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T h e  d ra w in g s  o f  the g en u s  Chenopo­
dium  c o m p rise  20 species o c c u rr in g  in  
S can d in av ia .  T h e y  re p re s e n t  in d ig en o u s  as 
w ell as  in t ro d u c e d  species a n d  on ly  those  
w h ic h  h av e  b een  r e p o r te d  o ccasiona lly  
o n ly  hav e  been  om itted . S u ch  species a re :  
C. aristatum L. o f  sect. Botryoides C. A. 
M e y . ;  C. anthelminticum  L. of sect. Am- 
brina B e n t h .  & H o o k . ;  C. carinatum  R. 
B r . ,  C. cristatum F .  v. M u e l l . ,  C. pumilio 
R. B r .  of sect. Orthosporum  R . B r . ;  C. acu­
minatum  W i e l d . ,  C. giganteum D o n . ,  C. 
karoi ( M u r r . )  A e l l . ,  C. missouriense 
A e l l .  an d  C. probstii A e l l .  of sect. Cheno- 
podium. T hese  species a re  d iscussed  in  d e ­
tail b y  A e l l e n  (1960). A su rv e y  of th e  sec­
tions a n d  ta x a  d e a l t  w i th  is g iven  in  
T ab le  1.

CHROMOSOME NUMBER

M ost species w i th in  th e  genus  Cheno­
podium  a re  d ip lo id  a n d /o r  te t ra p lo id  w ith  
the  bas ic  n u m b e r  x =  9. B u t  in  ad d i t io n  
x =  8 h as  been  o cca s io n a lly  observed , e.g. 
in C. capitatum a n d  C. botrys. I n t r a s p e ­
cific v a r ia t io n  is p a r t i c u la r ly  p ro n o u n c e d  
in  C. opulijolium, C. strictum  a n d  C. al­
bum (all h av in g  2 n = 1 8 ,  36, 54), b u t  a lso  
w ith in  C. ficifolium  a n d  C. urbicum  (2n =  
18, 36), C. capitatum  a n d  C. botrys (2n =  
16, 18). T he  c h ro m o s o m e  n u m b e r  seem s to  
be  of very  little ta x o n o m ic  s ign ificance .

1 E n g stra n d  is responsible for the d raw ­
ings and Gu st a f s s o n  fo r  the text.
30

MORPHOLOGICAL CHARACTERS

Several species a re  h ig h ly  p o ly m o rp h ic  
a n d  som e p a r t i c u la r  c h a ra c te r s  such  as 
hab it ,  heigh t, degree  of b ra n c h in g  a n d  size 
of leaves show  in t ra sp ec if ic  v ar ia tion .  T h is  
h ig h  degree  of v a r ia t io n  is a t  least par tly  
due  to m o d if ica t io n  a n d  co n seq u en tly  m o s t  
vegeta tive  c h a ra c te r s  a re  of l im ited  taxo- 
n o m ica l  value. T h e  m o s t  usefu l ch a ra c te rs  
in  the  d e l im ita t io n  of ta x a  a re : d u ra t io n  
(an n u a l  v. p e r e n n ia l ) ; ty p e  a n d  degree of 
h a i r in e ss  (g landu la r ,  ye llow ish  h a i rs  v. f a ­
r in ac eo u s  o n  leaves, axis of in flo rescence  
a n d  p e r i a n th ) ; the  gen era l  a p p e a ra n c e  of 
low er  leaves; ty p e  of in f lo rescence ; a p ­
p e a ra n c e  of p e r ia n th ;  p o s it io n  of the  seed 
w ith in  the  p e r ia n th  (ho rizon ta l  v. v e r t i ­
ca l ) ;  seed size; seed m a rg in  (obtuse v. 
.acu te); s c u lp tu r in g  .of, the  te s ta  (see b e ­
low) ; sh a p e  of e m b ry o  (a n n u la r  v. horse- 
shoe-shaped)  .

SCULPTURING OF TESTA

In  the  d e l im ita t io n  of sections, su b sec ­
tions a n d  species specia l a t te n t io n  has  been  
p a id  to the  s c u lp tu r in g  of th e  tes ta  (cf. 
A e l l e n  1960), a c h a ra c te r  w h ich  h as  been  
a d o p te d  in  m o s t  m o d e rn  f lo ras . But, as 
w as a l re a d y  p o in ted  ou t  b y  C o l e  (1961) 
a n d  J ö r g e n s e n  (1973), i t  is n o t  adv isab le  
to  base  ta x o n o m y  a t  h ig h e r  levels on  this 
c h a ra c te r  onlyu R ipe seeds a re  u sua lly  
needed  to be  ab le  to  id e n tify  th e  p a t te rn  
of s c u lp tu r in g  w ith  ce r ta in ty  and , m ore-
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Table 1. A survey of taxa deaR with and their chromosome numbers.

Bot. Not. 
volume Section Drawing

no. Species Chromosome
num ber

125: 283—286 Eublitum  ........................ 81 C. capitatum  ............... 2n =  16. 18.
82 C. foliosum  .................. 2n =  18.

126: 1—6 Pseudoblitum  ............... 83 C. glaucum  .................... 2n =  18.
84 C. r u b r u m ...................... 2n =  36.

Degenia ........................... 85 C. b o tr y o d e s .................. 2n =  18.
126: 135— 141 A g a th o p h y to n ............... 86 C. bonus-henricus  . . . . 2n =  36.

Botryoides .................... 87 C. b o t r y s ........................ 2n =  16, 18.
C h e n o p o d iu m ............... 88 C. hybridum  ............... 2n =  18.

126: 273—276 89 C. polysperm um  ......... 2n =  18.
90 C. murale  ...................... 2n =  18.

126: 393—397 91 C. f i c i fo l iu m .................. 2n =  18, 36
92 C. hircinum  .................. 2n =  18.
93 C. vulvaria .................... 2n =  18.

127: 1—6 94 C. b er ta n d ie r i ............... 2n =  36.
95 C. urbicum  .................... 2n =  18. 36
96 C. p ra te r ic o la ............... 2n =  18.

127: 159— 164 97 C. o p u l i fo l iu m .............. 2n =  18, 36, 54.
98 C. suecicum  .................. 2n =  18.
99 C. strictum  .................... 2n =  18. 36. 54.

127: 291—296 100 C. album  ........................ 2n =  18. 36, 54.

over, the  m o re  o r  less closely a t ta c h e d  p e r i ­
c a rp  h as  to be rem oved .

T h e  te s ta  s t ru c tu re  of th e  S can d in a v ia n  
species of Chenopodium is i l lu s tra te d  in  
P la te  1. T h e  SEM p h o to s  h av e  been  ta k e n  
w ith  a  C am b rid g e  S te reo scan  M ark  11: A 
a t the  EM  L a b o ra to ry  a t  the  In s t i tu te  of 
Zoology, U n iv e rs i ty  of L u n d ,  Sw eden. T he  
o rig ins  of th e  species e x am in ed  a re  listed 
a t  th e  end  of th is  p a p e r .  U n fo r tu n a te ly ,  
seeds f ro m  only  one  o r  tw o  spec im ens  of 
eac h  ta x o n  h av e  b een  inves t iga ted  an d  
c o n se q u e n t ly  little  in fo rm a t io n  is a v a i l ­
ab le  co n ce rn in g  th e  degree  of in t ra sp ec if ic  
v a r ia t io n .  T h e  fo llow ing  resu lts  h av e  been 
o b ta in ed :  Species of sect. Eublitum (C. ca- 
pitatum  a n d  C. foliosum), sect. Pseuclobli-

tum  (C. glaucum a n d  C. rubrum), sect. 
Degenia (C. botryodes) a n d  sect. Agatho- 
phyton  (C. bonus-henricus) all h av e  a m o re  
o r  less sm o o th  testa , on ly  som e i r re g u la r  
fu r ro w s  a re  visible. In  sect. Botryoides, 
C. botrys h as  a s m o o th  testa, w hile  in C. 
schraderianum it is re t icu la te .  B u t the m a ­
te ria l  is too lim ited  to p e rm i t  of d raw in g  
ce r ta in  conclusions .  Sect. Chenopodium is 
very  v a r ia b le  in th is  respec t .  T h e  s c u lp tu r ­
ing of the  te s ta  of C. hybridum  is fo rm e d  
by  large, deep, o rb ic u la r  pits, th a t  of C. 
suecicum by  r a th e r  large , sha llow , ob long  
p its  rad ia l ly  a r ran g ed ,  a n d  th a t  of C. m u­
rale by  m in u te  pits. C. polyspermum  has  
a re t icu la te  p a t te rn  of s c u lp tu r in g ,  co n s is t­
ing of i r r e g u la r  r idges. T es ta  w ith  hex-

Plate 1. SEM photos of seeds of Scandinavian Chenopodium  species showing the testa 
structure within the fram ed area. The numbers of the photos correspond to the numbers 
of the drawings. — SI: C. capitatum  (L.) A sch . — 82: C. foliosum  (M o e n c h .)  Asc.h. •— 
83: C. glaucum  L. —  84: C. rubrum  L. —  85: C. botryodes Sm. —  86: C. bonus-henricus  L.
— 87 a: C. botrys L. — 87 b: C. schraderianum  R q e m . & S c h u l t . — 88: C. hybridum  L.
— 89: C. polysperm um  L. — 90: C. murale  L. — 91: C. ficifolium  Sm. — 93: C. vulvaria L.
— 94: C. bertandieri M o q . ssp. zschackei (J. M u r r . )  Z o b e l .  — 95: C. urbicum  L. -— 96: C. 
pratericota R y d b .  — 97: C. opulifolium  S c h r a d .  -— 98: C. suecicum  J. M u r r .  — 99: C. 
strictum  R o t h .  — 100 a: C. album  L. ssp. album. —- 100 f: ssp. faltax  A e l l .  100 b: 
ssp. m icrophyllum  (B o e n n in g h . )  S t e r n e r .  — 100 g: ssp. virgcitum (T h u n b .)  B lo m .  -—

All photos X 120.
B ot. N o tise r, v o l. 127, 1974
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agonal p its  a re  p re s e n t  in  C. f i c i fo l iu m ,  C. 
h i r c i n u m  (not i l lu s tra ted )  a n d  C. berlan-  
dieri. T h e  h ex ag o n a l  p its  of C. berlandier i  
a re  r a th e r  la rge  a n d  r e g u la r  in  shape , 
fo rm ing  a  h o n ey co m b -l ik e  p a t te rn .  I n  C. 
f i c i f o l iu m  an d  C. h i r c i n u m  the p its  a re  
m o re  i r re g u la r ,  s o m e w h a t  oblong, sm a l le r  
an d  no t as  d is t inc t  as in  C. berlandieri .  T h e  
testa  of th e  o th e r  species (C. vulvaria,  C. 
u r b icu m ,  C. pra ter ico la , C. o p u l i fo l i u m ,  C. 
s tr ic tum  a n d  C. a lb u m )  a re  sm o o th  to  i r ­
re g u la r ly  fu r ro w e d .  T h u s ,  it seem s likely 
th a t  the  te s ta  of C. h y b r i d u m ,  C. p o ly s p e r ­
m u m ,  C. m ura le ,  C. f i c i fo l ium ,  C. h irc i­
n u m ,  C. ber landier i  a n d  C. s u e c ic u m  re s ­
pectively  h av e  a very  d is t in c t  p a t t e r n  of 
scu lp tu r in g ,  d is t in g u ish ab le  f ro m  th a t  of 
o th e r  species.

HYBRIDIZATION

T h e  ex ten t  of h y b r id iz a t io n  a n d  in tro -  
gress ion  in  the  genus  C h e n o p o d i u m  is r a ­

th e r  u n c e r ta in ,  as a n u m b e r  o f  su spec ted  
h y b r id s  h av e  been  r e p o r te d  b u t  th e ir  
h y b r id  o r ig in  h as  ra re ly  b e e n  p roved .  A c­
co rd ing  to A e l l e n  (1960) it is t ru e  a t  least 
th a t  h y b r id iz a t io n  b e tw een  species n a t iv e  
to E u ro p e  is ra re ,  an d  h y b r id  de r iva tives  
o ccu r  on ly  occasionally .  B u t v e ry  li ttle  is 
k n o w n  a b o u t  re p ro d u c t iv e  iso la t io n  a n d  
in te rspec if ic  c ross ing  b a r r ie r s  w i th in  th e  
genus. M oreover, th e  ex ten t  a n d  n a tu re  of 
such b a r r ie r s  can  h a r d ly  b e  tested  b y  
cross ing  ex p er im en ts ,  as e m a sc u la t io n  is 
very  d iff icu lt  to  p e r fo rm .  T h e  fo llow ing  
h y b r id s  h av e  been  re p o r te d  f ro m  S c a n d i­
navia, b u t  th e i r  s ta tu s  is u n c e r ta in :  C. 
a l b u m X C .  berlandieri,  C. a l b u m X C .  bor-  
basioides,  C. a l b u m X C .  f i c i fo l ium ,  C. al­
b u m X C .  h i r c in u m ,  C. a l b u m X C .  o p u l i ­
fo l ium ,  C. b e r la n d ie r iX C .  h i r c in u m ,  C. ber- 
l a n d i e r iX C .  suec icum ,  C. c a r i n a t u m X C .  
cr i s ta tu m , C. f i c i f o l i u m X C .  suec icum,  C. 
h y b r i d u m X C .  p o l y s p e r m u m  a n d  C. o p u l i ­
fo l iu m  X  C. suec icum.

KEY

1. Plant wilh yellow or amber-coloured glands or glandular hairs, not 
farinose .............................. .................................................................... .. Key A
Plant glabrous or whitely farinose, eglandular .....................................  2

2. Seeds mainly vertical, in terminal flowers sometimes horizontal (verti­
cal seeds rarer in C. glaucum ) ...............................................................  Key B
All seeds horizontal ................................................................................... Key C

KEY A

1. Inflorescence composed of distinct, hut sometimes small dichasial 
cymes .......................................................................................................................  2
Inflorescence composed of small sessile clusters of flowers, not in 
distinct dichasial c y m e s ...........................................................   3

2. Perian th  lobes obtuse on the back, with sessile to shortly stalked 
glandular hairs. Seeds 0.5—0.8 mm  in d i a m e te r ...............  87. C. botrys
Perianth  lobes with a conspicuous longitudinal keel on the back, with
exclusively sessile glands. Seeds 0.7—0.8 mm  in diameter ....................
.............................................................................................  87. C. schraderianum

3. Lower leaves mostly lanceolate, entire to dentate, rarely laciniate. 
Perianth  lobes free to one half ..................................  87. C. ambrosioides
Lower leaves usually pinnatifid. Perian th  lobes united near to apex, 
forming a net-veined sac entirely enclosing the seed 87. C. m ultifidum
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KEY B

1. Perennial, with a thick and woody root. Stigmas long, more than 0.8 
mm. Seeds exceeding 1.5 mm in d i a m e t e r   86. C. bonus-lienricus
Annual, ±  slender root. Stigmas short, less than 0.8 mm. Seeds less 
than 1.5 mm in diameter ................................................................................  2

2. Flowers in dense berry-like, sessile cymes. Perian th  red and fleshy 
at m a t u r i t y .............................................................................................................  3

Cymes usually in branched panicles, not berry-like. Perianth  not 
fleshy at m aturity  .............................................................................................  4

3. Cymes all bracteate. Seeds 1.0— 1.3 m m  in diameter, obtuse in tran ­
section ........................................................................................... 82. C. foliosum
Upper cymes ebracteate. Seeds 0.8— 1.0 mm in diameter, keeled in 
transection ..................................................................................  81. C. capitatum

4. Lower leaves elliptical to lanceolate, sinuate to serrate, rarely sub­
entire, conspicuously farinose and glaucous beneath . . 83. C. glaucum
Lower leaves deltate to rhombic-ovate, dentate to entire, glabrous or 
sparsely farinose and green to red beneath ..............................................  5

5. Perian th  lobes of all flowers obtuse or scarcely keeled on the back, 
united at the most to one half   84. C. rubrum
Perianth  lobes of lateral flowers distinctly keeled on the back, united 
almost to the apex, forming a sac entirely enclosing the seed (perianth 
lobes of terminal flowers united to at least one half) 85. C. botryodes

X m
&

KEY C

1. Lower leaves cordate to subtruncate at base, 3—5-angled. Seeds large, 
1.5—2.0 mm in d i a m e t e r ..................................................... 88. C. hybridum
Lower leaves not cordate at base, not 3—5-angled. Seeds less tban
1.5 m m  in d i a m e te r ..........................................................................................  2

2. Surface of testa with large distinct pits forming honeycomb-like
pattern  ...................................................................................................................  3

' Surface of tesla’ sifioc'th or 'with Sculpturing othe'r than hönéycömb- 
like ............................................................................................................................  5

3. Lower leaves usually rhombic to ovate with a pair  of prominent teeth 
below middle, or rarely 3-lobed with the midlobe broadly rounded. 
Testa with deep, large, regular hexagonal pits . . . .  94. C. berlandieri
Lower leaves distinctly 3-lobed, with a distinct + parallel-sided mid­
lobe and large lateral lobes. Testa with shallower, smaller and radi­
ally elongated pits .............................................................................................. 4

4. Lower leaves with an elongate midlobe, 2—3 times longer than the
lateral lobes .........................................................................  91. C. ficifolium
Lower leaves with a short, broad midlobe as long as the lateral lobes
  92. C. hircinum

5. Seeds with a distinctly keeled margin, surface of testa minutely and 
closely pitted. Margins of perianth  lobes fringed ...........  90. C. murale
Seeds without a distinctly keeled margin, surface of testa smooth or 
with different types of sculpturing. Margins of perianth lobes entire . . 6

r y y n
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6. Axis of inflorescence and flowers glabrous or almost so 

Axis of inflorescence and flowers w h ite -fa r in o se ..............

7

8

7. Lower leaves ovate to suboblong, margins entire or rarely with two 
inconspicuous teeth, stem 4-angled ........................ 89. C. polysperm um
Lower leaves deltoid, dentate, stem not 4-angled . . . .  95. C. urbicum

8. Plant strongly farinose, smelling of decaying fish. Lower leaves ovate
to broadly rhombic, entire or angled at the broadest part ....................
  93. C. vulvaria
Plant ± farinose, not evil-smelling. Lower leaves of different shape, 
or ovate-rhombic with dentate to lobed m a r g i n s ...................................  9

9. Plant greyish. Lower leaves narrow ly  elliptic to lanceolate, ±  parallel­
sided, only midvein and one pair of lateral veins distinct ....................
...................................................................................................... 96. C. pratericola

Plant usually greenish. Lower leaves with a midvein and several pairs
  10of lateral veins arising above the base

10. Lower and middle leaves ±  distinctly 3-lobed, as long as broad. Axis 
of inflorescence and flowers conspicuously grey-farinose (cf. C. album  
ssp. album  var. borbasii, which has larger ± 3-lobed leaves, but m od­
erately farinose inflorescence) ..................................... 97. C. opulifolium
Lower and middle leaves usually ovate-rhombic to lanceolate, at least 
1 V2 times as long as broad. Axis of inflorescence and flowers m od­
erately, rarely greyish, farinose ...................................................................  11

11. Lower leaves ovate to broadly oblong, with almost parallel margins, 
entire to sparsely toothed. Flowers in olive-green, pearl-like cymes, 
forming delicate, erect, spicate inflorescences (cf. C. album  ssp. micro- 
plxyllum, which has smaller, dentate to subentire, leaves, strongly 
farinose beneath and usually with convex margins) . . 99. C. strictum
Lower leaves ovate-rhombic to lanceolate, margins usually convex and 
dentate, rarely entire, lowermost lateral teeth usually largest. Flowers 
in ±  glaucous green cymes, forming a coarser often cymose in­
florescence .............................................................................................................  12

12. Stem not red-striped. Lower leaves ovate to rhombic, often glaucous, 
margins dentate with acute, forward-pointing teeth. Perian th  lobes 
sharply and narrow ly keeled on the back. Margins of seeds usually 
obtuse, testa with radially situated shallow, gradually sloping, round— 
oblong pits .................................................................................. 98. C. suecicum

Stem often red-striped. Leaves ovate-rhombic to lanceolate, mostly 
green, never glaucous, entire to dentate. Perianth  lobes obtuse to some­
what keeled on the back. Margins of seeds usually acute, testa smooth, 
faintly furrowed or somewhat rugose ................................  100. C. album
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APPENDIX

Testa structure of the following specimens 
has been investigated (all preserved at L D ): 

C. capitatum: Sw. Stockholm, Södermalm. 
1853. F r . B j ö r n s t r ö m .

C. foliosum: Sw. Skåne, Hörby. August 1924. 
H. N i l s s o n .

C. glaucum: Sw. Öland, Borgholm. 11.9. 
1917. O. St e r n v a l l .

C. rubrum: Sw. Skåne, Glimåkra, Hörninge. 
25.9.1951. T. N o r l i n d h .

C. botryodes: Denm. Fyn, Oxemose at Hof- 
mansgave. August 1893. Mö l l e r .

C. bonus-henricus: Sw. Öland, Vannborga. 
17.7.1942. S. N o r d e n s t a m .

C. boi rys: Sw. Stockholm, Beckholmen. 14.8. 
1882. H. Ö. J u e l .

C. schraderianum: Denm. Sjaelland, Sne­
dinge. 1879. P. N i e l s e n .

C. hybridum:  Sw. Skåne, Malmö. 15.8.1931.
G. N o r r m a n .

C. polyspermum:  Sw. Skåne, Lund. 16.8. 
1905. E. R u n d k v is t .

C. murale: Sw. Skåne, Furulund. 29.9.1921. 
C. B l o m .

C. ficifolium:  Sw. Skåne, Lund. 25.8.1928. 
F. H. An d e r .

C. vulvaria: Sw. Blekinge, Karlshamn.
August 1905. Y. T. E. S v a n l u n d .

C. berlandieri ssp. zschackei: Schweitz, Ba­
sel, Strassenzug in Kleinhörningen. 24.9.1932. 
P. Ae l l e n .

C. urbicum: Sw. Skåne, Glimåkra, Färeköp. 
T. P e r s s o n .

C. pratericola: Sw. Skåne, Hälsingborg. 7.10. 
1940. T h . L a n g e .

C. opulifolium:  Sw. Bohuslän, Nödinge, Bo­
hus station. 10.9.1935. H. F r i e s .

C. suecicum: Sw. Skåne, Lund. 30.8.1946.
H. N il s s o n .

C. strictum: Sw. Skåne, Malmö. 10.9.1922. 
C. Bl o m .

C. album  ssp. album: Sw. Göteborg, Backa 
nära  Brunnsbo. 6.9.1948. C. B l o m .

C. album  ssp. fallax: Sw. Göteborg, Gull- 
bergs gärde. 6.9.1929. C. B l o m .

C. album  ssp. microphyllum:  Sw. Öland, 
Borgholm. 14.9.1917. O. St e r n v a l l .

C. album  ssp. micro phyllum:  Sw. Gotland, 
Katthammarsvik. 25.8.1930. E. Th. F r i e s .

C. album  ssp. virgatum: Sw. Göteborg, Frö- 
lundaborg. 5.9.1932. C. B l o m .
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INTRODUCTION

Ran unculus  L .  is a genus  of h e rb a c e o u s  
p e ren n ia ls  a n d  a n n u a ls  f ro m  b o th  h e m i ­
sp h e re s  w h ic h  is gen era lly  re g a rd e d  as 
fa ir ly  h ig h ly  derived . T a m u r a  (e.g., 1962 a) 
co n s id e rs  it to  be m o re  der ived  th a n  Cal- 
tha  L., Troll ius  L., as w ell as Call ianthe-  
m u m  C. A. M. T h e  genus is la rge ; rece n t  
reg io n a l  acc o u n ts  dea l w ith  som e 240 s p e ­
cies a n d  recognize  26 d is t inc t  su b g e n e ra  o r  
sections  ( B e n s o n  1940, 1942, 1948, 1954; 
D a v i s  1960, 1965; F i s h e r  1965; L o u r -  
t e i g  1952, 1956; M a i r e  1964; O h w i  1965; 
O v c z i n n i k o  v 1937; T u t i n  1964). T h e  
w o rld -w id e  acc o u n t  of D e  C a n d o l l e  
(1824) t r e a ts  159 species a n d  classifies 
them  in  five sections.

F l o v i k  (1936), C o o n e n  (1939), N e v e s  
(1944 a, 1944 b), G r e g s o n  (1965), K u r i t a  
(1957— 1966), K a p o o r  a n d  L ö v e  (1970), 
a n d  o th e r  a u th o rs ,  h av e  d e m o n s t ra te d  
v a r ia t io n  in  c h ro m o s o m e  n u m b e r ,  k a r y o ­
ty p e  p ro p o r t io n s ,  and  c h ro m o so m e  size, 
a m o n g  species f ro m  the  w h o le  genus. L ö v e  
a n d  L ö v e  (1961 b) a n d  K a p o o r  a n d  L ö v e  
(1970) su sp ec t  o n  c y to ta x o n o m ic  g ro u n d s  
th a t  a  n u m b e r  of th e  c o m m o n ly  reco g ­
nized  subd iv is ions  of Ranunculus  m a y  be 
b e t te r  t r e a te d  as d is t in c t  genera . T h e  p r e ­
sen t s tu d y  ana lyzes  k a ry o ty p e  v a r ia t io n  in  
Bot. Notiser, vol. 127, 1974

species of 18 subd iv is ions  of Ranunculus,  
a n d  in  tw o re la te d  genera , Ceratocephalus  
a n d  Trautve t ter ia.

MATERIAL AND METHODS

Field collections and botanic garden acces­
sions of some 100 species were established in 
greenhouses for cytological study. Vouchers 
are available in TRT. A representative selec­
tion of vouchers has been determined or veri­
fied by B. B o iv in  (North American material) 
and T. G. T u t in  (European material). Somatic 
chromosomes were draw n and measured at 
X 5,000 from Feulgen-stainecl root-tip squash 
preparations using colchicine pre-treatment 
(.15 °/o, 60 min.). Raw data for a total of
15,000 chromosomes were subjected to com­
binatorial karyotype analysis by an au to­
mated procedure (unpubl.) which employed 
(i) centromere position, (ii) chromosome 
length relative to total complement length, as 
primitive param eters. Diploid complements 
were treated as “2n” sets, polyploids, as com ­
binations  of 2n sets. Centromere position, i.e.. 
chromosome arm  ratio, is used for karyotype 
characterizations in the text; chromosomes 
are referred to as metacentrics (1.0— 1.34), 
submetacentrics (1.35— 1.99), and acrocen- 
trics to facilitate karyotype description, how ­
ever, this classification system played no role 
in the actual karyotype analysis.

Relative nuclear DNA content was deter­
mined by eytophotometry using the two-wave- 
length method and conversion tables of Me n ­
d e l s o h n  (1958), and the techniques of R o t h -
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f e l s  et al. (1966). DNA content of any un­
known sample was determined relative to 
that of a labora tory  standard, an accession of 
Anemone virginiana L. with 4 C DNA content 
of 2.1 X 10-11 g.

Chromosome size comparisons between spe­
cies were standardized using “plots” of DNA 
values on geometric scales. The following de­
scriptive terms were adopted in the text: large 
chromosomes, 2n DNA values exceeding .8, 
m edium  .4, small .2, and  very small, .1.

OBSERVATIONS

T ab le  1 gives in fo rm a t io n  on p lo idy , 
DNA con ten t,  c o m p le m e n t  leng th  (CL), 
a n d  re la t iv e  c h ro m o s o m e  length  in  p e rce n t  
of d ip lo id  c o m p le m e n t  length , fo r  th e  sp e ­
cies s tud ied . E x c e p t  fo r  DNA con ten t,  the 
d a ta  r e p re s e n t  single cells a rb i t r a r i ly  se ­
lected  f ro m  severa l s tu d ied  in each  p o p ­
u la t io n  a n d  species. DNA values, how ever ,  
rep re se n t  rep lica te  d e te rm in a tio n s ,  u s ing  
th ree  sam p les  p e r  p o p u la t io n ,  10 2 C an d  10 
4 C nucle i pe r  sam ple , a n d  genera lly  poo led  
over tw o  o r  th ree  p o p u la t io n s  p e r  species. 
S ta n d a rd  e r ro rs  of th e  m e a n  ref lec t w h a t  
is, very  la rge ly ,  in te rp re te d  here  as  ra n d o m  
e x p e r im e n ta l  v a r ia t io n  “be tw een  s a m p le s ” .

C h ro m o so m e n u m b e rs  a n d  p ro v en an c es  
of the  m a te r ia ls  u sed  a re  given in  th e  text. 
T h e  c lass if ica t ion  sy stem  of T u t i n  (1964) 
w as  fo llow ed  th ro u g h o u t ,  w ith  som e m o d i­
fica tions, how ever ,  to  acco m o d a te  non- 
E u ro p e a n  taxa. F o r  reasons  ex p la in ed  in  
the text, som e of th e  subd iv is ions  w ere  
b ro k e n  into, sm alle r  u n i t s . ...............................

Ranunculus L.
Ranunculus su b g en u s  Ranunculus

SEC TIO N  R A N U N CU LU S 
SP E C IE S  BASED ON x =  7

R. ve lu t in u s  T e n ., 2 n = 1 4 ,  5 p o p s .;  R. 
C onstan tinopolitanus  (DC.) d ’U r v ., 2n =  
42, 3 p ops .;  R. lanu g in o su s  L., 2n  =  28, 
2 pops.; R. sericeus  Bks. & S o l . ,  2 n = 1 4 ,  
C openhagen  BG; R. b a ld sh u a n ic u s  R g l . ,  
2n =  14, 2 pops .;  R. acris  L., 2 n = 1 4 ,  15 
pops. (Eur. BG); O n ta r io :  B rook lin ,  5 Oct, 
1968: T o ron to ,  2 Oct. 1968; —  ssp. grana-  
tensis  (Boiss.) N y m ., 2n  =  28, 2 p ops .;  -—-

ssp. s tr igu losus  (S c h u r ) H y l ., 2n  =  28, 
1 p o p .;  R. scrb icus  Vis., 2n =  28, 7 pops .;  
R. lae tus  W a l l ., 2n =  28, L l o y d  BG, D a r ­
jeeling  (P. S a r k a r  1971); R. u n c in a tu s  D. 
D o n , 2n =  28; B r i t ish  C o lum bia :  Q ueen  
C h ar lo tte  Is, M oresby  I, J. A. Ca l d e r  a n d  
R. A. T a y l o r  36259, 24 J u ly  1964; Needles,
C. & M. H e i m b u r g e r  2413, 20 Aug. 1967; 
M cIn ty re  L, C&MH 2412, 24 Aug. 1967; 
M ann ing  P a rk ,  C&MH 6675, 23 J u ly  1972; 
A lberta :  C olem an, C&MH, 16 Aug. 1967; 
R. occ iden ta lis  N u t t ., 2n  =  28; B r i t ish  Co­
lu m b ia :  Q ueen  C h ar lo tte  Is, P. J. S c o t t  74, 
8 J u n e  1971; R. ca lifo rn icus  B e n t h ., 2n =  
28; C a l ifo rn ia :  Sta. Inez  Mts, Schofie ld  
P a rk ,  D. E m e r y , S a n ta  B a rb a ra  BG.

W h i le  m o s t  R a n u n c u l i  h av e  c h ro m o so m e  
n u m b e rs  based  o n  x =  8, a  second  base  
n u m b e r ,  x =  7, ch a ra c te r ize s  som e o f  th e  
species of section  E ch ine lla  (see be low ), 
a n d  som e of the  species o f  section  R a n u n ­
culus.

T h e  species s tud ied  h e re  a re  r e p re s e n ta ­
tive of th e  x =  7 series, invo lv ing  th e  R. 
acris, R. sericeus, a n d  R. ve lu tin u s  g ro u p s  
in  E u ra s ia ,  a n d  the  R. u n c in a tu s  - R. occi­
den ta lis  com plexes  in  w es te rn  N o r th  A m e­
rica. Species f ro m  these  g ro u p s  h av e  very  
s im ila r  k a ry o ty p e s ,  a n  o b se rv a t io n  easily  
ver if ied  f ro m  T ab le  1 if va lues  fo r  re la t iv e  
ch ro m o so m e  leng th  in  p e rc e n t  of CL, a n d  
c o r re sp o n d in g  c e n t ro m e re  positions, a re  
c o m p a re d  by  read in g  th e  tab le  ver t ica l ly  
r a th e r  th a n  ho r izo n ta lly .  Fig. 1 i l lu s tra te s  
the  k a ry o ty p e  of R. acris. S im ila r  k a r y o ­
types  a re  seen in  i l lu s tra t io n s  fo r  R. acris  
by  Gr e g s o n  (1965) o r  K u r i t a  (1957 a). 
T h e  k a ry o ty p e s  of R. ja p o n ic u s  T h u n b . 
a n d  R. y a k u s h im e n s is  (M a k .) M a s ., as i l lu ­
s tra te d  b y  K u r i t a  (1957 a ) ,  show  the  sam e 
p a t te rn .

Old W o r ld  a n d  N ew  W o r ld  m e m b e rs  of 
the  x =  7 series d if fe r  in  c h ro m o so m e  size. 
T h is  is ev iden t in  DNA values, a n d  it is 
re f lec ted  also in  d ip lo id  c o m p le m e n t  
leng th , as  sh o w n  in  T ab le  1. T h e  E u r o ­
p e a n  species s tud ied  a re  all in  the  m e d iu m  
size range , e.g., R. acris  (DNA .525) in  the  
lo w er  m e d iu m  range , R. ve lu tin u s  (.649) 
in  the  u p p e r  m e d iu m  range . N o r th  Ame-
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T a b ic  1. Relative am ounts of nuclear DNA in terms of Anemone virginiana L. ( =  1.0), typi­
cal cliploid complement lengths (CL) in pt, typical relative chromosome lengths (RCL) and 
corresponding centromere positions in the same cell, in species of Ranunculus, Ceratoce­
phalus, and Trautvetteria. Inform ation for three species m arked with an  asterisk (*) 

determined from  karyotype illustrations of Gr e g s o n  (1965).

Ploidy/Species DNA RCL in °/o of CL Centromere Position

tunculus  subgenus Ranunculus
tion Ranunculus  (x — 7): Haploid sets of 4 aero- 0 submeta- 3 metacentrics (type 4-0-3)

v e lu t in u s ....................
constantinopolitanus

.649 ±.031 
1.361 ±.053

lanuginosus ...............  1.056 ±.044

acris ssp. a c r i s ................525±.006
ssp. b o r e a l i s ................501 ±.017
ssp. granatensis . . .874±.109

ssp. strigulosus . . .

I
I

serbicus . ..

sericeus . . .  
uncinatus .

occidentalis

californicus

.948 ±.022

.437 ±.024 

.698 ±.018

.795 ±.035

77 — 11 11 13 12 14 19 20
71 — 11 11 12 12 17 18 19
63 — 11 12 11 13 15 18 20
53 — 11 12 12 14 14 16 19
71 —  11 11 13 12 15 17 22
58 —  11 12 13 14 14 16 19
69 — 11 11 12 12 14 18 20
62 — 11 12 12 12 14 17 21
73 — 12 9 11 12 17 18 19
56 — 12 11 12 14 15 16 20
70 — 10 11 12 12 17 19 20
58 — 11 12 13 13 14 18 21
73 —  11 10 12 12 16 19 20
60 — 11 11 12 13 13 17 22
62 — 11 12 11 13 14 18 20
56 — 12 11 12 12 15 18 21
42 — 12 11 12 13 13 17 22
45 — 11 10 10 15 13 16 24
37 — 11 10 12 14 14 15 26
43 —  11 11 13 11 17 17 19
34 —  13 14 15 10 12 15 20

5.9 4.2 3.2 2.8 1.2 1.1
4.9 3.6 2.8 2.6 1.2 1.1
4.4 3.9 2.9 2.6 1.3 1.1
6.8 3.6 3.1 2.3 1.3 1.1
6.1 3.5 2.9 2.5 1.2 1.2
5.2 2.8 2.7 2.4 1.3 1.2
4.3 3.7 2.6 2.3 1.2 1.1
4.5 3.5 3.2 2.3 1.3 1.1
3.6 3.6 2.8 2.4 1.0 1.2
3.9 3.5 3.0 2.6 1.2 1.2
7.9 3.9 3.1 2.8 1.1 1.1
6.2 4.6 3.6 2.8 1.3 1.3
5.3 3.9 3.1 2.6 1.2 1.1
5.3 3.9 3.1 2.6 1.2 1.1
5.0 3.9 3.6 3.1 1.2 1.1
4.9 3.6 3.0 2.4 1.2 1.2
5.0 3.8 3.1 2.5 1.2 1.3
4.0 3.3 3.2 2.5 1.1 1.2
4.3 3.6 2.5 3.1 1.0 1.9
3.4 3.4 3.1 2.8 1.1 1.1
6.3 3.4 3.3 2.6 1.2 1

'SMSI
If

1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.2 
1.1 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2

:tion Ranunculus  (x=8) /Rhizomatosi:  Haploid sets of type 5-0-3
i

i

cappadocicus . . .. .759 + .029 74 10 11 11 11 12 13 14 16 8.7 5.6 4.1 3.3 2.6 1.2
o r e o p h i lu s ............. .481+ .011 53 10 11 12 11 12 13 14 16 7.6 5.7 3.9 3.3 2.8 1.1
grenierianus ......... .641 +  .030 60 10 10 11 12 13 14 14 16 5.7 4.7 4.0 3.0 2.5 1.1
gouanii ................. .704 +  .020 73 10 10 11 12 13 14 14 15 6.9 4.9 3.9 2.9 2.5 1.1
m ontanus  ............. 1.093+ .023 70 10 10 11 12 13 13 15 16 6.5 4.8 3.6 2.8 2.3 1.1

63 10 11 11 12 13 14 14 16 7.2 5.1 3.9 3.0 2.5 1.1
recurvatus ........... .992+ .031 63 10 11 11 12 13 13 13 16 8.0 4.8 3.6 3.1 2.6 1.2

55 10 11 11 12 13 12 14 16 7.8 4.5 3.8 3.1 2.7 1.3

Chromosome number in text.

;tion Ranunculus {x =  8)/Praemorsi, northern  range:
.698 ±.026 81 11 11polycinthemos  ...........

nemorosus  ..................
repens ...........................

bulbosus s.l..................
ssp. gallecicus

p r a te n s i s ......................
*neapolitanus ..............
m a c ro p h y ll i is ..............
quelpaertensis ...........
c h in e n s i s ......................
pensylvanicus  ...........
m a c o u n i i ......................

.684 ±  .026 82 11 11
1.074 ±.033 81 11 11

70 11 11
.600 ±.012 82 11 11

80 11 11
.745 ±.058 77 11 12

82 12 10
.706 ±.060 78 12 12

60 11 12
.623 ±.050 66 12 12
.504 ±.014 58 11 12

1.459 ±.059 64 10 12
51 11 13
48 11 12

Haploid sets of type 5-2-1
12 12 12 13 14 15 9.9 6.0
12 12 13 13 13 15 9.6 5.7
11 12 11 11 13 16 9.9 9.0
11 13 14 12 13 13 9.9 8.3
11 12 12 13 13 15 9.9 7.1
12 12 12 13 13 15 9.9 6.5
12 11 11 13 14 15 9.9 6.4
9 11 13 14 15 15 9.9 9.5

12 11 13 13 13 14 9.2 7.4
11 12 13 13 13 14 7.8 4.4
12 12 12 13 13 14 7.7 5.8
12 12 13 12 13 15 9.0 4.6
13 12 11 11 14 16 4.1 4.0
13 11 12 12 13 14 4.5 3.9
12 11 13 12 13 15 7.9 3.8

4.5
4.8 
5.4 
6.1
4.8
4.6
5.3
5.7
4.8
3.7 
4.0
4.3
3.4
3.5
3.8

3.8 
4.0
3.5
3.5
3.9
3.8 
4.3
4.9
4.2
3.5 
3.7
3.5
3.2
3.2
3.5

2.9 
3.4 
3.3
2.9
3.7
3.6
3.8
4.1
3.8
2.9
3.1 
3.0
2.7
2.7
2.8

1.8
1.9
1.4
1.4
1.9 
1.6 
1.7 
1.6 
1.6
1.9
1.5
1.9
1.6
1.5
1.6
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Ploidy/Species RCL in o/o of CLDNA Centromere Position

Section Ranunculus  ( x = 8 ) /Praemorsi, southern range: Haploid sets of type 6-1-1

2n hirtus  ...................... .514+ .023 53 12 11 13 13 13 13 13 13 5.9 4.6 4.0 3.7 3.3 2.8 1.5 1.2
lappaceus ............. 53 12 12 12 12 12 13 13 14 7.3 5.4 4.2 3.6 3.2 2.0 1.6 1.2
graniticola ............ 49 12 11 12 11 13 13 13 14 5.5 4.5 3.7 3.2 3.0 2.2 1.7 1.1

4n h i s p id u s ................. 1.135+ .064 64 13 11 12 12 12 12 14 14 6.5 4.7 4.3 4.0 3.7 2.1 1.5 1.1
54 13 12 13 11 14 13 12 12 8.3 5.4 4.4 4.0 4.0 2.9 2.1 1.0

fa sc ic u la r is ............ . . .  1.229+ .066 60 12 13 11 14 12 12 12 14 8.3 4.7 4.1 3.6 3.2 2.7 1.6 1.1
53 14 12 10 14 12 13 12 14 6.3 4.2 3.7 3.5 3.3 2.6 1.5 1.1

8n septentrionalis 1.879+ .059 67 12 13 11 12 12 14 12 15 7.3 4.9 4.5 3.4 3.5 2.3 1.4 1.1
59 11 12 10 12 12 14 13 15 7.4 4.9 4.6 4.4 2.9 2.6 1.5 1.1
54 12 13 10 12 12 14 12 16 6.1 4.7 4.3 3.5 3.2 3.1 1.6 1.2
47 8 15 10 12 14 13 11 17 6.6 4.7 3.9 3.7 3.3 2.4 1.8 1.1

geoides .................. . 2.085 61 11 14 13 13 12 11 12 12 8.3 4.3 3.8 3.8 3.2 2.9 1.6 1.0
: 58 12 13 13 13 12 12 11 13 4.8 4.5 3.8 3.6 3.4 2.7 1.5 1.0
i 55 2 13 13 13 12 12 12 13 9.7 4.6 4.1 3.7 3.3 2.9 1.6 1.1

51 12 14 12 13 12 12 11 13 8.2 4.7 3.9 3.8 3.0 2.7 1.7 1.1

Section Ranunculus  (x = 8)/Annuals: Haploid sets of types 6-1-1 and 5-1-2

2n sarclous ................. .429+ .013 65 11 11 11 12 12 13 14 16 9.9 4.6 3.9 3.2 2.9 1.9 1.2 1.1
6n trilobus .................. .975+ .048 59 10 10 12 11 13 13 15 16 6.6 4.4 3.6 2.9 2.8 1.6 1.3 1.1

55 10 10 11 11 13 13 15 16 6.0 4.8 3.5 3.5 2.8 1.6 1.3 1.0
49 11 10 11 12 13 11 14 17 3.4 4.5 4.3 3.3 2.6 2.3 1.6 1.0

4n m a r g in a tu s ........... .757+ .024 58 11 12 11 11 14 12 13 16 9.9 5.2 3.8 3.6 3.4 2.8 1.7 1.0
50 12 12 11 12 12 12 13 16 5.5 4.6 3.8 3.7 3.4 2.8 1.7 1.1

6n muricatus  ............. 1.036+ .055 71 10 11 11 13 13 13 13 15 8.8 4.7 3.8 2.8 2.5 2.3 1.8 1.1
63 10 12 11 11 13 13 14 15 8.2 5.5 4.2 3.4 3.0 2.6 1.6 1.0
58 10 12 10 12 13 14 12 15 9.9 4.0 5.0 3.5 2.8 2.6 1.2 1.1

Section Ranunculastrum  (x =  8)!Xipliocoma : Ilaploid sets of type 5-0-3

2 a psilostachys  ......... .554+ .031 67 10 10 12 12 13 13 14 16 9.9 4.8 3.3 2.8 2.1 1.2 1.1 1.1
oxyspermus  ......... .605 +  .083 62 10 11 11 12 13 13 14 16 6.7 4.3 4.0 2.7 2.3 1.1 1.1 1.1

4 n i l l y r i c u s .................. .819+ .053 67 10 10 11 12 12 13 15 15 5.7 4.2 3.0 2.5 2.2 1.1 1.1 1.1
1 60 9 10 11 13 13 13 14 15 7.0 4.3 3.4 2.6 2.0 1.2 1.1 1.1

1 monspeliacus  . . . . 1.050+ .041 66 10 12 11 12 12 12 13 15 7.5 4.5 3.3 2.6 2.2 1.0 1.1 1.1

1 55 9 11 13 13 12 12 13 16 6.3 4.2 3.2 2.7 2.3 1.1 1.0 1.0

Section Ranunculastrum1 (x =  8) /Pterocarpci Haploid sets of type 5-0-3

2n pedatus  .................. .470+ .010 64 10 10 12 12 13 14 15 16 7.6 4.9 3.0 2.8 2.5 1.2 1.1 1.1
1 severtsovii ........... 58 10 10 11 12 13 14 14 16 7.1 4.5 3.2 2.7 2.4 1.2 1.2 1.1i gregarius ............. .556 + .037 64 10 11 12 11 12 13 14 16 7.1 4.9 3.2 2.8 2.6 1.2 1.1 1.2'■ nigrescens ........... .612+ .087 78 9 10 11 12 13 13 15 16 7.2 5.3 3.5 2.4 2.2 1.1 1.1 1.1

creticus .................. .738 + .082 76 10 11 12 12 13 12 14 15 7.1 4.9 4.2 3.2 2.7 1.2 1.1 1.1
asiaticus ................ .855 + .028 84 10 10 11 12 12 13 15 16 8.6 4.9 3.8 2.9 2.5 1.2 1.1 1.1
millefoliatus  ......... .839 + .040 89 10 11 11 12 12 13 14 16 7.8 4.6 3.2 3.0 2.4 1.2 1.1 1.0
cortusifolius  ......... 1.049+ .027 108 10 11 12 12 13 12 14 16 9.9 4.4 4.2 3.4 3.0 1.2 1.1 1.1

Section P hysophyllum  (x =  8): Haploid sets of type 5-0-3

2n bullatus  .................. 70 10 11 11 11 12 12 15 16 8.0 6.0 4.2 3.9 2.7 1.1 1.1 1.1

Section Ficaria (x =  8): Haploid sets of type 5-1-2

2n *ficaria .................... 114 10 10 9 13 9 15 15 18 9.9 9.8 5.6 4.0 2.1 1.5 1.2 1.1
4n ficaria .................... 1.994+ .307 124 10 10 11 12 11 13 16 17 9.9 5.6 4.0 3.1 2.3 1.6 1.1 1.2

1 102 10 10 11 11 12 12 15 18 9.6 5.8 4.4 3.7 2.6 1.7 1.2 1.1
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Ploidy/Species RCL in °/o of CL Centromere Position

Section Ranuncella  (x = 8 ) :  Haploid sets of type 4-0-4
2n g r a m in e u s ............................579 ±.020 70 8 10 10 12 13 14 16 17

bup leu ro id es ..................................... 673 66 9 9 10 11 13 14 16 17
ca la n d r in io id e s  693 ±.023 68 9 8 9 12 12 14 17 18

4n parnassifolius  ................... 812 ±.016 54 7 8 10 14 13 14 16 16
42 8 10 12 11 10 14 15 19

Section Thora  (x =  8): Haploid sets of type 4-0-4

2n thora   397 58 8 8 11 12 12 14 16 18
hybridus    56 8 8 9 12 13 13 16 19

Section Aconitifolii (x =  8 ) : Haploid sets of type 4-0-4 

2n aconitifolius    58 9 10 11 12 12 13 15 16

Section Leucoranunculus  (x = 8 ) :  Haploid sets of type 4-0-4

2n alpestris .............................. 330 63 7 10 11 11 12 14 16 18
t r a u n fe l ln e r i   52 8 9 11 12 12 13 16 18
crenatus  370 ±.037 58 8 9 10 12 12 13 16 18

Section Crymodes  (x =  8 ) : Haploid sets of type 4-0-4 

2n g la c ia l i s ................................373 ±.016 48 8 9 9 12 12 15 16 19

Section Coptidium  (x = 8 ) :  Haploid sets of type 4-0-4 
2n la p p o n ic i i s ..........................956 ±.046 102 7 9 10 12 12 13 17 18

Section Halodes  (x =  8 ) : Haploid sets of type 4-0-4
2n c y m b a la r ia .......................... 407 ±.022 51 8 10 10 12 13 14 15 17
6n plant a g in i fo l iu s   1.353 ±.103 62 11 11 10 12 13 14 14 15

56 11 12 11 12 13 13 14 14 
48 12 12 12 14 11 13 13 13

6.2 4.9 4.0 2.9 1.2 1.2 1.2 1.1
7.1 5.3 4.7 3.3 1.2 1.1 1.1 1.1
6.6 5.2 4.1 3.3 1.1 1.0 1.0 1.1
4.3 3.7 2.7 2.5 1.2 1.1 1.0 1.2
4.2 3.6 3.3 2.6 2.1 1.1 1.1 1.0

5.7 4.7 3.3 2.9 1.2 1.1 1.1 1.0
5.6 5.3 4.4 2.2 1.1 1.2 1.0 1.1 I

7.4 4.7 3.7 2.6 1.2 1.2 1.2 1.1 I
.1

5.8 3.7 2.9 2.6 1.2 1.0 1.1 1.1
5.2 4.9 4.7 2.7 1.1 1.1 1.1 1.1 |
5.0 4.3 3.6 2.9 1.1 1.1 1.1 1.1 I
4.4 3.9 3.7 2.6 1.1 1.2 1.0 1.0 f,

6.5 5.9 2.9 2.3 1.2 1.2 1.1 1.0

7.8 5.7 3.8 2.4 1.1 1.1 1.1 1.0 ■
8.8 4.8 3.9 2.5 1.1 1.1 1.0 1.1 J
9.9 5.9 3.5 2.3 1.2 1.1 1.0 1.1 1
7.4 5.0 4.6 2.4 1.2 1.1 1.1 1.0 I

Section Pseudaphanostemma  (x =  8 ) : Haploid sets of type 4-0-4 

2n hystriculus  .................  88 9 10 10 11 13 14 15 16

Section Auricomus (x =  8 ) : Haploid sets of types 3-1-4, 3-2-3, 4-0-4

2n a b o r t iv u s ...............................273 ±.012 44 8 12 9 11 12 15 15 16
r h o m b o i d e u s ..................... 275 ±.010 51 9 8 12 11 13 14 15 17

4n affinis  ....................................423±.033 44 11 10 9 11 11 14 15 16
32 9 10 10 12 13 14 14 17

a u r ic o m u s ........................... 300 46 7 9 12 13 13 13 16 16
37 8 10 9 13 13 13 15 19

c a ssu b ic u s .................... 66 9 11 11 11 14 14 15 15
50 10 11 11 9 13 14 16 16

allenii ...................................460±.022 -— -------------------- —--------------
6n n i v a l i s ................................... 666 ±.015 —  —--------- ----- -------------------

e sch sc h o ltz i i .......................726 ±.015 56 11 9 12 10 13 13 15 16
44 8 10 11 10 13 15 16 16
40 9 10 11 11 14 15 15 16

8n ca rd io p h y l lu s ...................... 660 ±.032 50 8 11 11 13 13 14 14 15
46 8 10 11 14 13 13 14 15
37 9 8 12 12 14 14 15 15
33 8 9 11 12 14 14 15 17

4.6 3.6 3.3 2.0 1.1 1.2 1.1 1.0

2.9 2.9
3.6 2.7
2.9 2.3 
4.3 2.9
4.9 4.2
6.7 3.8
4.2 2.7
3.2 3.0

2.3 1.6 1.2
2.3 1.9 1.2
1.4 1.2 1.8
1.7 1.2 1.8
2.4 1.5 1.3
2.6 2.1 1.5
2.6 1.5 1.3
2.4 1.9 1.2

1.1 1.0 1.1
1.3 1.1 1.1
1.4 1.2 1.0
1.2 1.1 1.4
1.2 1.1 1.0 
1.1 1.2 1.2 
1.2 1.1 1.1 
1.1 1.1 1.2

3.8 2.8 2.6 1.4 1.2 1.1 1.2 1.1
5.4 3.0 2.5 2.0 1.4 1.1 1.1 1.2
4.9 2.6 2.5 2.0 1.2 1.1 1.1 1.0
3.7 2.8 2.4 1.4 1.2 1.5 1.1 1.1
3.8 2.8 2.3 2.0 1.2 1.1 1.1 1.0
3.4 2.8 2.0 1.0 1.0 1.8 1.2 1.1
4.1 3.1 3.0 1.2 1.5 1.3 1.0 1.1
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Ploidy/Species RCL in °/o of CL Centromere Position

6n insignis .................... .892 + .090 78 10 11 11 13 11 13 15 16 5.8 5.4 3.1 2.8 1.1 1.5 1.2 1.1
66 12 12 12 13 12 12 12 14 7.3 4.5 3.3 3.1 1.1 1.1 1.1 1.6
48 10 11 14 12 11 13 14 15 5.2 5.1 4.6 2.8 2.5 1.4 1.0 1.1

lyallii ........................ 63 14 9 11 11 10 13 15 18 9.9 4.4 4.1 3.0 1.4 1.4 1.0 1.2
50 13 9 11 9 11 13 14 18 4.7 4.5 4.3 4.0 1.4 1.1 1.2 1.2
38 12 10 7 7 13 13 15 23 4.7 4.5 4.1 3.0 1.3 1.8 1.1 1.2

Section Flammula  (x=8) : Haploid sets of types 4-1-3 and 5-1-2
4n f lam m ula  ................ .689 + .025 49 10 14 11 13 8 11 16 16 4.8 3.8 2.8 2.7 2.6 1.2 1.1 1.0

37 13 9 11 14 6 11 15 19 5.0 4.0 3.4 2.7 1.8 1.2 1.1 1.0
var. ovalis .......... 51 10 13 10 12 9 14 15 18 5.0 3.6 3.6 3.1 1.5 1.2 1.0 1.1

41 11 13 12 10 8 13 15 20 8.0 5.6 3.6 2.5 1.3 1.0 1.3 1.1
var. filiform is . .675 ±.032 43 10 11 10 12 10 12 16 18 3.7 3.0 2.9 2.6 1.3 1.3 1.1 1.0

34 11 10 13 12 8 10 16 18 4.0 3.1 2.9 2.2 1.3 1.7 1.1 1.2
6n var. filiformis . .822 ±  .022 61 10 10 11 12 10 13 16 17 4.5 3.9 2.9 2.6 1.3 1.1 1.2 1.0

53 10 11 12 13 9 11 14 19 4.3 4.0 3.0 2.6 1.5 1.2 1.1 1.0
46 11 9 12 15 9 10 13 19 4.2 4.0 3.0 2.8 1.6 1.2 1.1 1.1

16n lingua ...................... 2.374+ .970 —

2n ophioglossifolius . .634 ±  .020 82 10 10 11 13 8 14 16 18 8.5 6.1 4.8 3.3 2.4 1.4 1.1 1.1

Section Micranthus  ( x = 8 ) : Haploid sets of type 5-1-2
2n lateriflorus .............. .257+ .010 49 10 10 11 12 8 13 17 19 8.6 4.9 4.2 3.6 2.8 1.3 1.0 1.1

Section Echinella  (x =  8): Haploid sets undeterm ined (below: 4-2-2 and 5-1-2)
4n a r v e n s i s .................... .718+ .023 52 11 11 9 12 12 14 15 16 9.9 6.7 5.6 3.8 1.8 1.6 1.1 1.1

37 8 13 8 11 12 14 17 17 6.3 5.9 4.0 3.8 2.4 1.1 1.4 1.1

Section Echinella  (x==7): Haploid sets of types 5-0-2 and 5-1-1
2n chius  ........................ .400 + .020 49 — 10 11 12 14 13 18 21 — 5.9 5.6 3.1 2.8 2.6 1.1 1.1
4n parviflorus  .............. .699 + .027 56 — 10 12 11 13 12 19 22 — 4.9 4.1 2.7 2.5 2.4 1.2 1.1

47 — 12 12 11 11 12 20 22 — 5.8 4.6 3.4 2.8 2.0 1.1 1.1
2n p e n ta n d r u s .............. .277 + .001 26 — 11 11 14 13 14 17 19 — 4.6 4.2 3.9 3.2 2.4 1.7 1.1

Section Hecatonia (x =  8) : Haploid sets of types 3-2-3 and 4-1-3
4n sceleratus ............. .397+ .014 48 7 12 11 12 13 13 14 16 3.5 2.7 2.6 1.3 1.6 1.5 1.0 1.1

35 7 12 11 9 13 14 16 18 4.0 3.0 2.5 1.7 1.3 1.0 1.8 1.2
8n var. m ultifidus .858 58 12 10 12 12 12 13 13 15 3.0 2.6 2.5 1.3 1.0 1.3 1.5 1.2

50 10 9 13 13 13 13 14 15 3.0 2.5 2.5 2.3 1.4 1.1 1.1 1.2
41 10 9 13 10 13 13 15 15 3.5 2.8 2.4 1.4 1.1 1.4 1.3 1.1
32 11 11 14 9 12 14 14 16 4.0 2.6 2.5 2.1 1.4 1.3 1.1 1.2

gmelinii ................ .873 + .030 47 10 10 9 12 13 13 15 17 7.3 4.2 2.5 1.6 1.1 1.2 1.3 1.1
38 10 8 11 12 13 13 16 17 4.8 4.0 4.0 1.1 1.7 1.1 1.1 1.4
33 10 8 11 12 13 14 16 16 4.2 3.8 3.0 1.1 1.8 1.1 1.1 1.3
28 10 9 10 11 12 15 16 17 4.1 4.0 3.7 3.0 1.1 1.0 1.3 1.4

6n inundatus  ............. .523+ .018 -  -

Subgenus Batrachium  (x =  8): Haploid sets of types 4-3-1, 5-3-0, 4-2-2
2n peltatus  ................. 44 6 9 15 11 14 12 14 19 3.5 3.3 2.4 2.3 2.3 1.5 1.4 1.4

sphaerospermus . .295 ±  .028 47 7 11 11 12 13 14 15 17 4.3 2.9 2.3 2.2 1.6 1.8 1.4 1.1
4n baudotii ................ .469+ .018 52 7 13 9 11 12 14 14 17 2.9 2.8 2.3 2.0 1.6 1.4 1.3 1.3

38 8 14 12 13 9 13 14 15 3.3 2.6 2.3 2.3 1.1 1.4 1.8 1.4
6n tripartitus  ............. .506 + .025 — — --------------------- — — — — — - — — — — — — — —

lo n g iro s tr is ............ 57 8 9 11 11 13 14 16 18 7.6 3.3 2.4 2.3 1.5 1.0 1.1 1.2
47 9 10 9 12 13 15 16 16 3.7 3.2 2.4 1.9 1.8 1.5 1.1 1.1
41 9 10 8 12 13 15 16 18 3.2 3.0 3.0 2.3 1.4 1.5 1.0 1.1
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RCL in ®/0 of CLDNA Centromere PositionPloidy/Species

Ceratocephalus (x =  7): Haploid sets of type 2-0-5
2n te s t ic u la tu s ..................  30 —  9 11 15 15 16 17 17 — 2.9 2.6 1.2 1.3 1.0 1.1 1.1
6n f a l c a t u s .................................591 ±.036 — — ---------------------    — — — — — — _ _

9 11 12 12 13 16 18 5.2 4.9 4.7 2.7 1.1 1.1 1.1 1.1

Trautvetteria  (x =  8): Haploid sets of lype 4-0-4 
2n carolinensis ...............  130 8

rican species (e.g., R. uncinatus  .698) are 
in the “small” size range if notice is taken 
of their ploidy levels.

Except for R. Constantinopoli tanus,  a 
hexaploid member of the R. velutinus  
group, all the European or Oriental spe­
cies studied have chromosome numbers at 
the diploid or tetraploid level, as previous­
ly reported by other authors (see B o l -  
k h o v s k i k h  et al. 1969). The three western 
North American species studied are tetra- 
ploids, as previously reported by T a y l o r  
and M u l l i g a n  (1968) for R. uncinatus  
and R. occidentalis  from Queen Charlotte 
Is, and by C o o n e n  (1939), S n o w  (1959), 
and G r e g s o n  (1965) for R. californicus.

Polyploidy in R. acris  ssp. granatensis  
and ssp. strigulosus  —  taxa here reported 
to be tetraploid —  was conjectured on 
morphological grounds by C o l e s  (1971), 
who accepts both of them as distinct spe­
cies on the basis of their distribution and 
ecology. H a r a  and K u r o s a w a  (1956) re­
port three ploidy levels, 2n, 4n, and 6n, 
in the R. acris  group in Japan. They con­
fine R. acris  to diploid races, treating the 
E. Asian polyploids (which are described 
as distinct from diploids in their ability to 
form subterranean stolons) as R. grandis  
H o n d a .

R. acris  ssp. granatensis  has twice the 
number of chromosomes as ssp. acris  while 
appearing to have less than twice the 
amount of nuclear DNA. This suggests 
that it has smaller chromosomes than the 
latter. However, detailed karyotype anal­
ysis indicates that its complement cannot 
be uniformly smaller than that of ssp. 
acris,  rather, it seems to consist of two di­

ploid chromosome sets differing in size. 
While subdivision of polyploid comple­
ments into diploid subsets is arbitrary, it 
can be seen in Table 1 that subsets isolated J
in ssp. granatensis  on the basis of chromo­
some size are virtually identical in terms 
of relative chromosome lengths in percent 
of diploid complement length, as well as 
centromere position. Only their CL values 
differ, the larger set (73 p) exceeding the 
smaller one (56 p in the same cell) by 
approximately 30 °/o of its length. Note: 
These size differentials —  assuming that 
they are not artifacts —  suggest that poly­
ploids such as R. acris  ssp. granatensis  
are amphiploids, and reflect differences in 
DNA content among phylogenetic pro­
genitors at lower ploidy levels. Similar 
size differentials have been found in a 
number of polyploid Ranunculi .  The ob­
served differences are real in the event 
that their values appreciably exceed those 
expected from introduced variation of one 
sort or another. Karyotype studies in com­
posite polyploid hybrids of species differ­
ing in DNA content (unpubl.) suggest that 
in the case of tetraploid complements, the 
introduced variation can range from ap­
proximately 5 to 15 °/o in terms of CL 
values of the respectively smaller diploid 
subsets. Critical values for various levels 
of ploidy are al present unknown, but size 
differentials as great as in ssp. granatensis  
(30 °/o) are in all probability real. 11 is also 
clear, from DNA comparisons, that the ob­
served variation must involve whole chro­
mosome sets, and inspection of Table 1 
will tend to confirm this in terms of their 
chromosomal parameters.
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Fig. L Karyotypes of diploid species based on x =  7, genera Ranunculus  and Ceratocephalus. 
—  Top row: Ranunculus acris (sect. Ranunculus)-, second row: R. chius (sect. Echinella)-, 
third row: R. pentandrus  (sect. Echinella); bottom row: Ceratocephalus testiculatus. The 
Ceratocephalus karyotype is distinct in the predominance of metacentric or near-meta-

centric chromosomes. — X 4,200.

Species b a sed  o n  x —7 in  section  R a n u n ­
cu lus  h av e  c o m m o n  m o rp h o lo g ic a l  a t t r i ­
bu tes,  as fo llow s: te re te  pedicels  ( ra th e r  
th a n  g roo v ed ) ;  g la b ro u s  to r i ;  and ,  except 
in  R. ve lu t in u s  a n d  R. Constantinopolita-  
nus ,  p a te n t- sp re a d in g  r a th e r  th a n  reflexed  
sepals  ( te rm ino logy  of D a v i s  1960; T u t i n  
1964). W e s te rn  N o r th  A m erican  species, 
d is t inc t  th o u g h  th e y  a re  in  f lo ra l  s t r u c ­
tu re ,  vague ly  resem ble  R. acris.  B e n s o n  
(1948 p. 72) d iscusses  su sp ec ted  sterile  
h y b r id s  b e tw ee n  R. acris  a n d  R. u n c in a tu s  
co llected in  A laska  by J. P .  A n d e r s o n  
(D u tch  H a rb o u r ;  Gull Isl.; J u n e a u ) ,  a n d  
v a n  S c h a a c k  (A leutian  Is.).

D a v i s  (1960) classifies  species of sec­
t ion  R a n u n c u lu s  in  tw o m o rp h o lo g ic a l

series, (i) Rhizorngtoßi,,  species, w i th  e lo n ­
gate, ob lique  o r  h o r iz o n ta l  rh izo m es ;  (ii) 
P raem orsi ,  species w ith  sh o r t ,  erect, r h i ­
zom es o r  c o n n s .  Yet as fa r  as  conce rns  the  
p re s e n t  species, no c lea r  d iv ision  of th is  
so r t  seem s to ob ta in .  R. lanug inosus  fo r  
in s ta n ce  m ig h t  be descr ibed  as in te rm ed ia te  
be tw een  R. v e lu t in u s  (p raem orse)  an d  R. 
sericeus  (creeping  rh izo m e) ,  th o u g h  in its 
g en e ra l  m o rp h o lo g y  it com bines  a t tr ib u te s  
of the  fo rm e r  a n d  R. acris. H ow ever  th is  
m a y  be, D a v i s  s tresses  th a t  th e  d iv ision  in 
ro o ts to c k  types  is n o t  as c lea r  “in  E u r o p e ” 
as it is a m o n g  O rien ta l  species of section 
R a n u n c u lu s .  He w rite s  (p. 105): “P lan ts  
w ith  p ra e m o rse  o r  e longate  rh izom es are  
o f ten  re fe r re d  to R. acris  L. s.l. —  a spe-
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cies th a t ,  o n  th e  sum  of its c h a ra c te r s  an d  
g en e ra l  aff in ities ,  c e r ta in ly  belongs  to  the  
P raem ors i .” I t  w o u ld  be a  h e lp fu l  co in c i­
dence  if th e  p ro b lem a tic  species w ere  all 
based  on  \  — l .

SE C T IO N  RA N U N C U LU S 
S P E C IE S  BASED ON x =  8

In  c o n t ra s t  to species b a se d  o n  x =  7, 
th o se  w i th  the  c h ro m o so m e  n u m b e r  based  
on  x =  8 seem c learly  re fe rab le  e i th e r  to 
th e  “P r a em o rs i” o r  “R h iz o m a to s i” . M ore ­
over, D a v i s ’s subd iv is ion  is re f lec ted  in  
k a ry o ty p e s .  I t  is th e re fo re  a d o p te d  below .

A. Rhizomatosi :  R. ca p p a d o c ic u s W lL L D .,  
2 n = 1 6 ;  R oya l BG K ew  (accession f ro m  
T u rk e y ) ;  L e n in g ra d  BG; R. m on tan us  
W i l l d . ,  2n  =  32; W ro c la w  BG; M unich  
BG; T h .  E g l i ,  W ä d e n sw il  (cu lt .) ;  S w itze r­
land :  Kt. G rau b ü n d en ,  D avos-L are t,  E. 
L a n d o l t ,  12 Aug. 1971; R. gouanii  W i l l d . ,  
2 n = 1 6 ;  M un ich  BG; S ta t io n  N at. d ’Essais , 
V ersailles  (accession f ro m  the  E a s te rn  Py- 
r e n é e s ) ; R. grenierianus  J o r d . ,  2 n = 1 6 ;  
S w itze rland : Kt. G raub iinden , D avos, E. 
L a n d o l t ,  28 Ju ly  1971; R. oreophilus  
B i e b . ,  2 n = 1 6 ;  S w itze rland : Kt. Schw yz, 
S aasberg  ob R ich isau , E. L a n d o l t ,  14 Sep. 
1971; R. recurvatus  P o i r . ,  2n =  32; O n ta ­
rio : St. George, C. & M. H e i m b u r g e r  2372, 
20 M ay 1967 ; Rice L„ C&MH 2385, 17 J u n e  
1967; T u rk e y  PL, C&MH 2371, 20 May 
1967; B loom sburg ,  C&MH 2377, 20 xMay 
1967; St. W ill iam s  fo re s try  s ta tion , C&MH, 
28 M ay 1970.

T h e  species s tud ied  hav e  c h ro m o so m e  
co m p lem e n ts  of five a c ro c e n tr ic  a n d  th ree  
m etacentric . p a i rs  p e r  d ip lo id  set (Table  1). 
It seem s w o r th  n o ting  th e i r  re sem b lan ce  
to th e  x =  7 series, species w i th  four  a c r o ­
cen tr ic  a n d  th ree  m e ta c e n tr ic  pa irs .

R. cappadocicus  is a n  u n u s u a l ly  d is tinc t 
O rien ta l  species w h ic h  D a v i s  (1 9 6 0 )  h as  
c h a ra c te r iz e d  as “re lic t" .  I t  h as  a  DNA 
value  of .759  p lac ing  its c h ro m o so m e s  
n e a r ly  in  the  size ca teg o ry  “la rg e ” . T h e  r e ­
m a in in g  species s tud ied  a re  in  th e  m e d iu m  
size range. All a re  d ip lo ids  o r  te trap lo id s ,
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as p re v io u s ly  sh o w n  by  o th e r  a u th o rs ,  e.g., 
fo r  R. cappadoc icus  b y  A l e x a n d r o v a  
(1967, R. am p e lo p h y l lu s  S o m .  & L e v . ) ;  R.  
montanus  gro u p , L a n d o l t  (1954, 1956); 
R. recurvatus,  C o o n e n  (1939). L a n d o l t  
(1954) show s th a t  R. m ontanus  is a n  am - 
p h i te t ra p lo id  co m b in in g  g enom es  of R. 
carinthiacus  H o p p e  a n d  p ro b a b ly  R. gre­
nierianus.

Rhizomcdosi  based  o n  x  =  8 a re  l ike  c e r ­
ta in  m e m b e rs  of th e  x =  7 series in  h av in g  
te re te  pedicels; p a te n t- s p re a d in g  sepals; 
t r ip a r t i te ,  in c o m p le te ly  segm en ted  leaves; 
and  s im ila r  ro o ts to c k  ch a ra c te r is t ic s .  T h ey  
d iffe r  f ro m  th e  x =  7 series in  possess ing  
p u b escen t  tori. T h is  a t t r ib u te  m a y  ind ica te  
a d if fe re n t ia t in g  f e a tu re  c o r re la te d  w ith  
c h ro m o s o m e  b ase  n u m b e r  in  sec tion  R a ­
nunculus,  since species of the  P raem ors i  
series b a sed  o n  x =  8 (see below ) likew ise 
have  p u b escen t  tori.

R. recurvatus  is a n  iso la ted  N o r th  A m e­
r ica n  m e m b e r  of th e  R h izom atos i  series 
based  on  x =  8, in  te rm s  of the  above  a t t r i ­
bu tes  as w ell as k a ry o ty p e .  A ccord ing  to 
B e n s o n  (1940, 1948), it is u n iq u e  in  a t t r i ­
bu tes  of the  n e c ta ry  scale. B e n s o n  n e v e r ­
theless g ro u p s  it to g e th e r  w ith  a  species of 
the  x =  7 series —  R. uncinatus  —  w h ich  
it resem bles  in  f lo ra l  s t ru c tu re  a n d  achene  
m o rp h o lo g y .  H u l t é n  (1968) h a s  po in ted  
ou t  th a t  r e p o r ts  of R. recurvatus  f ro m  the  
USSR (C o m m an d e r  Is, O v c z i n n i k o v  1937) 
a re  based  on  R. occidentalis  ssp. nelsonii  
—  a  ta x o n  p re s u m a b ly  of the  x =  7 series.

B. P raem ors i  (N o r th e rn  R a n g e ) : R. mci- 
crophyl lus  D e s f . ,  2 n =  16, 1 p o p .;  R. bul- 
bosus  L. s.l., 2 n = 1 6 ,  6 p ops .;  —  ssp. gal- 
lecicus  ( F r e y n  ex W i l l k . )  P. W . Ball & 
H eyw ood , 2n  =  16, C o im b ra  BG; R. p r a ­
tensis  C. P r e s l . ,  2 n =  16, 2 p ops .;  R. nemo-  
rosus  DC., 2 n = 1 6 ,  2 p ops .;  R. po lyanthe-  
m o s  L., 2 n =  16, 5 p o p s .;  R. repens  L., 
2n  =  32, 6 pops. (E u ro p e a n  BG); Q uebec: 
V alca r tie r ,  C. H e i m b u r g e r ,  Aug. 1970; O n ­
ta rio :  T o ro n to  (cu lt .) ;  R. quelpaertensis  
( L e v . )  N a k a i ,  2n =  16, T o k y o  BG; R. chi-  
nensis  L., 2 n = 1 6 ,  C o p en h ag e n  BG; R. pen-  
sy lvanicus  L. f i l . ,  2 n = 1 6 ;  A lberta :  P ine-
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h u r s t  L., P. J. S c o t t  60, 5 J u n e  1971 (as 
R. m a c o u n i i ) ; A g u asab o n  Gorge, C. & M. 
H e i m b u r g e r  2400, 7 Aug. 1967; W is c o n ­
sin: U of W ise . A rb o re tu m ; W ild e rn ess  
Res. Center, B assw o o d  L., W . J. J o h n s o n ,  
26 Aug. 1970; O n ta r io :  C h ippew a, D. M. 
R o b b ,  1966; D eep River, M. M o o r e ,  1967; 
R oslin , C&MH 6070, 29 Aug. 1970; Spey- 
side, C&MH 6234, 3 Nov. 1970; L in d say ,  
C&MH 6515, 12 Aug. 1971; T ren t ,  C&MH 
6022, 19 J u ly  1970; R. macounii  B r i t t . ,  
2n =  48; M ackenz ie  D is t .: Le G ran d  D etour ,  
S lave R., W . J. C o d y  13892, 24 J u ly  1965; 
A lber ta :  R a n fu r ly ,  C&MH 2416, 29 Aug. 
1967; E d so n ,  C&MH 2392, 29 Aug. 1967.

Praem ors i  d if fe r  f ro m  th e  R h izom atos i  
series b a sed  o n  x =  8 in  h av in g  one, r a th e r  
th a n  th ree , m e ta c e n tr ic  c h ro m o s o m e  p a irs  
p e r  d ip lo id  set. C h ro m o so m e  co m p lem e n ts  
of the  ty p e  d esc r ib ed  in  T ab le  1 h a v e  been  
i l lu s t ra te d  fo r  species of the  R. bulbosus  
g ro u p  in  P o r tu g a l ,  N e v e s  (1944 a ) ;  fo r  R. 
n em o ro su s  a n d  allied species, H e s s  (1954); 
R. repens,  R. bu lbosus  group , G r e g s o n
(1965); R. quelpaertensis  (R. ternatus  var. 
glaber) ,  R. h akkoden s is  N a k a i ,  K u r i t a  
(1957 a, 1961 a). DNA values  a re  in  the  
“m e d iu m ” range ,  b u t  N o r th  A m e r ic a n  s p e ­
cies h a v e  a p p re c ia b ly  low er  va lues  th a n  
E u ra s ia n  ones. One of them , R. pensy l-  
vanicus , is p re d o m in a n t ly  a n n u a l .  I t  is 
h e re  r e p o r te d  to be d ip lo id  in  O n tario ,  
W isco n s in ,  a n d  A lberta .  R. macounii  is a 
p a r t ly  s y m p a tr ic  h e x a p lo id  w i th  a  t e n ­
dency  tö  be  a n n u a l  b ü t  m o re  o f te n  b ie n ­
nial o r  p e ren n ia l .  (U nlike  R. pensy lvan i -  
cus , it is p e re n n ia l  o r  a t  least b ie n n ia l  
w h e n  c u l t iv a ted  u n d e r  g reen h o u se  c o n d i­
tions.) I ts  c h ro m o s o m e  n u m b e r  w as  f irs t  
r e p o r te d  b y  K a p o o r  a n d  L ö v e  (1970), w ho  
a lso  c o n f i rm  th a t  ea r l ie r  r e p o r ts  fo r  th e  
sam e species b y  L ö v e  a n d  R i t c h i e  (1966), 
fo llow ed  b y  L ö v e  a n d  K a p o o r  (1967), 
w ere  p ro b a b ly  e r ro n e o u s  a n d  need  no  
longer be ta k e n  in to  accoun t.  R. chinensis  
is an  E. A sian  d ip lo id  fa ir ly  closely  r e ­
sem bling  R. pensy lvanicus,  th o u g h ,  p e c u ­
liarly , c lass ified  b y  O v c z i n n i k o v  (1937) in  
subgenus  Heccitonia ( L o u r . )  DC.

R. repens,  a species cap ab le  of large-
31

scale  vegeta tive  re p ro d u c t io n ,  is genera lly  
re p o r te d  as te trap lo id ,  b u t  T o m a s z e w s k i  
(1959) fo u n d  several p o p u la t io n s  in  P o la n d  
to be  d ip lo id , a n d  o th e r  a u th o rs  r e p o r t  d i­
p lo id s  f ro m  J a p a n  ( M a t s u u r o  a n d  S u t ö  
1935) as w ell as B u lg a r ia  ( K u z m a n o v  a n d  
K o z u h a r o v  1969). T h e  p re se n t  accessions 
a re  te trap lo id .  R. repens  is n o te w o r th y  in  
a  n u m b e r  of respec ts :  its c h ro m o so m es  a re  
m a rk e d ly  sm a lle r  th a n  those  of E u ra s ia n  
d ip lo ids  s tu d ie d  h e re ;  in  DNA con ten t,  it 
re sem b les  N o r th  A m erican  species, e.g. R. 
m a c o u n i i ; th e re  a re  no  s ign if ican t size d i f ­
fe rences  w i th in  its te t ra p lo id  com plem en t.

C. P raem ors i  (S o u th e rn  R an g e) :  N ew  
Z ea lan d : R. hir tus  B k s .  & S o l . ,  2 n = 1 6 ,  
C o p en h ag e n  BG; A ustra l ia :  R. lappaceus  
S m . ,  2n =  16; N S W : U lm a rra ,  P. C o v e n y  
2175, 30 Sep. 1969, N S W  118562 (Royal 
BG S ydney, B. B r i g g s ) ;  R. graniticola  
M e l v . ,  2 n = 1 6 ,  R oyal BG, S ydney ; M exico: 
R. geoides  H.B. & K., 2n  =  64, U of C ali­
fo rn ia  BG, B erke ley ; O n ta r io :  R. septen-  
tr ionalis  P o i r . ,  2n  =  64; A m berley , N. 
S t r a u s ,  10 J u n e  1967; St. W ill iam s  f o r ­
e s try  s ta tion , C. & M. H e i m b u r g e r  2373, 
20 M ay 1967; R ed  B ay, K. Id. R o t h f e l s ,  

20 M ay 1967; Speyside, C&MH, 3 Ju n e  
1967; S toney  Creek, C&MH, 10 Sep. 1970; 
R. h isp idus  M i c h x . ,  2n =  32; T u rk e y  Pt., 
C&MH 2378, 20 M ay 1967; St. George, 
C&MH, 20 M ay 1967; T u rk e y  Pt., C&MH 
3672, 28 M ay 1970; M iss issauga ,,C red it  R., 
12 J u n e  1972; R. fascicularis  M u i i l . ,  2 n =  
32; M o rr iso n  L., K. H. R o t h f e l s  an d  E. 
S e x s m i t h ,  14 M ay 1967; D a lry m p le  L., 
K H R , 14 M ay 1967, 25 M ay 1967; B rech in , 
K H R , 31 M ay 1970; T u rk e y  P t.,  C&MH, 
28 M ay 1970.

T hese  species a re  d is tinc t f ro m  “ N o r th ­
e r n ” Praem ors i  in  th e ir  in c re a sed  n u m b e r  
of ac ro c e n tr ic  ch ro m o so m e s  p e r  d ip lo id  
set (Table  1), b u t  k a ry o ty p e s  in  b o th  a re  
o th e rw ise  alike. DNA values  a re  in  the  
lo w er  m e d iu m  range . A u s tra l ia n  species 
a re  u n u s u a l  in  possess ing  p ro m in e n t  sec­
o n d a r i ly  co n s tr ic ted  ch ro m o so m es.  B r i g g s  

(1960, 1962) h as  i l lu s tra te d  deta ils  of this
B ot. N o tise r, vo l. 127, 1974
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fe a tu re  fo r  v a r io u s  species of the  R. lappa-  
ceus  g roup .

T h e  inc lus ion  of N o r th  A m e r ic a n  species 
u n d e r  th e  h ead in g  “ S o u th e rn ” req u ire s  
ju s ti f ica t ion .  T h e  species invo lved  a re  from  
the  p a n -A m e r ic a n  ta x o n o m ic  co m p lex  d e ­
s ignated the  R. sep ten tr iona lis  g ro u p  b y  
B e n s o n  a f te r  its w e l l -k n o w n  E a s te rn  N o r th  
A m erican  m e m b er .  T h e  cen te r  o f  d is t r i ­
b u t io n  is in  Mexico, and  its o r ig in  p r o b ­
ab ly  S o u th e rn .  T h e  N o r th  A m er ic an  c o m ­
p o n en t inc ludes  a single species, R. ortho-  
r h y n c h u s ,  in  th e  W es t,  an d  a  g ro u p  of s p e ­
cies (essentia lly  th o se  s tud ied  h e re  except 
fo r  R. geo ides) in th e  E ast .  A co m m o n  a t t r i ­
b u te  of these species is th e  e longate , s tra igh t,  
p e rs is ten t  style, as p o in te d  ou t  b y  B e n s o n .

Species of th e  R. sep ten tr iona lis  g ro u p  
a re  even -po lyp lo id  a t  the  te tra p lo id  or 
oc top lo id  levels. T h e re  a re  n o  “N o r th e r n ” 
P ra em o rsi  invo lv ing  such  h igh  p lo idy  le v ­
els. C o o n e n  (1939) p re v io u s ly  s tud ied  R. 
fascicu laris  a n d  R. sep ten tr iona lis ,  r e p o r t ­
ing b o th  to be te trap lo id .  (The p re sen t  
co u n ts  suggest th a t  th e  la t te r  is, in  fact,  
octoplo id .)  R. geoides  (octoploid) and  R. 
h isp id u s  ( te trap lo id )  hav e  n o t  been  p re v i ­
ous ly  counted . B a h n  (1960) s tud ied  R. 
p ra e m o rsu s  H .B.K., re p o r t in g  oc top lo id s  
f ro m  A rgentina , te t ra p lo id s  f ro m  a lp in e  
E c u a d o r .  T a y l o r  a n d  M u l l i g a n  (1968) 
r e p o r t  te t ra p lo id  c o u n ts  fo r  R. o r th o r h y n -  
chus  on  Q ueen  C h a r lo tte  Is. T h u s  no  d i­
p lo ids  a re  k n o w n  in  th e  g roup .  (A re p o r te d  
c o u n t  of 2 n = 1 4  in  R. s ibba ld io ides  H.B.K. 
in  Mexico, S t o u t a m i r e  a n d  B e a m a n  1960, 
is c lea r ly  a b e r ra n t ,  th e  poss ib il i ty  of a 
f i rm ly  es tab l ished  dev ia ting  c h ro m o s o m e  
b ase  n u m b e r  in  th is  g ro u p  be ing  rem ote.)

In  co n tra s t  to th e  h ig h  p lo id y  levels of 
th e se  A m erican  P ra em o rs i  a re  d ip lo id  
c h ro m o s o m e  n u m b e rs  re p o r te d  fo r  species 
of th e  R. lappaceus  g ro u p  in A u s tra l ia  
( B r i g g s  1960).

SE C T IO N  R A N U N CU LUS 
E U R A SIA N  A N N U A L S P E C IE S

R. sardous  C r a n t z , 2 n = 1 6 ,  4 p o p s . ;  R. 
tr i lo b u s  D e s f . ,  2n  =  4 8 ,  4 p o p s . ;  R. m arg i-
B ot. N o tise r, vo l. 127, 1974

n a tu s  d ’U r v . (ssp. t r a c h y c a rp u s ) , 2n =  32, jj
3 p ops .;  R. m u r ic a tu s  L., 2n =  48, 5 pops. j

T h e  above  species a re  a n n u a ls  w i th  dis- 1
tinc tly  scu lp tu red  p e r ic a rp s  of the R. sar- 
dous-^-R . c o rn u tu s  com plexes  in  E u ro p e  
an d  the  O rient. H y b r id iza t io n  a n d  c y to ­
genetic  s tud ies  b y  G r e g s o n  (1965) d e m o n -  1 
s t ra te  genom ic  re la t io n sh ip s  a m o n g  species 
a t  fo u r  p lo idy  levels (2n, 4n, 6n, 8n). R. 
m u ric a tu s  inc ludes  hex ap lo id s  as well as  1
octop lo ids  ( N e v e s  1944 a, G r e g s o n  1965). I
I l lu s t ra t io n s  b y  G r e g s o n  a n d  N e v e s  show  
th a t  k a ry o ty p e s  of these  species resem ble  
those  of p e ren n ia ls ,  su ch  as R. bu lbosus ,  
of section  R a n u n c u lu s .  T h e  p re se n t  resu lts  
c o n f i rm  th is  in  te rm s  of k a ry o ty p e  p a t ­
te rn s  (Table 1) b u t  no t  fo r  c h ro m o s o m e  
size —  a n n u a l  species hav in g  m a rk e d ly  
low er  DNA c o n ten ts  th a n  p e ren n ia ls  (e.g.
R. sardous  .429, R. bu lbosus  .6).

B e n s o n  t rea ts  th o se  a n n u a ls  in t ro d u c e d  
in  N o r th  A m erica  in  section  E ch ine lla  DC. 
O v c z i n n i k o v  t rea ts  R. sardous  an d  R. b u l­
bosus  in  Cycle B u lb o s i  o f  section  R a n u n ­
culus,  b u t  classifies  the  rem a in in g  species 
in  a  sep a ra te  subgenus  P a c h y lo m a  ( S p a c h ) 
O vcz. D a v i s  (1960) show s th a t  th e ir  e la b ­
o ra te  p e r ic a rp s  p ro v id e  va luab le  d iagnostic  
c h a ra c te r s  b u t  lead  to  no  n a tu ra l  basis  of 
c lass ifica tion .

SE C T IO N  RA N U N C U L A STR U M  DC.

R. o x y s p e r m u s  B ieb .,  2 n = 1 6 ,  2 pops .;
R. p s i lo s ta c h ys  G r i s ., 2 n = 1 6 ,  2 pops .;  R. 
m o n sp e l ia cu s  L., 2n  =  32, 3 pops .;  R. i l ly - 
r icus  L., 2n =  32, 5 pops .;  R. peclatus 
W a l d s t . & K i t ., 2 n = 1 6 ,  5 pops. (ssp. 
p e d a tu s ) ;  /?. m ille fo l ia tu s  V a h l , 2 n = 1 6 ,
4 pops .;  R. creticus  L., 2 n = 1 6 ,  2 pops .;
R. asiaticus  L., 2n =  16, 6 pops .;  R. severt-  
sovii  R g l ., 2n =  16, L e n in g ra d  BG; R. gre- 
garius  B r o t ., 2n =  16, C o im bra  BG; R. ni- 
grcscens  F r e y n , 2 n = 1 6 ,  C o im b ra  BG; R. 
cor tu s i fo liu s  W lL L D . ,  2n =  16, 6 pops.

T hese  tu b e ro u s -ro o te d ,  s u m m e r -d o rm a n t  
m o s tly  M ed ite r ran ean  species have  k a r y o ­
types  like those  fo u n d  in species of sect. 
R a n u n c u lu s  w ith  ob lique  or h o r iz o n ta l  
rh izom es  (R h iz o m a to s i ) . Fig. 2 i l lu s tra te s



KARYOTYPES AND DNA CONTENT IN RANUNCULUS 475

UJ

Q?

O O
<D CD

U J

0D

(D .cp cp cp
f a .  / f \

uu

%  Q ? 09
m

Lu

<£>

LU

v u

u

0)0®

CD Q ) ffi ©
f f l  f l)

rn

w

ffl ®  (D  f f l

Fig. 2. Karyotypes of diploid species of Ranunculus  sections Ranunculastrum, Coptidium, 
and Halodes. — Top row: R. cortusifolius ; middle row: R. lapponicus; bottom: R. cym- 
balaria. Karyotype proportions of R. lapponicus  and R. cymbalaria  are very similar, but 

R. cymbalaria has smaller chromosomes. — X 4,200.

one  of th e m . N e v e s  (1944 a) h as  i l lu ­
s tra te d  'very  s im ila r  k a ry o ty p e s  in  Ib e r ia n  
species, viz., R. n igrescens, R. ho ll ianus , R. 
escurialensis, R. h en r iq u es i i , a n d  also  R. 
f la b e lla tu s  D e s f . C h ro m o so m e  n u m b e rs  
re p o r te d  h e re  fo r  R. creticus  and  R. severt-  
sovii  a p p e a r  to  be f irs t  coun ts .  T h e y  a re  
d ip lo id ,  a n d  d ip lo id y  is c o m m o n  in sec­
tion R a n u n c u la s tr u m ,  e.g. R. p eda tus ,  
T a r n a v s c h i  1948; R. n igrescens,  N e v e s  
1944 a; R. gregarius,  K ü p f e r  1969; R. o x y ­
sp erm u s ,  C a r t e r  1932, P o p o v a  1972. T h e  
p re sen t  co u n ts  in  R. p s i lo s ta c h ys  a re  d i ­
ploid , b u t  P o p o v a  (1972) a n d  p rev io u s ly  
C a r t e r  (1932) r e p o r t  it as  te trap lo id .  A 
species re sem b lin g  R. p s i lo s ta c h ys  is R.  
ru m e licu s  G r i s ., fo r  w h ic h  P o p o v a  (1972)

re p o r ts  a n  in te re s t in g  single co u n t of
2n =  2 4 . .....................................................................

O v c z i n n i k o v  a d m its  R a n u n c u la s tr u m  as 
a  subgenus  of R a n u n c u lu s  and  recognizes 
tw o  sections, P tero ca rp a  a n d  X ip h o co m a ,  
b a se d  m a in ly  on a  f e a tu re  f ro m  the  m o r ­
p h o lo g y  of the  achene .  D a v i s  (1965) as 
well as T u t i n  (1964) su b d iv id e  sect. R a ­
n u n c u la s t ru m  in to  series  o r  g ro u p s  w h ich  
co r re s p o n d  to  a r e m a rk a b le  ex ten t to 
O v c z i n n i k o v s, even  th o u g h  each  a u th o r  
invokes  u n re la te d  d is t in g u ish in g  fea tu re s :  
fea tu re s  f ro m  the  m o rp h o lo g y  of th e  roo t-  
s tock  ( D a v i s ) an d  sepal s tan ce  ( T u t i n ). 
Of p a r t i c u la r  in te res t  is the  ab ili ty  of sp e ­
cies in  one g ro u p  (X ip h o c o m a ) to fo rm  
s u b te r r a n e a n  s to lons.

B ot. N o tise r, v o l. 127, 1974
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T ab le  1 gives a  b r e a k d o w n  of the  sp e ­
cies s tu d ie d  h e re  us ing  th e  sub d iv is io n  of 
O v c z i n n i k o v. It c a n  be  seen  th a t  th e  tw o 
g ro u p s  a re  a like  in  te rm s  o f  k a ry o ty p e  
p a t te rn .  T h e re  are , ho w ev er ,  o th e r  d is ­
s im ilari t ies  w h ic h  m a y  be s ign if ican t.  DNA 
values  in d ic a te  a  n a r r o w  size ra n g e  in 
X ip h o c o m a  (m ed ium ),  a  w ide  ra n g e  in  
P terocarpa  (m ed ium  to la rge ) .  T h e re  a re  
p o lyp lo id s  in  X ip h o c o m a , b u t  no n e  in  P te ­
rocarpa.  Species in  P terocarpa  a re  m o re  
n u m e ro u s  th a n  in  X ip h o c o m a  an d  a re  
m o rp h o lo g ic a l ly  in  som e resp ec ts  m u c h  
m o re  diverse. Som e of th e m  h a v e  in te re s t ­
ing ly  iso la ted  d is tr ibu tions .

R. cor tu s ifo liu s ,  w h ic h  re p re s e n ts  Ra-  
n u n c u la s t r u m  (i.e. P terocarpa)  on the  A t­
la n tic  is lands, h as  one of th e  la rg e s t  c h r o ­
m o so m e  co m p lem e n ts  in  th e  genus  (DNA =  
1.049).

S E C T IO N  P H Y S O PH Y L L U M  F r e y n

R. bu lla tu s  L., 2 n — 16, C o im b ra  BG, 
T h is  species is k a ry o ty p ic a l ty  like  R a n u n -  
cu la s tru m ,  as p rev io u s ly  sh o w n  b y  N e v e s  

(1944 a) in  i l lu s tra t io n s  fo r  b o th .  DNA 
co n ten t  w as  no t  d e te rm in ed ,  b u t  CL values  
(Table 1) ind ica te  m e d iu m -s ize d  c h r o m o ­
somes.

SE C T IO N  FIC A R IA  ( S c h a e f f e r )

B o i s s .

R. ficaria  L., 2n  =  32, 3 pops. (cult, f ro m  
tu b e r s ) .

C o o k  (1963), N e v e s  (1944 a ) ,  G r e g s o n  

(1965), a n d  M a r c h a n t  a n d  B r i g h t o n  

(1971), h a v e  i l lu s t ra te d  c h ro m o so m e s  of 
d ip lo id  and  te trap lo id  p o p u la t io n s  of th is 
species show ing  five ac rocen tr ic ,  one  sub- 
m e tace n tr ic ,  a n d  tw o  m e ta c e n tr ic  p a i rs  p e r  
d ip lo id  set. T h e  sam e  p a t te r n  cha ra c te r ize s  
the  te t ra p lo id s  s tud ied  here. C h ro m o so m e s  
a re  la rg e  (DNA c o n te n t  as in  R. co r tu s i­
fo l iu s  of  section  R a n u n c u la s tr u m ) .  R. f i ­
caria  resem bles  species of R a n u n c u la s tr u m  
c h ro m o so m a lly ,  b u t  very  li ttle  m o r p h o ­
logically , th o u g h  it is of in te res t  th a t  b o th  
h a v e  th e  sam e ro o t-sy s tem  of d im o rp h ic ,
B ot. N o tise r, vo l. 127, 1974

tu b e ro u s  an d  f ib ro u s  roots , as D a v i s  (1960) 
h as  p o in ted  out.

SEC TIO N  T H O R A  DC.

R. thora  L., 2 n = 1 6 ,  T h . E g l t , W ä d e n s -  
wil (cult.) ; M un ich  BG; R. h y b r id u s  B i r i a , 

2 n =  16, T h . E g l i .

SEC TIO N  R A N U N C E L L A  
( S p a c h ) F r e y n

R. grcim ineus  L., 2 n = 1 6 ,  5 p ops .;  R. 
bup leu ro id es  B r o t ., 2n =  16, C o im b ra  BG; 
R. calandrinioid.es  O l i v e r , 2 n = 1 6 ,  M u n ich  
BG; St. A n d rew s  BG; R. p a rn a ss i fo liu s  L., 
2n =  32, T h . E g l i .

SE C T IO N  A C O N IT IF O L II  T u t i n

R. a con iti fo liu s  L., 2 n = 1 6 ,  M u n ich  BG 
(2 pops.) .

SE C T IO N  L E U C O R A N U N C U L U S  
B oiss .

R. alpestris  L., 2 n = 1 6 ,  4 pops .;  R. 
tra u n fe l ln e r i  H o p p e , 2 n = 1 6 ,  T h . E g l i ; R. 
crena tus  W a l d s t . & K i t ., 2 n = 1 6 ,  T h . 

E g l i .

SE C T IO N  CRYMODES 
(A.  G r a y ) T u t i n

R. glacialis  L., 2 n = 1 6 ,  T h . E g l i .

SE C T IO N  C O P T ID IU M  
( P r a n t l ) T u t i n

R. lappon icus  L., 2 n = 1 6 ;  O n ta r io :  R a i th ,  
M. H e i m b u r g e r  2715, 16 J u n e  1969; Al­
b e r ta :  W  of E d m o n to n ,  M. H e i m b u r g e r , 

25 J u n e  1971.

S E C T IO N  H A L O D E S (A. G r a y )

L. B e n s o n

R. cym b a la r ia  P u r s h , 2n =  16; C o p e n ­
h ag en  BG; M on trea l  BG; A lberta :  H a y  
Cam p, W .  J. C o d y  14638, 11 Aug. 1965; 
H a n n a ,  C&MH 14 Aug. 1967; B r i t ish  Co­
lum bia :  K am loops, C&MH, 25 J u n e  1971; 
R. p la n ta g in ifo liu s  M u r r ., 2n =  48, C o p en ­
hagen BG.
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S E C T IO N  PSE U D A P H A N O S T E M M A  
(A. G r a y ) L. B e n s o n

R . h y s tr ic u lu s  A. G r a y , 2n  =  16, D. 
E m e r y , S an ta  B a r b a r a  BG.

T a b le  1 show s th a t  the  above species are  
k a ry o ty p ic a l ly  r a t h e r  s im ilar .  T h e re  are  
f o u r  ac ro c e n tr ic  a n d  fo u r  m e ta c e n tr ic  or 
n e a r -m e ta c e n tr ic  c h ro m o so m e  p a i rs  p e r  d i ­
p lo id  set, a n d  -—  d iffe r ing  f ro m  sections 
R a n u n c u lu s ,  R a n u n c u la s tr u m ,  a n d  o t h e r s —  
som e  of th e  ac ro c en tr ic s  a re  m a rk e d ly  
sm a l le r  th a n  th e  m e ta c e n tr ic s  (Fig. 2).

S im ila r  k a ry o ty p e  p a t te rn s  h a v e  been  
i l lu s t ra te d  b y  B a u e r  (1954) in  R. cdpestris, 
R. p la n ta n i fo l iu s  (R. acron it i fo l iu s  ssp. 
p la ta n i fo l iu s ) ,  R. glacialis;  a n d  b y  K u r i t a  
(1957 a), in  R. g ra m in eu s  a n d  R. ka w a -  
k a m i i  M a k . (H alerpestes  k .  ( M a k .) T a - 

m u r a ).  K u r i t a  r e p o r ts  th e  la t te r  to be 
te trap lo id .  R. plantcig in ifo lius  (H alerpes tes  
ru th e n ic a  ( J a c q .) O v z .) is h e x ap lo id  as 
p re v io u s ly  r e p o r te d  b y  S o k o l o v s k a y a  and  
S t r e l k o v a  (1948, ex B o l k h o v s k i k h  et al. 
1969).

DNA  values  in  th e  above  sections ran g e  
f ro m  sm all  (L e u c o ra n u n c u lu s , H alodes,  
C rym o d es ,  T hora)  to m e d iu m  (R a n u n c e l la ) 
a n d  la rge  (C o p t id iu m ) , b u t  a  n u m b e r  of 
species are  yet to  be  m e asu re d .  R. h y s tr i ­
cu lu s  (sect. P se u d a p h a n o s te m m a )  h a s  la rge  
c h ro m o so m e s  to ju d g e  f ro m  CL values  
(e.g., Tabl.e 1 ) . ........................................................

F l o v i k  (1936) re p o r te d  R. lappon icus  
(sect. C optid ium )  to  h a v e  u n u s u a l ly  large 
c h ro m o so m e s  in  c o m p a r iso n  w ith  R. 
h yp erh o re u s ,  R. p y g m a e u s ,  R. n ivalis ,  an d  
R. s u lp h u r  eus, i.e., species of sections 
H eca ton ia  a n d  A u r ic o m u s .  In  add ition ,  
F l o v i k  show ed  it to  h av e  la rg e r  c h r o m o ­
som es th a n  R. pallasii  (sect. P alla s ian tha  
(L. B e n s o n ) T u t i n ) ,  since he  r e p o r ts  eight 
la rge  ch ro m o so m e s  of th e  R. la p p o n icu s  
type , an d  16 sm all o r  f rag m e n t- l ik e  ones 
a t t r ib u ta b le  to  R. pallasii,  in  the  suspec ted  
tr ip lo id  h y b r id  b e tw ee n  th e m  in  S p i tz b e r ­
gen  ( =  R . X  sp itzbergens is  H a d a c , cf. T u t i n  

1964).

SE C T IO N  AURICO M US S p a c e

R. a b o r tiv u s  L., 2 n = 1 6 ,  M o n trea l  BG; 
O n ta r io :  D eep  River, M. M o o r e , 1967; St. 
W ill iam s ,  C. & M. H e i m b u r g e r  2371, 20 
M ay 1967; A lber ta :  Cold L., P. J. S c o t t  

43, M. G. D u m a i s  5483, 7 J u n e  1971; 
M ackenz ie  Dist.: F la t  R., W . J. C o d y  17686 
& K. W . S p i c e r , 7 Aug. 1967; R. rh o m -  
boideus  G o l d i e , 2 n = 1 6 ;  O n ta r io :  M id­
h u rs t ,  C&MH 2277, 14 M ay 1967; M in n e­
so ta : P r in c e to n ,  A. G. J o h n s o n , 8 J u n e  
1970; U of M inn. A rb o re tu m ; R. p y g m a e u s  
W a h l ., 2n =  16; A lberta :  C a rd in a l  Div., 
P . J. S c o t t  1641, 25 Ju ly  1971; R. n iva lis  
L., 2n  =  48, L e n in g ra d  BG; R. e schscho ltz i i  
S c h l e c h t . ;  M ackenzie  Disk (2n =  32): 
W . J. C o d y  16731; A lberta  (2n =  48 ):  Bow  
S u m m it ,  C&MH 2414, 23 Aug. 1967; B an ff  
Nat. P a rk ,  H ild a  Creek, C&MH 2423, Aug. 
1967; W h is t le r  Mt., C&MH 2421, 26 Aug. 
1967; 2n =  40: P la te a u  Mt., 17 Aug. 1967; 
B r i t ish  C o lum bia  (2n =  48): H a m i l to n  L., 
C&MH 2415, 22 Aug. 1967; U of BC b o ­
ta n ic  g a rd e n ;  Y ukon  (2n =  48): C. H. D. 
C l a r k e , 1968 (no v o u c h e r ) ;  R. s u lp h u r e u s  
S o l ., 2n =  96, N W T : C har  L„ R eso lu te  Bay, 
J. S c h o l z , 1969 (no v o u c h e r ) ;  R. cdlenii 
R o b ., 2n =  32, N W T : B elcher Is., P . F. 
M a y c o c k  11046; R. p e d a t i f id u s  J. E . S m ., 

2 n  =  48, N W T : B e lcher  Is., P . F . M a y c o c k  
11047; R. ciffinis  R. B r ., 2n =  32, L e n in g ra d  
BG (cu lt iva ted  accessions o r ig in a tin g  in  
n o r th e r n  S iberia , T a im y r  P e n .) ;  R. cardio-  
p h y lh i s  H o o k ., 2n — 64; G open liagen  B G ;' 
R. a u r ic o m u s  L., 2n =  32, St. A n d rew s  BG; 
R. cassub icus  L., 2n  =  32, 2 p ops .;  N ew  
Z ea lan d :  R. insignis  H o o k ., 2n =  48; N o r th  
L: Mt. R u a p e h u ,  Mrs. B. R o y , CAGS 1971.

T h e  species s tu d ie d  are  k a ry o ty p ic a l ly  
d iverse, th o u g h  no t  d iss im ila r  w ith  th ree  
to  fo u r  ac ro cen tr ic ,  a n d  fo u r  to  five sub- 
m e ta c e n tr ic  o r  m e ta c e n tr ic  ch ro m o so m e s  
p e r  h a p lo id  set (3-1-4, 3-2-3, 4-0-4 p a t te rn s ,  
T ab le  1). S im ila r  p a t te rn s  h av e  been  i l lu ­
s t ra te d  by  K a p o o r  a n d  L ö v e  (1970) in  R. 
a b o r t iv u s  a n d  R. adonaeus,  w h ic h  th e y  r e ­
p o r t  to be d ip lo id  in  Colorado , a n d  in  R. 
in a m o e n u s ,  r e p o r te d  to be hex ap lo id .  K u ­
r i t a  (1957 a) i l lu s tra te d  fo u r  ac ro c e n tr ic

B ot. N o tise r, vol. 127, 1974
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an d  fo u r  m e ta c e n tr ic  c h ro m o so m e s  in  R.  
ab o r tivu s  f ro m  a C a n a d ia n  accession.

K u r i t a  (1957 a) no tes  th a t  R. abortions  
h as  sm all c h ro m o s o m e s  in  c o m p a r is o n  
w i th  ce r ta in  o th e r  species of R a n u n cu lu s .  
I ts  low  DNA v a lu e  of .273 c o n f irm s  this. 
Indeed , as seen in  T ab le  1, a ll  th e  species 
of section A u r ic o m u s  —  as f a r  as s tud ied  
h e re  —  a re  in  th e  “s m a l l” ch ro m o so m e  
size range.

V ar ia t io n  in  c h ro m o so m e  n u m b e r  w i th ­
in  section  A u r ic o m u s  is a  su b je c t  r e q u ir in g  
de ta iled  s tudy . F o r  exam ple ,  T a y l o r  an d  
M u l l i g a n  (1968) r e p o r t  R. eschscho ltz i i  
as  te t ra p lo id  o n  Q ueen  C h a r lo tte  Is. Sev­
era l  d if fe re n t  n u m b e rs  w ere  d e te rm in e d  
fo r  it here . A n accession  m a d e  ava ilab le  
b y  W .  J. C o d y  f ro m  th e  M ackenzie  reg ion  
w as  te trap lo id ,  b u t  m a te r ia l  f ro m  A lberta  
a n d  BC, h ex ap lo id .  P e n ta p lo id  p la n ts  in  a 
co llec tion  by  M. H e i m b u r g e r  on  P la te a u  
Mt, A lberta , m u s t  re p re s e n t  som e k in d  of 
h y b r id ,  th o u g h  no  d irec t  ev idence fo r  
h y b r id iz a t io n  is ava ilab le .  A s im ila r ly  un - 
even -po lyp lo id  coun t ,  2n  =  c. 56, w as  r e ­
p o r te d  fo r  the  sa m e  species f ro m  Colorado , 
b y  L ö v e  a n d  K a p o o r  (1967). T h e re  is a 
series of re p o r te d  c o u n ts  in  R. n iva lis  
w h ich  rep ea ts  th a t  of' R. e schscho ltz i i  (e.g., 
L a n g l e t  1932, N y g r e n  in  L ö v e  a n d  L ö v e  
1961 a).

R. a f f in is  (R. p e d a t i f id u s  v a r .  le iocarpus  
( T r a u t v . )  F e r n . ,  d e t .  B.  B o i v i n )  i s  h e r e  
r e p o r t e d  a s  t e t r a p l o i d ,  c o n f i r m i n g  S c h u -  
k o v a  (1967) a n d  H o l m e n  (1952, e x  B o l -  
KHOVSKIKH e t  a l .  1969), w h i l e  t h e  p r e s e n t  
c o u n t  f o r  R. p e d a t i f id u s  i s  h e x a p l o i d ,  l i k e  
t h a t  r e p o r t e d  b y  H e d b e r g  (1967). A h e x a ­
p l o i d  c o u n t  r e p o r t e d  i n  R. a f f in is  h y  B ö -  
c i i e r  a n d  L a r s e n  (1 9 5 0 )  d o e s  n o t  c l a r i f y  
t h e  s i t u a t i o n .

A n o th e r  p ro b le m  is th e  re la t io n sh ip  of 
s o u th e rn  h e m is p h e re  species su c h  as R. in- 
signis  to sect. A u r ic o m u s  p ro p e r .  F i s h e r  
(1965) inc ludes  th e m  in A u r ic o m u s ,  th o u g h  
h e  acknow ledges  th a t  L o u r t e t g  (1956) has  
tre a te d  a series  o f  r a th e r  s im ila r  S. A m e­
r ic a n  a lp ines  in  a  sep a ra te  section, Trolli-  
anthoidecie  L o u r t . H a i r  (in F i s h e r  1965) 
r e p o r ts  the  N ew  Z ea lan d  species to be 
Bot. Notiser, vol. 127, 1974

hexap lo id . T h e  k a ry o ty p e  of R. ins ign is  
(Table 1), w h ic h  is m u c h  like one i l lu ­
s tra ted  fo r  R. lycdlii H o o k , b y  G r e g s o n

(1965), is u n u s u a l  in  c o m b in in g  m e d iu m ­
sized a n d  sm a ll  c h ro m o so m e  sets. T h e re  
a re  in te rn a l  size d if fe ren tia ls  o f  th e  o rd e r  
of 30 an d  60 °/o, an d  in  c o n ju n c t io n  w i th  
the  h igh  DNA v a lu e  of R. insignis  (.892), 
th is  w o u ld  suggest th a t  am o n g  th e  p h y lo ­
genetic p ro g e n i to r s  of R. insignis  a t  leas t  
one m u s t  h av e  h a d  c h ro m o s o m e s  c o n s id e r ­
ab ly  la rg e r  th a n  a re  k n o w n  f ro m  “n o r t h ­
e r n ” m e m b e rs  of sect. A u r ic o m u s .

SECTIO N  M IC R A N T H U S ( O v c z .)
N y å r å  d y

R. Iciteriflorus DC., 2 n = 1 6 ,  2 pops.

SEC TIO N  FL A M M U L A  W e b b

R. oph io g lo ss i fo l iu s  V lL L. ,  2 n = 1 6 ,  5 
pops.;  R. f la m m u la  L., 2n =  32, 7 pops. 
(Eur. BG); —  var.  ovcdis ( B i g e l .) L. B e n ­

s o n , 2n =  32; B r i t ish  C o lum bia : C o w ich an  
L., C. H e i m b u r g e r , 8 Sep. 1971; N W T : 
T a u  L., W .  J. C o d y  14211; —  var.  f i l i ­
fo rm is  ( M i c h x .) H o o k .; O n ta r io  (2n =  32): 
H alls  L., C. & M. FIe i m b u r g e r  6512, 12 
Aug. 1971; L in d sa y ,  C&MH 6513, 12 Aug. 
1971; U ppsa la ,  C&MH 6670, J u ly  1972; 
H ears t ,  C&MH 2394, 2 Sep. 1969; D orse t,  
J .  E .  C r u i s e , Sep. 1971; 2n  =  48: G ran d  
L., A chray , M. M o o r e , 21 J u ly  1967; B a r ­
ro n  11., A chray , M. M o o r e , J u n e  1971; 
F in la n d  {R. rep ta n s  L., 2n =  32):  H els ink i 
BG (2 local access ions) ;  R. l ingua  L., 2n  =  
c. 125— 128, 3 pops.

K ary o ty p es  in sec tions  F la m m u la  an d  
M icra n th u s  (Fig. 3) a re  d is tinc t in  p o sse ss ­
ing a n  u n u s u a l ly  s h o r t  “m a r k e r ” c h r o m o ­
som e of a c ro c e n tr ic  to  su b m e ta c e n t r ie  p r o ­
p ortions . N e v e s  (1944 a) p re v io u s ly  i l lu ­
s tra ted  th is  fe a tu re  in  R. f la m m u la ,  as  well 
as R. d ic h o to m if lo ru s  F r e y n  a n d  R. nod i-  
f lo rus  L., th o u g h  he  h as  a p p a r e n t ly  no t  
seen it in  R. o p h io g lo ss i f  olius;  it  is a lso  
ev iden t in  i l lu s tra t io n s  fo r  R. f la m m u la  b y  
G r e g s o n  (1965); fo r  R. rep ta n s  v ar .  fla-  
gellifo lius  ( N a k .) O h w i , b y  K u r i t a ; an d  
R. la ter iflorus ,  b y  H i n d a k o v a  (1969).
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Fig. 3. Karyotypes of diploid species of R a n u n c u l u s  sections F l a m m u l a  and M i c r a n t h u s : 
R. o p h io g lo s s i fo l iu s  (top) and R.  la ter i f lorus .  — Karyotype proportions are similar, but 
R. o p h io g lo s s i f  o l ius  has larger chromosomes and one of its acrocentric pairs bears p rom i­

nent secondary constrictions. — X4,200.

R. la ter i f lo rus  a n d  R. o p h io g lo ss i f  olius  
a re  d ip lo id  a n n u a ls  w i th  s im i la r  k a r y o ­
types  excep t fo r  a  g rea te r  t h a n  tw o-fo ld  
d if fe re n ce  in  c h ro m o s o m e  size (DNA .257, 
.634). T h e  p e ren n ia ls ,  R. f la m m u la  a n d  R. 
l ingua,  h a v e  p o ly p lo id  c o m p le m e n ts  som e 
of w h o se  c o n s t i tu e n t  d ip lo id  subse ts  d if fe r  
i n  size (Table 1). G r e g s o n  (1965) s u c ­
ceeded in  h y b r id iz in g  the  h ig h ly  p o lyp lo id  
R. l ingua  w ith  R. f la m m u la  a n d  re p o r ts  
g en o m ic  a f f in i ty  b e tw ee n  them .

S E C T IO N  E C H IN E L L A  DC.
S P E C IE S  BASED O N ,x  =  8 ...............................

R. arvens is  L., 2n  =  32 (vars. sp inosus ,  
tubercu la ti is ) ,  6 pops.

D a v i s  (1960) re c o m m e n d s  o n  m o r p h o ­
logical g ro u n d s  th a t  sect. E ch in e lla  he  r e ­
in te rp re te d  a n d  co n f in e d  to a single  s p e ­
cies. R. arvensis, p o in t in g  ou t  a  n u m b e r  of 
u n u su a l  fea tu res ,  su c h  as p o l le n  size, in 
w h ich  it is d is tinct.  D a v i s ’s t r e a tm e n t  is 
su p erf ic ia l ly  s u p p o r te d  b y  the  fac t th a t  R. 
arvensis  is b a sed  o n  x =  8, th e  re m a in in g  
species b a sed  on x =  7. H ow ever ,  R. he.be- 
carpus  H o o k . & A r n  in  C a lifo rn ia ,  an d  an 
u n u s u a l ly  d is t inc t  species, R. p inard ii  
(S t e v .) B o i s s . in  T u rk e y  (cf. D a v i s  1960), 
have  n o t  been  s tu d ie d  cy to logiea lly .

R. arvensis  is k a ry o ty p ic a l ly  u n iq u e ;  u n ­
fo r tu n a te ly ,  its te t ra p lo id  c o m p lem e n t  is so 
h e te ro g en o u s  as  to p rec lu d e  dip lo id-level 
c o m p a r iso n s  w i th  o th e r  species. I t  is p r o b ­
ab ly  a n  a l lo te t rap lo id  o f  r a th e r  u n iq u e  
der iv a tio n ,  a l th o u g h  N e v e s  (1944 a) in t e r ­
p re ts  it as a n  “a n c ien t  a u to te t r a p lo id ” h a v ­
ing  u n d e rg o n e  ex tensive  k a ry o ty p e  m o d i ­
fica tion . W h a te v e r  its o rig in , th e re  a re  
co n s id e ra b le  size d iffe rences  a m o n g  its 
c h ro m o so m es .  I f  th e  16 p a irs  a re  a r b i ­
t r a r i ly  g ro u p e d  in to  sets of 8 by size 
(T ab le  1), th e n  the  o v era l l  size d iffe ren tia l  
is of th e  o rd e r  of 45 °/o in  te rm s  of the 
s m ä l le r  set.

S E C T IO N  E C H IN E L L A  
S P E C IE S  BASED ON x =  7

R. ch iu s  DC., 2 n = 1 4 ,  4 pops.;  R. parvi-  
f lo ru s  L., 2n  =  28, 4 pops .;  R. p e n ta n d ru s  
,T. M. B l a c k , 2n =  14, N SW : F o rbes ,  P. 
C o v e n y  2541, 28 Nov. 1969, N S W  118559 
(Royal BG Sydney, B. B r i g g s ).

R. ch ius  a n d  R. p en ta n d ru s  a re  k a r y o ­
typ ica lly  d is tinct,  th o u g h  no t d iss im ilar ,  
f ro m  th e  species b ased  on  x —7 of sect. 
R a n u n c u lu s .  T h e i r  k a ry o ty p e s  a re  sh o w n  
in  Fig. 1. R. p a rv i f lo ru s  is like R. ch iu s  at 
th e  te tra p lo id  level. All hav e  sm all  ch ro m o -
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somes, in  fact,  R. p e n ta n d ru s  (DNA .277) 
is one of th e  sm a lle s t  d ip lo id  R a n u n c u l i  
yet m e asu re d .

SEC TIO N  H E C A T O N IA  (L o u r .) DC.

R. scelera tus  L., 2n =  32, 8 pops . (Eur. 
B G ) ; O n tar io :  A lliston, C. & M. H e i m b u r ­
g e r  6214, 24 Oct. 1970; V in e lan d  S ta tion , 
V. R u n d a u s  & T. R. D a v i d s o n , 2 Ju ly  
1968; B arr ie ,  C&MH 6074, 6 Sep. 1970; 
W isco n s in :  U of W ise. A rb o re tu m ;  —  var. 
m u lt i f id u s  N u t t ., 2n =  64; S a sk a tc h e w a n :  
N okom is , C&MH 2403, 10 Aug. 1967; A l­
b e r ta :  H a n n a ,  C&MH 2405, 14 Aug. 1967; 
M ackenzie D ish : S lave R., W . J. Co d y  
13944, 25 J u ly  1965; B ra c k e t t  L., W . J. 
Co d y  20093, 20 J u ly  1971; R. g m elin ii  DC, 
2n =  64; O n tar io  (var. h o o k e r i ) :W e s th a w k ,  
C&MH 2419, 1 Sep. 1967; L in d sa y ,  C&MH 
6064, 29 Aug. 1970; Roslin , C&MH 6067, 
29 Aug. 1970; M an ito b a :  S an d ilan d s  F o re s t  
Res., C&MH 2417, 1 Sep. 1967; A lberta  
(var. h o o k e r i ) : 2 m i S of S a ra h  Creek, 
10— 15 mi S of S w a n  Hills, M. G .  D u m a i s  
4145 a n d  K. A n d e r s o n , 10 Aug. 1968; 
T o u c h w o o d  L., N W  tip, 1 m i o ff  lake, 
MDG 3737 & KA, 24 J u ly  1968; 4 m i E of 
B uck  L., MGD 2786 a  & KA, 28 J u n e  1968; 
var .  g m elin ii  (det. M GD): W a b a s c a  L., c. 
85 m i N of L esser  S lave L., MGD 4154 & 
KA, 10 Aug. 1968; A u s tra l ia :  R. in u n d a tu s  
R. B r . ex DC., 2 n  =  48; N SW : 18 m i  E  o f  
U lm a rra ,  P. Co v e n y  2175, 30 Sep. 1969, 
N S W  118561 (R oyal BG Sydney, B. 
B r i g g s ).

R. in u n d a tu s  is a n  odd  m e m b e r  of sec ­
tion H eca to n ia  b e lo n g in g  to  the A u s t ra l ­
a s ian  R. r ivu la r is  g ro u p .  I t  is d is t inc t  in  
h av in g  s u b te r r a n e a n  s to lons  as w ell as 
tu b e rs .  T h e  access io n  s tud ied  is h e x a p lo id  
a n d  its DNA v a lue  in  the  ca teg o ry  “v ery  
s m a l l” .

N e v e s  (1944 a), K u r i t a  (1 9 6 1 a ) ,  as 
w ell as Co o k  (1963) have  i l lu s t ra te d  c h r o ­
m o so m es  of R. sce lera tus  a n d  eac h  a u th o r  
no tes  th a t  th ey  a re  sm all  in c o m p a r is o n  to 
th o se  of o th e r  R a n u n cu l i .  DNA va lues  in  
the  p re sen t  m a te r ia l  c o n f i rm  th is, p lac in g  
R. sceleratus  in th e  sm a l l-c h ro m o so m e  size

range. R. gm elin ii  is in  the  sam e  range. 
M oreover,  th e re  a re  size d iffe ren tia ls ,  of 
the  o rd e r  of 30 °/o, b e tw ee n  2n sets in b o th  
species, so p a r ts  of th e ir  co m p le m e n ts  a re  
in  a  still lo w e r  size range. Low -D N A  p o ly ­
p lo ids  m a tc h in g  R. scelera tus  o r  R. g m e ­
linii h a v e  b een  fo u n d  on ly  in  section  A u r i ­
co m u s ,  a l th o u g h  som e a t  least as sm all 
o ccu r  in  R a n u n c u lu s  subgenus  B a tra c h iu m  
(see be low ). K aryo types  of R. sceleratus  
a n d  R. gm e lin ii  a re  s im ila r  w ith  th ree  
ac ro c en tr ic ,  tw o  su b m etacen tr ic ,  a n d  th re e  
m e ta c e n tr ic  ch ro m o so m e  p a irs  p e r  d ip lo id  
set (T ab le  1).

M u l l i g a n  a n d  P o r s i l d  (1969) s tud ied  
R. sce lera tus  v ar .  m u l t i f id u s  a n d  R. g m e ­
linii v ar .  h o o k e r i  (R. p u r sh i i  R i c h .) in  the 
Y u k o n  a n d  r e p o r t  bo th  to be oc toplo id . 
T h e  p re s e n t  c o u n ts  c o n f i rm  oc top lo idy  for 
o th e r  s ign if ican t p a r ts  of th e ir  ranges . 
H e d b e r g  (1967), L ö v e  an d  R i t c h i e

(1966), a n d  P. J. S c o t t  (pers. co m m u n .) ,  
f o u n d  R. gm elin ii  to  be d ip lo id . T h is  m a y  
or m a y  n o t  in d ica te  u n re so lv e d  ta x o n o m ic  
p ro b le m s  invo lv ing  the  species, b u t  the 
m a t te r  is in  a n y  case com p lica ted  fu r th e r  
by  th e  ex istence of tw o  o th e r  coun ts ,  one 
d ip lo id ,  one  te trap lo id ,  f ro m  the  USSR 
(So k o l o v s k a y a  1958, 1963).

R a n u n c u lu s  su b g e n u s  B a t r a c h iu m
(DC.) A. Gr a y

(V oucher  d e te rm in a t io n s  by  C. D. K. 
Co o k  ex cep t w h e re  o th e rw ise  noted.)

R. p e l ta tu s  S c h r a n k , 2 n = 1 6 ,  C o im bra  
BG; R. tr ipar ti tu s  DC., 2n =  48, C o im bra  
BG; R. baudo ti i  Go d r ., 2n =  32; G erm an y : 
R ü g en  I (H alle  B G ) ; R. sp h a e ro sp e rm u s  
B o i s s . & B l a n c h e ; S a sk a tc h e w a n :  N o k o ­
m is  ( 2 n = 1 6 ) ,  C&MH 2402, 10 Aug. 1967; 
Y oung, C&MH 2401, 10 Aug. 1967; Kin- 
ders ley , C&MH 2407, 14 Aug. 1967; E n ­
v iro n  ( 2 n = 1 6 ;  no  v o u c h e r) ,  C&MH 6566, 
10 J u ly  1971; R. tr ic h o p h y l lu s  Ch a i n , 2n =  
32; B e lche r  Is: F la h e r ty  I., F r e a k ly  Pt., 
P. F .  M a y c o c k  a n d  J. O p  d e  B e e c k , 29 
Aug. 1967 (det. P F M ) ; R. longirostris  
Go d r ., 2n =  48; O n ta r io :  Speyside, C&MH, 
1967.

B ot. N o tise r, vol. 127, 1974



KARYOTYPES AND DNA CONTENT IN RANUNCULUS 481

K a ry o ty p e s  in  th e  above  m a te r ia ls  a re  
u n i fo rm  (T able  1), a n d  s im ila r  u n ifo rm ity  
is ev iden t fo r  the  su b g en u s  as a  w h o le  in  
th e  w o rk  o f  Co o k  (1962, 1963, 1966 a, 
1966 b) a n d  o th e r  a u th o rs ,  e.g. T u r a l a  
(1969, 1970, 1972), T u r a l a  a n d  W o l e k  
(1971). H ow ever ,  c o n t r a ry  to  a  suggestion  
b y  C o o k  (1966 b ) ,  B a tra c h iu m  seem s to  be  
k a ry o ty p ic a l ly  fa i r ly  d istinct,  e.g. in  th e  
n u m b e r  of s u b m e ta c e n t r ic s  p e r  d ip lo id  set; 
in  th e i r  re la t iv e  len g th s ;  in  the  size o f  som e 
of th e  ac ro c e n tr ic  p a i rs  in  each  set; and , 
to  ju d g e  f ro m  the  p re se n t  resu lts ,  in  o v e r ­
all c h ro m o s o m e  size. CL values  (Table 1) 
suggest re la t iv e ly  sm all  ch ro m o so m es  
th ro u g h o u t ,  a n d  av a i lab le  DNA values  
p lace  one species, R. tr iparti tus ,  in  the  
“very  s m a l l” size range , a n d  tw o o th e r  sp e ­
cies in the  c a te g o ry  “s m a l l” .

R. long irostr is  is a  p rev io u s ly  u n c o u n te d  
N o r th  A m er ic an  species h e re  re p o r te d  to 
be h e x a p lo id  in  S. O n tario .  C h ro m o so m e 
co u n ts  in  th e  re m a in in g  m a te r ia ls  m a tc h  
those  re p o r te d  b y  C o o k  ( 1 9 6 6  b) or  a u th o rs  
q u o te d  b y  h im .

B ased  on th e  in te rp re ta t io n  of C o o k , a t 
leas t  six species of B a tra c h iu m  a re  ag g re ­
gates invo lv ing  m u l t ip le  c h ro m o s o m e  n u m ­
bers. T h u s  R. p e l ta tu s  inc ludes  d ip lo ids  in  
P o r tu g a l ,  te t ra p lo id s  in  G erm any , a n d  
hex ap lo id s  in  E n g la n d  (C o o k  1962, 1966 b). 
L a r s e n  (in Co o k  1966 b) a n d  T u r a l a  (1969) 
s tud ied  te tra p lo id s  in  D e n m a rk  a n d  P o lan d .

C eratocephalus P e r s .

C. te s t icu la tu s  (C r a n t z ) R o t h , 2 n = 1 4 ,  
L e n in g ra d  BG; C. fa lca tu s  (L.) P e r s ., 2n =  
c. 40, 1 pop.

D a v i s  (1960) h a s  r e p o r t e d  t h a t  Cercito- 
cep h a lu s  l a c k s  a n  a d v e n t i t i o u s  r o o t - s y s t e m  
o f  t h e  t y p e  c h a r a c t e r i z i n g  R a n u n c u lu s  a n d  
a r g u e s  t h a t  t h i s  i s  o n l y  o n e  o f  s e v e r a l  
f e a t u r e s  in  w h i c h  C era tocepha lus  i s  d i s ­
t in c t  f r o m  t h e  la t t e r  a s  a  g e n u s .  T o  t h e s e  
m i g h t  b e  a d d e d  k a r y o t y p e  p a t t e r n .

In  Fig. 1, the k a ry o ty p e  of C era tocepha­
lus te s t icu la tus  is c o n t ra s te d  w i th  th re e  
k a ry o ty p e s  of species of R a n u n c u lu s  w ith

the sam e c h ro m o s o m e  b ase  n u m b e r  (x =  7). 
T h e  fo rm e r  h a s  five m e ta c e n tr ic  a n d  tw o  
ac ro c en tr ic  c h ro m o s o m e  pairs , w hile  acro -  
cen tr ics  o u tn u m b e r  m e tace n tr ic s  in  R a n u n ­
culus.  A m e ta p h a s e  p la te  of C. fa lca tus  
w ith  40 o r  41 c h ro m o s o m e s  (the on ly  p la te  
s tudied) is like C. te s t icu la tus  in  th a t  at 
least 26 of th e  c h ro m o so m e s  a re  m e ta c e n ­
tric, how ever ,  f u r th e r  s tu d y  of this species 
is necessary .

T h e  u n u s u a l  c h ro m o s o m e  n u m b e r  of C. 
fa lca tus ,  2n =  40, w as  p rev io u s ly  r e p o r te d  
b y  L a n g l e t  (1 9 3 2 )  w h o  c o n jec tu red  th a t  
it m ig h t  be b a se d  on  x =  4. F l o v i k  (1 9 3 6 )  
d isco u n ted  x =  4 as a  b ase  n u m b e r  in  R a ­
n u n c u lu s  or  a llied  g enera ,  rea liz ing  th a t  
n u m b e rs  such  as L a n g l e t ’s cou ld  re su lt  
f ro m  h y b r id iz a t io n  a m o n g  p la n ts  v a r io u s ly  
p o ly p lo id  on  x =  8 —  th e  p re d o m in a n t  base  
in  su b fam ily  R a n u n cu lo id ea e  of  th e  Ra- 
nunculaceae.  H ow ever ,  th e  c h ro m o so m e  
n u m b e r  of C. te s t icu la tus ,  p rev io u s ly  r e ­
p o r ted  b y  T i t o v a  (1 9 3 5 ,  C. o r th o cero s ) , 
can  only  be in te rp re te d  as d ip lo id  on  x =  7, 
so C. fa lca tu s  is p r o b a b ly  n o t  p e n ta p lo id  
on  x =  8 b u t  a m o d if ied  h ex ap lo id  b ased  
on  x =  7.

As a h ex a p lo id  species, C. fa lca tus  has  a 
low  DNA v a lue  (.591) p lac ing  its c h ro m o ­
som es in  the  size ca teg o ry  “v e ry  sm a l l” . 
CL va lues  in C. te s t icu la tu s  (Table 1) also 
suggest r a th e r  sm all  ch ro m o so m es .

Trautvetteria F ischer & Meyer

L o n a y  (1901, 1907) show s th a t  T r a u t­
vetter ia  re sem b les  R a n u n c u lu s  (e.g. Crij- 
m o d e s ) in  ach e n e  s tru c tu re .  F o llow ing  
T a m u r a  (1967), it is a genus  co m p o sed  of 
th re e  species: T. ja p o n ic a ; T. grandis  (W. 
N o r th  A m e r ic a ) ; a n d  T . ccirolinensis  (E. 
N o r th  A m erica ) .  T h e  p re se n t  accession  of 
the la t te r  h as  a  d ip lo id  c h ro m o so m e  c o m ­
p le m en t of fo u r  ac ro c e n tr ic  an d  fo u r  m e ta ­
cen tr ic  p a i rs  (Table  1), a p a t te rn  also c h a r ­
ac teriz ing  c e r ta in  species of R a n u n c u lu s  
(e.g. C rym odes ,  T ab le  1). Its  ch ro m o so m es  
a re  qu ite  la rge  b u t  DNA c o n ten t  re m a in s  
to be d e te rm in ed .  K u r i t a  (1961 a) p re v i­
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ously  s tu d ie d  T. ja p o n ic a ; h e  describes  its 
c h ro m o so m e s  as large a n d  his k a ry o ty p e  
i l lu s t ra t io n  s h o w s  a  p a t te r n  like th e  above.

D IS C U S S IO N

T he  p u rp o s e  of these  c o m m e n ts  is to 
b r in g  o u t  fac ts  of in te re s t  f ro m  the  p o in t  
of v iew  o f  phy togeny . C lassification, a l ­
th o u g h  to u c h e d  u p o n  in  som e p a r ts  of th is 
p a p e r  (e.g., sect. R a n u n c u lu s ) ,  is a sub jec t  
fo r  f u r th e r  s tudy .

P h y le t ic  S ta tu s  o f  R a n u n c u lu s

P h y lo g e n e t ic  rev iew s of th e  ra n u n c u la -  
ceous g e n e ra  b y  L a n g l e t  (1932), G r e g o r y  
(1941), a n d  T a m u r a  (e.g., 1962 a, 1 9 6 2 b ,  
1966, 1967, 1968) seek to  es tab l ish  a  f u n d a ­
m e n ta l  p h y le t ic  d ic h o to m y  o n  cyto logica l 
g ro u n d s ,  w i th  one b r a n c h  evolv ing  in to  
s u b p h y la  of th e  “T h a l ic t r u m ” ty p e  (small- 
c h ro m o s o m e ) ,  the  o th e r ,  of the  “R a n u n ­
c u lu s” ty p e  ( la rg e -ch ro m o so m e) .  R a n u n ­
cu lu s  is re g a rd e d  as one of th e  m o re  d e ­
rived  m e m b e rs  of su b fa m ily  R a n u n cu lo i-  
clecie of th e  la rg e -ch ro m o so m e  b ra n c h .  
C onsequen tly ,  T a m u r a  (1967), no ting  th a t  
c h ro m o s o m e s  of som e species of R a n u n ­
cu lus  seem  a c tu a l ly  qu ite  sm all, p ro p o ses  
h y p o th e t ic a l ly  th a t  p e rh a p s  in  th e  R a n u n -  
cu lo id eae  “ s h o r t  c h ro m o so m e s  m a y  be r e ­
g a rd e d  as a n  a d v a n c e d  c h a r a c te r ” .

T h e In te r p r e ta tio n  o f  L öve  an d  L öve

W h ile  th e re  exists no  d e ta iled  rev iew  of 
R a n u n c u lu s  p h y lo g e n y  a n d  k a ry o ty p e s ,  
L ö v e  a n d  L ö v e  (1 9 6 1 b ) ,  in  th e ir  d isc u s ­
s ion of th e  t r e a tm e n t  of R a n u n c u lu s  by  
B e n s o n  (1940), hav e  given a  b r ie f  cyto- 
ta x o n o m ic  o u tl ine  of Ihe genus. L ö v e  and  
L ö v e  a rg u e  th a t  “ . . . cy to log ica l f ea tu re s  
k n o w n  f ro m  th e  collective genus  ind ica te  
v ery  c le a r ly  th a t  a t leas t  m o s t  of (the) s u b ­
g e n e ra  a re  ev o lu tio n a r i ly  d is t inc t  un its , 
som e of w h ic h  h a rd ly  a re  closely  re la te d ” . 
T h e y  p ro p o s e  to r e - in te rp re t  m o s t  of th e m  
—  C eratocephalus ,  C yr to rh yn ch a ,  O xygra-  
ph is ,  C rym o d es ,  B a tra c h iu m , Ficciria, Cop-
Bot. Notiser, vol. 127, 1974

t id iu m  ( inclusive of P a lla s ia n th a ) —  as 
s ep a ra te  genera , a n d  th ey  in t im a te  th a t  
th e re  are  yet o th e r  ta x a  in  R a n u n c u lu s  
w h ich  m a y  re q u ire  s im ila r  t r e a tm e n t .

T h e B a u er  K a ry o ty p e

L ö v e  a n d  L o v e ’s in te rp re ta t io n  is, of 
course , p e rfec t ly  valid, p ro v id ed  th a t :

(i) K a ry o ty p es  of O xygraph is ,  C ry m o ­
des, etc., rea l ly  a re  d iffe ren t,  an d

(ii) th a t  th e y  are  d is tinc t n o t  m e re ly  in  
te rm s of size. T h e  la t te r  p o in t  is obvious 
a t least in  a  g enera l w ay , th e re  b e ing  m a n y  
exam ples  of c losely  re la ted  ta x a  d iffe r ing  
in  respec t to c h ro m o so m e  size (e.g., sp e ­
cies of C h r y s a n th e m u m ,  T a n a k a  a n d  S h i - 
m o t o m a i  1961, T a n a k a  1966).

Be th is as it m a y  —  il is c lea r  th a t ,  in  
o rd e r  to c o n fo rm  to a n  in te rp re ta t io n  such  
as L ö v e  a n d  L o v e ’s , c h ro m o s o m a l  v a r i a ­
t ion  a m o n g  th e  ta x a  in  q u es tio n  w o u ld  
have  to be  b o th  ex tensive  an d  of a ty p e  
a ffec ting  th e  ex te rn a l  a p p e a ra n c e  of the  
k a ry o ty p e .  T h u s  one w o u ld  ex p ec t  v a r ia ­
tion  of m o re  th a n  one  k in d  —  inc lud ing , 
first, changes  in  c h ro m o s o m e  base  n u m ­
ber, since base  n u m b e r  varies  w i th in  the  
R an u n cu lo id ea e  a n d  indeed  in  R a n u n c u lu s ,  
secondly , changes  in  k a ry o ty p e  co m p o s i­
tion  and , th i rd ly ,  p e rh a p s  size.

In  the  ev idence  ava ilab le  h e re  (Table 1), 
the  firs t  a n d  obv ious  fact is th a t  s u p e r ­
ficially  id en tica l  k a ry o ty p e s ,  d is t in g u ish ­
able  o n ly  b y  size a n d  on ly  so in  som e of 
the  cases, o ccu r  in  a  w ho le  series  of s u b ­
divisions. At least e ight d is t inc t  ta x a  a re  
invo lved : th ree  h o la rc t ic  subd iv is ions , viz., 
sections C op tid ium , H alodes ,  C r y m o d e s ; 
the  N o r th  A m erican  section P seu d a p h a n o -  
s tem m a ;  and  fo u r  o f  the  Old W o r ld  sec­
tions s tudied , viz., R a n u n ce lla ,  T h o ra ,  Aco-  
nitifo lii ,  an d  L eu c o ra n u n c u lu s .  T h e  c o m ­
m o n  k a ry o ty p e ,  bas ica lly  a p a t te rn  of fo u r  
ac ro c e n tr ic  a n d  fo u r  m e ta c e n tr ic  o r  near-  
m e tace n tr ic  c h ro m o so m e  p a i rs  (Fig. 2, 
row s 2— 3), m a y  be  d es ig n a ted  th e  “B a u e r ” 
k a ry o ty p e ,  h av in g  been  p re v io u s ly  d e ­
scribed  by  h e r  ( B a u e r  1954) in  th re e  of
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th e  above sections. Being as w id e s p re a d  as 
it is, it m a y  ye t  be fo u n d  e lsew here  in  the  
genus. In d eed  the  k a ry o ty p e  recen tly  i l lu ­
s tra ted  b y  K a p o o r  a n d  L ö v e  (1970) fo r  
R a n u n c u lu s  ra n u n c u l in u s  N u t t , of sec tion  
C y r to r h y n c h a  has, as f a r  as can  be judged ,  
a  p a t te rn  q u ite  re sem b lin g  the  B a u e r  p a t ­
te rn .

T h e  o ccu rren c e  o f  su p erf ic ia l ly  iden tica l 
k a ry o ty p e s  in  these ta x a  can , of course , be 
in te rp re te d  in  d if fe re n t  w ays, b u t  n o t  w i th ­
o u t  tak in g  in to  a c c o u n t  th re e  a d d i t io n a l  
facts. F i r s t  o f  all, th e  species invo lved  are  
r a th e r  d iss im ila r ,  sh a r in g  key  a t t r ib u te s  in  
a  c o m p a ra t iv e ly  sm all  n u m b e r  of fea tu res .  
In  the  second  place, DNA values  in  the  
“B a u e r ” ta x a  w ere  sh o w n  to  v a ry  over  an  
a p p ro x im a te ly  th ree -fo ld  range ,  so th a t  
th e re  is, in  fact, som e “cy to lo g ica l” ev i­
d ence  of p h y le t ic  d i f fe re n t ia t io n  b e tw een  
them . It m a y  be o b jec ted  th a t  v a r ia t io n  of 
the  sam e k ind , a n d  n e a r ly  as  extensive, 
exists also w ith in  c e r ta in  sections  of R a ­
n u n c u lu s  w h e re  it seem s to  invo lve  closely  
re la ted  species (e.g., sect. R a n u n c u la s t r u m ) . 
B u t th is  lack  of ta x o n o m ic  c o r re la t io n  does 
no t  g rea t ly  in te r fe re  w ith  th e  a rg u m e n t  
since in  b o th  cases the  v a r ia t io n  c a n  on ly  
s ignify  re la tive ly  h igh , no t  re la tive ly  low, 
degrees of phy le tic  iso la tion .

T h ird ly ,  th e  B a u e r  p a t te r n  h a s  been  
sh o w n  to c h a ra c te r ize  n o t  o n ly  species of 
th e  genus R a n u n cu lu s ,  b u t  a lso  species of 
Trautvetterici. T h e  re la t io n s h ip  of the  l a t ­
te r '  t o ' / ? d n u n cu lu s  séenis fa ir ly  close (Fig. 
4), b u t  its sm all  size, a n d  th e  d is ju n c t  
d is t r ib u t io n  of its species suggest th a t  it is 
phy le t ica l ly  n o t  v e ry  recen t.  I am  th e re ­
fore conv inced  th a t  c h ro m o so m e  c o m p le ­
m en ts  of the  B au e r  ty p e  re p re se n t ,  a t least 
in R a n u n cu lu s ,  a less derived , an ce s t ra l  
p a t te rn .  T h is  h y p o th e s is  is o n e  to be  fo l ­
low ed  u p  in  r a n u n c u lo id  g e n e ra  such  as 
C a ll ia n th e m u m , A d o n is  (Fig. 4), a n d  p e r ­
h a p s  in  such  ta x a  as P a ro x y g ra p h is  W . W . 
S m i t h  in  the  e a s te rn  H im a lay as ,  Lacco-  
p e ta lu m  U l b r i c h  in  th e  h ig h  m o u n ta in s  of 
P e ru ,  a n d  o thers .

To r e g a rd  the  B a u e r  p a t te rn  as a n c ie n t  
is free f ro m  a s su m p tio n s  a b o u t  p h y le t ic

CLEMATIS RANUNCULUS

TRAUTVETTERIA
ADONIS

ANEMONE

CALLIANTHEMUM

TROLLIUS

CALTHA

Fig. 4. Phyletic relationships among genera 
of the Ranunculaceae subfamily Ranunculoi- 

deae, after T a m u r a  (1962 a).

age of species in  w h ich  it  is seen. Also, 
ta x a  exh ib iting  the  c o m m o n  p a t te r n  m a y  
o r  m a y  no t be “ev o lu tio n a r i ly  d is t in c t” in  
th e  sense of L ö v e  a n d  L ö v e  (1961 b). B ut 
even  so, one th in g  is c lea r :  as f a r  as is 
k n o w n , the B a u e r  p a t te rn  occu rs  ex c lu ­
sively in  sm a lle r  taxa , in c lu d in g  som e 
—  such  as P s e u d a p h a n o s te m m a ,  Copti- 
d iu m  —  w h ic h  a p p e a r  to be m o n o ty p ic .  
In  v iew  of this, it w o u ld  not, in  fact, be 
su rp r is in g  if th e i r  species w ere  fo r  the  
m o s t  p a r t  r a th e r  anc ien t.

I t  is of in te re s t  in  th is  co n n ec t io n  th a t  
B e n s o n  (1942) shou ld  ch a ra c te r ize  the  fo l­
low ing  N o r th  A m erican  R a n u n c u l i  as  “r e l ­
ics of a n c ien t  f lo r a s ” , bas in g  his a rg u m e n t  
on th e ir  iso la ted  o r  sca tte red  d is tr ib u tio n s :  
species of sections C yr to rh yn ch a ,  Arcter-  
anth is ,  P se u d a p h a n o s te m m a ,  O x y g ra p h is , 
C rym odes , P allasiantha , C op tid iu m ,  as well 
as —- less conv inc ing ly  —  E ch in e lla  (R. 
h e b e c a rp u s ) a n d  B a tra c h iu m  (R. lo b b i i) . 
B e n s o n  notes o th e r  deta ils  su p p o r t in g  his 
view, fo r  in s ta n ce  th a t  “/?. h y s tr ic u lu s  
(sect. P se u d a p h a n o s te m m a )  h as  a ra n g e  in 
C a l ifo rn ia  a lm o s t  co inc id ing  w ith  th a t  of 
. . . Seq u o ia  . . .  in  th e  S ie r ra  N e v a d a ” .

B ot. N o tise r, vo l. 127, 1974
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Table 2. Ploidy, relative nuclear DNA content per diploid set in terms of Anemone vir- 
giniana  L. ( =  1.0), typical complement length in p, per diploid set, and frequency of acro­
centric, submetacentric, and metacentric chromosomes in the haploid karyotype, in taxa 
containing annual species or apomicts (genera Ranunculus  and Ceratocephalus). (Data

of Table 1.)

Classification Species oidy 2n-DNA 2n-CL Karyo­
type

2n 30 2-0-5
6n .197 —- -—
4n .359 44 mixed
2n .400 49 5-0-2
4n .349 51 5-0-2
2n .277 26 5-1-1

2n .257 49 5-1-2
4n — — —
2n .634 82 5-1-2
4n .344 43 4-1-3
4n .337 46 4-1-3

16n .296 — —
2n .429 65 5-1-2
6n .325 54 5-1-2
4n .378 54 6-1-1
6n .345 64 6-1-1
4n .349 49 4-0-3

2n .273 44 3-1-4
2n .275 51 3-1-4
4n .211 38 2-3-3
4n — 41 3-1-4
4n — 58 3-1-4
4n .230 — -—

6n — — • -—

6n .222 — -—

6n .242 47 3-1-4
8n .165 41 3-1-4

12n — — —
4n .198 41 3-2-3
8n .221 45 3-2-3
8n .218 36 3-2-3
6n .174 — —
2n --- 44 5-3-0
2n .295 4 / 4-3-1
4n .234 45 4-3-1
6n .169 — -—

6n — 48 m ixed

Ceratocephalus (x =  7)

Echinella (x=8) 
Echinella  (x =  7)

Micranthus  (x =  8) 

Flamm ula  (x =  8)

Ranunculus  (x =  l

Ranunculus  (x =  7) 
Auricomus  (x =  8)

Hecatonia  (x=8)

Batrachium  (x =  8)

te s t ic u la tu s ...........
falcatus  ................
arvensis .............
chius ......................
p a r v i f lo r u s ...........
pentandrus  ...........
la te r i f lo ru s  .
nodiflorus  .........
ophioglossifolius
flammula  ...........

var. fili formis  
lingua .................
sardous ................
t r i l o h u s .................
marginatus  .........
m u r ic a tu s ...........
u n c in a tu s  .
abortivus  ...........
rhomboideus . . .
a f finis  .................
auricomus  .........
cassubicus .........
cdlenii .................
p e d a t i f id u s .........
nivalis .................
eschscholtzii . . .  
cardiophyllus . . 
sulphureus  .........
sce lercdus ...........

var. multifidus
gmelinii .............
in u n d a tu s ...........
p e l ta tu s ................
sphcierospermus .
baudotii .............
tripartitus .........
longirostris . . . .

P r im itiv e  an d  A d v a n ced  C h ro m o so m a l 
F e a tu r e s  in  R a n u n c u lu s

If  one w ere  g ra n te d  th a t  ta x a  c h a r ­
ac te r ized  b y  th e  B au e r  k a ry o ty p e  m a y  in ­
deed  be  less derived , so th a t  th e y  c a n  be 
ex c lu d ed  a t  leas t  f ro m  the  rece n t  p h y to ­
geny  of R a n u n c u lu s ,  th e n  one  is le ft  w ith  
Bot. Notiser, vol. 127, 1974

m o re  d er ived  R a n u n c u l i  of bas ica lly  tw o  
k inds : th o se  w h ic h  o n  c r i te r ia  o th e r  th a n  
k a ry o ty p e  c a n  o n ly  be  descr ibed  as ‘‘a d ­
v a n c e d ” , a n d  th o se  w h ic h  (on the  sam e 
crite r ia )  a re  less so.

Of in te re s t  th e n  w o u ld  be a n y  p r im itiv e  
and , above  all, a n y  “ a d v a n c e d ” c l irom o-
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s o m a l  f e a t u r e s  i n  t h e s e  s p e c i e s  ( e .g . ,  s e n s u  
T a m u r a  1967), a n d  a t  l e a s t  t h e  a d v a n c e d  

f e a t u r e s ,  i f  t h e y  r e a l l y  e x i s t ,  s h o u l d  e m e r g e  

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

k a r y o t y p i c  a t t r i b u t e s .

T ab le  2 lists k a ry o ty p e  a t t r ib u te s  of s p e ­
cies f ro m  p re su m a b ly  ad v an c ed  taxa , 
n a m e ly  th o se  consis ting  en tire ly  of a n ­
n u a ls  (C era tocepha lus , E ch in e l la , M icran-  
t h u s ) ; th o se  consis ting  p a r t ia l ly  of a n n u a ls  
b u t  w h ic h  accep t u n s ta b le  o r  ex trem ely  
t ra n s i t io n a l  h a b i ta ts  (F la m m u la ,  Hecci- 
tonia, B a t r a c h iu m ); a n d  those  w ith  a t e n ­
d en cy  to re p ro d u c e  p seu d o g am o u s ly  (A u r i - 
co m u s:  e.g., H ä f l i g e r  1943, R o u s i  1956, 
R u t i s h a u s e r  1965, J a n k u n  a n d  I z m a i l o v  

1964, I z m a i l o v  1970). Also in c lu d ed  in 
T a b le  2 a re  R. sardous  a n d  o th e r  a n n u a ls  
of section  R a n u n c u lu s ,  a l th o u g h  the  la t te r  
c o u ld  n o t  be ca tego rica lly  desc r ibed  as a d ­
vanced .

C o m m o n  c h ro m o s o m a l  a t t r ib u te s  in  these  
taxa  are :

(i) P e r h a p s  n o t  su rp r is in g ly ,  a h ig h  in ­
c idence  of p o ly p lo id y ;  som e 40 %  of the 
species s tu d ie d  a re  a t th e  h e x a p lo id  or 
h ighe r  levels, 31 °/o a re  te trap lo id ,  som e 
28 %  d ip lo id .

(ii) A re la t iv e ly  n a r ro w  c h ro m o so m e  size 
ra n g e  in  eac h  ta x o n ;  a t the  d ip lo id  level, 
DNA v a lu es  in  section  E ch in e lla  ra n g e  
f ro m  .27 to .4; sect. R a n u n c u lu s  an n u a ls ,  
.32— .43; sect. H ecaton ia ,  .17— .22; s u b ­
gen u s  B a tra c h iu m  .17— .29; sect. Auri-  
c o m u s  .16— .27; sections F la m m u la  and  
M ic r a n th u s  .26— .34 —  excep t fo r  a  single 
species, R. oph iog loss ifo lius ,  w h o se  DNA 
value  ex ten d s  the  ran g e  to a p p ro x im a te ly  
.63. S om e of these  size ran g es  a re  so n a r ­
row  tha t,  w ere  it no t  fo r  the  in d e p e n d e n t  
ev idence  ava i lab le  f ro m  k a ry o ty p e  ana ly sis  
in  p o ly p lo id s ,  one w o u ld  d o u b t  th a t  rea l 
size v a r ia t io n  exists in  the  ta x a  involved.

I t  is a lso  a p p a re n t  th a t  th e  size ranges  
o b se rv ed  in  the  v a r io u s  ta x a  a re  ac tu a lly  
q u ite  s im ila r :  w i th  th e  in te re s t in g  ex ce p ­
tion  of R. oph iog loss ifo liu s ,  th e  species

s tu d ie d  —  as if  to c o n f irm  the  h y p o th e s is  
of T a m u r a  —  h av e  “ sm a l l” o r  “very  
s m a l l” c h ro m o so m e s  (DNA less th a n  .4 o r  
less t h a n  .2; R. sardous  s l igh tly  exceeds 
th is  ran g e  w ith  a v a lue  of .427). W h a t  
seem s re le v an t in  th e  ev idence of T ab le  2 
is, how ever ,  n o t  th is  coincidence, n o r  its 
p re l im in a ry  e x p la n a t io n  in te rm s  of p o ly ­
p lo id  species re la t io n sh ip s ,  b u t  r a th e r  th e  
fa c t  th a t  th e re  seem s to be very  little  else 
w h ic h  these  eight ta x a  have  c h ro m o so m - 
a l ly  in  co m m o n . One m a y  suspect,  on  the  
bas is  of th e i r  ta x o n o m y , th a t  th e i r  p h y lo ­
genetic  aff in it ies  a re  diverse, a n d  the  o b ­
se rv ed  ch an g es  in  k a ry o ty p e  co m p o s i t io n  
fro m  taxon  to ta x o n  (e.g., T ab le  2) leave 
one  in  no d o u b t  a b o u t  th is point.

N everthe less ,  n o t  all of th e m  a re  equa lly  
d is tinc t.  T h u s ,  k a ry o ty p e s  suggest th a t  
M icra n th u s  a n d  F la m m u la  a re  s im ila r ly  
d e r iv e d  ta x a  a n d  m a y  rep re se n t  a  single 
p h y lo n .  T h is  c o n je c tu re  is f u r th e r  s u p ­
p o r te d  b y  o b se rv a tio n s  of N e v e s  (1944 b) 
acc o rd in g  to  w h ic h  R. d ic h o to m if lo ru s  
co m b in es  genom es of species f ro m  b o th  of 
th e  taxa. L ikew ise , a n n u a l  species c lass i­
fied  in  sect. R a n u n c u lu s  by  T u t i n  a p p e a r  
to be closely  re la ted  to p e ren n ia ls  in  th a t  
sec tion  ( D a v i s  1960), a l th o u g h  e x p e r i­
m e n ta l  ev idence of th is  w o u ld  be desirab le . 
T h e re  is a lso  som e in d ica tio n  th a t  the  tw o 
“a q u a t i c ” taxa, H eca ton ia  a n d  B a tra c h iu m ,  
a re  in  fac t of s im ila r  de r iva tion .  C o o k  

(19é3) fo u n d  R. scelera tus  to be  like 
B a tra c h iu m  in  its pecu liar ,  t ran sv e rse ly  
ridged  p e r ic a rp s  (var. scelera tus ) w h ich  in  
b o th  cases invo lve  p resence  of e longated , 
r a n k e d  sclere ids in the  p e r id e rm . Basing 
his o p in io n  on  the  w o rk  of L o n a y  (1901, 
1907), C o o k  believes th a t  achenes  of th is  
ty p e  p ro b a b ly  do n o t  occu r  e lsew here  in  
the  genus. As fo r  th e i r  k a ry o ty p e s ,  it a p ­
p ea rs  th a t  H eca ton ia  a n d  B a tra c h iu m  are, 
by  a n d  large, th e  on ly  ta x a  in  R a n u n c u lu s  
w i th  c h ro m o s o m e  size ranges  ex tend ing  
in to  th e  ca teg o ry  “very  s m a l l” (DNA less 
th a n  .2) —  the  q u es tio n  is on ly  w h e th e r  a 
c o m m o n  size ra n g e  h as  m u c h  to do w ith  
c o m m o n  der iva tion .

B ot. N o tise r, v o l. 127, 1974
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T h e P h y le t ic  P o s it io n  o f  S ect. 
R a n u n c u la str u m

H av ing  ev idence th a t  c h ro m o so m e  size 
v a r ia t io n  exists, b u t  is n o t  v ery  extensive, 
in  a  w ho le  series of a d v a n c e d  taxa , it is 
tem p tin g  to  conc lude  th a t  th e  c o n d it io n  is 
ty p ica l  fo r  cases like these . W h e re ,  th e re ­
fore, c h ro m o so m e  size var ie s  g reatly , 
a m o n g  ta x a  of one k in d  o r  a n o th e r ,  one 
w ill be inc lined  to  r e g a rd  th e m  a lm os t 
ca teg o r ica lly  as re la tive ly  anc ien t.  T h a t  a t 
least som e of the  ta x a  c h a ra c te r iz e d  by  
the  B a u e r  k a ry o ty p e  a re  in  th is  ca tego ry  
h a s  a l re a d y  been  show n. I t  r e m a in s  to  be  
d e te rm in e d  w h e th e r  th e  sam e app l ie s  to 
o th e r  ta x a  involv ing  ex tensive  size v a r i a ­
tion, p r im a r i ly  here  the  species of the  la rge  
section  R a n u n c u la s tru m .

D a v i s  (1960) g ro u p s  all th e  species of 
R a n u n c u la s tr u m  in  a  p re l im in a ry  ta x o n  
des igna ted  G rum osi,  th a t  is, p e re n n ia ls  
w ith  d im o rp h ic ,  tu b e ro u s  a n d  f ib ro u s  
roots , in  w h ic h  he inc ludes  also th e  section  
P h y s o p h y l lu m .  H e reg a rd s  G rum osi  as a 
m a jo r  a d ap t iv e  g ro u p  in  the  genus  a n d  
traces  its o rig in  as fo llow s: “ It is ev iden tly  
a n  a d v a n c e d  an d  specia lized  g ro u p ,  a n d  it 
seems v e ry  likely  th a t  it evolved  (at leas t  
as fa r  as sect. R a n u n c u la s tr u m  is c o n ­
cerned) f ro m  an c e s t ra l  P ra em o rs i  (sect. 
R a n u n cu lu s )  by  th e  d ev e lo p m en t  of d i ­
m o rp h ic  roo ts .  F le sh y  ro o ts  a re  a l re a d y  
w ell-e s tab lished  in  som e s o u th e rn  r e p r e ­
sen ta tives  of the  P ra em o rs i  . . .” . H ow ever  
th is  m a y  be, D a v i s  concedes  th a t  the  g ro u p  
is p ro b a b ly  n o t  of rece n t  de r iva tion ,  since 
he  adds: “ . . . the  la rge  size of sect. R a n u n ­
cu la s tru m ,  its m o rp h o lo g ic a l  d ive rs i ty  a n d  
w ide d is t r ib u t io n  suggest th a t  the g ro u p ,  
desp ite  its specia lized  n a tu re ,  is of v e ry  
co n s id e ra b le  age.”

W h ile  th e  p re se n t  s tu d y  is too  sm all fo r  
a  d iscuss ion  of the  m a n y  ques tions  ra ised  
b y  this, it is c lea r  th a t  to c h a ra c te r iz eJ 7
R a n u n c u la s tr u m  as  an c ien t  is t a n ta m o u n t  
to  a d m it t in g  it as th e  on ly  m a jo r  an c ien t  
ta x o n  e x ta n t  in  th e  genus. T h u s  its p h y ­
letic  pos it ion  is a  m a t te r  of som e in teres t.

T h e  fo llow ing  obse rv a tio n s  seem  sig­
B ot. N o tise r, v o l. 127, 1974

n if ican t  in  th is  respec t .  F ir s t ly ,  it a p p e a rs  
th a t  th e re  is a  w ho le  c lass  of k a ry o ty p e s  
w h ich  has ,  so far ,  n o t  b e e n  o b se rv ed  in 
R a n u n c u la s tr u m ,  c o m m o n  as it is in  o th e r  
p a r ts  of the  genus, i.e., k a ry o ty p e s  w i th  
“s m a l l” c h ro m o s o m e  c o m p le m e n ts  (DNA 
less th a n  .4). U n fo r tu n a te ly ,  th is  is ev i­
dence of a k in d  su b jec t  to con flic ting  
p hy lo g en e tic  in te rp re ta t io n s ,  so th a t  it 
seem s best to  igno re  it fo r  th e  m o m en t,  
c o n ce n tra t in g  in s te ad  o n  th e  o th e r  fac t :  
th a t  the  size ra n g e  ob se rv ed  —  w h a te v e r  
its lo w er  l im it  —  is w ide. S econdly , k a r y o ­
type  p ro p o r t io n s  in  sect. R a n u n c u la s tr u m  
w ere  sh o w n  to be c o n s ta n t  a m o n g  the  sp e ­
cies s tud ied , a n d  also  fo r  species s tud ied  
by N e v e s  (1944 a), so the  c o m m o n  p a t te rn  
of five a c ro c e n tr ic  a n d  th ree  m e ta c e n tr ic  
p a i rs  (Fig. 2, ro w  1) is p r e s u m a b ly  a n  a n ­
ces tra l  one. T h ird ly ,  th e  sam e  p a t t e r n  oc ­
cu rs  also in  species of (a) sect. P h y s o ­
p h y l lu m ,  a n d  (b) sect. R a n u n c u lu s ,  w h e re  
it a p p a re n t ly  ch a ra c te r iz e s  the  w ho le  R h i-  
zo m a to s i  series. Yet it h as  no t  b een  fo u n d  
am o n g  species  of th e  P raem ors i  series —  a 
puzzling  co inc idence  in  te rm s  of the  p h y lo ­
genetic ro le  ass igned  b y  D a v i s  to  “a n c e s ­
t ra l  P r a e m o r s i”.
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Taraxacum  leporinum  spec, nov

Sten Nordenstam and J. L. van Soest

1
N o r d e n s t a m , S. & van  So e s t , J. L. 1974 12 30. Taraxacum  leporinum spec. nov. j  
— Bot. Notiser 127: 490—492. Lund. ISSN 0006-8195.

Taraxacum leporinum  is described as a new species. It belongs to the T. i 
langeanum  group which comprises four species.

W hether this group belongs to sect. Erythrosperm a  D a h l s t ., as lias been 
thought up to now, or to sect. Palustria D a h l s t ., is discussed.
Sten Nordenstam, Emanuel Birkes väg 2, S-J50 24- Rönninge.
J. L. van Soest, van Soutelandelaan

T a r a x a c u m  le p o r in u m  S. N o r d . & 
v a n  S o e s t  spec. n o v .  (F ig .  1)

Planta 0.5— 1 dm alta, basi araneosa. Folia 
sat obscure subprasino-viridia, petiolus rubro- 
violaceis, angustis (parte inferiore sat alatis), 
nervo mediano rufopurpureo. Folia usque ad 
10 cm longa, lobata, subglabra; lobi laterales 
utrique usque ad 7, lineares, integri vel dorse 
denticulato, acuti vel acutissimi, patentes vel 
interdum paulo recurvi; interlobia sat longa, 
angusta, subintegra; lobus terminalis in foliis 
exteriores anguste sagittatus, usque ad 20 mm 
longus, acutus vel subobtusus, in foliis inter­
med iis et interiores sublineare, usque ad 10 
mm  longum, acutum, lobulis basalibus linea- 
ribus vel anguste triangularibus, usque ad 
3 mm longis. Scapi numerosi, rubroviolacei, 
saepe curvati, parce (sub involucre subdense) 
araneosi. Involucrum c. 14 mm longum, basi 
crassiusculum, fuscoviride. Squamae exte­
riores adpressae vel subadpressae, ovatae 
usque ad 3.5 mm latae, 7 mm longae, in api- 
cem rufoviolaceum attenuatae, margine late 
± albo vel purpureo instructae, interiores 
apice atroviolaceae, omnes laeves. Calathium 
paulo radians, saturate luteum. Ligulae m ar­
ginales angustae, planae, extus stria atropur- 
purea ornatae. Antherae vacuae. Stylus et 
stigmata sat obscure fuscescentia. Achenium 
rubrobadium, pyramide inclusa c. 4.5 mm 
longum, superne spinolosum, ceterum laeve, 
in pyramidem anguste cylindricum, c. 1 m m  
longum abrupte abiens. Rostrum 10 mm  lon­
gum. Pappus subsordide albus, 5.5 mm longus.

Hololypus: Öland: Ventlinge, c. 300 m E of 
the church. Together with T. vestrogothicum, 
T. balticum, T. limnanthes, T. suecicum, T. 
intercedens, T. langeanum, 24.5.1973, leg. St e n  
N o r d e n s t a m  (S). — Isotypus in herb. v. 
So e s t  54944.
B ot. N o tise r, vo l. 127, 1974

35, den Haag, Netherlands.

a
T he  n a m e  T. le p o r in u m  is chosen  b e ­

cause  the  leaves ( th icker  a n d  m o re  r ig id  in 
in tercedens  a n d  se ldom  d a m ag ed  by  an i-  I 
m als) seem  to  be ea ten  by  hares .

A m ong the  species a c c o m p a n y in g  T. 
lep o r in u m , T. v e s tro g o th icu m  is u n e x p e c t ­
ed. T h is  species h a s  ea r l ie r  on ly  been  re ­
p o r ted  o n  Ö land  from  Alböke, F ö r a  a n d  
B öda in  the  n o r th e r n  p a r t  of the  is la n d  
(S a a r s o o  & H a g l u n d  1963), b u t  h a d  been  
seen by  one  of us (N o r d e n s t a m ) a b o u t  
800 m  E of th e  c h u rc h  in V entlinge in  May |  
1962.

T. le p o r in u m  is allied to T. in tercedens  |  
M a r k e ., b u t  d if fe rs  f ro m  the  la t te r  in  hav- |  
ing b lu ish  a n d  n o t  g rey ish  leaves w ith  ±  1
linear  a n d  n o t  d is tinc tly  t r i a n g u la r  side 
lobes, these  be ing  longer  th a n  in  T. in ter-  I 
cedens,  o f ten  r e c u rv e d  a n d  d is tinc tly  acu te ;  |  
the  te rm in a l  lobe is longer. T h e  p y ra m id  f 
of the d a rk e r  r e d -b ro w n  ach e n e  is th in n e r  
an d  longer.

F r o m  T. ve s tro g o th ic u m  DAHLST., w h i c h  
is s i m i l a r  i n  l e a f  s h a p e ,  it  d i f f e r s  i n  t h e  J 
r e d d i s h  a c h e n e s  a n d  t h e  l a c k  o f  p o l l e n .  
F u r t h e r ,  t h e  r o s t r u m  is s o m e w h a t  s h o r t e r  
a n d  th e  p y r a m i d  n a r r o w e r .  T h e  o u t e r  lig- if 
u l a s  h a v e  d a r k e r  s t r i p e s  a n d  t h e  i n n e r  in -  
v o l u c r a l  b r a c t s  a r e  d i s t i n c t l y  d a r k  v io le t .

T. le p o r in u m  be longs to a sm all  g ro u p  
of T a r a x a c u m  w i th  red d ish  achenes , p o in t-  |  
ing to sect. E r y th r o s p e r m a  D a h l s t ., a n d  
w i th  a series of m o rp h o lo g ic a l  f ea tu re s  J
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Fig. 1. Taraxacum leporinum  S. N o r d . & van So e s t , h o lo ty p u s  (S). —  X 0.4. •—
Photo A. Su n d v a l l .

I
1 
£

I
po in t in g  to sect. P alustr ia  D a h l s t . F o u r  
species be long  to th is  g ro u p  n a m e d  T a ­
ra xa cu m  la n g e a n u m -G ru p p e  by D o l l  (1973 
pp. 5, 30), viz. T. in tercedens  M a r k l ., T. 
lang ea n u m  D a h l s t ., T. w e s th o f f i i  H a g d ., 
v .  S o e s t  & Zb., a n d  T. le p o r in u m  S.  N o r d .
& v. S o e s t . U p to n o w  th is  g ro u p  h as  been  
co n s id e red  a  p a r t  of sect. E r y th r o s p e r m a  
b ecause  of the  red  achenes , p a r t ly  a lso  b e ­
cause  h e re  a n d  th e re  g ibbosities  h a v e  been  
ob se rv ed  on  th e  in v o lu c ra l  b rac ts ,  th o u g h

I on ly  V ag u e ly . .........................................................
T h e  red co lo u r  of th e  ach e n e  is a  fe a ­

tu re  n o t  only  of sect. E r y th r o s p e r m a  b u t  
o f  13 ou t  of the  39 sections of T a ra xa cu m .
In  these  13 sections  th e  ach e n e  is e x c lu ­
sively red  (sect. R h o d o c a rp a  v. S o e s t : T. 
s c h r o e te r ia n u m  H a n d . - M a z z .) or th e  co l­
o u r  m a y  be m o re  o r  less d o m in a n t  (sect.
E r y th r o s p e r m a  D a h l s t . e m .  L i n d b . f i l ., 
s e c t .  E ry th r o c a r p a  H a n d . - M a z z . e m .
D a h l s t . em. v. S o e s t ). H o w ev er  it m a y  
a lso  be p re sen t  to som e degree, in  o th e r  

I sections som etim es  o n ly  excep tiona lly .  F o r  
in s ta n ce  in  sect. O bova ta  v. S o e s t  on ly  T. 
o b o v a tu m  ( W i l l d .) DC. ssp. o b o v a tu m  has  
red  achenes ; in sect. T ib e ta n a  v. S o e s t
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o n l y  t w o  s p e c i e s  h a v e  r e d  a c h e n e s ,  v iz .  T. 
er iopodon  D o n  (s . s t r . )  a n d  T. s ik k im e n se  
H a n d . - M a z z . In  o t h e r  c a s e s  r e d - f r u i t e d  
f o r m s  o f  n o r m a l l y  g r e y - f r u i t e d  s p e c i e s  a r e  
k n o w n  s u c h  a s  i n  s e c t .  S p u r ia  DC.: T. 
m o n ta n u m  ( C a m .) DC. f .  r u b r o f r u c tu m  
v. S o e s t . All t h i s  m e a n s  t h a t  t o o  m u c h  
s t r e s s  m u s t  n o t  b e  l a i d  o n  t h e  c o l o u r  o f  
t h e  a c h e n e ,  i n  p a r t i c u l a r  n o t  w h e n  c h a r ­
a c t e r i z i n g  s e c t i o n s .

T h e re fo re  the  q u es tio n  m a y  be ra ised  as 
to w h e th e r  th e  g ro u p  u n d e r  co n s id e ra tio n  
rea l ly  belongs to sect. E r y th r o s p e r m a  o r  to 
sect. Palustria ,  or, possib ly , w h e th e r  it 
cou ld  be co n s id e re d  a n  “in te rm e d ia te ” sec­
tion.

It m u s t  be said th a t  g ibbosities  on  the 
b ra c ts  a re  no t  k n o w n  in sect. Palustria ,  a 
fea tu re  in  f a v o u r  of sect. E ry th ro s p e r m a .  
O n the  o th e r  h a n d ,  the ch a ra c te r is t ic s  of 
the  leaves and  invo lucres ,  an d  the eco ­
logical fea tu res ,  s t rong ly  f a v o u r  sect. P a ­
lustria. As f a r  as w e can  see the  sh ap e  of 
the  achenes  is n o t  conclusive.

If  one p re fe rs  to consider  the g ro u p  as 
a n  in te rm e d ia te  section  the  possib ili ty  of a 
h y b r id  o rig in  m u s t  be ta k en  in to  accoun t.
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In  the  case  o f  T. w e s th o f f  ii it  w o u ld  th e n  
p ro b a b ly  b e  a  h y b r id  b e tw ee n  a  species of 
sect. E r y th r o s p e r m a  a n d  one  of sect. 
P alustr ia  (in ca su  T. pa lu s tre  ( L y o n s ) S y ­
m o n s  or  T. m a r i t im u m  ITa g d ., v . S o e s t  & 
Zb.). As r e g a rd s  the  th re e  Baltic  species 
the h a b i ta ts  of species of b o th  sections are  
a lw ays  close toge ther .

F u r th e r  s tu d y  seem s to be  necessary . 
F o r  the  p re s e n t  w e on ly  w ish  to  ra ise  the  
q u e s t io n  of the ta x o n o m ic  p o s it io n  an d  a f ­

finities of th is  in te res t ing  g ro u p  of T a r a x a ­
cum .
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Studies in  A frican Cyperaceae XI

N ew  T axa and C om b in ations in  A bildgaardia  V ahl

Kåre Arnstein Lye

L ye, K. A. 1974 12 30. Studies in African Cyperaceae XI. New taxa and com bina­
tions in Abildgaardia Vahl. — Bot. Notiser 127:493—497. Lund. ISSN 0006-8195.

One new species and one new variety are described from Uganda, viz. Abild­
gaardia ugandensis K. L ye  sp. nov. and A. hispidula  (Va h l ) K. L y e  var. pyri- 
formis  K. L ye  var. nov. A. ugandensis K. L ye  has previously been confused with 
Bulbostylis scliimperiana (H ö c h s t .) C. B. Cl .

The modern circumscription of this genus involving the sinking of Bulbo­
stylis K u n th  ex C. B. Cl. in Abildgaardia, necessitates the coining of 30 new 
combinations for East African species and varieties of Abildgaardia.
Kåre Arnstein Lye, Department of Botany. Agricultural College of Norway,
N-U 32 Ås N.L.H., Norway.

A b ild g a a rd ia  u g a n d e n s is  K .  L y e  sp. n o v .

Herbae  perennes. Culmi dense caespitosi, 
10—25(5—50) cm alti, 0.3—0.5 m m  lati. Folia 
culmo breviora, 5— 20 cm longa et 0.3—0.7 
mm lata. Bracteae ad 12 mm longae. Spiculae 
numerosae, 4— 8 mm  longae et 2—3 mm  latae. 
Squamae  numerosae, ferrugineae plurinervo- 
sae. N ux  0.8 m m  longa.

TYPUS SPECIEI: L ye  184, 6.XI.1968. Ugan­
da, W est Mengo district, Entebbe, along Lake 
Victoria, VR 4006, 1,140 m (MHU holotype, 
EA, K, UPS isotypes).

A bildgaard ia  ugandensis  (Figs. 1, 2) is a 
r a th e r  dense ly  tu f te d  p e ren n ia l  w i th o u t  
sw o llen  s tem -bases.  C ulm s u su a l ly  10— 25 
(ra re ly  5— 50) cm  long a n d  0.3— 0.5 m m  
th ick ,  u su a l ly  g la b ro u s  excep t fo r  a  few  
sca tte red  sh o r t  sp ine-like  h a irs  be low  the  
in flo rescence. L eaves  5— 20 cm  long a n d
0.3— 0.7 m m  b ro a d ,  f la t  o r  c a n a l ic u la te  (or 
w ith  m a rg in s  co m p le te ly  in ro l led ) ,  w ith  
s h o r t  sp ine-like  h a i rs  on th e  ridges. Leaf- 
s h e a th  very  p a le  b ro w n  to  a lm o s t  w hite , 
t r a n s p a re n t ,  g la b ro u s  o r  s ligh tly  h a iry ,  
w ith  up  to 10 m m  long f lexuose  h a i rs  in  
th e  th ro a t .

In f lo rescen c e  of 3— 10 sessile sp ikele ts  
fo rm in g  a  c o m p a c t  head . M ain  in flo res-  
cen ce -b rac t  3— 12 m m  long w ith  long

flexuose  h a i rs  b e tw een  lea f-b lade  a n d  th e  
subu la .  S p ike le ts  ob tuse, u p  to 8 m m  long 
a n d  3 m m  b ro a d ,  b u t  u su a l ly  4— 5 m m  
long a n d  2 m m  b ro ad .  G lum es n u m e ro u s ,  
g la b ro u s  o r  pubescen t ,  r e d d is h -b ro w n  w ith
3-nerved , u s u a l ly  g reen  m id r ib  end ing  b e ­
low  th e  ap ex ; m a rg in  cilia te ; ap ex  ob tuse  
o r  e m a rg in a te  (the m id r ib  o f ten  b re a k s  in 
the m id d le  as  the  ach e n e  m a tu re s ) .  A chene 
a b o u t  0.8 m m  long w ith  very  d is tinc t 
lo n g i tu d in a l  r ib s  a n d  n a r ro w e r  tran sv e rse  
r ibs  b e tw een  the  m a in  ribs.
’ On p o o r  s a n d y -so il  a n d 's h a l l o w 's o i l  on  
rocks, a lso  in  seasona lly  w et g rass land ,  
1,100— 1,300 m . C om m on  a long  the  sho res  
of L a k e  V ictoria ,  and  k n o w n  f ro m  th e  
fo llow ing  U g a n d a n  d is tr ic ts :  B usoga, E a s t  
Mengo, M asaka , Teso, W e s t  Mengo.

A bildgaard ia  ugandensis  h as  p rev ious ly  
been  co n fu sed  w ith  B u lb o s ty l is  sch im p e-  
r iana  ( H ö c h s t , ex A. R i c h .) C. B. C l.  T h e  
h o lo ty p e  o f  F im b r is ty l is  sc h im p e r ia n a  
H ö c h s t , ex A. R i c h , in  P a r i s  is, how ever ,  
the  sam e  as F im b r is ty l is  h u m i l i s  A. P e t e r ,
i.e. a n  a n n u a l  species w ith  d a r k e r  g lum es 
a n d  d ec id u o u s  s ty le-base  (cf. F ig. 3).

Specimens seen: Ch a n d l e r  1362 (KAW, K), 
2502 (K); D a w e  32 (KAW), 259 (KAW, K );
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Fig. 1. Ab i ldgaa rd ia  ugandensis  K. L y e .  ,=— 
A: Habit, slightly reduced. — B. Throat of 
leaf-sheath. — C: Base of main inflorescence- 
bract. — 1): Inflorescence. — E: Spikelet. — 
F: Glume. — G: Achene. — Drawn from 
H a i n e s  4027 (Kazi, W est Mengo, Uganda).

Original by R i c h a r d  W h e e l e r  H a i n e s .

D ü m m e r  4460 (K ); H a i n e s  4027 (MHU, K ); 
K e r t l a n d  490 (MHU); L a n g d a l e -Br o w n  
2314 (KAW), 2358 (KAW, E A ); L ind  137 
(MHU, EA), L o c k  67/14 (MHU, EA), 68/189 
(MHU); L i e b e n b e r g  467 (KAW); L ye  94 
(MHU), 184 (MHU, EA, K), 1830 (MHU), 2978 
(MHU, K), 5022 (MHU), 5097 (MHU), 5365 
(MHU, EA, K); M a i t l a n d  1188 (KAW, K ); 
M u k ii b i  250 (MHU), N o r m a n  44 (K); R o s e  
603 (MHU); W o o d  23 (K), 198 (K), 340 (EA, 
K), 355 (EA), 603 (ENT, K), 772 (ENT. EA, K).

A b i ld g a a rd ia  h i s p id u la  (Va h l ) K. L ye  
v ar .  p y r i fo rm is  K. L ye  v ar .  nov.

Herbae annuae, pubescentes. Culmi caespi- 
tosi, 5—30 cm alti et 0.2—0.6 mm lati, gracil- 
limi. Folia 5— 15 cm longa et 0.2 mm lata. 
Bracteae ad 15 m m  longae. Spiculae 1—6,
4—8 mm longae et 2—3 mm latae. Squamae
B ot. N o tise r, vol. 127, 1974

ovatae, 3 mm  longae, rufae. Nux  1.3 mm longa 
et 1.0 mm lata.

TYPUS: H a in e s  4208, Moroto, Karamoja, |  
Uganda (MHU holotype).

A bildgaard ia  h isp id u la  var. p y r i fo r m is  is 
a s lender tu f ted  a n n u a l  w i th  n u m e ro u s  
cu lm s  and  s lender roo ts  (Fig. 4). C ulm s 
5— 30 cm  high and  0.2— 0.6 m m  th ick ,  
deep ly  ridged  an d  d ense ly  set w ith  sh o r t  
h a i rs ;  base  of cu lm s covered  b y  very  pale 
tra n s lu c e n t  old lea f-shea th s .  L eaves  5— 15 
cm  long a n d  ab o u t 0.2 m m  w ide, c a n a l i ­
cu la te  a n d  densely  set w i th  s h o r t  h a i r s  
(0.1— 0.2 m m  long), b u t  th r o a t  a n d  leaf-  |  
s h e a th  w ith  2— 3 m m  long s len d e r  h a i r s ;  J 
le a f-sh e a th  very  pale, t r a n s p a re n t .

Spikelets  in  a s im ple  um be l- l ike  a n th e la  
o r  so litary . M ain  b ra c t s  leafy, 5— 15 m m  
long, densely  ha iry . Sp ikele ts  4— 8 m m  
long a n d  2— 3 m m  b ro ad .  G lum es a b o u t  
3 m m  long, r e d d is h -b ro w n  w ith  a  v ery  § 
d is tinc t g reen  m id r ib  (d is tinc tly  p r o t r u d ­
ing in  the  low er  g lum es, s l igh tly  o r  no t 
p ro t ru d in g  in  the u p p e r  ones);  s h o r t  h a i r  
p re s e n t  on  m a rg in ,  su r face  a n d  m id r ib .  
Style w ith  3 s ty le -b ranches .  A chene  a b o u t  
1.3 m m  long a n d  1.0 m m  b ro a d ,  w i th  a 
very  d is tinc tly  cu n e a te  b ase  (som etim es  J
even m o re  d is tinct f ro m  the u p p e r  p a r t  of 
the  n u t le t  th a n  sh o w n  in the f ig u re ) ,  w h ite  
o r  pale  b ro w n ;  su rface  t ran sv e rse ly  w avy  |
ex cep I fo r  the  3 p ro t ru d in g  tu b e rc u la te  
r ib s ;  swollen  base  of the style e i th e r  d e c id ­
uous o r  pe rs is ten t  as a d is tinc t b r o w n  k n o b  
( thus show ing  a n  in te rm e d ia te  p o s it io n  be- j
tw een  the tw o g e n e ra  B u lb o s ty l is  a n d  
A bildgaard ia ) .

On san d y  ro ad s id e  d itches  a n d  in e roded  
p a r ts  of sh ru b lan d ,  1,150— 1,200 m. P r o b ­
ab ly  locally  co m m o n  in  K a ra m o ja ,  U g an d a .  |

Spec im ens seen: H a i n e s  4208 (M H U ); jj
W i l s o n  180 (EA), 1028 (EA). A n o th e r  c o l ­
lection, viz. W o o d  748 (EA, K) f ro m  Bu- 
gisu d istric t,  is so m e w h a t  in te rm e d ia te  in 
c h a ra c te r  to  var. hisp idu la .

T his  va r ie ty  d if fe rs  f ro m  var. h isp id u la  
in  the  m ore  s lender  roo t  sy s tem  a n d  the  
n a r ro w e r  b asa l  p a r t  of the nu tle t .
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Fig. 2. Electroscan photo micrographs of 
Abildgaardia ugandensis K. L y e .  — A: Achene, 
X I 10. — B: Peristent style-base on top of a 
m ature achene, X300. — C: Surface structure 
of the achene, X840. — From  L y e  184 (Ent­
ebbe, Lake Victoria, Uganda; the holotype).

N E W  CO M B IN A TIO N S

R ecen tly  th e  generic  co n cep t of Abilcl- 
gaardia, F im b r is ty l is  a n d  B u lb o s ty l is  has  
b e e n ,c o n s id e ra b ly  altered,, cf. K r a l  (1971),, 
G o r d o n - G r a y  (1971), an d  L y e  (1971, 
1973). B o d a r d  (1963) a n d  H o o p e r  & 
N a p p e r  (1972) have, how ever ,  fo llow ed  
th e  old t r e a tm e n t  of C l a r k e  (1902), a sy s ­
tem  w h ich  th e  p resen t a u th o r  believes 
sh o u ld  be  c o m p le te ly  ab an d o n e d .

T h e  fo llow ing  new  co m b in a t io n s  of 
A bildgaard ia  a re  needed  fo r  “T h e  Sedges 
o f  U g an d a  a n d  K e n y a ” :

Abildgaardia abortiva ( S te u d . )  K. L y e  
com b. nov. —- Fimbristylis abortiva  St e u d . in 
Syn. PI. Glum. 2: 111 (1855).

Abildgaardia argentobrunnea  (C. B. Cl.) K. 
L ye comb. nov. — Bulbostylis argentobrun­
nea C. B. Cl. in F lora Trop. Afr. 8: 440 (1902).

Abildgaardia buchananii (C. B. Cl.) K. Lye

comb. nov. — Bulbostylis buchananii C. B. 
Cl. in Flora Trop. Afr. 8: 437 (1902).

Abildgaardia burchellii (F ic .  & H i e r n ) K. 
L ye comb. nov. — Fimbristylis burchellii F ic .  
& H ie r n  in T ra n s .  Linn. Soc. ser. 2, Bot. 2:
•28,-t. 6 B,> Fig. 7'—15 (1881)..................................

Abildgaardia capillaris (L.) K. L ye comb, 
nov. — Scirpus capillaris L. in Spec. Plant. 
I: 49 (1753).

Abildgaardia cardiocarpoides (C h erm .)  K. 
L y e  comb. nov. — Bulbostylis cardiocarpoides 
Ch e r m . in Rev. Zool. Bot.'Afr. 24:298 (1934).

Abildgaardia clarkeana  (Bo d a r d ) K. L ye 
comb. nov. — Bulbostylis clarkeana B o d a r d  
in Bull. Soc. Bot. Fr. 108: 308 (1961).

Abildgaardia coleotricha (A. R i c h .) K. L ye 
com b . nov. —  Fimbristylis coleotricha 
H ö c h s t , ex A. R i c h , in  T en t.  FI. Abyss. 2: 
506 (1851).

Abildgaardia congolensis (D e  W i l d .) K. 
L ye  comb. nov. — Bulbostylis congolensis D e 
W i l d , in PI. Bequaert. 4: 194 (1927).

Abildgaardia contexta  (Ne e s ) K. L ye  comb, 
nov. — Trichelostylis contexta N e e s  in Lin- 
naea 10: 146 (1836)'.
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Fig. 3. Abildgaardia schimperiana  (A. R i c h .) 
K. L y e , syn. Fimbristylis humilis  A. P e t e r . 
— A: Habit, slightly reduced. — B: Throat 
of leaf-sheath with culm and leaf-base. — C: 
Sheath. — D: Inflorescence. —- E: Spikelet. 
—• F: Glume. —- G: Flower with ovary and 
two stamens. —  H: Achene. — Drawn from 
H a i n e s  4037 (Bukwa-Kapchorwa, Sebei, 
Uganda). — Original by  R i c h a r d  W h e e l e r  

H a i n e s .

Fig. 4. Abildgaardia hispidula  (Va h l ) K. L ye 
var. pyriformis  K. L y e . — A: Habit, slightly 
reduced. —- B: T hroat of leaf-sheath. — C: 
Leaf-sheath. -— D: Spikelet. — E: Prophyll. 
— F: Glume. — G: Achene. — Drawn from 
H a i n e s  4208 (Morolo, Karamoja, Uganda; the 
holotype). — Original by R i c h a r d  W h e e l e r  

H a i n e s .

Abildgaardia densa  ( W a l l .) K. L ye  comb, 
nov. — Scirpus densus  W a l l , in R o x b . FI. 
Ind. ed. 1, I: 231 (1820).

Abildgaardia filamentosa  (Va h l ) K. L ye
comb. nov. — Scirpus filamentosus  Va h l  in 
Enum . 2: 262 (1806).

Abildgaardia filamentosa  (Va h l ) K. Lye
var. holubii (C. B. Cl.) K. Lye comb. nov. — 
Bulbostylis cardiocarpa (Ridl.) C. B. Cl. var. 
holubii C. B. Cl. in F lora Trop. Afr. 8: 434 
(1902).

Abildgaardia filamentosa  (Va h l ) K. L ye
var. metralis (Ch e r m .) K. L ye  comb. nov. — 
Bulbostylis metralis  Ch e r m . in Arch. Bot. 
Caen 4, Mém. 7: 34 (1931).

Abildgaardia glabcrrima  (Kük.) K. L ye
comb. nov. — Bulbostylis glaberrima Kük. in 
Notiz. II. Bot. Gard. Berlin IX: 308 (1925).

Abildgaardia hispidula  (Va h l ) K. L ye  
comb. nov. — Scirpus hispidulus V a h l  in 
Enum. 2:276 (1806).

Abildgaardia hispidula  (Va h l ) K. L ye  var. 
filiformis  (C. B. Cl.) K. L ye  comb. nov. — 
Bulbostylis filiformis  C. B. Cl. in F lora Trop. 
Afr. 8: 441 (1902).

Abildgaardia hispidula  (Va h l ) K. L ye  var. 
oligostachys (A. R i c h .) K. L ye  comb. nov. — 
Fimbristylis oligostachys H ö c h s t , ex A. R i c h . 
in Tent. FI. Abyss. 2: 505 (1851).

Abildgaardia humilis  (Ku n t h ) K. L ye  comb, 
nov. — Isolepis humilis  K u n t h  in Enum. PI. 
2: 207 (1837).

Abildgaardia johnstonii (C. B. Cl.) K. L ye  
comb. nov. — Bulbostylis johnstonii  C. B. Cl. 
in Flora Trop. Afr. 8: 442 (1902).
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Abildgaardia macra  (R i d l .) K. L y e  com b, 
nov. — Fimbristylis macra R i d l . in  Trans. 
L inn . Soc. ser. 2, Bot. 2: 150 (1884).

Abildgaardia miegei (Bo d a r d ) K. L ye 
comb. nov. — Bulbostylis miegei B o d a r d  in 
Bull. Soc. Bot. Fr. 108: 307 (1961).

Abildgaardia oritrephes (R i d l .) K. L ye  
comb. nov. — Fimbristylis oritrephes R i d l . 
in Trans. Linn. Soc. ser. 2, Bot. 2: 155 (1884).

Abildgaardia pusilla (A. R i c h .) K. L ye 
comb. nov. —- Fimbristylis pusilla H ö c h s t , ex 
A. R i c h , in Tent. Fl. Abyss. 2:506 (1851).

Abildgaardia schimperiana  (A. R i c h .) K. 
L ye  com b . nov. —  Isolepis schimperiana  
H ö c h s t , ex A. R i c h , in  T en t.  Fl. Abyss. 2: 501 
(1851).

Abildgaardia scleropus (C. B. Cl.) K. L ye 
comb. nov. —- Bulbostylis scleropus C. B. Cl. 
in F lora Capensis (ed. W. T. T h i s e l t o n - 
D y e r ) 7: 207 (1898).

Abildgaardia setifolia (A. R i c h .) K. Lye 
comb. nov. —- Fimbristylis setifolia A. R i c h . 
in Tent. Fl. Abyss. 2: 507 (1851).

Abildgaardia sphaerocarpa  (Bo e c k ) K. L ye 
comb. nov. — Scirpus sphaerocarpus B o e c k . 
in Linnaea 36: 741 (1870).

Abildgaardia taylorii (K. S c h u m .) K. L ye 
comb. nov. —- Fimbristylis Taylorii K. S c h u m . 
in  E n g l .  Pfl. Ost-Afr. C: 125 (1895).

Abildgaardia wombaliensis  (De W i l d .) K.
L ye comb. nov. — Fimbristylis wombaliensis
D e W i l d , in PI. Bequaert. 4: 208 (1927).
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Studies in  A frican Cyperaceae XII

N ew  T axa  and C om b in ations in  F im b risty lis  V ahl

Kåre Arnstein Lye

L y e , K. A. 1974 12 30. Studies in African Cyperaceae XII. New taxa and com bina­
tions in Fimbristylis Vahl. —- Bot. Notiser 127:498—499. Lund. ISSN 0006-8195.

Fimbristylis robusta  K. Lye is described from Masaka district in Uganda. This 
species resembles F. ferruginea (L.) Va h l , but lacks the pubescent glumes of that 
species, and F. longiculmis St e u d ., but has well-developed leaves and an entirely 
different habitat.

The following new combinations are coined: Fimbristylis complanata  (R e t z .) 
L i nk  var. keniaeensis  (Kü k e n t h .) K. L ye  and F. complanata  (Re t z .) L i nk  var. 
subaphylla  (Bo e c k .) K. L y e .

Kåre Arnstein Lye, Department of B o tany , Agricultural College of Norway,
N-1F32 As N.L.H., Norway.

F im b r i s ty l i s  r o b u s ta  K.  L y e  sp. n o v .

Herbae perennes robustae. Rhizom a  hori- 
zontaliter repens lignosum percrassum. Culmi 
35—50 cm alti. Folia 0.8— 1.5 mm lata. Brac- 
teae involucrantes  5— 15 mm longae. Anthelae
5—6 spiculosae. Spiculae ovoideae vel ovoi- 
deo-ellipsoideae terestes 7— 12 mm longae. 
Squamae  4— 5 mm  longae. Stigmatae  2. Nux
1.4— 1.8 m m  longa et 1.4 mm lata.

TYPUS SPEC1EI: L ye  6213, 6.V1.1971.
Uganda, Masaka district, 4—5 km north of 
Lake Nabugabo, grid ref. UQ 7767, 1,140 m 
(MHU holotype).

F im b r is ty l is  ro b u s ta  K. L y e  (Fig. 1) is 
a  p e re n n ia l  w i th  a  very  ro b u s t  sw ollen  
s tem -b ase  a n d  very  th ic k  c reep ing  r h i ­
zom e, o r  w ith  n u m e ro u s  c ro w d e d  rh izo m es  
g iv ing  ro b u s t  tussocks.  R h izom e up  to a t 
leas t  4 cm  long, s ligh tly  f la t ten e d  a n d  
a b o u t  7 m m  w ide  a n d  5 m m  th ick , b u t  
a p p e a r in g  even  th ic k e r  (to a b o u t  10 m m ) 
w ith  th e  p e rs is ten t ,  o f ten  f ib ro u s  b asa l  
le a f -sh e a th s ;  the  w o o d y  c e n t ra l  p a r t  of the  
rh iz o m e  red d ish .  S tem  35— 50 cm  long 
a n d  0.5— 1.0 m m  th ick , ro u n d e d  o r  s ligh tly  
f la t ten ed ,  g lab ro u s ,  w ith  ro u n d e d  d is tinc t 
o r  o b sc u re  r idges . L eaves  0.8— 1.5 m m  
w ide, f la t  o r  can a licu la te ,  w i th  sp ine-like  
tee th  o n  m a rg in s  especia lly  n e a r  th e  tip ;

all leaves b a sa l ;  le a f-shea th s  pa le  b ro w n ,  
th e  th ro a t  w ith  a v ery  dense  r im  o f  ha irs .

In f lo rescen c e  a  p s e u d o u m b e l  w i th  1 ses­
sile a n d  4— 5 s ta lked  sp ikelets .  L a rg e s t  in- 
f lo re sce n ce -b rac t  leafy, b u t  on ly  5— 15 m m  
long. Sp ike le ts  7— 12 m m  long a n d  3.5-—
5.5 m m  wide, lanceo la te ,  d a r k  b ro w n ,  
w ith  n u m e ro u s  sp ira l ly  set g lum es. G lum es
4— 5 m m  long, g lab rous , s tro n g ly  concave  
w ith  s h o r t ly  m u c ro n a te  m id r ib ,  ch es tn u t-  
b ro w n  b u t  w ith  pa le r  m id r ib ;  th e  low est 
g lu m e  sterile, t r i a n g u la r  an d  m u c h  n a r ­
ro w e r  th a n  the  u p p e r  fe rti le  g lum es. S ta ­
m e n s  3, w i th  f la t ten ed  f i lam en ts .  O vary  
w ith  a b o u t  2.7 m m  long style, f im b r ia te  
above , a n d  2 ro u g h  s ty le -b ranches .  A chene
1.4— 1.8 m m  long a n d  a b o u t  1.4 m m  wide, 
o bova te  w ith  n a r ro w  base, b iconvex , ye l­
lo w ish  w ith  n u m e ro u s  lo n g i tu d in a l  s tr ia -  
tions, b u t  m a tu re  ach e n e  p ro b a b ly  d a rk e r .

In  seasona lly  w e t g ra ss lan d ,  1,140 m  
(3,750 ft). V ery  rare .  O n ly  k n o w n  f ro m  
th e  type-loca lity .

Specimens seen: Lye 4345 (MHU, K), 6213 
(MHU, EA, K).

T h is  p la n t  is easily  recogn ized  on  its 
th ic k  creep ing  o r  conges ted  rh iz o m e  a n d
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Fig. 1. F i m b r i s t y l i s  r o b u s t a  K. L y e . Drawn 
from the type-material, L ye  6213. — Original 

by R ich Min W h e e l e r  H a i n e s .

few  sp ikelets . It h as  som e c h a ra c te r s  in 
c o m m o n  w ith  F. scabrida , F. pilosa,  a n d  
F. m adagascariensis ,  b u t  ca n n o t  rea l ly  be 
co n fu sed  w ith  an y  of these. I t  is possibly  
m o s t  c losely  re la ted  to F. fe rrug inea  (but 
lacks  th e  p u b e s c e n t  g lu m es  of th a t  species) 
a n d  F. lo n g icu lm is  (bu t h a s  w ell-developed  
le av es ) .

N E W  C O M B IN A T IO N S

T h e  fo llow ing  new  co m b in a t io n s  are  
needed  fo r  “T h e  Sedges of U g a n d a  an d  
K e n y a ” :

F i m b r i s t y l i s  c o m p l a n a t a  (R e t z .) L ink  var. 
k e n i a e e n s i s  (Kü k e n t h .) K. L ye comb. nov. — 
F i m b r i s t y l i s  k e n i a e e n s i s  K ü k e n t h . in Notizbl. 
Bot. Garten Mus. Berlin-Dahlem, no. 85, bd. 
9:307 (1925).

F i m b r i s t y l i s  c o m p l a n a t a  (Re t z .) L ink  var. 
s u b a p h y l l a  (Bo e c k .) K. L ye comb. nov. — 
F i m b r i s t y l i s  s u b a p h y l l a  B o e c k . in F lora 62: 
565 (1879).
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Studies on  the V egetation o f  the Bhadarwah Hills 

I. A ltitu d in a l Z onation

V. Kaul and Y. K. Sarin

Ka u l , V. & Sa r i n , Y. K. 1974 12 30. Studies on the vegetation of the B hadarw ah  
Hills. I. Altitudinal zonation. — Bot. Notiser 127:500—507. Lund. ISSN 0006-8195.

The vertical distribution of p lant communities at altitudes of between 1,600 
and 3,900 m has been studied in the Bhadarw ah Hills in the western Himalayas 
in the State of Jam m u and Kashmir, India. There is a well-marked zonation of 
vegetation from  lower to upper elevations. The lower zone between 1,600 and
1,900 m comprises forests of Quercus incana, Q. floribunda  and Pinus wallicliiana. 
The intermediate slopes extending from 1,900 to 2,600 m have almost pure stands 
of Cedrus deodara while localities situated from 2,600 m to the upper timber 
limit at 3,700 m are covered with Abies pindrow  forests. In all these zones the 
oaks are restricted to drier situations while moist slopes bear various species of 
conifers. Each component species appears to have an optimum and a m inimum 
range of temperature and moisture. Prevalence of a favourable temperature- 
moisture regime at elevations differing from the usual altitudinal zone of a spe­
cies, leads to the growth of the latter at altitudes far above or below their norm al 
altitudinal zones. This explains the occurrence of Abies pindrow  and other high- 
altitude elements in moist and cool ravines and valleys at lower elevations, and 
a fu rther  ascent of species of lower altitudes on w arm  and dry southerly slopes.
V. Kaul, Department of Botany, University of Kashmir, Srinagar, India.
Y. K. Sarin, Regional Research Laboratory, Jam m u-Tawi, India.

INTRODUCTION

T h e  H im a lay as ,  th e  m ass ive  c h a in s  of 
m o u n ta in s  s i tu a te d  to  the  n o r th  of the  
In d ia n  su b -co n tin en t ,  fo rm  a  v e ry  in te re s t ­
ing  ecological a rea . In  th e i r  vas t  expanse , 
ran g in g  ver t ica l ly  f ro m  a b o u t  1,000 m  
above  sea level to  well above  9,000 m  an d  
s tre tch in g  lo n g i tu d in a l ly  f ro m  the  c o m ­
p a ra t iv e ly  d ry  a rea s  of K a sh m ir  in  the  
w es t  to ty p ica lly  wret localities  in  Assam , 
a  v a r ie ty  of e n v i ro n m e n ta l  co n d it io n s  a re  
m e t  w ith .  T h u s  m o v in g  f ro m  w est to  east 
one  f inds  a u n i fo rm  g ra d ie n t  in  th e  e n ­
v iro n m e n ta l  p a t te r n  in  te rm s  of t e m p e r a ­
tu re ,  h u m id i ty ,  r a in fa l l  a n d  snowdall, etc. 
S im ila r  g ra d ie n ts  a re  fo u n d  f ro m  lo w er  to 
h ig h e r  e levations,  th o u g h  th e  te m p e ra tu re  
changes  tak e  p lace  m o re  qu ick ly . T hese  
changes  n a tu ra l ly  lead  to m a rk e d  d i s p a r i ­
ties in  th e  s t ru c tu re  a n d  co m p o s i t io n  of 
vege ta t ion  betwmen one  p lace  a n d  a n o th e r ,
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a n d  o b se rv a tio n s  m a d e  in  one p lace  do no t  
genera lly  h o ld  good fo r  o the rs  n e a r  by . 
T h e  in fo rm a t io n  a t p re sen t  ava ilab le  p e r ­
ta in s  m os tly  to the  a rea s  lying eas t of the  
R iver Ravi. T h e  areas  s itua ted  to  the  w est, 
inc lud ing  the  w ho le  of J a m m u  a n d  K a s h ­
m ir ,  hav e  n o t  ye t been  studied. T h e  p r e ­
sent in v e s t ig a t io n  was, the re fo re ,  b e g u n  to 
s tudy  the  s tru c tu re ,  com posi t ion  a n d  d is t r i ­
b u t io n  p a t te rn  of the  vegeta tion  in  these  
p a r ts .  T h e  p re se n t  p a p e r  deals  w ith  th e  
d is t r ib u t io n  of vege ta tion  in re la t io n  to  
altitude.

Area Studied

T h e  B h a d a r w a h  Hills lie ro u g h ly  b e ­
tw een  the  long itudes  of 75 11' a n d  76°10 ' 
E  an d  th e  la t i tu d es  of 31 c 11 a n d  32°N  in 
the  S ta te  of J a m m u  a n d  K ash m ir ,  Ind ia .  
T he  t ra c t  is ve ry  rugged  an d  m o u n ta in o u s .
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M R P  O F  B H A D A R W A H  T E H S I U  ( X i k )

K  I S H T  W A R

C p B H A D A R W A H

( it looM ) ß A S H O L l

Fig. 1. Map of B hadarw ah Tehsil showing the localities sampled (shaded).

g iven  in T ab les  I a n d  II. T h e  av e ra g e  a n ­
n u a l  p re c ip i ta t io n  is a r o u n d  1,117 m m . 
T h e  p re c ip i ta t io n  d u r in g  w in te r  m o n th s ,  
m o s t ly  in  the  fo rm  of snow , a c c o u n ts  fo r  
m o re  th a n  50 °/o of the  to ta l a n n u a l  p r e ­
c ip ita t ion . J a n u a r y  is the  co ldest m o n th  of 
the  year. T h e  te m p e ra tu re  rises a b ru p t ly  
d u r in g  A pril  a n d  reach es  28°C  d u r in g  J u n e  
a n d  Ju ly .  N ig h t t e m p e ra tu re s  s ta r t  fa ll ing  
f ro m  O ctober  o n w ard s .

G eology a n d  Soil

T h e  m a jo r  ro c k  types  in the  a re a  a re  
g ran ite ,  m ica -sch is ts  a n d  p hy ll i te s  besides 
o th e r  geological fo rm a t io n s .  T h e  ty p ica l  
soil p ro d u c e d  b y  th e  d eco m p o si t io n  of 
m ica-sch is ts  and  g ra n i te  is a loose san d y

It inc ludes  a n a r ro w  valley  a d ja c e n t  to a 
p e re n n ia l  s tream , the  N iru  R ive r  (Fig. 1). 
T h e  valley  is f lan k e d  o n  b o th  its eas te rn  
a n d  s o u th e rn  sides b y  the  S u n d r ik o te -  
C h a t ta rd h a r  Ridge w h ich ,  em erg ing  f ro m  
the b a s a l  p la in  of the va lley  a t m o re  th a n
1,600 m above m e a n  sea level a t ta in s  its 
m a x im u m  elevation  of 4,341 m  a t K aplas .  
A n u m b e r  of sp u rs  b ra n c h in g  o ff  v e r t i ­
cally  f ro m  th is r idge a n d  ex ten d in g  to ­
w a rd s  th e  N iru  Valley h av e  te r ra c e d  slopes 
up to a n  elevation  of 2,400 m  a n d  b e c o m ­
ing steep to p rec ip itous  b e y o n d  this.

C lim a te

T h e  te m p e ra tu re  an d  p re c ip i ta t io n  d a ta  
c o m p u te d  fro m  m e teo ro log ica l r e c o rd s  a re
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Table I. Mean, m axim um  and m inimum temperature in °C recorded at Bhadarw ah.

Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Maximum . 11.7 13.5 12.9 16.2 23.2 28.7 28.2 27.2 25.9 23.4 14.3 11.6
Minimum 0.5 1.7 3.1 7.4 10.4 14.0 16.4 16.2 10.8 6.0 3.9 1.2
Mean ........... 6.1 7.6 8.0 11.8 16.8 21.3 22.3 21.7 18.3 14.7 9.1 6.4

Table II. Mean monthly precipitation in mm recorded at Bhadarw ah over a period of 
20 years. — Average precipitation for the whole year =  l,117 mm. Average precipitation for 
the four w inter months of December to March =  572.5 mm. Average precipitation fo r  the

eight months from April to November =  544.5 mm.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

170.0 196.0 132.5 80.0 70.5 45.0 125.0 130.5 40.0 27.5 22.5 77.5

loam . T h e  o c c u rre n c e  of s eco n d a ry  d e ­
posits  over  ex tensive  a rea s  has ,  how ever ,  
g rea t ly  c h a n g e d  th e  ed ap h ic  com plex . T h e  
soil on  g lac ia l  m o ra in e ,  f luv iog lac ia l  fan s  
a n d  f lood  p la in s  is deep  a n d  heavy , w h ile  
th a t  on  ro c k  o u tc ro p s ,  ta lu s  s lopes a n d  
scree depos its  is sha llow  a n d  coa rse  in 
tex tu re .

E n v i r o n m e n t  a n d  A lt i tu d e

Since th e  a re a  u n d e r  co n s id e ra t io n  is ex ­
trem ely  m o u n ta in o u s ,  th e  a l t i tu d e  ra n g in g  
f ro m  a b o u t  1,600 m  in  th e  N iru  V alley  to 
3,950 m  a t  th e  foo t of K ap las  peak , th is  
g rea t ly  in f lu e n c e s  b o th  the phys io log ica l 
a n d  c l im atic  co n d i t io n s  as w ell as  the  g e n ­
e ra l e n v i ro n m e n ta l  com p lex  as a  w hole , as 
is descr ibed  below .

T E M P E R A T U R E . T h e  d ecrease  in  t e m ­
p e ra tu re  w ith  in c re a s in g  h e ig h t  h a s  been  
investiga ted  in de ta il in  d if fe re n t  p a r t s  of 
the  w orld . B l a n f o r d  (1875) reco rd e d  a 
d ecrease  of 1 °F  p e r  1,000 feet inc rease  in 
e levation . A ccord ing  to R o b b i n s  (1917) 
a n d  P r i c e  & E v a n s  (1937) th e  te m p e ra tu re  
in  the  R o ck y  M o u n ta in s  dec reased  a t  3 CF 
p e r  1,000 fee t inc rease  in  elevation . R e ­
cently , O z e n d a  (1954), a f te r  s tu d y in g  the 
p h e n o m e n o n  in  a  n u m b e r  of localities, 
ca lcu la ted  th e  av e ra g e  decrease  in  tem - 
Bot. Notiser, vol. 127, 1974

p e ra tu re  at 0 .55°C  p e r  100 m  rise. In  th e  
absence  of a n y  m e teo ro log ica l  d a ta  fo r  
localities s i tu a ted  above 1,600 m  in  th e  
a rea  u n d e r  investiga tion , O z e n d a ’s co eff i­
c ien t fo r  t e m p e ra tu re  d ec re ase  w as  used 
fo r  ca lcu la t in g  p ro b a b le  te m p e ra tu re s  a t  
v a r io u s  he igh ts  d u r in g  each  m o n th  of th e  
year .  T h e  d a ta  o b ta in ed  revea l a c o m p a r a ­
tively w a rm e r  c l im ate  a t a l t i tu d es  ra n g in g  
f ro m  1,700 to  2,000 m, w ith  th e  m e a n  
m o n th ly  te m p e ra tu re s  of 5°C  th r o u g h o u t  
the  y e a r  a n d  te m p e ra tu re s  osc il la t ing  b e ­
tw een  21°C  a n d  22°C in  the  s u m m e r  
m o n th s  of Ju n e ,  J u ly  a n d  A ugust.  T h e re  
is no ch an g e  in  the  nex t zone (2,000 to  
2,300 m) excep t th a t  the  m in im u m  te m ­
p e ra tu re  falls  be low  0°C  in  J a n u a r y  a n d  
F e b ru a ry .  T h e  clim ate , h o w ev e r ,  b ecom es  
qu ite  cold a t a l t i tudes  of b e tw e e n  2,300 an d
2,900 m , the  m in im u m  te m p e ra tu r e  be ing  
<  0°C  d u r in g  D ecem ber  to M arch , th e  
w in te r  se tt ing  in early  a n d  th e  m e a n  m a x i ­
m u m  te m p e ra tu re  re m a in in g  be low  19°C. 
Localit ies  s i tu a ted  b e tw ee n  2,900 an d  
3,500 m  hav e  a  typ ica l co ld  c l im ate  w i th  
a  m in im u m  te m p e ra tu re  be low  zero fo r  
a lm o s t  six m o n th s  of th e  y e a r  a n d  th e  
m e a n  m a x im u m  te m p e ra tu re  b a re ly  r e a c h ­
ing 16°C. E x t re m e  cold p rev a i ls  in  lo c a li­
ties above  3,500 m . T h e  m in im u m  te m ­
p e ra tu re  in  these  localit ies  is well be low  
0°C f ro m  O ctober  to May, w h ile  the  m axi-
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m um  tem perature during the hottest 
m onths seldom rises above 12°C remaining 
at 8°C for almost nine months. Tem pera­
ture variations are further governed by 
locality factors and the degree of exposure 
to the direct rays of the sun. The southerly 
aspects are w arm er than the northerly. 
Similarly, deep sheltered ravines and de­
pressions have comparatively lower tem ­
peratures.

PRECIPITATION. The meteorological 
data with regard to precipitation at various 
altitudes in the present locality, as also 
in other near-by Himalayan localities, are 
not available. The precipitation has, how ­
ever, been observed to increase with in ­
creasing altitude up to the intermediate 
slopes, beyond which it gradually declines 
( B l a n f o r d  1880, S h r e v e  1922 and P u r i  

1960). A similar pattern of precipitation 
probably also occurs in the present area 
as the localities situated below 2,300 m, 
especially the valleys, experience frequent 
rains and are more humid.

Precipitation in the form of snow a p ­
pears to exert greater influence on the 
environment at varying altitudes. During 
severe winters cumulative snowfall some­
times amounts to 200 cm or more in the 
Niru Valley (1,600 to 1,700 m elevation) 
and increases with increasing elevation till 
it reaches 600 cm at Seojgalli (3,200 m) 
and -Shankharu- Paddar- (3,800 m), The- 
period of snowfall also varies according to 
altitude. At 3,200 m the first snowfall 
sometimes occurs at the beginning of De­
cember and snow continues till the middle 
of March, while at lower elevations it oc­
curs from January  to the middle of F eb ­
ruary only. The same applies to the period 
of retention of snow on the ground. It 
melts after a few days below 2,300 m, 
while at altitudes of between 2,300 and
2,800 m it is retained on the ground for 
periods ranging from 20 to 60 days. Locali­
ties situated between 2,800 and 3,500 m re­
main covered with snow from the first 
week of December to the middle of May.

Areas still higher up are not clear of snow 
until after June.

The other climatic factors influencing 
the environment of the area at varying 
altitudes are atmospheric pressure, insola­
tion, wind velocity and humidity. A grad­
ual decrease in the barometric pressure 
from about 65 cm at about 1,700 m to 
50 cm at 3,800 m has been recorded. Simi­
larly, the wind velocity is fairly low in the 
valley and along the slopes up to an eleva­
tion of 3,000 m, beyond which it increases 
appreciably.

It is, therefore, clear that along an alti­
tudinal stratification of vegetation there is 
also a stratification of climatic conditions. 
This feature is, however, sometimes modi­
fied by the aspect, the gradient of m oun­
tain slopes, the density of the canopy and 
the dip of the underlying rock strata. The 
slopes facing northwest ravines are cooler 
than  those facing east and southeast. Simi­
larly, comparatively cooler conditions oc­
cur under a dense canopy than  in areas 
where much of the forests have been re­
moved. The N akka-Puneju  spur, com pris­
ing a m ajor part of the tract under study, 
is situated on a dip slope and seepage 
along cleavage planes of rocks leads to 
fairly moist conditions in the valleys and 
the ravines. The localities situated above
3,000 m, as well as those on scarp slopes 
or the tops of spurs, show a general shift 
towards aridity due lo loss of water 
through underground seepage, high wind 
velocity and a longer period of insolation.

M A T E R I A L  A N D  M E T H O D S

The study was carried out on a massive 
spur of the Sundrikote-Chattardhar Ridge, at 
elevations of from 1,600 to 3,800 m. Sampling 
of the forest stands was carried out by m a rk ­
ing out a number of lines at right angles to 
contours in each of the stands selected on 
the basis of homogeneity of the s tand  within 
a particular altitudinal zone. Tree quadrats 
( 1 5 X 1 5  m) were m arked out along these lines 
at regular intervals of 100 m. The shrub and 
herb quadrats ( 5 X 5  m and 2 X 2  m respec­
tively) were marked out within these larger 
tree quadrats. Inventories of component spe-
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d es  were prepared by list count quadrat 
methods ( O o s t i n g  1958). The quantitative 
characters noted in the field were (I) density, 
as num ber of individuals per unit area, (II) 
frequency of occurrence and (III) total basal 
area per unit area, in the case of trees above 
2 0  cm d.b.h. measured at breast height, and at 
ground level for shrubs and transgressives. 
The data  obtained were analysed according 
to C u r t i s  and M c I n t o s h  (1951), where per­
centage frequency, density and relative dom i­
nance were summed up and the summation 
value expressed as Im portance Value Index 
(IVI). The vegetational status of a compo­
nent species at different altitudes was deter­
mined on the basis of the IVI.

O B S E R V A T I O N S

The m ountain slopes, rising abruptly 
from the basal plain of the valley of the 
River Niru, show the vegetal types in the 
foothills giving way in rapid upw ard suc­
cession to other types each in turn  p re ­
dominating in only one particular alti­
tudinal zone. These changes imply a p rac­
tically complete change in the composi­
tion and structure of the vegetation which 
naturally  leads to zonation into well-orga­
nized communities at various levels of 
elevation.

The forests dominated by Quercus in- 
cana, Quercus floribunda or Pinus walli- 
chianci are restricted to elevations of be­
tween 1,600 and 1,900 m. Quercus flori­
bunda and Quercus incana occupy lower 
slopes and rock outcrops up to 2,000 m on 
w arm  southerly slopes. Pinus wallichiana 
forms a belt of varying width at the foot 
of the Chattar-Sundrikote ridge from about 
1,750 m giving way to Cedrus deodcira at
1,900 m on northwesterly slopes. On south­
erly slopes it tends to be restricted to hol­
lows and depressions, giving way to the 
oaks in w arm er situations. The belt above 
this, between 1,900 and 2,600 m, is occu­
pied by Cedrus deodara. These forests 
merge into Pinus wallichiana and Abies 
pindrow  forests at their lower and upper 
limits respectively. The composition of 
Cedrus deodara forests, however, under­
goes a gradual change from lower to higher 
altitudes. At elevations of between 1,900

and 2,100 m there is a fair am ount of 
Pinus wallichiana; at altitudes of between 
2,100 and 2,400 m, the stand is almost 
pure while above 2,400 m as well as in 
sheltered localities at lower altitudes Ced­
rus deodara is increasingly admixed with 
Abies pindrow and a number of the b road­
leaved species of higher elevations. There 
is a narrow  ecotone of mixed conifers, i.e. 
Cedrus deodara, Abies pindrow  and Pinus 
wallichiana and Picea smithiana at alti­
tudes of between 2,400 and 2,600 m. These 
forests are dominated by Abies pindrow on 
northwesterly slopes and Cedrus deodara 
on the corresponding slopes with a south­
erly aspect. All the forests except those of 
Quercus semecarpifolia, are dominated by 
Abies pindrow  at altitudes of between
2,600 and 3,600 m, the upper limit being 
the timber limit in the area. The domi­
nance of Abies pindrow  is, however, 
broken on rock outcrops and the tops of 
ridges at about 2,900 m where Quercus 
semecarpifolia forms comparatively pure 
forests. The arboreal forests fade into 
bushland vegetation at about 3,500 m. The 
latter consists of large shrubs of Rhodo­
dendron campanulatum  and Viburnum  
nervosum  up to an elevation of 3,600 m 
and of low stunted shrubs of Rhodo­
dendron campanulatum, Salix fruticulosa 
and Lonicera spp. between 3,600 and
3,800 in.

The altitudinal zonation of the vegeta­
tion is more clearly depicted on the basis 
of the Importance Value Indices of the 
species dominating the various associations 
and subassociations (Fig. 2). Pinus walli­
chiana, the lowermost conifer, attains the 
highest IVI of 166.04 at 1,800 and 2,100 m. 
The IVI of Cedrus deodara, the next most 
dominant conifer, increases abruptly from
54.05 at 1,700 and 1,800 m to 198.53 at 
localities situated above 2,000 m with a 
corresponding decrease in the IVI of Pinus 
wallichiana. The highest IVI of Cedrus 
deodara (208.05) has been recorded at
2,200 to 2,400 m elevation, beyond which 
there is a gradual decline up to 2,500 m. 
The IVI of Cedrus deodara declines abrupt-
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Fig. 2. Importance Value Indices of dominant 
trees at various elevations in the Bhaderw ah 
Hills. — A: Abies pindrow. — B: Quercus 
semecarpifolia. — C: Pinus wallichiana. — 
D: Cedrus deodara. — E: Quercus floribunda. 

—- F: Quercus incana.

ly at 2,550 m as the tree is replaced by 
Abies pindrow at this elevation. The latter 
attains its m axim um  Importance Value at 
2,600— 2,700 m zone though it maintains 
the IVI at a fairly high level up to 3,300 m 
or even beyond till the upper timber limit 
is reached.

The oaks and other broad-leaved spe­
cies also show a similar behaviour. Quer­
cus incana, the lowermost oak, attains the 
maximum IVI at altitudes below 2,000 m 
only. Quercus floribunda occurring next 
has the highest IVI at 1,700 to 1,800 m. 
Quercus semecarpifolia, the th ird  most 
dominant oak, appears only at 2,700 m, a t­
taining the m axim um  IVI of 206.68 at 
about 3,100 m, though only on granite 
outcrops. The other broad-leaved species 
generally forming the second storey in the 
conifer forests or constituting the b road ­
leaved riverine forests, also show a similar 
stratification. Among these Aesculus indicci 
and Acer pictum  show higher IVIs at be- 
33

tween 2,500 and 2,900 m. Rhus succedanea 
appears at 2,200 m and fades out at 2,600 
in, while Fraxinus excelsior and Prunus 
cornuta show a steady increase from 2,500 
to 3,200 m.

The altitudinal stratification is equally 
apparent among the shrub element. Ber­
beris lycium, occupying the lowermost alti­
tudinal zone in the area attains the highest 
IVI at altitudes of between 1,700 and
2,200 ni beyond which it is increasingly 
admixed with Parrotiopsis jacquemontiana, 
which in its tu rn  is replaced by Viburnum  
nervosum  at 2,600 m after attaining the 
highest Importance Value at altitudes of 
between 2,300 m and 2,500 m. Viburnum  
nervosum, though occurring throughout 
the area, shows the maximum IVI of 53.11 
at altitudes above 2,600 m as is apparent 
from Figure 3.

Cases diverging from the above patterns 
are, however, not infrequent. For example, 
the groves formed by Abies pindrow  in 
cool moist vallejrs and hollows at eleva­
tions far  below the zone of dominance are 
a common sight. Similarly the IVI of 
Pinus wallichiana goes up on fairly ex­
posed slopes even at intermediate eleva­
tions, while Quercus floribunda can be 
found occurring quite a bit higher up in 
warm er situations. The same is also true 
of the three dominant shrubs. Parrotiopsis 
jacquemontiana is gregarious in shady riv­
erine localities even at 1,700 m while the 
frequency of Berberis lycium  increases on 
w arm er intermediate slopes. Viburnum  
nervosum, which is the dominant shrub 
above 2,300 m, forms dense thickets in 
deep shady ravines. The direction of the 
exposure of the slope also alters the alti­
tudinal limits of various plant com m uni­
ties. Cedrus deodara and Abies pindrow a t­
tain higher Importance Values at far lower 
elevations in cooler northwesterly aspects 
than  on w arm er slopes facing southwest. 
On the other hand, Pinus wallichiana is 
encountered in fair numbers on fairly ex­
posed and warm er slopes situated at higher 
elevations. Similarly the three species of 
oaks, though showing a well-marked alti-
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tudinal range of distribution, are more 
prominent in w arm er situations within 
their respective altitudinal zones.

DISCUSSION

O s m a s t o n  (1922) and D u d g e o n  and 
K e y n o y e r  (1925) recognized the tem pe­
rate zone in the Garhwal Himalayas as ex­
tending from 1,650 to 3,900 m altitude 
above mean sea level. They further deter­
mined the altitudinal zones of various 
dominant trees at between 1,500 and 2,600 
m for Quercus incana; 1,800 and 3,300 m 
for Cedrus deodara; 2,200 to 2,700 m for 
Quercus floribunda and 2,600 to 3,900 m 
for Abies pindrow  and Quercus semecarpi- 
folia. In  the Pun jab  Himalayas C o v e n t r y  

(1929) described a lower temperate zone 
of Pinus wallichiana, Cedrus deodara, 
Quercus incana and Quercus floribunda 
between 1,600 and 2,600 m and an upper 
tem perate zone with Abies pindrow, Picea 
smithiana and Quercus semecarpifolia as 
dom inant species at 2,600— 3,800 m. 
C h a m p i o n  (1936) divided the temperate 
forests of the western Himalayas into a 
lower oak-coniferous zone between 1,600 
and 1,900 m with Quercus incana and 
Pinus wallichiana as m ajor species; a m id­
dle oak-coniferous zone comprised of 
Quercus floribunda, Cedrus deodara and 
Picea smithiana and an upper oak-conifer - 
Bot. N otiser, vol. 127, 1974

ous zone extending from 2,600 to 3,800 m 
and dominated by Abies pindrow  and 
Quercus semecarpifolia. In the area under 
investigation the temperate zone, extend­
ing from 1,600 to 3,700 m, is in accordance 
with the above observations but differs in 
the altitudinal distribution of various spe­
cies. Quercus incana, extensive in the 
lower temperate zone in other areas, oc­
curs only as an admixture in Quercus 
floribunda forests. The latter, on the other 
hand, barely extends beyond 2,000 m. The 
middle zone extending from 1,800 to 2,600 
m is dominated by Cedrus deodara while 
Abies pindrow occupies the next higher 
belt between 2,600 and 3,700 m. Quercus 
semecarpifolia, the typical oak of the up­
per temperate zone in localities lying west­
wards of the Bhadarw ah Hills, occurs only 
above 3,000 m being restricted to the tops 
of the ridges and rock outcrops.

There is a well-marked lower as well as 
an upper altitudinal limit for each indi­
vidual species. Exceptions, however, are 
also not uncommon. Abies pindrow, m a­
ples and a few other trees of higher ele­
vations are found forming groves in hol­
low and shaded ravines far below their 
usual altitudinal zone of occurrence. On 
the other hand Pinus wallichiana and 
Quercus floribunda, attaining m axim um  
Importance Values in localities below 1,900 
m, show an abrup t increase in IVI on the 
tops of the ridges and well-exposed, w ar­
mer situations up to an altitude of 2,500 
m. Similarly, a given zone of vegetation 
usually occurs at higher elevations in 
moist northerly  aspects than  on dry sou th­
erly slopes.

The occurrence of high-altitude plants 
in moist shady valleys situated at lower 
elevations, and of the plants of lower ele­
vations fu rther up the dry  slopes, reveal 
the importance of tem perature and m ois­
ture in the altitudinal zonation of vegeta­
tion. S n o w d o n  (1933) and D a u b e n m i r e  

(1943) consider the period of insolation, 
soil texture, velocity of wind, snow cover 
and the shade provided by the canopy to 
be m ajor factors determining the distri-
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bution of plant communities in Uganda 
and the Rocky Mountains respectively. All 
these factors, however, appear to play a 

I secondary role in controlling the mois- 
ture-evaporation balance in a locality. A 
longer period of insolation, high wind 
velocities and reduced atmospheric pres­
sure increase the rate of evaporation. On 
the other hand, a snow cover of long du ra­
tion, seepage through dip slopes and shade 
provided by a dense canopy keep the h a ­
bitat cool and moist even during hot sum ­
mers. The texture and the water-holding 
capacity of the upper layers of soil also 
play a m ajor par t  in maintaining the mois­
ture balance. The moisture from the soil 
surface evaporates more quickly from 
coarse-textured soils than  from heavy and 
fine-textured soils.

Oaks and some other broad-leaved spe­
cies usually grow where evaporation is 
quite high. Their ability to grow in such 
areas is probably due to their long pene­
trating tap-roots which are able to draw 
water from the deeper layers of the soil. 
On the other hand, the conifers, char­
acterized by a short and much-branched 
root system, are restricted to habitats with 
sufficient moisture in the upper layers of 
the soil. Quercus incana and Quercus flori­
bunda occupying rock outcrops and well- 
exposed slopes at the lowermost elevations 

j seem to be better adapted to high tem ­
peratures and greater aridity, while Quer­
cus semecarpifolia growing at high alti­
tudes survives better in localities char­
acterized by varying degrees of dryness. 
Of the conifers Pinus wallichiana and 
Cedrus deodara can withstand higher de­
grees of aridity, though the latter is more 
adapted to moderate temperatures. Abies 
pindrow, on the other hand, can be con­
sidered a typical species of low tem pera­
tures and high humidity.

Thus temperature and availability of 
moisture appear to be the chief factors 
controlling the distribution of plant com­

munities at various altitudes in the area 
under investigation. Most of the other en­
vironmental factors play their part  by 
altering these two conditions. The conclu­
sion, however, needs to be supported by an 
exhaustive study of the microclimate at 
various levels of elevation and its effect 
on the germination, growth and survival 
of each of the component species of the 
vegetation.
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C ytotaxonoiiiic Studies in  Three Species o f  Zephyranthes

Tasneem Fathima Khaleel and G. Boraiah

K h a l e e l , T . F . & B o r a i a h , G. 1974 12 30. C y to ta x o n o m ic  s tu d ie s  in  th re e  species 
o f  Z e p h y ra n th e s . —  B o t. N o t is e r  127: 508— 512. L u n d . IS S N  0006-8195.

T h e  c y to ta x o n o m y  o f  th re e  species o f  Z e p h y r a n t h e s ,  v iz . Z. a ta m a s c o ,  Z. cari- 
nata  a n d  Z. t e x a n a  has been d iscussed . T h e  c h ro m o s o m e  n u m b e r  is  2n =  12 in  
Z. a t a m a s c o  a nd  2n =  48 in  the o th e r  tw o  species. T h e  genom e o f  Z . a ta m a s c o  
is tra c e a b le  in  b o th  Z. car inata  a n d  Z. t exana.  Z. t e x a n a  is k a r y o lo g ic a l ly  d is t in c t  
because o f  the  p resence  o f  s a te llite s  in  one  p a ir  o f  c h ro m o so m e s . T h e  c h ro m o ­
som e n u m b e r in  a l l  the  th re e  species c o n fo rm s  to a c o m m o n  m u lt ip le  su gg es tin g  
th e  b as ic  n u m b e r  is  x  =  6.

T a s n e e m  F a t h i m a  Khalee l ,  D e p a r t m e n t  o f  B o t a n y ,  Un ive r s i t y  o f  Agr icu l tu ra l  
Sc iences ,  H ebba l ,  B a n g a lo re  24, My sore  State ,  I n d ia  (p r e s e n t  add ress:  D e p a r t m e n t  
o f  Bio logy ,  I m m a c u l a t a  College,  I m m a c u l a t a ,  Pa  19345, U.S.A. )

G. B ora iah ,  D e p a r t m e n t  o f  B o t a n y ,  U n ive r s i t y  o f  A gr icu l tu ra l  Sc iences ,  H e b b a l ,
B a n g a lo re  24, M y s o r e  S tate ,  India .

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

Zephyranthes H e r b .  ( =  Atamasco G r e e n )  
c o m m o n ly  k n o w n  as th e  Z e p h y r - l i l y  is  a 

p e r e n n ia l  h e r b  w id e ly  c u l t iv a te d  f o r  i ts  
b e a u t i f u l ,  s o l i ta i- y  f lo w e r s  p r o d u c e d  o n  

lo n g  le a f le s s , h o l lo w  sca pe s . T h is  g e n u s  b e ­

lo n g in g  to  th e  s u b fa m i ly  A m a r y l lo id e a e  o f  

A m a r y l l id a c e a e  in c lu d e s  a b o u t  60  s p e c ie s  
( L a w r e n c e  1 9 5 1 ) b o th  in  th e  o ld  w o r ld  
a n d  th e  n e w  w o r ld .  T h e y  a re  m o s t ly  r e p r e ­

s e n te d  b y  p o ly p lo id s  a n d  s o m e  a n e u p lo id s .

A l t h o u g h  th e  c h ro m o s o m e  n u m b e rs  o f  

s e v e ra l sp e c ie s  o f  Zephyranthes h a v e  b e e n  

r e p o r te d  o n ly  c e r ta in  s p e c ie s  h a v e  b e e n  
t h o r o u g h ly  in v e s t ig a te d  c y t o lo g ic a l ly  
( B h a t t a c h a r y a  1 9 7 2 ). N e v e r th e le s s , th e  
in te r e s t in g  c y to lo g ic a l  b e h a v io u r  o f  d i f ­

fe r e n t  sp e c ie s  o f  th is  g e n u s  a n d  th e  n u ­
m e r ic a l  v a r ia t io n s  w i t h in  th e  sa m e  sp e c ie s , 

in  a d d i t io n  to  th e  m o d e s  o f  r e p r o d u c t io n  
c la im  m o re  d e ta i le d  in v e s t ig a t io n s .  T h e  

p re s e n t s tu d y  o n  th e  c y to ta x o n o m y  o f  

th re e  s p e c ie s  o f  Zephyranthes, v iz .  Z . ata­
masco, Z. carinata a n d  Z . texana is  a n  a t ­
t e m p t  in  th is  l in e  to  u n d e r s ta n d  th e  in t e r ­
r e la t io n s h ip s  o f  th e s e  sp e c ie s  a n d  th e  v a r i ­

a t io n s  in  th e  s o m a t ic  c h ro m o s o m e  n u m ­

b e rs .

MATERIAL AND METHODS
P la n ts  o f  each ta x o n  w e re  co lle c te d  f r o m  

H e b b a l, B a n g a lo re  and  f r o m  the  N a n d i h il ls ,  
b o th  in  M y s o re  S la te , In d ia ,  a n d  g ro w n  in  the 
g re en ho use  o f  the B o ta n y  D e p a r tm e n t o f  th e  
U n iv e rs ity  o f  A g r ic u l tu r a l  Sciences, H e b b a l, 
B a n g a lo re , M y s o re  S ta le , In d ia .  E xc is e d  ro o t  
t ip s  w e re  p re tre a te d  w i th  0.15 °/o c o lc h ic in e  
f o r  one  h o u r  a n d  f ix e d  in  1 :3  a c e tic  a lc o h o l. 
T h e y  w e re  s ta in e d  fo l lo w in g  F e u lg e n ’ s sche ­
du le . T h e  s lide s  w ere  m ad e  p e rm a n e n t b y  
p a ss in g  th e m  th ro u g h  1 : 1 a ce tic  a c id  a n d  b u ­
ta n o l,  a n d  b u ta n o l series a n d  m o u n te d  in  
e u p a ra l.

P h o to m ic ro g ra p h s  and  ca m e ra  lu c id a  d ra w ­
in g s  w e re  m ade  fo r  the k a ry o ty p e  a n a ly s is . 
T h e  c h ro m o s o m e s  w ere  a rra n g e d  in  the  o rd e r  
o f  in c re a s in g  le n g th  o f  th e  s h o r t  a rm . T h e  
h e rb a r iu m  spec im ens  o f  a ll  these species 
b e a rin g  the  n u m b e rs  1138, 30 a nd  1375 have  
been d e p o s ite d  in  the UAS h e rb a r iu m .

O B S E R V A T I O N S

(1) Zephyranthes atamasco H e r b .  
( =  Amaryllis atamasco L .)  re p ro d u c e s  b y  
b u lb s  as w e l l  as seeds. T h e  o v a l b u lb s  

m e a s u re  a b o u t  3— 3 .5  c m  in  b re a d th  a n d  
4 — 4 .5  c m  in  le n g th .  T h e  le a v e s  a re  l in e a r ,  

a b o u t  45  c m  lo n g ,  0 .8 — 1.5 c m  b r o a d  w i t h  
b lu n t  r o u n d e d  t ip s .  T h e  s c a p e  is  a b o u t  as 
lo n g  as th e  le a f .  T h e  s p a th e  is  2 - c le f t  a n d
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about 5 cm long being tubular up to 3.5 
cm, partially enclosing the flower and 
clasping above. The flowers are white 
with a purplish tinge, funnel-shaped and 
about 9.5 cm long. The perianth consists 
of six lobes displayed in two whorls of 
three each, those of the outer whorl slight­
ly larger than  the inner ones. The stamens 
are six, in two whorls, the outer longer 
ones alternating with the inner shorter 
ones and bearing the 2-cm-long, versatile 
an ther lobes. The style is longer than the 
stamens and bears a deeply 3 cleft stigma 
w hich spreads out. The fruit is oblong, 
slightly 3-notched, borne on a 9-—-10 cm 
long pedicel.

The chromosome num ber of this species 
is 2 n = 1 2 . The karyotype shows the fol­
lowing types of chromosomes (Figs. 1 A,
2 A ): Two pairs of chromosomes with sub­
terminal constrictions (1st and 2nd pair); 
one pair of chromosomes with submedian 
constrictions (3rd pair); three pairs of 
chromosomes with median or near median 
constrictions (4th— 6th pair).

(2) Z e p h y r a n t h e s  carinata  ( S p r e n g . )  
H e r b .  ( =  Z .  grand i f lo ra  H e r b . )  r e p r o d u c e s  
o n l y  b y  b u l b s .  T h e  b u l b s  a r e  o v a l ,  a b o u t
3 cm broad and 3.5 cm long. The thick 
and fleshy linear leaves are about 48 cm 
long and 0.8 cm broad with rounded apex. 
The scape is about 25— 30 cm long bear­
ing a 4-cm-long, coloured spathe. The 
spat he is longer than the pedicel, tubular 
up tö 2 'cn i and 'c lasp ing  above. It is not 
cleft. The flowers are deep pink, about 
8 cm long and show a 2-whorled, 6-lobed 
perianth, each lobe being spathulate and 
about 7.5 cm long. The stamens are six, 
equal in length, shorter than the limb of 
the perianth and bear 2-cm-long versatile 
anthers. The style is longer than  the s ta­
mens and bears a prominent stigma. The 
fruits are not formed.

The chromosome num ber of this species 
is 2n =  48. The karyotype shows the fol­
lowing features (Figs. 1 B, 2 B ) : Nine pairs 
of chromosomes with subterminal con­
strictions (1st— 6th, 9th, 12th and 16th 
pair); five pairs of chromosomes with sub-

F ig . 1. P h o to m ic ro g ra p h s  o f  s o m a tic  m e ta ­
phase  p la te s  in  Zephyran thes .  —  A : Z. ata­
masco.  —  B : Z. carinata. —  C: Z . texana.  —  

X  530.

median constrictions (7th, 8th, 10th, 11th 
and 19th pair); ten pairs of chromosomes 
with near median or median constrictions 
(13th— 15th, 17th, 18th, 20th— 24tli pair).

(3) Z e p h y r a n th e s  texana  H e r b ,  repro­
duces both by seeds and bulbs. The bulbs 
are ovoid, about 2.5 cm broad and 3— 5 
cm long. The leaves are narrow, linear,
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Fig .  2. D r a w i n g s  o f  s o m a t i c  m e t a p h a s e  c h r o m o s o m e s  in  Z e p h y r a n t h e s .  —  A: Z. atamasco. 
— B: Z. carinata. —  C: Z. texana. —  T h e  c h r o m o s o m e s  a r e  a r r a n g e d  a c c o r d i n g  to i n c r e a s ­
in g  l e n g t h  o f  the  s h o r t  a r m .  In  B a n d  C t h e  g e n o m e  c o r r e s p o n d i n g  to t h a t  o f  Z. atamasco

is d r a w n  s e p a r a t e l y .  —  X 8 4 0 .

30— 45 cm long and 0.5 cm broad, thick 
and fleshy with rounded tips. The scape is 
25— 30 cm long with a coloured 2.5 cm 
long spathe. The tubular spathe encloses 
the pedicel up  to 1.5 cm and is clasping 
above. It is not cleft. The pedicel is longer 
than  the spathe. The flowers are yellow, 
produced on 4.5-cm-long pedicels. The 
perianth is 6-lobed, in two whorls of three 
each, spathulate, about 4 cm long; the 
outer lobes are slightly incised and the 
tube shorter than  the segments. The s ta ­
mens are six, shorter than  the limb of the 
perianth, all of the same length bearing 
1-cm-long versatile anthers. The style is
B ot. N o tise r, vo l. 127, 1974

shorter than  the stamens, prominent with 
a trifid stigma. The fruits are deeply 
notched.

The chromosome num ber is 2n =  48. The 
karyotype analysis shows the following 
features (Figs. 1C  and 2 C ): Seven pairs 
of chromosomes with subterminal constric­
tions (1st— 4th, 6th, 8th and 13th pair); 
eight pairs of chromosomes with sub­
median constrictions (7th, 9th— 11th, 14th, 
15th, 20th and 21st pair); nine pairs of 
chromosomes with median or near median 
constrictions (5th, 12th, 16th— 19th, 22nd 
— 24th pair). The 10th pair of chrom o­
somes shows satellites.
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D I S C U S S I O N

The inconstancy in the somatic chrom o­
some numbers due to nondisjunction or 
endomitotic replications in asexually re ­
producing plants has been considered to be 
of importance in speciation through vege­
tative propagation ( S h a r m a  1956, S h a r m a  

& S h a r m a  1959). B h a t t a c h a r y a  (1972) 
on the basis of his studies on Zephyranthes 
mesochloa has concluded that the endo­
mitotic replications may effect all or sev­
eral chromosomes of a complement and 
are finally responsible for the numerical 
variations in the chromosomes.

Zephyranthes mesochloa ( B h a t t a c h a ­

r y a  1972) shows a wide range of varia­
tion in the somatic complement with 2n 
ranging from 12 to 120 in addition to the 
hyperdiploids (between 26 and 102) and 
hypodiploid numbers (2n =  7 +  l fragment 
— 23). S h a r m a  and G h o s h  (1954) have 
also recorded 2n =  48 with variations such 
as 42, 60, 66 and 72 in this species. Ac­
cording to B h a t t a c h a r y a  (1972) these 
endomitotic replications and the nondis­
junction are adopted to this species only 
under certain conditions of the environ­
ment affecting either a single chromosome 
or all the chromosomes of the comple­
ment.

In the present investigation Z. atamasco 
shows 2 n = 1 2 . F l o r y  (1940) has reported 
2n =  24 in this species. It is likely that this 
variation is also a result.of .endomitotic re ­
plication affecting all the chromosomes of 
the complement. A similar variation has 
been observed in Z. texana where the p re ­
sent study reveals 2n =  48 as against an ear­
lier report of 2n =  24 ( S a t o  1938). Z. cari­
nata, however, does not show this varia­
tion. The chromosome num ber in this spe­
cies is 2n =  48 and confirms the earlier 
report by Y o k o u c h i  (1964). It is interest­
ing to note that all these polyploids con­
form to a multiple of six thus strength­
ening the presumption that the basic n u m ­
ber is six.

Zephyranthes atamasco shows not only 
morphological but also cytological simi­

larities to Z. carinata. The chromosomes 
in both species show the absence of satel­
lites. The first and second pairs of ch ro ­
mosomes in Z. atamasco are similar in size 
and morphology to those of the 12th and 
16th pairs in Z. carinata. The third pair is 
similar to the 19th pair; and the fourth, 
fifth and sixth pairs show similarities with 
the 22nd, 23rd and 24th pairs respectively. 
It is likely that one of the genomes of Z. 
carinata has been derived from Z. ata­
masco.

The genome of Z. atamasco is also trace­
able in Z. texana. The suppression of this 
genome is possibly responsible for the yel­
low colour of the flowers. However, the 
following chromosomes correspond to 
those in Z. atamasco:

Z. atamasco 
1st and 2nd pair 
3rd pair 
4th— 6th pairs

Z. texana 
6th and 13th pairs 
21st pair
22nd— 24th pairs.

However, in spite of the common ge­
nome of Z. atamasco that is traceable in 
Z. carinata and Z. texana, the latter two 
species show considerable differences in 
their karyotype. The presence of satellites 
in the tenth pair of chromosomes makes 
Z. texana karyologically distinct. While 
seven pairs of chromosomes show subter­
minal constrictions in this species, nine 
pairs are with subterminal constrictions in 
Z., carinata. Further, the number .of .chro-. 
mosomes with submedian constrictions is 
five in Z. carinata and eight in Z. texana. 
The num ber of chromosomes with median 
or near median constrictions is, however, 
nine in this species as against ten in Z. 
carinata. The morphological similarities of 
these two species account for the common 
genome.
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The authors are indebted to Dr K. S u b r a -  
M A N Y A M , Director, Botanical Survey of India, 
Calcutta for the identification of the species 
and  encouragement.
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K aryotypes o f Iris Subgenus Susiana Species 
in  Lebanon and Syria

Carolyne G. Weymouth and Shaukat A. Chaudhary

W e y m o u t h ,  C. G. & C h a u d h a r y ,  S. A. 1974 12 30. Karyotypes of Iris subgenus 
Susiana species in Lebanon and Syria. — Bot. Notiser 127:513— 521. Lund. ISSN 
0006-8195.

Karyotypes of 12 taxa of Ir i s  subgenus S u s i a n a  S p a c h  ( =  Ir i s  section O n c o -  
c y c l u s  (S ie m s . )  B a k . )  in Lebanon and Syria have been described and their in ter­
relationships discussed. The karyotypes were observed to constitute two m ajor 
types, two intermediate types and some modified types. It has been proposed 
that the subgenus, as far as the species studied are concerned, be divided into two 
groups,, the Sofaranae and Purpuro-aurantae , based on the karyotype and beard- 
hair characters.

C a r o l y n e  G. W e y m o u t h  a n d  S h a u k a t  A. C h a u d h a r y ,
P o s t  h h e rb a r i u m ,  A m e r i c a n  U n i v e r s i t y  o f  Bei rut ,  B e i rut ,  L e b a n o n .

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

A gap existed in  the information that 
could clarify the inter-relations between 
the species in the subgenus Susiana S p a c h  

( =  section Oncocyclus ( S i e m s . )  B a k . )  and 
especially between the species that are the 
subject of the present report. Cytological 
investigations of 12 available taxa (Iris 
auranitica D i n s m o r e ,  I. barnumae F o s t e r  

& B a k e r  var. zenabiae M o u t e r d e ,  I. ba- 
saltica D i n s m o r e ,  I. bostrensis M o u t e r d e ,  

I. cedreti D i n s m o r e  ex C h a u d h a r y ,  I. kas- 
ruwana ' D i n s m o r e , '  I: kirkwoodii C h a u ­

d h a r y ,  I. kirkwoodii ssp. calcarea C h a u ­
d h a r y  (Inedit.), I. sofarana F o s t e r ,  I. sp. 
(affin, barnumae F o s t e r  & B a k e r ) ,  I. 
yebrudii D i n s m o r e  ex C h a u d h a r y  ssp. 
yebrudii and ssp. edgecombii C h a u d h a r y )  

was, therefore, undertaken with the aim of 
clarifying inter-relationships as far as 
possible.

M A T E R I A L  A N D  M E T H O D S
The material studied had been planted at 

the Agricultural Research and Education Cen­
tre of the American University of Beirut, 
located in the Beqaa Valley in Lebanon. The 
locations from  which the populations were 
originally collected are given in Table 1.

Voucher specimens from  the populations 
studied are in the Post H erbarium  (BEI) of 
the American University of Beirut. The root 
tips were pre-treated in 9.002 mol /1  solution of 
8 -hydroxyquinoline a t about 12°C for 2(—3) 
hours. The usual acetic-alcohol fixation and 
aceto-orcein squash-staining techniques were 
applied. A large number of cells (in no case 
less than 25 cells per taxon) from  a number 
of individuals from each taxon were studied 
to finalize the karyotypes.

Meiotic studies were carried out in Ir i s  
y e b r u d i i  ssp. e d g e c o m b i i  only. The plants of 
this taxon were dug up in the field and re ­
planted at room temperature in the middle of 
the-m onth of March. -Individual shoots w ere 
dissected at intervals of a day or a few days 
to obtain flower buds. The anthers were then 
squashed in aceto-orcein to determine the 
stage of meiosis. The anthers a t the right 
stage were obtained from only one individ­
ual. The stamens at that stage were the most 
developed part of the flower, the tepals be­
ing so small that they encircled the lower 
quarter of the anthers only.

O B S E R V A T I O N S

The chromosome num ber in every taxon 
was observed to be 2n =  20. This is con­
sistent with all previous reports on the 
chromosome counts in the subgenus. Of 
the 12 taxa studied, the karyotype of I. so-
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Taxon

I. a u r a n i t i c a ...............................

1. b a r n u m a e  var. z e n o b i a e  . .

I. b a s a l t i c a  ................................

I. b o s tr e n s is ....................................

7. c e d r e t i  .....................................

I. k a s r u w a n a  ............................

J. k i r k w o o d i i  ssp. k i r k w o o d i i

I. k i r k w o o d i i  ssp. c a lc a r e a  . .

7. so f a r  a n a  .................................

7. sp. (affin, b a r n u m a e )
7. y e b r u d i i  ssp. y e b r u d i i

I. y e b r u d i i  ssp. e d g e c o m b i i  . .

T a b l e  1. Material studied.

Place of collection

Maymas, Syria

Tell Shehan, Syria

Tell Kalakh & Hadidia, Syria

Shehba area, Syria

Vicinity of Cedars of Leba­
non, Lebanon 

Laqlouq & Faraya areas, Le­
banon 

Bishmishly, Syria

Deir Semaan, Syria

Falougha & Zehleh Pass areas, 
Lebanon 

Saclad Road, Syria 
Yabrud, Syria

Kastel, Syria

Collector/s

S. A. C h a u d h a r y  & Mrs G.
K i r k w o o d  

S. A. C h a u d h a r y  & Mrs G.
K i r k w o o d  

S. A. C h a u d h a r y  & Mrs G.
K i r k w o o d  

S. A. C h a u d h a r y  & Mrs G.
K i r k w o o d  & C. W e y m o u t h  

S. & Z. C h a u d h a r y  & C. W e y ­
m o u t h  

S. A. C h a u d h a r y

S. A. C h a u d h a r y  & Mrs G.
K i r k w o o d  

S. A. C h a u d h a r y  & Mrs G.
K i r k w o o d  

S. A. C h a u d h a r y  & Mrs G.
K i r k w o o d  & C. W e y m o u t h  

Mrs G. K i r k w o o d  
S. A. C h a u d h a r y  & Mrs G.

K i r k w o o d  
Mrs G. K i r k w o o d

far ana has been previously described by 
M i t r a  (1956). The description of the k a ­
ryotype of this taxon below precedes those 
of the others which have been arranged in 
alphabetical sequence.

I r is  s o f a r a n a

The chromosome complement of 7. so- 
farana (Fig. 1 A) consists of 10 pairs of 
acrocentric (sensu R a n d o l p h  & M i t r a  

1960; telocentric ‘t ’, sensu L e v a n  et al. 
1965) chromosomes, as are most of the 
chromosomes of all the taxa studied. The 
chromosome pairs I, II, III and IV are 
relatively much longer than the rest of the 
chromosomes. These four pairs are of 
gradually decreasing length but do not 
differ markedly. Pair V is significantly 
shorter than  pair IV while pairs V— X 
gradually decrease in length. In general 
pairs V— X have very m uch reduced short 
arm s which appear as ‘pin-heads’. The 
short arms on pairs I and II are somewhat 
larger and appear as ra ther globular struc­
tures. M i t r a  (1956) had reported satellites
B ot. N o tise r, vo l. 127, 1974

on chromosome pairs V, VI and VII, 
whereas all our plants had  satellites on 
the chromosomes of pairs VI and VII only. 
Pairs VI and VII are heteromorphic in that 
the satellites on the two members of each 
pair differ in size and length of a ttach­
ment threads.

I r is  a u r a n i t i c a

The karyotype of this species (Fig. 1 B) 
shows a striking difference from that of 
the preceding taxon in tha t the chrom o­
somes do not fall into well-defined length- 
groups, i.e. with four pairs of chrom o­
somes markedly longer than  the rest of 
the complement. The chromosomes in this 
taxon intergrade in length from I through 
X by only a gradual decrease in length. 
Another m ajor difference is that the satel­
lites are borne on the chromosomes pairs 
VI and IX instead of on VI and VII as in 
7. sofarana. (That the chromosomes in I. 
aurantica look m uch smaller is probably 
because of a more intense action of 8- 
hydroxvquinoline. It was observed in the
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Fig. 1 . Karyotypes of Iris,  
z e n o b ia e .  — D: 1. bas a l t ic a .

A: I. s o f a r a n a .  — B: I. a u r a n i t ic a .  — C: I. b a r n u m a e  var. 
E: I. b o s t r e n s i s .  — F: I. c e dre t i .  — Camera lucida sketches 

Scale =  20 u.

p resen t  s tudies  th a t  th e  th in n e r  th e  ro o ts  w h e re  th e  te m p e ra tu r e  w as  a b o u t  12°C 
p re - trea ted ,  the m o re  in ten se  w as  the  ac- a n d  th e n  c a r r ie d  in a  (w arm ) c a r  fo r  ab o u t
t io n  of this ch em ica l fo r  th e  sam e le n g th  tw o h o u rs ,  the  c h ro m o so m e s  in  all the
of time. In  a  few  in s ta n ces  w h e n  m a te r ia l  t a x a  in v a r ia b ly  sh o w e d  b a n d in g  o r  tran s -
w as  p u t  in  8 -h y d ro x y q u in o l in e  in  the  fie ld  verse  i r r e g u la r  b reak s ,  the  la t te r  some-
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times giving an appearance of secondai-y 
constrictions. Except for these artifacts oc­
curring under w arm er conditions of tem ­
perature the degree of contraction of chro­
mosomes within a complement and in all 
the taxa was observed to be consistently 
uniform under the influence of 8-hydroxy- 
quinoline at the temperature and the tim­
ings used). The short arms in I. a u r a n i t i c a  
chromosomes are all of the ‘pin-head’ type. 
Pairs VI and IN show slight heterom orph­
ism in the size of the satellites within 
each pair.

I r i s  b a r n u m a e  var. z e n o b i a e

The karyotype is essentially of the /. 
a u r a n i t i c a  type (Fig. 1 C) with the same 
chromosomes, VI and IX, bearing the sat­
ellites. The short arms in all the chrom o­
somes are of the ‘pin-head’ type except 
the chromosomes of pairs II and III where 
the ‘pin-heads’ are slightly bigger. There 
is a ra ther pronounced heteromorphism in 
the size of the satellites and the length of 
the attachment threads within each of the 
chromosome pairs VI and IX.

I r i s  b a s a l t i c a

The karyotype is, basically, of the I. s o -  

f a r a n a  type (Fig. 1 D) with the chrom o­
some pairs I— IV being much longer than  
the rest. The short arms on the chrom o­
somes of pairs I and II are relatively big­
ger and not of the ‘pin-head’ kind. Chro­
mosome pairs VI and VII are satellited, 
the satellites within each pair differing 
either in size (pair VI) or length of the 
attachm ent threads (pair VII).

I r i s  b o s t r e n s i s

The karyotype is basically of the I. 
a u r a n t i c a  type (Fig. 1 E). However, there 
is a break, though not pronounced, in the 
intergrading of the chromosomes: the
chromosome pairs I, II and III  are, as a 
group, longer than  the rest. Like I. a u r a ­
n i t i c a ,  the chromosome pairs VI and IX 
bear satellites.

I r i s  c e d r e t i

The karyotype is basically of the I. s o -  

f a r a n a  type (Fig. I F ) .  The chromosome 
pairs I, II, III and IV are, as a group, 
much longer than  the rest. Only pair I, 
however, has the relatively large non-pin­
head kind of short arm. Also, the satellites 
are borne on chromosomes VII and VIII 
as compared with VI and VII in I. s o f a -  

r a n a .

The karyotype is basically of the /. s o -  
f c i r a n a  type (Fig. 2 A). It differs in that 
the first three pairs (I, II and III) in this 
karyotype have the larger, non-pin-head 
kind of short arms instead of only the first 
two pairs of chromosomes as in /. s o f a -  

r a n a .  The satellites are borne on pairs VI 
and VII as in I. s o  f a r  a n a .

I r i s  k i r k w o o d i i  ssp. k i r k w o o d i i

The karyotype, as in I. s o  f a r  a n a , consists 
of four (I—IV) long pairs of chromosomes 
the rest being shorter chromosomes (Fig. 
2 B). However, pair I only has the non-

I r i s  k a s r u w a n a

Fig. 2. A— F: Karyotpes of Ir is .  — A: 7. k a s r u w a n a .  — B: /. k i r k w o o d i i  ssp. k i r k w o o d i i .  
— C: I. k i r k w o o d i i  ssp. ca lca rea .  — D: I. sp. (affin. I. b a r n u m a e ) .  — E: 1. y e b r u d i i  ssp. 
y e b r u d i i .  — F: /. y e b r u d i i  ssp. e d g e c o m b i i .  — G: I. y e b r u d i i  ssp. e d g e c o m b i i ,  m etaphase I 
configuration in pollen mother cell. Chromosome pair I is in the top right hand corner 

of the figure. — Camera lucida sketches. Scale =  20 u.
B ot. N o tise r, vo l. 127, 1974
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pin-head kind of short arm  and the satel­
lites are borne on the chromosome pairs 
VII and IX instead of on VI and VII as in 
I. sofarana or VI and IX as in 7. aura­
nitica.

I r i s  k i r k w o o d i i  ssp. c a l c a r e a  (inedit.)

The karyotype differs from that of the 
preceding taxon in that pairs I and II in 
this taxon have the relatively large, non- 
pin-head kind of short arms instead of 
pair I only (Fig. 2 C). Also, the first five 
pairs (I— V) as a group are longer than the 
rest, and four pairs of chromosomes (V, 
VII, VIII and IX) bear the satellites.

I r i s  sp. (affin. I r i s  b a r n u m a e )

This karyotype is very interesting in 
that the chromosomes of pair I are dis­
tinctly of the I. yebrudii ssp. edgecombii 
type (below). This is shown in the shape 
and size of the short arms which are 
noticeably longer than those of any of the 
other members of the complement, and in 
that they are unequal in length (Fig. 2 D ). 
The rest of the chromosomes are of the 
I. auranitica type including the satellited 
pairs. The chromosomes, however, fall in ­
to two distinct length-groups, pairs I— IV 
forming the long-chromosome group and 
pairs V— X intergrading and constituting 
the short-chromosome group such as the 
I. sofarana type. This species, therefore, 
includes in its karyotype characters of all 
three karyotype types.

I r i s  y e b r u d i i  ssp. y e b r u d i i

The chromosomes of pairs I— IV are dis­
tinctly longer than the rest while pair V is 
of intermediate length (Fig. 2E) .  Pairs 
VI— X constitute the short-chromosome 
group. W ithin the first four pairs, pairs I 
and II appear longer than  pairs III and IV. 
Chromosome pair IV only has the relative­
ly large, non-pin-head kind of short arms. 
The chromosomes of pairs VI and IX, as 
in I. auranitica, bear the satellites.
B ot. N o tise r, vo l. 127, 1974

I r i s  y e b r u d i i  ssp. e d g e c o m b i i

Pairs I— IV are distinctly longer than 
the rest while pair V is of intermediate 
length being distinctly smaller than  the 
first four pairs and distinctly longer than 
the last five, which constitute the short- 
chromosome group (Fig. 2 F). Three pairs 
of chromosomes (VII, VIII and IX) bear 
the satellites. The chromosomes of pair I 
are heteromorphic. One m em ber of this 
pair  is m uch longer than the other, while, 
too, the short arm  on the shorter chrom o­
some is more than double the length of 
the short arm of the longer chromosome.

The metaphase configurations in PMCs 
were studied to determine the nature of 
heterom orphy in pair I (Fig. 2 G). The 
pairing of all the chromosomes was ob­
served to be normal. However, the con­
sistent presence of a side loop in the pa ir­
ing configuration of pair I, suggested that 
the difference in the lengths of the two 
members was the result of a duplication 
of segments in one of the members, and 
tha t this was somehow being perpetuated 
in  the population. Pair I was identified by 
the size and the loop which could be ex­
pected when the members were unequal. 
A study of pollen fertility proved inconclu­
sive as, unfortunately, the pollen nuclei 
could not be stained satisfactorily.

D I S C U S S I O N

The karyotypes of the taxa studied fall 
into two m ajor groups, viz. the I. sofarana 
type (Sofarana type) and the I. auranitica 
type (Auranitica type). The typical Sofa­
ra n a  type of karyotype is characterized by 
the chromosome pairs I— IV being much 
longer than  the rest, some of these having 
a  larger, non-pin-head kind of short arms, 
and  by the satellites being borne on pairs 
VI and VII (Fig. 3 A). I. basaltica, 7. kasru­
wana and 7. sofarana belong to this group. 
7. kirkwoodii ssp. kirkwoodii and 7. ceclreti 
are  apparently modifications of this karyo­
type type. The taxon 7. kirkwoodii ssp. cal­
carea is the only taxon amongst those stu-
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B t m u a
Fig. 3. Length-groups in karyotypes of Iris. 
— A: I. sofarana. — B: I. auranitica. — 

— C: /. yebrudii.

died which has satellites on four pairs of 
chromosomes (V, VII, VIII and IX), and 
five pairs of chromosomes constituting the 
long-chromosome group. This coidd be a 
more primitive karyotype than any other 
taxon within this group. The Auranitica 
type of karyotype is characterized by all 
the chromosomes intergrading gradually 
from the longest to the shortest (Fig. 3 B), 
or almost so., without a sharp break into 
length-groups. The chromosomes of pairs 
VI and IX only are satellited. All the chro ­
mosomes have the small ‘pin-head’ kind 
of short arms, although in some the short 
arms may be slightly larger and appear as 
small globular bodies. This group includes 
/. auranitica, I. bostrensis and I. barnumae 
var. zenobiae.

A third type of karyotype (Yebrudii 
type), intermediate between the Sofarana 
and Auranitica types, is to be seen in I. 
yebrudii ssp. yebrudii and I. yebrudii ssp. 
edgecombii (Fig'. 3'C)’. Pairs I— IV form ' 
the long-chromosome group, pairs VI— IX 
the short-chromosome group, while pair V 
is intermediate belonging to neither of the 
above two length-groups. I. yebrudii ssp. 
yebrudii, like the Auranitica type, has the 
satellites on pairs VI and IX while ssp. 
edgecombii has satellites on three pairs, 
pair VII like the Sofarana type, pair IX 
like the Auranitica type and pair VIII like 
I. cedreti and I. kirkwoodii ssp. calcarea.

The taxon Iris sp. (affin, barnumae) 
possesses a karyotype with elements from 
all the above three types, viz. Auranitica, 
Sofarana, and Yebrudii types. This could 
possibly be another major type. This taxon

L A T A  K I A

T E L L  K A L A K H

D E I R  S E M A A N  
B I S H M  I S H L I

H A M A  

H A D I D I A H
. H O M S  

. C E D A R S -  S A D A D

.  D A M A S C U S

T E L L  S H E H A N  
• . S H E H B A  

M A Y M A

• B O

L A Q L O U C
B E I R U T  / . F A R A Y 0 / - . Y A B R U D  

• F A L Q U S H A  - K A S T E L  
. S O F A R • '

.  A Y N  EL B A  I D A  

P A L M Y R A

S U W I E

1 I 1
O 2 0  4 0  m i .

Fig.  4. M ap  in c lu d in g  l o ca t io n s  of  d i s t r i b u t io n  
of t axa  s tud ied .

apparently has affinities with taxa distri­
buted in the northern  Syrian desert, south­
western Turkey, adjacent Iraq, Iran  and 
Armenia in the USSR.

On the assumption that the more ad­
vanced the karyotype is the less symmetri­
cal it will be and the shorter the chrom o­
somes, we would consider the Sofarana 
type as the most primitive and the Aura­
nitica type as the most advanced with the 
Iris sp. (affin, barnumae) karyotype and 
Yebrudii type as two intermediate types. 
Looking at the m ap (Fig. 4), we find that 
in a South— North sequence of distribu­
tion I. sofarana, 1. kasruwana, I. cedreti, 
I. basaltica, I. kirkwoodii ssp. kirkwoodii 
and I. kirkwoodii ssp. calcarea constitute 
one group distributed in the Lebanese 
Mountains and extending northw ards into 
Syria. I. yebrudii ssp. yebrudii and /. 
yebrudii ssp. edgecombii constitute a sec­
ond group having its distribution in the 
north  eastern Anti-Lebanon range and its 
foothills. I. auranitica, I. bostrensis and 
7. barnumae var. zenobiae constitute the 
group distributed in the southeastern Sy-
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Fig. 5. Diagram showing possible inter-relationships between 12 taxa of the Ir i s  subgenus 
S u s ia n a .  Dotted lines show probable paths which are less clear.

rian  semi-desert region and on the volcanic 
peaks in the area. The probable sequence 
of evolution within the groups (hypotheti­
cal here, bu t also based on morphological 
evidence not presented here), based on 
distribution and karyotypes, is shown in 
Fig. 5.

The morphology of the beard hairs of 
these and some other taxa was also inves­
tigated as a  supporting study. W e found 
that the species of the subgenus from Le­
banon, Syria and part of Palestine fall into 
two groups. In one group the beard hairs 
are microscopically papillate-echinate (Fig. 
6 A) while in the other they are club- 
shaped and smooth (Fig. 6 13). The spe­
cies belonging to the papillate-echinate 
groups are characterized by the Sofarana 
and Yebrudii types of karyotypes, while 
the clavate-haired species belong to the 
Auranitica and Iris sp. (affin, barnumae) 
types of karyotypes. The association of a 
beard-hair character with a karyotype 
seems to be very constant. On the basis of 
the information discussed above, we are 
strongly of the view that the subgenus 
Susiana S p a c h  should be divided into two 
groups as below, at least as far as the taxa 
investigated are concerned. We feel that a 
further division of the two groups, if con­
sidered desirable later, would be possible 
on the basis of morphological characters 
such as leaf characters, flower shape, pig­
mentation, etc.
B ot. N o tise r, vo l. 127, 1974

Group 1. Sofaranae
comprising the species with papillate- 
echinate hair (and Sofarana/Yebrudii types 
of karyotypes by implication) i.e. I. basal- 
tica, I. cedreti, I. kasruwana, /. kirkwoodii, 
I. sofarana and I. yebrudii. Based on beard- 
hair character alone, we assume that I. 
hermona D i n s m . ,  I. lortetii B a r b . ,  I. sa- 
mariae D i n s m .  and I. westii D l n s m .  belong 
here.

T t y

Fig. 6 . Beard hairs of Iris.  — A: Sofarana 
type. — B: Auranitica type.
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Group 2. Piirpiiro-aurantae 
comprising species with clavate, non-papil- 
late-echinate beard hair (and Auranitica or 
Iris sp. (affin, barnumae) types of k aryo ­
types by implication) i.e., I. auranitica, I. 
barnumae var. zenobiae, I. bostrensis and 
Iris sp. (affin, barnumae). Based on beard- 
hair character alone, we assume that I. 
citrofusca B ak., I. heylandiana B o i s s .  & 
R e u t . ,  I. jordana D insm . and I. nigricans 
D insm . belong here.
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Studies in African Cyperaceae XIII

New Taxa and Combinations in Isolepis R. Br.

Kåre Arnstein Lye and Richard Wheeler Haines

L y e ,  K. A. & H a i n e s ,  R. W. 1974 12 30. Studies in African Cyperaceae XIII. New 
taxa and combinations in Isolepis R. Br. — Bot. Notiser 127: 522—526. Lund. ISSN 
0006-8195.

One new variety and two new species are described from East Africa, viz. 
I s o l e p is  f lu i tcms  (L.) R. Br. var. m a j o r  K. L y e  var. nov., I. r u w e n z o r i e n s i s  R. 
H a i n e s  & K. L y e  sp. nov. from the Ruwenzori Mountains in Uganda and I. ki l i -  
m a n j a r i c a  R. H a i n e s  & K. L y e  sp. nov. from Mt Kilimanjaro in Tanzania. Also, 
one new combination is made, viz. Is o l e p i s  g r a m in o ic le s  (R. H a i n e s  & K. L y e )  
K. L y e  comb. nov.

The distinguishing characters between the two genera E l e o g i t o n  L i n k  and I s o ­
le p i s  R. Br. have been found too slight for generic separation, and E l e o g i t o n  is 
therefore included in Iso le p is .

K å r e  A r n s t e i n  L y e ,  D e p a r t m e n t  of  B o t a n y ,  A g r i c u l t u r a l  Col l ege  of  N o r w a y ,
N - U 3 2  ÅS-N.L.H. ,  N o r w a y .

R i c h a r d  W h e e l e r  H a i n e s ,  D e p a r t m e n t  of  A n a t o m y ,  R o y a l  F r e e  H o s p i t a l  M e d i c a l  
S c h o o l ,  L o n d o n  W . C . l ,  E n g l a n d .

I s o l e p i s  f l u i t a n s  (L.) R. Br. var. m a j o r  
K. Lye, var. nov. Fig. 1

H e r b a e  perennes glabrescentes. C u l m u s  de- 
cumbens, ad nodos radicans et longe repens. 
F o l i a  numerosa, 2—7 cm longa et 0.7— 1.5 
mm  lata; v a g i n a e  longae, brunneae. A n th e la  
simplex, 1-spiculosa. S p i c u l a e  oblongo—lan- 
ceolatae, subacutae, 4.0—6.5 mm longae et
2.0—3.5 mm latae, 8 — 10-florae. S q u a m a e  
dense imbricatae, ovatae, obtusae, fuscae; C a ­

r in a  viridis. S t a m i n a  3. S t y l u s  longus, bifidus 
vel trifidus. N u x  1.4— 1.5 mm longa et 0.9—
1 .0  mm lata, oblonga, conspicue apiculata, 
brunnea, minute muricata.

TYPUS SPEC1E1: K. A. L y e  n. 5754, 17.VI. 
1970. Uganda, Bugisu district, near Sasa River 
on Mt Elgon, 1°10'N & 34°26'E, 2,850 m 
(Holotype MHU, iso type EA).

Differs from var. fluitans in having fla t­
tened peduncles, 8— 10-flowered spikelets 
(as against 3— 8 in the type variety), 
broader leaves, green glumes (more rarely 
reddish-brown) with transparent margins 
and a 1.5 mm long achene with a long api- 
culus (Fig. 1).
B ot. N o tise r, vo l. 127, 1974

In alpine bogs and other wet habitats, 
sometimes along rivers, 2,430— 3,050 m. 
Uncommon in Uganda (Bugisu and Ki- 
gezi), more widespread in upland Kenya 
and Tanzania. The specimen drawn is 
from Purseglove 2196 from Muhavura- 
Mgahinga Saddle, Kigezi, Uganda.

I s o l e p i s  k i l i m a n j a r i c a  R .  H a i n e s  & K .  L y e , 
sp. nov. Fig. 2

H e r b a e  perennes glabrescentes. R l i i z o m a  
horizontaliter repens, flavum, ad 1 0  cm lon- 
gum et 1.0— 1.5 mm latum. C u l m u s  1—3 cm 
longus et 0.4— 0 . 8  mm latus. F o l i a  2 —5, 3— 7 
cm longa et 0.6— 1.5 mm lata; v a g i n a e  longae, 
brunneae vel canescentes. A n t h e l a  simplex, 1- 
spiculosa. S p i c u l a e  oblongo-lanceolatae, 4—5 
mm longae et 2.0—2.5 mm latae. S q u a m a e
3.0—3.5 mm longae, imbricatae, lanceolatae— 
acutae, brunneae vel cinereae. S t a m i n a  3. 
N u x  1.2— 1.4 mm longa et 0.9— 1.0 mm lata, 
elliptica, castanea, striatula.

TYPUS SPEC IEI: O. H e d b e r g  n. 1348, 23. 
VI. 1948. Tanzania, Kilimanjaro, saddle be­
tween Kibo and Mawenzi, in a swamp in the
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Fig. 2. I s o l e p i s  k i l i m a n j a r i c a  R. H a i n e s  & K. 
L y e .  A: Habit, reduced. — ß: P a r t  of plant 
showing leafy culm with roots and inflores­
cence. — C: Part of plant showing extra- 
axillary branching — D: Leaf-sheath and 
leaf-tip. — E: Inflorescence. — F: Achene 
with persistent style and filaments. — Drawn 
from  H e d b e r g  1348 (saddle between Kibo 
and Mawenzi, Kilimanjaro, Tanzania, the 

holotype).

Fig. 1 . I s o l e p i s  f l u i t a n s  (L.) R. Br. var. m a j o r  
K. L y e .  — A: Habit, reduced. — B: Part of 
stem showing lateral shoots and roots. — C: 
Fertile shoot with four spikelets. — D: Spike- 
let. — E: Achene with persistent 3-branclied 
style and three filaments. — F: Anther. — 
Drawn from P u r s e g l o v e  2176 (Muhavura- 

Mgahinga Saddle, 9,500', Kigezi, Uganda.

RW H

southern part of the saddle, 4,350 m (Holo­
type UPS).

Perennial sedge. Runners to 10 (or more) 
cm long and 1.0— 1.5 mm thick, hori­
zontal, creeping, light yellowish, golden or 
purplish, with leafy culms set at 0.5—
2.5 cm intervals at each alternate node. 
Branches extra-axillary in origin, those 
forming the sympodial runners long-noded 
at the base, those of the minor branches 
with shorter nodes, all with a basal tub­
ular prophyll. Culms 1— 3 cm long and 
0.4—0.8 m m  thick, covered by grey to 
brown leaf-sheaths and with 2— 5 leaf-

blades, triangular to subterete. Leaf-blades 
3— 7 cm long and 0.6— 1.5 mm wide, flat 
or somewhat inrolled, often curved, sca- 
brid  on margins and midrib, crescentic in 
section and veined on the convex surface, 
ending bluntly; leaf-sheaths grey to red­
dish-brown, closed when young but soon 
splitting, eventually rotting but the veins 
persisting as reddish fibres.

Inflorescence a solitary spikelet 4— 5 
mm long and 2.0— 2.5 m m  wide. Main in ­
florescence bract about twice as long as 
the spikelet, leafy with a glume-like basal 
part. Glumes 3.0—3.5 m m  long, light yel­
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R .W h e e le r  
H a i n e s

Fig. 3. Is o le p is  r u w e n z o r i e n s i s  R. H a i n e s  & K. L y e .  — A: Habit, reduced. — B: Fertile 
shoot with one spikelet. — C: Fertile shoot with spikelet magnified. — D: Detail from  culm 
showing throat of leaf-sheath. — E: Paired  spikelets. — F: Solitary spikelet. — G: Achene 
with glume and filaments. — H: Achene with glume, 3-branched style and filaments. — 
I: Achene. — D rawn from O s m a s t o n  3916 (Mt Ruwenzori, Uganda, 3,850 m, the holotype).

lowish-brown to purplish-brown with a 
distinct midrib and numerous lateral 
nerves, triangular-lanceolate with acute 
apex; the lowest glume fertile, longer than 
the others. Perianth  absent. Stamens 3. 
Style trifid. Achene 1.2— 1.4 m m  long and 
0.9— 1.0 mm wide, elliptic with one flat 
and one rounded side, brown and shiny, 
strongly longitudinally ribbed, the ribs 
minutely transversely striate, converging 
towards a prominent blunt apiculum. 
Cdumes and achenes falling separately, each 
achene with filaments and style attached 
but soon lost.

Only known from the type collection 
cited above.

I s o l e p i s  r u w e n z o r i e n s i s  R .  H a i n e s  &
K. L y e , sp. nov. Fig. 3

H e r b a e  perennes glabrescentes. C u l m u s  de- 
cumbens, ad nodos radicans et longe repens. 
F ol ia  2— 5, 2— 8  cm longa et. 0,5— 1.5 mm 
lata. A n t h e l a  simplex, 1—2 spiculosa. S p i ­
cu la e  oblongo-lanceolatae, 4— 5 m m  longae et
1.0—2.5 mm  latae. S t a m i n a  3. S t y l u s  longus, 
trifidus. N u x  1.0— 1.2 mm  longa et 0.8—0.9 
m m  lata, oblonga, conspicue apiculata, brun- 
nea, striatula.
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TYPUS SPECIEI: O s m a s t o n  n. 3916. Ugan­
da, Stuhlm ann Pass, Ruwenzori (Holotype K).

Perennial sedge with creeping much- 
branched stem and numerous leaves. Stem 
with branches to 20 cm long and 0.5— 1.0 
mm thick, glabrous. Leaves 2— 5 per 
branch, 2— 8 cm long and 0.5— 1.5 mm 
wide, flat or somewhat inrolled, glabrous. 
Inflorescence consisting of one solitary 
spike or more rarely two clustered spikes. 
Inflorescence bract leafy, erect, 1— 2 cm 
long and m uch overtopping the inflores­
cence. Spikelets 4— 5 mm long and 1.0—
2.5 m m  wide, oblong-lanceolate. Glumes
3.0— 3.5 mm long, light brown with n u m ­
erous distinct nerves, triangular-lanceolate 
with acute apex. Nutlet 1.3— 1.4 m m  long 
(including a 0.2 mm long apiculum) and 
0.7— 0.9 m m  wide, obovate with a cuneate 
base and a sharp apiculum, distinctly 
longitudinally ribbed with minute trans­
verse striations.

This species has previously been con­
fused with 7. fluitans, but it has a different 
inflorescence and an entirely different o r ­
namentation of the achene. From  I. kili- 
manjarica it differs in its longer leafy in ­
florescence bracts, different branching and 
its more pronounced apiculum on the 
nutlet.

Forming mats or dense carpets in wet 
places, often with running water, 3,300— 
3,850 m. Common on Mt Ruwenzori, 
Uganda, but not known outside this area.

Specimens seen: H a i n e s  4586 (MHU), H e d ­
b e r g  643 (EA, K), L y e  1324 (MHU), 7000 
(MHU, EA, K), O s m a s t o n  3916 (K), 3917 (K).

N E W  C O M B I N A T I O N

I so l ep is  g r a m i n o i d e s  (R. H a i n e s  & K. L y e )  
K. L y e ,  comb. nov. Syn. S c i r p u s  g r a m i n o i d e s  
R. H a i n e s  & K. L y e  in Bot. Notiser 123:430 
(1970).

E L E O G I T O N  O R  I S O L E P I S

A ccording to som e a u th o rs  (cf. H e s s  & 
al. 1967) Eleogiton is a  m o n o ty p ic  genus, 
the  on ly  species being  the  w id e sp re a d

Eleogiton fluitans (L . )  L t n k  (cf. L i n k  
1827). However, L e v y n s  (1944) mentions 
several South African species of Scirpus 
belonging to Eleogiton (i.e. her subgen. 
Fluitantes) , some of which were described 
by N e e s  v o n  E s e n b e c h  as early as 1836 
( N e e s  1836).

The genus Eleogiton was previously 
easily separated from Isolepis R. Br. on 
account of its long leafy branches and soli­
tary terminal spikelet without a leafy in­
florescence bract. However, the m orpho­
logy of the three endemic East African 
species Isolepis graminoides ( L y e  & H a i n e s  
1970), 1. ruwenzoriensis and 7. kilimcinja- 
rica is intermediate and obscures the com­
monly accepted generic circumscriptions. 
7. ruwenzoriensis differs from E. fluitans 
in having leafy inflorescence bracts and 
occasionally 2-paired spikelets, but is 
otherwise very similar. 7. kilimanjarica has 
a solitary spikelet and a bract only twice 
as long as the inflorescence. In fact these 
East African species show a very interest­
ing series in morphological characters 
from the somewhat erect-growing 7. gra­
minoides with an anthela of 3— 4 sessile 
spikes ( L y e  & H a i n e s  1970) through the 
decumbent 7. ruwenzoriensis with procum ­
bent stems and 1— 2 sessile or stalked 
spikelets to the creeping 7. fluitans with 
solitary distinctly stalked spikes. 7. ruwen­
zoriensis and 7. kilimanjarica have the 
same ornamentation of the achene as 7. 
setacea (L.) R. Br., the type-species of Iso­
lepis R. Br., and it is in fact possible that 
7. ruwenzoriensis may have evolved from 
a hybrid between 7. setacea or the closely 
related 7. costata and 7. fluitans.

The close relationship between the ge­
nera Eleogiton and Isolepis has become 
very evident through the description of the 
two new species 7. ruwenzoriensis and 7. 
kilimanjarica. In fact the two genera can­
not be separated except on a ra ther  arb i­
tra ry  combination of characters, none of 
which is decisive in itself. We therefore 
find that we can no longer retain the genus 
Eleogiton L i n k .
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R ecurrent Eeotypie Variation in  R hinantheae and 
G entianaceae in  R elation to H em iparasitism  
and M ycotrophy
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K a r l s s o n ,  T h .  1974 12 30. Recurrent eeotypie variation in Rhinantheae and Gen­
tianaceae in relation to hemiparasitism and mycotrophy. — Bot. Notiser 127: 
527—539. Lund. ISSN 0006-8195.

The patterns of variation in some genera of Rhinantheae (Scrophulariaceae) 
and Gentianaceae, e.g. Melampyrum, Rhinanthus, Euphrasia and Gentianella, are 
discussed. The recurrent eeotypie variation sometimes referred to as seasonal 
dimorphism or pseudo-seasonal polymorphism is restricted to hapaxanthic mem­
bers of these groups in temperate Europe. An analysis based on literature has 
shown that they are unusual compared with other NW European hapaxanths in 
that they exploit closed habitats and alpine vegetation. The hemiparasitism of 
Rhinantheae and the mycotrophy of Gentianaceae may account for this. Many 
of the unusual features of variation have arisen out of adaptation to a great 
variety of closed forestless habitats created by man in temperate Europe.
Thomas Karlsson, Department of Plant Taxonomy, University of Lund,
Ö. Vallgatan 18, S-223 61 Lund, Sweden.

P A T T E R N S  O F  V A R I A T I O N

Variation in some annual hemiparasitic 
genera of the Rhinantheae (Scrophularia­
ceae) is greatly complicated by what a p ­
pears to be eeotypie differentiation. Origi­
nally, the pattern of variation was describ­
ed as seasonal dimorphism ( W e t t s t e i n  

1895.). This concept has-proved to be the 
result of over-simplification, W e t t s t e i n ’s 

aestival and autum nal “species pairs” aris­
ing from the undue emphasis placed on 
the early-flowering and late-flowering vari­
ants in Central European meadows mown 
at midsummer.

In his Melampyrum  m onograph Soö 
(1926— 27) coined the term pseudo-sea­
sonal polymorphism for the same pheno­
menon. W ithin several species Soö recog­
nized up to six types differing conspicu­
ously in habit and flowering time in a 
manner that seemed to be correlated with 
environmental factors. The types were as 
follows: an autum nal race (a valle)- race

of forests and scrublands), an aestival (or 
meadow) race, a m ontane race, a mire 
race, an alpine race and a segetal race. 
This recurrent eeotypie variation some­
times cuts across the geographical varia­
tion, which is well represented (Soö & 
W e b b  1972). Species hybridization seems 
to be very rare if at all present (Soö 1926 
— 2 7 ) ' . ...............................................................

In  Rhinanthus, Soö (1970) discriminates 
between six recurrent variants (autumnal, 
aestival, vernal, montane, alpine and sege­
tal) in several of the species. The char­
acteristics of these variants are essentially 
the same as for variants of Melampyrum. 
Apart from this the variation seems to be 
complex and reticulate, and species hybrids 
have been reported.

In Euphrasia there are diploids and 
tetraploids. The reproductive barriers be­
tween species are, w ithin each ploidy level, 
to a great extent ecological (Yeo 1966, the 
au th o r’s observations). Hybridization
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seems to play a great part in variation 
within the genus, at least in W  and NW 
Europe ( Y e o  1972, J o r g e n s e n  1919, the 
au th o r’s observations). “Seasonal d im or­
ph ism ” ( W e t t s t e i n  1896) occurs within 
species at both ploidy levels. In southern 
Sweden parallel ecologically conditioned 
types occur in all species (Fig. 1) and 
adaptations in characters other than  those 
of habit and flowering time can be traced 
(the au th o r’s observations).

The similarities in the patterns of varia­
tion of Euphrasia and Melampyrum-Rhi- 
nanthus  are partly disguised due to differ­
ences in taxonomic treatment. However, as 
the genera differ somewhat in habitat p re­
ference, there are also real differences in 
their patterns of variation.

To modify Soö’s system of ecotypes to 
cover the variation within Euphrasia we 
would need to divide up the category 
“au tum nal” into at least three: pastoral 
(pastures being one of the m ain habitats), 
ruderal (roadsides and similar habitats) 
and arenicole (on sandy fallows). In  addi­
tion there are aestival, alpine and paludi- 
cole (fen) races, and probably also segetal 
and m ontane ones. It must be stressed, 
however, tha t the variation is essentially 
continuous, but as certain habitats are 
m uch commoner than  others there are 
peaks in the range of variation within the 
species. The term “ecotype” is here used 
for these peaks.

The adaptive value of the recurrent com ­
binations of characters has been confirm ­
ed for Rhinanthus serotinus in t e r  B o r g ’s 
(1972) investigation, which was built on 
comprehensive ecological data. However,

the very fact that several species groups 
in a num ber of genera have evolved very 
similar types in similar habitats permits 
us to infer that the character combinations 
under consideration are of real adaptive 
value.

At the beginning of this century the 
modifiability of hemiparasitic plants was 
much discussed. It was even proposed that 
seasonal dimorphs were nothing bu t m odi­
fications ( H e i n r i c h e r  1903). In  Euphrasia 
my own results point to a genetical back ­
ground for m uch of but certainly not all 
of the habitat-correlated variation. The 
same is evident for Rhinanthus serotinus 
( t e r  B o r g  1972). R o t t g a r d t  (1956) 
showed that habit characters and devel­
opmental rhythm  are heritable in Odon­
tites, and S m i t h  (1963) came to a similar 
conclusion for Melampyrum pratense.

Taxonomically the variation has been 
dealt with in a variety of ways. The W e t t ­
s t e i n  school regarded the seasonal d i­
morphs in Euphrasia, Melampyrum  and 
Rhinanthus as species. Soö (e.g. 1970) 
maintains that his pseudo-seasonal poly­
morphic types in Melampyrum  and Rhi­
nanthus should be regarded as subspecies, 
while M a y e r  (1972), for instance, insists 
on varietal rank. In Euphrasia W e t t -  
S T E I n ’s species concept is still used (now 
with some improvements, Y e o  1972). In 
all three genera H a r t e  (1972— 74) com­
bines taxa so that there are few species, 
each with subspecies, varieties and sub- 
varieties.

A wide range of eeotypie variants is also 
found within many species of Gentianella

Fig. 1. Parallel, habitat-correlated variation within four species of Euphrasia. Average 
specimens from natural localities. The variation within localities is fairly small as com­
pared with that between localities. The characteristic habits remain to a great extent con­
stant under cultivation. All 1/4 natural size. — All collections from the province of Skåne 
in southern Sweden. Author’s collections (two exceptions). Parish, UTM coordinates and 
the author’s collection number (within parantheses) given. From left to right: First row:
Kungsmarken 1894, M u r b e c k  (LD); Kungsmarken 1925, A n d e r  (LD). Second row: Rams-
åsa, VB 2880 5820 (105); Träne, VC 3550 0420 (21). Third row: Matteröd, VC 1315 1945 
(310); Finja, VC 1990 2518 (334); Visseltofta, VC 2236 5333 (593). Fourth row: N Mellby, 
VC 2295 1485 (557) ;  Långaröd, VB 2700 8200 (642); V Vram, VB 3195 9330 (36); Dagstorp,
UB 7920 8735 (113). Fifth row: V Karup, UC 5368 5303 (298); Grevie, UC 5828 4992 (297);

V Karup, UC 5335 5460 (563).
B ot. N o tis e r , v o l. 127, 1974
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micrantha brevipilacurta rostkoviana
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M o e n c h  (Gentianaceae). According to 
P r i t c h a r d  and T u t i n  (1972) hybridiza­
tion between species is common. In Scan­
dinavian Gentianellae ecological differen­
tiation seems to be im portant (the au tho r’s 
observations). Thus the pattern  of varia­
tion is similar to that found in Euphrasia 
though it is further complicated by varia­
tion between the biennial and summer an ­
nual habits ( M u r b e c k  1892; see also P r i t ­

c h a r d  1972).

D I S T R I B U T I O N  O F  T H E  P A T T E R N S  
O F  V A R I A T I O N

However striking the patterns just de­
scribed m ay be, there is no single criterion 
on which to judge whether the variation 
in a given group is of the same kind as in 
Euphrasia or Melampyrum. The ecotypes 
of Soö’s system may be variously com ­
bined in different groups. One taxon, be it 
a species or a genus, may occur in a wide 
variety of habitats and comprise six or 
seven recurrent eeotypie variants, while 
another m ay be extremely specialized and 
comprise only one or two.

In addition, there are m any cases of 
phenological polymorphism in plants other 
than Rhinantheae and Gentianaceae and 
the term “seasonal dim orphism ” has been 
applied to a num ber of phenomena differ­
ing from the classic examples of Euphrasia 
and Gentianella. K r a u s e  (1940) discussed 
all cases then known. Recently S a l i s b u r y  

(1968), on the basis of occasional au tum ­
nal germination with subsequent increased 
development in the following year, re ­
ported “seasonal d im orphism ” in species 
of Anagallis and Lythrum. His comparison 
with Euphrasia and Gentianella is, how ­
ever, irrelevant since in Rhinantheae and 
Gentianella it is a question of variation in 
developmental rhythm  in material with 
uniform germination behaviour. Both the 
early-flowering and late-flowering variants 
of Euphrasia are summer annuals.

In spite of the difficulties outlined above 
I have attem pted to survey the literature
B ot. N o tise r, v o l. 127, 1974

on Rhinantheae with respect to the occur­
rence of the Rhinanthus-Euphrasia mode 
of variation. Apart from the genera dis­
cussed in the introduction, it is evident in 
the Odontites rubra-litoralis group (com­
bined with some polyploidy; S c h n e i d e r  

1964), perhaps also in 0. lutea (Soö 1966). 
To some extent it occurs in the Pedicularis 
palustris group ( E k m a n  t909), although 
further study is required.

In Rhinantheae extensive eeotypie vari­
ation thus seems to be restricted to tem ­
perate European annuals, where it is al­
most obligate. As H a r t l  (1972) also noted, 
it is not found in perennial Rhinantheae, 
for example the vast m ajority  of Pedi­
cularis. The Pedicularis palustris group 
seems to be the only hapaxanth  in the 
genus (usually biennial). Nor is it found 
in annuals of drier regions, such as Bel- 
lardia, Parentucellia and Odontites in the 
Mediterranean area. Geographical vari­
ation, and local variation that is not eco- 
typic, are conspicuous in the W American 
annuals Cordylanthus and Orthocarpus. 
A t s a t t  (1970), having exemplified the 
variation in Orthocarpus states that “the 
variation patterns described from many 
European grassland hemiparasites are re ­
markably similar to the kinds of patterns 
discussed . . .  in Orthocar pus \  and refers 
in particular to Euphrasia. He has obvi­
ously not realized that the chief complicat­
ing factor in temperate European hemi­
parasites is eeotypie variation. For Euphra­
sia, for instance, about 40 per cent of the 
diagnostic characters used by Y e o  (1972) 
are directly related to habit.

In Gentianaceae, in addition to Gentia­
nella, Blackstonia perfoliata is often re­
ported as being seasonally dimorphic. Here 
the variation seems to be correlated with 
summer annual and winter annual habits.

T O W A R D S  A N  E X P L A N A T I O N

I consider that the intricate variation in 
Rhinantheae and Gentianella can best be 
regarded as being an extreme example of
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ecotypic differentiation, rather than a spe­
cial phenom enon restricted to these two 
groups. Ecotypic variation will be just as 
wide as the properties of the colonized h a ­
bitats induce, and becomes recurrent to 
the same extent that a particular habitat 
is colonized by different prim ary taxa. The 
linicolous weeds are a further example of 
recurrent ecotypic variation — several 
taxa from different angiosperm families 
having developed Linum-mimetic races in 
flax fields (cf. H j e l m q v i s t  1950).

Why, then, is ecotypic variation so ex­
tensive in the hapaxanthic Rhinantheae 
and Gentianella? It is the theory central to 
this paper that it results from the unusual 
modes of nutrition present in the two 
groups, making it possible for their h a p ­
axanthic members to enter plant com m uni­
ties that are not available to the m ajority  
of hapaxanths.

The Rhinantheae are hemiparasitic (cf. 
K u i j t  1969) and are able to take up water 
with organic and inorganic solutes via 
haustorial contacts with the hosts ( G o v i e r  

et al. 1968 for Odontites, cf. discussion by 
D o b b i n s  and K u i j t  1973). The water pull 
can probably be verv strong, judging from 
the high rate of transpiration peculiar to 
many Rhinantheae ( S e e g e r  1910). T h u r ­
m a n  (1965) showed that a hemiparasite 
(Orthocarpus faucibarbatus) may obtain 
all the water and nutrients necessary for 
normal growth through its host, at least in 
la te r  stages of developm ent.............................

The Gentianaceae have an endotrophic 
mycorrhiza morphologically extremely 
reminiscent of that in Orchidaceae ( N e u ­
m a n n  1934, H a r l e y  1959). Almost nothing 
seems to be known about the physiology 
of the gentianaceous mycorrhiza. In Orchi­
daceae, it is probable that the vascular 
plant takes up organic compounds from 
its endophyte. According to H a r l e y  (1959 
p. 171) there is nothing to contradict the 
assumption tha t the orchidaceous m ycor­
rhiza also plays an active part in the ab ­
sorption of inorganic compounds. It is 
then not too bold a guess that the myco- 
trophy of Gentianaceae is nutritionally to

some extent equivalent to the hemipara- 
sitism of Rhinantheae. This assumption is 
supported by the fact that both groups 
have evolved entirely heterotrophic taxa 
that lack chlorophyll (e.g. Voyria, La- 
thraea).

The hapaxanthic hemiparasites can be 
assumed to be partially independent of 
interspecific competition as they do not 
compete with the vigorous root systems of 
the perennial plants for what nutrition or 
water there is available, but instead draw 
on the uptake and metabolic activity of 
the perennials. Thus they are able to grow 
in closed communities and in extremely 
low-producing or dry ecosystems. The gift 
of hemiparasitism can, however, only be 
exploited to the extent that the plants can 
adapt themselves to the prevailing physi­
cal environment. In  a series of habitats, it 
is probable that factors such as grazing, 
mowing, shade or drought give rise to a 
series of conspicuous ecotypes within the 
plants under discussion as they are h a p ­
axanths and thus entirely dependent on 
adequate seed-setting. Differential selection 
must act less extensively on the perennials 
of the same localities as they are able to 
resort to vegetative reproduction and re­
flowering. Moreover, the establishment of 
seedlings in closed communities is known 
to be a rare event in many perennials. The 
num ber of generations per time unit will 
be much greater for annuals than  for long- 
lived perennials, and the differentiation is 
thus likely to have proceeded further in 
annuals, at least in comparatively new 
habitats.

The fact that Rhinantheae and Gentiana- 
ceae are often the only hapaxanths in their 
habitats appears clearly from, for instance, 
my field notes on several hundred Euphra­
sia localities from southern Sweden, and 
from t e r  B o r g ’s (1972) tables on Rhinan- 
thus localities in the Netherlands. The 
same phenomenon was noted, and a ttri­
buted to the hemiparasitism, by Soö (1926 
p. 170) with special reference to Melam- 
pyrum, by T h u r m a n  (1965), P i e h l  (1966) 
and C h u a n g  and H e c k a r d  (1971) for
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O rth o ca rp u s  a n d  C o rd y la n th u s  in  W  A m e­
r ican  d ry  h ab i ta ts ,  an d  b y  S m i t h  (1963) 
fo r  M e la m p y r u m  pra tense  in  n u tr ie n t-  
defic ien t a n d  d ry  h ab i ta ts .  S t a h l  (1900 
p. 663) rea l ized  the  im p o r ta n c e  of m yco- 
t r o p h y  fo r  h a p a x a n th ic  G en tianaceae  in ­
h ab i t in g  c losed  h ab ita ts ,  a n d  also  m a d e  a 
c o m p a r is o n  w i th  R h in a n th e a e .  H ow ever,  
as f a r  as I k n o w  the  con seq u en ces  fo r  the  
p a t te rn s  of v a r ia t io n  in  th e  tw o  g ro u p s  
h av e  n o t  b een  po in ted  o u t  befo re ,  n o r  h as  
a c o m p re h e n s iv e  review  of h a b i ta t  p r e f e r ­
ences b een  m ade .

HABITATS OF HAPAXANTHIC 
RHINANTHEAE AND GENTIANACEAE 

The Basic Data

A su rv ey  of the h a b i ta t  p re fe ren c es  of 
all h a p a x a n th ic  p la n ts  in  N W  E u ro p e  
(Sweden, N o rw ay , D e n m a rk ,  F in la n d ,  I c e ­

la n d  a n d  th e  F ae ro es )  has  been  m a d e .  T h e  
species in c lu d ed  a re  th o se  r e g a rd e d  by  H y- 
l a n d e r  (1955) as be ing  in d ig en o u s  o r  
n a tu ra l iz e d  w i th in  th e  region. T a x o n o m y  
a n d  n o m e n c la tu re  is a cc o rd in g  to  th e  sa m e  
re ference . H y b r id s  a n d  in f ra sp ec if ic  t a x a  
a re  no t  co n s id e re d  as sep a ra te  u n i ts  here .

D a ta  o n  life -fo rm s a re  m a in ly  f ro m  H y- 
l a n d e r  (1953, 1966), L i n d m a n  (1926), 
S y l v é n  (1906) a n d  W e i m a r c k  (1963). A d ­
d it iona l in fo rm a t io n  h a s  been  o b ta in ed  
f ro m  H e g i  (1908— 1929), F lo r a  E u ro p a e a  
I— III  ( T u t i n  et al. 1964— 1972) a n d  to  
som e ex ten t f ro m  h e rb a r iu m  studies.

F o r  each  species s ta ted  to be  a t least 
som etim es  h a p a x a n th ic  w ith in  th e  reg ion , 
the  no tes  on  h a b i ta t  g iven in th e  w o rk s  
c ited  above  w ere  reg is te red . F u r th e r  w o rk s  
co n su lted  fo r  th is  p u rp o s e  inc lu d e  S t e r ­
n e r  (1938), M e r k e r  (1959) a n d  th e  m a n y  
c o n tr ib u t io n s  in  th e  series “D a n m a rk s  
T o p o g ra f isk -B o ta n isk e  U n d e rso g e lse” , pub-

T a b l e  1. Total number of obligately or facultatively hapaxanth ic  plant species in the 
habitats of NW Europe. Habitat preferences of Rhinantheae (Rh) and Gentianaceae (G) 

deviate from  those of hapaxanthic plants in general.

General
character Habitat Total

Found Expected

Rh G Rh G

Open Roadsides, waste places 254 7 4 16.8 8.4
Fields and gardens ............... 125 4 — 8.3 4.1

Dry, Sandy grass h e a t h s ............... 46 1 — 3.0 1.5
semi­ Rocky ground ........................ 25 — — 1.7 0.8
closed Calcareous gravel .................. 24 2 — • 1.6 0.8

Dry, Dry m e a d o w s ........................... 19 5 1 1.3 0.6
closed Dwarf shrub h e a t h s .............. 6 6 — 0.4 0.2

Moist to Moist meadows and heaths 25 12 7 1.7 0.8
wet, closed Fens ...................... ..................... 12 6 2 0.8 0.4

Shady Scrub, forest m a r g i n s ........... 26 4 — 1.7 0.9
Meadow f o r e s t s ...................... 12 3 — 0.8 0.4
Heath f o r e s t s .......................... 1 1 — 0.1 0.0

Norttiern Above t im b e r l in e .................... 11 6 2 0.7 0.4
South-facing precipices 17 1 2 1.1 0.6

Wet to su b ­ Seasonally flooded ............... 64 2 3 4.2 2.1
merged, open Mud bottoms ........................... 17 •— — 1.1 0.6

Saline Open seashores ...................... 52 — — 3.4 1.7
Shore m e a d o w s ...................... 33 7 3 2.2 1.1

Total num ber of n o ta t io n s ............................. 769 67 24 — —

Total num ber of hapaxanthic  species . . . . 454 31 15 --- *---
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lished  m a in ly  in D a n sk  B o tan isk  T id ssk r if t  
(e.g. P e d e r s e n  1963).

T h e  v eg e ta t io n  of the a re a  w as  d iv ided  
in to  as m a n y  k in d s  of h a b i ta t  as seem ed  
ju s t i f ia b le  w i th  r e g a rd  to the  n a tu re  of the  
bas ic  m a te r ia l .  A “species versus  h a b i t a t s ” 
tab le  w as  f i r s t  set up : each  species w as  
l is ted  for the  h a b i ta ts  in w h ich  it seem ed 
to  be  a n  e s tab l ish ed  com p o n en t.  T h e n  the  
su m  of o b lig a te ly  o r  facu l ta t iv e ly  h a p a x a n ­
th ic  species in  each  h a b i ta t  w as ca lcu la ted .  
T hese  su m s  a re  g iven in T ab le  1, as  is the  
n u m b e r  o f  R h in a n th e a e  a n d  G en tianaceae  
in the  d i f fe re n t  h ab i ta ts .  T h e ir  expec ted  
frequenc ies  h av e  b een  ca lcu la ted  as the 
total n u m b e r  of h a p a x a n th s  in  each  h a b i ta t  
m u l t ip l ied  b y  th e  p ro p o r t io n  of R h in a n ­
theae  (G entianaceae) am o n g  all h a p a x a n th s .

In  the  b as ic  da ta ,  each  species is c la ss i­
fied as a n n u a l ,  a n n u a l— bienn ia l,  b ienn ia l,  
a n n u a l— p e re n n ia l ,  o r  b ien n ia l— p eren n ia l .  
T h e  t r a n s i t io n a l  g ro u p s  a re  fa ir ly  large. 
Often, th e  r e a s o n  fo r  the v a r ia t io n  is no t  
k n o w n  — it m a y  be a  case of eco typ ic  d i f ­
fe ren tia t ion , h a p h a z a r d  genetic  v a r ia t io n ,  
m o d if ica t io n  o r  e r ro n eo u s  in fo rm a t io n .  
O ccasiona lly ,  one is even  in  d o u b t  as  to the  
c o rrec tn ess  o f  u n ifo rm  s ta tem en ts  o n  life- 
form . T h e  b re v i ty  of the  s ta tem en ts  on 
hab i ta t  p r e fe re n c e s  in the  l i te ra tu re  adds  
so m ew h a t tos the  u n c e r ta in t ie s  of th e  m a te ­
rial.

H ow ever, as th e re  seem s to  be  n o  easily  
accessible m e r e  re l iab le  basic  m a te r ia l ,  One 
has  to be  c o n te n t  w ith  w h a t  is ava ilab le ,  
keeping  the  sh o r tco m in g s  in  m ind .  A test 
o f  s ign if icance  of T ab le  1 sh o u ld  n o t  be 
u n d e r ta k e n  in v iew  of the sm all n u m b e rs  
in each g ro u p .

G e n e r a l  T r e n d s

It is a  w e ll -k n o w n  fac t (e.g. W a r m i n g  
1921), a n d  s u p p o r te d  by  T ab le  1 th a t  h a p ­
a x an th ic  p la n ts  a re  la rge ly  re s t r ic te d  to 
op en  h ab i ta ts ,  a n d  to a  g rea t  ex ten t  to 
those  d irec tly  in f lu en ced  b y  m a n ,  viz. 
roadsides, w as te  p laces  and  cu l t iva ted  
fields. T ab le  1 sh o w s th a t  b o th  G e n tia n a ­

ceae a n d  R h in a n th e a e ,  on the  co n tra ry ,  
seem to be p r im a r i ly  ad a p te d  to closed an d  
s o m e w h a t  m o is t  h a b i ta ts  such  as m o ist  
m e ad o w s ,  fens and  seasho re  m eadow s. 
G en tianaceae  seem  to be m o re  res tr ic ted  in 
h a b i ta t  p re fe ren c e  th a n  R h in a n th e a e  w h ich  
a re  w ell r e p re se n te d  also in d ry  closed h a b ­
ita ts ,  a n d  o ccu r  even  in  the  d r ie s t  h ab i ta ts  
in  the  reg ion : s a n d y  s teppe  a n d  ca lca reo u s  
g ravel o n  l im es tone  p a v e m e n t  (the alvars  
of  Ö land  a n d  G otland).  In  the a lp in e  h a b i ­
ta ts ,  th e  tw o  g ro u p s  tog e th e r  com prise  
m o s t  of the  h a p a x a n th ic  species. R h in a n ­
th e a e  a re  also re p re se n te d  in sc ru b  and  
forest.

T h e  g re a te r  ecological a m p li tu d e  of R h i­
n a n th e a e  as  c o m p a re d  to G en tianaceae  is 
du e  p a r t ly  to the  g rea te r  d ive rs i ty  of ge­
n e ra  a n d  of species w ith in  genera , p a r t ly  
to g re a te r  d ive rs i ty  w ith in  the  species. T he  
m e a n  n u m b e r  of h a b i ta ts  p e r  species (from  
the  last tw o  ro w s  in T ab le  1) is 1.69 fo r  all 
h a p a x a n th s  to g e th e r  (1.66 if R h in a n th e a e  
a n d  G en tianaceae  a re  exc luded),  1.60 fo r  
G en tianaceae  a n d  2.16 fo r  R h in a n th e a e .  
T h is  is so in sp ite  of the p a r t ly  n a r ro w , 
ecologically  fo u n d e d  species co n cep t used 
fo r  Euphrasia .  T w o  ex trem e b u t  n o t  iso ­
la ted  cases m a y  be m e n tio n ed .  M elam ­
p y r u m  pra tense  occu rs  in the  Calhina  
h e a th ,  in  all k inds  of w o o d la n d  a n d  in  a l ­
p in e  h e a th la n d .  Euphras ia  brev ip i la  occurs  
in h a b i ta ts  r a n g in g  fro m  sa n d y  s teppe 
(Koeleria  vegeta tion) to fens, a n d  is also 
fo u n d  in  cu l t iv a ted  fields, a long  ro ad s id es  
a n d  in  a lp in e  h ab i ta ts .  E co log ica lly  it is 
the  m o s t  ex tensive  h a p a x a n th ic  species in 
the  N W  E u r o p e a n  flo ra ,  a n d  is m o r p h o ­
logically  d i f fe re n t ia te d  accord ing ly .

R o a d s i d e s ,  W a s t e  P l a c e s ,  F i e l d s

I n  ru d e ra l  h a b i ta ts  a n d  c u l t iv a ted  fields 
th e  g ro u p s  u n d e r  s tu d y  are  c lea r ly  u n d e r -  
rep resen ted .  T h is  is a con seq u en ce  of the  
fac t  th a t  th e i r  g enera l p re fe ren ces  d iverge 
so s tro n g ly  f ro m  those  of m o s t  h a p a x a n th s .  
T h e  ru d e ra l  h a b i ta ts  are  b y  no m e a n s  ou t  
of re a c h  fo r  th e  tw o  g roups .  T h e  fie ld
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h a b i ta t  is p e rh a p s  im poss ib le  fo r  G e n tia n a ­
ceae b u t  is w ell exp lo ited  by R h in a n th e a e :  
Rhinanthus  serotinus  a n d  M e la m p y r u m  ar- 
vense  w ere  b e fo re  the  tu r n  of th e  c e n tu ry  
am o n g  the  m o s t aggress ive  w eeds  in  rye  
( P e d e r s e n  1963) b u t  a re  n o w  ra r e  as 
field weeds.

Dry, Semi-closed Habitats

S an d y  g rass  h ea th s ,  ro ck y  g ro u n d ,  a n d  
ca lca reo u s  g rave l seem to b e  b e y o n d  the  
ecological range  of G en tianaceae  a n d  m a r ­
g ina l fo r  R h in a n th e a e  th o u g h  in h a b i te d  by  
tw o  Euphras ia  ta x a  w ith  brevip i la  a f f in i ­
ties. In  these  h a b i ta ts  the p e re n n ia ls  do no t 
f o rm  a closed  p la n t  cover b u t  th e re  is p le n ty  
of ro o m  fo r  an n u a ls .  D ro u g h t  is, how ever ,  
severe  d u r in g  the  su m m e r  m o n th s  a n d  
m o s t  of the a n n u a ls  a re  e a r ly -f lo w er in g  
a n d  have  set seed long b e fo re  m id -Ju ly .  
W in te r  a n n u a ls  d o m in a te  a m o n g  th e m  a n d  
a re  ch a ra c te r is t ic  of th is  ty p e  of h ab i ta t .  
Euphras ia  is one of the very  few  a n n u a ls  
in th is  type  of h a b i ta t  th a t  s ta r t  f lo w er in g  
d u r in g  o r  a f te r  the  h o t te s t  per iod ,  a n d  
seem s to be  even the  la tes t  a m o n g  them . 
T h e re  can  be no  d o u b t  th a t  it is th e  h e m i­
p a ra s i t ism  of th e  p la n t  th a t  m a k e s  c o n ­
t in u e d  g ro w th  possib le  d u r in g  the  h o t  
s u m m e r  in  sp ite  of its p o o r ly  developed  
ro o t  system .

I t  is a s trange  sight to see a  s u n -b u rn t  
g rass  h e a th  in  S ep te m b er  w h e re  Euphras ia  
h a s  no t on ly  su rv iv ed  b u t  is p ro fu s e ly  
f low ering . It has  o f ten  been  s ta ted  th a t  a n ­
nua ls  in d ry  h a b i ta ts  f lu c tu a te  g rea t ly  in  
n u m b e r  of in d iv id u a ls  f ro m  y e a r  to year ,  
d ep en d in g  on w e a th e r  cond itions . I hav e  
no t  n o ted  this p h e n o m e n o n  in Sw edish  
Euphrasia ,  a n d  th is  a p p a re n t  s tab ili ty  in  
rep ro d u c t iv e  ca p a c i ty  m a y  be due  to the  
h e m ip a ra s i t ic  m o d e  of life.

Closed Habitats

F o r  dry meadows (n a r ro w ly  d e l im ite d  
h e re  in  re la t io n  to m o is te r  hab i ta ts )  the  
fo llow ing  h a p a x a n th s  a re  r e p o r te d  to occur:
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Annual:
Arenaria serpyllifolia  
Bupleurum tenuissimum  
Ciiscuta epithym um  
Euphrasia, four species 
M elam pyrum  arvense 
Trifolium dubium  
T. campestre 
T. striatum

Annual—biennial:
Linum  catharticum

Biennial:
Carduus acanthoides 
Carlina vulgaris 
Centaurium minus  
Daucus carota

Annual—perennial:

Medicago lupulina  
Satureja acinos

Biennial— perennial:
Carum carvi

Som e of the  n o n -p a ra s i t ic  species in  the  
list p ro b a b ly  g row  on  o p en  p a tc h e s  of 
g ro u n d  only, o r  in  m e a d o w  types  t r a n s i ­
t iona l to  s a n d y  g rass  h ea th s .  H ow ever ,  
B u pleu ru m  tenuiss im um,  Tr ifo l ium d u ­
bium, L inu m  catharticum, Carlina vul­
garis, Medicago lupulina  and  Carum carvi  
shou ld  be  inves t iga ted  as to the  reaso n  fo r  
th e ir  o c c u r re n c e  in  m o re  closed h ab i ta ts .  
Linum ca thar ti cum  has  a n  e n d o t ro p h ic  
m y c o r rh iz a  ( S t a h l  1 9 0 0 ) .

The dwarf shrub heaths (e.g. th e  Gal­
lium hea th )  fo rm  a m ore  ex trem e  h a b i ta t  fo r  
h a p a x a n th s  th a n  the d ry  m e ad o w s:  a d ry  
closed v ege ta tion  w h e re  the s u p p ly  of n u ­
tr ien ts  is even m o re  l im ited  (e.g. S j ö r s  
1967 p. 47). T h e  on ly  h a p a x a n th s  p re se n t  
a re  h em ip a ra s i te s ,  viz. five Euphras ia  sp e ­
cies a n d  M e la m p y r u m  pratense.

T h e  sa m e  m a y  ho ld  good fo r  moist 
heaths in r e la t io n  to m o is t  m e ad o w s .  O n ly  
fo u r  h a p a x a n th s ,  viz. th re e  Euphras ia  s p e ­
cies a n d  Pedicu lar is  s ilvat ica  a re  reco rd ed  
f ro m  th is  ty p e  of h ab i ta t .

T h e  moist meadows ( inc lud ing  r e l a ­
tively d ry  types  t r a n s i t io n a l  to  d ry  m e a d ­
ows a n d  d w a r f  sh ru b  h ea th s)  a re  very
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r ich  ia  species in  genera l.  H ow ever ,  the  
f lo ra  inc ludes  v e ry  few  h a p a x a n th s  a p a r t  
f ro m  G en tianaceae  a n d  R h in a n th e a e .  T h e  
list com prises  all five lo w la n d  species of 
Gentianella,  tw o  Centaurium  (G en tia n a ­
ceae) ,  six Euphrasia ,  Pedicularis  palus tr is  
a n d  tw o Rhinanthus  species. T h e re  is on ly  
one m o re  a n n u a l ,  B rom u s  racemosus ,  a n d  
fo u r  b ienn ia ls ,  viz. Cirsium palus tre,  L i ­
n u m  cathar ticum, Senecio aquciticus an d  
S. congestus.

T h e  m e ad o w s  a n d  h ea th s  (d ry  to moist) 
fo rm  a v ery  v a r ie d  g ro u p  of h ab i ta ts .  J u s t  
as im p o r ta n t  as  th e  ed ap h ic  fac to rs  a re  
m e c h a n ic a l  fac to rs  such  as m ow ing ,  a n d  
g raz ing  w h ich  c a n  v a ry  g rea t ly  in  in ten s ity  
a n d  d u ra tio n .  T h is  h as  p a r t i c u la r  b ea r in g  
on  th e  p ro b lem  of v a r ia t io n  in  R h in a n ­
theae  a n d  Gentianella,  as co n sp icu o u s  eco ­
ty p e s  are  fo rm e d  u n d e r  the  selective p r e s ­
su re  of c u l tu ra l  in fluence.

In  th e  fens, th e  o n ly  s tr ic t ly  a n n u a l  
p la n ts  a re  five Euphras ia  species a n d  Gen­
tianella uliginosa.  T h e  o th e r  h a p a x a n th s  
reco rd ed  a re  Pedicularis  palustris ,  Gentia­
nella amarella,  Cirsium palustre,  L inum  
ca thar ticum, P eu ce d a n u m  pedustre an d  Se­
necio congestus.  T h e  scarc i ty  of h a p a x a n th s  
o th e r  th a n  h e m ip a ra s i te s  a n d  m y c o tro p h ic  
p la n ts  aga in  fo rm s  a c o n t ra s t  to th e  la rge  
n u m b e r  of p e re n n ia ls  in  these  h ab i ta ts .

T h e  reaso n  fo r  th e  o ccu rren c e  of non- 
p a ra s i t ic  an d  n o n -m y c o tro p h ic  h a p a x a n th s  
in, fens  .and m o is t  m e a d o w s - is .  w o r th  s tu ­
dy ing  m ore  closely. Senecio congestus  is 
well k n o w n  to  be very  e r ra t ic  in  o c c u r ­
rence, re s tr ic ted  to p a tch es  of o p en  m u d ,  
and  is obv iously  a  w eak  co m p e ti to r .  R ut 
B rom u s  racemosus,  Cirsium palustre,  P e u ­
cedanum palus tre  and  Senecio aquaticus  
sh o u ld  be inves tiga ted  as to  l i fe-fo rm , eco ­
logy an d  rep ro d u c t iv e  s tra tegy .

Forests

F ores ts  and  o th e r  sh a d y  h a b i ta ts  a re  b y  
no  m ean s  inaccessib le  to h a p a x a n th s .  In 
p a r t i c u la r  the s c ru b  fo rm in g  a  t ra n s i t io n  
be tw een  h e rb - r ic h  m e ad o w s  and  fo res t  is

re la tive ly  r ich  in  h a p a x a n th s .  In  dec iduous  
fo res ts  w ith  a dense  fie ld  la y e r  of grasses 
a n d  la rge-leaved  he rbs ,  how ever ,  some 
M e la m p y r u m  species seem to  be th e  only  
n o rm a l ly  o ccu rr in g  h a p a x a n th s .  O ther  
h a p a x a n th s  of fo res t  a n d  sc rub  te n d  to  be 
re s tr ic ted  to o p en  soil o r  s tony  g ro u n d  
in fo res ts  w h e re  th e  field la y e r  is less 
dense.

In  heath forests, w h ic h  a re  p o o r  b o th  
in  species a n d  n u tr ie n ts ,  M e la m p y r u m  pra-  
tense is th e  on ly  h a p a x a n th  reco rded . This  
species occu rs  even  in  the  su b a rc t ic  forests  
of n o r th e r n  S cand inav ia ,  a n d  in  the  ex ­
trem e ly  d ry  a n d  n u t r ie n t -p o o r  Pinus sil- 
vestris  fo res ts  o ccu rr in g  o n  a lm o s t  b a re  
rocks.

Northern Habitats

As w as  so c lea r ly  sh o w n  b y  R a u n k i a e r  
(1908) th e  n u m b e r  of h a p a x a n th s  de ­
creases  w ith  h ig h e r  la ti tudes  a n d  w ith  a l t i ­
tu d e  in  c o ld - tem p e ra te  c l im ates .  A p la u s ­
ible e x p la n a t io n  is th a t  the  g ro w in g  per iod  
is too sh o r t  fo r  these  p la n ts  to  reach  m a ­
tu r i ty  a n d  set seed. In  the seedling stage, 
th e y  lose m u c h  of the  ea r ly  g row ing  p e r ­
iod, w h ic h  p e re n n ia ls  can  utilize m ore  
fu lly  (e.g. A n d e r s s o n  & B i r g e r  1912 pp. 
22, 114 fo r  Sw eden, S c h r o e t e r  1908 p. 632 
fo r  the  A lps). On the  M e d i te r ra n e a n  h igh  
m o u n ta in s ,  w h e re  in so la tio n  is g rea te r  and  
the ' g ro w in g  p e r io d  -longer, a n n u a ls  seem 
to be c o m m o n e r  (the  a u t h o r ’s o b s e rv a ­
tion),  w h ic h  m a y  s u p p o r t  th e  above  h y p o ­
thesis.

In  N W  E u ro p e ,  m o s t  of the  few  h a p ­
a x a n th s  th a t  g row  above th e  t im b er l in e  
a re  R h in a n th e a e  (Euphrasia,  M e la m p y ­
rum, Pedicularis  a n d  R h in a n th u s ) o r  G en­
t ian ace ae  (Gentiana nivalis,  Gentianella).  
T h e  on ly  o th e r  h a p a x a n th s  a re  Saxifraga  
adscendens,  S edu m  vi l losum  a n d  Koenigia  
islandica.  J u s t  as in  the  low lands,  G en tia ­
naceae  an d  R h in a n th e a e  te n d  to o ccu r  in 
c losed  v ege ta tion  w h e re a s  th e  o th e r  h a p ­
a x a n th s  a re  re s tr ic ted  to o p en  h a b i ta ts  
such  as cliffs  o r  b a r e  w et soil. Saxifraga
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and  S ed u m  a re  b ienn ia ls ,  th e  la t te r  so m e ­
tim es  p e re n n a t in g  by  m e a n s  of o ffshoo ts .  
Koenig ia  is a n  a n n u a l ;  its ex tre m e ly  sm all 
size m ig h t  be ad ap t iv e  in  the  low  n u t r i t io n  
level of th e  a lp in e  en v iro n m en t .

I t  is in te re s t in g  to no te  th a t  n o t  on ly  a re  
th e re  w id e s p re a d  h e m ip a ra s i te s  a n d  G en­
tia n a c e a e  th a t  f in d  e n t ry  in to  th e  a lp ine  
vegeta tion , b u t  th e re  a re  several a lp in e  or 
n o r th e r n  h a p a x a n th ic  species of R h in a n ­
th e ae  a n d  G en tianaceae  (Rhinanthus  
groenlandicus,  th re e  Euphras ia  species, 
Gentiana nivalis,  th re e  Gentianella species 
a n d  L o m a to g o n iu m  r o ta tu m ). T h is  ty p e  of 
d is t r ib u t io n  is ex tre m e ly  r a r e  am o n g  the  
o th e r  h a p a x a n th s .

T h e  south-facing precipices (w ith t a ­
lus) ,  w h e re  in so la t io n  is s tronger ,  the  
g row ing  p e r io d  longer  a n d  th e  soil p a r t ly  
m obile ,  fo rm  a  n o r th e rn  h a b i ta t  b e t te r  
su ited  fo r  h a p a x a n th s  a n d  also  well ex ­
p lo i ted  b y  th e m  ( A n d e r s s o n  & B i r g e r  
1912). T h e re  a re  som e G en tianaceae  an d  
R h in a n th e a e ,  ch ie f ly  re c ru i te d  f ro m  the  
a lp in e  f lo ra ,  b u t  th e y  do n o t  seem  to h av e  
p ro d u c e d  a n y  fo rm s  specif ica l ly  a d a p te d  
to th is  h ab i ta t .

Wet Open Habitats

T h e  seasonally flooded h a b i ta t s  a re  
a m o n g  th o se  ch iefly  utilized b y  h a p a x a n th s  
in  N W  E u ro p e ,  a n d  a re  in  p a r t  re la tive ly  
n a tu ra l .  Som e ex am p les  of th is  ty p e  of 
h a b i ta t  a re ,  o p en  w et sand  in  d u n e  l a n d ­
scapes, o p en  m u d  a long  s t re a m s  a n d  m a r ­
gins of poo ls  a n d  the  sha llow , d u r in g  w in ­
te r  w a te r- f i l led  dep ress io n s  in  th e  l im e ­
stone p a v e m e n t  of Ö land  a n d  G otland. 
G en tian aceae  a n d  R h in a n th e a e  a re  r e p r e ­
sented , in  th e  case  of Euphras ia  a n d  O don ­
ti tes  w ith  specia lized  types.

T h e  p e r m a n e n t l y  in u n d a te d  mud bot­
toms ( f re sh  a n d  sa lt  w a te r )  fo rm  h a b i ta t s  
fo r  som e  h a p a x a n th s  su ch  as the  Calli- 
triche  species a n d  Salicornia str ict issima.  
T he  h a b i ta t  seem s to  be inaccess ib le  to  R h i ­
n a n th e a e  a n d  G entianaceae .

Saline Habitats

Open seashores (rocky, p eb b ly  o r  sandy )  
co n s ti tu te  th e  h a b i ta t  fo r  m a n y  h a p ­
ax a n th s ,  b u t  R h in a n th e a e  a n d  G e n tia n a ­
ceae a re  co n sp icu o u s  b y  th e ir  absence . 
P e r h a p s  the r a th e r  d ry  co n d i t io n s  in  c o m ­
b in a t io n  w ith  scarc i ty  of h o s t  p la n ts  (for 
R h in a n th e a e )  m a y  be th e  ex p lan a tio n .

T h e  sa l in e  shore meadows a re  a lso  r ich  
in  h a p a x a n th ic  species. F r o m  G i l l n e r ’s 
(1960) w o rk  o n  the  sho re  m e a d o w  v eg e ta ­
t io n  of th e  w est coas t of S w eden  it seem s 
th a t  in  th is  reg ion  a t  least, m o s t  h a p ­
a x a n th s  a re  w eak  co m p e ti to rs  a n d  o ccu r  
on  d r if t  m a te r ia l ,  on  b a re  sa lt p a tc h e s  a n d  
in  Ihe te m p o ra r i ly  su b m erg ed  sem i-closed  
c o m m u n it ie s  of th e  lo w er  p a r t  of th e  
m ead o w . By con tra s t ,  Odonti tes  li toralis  
a n d  Rhinanthus  serotinus o ccu r  ch ie f ly  in 
the  dec ided ly  closed  S u b asso c ia t io n  of 
Odonti tes  l itoralis  w ith in  Ju n ce tum  gerardi  
w h e re  th ey  a re  the  only  h a p a x a n th s  ( G i l l -  
n e r  1960 p. 49).

CONCLUSIONS AND DISCUSSION

To su m  up , th e  p a t te rn s  of v a r ia t io n  in 
som e  R h in a n th e a e  a n d  G en tianaceae  a re  
m a d e  ex trem ely  com plex  b y  a n  excep tio ­
n a l ly  w ide  ra n g e  of eco typ ic  v a r ia t io n  in 
c o m b in a t io n  w i th  s ta n d a rd  g eo g rap h ica l  
a n d  local v a r ia t io n .  T h is  p a t te rn  is r e ­
s tr ic ted  to h a p a x a n th ic  rep re sen ta t iv e s  of 
th e  g ro u p s  in  te m p e ra te  E u ro p e .

T h e  sam e h a p a x a n th s  a re  able  to g row  
in  h a b i ta ts  m o re  o r  less inaccessib le  to 
o th e r  h a p a x a n th s .  T h e  h e m ip a ra s i t ic  h ab i t  
of R h in a n th e a e  an d  the  m y c o tro p h y  of 
G en tianaceae  p ro b a b ly  d ecrease  in te r s p e ­
cific c o m p e ti t io n  a n d  th u s  b r in g  ab o u t  the  
u n u s u a l  h a b i ta t  p refe rences .

D escend ing  f ro m  fam ily  a n d  tr ibe  level 
to  g en e ra  a n d  species g ro u p s ,  w e f ind  the  
co r re la t io n  b e tw een  ty p e  of v a r ia t io n  a n d  
ab i li ty  to co lonize closed h a b i ta ts  to be 
seem ing ly  abso lu te .  In  R h in a n th e a e ,  all 
h a p a x a n th ic  g ro u p s  en te r  c losed  h ab i ta ts ,  
a n d  th e  w ide  ran g e  of eco typ ic  v a r ia t io n
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is o b l ig a to ry .  F o r  som e reason , in G en­
t ia n a c e a e  som e  te m p e ra te  E u ro p e a n  h a p ­
a x a n th s  (e.g. Cicendia f i l i formis  a n d  a t  
least som e  Centaur ium  species) c a n n o t  
s ta n d  u p  to  th e  c o m p e ti t io n  in  closed  p la n t  
c o m m u n it ie s .  In  these g en e ra  th e re  is li ttle  
o r  n o th in g  rem in iscen t  of the  eco typ ic  
ra n g e  in  Gentianella,  w h ic h  does e n te r  the  
c lo se d  co m m u n it ie s .

T h e  species in  q u es t io n  (except fo r  som e 
M e la m p y r u m )  seem to  r e q u ire  p le n ty  of 
ligh t a n d  do n o t  g ro w  in  fores ts .  B u t m o s t  
of th e  te m p e ra te  E u r o p e a n  fo restless  vege­
ta t io n ,  to  w h ic h  th e  species h av e  ad ap ted ,  
is m a n -m a d e  and  th u s  of fa ir ly  rece n t  o r i ­
g in  ( S t r a k a  1970). T h is  of co u rse  app lies  
to ro ad s id es ,  fields a n d  fa llow s, b u t  also 
to th e  m a n y  ty p es  of g ra s s la n d  th a t  a re  
the  p r in c ip a l  h a b i ta ts  fo r  h a p a x a n th ic  
R h in a n th e a e  and  Gentianella.  E v e n  the  
d ry , s teppe-l ike  s a n d y  g rass  h e a th s  a n d  the  
Calliina h e a th  a re  a t  leas t  in  s o u th e rn  S w e­
den  d e p e n d e n t  on  c o n s ta n t  h u m a n  activ ity . 
T h e  a u th o r  h as  o b se rv e d  th a t  w i th  th e  
a b a n d o n m e n t  of f o r m e r  m e th o d s  of a g r i ­
c u l tu re  in  s o u th e rn  Sw eden, th e  E uphra-  
siae a n d  Gentianellae seem  to d is a p p e a r  
very  rap id ly .  S im ila r  s ta tem en ts  h a v e  been  
m a d e  fo r  B ri t ish  Gentianella  ( P r i t c h a r d  
1972), S w ed ish  M e la m p y r u m  arvense  (GlS- 
LÉN 1949) a n d  D u tc h  Rhinanthus  serotinus  
( t e r  B o r g  1972).

T h e  co n c lu s io n  th a t  c an  be  d r a w n  is 
th a t  co m p lex  v a r ia t io n  in  th e  h a p a x a n th ic  
R h in a n th e a e  and  Gehtidnella déve loped  
side b y  side w ith  th e  c u l tu ra l  evo lrd ion  of 
m a n  in  E u ro p e .  T h e  h e m ip a ra s i t ic  an d  
m y c o tro p h ic  h ab i ts  of th e  respec tive  
g ro u p s  w ere  excellen t p re a d a p ta t io n s  w h e n  
the  new ly  opened  h a b i ta ts  w ere  co lonized . 
T h is  co lon iza t ion  re su lted  in  a d a p t iv e  r a ­
d ia t io n  th a t  developed  a long  p a ra l le l  lines 
in  m a n y  species g ro u p s  of h e m ip a ra s i te s  
and  Gentianella. T h e  r e c u r r e n t  eco typ ic  
v a r ia t io n  in  these  p lan ts  th u s  inc lu d es  e x ­
am ples  of recen t  d if fe re n t ia t io n  as s tr ik ing  
as th a t  of th e  l in ico lous  w eeds ( R o t i i -  
m a l e r  1947).

H em ip a ra s i t ic  h a p a x a n th s  of th e  A rctic 
reg ion  a n d  of h o t  d ry  reg ions  su c h  as W  
35

N o r th  A m erica  a n d  th e  M ed ite r ran ean  
area ,  sh o w  no  c o m p a ra b le  eco typ ic  v a r ia ­
tion. T h e  r e a s o n  m a y  be  s im p ly  th a t  the  
reg ions  in  q u es t io n  do no t  d isp la y  the  
e n o rm o u s  sp a n  of fo res tless  h a b i ta ts  th a t  
deve loped  in  te m p e ra te  E u ro p e  th ro u g h  
the  agency  of m an .

T h e  d ive rs i ty  o f  fo res tless  h a b i ta ts  in  
p re h is to r ic  E u ro p e  m u s t  hav e  b een  very  
m u c h  less th a n  now , an d  such  h a b i ta ts  
m u s t  h av e  b een  ra re ,  like is la n d s  w ith in  
th e  forest. W i th  S w ed ish  co n d i t io n s  in  
m in d ,  I w o u ld  suggest th a t  h a b i ta ts  such  
as cliffs, se rp en tin e  o u tc ro p s ,  l im es tone  
p av em en t,  a lp in e  reg ions, c l im atic  s teppe , 
som e fen  types  a n d  som e co as ta l  h a b i ta ts  
cou ld  h av e  h o u se d  th e  h a p a x a n th ic  g ra s s ­
la n d  species in  q u es t io n  even b e fo re  h u ­
m a n  in f lu en ce  w as  in tensified .

B efore  the  days  of p r im a e v a l  fo res t  
cam e  th e  glacials, in te rg lac ia ls  a n d  ea r ly  
p o s tg lac ia l  w i th  th e i r  ex tensive  b io ta  m i ­
g ra tions .  D u r in g  per io d s  of m ig ra t io n  th e re  
w as  p ro b a b ly  m u c h  re - fo rm in g  of p la n t  
c o m m u n it ie s  a n d  m u c h  h y b r id iz a t io n  w i th ­
in  p la n t  ta x a  su ch  as Euphrasia  w ith  c h ie f ­
ly ecological in te rsp ec if ic  b a r r ie r s  ag a in s t  
gene exchange.

W e  th u s  c a n  v isualize cycles of e x p a n ­
s ion  of a n d  d ep le t io n  of h a b i ta ts  th a t  suit 
h a p a x a n th ic  h e m ip a ra s i te s  a n d  m y co -  
t ro p h s .  T h e  h a b i ta t  ex p an s io n s  w ere  p r o b ­
ab ly  a sso c ia ted  w ith  a  g rea t  dea l o f  h y b r i ­
d iza tio n  an d  segregation , th e  h a b i ta t  d e ­
p le tions  w i th  l o s s 'o f  genetic  'm a te r i a l 'a n d  
f ix a t io n  of m o re  o r  less ad ap t iv e  gene c o m ­
plexes.

In  v iew  of th is  com plex  series  of p r o ­
cesses I do  n o t  co n s id e r  it possib le  to  p o in t  
o u t  a n y  of th e  recen t  v a r ia n ts  w i th in  the  
species as be ing  “th e  u n d if fe re n t ia te d  
f o r m ” left o ver  f ro m  p re h is to r ic  o r  even 
p reg lac ia l  tim es, as w as  done  b y  ea r ly  
s tu d en ts  of the  g e n e ra  (and  even  by  
S c h w a r t z  1935 a n d  S c h n e i d e r  1964).

As reg a rd s  ta x o n o m y , it s h o u ld  be  ta k e n  
in to  c o n s id e ra t io n  th a t  som e of th e  m a n y  
types  recogn ized  as eco typ ic  v a r ia n ts  m a y  
be re la tive ly  o ld  a n d  distinct,  o th e rs  can 
be  a ssu m ed  to  be  fa ir ly  new  types ,  w h ile
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still o th e rs  have  p e rh a p s  o r ig in a ted  quite  
re c e n t ly  h y  selection ra n g in g  over  a few 
g en e ra t io n s  only. M oreover, even  the  types  
th a t  a re  bes t  defined  m a y  h av e  o r ig in a ted  
se p a ra te ly  in  in d e p e n d e n t  segm ents  of the  
a re a  of a  species, ju s t  as p a ra l le l  types  
h av e  evolved  in  d if fe re n t  species a n d  ge­
nera .  As a  re su l t  we hav e  b o th  a m u l t i tu d e  
of loca l ty p es  a d a p te d  to  local h a b i ta ts  
p e rh a p s  w ith  ra n d o m  assoc ia t ion  of som e 
d iag n o st ic  c h a ra c te rs ,  a n d  som e w id e ­
s p re a d  ty p e s  ad ap ted  to w id e s p re a d  h a b i ­
ta ts ,  b u t  n o t  necessari ly  o ld e r  o r  m o re  
“p r im a r y ” . T h is  com p lex ity  p rec lu d es  the  
a u to m a t ic  ass ig n m en t of r a n k  to th e  in t r a ­
specific  v a r ian ts ,  if the  ta x o n o m ica l  a im  
is a  sy s tem  express ing  p h y lo g en e tic  r e la ­
t io n sh ip s .  T ax o n o m ic  rev is ions  b ased  on 
h e rb a r iu m  studies only, a n d  n o t  inc lud ing  
field  o b se rv a tio n s  f ro m  all p a r t s  of the  
a re a  con ce rn ed ,  a re  likely  to m a k e  the  
ch ao s  th a t  p revails  w i th in  som e of the  
g ro u p s  even  m o re  p ro n o u n c e d  th a n  it is.
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INTRODUCTION

F o u r  species o f  Goniol imon  a re  k n o w n  
f ro m  Greece, G. ta taricum  (L.) Boiss. f ro m  
M ak ed h o n ia ,  G. helclreichii Boiss. endem ic  
to  T hessa lia ,  G. co l l inum  (G r is e b . )  B o i s s .  
f ro m  M a k e d h o n ia  a n d  T h ra k i ,  a n d  G. sar­
torii  Boiss. en d em ic  to  th e  c e n t ra l  a n d  
w e s te rn  Aegean. T h e  tw o  f i r s t -m en tio n e d  
species h av e  p u b e sc e n t  ca lyx  tubes,  the  
o th e rs  g lab ro u s .  T h e  genus  is r e s tr ic te d  to 
s tep p e- l ik e  h a b i ta ts  w i th  th e  excep tio n  of 
th e  m a r i t im e  G. sartori i  a n d  a  few, new ly  
de tec ted  m a r i t im e  localit ies  fo r  G. colli- 
n u m  in  th e  Aegean.

T E C H N I C A L  N O T E S

Abbreviations of collectors in locality lists: 
Bo R o l a n d  v o n  B o t h m e r , B e  B e n g t  B e n t - 
z e r , G M ats  Gu s t a f s s o n , E  L e n n a r t  E n g -

STRAND, N  B e r t i l  NORDENSTAM, R H ä NS
R u n e m a r k , S S v e n  Sn o g e r u p , St  Ar n e  St r i d . 
All the materia l by these collectors is p re­
served at LD and has been collected from 
1958 to 1974.

Abbreviations of Herbaria: LD Botanical 
Museum, Lund, W  Naturhistorisches Museum, 
Wien.

For cytologial studies material was raised 
from seeds and cultivated in the greenhouses 
at the Botanical Gardens, Lund. Voucher 
specimens are preserved at LD. Material from 
2 populations (6 individuals) of G. sartorii 
and from 1 population (6 individuals) of G. 
collinum, indicated by an  asterisk in the lo­
cality lists, have been studied.

Chromosome counts have been made from 
root tips using a modification of Navashin- 
Karpechenko for fixation and crystal violet 
with the addition of aniline for staining. 
Karyotype analyses have been made from root 
tips pretreated with 0.1 %  colchicine for 3 
hours, fixed in Carnoy (3:1), stained in feul- 
gen and treated with 5 °/o pectinase for 2 
hours before squashing.

K E Y  T O  T H E  A E G E A N  S P E C I E S
15—40 cm, leaves 3— 7-veined, inflorescence lax, anthers yellow   G. collinum
5— 15 cm, leaves 1-veined, inflorescence contracted, anthers  red ............................  G. sartorii

G. collinum (G r is e b . )  B o i s s .

15— 40 cm , b asa l ly  u su a l ly  m u c h -  
b r a n c h e d  p e re n n ia l  h e rb .  Leaves 30— 120 
X 8 — 25 m m , w i th  3— 7 veins, l in ea r ly
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s p a th u la te  to  b ro a d ly  sp a th u la te  a n d  
a b ru p t ly  c o n t ra c te d  in to  a  1— 5 m m  b ro a d  
petiole, ap ex  a cu te  o r  r a re ly  obtuse, d is ­
tinc tly  m u c ro n a te .  L ea f  sh a p e  very  v a r i ­
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Fig. I. Leaf variation in Goniolimon collinum. Solid lines represent material collected in 
the field, broken line cultivated material. The hatched area shows the approxim ate 

distribution of the species within the area covered by the map.

ab le  b e tw een  an d  w ith in  p o p u la t io n s  a n d  
w ith in  single ind iv idua ls .  In f lo rescence  
sco rp io id -co rym bose , lax, s tem  1.5— 3 m m  
in  diam ., su b a n g u la r  o r  r o u n d e d  and  
str ia ted , m a in  b ra n c h e s  40— 120 m m , a n ­
gu la r  to d is tinc tly  w inged , s tem  scales 7—
11 m m , g rad u a l ly  ta p e r in g  in to  a p o in t  
to short,  b ro a d  a n d  acu m in a te ,  u su a lly  
w ith  a  n a r ro w  h y a l in e  m a rg in .  Spikes 
dense, spikelets  1(— 2 ) -flow ered . B rac ts  
g lab rous  o r  s ligh tly  p u b e ru lo u s  (often  only  
on  the in n e r  faces), o u te r  ones  3— 4 m m , 
ta p e r in g  in to  a  p o in t  o r  cu sp ida te ,  au r ic u -  
late. in n e r  ones 3-fid (excep tionally  1— 2-

B ot. N o tise r, v o l. 127, 1974

fid), au r ic u la te ,  cuspices  th ick , u su a l ly  r e ­
cu rved . Calyx 6— 7 m m , g lab ro u s ,  lobes 
longer  th a n  b ro a d ,  in b u d  yellow , la te r  
w hite . C oro lla  w hite , a n th e rs  ye l low  (a l­
w a y s? ) .  F lo w e r in g  in  May a n d  June .  
C h ro m o so m e  n u m b e r  2n =  34.

ECOLOGY. M ain ly  g row ing  o n  s teppes  
an d  d ry  m e ad o w s . T hose  co llected  in  the  
A egean in  m a r i t im e  san d  (T h rak i)  a n d  in  
th e  ep i l i to ra l  zone on l im es tone  on  tw o  
islets lack ing  n o rm a l  p h ry g a n a  vegeta tion .

D IS T R IB U T IO N . W id e ly  d is t r ib u te d  in 
the  ea s te rn  p a r t  of the  B a lk a n  P e n in s u la
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(Yugoslavia, N .E. Greece, B u lga ria ,  S.E. 
R o u m a n ia )  a n d  in Asia M inor. Also r e ­
co rded  f ro m  L ebanon .

Aegean localities: North Aegean. Thraki. 
Porto Lagos, maritime sand R e c h i n g e r  10375 
iLD, W ) . — W est Aegean. Evvoia. The small 
islet S. of Cape Oktonia, limestone R & N 
16825*. — East Aegean. Dhodecanisos. Leros. 
Pharios Nisia, the N. islet, limestone R & Bo 
46337.

V A R IA B ILITY . T h e  N o r th  Aegean m a te ­
ria l is “n o r m a l ” G. c o l l in u m  w i th  n a r ro w  
leaves no t a b ru p t ly  co n tra c te d  into the  
petiole. T h e  loca lity  is c losely  connec ted  
w ith  th e  a r e a  of d is t r ib u t io n  in N.E. 
Greece.

T h e  g eo g ra p h ic a l ly  iso la ted  m a te r ia l  
f ro m  ro c k y  isle ts  r ep re sen ts  m o rp h o lo g ic a l  
e x tre m es  c h a ra c te r iz e d  b y  b ro a d  leaves 
m o re  o r  less a b ru p t ly  co n tra c te d  in to  the  
petio le  a n d  b y  sh o r t ,  b ro a d ,  a c u m in a te  
scales w i th  b ro a d  h y a l in e  m arg in s .  M o re ­
over th e  E a s t  Aegean p o p u la t io n  is u n u s u ­
ally  tall a n d  v ig o u ro u s  (40 cm ) a n d  h as  
ex trem ely  b r o a d  petio les  and  a  ro se tte  of 
n u m e ro u s  c ro w d e d  (living a n d  w ithe red )  
leaves, w h ile  th e  W es t A egean p o p u la t io n  
h a s  u n d iv id ed  to m o re  o r  less b if id  in n e r  
b rac ts .

G. s a r to r i i  B o iss .

5— 15 cm, b a sa l ly  u su a l ly  m u c h -b r a n c h ­
ed p e re n n ia l  h e rb .  Leaves 10— 4 0 X 4 — 12 
m m , 1-veined, u su a lly  s p a th u la te  an d  
a b ru p t ly  c o n t ra c te d  in to  a c. 1 m m  b ro a d  
petiole, ap ex  a cu te  o r  ra re ly  ob tuse ,  m u -  
c ro n a te  to  m u c ro n u la te .  L ea f  sh a p e  very  
v a r ia b le  b o th  w ith in  in d iv id u a ls  an d  p o p ­
u la tions , f ro m  l in e a r - s p a th u la te  to ro u n d e d  
w i th  a c o rd a te  base. In f lo re scen c e  scor- 
p io id -co ry m b o se ,  co n trac ted ,  s tem  0.8— 1.5 
m m , s u b a n g u la r  to ro u n d e d  a n d  s tr ia ted , 
m a in  b ra n c h e s  5— 20 m m , r a re ly  u p  to 
40 m m , a n g u la r  to ind is t inc tly  w inged , 
s tem  scales  3— 7 m m , a c u m in a te  to c u s p i ­
date, w ith  b r o a d  h y a l in e  m a rg in s .  Spikes  
dense , sp ike le ts  1(— 2 )-flow ered . B rac ts  
g la b ro u s  o r  s l igh tly  p u b e ru lo u s ,  o u te r  
ones 3 m m , cu sp id a te ,  au r ic u la te ,  inne r
B ot. N o tise r, vo l. 127, 1974

ones 3— 5 m m , 3-fid, au r ic u la te ,  cu sp ice s  
th ic k  a n d  re c u rv e d .  Calyx 5— 6 m m , g la ­
b ro u s ,  lobes  lo n g e r  th a n  b ro a d ,  in bud  
ye llow ish , la te r  w hite . C orolla  w hite , a n ­
th e rs  red . F lo w e r in g  in  A pril. C h ro m o so m e  
n u m b e r  2n  =  34 (1 su b m e tacen tr ic ,  1 sub- 
te locen tr ic ,  a n d  15 te locen tr ic  p a irs ) .

ECOLOGY. In  th e  ep i l i to ra l  zone on 
la rge  a n d  sm all  is lands  an d  in  A ttik i, on  
ro c k y  g ro u n d  (schists  an d  o th e r  s iliceous 
ro ck ) .  O ne loca li ty  (locus c lass icus  on  Mi- 
konos) on  m a r i t im e  sand  dunes .

D IS T R IB U T IO N . Several localit ies  in  
the  P a r o s  a n d  M ikonos a rea s  in th e  Kik- 
ladhes ,  one loca lity  in  S.E. A ttik i an d  tw o 
a t  th e  S. p o in t  of E vvoia .  U sua lly  a b u n ­
d a n t  in the  localities.

Localities: Attiki. Lavrion, Ergastiria 1885 
H e l d r e i c h  (LD). — Evvoia. N. of Akr. Man- 
tili R & S 11608d, R ec.h i n g e r  18900 (W). 
Mantili Nisos R & S 11608, R e c h i n g e r  18853 
(W). — Kikladhes. Mikonos: Ftelia 1856 S a r -  
t o r i  (tvpus, not seen), R & E 35239, M arm ara 
R & E 36175, N. of the eastern Ag. Elias R, 
Srr & G 39432, S. of the eastern Ag. Elias R & 
E 36218, the island of Tragonisi R & E 35582, 
R, S t  & G 39397; Paros: the island of Stron- 
gilo R & B e  25440, the island of Dhespotiko, 
the N.E. part R & B e  28616, the islet of Tsi- 
mindiri (between Dhespotiko and Antiparos) 
R & B e  28559, the islet of Kavouras (N. of 
the Paros-Antiparos strait) R & B e 30770*, the 
islet E. of Kavouras (d:o) R & B e 30831, the 
islet of Dhiplo (d:o) R & B e  30794*.

V A R IA B ILITY . T h e  m o s t  co n sp icu o u s  
v a r ia t io n  in  leaf  sh a p e  is a p p a re n t ly  to a 
la rg e  ex ten t  m od if ica tive .  S light tendencies  
to local d if fe re n t ia t io n  b e tw ee n  th e  fo u r  
iso la ted  d is t r ib u t io n  a rea s  can  be traced .

Attiki. In f lo rescen c es  r a th e r  lax  w ith  
b ra n c h e s  u p  to  40 m m  (in o th e r  p o p u la ­
tions no t exceed ing  20 m m ) .  R a th e r  c o n ­
sp icu o u s  m u c ro .

E vvoia .  L eaves  w ith  v e ry  co n sp icu o u s  
m u c ro .  T h e  o n ly  a r e a  in  w h ic h  leaves w ith  
c o rd a te  b ase  h av e  been  observed .

P a ro s .  In f lo rescen ces  v e ry  sm all  an d  
c o n t ra c te d .  T h e  on ly  a rea  w i th  p u b e ru lo u s  
b ra c ts .  G labrous, s ligh tly  p u b e ru lo u s  an d
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Fig, 2. Leaf variation in Goniolimon sartorii. Solid lines represent material collected in 
the field, broken line cultivated material. The map also gives the total

distribution for the species.

d is tinc tly  p u b e ru lo u s  b ra c ts  m a y  o ccu r  in 
the sam e p o p u la tio n .

M ikonos. N a r ro w  leaves c o m m o n e r  th a n  
in  o th e r  areas.

COMMENTS
(I. co l l in u m  a n d  G. sartorii  a re  v e ry  s im ­

ilar in  f lo ra l  c h a ra c te r s  (flowers, catyces,

b ra c ts  a n d  sp ikes) .  In  vegeta tive  p a r ts  G. 
sartorii  is m a in ly  a  m in ia tu re  fo rm  of G. 
co llinum .  T h e y  b o th  hav e  th e  c h ro m o so m e  
n u m b e r  2n  =  34 n o t  fo rm e r ly  reco rd ed  fo r  
the  genus. P re v io u s  re c o rd s  a re  2 n = 1 6 ,  
32 a n d  36 (for re fe ren c es  see F e d o r o v

1969). T h e y  h av e  b o th  good  po llen  fo rm a ­
tion  a n d  the  m o rp h o lo g ic  v a r ia t io n  w ith in

B ot. N o tise r, vo l. 127, 1974
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Fig. 3. Cytological observations. — A: Goniolimon collinum, metaphase plate (crystal violet). 
— B: G. sartorii, metaphase plate (crystal violet). — C: G. sartorii, late metaphase chrom o­
somes (feulgen, pretreatm ent colchicine). — D: G. sartorii, approximative idiogram (the 
position of the centromere is indicated by a  small dot). The satellite on one of the long 

telocentric chromosomes is not visible on the material illustrated.

p o p u la t io n s  ind ica tes  sexual re p ro d u c t io n .  
A p p a re n t ly  th e  species a re  closely  re la ted .

A n an a ly s is  of the  c h ro m o so m e s  of G. 
sartorii  show s  the  p a t te rn  1 su b m e tacen -  
tric , 1 sub te locen tr ic ,  a n d  15 telocenti 'ic  
pa irs .  S uch  v e ry  a sy m m e tr ic  k a ry o ty p e s  
h a v e  on ly  b een  re p o r te d  f ro m  v e ry  few  
p lan ts ,  e.g. in  W elw itsch ia ,  P o d o ca rp u s ,  
a n d  Tradescan tia .  K a ry o ty p e  an a ly se s  have  
no t  p rev io u s ly  been  p u b lish e d  fo r  G onio­
lim on .  T h e  v e ry  re s tr ic ted  in fo rm a t io n  on 
ch ro m o so m e  m o rp h o lo g y  in  th e  closely  r e ­
la ted  genus L im o n iu m  on ly  show s “n o r ­
m a l ” s y m m e tr ic  k a ry o ty p e s  (cf. C h o u - 
d h u r i  1942, L a r s e n  1963).

D u rin g  th e  Q u a te rn a ry  g lac ia t ions  the  
s teppe  e lem en t p e n e t ra te d  f a r  in to  th e  M e­
d i te r r a n e a n  a re a  (cf., e.g., H a m m e n  et al. 
1971). D u r in g  su c h  p e r io d s  th e  tw o  islets
B ot. N o tise r, vo l. 127, 1974

w ith  G. co l l in u m  w ere  p ro b a b ly  connec ted  
w ith  th e  m a in la n d  becau se  of reg ress ion  
o f  th e  sea (cf. P f a n n e n s t i e l  1951). T h e  
tw o  iso la ted  localities in  the  A egean p ro b ­
ab ly  re p re s e n t  tw o  u n re la ted ,  loca lly  evo lv­
ed o r  selected relic p o p u la t io n s  su rv iv ing  
o n  islets w i th  a re s tr ic ted  c o m p e ti t io n  
(b o th  isle ts  a re  p o o r  in  species a n d  lack 
th e  n o rm a l  p h ry g a n a  veg e ta t io n ) .  T h e  im ­
p o r ta n c e  of such  islets as re fu g ia  has  p re ­
v io u s ly  been  d iscussed  b y  th e  a u th o r  
( R u n e m a r k  1969).

T h e  W e s t  Aegean m a te r ia l  of G. colli­
n u m  a n d  G. sartorii to som e ex ten t  m o r ­
p h o lo g ica lly  connec t the  species. T h u s  the  
le a f  sh ap e  of G. c o l l in u m  f ro m  Evvoia  
a p p ro a c h e s  th a t  of G. sartorii, th e  m a te ­
r ia l  f ro m  s o u th e rn  E v v o ia  of G. sartorii 
h a s  the v e ry  co n sp icu o u s  m u c ro  ch a rac te -
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r is tic  of G. co llinum  an d  the  in f lo rescence  
of G. sartorii  f ro m  A ttiki is r a th e r  lax  a p ­
p ro a c h in g  th a t  of G. co l l in u m .  I t  is no t  
im p ro b a b le  th a t  a  co n tac t  zone h a s  existed 
in  the w e s te rn  Aegean an d  th a t  a  re s tr ic ted  
gene exchange  has  ta k en  place.
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T h e  c h r o m o s o m e  m o r p h o l o g y  i n  Allium cham aespathum  B o i s s .  i s  p r e s e n t e d  
a n d  i s  c o m p a r e d  w i t h  t h a t  f o u n d  i n  A. am ethystinum  T a u s c h .
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A l l iu m  c h a m a e s p a th u m  B o iss .  is an  
a u tu m n -f lo w e r in g  species belong ing  to  
sect. A lliu m  a n d  is en d em ic  to the  B a lk an  
P en insu la .  T h e  species is very  distinct,  
w ith ,  fo r  exam ple , the  le a f-sh e a th s  co v e r ­
ing the  w h o le  scape  up  to  th e  in flo rescence  
a n d  w ith  no vegetative p ro p a g a t io n .  I t  is 
r a th e r  in v a r iab le  a n d  h a s  m a n y  c h a ra c te r s  
s im ila r  to  those  of A. a m e th y  s t in u m  
T a u s c h  ( =  A. descendens  L. nom . am big .,  
see K o l l m a n n  1970), as, fo r  exam ple , 
s im ila r i ty  of seed s tru c tu re ,  tepa l  sh a p e  
a n d  tepal pap i l la t ion .  T h e  m o rp h o lo g y  a n d  
d is tr ib u t io n  of A. c h a m a e s p a th u m  w as  d is ­
cu ssed  by  B o t h m e r  (1972) a n d  it w as  
co n s id e red  th a t  th e  species is p ro b a b ly  r e ­
la ted  to  A. a m e th y s t in u m .  T h e  k a ry o ty p e  
o f  the  la t te r  species dev ia tes  m a rk e d ly  
f ro m  o th e rs  in  sect. A ll iu m  (B o t h m e r

1970) so th a t  a  k a ry o ty p e  ana ly s is  of A. 
c h a m a e s p a th u m  c o u ld  give fu r th e r  in f o r ­
m a t io n  a b o u t  possib le  re la t io n sh ip .

Material was collected in the field from 
three localities: B 804: Greece: Peloponnisos: 
Nom. Taygetos, by the road Sparta—Anavriti;

steep, rocky slope facing E, 360—500 m; 24.9. 
1970. Coll. J. and K. P e r s s o n . — B 805:
Greece: Nom. Attikis: Athens, Mt Lycabettos; 
1970. Coll. J. and K. P e r s s o n . — B831:
Greece: Peloponnisos: Old Korinthos, in a 
limestone cliff; 1973. Coll. M. G u s t a f s s o n .

The usual Feulgen squash method was used 
( B o t h m e r  1970). For the definition of m arker 
chromosomes arm  index (r =  long arm /short 
arm) and satellite index (sat. i =  satellite/ 
attachm ent arm) were used. The figures in
Table 1 are based on measurements of 10
metaphase plates from each plant.

All m a te r ia l  s tu d ied  w as  d ip lo id  (2n =  
2x =  16). T h e  k a ry o ty p e  is sy m m e tr ica l  
w ith  all c h ro m o s o m e s  m e tace n tr ic .  Of the  
c h ro m o s o m e  c o m p le m e n t  3 o r  4 p a irs  
co n s ti tu te  m a rk e r  ch ro m o so m e s ,  all w ith  
la rge  l in ea r  sate lli tes  (Fig. 1). Of the fo u r  
p la n ts  in  p o p u la t io n  B 804 th ree  a re  s im ­
ila r  a n d  h av e  3 p a i r s  of m a rk e r s  (Fig. 1). 
T h e  fo u r th  p la n t  h a s  4 p a irs  of m a rk e rs ,  
tw o  of w h ic h  h a v e  very  s im ila r  r-  an d  sat- 
indices, b u t  can  be  d is t in g u ish ed  on  d if ­
fe rences  in  length . T h e  tw o  p la n ts  s tud ied  
in  p o p u la t io n  B 805 a re  e n t ire ly  s im ilar ,

Table 1. Allium chamaespathum. Mean values of r- and sat-indices for m arker chromosomes 
in three plants. The figures are based on measurements of 10 metaphase plates per plant.

P lant no.
Pair no. 5 Pair  no. 6 Pair  no. 7 Pair no. 8

r sat. i r sat. i r sat. i r sat. i

B 804—03 ........... 1.05 13.47 1.29 10.55 1.21 10.44 1.15 2.38
B 805-- 0 3  ........... . . . .  — ■— 1.12 12.64 1.57 8.57 1.21 2.34
B 805-- 0 4  ........... . . . .  — — 1.27 10.63 1.58 9.25 1.20 2.31
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Fig. 1. Allium chamaespathum. Karyotype of p lant no. B 804— 02.

w i th  3 p a irs  of m a rk e r s  (Table  1). T w o 
of th e  m a rk e r  pa irs  in  B 805 a re  fu lly  c o m ­
p a rab le  w i th  co rre sp o n d in g  p a irs  in  B 804, 
b u t  the  th i rd  one (ch ro m o so m e p a i r  no. 7) 
has  a  h ig h e r  r- index . T h e  single p la n t  f ro m  
p o p u la t io n  B 831 h as  th ree  p a irs  of m a r ­
kers  s im ila r  to those  sh o w n  in  Fig. 1.

The k a ry o ty p e  of A. c h a m a e s p a th u m  
deviates  m a rk e d ly  f ro m  th o se  fo u n d  in  
o the r  g ro u p s  of sect. A ll iu m  (see e.g. 
B o t h m e r  1970) a n d  g rea t ly  resem bles  
tha t of A. a m e th y  s t in u m  w h ich  h as  th ree  
pa irs  of m a rk e rs ,  b u t  h as  sa t- ind ices  b e ­

tw een 3 a n d  4.5. T h u s  th e  a p p e a ra n c e  of 
the  k a ry o ty p e s  does n o t  oppose  a closer 
r e la t io n sh ip  b e tw een  these  tw o  species.
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D a h l g r e n , R. (in c o l lab o ra t io n  w ith  B. 
H a n s e n , K. J a k o b s e n , A. K j l e r  a n d  K. 
L a r s e n ) : A n g i o s p e r m e r n e s  t a x o- 
n o m i .  B i n d  1. —  A k ad em isk  F orlag , 
C open h ag en  1974. ISBN 87-500-1395-5. — 
P a p e rb a c k .  258 pp.,  a b o u t  95 tex t f igures  
(d ra w in g s ) .

T h is  is the f i r s t  p a r t  of a  tex tbook  
p la n n e d  to a p p e a r  in fo u r  p a r ts .  I t is a 
ty p e d  a n d  o ffse t-p r in ted  c o m p e n d iu m  in 
D a n ish  p r im a r i ly  in te n d e d  fo r  u n d e r g r a d ­
ua te  s tu d en ts  in C openhagen . T h e  p a r ts  to 
a p p e a r  in 1975 will c o m p rise  the  ta x o ­
n o m y  of dicots a n d  m o n o c o ts  and  p la n t  
g eo g rap h y . P a r t  one is m a in ly  a n  in t ro d u c ­
tion  w ith  c h a p te r s  on th e  c r i te r ia  of angio- 
sperm s , the  orig in  of an g io sp e rm s, m o r ­
p h o lo g y  a n d  ch em is try .  A synopsis  of a 
new  system  to  be  used  in the  fo r th co m in g  
p a r ts  is also p resen ted .  Som e c h a p te r s  th a t  
seem  to be s o m ew h a t  p e r ip h e ra l  to  th is  
m a in  them e a re  also inc luded . T hey  deal 
w ith  n o m e n c la tu re ,  h e rb a r iu m  w o rk  and  
rev is ion  techn ique , an d  th e  h is to ry  of b o ­
ta n ica l  classification .

As the b o o k  is w r i t te n  to  fill the  needs 
of a  specific  cou rse  w h ich  is n o t  in t ro d u c ­
to ry  th e  d if fe re n t  top ics  a re  covered  r a th e r  
unevenly , a n d  som e po in ts  m a y  need  to be 
su p p le m e n te d  on  if used in  o th e r  S c a n d i­
n a v ia n  un ivers ities . F o r  exam ple ,  th e  c h a p ­
te r  on  m o rp h o lo g y  co n ta in s  a lm o s t n o th ­
ing on vegeta tive  m o rp h o lo g y  o r  an a to m y .

T h e  aspects  of f lo ra l m o rp h o lo g y  are, 
how ever ,  very  w ell covered. T h e  tex t is 
fa ir ly  co n cen tra ted ,  b u t  easy  to use  as the 
i l lu s tra t io n s  are  p len tifu l  a n d  in fo rm ative .  
T h e  scientific  c o u n te rp a r ts  to the  D an ish  
te rm s  a re  genera lly  given. T h e  in f lo re s ­
cences a re  qu ite  u n c o n v e n t io n a l ly  g rouped , 
i.e. in  closed ones (m ain  axis te rm in a ted  
by  a flow er) c o m p ris in g  cym es  and  pan i-  
cu lae , versus  o p en  ones c o m p ris in g  race ­
m ose  types  as w ell as th y rses .  T h is  clas- 
Bot. Notiser, vol. 127, 1974

s if ica t io n  seem s to give b e t te r  a co r re la t io n  
w ith  f lo w er  s y m m e try  a n d  c u r r e n t  t a x o ­
nom ic  views.

T h e  c h a p te r  o n  ch em ica l  c h a ra c te r s  is 
p e rh a p s  too  co m p re h e n s iv e  to be le a rn t  in 
de ta il b u t  will be ex tre m e ly  u se fu l  as r e f e r ­
ence.

Som e of th e  c h a p te r s  a re  c o n c e n tra te d  
a n d  will best be  u sed  as te ach in g  texts. 
B u t the m a in  p a r t  of the  b o o k  co m p rises  
d iscuss ions  o n  im p o r ta n t  lines of th o u g h t  
in  m o d e m  tax o n o m y , a n d  will give th e  
s tu d e n t  a basis  fo r  so u n d  ta x o n o m ic  th i n k ­
ing, a n d  m a k e  h im  a w a re  of the  d an g e rs  
of c lass if ica t ion  on  single cr ite r ia .

As reg a rd s  the  o rig in  of an g io sp e rm s, the  
a u t h o r ’s o p in io n  seem s to be th a t  th ey  a re  
m o n o p h y le t ic  a n d  th a t  M agnolia les  a re  
s im ila r  to  th e  o r ig ina l an g io sp e rm s  in 
m a n y  respects. B u t the  re a d e r  becom es 
a c q u a in te d  w ith  var io u s  conflic ting  h y p o ­
theses  as well, e.g. M e l v i l l e ’s a n d  
M e e u s e ’s on  th e  o r ig in  of th e  flow er.

T h e  c h a p te r  on  p r im it iv e  a n d  der ived  
c h a ra c te r s  gives a  very  s t im u la t in g  d iscu s ­
sion  on  a n u m b e r  of poin ts . T a k h t a j a n ’s 
(1969) o p in io n  on, fo r  in s tance ,  g ro w th  
h a b i t  a n d  leaf  fo rm s  of th e  o r ig in a l  a n g io ­
sp e rm s  is critic ized. T h e  th e o ry  is p u t  
f o r th  th a t  fu s io n s  like sy m p e ta ly  a n d  syn- 
c a rp y  m a y  be  logical co n seq u en ces  of live 
close p ack ing  of o rg an s  on the  f lo ra l  axis, 
a n d  th u s  a  p rocess  th a t  is likely  to hav e  
o c c u rre d  severa l tim es in d ep en d en tly .

In  “m o rp h o lo g ic a l  d if fe re n tia t io n ,  r e d u c ­
t io n ” p r in c ip les  such  as d ivergence, c o n ­
vergence, false  a n d  t ru e  an a lo g y  an d  p a r ­
alle lism  a re  i l lu s tra ted  w ith  n ew  and  v e ry  
conv inc ing  exam ples ,  p a r t ly  f ro m  the  
a u t h o r ’s o w n  experience  from  th e  Sou th  
A fr ican  flora . As ex am p les  of re d u c t io n  are  
g iven  a m o n g  o th e rs  Casuarina, Callitriche  
a n d  T h e l ig o n u m ,  w h e re  close s tudies, p a r t ­
ly  u ti liz ing  so-called  m o d e rn  c h a ra c te rs ,
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h a v e  revea led  Ihe a p p a re n t ly  c o r re c t  sy s te ­
m a tic  re la t ionsh ip s .

I n  th e  co n sp ec tu s  of th e  a n g io sp e rm  
s y s tem  m a n y  fam ilies  a re  m e n t io n e d  in 
a d d i t io n  to those w h ich  w ill be d iscussed  
in  th e  fo r th c o m in g  p a r ts  of th e  book . 
T h u s  a  c o m p a r is o n  w ith  T a k h t a j a n ’s (e.g. 
1969) sy stem  is possible. H is  f r a m e w o rk  is 
s till th e re :  fo r  in s tance  M agno li idae— Ra- 
n u n c u l id a e ,  I lam am e lid ae ,  C a ry o p h y l l id a e  
a n d  A ste r idae  fo rm  m a jo r  b locks. B u t 
D a h l g r e n  reg a rd s  th e  a n g io sp e rm s  as a 
subc lass  —- i.e. 011 a  level w i th  the  m a jo r  
g y m n o s p e rm  g ro u p s  —  an d  th e  f u r th e r  
c la ss if ica t io n  is d irec tly  in to  th i r ty  s u p e r ­
o rd e rs .  N o t even the m ono-  an d  dico ts  a re  
g iven  fo rm a l  ta x o n o m ic  r a n k  ( their  r e la ­
t io n sh ip s  a re  c r it ica lly  rev iew ed  in  the  
c o n c lu d in g  c h a p te r ) .  It seem s as if the  
re t ic u la te  p a t te rn  of v a r ia t io n  w i th in  the 
an g io sp e rm s  is b e t te r  acc o u n ted  fo r  in  th is 
w ay. I n  detail, th e re  a re  d iffe rences  in  a l ­
m o s t  eve ry  co m p a ra b le  g ro u p in g ,  and  
m a n y  of T a k h t a j a n ’s o rd e rs  h av e  been  
en t i re ly  b ro k e n  up. It is ou ts id e  the  scope 
o f  th is  rev iew  to  d iscuss the n ew  system  
th o ro u g h ly ,  an d  it will soon  be  p re sen te d  
in a n  in te rn a t io n a l  b o ta n ic a l  jo u rn a l .  T h e n  
it w ill  d oub tle ss ly  g rea t ly  s t im u la te  the  
d iscu ss io n  on a n g io sp e rm  pliy logeny.

N everthe less ,  h o w ev er  g rea t  th e  m eri ts  
o f  th is  rev ised  system  are, it is a  m a t te r  
fo r  d eb a te  w h e th e r  a  new  system  th a t  will 
c e r ta in ly  evolve fu r th e r ,  sh o u ld  h av e  been  
used in a  fair ly  e lem en ta ry  tex tb o o k  like 
th is  one. S tuden ts  w h o  a re  ta u g h t  th is 
system  (or T a k h t a j a n ’s) as th e  p r in c ip a l  
one w ill m ee t d ifficu lties  in  h a n d l in g  p r a c ­
tica lly  every  f lo ra ,  h a n d b o o k  o r  h e r ­
b a r iu m , w h ich  a re  o f ten  a r r a n g e d  a c c o rd ­
ing to E n g l e r ’s system.

E ven  if M agnoliales sh o w  m a n y  p r im i­
tive c h a ra c te rs ,  they  h a v e  c e r ta in ly  n o t  r e ­
m a in e d  u n c h a n g e d  since the  t im e  of orig in  
o f  the ang iosperm s. T o  a c c o u n t  fo r  this 
the  sy s tem  is i l lu s tra ted  n o t  as a  p h y lo ­
genetic tree  w ith  M agnolia les  a t the  roo t 
(as in  T a k h t a j a n  1969 Fig. 31) b u t  as a 
cross-sec tion  of a  dense  s h ru b  w ith  m a n y  
m a jo r  b ra n c h e s  re p re se n t in g  th e  s u p e r ­

o rders .  T h e  re su l t  is a  v ery  express ive  d i­
a g ra m  of the system  as a  series of i r re g u la r  
pa tch es ,  w hose  a rea s  a re  ro u g h ly  p r o p o r ­
tio n a te  to  species con ten t .  T he  pos ition  of 
the  p a tch es ,  w i th  the  “ p r im it iv e ” s u p e r ­
o rd e rs  in  the  cen tre ,  re f lec ts  the  re la t io n ­
sh ip s  m u c h  b e t te r  th a n  a n y  l in ea r  a r r a n g e ­
m e n t  can  do.

T h is  d ia g ra m  is used  in m a p p in g  the  
d is t r ib u t io n  of tw en ty -f iv e  c h a ra c te r s  w i th ­
in th e  ang io sperm s. S u p e ro rd e rs  show ing  
the  c h a ra c te r s  a re  m a rk e d  w ith  b lack . 
C h a ra c te rs  th a t  a re  ta x o n o m ica l ly  re le v an t  
sh o w  a c o h e re n t  p a t te rn ,  w hile  less u se fu l 
ones scatter .  A der ived  c h a ra c te r  such  as 
z y g o m o rp h y  ten d s  to  be  re s tr ic ted  to th e  
p e r ip h e ry  of the  figure, a  p re s u m a b ly  p r i ­
m a ry  c h a ra c te r  such  as w o o d y  h a b i t  is 
fo u n d  in  the  centre . S uch  i l lu s tra t ions ,  
w ith  in fo rm a t iv e  co m m en ts ,  a re  g iven fo r  
b o th  t im e -h o n o u re d  “i m p o r t a n t ” c h a r a c ­
te rs  such  as sy m p e ta ly  a n d  m onoco ty ly ,  
a n d  “m o d e r n ” ones such  as th e  o ccu rren c e  
of ellagic acid  o r  ir ido ids.

Som e m in o r  negative  re m a rk s .  T h e re  
a re  som e  “px'inter’s e r r o r s ” , a n d  the  n u m ­
b e r in g  of th e  f igures  needs  revising. T h e  
b in d in g  is no t so s trong  as one cou ld  w ish  
fo r  in  a tex tbook  to be  f re q u e n t ly  c o n ­
sulted.

F r o m  the  above  co m m e n ts  it sh o u ld  be 
c lear  tha t,  w h e n  the  th re e  p a r ts  to fo llow  
have  a p p e a re d ,  a rea l need  will have  been  
filled: th a t  of a  tex tb o o k  in  a n g io sp e rm  
ta x o n o m y  n o t ’ as co m p re h e n s iv e  äs E n 'G - 
l e r ’s  “S y lla b u s” , b u t  less s h o r te n e d  th a n  
the classic  “S t r a s b u rg e r” , and , m oreover,  
one m a d e  u p  acc o rd in g  to m o d e rn  p r in c i ­
ples, a lso  ta k in g  in to  a c c o u n t  the  la tes t 
re su lts  f ro m  the fie ld  of re sea rch .

T h o m a s  K a r l s s o n

S t a f l e u ,  F. (ed.): I n d e x  IT e r  b a r  i o- 
r u m .  P a r t  I. T h e  H e r b a r i a  o f  t h e  
W o  r  1 d. 6 th  ed. —  R eg n u m  vegetab ile  92. 
U tre c h t  1974. 397 pp . P r ice  fo r  m e m b ers  
of th e  In te rn a t io n a l  A ssocia tion  fo r  P la n t  
T a x o n o m y  Sw.Cr. 79: 30.
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T en  y e a rs  h av e  e lapsed  since th e  p u b l i ­
ca t ion  of the  f if th  ed ition  of the  In d ex  
H e rb a r io ru m .  As it h as  been  ou t-o f-da te  
fo r  a long  tim e th e  pi’esen t rev ised  an d  
m u c h  en la rg ed  issue is p a r t ic u la r ly  w e l­
com e.

Q u es tio n n a ires  w ere  sen t ou t a t  th e  b e ­
g in n in g  of 1974 to all H e rb a r ia  k n o w n  to 
the  ed ito rs ,  a n d  rep lies  seem  to have  been 
rece ived  f ro m  the  g rea t m a jo r i ty  of them . 
T h e  In d e x  c o n ta in s  all in fo rm a t io n  a v a i l­
able  u p  to  M ay 1, 1974. T h e  m a te r ia l  h as  
been  co m p iled  by  D r  P a t r i c i a  H o l m g r e n ,  
N ew  Y ork, (the U n ited  S tates  H erba r ia )  
a n d  Miss W l L  K e u k e n ,  U tre c h t  (all o th e r  
H e rb a r ia ) .

Ed. 5 (1964) reco rd ed  1,175 H e rb a r ia  
w h e re a s  th e  p re se n t  ed ition  lists no  less 
th a n  1,705 entries . T hese  f igu res  w ill give 
som e id e a  of the  in c re a sed  activ ities  in  
sy s tem a tic  b o ta n y  d u r in g  th e  p a s t  decade 
o r  a t  leas t  of the  m u c h  im p ro v e d  d o c u ­
m e n ta t io n  of them .

As in  the  p rev ious  issues each  H e rb a ­
r iu m  h a s  an  e n t ry  giving the  fu ll  address ,  
a b b re v ia t io n  acco rd in g  to  a  s ta n d a rd  sy s­
tem  (e.g. LD fo r  L u n d ) ,  y e a r  of f o u n d a ­
tion, n u m b e r  of specim ens, n am es  of d ire c ­
to r  a n d /o r  c u ra to r  a n d  o th e r  s ta ff  m e m b e rs  
a n d  re se a rc h  associates, in c lu d in g  in f o r m a ­
tion  on  specia liza tion . I m p o r ta n t  collec­
tions (collector an d  sy s tem a tic  g roup) a re  
reco rd ed ,  o f ten  in  g rea t  detail. P er iod ica ls  
is sued  b y  the  in s ti tu te s  in  q u es tio n  have  
b een  no ted .

It is a  w e ll-k n o w n  fac t th a t  the  f igu re  
d en o tin g  th e  n u m b e r  of spec im ens  o ften  
does n o t  give a very  a d e q u a te  ind ica tio n  
of the  size o r  im p o r ta n c e  of a H e rb a r iu m . 
T his  f ig u re  sh o u ld  to som e ex ten t be ta k en  
cu m  g ra n o  salis. A ccord ing  to the  In d ex  
th e  15 la rgest H e rb a r ia  of the w orld  
are : P a r is ,  L a b o ra to i re  de P h a n é ro g a m ie  
(6,000,000 spec im ens),  L e n in g ra d  (over
5.000.000), Geneve (5,000,000), Kew (4—
5.000.000), N ew  Y ork  a n d  S to ck h o lm  (both
4.000.000), W a sh in g to n ,  S m ith so n ia n  In s t i ­
tu t io n  (3,860,000), L y o n  (3,800,000), F i ­
renze  (3,500,000), M ontpellie r  (3,300,000), 
M an ch es te r  a n d  W ien , N a tu rh is to r is c h e s
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M useum  (bo th  3,000,000), Chicago, F ie ld  
M useum , J e n a  a n d  Leiden  (all 2 ,500,000).

F o r  those  in s t i tu te s  th a t  h a v e  n o t  rep lied  
to  th e  in q u i ry  the  in fo rm a t io n  given is 
m a rk e d  “f ro m  1964” . To th e se  can  be 
a d d ed  “ S to ck h o lm : P a ly n o lo g ica l  L a b o r a ­
to ry  (S P L )” , w h ich  has  h ad  th e  fo llow ing  
ad d re s s  fo r  the  p a s t  few y ea rs :  W a l le n b e rg  
L a b o ra to ry ,  L illa  F resca ti ,  S-104 05 S to ck ­
h o lm  (D irecto r: D r  J. R o w l e y ) .  U n d er  
L e n in g ra d :  K o m a r o v  B otan ica l  In s t i tu te  
the  C ry p to g am ic  H e rb a r iu m  (D irector: D r  
I. I. A b r a m o v ,  several co l lab o ra to rs)  h as  
b een  om itted .

T h e  S w ed ish  read e r  will no tice  h o w  
u n d e rs ta f fe d  o u r  H e rb a r ia  a re ,  espec ia lly  
c o m p a re d  w ith  cond itions  in th e  o th e r  
S c a n d in a v ia n  coun tr ies .  U n d e r  U p p sa la ,  
w h ic h  is one  of the  20 la rgest H e rb a r ia  
in  th e  w o r ld  (n u m b e r  of spec im ens  c.
2,000,000, in c lu d in g  a g rea t  m a n y  types) ,  
it says  “S ta ff  M em bers : N one  excep t th e  
k e e p e r” . In  the  o th e r  Sw ed ish  H e rb a r ia  th e  
s i tu a t io n  is a b o u t  the  sam e. It m a y  seem 
incred ib le ,  b u t  severa l m e m b e rs  of the  
F a c u l ty  of Science a t the  U p p sa la  U n i­
vers ity  rece n t ly  a c tu a l ly  exp ressed  the  
o p in io n  th a t  th is  post,  n o w  vacan t,  is 
s u p e r f lu o u s  a n d  cou ld  be d ispensed  w ith  
to th e  a d v a n ta g e  of o the r ,  m o re  “ p ro g re s ­
s ive” , subjects . T h is  w ill d e m o n s t ra te  the  
d is re g a rd  a c c o rd e d  to sy s tem a tic  b o ta n y  in  
the  c o u n t ry  of L i n n a e u s .  In  c o m p a r iso n  it 
c an  be m e n t io n e d  th a t  th e  C o p en h ag e n  
H e rb a r iu m  (abou t the  sam e size as U p p ­
sala, i.e. w i th  th e  sam e  n u m b e r  of spec i­
m ens)  h as  a  fu ll - t im e  s ta f f  of 11 botanists, 
r e p re se n t in g  m o s t  g ro u p s  of the  p la n t  sys­
tem  .

A u sefu l n o v e l ty  a t  th e  end of the p r e ­
sen t ed ition  is a n  In d e x  to I m p o r ta n t  Col­
lec tions w h ich  is a  s u m m a ry ,  a r ran g ed  
a f te r  c o l lec to rs ’ nam es, of the  in fo rm a t io n  
sca tte red  u n d e r  th e  en tr ie s  of the va r io u s  
H e rb a r ia .  On th e  o th e r  h a n d  the  c h a p te r  
G eograph ica l  A r ra n g e m e n t  of the  H e rb a r ia  
h as  been  le ft out, w h e re  in  p rev io u s  ed i­
tions  the  lo c a t io n  of th e  H e rb a r ia  was. 
listed u n d e r  eac h  c o u n t ry .
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All ta x o n o m ic  b o ta n is t s  w ill be g ra te fu l  
to the  e d i to r s  of th e  n e w  “In d ex  H erb a r io -  
r u m ” w h ic h  is a n  in d isp e n sa b le  m a n u a l  
fo r  th e i r  b o o k sh e lv e s .

O v e  A l m b o r n

G j/E R U M , H a l v o r  B.: N o r d e n s  R u s t -  
s o p p  e r. (T he  R u s t  F u n g i  of S c a n d i­
n a v ia ) .  —  F u n g if lo r a ,  Oslo 1974. 321 pp., 
23 d ra w in g s  in  th e  text. P r ice  N.Cr. 40: — . 
C an  be  o rd e re d  f ro m  F u n g if lo ra ,  B lindern -  
veien  46 C, Oslo 3, N o rw a y .

E l i a s  F r i e s  (S u m m a  vege tab il ium  Scan- 
d in av iae ,  Vol. 2, 1849) m a d e  a  c o m p ila t io n  
of th e  species of fung i k n o w n  f ro m  the 
S c a n d in a v ia n  c o u n tr ie s .  H is w o rk  w as  no t  
a  f lo ra  b u t  a  “c h e c k - l is t” in c lu d in g  s c a t t e r ­
ed  ta x o n o m ic  c o m m e n ts  on  species a n d  
h ig h e r  g ro u p s .  S ince th e n  o u r  know ledge  
of S c a n d in a v ia n  fu n g i h a s  in c re a sed  c o n ­
s id e rab ly ,  b u t  no  e f fo r t  h a s  been  m a d e  to 
s u m m a r iz e  all th e  in fo rm a t io n  availab le . 
Som e g ro u p s  (especially  a m o n g  th e  Basi- 
d iom yce tes)  c a n  be  co n s id e red  to be  fa ir ly  
w ell k n o w n ,  w h e re a s  o th e rs  have  been  
m u c h  neg lec ted  s ince  the  t im e  of E l i a s  
F r i e s .

No d o u b t  th e  ru s t  fung i (U redinales) b e ­
long to th e  b e s t -k n o w n  o rders ,  as m u c h  
w o rk  h as  been  d o n e  on  th e m  d u r in g  the  
p a s t  c e n tu ry  in  all fo u r  S c an d in av ian  
co u n tr ie s .  A list' (W ithout d e s c r ip t io n s ) ' of 
the  gen e ra ,  species a n d  subspecif ic  u n its  
k n o w n  f ro m  th is  a re a  w as  p u b l ish e d  in 
1953 ( H y l a n d e r ,  J o r s t a d  a n d  N a n n -  
f e l d t ,  E n u m e ra t io  U re d in e a ru m  Scandi- 
n av iae ,  O p e ra  B otan ica ,  Vol. 1: 1) .  T h is  
list in c lu d e d  d iscussions  of n o m e n c la tu re  
a n d  s y n o n y m y ,  in fo rm a tio n  on  type  loca li­
ties, h o s t  p la n ts  a n d  a  very  b r ie f  su m m a ry  
(e.g., “D, N, F , S ” , no  localities  quo ted) of 
th e  d is t r ib u t io n  of the  species.

T h e  p re sen t  v o lum e h as  a  w id e r  scope. 
Som e co n d en sed  in t ro d u c to ry  c h a p te r s  deal 
w i th  th e  h is to ry  of re sea rch  o n  ru s t  fung i 
in  S can d in av ia ,  b io logy (inc lud ing  d i f f e r ­
en t s ta tes  in  the  life cycle a n d  spec ia l iza ­

tion  on  d if fe re n t  h o s t  p la n ts ) ,  th e  species 
concep t and  n o m e n c la tu re ,  etc.

T h e  b u lk  of the  w o rk  c o m p rise s  keys 
a n d  d esc r ip t io n s  of fam ilies, g e n e ra  a n d  
species. L ike H y l a n d e r  et al., G j/E R U M  
has  a  b ro a d  species concep t.  Special fo rm s  
a d a p te d  to d if fe re n t  hos ts  a re  lis ted  u n d e r  
th e  collective species w ith  b in a ry  n o m e n ­
c la tu re ,  the  ep i the ts  be ing  p rece d ed  b y  a, 
b, c, etc. I t  is r ig h t ly  em phasized ,  how ever ,  
th a t  th e se  n am es  a re  n o t  in  a c c o rd an ce  
w ith  th e  Code of B o tan ica l N o m en c la tu re .

H y l a n d e r  et al. re co rd e d  24 g e n e ra  an d  
264 species, w h e re a s  G j l e r u m  recognizes 
28 g en e ra  an d  272 species.

T h e  h o s t  p la n ts  hav e  been  listed in c o n ­
s iderab le  de ta il  fo r  each  ru s t  species. T h e  
d is t r ib u t io n  of th e  ru s ts  h a s  b een  ind ica ted  
b y  q u o tin g  n u m e ro u s  localities  f ro m  N o r ­
way. T h e  o ccu rren c e  of a  species in  the  
th re e  o th e r  co u n tr ie s  h as  b een  d eno ted  
w ith  th e  sym bols  D, N a n d  S only.

“N o rd en s  R u s ts o p p e r” is a  c o m p re h e n ­
sive a n d  u se fu l  gu ide  to the  S c an d in av ian  
rusts .  No d o u b t  it w o u ld  h av e  re a c h e d  a 
m u c h  w id e r  pub lic  h a d  it been  w r i t te n  in 
E ng lish .

O v e  A l m b o r n

L ö v e ,  Å. & L ö v e ,  D . : C y t o t a x o n o m i -  
c a  1 A t l a s  o f  t h e  S l o v e n i a n  F l o r a .

. J. C ram er,.  L e h re  1974.- ISBN -3-7682- 
0932-6. xx  + 1 2 4 1  pp . P r ice  DM 2 0 0 : - - .

T h is  A tlas deals  w ith  the  v a s c u la r  p la n ts  
of Slovenia, w h ich  c o m p rise s  th e  n o r th e r n ­
m o s t  p a r t  of Y ugoslav ia . I t  m ig h t  be 
th o u g h t  th a t  th is  is too sm all a n  a r e a  fo r  
a  su rvey , a n d  it m u s t  be a d m it te d  th a t  the  
choice  of a re a  w as  to som e ex ten t a  m a t te r  
of chance . H ow ever ,  the  a re a  is v e ry  v a r ­
ied  f ro m  a  f lo ris t ic  p o in t  of view, a n d  the  
bo o k  is th e re fo re  of m u c h  g re a te r  in te res t  
to b o ta n is ts  in gen era l  th a n  w o u ld  im ­
m e d ia te ly  be  in fe r r e d  f ro m  the reg io n a l  
res tr ic tion . It co n ta in s  re fe ren ces  u p  to 
1973, w h ich  is im p o sin g  fo r  a  list of th is 
k ind , an d  th e  coverage  of l i te ra tu re  is m o re
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extensive  th a n  is u su a l ly  possib le . I n f o r ­
m a t io n  o n  g eo g rap h ica l  d is t r ib u t io n  h a s
been  added .

T h e  in fo rm a t io n  h a s  b e e n  fed  to  a  c o m ­
p u te r  b y  m e an s  of p u n c h e d  ca rds ,  a n d  the  
ca ta lo g u e  a n d  b ib l io g ra p h y  h a v e  b een  
p r in te d  d irec t  f ro m  sligh tly  t r im m e d  copies 
of th e  c o m p u te r  p r in to u ts .  T h e  ty p o g ra p h y  
is r a th e r  sp ace -co n su m in g  due  to  the  
m e th o d  of listing, a n d  som e code  n u m b e rs  
a re  repe t i t ive  in  a  w a y  w h ic h  seem s u n ­
necessary . A nyhow , in fo rm a t io n  g iven  is 
easy  fo r  th e  re a d e r  to  su rvey , a n d  one  h a s  
re a s o n  to  h o p e  th a t  te ch n ica l  e r ro rs  o th e r  
th a n  p u n c h in g  m is tak es  h av e  been  k e p t  to 
a  m in im u m . T h e  cos t fo r  m a n u a l  ty p e ­
sett ing  h a s  also  b e e n  avo ided  fo r  m o s t  of 
th e  vo lum e, w h ic h  h a s  k e p t  th e  p r ice  a t  a 
r a th e r  rea so n ab le  level co n s id e r in g  the  
e n o rm o u s  a m o u n t  of in fo rm a t io n  given.

T h e  In t ro d u c t io n  is s o m e w h a t  p ro v o c a ­
tive. T h e  Atlas is sa id  to  be  c r i t ica l  in  its 
a p p ro a c h ,  a n d  L ö v e  a n d  L ö v e  give th e  
fo llow ing  d e c la ra t io n  of th e i r  p ro g ra m m e  
(p. v i i ) : “F o r  th e  c o m p ila t io n  of th is  k in d  
of a t lases  . . .  all p rev io u s ly  p u b l ish e d  
n u m b e rs  hav e  to be  cr i t ica l ly  sc ru tin ized  
a n d  th e  n a m e s  u sed  b y  th e ir  a u th o rs  h av e  
to  be  e v a lu a te d  as  to  exac tness  of d e f in i­
t ion  of th e  ca teg o ry  a n d  n o m e n c la tu re  a n d  
possib le  sy n o n y m y , b e fo re  they  c a n  be  i n ­
c lu d ed .” As u sed  b y  th e  a u th o r s  th e  w o rd  
c rit ica l is ex tre m e ly  a m b it io u s  a n d  even 
p re ten tio u s .  To be  m e a n in g fu l  in  th is  c o n ­
tex t w o u ld  im p ly  a  co m p le te  rev is ion  of all 
ta x a  inc luded .  I t  is d iff icu lt  to  see h o w  
such  a n  im m en se  ta sk  cou ld  be  c a r r ie d  out.

I n  th e  In t ro d u c t io n  th e  a u th o rs  de fend  
them se lves  ag a in s t  possib le  c r i t ic ism  th a t  
th e y  h a v e  u sed  c h ro m o s o m e  n u m b e rs  r e ­
p o r te d  f ro m  ou ts ide  th e  a re a  u n d e r  c o n ­
s idera t ion . T h e y  c la im  th a t  “F r o m  the  
ev idence ava ilab le  it is a p p a re n t  th a t  if a 
species is co rrec t ly  id en tif ied  a n d  exac tly  
a n d  ev o lu t io n a r i ly  defined , th e n  it h a s  th e  
sam e  c h ro m o so m e  n u m b e r  f ro m  w h a te v e r  
loca lity  o r  reg io n  th e  m a te r ia l  f ro m  its 
cy to log ica l s tu d y  h a s  o r ig in a te d .” M aybe, 
b u t  ta x o n o m y  is in d eed  a  r a th e r  re la tive  
d isc ip line  in  a  s ta te  of r a p id  d eve lopm en t ,
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a n d  “exac t  a n d  p rofess ional id e n tif ica ­
t io n ” , th e  need  of w h ic h  is stressed by  th e  
a u th o rs ,  is to  som e ex ten t a  m a tte r  o f  
op in ion ,  a t  leas t  in  critica l and  thus e s p e ­
c ia lly  in te re s t in g  g roups . I p refer  a sy s tem  
w h e re  th e  dec ision  of synonym y, etc. is 
le ft  to  th e  spec ia lis t  w h o  looks up  th e  
re fe ren ces  a f te r  h av in g  located them  w i th  
th e  a id  of a  cy to taxonom ica l  atlas. T h i s  
a tlas , w i th  its r a th e r  im possible a m b i t io n  
to  be crit ica l,  m a y  a t  the  w orst induce o p ­
t im is tic  r e a d e rs  to  believe th a t  things a r e  
b e t te r  k n o w n  th a n  th e y  are..

I lo o k ed  u p  th e  genus  Heracleum  (A pia- 
ceae), w h ic h  is of specia l interest to m e ,  
to  m a k e  a  c o m p a r is o n  w ith  F e d o r o v ’s 
a tlas  f ro m  1969. L ö v e  & L ö v e  give c o n ­
s id e rab ly  m o re  refe rences ,  not only f r o m  
the  p e r io d  a f te r  F e d o r o v ’s atlas w as p u b ­
lished . H ow ever ,  all references fo r  t h e  
C en tra l  E u r o p e a n  ta x o n  H. s p h o n d y liu m  
L .  ssp. m o n ta n u m  ( S c h l e i c h e r  ex G a u d i n )  
B r i q .  b u t  one  re fe r  to  N o r th  American a n d  
E a s t  A sian  m a te r ia l .  T h is  is explained b y  
th e  fac t  th a t  H. la n a tu m  M i c h x .  is t r e a te d  
as  a  s y n o n y m  of H. sp h o n d y liu m  ssp . 
m o n ta n u m , w h ic h  is a  highly d eb a tab le  
po in t .  I n  cases like th is  w here  the t a x o ­
n o m y  of a  c r i t ica l  g ro u p  is still no t s u f f i ­
c ien tly  k n o w n  w e c a n n o t  expect the t r e a t ­
m e n t  in  a  c y to ta x o n o m ic a l  atlas to be m o r e  
th a n  p rov is iona l ,  a n d  th e  “critical a p ­
p r o a c h ” m a y  even  obscu re  ra th e r  t h a n  
c la r ify .  I a m  co n v in ced  th a t  it is n o t  
n ece ssa ry  to  d e m a n d  as m u c h  of the “c r i t i ­
ca l a p p r o a c h ” in  cy to taxonom ical a t la se s  
as do L ö v e  a n d  L ö v e  themselves in  t h e i r  
In tro d u c t io n .  An a t las  of this k ind  is of 
g rea t  v a lue  as  i t  is.

M oreover,  I w as  unab le  to find o n e  o f  
th e  H era c leu m  re fe rences  in  the b ib l io g ra ­
p h y ,  a n d  a n o th e r  reference con ta ined  a n  
o r th o g ra p h ic  m is take .  O ther sam ple  te s ts  
m a d e  d id  n o t  revea l an y  fu r th e r  m is ta k e s  
in  th e  b ib l io g rap h y ,  w h ich  on the c o n t r a r y  
seem s v e ry  reliable .

T h e  le n g th y  d iscussion  above w o u ld  
p ro b a b ly  h a v e  b een  superfluous h a d  n o t  
th e  a u th o rs  been  A s k e l l  and  D o r i s  L ö v e .  
T h e ir  e n th u s ia s t ic  fighting sp irit  s o m e -
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t im es  fo rces  th e m  to  d e fe n d  th e ir  idea ls  in  
a  r a th e r  c o n tro v e rs ia l  m a n n e r ,  b u t  th e i r  
res tless  ac t iv i ty  in  c y to ta x o n o m y  a n d  th e ir  
co n tr ib u t io n s  to  c o n s tru c t iv e  deb a te  a re  
w e ll -k n o w n  a n d  a p p re c ia te d  even  b y  th e ir  
o p p o n en ts .  T h e  c o n tr ib u t io n s  fo rw a rd e d  
h e re  to  th e  m o re  o r  less p h ilo so p h ic a l  d is ­
cu ss io n  o f  th e  m e r i ts  o f  c h ro m o so m e s  in  
t a x o n o m y  are , of cou rse ,  n o t  c o n ce rn ed  
w ith  th e  v a lu e  of th e  a c tu a l  list of c h r o m o ­
som e n u m b e rs  a n d  th e ir  re fe rences .  T h e  
v a lu e  of th is  is, I th in k ,  in d isp u tab le .

å s k e l l  a n d  D o r i s  L ö v e  b e g a n  t o  p u t  
t h e i r  v a s t  k n o w l e d g e  o f  c y t o t a x o n o m i c a l  
l i t e r a t u r e  a t  t h e  d i s p o s a l  o f  o t h e r  b o t a ­

nis ts  as  ea r ly  as  in  1942 (Bot. N o tiser  fo r  
1942 pp . 19— 59), a n d  a n o th e r  su rv ey  a p ­
p e a re d  in  1948. I n  1961 th e y  p u b lish e d  
th e  v e ry  u se fu l  v o lu m e  “ C h ro m o so m e 
N u m b e rs  of C en tra l  a n d  N o r th w e s t  E u r o ­
p e a n  P la n t  Species” (O pera  B o ta n ica  5, 
1961), a n d  I k n o w  th a t  th e y  a re  n o w  c o m ­
p iling  a  new  c y to tax o n o m ica l  a t las  o f  A rc­
tic p la n ts  a n d  one  of the  P te r id o p h y ta .  W e  
h av e  every  rea so n  to  be g ra te fu l  to  th em  
fo r  th e i r  ac t iv ity  in  th e  service of o th e r  
taxonom is ts .  T h e  p re sen t  a t las  is a  g rea t  
ach ievem en t,  a n d  it c a n  be h ig h ly  r e c o m ­
m en d ed .

G u n n a r  W e i m a r c k


