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91. Chenopodium ficifolium  S m i t h  1800

Annual, erect to ascending, mostly much- 
branched, up to 1.5 m high. Stem angular, 
striated. Foliage greenish. Leaves al ter
nate, farinose to glabrous above, conspicu
ously farinose beneath. Lower leaves 
distinctly petiolated, 3-lobed, with a 
cuneate base, lateral lobes shorter  than 
the middle lobe, upward- to outward- 
pointing, acute, middle lobe long, often 
narrow  and with parallel margins, sinuate 
to serrate, rarely entire, acute. Lam ina 
length 1— 7 cm, breadth  0.5—3 cm, length 
at least twice the breadth. Upper leaves 
usually petiolate, 3-lobed to lanceolate, 
entire to dentate, acute. Inflorescences 
rather  loose, leafy except in the most 
terminal parts, usually branched, com
posed of m any ra the r  small, rounded to 
oblong cymes, each consisting of 5— 20 
clustered flowers. Flowers 5-merous, per
fect, conspicuously farinose, yellowish to 
brownish. Perianth  lobes united to one 
half, ovate, m em braneous in the outer
parts, obtuse to acute, rounded to slightly
keeled on the back, the keel being most 
pronounced in terminal flowers. The peri
anth covers the seed entirely. Stamens
usually 5. Pistil with two stigmas, papil- 
lated to the base. Seeds horizontal, orbic
ular, black, 0.8— 1.0 m m  in diameter,
rounded to keeled in transection. Per i
carp thin, usually colourless, sometimes 
yellowish, firmly adheren t to the seed.

1 E n g s t r a n d  is r e s p o n s ib l e  f o r  th e  d r a w 
ings a n d  G u s t a f s s o n  f o r  the  text .
27

Testa lustrous, distinctly pitted, each pit
4- to many-angled, with or  without radial 
rid ges. Radicula ra ther  short, attached to 
the seed. Embryo annular.

Flowering time: July to September.
Chromosome number: 2 n = 1 8 .
Variation: C. ficifolium  varies in most 

vegetative characters, such as height, leaf 
size and dentation of the leaf margins. 
However, two taxa are distinguishable, 
C. ficifolium  ssp. ficifolium  and ssp. blo- 
micmum  (A e l l e n ) A e l l e n . Ssp. ficifolium  
has ra ther  large, broad, outward- to for
ward-pointing lateral lobes, and the testa 
has regular, often six-angled pits similar 
to honeycombs, lacks radial ridges. By 
contrast,  ssp. blomianum  has small, out- 
ward-pointing lateral lobes and the testa 
has more irregular, somewhat oblong pits, 
as well as radial ridges. Most Scandinavian 
records refer to ssp. ficifolium.

Habitat and distribution: ficifolium
occurs as a more or less occasional weed 
on cultivated and waste ground. The two 
taxa have somewhat different distribution 
areas. C. ficifolium  ssp. ficifolium  occurs 
in most of Europe and in Asia eastwards 
to Persia, Pam ir  and the southernmost 
part of Siberia. On the other hand, ssp. 
blomianum  is native to India and the 
eastern parts of Asia, from China to the 
eastern part of Siberia and Japan. In 
addition ssp. blomianum  occurs as a weed 
in Europe. In Scandinavia C. ficifolium  
is most common in the southern parts, 
according to H a n s e n  & P e d e r s e n  (1968) 
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Fig. 91. Chenopodium ficifolium S m it h . —  A: Habit. R: Detail of an inflorescence. — C: 
Hermaphrodite flower. — 1): Fruit. — E: Horizontal fruit, enclosed in the perianth.
I": Seed in transection. — G: Section through a seed showing the embryo. — A—B: X0.5.

—  C— G: X -0.
B ot. N o tise r, vol. 120, 1973
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Fig. 92. Chenopodium hircinum SCHRAD. — A: Habit. — B: Shape of a large, lower leaf. — 
Hermaphrodite flower. — I): Fruit. — E: Section through a seed showing the embryo. — 

F: Seed in transection. — G: Horizontal fruit, enclosed in the perianth. — A—B: X0.5.
— C—G: X 20.

even well-established in the surroundings 
of Copenhagen, hut scattered localities are 
found northwards to the Swedish provinces 
of Gästrikland— Bohuslän, and in Norway 
along the coast from  Oslo to Sör-Trönde- 
lag. One or two records are known from 
Finland.

9 2 .  C h e n o p o d i u m  h i r c i n u m  S c h r a d . 1 8 3 3

Annual, erect to ascending, usually 
much-branched, up  to 1.2 m high and 
with an unpleasant smell. Stem angular, 
-striated. Leaves alternate, green and gla

brous above, green to grey and farinose 
beneath. Lower leaves distinctly petio- 
lated, 3-lobed, with a cuneate base. Lateral 
lobes broad, forward-pointing, dentate, 
reaching to about one half of the leaf, 
obtuse to acute, middle lobe short,  ra ther  
broad, sinuate to dentate, mostly with 
prominent, b road forward-pointing and 
acute teeth, apex obtuse to acute. Lamina 
length 0.5— 5 cm, bread th  0.5— 4 cm, 
about as long as broad. U pper leaves 
petiolate and 3-lobed. Inflorescences leafy, 
spike-like or paniculate. Flowers 5-merous, 
perfect, conspicuously farinose. Perianth 

Bot. N otiser, vol. 126, 1973
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Eig. 93. Chenopodium vulvaria L. — A: Habit. — B: Hermaphrodite flower. -— C: Fruit. -— 
D: Horizontal l'ruit, enclosed in the perianth. — E: Section through a seed showing the 

embryo. — F: Seed in transection. — A: X0.5. — R—F: X20.

lobes ovate, united to one half, green to 
brownish in the centre, somewhat lighter 
in the outer parts, obtuse to acute, slightly 
keeled on the hack. The perianth covers 
the seed entirely. Stamens usually 5. Pistil 
with two ra ther  long, papillated stigmas. 
Seeds horizontal,  orbicular, black, 1.0— 
1.4 mm in diameter, rounded, rarely keeled 
in transection. Pericarp yellowish-green, 
firmly adherent to the seed. Testa lustrous, 
with usually six-angled, somewhat oblong 
pits, and radial ridges. Radicula indistinct, 
ra the r  short and thick, attached to the 
seed. Em bryo annular.

Flowering time: August lo October.
Chromosome number: 2 n = 1 8 .
Habitat and distribution: C. hircinum  

is an occasional weed growing on waste 
ground, usually close to harbours, fac
tories or mills. It is native to South 
America, but introduced in Europe, South 
Africa and Mexico. In Scandinavia scat
tered localities in Denmark, from the 
eastern par t  of Jylland to Sjælland, in 
Sweden northwards to Uppland, Medelpad 
—Bohuslän, and in Norway along the 
coast from Oslo to Sör-Tröndelag. One or  
two records are known from Finland.

B ot. N o tise r, v o l. 126,1973
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Note: The vegetative development is 
generally good in Scandinavia, but plants 
with well-developed seeds are rarely found. 
C. hircinum  is similar to C. ficifolium,  
but the leaves have a shorter and broader 
midlobe, and the lamina length is about 
equal to breadth.

93. Chenopodium vulvaria L. 1753

Annual, 3— 40 cm high, p rostra te  to 
erect, much-branched and with an un 
pleasant smell due to trimethylamine. 
Lower branches long, decumbent to 
ascending. Stem more or less angular, 
slightly striated. Leaves alternate, the 
lowermost ones sometimes opposite, 
greenish and glabrous to farinose above, 
greyish and conspicuously farinose be
neath. Lower leaves long-petiolate, about 
as long as broad, length 1— 4 cm, breadth  
1— 3 cm, ovate to deltoid, cuneate to 
rounded at base, mostly entire, rarely  with 
a small, broad lobe on each m argin  at 
the broadest part,  apex obtuse to acute. 
Upper leaves petiolate, deltoid to lanceolate, 
entire. Inflorescences short, almost leaf
less, mainly situated in the term inal parts 
of the branches, spike-like to paniculate. 
Flowers 5-merous, perfect,  conspicuously 
farinose. Perianth united at the most to 
one half, the lobes broadly ovate, green 
to brownish, acute to obtuse, somewhat 
keeled on the back. The perianth  only 
partly covers the seed. Stamens 5. Pistil

with rather  long stigmas, papillated to one 
half. Seeds horizontal, orbicular, black, 
1.0— 1.3 mm in diameter, slightly keeled 
in transection. Pericarp  yellowish, farinose 
or smooth, ra the r  thin, and easily detached 
from the seed. Testa lustrous, faintly 
sculptured by radia l furrows. Radicula 
insignificant, ra the r  short and broad, 
attached to the seed. Embryo annular. 

Flowering time: Ju ly  to September. 
Chromosome number: 2n = 1 8 .
Habitat and distribution: C. vulvaria 

occurs as a weed on waste ground usually 
close to hum an  settlement, such as fa rm 
yards, road-sides, mills, but also on sea
shores. F requently  distributed in the 
Mediterranean parts  of Europe, less 
common in other par ts  of Europe, in the 
southern parts  of Asia eastwards to Pamir. 
In addition introduced to North America 
and Australia. In Scandinavia it seems to 
have been m ore common previously. Scat
tered localities in Denmark, from the 
eastern par t  of Jylland to Sjaelland, in 
Sweden mainly along the coasts no r th 
wards to Västerbotten and Bohuslän, in 
Norway mainly along the south coast from 
Oslo to Vest-Agder. In F inland some 
records from Aland to Nyland.
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ABSTRACT

Gu s t a f s s o n , M. 1973. Evolutionary trends in the Atriplex triangularis group of 
Scandinavia. II. Spontaneous hybridization in relation to reproductive isolation. ■— 
Bot. Notiser 126:398—416.

In Scandinavia the Atriplex triangularis group is composed of five closely related, 
partly sympatric taxa. Spontaneous hybridization is fairly common within the 
group. The degree of reproductive isolation between the taxa varies in different 
regions of Scandinavia. The relation between the frequency of spontaneous hybrids 
and the degree of reproductive isolation is discussed. Some taxa remain distinct, 
although external isolating mechanisms are lacking or very weak. Cultivated hybrid 
offspring, derived from hybrid seeds collected in nature, show great morphological 
variation, decreased germination and to a certain extent reduced fertility. Mor
phological segregation towards the parent species is not combined with a restoration 
of fertility. The origin of A. longipes D r e j . ssp. kattegatense T u r e s s , is discussed.

INTRODUCTION

Hybridization may be of importance 
from an evolutionary point of view owing 
to the ability to produce new types by 
recombination. However, the effects of 
hybridization on the evolutionary process 
are to a great extent dependent upon the 
species complex within which it acts, 
upon the breeding system and lack of or 
existence of isolation barriers. The F, 
hybrids may have high fertili ty values 
and display regular meiosis, if the cross
ing barriers are mainly external. But 
hybrid  sterility and/or reduced viability 
are generally present to some extent at 
least, either in the first or second genera
tion. There are numerous examples of 
the effects and strength of such internal 
Bot. N otiser, vol. 12G, 1973

b a r r ie r s  in  d i f f e r e n t  s p e c ie s  c o m p l e x e s  
r e p r e s e n t in g  m a n y  p la n t  f a m i l i e s  ( for  
r e f e r e n c e s  se e  S t e b b i n s  1950 , Gr a n t  1971  
a n d  D o b z i i a n s k y  1 9 7 0 ) .  B u t  e v e n  v ia  
p a r t ia l ly  s t e r i l e  h y b r i d s  th e r e  m a y  be  a 
g e n e  f l o w  f r o m  o n e  s p e c i e s  to  a n o th e r ,  
e s p e c i a l lv  t h r o u g h  r e p e a te d  b a c k c r o s s i n g  
c o m b i n e d  w i th  s e l e c t io n  an d  in tr o g r e s s iv e  
h y b r i d i z a t i o n  (An d e r s o n  1949) .

A s a lr e a d y  p o i n t e d  o u t  b y  T u r e s s o n  
(1 9 2 5 )  s p o n t a n e o u s  h y b r id iz a t io n  is f a ir ly  
c o m m o n  in th e  .4. t r ia n g u la r is  c o m p le x ,  
w h i c h  c o m p r i s e s  f iv e  d ip lo id  ( 2 n = 1 8 )  
ta x a ,  viz. A. ca lo t  h e  ca  ( R a f n )  R a f n  & 
F r i e s ,  .4. g la b r in sc u la  E d m o n d s t . ,  A. lo n 
g ip es  D r e j .  s sp .  l o n g ip es  a n d  s sp .  p ra e c o x  
( H ü l p h . )  T u r e s s ,  a n d  .4. t r ia n g u la r is  
W i l l d .  T h e  p r e s e n t  in v e s t ig a t io n  is c o n -
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cerncd with reproductive isolation be
tween the taxa, morphological features 
and the distribution of spontaneous 
hybrids, and cultivation experiments of 
progenies derived from seeds produced 
by natural hybrids. It has only been 
possible to determine the origin of these 
hybrids to a limited extent and they may 
therefore represent backcrosses towards 
the parent species, as well as various 
derivatives of self-fertilized hybrids.

REPRODUCTIVE ISOLATION

According to D o b z h a n s k y  (1970) the 
isolating mechanisms may be divided into 
two main groups, prezygotic and zygotic 
mechanisms. The prezygotic mechanisms 
prevent or reduce the formation of hybrid 
zygotes, while the zygotic isolating mecha
nisms or internal barr iers  reduce the 
viability and/or  fertili ty within already- 
formed hybrid zygotes. The question of 
internal harriers has been discussed in a 
previous paper  (G u s t a f s s o n  1973). All 
taxa cross easily and produce viable and 
fertile hybrids. Only in crosses with A. 
longipes ssp. praecox  is reduced fertility 
common, due to the frequent occurrence 
of paracentric inversions in tha t taxon. 
However, reduced germination is shown 
in all hybrid combinations.

PREZYGOTIC ISOLATING MECHA
NISMS IN THE A. TRIANGULARIS 
GROUP

The prezygotic isolating mechanisms 
within the .4. triangularis group are shown 
in Fig. 1.

SPATIAL ISOLATION: All taxa in the 
.4. triangularis group are at least partly 
sympatric, i.e. they have overlapping 
areas of distribution in some parts of 
Scandinavia. No real spatial or geographi
cal isolation exists, al though the degree 
of overlapping between populations of .4. 
longipes ssp. praecox  versus A. calotheca 
and .4. glabriuscula is small. In the Baltic

area, where .4. longipes ssp. praecox is 
common, both .4. calotheca and .4. gla
briuscula are relatively rare. Although 
intensive field-work has been carried out 
the au thor has never seen them growing 
together so that the opportunity  for gene 
exchange seems to be rather  small at 
present.

ECOLOGICAL ISOLATION: Local and 
ecological differentiation have been ob
served within most taxa of the .4. triangu
laris group (cf. T u r e s s o n  1922). But 
ecological isolation between taxa is only 
obvious between some taxa in the Baltic 
region, viz. .4. longipes ssp. praecox 
versus A. longipes ssp. longipes and A. 
calotheca. .4. longipes ssp. praecox grows 
in open, more or less ephemeral habitats 
in the lower parts of sea-shore meadows, 
dominated by a low type of vegetation. 
By contrast,  .4. calotheca and .4. longipes 
ss]). longipes  inhabit marshes with tall 
vegetation, such as communities dominated 
by Scirpus maritimus  and/or  Phragmites  
communis.  .4. triangularis seems to be u n 
specific in this respect, as it occurs in 
most kinds of littoral biotopes.

All four taxa in the western part of 
Scandinavia may occur together in m a r 
shes, i.e. .4. calotheca, A. glabriuscula, A. 
longipes ssp. longipes and A. triangularis. 
Possibly they have preferences for dif
ferent parts of the marsh, but in some 
micro-niches at least they are all mixed.

In the northernmost part of Norway 
A. longipes ssp. praecox and A. triangu
laris are found in the same habitats, i.e. 
exposed marshes.

SEASONAL ISOLATION: In the A.
triangularis group seasonal isolation p re 
vents or obstructs hybridization between 
A. longipes and the other species, while 
A. calotheca, A. glabriuscula and A. trian
gularis flower simultaneously in areas 
where they occur sympatrically. However, 
the degree of seasonal isolation varies in 
different regions of Scandinavia, due to 
the flowering period of A. longipes. In the 

Bot. N otiser, vol. 126, 197-3



400 MATS GUSTAFSSON

seasonal

longipes  s s p  

longipes ,
ca l otheca

ecological

longipes  s s p  

praecoxt r i a n g u l a r i s

T h e  B a l t ic  a rea

partial seasonal

ca lotheca

longipes  s sp  

longipes  ,
t r i a n g u l a r i s

T h e  w e s t e r n  p a r t  
o f  S c a n d in a v ia

glabriuscula

no external barrier

longipes  s s p  

praecox
t r i a n g u l a r i s

N o r w a y
Fig. 1. Prezygotic isolating mechanisms between taxa in the A. triangularis group in

different regions of Scandinavia.
B ot. N o tise r , vo l. 126, 1973
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Baltic region the seasonal isolation is 
absolute. .4. longipes ssp. praecox starts 
flowering in the middle of May, ssp. 
longipes at the end of May and the 
flowering period lasts till the end of June 
in both taxa. The fruits of A. longipes 
ssp. praecox  have already ripened when 
the o ther  taxa start flowering at the end 
of Ju ly  or beginning of August.

In western Scandinavia seasonal isola
tion is only partial.  Most individuals of 
.4. longipes ssp. longipes flower in June 
or at the beginning of Ju ly  and the fruits 
r ipen at the end of August. But, particu
larly in populations from the Swedish west 
coast, there are a few individuals still 
flowering at the beginning of August when 
the o ther  taxa begin to flower. The degree 
of overlapping is about one week in 
culture experiments and probably about 
the same in nature.

In the nor thern  part of Norway there 
is at the most an insignificant isolation 
barr ie r  of this kind. A. longipes ssp. prae
cox and A. triangularis flower at the same 
time, from the middle of Ju ly  to the 
beginning of August. However, in cultiva
tion experiments populations of A. longi
pes  ssp. praecox originating from Norway 
flower a t the same time as those from the 
Baltic region. Obviously, genes causing a 
rapid rate of vegetative development and 
early flowering exist in both Norwegian 
and Baltic populations. However, in 
Norway the long hard  winter does not 
admit of germination until April— May 
and despite a rapid  rate of development 
.4. longipes ssp. praecox  has not the 
opportunity  to flower before the middle 
of July. In this region the vegetative 
development of A. triangularis is as fast 
as that of A. longipes ssp. praecox. A 
special ecotype characterized by a rapid 
rate of development has probably  evolved, 
as the vegetative development of A. tr ian
gularis from the southern parts  of Scandi
navia demands a relatively long period of 
time.

MORPHOLOGY AND DISTRIBUTION 
OF SPONTANEOUS HYBRIDS

The following data are based on natural 
hybrids observed by the author, as well 
as on specimens of hybrid origin from 
the following Herbaria: C, H, LI), O, S, 
UPS (the abbreviations according to Index 
Herbariorum). All the hybrids investigated 
were vegetatively well-developed and seed- 
setting was good.

A. longipes ssp. long ipesX ssp. praecox
Two transitional form series have been 

observed. In most characters, such as 
height, leaf size, length and shape of 
bracteoles, there are successive transitions 
from one subspecies to another.

Fruits r ipen in July.
Distribution: One record from the is

land of Gotland and one from the province 
of Södermanland.

Habitat: Both hybrid swarms are ob
served in sea-shore meadows.

A. ealothecaXA. longipes ssp. longipes
Most hybrids have rhomboid, rarely  

triangular lower leaves with a cuneate 
base, entire to laciniate margins and often 
prominent basal lobes. Upper leaves often 
lanceolate to rhomboid, with entire or  
irregularly dentate margins. Bracteoles 
rhomboid to hastate, with laciniate or 
dentate margins. Bracteoles situated in the 
leaf axils stalked, the others sessile or  
shortly stalked.

Fruits ripen in September.
Distribution: In Denmark some records 

are known from the neighbourhood of 
Copenhagen, one from the southwestern 
par t  of Sjælland and one from Fyn. In 
Sweden there are some localities a round 
Malmö, one in Halland, one in Blekinge 
and one on Öland.

Habitat: Mainly occurring in Scirpus  
maritimus  communities.

A. ea lo thecaX A . triangularis
Most of the expected recombination 

types have been observed. Specimens with 
Bot. N otiscr, vol. 12C, 1973
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Fig. 2. Morphological appearance of three hybrid derivatives, as a result of spontaneous 
hybridization between A. longipes ssp. longipes and A. triangularis. Type B is similar to 

A. longipes ssp. kattegatense TURESS.

both intermediate appearance of leaves 
and bracteoles occur, as well as those 
with leaves similar to A. triangularis but 
with bracteoles similar to those of A. 
calotheca  and vice versa.

F ru its  ripen in August to September.
Distribution: Hybrid swarms are com

m on 011 both sides of Öresund and 011 the 
island of Öland, in addition one locality 
has been found in Halland.

Habitat: Almost solely confined to
marshes dominated by Scirpus maritimus. 
Bot. N otiser, vol. 126, 1973

A. glabriiisculaXA. longipes ssp. longipes

Lower leaves rhomboid to triangular, 
usually somewhat cuneate at base. Brac
teoles thick and fleshy, black to brown 
at base, herbaceous and green in the upper 
parts, united up to the middle or only at 
the base. Bracteoles situated in leaf axils 
stalked, terminal ones mostly sessile.

Fruits ripen in August to September.
Distribution: In Denm ark five records 

are known from Sjælland, two from Fyn,
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and one from the island of Samsö. In 
Sweden observed in three localities around 
Göteborg.

Habitat: Different kinds of marshes.

A. g labriusculaX A. triangularis

Leaves similar lo the parent species. 
Bracteoles intermediate, i.e. usually rhom 
boid, length about equal to breadth, often 
fleshy and thick at the base, herbaceous 
in tlie upper parts, mostly black to brown 
at base, green in the upper  parts, only 
united at base. The surface of the 
bracteoles smooth or few-veined.

F ru its  ripen in September to October.
Distribution: Three records are known 

from Jylland in Denmark and five from 
the Swedish west coast.

Habitat: More or less exposed marshes.

.4. longipes ssp. longipesXA. triangularis

Three morphologically different hybrid 
derivatives may be distinguished, mainly 
distributed in different habitats, although 
transitional form series have been ob
served. The morphological features of 
these hybrid  segregates are illustrated in 
Fig. 2.

Type A: Erect to ascending, usually 
small, lower leaves rhomboid to triangular, 
with a cuneate base, upper ones triangular 
In rhomboid. Bracteoles triangular to 
rhomboid, often with dentate margins, 
sessile including the axillary ones.

Type B: This type has been described 
as .4. longipes ssp. kattegatense  by T u r e s - 
.sox (1925). Prostra te  or decumbent, rarely 
erect, ra ther  short main stem, long basal 
branches, lower leaves rhomboid lo 
triangular, with a cuneate base, rather 
long, forward- to outward-pointing basal 
lobes, upper leaves rhomboid to lanceolate. 
Bracteoles ovate to rhomboid, margins 
usually entire, those situated in leaf axils 
shortly  stalked to sessile, the terminal 
bracteoles sessile.

Type C: Erect to ascending, usually tall, 
lower leaves triangular,  upper  ones rh o m 
boid to triangular, mostly with dentate

Table 1. Distribution in different habitats of 
hybrid derivatives originating from sponta
neous hybridization between A. longipes ssp. 
longipes and .1. triangularis, n indicates the 
number of populations investigated. The 
characteristics of the different types is illu
strated in Fig. 2.

Morphological type
Habitat A +  B C

% °/o

Scirpus maritimus and
Phragmites communities 25 75 10

Exposed marshes, cliff
crevices .......................... 97 3 15

margins. Bracteoles situated in leaf axils 
stalked, the terminal ones sessile.

Fruits ripen in August to September.
Distribution: The three hybrid  forms 

have similar areas of distribution. Some 
records are known from Denmark, par t icu 
larly common along the Swedish west 
coast, northwards to the southern parts  
of Norway. In fact, most populations 
along the Swedish west coast investigated 
by the au thor include individuals of hybrid 
origin.

Habitat: The ecological preferences of 
the three types are summarized in Table 
1. The frequencies of the types in different 
habitats represent only a rough estimation 
of 25 populations along the Swedish west 
coast in 1970. But probably the figures 
show the general trend. Type C is almost 
restricted to marshes dominated by Scir
pus maritimus  and /or  Phragmites com 
munis.  By contrast types A and B are 
most frequent in habitats exposed to the 
sea, such as cliff crevices and exposed, 
stony marshes with sparse or  low vegeta
tion.

.4. longipes ssp. praecoxX  A. triangularis

Transitions are common in the northern 
part of Norway. The hybrids are usually 
distinguishable from A. longipes ssp. prae
cox by being taller, by having larger and 
broader lower leaves and sessile bracteoles, 
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T able  2. G erm ination  of seeds derived f ro m  d ifferen t  sp on taneous  hybrids in  n a tu re ,  
n  indicates the n u m b er  of hybrid  offspr ing  tested.  F o r  c om par ison  germination of seed 

sam ples  orig ina ting  from  n a tu ra l  popula t ions  o f  “p u r e ” taxa is shown.

H ybr id  com bina tion
Germ ination °/o

n
0 t o 20 30 40 50 60 70 80 90 100

A. ca lo th eca X A .  longipes  ssp. longipes . . 1 2 3
A. ca lo th eca X A .  t r ia n g u la r i s ....................... -,— —  3 2 1 1 7
A. g labriuscuIaXA . triangularis  ................ — 1 t — — — -— - g
A. longipes  ssp. lo n g ip esX A .  triangularis 1 1 8 4 1 2 — 1 18

T o t a l .......................................................................... I 2 0 10 3 1 1 2 — 1 30
%> .......................................................... 3.3 6.7 30.0 33.3 10.0 3.3 3.3 6.7 — 3.3

“P u r e ” taxa ......................................................... — —  —  4.2 4.2 18.8 31.3 33.3 8.3 48

from  4. triangularis by the somewhat 
cuneate hase of the lower leaves.

Fruits ripen in August.
Distribution: Frequently distributed in 

the northern  part of Norway, from T rond
heim to the peninsula of Varanger. No 
hybrid  has been observed in the Baltic 
area.

Habitat: Occurs sympatrically with the 
parent species in marshes.

CULTIVATION EXPERIMENTS ON 
NATURAL HYBRIDS

The cultivation experiments on hybrids 
occurring in nature include investigation 
of germination, male fertility and m o r
phological features. Seeds of natura l 
hybrids, collected in 1971, were kept in 
separate hags and later sown in pots 
which were placed in the Botanical 
Gardens, Lund.

All the hybrid plants investigated origi
nated from the seeds produced by sponta
neous hybrids after free pollination. The 
hybrid  offspring probably represent back- 
crosses towards the parent species, as well 
as various derivatives of self-fertilized 
hybrids. Thus, the whole material re
presents hybrid combinations of unknown 
origin. The num ber and origin of the 
hybrid  progenies are listed at the end of 
this paper.
B ot. N o tise r, vo l. 126, 1973

Germination

In most cases 50 seeds of each hybrid  
plant were selected at random and  al
together the germination of 30 hybrid 
seed samples was investigated. The 
num ber of seed samples of each hybrid  
combination and their germination are 
summarized in Table 2. The germination 
of seed samples originating from “pure” 
populations of the taxa is shown for 
comparison.

The hybrid  seeds usually germinate 
poorly, only 17 °/o of the seed samples 
having a germination value higher than 
50 °/o. Seeds originating from hybrids be
tween A. calotlieca and A. triangularis 
seem to germinate more successfully than 
other hybrid  combinations. Despite a 
certain degree of overlapping, the ger
mination of hybrid seeds is reduced 
compared with that of seed samples of 
“pu re” populations. The proportion of 
seed samples with a germination higher 
than 50 °/o is 17 °/o and 96 °/o respectively.

Vegetative Development

The vegetative development was quite 
normal in all hybrid  offspring except for 
G 233X-12 (A. longipes ssp. longipesXA.  
triangularis) , where all the plants had 
deformed leaves.
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T ab le  3. M orpholog ica l  seg rega t ion  in o f fsp r ing  of n a tu ra l  hybrids .  In the c om bina tions  
A. c a lo th e ca X A .  triangularis  a n d  A. longipes  ssp. lo n g ip esX A .  triangularis  only some 
progenies  a re  rep resen ted  in detail,  n  indicates the n u m b er  of indiv iduals  investigated.

Hybrid  segregates sim ila r  to

P ro g e n y  code First-
m entioned

p a ren t

+  in te r
mediate

Second-
m entioned

pa ren t

n

A. c a lo th ec aX A .  long ipes  ssp. long ipes
G 233X-1 ............................................................ 5 19 0 24
G 233X-2 ............................................................ 2 6 1 9
G 233X-3 ............................................................ 5 3 1 9
T o ta l :  3 p rogenies  ....................................... 12 28 2 42

A. c a lo th e c a X A .  t r ia n g u la r i s

GBCK-7 .............................................................. 1 7 12 20
GHHX-7 .............................................................. 3 10 8 21
GHHX-8 .............................................................. 20 7 1 28
G 233X-4 ............................................................ 7 14 1 22
4 o th e r  p rogenies  .......................................... 56 36 »> 95
T ota l :  8 progenies  ....................................... 87 74 25 186

A. g la b r iu se u laX  A. t r ia n g u la r i s

G 236X-8 ............................................................ 4 13 «> 20
G 236X-9 ............................................................ 2 7 4 13
T o ta l :  2 progenies  ....................................... 6 20 7 33

A. longipes ssp. lo n g ip e sX A. t r ia n g u la r i s

Progen ies  o f  the kattegatense  type 
G 169-Ka ............................................................ 15 15
G 233X-8 ............................................................ 3 7 10 20
G 236Y-1 ............................................................ 1 8 7 16
8 o th e r  progenies  .......................................... 3 21 7 31
Tota l :  11 p rogenies  ..................................... 7 51 24 82

Progenies  of  o th e r  hybrid  types
G 233X-7 ............................................................ 1 22 2 25
G 234X-7 ............................................................ 5 7 2 14
G 236X-3 ............................................................ 2 5 19 26
9 o th e r  progenies  .......................................... 10 30 27 67
Tota l :  12 progenies  ..................................... 18 64 50 132

Morphological Variation and Fertility

'Fhe morphological variation within 
hybrid progenies is summarized in Table 
3 and shown in Fig. 3. The distribution 
of fertili ty values of different hybrid off
spring is summarized in Table 4.

.4. calothecaXA. longipes  ssp. longipes

Morphological appearance of 42 indi
viduals representing three hybrid  off

spring has been investigated. About one 
third of the material segregates towards 
the parent species, mainly towards .4. 
calotheca. Most recombination types have 
been observed, but individuals with la- 
ciniate leaves combined with long-stalked 
bracteoles have not been observed. The 
pattern of morphological variation within 
offspring is similar and the differences 
between offspring small.

Fertili ty: 31 plants have a fertility
B ot. N o tise r , vo l. 126, 1973
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Tabic 4. Male fe rt i l i ty  va lues in o ffsp r ing  of n a tu r a l  hybr ids ,  n indicates the n u m b e r  of 
ind iv iduals  inves tiga ted  an d  N tbe n u m b e r  of offspring.

Progeny code
Fertility %

n N
3 0  4 0 5 0  6 0  70 8 0 9 0  1 00

A. c a lo th ec aX A .  longipes ssp. longipes

G 2 3 3 X :  1— 3  .......................................... —  — 1 — 9 31 41 3

%  ....................................................................... —  — 2 .4  — 2 2 .0 75.6

A. c a lo th ec aX A .  tr iangu lar is

GBCK ............................................. — — — — — 1 3 4 3 5 2
GHFX .......................................... — — — — — 1 12 13 1
GHHX .......................................... — — 1 7 46 5 4 3
G 2 3 3 X  ......................................................... —  — 1 —  1 8 2 8 3 8 2

Total ............................................. —  — 1 —  2 17 1 2 0  1 4 0 8
°/o ....................................................................... —  — 0 .7  —  1.4 12 .1 85.7

A. g lab r iu sc u la X  A. t r ian g u la r i s

G 2 3 6 X :  8—9 .......................................... —  — 1 5 4 16 2 6 2

%  ....................................................................... —  — 3 . 8  1 9 .2 1 5 .4 6 1 . 5

A. longipes ssp. longipesX A. triangularis
The kattegatense type

G 231: 1 ....................................... — —- — — 1 3 11 15 1
G 233X: 8 ................................... — 1 4 2 4 7 6 24 1
G 236Y: 1— 9 ........................... 1 — 1 2 5 14 27 50 9
T ota l  ............................................ 1 1 5 4 10 24 44 89 11
%  ............................................................................................. 1.1 1.1 5.6 4.5 11.2 27.0 49.4

Other types
G 233X : 7. 9, 11— 12 ............ 1 — 1 4 13 57 76 4
G 236X: 3, 5. 7 ....................... — — — — 1 12 26 39 3
G 234X: 6, 7. 10— 12 ............ —  — — 2 — 6 23 31 5
Total  .............................................. —  1 — 3 5 31 106 146 12
%  ............................................................................................. — 0.7 — 2.1 3.4 21.2 72.6

higher than 90 °/o, 9 plants between SO 
and 90 °/o and finally one plant has a 
fertility value as low as 59 %>.

4. calothecaX A. triangularis
The variation within eight progenies 

from four localities has been studied. 
About 60 °/o of the individuals segregate 
towards the parent species, prim arily  to 
wards A. calotlieca. Most of the expected re 
combination types have been observed. All 
the offspring are composed of both plants 
that are more or less intermediate and 
ones similar to one of the parents. H ow
ever, the frequencies of the morphological 
Bot. Notiser, vol. 126, 1973

segregates are quite different in different 
offspring. In GHHX-7 and (i 233X-4 inter
mediate types are most frequent, while
in GBCK-7 the majority  of the plants 
segregate towards A. triangularis and in 
GHHX-8 towards A. calotlieca.

Fertility: Most hybrid plants have high 
fertility values, about 86 °/o of the
material has higher than 90 %  stainable
pollen and only 2 °/o below 80 °/o stainable
pollen.

A. glabriusculaX  A. triangularis
The morphological appearance of 33 

plants representing two offspring has been



EVOLUTIONARY TRENDS IN ATRIPLEX II 407

Par ent  Offspr ing

3 cm

G 233X - 2

66 CCC* 66 A6 *0

G H H X - 8

G 2 3 6 X - 3

Fig. 3. Morphological variation within three hybrid offspring, raised from seeds produced 
by spontaneous hybrids. Offspring G 233X-2 represents A. calothecaXA. longipes ssp. 
longipes, GHIIX-8 A. calothecaXA. triangularis and G 236X-3 A. longipes ssp. longipesX

A. triangularis.

investigated. Intermediate types seem to 
lie most frequent in both the progenies.

Fertili ty: Sixteen of 26 plants have a 
fertili ty higher than 90 °/o, 4 between 80 
and 90 °/o and 6 less than 80 °/o.

.4. l o n g i p e s  ssp. l o n g i p e s X  A . t r i a n g u l a r i s  

The morphological appearance of 216 
plants representing 23 hybrid offspring

has been examined. On the whole the 
majority of the plants segregate towards 
.4. t r i a n g u l a r i s  or are intermediate, only 
a minor proportion segregate towards .4. 
l o n g i p e s  ssp. l o n g i p e s .  Offspring of the 
k a t t e g a t e n s e  type seem to have a some
what higher frequency of intermediate 
plants than offspring of other types of 
spontaneous hybrids.

Hot. N o tise r , vo l. 126, 1973
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Table 5. Relation between morphological segregation and male fertility in offspring of 
natural hybrids, n indicates the number of individuals investigated.

Morphological types
Male fertility °/o

30 40 50 00 70 80 90 100

A. calothecaXA. longipes
Progenies G 233X-1—3 
Similar to the parents .......... 5 9 14
+ intermediate ........................ — 1 — — 4 21 26

A. ealotheeaXA. triangularis
Progenies G 233X-4—5 
Similar to the parents .......... 1 6 10 17
+ intermediate ........................ — 1 — — 2 15 18

A. glabriusculaX A. triangularis
Progenies G 236X-8—9 
Similar to the parents .......... 1 2 2 6 11
+ intermediate ........................ — — — 3 2 10 15

A. longipes ssp. longipes X A. triangularis
Progenies G 233X-8, G 236Y-1—9 
Similar to the parents .......... 1 1 5 8 16 31
+ intermediate ........................  1 — 3 2 3 11 14 34

Total

Similar to the parents .......... 1 1 1 8 21 41 73
°/o ....................................................... 1.4 1.4 1.4 11.0 28.8 56.2
+ intermediate ........................  1 — 5 2 6 19 60 93

°/o .......................................................  1.1 -— 5.4 2.2 6.5 20.4 64.5

Offspring of the k a t t e g a t e n s e  type: A 
certain variation is present in both the 
offspring G 233X-8 and G 236Y-1, while 
offspring G 169-Ka is exclusively composed 
of plants similar to the k a t t e g a t e n s e  type. 
This small variation has also been observed 
in two other offspring (G 174 and G 220) 
cultivated from 1968 to 1971.

Offspring of other types: All the three 
offspring show a certain variation. In off
spring G 233X-7 intermediate plants 
dominate, while in G 236X-3 segregation 
towards A. t r i a n g u l a r i s  and in G 234X-7 
intermediates and plants similar to A. 
l o n g i p e s  ssp. l o n g i p e s  are most frequent.

Fertili ty: Male fertility of 235 plants 
representing 11 offspring of the k a t t e g a 
t e n s e  type and 12 of other kinds of 
hybrids has been investigated. The fre
quency of plants with reduced fertili ty is 
Bot. Notiser, vol. 126, 1973

high in both groups, only about 50 °/o 
and 73 °/o respectively of the plants have 
fertili ty values higher than 90 °/o.

Relation between Male Fertility and 
Morphological Segregation in Hybrid 
Offspring

In most hybrid offspring there is a 
certain variation in morphology and male 
fertility. In Table 5 the male fertility 
values of plants morphologically similar 
to one of the parent species are compared 
with those of intermediate ones. In this 
case it seemed practical to combine all the 
more or  less intermediate hybrids into 
one group, although they actually re 
present morphologically rather dissimilar
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hybrid  segregates. Only some of the most 
variable offspring of each hybrid com bina
tion have been checked. They all show 
that there is little or no correlation 
between morphological constitution and 
male fertility. Hybrids that are most 
similar to the parents have about the same 
degree of reduced fertility as intermediate 
ones. The results indicate that m orpho 
logical characters of the taxa and male 
fertili ty are controlled by different genetic 
factors.

Seed-setting

The seed-setting was generally rather 
poor, hut this may he due to experimental 
error. Within the A . t r i a n g u l a r i s  group 
wind pollination probably occurs (see 
G u s t a f s s o n  1973). All the hybrid  off
spring were kept in greenhouses where 
dispersal of pollen-grains is not very 
effective.

CROSSING EXPERIMENTS INVOLVING 
A. LONGIPES SSP. KATTEGATENSE 
TURESS.

In order to investigate the possible 
origin of the k a t t e g a t e n s e  type, it has been 
crossed with populations of A. l o n g i p e s  
and A. t r i a n g u l a r i s .  TU R E S S O N  (1925) 
presumed tha t this type was closely 
related to A. l o n g i p e s  ssp. l o n g i p e s  and 
described it as A. l o n g i p e s  ssp. k a t t e g a 
t e n s e .  The plants used in these crossing 
experiments are similar to the material 
determined by T u r k s s o n ,  i.e. they have a 
prostrate or decumbent habit, long slender 
basal branches, leaves with a somewhat 
cuneate hase and shortly stalked, rh o m 
boid to ovate bracteoles, usually with 
entire margins. The aims of the crossing 
experiments were twofold: to test if the 
k a t t e g a t e n s e  type shows a closer chrom o
somal affinity to one of the species and to 
analyze morphological varia tion  within 
both F 1 and F 2 progenies.
28

Vegetative Developm ent, Meiosis and 
Male Fertility

The vegetative development was quite 
normal in all the hybrids. Data of meiosis 
and male fertili ty are summarized in 
Table 6. Meiosis has been investigated in 
three crosses, one between A. t r i a n g u l a r i s  
and k a t t e g a t e n s e  (Gk44), and two be
tween A. l o n g i p e s  ssp. p r a e c o x  and k a t t e 
g a t e n s e  (Gk 11 and Gk42). Metaphase I 
is quite normal with the formation of nine 
bivalents, while bridges and laggards are 
formed at anaphase I. The meiotic 
behaviour is similar to that observed in 
other crosses within the A. t r i a n g u l a r i s  
group and bridge formation is probably 
due to heterozygosity for paracentric  in 
versions ( G u s t a f s s o n  1972, 1973). The 
variation pattern in male fertility observed 
in cross Gk 49 also supports the assum p
tion that reduced fertility is due to 
heterozygosity for  structural rea rrange
ments, rather  than to fertility decreasing 
genes.

Male fertility of 51 and 74 F 1 hybrids of 
A. t r i a n g u l a r i s X  k a t t e g a t e n s e  and A. l o n g i -  
p e s X  k a t t e g a t e n s e  respectively has been 
investigated. Hybrids with reduced fe r 
tility are common in both combinations, 
only about one th ird has a fertility higher 
than 90 °/o. However, crosses with A. 
t r i a n g u l a r i s  seem to have a higher f re 
quency of hybrids with a fertility of less 
than 80 °/o than those with A. l o n g i p e s ,  
particularly if crosses with A. l o n g i p e s  
ssp. l o n g i p e s  only are considered. This 
difference is also obvious in the F 2 p ro 
genies, individuals with high fertility 
values are most frequent in F 2 families of 
A. l o n g i p e s  ssp. l o n g i p e s X k a t t e g a t e n s e .

Morphological Variation within 
F, Progenies

Morphological variation within F] 
families is on the whole larger than  that 
of other crosses between taxa. The m o r
phological segregation is not presented in 
detail as a free recombination of morpho- 

Bot. Notiser, vol. 126,1973
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Table 6. A survey of meiosis and male fertility in the crossing combinations A. l o n g i p e s X  
kc i t tega tense  and A. t r i a n g u l a r i s X k a t te g a t e n s e .  n indicates the number of hybrid plants 

investigated, M the mean fertility and N the number of Fo offspring investigated.

Meiosis

Cross "/0
good
pollen

Metaphase 1
Anaphase—Telophase I Anaphase—Telophase 11

no. Normal | Bridges Laggards Normal | Bridges | Laggards

11 89 9 bivalents 102 1 5 — — -—

42—2 82 9 bivalents — — — 95 1 1
42—3 73 9 bivalents 168 17 2 — — —

44 58 9 bivalents 51 6 1 — — —

Male fertility in I i

C ross  n u m b e r
Fertility %>

30 40 50 00 70 80 90 100
M

A. longipes Xkattegatense

Ssp. lo n g ip es  participating
Gk 14 ...................................... 1 2 — — — — 3 51.3
Gk 24 ...................................... — — — 6 9 4 19 84.2
Gk 43 ...................................... 2 12 14 93.2
Gk 46 ...................................... 2 9 11 94.0
Gk 47 ...................................... 1 3 — — — — 4 50.4

Ssp. p r a e c o x  participating
Gk 11 ...................................... 5 — 5 85.7
Gk 23 ...................................... 1 — 1 88.2
Gk 42 ...................................... — — — 4 2 — 6 76.6
Gk 48 ...................................... 7 3 1 — 11 49.0

Total ........................................ 9 8 1 10 21 25 74 74.7
% ....................................... 12.2 10.8 1.4 13.5 28.4 33.8

A. triangularis Xkattegatense

Gk 44 .................... ................  — 1 3 2 — — — 6 56.8
Gk 45 .................... .............  — — — 2 1 2 5 10 84.6
Gk 49 .................... .............  — 5 6 1 — — 7 19 67.6
Gk 50 .................... .............  — — — 6 5 1 4 16 78.1
Total ...................... — 6 9 11 6 3 16 51 71.8
°/o ....................... .............  — 11.8 17.6 21.6 11.8 5.9 31.4

Male fertility in F 2

Crosses Fertility °/o

30 40 50 60 70 80 90 100

,4. long ipes  ssp. l o n g i p e s X k a t t e g a t e n s e  . .  
A. lo n g ip es  ssp. p r a e c o x X k c i t t e g a te n s e  . . .  
A. t r ia n g u la r is  X  k a t t e g a te n s e  .........................

■— 1 — — 1 7 13 22 3
— - 1 4 6 7 10 5 33 8

1 1 2 2 3 — 4 13 2
B ot. N o tise r, vol. 12C, 1973
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Fig. 4. Morphological variation within Fi and F2 progenies in crosses with the kattegatense 
type. Cross number Gk 45 represents A. triangularisXkattegatense, G k ll  A. longipes ssp. 

praecoxX kattegatense and Gk 46-11 .4. longipes ssp. longipesXkattegatense.

logical characters occurs, which com pli
cates a classification of the plants into 
morphological types. But, the variation in 
leaves and bracteoles of two F, progenies 
is shown in Fig. 4.

In crosses between .4. longipes and 
kattegntense  the shape of the lower leaves 
varies within most progenies, from  ones 
similar to .4. longipes to those typical for 
kattegatense. The bracteoles are mostly 
shortly stalked or sessile, but long-stalked, 
axillary ones occur as well in some p ro 
genies. A certain amount of variation is 
also present in crosses with .4. tr iangu
laris. Within all progenies the base angle 
of the lower leaves varies from somewhat 
cuneate to truncate. The bracteoles are 
shortly stalked or sessile.

In most of the crosses vegetative 
characters such as height, colour, leaf 
size and size of bracteoles are very 
variable.

Morphological Variation in F2

'Fhe morphological variation in the F 2 
generation is considerable (Fig. 4, Gk 46- 
11). In crosses with .4. longipes most of 
the F2 individuals resemble A. longipes 
o r  kattegatense, but other recombination 
types occur as well. In almost all p ro
genies there are some plants that resemble 
.4. triangularis, having triangular leaves 
with a truncate base and sessile bracteoles. 
The Fo individuals, in crosses with .4. 
triangularis mainly segregate towards A. 
triangularis  and kattegatense, but occa
sionally also towards .4. longipes.

THE ORIGIN OF THE KATTEGATENSE 
TYPE

The differences in degree of hybrid 
sterility give the impression that kattega
tense shows a closer chromosomal affinity

B ot. N o tise r, vo l. 126, 1973
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to A. longipes ssp. longipes than to A. 
triangularis.  But in fact, tlie differences 
are rather  small and of subordinate im por
tance. Investigation of meiosis indicates 
that reduced fertility is to a great extent 
due to heterozygosity for structural re
arrangements.  In the combination A. trian- 
gularisX  kattegatense, cross Gk 44 is com
posed exclusively of hybrid 's with 
highly reduced fertility, which indicates 
genome differences in the parents. One 
paren t is probably  homozygous for one 
or  more s tructural rearrangement, the 
o ther  “n o rm a l” or homozygous for an 
other rearrangement. Conversely, the 
pattern  of variation in Gk 45, Gk 49 and 
Gk 50 indicates heterozygosity for struc
tural rearrangements in one of the parents, 
the other being “norm al” or heterozygous 
for another  rearrangement. Thus, in the 
crossing combination .4. triangularisX  
kattegatense  homozygous s tructural dif
ferences in the parents may occur in one 
cross, heterozygous differences in three 
crosses. The figures for A. longipes 
ssp. longipesX kattegatense  indicate hom o
zygous differences in two crosses and 
heterozygous ones in one to three crosses. 
Thus, the differences in hybrid sterility 
are probably  only due to a higher fre
quency of structural heterozygosity in the 
parents in the combination A. triangularis 
X  kattegatense. Further, the fertility values 
may not be directly comparable, as the 
kattegatense  parents in the two crossing 
combinations originate from different 
populations.

The cultivated offspring of kattegatense  
raised from seeds collected in nature show 
considerable morphological variation. In 
most offspring hybrid segregates similar 
to .4. longipes ssp. longipes and .4. triangu
laris respectively as well as intermediate 
ones have been observed. However, a few 
offspring show little or no morphological 
variation. Variation in most characters 
has also been observed in the artificial 
crosses between .4. longipes and kattega
tense as well as between .4. triangularis 
and kattegatense. The variation in F 1 of
R ot. N o tise r, v o l. 126, 1973

these crosses is on the whole greater  than 
in crosses between populations of “ p u re ” 
taxa, which indicate gene heterozygosity 
in the parents  of the kattegatense  type. In 
F 2, crosses between .4. longipes ssp. longi
pes and  kattegatense  give rise to p lants 
resembling .4. triangularis. In addition, 
some hybrid  plants, derived from artificial 
crossing between .4. longipes ssp. longipes  
and prostra te  forms of .4. triangularis, 
are ra the r  similar to plants of the kattega
tense type. All these facts indicate that 
the kattegatense  type is a more o r  less 
well-established product of hybrid origin, 
ra the r  than  an ecotype of .4. longipes  as 
proposed by T u r e s s o n  (1925).

DISCUSSION

Most of the hybrid offspring investi
gated within the .4. triangularis complex 
are variable, both  as regards male fertili ty 
and morphological features. Evidently 
hybridization leading to introgression and 
backcrossing are processes that are going 
on continuously especially in populations 
from the Swedish west coast. Different 
variation patterns, particularly  between 
hybrid progenies of .4. calothecaXA.  
triangularis, m ay  indicate that intermediate 
hybrids as well as those representing 
backcrosses towards the parent species 
occur in nature. But occasionally estab
lished hybrid  populations of the kattega
tense type occur.

The num ber  of hybrids formed within 
the A. triangularis group varies in dif
ferent regions of Scandinavia. The num ber 
of hybrids and hybrid  combinations is 
ra ther  small in the Baltic region, where 
reproductive isolation is most pronounced. 
No hybrid  between .4. calotheca and .4. 
longipes ssp. praecox has been observed. 
Gene exchange between these taxa is 
prevented by the joint action of ecological 
and seasonal isolation. Admittedly .4. calo
theca  is rare in the Baltic region, hut 
hybridization may occur at least on the 
island of Öland, where both taxa occur. 
A combination of these two barriers is
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obviously very strong and effectively 
prevents any hybridization. Ecological iso
lation on its own is not quite sufficient, 
as indicated by the formation of hybrid 
sw arm s between A. longipes ssp. longipes 
and ssp. praecox. But the num ber of such 
hybrids is virtually small, bearing in mind 
bow com mon both taxa are in this region. 
In spite of ecological isolation gene ex
change lias occasionally been observed in 
m any other species complexes, e.g. be
tween Phlox maculata  and Phlox glaber
rima  ( L e v i n  1963), in the Potentilla an
serina aggregate (Rousi 1965) and be
tween Tripleurospermum inodorum  and 
T. m arit im um  in the British Isles (Kay 
1972).

In the Baltic area, the seasonal isola
tion is strong between .4. calotheca and 
.4. longipes ssp. longipes, and between 
.4. longipes ssp. longipes and .4. triangu
laris, a lthough one or two hybrids are 
found. Hybridization may occur under 
exceptionally unsuitable natura l condi
tions. A factor such as grazing may 
influence the flowering time. If the 
flowering shoots are eaten off, new shoots 
will generally develop and this delays the 
flowering time considerably. Reflowering 
has been observed a few times in marshes 
used for grazing. This displacement may 
be sufficient to cause hybridization be
tween taxa which are normally  isolated.

Hybrid derivatives are common in popu
lations along the western parts  of Scandi
navia. The only known external barrier, 
partial seasonal isolation, obstructs only 
to some extent the frequent exchange of 
genes between A. longipes ssp. longipes 
and .4. triangularis. Hybrids of this kind 
are ra the r  rare  in Denmark, more com
mon along the Swedish west coast. About 
one half  of the populations investigated 
in the provinces of Halland and Bohuslän 
have some kind of hybrid derivatives of 
these species. Partial seasonal isolation 
also exists between .4. longipes ssp. longi
pes versus A. calotheca and A. glabrius- 
cula. However, the num ber of these

hybrids is less than between .4. longipes 
ssp. longipes and ,4. triangularis.

The absence of external barriers results 
in the formation of fairly extensive hybrid 
swarms particularly  between A. calotheca  
and A. triangularis in the western p a r t  of 
Scandinavia, and between A. longipes ssp. 
praecox and A. triangularis  in the 
northernm ost part of Norway.

Hybridization in the A. triangularis 
group is prevented by or at least highly 
reduced by seasonal and/or ecological 
isolation, while weaker barriers  such as 
partial seasonal isolation are of relatively 
small importance.

The effects of the external barriers  are 
more or less reinforced by internal isola
tion mechanisms. The germination of 
seeds produced by spontaneous hybrids is 
less than that of seed samples of “p u re” 
taxa. Usually less than 50 °/o of the hybrid  
seeds are viable. Seeds derived from 
artificial crosses also germinate poorly 
(Gu s t a f s s o n  1973). Germinative seeds 
give rise to hybrid plants which seem to 
be just as vigorous and vegetatively well- 
developed as normal plants. In most 
hybrid combinations about 25 to 50 %  of 
the hybrids show reduced male fertility, 
i.e. they have less than 90 °/o stainable 
pollen. The fertility values of hybrid  off
spring correspond rather  well with those 
obtained in artificial crosses (see Gu s t a f s 
s o n  1973). In all hybrid combinations 
tested morphological segregation towards 
the parent species is not combined with 
restoration of male fertility. The seed- 
setting of hybrids occurring in nature 
seems to be as high as that in normal 
plants.

The effects of hybridization and intro- 
gression are highly dependent upon the 
establishment of the hybrid derivatives. 
According to A n d e r s o n  (1949) a success
ful establishment is influenced by two 
main factors, the ability of adaptation  of 
the hybrid progenies and suitable habitats. 
A n d e r s o n  has pointed out that physio
logical properties will segregate in the 
same way as morphological ones do. Thus, 

Bot. Notiser, vol. 126, 1973



414 MATS GUSTAFSSON

a great num ber  of more or  less different 
morphological and physiological recombi
nation types may evolve through hybrid i
zation, more or less adapted to certain 
habitats. The establishment of the hybrids 
will be counteracted by natural selection 
and competition with other species. In 
changing or heterogeneous habitats hybrid 
derivatives may have selective advantages 
and be able to inhabit biotopes beyond 
those of the parent species, but only on 
the assumption that they are at least 
partially fertile and possess some favour
able gene combinations. According to 
A n d e r s o n , hybrid segregates survive to 
a great extent in “hybridized” habitats 
only, that is highly changed ones which 
have been subject to hum an activity or 
ca tastrophic natura l forces. The most 
drastic changes are probably those caused 
by man, but new, suitable habitats or 
micro-niches may also arise through 
natura l climatic, geological or edaphic 
changes. The relation between the estab
lishment of hybrid derivatives in disturbed 
habitats lias been observed in many 
species aggregates, e.g. in Iris  ( R i l e y  1938), 
in Cistus ( D a n s e r e a u  1941) and in Vacci
nium  (C a m p  1942).

In the A. triangularis group most natural 
hybrids and hybrid swarms occur in the 
same habitats as the parent species. The 
only exceptions constitute recombination 
types of A. longipes ssp. longipesX A. 
triangularis , which show adaptation and 
ecological preference to different habitats. 
It has already been pointed out that one 
recombination type mainly occurs in 
Scirpus maritimus  communities and others 
in exposed biotopes. The kattegatense type 
in particu lar  shows ecological preference 
that differs from those of the parent 
species. It usually inhabits the lowest 
parts of exposed marshes where the vege
tation is sparse and open places common. 
These areas are extremely exposed to the 
sea and especially during the autum n 
violent storms may remove the vegetation 
in these parts. Open places suitable for 
establishment are probably created now 
and then. Prostra te  forms of .4. longipes 
Bot. Notiser, vol. 12G, 1973

ssp. longipes and .4. triangularis may 
inhabit exposed marshes as well, but they 
usually grow in higher parts.

Sympatric spéciation or maintenance of 
closely related, sympatric species usually 
demands some kind of isolating m echa
nism. But within the .4. triangularis group 
the sympatric taxa A. calotheca, A. glab- 
riuscula and .4. triangularis remain distinct, 
even though external barriers to gene ex
change are lacking or very weak. This is 
also true for ,4. longipes ssp. praecox  and 
A. triangularis in the northernm ost part 
of Norway. However, gene exchange be
tween these taxa is restricted by the 
reduced reproductional capacity of the 
hybrids, i.e. a high frequency of non- 
germinative seeds more or less combined 
with reduced fertility. Further,  some kind 
of selection occurs probably at the seedling 
stage, and seedlings of hybrid origin have 
to compete with a large num ber of others 
derived from well-established, normal 
plants. In addition, the recombination of 
genes determining the parental physiologi
cal properties may result in hybrids not so 
well adapted to certain habitats. It is 
possible that normal plants of the parent 
species have a certain selective advantage, 
as they are usually well adapted to their 
habitats and bave a high percentage of 
germinative seeds combined with a high 
frequency of functional gametes.

Diversities between sympatric m orpho
logical types or closely related species 
may also be promoted by the effects of 
disruptive selection (M a t h e r  1955). In a 
heterogeneous habitat one morphological 
type can be favoured in one part of the 
environment and another type, with a dis
similar genetic constitution, in a different 
ecological niche. The results of disruptive 
selection are entirely regulated by the 
strength of the selection pressure. The 
greater it is the more pronounced will 
the effects be.
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A PPENDIX I

Cultivated  P rogen ies  of S p o n tan eo u s  H ybr ids

Population
code Origin

A. ca lo th ec aX  A. longipes ssp. longipes
G 233X: 1—3 Sw. Hld. Falkenberg, Skreanäs

A. ca lo th ec aX  A. t r ian g u la r i s
G 233X : 4—5 Sw. Hld. Falkenberg, Skreanäs
GBCK: 1, 7 Sw. Sk. N Barsebäckshamn
GHFX S w. Hld. Falkenberg, Glommen
G H HX: 7, 8 Sw. Sk. Gässie

A. g labriusciila  X A. t r ian g u la r i s
G 236X: 8—9 Sw. Hld. Varberg, Getterön

A. longipes ssp. lo n g ip esX A. t r ian g u la r i s
G233X: 7, 9,

11—12 Sw. Hld. Falkenberg, Skreanäs
G 234X : 6—7,

10 — 12 Sw. Hld. Tvååker, Björkäng
G 236X : 3,

5, 7 Sw. Hld. Varberg, Getterön

The k a ttcg ah use type
G 168 Sw. Sk. V Bjäre, Skaudd
G 169 ka Sw. Sk. Torekov
G 173 Sw. Hid. Asa, Stenudden
G 174 Sw. Boh. Tjörn, Rönnäng
G 193 No. Vestfold. Tönsberg,

Mostranda
G 220 Sw. Boh. Tjörn, 5 km NE

Rönnäng
G 222 Sw. Boh. Instön, Färjeläget
G 231 Sw. Hid. Gullbrandstorp, Viken
G 233 X: 8 Sw. Hld. Falkenberg, Skreanäs
G 235 Sw. Hld. Varberg, Apelviken
G 236Y: 1—9 Sw. Hld. Varberg, Getterön
G 247 Sw. Sk. Vejbystrand

A P PE N D IX  II 

Crossing ex p e r im e n ts

Cross
number Population number and origin

A. t r ia n g u la r i s
Gk 44 G 170: Sw. Hid. Trönninge
Gk 45 GAA: Sw. Sk. Torekov
Gk 49 G 236: Sw. Hid. Varberg
Gk 50 G 221: Sw. Boh. Tjuvkil

ka ttega tense
G 173: Sw. IIId. Asa
G 231: Sw. Hid. Gullbrandstorp
G 168: Sw. Sk. Skaudd
G 173: Sw. Hid. Asa
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Cross
number Population number and origin

A. longipes ssp. longipes X k a ttega tense

Gk 14 G 234: Sw. Hid. Björkäng G 231: Sw. Hld. Gullbrandstorp
Gk 24 G 119: Sw. Uppl. Roslagskulla G 174: Sw. Bob. Tjörn. Rönnäng
Gk 43 G 145: Dk. Jylland. Kolding G 174: „ —
Gk 46 G 145: „ - G 231: Sw. Hld. Gullbrandstorp
Gk 47 G 107: Sw. Bl. Kristianopel G 193: No. Vestfold. Tönsberg

A. longipes ssp. p raecox X k a ttega tense

Gk 11 G 108: Sw. öl.  Köpingsvik G 168: Sw. Sk. Skaudd
Gk 23 G 117: Sw. Go 11. Fårösund G 174: Sw. Bob. Tjörn. Rönnäng
Gk 42 G 126: Sw. Sm. Loftahammar G 231: Sw. Hld. Gullbrandstorp
Gk 48 G 11(5: Sw. Goll. N. Själsö G 193: No. Vestfold. Tönsberg
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Two Superfluous Genera in the New Guinean Flora

By P. van Royen
B. P. Bishop Museum, 

Department of Botany, 
P.O. Box 6037, 

Honolulu, HI 96818, U.S.A.

ABSTRACT

v a n  R o y e n , P. 1973. Two superfluous genera in the New Guinean flora. — Bot. 
Notiser 126:417—425.

The genera Raoulia (Asteraceae) and Dolianthus (Rubiaceae) are removed from 
the New Guinean flora and their species transferred to Gnaphalium and Amaracarpus. 
New descriptions of the two species involved are presented.

In the course of a study of the Astera
ceae and Rubiaceae for the Alpine F lora 
of New Guinea the genus Raoulia  H o o k , 

f i l . in the form er and Doliantluis  C. IF 
W r i g h t  in the latter family attracted my 
attention for various reasons. Raoulia 
seemed to he a hit out of place as its main 
distribution is the New Zealand area, 
while the genus Dolianthus,  after  being 
described in the Loganiaceae was later 
transferred to the Rubiaceae though its 
position was not satisfactorily solved. In 
particular the species of Raoulia  posed a 
problem as the type material was lost and 
no duplicates could be traced. The situa
tion in Dolianthus was only slightly better 
as a type specimen was available but the 
material turned out to be ra the r  insuffi
cient. Of both genera now new material 
turned up that could finally settle their 
status.

R a o u l i a

W hen describing the New Guinean R. 
chiliastra, M a t t f e l d  (1940 p .  473) stated 
that “Raoulia  and Gnaphalium  are any

way not separable by clear consistent de
tails and one could describe R. chiliastra 
just as well as a Gnaphalium .” That 
M a t t f e l d  placed his species in Raoulia is 
due to the close resemblance to R. cinerea 
P e t r i e  from New Zealand. This may be 
so but A l l a n  (1961 p. 701) describes 
Raoulia as having the pappus hairs in 
one or several series with 15— 25 hairs 
in a single series or 50— 150 when in 
several series. The rather  few hairs of the 
pappus in Gnaphalium  species in New 
Guinea brings them according to A l l a n ’s 

definition outside Raoulia, and as will be 
seen below this applies also to R. chili
astra. A l l a n  incidentally mentions also 
that several species of Raoulia have been 
described from New Guinea but this is 
not so, at least the transfer of Gnaphalium  
species that could account for his sub
mission has never been carried out though 
perhaps intended by A l l a n .

Unfortunately no material was available 
of R. chiliastra  since whatever there was 
of it was lost in the 1943 burning of the 
Berlin Herbarium. Inquiries in other her
baria never revealed any material,  a result 
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confirmed by Dr J. Th. K o s t e r , well 
known au tho r  of many papers on New 
Guinean Asteraceae.

It was therefore that when I had two 
opportunities in February  and November 
1963 to m ake a fieldtrip to the Sarawaket 
Range in New Guinea — the type locality 
of R. chiliastra  — I had a good look 
around for  this species. M a t t f e l d  de
scribed it as “graceful small rosettes in 
large num bers  together and by the adven
titious roots and the filiform stolones 
knotted together in board-hard  m ats” . 
Some mat-forming species were found but 
these all turned out to be known Gnapha- 
l ium  species. During the studies of some 
material in the Lae Herbarium in New 
Guinea it tu rned  out that in January  1963 
T. G. H a r t l e y  had been collecting also 
on Mount Sarawaket and among his m ate
rial a Gnaphalium  species (No. 11125) 
was found that could not he matched with 
any of the know n species. It was not until 
1972 when 1 once again took up this 
problem of Raoulia that the name R. chili
astra had to be applied to this material.

K o s t e r  in the meantime published her 
notes on Gnaphalium  (K o s t e r  1972), but 
she apparently  lias not seen H a r t l e y ’s 
material. She only refers to R. chiliastra 
in a note to G. brassii M a t t f e l d  (op. cit. 
p. 209) and mentions also the fact that 
she had not seen any material after the 
destruction of the type material.

F rom  H a r t l e y ’s material it is clear 
that it represents R. chiliastra and that it 
represents rather  a Gnaphalium  than a 
Raoulia in view of the few pappus hairs. 
Most of the Gnaphalium  species known 
from New Guinea are found on Mount 
Sarawaket as well and R. chiliastra is 
particularly close to G. breviscapum  
M a t t f e l d , and to some extent to G. cle- 
mensiae M a t t f e l d . Roth R. chiliastra 
and G. clemensiae have 5-lobed disk florets 
while G. breviscapum  and G. brassii have 
4-lobed disk florets.

H a r t l e y ’s m a t e r i a l  w a s  g r o w i n g  in 
d e n s e  m a t s  a n d  w i t h  t h e  f l o w e r s  u s u a l l y  
h i d d e n  b e t w e e n  t h e  l e a v e s  t h i s  m a t e r i a l

matches very well M a t t f e l d ’s original 
description. However this part  of the 
description compares well also w ith  G. 
clemensiae but some specimens of that 
species have longer stalked heads and then 
resemble G. breviscapum. M a t t f e l d  com 
pared R. chiliastra with G. breviscapum  
and G. brassii when taking the stalked or 
sessile inflorescences into account, as in 
G. clemensiae repeatedly non-stalked heads 
are found. Contrary to M a t t f e l d ’s op in 
ion in com paring R. chiliastra with the 
two species mentioned it should have been 
com pared initially with G. clemensiae due 
to the 5-lobed disk florets and to some 
extent la ter with the other two species 
with their  4-lobed disk florets.

Transferring  Raoulia chiliastra to Gna
phalium  and appending the original de
scription by M a t t f e l d  results in the 
following combination :

Gnaphalium chiliastrum ( M a t t f e l d ) 

v a n  R o y e n , comb. nov. (Fig. 1)
Basionym: Raoulia chiliastra M a t t f e l d , 

Bot. Jahrb. 70 (1940) p. 473.

Small, perennial, up to 10 mm high 
herb, stoloniferous, growing in dense 
mats. S tem s  upright, 2— 5 mm long, or 
stemless, glabrous. Leaves  densely rosulate, 
linear or linear-lanceolate, 2.5- 10 by 0.4 
— 1 mm, acutish at tip, at base sheath

like, 3-nerved, midrib grooved above, 
p rom inent below; margin entire, thin, flat; j 
herbaceous, spreading, scattered white 
arachnoid woolly on either side but ra ther  
soon entirely glabrous or with a few 
remaining hairs on underside of midrib; 
sheath straw-like, narrowly ovate, 1.5— 3 
mm long, 3-nerved, with the same type of 
pubescence as limb but very soon gla
brous. Heads sessile, enclosed by the 
leaves, 2— 5 mm long, 1.5— 2.5 mm across. 
Phyllaries c. 15, in 3 or 4 series, outer 
ones linear-lanceolate, 2.5— 3.5 by c. 1 
mm, median ones oblong-lanceolate or 
elliptic, 2.5—3 by c. 1 mm, acutish, 1- 
nerved, glabrous, margin scarious in upper
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Fig. 1. Gnaphalium chiliastrum (M a t t f e l d ) v a n  R o y e n . — A: Habit. — B: Leaf, under
side. — C: Outer phyllary, hairs left out. — D, E: Median phyllaries. — F: Marginal 
floret. — G: Disk floret. — H: Tip of disk floret. — I: Stigma of disk floret. — J: Tip of 
corolla of marginal floret. — K: Stigmas of marginal floret. — L: Stamen of disk floret.

— Drawn after H a r t l e y  11125.
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parts. Receptacle flat, glabrous. Marginal 
florets ?, 30— 45. Corolla narrowly tubular, 
2— 2.5 mm long, slightly widened at either 
end, 3-lobed, lobes ovate, c. 0.1 mm long, 
rounded, with a few papillae at tip. Style 
1.5— 2 mm long, glabrous, stigmatic 
branches subulate, c. 0.2 m m  long, scat
tered papillate. Pappus hairs 0 10, in
one series, 1.5— 2.1 mm long, free or at 
base adhering to each other, without 
papillae at base, scattered barbellate, 
narrowed at tip. Acbene oblong-ellipsoid, 
c. 1 by 0.2 mm, narrowed at either end, 
slightly 3-sided, with scattered patent, 
claviform papillae. Disk florets $ , 7— 10. 
Corolla tubular in lower part, funnel- 
shaped widened in upper half, 2.8— 3 mm 
long, glabrous, 5-lobed at tip, lobes tr ian 
gular or ovate, c. 0.2 mm long, acutish, 
margins thickened, on outside scattered 
papillate, erect when young but later 
curving outwards. Stamens c. 2.5 mm

long, an thers  linear, 0.5— 1 m m  long, with 
a long rounded  appendage at tip, base 
caudate. Style 2.5— 2.8 nun long, glabrous, 
stigmatic branches strapshaped, c. 0.5 mm 
long, subclaviform widened at tip, with 
scattered papillae. Pappus and achenes 
similar to those of the marginal florets.

TYPE SPECIMEN: Cl e m e n s  5898. in B, 
destroyed.

NEOTYPE SPECIMEN: H a r t l e y  11125, in 
BISH.

DISTRIBUTION. Territory of New Guinea, 
Sarawaket Range, on t lie highest summit 
( =  Mt Sarawaket!), c. 4000 in (Cl e m e n s  5898, 
April), 3750 m (Cl e m e n s  5910, April), 3000 m 
( H a r t l e y  11125, Jan.).

ECOLOGY. In alpine regions growing 
among boulders and on bare soil, 3000—  
4000 m. Fl. & fr. Jan., April.

NOTE. G. chiliastrum  can be distin
guished from  the other three known 
alpine species as follows:

Leaves when young subdensely to densely white woolly, but very soon glabrous. Pappus
hairs 0—10. not papillate at base. Corolla of disk florets 5 - lo b ed ...................  G. chiliastrum
Leaves even when older at least on underside densely white woolly. Pappus hairs well
over 10, papillate at base. Corolla of disk florets 4-lobed, rarely 5-lobed ..............................
......................................................................................  G. brassii, G. breviscapum, G. clemensiae

Dolianthus

The genus Dolianthus was described by
C. II. W r i g h t  in 1899, but was placed by 
its au thor in the Loganiaceae. The mate
rial was collected by A. G i u l i a n e t t i  on 
Mount Scratchley and consists of a few 
small branches with leaves, one fully 
developed flower and one bud. W r i g h t  
must have suspected that the genus could 
be Rubiaceous as he compares it with 
the Madagascarian genus Hymenocnemis  
H o o k e r  in that family. The ovary was 
said to lie superior and this is probably 
the reason that W r i g h t  placed the genus 
after all in the Loganiaceae.

B r e m e k a m p  (1937) on the request of 
v a n  S t e e n i s  studied the material again 
and came soon to the conclusion that the 
genus was Rubiaceous. At the same time 
lie points out that Dolianthus differs from 
the other genera in the Loganiaceae by 
Bot. Notiser, vol. 120, 1973

the shape and size of its rather  large, 
in terpetiolar stipules and in its uni-ovular 
ovary cells. This aroused B r e m e k a m p ' s 
suspicion about the proper place of the 
genus but as only one flower was present, 
apar t  from the one dissected and later 
mounted by W r i g h t , be did not dare to 
open Ibis one and “unable to get to the 
bottom of this question” he suggests that 
what W r i g h t  describes as ovary was in 
fact the thick disk on top of it and that 
the ovary itself is inferior. Also the shape 
of the calyx and the insertion of the 
corolla led him to believe tha t  Dolianthus 
should lie placed in the Rubiaceae. lie 
fu rther  points out that the flowers are 
terminal and not axillary, tha t the two 
flowers in Gu i l i a n e t t i ’s material are 
respectively 4- and 5-lobed, the stamens 
are inserted somewhat above the middle 
of the tube, the anthers are dorsifix and 
obtusely bilobate at the base, not sagittate,
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and all these details induced h im  to be
lieve that the genus should be placed in 
the Psychotriae. The uni-ovular ovary 
cells, the erect ovules, the valvate aestiva
tion of the corolla-lobes, and the short 
stigma-lobes point to that group.

In discussing various genera that are 
related to Dolianthus  B r e m e k a m p  also 
considers Amciracarpus. It resembles that 
genus in its terminal inflorescence, the 
smallness of its leaves, an d  the presence 
of the same kind of ra the r  thick, rufous 
hairs on the young shoots. However its 
flowers are much smaller and there is 
moreover a considerable difference in 
habit f rom Amciracarpus as in the latter 
the main  branches resemble bipinnate 
leaves with the branchlets and leaves all 
a rranged  in the same m ore or less hor i
zontal plane, while in Dolianthus  the 
ramification is a kind of pseudo-dicho
tomy, and the leaves point in all direc
tions.

All this may have been true  in the time 
that B r e m e k a m p  wrote his note bu t since 
then a num ber  of species in Amaracarpus  
have been described that deviate consider
ably in habit from the pic ture given by 
B r e m e k a m p . M e r r i l l  and P e r r y  (1946) 
already pointed out the differences they 
found com pared with the original descrip
tion by B l u m e  (1826). In tha t  description 
and in most later papers the calyx and 
corolla are said to he 4-merous. However 
V a l e t o n  (1927), followed by  M e r r i l l  and 
P e r r y  in 1946 mention in several species 
that the calyx is sometimes 5-merous. 
During my studies of the abundan t mate
rial of Amaracarpus  now available I have 
found this to happen  over and over again 
and that even a 6-lobed corolla is found 
in one of the sofar undescribed species. 
As to the num ber of stamens this was 
found in one of M e r r i l l  and P e r r y ’s  

species to he 7, so quite a variation can 
he noticed. They fu rthe rm ore  point to the 
difficulty of some of their new  species to 
he fitted in Amaracarpus  due to the fact 
that these plants are g labrous (A. bicolor, 
A. coeruleus, .4. buxifolius, A. clemensiae

and A. archboldianci), that the stipules 
are rounded and not 2-tipped as in the 
original species of B l u m e , that they are 
oblong or ovate, and that in this group 
of species the flowers are much larger 
than in two other groups of species 
distinguished by them. They would have 
preferred to place that group in Dolian
thus  hut hesitate to do so on the grounds 
that in that genus no bracteoles are 
reported, a detail clearly specified by 
B r e m e k a m p . In material recently collected 
by C o o d e  and S t e v e n s  on Mount Scratch- 
ley the inflorescences still do not show 
any bracteoles. However in M e r r i l l  and 
P e r r y ’s  Amaracarpus clemensiae  and in 
several new species recently found hut 
not yet described the inflorescences are 
found without bracteoles either while very 
closely related species are found with 
bracteoles. Apparently this detail of 
absence or presence of bracteoles is not 
enough to separate Amaracarpus  from 
Dolianthus.

B r e m e k a m p  mentions that the flowers 
of Dolianthus are smaller than in Amara
carpus. However with V a l e t o n ’ s  and 
M e r r i l l  and P e r r y ’s  species at hand 
together with new species found by me it 
is the reverse: Dolianthus  has rather large 
flowers compared to the hulk of the 
Amaracarpus  species. For instance Amara
carpus brassii M e r r i l l  &  P e r r y  has 
flowers about 1/3 tlie size of those of 
Dolianthus vaccinioides hut all other 
details w arran t including the first species 
in Amaracarpus.

Also according to B r e m e k a m p  the habit 
of the original Amaracarpus  and many 
later described ones is quite different from 
Dolianthus. B l u m e ’s  Amaracarpus  has 
branchlets resembling bipinnate leaves 
with lateral branchlets and leaves arranged 
in the same more or less horizontal plane. 
However already V a l e t o n , and later 
M e r r i l l  and P e r r y , made it clear that 
the given growth form is not a constant 
one and can not serve entirely as a 
characterising detail to keep genera apart. 
The branching in Dolianthus,  and for that 

B o t .  N o t i s e r ,  v o l .  12G, 197 3
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Table 1. A grouping of Amaracarpus species showing much overlap in details. The initial 
division is based on the shape of the stipules and the arrangement of the leaves. The 
numbers in the first column refer to flower arrangement as follows: 1: in fascicles; 2: 
solitary; 3: in dichotomous inflorescences. The ranges of leaf size in the third column are: 
small: 2—20 mm; medium: 20—30 mm; large: 30—150 mm long. Regarding the pubescence 
of the branchlets given in the fourth column, it has to be taken into account that initially 
this pubescence may be there but that in same species it will soon disappear and the

branches appear to be glabrous.

Flower
Species arrange R racts Leaf size

ment
Pubescence of 

branehlets

Group 1. Stipules with 2 setae . Leaves in one plane with branchlets.
A. belensis .............................. 2 none small rufous pubescent
.4. idenburgensis .................... 1 present small rufous pubescent
.1. ledernmnnii ...................... 0 present mediu m glabrous
.4. n y m a n i i .............................. 9 ? small hirtellous
.4. rhombifolius .................... 9 present small rufous pubescent
.4. schlechtcri ........................ 1 present medium rufous pubescent
.4. simulans ............................ 9 none small hirtellous
.4. xanthocarpus .................... 1 present small rufous pubescent
Group 2. Stipules with 2 setae . Leaves not in one plane with branchlets.
.4. ntrocarpus ........................ 9 none sin—med pilose
A. calcicola ............................ ■> none sm—med rufous pubescent
.4. brassii ................................ 9 none small rufous pubescent
.4. subcaudatus ...................... 1 present large glabrous
A. trichocalyx ........................ 1 present large rufous pubescent
.4. urophyllus .......................... 1 present large pubescent
Group 3. Stipules rounded or obtuse, sometimes acute. I.■eaves not in plane with branchlets.
A. archboldianus .................. 1 none sm—med glabrous
.4. attenuatus .......................... 3 nresent large glabrous
.4. bicolor ................................ 9 none medium glabrous
.4. br achy p u s .......................... 9 3 present large glabrous
A. braunianus ........................ 3 none ? medium glabrous
.4. buxifolius .......................... 9 present small glabrous
.4. caeruleus ............................ 9 present small glabrous
.4. clemensiae ........................ 9 present small pubescent
A. compactus .......................... 2 none small pubescent
.4. confertifolius .................... 2 present small glabrous
.4. epiphyticus ........................ 3 present small rufous pubescent
.1. grandicalyx ........................ 9 present med—1 hirtellous
A. grandifolius ...................... t present large hirtellous
.1. humilis .............................. 9 none sm 1 hirsute
.4. Uuiterbachii ...................... 9 9 sm—med glabrous
A. leucocarpus ...................... 9 none sm—1 rufous subtomentose
A. montanus .......................... 9 ? small rufous v il lose
A. novoguineensis ................ 2 none small hirtellous
A. trichanthus ........................ 9 present small pilose
A. trichocarpus ...................... 9 9 sm- 1 subvillose
A. torricellcnsis .................... 9 none sm—1 villose
Dolicinthus vaccinioides . . . . 2 none small rufous pilose

m a t t e r  in  m a n y  A m a r a c a r p u s  s p e c i e s  d e 

s c r i b e d  b y  V a l e t o n  a n d  M e r r i l l  a n d  

P e r r y ,  i s  a  k i n d  o f  p s e u d o - d i c h o t o m y  a n d  

t h e  b r a n c h l e t s  a n d  l e a v e s  p o i n t  i n  a l l

Bot. N o tise r, vo l. 126, 1973

d i r e c t i o n s .  T h i s  s c h e m e  i s  s o m e t i m e s  

c o m p l i c a t e d  b y  t h e  f o r m a t i o n  o f  b r a c h y -  

b l a s t s  w i t h  d e n s e  f o l i a g e ,  f o r  i n s t a n c e  i n  

.4. b r a s s i i  M e r r i l l  & P e r r y .  A n  a n a l y s i s
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of these shoots shows that basically the 
same branching is present as along the 
main branches. Taking the two extreme 
forms one would he inclined to distinguish 
two genera, Amarncarpus  and Dolianthus, 
were it not that intermediate forms be
tween the two different types of b ranch 
ings are found. Often branches tha t start 
out in a bipinnate way will continue with 
branchings in all directions like in Dolian
thus.

According to B r e m e k a m p  the flower of 
Dolianthus vaccinioides is terminal and as 
such this genus differs from Amarncarpus  
B e . (in its original sense), Hymenocnemis  
H o o k e r , Saprosma  B e ., Saldinia  A. 
R i c h a r d , and Margaritopsis S a u v a g e , as 
these genera have axillary flowers. How
ever in several species both terminal and 
axillary flowers and inflorescences can be 
found and this detail too can not be used 
to distinguish Dolianthus  from Amara-  
carpus. V a l e t o n  in 1927 already pointed 
out that both types of insertion of the 
flower can he found on the same branch.

Taking all that is said into account 
there seems to be little or no reason to 
maintain Dolianthus. However merging it 
into Amarncarpus  creates quite a varia
tion of species in the latter. M e r r i e r  and 
P e r r y  distinguished already three groups, 
rem arking at the same time that 110 sharp 
distinction is present, which is confirmed 
in my studies of the genus. They roughly 
divide Amarncarpus  as follows:

(1) Species with large leaves and for 
the most part  with almost filiform pe
dunculate axillary inflorescences. Stipules 
more or less connate, each terminated by 
two setae.

(2) Species generally pubescent with 
rather thick hairs 011 young shoots and 
with a very  distinctive habit marked by 
horizontally placed small leaves and 
branches. Flowers solitary and sessile or 
very shortly pedicellate, usually sub
tended by reduced leaves and stipules or 
stipule-bracts.  Stipules terminated by two 
setae.

(3) Glabrous species with more irregular 
branching, often crowded leaves, with 
rounded-oblong or ovate stipules. Flowers 
larger than in either of the other groups, 
mostly with a granular-puberulent throat 
and relatively long filaments.

The second group agrees somewhat with 
the original description by B l u m e , and 
so does the first group hut less so. The 
third group is different by the rounded 
stipules and this would be a reason to 
keep it separate from Amarncarpus. Since 
this group includes Dolianthus vacci
nioides it would mean that the name Doli
anthus  has to he used. However in view 
of all the intermediate stages as pointed 
out already by V a e e t o n , M e r r i l l  and 
P e r r y , and confirmed by my studies this 
course can not he followed. How much 
the details overlap in the different groups 
as pointed out by M e r r i l l  and P e r r y  is 
shown by the grouping in Table 1.

In transferring Dolianthus  to Amarci- 
carpus it becomes necessary to create a 
new combination which is given below 
including an extended description of the 
species.

A m a r a c a r p u s  v a c c i n i o i d e s  (C. 11. W r i g h t ) 
v a n  R o y e n , comb. nov. (Fig. 2)

Basionym: Dolianthus vaccinioides C. H. 
W r i g h t , Kew B u l l .  (1899) p. 106; B r e m e 
k a m p , Kew B u l l .  (1936) p.  105.

Bushy, pseudo-dichotomously branched 
shrub up to 4.5 111 high. Branchlets  4- 
ribbed to -winged, scattered antrorsely 
rusty brown pilose, relatively soon gla
brous. Stipules  broadly ovate or ovate- 
triangular, 3.5—4.5 by 3— 4 111111, rounded 
or obtuse, scattered appressed brownish 
or blackish hirsute 011 outside and along 
margins, glabrescent, inside glabrous, ex
cept at base with a row of long brown 
hairs and some claviform glands. Leaves 
dark glossy green above, paler below, 12 
—18 mm long, limb elliptic, lanceolate, 
01* e " \  'c-ovate, 8— 12 by 3— 5 111111, 
obtuse or obtusish at tip, sometimes in- 

Bot. Notiser, vol. 12G, 1973
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Fig. 2. Amaracarpus vaccinioides (C. H. W e i g h t ) v a n  R o y e n . —  A: Habit. —  B: Leaf, 
underside. — C: Stipule. — 1): Flower. — F: Receptacle. — F: Disk and longitudinal 
section of ovary. — G: Tip of corolla-lobe, inside. — H: Anther. — 1: Stigmas. — Drawn 

after G o o d e  & S t e v e n s  NGF 4 6 3 0 9 ,  except 1) and H drawn after G i u l i a n e t t i  s . u .

d i s t i n c t l y  o b t u s e l y  a c u m i n a t e ,  b a s e  b r o a d l y  

t o  n a r r o w l y  c u n e a t e ,  m i d r i b  g r o o v e d  o r  

i m p r e s s e d  a b o v e ,  s t o u t l y  p r o m i n e n t  b e l o w ,  

l a t e r a l  n e r v e s  3 — 5 o n  e i t h e r  s i d e  o f  m i d 

r i b ,  a s c e n d i n g  a t  c .  4 5 ° ,  s t r a i g h t  o r  c u r v e d ,  

a r c h i n g l y  j o i n e d  n e a r  m a r g i n ,  n o t  v i s i b l e  

a b o v e ,  s t o u t l y  p r o m i n e n t  b e l o w ,  v e n a t i o n  

w i d e l y  r e t i c u l a t e ,  p a r a l l e l  t o  l a t e r a l  n e r v e s ,

B ot. N o tise r, vo l. 126, 1973
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not or hardly  visible above, prominulous 
below; margin slightly revolute; coria
ceous, patent or spreading, often convex 
curved, glabrous above, on underside with 
coarse brown hairs along lower half of 
midrib only. Petioles 3 6 mm long, flat
above, rounded below, glabrous. Flowers  
solitary, terminal or seemingly axillary 
on brachyblasts. Pedicels stoutish, 6— 8 
mm long, subdensely antrorse brown 
hairy. Bracts and bracteoles none. Recep
tacle 4— 5 m m  long, glabrous, widely 
campanulate in lower third, cylindric in 
upper part, the 4 or 5 lobes unequal, 
oblong-ovate or oblong, c. 1 by 1 mm, 
rounded, with slightly thickened margin 
and scattered cystolitlis. Ovary 2-celled 
with 1 ovule in each cell. Corolla whitish 
in bud, blue at tip, when mature either 
entirely white or with blue tips, narrowly 
funnelshaped, c. 18 mm long, gradually 
widening towards throat, glabrous, with 
relatively numerous cystolitlis, lobes 4 or 
5, oblong or oblong-ovate, 3.5— 5 by 2—
2.5 mm, acute at tip and hooked on in 
side, in open flower slightly flaring ou t
wards, glabrous. Stamens 4 or 5, inserted 
in the throat, 3.5— 4.5 m m  long, fila
ments subulate, 1.5— 2 nun long, glabrous, 
connective at tip with several cystolitlis, 
anthers linear, c. 3 nun long, acuminate 
or rounded at tip, cells round at base. 
Disk ringshaped, irregularly humped, c.
1.5 mm across, c. 1 nun high, glabrous. 
Style 15— 20 mm long, glabrous, stigmas 
oblong, c. 1 111111 long, thin, papillate on 
inside. Berry not seen.

TYPE SPECIMEN: G i u l i a n e t t i  s.n., in K.
DISTRIBUTION. New Guinea. Papua, Mount

Scratchley, 3050—3965 m ( G i u l i a n e t t i  s .u . ,  

G o o d e  &  S t e v e n s  NGF 46309, May).

NOTE. Recently C o o d e  & S t e v e n s  

(1972) identified their material as Amara-  
carpus caeruleus M e r r i l l  & P e r r y . How
ever in T. caeruleus bracteoles are present 
which are not found in .4. vaccinioides. 
Also the leaves of A. caeruleus are quite 
larger and flat whereas those of A. vacci
nioides are more coriaceous with revolute 
margins and rather  glossy above. The 
corolla of A. caeruleus is pubescent on 
inside while that of A. vaccinioides is 
glabrous.
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ABSTRACT

G o h i l , R . N .  & K o u l , A. K. 1973. Some adap tive  genetic-evolut ionary  processes 
accom pany ing  polyploidy in the Ind ian  Alliums. — Bot. Notiser 126:426— 432.

The 300 species of the genus A llium  which  have so fa r  been w orked  out  c y to 
genetically, exist in over 411 cytotypes. Of these about 34 °/o a re  polyploids. The 
occurrence  of so m an y  polyploids in Allium  suggests th a t  they have adopted  
m echanism s which help them to escape the bottleneck of sterili ty. The  present  paper  
puts  on record  fo u r  such m eth o d s  adop ted  by the polyploid  Alliums of India,  namely, 
centric  eli iasma localization, imposit ion  of genetic balance,  bulb ifery  and  vegetative 
reproduction .  The  p ap er  is based on ou r  investigation on 22 cyto types belonging to 
17 species.

INTRODUCTION

The significance of polyploidy as a 
means of m ajor  evolutionary advance 
within a group depends largely on the 
reproductive potential of the polyploid 
taxa. Compared with diploids, the poly
ploids are characterized by higher sterility 
on account of disturbed meiosis and/or 
physiological unbalance. Thus chrom o
some doubling is a hindrance ra ther  than 
a help. In the genus Allium, however, of 
about 300 species with known chrom o
some numbers, 34 °/o are polyploids. 
Polyploidy ranges from triploidy to octo- 
ploidy; tetraploids being most frequent 
followed in order by triploids, hexaploids, 
pentaploids, etc. (Fig. 1). In addition to

1 The paper  w as read  a t  the F irs t  All Ind ia  
Congress of Cytology and  Genetics, held at 
C handigarh  in 1971.

2 Present  address :  D epar tm en t  of Bio- 
sciences, University of Ja m m u ,  Ja m m u ,  India.

these, two species, namely A. angulosum  
and .1. nutans,  represent two big polyploid 
complexes with the chromosome numbers 
ranging from 60 to 100 and from 64 to 
108 respectively ( D a r l i n g t o n  & W y l i e  
1955; F e d o r o v  1969; O r n d u f f  1967, 1968, 
1969 and M o o r e  1970, 1971). The exis
tence of such a high degree of natural 
polyploidy suggests that polyploidy in the 
genus has been accompanied by some 
genetic-evolutionary processes which have 
compensated for the initial adaptive dis
advantages attendant on raw polyploids. 
The present communication attempts to 
put on record some of these adaptive 
mechanisms.

MATERIAL AND METHODS

The w ork  is based on a s tudy  of 22 cy to 
types belonging to 17 species (Table 1). The 
voucher specim ens have been deposited at 
the Kashm ir University  H erbarium . Root tip 
mitoses,  male  meiosis a n d  pollen mitoses

B ot. N o tiser, vo l. 120, 1973
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Fig. 1. Graphic  rep re sen ta t io n  of the range, type and  frequency  of polyploidy in the
genus Allium.

w e r e  s t u d i e d  f o l l o w i n g  t h e  s c h e d u l e  u s e d  by 
K o u l  & G o h i l  1970  a ,  h  a n d  K o u l , S h a r m a  
A G o h i l  1971.

OBSERVATIONS AND DISCUSSION

The polyploids screened are either auto- 
ploids or  segmental alloploids. In both 
these types of polyploids chromosomes 
pair hut crossing-over and chromosomal 
segregation at meiosis produce gametes 
with disharmonious gene combinations 
resulting in sterility. The methods em 
ployed by these taxa to stabilize and in
crease their reproductive potential are as 
below.

Centric Chiasma Localization

Earlier studies by K o u l  & G o h i l  (1970 a) 
revealed that Allium ampeloprasum  is a 
segmental allotetraploid (2n =  4x =  32) with 
sufficient genetic compatibility between 
the associated genomes (A AAA"). The 
progenitors of this numerical hybrid  are 
so closely related as to permit chrom o
some pairing and multivalent formation. 
Surprisingly, however, male meiosis of 
this taxon is free of multivalents; chrom o
somes pair into 16 bivalents (Fig. 2 A) 
and only 4 of Ihe 640 chromosomes an a 

lysed were involved in quadrivalent asso
ciation. The total suppression of m ulti
valents is caused by the localization of 
chiasmata in the centromeric region due 
probably to the availability of only very 
short segments for effective pairing.

While localized chiasmata in diploids 
have a limited role in preserving certain 
linkage groups by considerably reducing 
crossing-over, in polyploid species such 
as .4. ampeloprasum  and the autotetra- 
ploid A. porrum  ( L e v a n  1940) centric 
chiasmata boost the fertility by eliminating 
all segregational abnormalities attendant 
on multivalent formation.

In species of Allium  in general, the 
chiasma frequencies are lower and locali
zation greater in pollen mother cells than 
in embryo sac mother cells ( V e d  B r a t

1966). Development of large quantities of 
seed, all with a full complement of 32 
chromosomes, by the tetraploid A. ampelo
prasum,  however, indicates little difference 
in chromosome behaviour between the two 
sexes.

Im position of Genetic Balance

In sexually reproducing plants genetic 
balance is imposed either before or after

Bot. N o tise r, vo l. 12G, 1973
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Table 1. Species of Allium studied. * indicates local names.

Name of 1 lie species 2n Place of 
collection

Voucher
number

Allium cep a L.
var. cepa .............................................................. 16 Cultivated RN 4
var. viviparum (Pran)* ..................................... 24 Cultivated RN 6

A. ascatonicum 1....................................................... 16 Cultivated RN 52
A. sativum I............................................................... 16 Cultivated RN 8
A. ampeloprasum L.

Leek ...................................................................... 32 Cultivated RN 2
Peer* ..................................................................... 32 Pampore RN 38
Great-headed garlic .......................................... 48 Bhadarwah RN 3

A. chineuse G. D o n .................................................................................... 32 Cultivated RN 7
A. rubellum B i e b ........................................................................................... 16 Poonch RN 39

24 Kathua RN 40
32 Pampore RN 41

A. strcicheyi B a k e r  .............................................................................. 16 Simtlion Pass RN 42
A. consanguineum K u n t h  .......................................................... 16 Bhadarwah RN 43

16 G urez RN 53
16 Harwan 11N 54

A. platyspathum S c h r e n k

var. falcatum ...................................................... 32 Bodli Kharhu RN 44
A. blandum W a l l ......................................................................................... 32 Meena Marg RN 45
A. thomsoni B a k e r  .............................................................................. 32 Meena Marg RN 36
A. tuberosum R o n .  ex S P R E N G ............................................... 32 Agra 11N 9
A. bakeri R e g e t .............................................................................................. 32 Sikkim RN 47
A. govanianum W a l i ............................................................................... 16 El Pat liar RN 46
A. oreoprasum S c h r e n k  ................................................................ 16 Bodh Kharhu RN 48
A. atropurpureum W a i . d s t . &  K i t ..................................... 16 Srinagar 11N 49
A. neapolitanum C y r .............................................................................. 35 Amritsar 11N 51

fertilization (at gametic or at embryonal 
stage) by the elimination of unbalanced 
forms during or before differentiation. 
The pollen grains of aulotetra, ' ' ' A. 
tuberosum  (2n =  4x =  32), which is also a 
weak desynaptic, are subjected to the test 
of lliis principle (Go h i l  & K o u l  1972). 
High quadrivalent frequency (5.9 per cell) 
in pollen mother cells coupled with p re 
cocious dissociation of chromosomes in 
5 °/o desynaptic cells lead to segregational 
irregularities (Table 2).

It is evident that chromosome distribu
tion is norm al in only 25.3 °/o of the cells 
and the remainder show segregational 
errors. Basing our expectation on these 
data, pollen grains varying in chrom o
some num ber  from 12— 18 should he 
formed, besides a small percentage of 
micropollen grains with only 1— 3 chro 
mosomes.

Pollen grain mitoses was studied from 
an thers  of several different flower buds 
and chromosome counts were made from 
131 intact pollen grains (Table 3 and 
Fig. 3) at first nuclear division.

Taking 16 as the ' , ' ' number, about
43.3 °/o grains are subhaploid; a ra the r  
uncom m on feature. The unusually high 
percentage of subhaploid grains entering 
mitosis in A. tuberosum  is accounted for 
by their  polyploid nature. Since 8 is the 
basic number, only grains with chrom o
somes less than this number are in reality 
submonoploid. Although segregation errors 
such as lagging, etc., are expected to lead 
to the formation of submonoploid and 
genetically weaker pollen grains it seems 
that such grains either do not enter mitosis 
or divide la ter than the balanced ones as 
is the case in A. paniculatum  (Ved B r a t  
1967).

B ot. N o tise r, vo l. 126, 1973
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*c V

Fig. 2. A: A PMC of Allium <impeloprasum showing 16 bivalents all with centric chiasmata. 
— Il—D: Pollen mother cells of letraploid, monosomie and trisomie of A. tuberosum. 
All the three cells show complete desynapsis and contain 32, 31 and 33 chromosomes

respectively. — Scale 10 u.

Table 2. Anaphase distribution in Allium tuberosum (2n =  32).

16 16 16 16 17 17 17 18 18 18
Distribution 1 2 3 1 2 1 2

16 15 14 13 15 14 13 14 13 12

No. of cells __  19 13 9 6 6 5 4 5 5 3
% ........................  25.3 17.3 12.0 8.0 8.0 6.6 5.3 6.6 6.6 4.0

Bot. Notiser, vol. 126, 1973
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Fig. 3. Gr 
of Allium

iph showing observed and expected chromosome numbers in the pollen grains 
tuberosum and .4. chineuse. (Expected on the basis of anaphase 1 segregation).

The chromosome numbers in the pollen 
grains vary  around the mean 15. 36.6 °/o 
of tlie grains have a full complement (16 
chromosomes) hut the hulk of the pollen 
grains (47.1 °/o) have the chromosome 
numbers 14, 15, 17 and 18. The frequency 
of hypohaploid pollen grains, however, is 
double that of the hyperhaploid grains 
(43.3: 19.7) as is also true in tri, 1 ’ ’ .4. 
carinatum  and .4. rubellum  (V e d  B r a t

1967). In the subhaploid pollen grains 
chromosome deficiencies vary from 6.25 
— 37.5 %>. Such a high chromosome loss 
may he explained by the polyploid nature 
of the species.

Seed progeny was raised through sibb- 
ing. Of the 50 plants scored 46 had a full 
complement (2n =  32), two (4 %>) plants 
were monosomie (2n =  4x — 1 =  31; Fig.
B ot. N o tise r, vol. 120, 1973

2 C) and two others (4 °/o) were trisomie 
(2n =  4x +  l = 3 3 ;  Fig. 2 1)). Viewed from 
the extent of variation in chromosome 
numbers of pollen grains, the range of 
variation seems to have been considerably 
narrowed, either before or after fertiliza
tion. Witb the elimination of unbalanced 
types, the reproductive potential of this 
autotetraploid species is increased.

Vegetative Apomixis

True vegetative apomixis is that where 
propagules replace some or all of the 
flowers in the inflorescence. Speaking in 
strict terms this is known as pseudo- 
vivipary or  bulbifery. In some species 
such as .4. ampeloprasum  (4x) and .4. 
tuberosum  (4x) vivipary is partial and re
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T a b le  3. C hrom osom e num bers  at f i rs t  pollen mitosis in Allium tuberosum  (2n 4x =32).

C hrom osom e n u m b er 10 12 13 14 15 16 17 18 19

No. of  pollen g ra ins  . . . 2 (5 8 19 22 48 11 10 5

%  ................................ 1.5 4.5 6.1 14.5 16.7 36.6 8.3 7.6 3.8

p r e s e n t s  an  a c c e s s o r y  m e a n s  o f  r e p r o d u c 
tion. In  t r i p l o i d  A. ce pa  var .  v i v i p a r u m  
a n d  t e t r a p l o i d  L c h in e u s e , h o w e v e r ,  
b u l b i f e r y  is th e  o n ly  m e t h o d  o f  r e p r o d u c 
tion to  th e  e x c lu s io n  o f  se x u a l i ty .  Sexua l  
s t e r i l i ty  in the  t r ip lo id  A. cep a  va r .  v iv i 
p a r u m  is c a u s e d  b y  th e  a w k w a r d  s e g r e g a 
t ion  o f  t r iv a l e n t s  a n d  u n iv a l e n ts  r e s u l t i n g  
in a b o r t i v e  f i r s t  d iv is io n  of m e io s i s  a n d  
th e  f o r m a t i o n  o f  g e n e t ic a l ly  u n b a l a n c e d  
g a m e te s  ( K o u l  & G o h i l  1971).  In  o n e  
s t r o k e ,  t h e r e f o r e ,  t r ip lo id y  r e m o v e s  th e  
p o s s ib i l i ty  o f  o r d e r l y  r e d u c t io n  a n d  f e r 
t i l iza t io n  im p o s in g  c o n d i t i o n s  r e q u i r e d  fo r  
the  i n s t i t u t io n  o f  a p o m ix i s .

M ale  m e io s is  in t e t r a p l o i d  A. c h in e u s e  
is h ig h ly  i r r e g u l a r  o n  a c c o u n t  o f  a n o m a l ie s  
in c h r o m o s o m e  p a i r in g .  O f th e  832 c h r o 
m o s o m e s  s tu d ie d ,  45(5 w e re  in v o lv e d  in 
m u l t i v a l e n t  a s s o c i a t i o n s  a n d  11(5 w e r e  u n 
p a i r e d  (Fig. 4 A). T h e  r e s u l t  of  r e c o m b i n a 
tion  d u r i n g  m eio s is  is r e f l e c t e d  in the  
c h r o m o s o m a l  c o n s t i t u t io n  o f  p o l le n  g ra in s .  
T h e  n u m b e r s  f o u n d  in  th e  p o l le n  g ra in s  
a r e  n =  2— 7, 9, 12— 19 a n d  21 (Fig.  3). 
T h o u g h  25.7 °/o o f  th e  g r a in s  a r e  n u m e r i 
ca l ly  b a la n c e d ,  th ese  a re ,  h o w e v e r ,  u n 
b a la n c e d  s t r u c tu r a l l y ,  fo r ,  th e y  b e a r  
c h r o m o s o m e s  w h ic h  d o  n o t  c o r r e s p o n d  in 
s t r u c t u r e  to the  bas ic  k a r y o ty p e .  D e v e l o p 
m e n t  of  su c h  g a m e te s  le a d s  to t o ta l  s ex u a l  
s te r i l i ty .

T o ta l  s u p p r e s s io n  o f  s e x u a l i t y  a n d  the  
loss of r e p r o d u c t iv e  c a p a c i ty  is c o m p e n 
sa te d  in th e se  sp ec ie s  by th e  d e v e l o p m e n t  
of  b u lb i l s  in  th e  in f lo re sc e n c e s .  T h e  b u lb i l s  
in A. ce p a  va r .  v i v i p a r u m  a r i s e  a t  t h e  fo o t  
of  the  f l o w e r  s t a lk s  ( K o u l  & G o h i l  1971),  
h u t  in .4. c h in e u s e  t h e y  a r is e  f r o m  w i th in  
th e  f lo w e rs  (Fig. 4 B ) .  T h e  g r o w t h  of 
b u lb i l s  is v e ry  f a s t  a n d  th e y  p r o d u c e

leaves  w h i le  st ill  a t t a c h e d  to the m o th e r  
p la n t .  W h e n  th e y  w e re  r e m o v e d  a n d  p u t  
in soil t h e y  p r o d u c e d  n ew  p lan ts .

V e g e ta t iv e  R e p r o d u c t i o n

V eg e ta t iv e  p r o p a g a t io n  th r o u g h  the  
d e v e lo p m e n t  o f  u n d e r g r o u n d  b u lb le ts  is 
a  ru le  in sp ec ie s  o f  th e  g e n u s  A l l iu m  
( a l t h o u g h  th e  c a p a c i ty  v a r ie s  f r o m  g r o u p

%  ÄVÄn

Fig. 4. Allium ch ino ise .  —  A: A PMC at 
M etaphase I, showing 4iv +  3 m  +  lj[ +  5i. 
Scale 10 u. —  15: Norm al and  bulbil-bearing 
inflorescences. Scale 2 cm.

B ot. N o tise r, vol. 12G, 1973



4 3 2 R. N. GOHIL AND A. K. KOUL

to group). In the sexually fertile poly
ploids such as A. tuberosum, A. ampelo-  
prasum  and .4. rubellum  (all te traploids), 
it provides an accessory means of rep ro 
duction to increase the number of those 
products of meiosis and fertilization which 
are particularly  favoured. F or  sexually 
sterile species, however, this provides the 
only means of propagation and is, there
fore, all important. In being a conservative 
system, vegetative reproduction is able to 
conserve all genotypes. The hexaploid (2n 
=  6x =  48) race of .4. cimpeloprasum  
(great-headed garlic) and triploid A. ru
bellum  are able to survive and propagate 
in nature  only through vegetative mult i
plication.
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Cytological Observations on Som e West Himalayan  
Mosses IV

By S. S. Kumar
Department of Botany, 

Panjab University, 
Chandigarh -14, India

ABSTRACT

K u m a r , S. S. 1973. Cytological observations on some West Himalayan mosses IV. — 
Bot. Notiser 12(5: 433—43(5.

Cytological observations are made on the somatic chromosomes of seven moss 
taxa belonging to the families Leucodontaceae, Meteoriaceae, Thuidiaceae (3 species), 
Brachytheciaceae and Entodontaceae.

The chromosome number n =  10 for Papillaria fuscescens is given for the first 
time. The number n =  l l  in Levierella fabroniacea is different from the number 
reported previously (n =  21).

The cytological studies of the mosses 
of the W estern Himalayas is one of the 
research projects of our department. The 
present paper, part  of this project,  deals 
with seven moss laxa.

The material investigated was regenerated 
in Knop’s solution. The apical part of each 
regenerant, pretreated with 0.1 % colchicine 
for 3—4 hours, was fixed in acetic-alcohol 
(1:3) for 8—12 hours and then squashed in 
aceto-laemoid by Ihe usual technique. Camera 
lucida drawings were made at a uniform 
magnification.

Voucher specimens are deposited at the 
herbarium of the Department of Botany, 
Panjab University, Chandigarh.

Leucodontaceae
Leucodon secundus  ( H a r v . )  M i t t . —  n =  9 
(Fig. 1 A)

Mussoorie (Camel Back Road) on Quer
cus dilatata.

The present count n =  9 confirms two 
earlier reports  ( K h a n n a  I9 6 0 ;  C h o p r a  & 
K u m a r  1967) based on meiotic studies. 
One of the chromosomes in the comple
ment is conspicuously longer than  other 
members of the set. 6 chromosomes have

a median or submedian constriction and 
3 a subterminal constriction. The length 
of the chromosomes is 6.3, 3.3, 2.2, 1.9, 
1.6, 1.5, 1.5, 1.4 and 1.2 u.

Chromosome numbers known in two 
other species of this genus are n = 1 0  in 
L. julaceus ( H e d w .) S u l l . ( A n d e r s o n  & 

B r y a n  1958), and n =  l l  in L. sciuroides 
( I I e d w .) S c h w a e g r . ( H o  1956).

Mctcoriaceac
Papillaria fuscescens ( H o o k .) J a e g . 

n = l ( )  (Fig. 1 B)

Simla (Glen) on shrubs.
The number n =  10 appears to he the 

first count for this taxon. Of the 10 
chromosomes, 8 have a median or sub
median constriction and 2 a subterm inal 
constriction. The longest and shortest 
members of the complement are  hetero- 
chromatic. The length of the chromosomes 
is 3.7, 2.6, 2.3, 2.1, 2.0, 1.9, 1.8, 1.5, 3.4 
and 1.3 p.

R a m s a y  (1967) reported n =  11 (P. amb-  
lyacis, P. flavo-limbata, P. flexicaulis) and 
n =  22 (P. amblyacis) in some Australian 

Bot. Notiser, vol. 126, 1973
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?
so m e s  o b s e r v e d  a t  so m a t ic  m e t a p h a s e ,  8 
h a v e  a  m e d i a n  o r  s u b m e d ia n  c o n s t r i c t i o n  

V -  ^  a n d  3 b a v e  a  s u b t e r m i n a l  c o n s t r i c t io n .
T h e  l e n g t h  o f  th e  c h r o m o s o m e s  is 4.1 ,  3.3, 
2.9, 2.5, 2.4, 1.8, 1.6, 1.5, 1.1, 1.0 a n d  0.7  p.

On th e  b a s is  o f  t h e  a v a i lab le  d a t a  n  — 
11 m a y  b e  r e g a r d e d  as  th e  b a s ic  n u m b e r  
f o r  th is  g e n u s .

«* *

V

i f

• o
1

% «

«

C  D E

" l *
» f *

V i

K
b *
*

F G H
Fig. 1. G am etophytic  mitoses.  —  A: Leucodon  
secundus,  n =  9. — R: Pupillaria fuscescens,  
n =  10. —  C: C laopodium nervosum ,  n  =  l l .  — 
1). E: U erpetineuron  toccoae,  n i l .  —  F:

U e r p e t in e u r o n  to cco a e  (Su l l . & 
Ca r d . n  =  l l  (Figs.  1 D — E)

L e s q .)

T h u id iu m  tamarisce llum ,  n 11. — G: Brachy-  
thecium buchananii ,  n =  l l .  — H: Levier ella 
fabroniacea,  n 11. —  X c a  2,450.

sp ec ie s  o f  t h i s  gen u s .  T w o  o t h e r  g e n e r a  
o f  t h e  f a m i ly ,  viz. M e te o r i u m  a n d  Bar-  
bella.  h a v e  n = 1 0  (In o u e  1965 a) .

T h u i d i a c e a e

Clao p o d i u m  n e r v o s u m  
— 11=  1 1 (F ig .  1 C)

A R v . )  F l e i s c h .

S im la  (Glen) on soil.
'Fhe p r e s e n t  c o u n t  a g ree s  w i th  I n o u e s  

r e p o r t  (1965 b) on  th e  J a p a n e s e  p o p u l a 
tion o f  th is  spec ies .  Of th e  1 1 c h r o m o -

Bot. N otiser, vol. 126, 1973

M u s so o r ie  ( H im a la y a  Club) o n  Q u e r c u s  
di la ta ta .

O f t h e  11 c h r o m o s o m e s  o b s e r v e d  a t  
s o m a t i c  m e t a p h a s e  7 sh o w  a m e d i a n  o r  
s u b m e d i a n  c o n s t r i c t io n  a n d  3 a  su b -  
t e r m i n a l  c o n s t r ic t io n .  In  one  sm a l l  c h r o 
m o s o m e  (h) th e  p o s i t io n  of the  c e n t r o m e r e  
c o u ld  n o t  be  a s c e r ta in e d .  T h e  a v e r a g e  
le n g th  o f  th e  c h r o m o s o m e s  is 1.9, 1.5, 1.4, 
1.3, 1.2, 1.2, 1.1, 0.9, 0.9, 0.8 a n d  0.6  p.

I n o u e  (1965 b) r e p o r t e d  the  s a m e  c h r o 
m o s o m e  n u m b e r  f o r  th e  J a p a n e s e  , , 1 a-
t io n s  o f  th is  spec ies .

T h u i d i u m  t a m a r i s c e l lu m  (C.. M u e l l ":) 
B o s c h  & L a c . —  n =  11 (Fig.  1 F)

M u s so o r ie  (C o n v en t  L ane )  o n  rocks .
T h e  p r e s e n t  r e p o r t ,  n = l l ,  c o n f i r m s  a n  

e a r l i e r  c o u n t  (Ch o p r a  & K u m a r  1967) 
f o r  th is  spec ies .  Of the  11 c h r o m o s o m e s  
o b s e r v e d  a t  s o m a t i c  m e ta p h a s e ,  7 h a v e  a 
m e d i a n  o r  s u b m e d ia n  c o n s t r ic t io n  a n d  3 
h a v e  a  s u b t e r m i n a l  c o n s t r ic t io n .  In o n e  
s m a l l  (h) c h r o m o s o m e  the  p o s i t io n  o f  th e  
c e n t r o m e r e  c o u ld  n o t  be  m a d e  o u t  c lea r ly .  
T h e  l e n g th  o f  th e  c h r o m o s o m e s  is 4.5, 4.1, 
4.0, 3.8, 3.1, 3.0, 2.6, 2.3, 2.2, 2.1 a n d  1.6 p.

T h e  c h r o m o s o m e  n u m b e r s  k n o w n  in 
o t h e r  sp ec ie s  o f  th is  g e n u s  a re  n  =  10 in  
T. h i p i n n a t u l u m  (as T. m ic r o p te r i s , Y a n g  
1957) ,  T. g l a u c i n u m  (S a n n o m i y a  1955),  
T. k a n e d a e  (S h i m q t o m a i  & K o y a m a  1932),  
T. u l ig in o s u m  a n d  T. v i r id i f o r m e  (Y a n g  
1957);  n =  l l  in T .  c y m b i f o l i u m  (In o u e  
1 9 6 5 b ;  Ch o p r a  & K u m a r  1967), T. deli-  
CMtulum  (A n d e r s o n  & B r y a n  1958), T.  
f u r f u r o s u m  (also n =  22, R a m s a y  1967),

34
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'/’. glaucinum  ( G a n g u l e e  & C h a t t e r j e e  
I9 6 0 ;  I n o u e  1965 b ) ,  /'. m inutu lum  ( A l -  
A is i i  & A n d e r s o n  1960),  T .  recognitum  
( S t e e r e  1954),  T. scitum  ( A n d e r s o n  & 
Hr v a n  1958),  T. spursifolium  ( C h o p r a  A 
K u m a r  1967) ,  '/’. tamuriscinum  ( S m i t h  & 
N e w t o n  1968; R a m s a y  1969; W i g h  & 
S t r a n d h e d e  1971).

It w o u l d  be  d e s i r a b l e  to  c a r r y  o u t  
in e io t ic  s tu d ie s  o n  t a x a  w h ic h  s h o w  b o th  
th e  c h r o m o s o m e  n u m b e r s  i.e. n — 10, 11. 
It is n o t  u n l ik e l y  t h a t  the  t i n y  c h r o m o 
so m e  m a y  h a v e  e s c a p e d  o b se rv a t io n .

B r a c h y t h e c i a c e a e

Brachythecium  buchananii  ( H o o k . )  J a e g .  
n =  11 (Fig.  1 G)

M u s so o r ie  (C o n v e n t  L an e )  o n  rocks .
T h e  p r e s e n t  c o u n t ,  n =  11, s u b s ta n t i a t e s  

o u r  e a r l i e r  r e p o r t  (Ch o p r a  & K u m a r  1967) 
b a se d  o n  m e io t ic  s tu d y .  Of t h e  7 c h r o m o 
so m es  w i t h  a m e d i a n  o r  s u b m e d ia n  
c o n s t r i c t io n ,  o n e  c h r o m o s o m e  is h e te ro -  
c h r o m a t i c  a n d  a lso  p o sse s se s  a  s e c o n d a r y  
c o n s t r i c t i o n  t o w a r d s  th e  d is ta l  end .  T h r e e  
c h r o m o s o m e s  h a v e  a s u b t e r m i n a l  c o n s t r i c 
tion. In  o n e  c h r o m o s o m e  th e  p o s i t io n  o f  
the  c e n t r o m e r e  c o u ld  not be a s c e r t a in e d .  
T h e  a v e r a g e  l e n g th  o f  th e  c h r o m o s o m e s  
is ‘2.4, 2.2, 1.9, 1.6, 1.4, 1.3, 1.2, 1.2, 1.1,
I .(I a n d  0.7 p.

T h i s  p o l y m o r p h i c  sp ec ie s  c o m p r i s e s  
th re e  c v to lo g ic a l  ra c e s  w i th  n I I ,  22 
( C h o p r a  A K u m a r  1967) a n d  n 10 
( S a n n o m i y a  1955; I n o u e  1967).  T h e  f i r s t  
tw o  r a c e s  d o  n o t  s h o w  a n y  s ig n i f ic a n t  
m o r p h o lo g i c a l  d i f f e re n c e s .  It w o u ld  be  
d e s i r a b l e  to c o m p a r e  p l a n t s  w i th  n i l ,  
22 a n d  n  =  10 in o r d e r  to k n o w  w h e t h e r  
o r  n o t  t h e r e  is a n y  d i f f e r e n c e  b e tw e e n  th e  
I n d ia n  a n d  the  J a p a n e s e  m a te r i a l .

K n t o d o n t a c e a e

Levicrellu fabroniacea  C. M u e l l . —  n  =
II (Fig. 1 II)

M u s so o r ie  ( H i m a l a y a  Club)  o n  Aesculus  
indicci.

Of th e  11 c h r o m o s o m e s  c o u n te d  a t  
s o m a t i c  m e ta p h a s e ,  7 h a v e  a  m e d ia n  o r  
s u b m e d ia n  c o n s t r i c t io n  a n d  3 h a v e  a s u b 
t e r m in a l  c o n s t r i c t io n .  In  o n e  sm a l l  (h) 
c h r o m o s o m e  th e  p o s i t io n  o f  the  c e n t r o m e r e  
c o u ld  no t  be  lo ca ted  w i th  c e r t a in ty .  T h e  
a v e r a g e  l e n g th  o f  (lie c h r o m o s o m e s  is 1.7, 
1.5, 1.2, 1.2, 1.1, 1.0. 1.0, 0.9, 0.8, 0.7 a n d
0.6 p.

Ch o p r a  a n d  K u m a r  (1967) r e p o r t e d  
n =  21 f o r  tw o  p o p u l a t i o n s  o f  th is  spec ies .  
T h o s e  p o p u l a t i o n s  m a y  b e  r e g a r d e d  as  
h y p o d i p lo i d s  b a s e d  on  n =  l l .
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ABSTRACT

Ge t a h o u n , A. 1973. D evelopm enta l  a n a to m y  an d  germ inat ion  of seeds of anehoté,  
Coccinia abyssin ica  (W. & A.) Cogn. (C ucurb itaceae ) . —  Bot. Notiser 126:437— 449.

Anehoté  is a tuberous  p e ren n ia l  w i th  a n n u a l  vines, cultivated in pa r ts  of E thiopia  
fo r  its edible tubers .  The  aerial  p a r t  is typical of m a n y  cucurb itaceous p lan ts  in 
hav ing  simple tendrils ,  un isexual  f lowers a n d  small  melon-like fruits .

The m a tu re  seed is com posed  of a seed coat, a large embryo  and  a pellicle 
enclosing the embryo. The e m bryo  is s t ra ig h t  a n d  h as  two thick coty ledons contain ing 
reserve food, a m inu te  epicotyl a n d  a sh o r t  l iypocotyl-radic le  axis. All the c h a ra c 
teristic a r ran g em en ts  of the fu tu re  p r im a ry  vascu la r  tissues are evident in the pro- 
cam bial  tissue. The seed coa t  has  (1) an  ep ide rm al  layer  consisting of the rem ains  
of radia lly  elongated cells bear ing  rod-like  lignified th ickenings on the radia l  and  
tangentia l  walls, (2) a th ick-walled  p a ren c h y m a to u s  region often  d ifferentia ted  into 
two parts ,  (3) a d istinct layer  o f  sc le renchym a a n d  (4) a region of thin-walled 
p a ren c h y m a  with a single vascu la r  bundle.  T he  inner  p a r t  of the p a ren c h y m a  often 
dis in tegrates  o r  rem ains  w ith  the pellicle a n d  leaves a gap be tw een it and  the seed 
coat.  The pellicle is in te rp re ted  as the re m a in s  o f  the nucellus an d  endosperm.

M aximum seed g e rm inat ion  occu rs  in d a rk n ess  a n d  at tem pera tu res  between 20°C 
a n d  30°C. The  ra te  of  g e rm in a t io n  is a ffec ted  by the s t ruc tu re  of  the seed coat,  the 
pellicle a n d  the m atu r i ty  of  seeds.

INTRODUCTION

A n e h o té  is a t u b e r o u s  p e r e n n i a l  w i th  
a n n u a l  v in e s  (Fig. 1). T h e  n a m e  a n e h o t é  
is d e r iv e d  f r o m  G a l l ig n ia ,  a  n a t iv e  l a n 
g u a g e  s p o k e n  b y  th e  G a l la  t r i b e  in 
E th i o p i a ,  a n d  r e fe r s  to th e  e d ib le  t u b e r  o f  
th e  c u l t i v a t e d  r a c e s  o f  Coccinia abyssinica  
(W . & A.) C o g n .  T h e  t u b e r s  o f  w i l d  p l a n t s  
o f  th is  sp e c ie s  a re  i n e d ib le  w h i le  t h e  f r u i t s  
a r e  e d ib le .  O n  the  o t h e r  h a n d ,  t h e  f r u i t s  
o f  th e  c u l t i v a t e d  a n e h o t é  a r e  n o t  e a te n .

T h e  a e r i a l  p o r t i o n  is a v in e  w h i c h  
c l im b s  b y  m e a n s  o f  s im p le  t e n d r i l s  a n d  
d ie s  a f t e r  th e  f r u i t s  h a v e  m a t u r e d .  T h e  
u n d e r g r o u n d  t u b e r  p r o d u c e s  n e w  s h o o t s
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w i t h  th e  o n se t  o f  the  “ sm a l l  r a i n s ” in 
M a r c h  a n d  A pr i l  e a c h  y e a r .  N e w  sh o o ts  
a r e  p r o d u c e d  f r o m  t u b e r s  b y  m e r i s t e m s  a t 
t h e i r  t o p s  t h a t  r e m a i n  g r e e n  t h r o u g h o u t  
th e  y e a r .  T h e  a e r i a l  v ine  c h a r a c t e r i s t i c a l ly  
h a s  t h r e e  to  f ive  s t r o n g  b r a n c h e s  w h ic h  
u s u a l ly  b e a r  e i t h e r  s t a m i n a t e  o r  p is t i l la te  
f lo w e rs .  S t a m i n a t e  f l o w e rs  a r e  in r a c e m e s  
a n d  p i s t i l l a te  f l o w e rs  a r e  b o r n e  s in g ly  at 
t h e  n o d e s .  T h e  r e d d i s h - y e l lo w  f r u i t s  a r e  
o v a l  to c y l in d r i c a l  in s h a p e  a n d  r e s e m b le  
m i n i a t u r e  w a t e r - m e l o n s  a v e r a g in g  3.8 cm  
long .  T h e y  c o n ta in  a n  a v e r a g e  of a b o u t  
150 s e e d s  p e r  f r u i t  a t  m a t u r i t y .  T h e  s te m  
is s t r o n g l y  b e n t  a w a y  f r o m  th e  lea f  a t
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e a c h  n o d e  in a  z ig zag g in g  p a t t e r n .  Y o u n g  
s te m s  a re  a n g u l a r  a n d  b e c o m e  r o u n d i s h  
w i th  age.  T h e  lea v es  h a v e  b r o a d  c o r d a t e  
b l a d e s  a n d  lo n g  pe tio les .  M a n y  m a t u r e  
l ea v es  a re  f iv e - lo b ed  w h i le  so m e  a r e  no t .

In  E th i o p i a ,  tlie c u l t i v a t io n  of a n c h o t é  
is s p o r a d i c ,  b u t  w i d e s p r e a d  in  th e  w e s t e r n  
a n d  s o u t h w e s t e r n  p r o v in c e s  o f  W o l le g a ,  
K a f fa ,  S id a m o ,  a n d  U lu b a b o r .  T u b e r o u s  
sp e c ie s  of  Colocasia, Dioscorea, a n d  Musa  
a r e  a ls o  e x te n s iv e ly  c u l t iv a te d .  I n  th e s e  
p r o v in c e s ,  a n c h o t é  is c u l t i v a t e d  f r o m  1,300 
m to  2 ,800 m  e le v a t io n  w h e r e  th e  a n n u a l  
r a in f a l l  r a n g e s  f r o m  762 m m  to  1,016 m m ,  
b u t  it a lso  o c c u r s  in  m o r e  a r id  r e g io n s  in 
ils w i ld  s ta te .

R E V IE W  O F LITE R A T U R E  

D evelopm en t  and  S tru c tu re  of Seeds

The developm ent and  s truc ture  of seeds 
of several species of Cucurbitaceäe have been 
studied by F i c k e l  (1876), Y a s u d a  (1901), 
K ik k w o o d  (1905), B a r b e r  (1909), R e i c h e  
(1921), C h a k r a v o r t i  (1947), J o h a n s e n  (1950), 
S in g h  (1952, 1953), E s a u  (1953, I960), and  
S in g h  (1961, 1964, 1965a, 1965 b, 1967). Of 
these, only K i r k w o o d  (1905) a n d  C h a k r a 
v o r t i  (1947) w orked  on Cocc i n i a .

K i r k w o o d  (1905) m ade  a com para tive  
s ludy of the family based on Coccinia  a n d  
12 o th e r  genera. He fo u n d  tha t  two or three 
t ransverse  divisions of Ihe zygote resulted 
in a p roem bryo  fo rm at io n  and  a ru d im en ta ry  
suspensor.  Subsequent  divisions proceeded 
w ithout  regu lar ity  and  form ed a g lobular  
pyr ifo rm  m ass  from  which the embryo  
b roadened  dislally. The root-cap  and  der- 
m atogen  were  d ifferen tia ted  at the sam e 
time. T he  co ty ledons were developed during  
subsequent  g row th  a n d  the epicotyl w as 
organized very late. The entire  endosperm  
was consum ed by the developing embryo  but  
a considerab le  a m o u n t  of  pe r isperm  was 
present in the m atu re  seed ( C h a k r a v o r t i  
1947).

C h a k r a v o r t i  (1947) studied the develop
m en t  o f  the female  g am etophy te  an d  seed 
of Coccinia. He reported  that  three distinct 
zones were  fo rm ed  from the o u te r  in tegu
m ent which gave rise to the seed coat. The  
innerm ost  zone consisted of a single layer of

cells that  were  rad ia lly  e longated  with scanty  
cy top lasm  and th in  walls . The middle zone 
was characterized  by va r iab le  num bers  of 
cell layers  in d ifferent  regions of the ovule. 
The ou term os t  zone was characterized  by 
radia lly  elongated cells w ith  thin  walls and  
scanty  cytoplasm  similar  to cells of the 
innerm ost  zone but the cells were much 
larger. He stated that  the seed was enclosed 
by a n  add it ional  covering com posed  of four 
distinct types of cells derived from  the 
carpe lla ry  tissue. This  coat  w as  not connected 
with the ovule except at Ihe funiculus. A 
similar  s truc ture  was r ep o r ted  for o ther  
cucurb itaceous p lan ts  by H o h n e l  ( Y a s u d a  

1901) bu t  he considered  the  firs I of Ihe ten 
layers of cells of the seed coat of cucu rb i ta 
ceous p lan ts  to arise f rom  Ibe epidermis of 
Ihe carpel.  C h a k r a v o r t i  (1947) did not  m en
tion the presence or absence  of a “pell icle” , 
a p ap ery  tissue be tw een the  seed coat and  
Ihe embryo, a lthough  this s t ru c tu re  has been 
reported  in o ther  cucurb i taceous  plants  
( F i c k e l  1876, Y a s u d a  1901, B r o w n  1940, 
1941, 1942, S c h l i s i n g  1969, E s a u  1960). They 
reported  that a pellicle comple te ly  enveloped 
the embryo. E s a u  (1960) considered  il to be 
composed of liie inner  ep iderm is  of the seed 
coal and  two to three  laye rs  of  nucellar  
tissue while the o thers  considered  it to be 
the rem ains  of endosperm  a n d  nucellar 
tissue.

S i n g i i  (1952. 1953) and  S i n g h  (1961, 1964, 
1965 a, 1965 b, 1967) m ade  comparative  
studies on the developm ent a n d  s truc ture  of 
seeds of m any  cucurb i taceous  plants  and  
concluded lliat m a tu re  seeds d iffered in 
shape, size, colour and  texture, but they had 
cer ta in  com m on a na tom ica l  fea tu res  which 
could be designated  as charac te ris t ic  of the 
family. Individual c h arac te rs  o f  seeds in a 
given species rem ained  so c ons tan t  under  
varying environm enta l  condit ions  that several 
w orkers  have used ex ternal  charac te rs  of 
seeds fo r  Ihe delineation  o f  species in the 
familv ( R u s s e l l  1931, S i n g h  &  B h a n d a r i  

1963, S i n g h  1964, 1967).

G erm ina tion

No w o rk  on g e rm in a t io n  in species of 
Coccinia  has  been found. B r o w n  (1940, 1941, 
1942) studied  Ihe growth a n d  gaseous ex
change of seeds of Cucurbita  pepo  and  co n 
cluded the pellicle h ad  a p ro fo u n d  effect on 
the ra te  of ge rm ination  by influencing Ihe 
ra te  of  gaseous exchange of the seed. M a y e r

Fig. 1. Coccinia abyssinien.  —  A: Mature  tuber  with old branches.  — B: B ranches  with 
leaves, tendri ls  and  inflorescences. —  C: S tam ina te  flower.  — I): Androecium  of s tam inate  
flower. —  E: Pisti llate  flower.  — F: Pisti lla te  flower longitudinally  sectioned. —  G: Fruit .

—  H: Seed, face- an d  side-views.
B ot. N o tise r , vol. 126, 1973
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and POLJAKOFF (1963) reported  th a t  the 
pellicle was m ore  pe rm eable  to c a rb o n  dioxide 
than  to oxygen. T hey  though t  this condit ion  
ensured  the extension of ge rm inat ion  over a 
period  of time.

H i l l  (1916) s ta ted tha t  typical ge rm ination  
was epigeal  in cucurb itaceous plants.  W h i t i n g  

(1938), work ing  on Cucurbita,  reported  that  
the ro o t  p ro t ru d ed  be tw een the halves of  the 
seed coat and  that  the peg m ad e  its first 
appea ran ce  as a small  latera l  ridge a t  the end 
of 48 h ours  of germination . He indica ted  
that  the cotyledons were pulled from  the 
seed coats as the hypocoty l  e longated  and  
that the curved port ion  of the hypocoty l  
with the expanding  coty ledons b roke  th rough  
the g round  in one week. Similar  results  were  
also reported  by H o l r o y d  (1924), H u f f o r d  

(1938), and  H a y w a r d  (1938).
H i l l  (1916) and  S c h l i s i n g  (1969) on 

Marah  spp., S i n g h  (1965 b) on Sech iu m  edule  
and  Y a s u d a  (1901) on Trichosanthes  a n d  
G ym nos tem m a  reported  hypogeal  g e rm in a 
tion in these species as a n  exception in the  
family. In Sech ium  edule,  p r im ord ia  for  roots  
were organized in the seed, seeds germ inated  
with in  the fruits ,  an d  the coty ledons rem ained  
inside the seed a n d  fruit.  In  the genus Marah,  
instead of a radicle emerging f irst f ro m  the 
seed at germination ,  the m inu te  radic le  a n d  
epicotyl were p ushed  dow n  into  the  soil by 
the e longating fused bases of the coty ledons 
which fo rm ed  a hollow tube con ta in ing  the 
em bryonic  axis at  its base. The  b lades of 
the cotyledons were  left in the seed a n d  the 
p lumule  b roke  th rough  the tube w hen  the 
root  was well developed.

MATERIAL ANI) METHODS

Seeds and fru i ts  were ob ta ined  from  p lan ts  
grown at Dehre-Zeit  (Shoa) and  Alemaya 
(Harar) Agricultural E xper im en t  Stations, 
E th iop ia  f rom  seeds collected in the province 
of Wollega. P lan ts  were g rown in pots  a n d  
flats  in g reenhouses at the University of 
Florida,  Gainesville, Flor ida ,  b u t  none  could 
be m ade  to set seed.

Graf 11 and  111 were employed as fixatives 
for leaves, cotyledons,  an d  seedling stages. 
Seeds were  fixed in FAA. Other  fixatives 
were used hu t  with less success.  Samples 
were dehydra ted  by the te r t ia ry  butyl  a lcohol 
(TBA) m ethod ,  infil trated,  and  em bedded  in 
“T is su m at” ( S a s s  1951).

Sections were cut at five, eight,  ten, twelve 
o r fifteen g, depending  on  the  organ, its 
stage of developm ent or  the tissue being in 
vest igated.

Three  staining techniques were employed:  
tann ic  acid, i ron  chloride, a n d  sa f ran in  
( F o s t e r  1934); sa fran in  and  fast  green ( J o 
B ot. N o tise r, vo l. 126, 1973

h a n se n  1940); a n d  iron h aem ato x y l in  coun te r -  
stained w ith  sa f ran in  and  fas t  green. T e m p o 
ra ry  sections trea ted  with ph lorog luc ino l,  
S udan  111, o r  IKI were used to su p p le m e n t  
the p e rm a n en t  slide p repara t ions .

Draw ings  were mostly  m ad e  f ro m  c leared  
m ateria l .  Kodak Pana tom ic-X  film w as  used 
fo r  the pho tom ic rography .

OBSERVATIONS

Seeds

Seeds  of a n c h o t é  d e v e lo p e d  f r o m  ty p ic a l  
a n a t r o p o u s  o v u le s  w h ic h  o c c u r r e d  i n  six  
p l a c e n t a l  a r e a s  t h a t  w e re  l o c a t e d  in  th e  
m a n n e r  t h a t  is well  k n o w n  in s e v e ra l  
g e n e r a  o f  t h e  fa m i ly .  D u r i n g  the  t im e  th e  
e m b r y o - s a c  w a s  d e v e lo p in g ,  a n  o v u le  
c o n s i s t e d  o f  a  v e r y  la rg e  n u c e l lu s  w h i c h  
w a s  n a r r o w e d  g r a d u a l ly  to  th e  m ic r o p y l e ,  
a n  i n n e r  i n t e g u m e n t  a b o u t  t h r e e  cells  
th ic k ,  a n d  a  m u c h  th i c k e r  o u t e r  i n t e g u 
m e n t  (Fig.  2 B ) .  I n t e g u m e n t s  w e r e  d i s t in c t  
f o r  a b o u t  h a l f  t h e  le n g th  o f  t h e  o v u le  o n  
th e  s ide  o p p o s i t e  the  f u n i c u l u s  a n d  th e  
o u t e r  o n e  w a s  m u c h  th i c k e r  on  th is  s ide  
o f  th e  m ic r o p y le .

S tag es  of r e p r o d u c t io n  t h a t  o c c u r r e d  in 
th e  n u c e l lu s  w e re  n o t  i n c lu d e d  in th is  
s tu d y ,  h u t  it w a s  e v id e n t  t h a t  t h e  n u c e l lu s  
w a s  still  m a s s iv e  at  th e  t im e  the  e m b r y o  
w a s  b e g in n in g  to g r o w  a n d  t h a t  th e  e n d o 
s p e r m  w a s  n o t  large .

G r o w th  a n d  d i f f e r e n t i a t i o n  d u r i n g  th e  
d e v e l o p m e n t  o f  the  seed s  w a s  m o s t  
a p p a r e n t  in th e  o u t e r  i n t e g u m e n t  w h i c h  
p r o d u c e d  e s se n t ia l ly  all  t i s su e s  o f  the  
seed  coa ts ,  a n d  in th e  e m b r y o  w h i c h  u se d  
u p  e n d o s p e r m  a lm o s t  a s  f a s t  as  it d e 
s t r o y e d  n u c e l l a r  t is su e s  (Fig.  2 A). T h is  
r e s u l t e d  in  e a c h  m a t u r e  se e d  b e in g  c o m 
p o se d  o f  (1) a  seed  co a t ,  (2) a  l a rg e  
e m b r y o ,  a n d  (3) a m e m b r a n e - l i k e  s t r u c 
t u r e  c o n s i s t in g  of a f e w  l a y e r s  o f  cells  
c lo se ly  a d h e r i n g  to t h e  e m b r y o  b u t  
s e p a r a t e d  f r o m  the  seed  coa t .

Seeds  w e r e  a b o u t  9 m m  long,  4 m m  
w id e  a n d  2 m m  th ic k  a n d  a b o u t  26 
w e ig h e d  1 g r a m  w h e n  a i r  d r ied .  T h e i r  
s u r f a c e s  w e r e  g r e y i s h - w h i te  o n  t h e i r  f la t  
s id e s  a n d  b r o w n  o n  t h e i r  r im s .  A b o u t  25
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Fig. 2. A: Longitud inal  section of an  ovule a f te r  fert i l izat ion  showing differentia tion  of 
the o u te r  in tegum ent and  d isappea rance  of the  inner  integument.  A proem bryo  and  
en d o sp e rm  are  evident. X370. — a, d if fe ren tia t ing  outer  in tegument;  c, nucellus; d, 
e n d o sp e rm ;  e, proem bryo .  — B: L ongitud inal  section of an  ovule before  fert i l ization from  
transverse  section of im m atu re  fru i t  show ing a f lask -shaped  nucellus a n d  the two in tegu
ments.  X 370. — a. ou ter  in tegum ent;  b, inner  in tegum ent;  e, nucellus.  Arrows show

p rocam bia l  s t rands .

r id g es  a n d  g ro o v e s  w e r e  b a r e l y  v is ib le  
l e n g th w ise .  T h e  seeds  a n d  th e  su r fa c e s  
w e re  so f t  to the  to u ch .  T h e  h i lu m ,  m ic ro -  
p y le  a n d  r a p h e  w e r e  n o t  eas i ly  o b se rv ed .

S t r u c t u r e  o f  t h e  M a t u r e  S e e d

T H E  S E E D  COAT. T h e  seed c o a t  w a s  
c o m p o s e d  o f  th e  f o l lo w in g  re g io n s :  (1) 
e p id e r m a l  lay e r ,  (2) Ih ic k -w a l lc d  p a r e n 
c h y m a ,  (3) s c l e r e n c h y m a  o f  m a c ro s c le re id s ,  
a n d  (4) th in - w a l l e d  p a r e n c h y m a  (Figs.  
3, 4) .

T h e  o u t e r m o s t  w a l l s  o f  the  e p id e r m a l  
cells  in th e  m a t u r e  seed  h a d  d i s in te g r a te d  
a n d  o n ly  th e  i n n e r  w a l ls  w i th  t h e i r  
l ig n i f ied  t h ic k e n in g s  r e m a in e d  as  s l e n d e r  
r o d s  a b o u t  500 u long. T h e s e  l ig n if ied  
p r o j e c t i o n s  o f  r a d i a l  a n d  t a n g e n t ia l  w a l ls  
r e m a in e d  u n b r a n c h e d  f o r  m o s t  o f  t h e i r  
len g th ,  h u t  w e re  b r a n c h e d  o n c e  o r  m o r e  
t o w a r d s  t h e i r  t ips .  T h e s e  th ic k e n in g s  h a d  
w a l l  m a r k i n g s  w h i c h  a p p e a r e d  a s  d e p o s i t s  
t h a t  t a p e r e d  r a p id l y  f r o m  b r o a d  bases .  I n  
30

d r y  seeds ,  th e se  ro d - l ik e  th ic k e n in g s  f o r m 
ed th e  m o s t  e x te r n a l  s t r u c tu r e  o f  th e  seed  
c o a t  a n d  s e rv e d  as  d is t in c t  f e a t u r e s  (Fig.  
4 13). In v e s t ig a t io n  o f  y o u n g  seeds  s h o w e d  
c o l u m n a r ,  n u c le a t e d  a n d  th in -w al lec l  cel ls  
f o r m in g  th e  o u t e r m o s t  l a y e r  of  t h e  seed  
coat .

T h e  se c o n d  re g io n  o f  the  seed  coa t  w as  
c o m p o s e d  of t h ic k - w a l l e d  p a r e n c h y m a t o u s  
cells  o f  m a n y  sizes. Cells in the  c e n t r e  
w e re  th e  la rg es t ,  w h i le  o u t e r  a n d  in n e r  
l a y e r s  of  cells  w e re  s m a l l e r  (Fig. 4 11). 
L a r g e r  r idges  w e re  230— 250 u w id e  a n d  
11 to 12 cell l a y e r s  th ick ,  a n d  s m a l l e r  
r id g es  w e re  a b o u t  BO u w id e  a n d  o n ly  6 
cel ls  t h ic k  (Fig. 4 A). R idges  w e r e  d u e  to 
cel ls  b e in g  n u m e r o u s  a n d  l a rg e  w h i le  
g r o o v e s  o c c u r r e d  w h e r e  cells  o f  th is  z o n e  
w e re  f e w  a n d  sm a l le r .  T h e  g ro o v e s  w e r e  
o n ly  3 to 4 cells  d eep .  T h e  i n n e r m o s t  
cells  o f  th is  re g io n  h a d  t h i c k e r  w a l ls .  Cells 
in the  c e n t r e  o f  th is  r e g io n  h a d  m a n y  
s m a l l  i n t e r c e l lu l a r  sp a c e s  a n d  e x te n s iv e  
p i t t i n g  o n  t h e i r  r a d ia l  a n d  t a n g e n t ia l  w a l ls .

B ot. N o tise r, vol. 126, 1.973
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Fig. 3. F ree -h an d  transverse  section of im 
m atu re  seedcoat showing the colum nar,  
nucleated  outer  epidermis (e) of the outer  
integument.  X270.

T h e  i n n e r  p o r t i o n  o f  th is  re g io n  s ta in e d  
in te n se ly ,  l a c k e d  in te r c e l lu l a r  sp a ces ,  a n d  
cells  w e r e  f ib re - l ik e  in s h a p e  h u t  t h e i r  
w a l l s  w e re  u n p i t t e d .  T h e  c h a r a c t e r i s t i c  
r i b b in g  o f  seeds  w a s  d u e  to v a r ia b i l i ty  of  
cell  l a y e r s  m a k i n g  u p  th is  re g io n .  T h o s e  
a t  th e  r im  o f  t h e  seed w e r e  la rg e  a n d  
r id g es  b e c a m e  p r o g r e s s iv e ly  s m a l l e r  to 
w a r d s  th e  s ides of  t h e  seed  (Fig. 4 A). 
T h u s  th e  seed  c o a t  w a s  c o n s id e r a b ly  
t h in n e r  on th e  s ides  o f  th e  seed.

T h e  s c l e r e n c h y m a ,  th e  t h i r d  r e g io n  of 
the  seed  coa t ,  w a s  c o m p o s e d  o f  a  s ing le  
l a y e r  of  u n i f o r m  m a c r o s c le r e id s .  T h e  
th ic k -w a l le d  cel ls  w e re  s l ig h t ly  e lo n g a te d  
in t r a n s v e r s e  se c t io n  a n d  w e r e  p a l i s a d e -  
l ike  in sh a p e .  Cell  lu m in a ,  w h e n  p re se n t ,  
w e r e  v e ry  sm a ll .  M e c h a n ic a l  r ig id i ty  of  
the  seed c o a t  w a s  a f f o r d e d  b y  th is  h ig h ly  
l ig n i f ied  l ay e r  a n d  r e g io n  tw o .  T h e  l a y e r  
o f  m a c r o s c le r e id s  w a s  a b s e n t  in th e  m ic r o -  
p y l a r  r e g io n  o f  t h e  seed  coat .

T h e  i n n e r m o s t  re g io n  o f  th e  seed  coa t ,  
r e g io n  fo u r ,  w a s  c o m p o s e d  o f  lo o se ly  
a r r a n g e d  p a r e n c h y m a t o u s  cells  o f  la rg e  
size a n d  o f  c o m p a c t  s m a l l  cells  a n d  w a s  
o n  th e  in s id e  o f  t h e  m a c r o s c le r e id  lay e r .  
Cells ly in g  n e x t  to t h e  m a c r o s c le r e id  
l a y e r  h a d  th ic k  w a l l s  a n d  w e r e  p i t te d .  
T h i s  re g io n  c o m p r i s e d  15 to  20 cell l ay e rs ,  
th e  i n n e r m o s t  o n e s  o f t e n  b e in g  r u p t u r e d .

B ot. N o tise r, vol. 126, 1973

Fig. 4. T ran sv erse  section of a d o rm an t  seed 
th rough  the n ode  of the embryo. — A: Entire  
seed. X 110. —  B: Detail  of p a r t  of the 
seed. X270. —  a, epidermal thickenings; 1». 
th ickened p a ren c h y m a  zone; c, sc lerenchym a 
layer (m acrosc lere ids);  d. p a ren ch y m a  zone; 
e. pellicle; f, embryo.

A s in g le  l a y e r  o f  c o m p a c t  p a r e n c h y m a  
cells  o f t e n  a p p e a r e d  to r e m a in  in ta c t  a n d  
a c c o m p a n i e d  the  “ p e l l ic le ” . In  th is  r e g io n  
a  s in g le  u n b r a n c h e d  v a s c u la r  s t r a n d  of 
th r e e  o r  f o u r  t r a c h e a r y  e le m e n ts  in  d i a 
m e t e r  e x t e n d e d  f r o m  the  h i lu m  to th e  
c h a l a z a l  a r e a  a n d  p a r t w a y  a lo n g  th e  
o p p o s i t e  edge  o f  th e  seed.

P E L L I C L E .  M a t u r e  e m b r y o s  w e re  e n 
c lo sed  b y  a t h in ,  t r a n s lu c e n t  m e m b r a n e  
f o r m e d  b y  t h r e e  to f ive  t a n g e n t ia l l y  e lo n 
g a ted ,  c o l l a p s e d  cel ls  (Fig. 4 11). T h i s  
m e m b r a n e  r e m a i n e d  w i th  th e  e m b r y o  a n d  
w a s  d e t a c h a b l e  o n ly  a f t e r  b e in g  so f te n e d
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Fig. 5. T ransverse  section of a d o rm a n t  seed a t  the junct ion  of hypocoty l-em bryonic  root  
( transit ion) zone. —  A: E nti re  em bryo  with seed coal. X 130. —  gp, g round  p a renchym a ;  

pc, p ro cam b iu m ; pel. p ro to d erm ;  sc, seeclcoat. —  B: Detail of embryo. X 1,200.

b y  im b ib e d  w a te r .  T r a n s v e r s e  sec t io n s  of 
d r y  seeds  r e v e a le d  a n  a r e a  d e v o id  of 
t is su e  b e tw e e n  the  seed  coa t  a n d  pe ll ic le .  
T h e  g a p  w a s  f o r m e d  la r g e ly  b y  th e  
c o l l a p s e  o f  m u c h  o f  t h e  p a r e n c h y m a t o u s  
r e g io n  o f  the  seed  coa t .  T h e  o r ig in  a n d  
d e v e l o p m e n t  o f  th e  p e l l ic le  w a s  n o t  s tu d ie d  
iu de ta i l .  It w a s  o b s e r v e d  t h a t  th e  i n n e r  
i n t e g u m e n t  d id  n o t  c o n t r i b u t e  to i ts  f o r 
m a t io n .  It w a s  p r o b a b l y  c o m p o s e d  o f  
r e m a in s  o f  the  n u c e l lu s  a n d  e n d o s p e r m  
a n d  o f te n  i n c lu d e d  p a r e n c h y m a t o u s  cells  
f ro m  th e  seed  coat .

E M B R Y O . E a c h  e m b r y o  w a s  s t r a ig h t  
a n d  c o m p o s e d  o f  tw o  c o ty le d o n s  t h a t  w e re  
th ic k  a n d  f la t ,  a  s h o r t  h y p o c o ty l - r a d i c le  
ax is  a n d  a  m in u t e  e p ic o ty l  (Figs.  5, 6).  
In  a  fe w  in s ta n c e s  th e  r e m a in s  o f  th e  
s u s p e n s o r  w e r e  d i s c e rn ib le  in  w h o le  
m o u n t s  o f  e m b r y o s .  E m b r y o s  m e a s u r e d  
7 n u n  long ,  3 m m  w id e  a n d  1 m m  th ic k .

areas,  epicotyl including leaf p r im ord ium . —  
A: Cotyledons above epicotyl. —  B: At the 
level of p r im o rd iu m  of leaf a n d  epicotyl.  —  
C: Cotyledons a t  Ihe epicotyl with  (he p r im 
ord ium  of the f irs t  leaf. —  D: At Ihe base  
of cotyledons. —  E: At the co ty ledonary  
node. —  F :  Upper hypocotyl.  —  G: Low er 
hypocotyL X 13.

Fig. 6. D iagram s of sequence of t ransverse  
sections of a soaked  embryo  show ing  vas- 
cula tion. D a rk  area ,  p rocam bium ; dotted

B ot. N o tise r, vol. 126, 1973
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Fig. 7. Imbibit ion  of tap w a ter  by intact Fig. 8. Germ ination  tem pera tures  of  an ch o té
seeds and  excised em bryos a t  room  tempera- under  darkness ,
ture un d e r  light.

F i f t y - tw o  e m b r y o s  w e ig h e d  1 g r a m .  T h e  
h y p o c o ty l - r a d i c l e  ax is  w a s  o n ly  1 to 1.5 
111111 long  a n d  th e  e p ic o ty l  w a s  even  
s m a l l e r  in size. T h u s ,  c o ty l e d o n s  w e re  
6 /7  th e  to ta l  l e n g th  a n d  a c c o u n te d  f o r  as 
m u c h  as  85 p e r  cen t  of  t h e  e m b r y o  
v o lu m e .

T h e  ra d ic le  w a s  a s h o r t  a n d  c o n ic a l  
a p e x  o n  a s h o r t  h y p o c o ty l ,  h u t  its  s t r u c 
t u r e  w a s  no t  s tu d i e d  in de ta i l .  T h e  o n ly  
f e a t u r e s  s h o w in g  d i f f e r e n t i a t i o n  w e r e  a 
p r o c a m b i a l  core ,  a n  a p ic a l  m e r i s t e m  a n d  
a  r o o t  c a p  (Fig. 5).

T h e  h y p o c o ty l  o f  a d o r m a n t  e m b r y o  
w a s  u s u a l ly  0.1 m m  lo n g  a n d  c h a r a c t e r i s t i 
c a l ly  ova l  in t r a n s v e r s e  sec t io n .  T h is  o u t 
l ine  w a s  no t  p r o d u c e d  b y  l a rg e  n u m b e r s  
o f  ce l ls  at the  e n d s  o f  th e  o v a l  b u t  r a t h e r  
b y  the  la rg e  r a d ia l  d im e n s i o n s  o f  cells.  
T h e  g r o u n d  m e r i s t e m  o u t s id e  th e  p ro -  
c a m b i a l  s t r a n d s  w a s  c o m p o s e d  o f  se v en  
to e ig h t  l a y e r s  o f  t h in - w a l l e d  cells.  Six 
p r o c a m b ia l  s t r a n d s  a r r a n g e d  in tw o  
g r o u p s  o f  th r e e  e a c h  in th e  u p p e r  e n d  of 
th e  h y p o c o ty l  a n d  f o u r  p r o c a m b ia l  s t r a n d s  
t o w a r d s  th e  l o w e r  e n d  c f  t h e  h y p o c o ty l  
w e re  d i s t in c t  (Fig.  6 F ,  G). F o u r  p ro -  
c a m b ia l  s t r a n d s  at th e  l o w e r  e n d  o f  th e  
h y p o c o ty l  w e re  a lso  a r r a n g e d  in tw o  
g r o u p s ,  e a c h  o r i e n t e d  t o w a r d s  e n d s  o f  th e  
ova l .  T h e s e  f o u r  m e r g e d  d o w n w a r d  in to  
a  c y l i n d e r  of  p r o c a m b i u m  a r o u n d  a c e n t r a l  
g r o u n d  m e r i s t e m  in the  a r e a  w h ic h  l a t e r  
d e v e lo p e d  th e  t r a n s i t i o n .  As the  d i a m e te r  
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o f  th e  h y p o c o ty l  d e c r e a s e d  d o w n w a r d s ,  
th e  c e n t r a l  g r o u n d  m e r i s t e m  d e c r e a s e d  
a n d  w a s  r e p la c e d  b y  th e  p r o c a m b i u m  o f  
th e  rad ic le .

T h e  l a rg e  th ic k  c o ty le d o n s  w e r e  ob- 
l a n c e o la te  w i th  p r o m i n e n t  m a i n  v e in s  
(Fig. 6 A— C). T h e  m e s o p h y l l  w a s  d i f f e r e n 
t ia ted  in to  tw o  s h a r p l y  d e f in e d  p a l i s a d e  
l a y e r s  a n d  a m u l t i l a y e r e d  re g io n  o f  c o m 
p a c t  s t a r c h y  cells.  T h e  p r o t o d e r m  w a s  
c o m p o s e d  o f  sm a l l  c lo se ly  p a c k e d  cells  in 
a s in g le  l a y e r  w h ic h  a p p e a r e d  to  h a v e  a 
cu tic le .  All cells  i n c lu d in g  th e  p r o t o d e r m  
a n d  p r o c a m b ia l  cells  w e re  f i l led  w i th  
s to r e d  m a te r i a l ,  m o s t ly  s t a rc h .

T h e  e p i c o t y l e d o n a r y  m e r i s t e m  h a d  a 
u n i s e r ia t e  t u n i c a  a n d  a m a s s iv e  c o r p u s .  
T h e r e  w e r e  n o  lea f  p r i m o r d i a .  T h e  vas-  
c u la t io n  o f  th e  c o ty l e d o n a r y  n o d e  s h o w e d  
so l id  p r o c a m b ia l  a r e a s  w h ic h  a p p e a r e d  
as  tw o  p l a t e s  w i th  p r o c a m b ia l  e x te n s io n s  
in to  c o ty le d o n s .

G e r m i n a t i o n

Seeds  o f  a n c h o t é  h a d  a v e ry  lo w  w a t e r  
c o n te n t  a n d  im b ib e d  w a t e r  q u ic k ly .  I n t a c t  
seed s  i n c r e a s e d  in w e ig h t  b y  25, 44 .5  a n d  
75 p e r  c e n t  a f t e r  s o a k in g  f o r  1, 2, a n d  4 
h o u r s  r e s p e c t iv e ly  (Fig. 7). E x c ise d  
e m b r y o s  d id  n o t  im b ib e  w a t e r  u n t i l  a f t e r  
s o a k in g  f o r  2 h o u r s  h u t  th e y  h a d  i n 
c r e a se d  t h e i r  o r ig in a l  w e ig h t  hv  50 p e r  
c e n t  at the  e n d  o f  4 h o u r s  (Fig. 7). T h e r e
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Fig. 9. A: Seven-day-old seedlings grown in da rk n ess  (left) and light (right) a t  room  
tem p era tu re .  Note that some seeds un d e r  light have barely  ge rm inated  while in o thers  
well-developed hypocotyls and  p r im ary  roo ts  have developed. The ra te  of g e rm inat ion  in 
l ight is slower and  less uniform  than in darkness .  X0.65. — B: Seven-day-old seedlings 
g e rm in a ted  in da rkness  at 20°C showing the va r ia t ion  in the ra te  of  ge rm inat ion  of seeds, 
and  in p a r ts  of seedlings, ca. X0.8. — ar.  adven ti t ious root;  cot, co ty ledons; cn, co ty ledonary  

nodes; h, hypocotyl ;  Ir. la tera l  root;  pg, peg; pr, p r im a ry  root;  sc, seedcoat.

w a s  n o  f u r t h e r  w e ig h t  in c re a s e  h v  in ta c t  
seed s  b e y o n d  75 p e r c e n t .  E x c i s e d  e m b r y o s ,  
o n  t h e  o t h e r  b a n d ,  s h o w e d  a s l ig h t  d e 
c r e a s e  o f  im b ib e d  w a t e r  w i th  t im e ,  so t h a t  
a t  th e  e n d  o f  40 h o u r s ’ so a k in g  th e y  h a d  
r e t a in e d  o n ly  30 p e r  c e n t  o f  t h e i r  o r ig in a l  
w e ig h t  in c r e a s e  (Fig. 7).

P r o t e i n  b o d ie s  in cells  of  th e  e m b r y o  
sw e l le d  d u r i n g  g e r m in a t io n .  T h e s e  p r o t e in  
b o d ie s  g r a d u a l ly  d i s in te g r a te d  in to  f r a g 
m e n t s  a n d  d i s a p p e a r e d  as  th e y  w e re  
d ig es te d .  T h e  d e g ree  o f  d e g r a d a t i o n  of 
p r o t e i n  b o d ie s  a n d  o f  s t a r c h  g ra in s  w as  
r e la te d  to th e  d i s t a n c e  f r o m  the  n e a r e s t  
p r o c a m b ia l  s t r a n d .  T h e  e m b r y o n i c  ro o t  
a p ex  h a d  a c o n s p ic u o u s  a c c u m u l a t i o n  of 
s t a r c h .

Seed  v iab i l i ty  r e m a in e d  h ig h  a t  th e  e n d  
o f  f o u r  y e a r s ’ s to r a g e  a t  r o o m  t e m p e r a 
tu re .  G e r m in a t i o n  p e r c e n ta g e  w as  a lm o s t  
100 p e r  cen t ,  y e t  o ld e r  seeds  s h o w e d  a 
c o n s id e r a b le  in c re a s e  in th e  t im e  r e q u i r e d  
f o r  g e r m in a t io n .  F o u r - y e a r - o ld  seeds  r e 
q u i r e d  a b o u t  16 d a y s  u n d e r  g r e e n h o u s e  
c o n d i t i o n s  w h i le  seeds  less t h a n  a y e a r  
o ld  g e r m i n a t e d  in less t h a n  4 days .

F i g u r e  8 s h o w s  g e r m i n a t i o n  t e m p e r a 
tu re s  o f  a n c h o t é  in  d a r k n e s s .  No g e r m i n a 
t ion  o c c u r r e d  a t  t e m p e r a t u r e s  b e tw e e n  
5 ° C  a n d  10°C. P e r c e n t a g e  of g e r m i n a t i o n  
in c r e a s e d  b e tw e e n  15 °C  a n d  3 0 °G  th e n  
d r o p p e d  r a p id l y  a b o v e  30°C. D ire c t  
t h e r m a l  d a m a g e  to  h y p o c o ty l s  a n d  p r i 

m a r y  ro o t s  o c c u r r e d  a t  35°C , b e c a u s e  t h e y  
t u r n e d  b r o w n  b e f o re  y o u n g  se e d l in g s  d ied .  
H y p o c o ty l s  w e r e  m o r e  s e n s i t iv e  to t e m 
p e r a t u r e  t h a n  w e r e  p r i m a r y  ro o ts .  T h e  
o p t i m u m  t e m p e r a t u r e  r a n g e  w a s  f r o m  
2 0 °C  to  3 0 °G  s in ce  g e r m i n a t i o n  w a s  
n e a r ly  100 p e r  c e n t  w i t h in  t h i s  r a n g e .  
T h e  r a te  of  g e r m i n a t i o n  w a s  h i g h e r  n e a r  
a n d  a t  30 C, w h e r e  the  e lo n g a t io n  o f  b o t h  
th e  p r i m a r y  ro o t  a n d  the  h y p o c o ty l  w a s  
th e  h ig h es t .  T h e  h y p o c o ty l  e lo n g a t e d  0.8 
m m ,  1.3 m m  a n d  3.0 m m ,  a n d  th e  p r i m a r y  
r o o t  3.0 m m ,  3.2 m m  a n d  3.7 m m  a t  t h e  
e n d  o f  6 d a y s ’ g e r m i n a t i o n  a t  20°G , 2 5 °G  
a n d  30°G, re sp e c t iv e ly ,  w i th  a d e q u a t e  
m o i s tu r e  a n d  a e r a t io n .  T h e  r a te  o f  e lo n g a 
tion  of the  p r i m a r y  ro o t  a s  c o m p a r e d  to 
t h a t  o f  the  h y p o c o ty l  w a s  m u c h  h i g h e r  
a t  l o w e r  t e m p e r a t u r e .

Seeds  g e r m i n a t e d  b e t t e r  in th e  d a r k  
t h a n  in the  l igh t .  A f te r  76 h o u r s  a t  r o o m  
t e m p e r a t u r e  o n ly  65 p e r  c e n t  o f  th e  seed s  
h a d  g e r m i n a t e d  in  t h e  l ight c o m p a r e d  to  
80 p e r  cen t  in  th e  d a r k .  A f te r  5 d a y s  t h e  
p e r c e n ta g e s  w e r e  65 a n d  100 r e sp e c t iv e ly .  
I n i t i a l  e m b r y o  g r o w t h  w a s  g r e a t e r  in  t h e  
d a r k  th a n  in th e  l ig h t  b u t  th is  d i f f e r e n c e  
b e c a m e  less a t  th e  e n d  o f  se v e n  d a y s  
(Fig. 9 A).

T h e  r a d ic le  e m e r g e d  f r o m  th e  seed  c o a t  
in less t h a n  48 h o u r s  a t  30°C . I t s  e m e r 
g en ce  t h r o u g h  th e  m ie r o p y le  w a s  th e  f i r s t  
e x te r n a l  e v id e n ce  o f  g e r m in a t io n .  I t  sh o w -

B ot. N o tise r, vo l. 126, 1973
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T able  1. Effects of seed posi t ion  in the soil on  the ra te  of germ ination ,  hypoco ty l  a n d  
peg development and  root  system a t  the end  of 19 days.  H ypocoty l  length at the end  of

10 days  is given in brackets .

Seed position
H ypocotyl

Length
(c m )

T h ic k 
ness Shape

Pei Hoot system

Rate  
of g e r 
m in a 
tion

Horizonta l  ............................  3 (1.0) n o rm a l  curved large shield m ain  roo t  weakly
leading, p rofuse ly  
b ran ch ed  2

Vertical with m ic ropy lar
end u p w a r d s ..................  0.5 (0.5) thick vertical n o t  a p p a re n t  m uch-b ran ch ed  3

Vertical with m ic ropy lar
end d o w n w ard s  ........... 3.7 (0.8) n o rm a l  vertical ring m ain  root leading 1

ed im m e d ia t e  g e o t r o p i s m  a f te r  p r o t r u d i n g  
b e tw e e n  h a lv e s  o f  th e  seed  coa t .  T h e  p r i 
m a r y  r o o t  c o n t i n u e d  to  e lo n g a te  r a p id l y  
p r i o r  to  th e  g r o w t h  o f  o t h e r  e m b r y o  
p a r t s  a n d  w a s  1 m m  lo n g  at the  e n d  of 
72 h o u r s .  T h e  h y p o c o ty l  i n c r e a s e d  in  d i a 
m e t e r  b e f o re  e lo n g a t in g ,  in  p a r t  d u e  to 
t h e  p eg  b e in g  f o r m e d  a t  th e  t o p  o f  th e  
ro o t  a n d ,  c o n c u r r e n t l y ,  t h e  c o ty l e d o n s  e x 
p a n d e d .  T h e s e  c h a n g e s  c a u s e d  th e  seed  
coat  to splil  f o r  h a l f  t h e  l e n g th  o f  t h e  
seed  (Fig. 9 B).  T h e  h y p o c o ty l  so o n  
u n d e r w e n t  a l im i te d  a m o u n t  o f  e lo n g a t io n  
a n d  im m e d ia t e ly  b e n t  s h a r p l y  a t  th e  b a se  
o f  t h e  c o ty le d o n s  t h a t  w e r e  still  ly in g  
w i t h in  t h e  h a lv e s  of  the  seed  c o a t  (Fig.  
9 B). S p l i t t in g  o f  the  se e d  c o a t  d id  n o t  
p r o c e e d  b e y o n d  th is  p o in t  d e s p i te  t h e  
c o n t i n u e d  e x p a n s io n  o f  th e  c o ty l e d o n s  
a n d  th e  p re se n c e  o f  th e  h y p o c o ty l  a r c h .  
I n s te a d ,  th is  o p p o s i n g  p u l l  o f  t h e  r a p id l y  
e lo n g a t in g  h y p o c o ty l  a r c h  a g a in s t  t h e  peg  
p u l le d  th e  c o ty l e d o n s  o u t  o f  th e  h a r d  
se e d  coa t .  T h e  seed  c o a t  r e m a i n e d  in th e  
soil,  c a p p in g  th e  peg. T h e  f r e e d  c o ty l e d o n s  
a n d  p l u m u l e  e m e r g e d  f r o m  th e  soil  a f t e r  
six d a y s  b y  g r o w t h  o f  th e  h y p o c o ty l  as  
th e  a r c h  w a s  f o r c e d  u p w a r d s  t h r o u g h  the  
soil.  W h e n  seed s  w e r e  p l a n t e d  w i th  t h e  
m i c r o p y l a r  e n d s  d o w n w a r d ,  seed  c o a t s  
w e r e  r a i s e d  a b o v e  g r o u n d  c a p p i n g  th e  
c o ty l e d o n s  c a u s in g  th e  l a t t e r  lo r e m a i n  
p r e s s e d  to g e th e r ,  w i th  the  h y p o c o ty l  ax is  
r e m a in i n g  s h o r t  a n d  s t u b b y  (T ab le  1). 
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T h e  h y p o c o ty l s  w e r e  a lso  s h o r t  w h e n  th e  
seed s  w e r e  p l a n t e d  sh a l lo w ly .

T h e  c o ty l e d o n s  w h i c h  h a d  t u r n e d  g re e n  
e a r ly  in  th e  g e r m i n a t i o n  p e r io d  e x p a n d e d  
a n d  a s s u m e d  a  h o r i z o n t a l  p o s i t io n  a f t e r  
th e  c o ty l e d o n s  a n d  p l u m u l e s  h a d  e m e r g e d  
f r o m  th e  g r o u n d .  B o th  th e  c o ty le d o n s  a n d  
th e  a e r i a l  p a r t s  of  th e  h y p o c o ty l  c o n t i n u e d  
to d e v e lo p  c h lo r o p h y l l .  M o re  t h a n  50 p e r  
c e n t  o f  t h e  h y p o c o ty l  e lo n g a t io n  a b o v e  
th e  p e g  w a s  f r o m  th e  u p p e r  h y p o c o ty l  a n d  
t h a t  o f  t h e  l o w e r  h y p o c o ty l  w as  neg lig ib le .  
E p ic o t y l s  h a d  p r o d u c e d  th r e e  lea f  p r i 
m o r d i a  six d a y s  a f t e r  g e r m i n a t i o n  h u t  th e  
a x is  h a d  n o t  e lo n g a ted .

DISCUSSION

Seeds
T h e  e a r l y  d e v e l o p m e n t  o f  a n c h o t é  seeds  

is s im i l a r  to th a t  r e p o r t e d  b y  C h a k r a v o r t i  
(1947) f o r  Coccinia ind ica .  T h e  f o r m a t i o n  
o f  th e  e m b r y o  a g ree s  w i th  the  d e s c r ip t io n  
g iv en  f o r  C o c c in ia  ( K i r k w o o d  1905) a n d  
C u c u m i s  ( S i n g h  1953).  T h e  d e v e lo p m e n t  
o f  the  se e d  c o a t  is s im i l a r  lo r e p o r t s  g iven  
f o r  o t h e r  sp e c ie s  in th e  f a m i ly  ( S i n g h  
1952, 1953;  S i n g h  1961, 1964, 1965 a, 
1965 b ,  1967) .  H o w e v e r ,  it d i f f e r s  f r o m  
th a t  o b s e r v e d  b y  C h a k r a v o r t i  (1947) in  
C o cc in ia  i n d ic a  in  w h ic h  “ th re e  c o n c e n t r i c  
z o n es  d i f f e r e n t i a t e  f r o m  th e  o u t e r m o s t  
l a y e r  of  t h e  o u t e r  i n t e g u m e n t . ” H is
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d i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  the  s t r u c 
t u r e  o f  the  m a t u r e  seed in  l o n g i tu d in a l  
s e c t io n  s h o w s  th r e e  c o n c e n t r i c  zones ,  
d e s ig n a t e d  A, B, C, a n d  a n  u n d e s c r ib e d  
f o u r t h  lay e r .  W h i l e  a  s im i l a r  n u m b e r  of 
l a y e r s  o c c u r s  in  a n c h o t é  seeds,  the  
d e s c r i p t i o n  o f  Ihe “z o n e s ” g iven  b y  h i m  
is n o t  t r u e  o f  t h e  l a y e r s  o f  th e  seed c o a t  
o f  a n c h o té .  O n ly  th e  m id d le  layer ,  “z o n e  

m o r p h o lo g i c a l ly  a p p r o x im a t e s  t h e  
t h ic k - w a l l e d  p a r e n c h y m a t o u s  r e g io n  of 
a n c h o té .  C h a k r a v o r t i  d e s c r ib e d  a n o t h e r  
c o v e r in g  l a y e r  d e r iv e d  f r o m  c a r p e l l a r y  
t is su e  a n d  a lso  c h a r a c t e r i z e d  h y  f o u r  
c o n c e n t r i c  zones .  No s u c h  a d d i t i o n a l  
c a r p e l l a r y  c o v e r in g  ex is ts  in a n c h o t é  seeds.  
In s t e a d ,  th e  s u r f a c e  l a y e r  c o n s is t s  o f  th e  
l ig n i f i e d  r e m a in s  o f  r a d i a l l y  e lo n g a te d  
cel ls  o f  th e  e p id e r m is  of  th e  o u te r  i n t e g u 
m en t .  C a r p e l l a r y  t i s su e  a r o u n d  th e  seed 
d o e s  n o t  a d h e r e  to  the  seed  s u r f a c e  in 
a n c h o té .

T h e  th in  p a p e r y  m e m b r a n e  b e tw e e n  the  
seed  c o a t  a n d  the  e m b r y o  w a s  n o t  m e n 
t io n e d  b y  C h a k r a v o r t i  (1947).  K i r k w o o d  

(1905) s tu d ie d  th e  e m b r y o lo g y  in  the  
f a m i ly  a n d  r e p o r t e d  it f o r  Coccinia.  I t  h a s  
b e e n  seen  in Ihe seed s  o f  m a n y  o t h e r  
g e n e r a  o f  th e  f a m i ly .  B r o w n  (1940, 1941, 
1942) s tu d ie d  the  ro le  o f  the  m e m b r a n e  
in the  g e r m i n a t i o n  o f  seeds  o f  C u c u rb i ta  
p e p o  a n d  u se d  th e  t e r m  “ pe l l ic le ” . T h is  
t e r m  h a s  b e e n  a p p l i e d  to  the  id en t ic a l  
s t r u c t u r e  o b s e r v e d  in th e  seeds  of a n c h o té .  
T h e  f u n c t i o n  o f  th e  p e l l ic le  in t h e  g e r 
m in a t io n  of a n c h o t é  seeds  is d isc u sse d  
b e low .

termination

I n t a c t  seeds  i n c r e a s e  b y  75 p e r  c en t  of  
t h e i r  o r ig in a l  w e ig h t  b y  im b ib i t i o n  d u r i n g  
th e  in i t ia l  p h a s e  o f  g e r m in a t io n .  M u c h  of 
th is  i n c r e a s e  is d u e  to th e  h y g r o s c o p ic  
n a t u r e  of  t h e  e p id e r m a l  th ic k e n in g s  o f  th e  
seed  c o a t  a n d  to a b s o r p t i o n  b y  the  c o ty l e 
do n s .  M os t  im b ib e d  w a t e r  a b s o r b e d  b y  
the  e m b r y o  s e e m s  to h a v e  d i f fu se d  t h r o u g h  
Ihe m ic r o p y l e  a n d  th e  i m m e d ia t e  p a r e n 
c h y m a t o u s  re g io n  o f  t h e  seed  c o a t  b e c a u se

th e  c o ty l e d o n s  a r e  still  d r y  w h e n  th e  
h y p o c o ty l - r a d i c le  h a s  im b ib e d  w a te r .  T h e  
p a r e n c h y m a t o u s  n a t u r e  o f  th e  m i c r o p y l a r  
r e g io n  o f  th e  se e d  c o a t s  a ls o  p r o b a b ly  a id s  
th e  r a p i d  p r o t r u s i o n  o f  r a d ic le s  d u r i n g  
g e r m in a t io n .

E x c i s e d  e m b r y o s  a r e  e n v e lo p e d  by  
pe l l ic le s  w h i c h  r e m a i n  in ta c t .  T h e  d e la y  
in  i m b ib i t i o n  b y  as  m u c h  as  tw o  h o u r s  is 
a t t r i b u t e d  to  th is  m e m b r a n e  fo r ,  w h e n  it 
is p u n c t u r e d  o r  r e m o v e d ,  ex c ise d  e m b r y o s  
r e a d i ly  im b ib e  w a te r .  T h e  c u t ic le  o n  th e  
e p id e r m is  o f  th e  c o ty l e d o n s  a lso  m a y  
a f fe c t  a b s o r p t i o n  b y  th e m .

U n t i l  the  p e ll ic le  a n d  th e  se e d  c o a t  a re  
b r o k e n  d u r i n g  th e  l a t e r  s ta g es  o f  g e r m i n a 
t ion ,  th e  e m b r y o  is s u r r o u n d e d  b y  a n  a i r -  
j a c k e t .  T h e  p r e s e n c e  o f  th is  a i r - j a c k e t  
n e c e s s i t a te s  a n  e x c h a n g e  b e tw e e n  the  
e m b r y o  a n d  th e  a i r - g a p  t h r o u g h  th e  
pe ll ic le  a n d  b e tw e e n  th e  a i r - g a p  a n d  th e  
g e r m i n a t i n g  m e d i u m  t h r o u g h  th e  seed  
coa t .  S t r u c t u r a l  f e a t u r e s  o f  t h e  seed  c o a t  
in d ic a te  t h a t  its  r e s t r i c t i o n  to  g a se o u s  e x 
c h a n g e  m u s t  b e  m u c h  g r e a t e r  t h a n  th a t  
o f  th e  pe ll ic le .  T h u s  if g a se o u s  e x c h a n g e  
b e tw e e n  th e  g e r m i n a t i n g  m e d i u m  a n d  th e  
a i r - g a p  d e p e n d e d  so le ly  o n  d i f fu s io n ,  the  
seed c o a t  c o u ld  d e t e r m i n e  the  r a te  of  the  
e n t i r e  p ro c e s s .  T h e  c o n t i n u i ty  of  th e  seed  
c o a t  is i n t e r r u p t e d  b y  th e  m ic r o p y le .  T h e  
t is su e  o f  t h e  seed  c o a t  s u r r o u n d i n g  th e  
m ic r o p y l e  is p a r e n c h y m a t o u s .  T h e  pe ll ic le  
c o m p le te ly  e n v e lo p s  th e  e m b r y o .  A l th o u g h  
th e  p e r m e a b i l i t y  o f  th e  seed  c o a t  m a y  be  
less t h a n  th a t  o f  the  pe ll ic le ,  it c a n n o t  
c o n t r o l  th e  g a s e o u s  e x c h a n g e  so lo n g  as 
th e  m i c r o p y l a r  e n d  r e m a in s  o p e n .  E x 
c h a n g e  b e tw e e n  the  a i r - g a p  a n d  th e  
a t m o s p h e r e  p r o b a b l y  t a k e s  p lac e  t h r o u g h  
the  m ic r o p y le .  T h e  p e l l ic le  se e m s  to he 
th e  c o n t r o l l in g  f a c t o r  in  gas  a n d  w a t e r  
e x c h a n g e  b e tw e e n  th e  e m b r y o  a n d  its 
e n v i r o n m e n t .

D i f f e r e n t  r a te s  o f  g e r m i n a t i o n  w i t h in  a  
g iven  s a m p le  o f  seeds  m a y  b e  c o r re l a t e d  
w i th  d i f f e r e n c e s  in s tages  of seed  d e v e lo p 
m e n t  w i t h in  th e  s a m e  f ru i t .  W h i l e  r e 
t a in in g  a  r e la t iv e ly  h ig h  p e r c e n ta g e  of 
g e r m in a t io n ,  seeds  a r e  u n i f o r m l y  s lo w e r  
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in g e r m i n a t i n g  a f t e r  p r o l o n g e d  s to rag e .  
T h i s  m a y  be  d u e  to  th e  a c c u m u l a t i o n  of 
g a se s  s u c h  a s  c a r b o n  d io x id e  w h i c h  m a y  
i n c r e a s e  th e  p r e s s u r e  in th e  a i r -g a p .  M o v e 
m e n t  o f  o x y g e n  a n d  w a t e r  t h r o u g h  the  
m ic r o p y l e  m a y  he r e d u c e d  as  a r e su l t  of  
t h a t  p r e s s u r e .

T h e  e f fe c t  of  t e m p e r a t u r e  o n  g e r m i n a 
t ion  m a y  b e  a d i r e c t  e f fec t  o n  c h e m ic a l  
p ro c e s s e s  a n d  o n  th e  d i f f u s io n  o f  gases.  
T e m p e r a t u r e  a n d  a v a i l a b i l i ty  o f  w a t e r  
m a y  in f lu e n c e  c a r b o h y d r a t e  d ig e s t io n  a n d  
r a te  o f  r e s p i r a t i o n .  T e m p e r a t u r e s  o f  2 0 °C  
a n d  l o w e r  r e t a r d  g e r m in a t io n .  At t e m 
p e r a t u r e s  o f  2 5 ° C  to  30°C , w a t e r  is a 
l im i t in g  f a c t o r  in g e r m in a t io n .

T h e  f a c t  t h a t  th e  in i t ia l  r a te  o f  g e r m i n a 
t io n  is h i g h e r  in th e  d a r k  t h a n  in  th e  l ig h t  
m a y  r e s u l t  f r o m  th e  e f fe c t  o f  l igh t  on  the  
m o b i l i z a t io n  o f  s to re d  foods .

G e r m in a t io n  o f  seeds  a n d  ra te s  of  
g r o w t h  o f  a n c h o t é  s e e d l in g s  a r e  id en t i c a l  
w i th  th o se  in  Cucurbita  ( W h i t i n g  1938) 
a n d  Citrullus  ( H u f f o r d  1938).
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K aryologische Untersuchungen in der Gattung Echium  L.

Von Barbara Fritsch
T h älm an n s  trasse  10, 

DDR-4325 Gatersleben, 
Deutsche Dem okrat ische  Republik

ABSTRACT

F r it sc h , B. 1973. Karyologische U nte rsuchungen  in der Gattung E chium  L. —  Bot. 
Notiser 126:450— 458.

Chrom osom e n u m b ers  have been de te rm ined  fo r  12 species of the genus E c h iu m  
L. F o r  3 species id iogram s are  presented , a n d  fo r  4 species the m o rpho logy  of 
chrom osom es is described. E. russicum  Gm e l . has  n = 6 ,  very large ch rom osom es  
and  s tands  isolated w ith in  the genus. E. i ta licum  L. h a s  n =  8, including a large 
satellite  chrom osom e.  E. w ildpretii  P e a r s , represen ts  a th ird  type with n  =  8 and  
chrom osom es of n o rm a l  size. C hrom osom e n u m b ers  a n d  m orpho logy  give reason  
to establish 4 groups,  which  m ight  he re fe rred  to th ree  d istinct ways of evolution. 
T he  prob lem at ic  exis tence of diploid p lan ts  in E. vulgare  L. is briefly discussed. 
A list of all h i ther to  k n o w n  ch rom osom e n u m b ers  w ith in  the genus is given.

E I N L E I T U N G

Die G a t tu n g  E c h i u m  ist e in  u m f a n g 
r e ic h e r  u n d  s e h r  v a r i a b l e r  V e r w a n d t 
s c h a f t s k re i s .  Sie u m f a ß t  S t r ä u c h e r ,  S t a u 
d e n ,  B ie n n e  u n d  A n n u e l le ,  d ie  in  M a c a ro -  
n e s ien ,  im  M i t te lm e e rg e b ie t ,  in  W es t- ,  
Mit te l-  u n d  O s te u r o p a  so w ie  in W e s ta s i e n  
V o rk o m m e n .  B is je tz t  w u r d e n  e tw a  200 
A r te n  b e s c h r i e b e n ,  v o n  d e n e n  n a c h  d e n  
U n t e r s u c h u n g e n  v o n  K l o t z  (1959) a b e r  
n u r  ca. 50 a n e r k a n n t  w e r d e n  k ö n n e n .  Die  
n o m e n k l a to r i s c h e n  V e r h ä l tn i s s e  in d e r  
G a t tu n g  s in d  d e s h a lb  s e h r  s c h w ie r ig .  Die 
v o r l ie g e n d e  A rb e i t  s c h l ie ß t  s ich  a u s  d ie s e m  
G r u n d e  bis a u f  w e n ig e  A u s n a h m e n  d en  
A u f f a s s u n g e n  v o n  K l o t z  an.

D ie  e rs te  i n f r a g e n e r i s c h e  G l ie d e ru n g  
n a h m  d e  C a n d o l l e  (1846) v o r .  E r  u n t e r 
s c h e id e t  k r a u t i g e  u n d  s t r a u c h i g e  A r te n  
u n d  b e w e r t e t  a u c h  die  D ic h te  d e r  Syn-  
f lo reszen z .  K o c h  (1849) t r e n n t  n a c h  d e r  
B e s c h a f f e n h e i t  des  G r if fe ls  d ie  S e k t io n e n  
H o lo s t i g m a  (m it  d e m  T y p  E. r u s s i c u m  
G m e l . ,  m o n o ty p i s c h )  u n d  S c h i z o s t i g m a  
(m it  d e m  T y p  E. i ta l i c u m  L., a lle  ü b r ig e n  
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A rte n ) ,  d e  C o i n c y  (1900, 1903) s tü t z t  s ich  
be i  s e in e r  E in t e i l u n g  a u f  die B e s c h a f f e n -  
he il  des  A n u lu s .  E r  stell t  d ie  d re i  S e k 
t io n e n  E ie  u th e  ro le pis ,  G a m o le p i s  u n d  
P a c h y le p i s  au f .  D iese  E in t e i l u n g  w u r d e  
v o n  f a s t  a l l e n  s p ä t e r e n  A u to re n  ü b e r 
n o m m e n .  D ie  n e u e s te  G l ied e ru n g  d e r  g e 
s a m te n  G a t tu n g  ist v o n  K l o t z  (1959) 
v o r g e n o m m e n  w o r d e n .  A u f  d e r  G r u n d la g e  
d e r  G e s a m tä h n l i c h k e i t  d e r  P f la n z e n  u n t e r 
s c h e id e t  e r  10 S e k t io n e n .  B r a m w e l l  
(1972) u n t e r s u c h t e  die  m a c a r o n e s i s c h e n  
A r t e n  u n d  g l ie d e r t  d iese  G r u p p e  in 8 S e k 
t io n e n .  S o w o h l  K l o t z  als a u c h  B r a m w e l l  
w e is e n  d a r a u f  h in ,  d a ß  die  G l ie d e ru n g  d e  
C o i n c y s  n i c h t  die n a tü r l i c h e  V e r w a n d t 
s c h a f t  w id e r sp ie g e l t .

Die  e r s t e n  C h r o m c s o m e n z a h l e n  vo n  
E c h i u m  s te l l te  S t  r e  y  (1931) fest .  E r  
u n t e r s u c h t e  6 A r te n .  L i t a r d i è r e  (1943) 
v e r ö f f e n t l i c h te  d ie  b i s h e r  u m f a n g r e i c h s t e  
L is te  v o n  C h r o m o s o m e n z a h l e n  in  d ie se r  
G a t tu n g .  E r  f ü h r t e  d ie  u n t e r s u c h t e n  A r te n  
d e m  S y s te m  v o n  d e  C o i n c y  e n t s p r e c h e n d  
a u f .  A m  E n d e  s e in e r  A rb e i t  b i ld e te  e r  a u f  
d e r  G r u n d la g e  d e r  C h r o m o s o m e n z a h l e n
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v ie r  G r u p p e n ,  die die  v o n  i h m  a n g e 
n o m m e n e n  P lo id ie g r a d e  r e p r ä s e n t i e r e n .  
E in e  w e i te r e  g r ö ß e r e  z y to lo g i s c h e  A rb e i t  
l eg te  B r i t t o n  (1951) v o r .  I n  d e n  le tz ten  
zw ei  J a h r z e h n t e n  w u r d e n  v o n  v ie len  
w e i t e r e n  E c h i u m - S ip p e n  die  C h r o m o 
s o m e n z a h l e n  fes tges te l l t .  B i s h e r  h a t  a b e r  
n u r  A r a r a t j a n  (1948) d e n  K a r y o t y p  e in e r  
A r t  (E. r u s s i c u m  G m e l . )  b e s c h r i e b e n .

Als G r u n d z a h l  i n n e r h a l b  d e r  G a t tu n g  
w i r d  x =  8 a n g e n o m m e n  ( S t r e y  1931, 
B r i t t o n  1951) bzw . x =  4, a u f  w e lc h e  
L i t a r d i è r e  (1943) se ine  P o l y p l o id r e i h e n  
a u f b a u t .  D a d u r c h  k a n n  e r  o h n e  S c h w i e r ig 
k e i te n  E .  r u s s i c u m  (2n =  24) a ls  h e x a p lo id e  
S tu f e  e in b e z ie h e n .  D a  be i  d ie se r  A r t  a b e r  
a u c h  2 n  =  12 C h r o m o s o m e n  g e z ä h l t  w u r 
d e n ,  k a n n  m a n  sie a u c h  n i c h t  a ls  t r ip lo id  
a u f  d e r  B a s is  x =  8 ( K l o t z  I960)  a n s e h e n .  
In d e r  v o r l i e g e n d e n  A rb e i t  soll  d e s h a lb  v e r 
su c h t  w e r d e n ,  d e n  A u s s a g e w e r t  v o n  Z ah l  
u n d  M o r p h o lo g ie  d e r  C h r o m o s o m e n  f ü r  
d ie  t a x o n o m i s c h e  G l ie d e ru n g  d e r  g e s a m te n  
G a t tu n g  d a rz u le g e n ,  u n d  i n s b e s o n d e r e  die  
C h r o m o s o m e n v e r h ä l t n i s s e  be i  E. r u s s i c u m  
zu  k l ä r e n .

MATERIAL UND M ET H O D E

Im B otan ischen  Garten Je n a  s tan d en  m ir  7 
Arten zu r  Verfügung. E. vulgare , E. russicum  
und E. ga d i ta n u m  w a ren  im F re i la n d  aus- 
gepflanzt,  E. p ininana, E. aculeatum, E. wild-  
pretii  u n d  E. candicans  w urd en  als  T o p f
pf lanzen  im K althaus gehalten. Im Sam en 
lausch  m it  an d eren  B otan ischen  Gärten k o n n 
ten die übrigen  u n te rsu ch ten  Arten erw orben  
werden. Von E. vulgare  k o n n te  ich an  ve r
sch iedenen  Orten  Sam en von W ildm ater ia l  
sam meln .

Von allen Arten w u rd en  ausschließlich 
W urze lsp itzen  un tersuch t ,  die en tw eder  den 
Topfba l len  oder  an Keimlingen en tnom m en  
w urden .  E ine  zweistündige V orbehand lung  
des Materials m it  einer gesättigten w äßrigen  
Lösung von  Pa rad ich lo rbenzo l  bei Z im m er
t em p e ra tu r  erwies sich als notwendig ,  um 
die Inse r t io n en  an  den C hrom osom en  sicht
ba r  zu m achen .  Nach der ein- bis zwei
s tündigen F ix ierung  in Alkohol/Eisessig 3: 1 
hei Z im m er tem p e ra tu r  w u rd e n  die W u rze l 
spitzen m it  n-HCl hydrolis iert ,  en tw eder  10 
m in  lang bei 60°C oder 12 min lang bei 
Z im m ertem p era tu r ,  m eh rm als  mit W asse r  
gespült u n d  in E isen-K arm in-E ss igsäure  ü b e r 
führt .  N ach  m indestens  24 Std. w a re n  die

C hrom osom en gefärbt  und  das Material 
k onn te  nach  der Q uetschm ethode  verarbe ite t  
w erden. Die Untersuchungen  erfo lgten mit  
einem Mikroskop Zeiss Lg OB (Objektiv 
Zeiss HI 90, Okulare  Zeiss 12,5X bzw. 15X). 
Die L ängenm essung  der C hrom osom en  w urde  
m it dem  Zeiss Schrauben-M essokular  a u s 
geführt ,  die Z eichnungen mit Hilfe eines 
Abbe’sehen Zeichenappara tes .

E R G E B N I S S E

V o n  E. r u s s i c u m ,  E . w i ld p r e t i i  u n d  E. 
i ta l i c u m  lag  so viel  M a te r ia l  vo r ,  d a ß  ich  
I d i o g r a m m e  a u f s t e l l e n  k o n n t e  (Abb. 1). 
V o n  w e i te r e n  9 A r t e n  e r m i t t e l t e  ich  die  
C h r o m o s o m e n z a h l e n  (Abh. 2).

E c h i u m  r u s s i c u m  G m e l .  —  2n =  12 
(Abb. 1 A)

Die C h r o m o s o m e n  s in d  be i  d ie s e r  A r t  
b e d e u t e n d  g r ö ß e r  a ls  be i  a l l e n  a n d e r e n  
A r te n .  Sie l a s se n  s ich  n a c h  i h r e r  F o r m  
g u t  a n s p r e c h e n  u n d  u n t e r s c h e id e n  sich in 
d e n  S c h e n k e l v e r h ä l tn i s s e n  k l a r  v o n e i n a n 
d e r .  D ie  v o n  A r a r a t j a n  b e s c h r i e b e n e  
M o rp h o lo g ie  k o n n t e  ich  im  P r i n z ip  b e 
s tä t ig e n .  S o m i t  u n t e r s c h e id e t  s ich  E. r u s s i 
c u m  s o w o h l  d u r c h  die  G r u n d z a h l  x =  6 a ls  
a u c h  in d e r  G rö ß e  d e r  C h r o m o s o m e n  v o n  
a l l e n  u n t e r s u c h t e n  A r te n  s e h r  e i n d r u c k s 
voll.  E s  ä h n e l t  in d ie s e n  M e r k m a l e n  k e in e r  
a n d e r e n ,  b i s h e r  u n t e r s u c h t e n  Art.

E c h i u m  w i l d p r e t i i  P e a r s ,  ex H o o k ,  

e i l .  —  2 n = 1 6  (Abb. 1 B)

D e r  d ip lo id e  C h r o m o s o m e n s a t z  b e s t e h t  
a u s  8 v e r s c h i e d e n e n  P a a r e n ,  d ie  s ic h  z u m  
T e i l  d e u t l i c h  in  F o r m  u n d  L ä n g e  u n t e r 
s c h e id e n .  Bei d e n  S A T - G h r o m o s o m e n  b e 
f in d e n  s ich  die  S a te l l i te n  a u f f a l l e n d e r 
w e ise  a m  la n g e n  S c h e n k e l  d e r  C h r o m o 
so m e n .  2 C h r o m o s o m e n  p a a r e  s in d  iso- 
h r a c h ia l ,  4 P a a r e  h e t e r o b r a c h i a l  in se r ie r t ;  
hei 2 P a a r e n  w a r  k e in e  I n s e r t i o n  e r k e n n 
b a r .

E c h i u m  i t a l i c u m  L. —  2 n  =  16 (Abb. 1 C)

I m  C h r o m o s o m e n s a t z  d ie se r  A r t  fä ll t  
e in  P a a r  b e s o n d e r s  g r o ß e r  C h r o m o s o m e n
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Tabelle  1. C hrom osom enzah len  der u n te rsu ch ten  Arten.

Art 2n H erkunf t  des Materials

E. acu lea tum  PoiR............................................  16
E. candicans  L. FIL.............................................  16
E. l io f fmannseggii  L i t ......................................... 16(32)
E. g a d i ta n u m  BoiSS .............................................. 32
E. i ta l icum  1............................................................  16
E. lycopsis  Gr u f b .................................................. 16
E. p in inana  W eb b  & B e r t h ............................  16

E. russ icum  Gm e l ...................................................  12
12(24)

E. sp inescens  Me d ................................................... 16
E. th yr s i f lo ru m  Masson  ex L ink in B uch  16

E. vulgare  L ............................................................. 32

E. w i ld  pretii  P e a r s , ex H oo k , f i l ...................  16

Bot. Garten  Oro tava  
Bot. Garten Jen a
Bot. Garten Coimbra  (W ildm ateria l)
Bot. Garten  Coimbra (W ildm ateria l)
Bot. Garten  B udapes t  (W ildm ateria l)
Bot. Garten Coimbra  (W ildm ateria l)
Bot. Garten  Coimbra  (W ildm ateria l)  ;
Bot. Garten Orotava
Bot. Garten  Uppsala
Bot. Garten  Szeged
Bot. Garten Uppsala
Bot. Garten  Oslo (W ildm ater ia l) ;  Bot.
Garten Barce lona
Bot. Garten Uppsala ;  W ild m ate r ia l  
Jena ,  Bad Langensalza,  Cottbus, 
Gatersleben, Rum änien  
Bot. Garten  Oro tava

a u f ,  d ie  a u c h  e in e n  S a te l l i te n  t r a g e n .  Die  
L ä n g e  d ie s e r  C h r o m o s o m e n  ü b e r t r i f f t  die  
d e r  a n d e r e n  be i  w e i te m .  A u c h  be i  E. itali-  
c u m  s i n d  2 C h r o m o s o m e n p a a r e  i s o b r a c h ia l  
u n d  4 P a a r e  h e t e r o b r a c h i a l  i n se r ie r t ,  
w ä h r e n d  die  r e s t l i c h e n  2 P a a r e  k e in e  
I n s e r t i o n e n  zeigen.  A u ß e r  d e m  b e r e i t s  
b e s c h r i e b e n e n  P a a r  t r a g e n  a u c h  die  
C h r o m o s o m e n  e in es  d e r  k l e in e n  l ie te ro -  
h r a c h i a l e n  P a a r e  Sa te l l i ten .

E c h i u m  c a n d i c a n s  L. f i l .  2n  =  16 
(Abb. 2 H)

Die  C h r o m o s o m e n  d ie s e r  A r t  u n t e r 
s c h e id e n  sich a u f  d e n  e r s t e n  B l ick  k a u m  
v o n  d e n e n  d e r  f o lg e n d e n  A r te n ;  sie s in d  
k l e in  (1,4 p m  b is  2,3 pin lan g )  u n d  ze igen  
k e in e  k r a s s e n  G r ö ß e n u n t e r s c h i e d e .  Bei 
g e n a u e r e r  U n t e r s u c h u n g  e r k e n n t  m a n  4 
S a t e l l i t e n c h r o m o s o m e n ,  v o n  d e n e n  2 b e 
s o n d e r s  g r o ß e  S a te l l i te n  t r a g e n ,  d ie  oft  
w ie  d ie  k u r z e n  S c h e n k e l  vo n  h e te ro -  
b r a c h i a l e n  C h r o m o s o m e n  w i r k e n .

E c h i u m  t h y r s i f l o r u m  M a s s .  —  2 n  =  16 
(Abb.  2 E)

A u c h  hei d ie s e r  Art  s in d  d ie  b e s o n d e r s  
g r o ß e n  Sa te l l i ten  des  e in e n  P a a r e s  b e 
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m e r k e n s w e r t .  W i r  f in d en  h i e r  e b e n f a l l s  
w ie d e r  2 i s o b r a c h ia l e  C h r o m o s o m e n 
p a a r e .  Die ü b r i g e n  5 P a a r e  u n d  d a s  P a a r  
S A T - C h r o m o s o m e n  s in d  h e t e r o b r a c h i a l  i n 
se r ie r t .  D ie  L ä n g e  d e r  C h r o m o s o m e n  
s c h w a n k t  z w i s c h e n  1,9 p m  u n d  2,7 p m .

E c h i u m  ly c o p s i s  G r u f b .  —  2 n  =  16 
(Abb. 2 A)

D u r c h  1 C h r o m o s o m e n p a a r  m it  S a te l l i 
ten ,  2 P a a r  i s o b r a c h i a l e  u n d  5 P a a r  
h e t e r o b r a c h i a l e  C h r o m o s o m e n ,  die a l l e s a m t  
z w isc h e n  1,4 p m  u n d  1,S p m  lan g  s in d ,  
w i r d  diese  A r t  c h a r a k te r i s i e r t .

E c h i u m  v u l g a r e  L. 2n  =  32 (Abb. 2 D)

D ie  vo n  m i r  u n t e r s u c h t e n  P f l a n z e n  s in d  
t e t r a p l o i d  u n d  e n th a l t e n  im C h r o m o s o m e n 
sa tz  4 P a a r  i s o b ra c h ia le ,  10 P a a r  l ie te ro -  
h r a c h i a l e  u n d  2 P a a r  S A T - C h r o m o s o m e n .  
Die  Sa te l l i ten  s in d  n i c h t  i m m e r  a lle  g l e i c h 
zei t ig  s i c h tb a r .  D ie  C h r o m o s o m e n  sind  
e b en fa l l s  s e h r  k le in  (1,5 p m  bis 2,5 p m  
l a n g ) .
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E e h i u n i  a c u l e a t u m  L. f i l . —  2n  =  16 
(Abh. 2 F )

E .  h o f f m a n n s e g g i i  L i t . —  2 n =  16(32) 
(Abb. 2 B, C)

E .  p i n i n a n a  W e h b  —  2 n =  16

FL g a d i t a n u m  B o iss .  

E .  s p i n e s c e n s  M e d .  

V on d ie sen  A r ten

-  2n  =  32 (Abb. 2 G) 

2 n  - 1 6

lag  w e n ig  M a te r ia l  
vor .  D e s h a lb  k o n n t e n  n u r  d ie  C h r o m o 
s o m e n z a h le n  b e s t im m t  w e r d e n .

Bei E. h o f f m a n n s e g g i i  f a n d  ieli in e in  
u n d  d e r s e lb e n  W u r z e l  n e b e n  m e h r e r e n  
M e t a p h a s e n p la t t e n  m it  2 n =  16 (Abb. 2 B) 
a u c h  e ine  P l a t t e  m it  2 n =  32 C h r o m o s o m e n  
(Abb. 2  C ) . L i t a r d i è r e  (1943) g ib t  7 

A rte n  an ,  bei d e n e n  16 u n d  32 bzw .  14 
u n d  23 C h r o m o s o m e n  in e in e r  P f l a n z e  
V o r k o m m e n .  N a c h  d e n  F e s t s t e l l u n g e n  
A r a r a t j a n s ,  d ie  ich im  P r i n z ip  b e s tä t ig e n  
k a n n ,  t r e t e n  m a n c h m a l  im  P e r i b l e m  u n d  
D e r m a t o g e n  d e r  W u r z e l  p o ly p lo id e  Zel len  
a u f ,  die  n u r  e n d o m i t o t i s c h  e n t s t a n d e n  sein 
k ö n n e n .  S o lc h e  A r te n  s in d  d e s h a lb  m it  
S i c h e r h e i t  a l s  d ip lo id  z u  b e z e ic h n e n .  Bei 
E. i ta l i c u m  u n d  E. r u s s i c u m  la s se n  die  
v o r l ie g e n d e n  Z a h le n  j e d o c h  d ie  V e r m u tu n g  
zu, d a ß  d i p lo i d e  u n d  t e t r a p l o i d e  R a s s e n  
o d e r  I n d i v id u e n  n e b e n e in a n d e r  V o r k o m 
m en  k ö n n te n .  F ü r  L o b o s t e m o n  s in d  so lc h e  
F ä l le  v o n  L e v y n s  (1934) b e s c h r i e b e n  
w o rd e n .

S a t e l l i t e n c h r o m o s o m e n  s in d  im Satz  
j e d e r  u n t e r s u c h t e n  A r t  v o r h a n d e n .  E in ig e  
A u to r e n  g e b e n  d ie  S a te l l i te n  in i h r e n  
Z e i c h n u n g e n  a n ;  a n d e r e ,  w ie  S t r e y  (1931) 
u n d  L i t a r d i è r e  (1943),  s a h e n  sie  n u r  bei 
e in e m  T ei l  d e r  A r te n .  Die Z a h l  d e r  S a 
tel l i ten  s t i m m t  m e is t  m i t  d e m  P lo id ie g r a d  
d e r  Art ü b e r e i n  (E. r u s s i c u m  u n d  E. w i ld -  
pre t i i ,  d ip lo id ,  2  S a te l l i te n ;  E. vu lg a re ,  
t e t r a p lo id ,  4 S a te l l i t e n ) ,  d o c h  t r i f f t  d ies  
f ü r  E. i ta l i c u m  u n d  E. c a n d ic a n s  (d ip lo id ,
4 S a te l l i te n )  n i c h t  zu.

DISKUSSION

E in e  E in t e i l u n g ,  d ie  s ich  n u r  a u f  die  
C h r o m o s o m e n z a h l e n  s tü tz t ,  w ü r d e  n i c h t

I l i l iBm il l
O n

5 j u m

nisi.
! ■

Abb. 1. Idiogramme von E c h iu m .  — A: E. 
ru s s ic u m .  —  B: E. w i ld p r e t i i .  —  C: E. i ta 
l icum .

d ie  w i r k l i c h e n  V e r w a n d t s c h a f  t s v e r h ä l t -  
n isse  w id e r sp ie g e ln .  D ie  g le ich ze i t ig e  
B e r ü c k s ic h t i g u n g  d e r  C h r o m o s o m e n m o r 
p h o lo g ie  g ib t  u n s  d a g e g e n  e in ige  A n h a l t s 
p u n k t e  f ü r  e in e  n a t ü r l i c h e  G l ie d e ru n g .  
Die 7 A r te n ,  d ie  z y to m o r p h o l o g i s c h  g e n a u e r  
u n t e r s u c h t  w e r d e n  k o n n t e n ,  la s se n  s i c h  in 
fo lg e n d e  G r u p p e n  e in te i len :

1 . A r te n  m i t  2 n  =  16 a n n ä h e r n d  g l e i c h 
g r o ß e n  C h r o m o s o m e n ,  v o n  d e n e n  4  

e in e n  S a te l l i t e n  t r a g e n .
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Abb. 2. C hro m o so m en  von E ch ium .  — A: E. Igcopsis.  —  B, C: E. h o f fm annsegg ii .  — 
1): E. vulgare.  —  E: E. thyrs i f lo rum .  —  F: E. aculeatum.  —  G: E. g a d i tanum .  —  II:

E. candicans.

2 . A r te n  m i t  2 n = I 6  C h r o m o s o m e n ,  v o n  
d e n e n  4 e in e n  S a te l l i t e n  t r a g e n ,  2 
C h r o m o s o m e n  s in d  b e s o n d e r s  g ro ß .

3. A r te n  m i t  2 r i =  16 (32) a n n ä h e r n d  g l e i c h 
g r o ß e n  C h r o m o s o m e n ,  v o n  d e n e n  2(4) 
e in e n  S a t e l l i t e n  t r a g e n .

4. A r t e n  m i t  2 n = 1 2 ( 2 4 )  a n n ä h e r n d  g l e i c h 
g r o ß e n  C h r o m o s o m e n ,  v o n  d e n e n  2(4) 
e in e n  S a te l l i t e n  t r a g e n .

D e r  V e r t r e t e r  d e r  G r u p p e  1, E. c a n d i 
c a n s , ist a u f  d e n  k a n a r i s c h e n  I n s e ln  b e h e i 
m a t e t  u n d  w ä c h s t  in  d e r  F o r m  e ines  
h o lz ig e n  K a n d e l a b e r b ä u m c h e n s .  D ie  a u s 
g e g l ic h e n e  G rö ß e  d e r  C h r o m o s o m e n  gilt  
a ls  e in  Z e ic h e n  f ü r  U r s p r ü n g l i c h k e i t ,  
e b e n s o  d ie  h o lz ig e  S p r o ß a c h s e  d e r  P f l a n 
zen .

D e m g e g e n ü b e r  m u ß  die  a n d e r e  G r u p p e  
m i t  11 =  8  u n d  2  S a t e l l i t e n c h r o m o s o m e n  
( G r u p p e  2) im  P r i n z ip  a ls  a b g e le i t e t  b e 
t r a c h te t  w e r d e n ,  w e i l  h i e r  e in  b e s o n d e r s  
g r o ß e s  Sa te l l i ten  C h r o m o s o m e n  v o r h a n d e n  
is t  u n d  d e r  e inz ige  b i s h e r  b e k a n n t e  V e r 
t r e t e r  [E. i ta l ien  in)  k r a u t i g  ist.

D iese  E n t w i c k l u n g s r i c h t u n g  (ein b e s o n 
d e r s  g r o ß e s  S a t e l l i t e n c h r o m o s o m ,  k r a u t i g e r  
S p r o ß )  se tz t  E. a s p e r r i m u m  f o r t ,  d a s  ich  
l e id e r  n i c h t  s e lb e r  ü b e r p r ü f e n  k o n n t e .  
L i t a r d i è r e  (1943) z e ic h n e te  e in e  M e ta 
p h a s e p la t t e  d i e s e r  Art.  D e r  G e s a m te in d r u c k  
g le ic h t  d e m  v o n  E. i ta l i c u m ,  n u r  fe h l t  im  
S a tz  e in  P a a r  k l e in e r  C h r o m o s o m e n .  
M o r p h o lo g i s c h  s t e h e n  s ich  b e id e  A r te n  
n a h e  ( K l o t z  1960) .  Die  C h r o m o s o m e n 
m o r p h o lo g i e  d e r  r e s t l i c h e n  d re i  A r te n  d e r
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S e k t io n  I ta l ica  is t  n i c h t  b e k a n n t ;  C h r o m o 
s o m e n z a h le n  l ieg en  n u r  v o n  E. f l a v u m  v o r  
( 2 n = 1 6 [ 3 2 ] ) .  E s  ist n o c h  zu k l ä r e n ,  ob  
d ie  o b e n  b e s c h r i e b e n e  C h r o m o s o m e n 
m o r p h o lo g ie  f ü r  a l le  S ip p e n  d e r  S e k t io n  
I ta l ica  c h a r a k te r i s t i s c h  ist.

D ie  in d e r  d r i t t e n  G r u p p e  z u s a m m e n 
g e f a ß t e n  A r t e n  b e s i tz e n  im  h a p lo i d e n  Satz  
n u r  ein S a t e l l i t e n c h r o m o s o m .  I n  d e r  L ä n g e  
u n t e r s c h e id e n  s ich  d ie  C h r o m o s o m e n  n i c h t  
b e d e u t e n d  v o n e in a n d e r .  D ie se r  T y p  is t  
w e i t  v e r b re i t e t  u n d  s c h l ie ß t  s o w o h l  h o lz ig e  
w ie  a u c h  k r a u t ig e ,  p e r e n n i e r e n d e  w ie  
a n n u e l l e  V e r t r e t e r  e in .  A us  d ie s e m  F o r m e n 
k r e i s  k ö n n t e n  d u r c h  A u to -  o d e r  A l lo p lo id ie  
t e t r a p l o i d e  S ip p e n  w ie  E .  g a d i t a n u m  
h e r v o r g e g a n g e n  sein.

E in  G le ich es  t r i f f t  a u c h  f ü r  E. v u lg a r e  
zu, d o c h  ist n e b e n  d e r  a u s  d e m  s u b 
a t l a n t i s c h e n  u n d  s u b k o n t i n e n t a l e n  B e r e ic h  
E u r o p a s  b e k a n n t e n  C h r o m o s o m e n z a h l  2 n  
==32 a u c h  d ie  Z a h l  2 n  =  16 a n  M a te r ia l  
a u s  d e m  R a n d g e b i e t  des  M i t te lm e e re s  f e s t 
g es te l l t  w o r d e n .  D a  es im  M it te lm e e rg e b ie t  
a b e r  a u c h  a n d e r e ,  v u lg a r  e-SLh n l ie h e  S i p p e n  
g ib t,  i s t  e in e  F e h l d e t e r m i n i e r u n g  des v o n  
d o r t  u n t e r s u c h t e n  M a te r ia l s  n i c h t  g a n z  
a u s z u s c h l i e ß e n  (B r i t t o n  1 9 5 1 ) .  A n d e r e r 
sei ts  w ä r e  es a b e r  a u c h  d e n k b a r ,  d a ß  die  
S ip p e n  ties v e r m u t e t e n  U r s p r u n g s g e b ie te s  
d e r  A r t ,  des  M i t t e lm e e r r a u m e s ,  d ip lo id  
s ind ,  w ä h r e n d  d ie  n o r d w ä r t s  v o r g e d r u n g e 
nen  S i p p e n  ih re  jetzige V e r b r e i tu n g  d u r c h  
d ie  m i t  e in e r  P o l y p lo id i s i e r u n g  v e r b u n d e n e  
g r ö ß e r e  A n p a s s u n g s f ä h ig k e i t  (R e e s e  1 9 5 7 ,  
IIA n e l t  19 6 6 )  ü b e r h a u p t  e r s t  e r r e i c h e n  
k o n n t e n .

D ie  G r u p p e  4 m i t  E. r u s s i c u m  l ä ß t  s ich  
a n  k e in e  d e r  o b e n  g e n a n n t e n  G r u p p e n  
a n s c h l i e ß e n .  Mit n  =  6 w e ic h t  d iese  A r t  
e r h e b l i c h  v o n  d e r  a l lg e m e in  v e r b r e i t e t e n  
G r u n d z a h l  x  =  8 ah .  Bis h e u te  s in d  w e d e r  
z y to lo g i s c h  ä h n l i c h e  S ip p e n  n o c h  V e r t r e t e r  
e in e r  m ö g l i c h e n  Ü b e r g a n g s g r u p p e  b e 
k a n n t .  E. a s p e r r i m u m  k a n n  k e in  Z w i s c h e n 
glied  se in ,  w e i l  es e in e r  g a n z  a n d e r e n  
E n t w i c k l u n g s r i c h t u n g  a n g e h ö r t .  E. r u s s i 
c u m  h a t  im  V erg le ich  z u  d e n  a n d e r e n  
A r t e n  z w a r  a u s g e s p r o c h e n  g r o ß e  C h r o m o 

s o m e n ,  die  s ich  a b e r  in i h r e r  M o rp h o lo g ie  
im  P r i n z ip  n i c h t  u n t e r s c h e id e n .  V on  d e n  
n =  6 C h r o m o s o m e n  t r ä g t  ein  h e te ro -  
b r a c h ia l e s  e in e n  Sa te l l i te n ,  d re i  a n d e r e  
s in d  e b e n fa l l s  h é t é r o b r a c h i a l  u n d  zw ei  
i s o b r a c h i a l  i n se r ie r t .  Die A r t  u n t e r s c h e id e t  
s ich  z y to lo g i s c h  u n d  m o r p h o lo g i s c h  i n s 
g e sa m t  so g u t  v o n  d e n  ü b r i g e n  A r t e n  d e r  
G a t tu n g ,  d a ß  es d u r c h a u s  g e r e c h t f e r t ig t  
e r s c h e in t ,  E. r u s s i c u m  in  e ine  e igene  
U n t e r g a t tu n g  z u  s te llen .

Mit d e r  G a t tu n g  E c h i u m  s e h r  n a h e  v e r 
w a n d t  s in d  L o b o s t e m o n  u n d  E c h io s ta c h y s .  
Seit J a h r e n  is t  m a n  s ich  ü b e r  d e n  s y s te 
m a t i s c h e n  R a n g  d ie s e r  S ip p e n  n i c h t  einig.  
W ä h r e n d  L e v y n s  (1934) u n d  B r i t t o n  
(1951) b e id e  a ls  s e lb s tä n d ig e  G a t tu n g e n  
a n s e h e n ,  b e z ie h t  J o h n s t o n  (1924, 1953) 
sie a u f  G r u n d  d e r  m o r p h o lo g i s c h e n  Ä h n 
l i c h k e i t e n  a ls  S e k t io n  L o b o s t e m o n  in  die  
G a t tu n g  E c h i u m  m i t  e in .  L e v y n s  z ä h l t e  
he i  b e id e n  S ip p e n  n =  7 C h r o m o s o m e n  
u n d  P o ly p lo id e  bis z u r  h e x a p l o i d e n  S tufe .  
N a c h  i h r e n  Z e i c h n u n g e n  s in d  die C h r o m o 
s o m e n  a l le  e tw a  g le ic h g ro ß ,  d o c h  t r e t e n  
hei e in ig e n  A r t e n  a u c h  g r ö ß e r e  a u f .  E s  
k o m m e n  a b e r  n i e m a ls  a u c h  n u r  a n n ä h e r n d  
so g r o ß e  C h r o m o s o m e n  w ie  he i  E. a s p e r r i 
m u m  vo r .  E in e  A b le i tu n g  ist ü b e r  diese  
A r t  s i c h e r  n i c h t  m ö g l ic h .  V o n  d e n  u n t e r 
s u c h t e n  A r te n  v o n  E c h i o s t a c h y s  u n d  L o b o 
s t e m o n  w u r d e n  b i s h e r  k e in e  K a r y o 
g r a m m e  a n g e fe r t ig t .  E in e  so lc h e  A rb e i t  
w ä r e  u n b e d in g t  n o tw e n d ig ,  u m  a u c h  au s  
z y to lo g i s c h e r  S ic h t  R a n g  u n d  S te l lu n g  
b e u r te i l e n  z u  k ö n n e n .  Bis zu  e in e r  z u f r i e 
d e n s t e l l e n d e n  K l ä r u n g  d ieses  P r o b l e m s  ist 
es s i c h e r  a n g e b r a c h t ,  E c h i u m ,  E c h i o s t a 
c h y s  u n d  L o b o s t e m o n  a u f  g le ic h e r  R a n g 
s tu fe  n e b e n e i n a n d e r  z u  f ü h r e n .

Die vorliegende Arbeit  ist die ve ränderte  
u n d  erweiterte  Fassu n g  m einer  D iplomarbeit ,  
die ich an  der Sektion  Biologie de r  Fr iedrich-  
Schiller-Universität  Je n a  schrieb. Besonders 
m öchte  ich Prof.  Dr. G. Klot z  fü r  die 
B e treuung  der D iplomarbeit ,  die nom enkla -  
torische Ü berprüfung  der Arten u n d  die 
D urchsich t  des M anuskr ip ts  danken .  Dr. L. 
Le p p e r  bin  ich fü r  die E in fü h ru n g  in die 
A rbeitsmethodik  un d  zahlreiche Hinweise zu 
D ank  verpflichtet.
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T ab e lle  2. Liste der in de r  Gattung E ch ium  b ek an n ten  C lirom osom enzahlen .

Art Autor (veröffentl.  als)

E. aculeatum  P o i r ....................  1(5
1(5; 16/32

E. a sp err im u m  Lam.................. 1-1

14 ;1 4 /2 8
E. candicans  L. FIL..................  1(5
E. fa s tu o su m  S a l i s b .................  8
E. f la vu m  D e s f ....................................... 1(5; 16/32
E. ga d i ta n u m  B o i s s ...................  1(5

32

E. gentiano ides  W e b b  ....................... 1(5
E. g iganteum  L. f i i ..............................  1(5

E. handiense  S v e n t .............................. 1(5
E. h o f fm a n n seg g ii  L i t   1(5

1(5 (32)
E. horr idum  B a t t .................................. 1(5
E. i talicum  L ............................................  1(5

1(5/32
32

E. leucophaeum  W E B B   1(5
E. lusi tan icum  L..........................  8 1(5

1(5
E. lycopsis  G r u f b ........................ 8

8 1(5

1(5

E. m a r it im u m  WlLLD...........................  1(5

E. m ic ra n th u m  S ch o u sb .  . . . 16; 16/32

E. on o sm a e fo liu m  W e b b  &
B e r t h .....................................................  1(5

E. p a rv i f lo ru m  M o e n c h  . . . .  1(5
E. p in inana  W e b b  & B e r t h .  1(5

E. russ icum  G m e l ................................  12
12(24)
24

E. sabulico lum  P o m e l  subsp.  
decipiens  (P o m e l )  K l o t z
var. decipiens  ................................  1(5

E. se tosum  Y a h i ..........................  8

E. s im plex  DC.......................................... 1(5

E. sp inescens  M e d ...................... 8
16

B r i t t o n  1951; L a r s e n  1960; vorl.  Arbeit 
L i t a r d i è r e  1943
L i t a r d i è r e  1941 (h isp id is s im u m ) ;  D e l a y
1969 n a ch  Index 19(59 
L i t a r d i è r e  1943 
vorl. Arbeit 
L e v y n s  1934 
L i t a r d i è r e  1943 
B r i t t o n  1951 (ro su la tu m )
S t r e y  1931 (ro su la tu m ) ; L i t a r d i è r e  1943 
{rosulatum} ; vorl. Arbeit 
B o r g e n  19(59
M i c h a e l i s  1964; B o r g e n  1970; B r a m w e l i .  et 
al. 1971 
B o r g e n  1970
L i t a r d i è r e  1943; G a r d é  & M a l h e i r o s - G a r d é  
1953 (tu b ercu la tu m ) ;  R o d r i g u e s  1953 (tuber- 
culatu m) 
vorl. Arbeit 
L i t a r d i è r e  1943
P o d l e c h  u. D i e t e r l e  1969; M a j o v s k y  e t  al.
1970 nach  Index 1970; S t r i d  1971; vorl. Arbeit 
L i t a r d i è r e  1943
G a d e l l a  et al. 19(5(5 
B r a m w e l l  et al. 1971 
B r i t t o n  1951
S t r e y  1931; L i t a r d i è r e  1943 
S t r e y  1931 (plantagineum)  ; S u g i u r a  1936 
L i t a r d i è r e  1943 (p la n ta g in eu m ) ; B r i t t o n
1951 (p lantagineum  +  2 Var.)
B o r g e n  1970 (p lan tag ineum ); S t r i d  1971; 
vorl. Arbeit 
L i t a r d i è r e  1943 
L i t a r d i è r e  1943

B o r g e n  1970 
D a h l g r e n  et al. 1971
L i t a r d i è r e  1943; B r i t t o n  1951; B o r g e n  1969; 
vorl. Arbeit
Z h u k o v a  19(57 nach  Index 19(57 
A r a r a t j a n  1948 (rubrum)-, vorl. Arbeit 
L i t a r d i è r e  1941; L i t a r d i è r e  1943 (rossicum)  ; 
P o l y a  1950; M a j o v s k y  et al. 1970 nach  Index 
1970

L i t a r d i è r e  1943 (m odestum  var. decipiens)  
E l - S a d e k  & A s h o u r  1972 
B r a m w e l l  et al. 1971 
S u g i u r a  1936 (creticum)
L i t a r d i è r e  1943 (australe  L a m . )  ; vorl.  Arbeit
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Art 2n Autor (veröffentl.  als)

E. s tr ic tum  L.  f i l
16

subsp. exaspera tum
( W e b b ) B r a m w e l l   8

E. sventenii  B r a m w e l l  . . . .  8
E. th yrs i f lo ru m  M a s s o n  ex  

L i n k  in B u c h  ........................

E. triste  S v e n t .  subsp. niva-
riense  S v e n t .....................  8

E. th ryg o rrh izu m  P o m e l  . . .  8
E. v io laceum  L .................  8
E. virescens  DC...........................

E. vulgare  L ........................ 8

E. w ebb ii  C o i n c y  ........................
E. w i ldpreti i  P e a r s ,  ex H o o k .

16
16

16

16
16
16, ‘24 
16 
16
16, 32

32
32

16

L i n d e r  & L a m be r t  1965
L arse n  1960; B orgen  1969; B r a m w e l l  et al. 
1971

B r a m w e l l  et al. 1971 
B r a m w e l l  et al. 1972

L i t a r d i è r e  1943 (decaisnei)  ; L a r s e n  I960  
(decaisnei) ; B o r g e n  1969 (decaisnei ); vorl.  
Arbeit

B r a m w e l l  et al. 1972 
R e e s e  1957 (pycnanthum )
B ritton  1951 
L it a r d iè r e  1943 
B or gen  1970
D e l a y  1969 nach Index 1969 
S t r i d  1971
L i t a r d i è r e  1943 (+lacaitae)
Strey  1931 
B r it ton  1951
F a h m y  1951 nach  L ö v e  & L ö v e  1961; L ö v e  
& L ö v e  1956 nach  L ö v e  & L ö v e  1961; 
M u l l i g a n  1957; G a d e l l a  et al. 1966; vorl.  
Arbeit
B r a m w e l l  et al. 1972

D i  F u l v i o  1965 (bourgaeanum)
S t r e y  1931; L i t a r d i è r e  1943; B r i t t o n  1951; 
L a r s e n  1960 (bourgaeanum);  vorl. Arbeit

Z IT IE R T E  LITE R A T U R

A r a r a t j a n ,  A. G. 1948. ü b e r  den K aryotyp  
u nd  Mixoploidie bei E ch ium  ru b ru m  J a c q .

Dokl. Akad. Nauk. SSSR, Ser. Biol. 59: 
1333— 1335. [In Russisch.]

B o r g e n ,  L. 1969. C hrom osom e n u m b ers  of 
v a scu la r  p lan ts  f rom  the C anary  Islands,  
w i th  special reference lo the occurrence  
of polyploidy. —  Nytt Mag. Bot. 16: 81— 
1 2 1 .

1970. C hrom osom e num bers  of  Macaro- 
n e s ian  f lowering plants. — Nytt Mag. Bot. 
17: 145— 161.

B r a m v v e l l ,  D. 1972. A revision of the genus 
E ch iu m  in M acaronesia.  — Lagascalia  2: 
37— 115.
H u m p h r i e s ,  C. J., M u r r a y ,  B. G. & O w e n s ,
S. J.  1971. C hrom osom e num bers  in p lan ts  
f ro m  (lie C anary  Islands. — Bot. Notiser 
124: 376— 382.
—  —  & —  1972. Chrom osom e studies in 
the f lo ra  of M acaronesia.  — Bot. Notiser 
125: 139— 152.

31

B r i t t o n ,  I). M. 1951. Cytogenetic  studies in 
the Boraginaceae.  —  Britton ia  7: 233— 266.

D a h l g r e n ,  R., K a r l s s o n ,  T h .  & L a s s e n ,  P.
1971. Studies on  the f lora  of  the Balearic  
Islands I. C hrom osom e n u m b ers  in Bale
aric  angiosperm s.  — Bot. Notiser 124: 
249— 269.

d e  C a n d o l l e ,  A. 1846. P ro d ro m u s  systematis 
na tu ra l is  regni vegetabilis. Vol. 10. — 
Paris.

d e  C o i n c y ,  A. 1900. Sec tionement du genre 
E ch iu m  (sensu st ricto). —  In E. P e r r o t ,  
Actes du 1er congres In tern ,  de Botanique 
tenu  a Paris.  [Nach K l o t z  1959.]

— 1903. Le E ch iu m  de la section des Pachy- 
lepis sect. nov. —  Bull. Herb.  Boiss. Sér.
2. 4: 261— 277, 488— 499.

Di F u l v i o .  T. K. 1965. Recuentos c romöso- 
micos en Boraginaceae.  —  K urtz iana  2: 
131— 132.

E l - S a d e k ,  L. M. & A s h o u r ,  F .  M. 1972. 
C hrom osom e counts  of som e Egyptian  
plants.  — Bot. Notiser 125: 536.
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Ga d e l l a , T. W. J., Kl ip m u is , E. & Ma n n e g a , 
E. A. 1966. C hrom osom e n u m b ers  of some 
flowering p lan ts  of Spain a n d  S. France.
— Acta bot.  Neerl. 15: 484— 489.

Ga r d é , A. & Ma l h e i r o s -Ga r d é , N. 1953. 
Contribuiçâo p a ra  o estudo cariolôgico 
de a lgunas especies de ang iosperm icas  1.
— Gen. Iber. 5: 115— 124.

H a n e l t , P. 1966. Polyp lo id ie-Frequenz  und  
geographische  Verbrei tung bei höheren  
Pflanzen. —  Biol. R undschau  4: 183— 195. 

Index Io P lan t  C hrom osom e N um bers  for 
1967, 1969, 1970. —- Regnum  Vegetabile 
59(1969), 77(1971), 84(1972).

J o h n s t o n , J. M. 1924. Studies in the Boragi- 
naceae. —  Contrib. Gray Herb. 78.

—  1953. Studies in the  B orag inaceae  25. —  
Jo u rn .  Arnold Arbor, für  1953: 258— 299.

Kl o t z , G. 1959. Die system atische  Gliederung 
der Gattung E ch iu m  L., ein Beitrag zum 
Prob lem  der Gliederung von P f la n ze n 
sippen. — Habili ta t ionsschrif t ,  Mart in- 
Lu ther-U nivers itä t  Halle.

—  1960. Die in de r  UdSSR v o rk o m m en d en  
Echium -Arten  (eine kri t ische  Übersicht).
—  VViss. Z. Martin-Luther-Univ.,  Math.- 
Nat. Reihe 9: 363— 377.

—  1963. Die E chium -A rten  der CSSR. — 
Wiss.  Z. Martin-Luther-Univ.,  Math.-Nat. 
Reihe 12: 1 3 7 -  142.

K o c h ,  K. 1849. Beiträge z u  einer F lo ra  des 
Orientes 2. —  L innaea  22. [Nach K l o t z  
1959.]

L a r s e n , K. 1960. Cytological a n d  experimental  
studies on the f lowering p lan ts  of the 
C anary  Islands.  —  Biol. Skr. Dan. Vid. 
Selsk. 11(3).

L e v y n s , M. B. 1934. T he  cytology of Lobo- 
s tem on and  E ch ios tachys  in re la tion  to 
taxonom y. — Ann. Bot. 48: 355— 362.

L i n d e r ,  B. & L a m b e r t ,  A. M. 1965. E tude  
caryologique d ’endém iques  c an a r ien n es .  — 
Bull. Soc. Bot. F ran ce  112:234— 238.

L i t a r d i è r e ,  R. d e  1941. Recherches caryo- 
logiques et c a ryo taxonom iques  su r  les 
Boraginacées.  —  Bull. Soc. Hist.  Nat.  Afr. 
N ord  32: 315— 330.

—  1943. Recherches caryologiques et c a ry o 
taxonom iques  sur les B orag inacées  11. 
N om bres ch rom osom iques  d a n s  le genre 
E ch ium . — Boissiera 7: 155— 165.

L ö v e ,  A. & L ö v e ,  1). 1961. C hro m o so m e  
n u m b ers  of Centra l  an d  N o r th w es t  E u r o 
pean p lan t  species. — Opera Bot. 5.

M i c h a e l i s ,  G. 1964. C h rom osom enzah len  
e iniger k a n ar isch er  Endem ism en.  —  P la n ta  
62: 194.

M u l l i g a n ,  G. A. 1957. C hrom osom e n u m b ers  
of C anadian  weeds 1. —  Canad .  Jo u rn .  
Bot. 35: 779— 789.

P o d l e c h ,  D. & D i e t e r l e ,  A. 1969. C h ro m o 
som enstud ien  an a fghan ischen  Pflanzen. 
-  Candollea 24: 185— 243.

P o l y a ,  L. 1950. Magyarocszagi növen y fa jo k  
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Debrecensis 1 :46— 56.

R e e s e ,  G. 1957. Über die Po lyp lo id iespek tren  
in der n o rd sah ar isch en  W üsten f lo ra .  -— 
F lo ra  144: 598— 643.

R o d r i g u e s ,  J. E. d e  1953. C ontr ibucao  p a ra  
o conhecm ento  cariologico des ha lof i tas  e 
psam ofi ta s  litorais . — Dissert.,  Coimbra.

S t r e y ,  M. 1931. Karyologische S tudien an 
Boraginoideae.  —  P lan ta  14:682— 730.

S t r i d ,  A. 1971. C hrom osom e n u m b ers  in some 
Alban ian  angiosperm s. —  Bot. Notiser 124: 
490—496.

S u G i U R A ,  T. 1936. Studies on the ch rom osom e 
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Supplem ent to Flora o f Alaska and N eighboring  
Territories

A Study in the Flora of Alaska and the 
Traiisberingian Connection
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S -104 05 Stockholm, Sweden

ABSTRACT

H u l t é n , E. 1973. Supplem ent to F lo ra  of Alaska and  ne ighboring terri tories.  A study 
in the F lo ra  of Alaska an d  the Trai isber ing ian  connections.  —  Bot. Notiser 120: 
459— 512.

An a t tem p t  is m ad e  to co rre la te  the Russian  and  the Am erican  concept of those 
species tha t  occur  o r  a re  p resum ed  to occur on both sides of the Bering Strait,  
based on  studies in the L en ingrad  H erbarium . Reference is m ade  to recent l i te ra tu re  
on taxa dealt with in F lo ra  of Alaska and  Neighboring Territories.  Additions, 
correc tions  and  n o m en c la tu ra l  changes a re  discussed.

I N T R O D U C T I O N

W i t h  the  r e c e n t  d i s c o v e ry  o f  i m m e n s e  
oil a n d  gas r e s o u r c e s  o n  th e  A rc t ic  S lo p e  
o f  A la sk a ,  a n d  th e  s e r io u s  e co lo g ica l  
p r o b l e m s  in v o lv e d  in t h e  c o n s t r u c t i o n  of 
th e  p r o p o s e d  h e a t e d  p ip e l in e  a c r o s s  th e  
s ta te ,  A la sk a  h a s  s u d d e n l y  a d v a n c e d  f r o m  
a r e la t iv e ly  r e m o t e  p o s i t io n  in e n v i r o n 
m e n ta l  d i s c u s s io n  o f  i n te r e s t  m o s t ly  to 
A la sk a n s ,  to  a c e n t r a l  one .  T h e  u n 
in h a b i t e d  A rc t ic  o r  s u b -A rc t i c  w i ld e r n e s s ,  
so s e n s i t iv e  to h u m a n  in te r f e r e n c e ,  will  
r a p id ly  c h a n g e ,  a n d  o n e  o f  the  la s t  la rg e  
a r e a s  o f  u n d i s t u r b e d  n a t u r e  in th e  w o r ld  
will  h a v e  d i s a p p e a r e d .

It h a s  b e e n  e s t im a te d  t h a t  s o m e th i n g  
like  15,000 to  20 ,000  m e n ,  w o r k i n g  a lo n g  
a p r a c t i c a l l y  l in e a r  r o u te ,  w ill  b e  n e e d e d  
to c o m p le te  th e  p r o j e c t .  T h e  e f fec t  o f  s u c h  
a n  in f lu x  o n  th e  s u r r o u n d i n g  w i ld e r n e s s  
is o b v io u s .  T h o s e  c o n c e r n e d  w i th  t h e  fa te  
o f  th e  p r e s e n t  eco lo g ica l  u n i t s  m u s t  rea l iz e  
th e  n e ce ss i ty  o f  i n c r e a s in g  o u r  k n o w le d g e

o f  th e  f lo ra  a n d  f a u n a  t h a t  p ro v id e s  t h e  
b a se  f o r  f u r t h e r  s tu d ie s .  T h e  p r e s e n t  p a p e r  
is a c o n t r i b u t io n  to  Ibis k n o w le d g e .

T h e  g e o g r a p h ic a l  p o s i t io n  o f  A la sk a  
m a k e s  it u n u s u a l ly  d i f f ic u l t  f o r  t h e  s tu d e n t  
o f  its f l o r a  to a r r i v e  a t  b o t h  t a x o n o m ic a l  
a n d  n o m e n c l a t u r a l  d e c i s io n s  t h a t  c a n  he 
a c c e p te d  b y  s t u d e n t s  o f  th e  f l o r a  o f  t h e  
O ld  W o r ld  as  w ell  a s  b y  th o se  o f  the  N ew  
W o r ld .

A m e r ic a n  w r i t e r s  o n ly  e x c e p t io n a l ly  
c o m p a r e  t h e i r  t a x a  w i th  s im i l a r  A s ia t ic  
o n es ,  a n d  re a l  k e y - d i f f e r e n c e s  a r e  p r a c t i 
ca l ly  la c k in g .  R u s s ia n  b o ta n i s t s ,  w i th  
p r o b l e m s  e n o u g h  to  t a c k le  w i t h in  th e  
S ov ie t  U n i o n ’s v a s t  t e r r i t o r y ,  l ik ew ise  
r a r e l y  c o n c e r n  th e m se lv e s  w i th  th e  c o r r e 
s p o n d i n g  A m e r ic a n  t a x a .  T h e  la n g u a g e  
d i f f ic u l t i e s  a d d  to  the  c o m p l i c a t io n s .  
N e v e r th e le s s  a r e m a r k a b l e  p a r a l l e l i s m  in  
th e  f l o r a  of th e  n o r t h e r n  p a r t s  o f  th e  tw o  
c o n t i n e n t s  is u n d e n ia b l e .

W h e n  th e  r a n g e s  o f  t h e  A s ia t ic  t a x a  a n d  
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t h e  c o r r e s p o n d i n g  A m e r ic a n  t a x a  b o th  
r e a c h  the  s h o r e s  o f  th e  B e r in g  S t r a i t  it is 
u s u a l ly  o b v io u s  th a t  th e  t a x a  a r e  id en t ica l ,  
b u t  w h e n  th e r e  is a g a p  in t h e  d i s t r ib u t i o n  
o n  b o th  s ides o f  t h e  s t r a i t  p r o b l e m s  i n 
c rea se .  M a te r ia l  f r o m  n o r t h e r n m o s t  Asia  
is e x t r e m e ly  s c a rc e  in  H e r b a r i a  o u ts id e  
th e  Sov ie t  U n io n  a n d  t h e r e  a re  n e v e r  m o r e  
t h a n  s ingle  s p e c im e n s  a v a i lab le ,  m o r e  o r  
less r e l i a b ly  d e te r m in e d .  T o  get a  c o n c e p 
t io n  o f  the  e co lo g ica l  v a r i a t i o n  is p r a c t i 
ca l ly  im p o ss ib le .  In  o r d e r  to a s  f a r  as 
p o ss ib le  r e m o v e  th ese  o b s ta c le s  t h e  w r i t e r  
s p e n t  a b o u t  tw o  m o n t h s  in S e p t e m b e r  a n d  
O c t o b e r  1971, s t u d y in g  the  S ib e r ia n  f lo ra  
e a s t  o f  the  L e n a  R iv e r  in  th e  L e n i n g r a d  
H e r b a r i u m  as a n  e x c h a n g e  sc ien t i s t  b e 
tw e en  the  S w e d ish  A c a d e m y  o f  Sc ience  
a n d  the  R u ss ia n .

T h e r e  a re ,  h o w e v e r ,  o t h e r  d i f f ic u l t ie s  
to  b e  o v e rc o m e  if  o n e  w a n t s  to e s tab l i sh  
a s t a b le  n o m e n c l a t u r e  a n d  a  s t a b le  taxo-  
n o m ic a l  e v a lu a t io n  of th e  p l a n t s  invo lved .  
S im p le  c h r o m o s o m e  c o u n ts ,  w h ic h  re a l ly  
tell u s  v e ry  l i t t le  a b o u t  t h e  r e la t i o n s h ip  
b e tw e e n  th e  taxa ,  m e r e ly  se e m  to  p r o v o k e  
n o m e n c l a t u r a l  c h a n g e s  a n d  o f t e n  c re a te  
m o r e  p r o b le m s  t h a n  th e y  solve.

T h e  sp ec ie s  c o n c e p t  a d o p t e d  in FI.  
SS SR  d i f f e r s  f r o m  t h a t  u s e d  o u t s id e  th e  
S ov ie t  U n io n  a n d  a d d s  o t h e r w is e  n o t-  
e n c o u n t e r e d  c o m p l i c a t io n s ,  h a r d  to o v e r 
c o m e .

T h e  s u b s p e c ie s  c o n c e p t  n o w  g e n e ra l ly  
a c c e p te d  by E u r o p e a n  b o t a n i s t s  a n d  used ,  
f o r  in s tan c e ,  in “ F l o r a  E u r o p a e a ” h a s  o n ly  
r e c e n t ly  a n d  to a l im i te d  e x te n t  b e g u n  to 
be  u s e d  b y  A m e r ic a n s ,  a n d  is u s e d  to a 
s ti ll  le s se r  e x te n t  by  Sov ie t  b o ta n i s t s .  
F u r t h e r m o r e  th is  c o n c e p t  is i n t e r p r e t e d  
in d i f f e r e n t  w ay s .  S o m e  a u t h o r s  g ive  s u b 
sp ec ie s  r a n k  to loca l ,  d e p a u p e r a t e d  p o p u 
la t i o n s  a t  the  b o r d e r  o f  th e  r a n g e ,  d e p r iv e d  
o f  p a r t  of  the  b io ty p e s  u n d e r  e n v i r o n 
m e n ta l ,  m o s t ly  c l im a t i c  p r e s s u r e .  C e r ta in ly  
th e  t a x o n o m ic a l  a n a ly s e s  so f a r  a ch ie v e d  
a r e  so  in s u f f i c i e n t  t h a t  sy n th e se s ,  so 
d e s i r a b le ,  b e c o m e  m o r e  o r  less a  s p e c u la 
t io n ,  a s  e m p h a s i z e d  b y  M e r x m ü l l e r  in 
h i s  l e c tu re  o n  ‘S y s te m a t ic  B o t a n y  —  a n  
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u n a c h i e v e d  s y n t h e s i s ’ (Biol. J o u r n .  L in n .  
Soc.  4, 1972 pp .  31 1 — 321).  H o w e v e r ,  it 
s e e m s  t h a t  s p e c u la t i o n  is the  f i r s t  s t e p  to 
a b e t t e r  u n d e r s t a n d i n g  o f  t h e  a c tu a l  c o n 
d i t io n s .

T h e  n e ce s s i ty  o f  , ' ' i s h in g  a 224 p a g e  
S u p p l e m e n t  b y  P . A. M u n z  (1968) to  the  
f ine ,  t h e n  o n ly  t e n - y e a r  o ld  ‘A C a l i f o r n i a  
F l o r a ’ s h o w s  t h a t  n u m e r o u s  a d d i t i o n s  a n d  
n o m e n c l a t u r a l  c h a n g e s  m u s t  ev en  be  m a d e  
in a F l o r a  w i th  a  g e o g r a p h ic a l  p o s i t io n  
n o t  a s  c r i t ic a l  as  t h e  A la sk a n .

S in c e  th e  p u b l ic a t i o n  o f  the  ‘F l o r a  o f  
A la s k a  a n d  th e  N e ig h b o r in g  T e r r i t o r i e s ’ 
in 1968 I h a v e  a t t e m p t e d  to  r e c o r d  c o r r e c 
t io n s  a n d  n o m e n c l a t u r a l  c h a n g e s  as  r e 
g a r d s  t a x a  t r e a t e d  th e re .

T h e  e s t a b l i s h m e n t  o f  a s ta b le  c o n c e p 
t ion  o f  n o m e n c l a t u r e ,  c i r c u m s c r i p t io n  a n d  
r a n k  o f  the  t a x a  can ,  h o w e v e r ,  o n l y  be 
a c h i e v e d  s tep  b y  s tep .  T h e  p r e s e n t  p a p e r  
is i n t e n d e d  as  a s tep  in th is  d i r e c t io n ,  
b a s e d  on  th e  a b o v e - m e n t io n e d  r e c o r d s  a n d  
th e  w o r k  c a r r i e d  o u t  in  the  L e n i n g r a d  
H e r b a r i u m .

C O M M E N T S

N u m b e r s  r e f e r  to t h e  p ag es  in F l o r a  o f  
A la s k a  a n d  N e i g h b o r in g  T e r r i to r i e s ,  S t a n 
f o r d  U n iv e r s i ty  P r e s s  1968.

25. T h e  t a x o n  d e s c r ib e d  in C a l d e r  & 
T a y l o r  1965 p. 1388 as  L y c o p o d i u m  se- 
lago  s u b s p .  p a te n s  ( B e a u v . )  C a l d e r  A 
T a y l o r  is in th e  w r i t e r ’s o p in io n  m e r e ly  
a n  e co lo g ica l  f o r m  a n d  d o es  no t  m e r i t  th e  
s t a t u s  o f  su b sp ec ie s .

26. L y c o p o d i u m  is u n d o u b t e d l y  a n  old 
g e n u s  w h ic h  h a s  b e e n  p r a c t i c a l  to re ta in ,  
a l t h o u g h  it h a s  b e en  o b v io u s  t h a t  the  
sp e c ie s  a r e  n o t  v e ry  c lose ly  re la te d .  I n 
s t e a d  o f  u s in g  se c t io n s  w i th in  su c h  g e n e ra ,  
t h e  m o d e r n  t r e n d  is to sp l i t  t h e m  u p  in to  
s e v e ra l  g e n e r a ,  e a c h  of t h e m  c o m p r i s in g  
s in g le  sp e c ie s  on ly .  A c co rd in g  to H o l u b  
( P re s l i a  36, 1964 p. 21) L y c o p o d i u m  i n u n 
d a t u m  s h o u l d  be  r e fe r r e d  to the  g e n u s  
L y c o p o d i l l a  H o l u b .  In  FI. E u r o p a e a  
R o t h m a h l e r  r e f e r r e d  it to the  g e n u s  
L e p id o t i s .
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2 6 .  A c c o rd in g  to  S i p l i v i n s k y  in  N ov .  
Sys t.  PI. V ase .  10, 1973 p. 347, L y c o p o 
d i u m  i n u n d a t u m  w a s  c o llec ted  a t  T u n c a  
n e a r  L a k e  B a ik a l  in 1834, a v e r y  u n 
e x p e c te d  lo c a l i ty  f o r  t h a t  p lan t .

28 .  R a n g e  e x te n s io n  o f  L y c o p o d i u m  
o b s c u r u m  to B r is to l  B a y  a c c o r d in g  to 
m a p  in T a y l o r  1970 p.  58. T a y l o r  c o n 
s id e r s  t h a t  t h e  ty p ic a l  p l a n t  a n d  v a r .  
d e n d r o i d e u m  a r e  n o t  “ t a x o n o m i c a l l y  s ig 
n i f i c a n t ” . I f  th i s  is so  it is r e m a r k a b l e  
t h a t  o n ly  v a r .  d e n d r o i d e u m  o c c u r s  in  th e  
i so la te d  A la s k a -Y u k o n  a r e a  as  w ell  a s  in 
K a m c h a tk a .

29. R a n g e  e x te n s io n  f o r  L y c o p o d i u m  
c la v a t u m  s u b s p .  m o n o s t a e h y o n  to  m t s  N E  
o f  L a k e  B a ik a l  a c c o r d in g  to m a p  16 in 
M a l y s h e v  1972. T y p e  lo c a l i ty  at S m o k i n g  
R., 6 2 ° N .  in T h e  R o c k y  Mts w a s  o m i t t e d  
in th e  C i r e u m p o l a r  m a p .

R a n g e  e x te n s io n  to  th e  B a ik a l  d is tr ic t  
a c c o r d in g  to  S i p l i v i n s k y  in  Nov. Syst.  PI. 
Vase .  10, 1973 p. 347.

39. R a n g e  e x te n s io n  o f  L y c o p o d i u m  
( d p i n u m  to  th e  R ic h a r d s o n  Mts W  o f  th e  
M a c k e n z ie  D e l ta  ( n o r th  o f  a r e a  m a r k e d  
o n  th e  m a p  in th e  A la s k a n  f lo ra )  a c c o r d in g  
to Co d y  in C a n ad .  F i e ld  N a t.  1 9 6 9  p. 4 1 2 .

3 1 .  S e la g in e l la  se la g in o id e s  w a s  r e p o r t e d  
f r o m  s o u t h e a s t e r n m o s t  C h u k o tk a  b y  
J u r t s e v  et  al .  in 1972.

3 1 .  S e la g in e l la  s ib ir ica  w a s  r e p o r t e d  b y  
J u r t s e v  et al. in  1973 f r o m  P e n k ig n e i  in  
e a s t e r n m o s t  C h u k o t s k  P e n in s u la .

3 4 .  A d d  th e  s y n o n y m  H i p p o c h a e t e  h i e 
m a l is  (L.) B r u h i n  s u b s p .  a f f i n i s  (E n g e l m .) 
H o l u b  in P r e s l i a  44  p. 128.

36 .  E q u i s e t u m  f lu v ia t i l e  w a s  r e p o r t e d
b y  J u r t s e v  et al.  in 1972 f r o m  U ta v a e m  
in e a s t e r n m o s t  C h u k o t s k  P e n i n s u l a  (as 
E. l i m o s u m ) .

37 .  E q u i s e t u m  p a lu s t r e  w a s  r e p o r t e d
f r o m  se v e ra l  lo ca l i t ie s  in  e a s te r n  C h u k o t k a  
b y  J u r t s e v  et al. 1973.

38 .  E q u i s e t u m  p r a te n s e  w a s  r e p o r t e d
f r o m  e a s t e r n m o s t  C h u k o t k a  b y  J u r t s e v

et al. 1973.

40. W a g n e r  & L o r d  in Bull.  T o r r .  C lub  
83, 1956 pp .  261— 280 p o in t  o u t  t h a t  w h a t  
h a s  b e e n  c a l led  B o t r y c h i u m  m in g a n e n s e  
V i c t .  in w e s t e r n  A m e r ic a  se e m s  e sse n t ia l ly  
to he r e la te d  to B. l u n a r ia , m a i n l y  d i f f e r in g  
in c o lo u r  a n d  size. L o v e  et al. 1971 p. 
141 p r o p o s e d  to r e g a r d  it as B. lu n a r ia  
s u b s p .  o c c id en ta l is  on  a c c o u n t  o f  its sm a l l  
size a n d  y e l lo w i s h - g r e e n  c o lo u r .  T h is  ta x o n  
is sa id  to  a lso  o c c u r  in A la sk a .  A la s k a n  
sp e c im e n s  a r e  b y  n o  m e a n s  sm a ll ,  m a n y  
r a t h e r  u n u s u a l l y  tall a n d  th e  v e l lo w ish -  
g re e n  c o lo u r  is c h a r a c t e r i s t i c  o f  B. lu n a r ia  
all  o v e r  its r a n g e .  T h e r e  se e m s  to be  no  
r e a s o n  to  a c c e p t  su b s p .  o cciden ta l is .

40. V e r y  r e m a r k a b l e  r a n g e  e x te n s io n s  
o f  B o t r y c h i u m  b ore tde  to  the  n o r t h e r n  
p a r t  o f  L a k e  B a ik a l  a c c o r d in g  to M a l y 
s h e v  1972 m a p  6 a n d  to A r g u n  R . a c 
c o r d in g  to  s p e c im e n  in the  L e n i n g r a d  
H e r b a r i u m ;  a lso  o c c u r s  in C o lo ra d o  a c 
c o r d in g  to W e b e r ,  Add. El. C o lo rad o .

41. R a n g e  e x te n s io n  o f  B o t r y c h i u m  
m u l t i f i d u m  to S W  G r e e n la n d  (Bot. T id -  
sk r .  66: 4, 1971 p. 358) .

43. M e c o d i u m  W rig h t i i .  R a n g e  e x t e n 
sion  to V a n c o u v e r  I. a c c o r d in g  to T a y l o r  
1970 p. 33.

45. C r y p t o g r a m m a  S te l le r i  w a s  r e p o r t e d  
f r o m  P e n k i g n e i  in s o u t h e a s t e r n m o s t  C h u 
k o t k a  by  J u r t s e v  et al. 1972 p. 767.

45. A c c o rd in g  to H o l u b  in P r e s l i a  38, 
1966, p. 79, t h e  n a m e  o f  T h e l y p t e r i s  l im b o -  
s p e r m a  s h o u l d  b e  L a s tr e a  l i m b o s p e r m a  
( A l l . )  H o l u b .

On a m a p  in L a v o r i  d e l la  S o c ie tå  Ita-  
l i a n a  di B i o g e o g r a p h ic a  N.S. 1, 1970 p. 
117, P i c h i  S e r m o l l i  r e fe r s  th e  A la sk a n  
p l a n t  f r o m  P r i n c e  W il l ia m  S o u n d  e a s t 
w a r d s  to “ O r e o p te r i s  l i m b o s p e r m a ”, w h i le  
the  A le u t i a n  p l a n t  is r e fe r r e d  to O reo p te r is  
q u e lp a r te n s i s  ( C h r i s t . )  C h i n g .  T h e r e  is 
no  r e a s o n  to  s e p a r a t e  th e  A la s k a n  m a t e 
r ia l  in t h a t  w a y .  A la s k a n  sp e c im e n s  a g ree  
e x a c t ly  w i t h  E u r o p e a n  ones.  C o m p a r e  w i th  
th e  d i s c u s s io n  in H u l t é n ,  El.  A la sk a  & 
Y u k o n  1, 1941 p. 27.

B ot. N o tise r, vol. 126, 1973



462 ERIC HULTÉN

45. In  t h e  a b o v e - m e n t i o n e d  p a p e r  b y  
P i c h i  S e r m o l l i  p .  116, T h e l y p t e r i s  
p a lu s t r i s  is s h o w n  o n  a  m a p  as  o c c u r r i n g  
o n  th e  A la s k a  P e n i n s u l a  a n d  in  the  
w e s t e r n  A le u t i a n  I s l a n d s .  T h i s  p l a n t  has ,  
t o  th e  w r i t e r ’s k n o w le d g e ,  n e v e r  b e en  r e 
p o r t e d  f r o m  A la sk a  o r  c o l le c ted  th e re .  It 
c e r t a in ly  d o e s  n o t  o c c u r  th e re .

46. A c c o r d in g  to  H o l u b  in P r e s l i a  38 ,  
1966, p. 79, t h e  n a m e  o f  T h e l y p t e r i s  
p h a e g o p te r i s  s h o u ld  he L a s tr e a  p h a e g o p -  
t e r is  (L.)  B o r y .

T h is  f e r n  w a s  r e p o r t e d  f r o m  th e  S e n ja -  
v i n  H o t  S p r i n g s  in  e a s t e r n m o s t  C h u k o t k a  
b y  J u r t s e v  e t  al.  in  1972 (as P h a e g o p te r i s  
c o n n e c ta i s ).

47. A c c o r d in g  to th e  m a p  in T a y l o r  
1970, th e  r a n g e  of A s p l é n i u m  v ir id e  in  
w e s t e rn  A m e r ic a  is d iv id e d  in to  a  co as ta l  
a n d  a n  i n t e r i o r  ra n g e .

47. T h e  c o r r e c t  a u t h o r - n a m e s  s h o u l d  he  
A t h y r i u m  d i s t e n t i f o l i u m  T a u s c h  su h s p .  
a m e r i c a n u m  ( B u t t e r s )  H u l t . ,  b a s e d  o n  
A. (d p es tre  ( H o p p e )  H y l a n d s  v a r .  a m e r i 
c a n u m  B u t t e r s  in R h o d o r a  19, 1917 p. 
20 4 .

49. T h e  sca le  o f  th e  d r a w i n g  o f  C y s to p -  
te r is  f ra g i l i s  s u b sp .  fra g i l is  is 3 /4 ,  n o t  1/3  
as i n d ic a te d .

50. A c c o r d in g  to J u r t s e v  et al. 1973 
C y s to p te r i s  m o n t a n a  o c c u r s  in e a s te r n  
C h u k o tk a .

52. A c c o r d in g  to  T a y l o r  1970 M a t te u c -  
cia  s t r u t h i o p te r i s  a lso  o c c u r s  in tw o  lo c a 
lities o n  th e  e a s t e r n  K e n a i  P e n i n s u l a .  It 
a lso  o c c u r s  a t  L y n x  C reek ,  L a k e  N e r k a ;  
a t  R o c k y  R., K e n a i  P e n in s . ;  a n d  a t  
N u c h e k  R.,  P r i n c e  W il l ia m  S o u n d ,  all  
c o l le c ted  b y  R o b e r s o n .

54. P o l y s t i c h u m  B r a u n i i  v a r .  a la sk en se .  
R a n g e  e x te n s io n  to L a k e  K u l ik ,  n o r t h  o f  
D i l l in g h a m ,  c o l le c ted  b y  R o b e r s o n .  D e t e r 
m in a t io n  k i n d ly  c o n t r o l l e d  by  V i e r e c k  & 
M u r r a y .

55. D r y o p t e r i s  sp in u lo s a  w a s  r e p o r t e d  
f r o m  U elen  in e a s t e r n m o s t  C h u k o t k a  b y  
J u r t s e v  et al. 1973 u n d e r  th e  n a m e  I), 
c a r th u s ia n a .  As th e  sp e c im e n  w a s  s te r i l e  
a n d  a s  th e  l o c a l i ty  is v e ry  u n e x p e c te d ,  a 
c o n f i r m a t i o n  m ig h t  he n e c e s sa ry .

55. W h a t  h a s  lo n g  been  n a m e d  I)r  y  o p 
ter is  d i la ta ta  i n c lu d e s  tw o  tax a :  th e  E u r o 
p e a n ,  s l ig h t ly  m o r e  s o u t h e r n  D. d i la ta ta  
( H o f f m . )  G r a y  a n d  a  c i r c u m p o l a r  t a x o n  
d i f f e r i n g  f r o m  th e  E u r o p e a n  o n e  in h a v in g  
p a le  b r o w n  s p o r e s  w i th  a c u t e  t u b e r c le s  
a n d  w i t h  th e  f r o n d s  d iv id e d  s o m e w h a t  
d i f f e r e n t ly .  T h e  l a t t e r  is t e n ta t iv e ly  n a m e d  
I). a s s im i l i s  S. W a l k e r .  See A m er .  J o u r n .  
Bot.  48, 1961 p. 607.

57. P o ly  p o d i u m  v u lg a re  L. is a p o l y 
m o r p h i c  c o m p le x .  P r a c t i c a l ly  e v e ry  a u t h o r  
d e a l in g  w i th  it a r r i v e s  a t  h is  o w n  c o n c l u 
s ions .  O n ly  a w o r ld - w id e  m o n o g r a p h i c  
s t u d y  c a n  se t t le  th ese  d i f fe re n ce s .

In  Bot.  Z h u r n .  49, 1964 p. 542 A. E. 
B o b r o v  d i f f e r e n t i a te s  A la sk a n  c o a s ta l  
p l a n t s  o c c u r r i n g  w e s t  o f  S i tk a  as  P. (d e n t i 
c u m  A. B o b r . ,  c h a r a c t e r i z e d  b y  s e g m e n t s  
b r o a d e r  t o w a r d s  th e  a p e x ,  r e m o te ly  d e n 
ta te  a n d  less  p u b e s c e n t  on  the  veins .  I t  is 
a  s y n o n y m  o f  w h a t  is c a l led  v a r .  c o m m u n e  
M i l d e  in H u l t é n  1968. V e ry  s im i l a r  
s p e c im e n s  h a v e  b e e n  c a l led  P. h e s p e r i n u m  
M a x o n .  It is t r u e  t h a t  in m o s t  s p e c im e n s  
w est  o f  S i tk a  the  s e g m e n t s  o f  the  f r o n d  
a re  b lu n t  o r  s u b a c u te ,  h u t  s p e c im e n s  w i th  
v e r y  a c u te  s e g m e n t s  a lso  o c c u r  f a r  w e s t 
w a r d s  on  A tk a  a n d  A ttu .  T h is  is th e  r e a so n  
w h y  the  w r i t e r  d id  n o t  give  th e  w e s t e rn  
p o p u l a t i o n  a  h i g h e r  r a n k  t h a n  v a r ie ty .  
A le u t i a n  s p e c im e n s  a g re e  v e ry  well w i th  
th e  d r a w i n g  R in T a y l o r ,  T h e  F e r n s  a n d  
F e r n  Allies in B r i t i s h  C o lu m b ia ,  p. 113.

In  M a d r o n o  21, 1971 p p .  2 3 5 — 2 5 4  L a n g  
d isc u sse s  th e  P o ly  p o d i u m  vu lg a re  c o m p le x  
in th e  P a c i f i c  N o r th w e s t ,  ch ie f ly  f r o m  a 
cy to lo g ica l  p o in t  o f  v iew . H is  n a m e  f o r  
the  c o a s ta l  p o p u l a t i o n  is P. g ly c y r r h i z a .  
On  p. 2 3 6  h e  m e n t io n s  th a t  th e  p l a n t  f r o m  
N E  B r i t i s h  C o lu m b ia  a n d  Y u k o n  is P. 
v i r g in i a n u m  L.
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58 .  A s p e c im e n  o f  P o ly  p o d i u m  v u lg a re  
s u b s p .  o c c id e n ta l e , c o l l e c te d  b y  R o b e r s o n  
a t  S ad ie  Cove, K a c h e m a k  B a y ,  f i lls  th e  
g a p  b e tw e e n  th e  tw o  a r e a s  m a r k e d  o n  th e  
m a p .

6 0 .  A c c o r d in g  to A r g u s  in  C a n ad .  
J o u r n .  Bot.  49, 1971 p. 573, th e  va l id  
n a m e  fo r  P in u s  B a n k s ia n a  is P. d i v a r ic a ta  
(A i t .) D u m . V o s s  in  T h e  M ic h ig a n  B o ta n i s t  
1 1, 1972 p. 26, o p p o s e s  th is  v iew .

60. In  h i s  r e v ie w  o f  th e  g e n u s  L a r i x  in 
N ov .  Syst.  PI. Vase.  9, 1972 p p .  4 — 5, E.
G. B o b r o v  d i f f e r e n t i a te s  L. a l a s k e n s is  
f r o m  L. la r ic in a  b y  c o n es  o f  10— 12 m m  
( c o m p a r e d  w i th  12— 17 m m ) ,  c o n e  sca les  
10— 12, 7— 8 m m  lo n g  ( c o m p a r e d  w i th  
12 — 15 of 8 — 10 m m  le n g th ) ,  a n d  b r a c t s  
ov a te ,  m e r e ly  a c u m i n a t e  ( c o m p a r e d  w i th  
b r a c t s  w i th  a  m u c r o n a t e  p r o j e c t i o n ) .  T h e  
im p o s s ib i l i ty  o f  k e e p in g  th e  A la sk a n  
T a m a r a c k  as a s e p a r a t e  sp e c ie s  is o b v io u s .

65. In  P r e s l i a  38, 1969 p. 79 H o l u b  
g ives  p r i o r i t y  to th e  n a m e  J u n i p e r u s  
c o m m u n i s  L. su b sp .  a lp in a  ( N e i l r .) 
Cë l a k ., P r o d r .  FI. B ö h m .  1, 1867 p. 17. 
T h i s  n a m e  r e p la c e s  ./. c o m m u n i s  s u b s p .  
n a n a  ( W i l l d .) S y m e . B a n g e  e x te n s io n  to 
C h a u e k u k t u l i  n e a r  T ik c h i k  L a k e  c o l le c ted  
by  R o b e r s o n .

69. R a n g e  e x te n s io n  o f  S p a r g a n i u m  
h y p e r b o r e u m  to  th e  Q u e e n  C h a r lo t t e  I. 
a n d  St L a w re n c e  I.

70. In  L in n a e a  35, 1867— 68 p. 169 
a l r e a d y ,  A s c h e r s o n  d i s t in g u i s h e d  th e  
A la sk a n  P h y l l o s p a d i x  as P h .  s e r r u la tu s  
(R u p r .) A s c h e r s ., d i f f e r in g  in 3 -n e rv e d  
leaves ,  t r u n c a t e  a n d  n e a r l y  e n t i r e  o r  
m in u te ly  d e n t i c u l a t e  in th e  a p e x  a n d  
m in u t e ly  a n d  d e n se ly  s e r r u l a t e .  H a r t o g  
in “T h e  s e a g ra s s e s  o f  t h e  w o r l d ” 1969 p. 
108. fo l lo w e d  A s c h e r s o n . A c c o r d in g  to 
H a r t o g  P h. s e r r u la tu s  is c h a r a c t e r i z e d  b y  
h a v in g  o n ly  tw o  r o o t s  to  e a c h  i n t e r n o d e  
o f  th e  r h i z o m e ,  g e n e r a t i v e  ax is  r e d u c e d  
to a s ing le  p e d u n c u l a t e  s p a t h e  a n d  leaves  
w ith  5— 7 v e in s  c o m p a r e d  w i th  3 in Ph.  
Sco u le r i .

T h a t  th e  s p e c im e n s  f r o m  th e  n o r t h e r n 

m o s t  lo ca l i t ie s  of  a  f a i r l y  s o u t h e r n  p l a n t  
a r e  r e d u c e d  to h a v in g  f e w  r o o t s  a n d  a 
s in g le  s p a t h e  is w h a t  s h o u l d  b e  e x p e c te d .  
T h e  d i f f e r e n c e  in th e  n u m b e r  o f  v e in s  
h a s  p r o b a b ly  b e e n  c a u s e d  t h r o u g h  c o n f u 
s io n  w i th  Zo s te ra .  As e m p h a s i z e d  by  
C a r d e r  & T a y l o r  1968, s te r i le  s p e c im e n s  
o f  Z o s te r a  m a r in a  c an  e a s i ly  be  c o n f u s e d  
w i th  P h y l lo s p a d ix .  T h e  leav es  o f  Z o s te ra ,  
h o w e v e r ,  h a v e  se v e ra l  ve ins .  T h e  v e ry  
s c a n ty  m a t e r i a l  o f  P h y l l o s p a d i x  f r o m  
A la s k a  d o es  n o t  s u p p o r t  th e  a r g u m e n t  
t h a t  it d i f f e r s  f r o m  P h .  S c o u le r i .

71. R a n g e  e x te n s io n  o f  P o ta m o g e t o n  
n a ta n s  to S o u th  N a h a n n i  R. 6 1 ° 5 7 'N ,  
1 2 7 ° 1 3 'W ,  a c c o r d in g  to C o d y  & P o r s i l d
1968.

76. C Correct sp e l l in g  P o t a m o g e t o n  B e r c h -  
to ld ii .

79. Ca r d e r  & T a y r o r  (1968 p .  176) 
d e c l a r e  t h a t  o n ly  R u p p i a  m a r i t i m a  o c c u r s  
o n  th e  N W  c o a s t  o f  A m e r ic a  in t h e  c o l l e c 
t io n s  o f  Nat .  Mus. C a n a d a .

All A la s k a n  sp e c im e n s  h a v e  t h e  long,  
s p i r a l l y  co iled  p e d u n c le s  o f  R. sp ira l is ,  
n o t  t h e  s h o r t  (up  to 2 c m  lo n g ) ,  s t r a ig h t  
p e d u n c le s  o f  R. m a r i t i m a  L.

84 .  T h e  v a r i a t i o n  a n d  t a x o n o m y  o f  
H ie r o c h lo ë  t a x a  h a v e  b e e n  s tu d ie d  b y  G. 
W e i m a r c k  (Bot. N o t i s e r  124, 1971 p p .  
129— 175). M ost  o f  th e  A la s k a n  m a t e r i a l  
o f  / / .  a lp in a  w a s  r e f e r r e d  to su b s p .  a lp in a  
(m a p  p. 159), b u t  so m e  s p e c im e n s  “ w i th  
s t r a ig h t  u n t w i s t e d  a w n ,  m o r e  e lo n g a t e  
rh i z o m e  i n t e r n o d e s  e tc . ” w e r e  p r o v i s io n a l ly  
r e f e r r e d  to th e  G r e e n l a n d — E a s te r n  A m e r i 
c a n  s u b s p .  o r t h a n t h a  (S0RENS.) G. W e i m . 
(m a p  p. 162). W e i m a r c k  r e g a r d s  su b s p .  
o r t h a n t h a  as  b e in g  a n  o b l ig a te  a p o m ic t .  
In  Nov. Syst.  P l a n t .  Vase. 10, 1973 p. 84, 
T z v e l e v  r e p o r t s  th is  t a x o n  a lso  f r o m  
C h u k o tk a .

A la s k a n  s p e c im e n s  m ig h t  well be  i n 
c lu d e d  in th e  n a t u r a l  v a r i a t i o n  o f  H. al
p ina .

84. In  th e  a b o v e - m e n t i o n e d  p a p e r  W e i 
m a r c k  sp l i ts  H ie r o c h lo ë  o d o ra ta  (L.) 
W a h r e n b . in to  4 t a x a .  Acc. to  h i m  ty p ic a l
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H. o(lorata has the lemma of the hisexual 
floret with appressed or only slightly 
spreading hairs and the lemma of the 
male floret awnless, mucronate or with a 
very thin awn, and with sparse marginal 
hairs. Alaskan specimens are referred to 
H. hirta  ( S c h r a n k )  B o r r å s  according to 
W e i m a r c k ’s key, having the lemma of 
the bisexual florets with distinctly spread
ing hairs and the lemma of the male florets 
with a coarse awn, rarely mucronate, and 
with dense marginal hairs. W e i m a r c k  
furthermore distinguishes H. hirta subsp. 
arctica ( P r e s l )  G. W e i m . ,  based on 11. 
arctica P r e s l ,  Rel. Haenk. p. 252. The 
type specimen was presumably collected 
at Yakutat Bay.

According to  W e i m a r c k  H. odorata and
11. hirta occur together in b o t h  Europe 
and NE America.

In Nov. Syst. PI. Vase. 10, 1973 pp. 
S I— 84, T z v e l e v  discusses W e i m a r c k ’s 
conclusions. He refers the Alaskan p opu
lation to H. odorata  subsp. hirta S c h r a n k ,  
differing from subsp. odorata in 5 mm 
long spikelet (4 mm in subsp. odorata), 
lemma of male flower usually not acute, 
lacking or rarely with thin awn (acute 
with short awn in subsp. odorata) and 
with pubescence of all scales longer and 
denser than in subsp. odorata.

According to T z v e l e v  subsp. hirta  is 
distributed from Kola Penins. and the 
Baltic States to Caucasus, Kamchatka and 
Chukotka in SSSR, also occurring in 
America, while subsp. odorata  occurs from 
Kola Penins., the Baltic States, S. Ural, 
Altai, Baikal and the Central Asiatic Mts 
to Tian-shan. As pointed out in the w ri ter’s 
work “The Circumpolar P lan ts” it is a 
rule rather than an exception tha t  circum 
polar plants consist of a southern, older 
and a northern, younger taxon, although 
their areas sometimes overlap to a large 
extent. This seems to be the case in 
Hierochloë odorata.

8 5 . According to O h w i's  Japanese Flora 
the southernmost area marked on the 
Circumpolar map of Hierochloë pauciflora
Bot. Notiser, vol. 126, 1973

belongs to H. pluriflora  K o i d z . ,  an ende
mic, restricted to Mt Yubari in Hokkaido.

8 9 . P hie am  pratense  also occurs in tro 
duced on Novaya Zemlya ( D o r o g a s t a j s -  
KA.JA 1972) and in South Georgia.

8 9 . Alopecurus pratensis  bas been found 
at Lake Tustumena, in the Kenai P en in 
sula by R o b e r s o n .

98 . In F lora of Alaska & Yukon I, 1941 
already, the writer realized tha t the Un- 
alaskan specimens of Agrostis Mertensii 
were identical with A. borealis. In the 
original diagnosis of that species, how 
ever, specimens from Chile and Unalaska 
were mentioned and the name was re 
garded as a mixture, unfit to be used as a 
nomenelatural base. Unfortunately the 
present botanical rules of nomenclature 
prescribe that one of the components be 
used as a nomenelatural base. W i d e n  in 
El. Fenn. 5, 1971 p. 52, selected the Un- 
alaskan specimen as the lectotype so that 
the nam e .4. borealis H a r t m .  of long 
standing must be replaced by A. Mertensii 
'E r i n ,  in Linnaea 10, 1836 p. 302.

A. Mertensii probably does not occur 
on the Queen Charlotte Is. Of the speci
mens reported as .4. borealis in C a l l e r  & 
T a y l o r  1968, Nos. 22937 and 36445 are 
.4. aenea ( = alaskana) and No. 22294 is 
.4. scabra.

9 8 . A cytotaxonomical study of .4. 
borealis (.4. Mertensii) in Japan, where 
diploids, tetraploids, hexaploids and octo-

1 's occur, was published by T a t e o k a  
(Bull. Nat. Sc. Mus. 13:2, 1970 pp. 263— 
273; 14:2, 1971 pp. 247— 256 and 15:3, 
1972 pp. 455— 460).

99. In FI. Aleut. Is. 1937 p. 72 the w riter 
presents the reason for using the name 
Agrostis alaskana. .4. aenea T r i n .  1841 
cannot be used because of the older A. 
aenea S p r e n g .  1827. C h a m b e r s  in Mad
rono 18, 1966 p. 251, expresses the opinion 
tha t Agrostis melaleuca  ( T r i n . )  H i t c h c .  
is a valid name. According to him H i t c h 
c o c k  “made the typification by inference 
from the description, since on bis visit to

82
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t he T r i n i u s  Herbarium at St. Petersburg 
be could not locate the type specimen of 
.4. canina  var. meln leucn '. 1 refrain from 
deciding if Ibis is permissible according 
to the nomenclatural rules. Range exten
sion of A. alaskana to Copper I. and 
P aram u sh ir  acc. to P r o b a t o v a  1 9 7 3  p. 73.

In N .  Amer. FI. 1 7:7, 1937 p. 530, 
H i t c h c o c k  made Agrostis canina var. 
melaleiica  T r i n .  a synonym of .4. borealis 
H a r t m .  In C a l d e r  & T a y l o r  1968 this 
view was accepted. Few students of the 
genus Agrostis will agree. .4. borealis, or 
.4. Mertensii  as might be the modern name, 
with its lemma decorated with a long 
geniculated awn affixed al or below the 
middle, with anthers 0.6— 1.0 mm long 
and with a broad circumpolar range differs 
vastly from .4. alaskana  ( =  .4. melaleiica 
T r i n .  =  .4. aenea T r in . )  in which the lemma 
has a short straight awn or often lacks 
one. Its anthers are 0.5— 0.6 mm long and 
the range is restricted to N America.

100. As regards the name Agrostis stolo
ni fera  L. see W id én  in Fl. Fenn. 5, 1971 
p. 52. The plant called Agrostis palustris 
in C a l d e r  & T a y l o r  1968 p. 186 (No 
35913) is .4. tenuis SlBTH. It is not, as 
stated, a synonym of A. stolonifera  in FI. 
of Alaska.

101. Range extension of A g r o s t i s  exa
rata to Mackenzie Mts 61°58'N, 12815 'W , 
according to C o d y  & P o r s i l d  1968.

105. C a l d e r  & T a y l o r  1968 p. 192, 
report Calamagrostis crassiglumis T h u r b .  
from the Queen Charlotte Is. This species 
should have glabrous leaves. The speci
men N of Olanda R. No. 35860 has sca
brous leaves and is tentatively referred to 
C. inexpansa. This is also the case with 
the specimen reminiscent of C. crassiglu
mis  in H u l t é n  1968 p. 103.

106. According to A. Löve in Taxon 19, 
1970 j). 299, the well-known Calamagrostis 
neglecta ( E h r h . )  G., M. & S. is an illegiti
mate name. His discussion illustrates the 
difficulty of applying the present nomen
clatural rules exactly.

107. Calamagrostis Holmii seems to be 
a c ircumpolar taxon. Specimens from 
Spitzbergen and Prince Patrick I. as well 
as from Greenland, named C. groenlandica 
( S c h r a n k )  K u n t h  by T h .  S o r e n s e n ,  
agree well with Alaskan and Siberian 
specimens. They have glabrous dark 
glumes. C. groenlandica is based on Arundo  
groenlandica  S c h r a n k ,  Rcgensb. Denkschr. 
2, 1818 p. 8, and C. Holmii  was described 
in 1885. A. L ö v e  in Taxon 19, 1970 p. 
299 names the plant C. stricta (T im m .)  
K o e l .  subsp. groenlandica ( S c h r a n k )  A. 
L ö v e .

C. kolymaensis  K o m . ,  c i t e d  a s  a  s y n o n y m  
in  H u l t é n  1968, is r e g a r d e d  a s  a h y b r i d  
b y  T z v e l e v .

107. Range extension for Calamagrostis 
purpurascens  to mts NE Lake Baikal acc. 
to M a l y s h e v  1972 map 28. It also occurs 
on Wrangel I. and in easternmost Chu
kotka acc. to J u r t s e v  et al. 1973.

108. C a l d e r  & T a y l o r  1965 p. 1388, de
scribed Calamagrostis purpurascens  subsp. 
tasuensis. It agrees well with subsp. arc- 
tica ( V a s e y )  H u i . t . ,  although the plants 
are taller, as can be expected in a more 
southern area. C a l d e r  & T a y l o r  com
pared subsp. tasuensis with subsp. pur
purascens  but not with subsp. arctica. C. 
purpurascens  subsp. arctica also occurs 
on the western shore of the Sea of 
Okhotsk.

111. Air a cespitosa  is  t h e  o r i g i n a l  s p e l l 
i n g  o f  L i n n a e u s .

114. S c h a c k l e t t e  and others (1969 p. 
58) considers that D. beringensis “cannot 
be distinguished from U. caespitosa". In 
spite of discussions in F lora of Alaska 
and Yukon pp. 173— 175 and in several 
European and Siberian treatments it 
seems that this grass is poorly under
stood. I), caespitosa and I), beringensis 
belong to two different circumpolar com
plexes with different ranges and history. 
Frequent hybridization or even introgres- 
sion where ranges overlap is not a reason 
for lumping them into one taxon. D.
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beringensis b e l o n g s  t o  a  c o a s t a l  c o m p l e x  
w i t h  l o n g  g l u m e s ,  m o s t l y  t h r e e - f l o w e r e d  
s p i k e l e t s  a n d  l o n g  a n t h e r s ,  w h i l e  I), caes- 
pitosa is a  c o n t i n e n t a l  c o m p l e x  w i t h  s h o r t  
g l u m e s ,  a l w a y s  t w o - f l o w e r e d  s p i k e l e t s  a n d  
s h o r t  a n t h e r s .  F o r  d i s c u s s i o n  se e  H u l t é n  
1962 p. 66.

115. Range extension northwestwards of 
Vahlodea atropurpurea  subsp. paramushi-  
rensis to the Magadan district on the 
western side of the Sea of Okhotsk.

117. In the discussion of the Trisetum  
spicatum  complex in C a l d e r  & T a y l o r  
1968, these authors completely depreciate 
the results arrived at in the au thor  s study 
of that complex, published in Sv. Bot. 
Tidskr. 53: 2, 1959 pp. 203— 228. Since 
the writer had tried to elucidate the study 
very clearly with photographs, both of 
habit and detail, and illustrated it with 
maps of the ranges of the different taxa 
this was a real surprise. Material had been 
used from the Herbaria in Stockholm 
(ample Alaskan material), the British 
Museum, Copenhagen, Gothenburg, Kew 
Gardens, Leningrad, Lund, Uppsala and 
Tokyo. One would have expected that at 
least the easily accessible Alaskan m ate
rial in Stockholm would have been studied 
before passing such categoric judgment.

The au thor willingly admits that the 
rank of the different taxa can he dis
cussed, but not that the taxa described 
“are not phytogeographically meaning
ful”.

C a l d e r  & T a y l o r  seem to m isunder
stand the subspecies concept. Character
istic of m ajor  races is precisely the fact 
tha t they overlap and present transitions 
in border districts, where they are 
sympatric. Altitudinal races also occur, 
and on a map they can appear to he 
“superim posed”, although they don’t meet 
at all or only along a certain altitudinal 
curve.

The tall plant with glabrous culms re
ported from Takakia Lake, Queen Char
lotte Is as T. spicatum  was not seen and 
nothing can be said about its taxonomy.
Bot. Notiser, vol. 126, 1973

119. 7 risetum sihiricum  subsp. litoralis 
was reported  from Amguem in eastern 
Chukotka by J u r t s e v  et al. in 1973.

120. Helictotrichon dahuricum  ( K o m .)  
K i t a g .  was reported from Amguyema and 
Egvekinot in eastern Chukotka by J u r t 
s e v  et al. in 1973.

122. The writer has maintained that the 
Beckm annia  taxa of Asia and America 
should he regarded as subspecies of B. 
erucaeformis  (L.) H o s t  of Europe. In FI. 
Arctica URSS 2 p. 102 T z v e l e v  gives a 
key, where these taxa are separated as 
follows. The European plant has a small 
bulb at the base of the culm, short 
runners  and anthers 1.2— 1.8 m m  long, 
while the Japanese plant, on which B. 
sgzigachne  ( S t e n d . )  F e r n ,  is based, lacks 
the bulb, is tufted and has anthers 0.4— 1 
mm long. According to T z v e l e v  t rans i
tions do not occur in Siberia, where the 
taxa meet.

However, in Nov. Syst. PI. Vase. 10, 
1973 p. 81, T z v e l e v  reports a new sub
species, B. eruciformis  subsp. borealis 
from Vorkuta in the northern  Urals, lack
ing bulb at the base of the culm. He re 
marks that it seems very probable tha t  it 
is the result of introgressive hybridization 
between B. eruciformis  and B. sgzigachne. 
Such specimens were the reason why the 
writer regards the latter as a subspecies of 
the former. The taxonomy of the genus 
Beckmannia  is still unclear. A plant with 
short-hirsute glumes was described from 
Amur R. as B. sgzigachne subsp. hirsuti- 
flora ( R o s h e v . )  T z v e l .  in Nov. Syst. PI. 
Vase. 1968 p. 24.

It should be noted that Japanese speci
mens have completely glabrous glumes. 
The keel of the glumes is often slightly 
scabrous in Alaskan specimens.

123. Koeleria asiatica was reported from 
Pinacul in northeasternmost Chukotka by 
J u r t s e v  et al. in 1972, from Wrangel I. 
by P e t r o v s k y  1973 and from Lavrentia 
(St. Lawrence Bay) by J u r t s e v  et al. in 
1973.
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124. The names Koeleria cristata and 
gracilis are both considered to be illegiti
mate. The writer refrains from trying to 
find an acceptable name. S k i n n e r s  (Rho- 
dora 58, 1956 p. 94) proposes K. macran- 
tha ( L e d e r . )  S p r e n g ,  based on Air a 
macrantha  L e d e r ,  for K. gracilis.

126. A map of the distribution of Pleuro- 
pogon Scibinei (“Sabinii”) is given in 
J u r t s e v  et al. in 1973 p. 296. The map 
shows several localities in easternmost 
Chukotka. It is rem arkable that this 
characteristic plant is unknow n from 
Arctic .Alaska, where it must he expected.

129. Several new localities for Port al
pina  were reported from easternmost Chu
kotka, where it is common in places, by 
J u r t s e v  et al. in 1973.

131. Poa arctica subsp. caespitans was 
reported from the Mackenzie delta in 
Cody A P o r s i l d  1968 and also from 
several other localities in Arctic Canada. 
T z v e l e v  (FI. Arctica SSSR 2) regards 
this taxon as possibly the hybrid P. arc- 
t icaX glanca.

137. Range extension for Poa palustris 
to the Seward Peninsula, Pilgrim Ilot 
Springs ( R o b e r t  R a u s c h ) .

138. Range extension for Poa lanata  to 
mts around  northern  Lake Baikal acc. to 
M a l y s h e v  1972 map 33.

139. N i n a  P r a b a t o v a ,  Vladivostok, who 
made an extensive study of the genus Poa 
in eastern Asia, includes Poa Turneri  
S c r i b n .  in P. hispidula  V a s e y  (personal 
communication). It is hard  to find a clear 
difference between these two taxa and 
P. Turneri  can well be regarded as a 
luxuriant variety of P. hispidula.

145. The identity of Poa leptocoma  
T r i n .  and P. paucispicula  S c r i b n .  & M e r r .  
was discussed in FI. Alaska & Yukon 2 
p. 215. The writer came to the conclusion 
that only the type specimen of P. lepto

coma  from Sitka should be referred to 
that species. Some 70 specimens now 
available were examined and the same 
conclusion was reached. P. leptocoma was 
differentiated from P. paucispicula by 
being slightly taller, having greenish spike- 
lets nearly always lacking any violet tinge 
and leaves more or less scabrous above. 
In the Alaskan material only the type 
specimen of P. leptocoma  answers to this 
description. In the Kamchatka material 
P. flavidula  K o m . belongs here.

Under such circumstances it might be 
questioned if the type specimen of P. 
leptocoma  really originates from Sitka. 
The label of the isotype specimen in 
Leningrad reads: “Poa stenantha  T r i n .  ß 
leptocoma  T r i n .  (Herb. T r i n i u s  sub. P. 
leptocoma  M.) M e r t e n s  1829”). According 
to kind information received from S. L ip -  
sc h i t s  the label was not written by T r i 
n i u s  but probably by R o r o d i n .  M e r t e n s  
visited Sitka from July 24th to 31st, 1827. 
A safe name for the Alaskan plant is P. 
paucispicula  S c r i b n .  & M e r r .  and it is 
wisest to exclude P. leptocoma  T r i n .  from 
the Alaskan flora.

146. According to T z v e l e v  in FI. Arct. 
URSS 2 p. 146 the name Poa pseudoabbre-  
viata R o s h e v .  is three years older than 
P. brachyantliera  H u i . t .  The name was 
misunderstood, as P. pseudoabbreviata  
shows little similarity to P. abbreviato. 
Since examining the type the author 
accepts T z v e l e v ’s view. The Asiatic range 
on the map belonging to Poa  38 should 
thus be transferred to Poa 36 in the 
Alaskan Flora.

147. As the name Poa pseudoabbreviata  
R o s h e v .  was misunderstood (see above), 
the plant thus nam ed in the Alaskan F lora 
(no. 38) should be referred to Poa Jordalii 
P o r s .  which differs from P. abbreviato  
merely in having lemmas glabrous be
tween the keel and the marginal nerve. 
It is the Rocky Mountain counterpart to 
P. abbreviata and here regarded as a 
m ajor  race of that species:

Bot. N otiser, vol. 126, 1973
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Poet abbreviatet R. E r .  in Suppl. to App. 
P a r ry ’s Voy., 1824 p. 287, subsp. .Tordalii 
(Pors.) Huit., comb. nov.

Poet Jorcletlii P o r s .  in Canad. Field Nat. 79, 
1965 p. 82.

It was recently found on Wrangel I., 
where subsp. abbreviata  also occurs and 
extends southwards to the mountains of 
British Columbia.

148. Range extension for Col podium  
Wrightii to Karaginskiy I., N Kamchatka, 
according to V o r o s h i l o v  et al. 1971.

C. Wrightii was transferred  to the genus 
Puccinellia b y  T z v e l e v  in FI. Arctica 
URSS 2, 1964 p. 193. A map of its Asiatic 
range is given b y  J u r t s e v  et al. in 1 9 7 3  
p. 303.

152. In Rhodora 54, 1952, C h u r c h  refers 
Glyceria pauciflora  to the genus Torreyo- 
chloa, chiefly characterized by open 
sheaths. 11 is view is accepted in C a l d e r  & 
T a y l o r  1968. Glyceria pauciflora  is m o r
phologically extremely similar to other 
Glyceria species. Add the synonym Torrey-  
ochloa pauciflora  ( P r e s l . )  C h u r c h .

155. Range extension for Puccinellia 
phryganodes:  Karaginskiy I.. N K a m 
c h a t k a  (Vo r o s h i l o v  et  al. 1 9 7 1 ) .

157. The locality on Richard I., Mac
kenzie delta, marked on the Circumpolar 
map, was omitted in the Alaskan map. 
Localities between that place and Banks 
1. were reported by C o d y  & P o r s i l d  1968 
h p. 265.

158. According to O h w i ’s Japanese Flora 
Atropis kurilensis  T a k e d a  is a synonym 
of Puccinellia pumila. T z v e l e v  agrees 
with this view. The range should thus be 
extended from S Kamchatka to N Kyushu 
and Sakhalin.

160. Puccinellia sibirica H o l m b . ,  a 
west-Siberian plant was found at Pinakul 
in easternmost Chukotka according to 
J u r t s e v  et al. 1973 p. 305. It is very 
similar to P. borealis and the specimens 
must be carefully compared.
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164. Range extension of Puccinellia bo
realis to the Anderson R. and N orm an 
Wells in the Mackenzie district according 
to C o d y  & P o r s i l d  1968 b p. 265. It is 
said to be an aggressive weed.

164. According to D o r o g a s t a j s k a j a  
1972 Puccinellia Hauptiana  occurs as a 
weed along the lower Jenisei, at K hatanga 
and on the Lena delta.

165. Range extension of Puccinellia in
terior to F o r t  Simpson according to CODY 
& P o r s i l d  1968 b p. 266.

165. According to D o r o g a s t a j s k a j a  
1972 Puccinellia distans  occurs as a weed 
along the lower Jenisei and on the Lena 
delta.

169. Festuca baffinensis  was reported 
from northeasternm ost Chukotka by J u r t 
s e v  et al. 1972.

179. Festuca ovina  subsp. alaskensis 
H o l m e n  seems to be identical with F. 
auriculata  D r o b .  According to the map 
by T z v e l e v  (FI. Arct. URSS 2 p. 220) 
this taxon extends from the Urals to Ana
dyr and south to the northern  Baikal 
area, Sichota Alin and Kamchatka. It 
also occurs on Wrangel I. according to 
P e t r o v s k y  1973 p. 115. In Nov. Syst. PI. 
Vase. 9, 1972 p. 4 5  T z v e l e v  reports F. 
auriculata  subsp. auriculata from Alaska.

171. S c h a c k l e t t e  and others (1969 p. 
58) writes that Festucet rubra  subsp. aucta 
“should not be accorded formal taxonomic 
recognition”. It is very remarkable that 
this taxon is the only segregate of the 
Festuca rubra  complex met with in the 
Aleutians west of Unalaska. It is a very 
characteristic taxon that possibly merits 
specific status. W here it meets introduced 
or mainland taxa of the complex it is, 
however, less distinct which is why it was 
given the rank of subspecies.

175. The range of Promus Pumpellianus  
var. arcticus should be extended to Pen- 
shina, the northern  Ochotsk area and 
Kamchatka.
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A tetraploid taxon similar to the octo- 
ploid Bromus Pumpellianus  was described 
as B. Pumpellianus  subsp. Dicksonii  by 
M itc h e ll  & W ilto n  in Brittonia 18, 1966 
p. 163. According to them it occurs along 
the Yukon between Kaltag and Ruby.

181. Lolium temulentum  has been col
lected at Norilsk, northern Siberia, accord
ing to D o rogasta jsk a ja  1972.

183. According to a personal com m uni
cation from T z v e le v  Roegneria kamcza-  
dalorum  Nevski is a synonym of Agro- 
pyron pauciflorum  subsp. majus  (Vasey) 
M eld er is . Its range should thus be ex
tended to Kamchatka.

183. In D oro g a sta jsk a ja  1972 Agro- 
pyron repens was reported from Khatanga 
and Provideniya (Port Providence, SE 
Chukotka) .

185. Range extension for Agropyron  
macrourum  to Wrangel I. acc. to P e t 
rovsky 1973 p. 116.

187. Range extension of Agropyron bo- 
reale subsp. boreale to Wrangel I. acc. to 
P etro v sk y  1973 p. 116.

197. LI y mus S ib i r i e n s  also occurs in 
Penshina and Anadyr, which makes the 
gap between the Asiatic and American 
ranges considerably narrower.

199. According to A. Love (Isl. Ferdafl. 
1970 ]). 136) Eriophorum angusti fo lium  
subsp. triste has been found once in NW 
Iceland.

201. Eriophorum Seheuchzeri var. 
Seheuehzeri  occurs on St Lawrence I. 
according to Young 1971 p. 40. An earlier 
report had  been regarded as doubtful.

201. An examination of the type of 
Eriophorum altaicum  Meinsh. showed 
that this taxon is not (as had been ex
pected) a synonym of E. Seheuehzeri var. 
tenuifolium. The narrow  area extending 
from eastern Siberia to Altai on the 
Circumpolar map should he removed. The

range will then agree well with that of 
several other Pacific taxa.

204. Eriophorum  braehyantherum  was 
reported from several places in eastern 
Chukotka by J u rtsev  et al. 1973.

205. Specimens of Eriophorum  vagina- 
tum  subsp. spissum  were found in the 
Leningrad Herbarium from Chukotka, 
Wrangel I., Anadyr, Penshina and Kolyma 
westwards to Tixi at the mouth of the 
Lena R.

207. According to J u rtsev  et al. 1972 
p. 768 Seirpus Maximooiczii occurs at 
Koolen in northeasternmost Chukotka. 
Later it was reported from  several places 
in eastern Chukotka by J u rtsev  et al. 
1973. Map p. 308. It is a very peculiar 
plant with a broken-up range southwards 
to the sources of the Indigirka IL, P en
shina, Dusse Alin, Sakhalin, Ussuri, 
Korea (Mt Diamants), central and northern 
Honshu, central Hokkaido and the southern 
Kuril Islands. It is not known from 
America.

208. Koyama (Canad. Journ. Hot. 40, 
1962 p. 927) regards Seirpus oaliclus, 
which he takes as being a subspecies of 
the Eurasiatic S. lacustris L., as a taxon 
occurring from British Columbia to Nova 
Scotia and southwards to Mexico and S 
America, hut not occurring in Alaska, 
Yukon or  Mackenzie. He regards the 
counterpart within the area of the Alaskan 
Flora as being identical with S. Tabernae- 
montani  C. C. Gmel. and names il S. la
custris L. subsp. glaucus  (Smith) Hartm. 
with the range Alaska to Nova Scotia 
south to California and N Carolina. 
According to him the latter taxon differs 
from subspecies validus in the thinly 
membranaceous floral scales, papillose on 
the upper half with dense, reddish gummy 
spots, considerably fimbriate on the upper 
margins, and in the slightly larger average 
size of the achenes. Some specimens, how
ever, such as those from the lower Klon
dike R., July 21, 1964, collected by myself, 
have glabrous, nearly nonfimbriate scales,
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others have very slightly papillose but 
fimbriate scales. The scales are much less 
papillose than in Scandinavian specimens 
of S. Tabernae montani  and the plant 
should preferably be referred to S. vali
dus, which might as well be taken as S'. 
lacustris subsp. validus (Vahl) Koyama. 
Achenes of Alaskan specimens are 2— 2.5 
mm long. Compare with discussion and 
maps 151 and 171 in H u lté n  1962.

212. In Rhodora 70, 1968 p. 207 Arg us  
reported Eleocharis nitida from Stony 
Rapids, N Saskatchewan. This locality is 
situated in the middle of the large gap 
between the earlier known Alaskan and 
Eastern American localities.

221. Young (1971 p. 41) reports Carex 
Jacobi-Peteri from two localities on St 
Lawrence I.

223. Carex scirpoidea Mieux, sens. lat. 
is reported from the Queen Charlotte Is 
in C ald er & T a y lo r  1968.

224. A map of the distribution in NE 
Siberia of Carex obtusata is presented by 
Ju rtsev  et al. 1973 p. 310.

241. According to N elm es in Rein- 
wardtia 1: 3, 1951 p. 444 the type of Carex 
canescens L. is C. Buxbaumii.  The name 
of this taxon, for centuries widely known 
as C. canescens, should be changed to 
C. carta Goon. Cf. M oore & C h ater  in 
Rot. Notiser 124:3, 1971 p. 325. The 
botanical nomenclatural rules should pro
vide for the conservation of such old 
established names.

246. C arex echinata  Murr, is a very 
complicated complex not yet well under
stood. The specimens from Unalaska re
ported under that name should be referred 
Io var. angustata (Corey) B a iley , in 
America usually named C. angustior  Mac
kenzie. Alaskan specimens are, however, 
unusually broad-leaved (mostly 2 mm). 
C. angustior ranges from Newfoundland 
to British Columbia south to NW  N Caro
lina, northern Michigan, Colorado and 
California. Russian authors include speci
Bot. Notiser, vol. 126, 1973

mens from  Kamchatka to Japan and 
Korea in this taxon.

255. Both Carex media  R. Br. and  C. 
norvegica R etz, were reported from  
easternmost Chukotka in El. Arctica URSS 
3 (maps pp. 131 and 133), as well as by 
Ju rtsev  et al. 1973 p. 314. Revising the 
Alaskan material it was found that both 
specimens with about 2 mm long, dark 
perigynia, answering to C. norvegica  
R etz, and such with about 3 mm long, 
light-coloured perigynia, answering to C. 
media R. Br. occur there, sometimes from  
the same locality. These two taxa are not 
very distinctly separated from each other, 
a fact recognized also by Ju rtsev  et al. 
1973. This was the reason why the writer 
proposed to regard C. media as subspecies 
inferalpina  of C. norvegica R etz. F rom  
what is now known, both types are 
circumpolar. C. media  is a woodland plant,  
while C. norvegica is subarctic and sub
alpine. They are another example of 
circumpolar taxa pairs mentioned in 
H u ltén  1962 and 1971.

255. Carex holostoma  was reported by 
Ju rtsev  et al. 1973 from a num ber of 
places in eastern Chukotka. It also occurs 
in the Mts NE of Lake Baikal acc. to 
M alyshev  1972 map 58.

266. The occurrence of Carex atrata 
subsp. atrosquamea  on the Arctic Slope 
is verified by M u r r a y  (in a letter), who 
collected this taxon at Shublik Springs.

265. Carex nesophila  Holm  was t rans
formed to a subspecies of C. microchaeta  
Holm  by M urray in Canad. Journ. Bot. 
49, 1970 p. 323.

271. Two small localities for Carex li
vida were discovered on St Lawrence I. 
by Young (1971 p. 43).

273. Carex petricosa was reported from 
two places in easternmost Chukotka by 
J u rtsev  et al. 1972 p. 769. A counterpart 
with more numerous spikes and brownish 
scales, C. macrogyna  Turcz., occurs in 
eastern Siberia.
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274. According to Ju rtsev  et al. 1972 
Carex Krausei was found in a few places 
in easternmost Chukotka.

274. C arex Ledebouriana  C. A. M e y .  ex 
T r e v .  was reported from easternmost 
Chukotka in FI. Arctica URSS 3, map p. 
152. It belongs to the very critical C. 
capillaris complex and is characterized by 
large, club-like 1— 1.5 cm long, 3— 5 mm 
broad, brown-orange male spikes, often 
overlapping the uppermost female spike. 
No such specimens were seen in Alaska.

278. Carex membranacea  also occurs on 
W rangel I. acc. to P e t r o v s k y  1973 p. 116.

281. The leaves of Lysichiton america- 
n u m  are said in the Alaskan F lora  to be 
up to 1 m long. According to E y e r d a m  in 
Leaflets Western Bot. 5, 1948 p. 186, they 
can be much larger, up to 6 feet 2 V2 

inch (2.6 m).

282. Range extension of L em na trisulca 
to two lakes north of Brooks Range, see 
map b y  C h .  H o l m q v i s t  in Bot. Notiser 
124: 3, 1971 p. 337.

288. The American component of the 
Juncus Mertensianus  complex was divided 
into six subspecies by H e r m a n n  in Leafl. 
Western Bot. 10, 1964 pp. 81—96. The 
Alaskan plant belongs to subsp. Merten
sianus.

288. Discussing Juncus falcatus C a r d e r  
& T a y l o r  (1968 p. 267) write: “ H u l t é n  
(1943 p. 427) recognizes subsp. sitchensis 
by its short styles and filaments, but these 
characters were found to be of 110 signifi
cance in the series of specimens we exa
mined”. Alaskan specimens, however, have 
short styles, and filaments of the same 
length as the anthers. Specimens from 
California, where the type of ./. falcatus 
came from, for instance K e l l o g g  & Bo- 
I.a n d e r  40, Herb. June. Bor.-Amer. Nor
male ed. G. E n g e l m a n n  from Lone Mt 
San Francisco, have fairly long styles and 
filaments much shorter than the anthers. 
In M u n z  & K e c k  “A California F lo ra” 
./. falcatus is said to have anthers longer

than the filaments. In Alaska J. falcatus 
is always single-headed.

289. In H u l t é n  1967 p. 31 it was pointed 
out that Juncus castaneus  subsp. casta
neus and subsp. leucochlamys  intergrade. 
Variation is considerable, also the length 
of the anthers varies between 1 and 2 
mm. Russian authors refer specimens with 
few-flowered heads, pale perianths and 
capsules and with the lowest bracts long 
and dilated at base, named ./. castaneus 
subsp. castaneus var. pallidus, to ./. leu
cochlamys. They differ from subsp. casta
neus especially in the bracts. O11 an aver
age they have long anthers.

Juncus castaneus  constitutes a circum- 
polar complex, not yet well understood. 
Even in Scandinavia, where it occupies 
an isolated area in the southern m oun
tains, remarkable variation occurs. I11 the 
Dovre Mts most specimens have a long 
bract,  strongly dilated at the base, and 
few-flowered heads, in contrast with the 
bulk of I he Scandinavian material which 
has short,  narrow  bracts and more n u 
merous flowers in the head. The first- 
mentioned type is similar to those named 
./. castaneus var. pallidus  in the Alaskan 
Flora.

292. Y o u n g  1971 p. 44 reports a Juncus  
species from St Lawrence I. “which cannot 
be identified with any species presently 
known to occur in Alaska”. In his descrip
tion nothing speaks against the view that 
it is a depauperated form of the very 
variable J . alpinus  subsp. nodulosus  which 
can be expected to occur 011 that island. 
It is very improbable that it belongs to 
J. Fauriensis,  with which Y o u n g  com
pares it.

293. Juncus triglumis, reported in 
C a l d e r  & T a y l o r  1968 from Moresby I., 
Upper Victoria Lake, belongs to subsp. 
albescens according to specimens exa
mined. Juncus triglumis  subsp. albescens 
was reported from easternmost Chukotka 
in J u r t s e v  et al. 1973 p. 296.
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296. Luziila rufescens  was reported 
from eastern Chukotka b y  J u r t s e v  et al. 
1973. Range extension to Canoe Lake 
west of the Yukon delta according to 
C o d y  & P o r s i l d  1968 b.

298. The Luzula parviflora  complex was 
discussed b y  H ä m e t - A h t i  in Ann. Rot. 
Fenn. 8, 1971 pp. 36 8 — 381. While she 
referred the eastern American plant, 
occurring from Saskatchewan and Minne
sota eastwards, to subsp. melanocarpci, 
Alaskan specimens were referred to subsp. 
parviflora, the total range of which is left 
undecided (cf. map 50 in H u l t é n  1962).

A very different opinion was expressed 
in FI. Arctica URSS 4 p. 34.

The taxon named L. parviflora  subsp. 
divaricata in the Alaskan F lora was 
divided into two laxa: L. parviflora  subsp. 
fastigiata (E .  M e y . )  H ä m e t - A h t i ,  ranging 
from Alaska to California, Utah and Colo
rado, and characterized by acute, pale to 
dark brown, not reddish outer perianth- 
segments, and L. divaricata  S. W a t s . ,  
ranging essentially south of the glaciation, 
from Washington to California (partly 
sympatric with her L. parviflora  subsp. 
fastigiata) and characterized by long- 
acuminate perianth segments with a 
reddish fringe and with reflexed apex.

These are certainly small differences on 
which to differentiate taxa with the rank 
of species. That lowland plants in the 
north are mountain plants in the south 
is not rare. The zonal distribution there
fore hardly supports taxonomical separa
tion.

H i t c h c o c k  et al .  (Vase. FI. Pacific N.W. 
1, 1969 p. 215) had apparently  not seen 
Alaskan specimens determined as L. pauci- 
flora  subsp. divaricata when they proposed 
that the report was founded on specimens 
of L. Piperi.

The specimen from Juskatla  T a y l o r  24 
and reported as L. parviflora  “lowland 
phase” in C a l d e r  & T a y l o r  1968 belongs 
to L. parviflora  subsp. divaricata  as inter
preted in H u l t é n  1968. Range extension 
for that taxon to Amchitka I. ( R e i c h  & 
M c C a n n )  according to H ä m e t - A h t i  p. 376. 

Bot. Notiser, vol. 120, 1973

309. Luzula nivalis L a e s t .  was reported  
from nits NE of Lake Baikal in M a l y s h e v  
1972 map 82.

301. In Ann. Bot. Fenn. 8: 2, 1971 p. 
156 I L Ä m e t - A h t i  reports Luzula groenlan-  
dica (BÖCHER in Meddel. Gronl. 147:7, 
1950 p. 18 tab. 1) from the Richardson 
Highway close to mile 200 and from one 
mile N of Fielding Lake (NW of Paxson). 
Other collections are from Sourdaugh 
Creek, about 70 miles NE of Fairbanks, 
and from  Summit Lake, both collected by 
G a l e n  S m i t h .  P o r s i l d  (1972 p. 236) re
ports it from Ogilvie Mts in Yukon.

L. groenlandica  differs from other 
members of the extremely complicated L. 
multif lora  complex, especially from “L. 
frigida sens, lat.”, in often having single 
heads, somewhat shorter perianth  seg
ments and seeds usually less than 1.1 mm 
with a short appendage.

According to C o d y  & P o r s i l d  1968 b, 
L. groenlandica  is widespread in the 
continental NW Territories of Canada. It 
is probably one of the c ircumpolar com
ponents in the L. multiflora  complex.

In the Greenland F lora by B o c h e r  et 
al. 1968 p. 215 is stated: “Inflorescence 
a single head, sometimes together with 
small, shortstalked clusters” . Some of the 
Alaskan specimens determined as L. groen
landica on account of the seed character 
look very different from the drawing in 
the Greenland F lora fig. 51 d, for instance 
G. S m i t h  2108 from Summit Lake with 
up to 7 small beads, some on stalks up to 
35 mm long.

On examining the Alaskan material re 
ferred to L. multiflora  var. frigida speci
mens with small seeds were found, but no 
constant correlation with other charac
teristics could be established.

302. Luzula tundricola  and L. multiflora  
var. Kjellmaniana.  The nomenclature of 
these two very different taxa was discussed 
by H ä m e t - A h t i  and V i r r a n k o s k i  in Ann. 
Bot. Fenn. 8 :2 ,  1971 p. 157. The regret
table result is that the plant called L.
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tundricola  G orodkov in H u lté n  1968 
should, for technical reasons, bear the 
name L. Iije llmaniana  M i y a b e  & Kudo, 
although its authors had quite a different 
plant in mind. 1 refrain from trying to 
find an acceptable name for the plant 
called L. multif lora  subsp. multif lora  var. 
Kjellmaniaua  in H u lté n  1968 p. 302. 
'Fhis taxon can he included in the L. multi-  
flora  com plex until this has been mono- 
graphically studied.

305. Zygadenus glaucus  N u t t ,  is given 
a s  a  synonym of Z. elegans P u r s h  in the 
Alaskan Flora. It would, however, be 
better to regard it as an eastern race of 
that species:

Zygadenus elegans  P u r s h  su b s p .  g l a u c u s  
( N u t t . )  H u i t . ,  c o m b .  nov .

Melanthium glaucum N u t t .  Gen. 1, 1818 p. 
232.

On the Circumpolar map only the range 
of subsp. elegans is given. Subsp. glaucus 
occurs from Minnesota and Wisconsin to 
St Lawrence Bay and Mingan I. south to 
W  New York and the mountains of Vir
ginia and N Carolina. W here the ranges 
overlap intermediates occur or even p re
dominate, cf. F e r n a l d  in Rhodora 37, 
1935 p. 257.

306. Range extension for Veratrum al
bum  subsp. oxysepalum  along the coast 
of the Sea of Ochotsk southwards to about 
50 °N.

309. Range extension for Smilacina race
mosa  to Newfoundland according to in
formation from  A. W. II. D a m m a n .

310. For unknow n reasons Russian 
authors use the nam e Smilacina irifoliata 
D e s v .  for S. trifolia  (L.) D e s v .

311. Mciianthemum dilatatum  was col
lected b y  R o b e r s o n  at Port Dick, Kenai 
Peninsula.

312. C a l d e r  & T a y l o r  1968 p. 382 
maintain tha t  American material of 
Streptopus streptopoides  is “quite unlike 
the few collections we have seen from 
Asia”. It is true  th a t  the specimens from 
32

Ajan, the type locality, differ in having 
the leaf margin sparsely papillose. How
ever, Japanese plants have the same 
characteristic leaf margin as that shown 
on p). 328 fig. n in F a s s e t t ’s paper in 
Rhodora 37, 1935. Japanese specimens are 
usually branched, as is natura l for a more 
southern, w arm er habitat, but small u n 
branched specimens agree well with 
Alaskan specimens in all respects.

In Fl. SSSR 4 p. 456 the leaves of S. 
streptopoides  are said to have smooth 
margins or with small, long, linear p ro 
jections. Roth types of leaf margin thus 
occur in eastern Siberia. In Alaskan speci
mens only traces of such projections can 
occasionally be seen. S. streptopoides var. 
jctponicus ( M a x im . )  F a s s e t t  is thus 
doubtfully distinct from var. curvipes  
( V a i l )  F a s s e t t .

In O i i w i ’s Japanese F lora the note on 
distribution “W.N. America” should he 
t ransferred  to var. japonicus.

314. A monographic treatment of the 
Sisyrinchium  taxa is badly needed as dif
ferent authors generally arrive at different 
conclusions in dealing with this genus. 
M o s q u i n  in a paper in Madrono 20 pp. 
269— 275 lumps the taxa occurring within 
the range of F lora of Alaska and Neigh
boring territories together with several 
others under the name S. bermudiana  L., 
a southern plant, the type of which came 
from Virginia and the Bermuda Is and 
which is hardly  identical with the 
Alaskan.

318. White-flowered specimens occur in 
Dactylorliiza aristatu.

318. To the synonyms of Amerorchis 
rotundifolia  add Ponerorchis rotundifolia  
( B a n k s )  S o ö  in Acta Bot. Hung. 12, 1966 
p. 353.

325. Spiranthes Romanzoffiana  occurs 
on the Queen Charlotte Is according to 
C a l d e r  & T a y l o r  1968.

326. Listera caurina  occurs on the 
Queen Charlotte Is according to C a l d e r  
& T a y l o r  1968.

Bot. Notiser, vol. 126, 1973
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320. Listera coiwallarioides occurs at 
Auk Bay in SE Alaska according to Mrs 
M. W illia m s in a letter.

321). Corallorrliiza trifida was collected 
at Cold Bay by Mrs M. W illiam s. Re
ported f rom  E Greenland in Bot. Tidsskr. 
66, 1971 p. 72.

330. Malaxis m onophylla  also occurs at 
Dutch H arbour,  collected by Mrs M. 
W illia m s in 1971.

331. The combination Calypso bulbosa 
(L.) Rchb. f i l .  ( 1851 ) is antedated by
C. bulbosa  (L.) Oakes in Thomson, Hist, 
of Vt. 1, 1842 p. 200. O akes is thus the 
au thor of tha t  name.

332. Change name of au thor for Populus  
balsamifera  suhsp. trichocarpa  from  (Torr. 
& Grav) H u lt . to the earlier (Torr. & 
Gray) B ravsh ow  in The Canad. Field 
Nat. 79: 2, 1965 p. 95. This taxon does not 
occur on the southern islands in the SE 
Alaskan Archipelago, nor  on the Queen 
Charlotte Is.

333. Argus 1973 is a monographical 
treatment of the genus Salix  in Alaska 
and Yukon, giving keys, descriptions and 
maps of all species known to occur there. 
11 is based on extensive field studies, and 
herbarium  specimens from 15 American 
botanical museums. It is much to he 
regretted tha t  the large collection in the 
Riksmuseum, Stockholm, brought together 
by the writer, was neglected. It is certainly 
one of the largest collections from the 
area in existence. If it had been used, the 
maps could have been considerably im 
proved. Now the result of the w riter’s 
field studies, marked on the maps in 
H u lté n  1968, are not included in A rgus’ 
maps. As Argus 1973 was available to the 
writer after the manuscrip t of this paper 
had been given to the printers, only a 
few comments on that work can he made 
here.

The experimentally confirmed hybrid i
zation within the genus Salix is to a very 
small extent recognized by American 
authors. This is understandable as the

paren t species in the hybrids can often he 
very difficult to state on the basis of 
morphological characters. That extensive 
hybridization exists is, on the o ther  hand, 
hard ly  reasonable to deny. Only studies 
of artificial crossing experiments can shed 
light on this problem. T hat the opinions 
of different authors differ considerably 
concerning the genus Salix  is on the above- 
mentioned grounds natural.

336. In Canad. Journ. Bot. 43, 1965 p. 
1021 Argus described Salix reticulata  
suhsp. glabellicarpa f rom the Queen C har
lotte Is (although C a ld er  & T a y lo r  are 
given as authors on p. 1023). The very 
young capsules are glabrous hut the lower 
capsules in the catkin are pubescent in 
no. 21621. A specimen of S. reticulata 
with glabrous adult capsules was found at 
Juneau  (H u lté n  8299) hut on account of 
the very different state of development it 
is not comparable with the Queen Char
lotte Islands specimens. This is, however, 
the case with a specimen collected by 
Raup & C o r e l l  (no. 10474 S) at Summit 
Pass, British Columbia. It has glabrous 
young capsules well matching those of 
the Queen Charlotte Islands plant and is 
quite similar to ('.aliier & T a y lo r  no. 
36476. It was labelled Salix  ? Barclayi X 
reticulata. Argus discusses the possibility 
of S. reticulata suhsp. glabellicarpa being 
a hybrid, bu t  rejects this. The very small 
poorly developed capsules and the ab 
norm al development of the styles, which 
have 1 3 instead of 4 lobes in many 
cases in the type specimen, support the 
hybrid  theory as well as the great varia
tion in leaf form. Anyhow, the taxon can 
hard ly  he regarded as a subspecies. It is 
probably a hybrid.

337. Both S k vortzov  (1968 p. 120) and 
Argus (1973 p. 51) m ainta in that Salix 
polaris and suhsp. pseudo polaris are 
identical. The writer is somewhat reluctant 
to accept this view. Apart from the dif
ferences quoted in the original diagnosis, 
the taxon nam ed suhsp. pseudopolaris  is 
a more robust plant,  mostly with a thicker,
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m ore woody root. In the description of 
S. pseudo polaris F l o d e r u s  already em 
phasized its close similarity to S. polaris. 
The case may he worth a closer study.

348. In the Alaskan F lora Sali.r  Dod
ge ana  was taken in a narrow  sense and 
only very small specimens, similar to 
those in the Rocky Mts, were referred to 
that taxon. P o r s i l d  (Nat. Mus. Canada 
Bull. 216, 1966 p. 25) adopted a som e
what wider concept and A r g u s  (1969 p. 
795) included material referred to ,S. ro- 
tundifolia  in the Alaskan Flora, t ran s 
ferring S. Dodgeana  to S. rotundifolia  as 
a subspecies. P erhaps  the Alaskan plan t is 
merely an ecological variety occurring in 
exposed places. The marcescent leaves at 
the hase of the plant could indicate this.

446. According to Löve  (Islenzk ferda- 
flöra) S(dix arctica occurs in a single 
locality on Iceland.

441. The type specimen of Salix toru-  
losa in the Leningrad H erbarium  differs 
considerably from  the Alaskan plant thus 
named in H u l t é n  1968. S k v o r t z o v  pro 
posed the nam e Salix sphenophylla  
S k v o r t z .  subsp. pseudotorulosa  S k v o r t z .  
(Spisok rast. Herb. Fl. SSSR 91 No 4524, 
1966) for the Alaskan plant and this is 
accepted. It differs from S. sphenophylla  
(S. cuneata  T u r c z .  not N u t t . )  in having 
pubescent capsules. The narrow  extension 
to Altai on the Circumpolar map should 
he removed.

441. Range extension for Salix spheno-  
phylla  to B arter  Island and Cape Dal- 
housie according to Argus 1973 p. 88 .

444. As mentioned in the Alaskan Flora, 
Salix glacialis A n d e r s s .  is in the w ri te r’s 
opinion the hybr id  S. arcticaX ovalifolia. 
It was transfo rm ed  to S. ovalifolia var. 
glacialis ( A n d e r s s . )  A r g u s  in Canad. 
Journ. Rot. 47, 1969 p. 798.

444. S k v o rtzo v  (1968 p. 122) treats 
Scdix num m ularia  and subsp. tundricola  
as pure synonyms.

445. Salix hebecarpa  was regarded as 
being different from  S. fuscescens  be
cause of its glabrous capsules. The cap
sules of S. fuscescens are pubescent when 
young, hut glabrescent when old. S k v o r t 
z o v  (1968 p. 127) takes S. hebecarpa 
F e r n ,  as a synonym of S. fuscescens, 
which should perhaps he accepted. 
Alaskan specimens agree exactly with 
those from the Gaspé Penins., and Gaspé 
should he added to the Circumpolar map 
of S. fuscescens on p. 343.

446. The Salix ovalifolia complex is 
still very obscure in Alaska. A r g u s  t rans
ferred S. arctolitoralis H u l t .  to a variety 
of S. ovalifolia in Canad. Journ. Rot. 47, 
1969 p. 795.

447. Scdix Maccallianae R o w l e e  was 
reported from Watson Lake in south
eastern Yukon and along Liard R. in 
adjacent British Columbia in A r g u s  1973 
p. 39, map 5. Its range is from Fort 
Simpson and the Canadian Rocky Moun
tains to Lake Mistassini in Quebec.

448. Range extension of Scdix brachy- 
car/xi to Oregon and California acc. to 
M u n z :  Suppl. California FI. (1968) p. 
1 2 2 .

451. In Argus 1973 p. 123 the name 
S(dix rigida M ühl, is preferred before 
S. Mackenzicana,  until the complex has 
been studied closer. Range extension to 
several localities in SE Yukon is reported.

452. Scdix myrtilli folia  var. pseudo- 
myrsinitis  is regarded as a distinct 
species, S. novae-angliae A n d e r s s .  by 
C r o n q u i s t  ( H i t c h c o c k  et al. 1968). A r g u s  
in V i e r e c k  & L i t t l e  1972 p. 101 accepts 
this view. According to the map there it 
is sympatric with S. myrtilli folia  in 
Alaska, where hybrids probably occur, 
but extends to California and S Utah in 
the Rocky Mts.

452. Salix pgrifolia  A n d e r s s .  was re 
ported from Palm er Lake on the western 
flanks of the Mackenzie Mts in Yukon in 
A r g u s  1973 p. 147. This is an extreme out
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post locality. Otherwise that species ranges 
from the vicinity of Lake Athabasca and 
Little Slave Lake eastwards to northern  
Labrador and Newfoundland, south to 
Lincoln Co., Wisconsin, southern Ontario 
and Maine, with outpost localities in 
northeastern British Columbia.

353. Salix amplifolia  Cov. was discussed 
in H u l t é n ,  F I .  Alaska & Yukon 3, 1943 
j). 543, and considered closely related to 
S. Hookeriana  B a r r a t t .  A r g u s  in V i e r e c k  
A L i t t l e  1972 p. 106 actually refers it 
to that species. The taxon was excluded 
from H u l t é n  1968, as the material 
available was very poor and not uniform 
(hybrids with S. B a rc la y ^ ) .

According to Argus S. Hookeriana  is 
common in Yakutat Bay (from where S. 
amplifolia  was described), and also occurs 
on Middleton I. (apparently reported as 
S. Barclayi by Thomas). It also occurs on 
the Queen Charlotte Is and extends to 
Washington and NW  California. Reports 
from Asia are erroneous according to 
S kvortzov  1968 p. 208. In Argus 1973 p. 
135 a map of the range in Alaska and N 
British Columbia is given.

354. Salix padophylla  Rydb. is called 
S. monticola  Bebb by C ronquist in H itch 
cock  et al. 1964. This name is accepted 
by Argus in V iereck  & L i t t l e  1972 p. 
108 and by ARGUS 1973.

356. Salix Drummondiana  B a r r a tt , a 
very doubtful taxon of S. alaxensis  affinity, 
was reported by W e l s h  & R i g b y  (1971 b 
p. 45) from three localities in northern 
British Columbia. F or  identity compare 
with the discussion in R a u p ,  The Willows 
of W Amer. p. 91.

358. It is now considered that the old 
interpretation of Salix depressa  L. by 
F r i e s  and the m ajority  of later authors 
is erroneous, and that this name is a 
synonym of the very different S. lanata. 
The combination S. depressa subsp. ro
strata ( A n d e r s s . )  I I u l t .  thus becomes 
meaningless. I t seems evident that S. 
Bebbianci S a r g ,  is a link in a chain of

closely related taxa that should be re 
garded as subspecies of one species. To 
find the oldest nam e for this complex that 
is acceptable from all points of view seems 
impossible, as practically every au tho r  
dealing with the problem proposes a dif
ferent solution.

S k v o r t z o v  (1968 p. 173) extends the 
range of S. Bebbiana  to northern  Scandi
navia, a view that hard ly  seems accep
table. In Fl. Europea 1 p. 51 that taxon is 
called S. xerophila  F l o d .  Until a better 
nomenclatural solution can be found it 
may be better to retain the nam e S. 
Bebbiana  for the very characteristic 
Alaskan taxon.

On A r g u s ’s map in V i e r e c k  & L i t t l e  
1972 ]). 117 Kodiak is excluded from  the 
range. S. Bebbiana, however, occurs there 
although not so commonly. See H u l t é n  
FI. Alaska & Yukon p. 544 and H u l t é n  
1969 p. 64.

Cf. discussion to map 125 in H u l t é n  
1971 .

359. Together the European—West Asi
atic Salix phylicifolia  L., the Asiatic— 
West American S. pulchra  C h a m ,  and the 
American S. planifolia  form a circum- 
polar series of very closely related taxa. 
Transitions occur between them where the 
ranges overlap. The oldest name for this 
complex is S. phylicifolia. In H u l t é n  
1971 p. 136 the au thor  transferred Salix 
pulchra  to S', phylicifolia  as a subspecies. 
A r g u s ,  however, transferred  S. pulchra  to 
the later-described S. planifolia as a sub
species (Canad. Journ. Bot. 47, 1969 p. 
798). In the same place a map of “ S. 
planifolia  subsp. pulchra  (with pubescent 
twigs) var. yukonensis” is found (p. 800).

Cf. discussion to map 127 in H u l t é n
1971 .

360. In A r g u s  1973 Salix subcoerulea 
P i p e r  is regarded as a pure synonym to 
S. Drummondiana.

362. In the key p. 334 Salix boganiden- 
sis and S', arbusculoides were separated 
on pubescence of leaves only. Studying
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specimens of S. boganidensis from Asia 
and  S. arbusculoides f rom Alaska the 
writer was unable to find any constant 
difference in the two populations. Speci
mens with completely glabrous leaves 
were not seen from Alaska but occur in 
Saskatchewan. Specimens with very 
sparse pubescence also occur in Alaska. 
An attempt to separate the northeastern  
Asiatic specimens from the Alaskan on a 
subspecies basis failed. It therefore seems 
necessary to regard S. arbusculoides 
A n d e r s s .  as a synonym of S. boganiden
sis T r a u t v .

The type sheet of S. boganidensis con
tains a mixture of two taxa. The name 
was therefore discarded and replaced by 
S. kolymensis  Seem. However, according 
to the present nomenclatural rules the 
name is valid for one of the components. 
One of the components is Salix pulchra  
C h a m .  (recognized by its persistent 
stipules), and as for the other component 
Ihe name S. boganidensis is valid. S k v o r t
zov (FI. Arctica URSS 5 p. 99) proposed 
tha t  S. boganidensis should be understood 
as follows:

S .  boganidensis  T r a u t v . FI. Boganid. in 
Middend. Sibir. Reise 1, 2, Bot. Abt. 1. 1847 
p. 154 pro  oa r tc :  quoad  pl. loi. augustis  su b 
tus pilosis in tab. 2 (non tab. 3).

303. Salix lasiandra  also occurs (rarely) 
on the Queen Charlotte Is according to 
C a r d e r  A T a y l o r  1968.

364. It is difficult to follow the discus
sion in C a l d e r  & T a y l o r  1968 concerning 
Myrica gale. Among other differences, the 
plant from the Pacific coast is undeniably 
more pubescent than the European one 
which represents typical M. gale, even if 
single specimens can lie found where the 
variation overlaps. The Pacific plant is 
therefore referred to var. tomentosa  in 
order to account for this fact. It is im 
possible to agree with the conclusion in 
( . a l d e r  & T a y l o r :  “there is no justifica
tion for recognizing the Pacific coast 
population of Western North America as 
var. tomentosa .” On the other hand it

should he admitted that the racial condi
tions within America are far from clear.

Cf. map 199 in H u l t é n  1958 and FI. 
Alaska & Yukon 4 pp. 571 -572.

364. Concerning the genus Betula  com
pare with the discussion to maps 81— 82 
and 128 in H u l t é n  1971.

368. The taxon called Alnus fruticosa  
R u p r .  from easternmost Siberia agrees 
completely with the inland taxon in 
Alaska (subsp. sinuata  excluded). The 
writer is unable to see any difference 
between it and A. crispa from NE 
America. Cf. J u r t s e v  el al. 1972 p. 769. 
The most rational course would be to 
regard .4. viridis as a circumpolar species 
with a fairly large num ber of subspecies, 
among which are subsp. crispa and subsp. 
sinuata,  but the decision should he dele
gated to the monographer.

369. The valid name for Alnus oregona 
N u t t ,  should be Alnus rubra BONG, in 
Mem. Acad. St. Petersb. 6: 2, 1832 p. 162. 
It has been considered to be a later 
homonym of Betula - Alnus rubra  M a r 
s h a l l ,  Arb. Amer. 20, 1785 and there
fore not valid. However, at that time 
Alnus had not been separated from Betula 
and the name rubra  should thus be re 
garded as belonging to Ihe genus Betula. 
G a e r t n e r  in 1790 was the first to sepa
rate Alnus, as a genus, from Betula. Alnus 
rubra  B o n g ,  consequently becomes the 
valid name. Cf. H i t c h c o c k  in Vase. PL 
Pacific NW 2, 1964 p. 74.

371. According to specimens seen Urtica 
dioica L. sens, lat., reported by C a l d e r  & 
T a y l o r  1968 from the Queen Charlotte Is, 
belongs to the taxon named U. Lyallii in 
H u l t é n  1968, not to the, in America, 
introduced European type. Range exten
sion for Urtiea Lyallii to Lake Nerka 
(Tikchik & W ood Lake distr.), R o b e r s o n  
in Hb Fairbanks, verified by M u r r a y .

372. Following K u i j t  (Nat. Mus. Canada 
Bull. 186, 1961 p. 140) the dwarf mistletoe 
of Alaska was referred to Arceuthobium  
cam pylopodum  f. tsugense. In their  m ono
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graph on the genus “Biology and Classifi
cation of Dwarf Mistletoes (Arceatho- 
bium ) ” (US Forest Service Agricult. 
Iiandb. No. 401, 1972) H a w k s w o r t h  & 
W i e n s  regard it as a species, .4. tsugense 
( R o s e n d . )  G. N. J o n e s ,  ranging along the 
coast from Alaska to central California 
and chiefly growing on Tsuga  species, 
while A. cam pylopodum  is a species 
essentially occurring south of the glacia
tion, from N W ashington to Lower Cali
fornia and growing on Pinus ponderosa. 
The morphological differences are small, 
.4. campylopodum  having staminate spikes 
c. 5 mm long, less than 3 times as long as 
broad, while they are over 5 m m  long in 
A. tsugense. The basal internodes in that 
taxon are usually rounded. The question 
can lie raised whether these two taxa are 
not merely ecological races. C a l d e r  & 
T a y l o r  1968 p. 308 are more categorical, 
as they “do not recognize f. tsugensis 
G i l l . ,  as there seems little justification 
for recognition of taxonomic entities based 
entirely on host specificity” .

376. Range extension for R um ex  grami-  
nifolius to the St. Elias Mts acc. to M u r r a y  
1971 h p. 301.

377. The name R um ex acetosa L. subsp. 
lapponicus H i i t o n e n ,  Suomen Kasvio, 
1933 p. 298 antedates subsp. alpestris 
( S c o p . )  L ö v e  1944 for this taxon.

379. The plant from Tin City (Seward 
Benins.) described from a single specimen 
as Rumex uretieus var. perlatus I I u l t .  (Fl. 
Alaska & Yukon 4 p. 600) agrees perfectly 
with the description of R. acetosa subsp. 
pscudoxyria  T o l m .  in FI. Arct. URSS 5 
p. 152. In J u r t s e v  et al. 1972 p. 770 where 
a map of its range is presented, it is re 
ported from easternmost Chukotka.

382—383. The maps of Rum ex mariti
mus  subsp. maritimus  and subsp. fue- 
gianus have regrettably been interchanged.

392. As suspected in the Alaska F lora 
P. hum ifusum  P a l l ,  ex L e d e b .  FI. Ross. 
3, 1851 ]). 531 is identical with P. cauria- 
num  R o b i n s ,  according to P e t r o v s k y  in
Bot. Notiser, vol. 126, 1973

FI. Arct. URSS V p. 169. The d raw ing  in 
Fl. SSSR V, tab. 41 :5  does not represen t 
this taxon. Range extension to the A nder
son R. 30 miles above the delta according 
to C o d y  & P o r s i l d  1968. The closest 
Siberian locality known is Anadyr.

396. The possibility of retaining Mono- 
lepis Nuttalliana  distinct from M. asiaticci 
F i s c h .  & M e y .  seems doubtful. Specimens 
from the Sadlerochit R. ( S p e t z m a n  1196) 
are very similar to those from the lower 
Lena ( B u l u n ,  N i l s s o n - E h l e ) .  The v ar ia 
tion of the Siberian plant is unknown, as 
very little material was seen.

405. Range extension of Clagtonia tube
rosa to the Mackenzie Mts 63°14'N, 
127 18'W according to C o d y  & P o r s i l d  
1968 h.

405. In Canad. Journ. Rot. 50: 9, 1972 
]). 1895 M c N e i l l  described a new species, 
Clagtonia ogilviensis, known only from a 
single locality in the Ogilvie Mts, Yukon. 
It is very close to C. umbellata  W a t s . ,  a 
rare plant growing S of the glaciation in 
Oregon, Nevada and California.

406. In FI. Alaska & Yukon 4 p. 643 
the writer described a fragmentary speci
men of an unidentified Clagtonia and 
compared it with the description of C. 
Vassilievii K u s e n .  P o r s i l d  later described 
the Alaskan—Yukon plant as C. Bostockii.  
In Bot. Notiser 124, 1971 pp. 90 92 Ö. 
N i l s s o n  referred both C. Vassilievii and
C. Bostockii to the genus Montiastrum, 
proposed by R y d b e r g .  W ithout m en
tioning this transfer J u r t s e v  (Rot. Zhurn. 
57 :6 ,  1972 p. 644) created a new genus 
Clagtoniella, consisting of these two taxa. 
N i l s s o n  in his key separates the two taxa 
in the following way:
Caespilose, with  no repen t  stems. F lowering 
shoots  w ith  one up p e r  leaf. All leaves l inear,  
sessile. T epals  abou t  twice as long as the 
involucre. Bracts  b road ly  ovate . M. Vassilievii  
Stems repent  with  ascending flor ife rous m any- 
leaved shoots.  Basal leaves n a r ro w ly  oblance- 
olate  i  distinctly  petiolate. T epals  abou t  
th ree  t imes as long as tlie involucre. Bracts 
ova te  ..................................................... M. Bostockii
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In Bot. Zhurn. 56, 1971 p. 679 P e t r o v -  
s k i  states that, after having com pared the 
type of C. Vassilieoii and the specimens 
f rom  Wrangel I. with P o r s i l d ' s  picture 
of C. Bostockii  and the drawing in H u l t é n  
1968 p. 406, he had come to tlie conclu
sion that the two taxa belong to the same 
species.

The most important difference between 
the two taxa in Ö. N i l s s o n ’s key is tha t
C. Vcissilievii is said to be caespitose, 
while C. Bostockii  has a repent stem. This 
is a mistake and agrees poorly with the 
description of C. Vassilievii, which begins: 
“Perennis, rhizoma tenue, longum, repens, 
ramosum, caules floriferos et surculos 
steriles foliosos emittens . . .”

On the type sheet of C. Vassilievii 
runners  can also be seen, although dis
connected from the flowering stem and 
mounted in an upright position. Both 
plants thus have a repent stem.

In Bot. Zhurn. 48:8, 1963 p. 1192 A l e -  
s c h i n a  presents a picture of the pollen of 
L. Vassilievii. Fine pictures of the pollen 
of Bostockii  have been published by 
M c N e i l l  & F i n d l e y  in Canad. Journ. Bot. 
49:5 ,  1971 pi. 1 (opposite p. 71-1). The 
pollen is extremely characteristic and 
there seems to he no m ajor difference in 
the pollen s tructure of the two taxa.

This was also the opinion of the 
Swedish pollen expert, Dr S i y e r t  N i l s s o n .

In J u r t s e v  et al. 1972 p. 770 o-
niella Vassilievii is reported from  Koolen 
in easternmost Chukotka, a locality bridg
ing the gap between the two ranges.

Specimens from Wrangel I. agree very 
well with alpine specimens of C. Bostockii 
collected by the Kaskawulsh Glacier, in 
the St Elias Mts by I). F .  and M. M u r r a y  
and the writer must regard the two taxa 
as belonging to a single species, the oldest 
name of which is Claytonia Vassilievii 
K u s e n .  Compare G r i c h u k  in G i t e r m a n  
et al. 1973 pp. 79— 80.

407. Range extension for Claytonia arc- 
tica to St Lawrence I. acc. to Y o u n g  1971.

408. Remarkable range extension of 
onia sarmentosa  to N Lake Baikal 

region acc. to M a l y s h e v  1972 map 128.

401). A locality of Claytonia (Crunocallis) 
Chamissoi in SW Manitoba is m arked on 
N i l s s o n ’s map in Bot. Notiser 123: 1, 1970 
p. 139.

412. In FI. Arctica URSS 6 p. 29 the 
range of Stellaria media  is extended to 
Dudinka (lower Jenisej R.), Khatanga and 
the SE Chukotsk Benins.

416. None of the specimens reported as 
Stellaria calycantha  in G a l d e r  & T a y l o r  
1968 p. 332 belongs to tha t  species. They 
belong to S. sitcliana var. sitchana (e.g. 
21857 and 22597) or to var. Bongardiana  
(e.g. 21699 and 36357).

417. A map of the localities of Stellaria 
umbellata  from NE Siberia is published 
in FI. Arctica URSS 6 p. 19. To this should 
be added Wrangel I. acc. to P e t r o v s k y  
1973 p. 118. The m ark  of interrogation on 
the Circumpolar m ap in the Alaskan Flora 
should he replaced by a dot.

418. Stellaria monantha  was reported 
from W rangel I. in P e t r o v s k y  1973 p. 
118.

419. Iu Bot. Notiser 1943 pp. 251— 270 
the writer tr ied to bring some order into 
the very complicated Stellaria longipes 
complex. Later the American taxa were 
discussed by B ö c i i e r  (Bot. Tidsskr. 48: 4, 
1951 pp. 401 402) and by P o R S I L D  (Bull.
Nat. Mus. Canada 186, 1963 pp. 1—35). 
lu FI. Arctica URSS 6 a very different 
treatment is presented where the very 
variable pubescence of the leaves is re
garded as a characteristic of superior 
importance. As is readily seen from the 
key in that work, this leads to a very 
bewildering taxonomy, and the writer 
must refrain from trying to identify the 
taxa accepted there. A totally new m ono
graphic study is needed to coordinate the 
above-mentioned treatments and to make 
possible reasonable decisions. It remains 
to be added tha t the taxa on both sides
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of the Hering Strait are, as far as the 
writer can see, identical whatever they are 
named.

421. The high-arctic, densely tufted and 
densely pubescent phase of Cerastium  
Beeringianum  was distinguished as subsp. 
Bialynickii  ( T o l m . )  T o l m .  in FI. Arctica 
URSS 6 p. 45. It can possibly he regarded 
as a poorly differentiated high-arctic race.

425. Cerastium arvense  was r e p o r t e d  
f r o m  W r a n g e l  I. i n  P e t r o v s k y  1973 p .
118.

42(5. The very unexpected report of 
Sagina procumbens  from Queen Charlotte 
Is by C a r d e r  & T a y l o r  (1968 p. 328), 
also said to be common in cultivated 
fields along the Pacific coast, could not 
he checked as the specimens were not 
available for loan. Compare map 106 in 
H u l t é n  1958.

426. Acc. to the map in FI. Arctica 
URSS 6 p. 55, localities should he added 
on the Circumpolar m ap of Sagina sagi- 
noides, from the lower Olenek R., the 
lower Lena, Kolyuchin Bay and tr ibutaries 
of the lower Kolyma R. Also reported 
from central Honshu, Hokkaido and 
Sakhalin ( O h w i ’s Japanese Flora) and 
from the southern Kuril Is.

427. The treatment of Sagina erassi- 
caulis by M i z u c h i m a  (Journ. Jap. Rot. 35: 
11, I960 ]). 335) calls for comment. He 
refers the entire Pacific population to S. 
maxima  A. G r a y ,  but believes that the 
plants from K amchatka and Alaska are 
annuals. This is certainly not the case, 
they are at least biennials. The seeds of 
the northern  plant are said to be smooth, 
not agreeing with the figure in H u l t é n ,  
FI. Kamtchatka 2, 1928 p. 78. That is not 
so. The seeds of the Kamchatkan and 
Alaskan plant agree well with the picture. 
Seen under the microscope the structure 
can best he observed on the margin of 
the seed.

The title of M i z u c h i m a ’s paper is “ A 
preliminary revision of the genus Sagina 
in Japan  and its adjacent regions”. In the 
Bot. Notiser, vol. 126, 1973

final revision he may arrive at a d ifferent 
conclusion. Thus, for instance, he also 
includes inland specimens in S. maxima.  
In the northern  Pacific the taxon  under  
discussion is strictly littoral.

In O h w i ’s Japanese Flora the range of 
S. maxima  is given: Hokkaido, H onshu 
to Korea and Formosa, while the plant 
occurring from Hokkaido nor thw ards  and 
eastwards is referred to var. crassicaulis 
(S. W a t s . )  H a r a .  S. maxima  m ust  he 
regarded as a doubtful name of the 
Alaskan Plant.

432. The occurrences in Siberia of 
Minuartia yukonensis  should he removed. 
They were based on misidentified speci
mens of M. aretiea.

433. In FI. Arctica URSS 6 the nam e 
Minuartia rubella is reserved for  no r thern  
single-flowered specimens, while some
what more southern specimens with 
branched stems are referred to M. verna  
(L.) H i e r n .  According to the m aps both 
reach Chukotka. In the key M. verna  is 
said to he loosely tufted with a stem up 
to 10 cm long and 2— 3-flowered. The 
calyx is green, 3 mm long, the fruit is 
shorter than the sepals and the seeds 0.4 
— 0.5 m m  in diam. The petals are longer 
than  in M. rubella.

M. rubella is said to he densely tufted 
with a stem up to 5 cm long and single
flowered. The calyx is purplish, 3— 4 mm 
long, the fru it  is longer than the sepals 
and the seeds 0.6— 1 111111 in diam. The 
petals are short. Transitions admittedly 
occur along the contact line.

In the Alaskan material the writer is 
unable to find any such correlation be
tween the characters mentioned.

In Scandinavia M. verna is usually 
distinguished on petals longer than the 
calyx. In the more than 100 collections 
from Alaska examined no specimen has 
petals longer than the calyx, rarely as 
long as the calyx, hut some have branched 
inflorescences. That southern specimens 
are taller and have more than one flower 
is not surprising.
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The  possibility of dividing the Siberian 
m ateria l into two species seems doubtful.

433. In FI. Arctica URSS 6 p. 64 
M inuartia Rossii var. elegans was t rans
fe rred  to subsp. elegans ( C h a m .  & 
S c h l e c h t . )  R e b r i s t a j a .  The reason why 
the writer does not regard it as a sub
species is that it is ecologically, but not 
geographically, separated from the com 
mon strongly tufted type in Alaska.

M. orthotrichoicles S c h i s c h k .  was 
erroneously referred to M. Rossii as a 
variety by the writer in the Alaskan 
Flora. According to FI. Arctica URSS it 
belongs to M. rubella. The writer was 
misled by the diagnosis, where the very 
short stems are said to he subglabrous, by 
the densely tufted habitus and the no r thern  
Arctic locality. The stems of M. rubella 
are glandular.

434. The Arctic race of Honckenya pep- 
loides, occurring in northern Alaska, is 
s u b s p .  diffusa  ( H o r n e m . )  H u l t . ,  F I .  
Aleut. Is. p. 173.

435. According to the map in FI. Arctica 
URSS 6 ]). 77, only the range east of the 
Kolyma R. refers to Arenaria capillaris, 
characterized by a glabrous stem. The rest 
of the range marked on the Circumpolar 
map refers to .4. formosa  F i s c h ,  with a 
glandular stem. In Alaska some specimens 
have stems or peduncles with a few glands.

435. J U R T S E V  et al. 1972 p. 770 report 
Arenaria longipedunculata  from Penkignei 
in southeasternmost Chukotka. A speci
men from St Lawrence Bay in the Lenin
grad H erbarium  also belongs here.

436. Russian authors refer Arenaria  
Chamissonis  to the genus Stellaria. The 
petals are  not clearly bifid as in that 
genus, bu t reduced and irregularly lobed, 
or lacking. The seeds were examined by 
the Swedish seed specialist, G r e t a  B e r g 
g r e n .  According to her they have the 
same form  and sculpture as the seeds of 
Minuartia biflora, but are much larger 
and m ore distinctly sculptured. The 
capsule is one-seeded.

The pollen is according to a report 
from the Palynological Laboratory in 
Stockholm of Arenaria  type, not similar 
to Stellaria pollen. The general appearance 
of the plant is not that of a Stellaria, and 
there seems to he little reason to refer it 
to that genus.

437. Moeliringia lateriflora  also occurs 
on the Queen Charlotte Is acc. to C a l d e r  
& T a y l o r  1968.

438. In D o r o g a s t a j s k a j a  1972 Sper- 
gula arvensis is reported from the lower 
Oh R. and Khatanga.

440. On the line leading to Silene Men- 
ziesii subsp. Menziesii the “m m ” should 
be cm.

440. Acc. to the map in FI. Arctica 
URSS 6 ]). 99 Silene acaulis (subdivision 
uncertain) occurs westwards to the Kolyma 
R. and southwards to Kamchatka and 
Copper I.

443. Silene cucubaliis was reported from 
Alaska by D e a r b o r n  in Weeds 7, 1959 p. 
269 as a weed “affecting agriculture”. No 
specimen has been seen by the writer.

444. Melandrium  is admittedly a hetero
geneous genus. In an a t tem pt to better 
understand the taxa traditionally referred 
to Melandrium  authors come to widely 
differing conclusions. American authors 
usually refer them to the genus Lychnis. 
In FI. Arctica URSS 6 they are referred 
to the genus Gaslrolychnis [ -W a h lb e r -  
gella) according to the key differing from 
Silene in being perennial, monoecious, 
with petals as long as or somewhat longer 
than the calyx. C h a w d h u r i  (Notes R. Rot. 
Gard. Edinb. 22, 1957 pp. 221 278)
unites them with the gigantic genus Silene, 
a policy followed by F lora  Europaea and 
by B q c q u e t  (Revisio Physolychnidum. — 
Phanerogam. Monogr. 1, 1969), which in
volves numerous nomenclatural changes 
and problems.

As stated in H u l t é n  1967 p .  54, a 
conservative nomenclature is used in FI.
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Alaska and neighboring territories, pend
ing B o c q u e t ’s  treatment.

An attempt to improve the nomenclature 
and taxonomy so that they correspond 
with more modern views follows here:

445. The name Melcindrium cipetalum 
is replaced by Silene Wahlbergella  C h a w -  
d h u r i  loc. cit. ]). 237 in FI. Europaea. 
Synonyms are: Lychnis apetala L., Melan- 
drinm apetalum  (L.) F e n z l ,  Silene nr al en
sis (R u p r . )  B o c q . ,  Gastrolychnis apetala 
(L.) T o l m .  & K o z h .

Alaskan specimens belong to Silene 
Wahlbergella  C h a w d h u r i  subsp. arctica 
(Fr.) Hult., comb. nov.

Wahlbergella apetala  ß arctica  F r .  in 
ö fvers .  Vet. Akad. Förh .  (Stockholm) 1869 p. 
133.

They differ from the Scandinavian type 
in having petals longer than  the calyx.

F o r  a  r e v i e w  o f  th e  c o n d i t i o n s  see  
H u l t é n  1971 ,  d i s c u s s i o n  a c c o m p a n y i n g  
m a p  54.

Melandrium Soczavianum  S c h i s c i i k .  (Si
lene Soczaviana  ( S c h i s c i i k . )  B o c q . ) ,  a 
plant related to Silene Wahlbergella  subsp. 
arctica (Melandrium apetalum  subsp. arc- 
tieum), was reported from Alaska in FI. 
Alaska & Yukon p. 704, but not in FI. 
Alaska and neighboring territories. It is a 
somewhat doubtful taxon, collected only 
a few times, but no specimen agreeing 
with its type-specimen has been seen from 
Alaska. The type has upright flowers and 
fruits and dark violet petals twice as long 
as the calyx.

445. Melandrium macrospernuim  re
ceives the name Silene macrosperma  
( P o r s . )  H u l t .  1971 p. 326, with the 
synonyms Silene uralensis subsp. Porsildii 
B o c q .  and Gastrolychnis macrosperma  
( P o r s . )  T o l m .  &. K o z h .  Apart from Alaska 
it also occurs in NE Siberia (see map in 
FI. Arctica URSS 6 p. 115).

446. The identity of Silene fnrcata  R a f .  
with Melandrium affine is most doubtful 
and possibly erroneous. The name Silene 
furcata  R a f .  used in El. Europaea is 
Bot. Notiser, vol. 126, 1973

rejected, and Silene involucrata  (C i ia m .  & 
S c h l e c h t . )  B o c q .  accepted. Gastrolychnis  
affinis  ( V a h l . )  T o l m .  & K o z h .  is regarded 
as a synonym. For a review see the discus
sion to map 10 in H u l t é n  1971.

446. Acc. to B o c q u e t  the nam e Melan
drium  trif lorum  becomes Silene Soren- 
senis (Boiv.) B o c q . ,  if the taxon is t r a n s 
ferred to the genus Silene.

In FI. Arctica URSS 6 it is regarded as 
the hybrid  Gastrolychnis apeta laX aff in is  
( — Silene involucrataX Wahlbergella) . If 
this is so, its range is most surprising. It is 
com mon on Greenland, but know n from 
a few collections in Asia only and is 
completely lacking in Scandinavia where 
t lie two supposed parent species are 
sympatric. Also morphologically this view 
seems improbable. The taxon is charac
terized by tuberculate seeds, lacking m em 
braneous margin, and dense tomentose- 
glandular pubescence in its upper  part. 
It was reported  from W rangel I. in 
P e t r o v s k y  1972 p. 119.

447. M elandrium Taylorae becomes Si
lene Taylorae  (R o b in s . )  H u l t .  1971 p. 
313, if transferred to the genus Silene, 
and Melandrium taimyrense  becomes Si
lene taimyrense ( T o l m . )  B o c q .  In FI. 
Arctica URSS 6 both these taxa are united 
under the name of Gastrolychnis angusti- 
fo lium  subsp. tenella ( T o l m . )  T o l m .  The 
total ranges are not settled. Specimens 
belonging to S. taimyrense were reported 
from  W rangel 1. by P e t r o v s k y  (1 9 7 1 )  as 
M. Ostenfeldii. B o c q u e t  reports a speci
men of S. Taylorae under  the name of 
S. involucrata  subsp. tenella from  the 
Black Duck R. in the southern Hudson 
Bay area.

The key in FI. Arctica URSS 6 to the 
genus Gastrolychnis clearly illustrates the 
difficulties involved in distinguishing 
significant taxa within this much-discussed 
group.

448. Range extension for Dianthus re
pens  to the northern  Baikal area acc. to 
M a l y s h e v  1972 map 145.



SU P P L E M E N T  TO FLORA OF ALASKA 483

4 5 1 .  Several new localities for  Cerato- 
p hy l lum  demersum  within the boundaries 
of the Alaskan map have been reported. 
In L i k e n s  & J o h n s o n  1968 p. 13 it is 
reported from Yukon Flats (L. Ohtig). 
H a r m s  (1969 p. 253) reports  it from 
Northway and C h .  H o l m q u i s t  gives a 
m ap of finds in northern Alaska and Mac
kenzie in Rot. Notiser 124, 1971 p. 338.

C. demersum  is easily overlooked and 
this is certainly the reason w hy it has not 
yet been found in NE Siberia.

4 5 2 .  Caltha biflora and leptosepala. 
S m i t  & P u n t  (K. Nederl. Wetensch. Proc. 
Ser. C, 72: 1, 1969) came to the conclu
sion that C. biflora and C. leptosepala  
could not he separated as distinct species. 
Consequently C. biflora was reduced to
C. leptosepala  subsp. biflora  (DC.) P. G. 
S m i t .

In the Alaskan material no transition 
between the two quite distinct taxa could 
be observed. According to C a l d e r  & 
T a v l o r  1968 ail specimens from  the 
Queen Charlotte Is belong to typical C. 
bi flora.

Cf. M o r r i s  in Brittonia 24, 1972 p. 177.

4 5 3 .  Small high-Arctic specimens of 
Caltha palustris  such as those from Pt 
Barrow, agree with the type specimen of

arctica B. Br. in the British Museum, 
but also with what is called C. caespitosa 
S c h i p c z .  in FI. Arctica URSS 6. See 
discussion to  m aps 75— 76 in H u l t é n  1971 .

4 5 4 .  Range extension of Trollius Riede- 
rianus to Lake Baikal acc. to M a l y s h e v
1972. The northern par t  of the range as 
shown on the map belongs according to 
FI. Arctica URSS 6 p. 138 to '/’. membrano-  
stylis I I u l t .  and should thus b e  removed.

4 5 8 .  In the Alaskan Flora Delphinium  
brachycentrum  is treated in a b road  sense. 
In FI. Arctica URSS 6 the Delphinium  taxa 
of NE Sibiria are divided into six taxa. 
The name I), brachycentrum  L e d e r ,  is 
reserved for plants with leaves not cleft 
to the base or close to the base.

After having studied the collections in

the Leningrad H erbarium  the writer agrees 
to separate the plant from the lower Lena 
R. and Alaska as D. Chamissonis P r i t z . ,  
differing from D. brachycentrum  for 
instance in the deeply cleft leaves with 
narrow  lobes, as seen on the drawing p. 
458 of the broad-lobed I). brachycentrum , 
occurring in Kamchatka. Specimens with 
fairly broad lobes also occur in Alaska, as 
fo r  instance tha t collected at Toklat in 
McKinley P ark  by M u r i e  on Aug. 2, 1964 
(S). That the variation is considerable in 
Alaska is evident from the fact that this 
Delphinium  has been described from 
Alaska under three names: D. Blaisdellii 
E a s t w . ,  I). Ruthae  N e l s .  and D. alatum  
N e l s .

'Fhe synonym D. Maydelianum  T r a u t v .  
belongs to D. brachycentrum.

A peculiar dimorphism was observed in 
some specimens. They have finely cut 
basal leaves, but broad-lobed stem leaves.

4 5 9 .  Surprisingly, C a l d e r  A T a y l o r  
are reluctant to recognize any intraspecific 
taxa of Aconitum delphini folium  in central 
and southeastern Alaska, because they 
have been unable to distinguish the two 
subspecies Chamissonianum  and delphini- 
fo lium  “in all instances”. Had it been 
possible to distinguish them in all instances 
they would have been treated as species, 
as R e i c h e n b a c h  did. The reason why they 
are treated as subspecies is that the two 
taxa form geographically differentiated 
populations, although the morphological 
variation overlaps, in this case only 
slightly. The differences are well illustrated 
in the drawings in the Alaskan Flora.

4 6 0 .  JURTSEV (FI. Arctica URSS 6 p. 
161) transferred Aconitum delphinifolium  
subsp. paradoxum  to A. delphinifolium  
subsp. delphinifolium  var. paradoxum  
(R c i ib . )  J u r t s e v .  This is surprising as 
Russian authors, approving the K o m a r o v  
school of species concept, usually regard 
Arctic dwarf specimens not as races, but 
as distinct species. It is true that subsp. 
paradoxum  is not a very well differentiated 
race, but its dwarfed growth and the
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mostly single, large flower makes it a 
very characteristic taxon which in large 
parts of its range is not sympatric with 
other segregates of Aconitum delphini- 
folium.

4(52. Anemone Richcirdsonii also occurs 
on Wrangel I. ( P e t r o v s k y  1973 p .  119) 
and along the lower Yana R.

4(5(5. Anemone Drum mondii  has been 
reported from several localities in Chu
kotka (as A. multiceps) according to FI. 
Arctica URSS (5 p. 168. It also occurs at 
Korf Ray (formerly Raron Korf Bay) N 
of Kamchatka.

4(5(5. A review of the very varying opin
ions concerning the status and name of 
the Pulsatilla patens complex is given in 
the discussion accompanying map 140 in 
H u l t é n  1971. A new view has since been 
presented by T o l m a t c h e v  in FI. Arctica 
URSS 6 pp. 171 — 174, where the Alaskan 
plant is named P. Nuttalliana  DC. subsp. 
Nuttcdliana, differing to a considerable 
extent from the eastern Siberian subsp. 
multifida  ( P r i t z . )  A i c h e l e  & S c h w e g .  in 
the broadness of the leaves and intensity 
of the colour of the flowers. In the 
w riter’s opinion P. Nuttcdliana clearly be
longs to the P. patens  complex and should 
be included in subsp. multifida.

4(59. The drawings have been in ter
changed. The uppermost one illustrates 
R. trichophyllus  var. hispidulus, the lower 
one var. trichophyllus.

4 7 0 .  It might he preferable to regard 
Ranunculus confervoides as a segregate 
of R. trichophyllus  as in FI. Europaea. 
Its name will then be R. trichophyllus  
subsp. eradicatus ( L a e s t . )  C o o k  in Mitteil. 
Rot. Staatssaml. München 6, 1967 p. 622. 
O n  C o o k ’s map this taxon is also m arked 
for the Caucasus and a place that is im 
possible to identify in Central Asia. Acc. 
to P e t r o v s k y  1973 p. 119 it occurs on 
Wrangel 1.

4 7 1 .  Ranunculus hyperboreus  o c c u r s  on 
the  Q u e e n  C h a r lo t te  Is  a c c .  to  C a l d e r  & 
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T a y l o r  1968. Due to a technical m ish ap  
most of the range in Greenland is missing 
on the Circumpolar map in the Alaskan 
Flora. The species is common in most 
parts  of unglaciated Greenland, more rare  
in the southeastern part.

4 7 3 .  Ranunculus glacialis subsp. Cha- 
missonis  is called Beckwithia Chamissonis  
( S c h l e c h t . )  T o l m .  in FI. Arctica URSS 
6 ]). 178. The genus Beckwithia  is sepa
rated from Ranunculus  on account of the 
persistent sepals.

As reasons for regarding the Atlantic 
and Beringian taxa as distinct species are 
given differently cut leaves and the fact 
tha t  the Scandinavian plant,  representing 
the type of R. glacialis, is a high-alpine 
plant, while the Beringian taxon grows 
up to 5— 600 m only. It should be rem em 
bered that the Scandinavian coast is 
washed by the w arm  Gulf-stream. In E 
Greenland, between 70° and 73°30' R. gla
cialis occurs at between 400 and 700 m 
acc. to S 0 R E N S E N  (Meddel. Grönland 101: 
3 p. 54) and in its northernmost localities 
only on the outer, w arm er coast.

A good reproduction of the Beringian 
plant is given in FI. Alaska & Yukon 4 
p. 755.

It is impossible to understand the s tate
ment in FI. Arctica URSS tha t  the 
Beringian plant is more closely related to 
the Rocky Mountain R. Andersonii A. 
G r a y  than to the Atlantic R. glacialis. 
P robably no specimen of the rare  R. 
Andersonii had been seen. It is also stated 
that the Beringian plant has larger 
flowers (2— 3 cm in diam.) than  the 
Scandinavian one which is supposed to 
have flowers as small as 1.5— 2 cm in 
diam. Scandinavian specimens of R. gla
cialis with flowers 4 cm in diam. are not 
rare, very few specimens being small- 
flowered.

4 7 4 .  Range extension of Ranunculus  
reptans to St Lawrence I. acc. to Y o u n g
1971.
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475. The gap between the Asiatic and 
American ranges of Ranunculus cymba-  
laria is partly  filled out by finds in the 
Yana R. basin and on Karaginsk I. in 
northern  Kamchatka.

475. Range extension of Ranunculus  
Eschscholtzii to the Queen Charlotte Is 
lands. According to FI. Arctica URSS 6 
p. 207 Ranunculus Eschscholtzii  does not 
occur in Chukotka. The basis for the 
reports was misidentified R. nivalis.

That the race of R. Eschscholtzii in 
Kamchatka was described as subsp. llul-  
tenianus  b y  B e n s o n  (Amer. Midi. Nat. 52, 
1954 ]). 354) has escaped the attention of 
Russian authors.

476. Range extension for Ranunculus  
sulphureus  to the Mackenzie Mts 63o05N , 
128°50'W acc. to C o d y  & P o r s i l d  1968 b.

477. Range extension of Ranunculus  
gelidus  subsp. Grciyi to the Udokan Mts 
NE of Lake Baikal acc. to M a l y s h e v  1972 
p. 95. A very remarkable find about h a l f 
way between the central Asiatic and 
eastern Asiatic areas of R. gelidus.

478. The discussion on Ranunculus pyg-  
maeus  in C a l d e r  & T a y l o r  1968 p. 354 
is most surprising and must depend on 
lack of familiarity with the Arctic and  
Scandinavian plants. R. pygmaeus  is not 
a very variable plant or “a highly po ly 
morphic species”, on the contrary  it varies 
little in its circnmpolar distribution. See 
discussion to map 58 in H u l t é n  1968.

That the writer has taken “occasionally 
robust plants of this species that occur 
along the Arctic coast as a distinct race 
R. pygmaeus  var. Sabinei (R. Br.) K u r t z ” 
is wrong. That real R. pygmaeus  some
times has glabrous peduncles is also wrong. 
Pubescent peduncles is a constant c h a r 
acter of the circnmpolar R. pygmaeus.  
The plant with glabrous peduncles, w hich 
C a l d e r  & T a y l o r  have studied, certainly 
belongs to the still taxonomically unclear 
R. Eschscholtzii complex. C a l d e r  & 
T a y l o r  should read the comments on 
R. Sabinei in B e n s o n ’s monograph and

in FI. Arctica URSS 6 p. 209, where it is 
strongly argued that R. Sabinei is a 
distinct species. The possibility that R. 
Sabinei is a more or less stabilized hybrid 
between R. nivalis  and R. pygmaeus  is 
proposed in H u l t é n  1968. The existence 
of R. Sabinei var. majusculus  T o l m .  (FI. 
Arctica 6 p. 211) somewhat strengthens 
this view.

480. Ranunculus punctatus  J u r t s e v  was 
described from western Chukotka (Nov. 
Syst. PI. Vase. 6, 1969 p. 302). It was 
later reported by J u r t s e v  et al. 1972 
from easternmost Chukotka (Pinakul). It 
belongs to the, in Alaska, very variable 
R. pedatifidus  complex. According to 
J u r t s e v  it differs from R. pedatifidus  (or 
R. affinis) in the linear-lanceolate stem- 
leaves, in the form of the radical leaves 
and in the oblanceolate to obovate petals, 
which are scarcely longer than the sepals. 
These characters are very variable in the 
Alaskan population of R. pedatifidus, and 
the taxon belongs to R. pedatifidus  subsp. 
affinis  in a broad sense.

486. Ranunculus Turneri  was reported 
from easternmost Chukotka in FI. Arctica 
URSS 6 (map p. 223) and from Wrangel
I. ( P e t r o v s k y  1973 p. 119). It is closely 
related to or doubtfully distinct from R. 
borealis T r a u t v .  which should be re
garded as a northern  indigenous race of 
R. acris. In the key in FI. Arctica URSS 
R. Turneri  is said to differ from R. borealis 
in having a dense pubescence, thick 
peduncles, flowers 2— 3 cm in diam. and 
large seeds 3.5— 4 m m  long with a 1 — 1.2 
m m long curved beak. At the mouth of 
the Lena R. it is said to be replaced by 
R. Turneri subsp. jacuticus (Ovcz.) T o l m . ,  
a tall taxon with a branched, less pubescent 
stem.

486. Ranunculus monophyllus  Ovcz. was 
reported from Utaveem and Penkignei in 
easternmost Chukotka by J u r t s e v  et al. 
1972 p. 771. It is an Eurasiatic taxon of 
the very complex R. auricomus  group 
with a single cordate-rounded basal leaf. 
Nothing like it has been seen from Alaska.
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486. Oxygraphis  is undoubtedly a weak 
genus and it would be wiser to refer 0 . 
glacialis to the genus Ranunculus  as many 
authors have done. The persistent sepals 
hardly constitutes generic character. Its 
name then becomes Ranunculus kamtscha-  
ticus DC.

T u t i n  i n  F I .  E u r o p a e a  r e f e r s  t h i s  p l a n t ,  
t o g e t h e r  w i t h  R. glacialis L. ( — Oxygra
phis vulgaris F r e y n ) ,  t o  t h e  s e c t i o n  
Cymodes  (A. G r a y )  T u t i n  o f  t h e  g e n u s  
Ranunculus.

4 8 8 .  In M e l a  & C a j a n d e r ,  Suom. Kasv. 
1906 ]>. 276 the combination Thalictrum  
minus  * kemense  ( F r . )  M e l a  & C a j .  is 
made. If the asterisk is meant to denote 
a subspecies and not a variety this is an 
older combination than Th. minus  subsp. 
kemense  H u l t .  in FI. Alaska & Yukon 4, 
1944 p. 774. The same combination was 
again made by T u t i n  in FI. Europaea 1 
p. 242.

The Asiatic range should be extended 
northwards to the m outh of the Anadyr 
R. according to the map in FI. Arctica 
URSS 6 p. 229.

4 9 0 .  A very rem arkable extension of the 
range of Papaver Walpolei to the Ogilvie 
Mts, Yukon, was reported in P o r s i l d  1972 
p. 236.

4 9 1 .  Papaver albor oseum  is a poly
morphic plant and practically all speci
mens seen differ somewhat from one a n 
other. The low growth, the white or rose 
petals with yellow basal spots, the ovate 
to globose capsule with stiff setae are 
characters common to them all, while the 
cutting of the leaves is variable. It was 
collected on Attn I. b y  Mrs M a x c i n e  
W i l l i a m s  and reported from the Sheep 
Glacier, St. Elias Mts by M u r r a y  (1971 b ) ,  
as well as from  British Columbia 57°01'N, 
127°26'W b y  W e l s h  & R i g b y  (1971 b ) .

4 9 8 .  In describing Thlaspi arcticum  in 
Sargentia 4, 1943 p. 40. P o r s i l d  remarks 
that Th. cochleariforme  DC. “of m oun
tains of W estern Siberia” differs from 
Th. arcticum  “by the marcescent old leaf- 
Bot. Notiser, vol. 126, 1973

bases, pubescent flowering stems, and the 
barely elongated fruiting raceme”.

Length of raceme and withering of 
basal leaves change during the lifetime of 
a specimen. No conclusion in this respect 
can be d raw n from single specimens. 
Specimens from Altai as well as those 
from Tixi at the m outh of the Lena R. 
have glabrous flowering stems. The 
description of Th. cochleariforme in FI. 
SSSR 8 p. 587 begins by stating that the 
entire plant is glabrous. The Tixi speci
mens are a perfect match to the Alaskan 
plant, which should thus be named Th. 
cochleariforme  DC. The type came from  
the Jablonoj Mts in Dahuria. The type 
specimen in Geneva is a much taller plant 
than the Arctic ones. Th. cochleariforme 
ranges from Karakorum and Tian-shan 
to Altai, the Sajan Mts and Dahuria and 
to the m outh of the Lena R. with an 
outlying station at Kvshtymski zavod in 
the southern Urals. In FI. SSSR it is 
stated that one pair of the petals in Th. 
cochleariforme is 6— 7.5 mm long, the 
other pair  5— 6.5 mm. As only fruiting 
specimens lacking petals were seen from 
Tixi as well as from Alaska this character 
could not be checked.

In Mem. N. Y. Rot. Gard. 21:2, 1971 
p. 64 P a t r i c i a  H o l m g r e n  discusses Th.  
arcticum. She concludes that additional 
collecting may show it to be worthy of 
being accorded varietal rank within Th. 
montanum  ra the r  than specific status. 
She regards Th. cochleariforme DC. as a 
synonym of Th. montanum  L.

4 9 9 .  In Nov. Syst. PI. Vase. 6, 1969 pp. 
67 106 P o b e d i m o v a  presents a revision
of the genus Cochlearia, where she divides 
il into 22 species. The circumpolar p opu
lation is considered to consist of two 
largely sympatric species, C. arctica with 
1 4 - 1 6  seeds in each pod, and C. groen- 
landica with 2— 6 seeds only. According 
to the maps both these “species” occur 
in the nor thern  Bering Sea area.

In FI. E uropaea C. groenlandica  is 
distinguished from C. arctica (which is
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called C. fenestrata  R. Br. there), on quite 
another  character, a leafless stem. In 
B o c h e r  et al. FI. of Greenland the Green
land plant is said to have stems with 
oblong spatulate leaves, and the specimen 
in the Linnaean Herbarium, which has 
been considered the type of C. grocnlan- 
dica  L., has a leafy stem. C. groenlandica 
merely seems to be the Arctic dw arf  form 
of C. officinalis  from ecologically u n 
favourable habitats.

P o b e d i m o v a  also presents a map of the 
American range of “ C. oblongifolia” and 
a most doubtful map of C. sessilifolia 
R o l l i n s .  The latter is distinguished from 
all other Cochlearias in having sessile 
basal leaves. Cochlearias, however, p ro 
duce long-petiolate rosette leaves the first 
year which die more or less early in the 
next year. The lowest sessile stem-leaves 
should not be taken for basal leaves. 
Specimens with sessile basal leaves were 
not seen from  Alaska.

P o b e d i m o v a ’s treatment hardly  contri
butes to a clarification of the situation 
within the Bering Sea area.

The w ri te r’s conception of the complex 
is presented in the discussion to map 178 
in H u l t é n  1971.

500. Range extensions for Aphragmus  
Fschscholtzicinus to Rainbow Mt, the 
Alaska range (63°68'N, 145°17'W) accord
ing to M u r r a y  1971 b p. 308.

503. Sinapis arvensis is a common weed 
in Arctic Siberia, occurring in most in
habited places according to D o r o g a s t a j s -  
k a j  A 1972.

507. The American taxa of the genus 
Rorippa  were treated monographically by 
S t u c k e y  in Sida 4: 4, 1972 pp. 277— 430, 
based on the study of some 6000 speci
mens. This study has resulted in a number 
of corrections in the taxonomy and 
nomenclature of all the Alaskan taxa of 
this critical genus. Distribution maps are 
also presented in the study. The following 
notes on the Alaskan members of this 
genus are his conclusions. The NW  E uro

pean species were studied by J o n s e l l  
(Symb. Rot. Upsal. 19: 2, 1968).

507. S t u c k e y  excludes the white- 
flowered water cress from  the genus Ro
rippa. Its name then becomes Nasturtium  
officinale R. B r .  In FI. E u ro p a ea  this plant 
is also referred to the genus Nasturtium.

508. Rorippa islandicci ( O e d e r )  B o r b . ,  
based on S isym brium  islandicum  O e d e r  
is according to J o n s e l l  (p. 151, map p. 
56) a diploid European  plant, different 
from the tetraploid c ircum polar  R. palust
ris (L.)  B e s s .

508. The coastal Rorippa palustris 
population, (Rorippa no. 2) in the 
Alaskan Flora, was divided into two taxa 
by S t u c k e y ,  subsp. glabra (O. E. S c h u l z )  
S t u c k e y  var. cernua ( N u t t . )  S t u c k e y  
with siliques mostly shorter  than  7 mm 
and  stigma expanded or unexpanded in 
fruit , and subsp. occidentalis  (S. W a t s . )  
A b r a m s  with siliques mostly longer than 
7 mm and stigma unexpanded in fruit.

508. The inland population  named R. 
islandica subsp. Fernaldiana, (no. 3 in the 
Alaskan Flora), was referred  to R. palust
ris subsp. palustris  var. Williamsii  ( B r i t t . )  
H u l t . ,  differing from R. palustris  subsp. 
palustris  var. palustris  in the acute apex 
of the basal leaves, with an angle of c. 
40°— 80° (— 100°), com pared w ith  (60°— ) 
80°— 120 in var. palustris,  and the apex 
of the middle cauline leaves with an angle 
of c. 30°— 60° (— 70°), com pared  with 
(40 — ) 60°— 120 in var. palustris, and 
siliques obtuse at the apex, com pared with 
the acute or pointed apex in var. palustris. 
Var. Williamsii is, according to map 15, 
endemic approximately N of 60°N in 
western N America. Subsp. Fernaldiana  
is according to S t u c k e y  confined to east
ern America and characterized by  having 
siliques restricted at the middle.

509. Rorippa hispida  (no. 4 in the 
Alaskan Flora) was called R. palustris 
subsp. hispida  ( D e s v . )  J o n s e l l ,  Symb. 
Bot. Upsal. 19: 2, 1968 p. 159. It is charac
terized by leaves hispid on the lower

Bot. N otiser, vol. 12G, 1970
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surface, and stems hirsute usually up to 
Ihe terminal raceme. Hybridization be
tween var. Williamsii  and subsp. hispida 
is regarded as probable by S t u c k e y .  
According to J o n s e i . l  this taxon does not 
occur in Asia. The Asiatic range should 
thus be excluded from the Circumpolar 
map.

509. Rorippa hispida  var. barbareaefolia 
(no. 5 in the Alaskan Flora) is considered 
to be a distinct species, R. barbareae folia 
(A. DC.), not very closely related to R. 
palustris  subsp. hispida  by J o x s e l l  (Sv.  
Rot. Tidskr. 65, 1971 p. 299) and by 
S t u c k e y .  Its siliques are 4-, rarely 5- 
valved, the style in fruit thick, 0 .5 — 1 mm 
wide, and the stem villous especially in 
the lower part.

The area in eastern America m arked on 
the Circumpolar map is erroneous due to 
misidentification. A map of the Asiatic 
range is given b y  J o n s e l l  p. 3 0 0 .

510. Acc. to S t u c k e y  the name of R o
rippa obtusa  should he R. curvipes 
G r e e n e .  Alaskan specimens were not m en
tioned by S t u c k e y .  The Alaskan report is 
based on a single specimen from Juneau, 
A n d e r s o n  6265 (S) .

510. S t u c k e y  (p. 317) refers Alaskan 
specimens of R. curvisiliqua  to var. pro
cumbens  S t u c k e y .

512. In H u l t é n  1967 p. 62 a peculiar 
variation of Cardamine bellidifolia, var. 
pinnatifida  H u l t . ,  was described. It is 
similar to although not identical with C. 
sphenophylla  J u r t s .  in Nov. Syst. PI. 
Vase. 9, 1972 p. 184, from the type locality 
in easternmost Chukotka. The possibility 
of both these plants being hybrid segre
gates of C. bellidifolia and C. microphylla  
should be considered. Other peculiar 
aberran t specimens from Cape Beaufort in 
NW  Alaska with low fertili ty strengthens 
this view. Siliques of C. sphenophylla  are 
not known.

516. In the comments to the Alaskan 
F lora ( H u l t é n  1967  p. 62) it w a s  even 
then admitted that the name Cardamine

hyperborea  S c h u l z  should be replaced by
C. digitata R i c h a r d s .  By some m is take  it 
was still nam ed C. hyperborea  in the 
Alaskan Flora.

516. Russian authors use the nam e 
Cardamine hyperborea  SCHULZ for the 
plant named C. microphylla  in the Alaskan 
Flora. C. m inuta  A d a m s  is a distinct taxon, 
not seen from Alaska.

517. Range extension for Cardamine 
purpurea  to Wrangel I. according to 
P e t r o v s k y  1973 p. 120.

517. Lesquerella arctica, earlier know n 
from Wrangel I., is also reported  from  
eastern Chukotka in J u r t s e v  et al. 1972. 
JuRTSEV rem arks that the siliques can be 
densely, less densely or not at all pubescent 
in this plant.

517. F rom  the Ogilvie and Richardson 
Mis in Yukon Territory  M u l l i g a n  & 
P o r s i l d  described a new species, Lesque
rella Calderi. It differs from L. arctica 
in having petals 7— 9 mm long, abruptly  
narrowed below the middle, siliques up 
to 8 mm long, constricted at the replum, 
and with stellate hairs on the flowering 
stem mostly 0.2— 0.3 m m  in diam. L. arc
tica has 5— 6 111111 long, gradually narrow ed 
petals, siliques less than 7 mm, not 
constricted at the replum, and stellate 
hairs 0.4— 0.5 mm in diam. The chrom o
some number of L. Calderi is n = 1 0 ,  
while that of L. aretiea is n =  30. A speci
men from “Upper Yukon R. near  Eagle”, 
collected by E. H. J o n e s  in 1910 (S), 
belongs to the new taxon, which is here 
regarded as a subspecies of L. arctica: 
Lesquerella aretiea ( W o r m s k j . )  S. W a t s .  
subsp. Calderi (Mull. & Pors.) Huit., 
comb. nov.

L. Calderi M u l l i g a n  & P o r s i l d  in Canad. 
Journ. Bot. 47: 1, 1969 p. 215.

To distinguish the two taxa when petals 
are not present is very difficult.

522. Draba crassifolia was reported  from 
the Kaskavulsh Nunatak, St Elias Mts by 
M u r r a y  (1968 p. 107).

Bot. Notiser, vol. 126, 1973
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528. Draba lonchocarpa  was reported  
from  W rangel I. in P e t r o v s k y  1973 p.
121. A check might be desirable.

524. The identity of Draba caesia and
D. Palanderiana  was discussed by P e t r o v 

s k y  (Nov. Syst. P I .  Vase. 1971 pp. 140— 
146). His conclusion is that D. caesia 
A d a m s  is a plant very close to I), nivalis , 
known from a single locality at the m outh  
of the Lena R., where transitions to tha t  
species also occur. Under such c i rcum 
stances the question arises whether or  not 
I), caesia is a hybrid. After having exa
mined the type of D. caesia the writer 
agrees w ith  P e t r o v s k y .  I). Palanderiana 
differs from  D. caesia in having bright 
yellow7 petals, less pubescent pedicels and 
sepals, and somewhat longer styles. The 
name of Draba  no. 6 in the Alaskan F lo ra  
should thus he D. Palanderiana K j e l l m .

529. P o r s i l d  (1972 [). 236) reports  
Draba barbata  P o h l e  from the Ogilvie 
Mts, Yukon, as new to N America. Earlier  
reports exist hut were probably based on
D. barbatci var. Treleasii S c h u l z ,  accord
ing to M u l l i g a n  a synonym of D. Pay-  
sonii. I), barbata  is similar to 1). macro-  
carpa, hut differs in having branched 
hairs on both sides of the leaves, while 
I), macrocarpa  has simple hairs on the 
upper side.

529. Range extension for Draba alpina 
to the mountains NE of Lake Baikal 
according to M a l y s h e v  1972 map 173.

530. Draba Paysonii, I), ventosa  and 
I), m axes.  These taxa belong to a group 
of extremely closely related plants of the 
Rocky Mountain system. All were re 
ported from  Alaska by M u l l i g a n  (Canad. 
Journ. Bot. 49, 1971 p. 1456). He separates 
them as follows:
Long-stalked stellate hairs on both surfaces
of I lie leaves .................................... D. ventosa
Only under-surfaces of leaves with long- 
stalked stellate hairs; upper leaf surface with 
long, simple or once- or twice-forked hairs: 
Stem and pedicels with simple, rarely forked
hairs, leaves greater than 2 mm b r o a d ..........
................................................................  D. maxes

Stem and pedicels with stellate and forked, 
rarely simple, hairs; leaves less than 2 mm 
broad ..............................................  D. Paysonii

The possibility of retaining these taxa 
as distinct species in areas where they are 
sympatric seems questionable.

M u l l i g a n  reports D. Paysonii M a c b r .  
from Mt H arper  in central Alaska, a 
locality disjunct from southern British 
Columbia according to his map on p. 
1457. The specimens were collected by 
G j æ r e v o l l  and have practically no 
branched or stellate hairs. They agree 
better with D. densifolia, to which they 
were referred by G j æ r e v o l l .  They do 
not fit the description of D. Paysonii 
according to M u l l i g a n ’s key.

D. m a xe s  P a y s o n  & St. J o h n  was re
ported (as D. ventosa  var. maxes)  from 
Mt Grillon by H i t c h c o c k  in “A revision 
of the Drabas of W estern N America” p. 
58, “with considerable doub t” . Maps of 
its distribution were published by M u r r a y  
(1971 b p. 302) and by M u l l i g a n  (1971 b 
p. 1457), the la tter showing a disjunction 
from S British Columbia to Yukon— 
Alaska.

In the above-mentioned paper M u l l i g a n  
published a map of I), ventosa  A. G r a y ,  
where it is marked from the Rocky Mts 
in Alberta to Colorado, but not in Alaska. 
However, in 1970 lie determined a speci
men collected by I lie writer at Seward to 
that taxon. In the Alaskan F lora it is called 
I), exalatci E k m .

Too little material of this complex group 
has been seen by the writer to allow an 
opinion to be formed as to its Alaskan 
representation, especially as practically 
all specimens are incomplete, lacking fruits 
and flowers.

532. Iceland was omitted from the range 
of Draba hirta  on the Gircumpolar map.

533. A specimen of Draba kamtschatica  
was collected at Cape Nome, Seward 
Penins. ( L e p a g e  23813, S). D. kamtscha
tica was reported from the mountains NE 
of Lake Baikal by M a l y s h e v  1972 map 
175.
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534. M u l l i g a n  in his study of I). gla
bella and its close allies (Canad. Journ. 
Rot. 48: 8, 1970) gives the following key 
characters for separating D. borealis and
D. hirta (glabella of American authors, 
davurica  of Russian authors):
Surfaces of basal leaves mostly with un- 
branched cruciform stellate hairs . I), borealis 
Surfaces of basal leaves with branched, cruci
form stellate hairs ..........................  I), glabella

This gives a conception of I), borealis 
somewhat different from the usual. In his 
maps p. 1432 he extends the range of I), 
borealis to the southern Canadian Rockies, 
the Great Rear Lake and Victoria Land.
D. hirta is a complex with several puzzling 
forms, and the plants in the extended 
range merely belong to that complex. The 
range of I), borealis should, however, he 
extended eastwards to the Meade R. in 
Arctic Alaska.

535. As stated in the original descrip
tion of Draba m axim a , it is closely related 
to D. borealis and can he taken as a race 
of that taxon. W e l s h  & R i g b y  (1971 b) 
transferred I), maxima  to a variety of 
I), borealis (not quoting the basionym) 
and at the same time added a locality in 
N Rritish Columbia.

5 3 5 .  According to M u l l i g a n  the  name 
Draba lanceolata R o y l e  was misapplied 
by S c h u l z ,  and F e r n a l d ,  on writing his 
paper “Draba in temperate northwestern 
America” relied on him.

M u l l i g a n  regards Draba cana R y d b .  as 
the correct name for this taxon. He does 
not quote the difference between D. lanceo- 
lata and I), cana, but remarks: “Z). lanceo- 
lata is from W estern Himalaya and thus 
south of most of the range given for I), 
lance olata in the F lora of the USSR” .

The distributional pattern of D. lanceo- 
lata, as traditionally accepted, is that of 
an arctic montane, nearly circumpolar 
taxon, duplicated by that of many other 
taxa, and no reason for doubting the 
identity for phytogeographical reasons 
should exist.

A careful study of world-wide material,  
Bot. Notiser, vol. 12G, 1973

including specimens from the western 
Himalayas, the type locality for 1). lanceo- 
lata, is needed for a decision in this case. 
No Himalayan material has been seen by 
the writer.

5 3 8 .  Draba ogilviensis was reported (as 
I), sibirica) from the Mackenzie Mts 
63°13'N, 128°40'W and from 63°05'N, 
128°5()/W  by C o d y  & P o r s i l d  (1968 b). 
A map of the range of the closely related
D. sibirica is found in H u l t é n  1968 map
90.

539. A considerable extension of the 
range of Smelowskia calgcina subsp. inte
gri folia  to the St Elias Mts in Yukon was 
reported in M u r r a y  1971 b. S. calgcina 
shows the same variation on both sides of 
the Rering Strait. Thus S. calgcina subsp. 
integrifolia  var. Porsildii occurs also in 
Chukotka.

5 4 4 .  Some authors regard the Arabis 
taxa belonging to tbe section Cardaminop- 
sis as a separate genus. They are taxonomi- 
cally very intricate. The writer realized 
that material from northern  Alaska differs 
from Arabis Igrata subsp. kamchatica,  but 
misapplied the name Arabis arenicola var. 
pubescens  for this taxon. It differs from 
A. arenicola in having uniseriate, narrower 
C  , es and slightly more lobed, not 
fleshy leaves. A map of Arabis arenicola 
was published by C o d y  (1971 p. 152).

The northwestern Alaskan plant is 
identical with Artdns media  R u s c h ,  FI. 
Sib. Orient. Extrem. 1, 1913 p. 463, fig. 
p. 464. On a sheet in the Stockholm 
Herbarium  from the middle Pcnshina R .,  
collected by G o r o d k o v  & T i g h o m i r o v ,  

which exactly matches the Alaskan plant,  
R o l l i n s  wrote: “Arabis j>etraea L a m . ,

probably a variety of it. Not A. Igrata''. 
On Alaskan specimens W e l s h  noted “.4. 
Igrata L .  (a hairy phase)” .

The northern  Alaskan plant differs 
from .4. Igrata subsp. kamchatica  i.a. in 
having spatulate, entire or dentate basal 
leaves and smaller flowers. It is a member 
of the .4. petraea complex and is distributed 
from the Jenisei R. eastwards.

88
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553. The genus Brctya presents unusual 
taxonomical difficulties, not yet even 
approximately solved. However, nothing 
indicates that the taxa differ 011 both sides 
of the Bering Strait.

554. Brctya purpurascens  was reported 
b y  M u r r a y  (1 9 6 8  p. 3 0 2 )  from the St 
Elias Mts, near the southern end of Lake 
Kluane. M u r r a y  reports that P a c k e r  
discovered this plant in the mountains of 
S Alberta. However, from specimens exa
mined, the Alberta plant belongs to B. 
americana  ( H o o k . )  F e r n .

555. Braya pilosa was reported from 
Wrangel I. in P e t r o v s k y  1973 p. 121.

Braya pilosa w a s  t r a n s f e r r e d  to B. pur
purascens  as a s u b s p e c i e s  in H u l t é n  1971
p. 18.

556. JU R T S E V  et al. 1972 report Braya 
Bartlettiana  as well as B. Bartlettiana var. 
vestita from easternmost Chukotka. P e t 
r o v s k y  (1973 p. 120) reports cfr. B. Bart
lettiana  from Wrangel I.

Braya T horik l-W ulff i i  O s t e n e .  was re
ported from Mys Dezhnev (East Cape) 
and from Wrangel I. b y  J u r t s e v  et a l .
1972. The writer did not see the speci
mens.

P lants similar to the decumbent B. 
T horild -W ulffi i  and with quite pubescent 
fruits occur on the Arctic coast of Alaska 
(Wainwright, Barter 1.) and were referred 
lo B. purpurascens  in the Alaskan Flora. 
Their  fruits are less pubescent and not 
broader  at the base as in the Greenland 
plant. In HULTÉN 1971 p. 18 Braya 
Phorild-W ulffi i  was transferred to Braya 
purpurascens  as a subspecies.

Braya glabella R i c h a r d s . ,  a very 
critical taxon, was reported from the 
northern  Ogilvie Mts on the Dempster 
Highway in P o R S l L D  1972.

558. On the Seward Penins. specimens 
of Parrya nudicaulis  with broad, coarsely 
toothed leaves occur. Some are very 
sparsely glandular. They are considered

to represent transitions between subsp. 
nudicaulis  and subsp. septentrionalis.

In a map of Parrya arctica ( C o d y  in 
Nat. Canad. 98, 1971 p. 152) this taxon is 
marked for the Richardson Mts, W  of the 
Mackenzie Delta. The specimen collected 
by B r y a n t  lacks leaves and is so fragm en
tary that the writer is unable to classify 
it. "There is no evidence that it does not 
belong to P. nudicaulis subsp. septentrio
nalis.

Specimens with narrow  leaves and 
glandular leaf-margins occur in n o r th 
eastern Siberia. Only a few specimens 
were examined, hut they may belong to 
subsp. interior.

A Parrya  with filiform leaves, glandular 
011 the margin, occurs within an area in 
NE Siberia extending eastwards at least 
to Chaun Bay. No such specimens were 
seen from Alaska.

561. L ö v e  et al. 1971 p. 150 claim that 
the Siberian and American Seclum rosea 
populations differ. The American plant is 
said to be polygamous, while the Asiatic 
one is dioecious. In support of this view 
they quote B q r i s s o v a  in Fl. SSSR, who, 
however, says that R. atropurpurea  has 
dioecious sometimes hermaphrodite  flow
ers. There seems to lie no difference in 
this respect between the two populations, 
and that the specimens from NE Siberia 
are identical with the Alaskan ones is 
clear.

The conditions in Alaska were discussed 
in FI. Alaska & Yukon p. 897. It is 
remarkable that a tall yellow-flowered 
taxon close to the European type occurs 
there, although only a single specimen 
(Nome, T h o r n t o n  314) was seen, ( ’. a l d e r  

& T a y l o r  1968 p. 375 report a yellow- 
flowered specimen from Kodiak ( T r e l e a s e  

4015). Specimens from the Queen Char
lotte Is are yellow-flowered. A review of 
the very complicated Seclum rosea complex 
is given in H u l t é n  1958, maps 33 and 34. 
"The name should lie Sedum  rosea, not 
roseum, as often seen. L i n n a e u s  spelt the 
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name Rosea, indicating that it is a generic 
name, used as a specific name, as in Saxi
fraga Geum, Saxifraga Cotyledon  and 
many others.

5 6 5 .  Saxifraga oppositifolia  L. S i p l i -  
v i n s k y  (in Novit. Syst. Plant. Vase. 1972: 
9) divides the eastern Siberian taxa be
longing to S. opposit ifolia  in a broad 
sense ( =  sect. Porphyrion  T a u s c h )  into 
five species. He considers S. oppositifolia  
L. to be circumpolar, lacking only in the 
Beringian sector, where according to him 
it is replaced by S. pulvinata  S m a l l .  A 
general survey showed that specimens 
from Scandinavia, Iceland, Jan  Mayen, 
Spitzbergen and the Siberian nor thern  
coast, west of the Lena R., all have sepals 
with rather  stout ciliae, lacking glandular 
heads. All specimens from  northeastern- 
most Siberia, from Alaska and Yukon and 
British Columbia, as well as all those 
from the Canadian Arctic Archipelago 
have sepals with slender, mostly capitate 
glands on the margin. Similar specimens 
also occur in nor thern  Greenland from  
about 77° N on the western coast and 
80° N on the eastern coast northwards. 
Greenland specimens south of these lati
tudes are similar to the Scandinavian 
ones. In the nor thern  area in Greenland 
specimens which can he interpreted as 
more or less intermediate between the 
two types occur. In the area east of the 
Lena R. intermediates also occur ac
cording to S i p l i v i n s k y .  More southern 
American specimens, such as those from 
the Great W hale R., Lake Mistassini and 
Newfoundland lack glands. The reason 
why this difference and its geographical 
coordination has not been noticed long 
ago is probably that the sepals in young 
specimens are concealed by the leaves 
which always have stiff ciliae, and in old, 
withered fruiting specimens they dis
integrate so that the margin is destroyed. 
However, I r m s c h e r ,  too, noticed that the 
sepals were sometimes glandular, hut 
found no geographical correlation, cer
tainly on account of having too little 
Bot. Notiser, vol. 126, 1973

material (Das Pflanzenreich IV: 117, 1 p. 
618). In Alaska two taxa with g landu lar  
sepals occur. One is S. oppositifolia  subsp. 
Smalliana (S. pulvinata  S m a l l ,  Antiphylla  
pulvinata  ( S m a l l )  S m a l l ,  S. oppositifolia  
var. typica  subvar. Smalliana  E n g l .  A 
I r m s c h . ) .  Typical specimens (see drawing 
in H u l t é n  1968 p. 565) are quite distinct, 
especially when seen growing. The leaves 
are small and stiff in four very distinct 
densely packed rows, the petals are short, 
the stems become prolonged after f low er
ing and lack bracts in the upper  part, the 
sepals are glabrous on the back and 
distinctly ciliate with capitate, slender 
glands.

The other taxon has larger, less densely 
packed leaves, flat, large, and thin when 
young, in much less distinct rows. The 
petals are longer, the scapes are short with 
large bracts to the tip, the sepals are often 
glandular-dotted or pubescent, on the back 
also ciliated with capitate glands. The 
material is, however, not always easy to 
divide into two distinct groups. The latter 
taxon is therefore here described as a 
subspecies which occurs especially in the 
coastal areas.
Saxifraga oppositifolia L. subsp. glanduli- 
sepala Huit., subsp. nov.

Sepala margine glandulis capitatis munita.
Type specimen: Unimak I., False Pass. 

E y e r d a m  1886. Aug. 1, 1932 (S).

It is noteworthy that a specimen from 
the Queen Charlotte Islands ( C a l d e r  & 
T a y l o r  3196) has less distinctly glandular 
sepals than Alaskan specimens.

It is apparently  impossible to base 
taxonomical units on single collections, as 
S i p l i v i n s k y  did within the extremely 
polymorphous S. oppositifolia  complex. 
A monographic study of the entire complex 
is needed. Compare with the trea tm ent in 
FI. Europaea 1 p. 377. For total range of 
the complex see H u l t é n  1971 m ap 62.

568. According to Lö v e  et al. 1971 p. 
152 the American— Asiatic Saxifraga hir
culus, which they call S. propinqua  R. 
B il , is diploid, while the European—
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Greenlandic counterpar t  with its var. or 
siibsp. alpina  is tetraploid. The first one 
differs from the latter in habit,  forming 
great,  loose tufts with branches ending in 
shoots, and having narrower,  ciliated 
leaves and smaller flowers. An attem pt 
to divide the c ircum polar  materia l into 
two taxa with the geographical d is tr ibu
tion proposed, failed. Specimens agreeing 
well with the Scandinavian ones occur in 
Alaska as well as in Siberia and  S. hirculus  
subsp. hirculus thus appears  to he a 
circumpolar taxon. The old population  in 
Alaska is as usual r icher in biotypes. All 
specimens have a rust-coloured pubescence 
at the base as well as towards the top 
going more or less far up  011 the lower 
par t  of the leaves. Occasionally single 
ciliae occur higher up on the leaves, but 
the leaves cannot be said to he really 
ciliate.

F r o m  m a p  6 6  in  H u l t é n  1971 o f  th e  
to ta l  r a n g e  o f  S. hirculus,  it is  c l e a r  th a t  
th is  s p e c i e s  o c c u r s  in s e v e r a l  i s o la t e d  
a r e a s  f r o m  w h i c h  n o  c h r o m o s o m e  c o u n t s  
a re  k n o w n .

570. S i p l i v i n s k y  (Nov. Syst. PI. Vase. 
8, 1971 pp. 147 158) divides the Asiatic
material of the S. bronchialis complex 
( =  sect. T rachyphy l lam  G a u d . )  into 13 
species, lie suspects (p. 154)  tha t the
northern  and southern  areas of S. bron- 
chialis subsp. Funstonii,  as shown on the 
map in tlie Alaskan Flora, are populated 
by different races, the southern one 
characterized by its larger size, longer and 
broader leaves with large ciliae and large 
petals with the claw well visible between 
the sepals. The nor thern  taxon was called 
Saxifraga firma  L i T W .

The writer was not able to separate the 
material into a nor the rn  and a southern 
taxon on these grounds. The variation in 
size, length of ciliation of the leaves and 
lush or compact growth is very consider
able and not geographically, but ecologi
cally correlated. The variation is similar 
to that in the related, hut not critical, S. 
tricuspidcita.

570. In the description of Saxifraga 
bronchialis subsp. cherlerioides in the 
Alaskan F lora it is erroneously stated 
that the leaves have a short, dense, 
glandular ciliation. The ciliae are actually 
of the same type as in subsp. Funstonii, 
lacking capitate glands.

A taxon with g landular ciliation of the 
leaves is Saxifraga anadyrensis  L o s i n s k . ,  
described in Fl. SSSR 9 p. 48 7 ,  and 
occurring from the Lena R. to Penshina 
and Anadyr. The following specimens 
from Alaska were found to have few, but 
clearly capitate glands on the margins of 
the leaves: Upper Kobuk R., Lake Selby 
Aug. 21, 1964 ,  E . H u l t é n ,  Lake Peters 
Aug. 2 4 — 26, I 9 6 0 ,  E .  H u l t é n .  Although 
they are very similar to S. anadyrensis , 
the writer hesitates on geographical 
grounds to refer them to that taxon. Their 
ciliation somewhat resembles that of S. 
tricuspidata , which can occasionally have 
entire leaves, similar to those of S. bron- 
chialis, hut in other respects the speci
mens do not resemble that species. The 
possibility that they represent the hybrid 
S. bronchialis subsp. FunstoniiX. tricuspi
data should he considered.

572. In F e d  d e ,  Rep. Spec. Nov. 69: 12, 
1964 p. 153, W e b b  pointed out that the 
type of Saxifraga punctata  in the Linnaean 
Herbarium in London is not the plant 
that traditionally goes under that name, 
hut a very different one which he identi
fied as Saxifraga davurica  W i l l d .  sens, 
lat. The Linnaean specimens are more 
precisely S .  Redow skyana  S t e r n b .  and 
not S. davurica  W i l l d .  in a narrow  sense. 
A specimen in the Linnaean Herbarium 
in Stockholm, labelled “Siberia 13 punc
tata” is also that species. L i n n a e u s  quotes 
tab. 9. fig. 7 in M o r r i s o n ,  Plant. Hist. 
Univ. Oxoniensis III (1699) as a synonym. 
This drawing shows the same plant. Under 
such circumstances it is not possible to 
retain the name S. punctata  for the plant 
traditionally hearing tha t name. W e b b  

considers Saxifraga Nelsoniana  D. D o n  

(Transact. Linn. Soc. 13, 1821 p. 3 55)  the 
Bot. Notiser, vol. 126, 1973



494 ERIC HULTÉN

oldest name in the complex. The E u ro 
pean— Siberian plant then becomes S. Nel-  
so n ia n a  subsp. a es t iva l is  ( F i s c h .  & M e y . )  
W e b b  and S. p u n c ta t a  subsp. N e ls o n ia n a  
in the Alaskan Flora becomes S. N e l s o 
n ia n a  subsp. N e lso n ia n a .

The following new name combinations 
will be necessary:

S a x i f r a g a  N e l s o n ia n a  subsp. insularis 
(Hult.) Hult., comb. nov.

Saxifraga punctata  su b sp . insularis  H u l t .  
in Sv. B ot. T id s k r . 30. 1936 p. 524, fig . 5.

S a x i f ra g a  N e ls o n ia n a  subsp. pacifica  
(Hult.) Hult., comb. nov.

Saxifraga punctata  subsp. pacifica  HU LT.  
in FI. Alaska & Yukon 5, 1945 p. 928.

S a x i f ra g a  N e ls o n ia n a  subsp. Porsildiana 
(Calder & Savile) Huit., comb. nov.

Saxifraga punctata  subsp. Porsildiana  
C a l d e r  & S a v i l e  in Canad. Journ. Bot. 38. 
I960 p. 429.

S a x i f ra g a  N e l s o n ia n a  subsp. Charlottae 
(Calder &  Savile) Huit., comb. nov.

Saxifraga punctata  subsp. Charlottae  C a l 
d e r  & S a v i l e  in Canad. Journ. Bot. 38. 1960 
p. 429.

S a x i f r a g a  N e ls o n ia n a  subsp. reniformis 
(Ohwi) Huit., comb. nov.

Saxifraga reniformis  O h w i  in Acta p h y to 
tax. el Geobot. 2, 1922 p. 25.

S a x i f ra g a  N e ls o n ia n a  subsp. cascadensis 
(Calder &  Savile) Huit., comb. nov.

Saxifraga punctata  subsp. cascadensis  C a l -  
d e r  & S a v i l e  in Canad. Journ. Bot. 38, 1960 
p. 425.

577. Range extension of S a x i f r a g a  r iv u -  
lar is  (reported as S. h y p e r h o r e a )  to the 
Lake Baikal region according to map 197 
in M a l y s h e v  1972.

578. The name of S a x i f r a g a  no. 28 in 
the Alaskan Flora should be S. e a ly e in a  
S t e r n b . Rev. Saxifr. Suppl. 2 p. 10 tab. 
XXL The picture of S. e a ly e in a  there 
agrees very well with the drawing in the 
Alaskan Flora. S t e r n b e r g ’s rare work was 
not available when the writer was working 
up the genus S a x i f ra g a  for the Alaskan 
Flora. Under the name S. g r a n d ip e ta la
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( E n g l .  & I r m s c h . )  A. Los. Russian au tho rs  
mean a different although closely related 
taxon not occurring in Alaska, with the 
more b ranched  inflorescence having thin 
nearly capillary branches. It is m erely  a 
nor thern  race or subspecies of S. davurica. 
According to a specimen in Stockholm it 
is the S. davurica  f. gracilis of K j e l l m a n .  

The type of S. ealyeina came from  St 
Lawrence Bay. The range of S. davurica  
in the map of the total area should be 
eliminated.

579. Saxifraga  no. 29 in the Alaskan 
F lora agrees with S. unalaschcensis 
S t e r n b . It is merely the coastal race of 
S. ealyeina, occurring in the Bering Sea 
area.
Saxifraga ealyeina S t e r n b .  s u b s p . u n a -  
l a s c h c e n s is  (S te rn b .)  H u it .,  c o m b . n o v .

Saxifraga unalaschcensis S t e r n b . ,  Rev. 
Saxifr. Suppl. 2 p. 9 tab. XXI.

The drawing in Fl. SSSR 9 tab. VII fig. 
2 is this taxon rather than S. ealyeina 
subsp. ealyeina, as seen from the shape 
of the leaves and the hroad, large petals. 
In S. ealyeina the petals are smaller and 
narrower, nearly clawless. Intermediates 
between subsp. ealyeina and subsp. una
laschcensis occur in the Bering Strait 
area, but not on the Aleutian Islands.

579. The taxon described as Saxifraga 
tentas  is accepted as a distinct species, 
apparently  on cytotogical grounds, by a 
num ber of authors. According to P e t r o v 

s k y  1973 both this taxon and S. nivalis 
occur on Wrangel I. The same is the case 
in the Lake Baikal area according to 
M a l y s h e v  1972.

It is remarkable that no specimens 
agreeing well morphologically with S. te
nuis  were seen from Alaska. Compare 
discussion to map 37 in H u l t é n  1971.

58(1. In Canad. Journ. Bot. 50: 1 1, 1972 
p p .  2131— 2141 K r a u s e  A  B e a m i s h  pre
sent a revision of taxa related to S. occi
dentalis in British Columbia, close to the 
Alaskan border (58°10'N, 132°07'W). S. 
occidentalis is very closely related to S.
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r e f l e x a .  In habit Alaskan specimens of 
that taxon agree completely with the 
photograph of S .  o c c i d e n t a l i s  PL 1, fig. 
5 It in K r a u s e  & B e a m i s h .  In the Alaskan 
specimens the young leaves are pubescent 
on the upper  side, with short more or less 
viscid projections which in old leaves fall 
off or are reduced to a few black dots. In 
.S. o c c i d e n t a l i s  the upper side of the leaves 
are essentially glabrous, although pro jec
tions of the same type as in the Alaskan 
plant occur occasionally. The sepals are 
spreading in young flowers, later reflexed 
in both taxa. Thus S. o c c i d e n t a l i s  is here 
transferred to S .  r e f l e x a  as a subspecies:

S a x i f r a g a  r e f l e x a  HOOK. siibsp. occiden
talis (S. Wats.) Hult., comb. nov.

Saxifraga occidentalis S. W a t s , in Proc. 
Amer. Acad. 23, 1888 p. 264.

The specimen from Rose Lapie Pass, 
P o r s i l d  &  B r e i t u n g  10066, reported  as 
N. r e f l e x a  in Bot. Mus. Canada Bull. 121 
p. 209, belongs to subsp. o c c i d e n t a l i s  as 
does the specimen reported as S. o c c i d e n -  

t r d i s  var. r u f i d u l a  by W e l s h  & R i g b y  

(1971 b) from  N British Columbia 56°50 N, 
127 18'W. On S .  r e f l e x a  P o r s i l d  writes: 
‘‘The species is very variable as to stature, 
degree of pubescence and am ount of 
branching: thus, in most colonies speci
mens varying in height from 8 to 30 cm 
may be observed. In dry habitats the 
leaves are hoary  pubescent, whereas in 
moist places they may be almost glabrous 
. . . An equal variation was noted by the 
writer in the type locality (Arctic Coast 
east of the Mackenzie Delta) ”.

it w o u l d  b e  v e r y  n a t u r a l  t o  a l s o  r e g a r d  

S. M a r s h a l l i i  G r e e n e  a s  a  s u b s p e c i e s  o f  

S .  r e f l e x a  t h a t  d e v e l o p e d  s o u t h  o f  t h e  

a r e a  o f  g l a c i a t i o n  d u r i n g  t h e  i c e  a g e .

583. Range extension of S a x i f r a g a  

c a e s p i t o s a  to the Queen Charlotte Is acc. 
to C a l l e r  & T a y l o r  1968.

584. H e  l i e  h e r  a  g l a b r a  was reported by 
W e l s h  &  R i g b y  (1971 b) from northern 
British Columbia (56°47 N, 127 17'W) at 
an altitude of about 1500 m.

585. T e l l i m a  g r a n d i  f l o r a  was found by 
R o b e r s o n  at Seldovia. This indicates that 
the two ranges marked on the map should 
be united.

586. M i t e l l a  t r i f i d a  G r a h a m  in New Phil. 
Journ. Edinb. 1822 p. 185. This species 
was found at the junction of Cliilcot road 
and Mosquito Creek by Mrs M a x c i n e  

W i l l i a m s . New to Alaska and adjacent 
territories.

M .  t r i f i d a  differs from M .  p e n t a n c l r a  in 
having whitish petals, palmately trifid at 
the apex, and stamens opposite the calyx 
lobes. M .  p e n t a n d r a  has greenish petals, 
pectinately dissected into 6— 10 filiform 
segments, and stamens opposite the petals. 
The range extends southwards to N Cali
fornia and S Montana.

587. In Bot. Zhurn. 57:6, 1972 p. 646 
J u r t s e v  described C l i r y s o s p l e n i u m  r i m o 

s u m  K o m . subsp. d e z h n e v i i  from eastern
most Chukotka, close to Mys Dezhnev 
(East Cape). It is a plant with opposite 
leaves not seen from Alaska. It differs 
from the Kamchatka type in its smaller 
size, 2— 3 cm, and different anthocyanin 
colouring and is thus an Arctic form of 
that species.

587. The drawing of C l i r y s o s p l e n i u m  

t e t r a n d r u m  is in natural size, not in half 
natural size, as indicated. Specimens up 
to 20 cm tall occur, however, on the 
southern coast of Alaska.

587. A considerable range extension of 
C l i r y s o s p l e n i u m  W r i g h t i i  to the Mac
kenzie Mts at 64°45'N, 129°28'W was
reported in C o d y  & P o r s i l d  1968 b.

589. Range extension for P a r n a s s i a  

K o t z e b u e i  to Wrangel I. according to 
P e t r o v s k y  1973.

590. K i b e s  l a c u s t r e  also occurs on the 
Queen Charlotte Is according to C a l d e r  

& T a y l o r  1968.

591. Range extension of R i b e s  h u d s o -  

n i a n u m  to Lake Aleknagik, collected by 
R o b e r s o n .

Bot. Notiser, vol. 126, 1973
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599. The conditions within the Amelan- 
cliier complex were discussed in H i t c h 

c o c k  et al. 1961 p. 93 and in C a l d e r  & 

T a y l o r  1968. It seems impossible to re
tain A. alnifolia and A. florida  distinct at 
species level. The name for A. florida in 
H i t c h c o c k  et al. is A. alnifolia var. semi- 
integrifolia  ( H o o k .) H i t c h c . It is here 
regarded as a coastal race of A. alnifolia.

Amelanchier alnifolia  ( N u t t .)  N u t t , subsp. 
florida (Lindi.) Huit., comb. nov.

Amelanchier florida L i n d l e y  in Bot. Reg. 
N.S. 6, 1833, PI. 1589.

The drawings in the Alaskan flora are 
not representative of the respective taxa.

604. S i n j k o v a  ( N o v . Syst. PI. Vase. 9, 
1972 pp. 191 — 197) discusses the Riibus  
idaeus  complex in the Soviet Union. The 
paper is apparently  a preliminary survey. 
R. idaeus subsp. melanolasius  is divided 
into two taxa with the names R. sachali- 
nensis  L e v . (R. melanolasius  var. discolor 
K o m .)  and R. Komarovii  N a k a i  (R. me
lanolasius var. concolor K o m . ) .  They are 
referred to “Ser. 1 Strigosi S i n j k . ” , while 
R. idaeus is referred to “Ser. 2 Idaei 
S i n j k . ” .

See discussion to map 121 in Hultén  
1971.

Range extension to March Mt. near Lake 
Aleknagik, collected by R o b e r s o n .

605. Range extension for Rubus leuco- 
dermis  to the SW Kenai Penins. according 
to V i e r e c k  & L i t t l e  1972 p. 177.

606. C a l d e r  & T a y l o r  (1968) report 
two types of Fragciria chiloensis f rom the 
Queen Charlotte Is, subsp. pacifica S t a u d t  

with spreading hairs on the stem and 
sepals, and subsp. lucida ( E .  V i l m . )  S t a u d t  

with appressed hairs on the sepals. In the 
Alaskan material no specimens with 
appressed hairs occur. The occurrence of 
hybrids with cultivated strawberries is 
doubted by C a l d e r  & T a y l o r .  A num ber 
of specimens from inhabited places in 
Alaska are probably such hybrids or back- 
crosses.

612. Range extension of Potentilla uni-  
flora  to Putoran Mts between lower Jenisei 
and Khatanga according to Nov. Syst. PI. 
Vase. 10, 1973 p. 281.

615. J u r t s e v  et al. 1972 report Poten
tilla arenosa  ( T u r c z .)  Juz. as com mon in 
central and eastern Chukotka. P. Ftooke- 
rianct is given as a synonym with a m ark  
of interrogation added. The specimens 
agree with P. Hookeriana  subsp. Hooke- 
riana.

616. Potentilla Chcimissonis was reported 
from W rangel I. in P e t r o v s k y  1973 p. 
1 2 2 .

617. According to D o r o g a s t a j s k a j a  

1972 Potentilla multif ida  was collected at 
Providenija (Port Providence) in SE Chu
kotka. Probably anthropochorous there.

624. Sibbaldia procumbens, linage ex
tension to Mt. Akuluktok at Lake Nerka, 
collected by R o b e r s o n . Determination 
kindly controlled by V i e r e c k  and M u r r a y .

627. C o d y  & P o r s i l d  (1968 p. 269) 
report range extensions of Geum Rossii 
to the Richardson Mts and the Mackenzie 
Mts between 67°57'N and 62°35'N, which 
thus partly fill the gap between the 
northern  and the Rocky Mts areas.

627. In the writer’s opinion Geum Scho- 
fieldii C a l d e r  & T a y l o r  in Canad. Journ. 
Rot. 43, 1965 p. 1394, figs. 148— 150, is 
one form of the hybrid  series G. calthi- 
fo l iu m X  Rossii, not rare on the Aleutian 
Islands. Thus specimens from Unimak I. 
Ealse Pass, E y e r d a m  1882 agree well with 
the type of G. Schofieldii  which conse
quently, even if regarded as a species, is 
not endemic on the Queen Charlotte Is
lands.

628. Very remarkable range extension 
of Geum glaciale to the northern  Lake 
Baikal area in M a l y s h e v  1972, map 216.

629. The extremes of the Drgas taxa in 
Alaska are certainly very different m or
phologically, but as more material accu
mulates, it becomes increasingly clear that
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they are jo ined by forms tha t  can only 
arbitrarily  be referred to the distinct 
species proposed. In nature 3— 4 different 
types can be observed growing side by 
side. C o d y  & P o r s i l d  (1968 b) report 
Dryas Hookeriana  Juz. from SE Yukon, 
thus adding to the polymorphy. D. Hooke- 
riana is very closely related to D. actope
tala subsp. alaskcnsis, differing in shorter 
scapes, and in leaves more tapering to
wards the apex and with more incised 
teeth. Russian authors report D. Chamis- 
sonis S p r e n g , from Chukotka. In the 
w ri te r’s opinion it is a form of the hybrid
D. integrifoliaX octopetala. The type came 
from Kotzebue. Anyhow, similar speci
mens occur on both sides of the Bering 
Strait.

J u r t s e v  believes that D. octopetala  
prefers calcareous soil, while this is not 
the case with D. punctata, taxa treated as 
separate species by Russian authors. 
M a l y s h e v  1972 pp. 110, 204 admits, how 
ever, that m any  transitions between them, 
which according to him should be treated 
as hybrids, occur in the Stanovyje Mts. 
Dryas octopetala var. kamtschatica, re 
ported by W e l s h  & R i g b y  (1971a, I)) 
f rom northern  Yukon and northern  British 
Columbia, does not belong to that taxon 
but to several other taxa including subsp. 
alaskcnsis and D. integrifolia  - octopetala 
hybrids. Cf. discussion to map 45 in 
H u l t é n  1971.

632. Scinguisorba officinalis also occurs 
on the Queen Charlotte Is, at Elfin  Cove in 
SE Alaska according to Mrs M. W i l l i a m s  
in a letter, in northern  British Columbia 
5 8 ° 2 0 ' N ,  1 2 8 ° 4 5 ' W  according to W e l s h  
& R i g b y  1971 b  p. 44  and b y  Lake Nerka 
(Tickchik and Wood Lakes), collected by 
R o b e r s o n .

634. L öve  et al. 1971 m ainta in  that 
Rosa Sayi is a well defined species, distinct 
from R. aciculciris. In Alaska the differ
ences between the Euroasiatic and the 
American plants break down completely. 
The American plant might, however, merit 
the rank of subspecies as proposed by

L e w i s  in Brittonia 11, 1959 p. 19. Foi- 
discussion see the comments on map 155 
in H u l t é n  1971.

642. Range extension for Trifolium re
pens  to Amchitka I. ( S h a c k l e t t e  et al. 
1969). In D o r o g a s t a j s k a j a  1972 it is 
reported from the lower Ob R., Khatanga, 
the lower Lena R., Magadan and E Chu
kotka. It also occurs on South Georgia.

650. In Rhodora 75, 1973 p. 802
B a r n e b y  reports that Astragalus Atlasovi 
K o m . is a synonym for A. polaris B e n t h . 

The range of .4. polaris should conse
quently be extended to southern central 
Kamchatka. A. Atlasovii was also reported 
from Pekulney Mts in Anadyr by V a s s i l - 

JE V .

659. Oxytropis deflexa  var. dezhnevii  
was described from easternmost Chukotka 
by J u r t s e v . A collection fitting his de
scription is 1). F. & B. M. M u r r a y  140 
from Kaskavulsh nunatak, 6000 feet. This 
indicates that this taxon is an arctic-liigh- 
alpine ecological variation occurring both 
in easternmost Asia and in America.

659. Range extension of Oxytropis arc- 
tica to the St Elias Mts, 1800 m according 
to M u r r a y  1971 b p. 303.

660. A remarkable range extension of 
Oxytropis Scammaniana  to the Mackenzie 
Mts 63°46 N, 127°90'W was reported by 
C o d y  & P o r s i l d  (1968b p. 269)..

661. The plant named Oxytropis nigres
cens subsp. pygmaea  ( P a l l .) H u l t . agrees 
very well with the description and plate 
of Astragalus pygmaeus  in P a l l a s ’s Spe
cies Astragalorum p. 66 and tab. LIV from 
St Lawrence Bay, Chukotka. P a l l a s ’s 

specimen was in fruit and the flowers 
were unknow n to him. J u r t s e v  et al. 1972 
p. 773 are of another  opinion. They write 
(translated from the Russian text): 1'0.  
gorodkovii J u r t z . (0. nigrescens  subsp. 
pygmaea  H u l t . non Astragalus pygmaeus  
P a l l . ) .  Utaveem; ur. Dezhneva, Pinakul, 
Penkignej.  Dry calcareous mountain
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tu n d r a .  O n  a c id  m o u n t a i n  s o i l  th e  c l o s e l y  
r e la t e d  O. T schuktschoram  J u r t z . (? O. 
bryophila  / G r e e n e /  J u r t z .) is f o u n d ” .

The Oxytropis nigrescens complex, 
comprising very closely related taxa, is 
not yet well understood. W hatever the 
taxa are named the variation on hoth 
sides of the Bering Strait is the same 
judging from specimens seen.

6 6 4 .  Oxytropis campestris  subsp. Jor- 
dalii was reported (as 0. Jordalii) from 
Wrangel I. in P e t r o v s k y  1973 p. 123.

6 6 4 .  Oxytropis viscida w a s  r e p o r t e d  
f r o m  n o r t h e r n  Y u k o n  in W e l s h  & R i g b y  
1971 a.

(>(>7. The type of Astragalus leiicantlxus 
P a l l , was located in the Brit. Mus. and 
described by W e l s h  in Taxon 21, 1972 
p. 155. According to him it is a noil- 
glandular plant of the O. campestris  
complex. The nam e 0. leucantha  cited as 
a possible synonym of 0. borealis should 
thus be excluded.

667. In Nov. Syst. PI. Vase. 1964 p. 217 
J u r t s e v  described Oxytropis semiglobosa  
(sect. Orobia) from Anadyr and central 
Chukotka. Acc. to J u r t s e v  et al. 1972 p. 
773 it also occurs in SE Chukotka. It was 
not seen in the Alaskan material.

6 6 7 .  Hedysarum Mackenzii  was reported 
from  easternmost Chukotka in J u r t s e v  et 
al. 1972 p. 773. Its Siberian counterpart 
II. dasycarpum  T u r c z . extends to western 
Chukotka. According lo J u r t s e v  II. Mac
kenzii  differs from  that taxon in having 
a keel longer than the s tandard and in 
the dark  rose-coloured, not saturated, 
violet-red corolla. The living Alaskan 
plant has purple flowers becoming paler 
when dried.

668. The range of Hedysarum hedy- 
saroides should include St Lawrence I., 
where this plant was collected by Fa. 
K j e l l m a n  as early as 1879 and reported 
as H. obscurum.  Also collected there by 
Y o u n g  and reported as H. alpinum  in 
Y o u n g  1971.

672. Concerning races and nom encla
ture of Lathyrus maritimus  see P. W. 
B a l l  in H e y w o o d  in F e d d e , Rep. 79: 
1— 2, 1968 pp. 45—46 and H u l t é n ,

Circumpolar Plants II, map 176.

6 7 5 .  Geranium Robertianum  was col
lected at Kodiak by  Mrs M. W i l l i a m s .

6 7 6 .  ( Concerning L inum  perenne subsp. 
Lewisii  see H u l t é n  1971, discussion to 
map 168.

6 7 7 .  According to monographic studies 
by S c h o t s m a n  (in J o v e t , FI. F rance  1, 
1967, p. 78) the nam e of the taxon tha t 
has long been know n as Callitriche verna  
L. should be C. palustris  L. Sp. PI. 1 1753 
p. 969. Range extension to St Lawrence I. 
according to Y o u n g  1971.

6 7 8 .  Callitriche anceps has wingless, 
orbicular, sessile fruits, while C. subanceps  
has wingless, obovate, short-pedunculate 
fruits. K o z h e v n i k o v  reports C. anceps  
F e r n , from western Chukotka in Rot. 
Zhurn. 58: 2, 1973 p. 297. See also discus
sion by S c h o t s m a n  in J o v e t , FI. France 
1, 1967 p. 82.

6 8 2 .  Range extension of Viola Selkirkii 
to Putoran Mts between lower Jenisei and 
Khatanga according to Nov. Syst. PI. Vase. 
10, 1973 p. 282.

6 8 3 .  Reports of Viola palustris (for 
instance in C a l m e r  & T a y l o r  1968 p. 
431) must he due to lack of' familiarity 
with that European  plant. It is an 
acidophilous plant, characterized by leaves 
broader than long, not in pairs, but 3— 4 
together, thin rootstock, small, pale lilac 
flowers, and bracts below the middle of 
the stem. See for instance drawing in L i d ,  

Norsk og Svensk F lora 1963 p. 492. It 
does not at all resemble A n d e r s o n  6316 
from Juneau, which C a l m e r  & T a y l o r  

quote as V. palustris. The plant from the 
nor thern  Pacific is Viola epipsila subsp. 
repens,  by Russian authors treated as a 
species, V7. repens  T u r c z .  Cf. discussion 
to maps 103 and 104 in H u l t é n  1958.
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(»88. Range extensions of Epilobiiim  
palustre to St Lawrence I. according to 
Y o u n g  1971 and to the Queen Charlotte 
Is according to C a l d e r  & T a y l o r  1968.

(»93. Circaea alpina subsp. pacifica is 
regarded as an ecological response to the 
coastal climate as similar specimens occur 
in other coastal areas than those of the 
Pacific. See discussion to m ap 86 in 
H u l t é n  1971.

(»94. H a r m s  (1969 p. 254) reports  Myrio- 
phyl lum  spicatum  subsp. exalbescens 
from Palmer and Katmai. Ile considers 
that specimens from SE Alaska and the 
western Aleutians belong to subsp. spica
tum. A map with range extensions no r th 
wards of M. spicatum  is presented by 
Ch. H o l m q u i s t  (Bot. Notiser 124:3, 1971 
p. 339).

(»94. Range extension of M yriophyllum  
oerticillatum  in Eastern Siberia to Ajan, 
Ochotsk, Anadyr and nor thern  Kamchatka. 
The report from Iceland is based on an old 
unreliable statement.

(»91». K. L. C h a m b e r s  has pointed out 
(by letter) that Echinopanax  is not a 
valid genus name as proposed in El. SSSR 
16, 1950 p. 18. Compare the discussion in 
H u l t é n  1967 p. 8 8 .  If Echinopanax  had 
been based on the combined description 
of a new genus and a new species, it 
would have been valid as a genus-descrip- 
tion, but in this case it was based on the 
description of an earlier described species 
and is therefore not valid. See Articles 41 
and 12 in the International Code of 
Botanical nomenclature. Oplopanax horri
dus  ( S m .) M i q . should thus be the valid 
name of this species.

698. Range extension of Bupleurum  
triradiatum  subsp. arcticum  to the Lake 
Baikal area acc. to M a l y s h e v  1972 map 
241. Both subsp. arcticum  and subsp. 
triradiatum are reported to occur there.

70.’. Ligusticum Calderi (M a t h i a s  & 
Co n s t a n c e  in Bull. Torr. Club 86, 1959 
p. 374) was found on a mountain top

near “Amara Lake” 57 19 N, 154°36YV 
within the unglaciated par t  of Kodiak I. 
The specimen was erroneously reported 
as Conioselinum chinense  in H u l t é n  
1969 p. 70. Immature specimens lacking 
fructifications are very similar. The best 
distinguishing character is the fibrous 
root-crown of L. Calderi. In Conioselinum  
chinense (C. pacificum)  it consists of 
scale-like structures. The latter  is a sea
shore plant, while Ligusticum Calderi is 
an alpine, inland plant.

L. Calderi is thus not an endemic of 
the Queen Charlotte Islands as originally 
supposed.

7 0 3 .  A study of the Siberian material of 
Pachypleurum (dpinum  L e d e r ., the base 
for the combination Ligusticum mutelli- 
noides subsp. alpinum, showed that the 
Alaskan plant does not belong to that 
taxon. 'I'he plate 344 in Ledeb. Icon. FI. 
Ross. IV, as well as the drawing of 
Pachypleurum alpinum  in El. SSSR 16, 
tab. 37:2, shows a plant with more 
dissected leaves with narrow  lobes. In the 
arctic branch of the range specimens with 
leaves having much broader  lobes occur, 
and such specimens were the reason why 
the Alaskan plant was referred to Ligusti
cum mutellinoides  subsp. alpinum.  The 
name of the Alaskan plant is Podistera  
Macounii (Co u l t e r  A R o s e ) M a t h . & 
Co n s t a n c e  in Bull. Torr. (dub. 69, 1942 
p. 247, if that genus is accepted as being 
different from Pachypleurum  and Ligusti
cum. The localities in easternmost Chu
kotka belong to the Alaskan taxon, while 
the easternmost locality for the Siberian 
taxon is in western Chukotka according 
lo Ko z h e v n i k o v  in Bot. Zliurn. 58: 2, 
1973 p. 297. Thus only the range given 
on the Alaskan map belongs to Podistera  
Macounii.

705. Modern American au thors  agree 
that the population of Angelica no. 1 in 
eastern America and in the Pacific cannot 
be separated morphologically and that its 
name should be Angelica lucida L. This 
is also the opinion of W e i n e r t  (Flora 
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159, 1970 map p. 421), who names the 
plant Archangelica Gmelini DC. subsp. 
Gmelini.

Russian authors, following P i m e n o v  

(Nov. Syst. PI. Vase. 1965 p. 199) separate 
the Pacific plant as Angelica Gmelini 
(DC.) P i m e n o v  without mentioning the 
difference from the eastern American 
population. H a r a  (Journ. Fac. Sc. Tokyo, 
Sect. Ill, VI: 2, 1952 p. 91), too, quotes 
no difference when he suggests the name 
Coelopleurum lucidum  var. Gmelini (DC.) 
H a r a  for the Asiatic plant,  while both 
the eastern and western American popu
lations are called Coelopleurum lucidum.  
That the western American and the 
eastern Asiatic coastal populations are 
identical can not be doubted. A new in 
land locality in nor thern  British Columbia 
is reported in C a l d e r  & T a y l o r  1968 at 
57°20'N, 123°51'W.

707. According to B r u m m i t t  in Rhodora 
73, 1971, pp. 578— 584, Heracleum lana
tum  Mieux, is a synonym of H. sphondy-  
lium  L .  subsp. m ontanum  ( S c h l e i c h .) 

B r i q . That the Heracleum  taxon occurring 
in Alaska and Kamchatka differ from  all 
types of H. sphondylium  in Scandinavia is 
clear. G o v o r  on the other hand maintains 
that the Asiatic and American taxa are 
specifically different (Zontichnye P rim orja  
i Priam urja, 1966 p. 210). The mericarps 
are said to be different in anatomical 
detail. The writer, who has field experience 
from both Kamchatka and Alaska, finds 
the two populations very similar. Russian 
authors consider the Kamchatka plant an 
endemic, 11. dulce F i s c h ., described from a 
doubtful cultivated specimen. Cf. H u l t é n , 

FI. Kamtchatka 3 p. 173 in note. It is 
probable that the range of //. lanatum  
should he extended to China and the 
Himalayas.

B r u m m i t t s  paper illustrates the in 
soluble problems created by the present 
Botanical rules of nomenclature.

708. Cody & P o rs ild  (1968 b p. 271) 
report a very remarkable range extension 
for Cornus suecica to Munn Lake 63°35 N, 
Bot. Notiser, vol. 126, 1973

110°02/\V. It should he regarded as a 
relict f rom  a moister period when the 
Pacific and Atlantic populations were 
joined along the northern  coast of the 
continent.

709. In H u l t é n  1967 p. 91 the hybr id  
nature of Cornus unalaschkensis  L e d e b . 

was discussed. C a l d e r  & T a y l o r  (1968) 
still insist on treating it as a separate  
species not of hybrid origin, in spite of 
its reduced fertili ty and obvious m o rp h o 
logical variation. C a l d e r  & T a y l o r  (p. 
451) state that it can tolerate m any  
diverse ecological niches. That is why it 
has a somewhat larger range than C. sue
cica today. See map in C a l d e r  & T a y l o r  

1965 p. 1396. The above-mentioned find 
of C. suecica in the northcentral p a r t  of 
the continent, showing that C. suecica 
once had a wider range, strongly supports  
the w ri te r’s views.

Compare with the case of Circaea al- 
p inaX lu te tiana  in Great Britain, reported  
on by R a v e n  in Watsonia 5: 5, 1963 p. 
266.

710. Range extension for Chimaphila  
umbellata  subsp. cisatlantica to central 
and western Newfoundland according to 
personal communication from A. W. 
D a m m a n .

717. Concerning the variation in the 
genus Ledum  compare the discussion to 
map 71 in H u l t é n  1971.

718. Russian authors still use the name 
Rhododendron parvifolium  A d a m s  not 
only for the fairly tall more southern 
plant of eastern Siberia, but also for the 
prostrate plant of Chukotka. Specimens 
from Chukotka agree exactly with the 
common Alaskan plant as well as with 
the Scandinavian one. Specimens up to 
70 cm tall were seen from central Alaska, 
Inuvik in Yukon, and from central British 
Columbia.

719. Rhododendron camtschaticum  sub
sp. ccimtschaticum  was collected at March 
Mt. N of Dillingham by R o b e r s o n , which
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means a somewhat closer app roach  be
tween the two subspecies in Alaska.

724. In V i e r e c k  & L i t t l e ’s m ap (1972 
j). 219) the range of Cassiope tetragona 
covers the whole of Alaska, north  of 
approxim ately  60°N. It was no t seen 
during  fieldwork at Kotzebue, the lower 
Yukon R., the mts of Scammau Bay, the 
lower Kuskokwim R. and in the mountains 
surrounding  Kilbuck and Kisaralik Lakes.

729. Add the synonym Arctostaphylos  
adenotricha  ( F e r n . & M a c b r .) L o v e , 
L o v e  & K a p o o r  to A. uva-ursi var. adeno
tricha. See the discussion to map 149 in 
H u l t é n  1971. According to P a c k e r  in 
Canad. Journ. Bot. 45, 1967 p. 1767 var. 
adenotricha  has 2n =  26 chromosomes, 
while var. uva-ursi has 52.

730. The map of Arctostaphylos alpina 
in V i e r e c k  & L i t t l e  1972 p. 230 does 
not show the gap between a n o r the rn  and 
a southern area, as does the map in the 
Alaskan Flora. The species probably 
occurs all over interior Alaska.

734. V accinium alaskensis should he 
changed to Vaccinium alaskense.

734. In a paper  with the title “On the 
taxonomy and distribution of Vaccinium  
uliginosum” in Rhodora 72, 1 9 7 0 ,  YOUNG 
reports subsp. pubescens ( W o r m s k j .) 
Y o u n g , subsp. pedris  ( H a r s u b .) Y o u n g , 
subsp. gaultherioides (B i g e l .) Y o u n g , 
subsp. occidentale (G r a v ) I I u l t . and 
subsp. occidentale var. salicinum  (C h a m .) 
H u l t . from Alaska. Maps of the ranges 
of these taxa are also presented. The 
writer is unable to divide the material 
rationally according to this study. Com
pare the discussion to map 70 in H u l t é n  
1971 .

741. I lange extension for Primula egalik- 
seusis to Eyja F jö rd u r  on no r thern  Ice
land (found once) according to L o v e  i n  
Izlenzk Ferdaflöra, 1970 p. 336.

749. The Dodecatheon  drawings have 
unfortunately been interchanged. The

lower one represents D. frigidum  and the 
upper one D. Jeffreyi.

751. The differences between Trientalis 
europaea  subsp. europaea  and subsp. arc- 
tica are well illustrated in F lora  of Alaska 
p. 751. As geographical races they are 
obvious, where they meet they merge into 
each other and should not be taken as 
species. That G a l d e r  & T a y l o r  cannot 
see the difference between the Pacific and 
the European plants must he due to lack 
of familiarity with the latter. See the 
discussion to map 148 in H u l t é n  1971. 
F o r  a photograph of subsp. arctica see 
H u l t é n ,  The Plant cover of Southern 
Kamchatka in Ark. f. Bot., ser. 2, 7:3, 
1972 p. 202.

752. In Ga l d e r  & T a y l o r  1968 the 
more or less ohtuse-leaved specimens of 
Glaux maritima  are regarded as a sub
species, as proposed by B o i v i n  (Bull. Soc. 
Bot. Belg. 88, 1955 p. 10). F rom  a study 
of world-wide material it becomes obvious 
that obtuse-leaved specimens occur in 
many different places, often together with 
more acute-leaved ones. The variation 
within the Alaskan population can be 
illustrated by a collection from  Eagle R., 
Juneau, A n d e r s o n  6356. Some specimens 
have very obtuse rounded leaves 13X17 
mm, while others have quite acute leaves 
12X3.5 mm. Specimens from  alkaline in
land localities (Alaskan Highway mile 
945) have leaves that are only 1.5 mm 
broad. Compare the discussion to map 182 
in H u l t é n  1971.

753. It has become customary, for 
instance in FI. Europaea 3, to separate 
Gentianella (lacking appendages between 
corolla lobes, and usually with th roat and 
corolla lobes ciliate) as a genus from 
Gentiana. In the w ri te r’s opinion Gentia
nella is best regarded as a section of the 
genus Gentiana, which has many charac
teristics that speak for its unity.

If Gentianella is regarded as a separate 
genus consistency requires the rest of the 
genus Gentiana to he split up into a 
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num ber of genera (Gentianopsis, Coma- 
stoma, Gentianodes, and others). The 
desirability of such a development can be 
discussed.

754. T o the synonyms of Gentiana al- 
gida a d d  Gentianodes algida ( P a l l .) L o v e  
A L o v e  in Bot. Notiser 125: 3, 1972  p.  
256 .

757. Range extension for Gentiana glauca 
to the mountains NE of Lake Baikal 
according to M a l y s h e v  1972  map 2 6 5 .  
Thus G. glauca goes approximately as far  
east as west of the Bering Strait, which 
is the case with numerous other species.

758. Russian authors use the name Gen
tiana nutans  B u n g e  for the Siberian G. 
prostrata. According to Fl. SSSR it differs 
from t lie European low G. prostrata 
H a e n k e  in being 5— 10 cm tall with 
nodding or drooping, always pentamerous 
flowers.

In Alaska flowering specimens occur 
from up to 15 cm and down to 2 cm (in 
the mountains).  Tetramerous flowers are 
not rare, often growing together with 
pentamerous ones. Small specimens have 
erect flowers, in tall specimens they are 
often nodding. The Alaskan plant agrees 
well with the European one, as well as 
with those from NE Siberia.

758. Range extension for Gentiana auri- 
culata to St Lawrence 1. according to 
Y o u n g  1971.

759. Gentiana amarclla subsp. acuta 
also occurs on the Queen Charlotte Is 
according to  C a l d e k  & T a y l o r  1968.

761. Gentiana propinqua  subsp. arcto- 
phila was reported from several places in 
eastern Chukotka by J u r t s e v  et al. 1972 
and also from Wrangel I. in P e t r o v s k y  
1973 p. 123.

761. Lomatogonium rotatum  has been 
found in eastern Chukotka according to 
J u r t s e v  (personal communication).

762. Sivertia perennis  occurs at Lake 
Beverly, north  of Dillingham, according
B ot. N o tise r, vol. 120, 1973

to R o b e r s o n  (in letter). It also occurs 
on the Queen Charlotte Is according to 
C a l d e r  & T a y l o r  1968.

762. In Canad. Journ. Rot. 46, 1968 
pp. 92— 96 G i l l e t t  separates the J a p a 
nese population of Fauria crista-galli from 
the American as subsp. japonica  ( F r a n c h .) 
G i l l e t t . The Japanese plant is considered 
to be tetraploid, while the American is 
hexaploid. According to G i l l e t t  minor 
quantitative differences also occur between 
the Asiatic and the American populations.

764. J u r t s e v  et al. 1972 p. 774 report 
Phlox sibirica f rom  two places in eastern
most Chukotka.

765. Range extension of Phlox sibirica 
subsp. Richctrdsonii to the Steele Glacier 
in the St Elias Mts according to M u r r a y  
1971 a (as Ph. Ricliardsonii).

768. A map of the distribution of Pole- 
m onium  boreale var. villosissima was 
published by M u r r a y  in Arctic 21: 4, 1971 
p. 303.

769. Polemonium pulcherrimum.  Range 
extension to N of Dillingham, collected by 
R o b e r s o n . Determination kindly con
trolled by V i e r e c k  & M u r r a y .

771. In a review of F lora of Alaska and 
neighboring territories in Madrono 20 p. 
79, C h a m b e r s  rem arks that Romanzoffia  
sitchenris  and unalaschkensis  should 
merely be regarded as subspecies, as they 
chiefly differ in pubescence. The writer 
prefers to keep them as separate species 
as they are quite different in habit as can 
be seen from the drawings in the Flora, 
and as real intermediates were not seen.

773— 774. Eritrichium arctioides and 
Chamissonis. Misled by the key in W i g h t , 
Eritrichium  in North America (Bull. Torr. 
Club 29, 1902 p. 408), the writer accepted 
the name E. Chamissonis  for the plant 
with the flowers scarcely exceeding the 
cushion. As seen from the drawing in El. 
SSSR 19 tab. XXV, fig. 1, that taxon is 
called E. arctioides there. The original 
description also confirms this view. The
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type specimen of E. Chamissonis  shows 
that this taxon has a long stem. The 
distinction between the two taxa is u n 
clear, variation is considerable, but if they 
are distinguished as different taxa the one 
lacking a stem at flowering should be 
named E. aretioides and that with long 
stem E. Chamissonis.  In Fl. SSSR p. 520
E. Chamissonis is proposed to represent 
the hybrid E. aretioides'X.villosum. How
ever. E. villosum  is unknow n from Alaska, 
while its coun terpar t  in the supposed 
hybrid is common there. A study of the 
fruits may help to elucidate conditions, 
but ripe fruits are rare in herbarium  speci
mens. A drawing of E. aretioides with the 
fruit also represented is found in S e e m a n , 
Hot. Voy. Herald, Pl. V I11.

775. R ange extension of Eritriehium  
splendens to Horne Lake, the Richardson 
Mts 67 45'N, 136°01'W according to Lorn 
in Canad. Field Nat. 1969 p. 412.

777. The very isolated population from 
Mission Bluff, Eagle area, passing for 
Cryptantha spiculifera, was described as 
C. Shaeklettiana  by L. C. H i g g i n s  in Great 
Basin Naturalist 29: 1, 1969 p. 28. Accord
ing to him it differs in having longer and 
narrower leaves, inconspicuously pustulate 
hairs, a subcapitate inflorescence, longer 
and narrower nutlets and a weaker stem, 
i.e. in quantitative characters only. In 
such a small isolated population the varia
tion must he very small, containing few 
or single biotypes only. The variation 
should be checked on the spot and com
pared with the variation within its main 
area.

781. Range extension of Mertensia mari
tima  subsp. maritima  to Wrangel I. 
according to P e t r o v s k y  1973 p. 124.

783. Mertensia kamczatica  does not 
occur within the area of the left-hand 
map in the Alaskan F lo ra  according to 
personal information from  B. A. J u r t s e v  
and should thus be excluded from the 
Flora.

788. Lamium purpureum  L. was re
ported from Alaska by D e a r b o r n  in 
Weeds 7, 1959 p. 269, as a weed “affecting 
agriculture” . No specimen was seen by the 
writer.

789. The single specimen of Stachys  
Emersonii from Alaska (Annette Island, 
E d i t h  A. P u r e r  7 6 8 9 ) ,  has a corolla tube 
9  mm long and is thus correctly referred 
to that species according to E p l i n g  in 
Madrono 4, 1938 p. 272. An older name of 
the species is S. mexicana  B e n t h .  (al
though the plant does not occur in 
Mexico). C a l d e r  & T a y l o r  1968 p. 481 
suggest that the Alaskan plant is S. Coo- 
leyae, a plant with a corolla tube 15— 25 
mm long.

793. Linaria vulgaris also occurs at 
Ivigtut, S Greenland.

794. Collinsia parviflora  also occurs on 
the Queen Charlotte Is according to 
Ca l d e r  A T a y l o r  1968.

796. In Canad. Journ. Bot. 43, 1965 p. 
1398 C a l d e r  A T a y l o r  described Mim u
lus guttatus subsp. haidensis  from the 
Queen Charlotte Is. It was characterized 
by the acute leaves, pubescence on the 
veins underneath and puberulous pedicels. 
No such specimens were seen in the 
Alaskan material.

The pedicels have a patent, sometimes 
nearly glandless pubescence, in a few cases 
they are nearly glabrous.

796. A s p e c i m e n  of M im ulus Lemisii 
P u r s i i  w a s  c o l l e c t e d  o n  D o u g l a s  I. b y  M r s  
M. W i l l i a m s  a c c o r d i n g  t o  i n f o r m a t i o n  in 
a  l e t t e r .

797. Lima sella taxa similar to L. aqua
tica occur in the southern hemisphere, 
southwards to the Antarctic islands, hut 
the identity of that species with L. aqua
tica  is uncertain.

805. Remarkable range extension for 
Lagotis glauca subsp. minor  to the m oun
tains NE of Lake Baikal according to 
M a l y s h e v  1972 map 276. Add the synonym 
Lagotis minor  ( W l L L D . )  S T A N D E .
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8 0 7 .  Castilleja miniata  was found at Gu
stavos, Glacier Bay, by Mrs M. W i l l i a m s .

8 1 4 .  S e l l  & Y e o  (Bot. Journ. Linn. Sue. 
63: 3, 1970 p. 210) treat Euphrasia dis
juncta  F e r n .  & W i e g ,  in a narrow er  sense 
than the authors  of that taxon did. S e l l  
& Y e o  reserve the nam e for the plant 
from Newfoundland to Lake Mistassini 
which they include in the series Minuti-  
florae P u g s l .  The Alaskan plant differs 
according to them in having “usually” 
more or less numerous glandular hairs, 
less rounded leaves and a smaller corolla 
(it is surprisingly referred to the series 
Grancliflorae W e t t s t . ) .  In FI. Alaska & 
Yukon p. 1398 the Alaskan plant was 
reported as E. subarctica R a u p  and that 
is the name adopted by S e l l  & Y e o  for  
the plant distributed from Alaska to Lake 
Athabasca.

8 2 4 .  Add the synonym Pedicularis 
sudetica b bicolor W a l p . R ep .  3, 1845 p. 
422 to P. sudetica s u b s p .  albolabiata.

825. Range extension for Pedicularis 
capitata to the Mts NE of Lake Baikal 
according to M a l y s h e v  1972 map 277.

8 2 7 .  The nam e Pedicularis lanata  P a l l . 
that has long been used was changed to 
P. Kanei because P. lanatci C h a m . & 
S c h l e c h t , was considered a later h o m 
onym of P. lanata P a l l , ex S t e v e n , 
quoted as a synonym of P. Langsdorffii 
var. lanata (H u l t é n  1967 p. 121). K. L. 
('.h a m p e r s  has pointed out (in a letter) 
that the P. lanatci P a i .l . was not validly 
, ’ shed as it was merely cited as a
synonym. P. lanata was earlier used as a 
synonym of P. verticillata by P u r s h  (FI. 
N. Amer. 2, 1814 p. 426). It is very satis
factory that the old name Pedicularis la
nata  Ch a m . & S c h l e c h t , in Linnaea 2, 
1827 p. 584 can be used for Pedicularis 
no. 21 in the Alaskan Flora.

Pedicularis no. 22 will then be named:

Pedicularis lanata C h a m . & S c h l e c h t . 
subsp. Adamsii (Hult.) Hult. stat.  nov.

P. Adamsii H u l t . i n  K. Vet. A k a d .  H a n d ! .  

S e r .  3 ,  8 : 2 ,  1 9 3 0  p .  117 i n  a d n . ,  P I .  5  c .
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Two o ther  taxa regarded as races of 
P. lanata  will need new name com bina
tions.

Pedicularis lanata C h a m . & S c h l e c h t .  
subsp. Pallasii (Vvetl.) Hult. stat. nov.

P. P a lla s i i  V v e d . in Fl. SSSR 22,  1955 p. 
817.
Pedicularis lanata  C h am . & S c h l e c h t .  
subsp. dasyantha (Hadac) Huit, 
stat. nov.

P. d a s y a n t h a  H a d a c  in Norges Svalbard og 
Ishavsunders. skr. no. 87, 1944 p. 57.

Cf. discussion to map 13 in I I u l t é n

1971.

8 31 . There  was no specimen of Utricu- 
laria intermedia  from Chukotka in the 
Leningrad Herbarium.

831. Utricularia minor  was reported 
from one locality in western Chukotka by 
K o z h e v n i k o v  in Bot. Zhurn. 58:  2, 1 9 7 3  
p. 2 98 .

833. Plantago maritima  was collected 
at Providenie (Port Providence) in SE 
Chukotka according to D o r o g a s t a j s k a j a  

1972  ]). 136 .  It is probably an  anthro- 
pochor there.

833. Plantago canescens was reported 
by J u r t s e v  from Chaun Bay, a locality 
situated in the middle of the gap between 
the Alaskan and the Eastern Siberian 
ranges.

835. Range extension for Plantago major  
to Igarka, Dudinka, Norilsk and SE Chu
kotka according to D o r o g a s t a j s k a j a  1 972  
p. 136 .

839 . Range extension for Galium kamt-  
schaticum  to the Queen Charlotte Is 
according to C a l d e r  & T a y l o r  1 9 6 8  and 
to H yndm an  Lake, 6 8 e 1 4 N ,  1 3 1 o0 6 W  
(West of the Mackenzie delta) according 
to C o d y  A P o r s i l d  1 9 6 8  b  p. 2 7 2 ,  a most 
rem arkable find. A sterile specimen only.

844 . W e l s h  & R i g b y  1971 b p. 21 re
port Linnaea borealis var. longiflora  from 
the in ter ior  of northern  British Columbia. 
The specimens from Cold Fish Lake, 
R i g b y  & C u d d y  171 and 193, belong to 
subsp. amcricana.

64
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851. A very remarkable range exten
sion for Campanula uniflora  to the 
Stanovoye Mts NE of Lake Baikal is re
ported in M a l y s h e v  1972 map 291. The 
locality is situated in the middle of the 
large Asiatic gap in the range of this 
characteristic species.

In Alaska C. uniflora  was found  on 
March Mt., N  of Dillingham b y  R o b e r s o n .

851. Lobelia dortmanna  L. occurs ac
cording to C a l d e r  & T a y l o r  1968 on the 
Queen Charlotte Is, just south of the 
boundary of the left-hand map in the 
Alaskan Flora. As it is easily overlooked 
it should also be sought in southern 
Alaska. The species has a peculiar range. 
See map 192 in H u l t é n  1958, to which 
can now be added a single localitv in 
Central Saskatchewan, reported  by B r e i 
t u n g .

851. a  rindelia integri folia  DC. occurs 
on the Queen Charlotte Is. C a l d e r  & 
T a y l o r  1968 p. 535 rem ark tha t  “a lthough 
this plant has been reported from  Alaska 
by a num ber of authors, it was not in
cluded by H u l t é n  in his F lo ra  of Alaska 
& Yukon”. The basis for the reports  is 
apparently  P r e s l ' s  report in Reliquiae 
Haenkeanae from Port Mulgrave (Yakutat 
Bay), repeated in DC. Prodromus.

The plants reported in this publication 
were either from Yakutat Bay or from 
Nootka Sound on Vancouver 1. In the 
case of Grindelia  it was apparently  from 
Nootka Sound as no Grindelia was later 
collected in Alaska. C r o n q u i s t  in H i t c h 
c o c k  et al. 1955 came to the same conclu
sion. On the map of the genus Grindelia 
b y  S t e y e r m a r k  (Ann. Missour. Bot. Gard. 
24, 1937 p. 232) this genus is m arked  for 
SE Alaska and Yakutat Bay. Grindelia is, 
to the w ri te r ’s knowledge, not known to 
occur in Alaska.

852. The range of Solidago multiradiata  
var. aretica should be extended to the 
Commander Is, as shown by the type 
specimen of S. cuprea  Juz. from Copper
1., which is this taxon.
34

864. Range extension for Erigeron erio- 
cephalus  to Karaginsk I., N Kamchatka, 
according to V o r o s h i l o v  et al. 1971 and 
to the mountains NE of Lake Baikal 
according to M a l y s h e v  1972 map 293.

864. Erigeron pallens G r o n q u . was re 
ported from three places in the Mackenzie 
Mts, NW  Terr.,  within the boundary of 
the Alaskan map in F I .  Alaska and neigh
boring Territories.

865. Range extension of Erigeron hyper- 
borcus to the Mackenzie Mts and Corona
tion Gulf according to C o d y  & P o r s i l d  
1968 h p. 273 and to three places in 
easternmost Chukotka acc. to J u r t s e v  et 
al. 1972 [). 774 (as E. a laskanus).

865. A new Alaskan Erigeron species 
closely related to the polymorphic E. 
grandiflorus  was described by S p o n g - 
b e r g  in Rhodora 75, 1973 p. 801 as Eri
geron Hultenii. The type comes from 
Campbell Creek Valley, 1 1 miles north of 
Anchorage. S p o n g b e r g  regards it as 
transitional between E. peregrinus  and E. 
grandiflorus.

866. The au thor  of the synonym Eri
geron angulosus should be G a u d ., not 
G a n d o g e r .

873. A very remarkable range extension 
for Antennaria monocephala  to the m oun
tains NE of Lake Baikal was reported in 
M a l y s h e v  1972 p .  141 and map 296. .4. 
dioicifornus  K o m . and .4. Komarovii Juz., 
described from Kamchatka are here re 
garded as synonyms of .4. monocephala.

876. Antennaria subviscosa  F e r n , was 
reported from the Steele Glacier in the St 
Elias Mts in M u r r a y  1971 a. It was earlier 
reported from Canol Road by P o r s i l d  
and included in the variation of A. iso- 
lepis in FI. Alaska and neighboring terri
tories.

877. Antennaria Friesiana  subsp. com
pacta also occurs in easternmost Chu
kotka. A specimen in Stockholm from the 
head of St Lawrence Bay, Cape Krause, 
collected by J u r t s e v , belongs here. Re
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ported from Penkignei in J u r t s e v  et al. 
1972 p. 774 (as A. compacta).

888. G a l d e r  & T a y l o r  1968 p. 524 
give Achillea borealis and A. lanulosa as 
synonyms of .4. millefolium  L., a taxon 
introduced into America. The indigenous 
and not weedy A. borealis B o n g ,  is clearly 
distinct from A. millefolium  in Alaska. 
A. borealis or A. lanulosa do not occur in 
Asia. In parts of America where the in tro
duced A. millefolium  is common intro- 
gression between the native American taxa 
and the European one probably occurs.

889. In D o r o g a s t a j s k a j a  1972 p. 142 
Matricaria matricarioides was reported 
from the lower Ob R. (Salechard), the 
lower Jenisei R. and from Providenie in 
SE Chukotka. One specimen was even 
found on South Georgia in 1964 acc. to 
L o n g t o n .

892. Chrysanthemum bipinnatum  suhsp. 
huronense  was reported from the Queen 
Charlotte Is b y  G a l d e r  & T a y l o r  (as 
Tanacetum huronense). It also occurs on 
Vancouver I.

897. A taxon similar to Artemisia globu
lar ia var. lutea was described from the 
Anjui Mts in Chukotka as A. jlava  by 
J u r t s e v  (1969 p. 317). It is said to differ 
from A. globularia, apar t  from the yellow 
corolla, in the more glabrous leaves, the 
broad  petioles and the long inflorescence.

The variation in these respects is great 
in A. globularia. Specimens from Wales 
show a similar type of pubescence to that 
of A. flava and the inflorescence is up to 
15 cm long. A. flava  is hardly  a taxon at 
species level.

905. Range extension for Artemisia  
alaskana  to the Yukon— Mackenzie border 
67°57'N, 136°27'W acc. to C o d y  &
P O R S IL D  1968 b p .  272.

910. Specimens from the Kaskawulch 
Glacier in M u r r a y  1971 a, reported as 
Artemisia hyperborea, agree exactly with 
specimens from McKinley Park, named 
A. furcata  var. heterophylla  in the Alaskan
Bot. Notiser, vol. 126, 1973

Flora. A. hyperborea  is an arctic-alpine 
plant.  The leaves are usually more strongly 
dissected with shorter  lobes. As no clear 
distinction could be found between this 
taxon and A. furcata  it was treated as a 
segregate of this plant.

The taxa of this affinity are treated 
very differently by Russian and American 
authors, although the variation on both 
sides of the Bering Strait is very similar. 
P O L JA K O V  in Fl. SSSR regards A. furcata  
(1819), A. trifurcata  (1826) and A. hetero
phylla  (1832) as synonyms. P o r s i l d  on 
the other hand  separates the hoary- 
villous A. Richardsoniana  B e s s .  (1836) 
and the appressed silver-grey, silky pubes
cent A. hyperborea  (1916) as distinct 
species. The variation in type and density 
of pubescence is wide, and the range of 
the proposed taxa partly overlap (see 
m aps 317 and 319 in P o r s i l d ,  111. FI. 
Canad. Archipel.). It seems impossible to 
distinguish A. Richard soniana from A. fu r
cata, while A. hyperborea  belongs to var. 
heterophylla, which could possibly be re
garded as an arctic-alpine race of A. fu r
cata.

913. C a l d e r  & T a y l o r  (1968 p. 538) 
regard Petasites nivalis G r e e n e  as an 
older name for P. hyperboreus  R y d i l  The 
type of P. nivalis was not seen, but the 
description in Pittonia 2, 1889 p. 18 agrees 
well with Petasites no. 4 in the Alaskan 
Flora, the name of which should he 
changed to P. nivalis G r e e n e .

No proper understanding of the Alaskan 
Petasites taxa can be expected unless 
hybridization is taken into account. From  
the study of extensive material hybridiza
tion is obvious. C o d y  (1971 p. 155) pre
sents a map of P. arcticus P o r s . In the 
w ri te r’s opinion it is the hybrid P. nivalis 
(hyperboreus)  X palmatus.

914. Petasites sagittatus was collected 
at Soldotna, Kenai Peninsula, by R o b e r 

s o n .

919. C a l d e r  & T a y l o r  (1968 p. 527) 
maintain that Arnica amplexicaulis  suhsp.
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prima  M a g u i r e  should not be recognized. 
The writer cannot agree. Subsp. prima  
was described on specimens from  Kodiak
I., and Kodiak specimens differ from 
subsp. amplexicaulis,  as stated by M a g u i r e  

and in the key of the Alaskan Flora. A 
specimen from  the Queen Charlotte Is 
in Stockholm, C a l d e r  & T a y l o r  36935, 
does not belong to subsp. prima.  The 
specimen from the Kenai Peninsula with 
strongly serrulated leaves, mentioned by 
C a l d e r  & T a y l o r , indicates tha t  the 
range of subsp. amplexicaulis  should be 
extended to that peninsula.

923. Specimens from Chukotka nam ed 
Arnica Iljinii ( M a g u i r e ) I l j i n  can hardly  
be distinguished from .4. alpina subsp. 
angustifolia  from Alaska. The specimen 
from Konyam Bay, m arked  on the map 
of A. alpina subsp. angustifolia  and col
lected by K j e l l m a n , is one such speci
men.

927. Senecio fuscatus is, as far  as the 
writer can see, the oldest nam e for a 
complex of very similar taxa with the 
arctic-alpine range given on the Circum- 
polar map. If the Alaskan taxon is re 
garded as distinct its nam e should not be 
S. Lindstroemi  P o r s . (1945) but S. tundri- 
cola T o l m . (1928). The taxon in question 
is exactly the same on both sides of the 
Bering Strait.

927. Senecio  no. 4— 6 in the Alaskan 
Flora, taken as segregates of S. citropur- 
pureus, constitute in the w ri te r’s opinion 
a complicated complex which should be 
studied monographically. In particular  the 
limitation of subsp. atropurpureus  com 
pared with subsp. frigidus  is obscure. 
Russian au thors  readily divide the complex 
into clear-cut species, but provide no key 
to the different taxa. The drawing of 
Senecio no. 4, S. atropurpureus  subsp. 
atropurpureus  in the Alaskan F lora  is not 
typical. See the drawing in FI. SSSR tab. 
XXXV. The range of this taxon should 
be extended to central Alaska. Specimens 
agreeing with the type of S. Tichomirovii 
S c h i s c h k . were collected at Wales, the

Bering Strait, by the writer. A good 
representation of S. frigidus  is tab. XII 
in H o o k e r , FI. Bor. Amer. I.

929. The type specimens of Senecio 
resedifolius from St Lawrence Bay, Chu
kotka, show a small plant with short,  
crenate to indistinctly lobed basal leaves, 
small, acute, nearly entire stem leaves and 
a single, large head. They correspond to 
the drawing in the Alaskan Flora. S. 
resedifolius, as understood in the Flora, 
is a critical complex comprising specimens 
up to 25 cm high, such as Naknek, N o r -  

b e r g ;  20 miles above Russian Mission, 
H u l t é n ,  similar to S. cymbalarioides 
subsp. moresbiensis C a l d e r  & T a y l o r  
(1968 p. 540, fig. 178), as well as others 
similar to S. Newcombei  G r e e n e  from 
the Queen Charlotte Is ( C a l d e r  & T a y l o r  

1968 fig. 182), Nelson I., Nightmute, 
H u l t é n .  Some specimens even have 
reddish ligulae (Lake Peters and the 
Sadlerochit R., S p e t z m a n ;  Craig, N o r 
b e r g ) .

P a c k e r  recently published a revision 
of the S. resedifolius group, mainly from 
a cytological point of view (Canad. Journ. 
Bot. 50:3, 1972 pp. 507— 518). He re
gards all Rocky Mountain material earlier 
referred to S. resedifolius as S. cym ba
larioides, hul does not discuss the above- 
mentioned critical types in Alaska, nor 
does he include S. resedifolius  var. colum- 
bianus G r a y , S. Newcombei or S. cym ba
larioides subsp. moresbiensis  in his study. 
In one case P a c k e r  suspects hybridiza
tion.

Hybridization and apomixis in the 
hybrid populations may he responsible for 
par t  of the polymorphy.

929. P a c k e r  states that specimens of 
Senecio conterminus  from the Rocky Mts 
have 160 + chromosomes, while two collec
tions of the corresponding Alaskan p opu 
lation have 46 (Canad. Journ. Bot. 50: 3, 
1972 pp. 507— 518). He therefore de
scribes the Alaskan plant as a new species, 
S. ogotorukensis.  The morphological dif
ferences quoted are extremely weak and 
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hardly provide a good basis for separating 
the two taxa at species level. Both S. con
terminus  and  S. ogotorukensis  can be 
distinguished from the glabrous S. resedi- 
folius  and S. cymbcilarioides (S. streptanthi-  
folius) by their  woolly pubescence. One 
high-Alpine specimen of S. conterminus  
in Stockholm from the Wrangell Mts 
(Copper Glacier, J i m  H e n n i n g s ) is white- 
woolly throughout.  The chromosome n u m 
ber of such a specimen would he of interest 
to state. Alpine, single-headed specimens, 
such as those from  Mt McKinley Park, 
are morphologically extremely similar to 
the Rocky Mountain specimens.

930. J u r t s e v  et al. (1972 p. 775) report 
Senecio hyperborealis  from Utaveem in 
northeasternmost Chukotka. It was also 
reported from W rangel I. b y  P e t r o v s k y  
(1971 and 1973).

931. The nam e Senecio cymbalarioides  
N u t t , cannot be used, as there is an 
earlier S. cymbalarioides  B u c k . P a c k e r  
reserves this name for a ; , Cation south 
of the area of glaciation (see map in 
Canad. Journ. Bot. 50:3, 1972 p. 517, 
fig. 14). F o r  S. cymbalarioides  N u t t , the 
name S. strept ant hi fo lium  G r e e n e  in 
Erythrea  3, 1395 p. 23, has been p ro 
posed. After renewed study of the Alaskan 
material of Senecio  no. 11, called .S. cy m 
balarioides N u t t , in the Flora, the writer 
is inclined to unite it with no. 12, S. pau
perculus  M i c h x .

9 4 0 .  G a t h e r  & T a y l o r  1908 p. 530 
report Cirsium brevistylum  C r o n q u .  from 
the Queen Charlotte Is. It might therefore 
be expected that the single Alaskan speci
men reported as C. edule (Hyder, Mrs E. 
G. M e y e r ) ,  belongs to that very closely 
related taxon. Judging from the study by 
M o o r e  & F r a n k t o n  (Canad. Journ. Bot. 
40: 2, 1962) it should, however, be re 
ferred to C. edule as its anthers are about 
6 mm long and the style is long extruding.

9 4 3 .  According to Ch a m b e r s  in Gontrib. 
Dudley Herb. 4: 7, 1955 p. 214, Apargi- 
dium boreale should he referred to the

genus Microseris. Its name then becomes 
Microseris borealis ( B o n g .) S c h u l t z - B i p .

C h a m b e r s  regards it as the single 
m em ber of Microseris subgen. Apargidium,  
differing in being scapose, rh izom atous 
and perennial.  (Contrib. Dudley Herb. 5: 
2, 1957 p. 57).

9 4 5 .  Ra nge extension for Taraxacum  
ceratophorum  to S Japan  and the western  
State of Washington. The range in 
northernm ost Greenland should he e l im i
nated and replaced by an area in central 
E Greenland.

9 4 8 .  Range extension for Taraxacum  
phym atocarpum  to easternmost Chukotka 
according to J u r t s e v  et al. 1972 p. 775 
and to W rangel 1. according to P e t r o v 
s k y  1971.

9 5 9 .  Remarkable range extension for 
Taraxacum ccirneocoloratum to the Ogilvie 
Mts, NE of Dawson, collected by A. T. 
P o r s i l d  according to note in “The Beaver” 
1971 p. 19. Examination of the type speci
men of T. Soczavae  T z v e l . in Nov. Syst. 
PI. Vase. 1966 p. 232 from Kamenskoje at 
the mouth of the Penzhina R. showed that 
it is identical with / ’. carneocoloratum  
A. N e l s o n . This remarkable plant thus 
occurs on both  sides of the Bering Strait. 
Taraxacum  species with pink ligulae occur 
in the Caucasus (T . porplxyranthum  
Boiss.), in Central Asia ('/'. pseudoroseum  
S c h i s h k ., 7\ lilacinum  K r a s s n . ) ,  in T ran s
baikalia (T. pseudo-nivale  M a l y s h .) and 
in China, hut are unknown in America 
outside Alaska— Yukon.

9 5 3 .  In R hodora  50, 1948 p. 32 C r o n - 
q u i s t  states that Agoseris gaspensis F e r n . 
falls within the variation of A. aurantiaca. 
Gaspé should thus be added to the map of 
the total area.

9 5 4 .  Crepis tectorum  also occurs as a 
weed in SW Greenland and on Iceland.

9 5 6 .  Range extension for Crepis nana 
var. ly rati folia to the St Elias Mts, the 
Steele Glacier, according to M u r r a y  1971 a
p. 181.
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958—959. Hieracium triste and H. gra
cile. The Alaskan material very clearly 
belongs to two different types, although 
more or less intermediate specimens 
sometimes occur. H. triste has large, 
strongly blackish-grey, villous pubescent 
heads with a more or less rounded base, 
dark  involucral scales, little or not at all 
floccose stem, and leaves pubescent with 
hirsute hairs at least on the margin. H. 
gracile var. alaskamini has smaller heads 
with a funnel-shaped base, often lighter- 
coloured involucral scales, distinctly 
floccose stem, and leaves glandular on the 
margin, but otherwise glabrous. C a l d e r  

& T a y l o r  (1968 p. 536) decide that the 
collections cited by H u l t é n  as belonging 
to H. gracile var. alaskanum  should all be 
transferred  to H. triste subsp. triste, but 
this must be due to their not having exa
mined the specimens in question.

On the contrary, most of the material 
referred to H. gracile var. alaskanum  is 
very close to typical H. gracile. They 
agree exactly with specimens from, for 
instance, the State of Washington. H. gra
cile var. alaskanum  is not a very marked 
taxon. It is founded on p a r t  of F u n s t o n  

107 from Yakutat Bay. It is described as 
having slightly pilose leaves, stems pilose 
above, a darkish involucrum with broad 
scales and dark  hairs, as well as long 
and blackish glands on the involucrum, 
pedicels and upper stem. II. gracile and
II. triste are so different that they are 
best retained as species. The variation in 
//. triste can be studied in Kamchatka, 
where H. gracile does not occur. The 
variation in //. gracile, on the other hand, 
can be studied south of British Columbia, 
where II. triste does not occur, as well as 
in S America.

PHYTOGEOGRAPHICAL NOTES

From  a study of the maps alone in 
F lora of Alaska and Neighboring Terr i
tories it is apparen t  that the Transberingian 
floristic affinities are very close. In this 
paper several taxa earlier known from

only one side of the Bering Strait have 
also been shown to occur on both the 
Asiatic and the American side of the Strait. 
This is not surprising as the Strait was 
dry as recently as about 12,000 years ago.

Leaving out introduced or very critical 
taxa, the following list enumerates the 
American species (27), tha t reach the 
Seward Peninsula but are unknown from 
Chukotka — as far as our present know 
ledge goes:

Hordeum brachgant her um 
Z gga demis el eg a n s 
Cypripedium pas s er in urn 
Populus bal sa mi fera 
Polygonum alaskanum (?)
Delphinium glaucum
Aphragmus Eschscholtzianus
Draba longipes
Boy k i nia Bi c hard son i i
Saxifraga spicata
S. reflexa
S. adscendens subsp. oregonensis 
Potentilla virgulata (?)
Dryas octopetala subsp. alaskensis (?) 
Lupinus arctic us 
Astragalus polaris
Hcdysarum alpinum subsp. americanum 
Ci eu ta mackenziana
Androsace chamaejasme subsp. Andersoni 
Polemonium pulcherrimum (?)
Mertensia paniculata 
Veronica Wormskjoldii 
Viburnum edule 
Achillea borealis 
Artemisia alaskana 
Senecio conterminus (?)
S. lugens

Several of these, as for instance those 
marked with a m ark of interrogation, will 
probably be found on the Asiatic side 
when the F lora there is better known. 
Others, such as Astragalus polaris and 
Aphragmus Eschscholtzianus  are in
conspicuous and may thus have escaped 
notice.

On the other hand, it can hardly be 
expected that plants as conspicuous as 
Bogkinia Richardsonii, Saxifraga spicata, 
Lupinus arcticus, Mertensia paniculata, 
Viburnum edule and Senecio lugens will 
be found on the Asiatic side.

In the following list those Asiatic 
species (21) that reach easternmost Ghu-
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kotka I ni I are not known from America 
are enumerated:

Helictotrichon dahuricum 
Ely mus interior 
Corex melanocarpa 
C. Ledebouriana 
Juncus Leschenaultii 
Salix saxatilis 
S. nummularia 
Polygonum tripterocarpum 
Silene stenophylla 
Cardamine Vic to r i s 
Christolia parryoides 
Chryso splenium kamtschaticum 
C. rimosum subsp. desznevii 
Potent it la fragiformis 
Androsace filiformis 
Gentiana auriculata 
Eritrichium villosum 
Pedicularis amoena 
P. villosa 
Petasites glacialis 
Saussurea Tilesii

Of these at least Juncus Leschenaultii,  
which occurs near hot springs only, could 
be expected to occur in Alaska. There are 
several hot springs, but their F lora is not 
known. Most of the others probably don ’t 
occur in Alaska.

The present situation in the Bering 
Strait Area can be interpreted as follows: 
The F lora of Northern Beringia was 
identical on the Asiatic and the American 
sides at the time of the last landbridge, 
presumably only 12,000 years ago. Since 
then a few American taxa have penetrated 
westwards to the Straits but not further, 
and some Asiatic species have in the same 
way spread eastwards until their migra
tion was stopped by open water.

J u h t .s k v  (1972 p. 19) admits a very 
close floristic relationship between eastern
most Asia and westernmost America, but 
in spite of this he regards the Bering 
Strait as constituting a boundary  between 
two provinces. It is impossible to accept 
this view.

The forests of Siberia and those of 
America have been isolated from each 
other since the Miocene. They should 
certainly be referred to different floristic 
provinces. They are, however, separated 
from each other by a broad forestless

area in the nor thern  Pacific with a very  
uniform  flora, now divided into an Asiatic 
and an American half. During the tim e 
of the landbridge they were connected. 
This forestless area cannot be divided into 
two floristic provinces.
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Bot. Notiser, vol. 126, 1973



Som e Early Vaucheria Descriptions

B y Tyge Christensen
Insti tute  of T hallophytic  Botany, 
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ABSTRACT

C h r i s t e n s e n , T. 1973. Some early  Vaucheria  descriptions. —  Bot. Notiser 126: 
513— 518.

T he  n am es  Vaucheria bursata (0. F. M ü l l .) C. Ag., V. dillwynii ( W e b . & M o h r ) 
C. Ag., V. velutina C. Ag. a n d  V'. subsimplex C r o u a n  f r a t . are  show n to b e  earlier 
legitimate  nam es of the p lan ts  m ostly  re ferred  to as V. sessilis (V a u c h .) DC., V. 
pachyderma W a l z , V. thuretii W o r . and  V. sphaerospora N o r d s t .

Vaucheria bursata (O. F. Müll.)
C. Ag. 1812

Conferva bursata (). F. M ü l l . 1788, cf. 1779 
‘IConferva vesicata ü .  F. M ü l l . 1788 
Ectosperma sessilis V a u c h . 1803 
Vaucheria sessilis (V a u c h .) DC. in L a m . & 

DC. 1805

This species is based on a plant collected 
in August 1777 a I Bad Meinberg 74 km 
southwest of Hannover in Germany. 
M ü l l e r  visited this spa and the neigh
bouring Bad Pyrm ont for his arthritis, 
and during his stay also studied the algal 
flora of the places. Two of his finds were 
siphonous threads, one later named Con
ferva bursata by him, the other C. vesi
cata. Back in Copenhagen, he refound the 
latter, or a close ally of it, and set up an 
article on “invisible water-mosses”, ex
panding in his peculiar m anner on the 
supposed rarity  of his finds. The article 
was , 1 "shed  both in German (1779) and 
in F rench  (1784). It gives a description 
and a small-scale il lustration of each of 
the siphonous algae but only names them 
in German, resp. French. In addition he 
wrote a different paper with nearly the 
same title in Latin, here giving Latin 
names and formal diagnoses for these

plants as well as others found during his 
stay in Germany. This paper was sub
mitted to the Academy of Sciences of St. 
Petersburg in 1779, and was published by 
that society in 1788. The illustrations of 
Conferva bursata  and the German C. vesi
cata, more carefully made than those in 
the German and French journals, are 
rendered as Fig. 1 A, resp. B and C of the 
present account.

M ü l l e r  s figure of C. bursata is seen 
to fit with the alga currently  called Vau- 
chcria sessilis (V a u c h .) DC., cf. Fig. 
1 F— (i. The characteristics of the oogonia 
are rendered quite well except that the 
various deviations from a spherical shape 
are much exaggerated so as to make the 
oogonia look emaciated, probably due to 
the poor quality of M ü l l e r  s optical equip
ment. The antherid ium is not shown. This 
is common in early Vaucheria  illustrations, 
V a u c h e r  failed to see the antheridium in 
one of the groups of sexual organs illus
trated by him, antheridia are also missing 
in D i l l w y n ’s illustrations of the same 
species, cf. Fig. 1 D and E, and the two 
following species dealt with in the present 
paper were pictured without antheridia by 
D i l l w y n  and C. A. A g a r d h , respectively.
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The species is abundant at Rad Meinberg 
today, growing in the brook, die YVerre, 
that runs into the pond of the Kurpark, 
and in the effluent of this pond down in 
the town. The culture material shown in 
Fig. 1 F — G was reared from a sample 
taken on 1 Aug. 1971 in die YVerre in the 
park extension called Silvaticum.

M ü l l e r ’s Conferva vesicata as illus
trated by Fig. 1 B and C was found in 
the same place as C. bursata  according to 
the German and French papers; in the 
Latin text, the station is said to be Bad 
Pyrmont. Obviously this is a Vaucheria  
grown from a zoospore or an aplanospore 
(though one filament has been drawn with 
two swellings), most probably the same 
species as his C. bursata, as this forms 
such germlings much more frequently 
than any other species.

D i l l w y n  (1806) found filaments very 
similar to Conferva bursata  mingled with 
filaments that were obviously C. vesicata, 
and with a little doubt united the two 
under the nam e of C. vesicata. S m i t h  & 
S o w e r b y  (1807) united D i l l w y n ’s plant 
with Vaucheria sessilis ( V a u c h .) DC. under 
the name of the latter, and D i l l w y n  
(1809) agreed in this synonymy, being 
inclined to go even furthe r  in lumping 
together. C. A .  A g a r d h  (1812), reporting 
M u l l e r ’s Conferva bursata from Sweden, 
combined this epithet with the generic 
name Vaucheria. Later he appears to have 
changed his mind repeatedly. After (1817) 
reporting V. sessilis as a species separate 
from V. bursata  and introducing his V. 
ornithocephala  as a new name for what 
he thinks is Conferva vesicata sensu 
D i l l w y n , he then (1822) doubts whether  
the two last-mentioned species are identi
cal, and finally (1824) lists the following 
three as independent species: (2) V. bur
sata with C. vesicata  M ü l l e r  as a synonym, 
(11) V. sessilis, and (12) V. ornithocephala  
with C. bursata  M ü l l e r  as a synonym. 
Later authors avoided this confusion by 
simply neglecting M ü l l e r  s species. W a l z  
in his monograph (1866) declared it most 
probable that M ü l l e r ’s C. bursata  was
Bot. Notiser, vol. 126, 1973

identical with V. sessilis, but said the re  
were other possibilities too, giving V. seri
cea L y n g b . as an example. Today no o ther  
possibility is to be seen. V. sericea m u s t  
be rejected because the oogonia of th a t  
species as conceived by YVa l z  [ — V. fo n t i 
nalis (L.) T. C h r i s t e n s e n ) point largely 
in the same direction and do not fo rm  
symmetrical pairs. So the specific nam e 
given by M ü l l e r  must be taken up again.

Vaucheria dillwynii (YVe b . & M o h r )

C. Ag. 1812
Conferva dillwynii YVeb. & Mo hr  1803
Conferva frigida sensu D ill w y n  1802, non 

Conferva frigida R oth  1797
Vaucheria pachyderma Y\rAl.z 1866

This species was first described and 
illustrated by D i l l w y n  (1802), who identi
fied it with Conferva frigida R o t h . YYte b e r  
& M o h r  (1803) pointed out that this was 
a misidentification, and introduced the 
epithet dillwynii for D i l l w y n ’s plant. 
D i l l w y n ’s  il lustration, rendered here as 
Fig. I H, is rather poor and shows no an- 
theridium, but apar t  from some brackish- 
water species there is no alga know n to
day tha t  fits with it except for that la ter 
called Vaucheria pachyderma  by YVa l z

(1866), and this species is found “on the 
ground in moist shady places” in the 
colder seasons, just like D i l l w y n ’s  plant 
is said to be. YVa l z  says D i l l w y n ’s plant 
may be a Vaucheria with aplanospores, 
but aplanospores are never sessile in a 
lateral position.

Typification of V. dillwynii by her
barium  material is difficult. The terrestrial 
specimen in the D i l l w y n  herbarium  in 
Cardiff (cf. D i x o n  1966) has been used 
up except for a few sterile filaments. These 
filaments agree with V. pachyderma  YVa l z  
in thickness; the soil contains a good deal 
of Microcoleus vaginatus. A badly pre
served aquatic specimen entered under
neath appears to have been taken in 
brackish water to judge from the diatoms 
on it, and must he regarded as a later 
addition, then assumed to be the same
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Fig. E A— G: Vaucherin bursata.  — A: Type  illustration,  m ate ria l  from  Meinberg, Germany. 
F r o m  M ü l l e r  1788. — R— C: Vaucheria vesicata  from the same region, p robab ly  the same 
species. F ro m  M ü l l e r  1788. — D— E: I l lu s tra t ions  from  D i l l w y n  1806. — F — G: P h o to 
m ic rographs ,  unialgal culture  reared  f ro m  sam ple  f ro m  Meinberg, Germany. —  H — I: 
Vaucheria  d i l lw yn  ii. —  H: Type illustra tion , m ate r ia l  f rom  England. — I: P ho tom ic ro 
graph ,  c rude  culture  reared  from a sam ple  f ro m  the Geneva region, Switzerland. — P h o to 
m ic ro g rap h s  X50. Scale of o lder  i l lustra tions adap ted  to fit with  the m ic rographs  in size.

species. H e e r i n g  (1907 pp. 151 and 191) 
mentions “das Originalexemplar von 
M o h r ” kept i n  Kiel. This is probably one 
of the samples collected by W e b e r  &

M o h r  near Göttingen, as they say “an 
einem Orte ganz demjenigen ähnlich, wo 
Hr. T u r n e r  und Hr. D i l l w y n  dieselbe 
bem erkten” . Unfortunately, the specimen

Bot. Notiser, vol. 120, 1973
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seems to have been in the type herbarium  
destroyed during World W ar II, so p rob 
ably it will never be known with certainty 
whether it was collected by D i l l w y n  or 
by M o h r . In any case, H e e r i n g  confirms 
its identity with V. pachyderma,  and says 
its filaments were 60 pm thick. As D i l l - 
w y n ’s  specimens have been scattered 
among a great num ber of herbaria, au 
thentic D i l l w y n  material may still tu rn  
up somewhere. Even without type m ate
rial, however, the epithet dillwynii  must 
be retained. As to the plant studied by 
D i l l w y n  no species fits with it except 
that which by unbroken tradition is called 
V. dillwynii  in England, and also partly 
called so elsewhere, e.g., in the m ono
graph by D a n g e a r d  (1939). As to M o h r ’s 
plant its identity has been witnessed by 
a specialist of this century. So the name 
given by W e b e r  & M o i i r  holds, regard
less of whether it might be typified by 
“material cited” or their “m aterial at 
h a n d ”.

Vaucheria vclutina C. Ag. 1824

Vaucheria thurctii Won. 1869

This species was established by C. A. 
A g a r d h  (1824 p. 312), and the type mate
rial is kept as no. 14700 in the A g a r d h  
herbarium  in Lund. Most of the material,  
collected “in lacunis exsiccatis ad Graen 
Aug Sept 1824”, is mounted on a sheet of 
paper. A pencil note on the paper says 
there is mica material belonging with it 
and this, too, is still present. On the paper  
with the dried alga there is also a rough 
pencil sketch. Fig. 2 A shows a part of 
this sketch and Fig. 2 B— F a num ber of 
fruiting organs from  the dried sample. 
Obviously the plant is the same as that 
later described by W o r o n i n  (1869) as 
V. thurctii, cf. Fig. 2 G and H. Such 
identity has previously been indicated by 
N o r d s t e d t  (1878), but N o r d s t e d t ’s ob
servation, though recorded by H e e r i n g

(1907), has been generally disregarded as 
to its nomenclatural consequences.
Bot. Notiser, vol. 126, 1973

Vaucheria subsimplex C r o u a n  f r a t . 1867

Vaucheria splmerosporn N o r d s t . 1878

W hen N o r d s t e d t  (1878) introduced 
Vaucheria sphaerospora  as a new species 
he said its closest ally was V. piloboloides  
T h u r . Immediately after publishing this 
he realized tha t P. L. & H. M. C r o u a n

(1867) had described a plant under the 
name V. subsimplex  which agreed with 
his own except for details that were p rob 
ably unimportant.  He made a footnote 
about this in his next paper (1879) saying, 
in English translation: “It seems very 
probable to me that V. subsimplex C r o u a n  

(Florul. du Finistère, Paris 1867) is identi
cal with V. sphaerospora, but since the 
former species is shown (I.e. tab. 10, Fig. 
76) with obovate oospores and without 
any empty cell under the very antheridial 
cell, it might possibly be a species separate 
from the latter.”

Fig. 3 of the C r o u a n  brothers, rendered 
as Fig. 2 J in the present account, shows 
a plant with its sexual organs turned 
obliquely forwards. The outline of the 
dark body seen would be abnormal for an 
oospore of N o r d s t e d t ’s species it is true, 
but it may well represent an unfertilized 
oogonium. The drawing shows only a 
single wall under the an theridium, but the 
double septation may be difficult to see 
when the antheridium is directed towards 
the observer. In addition the entire 
oogonial par t  of the tube is evenly dotted 
instead of showing an isolated mass of 
cytoplasm (presumably with surplus 
nuclei) in the middle, but clumping of 
the cytoplasm may have heen taken for 
an artifact,  or perhaps only the outlines 
were drawn at once and the schematic 
indication of cytoplasm added after inking. 
As long as the Vaucheria flora of the 
European west coast was badly known 
one might perhaps allow for the possible 
existence of two slightly different species, 
one covered by the C r o u a n , one by the 
N o r d s t e d t  description. Today plants of 
this general type have been found on 
many localities, and all agree with N o r d -
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Fig. 2. A— H: Vaucheria velutina.  —  A: Pari  of sketch by A g a r d h  on  paper  with  type 
material.  —  B— F: P h o to m ic ro g rap h s ,  type m ateria l,  f rom  Gråen a t  L an d sk ro n a ,  Sweden. 
Stained w ith  ru th e n iu m  red. —  G: Sketch  by T h u r e t  kept in Par is  with his f ind  from  the 
Cherbourg region m en t ioned  by W o R O N lN  when describing V. thuretii .  —  H: P h o to m ic ro 
graph, unia lga l  culture  r ea red  from  a sam ple  from the S to rnow ay  region, Scotland. (Most 
oogonia s t rong ly  ben t  like in T h u r e t ’s drawing, some little ben t  as in the i l lu s t ra t ion  
published hy W o r o n i n .) — I— M: Vaucheria subsimplex .  — I— J: Type illustra tions,  
m ateria l  f ro m  the Brest  region, F rance .  —  K— M: P ho tom ic rographs ,  crude cultures  re a re d  
from sam ples  f rom  the S to rnow ay  region, Scotland (K a n d  L) and  the Holbæk region, 
D enm ark  (M). —  P h o to m ic ro g ra p h s  X50. Scale of older i llustra tions ad ap ted  to fi t  w ith

the m ic rographs  in size.
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s t e d t ’s description. So the slight d iffer
ences are undoubtedly due to inaccuracies 
on the part of the C r o u a n ’s .

F e l d m a n n  (1958) expresses the hope 
that things will be settled by an exam ina
tion of C r o u a n  type material.  The present 
au thor has looked for such material in 
the two C r o u a n  herbaria without success. 
A specimen may still exist, as there is 
much unsorted material (cf. D i x o n  1967). 
Even without such a specimen, however, 
the identity of the two species is obvious.
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ABSTRACT

F a g e r l i n d , F .  & D u n b a r , A. 1973. Some electron microscopical methods for solving 
wood anatomical problems. — Bot. Notiser 126: 519—533.

Various preparatory methods suitable for plant anatomical studies with different 
types of electron microscopes have been tried. Some of the more promising methods 
are described. Already by studying relatively thick microtomed wood sections, as 
well as hand-made ones, in the transmission electron microscope, the presence or 
absence of pit membranes can be ascertained. Simple preparation makes it possible 
to obtain good 3-dimensional depth of wood structure with the scanning electron 
microscope.

Although the chief objective was to perfect methods, some wood anatomical results 
were also obtained. There are two types of scalariform series of large pits in 
Geissoloma — those with true perforations and those with persisting membranes. 
The perforations in Geissoloma are of the bordered type, whereas in Betula borders 
are absent or extremely reduced. In Geissoloma, the marginal zones of the pit 
membrane persist in the periphery of the perforations.

INTRODUCTION

With the light microscope it is possible to 
study wood anatomy, except for very fine 
details. The world beyond the resolution 
power of the light microscope is, of 
course, impossible to reach with this 
instrument. However, already at an earlier 
stage difficulties arise owing to several 
factors. Considerable difficulty is asso
ciated with obtaining a sufficiently sharply  
focused image of the detail in question or 
of its optical section. These problems are 
related to the thickness, as well as other 
properties, of the material above, below 
and adjacent to the detail of interest; the 
absence of sufficient contrast; the diffi
culties to recognize relatively thin, convex 
or  otherwise bent mem branes or plane

1 This work is dedicated to Professor Vivi 
Täckholm on her 70th birthday.

membranes that are not perpendicularly 
disposed in the slide.

W hen studying the secondary wood of 
the genus Geissoloma L i n d e , ex K u n t h ., 

the senior au thor once more became 
troubled by these difficulties. V a n  T i e g h e m  
(1393), S u p p r i a n  (1394), S o l e r e d e r

(1908) and D a h l g r e n  & R a o  (1969) have 
given very few and only brief notes about 
Geissoloma wood, but have reported the 
presence of vessels with scalariform per
foration plates. The senior au thor is, how
ever, now of the opinion that the published 
reports are not entirely correct, and was 
initially uncertain if vessels and perfora
tion plates were actually present in Geisso
loma wood. The micrographs that we 
obtained employing conventional methods 
were not convincing. Further,  the senior 
au thor obtained a vague impression with 
the light microscope that the perforations 
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or the large pits with persisting membranes 
were bordered. Betula  L., as well as most 
other higher plants possessing scalarifonn 
perforation plates, has (cf. M e t c a l f e  & 
C h a l k  1950) non-bordered perforations. 
However, more or  less distinct borders are 
described in a few families with scalari- 
form perforation plates, inter alia, in the 
Hamamelidaceae ( T i p p o  1938). The pres
ence especially of those with broad borders 
is regarded as more primitive than  the 
absence. Hence, it is of special interest 
to know where these different types are 
really represented and where they are 
absent. It is highly problematical if this 
can he determined with the light micro
scope. With this instrument, the relevant 
structures are only visible when condi
tions are particularly  favourable, and 
even then are often very indistinct. Under 
such circumstances, it must he acknow 
ledged that it is almost impossible to 
detect variations if they exist in the same 
material.  Later, the senior author, with 
a special, not yet published method, was 
able to demonstrate, also with the light 
microscope, true perforation plates in 
Geissoloma and that the perforations may 
he of the bordered type. This has, how 
ever, only been possible in a very few 
points of the slides studied. If this is due to 
very favourable conditions in the relevant 
regions or if there is a variation, it eludes 
judgement when the light microscope is 
employed.

The examples mentioned above of in 
discernable wood anatomical details in the 
light microscope can surely he added to. 
Electron microscopy certainly offers 
opportunities to check such a situation 
and it perhaps should supplant light 
microscopy. Since mature secondary wood, 
as is well known, consists predominantly

of dead and empty cells, such investiga
tions may not need to he preceded b y  a 
more complicated technical treatment. Any 
dried wood fragment can be coated w ith  
gold-palladium alloy directly in the 
current way and then immediately be 
studied in the scanning electron m ic ro 
scope. The true perforations of the pla tes 
in the xylem and, on the assumption that 
the pit membranes are not too thick, also 
the membrane-bearing large pits should 
be observable in the transmission electron 
microscope without prior fixation, e m 
bedding, contrasting, etc. when the sec
tions are thin or moderately thick. More 
elaborate pretreatment may, however, he 
required before studies of other features 
can he undertaken employing the t r a n s 
mission electron microscope. Actually, in 
such instances the additional p repa ra to ry  
work can he expedited quite quickly and 
is a relatively simple procedure.

EXPERIMENTS WITH TRANSMISSION 
ELECTRON MICROSCOPE

The objects studied here were mainly 
secondary wood of Geissoloma emarginato  
(L.)A. Juss., but Betula L. and Hamamelis  
L. have also been used. Thin sections or 
somewhat thicker ones hut with th inner 
marginal zones and thin fringes were 
made by hand or with a microtome. In 
the latter case, paraffin- or methacrylate- 
embedded material as well as n o n 
embedded wood was employed. After sec
tioning, the embedding material was re 
moved with xylene and slightly heated in 
amylacetate, resp. The material was either 
untreated or fixed in FAA (by our associate 
K å r e  B r e m e r ) and osmium-contrasted or 
not contrasted. The initial material in
cluded fresh wood and dried wood from

Fig. 1. Wood details of Betula verrucosa as seen under the scanning electron microscope. 
— A, R: Original material fresh, transversely split surface, slightly trimmed locally. Ele
ments belonging to two different vessels dominate in the pictures. — C, D: Original 
material FAA-fixed, transversely split surface, lightly trimmed locally. Perforation plate 
and vessel walls exposed in the opened vessel. — E, F: Original material tresh. radially 
split surface after light trimming. Perforation plates and vessel walls exposed in the 

opened cells. — The bars equivalent to 1 u.
Bot. Notiser, vol. 12G, 1973
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herbarium  sheets. In the latter case, ex
periments were conducted with untreated 
material and with material that had un d er
gone imbibition in a w arm  teepol solution. 
The results that were obtained were more 
or less equivalent in all cases. The h er 
barium  material likewise yielded almost 
the same detail as the other series.

The sectioning procedure can obviously 
be extremely simple. Hand-prepared sec
tions were quite adequate if they included 
th in  margins or fringes. After the em 
bedding material that might have been 
present was removed, the sections were 
rinsed with ethanol and chloroform, then 
air-dried and placed directly between two 
grids, each with a single central aperture. 
Insufficient rinsing caused a disturbing 
“boiling” phenom enon in the projected 
image in the transmission electron m icro
scope. The sections were placed between 
the grids so tha t they could he attached as 
securely as possible and with the th inner  
areas overlapping the grid apertures. The 
orientation of the specimen can he checked 
in the light microscope. It is im portant 
to he certain tha t the detail for  study is 
freely exposed, viz. unobscured by m ate
rial projecting above or below it. The 
specimens were observed to cant in the 
transmission electron microscope, although 
they had been carefully rinsed. These 
movements, however, could he arrested 
somewhat by infiltrating the material with 
a small am ount of glycerine or lutrol be
fore drying (Fig. 2 H ) .  To select the right 
emission dosage is, however, still a 
problem. The tilting or canting move
ments did not prevent examination, hut 
were generally an incubus when a ttem pt

ing to take good electron m icrographs.  
However, adequate stability was often 
obtained if the material was first exposed 
5— 10 minutes in the transmission electron 
microscope, after which sufficiently 
sharply  focused micrographs were o b ta in 
able (Fig. 2 1).

As expected, most of the materia l ap 
peared in the transmission electron 
microscope to he very black. In Gensso- 
loma  some sealariform series appeared, 
however, as composed of wholly electron- 
transparent,  structureless gaps in the b lack 
mass. This, of course, signified the p re s 
ence of true perforations. Other sealari
form series exhibited highly transpa ren t  
areas with irregular cloudlike formations, 
with a more or less reticular pa t te rn  I Fig. 
2 1) or with a moderately dark  ground 
substance amply in terrupted  by lighter 
spots with darker  margins (Fig. 2 FI). We 
deemed all of these partially t ransparen t  
areas as representing persisting pit m em 
branes. Superpositional effects in these 
parts  of the studied material could be 
excluded. The reason why these m em 
branes displayed different aspects and the 
possibility of contamination are not 
elucidated as yet. The pit membranes 
often showed a tendency to have one or 
more open gaps (Fig. 2 H, I). W e consider 
these to be artefacts. Sometimes these 
gaps appeared to enlarge during the can t
ing movements of the material during ob
servation.

Normally, all the members of each 
sealariform series either have a pit m em 
brane or lack one. However, occasionally 
we have observed a series of perforations 
tha t are locally interrupted by one or two

Fig. 2. Wood details of Geissoloma as seen under the scanning electron microscope (A—G) 
and the transmission electron microscope (H, I). — A: FAA-fixed material, part of a fringe 
of a radially split specimen. The end of a sealariform series of membrane-bearing large 
pits, as well as a few smaller, isolated pits. — B: FAA-fixed material, radially split surface. 
A membrane-bearing large pit from a sealariform series; the membrane is broken during 
the preparation work. — C: FAA-fixed material, radially split surface. A membrane- 
bearing large pit from a sealariform series, and at the base a rather vestigial one in the 
same series. (The picture has been slightly retouched). — D: FAA-fixation, part of a 
fringe of a radially split specimen. A sealariform series dominates in the picture. (See 
further the text!). — E: Detail of Fig. 2 D at a higher magnification. — F: FAA-fixation. 
Part of a sealariform perforation plate with fragmented bars. — In the right upper corner,

Bot. Notiser, vol. 126,1973
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a partially damaged, circular bordered pit. — G: FAA-fixed material, radially split surface. 
A scalariform perforation plate to the right; bordered pits in the fractured fibre wall to 
the left. — H, I: Handmade sections. Membrane-bearing, large pits from scalariform

series. — The bars equivalent to 1 u.
Bot. Notiser, vol. 120, 1973
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pils with membranes or  a perforation 
series with  a series of pits with persisting 
membranes that continue on without in te r
ruption. We believe that most of the 
scalariform series of real perforations be
long to the very obliquely oriented “end 
walls” of the vessel elements and that tlie 
series with intact pits belong to the wall 
systems between the vessels and the rays.

Apart from the rays, the Geissoloma 
wood lacks parenchym a cells. The pre
dominant part  of the wood is composed 
of fibre-tracheids with bordered pits. The 
transition mentioned above from one type 
of scalariform series to another  probably 
occurred because the total series belonged 
to a zone where an obliquely oriented end 
wall was continued by the wall between 
one of the engaged vessel elements and a 
ray. The fact that membranes of large 
pits are disclosed in the transmission 
electron microscope confirms that they 
are really very thin. It is therefore quite 
understandable why it is so difficult to 
discriminate between membrane-bearing 
pits and perforated pits in the light 
microscope. The absence of a distinct 
margin around  both of the observed pit 
types favours the absence of borders or 
of electron-opaque overhanging wall m ate
rial.

Besides the elec tron-transparent areas 
corresponding to perforations and the 
moderately dense areas corresponding to 
the members of the larger pits, t rans
mission electron microscopy in Geissoloma 
also reveals narrow, light fissures against 
a black background. These may he other 
pit types, which are seen, however, in 
such perspective that an analysis is not 
possible. The electron beam m ay never 
or very seldom be oriented straight into 
the narrow  pit channel, which in the 
fibre-tracheids is very deep in relation to 
the shortest diameter. In Geissoloma the 
two pit apertures of the fibre-tracheids 
are also shaped like narrow  slits that 
cross each other. This alone may, as m en
tioned above, make an analysis u n 
feasible.
Bot. N otiser, vol. 12C, 1973

ln Betula  and Hamamelis, the t r a n s 
mission electron microscopic study has 
disclosed the presence of scalariform p er
foration plates, but tbe bars were con
siderably narrow er than  in Geissoloma. 
We have not yet observed any parallel 
s tructures with persisting pit membranes. 
In Betula  in one case a few intact, large 
pits at the end of a normal perforation  
plate were observed.

Tbe observations above indicate that 
the method described has only a limited 
range. It may be of utility in making rapid 
determinations of the presence or absence 
of scalariform perforation plates or other 
types of larger perforations or membrane- 
bearing pits. If all the more or less un 
necessary steps (see above) are excluded, 
the investigation can, indeed, be performed 
very rapidly: A longitudinal radial sec
tion with a thin margin is prepared using 
a razor blade, then rapidly rinsed with 
ethanol and chloroform, air-dried for a 
few seconds and finally mounted directly 
between the two grids. The entire treat
ment sequence takes only a few minutes.

EXPERIMENTS WITH SCANNING 
ELECTRON MICROSCOPY

The scanning electron microscope, as a l
ready mentioned, should be an excellent 
instrument for wood anatomical analysis. 
W e have begun trials of suitable pretreat
ments of material and, to some extent, a 
wood anatomical study with the scanning 
electron microscope. In the beginning, we 
believed that we were pioneers. We were 
unaware that the IAWA Bulletin has 
carried studies during the past 2 years 
with the same objective ( J u t t k  & L e w y  
1971, 1972; K e i t h  1971; A n t o i n e , A v e l l a  
& V a n  E y s e r e n  1971; B u t t e r f i e l d  & 

M e y l a n  1972). J u t t e  and L e w y  (1971) 
also cited some earlier publications on 
the same subject matter. Tbe authors 
mentioned have clearly shown that the 
scanning electron microscope offers £ood 
resolution with 3-dimensional depth of
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field of a num ber  of wood details. This 
has been very beautifully shown, inter alia, 
in Betula  by J u t t e  and L e w y  (1971).

Up to now, we have only used secondary 
w ood of Geissoloma and Betula — of 
Geissoloma  because of reasons apparent 
above, of Betula  to include a well-known 
m ateria l as well as to be able to compare 
the scalariform-arranged pit and aperture 
series of Geissoloma with the correspond
ing well-known conditions in Betula. The 
apertures  of Betula  are said to be of the 
non-bordered type. In the light m icro
scope, bordered pits and apertures are 
perceived, though very faintly, in Geisso
lom a  that are similar to those described 
in Hamamelidaceae by T i p p o  (1938).

Our material included fresh wood (Be
tula), FAA-fixed material (Geissoloma and 
Betula) and material from herbarium 
sheets (Geissoloma). At first, relatively 
thick, transverse, radial and longitudinal 
sections were made by hand using razor 
blades. After air-drying, these sections 
were attached to a durai holder with a 
drop of glue and coated with a thin film 
of evaporated gold-palladium alloy. The 
specimens were then examined on the 
screen of a Stereoscan Mk LLa (Cambridge 
Scientific Instrum ent So.) up to a maxi
mum magnification of 30,000. After learn
ing from J u t t e  and L e w y  ( 1 9 7 1 )  that 
splinter sections are better than hand-cut 
sections, the following series was also 
made: specimens with transversely frac
tured surfaces, obtained by simply break
ing off slender wood splinters; radially 
and tangentially fractured surfaces, ob
tained by first making a very light cut in 
the desired cleavage plane followed by 
bending the razor blade upward. All the 
split surfaces appeared to be rather rough. 
Some of them were trimmed with a single 
glancing swipe with a razor blade. This 
procedure was especially favourable for 
radially split sections. Here, the fractured 
surface runs mostly through the rays. In 
the rays, as well as in non-ray tissue, the 
fracture surface is mostly in the wall 
system. Hence, the scalariform perforation

plates are only occasionally exposed after 
radial splitting, but a great num ber of 
them are exposed after trimming. This is 
possible to confirm in a p repara tory  
microscope at a magnification of X 5 0 .

To remove surface residual fragments, 
a brief, light contact with adhesive tape is 
recommended by J u t t e  and L e w y  ( 1 9 7 1 ) .  

We have found tha t  blowing with com 
pressed air also works very well. To re
duce the roughness of the surfaces as 
much as possible, some of the wood 
splinters were embedded in methacrylate 
(methylmethacrylate 9 0  °/o, butylmetha- 
crylate 1 0  °/o). Paraffin, which was tried, 
was unsuitable. After the sections were 
made (both by hand  with razor blades and 
with the microtome), the methacrylate was 
rinsed out with warmed amylacetate 
followed in tu rn  by chloroform and 
ethanol. The material was then air-dried 
and mounted on durai holders. The results 
obtained from the various methods and 
modifications did not differ appreciably 
from one another  nor was there a great 
difference between herbarium  material 
and other types of material.  However, in 
the herbarium material it is often difficult 
to identify the rays, and these are, indeed, 
important when it is necessary to as
certain conditions of orientation inside the 
material. A furthe r  reduction, or best of 
all, an elimination of the surface fringes 
seems to be a desideratum. We believe 
that the results will be much better if the 
methacrylate method is combined with a 
smoothing of the investigative surfaces 
with a glass or diamond knife in an 
ultrotome. Another possibility would be a 
fine polishing of the surface of wood 
splinters while embedded in a material 
that is suitable for such a procedure, 
followed by removal of the embedding 
substance. We are presently continuing 
our work along these lines.

B u t t e r f i e l d  and M e y l a n  (1972), 
working on K nightia  R. Br. wood, made 
sections with a razor blade and obtained 
surfaces that were practically devoid of 
fringes. W e believe that this favourable 
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result is more or less due to special 
characteristics of the wood studied. The 
pre- 'j ‘ment of a split surface with a 
single surface section, as we have practised 
on Geissoloma, would have otherwise 
resulted in a similar effect as the sec
tioning method of the above-cited authors. 
Hence, we believe that the success of one 
method will vary according to the material 
under investigation.

A n t o i n e  & V a n  E y s e r e n  (1971) and 
A n t o i n e , A v e l l a  & V a n  E y s e r e n  (1971) 
seem to have really found a method to 
eliminate all the surface fringes. They 
pretreated the material with gamma rays. 
After breakage in various planes, the 
material displayed no fringes: it was in
stead very smooth. The surfaces were 
remarkably uniform, without structural 
variation. There were, for instance, no 
differences between the wall centre and 
the wall periphery. Owing to this, it is 
possible that the treatment caused some 
morphological changes —  not just a 
rupturing of the cellulose chains.

Parts of our results are presented as 
electron micrographs; Fig. 1 is of Betula, 
Fig. 2 A—G, 3 and 4 are of Geissoloma. 
Some remarks on the micrographs will be 
presented below.

REMARKS ON BETULA

In Betula verrucosa  (Figs. 1 E, F), the 
effects of radial splitting with surface 
trimming are shown. The pits of the 
scalariform-patterned plates are always 
perforated. Borders seem to he lacking. 
It is often possible to recognize details in 
the background wall between the bars of 
the perforation plate (Fig. 1 E). All the 
bars are strikingly narrow. Most of these 
impressions are confirmed by the trans
verse surfaces in Fig. 1 C, I), where the 
perforation plate appears to be strongly 
obliquely oriented. Each bar  is provided 
here with a vague, dark streak (Fig. 1 D) 
on its upper side, that is the side that is 
turned towards the perforation. Possibly 
this represents the middle lamella or per- 
Bot. Notiser, vol. 126, 1973

haps a very shallow depression — nam ely  
a border of a very vestigial type. The 
marginal zones of the intact perfora tion  
plates seem to have a somewhat uneven 
surface.

The longitudinal walls of the vessel 
elements can he observed directly in the 
opened cells (Fig. 1 B, D), or through the 
apertures of the perforation plates in the 
cells that are still closed. In those parts  
of the vessel that are surrounded only by 
wood tissue with narrow  cells, it is not 
possible to make reference to radial and 
tangential walls. Here, the transverse sec
tions of the vessel elements approach the 
shape of a circle. However, more sharply  
tangentially oriented walls occur between 
elements belonging to different vessels 
and  occurring in more or less radially 
oriented pairs and in small groups. The 
opposite tangential wall and the radial 
walls are, however, still grading succes
sively into each other, provided that the 
form er wall only borders on wood cells 
of the narrow  type. Our preliminary 
studies give the impression that the wall 
pitting is the same in all of these cases.

As in the light microscope, in the 
scanning microscope the pits convey the 
impression as occurring very closely 
together in one or more closely lying 
helical lines (Fig. 1 B, (’.). The wall su r 
faces are taken up practically completely 
by the pits. Our scanning electron micro
scope study gives the impression that the 
pit opening towards the lumen of the 
vessel has a ra ther  broad elliptical out
line and that the pit channel then con
stricts to a narrow  fissure that widens 
trumpet-shaped into the almost circular 
border periphery adjacent to the pit mem
brane. This impression is not incompatible 
with  the conditions that seem to he per
ceived in the light microscope. That 
Knightia  (Proteaceae) has pits with this 
shape seems to be certain as shown by the 
excellent scanning electron microscope 
micrographs of B u t t e r f i e l d  and M e y - 
l a n ’s  (1972). Our own micrographs may 
perhaps give the impression that these

23
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pits have a variable shape. This impres
sion is due mostly to the change in 
perspective relationships. To obtain a clear 
p ic ture of the relevant detail of the cell 
wall with the scanning electron m icro
scope, it seems imperative to study the 
same spot of the specimen, including the 
actual detail, from different visual angles. 
This  is possible to do in the scanning 
electron microscope. However, we have 
tr ied this method in a very few cases 
only.

In the middle part of the left edge in 
Fig. 1 E, in the left-hand basal corner in 
Fig. t F, and possibly also at some other 
sites in our Betula  micrographs, longitu
dinally fractured vessel walls can be seen. 
Here, the pits are visible as round areas 
or cavities, with or without a central 
d a rk  line. The cavities appear to he the 
dilated pit chambers; the central line, the 
maximally narrow  part of the pit canal. 
The absence of the central line may he 
because the pit canal is obscured by the 
pit membrane, which in tha t  case has 
not followed along with the broken-off 
material,  but also may be due to an un
favourable perspective.

J u t t e  and L e w v  (1971) have shown 
in Picea A. D i e t r . and Abies M i l l , that 
no one-sided distribution of the pit m em 
branes occurs during the longitudinal 
splitting of the walls. The interpretation 
above corresponds also very well with 
J u t t e  and L e v y ’s Betula micrograph
(1971). With respect to the parts of the 
wood tissue with narrow  cells in Betula, 
longitudinal sectioning — and even more 
in longitudinal splitting — but also in 
transverse sectioning and splitting, results 
in such great tissue teasing that the su r 
faces can hardly  be studied. However, 
the transverse surfaces, here and there, 
exhibit somewhat less disruption. A thin 
central zone, perhaps the middle lamella, 
is diffusely perceived against the other 
wall material. But it could be the result 
of an extrusion of part of the material 
as a result of the treatment. The teasing 
of the surface material could be the

reason why we have not for sure found 
any longitudinally opened pit canals. That 
such ones are possible to observe in a more 
favourable material or after special trea t
ment is evident from the work of B u t t e r 
f i e l d  and M e y l a n  (1972) and A n t o i n e , 
A v e l l a  and V a n  E y s e r e n  (1971).

REMARKS ON GEISSOLOMA

The surfaces of the radial sections 
show, inter alia, a scalariform series of 
fenestrate pits. In these cases, it is often 
very difficult to discriminate if true per
forations or pits with persisting m em 
branes are involved. In Fig. 2 G and F, 
the former type is surely present. The 
assessment is, however, very difficult in 
such a case, as illustrated in Fig. 2 D. It 
appears that there is some kind of sub
stance that has filled up the central part  
of the pit. This may possibly represent a 
pit membrane; but belongs most likely to 
a cell wall in the background. The un i
formly outlined perforation, Fig. 2 D, E, 
visible in one of the filled areas, speaks 
in favour of the latter opinion, and if 
this interpretation is correct the presence 
of a true opening in the actual series is 
confirmed. The perforation plates of 
Geissoloma are all obliquely disposed, 
often at such an angle that the vertical 
plane is approached (light microscopy 
studies by the senior author).  Hence, the 
distance between the plate and the wall 
behind it is variable and often very small. 
Because of the perspective, part  of the 
background often will be projected into 
the perforations. The scalariform system 
in Fig. 2 D is in the upper  par t  of the 
micrograph running obliquely down into 
the 3-dimensional system. Thus, the 
corresponding upper part of the relevant 
cell is only present in the upper th ird  of 
the micrograph. There appears to be 
broadly elliptical to more circular per
forations, similarly shaped grey areas, as 
well as transitional types. The light 
microscopy studies of the senior au thor  
disclosed that they are ra the r  broad pits 
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(fenestrate pits) belonging to a wall in 
the vessel/ray border. During the splitting 
of the material, some of the pit m em 
branes may have been completely or partly 
disrupted.

A part of a scalariform series with 
ra the r  broad elements can he seen in Fig. 
2 A; details of another part of the same 
series in Fig. 2 B, C. Pit membranes are 
present here. Experience from  the light 
microscopy substantiates that that type of 
scalariform series always belongs to walls 
between vessels and rays. The pit m em 
branes are of a different thickness and 
as a consequence they are placed in the 
bottom of more or less shallow wall de
pressions. Fig. 2 B shows a large pit com
posed of a relatively deep depression and 
a very thin pit m embrane tha t  has been 
broken during the preparation  work. Fig. 
2 C shows, beside a still quite distinct 
larger pit, also a smaller, scarcely perceiv
able, vestigial one. The m em brane of the 
former is rather  thick hut not at all as 
thick as the membrane of the latter.

As regards radial longitudinal sections, 
the above-mentioned scalariform series 
runs a great risk of being damaged 
mechanically during the p repara tory  work. 
This is not surprising since they are 
practically situated in the wound surface. 
The membranes and bars may he cracked, 
flapped or even eliminated. The fissures 
that result often continue into the su r
rounding parts of the wall (cf. Fig. 2 B).

The longitudinal sections and cleaved 
splinters also display smaller pits. Small, 
round, intensely black areas (Fig. 2 E, F, 
G) may he the apertures on the vessel 
side of pits belonging to the walls be
tween the vessel and the fibre-tracheids.

The structures present to the right in F ig . 
2 D and G m ay he pits in the walls be
tween fibres. The differences appear luere 
to he due to different conditions of 
perspective and because the cleaved plaine 
has had  a somewhat zigzag course in the 
wall.

The radial sections and radial sp lin ters  
display scalariform plates more or less 
from in front. The tangential sections, on 
the other hand, display plates m ore or 
less in profile. The bars of the latter  are 
generally broken to such a degree tha t  
the plates are worthless as study objects . 
At the margin of the tangentially sec
tioned specimens, where, of course, the 
tangential orientation is very far f ro m  
perfect, more laterally oriented, Hess 
fragmented plates appear. This provides 
some possibility for a study. The risk of 
confusing the perforation series with the 
series of wide-type pits with m em branes  
is mostly eliminated. Fig. 3 E— G shows 
different zones of scalariform perfora tion  
plates and different perspectives. If the 
micrographs are combined with one an 
other and with our  other illustrations, it 
is evident that the bars are always p r o 
vided with a rather  deep furrow  on the 
side turned towards the perforation. This 
signifies perforations with well-developed 
borders. F rom  the bottom of the furrow , 
a relatively low, central lamella, o r  ridge, 
arises. This may represent a m arginal 
zone that remained when the other par ts  
of the earlier present pit m em brane was 
broken down. The perforation plates differ 
also from the ones in Betula  by their 
obviously broader bars.

Possibly Figs. 2 F and 3 G show that 
the lateral edges of the bars of the per-

Fig. 3. Wood details of Geissoloma as seen under the scanning electron microscope. —- 
A: FAA-fixation, transversely split surface, lightly trimmed. Vessel elements; in front of 
these as well as behind them ray cells. Perforation plate between the vessel elements as well 
as a series of large, membrane-bearing pits in the wall between one of the vessel elements 
and ray cells. In the perforations the borders as well as the marginal parts of the earlier 
present membranes are distinctly seen. — B—D: More or less the same as in Fig. 3 A; 
the material is, however, in B and C embedded in methacrylate before cutting, in 1) the 
material is from a herbarium sheet. — E—G: FAA-fixed material; half-tangentially split 
surface. Parts of different scalariform perforation series. — The bars equivalent to 1 p.

Bot. Notiser, vol. 12C, 1973
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foration plates do not have perfectly 
smooth surfaces. But contamination can
not be excluded here either. In the bottom 
right-hand corner (Fig. 2 F), a small series 
of pit apertures  can be seen. They p ro b 
ably belong to a wall in a vessel-fibre 
border. Visible in the upper  right-hand 
corner is a pit chamber with an intact 
distal aperture ,  and possibly a proximally 
fragmented, bent pit membrane above.

The central ridge mentioned above does 
not seem to be something that is unique 
for G e i s s o l o m a .  A corresponding condi
tion is illustrated in B u t t e r f i e l d  and 
M e y l a n ’s K n i g h t i a  electron m icrograph
(1972). However, they did not comment 
on it in the ir  text. K n i g h t i a  and G e i s s o 

l o m a  have been placed in quite different 
parts of the angiosperm taxonomic classi
fication system. The perforation plate of 
K n i g h t i a  has a single perforation, whereas 
G e i s s o l o m a  has a scalariform perforation 
plate. Thus, there is justification in 
assuming that the ridge is not a special 
phenomenon, hut a common one.

The possibility to see the “dilated pit 
cham bers” and their morphological details 
and the “b orders” is different in Figs. 
2 D— F and  3 E— G. Of course, the reason 
for this is the different perspective con
ditions. In Fig. 2 F, where the durai holder 
has been tu rned  so that the plate is seen 
practically from  in front, there is no 
possibility to observe the pit chambers 
and the borders in the undamaged parts. 
In the damaged parts, however, there 
arises sometimes a possibility to see also 
a little of the borders. The pictures 
favour a stronger overarching of the 
border material in the end poles than 
longitudinally. Similar conditions have 
been reported  by light microscope micro- 
scopists in the wood of m any different 
higher plants.

The transversely cut sections and th e  
transversely split sections turned out to 
be much more favourable for studyiing 
the various details than the longitudinal 
sections. This was due to the possibility 
of being able to look down into the openied 
vessels, and in spite of the fact that G e i s s o 

l o m a  has very narrow  ones. Consequently, 
there are possibilities also to observe u n 
damaged areas. The transverse section 
exhibits (Fig. 3 A, B) still more distinctly 
than  the longitudinal sections that the  
vessels of G e i s s o l o m a  have two types of 
scalariform perforation plates — one w ith  
no pit membranes as far as to the m arginal 
zone and a second type with persisting 
membranes. It is possible to immediately 
confirm tha t the former series belongs to 
the obliquely oriented planes between the  
elements of one and the same vessel, the  
la tter series to walls in the vessel/rav 
border. It is also possible in the light 
microscope to show that this is the case 
but only after very much labour. Most 
suitable for  such a light microscopic study 
are indeed sections that are intermediate 
between transverse and longitudinal sec
tions. The reported experiences show that 
the scalariform series discussed on page 
527 really consists of perforations and that 
the seeming “filling m ateria l” here be
longs to the opposite wall.

In our cross sections, we have, up to 
now, only directly observed the p erfo ra
tions in smaller parts of the represented 
series. In the remaining portions the p e r 
forations themselves have been more or 
less obscured owing to the perspective. 
However, very often the presence of the 
perforations is also in these parts clearly 
revealed by the central ridge in the 
chamber zone (Figs. 3 A— D, 4 A— C, 
E, F).

The margins of the apertures of the pits

Fig. 4. Wood details of Geissoloma as seen under the scanning electron microscope. — 
A: Detail of Fig. 3 A at a higher magnification. — B: Detail of Fig. 3B at a higher 
magnification. — C: Detail of Fig. 3 A at a higher magnification. — D: Detail of Fig. 4 A 
at a higher magnification. — E: Detail of Fig. 3B and Fig. 4B at a higher magnification 
but seen from another projection angle. — F: Details of the same series but seen from 

a third projection angle. — The bars equivalent to 1 p.
Bot. N otiser, vol. 12G, 1973
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in the scalariform series belonging to the 
vessel/ray border  seem to be rounded 
off (Fig. 4 C, D) and appear, though still 
more faintly, to project a bit over the 
pore membrane. This could be construed 
as representing a slight nuance of chamber 
formation. The light microscope studies 
convey the impression that such form a
tions do occur. S u p  p h i  a n  (1894), however, 
remarked that the pits of the walls in the 
vessel/parenchyma borders are simple. To 
draw conclusions here in the light micro
scope is, however, very difficult. The pit 
has a certain depth. If the view is not 
straight down into the pit in the light 
microscope, the oblique projection creates 
a risk that bordered pits will be inter
preted, although they are really simple 
pits.

The series of transverse sections give 
the impression of the presence of 
strikingly shorter, broader and more 
scattered pits in the scalariform series, 
with membrane-bearing pits, than in the 
perforation series. Light microscope 
studies confirm that this is usually the 
case. With exception to a variation in the 
num ber of bars and perforations, the 
series of the latter type is somewhat uni
form; the series of the former type is 
extremely variable. The picture may be
come very similar to the one that charac
terizes the perforation series, but passes 
through ;i congeries of intermediate types 
to more or less irregular systems with 
almost circular pits. The intact parts of 
the vessel walls, the bars, the plate 
margins, the pit membranes, the re
maining pit margins, etc., all display great 
unevenness, more or less global aggre
gates. waves, and so forth, in the scanning 
electron microscope. We report this, but 
defer assessments until later.

As in Betula, the transverse sections of 
Geissoloma locally show a very dark 
central streak in the broken longitudinal 
walls. In this case, it involves the walls 
in the fibre as well as in the vessel/fihre 
borders. However, this streak gives p r i
marily the impression of being the result 
Bot. Notiser, vol. 126, 1973

of mechanical breakage. Locally, ju s t  as 
in the section surface, radial passages are  
also visible in the walls of the bo rders  
between fibres. Occasionally, they verily  
give the impression of being pits. T hey  
suffer, however, so m uch  damage f ro m  
breakage tha t  an unequivocal identifica
tion is impossible. Irregular,  rather  small 
cavities appear  to he very common in the 
transverse broken walls, and possibly 
correspond to the fringes in the removed 
material.

SOME CONCLUDING REMARKS

Our results indicate that the scanning 
electron microscope is an excellent in s t ru 
ment for wood anatomical studies. The 
possibility to obtain a direct view in the 
3-dimensional system signifies something 
novel for the wood anatomist. However, 
it is obvious that there are risks for 
erroneous interpretations if different 
perspectives are not employed. W hen 
taking cognizance of perspective, the 
instrum ent will be maximally exploited 
and interpretational errors  will be reduced 
to a minimum.

Some wood elements are  easy to identify 
in the scanning electron microscope. Diffi
culty arises with others. Prerequisites for 
solving relevant problems using this 
instrument are previously acquired, basic 
knowledge of the specific wood structure 
under consideration from  light micro
scope studies. The scanning electron 
microscope thus stands out as a very 
im portant complem entary  instrument. 
Scanning electron microscopy can also 
settle questions that were only possible 
to approach partially  with the light micro
scope.

The transmission electron microscope 
studies, reported on page 520, show that 
the transmission electron microscope is 
also an im portant com plem entary instru
ment for the wood anatomist. We ire, 
however, convinced tha t  the importance 
of the transmission electron microscope
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is not at all limited to such special occa
sions as the one we illustrated. Instead, 
transm ission electron microscopy may be
come of very great im portance for the 
wood anatom ist in a num ber of different 
situations once the technical difficulties 
of p repara tion  are solved.

The greatest problem, based on our 
experience, is to deem if the detail under 
consideration is being identified properly  
in the transmission microscope, and how 
it is oriented. The difficulties are ex tra
ordinarily great ones when a more 
complicated tissue is involved. F o r  the 
most part, there are greater or smaller 
opportunities to make an  arbitrary  
identification by guessing, but this is, of 
course, less recommendable.

Many of the difficulties could be 
obviated if there were possibilities to 
employ, w hat we call, “etapp sectioning” 
and “etapp s tudy”. Here, we mean the 
possibility to make preparations for light 
microscope studies first, choose from this 
material,  identify and take micrographs 
of the relevant details, cut this portion out 
of the prim ary slide preparation, orient 
it in the most desirable way, section it 
again in an u ltra tome and then study it 
in the transmission electron microscope. 
The senior author has, for a num ber of 
years, worked with these technical p ro b 
lems —  mostly with other plant materials 
than wood — and has made some attempts 
employing the above procedures with 
some progress being enjoyed. Our present 
technical work on wood also includes such

experiments. These are, however, only in
the initial stages.
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ABSTRACT

Small, E. 1973. Xerom orphy in plants as a possible basis for m igration betw een 
arid  and nutritionally-deficient environments. — Bot. Notiser 126: 534—539.

Xeromorphic features are frequently present in plants adapted to conditions of 
nutrient deficiency. Apparently such characteristics have evolved independently in 
response to aridity and nutrient deficiency. It is suggested that physiological 
properties inherent in xeromorphy are adaptive to botli circumstances, and that 
accordingly there is a degree of overlap in the ecological amplitude of xeromorphs 
adapted either to arid or to nutritionally-deficient environments. The hypothesis is 
discussed that such preadaptation may facilitate occupation of the reciprocal habitat, 
both as a flexible response within the range of plasticity of a species, and as an 
evolutionary change.

INTRODUCTION

Botanists have recognized the consider
able morphological convergence frequently 
present in plants adapted to dry habitats. 
It is not so generally known, however, 
that these recurrent features of plants 
adapted to arid environments are often 
also found in plants adapted to nu tr i 
tionally-deficient environments ( F i r b a s  

1931, S æ b o  1970, S m a l l  1972 c). Such 
features include limited stature, reduction 
in internode length, perenniality, and leaf 
modifications, such as small size, small 
cells, compaction of tissues, thick cuticle, 
narrowed shape, glaucescence, pubescence, 
and the development of strengthening fea
tures. This paper examines the possibility 
that these common characteristics allow 
ecological exploitation of one habitat by 
plants adapted to the other, and that such

1 Plant Research Institute Contribution 
No. 822.
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preadaptation  has facilitated the evolution 
of specialized xerophytes and “oligotro- 
phophy tes” from each other. The evidence 
to be given is circumstantial,  and the 
hypothesis is presented primarily  in the 
hope of provoking further examination of 
the adaptive role of xeromorphy.

THE CORRELATION OF XEROMORPHY 
AND NUTRIENT-DEFICIENT 
HABITATS

S c h i m p e r  (1898) recognized that xero- 
m orphous plants frequently occurred in 
habitats receiving a large supply of 
moisture. He interpreted this as an indi
cation tha t the habitats were in fact arid, 
and listed seven classes of environment 
which he described as “physiologically 
d ry ” . Several of these, including peat bogs, 
solfataras, the surfaces of bark  and rocks, 
and coarse-textured soils, are all substrates 
which are poor in nutrients.
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Serpentine soils are especially exem
plary. Such soils usually are characterized 
by very low levels of available calcium, 
are generally occupied by plants of xero- 
m orphic  appearance, and a characteristic 
set of “serpentinomorphoses” consisting 
of narrow  leaves, glabrescence, and 
glaucescence is frequently present ( K r u c k e -  
b e r g  1969 a). Moreover, there are n u 
merous examples of plant species of 
mesophytic appearance which have vari
etal xerom orphs occupying serpentines 
( K r u c k e b e r g  1969 b ) .

A particularly  widespread sub-set of 
xeromorphic features is included in the 
ra the r  subjective concept of “sclero- 
phy lly” . Sclerophylly refers to the "h a rd 
ness” of leaves, and is conditioned by 
cutinization, sclerification, silicification, 
and perhaps also by hydration. The occur
rence of sclerophylly has been correlated 
with levels of essential elements in the 
substrate. B e a d l e  (1966) found that 
sclerophyllous-leaved species increase and 
nonsclerophyllous species decrease toward 
the west across the Australian continent. 
He attr ibuted this to a corresponding 
decrease of phosphorus in the soil, and 
reinforced his argum ent by demonstrating 
tha t the xerom orphs are extremely resis
tant to mineral starvation ( B e a d l e  1968). 
L o v e l e s s  (1961, 1962) examined the
leaves of m any species from Jamaica, 
North America, Africa, and India, and 
found a negative correlation between 
degree of sclerophylly and phosphorus 
content.  He also noted that phosphate 
deficiency was characteristic of soils 
carrying sclerophyllous vegetation.

PHYSIOLOGICAL BASES OF MUTUAL 
ADAPTATION THROUGH XEROMOR
PHY IN PLANTS OF ARID AND 
NUTRITIONALLY-DEFICIENT 
HABITATS

There may be a close physiological 
kinship between drought tolerance and 
tolerance to low availability of nutrients. 
Low levels of nitrogen strongly increase

the drought resistance of plants as m ea
sured by a variety of criteria ( P h a r i s  & 
K r a m e r  1964, B e a d l e  1966, E t t e r  1969), 
and xeromorphic features often appear to 
be increased both by drought ( S h i e l d s  

1950, S t o c k e r  I960, O p p e n h e i m e r  1960) 
and by low levels of nutrients ( M o t h e s  
1932, M ü l l e r - S t o l l  1948, M i l l e r  1963, 
B e a d l e  1966; see M a r t h a l e r  1939 for a 
contradictory viewpoint). M o t h e s  (1932) 
has in fact a ttr ibuted the increase in xero- 
m orphy  of plants grown under low nitrate 
levels to a developmental response to 
actual drought b rought on by the high 
osmotic pressures induced in tissues by 
low nitrogen.

Moreover there is reason to believe that 
the adaptations evolved to meet one en
vironment are also partly  suited for the 
other. A prime function of sclerophylly 
in true xerophytes is probably  the ability 
to tolerate, through high mechanical 
strength, the great tissue water potentials 
developed when water becomes limiting 
and stressful pressure gradients are 
developed. It is well-known tha t  extreme 
pressures are frequently found in sclero- 
phylls ( S c h o l a n d e r  et al. 1965), and that 
such pressures cause plasmolvsis of the 
cells of leaves of mesophytes. Additionally, 
small cells, common in xerophytes and 
plants deficient in nutrients, appear 
relatively resistant to plasmolvsis ( S t o c k e r  

I960 ]). 132). Jl jin  (1957) has emphasized 
the mechanical aspects of drying injury, 
ascribing desiccation damage particularly 
to mechanical rup tu re  of the protoplast. 
Cutinization and compaction of tissues 
also decrease water loss and so improve 
water economy. Accordingly, sclerophylly 
resulting from adaptation to low nutrient 
levels should also be of utility in an arid 
environment.

The converse, why xerom orphy  due to 
aridity should lie adaptive under  condi
tions of limited nutr ient availability, is 
more difficult to rationalize, and in fact 
an adaptive basis for  xerom orphy  in 
plants of nutritionally-deficient habitats 
is unclear. However, the observations that 

Bot. Notiser, vol. 12G, 1973



536 E R N E ST  SMALL

genetically-fixed xeromorphic traits are 
common in plants native to nutrient- 
deficient substrates, and that nutrient 
deficiency enhances a plastic xeromorphic 
response, combine to suggest tha t canali
zation (genetic assimilation) occurs, and 
therefore that xerom orphy may indeed be 
adaptive to nutr ient deficiency. There is 
a reduced proportion of nitrogen and 
phosphorus, thus of protein, in sclero- 
phyllous leaves, which accordingly use less 
nutrients to construct and maintain a unit 
of dry matter. Small (1972 b, d) has 
suggested tha t sclerophyllous leaves may 
therefore be relatively efficient utilizers 
of the limited nutrient resources of nutri- 
tionally-deficient substrates. Another factor 
may be related to the observation that 
m any sclerophyllous xeromorphs are 
evergreen. Monk (1966) found that ever
greenness in F lorida forest communities 
is predominant on sterile soils, and ex
plained this observation on the basis of 
a closed nutrient conservation cycle in 
which the slow decomposition of ever
green litter (compared to deciduous litter) 
provides a continuous supply of nutrients 
from year-round leaf fall.

A consideration of the biology of arid 
and nutritionally-deficient habitats also 
leads one to predict that a degree of 
adaptive convergence should be present 
between types of plants suited to each 
habitat. Limited moisture and limited 
nutrients both reduce productivity and so 
limit the life form. Annuals are generally 
absent from low-fertility soils, probably 
because they are unable to compete with 
perennials which survive on much smaller 
nutrient uptake on the basis of m ain ta in
ing a given unit of biomass. (Annuals 
store food only in the seeds, whereas 
perennials store it in various organs). 
Annuals are present in arid environments 
but they are generally drought-evaders 
which do not possess xerophytic adap ta 
tions, and do not enter into the discussion. 
Because of limited productivity, arid and 
nutritionally-impoverished communities 
are often sparse and open, hence subject 
Bot. Notiser, vol. 126, 1973

to intense insolation and high temperature . 
These factors have both been suggested 
as possible causes of xerom orphy ( S h i e l d s  

1950, W a r d l e  1965) and  they might 
therefore intensify xeromorphic features 
in both kinds of environments, causing 
furthe r  convergence.

It should be noted that plants m ay 
alternatively adapt to d rought and to 
mineral deficiency by a variety of cryptic 
mechanisms which are quite divorced from 
the xeromorphic syndrome. Adaptation to 
limited nutrients can be had by lower 
nutritional requirements, by  superior 
ability to extract from the substrate, and 
by efficient mechanisms of redistribution 
and utilization of limited elements. Drought 
tolerance may simply be a physiological 
property  of the protoplasm. One should 
therefore not be surprised to find that 
xeromorphic characters are frequently 
absent from plants of arid and n u tr i 
tionally-deficient habitats, and often do 
not indicate pronounced adapta tion  to 
either habitat. It has long been realized 
that many xeromorphs are not xerophytes 
( M a x i m o v  1929) and in par t icu lar  it has 
been found that many nutritional xero
morphs are physiologically mesophytic 
( B e a d l e  1966).

EVIDENCE FOR PREADAPTION OF 
XEROMORPHS OF ARID AND NUTRI- 
TIONALLY-DEIICIENT HABITATS 
FOR THE RECIPROCAL 
ENVIRONMENT

If there is a degree of overlap in the 
ecological amplitude of plants adapted to 
arid and to nutritionally-deficient environ
ments, then one should expect to find (a) 
examples of species which have the ability 
to exploit both habitats, (b) species in 
one kind of habitat phyletically related to 
species in the other kind of habitat, and 
(c) an especially pronounced development 
of xeromorphy in habitats which are both 
arid and infertile.

With respect to (a) the acid bog habitat 
is exemplary. Many acid bog plants are
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exceptionally xeromorphic, showing such 
characteristics as small, thick, heavily- 
cutinized, revolute leaves, with sunken 
stomates, and a covering of hairs, and 
short internodes. F o r  a considerable period 
after S c h i m p e r  put forth  his theory of 
“physiological d rough t” it was thought 
that some form  of aridity existed in bogs. 
However it has been shown that bog plants 
do not experience limitation of water 
supply ( S m a l l  1972 b), but ra the r  that 
nutrient restriction is the m ajo r  ecological 
factor. The bog substrate is extremely 
deficient in nitrogen and phosphorus and 
bog xeromorphs have comparatively low 
leaf contents of these elements ( S m a l l  

1972 a). Of importance to this discussion 
is the fact that m any of the plants found 
in hogs are also found in dry habitats 
such as dunes, sand ridges, and dry fields 
( S m a l l  1972 b).

Another kind of d rought is experienced 
by evergreen plants of very cold climates. 
During the dorm ant season, when water 
freezes and is no longer available, such 
plants must he resistant to desiccation 
( G a t e s  1914). L e v i t t  (1956) has con
cluded that there is a close correlation of 
the hardiness of plants to frost and drought 
because of a common resistance to de
hydration. It is interesting to note, there
fore, that a number of cold-climate coni
fers and Ericaceae are dom inant in eda- 
phically poor substrates in New England 
pine barrens ( S t e r n  & B u e l l  1951, 
T e d r o w  1952).

W ith regards to (b), the occurrence of 
phyletically related species in the different 
habitats, an outstanding example is found 
in B e a d l e ’s (1966) analysis of xerom orphy 
in  the Australian flora. B e a d l e  found that 
all but one of the common sclerophyllous 
desert genera also occur in coastal, high- 
rainfall, low-soil-fertility regions. The 
desert species are probably  derived from 
species of the low fertili ty regions, as the 
desert is of comparatively recent origin. 
Not one of the many sclerophyllous ra in 
forest genera of Australia is related to 
the desert genera, suggesting a high degree 
36

of preadaptation by low soil fertility for 
a xeric environment in the latter.

The xeromorphic Ericaceae perhaps are 
the family of plants most specialized to 
low nutrient availability, and they are 
very prominent, for example, in nutrient- 
deficient hogs. It is significant therefore 
that ericads appear adapted to many arid 
habitats. P i s e k  and W i n k l e r  (1953) found 
that evergreen alpine dwarf bushes of 
Arctostaphylos, R hododendron , and Vacci
nium  showed extreme desiccation resis
tance.

With respect to (c), it may he noted 
that habitats are frequently both arid and 
infertile, especially when the substrate is 
coarse-textured, simultaneously lowering 
cation exchange capacity and available 
water. An especially arid and infertile 
habitat was investigated by S h i e l d s  

( S h i e l d s  1951, S h i e l d s  & M a n g u m  1954), 
who examined numerous xeromorphic 
plants in the nutrient-deficient gypsum 
of the White Sands of New Mexico. An
other example is seen in the sclerophyllous 
associations dominating Mediterranean 
climates. These associations are often 
found on infertile soils ( S p e c h t  1969). 
Serpentine soils provide an additional 
example. W a l k e r  (1954) has noted that 
the physical characteristics of serpentine 
soils contribute to aridity. However W h i t 

t a k e r  (1954) points out that com parati
vely xeromorphic serpentine vegetation 
often occurs adjacent to non-xeromorphic, 
non-serpentine vegetation receiving a 
comparable supply of water.

EVOLUTIONARY SIGNIFICANCE

Ease of movement between arid and in
fertile environments may play a signifi
cant role in plant evolution. Drought and 
soil infertility are ubiquitous selective 
forces requiring adaptation from all plants. 
The geographical mosaic of environments 
in which plants occur often involves 
differential adaptation to drought and to 
soil fertility. A m inor degree of xero
m orphy may therefore play an important 
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though inconspicuous role in movement 
between environments which differ only 
slightly with respect to aridity and 
nutrient status. The opportunity  to 
migrate between arid and nutritionally- 
deficient environments probably occurs 
frequently and preadaptation by xero- 
morphy may often expedite entry into the 
new adaptive zone.
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R e c h i n g e r , I\. H. (ed.): F l o r a  I r a n i c a .  
L fg .  90— 100. — Akademische Druck- u. 
Verlagsanstalt, Graz 1972.

The ninetieth fascicle of Flora Iranica 
deals exclusively with Cousinia, the next 
largest genus of flowering plants in that 
area. W ith 355 species in the actual region, 
the genus is surpassed in num ber  only by 
Astragalus. Professor R e c h i n g e r , who has 
long taken a keen interest in Cousinia, 
now presents a masterly revision of an 
almost monographic character. Only the 
solicitude for the progress of the flora has 
prevented him from treating the whole 
genus, which very clearly has its evolu
tionary centre in the ‘F lora I ran ica’ area. 
Altogether 307 species, or 36 °/o of those 
occurring in the area, are endemic there. 
No less than 61 species are described as 
new in the present treatment and about 
65 furthe r  species have already previously 
been described by the author. In other 
words, more than  one third of the species 
in the area have been established by 
R e c h i n g e r ! Only 32 earlier species are 
put into synonymy.

R e c h i n g e r  divides the genus into 
about 60 sections, partly  on new criteria 
and partly based on the grouping p re
sented by T s c h e r n o v a  in the ‘F lora of 
the U.S.S.R. Many sections are monotypic 
and a num ber of species cannot yet be 
attributed to sections, mainly because of 
the insufficient knowledge of fruit ch a r 
acters.

The sequence chosen is based on life 
form and duration of the species, starting 
with the strongly lignified, perennial 
species and ending with the annuals.

In spite of the extreme polymorphism 
in the genus, even the larger sections seem 
to constitute natura l groups. The largest 
section is Cynaroideae, comprising 57 
species with a fairly constant and cha rac 
teristic combination of morphological
Bot. Notiser, vol. 120, 1973

characters and with a western distribution  
within the generic area. On the other hand , 
sect. Alpinae with 22 species presents 
quite a different combination of c h a ra c 
teristics and occurs in the eastern and 
north-eastern mountain regions.

A detailed phytogeographical analysis 
of the genus would no doubt give im 
portant clues to the history and evolution 
of the flora in the area. In Cousinia there 
is a high percentage of local endemics 
and only a limited number of more widely 
and evenly distributed species. Some 
species have a complicated distribution 
pattern with disjunctions or otherwise 
broken or even mosaic ranges. In some 
groups hybridization seems to have 
obliterated the borderlines between once 
distinct taxa and thus contributed to the 
polymorphism and the complexity of 
distribution.

The polymorphism in the genus is, 
indeed, striking, even when considering its 
size. There is an astonishing variety in, 
e.g., habit, leaf shape and morphology of 
the involucre. The certainly considerable 
and taxonomically useful variation in 
achenes and pappus is still, however, 
largely unknown.

The Cousinia volume is exceptionally 
well illustrated. In addition to the 329 
text pages there are 134 pages of illustra
tions, which greatly enhance the use
fulness of the work. They include a great 
num ber of accurate photographs of her
barium specimens, several good drawings 
adopted from one of R e c h i n g e r ’s previous 
publications, and about thirty especially 
artistic and elegant new drawings by H. 
L a u t h . Finally, 16 excellent colour photo
graphs of Cousinias in natural habitats 
conclude this fine volume.

The other families now treated are in 
± decreasing size, Solanaceae (E .  S c h ö n - 

b e c k - T e m e s y ) ,  Zygophyllaceae (M . N a b i l
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e l  H a d i d i ) ,  Amaranthaceae (P. A e l l e n ) ,  
Thymelaeaceae (B. P e t e r s o n ) ,  Betula- 
ceae, Corylaceae and Hippocastanaceae 
(all by K. B r o w i c z ) ,  Frankeniaceae (J. 
B h r t e k ) , Pyrolaceae and Monotropaceae 
(both b y  B. K r i s  a ).

Points of interest include S c h ö n r e c k - 
T e m e s y ’s  trea tm ent of H yoscyam us. She 
recognizes a new subgenus nam ed Dendro- 
trichon, comprising eight species, confined 
to the Saharo-Sindian floristic region. 
Five of these are endemic to the ‘F lora 
I ran ien’ area and no less than  four are 
described as new.

B r o w i c z  in his treatm ent of Betula  
recognizes two new endemic species, both 
from the m ountainous eastern parts of 
the area.

Another genus of special phytogeo- 
graphical interest is H ypericopsis  (F ran
keniaceae), which is monotypic and 
restricted to southern Iran.

‘F lora  Iranien’ is now rapidly  app roach 
ing the stage of half completion. This 
amazing progress of the immense under
taking has only been possible thanks to 
R e c h i n g e r ’s unrivalled capacity and devo
tion to the task. The parts  so far  published 
are natura lly  varying, not only in size, 
but also in quality and  detail. It seems to 
be the editor’s policy to treat the genera 
with pronounced centres within the area 
with special care and thoroughness. Cou- 
sinia is one good example, others to come 
are e.g. Astragalus and Acantholim on.

Among the large families still remaining 
are Compositae (except Cousinia), Legu- 
minosae (with the formidable genus Astra
galus), Labiatae, Caryophyllaceae and 
Chenopodiaceae. On the o ther  hand, it is 
reassuring to know tha t families as for 
instance Gramineae, Cruciferae and Bora- 
ginaceae have already been successfully 
dealt with, as well as such crucial genera 
as Cousinia and Allium .

One of the im portan t outcomes of the 
F lora I ran ica’ project is the correlation 

of Soviet taxonomy with tha t of the 
western world. In this respect the flora 
constitutes a pioneer work of great signi

ficance, viz. the first synthesis of two 
often contrasting views on the circum 
scription and naming of taxa, especially 
on the level of species.

The botanical world, already deeply 
indebted to R e c h i n g e r  for his fu n d a
mental contributions to the flora of 
Eurasia, looks forward to the further  
progress and the successful completion of 
this outstanding flora.

B e r t i l  N o r d e n s t a m

H o r i k a w a , Y. A t l a s  o f  t h e  J a p a- 
n e s e F l  o r a. A n i n  t r  o d u c t i o  n 
t o  p l a n t  s o c i o 1o g  y o f E a s t 
A s i a .  — Gakken Co. Ltd., Tokyo 1972. 
12 +  8 pages, 500+ 1  maps.

This atlas (actually vol. I) contains 
results of fifty years of research p e r 
formed by Emeritus Prof. Y. H o r i k a w a , 
Hiroshima, on the distribution of plants 
in Japan and its neighbouring areas: the 
southern Kuril Islands, Sakhalin, Man
churia, Korea, Taiwan and the Pacific 
Islands. This great work presents the 
distribution of 440 flowering plants, 30 
pteridophvtes and 30 bryophytes (the 
flora of Japan  comprises nearly 7000 
species of flowering plants, 000 pterido- 
phytes and 1500 bryophytes) . Almost all 
the records are based on Prof. H ori-  
k a w a ’s personal field observations and 
collections, only a minor pa r t  on speci
mens in other herbaria, on m onographs 
or on local floras.

Every taxon in this atlas has been p re
sented by the “three-dimensional m ethod” 
devised about ten years ago by Prof. 
H o r i k a w a  himself. In addition to a trad i
tional map of the horizontal distribution 
there are two profiles on each map that 
show the vertical distribution, one from 
west to east and the other from  south to 
north. The map of the horizontal distri
bution is based on a grid method, with a 
dot for the occurrence of a plant in each 
square of 10' of latitude by 15' of longi
tude, which means ca. 18.5X22.82 km at 

Bot. Notiser, vol. 126, 1973



54 2 BOTANICAL LITERATURE

lat. 35°N. F or  the sake of comparison it 
may b e  mentioned that in H u l t é n  s  N . W .  
European atlas a dot represents occurrence 
in an area 16 km in diameter, P e r r i n g  
& W a l t e r ’s  Flora of the British Isles has 
10-km squares, and Atlas Florae E u ro 
paea 50-kin squares. Of the total of 7210 
squares in the grid, 1379 relate to Japan 
and 5831 to other areas. The symbols used 
for occurrence in Japan are black dots 
and open circles, the latter representing 
extinct localities. The records in the 
neighbouring areas are m arked with 
crosses; however, areas outside Japan  are 
treated (and explored) rather  incomple
tely. — Grids are also used with the 
profiles, each square covering 100 m of 
altitude.

Every map has a short text, which be
sides the scientific name contains im 
portant synonyms, the Japanese name 
(written in Japanese katakana and Roman 
letters) and data on the general habit, 
life-form, month of flowering and fruiting 
or spore maturation in the median area of 
the Japanese range, the distribution o u t
side Japan, habit, habitat, ecology, taxo
nomy, and possible utilization by man.

A s e p a r a t e  c o l o u r  m a p  o f  t h e  p o t e n t i a l  
v e g e t a t i o n  in J a p a n  c o m p i l e d  and r e v i s e d  
b y  H o r j k a w a  i s  a l s o  i n c l u d e d  i n  t b e  a t l a s .

The three-dimensional maps are extre
mely illuminating. In Japan  the differ
ences in altitude are great, and the trad i
tional maps cannot give adequate infor
mation on the zonal distribution of plants 
in mountain areas, but tbe present maps 
show distinctly in which life zone a taxon 
occurs. For instance, some mapped moss 
species common in Fennoscandia (Ptilium  
crista-castrensis, H ylocom ium  splendens, 
R hytidiadelphus triquetras) and boreal 
dw arf  shrubs (Em petrum  nigrum  var. 
japonicum , Vaccinium vitis-idaea  coll.) 
seem to have fairly extensive horizontal 
distribution in Japan, but in fact they 
may occur at sea-level only in Hokkaido; 
in Honshu they are confined to the 
medium and upper levels on mountains. 
So-called arctic-alpine plants (Diapensia 
Bot. Notiser, Arol. 126, 1973

lapponica  var. obovata, Loiseleuria p ro 
cum bens) are found only in the u p p e r 
most parts  of the mountains in bo th  
Hokkaido and Honshu. The ranges of 
these species agree with their known eco
logy, bu t the map of Hedwigia cilia ta  is 
surprising, since this moss species seems 
to be commonest in the w arm -tem perate  
zone in Japan. Bioclimatically this c o r re 
sponds to the Mediterranean region in 
Europe, where, however, the species is 
also common at latitudes and altitudes 
above this region. This map is one of 
those which call for further taxonomic 
studies.

It is specially interesting to examine 
the natura l distributions in Japan  of p lan ts  
cultivated as ornamentals elsewhere. F o r  
instance, Magnolia obovata, Aralia elata, 
H ydrangea petiolaris and Actinidia kolo- 
m ikta  occur in Hokkaido up to 600— 1000 
m above sea-level and from tbose extreme 
localities we might perhaps be able to 
obtain more hardy  provenances of o rn a 
mentals for Northern Europe and Canada 
(the present ones presumably mainly de
rive from  the temperate regions of 
H onshu ) .

It is obvious that H g r i k a w a ’s excellent 
atlas inaugurates a new era in the m a p p 
ing of the distributions of plants, an 
activity that lias grown considerably in 
importance since the publication of I I u l -  

t é n ’s inspiring first atlas about twenty- 
five years ago. Earlier, range studies were 
primarily  employed in the fields of taxo
nomy and phytosociology, but nowadays 
the use of distribution maps is increasing.

F or  all purposes the three-dimensional 
maps are more useful and valuable than 
the traditional ones. The provision of in 
formation on altitude in distribution maps 
could be facilitated by the inclusion of 
altitude records in all future herbarium 
labels and field notes.

The reader who has only a limited 
acquaintance with the Japanese flora is 
not able to find any real defects. There 
are some cases in which the Russian litera
ture is overlooked (Vaccinium vitis-idaea
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coll. occurs in the area of Ussuri; the 
seeds of Pinas koraiensis  are also very 
im portan t  as food in the area of Amur 
and Ussuri, etc.), but, considering the 
scope of the atlas, such omissions are of 
no great significance. The selection of the 
taxa presented is obviously the result of 
careful consideration by the author,  but 
the European  reader hopes that next 
volume may also contain examples of 
wide-ranging (“cosm opolitan” ) weeds.

Used together with the Distribution 
m aps of flowering plants in Japan  by 
H a r a  and K a n a i  it gives readers outside 
Japan  a good idea of m any  distributional 
types in the Japanese flora and of the 
ranges of m any im portan t  taxa used as 
climatic indicators. We are most grateful 
to Prof.  H o r i k a w a  for  this admirable 
atlas, which will enable us to understand 
and use Japanese botanical papers much 
better than earlier. We are eagerly await
ing the next volumes!

L e e  n  a  H  ä  m  e t  - A h  t  i

N o r d h a g e n , R.: N o r s k  F  l o r a .  I l l  u- 
s t r a s j o n s b i  11 d. D e l  1. —  Asche- 
houg & Co., Oslo 1970. 638 +  XVIII pp., 
772 fig. Drawings by M i r a n d a  B o d t k e r . 
Price NKr 75: — .

This book is a very beautiful and useful 
newcomer among Scandinavian floristic 
handbooks. It is the first of two volumes 
of il lustrations intended to accom pany 
N o r d h a g e n ’s  Norsk F lora of 1940. The 
illustrations can, however, very well he 
used separately as they are quite indepen
dent of N o r d h a g e n ’s text. Apart from  the 
legends, the only text is a two-page pre
face (in Norwegian), the remaining 636 
pages being drawings.

The book consists of three par ts  bound 
together, dealing with, respectively, pterido- 
phytes and conifers, monocotyledons, and 
dicotyledons up to and including the Papa- 
veraceae in E n g l e r - D i e l s  system. The 
first two parts appeared  in 1944 and 1948, 
the third not until 1970. This fact should

have been stated somewhere in the com 
pound edition, in particular as it explains 
the great differences in nomenclature be
tween the three parts. One is somewhat 
surprised at finding names such as D nj- 
opteris Linnaeana, J uncus macer, and 
Carex gracilis in a book dated 1970, and 
at not even finding the currently used 
names as synonyms: G ym nocarpium
dryopteris, ./. tenuis, and C. acuta. The 
third part is up to date in this respect, 
and follows the nomenclature in F lora  
Europaea I (1964) fairly closely.

All species native to, or naturalized in 
Norway have been illustrated, and a great 
number of casuals, for instance in Cheno- 
podium , are included. As a rule, different 
subspecies of polytypic species are illu
strated separately. For each species, trees 
and shrubs excepted, there is at least one 
drawing of a complete specimen including 
its subterranean parts. Parts of the plant 
are shown in enlarged detail. The details 
selected are on the whole relevant, how 
ever, some items that could perhaps have 
been expected in a book like this are 
missing, e.g. anthers of Poa annua  and 
supina, spikelets of the adventitious Pha
laris species, and capsules of Arenaria  
serpylli folia  and le ptoclados. — The d ra w 
ings of R um ex palustris  and m aritim us  
have been exchanged, as have the ligule 
drawings of Carex “Pairaei” and contigua.

M i r a n d a  B o d t k e r ’s drawings are quite 
admirable, and each illustration is a little 
masterpiece in composition as well as in 
accuracy. W ith its richness of detail, her 
style approaches L i n d m a n  s in Bilder ur  
Nordens F lora (1901 — 1905). Much of the 
good impression the hook makes is due to 
her efforts.

Unfortunately, the printer has not done 
full justice to M i r a n d a  B o d t k e r ’s fine 
work: the paper used is rather  too thin, 
so that the pictures on the next two pages 
show through. In some cases, the original 
drawings have been too much reduced, 
so that the finest lines appear to be 
broken: the illustration of Luzula pilosa  
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is partly spoilt for this reason. These 
remarks apply only to the part dealing 
with monocotyledons; the 1970 par t  on 
dicotyledons is satisfactory in both 
respects.

To make full use of page space, the 
scale of the habit drawings lias been 
varied, even between closely related taxa. 
The scale has, however, been given in the 
legends (except in Ihe pteridophyte— 
gymnosperm part).

In the monocotyledon section, the e n 
largement of the detail drawings is clearly 
indicated. This good custom has been 
abandoned in tlie section on dicotyledons, 
which the reviewer regards as a serious 
shortcoming. There can have been no 
valid reason for substituting an exact 
statement with a word like “fo rstorre t” 
(enlarged). In this way there is an u n 
necessary loss of important information, 
and one could in some instances he quite 
misled: in Selaginella and Isoëtes the
microspores are drawn almost as large as 
the macrospores, and there is no indica
tion that the scales are different!

Anyone with a special interest in a 
taxonomically intricate group would p e r 
haps not gel maximum information from  
illustrations of the type presented in this 
book (an exception might he the Papaver 
drawings, which seem very instructive). 
Rut this . , , ' es at least equally well to 
any other illustrated flora of com parable 
size known to the reviewer.

Indeed, the hook has proved to he 
extremely useful in practical floristic work. 
It is strongly bound and stands up to 
extensive use in the field. It can be strongly

recommended as a guide to Scandinavian 
botany, equally valuable for beginners 
and for experienced taxonomists.

T h o m a s  K a r l s s o n

O h n s o r g e , J. & H o l m , R.: R a s t e r -
e 1 e k t r o n e n m i k r o  s k o p i e. E i n e 
E i n f ii h r  u n g f ü r  M e d i z i n  e r  u n d 
B i o 1 o g e n. (Scanning Electron Micro
scopy. An Introduction for Physicians and 
Biologists.) — Georg Thieme, S tuttgart  
1973. ISBN 3-13-502-301-X. X + 121  pp. 
Price DM 68: — .

The volume is intended to give an 
orientation in basic techniques and modes 
of interpretation. The descriptive text, 
consisting of parallel texts in German and  
English, takes up less than half the book. 
This together with considerable areas of 
blank space left, regrettably restricts the 
am ount of inform ation given, especially 
with a view to the high price of the book. 
The texl is clear and easy to understand, 
avoiding more complicated technical 
matters. More than half the book com 
prises good reproductions of scanning 
electron micrographs of various subjects 
exemplifying the scope of the microscope. 
A fairly extensive list of literature com 
pletes the volume

To sum up, I am afraid that the 
au thors’ efforts to make the book intelli
gible to all has had the result that little of 
added interest has been given the some
what more advanced reader, such as the 
majority of physicians or biologists.

G u n n a r  W e i m a r c k
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