s p e c ie s :  I. so farana  F o s t .

Species inc luded: I. anti libanotica  D in s m . ,  
/ .  basaltica  D in s m . ,  I. b ism arck iana  D a m m .

& S p r e n g . ,  I. cedreti  D in s m .  ex C h a u d h r . ,  
I. dam ascena  M o u t r d . ,  / .  h erm o n a  D i n s m . ,
I. k ir k w o o d i i  C h a u d h r ., I. lortetii  B a r r .,
I. so farana  F o s t . ,  / .  westii  D in s m . ,  a n d  /. 
yebrud ii  D in sm .  ex C h a u d h r .

Section  Bostria

Group Purpuro-aurantae of W e y m o u t h  & 
C h a u d h a r y  1974.

Tepala externa plerumque sescuplo longiora 
latiora. Barba densa, pulvino similis vel 
linearis (sparsa ut in /. jordana) vel capillis 
clavato-cylindratis, non echinatis. In taxis a 
nos cognitis longitudo chromosomatum variat 
sine limite distincto.

Falls  usual ly  m ore  th a n  1 1/2 tim es as 
long as wide (except I. jordana).  B e ard  
ha ir s  clavate— cylindrical, n o t  ech ina te ;  
bea rd  dense and  cushion-like o r  l inear  o r  
both, o r  sparse  (as in I. jordana).  In  the 
taxa  fo r  w h ich  in fo rm at ion  is availab le  the 
c h ro m osom es  in te rg rade  in leng th  f ro m  the  
longest to the shor tes t  w i th ou t  a  sh a r p  
b reak  into length  groups .

T ype  species: I. bostrensis  M o u t r d .

Species inc luded: I. assadiana  C h a u d 
h a r y  et ah, sp. nov., I. auranitica  D i n s m . ,  
/ .  bostrensis  M o u t r d . ,  I. h ey la n d ia n a  
Boiss .  & R e u t . ,  I. jo rdana  D in s m . ,  I. 
sw enson iana  C h a u d h a r y  et al., sp. nov.

KEY TO THE TAXA IN LEBANON AND SYRIA

1. Falls usually not more than 1.5 times as long as wide; beard of sparse and/or 
papillate—echinate hairs ............................................................................................................  2

1. Falls usually more than 1.5 times as long as wide and/or the beard hairs clavate— 
cylindrical, not echinate ..............................................................................................................  16

2. Rhizome stoloniferous ....................................................................................... 10. bismarckiana
2. Rhizome not stoloniferous ............................................................................................................  3
3. Falls uniformly red-purple to dark purple or almost so, without any veins or 

spots   16. antilibanotica
3. Falls obviously veined, dotted or spotted, not uniformly coloured ...............................  4
4. Width of a style branch equal to or greater than the combined width of its two lobes 5
4. Width of a style branch less than the combined width of its two l o b e s .......................  8
5. Flower shades of p ink—red; standards white with p ink —violet veins; bases of 

standards tending to converge below style b r a n c h e s   12. lortetii
5. Flowers not shades of pink—red, but shades of purple—dark p u r p l e .......................  6
6. Venation of falls typically felty-thick, embossed on both surfaces; stem leaves

3—4 ..................................................................................................................................... 4. basaltica
6. Venation of falls not felty-thick, if embossed then only on upper surface; stem 

leaves less than 3 .............................................................................................................................  7
7. Venation of falls very dense (10— 13 per cm) ; style branches less than 3 cm 

wide ..........................................................................................................................................  8. cedreti
Bot. N otiser, vol. 128, 1975
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7. V enation  of falls less dense; style b ran ch es  3 cm wide o r  more ......................................
  7. sofarana  subsp. kasruw ana

8. Pedunc le  length usually  m ore  th an  15 cm from  the last node;  stem leaves 2 or more 9
8. P edunc le  length usually  15 cm o r  less f ro m  the last  node;  stem leaf 0— 1 ....................  10
9. Leaves 5— 7, ab o u t  1.5 cm wide; falls ova te— orbiculate ,  8 cm long or less; signal

spot  n ea re r  the distal  e n d ...............................................................  1. k irkw o o d ii var. k irkw o o d ii
9. Leaves 8— 9, ab o u t  1 cm wide; falls ova te— oval, about  10 cm long; spot a lm ost  

equ id is tan t  f ro m  the two ends ................................................  2. k irkw o o d ii  var. m acrotepala
9. Leaves 7— 9, abou t  1.5 cm wide; falls obova te— orbiculate ,  abou t  8 cm  long o r  less;

signal spot n e a re r  the  distal  end  ................................................  3. k irkw o o d ii  subsp. calcarea
10. Leaves m ore  th an  1 cm wide ...............................................................................................................  11
10. Leaves 1 cm wide o r  less ....................................................................................................................  13
11. Falls  white  or  yellow, the yellowness due to dense spots of varying shades

of y e l l o w ................................................................................................................  6. sofarana  f. fran jieh
11. Fal ls  not white— yellow but shades of purple,  m aro o n -p u rp le  or  violet p u r p l e   12
12. S ta n d a rd s  in str ik ing  con tras t  to the falls clear white  with widely spaced very fine 

veins; leaves no t  widely divergent ................................................................................ 11. hcrm ona
12. S ta n d a rd s  w ithou t  the c lear white  or  d ir ty  white  colour dom inating;  the veins

a n d  dots thick a n d /o r  dense; leaves divergent,  no t  closely appressed  .............................
.................................................................................................................................... 5. sofarana  f. sofarana

13. Style b ranches  m ore  th a n  3 cm wide   15. yebrudii  subsp. edgecom bii
13. Style b ranches  3 cm wide or l e s s ......................................................................................................  11
14. Leng th  of style b ranches  including the lobes no t  m ore  th an  5 cm . . . .  13. dam ascena
14. Leng th  of style b ran ch es  including the lobes m ore  t h a n  5 c m ..........................................  15
15. Style b ranches  oblique— horizon ta l ;  p lan ts  ra th e r  tall (up to about 30 cm); leaves 

no t  strongly  arched, usua lly  exceeding 15 cm .............................................................  9. w estii
15. Style b ranches  a rch ed  d o w n w ard s ;  p lan ts  usua lly  no t  exceeding 20 cm; leaves 

s trongly  a rched, h a rd ly  exceeding 15 cm ..................................  14. yebrudii subsp. yebrudii
16. B eard  l inear or  b rush-l ike  in the m ed ian  region .....................................................................  17
16. B eard  dense o r  cushion-like  or o f  sparse  ha irs  b u t  not  l inear or  b r u s h - l i k e . 18
17. P la n ts  small,  h a rd ly  ever exceeding 20 cm; rh izom e very small , s toloniferous; bea rd  

a m ed ian  b rush  of yellow ha irs  m ore  th a n  5 m m  long and  su rrounded  by latera l  
b a n d s  of very small,  purp le  h a i r s   18. assadiana

17. P la n ts  taller; rh izom e m ed ium  (sto loniferous?);  bea rd  l inear, of white, u n i fo rm 
sized, relatively  sparse  ha irs  sp read ing  la te ra l ly  in the basa l  region of the fall . . . .  
  17. heyland iana

18. F low ers  yellow or b ronze;  f lowering May— Ju n e  ..................................................................  19
18. F low ers  not  yellow— bronze;  f lowering M arch— April .........................................................  20
19. Falls  and  s tan d ard s  w i th  fine, r e d — purp le  veins and  very fine, dense d o t s ................

.........................................................................................................................  21. auranitica  f. ciuranitica
19. Falls  and  s t an d ard s  w ithou t  fine, red —purp le  veins or  dots  . .  22. auranitica  f. w ilk iana
20. Leaves ab o u t  2 cm wide; b ea rd  of sparse  hairs , n o t  cushion-like  ................  19. jordana
20. Leaves usually  1 cm wide or less; bea rd  of dense hairs , c u s l n o n - l i k e .........................  21
21. Fa lls  a n d  s tan d a rd s  with  the g round  golden  yellow, w ith  dense spotting of purp le  

(when a p p aren t ly  purple,  the yellow ground  still show ing  th ro u g h  it as dots or 
spots);  beard  ha irs  all yellow, m inu te ly  t ipped w ith  purple ;  style b ranches  golden 
yellow with  verv m inute  d a rk  b ro w n — purp le  spots which  become streaks tow ards  the 
sides and  the lobes .........................................................................................................  20. bostrensis

21. Falls  a n d  s ta n d a rd s  un ifo rm ly  purp le ;  style b ranches  orange, strongly s treaked  
with  purple;  beard  ha irs  in a golden yellow m ed ian  b an d  and  purple lateral  bands  
 23. sw ensoniana

1. I r i s  k i r k w o o d i i  C h a u d h a r y  s u b s p .  
k i r k w o o d i i  var. k i r k w o o d i i  —  Fig. 2

Ch a u d h a r y  1972 in Bot. Notiser  125:499 .  
—  Orig, coll.: Syria, B ishmishly,  April 1972, 
K i r k w o o d  & Ch a u d h a r y  787 (holotype,  BEI).

Plants up to 75 cm. Rhizome large, 
compact, yellowish-brown. Leaves 5— 7 in 
Bot. N otiser, vol. 128, 1975

number, rather grassy— droopy, up to 1.5 
cm wide, 30 cm long, pale green. Stem 
leaves one or two with one or two inter
nodes showing through or above the basal 
leaves; peduncle length usually 25 cm or 
more. Flowers about 15 cm tall, 8— 10 cm 
wide; valves tightly clasping, not inflated, 
about 11 cm; ovary 3—3.5 cm, almost
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Fig. 2. Iris kirkwoodii  subsp. kirkwoodii var. 
kirkwoodii.

terete o r sl ightly t r igonal w ith  a sta lk  
ab o u t  0.5 cm ; p e r ia n th  tube  2.5— 3 cm. 
F a lls  6— 8 cm long, 4— 5 cm wide, ov a te—  
o rb icu la te ,  o f ten  s trong ly  recurved ,  e m 
bossed w ith  d a rk  p u rp le  veins an d  fine 
do ts  densely  sca t tered  on a pale g reen ish  
o r  white , c lea r  g ro un d ,  the spots la rge r  
an d  denser  below  an d  to the  sides of the 
signal spot; the  signal spo t o rb icu la r ,  
som etim es  ovate, 1 . 5 — 2 cm  long, ab o u t  
1.5 cm wide; he a rd  of long, m a ro o n -p u rp le  

o r  ru s ty -b ro w n  ha irs .  S tan d a rd s  a b o u t  8.5 
cm  long, 6— 7.5 cm wide, orbicular-—  
ovate, a b ru p t ly  c law ed w ith  the  c law  
ch an n e l led  a n d  ab o u t  1 cm ; the  s ta n d a rd s  
w i th  fine b lu e -p u rp le  veins and  do ts  on 
a  c lear pale  b lue  g rou nd ,  the dots  an d  
veins em bossed  on ly  n e a r  the base  and  
along the  m idrib .  A n thers  2— 3.5 cm, 
p u rp le -b ac k e d ;  f i lam ents  1.2—-2 cm, p u r 
ple-dotted. Style b ra n c h e s  ab o u t  7 cm  long 
inc lud ing  the lobes, 3— 4 cm  wide, d a rk

m a ro o n  in  the middle ,  d a r k  p u rp le  to the 
sides, ridge keeled, the  r idge  p ro m in e n t ;  
the  lobes m in u te ly  se r ra te ,  tu rn e d  u p 
w a rd s ;  the  w id th  of the tw o lobes g rea te r  
th a n  the w id th  of the style b ran ch es ;  
lobes w ith  fine em bossed  veins and  very 
fine dots like the  falls; po l l in a to r  tunnel 
s im ila r  to th a t  in I. so farana  subsp . so- 
farcina (Fig. 4 G a ) . P od s  a b o u t  9 cm long, 
cylindrical,  no t  lobed, the  veins thick, 
p ro m in en t ,  ra ised  above the  su r face  or 
level w ith  it.

D IS T R IB U T IO N : E n d e m ic  to the Bish- 
m ish ly  a re a  in n o r th e rn  Syria.

MATERIAL: T he  n a tu r a l  p o p u la t io n  at 
the  type locality  a n d  t r a n s p la n t s  from  
th a t  locality.

2 .  Iris kirkwoodii C i i a u d h a r y  s u b s p .  
kirkwoodii v a r .  inacrotepala C i i a u d h a r y  

et al., v a r .  n o v .  —  Fig. 3

Orig, coll.: Northern Syria, EI-Bara, April 
1974, K i r k w o o d  1403 (holotype, BEI).

Planta c. I m alia. Folia 8— 10. Flores c.

cm s

Fig. 3. Iris kirkwoodii  subsp. k irkwoodii  var. 
macrotepala.

Bot. N otiser, vol. 128, 1975
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17 cm  lo n g i a basi spath aru m , 10— 12 cm  
lati. T ep a la  externa o v a to -e llip tica , c. 10 cm  
lon ga , c. 6 cm  la la , m acu lae  et ven ae parum  
caelatae, m aron ino-p u rp u reae ad v io la ceo -  
purpureae. T epala  interna orb icu la ta , abrupte  
u n gu icu lata , c. 11.5 cm  longa , c. 9.5 cm  lata.

P lants about one m etre. Rhizome large, 
com pact, yellowish-brown. Leaves 8-— 10, 
about 1 cm wide, up to 50 cm long, 
grassy— droopy, pale green; stem leaves 
usually 3, w ith 2 or 3 nodes showing 
through or above the basal leaves. Pe
duncle about 20 cm. Flow ers 15— 17 cm 
tall from  the base of the valves, 9— 11 cm 
wide; valves 8— 10 cm, purple-tinged, 
tightly clasping; ovary 3— 3.5 cm; perian th  
tube about 2.5 cm. Falls about 10 cm long, 
6 cm wide, ovate, ground cream y-white, 
the dots and veins slightly embossed, 
m aroon-purp le to violet-purple; signal spot 
oval or orbicular, enclosed in a dense band 
of strongly embossed m aroon-purple dots; 
about 2 cm long and 1— 1.5 cm wide; 
beard  of violet-purple or golden hairs. 
S tandards about 11.5 cm long, 9.5 cm 
wide, orbiculate, ra the r abruptly  clawed, 
the claw about 1.5 cm, channelled; the 
ground pale blue w ith fine, violet-purple 
veins and dots, the la tte r denser and bigger 
tow ards the central and basal areas. An
thers about 3 cm, purple-backed; filam ents 
about 2 cm. Style branches about 7 cm 
long including the lobes, 3.5 cm wide, 
ridge-keeled, the ridge very prom inent; the 
width of the two lobes greater than  the 
w idth of the style b ranch ; po llinator tu n 
nel sim ilar to that in /. sofarana subsp. 
sofarana. Pod?

DISTRIBUTION : Endem ic to the El- 
Bara area in no rthern  Syria.

3.  Iris kirkwoodii C h a u d h a r y  s u b s p .  
calcarea C h a u d h a r y  et a l . ,  s u b s p .  n o v .  —  
Fig. 4 A

I. ca l carea  D i n s m o r e  in  sched. —  Orig. 
coll.: Syria , D eir Sem aan, April 1971, C h a u d 
h a r y  785 (ho lo ty p e , B E I ) .

P lan ta  30— 80 cm  alta. R h izom a m agnum , 
com p actu m . F o lia  7— 9, c. 25 cm  lon ga , 1—  
1.5 cm  lata , p lu s m inu sve firm iter recurva;

fo lia  cau lin a  2 vel 3. F lores 15— 25 cm longi 
a b asi spatharum , c. 8 cm  la ti; pedunculi 
15— 25 cm  lon g i a n od o  u ltim o. T epala ex 
terna ob ov a to -o rb icu la ta , c. 8 cm  longa, 5— 6  
cm  lata , m acu lis caela tis  vel v en is purpureis- 
a trom aron in is; fun d u s leviter v ir id is: m acu la  
m ed ia  2— 2.2 cm  la ta , 1.5— 2 cm  longa , 
a trom aron in a; barba ca p illis  lon g is, non  
d en sis , a trom aron in is . T epala  in tern a  8— 11.5 
cm  lon ga , 5.5— 8 cm  lata , orb icu la ta , u n gu ibus  
p arvis; ven is p u rp u reis vel a tropurpureis; 
m acu la e  caelatae; fun d u s caeru leu s, clarus. 
A ntherae 2— 2.2 cm  lon gae; f ila  c. 1.5 cm , 
rob u sta . R am i sty li c. 7 cm  lo n g i (lobis in 
c lu sis ), 2.5— 3 cm  lati, cristati et carinati; 
m acu la e  et v en a e  lob oru m  ut in tepalis e x 
tern is; u terque lo b u s ram i sty li latior; ca n a li
cu lu s p o llin icu s fere ut in I. so f arana  subsp . 
sofar ana .

Plants 30— 80 cm. Rhizome large, com 
pact, light yellow to brownish-yellow . 
Leaves 7—9, 1 — 1.5 cm wide, up to 30 cm 
long, ra ther strongly recurved or droopy, 
pale green; stem leaves 2— 3, the 2— 3 
nodes visible th rough  or above the basal 
leaves. Peduncle 15— 25 cm. Flow ers about 
15 cm tall from  base of the valves, about 
8 cm wide; valves ra th e r leathery, tightly 
clasping, purple-tinged. Ovary 3— 3.5 cm, 
alm ost terete; perian th  tube about 4 cm. 
Falls about 8 cm long, 5— 6 cm wide, 
obovate—orbiculate, em bossed dotted and/ 
o r veined w ith dark  purp lish-red  on a pale 
green ground: signal spot 2— 2.2 cm wide, 
1.5— 2 cm long, velvety dark  m aroon; 
beard  of long, dark  m aroon, ra th e r sparse 
hairs; the signal spot and the peripheral 
p art of the beard often surrounded by or 
heavily outlined w ith dark, dense, larger 
spots, the signal spot then appearing very 
large. S tandards 8— 11.5 cm long, 8 cm 
wide, the limb orbiculate, tapering to a 
thick claw about 1.5 cm; veined with 
p u rp le  or dark  purple, the dots embossed, 
the veins not so, the ground light blue, 
clear, covered alm ost uniform ly on and 
between the veins in the central area 
w ith blue-purple dots w hich become 
sparse tow ards the m argin and denser and 
m aroon tow ards the base. Anthers 2— 2.2 
cm ; filam ents about 1.5 cm, ra th e r stout. 
Style branches about 7 cm long including 
the lobes, 2.5— 3 cm  wide, ridge-keeled,
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the ridge more prominent near Ihe lobes; 
the lobes upturned, slightly fringed at the 
margins, dotted and veined like the falls; 
the w idth  of the two lobes greater than the 
width of the style branch; pollinator tu n 
nel more or less like that in I. sofarana  
subsp. sofarana only flatter. Pod about 
9 cm, cylindrical, not inflated, the veins 
thick, prominent, raised above the surface 
or level with it.

DISTRIBUTION: Endemic to the Deir 
Semaan area, Syria.

MATERIAL: Live culture. —  Collections: 
April 1972, K i r k w o o d  790 (BEI); April 
1938, D i n s m o r e  20393 (BEI).

NOTES: M o u t e r d e  (1969) considered 
this taxon was no different from I. so fa
rana  subsp. sofarana. One of us ( C h a u d - 

h a r y  1971) had also proposed the nam e 
I. sofarana  var. calcarea (published only 
as an abstract of a paper read). However, a 
more careful study has shown that this 
taxon has its closest affinities with /. 
kirkwoodii,  the affinities even with /. 
basaltica being closer than with /. so
farana.

4. Iris basaltica D i n s m o r e  —  Fig. 4 B

D i n s m o r e  1933, PI. Post .  D insm . 2 :9 ;  
1934 in P o s t  & D i n s m o r e ,  E l .  Syr. Pal.  & 
Sin. 2 :5 9 7 ;  M o u t e r d e  1966, Nouv. FI. Lib. 
Syr. 1 :317 . —  Orig. coll .:  Syria, Kalaat-ul  
H u sn  (Krak de Chevaliers) area, March— April  
19--, W e s t  ( D i n s m o r e  Herbarium ? n o t  
s e e n ) .

Plants up to 70 cm. Rhizome large, 
compact, dark  brown. Leaves 9— 12, thick- 
ish, slightly arched, 1.5— 2 cm wide, about 
24 cm long; stem leaves usually 3 or 4, 
the nodes bearing these visible through 
or above the basal leaves. Peduncle 15— 25 
cm. Flowers about 15 cm tall from  the base 
of the valves, about 9 cm wide; valves 
about 11 cm, tightly clasping, distinctly 
keeled, purple-tinged in the top 1/4; ovary 
about 2.5 cm, trigonal; perianth  tube

about 2.8 cm. Falls about 9 cm long, 
about 5 cm broad, rather tightly clasping 
at the base, ovate or somewhat lanceolate, 
embossed with thick, almost felty, dark 
purple to almost black veins both on the 
upper and the lower faces, the dots re
stricted mostly to the middle region below 
the signal patch and laterally above the 
signal patch; the ground pale greenish, 
clear; signal patch usually truncate-tri
angular or orbiculate, about 1.5 cm long 
and 1.5 cm at its widest; beard of rather 
sparse, long, maroon-purple hairs tipped 
with rusty yellow. Standards 8.5— 10.5 cm 
long, 7— 7.5 cm wide, the limb almost 
orbicular, abruptly  narrowed into a claw 
about 2 cm long and about 1 cm wide, 
with embossed (felty-thick) finer, dark 
purple veins and embossed dots on both 
surfaces, the dots restricted to the central 
area, the ground pale greenish, clear; 
more than  1/4 of the basal part  with scat
tered long purple hairs, the hairs denser 
in the channel of the claw. Anthers 
creamy white, about 3 cm; filaments about 
1.5 cm, stout. Style branches about 8 cm 
long including the lobes, about 3.5 cm 
wide, densely maroon-purple-spotted, the 
dots increasing in size towards the lobes; 
keel very prominently ridged; lobes with 
embossed dark spots and veins like the 
falls, irregularly serrate; the width of the 
lobes not more than  the width of the style 
branch; pollinator tunnel ra ther  flat and 
long, both the fall base and the style 
branch contributing to the walls of the 
tunnel. Pod inflated, 6-lobed, 6— 11 cm, 
the veins lying in the furrows.

DISTRIBUTION: Endemic to the Tell 
Kalakh-Hadidia region, Syria. In danger 
of extinction.

MATERIAL: Tell Kalakh, Hadidia, and 
Kalaat-ul-Husn (type locality) populations, 
and cultivated material from the above 
areas. —  Collections: Krak de Chevaliers, 
April 1943, D i n s m o r e  15956 (BEI, not 
in good condition); Hadidia, April 1972, 
C h a u d h a r y  791 (lectotype, BEI).
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5 . Iris sofarana F o s t e r  s u b s p .  sofarana  
f. so faran a  —  Fig. 4 C

F o s t e r  1889 in Gard. Chron.,  iii. 26: 389; 
P o s t  & D i n s m o r e  1933, FI. Syr. Pal. & Sin. 
2 :598;  M o u t e r d e  1966, Nouv. FI. Lil). Syr. 
2:319. —  Orig. coll.: Lebanon,  Sofar (Ayen 
Sofar) ,  April 18--, F o s t e r  (not seen).

P la n t s  up  to 40 cm. Rhizom e ra th e r  
large, co m pac t ,  ye llow ish-brow n. Leaves 
S— 9, 1.2— 2.5 cm  wide, up  to 25 cm  long, 
s o m e w h a t  divergent,  if falcate th e n  not 
s t ro ng ly  so; the  node bearing  the  single 
s tem leaf on ly  ra re ly  visible above the 
basa l  leaves. P ed u n c le  usua l ly  11— 14 cm 
(often longer  u n d e r  cu ltu re ) .  F lo w ers  15—  
18 cm  tall f r o m  base  of valves, 10— 12 cm 
wide: valves up  to 11 cm, inflated, green; 
o v a ry  a b o u t  3.5 cm, tr igonal ; p e r ia n th  
tube a b o u t  2.5 cm. F a lls  8— 8 .5 X 5 — 6.5 
cm, obovate ,  the  l im b orbiculate ,  ra re ly  
ovate, th e  base  t igh tly  c lasping th e  style 
b ra n c h e s  la te ra l ly ;  the  g ro u n d  c ream y  
white , th ick ly  covered  w ith  b ro w n -p u rp le  
to b lu ish -p u rp le  veins and  spots, the 
co lou r  range  vary ing  from  b lu ish -p u rp le  
to red -p u rp le ;  b e a rd  h a ir s  d a rk  p urp le ,  
ra th e r  sca t te red ; signal spot orb icu la te ,  
w ider  th a n  long, 1.2— 1.5 cm long, 1.5—-2 
cm wide, d a rk  p urp le ,  located m o re  th a n  
h a lfw ay  to w ard s  the apex. S tan d a rd s  about 
9.5— 1 0 .5 X 7 — 8 cm, orb iculate ,  th e  limb 
ab ru p t ly  n a r ro w e d  in to  a  sh o r t  c law ; the 
g ro u n d  c lear w h ite  lo ink y  b lue  w i th  the 
veins fine, b lu e -p u rp le  to d a rk  p u rp le  o r 
m a ro o n -p u rp le ;  the do ts  s im ilar  in co lour  
to veins, very  fine, r a th e r  dense in the 
cen tra l  a re a  m a k in g  it look b lue -p u rp le  
o r  d a rk  m aro o n -p u rp le ;  the  veins not 
dense (6 I 1 p e r  cm ). S tam ens a b o u t  4 
cm ; an th e r s  2.5— 3 cm, c ream y  yellow: 
fi lam ents  1— 1.5 cm, purp l ish .  Style b r a n 
ches a b o u t  7 cm  long inc lud ing  the  lobes, 
3 cm wide, the  ridge of th e  keel very 
p ro m in en t ;  lobes of style b r a n c h  u p tu rn ed ,  
crenate ,  ve ined a n d  spo tted  like th e  falls; 
the  to tal w id th  of the  two lobes m o re  th a n  
the w id th  of the  style b ra n c h ;  p o l l in a to r

tunnel fo rm ed  by the fall and  the  style 
b ran ch ,  the base of the  fall tightly c la s p 
ing the style b r a n c h  (Fig. 4 C a ) .  P o d s  
ab o u t  10.5 cm long, 3 cm wide, in f la ted  
an d  6-lobed, n a r ro w e d  to w ard s  b o th  ends.

D IS T R IB U T IO N : E n d em ic  to L e b a n o n  
in tw o k n o w n  localit ies.

MATERIAL: T he  F a lo u g h a  area  (p ro b 
ab ly  the  type locality) an d  the Z eh leh  
Pass  p o p u la t io n  w ere investigated. —  Col
lections: F a lo u g h a  area : May 1963, E d g e 
c o m b e  A -1333, A-1189 (BEI); May 1964, 
E d g e c o m b e  B-295 (BEI); May 1972, 
C h a u d h a r y  1215 (lectotype, BEI). Z ah leh  
Pass  a rea :  May 1963, E d g e c o m b e  B-298 
(B EI);  May 1964, S l o a n e  (BEI). B e tw een  
B eiru t  an d  D am ascus  (p robab ly  F a lo u g h a  
colony) M ay 1955, T r o t t  3002 (K).

6. Iris sofaran a F o s t e r  subsp. sofaran a f.
franjieh  C h a u d h a r y  et al., f. nov.

Orig. coll.: L ebanon,  Fa lougha  area, April 
1974, C h a u d h a r y  1405 (holotype, BEI).

Haec fo rm a  differt  a f. sofarana f lo r ibus  
flavis vel candidis p igmento pu rp u reo  c a r e n 
tibus.

T his  fo rm  d if fers  f ro m  f. so farana  only  
in lack ing  b lu e -pu rp le  p ig m en ta t ion  in 
f lo ra l  p a r t s  w h ich  m a y  be p u re  silky w h ite  
w ith  yellow show ing  near  the  bases of 
f lora l par ts ,  o r  the falls only  are  ye llow  
on the  basa l  half ,  o r  the falls look c o m 
pletely yellow an d  the  s ta nd ards  l igh ter  
yellow o r  w hite .  T he  yellowness o f the  
floral p a r ts  is due  to yellow, dense spots, 
the shades  of yellow only  varying.

D IS T R IB U T IO N : So fa r  these a p p a r 
ently  m u ta n t  fo rm s  have been  o bserved  
g row ing  in the type  locality only  n e a r  
F a lo u g h a  in Lebanon .

N O T E : T h is  fo rm  is n am ed  a f te r  Mrs 
I r i s  F r a n j i e h ,  pa troness  of the H o r t i 
cu l tu ra l  Society of Lebanon.

Fig. 4. A: Iris kirkwoodii  subsp. calcarea. •— B: Iris basaltica. — C: Iris sofarana subsp. 
sofarana var. sofarana. — D: Iris sofarana subsp. kasruwana.  — a: po llina tor  tunnel.
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7. Iris sofarana F o s t e r  s u b s p .  kasruw ana  
( D i n s m o r e )  C h a u d h a r y  et al., comb. nov. 
—  Fig. 4 1)

/. kasruwana  D i n s m o r e  1933, Pl. Post. 
Dinsm. 2:9 ; 1934 in P o s t  & D i n s m o r e , Fl. 
Syr. Pal. & Sin. 2: 597. — /. sofarana f. 
kasruwana ( D i n s m o r e ) M o ü t e r d e  1966, 
Nouv. Fl. Lib. Syr. 1:319. — Orig. coll.: 
Lebanon, Naba-al-Asal, May 19—, W e s t  ( D i n s 
m o r e  Herbarium? not seen).

P lan ts  ab o u t  50 cm. Rhizom e ra th e r  
large, com pac t,  b row n . Leaves up  to 10, 
1.2— 1.7 cm wide, up  to 20 cm long, no t  
w ide-sp read ing ; stem leaves usual ly  2, 
o f ten  ending al ab o u t  the sam e level. 
Pedunc le  ab ou t  22 cm, often  the tw o nodes 
b ea r in g  the s tem  leaves visible above or 
th ro u g h  the b a sa l  leaves. F low ers  ab o u t  18 
cm tall f rom  the  base of the valves, ab o u t  
10 cm  wide; valves to ab o u t  9 cm, ven- 
tr icose, p in k ish -p u rp le  in the  u p p e r  half ;  
o vary  3— 4.5 cm, b ro ad ly  t r ia n g u la r ;  p e r i 
an th  tube 3.5— 4 cm. F a lls  8— 10 cm  
long, 6— 7.5 cm  wide, ovate, the base 
r a th e r  flat, n o t  tigh tly  c lasp ing ; densely  
s treaked  an d  d o t ted  w ith  d a rk  p u rp le ,  the  
dots m ore  p rom inen t ,  smaller, an d  dense 
n ea r  the signal p a tch ;  the  signal pa tch  
m o re  or less te a r sh a p e d ,  longer th a n  wide,
1.5— 2 .5 X 0.6— 1.5 cm ; the low er end of 
the signal spot m ore  th a n  h a lfw ay  up  the  
length of the fa ll  to w ard s  the  base;  b ea rd  
ha irs  sparse, pu rp le ,  t ipped w ith  yellow 
o r  ru s ty  b row n . S ta n d a rd s  8— 11 cm  long, 
6— 8 cm wide, obovate ,  g ra d u a l ly  tape r in g  
to a claw, the claw  ab o u t  1 cm, c h a n n e l 
led; the  g ro u n d  c lear w hite  to p u rp l ish -  
white  to inky blue  w ith  d a rk  , 
veins an d  dots, the  dots finer,  e longat ing  
an d  anas tom osing  in the m iddle  basa l  
parts .  S tam ens u p  to 4 cm ; a n th e r s  ab ou t
2.5 cm, c ream y  yellow o r  p u rp le -back ed ;  
f i lam ents  ab o u t  1.5 cm, p u rp le  all over 
o r  tow ards  the base  only. Style b ran ch es
5.5— 7.5 cm long inc lud ing  the  lobes, 3— 4 
cm wide, m a ro o n -p u rp le  in the  middle ,  
d a rk  p urp le  to  the sides, ridge keeled, 
the ridge very  p ro m in e n t ;  the lobes of 
th e  style b ran c h es  ir reg u la r ly  spo t ted  and  
s t reak ed  like th e  falls; th e  w id th  of the two 
Bot. N otiser, vo l. 128, 1975

lobes h a rd ly  if a t  all exceeding the  w id th  
of the style b ra n c h ;  po ll in a to r  tunne l 
fo rm ed m a in ly  by the style b ra n c h  w ith  
the base  of the  fall con tr ibu t in g  the floor 
of tun ne l  (Fig. 4 I) a).  Pods up  to 10 cm 
long, up  to ab o u t  4 cm wide, 6-lobed, n a r 
row ed to w a rd s  b o th  ends.

D IS T R IB U T IO N : E ndem ic  to L eban on ;  
in two k n o w n  popula t ions .

M A TERIA L: T h e  Naba-al-Asal (type lo 
cality) a n d  the  L aq lo u q  po pu la t io ns  w ere 
investigated. —  Collections: Naba-al-Asal 
April 1971, C h a u d h a r y  790 (lectotype, 
B E I) ;  May 1952, M o o n e y  4383 (K).

8. Iris cedreti D i n s m o r e  ex C h a u d h a r y  

-  Fig. 5 A

C h a u d h a r y  1972 in Bot. Notiser 125: 497— 
499. Orig. coll.: Lebanon, vicinity of
Cedars of Lebanon, May 1972, C h a u d h a r y , 
C h a u d h a r y  & W e y m o u t h  789 (holotype, 
BEI).

P lan ts  ra re ly  exceeding 40 cm. R hizom e 
m ed ium , com pac t,  light yellow. Leaves 
8 or 9, 1— 2 cm  wide, up  to 23 cm  long, 
n a r ro w e d  to the  tip; stem leaf n o n e  or 
one. P ed un c le  9— 12 cm. F lo w ers  ab o u t  
18 cm tall f ro m  the base  of the valves, up 
to 9 cm wide; valves abou t  10 cm, r e a c h 
ing to th e  level of the  falls, inf la ted , g reen; 
ovary  ab o u t  3.3 cm, t r iangu la r ,  6-lobed, 
the o va ry  s ta lk  0.5 to 1 cm; p e r ia n th  tube
2.5— 3 cm. Falls  6.5— 9.5 cm long, 4.5—
5.5 cm wide, ovate, n a r ro w e d  to the 
lip, f ine ly  c ren a te— ir regu la r ly  se r ra te ,  the 
g ro u n d  clear, w hite  to lead-white ; veins 
very fine, embossed, densely a r ra n g e d  
(10— 13 per  cm ),  d a rk -m a ro o n  to m a ro o n -  
pu rp le ;  dots very  fine, m ore  em bossed  
a ro u n d  the  signal spot an d  the a re a  above  
th is  level; in the d a rk e r  h io types the  dots 
on  the falls  a re  larger, a n as tom osing  so 
closely th a t  the dots fo rm  the  g ro u n d  
an d  the g ro u n d  a p p ea rs  as i r reg u la r  w hite  
spots; signal spot o rb iculate ,  1.7— 2 cm 
long a n d  ab o u t  1.5 cm  wide, located  a lm os t  
in the m iddle  of the  fall, d a rk  m a ro o n -
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purp le ; beard of sparse hairs, the hairs 
rusty brown, pink, purple or mottled on 
a pale green ground. Standards S.5-—11 
cm long, 6— 7.5 cm wide, ohovate, clawed, 
the claw about 1.5 cm long, channelled; 
the ground characteristically white to lead- 
white; veins very fine purplish— dark m a
roon, ra the r  embossed, parallelly densely 
arranged (13— 20 per cm); dots very fine, 
very sparse near the margin, larger and 
sparse in the central area, finer and denser 
in the lateral zones; the inner and outer 
faces of the standard  with distinctly dif
ferent shades (a character very rarely 
to be seen in /. sofarana subsp. sofarana 
and often in /. jordana) ; on the inner face 
the white to lead-white ground dominates 
while on the outer face the purplish— 
dark maroon dominates. Stamens 3.5— 4 
cm, the anthers usually more than twice 
as long as the filaments, the anthers 
creamy white, sometimes purple-backed. 
Style branches 5.5— 6 cm long including 
the lobes, about 2 cm wide, strongly 
arched along the arch of I he fall (the 
latter contributing only the floor of the 
pollinator tunnel), strongly narrowly keel
ed, the keel with a small ridge, maroon- 
purple; the lobes about 1 cm long and 
wide, the total width of the two lobes 
not exceeding the width of the style 
branch; the lobes upturned, veined and 
spotted like the falls. Pod about S cm, 
inflated, lobed, narrowed towards both 
ends.

DISTRIBUTION: Endemic to the Cedars 
of Lebanon area. Also reported from 
Ehden and Hasrun  areas of Lebanon but 
not seen recently.

MATERIAL: Vicinity of Cedars of Le
banon, 1940, D i n s m o r e  20513 (BEI); May 
1880, B l a n c h e  11095 (?); May 1966,
A l b u r y , C h e e s e  & W a t s o n  925 (K).

9. Iris westii D i n s m o r e  — Fig. 5 B

D i n s m o r e  1933, PI. Post. Dinsm. 2:8; 
1934 in P o s t  & D i n s m o r e ,  FI. Syr. Pal. & 
S in .  2:596. /. s o f a r a n a  F o s t e r  f. u>estii

( D i n s m o r e ) M o u t e r d e  1966, Nouv. FI. Lib. 
Syr. 1:319. Orig. coll.: Lebanon, Tawmat- 
un-Niha, May 1930, W e s t  1896 (holotype, 
D i n s m o r e  Herbarium), not seen.

Plants up to about 30 cm. Rhizome 
medium, compact. Leaves 6— 8, 1 cm
wide or less, about 20 cm long, slightly 
falcate; stem leaf one or two. Peduncle 
8— 16 cm. Flowers 12.5— 15 cm in d ia
meter; valves about 11 cm, slightly in 
flated; ovary 3— 4.5 cm, with a stalk 
about 1 cm; perianth tube 3— 4 cm. Falls 
5— 8 cm long, 5— 5.5 cm wide, elliptical— 
obovate, veins and spots prominently em 
bossed, brown-purple to purple, the spots 
dense; signal spot about 1.5 cm long and 
wide, located in the middle of the fall; 
beard of long, ra ther  sparse purple hairs, 
ra ther  wide, extending almost to the edges 
of the fall and to almost the lower edge 
of the signal spot. Standards 6— 9 cm long, 
5— 6 cm wide, obovate— cuneate, g rad
ually narrowed into a claw about 1 cm 
long; the limb orbiculate; lilac-blue veins 
and minute dots on a pale lilac ground, 
the dots becoming bigger and embossed 
towards the base. Anthers about 2 cm; 
filaments about 1.7 cm. Style branches 
horizontal-oblique (apparently not arched 
downwards as seen in the herbarium 
material), 6—6.5 cm long, about 3 cm 
wide, thickly dotted-streaked with brown- 
purple on a “wine-coloured” ground; lobes 
upturned, dotted and veined like the falls; 
the width of the two lobes more than that 
of the style b ranch; pollinator tunnel is 
apparently  mostly open, the fall and the 
style b ranch meeting only towards the 
basal area. Pod?

DISTRIBUTION: Endemic lo heights 
in the M ashghara— Jezzine area, Lebanon.

MATERIAL: Heights between Jezzine 
and Mashghara, May 1965, E d g e c o m b e  
B-571 (BEI).

NOTE: M o u t e r d e  (1966) included this 
taxon under I. sofarana as f. westii : indeed 
he included also I. k irkwoodii  subsp. 
calcarea under f. westii ( M o u t e r d e  1969

B ot. N o tise r, vo l. 128, 1975
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I

A

p. 674). T he  a u th o r s  consider  th a t  th is 
taxo n  has the closest a ff in it ies  w ith  I. 
h e rm o n a  an d  no t w ith  I. sofarana;  tlie 
aff init ies w i th  I. k ir k w o o d i i  subsp. cal- 
carea  being still rem oter .  In  spite of all 
e fforts  the  a u th o r s  have  no t  been able 
to rediscover any  of the  I. westi i  colonies 
d u r in g  the  pas t  fo u r  years . It w as p os
sible to im p rov e  the  orig inal descr ip tion  
b y  D i n s m o r e  by  s tud y ing  the m a te r ia l  
collected by Mrs E d g e c o m b e  in 1965. 
F ro m  the c h a rac te rs  of leaves, the  f lower
Bot. Notiser, vol. 128, 1975

Fig. 5. A: Iris cedreti. — B: Iris westii. -— 
C: Iris hermona.

an d  in p a r t ic u la r  the  style b ran ch es  c o m 
b ined  w i th  th e  g enera l  a p p e a ra n c e  of the 
p lan t ,  the a u th o r s  feel th a t  th e  tax o n  
I. w esti i  d if fers  s t r ik ing ly  f ro m  a n y  o th e r  
tax o n  in  the  reg ion  a n d  un less  m o re  
evidence tu rn s  u p  f ro m  a n y  fu tu re  s tu dy  
of live m a te r ia l  th is  tax o n  shou ld  re ta in  
is s ep a ra te  ident ity .

The  sketches of f low ers  in Fig. 5 B 
are  b a se d  u p o n  p h o to g r a p h s  k ind ly  s u p p 
lied by  D r P e t e r  W e r c k m e i s t e r .
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10 .  Iris b ism arck iana E .  D a m m a n  & C. 
S p r e n g e r

E. D a m m a n  & C. S p r e n g e r , May 1890 in 
D am m an & Co. Catal. 51:4, fig. 4; W e i n e r , 
Aug. 1890 in Illustr. Gartenzeitung 15: 352— 
353, fig. 72; B a k e r  1892, Irid. 18. — Orig. 
coll.: N orthern Palestine c. 1890, G. E c g e r s  
(no record).

I. saarii S c.h o t t  var. ncizerena (F o s t . ex 
H e r b ) ,  Herb and W ulle Catal. primo 1893, 
“sa ri” ; I I o g g  (?) May 1893 in J. Hort. Ser. 
3, 26: 373, “nazarensis”. — /. nazurena ( F o s t . 
ex H e r b ) D i n s m . 1934 in P o s t  & D i n s m o r e  
FI. Syr. Pal. & Sin. 2: 596.

P la n t s  30— 50 cm. R hizom e m ed iu m —  
large, s to lon iferous w ith  long stolons. 
L eaves usua l ly  8, sp read ing  fan-like, r a th e r  
obtuse, 2— 3 cm wide, 25— 40 cm long, 
ob lique, closely shea th ing .  F low ers  often  
15 cm wide; p e r i a n th  tube 7 cm. Falls  
6— 7 cm  long, r o u n d — ovate; the g ro u n d  
c ream y ,  th ick ly  covered  w ith  oblong, e m 
bossed, red -b ro w n  spots, veined w ith  m a 
ro o n  o r  p u rp le ,  o f ten  w ith  a few sm all 
c r im so n  or red -b ro w n  spots; hea rd  ha irs  
d a rk  p u rp le ;  signal spo t large, m ore  or 
less o rb icu la r ,  b lack ish  red-purp le .  S ta n d 
a rd s  7— 8 cm long, o rb icu la r ,  w ith  a white  

j  g ro u n d  except a t  the  yellowish  base; veins 
blue, dots  dense, p ro m inen t ,  purp le .  Style 
b ra n c h e s  re latively  long, m a rk e d  w ith  
red d ish -b ro w n  spots on a c rea m y  g round .  
P o ll in a to r  tun ne l  a p p a re n t ly  as in /. so- 
farcma  subsp. so farana , on ly  m ark ed ly  
longer.

D IS T R IB U T IO N : E n d em ic  to sou th e rn  
slopes of Mt H e rm o n  and  the areas  to 
the south.

N O TE: M o u t e r d e  followed C. S p r e n 
g e r  (Gard. C hron. 1904) a n d  considered  
/. saarii S c h o t t  var. ndzcirena  F o s t . ex 
H e r b  (I. na zarena  ( F o s t . ex H e r b ) 
D i n s m .) an d  I. b ism arck iana  “ R e g e l  ex 
S p r e n g e r ” to be one and  the sam e taxon, 
as the collections on  w hich  the  tw o taxa  
w ere based  w ere  m ad e  by the sam e person, 
G. E g g e r s  of Ja f fa .  U nfo r tun a te ly ,  the 
a u th o rs  a re  n o t  very  fam il ia r  w ith  e ither 
of the above two taxa. C om p aring  the

descr ip tions  of rh izom es and  leaves of
I. b ism arck iana  ( W e i n e r  1890, and  in 
G artenf lo ra ,  1893, b o th  rep ro d u ced  par t ly  
in W e r c k m e i s t e r ’s Catal. Ir id .  p. 94) 
w ith  those of I. nazarena  ( F o s t . ex H e r b ) 
D i n s m . we f ind  tha t  bo th  have  s to lon i
ferous rh izom es (“like I. ib er ica ”, w h ich  
is s to loniferous, in I. b ism a rck ia n a ) a nd  
b o th  have  re latively  very  w ide leaves. 
These  cha rac te rs  w ere  no t m en t ion ed  by  
D i n s m o r e  (1933, 1934) w ho, ap pa ren t ly ,  
copied  the  descr ip tion  f rom  B a k e r  (1892). 
T he taxon  /. nazarena  ( F o s t . ex H e r b ) 
D i n s m . is a p p a re n t ly  the sam e as I. b is
m a rck ia n a  D a m m a n  & S p r e n g e r  (often 
q uo ted  as I. b ism arck iana  R e g e l  ex 
S p r e n g e r ). However,  the inc lusion  of I. 
h erm o n a  u n d e r  I. b ism a rck ia n a  (as t rea ted  
by  M o u t e r d e ) is no t jus ti f ied . I. h er
m ona  h a s  non-s to lon ife rous ,  com pac t  r h i 
zomes, n a r r o w e r  and  a lm ost  erec t leaves, 
and  m ore  orb icu la te  p e r ian th  leaves as 
c o m p a re d  w ith  I. b ism arckiana . Indeed, 
A w i s h a i  (1971) m e n t io ns  seeing p o p u 
lations of /. h erm o n a  an d  “ /. nazarena ” 
as a lm os t  ov erlapp ing  on  the sou the rn  
slopes of M ount H erm on . The sy n o n y m y  
of th is  taxo n  has very  k ind ly  been p r o 
vided by  D r D a n  N i c o l s o n .

II .  Iris herm ona D i n s m o r e  —  Fig. 5 C

D i n s m o r e  1933, PI. Post. Dinsm. 2:8; 
1934, in P o s t  & D i n s m o r e , FI. Syr. Pal. & 
Sin. 2:596; under /. bismarckiana  R e g e i . 
in M o u t e r d e  1966, Nouv. FI. Lib. Syr. 1:320. 
—- Orig. coll.: Syria, S of Q unaitra April- 
May 19-, D i n s m o r e  1895 (holotype, D i n 
s m o r e  H erbarium ? not seen).

P lan ts  up  to ab ou t  50 cm. Rhizome 
ra th e r  large, com pac t,  ye llow ish-brow n. 
Leaves usua l ly  9, m o re  o r  less erect, up  
to 1.8 cm wide and  up  to 30 cm long, 
very  g rad ua l ly  n a r ro w e d  to the apex; 
stem leaf u sua l ly  one, the  node  bearing  
the s tem leaf show ing  above o r  th ro ug h  
the b asa l  leaves. P edunc le  u p  to 12 cm. 
F lo w ers  ab o u t  18 cm  tall f ro m  the base 
of the  valves, ab o u t  10 cm w ide; valves 
8— 10 cm, in f la ted ; ovary  3.5— 4 cm ; 
p e r ia n th  tube  2.5— 3 cm. Fa lls  abou t  8.5

Bot. Notiser, vol. 128, 1975



396 SHAUKAT A. CHAUDHARY E T  AL

cm long, 6 cm wide, obovate, gradually  
narrow ed to the base, the limb appearing 
orbiculate, em bossed dotted and embossed 
veined w ith  brow n-purple on a cream y 
yellow to cream y white ground, the ground 
showing prom inently ; the signal spot 
alm ost orbicular, about 1.2 cm long and 
1.5 cm wide, darker b row n-purple; beard 
of sparse, brow n-purple hairs with the 
greenish-yellow  ground showing through 
them. S tandards about 9.5 cm long, about 
8 cm wide, orbiculate, ab rup tly  narrow ed 
into a triangu lar basal area and then into 
a strongly channelled claw about 1 cm 
long; the lim b w ider than  long, cream y 
w hite (dirty  white in some biotypes), w ith 
widely spaced, very fine, purp le and light 
purp le veins, and very finely dotted w ith 
violet-purple, the dots and veins near 
the claw brow n-purple, ra ther embossed. 
A nthers about 2.5 cm, yellowish white; 
the filam ents about 1.7 cm, purple. Style 
branches about 6.5 cm long, about 4 cm 
wide, ridge-keeled w ith the ridge double 
and prom inent, ra the r flattened out at 
the sides and  then curving down to form  
a flattened pollinator tunnel w ith the base 
of the fall, red-purple and spotted in 
the middle, dark-purp le to the sides; the 
lobes of the style branches cream y white, 
spotted w ith  embossed, dark  purple, ir
regularly  crenate, overlapping. Pod?

DISTRIBUTION: Lebanon, Sarada area; 
Syria, near Q unaitra and southern  slopes 
of Mt Her mon.

MATERIAL: Q unaitra, April 19-13, Dix- 
SMORE 3895 (lectotype, B EI); live m a
terial from  a population from  the area 
of d istribution  (probably Q unaitra) April 
1974 from  culture, C h a u d h a r y  1325 
(BEI).

NOTE: The live m aterial studied was 
obtained th rough  the courtesy of Mr 
H e r b e r t  M c K u s i c k . It is presum ed that 
the m aterial was originally collected from 
near Q unaitra, Syria when the area was 
under Israeli control.

M o u t e r d e  treated  this taxon under I. 
bism arckiana  R e g e l  ex S p r e n g e r  which 
does not appear justified. The rhizom e 
and the leaf characters definitely show 
the two taxa to be different. Also see the 
note under /. bismarckiana.

12. I r i s  l o r t e t i i  B a r b e y  -—- Fig. 6 A

B a r b e y  1882, H erbor izat ion  au Levant PI. 
VII; in B o i s s i e r  1884, FI. Orient. 5 :1 3 1 ;  
P o s t  & D i n s m o r e  1934, FI. Syr. Pal. & 
Sin. 2: 597; M o u t e r o e  1966, Nouv. FI. Lib. 
Syr. 1:319.  —  Orig. coll .:  “P a le s t in e”, Mays  
to Hunin, May 1880, L o r t e t  (holotype,  G, not  
s e e n ) .

Plants about 40 cm. Rhizome short, 
com pact, pinkish. Leaves usually  about 8,
1 — 1.5 cm wide, characteristically  obtuse 
and then ab rup tly  narrow ed into a tip; 
stem leaf usually  one, erect. Peduncle 
about 8 cm. The flow ers in general of 
pink-m aroon shades, up to 13 cm long 
from  base of valves, up to 8.5 cm wide. 
Falls about 5.5— 6 cm long, 3— 4 cm 
wide, obovate— oblong, densely spotted 
w ith m aroon on a clear, lead-white 
ground; beard  of sm all, yellowish-red, 
ra th e r  sparse hairs; signal spot dark  m a
roon. S tandards erect, about 7 cm long, 
5 cm wide, limb o rb icu lar, gradually  n a r 
rowed into a claw, the claw  about 0.5 
cm ; white w ith deep pink veins. Style 
branches about 5 cm long including the 
lobes, about 2.5 cm wide, horizontal— 
oblique, m aroon, keeled; the lobes spotted 
w ith m aroon like the falls, reflexed; the 
com bined w idth of the two lobes less 
than  the w idth of the style b ranch; 
po llinator tunnel m ain ly  constituted by 
the style branch , the fall constituting the 
floor of the tunnel n earer the base. Like in 
/. samariae D i n s m . the standards ch a rac
teristically tend to converge below the 
style branches. Pod ?

DISTRIBUTION : S outhern  Lebanon and 
“N orth  Palestine” . Endem ic.

MATERIAL: Mays to H unin  May 1943, 
D i n s m o r e  15388 (BEI).

Bot. Notiser, vol. 128, 1975
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NOTE: The authors  have not been 
able to study any live material because 
of the extreme hazard involved in col
lecting it from near the southern border 
of Lebanon with Israel. The sketch of 
the flower (Fig. 6 A) is based upon a 
photograph  by M r  H e r b e r t  M c K u s i c k .

13. Iris damascena M o u t e r d e  — Fig. 6 F

M o u t e r d e  1966, Nouv. Ft. Lib. Syr. 1: 
318—319. — Orig. coll.: Syria, Jabl Qasyoun 
1951, P a b o t  P —5 (holotype, M o u t e r d e  Her
barium, now at G).

I. sofarana F o s t . f. quassiomensis W e r c k - 
MEISTER 1957 in  (Brit.) Iris Soc. Yearbook, 
nomen nudum.

Plants rarely  more than 30 cm. R hi
zome short,  compact. Leaves 5— 8, u su 
ally 7, arched— strongly recurved, 1 cm 
wide or less, up to 27 cm long; stem leaf 
one. Peduncle up to 15 cm. Flowers up 
to 15 cm long from base of the valves, 
about 9 cm wide; the base of the valves
often partly  enclosed by the upper one
or two leaves; valves up to 10 cm, in 
flated, a little coloured with pale violet- 
purple. Falls obovate—elliptical, up to 8 
cm long, about 5 cm wide, rather  flat 
in the basal area, droopy from im m e
diately beyond the heard area; ground 
creamy white, densely dotted and veined 
with dark  brown-purple like I. sofarana  
subsp. sofarana; the dots and veins slightly 
embossed; signal spot small, elliptical, 
about 1.5 cm long, about 1 cm wide, 
dark  purple; beard of sparse, purple 
hairs. Standards oval, about 9 cm long, 
about 6 cm wide, ground creamy white, 
densely fine-dotted and fine-veined with 
purple, the veins denser and embossed 
in the basal area; narrowed into a t r i 
angular area and then abruptly  clawed,
I he claw about 1 cm long and with long,

, 'e hairs; the veins denser and em 
bossed in the basal area. Anthers about 
2.5 cm; filaments about 1.5 cm. Style 
branches short,  4— 5 cm long including 
the lobes, narrowly ridge-keeled, strongly 
arched, hard ly  produced beyond the spread 
of the standards; the lobes rather  short,

the combined width of the two lobes not 
more than  the width of a style branch; 
pollinator tunnel ra ther  short as compared 
with other taxa, like that in I. sofarana  
subsp. kasruwana. Pods?

DISTRIBUTION: Endemic to Jabl Qas- 
soun near Damascus, Syria. In danger 
of extinction.

MATERIAL: Jabl Qasyoun, Syria, March 
1952, H i g h w o o d  (K) ; March 1975, Kha- 
t e e b  (BEI).

NOTE: Figure 6 F is a pen and ink 
resketch of a plate of this taxon in the 
Kew Herbarium of the Royal Botanic 
Gardens, permitted to be published in 
the present form by courtesy of the Di
rector of the Herbarium. The sketches 
of the flower parts are from fresh material 
collected from the type locality.

14. Iris yebrudii C h a u d h a r y  subsp. 
yebrudii — Fig. 6 C

C h a u d h a r y  1972 in Bot. Notiser 125:259— 
60. — Orig. coll.: Syria, Yebrud, May 1971, 
C h a u d h a r y  786 (holotype, BEI).

Plants usually 15— 18 cm, up to 30 cm 
under cultivation. Rhizome small, com 
pact, pale yellow. Leaves 5— 8, covering 
the whole of the stem or the stem leaf 
reaching beyond middle of the valves, 
usually less than 1 cm wide, up  to 21 cm 
long, dark  green to bluish-green with a 
white bloom, strongly recurved to slightly 
so; stem leaf one. Peduncle up  to 11 cm. 
Flowers about 13 cm long from base of 
the valves, 8— 9.5 cm wide; valves 7— 9 
cm, reaching above the level of the falls, 
keeled, purplish-pink in the upper half, 
inflated; ovary about 3 cm, broadly tr i 
gonal; perianth tube about 2.0 cm. Falls 
about 7 cm long, 5 cm wide, oval to 
obovate, the ground pale yellow with 
dark  brown-purple, embossed veins p ro 
minent all around except in the area 
below the signal patch to the margin 
which has only fine spots, the spots 
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Fig. ß. A: Iris lo i te t i i .  — ß: Iris  
1): Ir is an t i l ibano t ica .

hey la n d ia n a .  —  C: Iris y e b r u d i i  subsp. y e b r u d i i .  
- E: Ir is a ssa d ia n a .  —  F: Iris d a m a sc e n a .

denser and anastomosing immediately be
low the signal spot; signal spot dark 
purple, about 1X1 cm, rhomboid to trans
versely ovate; beard of long, purple hairs, 
the hairs reaching below the signal spot 
on either side. Standards about 7.5 cm 
long, about 6.5 cm wide, with the claw 
about 1 cm, orbicular, reflexed at sides, 
pale yellow with prominent hut fine, 
purple veins and dots; the dots very fine, 
sparse in the middle region, denser to
wards the margin; the m ajor  veins and 
those in the central top end usually dis
tinctly yellow; a few long hairs usually 
Bot. Notiser, vol. 128, 1975

present on the inner basal area. Anthers 
about 3 cm, tapering, yellow on the  hack; 
f ilaments about 1.5 cm. Style b ranches 
5.5— 6.5 cm long, 2— 3 cm wide, ra ther  
narrow ly (transversely) curved, dark- 
purple to m aroon-purp le  towards the base, 
speckled with da rk  purple in the outer 
half, the keel with a double p rom inent 
crest is also speckled; the width of the 
two lobes more than  the w idth of the 
style branch; pollinator tunnel as in /. 
sofarana  subsp. sofarana. Pods abou t 7 
cm long, about 2 cm wide, usually  with 
the 3 m ajor  lobes more prominent.
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Variant biotypes with purplish slaty- 
grey ground both in the falls and the 
s tandards with only fine, darker dots, 
densely and uniformly distributed.

DISTRIBUTION: Endemic to the Yebrud 
area in Syria.

MATERIAL: Yebrud, Syria, May 1935, 
D i n s m o r e  25515 (BEI); May 1974, C h a u d 
h a r y  & R a s h i d  S h a d  1310 (BEI); Deir 
Atiyeh, May 1879, P o s t  (K).

15. Iris yebrudii D in s m o r e  e x  C h a u d h a r y  
su b s p . edgeconibii C h a u d h a r y

C h a u d h a r y  1972 in  Bot. Notiser 125:499— 
500. —- Orig, coll.: Syria, Kastei, Apri l 1972, 
K ir k w o o d  788 (holotype, BEI).

Plants 25— 40 cm. Rhizome small, com
pact, light yellow-brown. Leaves 6— 7, 
greyish-green, about 8 mm wide, about 
11 cm long, strongly recurved; stem leaf 
one, erect, reaching or surpassing the 
valves. Peduncle c. 11 cm. Flowers about 
15 cm (often more) tall from base of the 
valves, c. 12 cm wide; valves 7— 9 cm, 
inflated keeled, pink-tinged; ovary about 
5 cm, broadly trigonal; perianth  tube 
about 3.5 cm. Falls about 9 cm long, 
about 7 cm wide, ovate to orbiculate, 
covered with red-purple embossed dots 
and fine, dark  purple veins, the la tter p e r 
ceptible only at or above the level of 
the signal spot (in pale biotypes the red- 
purple dots m uch smaller and the red- 
purple veins visible all along the m argin); 
the ground pale yellow or pale greenish, 
clear; signal spot ovate, about 1.5 cm long, 
1 cm wide, maroon-purple w ith darker  
veins perceptible through it; beard of 
dark  purp le  hairs tipped with yellow, the 
hairs covering part of the signal spot and 
coming dow n its side to about 1/4 the 
length. Standards about 10 cm long, 8.5 
cm wide, the limb orbiculate and g radu 
ally tapering to a small claw, uniformly 
covered with m aroon-purple veins more 
distinct near  the margin and small densely 
arranged dots on a white, clear ground;

the margin slightly crenulate, the inner 
basal area with a few long yellow hairs 
(pale biotypes with the standard  un ifo rm 
ly pale yellow, clear with very fine purple 
veins and sparsely scattered, fine purple 
dots or the standard with uniform ly den
sely scattered fine purple dots only, or 
with larger, sparse dots only). Anthers 
about 3 cm, with minute red-purple dots 
on the back; filaments about 1.5 cm. 
Style branches flatfish, about 7 cm long 
including the lobes, 4 cm wide, with 
minute dark  purple dots on the maroon, 
median and  pale greenish lateral bands; 
lobes upturned, continuing as a prom inent 
double crest over the keel, sometimes the 
crest folded over near the lobes, the 
double crest dotted and streaked with 
red-purple like the lobes; pollinator tunnel 
more or less as in I. sofarana  subsp. 
sofcirana, only flatter. Pod about 11 cm 
long, 2.7 cm wide, inflated-lobed, g radu
ally tapering to the top.

DISTRIBUTION: Endemic to Kastel
area in Syria. In danger of extinction.

MATERIAL: Transplants from this pop
ulation.

16. Iris antilibanotica D in s m o r e  — - 
Fig. 6 1)

D in s m o r e  1933, 1*1. Post. Dinsm. 2: 10; 
1934 in P o s t  & D in s m o r e , FI. Syr. Pal. & 
Sin. 2:599; M o u t e r d e  1966, Nouv. FI. Lib. 
Syr. 1:316. — Orig. coll.: Syria, above
Bludan, May 19--. W e s t  (holotype, D in s m o r e  
Herbarium?).

Plants up to 40 cm. Rhizome small, 
compact. Leaves 7— 8, usually 1 cm wide 
or less, up to 20 cm long, falcate, sheathing 
2/3 or more of the stem; stem leaf one. 
Peduncle up to 10 cm. Flowers about 
13 cm tall from base of valves, about 10 
cm wide; valves relatively large, about 
7— 9 cm, slightly inflated; ovary about 
2 cm; perianth tube about 3.5 cm. Falls 
6— 8 cm long, up to 5 cm wide, oblong, 
darker than the standards, m aroon or 
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reddish-brow n w ith a purp le cast, varying 
in depth  of colour, w ithout veins or dots; 
signal spot sm all; heard of usually  pure 
yellow, sometim es purp le-tipped  or of 
reddish-purple hairs on a cream y—bright 
yellow ground; beard  hairs only slightly 
papillate-eehinate, especially near the tip. 
S tandards up to 10 cm long, up to 8 cm 
wide, ground intense purp le w ithout any 
dots and w ith veins of a d arker colour or 
the veins sometimes not discernable. An
thers about 2.5 cm; filam ents about 1.5 
cm. Style branches light brow n, about 
5.5 cm including the lobes, about 2.5 cm 
wide, strongly keeled; lobes coloured like 
the falls; pollinator tunnel apparen tly  ob
lique. Pods?

DISTRIBUTION: Endem ic to heights 
above Bludan, Syria.

MATERIAL: Above Bludan, May 1953, 
K h a t e e b  24  (lectotype, BEI and  D am as
cus Univ. H erbarium ).

NOTES: The above description has heen 
adopted from  those of D i n s m o r e  (1933), 
M o u t e r d e  (1966), W e r c k m e i s t e r  (1957), 
W e s t  (1935), and m odified in places 
from  the study of herbarium  m aterial.

Sketches of flowers in Fig. 6 I) are 
based upon photographs b y  P e t e r  W e r c k 
m e i s t e r .

17. Iris ? heylandiana B o i s s i e r  & R e u t e r  
—  Fig. 6 B

B o i s s i e r  & R e u t e r  1877 in B a k e r  in J. 
Linn. Soc.  1(5: 142; B o i s s i e r  1884, FI. Orient. 
5 :  130— 131; P o s t  & D i n s m o r e  1934, FI. Syr. 
Pal. & Sin. 2: 59(5; M o u t e r d e  19(56, Nouv.  
Ft. Lib. Syr. 1:317.  —  Orig. coll .:  Turkey,  
b etw een  Diarbekir and Mardin, 18--, K o t s c h y  
307 (syntype) ; Iraq, b e tw een  M ossul and  
B aghdad, 18--. O l i v e r  ( syntype ,  not  seen).

Plants up to 35 cm. Rhizom e m edium —  
small, shortly  creeping (apparen tly  sto- 
loniferous). Leaves up to 9, less than  1 
cm wide, about 20 cm long, strongly 
arched; stem leaf 0— 1. Peduncle about 
9 cm. Flowers about 15 cm tall from

base of the valves, about 7 cm wide; 
valves about 7 cm, m ore or less inflated, 
w ith a brow nish-pink tinge. Falls obo- 
vate— cuneate, veined and spotted  w ith 
brown-violet form ing an open p a tte rn  on 
a w hitish, clear ground, dark  brow n at 
the th ro a t (?); signal spot dark , narrow , 
elongate w ith the distal edge irregular 
in outline; beard  linear b u t spreading 
out laterally  near the base; beard  hairs 
white, relatively sparse (like /. barnum ae), 
of alm ost uniform  length, less than  5 mm 
in length. S tandards b roader than  the 
falls, orbiculate— unguiculate, w hite w ith 
fine purp lish-brow n veins and  sparse do t
ting. Style branches horizontal— oblique, 
rah ter wide, orange (?); the lobes short, 
crenate, the w idth of the two lobes less 
than  the w idth of the style b ranch ; 
pollinator tunnel constituted m ainly of 
the style branch, the fall contributing  
the floor near the base only, otherw ise 
the tunnel open on the lower side and 
the linear beard  laterally  visible. Pod?

DISTRIBUTION: Reported from  n o rth 
eastern Syria, southern  Turkey, and from  
between Mosul and Baghdad in Iraq.

MATERIAL: Syria, Derbassieh, April 
1940, D i n s m o r e  21512 (BEI); between 
D erbassieh and Ras-el-Ayen, April 1934, 
G o m b a u l t  5769 (LNRC) ?

NOTES: The au thors have not seen any 
live m aterial. The above descrip tion  has 
been adopted from  the original and  m odi
fied in places based upon study of h e r
barium  m aterial from  the D arbassieh area 
and descriptions and pictures k indly  sup
plied by Mr C l a y  II. O s b o r n e  and  Mr 
H e r b e r t  M c K u s i c k . Sketch of this taxon 
based upon pictures provided by Mr 
O s b o r n e .

I. heylandiana  is apparen tly  a com 
ponent of the com plex of species in 
sou thern  T urkey and north -eastern  Syria. 
G o m b a u l t  5769 bears the nam e /. gom- 
baultii D i n s m o r e  but M o u t e r d e  cited this 
sheet as /. heylandiana. The rhizom e in
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th is  p la n t  is long s to loniferous, the  leaves 
a r c u a t e  m ak in g  a com ple te  circle an d  
c o v e r in g  the s tem to a litt le be low  the  
valves.  Is  th is  a  n o rm a l  v a r ia t io n  w ith in  
the species I. h e y la n d ia n a ? Or is it a 
s e p a r a te  taxon  as considered  b y  D i n s - 
MORE? T h e  syn types  fo r  /. heylandiana  
a re  m a te r ia l  collected fro m  tw o relatively  
w idely  sep a ra ted  localit ies. B r i a n  M a t h e w  
of Kew H e rb a r iu m  states (pers. comm .) 
t h a t  /. h ey land iana  m a te r ia l  is “large- 
f lo w e re d ” while th e  D erbass ieh  m a te r ia l  
is “ sm a ll - f lo w ere d ” and  p resen ts  aspects 
of /. m e  da  S t a f f  f ro m  Iran .  Only fu r th e r  
s tud ies  of live m a te r ia l  f rom  the  two 
sy n ty p e  localities c a n  p rov e  w h e th e r  the 
tw o syn ty p es  t ru ly  rep re sen ts  one taxon  
or  tw o  sep a ra te  ta x a  o r  th a t  the D e rb as 
sieh m a te r ia l  rep resen ts  a n  en tire ly  d i f 
fe ren t  taxon .  The D e rbass ieh  reg ion  co m 
plex is ch a rac te r iz ed  by the  l in ea r  heard  
as too is the  I. b a rn u m a e  com plex . H o w 
ever, in  /. hey land iana  (p h o to g ra p h s  seen 
by the au th o rs )  the  l inea r  b e a rd  ap pea rs  
to  sp re a d  ou t  t r an sv e rse ly  n e a r  the  base. 
A n o the r  taxon  w h ich  h a s  an  a p p a re n t  
l inea r  b e a rd  is I. a ssa d ia n a ; b u t  in  this 
species th e  m ed ian  b r u s h  of longer  ha irs  
(m ore  th a n  5 m m ) is m o re  densely  a r 
ranged  an d  is su r ro u n d e d  o n  e i the r  side 
by  a dense  ban d  of very  sh o r t  h a ir s  —  
in o th e r  w ords ,  this ta x o n  has  the m ed ian  
b ru s h  of longer ha irs  as in /. hey land iana  
a n d  /. ba rn um ae  com p lexes  and  a denser  
h ea rd  w i th  the la tera l  b a n d s  of dense 
(■' gh  very  shor t)  h a i r s  as in the 
H a in a n  g ro u p  of oncocycli.

T h e  b e a rd  an d  b e a r d - h a i r  charac te rs  
used in  the key an d  g iven  in  the  text are  
f rom  m a te r ia l  collected f ro m  the  D e r
bass ieh  a re a  and  p ic tu re s  p rov ided  by 
Mr Cl a y  O s b o r n e .

18. Ir is  a s s a d i a n a  C i i a u d h a r y  et  al., sp.  
now —  Fig. 6 E

Orig. coll .:  Syria, S a d a d  area , April 
1974, K i r k w o o d  1312 ( h o l o t v p e ,  B EI).

/. barnumae  F oster  & B aker  var. zcno- 
biae M o u t e r d e  (in part) 196(3. Nouv. Ft. 
Lib. Syr. 1: 315—316.

Planta c. 15 cm alta. Rhizoma parvum, 
stoloniferum. Folia 6—8, firmiter arcuata, 
4— 12 cm longa, 1 cm vet infra lata. Flores 
odoriferi, 9.5— 13 cm longi a basi spatharum. 
Tepala externa 5—6.5 cm tonga, 2.5— 3.5 cm 
lata, uniformiter purpurea, venis paucis fus
cioribus instructa; macula media fuscior, 
latior quam longior; barba in medio capillis 
longis (supra 5 m m ), flavis, ad margines 
brevissimis lineis purpurascentibus. Tepala 
interna 6—8 cm longa, 4—5 cm lata, obovata, 
unguiculis parvis. Antherae 1.3— 1.8 cm longae; 
fila 1.8—2 cm longa. Rami styli obliqui— aequi 
arcuati, non-carinati,  4—5.5 cm longi (lobis 
inclusis), amborum loborum latiores, lutei: 
canaliculus pollinicus apertus, tepalis externis 
basi tantum convenientibus. Capsula c. 4 cm 
longa, 1.25 cm lata.

P lan ts  up  to 15 cm. R hizom es at hase  
of ind iv idual shoots very small, th e  buds  
at the hase only a few and  fo rm in g  small 
c lu m p s;  several long, sp ind ly  o r  stout 
stolons (of several nodes each) com ing  
f ro m  the hase of each shoot cons t i tu te  
the m a in  rh izom e; stolons up  to 12 cm 
long, becom ing  conica l at the  b ase  of 
the single p lan t le t  tha t  develops from  
the apica l b u d  on each stolon. L eaves 6—  
8, u sua l ly  falcate, strongly  reflexed, 1 cm 
wide o r  less, 4— 12 cm long, usu a l ly  the 
single stem leaf o r  the u p p e rm o s t  leaf 
longer th a n  the stem. P eduncle  ab o u t  4 
cm. F low ers  odorous , ab ou t  9.5— 13 cm 
long from  base of the valves, 6— 7.8 cm 
wide; valves ab ou t  5.5— 7 cm, r a th e r  in 
flated, keeled, pale  green to yellowish- 
p ink on dry ing ; ovary  ab o u t  2 cm; 
p e r ia n th  tube  ab o u t  2 cm. Falls  5— 6.6 
cm long, 2.5— 3.5 cm wide, un ifo rm ly  
d a rk -m a ro o n  to d a rk -p u rp le  to a lm ost 
b lack  w ith  a few d a rk e r  veins; signal 
spot velvety, d a rke r ,  tran sve rse ly  oval, 
w ider th a n  long, notched, less th a n  1 cm 
long, ab o u t  1 cm  wide or sl ightly  m ore ; 
b ea rd  of a m ed ian  b an d  (about 0.5 cm 
wide) of long (about 1 cm) h a ir s ;  the 
ha irs  on  e ither side of the m e d ia n  ban d  
very  shor t ;  the long hairs  b r igh t  yellow, 
e ither  w i th o u t  p u rp le  tips o r som e with 
very sm all p u rp le  tips or the  b r igh t  
yellow m ask in g  the purp le  tips; the  short 
ha ir s  p u rp le ;  the  g ro u n d  below  the  long 
hairs  b r ig h t  yellow, in some b io types  the 
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beard  hairs com pletely lacking and only 
a yellow band  on the falls present. S tan
dards 6— 8 cm long, 4— 5 cm wide, obo- 
vate, gradually  narrow ed to the base into 
the claw; the claw 1— 1.5 cm long, ch an 
nelled, the channel with a few yellow 
hairs, m aroon-purp le w ith darker veins, 
some biotypes dark  purple. Anthers 
cream y white, 1.3— 1.8 cm ; filam ents 1.8— 
2 cm. Style branches 4— 5.5 cm long 
including the lobes, strongly arched, not 
keeled, if keeled then not ridged, pale 
orange (not purp le as described by Mou- 
TERDE 1966), streaked w ith purple, be
coming darker tow ards the centre, w ith 
a purp le m edian streak; w idth of the two 
lobes less th an  the w idth of the style 
branch; pollinator tunnel constitu ted  m ain 
ly by the style branch, the fall form ing 
only a p art of the tunnel floor near the 
very base; (he style b ranches often raised 
relatively high above the falls and the 
long beard  hairs then la terally  visible. 
Pods about 4 cm long, about 1.25 cm 
wide, tapering.

DISTRIBUTION: A pparently  endemic 
to I he Syrian desert.

MATERIAL: Ain-al-Baida, Syrian desert, 
April 1944, M o u t e r d e  8159 (now at G ) ;  

Chalky hills, P alm yra Road, April 1943, 
D a v i s  5769 (K); Q aryatein, April 1943, 
D a v i s  5721, 5668 (K) ; I la far, April 1935 
( ? ) ,  D i n s m o r e  24313 (K); loc. ? (probably 
Syrian desert) April 1913, E g g e r s  (K).

NOTES: W . R. H i g h w o o d  reports
having seen white, yellow, and lighter- 
colored form s, apparen tly  around  the 
Q aryatein area.

M o u t e r d e  described this taxon as /. 
barnumae var. zenobiae and included the 
Tell Chehan m aterial (/. swensoniana  sp. 
nov.) under this taxon. The stoloniferous 
habit of the desert m aterial was apparen tly  
overlooked by him because the type speci
mens th a t he used for description are 
w ithout rhizom es while the Tell Chehan 
m aterial that he probably  used in his de- 
Bot. N oti ser,  vol. 128, 1975

scription ( M o u t e r d e  7558) does have the 
non-stoloniferous rhizomes. Also, the type 
of beard  in the two taxa was confused 
by him. I. assadiana apparently  shows 
close affinities to I. barnumae, but is prob
ably even closer to I. heijlandiana found 
in the extrem e north  of the Syrian desert 
on the southern  T urkish border. Also, 
/. barnumae and all of ils infra-specific 
taxa have a distribution  in m ountainous, 
non-desert habitats. The stoloniferous 
habit, the m edian band of long hairs 
am idst la teral piles of very short hairs, 
the non-echinate beard  hairs, the presence 
of darker veins in the perianth and its 
d istribution  justifies, we feel, treating the 
desert m aterial as a separate species, /. 
assadiana sp. nov.

This species is nam ed after Mr II. A s s a d , 
P atron  of the H orticultural Society of 
Syria.

19. Iris jordana D i n s m o r e  — Fig. 7 A

D i n s m o r e  1933, PI. Post. Dinsm. 2:9; 
1934 in P o s t  & D i n s m o r e , FI. Syr. Pal. & 
Sin. 2:598; M o u t e r d e  1966, Nouv. FI. Lib. 
Syr. 1:316. Orig. coll.: Jordan Valley, 
near Baysan, April 1921, D i n s m o r e  1893 
(holotype, D i n s m o r e  Herbarium), not seen.

P lants up to 49 cm. Rhizome rather 
large, com pact. Leaves usually 9, slightly 
falcate, erect, about 2 cm wide, up to 
30 cm long, the two upperm ost sometimes 
ending at the same level, sheathing the 
stem com pletely. Peduncle about 12 cm. 
Flow ers 13— 18 cm long, from  base of the 
valves; valves 10— 12 cm, light green, often 
streaked with purple; ovary about 4 cm; 
perian th  tube about 3 cm. Falls about 
9X 5  cm, ra the r leathery, obovate— ellip
tical, slightly irregularly  crenate, densely 
red-purple spotted and with dark purple 
veins, the spotting so dense th a t the 
ground appears as lead-white spots 
through the dense spots and veins; signal 
spot orbicular, about 2 cm in diam eter, 
velvety, very dark  purple, alm ost black, 
w ider and diffusing tow ards the tip end; 
beard  of relatively sparse hairs, the hairs
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c re a m y  w hite ,  t ip p ed  w i th  very  small,  
p u rp le  dots .  S tan d a rd s  10.5— 13 cm  long, 
7.5— 9.5 cm  wide, o rb icu la r ,  a b ru p t ly  
n a r r o w e d  in to  a  t r ia n g u la r  a re a  an d  th en  
into a ch a n n e l le d  claw, the  c law  a b o u t  2 
cm ; dense ly  spo t ted  w i th  fine re d -p u rp le  
do ts  a n d  d a r k  p u rp le  veins, the  dots  very  
dense  a n d  the  veins v e ry  th ick  in th e  cen 
tra l  a re a  o n  a lead -w hi te  g ro u n d ;  th e  dots 
sp a r se r  o n  the in n e r  face an d  the  lead- 
w hite  g ro u n d  m u c h  m o re  p ro m in en t .  
A n the rs  a b o u t  4 cm, c re a m y  w hite ;  f i la 
m en ts  a b o u t  1 cm. Style b ra n c h e s  abo u t  
6 cm  long, a b o u t  4 cm  wide, greenish- 
yellow, dense ly  f ine ly  sp o t ted  w ith  d a rk  
p u rp le ,  w i th  the green ish -ye l low  co lou r  
sh ow in g  th ro u g h ,  ridge-keeled, the  ridge 
p ro m in e n t ;  lobes o f  the style b ra n c h e s  
tu rn e d  u p w a rd s ,  d a rk e r ,  the  w id th  o f  the  
tw o lobes m o re  th a n  the  w id th  of style 
b ra n c h e s ;  p o l l in a to r  tun ne l  r a th e r  s im ila r  
to th a t  in I. sofcirana  subsp . k a s r u w a n a  
(Fig. 4 D a).  P o d s?

D IS T R IB U T IO N : E n dem ic  to th e  J o r d a n  
R iver Valley.

M A T ER IA L : Live m a te r ia l  in cu l tu re  
a p p a re n t ly  f ro m  a ro u n d  the  ty pe  locality. 
—  Collections: N ea r  Y a rm o u k  river, April 
1943, D i n s m o r e  5893 (B E I);  B ay san  a rea  
(?), f ro m  cu ltu re ,  A pril  1974, Ch a u d h a r y  
1403 (BEI).

N O T E : T h e  live m a te r ia l  s tud ied  was 
o b ta in ed  th r o u g h  the  co u r te sy  of the  Aril 
Society In te rn a t io n a l ,  b u t  is defin ite ly  from  
the  J o r d a n  valley u n d e r  Is rae li ad m in is 
t ra t io n  at p resen t.  T h e  o rig inal  sup p l ie r  
iden t if ied  it as I. jo rda na  D i n s m . w h ich  
ind ica ted  th a t  it h a d  com e f ro m  a rea  
a ro u n d  B aysan ,  the  type  locality  fo r  I. 
jordana.  T h e  typ e  localities fo r  I. jo rdana  
a n d  /. ha u ra n en s is  D i n s m . lie on  opposi te  
b ank s  of the  r ive r  J o r d a n  a b o u t  30 km s 
a p a r t .  H ow ever ,  D i n s m o r e  also labelled 
his no. 5893 (BEI) I. jordana ,  collected 
n e a r  the  Y a rm o u k  r iv e r  (April 1943), a p 
p a ren t ly  f ro m  the  E a s t  b a n k  of the  J o r d a n  
river. T h e  tw o  ta x a  w ere  p u b l ished  by

D in s m o r e  at the sam e t im e  in the sam e 
publication . M o u t e r d e  (1966) considered  
the  two taxa  to he identical . F r o m  the 
s tudy  of limited m ateria l ,  w hile  w e tend  
to su p p o r t  Mo u t e r d e ’s t r e a tm e n t  of the 
two taxa, we can no t  w ith  confidence  say 
th a t  they  shou ld  be un ited . A th o ro u g h  
study  of m a te r ia l  f rom  bo th  localities is 
needed to clear up  this point.

20. Iris bostrensis M o u t e r d e  —  F ig . 7 B

M o u t e r d e  1954 in Bull. Soc. Bot. France 
101:420—421; based on I .  atro purpurea 
B a k e r  var. purpurea D in s m o r e  1933 in P o s t  
& D i n s m o r e , F I. Syr. Pal. & Sin. 2:600; 
M o u t e r d e  1966, Nouv. F I. Lib. Syr. 1:317. 
—- Orig. coll.: Syria, 10 km N of Draa, 
March 1952, U i g h w o o d  HG 6 (holotype, 
Herl). M o u t e r d e , now at G).

P lan ts  up  to 40 cm. R h izom e short, 
com pac t,  b row n . Leaves u su a l ly  8, less 
th a n  1 cm wide, up  to 20 cm  long, w eak ly  
or s trongly  recu rved  or erect; s tem leaf 
one. P edunc le  ab o u t  12 cm. F lo w e rs  abou t  
14—-17 cm tall f rom  base of the  valves, 
ab ou t  8 cm wide; valves pale  g reen  to 
yellowish-green, sl ightly in f la ted , ab ou t  
9 cm; o vary  ab o u t  3.5 cm ; p e r ia n th  tube  
ab ou t  3 cm. Falls  6 .5— 7.5 cm  long, 3—  
4.5 cm wide, reflexed, o f ten  fo lded  back ; 
the limb ovate, a b ru p t ly  n a r ro w e d  in to  the 
haft ,  the la t te r  r a th e r  tightly  c lasp ing  the 
style b ra n c h ;  densely  spo tted  an d  veined 
w ith  d a rk  b ro w n -p u rp le  so th a t  the  yellow 
g rou nd  ap p ea rs  spo tted  th ro u g h  the da rk  
b ro w n -p u rp le ;  signal spot sem i-c ircular,  
u sual ly  truncate ,  often  n o tc h e d  o r  w ith  
two shal low  notches, w ide r  th a n  long, 
1.5— 2 cm wide, ab o u t  1.5— 1.6 cm long, 
velvety d a rk  m aro o n -p u rp le ;  h ea rd  dense, 
be a rd  ha ir s  all b r ig h t  yellow, m in u te ly  
pu rp le - t ipped ,  abou t 0.5 cm  long in  the 
middle, g radua l ly  redu ced  in length  to 
w ard s  the sides; the  b r ig h t  o r  pa le  yellow 
g ro un d  visible th ro u g h o u t  the bea rd .  S tan 
da rd s  ab ou t  8— 10 cm  long, ab o u t  5— 7 
cm wide, limb orbiculate ,  r a t h e r  a b ru p t ly  
n a r ro w e d  into the  claw, the  c law  c h a n 
nelled, ab ou t  1.5 cm  long w ith  fine yellow 
hairs,  densely  finely  s t reaked  w ith  d a rk  
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bro w n -p u rp le ,  the spo tt ing  densi ty  v a r i 
able, giving rise to d if fe ren t  shades; 
the g ro u n d  b row nish -ye llow  to greenish- 
yellow. S tam ens c rea m y  w hite ;  an the rs  
a b o u t  2 cm ; fi lam ents  abou t 1 cm. Style 
b ra n c h e s  5.5— 6.5 cm long includ ing  the 
lobes, abo u t  2.5 cm wide, ridge-keeled, 
go lden  yellow w ith  dense, very m inute ,  
d a r k  b ro w n -p u rp le  spots, th e  spots b e 
com ing  bigger o r  s t reaks  to w ard s  the 
sides and  the lobes; the tw o lobes as wide 
as o r  w ider  th a n  the style b ra n c h ;  p o l
l in a to r  tun ne l  a lm ost like th a t  in  I. so- 
fa ra na  subsp. sofarana,  bu t  the style b r a n 
ches ra th e r  ob liquely  ra ised  above the 
falls aw ay  from  the  im m ed ia te  basa l  areas. 
P o d s  abou t 8 cm long, abo u t  1.25 cm 
wide, 6-lobed, slightly inf la ted.

D IS T R IB U T IO N : T h e  H a u ra n ,  Syria. 
T h e  com m onest of the “b lack  ir ises” , 
o f ten  a weed in grain-fields.

M ATERIAL: Live cu ltu re .  —  Collections: 
S a lk h a d  to Bosra, April 1964, W e g m a n n  
B-157 (BEI); S h ehb a  Road, April 1972, 
C h a u d h a r y  & K i r k w o o d  795 (BEI); Jab l 
D ru ze  region, April 1973, W e y m o u t h  1298 
(B E I) ;  in fields a ro u n d  D a m ascu s -Jo rd a n  
ro ad ,  April 1952, H i g h w o o d  (K ) .

21. Iris auranitica D i n s m o r e  f. auranitica
—  Fig- 7 C

I. auranitica  D i n s m o r e  1933, PI. Post. 
Dinsm. 2:11; 1934 in P o s t  & D i n s m o r e , F I .  
Syr. Pal. & Sin. 2:601; M o u t e r d e  1966, 
Nouv. FI. Lib. Syr. 1:315. —- Orig. coll.: 
Syria, Jabl Kulayb, May 1933, D i n s m o r e  
13045 ( D i n s m o r e  Herbarium), not seen.

P la n ts  up to 50 cm. Rhizom e m ed ium , 
com pac t ,  yellow. Leaves u p  to 9, abou t  
1 c m  wide o r  ra re ly  m ore , ab o u t  25 cm 
long, erect o r  sl ightly a rched ,  shea th ing  
the  stem alm ost to the top ; stem leaves 
one o r  two. P eduncle  up  to 15 cm. F low ers  
odorous ,  abou t 15 cm tall f rom  base of

the valves, valves r a th e r  tigh tly  clasping, 
8— 9.5 cm long, green ish-yel low ; ovary  
ab o u t  4 cm long, 1 cm b ro a d  w ith  a  
sta lk  ab o u t  5 m m ;  p e r ia n th  tub e  ab o u t
2 cm. Falls  ab o u t  7 X 4  cm, obovate ,  
bronze, w ith  very m inu te ,  u n ifo rm ly  and  
ra th e r  densely d is tr ib u ted  pu rp l ish - red  
spots a n d  very fine re d d ish -p u rp le  veins 
or w i th o u t  spots an d  w ith  on ly  fa in t  
vena tion ; signal spo t ab o u t  1 .5X 1.5  cm, 
o rb icu la te  to p en d u lu m -sh a p e d ,  d a rk  
m a ro o n  or redd ish-yel low ; b e a rd  dense, 
the h a ir s  b r ig h t  yellow w ith  very  m in u te  
p u rp le - red  tips; the ha ir s  longest in the 
m iddle  (about 0.5 cm) a n d  g rad ua l ly  
becom ing  sho r te r  to w ard s  the sides. S ta n 
d a rd s  ab o u t  8.5 X 5.5 cm, obovate ,  golden- 
vellow to  bronze, w ith  very  fine p u rp l ish -  
red  veins or w i th o u t  dots  a n d  w ith  on ly  
fain t veins; c law  ab o u t  1 cm  long, c h a n 
nelled, w ith  go lden yellow, dull b ro w n -  
t ipped, dense hairs .  A n th e rs  a b o u t  2.2—
3 cm, tailed, c rea m y  w h ite  to light yellow; 
f i lam en ts  abou t 1— 2 cm, light yellow. 
Style b ran ch es  4.7— 5.5 cm  long inc lud ing  
the lobes, ab o u t  3 cm  wide, go lden  yellow 
w ith  very  fine p u rp le  to b ro w n is h -p u rp le  
dots, r a th e r  ob lique  a n d  a rch ed ,  ridge- 
keeled, the  ridge m o re  p ro m in e n t  n e a r  
the lobes; the  lobes no t  w id e r  th a n  the 
w id th  of the style b ran ch es ,  u p tu rn e d ,  
spo t ted  and  veined like th e  falls; the 
style b ran ch e s  fo rm ing  a r a t h e r  sh o r t  p o l
lina to r  tunne l w ith  the  falls  n ea r  the i r  
bases, the  tunne l  op en  aw ay  f ro m  base. 
P ods  ab o u t  8 cm, r a t h e r  n a r ro w .

D IS T R IB U T IO N : E n d e m ic  to the  Jab l  
D ruze  a rea  in Syria.

MATERIAL: Jab l  K ulayb ,  M ay 1943, 
D i n s m o r e  15095 (dam aged ,  B E I ) ;  M aya- 
mas n e a r  Tell J a f fn a ,  April  1973, C h a u d 
h a r y  & K i r k w o o d  800 (BEI) (collected 
in b u d  and  b ro u g h t  to B e iru t  w h e re  it 
flow ered  and  f ru i ted ) .

Fig. 7. A: Iris jordana.  B: Iris bostrensis. —  C: Iris auranitica  f. auranitica. —  D:
Iris swensoniana.

B ot. N otiser, vo l. 128, 1975
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22 . Iris auranitica D i n s m o r e  f. w ilk iana
C h a u d h a r y  et . a l .,  s ta t .  e t  n o m .  n o v .

Base: I. auranitica D i n s m o r e  var. unicolor 
M o u t e r d e  1953, El. Djebel Druze, p. 82; 
1966. Nouv. FI. Lib. Syr. 1:315. -— Orig, 
coll.: Syria, Tell Jaffna (type not indicated); 
Mayanias near Tell Jaffna, April 1973, C h a u d - 
i i a r y  & K i r k w o o d  800-A (neotype, BEI).

This  fo rm  d iffers  f ro m  f. auranitica  in 
hav ing  b r ig h t  yellow flow ers  w i tho u t  red- 
p u rp le  dots or veins. T h e  falls a n d  s ta n 
d a rd s  o f ten  tend  to be wavy. M o u t e r d e  
considered this to be a  var ie ty  (unicolor) 
w h ich  is in a p p ro p r ia te  as b o th  the  fo rm s 
are  foun d  grow ing  to ge th e r  —  the  d if
ferences are  a p p a re n t ly  m in o r  genetic 
varia tions  a n d  the  b io types  bes t  m er it  
recognition  as form s. T he  n am e  “u n ico lo r” 
cou ld  be m islead ing  an d  be co n tru e d  as 
im ply ing  th a t  the b io types  w ere  com plete ly  
lacking in an y  o th e r  p igm en t except 
yellow w hich  is not so, or  th a t  the  falls 
and  s tandards  w ere like-co loured  (as in 
f. auranitica) .

NOTE: This  fo rm  is n a m e d  a f te r  Mr 
T h o m a s  W i l k e s  of the  Aril Society In t e r 
national,  USA.

23. Iris sw ensoniana C h a u d h a r y  et al., 
sp. nov. —  Fig. 7 I)

Orig. coll.: Syria, Tell Cbeban, April 1972, 
C h a u d h a r y  & K i r k w o o d  796 (holotype, 
BEI).

1. barnumae F o s t e r  & B a k e r  var. zenobiae 
M o u t e r d e  (in part) 1966, Nouv. FI. Lib. Syr. 
1: 315—316.

Planta c. 40 cm alta. Rhizoma parvum, 
compactum. Folia c. 8, infra 1 cm lata, c. 
20 cm longa, infirmiter recurva, etiam cir
cinata. Flores odoriferi, c. 15 cm longi a 
basi spatharum. Tepala externa 6— 7 cm 
longa, 3—3.5 cm lata, ovato-spathulata, saepe 
retroflexa, uniformiter atropurpurea, venis 
fuscioribus; macula media orbicularis—reni- 
formis; barba sicut pulvinus, capillis densis, 
marginem versus gradatim brevioribus, infra 
5 mm longis, in medio flavis, ad marginem 
purpurascentibus. Tepala interna 6—8.5 cm 
longa, 3.5—5 cm lata, uniformiter purpurea 
vel maronina, unguiculata. Antherae 2—3.5 
cm longae; fila 1— 1.5 cm. Rami styli 4—6
B ot. N o tiser, vo l. 128, 1975

cm longi (lobis inclusis), 2.5—3 cm lati, 
lineis interruptis, cristati et carinati; canali
culus pollinicus praecipue e ramo styli fo r
matus. Capsula 8— 10 cm longa, c. 2.5 cm 
lata.

P la n ts  a b o u t  40 cm. Rhizom es small,  
com pac t,  ye llow ish-brow n. Leaves up  to 
8, less th a n  1 cm  wide, abou t  20 cm long, 
strong ly  recurved ,  even c irc inate; stem 
leaf one. P ed u n c le  ab ou t  15 cm. F low ers  
odorous ,  a b o u t  12— 19 cm long from  base 
of the  valves, 7— 8 cm wide; valves m ore  
or less in f la ted , keeled, pale  green  to 
green, o v a ry  2.5— 4 cm, terete— bro ad ly  
t r ig on a l ;  p e r i a n th  tube  2— 4 cm. F a lls  
6— 7 cm long, 3— 3.5 cm wide, ovate—  
sp a thu la te ,  n a r ro w e d  or not into a baft ,  
s t rong ly  recu rved ,  o ften  folded b ack ; u n i 
fo rm ly  d a r k  p urp le ,  a lm ost black , w ith  
d a rk e r  veins; signal spo t o rb iculate-reni-  
fo rm , no tched ,  w ider  th a n  long, 1— 1.5 
cm long, 1.5— 2 cm wide, velvety d a rk  
m a r o o n — d a rk  p u rp le  (almost b lack) ; 
b ea rd  of p u rp le - t ip p e d  b rig h t  yellow h a ir s  
(less t h a n  0.5 cm  long) in the m ed ian  
region o n  yellow  g round ,  the ha ir s  g r a d 
ually  beco m in g  sh o r te r  tow ard s  the sides 
w h e re  th ey  a re  p u rp le  on a pu rp le  g round .  
S tan d a rd s  6— 8.5 cm long, 3.5— 5 cm  wide, 
oblong, g rad u a l ly  or ab ru p t ly  n a r ro w e d  
in to  the  c law ; claw  1— 1.5 cm, channelled , 
the c h an n e l  w ith  a few p u rp le  and  yellow 
h a irs ;  l im b u n ifo rm ly  p u rp le  o r  d a rk  
m aro o n ,  sl ightly  l igh ter  th a n  the  falls. 
S tam ens  c re a m y  w hite ;  an the rs  ab o u t  2—  
3.5 cm ; f i lam en ts  1 — 1.5 cm. Style b r a n 
ches 4— 6 cm  long includ ing  the  lobes, 
2.5— 3 cm  wide, o range, strongly  s t reaked  
w ith  pu rp le ,  becom ing  d a rk e r  to w ard s  the 
tip, r idge-keeled; lobes co loured  a n d  v e in 
ed like the  falls, tr ian gu la r ,  crenate ,  r e 
cu rved ;  lobes n a r ro w e r  than  the  style 
b ra n c h ;  p o l l in a to r  tu n n e l  fo rm ed  m a in ly  
by the style b ran ch ,  the  fall con tr ibu t in g  
on ly  p a r t  of the  tun ne l  floor. Po d  8— 10 
cm long, a b o u t  2.5 cm wide.

D IS T R IB U T IO N : E n d em ic  to Tell Che- 
h a n  area , Syria.
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MATERIAL: Live culture. —  Collections: 
Tell Chehan, April 1943, M o u t e r d e  7558 

; (LNRC); April 1973, W e y m o u t h  1299 
j  (B E I). '

NOTES: P e t e r  W e r c k m e i s t e r  (pers. 
com m .) has m ade a very interesting co m 
ment: “The Chehan (Tell Chehan) iris 
has close clum ps. There is an interesting  
equilibrium  betw een the luxurient growth  
of its rhizom es w ith an astonishing m ulti
plication  of its sprout huds and the 
existence of the larvae of a lepidoptera  
(a k ind of iris-borer) : the p lants w ould  
die out w ithout the borer, as the plants 
w ould  be unable to get enough nutrition  
for so m any sprouts” (from the poor 
soil? auths.).

This species is nam ed after the late 
Dr. S .  P. S w e n s o n , form er D ean of the 
F acu lty  of Agriculture at the Am erican  
U niversity of Beirut, Lebanon and at the 
U niversity o f Agriculture, L yallpur, P ak 
istan.
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Peroxydase Isozym es in  Quercus petraea 

and Quercus robur

U lf Olsson

O l s s o n ,  Ü .  1976 05 06. Peroxydase isozymes in Quercus petraea and Quercus 
robur. — 13ot. Notiser 128:408—411. Lund. ISSN 0006-8195.

An investigation of the occurrence of m ultiple m olecular forms of per- 
oxydases in the leaf tissues of Q. petraea and Q. robur has been carried out. 
In all, eleven different isozymes have been found. These are classified into four 
groups, one of which is only found in Q. petraea and introgressive populations. 
However, one of the petraea populations examined also lacks this group of 
peroxydases. The possibility of the occurrence of introgressive individuals not 
revealed bv morphological analysis is discussed. The intraspecific variation of 
the zymograms is great, indicating the genetic heterogeneity of oak populations.
Ulf Olsson, Department of Plant Taxonomy, University of Land, 0. Vallgatan
18—20, S-22S 61 Land, Sweden.

It has been  fo u n d  th a t a n u m b e r of 
d iffe ren t enzym es exist in  m u ltip le  m o le 
cu la r fo rm s (isozym es), w ith in  a  species, 
o r w ith in  the  tissues of a single p la n t o r 
an im a l a n d  even w ith in  a single cell. A 
w ell-know n  exam ple  of th is  is lac ta te  
deh y d ro g en ase  (L D H ). T his enzym e exists 
in five d if fe re n t fo rm s, each  of w h ich  
h as  been  fo u n d  to  consist of fo u r  p o ly 
pep tide  ch a in s  of tw o d if fe re n t ty p es 
only . T hese a re  coded  by  tw o d if fe re n t 
genes. T h e  d iscovery  of th is  m o lecu la r 
he te ro g en e ity  am ong  enzym es h as  led to  
such  ap p lica tio n s  as the an a ly s is  of genetic 
v a ria tio n  in p la n t p o p u la tio n s  (SCOGIN  
1968, C o n k l i n  & S m i t h  1971, Juo  & 
S t o t z k y  1973, R u d i n  & R a s m u s o n  1973).

T he a im  of th is  in v es tig a tio n  is to 
eva lua te  in te rsp ec ific  d iffe rences and , in 
som e cases to f in d  o u t th e  degree of in- 
trog ress ion , o r th e  occu rren ce  of h y b rid  
trees, in  sy m p a tric  p o p u la tio n s  of Q. 
robur  an d  Q. petraea.

E x trac tio n s  of p ro te in s  fro m  green  oak- 
leal' tissues w ere sep a ra ted  by  anod ic  disc 
e lec tro p h o resis  a n d  th e  p o ly p ep tid es  s ta in 
ed fo r th e  p resence  of peroxydases.
Bot. Notiser, vol. 128, 1975

MATERIAL AND METHODS 

C ollections and Growth Conditions

The m aterial used was in the main obtained 
from  m ature trees of Q. petraea ( M a t t u s c h k a )  
L i e b l .  and Q. robur L. and their interm ediates 
growing in natural stands in southern Sweden 
as in the population investigation ( O l s s o n  
1975), viz. two petraea, three robur, three 
interm ediate or mixed oak populations and 
one progeny sample of Q. robur (Fig. 1). 
Twigs taken from the south sides of I lie 
trees were brought to the laboratory  in 
plastic buckets filled w ith tap water. They 
were exposed to daylight at room tem 
perature (20° C). In addition, leaves were 
taken from  seedlings grown from  acorns 
of a single individual of Q. robur. The seed
lings were grown under greenhouse con
ditions with a com bination of daylight and 
artificial fluorescent light, and a minim um  
tem perature of 20° C and transferred  to the 
laboratory . Fresh, well-developed leaves of 
m edium  size were removed not m ore than  
two days after twigs and seedlings had been 
moved to the laboratory, and the enzymes 
im m ediately extracted.

E xtraction  and E lectrophoresis

To extract peroxydase, oak-leaf tissue with 
the thickest veins removed was homogenized 
with a pestle and m ortar in a buffer con-
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Fig. 1. Quercus robur  and  Q. petraea.  The 
results  of an  analysis of isoperoxydases in 
leaves f rom  m a tu re  trees an d  from  the p r o 
geny of a given oak. H istogram s show llie 
frequency  d is t r ibu t ion  of ind iv iduals  with 
0 (unfilled colums) or 1, 2, 3, 4 filled 
columns) isozymes w ith in  each of fou r  groups 
of peroxydases  with  different  relative mobil i
ties. —  A, B: P opu la t ions  of Q. petraea. — 
C, I). E: In trogress ive  populations.  —  F, G, 
1: Popu la t ions  of Q. robur. —  H: P rogeny  
of Q. robur.

ta ining 0.02 M 2 -am ino-2 -hydroxym ethy l- l , 
3 -propanediol  (TRIS) and  0.19 M glycine 
(the same as was used in the electrode

Table 1. A co m p ar iso n  of isoperoxydase 
activity in fresh  a n d  frozen oak  leaf m ateria l .  
QA refers  to a popu la t ion  of Q. petraea,  QO 
to Q. robur.  The  relative degree of activity 
as seen in the  densi tom ete r  traces of the 
b ands  is indicated  by  +, ++ and  +++. The 
change in relative m obili ty  is noted fo r  each 
sample.

R EL A T IVE MOBILITIES
uaK
no. F resh Frozen Absolute

difference

QA 06 0.60 ++ 0.64 ++ 0.04
0.27 ++ 0.26 ++ 0.01
0.23 ++ 0.19 + 0.04

QA 07 0.58 ++ — .—

0.23 +++ 0.24 ++ 0.01
0.17 + — —

QA 08 0.66 ++ 0.66 ++ 0.00
0.59 + 0.59 + 0.00
0.54 + — -— -

0.25 +++ 0.25 +++ 0.00
0.19 ++ — —

QA 09 0.64 ++ 0.68 ++ 0.04
0.61 ++ 0.65 ++ 0.04
0.24 +++ 0.26 +++ 0.02
0.18 ++ — —

F resh  26/7 Fresh  20/8
(1973) (1973)

QO 04 0.62 +++ 0.59 ++ 0.03
0.60 +++ 0.56 ++ 0.04
0.22 +++ 0.22 ++ 0.00
— 0.12 + —

QO 05 0.58 +++ 0.59 +++ 0.01
0.22 +++ 0.23 +++ 0.01
0.17 + — —

assembly) supplem ented  w ith  12 %  sucrose 
and  1 %  unsoluable  Po lyc la r  AT. (A similar 
substance  of ten  used is unsoluable  polyvinyl- 
pyrro l idon ,  PVP.) The bu ffer  was combined 
with  tissue in the ra tio  of 10: 1. After h o m o 
genizat ion  the p rep a ra t io n s  were centrifuged at 
3650 g fo r  5 minutes.  20 ul f ro m  each su p e r
n a ta n t  sam ple  was used for  disc e lectro
phores is  w ith  the Shandon  kit. Buffers  and 
gels were  p rep a re d  according to the Canalco 
system (Canalco Ins truc tions  1965) with  the 
following m odifications.  F irs t  the s tacking 
solu t ion  (pH 8.8 9.0) was polym erized  by
m eans  of UV-light (360 nm) and  th en  the 
separa t ing  solu t ion  by m eans  of D-riboflavin. 
The sam ple  was layered  over the s tacking 
gel a n d  anionic  enzymes and  o ther  prote ins 
were separa ted  ou t  at 2 mA per sample  
tube fo r  60 minutes.  There  was sufficient 
p igm ent in the oak  leaves to m ak e  the 
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use o f a tracking dye unnecessary. After 
electrophoresis the gels were stained for 
isoperoxydases with 3,3'-dim etlioxybenzidine  
by m eans of the H202-o-dianisidine m ethod  
( W o r t h i n g t o n  1969). The banding patterns 
of the gels were scanned for absorbancy  
by using a densitom eter (580— 650 nm ). The 
distance from the stacking-separating gel 
interphase reached by each enzym e was 
m easured and the relative m obility (RM) 
calculated as percentage of the run of the 
pigm ent.

Introductory Trials

To test the presence of isozym es in oak 
leaves six extracts sam ples from  Q. robur  L. 
(3), Q. robur L. f. pendula  (1), Q. robur  L. f. 
pyram idalis  (1) and Q. hungarica K i t .  (1) 
were prepared and analysed according to 
the Canalco system. The material (except 
for Q. robur L.) was taken from  the garden 
of The Svalöf Seed Association, Svalöv, Sw e
den, and the prelim inary analysis carried 
out at the laboratory there.

Two tests on each oak sam ple gave iden
tical results as follow s: peroxydases (4— 5 
bands) in all sam ples; phosphatases and 
esterases no hands at all. (Note: correspon
ding analyses of hybrids of Linaria repens X 
vulgaris in the sam e electrophoresis indicated 
the presence of three isoesterases.)

A com parison of enzym e activity (here 
only used in the sense of degree of quantity 
as seen in the zym ogram s) in fresh and 
frozen plant material, together with a test 
to show  possible changes in peroxydase  
activity on two occasions about one m onth  
apart, gave som e inform ation about the 
reproducibility of the experim ents. Frozen  
oak leaves seem to lose some isozym es. In 
one case the rem aining bands displayed a 
lower activity (in Table 1 indicated by 
+, ++ or +++ according to the value of relative 
m obility, RM). Repeated analyses of fresh  
leaves at different tim es showed a similar 
decrease of activity later in the growing 
season. The isozym es present on both occa
sions showed a difference in RM not ex
ceeding 0.04.

R E S U L T S

A maximum num ber of seven different 
isoperoxydases was found in individual 
trees of Q. robur and in leaves from 
putative hybrids. A total of eleven dif
ferent peroxydases have been found. W ith 
this method it is not possible to make an
Bot. N otiser, vol. 128, 1975

analysis of I he segregation of genes for 
the different polypeptide chains that com 
bine to form the isozymes (here seen as 
narrow  bands), owing to the very slight 
differences in migration rates. Although 
the same type of pattern  is obtained re 
peatedly for a given individual, a given 
peak of the zymogram obtained in two 
succeeding analyses of the same extract 
m ay differ. The difference may be equal 
to the differences in migration rate be
tween the same isozyme and an adjacent 
one or it may be greater than this. T here
fore from the calculations of relative m i
gration rates the enzymes are divided 
into four groups, viz. fast, intermediate 
(I), intermediate (II), and slow (Fig. 1). 
W ith in  each of these four groups of per
oxydases the frequency distribution of in 
dividuals with 0, 1, 2, 3 or 4 isozymes 
is noted. All populations of (). robur  in 
cluding the progeny sample lack isozymes 
belonging to the second intermediate 
group. However, one of the Q. petraea  
populations (A) also lacks the same iso
zymes.

A comparison of zymograms discloses 
the diverse profiles of enzymes of d if
ferent trees in a na tu ra l  stand of oaks 
of either species. The enzyme patterns 
or phenotypes of t lie seedlings grown 
from  a single tree of Q. robur m ay  also 
indicate heterozygosity. This is shown in 
Fig. 2 (A— E, Q. ro b u r ; F — J, progeny of 
Q. robur). In addition the zymograms 
show that the peroxydase activity in full- 
grown seedling leaves is a rule qu an t i
tatively somewhat greater than  tha t  of 
full-grown leaves from mature trees picked 
at the same time of the year.

As pointed out elsewhere ( O l s s o n  1975) 
the indigenous oak species in Sweden 
hybridize spontaneously forming intro- 
gressive populations so that it is very d if
ficult to find isolated stands of Q. petraea. 
The biotopes considered to be preferred  
by Q. petraea are relatively small in Swe
den. Adjacent sites of both species and 
sites that are with in  potential crossing 
distance may be occupied by Q. robur  as
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Fig. 2. Quercus robur.  Densitometer t races 
f rom  adu lt  trees (A— E) and seedlings (F— J 
show the heterozygosity  in the contro l led  pro§ 
p h eno types  (chemotypes) of m ature  trees in 
live m a tu re  trees a n d  five seedlings. — RM: 

ah so rb an cy  o r  optical density  in the ahs

a result of spontaneous m igration or of 
having been planted.

The species populations used in this 
investigation are the m ost representative 
judged by the results of analyses of the 
m orphological structure. However, there 
m ay be reason to suspect gene flow b e
tween the species. W here introgression is 
concealed or displayed in m inor m o rp h o 
logical differences only it m ay he disclosed 
by the isozyme profile. Thus the u n 
expected lack of isoperoxydases in the 
group In term ediate II of the Q. petraea  
population (A) m ay he due to the p res
ence of introgressive individuals (Fig. 1).
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An indum entum  analysis of leaf m aterial from populations of oak in regions 
of sessile oak (Quercus petraea ( M a t t u s c h k a )  L i e b l . )  in southern Sweden and 
from  herbarium  specimens (LD) from  the same area has been performed. The 
combined results of this study and other m orphological observations are re
ported. About 40 %> of the pedunculate oaks have the same kinds of stellate 
trichom es as Q. petraea and may constitute introgressive interm ediates of Q. 
robur and Q. petraea. In the glabrous individuals of the Q. robur material 
pollen stainability is on I lie average higher than in the pubescent ones. According 
to the criteria in the subspecies concept given there is no reason to subdivide 
Q. robur into pubescent and glabrous subspecies. It would be more reasonable 
to treat Q. robur and Q. petraea as subspecies.
Ulf Olsson, Department of Plant Taxonomy, University of Lund, Ö. Vallgatan 
18—20, S-223 61 Lund, Smeden.

S c h w a r z  (1964) tre a ts  tw en ty -fo u r oak 
species in  E u ro p e . T he in d u m e n tu m  c h a r 
acte ris tics of the  leaves a re  of g rea t 
d iagnostic  value, h u t th e re  a re  still m an y  
questions ab o u t the freq u en cy  an d  the  
type of h a irs  in som e species. S c h w a r z  
(1936) has a de ta iled  d e sc r ip tio n  of all 
h a ir  types observed . T he p re se n t stu d y  
is lim ited  to Q. petraea  ( M a t t u s c h k a )  
L i e b l .  and  Q. robur  L. in so u th e rn  Sw eden 
w ith  the  aim  of an a ly s in g  an d  d iscussing  
the presence of ste lla te  tr ich o m es on th e  
abax ia l side of the leaves in re la tio n  lo 
o th e r ch arac te ris tics . T hese species have 
in p ast tim es p ro b ab ly  been  m u tu a lly  in 
fluenced  in m orp h o lo g ica l c h a ra c te rs  in 
c lud ing  pubescence by  sp o n tan eo u s  in te r 
crossing  and  in trog ression . T he re su ltin g  
g rea t v a ria tio n  of oak  types h a s  led m an y  
a u th o rs  of Quercus  tax o n o m y  to describe  
a n u m b er of tax a  w ith in  each  species.

An ex trem e p o in t of v iew  is re p re 
sen ted  by F r i e s  (1865) an d  d e  C a n d o l l e  
(1864) w ho jo in  Q. rob ur  a n d  Q. petraea  
B ot. N o tise r, vo l. 128, 1975

in one  species, w h ereas  la te r  b o tan is ts  have 
show n  th a t th e  ap p a re n tly  fe rtile  in te r 
m ed ia te  fo rm s have  m eio tic  d is tu rb an ces 
p o in tin g  to a h y b rid  o rig in  ( H o e g  1929). 
T h is  suggests th a t  Q. petraea  and  Q. robur  
a re  to som e ex ten t rep ro d u c tiv e ly  iso la ted  
species. S a l i s b u r y  (1940) an d  W e i m a r c k  
(1947 c) described  the  som ew hat d if 
fe ren t ecological c la im s of the tw o species. 
T he a u th o r  ( O l s s o n  1975) has show n, 
as d id  C o u s e n s  (1963), th a t the  species 
in te rc ro ss  to a  r a th e r  h igh  ex ten t in 
n a tu ra l  p o p u la tio n s .

S c h w a r z  (1937) an d  W e i m a r c k  (1947 a) 
have  no ted  th e  p resence  o r absence  of 
ste lla te  tr ichom es on  th e  abax ia l side of 
th e  leaves of Q. robur.  S c h w a r z  designates 
the p u b escen t k in d  of p ed u n cu la te  oak 
Q. robur  ssp. p edu n cu la ta  var. p u b eru la  
an d  th e  g lab ro u s  one, ssp. p ed un cu la ta  
v a r. glabra.  W e i m a r c k  ra ises the  p u b 
escen t v a rie ty  lo th e  ra n k  of subspecies 
n am in g  it Q. robur  L .  ssp. p uberu la  ( L a s c h )  

W e i m .  A ccord ing  to W e i m a r c k ,  Q. robur
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T.. ssp . p ed un cu la ta  DC. may have  “very  
th in ,  s im ple w ind ing  h a ir s” b u t  lacks 
s te lla te  tr ich om es  of any  kind. T he  n am in g  
of th e  subspecies ( W e i m a r c k  1947 b) is 
not in a c co rdan ce  w ith  the now -exis ting  
in te rn a t io n a l  code of bo tan ica l  n o m e n 
c la tu re .  If  the tw o subspecies a re  m a in 
ta in ed  the p ro p e r  n a m e  of the taxon  
w h ich  lacks stellate tr ichomes w ould  be 
Q. ro b u r  L. ssp. robur.  The n am e  of the 
subspec ies  w ith  stellate tr ichom es w ou ld  
be Q. robur  L. ssp. puberu la  ( S c h w a r z ) 
W e i m . (see T a x o n o m y  below).

In  th is  p a p e r  som e of the oaks exam ined  
a re  g ro u p e d  accord ing  to W e i m a r c k  (1947 
a, b ;  1963). However,  the a u th o r  has no t 
u n re se rv ed ly  accep ted  the taxa. The ev i
dence  of the  p resen t m ate ria l  does not 
s u p p o r t  m a in ta in in g  th e  two subspecies  
u n d e r  Q. robur.  T h e  taxa  are u sed  he re  
as sam ples  o r  s ta tis tical g rou ps  w hich  
a re  co m p ared .

MATERIAL AND METHODS

Three categories of oak have been in
vestigated. (A list of localities is given in 
Appendix 1.)

(1) Herbarium Specimens
In the Scandinavian Herbarium of the 

Botanical Museum in Lund (LD) specimens 
of the following taxa were borrowed for a 
preliminary examination of t lie morpho
logical variation in the most important 
kinds of Swedish oaks:

i A) Q. robur L. ssp. puberula ( S c h w a r z ) 
W e i m .

(B) Q. robur  L. ssp. robur (Q. robur L. ssp. 
pedunculata  I)C.)

(C) Q. petraea ( M a t t u s c h a ) L i e b e .
(D) Q. petraeaXrobur

The classification is confirmed by the author 
by a comparison with the results of ttie 
population investigation ( O l s s o n  1975). Thus 
B corresponds to the robur phenotype and 
C to the petraea phenotype and A and D to 
the intermediate or interspecific phenotypes.

(2) Pedunculate Oaks from Skåne
The oak material was taken from through

out the woodlands of Skåne and is considered 
as being representative. Planted oak forests

of uncertain origin or of foreign provenance 
were avoided. In the area concerned Q. 
petraea is rare or absent.

(3) Populations in Regions of Sessile Oaks
The population structure of oak woods 

within the distribution range of sessile oak 
in Sweden has previously been reported on 
(O l s s o n  1975). The results of an indumentum 
analysis of different phenotypes of ttiat plant 
material are given in the present study.

A disadvantage of the investigation may be 
the grouping of tlie material in three “sam
ples” investigated separately. Owing to dif
ferences in sampling technique and in time 
of collecting, and varying possibilities of 
obtaining suitable material to demonstrate 
all characters, new methods of analysis were 
subsequently adapted and introduced. The 
combined results are discussed. Indeed the 
three different oak samples used may better 
represent the variation in these taxa than 
one type of sample alone would have done. 
The first sample of herbarium specimens 
was used to obtain a general idea of some 
of the diagnostic characters hitherto applied 
in Quercus taxonomy. My own taxonomic 
views are grounded primarily on the results 
of the population studies (3) (cf. O l s s o n  
1975).

Biometry
Measurements were made chiefly for leaf 

characters. At least five samples of leaves were 
examined from each oak collection (A—D). 
The measurements used are illustrated in 
Fig. 1. Samples collected by the author are 
more representative of an oak individual 
than the corresponding herbarium material 
owing to the sampling technique used. A 
minimum of ten leaves was used for each 
character examined. In addition to the study 
of various characters of leaves as well as 
flowers and fruits, the percentage of pollen 
stainahle in cotton blue in my own material 
has also been calculated. Maximum and mini
mum values with standard errors are given 
for some characters (Tahle 1). In the pop
ulation analysis ( O l s s o n  1975) the variation 
in pubescence and other characters were 
shown in scatter diagrams.

Some Definitions and Methods Applied to 
Biometry

Leaf shape: The ratio of the length of 
the apical part above widest point to the 
total leaf length is used as a numerical value 
of the leaf outline. From Fig. 1 it can be

Bot. Notiser, vol. 128, 1975
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Fig. 1. G eneral view of an  o ak  leaf. Code to 
the m easurem ents. —  a. L ength  of ap ical 
p a r t  of leaf above w idest p o in t (m m ). —  b. 
T o ta l length  of leaf (m m ). —■ c. L ength  of 
petiole (m m). —  i. Angle of leaf base  (de
grees). —  v. S inus vein. —  s. Sinus.

seen th a t the in equality  1 >  a /b  >  0.50 r e 
p resen ts an  ovate  lea f an d  0 >  a /b  >  0.50, 
an  obovate leaf. T he leaf shape value  of 
a b o u t 0.50 charac te rizes  the e llip tical leaf.

L eaf veins (C oefficient of venation) : A 
n um erica l value fo r I lie absence o r p resence 
of sinus veins is the ra tio  of the  n u m b er of 
sinus veins to the n u m b er of sinuses of 
one side of a leaf. T h is coefficien t varies 
betw een 0 and  1.

Peduncle  “len g th ” : The d istance  betw een 
the hase and  the first flow er b ra c t o r scar of 
b ract.

RESULTS

Habit

Q. petrciea  and  Q. r o b u r : D ecid u o u s  
trees w ith  a d ecu rren t h a b it fo rm in g  w id e  
cro w n s and  w ith  sh ort tru n k s w h en

B ot. N o tiser, vol. 128, 1975

Table 1. B iom etric  d a ta  of Quercus.  -— A: 
Q. robur  ssp. puberula.  —  B: Q. robur  ssp. 
robur.  —  C: Q. petraea.  —  D: Q. pe traeaX  
robur. —  E: P ed u n cu la te  oak  (Skåne). -— 
MM: Average m ean  value. —  m: S tan d ard  
e rro r. —  n: N um ber of m ean  values (trees). 
—  I: Angle o f leaf base (degrees). -— II: Leaf 
shape. —  III : L ength  of petiole (m m ). —  
IV: C oefficient of venation . —  V: Peduncle  
leng th  (m m ).

MM ± mvalue value

I A 45 58.1 ± 1 .2 77 20
B 40 (50.7 ± 1 .6 82 20
C 48 70.1 ± 1 .4 102 20
D 20 64.0 ±2 .1 110 20
E 4.3 59.8 ±1.1 80 57

II A 0.28 0.40 ±0.01 0.61 20
B 0.25 0.40 ±0.01 0.54 20
C 0.23 0.41 ±0.01 0.58 20
D 0.24 0.41 ±0.01 0.59 20

III A 2 5.7 ± 0 .4 10 20
B 3 6.0 ±0 .4 14 20
C 5 12.8 ± 0 .6 23 20
D 3 9.9 ± 0 .6 17 20
E 4 6.3 ±0 .2 12 57

IV A 0 0.66 ±0.03 1 20
B 0 0.63 ±0.05 1 20
C 0 0.19 ±0.03 1 20
1) 0 0.37 ±0.03 1 20
E 0 0.61 ±0.02 1 55

V E 6 31.1 ±1 .4 59 53

g r o w in g  in op en  fie ld s . In  c losed  stan d s  
the h a b it  is m o d ified  w ith  ta ll tru n k s and  
rath er  n a rro w  crow n s.

Q. r o b u r : A n gles b etw een  stem  and  
b r a n c h e s  rather w id e; lea v es c lu stered  
fo r m in g  an open  crow n .

Q. p e tra ea :  N a rro w er  a n g les b etw een  
b ra n ch es; fo liage  u n ifo r m ly  d istr ibu ted , 
fo r m in g  a m ore or less d en se  crow n .

T h e  m o d ifica tio n  o f  th ese  gross m o r p h o 
lo g ica l ch ara cters is m a rk ed  and  ca n  lead  
to d iff ic u lt ie s  in  id en tif ica tio n  w h e n  the  
trees h a v e  drop p ed  th eir  leaves.

O aks have  a cer ta in  ten d en cy  to fo rm  
e p ico r m ic  sh o o ts. T h is  ca p a b ility  is h e r i
tab le a n d  varies w ith  the p ro v en a n ce .
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An increase in light condition initiates 
the formation of the epicormics. Another 
type of branch, the so-called Lammas 
shoots can also affect the form of the 
crown. This second type of shoot is 
developed from  a new terminal hud of 
the annual shoot.

M orphology —  Herbarium  Specim ens

The following sum m ary  of the results 
of the analysis of the artificial aggregates 
of herbarium  specimens should first be 
used as a provisional assessment of the 
amplitudes of certain characters. The same 
num ber of specimens has been used within 
each taxon, which of course does not 
correspond to the natural distribution.

Leaf shape (outline) : All oak leaves 
examined are on the average obovate and 
the shape of the leaf is in practice unre
liable as a discriminating character.

Leaf base: Nearly all Q. robur  leaves 
have cordate bases with inflexed margins 
(ears). In Q. petraea the leaf base is 
obtuse or cuneate. Aberrant forms occur, 
often with an oblique base, sometimes 
more truncate than  obtuse, especially in 
the putative hybrid material.

Venation: (Figs. 1, 2, Table l .  IV). The 
average MM-values lie closer to 0 for 
Q. petraea and closer to 1 for  the Q. robur  
subspecies. The value for Q. petraeaX  
robur (1)) is intermediate.

The length of the petiole: On the
average the length of the petiole of 
Q. petraea is twice that of Q. robur, the 
hybrid material being intermediate. Ob
serve the small differences between the 
Q. robur subspecies (Table 1 : III).

Leaf base angle: (Table 1:1). The dif
ferences between the oak taxa are rather  
marked, but there is a certain tendency 
towards higher values, i.e. wider angle, 
in Q. petraea.

Buds: All buds of Q. robur  are  more 
or less obtuse. About two th irds of the 
Q. petrciea buds examined are  more or less 
acute. Most of the hybrids resemble (J. 
robur in this character.

A n g l e  o f  l e a f  b a s e  
M M i  2  SO

C o e f f .  o f  v e n a t i o n  n y/ n s 

M M t  2  S D

4 0  5 0  6 0  70

L e n g t h  o f  l e a f  s t a l k  

M M *  2 SD

Fig. 2. Average m ea n s  and doubled standard  
deviat ions  (M M ± 2 SD) o f  three characters  
exam ined .

Observe that Q. robur  ssp. puberula  (A) 
is nearly identical with Q. robur ssp. 
robur  (B) in all morphological characters 
except pubescence.

Indum entum

The frequencies of different types of 
trichomes were determined under the 
microscope (X125). Five fields distributed 
over the abaxial surface of the leaf make 
up to a total area of about 5 m m 2.

Two kinds of simple hairs arc recog
nized. First,  th in multicellular hairs of 
a glandular nature with bulbous bases 
are found in all oak taxa in this study. 
The m ajority  of these small hairs often 
have a withered appearance (Figs. 7 A, 3). 
Secondly, one can find a type of simple 
hair  which retains its form when dried as 
do the bifurcate and stellate trichomes. 
The “simple h a i r ” in Table 2 belongs to 
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T a b le  2. Density of hairs on abaxial surface of leaf in Quercus. Mean number of trichomes 
per mm2 and percentage (within brackets) of total number of trichomes observed within 
each taxon. — A: Q. robur ssp. puberula. — B: Q. robur ssp. robur. ■—• C: Q. petraea. —

D: Q. petraeaXrobur.

Type of hair
Taxa

A B c 1 D

Simple ...................... 1 (12.4) 0 ( - ) 1 (4.7) 1 (15.7)
Bifurcate .................. 2 (33.6) 0 ( - ) 6 (38.1) 3 (43.3)
3-branched .............. 1 (7.5) 0 (—) 2 (11.6) 1 (8.0)
4-branched .............. 3 (45.5) 0 (—) 6 (45.3) 2 (31.7)
5-branched .............. <  1 (0.8) 0 (--) <  1 (0.2) <  1 (0.7)
6-branched .............. <  I (0.1) 0 (—) 0 ( - ) <  1 (0.1)
7-branched .............. <  1 (0.1) 0 ( ) <  1 (0.1) 0 ( - )
8-branched .............. 0 (—) 0 (—) 0 (—) <  1 (0.4)
Total ........................ 7 (100.0) 0 ( - ) c. 15 (100.0) c. 7 (100.0)

the second type. The first type of trichom e 
will be term ed “g landular h a irs” and the 
second type “sim ple h a irs” or “sim ple 
trichom es”.

Stellate trichom es: Each b ranch  of a 
stellate trichom e is unicellular. U nder the 
SEM the stellate trichom es are often seen 
to he a com bination of sim pler un its fo rm 
ing m ultib ranched  hairs jo ined at the 
base (Fig. 3 C, D). The characteristics 
of the constituent elem ents (1— 4-hranched 
trichom es) are m aintained. No a ttem p t is 
m ade to describe the d istribu tion  of the 
differen t com bination types of m u lti
b ranched  trichom es.

The au thor has confirm ed th a t the 
“glabrous” Quercus  m ateria l is Q. robur  
ssp. robur. In addition to the “g landu lar 
h a irs” found on all oak leaves, if m ore 
than  five areas/leaf are exam ined a few 
isolated trichom es m ay he revealed. (“Gla
b ro u s” is used below in the m eaning of 
“no one sim ple trichom e or b ranched  
trichom e observed”.)

B ifurcate and four-b ranched  stellate 
trichom es dom inate the indum entum  of 
the pubescent specim ens (Fig. 7 B). The 
percentages are 79, 83.4 and 75, respec
tively, for taxa A, C, and 1) (Table 2). 
However, trichom es w ith up to eight 
b ranches have also been found. Note the 
density  of trichom es in Q. petraea  (C),
Bot. N otiser, vol. 128, 1975

on an  average c. 15 per m m 2, com pared 
w ith 6— 7 trichom es per square unit in 
Q. robur ssp. puberula  (A) and the p u ta 
tive hybrid  m aterial (D).

Tufts of hairs in the vein axils on the 
abaxial side of the leaf have been regarded 
as a ra the r good charac ter for distinguish
ing sessile oaks. The tufts consist of 
especially long sim ple and  stellate t r i 
chom es (Fig. 7 C). Q. robur  ssp. puberula  
usually lacks these tufts of hairs. In this 
subspecies one can see conspicuously long 
trichom es along the m idribs.

Pedunculate Oaks (Skåne)

The oak m ateria l (Table 1 E, Fig. 2) 
was analysed as one (statistical) sample. 
No prelim inary  subdivision into pubescent 
and glabrous m ateria l w as made. The oaks 
may include the subspecies puberula  and 
robur (A, B resp.) and  the putative hybrid  
interm ediates (cf. D) of Q. robur and 
Q. petraea. M orphological data (except 
for pubescence) are presented in brief 
as follows.

The average m ean values (MM) in Table 
1 for the Quercus  group E agree well 
w ith the MM values of the subspecies of 
Q. robur  (A, B) previously described. 
The length of the petiole (III) and  the 
venation (IV) are two characters of pro-
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Fig. 3. Types o f stellate trichom es (A— F) w ith 2— 8 branches; SE m icrographs X600.
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Table 3. P ed u n cu la te  o ak  (Skåne). C orre la 
tio n  be tw een  percen tage  sta inab le  po llen  
an d  m o rp h o lo g ica l v a ria tio n . —  a: L eaf base 
angle (degrees). —  b: P etio le  leng th  (mm). 
—- c: P eduncle  leng th  (m m ). —  d: Ratio, 
len g th /w id th  of aco rn . —  e: D ensity  o f tri- 
chom es. “G lab rous” o aks excluded. —  f: 
Coefficient o f venation .

C h ar
acter I2

Degrees
of

freedom

L im its of 
signif. 
(P °/o)

C orre
lation

(r)

a 14.60 1/48 P <  0.1 +  0.48
b 109.07 1/48 P  <  0.1 +0 .83
c 8.89 1/45 1 >  P  >  0.1 +  0.41
d 0.26 1/45 P  >  5 — 0.08
e 132.00 1/18 P <  0.1 +  0.94
f 456.00 1/47 P <  0.1 — 0.003

nounced diagnostic value. Observe the 
slight displacem ent of the MM-values of 
the E oaks tow ards the hybrid  group (D) 
indicating tha t some of the m aterial from  
Skåne (E) is of hybrid  origin. Another 
possible indication of this is revealed in 
the com parison of m orphology and p er
centage stainable pollen (below ).

The average m ean for peduncle length 
as defined above is 31.1 +  1.4 m m  (53 
trees).

Two types of fem ale catkins w ith re 
duced fru its occur. The com m onest fruc ti
fication has m any undeveloped acorns at 
the top of the peduncle. One can also 
find catkins w ith acorn  rudim ents along 
the entire axis or on both sides of one 
or two norm al acorns. This second type 
of catkin discloses reduced fem ale fertility. 
A corresponding reduction in percentage 
of stainable pollen in the same individual 
has in some cases been observed.

The shape of the acorn and ils cupule 
varies. The involucre can be shallowly 
cupu lar o r relatively deep and funnel- 
shaped. The com m onest type of acorn has 
a length/w idth quotient of 1.5.

I n d u m e n tu m

43.9 per cent of the robur oaks collected 
in Skåne were pubescent. F ou r types of
Bot. N otiser, vo l. 128, 1975

Stainable
pollen

1 0 0 %

0 2 4 6 8 10 12 14 16 18

Freq. of hairs

Fig. 4. P ed u n cu la te  o ak  (E). C o rre la tio n  be
tw een  po llen  s ta in a b ility  an d  d en sity  of tri- 
chom es. E ach  + sign  re p re sen ts  one in d iv id 
ual. T he d a rk  field  in d ica tes a sam ple  of 
tw en ty -tw o  g lab ro u s oaks.

trichom es are found on the abaxial su r
faces of the leaves: sim ple, b ifurcate  and
3- and  4-branched. As a rule b ifurcate and
4-branched trichom es dom inate. The den
sity ranges from  1 to 13 per m m 2. In th is 
oak m aterial (E) no trichom es were found 
w ith m ore than  fou r b ranches (Table 2).

P o l le n  S ta in a b i l i ty  and  M o rp h o lo g ic a l  
V a r ia t io n

The percentage of pollen grains sta in 
able in cotton blue is often used as a 
m easure of pollen fertility. The correlation  
betw een pollen sta inab ility  and  d is trib 
ution of m orphological characters is shown 
in Table 3. The length /w id th  of the acorn 
and  the venation coefficient seem to be 
entirely  unrela ted  to pollen stainability .

The d istribu tion  of the individuals w ith 
low and high degrees of pollen sta inability  
in relation  to d ifferen t degrees of pubes
cence is seen in Fig. 4 (cf. Table 3 e).
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F ifty  oaks were exam ined, th irty  of w hich 
are glabrous. Note tha t the pubescent oaks 
have a tendency to display h igher stain- 
ability  w ith increasing density of tri- 
chom cs ( r= + 0 .9 4 ;  P < 0 .1 ) .  The oaks 
with a very low degree of pollen stain- 
abilitv  (<  70 per cent) have a trichom e 
density  of less than  five per m m 2.

The histogram s in Fig. 5 illustrate the 
d istribu tion  of pollen stainability  in g la
brous and  pubescent oaks of the m aterial 
from  Skåne in a d ifferent way, the fre 
quency of trichom es not being taken into 
consideration.

In glabrous oaks there is a relatively 
high degree of stainability. In 78.6 per 
cent of them pollen stainability  is m ore 
than  85 per cent. The corresponding value 
for the pubescent oaks is 72.7 per cent. 
However, one can find a group (18 per 
cent) w ith a low stainability, falling below 
the m inim um  value for the glabrous oaks. 
T his indicates to some degree th a t the 
glabrous oaks are closer to the species 
sta te  (robur).

The Distribution of Pubescent Phenotypes 
within Natural Populations of Oak

In view of I he preceding observations 
il would be of great interest to study the 
d istribu tion  of the indum entum  characters, 
in particu lar of the representatives of 
spontaneously introgressive oakwoods. In 
the following report, w here no t otherw ise 
stated, the results refer to a previous 
exam ination  of oak stands (O l s s o n  1975)  
where the population  structu re  as regards 
nine d ifferen t phenotypes [a— i) was dem 
onstrated  by the use of p ic torial scatter 
diagram s. Six of the nine types of com bined 
characters include pubescence. In the study 
referred to the pubescent phenotypes were 
designated a, b, c, d, e, and g respectively 
(O lsson  1975 Fig. 4) .  Divided into classes 
according to distance from  either species 
type, pubescent individuals are to be found 
in the classes I— IV. Taken in this order 
the classes of phenotypes (as m eans of 
com bined coordinates in the scatter dia-

8-tno
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n o
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7060 80 90 100
%
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Fig. 5. Pedunculate oak (E). Frequency dis
tribution of glabrous (1) and pubescent (2) 
individuals in different classes of pollen 
stainability.

gram) constitute a line in trogression w ith 
a gene flow from  the pubescent species (Q. 
petraea) to the glabrous species (Q. robur).

O f  especial interest is the d istribution  
of d (ssp. puberula).  It is no tew orthy  th a t 
this phenotype has approxim ately  the 
same centre of d istribution  as the robur  
type (i), (O l s s o n  1975 Fig. 3 A, C, E).

Bot. N otiser, vo l. 128, 1975
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This agrees well with the result of the 
comparison of the robur  subspecies in the 
herbarium  material (1). In twenty per 
cent of the “puberula-phenotypes” pollen 
stainability lies below 70 per cent, wich 
may indicate that they are to some extent 
hybrids or  introgressives.

Multibranched tr ichomes: Stellate tri- 
chomes with more than four branches are 
unusual.  They are found in 7 per cent of 
the oaks examined, mainly among the 
sessile oaks (fourteen trees of phenotype 
a.) But two other oak types were also 
represented, viz. four oaks of phenotype 
b which is ra the r  closely affined to a, 
and finally one individual only of the 
intermediate type d.

There is a rem arkable degree of cor
relation between low pollen stainability 
and occurrence of m ult ibranched tr i 
chomes. Thus the distribution of pollen 
stainability in the sessile group (a) of 
fourteen oaks with m ult ibranched tr i
chomes is as follows, 2 (21— 30 °/o),
1 (61— 70), 5 (71— 80), 3 (81— 90), 3 
(91—100). The stainability in all oaks of 
type b with multistellate trichomes is 
above 85 per cent.

CONCLUSIONS AND DISCUSSION

Controversial Aspects of Hybridity

In Skåne and m any other parts of 
southern Sweden the climatic, topographic 
and edaphic conditions are very varied 
within a relatively small area, so tha t  the 
different Quercus species can grow to 
gether in the same area. Thus gene ex
change is possible. Ecological conditions 
for the establishment of new hybrids are 
also good.

P h en o lo g ic a l  factors,  su ch  as d if ferent  
t im es o f  f lo w e r in g  in  Q. robur a n d  Q. 
petraea, m a y  prevent  the  fo r m a t io n  o f  
hybrids.  H o w ev er ,  Kr a h l -U r ba n  (1957) ,  
w h o  studied  l ea f - sh e d d in g  and  f lo w e r in g  
fo u n d  that a n y  ex trem e  d i f feren ce  b e 
tw een  pro v e n a n c e s  o f  a s ing le  sp ec ies  far

Bot. Notiser, vol. 128, 1975

exceeds Ihe difference between the average 
characteristics of the two species.

A few crossing experiments have been 
carried out to determine the presence or 
absence of incompatibility factors. P y a t - 
n its k ii  (1939) crossed species within the 
subgenus Quercus  (syn. Lepidobalanus  
(En d l .) Ör s t e d ) as well as from different 
subgenera. He records a very low p er
centage successful crosses. D e n g l e r  (1941) 
confirms this result and reports two per 
cent fertile seeds from the cross Q. robur  
[ å ) X Q .  petraea  (?). He also made suc
cessful reciprocal crosses, unlike P y a t - 
n it s k ii  who failed to cross robur  (?) and 
petraea  ( 3  ) ■

The results of the investigation of a r 
tificial and spontaneous hybrids noted 
above demonstrate that many of the inter
mediate forms in actual fact constitute 
hybrid  offspring of Q. robur and Q. 
petraea.

D e n g l e r  (1941) and Jo n e s  (1959) be
lieve that spontaneous hybrids in nature  
do not exist to the extent often stated. 
This is grounded on the difficulty in 
obtaining a high percentage of fertile 
acorns with artificial cross-pollination. 
This theory has not been verified and may 
be wrong. Better methods of pollination 
may raise the yield of hybrid acorns. 
D e n g l e r  discloses the fact that a change 
in the method of pollination increased 
the crop of acorns from  29 to 61 per cent 
in intraspecific (Q. robur) cross-; " a- 
tion. Even a frequency of less than  one 
to two per cent in natura l intercrossing 
might be sufficient for the formation of 
introgressive populations.

Given that the prevailing view regarding 
species interpretation (Schw arz  1964, 
Kom a r o v  1970) holds, the occurrence of 
introgressive intermediates of (). robur  
and  Q. petraea must be very high. In fact, 
c. 40 per cent of the pedunculate oaks 
(Skåne) have the same kinds of stellate 
trichomes as Q. petraea. This view is 
confirmed by the results of the population 
study (3). 45 per cent of all oaks examined 
are interspecific. If the two phenotypes

54
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Fig. 6. Quercus pubescens  W i l l d . —  Types 
of stellate trichomes. Note the long branches
(A) and the branches coalescing at the base
(B) Cf. Fig. 3. —  SE m icrographs, A XbO; 
B, C X 600.

b and  h  ( O l s s o n  1 9 7 5  Table 2) are ex
cluded, the phenotypes c— g, which are 
presum ably introgressives, still constitute 
about 17 per cent of the m aterial.

The m orphological observations p re 
sented in this investigation also suggest 
th a t hybrid ization  occurs between the 
species. As Q. m b u r  is the com m onest oak 
in Sweden a d isplacem ent of the gene 
pool of Q. petraea  in the direction of 
Q. robur  has probably  occured. Due to 
introgressive hybrid ization  the evolution 
of Q. robur  from  glabrous to pubescent 
form s has probably  taken  place. This 
statem ent is also supported  by the fact

tha t in the glabrous individuals of the 
(). robur  m aterial pollen sta inability  is 
on the average higher than  in the pubes
cent ones.

Some au thors have expressed the pos
sibility of including a th ird  oak species in 
the intercrossing system of Q. petraea  and 
Q. robur.  W e i m a r c k  (1 9 4 7  a) argues that 
Q. pubescens  W i l l d . m ay lie a possible 
parent. A com parison of trichom e types 
and  the epiderm al structu re of the species 
concerned indicates th a t no crossing has 
taken place between Q. pubescens  and 
either sessile or pedunculate oak as re 
gards these characteristics (Figs. 3 and  6).

Bot. N otiser, vol. 128, 1975
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Fig. 7. Light and SE m icrographs of hairs on the abaxial side of Quercus leaves. -— A: 
Bifurcate trichom e with unicellular branches and m ulticellular glandular hair (a) (see 
drawing on right). — B: General view of pubescent side o f a leaf of sessile oak. —  C: Tufts 

of stellate and simple hairs in the vein axils of sessile oak.

TAXONOMY

Pubescent and  glabrous types of Q. 
robur  considered above belong to different 
subspecies according to W e i m a r c k  (1947 
a) and o ther au thors. In my opinion the 
glabrous state represents the “pure species” 
state of Q. robur. P art of the m aterial of 
B ot. N o tise r, v o l. 128, 1975

puberula  p robably  represents the hybrid  
Q. petraeaX  robur  or the derivatives th e re 
of. As regards the rem ainder of the m ate
rial evidence of hvbrid ity  o ther th a n  p u b 
escence is lacking. However, it is possible 
th a t also this m ateria l represents in tro- 
gressives.
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T he  au thor follows the subspecies con
cept given by R u n e m a r k  (1961), “that 
two populations are referred to different 
subspecies if (1) the gene exchanges be
tween them is restricted on genetic grounds 
or is limited or made impossible by ex
ternal means and if (2) they are separated 
by a more or less strong hereditary dis
continuity  in one or several basic m orpho 
logical characters or a combination of 
such characters” . According to these cr i
teria there is no reason to subdivide Q. 
rohur  into pubescent and glabrous sub
species, but it would be more reasonable 
to trea t Q. robur  and Q. petraea as sub
species.
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APPENDIX I. L ocalities of Oaks Exam ined  

A. Quercus robur ssp. puberula

SKÂNE. B rö nnestad , H a rrö d , 300 m NW  
L illsjödal (H. W e i m a r c k ) : 450201 — L und 
(T. H å k a n s s o n ) :  450301 —  L öderup  (T. 
H å k a n s s o n ) : 450401 -— R iseberga (4'. H å k a n s 
s o n ) : 450501 —  L öderup, S an d h am m aren , 
close to the ligh thouse  (14. W e i m a r c k ) : 
450601 N Mellby, W  F u ru to rp , pine fo res t 
(H. W e i m a r c k ) : 450701 —  G enarp , Skoggård 
(H. W e i m a r c k ) : 450801 —  Gladsax, sand 
m eadow  (14. W e i m a r c k ) :  450901 —  Höör, hill 
NNE F o g d arö d  (G. O l s s o n ) : 451001 —  R örum  
( I I .  W e i m a r c k ) :  451101 T o rn a  H ällestad , 
B oreslund , sand  h ills (H. W e i m a r c k ) :  451701 
— so u th e rn  lake sho re  of Vom b (J. L i n d e r s ) : 
451801 —- T o rn a  H ällestad , beech-hill, sand 
(H. W e i m a r c k ) :  451901 —  S Mellby, hill 
slope E N E  G ladelund —  SMÅLAND. Färga- 
ryd , U lfshu lt (II. W e i m a r c k ) :  450101 — V 
T orsås, N ybygden (II. W e i m a r c k ) :  451601 —  
VÄSTERGÖTLAND. B orås, H ultberg  (A. 
H o l m e r z ) : 451501 — G öteborg, L iseberg (H. 
C. K i n d b e r g : 451401 —- ÖSTERGÖTLAND. 
F jä rs ta d , B oda (II. W e i m a r c k ) :  451301 — 
UPPLAND. R oslagen, G regersboda (H. & A. 
F r i e s ) : 451201.

Ii. Quercus robur ssp. robur

SKÅNE. B osjök loster. (44 H å k a n s s o n ) : 
453401 —  L öderup , S an d h am m aren , close to 
the ligh thouse  (H. W e i m a r c k ) :  453501 — 
V isseltofta , 1 km  W  B oalt (H. W e i m a r c k ) : 
453601 —- B rösarp , pine fo res t a t the ra il
w ay sta tio n  (H. W e i m a r c k ) : 453701 — S 
Mellby, 1 km  NE Svinaberga (Stenshuvud)
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(T. H å k a n s s o n ) :  453801 —  R iseberga, 400 m 
-SSE S k ära lid  (T. H å k a n s s o n )  : 453901 —  
R iseberga, 300 m S S k ära lid  (T. H å k a n s s o n )  : 
454001 —  SMÅLAND. Jä t, L indeberg  (H. 
W e i m a r c k )  : 452301 ■— V äckelsång, E sb jö rn a- 
m åla  (II. W e i m a r c k ) :  452401 -—- V ärnam o, 
H ju lsh a m m a r— F u n tab o  (H. W e i m a r c k )  :
452501 —  B olm sö, close lo the ch u rch  (H. 
W e i m a r c k ) :  452601 —  L ån g ary d , Y ttersjö- 
ho lm  (H. W e i m a r c k ) :  452701 —  Ö jaby (G. 
B j ö r n s t r ö m ) :  452801 - -  Bosebo, B olbynäs 
(IL W e i m a r c k ) :  452901 —  N ydala, M oboda 
(H. W e i m a r c k )  : 453001 -— V illstad, S ännås 
(4L W e i m a r c k ) :  453101 —  V T o rsås, P ip a re 
lid (H. W e i m a r c k )  : 453201 —  V irestad , Höge- 
lid (H. W e i m a r c k ) :  453301 —  HALLAND. 
G unnarp , S trä ttebo  (H. W e i m a r c k ) :  452101
—  G u n n a r p ,  J o a r s b o  (H. W e i m a r c k ): 452201.

C. Quercus petraea

SKÅNE. Osby, Skansen  (H. W e i m a r c k ) :  
460101 -— V S önnarslöv , NW  K roken (T. 
D o n n e r  & H. W e i m a r c k ) :  460201 Konga 
(T. H å k a n s s o n ) :  460301 -—- R iseberga (T. 
H å k a n s s o n ) :  461101 -— Röke, 1 km  E S lä tt
sjö, ru b b le  gravel (H. W e i m a r c k ) :  461201 

- Klöva H alla r, V Sönnarslöv  (T . H å k a n s 
s o n )  : 461301 — Osby, 600 m  S. S ibbarp , 
m o ra in  (H. W e i m a r c k ) :  461901 —  R iseberga, 
1 km  W N W  S låaröd, rubb le  gravel (H. 
W e i m a r c k ) :  462001 —  SMÅLAND. Ryd (O. 
T e d i n ) :  460601 — H o v m an to rp  (T. H å k a n s 
s o n )  : 460701 —  B olm sö close to the fe rry - 
sta tio n  (G. O l s s o n ) :  460801 — M öckelsnäs
(N. J o h a n s s o n ) :  460901 —  HALLAND. Ask- 
om e, F y llek leva (11. W e i m a r c k ) :  461401 
L jungby, G islestad (H. W e i m a r c k ) :  461501
—  A s k o m e ,  H a n s a b o  (H. W e i m a r c k ):  461601
—  R ä n n e s lö v ,  P e r s t o r p  (G. O l s s o n ) :  461701

F j ä r å s  (II. G. K i n d b e r g ):  461801 
V Ä S T E R G Ö TL A N D . N ä r r y d a ,  R ä v e lå s  (IL 
F r i e s ):  460401 G ö teborg ,  S lä t t s k o g e n  (.1. H. 
K y l i n ) : 460501.

I). Quercus p etraeaX robur

SKÅNE. S Mellby, hill slope ESE  G ladelund 
(I I . W e i m a r c k ) :  471301 -—- Osby, H ö n ja ru m  
(F .  L u n d b e r g ) :  471401 —  S M ellby, S tens
huvud (E. A s p l u n d ) :  471501 —  H anaskog  
( T h .  L a n g e ) :  471601 Ö rkelljunga, 1 km  

E N E  H avabygget (H. W e i m a r c k ) :  471701 -
Assjö, d o s e  to S to regård  fa rm  (11. N i l s s o n ) :  
471801 —  N Sandby (A. O r e o s s o n )  : 471901 

BLEKINGE. N ä ttrab y , Skärva  K orpa- 
nabben  (B. H o l m g r e n ) :  472001 — K arls
ham n, B ellevue (I. L i n d e r h o l m )  : 470401 — 
SMÅLAND. Gullabo, L önbom åla  (H. W e i 
m a r c k )  : 470501 —  F ä rg a ry d , E kenäs-S koga  
(H. W e i m a r c k )  : 470601 —  B urseryd , 2 km  
S ch urch  (H. W e i m a r c k ) :  470701 — V illstad,

M arkås (IL W e i m a r c k )  : 470801 —  Gnosjö, 
B ottn ingabo  (H. W e i m a r c k ) :  470901 — HAL
LAND: Ysby, Skogaby (T. P e r s s o n ) :  471201 
-  VÄSTERGÖTLAND. L jushu lt, H allaved (O. 

O l s s o n ) :  471001 —  B orås, R yås (C. S a n d 
b e r g ) :  471101 —  ÖSTERGÖTLAND. O ppeby, 
1 km  ESE B jö rk fo rs  (H. W e i m a r c k ) :  470101 
—  VÄRMLAND. V isnum skil, D yrön (H. W e i 
m a r c k ) :  470201 —  M illesvik, S tag lerud  (H. 
W e i m a r c k )  : 470301.

E. P e d u n cu la te  O aks C ollected  by th e  A u th o r

SKÅNE. F ru e rä ften , 3 km  NW  S Sandby: 
462101 —  M åryd, 100 m  N M åryd farm : 
462201 —  2 km  NNE T o rn a  H ällestad  ch u rch : 
462301 —  T ryggaröd  (by the road  B roby— 
H ässleho lm ): 462701 —  2 km  N B osjök loster: 
462801 —  L ångsto rp , 5 km  NNW  H öör: 
462901 & 463001 —  H öör, 2 km  N S ju n n e ru p : 
463101 —  H öör, 2.5 km  N S ju n n eru p : 463201 

H öör, M isseröd (H öör— S R örum ) : 463301
—  K vesarum , E the castle: 463401 —  S 
R örum , 1 km  W  ch u rch  (S side of the road) : 
463501 — S R örum , 1 km  W  ch urch  (N side 
of the ro ad ): 463601 —  S R örum , B jäv röd : 
463701 —  Sösdala, O sk arsfarm : 463801 — 
Silvåkra, NE S k rivarem öllan : 463901 — Silv- 
åk ra  fa rm , SW  K ran k esjö n : 464001 —  H assle- 
m öllan, 2 km  E V eberöd: 464101, 464201 — 
3 km  E A nklam : 464301, 464401 —  1.5 km  
NE L övestad (L övestad— A ndrarum ) : 464501
—  Ry, at the “c o u n ty ” b o u n d a ry  SSW  
A ndrarum  ch u rch : 464601 —  5.2 km  NE 
Lövestad: 464701 — SW  M olleröd (S illa röd— 
V allarum ): 464801 —  3 km E Eslöv, Skog
h use t: 464901 —- F a iry h ill (W lake of V 
R ingsjön ): 465001 -— Stehag, V ärlinge fa rm : 
465301 — S tockam öllan , H asslebro  465401 
S tockam öllan , M ickelborg: 465501 —  E N E  
Billinge (close to R önne riv er): 465601 —  
E N E  Billinge, H ultseröd : 465701 — NW  
H alla röd , N H ulta rp : 465801 — H a lla rö d — 
F ärin g to fta  at the “co u n ty ” b o u n d a ry : 465901
—  R ögnaröd, 3 km  S F ärin g to fta : 466101 — 
F orestad , SW F ä rin g to fta : 466201 P e rs to rp , 
H unseröd  fa rm : 466301 —  P ersto rp , G ustavs
berg: 466401 —  P e rs to rp , B osarp : 466501 — 
2 km  E T yringe: 466601 —  F in ja , 0.5 km  
N M ölleröd fa rm : 466701 —  N Stoby ch u rch : 
466801 H ästveda, A m undtorp : 466901 -— 
Veberöd, G rönland: 467001 —  Everlöv, Kum- 
la to fta : 467101 —  Sövdeborg: 467301 —  NW  
lake Snogeholm , sho re : 467401, 467501 — 
betw een the lakes of E lle stad  and  Snogeholm : 
467601 —  NE lake Snogeholm , E rik sd a l at 
the  c ross-roads: 467701 —  0.5 km  NW  S 
Asum ch u rch : 467801 —  Ö v ed sk lo ste r: 467901, 
468001 —  G am m alstorp , NE Äspinge: 468101
—  N Vism osse, E  Äspinge: 468201 —  P åb ro , 
E  T o rm esto rp : 468301.
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Contribution à l’étude du genre Cololejeunea  
V. Q uelques espèces de la rég ion  in d o -p a c ifiq u e

P. T ix ier

T i x i e r ,  P. 1976 05 06. Contribution à l’étude du genre Cololejeunea. V. Quelques 
espèces de la région indo-pacifique. — Bot. Notiser 128:425—431. Lund. ISSN 
0006-8195.

Five new species o f  the genus Cololejeunea ( S p r u c e )  S t e p h a n i  are described 
and illustrated, viz. C. hebridensis, C. mackeeana, C. plagiochiliana, C. sophiana 
and C. stoniana.
P. f i x ie r , I.N.A. d ’El Uarrach, Alger Xème, Algérie.

N o u s  dé fin irons  la région indo-pacif ique , 
su r  le p lan  b ryo log ique,  co m m e  un  vaste 
c o u ra n t  a l lan t  à l ’ouest de l ’A frique O rien 
tale, a  l’est de la Nouvelle  Zélande et re 
m o n ta n t  vers le n o rd  j u s q u ’au  J a p o n  et 
aux  îles H awaii.

Ici nous  n ’ins is terons p a s  su r  la sy s tém a 
tique  d u  genre  Cololejeunea.  Ce g ra n d  g e n 
re, qu i rep résen te  à peu  p rès  50 °/o des 
espèces dans  les f lo ra les  ép iphy lles  d H é p a 
tiques, peu t  être, chez les Orchidées, au  
po in t  de vue  com plexité ,  co m p aré  p a r  
exem ple  au  genre  D end ro b ium .  Cela nous 
évite des déve loppem ents  m êm e brefs  su r  
ce point.

R app e lo ns  seu lem ent q u e  M .  M i z u t a n i  

(1961), P a n  C h i e h  C h e n  et P a n  C h e n g  

W u  (1964) on t  fou rn i  des m o n o g r  , ' ' s 
p ou r  le genre  au  J a p o n  et en Chine, en  ce 
qui concerne  les flores t rop ica les  re p ré se n 
tant les f ranges  ex tér ieures  des flores in d o 
malaises.

E .  H. B e n e d i x  (1953) n ’a  envisagé q u ’un  
ce r ta in  n o m b re  du sous-genres  d u  genre 
Cololejeunea  en Indo-Malaisie . Le travail 
d em e u ra  incom ple t .  B. M. S c h u s t e r  (1963) 
a fou rn i  d ans  son synops is  des genres  a p 
p a r te n a n t  aux  L ejeuneacées , une  revue des 
d if fé ren ts  sous-genres  de Cololejeunea.  Cela 
n ’est q u ’u n  p re m ie r  a p e rç u  qui d e m a n d e 
rait à ê tre com plé té .  Aussi, d o n no ns-n ou s

ici c inq  nouvelles espèces: u n e  o rig ina ire  
de M adagascar,  une de Malaisie et tro is  de 
Mélanésie.

C ololejeunea hebridensis P. T i x i e r  sp. 
nov. —  Fig. 1

Planta modica, albo viridis, foliicola, sub
strato appressa. Caules usque ad 1 cm longi, 
pauciter ramosi, 0,05 mm crassi, cum foliis 
1,4 mm lati. Folia sub angido 90° inserta, 
interseque 0,4 mm distantia. Cellulae cum 
trigonibus incrassionibus intermediis in cel
lulis basalibus. Margo sine cellulis hyalinis. 
Cellulae marginales 8X 10  u; cellulae partis 
mediae 15X15 p; cellulae basales 30— 50X 
X 15— 20 u. Lobus reniformis cum sinu inter 
lobum carenamque, caulem tegens 0,9 mm 
longus, 0,6 mm latus. Lobulus saccatus, leviter 
inflatus 0,3 mm longus, 0,2 mm latus. Apex 
lobuli laxe truncatus cum 3 dentibus, dente 
subapiculi, dente apicali, dente media. Papilla 
hyalina haud visa. Propagulis discoideis, 70 u 
in diametro, cum 28 cellulis. Planta monoica. 
Flos femineus lateralis. Periantbia sub foliis 
floralibus. Folia floralia cum lobo 0,9 mm, 
0,6 mm lato, lobuloque elongato 0,04 mm 
longo, 0,15 mm lato. Periantbia cum rostro 
notato, cum alis parvis sinibuque ventralibus, 
0,7 mm alta, 0,6 mm lata. Flos masculus late
ralis, sessilis, 0,4 111111 altus, cum bracteis 3 
jugis.

ECHANTILLON EXAMINE. Nouvelles Hé
brides: Vaté, en forêt dense, 200— 300 m, 1973, 
M. S c h m i d  s.11. (holotype PC).

P lan te  m oyenne ,  b lanc  v e rd â tre ,  épi- 
phylle, app liq uée  au  sup po r t .  Tiges longues

B ot. N o tise r , vo l. 128. 1975
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Fig. 1. Cololejeunea liebridensis. — A: Tige. 
— B: Feuille. — C: Apex du lobe. — D: Base 
du lobe. —■ E, F: Apex du lobule. — G: 
Propagule (p =  28). -—- H: Périanthe. — I: 
Lobule de la bractée périanthaire. .1: In
florescence mâle.

atteignant ju sq u ’à 1 cm; peu divisées, épais
ses de 0,05 mm, larges avec les feuilles de 
1,4 mm. Feuilles insérées sous un angle de 
90 et distantes entre elles de 0,04 mm. 
Cellules présentant des trigones et des 
épaississem ents in term édiaires dans les 
cellules basales. Pas de m arge hyaline. Cel
lules m arginales 8X 10 p; cellules de la 
partie moyenne 15X15 p; cellules basales 
30— 50 X 15— 20 p. Lobe réniform e avec un 
sinus entre le lobe el la carène recouvrant 
la tige long de 0,9 mm, large de 0,6 mm. 
Lobule en sac, m oyennem ent gonflé, long 
de 0,3 mm, large de 0,2 mm. Som m et large
ment ouvert, à trois dents avec la présence 
d ’une petite dent surapicale. Papille h y a
line non observée. P ropagules discoïdes, de 
70 p et avec 28 cellules. P lante m onoïque. 
Inflorescence femelle latérale. Périan the 
Bot. Notiser, vol. 128, 1975

inclus dans les bractées périanthaires. 
Bractées périan thaires avec un lobe long 
de 0,9 mm et large de 0,6 mm, lobule a llon 
gé, long de 0,4 mm, large de 0,15 mm. 
P érian the à bec bien m arqué, à oreillettes 
et avec deux plis ventraux, hau t de 0,7 mm, 
large de 0,6 mm. Inflorescence mâle la té
rale courte, im plantée directem ent sur la 
tige, de 0,4 nun de hau t avec 3 étages de 
bractées fertiles.

Nous classons cette espèce au sous-genre 
Pedinolejeunea  ( B e n e l u x ) M i z u t a n i  dû à 
son aspect m acroscopique (plante très a p 
pliquée au support avec un aspect glauque 
brillant) et à un  certain  nom bre de ca rac
tères m icroscopiques (cellules sans o rne
m ents, lobule à trois dents, etc.).

Cololejeunea mackeeana P. T i x i e r  s p .  

nov. —  Fig. 2

Planta parva, foliicola, substrato appressa. 
Caulis longus usque ad 5 mm, pauciter ram o
sus, 40 p crassus, cum foliis 1 mm latus, in 
sectione, 5 cellulis visis. Folia sub angulo 40° 
inserta interseque 0,3 111111 distantia. Folia 
lingulata, lobo 0,4 111111 longo, 0,3 111111 lato. 
Margo irregulariter denticulatus. Cellulis cum 
parietibus plus aut minus tenuibus, incras- 
sionibusque intermediis. Cellulae marginales 
30—20X20—15 p; cellulae basales 40—20X 
X20—15 p. Lobulus usque tertiam partem 
folii, saccatus, inflatus, cum apice late trun
cato, duae dentes, apicalis brevis, media plus 
aut minus hamata. Papilla hyalina ovalis, 20 p 
longa, sub angulo. Stylus hyalinus unicellula- 
ris, 20 p altus. Flos femineus lateralis. Folia 
floralia cum lobo crenulato, 0,5 mm longo, 
0,17 mm lato, lobuloque 0,3 mm longo, 0,10 
mm lato. Perianthia 4-plicata, denticulata, 
0,6 mm alta, 0,3 mm lata. Flos masculus late
ralis, 0,6—0,3 mm altus, cum bracteis 3—4 
jugis.

ECHANTILLONS EXAMINÉS. Nouvelle Ca- 
lédonie: Forêt de montagne sur terrain ser
pent ineux, épiphylle sur Rapcinea, 900 m, 15.V. 
1975, Me K e e  30117 (holotype PC). — 24.IV. 
1975, Me K e e  30082. — Pic du Rocher, Mon
tagne des Sources, pente ombragée d’un enton
noir, sur feuilles de fougère, 960 111, 8.III. 
1951, IL H ü r l i m a n n  2394, 2395. — Montée de 
la “route de Gomen”, vers le sommet de 
l’Ignambi, en forêt de montagne sur Rubiacée, 
1200 111, 17.VIII. 1951, H. H ü r l i m a n n  2851. -— 
Dumbéa, vallée de la Sunshine, côté du Mont 
Do, sur Hymenophyllacées, 700 m, 28.VIL 
1951, H .  H ü r l i m a n n  2748.
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Fig. 2. C ololejeunea m ackeeana . — A: Tige. —  B, C: Feuilles. —  D : B ase du  lobe. — 
E: Apex du lobe. —  F, G: Lobule. —  H: Base du  lobule. — 1: Coupe de la tige. —  
J: B ractées p é rian th a ires . —  K: P é rian th e . —  L: L obule  de la bractée . —  M, N: In flo rescen 
ces m âles. —  A, B, D— F, H — J, L: M a c  K e e  30082. —  C, G: M ac  K e e  30117. —  K, M,

N: H ü r l i m a n n  239-1.

Plante petite, vert pâle, épiphylle, app li
quée au support. Tige longue atteignant 
jusqu’à 0,5 mm, peu ram ifiée, épaisse de 
40 p. large avec des feuilles de 1,4 mm, à 5 
cellules en section. Feuilles insérées sous 
un angle de 40 et d istantes entre elles de 
0,3 nun. Feuille spatulée, à lobe long de 
0,5 mm, large de 0,3 mm. Marge irréguliè
rement dentelée, rappe lan t la m arge de 
Diplusiolejeunea com uta  S t e p h a n i . Cellules 
à parois m oyennem ent m inces avec épais
sissements interm édiaires. Cellules m arg i
nales 30— 20X 20— 15 p; cellules basales 
40—20X 20— 15 p. Lobule long, dépassant 
le tiers de la longueur de la  feuille, en sac, 
gonflé, largem ent ouvert au  sommet. Deux 
dents au somm et, dent apicale courte, dent

m édiane de deux cellules plus ou moins en 
crochet. Papille hyaline ovale, allongée, 
longue de 20 p, sous le lobule. Style hyalin 
unicellulaire, haut de 20 p. Inflorescence 
femelle latérale. Bractées périanthaires à 
lobe crénelé, long de 0,5 m m, large de 
0,17 mm, lobule long de 0,3 mm, large de 
0,10 mm. Périan the à quatre  plis dont 
deux ventraux, à bords denticulés, haut 
de 0,6 mm, large de 0,3 mm. Inflorescence 
mâle latérale de 0,3 à 0,6 m m  de haut et 
avec 3— 6 paires de bractées fertiles.

Cette espèce appartien t au sous-genre 
Lasiolejeunea  B e n e d i x , elle diffère de tou 
tes les espèces du sous-genre du  Pacifique 
Sud tropical.
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Fig. 3. Cololejeunea plagiochilianci. — A: Tige. 
— B: Feuille. — C: Apex du lobe. — D: Base 
du lobe. — E: Lobule. — F: Périanthe. — 
G: Inflorescence mâle.

C ololejeu nea  p lag ioeh iliana  P. T i x i e r  

sp. nov. —  F ig . 3

Planta fragilis, viridis, foliicola ad substra
tum  appressa. Caules usque ad 1 cm longi, 
0,04 mm crassi, cum foliis 0,6 mm lati, folia 
sub angulo 90° inserta interseque 0,4 mm dis
tantia. Cellulae magnae, parietibus tenuibus. 
Cellulae marginales 20X40 p, basalesque 60— 
40x20  u. Folia scutulata, ad m arginem  denti
culata. Lobus 0,7 mm longus, 0,4 nun latus. 
Lobulus reductus, circum 15 cellulis. Dens 
media sola visa. Papilla hyalina ad marginem 
lobuli, sphaerica, 10 a in diam etro. Perianthia 
lateralia, folia floralia, tam longiora quam 
perianth ia, similia foliis caulis. Perianthia 
com planata, sine sinibus ventralibus, apice 
cum alis notatis, cibatis, 0,6 mm alta, 0,4 mm 
lata, rostrum  parvum. Flos masculus, parvus, 
lateralis, cum bracteis 2—3 jugis fertilibus 
cuique cum 2 antheridibus.

EGIIANTILLON EXAMINÉ. M adagascar: 
Périnet, épiphylle en forêt, 3 .IX. 1951, R. Be- 
n o i s t  s . ii. (holotype PC).

P lan te  fragile , verte , ép iphy lle , ap p liq u ée  
a u  su p p o rt. Tige a tte ig n an t ju s q u ’à 1 cm  
de  long, épaisse de 0.04 rnm , large  avec les 
feu illes de 0,8 nun , feu illes in sérées sous u n  
ang le  de 90° et d is tan tes  en tre  elles de 
0,4 m m . Cellules g ran d es à p a ro is  m inces, 
ce llu les m arg in a les  de 2 0 X 4 0  p, cellu les 
b asa le s  00— 40 X 20 p. F eu illes rh o m b o id a les  
à b o rd s  den ticu lés. L obe long de 0,7 m m ,

large  de 0,4 m m , lobule réd u it à une q u in 
zaine de cellu les. D ent m éd iane  seule m a r 
quée, pap ille  h y a lin e  su r le b o rd  du  lobule  
de m oins de 10 p de d iam ètre . S tyle non- 
observé. P é ria n th e s  la té rau x , b rac tées  ég a 
les au  p é rian th e , de m êm e fo rm e et de 
m êm e taille que  les feuilles cau lin a ires . 
P é ria n th e  ap la ti, sans plis v en trau x , so m 
m et à o re ille ttes m arquées, m un ies de cils, 
p lu s ou m oins longs, h a u t de 0,6 m m , large 
de 0,4 m m , bec peu visible. In flo rescence  
m âle, petite , la té ra le  de 2— 3 étages de 
b rac tées  fe rtiles  co m p o rtan t 2 an th é rid ie s .

E spèce p ro ch e  de C ololejeunea ap icu la ta  
(E. W . J o n e s ) S c h u s t e r , espèce un ique , 
supposons nous, de la  section  A picu la tae  
de S c h u s t e r .

C ololejeunea sophiana P. T i x i e r  sp. nov. 
—  F ig . 4

P lanta parva, foliicola, albo-viridis, sub
strato  appressa. Caules usque 0,9— 1 cm longi, 
0,1 mm crassi cum foliis 2 mm lati, folia sub 
angulo 60° inserta interseque 0,4 mm distantia, 
parietibus cellularum tenuibus cum trigonibus 
incrassionibusque intermediis, margo serni- 
hyalina, cellulis exterioribus lobi hexagonali- 
bus, 30 p in diam etro, cellulis basalibus, elon
gatis, 40 p longis, 20 p latis. Folia ro tundata, 
lobus 0,8 mm longus, 0,5 mm latus. Lobulus 
rotundatus, adplanatus, saccatus 0,15 mm 
longus, 0,15 mm latus. Apex laxe truncatus 
cum duobus dentibus, apicali mediaque parvis. 
Papilla  hyalina ovalis, ad basin proxim am  
dentis mediae, 20 p longa. Propaguli discoidei 
ovales 90 p longi, in statu, 28 cellularis. Species 
monoica. Perianth ia lateralia m ajora quam  
folia floralia, flora floralia cum lobo 0,8 mm 
longo, 0,5 mm lato, lobuloque 0,3 mm longo, 
0,1 m in lato. Perianthia cordiform  ia com 
planata cum duobus sinibus ventralibus, rostro  
minus notato. Flos masculus lateralis, 0,5 mm 
altus, bracteis 4 jugis.

ECHANTILLONS EXAMINÉS. Nouvelle Ca- 
lédonie: Mont Panié, forêt de pente à palm iers, 
épiphylle, 800 ni, I.XII. 1972, M. S c h m i d  248 
(holotype PC), 260, 261. — Monts Dzumae, 
forêt basse sur péridotites, épiphvlles sur 
Cupaniopsis, 15.11. 1973, J. V e i l l o n  s.n.

E spèce dédiée à M m e S c h m i d .

P lan te  petite , b lan c  v e rd â tre , ép ip h y lle , 
app liq u ée  au  su p p o r t. T ige d e n v iro n  0,5 
à 1 cm  de long, épaisse  de 0,1 m m , large  
avec des feu illes de 2 m m , feu illes in sérées
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Fig. 4. Cololejeunea sophiana. — A: Tige. — B: Feuille. — G: Apex du lobe. — D: Base 
du lobe. — E, F: Apex du lobule. — G: Périanthe. — H: Inflorescence mâle. — 1:

Propagule (p=28).

sous un angle de 60° et d istan tes entre 
elles de 0,4 mm. Cellules à paro is minces, 
à trigones et épaississem ents in te rm édia i
res. Marge sem i-hyaline constituée de cel
lules allongées, arrondies de 20 p de long 
et de 7— 8 u de large. Cellules périphéri
ques du lobe hexagonales de 30 p de d ia 
mètre, cellules de la base allongées de 40 p 
de long et de 20 p de large. Lobe arrondi, 
recouvrant largem ent la tige, long de 0,8 
mm, large de 0,5 mm. Apex largem ent 
tronqué avec deux dents, apicale et m édiane 
à faible développem ent. P ropagu les en fo r
me de disque, ovales, longues de 90 p et 
avec 28 cellules. Espèce m onoïque. P é rian t
he latéral dépassant les bractées périant- 
haires, bractées périan thaires à lobe long 
de 0,8 mm, large de 0,5 m m , lobule long 
de 0,3 mm et large de 0,1 m m . P érian the 
cordiform e aplati avec deux plis ventraux

peu m arqués, hau t de 0,6 mm, large de 
0,4 mm. Inflorescence mâle latérale, haut 
de 0,5 mm, avec 4 étages de b rad é es  fe rti
les.

Espèce assez difficile à classer à un  des 
sous-genres classiques, se rapp rochan t du 
sous-genre Pedinolejeunea  (marge et agen
cement de la feuille). On peut rapprocher 
cette espèce de C. calédonien S t e p h a n i , de 
C. pulchella  ( M i t t .) S c h u s t e r  et de C. 
viroticina P. T i x i e r  nom.sol.

Cololejeunea stoniana P. T i x i e r  s p .  nov.
— Fig. 5

Planta parva, viridis, foliicola, substrato 
appressa. Caules usque ad 1 cm longi, 0,09 mm 
crassi, cum foliis 1,2 mm lati. Folia sub angulo 
60° inserta interseque 0,4 mm distantia. Cel
lulis cum trigonibus incrassionibusque inter
mediis praecipue visis in vicinate marginis,
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Fig. 5. Cololejeunea stoniana. — 
ciu lobe. — E, F: Lobule. -—■ G:

A: Tige. —- B: Feuille. —  C: Apex du lobe. — D: Base 
Périanlhe. — H: Lobule de la bractée périanthaire. — 
1: Inflorescence mâle.

cellulis marginalibus rectangularibus 20X10 p 
metientibus, cellulis basalibus majoribus 60— 
3 0 X 2 0 — 15 p. Lobus obovatus fere caulem 
tegens 0,6 mm longus, 0,4 mm latus. Lobulus 
minutus, cibatus, plus aut minus decurrens 
sub caule, 0,2 mm altus, 0,2 nun latus. Papilla 
hyalina, sphaerica, 10 p in diametro. Planta 
monoica. Flores feminei laterales, foliis flora
libus brevibus, cum lobo 0,3 mm longo, 0,15 
mm lato, lobu’ : , e 0,2 mm longo, 0,1 mm lato. 
Perianthia  complanata, 4-plicata, duobus sini
bus ventralibus fortiter notatis, cordiformia, 
0,45 mm alta, 0,45 mm lata. Rostrum magnum. 
Flores masculi parvi, 0,4 mm alti, laterales, 
cum 3—5 jugis bractearum fertilium.

ECHANTILLON EXAMINÉ. Malaisie: Jo- 
hore, Mont Ophir, brousse secondaire auprès 
du réservoir, 300 m, épiphylle, 20.IV. 1972, 
P.  T i x i e r  6248 (holotype P C ) .

P la n te  petite, verte, ép iphylle ,  a pp liqu ée  
au  su p p o r t .  Tige a t te ign an t  j u s q u ’à 1 cm, 
épaisse  de 0,09 m m , large avec des feuilles
Bot. N otiser, vol. 128, 1975

de 1,2 m m . Feuilles insérées sous un  angle  
de 60° et d is tan tes  en tre  elles de 0,4 m m . 
Cellules à tr igones et épaississem ents  in te r 
m édia ires  su r to u t  m a rq u é s  vers la m arge. 
Cellules m a rg in a les  re c tang u la i re s  de 20 X 
10 q, cellules sous-ad jacen tes  des 2 0 X 2 0  p. 
Cellules à la base de la feuille, p lus  g r a n 
des, de 60— 3 0 X 2 0 — 15 [t. Lobe  obovale  
c o u v ra n t  à  peine la tige, 0,6 m m  de long 
su r  0,4 m m  de large. L obu le  réduit,  cilié 
p lus  ou  m o ins  d écu r ren t  su r  la tige; bau t  
de 0,2 m m , large de 0,2 m m . P apil le  h y a 
line sph é r iqu e  de 10 p d iam ètre .  In f lo re s 
cences fem elles latérales, b rac tées  pé r ian t-  
h a ires  courtes ,  lobe long de 0,3 m m , large 
de 0,15 m m  et lobule long de 0,2 m m , large 
de 0,1 m m . P é r ia n th e  ap la t i  avec 4 plis, 
d on t  deux  ven trau x  peu  m arq u é s ,  cordi-  
fo rm e  de 0,45 m m  de large  et de 0,45 m m  
de hau t,  bec bien visible. In f lo rescence

78



ÉTUDE DU GENRE COLOLEJEUNEA 431

m âle  petite , de 0,4 m m  de h a u t, la té ra le , 
avec 3— 5 p a ire s  de b rac tées fe rtiles très 
im b riq u ées.

E spèce  d iffic ile  à c lasse r p a rm i les sous- 
g en res P ed in o le jeu n ea  ( B e n e d i x ) M i z u t a n i  
et L a sio le jeu n ea  B e n e d i x . On p eu t r a p 
p ro c h e r  cette espèce de C. p lag ioch iliana  
d éc rite  p lus h au t, à cause  du  tissu  fo lia ire , 
l 'ag en cem en t d u  lobule  et des petites in 
flo rescences m âles.
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Studies in the Lentibulariaceae

7. T h e D evelopm ent o f  Endosperm  and
Em bryo in  U tricularia coeru lea  var. f ilica u lis  Clarke

Saeed A. Siddiqui

S id d iq u i, S. A. 1976 05 06. Studies in the Lentibulariaceae. 7. The development of 
endosperm and embryo in Utricularia coerulea var. filicaulis Clarke. -  Bot. Noti
ser 1 2 8 :4 3 2 — 437. Lund. ISSN 0006-8195.

The development of endosperm conforms essentially to the Scutellaria type of 
S c h n a r f  (1917). The first division in the primary endosperm cell is transverse. 
The division in both primary endosperm chambers is longitudinal and the walls 
laid down are complete. Thus four completely partit ioned cells are produced. The 
micropvlar endosperm haustorium differentiates at the 8-celled stage of the endo
sperm. However, a typical chalazal endosperm haustorium does not differentiate. 
The mature endosperm is strongly curved. Considerable variations in the plane 
and in early cell divisions in the development of endosperm have been observed. 
Free nuclear divisions frequently occur in the cells of the young endosperm. 
Occasionally the endosperm develops by repeated transverse divisions.

Three types of embryogeny have been observed. Usually the embryo development 
conforms to the Capsella variation and occasionally to the Buta variation of the 
Onagrad Type. Sometimes the proembryonic tetrad may be linear and the embryo
geny appears to conform to the Chenopodiad or Solanad Type. The mature 
embryo does not differentiate into the usual embryonal parts. The only differentia
tion is the epidermis of the embryo and its meristematic apical region.
Saeed A. Siddiqui, Department of Biology, College of Science, University of Sulai- 
manyiali, Sulaimanyiah, Iraq.

T h e  life h is to ry  of Utricularia coerulea  
L. has  been descr ibed  by  K a u s i k  (1935, 
1938) a n d  K a u s i k  an d  R a j u  (1956). The 
p re sen t  investigation  w as  u n d e r ta k e n  to 
c o m p a re  the em bryo log ica l  fea tures  of the 
m a in  species w ith  th a t  of its var ie ty  Utri
cularia coerulea  var.  filicaulis  C l a r k e .

The material of U. coerulea var. filicaulis 
was collected from Manbhum, (Bihar) India. 
The conventional method of embedding in 
paraffin wax was adopted. The sections were 
cut at 8— 10 p. The preparations were stained 
with safranin and fast green combination.

OBSERVATIONS
Endosperm

T he  deve lopm ent  of the en d ospe rm  is ce l
lu la r  a n d  co n fo rm s to the  Scute l lar ia  type
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of S c h n a r f  (1917). T he  f irs t d ivision in 
the  p r im a ry  e n d o sp e rm  cell is transverse ,  d i 
viding th e  em b ry o  sac into m ic ro p v la r  a nd  
cha laza l  en d o sp e rm  ch am b e rs  (Fig. 1 A, B). 
T he div ision  in the  m ic ro p y la r  c h a m b e r  
p recedes th a t  in cha laza l  (Fig. 1 C , I)). T h e  
d ivision in b o th  p r im a ry  c h am b e rs  is 
long i tud ina l  an d  the walls la id  d o w n  are  
complete .  T h u s  fo u r  com plete ly  p a r t i t ion ed  
cells a re  p ro d u c e d  (Fig. 1 C— E). T h e  cells 
of the m ic ro p y la r  c h a m b e r  divide ear l ier  
than  the cha laza l  cells (Fig. t F ) .  T h e  
second div ision  in  bo th  the en d o sp e rm  
c h a m b e rs  is t ransverse .  T h u s  at the  8-celled 
stage the e n d o sp e rm  cells a re  a r r a n g e d  in 
p late-l ike fo rm  (Fig. 1 G). T h e  fo u r  cells of 
the m idd le  tw o tie rs  give rise to the e n d o 
sperm  p ro p e r  w hile  th e  tw o m ic ro p y la r  cells 
d if fe ren t ia te  as a  2-celled m ic ro p y la r  h au s -



ENDOSPERM AND EMBRYO IN UTRICULARIA 433

toriuni. The two chalazal cells are con
siderably elongated. However, a typical 
chalazal endosperm haustori um does not 
differentiate. The partition walls of these 
haustoria disappear soon and both of them 
become 2-nucleate.

Variations in the plane and sequence of 
cell divisions occur during the early stages 
of endosperm development. In one case the 
primary chalazal endosperm cham ber is 
dividing transversely (Fig. 1 II) and after 
wall formation the arrangement of the 
four cells would have been T-shaped. In 
another  case the p rim ary  micropylar endo
sperm chamber is dividing transversely, 
while the chalazal chamber is still undivid
ed (Fig. I I ) .  In still another case it a p 
pears that the p rim ary  m icropylar endo
sperm chamber has divided transversely 
and the chalazal chamber longitudinally. 
There are three free nuclei in the upper 
daughter  cell of the micropylar chamber, 
whereas the lower one is 1-nucleate (Fig. 
1 J). Rarely is the second division in the 
m icropylar chamber vertical instead of 
transverse (Fig. 1 K). In an  8-nucleate 
endosperm the micropylar endosperm 
cham ber is 2-celled, the middle tier having 
two cells with two nuclei each. The nuclei 
of the two cells of the chalazal chamber 
are dividing (Fig. 1 L). In a 10-nucleate 
endosperm, one of the two cells of the 
m icropylar tier contains three free nuclei, 
while the other has only one; the two cells 
of tlie middle tier have two free nuclei 
each and  there are two 1-nucleate cells in 
the chalazal cham ber (Fig. 1 M). Still in 
another case the endosperm cells are dis
posed in three tiers, tlie m icropylar  tier 
consists of two longitudinally partitioned 
cells with two nuclei each. In  the middle 
tier one of tlie two cells has two nuclei. 
The nuclei in the two cells of the third 
tier are undergoing division (Fig. 1 N).

In some cases the divisions are trans
verse in the early stages of the endosperm 
development, particularly so in the chalazal 
cham ber (Fig. 1 ()— Q). In one case the 
chalazal endosperm cham ber is dividing 
transversely, while two divisions have

already been completed in the m icropylar 
chamber (Fig. 1 0 ) .  In an 8-nucleate endo
sperm, the four cells of the chalazal c h a m 
ber have a T-shaped arrangement (Fig. 
1 P). In another 8-nucleate endosperm the 
micropylar haustorium is 2-nucleate, below 
which six endosperm cells are arranged in 
a linear fashion. The basal cell of the row 
is elongated and could have differentiated 
as a t -nucleate chalazal haustorium (Fig.
1 Q).

An interesting phenomenon of free n u 
clear division has been observed in the cells 
of the young endosperm (Fig. 1 R— V). 
This is a novel feature and cannot be 
assigned to any principal type of endo
sperm development.

The micropylar haustorium is very ag
gressive and all the cells of placental 
“nutritive tissue” are consumed in the 
older stages of seed development. The 
haustorium remains 2-nucleate throughout. 
The so-called chalazal haustorium consists 
of two juxtaposed cells. It does not cause 
any damage to the chalazal “nutritive tis
sue” at any stage (Fig. 1 W). The chalazal 
end of the endosperm is directed towards 
the funicle from the very beginning. The 
curvature of the ovule, and consequently 
of the endosperm, becomes more p ro 
nounced in the advanced stages. Ultimately 
the endosperm assumes a U-shape (Fig. 
1 W).

E m b r y o g e n y

The tubular zygotic tube contains the 
nucleus in its dilated apex (Fig. 2 A). The 
nucleus divides transversely producing a 
small apical cell (ca) and a long basal cell 
(cb; Fig. 2 B). cb divides transversely to 
produce the cells m and ci (Fig. 2 C), 
while ca divides vertically producing two 
juxtaposed cells, q (Fig. 2D) .  Now ci 
divides transversely giving rise to the cells 
n and n' (Fig. 2 E) followed by a vertical 
division in m (Fig. 2 F). Later the cells of 
the tier q undergo vertical divisions and 
the quadran t stage is reached (Fig. 2 F, G).
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Fig. 2. Em bryo developm ent (see text).

n ’ divides transversely  (Fig. 2 11). M ean
while the q u ad ran t cells segm ent tra n s 
versely (Fig. 2 I), consequently  at the 
octant and post octant stages the deriva
tives of the apical cell are disposed in two 
tiers, 1 and 1' (Fig. 2 1, J). V ertical d iv i
sions in m produce four or m ore daughter 
cells (Fig. 2 I) and  n undergoes two verti
cal divisions (Fig. 2 J). The developm ent 
of the em bryo could not be followed close
ly because fu rth e r  divisions in the p ro 
em bryo becom e irregular. P resum ably  the 
daughter cells of m and ci take p a rt in the 
construction of the em bryonal bod}T and  a 
part of ci gives rise to the un iseria te  sus-

pensor (Fig. 2 J). Thus the em bryogeny 
conform s to the Capsella variation of the 
Onagrad Type.

Occasionally the T-shaped proem bryonic 
te trad  m ay develop in conform ity to the 
Ruta variation of the O nagrad Type. H ere 
one of the two juxtaposed cells of q is 
segmented transversely and  the other one 
longitudinally (Fig. 2 K, L). m divides 
vertically and ci transversely  (Fig. 2 L). In 
Fig. 2 M the two superposed quadran t cells 
divide vertically producing four cells, 
w hereas the two cells placed side by side 
have not entered upon division. One of the 
daughter cells of m has divided vertically 
and the division in n has produced two 
juxtaposed cells (Fig. 2 M). F u rth e r stages 
of this type of em bryo developm ent could 
not be followed. However, the disposition 
of the proem bryonic cells suggests th a t it 
had developed according to the Ruta v a ria 
tion of the Onagrad Type.

Sometimes a linear proem bryonic te trad  
develops by two transverse divisions in the 
zygote (Fig. 2N) .  Rarely the apical cell 
will divide by producing an oblique w all 
w hich results in a condition in term ediate 
between T-shaped and linear proem bryonic 
te trads (Fig. 2 O). The sequence of division 
in the tiers 1 and 1' is variable (Fig. 2 P, Q). 
The tiers 1 and 1 divide vertically giving 
rise to quadrants (Fig. 2R) .  m divides 
vertically and ci transversely (Fig. 2 R). 
F u rth e r stages of the proem bryo could not 
be observed. The proem bryo could have 
belonged to the Chenopodiad or to the 
Solanad Type.

The em bryo elongates along its axis. In 
a longitudinal section it appears to be 
elliptical and the suspensor is clearly seen 
(Fig. 2 S). The m ature em bryo rounds off 
at both ends and the suspensor u ltim ately 
d isappears (Fig. 2 T). The em bryo narrow s 
at its apical end. There is a w ell-m arked 
apical growing region represented by small

Fig. 1. Endosperm  developm ent (see text). —  A— G: Normal developm ent. — H— V: 
Abnormal developm ent. — W : L. S. old ovule showing older endosperm  and the em bryo. 

—  mh =  m icropylar haustorium ; ch =  chalazal haustorium.
B o t. N o t ise r , v o l .  128, 1975
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Table  1. T he p resen t  investigation reveals tha t  U. coerulea var. fi licaulis  d iffers f rom  
U. coerulea  in the fo llowing embryological features .

U. coerulea var. coerulea

The walls  la id  down in the two p r im ary  en d o 
sperm cham b ers  are  incomplete,  thus  four 
incompletely  part i t ioned  cells are produced.

A 2-nucleate chalazal endosperm  hau s to r iu m  
differentiates.

The wall of the m ic ropy lar  h au s to r iu m  dis
solves. T he  cells of the p lacenta l  nutrit ive 
tissue b re ak  dow n  a n d  their  contents  are  in 
corpora ted  in to  the cytoplasm  of the h a u s to 
rium.

Repeated t ransverse  divis ions do no t  occur 
during  endosperm  development.

Free nuc lear  divis ions do not  occur.

The  em bryogeny  confo rm s to the Ruta  va r ia 
tion of the O nagrad  Type.

m e r i s t e m a t i c  cells  (Fig.  2 T ) . T h e  r e m a i n 
ing  p a r t  o f  the  e m b r y o  c o n s i s t s  o f  la rg e  
a n d  p o l y g o n a l  cells  w h i c h  a r e  r i c h  in  
s t a r c h  g r a in s  a n d  so m e  f o o d  m a t e r i a l  of  
u n k n o w n  c h e m i c a l  n a tu r e .  T h e  u su a l  
e m b r y o n a l  p a r t s  a r e  n o t  d i f f e r e n t i a te d  in 
th e  m a t u r e  e m b r y o .

I r r e g u la r i t i e s  d u r i n g  th e  e a r ly  d e v e lo p 
m e n ta l  s ta g es  o f  the  p r o e m b r y o  a n d  the  
la c k  o f  d i f f e r e n t i a t i o n  o f  t h e  u s u a l  e m b r y o 
na l  p a r t s  in  th e  m a t u r e  e m b r y o  d oes  n o t  
a l lo w  a p re c i s e  c la s s i f i c a t io n  o f  e m b r y o 
gen y  in th e  spec ies .  H o w e v e r ,  o n  th e  ba s is  
o f  e a r ly  cell d iv is io n s  in t h e  d e v e lo p m e n t  
of  the  p r o e m b r y o  it a p p e a r s  t h a t  th e  e m 
b r y o g e n y  in th e  sp ec ie s  g e n e r a l l y  c o n f o r m s  
to the  C a p se l la ,  o c c a s io n a l ly  lo th e  R u ta  
v a r ia t i o n  o f  th e  O n a g r a d  T y p e  a n d  s o m e 
t im e s  to th e  C h e n o p o d ia d  T y p e  o r  S o l a n a d  
T y p e .

DISCUSSION

T h e  d e v e l o p m e n t  o f  e n d o s p e r m  c o n 
f o r m s  to th e  S c u te l l a r i a  t y p e  o f  S c h n a u f  
(1917) in  t h e  in v e s t ig a te d  sp ec ie s  o f  Utri-  
cularia .  In  U. f l e x u o s a  ( K h a n  1954),  U. 
re t ic u la ta  ( K a u s i k  & R a j u  1955),  U. stel-  
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V . coerulea  var. fi licaulis

The walls laid d ow n  are  complete  and  result 
in four  complete ly  p a r t i t ioned  cells.

A typical chalazal en d o sp e rm  h au s to r iu m  does 
no t  differentiate .

The  hausto r ium  is quite  aggressive.  The wall 
of the m ic ropylar  h au s to r iu m  persists. The  
contents of the cells of the p lacen ta l  nutr it ive  
tissue are not in co rp o ra ted  into the h a u s to 
rium.

Repeated  t ransverse  divisions occur during  
ear ly  stages of the  e n d o sp e rm  development.

Free  nuclear divisions f requen t ly  occur in the 
cells of the young  endosperm .

The  embryogeny confo rm s  to the Capsella 
var ia tion  of the O nagrad  Type.

laris  var .  in f l e x a ,  U. a rc u a ta  a n d  U. u l ig i 
n o sa  ( F a r o o q  1964, 1965 a, 1965 b) a n d  
U. ste llaris  ( F a r o o q  & S i d d i q u i  1967) t h e  
p a r t i t i o n  w a l ls  la id  d o w n  a t  th e  t im e  o f  
f i r s t  d iv is io n  in th e  p r i m a r y  e n d o s p e r m  
c h a m b e r s  a r e  i n c o m p l e t e  t o w a r d s  t h e i r  
m ic r o p y l a r  a n d  c h a l a z a l  e n d s  re sp e c t iv e ly ,  
w h e r e a s  in U. c o e r u le a  v a r .  f i l i ca u l i s  t h e s e  
w a l l s  a r e  c o m p le te ,  t h u s  f o u r  c o m p le te ly  
p a r t i t io n e d  cells  a r e  p r o d u c e d .  In  U. str ia-  
t u la  ( F a r o o q  1966) t h e  tw o  cel ls  a t  the  
c h a l a z a l  en d  o f  t h e  e n d o s p e r m  a r e  c o m 
p le te ly  p a r t i t io n e d ,  w h i le  t h o s e  in the  
m i c r o p y l a r  c h a m b e r  a r e  i n c o m p l e t e l y  p a r 
t i t ioned .

T h e  o c c a s io n a l  o c c u r r e n c e  o f  r e p e a t e d  
t r a n s v e r s e  d iv is io n s  d u r i n g  t h e  e a r ly  s tag e  
o f  e n d o s p e r m  d e v e l o p m e n t  a s  d e s c r ib e d  
h e r e  h a s  b e e n  r e p o r t e d  in  U. f l e x u o s a  
(K h a n  1954) a n d  U. v u lg a r is  a m e r i c a n a  
( F a r o o q  & S i d d i q u i  1966) .  F r o m  o u t s id e  
t h e  fam ily ,  Villcirsia r e i n f o r m i s  (S t o u t  
1921) a n d  P h a c e l ia  c o n g e s ta  ( S v e n s s o n  
1925) m a y  lie c i ted  a s  e x a m p l e s  in  w h ic h  
th is  type  o f  e n d o s p e r m  d e v e l o p m e n t  o c c u r s  
n o r m a l ly .

F r e q u e n t  f r e e  n u c l e a r  d iv i s io n s  a t  d i f 
f e re n t  stages o f  e n d o s p e r m  d e v e l o p m e n t  as
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described here rarely occur in U. scandens 
( F a r o o q  & B i l q u i s  1966 b) and U. arcuata 
( F a r o o q  1965 a). This type of endosperm 
development resembles that of Hyoscya
m us niger ( S v e n s s o n  1926).

The  Capsella variation of the Onagrad 
Type of embryogeny as described in U. 
coerulea  var. filicaiilis has been reported 
earlier in U. uliginosa and U. striatula 
( F a r o o q  1965 b, 1966), while in U. coe
rulea ( K a u s i k  & R a j u  1956) and U. scan
dens  ( F a r o o q  & B i l q u i s  1966 a) the 
embryogeny conforms to the Ruta v ar ia 
tion of the Onagrad Type. The Chenopo- 
d iad  Type of embryogeny usually occurs 
in U. stellaris var. inflexa ( F a r o o q  1958), 
whereas its occasional occurrence has been 
reported  in U. coerulea ( K a u s i k  & R a j u  

1956) and U. scandens ( F a r o o q  & B i l q u i s  

1966 a) and rarely in U. coerulea var. fili- 
caulis. Thus it is concluded that the em 
bryogeny in the genus Utriculario is vari
able.
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The development of the endosperm, embryo and testa of Celsia coromandeliana 
V a h l .  is described. A single hypoderm al archesporial initial functions as the 
megaspore m other cell. The tetrad is linear, and the chalazal megaspore develops 
into an 8-nucleate embryo sac of the Polygonum  type. The endosperm is cellular 
with 4-celled m icropvlar and chalazal haustoria. The endosperm is rum inate due 
to unequal elongation of a few endothelial cells. The embryogeny conforms to the 
Onagrad type. The testa of the m ature seed consists of epidermis, compressed 
middle layers and an endothelium  with thickened inner tangential and radial walls.

The morphology and embryology of Celsia coromandeliana indicates that it is 
distinct from  Verbascum thapsus L.
Tripat Kapoor and M. R. Vijayaraghavan. Department of Botany, University of 
Delhi, Delhi-110007, India.
N. K. Parulekar, M. V. College of Science, Andheri, Bombay, India.

Celsia co rom ande liana  o ccu rs  in In d ia  
th ro u g h o u t the  p la in s  an d  a lso  in  th e  
H im alay an  reg ions u p to  1525 m e tres  ex 
tend ing  to A fg h an is tan , B u rm a  an d  C hina 
( D u t h i e  1960). S a n t a p a u  (1950) co n s id e r
ed Celsia co rom ande liana  an d  Verb ascum  
thapsus  to be cogeneric  an d  suggested  th a t  
the  fo rm er is a sy n o n y m  fo r  the la tte r . 
F e r g u s o n  (1971) a lso  m erged  Celsia w ith  
V erbascum  b ecau se  acco rd ing  to h im  the 
presence  o f fo u r  o r five s tam en s is no t 
a lw ays co n s tan t an d  som e species of b o th  
Celsia an d  V erb ascum  h ave  fo u r stam ens 
w ith  a stam inode . T he p re sen t in v es tig a
tion  w as u n d e rta k e n  to  s tu d y  th e  em b ry o 
logy of C. corom andeliana  an d  to r e 
solve on c o m p ara tiv e  ex o m o rp h ic  an d  
em bryo log ica l fe a tu re s  w h e th e r  th is  
tax o n  is pro parte  V. thapsus.

MATERIAL AND METHODS

Buds, flowers and fruits of Celsia coroman
deliana were collected from  Yamuna Banks,

Delhi, India and fixed in Formalin-acetic- 
alcohol or Carnoy’s fluid and subsequently 
stored in 70 per cent ethanol. The m aterial 
was dehydrated and cleared by conventional 
m ethods and embedded in paraffin  wax. Seeds 
were im mersed for a week in a m ixture of 10 
per cent glycerine and 70 per cent ethyl alco
hol (1:1 v/v) before dehydration which ren 
dered the seeds quite soft, suitable for section
ing. Serial sections were cut between 5 and 12 
m icrons thick and stained with either Safranin- 
fast green or H eidenhain’s iron alum haema- 
toxylin w ith a counterstain of fast green.

OBSERVATIONS 

External Morphology

Celsia corom andeliana  g row s in m o ist 
sh ad y  p laces. T h e  in flo rescence  is a  p a n 
icle b e a rin g  n u m ero u s  sm all, yellow , b i
sex u a l flow ers. C alyx an d  co ro lla  a re  
p e n ta m e ro u s  (Fig. 1 A, B ). T he an d ro e - 
c ium  co n sis ts  of fo u r  ep ipe ta lous s tam en s 
(Fig. 1 B). E ach  s tam en  h as  a do rs ifixed , 
re n ifo rm  an d  b ilobed  a n th e r  (Fig. 1 C),
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Fig. 1. Celsia coromandeliana  (sh, staminal 
hairs). — A: Young bud. — B: Flower. — 
C: Young stamen. — D: Dehisced stamen. 
Unicellular hairs are present on the filaments. 
— E: Fruit with persistent calyx. — F: Mature 
seed. — A—B, E X3, C—D X6, F X20.

the f i lam ents  of th e  m a tu re  an th e r s  are  
densely covered  w i th  h a i r s  (Fig. 1 D). 
T h e  g ynoec ium  is b ic a rp e l la ry  an d  syn- 
ca rpo us  w ith  n u m e ro u s  ovules . T h e  style 
is long an d  ends in a s im ple  b ilobed 
stigm a (Fig. 1 B). T he  o v a ry  is bilocu- 
la r  with  axile p lac e n ta t io n  a t  the  base 
but becomes u n ilocu la r  w i th  parie ta l  p la 
cen ta tion  a t  the  apex. T h e  f ru i t  is a  sepli- 
cidal capsu le  w ith  a p e rs is ten t,  h a i ry  calyx 
(Fig. 1 E),  w hile  the  seeds a re  oblong and  
contain  ru m in a te  en d o sp e rm  (Fig. 1 F).

Megasporangium and Megasporogenesis

The o v u la r  p r im o rd ia  a r ise  as small 
p ro tub e rances  on  the m ass ive  p lacen tae . 
Differential ra tes  of g ro w th  of each  p r i 
m o rd iu m  m a k e s  the  develop ing  ovule 
curve to w a rd s  the  d irec tion  of the p la c e n 
ta. Usually a single h y p o d e rm a l  arche-  
sporia l cell w ith  p ro m in e n t  nuc leus  an d  
dense cy to p lasm  d if fe ren t ia tes  (Fig. 2 A). 
29

f  m

dm

da-

Fig. 2. Celsia coromandeliana  (dm, degenera
ting megaspore; fm, functional megaspore; 
da, degenerating antipodal cells; dsy, de
generating synergids; e, egg; pt, pollen tube; 
sn, secondary nucleus; sy, synergid). — A: 
Archesporial initial. — B: Megaspore mother 
cell. — C: Dyad in division. — D—E: Mega
spore tetrads; note degeneration of non
functional megaspores from the micropylar 
end and curvature of the functional mega
spore. — F—G: Embryo sacs at maturity. 
In G, the pollen tube enters through the 
micropyle and discharges its contents into 
the degenerating synergid. A—E X340, F—- 
G X550.

It  does no t  cu t  off a  p a r ie ta l  cell bu t  fu n c 
tions d irec tly  as the  m eg asp o re  m o th e r  
cell (Fig. 2 B). O ccasional ly  two a r c h e 
spor ia l  initials  are  observed. T he  mega- 
spore m o th e r  cell elongates considerab ly  
a n d  th e n  un dergoes  meiosis resu l t ing  in a 
dyad. Meiosis II in b o th  these  cells is 
s im u l tan eou s  (Fig. 2 C) fo rm in g  a linear 
te t rad  of m egaspores  (Fig. 2 D ,  E). The  
n on -fun c tion a l  m ic ro p y la r  m egasp o res  d e 
genera te  (Fig. 2 D, E) a n d  only the 
cha laza l m e m b e r  func t ions  (Fig. 2 E ) .

Bot. N otiser, vol. 128, 1975
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Fem ale Ganietophyte

The functional megaspore elongates and 
becomes slightly curved (Fig. 2D , E). 
Many tiny vacuoles appear  in the cyto
plasm, the megaspore nucleus then under
goes three mitotic divisions and produces 
the 8-nucleate embryo sac. The mature 
embryo sac comprises an  egg apparatus, 
a secondary nucleus and three antipodal 
cells (Fig. 2 F). The egg is pyriform, the 
synergids have prominent hooks, two 
polar nuclei fuse to form the secondary 
nucleus and the antipodal cells are uni
nucleate. The development of the embryo 
sac conforms to the Polygonum type. 
Pollen tubes are frequently seen in the 
micropyle (Fig. 2 G) and although the 
actual process of double fertilization has 
not been observed, the pollen tube entry 
into the embryo sac destroys one of the 
synergids. The antipodal cells degenerate.

Endosperm

The p r im ary  endosperm nucleus lies in 
the centre of the embryo sac (Fig. 3 A, B) 
and divides prior to the division of the 
zygote. The division is followed by a 
transverse wall, resulting in micropylar 
and chalazal chambers (Fig. 3 C). The 
development of the endosperm is cellular. 
The first two divisions in the micropylar 
and chalazal chambers are longitudinal 
(Fig. 3 D), the four cells of the chalazal 
cham ber form the chalazal haustorium 
directly, whereas the four elongated m i
cropylar cells divide transversely (Fig. 
3 E ) .  The derivatives of the upper tier 
form the four-celled m icropylar hausto
rium while I he lower four cells divide in 
longitudinal and transverse planes to form 
the endosperm proper (Fig. 3 I*', I).

The four-celled chalazal haustorium  is 
short and non-aggressive. It has one n u 

cleus in each cell (Fig. 3 F, J) and  is early 
to organize and early to degenerate. The 
four-celled micropylar haustorium  is also 
non-aggressive with uninucleate cells (Fig.
3 F, II). The remnants of the micropylar 
and chalazal haustoria persist in the 
m ature  seed (Fig. 5 G).

The endothelium is a prom inent layer 
and  increases in size after fertilization 
(Fig. 5 F). Some endothelial cells elongate 
both in radial and tangential directions 
causing the surface of the endosperm  to 
become wavy and irregular (Fig. 5 11). 
The endosperm is thus at m aturity , rum i
nate (unpublished observation) and  its 
cells are full of reserve food materials 
(Fig. 3 G).

Embryogenesis

The zygote elongates considerably (Fig.
4 A), becomes tubular, enters the central 
mass of endosperm and remains quiescent 
for a long time. The nucleus migrates and 
occupies the distal end of the zygote. A 
transverse division produces the terminal 
cell ca and basal cell cb (Fig. 4 B). The 
next vertical division occurs in the ter
minal cell resulting in two juxtaposed cells 
(Fig. 4 C, D). The basal cell cb segments 
transversely to form two superposed cells 
in and ci, resulting in a p roem bryonal 
te trad arranged in an 1-shaped m anner  
(Fig. 4 D).

Each of the two derivatives of the ter
minal cell ca, divides vertically at right 
angles to the previous plane giving rise to 
the quadran t q (Fig. 4 E, F). The four 
cells of the quadran t engender the octant 
by transverse divisions (Fig. 4 G, II). The 
cells of the octant are thus disposed in two 
tiers of four cells each, designated as 1 
and 1' (Fig. 4 11). Division in the tier 1 
occasionally lags behind that of 1 during

Fig. 3. Celsia coromandeliana (cc, chalazal chamber; ch, chalazal haustorium; end endo
sperm; it, integumentary tapetum; me, micropylar chamber; mb, micropylar haustorium; 
pt, pollen tube; z, zygote). — A: Longitudinal section of seed showing zygote, primary 
endosperm nucleus and seed coat. — B—D: Longitudinal sections of seeds to show central 
cell, two- and eight-celled endosperm respectively. The chalazal chamber forms the
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?

4-celled chalazal  h a u s to r iu m  directly  in D. —  E — F: Same as above. The m ic ro p y la r  
ch am b er  segments transverse ly  a n d  the upper  tier fo rm s  the m ic ropy lar  h au s to r iu m  in 
E. T he  middle tier fo rm s th e  end o sp e rm  p ro p e r  by fu r th e r  t ransverse  and  longitud inal  
divisions, in F. —  G: A few  cells of the  m atu re  end o sp e rm  enlarged to show th ickenings 
and  reserve food materia ls .  I I— .1: T ransec t ions  of endosperm  at the levels of m ic ro 

py lar  h a u s to r iu m  (H), m idd le  region (I) and  chalazal  h a u s to r iu m  (J). —  A— J X560.
Bot. N o tise r, vol. 128, 1975
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the formation of the octant (Fig. 4 G). 
Periclinal divisions occur simultaneously 
in both the tiers 1 and 1 demarcating der- 
matogen (de) from the inner group of 
cells (Fig. 1 I, J). The inner group of cells 
of lier I gives rise, by vertical divisions 
to periblem and plerome (pe, pi Fig. 4 J). 
Longitudinal and transverse divisions in 
the inner group of cells of tier 1 yield two 
cotyledonary initials (cot) and an embryo 
apex (epicotyl, pvt), while those of 1' form 
the hypocotyledonary region of the p ro 
embryo (phy, Fig. 4 J — L).

Meanwhile the uppermost cell ci of the 
proembryonal te trad undergoes a t rans
verse division resulting in cell n and n 
(Fig. 4 E). The division in the cell ci is not 
constant and produces either a long or a 
short suspensor (Fig. 4 F — 1, L). The 
middle cell m sometimes divides to form 
d and f (Fig. 4 F) but it usually undergoes 
a few vertical divisions forming 2 or 3 
juxtaposed cells, and contributes to the 
root cortex and root cap (iec, co) (Fig. 
4.J— L). The globular proembryo (Fig. 
4 L) differentiates into the heart-shaped 
and dicotyledonous embryo (Irig. 4M , N). 
The mature embryo comprises two p ro 
minent cotyledons, epicotyl, hypocotyl and 
root apex. The embryogeny corresponds 
to the Onagrad type ( M a h e s h w a k i  1950).

Seed Coat

In the young ovule, init iation of inte
gument occurs at the archesporial cell 
stage (Fig. 5 A). At megaspore mother  cell 
stage (Fig. 5 R), the integument comprises 
three layers of parenchym atous cells at

the top, and four layers below. The outer 
epidermis at this stage is well differentiat
ed and divides perielinally. The number 
of layers comprising the testa remain 
unchanged at dyad stage. Cells of the in 
ner epidermis however, show pronounced 
radial elongation, with uniform, dense 
cytoplasm and prominent nuclei (Fig. 
5 C). The seed coat consists of five layers 
of cells during the functional megaspore 
stage and the cells of the outer epidermis 
undergo expansion (Fig. 5 1)). The seed 
coat is six or seven layers thick at m ature 
em bryo sac stage (Pig. 5 E, I"). Cells be
tween the two epidermes show scanty 
cytoplasm and are highly vacuolated. 
Development of the endothelium does not 
keep pace with the expansion of the em 
bryo sac and hence does not fully cover 
the m icropylar and the chalazal ends. At 
about the two-cell stage of the proembryo, 
cells comprising testa remain unchanged 
but the endothelial cells undergo unequal 
expansion forming larger and smaller cells 
causing thus rumination of the endosperm 
(Fig. 5 G, II). Subsequently the cell layers 
between the inner and outer epidermes 
degenerate. The outer tangential wall of 
the endothelial cells is devoid of thicken
ings whereas the inner tangential wall 
shows thickenings which almost occupy 
two-thirds of the cell space. The endo
sperm cells bordering the endothelium 
also develop thickenings (Fig. 5 PI). Histo- 
chemical studies are necessary to ascertain 
the nature of the thickenings in the endo
thelium and endosperm. The cells of the 
outer epidermis show degenerating nuclei. 
In the m ature seed the testa is represented

Fig. 4. Celsia corom andeliana  (co, initials of root cap; cot, cotyledon; de, dermatogen; 
iec, initials of root cortex; pe, periblem; pi, plerom e; phy, hypocotyledonary region; pvt, 
epicotyledonary region; s, suspensor; vs, vascular strand). —  A: Zygote. —  R: Two-celled  
proembryo. —  G— 1): Three- and four-celled proem bryos; terminal cell (ca) segments 
with a vertical w all whereas the basal cell (cb) divides transversely. —  Pi— F: Quadrant 
stages of proem bryos. —  G— H: Octant stages of proem bryos. Note the precocious division  
in tlie tier I in G. —  1: Proem bryo show ing dem arcation of derm atogen (de) witli the 
onset o f periclinal divisions in tiers 1 and 1’. —  J— L: Stages leading to the form ation of
globvdar embryos. The periblem  and plerom e are demarcated. Note the initiation of
epicotyl (pvt) and cotyledonary loci (cot) in J and K. —  M— N: Dicotyledonous em bryos.

The procam bium  is w eil developed in N. —  A— L X680, M X415, N X l"0.
B ot. N o tise r, vol. 128, 1975
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—end

jepi| it

Fig. 5. Celsia coromcindeliana (ch, chalazal 
haustorium; ep, epidermis; emb, embryo; end, 
endosperm; it, integumentary tapetum; mh, 
micropylar haustorium). — A: Longitudinal 
section of ovule showing Ihe initiation of 
integument at Ihe arehesporial cell stage. — 
B—C: Longitudinal sections of ovules at 
megaspore mother cell and dyad stages; in
tegument is 3- or 4-layered. The endothelium 
is well differentiated at dyad stage. — D: 
Five-layered testa at functional megaspore 
stage. The outer epidermis shows cell ex
pansion. — E —G: Median longitudinal sec
tions of ovules at embryo sac and dicotyl
edonous embryo stages. — F: Magnified
view of portion marked f in E showing epi
dermis with elongated cells containing meagre 
cytoplasm. Cells of middle layers also 
present poor cytoplasm whereas the cells 
of endothelium reveal dense cytoplasm with 
prominent nuclei. — H: Magnified view of 
the region marked h in G showing tenuous 
epidermis, crushed middle layers, thickened 
and prominent integumentary tapetum. The 
inner tangential and radial walls of endo
thelium show thickenings. Note that endo
sperm cells (end) bordering the endothelium 
also show prominent thickenings. — A—D, 
F, H, X350, E X 140, G X35.
B ot. N o tiser, vol. 128, 1975

by a tenuous  epidermis,  degenera ted  m iddle  
layers  and  a well developed hu t i r regu la r  
en do the l ium  (Fig. 5 H).

DISCUSSION

Megasporangium and Megasporogenesis

T he  ovule in Celsia corom andeliana  is 
unitegmic, a n a tro p o u s  an d  tenu inuce lla te  
as in m a n y  g enera  of the S cro p hu la r ia -  
ceae. This is in con tra s t  to the  hem ian a-  
t ro po us  condit ion  m et w ith  in E uphras ia  
arctica  ( A r e k a l  1963 a), M e la m p y r u m  
arvense  and  M. n e m o ro su m  ( T i a g i  1965); 
cam p y lo tro po us  in  Torenia  fourn ieri  
( G u i l f o r d  & F i s k  1952), Pedicularis syl- 
vatica  ( B e r g  1954), Orthocarpus lu teus  
( A r e k a l  1963 a),  R h in a n th u s  m a jo r  and 
R. serotinus  ( T i a g i  1966). A r e k a l  (1963 a) 
states tha t  in M e la m p y r u m  lineare  the 
in ne r  ep iderm is of in tegum ent a ro u n d  the  
m ic ro p y la r  p a r t  of the e m bry o  sac b reak s  
do w n  and  Ihe h y p o derm is  takes  over the 
func t ion  of in teg u m e n ta ry  tape tu m . In 
Celsia corom andeliana  however,  the in n e r 
most layer of the  in tegum ent func t ions  as 
endo the l ium  an d  does not entire ly  s u r 
rou nd  the m ic ro p y la r  a n d  cha laza l  p a r ts  
of the em bryo  sac.

In  Celsia corom andeliana,  the  m od e  of 
fem ale gam e to p h y te  deve lopm ent is m on o-  
sporic, P o lyg on um  type. T h is  ho lds  t rue  
for Aleetoroloplius h ir su tu s , A. m inor,  
Lathraea squam aria ,  a n d  Tozz ia  alpina  
( S c h m i d  1906), Centrant hera h isp ida  an d  
R ha m p h ica rp a  longiflora  ( K r i s h n a  I y e n 

g a r  1942 b), Pedicularis sylvatica  ( B e r g  

1954), E u phrasia  arctica  an d  O rthocarpus  
lu teus  ( A r e k a l  1963 a). In  Linaria ra m o 
sissima  o ccu rrence  of b isporic  A llium type 
( A r e k a l  & R a j u  1964), in Alectra th o m -  
soni  coexistence of b o th  m onosporic ,  P o ly 
go nu m  and  b isporic  Allium types of e m 
b ryo  SUCS ( V l J A Y A R A G H A V A N  & R a T N A -  

p a r k h i  1972) a re  repor ted .  S c i i m i d  (1906) 
r e p o r ted  m o n o sp o r ic  P o ly g o n u m  ty p e  in 
M ela m p y ru m  pra tense  an d  M. s i lva t icu m  
b u t  A r e k a l  (1963 a) observed  te t ra sp o r ic  
7-nucleate e m b ry o  sac in M. lineare.
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Interestingly in M. pratense, M. silvaticum  
( S c h m i d  1906) and M. lineare ( A r e k a l  

1963 a), fusion of polar nuclei does not 
occur. The antipodal cells in C. coroman-  
(lelia'na degenerate before fertilization. 
This is in contrast to Pedicularis palustris 
( B a l i c k a - I w a n o w s k a  1899), where they 
persist even after fertilization. S c h m i d  
(1906) observed two antipodal cells in 
Pedi cularis caespitosa one of which is 
la rger  and binucleate. In  Lathraea squa- 
m aria  ( G l i s i c  1932) and  Orthocarpus 
luteus  ( A r e k a l  1963 a), the antipodal cells 
are large and persist even during seed 
development whereas in Melampyrum  
lineare, degenerated nuclei constitute the 
antipodals ( A r e k a l  1963 a).

The  embryo sac extends towards the 
micropyle in Alectorolophus minor, Lath
raea squamaria  ( S c h m i d  1906), Pedicula
ris zeylanica  ( K r i s h n a  I y e n g a r  1942 b), 
P. sylvatica  ( B e r g  1954) and Euphrasia  
arctica and Orthocarpus luteus ( A r e k a l  
1963 a) while it becomes extra-micropylar 
in Vandellia hirsuta, Torenia cordifolia 
and T. hirsuta ( K r i s h n a  I y e n g a r  1940 a, 
1941). Celsia coromandeliana  presents no 
tendencies of an extra-micropylar develop
ment of female gametophyte.

Endosperm and Haustoria

The endosperm in the Scrophulariaceae 
is cellular resulting in two superposed 
cham bers — micropylar and chalazal. The 
sequence of the further  divisions however, 
varies in different genera of this family. 
The next division in the micropylar cham 
ber is transverse in Anticharis linearis 
( J o s h i  & V a r g h e s e  1963), but vertical in 
C. coromandeliana  as in Pedicularis syl
vatica ( B e r g  1954) and Alectra thomsoni  
( V i j a y a r a g h a y a n  & R a t n a p a r k h i  1972). 
Another vertical division occurs in the 
m icropylar cham ber in C. coromandeliana. 
Such a condition is reported in Isoplexis  
canariensis, Verbascum t hapsus  ( K r i s h n a  
I y e n g a r  1939, 1942 a), Lindernia hys-
sopioides  and  Scoparia dulcis ( A r e k a l  
et al. 1970, 1971).

The micropylar cham ber then under
goes transverse division in C. coromande
liana and four cells of the upper  tier 
develop into the 4-celled micropylar haus- 
torium. The micropylar haustorium  is, 
however, two-celled but each cell is hi- 
nucleate in Striga orobanchoides and S. 
euphrasioides ( T i a g i  1956) and Alectra 
thomsoni ( V i j a y a r a g h a v a n  & R a t n a 
p a r k h i  1972). In Euphrasia arctica, Ortho- 
carpus luteus and M elampyrum lineare 
( A r e k a l  1963 a), division in the m icro
pylar chamber is by an incomplete verti
cal wall. The micropylar haustorium in 
M elampyrum arvense and M. nemorosum  
( T i a g i  1965) and M. lineare ( A r e k a l  

1963 a) produces m any tubular  extensions 
which pass through the micropyle w her
eas in Alectorolophus hirsutus ( S c h m i d  

1906) and Orthocarpus luteus ( A r e k a l  
1963 a) the micropylar haustorium  extends 
in the direction of the funiculus. The m i
cropylar haustorium usually exhibits ela
borate features as com pared to the cha la
zal haustorium. It is highly branched in 
Alonsoa  sp., bulbous in Isoplexis cana
riensis, club-shaped in Bonnaya tenuifolia  
( K r i s h n a  I y e n g a r  1937, 1939, 1940 b), 
tubular and filiform in M elampyrum  
silvaticum  ( S c h m i d  1906) and U-shaped in 
Orthocarpus luteus ( A r e k a l  1963 a), but 
simple and non-aggressive in Celsia coro
mandeliana (present work).

The chalazal chamber develops directly 
into the chalazal haustorium. Variations 
arc reported regarding the number of cells 
and nuclei taking part in the formation 
of chalazal haustorium. Uninucleate, 
single-celled haustorium is recorded in 
Chaenorrhinum minus  ( A r e k a l  1 9 6 3  c ),
binucleate, single-celled in Orthocarpus 
luteus, Gerardia pedicularia, Veronica ser- 
pyllifolici ( A r e k a l  1963 a, 1964, 1966), 
M elam pyrum arvense, M. nemorosum,
Rhinanthus major, R. serotinus  ( T i a g i

1965, 1966), two-celled in Vandellia hirsuta 
( K r i s h n a  I y e n g a r  1940 a), Calceolaria 
mexicana  ( A r e k a l  & R a j u  1971), incom
pletely two-celled in Chelone glabra
( A r e k a l  1963 b) but four-celled, each cell

B ot. N o tise r, v o l. 128, 1975



446 TRIPAT KAPOOR ET AL.

being uninucleate in Verbascum thapsus  
(K r i s h n a  I y e n g a r  1942 a), Microcarpaea 
(Ar e k a l  & S w a m y  1974) and Celsia coro- 
mandeliana  (present work).

Occurrence of secondary haustoria is an 
im portan t  feature met with in some 
members of the family. The haustoria 
arise from  the micropylar end in Centrant- 
hera hispida  ( K r i s h n a  I y e n g a r  1942 b) 
and Alectra thomsoni  ( V i j a y a r a g i i a v a n  
& R a t n a p a r k h i  1972) bu t no such second
ary haus toria  develop in Celsia coroman- 
deliana. C o o k  (1924), P e r s i d s k y  (1934) 
and A r e k a l  (1963 c ) ,  have reported ab 
sence of m icropylar  haustorium in Linaria 
vulgaris, L. genistae folia and Chaenorrhi- 
num  m inus  respectively, whereas G r é t é  
(1950 a, b), reported that the chalazal 
chamber never develops into the chalazal 
haus torium  in Nemesia floribunda  and N. 
melissae folia.

The endosperm cells in C. coromande- 
liana ad jacen t to the haustoria are small 
when com pared  to those in the middle 
region, bu t  in Verbascum thapsus  the 
endosperm cells adjacent to the micro
pylar and  chalazal haustoria are larger 
and exhibit rich protoplasm (unpublished 
observations).

Em bryogenesis and Testa

The present investigation on Celsia coro- 
mandeliana  is the first report on embryo- 
geny in this plant. The development fol
lows the Crucifer type (M a h e s h w a r i  
1950) as in Euphrasia arctica (Ar e k a l  
1963 a), Pedicularis sylvatica  (B e r g  1954), 
Striga orobanchoides  ( T i a g i  1956), M im u
lus ringens (A r e k a l  1965) and Scoparia 
dulcis (A r e k a l  et al. 1971). In Ellisiop- 
hgllum p inna tum  it follows the Solanad 
type (Ya m a z a k i  1957).

In Anti charis linearis (Josm  & V a r g - 
h e s e  1963), hypodermal integumentary 
cells undergo periclinal divisions and all 
layers of the integument except the endo
thelium fo rm  the testa. In Pedicularis syl- 
vatica ( B e r g  1954), the seed has in its 
micropylar end a white spongy elaiosome 
Bot. Notiser, vol. 128, 1975

derived from  the m icropylar haustorium 
and a da rk  warty outgrowth at the cha la
zal end. The testa in M elam pyrum  arvense 
(T i a g i  1965) is made up of the thickened 
epidermis and a few degenerated hypo- 
dermal layers, whereas in Euphrasia arc
tica and Orthocarpus luteus  (A r e k a l  
1963 a) it comprises cuticularized epider
mis and thickened endothelium. In Celsia 
coromandeliana  (present work), the epi
dermal cells undergo elongation, the 
middle layers are crushed and thickened 
endothelial cells elongate radially and 
tangentially at m any places causing un 
evenness in the testa.

RELATIONSHIP OF CELSIA CORO
MANDELIANA W ITH VERBASCUM 
THAPSUS

The morphological, anatomical and em- 
bryological features of Celsia coromande
liana are com pared with the available 
data on Verbascum thapsus  in Table 1 
(for literature see F e r g u s o n  1971, H å 
k a n s s o n  1926, K a p o o r  1975, K r i s h n a  
I y e n g a r  1939, 1942 a, M e t c a l f e  & C h a l k  
1957, S a n t a p a u  1950, V i s h n u - M i t t r e  & 
R o b e r t  1969 and present work).

Table 1 indicates tha t  Celsia coroman
deliana  differs from  Verbascum thapsus  
especially in: (1) trichomes on bract and 
calyx being peltate and uniseriate; (2) 
absence of trichomes on the carpel; (3) 
presence of crystal idioblasts in the meso- 
phyll; (4) absence of uniseriate medullary 
rays; (5) presence of four  stamens; (6) 
the functional megaspore forming an L- 
shaped contour; (7) endosperm cells a b u t
ting the chalazal and m icropylar  haustoria 
are smaller in size and (8) unequal r a n 
dom expansion of the integumentary  cells.

The morphological and embryological 
data  on Verbascum thapsus  are meagre. 
The data on development of wall layers, 
an ther  tapetum, tapetal dimorphism , a n 
ther dehiscence, embryogenesis, testa and 
pericarp of this taxon are totally lacking.
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T abic 1. A com par ison  of Celsia coromandeliana  a n d  Verbascum thapsus.  * po in ts  of 
difference; ** unpub l ished  observations.

F ea tu res Celsia coromandeliana Verbascum thapsus

Habit
T r ichom es on: 

*Bract 
*Calyx 
Corolla  
S tam ens 
*Carpel

*Crystals

*Pericyclic
fibres
*Uniseriate
m edu l la ry  rays
*Stamens
Anther
developm ent
W all  layers
Endothec ia l
thickenings
Anther
tape tum

Tapeta l
d im orph ism

Stom ium
*Gynoecium

*Placen tat ion

Ovule

* Mega spore
tetrads
E m b ry o  sac
E n d o sp e rm
*MicropyIar
h au s to r iu m

Chalazal
h au s to r iu m

E m bryogeny

Seed coat

Pericarp

Erect,  pubescent, sh o r t  herb

Pelta te, uniseria te  
Peltate,  uniseriate  
Nil
Unicellular 
Nil, or  a few

Crystals  occur in the m esophyll  and 
the vascu lar  bundles of the veins 
Ax-ranged in a loose ring

Absent

Four
**Dicotyledonous type

**Four, including epidermis 
**Present in endothecium  
a n d  connective region 
**1)1101 origin, being derived pa r tly  
f rom  the par ie ta l  layer  and  par tly  
f rom  the cells of (lie connective 
**Present, the tape ta l  cells are 
rad ia lly  elongated tow ards  Ihe con
nective, and  small  tow ards  the outside 
P resen t
Bicarpellary,  bi locular  at the base
and  unilocular  a t  Ihe top
Axile at the base an d  par ie ta l  a t  the
sum m it
Anatropous,  unitegm inal ,  tenuinu- 
cellate
The func tional  m egaspore  undergoes 
c urvature  to fo rm  a n  L-shaped  con tour  
Po lygonum  type 
Cellular, rum ina ted  
Four-celled, end o sp e rm  cells** next 
to the haus to r ia l  cells a re  smaller 
in size th an  o ther  cells of endosperm  
Four-celled; endosperm  cells** 
abu tt ing  the h a u s to r iu m  are small 
and  rich in p ro to p la sm  
O nagrad  type; cells of m atu re  embryo 
are full of reserve food m ateria ls  
Initially 6- or  7-layered bu t  only 
epidermis and the endothe lium  persist  
Endo the l ium  is the  p ro m in en t  layer 
and its cells elongate a t  r a n d o m  and  
have th ickenings on inner  tangentia l  
a n d  rad ia l  walls 
Sub-epidermal cavities present

Erect,  woolly, usua lly  tall  herb

**Branched
**Branched
Nil
**Unicellular
**Numerous, heavily  c lo thed w ith
b ran ch ed  ha irs
Absent

Arranged in isolated s t rands

Presen t

Five
Data  not available

Data  not available 
Data  not available

Data  not available

Data  no t  available

D ata  ixot available 
Bicarpellary,  bi locular

Axile

Anatropous,  unitegm inal ,  tenuinu-
cellate
**Straight

Po lygonum  type 
Cellular, rum ina ted  
Four-celled,  e n d o sp e rm  cells** next 
to the h au s to r ia l  cells a re  larger  th an  
o ther  cells of endosperm  
Four-cel led;  end o sp e rm  cells** 
abutt ing  the  h a u s to r iu m  are  large 
an d  radia lly  e longated 
D ata  no t  available

Data  n o t  available

Endo the l ia l  cells** show  a row  of 
a lte rna t ing  larger and  smaller  cells

Data  no t  available
Bot. N otiser, vol. 128, 1975
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T he av a ilab le  in fo rm a tio n  ind ica tes th a t 
Celsia corom a n d elia n a  is n o t pro parte  
V erbascum  th a p su s  an d  m a in ten an ce  of 
these tw o  ta x a  as in d ep en d e n t genera  is 
ju s tif ied  on  m o rp h o lo g ica l and  em bryo- 
logical g ro u n d s .
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Syngenesious Anthers o f Helianthus annuus — 

a H istochem ical Study

Kanan Nanda and Shrish C. Gupta

N a n d a , K. & Gu p t a , S. C. 1976 05 06. Syngenesious anthers of Helianthus annuus 
— a histochemical study. — Bot. Notiser 128: 450—454. Lund. ISSN 0006-8195.

In Helianthus annuus  L. the outer epidemics of the two adjacent anther lobes 
secrete a cementing substance in the form of a hyaline membrane, prior to the 
microspore mother cells entering meiosis. Gradually, the neighbouring anthers 
become bound together by the hyaline membrane. They remain in this stage only 
for a short period (up to meiosis I). The membrane then disorganises and at 
dehiscence the five anthers are almost free again. The histochemical studies have 
shown that the hyaline cementing membrane is PAS-negative and does not seem to 
contain cellulose or pectin. Tests for lignin, cut in, suberin and lipids are also 
negative. Furthermore it is not resistant to acetolysis which suggests that sporopol 
lenin is absent.
Kanan Nanda and Shrish C. Gupta, University of Delhi, Delhi-110007, India.

T he  occu rrence  of syngenesious an the rs  
in the C om posi tae  has been  k n o w n  for 
nearly  a cen tury .  As early  as 1917, S m a l l  

w rote  “ . . . the s ta m en s  are  five in num ber ,  
an d  u sua l ly  have  the an th e r s  syngene
s ious”. As descr ibed  by C a s s i n i  (1826, cited 
in S m a l l  1917), the  s tam en  is com posed  of 
a f i lam ent,  an th e r ,  connective, apica l and  
basal appendages ,  pollen and  a p ro lo ng a
t ion  of the  connective  below  the  a n th e r  to 
fo rm  the  art icle an th é r i f è re ’. T h ou gh  this 
s t ru c tu re  is an  a d d it io na l  one, hut its exact 
n a tu re  is not c lea r  f ro m  the  description. 
S a u n d e r s  (1931) w rites  th a t  . . an th e rs  
as they  develop becom e loosely coheren t 
(syngenesious)” . L a w r e n c e  (1951) th inks  
th a t  the  s tam en s  are  co nn a te  by  the ir  
an the rs  to form a cy linder  a ro u n d  the  style 
in the  Compositae.  According to P o r t e r  
(1959), the syngenesious cond it ion  refers 
to s tam ens or a n th e r s  un ited  by  the an th e rs  
in a ring. W i l l i s  (I960) defines the sy n 
genesious condit ion  as un i ted  an thers .

Syngenesious an th e r s  are  fo un d  in most 
of the genera  of the Compositae  an d  fo rm s 
a u n iq u e  charac te r is t ic  fe a tu re  of the  f a m 
ily. T h ou gh  the a n th e r s  have  been  invari- 
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ab ly  re fe r red  to as syngenesious, on ly  a 
few have  been  investiga ted  f ro m  th is p o in t  
o f view. W h ile  s tudy ing  the l i fe-h is to ry  of 
Podolep is  jaceoides  D a v i s  (1961) m e n t io n 
ed th a t  “the  y oung  a n th e r s  a re  free f rom  
each  o th e r  and  th e i r  a p p a re n t  fu s io n  at 
m a tu r i ty  resu lts  f ro m  the  adh es io n  of 
e p id e rm a l  cuticle on  a d jac en t  an th e r s .  
T h e re  is never  an  o rgan ic  fus ion  b e tw een  
the five an th e r s  as, il app ea rs ,  th ey  re m a in  
d is t inc t  entities th ro u g h o u t  the i r  li fe-cycle” 
(see a lso  D a v i s  1962 a, b, 1966).

T he  p resen t  inves tiga tion  w as  u n d e r ta k e n  
to e luc ida te  the on tog eny  w ith  special 
em p h as is  on  the h is toch em ica l  n a tu r e  of 
the  m e m b ra n e  w h ich  b r ing s  ab o u t  this  
t e m p o ra r y  cohesion of the  an the rs .

MATERIAL AND METHODS

Young capitula as well as individual disc 
florets of Helianthus annuus L. were fixed in 
formalin-acetic-alcohol for 24 hours at 30— 
31° C during July 1970 and later stored in 
70 °/o ethanol. The voucher specimens K a n a n  
22—24 are deposited in the Delhi University 
Herbarium.



SYNGENESIOUS AN TH ERS OF HELIANTHUS ANNUUS

Fig. 1. Helian thus  annuas.  —  A: T.s. disc floret , showing undiffe ren tia ted  b u t  free anthers.  
—  B: Same, secondary  pa r ie ta l  laye rs  (SPL 1, 2) d ifferentia ted  on the ep iderm al side; 
note tha t  the  a n th e rs  are still free. —  C: Same, show ing  an th e rs  at  premeiosis,  and  the 
two a d ja c e n t  m ic ro sp o ran g ia  adpressed  on la te ra l  sides. —• D: Same, at meiosis II.

—  A ll X  2 0 0 .

After d e h y d ra t io n  in alcohol-xylene series, 
the m ateria l  w as  em bedded  in pa raf f in .  Sec
tions were cut a t  3— 10 m icrons  and  sta ined 
with sa f ran in - fa s t  green fo r  on togenetic  s tu 
dies, an d  fo r  h is tochem ical  investiga tions they 
were p u t  to v a r ious  tests as deta iled in Table  1.

RESULTS AND DISCUSSION 

Ontogeny

T h e  d isc  f lo re t s  o f  H e l ia n t h u s  a n n u u s  
h a v e  f ive  s t a m e n s  a l t e r n a t in g  w i th  th e
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Fig. 2. Helianthus annuus. — A: T.s. disc floret at uni-nucleate pollen stage w ith tapetal 
periplasm odium  (TPL) ; the mem brane rup tured  at places (m arked by arrow) to separate 
the anthers. — B: Same, at 2-celled pollen stage (the cells are no t clear due to highly

Bot. N otiser, vol. 128, 1975



SYNGENESIOUS ANTHERS OF HELIANTHUS ANNUUS 

Table 1. Histochemical techniques.

453

Metabolite Technique employed Control Reference

Total carbohydrates 
of insoluble 
polysaccharides

Cel lu 1 ose

Pectin

Lignin

Cutin 

Suber in 

Total lipids

(a) PAS reaction Acétylation J e n s e n  1962

(a) Zinc-chlor-iodide test Cellulase treatment J e n s e n  1962,
M e p h a m  & L a n e  1969

Cellulase treatment(b) IKI-H2SO4

(a) Ruthenium red 
technique

(a) Maule’s test
(b) Phloroglucinol test

(a) KOH-chlorzinc- 
iodide test 

(a) KOH-chlorzinc- 
iodide test 

(a) Sudan dyes

J e n s e n  1962,
M e p h a m  & L a n e  1969  

Pectinase treatment J e n s e n  1962,
M e p h a m  & L a n e  1969  

F o s s a r d  1969  
J e n s e n  1962,

F o s s a r d  1969  
J o h a n s e n  1940

J o h a n s e n  1940

J e n s e n  1962

peta ls  an d  are  said to be syngenesious. 
A nthers  a re  d ithecous  an d  te rm ina l ly  ap- 
pendicu la te .  T he  a n th e r  w all d eve lopm ent 
in H elian thus  (Fig. 1 A— C) follows the 
Dicot type of on togeny  a n d  its details a re  
being t 1 " s h e d  elsewhere. It h as  been o b 
served th a t  initially  the a n th e r s  a re  free 
and  they  rem a in  so un ti l  the d if fe re n t ia 
tion o f  the  var ious  wall layers occurs  (Fig. 
1 A. B). S ubsequently ,  the  tw o a d jac en t  
an the rs  g rad ua l ly  becom e ad p ressed  (Fig. 
1 C . D ur ing  meiosis the ep iderm es of the 
two ad p ressed  ad jac en t  a n th e r  lobes secrete 
a hyaline cem en ting  subs tance  w hich  leads 
to a p p a re n t  fus ion  of the five an thers .

The two thecae  of the ad jacen t  a n th e r s  
become ad p ressed  along the i r  entire  length 
during  meiosis I. T h e n  they  s ta r t  s t re tch ing  
aw ay  f ro m  the cen tra l  p a r t  at the sep tu m  
region (Fig. 1 D). As the  a n th e r s  m a tu re ,  
the  s e p a ra t io n  continues, b o th  to w ard s  the  
lateral a n d  the  dorsa l  sides (Fig. 2 A) un ti l  
the  a n th e r s  have  com plete ly  sep a ra ted  f rom  
each o th e r  (Fig. 2 B — D). T hu s ,  it is o b 
served th a t  the  cem enting  subs tance  is 
secreted by the  ep iderm al cells of an th e r s

on  the la tera l  as well as do rsa l  sides. As 
the  an th e r s  m a tu re  (2-celled stage), this 
subs tance  fo rm s a hya line  m e m b ra n e  w hich 
la te r  s ta r ts  peeling off f ro m  the  ep iderm al 
cells (Fig. 2 A, B). In th is  p rocess ,  the 
o therw ise  free an th e r s  r e m a in  co h e ren t  for 
only  a very  shor t  per io d  d u r in g  ontogeny. 
At m a tu r i ty  an th e r s  have  been  described  as 
syngenesious, b u t  h is to logically  speaking 
they a re  com plete ly  free f ro m  each  o ther  
(Fig. 2 C, D). At times, how ever,  they 
m ig h t  a p p e a r  un ite d  at p laces if the  ce
m en t in g  m e m b ra n e  has  no t com ple te ly  sep 
a ra ted  from  the ep id e rm al  cells.

Histochemistry

W h e n  tested h is tochem ica l ly ,  the  ce
m en ting  m e m b ra n e  has  been  fo u n d  to be 
PAS-negative. It does no t s ta in  w i th  a q u e 
ous ru th e n iu m  red  fo r  pectin .  W i th  zinc- 
chloriod ide , it takes  a b ro w n  co lou r  s im i
lar  to th a t  of pollen  exine bu t  no t the 
cha rac te r is t ic  b lue of cellulose. F u r th e r  
w ith  IK I-H 2S 0 4 test a  negative  reac t io n  for

ornamented thich exine). The tapetal membrane (TM) and the periplasmodium in free 
anthers (arrow marked). -— C: Same, at dehisced anther stage showing the degenerated 
epidermis and endothecial cells (END) with thickenings (FT). The membrane has almost 
peeled off from the epidermis (marked by arrow). — 1): Same, after pollen shedding with 

remnants of the membrane seen at places (marked by arrow). — All X200.
Rot. N o tise r , vol. 128, 1975
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cellulose is obtained. T hus ,  the  m e m b ra n e  
does no t  co n ta in  any  inso lub le  p o ly sacc h a 
ride, pec t in  o r  cellulose. W h e n  tested  for 
cu tin  a n d  suber in  b y  J o h a n s e n ’s  (1940) 
m e th od ,  using  co n cen tra ted  po ta s s iu m  h y 
droxide, it gives a very  feeble reac t ion  
(indicated by  a very pale  yellow colour) 
fo r  suber in .  T herefo re ,  the presence  of 
sube r in  is possible a lth o u g h  the results  of 
m ore  specific tests a re  re q u i re d  before  a 
defin it ive s ta tem en t  is possible. T he  m e m 
b ra n e  gives a negative resu lt  fo r  cu tin  on 
in te rac t ion  w ith  K O H -chlorzinciodide. T he  
M aule’s a n d  ph lo rog lu c ino l  tests fo r lignin 
a re  negative. T he  m e m b ra n e  is n o n -re s is t
ant to bo il ing  acetolysis m ix tu re  (9 p a r t s  
acetic a n h y d r id e :  1 p a r t  conc. H 2S 0 4), 
ind ica ting  th a t  its com p os it ion  does not 
inc lude  sporopollen in .

W h e n  the  fresh  m e m b ra n e  is sta ined  
w ith  S u d an  Black B (in 7()°/o ethanol)  fo r 
to tal lipids, it gives a light p in k  co lou ra t ion  
ind ica ting  absence of lipids. D avis (1961, 
1962 b) h a s  suggested th a t  in P odolep is  
jaceo ides  an d  A m m o b iu m  (da tum  the  
m e m b ra n e  is cu t icu la r  in na tu re ,  how ever,  
o u r  h is to chem ica l  inves tiga tions do no t 
con f i rm  h e r  rem ark s .  T h e  p resen t studies, 
how ever,  do n o t  ind ica te  the n a tu re  of the 
m e m b ra n e  a lth o u g h  m a n y  of the  typical 
c o m p o n en ts  of p lant cell walls  a p p e a r  not 
to be presen t,  w ith  the possible exception 
of suber in .  F u r t h e r  investiga tion  is in 
p rogress.  On the basis of p resen t  ontogenic  
investigations, it is suggested th a t  the e a r 
lier concep t  o f “syn gen es io us” an thers ,  
cha rac te r is t ic  of the Compositae,  shou ld  be 
m odified .
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Isoenzym e Studies in Members o f the Genus Brassica

Keith E. Denford

D e n f o r d ,  K. E. 1976 05 06. Isoenzym e studies in members of the genus Brassica. 
—  Bot. Notiser 128: 455— 462. Lund. ISSN 0006-8195.

A gel electrophoretic study has been carried out on the seed isoenzym es of 
10 members of the genus Brassica. Eleven isoenzym e system s have been studied  
and the distribution of the isoenzym es used to indicate a possible historical rela
tionship between the major recognized taxa. Three basic centres of the com plex  
have been indicated; Indo-European, China and M editerranean as exem plified  by 
B. rapa  (turnip, turnip-rape), B. chinensis  (Pak Choi), and B. tourneforti i  (wild 
turnip) respectively.

Keith E. Denford, Department of Botany, University of Alberta, E d m o n to n , 
Alberta, T6G 2E1 Canada.

In recent years m uch w ork has been 
carried  out in biochem ical relationships 
w ith respect to plant, anim al and bacterial 
taxonom y. The usefulness of such studies 
has been discussed by several w orkers 
including A l s t o n  and T u r n e r  (1963), 
S w a i n  (1963) and H a w k e s  (1968). Volatile 
oil investigations have heen m ade by E t t - 
l i n g e r  and K j a e r  (1969) on some Brassica 
species, using seeds, roots and shoots, 
w hilst o ther natu ra lly  occurring com 
pounds, such as phenols have been in 
vestigated by D a s s  and  N y r o m  (1967) and 
D u r k e e  and H a r b o r n e  (1973). Investiga
tions of the genus have been carried  out 
with respect to the use of seed proteins as 
taxonom ic characters ( V a u g h a n  et al. 
1966, V a u g h a n  & D e n f o r d  1968, V a u g h a n  
et al. 1970), w ith results supporting  the 
previous m orphological studies of S c h u l z  
(1919). F u rth e r w ork has been carried  out 
on certain  enzymes in the seeds ( V a u g h a n  
and W a i t e  1967 a, b, V a u g h a n  et al. 1968) 
such as, ß-galactosidases, ß-glucosidases, 
esterases and m yrosinase.

The genus includes certain  polym orphic 
species, and this tends to com plicate the 
taxonom y of its m em bers ( B a i l e y  1930, 
1940). Such an exam ple is found in the ten 
chrom osom e com plex com prising B. rapa 
30

L., its allies, and B. tournefortii G o u a n  

(Table 1). This group of p lan ts show s a 
wide range of polym orphy and  hence ra th e r 
special problem s concerning the estab lish
m ent of specific characters rela ting  to its 
taxonom y. The m em bers of the ten ch ro 
mosome com plex do have characters dis
tinguishing them  from  other taxa presen t 
in the genus, and hence are essentially  as 
follows:

Annual or biennial p lants possessing tap 
roots; stems erect, b ranching; basal leaves 
petiolate; stem leaves sessile, ly rate and 
p innatipartite  w ith lateral a lternate  lobes, 
the term inal lobe being ohovate or ovate.

The stem leaves are also deeply caudate 
and clasp the stem at their bases, d istin 
guishing the species from  B. oleracea, 
generally accepted as its nearest taxonom ic 
relative, whose stem leaves are only slightly 
clasping. The lowest leaves of B. rapa L. 
are always m ore or less b ristly , and  the 
open flowers of the racem e overtop the 
unopened flower buds. The filam ents of 
the ou ter stam ens are distinctly curved at 
their base (cf. the straight stam ens of B. 
oleracea), and the petals are b righ t yellow. 
It is interesting to note th a t a com bination 
of characters, ra the r than  absolutely speci
fic ones, separate close relatives from  one 
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Table 1. Brassica rapa  a n d  its allies investigated.

Taxon Trivial  name

I), rapa  L. ssp. rapa T urn ip
B. rapa  L. ssp. sylvestris  (L.) J a n c h e n Wild tu rn ip-rape
B. rapa  E. ssp. oleifera  DC. Cultivated tu rn ip-rape
B. rapa  L. ssp. sarson  ( P r a i n ) D e n f o r d  comb. nov. Sarson

B asionym  B. campestris  L. var. sarson  P r a i n , Agr. Ledger
5 :2 7 — 28 (1898)

B. rapa  L. ssp. toria  (P ra in )  D e n f o r d  comb. nov. Toria
B as ionym  B. campestris  L. var. toria  P r a i n , Agr. Ledger
5 :2 3 — 25 (1898)

B. chinensis  L. Pale Choi
B. pekinens is  R u p r . Petsai
B. pervir idis  B a i l e y Tendergreen
B. tourne for ti i  G o u a n Wild turnip,  Jangli-ra i

another, an example of this can be found 
in B. napus  which has characters in com 
m on with both B. rapa L. (with respect to 
clasping stem leaves) and B. oleracea 
(glaucous nature of the leaves, and an 
inflorescence similar to B. oleracea).

To avoid making too m any new com 
binations in this preliminary paper, B. 
chinensis, B. pekinensis  and B. perviridis 
are treated as species, a lthough they should 
better be reduced to some lower rank.

W ithin  the complex, work has been ca r 
ried out on the seed coat, and its surface 
features ( M u s i l  1948) ,  however because of 
variability in seed size and surface m a rk 
ings very little has been accomplished in 
distinguishing between tbe races present, 
except in Ihe case of B. rapa ssp. sarson 
which produces mucilage when placed in 
water ( A l a m  1936).  Seed coat pigmentation 
appears to be variable and of no real use 
in distinguishing between varieties as 
P r a i n  (1898) has noted varying coloured 
seeds on the same plants of sarson. The 
genetic control of colour was investigated 
by S u n  (1945) who found tha t a homozy
gous dominant gene gave rise to purple 
seeds; homozygous recessive produced yel
low seeds, and the heterozygous state gave 
rise to intermediate forms. The histology of 
the testa has also been investigated by 
V a u g h a n  et al. (1963) on certain ten cbro-
Bot. N o tise r, vol. 128, 1975

mosome taxa, for example, B. rapa I., and 
B. chinensis, with little distinction between 
them being found.

A l a m  (1936) studied meiotic chrom o
some associations in certain races of B. 
rapa (sarson and toria) concluding that 
the basic chromosome number to have 
been 5. Various crosses were carried out 
by M o h a m m a d  et al. (1931) between sar
son, toria and turnip giving fertile off
spring, indicating close relationship. S i k k a  
(1940) indicated that segmental inter
changes and inversions may well have 
played an important part  in separating B. 
tourneforiii from the other ten ch rom o
some members of the complex as crosses 
produced by him, using sarson, gave hy 
brids which at meiosis showed rings of 4 
chromosomes. F u r the r  attempts to repeat 
this line of investigation by M o h a m m a d  

and S i k k a  (1940) did not succeed. O l s s o n  
(1954) also attempted to cross B. tourne- 
fortii with B. rapa  subspecies (sarson, 
toria, oleifera), B. chinensis  and  B. pek i
nensis, but was not successful. The work 
indicated a discontinuity between B. tour- 
nefortii and the remaining members of the 
complex.

Studies of the volatile oils and glucosides 
present in the seeds of the B. rapa complex 
have been carried out by D e l a v e a u  (1959), 
and V a u g h a n  et al. (1963). The glucosides
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of c e r t a in  m em b ers  o f the complex w ere  
e x a m in e d  using p a p e r  c h ro m a to g rap h y  to 
iden t ify  the  iso th iocyana tes  p roduced. De 
lay eau (1959), using tu rn ip - rap e  show ed  
th a t  the glucosides p resen t  p roduced  b u ta -  
nyl,  pen teny l and  pheny le thy l  iso th iocya
nates .  V aughan (1963) and  co-w orkers  
ex am in ed  a la rger  selection of ten  c h ro m o 
so m e  species inc lud ing  varieties of B. rapa, 
B. ch inerisis  and  B. p ek inensis , show ing 
the glucosides p resen t  p rod uced  3-bu tany l 
iso th iocy ana tes  in vary ing  quanti ties.  No 
d is t in c t io n  be tw een  these taxa  was m ad e  
in th is  investigation .

In all classifications the most im portant 
factor involved is the use of stable and 
non-trivial characters. As has previously  
been m entioned, the characters used in the 
ten chrom osom e Brassica  species: leaf 
shape, grow th habit, hairiness, glaucous 
nature o f leaf, anti root shape, are all sub
ject to environm ental alteration (Bailey 
1940, S u n  1946) and hence are of ques
tionable value in classification.

P rev iou s  p re l im in a ry  w ork  on  Brassica  
species has  been  carr ied  ou t w ith  the aid  
of serologica l an d  e lec trophore tic  te ch n i
ques  by  Vaughan et al. (1966), Vaughan 
a n d  YVaite  (1967 a, b) an d  V aughan an d  
D enfo rd  (1968).

T h e  presen t inves tiga tion  is a c o n t in u a 
tion of this  w ork  to evalua te  the seed 
isoenzym e prof iles  of the  m a jo r  taxa recog
nized as allies of B. rapa  and  to d e te rm ine  
the possib le  phylogene t ic  re la tionsh ips ,  
such  a s tud y  m igh t indicate.

Table 2. Enzyme systems studied using gel 
electrophoresis.

Enzyme Method

Acid phosphatase
Alkaline
phosnhatase
a-amylase
Catalase
Esterase
ß-galactosidase
ß-glucosidase
Glutamic
dehydrogenase
Leucine
aminopeptidase
Myrosinase
Peroxidase

H a l l  e t  a l. 1969  
E v e r s o n - P e a r s e  1960

O l e r e d  & J ö n s s o n  1970  
T h o r u p  et al. 1961  
H a l l  e t a l. 1969  
V a u g h a n  & W a i t e  1967  a 
C o iie n  1952  
L a y c o c k  et a l. 1965

N a c h l a s  e t al. 1957

V a u g h a n  e l al. 1968  
H a l l  e t a l. 1969

Protein extracts, purification and electroph
oresis were carried out as in previous studies 
using acrvlamide gel electrophoresis ( O r n s t e in  
& D a v is  1961, V a u g h a n  & D e n f o r d  1 9 68). 
Enzyme staining techniques were carried out 
using specific methods as in Tahle 2. All tests 
were carried out at 3 0 °  C and pH 7.0  using 
a tris-glycine buffered medium.

Rp ( X  100) were calculated from fresh gels 
and given to the centre of each band. No 
distinction was made as to intensity or rate 
of reaction. All estimations were made on a 
presence or absence basis.

ENZYME DISTRIBUTION AND  
TAXONOMIC RELATIONSHIPS

T h e  p resence  of all the  enzym es to  he 
inves tiga ted  w as f irs t of all estab lished  
using agarose  gel before  a de ta i led  investi-

MATERIAL ANI) METHODS

Wherever possible, seeds were obtained 
from research stations using authenticated 
seed from their crop breeding programme, 
as most of the varieties used were of com
mercial use. The wild species were collected 
by the author and authenticated accordingly. 
Unless all other seed samples were accompani
ed by an acceptable certificate of authentica
tion, they were grown at the University of 
London Botanical Supply Unit (Egham., Eng
land) .

Voucher specimens of all material are lodg
ed at the Atkins Laboratories, Queen Elizabeth 
College, University of London, England.

Table 3. Enzymes occurring in all the ten 
chromosome Brassica species examined.

Enzyme Rp

ß-galactosidase 34
acid phosphatase 17
Leucine aminopeptidase 55
Peroxidase 52
Glutamic dehydrogenase 43
Glutamic dehydrogenase 60
Esterase 17
Esterase 83
Esterase 87

Bot. N o tise r, vo l. 128, 1975
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Table 4. Isoenzymes only found in one of the two ten chromosome “groups” of Brassica. 
Group (1) Group (2)

Turnip/turnip-rape complex B. chinensis complex

Enzyme Rp Enzyme Rp

(3-galactosidase 11 ß-galactosidase 17
73 63

Acid phosphatase 47 87
Leucine aminopeptidase 15 Alkaline phosphatase 67

47 Leucine aminopeptidase 20
Peroxidase 15 Peroxidase 27
ß-glucosidase 47 ß-glucosidase 43

63 67
Glutamic dehydrogenase 70 Catalase 15
Catalase 11 34

30 43
52 57

Esterase 93 Esterase 77

gation on acrylam ide gel was carried  out 
( V a u g h a n  et al. 1970). The results of the 
enzyme analysis were tabulated  according 
to Rp (Tables 3— 6), each pattern  being 
the result of ten d ifferent seed sam ples of 
each taxon (ten gels for each variety used). 
It was found that w ith in  each variety  in 
vestigated, the enzyme pattern  was con
stant with respect to Rp value, even though 
intensity of staining varied. Between varie
ties there appeared to be distinct d if
ferences in the patterns of certain  enzymes, 
hu t w ithin each variety the enzyme p a t
terns were constant. It was also found tha t 
certain Rps were constantly  shared between 
two varieties. T urn ip  and  tu rn ip -rape a l
ways shared the following Rps between 
themselves and only rarely  w ith other 
taxa: Rp 15, ß-glucosidase; Rp 52, ß-glu- 
cosidase, also shared w ith B. perviridis ; 
Rps 27 and 70, ß-galactosidase, the form er 
being found in B. perviridis; Rp 38, cata- 
lase; Rp 20, esterase; Rp 50, esterase, also 
found in B. chinensis.

Sarson and toria appeared to have a 
m uch sm aller num ber of bands unique to 
themselves, only the catalase enzyme was 
found to he unique, giving bands as fol
lows: Rps 17, 40 and 50, also found in B. 
perviridis.

The largest group of shared enzyme
B ot. N otiser, vol. 128, 1975

bands appeared to fall in the B. perviridis,  
B. pekinensis  and B. chinensis complex. 
These hands were as follows: Rp 70, ß-glu
cosidase shared between B. chinensis and 
B. pekinensis  (also found in toria) ; Rp 50, 
acid phosphatase. All tlie following w ere 
found shared between B. perviridis, B. 
pekinensis  and B. chinensis: Rps 15, 34, 
45 and 57, catalase; Rps 38 and 77, ester
ase.

B. tourriefortii shares one enzyme band  
Rp 25, catalase, w ith turnip , and Rp 15, 
ß-glucosidase, w ith turnip-rape. All o ther 
enzyme bands present in B. tourneforti i 
are found to some extent in alt the o ther 
taxa investigated, or they are only found 
in B. tournefortii (see Tables 3 and 6).

The rela tionsh ips between the various

Tabic 5. Isoenzymes unique to Brassica tour
nefortii G o u a n .

Enzyme Rp

ß-galactosidase 60
Leucine aminopeptidase 77
Glutamic dehydrogenase 87
Catalase 50

60
a-amylase 70

77
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Table 6. “Unique” isoenzymes.

459

Enzyme Rp Taxon

(3-galactosidase 60 B. tournefortii

a-amylase 70
77

B. tournefortii

Leucine aminopeptidase 30 Sarson
38 B. pekinensis
57 B. perviridis
77 B. tournefortii

Peroxidase 60 Sen-son

Glutamic dehydrogenase 63 Turnip
73 Turnip
87 B. tournefortii

Catalase 08 B. perviridis
50 Ii. tournefortii
60 B. tournefortii
63 Turnip-rape

Esterase 30 B. chinensis
60 B. pekinensis

t a x a  based on  enzym e Rps w ere tabu la ted  
as  p e rcen tag e  similari ties (Table 7) a n d  a 
th ree -d im en s io na l  m odel was construc ted  
us ing  th is  in fo rm a t io n  (Fig. 1). It w as 
fo u n d  th a t  the  sim ilari ty  coefficients b e 
tw een  tu rn ip  an d  tu rn ip -rap e ;  sarson  an d  
to r ia ; B. ch inensis  and  B. pekinensis ,  w ere  
very  h igh ( 7 5 % ) .  Also there  ap p ea red  to 
be tw o  d is t inc t  g roup s  w ith in  the com plex, 
the first con ta in ing  tu rn ip ,  tu rn ip -rap e ,  
sarson  an d  toria, an d  the o th e r  con ta in ing  
B. perviridis, B. pekiriensis  and  B. ch inen-  
sis. T he  o th e r  taxon  investigated, B. to u r 
ne  forti i ,  seem ed to fall som ew here  b e tw een  
these tw o g ro up s  (see Fig. 1) n e a re r  to 
sarson  an d  toria  th a n  the o the r  taxa.

Isoenzym e d is tr ibu tions  in  this com plex  
w ere of fo u r  types: (1) Those  occurr ing  
th ro u g h o u t  all the  tax a  investigated; (2) 
Those o ccu r r in g  in one of the two g ro up s  
m en t io ned ;  (3) T hose  fou nd  in one tax on  
alone, a n d  n ever  in an y  of the o th e r  taxa ; 
an d  (4) T hose  d is tr ibu ted  in a “ r a n d o m ” 
m ann er .

It is in te res t ing  to note  th a t  B. tourne-  
fortii,  a weed ' has  th e  greatest n u m b e r  of 
specific enzym e bands.

W ith in  each taxon  inves tigated  the iso
enzym e p a t te rn  rem ained  co n s tan t  and  
hence  at the varie ta l level the  ta x a  were 
ind is t ingu ishab le  (on the  basis of p resence  
o r  absence) .  This  s i tua t ion  is sh ow n  in a 
th ree-d im ensiona l m a n n e r  ind ica ting  the 
presence of th ree  basic g ro u p s ’ of ten 
c h ro m o so m e  taxa. One g ro up  is m ad e  up 
of B. chinensis, B. pek ine ns is  an d  B. per
viridis,  the  second group  is fo rm ed  by the 
B. rapa  com plex  (sarson , toria, tu rn ip  and  
tu rn ip -rap e )  and  the  th i rd  ’g ro u p ’ is f o r m 
ed by the  species B. tournefort ii .  M o rp h o 
logically this la t te r  separa tion  is in agree
ment with  all the m a jo r  c lassif ica tions of 
the Brassica  species ( S c h u l z  1919, M u s i l  
1948). T he  g roup ing  of g a rd en  tu rn ip ,  
tu rn ip -rape ,  sarson  and  toria  is in ag ree
m en t  w ith  P k a i n  (1898), S c h u l z  (1919) 
and  M u s i l  (1948), b u t  no t w ith  L i n n a e u s  
(1753) and  D e  C a n d o l l e  (1821, 1824). 
T h e  fo rm er  w o rk e rs  p laced all the  tu rn ip s  
an d  tu rn ip - rap es  u n d e r  the one species, 
cam pestr is ,  w h ereas  the la t te r  descr ibed  a 
separa te  species fo r the ga rd en  tu rn ip .  The 
o th e r  ’g ro u p ’ inco rp o ra te s  the  o r ien ta l  ten 
ch ro m o so m e  species described  by  B a i l e y

B ot. N o tise r, v o l. 128, 1975
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Table 7. Percentage similarity between the 
ten chromosome Brassica species, using iso
enzyme data.

Tr S To Pv Cli Pk Tf

T 75 60 60 22 22 20 30
Tr 60 60 21 20 20 30

S 75 21 24 23 42
To 28 25 24 44

Pv 60 60 31
Ch 75 35

Pk 30

(1930), K r a u s  (1940), S u n  (1946) and  
M u s i l  (1948). However, th is  w o rk  in d i
cates the presence of on ly  one species, and  
not three, w h ich  con trad ic ts  these w orkers .  
Such a conc lus ion  is a r r iv ed  a t  very  r e a 
dily on  the  g rou p ing  of the ta x a  in  the  
th ree-d im ens ion a l  m odel w ith  the enzym e 
d a ta  (Fig. 1).

F ro m  these studies it is po s tu la ted  th a t  
in m y  m a te r ia l  there  a re  th ree  basic  ten  
ch ro m o so m e  species in the  genus Brassica:
(1) B. rapa  w h ich  includes tu rn ip ,  tu rn ip -  
rape, sarson  a n d  toria.
(2) B. ch inens is  w h ich  inc ludes chinensis,  
p ek in e n s is  and  perviridis.  T h e  inclusion  
o f pervir id is  u n d e r  the species B. ch inensis  
opposes the  c lassif ication  of B a i l e y  (1940) 
w h o  o rig ina l ly  gave it va rie ta l  s ta tus  u n d e r  
/>’. rapa  L., a n d  la te r  gave it species s ta tus  
as B. pervir id is .
(3) B. to u rn e fortii, a  w ild  ten ch rom o so m e  
Brassica  species.

S u p p o r t  fo r this h yp o thes is  is fo un d  in 
the d is t r ibu t ion  of enzymes. T h e re  w ould 
a p p e a r  to be several categories:

( i) T hose  only presen t in the tu rn ip -  
tu rn ip - r a p e  com plex  (Table 4).

( ii) T hose  fo u nd  in the  B. chinensis  
com plex  (Table 4).

(iii) Those  u n iqu e  to B. tou rne for t i i  
(Table 5).

T w o o th e r  categories a re  p resen t  in c o r 
p o ra t in g  those enzym es p resen t  in  all the
Bot. N otiser, vol. 128, 1975

Fig. 1. Spatial taxonomic relationships between 
10 taxa of Brassica based on isoenzyme data.

tax a  (Table 3), an d  those w hich  are  un iq u e  
to  a p a r t ic u la r  tax o n  (Table 6).

It is of in terest to note th a t  each of the 
th ree  com plexes postu la ted  are  fo u n d  in 
th ree  d is tinct geograph ica l  areas. B. to u r 
ne for t i i  grow s wild in the M edi te r ranean  
(endem ic to th is  a rea , S c h u l z  1 9 19 ) .  B. 
rapa  and  its races a re  foun d  d is tr ibu ted  
th r o u g h o u t  the In d o -E u ro p ea n  regions, and  
B. ch inens is  an d  its relatives are  fo u n d  in 
China.

It h a s  been suggested (Su n  1 94 6 )  tha t  
there  a re  two races of B. rapa, an  eas te rn  
a n d  a  w este rn  race. F ro m  this p resen t 
s tud y  it is concluded  th a t  there  a re  two 
dis t inc t  E a s te rn  an d  W es te rn  species (Fig. 
1). F u r th e rm o re ,  it w ou ld  be of in terest  
to k n o w  how these two species arose  a nd  
f ro m  w h e re  they  originated, w ith  special 
re fe rence  to the ir  re la tionsh ip  to B. to u r n e 
fortii.  One exp lan a t io n  fo r  this th ree  sp e 
cies s i tua t ion  could  be th a t  one of the 
species (B. tournefort i i )  gave rise to the 
o th e r  two. As B. tournefor t i i  (of M editer
ra n e a n  origin) is a w eedy ten ch ro m o so m e  
species it cou ld  lie the neares t  species to 
the o r ig ina l a rche typ e  suggested by S i k k a  
(1940) w ith  a basic  ch rom osom e  n u m b e r  
of five. If  th is w ere t rue  then  the  ten 
c h ro m o so m e  polyp lo id  m a y  have a r isen  in 
the  M e d i te r ranean  region and  sp rea d  to 
In d ia /E u ro p e  an d  th en  China.

A n o th e r  exp lan a t io n  fo r  th is s i tua t io n  is 
th a t  th e re  were th ree  cen tres  of o r ig in  for
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the  five ch ro m o so m e a rch e ty p e  w h ich  
ev en tu a lly  d ied  o u t a f te r  the po lyp lo id  w as 
fo rm ed . P oss ib ly  a t each  cen tre  of o rig in  
the p la n ts  developed  a long  th e ir ow n  lines, 
as in  the case of B. tournefortii ,  o r cam e 
u n d e r  d iffe ren t selection  p ressu res  by m an , 
as in  the case of B. rapa  and its varie ties, 
an d  B. chinensis  an d  its varieties. U lti
m a te ly  such  a p rocess w ou ld  give rise to  
th re e  d iffe ren t g ro u p s  of p lan ts.
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B rachythec ium  ru tabulum  and  B. rivulare  have been experim en tally  cu ltivated  in 
co n tro lled  en v ironm en ts to study  the co n stan cy  of m o rpho log ical ch arac te rs . The 
hum id ity , tem p era tu re  and  light fac to rs  have been varied.

The v a ria tio n s of q u an tita tiv e  c h arac te rs  have been b io m etrically  an a ly sed  in 
the cu ltivated  m osses as well as in sam ples from  sp o n tan eo u s p o p u latio n s. The 
d iagnostic  value of the  ch a ra c te rs  stu d ied  have been estim a ted  fo r  taxonom ic  
purposes.

Kai Wigh, D epartment  of  P hys ics  and M easurement Technology, University  of  
Linköping ,  8-581 83 L inköp ing ,  Sweden.

M any species of m osses are extrem ely  
variable. The purpose of this investigation  
is to  study w hich  characters becom e m odi
fied thus being of little taxonom ic value, 
and w hich characters are relatively con 
stant. The m orphology, taxonom y and 
cyto logy  of the polym orphic com plex in 
cluding the tw o species B r a c h y th e c iu m  
r u ta b u lu m  and B. rivulare  w ill he d iscus
sed in a forthcom ing paper (W i gh  1976).

The tw o species have been taxonom ical- 
ly delim ited in different w ays, and several 
varieties have been described. Som e of 
these subspecific taxa are presum ed to he 
m odifications only. In order to assess their 
taxonom ic value m odification  experim ents 
have been carried out.

Biom etric analysis revealed that certain  
quantitative characters arc usefu l in d is
tinguishing betw een B ra c h y th e c iu m  ru ta 
b u lu m  and B. rivulare.

METHODS
T he m o d ifica tio n  ex perim en ts have been 

ca rried  out in  9 d iffe ren t en v iro n m en ts  (Table

1) w here  the m ate ria l w as g row n fo r  some 
m on ths. Sam ples g row n u n d e r d ry  conditions 
grew  ra th e r  slow ly an d  w ere th ere fo re  kep t in 
cu ltu re  fo r a longer pe rio d  th a n  the others.

No n u tritiv e  w as added  du rin g  th e  ex p eri
m ents as it has p rev iously  been  observed th a t 
these m osses can  go on  grow ing fo r a t least 
tw o y ears  w ith o u t any  ad d itio n a l nu tritive. 
A fter the  period  of cu ltiv a tio n  the p lan ts  w ere 
d ried  an d  used fo r the m o d ifica tio n  studies.

M easurem ents of leaves, nerves, cells and  
spores have been m ade u n d e r a light m ic ro 
scope. The m agn itudes used  w ere X30 fo r the 
leaves and  nerves, X400 fo r the cells and  
X 1,000 fo r the spores. T he accu racy  of the 
m easu rem en ts  w as 40 p, 3 p and  1.2 p respec
tively.

T he leng th  of the leaves w as m easu red  from  
the in se rtio n  of the nerve on  the stem  to the 
tip  of the  leaves, an d  the leng th  of the nerves 
fro m  the  in se rtio n  to the tip  of the nerves. 
T he leng th  of the  cells w as m easu red  from  
cells n e a r the m iddle of the leaves, a p a r t  from  
the  nerves. F ro m  each sam ple 30 leaves and  
cells w ere m easu red , an d  20 spores.

MATERIAL
The investiga tions are  based  on the m ate ria l 

p rev iously  an aly sed  cyto logically  and  on h e r
b a riu m  m ateria l. T he live m ate ria l of B. ruta-
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Table 1. Climatic conditions for cultivated m aterial.

Environm ent
L ght T em perature Humidity

Lux Hours °C Hours °/o Hours

l a 5,000 15.5 14 15 40 15
0 8.5 1 4 -0 1 2 40->60 2

11 5 60 5
1 1 -0 4 2 60—0 0 2

l b as I a as I a as I a as I a 100 24
I c 2,000 15.5 as I a as I a as I a as I a

0 8.5
I d as I c as I c as I a as I a 100 24
II 4,600 12 14 10 100 24

0 12 14—0 2 2
12 10
1 2 -0 4 2

III a 9,200 15 19 12 60 12
0 9 19—0 0 2 60->90 2

10 8 90 8
1 0 -0 9 2 90->60 2

III b 7,200 15 as III a as III a as III a as I l i a
0 9

III c as III a as 1II a as III a as I l i a 100 24
III d as I l l b as III a as III a as III a 100 24

bulum is represented by the n =  12 cytotvpe 
and B. rivulare by the n = 6  cytotvpe. The 
reference num bers are listed in W igh (1976).

Voucher specimens are deposited at the 
Botanical Museum of Göteborg (GB), Sweden.

M ODIFICATION EXPERIM ENTS

Many in traspecific taxa in the Brachy- 
thecium rutabulum  — B. rivulare com plex 
have been described on such characters as 
the size and colour of the plant, length of 
seta, shape of lid, etc. These taxa are often 
m odifications only. If corresponding s tu d 
ies were to be carried out in o ther species 
complexes also, m any taxa w ould probably 
prove to be m odifications only.

It seems likely that a given character can 
display a high degree of m odifiabilitÿ  in 
one species, w hereas in another species Ihe 
same character is m ore constant, an ex
am ple being the shape of the lid in the 
fam ily Brachytheciaceae. This character 
is variable in certain  species such as Bra- 
Bot. Notiser, vol. 128, 1975

chythecium  rutabulum,  but in o ther genera 
it is probably  m ore constant.

Some populations of Brachythecium  
rutabulum  and B. rivulare  have been cu l
tivated in 9 d ifferen t environm ents in cli
m ate cham bers. The clim atic conditions 
are given in  Table 1. The environm ents 
have been called I a— d, 11 and  III a— d, 
th ree clim ate cham bers having been used.

The m odification  experim ents have been 
divided into two separate  investigations, 
one biom etric, discussed on p. 469 and one 
in  the m ain  qualitative. In  tlie la tter some 
characters have also been m easured but 
the results have not been analysed sta tisti
cally.

M odificative C haracters

G A M E TOP H YTIC CH A R A CTE RS

Both species becom e extensively m odi
fied. This was an tic ipated  as they are also 
highly variable under n a tu ra l conditions.
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PLICATION OF LEAVES. Plication is 
h ighly modificative in both species which 
may give rise to problems of identification, 
as in  several keys species with plicated 
leaves have been separated from species 
w ithou t plications. The reduced plications 
in B. ru tabulum  may cause trouble when 
distinguishing between this species and, 
for instance, B. m ildeanum  and B. curtum  
(WlGH 1976).
COLOUR OF PLANT. There is an obvious 
difference in the colour of plants cultivated 
in light with an intensity of 2,000 lux and 
those cultivated in 5,000 lux. Those grown 
in less light are a darker green than those 
cultivated in 5,000 lux. This is true of both 
species.
BRANCHING. The num ber of branches 
per cm of the shoot stands in direct re la
tion to the humidity. Under conditions of 
saturated  humidity both species produce 
only a few branches.
ANGULAR CELLS. In all 9 environments 
B. rivulare produces large and well-devel
oped angular cells (Fig. 1 E, F), the size 
of these cells being somewhat variable, but 
they are always fairly large and well-deli
mited.

B. ru tabulum  displays greater variation 
in the development of angular cells when 
cultivated. Under dry conditions the angu 
lar cells do not become enlarged or more 
clearly delimited (Fig. 1 B). Under condi
tions of saturated humidity the variation, 
both within a sample and between samples 
from different populations, is more exten
sive, plants in some samples then produc
ing large and well-delimited angular cells 
as in B. rivulare. P lants in other samples 
only produce somewhat larger angular 
cells. In Fig. 1 C the angular cells are 
somewhat enlarged.

The structure of the angular cells has 
been regarded by several authors  as the 
most im portan t  diagnostic character for 
separating B. rutabulum  and  B. rivulare. 
This investigation shows that this character 
is highly modifiable in B. rutabulum . N a t
ural populations of this species with large 
and well-delimited angular cells are also

found, such forms being extremely dif
ficult to distinguish from B. rivulare. 
DECURRENCY OF LEAVES. The decur
rent par t  of the leaves in cultivated samples 
is shown in Fig. 2. In B. rivulare the leaves 
are always longly and broadly decurrent. 
In B. rutabulum  the decurrency increases 
with humidity, both with regard to length 
and breadth. This character has been ac
corded the same taxonomic importance as 
the angular cells, and it must he observed 
that the decurrency is extremely modifi
able in B. rutabulum .
LENGTH OF INTERNODES. In both spe
cies the internodes attain a greater length 
in 2,000 lux than in 5,000 lux both where 
humidity is saturated and under drier 
conditions. The differences are marked. 
In 2,000 lux there are about 25 leaves per 
cm of the shoot and in 5,000 lux about 33. 
W hen grown in 7,200 lux or 9,000 lux 
there are no differences, either where the 
humidity is saturated or under drier condi
tions.

There are quite obvious differences 
between samples cultivated when the 
humidity is saturated and under drier 
conditions as regards length of internodes, 
the internodes being shorter under drier 
conditions. This is true of both species and 
with all light intensities.
NUMBER OF RHIZOIDS. The number 
of rhizoids is related to light intensity and 
to humidity, hut also to the degree of con
tact the shoots have with the substratum. 
W hen grown in contact with the substra
tum the shoots produce far more rhizoids 
than  when growing erect with no contact.

If the influence of light and of humidity 
are com pared as regards number of rh i
zoids, it seems that humidity has the grea
ter effect. Under conditions of lower h u 
midity the number of rhizoids increases.

SPOROPHYTIC CHARACTERS

B rachythecium  rutabulum  only has been 
investigated.
LENGTH OF SETA. The length of the seta 
is highly modifiable and varies with liu-

Bot. Notiser, vol. 128, 1975
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0 .5 m m

Fig. 1. Photographs of angular cells. — A—C: Brachytheciiim rutabulum. ■— I ) —F: 
B. rivulare. — A: 71-90 (spontaneous population). — B: 71-90 (environment Illb ). — C: 
71-90 (environment 11 Id ). 1): 71-1(59 (spontaneous population). — E: 71— 127 (environ
m ent Ib ). — F: 71-127 (environm ent Id). — The climatic conditions are given in Table 1.

midity. The differences between spontane
ous material and samples cultivated under 
conditions of saturated humidity  are m a rk 
ed. The length of the seta in cultivated 
samples is often more than  twice or three 
times that found in spontaneous material.  
In one population the mean of the length 
of the seta in spontaneous samples was 
Bot. Notiser, vol. 128, 1975

1.5 cm and the new sporophytes produced 
when humidity  was saturated was 4.5 cm. 
This observation is im portant since there 
are varieties of B. rutabulum  described 
which differ from the nomenclatural type 
material in having longer seta.
LENGTH AND SHAPE OF LID. Under 
conditions of saturated humidity  some
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71-90

71-127

Fit 2. Leaves of cultivated samples of Brcichythecium rutabu/um  (71-90) and B. rivulare 
(71-1271. The climatic conditions are given in Table 1.

p o p u la t io n s  of B. ru ta b u lu m  p ro d u c e  lo n 
ger lids th a n  those  fo u n d  in  the  c o r r e 
sp o n d in g  sp on tan eo u s  m ater ia l .  T he  lid 
is no t conical, b u t  m o re  or less oblique. 
P la n t s  d isp lay ing  th is  m o d if ica t ion  have  
b een  descr ibed  as a varie ty  a n d  h av e  also 
been  t rea ted  as a good species.

L a z a r e n k o  et al. (1971) in v estig a ted  the  
c h r o m o so m e s  in  B. eu rh yn ch io id e s  
(L im pr.) L o e s k e ,  a ta x o n  d iv erg in g  fro m  
B. r u ta b u lu m  in the lo n g  o b liq u e  lid  o n ly . 
T h e y  rep orted  tw o  c h r o m o so m e  nu m b ers, 
n =  6 and  n = 12 . T h e  ch r o m o so m e  c o m 
p le m en t o f the 11 =  6 an d  n = 1 2  c y to ty p es  
a g reed  w ith  th at o f the co rresp o n d in g  
c y to ty p e s  o f B. ru ta b u lu m  w h ic h  su p p o rts  
the sta tem en t that B. eurhy n c h io id e s  is 
o n ly  a m o d ifica t io n  o f B. ru ta b u lu m .

T h e  long ob lique  lid is a  c h a ra c te r  
fo u n d  in  som e genera  in the  fam ily  B ra-  
chy thec iaceae ,  e.g. R hynch os teg ie l la ,  R h y n -  
chosteg ium , C ir r ip h y l lu m  a n d  E u r h y n -  
ch iu m ,  w h ereas  B r a c h y th e c iu m  h as  a 
sho r t  conical lid. T h e  lid in the  first- 
m en t io n ed  genera  is p ro b a b ly  less m o d i f i 
able  th a n  in B ra c h y th e c iu m  ru ta b u lu m .

Difference in shape  of lid has  o f ten  been  
the only c h a rac te r  given in keys in s e p a r a t 
ing B ra ch y th e c iu m  f rom  o th e r  genera . It 
m u s t  be no ted  th a t  B. ru ta b u lu m  a t  least 
could key out w rongly  using such  keys.

Not Modificative Characters

G A M E T O P H Y T IC  CHARACTERS

SH A PE OF LEAVES. N either  in B. ru ta 
bu lum  n o r  in B. rivulare  is the sh ap e  of 
the leaves m odif iab le  (Fig. 2). T h is  c h a r 
ac te r  is one of the m o s t  useful fo r  s e p a r a t 
ing the two species. In  all 9 e n v iro nm en ts  
the leaves of B. ru ta b u lu m  are  long and  
poin ted  in co n tra s t  w ith  the  acu te  leaves 
of B. rivulare.  Fig. 2 also gives an  in d ica 
tion of the  size of the leaves in th e  d i f 
ferent env ironm ents .  Leaves f ro m  8 en 
v ironm ents  only  a re  i l lu s tra ted  as no  m a 
ter ia l of po p u la t io n  71— 90 cu lt iva ted  in 
III c w as available.
D E N T IC U L A T IO N  OF LEAVES. N ei
th e r  in B. ru ta b u lu m  n o r  in B. rivulare  
does the d en t icu la t ion  of the  leaves v ary
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Table 2. Modificative an d  non-m odificat ive  
charac te rs  in B ra ch y th ec iu m  ru tabulum  and 
ß.  rivulare.  Gam etophytic  charac te rs  have been 
studied in both  species a n d  sporophytic,  
charac te rs  in B. ru tabu lum  only. —  Modi- 
ficative charac te rs :  +  , non-m odif icat ive  c h a r 
acters:  — . — Modification depends on h u m i
dity: H, on  light: L.

Gametophytic  characters

Growth + H
Plication + H
Colour + L
Branching + H
Angular cells + H
Decurrency of leaves + 14
Internodes + H, L
Rhizoids + H, L
Shape of leaves —
Denticulation of leaves —
Length  of leaves + H, L
Length  of nerves + H, L
L ength  of cells + H, L

Sporophy tic  characters

Length  of seta + H
Lid + H
Size of spores —
Papillae  on seta —
F o rm  of capsule —

Size of capsule —
Exothecia l  cells •— •
Peris tome —
Stom ata —

in  a n y  of th e  e n v i r o n m e n t s .  T h i s  c h a r 
a c t e r  is o f  n o  v a lu e  f o r  s e p a r a t in g  th e se  
tw o  species,  h u t  is o f  i m p o r t a n c e  in  d i s 
t in g u i sh in g  B. r u t a b u l u m  f r o m  7i. m ild e a -  
n u m  (WlGH 1976).

S F O R O P H Y T I C  C H A R A C T E R S

B r a c h y t h e c i u m  r u t a b u l u m  o n ly  h a s  b e en  
in v es t ig a ted .

P A P I L L A T I O N  O F  SE T A . W h e n  c u l t i v 
a te d  sa m p le s  w e r e  c o m p a r e d  w i th  s p o n 
ta n e o u s  p o p u l a t i o n s  n o  d i f f e r e n c e s  in  th e  
p a p i l l a e  o f  th e  se ta  w e re  o b s e r v e d .  T h is  is 
i m p o r t a n t  s ince  t h e  p a p i l l a e  is o n e  o f  th e  
m o s t  w id e ly  u s e d  d ia g n o s t i c  c h a r a c t e r s  in 
th e  g e n u s  B r a c h y t h e c i u m .  W h e t h e r  o r  n o t  
th ese  p a p i l l a e  a r e  m o d i f i a b le  in  o t h e r  s p e 
cies  h a s  n o t  y e t  b e e n  in v e s t ig a te d .

Bot. Notiser, vol. 128, 1975

S H A P E  AN D S IZ E  O F  C A P S U L E .  T h e r e  
a re  no  o b v io u s  d i f f e re n c e s  in  th e  s h a p e  
a n d  size o f  c a p s u le s  o f  c u l t i v a t e d  a n d  
s p o n t a n e o u s  s p e c im e n s  e x ce p t  f o r  the  lid 
as s ta te d  a b o v e .

E N O T H E C I A L  C E L L S .  I f  n a t u r a l  a n d  c u l 
t iv a ted  m a t e r i a l  a r e  c o m p a r e d  a s  r e g a r d s  
size a n d  a r r a n g e m e n t  of  e x o th e c i a l  cells  n o  
d i f f e re n c e s  a r e  o b se rv ed .  In  c u l t i v a t e d  
s a m p le s  the  e x o th e c ia l  cells  a r e  a r r a n g e d  
in  ro w s  a n d  h a v e  lo n g i tu d in a l  w a l ls  t h a t  
a r e  m o r e  i n c r a s s a t e  t h a n  th e  t r a n s v e r s e  
walls .

P E R I S T O M E .  I n  c u l t i v a t e d  s a m p le s  t h e r e  
a re  no  o b s e r v a b le  m o d i f i c a t io n s  in  e i t h e r  
the  o u t e r  o r  i n n e r  p e r i s to m e .  T h e  c il ia  of  
th e  i n n e r  p e r i s to m e  a r e  p a p i l l o s e  a n d  
n o d o se  p re c i s e ly  as  in  n a t u r a l  p o p u l a t i o n s .  

STO M A TA . As th e r e  a r e  o n ly  a  few  s t o 
m a t a  o n  e a c h  c a p s u le  no  e x te n s iv e  b i o 
m e t r ic  i n v e s t ig a t io n  h a s  b e e n  u n d e r t a k e n .  
T h e r e  w e re  no  d i f f e r e n c e s  in t h e  s h a p e  a n d  
size of s t o m a t a  in n a tu r a l  a n d  c u l t i v a t e d  
m a te r i a l .

Summary of the Modification Experiments

T h e  m o d i f i c a t io n  e x p e r i m e n t s  c a n  he  
s u m m a r i z e d  as  fo l lo w s  (T ab le  2 ) :

(1) G a m e to p h y t ic  c h a r a c t e r s  d i s p l a y  a 
h ig h e r  d e g ree  o f  m o d i f i c a t io n  t h a n  s p o r o 
p h y t ic  c h a r a c t e r s .
(2) V a r ia t io n s  in  h u m id i t y  g ive  r ise  to  
m o r e  e x te n s iv e  m o d i f i c a t io n  t h a n  do  v a r i a 
t ions  in  l ig h t  i n te n s i ty .  T e m p e r a t u r e  p r o b 
a b ly  h a s  l i t t le  i n f lu e n c e  o n  t h e  p l a n t s ,  a t  
leas t  w i t h in  th e  r a n g e  o f  t e m p e r a t u r e s  u se d  
in  th is  e x p e r im e n t .
(3) S o m e  m o r p h o lo g i c a l  c h a r a c t e r s  a r e  
m o d if i e d  b y  h u m id i ty ,  o t h e r s  b y  l ight ,  
w h e r e a s  still  o t h e r s  a r e  m o d i f i e d  b y  b o t h  
h u m id i t y  a n d  l ight.
(4) In  m o s t  case s  t h e  g a m e t o p h y t i c  c h a r 
a c te r s  o f  B. r u t a b u l u m  a n d  B. r i v u la re  
m o d i f y  in  t h e  s a m e  w a y ,  b u t  t h e r e  a r e  
so m e  e x c e p t io n s ,  s u c h  as  l e n g t h  o f  cells,  
p. 471.
(5) T h e  m o s t  i m p o r t a n t  m o d i f i c a t iv e  c h a r 
a c te r s  o f  t a x o n o m i c  v a lu e  a r e :  size o f
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Fig. 3. Statistical analysis o f biom etric characters in spontaneous sam ples of Brachythecium  
ru tabulum  and B. rivulare.  —  Squares show that the leaves are longer in B. rutabulum, 
open squares that the leaves are longer in B. rivulare, dots that the relative length of the 
nerves is greater in B. rivulare  and rings that relative length of the nerves is greater in

B. rutabulum.

plan ts, len g th  o f  in tern o d es, a n gu lar  cells, 
d e cu rren cy  o f lea v es, c o lo u r  o f p lan t, 
p lica tio n  o f  lea v es, len g th  o f  seta  and  
len g th  an d  sh a p e  o f lid .

(6) T h e  m o st im p o rta n t n o n -m o d ifica tiv e  
ch a ra cters are: sh ap e o f  lea v es, d en ticu la - 
tion  o f  lea v es , p a p illa tio n  o f  seta , size and  
sh a p e  o f  c a p su le s  and p er isto m e.

BIOMETRIC STUDIES 

Spontaneous Populations

T he length  and  sh a p e  o f the lea v es, tw o  
o f the m ost im p ortan t m o r p h o lo g ica l ch a r 
acters for sep a ra tin g  B r a c h y th e c iu m  ru ta 
b u lu m  from  B. r iv u la re  have  b een  stu d ied  
b io m etr ica lly  as w e ll as o th er  ch aracters  
of p o ssib le  d ia g n o stic  va lue .

Bot. N otiser, vol. 128, 1975
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Fig. 4. Variat ions in length of leaves and  
relative length of nerves in spontaneous  
samples of B. ru tabu lum  (triangles) a n d  B. 
rivulare  (dots).

S IZ E  O F  S P O R E S

T h e r e  is n o  s ta t i s t i c a l ly  s ig n i f ic a n t  d i f 
f e re n c e  b e tw e e n  th e  size o f  t h e  sp o re s  in 
B. r u t a b u l u m  a n d  B. r iv u la re .  T h e  m e a n  
v a lu e  i n  th e  p o p u l a t i o n s  s tu d i e d  is 17— -21 
± 1 — 2 p in  b o t h  spec ies .

L E N G T H  O F  L E A V E S ,  N E R V E S  
A N D  C E L L S

In  b o t h  spec ies  14 p o p u l a t i o n s  h a v e  b e e n  
se lec ted  a t  r a n d o m  (Figs.  3, 4 ) .  T h e  l e n g th  
of th e  leaves ,  n e rv e s  a n d  ce l ls  h a s  b e e n  
m e a s u r e d .  B. r u t a b u l u m  a n d  B. r iv u la re  
do  n o t  d i f f e r  w i th  r e g a r d  to  l e n g th  o f  cells.

T h e  s h o r t l y  p o i n t e d  l ea v es  in  B. r i v u la r e  
c a n  b e  e x p re s s e d  b io m e t r i c a l l y  a s  th e  r a t i o  
o f  th e  l e n g th  o f  t h e  n e r v e s  to  t h e  l e n g th  o f  
th e  leaves .  T h e  le n g th  o f  th e  leav es  a n d  
th e  r e la t iv e  l e n g th  o f  t h e  n e r v e s  a r e  v e ry  
u se fu l  d i s t in g u i s h in g  c h a r a c t e r s .  T h e r e  is, 
h o w e v e r ,  g r e a t  v a r i a t i o n  b e tw e e n  p o p u l a 
t io n s  w i t h in  b o t h  spec ies .  I n  m o s t  p o p u l a 
t io n s  o f  B. r iv u la re  th e  leav es  a r e  s h o r t e r  
a n d  th e  n e r v e s  r e la t iv e ly  l o n g e r  t h a n  in 
t h e  p o p u l a t i o n s  o f  B. r u t a b u l u m .  T h e  
v a r ia t i o n s  in  th e se  c h a r a c t e r s  a r e  s h o w n  
in  F ig .  4. T h e  d i f f e re n c e s  h a v e  b e e n  e s t i 
m a t e d  b y  m e a n s  o f  a  t - te s t  s ig n i f ic a n t  a t  
t h e  5 %  level.

Table 3. I)iff erences significant a t  the 5 °/o 
level be tw een  spon taneous  populat ions  of 
B. ru tabu lum  and  B. rivulare  with reference 
to length  of leaves a n d  relative length of 
nerves. F o r  exp lana t ion  see text and  Fig. 3.

C harac ters Num ber of 
combinations %>

Leaves longer in B. ru ta
b u lum  (-{-character) 147 75.0

Leaves longer in B. rivulare
(—  character) 20 10.2

No differences 29 14.8
Rel. length of nerves

grea ter  in B. rivulare
( + character) 133 67.9

Rel. length of nerves
g rea ter  in B. ru tabulum
(—  character) 14 7.1

No differences 49 25.0

2 + charac te rs 94 48.0
1 +  ch arac te r 63 32.1
2 — charac te rs I 0.5
1 —  ch arac te r 3 1.5
1 +  and  1 —  ch arac te r 29 14.8
No differences 6 3.1

I n  F ig .  3 th e  s q u a r e s  s h o w  t h a t  th e  
l ea v es  a r e  s ig n i f ic a n t ly  lo n g e r  in  B. r u t a 
b u l u m  (a  +  c h a r a c t e r )  a n d  th e  d o t s  t h a t  t h e  
r e la t i v e  l e n g th  o f  th e  n e rv e s  is s ig n i f ic a n t ly  
g r e a t e r  in  B. r i v u la r e  (a +  c h a r a c t e r ) . T h e  
o p e n  s q u a r e s  s h o w  t h a t  the  lea v es  a re  
s i g n i f i c a n t ly  lo n g e r  in  B. r i v u la r e  (a —  
c h a r a c t e r )  a n d  th e  r in g s  t h a t  t h e  r e la t i v e  
l e n g t h  o f  t h e  n e r v e s  is s ig n i f ic a n t ly  g r e a t e r  
in  B. r u t a b u l u m  (a —  c h a r a c t e r ) .

In  T a b le  3 t h e  r e su l t s  f o r  th e  p o p u l a t i o n  
s tu d i e d  a r e  s u m m a r i z e d .  In  75.0 °/o o f  th e  
c o m b i n a t i o n s  Ihe  leaves  o f  B. r u t a b u l u m  
a r e  lo n g e r  t h a n  th o se  o f  B. r i v u la r e  (a +  
c h a r a c t e r ) .  In  o n ly  10.2 °/o o f  t h e  c o m b i n a 
t io n s  a r e  t h e  leaves  of B. r iv u la r e  l o n g e r  
(a —  c h a r a c t e r ) . I n  67.9 °/o o f  t h e  c o m b i n a 
t io n s  th e  re la t iv e  l e n g th  of th e  n e r v e s  is 
g r e a t e r  in  B. r i v u la r e  (a +  c h a r a c t e r )  a n d  
in  o n ly  7.1 °/o o f  th e  c o m b i n a t i o n s  is the  
r e la t iv e  l e n g th  o f  th e  n e r v e s  g r e a t e r  in 
B. r u t a b u l u m  (a —  c h a r a c t e r ) .
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Fig. 5. Length of leaves in spontaneous samp
les of Brachythecium rutabulum and B. ri- 
vulare.

The lower half of Table 3 shows that in 
48.0 %  of the combinations there are two 
+  characters and that in 0.5 °/o only are 
there two —  characters. One +  character oc
curs in 32.1 °/o of the combinations and 
one —  character in 1.5 °/o.

Thus in 80.1 °/o of the combinations 
there are either one or two +  characters 
(in such cases the biometric information 
will be helpful in identifying the species). 
In 14 .8%  of the combinations there is 
one +  character and one — character (the 
one character indicates B. rutabulum  and 
the other B. riuulare). In 3 .1 %  of the 
combinations no differences are found and 
in only 2 %  are one or two —  characters 
found (here the biometric information will 
lead to an erroneous identification of the 
species).

II should be noted that these populations 
have been selected at random  from the 
populations studied cytologically and that 
B. rutabulum  is represented by the n = 1 2  
cytotype and B. rivulare by the n =  6 cyto- 
type.

'Fhe 14 populations of each species can 
not cover the whole morphological varia
tion of the species. This is the case in the 
length of the leaves at least.

Variation in length of leaves is shown in 
Fig. 5 and the relative length of the nerves 
in Fig. 6. These figures are very useful for 
separating the two species. This biometri
cal test should always be correlated with 
qualitative characters.
31

^  100

Fig. 6. Relative length of nerves in spontan
eous samples of Brachythecium rutabulum and 
B. riuulare.

Cultivated Material

The same characters that were measured 
in natural samples have been studied in 
the cultivated samples. Only a limited 
amount of cultivated material has been 
available for this investigation so that the 
statistical analyses are based on a smaller 
num ber of samples than in the natural 
populations.

SIZE OF SPORES

W hen natural and cultivated material of 
Brachythecium rutabulum  is compared no 
differences in size of spores is observed. 
B. rutabulum  is an autoecious species often 
producing sporophytes when cultivated, in 
contrast with B. riuulare which is dioecious 
and of which no sporophytes have been 
available for study.

LENGTH OF LEAF CELLS

The length of the cells in cultivated 
material in relation to spontaneous popu
lations is given in Table 4.

In B. rutabulum  the cells in cultivated 
material are always longer than in sponta
neous material.  W hen cultivated in drier 
habitats the cells are longer, except in en
vironments I c and I d.

In cultivated material of B. rivulare the 
cells are longer in the environments T a— d 
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Table 4. C om parison  betw een leng th  o f cells in sp o n tan eo u s an d  cu ltivated  m ate ria l of 
B rachythec ium  ru tabulum  and  B. rivulare.  L ength  of cells in cu ltiv a ted  sam ples is ca lcu 
lated  as percen tage of length  of cells in the co rre sp o n d in g  n a tu ra l  p o p u lations. T he 

en v iro n m en ta l cond itions are  g iven in T ab le  1.

Lux H um idity E n v ironm en t
PI

B. ru ta b u lu m B. rivulare

2,000 < 1 0 0  % I c 105.7 104.4
2,000 100 % I d 107.4 104.2
5,000 < 1 0 0  % 1 a 113.5 100.4
5,000 100 °/o l b 108.7 107.5
7,200 < 1 0 0  % III b 114.0 93.4
7,200 100 °/o III d 108.1 95.3
9,200 < 1 0 0  % I l i a 1 1 1 . 1 92.6
9,200 100 % III c 102.7 96.5

than  in the corresponding spontaneous 
populations. In environments III a— d the 
reverse is true. This difference is probably 
due to intensity of light. In environments 
III a— d light intensity is 7,200 lux or 
9,200 lux and in I a— d 2,000 lux or 5,000 
lux.

In drier environments there is a tenden
cy for the cells to be somewhat smaller 
than  where humidity is saturated. The op
posite holds for B. rutabulum.  This dif
ference can probably be explained by the 
fact that B. rivulare is a hydrophilous 
species and B. rutabulum  mesophilous.

LENGTH OF NERVES AND LEAVES

In Table 5 the mean values of absolute 
and relative lengths of the nerves in culti

vated samples and the corresponding n a tu 
ral material is given.

In cultivated samples of Brachythecium  
rutabulum  and B. rivulare both the abso
lute and  relative length of the nerves is 
less than  in the corresponding spontaneous 
material.

The relative length of the nerves has 
decreased more in B. rivulare  than  in B. 
rutabulum,  but is greater in B. rivulare 
just as in the na tu ra l  populations. The 
mean value of all relative lengths in culti
vated samples is 47.7 °/o in B. rivulare  and 
44.9 °/o in B. rutabulum.  In the correspond
ing spontaneous materia l the relative 
length of the nerves is 58.7 °/o in B. rivu
lare and 53.1 %  in B. rutabulum  (see also 
Table 7).

Table 5. I ̂ ength of nerves in cu ltivated  m ateria l (Mod.) of B ra c h y th ec iu m  ru ta b u lu m  and  
B. rivulare  and length  of nerves in co rresp o n d in g  sp o n ta n eo u s  m a te ria l (Spon.).

E n v iro n 
m ent H um idity

B. ru tabulum B. rivulare

Absolute 
leng th  m m

in %  of 
leaf length

A bsolute 
len g th  m m

in %  of 
leaf leng th

Mod. Spon. Mod. 1 Spon. Mod. Spon. Mod. 1 Spon.

I a < 1 0 0 % 0.78 1.19 42.0 53.0 0.68 1.17 43.7 59.4
I h 1 00% 0.67 1.22 42.4 53.7 0.69 1.10 48.8 59.2
1 c < 1 0 0  % 0.88 1.09 46.8 51.6 0.74 1.20 48.8 60.8
I d 100 % 0.71 1.09 47.6 51.9 0.67 1.10 51.5 59.2
III a < 1 0 0  % 1.05 1.26 46.3 52.7 0.76 1.15 46.8 57.3
III c 100 % 0.81 1.38 44.3 55.7 0.70 1.21 48.4 58.0
III b < 1 0 0  % 0.92 1.25 43.3 53.2 0.88 1.11 48.2 58.3
III d 10 0 % 0.85 1.25 46.2 52.8 0.74 1.15 45.3 57.3
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Table 6. I ̂ ength of leaves in cultivated m aterial of Brachythecium rutabulum  and B. rivulare 
calculated as percentage of length in corresponding spontaneous populations. — In the 
upper half of the table the lengths are arranged according to variation in humidity. In the 

lower half the lengths are arranged according to variation in light intensity.

Lux Humidity E nvironm ent B. rutabulum B. rivulare

2,000 <100 %> I c 89.2 78.4
2,000 100 °/o I d 70.7 71.2
5,000 <100 % I a 80.5 79.5
5,000 100% I b 70.2 75.7
7,200 <100 % III 1) 87.1 85.3
7,200 100 % IIr d 80.7 75.9
9,200 <100 % III a 95.2 81.1
9,200 100 % III c 79.5 75.6
2,000 <100 % I c 89.2 78.4
5,000 < 1 0 0 % I a 80.5 79.5
2,000 100 % I d 70.7 71.2
5,000 100 % 1 b 70.2 75.7
7,200 <  100 % III b 87.1 85.3
9,200 <100 % III a 95.2 81.1
7,200 100 % III d 80.7 75.9
9,200 100 % III c 79.5 75.6

T he ab so lu te  leng th  of the  nerves is 
g re a te r  in  d r ie r  en v iro n m en ts  th a n  w here  
h u m id ity  is sa tu ra te d . T his h o ld s fo r b o th  
species b u t th e  d iffe rence  is m ore  p ro 
nounced  in B. ru tabu lum .

In  b o th  species th e  nerves a re  longer 
in en v iro n m en ts  III a— d th a n  in I a— d.

In B. ru ta b u lu m  the  m ean  values a re  0.91 
m m  an d  0.76 m m  respectively , an d  in  B. 
rivulare  the  co rresp o n d in g  values a re  0.77 
m m  an d  0.70 mm .

T he leng th  of the nerves is th u s  m o d i
fied bo th  by degree of h u m id ity  an d  light 
in tensity .

Table 7. Differences significant a t the 5 %  level in biometric characters in cultivated 
samples of B. rutabulum  and B. rivulare. — The climatic conditions are given in Table 1.

For explanation see text.

Leaves longer in Nerves relatively

Samples Number of B. rutabulum longer in B. rivulare
combinations Number of 

combinations % Number of 
combinations %

1 c 25 22
Spon. 25 14
11 45 35
Spon. 45 22
Ill a 25 25
Spon. 25 21
Ill b 20 18
Spon. 20 15
Ill c 25 23
Spon. 25 13
I ll  d 20 17
Spon. 20 13

88.0 11 44.0
56.0 21 84.0
77.8 7 15.6
48.9 24 53.3

100.0 8 32.0
84.0 11 44.0
90.0 11 55.0
75.0 8 40.0
92.0 16 69.6
52.0 20 80.0
85.0 6 30.0
65.0 11 55.0
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In most cases the leaves are shorter  in 
cultivated material than in spontaneous 
populations. In Table 6 the length of the 
leaves in cultivated material is calculated 
as percentage of the length in spontaneous 
populations.

In both B. rutabulum  and B. rivulare 
the leaves are shorter in saturated humidity  
than  in drier environments (Table 6, upper 
half).

If the length of the leaves is related to 
intensity of light, (Table 6, lower half) 
there are almost no differences between 
samples cultivated in environments I d and 
I b, and in III d and III c. This dem onstra
tes that humidity modifies the length of 
the leaves to a greater extent than  intensity 
of light does.

In drier habitats intensity of light has 
little or no influence on length of leaves in 
B. rivulare  (compare I c with I a, and III b 
with III a). In B. rutabulum  intensity of 
light modifies the length of the leaves to a 
greater extent.

The length of the leaves is thus modified 
by both humidity and intensity of light.

The statistical analysis of biometric 
characters in cultivated samples has been 
carried out in the same way as in the 
spontaneous material, p. 470.

In the corresponding study of sponta
neous populations 14 populations of each 
species were used, the num ber of com bina
tions thus being 196. Unfortunately much 
fewer cultivated samples were available 
but the tendency is quite clear.

The procedure followed for statistical 
analysis was such that the biometric results 
for cultivated material have been com 
pared with the results for the correspond
ing spontaneous samples. The results are 
summarized in Table 7. F or  conditions of 
saturated humidity environments II, III c 
and III d have been used, and for drier 
habitats I c, III a and III b. These environ
ments were chosen as the num ber of sam 
ples available was greater in them than in 
the other environments.

As regards length of leaves there is 
always a greater num ber of combinations 
B ot. N o tise r, vo l. 128, 1975

in cultivated material than  in spontaneous 
material which show statistically signifi
cant differences. The opposite is true of 
the relative length of the nerves except in 
environment III b.

These investigations show that biometric 
methods are diagnostically useful in sepa
rating Br achy the cium rutabulum  from B. 
rivulare.

Summary of the Biometric Investigations

SPONTANEOUS SAMPLES

(1) Brachythecium rutabulum  and B. rivu
lare do not differ in size of spores and 
length of cells in the leaves.
(2) The leaves are significantly longer in 
B. rutabulum.
(3) The relative length of the nerves is 
significantly greater in B. rivulare.
(4) These last two characters are useful in 
separating the species.

CULTIVATED MATERIAL

(1) The cells in cultivated material of 
B. rutabulum  are longer than in sponta
neous populations. W hen B. rivulare is 
cultivated in lower intensities of light the 
cells are longer than  in spontaneous popu 
lations, in lighter environments the cells 
are shorter.
(2) In B. rutabulum  the cells are shorter 
under conditions of saturated humidity 
than  in drier environments bu t longer in 
B. rivulare.
(3) Both the absolute and relative length 
of nerves is less in cultivated samples of 
both species.
(4) In lower intensities of light the nerves 
are shorter in both species.
(5) In drier environments the nerves are 
longer in both species.
(6) In both  species the leaves are shorter 
in cultivated samples.
(7) In both  species the leaves are shorter  
under conditions of saturated humidity  
than in drier habitats.
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(8) U n d e r  c o n d i t i o n s  o f  s a t u r a t e d  h u m i 
d i ty  t h e  l e n g th  o f  th e  l ea v es  o f  b o t h  sp ec ies  
is l i t t le  in f lu e n c e d  b y  l ig h t  i n te n s i t y  o r  n o t  
a t  all .

(9) H u m i d i t y  m o d i f i e s  th e  q u a n t i t a t i v e  
c h a r a c t e r s  m o r e  t h a n  l ig h t  i n t e n s i t y  does.
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Chromosome num bers in 264 gatherings of B. rutabulum  and 42 gatherings of 
B. rivulare have been established. The cytological inform ation obtained has formed 
the basis for the taxonom ic treatm ent of the complex. In B. rutabulum  the only 
chrom osome num ber observed was n =  12 and in B. rivulare n =  6.

Some taxa in the complex have been typified and some new synonyms are given. 
The distribution and habitats of the species in Scandinavia are commented on.
Kai Wigh, Department of Physics and Measurement Technology, University of 
Linköping, S-581 8,3 Linköping, Sweden.

T h e section  R u ta b u la  o f the genus B ra
ch y th e c iu m  has been  d e lim ited  in d iffe ren t 
w ays by d iffe ren t au th o rs . T h e  tw o  species 
B ra c h y th e c iu m  ru ta b u lu m  (H ed w .) B.S.G. 
and  B. rivulare  B.S.G. can  be said  to co n 
s titu te  the cen tre  of th is  section . O ther 
species p resum ed  to  be re la ted  to these tw o 
species have been g ro u p ed  in the  section  
Rutabu la  (W ig h  1974). T he taxonom ic  
tre a tm en t of these  la tte r  species in the 
section  has, how ever, been d iscussed  and  
th e  de lim ita tio n  o f the sec tion  varies 
b e tw een  d iffe ren t b ryo log ists . O nly a few  
con tro v ersia l species w ill he m en tioned  
here , e.g. B ra ch y th e c iu m  la t i fo lium  KlNDB., 
B. ryanii  K a u r. and  B. m i ld ea n u m  
(SCHIMP.) SCHIMP.

In  S cand inav ia  th e  B ra c h y th e c iu m  ru ta 
b u lu m  —  B. rivulare  com plex  is re la tive ly  
w ell de lim ited  co m p ris in g  o n ly  these tw o 
species. T hey a re  ch a rac te riz ed  by the  
ch rom osom e n u m b e r n = 1 2  an d  n =  6 re 
spectively  in c o n tra s t w ith  th e  species 
m en tioned  above, B. la t i fo lium  and  B. 
ryanii  hav ing  th e  ch ro m o so m e n u m b er 
n = l l  and  B. m i ld e a n u m  n = 1 3 .

MATERIAL

This study is based on live m aterial and 
herbarium  material. The gatherings that have 
been studied cytologically were collected be
tween 1970 and 1973. The localities are given 
in the appendix. The names of some collabo
rators who have contributed with some of the 
gatherings are shown in parentheses after the 
gatherings concerned. 264 gatherings of B. 
rutabulum  and 42 of B. rivulare have been 
studied cytologically and voucher specimens 
have been deposited at the Botanical Museum 
of Göteborg (GB), Sweden. Reference num bers 
are given in the appendix.

About 2,000 herbarium  specimens of each 
species have been studied from  the following 
herbaria: A AU, B, EG, G, G, GB, H, LD, O, 
OULU, S, TRH, THOM, TUB and UPS. The 
abbreviations used are as in  L a n j o u w  and 
S t a f l e u  (1964).

METHODS

The cultivation techniques used for the 
populations that have been studied cytologi
cally are as in W i g h  & S t r a n d h e d e  (1971).

Two different cytological methods have been 
used: The Feulgen method used by W i g h  & 
S t r a n d h e d e  (1971) and the aceto-orcein 
m ethods used by W i g h  (1972 a). Both m ethods
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give equally  good sta in ing  resu lts . T he f irs t 
m e th o d  is to be recom m ended  fo r p e rm a n en t 
p re p a ra tio n s  b u t is m ore d ifficu lt to s ta n d a rd 
ize. The im p o rtan ce  of p re trea tm en ts  is s tre s 
sed. O nly w ith  su itab le  p re tre a tm e n t is it 
possib le  to co u n t m ito tic  ch ro m osom es in  a 
g rea t n u m b er of popu lations. Cold tre a tm e n t

h a s  been u s e d  in th is  s t u d y  (WiGH & S t r a n d - 
HEDE 1971, W igii 1972 a) .

T he ch rom osom es have been p h o to g rap h ed  
as in W igh  (1973 a).

The d raw ings of m o rpho log ical d e ta ils  have 
been m ade w ith  the  a id  of a cam era  lucida.

DELIMITATION OF THE BRACHYTHECIUM RUTABULUM — B. RIVULARE 
COMPLEX

B rach yth ec iu m  rutabulum  and B. rivu-  The key com prises all species recognized
lure can be distinguished from  the other by N y h o l m  (1954— 1969) except for B.
Scandinavian species of the genus w ith  geheebii  w hich has been transferred to the
the aid of the follow ing sim plified  key. genus Hom alo thecium  ( W i g h  1973 b).

1. Seta ±  sm ooth . (B. collinum, B. cur tum ,  B. populeum, B. p lum osum ,  B. e ry throrrhizon,  
B. albicans,  B. groenlandicum, B. m i ld ea n u m ,  B. campestre, B. salebrosum, B. glareosum,  
B. tu rg id u m ) .

1. Seta ro u g h  th ro u g h o u t the  w hole  len g th  ............     2
2. Cilia of the in n er peris tom e a p p en d icu la te , leaves often  plane, as a ru le n o t p licate. 

\B. glaciate, B. velutinum, B. trac l iypod ium ,  B. re f lexum, B. starkei,  B. la t i fo l iu m ) .
2. Cilia of the  in n er peris tom e n o dose , leaves concave, p licate ................................................  3
3. A utoecious species ....................................................................................................................B. ru tabulum
3. D ioecious species .......................................................................................................................................  4
4. A ngular cells in fla ted  ....................................................................................................  B. rivulare
4. A ngular cells not infla ted . [B. ryanii) .

B r a c h y t h e c i u m  r u t a b u l u m  (H e d w .) B.S.G.

B r u c h , S c h i m p e r  & G ü m b e l , B ryol. E u r. 
6: 15 543 (1853) (fasc. 52— 54 Mon. 1 1 :9 ). —  
H y p n u m  ru ta b u lu m  H e d w i g , Spec. M usc. 276 
(1801). L ec to type : sheet 3106/87 in th e  H e d 
w i g — S e n w a e g R i c h e n  h e rb ariu m  (G). Coll. 
no. 12.

B rach y th ec iu m  ru tabulum  var. aureo-virens  
B r i d .) B r o c k m ü l l e r , Arch. Ver. F re u n d . 
N aturg . M ecklenburg  23 :122  (1870). —  H y p 
n u m  ru ta b u lu m  var. aureo-virens  B r i d e l , 
Spec. Muse. 2 :1 8 4  (1812). L ec to type: sheet 
3001/94 in the  B r i d e l  h e rb ariu m  ( B ) .  T he 
specim en  in  the  low er rig h t co rn er. Coll. no. 
21. Collected hv D e j e a n .

B ra ch y th ec iu m  ru tabu lum  var. brev ise tum  
( F i e d l .) B r o c k m ü l l e r , Arch. Ver. F reu n d . 
N aturg . M ecklenburg  23 :122  (1870). —  H y p 
n u m  ru ta b u lu m  var. brev isetum  F i e d l e r , 
Syn. L aubm . M ecklenburg  111 (1844).

B ra ch y th ec iu m  ru tabu lum  var. crassum  
L a n g e , Bot. T id ssk r. 2 :248  (1868) nom . nud .

B ra ch y th ec iu m  rivulare  var. cu sp id a tu m  
J e n s e n , D anm . Moss. 2: 141 (1923). L ec to ty p e : 
(C). Collected by  C. J e n s e n  in D en m ark , Z ea
land, A llindelille F red sk o v  in 1882.

B rachythec ium  ru tabu lum  var. d u m e to ru m  
J e n s e n , in B a u e r  M usci E ur. Exs. se r 14 nr. 
693 (1910). L ec to type: (G). C ollected by C. 
J e n s e n  in D enm ark , Z ealand , H valsö  in 1904.

Brachythec ium  ru tabu lum  var. eurhynchio i-  
des L i m p r i c h t , Laubm . D eutschl. 3: 109 
(1896). —  B. eurhynchio ides  ( L i m p r .) L o e s k e , 
Moosfl. H arz. 273. (1903) nom . inval. prov.

B rachythec ium  ru tabu lum  var. exp lana tum  
( B r i d .) B r o c k m ü l l e r , Arch. Ver. F reund . 
N aturg. M ecklenburg 23 :122  (1870). —  H y p 
n u m  ru tabulum  var. exp lana tum  B r i d e l , Spec. 
Musc. 2: 184 (1812). — /1. starkei  ( B r i d .) B.S.G. 
var. exp lanatum  ( B r i d .) M ö n k e m e y e r , Laubm . 
E ur. 819 (1927). L ecto type: Sheet 3001/97 in 
the B r i d e l  h e rb ariu m  (B). T he specim en  in 
the u pper left corner. Collected by B l a n d o w  
in 1803 in N eubrandenburg . Coll. no. 25.

H y p n u m  ru tabu lum  var. f lacc idum  B r i d e l , 
Spec. Musc. 2 :184  (1812). L ec to type: sheet 
3001/4 in the B r i d e l  h e rb ariu m  (B). The 
specim en on the low er h a lf of the  sheet. 
Collected in 1797.

Brachythec ium  ru tabulum  var. f lavescens  
( B r i d .) B r u c h , S c h i m p e r  & G ü m b e l , Bryol. 
E ur. 6 :1 6  544 (1853) (fasc. 52— 54 Mon. 12: 
10). —  H y p n u m  ru tabu lum  var. f lavescens  
B r i d e l , Bryol. Univ. 2: 488 (1827). — H y p n u m  
flavescens  B r i d e l , Spec. Muse. 2 :1 8 5  (1812) 
nom . illeg. —  B rachy thec ium  rivulare  ssp. 
f lavescens  ( B r i d .) K i n d b . C anad. Bee. Sc. 
6(2): 73 (1894). L ecto type: sheet 3001/2 in the 
B r i d e l  h e rb ariu m  (B). T he specim en in the 
up p er left corner. Coll. no. 5.
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Hypnum rutabulum var. laxifolium B r i d e l ,  
Bryol. Univ. 2:488 (1827). -— Brachythecium 
plumosum ( H e d w . )  B .S .G .  c f .  L x m p r i c h t ,  
Laubm. Deutschi. 3:87 (1896). Lectotype:
sheet 3001/6 in the B r i d e l  herbarium (B). 
Collected in 1825 by P y l a i e .

Brachythecium rutabulum var. laxum R o t h ,  
Eur. Laubm. 2: 244 (1904).

Brachythecium rutabulum var. longisetum 
( B r i d . )  B r u c h .  S c h i m p e r  & G ü m b e l ,  Bryol. 
Eur. 6:16 544 (1853) (fase. 52—54 Mon. *12: 
10). — Hypnum rutabulum var. longisetum 
B r i d e l ,  Muse. Rec. 2(2): 161 (1801). Lecto
type: sheet 3001/15 in the B r i d e l  herbarium 
(B). The specimen in the upper right corner. 
Collected in 1798.

Brachythecium rutabulum var. lutescens 
W a r n s t o r f ,  Verh. Bot. Ver. Brandenburg 
41: 73 (1899).

Brachythecium rutabulum v a r .  plumulosum  
B r u c h ,  S c h i m p e r  & G ü m b e l ,  B r y o l .  E u r .  6:  16 
544 (1853) ( f a s e .  52—54 M o n .  12: 10).

Brachythecium rutabulum var. robustum 
B r u c h ,  S c h i m p e r  & G ü m b e l ,  Bryol. Eur. 6: 16 
544 (1853) (fase. 52—54 Mon. 11:10). — B. 
robustum (B.S.G.) L o e s k e ,  Moosfl. Harz 273 
(1903).

llypnum uliginosum D e j e a n  in B r i d e l ,  
Bryol. Univ. 2:487 (1827). nom. nud. Orig, 
coll.: sheet 3001/15 in the B r i d e l  herbarium 
(B). The specimen in the lower left corner. 
Coll. no. 45. Collected by D e j e a n .

R obust p lan ts w ith creeping stems and  
±  erect b ranches (Fig. 2 E), often growing 
in extensive green or yellow ish m ats. 
Autoecious. Leaves 1.8— 3.0 mm, erect— 
spreading, m ore or less decurren t in a ± 
narrow  band, slightly or strongly plicated, 
g radually  narrow ing  to an  acum inate point 
(Fig. 1 B). Margin denticulate, as a rule 
slightly recurved a t base of leaf. Nerve 
reaching to about m iddle of leaf. Cells in 
m iddle of leaf 70 to m ore than  100 p, 
tow ards the base near the nerve porose. 
Angular cells rectangular, ±  well delim ited 
and occasionally inflated. Seta  as a rule 
1.5— 3 cm, rough th roughou t (Fig. 1 G). 
Capsule ±  horizontal (Fig. 1 F). Exothecial 
cells in m iddle and  upper p a rt of capsule 
in rows, ±  rectangular w ith longitudinal 
walls th icker th an  transverse w alls (Fig. 
1 D) at the base of capsule exothecial cells 
m ore irregular, not in rows and  m ore in 
crassate (Fig. I E ) .  Stomata  large, 31— 
39X 28— 35 p. Inner peristome w ith  nodose

and  strongly papillose cilia (Fig. 1 A). Lid 
short and  conical (Fig. 1 F). Spores  p ap il
lose, about 17— 21 p.

VARIATION. The plants show  consider
able varia tion  in size and colour. Some
tim es the stems are ±  ascending in a way 
characteristic of Brachythecium rivulare. 
W hen growing in wet hab itats the angular 
cells are m ore clearly defined and  longly 
and b road ly  decurrent. These form s are 
very sim ilar to B. rivulare. The leaves are 
always acum inate bu t the degree of p lica
tion and the denticulation is variable. In 
sm all form s of the species the leaves are 
often w ithout any plication, but there are 
also form s w ith strongly plicated leaves 
resem bling B. salebrosum  ( W e b .  & M o h r )  

B.S.G. (Table 3). The leaves are often 
denticulate along the whole m argin, but 
the denticulation is sometim es restricted  
to the upper p art of the leaves, and there 
are also form s w ith no den ticulation  at 
all, resem bling B. m ildeanum  ( S c h i . m p . )  

S c h i m p .  (Table 3). The length of the seta 
varies. Shape and length of lid also vary. 
These last two characters are considered 
to be of g reat im portance for separating  
the genera in I lie fam ily B rachytheciaceae.

EXCLUDED NAMES

Specim ens of a num ber of varieties of 
Brachythecium  rutabulum  have been s tud
ied. The following varieties canno t be 
m ain ta ined  as taxa and are regarded  by 
the au th o r as synonym s of B. rutabulum:  
var. aureo-virens,  var. brevisetum,  var. 
crassum, var. dumetorum,  var. eurhyn-  
chioides, var. explanatum,  var. flaccidum,  
var. flavescens, var. laxifolium, var. laxum,  
var. longisetum,  var. lutescens, var. plu 
m osum  and  var. robustum  (cf. list of syno
nym s).

B. rivulare  var. cuspidatum  is also re 
garded as a synonym  of B. rutabulum.  The 
longly pointed  leaves clearly  show  th a t it is 
a fo rm  of B. rutabulum. T his sta tem ent is 
also supported  by the fact th a t the speci
m ens are autoecious.
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Fig. 1. A, B, D —G: Brat ecium rutabulum. — C: B. rivulare. — A: Inner peristome. — 
B, C: Leaves. -— D:Exothecial cells from the middle of the capsule. — E: Exothecial cells 

from Hie base of the capsule. — F: Sporophyte. — G: Part of seta.

B. rutabulum  var. cavifalium  Lindb. 
belongs to the B. turgidum  com plex as has 
been pointed out by A r n e l l  & M å r te n s 
son  (1959).

The specim ens of B. rutabulum  var. 
rivulare L an ge  belong to B. rivulare (cf. 
list of synonym s under th is species).

Material of B. rutabulum  var. viviparum  
B ry h n  from the type locality has been

studied. According to the au thor Ibis taxon 
does not belong to the genus Brachytlie-  
c ium  but to the genus Drepanocladus  in 
the family Amblystegiaceae. The differen
ces between this taxon and B. rutabulum  
can be summarized as follows: it grows 
submerged (not common in B. ru tabu lum ) , 
it seems to be dioecious, the angular  cells 
are inflated and almost reaching the nerve 
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Table 1. Varieties of Brachythecium rutabulum  regarded as synonyms of B. rutabulum  s. 
str. The characters listed are those diverging from the taxonomic type of B. rutabulum. — 

Characters modificative +  , non-modificative—.

Taxon Characters

var. aureo-virens ±  yellowish +
abundant rhizoids +
abundantly branched +
seta long +

var. brevisetum internodes short +
seta short +

var. crassum leaves long +
leaves strongly plicate +

var. dumetorum few branches +
branches elongated +
internodes long +
leaves longly decurrent +

var. eurhynchioides lid long, oblique +
var. explanatum leaves ±  arranged in 2 rows ?
var. flaccidum ±  yellowish +

branches elongated +
abundantly branched +

var. flavescens stem elongated +
±  yellowish +
robust +

var. laxifolium internodes long +
seta long +
seta ±  smooth —

var. laxum branches elongated +
internodes long +
lid ±  long +

var. longisetum seta long +
stem elongated +

var. lutescens slightly plicate +
±  yellowish +
nerve thin +

var. plumulosum small +
var. robustum dark green—green +

robust +
internodes short +

(inflated an g u la r  cells are  u n c o m m o n  in 
the autoecious species B. r u ta b u lu m ) , in 
h ab i t  it agrees m u c h  m o re  w ith  species in 
the genus D repanocladus  t h a n  w ith  species 
of Brach y th ec ium ,  leaves no t den ticu la te  
(this is u n co m m o n  in B. ru ta b u lu m ) , 
leaves not plicate  (in m os t cases the  leaves 
in B. ru tab u lum  a re  m o re  or less plicate) . 
T he  au th o r  regards  B. ru ta b u lu m  var. v iv i
p a ru m  as being conspecific  w ith  D repano
cladus pseudostrcimineus  (C. M ü l l . )  R o t h .
Bot. Notiser, vol. 128, 1975

C harac te rs  su p p o r t in g  th is  s ta tem en t  are: 
p ro b ab ly  dioecious, leaves no t p licate  or 
denticula te ,  an g u la r  cells inf la ted , a lm ost 
reach in g  the nerve, leaves r a th e r  shor tly  
po in ted  w ith  a rec u rv ed  point,  n e rve  r a th e r  
thin .

In T ab le  1 tax a  reg a rd ed  by the  a u th o r  
as sy no ny m s of B ra c h y th e c iu m  ru ta b u lu m  
s. str. a re  listed. T he  m os t  im p o r ta n t  c h a r 
acters d iverging f ro m  th e  tax on om ic  type  
specim en of B. ru ta b u lu m  a re  sh o w n  in
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the table. The diverging characters are 
denoted modificative ( +  ), not modificative 
(— ), and (?) ( W i g h  1970).

DISTRIBUTION IN SCANDINAVIA

B. rutabulum  is common in Denmark 
and  in the southern  and central parts of 
Sweden. It is also reported from a few 
localities in the northernm ost parts of the 
country, where reports have been control
led they have proved to be incorrect, B. 
rutabulum  having been confused with B. 
rivulare or species in the B. salebrosum  
complex. In a b road  sense this complex 
can be said to comprise the following 
taxa: B. salebrosum  ( W e b . & M o h r ) B.S.G., 
B. turgidum  ( H a r t m .) K i n d b ., B. groen- 
landicum  (C. J e n s .) S c h l j a k  and B. mildea- 
n u m  ( S c h i m p .) S c h i m p . var. udum  ( H a g .) 
M o n k .

In Norway B. rutabulum  is a common 
coastal species to about the province of 
Sör-Tröndelag. It is ra the r  uncommon 
inland and does not occur in the high 
mountains.

In the southernm ost parts  of Finland 
it is common, rapidly decreasing in fre
quency towards the north.

As in Sweden B. rutabulum  lias been 
reported from the northern  parts  of N or
way and Finland. Along the coast of 
Norway it is found in the far  north, but 
in Finland it is uncom m on in the north 
and in the northernm ost parts  of the 
country  probably absent. Reports of B. 
rutabulum  from these districts are erro
neous, due to confusion with the above- 
mentioned species.

HABITATS

B. rutabulum  grows on different kinds 
of substrata, for example calcareous and 
siliceous stones, bare  soil, logs, etc. It is 
an apophytic species and often grows along 
roads, in ditches, in gardens, etc.

In ditches it sometimes grows together 
with B. m ildeanum  and on logs together

with B. salebrosum. Occasionally in wet 
habitats it can grow together with B. rivu
lare.

Braehytheeium rivulare B.S.G.

B r u c h , S c h i m p e r  & Gü m b e l , Bryol. Eur. 
6: 17 546 (1853) (fasc. 52—54 Mon. 13:12). 
Type material not seen.

Braehytheeium rivulare var. cataractarum 
S a u t e r , Fl. Herzogth. Salzburg 3:60 (1870).

Braehytheeium rivulare var. gracile J e n s e n , 
Danm. Moss. 2:141 (1923). Lectotype: (C). 
Collected by C. J e n s e n  in Denmark, Juteland, 
Norring Uhre in 1894.

Braehytheeium rivulare var. nitidum S a u t e r , 
FI. Herzogth. Salzburg 3:60 (1870).

Braehytheeium rivulare var. umbrosum 
L i m p r i c h t , Laubm. Deutschl. 3:130 (1896).

Braehytheeium rutabulum var. rivulare 
(B.S.G.) L a n g e , Bot. Tidsskr. 3:30 (1869).

Robust plants with creeping stem and 
ascending secondary stems which are more 
or less branched (Figs. 2 B, F). Dioecious. 
Leaves 1.6— 2.3 mm, erect— spreading, 
longly and broadly decurrent,  usually pli
cate, with an acute point (Fig. 1 G). Margin 
±  recurved at the base of the leaf, ±  
denticulate. Nerve reaching beyond the 
middle of the leaf. Cells in the middle of 
the leaf 70 to more than  100 p, towards the 
base near the nerve porose. Angular cells 
rectangular, large, well-delimited, ±  inflat
ed. Sporophyte  similar to that of B. ruta
bulum.

VARIATION. The most obvious varia
tion is in habit. There are sometimes no 
secondary stems, but the stem is regularly 
branched (Figs. 2 A, C). W hen growing 
submerged in streams it has an elongated 
stem with secondary stems, differentiated 
or not, and without leaves at the base of 
the main stem (Fig. 2D) .  The degree of 
plication and denticulation varies as in B. 
rutabulum. The size of the plants ranges 
from a few cm to more than 20 cm.

Some varieties of B. rivulare have heen 
investigated. The following are regarded 
as synonyms of B. rivulare s. str.: var. 
cataractarum, var. gracile, var. nitidum  
and var. um brosum  (cf. list of synonyms).
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Fig. 2. A—D, F: Brachythecium rivulare. — E: B. rutabulum. — A, C: Regularly branched, 
secondary stems not differentiated. — B: Secondary stems differentiated. — D: Regularly 
branched, secondary stems poorly differentiated. Without leaves at the base of the primary 
stem. — E: Creeping stem with i  erect branches. — F: Creeping primary stem and erect

secondary stems.

As has already been pointed out under 
B. rutabulum, K. rivulare  var. cuspidatum  
is a synonym  of B. rutabulum.

B. rivulare var. longifolium  does not 
belong to tlie B. ru tabulum — B. rivulare 
com plex bu t to the B. salebrosum  complex, 
which has already been pointed out by 
W a r n s t o r f  (1906) w ho trea ted  it as a 
form  of B. m ildeanum  ( S c h i m p .) S c h i m p . 
This form  will be discussed in a forthcom 
ing paper.

Brachythecium  rivulare can easily be 
confused w ith B. rutabulum.

B. rivulare has also often been confused

w ith chostegium riparioides ( H e d w .) 
C a r d . This confusion is probably largely 
of ecological origin as the tw o species 
often grow together in stream s. They are 
not m orphologically alike and B. rivulare 
is readily distinguished from  It. riparioides 
on the inflated, longly and broadly decur
rent angular cells. A nother distinguishing 
character is the shape of the leaves. In  the 
la tter species they are ±  rounded and in 
Ihe form er som ew hat elongated. R. ripa
rioides is an autoecious species often p ro 
ducing sporophytes, in contrast w ith  B. 
rivulare w hich is dioecious and rarely

Bot. N otiser , v o l. 128, 1975
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Table 2. Oiff e rences be tw een B rachy thec ium  ru tabulum  and  B. riuulare.

C harac ters B. ru tabu lum B. rivulare
C harac ters  

m odificative  ( + )  
or  not (— )

Leaves ±  longly pointed ,  Fig. 1 B. ±  acute, Fig. 1 C. _
Angular  cells rectangula r ,  r a th e r  small , 

usua lly  n o t  well delimited or
rectangular ,  large, 
±  inflated, a lways

inflated well delimited +
D ecurren t  p a r t as a rule n a r ro w  a n d  n o t b road ly  a n d  longly
of leaf longly decu rren t decurren t +
Leng th  of nerve to m iddle  of leaf som ew hat  beyond 

middle of leaf +
Sex condit ion autoecious dioecious
Sporophytes com m on rare
H abita ts often  in d ry  hab ita ts ,  but  also 

in wet
a lways in wet 
habita ts

T ype  of b ranch ing as a ru le  s trongly  b ra n ch e d often poorly b ranched  +
Secondary  stems not  o f ten  d i fferen tia ted often  d ifferentia ted
Rhizoid bundles often p roduced not often p roduced +
C hrom osom e
nu m b er

n =  12, Figs. 3, 4 n =  6, Fig. 3.

N u m b er  of large
heteropycnotic
bodies

2, Fig.  5 1, Fig. 5

p r o d u c e s  s p o r o p h y te s .  T h e  se ta  is s m o o t h  
in  t h e  f o r m e r  a n d  r o u g h  in  t h e  l a t t e r .

D I S T R I B U T I O N  IN  S C A N D IN A V IA

B. r iv u la r e  is w id e ly  d i s t r i b u t e d  in  th e  
w h o l e  o f  S c a n d in a v i a  b u t  it is n o t  c o m m o n  
e x c e p t  in  a  f e w  d is t r ic t s ,  e.g. t h e  w e s t  coas t  
o f  N o r w a y .

H A B IT A T S

B. r iv u la r e  a lw a y s  g r o w s  in  w e t  h a b i t a t s ,  
o f t e n  o n  s to n e s  in  o r  b e s id e  s t r e a m s .  It 
o f t e n  g r o w s  t o g e th e r  w i t h  R h y n e h o s t e g i u m  
r ip a r io id e s  a n d  B. p l u m o s u m .

Differences Between B. rutabulum and 
B. rivulare

T h e  d i f f e r e n c e s  b e tw e e n  t h e  t w o  sp ec ie s  
a r e  g iv en  in  T a b le  2. T h e  m o s t  u se fu l  
c h a r a c t e r s  a r e  th e  s h a p e  o f  t h e  leaves ,  t h e  
a n g u l a r  cells  a n d  th e  d e c u r r e n t  p a r t  o f  
th e  leaf. T h e  f i r s t  c h a r a c t e r  is n o t  m o d i f i 
a b le  w h e r e a s  th e  d e v e l o p m e n t  o f  t h e  a n g u 

la r  cells  a n d  th e  d e c u r r e n t  p a r t  o f  t h e  
leaves  in  B. r u t a b u l u m  a r e  c h a r a c t e r s  
h ig h ly  d e p e n d e n t  o f  h u m i d i t y  ( W i g h  
1976).  T h e  ty p e  of b r a n c h i n g  c a n  s o m e 
t im e s  b e  o f  d ia g n o s t i c  v a lu e  (Fig.  2 ) ,  b u t  
in so m e  f o r m s  o f  B. r u t a b u l u m  the  h a b i t  
is t h a t  o th e r w is e  c h a r a c t e r i s t i c  o f  B. r i v u 
lare,  j u s t  as t h e r e  a r e  f o r m s  o f  B. r i v u la r e  
w h i c h  h a v e  the  t y p e  of b r a n c h i n g  c h a r 
a c te r i s t ic  o f  B. r u t a b u l u m .

In  B. r iv u la re  s p o r o p h y t e s  if  p r e s e n t  a r e  
few , w h e r e a s  B. r u t a b u l u m  o f t e n  p r o d u c e s  
a b u n d a n t  s p o r o p h y te s .  A c h a r a c t e r  a l s o  of 
so m e  d ia g n o s t i c  v a lu e  is t h e  n u m b e r  of 
rh iz o id s  p r o d u c e d  b y  th e  p l a n t .  B. r u t a 
b u l u m  o f t e n  p r o d u c e s  b u n d l e s  o f  rh iz o id s ,  
in  c o n t r a s t  to  B. r ivu lare .  T h i s  v e r y  m o d i 
f iab le  c h a r a c t e r  is d e p e n d e n t  o n  h u m id i t y ,  
l ig h t  in te n s i t y  a n d  w h e t h e r  t h e  s h o o t  h a s  
g r o w n  in  c o n ta c t  w i th  t h e  s u b s t r a t u m  
( W i g h  1976).

I f  th e  a b o v e - m e n t io n e d  c h a r a c t e r s  c a n n o t  
be  u s e d  f o r  d ia g n o s is  it  is s o m e t im e s  n e c e s 
s a r y  to  d e t e r m i n e  w h e t h e r  the  p l a n t  is 
a u to e c io u s  o r  d io ec io u s .  S o m e  a u t h o r s  h o ld  
t h a t  B. r iv u la re  c a n  b e  b o th  a u to e c io u s  a n d

Bot. N otiser, vol. 128, 1975
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Table 3. Differences between Brachythecium rutabulum  and oilier species in the genus.

Characters Characters in B. rutabulum Characters in the other species

Seta rough throughout
B. salebrosum
smooth

Plication as a rule not strongly plicated, strongly and regularly plicate
plications ±  restricted to with plications beginning from
middle of leaf the base of the leaf

Apex of leaf acuminate more longly pointed
Chromosome number n =  12 n =  13

Denticulation usually db denticulate
11. niildeanuni
not denticulate

Angular cells mostly ±  well developed not well developed
Shape of leaf rounded—ovate regularly tr iangular
Seta rough throughout ±  smooth
Plication ±  plicate often without plication
Chromosome number n =  12 n =  13

Leaf concave, exceptionally plane
H. curtum
plane

Nerve of branch leaf not ending in a spine-like often ending in a spine-like
projection projection at back of leaf

Branch leaf denticulate dentate
Size of plant robust—medium medium—small
End of branches without bundles of rhizoids often with bundles of rhizoids
Habitat usually not in pine forests often in jiine forests
Seta rough throughout often partly less papillose
Cilia of inner peristome nodose appendiculate
Capsule often more than 2 mm usually smaller
Chromosome number n =  12

CMriII

Seta rough
B. plumosum
±  smooth

Length of cells in middle 70— 100 u, often shorter than 70 u
of leaf 
Leaf erect— spreading often secund
Nerve of branch leaf not ending in a spine-like often ending in a spine-like

projection projection
Angular cells rectangular, not incrassate, incrassate, not well developed,

±  well developed rectangular or quadrate
Habitat usually not submerged in often submerged in streams

C h r o mosome n um be r
streams 
n =  12 n =  10

genus, e.g. B. sa lebrosum  ( W e b . & M o h r ) 
B.S.G., B. m i ld e a n u m  ( S c h i m p .) S c h i m p ., 
B. c u r tu m  ( L i n d b .) L i m p r . a n d  B. p lu m o 
su m  ( H e d w .) B.S.G. T h e  d if ferences b e 
tween B. ru ta b u lu m  an d  these species a re  
given in T ab le  3.

The m os t  obvious d ifference  b e tw een  B. 
ru ta b u lu m  an d  B. sa lebrosum  is the seta. 
W h e re  no sp o ro p h y te s  are  ava ilab le  the  
p lica tion  of the  leaves is a useful d iagnos tic  
charac te r .

B ot. N o tise r, vol. 128, 1975

dioecious, bu t  au toec ious p lan ts  have  no t 
been  observed by the au th o r .

The  leaves a re  longer in B. ru ta b u lu m  
a n d  the  relative length  of th e  nerves longer 
in B. rivulare  (W ig h  1976).

Differences Between B. rutabulum and 
Some Other Brachythecium Species

B ra chy thec ium  ru ta b u lu m  has  o ften  
been  confused  w ith  o th e r  species in the
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B. m ildeanum  and B. rutabulum  some
times grow together on clayey soil in 
ditches etc. These two species are similar 
in habit, but under the microscope there 
is usually no difficulty in separating the 
two species. The denticulation and the 
shape of the leaves are the two most useful 
distinguishing characters.

Apart from B. rivulare, B. curtum  can 
sometimes be the most difficult species to 
distinguish from B. rutabulum,  small forms 
of which have often been confused with 
B. curtum.  These forms often have more 
or less plane leaves so that this character 
is of less value. In such cases all the other 
characters listed must be taken into con
sideration. The best distinguishing charac
ters are the end of the nerve in the branch- 
leaves and the presence or absence of 
rhizoid bundles at the tip of the branches. 
Too much reliance must, however, not be 
placed on the latter character.

B. p lum osum  has also often been con
fused with B. rutabulum  but it is generally 
easy to distinguish between the two species. 
As a rule it is sufficient to note whether 
the leaves are secund or not, but in some 
forms of B. p lum osum  the leaves are more 
or less erect and in such cases the other 
distinguishing characters must be used.

CYTOLOGY OF BRACHYTHECIUM 
RUTABULUM

Chromosome Complement

In all the gatherings studied the ch ro 
mosome number was found to be identical, 
viz. n = 1 2  which is remarkable since sev
eral other chromosome numbers have been 
reported for this species (Fig. 6).

In a  few gatherings one of the ch ro 
mosomes has a negatively heteropycnotic 
end segment (Fig. 3 E, H). This segment 
appears to vary in size in different popula
tions and  even within a population. In a 
few cases it is quite conspicuous, whereas 
in others it is very small and in most popu
lations no end segment is observed at all. 
This indicates that the size is partly  due

to the degree of contraction caused by the 
pretreatment. The same phenomenon has 
been observed by the author in M nium  
undulatum  Hedw . (W igh 1972 b).

Several hundreds of metaphases have 
been studied, but in none have the cen
tromeres in all the chromosomes been
observed in one single metaphase plate.
This makes it difficult to construct an
idiogram for the species.

It was sometimes observed that the ch ro 
mosomes were built up of lightly and 
darkly staining blocks (Figs. 3 A— C, E, 
G, I, 4 A, B). The lightly staining segments 
are presumed to be built up of heterochro
matin and are the possible sites of kinetic 
activity, perhaps in the same way as re
ported by V a a r a m a  (1954) for Pleurozium  
sclireberi.

If different populations are compared 
as to the distribution of eu- and hetero- 
chromatic segments in the chromosomes, 
it is sometimes possible to find the same 
pattern of eu- and heterochromatic blocks 
in the presumably corresponding ch rom o
somes from different populations. In other 
cases, however, the chromatic patterns 
were observed to differ. Such comparisons 
are rendered difficult as in no cases do all 
the chromosomes of a metaphase plate 
show this differentiation. This may, of 
course, be due to the fact that some ch ro 
mosomes are wholly built up of euchro- 
matin or almost so. Such a chromosome is 
observed to be darkly staining in its whole 
length. Thus it cannot yet be proved 
whether corresponding chromosomes al
ways have identical chromatic patterns, 
but this investigation indicates the pos
sibility that chromosomes often have the 
same chromatic pattern, but in other cases 
they may have different patterns, possibly 
due to structural changes such as trans
locations or inversions.

Hcteropycnosis

In the resting nuclei of this species the 
num ber of positively heteropycnotic bodies

Bot. Notiser, vol. 128, 1975
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Fig. 3. Mitotic chrom osom es.  — A— C, E, G— I: ß.  ru tabu lum  (n —12). —  D, F: B. rivulare  
(n =  6 ) . —  A: 72-528 (cf. Fig. 5 B). —  B: 71-505. —  C: 71-509. — I): 71-171. —  E: 72-285. 
—  F: 71-371. — G: 71-665 (cf. Fig. 5 A). —  H: 71-491. —  I: 71-441. — The a r ro w s  show  

negatively he te ropycnotic  end segment.
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Fig. 4. Photom icrographs of m itotic chromosomes of Brachythecium rutabulum. — A: 
71-665 (cf. Fig. 3 G). — B: 72-528 (cf. Fig. 3 A). — C: 72-481.

varies. E ach  nu c leu s c o n ta in s  one o r tw o 
large  bodies an d  a v a ry in g  n u m b e r of sm all 
bod ies  (Fig. 5 A— C). As a ru le  th ere  a re  
tw o la rge  bod ies b u t these  som etim es fuse 
(Fig. 5 C), so th a t  th e re  a p p e a rs  lo be only 
one. All stages in  th is  fu s io n  can  be s tu d 
ied. T hese la rge  h e te ro p y cn o tic  bodies are  
o ften  designa ted  H by Ja p a n e se  cyto logists. 
H stands fo r a la rge  h e te ro p y cn o tic  bod)T 
an d  h  fo r the  sm all ones. In  th e  B rachy the -  
c ium  ru ta b u lu m — B. r ivu lare  com plex 
one large  b o d y  deno tes th a t  th e  species is 
h ap lo id  an d  tw o large  bod ies th a t it is

Fig. 5. H eteropycnotic bodies in resting nuclei.
— A—C: Brachythecium rutabulum. — 1): II. 
rivulare. — A: Two large bodies and three 
small ones. — B: The two larger bodies just 
before fusion, together w ith five small bodies.
— C: The two large bodies have fused. One 
additional small body. — I): One large body 
and three small ones.
32

diplo id . M oreover one b o d y  occu rs  in 
d ioecious species and  tw o in  au to ec io u s 
species.

T he d iffe rences be tw een  h e te ro p y cn o tic  
bodies in B. ru ta b u lu m  an d  B. rivu lare  is 
d iscussed  on p. 491.

Chromosome Numbers Previously  
Published

n — 5 H o l m e n  (1958) Denmark. 
n =  6 V i s o t s k a  (1967) and L a z a r e n k o  et al. 

(1971) the U krainian SSR (as B. eur- 
hynchioides) . —  L a z a r e n k o  et al. 
(1971) the Latvian SSR and the E ston
ian SSR, 2 populations. 

n = 10  M o u t s c h e n  (1955) Belgium. — H o l m e n  
(1958) Denmark. 

n =  l l  S i n o i r  (1952) probably France. -— 
C h o p r a  & K u m a r  (1967) India. —  
B r y a n  (1973) Austria. 

n =  12 W i l s o n  & B u r n e t t  (1961) Scotland. -— 
S m i t h  & N e w t o n  (1967) the British 
Isles, 29 populations. — V i s o t s k a  
(1967) and L a z a r e n k o  et al. (1971) 
Ukrainian SSR, 4 populations (one 
population as B. eurhynchioides). —• 
R a m s a y  (1969) the British Isles. — 
V y s o t s k a y a  & F e t i s o v a  (1969) and 
L a z a r e n k o  et ah (1971) the Latvian
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SSR. — V y s o t s k a y a  (1970) and L a - 
z a r e n k o  et al. (1971) the Georgian SSR. 
—  W i c h  & S t r a n d h e d e  (1971) Den
mark and Sweden, 9 populations (two 
of the populations as B. rivulare). — 
L a z a r e n k o  et al. (1971) the Estonian 
SSR.

n =  13 V i s o t s k a  (1967) and L a z a r e n k o  et al. 
(1971) the Ukrainian SSR, 2 popula
tions.

n =  20 R a m s a y  (1969) the British Isles, 2 po
pulations.

n =  22 L a z a r e n k o  et al. (1971) the Byelorus
sian SSR, 2 populations.

Some of the above-mentioned popula
tions have been studied by the author. The 
gathering studied by S m i t h  & N e w t o n  
(1967) and R a m s a y  (1969) with the ch ro 
mosome number n = 1 2  are all typical B. 
rutabulum.  The two gatherings with the 
chromosome num ber n =  20 reported by 
R a m s a y  (1969) diverge somewhat from 
the nomenclatural type of the species, 
particularly in the small size of the plants 
and leaves. In the most im portant ch a r
acters the two l , 'ations agree with B. 
rutabulum.  As only limited material of 
this cytotvpe has been available it cannot 
be stated with certainty whether it belongs 
to another taxon in the B. rutabulum  — B. 
rivulare complex until fu rthe r  material of 
the cytotvpe has been found. Until then 
the two gatherings must be treated as a 
form of B. rutabulum.  This cytotype has 
not been observed elsewhere and it is with 
all certainty uncommon, at least in Scan
dinavia.

The Latvian and Estonian gatherings 
with the chromosome num ber n =  6 proved 
to be a mixture of B. rutabulum  and B. 
rivulare so that it seems likely that the 
chromosome numbers refer to B. rivulare. 
The population with n =  6 published under 
the name of B. eurhynchioides  has not 
been available for study.

Two of the Ukrainian populations with 
n - - 12 have been studied and they are both 
typical B. rutabulum  as are the popu la
tions from the Latvian SSR, the Georgian 
SSR and the Estonian SSR.

One population of B. rutabulum  with 
n = 1 3  has also been studied and is in all 
characters wholly in accordance with (he 
nomenclatural type of the species.

As the other non-Scandinavian popula
tions that have been cytologicallv studied 
have not been available to the author, it is 
not possible to comment on the chrom o
some numbers. It is evident that the dom i
nating cytotype in B. rutabulum  has the 
chromosome number 11=12. Chromosome 
races probably exist in this species, p. 492, 
but it seems most likely that some of the 
chromosome counts are incorrect and that 
some populations have been erroneously 
determined or that the chromosome n u m 
bers refer to mixed gatherings.

There can sometimes be difficulties in 
spreading and staining which may explain 
erroneous counts. This may also be due to 
the bivalents sticking together or to mei- 
otic irregularities, p. 489.

Two European species of Brachythecium,  
B. salebrosum  and B. m ildeauum  have the 
chromosome num ber n =  13. As forms of 
these species can sometimes be difficult to 
distinguish from  B. rutabulum , p. 484 this 
may perhaps explain the chromosome 
count n =  13 reported for B. rutabulum.  
The chromosome count n =  22 may have 
arisen from confusion with B. curtum  as 
small forms of B. rutabulum  can  be dif
ficult to distinguish from that species, 
p. 485.

The chromosome numbers reported for 
B. rutabulum  are given in Fig. 6.

Chromosome Numbers in Scandinavian  
Populations

In Scandinavian populations of B. ruta
bulum  three chromosome num bers have 
been reported, viz. n =  5, 10 and  12. The 
first numbers have been published by 
H o l m e n  (1958) in two Danish populations 
with the reference numbers 636 and 702 
respectively, the latter referring to an 
autoecious population and the num ber  636

B ot. N o tise r, vo l. 128, 1975
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to a probably dioecious one. The popula- 
ton with n =  l() (no. 702) has larger leaves, 
longer leaf cells and larger spores, 13 p 
instead of 10 p as found in the other 
gathering (no. 636). The seta is also longer 
and the capsule smaller in no. 702. Accord
ing to H o l m e n  population 702 is m o rp h o 
logically closely related to B. curtum.

The small size of the capsule indicates 
such a relationship (Table 3) but this is 
contradicted by the chromosome number. 
All populations of B. curtum  tha t have 
been studied cytologically by the au thor  
have the chromosome num ber n =  22.

No dioecious form  of B. rutabulum  has 
been observed by the author. In the p ro b 
ably dioecious population, no. 636, the 
leaves are smaller indicating tha t  it may be 
a form  of B. rivulare. This is, however, 
contradicted by the size of I he spores 
which is only 10 p.

As these two populations have not been 
available to the au thor  it is difficult to 
discuss the morphology in any detail. In 
Scandinavia some dioecious species of 
Brachythecium  are know n but none with 
n =  5 has been found by the author. The 
lowest numbers known are n =  6 in B. rivu
lare and n =  7 in some species of the B. 
albicans complex ( W i g h  1974). This com 
plex is, however, morphologically very 
divergent from the B. ru tabulum  —  B. 
rivulare complex and can thus be excluded 
from the discussion.

The chromosome numbers in these two 
, , 'a tions are thus problematic. The 
cytological methods used (the sporophvtes 
were embedded in paraffin  and cut on a 
microtome) can perhaps cause the loss of 
one or more chromosomes so tha t the ch ro 
mosome num ber would be higher than 
reported. Of course there is a possibility 
that cytotypes of B. rutabulum  exist in 
Scandinavia with n =  5 and  n =  10. It seems, 
however, more likely that the chromosome 
num bers are due to erroneous counts, p. 
492.

W i g h  & S t r a n d h e d e  (1971) reported 
the chromosome num ber n =  12 in two 
Scandinavian populations of B. rivulare.

These reports, however, refer to  B. ruta
bulum.  The t a x o n o m i c  determinations were 
based on the  rather  well-delimited angular 
ce l l s ,  a c h a r a c t e r  that must not be o v e r 
e m p h a s i z e d .  The leaves of t w o  , , ' Ations
a r e  longly pointed in a m anner w h o l l y  
characteristic of B. rutabulum  and th e  two 
, , ' a t io n s  are autoecious w h i c h  also s u p 
p o r t s  th is  la t ter  determination. T h e  other 
7 populations studied by th e  authors are 
ty p ic a l  B. rutabulum.

Meiotic chromosomes in Scandinavian 
populations of B. rutabulum  have been 
studied b y  V a a r a m a  (unpubl.) who ob
served 12 bivalents in a F innish popula
tion.

M eiotic Irregularities

Several meiotic irregularities have been 
observed in particular in the n = 1 2  cyto- 
type of B. rutabulum.  R a m s a y  (1969) re 
ported for example non-synchronous sepa
rations of bivalents, laggards at telophase 
I and II, micronuclei and irregular spore 
tetrads. S m i t h  & N e w t o n  (1967) reported 
irregularities such as failure of pairing, 
bridges, fragments, lagging bivalents or 
semi-bivalents. L a z a r e n k o  el al. (1971) 
observed 12 and 13 bivalents in one single 
sporophyte. In mitotic divisions in the 
capsule they observed 24 and 26 ch ro 
mosome bodies, each body consisting of 
two chromosomes, the chromosom e n u m 
ber thus being 2n =  4N or 52. Unfortunately 
they did not study the chromosomes in 
the gametophyte so that it is difficult to 
explain this mixoploidy. These irregulari
ties, together with the sticky bivalents, can 
easily give rise to erroneous chromosome 
counts.

Origin

According to W i l s o n  & B u r n e t t  (1961) 
and other authors B. rutabulum  is an auto- 
ploid species. S m i t h  & N e w t o n  (1967) 
did not agree with this as they found 
neither trivalents nor quadrivalents and as 
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no cytotype with n =  6 is known it must at 
least be very uncommon. They thought 
tha t  there would be selection against an 
autopolyploid species since it would imply 
the occurrence of tri- and quadrivalents 
which would give rise to unbalanced 
spores.

As so few cytological experiments have 
been carried out in mosses it is difficult to 
discuss autopolyploidy and allopolyploidy. 
Through experimental apospory it is possi
ble to produce a polyploid series in mosses, 
for  instance from n =  6 to 12 etc. In a n u m 
ber of species it is fairly easy to obtain these 
polyploids, as the regenerative capacity is 
very high. It is thus possible to generate a 
gam etophyte with the double chromosome 
num ber  from a sporophyte, if the sporo- 
phyte is cultivated in a suitable nutritional 
medium.

In the classic work by M a r c h a l  (1912) 
a diploid form of Amblystegium, A. serpens 
bivalens, was produced through apospory. 
According to him the basic chromosome 
num ber  in this species is n = 1 2 ,  and the 
bivalens  form  thus had n =  24. The be
haviour of the chromosomes was studied 
during meiosis. In no sporophyte was a 
regular pairing of the chromosomes ob
served. In every sporophyte there was a 
m ixture of quadri-, hi- and univalents, 
resulting in unbalanced chromosome n u m 
bers in the spores. Such a diploid form 
would thus not be able to compete in 
nature  with the haploid form of the spe
cies.

Brachythecium rutabulum  may be an 
autopolyploid species, bu t if so, the form a
tion of quadri- and trivalents has been 
suppressed in some way. The species may 
have originated through autoi 1 , 1 ' ’y a 
long time ago and the formation of quadri-  
and trivalents been suppressed by natural 
selection. It seems probable that diploid 
forms of mosses arise in nature through 
apospory  but that these forms presumably 
have difficulty in establishing themselves 
if they cannot multiply vegetativelv, and 
thus cannot become widespread if there is 
no mechanism to ensure more regular 
Bot.  N ot ise r ,  vol. 128, 1975

meiosis. Autopolyploid species can also 
arise th rough  endomitosis.

It seems, however, more likely that B. 
rutabulum  is an  allopolyploid species that 
has evolved from  cytotypes with n =  6.

Euploidy and A neuploidy

The polyploid series n =  5, 10 and 20 
in B. rutabulum  has been m uch discussed. 
The cytotypes with n =  5 and n =  10 are 
discussed here on p. 488. The author can
not support this theory  of the basic n u m 
ber n =  5 in the species (Fig. 6).

As has been already mentioned some of 
the chromosom e num bers reported in B. 
rutabulum  are probably erroneous and 
others p robably  refer to other taxa, but 
this does not explain all the diverging 
chromosome numbers. Although chrom o
some races have not been observed by the 
author in the Scandinavian populations of 
B. rutabulum  studied, their existence is 
supported by the interesting investigation 
carried out by M o u t s c h e n  (1955). Through 
irradiation of the sporophytes a series of 
viable aneuploid m utan ts  was obtained. 
The irradia tion  resulted in a num ber of 
fusions and the num ber  of chromosomes 
was thus reduced. This investigation shows 
that B. rutabulum  can survive radical 
chromosome mutations. Such changes may 
occur in natu re  and  it seems likely that 
the chromosom e num ber  can be lower 
than n = 1 2  as a result of translocations 
or fusions of whole or almost whole ch ro 
mosomes.

Only one detailed investigation of the 
centromere conditions in mosses has been 
carried out. In a most im portan t  investiga
tion V a a r a m a  (1954) studied the kinetic 
activity of one easily identifiable chrom o
some in Pleurozium schreberi  ( B r i d . )  
M i t t .  This study shows that the particular 
chromosome has more than  one site of 
active mobility.

As no other investigations of the centro
mere conditions in mosses have been ca r 
ried out it is not possible to say if there
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is the sam e ty pe  of c en tro m er ic  activity  
in o th e r  m oss  ch rom osom es .  In  th e  fam ily  
B rach y th e c iace ae  accessory  ch ro m o so m e s  
a re  k n o w n  in  th ree  genera  co m p r is ing  five 
species, viz. H o m a lo th e c iu m  lutescens  
( H e d w . )  R o b i n s . ,  H. ser iceum  ( H e d w . )  
B.S.G., B ra c h y th e c iu m  g lareosum  ( S p r u c e )  
B.S.G., B. v e lu t in u m  ( H e d w . )  B.S.G. and  
R h y n c h o s te g iu m  m eg a p o l i ta n u m  ( W e b .  & 
M o h r )  B.S.G. ( W i g h  1973 a, N y h o l m  & 
W i g h  1973). T h e  accessory  ch ro m o so m es  
in  all these  species b ehav e  in the sam e w ay  
as the  A -chrom osom es .  T h ey  u n d e rg o  d iv i
sions cpiite n o rm a l ly  a n d  they  a re  never 
e l im ina ted  in mitosis, w h ich  denotes  k in e t 
ic activity .

C h ro m o so m e  f ra g m en ta t io n  o r  fus ion 
has  b een  observed  by  V a a r a m a  (1953) in 
O rth o tr ic h u m  ten e l lum  B r u c h . In  one 
sp o ro p h y te  a large  b iva len t w ith  a su b 
te rm in a l  cons t r ic t ion  w as  observed. In  
a n o th e r  the re  w as  no such  b iva len t b u t  
in s tead  th e re  w as an  ad d i t io na l  sm all b i 
valen t p re s u m e d  to have derived  f ro m  the 
large b ivalent.  V a a r a m a  did not exclude 
the poss ib il ity  of the large b iva len t  having 
a r isen  th ro u g h  the fus ion  of tw o sm aller  
bivalents .

Available in fo rm a t io n  po in ts  to the like
lihood in ce r ta in  mosses at least of one or 
m o re  of the c h ro m o so m e s  h av ing  m ore  
th a n  one cen trom ere .  F u r th e r m o r e  the 
c h ro m o so m e  n u m b e r  in a 7  ; ’a tion  of a 
species can  a p p a re n t ly  increase  as the 
resu lt  of f r a g m e n ta t io n  an d  decrease 
th ro u g h  trans lo ca t ion s  o r  fus ion  of w hole 
o r  a lm ost w ho le  ch rom o so m es .

CYTOLOGY OF BRACHYTHECIUM 
RIVULARE

Chromosome Complement

Only one c h ro m o so m e  n u m b e r ,  11 =  6  has 
been  observed in  this  species (Fig. 3 1), F).  
U nlike B. r u ta b u lu m  no  c h ro m o so m e  w ith  
a negatively h e te ro p y c n o tic  end  segm ent 
has  been observed. This  m a y  he d ue  to the 
fact th a t  few er g a th e r in gs  of this  species 
have  been  studied.

T he  cen trom eres  a re  seldom observed  
in this  species, b u t  in one m e tap h ase  p late  
the cen trom eres  in th ree  ch ro m osom es  
were seen (Fig. 3 F ).  T hese  th ree  c h r o m o 
somes have  sub m ed ian  cen trom eres .  All 
six c h rom o so m es  are  of a b o u t  equ a l  size 
as observed by  H o l m e n  (1958).

Heteropycnosis

In  this dioecious species only one large 
positively he te ropycno tic  b o d y  is p resen t  
in the resting nuclei (Fig. 5 D). A par t  f ro m  
this body  a vary ing  n u m b e r  of sm a lle r  
bodies can  be observed.

Resting nuclei of B. ru ta b u lu m  and  B. 
rivulare  can  he read i ly  d is tinguished. Only 
w hen  the  large he te ropycno tic  bodies in 
the fo rm e r  species have fused  can  it so m e 
times he p rob lem at ic  if only  a few cells 
are  available.

Chromosome Numbers Previously Pub
lished
11=  6 H o l m e n  (1958) Denmark. — S m i t h  & 

N e w t o n  (1968) Ihe British Isles. — 
V y s o t s k a y a  & F e t i s o v a  (1969) and 
L a z a r e n k o  el al. (1971) the Latvian 
SSR and the Estonian SSR 3 popula
tions. — W i g h  & S t r a n d h e d e  (1971) 
Denmark. W i g h  (1972 a) Spain, 2 
populations. 

n =  l l  I n o u e  (1967) Japan. 
n =  12 F e t i s o v a  & V y s o t z k a y a  (1970) and 

L a z a r e n k o  el al. (1971) the Estonian 
SSR and the Latvian SSR, 2 popula
tions. — The report by W i g h  & S t r a n d 
h e d e  (1971) is erroneous because of 
incorrect taxonomical determination. 
The two populations belong to B. ruta
bulum.

n =  13 V  i s o t s  K a (1967, 1970) and L a z a r e n k o  
ct al. (1971) the Ukrainian SSR and 
Georgian SSR, 4 populations. 

n = 1 6  A n d e r s o n  & B r y a n  (1958) North Car
olina, USA.

The  p o p u la t io n  w ith  n =  6  investigated 
by  S m i t h  & N e w t o n  ( 1 9 6 8 )  has  been  s tu d 
ied by the  au thor .  It is a typica l fo rm  of 
B. r ivu lare , as a re  the two S pan ish  p o p u la 
tions s tudied  by  W i g h  ( 1 9 7 2  a).
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n=10 > n = 2 0

> n = 2 2n=11

> n = 1 2

n=13

Fig. 6. Chromosome numbers published for Brachythecium rutabulum. — Arrow 1 indicates 
chromosome doubling. — Arrow 2 indicates reduction of chromosome number. —- Arrow 3 

indicates increase in chromosome number. — For explanation see text.

One of the L a tv ian  po p u la t io n s  w ith  
n =  6 has been  inves tiga ted  an d  w as  fo u n d  
to belong to B. rivulare.  T h e  p o p u la t io ns  
w ith  the ch ro m o so m e  n u m b e r  n = 1 2  from  
the L a tv ian  SSR a n d  the E s to n ia n  SSR 
both  proved to he m ixed  ga the r in gs  of B. 
rivulare  an d  B. ru ta b u lu m  so th a t  the  c h r o 
m osom e n u m b e r  p re su m a b ly  refers  to B. 
ru ta bu lu m .

One of the U k ra in ia n  po p u la t io n s  w ith  
n = 1 3  has been  available . It com bines  
cha rac te rs  typ ica l  of b o th  B. rivulare  and  
B. ru ta bu lu m .  In  the  habit ,  sh ap e  an d  
leng th  of leaves a n d  length  of nerves it 
agrees w ith  B. rivulare,  b u t  in th e  poorly  
developed a n g u la r  cells a n d  the  shor tly  
d ecu rren t  leaves it resem bles m o re  closely 
B. ru tabu lum .  A rchegonia  on ly  have  been 
fo u n d  indica ting  th a t  it m a y  be a dioecious 
specim en w hich  su p p o r ts  rega rd ing  it as a 
divergen t fo rm  of B. rivulare  un ti l  a d d i 
tional m ater ia l  is available.

C hrom osom e N um bers in Scandinavian  
P opulations

C hrom osom e n u m b e r s  in B. r ivulare  
have  been , 1 ' ' s h e d  by H o l m e n  (1958) 
w ho  repor ted  n =  6 in a D an ish  p o p u la t io n  
an d  W i g h  & S t r a n d h e d e  (1971) w h o  p u b 
lished 11 =  6 in a D an ish  t , 'a t io n  an d  
n = 1 2  in two o th e r  p opu la t ions .  T he  tax o 
nom ic  de te rm in a tio ns  of these last tw o 
p opu la t ions  a re  e rro neo u s  a n d  the  rep o r t  
re fe rs  to B. ru ta bu lu m .
R ot. N o tise r, vol. 128, 1975

T he  ch ro m o so m e  n u m b e r  n =  6 has  also 
been  observed  by  A l m g r e n  (unpubl.) in 
a Sw edish  po p u la t io n  of B. rivulare. In  all 
ch a rac te rs  th is  p o p u la t io n  is typica l of 
B. rivulare  as is the  po pu la t ion  s tudied  by 
W i g h  & S t r a n d h e d e  (1971). It seems th u s  
likely th a t  the re  is only  one cytotype of B. 
rivulare  in S cand inav ia  o r  at least tha t  the  
o th e r  cy to types  are  u ncom m on.

A WORKING HYPOTHESIS FOR E X 
PLANATION OF CHROMOSOME NUM 
BERS IN B. RUTABULUM AND  
RIVULARE

In  Figs. 6 an d  7 the ch rom o so m e  n u m 
b ers  rep o r ted  in B. ru ta b u lu m  a n d  B. r ivu 
lare a re  given.

In  B. ru ta b u lu m  n  =  5 has  been  p u b 
lished by  H o l m e n  (1958). At first meiotic  
m e ta p h a se  5 large b ivalen ts  of ab o u t  the 
sam e size are  show n. In  llie sam e species 
L a z a r e n k o  et al. (1971) rep o r ted  n =  6 . 
At first meiotic  m e tap h ase  they  fo un d  6 
large b ivalen ts  ab ou t  equa l in size. If the  
n  =  5 cy to type  has  ar isen  th ro u g h  the f u 
sion of two ch rom o so m es  in  the n =  6 
cyto type, one of the c h rom o so m es  in the 
n =  5 cy to type  w o u ld  he consp icuously  
la rge r  th a n  the  o thers .  As this  is no t the 
case the a u th o r  p resum es  th a t  the c h r o m o 
som e n u m b e r  n =  5 is an  e r ron eou s  count.  
It does no t seem likely th a t  it is d ue  to 
m isd e te rm in a t io n  as no m orpho log ica lly  
re la ted  species is k n o w n  w ith  the c h r o m o 
som e n u m b e r  n =  5, p. 489.
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n=11

n=6

n=13

Fig. 7. Chromosome numbers published for 
Brachythecium rivulare. — Arrow 1 indicates 
chromosome doubling. —- Arrow 2 indicates 
reduction in chromosome number. — Arrow 
3 indicates increase in chromosome number.

- For explanation see text.

It must be noted that two of the popula
tions of B. ru ta b u lu m  with n =  6 published  
by L azarenko et al. (1971) are mixed  
populations, p. 492.

B. ru ta bu lu m  p ro b a b ly  o r ig ina tes  from  
a cy to type  w ith  n — 6 . T h is  hypo th e t ica l  
cy to ty pe  w ou ld  p ro b ab ly  be d ioecious and  
the doub ling  of the  c h ro m o so m e  n u m b e r  
w o u ld  have  caused  a  ch an g e  f ro m  the 
d ioecious to the au toec ious  state . T h e  n =  12 
cy to type  dom ina tes  in th is  species an d  
s t ru c tu ra l  ch ro m o so m e  chang es  of this 
cy to ty pe  have  given rise to the  o th e r  
cyto types. Such ch anges  can  cause  an  in 
c rease  in the ch ro m o so m e  n u m b e r  th ro u g h  
f ragm enta t ion ,  if the f r a g m e n ts  a re  centr ic  
an d  d isplay  no tendency  to fuse w ith  the 
o th e r  ch rom osom es .  T h is  w ou ld  indicate  
th a t  the n =  13 cy to ty pe  could  lie karyo-  
logically hete rogeneous  a n d  po lyphy le tic  
as it seems likely th a t  f r ag m e n ta t io n  m ay  
arise  several times an d  in d if fe re n t  c h r o 
m osomes.

T h ro u g h  trans loca tion  of w ho le  o r a l 
m ost w ho le  ch rom o so m es  the  ch ro m o so m e  
n u m b er  could  be low er th a n  n = 1 2 .  Such 
changes could  com pr ise  one o r  m o re  c h ro 
m osom es a n d  also give rise to d if feren t 
karyo types .

C hrom osom e doub ling  of the  n = l l  and  
n = 1 0  cy to types have  g iven  rise to the 
n =  22 a nd  n  =  20 cy to types  respectively.

These  ch ro m o so m e  ch ang es  have  ev i
dently  no t  given rise to a n y  g rea t  m o r p h o 
logical d if ference  as the cy to ty pes  are  still

identif iable  as be longing to the  species 
B. ru tabu lum .  The cy to types  w ith  c h ro m o 
some n u m b e rs  o th e r  th a n  n = 1 2  are  p r o b 
ably  no t so w idesp read  n o r  so co m m o n  as 
the n = 1 2  cytotype. This  is so in S can d i
navia  at least.

In B. rivulare  the  basic n u m b e r  is n =  6 . 
T he  ch ro m osom e  n u m b e r  n = 1 2 ,  13 an d  11 
can  he expla ined  in the sam e w ay  as in B. 
ru tabu lum .  T he  ch ro m o so m e  n u m b er  
ti=lT), however,  does not seem to fit into 
the p a t t e rn  and  its origin is d iff icult to 
explain. This  ch ro m o so m e  n u m b e r  is 
u n co m m o n  in the genus B rac h y th e icu m  
an d  exists in a few species only (WlGH 
1974).

It m u s t  be stressed  th a t  th is  is m erely  
a hypothes is  a nd  th a t  p e rh a p s  som e of the 
ch ro m osom e  n u m b ers  rep o r ted  are  e r 
roneous. The only  cyto types seen by the 
au th o r ,  except fo r m ixed p o p u la t ion s  with 
11 =  6 , a re  n =  12, n =  13 an d  n  =  20 in B. 
ru ta b u lu m  an d  n =  6 an d  n =  13 in B. r ivu 
lare.
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APPENDIX. L ocalities of C ytologically  
Studied M aterial

B rachythecium  rutabulum

FIN LA ND. N y l a n d .  Ingå, F ag erv ik  (70—  
213, 70— 215, 70—217, 70—218); K a rja lo h ja , 
Pyö li (70— 191, 70— 192, 70— 197); L o h ja , 
A htiala  (70— 177, 70— 178, 70— 181, 70— 184), 
O utam o (70— 67); T enala , L indö (70— 228). — 
R e g i o  A h o ë n s i s. Salo, V iitta  (70— 153); 
Särk isa lo , B astböle (70—85, 70— 89), F ö rb y  
(70— 78, 70— 163) ; T u rk u , K aarina , T u o rla  
(70— 110).

NORGE. H o r d a l a  n  d. A rna (70—329). 
R o g a 1 a n  d. B ryne, N ordheim  (71 — 186,

71- 187, 71— 188), O rre (71— 181, 71— 182,
71 184); E igersund , H elleland (71— 135, 71—
137, 71 — 138); G jestal, D irdal (71— 156); H å, 
Ogna (71— 147); K arm öy, A valdsnes (70— 
427), S to k k a stran d  (70— 416); K leppe (71— 
151, 71— 152, 71— 153); Sandnes, Å lgård (71—  
164, 71 165); Sauda, 4 km  S of S au d asjö en
(70 -3 7 8 , 70— 392) ; S tavanger, n ea r the ch u rch  
(71 91), R ennesöy (71 105, 71— 106, 71—
107, 71 111). —  Ö s t f o 1 d. F re d rik s tad , 
V eum engen (72— 127); Onsöy, H u rrö d  (72—
108, 72— 110), K jölberg  (71— 124, 72— 136,
72— 137), K rökeröy , E n h u s  (72— 163, 72— 164, 
72— 166, 72— 167), K rökeröy , the q u a rry  n e a r 
F em dal (72— 189), K råkeröy , H olte  (72— 196, 
72- -197), K råkeröy , Röd (72— 44, 72— 55, 72—  
56, 72— 63, 72— 64, 72— 65, 72— 142, 72— 144, 
72—146, 72— 150), K råkeröy , T angen  (72— 169,
72 170, 72— 171, 72— 172), T o rg au ten  (72— 
38, 72— 39, 72— 41), T ro n d alen  (72- 72, 72—  
74, 72— 77, 72— 78, 72— 83), Åle (72— 90, 72— 
91), Ö rebekk (72- 119, 72— 120, 72— 121).

SVERIGE. B o h  u s 1 ä n. B acka, F rid h em  
(70—479, 70—481, 70— 482, 71— 3), leg. M. 
N e u e n d o r f  (71— 3); B jö rlan d a , H ögåsa  (71—  
12); Kungälv, S tu b b h u it (71— 59 leg. T. H a l - 
l i n g b ä CK); S kepp landa , S kår (73—01 leg. T. 
I I a l l i n g b ä CK) ; Säve, L indesnäs (72— 4, 72— 
12); T anum , K näm  (70— 374); T orsby , L illa  

Överön (70— 510); U ddevalla, K ristinedal (71—- 
239, 71— 240, 71— 244, 71— 245, 71— 246, 71—  
247, 71— 248, 71— 249, 71— 250), K uröd  (71—  
90); Y tterby, R ag n h ildshö lm en  (71— 10, 72— 7,
72— 8). —  D a l s l a n d .  Ånim skog, S kållebyn  
(71— 15 leg. I). N i l s s o n ) .  -— G o t l a n d .  
G otska Sandön, Gam la g å rd en  (71— 720, 71— 
722 leg. S. S u n h e d e ) ,  S to ra  Id em o ren  (71— 719 
leg. S. S u n h e d e ) ;  V ästerhe jde, F rid h e m  (72—

227 leg. B. P e t ter sso n ); V ästk inde, Nors 
(71— 622 leg. B. P et ter sso n ). — H a 1 l a n  d. 
F jä rå s , T jo löho lm  (71— 507, 71— 508, 71— 509, 
71— 510); Släp, Särö (70—25), Särö , V äste r
skog (71— 17 leg. D. N ilsso n ); Skogaby, 
E b b a rp  (70— 35, 70— 36). —  N ä r k e .  Gäl- 
le rs ta , A ttersta  (72— 576); K um la (70— 272); 
V in trosa , L an n afo rs , lim estone q u a rry  (71— 
457, 71— 458). —  S k å n e .  A raslöv, U llstorp , 
po n d  (71— 513, 71— 514, 71— 521), U llstorp , 
lim estone  q u a rry  (71— 500, 71—501, 71— 502, 
71—503, 71— 504, 71— 505); B rom ölla , Eden- 
ry d  (71— 730); B rönnestad , H ovdala  (73— 20); 
F jä lk in g e , Ivön, lim estone q u a rry  (71— 489,
71— 490, 71— 491, 71— 492), N äsum  kao lin  
q u a rry  (72— 639, 72— 641, 72— 642). —  S m  å - 
l a n d .  H u skvarna , Å dalsfallen  (71—27, 71— 
28 leg. T. H a l l i n g b ä c k ) ; Lagan, n e a r  th e  river 
L ag an  (73— 24 leg. S. S u n h e d e ) ;  V isingsö, 
n e a r the h a rb o u r  (72— 285). -— U p p l a n d .  
B ogesund (71— 127); D anm ark , T jo ck sta  172— 
481) ; Gam la U ppsala  (72— 430) ; H uddunge 
(71— 697 leg. G. E e n ) ; U ppsala. R öbo, the 
b rick -y a rd  (72— 445, 72— 453); V aksa la , Skäl
by  (72— 469); V attho lm a, Åsby (72— 412); 
V axholm , Skägga (70— 274); V ärm dö  (70— 
281). —  V ä s t e r g ö t l a n  d. Askim , St. 
A m undön  (71 — 19 leg. D. N i l s s o n ) ;  Berg, 
P o s tg å rd e n  (70— 517, 70— 518, 70— 523); Bred- 
sä te r, L ugnås (70— 249, 70— 255, 70— 262); 
B ro d d e to rp , H orn b o rg a  (70— 550, 70— 557,
70— 558) ; Göteborg, B o tan iska  träd g å rd en  
(70— 461, 70— 610, 71— 482), L ån g ed rag  (70— 
452), T y nnered  (70— 431, 70—432); K inne- 
ku lle , Ö sterp lana  (71— 538), R åb äck  (73— 7,
73— 8 leg. S. S u n h e d e ) ;  L an d v e tte r (70— 450); 
L erd a la , K arlsfo rs (70—532, 70— 542, 70— 
545) ; Skövde, Ryd, Åsen (70— 487) ; Våm b, 
n e a r the ch u rch  (72— 607, 72— 609) ; T im m ers
da la , S tora  S to lan  (72— 593, 72— 597, 72— 601,
72— 602); Tuve, S to ra  H olm  (71 16 leg. L.
A r v i d s s o n ) . V ii s t m a n  1 a n d. Guld-
sm ed sh y ttan , M ård sh y ttan , the m arb le  q u a rry  
(72— 544, 72— 550), F a n th y tta n , the lim estone 
q u a rry  (71— 441, 71— 442, 71— 445, 71— 450); 
L ju sn arb e rg , S tä lldalen , ö s tra  Bom  lim estone 
q u a rry  (71— 415); N orberg, K lackberg  (72— 
518, 72— 523, 72— 528, 72— 529, 72— 530, 72— 
531) ; Sala, Skå, lim estone q u a rry  (72—511). — 
Ö l a n d .  A lgutsrum , G råborg (71— 652, 71 — 
653); B orgholm , slo tts ru in en  (71— 80, 71 81,
71— 608, 71—609, 71— 610, 71— 611), betw een 
B orgho lm  and  Köping (71— 563, 71— 564, 71— 
565, 71—566, 71— 567, 71— 568, 71— 570, 71— 
571, 71— 572, 71— 573, 71— 574); D egerham n, 
A lb ru n n a  (71— 75, 71— 77, 71— 82 leg. T. 
H a l l i n g b ä c k ) ; H ögsrum , H a llto rp  (71— 646, 
71— 647); K nisa, K nisa m osse (71— 79 leg. T. 
H a l l i n g b ä c k ) ;  Köping, 1 km  SW  of D alby 
(71— 585, 71— 589, 71— 590, 71— 591); S tenåsa, 
F rö ss lu n d a  (71— 626, 71— 627, 71— 628, 71— 
629, 71— 631, 71— 632); T o rslunda, A rontorp
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(71— 685. 71 -686), E rik sö re  (71— 664, 71— 665,
71— 666, 71— 667, 71— 668). —  Ö s t e r g ö t -  
1 a n  d. B orensberg , b rick -y a rd  (72— 228, 72— 
229); G odegård, B lom m edal (72— 238); K ro k 
ek, m arb le  q u a rry  (72— 255, 72— 256, 72— 
260, 72— 264, 72— 265, 72— 275, 72— 280, 72— 
292) ; R ingarum , Sä tte rbo  (72— 324, 72—326,
72— 327); T örnevalla , lim estone q u a rry  (72— 
244, 72— 245) ; Vånga, Glan lim estone q u a rry  
(72— 304).

ßrachythecium rivulare

FINLAND. N y l a n d .  Ingå, F ag erv ik  (70— 
211, 70— 212).

NORGE. A k e r s h u s. A sker, G roset (72— 
201, 72— 204), Sem (71— 127); B aerum , Skui 
(70— 309, 70— 313). —  A u s t - A g d e r .  Tve- 
destrand , Tveite (70—349). — H o r d a 1 a n d.

A rna, H e rlan d  (70—316, 70— 321, 70—324). — 
R o g a 1 a n  d. F ra f jo rd , B rå lan d sfo rsen  (71-—- 
169, 71— 171); H å, Ogna (71— 146); Sandnes, 
T ro d a l (71— 166); S tavanger, R ennesöy (71— 
109, 71— 110). —  T e l e m a r k .  Bam le, Feset 
(70— 354, 70— 361). — V e s t - A g d e r .  Flek- 
k e fjo rd , Y stabö (71— 142).

SV ERIG E. B o h u s 1 ä n. Säve, L indesnäs 
(72— 11); U ddevalla, K ristinedal (71— 237, 71 
243). —  J ä m t l a n d .  Åre, Å resku tan  (71— 
367, 71— 368, 71— 370, 71—371, 71— 372). —  
S k å n  e. B rö n n estad , H ovdala (73— 17, 73— 
18); D alby, F åg e lsångsdalen  (71— 72 leg. T. 
H a l l i n g b ä c k ) . —  V ä s t e r g ö t l a n d .  Berg, 
P o s tg å rd e n  (70— 521, 70— 522); B ro d d e to rp , 
H o rn b o rg a  (70— 560); F a lköping , K arleby, 
D ju p a d a lsb ä ck e n  (70— 573, 70— 579, 70— 580) ; 
L erd a la , K arlsfo rs  (70— 543); Skövde, Rvd, 
S k å n in g sto rp  (70—569), Ryd, Åsen (70— 488, 
70— 489). —  Ö s t e r g ö t l a  n d. V ånga, Glan, 
lim esto n e  q u a rry  (72— 299).
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Nine genera, three species and two subspecies of arctic plants are described 
as new, one new nam e is validated, and a change in rank of 49 taxa and new  
com binations of 124 taxa are validated.

Åskell Löve and Doris Löve, Institute of Arctic and Alpine Research, University 
of Colorado, Boulder, Colorado 80302, U.S.A.

In  co nnec t ion  w ith  the  co m p i la t io n  of 
a  c y to taxo no m ica l  a tlas  an d  check l is t  of 
the arc t ic  f lo ra  ( L ö v e  & L ö v e  1975 a),  we 
m a d e  effo rts  to a r r ive  at a u n ifo rm  classi
fication  fo r  as m a n y  as poss ib le  o f  the 
404 genera, 1629 species and  270 ad d it io na l  
subspecies of h ig h e r  p lan ts  w h ic h  are  
k n o w n  to o ccu r  w ith in  the tu n d r a  of the 
c i r c u m p o la r  n o r th lan d s .  As a n o r m  for 
the classif ication, we fo l low ed th e  Lin- 
n a e a n  species concep t as a d o p ted  by  S can 
d inav ian  a n d  R u ss ian  b o tan is ts  w o rk in g  
w ith  these p lan ts  a n d  s t reng th ene d  by  the 
b iological o r  cy togenetical a p p ro a c h .  Ac
cord ing  to th is  pa rad igm , the  fam ily  in 
its t rad i t io n a l  sense is defined  as a collec
tion of g en e ra  th a t  a re  l ikely  to have  
evolved f r o m  a co m m o n  an ces to r  as fa r  
as ind ica ted  by m o rpho log ica l  an d  cyto- 
logical ch arac te r is t ics .  T he  n a tu ra l  genera  
shou ld  sh ow  m orph o log ica l  a n d  cytologi- 
cal evidence o f  l inear,  a nd  th e re fo re  s tr ic tly  
m onophy le t ic ,  evo lu t ion  of th e i r  species 
fro m  a single p ro to type .  T h e y  m u s t  also 
have  ce r ta in  crossab il i ty  b a r r ie r s  to w a rd s  
o th e r  such  g roups ,  a l though  th a t  biological 
req u i rem e n t  som etim es  needs to be re laxed  
because o f  taxo no m ica l  expediency  fo r  
very large  g ene ra  ( L ö v e  & L ö v e  1974). 
A good b iological species is rep ro d ac t iv e ly  
isolated f r o m  o th e r  such  taxa, b u t  it is 
identif ied  b y  aid of m orph o log ica l  an d  
geograph ica l  d is tinctions. H ow ever,  w ith in

the species miscibil ity  is no t only  a llowed 
but d irectly  requ ired ,  ir respective of the 
m agn i tu de  of the  m o rph o log ica l  d is t inc
tion of various  races. T herefore ,  sexual 
subspecies and  varieties are  defined  as 
in terfe r t i le  m a jo r  o r m in o r  geographical  
races th a t  a re  capab le  of m ix ing  freely 
w h enev er  they  meet. Since these concepts  
are  at least very  close to those followed 
by the  m a jo r i ty  of bo tan is ts  w o rk in g  w ith  
arc t ic  p lan ts ,  only  a limited  n u m b e r  of 
ad ju s tm en ts  w ere fo u n d  to be needed to 
a t ta in  a  reasonab le  closeness to the u n i 
fo rm ity  endeavoured .  T hey  a re  m a in ly  
caused  by  redef in i t ion  of a few generic  
limits.

In o rd e r  to save space w h e n  validating  
new  nam es  fo r  the arc t ic  taxa  fo r  w h ich  
this  is justified, sh o r t  descr ip tions  are  
given fo r  the new  taxon, or a c ita tion  only  
to the  nam e-giving bas ionym , except w hen  
the  rank-dec id ing  com b ina t io n  needs to 
be ad ded  fo r  clar if ication . S ynonym s are  
neglected unless necessary  fo r  identif ica
tion, an d  o th e r  in fo rm at io n  is included 
spar ing ly  fo r  p a r t ic u la r  cases.

G ym nocarpium  dis junctu in ( R u p r e c h t )  

L ö v e  & L ö v e ,  comb, h o v . ,  based  on 
P o lyp o d iu m  D ryop ter is  L. var. d is ju n c tu m  
R u p r e c h t ,  in Beitr.  P f lanzenk .  Russ. 
Reiches 3 (1845), p. 52; D ryop ter is  d is
junc ta  ( R u p r .)  C. V. M o r t o n ,  p. p.

This  is a Pacif ic  species w i th  2n =  80 
Bot. Notiser, vol. 128. 1975
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chrom osom es, corresponding to the m ore 
w idespread A tlantic taxon G. dry opteris 
(L.) N e w m a n  w ith 2n =  160 chrom osom es 
(cf. L ö v e  & L o v e  1967).

Festuca rubra L. ssp. fraterculae 
(R a sm .)  L ö v e  & L ö v e ,  comb, nov., based 
on Festuca rubra  L. var. Fraterculae R a s 
m u s s e n ,  in Nytt Mag. f. N aturvid. 66 
(1927), p. 110; F. Richardsonii H o o k .  ssp. 
fraterculae  (R asm .)  L ö v e  & L ö v e .

This ra re  but very d istinct taxon of 
b irdcliffs in  northern  Norway, the Faeroes 
and  Iceland and perhaps elsew here in the 
N orth  A tlantic region, was originally  de
scribed as a variety only by R a s m u s s e n  
(1927), b u t la ter elevated to subspecific 
rank  under F. richardsonii H o o k , by 
L ö v e  & L ö v e  (1956). A dditional obser
vations by us and by B r y n j ô l f s s o n  (1974) 
indicate th a t it is correctly  classified as 
a subspecies equivalent to bu t younger and 
therefore less w idespread than  ssp. arctica 
( H a c k .) Go v o r ., w hich is an  older nam e 
fo r ssp. richardsonii  ( H o o k .) H u l t é n  of 
the F. rubra  complex.

Poa supina S c h r a d .  ssp. ustulata 
( F r ö h n e r )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Poa ustulata  F r ö h n e r ,  in 
Bot. Jah rb . 88 (1968), p. 437.

This is the w idespread Asiatic race of 
Poa supina, ra the r than  a species in its 
own right as m aintained by F r ö h n e r  
(1968), differing m ost clearly from  the 
E uropean  typical race by its lack of long 
stolons so it grows in tufts, by  its d ark  
spikes and the dark-violet anthers, and in 
its la ter and  longer flow ering time, its 
distinctly  shorter lifespan, and several 
o ther characters w hich together m ake it 
an  easily distinguishable taxon. N aturally , 
bo th  races are characterized by the same 
diploid chrom osom e num ber, and, in our 
experience, they are easily hybridized 
and  then give rise to la ter generations in 
w hich their distinguishing characters show 
a clearly M endelian segregation, as could 
be expected of well-defined races at this 
level of classification.
Bot. Notiser, vol. 128, 1975

Phippsia R. B r .

It was pointed out by L ö v e  (1970 a), 
th a t the m orphological characters tra d i
tionally  em ployed to distinguish the large 
grass genus Puccinellia  P a r i ., from  the 
sm all arctic-subarctic genus Phippsia  R. 
B r . are of little significance for the sepa
ration  of taxa at tha t level. Biologically 
still m ore im portan t is the fact, observed 
by several students in recent decades, that 
the crossability between these two taxa 
is no m ore inhibited than  between the spe
cies of Puccinellia itself. Therefore, fol
lowing either the classical and purely 
m orphological standard  (cf. H a r t m a n  
1832) or the biological definition of the 
generic category, these groups m ust be 
regarded as being congeneric, as earlier 
concluded by L ö v e  (1970 a, b) and L ö v e  
& L ö v e  (1975 b). The nam e Phippsia  has 
prio rity  and  so m ust he accepted as the 
valid nam e for the united group. The fo l
lowing new transfers, changes in rank , 
and descriptions are required  for the taxa 
occurring in the Arctic:

Phippsia agrostoidea (T h .  S o i l )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia 
agrostoidea T h .  SöRENSEN, in PORSILD in 
Natl. Mus. Canada Bull. 135 (1955), p, 78.

Phippsia anderssonii ( S w a l l e n )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia 
anderssonii S w a l l e n ,  in Journ. W ash. 
Acad. Sei. 34 (1944), p. 21.

Phippsia angustata (R. B i l )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia 
angustata  R. R r o w n ,  Chloris Melvilliana 
(1823), p. 29.

Phippsia angustata ssp. pnlihinii (T h .  
S o i l )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Puccinellia palibinii T h .  S o r e n 
s e n ,  in Medd. om Grönl. 136,3 (1953), 
p. 74.

Phippsia arctica ( H o o k . )  L ö v e  & L ö v e , 
c o m b , nov., b a se d  o n  Puccinellia arctica 
W . .1. H o o k e r , F I. B o r. A m er. 2 (18 4 0 ), 
p. 248.

Phippsia borealis ( S w a l l e n )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia
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borealis  S w a l l e n ,  in  J o u r n .  W ash . A cad. 
Sei.  34  ( 1 9 4 4 ) ,  p. 19.

P hippsia  borealis ssp. neglecta  ( T z v e -  
l e v )  L ö v e  & L ö v e ,  c o m b ,  n o v . ,  b ased  o n  
Puccinellia  borealis  ssp. neglecta  T z v e l e v ,  
in  A rk t. F l. SSSR 2 (1964), p. 206.

P hippsia  bruggem annii (T h . SÖR.) 
L ö v e  & L ö v e , com b, nov., b ased  on Pnc-  
cinellia brug gem an n ii  T u .  S ö r e n s e n , in 
P o r s i l d  in  N atl. Mus. C an ad a  B ull. 135 
(1955), p. 80.

P hippsia  cap illaris ( L i l j e b l . )  L ö v e  & 
L ö v e  ssp. pulvinata  (F r . )  L ö v e  & L ö v e ,  
sta t. & com b, nov., b ased  on  Glgceria  
distans  (L.) W o. v ar. p u lv in a ta  F r i e s ,  
M ant. 2 (1839), p. 11, p ro  p a r te ; A trop is  
pu lv ina ta  V. K r e c z e t o v i c h ,  F l. SSSR 2 
(1934), p. 761.

P hipp sia  d eseham psio ides (T h .  S ö r . )  
L ö v e  & L ö v e ,  com b, nov., b ased  on P u c 
cinellia d eseh am psio id es  T h .  S ö r e n s e n ,  
in  M edd. om  G rönl. 136,3 (1953), p . 73.

Phippsia frag iliflora  (T h .  S ö r . )  L ö v e  & 
L ö v e ,  com b, nov., b ased  on  P uccinellia  
fragil if lora  T h .  S ö r e n s e n ,  in  M edd. om  
G rönl. 136,3 (1953), p. 73.

Phippsia  gorodkovii ( T z v e l e v )  L ö v e  & 
L ö v e ,  com b, nov., b a sed  on  P uccinellia  
g orodkov i i  T z v e l e v ,  in A rk t. F l. SSSR 2 
(1964), p. 199.

Phippsia groen landiea  ( T n .  SÖR.) L ö v e  
& L ö v e ,  com b, nov., b ased  on Puccinel lia  
groenlandiea  T h . S ö r e n s e n ,  in  M edd. om  
G rönl. 136,3 (1953), p. 37.

Phippsia hauptiana (V. K r e c z . )  L ö v e  & 
L ö v e ,  com b, nov., b ased  on A trop is  H a u p 
tiana  V. K r e c z e t o v i c h ,  in  F l. SSSR 2 
(1934), p. 763.

Phippsia interior (T h . S ö r .) L ö v e  & 
L ö v e , com b, nov., b ased  on  Puccinellia  
in terior  T u .  SÖRENSEN, in  H u l t é n , FL 
A laska & Y ukon  X (1950), p. 1713.

P hippsia langeana ( B e r l . )  L ö v e  & 
L ö v e ,  com b, nov., b a s e d  on  Glgceria  
Langeana  B e r l i n ,  Ö f v e r s .  K ongl. V et .-  
Akad. F ö rh . 1884, No. 7, p. 79.

Phippsia langeana ssp .  alaskana ( S c r i b n .  
& M e r r . )  L ö v e  & L ö v e ,  com b, nov., b ased  
on  Puccinellia  a laskana  S c r i b n e r  & M e r 
r i l l ,  in  C o n trib . U. S. N atl. H erb . 13,3

(1910), p. 78; P uccinellia  L angeana  ssp. 
alaskana  (S c r i b n . & M e r i l ) T u . S ö r .

Phippsia langeana ssp . asiatiea (Th. 
S ö r .) L ö v e  & L ö v e , com b, nov., b ased  on 
Puccinellia Langeana  ssp. asiatiea  T h . 
S ö r e n s e n , in  H u l t é n , F lo ra  A laska  & 
Y ukon X (1950), p. 1710.

P hippsia laurentiana ( F e r n . & W e a t h .) 
L ö v e  & L ö v e , com b, nov., b ased  on  P uc
cinellia lauren tiana  F e r n a l d  & W e a t h e r - 
b y , in  R h o d o ra  18 (1916), p. 14.

Phippsia  lenensis (H o l m b .) L ö v e  & 
L ö v e , com b, nov., b a sed  on Puccinellia  
sibirica  H o l m b . var. lenensis  H o l m b e r g , 
in Bot. Not. 1927, p. 207; Puccinellia  
lenensis  ( H o l m b .) T z v e l e v .

Phippsia neoarctica L ö v e  & L ö v e , spec, 
nov.

Planta perennis, caespitosa, foliis glauce- 
scentibus, stolonifera, stolonibus epigeis. Cnlmi 
10— 15 cm longi, procum bentes. Folia cau- 
linaria duo, longivaginata; lam ina stricta, 
plicata, 1—3 cm longa, 1.5—2.0 mm lata, 
apice acuta, glabra. Ligula 1.0— 1.3 mm longa, 
acula, vel abrupte acum inata. Panicula m aci
lenta, diluto-purpurascens, 3—6 cm longa; 
rami e nodo inferiore 2—3, tenues, rigidi 
ascendentes, demum reflexi, spiculis 1—3; 
pedicelli non incrassati. Spiculae oblongae, 
6— 11 mm longae, 3—6-florae. Gluma inferior 
1.5—2.0 mm longa, lanceolata, obtusa, 3- 
nervia. Lemm ata 3.5—4.5 mm longa, obtusa 
vel plus minusve em arginata. Palea bifida, 
lemmatis longitudinis, carinis sine spiculis. 
Antherae 1.5—2.0 mm longae, sterilis, non 
dehiscentes. Sine granis.

Chromosomatum num erus 2n =  21.
Holotypus: W est Greenland, Sydostbugt, 

leg. N. H a r t z ,  July 1880, in Herb. Copen
hagen, c f. S ö r e n s e n , in Medd. om Grönland 
136,3 (1953), p. 51—52.

A p e ren n ia l an d  caesp ito se  p la n t w ith  
g laucescen t leaves an d  w ith  e p ite rra n e a n  
sto lons. T he flo w erin g  cu lm s a re  p ro c u m 
bent, 10— 15 cm  long, w ith  tw o leaves; the  
u p p e r  sh ea th  is e lo n g a ted ; th e  b lad es are  
rigid, fo lded, 1— 3 cm  long  an d  1.5— 2.0 
m m  b ro ad , a b ru p tly  p o in ted  a t th e  apex, 
an d  g lab rous. T he ligu le  is 1.0— 1.3 m m  
long, acu te  o r a b ru p tly  po in ted . T h e  p a n 
icle is m eager, d ilu te -p u rp le , 3— 6 cm

Bot. Notiser, vol. 128, 1975
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long; branches 2—3 from  the low er node, 
slender, stiffly ascending, la ter on re 
flexed, bearing 1—3 spikelets; the pedicels 
are scarcely thickened. Spikelets oblong, 
6— 11 m m  long, 3— 6-flowered. The first 
glume is 1.5— 2.0 m m  long, lanceolate, 
obtuse or slightly em arginate, glabrous at 
the base. The palea is bifid, as long as 
the lem m a or a little longer, the keels are 
w ithout spinules. The an thers are 1.5— 2.0 
mm long, sterile and  not dehiscent. No 
seeds develop. Chrom osom e num ber 
2n =  21.

This taxon, which is the socalled “Green
land type” of P. phryganodes  sensu T h . 
S ö r e n s e n , is distributed  th roughou t arctic 
N orth America from  G reenland to eastern 
Alaska. It is apparen tly  a com pletely ste r
ile and triploid hybrid  of unknow n p are n t
age that is capable of effective vegetative 
reproduction, although its wide d is trib u 
tion also m ay he the result of th a t it is 
p roduced frequently  and in m any places 
and  survives for a long time.

Phippsia nutkacnsis (K. P r e s l )  L ö v e  & 
L ö v e ,  comb, nov., based on Poa nutkaën-  
sis K. P r e s l ,  Reliq. H aenk. 1 (1830), p. 
272; Puccinellia nutkacnsis  F e r n .  & 
W e a t h .

Phippsia nutkacnsis s s p .  borealis 
( H o l m b . )  L ö v e  & L ö v e ,  c o m b ,  n o v . ,  b a s e d  
o n  Puccinellia retroflexa  ( C u r t . )  H o l m b .  
ssp. borealis H o l m b e r g ,  B o t .  N o t .  1926, 
p. 182; Puccinellia coarctata F e r n .  & 
W e a t h .

The new com bination at the subspecies 
level is required because hybridization 
experim ents, still unpublished, between 
the Beringian taxon and the A tlantic plant 
have confirm ed the suggestion by S o r e n 
s e n  (1953) tha t these taxa are conspecific, 
since the hybrids are fully fertile and 
their meiotic divisions w ithout even the 
slightest d isturbance so a reproductive 
b arrie r is absent. Since some slight m or
phological differences are connected with 
the geographical separation, however, we 
find it reasonable to accept the Atlantic 
taxon as a subspecies in its own right, 
B ot. N o tise r, vol. 128, 1975

a lthough  its distinction is, adm ittedly, not 
alw ays very obvious. It is our belief tha t 
this and  some other plants and anim als 
tha t are com m on to the N orth A tlantic 
region and the Beringian area have d is
persed over the still open P olar Sea by 
aid of ocean currents afte r the form ation 
of the Bering Strait in the Pliocene (cf. 
E i n a r s s o n , H o p k i n s  & D o e l l  1967).

Phippsia phryganodes (T r in . )  L ö v e  & 
L ö v e ,  comb, nov., based on Poa phryga
nodes  T r i n i u s ,  in Mém. Acad. Pétersb., 
sér. 6, 1 (1830), p. 389; Puccinellia geni
culata V. K r e c z e t o v i c h .

This taxon, in its strict sense, is a d ip 
loid and  sexual species of the Beringian 
region. Its epithet should not be m isapp
lied as a collective nam e for the circum- 
po lar arctic com plex which here is in
cluded in P. vilfoidea and P. neoarctica, 
a lthough  this has been done by S ö r e n s e n  
(1953) and others.

Phippsia poacea (T h .  S ö r . )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia  
poacea  T h .  S ö r e n s e n ,  in P o r s i l d ,  in Natl. 
Mus. Canada. Bull. 135 (1955), p. 78.

Phippsia porsildii ( T i l  S ö r . )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia  
porsildii Tu. S ö r e n s e n ,  in Medd. om 
Grönl. 136,3 (1953), p. 35.

Phippsia rosenkrantzii (Tn. S ö r . )  L ö v e  
& L ö v e ,  comb, nov., based on Puccinellia 
rosenkrantzii T h .  SÖRENSEN, in Medd. om 
Grönl. 136,3 (1953), p. 33.

Phippsia sibirica ( H o lm b . )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia  
sibirica H o l m b e r g ,  in Bot. Not. 1927, p. 
206, excl. var.

Phippsia svalbardensis ( B ö n n i n g )  L ö v e  
& L ö v e ,  comb, nov., based on Puccinellia 
svalbardensis  B ö n n i n g ,  in Kgl. Norske 
Vidensk. Selsk. Skrifter 1961, Nr. 4 (1962),
p. 10.

Phippsia tenella ( L g e )  L ö v e  & L ö v e ,  
comb, nov., based on Glycerin tenella  
L a n g e ,  in K j e l l m a n  & L u n d s t r ö m ,  Vega- 
Exp. Vetensk. Iakttag. 1 (1882), p. 313.

Phippsia vaginata ( L g e )  L ö v e  & L ö v e ,  
com b, nov., based on Glycerin vaginata
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L a n g e ,  F lo ra  danica, fasc. 44 (1858), tab. 
2583.

Phippsia vahliana ( L i e b m . )  L ö v e  & 

L ö v e ,  com b, nov., based on Poa Vahliana  
L i e b m a n n ,  F lora  danica, fasc. 41 (1845), 
tab. 2401.

Phippsia vahliana ssp. byrrangensis
( T z v e l e v )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Puccinellia byrrangensis  
T z v e l e v ,  in Novit. Syst. P lant. Vase. 8 
(1971), p. 80.

Phippsia vahliana ssp. colpodioides 
( T z v e l e v )  L ö v e  & L ö v e ,  slat. & com b, 
nov., based on Puccinellia colpodioides  
T z v e l e v ,  in Arkt. F lo ra  SSSR 2 (1964), 
p. 194.

Phippsia vahliana ssp. jenisseiensis
( R o s h e v . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Atropis jenisseiensis  Ros- 
h e v i c h ,  in Izv. Bot. Sada Akad. N auk 
SSSR 30 (1932), p. 300.

Phippsia vilfoidea ( A n d e r s s . )  L ö v e  & 

L ö v e ,  comb, nov., based on Catabrosa 
vilfoidea  A n d e r s s o n ,  in M a l m g r e n ,  in 
Öfvers. Kgl. Vet.-Akad. F ö rhand l. 19 
(1862), ]). 254; Puccinellia vilfoidea
( A n d e r s s .) L ö v e  & L ö v e .

This is the variable te trap lo id  circum - 
polar taxon w hich has frequen tly  bu t e r 
roneously been identified w ith the diploid 
eastern  Asiatic and  B eringian species P. 
phryganodes.  It includes th ree  subspecies 
of w hich ssp. vilfoidea  occupies the E u ro 
pean arctic area.

Phippsia vilfoidea ssp. hcringensis
L ö v e  & L ö v e ,  ssp. n o v .

Planta stolonifera, stolones foliiferae super
ficiales praesunt. Palearum carinae papillosae. 
Cellulae epidermale folii in pagina superiore 
semper tumidae, saepe guttiforme, interdum 
item inconspicue papillosae.

Chromosomatum numerus 2n =  28.
Holotypus: Bering Sea district, Qiqertariaq, 

A. E. P o r s il d  1069, in Herb. Mus. Canada.

A stoloniferous p lant, the stolons w ith 
superficial leaves. The keels of the palea 
are papillose. The cells of the epiderm is 
of the upper leaf surface are  always tum id

and often dropshaped, som etim es also in
conspicuously papillose. Chromosom e 
num ber 2n =  28.

This race, which is the “Beringian type” 
of P. phryganodes  sensu S ö r e n s e n ,  grows 
on the coasts around  the Bering Sea and 
the Bering Strait.

Phippsia vilfoidea ssp. sibirica ( H a d a c  

& L ö v e )  L ö v e  & L ö v e ,  com b, nov., based 
on Puccinellia vilfoidea  ssp. sibirica 
H a d a c  & L ö v e ,  in Bot. Not. 114 (1961), p. 
36; P. phryganodes  ssp. asiaticci T z v e l e v ,  

in Arkt. FI. SSSR 2 (1964), p. 186.
Phippsia wrightii ( S c r i b n .  & M e r r . )  

L ö v e  & L ö v e ,  comb, nov., based on Col- 
podium Wrightii S c r i b n e r  & M e r r i l l ,  in 
Contrib. U.S. Natl. Herb. 13,3 (1910), p. 
74.

Bromopsis F o u r r .

As recently show n by H o l u b  (1973), 
the generic nam e Bromopsis  F o u r r .  is the 
correct nam e for the perennial group of 
the collective genus Bromus,  w hen sepa
rated as a distinct genus, and  not the fre
quently used bu t invalid nam e Zerna 
P a n z e r .  The following taxa of the eastern 
Asiatic or w estern N orth Am erican Arctic 
are in a need of transfe r to this name, 
some at a new rank:

Bromopsis dieksonii ( M i t c h .  & W i l t . )  
L ö v e  & L ö v e ,  stat. & com b, nov., based 
on Bromus Pumpellianus  S c r i b n .  ssp. 
dieksonii M i t c h e l l  & W i l t o n ,  in Brit- 
tonia 18 (1966), p. 163.

Bromopsis ircutensis ( K o m . )  L ö v e  & 
L ö v e ,  comb, nov., based on Bromus ircu
tensis K o m a r o v ,  in Bot. Mat. Herb. 
Petersb. Bot. Sada 2 (1921), p. 130.

Bromopsis pumpelliana ( S c r i b n . )  H o 
l u b  ssp. arctica ( S h e a r )  L ö v e  & L ö v e ,  
stat. & comb, nov., based on Bromus arcti- 
cus S h e a r ,  in S c r i b n e r  & M e r r i l l ,  Grass. 
Alaska (1910), p. 83.

Bromopsis voguliea (Socz.) H o l u b .  By 
an oversight, L ö v e  & L ö v e  (1975 a) re-

Bot. N otiser, vol. 128, 1975
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placed the nam e of the la tter au th o r of 
this com bination w ith their own. It is 
also w orth  noting, tha t T z v e l e v  ( 1 9 7 4 )  

regards this taxon as a subspecies only 
of B. pumpelliana, perhaps a likely p ro 
position w hich then m ight logically also 
require th a t level for B. ircutensis. L ack
ing experim ental evidence, we p refer to 
keep these taxa at the species level, de
spite their cytological sim ilarity  to  the 
also octoploid B. pumpelliana.

Elymus L.

Following num erous experim ental ob
servations of the Triticeae group, L ö v e  & 
L o v e  (1961, 1965), L ö v e  (1970 a, b), 
T z v e l e v  (1973) and D e w e y  (1974) have 
advocated the acceptance of the generic 
nam e Elym us  L .  for m ost of the p e ren 
nial taxa that have been trad itionally  in 
cluded in tha t genus or in Agropyron  s. 1., 
Anthosachne, Clinelymus, Hystrix, Roeg- 
neria and Sitanion, excluding as d istinct 
genera Elytrigia, Ley mus  and  Agropyron  
s. str. and some annual genera. This p ro 
posal has been accepted also in p a rt by 
R u n e m a r k  & H e n e e n  (1968), although  
they included also Elytrigia  and L eym us  
in their then m uch m ore collective genus 
Elymus.  The great m ajo rity  of arctic taxa 
of the genus so circum scribed have a l
ready been transfe rred  to this group by 
T z v e l e v  (1973 and earlier) and others. 
However, a change in ran k  or new  com 
binations are required  for the following 
entities:

Elymus alaskanus ( S c r i b n .  & M e r r . )  

L ö v e  & L ö v e  ssp. borealis ( T u r c z . )  
L ö v e  & L ö v e ,  comb, nov., based on Tri
ticum boreale T u r c z a n i n o v ,  in Bull. Soc. 
Nat. Moscou 29 (1856), p. 58; Elym us  
kronokensis  ( K o m . )  T z v e l e v  ssp. borealis 
( T u r c z . )  T z v e l e v ;  non E lym us borealis 
S c r i b n .

Elymus alaskanus ssp. hyperarcticus
( P o l u n i n ) L ö v e  & L ö v e , comb, nov., 
based on Agropyron violaceum  H o r n e m . 
var. hyperarcticum  P o l u n i n , in Bull. Natl.
Bot. N otiser, vol. 128, 1975

M u s .  Canada 92 (1940), p .  95; Roegneria 
borealis ( T u r c z .) N e v s k i  s s p .  hyperarcti
cum  ( P o l u n i n ) L ö v e  & L ö v e ; E lym us  
sajanensis  ( N e v s k i ) T z v e l e v  s s p .  hyper
arcticus ( P o l u n i n ) T z v e l e v .

Elymus alaskanus ssp. islamlieus 
( M e l d . )  L ö v e  & L ö v e ,  comb, nov., based 
on Roegneria borealis var. islandica M e l -  
D E R is ,  in Svensk Bot. Tidskr. 44 (1950), 
p. 163; Roegneria borealis ssp. islandica 
( M e l d . )  L ö v e  & L ö v e .

Elymus alaskanus ssp. subalpinus (L. 
N e u m . )  L ö v e  & L ö v e ,  comb, nov., based 
on Triticum violaceum  H o r n e m .  f. sub
alpinum  L. N e u m a n ,  Sveriges F lo ra  (1901), 
p. 726; Agropyron latiglume ( S c r i b n .  & 

S m .)  R y d b .  ssp. subalpinum  (L. N e u m . )  
V e s t e r g r e n .

Elymus alaskanus s s p .  villosus (V.  V a s -  

SIL.) L ö v e  & L ö v e ,  comb, nov., based on 
Roegneria villosa V .  V a s s i l i e v ,  in Bot. 
Mat. 16 (1954), p. 57; Elymus sajanensis 
( N e v s k i )  T z v e l e v  s s p .  villosus (V.  V a s -  

SIL.) T z v e l e v ;  non Elymus villosus M u e u l .

Elymus trachycaulus ( L i n k )  G o u l d  ssp. 
andinus ( S c r i b n .  & S m .)  L ö v e  & L ö v e ,  

comb, nov., based on Agropyron violaceum  
( H o r n e m . )  L g e  var andinum  S c r i b n e r  & 

S m i t h ,  in U. S. Dept. Agric., Div. Agrostol. 
Bull. 4 (1897), p. 30; Agropyron violaceum  
ssp. andinum  ( S c r i b n .  & S m .)  M e l d .

Elymus trachycaulus ssp. subsecundus 
( L i n k )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Triticum subsecundum  L i n k ,  

Hort. Berol. 2 (1833), p. 190.
Elymus trachycaulus ssp. stefanssonii 

( M e l d . )  L ö v e  & L ö v e ,  comb, nov., based 
on Roegneria Doniana ( W h i t e )  M e l d .  
var. Stefanssonii  M e l d e r i s ,  in Svensk Bot. 
Tidskr. 44 (1950), p. 158; Roegneria
Doniana  ssp. Stefanssonii  (M e l d .) L ö v e  & 

L ö v e .

Elymus trachycaulus ssp. violaceus 
( H o r n e m . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Triticum violaceum  H o r -  

n e m a n n ,  F lo ra  danica, fasc. 35 (1832), 
tab. 2044.

Elymus trachycaulus ssp. virescens ( L g e )  

L ö v e  & L ö v e ,  comb, nov., based on Agro-
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pyron violaceum  ß  virescens L a n g e ,  i n  

Medd. om Grönl. 3 (1880), p. 155; Roeg- 
neria Doniana  ssp. virescens ( L g e )  L ö v e  
& L ö v e .

Critesion R a e i n .

It is our settled belief based on studies 
by num erous au thors and also on our 
own, still unpublished, cytogenetical ex
perim ents, th a t the genus H ordeum  L. in 
its trad itional circum scrip tion  is an  u n 
natu ra l assem blage of taxa w hich are com 
posed of haplom es ( L ö v e  & L ö v e  1975 c) 
th a t are too d istan tly  related  to be united 
in a single genus, even at the subgeneric 
or sectional levels as accepted by T z v e l e v  

(1973). This view is especially supported  
by the observation tha t hybrid ization  be
tween these taxa is absent even under ideal 
experim ental conditions, and also by the 
fact that both annual and  perenn ial taxa 
are involved, differing  m orphologically  in 
num erous characters th a t have been found 
to be of u tm ost im portance fo r separating  
groups at h igher levels in o ther taxa of 
the Triticeae. Therefore, we find it logi
cal to accept the generic nam e Hordeum  
L. in a restric ted  sence, including only the 
annual species of the subgenus Hordeum  
of T z v e l e v  (I.e.) or of the section Crithe 
D o e l l . ,  typified by H ordeum  vulgare L. 
W e are not ready  to propose w hat is the 
correct generic nam e fo r the two peren
nial sections Hordeastrum  D o e l l .  and 
Bulbohordeum  N e v s k i ,  hybrids between 
w hich seem to indicate haplom ic rela tion
ships of a congeneric significance ( L ö v e  & 

L ö v e ,  unpubl.), but the section Steno- 
stachgs N e v s k i  differs so substantially  
from  all these groups in its haplom ic a r 
rangem ent th a t a generic separation is 
well substantiated , as it also seems to be 
on purely m orphological grounds. At th a t 
level, its valid  nam e is Critesion  R a f i n .  

Only the single species C. juba tum  (L.) 
N e v s k i  reaches the Arctic, w here it is re 
presented by the following race:
33

Critesion jubatum (L.) N e v s k i  ssp. 
breviaristatum ( B o w d e n )  L ö v e  & L ö v e ,  

comb, nov., based on H ordeum jubatum  
L. ssp. breviaristatum  B o w d e n ,  in Canad. 
Journ . Bot. 40 (1962), p. 1691.

Leymus H ö c h s t .

The m ost w idespread species of the 
genus L eym us  is the te trap lo id  L. mollis 
( T h i n . )  P i l g e r ,  w hich w ith  its subspecies 
is circum polar both in the boreal and a rc 
tic regions. In the Arctic th a t species is 
represen ted  by its typical race and also 
by the tw o following races:

Leymus mollis ( T h i n . )  P i l g e r  ssp. in
terior ( H u l t é n )  L ö v e  & L ö v e ,  comb, nov., 
based on E lym us interior  H u l t é n ,  Flora 
of A laska and Yukon II (1942), p. 270; 
Elym us mollis  T h i n .  ssp. interior  ( H u l t é n )  
B o w d e n .

Leym us m ollis ssp. villosissimus
( S c r i b n . )  L ö v e  & L ö v e ,  comb, nov., 
based on Elym us villosissimus  S c r i b n e r ,  

in U. S. Dept. Agric., Div. Agrostol. Bull. 
17 (1899), p. 326; Elym us mollis  ssp. vil
losissimus  ( S c r i b n . )  A .  L ö v e .

Leym us velutinus ( B o w d e n )  L ö v e  & 

L ö v e ,  stat. nov., based on Elym us inno
vatus B e a l  ssp. velutinus  B o w d e n ,  in 
Canad. Journ . Bot. 37 (1959), p. 1146.

Since this taxon is octoploid w ith 2n =  56 
chrom osom es, as contrasted to the te tra 
ploid L. innovatus  from  w hich it is, thus, 
separated  by a reproductive b arrie r in ad 
dition to clear m orphological and geogra
phical differences, it is hard ly  logical to 
regard  it as a subordinate race of the 
latter. T herefore this change of rank.

Descham psia caespitosa (L.) PB. ssp. 
anadyrensis (V .  V a s s i l . )  L ö v e  & L ö v e ,  

stat. & com b, nov., based on Deschampsia  
anadyrensis  V. V a s s i l i e v ,  in Bot. Mat. 8 
(1940), p. 68.

Calamagrostis m altci ( P o l u n i n )  L ö v e  & 

L ö v e ,  stat. & comb, nov., based on Cala
magrostis purpurascens  R. B r. var. Maltei 
P o l u n i n ,  in Natl. Mus. Canada Bull. 92 

Bot. N otiser, vol. 128, 1975
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(1940), p .  51; Calamagrostis purpurascens  
s sp .  Maltei ( P o l u n i n ) A. E .  P o r s i l d .

We are unable to propose a natura l divi
sion of the very variable and collective 
taxon Calamagrostis purpurascens  R. Br. 
into species tha t  conform with various 
degrees of polyploidy, mainly because the 
chromosome reports have not been ac
companied by close morphological com
parisons of the material.  However, we find 
it to be a step in the right direction to 
distinguish as separate species those units 
that are most clearly recognizable. One 
of these is the taxon above, which has 
recently been closely analysed and lifted 
from its originally tentative level of variety 
to that of subspecies (P o r s i l d  1975), a l
though tha t  is certainly no improvement 
in the understanding of its distinctness, 
which certainly is greater than  that of a 
m ajor geographical race.

Agrostis scabra W i l l d .  ssp. septen
trionalis ( F e r n . )  L ö v e  & L ö v e ,  stat. nov., 
based on Agrostis scabra var. septentrio
nalis F e r n a l d ,  in Rhodora 55 (1933), p. 
209.

The variety category as used by F e r 
n a l d  for this and m any other taxa is 
clearly tha t  of a m ajor geographical race, 
or a subspecies in our definition.

Hierochloë orthantha T i l  S o i l  W e find 
it difficult to follow W e i m a r c k  (1971) in 
placing the strictly apomictic 03-chromo
some North American taxon as a subspe
cies of the predom inantly  sexual 56-chro
mosome circum polar II. alpina  (Sw.) R. & 
S. L ö v e  & L ö v e  (1965) found this taxon 
to be identical with a plant described from 
Mt W ashington by B i g e l o w  (1816) as 
Holcus monticola  and transferred  this 
name to Hierochloë (in L ö v e  & S o l r r i g  
1964). The taxon is listed as Hierochloë 
monticola  ( B i g e l . )  L ö v e  & L ö v e  by L ö v e  
& L ö v e  (1975 a). We overlooked, how 
ever, that this is a hom onym  of the Aus
tralian //. monticola  M e z ,  which in turn  
is a synonym of II. submutica  F . M u e l l .  
(cf. V i c k e r y  1975). Therefore, the correct 
name for the taxon at the level of species 
Bot. Notiser, vol. 128, 1975

m u s t  b e  II. orthantha  T h . S o i l , o r  th e  
s a m e  n a m e  as a p p l i e d  at  the  s u b s p e c i f i c  
l e v e l  by W e i m a r c k  (1971).

Carex capillaris L. s sp .  fuscidula (V.
K r e c z .) L ö v e  & L ö v e , stat. & comb, nov., 
based on Carex fuscidula  V. K r e c z e t o - 
v i c i i , in E g o r o v a , in Novit. Syst. Plant. 
Vase. 1 (1964), p. 36.

We are of the opinion th a t  E g o r o v a  
(1964) errs  in identifying the sou thern  
Eurasia tic-North  American tail-grown 
race ssp. chlor ostachijs (St e v .) L ö v e , 
L ö v e  & R a y m o n d  with the typical Atlan- 
tic-Scandinavian ssp. capillaris, but she is 
evidently correct in distinguishing a 
low-grown arctic-alpine Eurasiatic-North 
American taxon from the typical boreal 
race, since the species was obviously de
scribed from  the lowlands of Central Swe
den to where neither ssp. chlorostachgs 
nor the arctic-alpine race reach. However, 
there is no reason to believe that the taxon 
in question is a species in its own right, 
as proposed by E g o r o v a  (I.e.) with re 
ference to a nomen nudum on a map by 
K r e c z e t o v i c h  (1952), but we find  it rea
sonable to accept it as a m ajo r  geograph
ical race at the subspecific level.

Carex gaudichaudiana KUk. ssp. appen- 
diculata ( T r a u t v .  & M e y . )  L ö v e  & L ö v e ,  
stat. & comb, nov., based on Carex acuta 
L. var. appendi culata T r a u t v e t t e r  & 
M e y e r ,  Flor. Ochot. phaen. (1856), p. 100; 
Carex appendiculata  ( T r a u t v .  & M e y . )  
K ük.

We follow Koyama (1959) in regarding 
this no r thern  taxon as a race only of the 
Asiatic C. gaudichaudiana ; however, we 
find it w arran ted  to transfer it to a higher 
level, since we prefer to distinguish be
tween varieties and subspecies on  basis 
of their geographical distinction.

Carex nigra (L.) R e i c h a r d

The cytological similarities between the 
morphologically distinguishable races of 
this widespread species are corrobora ted
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by the ease w ith w hich they hybridize 
w here they come together and also under 

[ experim ental conditions (L ö v e  & L ö v e , 
unpubl.). Therefore, we find  it reasonable 
to accept the th ree taxa reaching the A rc
tic only at the subspecific level, to w hich 
two need to be transferred :

Carex nigra ssp .  juncea (F r .) L ö v e  & 
L ö v e , c o m b ,  n o w ,  b a s e d  o n  Carex vu l
garis F r . * (ssp.) juncea  F r i e s , M a n t .  3 
(1842), p. 154.

Carex nigra ssp. wiluica (M e i n s h .) 
L ö v e  & L ö v e , c o m b ,  n o w ,  b a s e d  o n  

! Carex wiluica  M e i n s h a u s e n , in M a a k , 
Vilyusk. Okr. Yakutsk. 01)1. 2 (1886), p. 
308; Carex juncella  ( F r .) T h . F r . ssp. 
wiluica  (M e i n s h .) E g o r o v a .

Calla L.

The genus Calla is usually  regarded as 
a m onotypic taxon w ith a circum polar 
d istribution. However, cytotaxonom ical 
studies have revealed, th a t the no rth  and 
central E uropean  populations, w hich cer
tainly belong to the species C. palustris 
L. s.str., are characterized by the octoploid 
chrom osom e num ber 2n =  72, w hereas the 
N orth American plant, w hich is sm aller 
in all respects, is a te trap lo id  w ith 2n =  36. 
It was accepted as a distinct species, bre
vis, of the genus Provenzalia  by R a f i - 
n e s q u e  (1836) bu t la ter ignored. In Calla 
its correct nam e is:

Calla brevis ( R a f i n .) L ö v e  & L ö v e , 
comb, n o w ,  based o n  Provenzalia brevis  
R a f i n e s q u e , New FI.  N orth Amer. 2 
(1836), p. 67.

Populus tremula L. ssp. tremuloides
(M i c h x .) L ö v e  & L ö v e , stat. & comb, n o w ,  
based on Populus tremuloides  M i c h a u x , 
F lora  Bor. Amer. 2 (1803), p. 243.

The N orth Am erican taxon is m o rp h o 
logically very close to the typical P. tre
mula  L. of E urasia , from  w hich it d iffers 
technically in having regularly  crenate- 
serru la te  and usually  short acum inate 
leaves, as contrasted  to the irregu larly  
sinuate-dentate and  often obtuse leaves of

the E urasiatic plant. They are ecologically 
and  cytologically identical, and num erous 
experim ents have show n them  to be com 
pletely interfertile. Therefore, we find  it 
illogical to reta in  them  as distinct species 
despite their large and distinct geograph
ical areas, and propose the transfe r of the 
N orth American taxon to the subspecific 
level of the Eurasiatic species.

Salix brachycarpa N u t t . s s p .  fullerto- 
nensis (C. K. S c h n e i d e r ) L ö v e  & L ö v e , 
stat. & comb, now based on Salix fullerto- 
nensis C. K. S c h n e i d e r , in Bot. Gazette 66 
(1918), p. 340.

The northw estern  American species S. 
brachycarpa  is com posed of a few races, 
two of w hich reach the arctic regions. The 
m ore w idespread one of these, ssp. niph- 
oclada (R y d b .) A r g u s , is ra th e r com m on 
in arctic-alpine areas west of the H ud
son’s Bay, but in the no rth ern  Keewatin 
D istrict it is replaced by the distinct but 
less w idespread and m ore p rostra te  and 
sm aller leaved S. fullertonensis, w hich 
certainly ought to be reduced to the sub- 
specific level.

Betula nana L. ssp. perfiljevii (V. V a s - 
s i l .) L ö v e  & L ö v e , stat. & comb, now, 
based on Betula Perfiljevii V. V a s s i i .j e v , 
in Novit. Syst. P lant. Vase. 3 (1966), p. 75.

Betula nana ssp. tundrarum ( P e r f .) 
L ö v e  & L ö v e , stat. & comb, now, based 
on Betala tundrarum  P e r f i l j e v , in Bot. 
Zhurn. 48 (1963), p. 1139.

In conform ity w ith the acceptance of 
the w idespread E urasia tic and North 
American races of Betula nana as the  ssp. 
nana  and  ssp. exilis (SUKACZ.) H u l t é n , 
we find it necessary to propose subspecific 
status also for the two m orphologically 
distinct races above, both of w hich were 
originally described as species of a restric 
ted distribution.

Alnus incana (L.) M o e n c h  ssp. hirsuta 
(S p a c h ) L ö v e  & L ö v e , stat, now, based 
on Alnus incana var. hirsuta  S p a c h , in 
Ann. Sci. Nat., 2 sér., 15 (1841), p. 207.

We prefer to regard  the species Alnus 
incana as a com plex of d istinct m ajor 
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geographical races, since they have been 
show n by num erous experim enters to be 
easily hybridized w ithout a reduction  in 
fertility  and  w ith la ter generations giving 
clearly M endelian segregations. Of the four 
races reaching the Arctic, only the above 
one from  eastern Asia has not earlier been 
validated  as a subspecies.

Urtica gracilis A i t . s s p .  sondenii ( S i m m .) 
L ö v e  & L ö v e , comb, nov., based on Urtica 
dioica  L. var. Sondenii S i m m o n s , in  L i n d 
m a n , S v e n s k  fanerogam fl. (1918), p. 208; 
Urtica dioica  s s p .  Sondenii ( S i m m .) H y l a n - 
d e r .

Recent cytological investigations have 
dem onstrated  beyond doubt th a t the 
m ainly eastern  N orth Am erican Urtica 
gracilis and its far n o rth e rn  outposts in 
Scandinavia differ not only m orphologi
cally and  geographically from  the E ur- 
asiatic Urtica dioica L. and  from  o ther 
dioecious N orth A m erican species, bu t 
also cytologically, since the la tte r are d i
stinctly te traploid  w ith  2n =  52 ch rom o
somes (we have reason to doubt records 
of 2n =  48 because reexam ination  of the 
slides on which our own reports of this 
num ber were based showed th a t these 
num bers were caused by a too low esti
m ation of crowded m etaphase plates), and 
the fo rm er taxon is diploid w ith 2n =  26. 
The diploid species reaches the Arctic only 
in n o rth e rn  Scandinavia and the ad jacent 
Soviet Union, w here it is rep resen ted  by 
the ahove race.

Runicx L.

W e see no reason to re ta in  the genus 
R um ex  in its trad itionally  very collective 
sense, and  so accept for the dioecious 
arctic p lants the generic nam es Acetosella  
F o u r r . and  Acetosa  M i l l . Only the fo l
lowing recently  described species need to 
be transfe rred  to these genera, since valid 
com binations are available for the other 
taxa of the north lands:

Acetosella beringensis ( J u r t s e v  & P e t 
r o v s k y ) L ö v e  & L ö v e , comb, nov., based
Bot. N otiser, vol. 128, 1975

on R um ex beringensis J u r t s e v  & P e t 
r o v s k y ,  in Y u r t s e v ,  S y t i n  & S e k r e -  

t a r e v a ,  in Bot. Zhurn. 58 (1973), p. 1745 
(note).

Acetosella krausei ( J u r t s e v  & P e t r o v 
s k y )  L ö v e  & L ö v e ,  comb, nov., based on 
R um ex Krausei J u r t s e v  & P e t r o v s k y ,  in 
Y u r t s e v ,  S y t i n  & S e k r e t ä r e  v a ,  in Bot. 
Zhurn. 58 (1973), p. 1745.

Aeetosa oblongifolia ( T o l m .) L ö v e  & 

L ö v e , comb, nov., based on R um ex ob- 
longifolius T o l m a c h e v , in Arkt. F lo ra  
SSSR 5 (1966), p. 154.

Kocnigia hndacii L ö v e  & L ö v e , spec, 
nov., based on Koenigia islandica  L. var. 
arctica H a i i a c , in S tudia Bot. Cechica 5 
(1942), p. 3.

This sm all diploid taxon is apparen tly  
an  Asiatic p lan t tha t reaches Svalbard. It 
is distinguished from  typical and  te tra 
ploid K. islandica  by being diploid and 
having sm aller flowers and sm aller achenes 
bu t since this is a m odifiable character 
requiring  com pletely ripe seeds for secure 
identification, o ther less m odifiable charac
ters need to be searched for. W hen com 
pared  under controlled experim ental con
ditions, the floral and fru it size differences 
are always reliable, and then  the diploid 
also ripens its seeds significantly  earlier 
than  the tetraploid. Both species seem to 
he alm ost obligately autogam ous and hy 
bridization rare ly  succeeds even under 
controlled conditions because of the d iffi
culties of em asculating the flow ers. H ow 
ever, triploids derived from  pollinations j 

of the te trap lo id  by pollen from  the d i
ploid were found to have a ra th e r  high 
frequency of trivalents at meiosis, perhaps 
indicating an  autoploid origin of the  te tra 
ploid species ( L ö v e  & L ö v e ,  unpubh).

Polygonum  L.

It is our opinion based on long-tim e 
studies of various features of num erous 
taxa belonging to this very collective genus, 
tha t it ought to he divided in to  m ore
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clearly  defined genera, as proposed by 
m any previous au tho rs though generally  
ignored by au tho rs  of m anuals. Cytolog- 
icallv, this is well substantiated  by v aria 
tions in chrom osom e m orphology and by 
the occurrence of at least three basic ch ro 
mosome num bers th a t coincide w ith the 
m orphological characters that have been 
used to define the restric ted  genera. Follow 
ing th is view, Polygonum  is restricted to the 
annual groups belonging to the section or 
suhgenus Avicularia, w hereas other genera 
represen ted  in the Arctic are Bistorta  
S c o p , (not M i l l , as inadvertently  given 
by L ö v e  & L ö v e , 1975 a), Persicaria M i l l ., 
Aconogonon  R c h b . and  Fallopia A d a n s .

According to H u l t é n  (1968), w ho does 
not subdivide the collective genus, the 
no rthern  Pacific populations of the wide 
taxon P. bistorta L. all belong to the ssp. 
p lum osum  ( S m a l l ) H u l t é n , w hich then 
includes the ssp. ellipticum  ( W i l l d .) P e t 
r o v s k y . R ecent cvtological evidence, how 
ever, casts a doubt on this conclusion, 
since the fo rm er apparen tly  strictlj' Am er
ican taxon has been found to he hexaploid 
w ith 2n =  72 chrom osom es, w hereas the 
la tte r eastern  Asiatic and Alaskan p lan t 
is a te trap lo id  w ith 2n =  48 chrom osom es, 
as is also the typical race of the species. 
Therefore, we accept the latter as a sub
species of the E urasia tic  species in the 
genus Bistorta  and the form er as a species 
in its own right, B. plumosa  ( S m a l l ) 
G r e e n e  (not L ö v e  & L ö v e  as in L ö v e  & 

L ö v e  1 9 7 5  a). Likewise, the genus Aco
nogonon is represen ted  in the Arctic by 
some species, only one of which requires 
a transfer.

Bistorta major S .  F .  G r a y  s s p .  elliptica  
( W i l l d . )  L ö v e  & L ö v e ,  comb, nov., based 
on Polygonum ellipticum  W lL L D E N O W  e x  

S p r e n g e l ,  S y s t .  veget, ed. 16, 2 (1825), 
p. 253; Polygonum bistorta L. ssp. ellip
ticum  ( W i l l d . )  P e t r o v s k y .

Aconogonon laxm annii ( L e p e c i i . )  L ö v e  

& L ö v e ,  comb, nov., based on Polygonum  
Laxmannii  L e p e c h i n ,  Nova Acta Petrop. 
10 (1797), p. 414.

Dichodon ( B a r t l . )  R c h b .

The genus Dichodon, as recently  re- 
susciated by I k o n n i k o v  (1973) to accom 
odate the species Cerastium dubium  ( B a s t .) 
O . S c h w a r z  and C. cerastoides (L.) B r i t 
t o n  and their close relatives, w hich re
present the sections Dichodon  and Peren
nia I k o n n . respectively, ought also to in 
clude the section Strephodon  S e r . of the 
collective genus Cerastium, as show n by 
observations m ade by S ö l l n e r  (1954). 
Both groups are m orphologically related  
and arc characterized by the same rare 
basic chrom osom e num ber x =  19, as con
trasted to x =  9 of Cerastium proper. This 
conclusion requires the following transfers:

Dichodon sect. Strephodon ( S e r i n g e )  

L ö v e  & L ö v e ,  coml). nov., based  on 
Cerastium sect. Strephodon  S e r i n g e ,  in 
DC. P rodr. 1 (1824), p. 414.

Dichodon chlorifolium  ( F i s c h .  & M e y . )  

L ö v e  & L ö v e ,  comb, nov., based on 
Cerastium chlorifolium  F i s c h e r  & M e y e r ,  

in Index IV Sem. Hort. Petrop. (1837), 
p. 34.

Dichodon dahuricum ( F i s c h . )  L ö v e  & 

L ö v e ,  comb, nov., based on Cerastium 
dahuricum  F i s c h e r  ex S p r e n g e l ,  PI. 
m inus cognit. Pug. II (1815), p. 65.

Dichodon maximum (L.) L ö v e  & L ö v e ,  

comb, nov., based on Cerastium m axim um  
L i n n a e u s ,  Spec, plant. (1753), p. 439.

Dichodon pcrfoliatuni (L.) L ö v e  & 
L ö v e ,  comb, nov., based on Cerastium  
per foliatum  L i n n a e u s ,  Spec, plant. (1753), 
p. 437.

Sagina L.

Although some botanists of the last cen
tury  had shown that the collective genus 
Sagina could be divided into at least three 
m ore homogeneous genera on basis of 
floral and fru it characters, this advise has 
not been heeded by later au thors, p ro 
bably because other technical characters 
for th is^sep ara tio n  are som ew hat con
fusing. Since recent cvtological evidence, 
however, shows that these th ree  groups 
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differ also drastically in their basic chro
mosome numbers and chromosome m or
phology, there is a reason now to accept 
these opinions. In tha t case, the annual 
boreal species are assigned to the genus 
Saginella K o c h , s.str. which is charac
terized by Ihc basic num ber x =  6 and typi
fied by S. apetalci A r d . The boreal and 
arctic-alpine group of perennial species 
similar to S. nodosa  L. are classified as 
representing the genus Spergella R c h b ., 
s.str. which has the basic num ber  x =  7, 
but the perennial S. procumbens  L. and its 
relatives are retained in the genus Sagina 
L., s.str. which is cytologically charac
terized by the basic num ber  x 11. The 
acceptance of this division requires the 
transfer of two arctic-alpine species to 
the genus Spergella:

Spergella caespitosa (J. V a h l ) L ö v e  & 
L ö v e , comb, now, based on Arenaria 
caespitosa J. V a h l , in F lo ra  danica, fasc. 
39 (1840), tab. 2389; Sagina caespitosa 
(J. V a i i l ) L g e .

Spergella intermedia ( F e n z l ) L ö v e  & 
L ö v e , c o m b ,  n o w ,  b a s e d  o n  Sagina inter
media  F e n z l , in  L e d e b o u r , F l o r a  r o s s .  I 
(1842), p. 339.

Minuartia L.

The redefinition of the strictly Mediter
ranean genus Minuartia  L. by H i e r n  
(1899), which made it possible to accom 
odate within its limits even arctic species, 
certainly was caused by a m isunder
standing of considerable magnitude, a l
though later authors and even two m ono
graphers ( M a t t f e l d  1921, 1922; M c N e i l l  
1962) seem to have accepted this without 
hesitation. The group so widely defined is 
highly unnatura l from  w hatever modern 
point of view it is looked upon, as shown 
most clearly be the apparen t difficulties 
experienced by M c N e i l l  (I.e.) in dividing 
it into subgenera, sections and even sub
sections and series some of which are not 
only morphologically heterogeneous but 
also characterized by distinct basic ch ro 
mosome numbers and by karyomorpho- 
B ot. N o tiser, vol. 128, 1975

logy different f rom  that of their sup
posedly closest relatives. Minuartia  s.str. 
is known to have the basic number x =  15, 
whereas other groups within the collec
tive genus have been reported to have 
basic num bers  as variable as x =  8, 9, 10, 
11, 12, 13, and 23. We have had the op
portunity  to make cytotaxonomical studies, 
still m ainly unpublished, of considerable 
living and  herbarium  material of num er
ous species from arctic and boreal regions 
in Eurasia  and North America and also 
of populations from the Mediterranean and 
the southwestern Asiatic area of the collec
tive genus. These studies, which also in
clude detailed observations on pollen and 
seed coat morphology, have convinced us 
tha t this unnatura l  assemblage needs to 
be divided into groups that better fit the 
modern biological definition of a genus. 
Therefore, in the Cytotaxonomical Atlas 
of the Arctic F lora (L ö v e  & L ö v e  1975 a) 
we have resusciated some long ignored 
but well-defined and more restricted ge
nera that are represented in the tundra 
of the northlands, and proposed  new 
names for a couple of groups for which 
valid names at that level were not avail
able.

One of the most distinct groups within 
this unnatu ra l  assemblage is the section 
Uninervicie which in its strict sense in
cludes a single species with two races that 
are distributed from southern Greenland 
to the mountains of Tennessee, w ith  some 
outposts in South America. Since the taxon 
has not previously received recognition as 
a genus, we are pleased to be able to name 
it in honour  of A. F r l in g  P o r s i l d , the 
most outstanding Canadian specialist on 
arctic plants who received his basic t ra in 
ing in Greenland.

Another well-defined group requiring 
a new nam e at the generic level is nam ed 
in honour of J o h a n n e s  and D a g n y  T a n d e  
L i d  of Oslo, he an ardent s tudent of arc- 
tic-alpine plants and the au tho r  of arctic 
floras and  of the best recent m a n u a l  of 
Scandinavian plants, and  she the most
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o u t s t a n d i n g  i l lu s t r a to r  o f  a r c t ic  a n d  b o r e a l  
a n d  e v e n  s u b t r o p i c a l  p l a n t s .

A d d i t io n a l  a n d  r e v i v e d  g e n e r a  o f  th i s  
c o m p l e x  t h a t  r e a c h  a r c t i c  l a n d s  a r e  A l
si nan the  ( F e n z l )  R c h b . ,  Neumayerci  R c h b . ,  
T ry p h a n e  ( F e n z l )  R c h b .  a n d  W ierzb ick ia  
R c h b . ,  w h e r e a s  th e  b u l k  o f  g e n e r a  in  n e e d  
o f  r e s e p a r a t io n  f r o m  th is  c o n f u s e d  c o m 
p l e x  are  d i s t r ib u te d  in m o r e  s o u t h e r n

m o u n ta in s  of the  b o rea l zone. In s tead  of 
fu rn ish in g  exact an d  d e ta iled  descrip tions 
of each  o f the  a rc tic  genera, w e p rovide 
below  a key fo r th e ir  id en tif ica tion , w h ich  
w e h av e  lifted  ou t of the good co m p re 
hensive  key hy M c N e i l l  (1962), fo llow ed 
by  v a lid a tio n s  o f the new  tax a  of various 
ra n k s  re q u ire d  fo r som e of the a rc tic  
p o p u la tio n s .

1 Annual or biennial herbs; petals more or less emarginate, twice as long as the calyx; 
sepals obscurely or reticulately nerved, erect a t anthesis; leaves one-nerved (or almost 
three-nerved), slender or ra ther fleshy; seeds obscurely tuberculate to tuberculate, some
times echinate ............................................................................................................  Porsildia, x =  l()

1 Suffruticose or herbaceous perennials; petals entire, very rarely shortly emarginate . . 2
2 Sepals rounded to obtuse at apex, linear; calyx cylindrical; sterile shoots gradually 

passing into flowering shoots, rarely  flowering shoots distinct and then bearing large 
fascicles; leaves fleshy, rarely  ra ther rigid, traversed by one more or less prom inent 
nerve ..........................................................................................................................................................  3

2 Sepats acute or acuminate, rarely  obtuse and then ovate; calyx ovoid or urceolate; 
leaves of the sterile rosettes closely fasciculate, or even spreading, slender ...................  4

3 Leaves flat, lanceolate or linear-lanceolate; entire leaf, or the margin near the base,
setose, bearing long acute hairs; seeds w ith a fim briate crest on the dorsal r i d g e ...............
  Wierzbickia, x =  23

3 Leaves linear-subulate, the m argin near the base more or less scabrid with short and 
obtuse hairs, rarely  glabrous; seeds obscurely reticulate to obscurely tuberculate all 
over   India, x= 13

4 Petals shorter than sepals; sepals erect at anthesis; leaves one-nerved; seeds obscurely 
tuberculate; perennial herbs w ith elongate pedicels ...............................  Alsinanthe, x= 15

4 Petals longer than  sepals, or if shorter, then sepals spreading at anthesis; plant peren
nial; sepals 3—5(-—9) -nerved w ith a ra ther narrow  m em branous or scarious margin; 
calyx not hardened at the base .......................................................................................................  5

5 Sepals 5— 7(—9)-nerved, rarely  3-nerved and then the seeds are fim briate; leaves 
linear-subulate or setaceous; sepals spreading at anthesis; seeds obscurely tuberculate 
or m uricate ................................................................................................................  Tryphane, x= 12

5 Sepals 3-nerved, acuminate, erect a t anthesis; petals obovate or oblong, gradually n a r
rowing to the base, 1.5—2 times as long as sepals; seeds obscurely tuberculate and 
sometimes echinate ...............................................................................................  Neumayera, x =  13

A lsinanthe ross ii (R. B n.)  L ö v e  & L ö v e ,  
com b, now , b a se d  on Arenaria  Rossii  R. 
B r o w n ,  in R i c h a r d s o n ,  in F r a n k l i n ,  
N arr. Jo u rn . P o la r  Sea, A pp. V II (1823), 
j). 738; M inuartia  Rossii (R. Bit .)  G r a e b -  
NER, s .s tr .; M inuartia  R o lf i i  N a n n f .

A lsinanthe elegans (C h a m .  & S c h l e c h t . )  
L ö v e  & L ö v e ,  com b, now , b a sed  on A re
naria elegans  C h a m i s s o  & S c h l e c i i t e n -  
d a l ,  in  L in n aea  1 (1826), p. 57; M inuartia  
elegans (C h am . & S c h l e c h t . )  S c h i s c h k i n .

P orsild ia  L ö v e  & L ö v e ,  gen. nov.

B ased on A ls in e  12 U ninerv iae  F e n z l ,  
in  E n d l i c h e r ,  Gen. p lan t. (1840), p. 9 6 5 ;

M inuartia  sect. Uninerviae  ( F e n z l )  M a t t -  
f e l d ,  in Bot. Ja h rb . 57, Beih. 126 (1921), 
p. 28, p. p., exci. M. nn if lora  ( W a l t . )  
M a t t f .  T ype species: Porsildia groenlan-  
dica  ( R e t z . )  L ö v e  & L ö v e .

P orsild ia  groenlandica ( R e t z . )  L ö v e  & 
L ö v e ,  com b, nov., b ased  on Stellaria groen
landica  R e t z i u s ,  F lo ra  Scand. P ro d r . ed. 
2 (1795), p. 107; M inuartia  groenlandica  
( R e t z . )  O s t e n f .

P orsild ia  groenlandica ssp. glabra 
( M i c h x . )  L ö v e  & L ö v e ,  com b, nov., based  
on Arenaria  glabra  M i c i i a u x ,  F lo ra  Bor. 
A m er. 1 (1803), p. 274; M inuartia  groen
landica  ssp. glabra  (M ic h x . )  L ö v e  & L ö v e .
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Lidia L ö v e  & L ö v e ,  g e n .  n o v .

Rased on Mimiortia  sect. Spectabilis 
series Bi florae M a t t f e l d , in Feddes 
Repert., Beih. 15 (1922), p. 182, diagn. in 
clavae. Type species: Lidia biflora  (L.) 
L ö v e  & L ö v e .

Lidia arctiea (S t e v . )  L ö v e  & L ö v e ,  
com b, nov.,  ba sed  on Arenaria arctica 
S t e v e n ,  ex S é r i n g e ,  in  DC. Prodr.  1 
(1824) ,  p. 104; Minuartia arctica (S t e v . )  
A. & Gr.

Lidia biflora (L.) L ö v e  & L ö v e ,  comb, 
n o v ., b a s e d  on Stellaria biflora  L in n a e u s ,  
Spec, plant. (1753), p. 422; Minuartia bi
flora  (L.) SciiiNZ & T h e l l .

Lidia obtusiloba ( R y d b . )  L ö v e  & L o v e ,  

comb, nov., based on Alsinopsis obtusiloba  
R y d b e r g ,  in Bull. T orrey  Bot. Club 33 
(1906), p. 132; Minuartia obtusiloba 
( R y d b . )  H o u s e .

Lidia yukonensis ( H u l t é n )  L ö v e  & 
L ö v e ,  com b, nov.,  b ased  o n  Minuartia  
yukonensis  H u l t é n ,  in Arkiv f. Bot.  II, 7 
(1967), p. 52.

Gastrolychnis R c h b .

The arctic-alpine herm aphrod itic  taxa 
tha t trad itionally  have been trea ted  as a 
section of either the otherw ise dioecious 
genus Melandrium  R o e h l . or of the  then 
m uch too inclusive genus Silene L. are 
m ore appropria te ly  included in the well- 
defined genus Gastrolychnis (TOLM ACHEV&  

K o z h a n c h i k o v , in T o l m a c h e v  1971), a 
p rocedure based on m orphological d istinc
tions b u t strongly supported  by cvtological 
observations of the behavior of haplom es 
and of genomic relationships in the Cary- 
ophyllaceae ( L ö v e  & L ö v e , unpubl.). 
Most of the arctic taxa have already  been 
tran sfe rred  to this genus by previous 
au thors, bu t new com binations are needed 
for the following:

Gastrolychnis apetala (L .)  T o l m .  & 

K o zh .  ssp. arctica (Fr.)  L ö v e  & L ö v e ,  
com b, nov . ,  based  on Wahlbergella apetala 
(L.) F r .  ß arctica T h. M. F r i e s ,  in Öfvers.  
V etensk .-A kad. F örh a n d l .  2 (1869) ,  p. 133;
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Melandrium apetalum  (L.) F e n z l  ssp. 
arcticum  ( F r .) H u l t é n .

This race is endemic in Svalbard. 
Gastrolychnis apetala ssp. uralcnsis 

( R u p r . )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Gastrolychnis uralense R u p r e c h t ,  

in Beitr. Pflanzenk. Russ. Reiches 7 (1850), 
p. 30; Silene uralensis ( R u p r . )  B o c q u e t  
ssp. apetala (L.) B o c q u e t .

This circum polar arctic-subarctic race 
is frequently  confused w ith  the endemic 
Svalbard race above, even by H u l t é n  

(1968, 1971).
Gastrolychnis involucrata ( C h a m .  & 

S c h l e c h t . )  L ö v e  & L ö v e ,  comb, nov., 
based on Lychnis apetala L. y involucrata  
C h a m i s s o  & S c h l e c h t e n d a l ,  in Linnaea 
1 (1826), p. 43; Melandrium involucratum  
( C h a m .  & S c h l e c h t . )  R o h r b a c h ;  Melan
drium furcatum  ( R a f i n . )  H a d a c .

Gastrolychnis involucrata ssp. elatior 
( R e g e l )  L ö v e  & L ö v e ,  comb, nov., based 
on Lychnis apetala var. elatior R e g e l ,  

in Bull. Soc. Imp. Nat. Moscou 34 (1862), 
p. p. emend. M a g u i r e ,  in R hodora 52 
(1950), p. 240; Silene involucrata  ssp. ela
tior ( R e g e l )  B o c q u e t .

Gastrolychnis involucrata ssp. tenella 
( T o l m . )  L ö v e  & L ö v e ,  comb, nov., based 
on Melandrium aff ine J. V a h l  ssp. tenel
lum  T o l m a c h e v ,  in Trud. Bot. Muz. 24 
(1932), p. 258.

Gastrolychnis soezaviana ( S c h i s c h k i n )  

T o l m .  & K o z h .  ssp. ogilviensis (A. E. 
P o r s i l d )  L ö v e  & L ö v e ,  comb, nov., based 
on Melandrium apetalum  ssp. ogilviense 
A. E. P o r s i l d ,  in Natl. Mus. Canada Publ. 
Bot. 4 (1975), p. 23.

Gastrolychnis triflora (R. B r . )  T o l m .  & 

K o z h .  ssp. dawsonii ( R o b i n s . )  L ö v e  & 

L ö v e ,  stat. & comb, nov., based on L ych 
nis triflora  R. B i l  var. Dawsonii  R o b i n 
s o n ,  in Proc. Amer. Acad. 28 (1893), p. 
149.

Caltha minor M i l l .  ssp. arctica (R.
B r .) L ö v e  & L ö v e , comb, nov., based on 
Caltha arctica R. Bit., Suppl. to App.
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P a r r y ’s V o y .  (1 8 2 4 ) ,  p. 2 6 5 ;  Calthci 
palustris  L. ssp. arctica (R. B r . )  H u l t é n .

M orphological and cytological observa
tions support the opinion tha t the con
ventionally circum scribed collective spe
cies Caltha palustris actually  consists of 
two good species, the L innaean  taxon  in 
its strict sense, which is a p lan t w ith 
2n =  32 chrom osom es tha t is represen ted  
in the E urasia tic  Arctic by its ssp. palus
tris and in northw estern  Alaska by ssp. 
asarifolia  (DC.) H u l t é n , and a circum - 
po lar arctic-alpine polyploid w ith a vari
able chrom osom e num ber and perhaps 
partially  apom ictic. The la tte r has been 
given various nam es in the past, hut the 
oldest valid nam e for the com plex is C. 
m inor  M i l l ., described from  the m oun
tains of Great Britain, of w hich the arctic 
populations are best regarded as a single 
subspecies.

Anemone drummondii S. W a t s .  s sp .  
heimburgeri L ö v e  & L ö v e ,  s u b s p .  n o v .

Stylus filiformis, firmus, non fragilis. Holo- 
typus: Alaska, Bering Strait district, Teller; 
Walpole 2006 in U.S. Natl. Herb.

This no rth ern  race has a filifo rm  style, 
w hich is firm  and not fragile as in the 
m ore southern  typical subspecies. We 
nam e it in honour of Dr M a r g a r e t  H e i m - 
RURGER, an arden t student of the cytology 
of the collective genus Anem one.

Jurtsevia L ö v e  & L ö v e ,  g e n .  n o v .

Based o n  Anem one  suhgenus Rivulari- 
dium  J a n c z e w s k i ,  in  Revue g é n .  B o t .  4 
( 1 8 9 2 ) ,  p. 2 5 1 .

As pointed out by H o l u b  (1 9 7 3 ) ,  the 
genus Anem one  L. represen ts an unnatu ra l 
aggregate even after the exclusion of Hepa
tica M i l l ,  and  Pulsatilla  M i l l .  He defined 
it strictly  as typified by A. coronaria  L. 
(x =  8) and  separated  from  it the genera 
Anem onoides  M i l l .  (x  =  8, 15) and  Ane- 
m onastrum  H o l u b  ( x  =  7). Even after this 
division, the genus rem ains heterogeneous, 
since the m onotypic subgenus Rivulari- 
dium  also deviates strongly in  its m or

phology from  the so restric ted  genus A ne
m one  from  w hich it also differs in having 
the basic chrom osom e num ber x =  7 and 
m orphologically d ifferen t chrom osom es. 
Its only species is a slender and  delicate 
p lan t w ith filiform  rootstocks, sparing ly  
h irsu te  with deeply five-cleft basal leaves 
and three-clelt involucral leaves; the stem s 
are 5— 20 cm high and te rm inate in a 
solitary  yellow flow er w hich is 1.5— 2.5 
cm in diam eter; the fru iting  heads are sub- 
globose, and the achenes are few and 
globose w ith a slender and hooked beak. 
It is a p lan t of snow-patches, herb-slopes 
and  moist willow thickets in the north- 
lands from  Taim yr to Greenland, although 
L ö v e  & L ö v e  (1975 a) m istakingly om it
ted the num ber 6 (Greenland) from  the 
in form ation  of its la titud inal d istribution . 
W e find  it logical to propose the sep ara 
tion of this taxon under a new generic 
nam e. As such, we nam e it in hon o u r of 
the very active arctic botanist, B o r i s  
Y u r t s e v , and transfer its only species to 
the new genus:

Jurtsevia richardsonii ( H o o k . )  L ö v e  & 
L ö v e ,  comb, nov., based on A nem one  
Richardsonii W. J. H o o k e r ,  F lo ra  Bor. 
Amer. 1 (1829), p. 6.

Anemonastrum narcissiflorum  (L.) H o l u b

The w idespread and variable species 
A nem onastrum  narcissiflorum  com prises 
sixteen m ajor geographical races ( H u l t é n  
1944; L ö v e , L ö v e  & K a p o o r  1971) of 
w hich three w ith outposts in the Arctic 
are in need of transfer:

Anemonastrum narcissiflorum  ssp. cal- 
vum (Juz .)  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Anem one calva J u z e p c z u k ,  
in F lo ra  SSSR 7 (1937), p. 279.

Anemonastrum narcissiflorum  ssp. sibi- 
ricum (L.) L ö v e  & L ö v e ,  comb, nov., 
based on Anem one sibirica L., Spec, p lant. 
(1753), p. 541; Anem one narcissiflora  L. 
ssp. sibirica (L.) H u l t é n .

Anemonastrum narcissiflorum  ssp. vil
losissim um  (DC.) L ö v e  & L ö v e ,  com b, 
nov., based on Anem one narcissiflora  ç 
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villosissima D e  Ca n d o l l e , Prodr. 1 (1828), 
p. 22; Anemone narcissi flora ssp. villosis
sima  (DC.) H u l t é n .

Atragene alpina L. s sp .  sibiriea (L.) 
L ö v e  & L ö v e ,  c o m b ,  n o v . ,  b a s e d  o n  Atra
gene sibiriea L i n n a e u s ,  S p e c ,  p la n t .  (1753), 
p. 343 ;  Clematis alpina  (L.) M i l l . ssp .  
sibiriea (L.) O. K u n t z e .

Since we favour the splitting of the 
genus Clematis L. of recent au thors but 
agree that the Eurasiatic taxon reaching 
the Arctic is only a race of the alpine spe
cies, this transfe r is required.

Batrachium circinatum ( S i b t h . )  S p a c h  
ssp. subrigidum ( D r e w )  L ö v e  & L ö v e ,  
stat. & comb, nov., based on Ranunculus  
subrigidus D r e w ,  in R hodora 38 (1936), 
p. 39.

This is the vicarious N orth Am erican 
race of the E urasia tic species.

Beckwithia glacialis (L.) L ö v e  & L ö v e  
ssp. chamissonis ( S c h l e c h t . )  L ö v e  & 
L ö v e ,  comb, nov., based on Ranunculus  
C ha mi ss o ni s S C H LE c H T E ND a l  , A n im ad v. 
Ranunc. 1 (1819), p. 12; Ranunculus gla
cialis L. ssp. Chamissonis (SCHLECHT.) 
H u l t é n .

W e agree w ith H u l t é n  (1944) th a t the 
arctic Pacific taxon is m ost appropria te ly  
regarded as a subspecies of the Atlantic 
arctic-alpine species, which, however, we 
place in a distinct genus of its own. T hat 
requires the present transfer.

Cyrtorbyncha cymbalaria ( P u r s h )  
B r i t t ,  ssp. alpina ( H o o k . )  L ö v e  & L ö v e ,  
comb. & stat. now, based on Ranunculus  
cymbalaria  P u r s h  var. alpina  W . .1. 
H o o k e r ,  F lo ra  Bor. Amer. 1 (1829), p. 11.

The representatives of the species in the 
w estern American m ountains and in the 
Arctic from  Alaska to G reenland clearly 
constitute a m ajor ra th e r than  a m inor 
geographical race.

Ranunculus hyperboreus R o t t b .  ssp. 
tricrenatus (R u p r . )  L ö v e  & L ö v e ,  stat .  
nov., based on Ranunculus hyperboreus  
var. tricrenatus R u p r e c i i t ,  in Beitr. Pflan- 
zenk. Russ. Reiches 2 (1845), p. 19.
B ot. N o tise r, vol. 128, 1975

This geographical race has been regard 
ed as a varie ty  only as recently  as in the 
F lora A rctica USSR, although it certainly 
is no less distinct m orphologically and 
geographically  than are the generally ac
cepted arc tic  races ssp. hyperboreus  and  
ssp. arnellii S c i i e u t z . Therefore its valida
tion at this level.

Ranunculus acris L.

W e agree w ith O r l o v a  (1956) tha t in 
addition to the more w idespread and 
d istinct low -grow n race, ssp. pumilus  
(Wo) L ö v e  & L ö v e  of this species of the 
arctic regions, two m ore taxa of this com 
plex in northw estern  E urasia  are w orthy 
of recognition, although we are of the 
opinion tha t the}' are m ore correctly  clas
sified as subspecies than  as species. At 
that level the ir nam es are:

Ranunculus acris ssp. glabriusculus 
(R u p r . )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Ranunculus glabriusculus R u p 
r e c h t ,  in Beitr. Pflanzenk. Russ. Reiches 
2 (1845), p. 19.

Ranunculus acris ssp. scandinavicus 
( O r l o v a )  L ö v e  & L ö v e ,  stat. & comb, 
now, based on Ranunculus scandinavicus  
O r l o v a ,  in F lo ra  Murm. Obi. 3 (1956), 
p. 288; Ranunculus silvaticus F r i e s ,  non 
T h u i l l i e r ;  Ranunculus acris ssp. stevenii 
a n d . scand., non A n d r z . ,  nec K o r s i i .

Papaver relictum ( L u n d s t r . )  N o r d h .  
ssp. hyperboreum ( N o r d h . )  L ö v e  & L ö v e ,  
comb, nov., based on Papaver radicatum  
R o t t b .  ssp. hyperboreum  N o r d h a g e n ,  in 
Bergens Mus. Årbok 1931, N aturv. rekke 
2, ]). 48; Papaver N ord liageni anum  A. LÖVE 
ss]). Nordhagenianum.

This is the no rthern  Scandinavian m ajor 
race of the 70-chromosome E urasia tic  spe
cies of the genus.

Torularia (G o ss .)  O. E. S c h u l z

W e regard  it as advisable to accept the 
genus Torularia  as distinct from  Braga 
S t e r n b . & H o p p e  to avoid heterogeneity  
of the latter. W e also find it necessary to
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divide the collective species hum ilis  into 
units restric ted  by their m orphology and 
single chrom osom e num bers. So defined, 
the genus includes two species in the Arc
tic, here validated:

Torularia arctica ( B ö c h e r ) L ö v e  & 
Lo v e , stat. & comb, nov., based on Toru
laria hum ilis  (C. A. M e y .) O. E. S c h u l z  
ssp. arctica B ö c h e r , in Medd. om Grön
land 147,7 (1950), p. 29.

Torularia richardsonii ( B y d r .) L ö v e  & 
L ö v e , comb, nov., based on Pilosellci 
Richardsonii R y d b e r g , in T orreya 7 
(1907), p. 159.

Boechera L ö v e  & L ö v e , g e n .  n o v .

Folia cantina integra, sagittata vel auri- 
cnlata, amplectia, inferiora dense stellato- 
pilosa. Corolla alba ab purpurea. Pedicelli 
maturescentes deflexi vel appressi. Semina 
alata.

Numerus basicus chromosomatum x =  7.
T y p u s  generis:  Boechera holboellii (H or-  

nem.) L ö v e  & L ö v e .

Cauline leaves entire, sagittate or auri- 
culate, clasping. Leaves of lower p a rt of 
stem densely covered w ith m inute stellate 
hairs. Corolla red-violet to white. Ripe 
fru iting  pedicels d istinctly  deflexed or op
pressed to the  rachis. Seeds winged. Basic 
chrom osom e num ber x =  7.

This taxon, w hich traditionally  has been 
included in the then  very collective and 
heterogeneous genus Arabis L., is m or
phologically as well as cytologically (x =  7 
versus x=^8) clearly distinct, especially 
when fru iting  specim ens are com pared. 
W e nam e it in honour of T y g e  W. B ö c h e r , 
an arctic bo tan ist of great reputation  who 
has studied this group in detail from  v ar
ious points of view for several decades. 
The genus includes several species of 
boreal and  m ountainous areas in N orth 
America, of w hich the following occur in 
the Arctic:

Boechera divaricarpa (A. N e l s o n )  
L ö v e  & L ö v e ,  comb, nov., based on Arabis 
divaricarpa  A. N e l s o n ,  in Bot. Gazette 30 
(1900), p. 193.

Boechera druimnondii (A. G r a y ) L ö v e  
& L ö v e , comb, nov., based on Arabis 
D rum m ondii A. Gr a y , in Proc. Amer. 
Acad. 6 (1862), p. 187.

Boechera holboellii (H o r n e .m .)  L ö v e  & 
L ö v e ,  comb, nov., based on Arabis Hol
boellii H o r n e m a n n ,  in F lo ra  danica, fasc. 
11 (1827), tab. 1879.

Boechera tenuis ( B ö c h e r ) L ö v e  & 
L ö v e , stat. & comb, nov., based on Arabis 
Holboellii var. tenuis B ö c h e r , in Svensk 
Bot. Tidskr. 48 (1954), p. 38.

Noccaea M o e n c h

The genus Thlaspi L. as treated  in re 
cent m anuals is a heterogeneous group, 
and some of its socalled sections or sub
genera are so distinct th a t their species 
never produce hybrids w ith those of other 
sections even under experim ental pressure. 
Since the explanation of this lack of 
crossability of at least the m orphologically 
well-defined section Pterotropis  DC. is 
connected w ith certain  features of the 
chrom osom es that indicate a profound hap- 
lomic distinction, the separation  of this 
section under the restricted  generic nam e 
Noccaea seems to be well w arranted. Two 
taxa reaching the arctic regions then re
quire to be transfe rred  to this genus:

Noccaea cochleariform e (DC.) L ö v e  & 
L ö v e , comb, nov., based on Thlaspi coch
leariforme D e  C a n d o l l e , Syst. nat. 2 
(1821), p. 381.

Noccaea montana (L.) F. K. M e y e r  ssp. 
arctica (A. E .  P o r s i l d ) L ö v e  & L ö v e , 
stat. & comb, nov., based on Thlaspi arc- 
ticum  A. E. P o r s i l d , in Sargentia 4 (1943), 
p. 40.

Cochleariopsis L ö v e  & L ö v e , gen. nov.
Plantae perennis humilis, 2—12 cm alta, 

multicaulis, rhizomate verticale, a basi ramosa 
et vix inflata, carnosa; caulibus saepius pro
stratis, folia radicalia longe petiolata, ovala 
vel ovata, obtusa, basi rotundata vel reni- 
formi-cordata, post florationem mox emar- 
cida. Folia caulinaria rhomboideo-elliptica, 
integra vel subhastato-trilobata. Racemi flor
entes densi, fructiferentes elongati. Flores
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minores; stylus brevissimus, pedicelli patuli, 
capsula subglobosa vel elliptico-ovalis, laevis 
vel obsolete venosa, 2—3-plo longior quam 
lata. Siculae globosae, ellipsoideae, obovatae 
vel ambitu angustatae.

Numerus basicus chromosomatum x —7.
Typus generis: Cochleariopsis groenlandica 

(L.) L ö v e  & L ö v e .

A low-growing perennial, 2— 12 cm high, 
the rhizom es vertical w ith m any stems, 
b ranched  at the base and slightly inflated, 
fleshy; the stems are often p rostra te ; the 
basal leaves have long petioles, and  are 
oval or ovate, obtuse, w ith a round  or 
ren iform -cordate base, w ithering soon after 
the flow ers have fallen off. The blades of 
the stem leaves are sho rte r th an  the pe t
ioles, rhom boid-elliptic, entire or snb- 
hastate-trilobed. The racem es are densely 
covered w ith flowers and elongate when 
the fru its ripen. The flow ers are small, 
w ith  short styles, the pedicels spreading; 
the capsule is subglobose or elliptic-oval, 
veinless o r scarcely veined and 2— 3 times 
longer th an  broad. The silicules are glo
bose, elliptic, obovate or in extrem e cases 
also narrow ed. Basic chrom osom e num ber 
x =  7.

The collective natu re  of the genus Coch
learia L. as trad itionally  circum scribed 
has becom e evident th rough  intensive cyto- 
taxonom ical studies, w hich have show n 
tha t the taxon actually  consists of two 
m orphologically  and geographically d is
tinct groups w hich also d iffer in their 
basic chrom osom e num bers and  chrom o
some m orphology and never hybridize, 
w hereas crosses between taxa of each 
group are m ore easily produced and  also 
occur in nature. Since the L innaean  genus 
is typified by C. officinalis  L., the group 
w ith  x =  6 m ust be reta ined as Cochlearia 
s. str., w hereas we propose the new nam e 
Cochleariopsis for the arctic taxon with 
x =  7. The la tter includes only a single 
diploid species w ith th ree variable sub
species, in contrast to several d istinct spe
cies of a polyploid series of the restricted  
L innaean  genus. The following taxa need 
to be transfe rred  to the new genus:
Bot. N otiser, vol. 128, 1975

Cochleariopsis groenlandica (L.) L ö v e  

& L ö v e , comb, nov., based on Cochlearia 
groenlandica  L i n n a e u s , Spec, plant. (1753), 
p. 647.

Cochleariopsis groenlandica ssp. arctica 
S c h l e c h t .) L ö v e  & L ö v e , comb, nov., 
based on Cochlearia arctica S c h l e c h t e n - 
d a l , in DC. Reg. Veg. Syst. Nat. 2 (1821), 
p. 367; Cochlearia officinalis L. ssp. arc
tica ( S c h l e c h t .) H u l t é n .

Cochleariopsis groenlandica ssp. ob- 
longifolia (DC.) L ö v e  & L ö v e , comb, nov., 
based on Cochlearia oblongifolia D e  C a n 
d o l l e , Reg. Veg. Syst. Nat. 2 (1821), p. 
363; Cochlearia officinalis ssp. oblongi
folia (DC.) H u l t é n .

Tolmaehevia L ö v e  & L ö v e , gen. nov.

Plantae perennis. Caudex crassus ramosus; 
caulibus plerumque paucis. Folia obovata, 
lanceolata vel oblonga ovata, approximata. 
Inflorescentia cymosa, densa, terminalis; 
flores polygami, pentameri raro tetrameri, 
purpureo-rosei vel viridi-purpurei vel flavi. 
Folliculi apocarpa.

Numerus basicus chromosomatum x =  9.
Typus generis: Tolmaehevia integrif oli-

(R a f i n .) L ö v e  & L ö v e .

P erennial plants. The rootstock is thick 
and b ranched ; I he stems are often few. 
The leaves are obovate-lanceolate or ob
long-ovate, close together. The in flo res
cences are a term inal and dense cyme. The 
flow ers are polygam ous, pentam erous or 
rare ly  tetram erous, purple-red or greenish- 
purp le  or yellow. The follicles are apo
carpous. Basic chrom osom e num ber x =  9.

This w estern N orth American and  east
ern Asiatic genus is biologically m ost 
clearly  distinguished from  Rhodiolci L .  by 
having polygam ous flowers and the basic 
chrom osom e num ber x =  9 as contrasted  to 
the dioecious character of the L innaean  
genus w ith its basic num ber x = l l .  Its 
polygam ous condition also separates it 
from  the arctic-alpine E urasiatic Kirpiczni-  
kovia  validated below and from  the ap 
paren tly  m onotypic Rocky M ountain Cle- 
mentsia rhodantha  (A. G r a y ) R o s e , both 
of w hich have herm aphroditic flow ers and
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seem to be characterized by the basic 
chrom osom e num ber x —7. W e have the 
p leasure of nam ing this beau tifu l arctic- 
alpine genus in honour of A l e k s a n d r  I. 
T o l m a c h e v , the em inent m aster of R us
sian arctic bo tany  and a longtim e friend. 
It includes the following three species:

Tolmachevia atropurpurea ( T u r c z . )  
L ö v e  & L ö v e ,  comb, nov., based on Sedum  
atropurpureum  T u r c z a n i n o v ,  in Bull. Soc. 
Mosc. 1 (1840), p. 13, 70.

Tolmachevia integrifolia ( R a f i n . )  L o v e  
& L ö v e ,  c o m b ,  n o v . ,  b a s e d  o n  Rhodiola  
integrifolia  R a f i n e s q u e ,  Atl. J o u r n .  1 
(1832), p. 146.

Tolmachevia krivochzhinii ( S i p l . )  L ö v e  
& L ö v e ,  comb, nov., based on Rhodiola  
Krivochzhinii S i p l i v i n s k y ,  in K r i v o c h -  
z h i n  & S i p l i v i n s k y ,  in Novit. Syst. P lant. 
Vase. 11 (1974), p. 313.

Kirpicznikovia L ö v e  & L ö v e ,  g e n .  n o v .

Based on Rhodiola  sect. Chamae-Rhodiola  
B o r i s s o v a , i n  Novit. Syst. P lant. Vase. 6  
(1969), p. 114.

Typus generis: Kirpicznikovia quadrifida  
( P a l l .) L ö v e  & L ö v e .

This genus of seven alpine species of 
w hich the single one reaching the Arctic 
is transfe rred  below, is distinguished by 
its herm aphrod itic  usually  pentam erous 
and  large white, red or rarely  yellow ish 
flow ers w ith the stam ens a ttached  to the 
u pper p a rt of the petals; it has a thick 
and branched  rootstock, the leaves are 
linear to oblong and  entire, and  the 
num erous stem s are short, clustered  and 
persistent. W e have the p leasure of nam ing 
it afte r our longtim e friend, M. E. K ir- 
p i c z n i k o v , w ho is a specialist on Asiatic 
p lan ts and one of the good con tribu to rs 
to tlie F lo ra  SSSR.

Kirpicznikovia quadrifida ( P a l l . )  L ö v e  
& L ö v e ,  com b, nov., based on Sedum  
quadrifidum  P a l l a s ,  Reise III, Anh. 
(1776), p. 730.

Saxifraga m onticola ( S m a l l )  L ö v e  & 
L ö v e ,  c o m b ,  n o v . ,  b a s e d  o n  Muscaria m o n 

ticola S m a l l , in  N orth Amer. F lo ra  22  
(1905), p. 130.

This arctic eastern Asiatic and Cana
dian taxon of the group related to S. caes- 
pitosa L. is apparen tly  a species in its own 
right, differing m orphologically, geograph
ically and  cytologically from  I he circum - 
po lar decaploid com plex since it is only 
a hexaploid.

Alchemilla L.

It seems advisable to regard  the apom ic- 
tic microspecies of Alchemilla  th a t reach 
the arctic regions only as subspecies of 
the  species A. vulgaris L., since they are 
m orphologically and geographically com 
parable to th a t category of o ther species, 
despite being obligately apom ictic. The 
following three taxa are then in need of 
being transferred  to tha t level:

Alchemilla vulgaris ssp. oxyodonta 
( B u s e r )  L ö v e  & L ö v e ,  comb, nov., based 
on Alchemilla acutidens B u s e r  ssp. oxg- 
odonta  B u s e r ,  in Bot. Not. 1906, p. 141.

Alchemilla vulgaris ssp. transpolaris 
(Juz.) L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Alchemilla transpolaris  J u z e p -  
c z u k ,  in Bot. Mat. 16 (1954), p. 179.

Alchemilla vulgaris ssp. vestita ( B u s e r )  
L ö v e  & L ö v e ,  stat. & comb, nov., based 
on Alchemilla filicaulis R i j s e r  var. vestita 
B u s e r ,  in Bull. Herb. Boissier 1 (1893), 
Appendix 2, p. 22.

Astragalus astragalinus ( H o o k . )  L ö v e  & 
L ö v e ,  comb, nov., based on Phaca astra- 
galina W . J. H o o k e r ,  Flora Bor. Amer. 
1 (1833), p. 145; Astragalus alpinus  L. ssp. 
alaskanus  H u l t é n .

This taxon was reduced to the subspeci
fic level of A. alpinus  by H u l t é n  (1947), 
and two decades later, H u l t é n  (1968) 
claim ed tha t it and ssp. alpinus  “form  
in trogression”. This is clearly based on 
the same m isuse of this term  for m o r
phological indications of alloploidy as by 
H u l t é n  (1956), since .4. alpinus  s. str. is 
a diploid plant, w hereas ssp. alaskanus  
is a te traploid  of w hich .4. alpinus  m ay 
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be one of the parental species. It is evi
dent that the taxon is a species in its own 
right and so we transfer its nam e to that 
level.

Oxytropis taimyrensis (J u r t s e v ) L ö v e  
& L ö v e , s ta t .  & c o m h .  n o v . ,  b a s e d  o n  Oxy
tropis arctica R. B r . s sp .  ta imyrensis  J u r t 
s e v , in  B o t .  M at.  19 ( 1 9 5 9 ) ,  p . 2 3 9 .

Recent studies have shown tha t  this 
taxon is a n  octoploid plant with 2n =  64 
chromosomes, whereas 0 . arctica is a do- 
decaploid with 2n =  96 ,  thus indicating 
that their relationship m ay he more re 
mote than originally surmised and their 
taxonomical level similar. Therefore this 
transfer to a higher level.

Callitriche anceps F e r n . s sp .  subanceps 
(V. P e t r .) L ö v e  & L ö v e , sta t .  & c o m b ,  
n o v . ,  b a s e d  o n  Callitriche subanceps  V. 
P e t r o v , in  Iz v e s t .  G la v n .  B o t .  S a d a  27  
( 1 9 2 8 ) ,  p. 3 5 9 .

The North American species C. anceps, 
which reaches from Greenland to Alaska 
in the American northlands, is represented 
in easternmost Asia by this m orphologi
cally and cytologically very closely related 
vicarious taxon, which certainly is best 
regarded as a subspecies only.

Viola epipsiloides L ö v e  & L ö v e , nom. 
nov., based on Viola repens  T u r c z a n i n o v  
ex T r a u t v e t t e r  & M e y e r , in M i d d e n 
d o r f , Reise Sibir. 1,2,2 (1856), p. 18; non 
Viola re pens  S c h w e i n i t z .

A new name is required for this species 
of the eastern Siberian and western  North  
American arctic-alpine regions, because 
of an  earlier homonym. It has frequently  
been wrongly identified with the Eurasiatic 
V. epipsila  L e d e r , to which it does not 
seem to be even remotely related.

Viola aduncoides L ö v e  & L ö v e , s p e c .  n o v .

P lanta  perenn is;  fo l ia  longi-pet io la ta ,  sub-  
coriacea, ovata, cordata ,  glabrata  vel  dense  
pubescentia ,  pilis brevis  (minus 0.2 m m  
longi) ; st ipulae  l ineari- lanceo latae ,  in tegrae  
vel sp inu los i-dentatae;  corolla  caerulea-pur-  
purea, 10— 15 m m  longa. Pro jec tura  in s t y l i 
capitata  g lobosa ,  1/10 vel m inus la t itudo  c a p i
tis; capsu la  4— 5 m m  longa; sem ina  a trofusca .

N u m eru s  c h r o m o so m a tu m  2n =  40.

Holotypus: Canada, Manitoba, Arnes, mea
dow along poplar shrub, May 5, 1953, Löve  & 
Löv e  5744 in Herb. Winnipeg.

A perennial plant w ith long-petioled 
leaves which are subcoriaceous, ovate and 
cordate, glabrous or densely pubescent 
with short hairs (less than  0.2 m m  long) ; 
the stipules are linear-lanceolate, entire or 
spinulose-dentate; the corolla is bluish- 
purple, 10— 15 mm long. Projections on 
the upper tip of the style head are short- 
conical or globular, 1/10 or less the width 
of the style head. The capsule is 4— 5 mm 
long; the seeds are dark-brown. Chromo
some num ber  2n =  40.

This North American tetraploid species 
differs from the diploid V. adunca  S m . 
in the form  of the style head and the 
smaller projections on it, the shorter hairs 
on the leaves when present, and  in the 
size of guard cells and pollen grains 
(M c P h e r s o n  & P a c k e r  1974). It is a p 
parently an hemiautoploid (L ö v e  & L ö v e  
1975 c) of Pleistocene origin as indicated 
by its distribution.

Chamerion platyphyllum ( D a n i e l s )  
L ö v e  & L ö v e ,  comb, nov., based on Cha- 
maenerion angusti folium  (L.) Sc.op. var. 
p latyphyllum  D a n i e l s ,  in Univ. Missouri 
Studies 2,2 (1911), p. 176; Epilobium  Dani- 
elsii D. L ö v e ;  Epilobium p la typhyl lum  
( D a n i e l s )  L ö v e  & L ö v e ,  non R y d r e r g .

This is the octoploid (2n =  72) taxon of 
southern boreal mountains in eastern 
North America and the western mountains 
north  to the arctic regions, corresponding 
to the more northern c ircumpolar C, 
angusti fo lium  (L.) H o l u r . For a discus
sion of the genus and its correct name, 
see H o l u r  (1972).

Chamerion subdentatum (R y d r .) L ö v e  
& L ö v e , comb, nov., based on Chamae- 
nerion subdentatum  R y d r e r g , F lo ra  Rocky 
Mts. (1917), p. 585.

This is the tetraploid mainly western 
American and eastern Asiatic alpine taxon 
corresponding to the more widespread 
and almost circumpolar arctic-alpine octo
ploid species C. latifolium  (L.)  I Io l u r .
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NOMENCLATURE O F ARCTIC PLANTS 5 1 7

Coelopleurum lucidum  (L.) F e r n .  ssp.  
gmclinii (DC.) L ö v e  & L ö v e ,  stat. & com b,  
nov.,  b a sed  on  Archangelica Gmelinii D e  
C a n d o l l e ,  P rod r.  4 (1830),  p. 170.

This is the Pacific  vicarious race of the 
otherw ise eastern  N orth Am erican species.

Conioselinum chinense (L.) B.S.P. ssp. 
boreale ( S c h i s c h k i n ) L ö v e  & L ö v e ,  stat. 
& com b, nov.,  b ased  on Conioselinum  
boreale S c h i s c h k i n , in F lo ra  SSSR 17 
(1951),  p. 351.

This race is the northernm ost E uropean 
population  of th is w idespread and  variable 
species.

Pyrola rotundifolia L. ssp. asarifolia
(M i c h x .) L ö v e  & L ö v e , stat. & comb, 
nov., based on P yrola asarifolia M i c h a u x , 
F lora  Bor. Amer. 1 (1803), p. 251.

This v icarious race replaces the ssp. 
ro tundifo lia  of E u rasia  in N orth America 
and eastern  Asia.

Douglasia L i n d l .

This genus is closely related to Andro- 
sace L. fro m  w hich it differs in some tech
nical characters and  also in the apparen tly  
derived basic chrom osom e num ber x =  19 
as contrasted  to x =  10. It is represented  
in the n o rth lan d s by three taxa w hich we 
believe are m ost adequately classified as 
subspecies only of the species 1). ochotensis 
( W i l l d .) H u l t é n . T w o  of these are here 
transfe rred  to this level:

Douglasia ochotensis ssp. arctica (C h am .  
& S c h l e c h t . )  L ö v e  & L ö v e ,  stat. & com b,  
nov.,  b a sed  o n  Androsace arctica  C h a m is -  
s o  & S c h l e c h t e n d a l ,  in L in n a ea  1 (1826),
p. 220.

Douglasia ochotensis ssp. gormanii 
(Gr e e n e ) L ö v e  & L ö v e , stat. & comb, 
nov., based  on Androsace Gormanii 
G r e e n e , in  P itton ia  4 (1900), p. 149; 
Douglasia Gormanii (Gr e e n e ) Co n s t a n c e .

Primula tsehuktsehorum K j e l l m . ssp. 
arctica (K o i d z .) L ö v e  & L ö v e , stat. & 
comb, nov., based on Prim ula  arctica

K o i d z u m i , in Bot. Mag. Tokyo 25 (1911),
p. 216.

We believe that the three ra th e r distinct 
variations of this Beringian species are 
correctly classified as three subspecies, 
although the opinion could also he de
fended tha t they m ay he m inor geograph
ical races and  then only varieties. A tran s
fer is needed for one of these taxa that 
has even been described as a species under 
three different names.

Gentiana L.

The collective genus Gentiana needs to 
be divided into several m ore n a tu ra l gen
era, as dem onstrated  by several au thors 
during the past two decades. 01' these 
groups, Ciminalis A d a n s .; H o l u b , Cala- 
thiana  D e l a r b r e , Comastoma  ( W e t t s t .) 
T o y o k u n i , Gentianella M o e n c h , Gentia- 
nodes L ö v e  & L ö v e , Gentianopsis M a and 
Lom atogonium  B. B r. are represented  in 
the arctic regions, but only one species 
and one subspecies of these are in need 
of a transfer:

Ciminalis prostrata ( H a e n k e ) L ö v e  & 
L ö v e , comb, nov., based on Gentiana pro
strata H a e n k e , in J a c q u i n , Collectanea 2 
(1788), p. 66.

Gentianopsis detonsa (R o t t b .) M a ssp. 
raupii (A. E. P o r s i l d ) L o v e  & L ö v e , 
comb, nov., based on Gentiana Raupii 
A. E. P o r s i l d , in Sargentia 4 (1943), p. 
60; Gentianella detonsa  (R o t t b .) G. D o n  
ssp. Raupii (A. E. P o r s i l d ) J. M. G i l l e t t .

Polcmonium boreale A d a m s  ssp. humile 
( W i l l d .) L ö v e  & L ö v e , stat. & comb, 
nov., based on Polem onium  hum ile  W i l l - 
d e n o w  ex R o e m e r  & S c h u l t e s , Syst. 
Veget. 4 (1819), p. 792, non S a l i s b u r y ; 
Polem onium  H ultenii H a r a .

This is the northern  Siberian race of the 
species.

Polemonium pulcherrimum H o o k . ssp. 
hyperboreum (T o l m .) L ö v e  & L ö v e , stat. 
& comb, nov., based on Polem onium  
hyperboreum  T o l m a c h e v , in  Feddes 
Repert. 23 (1927), p. 273.
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This is the S iberian subspecies of the 
species, the typical race of w hich is met 
w ith in the m ountains and north lands of 
N orth America.

Phlox sibirica L. ssp. alaskensis ( J o r - 
d a l ) L ö v e  & L ö v e , comb, n o w ,  b a s e d  o n  
Phlox alaskensis J o r d a l , i n  R h o d o r a  54  
(1952), p. 38; Phlox Richardsonii H o o k . 
ssp. alaskensis ( J o r d a l ) W h e r r y .

Pseudolysim achinm  O P iz

The splitting of the collective genus 
Veronica L. has been m ade on basis of 
m orphological differences only, bu t these 
are strongly supported  also by differences 
in basic chrom osom e num bers, since Vero
nica L., s. str. is characterized by x =  8, 9, 
w hereas Veronicastrum  M o e n c h  h a s x  =  7 
and Pseudolysimachium  O p i z  has x =  17. 
Two of the species belonging to the last 
genus and occurring in the north lands re 
quire a transfer:

Pseudolysim achium  maritimum (L.) 
L ö v e  & L ö v e , c o m b ,  n o w ,  b a s e d  o n  Vero
nica maritima  L i n n a e u s , S p e c ,  p l a n t .  
(1753), p. 10.

Pseudolysim achium  septentrionale 
(B o r i s s .) L ö v e  & L ö v e , c o m b ,  n o w ,  b a s e d  
o n  Veronica septentrionalis  B o r i s s o v a , in  
F lora  SSSR 22 (1955), p. 369.

Castillcja pallida (L.) K u n t h

This n o rth e rn  species is rep resen ted  
in the arctic tu n d ra  by th ree evidently 
m ajo r geographical races, w hich R e b r i -  
s t a i a  (1964) regarded as distinct species. 
A lthough they are adm ittedly ra th e r  d is
tinct m orphologically , th is seem s to be 
the result of an alm ost obligate au to 
gamy ra the r than  of the occurrence of 
reproductive isolation, so we see no reason 
to classify them  higher th an  as subspecies, 
as here validated:

Castillcja pallida ssp. hyparctica(RERR.) 
L ö v e  & L ö v e , stat. & comb, now, based 
on Castillcja hyparctica  R e r r i s t a i a , in 
Novit. Syst. P lant. Vase. 1 (1964), p. 289.
Bot. Notiser, vol. 128, 1975

Castilleja pallida ssp. lapponica (G a n - 
d o g e r ) L ö v e  & L ö v e , stat. & comb, now, 
based on Castilleja lapponica  G a n d o g e r , 
Flora E urop. 18 (1889), p. 25.

Castilleja pallida ssp. pavlovii (R e b r .) 
L ö v e  & L ö v e , stat. & comb, now, based 
on Castilleja Pavlovii R e b r i s t a i a , in Novit. 
Syst. P lant. Vase. 1 (1964), p. 294.

Pedieulariopsis L ö v e  & L ö v e , gen. now

Plantae perennis, humilis, superne pilosa 
vel glabra; foliis profunde pinnatifidis pinna- 
tipartisve, laciniis ovatis oblongisve pinnato- 
pinnatifidis, lobis dentatis; spicis interruptis; 
calycis dentibus abbreviatis integerrimis ser- 
rulatisve; corolla tubo basi infracto; galea 
erostrata, obtusa, labium duplo superans.

Numerus basicus ehromosomatum x =  6.
Typus generis: Pedieulariopsis verticillata 

(L.) L ö v e  & L ö v e .

Perennial plants, erect but low growing, 
above pilose or glabrous. The stem leaves 
are in 3— 4 w horls, deeply p innatifid  or 
p innately  partite, and the divisions are 
ovate-oblongish p innato-pinnatifid , the 
lobes are toothed. The spikes are in te r
rup ted ; the calyx has short teeth th a t are 
entire o r finely serrate; Ihe corolla tube 
is sharp ly  ben t at the base, the helm et is 
beakless and obtuse and twice the size of 
the lower lip. Basic chrom osom e num ber 
x =  6.

The new genus differs from  Pedicularis 
L. in several characters of the flowers, 
the arrangem ent of the spike and  in leaf 
m orphology, but the m ost p ro found  d if
ference is in its chrom osom e m orphology 
and  in the basic num ber x =  6 as con
trasted  to x =  8 of the L innaean genus. It 
includes a single but no t very variable 
species of considerable arctic-alp ine d is tri
bution:

Pedieulariopsis verticillata (L.) L ö v e  & 
L ö v e ,  comb, now, based on Pedicularis  
verticillata L i n n a e u s ,  Spec, p lan t. (1753), 
p. 846.

Chlorocrepis tristis ( W i l e d . )  L ö v e  & 
L ö v e ,  comb, now, based on Hieracium
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tr iste  WlLLDENOW e x  S p r e n g e l ,  Syst. 
veget.  3 (1826), p. 640.

This t r an s fe r  is needed w h e n  the th ree  
trad it ional ly  accep ted  sub g en e ra  of ll ier -  
ac ium  L. are  e leva ted  to generic  ran k .

Crepis teetorum  L. ssp. n igrescens  
( P o h l e )  L ö v e  & L ö v e ,  stat & com b, nov., 
b ased  on Crepis nigrescens  P o h l e ,  in  Acta 
Hort. Ju r jev . 3 (1903), p. 231.

This taxon  of n o r th e rn m o s t  E u ro p e  an d  
w estern  Siberia is often  reg a rd e d  as a 
synonvm  only  of C. tee to rum ,  even if 
some au th o rs  accep t it as a species in its 
ow n  right. A lthough  som e of its few  
charac te r is t ics  a re  p e rh a p s  o n ly  m o d i f i c a 
tions of no taxo no m ica l  im p o r tan ce ,  o thers  
seem to be genetically  cond it ioned .  Since 
it also has a d is tinct a rea  of its ow n, we 
l in d  it logical to accep t it as a race  at the  
subspecific  level r a th e r  th a n  to  ignore  it.

A ntennaria canescens ( L g e )  M a l t e  s s p .  
porsildii (E. E k m .)  L ö v e  & L ö v e ,  stat .  & 
c o m b ,  n o v . ,  b a s e d  o n  A n ten na r ia  Porsildii  
E. E k m a n ,  in  S v e n s k  B o t .  T id s k r .  21 
(1927), p. 51.

This  is an  apom ic tic  an d  en d em ic  G reen
land  p o p u la t io n  of a r a th e r  w id esp read  
apom ic tic  com plex , w hich  ce r ta in ly  w as  
given too h igh  a r a n k  w h en  desc r ibed  as 
a species. It m ig h t  even be m o re  co rrec t ly  
classified as a varie ty  only  o r  as a h y b r id  
tha t  has  su rv ived  simply th a n k s  to its 
being  apom ictic .

N ardosm ia arctica (A. E. P o r s i l d )  
L ö v e  & L ö v e ,  c o m b ,  n o v . ,  b a s e d  o n  P eta-  
sites arc t icus  A. E. P o r s i l d ,  in  S a r g e n t ia  
4 (1943), p. 74.

T h e  c e r ta in ly  good reasons  fo r  keep ing  
this genus as sep a ra te  f r o m  Petasites  in 
a m o re  s t r ic t  sense, given by  K u p r i y a n o v a  
(1961), req u i re  a t r a n s fe r  of th is  a rc t ic  
C an ad ian  taxon .

N ardosm ia vitifo lia  ( G r e e n e )  L ö v e  & 
L ö v e ,  com b, nov.,  based  on  P etasites viti-  
fo l ius  G r e e n e ,  in Leafl . W est .  Bot. 1 
(1906), p. 180.

A n o th e r  C an ad ian  taxon req u i r in g  t r a n s 
fer  to th is  re s tr ic ted  genus.
34

EndoccIIion T u r c z .

T h ere  arc  valid m o rph o log ica l  and  cyto- 
logical reasons  to d is t inguish  the  genus 
N a rd o sm ia  C a s s ,  f ro m  Petasites  M i l l . ,  
a l th o u g h  b o th  are  ch a rac te r ized  by  th e  
sam e  basic nu m ber ,  x =  10. However,  w e  
f in d  it il logical to a t ta ch  to the  fo rm e r  
the small Asiatic g ro up  th a t  has  been 
desc r ibed  as the genus Endocell ion ,  even 
as a  subgenus  as done by  K u p r i y a n o v a  
(1961), since it is no t  only  m orpho log ica lly  
d is t inc t  b u t  differs also in hav ing  the basic  
n u m b e r  x =  7 in add it ion  to a considerab ly  
d if fe re n t  ch rom o so m e  m orpho logy .  T he  
fo l low ing  tw o of its th ree  eas te rn  Asiatic 
a rc t ic -a lp ine  species req u ire  a tran sfe r :

E ndocellion  glacia lis ( L e d e r . )  L ö v e  & 
L ö v e ,  comb, nov.,  based  on N a rd osm ia  
glacialis L e d e b o u r ,  F lo ra  rossica 2,2 
(1845), p. 466.

E ndocellion  gm elin ii ( T u r c z . )  L ö v e  & 
L ö v e ,  comb, nov., b ased  on N a rd o sm a  
Gmelinii  T u r c z a n i n o v ,  ex DC., P ro d r .  7,1 
(1838), p. 271.

T ephroseris ( R c h b . )  R c h b .

As sho w n  by H o l u b  (1973), this bo rea l 
g ro u p  w h ich  is t r ad i t ion a l ly  inc luded  in 
the  then  very  collective genus Senecio  L.,  
is m orp ho lo g ica l ly  best d is t inguished  by  
its absence  of o u te r  invo lucra l  brac ts ,  in 
ad d it io n  to several less obvious technical 
cha rac te rs .  Its m ost p ro fo u n d  biological 
d if fe rence  th a t  c lea rly  sets it a p a r t  as an 
ev o lu t ion a ry  un it  of considerab le  d is t inc
tion  is, how ever,  the  fac t  th a t  its basic  
ch ro m o so m e  n u m b e r  is x =  8 as con tras ted  
to X =  10 of Senecio  p ro p e r .  H o l u b  (I.e.) 
reco m m en d s  th a t  the  g rou p  he accepted 
as a genus of its own, an op in ion  w hich  
wre endorse  on basis of longtim e ob serva
tions of its E u ro p e a n  a n d  N o r th  A m erican 
rep resen ta t ives .  T h e  fo l low ing  new7 co m 
bin a t io ns  fo r  taxa  of the  n o r th lan d s  a re  
requ ired :

T ephroseris aquilonaris ( S c h i s c i i k i n )  
L ö v e  & L ö v e ,  comb, nov.,  based  on  Senecio  
aquilonaris  S c h i s c i i k i n ,  in F lo r a  SSSR 26 
(1961), p. 884.
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Tephroseris atropurpurea ( L e d e b .) 
H o l u b  ssp. frigida ( R i c h a r d s .) L ö v e  & 

L ö v e , slat. & comb. nov., based on Cine
raria frigida R i c h a r d s o n , in Bot. Appendix 
to F r a n k l i n , Narr, of Journ . (1823), p. 
748.

Tephroseris atropurpurea ssp. toinen- 
tosa ( K j e l l m .) L ö v e  & L ö v e , comb, nov., 
based on Cineraria frigida  f. tomentosa  
K j e l l m ., in Vega E x p .  Vetensk. I a k t t .  2 
(1883), p .  13; Senecio atro purpureus  
( L e d e r .) F e d t s c h . ssp. tomento sus
( K j e l l m .) H u l t é n .

Tephroseris lindstroemii ( O s t e n f .) 
L ö v e  & L ö v e , comb, nov., based on 
Senecio integrifolius  (L .)  G l a i r v . var. L ind
stroemii O s t e n f e l d , C hristiania Vidensk. 
Selsk. Skr. 1909, No. 8 (1910), p. 70; 
Senecio Lindstroemii  A .  E .  P o r s i l d .

Packera L ö v e  & L ö v e ,  g e n .  n o v .

Plantae perennis, herbaceae. Caules non 
rite foliosi. Caudex sine rhizoma repens vel 
suberectus. Folia simplicia et integra ad 
lyrato-pinnatifida, folia radicalia petiolata, 
caulinaria amilia vel minora. Plantae glabra- 
tae alteruter ab initium vel plus minusve per
manentes tomentosae; pubescentia nunquam 
e pilis longis articulatisque.

Numerus basicus chromosomatum x =  23.
T y p u s  generis: Packera aurea (L.) L ö v e  & 

L ö v e .

Herbaceous perennials. Stems not un i
form ly leafy to the inflorescences, arising 
from  a horizontal to suberect caudex or 
rhizom e. Leaves sim ple and entire to 
lyrate-pinnatil'id , those a t the base peti- 
olate, g radually  reduced upw ards, or u n i
form  throughout. P lants either quite g la
brous from  the beginning or m ore or less 
perm anently  tom entose; pubescence never 
of long jo in ted  hairs. Basic chrom osom e 
num ber x =  23.

This m ainly N orth and  South American 
genus w ith a few representatives in Asia 
com prises the groups Aurei, Lobati  and 
Tomentosi  of the collective genus Senecio 
as described b y  R y d b e r g  (1900) and 
G r e e n m a n  (1916), w hich stand ap a rt from
B o t. N o tise r, vo l. 128, 1975

the other divisions of the collective aggre
gate by having prolonged rhizom es, and 
if pubescence is present it is a tom entum  
of more or less arachnoid  and  never of ; 
long and jointed hairs, bu t persisten t as 
flocculent tufts. Its m orphological and 
geographical distinctions are enhanced  by 
its basic chrom osom e num ber, w hich d if
fers m arkedly from  tha t of Senecio  L. 
s. str. (x=10) and Tephroseris  ( R c h b . )  

R c h b .  ( x  =  8 ) s o  that its distinction as a 
genus is biologically well substan tia ted . It 
is our pleasure to nam e the new genus in 
honour of J o h n  G. P a c k e r ,  an okltim e 
friend who has contributed m uch to the 
clarification of the status of the arctic- 
alpine N orth American m em bers of the 
taxon. Its arctic taxa are:

Packera aurea (L.) L ö v e  & L ö v e ,  comb, 
nov., based on Senecio aurea L i n n a e u s ,  J  

Spec, plant. (1753), p. 270.
Packera fernaldii (G r e e n m .) L ö v e  & 

L ö v e , comb, nov., based on Senecio Fer
naldii G r e e n m a n , in Ann. M issouri Bot. 
Gard. 3 (1916), p. 90.

Packera hyperborealis (G r e e n m .) L ö v e  

& L ö v e , comb, nov., based on Senecio 
hyperborealis  G r e e n m a n , in Ann. M issouri 
Bot. Gard. 3 (1916), p. 98.

Packera indecora (G r e e n e ) L ö v e  & 

Löve, comb, nov., based on Senecio in
decorus  G r e e n e , Flora F ranciscana (1897), 
p. 470.

Packera ogotorukensis ( P a c k e r ) L ö v e  

& L ö v e , comb, nov., based on Senecio 
ogotorukensis  P a c k e r , in Canad. Journ . 
Bot. 50 (1972), p. 511; Senecio conter
minus  auct. Alaska, non G r e e n m a n .

Packera pauciflora ( P u r s h ) L ö v e  & 

L ö v e , comb, nov., based on Senecio pauci- 
florus  P u r s h , F lora Amer. Sept. 2 (1814), 
p. 529.

Packera paupercula ( M i e u x . )  L ö v e  & 

L ö v e , comb, nov., based on Senecio pau
perculus  M i c h a u x , F lora Bor. Amer. 2  

(1803), p. 120.
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Packera resedifolia ( L e s s . )  L ö v e  & 

L ö v e ,  comb, nov., based  on  Senecio rese- 
difolius  L e s s i n g ,  in  L innaea 6 (1831), p. 
243.

Aster L.

W e find  it m ore logical to regard  the 
live taxa of arctic A s te r  as representing  
three and two subspecies only of the two 
species A. Sibiriens  L. and  A. a lp in u s  L., 
ra th e r  than  as species as accepted in re 
cent m anuals. As such the follow ing new 
levels and com binations are validated:

Aster sibiricus L .  ssp. pygmaeus L i n d -  

l e y )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Aster pygmaeus  L i n d l e y ,  in 
W. J. H o o k e r ,  F lo ra  Bor. Amer. 2 (1834),
p. 6.

Aster sibiricus s s p .  riehartlsonii
( S p r e n g . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Aster Richardsonii  
S p r e n g e l ,  Syst. Veg. 3 (1826), p. 258.

Aster sibiricus ssp .  subintegerrimus 
(T r a u t v .) L ö v e  & L ö v e , sta t ,  n o v . ,  b a s e d  
o n  Aster sibiricus v a r .  subintegerrima  
T r a u t v e t t e r , in  M i d d e n d o r f , R e i s e  1 
(1 8 4 7 ) ,  p. 161.

Aster alpinus L. ssp. serpentim ontanus 
( T a m a m s c h . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Aster serpentimontanus  
T a m a m s c i i a n ,  in F lo ra  SSSR 25 (1959), 
p. 108, and  Aster cyllenius  O n n q ,  in Bibl. 
Bot. 106 (1932), p. 38, p.p., non H a l a c s y .

Aster alpinus ssp. tolm atsehevii T a 
m a m s c h . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Aster Tolmatsehevii  Ta- 
MAMSCHAN, ill F lo ra  SSSR 25 (1959), p. 
107, and  Aster chryzocomoides  D e  C a n 
d o l l e ,  P rodr. 7 (1838), non D e s f o n -  

t  AINES.

Matricaria maritima L. ssp. boreale 
( H a r t m . )  L ö v e  & L ö v e ,  comb, nov., based 
on Trip leurosperm um  inodorum  S c h u l z -  

B i p .  ß borealis C. J. H a r t m a n ,  Handb. i 
Skand. F lo ra , ed. 5 (1849), p. 2; Tripleuro
sperm um  m arit im um  (L.) K o c h  ssp. bore
alis ( H a r t m . )  A .  P e d e r s e n .

34*

W e follow the typification  of the genus 
by R a u s c h e r t  (1974), and refer to H X m e t -  

A h t i  (1967) and P e d e r s e n  (1972) fox- 
clarification of the N orth Atlantic races 
of M. maritima.

Erigeron thunbergii A. G r a y  ssp. koma- 
rovii ( B o t s c i i . )  L ö v e  & L ö v e ,  stat. & 
comb, nov., based on Erigeron Komarovii 
B o t s c h a n t s e v ,  in F lora SSSR 25 (1959), 
p. 213.

Erigeron thunbergii ssp. koraginensis
( K o m .)  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Aster koraginensis K o m a r o v ,  

Flora Kamch. 3 (1930), p. 125.
Erigeron uniflorum  L. ssp. erioealyx 

( L e d e b . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Erigeron alpinus L. ß erio
ealyx L e d e b o u r ,  F lora Altai 4 (1833), 
p. 91.

Tanacetum vulgare L. ssp. boreale 
( F i s c h . )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Tanacetum boreale F i s c h e r ,  ex 
DC. P rodr. 6 (1838), p. 128.

This is a distinct eastern Asiatic arctic- 
alpine m ajor race of this com m on boreal 
Eurasiatic species, distinguished by its 
m ore dissected leaves w ith narrow  and 
sharply  serru la ted  segments.

Oligosporus groenlandicus ( H o r n e m . )  

L ö v e  & L ö v e ,  comb, nov., based on Arte
misia groenlandica  H o r n e m a n n ,  Flora 
danica, fasc. 27 (1818), tab. 1585; Arte
misia borealis P a l l .  ssp. Purshii  ( B e s s . )  
H u l t é n ;  Artemisia campestris  L. ssp. 
spithamea  H a l l  & C l e m . ,  non Artemisia  
spithamea  P u r s i i .

W e find it logical to b reak  up the very 
heterogeneous Artemisia  L .  into m ore n a t
ural units, as advocated by P o l y a k o v  
(1961), and so accept the generic name 
Oligosporus C a s s ,  for the species trad i
tionally constituting the section or sub
genus Dracunculus.  T hat genus is charac
terized by having a sm ooth and not hairy 
receptacle and  disc-flowers w ith both sta
mens and pistils b u t sterile because of an 
abortive ovary, and  by having an  entire 
or nearly  entire style, in addition to other 
technical differences.

Bot. N otiser, vol. 128, 1975
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As sh ow n  by  H u l t é n  (1950), the co n 
siderable  d iversity  of the  arc t ic-a lp ine  
p op u la t ion s  th a t  a re  u sua l ly  inc luded  in 
the species A rtem isia  borealis, falls nicely 
into two m a jo r  groups, w h ic h  he reg a rded  
as m a jo r  geograph ica l  races a n d  sep a ra ted  
as the typical tax on  a n d  its ssp. pursh ii. 
Since these tax a  have  been  fo u n d  to d if fe r  
in c h ro m osom e  n u m b e r  so they are  c e r 
ta in ly  rep ro du c tiv e ly  isolated, w e f ind  it 
m ore  a p p ro p r ia te  to accep t th e m  as d is
tinct species an d  a d o p t  fo r  the  la t te r  its 
old an d  validly p u b lish ed  n a m e  groen- 
land icus. T ypical  O ligosporus borealis 
( P a l l .) P o l y a k ., as its n a m e  m u s t  be in 
the  res tr ic ted  genus, w as  descr ibed  f ro m  
the  n e igh bo rh oo d  of the Ob r iver  of Siberia . 
It is a p lan t  w ith  m ore  o r  less densely  and 
loosely pubescen t  leaves, th e  u p p e r  ones 
lobed and  the low er ones sm all  w ith  a 
few b ro a d  lobes, an d  w ith  re la tive ly  large 
(5— 6 m m  broad)  h eads  w i th  a g lab rous  
in v o lu c ru m  an d  fo rm in g  dense an d  u su 
ally u n b ra n c h e d  spikes. O. groen land icus, 
how ever,  w h ich  w as o r ig ina l ly  described 
f ro m  w estern  G reenland, is a p la n t  w ith  
densely  sericeous or pu b esc en t  b asa l  leaves 
w h ich  are  2— 3 times p inn a t if id  w ith  n a r 
row  lobes, and  w ith  sm a lle r  (3— 4 m m  
broad) g lobular  heads  w ith  p u b escen t  or 
g lab rous  inv o lu c rum  a n d  fo rm in g  th in  
spikes. The  fo rm er  ta x o n  is te t rap lo id  
w ith  2n =  36 ch rom osom es ,  bu t the la t te r  
is dip lo id  w ith  2 n = 1 8 .  B o th  a re  arctic- 
a lpine. The te t rap lo id  reaches  f ro m  n o r t h 
e rn  E u ro p e a n  R ussia  over  S iberia  to L a b 
ra d o r  an d  w es te rn  G reen land , w h e re  it is 
re la tive ly  com m on. T h e  di,  1 ' ' is met 
w i th  fro m  low er Yenissei east to  Baffin  
Is la n d  an d  w es te rn  G reen land , w h e re  it 
is ra re ;  how ever,  it seems to r each  f a r th e r  
n o r th  in N o rth  A m erica  th a n  the  t e t r a 
p lo id  an d  grow s also in so u th e rn  m o u n 
tains in Asia a n d  in Gaspé a n d  the Rocky 
M ounta ins  of C olorado in N o r th  America.

SOME CORRECTIONS

A few obvious m isp r in ts  have  crep t in 
on  a few pages of L ö v e  & L ö v e  (1975 a),
Bot. Notiser, vol. 128, 1975

b u t  on ly  the  fo llow ing omissions a n d  over- 3 
sights need to be po in ted  out:

p. XIV: T he  im p o r ta n t  re fe rence  to 
D o h o g o s t a l s k a y a  (1972) has been  o m i t
ted.

p. 9: T he  a u th o r  of the fam ily  Bot- 
ry eh iaceae  is N ak ai .

p. 320: T he  reference  y ea r  1969 b has  
fallen  o u t  a f te r  M u l l i g a n  & P o r s i l d  fo r  
the c h ro m o so m e  re p o r t  fo r  Saxifraga  ad- 
scendens  ssp. oregonensis.

[). 596: Lagotis 433 has  been  om it ted  
f r o m  the  index.
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L ö v e ,  A. & L ö v e ,  D.: C y t o t a x o-
n o m i c  A t l a s  o f  t h e  A r c t i c  
f l o r a .  — J. Cramer, Vaduz 1975. ISBN 
3-7682-0976-8. xxiii +  598 pp. Price (sub
scription) DM 160:— ; (regular) DM 
20 0 : — .

The second of a projected series of cyto- 
taxonomic atlases by A. and D. L ö v e  bas 
appeared. (Why, it could be asked, are 
they called atlases?) The first is that on 
Slovenian plants reviewed by me in Bo
taniska Notiser 128: 551— 553, where I 
stressed the significance of the Slovenian 
list. This in my opinion lies in its use
fulness as a source of references lo the 
literature dealing with all vascular plants 
found in Slovenia (using the taxonomic 
concept of the authors). In addition, how 
ever, I delivered a somewhat lengthy 
criticism of some of the basic principles 
presented and exemplified the disadvan
tages of the “crit ical” method employed. 
As the same criticism applies to this vo
lume the reader is referred to the former 
review.

I have studied the new Atlas of Arctic 
plants with particular interest,  both by 
reason of my experience of the first Atlas 
and because my own research has at times 
brought me into contact with Arctic 
botany. The book serves the dual purpose 
of being both a eheck-list of Arctic taxa 
and a critical review of their chrom o
some numbers. The area covered is ra ther  
more extensive than the term “arc tic” 
usually implies which is scarcely a dis
advantage in this context. This is, how 
ever, not the only reason why the num ber 
of genera presented has increased by 75 °/o 
and the number of species by over 80 °/o 
as compared with those dealt with by 
PO LUNIN in bis Circumpolar Arctic Flora 
(1959). The main reason for the discrep
ancy is of course the difference in taxo
nomic concepts adopted. P o l u n i n  used a 
somewhat collective concept whereas L ö v e

Bot. Notiser, vol. 128, 1975

and L ö v e  are splitters in the extreme. 
They employ a “biological” or “evolution
a ry ” concept, which implies tha t a taxon I 
at generic level or lower is defined “bio- 1 
logically” but identified morphologically. 
More than one basic chromosome number 
is not tolerated within a single genus, and 
a correctly and exactly defined species j 

must have one single chromosome number 
only. In most cases this does not give rise 
to conflict but the outcome can at times be 
surprising. Minuartia, for example, has 
been virtually reduced to fragments, and 
several other genera have been split up. 
There has also rarely been some lumping, 
an example being the merging of Puccinel- 
lia and Phippsia  with the latter name 
having been given priority. For practical 
reasons it might have been wiser to have 
proposed the conservation of Puccinellia. 
The taxonomic and nomenclatural changes 
will probably  provoke considerable i r r i 
tation but should perhaps not be regarded 
as being controversial as they mainly re 
flect differences of personal opinion. 
Validations of new taxa and combinations 
are made in a paper appearing in this 
issue of Botaniska Notiser (pp. 497— 523).

My own limited knowledge of the vast 
field of the cytotaxonomy of Arctic plants 
does not permit me to check the overall 
reliability of the information in the list.
As when reviewing the first Atlas I chose 
to check a genus with which I am familiar, 
in this case the grass genus Hierochloë. 
The result was both astonishing and dis
turbing. There is, for instance, no re f 
erence to Z h u k o v a ’s report (1967) on the 
chromosome num ber 2n =  56 in H. alpina 
nor to my report (1970) on 2n =  66 in the 
same taxon, nor to my report (1971) on 
2n =  58 in H. monticola  (H. orthantha,
H. alpina ssp. orthantha) , nor to my re 
ports (1971, 1973) on 2n =  72, 75, 76 and 
77 in H. alpina. All these reports except 
Z h u k o v a ’s represent deviations from the
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norm al euploid conditions within the taxa. 
H. odorata has not been listed for Green
land where it has been collected from one 
place (voucher at C). In //.  Mr ta ssp. 
arctica, 2n =  56 ( W e i m a r c k  1971) should 
have been underlined as it has been deter
mined from Arctic material as geographic
ally delimited here. If the omissions are 
due to oversight there is a severe risk 
tha t  there may be other accidental omis
sions and mistakes in the list which would 
diminish its value catastrophically. On the 
other hand I must react adversely if the 
authors should have omitted the infor
mation as being “apparently  incorrect or 
inexact”, “obviously wrong or taxono- 
mically suspect” or “scientifically w orth 
less and . . . directly misleading to those 
less familiar with the cytotaxonomical 
m ethod” (quoted from the reasons given 
for the exclusion of certain references). 
1 consider tha t  it is the au thor  s responsi
bility to decide whether the information 
lie publishes is correct, and that no a t 
tempt at screening should be made by 
the compilers of a list of this type.

It is to be hoped that this one u n 
fortunate example is not a measure of the 
reliability of the book as a whole. If this 
were so the total num ber of possible mis
takes would be somewhere in the region 
of 1,500.

As to general appearance I consider 
that this Atlas, which is typewritten, is 
more attractive than Ihe first volume, 
which was a crude computer outprint. 
It is perhaps regrettable that both volumes 
are not of the same format.

G u n n a r  W e i m a r c k

L ö v e ,  A. & L ö v e ,  D.: P l a n t  C h r o m o- 
s o m e s .  — J. Cramer, Vaduz 1975. ISBN 
3-7682-0966-0. xv +  184 pp. Price DM 
36: — .

'Fhis is the first of a projected series of 
volumes on P lan t  Science. F irs t the micro
scopic s tructure  of chromosomes is de

scribed and their behaviour at mitosis and 
meiosis surveyed. The theoretical basis of 
chromosome study is outlined and there 
is a short section dealing with tissues 
suitable for cytological study. The micro
scope and other equipment are briefly 
presented together with some simple 
techniques of observation. Practical cyto- 
technology is described in greater detail 
with a num ber of selected methods.

The little hook is handy  to use and is 
in general attractive. Most terms are ade
quately explained and their  philologie 
derivations given. However, I should have 
preferred the terms “centrom ere” and 
“kinetochore” to have been kept separate, 
using “centromere” to denote the visual 
constriction and “k inetochore” for the 
submicroscopic organelle fo r  chromosome 
movement. This is a practice that has been 
introduced into modern literature and is 
to my mind a commendable one. A short 
section on the submicroscopic structure 
and biochemistry of chromosomes would 
have been warranted  although admittedly 
it is somewhat peripheral in view of the 
limited scope of the book. As it is now 
the book is predominantly descriptive with 
ra the r  little of the functional aspect. Some 
emphasis is laid on chromosome number. 
Techniques for karyotype analysis, the 
detailed study of meiosis, etc. are more 
superficially treated. I admit to being 
astonished that sectioned material is so 
strongly recommended for karyotype ana
lysis ra ther  than squashes. In spite of 
the fact that much curren t literature is 
cited, the impression might be received 
that little has happened in the field of 
karyology since the 40s. In particular I 
find it regrettable that the new handing 
techniques such as the Giemsa technique 
are so briefly mentioned and no practical 
details discussed. Although only very re
cently taken into use by botanists these 
techniques will undoubtedly assume great 
importance. I also searched in vain for 
mention of certain other methods of which 
my own experience has been satisfactory.

B ot. N o tise r, vo l. 128, 1975
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I cannot agree with the statement on 
p. 93 that the chromosome number 
counted at meiosis is n. The num ber 2n is 
obtained when counting the two groups at 
anaphase I (they should be added together 
to avoid a miscount if non-disjunction 
has occurred) as well as at, for example, 
diakinesis and metaphase I where bi
valents are usually counted (consisting, of 
course, of two chromosomes each).

Figures 15, 25 and 26 are wrongly 
oriented which could be misleading.

So much negative criticism is perhaps 
hardly fair, for what book conforms 
wholly with the demands of the p ro 
spective reviewer. I am convinced that 
this volume will serve favourably as a 
short introduction to chromosome study. 
A great advantage is that it comprises 
both theory and practice whereas the 
comprehensive textbooks usually deal with 
only the one or the other.

G u n n a r  W e i m a r c k
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