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103. E pilob ium  palustre L. 1753

P e re n n ia l h erb , (5— ) 15— 40 (— 80) cm 
high . S tem  e ith e r sim ple, o r b ra n c h e d  in 
u p p e r  p a r t , or in ta ll specim ens rich ly  
b ra n c h e d  fro m  the base, p ro d u c in g  one 
to severa l (1— )2— 7(— 10)-flow ered in 
flo rescences. M iddle in te rn o d es u su a lly  
2— 6 cm, b u t in specim ens grow ing  in d ry  
p laces an d  litto ra l specim ens o ften  m ore  
condensed , u p p e r  in te rn o d es of sm all 
spec im ens u su a lly  sh o r te r  th a n  the  leaves. 
S to lons ep igean , hut u su a lly  sp read in g  in 
a m oss cover o r in o th e r dense vegeta tion , 
2— 15(— 30) cm  long, u su a lly  on ly  c. 0.5 
m m  th ick , e ith e r w h ite  to red d ish  or 
green  w h en  developed  on  the su rface  of 
e a r th  o r vegeta tion , w ith  sm all, w idely  
spaced  leaves o r  th e  g reen  ones ra re ly  
w ith  leaves up to 15 111111 long, g labrous. 
P e re n n a tin g  tu rio n s fo rm ed  at the end  of 
the  long sto lons o r on  v ery  sh o rt ones 
fro m  th e  stem  base, fleshy , up  to 10 111111 

long an d  5 111111 b road , w ith  very  b road , 
b lu n t, scale-like leaves. S ho rt, few -leaved 
shoo ts fo rm ed  in m ost o f th o se  leaf axils 
not su p p o r tin g  b ran ch es  o r flow ers.

S tem  te re te , n ea r the  base u su a lly  1— 3 
m m  th ick , w ith  sh o r t an d  inconsp icuous 
ridges below  the  m id rib  of leaves, in 
n o r th e rn  fo rm s ra re ly  also  below  leaf m a r 
gins. S u b g lab ro u s to m o d e ra te ly  h a iry , in 
u p p e r  p a r t  evenly, in low er p a r t  m ain ly  
14

in b ro a d  row s below  leaf m arg in s, som e 
n o r th e rn  specim ens m ore  u n ifo rm ly  h a iry  
th ro u g h o u t. H airs  0.1— 0.3 m m , longer 
ones cu rved , sh o r t ones p a te n t a n d  at 
least p a r tly  g lan d u la r.

M ost leaves opposite , on ly  u p p e rm o st 
ones a lte rn a te , n o n p e tio la te  o r pe tio le  less 
th an  5 m m , bases o f low er cau line  leaves 
u n iting  a ro u n d  the  stem  b u t never d e 
cu rren t. B asal leaves sm a lle r th a n  th e  
cau line  ones, sp a th u la te  o r sh o rt-p e tio la te , 
obovate  to e llip tica l. R are ly , in p la n ts  
develop ing  fro m  w in te r buds, som e o f the 
f irs t leaves th ick , scale-like. M iddle cau lin e  
leaves (10— )20— 40 (— 85) m m  long, (2— ) 
5— 10 (— 15) m m  b ro ad , n a rro w ly  to  very  
n a rro w ly  ovate  o r n a rro w ly  lanceo la te , 
ob tuse 0 1 ' tap e rin g  to an  ob tuse ap ex  o r 
in som e ta ll so u th e rn  fo rm s acu te , su b 
en tire  o r se r ra te  w ith  few , low  and  b ro a d  
tee th . U pper leaves sh o rte r, n a rro w e r, 
o ften  m ore  m ark ed ly  petio la te , u su a lly  
su ben tire . In d u m e n tu m  of leaves like th a t 
of the  stem , sp a rse  to m odera te , d en se r 01 1  

u p p e r leaves, u su a lly  denser 0 11  m id rib s  
an d  m arg in s. L eaves of som e co asta l eco
types m o re  densely  and  u n ifo rm ly  h a iry .

B rac ts  +  large, leafy . P edicels in bud  
an d  ea rly  flo w er nodd ing , in fru it e rec t 
to e rec to -p a ten t. B uds ellipso idal, b lu n t. 
Sepals 3— 6 111111, co n n a te  to 1— 2 111m  at 
base, lanceo la te  to n a rro w ly  ovate, o b 
tuse, g reen  b u t o ften  w ith  red d ish  m ar- 
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Fig. 104. Epilobium davuricum  F i s c h , ex H o r n e m . — A: Habit, Xl / 3 .  — B: Basal 
rosette, Xl / 2 .  — C: Stem nodes, X2.5.  — D: Canline leaves, XI .  — E: Upper leaves, X I .  

F: Upper stem, part with leaf, X2.5.  — G: Buds, X I.  — H: Flower, X l .  — •!: Apical 
part of capsules, X 2.5. —- K: Style, XI. — L: Petal, X F  — M: Sepals, X2.5.

gins, spa rse ly  to m o d e ra te ly  ha iry ,  e sp e 
cially to w a rd s  the base. Peta ls  5— 8.5 
( — 10) m m , n o tc h ed  to 0.8— 2 m m , p in 
kish-violet to p ink ish -w hite ,  ra re ly  white .  
A nthers  0.6— 0.8 m m , long f i lam en ts  3.5—

5.5 m m , sh o r t  f i lam ents  2— 3 m m , usua l ly  
c. 2/3 as long as the long ones. Style 
equ a ll ing  or sl ightly longer th a n  the long 
s tam ens ,  s t igm a capitate.

C apsu le  sta lk  (5— )15— 4 0 (— 50) mm.

Fig. 103. Epilobium palustre  L. — A: Habit, X l/3 .  — B: Stolons and winter buds, Xl/2. 
—• C: Stem node, X2.5. — D: Cauline leaves, X l .  — E: Upper leaves, X l .  — F: Upper 
stem part  with leaf, X2.5. — G: Bud, X l .  — H: Flower, X l .  — J: Apical part of capsules, 

X2.5. — K: Styles, X l .  — L: Petal, XI. — M: Sepals, X2.5.
Bot. N otiser, vol. 128, 1975
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Capsule (30— )50— 60 (— 75) mm, m oder
ately hairy , denser along the ribs, hairs 
0.15— 0.4 mm, short ones paten t and u su 
ally g landular, long ones curved to ap- 
pressed. Seeds narrow ly  obovoidal, ± 
flattened on one side, 1.25— 1.8(— 2.1) m m  
long, 0.4— 0.55 mm broad, tapering to an 
obtuse low er end, neck 0.05—0.15 (— 0.25) 
mm, surface densely covered w ith 0.01 — 
0.02 mm long papillae oriented into in 
conspicuous rows, chalazal hairs 50— 60 
(— 70), 7.5— 11 mm long. F low er homog- 
am dus.

E, palustre occurs in all sorts of w et 
places, also in standing or running  w ater, 
on poor as well as rich soils. It has a 
circum polar, tem perate to arctic d is tri
bution. In E urope it is found as far south 
as the m ountains of the N M editerranean.

E. palustre  is com mon throughout Scan
dinavia, occurring  up to 1300 m in the 
sou thern  m ountains. It is represented by 
several very different hut in tergrading 
ecotypes in the great variety  of biotopes 
occupied.

K now n hybrids: w ith E. adertocaulon, 
alsini folium, anag allidi folium, collinum, 
davuricum, glandulosum, hirsutum, horne- 
manni, lacti florum, montanum, obscurum, 
parvi f lorum, roseum, and tetragonum.

104. E p i lo b iu m  d a v u r ic u m  F i s c h e r  ex  
H o r n e m a n n  1819

P erenn ia l herb, (7— )15— 30(— 40) cm 
high. Stem either simple, or rarely  w ith 
one or a few short branches above, thus 
producing  one or rarely  a few, 1— 5(— 7)- 
l'lowered inflorescences. Middle and upper 
in ternodes usually  longer than  the leaves. 
Stolons lacking, dense, short-leaved ro 
settes developing in the axils of the basal 
leaves, rare ly  some of them prolonged up 
to 3 cm. Shoots in middle leaf axils lack 
ing or rud im entary .

Stem terete, near the base 0.5— 1.5 
m m  thick, usually  w ith weak ridges or 
lines, in upper and m iddle p a rt m ainly 
below  tbe m idribs of leaves, in basal p a rt 
Bot. N otiser, vo l. 128, 1975

also from  m argins of opposite leaf pairs. 
Stem sparsely to m oderately hairy, either 
evenly or denser along the ridges, hairs 
0.15— 0.3 mm, longer ones curved, short 
ones patent and at least partly  glandular.

Basal leaves form ing a dense rosette, 
except in some firs t-year specim ens, lower 
cauline leaves opposite, m iddle and upper 
ones usually alternate, the upperm ost one 
usually  odd, all usually  w ith a short but 
d istinct petiole 0— 2(— 5) mm long. Bases 
of opposite leaves un iting  around  the stem 
bu t never decurrent. Basal rosette leaves 
narrow ly  obovate to elliptical or ovate, 
5— 15 m m  long, glabrous. Middle cauline 
leaves (5— )10— 25(— 40) m m  long, 1—3 
m m broad, lanceolate or narrow ly lan 
ceolate to linear, obtuse or tapering to a 
b lun t apex, subentire or w ith few, often 
irregular, short teeth. U pper leaves n a r
rower, often sho rter and less d istinctly  
petiolate. Indum entum  of leaves like that 
of the stem, though often  slightly shorter, 
sparse, denser on m idribs and  m argins.

Bracts leafy, often placed up to 5(— 10) 
mm up on the pedicel. Pedicels in bud 
and flower nodding, in fru it erect. Buds 
broadly  ellipsoidal to sphaeroidal, b lu n t 
or acutish. Sepals 3— 5 mm, connate to 
0.9— 1.8 mm at base, lanceolate, obtuse, 
green or often ±  reddish, subglabrous or 
sparsely hairy  especially in the basal part, 
upper m argin g landular, slightly fringed, 
reddish. Petals (3.2— )4— 5(— 7.5) mm, 
notched to 0.5— 1 m m , w hite or ra re ly  
pinkish-w hite. A nthers 0.45— 0.5 mm, long 
filam ents 2.4— 2.8 m m , short filam ents 
1.4— 1.8 mm, usually  c. 2/3 as long a s  the 
long ones. Style about equalling the long 
stam ens, stigma capitate.

Capsule stalk (10— )15— 30(— 40) mm. 
Capsule 30— 45 (— 50) mm, sparse ly  to 
m oderately hairy, especially on the ribs, 
hairs  0.1— 0.25 mm, like those of the 
stem. Seeds narrow ly  obovoidal, + fla tt
ened on one side, 1.3— 1.5(— 1.7) mm 
long, 0.5— 0.6 m m  broad , tapering  to  an 
obtuse lower end, neck 0.15— 0.3 nun, u su 
ally distinctly n arrow er than  the re-st of 
the seed and w hitish, surface densely cov-
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ered with papillae c. 0.01 m m  long in in 
conspicuous rows, chalazal hairs 60— 70, 
7.5— 11 mm long. F low er homogamous.

E. davuricum  is calciphilous, and occurs 
iu d ifferent sorts of wet places, especially 
along stream s and on open ground. It has 
a circum polar, arc tic  to subarctic d istri
bution w ithout any  great gaps.

In Scandinavia E. davuricum  occurs 
m ainly in the m ountains, up to 1400 m 
in the south, to 500 in in the north. It is 
also found scattered in the lowlands of 
N F in land  S to c. 63° N and of Sweden 
and Norway to c. 60° N.

Known hybrids: w ith E. palustre and 
lacti florum.

This species and the preceding are no 
doubt very closely related. They were re 
cently subjected to a detailed investigation 
in p a rt of their n o rth e rn  range by 
K y t ö v u o r i  ( 19 6 9) .
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T his  s tud y  m a in ly  com prises  ka ryo typ e  
ana lyses  w ith  tax on om ic  com m ents  on 
species ind igenous  to the I ra n o -T u ra n ia n  
floris tic  province. Special a t ten tion  has 
been p a id  to var ia t ion  w ith in  subgenus 
Iris sect. H exap og on  ( B u n g e ) B a k e r  and 
subgenus  Scorp iris  S p a c h  (for systematic  
t r e a tm e n ts  see F e d t s c h e n k o  1935, V v e 

d e n s k y  1963, W e n d e l b o  & M a t h e w  

1975). Both  g ro u p s  have  the i r  centres of 
evolu t ion  in th is  p rovince. W ith in  Scor
piris  a p ro n o u n c e d  m orp ho lo g ica l  v a r ia 
tion is fo u n d  in A fg han is tan— T adjik is tan  
an d  the  species m ostly  have  very  n a r ro w  
g eograph ica l  a reas  of d is tr ibu tion . In 
A fghan is tan  th e re  are  17 species, 12 of 
w h ich  a re  end em ic  to tha t  c o u n try  and  
im m ed ia te  a d ja c e n t  p a r t s  of su r ro u n d in g  
countr ies .  F o u r te e n  species are  d is tr ibu ted
Bot. Notiser, vol. 128, 1975

in T ad jik is tan  of w h ich  5 a re  endemic. 
T he  section H exapogon  is div ided into two 
a p p a re n t ly  closely re la ted  subsections. Sub- 
sect. H exapogon  is m a in ly  C entra l  Asiatic 
a n d  m ost species a re  fo u n d  in N E A fg h an 
istan?— T adjik is tan .  Subsect. Oncocgclus  
( S i e m s s .) B e n t h . h as  its m a in  a re a  in SW 
Asia, f rom  Israel-—L e b a n o n  to E T u rk e y  
a n d  N W  Iran . Both subsections show  c o m 
para t ively  little va r ia t io n  in m o rph o log ica l  
charac te rs ,  b u t  especia lly  in O ncocgclus  
the co lour  pa t te rn s  of the p e rigone  are  
ex trem ely  variable .  T ax on om ica l ly  Ibis 
la t te r  g rou p  is c o n fus ing  an d  th e  specific  
concept varies m u c h  be tw een  d if fe ren t  
trea tm ents .

Little in fo rm a t io n  is availab le  as re g a rd s  
the in tra- a n d  in te rspec if ic  cyto log ical  
var ia t ion  of Asian irises. A lthough  ch ro -
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m o so m c  n u m b e r s  of nu m ero u s  species 
have been  r e p o r te d  (for refe rences  sec 
F e d o r o v  1969), m os tly  single ind iv idua ls  
rep re sen t in g  one o r  two p o p u la t ion s  of 
each species have  been  investigated, an d  
m u ch  of the  m a te r ia l  has  been cu lt iva ted  
in g a rd e n s  fo r  a long t ime and  th e i r  orig in  
uncerta in .  D eta iled  k a ry o ty p e  ana lyses  
have  on ly  been  c a rr ied  ou t by  M i t r a  
(1956), R a n d o l p h  & M i t r a  (1961) and  
W e y m o u t h  & C h a u d h a r y  (1974).

MATERIAL AND METHODS

The investigation lias been carried out on 
material collected in natural habitats, with 
certain exceptions (cf. /. fosterana, I. kopet- 
daghensis and I. maracandica). Bulbs and 
rhizomes respectively were transplanted to 
pots and cultivated in the Botanical Gardens 
of Göteborg, Sweden. Usually only one or a 
few specimens of each population have been 
available. Original collections and voucher 
specimens are preserved at Kew and Göte
borg.

Root tips were pretreated in 2 mM 8-hyd- 
roxiquinoline, kept in a refrigerator at 3— 
5°C over a night and then fixed in Carnoy 
(3: 1). The root tips were hydrolyzed in 1 N 
IIC1 at 60°C for 10 minutes, stained in Feul- 
gen for about two hours and then treated in 
a solution of 10 °/o pectinase before squashing 
in 45 %  acetic acid. The squash technique 
used was as in Ö s t e r g r e n  & H e n e e n  (1962).

The karyotypes are based on at least 10 
good metaphase plates of each individual. 
The karyologieal nomenclature is as sugges
ted by L e v a n  el al. (1965). The karyotypes 
have been arranged in the following manner. 
The chromosome pairs are referred to four 
groups according to their r-values: m (r— 
1.0— 1.7), sm (r =  1.7—3.0), st (r =  3.0— 7.0) 
and t ( r > 7 . 0 ) .  Within each group the 
pairs have been arranged according to size. 
The satellited pairs have been placed at the 
end of the group to which they belong. Chro
mosome pairs which cannot he distinguished 
from one another by conventional cytological 
methods have been placed together.

Gu s t a f s s o n  i s  r e s p o n s i b l e  f o r  t h e  c y t o 
l o g i c a l  i n v e s t i g a t i o n  a n d  W e n d e l b o  f o r  th e  
t a x o n o m i c  t r e a t m e n t .

SUBG ENUS IRIS SECT. IRIS 

I. im bricata L i n d l .  1845

G EN E R A L  D IS T R IB U T IO N . Caucasus, 
N Iran .

MA TERIA L IN V E ST IG A T E D . Iran , 
p rov ince  of Ghilan, F e r g u s o n  115.

CHROMOSOME N U M B E R  AND KAR
YOTYPE. 2n =  24 (Fig. 1). m -ch rom o-  
somes: One large p a i r  (r 1.2). sm -chro- 
m osom es: One large  p a i r  (r =  2.1) an d  one 
small p a i r  (r =  2.3). sm — st-ch rom osom es :  
Nine pa irs  successively decreas ing  in 
length  (r — 2.8— 6.3).

PR EV IO U S R E P O R T S. 2n =  24 ( M i t r a  

1956, R a n d o l p h  & M i t r a  1961). The 
k a ry o ty p e  is s im ilar  to th ose  rep o r te d  by 
M i t r a  an d  R a n d o l p h  & M i t r a , except 
th a t  no satell ited s t -ch ro m o so m es  have 
been observed. T he  m a te r ia l  investigated  
by M i t r a  or ig inated  f r o m  the E lburz  
M ounta ins  o f N Iran ,  th a t  o f R a n d o l p h  & 

M i t r a  f ro m  the  Caucasus.

SUBGENUS IRIS SECT. HEXAPOGON  
(Bunge ex A lefeld) Baker 1876 

Subsect. H exapogon  

1. afghanica  W e n d e l b o  1972

TAXONOMIC COM MENTS. I. a fgh an 
ica is f r o m  a m o rp h o lo g ica l  p o in t  of view 
re la ted  to /. ko ro lkow ii ,  a n d  is confined 
to a sm all a rea  ju s t  so u th  of the  a rea  of 
the la t te r  species.

G ENERAL D IS T R IB U T IO N . E n dem ic  
to NE A fghanis tan .

MA TERIA L IN V E ST IG A T E D . R ep re 
sentatives of tw o p o p u la t io n s  have  been 
investigated. P o p u la t io n  768 originates 
f ro m  the prov ince  of K ataghan ,  E of B anu, 
G r e y - W i l s q n / H e w e r  768. P o p u la t io n  698 
f ro m  the sam e prov ince , east side of the 
Salang  Pass , G r e y - W i l s o n / H e w e r  698.

CHROMOSOME N U M B E R  AND KAR
YOTYPE. 2n =  22 (Fig. 1). T h e  tw o p o p u 
lations d isp lay  a s im ila r  ka ry o ty p e ,  m- 
ch ro m osom es :  One large p a i r  ( r = l . l ) .  st- 
ch ro m o so m es :  One large  p a i r  (r =  6.4). 
t - ch rom osom es: Nine p a i r s  sh o w in g  a c on 
tinuous  decrease  in  leng th  (r =  7.1— 12.5).

Bot. Notiser, vol. 128, 1975
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I. i m b r i c a t a

I f  I V  • • n a

Il II » ........
I. a f g h a n i c a

Pop.  7 6 8VI ..
i ]  j j  l i i i i i i i i i i i i i t t i i

I. h e w e r i

III
i l  iOAIAAIiAMii***

Pop.  7 4 6

k o r o l k o w i i

Po p .  681

*  «I /
U  U  i Ö I I I I A I H H O 0 ( A A A  AA

Fig. 1. Karyotypes of 1. imbricata  (2n =  24) belonging to sect. Iris,  and of I. afghanica,
I. heweri  and I. korolkowi i  (all having 2n =  22) belonging to seel. Hexapogon  subsect. 

Hexapogon.  The scale unit is equal to 5 p.

I. heweri G r e y - W i l s o n  & M a t h e w  197-1 endem ic to Soviet C entral Asia (cf. F e d t -

TAXONOMIC COMMENTS. M orpho- SCHENKO 1935)- 
logically /. heweri seems to be m ost closely GENERAL DISTRIBUTION. Endem ic 
related to I. falcifolia  B u n g e ,  a species to NE Afghanistan.
Bot. Notiser, vol. 128, 1975
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M ATE RIAL IN VEST I GATE 1 ). Rep resen- 
tatives o f tw o populations (746 and 757) 
collected in the province o f Kataghan, E 
of Khinjan, G r e y -W ilso n /H e w e r  746 and  
757.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  22 (Fig. 1). The two p o p u 
lations have a similar karyotype: m-chro- 
niosomes: One large pair (i- =  1.1). st-chro- 
mosomes: One large pair  (r =  6.5) and one 
small pair  (r =  3.8). st— t-chromosomes: 
Eight unidentifiable pairs successively 
decreasing in length (r =  4.3— 13.5).

I. korolkowii R e g e l  1873

GENERAL DISTRIBUTION. NE Afgha
nistan to Soviet Central Asia.

MATERIAL INVESTIGATED. Repre
sentatives of two , , Cations collected in
NE Afghanistan, one (681) in Badakshan, 
c. 30 km S of Keshm, H ed g e  & W e n d e l-  
ih) 9321, the other (918) in Qataghan, 
Fur.se 8207. Population 681 represents the 
southernm ost locality of this com para
tively widely distributed species.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  22 (Fig. I). The karyotypes 
of the two populations differ somewhat, 
m-chromosomes: One large pair  ( r = l . l — 
1.2). st-chromosomes: One large pair (r =  
5.7— 6.4). st— t-chromosomes: Population 
918 has nine unidentifiable pairs (r =
6.5— 8.6). Population  681 nine pairs (r =
5.6— 12.0) o f w hich  one has a satellite on 
the short arm.

PREVIOUS REPORTS. 2 n = 2 2  (M itra  
1956, Z a k h a ry ev a  & M ak ushenko 1969), 
2n =  33 (S im o n et 1928, horticultural 
form), 2n =  44 (S im on et 1928, horticul
tural form).

The karyotype reported by Mitra corre
sponds w ell w ith  those observed by the 
authors, except that he observed 3 pairs 
of st-chrom osom es w ith satellites. The 
origin o f the m aterial investigated by 
Mitra is not know n.

Subsect. Oneocyclus (Siemss.) Benth.

I. acutiloba C. A. M ey. ssp. lineolata  
(T rau tv .) M a th ew  & W e n d e lb o  1975

GENERAL DISTRIBUTION. Caucasus, 
I ra ii.

MATERIAL INVESTIGATED. Repre
sentatives of two populations from Iran; 
659 from Kurdistan, 1 I km  N of Divan- 
darreh, A r c h ib a ld  2170, and 700 from 
Gorgan, 135 km E of Gonbad-E-Kavus, 
1700 m, F u r se  7377. Geographically the 
two populations are widely separated, 
population 659 representing the w estern 
most and 700 the easternmost part of the 
distributional area.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  20 (Fig. 2). Population 659: 
t-chromosomes: All ten pairs: F our  pairs 
large, of which one pair  seems to have a 
somewhat longer short a rm  than the other 
th ree pairs, and six small pairs about 
equal in length. Population 700: Differs 
from the former population in having 
only three large pairs, and the difference 
in size of the short a rm  is not very 
pronounced. Besides, one of the large 
chromosomes has a satellite, the others 
do not.

PREVIOUS REPORT. 2n =  20 (Z ak
h a r y e v a  & M akushen ko 1969).

I. barnumac B a k er  & F o s t e r  ssp. barn- 
umae f. urmiensis (H oog) M a th ew  & 
W e n d e lb o  1975.

I. u r m i e n s i s  H o o g  1900

TAXONOMIC COMMENTS. This form  
is a yellow variant of 1. barnum ae ssp. 
barnumae.

GENERAL DISTRIBUTION. NW Iran.

MATERIAL INVESTIGATED. Iran, K u r 
distan, A r c h ib a ld  3188.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  20 (Fig. 2). All ten pairs

Bot. Notiser, vol. 128, 1975
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I. acuti loba Pop.659
ssp. lineolata

Pop. 700

( j f f j j  Ç 0 P P Î » tX linnne

I. barnumae 
ssp. barnumae

ssp. dem awend ica

I. iberica 
ssp. ly co t is

F ig . 2. K a ry o ty p e s  o f  fo u r  ta xa  b e lo n g in g  to  sect. H e x a p o g o n  subsect. O nco cyc lu s  (a ll 
h a v in g  2 n = 2 0 ) .  T h e  scale u n it  is eq u a l to  5 p.
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I. pam ph y l ica
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Fig. 3. Karyotypes of /. pamphylica  (2n =  20), I. reticulata (2n =  20) both belonging to 
subgenus Hermodactyloides,  and of I. aitchisonii (2n =  34) and I. cycloglossa (2n =  28) 

belonging to subgenus Scorpiris. The scale unit is equal to 5 p.
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are t (r >  7.1), four pairs large, of which 
two seem to have a somewhat larger short 
arm than  the other two, and six small 
pairs successively decreasing in length.

PREVIOUS REPORTS. 2 n  =  2<) (SiMON- 
ET 1932, 1934).

I. b a r n u m a e  B a k e r  & F o s t e r  ssp. d e m a -  
w e n t l i c a  ( B o r n m .) M a t h e w  & W e n d e l b o  
1975

GENERAL DISTRIBUTION. N Iran.

MATERIAL INVESTIGATED. Elburz 
Mts, Dizin, 9000 feet. The material was 
obtained f rom  Kew in 1972.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  20 (Fig. 2). st-chromo- 
somes: One small pair (r =  3.9). t-chromo- 
somes: Nine pairs, four pairs large of 
which two pairs have a somewhat larger 
short a rm  than  the other two, and five 
small pairs.

I. i b e r i c a  H o f f m . s sp .  l y e o t i s  ( W o r o n .) 
T a k h t . in T a k h t . & F e d o r . 1972

GENERAL DISTRIBUTION. Armenia, 
NE Iraq, W  Iran.

MATERIAL INVESTIGATED. Iran, 
Bakhtiary, 25 km  NW of Shahr Kord, 
2700—3000 m, F u r s e  1446. The material 
represents the southernm ost par t  of the 
distributional area.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  20 (Fig. 2). All ten pairs 
are t, fou r  pairs  large and unidentifiable, 
six pairs small of which one pair has a 
satellite on the short arm.

SUBGENUS HERMODACTYLOIDES 
Spach

I. p a m p h y l i c a  H e d g e  1961

TAXONOMIC COMMENTS. This spe
cies is p robably  most closely related to 
I. reticulata  M. B.

GENERAL DISTRIBUTION. Central 
parts of South Turkey.

MATERIAL INVESTIGATED. Turkey, 
Isparta, Sübeiiler, Kesmeköy, Ahmel Un- 
z o g e n  207.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  20 (Fig. 3). sm-chromo- 
somes: One large pair  (r =  2.5) and one 
small pair (r =  2.5). t-chromosomes: Eight 
pairs (r >  10) successively decreasing in 
length.

I. r e t i c u l a t a  M. B. 1S08

TAXONOMIC COMMENTS. The mate
rial investigated represents a typical dark 
violet I. reticulata. As the occurrence in 
Afghanistan is far  outside the general 
area of distribution of this species there 
is reason to believe that the material re
presents an escape.

GENERAL DISTRIBUTION. E Turkey, 
Transcaucasus, N and W  Iran, NE Iraq.

MATERIAL INVESTIGATED. Afghani
stan, Kabul in Paghman, F r e i t a g  s.n.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  20 (Fig. 3). m-chromo- 
somes: One small pair  (r =  1.2). sm-chro- 
mosomes: One large pair  (r —2.3) and one 
small pair (r =  1.8). st-chromosomes: Two 
large pairs with satellites (r =  6.3 and 3.8 
respectively), and five pairs successively 
decreasing in length (r =  3.8— 6.9).

PREVIOUS REPORTS. 2n =  20 ( D e l o n e  
1928, SiMONET 1928). The karyotype is 
similar to that d raw n by D e l o n e . In 1959 
M i t r a  & R a n d o l p h  reported  the chrom o
some numbers 2n =  18 for I. reticulata 
“Violet” and 2n =  20 for I. reticulata  “Clar- 
ette” , both the varieties originating from 
the firm van Tubergen, Holland. How
ever, this material was obviously of hy 
brid origin and m ust be left out of ac
count.

Bot. Notiser, vol. 128, 1975
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SUBGENUS SCORPIRIS Spach

Juno  T r a t t . e x  R o e m . & S c h u l t .
Iris  s e c t . Juno  ( T r a t t . )  B e n t h .
Iris s u b g e n u s  Juno  (T r a t t .) B a k e r .

In h is  t r e a tm e n t  o f Iris, R o d i o n e n k o  
(1961) considered  tliis g ro up  to be a genus 
of its o w n  (Juno) an d  most recen t rep o r ts  
f ro m  Soviet b o tan is ts  seem to fo llow him.

I. aitchisonii (B a k e r ) B o i s s . 1882

TAXONOMIC COMMENTS. I. aitchi
sonii  m a y  b e  r e l a t e d  to  I. cycloglossa  
W e n d e  i. n o  b e c a u s e  o f  i ts  e l o n g a t e d  s t e m  
a n d  t h e  w i n g e d  c l a w  o f  t h e  o u t e r  p e r i g o n e  
s e g m e n t s ,  b u t  t h e  r e l a t i o n s h i p  is n o t  v e r y  
o b v i o u s .

G EN ERA L D IST R IB U T IO N . W  P a k i 
s tan  to ex trem e E Afghanistan .

M A TERIA L IN VESTIG ATED. R e p re 
senta tives of one p o pu la t io n  o r ig ina t ing  
f ro m  W  P ak is ta n  collected by  D r  E. 
N a s i r , R aw alp ind i .

CHROMOSOME N UM B ER  AND KAR
Y OTYPE. 2n =  34 (Fig. 3). m -ch ro m o -  
som es: One large p a i r  ( r = l . l ) ,  tw o  m e 
dium -sized  pa irs  (r =  1.6) and  five sm all 
un iden t if iab le  pa irs  ( r = l . l — 1.4). sm 
s t -ch rom osom es :  Seven pa irs  successively 
decreas ing  in leng th  (r =  2.4-—3.5), an d  
one p a ir  w ith  a satellite  on th e  sho r t  
a rm .  t -ch rom osom es: One sm all p a i r
(r =  l l ) .

t. cycloglossa W e n d e i .r o  1958

TAXONOMIC COMMENTS. T his  sp e 
cies occupies a so m ew h a t  isolated posi t ion  
taxonom ica l ly .  A ccording to W e n d e l b o  & 
M a t h e w  (1975), several ch a rac te rs  m a y  
be tak en  as p rim itive  in this o therw ise  
ad v a n c ed  group  of Iris, and  it m ay  th e r e 
fore  he considered  the most prim itive  sp e 
cies o f the  subgenus.

GEN ERA L D IS T R IB U T IO N . E ndem ic  
to the p rov ince  of H e ra t  of W  A fghanis tan .

MATERIAL IN V ESTIG A TED . N ear  the 
top of Kotal-e Mir Ali, 1680 m, H e d g e , 
W e n d e l b o  & E k b e r g  7727.

CHROMOSOME N U M B ER  AND KAR
YOTYPE. 2n =  28 (Fig. 3). m -chrom o- 
som es: One large p a i r  (r =  1.2). sm-chro- 
m osom es: One large (r =  2.5) and  one 
m ed ium -sized  p a i r  (r =  2.0). sm — t-ch ro 
m osom es:  T en  pa ir s  successively decreas
ing in leng th  (r =  2.2— 8.0), a n d  one p a ir  
o f  s t -ch rom o so m es  w ith  a satellite on the 
sh o r t  a rm .

I. drcpanophylla A i t c h . & B a k e r

TAXONOMIC COMMENTS. /.  drepano-  
p h y l la  is closely re la ted  to I. kopetdag-  
hcnsis  (V v e d .) W e n d e l b o  & M a t h e w  
an d  to I. x a n th o ch lo ra  W e n d e l b o .

G EN ERA L D IS T R IB U T IO N . E Iran , 
T u rk m e n is ta n ,  A fghanis tan .

M A TERIA L IN V ESTIG A TED . R ep re 
sentatives o f  one p o p u la t io n  from  W  
A fghanis tan ,  the p rov ince  o f  H erat ,  25.5 
miles S of H era t .  G r e y - W i l s o n / H e  w e r  
477.

CHROMOSOME N U M B ER  AND KAR
YOTYPE. A g rea t  n u m b e r  of m e taph ase  
plates, derived  f ro m  several roo t  tips, have 
been investigated  a n d  all have 2n =  19 
(Fig. 4). m -ch ro m o som es:  One large c h ro 
m osom e ( r = 1 .3 )  a p p a re n t ly  w i th o u t  any  
hom ologue ,  and  fo u r  ch ro m osom es  su c 
cessively decreas ing  in length  (r =  1.5, 1.6, 
1.6. a n d  1.1 re sp ec t ive ly ) . s t -chrom osom es: 
F ive  pa ir s  successively d ecreas ing  in length 
(r =  3.7— 6.9), an d  one pa ir  of s t -ch rom o 
som es w ith  a satellite on  the sh o r t  a rm  
(r =  4.0). t -ch rom osom es: One p a i r  (r =  8.5).

P R EV IO U S  R E P O R T . 2n =  20 (B o c h - 
ANTSEVA 1966).

Bot. N o tise r, vol. 128, 1975
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I. fo s te r a n a  AiTCii. & B aker  1888

TAXONOMIC COMMENTS. This spe
cies occupies an isolated position and 
there is no obvious relationship to any 
other species.

GENERAL DISTRIBUTION. NE Iran, 
Turkm enistan  and W  Afghanistan.

MATERIAL INVESTIGATED. Seeds ob
tained from the Botanical Gardens of 
Ashkhabad in 1962.

CHROMOSOME NUMBER ANI) KAR
YOTYPE. 2n^=18 (Fig. 4). m-chromo- 
soines: Five unidentifiable pairs suc
cessively decreasing in size (r =  1.1—1.3). 
st-chromosomes: Three pairs (r =  4.3— 5.5) 
and one pair with a satellite on the short 
arm (r =  5.0).

PREVIOUS REPORT. 2n =  18 (Z ak- 
HARYEVA & MaKUSHENKO 1969).

I. k o p c td a g h e n s is  (V v ed .) M a th e w  & 
W e n d e l r o  1975

GENERAL DISTRIBUTION. NE Iran, 
Turkm enistan  and Afghanistan.

MATERIAL INVESTIGATED. Seeds ob
tained from the Botanical Gardens of Ash
khabad in 1962.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  18 (Fig. 4). m-chromo- 
somes: One large pair  with satellite on 
the shortest a rm  (r —1.1), one m edium 
sized pair  (r =  1.2), and three small u n 
identifiable pairs (r =  1.3— 1.6). s t-chro
mosomes: Three unidentifiable pairs (r =  
4.2— 5.3), and one pair with a satellite on 
the short arm (r =  3.1).

PREVIOUS REPORTS. 2 n = 1 8  (B o c ii-  
ANTSEVA 1966), 2n =  24 (Z a k iia r y e v a  & 
M a k u sh e n k o  1969).
Bot. N otiser, vol. 128, 1975

1. m a r a ca n d ica  (V v ed .) W e n d e l r o ,  comb, 
nov.

Basionym: Juno maracandica V v e d . 1963, 
]). 426.

TAXONOMIC COMMENTS. This spe
cies seems to be most closely related to 
I. orchioides C a r r ., I. pseudocaucasica  
G ro ssh . and I. caucasica H o f f m .

GENERAL DISTRIBUTION. Tad ji
kistan.

MATERIAL INVESTIGATED. Seeds ob
tained from  the Botanical Gardens of 
Tashkent in 1962.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  20 (Fig. 4). m-chromo- 
somes: One large pair (r =  l . l ) ,  and three 
small pairs successively decreasing in 
length ( r = l . l  — 1.4). sm-chromosomes: 
One large pair  (r =  2.7) and  one small 
pair  (r =  2.0). st-chromosomes: One small 
pair (r 5.3), and two pairs with satel
lites on the short arm, of which one 
pair  is large (r =  5.4) and one small (r 
5.0). t-chromosomes: One large pair
(r =  8.0).

1. m icro  g lo ssa  W e n d e i . ro 1958

TAXONOMIC COMMENTS. /. m icro
glossa belongs to the species which have 
non-arillate seeds and a w inged claw to 
the outer perigone segments (cf. p. 222). 
It is, however, a very characteristic  plant 
which cannot directly be rela ted  to any 
of the other species of this group.

GENERAL DISTRIBUTION. Endemic 
to NE Afghanistan.

MATERIAL INVESTIGATED. The p ro 
vince of Kataghan, the n o r th  side of the 
Salang Pass, c. 2000 m, E k b e r g  & W e n 
d e l r o .  The same locality as H e d g e ,  
W e n d e l r o  & E k r e r g  7560.
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drepanophylla
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Fig. 4. Karyotypes of fou r  species of subgenus Scorpiris,  I. drepanophylla  (2u =  19), I. 
fosterana  (2n = 1 8 ),  I. kopetdaghens is  (2n =  18) an d  /. maracandica  (2n =  20). The  scale•ale

un it  is equal  to 5 u.

CHROMOSOME NUMBER AND KAR- in length ( r =  1.1 — 1.3). sm— st-chromo-
YOTYPE. 2n =  30 (Fig. 5). m-chromo- somes: Eight pairs successively decreasing
somes: One large pair ( r= 1 .5 ) ,  and  six in length (r =  2.8— 6.5).
pairs of small chromosomes about equal
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I. persica L. 1753

TAXONOMIC COMMENTS. /. persica 
is a very variable species, with a rela
tively large area of distribution, and both 
the taxonom y and nomenclature are r a th 
er confused. The material investigated 
belongs to the taxon described as I. steno- 
phylla  H a u s s k n .  & S i e h e  ex B a k e r  1900.

GENERAL DISTRIBUTION. Turkey to 
N Iraq, Syria.

MATERIAL INVESTIGATED. S T u r 
key, W  of Konya, R u n e m a r k  & W e n - 
DELRO 98 B.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  24 (Fig. 5). m-chromo- 
somes: One large pair  (r =  1.6) and one 
medium-sized pair (r =  l . l ) .  sm— st-chro- 
mosomes: Ten pairs (r =  2.3— 6.9) of which 
two pairs are large, five pairs m edium 
sized and three pairs small.

PREVIOUS REPORTS. 2n =  26 ( S i m o n - 
e t  1932, 1934, R a n d o l p h  1934).

1. rosenbachiana R e g e l  1884

TAXONOMIC COMMENTS. I. rosen
bachiana  is probably conspecific with 
Juno nicolai V v e d . For further  inform a
tion see discussion in W e n d e l r o  & 
M a t h e w  1975.

GENERAL DISTRIBUTION. The 
U.S.S.R., Tadjikistan to NE Afghanistan.

MATERIAL INVESTIGATED. Seeds ob
tained from  the Botanical Gardens of 
Tashkent in 1968. Determination controll
ed on flowering individuals in Göteborg.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  20 (Fig. 5). m-chromo- 
somes: One large pair ( r= 1 .5 ) ,  one
medium-sized pair ( r= 1 .3 ) ,  and one small 
pair ( r= 1 .2 ) .  sm-chromosomes: Six u n 
identifiable pairs ( r= 1 .7 — 2.2), and one 
large pair  with a satellite on the short 
a rm  (r =  2.4).
Bot. Notiser, vol . 128, 1975

PREVIOUS REPORT. 2n =  22 was deter
mined for Juno nicolai VvED. by Z a k - 

IIARYEVA & M a K U S H E N K O  1969.

I. xanthochlora W e n d e l r o  1969

TAXONOMIC COMMENTS. This spe
cies is closely related to 7. drepanophylla  
and /. kopetdaghensis. It is confined to a 
small area just to the east of the distribu
tional area of I. kopetdaghensis.

GENERAL DISTRIBUTION. Endemic 
to NE Afghanistan.

MATERIAL INVESTIGATED. The p ro 
vince of Kataghan, the nor th  side of the 
Salang Pass, 2600 m, E k b e r g  & W e n d e l 
r o ,  the same locality as pressed material 
H e d g e ,  W e n d e l r o  & E k b e r g  8568.

CHROMOSOME NUMBER AND KAR
YOTYPE. 2n =  14 +  IB (Fig. 5). m-chro- 
mosomes: One large pair  with a satellite 
on the short a rm  (r== 1.5). m — sm-chro
mosomes: Four pairs successively decreas
ing in length ( r= 1 .2 — 2.1). st-chromo- 
somes: One pair  with a small satellite and 
another pair with a m inute  satellite on 
the short a rm  (r =  5.5 and  4.8 respec
tively). B-chromosome: 1.

DISCUSSION

Variation Within Subsect. Hexapogon

The species of this subsection are c h a r 
acterized by having 2 rare ly  3 flowers, 
with falls and usually s tandards bearded 
by unicellular hairs, and by arillate seeds. 
Despite this ra the r  strict morphological 
definition of the subsection the num ber  
of species included varies with different 
authors. Particularly, the taxonomic po 
sition of I. humilis  G e o r g i  ( = / .  flavissima  
P a l l ., and I. arenaria  W a l d s t . & K i t . ) ,  
/. falcifolia B u n g e  and  /. longiscapa  
L e d e r , has been a m atte r  for discussion. 
According to F e d t s c h e n k o  (1935) these 
species belong to sect. Pogoniris  B a k e r
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Fig. 5. Karyotypes of fou r species of subgenus Scorpiris, I. microglossa (2n =  30), I. persica 
(2n =  24), I. rosenbachiana (2n =  20) and I. xanthochlora  (2n =  14 +  l B ) .  The scale un it is

equal to 5 u.

(now  sect. I r is ) ,  bu t acco rd ing  to L a w - and I.  k o ro lk o w i i  seem to be closely re la t-
R E N C E  (1953) they be long to  subsect. ed, they are a ll d ip lo id  (2n =  22) and the
Hexapogon.  chrom osom e com plem ent com prises one

The chrom osom al d iffe re n tia tio n  is sum - p a ir  o f m -chrom osom es, one p a ir  o f  large
m arized  in  Table I. I. afghanica, I. heweri  st-chrom osom es and nine pa irs  o f st— t-
1 5 Bot. N o tiser, vo l. 128, 1975
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chrom osom es. However, intra- as well as 
interspecific differences exist, although 
they are of a low m agnitude. In I. lieweri 
one pair of st-chrom osom es has a rela
tively long short arm  not observed in the 
other species. In I. korolkowii  the num ber 
of pairs of satellited st-chrom osom es varies 
from  none to three. The two pairs of 
m arker chrom osom es seem to be similar 
in all the species (Fig. 6), except for 
population 918 of I. korolkowii.  In this 
population s tructu ra l changes have oc
curred in the m -chrom osom es as well as 
in the st-chrom osom es. Possibly a tran s
location is involved, hut inform ation from  
meiosis is needed before any conclusions 
can be draw n. The tetraploid  species 
(2n =  4 4 )  I. hoogiana  D y k e s  and I. stolon- 
ifera M a x i m , show a close affin ity  to the 
other th ree species. The d ifferen t types of 
chrom osom es observed in I. afghanica, 
I. heweri and 1. korolkowii seem to occur 
in quadruplicate ( M i t r a  1956). I. hoogi
ana only differs from  I. stolonifera  in 
having one pair of satellited m -chrom o
somes.

The karyotype of I. humilis  differs 
from  the previous species in having one 
small pair of m -chrom osom es and two 
pairs of sm -chrom osom es. This karyotype 
shows a close sim ilarity to those observed 
within sect. Iris. A lthough some m orpho 
logical traits, for instance arillate seeds, 
indicate affin ity  to species of subsect. 
Hexapogon, I. humilis  and  allied taxa are 
probably better accom m odated in sect. 
Iris.

The karyotype and chrom osom e num 
ber of I. longiscapa deviate from  the o ther 
species. It has 2n =  18 and  one sm all pair 
of sm -chrom osom es and eight pairs of 
st—t-chrom osom es ( R a n d o l p h  & M i t r a  

1961).
The appearance of the karyotypes in 

dicates that I. afghanica, I. heweri, I. 
korolkowii, I. hoogiana and  I. stolonifera  
form  a fairly un ifo rm  group distinguished 
from  /. longiscapa. This d ifference is 
supported  by o ther diversities, fo r instance
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I. a fghan ica  I. h e w e r i  I. k o ro lko w i i

698 7 6 8  7 4 6  7 5 7  681 918

1.1 1.1 1.1 1.1 1.1 1 .2

Il II II
6.4 6 . 3  6. 5 6 . 5  6.4 5 . 7

Fig. 6. Variation in two marker chromosomes 
in I. afghanica (populations 698 and 768), 
I. heweri (populations 746 and 757) and I. 
korolkowii (populations 681 and 918). The 
figures indicate r-values.

in habitat. I. longiscapa and the closely 
related /. fulcifolia (not yet cytologically 
investigated) inhabit arid biotopes such 
as clayey deserts, rocks and sandy places. 
The other species grow at higher altitudes 
under less arid conditions. Despite these 
differences /. longiscapa and I. falcifolia 
probably belong to subsect. Hexapogon,  
but fu rther  information on morphological 
variation and cytology is highly desirable.

Variation Within Subsect. Oncocyclus

The num ber of species varies between 
20 and 35 according to the author. The 
distinguishing characteristics of some of 
the species are insignificant and  do not 
extend beyond differences in the colour
ation of the perigone segments. There are

two main centra of evolution, one in 
T ranscaucasus—NW Iran and one in 
Lebanon, Syria— SE Turkey.

The chromosome number of about 31 
taxa has hitherto been determined (for 
references see F e d o r o v  1969, and W e y 
m o u t h  & C h a u d h a r y  1974). All taxa have 
2n =  20 except I. lupina  F o s t e r  (probably 
conspecific with I. sari S c h o t t  in B a k e r ),  
which has the deviating number 2n =  21 
( S i m o n e t  1934). In all the species the 
chromosom e complement seems to be ex
clusively represented by st—t-chromo- 
somes. F our  chromosome pairs are usu
ally large, the other six medium-sized to 
small. The only deviation is , , 'ution 
700 of I. aciitiloba ssp. lineolata, which 
has three large pairs instead of four. The 
num ber of pairs with a satellite varies 
from none to three and heterozygosity 
for satellites is known in some taxa, for 
instance in /. susiana  L., I. lortetii B a r r . 
( M i t r a  1956) and in I. aciitiloba. Very 
little is know n about the degree of intra- 
specific variation as usually only a few 
individuals of single populations have been 
investigated. However, differences exist 
at least in I. aciitiloba ssp. lineolata. In 
contradiction to W e y m o u t h  & C h a u d 
h a r y  the present authors consider the 
interspecific differences to be small. It is 
necessary to investigate meiosis in artifi
cially produced hybrids before any con
clusions concerning relationships can be 
drawn.

Variation Within Subgenus Scorpiris

Scorpiris  is distinguished from all other 
Iris groups in having the combination of 
bulb and canaliculate leaves. The pattern 
of morphological variation within Scor
piris is ra the r  complicated and most of 
the species described are endemic to very 
small areas. The variation is most p ro 
nounced in characters such as devel
opment of stem, shape of outer and inner 
perigone segments, form of stylar b ra n 
ches, colour of flower and presence or 
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absence of aril 011 the seeds. At present 
the phylogenetic relationship is not quite 
clear, hut three sections have been dis
tinguished.

Sect. Juno  is characterized by a bulb 
consisting of storage leaves, non-tuber- 
culate pollen grains and non-arilla te seeds. 
It com prises about 27 species d istributed 
in SW  and C Asia except the M editer
ranean parts. To this section belong /. 
aitchisonii, I. cycloglossa, I. fosterana, /. 
maracandicci, I. microglossci and I . persica.

Sect. Physocaulon  (R o d io n .)  M a t h e w  & 
W e n d e l b o  is characterized by a bulb 
consisting of a swollen and persistent 
stem base and w ith few storage leaves 
only, non-tuberculate pollen grains and 
arillate seeds. It com prises about 11 spe
cies d istributed  in the central parts of 
Asia, fo r exam ple I. drepanophylla, I. 
kopetdaghensis, I. rosenbachiana  and /. 
xanthochlora.

Sect. Acanthospora  R o d io n ,  (under the 
genus Juno). The bulb consists of storage 
leaves, pollen grains are tuberculate and 
it has non-arilla te seeds. It com prises two 
species only, /. planifolia  ( M i l l e r )  F io r i  & 
P a o l .  (syn. I. alata P oiR .) and I. palestina 
BoiSS. w hich are both M editerranean in 
d istribution. It is uncertain  as to w hether 
they deserve a section of their own or not.

The chrom osom e num bers of the spe
cies investigated w ithin the different sec
tions are sum m arized in Table 2. In sect. 
Juno  18 species have so far been investi
gated and  the chrom osom e num ber varies 
considerably from  2n =  18 (/. caucasica 
and I. fosterana) to 2n =  50 (I. albo-
marginata). However about one half of 
the species have the chrom osom e num 
ber 2n =  22. The aneuploid num ber 2n =  21 
has been observed w ithin I. willmottiana  
M. F o s t e r  ( S im o n e t  1952). In traspecific 
varia tion  has been recorded w ithin /. 
caucasica (2n= 18 , S im o n e t  1932; 2n =  22, 
B o c h a n t s e v a  1966), w ithin I. orchioides 
(2n =  22, S im o n e t  1930; R a n d o l p h  & 
M i t r a  1956; 2n =  30, B o c h a n t s e v a  1966) 
and w ith in  I. persica (2n =  24, present 
Bot. Notiser, voi. 128, 1975

au th o rs; 2n =  26, S i m o n e t  1932; B a n d o lp i i  
1934). In sect. Physocaulon  the chromo
some num ber of 4 species out of 11 h as lee n  
determ ined and  varies betw een 2n =  14 
(I. xanthochlora)  and  2n =  24 (I. kopet
daghensis). An aneuploid  chromosome 
num ber lias been observed in I. drepano
phylla  (2n =  19; p resen t au tho rs). Intra- 
specific variation  has been recorded with
in I. kopetdaghensis  (2n =  18, B o c h a n t 
s e v a  1966; presen t au th o rs; 2n =  24, Z ak- 
h a r y e v a  & M a k u s i i e n k o  1969) and in 
I. rosenbachiana  (2n =  20, p resen t authors; 
2n =  22, Z a k h a r y e v a  & M a k u s h e n k o  
1969). In sect. Acanthospora  the only spe
cies investigated, I. planifolia,  has 2n =  24 
( S im o n e t  1932). Thus, sections Juno  and 
Physocaulon  at least show  a considerable 
varia tion  in chrom osom e num ber, appar
ently w ithout any  rela tionsh ip  to the m or
phological variation.

The karyotypes, w hich are sum m arized 
in Table 3, show a sim ilar pa tte rn  of var
iation. There seems to be little o r 110 cor
relation  between appearance of karyotype 
and  m orphological sim ilarity . The k a r
yotype of /. rosenbachiana  m ost closely 
resem bles tha t of /. aitchisonii, although 
the chrom osom e num bers d iffer and  there 
are sm all differences in the karyotypes, 
but they  rep resen t d iffe ren t sections. The 
karyo type of /. fosterana  m ost closely 
resem bles tha t of I. kopetdaghensis, but 
they, too, belong to d iffe ren t sections. /. 
kopetdaghensis  is undoubted ly  related  to 
I. xanthochlora.  The karyo types are sim i
lar, but tlie chrom osom e num bers differ.

H ybridization is rep o rted  to occur in 
sect. Juno,  m ainly betw een species w ith 
the sam e chrom osom e num ber (I. narbuti  
Xorchioides, I. narbutPXsubdecolorata, I. 
bucharicaX vicaria, all having 2n =  22, cf. 
F e d t s c h e n k o  1935), b u t also betw een 
species w ith d iffering chrom osom e n u m 
bers (I. narbuti, 2n =  22 Xm aracandica ,  
2n =  20). M oreover, vegetatively vigorous 
plants of hybrid  origin have been used for 
o rnam ental purposes, fo r exam ple I. ivarl- 
sind (/. s ind jarensisX w arleyensis ) p ro 
duced by the firm  van T ubergen, H olland.



IRISES FROM SW AND C ASIA 223

Table 2. D istribution of chrom osome num bers in tbree sections of subgenus Scorpiris. 
a indicates the num ber of populations investigated and b the num ber of species in
vestigated. Intraspecific variation has been observed in three species of sect. Juno and in 

two species of sect. Physocaulon, see page 222.

Section
2n

a b
14 18 19 20 21 22 24 26 28 30 31 50

Juno ................... 2 1 1 10 2 1 1 1 1 1 21 18
Physocaulon . .. 1 1 1 1 — 1 1 — — — — — 6 4
A canthospora . . — — — — — 1 1 1

Obviously, the interspecific cytological d if
feren tiation  as regards chrom osom e num 
ber and  karyotype is not sufficiently  large 
to prevent hybridization and the estab
lishm ent of hybrid derivatives. Vegetative 
propagation  of bulbs probably  m akes it 
possible for hybrids and p lants w ith 
aneuploid  chrom osom e num bers to be
come established in natu ra l habitats.

The great m orphological and  cytologi
cal varia tion  and d ifferen tia tion  w ithin 
subgenus Scorpiris  indicates th a t this 
group is in an active stage of evolution.

C hrom osom e E volution  W ithin the 
Genus Iris

The pattern  of m orphological variation  
seems to be sim ilar in Scorpiris , Hexa- 
pogon  and Oncocyclus,  i.e. there is strong 
local differentiation . By contrast, the 
pattern  of cytological variation  differs en 
tirely in Scorpiris  and O ncocyclus.  S cor
piris  shows a wide variation  in chrom o
some num ber and  in the appearance of 
the karyotypes. All the species in subsect. 
O ncocyclus  have the same chrom osom e 
num ber (2n =  20) and the karyotypes of

Table 3. K aryotype differentiation w ithin subgenus Scorpiris. The num ber of pairs lie- 
longing to eacli group is not noted, as transitions from  m to sm, and sm to st-chromo- 
somes are present. Nom enclature of centrom ere position see p. 209. sat and non sal indicate 
chrom osom es with and w ithout satellites respectively. The lengths of the chromosomes 

are abbreviated as follows: la =  large, m e=m edium -sized, sm-small.

Species

Number and type of chromosome

2n
m sm St t

non sat
la-—sm

non sat
la 1 me—sm

sat
la

non sat 
la—sm

sat 
la—sm

non sat
la—sm

sat 
la—sm

/. aitchisonii ............. 34 + + + + + +
/. cycloglossa ............ 28 + — — + — + + +
I . drepanophylln  . . . . 19 + — — — — + + +
1. fosterana  ............... 18 + + — — — + + —
1. kopetdaghensis . .. 18 — + + — — + + —
1. maracandica  ........ 20 + + — + — + + +
1. microglossn ........... 30 + + — + — + — —
1. persica ................... 24 + + — + _ + — —

I . rosenbacliiana . . . . 20 _L + .— . + + — — —
1. xanthochlora ........ 14 +  1R + + + — + —

Bot. Notiser, vol. 128, 1975
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species from  the Middle East and Asia 
respectively seem to be sim ilar. In subsect. 
Hexcipogon  the variation is approxim ately 
in term ediate, a certain  am ount of varia
tion is obvious in the chrom osom e num 
ber as well as in the karyotype, but it is 
not at all as pronounced as in Scorpiris.

K aryotypes of species of Scorpiris d iffer 
from  those of species of Hexcipogon and 
Oncocgclus.  In all species of Scorpiris 
there is one pair of large m -chrom osom es 
while the num ber of sm and st-chromo- 
somes varies. Telocentric chrom osom es 
seem to be rare in this group. All species 
of Hexcipogon, except I. longiscapa, have 
one or two pairs of large m-chrom osom es 
and of large st-chrom osom es. In On
cocgclus all ten pairs are st—t-chrom o- 
somes, m — sm -chrom osom es have not 
been observed a t all. It is ra the r rem ark
able th a t this asym m etrical karyotype is 
found in all Oncocgclus species, as com 
plem ents with a high proportion  of stable 
t-chrom osom es are rare  in h igher plants. 
The m ost extreme karyotypes in this re 
spect have been observed in Welwitschia  
mirabilis  ( K h o s h o o  & A h u j a  1963) and 
in Tradescantia micrantha  ( J o n e s  & Go l 
d e n  1968) where all the chrom osom es are 
telocentric. In addition, a large proportion  
of st— t-chrom osom es has been found in 
the genera Ginkgo ( L e e  1954), Podocarpus 
( H a i r  & B e u z e n b e r g  1958), Tripogandra  
( J o n e s  & Go l d e n  1968) and Goniolimon  
( R u n e m a r k  1974). Telocentric chrom o
somes m ay arise in two ways, by mis- 
division in the centrom eric region of b i
arm ed chromosom es, or by structural 
changes such as shifts, pericentric in 
versions and translocations. In subsect. 
Oncocgclus it seems less probable tha t the 
t-chrom osom es have arisen by cen tro
meric m isdivision as at least five m ust 
have occurred. Moreover, the successive 
transition  from  st to t-chrom osom es in 
Oncocgclus and the presence of such ch ro 
mosom es in other /ris-groups indicate that 
the}' have arisen by some types of ch ro 
m osom al rearrangem ents,
Bot. N otiser, vol. 128, 1975

Number of 
spec i e s

4 Scorpiris

i  i  M l  ■ .  m

_L
Hermodactyloides

Iris

■ s ec t .  Iris

Jmb .  .

se c t .  Hexapogon  
6-1 subsect .  Hexapogon

i i  :

sub sec t  Oncocyc lus

0 1 20  40 6 0  80  100

% rn-sm

Fig. 7. The relative proportion of m—sm- 
chromosomes in species of subgenera Scorp
iris, Hermodactgloides and Iris.

The relationship  betw een p lan t phylog- 
eny and  sym m etrical-asym m etrical k a r 
yotypes has been extensively discussed. 
It is generally  considered th a t asym m et
rical karyotypes have evolved from  sym-
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m etrica l ones (fo r re fe rences see S w a n s o n  

1965, S t e b b i n s  1971), b u t rev e rsa ls  o f 
Ibis tren d  m ay  occu r (see J o n e s  1970). 
I'hc re la tiv e  p ro p o r tio n  of m  an d  sm- 

ch ro m o so m es in species o f Iris  su b g en era  
Scorpiris , H erm o da c ty lo id es  and  Iris  is 
su m m arized  in  Fig. 7. In  Scorp ir is  the 
p ro p o r tio n  of m — sm -ch rom osom es varies 
be tw een  15 and  100 °/o, a n d  in  H e rm o d a c 
ty lo ides  fro m  20 to 40 %>. In subgenus 
Iris the  freq u e n c y  varies w ith  the  g ro u p . 
Species o f sect. Iris  show  a v a ria tio n  from  
10 lo S5 °/o, subsect. H exa po go n  fro m  5 
to 15 %>, a n d  in  subsect. O nco cyc lu s  no 
m — sm -ch rom osom es a re  p re sen t a t all. 
T h u s  Iris  species be long ing  to sect. Iris, 
like those o f Scorpiris  an d  H e rm o d a c ty lo i 
des, show  a m o re  or less sy m m etric a l k a r 
yo type, w h ile  th e  a sy m m etric a l k a ry o ty p e  
is m o st p ro n o u n c e d  in subsect. Oncocyc-  
lus. In  Iris,  a too  lim ited  a m o u n t o f in fo r 
m a tio n  is av a ilab le  fo r c e r ta in  conclu sions 
co n ce rn in g  th e  d irec tio n  of ch rom osom e 
evo lu tion . B ut species o f subsect. On
cocyclus  show  som e ad v an ced  m o rp h o 
log ical fe a tu re s  in ad d itio n  to  th e  a sy m 
m etrica l k a ry o ty p e , fo r in s tan ce  red u ced  
n u m b e r o f flow ers an d  a r i lla te  seeds.
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Its Application to Generic Delim itation
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Sixteen local populations referred to either Cachrys L. or Prangos L i n d e . 
(Umbelliferae) were studied in Iheir natural habitats. In seven of these, 2n = 66  
(or n =  33) was found. The characters examined included the suberization and 
wing development of fruit and other fruit and leaf characters. As a rule con
siderable intra- and interpopulational variation occurs in the majority of the 
characters including those used for generic delimitation. A study of fruit onto
genesis showed that the relative extent of suberized tissue and wing devel
opment may undergo considerable change during the maturation of the fruit. 
No correlation was found between any trend in fruit variation and the variation 
of leaf lobes. It is proposed to accept the pattern of continuous variation as 
being sufficient proof for including Cachrys L. and Prangos L i n d l . in a single 
genus, and the plants from the populations investigated in a single species. For 
nomenclatural reasons this species must be called Cachrys ferulacea (L.) Ca l e s t .

liana Herrnstadt and Cliaia C. Heyn, Department of Botany, The Hebrew Uni
versity, Jerusalem, Israel.

T he  p ro b lem a t ic  s ta tus  of C achrys  L. 
an d  Prangos  L i n d i .. (U mbelliferae) has  
been prev iously  d iscussed by  u s  ( H e r r n  - 
s t a d t  & H e y n  1974). T h o u g h  severa l 
au tho rs ,  inc lud ing  the presen t ones, c o n 
sider th a t  the  above g enera  c o m p r ise  a 
single genus, no  deta i led  r e a s o n  fo r  this  
has  so fa r  been  published .

This  s tu dy  is an  a t te m p t  to a p p ro a c h  
the p ro b lem  of the  generic d e l im i ta t io n  of 
Cachrys  a n d  Prangos  by  e x a m in in g  p o p u 
la tions of p lan ts  described  as b e lon g in g  
to one of the gene ra  in Israel.

T he  ex tent o f  the confus ion  p rev a i l in g  
b e tw een  C achrys  and  Prangos  is ref lected  
in the nam es  o f  the species r e c o rd e d  f ro m  
the reg ion  investigated: B o i s s i e r  (1872) 
descr ibed  Cachrys goniocarpa  f r o m  “circa  
Asdod ( =  Ashdod) et R a m lah  ( =  R a m l a ) ” . 
P o s t  (1932) also reco rded  the  s a m e  sp e 
cies f ro m  Mt Carmel,  Sharon ,  E s d ra e lo n  
( =  Y izre’el Valley) an d  Salad ,  Prangos

asperu la  f ro m  Gaza, the Galilee an d  J e r u 
sa lem  a n d  P. asperula  var. leiopetala  
( P o s t  1896) f ro m  Gaza. As the d iagnostic  
ch a rac te rs  fo r  these th ree  taxa  he used 
the  degree of tlic d eve lop m en t  o f ridges 
on  the f ru i t  a n d  the pubescence  of peta l 
surface . R e c h i n g e r  (1952) also records  
C. goniocarpa  a n d  adds tw o varieties to 
P. asperula:  var. stenop tera  BoiSS. (Distr. 
Safed, Safad , Z efat —  all re fe r  to  the 
sam e  locality  in d i f fe ren t  transcrip tions)  
a n d  var. judaica  S a m . (f rom  the  J u d e a n  
Mts -— “el K u b a b ” ). T he  cha rac te rs  used 
to define these ta x a  a re  aga in  the  extenl 
o f r idge  deve lo pm en t as well as the  length  
a n d  b re a d th  of f ru i t  (as c o m p a red  w ith  
the leng th  of pedicels) . M o u t e r d e  (1953) 
a d d e d  C. goniocarpa  var. asperifolia  as 
g row ing  in the  region conce rn ed  (having 
scab r id  leaves in co n tra s t  w ith  the  sm o o th 
leaved typ ica l  var ie ty ) .  Z o h a r y  (1972), 
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Table 1. < lachrys  populat ions

Popula tion  n um ber  and 
locality

Organs in
vestigated

Leaves | F ru it

N Negev
1 10 km  W  of Arad . . +  +
2 Lahav (single plant) +
3 Shoval (single plant) +
4 Qiryat G a t .................... +  +

Shefela
5 6 km  N of M ashm ia  +  +
6 Bet H ash m o n a i  . . . .  +
7 Gilboa, N slopes   +  +
8 Lower Galilee, Migdal

H a’E m eq  .......................  +  +
9 Belvoir   +  +

10 Yizre’el Valley, D avera t  +  +

Lower Galilee
11 Kafr  K anna    +  +
12 Biq’at Bet Netofa  . . .  +  +
13 Golan Heights, Mevo

I lam ina   +  +

Upper Galilee
14 btw. Bosh P in n a  &

Zefat   +  +
15 Meron J u n c t i o n ........ +  +
16 Mar A l m o n .................... T-

w ho considers Prangos  and Cachrys  a 
single genus, records Hie fo llow ing taxa: 
P. a sp em la  as a very rare plant of the 
S Judean D esert and P. goniocarpa  w ith  
a rare typical variety and the m ore w ide
spread var. s tenoptera  with narrow ly  
w inged fruits. (See Fig. 1 for the above 
localities.)

MATERIAL ANI) METHODS

Plants  of “Cachrys” and  “Prangos” are  
fa ir ly  widespread in Israel and  usually  grow 
in small  populat ions,  a t  150— 500 (—- 800) m 
above sea level on diverse soils. They are 
tumble-weeds of fallow fields occurring  
m ostly  along the b o rde r  of the M editer
ranean  and  I ran o -T u ra n ia n  regions.

Sixteen popula t ions  were  studied in their  
n a tu ra l  hab ita ts  (cf. Table 1 and  Fig. 1). In

Fig. 1. D is t r ibu tion  of Cachrys ferulacea  in 
Israel . P rev ious  records  f rom  l ite ra ture:  r e 
gions —  differentia lly  shaded ;  localit ies —  
named. Dots rep resen t  single p lan ts  or  p o p u 
lations investigated in this s tudy  (num bers 
co r re sp o n d  to those  in Table  1); circles r e p 
resent h e rb a r iu m  specimens.

each p o p u la t io n  ab o u t  5— 15 p lan ts  were  ex
am ined  in the field; ad d it io n a l  m a te r ia l  was 
collected fo r  d o cum en ta t ion  a n d  fu r th e r  s tu d 
ies. Special a tten t ion  was p a id  to  individual 
p lan ts  w i th  c h arac te rs  deviating  f ro m  the 
norm al.  Most localit ies were  visited twice a 
year, once in the ear ly  spr ing  fo r  a s tudy 
of vegetative p a r ts  and  f lowers a n d  again  in 
su m m er  for a s tudy  of fruits .  As fa r  as p o s 
sible the  sam e individuals  w ere  exam ined  
w ith in  each  p opu la t ion  for 3 consecutive  
years  (1968— 1971).

The fo llowing charac te rs  were  inves tigated:  
size a n d  shape  of f ru i t  ( leng th /b read th ) ,  de 
ve lopment of suberized  m esocarp ,  f ru i t  s u r 
face (obsoletely r ibbed, dis t inc t ly  r idged  or

Fig. 2. Inter- and  in trap o p u la t io n a l  va r ia tion  in f ru i t  shape  of Cachrys ferulacea-, f ru i ts  
in horizontal  rows are  f rom  one popu la t ion  (num bers co rre sp o n d  to those  in T ab le  1).
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Fig. 3. D iag ram m at ic  represen ta t ion  of inter- a n d  in t ra p o p u la t io n a l  v a r ia t io n  in fruit  
shape  of Cachrys ferulacea.  E ach  vertical row  represen ts  one po p u la t io n  (num bers  as 
in Table  1); each  horizon ta l  row  shows the  extent of wing development.  (A: F r u i t  smooth. 
B: W ith  p ro m in e n t  ridges. C: W ith  wings up to 1.5 m m  wide. 1): W ith  wings 2— 4 m m  
wide.) —  In each square  one to several f ru i ts  are  rep re sen ted  by rh o m b s  (horizontal  

d iagonal shows w idth,  vertical show s length).

winged), the leng th  of the fruit  in re la tion  
to the leng th  of the pedicel; the size and  
in d u m e n tu m  of te rm inal  leaf lobes.

C hrom osom es were  s tudied  in seven p o p u 
lations. In  four, m itotic  m e taphase  was in
vestigated in roo ts  of seedlings pre-treated  
with pa rad ich lo ro b en zen e ;  squashes were  
m ade  in 2 %  aceto-orcein.  In three  p o p u la 
tions m eiosis in PMCs was studied in 2 °/o 
aceto c a rm in e  smears .

RESULTS

F R U I T .  M a n y  o f  t h e  c h a r a c t e r s  e x a m 
in e d  w e r e  f o u n d  to h e  e x t r e m e ly  v a r ia b le  

Bot. N otiser, v o l. 128, 1975

w i t h in  p o p u l a t i o n s  a n d  b e t w e e n  p o p u l a 
t io n s  (F igs .  2 a n d  3).

I n  g e n e r a l  p o p u l a t i o n s  d i f f e r  g r e a t ly  
f r o m  o n e  a n o t h e r  in t h e  size, s h a p e  a n d  
r id g e  d e v e l o p m e n t  o f  t h e  f r u i t .  Also, 
w h e r e a s  s o m e  p o p u l a t i o n s  a r e  h o m o g e n e 
o u s  in  f r u i t  s h a p e  ( p o p u l a t i o n s  7, 9, 10, 
15), l e n g th  (5, 9, 14, 15), r i d g e  d e v e l o p 
m e n t  (5, 9, 10, 14, 16) a n d  s u b e r i z a t i o n  
(5, 9, 10, 11, 14), o t h e r s  s h o w  r e m a r k a b l e  
h e t e r o g e n e i ty  o f  s h a p e  (1, 5, 12, 14, 16), 
l e n g th  (1, 7, 10, 12, 16), r i d g e  d e v e l o p m e n t  
(1, 7, 12, 15) a n d  s u b e r i z a t i o n  (1, 7, 12, 
15, 16).
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T able  2. R ange of va riab ility  of fru its  in single p lan ts. E ach  p o p u la tio n  is rep resen ted  by 
one p la n t (as a ru le  the m ore  v a riab le  p lan ts  w ere chosen  in field s tu d ie s ) . All m easu r

em ents in mm.

P o p u la tio n
n u m b er F ru it  length F ru it, len g th /w id th  ra tio  

of ex trem e values W id th  of ridges of fru it

1 15— 22 1.8— 2.1 0.25— 1.5
2 10.5— 17 1.1— 1.6 0.25— 0.75
4 10— 16.5 1.2— 1.4 0— 0.25
6 11.5— 21 1.6— 1.9 0.25— 0.75
7 16— 25.5 2.0— 2.3 0— 0.75
8 (12) 16— 21 1.5— 1.6(1.7) 0.25
9 15— 25 1.6— 2.6 0

10 14.5— 19 1.8— 2.2 0— 0.25
11 12.5— 23 1.2— 1.4 0— 0.5
12 13— 19 1.2— 2.0 0.25— 0.5
13 17— 22 1.6— 1.8 0.5— 1
14 13— 20.5 1.3— 1.5 0.25— 1
15 11.5— 19 1.2— 1.5 0
15 12— 25 1.1— 1.4 0.75— 2
16 20— 36 1.9— 2.1 0.5— 2

T h e  v a r ia t io n  in  f r u i t  s h a p e  in  s in g le  
p la n ts  w a s  s tu d ie d  in  e a c h  p o p u la t io n  
(u su a lly  o v e r  100 f r u i ts  p e r  p la n t ) .  T h e  
c h a r a c te r s  m e a s u re d  w e re  le n g th ,  b r e a d th  
a n d  r id g e  d e v e lo p m e n t. F r u i t s  o f  s in g le  
p la n ts  sh o w  c o n s id e ra b le  v a r ia t io n  in  a ll 
c h a r a c te r s  m e n t io n e d  a n d  m a y  r e p re s e n t  
th e  ra n g e  o f  v a r ia b i l i ty  e x is tin g  in  th e  
p o p u la t io n  as a w h o le  (T a b le  2 ).

T h e  re la tiv e  a m o u n t  o f  s u b e r iz e d  tis su e  
a n d  th e  size o f  r id g e s  o r  w in g s  ( “ rid g es  
o v e r  1 m m  w ide) as c o m p a r e d  w ith  th e  
w h o le  f ru it  m a y  g ra d u a l ly  c h a n g e  d u r in g  
f r u i t  o n to g e n e s is  a n d  m a y  r e a c h  a  d i f 
fe re n t  d e g re e  o f  d e v e lo p m e n t in m a tu r e  
f r u i t  (F ig . 4 A— C ). S o m e tim e s  w in g s  o f 
th e  y o u n g  f r u i t  a re  s o m e w h a t  u n d u la te ,  
s t r a ig h te n in g  la te r  ( th is  m a y  h e  th e  so u rc e  
o f  Ihe  re c o rd s  o f C. asperula  B o iss . f ro m  
I s r a e l ) .

T h e  ra tio  f ru i t /p e d u n c le  w a s  as a  ru le  
f o u n d  to  he  m o s t in c o n s ta n t  a n d  th e r e f o r e  
a n  u n re l ia b le  c h a ra c te r .

L E A V E S . T h e  size  o f  le a v es , o f  le a f  
s e g m e n ts  a n d  lo b es is v a r ia b le  w i th in  a n d  
b e tw e e n  p o p u la t io n s .  S o m e  e x a m p le s  o f 
th e  v a r ia t io n  o f  le a f  s e g m e n ts  a n d  lo b es

m a y  b e  se e n  in  F ig . 5. F ig . 6 is a  d ia 
g ra m m a tic  r e p re s e n ta t io n  o f  th e  le n g th  
a n d  w id th  o f  le a f  lo b es  o f  so m e  p la n ts  
w ith in  e a c h  o f th e  p o p u la t io n s  s tu d ie d .

S c a b r id i ty  o f  lea v es  a n d  o th e r  p a r ts  
(a sse ssed  b y  th e  n u m b e r  o f  p a p il la e  p e r  
s q u a re  u n it)  w a s  fo u n d  to  b e  f a ir ly  c o n 
s ta n t  w ith in  e a c h  p o p u la t io n  b u t  v a r ie d  
g re a t ly  b e tw e e n  p o p u la t io n s .

C H R O M O S O M E S . T h e  s a m e  c h ro m o 
so m e  n u m b e r  w a s  fo u n d  in  se v e n  p o p u 
la t io n s  e x a m in e d :  2n  =  66 (p o p u la t io n s  6, 
10, 12, 16) (F ig . 4 I ) ) ;  n =33 (p o p u la t io n s  
9, 14, 15). K a ry o ty p e s  seem  to  b e  id e n tic a l 
a c c o rd in g  to  a p re l im in a r y  s tu d y .

CONCLUSIONS AND DISCUSSION

T h e  c h a r a c te r s  s tu d ie d  b y  u s a r e  m a in ly  
th o se  u se d  f o r  d e f in in g  th e  g e n e ra  Cachrys  
a n d  Prangos,  i. e., in  th e  f o rm e r ,  w in g less  
s tro n g ly  s u b e r iz e d  f ru i t ,  in  th e  la t te r ,  
w in g e d  a n d  o n ly  s l ig h tly  s u b e r iz e d  f ru i t .  
H o w e v e r , th e s e  c h a r a c te r s  w e re  fo u n d  to  
e x h ib i t  a  w id e  r a n g e  o f v a r ia b i l i ty  in  a n d  
b e tw e e n  p o p u la t io n s  a n d  n o  c o r re la t io n  
b e tw e e n  th is  v a r ia b il i ty  a n d  th e  v a r ia t io n
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Fig. 4. A— C: F ru i t  ontogenesis in Cachrys ferulacea  (cross-sections of one mericarp).  
A: X 19. B: X 9.5. C: X 7.5. — D: Chrom osom es of m e tap h ase  p late  in root tip mitosis, 
ca. X 1350. — A— C: populat ion  5. D: popu la t ion  10; n u m b ers  co rre sp o n d  to those in

Table 1.

in len g th  a n d  b r e a d t h  o f  le a f  lobes  c o u ld  
be  o b se rv ed .  T h e  f r u i t  c h a r a c t e r s  s tu d ie d  
i n te r g r a d e ,  th e y  o c c u r  in  d iv e r s e  c o m b i n a 
t io n s  w i th in  s ing le  p o p u l a t i o n s  a n d  v a r y  
to  so m e  e x te n t  ev en  b e tw e e n  in d iv id u a l  
f r u i t s  of  s ing le  p l a n t s .  T h e r e f o r e  it d o e s  
n o t  seem  r e a s o n a b le  to s e p a r a t e  th e  tw o

g e n e r a  o n  th e  b a s i s  o f  th e s e  c h a r a c t e r s  
a n d  b e c a u s e  o f  p r i o r i t y  th e  t h u s  e x te n d e d  
g e n u s  m u s t  be  n a m e d  C a c h r y s  h. (cf. 
G r u e n b e r g - F e r t i g  et al. 1973) .

E v e n  m o r e ,  b e c a u s e  o f  t h e  c o n t in u o u s  
v a r i a t i o n  in c h a r a c t e r s  it s e e m s  t h a t  all  
p l a n t s  e x a m i n e d  m u s t  b e  r e g a r d e d  as p a r t

Fig. 5. Cachrys ferulacea.  Inter- and  in trapopula t iona l  var ia tion  in leaf segm ents  an d  
lobes. —  A, B: P o pu la t ion  7; C, D: P o pu la t ion  9; E, F: P o p u la t io n  1; G: P o p u la t io n  1‘2. 

N um bers correspond  to those in Table 1.
Bot. Notiser, vol. 128, 1975
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Fig. 6. Cachrys ferulacea.  D iagram m atic  rep re sen ta t ion  of the var ia tion  in size of leaf  
lobes in and  between popula t ions;  each colum n represen ts  the longest te rm in a l  leaf lobe 

of one p lan t  (population num b ers  co rre sp o n d  to those  in Table  1).

of one species w ith a w ide range of varia
tion. (Such variation m ight be explained  
to som e extent by the hexaploid  level of 
the plants.) The earliest nam e available 
for this taxon is C. ferulacea  (L .)  C a l e s t .  

This species lias a w ide range of distri
bution from  Italy eastwards to Iran, 
Arm enia and the Caucasus and throughout 
the eastern M editerranean. All other spe
cies o f “Cachrys” and “Prangos” previ
ously recorded from Israel are to he re
ferred to C. ferulacea  and to he considered  
synonym ous w ith it.
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A systasia laticapsula  (A ca n th a cea e), a W idely Used  

but P rev iou sly  Invalid Nam e

Per-Olof Karlström

K a r l s t r ö m , P .-O. 1975 10 10. Asystasia laticapsula (Acanthaceae), a widely used 
but previously invalid name. — Bot. Notiser 128: 235—238. Lund. ISSN 0006-8195.

Asystasia laticapsula is described from  tropical East Africa. The somatic 
chrom osom e num ber found is 2n =  26.
Per-Olof Karlström, Department of Systematic Botany. University of Göteborg. 
Carl Skottsbergs Goto 22, 8-413 19 Göteborg. Smeden.

A systasia la ticapsu la  C. B. C l. ex K a r l 

s t r ö m , sp. nov.

Herba perennis, usque ad 40 cm alta, basi 
decumbens, partes floriferae erectae. P lan ta  
omnis pilis multicellulosis uniseriatis praedita. 
Folia oblonga, pilosa, pili plerumque 8— 10- 
cellulis praediti; lam ina 3—7 cm longa, 1—2 
cm lata, apice obtusa—subacuta, basi a t
tenuata; petioli usque ad 3 mm longi, p lerum 
que circiter 2 mm longi. Inflorescentiae axil
lares, racem osis instructae, usque ad 20 cm 
longae (pedunculo incluso), plerumque 6—8- 
floribus ornatae; bracteae minutae, lineares, 
usque ad 3 mm longae; pedicelli circiter 2 
mm longi, ad basin bracteolis linearibus, c ir
citer 2 mm longis, praediti. Calyx 5-partitus, 
pilis uniseriatis, cellulosis (4 cellulae) ob
tectus; segmenta calycis linearia, 8—13 mm 
longa, 1 mm lata. Corolla alba, lobus inferior 
prope faucem  maculis violaceis ornatus; tubus 
circiter 15 mm longus, ad basin 2—3 mm 
latus, ad faucem gradatim  dilatatus usque ad 
circiter 5 mm. Stamina  4; filam enta basi per 
paria usque 0,5 mm connata, breviora 4 m m  
longa, altiora 5 mm longa; antherae 3 mm 
longae. Granulae pollinis 3 poris instructae, 
50—53 qm X 30—32 um. Ovarium pilis uni- 
seriatis obtectum; basis styli aeque pilosa. 
Capsula circiter 2 cm longa, pilis m ulticel
lulosis uniseriatis et pilis glandulosis in 
structa. Semina  4, 3—4 mm diam etro, com 
pressa, rugosa.

P e re n n ia l h e rb  up  to 40 cm  h igh , d e 
cu m b en t a t base, f lo w erin g  p a rts  erec t. 
T he w ho le  p la n t covered  w ith  m any -ce lled , 
u n ise ria te  h a irs . L eaves ob long  w ith  g e n e r
a lly  8— 10-celled, u n ise ria te  h a ir s ; lam in ae  
16

3— 7 cm long, 1—2 cm w ide, ob tu se  to 
subacu te  a t apex, n a rro w e d  a t base  in to  
the very  sh o r t pe tio le  (Fig. 2 D) ; petio les 
up to 3 m m  long, u su a lly  ab o u t 2 m m . 
C ysto liths com m on in stem s an d  leaves, 
so lita ry , ro u n d e d  o r so m ew h a t e longated , 
b lu n t at b o th  ends. In flo rescences ax illa ry , 
racem ose, loose, up  to 20 cm  long (the 
low er flow erless p a r t  in c lu d ed ), m ostly  
6— 8-1 low ered ; low er flow ers rem ote . 
B rac ts  m in u te , linear, up  to  3 m m  long 
(Fig. 2 B). P ed icels a b o u t 2 m m  long, 
w ith  tw o lin ea r b ra c tle ts  ab o u t 2 m m  long, 
n ea r the  base. C alyx d iv ided  to the  base,
segm ents 5, lin ear, 8 13 m m  long, 1 mm
w ide, covered  w ith  4-celled, u n ise ria te  
h a irs  (Fig. 2 B). C oro lla  w hite , low er lip 
w ith  v io let m ark in g s  n e a r  the  th ro a t (Fig. 
1 A, B) ; tube  ab o u t 15 m m  long, 2— 3 m m  
w ide n e a r  th e  base, ex p an d in g  to ab o u t
5 m m  at th e  th ro a t. S tam ens 4; filam en ts
basa lly  u n ited  in p a irs  (Fig. 2 E ), sh o r te r  
ones 4 m m  long, lo n g e r ones 5 m m  long; 
an th e rs  3 m m  long. P o llen  g ra in s 3 -po ra te , 
p ro la te , 50— 53 um  X 30— 32 pm. Style 
base an d  o v a ry  covered  w ith  u n ise ria te  
h a irs  (Fig. 2 C) ; o vary  2-celled wi th 2 
ovules in each  cell. C apsule 4-seeded, 
ab o u t 2 cm  long  (Fig. 2 F ) , w ith  m any- 
celled, u n ise ria te  h a irs  an d  s ta lked  g lan 
d u la r  h a irs . Seeds 3— 4 m m  in d iam eter, 
com pressed , rugose  (Fig. 2 G).
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Fig. 1. Asystasia laticapsula. —• A: Flowering specimen. Photo: P.-O. K a r l s t r ö m , Ruiru, 
16 km NE Nairobi 13.V. 1971. —  B :  Part of inflorescence ( B a l l y  356 a). Photo: 1). N i l s 
s o n . —  C: Corolla, showing the attachment of the stamens ( K a r l s t r ö m  371). Photo:

D. N i l s s o n .

CHROMOSOME NUMBER. 2 n = 2 6 .  
Counts were made in six cells, all from 
one plant.

TYPE COLLECTION. Kenya, “British East 
Africa”, near Nairobi 1 9 0 3  A. W h y t e  s . n .  
(K; two sheets, one of which is (lie holotype).

FURTHER COLLECTIONS STUDIED. K e 
n y a .  A r c h e r  2 0 4  (K), B a l l y  3 5 6  a (K), 
B o g d a n  8 3 8  (K), E l l i o t t  s.n. (K, mounted 
on the same sheet as one of W h y t e ’s  speci
mens), G i l l e t  1 8 1 0 8  (K), H i n d o r e  8 2 3  (K), 
K a r l s t r ö m  3 0 6 ,  3 5 2 ,  3 5 6 ,  371  (GB), N a p i e r  
4 2 6  (K), N a p p e r  & A b d a l l a h  18 0 0  (K),
S t r i d  4 0 2 9  (GB), V e r d c o u r t  5 0 6  (K), V e r d -  
C.OURT & P ö L H I L L  3 1 6 3  ( K ) .

Asystasia laticapsula is a commonly 
used name for  a species from tropical 
East Africa characterized among other 
things by oblong, hairy leaves, white co
rolla, and the lower lip of the corolla with 
violet markings near the throat. The spe
cific epithet originates from  a specimen 
collected by A l e x a n d e r  W h y t e  near Nai
robi in 1903 and  labelled “Asystasia lati
capsula sp. nov. C. R. Cl. ms 17 Aug. 
1901”. (The date is probably incorrect,
Bot. N o tise r, vol. 128, 1975

since another  specimen collected by 
W h y t e  near Nairobi in 1903 is labelled 
“Asystasia laticapsula sp. nov. C. R. Cl. 
ms 17 Aug. 1905” .) The label hears the 
annotation “Close to A. coromandeliana 
Nees. Capsule broader, more hairy. Co
rolla smaller. Leaves more oblong and 
ha i ry”. In a recently published flora of 
upland Kenya ( A g n e w  1974) the species 
described above is included, and  there is 
also a drawing of the species. The species 
is cited as “Asystasia laticapsula  C. R. C l .” . 
However C l a r k e  never published a de
scription of the species. In order  not to 
cause confusion I have chosen to use the 
specific c, ' laticapsula since many 
botanists do so for the species described 
above.

All specimens studied originate from 
Kenya. According to Dr R. W i n g f i e l d , 
tlie university of Dar es Salaam, Tanzania, 
who is working on the “Asystasia ganget- 
ica” group in East Africa, A. laticapsula 
probably occurs th roughout Tanzania 
above 550 m  and probably  in all su r 
rounding countries (pers. connn.).

^
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1 cmA,Di
B,E,Fi

0,5 cm

Fig. 2. Asystasia laticapsula. — A: Specimen grown under greenhouse conditions and 
taken from  the same population as the specimen in Fig. 2 I). — B: Detail of in
florescence showing calyx, bracts and bractlets (K a r l s t r ö m  356). — C.: Gynoecium with 
hairy style hase and ovary ( K a r l s t r ö m  371). — D: Specimen collected in the field in 
Kenya (K a r l s t r ö m  371). — E: Corolla opened (corolla from the same specimen as in 

Fig. 2 A). — F: Ripe capsule (K a r l s t r ö m  352). — G: Seed (K a r l s t r ö m  352).
B ot. N o tise r, vol. 128, 1975
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Specim ens were collected by me in dif- 
feren t grassland  localities in Kenya during 
the period  Dec. 1970— Jan. 1971 and in 
May 1971. The cuttings collected were 
grow n at the D epartm ent of System atic 
B otany, U niversity of Göteborg. Com pared 
w ith the collected specim ens, these p lants 
often had leaves that were m ore m arkedly 
oblong, had  longer and w ider lam inae and 
longer petioles (Fig. 2 A). This is probably  
due to the favourable conditions in the 
greenhouse.

Cystoliths are com mon in the stems and 
leaves of A. laticapsula. They are solitary, 
rounded  or som ew hat elongated, b lun t at 
both ends. This is in agreem ent w ith 
H o b  e i n  (1884), who studied the cystoliths 
in several species of the Acanthaceae, in 
cluding some species of Asystasia.

Asystasia  incl. A. laticapsula  has been

s t u d i e d  e m b r y o l o g i c a l l y  b y  K a r l s t r ö m  
(1974).

AC K NOWLEI )GEM ENTS

1 am  m uch  in d eb ted  to P ro fe sso r G u n n a r  
M a r l i n g  fo r the c ritica l read ing  of th e  m an u 
script and  to D r U n o  E l i a s s o n  fo r  fru itfu l 
d iscussions on taxonom y and  term inology . 
T he L atin  d iagnosis w as w ritten  by D r E m in  
T e n g s t r ö m . I g reatly  ap p rec ia te  his k indness 
and  help.
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Cytological Studies in the M acaronesian Genus 

Argyranthem um  (Com positae: A nthem ideae)

Christopher John Humphries

H u m p h r i e s ,  C. J. 1975 10 10. Cytological studies in the M acaronesian genus 
A rgyranthem um  (Compositae: Anthemideae). — Bot. Notiser 128:239-—255. Lund. 
ISSN 0006-8195.

Seventeen species of Argyranthemum  W e b b  ex S c h u l t z  B ip . from  the C anary 
Islands and the Salvage Islands have been investigated cytologically. All taxa 
are diploid (x =  9), except for a cultivated population of the n a tu ra l hybrid A. 
frutescens (L . f i l . )  S c h u l t z  B ip .  X A. coronopifolium  ( W i l l d . )  W e b b  ex 
S c h u l t z  B ip .,  which has a range of chrom osome num bers between the diploid 
and tetraploid levels. Chromosome counts have been determ ined in 72 popu la
tions.

A general survey of chromosome morphology at mitosis is presented. Twenty- 
eight populations representing 12 species have been studied in detail and varia
tion in two pairs of m arker chromosomes is given. Differences are in no way 
correlated with recognised taxa bu t do vary significantly betw een populations. 
Details of pairing behaviour at meiosis are also given and chiasm a frequency 
variation is discussed in the light of its adaptive significance.
Christopher John Humphries, Department of Botany, British Museum (Natural 
History), Cromwell Road, London SW 7 à III), England.

Since 1969 the au tho r has been studying 
rela tionsh ips in A rg y ra n th e m u m  W e b b  

ex S c h u l t z  B i p . ,  a woody perennial genus 
allied to C h ry sa n th e m u m  L. s.str., endem 
ic to the M acaronesian archipelagos of 
M adeira, the Salvage Islands and the Ca
n ary  Islands.

'I'he purpose of the w ork is partly  to 
provide a taxonom ic revision of the genus 
( H u m p h r i e s  1973, 1975 in press), bu t 
p rincipally  to study problem s of variation  
and evolution at the population  level in 
one of the largest M acaronesian endem ic 
genera. F or this type of investigation, 
chrom osom e studies and crossing experi
ments have provided a wealth of valuable 
inform ation  for in terpretation  of the evo
lu tionary  situation in A rg y ra n th e m u m .

This publication is the firs t of two 
papers on problem s of adaptation  in A r
g y r a n th e m u m  and p a rt of a w ider study 
on the system atics of the Com positae:

Anthem ideae. In the presen t paper a gene
ral survey of chrom osom e num ber, ch ro 
mosome m orphology at mitosis, and p a ir 
ing behaviour at meiosis in cultivated  and 
na tu ra l populations of seventeen species 
of A rg y r a n th e m u m  will be given.

MATERIAL

The genus Argyranthemum  consists of 
twenty-two allopatrie species appearing in 
all of the principal vegetation zones of the 
northern  M acaronesian archipelagos, except 
the Azores ( H u m p h r i e s  1973, 1975 in press). 
Apart from  two relatively w idespread spe
cies, A. frutescens, a polym orphic coastal and 
lowland species found on the islands of Tene
rife, Gran Canaria and Gomera and A. adauc
tum  (L in k )  C. J . H u m p h r i e s  an upland spe
cies found in the pine forests and highlands 
of Gran Canaria, Tenerife and Hierro, the 
rem aining species occur as distinct, isolated 
population groups on individual islands. The 
taxonom y and nom enclature follows tha t of 
H u m p h r i e s  (1975 in press).

Bot.. N otiser, v o l. 128, 1975
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The cultivated m ateria l  was ra ised p r i 
m ar i ly  f ro m  seed collected in the Canary  
Is lands by  I)r 1). B r a m w e l l  and myself 
d u r in g  the spring of 1971. Seed was also 
p rov ided  by Dr 1). B r a m w e l l ,  the lale Dr 
E. R. S v e n t e  n i  us, Mr G. Kunkel  and  Miss 
Liv B o r g e n  from collections m ade  hv them  
d u r ing  1969, 1970 and  1971. Chromosome 
n u m b ers  have  been de te rm ined  in all p o p u la 
tions a n d  m ark e r  chrom osom es from  at least 
one or two populat ions of each I axon have 
been exam ined  in detail. Pa ir ing  behaviour  
at meiosis has been studied  in buds fixed in 
the field during  1971.

PREPAR ATORV I ECHNIQUES

Mitotic p repara t ions  were m ade  from  root- 
tips of 3— 12-month-old p lan ts  using mono- 
b ro m o n ap h ta le n e  for p re -treatm ent,  Feulgen 
and  acetic  orcein as stains. Meiotic p re p a ra 
tions w ere  stained w ith  acetic orcein w ithou t  
p r io r  fixation. Slides were  m ade  p e rm anen t  
b y  us ing  the ’Arcton’ (CFgClg) gas method.

( iHROMOSOME MEASUREMENTS

F o r  ka ry o ty p e  studies 10 good mitotic  p re 
p a ra t io n s  showing a bou t  the same degree ot 
ch ro m o so m e  con tract ion  were  selected from  
each p lant .  Usually 4— 5 plants  were studied 
in a n y  one population . Drawings were made 
w ith  the  aid of a Zeiss cam era  lucida at a 
m agn if ica t ion  of X 1600. M easurem ents  were  
taken  f ro m  the drawings,  and  the d iagrams 
in Fig.  1 represent  the karyo types  examined 
in detail.  P h o to g rap h s  in Figs. 2 and  3 were 
tak en  on a Zeiss photomicroscope. The p o p u 
la t ions studied were  all f ro m  C anary  Islands 
taxa, apar t  from one sam ple  of Argyr-  
( in then ium  thnlassophilnm  f rom  the Salvage 
Is lands.  No data  for Maderian p lan ts  are 
a vs lilable.

The  definit ion of ch rom osom e type is 
based upon  the scheme devised by L e v a n  
et id. (1965), w hereby  the centromeric  p o 
sition is de te rm ined  by  calculating the r- 
index.

To show  variation between populations,  
the o rd in a ry  r-index (long a rm /sh o r t  arm) 
and  the 1-index (haploid complement/ length  
of the chromosome) were  calculated for two 
m a rk e r  chromosomes. The chrom osom es with 
satellites (SAT-chromosomes) n u m b ers  13, 
14, 15 a n d  16 (Fig. 1) were  easily identified 
a n d  used  for statistical calculations. The 
length of the satellite, b u t  no t  of its connec
ting th read  Avas added to the  length of the 
short  arm.

SO UR CES OF ERR OR IN T H E  DETER
M INA T IO N OF ARM RATIOS

During the preparation of root tip 
squashes for com parative studies at m i
tosis there are m any occasions w hen arti
facts may occur both m echanically  and 
through the influence o f chem ical treat
ments (S y r e n g a  1959, B o t h m e r  1970, 
B e n t z e r  et al. 1971), notably in the use 
of pre-treatm ent drugs for chrom osom e 
contraction. M echanical d ifficu lties usu
ally arise from  uneven squashing, causing 
stretching or constrictions o f chrom osom e  
segm ents and poor separation o f chrom o
som es causing overlapping, tw isting and 
apparent shortening by vertical rises w ith
in the cell (L e w i t s k y  1931, S y r e n g a  1959, 
S im ak  1962, B o t h m e r  1970).

There are several reports on inform a
tion regarding chem ically  induced con
traction during the course o f m itosis. 
S a s a k i  (1961) observed that long m am 
m alian chrom osom es for exam ple, varied  
more in relative length than short ones 
under colchicine pre-treatm ents and thus 
had a distinct tendency for centralisation  
of the centrom ere in h igh ly  differentiated  
karyotypes. In groups w ith sym m etrical 
karyotypes, such as Ar gyran t he m u m  this 
effect is likely to he sm all and can he 
disregarded (B o t h m e r  1970). B e n t z e r  
et al. (1971) indicated that the sam e app
lies w ith long chrom osom e arm s versus 
short ones. S y r e n g a  (1959), w orking on 
the cereal grass Secale, observed that sim 
ilar effects w ere achieved w ith a variety  
o f different pre-treatm ents including 8- 
hydroxvquinoline and m onobrom o naph
thalene.

ln  Arg grant he m u m  identification  o f in 
dividual chrom osom es is the w orst p rob
lem so far encountered. In m -chrom o- 
som es with low  r-values and no secondary  
constriction confusion  betw een  non-hom o-  
logous arms and reversal o f h om ologous  
chrom osom es is unavoidable w h en  the 
significant difference betAveen overall arm  
lengths is less than 12— 2 0 %  (SlMAK 1962 ,  
M a t e r n  & S im a k  1 96 8 ,  B o t h m e r  1 9 7 0 ) .
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T able  1. C hrom osom e n u m b er rep o rts  in A rgyran them um .

241

Presen t
d e te rm in a 

tions
Species R eferences fo r  p revious de te rm in a tio n s

So- C a
rnatic m etic

2n =  18 n =  9

frutescens
subsp. fru tescens  . . . .

subsp. succu len tum  . . 
subsp. gracilescens . . X
subsp. parv i  f lo ru m  . .  X
subsp. foen icu taceum  . X
subsp. c a n a r i a e ..... X
subsp. p u m i l u m ..........

h a o u a ry th eu m  ................  X
foen icu laceum  ................  X
gracile ..................................  X
tenerifae  .............................. X

made rense  .........................  X
w interi  ................................
lidii .......................................
tha lassophilum  ................  X
call ichrysum  ..................... X
caronopifo l ium  ................  X
h roussonetii

subsp. broussonetii  . . X
hierrense  ............................  X
webbii  ..................................
f i l i fo l ium  ............................  X
escarrei  ................................
adauctum

subsp. canariense  . . .  X
subsp. g r a c i l e ..............
s ' p. jacobaeifolium
subsp. dugourii  ..........
subsp. adauctum  . . . .  
subsp. ery throcarpon .

S h i m o t o m a !  1937, D o w r i c k  1952, T a h a r a  1915, 
M a r l i n g  1951, L a r s e n  I960, B r a m w e l l  e t  a l .  1971 

L a r s e n  I960, B o r g e n  1969, B r a m w e l l  e t  a l .  1971 
B o r g e n  1969, B r a m w e l l  e t  a l .  1971 
L a r s e n  1960 
L a r s e n  1960

M a r l i n g  1951, B r a m w e l l  cl a l .  1971 
L a r s e n  1960, B o r g e n  1969, B r a m w e l l  e t  a l .  1971 
M a r l i n g  1951, L a r s e n  1960, B o r g e n  1969 
M a r l i n g  1951, L i n d e r  & L a m b e r t  1965 
L a r s e n  1958, 1960, B o r g e n  1969, 1970, B r a m w e l l  

e t  a l .  1971 
L a r s e n  1958, I960, B o r g e n  1970

B r a m w e l l  e t  a l .  1971, B o r g e n  1974 
L a r s e n  1960, B r a m w e l l  e t  a l .  1971

L a r s e n  1958, 1960, B o r g e n  1970

S h i m o t o m a i  1937, D o w r i c k  1952, B o r g e n  1970

L a r s e n  1960, B o r g e n  1969, B r a m w e l l  et a  
L a r s e n  1960 
B o r g e n  1970

L a r s e n  1960

1971

In  A r g y r a n t h e m u m  v i r tu a l ly  th e  w h o le  
k a r y o ty p e  c o n s is ts  o f  m -c h ro m o s o m e s  
(w ith  r -v a lu e s  a ro u n d  1) a n d  th e  to ta l 
c o m p le m e n t h a s  le ss  th a n  a  20  %  d i f f e r 
e n ce  b e tw e e n  th e  la rg e s t  a n d  sm a lle s t  
c h ro m o s o m e s  a t  a n y  s ta g e  d u r in g  c o n 
t ra c tio n . (d o se r  s tu d y  o f th e  w h o le  k a r y o 
ty p e  is th e re fo re  im p o ss ib le  a n d  d e ta i le d  
a r m - r a t io  a n a ly s is  h a s  b e e n  r e s t r ic te d  to  
th e  tw o  p a ir s  o f  c h ro m o s o m e s  w ith  se c 

o n d a ry  c o n s tr ic t io n s  (F ig . 1; n o s . 13— 14, 
15 16), th e  o n ly  o n e s  to  b e  p o s i t iv e ly
id e n t i f ie d  in  a n y  p r e p a r a t io n  w i th o u t  fe a r  
o f m is id e n l if ic a t io n  o r  re v e rsa l.  I d io g ra m  
a n a ly s is  to  c o m p a re  d if f e re n t  ta x a  h a s  
n o t b e e n  c a r r ie d  o u t d u e  to  Ihe  d if f ic u l tie s  
o u t lin e d  a b o v e , b u t  sa m p le s  o f  e a c h  e x 
a m in e d  sp e c ie s  a re  p re s e n te d  to  g iv e  a n  
id e a  o f  th e  v a r ia t io n  th r o u g h o u t  th e  g e n u s .

Bot. Notiser, vol. 128, 1975
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RESULTS 

Chromosome Numbers

All species of Ar gyrant he m um  hitherto 
investigated from natura l populations are 
diploid, with a basic num ber of x =  9 and 
a somatic chromosome number of 2n =  18 
( T a h a r a  1915, H a u l i n g  1951, L a r s e n  

1958, 1960, B o r g e n  1969, 1970, 1974). 
Table 1 shows the chromosome numbers 
determined by previous authors and the 
new counts resulting from this study.

During the course of this work new 
counts have been made for 6 species, 2 
subspecies of .4. frutescens,  and 2 sub
species of .4. adauctum  and confirmed at 
least once in 10 of the remaining 16 spe
cies.

Sterile triploids have been reported for 
garden populations of .4. frutescens  ( T a 
h a r a  1915, D o w r i c k  1952), a plant com
monly know n as the Paris Marguerite’. 
In the present study diploids have been 
found in all field population samples, 
but in Fg and later generations cultivated 
from seed collected from a single popula
tion occurring in the wild of the hybrid 
between A. coronopifolium  and A. frute
scens subsp. frutescens.  In this, the only 
example of natural interspecific hybridisa
tion within the genus, plants with somatic 
numbers ranging from 18 to 36 were de
tected ( H u m p h r i e s  1973). It seems pos
sible that disturbances during meiosis have 
given rise to unbalanced gametes in the 
hybrid plants, in turn  giving rise to aneu- 
ploids, triploids and tetraploids. Moreover, 
individuals normally  having 18 chrom o
somes in the complement have numbers 
of 19, 24, 27, 35, 36, and 37 in some root- 
tip cells. The triploid is shown in Fig. 2 A.

Chromosome Morphology

In A rgyranthem um  there is little ap 
parent s tructura l differentiation of the 
karyotype between the various species. 
The chromosomes are more or less sym
metrically metacentric (m) or submeta- 
centric (sm) (Fig. 1, 2 B, C). There is a
Bot. Notiser, vol. 128, 1975

small hut continuous transition from he 
largest to the smallest chromosomes, and 
there are 110 chromosomes conspicuously 
larger or smaller than the others. In most 
cases the only chromosomes tha t  can be 
identified with certainty are the SAT-pairs 
13— 14, 15— 16 (Fig. 1). One exception is 
a pair  of subterminal (st) chromosomes 
detected in .4. hierrense (f ig. 1 N).

Most previous cytological reports of 
chromosome morphology in the Canary 
Islands species have mentioned the ocur- 
rence of none, or only one pair  of satellite 
chromosomes ( D o w r i c k  1952, L a r s e n  
1958, I960, B o r g e n  1969, 1970, 1974). 
This is not borne out by my results. Only 
the Salvage Islands species .4. thalas- 
so phi turn, reported here for the first time 
(Fig. 1 K), has been seen to have one 
pair  of satellite chromosomes and in all 
other species two pairs are present.

The short a rm  and satellites of the 
non-homologous chromosome-pairs (13— 
14, 15— 16) can usually he separated from 
one another  as the long arm  is consist
ently longer in chromosomes 13— 14. 
Thus, a much higher r-value is obtained. 
In both pairs of chromosomes with sec
ondary  constrictions the satellites consist 
of a small distal body connected to the 
short arm by a thin thread. In chrom o
somes 15— 16 the satellite is sometimes 
larger than  the non-homologous satellites 
of chromosomes 13 14 and in good p re
parations of early metaphase with little 
contraction in the connecting thread, an 
interstitial body comparable to the tan
dem satellites' described by J o n e s  & J o p -  

LING (1972) can be seen (Fig. 2 B).

Chromosome Variation

To investigate the possibility of inter- 
populational chromosomal differences, 28 
populations belonging to 12 different spe
cies were examined in respect of the  r- 
index and 1-index for the chrom osom e 
pair  15— 16. Similar data were also ob 
tained for the chromosome pa ir  13— 14 
in 21 populations of 6 different species.
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Fig. 1. K aryo types  f ro m  roo t- tip  m itoses in different  species of A rg y ra n th em u m .  —
A: A. fru tescens  subsp. fru tescens  (70247). —  B: A. fru tescens  subsp. gracilescens  (71020).
-  G: A. frutescens  subsp. parui f lo ru m  (71012). — D: A. fru tescens  subsp. canariae  (71039).
-  E: A. fru tescens  subsp. foen icu laceum  (71022). —  F: A. h a o u a ry th eu m  (70266). —

(i: A. foen icu laceum  (70036). —  H: A. gracile (70227). —  I: A. m aderense  (70076). —
J: A. ca ll ichrysum  (70284). —  K: A. tha lassophi lum  (71010). —  L: A. broussoneti i  subsp. 
b roussone ti i  (71030). — M: A. coronop i fo l ium  (70236). —  N: A. hierrense  (71006). —
O: A. f i l i fo l ium  (71008). —  P: A. adauc tum  subsp. canariense  (71039). ■— Scale 10 u.
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Fig. 2. Metapliases of root-tip mitoses in 
Argyranthemum.  — A: Cultivated triploid 
progeny of the natural hybrid A. frutescens X 
A. coronopifolium  (population 70237). -— B: 
A. frutescens subsp. frutescens (population 
70247). — C: A. frutescens  subsp. gracilescens 
(population 71020). — Arrows refer to “ tan
dem satellites” (see p. 242).

2. V ar ia t io n  in re la tive arm-Ienglh is 
g rea te r  t h a n  in re lative chrom osom e-lcngth  
fo r  the  sam e  ch rom osom e.

3. P o p u la t io n s  71013, 70223, 7:021,
71 039, 70 2 24 , 71 030, 7 0238 , 702 40, 70236 
an d  70219 a p p e a r  to be the  m ost distinc
tive po pu la t ion s .

4. T h e re  tends  to be g rea te r  variation 
be tw een  p op u la t io n s  of d if fe ren t  species 
th a n  be tw een  p op u la t io n s  of the same 
species. T h us ,  the ten p o p u la t io n s  of .4. 
fru te scens  sh ow  few er s ign if ican t differ
ences, t h a n  fo r  exam p le  occur  between the 
o th e r  p o p u la t io n s  listed in Figs. 3— 6, 
w h ich  b e long  to d if fe ren t  species.

Meiosis

D iakines is  a n d  m e 1 , 1 use I w ere  studied 
in 51 p o p u la t io n s  be long ing  to 15 species 
of C a n a ry  Is lan ds  A r g y ra n th e m u m .  The 
h ap lo id  n u m b e r  w as in v a r iab ly  n  =  9 and 
several n ew  coun ts  co n f i rm in g  this c h ro 
m osom e n u m b e r  have  b een  de te rm ined  
in the  fo l low ing  taxa: .4. fru te scens  subsp. 
canariae, .4. a d a u c tu m  subsp . dugourii  and  
subsp. ery th ro carpo n ,  .4. w in ter i ,  A. lidii, 
.4. hierrense, A. w ebb ii  a n d  .4. escarrei 
(Table 1).

In  m o s t  p o p u la t io n s  c h ro m o so m e  p a i r 
ing is n o rm a l ,  w ith  9 b iva len ts  being fo r 
m ed  (Table  3). T h e  ch ia s m a  posi t ion  can 
be te rm in a l ,  su b te rm in a l  o r  m ed ia n  (Fig. 
7 A, C).

T h e  d a ta  are  p resen ted  in Table  2 and 
the 1-values ob ta ined  by co m p ar in g  m ean  
values and s ta n d a rd  deviations fo r  h o m o 
logous ch ro m osom es  m e asu rem e n ts  are  
p resen ted  in Figs. 3 6. In  m a n y  cases il
a p p ea rs  th a t  th e  d ifferences are  sta tis t i
cally  significant, f r o m  w h ich  several co n 
clusions can be d raw n :

1. T here  is a w id e r  a n d  m ore  in dep end en t  
range  of v a r ia t io n  in the ch ro m osom e  
p a i r  15— 16 fo r  b o th  the re lative a rm - 
leng th  (r-index) and  relative ch rom osom e- 
leng th  (1-index) th a n  in ch rom o so m es  
13— 14.

Variation in Chiasma Frequency

T h ere  is good rea so n  to suppose  that 
a d ju s tm e n ts  in c h ia sm a  f re q u e n c y  at 
meiosis m a y  h av e  a d irec t  adap tiv e  sign i
ficance ( R e e s  & A h m a d  1963, J o n e s  & 
R e e s  1966, C r o w l e y  1969, R e e s  & D a l e  
1974) as  there  is a s t ro n g  co rre la t io n  b e 
tween ch ia s m a  posi t ion  a n d  genetic  r e 
co m b in a t io n  ( D a r l i n g t o n  1939). O ne ex 
pects , the re fo re ,  to f in d  v a r ia t io n  in 
ch ia sm a  f req u en c y  w i th in  a n d  b e tw een  
p o p u la t io n s  of th e  sam e a n d  d if fe re n t  spe 
cies exposed  to d if fe ren t  k inds  of se lec
tion in d if fe ren t  ha b i ta ts  as re c o m b in a t io n
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Tabic 2. r-in d ex  (relative a rm  length) and  1-index (relative ch rom osom e length) values 
for the hom ologous chrom osom e p a irs 13— 14 an d  15— 16 in tw elve species of Argyran-  

them um .  M eans ±  s ta n d a rd  deviations.

P o p u la tio n Species
Chrom . 3— 14 C hrom . 15— 16

n um ber r-index I-index r-index  1-index

fru tescens
70247 subsp. frutescens  ......... . . 2.46 + 0.54 9.4 ±0.95 1.98 ± 0 .5 9.98 ± 0 .2
70282 ,, ........................... . . 2.40 + 0.3 8 6 ± 1 .2 2.4 ± 0 .5 10.2 ± 0 .6
71013 . . 2.78 + 0.5 8.85 ± 0.86 2.6 ±0 .57 9.95 ± 0 .4
70223 . . 2.96 +  0.57 9.76 ± 0 .6 2.68 ±0 .59 9.9 ±1.1
71031 subsp. gracilescens  . . . . . . 3.36 ±0.95 8.92 ± 0.89 2.29 ±0 .67 9.48 ± 0 .96
71020 . . 2.5 +0.70 9.4 ±0.67 1.86 ± 0 .2 9.7 ±1.1
71021 . . 2.75 + 0.3 9.1 ±0 .28 2.74 ±0 .2 10.2 ±0.1
71012 subsp. parvifloruln  . . . . . 2.26 ±0.15 9.56 ±0.58 1.9 ±0 .4 10.6 ± 1 .2
71022 subsp. foeniculuceum . . 2.74 ±0 .38 8.78 ±  1.26 2.26 ±0 .28 10.46 ±0 .9
71039 subsp. canariae  .............. 9.96 ± 2 .26 2.3 ± 0 .2 9.86 ±1 .78
70266 h a o u a ry th eu m  .................... . . 2.96 + 0.54 9.02 ±1.14 2.12 ±0.67 10.5 ±1 .25
70267 „ ........................... . . 2.74 +  0.6 8.66 ± 1 .3 1.64 ± 0 .39 10.84 ±0.74
70228 ....................  ....... . . 2.32 + 0.68 9.55 ± 0 .6 2.09 ± 0 .5 10.2 ±1 .29
70036 foen icu luceum  .................... — -— 1.72 ± 0 .59 8.95 ±0.87
70227 gracile ..................................... — — 7.74 ± 0 .4 8.98 ±1 .22
70076 m aderense  ............................ — — 1.8 ± 0 .38 8.3 ± 0 .58
71010 tha lassophi lum  ................... — — 2.4 ±0 .7 8.95 ± 1.57
70240 call ichrysum  ......................... . . 2.18 + 0.54 9.46 ±1 .35 2.28 ±0 .38 8.82 ±0.87
70284 ,, ................................................ . . 2.19 + 0.66 9.67 ±1 .3 2.55 ± 0.58 9.28 ±1.13
70236 coronopif  o lium  ...................... . 2.5 + 0.7 9.82 ± 1 .8 2.46 ± 0 .85 9.14 ±0 .7
70219

broussonetii
±1 +0.27 9.85 ±0.84 2.11 ±0 .4 8.13 ± 0 .5

71030 subsp. broussonetii  .......... . 2.63 + 0.69 10.0 ±1.1 3.05 ± 0 .4 9.58 ±0.54
70238 9.95 ±  1.8 3.68 ±0 .88 8.3 ±1.04
71042 , . 2.18 + 0.79 10.24 ± 1 .5 1.85 ±0 .4 8.95 ±1 .25
71005 hierrense  .................................. — — 1.57 ±0 .36 9.17 ±  1.57
71006 — — 2.0 ±0.7 8.85 ±  0.33
71008 f  Hi fo l ium  ...............................

a d auc tum
• — 1.7 ±0.17 9.23 ±  0.32

70224 subsp. canariense  ............ . 2 0 +0.1 8.3 ±0.1 2.4 ±0.1 8.3 ±0.1

a t m e io s is  in  o u tb re e d e r s  is a  m a jo r  
so u rc e  o f  h e r i ta b le  v a r ia tio n . T h e  su rv e y  
h a s  s h o w n  th a t  in d e e d  s ig n if ic a n t  d i f f e r 
e n c e s  c a n  b e  f o u n d  a n d  T a b le  3 g ives a 
list o f  th e  c h ia s m a  f re q u e n c ie s  f o r  th e  
p o p u la t io n s  s tu d ie d  in  A rg  y  r a n t  h e  m u m .  
T h e  re s u l ts  in d ic a te  th a t  th e re  is a w id e r  
ra n g e  o f  c h ia s m a  f re q u e n c ie s  fo r  p o p u la 
t io n s  o f  w id e s p re a d  v a r ia b le  sp e c ie s  (e.g. 
A. f r u t e s c e n s  a n d  4 . a d a u c t u m )  th a n  fo r  
d is t in c t iv e ,  less v a r ia b le  n a r r o w ’ e n d e m ic s  
o f  r e s t r ic te d  d is t r ib u t io n s  (e.g . .4. fili- 
f o l i u m ,  4 .  l id ii  a n d  4 . escarre i) .

In  v i r tu a l ly  e v e ry  p la n t  in w h ic h  m e i
osis w as s tu d ie d  in  d e ta il  th e  p o lle n  m o th e r  
ce lls  sh o w e d  a r e g u la r  f o rm a t io n  o f b i 
v a le n ts  a t p r o p h a s e  a n d  m e ta p lia s e  1. 
H o w ev e r , a  s in g le  in te r c h a n g e  h a s  b e e n  
d e te c te d  in tw o  , , 'a t io n s  o f  A r g y r a n -  
t h e m u m  ( Table 3 ). Q u a d r iv a le n ts  o c c u r  
in 25 °/o o f  cells  e x a m in e d  in  p la n ts  f ro m  
a  la rg e  p o p u la t io n  o f  4 . f r u t e s c e n s  su b sp . 
f r u t e s c e n s  c o lle c te d  a t S a n ta  U rs u la  o n  
T e n e r ife  (F ig . 7 B) a n d  a  s im ila r  p e r 
c e n ta g e  o f  in te r c h a n g e  h e te ro z y g o te s  w as 
fo u n d  in  a la rg e  p o p u la t io n  o f  4 .  a d a u c t u m  
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f ru tescen s  subsp . frutescens  70247
„ —  70282
„ —  71013
„ —  70223
,, subsp . gracilescens  71031
„ —  71020
„ —  71021
„ subsp . p u rv i f lo ru m  71012
,, subsp . foen icu laceum  71022
,, subsp . canariae  71039
h a o u a r y th e u m  70266

70267
70228

callichr ys urn 70240
70284

corono  p i f  oli um  70236
70219

b roussone ti i  subsp . broussonctii  71030
„ —  70238
„ —  71042
a d a u c tu m  subsp . canariense  70224

Fig. 3. S ign ifican t t-values ob ta ined  by  co m p arin g  a rm  indices (r-index) fo r  ch rom osom es 
no. 13— 14 in 21 p o p id a tio n s fro m  6 species of A rgyra n th e in u m .

fru tescen s  s '  r , f rutescens

,, sub sp . gracilescens

,, subsp . parui f lo ru m  
„ subsp . /  oeniculaceum  
,, subsp . canariae  
h a o u a ry th eu m

ca ll ichrysum

coro n o p i fo l iu m

broussone ti i  subsp. broussoneti i  

a d a u c tu m  subsp . canariense

70247
70282
71013
70223 
71031
71020
71021 
71012
71022 
71039
70266
70267 
70228 
70240 
70284 
70236 
70219 
71030 
70238 
71042
70224

Fig. 4. S ign ifican t t-values ob ta ined  by com paring  length  indices (1-index) fo r  chrom osom es 
no. 13— 14 in 21 po p u la tio n s fro m  6 species of A rg yra n th em u m .
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fru tescens  subsp. frutescens

,, s 111 » s i ). gracilescens

,, subsp. p arv i f lo rum  
,, subsp. foen icu laceum  
,, subsp. canariae  
haoua rg th eu m

foeniculaceu m
gracile
maderense
tlialassophilum
callichrgsum

coronop i f  oliuin

broussoneti i  subsp. broussonetii

liierrense  

fili  fo l ium
adauc tum  subsp. canaliense

70247
70282
71013
70223 
71031
71020
71021 
71012
71022 
71039
70266
70267 
70228 
70036 
70227 
70076 
71010 
70240 
70284 
70236 
70219 
71030 
70238 
71042
71005
71006 
71008
70224
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Fig. 5. Significant t 
15— 16

values ob ta ined  by c o m p ar in g  a rm  indices (r-index) for  ch rom osom es 
in 28 popula t ions  f ro m  12 species of A rggran them um .

s u b s p .  ca n a r ien s e  c o l le c ted  at R in c o n  d e  
T e n e g u id a  o n  G ra n  C a n a r i a .  I n  b o t h  cases,  
th e  cel ls  w i t h  q u a d r iv a l e n t s  h a d  a  r e d u c e d  
c h i a s m a  f r e q u e n c y  b u t  t h e r e  w a s  l i t t le  
o v e r a l l  e f fe c t  o n  t h e  r e c o m b in a t io n  i n d e x  
( h a p lo i d  c h r o m o s o m e  n u m b e r / n u m b e r  o f  
c h i a s m a t a )  f o r  t h e  w h o le  p o p u la t io n .

DISCUSSION 

Chromosome Num be rs

A b o u t  400  o u t  o f  t h e  a p p r o x i m a t e  e s t i 
m a t e  o f  1400 sp ec ie s  o f  the  A n t h e m i d e a e  
a r e  k n o w n  c y to lo g ic a l ly  w i th  r e s p e c t  to  
c h r o m o s o m e  n u m b e r s  (T ab le  4) .  T h e  b a s i c  
n u m b e r  is i n v a r i a b l y  x  =  9 a n d  v a r ia t i o n s  
f r o m  th e  d ip lo id  2n =  18 a r e  k n o w n  m o s t ly  
in  p o l y p lo i d  se r ies  a n d  o c c a s io n a l  a n e u -

p lo id s .  T h e r e  is a  w id e  r a n g e  o f  p o l y p lo i d  
n u m b e r s  in th e  t r ib a l  c o m p le x  f r o m  th e  
2x ( 2 n = 1 8 )  to th e  22x  (2n =  198) leve ls  
( D o w r i c k  1952), t h e  sp e c if ic  f r e q u e n c ie s  
o f  w h ic h  a r e  s h o w n  in T a b le  4.

A l th o u g h  th e  A n t h e m i d e a e  a r e  w id e ly  d i s 
t r ib u t e d  t h r o u g h o u t  t h e  t e m p e r a t e  n o r t h 
e rn  h e m i s p h e r e  a n d  S o u th  A f r ica  w i t h  f e w  
t a x a  o u t s id e  th e se  a r e a s  p o l y p lo i d  v a r i a t i o n  
is re s t r ic te d  to tw o  o r  t h r e e  g e n e r a  a n d  
c lo se ly  a s s o c i a t e d  w i th  p a r t i c u l a r  eco -geo-  
g r a p h ic a l  c o n d i t i o n s  a n d  r e g io n a l  d i v e r 
sity .  U n d o u b te d ly ,  the  w id e s t  r a n g e  of 
v a r ia t i o n  is f o u n d  in the  g e n u s  L e u c a n -  
t h e m a m ,  w i th  a  c e n t r e  o f  d i s t r i b u t i o n  in 
th e  c e n t r a l  a n d  s o u t h e r n  E u r o p e a n  m o u n 
t a in s  a n d  th e  w e s t e r n  M e d i t e r r a n e a n  
m o u n t a i n s  o f  M o ro c co .  In  N o r t h  A f r i c a  
all  m e m b e r s  o f  th e  g e n u s  a p p e a r  to  be  
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frutescens subsp. frutescens

,, subsp. gracilescens

„ subsp. purviflorum  
,, subsp. foeniculaceum  
,, subsp. cunnriae 
hciouuryt lie um

foeniculaceum
gracile
maderense
thalassophilum
callichrysum

coronopifolium

broussonetii subsp. broussonetii

hier reuse 

fili folium
adauctum  subsp. canariense

70247
70282
71013
70223 
71031
71020
71021 
71012
71022 
71039
70266
70267 
70228 
70036 
70227 
70076 
71010 
70240 
70284 
70236 
70219 
71030 
70238 
71042
71005
71006 
71008
70224

Fig. 6. Significant t-values obtained by comparing length indices (1-index) for chrom osomes 
15— 16 in 28 populations from 12 species of Aryyrunthemum.

d ip lo id  b u t in E u ro p e  species exh ib it a 
w ide ran g e  of n u m b ers  be tw een  the  d i
ploid (2ii 18) and  decap lo id  (2n 9 0 i
levels ( B a k s a y  1956, 1957, B ö c h e r  & 

L a r s e n  1957, F a v a r g e r  1959, F a v a r g e r  
& V i l e  a r  d  1965, P o l a t s c h e k  1966, V i l - 
LARi) 1970, P a r e s  1972). T he po lyp lo id  
endem ic  species of D en d ra n th em a  o f e a s t
ern  C h ina  and  Ja p a n  a re  a lso  w ell know n 
cy to log ically . In  th is reg ion  ab o u t 30 spe
cies have  been  exam ined  an d  show n to 
have a ran g e  o f p lo idy  levels be tw een  the  
d ip lo id  (2n 18) an d  th e  dodecap lo id
(2n =  108) ( S h i m o t o m a i  1932, 1933, 1937 
a, b, 1938, S h i m o t o m a i  & T a k e m o t o  1939, 
S h i m o t o m a i  et al. 1956, 1957, 1958, 1960, 
T a n a k a  1959 a, b, c, S h i m u z u  1962). Few  
high ch ro m o so m e coun ts  exist fo r  genera  
in o th e r  a rea s  of A n them idean  d iversity

an d  av a ilab le  re p o r ts  seem  to  ind ica te  
th a t m o s t ta x a  a re  e ith e r  d ip lo id  (2n 18)
o r  te trap lo id  (2n 36) (see B o l k o v s k i k i i

e t al. 1969, M o o r e  1973). In  M acaronesia  
all tax a  of th e  C h ry sa n th e m in a e  so fa r  
exam ined  a re  d ip lo id , a p a r t  fro m  a single 
te trap lo id  , , 'a tio n  o f T a n ace t i im  ptar-
m ica e f lo ru m  re p o r te d  fro m  G ran  C an aria  
by  L a r s e n  (1960).

Chromosome Morphology

T h ere  have been  n u m ero u s  well d o cu 
m en ted  exam ples of k a ry o ty p e  evo lu tion  
( B a b c o c k  1947, L e w i t s k y  1931, S m i t h  

1964, S t e b b i n s  1950). S t e b b i n s  (1971) 
show ed lhat il is o ften  q u ite  possib le  to 
de te rm in e  the  m o rp h o lo g ica l sequence  of 
k a ry o ty p e  evo lu tion  by  using  th e  fo llow ing
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Table 3. C hiasm a frequencies, m ean  n u m b er of ch iasm ata  (x), re co m b in a tio n  indices 
(R. I.), and  p a irin g  con fig u ra tio n s of ch ro m o so m es at d inkinesis and m etap h ase  I in 

field  collections of 15 species of A ry yr a n th e m u m .  — N: n u m b er of cells stud ied .

P er cent ch ia sm ata
Species X R.I. C o n fig u ratio n N

14 1 15 1 16 17 1 18 1 19

1*01)11 - 

l a t i o n

fru tescens  
3461 su b sp . fru tescens  . . . .  -
3275 „ .........................  -  12
3282 „ .........................  -
70282 „ ......................... -

DB320 „ .........................  -
70223 „ .........................  -
3376 subsp. succu len tum  . . -
70227 subsp. gracilescens . . -
70265 „ ......................... -
3179 „ .........................  -
3208 „ .........................  -
3360 subsp. parvi f lo ru m  . . -
3363 „ .........................  -
3348 subsp. foeniculaccum
3352 „ ......................... -
3001 subsp. canariae  ...........-
3002 „ ......................... -
3417 hao u u ry th eu m  .................  -
3429 „ ........ '..................................  -
70036 foeniculaccum  ................. -
3262 „ ............................................  -
71017 „ ............................................  -
3252 gracile .................................  —
3260 „ ............................................  -
DB265 te neri fac  ............................. -
71019 w i n t e r i .................................
3152 lidii ......................................  -
70240 callichrysiim  ....................  15
70236 coronop i foliiim ...............  -
3382 broussoneti i  ......................  -
3364 „ ............................................  -
3323 hierrense  ......................
3409 webbii  .................................
3060 f i l i f o l i u m ............................. —
3081 „ ............................................  -
3077 escarrci ...............................  -

adauctum
70224 1 p. canuricnsc  . . .  20 40
3007 „ .......................  8.5 58
3008 „ ......................... —
3009 „   10

3013 subsp. gracile ............... -
3012 „ ......................... -
3014 „ .........................-
3034 „ .........................-
3046 „..... .......................
3110 „..... .......................  -
3111 subsp. jacobaeifo l ium  —
3386 subsp. dugourii  ...........  —
3186 subsp. a dauctum  . . . .  -
3190 „ ........................  —
3309 subsp. erythrocarpon

— 10 90 — 17.9 1.99 911 195
24 64 — 17.5 1.94 91! 300

— 25 75 — 17.9 1.99 911 119
40 15 15 30 20.1 2.24 911 (75 °/o)

11V +  711 (25 °/o) 700
50 50 18.5 2.08 911 50

— 20 60 — 18.2 2.03 911 76
85 15 — 17.9 1.99 911 80

50 20 30 — 16.8 1.66 911 142
20 20 10 50 18.0 2.00 911 225
— 15 85 17.9 1.99 911 133
— — 100 — 18.0 2.00 911 175
— 45 55 — 17.5 1.94 911 40
— 80 20 — 17.3 1.92 911 138
— 33 67 — 17.8 1.98 911 150
10 45 45 — 17.4 1.93 911 124
— 85 15 — 17.9 1.99 911 254
— — too — 18.0 2.00 911 250
— 25 75 — 17.9 1.99 911 170
— 15 75 10 18.0 2.00 911 166
30 40 30 — 17.0 1.88 911 355
— — 100 — 18.0 2.00 911 125
— — 100 — 18.0 2.00 911 107
— 15 85 — 17.9 1.99 911 195
10 — 90 — 17.9 1.99 911 70
— - 10 75 15 18.1 2.01 911 65
— — 100 — 18.0 2.00 911 13
— — 100 18.0 2.00 911 23
15 40 30 — 16.7 1.63 911 44
— - — 100 18.0 2.00 911 32

10 90 — 17.9 1.99 911 230
— 40 60 — 17.6 1.95 911 20
— 60 40 17.4 1.93 911 12
— — 100 18.0 2.00 911 72
— 40 60 17.6 1.95 911 90
— — 100 — 18.0 2.00 911 45
— 100 18.0 2.00 911 45

30 10 _ _ 15.3 1.70 911 133
25 8.5 — 14.8 1.60 911 140
— 30 70 — 17.6 1.95 911 30
20 40 20 10 17.0 1.88 911 (77 °/o)

1IV +  711 (2 3 % ) 165
— 10 80 10 17.6 1.95 911 112
— 30 70 — 17.6 1.95 911 64
— 12.5 77.5 10 18.0 2.00 911 340

— 100 — 18.0 2.00 911 25
— — 100 — 18.0 2.00 911 34
— 30 70 — 17.5 1.94 911 24
— 10 90 — 17.9 1.99 911 17
— — 100 — 18.0 2.00 911 90

5 30 60 5 17.6 1.95 911 42
— 25 75 — 17.7 1.96 911 18
— 10 90 — 17.9 1.99 911 20
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o

10p

Fig. 7. A: Meiotic metaphase bivalents in 
Argyranthemum tenerifae (population DB265), 
showing variation in chiasma position. — 
B: A single terminal reciprocal translocation 
in chromosomes oi' Argyranthemum frute
scens subsp. frutescens (population 70282). 
— C: Metaphase bivalents in Argyranthemum  
fili fotium  (population 3060).

cr i te r ia :  (a) d ifferences in Ihe absolute  
size o f ch rom o so m es ;  (b) d ifferences in 
c e n tro m e re  posi tion  (sym m etry  v. a sy m 
metry)  ; (c) d ifferences in relative c h ro 
m o so m e  size; (d) d if fe rences  in the basic  
n u m b e r ;  an d  (e) d ifferences in the  n u m 
ber  an d  position  of satell ites. In  m an y  
p la n t  g roups , how ever,  w h e re  th e re  are  
on ly  sl ight changes in the a p p e a ran ce  of

ch rom osom es ,  the  significance of cyto- 
logical d if fe ren t ia t io n  can  be very difficult 
to assess d irec tly  f ro m  m orpholog ical  o b 
servation  ( B o t h m e r  1970, J o n e s  1970, 
J o n e s  & J o p l i n g  1972, M o r l e y  1972).

T he  c h ro m o so m a l  var ia t ion  in A rgyran-  
t h e m u m ,  fo r exam ple ,  has  been sh ow n  to 
be due  lo s l ight d if fe rences  in c h ro m o 
som e size a n d  c en trom er ic  position. H o w 
ever, there  is no  d iscernib le  m o rp h o lo g i
cal sequence w h ich  can be in te rp re ted  as 
an  evo lu t io na ry  sequence, f ro m  one sp e 
cies to the next. M inute  d ifferences do 
o ccu r  but th ey  m a y  be of the sam e m a g 
n itud e  be tw een  d if fe ren t  pop u la t ion s  w i th 
in a species as be tw een  d if feren t species 
in the  genus. T hus ,  in a genus in w h ic h  
all taxa  have  a basica lly  s im ilar  k a r y o 
type, adap tive  gene sequences a re  p r e 
sum ab ly  b ro u g h t  a b o u t  by  genic o r  sl igh t 
s t ru c tu ra l  cyto logical changes. These  m a y  
be affec ted  m echa n ica l ly  by  eros ion  at the 
tips of ch ro m o so m e  a rm s  (A. h ie r re n se ) , 
bv  loss of satell ites {A. th a la sso p h i lu m ) ,  
o r  by  the t ran s lo ca t io n  of small te rm in a l  
segm ents  w hich  can  only  be de tec ted  at 
meiosis (A. canariense  an d  A. f r u te s c e n s ) . 
These  processes m a y  becom e rap id ly  f ixed  
in a p o p u la t io n  b y  an  ou tc ross ing  b r e e 
ding  system. P o p u la t io n s  of A rg yra n -  
th e m u m  a re  n o rm a l ly  s t rong ly  eco lo g i
cally  isolated f ro m  one an o th e r  a n d  
h yb r id s  be tw een  th e m  ra re ly  becom e e s t a 
blished ( H u m p h r i e s  1973). T h e re  a re  
a lw ays  some p h en o ty p ic  d if fe rences  b e 
tween ad ja c en t  p o p u la t io n s  w h ich  c an  
be in te rp re ted  as the  d irec t  re s u l t  of 
m in u te  s t ru c tu ra l  o r  genic changes.

S ignificant sta tis t ica l  d if fe rences  in  the 
k a ry o ty p e  b e tw een  p o p u la t io n s  do ten d

Table 4. Frequency of different chromosome numbers within the Anthemideae. Compiled 
from B o l k o v s k ik h  e t al. 1969 and M o o r e  1973.

2n 18 27 36 54 72 90 108 198 Intraspecific
polyploids

Aneu-
ploidls.

No. of species 252 5 75 28 8 6 1 1 65 36
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to be greater  for populations of different 
species than for populations of the same 
species. However, it must be pointed out 
that such differences are not always neces
sarily significant cytologically. Normally 
there is no well defined specific variation 
which can be detected at mitosis except 
perhaps for A. hierrense, which has a 
single pair  of subterminal (st) chrom o
somes, and  A. thalassophilum  which has 
only one pair  of satellite (SAT) chrom o
somes.

Meiosis and the Breeding System

Studies of pairing behaviour at meiosis 
in na tu ra l  populations of different species 
of Argyran them um  indicates that there 
is some genetic and cytological control of 
population variability. The principle effect 
of significant differences in chiasma fre
quency and hence adjustments in the 
degree of recombination is the regulation 
of extent and flow of variability w ith
in populations. D a r l i n g t o n  (1939) and 
M a t h e r  (1943) postulated on theoretical 
grounds that a restriction of recombina
tion to reduce variability, i.e. a low chi
asma frequency, would be desirable for 
survival among short-lived ephemeral and 
annual plants. However, recently the 
totally opposite situation has been sug
gested for the agriculturally im portant 
grasses Lolium, Festuca  and Secale. In 
vestigations on these grasses by R e e s  & 

A i i m a d  (1963), S u n  & R e e s  (1964), J o n e s  

& R e e s  (1966), C r o w l e y  (1969) and R e e s  

& D a l e  (1974) have shown that a low 
chiasma frequency can be correlated with 
the perennial habit,  and a high chiasma 
frequency predominates in annual popula
tions. R e e s  & A h m a d  (1963) and C r o w l e y  

(1969) suggest that the high chiasma fre
quencies in short-lived populations may 
compensate for reduced variability, al
though recently R e e s  & D a l e  (1974), 
working on the assumption tha t  chiasma 
frequencies are heritable in populations 
of different origins, argue that high chi
asma frequencies are not the result of low 
17

genetic variability but are instead the cause 
of it. All species of A rgyranthem um  are 
perennial with some individuals know n to 
survive to the age of ten or fifteen years 
( H u m p h r i e s  1973) and so the observed 
variations in chiasma frequency cannot be 
explained in terms of an adaptation corre 
lated with longevity. Species represented 
by a few populations and individuals with 
low overall variability ( H u m p h r i e s  1973), 
such as the Gran Canarian endemics A. 
filifolium  and A. lidii, have an overall 
relatively high chiasma frequency w hen 

compared with more widespread taxa. Vari
able species such as A. adauctum  and A. 
frutescens,  both found in a num ber of 
different ecological conditions on three 
of the western Canary Islands, have m uch 
lower observed chiasma frequencies. The 
high chiasma frequency of the specialised 
endemic is presumably best explained as 
a compensatory device for depleted v ar ia 
bility and in the more variable taxa as a 
conservation maintenance system p rese r
ving well adapted genotypes. Indeed the 
presence of a single translocation in the 
chromosomes of just two populations of 
.4. frutescens  and .4. adauctum  underlines 
the adaptive value of complex heterozygo
sity for survival in the Chrysantheminae 
( R a n a  & J a i n  1965, P a r i a  & P r a d h a m  

1972).
An added complication to this in ter

pretation stems from the nature of the 
breeding system. Although all species of 
Argyranthemum  so far examined show 
obvious characteristics for outbreeding, 
with heterogamous radiate capitula, ex
hibiting centripetalous floral maturation, 
they can also be self-compatible ( H u m p h 

r i e s  1973). Individuals can be found in 
most of the vegetation zones of the Maca- 
ronesian islands and it is highly likely that 
in pioneer situations self-fertilization will 
be the principal breeding system, ra the r  
than the exception. One would expect 
therefore in these situations for an increase 
in chiasma frequency as a response to in
creased homozygosity in the inbreeding 
plants. In conclusion il must be said that 
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there m ust be m any factors w hich can  
effect the variability of populations and 
the w ays in w hich they res, ' to d iffer
ent selective pressures. However, despite 
the lack of critical quantitative data on 
the precise m odes of genetic flexib ility  
and variability  in A rgyran them um , it 
seem s that variation in chiasm a frequency  
is an effective m ethod of controlling gene
tic and hence phenotypic expression in a 
diploid genus w ith species of a sim ilar 
genom ic constitution.
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APPENDIX

List »I m aterial investigated

C o lle c tin g  d a ta  fo r  p o p u la t io n  sa m p le s  a re  
as  fo llo w s , a n d  u n le ss  o th e rw ise  sp e c ified , 
c o lle c tin g  a n d  c u lt iv a tio n  n u m b e rs  a re  th o se  
o f  H u m p h r i e s  a n d  R r a m w e l l , co llec ted  
jo in tly  in  1971.

A r g y r a n t h e m u m  f ru te s c e n s  (L. f i l .) 
S c h u l t z  B i p . su b sp . f r u t e s c e n s : 70223, T e n e 
rife , T e n o , 1969, B r a m w e l l ; 70247, 70282, 
71013, T e n e r if e ,  S a n ta  C ruz, 1969, B r a m w e l l ; 
D B320, T e n e r if e ,  C asas d e  T e n o  B a jo , 25 m , 
25.10. 1968, B r a m w e l l ; 3275, sa m e  lo ca lity ,
5.4. 1971; 3282, T e n e rife , E l F ra ile , 50 m ,
5 .4 .  1 9 7 1 ;  3 4 6 1  Ig u e s te  de S an  A n d rés , 200 m ,
18.4. 1971.

A. f r u t e s c e n s  su b sp . s u c c u le n tu m  C. J . 
H u m p h r i e s : 3376, T e n e rife , P la y a  d e l R o q u e , 
T a g a n a n a , 20 m , 9.4. 1971.

*4. f r u t e s c e n s  s u b s p .  grac i le scens  ( C h r i s t .) 
C.  J .  H u m p h r i e s : 7 1 0 3 1  & 3 1 7 8 ,  T e n e rife , 
b e tw e e n  S o b ra d illo  & Bco. G ran d e , 2.4 .  1971; 
7 0 2 2 7  & 7 0 2 6 5 ,  T e n e rife , C a n d e la ria , 4 . 1 1 .
1 9 6 8 ,  B r a m w e l l ; 3 2 0 8 ,  T e n e r i f e ,  B c o .  d e  
T a m a d a y a ,  6 0 0  m ,  3 .4 .  1 9 7 1 .

A. f r u t e s c e n s  su b sp . fo e n i c u la c e u m  P i t a r d  
& P r o u s t : 7 1 0 2 2  & 3 3 4 8 ,  G o m era , Bco. d e  
V a lle h e rm o so  n r . E l P u e r to , 6 .4 .  1971; 3 3 5 2 ,  
G o m era , 3  k m  W  of A gulo  n r . L as R o sas  500 
m , 3 .4 .  1971.

A. f r u t e s c e n s  su b sp . ca nar iae  ( C h r i s t .) C. J. 
H u m p h r i e s : 71039, G ran  C a n a r ia , n r . B a n a - 
d e ro s , 15.3. 1970, B o r g e n ; 3001, G ran  C a n a ria , 
S a n  F e lip é , 50 m , 17.3. 1971; 3002, sa m e 
lo c a lity , 200 m , 17.3. 1971.

A. f r u t e s c e n s  s u b s p .  p u m i l u m  C. J . H u m p h 
r i e s : 3155, 3169, G ran  C a n a r ia , B co. L a v a  
del R isco , 23.3. 1971.

.4. l x a o u a r y th e u m  C. J . H u m p h r i e s  & 1). 
B r a m w e l l : 70228, L a  P a lm a , L a  C u m b re c ita , 
9.6. 1969, B r a m w e l l ; 70266, L a  P a lm a , P in a r  
de F u e n e a lie n te , 50 m , 9.6. 1969, B r a m w e l l ; 
70267 & 3429, L a  P a lm a , C asa  de C u m b re c ita ,
15.4. 1971; 3414, L a  P a lm a  H e lin o , b e tw e e n  
F u e n e a l ie n te  a n d  L os L la n o s , 15.4. 1971, 
B r a m w e l l ; 3417, L a  P a lm a , R o q u e  de T en e- 
gu ia , 150 m , 15.4. 1971.

A. f o e n i c u l a c e u m  ( W iL L D .)  W e b b  ex 
S c h u l t z  B i p . :  70036, T e n e rife , S v e n t e n i u s ;  
D B 390, T e n e r if e , H o v a  de M a lp a is , 450 m ,
1969, B r a m w e l l ; 71017, T e n e rife , 1971, cu lt, 
ex T a f i r a  B o ta n ic  G a rd e n ; 3262, T e n e rife , E l 
R e ta m a r , 4.4 1971; 3469, T e n e rife , B co. del 
M asca , 19.4. 1971.

/1. grac i le  S c h u l t z  B i p .: 7 0 2 2 7 ,  T e n e rife , 
A deje , 11. 1 9 6 8 ,  B r a m w e l l ; 7 0 2 8 8 ,  T e n e rife , 
G u im ar, ex  J a r d in  de A c c lim a ta c io n ; 3 2 5 2 ,  
T e n e rife , V a lle  Seco, 6 0 0  in, 4 .4 .  1 9 7 1 ;  3 2 6 0 ,  
T e n e rife , T a m a im o , R isco s de M a lp a is , 4 .4 .  
1971 .

A. te n e r i fa e  C. J . H u m p h r i e s : D B 265, Je n e - 
rife , L as  C a n a d a s , E l P o r t i l lo ,  2000 in, 1969, 
B r a m w e l l .

A. m a d e r e n s e  (D. D o n ) C. J . H u m p h i i e s : 
70076, L a n z a ro te , F a m a r a ,  1969, B o r g e n ; 
D B 1655, sa m e  lo c a lity , 300 ni, 15.5. i960, 
B r a m w e l l .

A. w in t e r i  ( S v e n t .) C. J . H u m p h r i e s : 7 019, 
F u e r  te v e n tu ra , H a n d ia  ( ty p u s  leg. S v e n 
t e n i u s ) 1971, co ll. ex T a f i r a  B o ta n ic  G arden.

A. lid i i  C. J. H u m p h r i e s : 3152, G ran  C an a
r ia , A n d en  v e rd e  b e tw e e n  A gaëte  a n d  S an  
N ico la s , 600 m , ( ty p u s) .

A. t h a l a s s o p h i l u m  ( S v e n t .) C. J . H u m p h 
r i e s : 71010, S a lv ag e  I s la n d s , P ic o  G runde,
( S v e n t e n i u s ) co ll. ex T a f i r a  B o ta n ic  G arden.

A .  c a l l i c h r y s u m  ( S v e n t . )  C. J .  H u m p h r i e s :  
70240, G o m era , b e tw e e n  A g a n d o  & Ig uelero , 
27.7. 1969, B r a m w e l l ;  70284, G o m era , V alle 
E x ito , C a n a d a  d e  H o rc h il la ,  Ig u e le ro , S v e n 
t e n i u s .

.4. c o r o n o p i fo l i u m  ( W i l l d .) C. J . H u m p h 
r i e s : 70219 a n d  70236, T e n e r ife , B u e n a v is ta , 
E l F ra ile ,  6. 1969, B r a m w e l l .

.4. b ro u s s o n e t i i  ( P e r s .) C. J . H u m p h r i e s

su b sp . b ro u s so n e t i i :  70238, T e n e rife , C um b re  
de T a g a n a n a , E l B a ile d e ro , 21.5. 1969, B r a m 
w e l l ; 71030 & 3382, R o q u e  del A gua, 9.4.
1971; 71042, T e n e rife , M o n te  M e rce d es, 450
in, 24.3. 1970, B o r g e n ; 3364, T e n e rife , A zano,
9.4. 1971.

A. h ie r re n s e  C. J .  H u m p h r i e s : 71005,
H ie r ro , C u e sla  de S a b in o sa , 150 in , 8.4, 1971; 
71006, H ie r ro , R o q u e s  de S a lm a r , 9.4. 1971; 
3323, H ie r ro , N W  o f S a b in o sa , 9.4. 1971.

.4. w e b b i i  S c h u l t z  B i p .: 3409, L a  P a lm a , 
B co . d e l A gua, 14.4. 1971.

A. f i l i fo l i u m  ( S c h u l t z  B i p .) C. J . H u m p h 
r i e s : 71008 & 3060, G ra n  C a n a r ia ,  A rg u in - 
ig u in , 250 m  21.3. 1971; 3081, G ra n  C a n a r ia , 
7 k m  N o f M ogan , 21.3. 1971.

A. escarrei  ( S v e n t .) C. J . H u m p h r i e s : 
3077, G ran  C a n a r ia , B co. d e  T a s a r te ,  600 m ,
21.3. 1971.

A. a d a u c tu m  ( L i n k ) C. J . H u m p h r i e s  
su b sp . a d a u c tu m :  3186, T e n e r ife , M ira d o r  
O r tu n o  2.4. 1971; 3190, T e n e r if e  L os R a ic es, 
M o n te  De E s p e ra n z a , 2.4. 1971.

A. a d a u c t u m  su b sp . c a n a r ie n s e  ( S c h u l t z  
B i p .) C. J . H u m p h r i e s : 70224, G ra n  C a n a r ia , 
L e n tis c a l, 400 m , K u n k e l ; 3008, G ra n  C a n a r ia ,
2 k m  S o f  S an  M a teo , 650 m , 17.3. 1971; 3009, 
G ran  C a n a r ia  R in c o n  d e  T e n te n ig u a d a , 600 m ,
19.3. 1971.

.4. a d a u c tu m  su b sp . grac i le  ( S c h u l t z  B i p .) 
C. J . H u m p h r i e s : 3012, G ra n  C a n a r ia , T e- 
m isa s , 900 m , 19.3. 1971; 3013, G ra n  C a n a r ia , 
1 k m  S of S a n ta  L u c ia  d e  T ir a ja n a ,  19.3. 
1971; 3014, G ran  C a n a r ia ,  S a n  B a r to lo m é , 
750— 800 m, 19.3. 1971; 3034, G ra n  C a n a r ia ,
3 km  N o f P a so  de la  P la ta ,  19.3. 1971; 3046, 
G ra n  C a n a ria , b e 'o w  F a ta g a ,  200 m , 21.3.
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1971; 3110, Gran Canaria, Pinos de Tama- 
daba, 25.3. 1971.

,1. adductum  subsp. jacobaeifolium  
( S c i i u l t z  B i p .) C. J. H ü m p h r i e s ; 3111, Gran 
Canaria, 1350 in. Pine forest, 25.3. 1971.

A. adauctum  subsp. dugourii ( B o l l e ) C. J.

H u m p h r i e s : 3386, Tenerife, El Retam ar, 2300 
in, 10.4. 1971.

,4. adauctum  s u b s p .  erythrocarpon  ( S v e n t .) 
C. J. H u m p h r i e s : 3309, H ierro, La F rontera, 
850 m, 7.3. 1971.
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On the Size and Microstructure of Pollen Grains of  

Quercus robur and Q. petraea (F agaceae)

U l f  Olsson

O l s s o n ,  Ü. 1975 10 10. On 1 lie size and microstructure of pollen grains of 
Quercus robur and Q. pelraea (Fagaceae). — Bot. Notiser 128:256—264. Lund. 
ISSN 0006-8195.

The tricolpate pollen grains of Q. petraea and Q. robur are very similar in 
the structure of Ihe exine and inline. All types described are lo be found within 
all the species. The pollen dimensions (P, E) of polar and equatorial axes are 
greater in Q. petraea than in Q. robur but intraspecific variation is greater 
than interspecific. A wide or skewed distribution of the values of E sometimes 
exceeding the extremes of either species is indicative of the hybrid nature of an 
oak. This is also shown to he valid for two oaks with aberrant leaves (Q. petraea 
Xrobur  nm. mespilif olio) .
Ulf Olsson, Department of Plant Taxonomij, Universiti] of Lund, O. Valhjatan 
18— 20, S-223 61 Lund, Sweden.

INTRODUCTION

Quercus petraea  ( M a t t u s c h k a )  L i e b l .  
an d  Q. robur  L., subgenus L epidobalanus  
( E n d l . )  O e r s t e d  have  a w ide d is tr ibu tion  
in Europe .  T h e  o p t im u m  ecological d e 
m ands  as reg a rd s  h a b i ta t  d iffer w ith  the 
species ( F r i e s  1865, W e i m a r c k  1947 a). 
However,  the sessile an d  p ed u ncu la te  oaks 
do exisl as sy m p a tr ic  species resu lt ing  in 
h yb r id s  and  in trogressive  popu la t ion s  
( C o u s e n s  1962, 1963, 1965; C a r l i s l e  & 
B r o w n  1965). 'Phis is also con f i rm e d  by 
Ihe au thor ,  w h o  has exam ined  the p o p u la 
tion s t ruc tu re  of oak w oods in so u the rn  
Sw eden ( O l s s o n  1975 a).

Phe object o f th is investigation is to 
com p a re  va r ia t ion  in pollen  m o rp h o lo g y  
in Q. petraea  an d  Q. robur  as well as in 
oaks w hich  a re  p re su m ed  to he the s p o n 
taneous h y b r id  p rog eny  of these species. 
In add it ion  the  charac te r is t ics  of pollen 
gra ins  of tw o oaks w ith  a b e r r a n t  leaf 
fo rm s  are  no ted  (cf. O l s s o n  1975 h).

Phe pollen m o rp h o lo g y  of Q. petraea  
an d  Q. ro bu r  has  been  descr ibed  by 
C e r n j a v s k y  (1935), E r d t m a n  (1943),
Bot. Notiser, vol. 128, 1975

E r d t m a n  et al. (1961), V a n  C a m p o  & 
E l h a i  (1956), M o n o s z o n  (1954, 1962) and 
P r a g l o w s k y  (1962) w h o  all u sed  con
ven tiona l light m icroscopy .  V a n  d e r  

S p o e l - W a l v i u s  (1963) p resen ts  a  desc r ip 
tion based  on  p h ase  c o n tr a s t  m icroscopy. 
Phe Q uercus  species s tud ied  by  h im  are 
subdiv ided  into two g ro u p s  on the  basis 
of the ir  po llen  m o rp ho lo gy .  T h u s  Q. 
petraea, Q. robur  a n d  Q. p ub escen s  W i l l d .  
const i tu te  one type  ac co rd in g  to the ta x o 
nom ic  subd iv is ion  m ad e  by S c h w a r z  
(1936— 1939). T h is  is a lso  co n f i rm e d  by 
S m i t  (1973) in a scan n in g  e lec tron  m ic ro 
scopic stud}* of Q uercus  po l len  grains .  He 
com bines  six species to fo rm  a robur  ■— 
petraea  g ro up  b u t  m ak es  no a t t e m p t  to 
subdiv ide  this g ro u p  fu r th e r .  P i l c h e r  
(1968) states “ th a t  the  v a r ia t io n  seen in the 
pollen of a single tree is so g rea t  th a t  the 
d if fe ren t ia t ion  of the tw o species in fossil 
m a te r ia l  seems to  be im p o ss ib le” . In  
a n o th e r  scan n ing  e lec tro n  m icroscop ic  
ex am in a tio n  of recen t po llen  g ra in s  D u 
p o n t  & D u p o n t  (1972) co n f i rm  th is  s t a t 
em ent and  no te  m o re o v e r  the  g rea te r  v a r i 
ability of Q. ro bur  grains.
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A ccording to the presen t s tudy  ot' th e  
exine a nd  inline s t ru c tu re s  all types o b 
served a re  to be fou nd  in both  species. 
T h ere  is a  s ta tis tica lly  significant d i f f e r 
ence be tw een  the species as regards  the 
length  of the  p o la r  a n d  equa to r ia l  pollen  
axes: the g ra ins  of the sessile oak  a re  on 
the average  larger,  b u t  the in traspec ific  
varia tion  m a y  be the sam e as o r  g rea te r  
th a n  the in terspec if ic  one. Yet the d is t r i 
bu t ion  of these  ch a rac te rs  is of grea t  va lue  
in de tec ting  in trogressive  individuals. In 
a p rev ious exp er im en ta l  s tudy of Linario  
vulgaris  (L.) M i l l e r  a n d  L. repens  (L.) 
M i l l e r  the a u th o r  has show n that, a f te r  
repea ted  crossings, p lan ts  of the first filial 
genera t ions  in p a r t ic u la r  have a f r equ ency  
d is tr ib u t io n  of b iom etr ic  pollen  values (P, 
E, P /E) w h ich  is m a rk e d ly  divergent f ro m  
w h a t  is n o rm a l  fo r  e i ther  of the p a re n t  
species ( O l s s o n  1 9 7 5  c ) .  The results  of 
c o rresp on d ing  analyses of oak po llen  s u p 
port  the a ssu m ed  occurrence  of h y b r id  
individuals .  These  a re  p re su m ed  to be 
in trogressives on  the  resu lts  of o the r  m o r 
phological studies (O l s s o n  1975 a).

MATERIAL ANI) METHODS

Light microscopy (UM) and scanning 
electron microscopy (SEM) have been used 
to study pollen grains of Q. robur  and Q. 
petraea from localities in Bohuslän and Skåne 
in southern Sweden. Apart from pollen grains 
of the oaks mentioned the pollen types of 
two oaks with subentire leaves (Q. petraeaX  
robur nm. mespilifolia ( W a l l r .) Weim.) are 
described (vouchers, see Appendix).

Preparation Techniques

LM
The slides have been prepared by the 

Palynological Laboratory, Solna, Sweden and 
by the author following the method of aceto- 
lysis introduced by E r d t m a n  (1960).

SEM
The instrument used was a Cambridge 

Stereoscan Mark If microscope (30 kV ac
celerating voltage; the specimen stage placed 
at 30—45° to the beam; Department of Zoo
logy, University of Lund). The pollen grains 
were mounted on wax-coated (O l s s o n  1975 c) 
specimen stubs, subsequently shadowed with

gold/palladium (40/60). A couple of these 
preparations of pollen grains from the oak 
species concerned were treated with short 
beams of ruby laser radiation in order to 
get ruptured grains for the study of inner 
structures. This technique is described in a 
separate paper (O l s s o n  1975 d).

RESULTS

Q uercus petraea (M a t t u s c h k a ) L i e b l .

P ollen  gra ins  rad ia l ly  sym m etr ica l ,  iso- 
polar ,  3-colpate, sphero id a l- sub p ro la te ,  
2 8 X 27 p (cf. Table  1, x /P / ,  x /E /) .  Amb 
ro u n d ed  tr ian gu la r .  Colpi r a th e r  na rrow .  
A poco lp ium  ab o u t  9 p. E x ine  1.6 1.9 u
thick, s t ra t i f ica tion  u sua l ly  verrucose . V er
ruca  o ften  have  m ic ro v e r ru cae  (Fig. 
2 A, E).  O ther  types m a y  be found ,  such 
as sem ipsi la te-p i t ted  (Fig. 2 I a) o r  m ore  
or less verruco se -o rna te  (Fig. 2 I h, M). 
In n e r  side of inline s t r ia te -re ticu la te  (Figs. 
3, 4).

Q uercus robur L.

Po llen  gra ins  rad ia lly  sym m etrica l ,  iso- 
po lar ,  3-colpate, sphero ida l- sub p ro la te ,  
2 7 X 2 6  u (cf. Table  I) . Exine , am b, colpi 
and  a p o co lp iu m  as in Q. petraea. H o w 
ever, o f  the ve rru cae  types observed  (Fig. 
1 A, E, I, M), sem ipsi la te-p i t ted  a reas  w ith  
m ic ro ver rucae  b e tw een  g rou ps  of la rger 
verrucose  processes a re  a m o re  usual type 
of exine s t ru c tu re  th a n  th a t  fo u n d  in Q. 
petraea.  In t ine  s t ru c tu re  as in Q. petraea  
( i l lustra ted  in O l s s o n  1975 d).

Introgressives

S tru c tu ra l  an d  sc u lp tu ra l  e lem ents  as 
in the p a re n t  species.  T h e  relative f r e 
qu ency  d is tr ib u t ion  of d i f fe ren t  s t ra t i f ica 
tion types has not been  considered . H o w 
ever, a co m p a r iso n  of P, E an d  P /E  for 
the species an d  the i r  spo n ta n e o u s  hybrid  

rr ; ring is p resen ted  below.

B iom etry

S urvey  of po llen  sam ples  f ro m  Q. 
petraea, Q. robur, the i r  in trogressives and

Bot. N otiser, vol. 128, 1975
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258 ULF OLSSON

Fig. 1. Quercus robur.  SE m ic ro g rap h s o f pollen grains. —  B, F , .1, N: L a te ra l view of 
p o llen  g ra in s  show ing  the m esoco lp ium  a re a  (x 2,400). —  A, E, I, M: D etails of m eso- 
co lp inm  a rea , rep re sen ta tiv e  of Ihe en tire  exine, show ing I lie uneven ly  d is tr ib u ted  v e rru cae  
of v a ry in g  shapes. B etw een Ihe g roups o f verrucae  one can  fin d  areas of a sem ip sila te  
n a tu re  w ith  very  sm all processes an d  p e rfo ra tio n s  (E, 1), (x 12,000). —  G, G, K, O: P o llen  
g ra in s in p o la r  view. B ecause of sh rin k ag e  the actu al shape of the colpi is d iff icu lt to 

in te rp re t (x 2,400). —  D, H, L, P : Surveys of pollen  g ra ins from  fo u r oaks (x 600).
Bot. N otiser, vol. 128, 1975
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Fig. 2. Quercus petraea.  SE m ic ro g rap h s  of pollen grains. —  B, F, J, N: Latera l  view of 
pollen grains showing the  m esoco lp ium  a rea  (x 2,400). —  A, E, l a  and  b, M: Details of 
the m esoco lp ium  area.  Apart  f ro m  the m ost  representat ive  types of verrucae in A and  E 
one can  find exine scu lp tur ing  as in I h  and  M showing verrucae  interlacing to form  
wind ing  ridges.  Note the a lm ost  psilate  surface  of I a (x 12,000). -— G, G, K, O: Pollen 
grains in p o la r  view (x 2,400). —  D, Ff, L, P:  Surveys of pollen grains f rom  fo u r  oaks

(x 600).
Bot. N o tise r, v o l. 128, 1975
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Fig. 3. Quercus petraea  a n d  Q. robur. — Paly- 
n o g ra m  show ing the a r ran g em en t  an d  shape 
of colpi of the  tr icolpate  pollen grain. The 
s t ru c tu re  of the  inner surface  of the inline is 
a lso show n. T he  cross-section a— b in polar  
view (1) coincides with  the ecpiator of the 
la te ra l  view (2). The actual shape of the 
v e rru cae  is n o t  shown.

Fig. 4. Quercus petraea.  — Pollen  grain  f rac 
tured by ruby  laser  beams. SE m icrograph  
of the inner  surface  of the intine showing 
str iate-re ticulate  o rn am e n ta t io n  (x 12,000).

tw o  t rees  w i th  a b e r r a n t  l e a f  f o r m s  h a v e  
b e e n  th e  s u b j e c t  o f  a b i o m e t r i c  a n a ly s i s  
o f  th e  f r e q u e n c y  d i s t r i b u t i o n  o f  th e  v a lu e s  
o f  th e  l e n g th  o f  t h e  p o l a r  ax is  (P) ,  t h e  
e q u a t o r i a l  a x is  (E) a n d  t h e i r  q u o t ie n t  
(P /E ) .  S a m p le s  o f  e a c h  sp ec ie s  w e re  c h o 
sen  f r o m  t re e s  w i t h  h ig h  m a le  fe r t i l i ty  
(i.e. as a r u le  >  90 °/o s t a in a b le  p o l len )  
f r o m  p o p u l a t i o n s  w h i c h  h a v e  b e e n  f o u n d  
lo be  r e p r e s e n t a t i v e  f o r  t h e  spec ies .  In  t h e  
s a m e  w a y  in t r o g r e s s iv e s  h a v e  b e e n  t a k e n  
f r o m  o a k  ; , ' a t i o n s  w h i c h  a r e  c o m p o s e d  
o f  m a n y  h y b r i d  in d iv id u a l s  ( O l s s o n  

1975 a) .
T h e  d i f f e r e n c e s  in  m e a n  v a lu e s  o f  E  

a n d  P o b s e r v e d  b e tw e e n  th e  sp ec ie s  a r e  
s t a t i s t i c a l ly  s ig n i f ic a n t  (T ab le  1). T h e  
c u m u l a t i v e  d i s t r i b u t i o n  c u r v e s  o f  F ig .  5 
s h o w  th e  o v e r l a p p in g  r a n g e  o f  v a lu e s  (E) 
o f  b o th  sp ec ie s  c o m p a r e d .  O b v io u s ly ,  a l 
th o u g h  th e  d i f f e r e n c e s  in  m e a n  v a lu e s  
b e tw e e n  th e  sp e c ie s  a r e  s t a t i s t i c a l ly  s ig n i 
f ican t ,  t h e s e  d a t a  c a n n o t  b e  u sed  f o r  tax o -  
n o m ic a l  c o n c lu s io n s  a t  sp ec ie s  level.

C o r r e s p o n d i n g  p o l l e n  d a t a  f o r  a  s a m p le  
o f  o a k s  f r o m  a n  i n t r o g r e s s iv e  p o p u l a t i o n  
e x h ib i t  s k e w e d  o r  hi- to p o l y m o d a l  d i s t r i -

'ÿpôyo:

(o o'o  :
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Table 1. Quercus petraea, Q. robur and their spontaneous introgressives including Q. 
petraeaXrobur  nm. mespilifolia. — Pollen biom etry; statistical data. — E: Length of 
equatorial axis (p). — P: Length of polar axis (p). — n: Number of pollen grains. — 
x: Mean value. — xq: Difference between mean values. — SI): S tandard deviation. -— 
P. Levels of significance in per cent. — The representatives of nm. mespilifolia have 

the voucher nos 480101 (Gullarp) and 480201 (Högsm a).

Char- 
1 acter Taxon n X SI) Xd P (%)

Quercus petraea (Qp) ......... Qp 250 27.26 2.72
and Q. robur  (Qr) w ith E 1.37 P <  0.1
^  90 per cent stainable Qr 350 25.89 2.45

pollen
Qp 200 28.41 2.31

P 1.64 P <  0.1
Qr 200 26.77 2.73

Qp 200 1.08 0.11
P/E 0.04 0.1 <  P <  1

Qr 200 1.11 0.13

C har
acter

Stainable
Voucher n X SI) pollen

(%>)

Introgressives

P /E

480101 50 28.89 2.58 94
480201 50 31.67 2.54 92
QX01 50 23.62 5.41 24
QX05 50 26.94 3.59 48
QX09 50 26.30 3.76 64
480101 50 34.16 2.09
480201 50 40.36 3.09
QX01 50 29.18 3.65
QX05 50 28.11 2.84
QX09 50 30.21 2.83
480101 50 1.19 0.12
480201 50 1.31 0.14
QX01 50 1.30 0.27
QX05 50 1.07 0.12
QX09 50 1.17 0.17

b u tio n  cu rves (not illu s tra ted ). T he w ide 
d is tr ib u tio n  is also re flec ted  in  th e  h igh  
values fo r  s ta n d a rd  dev ia tion  o r q u a rtile  
dev ia tio n  (T ables 1, 2). T h is in d ica te s  the  
h y b rid  n a tu re  of the in d iv idua l in  q u estion . 
Indeed  th e  occu rrence  of a w ide am p litu d e  
of, fo r  exam ple, p o llen  d iam ete r (E) b e tte r  
ind ica tes  the  h y b rid  n a tu re  of a  p la n t th a n  
does a low  p ercen tage  of s ta in ab le  p o llen  
g ra in s  a lone  (cf. O l s s o n  1975 c ).

T he a b e rra n t oaks exam ined  fro m  n o r th 
ern  S kåne (H ögsm a, G ullarp) have  p r e 

v iously  been  s tud ied  by S v l v é n  (1934), 
W e i m a r c k  (1947 b) an d  o thers , w ho  
stressed  the p ro b lem s in connec tion  w ith  
the  o rig in  o f these oaks w ith  su b e n tire  
leaves. In a n o th e r  p a p e r  (O l s s o n  1 9 75b ) 
the a u th o r  has  sh o w n  th a t the oaks m ay  
be the  h y b rid  o ffsp rin g  of Q. petraea  an d  
(). robur ,  as W e i m a r c k  (1947 b) a lso  co n 
cluded.

B oth rep resen ta tiv es  of “m e sp ilifo lia ” 
oaks have  m ark ed ly  la rge  po llen  g ra in s , in 
the H ögsm a oak  even la rg e r th an  in  Q.

Bot. Notiser, vol. 128, 1975
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Table 2. Quercus petraea, Q. robur  an d  in trog ressives includ ing  Q. p e tra ea X  robur  nm. 
mespilifolia .  —  P ollen  da ta , viz. m ale fe rtility  as p e rcen tag e  o f sta in ab le  p o llen  grains, 
q u a rtile  d ev ia tion  of pollen  d iam eter (p) (equato ria l axis, E ; n =  50), and n u m b er of leaf 

and  fru it ch a rac te rs  ind icating  h y b rid  o r in trog ressive  n a tu re .

P e r cent Q uartile N um ber of
T axon V oucher sta in ab le dev iation in te rm ed iate

pollen of E ch arac te rs

Quercus  r ob u r

In trog ressives

Q. p e t r a e a X  r obur  nm. 
mesp i l i f o l ia

Q. pe t r a e a

Q 013 96 0.96 0
QO09 96 1.13 0
QO01 95 1.32 0
Q012 95 1.36 0
QO08 94 1.56 0
Q 015 93 1.24 0
QN15 90 1.49 0

QO04 55 1.16 (1)
QO02 48 2.26 0

QX01 24 2.41 3
QX05 48 2.02 i
QX09 64 2.31 i
Q Y ll 59 2.03 i
QY22 57 2.69 2

480101 94 1.90 1
480201 92 1.46 2

QB07 71 1.78 0
QA02 81 2.35 (1)
QB10 91 2.20 0
QB18 91 2.20 0
QB19 94 2.07 0
QA08 96 1.58 0
Q B li 99 1.05 0

p e t r a e a  (F ig . 5). T h is  is in d ic a tiv e  o f  th e  
h y b r id  n a tu r e  o f th e se  o a k s  a n d  th u s  s u p 
p o r ts  th e  p re v io u s  re su lts .
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A PPENDIX

Code to collections of n a tu ra l  oak p o p u la 
tions used in this investigation.

Q. petraea.  QA02, QA08: H jä rsås  (Skåne);  
QB07, QBIO, Q B l l ,  QB18, QB19: Sundsvik 
(B ohuslän) .

(J . robur.  QOOl, QOO‘2, QO04, QO08, QO09,

Q012 ,  Q013, Q015: Veberöd (Skåne);  QN15: 
Heinlinge, Glimåkra  (Skåne).

H ybr id  populations.  In trogress ives:  QXOl, 
QX05, QX09: T ju rk ö  (Blekinge);  Q Y ll ,
QY22: Verkö (Blekinge). T he  mespilifolia  
types: 480101: Gullarp, Osby (Skåne);  480201: 
I Iögsm a (Skåne).
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Oaks W ith Subentire Leaves from  Skåne, Sweden. 
A New Critical Attempt to Explain Their Origin

U lf  Olsson

O l s s o n ,  Ü. 1975 00 00. Oaks with subentire leaves from Skåne, Sweden. A new 
critical attempt to explain their origin. — Bot. Notiser 128: 265—274. Lund. 
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Of the known occurrences of oaks with entire or subentire leaves belonging 
to the form series between Quercus petraea ( M a t t u s c h k a )  L i e b l .  and Q. robur 
L., two trees from northern Skåne have been studied in detail. The results of 
morphological investigations of these oaks compared with corresponding in
vestigations of Q. petraea and Q. robur afford a certain amount of evidence 
tha t these oaks with subentire leaves are hybrids between Q. petraea and 
Q. robur.
Ulf Olsson, Department of Plant Taxonomy, University of Lund, 0. Vallgatan 
18— 20, S-223 61 Lund, Smeden.

INTRODUCTION

In  S cand inav ia ,  oaks w ith  en tire  leaves, 
described  as fo rm s  of Q. petraea  o r  Q. 
ro b u r , have been  observed exclusively  in 
Sw eden  ( W e i m a r c k  1947). In  the r e m a in 
ing p a r t s  of E u ro p e  m a n y  fo rm s  or varie ties 
have been  described, som e of w h ic h  are  
discussed  below.

Tw o oaks w ith  a b e r r a n t  lea f  fo rm s  at 
H ögsm a an d  G ullarp  in NE S kån e  (Swe
den) h av e  been  s tud ied  over a  p e r io d  of 
years . M orpholog ica l  var ia tion , o b se rv a 
tions on f ru it-se tt ing  an d  percen tage  stain- 
able  p o llen  a re  p resen ted  and  co m p are d  
with  co r re sp o n d in g  observa tions  on Q. 
petraea  a n d  Q. robur  in th e i r  Sw edish  
range.

'flie “ H ö g sm a ” oak was d iscovered  in 
1<S6S an d  th en  nam e d  Q. sessili f lora  var. 
sub in tegri fo l ia  ( P e r s s o n  1885). T h e  “Gul
la rp"  oak is younger .  On acco u n t  of its 
en tire  leaves th is  o ak  w as  p ro tec te d  in 
1943 (G e r t z  1944). T he  H ögsm a o ak  is 
also p ro tec ted .  Both  oaks  have  long  been 
in te rp re te d  as fo rm s  of Q. petraea  
( H y l a n d e r  1941; G e r t z  1945). H y l a n - 

d e r  d is tinguishes two types w ith  suben t ire

leaves: Q. petraea  f. mespili  folia  ( W a l i .R.) 
S c h w a r z  a n d  Q. petraea  f. subintegrifolia  
(J. P e r s .) H y l .  T he  H ögsm a o ak  is the  

type  tree of the  la t te r  form. The Gullarp  oak 
m ay  also belong  to this  fo rm . W e i .v i a r c k  

(1947) com bines the oaks with subentire  
leaves in to  one hyb r id  form , Q. p e tra ea X  
ro bur  f. m esp il i fo lia  ( W a l i .r .) W e i m ., 
la ter  called Q. p e tr a e a X r o b u r  mu. m e s 
pil ifo lia  ( W e i m a r c k  1963). This view 
( W e i m a r c k ) is in p a r t  su p p o r ted  by  the 
results  of th is investigation.

RESULTS 

Plant Habit
T h e  genera l  m o rp h o lo g y  of sessile and  

p ed u n cu la te  oaks has been sum m arized  
earl ier  ( O l s s o n  1974, 1975 a).  T he  original 
shoot type  of oaks is a m ono po d iu m . The 
tendency  to d ro p  a n n u a l  shoots or la rge r  
twigs in th e  a u tu m n  (especially by  Q. 
robur)  m a y  m o d ify  the sh ape  of the 
c row n  so th a t  it resem bles th a t  of a tree 
w ith  sy inpod ia l  b ran ch in g  ( J o n e s  1959). 
In add it ion  th e  H ögsm a oak  is c h a ra c 
terized by  a b u n c h e d  crow n. The Gullarp 
oak  resem bles  petraea  in c ro w n  habit .

Bot. Notiser, vol. 128, 1975
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T ab le  1. Q uercus p e traeaX  robur  nm . mespilifolia.  Som e m orp h o lo g ica l data .

C h arac te r Oak a t H ögsm a O ak a Gullarp

Petiole leng th  
P ed u n c le  length  
W id th  to length

to first b ra c t ......................................
22.7 ± ().7 m m  

7.7 ± 0 .6  nun  
1.27 ±0 .03

15.3 ± 0 .5  
2.3 ± 0 .3  
1 3 6  +  0 03

Special crown forms such as those found 
in pendulous and fastigiate oaks are in
herited in a simple Mendelian manner 
( O p p e r m a n n  1932, P y a t n i t s k i i  1947). The 
almost “corym bous” crown of the Högsma 
oak may be a heritable oak form. About 
three per  cent of the trees of Q. robur  
examined have corymbous crowns. None 
of these oaks, however, lias subentire 
leaves.

Buds

Buds are more or less like those of Q. 
robur. Terminal and  lateral buds of fru it
ing shoots of these trees resemble “typi
cal” buds of Q. robur  and Q. petraea 
(Fig. 4). The buds illustrated from specific 
individuals are regarded as representative 
as they agree with earlier results of 
morphological analyses of petraea- and 
robur- oaks ( O ls s o n  1974, 1975 a). There 
is no pronounced difference between these 
buds, indeed, the bud characters are very 
variable. One can find Q. petraea trees 
with large acute buds.

L eaves

The Högsma oak tends to have leaves 
that are more elliptical than in the other 
taxa. However, leaf shape cannot he used 
as a distinguishing character in the taxo
nomic analysis. The leaf bases are cuneate 
of petraea-type. In the case of lobed leaves 
that can appear on epicormics, the leaves

look like true Q. petraea leaves, except that 
the lobes are acute or almost acuminate. 
New foliage consisting of lobed leaves was 
seen in 1969 on the Gullarp oak after the 
foliage had been completely destroyed by 
caterpillars (Figs. 2 B, 3 A— C).

The length of the petiole is a good dis
tinguishing character. In Q. petraea the 
petiole is about twice as long as in Q. 
robur. The petioles of the Högsma oak are 
extremely long, longer than  those of the 
Gullarp oak which exceed those of Q. pet
raea.

F low ers and F ru iting

'I'lie Gullarp oak resembles Q. petraea 
in flower and fruit characters. The Hög- 
sma oak usually has longer catkins, but 
one can find almost “sessile” and  very 
long catkins side by side on the same 
shoot (Fig. 5 A). The acorns of both sub
entire-leaved oaks resemble the fruits of 
sessile oaks, but the acorns of the Gullarp 
oak in all samples hitherto  obtained have 
constricted tops, indicating non-maturity  
(Figs. 5 C, 7).

Male F ertility  and F ru it-Setting

The Högsma oak has about 92 per cent 
stainable pollen, the Gullarp oak 94 per 
cent, hut this alone is not indicative of 
hybridity. Both oaks, however, have on 
the average larger pollen grains than  the 
putative paren t species (see O i .s s o n

Fig. 1. Quercus p e tr a e a X ro b u r  nm . mespilifolia .  T he H ögsm a oak. —  A. F ru itin g  sho o t. — 
B. F lo w erin g  shoo t. —  C. D etail of m ale catk in ; b b rac t of m ale  flow er. —  D. C lustered

fem ale inflorescences.
Bot. Notiser, vol. 128. 1975
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1 c m

1 m m
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■'1m m1 cm

Fig. 2. Quercus petraeaXrobur  nm. mespilifolia. The Gullarp oak. — A. Fruiting  shoot. — 
B. E picorm ic shoot. — C. Flowering shoot. —- D. Detail of male catkin; b bract of male

flower. — E. Fem ale catkin.
Bot. N otiser, vol. 128, 1975
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1975 b) where the variation in size and  
microstructure is reported. Cryptic s truc
tural hybridity may be the cause of the 
unexpectedly high percentage of stainable 
pollen (O l s s o n  1975 a). The acorn growth 
of the oaks in Skåne in 1971 was very 
good. Even young trees bore fruit, which 
is unusual. Both the Högsma oak and the 
Gullarp oak also yielded acorns which 
have been described earlier. Yet the fruit- 
setting in these trees was very low com 
pared with “n o rm al” oaks in the same 
localities. This may be a good indication of 
the hybrid origin of these oaks with sub- 
entire leaf margins.

Progeny of the Högsnia Oak

Twenty acorns from  the Högsma oak 
and Gullarp oak respectively collected in 
1971 were put into pots in the greenhouse 
in Lund (March 1972). At the same time 
the same number of acorns from typical 
Q. petraea and Q. robur  were also sown. 
The seedlings of Q. robur (19 in number) 
and of Q. petraea (13) had normally lobed 
leaves. Three acorns only of the Högsma 
oak germinated, but in all seedlings the 
leaf margins were more or less entire. 
None of “Gullarp” acorns germinated. The 
persistent character of almost non-lobular 
leaves of the few seedlings from the Högs
ma oak may indicate that this leaf form  
is hereditary.

Some of the younger oaks in the vicin
ity of the Högsma oak may he the progeny 
of this oak. They have divergent leaf 
shapes. In one case the leaves are very 
little lobed (Fig. 6 B ) .

CONCLUSIONS AN!) DISCUSSION

The morphological analysis of the oaks 
with subentire leaves (Högsma, Gullarp)

fig. 3. Leaf types of oaks with subentire 
leaves (A—F) compared with typical leaves 
of Quercus petraea (G—1) and Q. robur 
(H L). A—G show leaves from epicormics 
of the Gullarp oak. 5 cm

Rot. N otiser, vol. 128, 1975
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Fig. 4. Term inal buds of fruiting twigs (October) from oaks regarded as representative. 
A. Quercus robur. — B. Q. petraea. — C. The Högsma oak. — D. The Gullarp oak.

Bot. N otiser, vol. 128, 1975
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Fig. 5. Frui t ing  and  flowering shoots  f ro m  the  Högsma oak (A, B) and  the Gullarp oak 
(C, D). Note the varying length of the fem ale  peduncles  on the same shoot  and  the  small  
undeveloped acorns in A (H ö g sm a ) . The  aco rn s  f ro m  the Gullarp oak (G) a re  usua l ly  
small  and conical w ith  a so m ew h a t  constr ic ted  zone n e a r  the  top a n d  a la te ra l  “su tu re ” 
of ectocarpous folds.  In  D is sh o w n  the  sessile female inflorescence. —  A (X0.6),  B (X2),

G ( X I . 5), D (X3).
Bot. N o tise r, vol. 128, 1975
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Fig. 6. A twig from  the Högsma oak (A) com pared w ith another twig (B) from an oak c. 
6 m high, in the vicinity of (he Högsma oak. The leaves are rounded-acute at I lie top and 
base and have very few lohes. The tree may lie a spontaneous progeny of the Högsma oak. 

Collected 1971. -— A (X0.3), B (scale =  l cm).

does not give a clear indication of hybrid 
origin. This is true of the leaf characters 
in particular. P recautions m ust he taken 
in com paring the leaf characters of the 
Högsma and G ullarp oaks and  the oak 
species investigated, as the possibility can
not be excluded th a t a ' , 'c effect
at the leaf p rim ord ium  stage can also 
have been the cause of o ther changes as 
well as that of entire leaf m argins. M ore
over an exceptional leaf shape w ith alm ost 
no lobes does not perm it of an adequate 
com parison betw een spontaneous hybrids 
and paren tal species w ith regard  to certain  
characters such as leaf outline, lobation 
and venation w hich will m ake it d ifficult 
lo use some indices for com parison.

Some Q. pe traeaX robur  p robably  rep 
resent crosses betw een the prim ary  hybrid  
Bot. N otiser, vol. 128, 1975

and  one of its parents. G i s c h w i n d  (187(1), 
P y a t n i t s k i i  (1939) and D e n g l e r  (1941) 
have shown th a t the prim ary hybrid  be
tween Q. robur  and Q. petraeo displays 
hybrid  vigour expresset!; for  instance, in 
an  abundance of new shoots w ith large 
leaves. G e s c h w i n d ’s  crossings of Q. robur  
(male) and Q. petraea  (female) produced 
a hybrid  w hich had entire leaves. He 
w rites: . . . “Das Blatt, grösser als das 
von Q. sessiliflora Sm., aber k leiner als 
das von Q. pedunculata, zeigt die U n
regelm ässigkeit der F orm  von letzterer 
Species, ist l a n g g e s t i e l t ,  ganzrandig, 
am  Rande wellenförm ig, sonst ei-lanzett
förmig, kahl, entbehrt der characterist- 
ischen E inbuchtungen des E ichenblattes 
gänzlich und ähnelt oft m ehr jenem  von 
Castanea vesca, G ärtn.” . F urtherm ore he

97
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A ê é  a êHKm

Fig. 7. x\ series of acorns with catkins from the Gullarp oak (A) and the Högsma oak 
(B) showing relative size and shape. — Scale =  1 cm.

states tha t the male flow ers have well- 
developed pollen and  th a t the female ca t
kins are short and  have fewer flowers 
than  those of (). petraea.  He obtained 
four hybrids, all w ith d ifferen t types of 
leaves. This is im portan t and m ay indicate 
that the parent trees w ere not tru ly  speci
fic hut heterozygous and  possibly intro- 
gressive. It is rem arkab le how well the 
description of one of the artifically  p ro 
duced hybrids agrees w ith  the Högsm a 
and Gullarp oaks regard ing  leaf charac
ters, pollen and fruit-setting.

The strongest indications of hybrid ity  
( Q. robarX Q . petraea)  in the Högsm a oak 
are the relatively low frequency of flowers 
and norm al acorns, and  in the Gullarp 
oak there is a low frequency  of flow ering 
w ith presum ably no norm al acorns. In 
spite of insufficient indications of hy b ri
dity in parts of the investigation there is 
still reason to believe th a t the Högsm a 
oak and the Gullarp oak are crossing p ro 
ducts of Q. petraea  and  Q. robur.

TAXONOMY

In the early 1800 s entire- and sub
entire-leaved oaks from  d iffe ren t parts  of

E urope were described. The first oaks 
observed were given the ran k  of species: 
(1) Q. sublobata  K i t . (see S c h u l t e s  1814 
p. 619, K i t a i b e l  1863 p. 355); (2) (). mes
pili folia  W a l l r o t h  1822; (3) Q. louettei 
P e t z o l d  & K i r c h n e r  1864 p. 531. Many 
botanists and  au thors of floras have called 
attention to these ab e rran t oaks. However, 
the taxonom ic in te rp re ta tion  of the oaks 
has changed. Most later w riters are in 
clined to describe the entire-leaved type 
as a form a or varietas of Q. petraea  ( M a t - 
t u s c h k a ) L i e b l . (syn. Q. sessiliflora 
S a l i s b ., Q. sessilis E h r h .) : (4) Q. sessili
flora  S a l i s b . var. subintegrifolia  J. P e r s 
s o n  1885; (5) Q. sessilis K u r i l  var. schid- 
layana  D o m i n  1937.

The au tho r confirm s the opinion of 
W e i m a r c k  (1947, 1963) th a t the subentire
leaved oaks at Högsm a and Gullarp may 
belong to the hybrid  Q. petraeaXrobur.  
The correct nam e will be Q. petraea 
( M a t t u s c h k a ) L i e b l . X robur  L .  nm. mes-  
pilifolia  ( W a l l r .) W e i m . 1963. (syn. Q. 
sessiliflora  S a l i s b . var. subintegrifolia  J. 
P e r s . — the Högsma oak; Q. petraeaX  
robur  f. mespili folia  ( W a l l r .) W e i m . 
1947. — the Högsma and  Gullarp oaks; 
O ther nam es than  these synonym s (cf.

Bot. Notiser, vol. 128, 1975
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1— 5 above) are assigned to entire-leaved
oaks, but do not apply to tbe trees at
Högsm a and Gullarp.)
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A h m a d j i a n ,  V. and H a l e ,  M . E. (eds.): 
'I' h e L i c h e n s .  — Academic Press, New 
York and London, 1973. XIV +  697 pp., 
92 ])lates, 296 figures. Price £  19.50
(cloth).

'Idie present volume is a comprehensive 
and up-to-date survey of various fields 
within lichenology. It is a companion to 
the five-volume treatise “The F ung i” 
edited by G. G. A i n s w o r t h ,  F. K. S p a r r o w  

and A. S. S u s s m a n  and published by 
Academic Press between 1965 and  1973. 
The high standard  of the print and of the 
illustrations known from the latter work 
is also met with in "The Lichens” . Most 
figures are original or reproduced from 
recent literature. This should he noted as 
a decided improvement as some similar 
works issued in the 1960’s have borrowed 
illustrations from S c h w e n d e n e r ,  B o r n e t  

and other 19th century lichenologists.
“The Lichens” is a multi-authored trea

tise produced by no less than 23 authors 
from  various parts of the world. Hence 
it is self-evident that the way of presenting 
the material differs fairly widely from  one 
chapter to another. In some cases we meet 
with detailed surveys including several 
previously unpublished data. Other chap
ters are ra the r  brief summaries, but the 
mostly comprehensive lists of references 
will facilitate the reader’s further  studies.

The volume is organized into 5 m ajo r  
parts, viz. “Structure and Development”, 
“Physiology of the Intact Thallus”, “E n 
vironmental Response and Effects”, “Sec
ondary  Metabolic P roducts” and “Sym
biont Interactions” .

The introductory chapter “Anatomy, 
Morphology, and Development” by H. M. 
J a h n s  is a most valuable account illu
strated with excellent figures mainly taken 
from  H e n s s e n  and J a h n s ,  “Lichenes” (cf. 
review below). M. A. L e t r u i t - G a l i n o u  

gives useful information, often from re 

cent research, on “Sexual Reproduction” . 
It is evident, however, that several p rob 
lems, for example the fertilization of the 
ascogone by spermatia and role of I lie 
apogamy, are still under discussion. Brief 
chapters on “Systematic Evaluation of 
Morphological Characters” and “Lichen 
Propagules” are presented by J. P o e l t  
and F. B r i a n  P y a t t  respectively. An in
formative and critical chapter on “Fine 
S truc ture” by E. P e v e i j n g  has been illu
strated with electron micrographs and 
SEM photographs of very high quality.

Part II deals with “Physiology of the 
Intact Thallus” including chapters on “Ab
sorption and Accumulation of Mineral 
Elements and Radioactive Nueleides” (Y. 
T u o m i n e n  and T. J a a k o l a ) ,  “Pedogenetic 
Significance of the Lichens” (J .  K. S y e r s  

and I. K. I s k a n d a r ) ,  “Photosynthesis and 
Carbohydrate Movement” (I). H. S. 
R i c h a r d s o n )  and “Nitrogen Metabolism” 
(J .  W. M i l l r a n k  and K. A. K e r s h a w ) .

Part III “Environmental Response and 
Effects” discusses “Response to Extreme 
Environm ents” (L. K a p p e n ) ,  “Water Rela
tions” (O. B. B l u m ) ,  “Substrate Ecology” 
(I. M . B r o d o ) ,  “Lichens and Air Pollu
tion” (O. L. G i l b e r t )  and “Growth” (M. E. 
H a l e )  .

Some aspects of “Secondary Metabolic 
P roduc ts” are treated in Part IV, viz. 
“Nature of Lichen Substances” (S. 
H u n e c k ) ,  “Biosynthesis of Lichen Sub
stances” (K .  M o s b a c h )  and “Antibiotics 
in Lichens” (K . O .  V a r t i a ) .

Part V is concerned with “Symbiont 
Interactions ”. V. A h m a d j i a n  gives a very 
brief survey of his research on “Resyn
thesis of Lichens ”. “Evolutionary Aspects 
of Symbiosis” are presented in a some
what philosophical article by G. 1). S c o t t .

F or  reasons difficult to understand three 
concluding chapters have been entitled 
“Appendices”, viz. “Classification” (J.

Bot. Notiser, vol. 128, 1975
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P o e l t ) ,  “Identification and Isolation of 
Lichen Substances” (J. S a n t e s s o n )  and 
“Methods of Isolating and Culturing Li
chen Symbionts and Thalli” (V .  A h m a d -  
j i a n ) .  P o e l t  briefly discusses previous 
lichen systems and outlines, in a very 
fragmentary manner, a new system “based 
partly on my own preliminary studies of 
ascus s tructure” . He rightly emphasizes 
the difficulties in integrating the liclienized 
fungi in any accepted fungal system. “Li
chen svstematists have hardly  ever been 
really familiar with the corresponding 
fungal groups, and mycologists have had 
enough difficulties with their own groups 
without bringing in the lichenized fungi.”

The “complete authoritative coverage” 
of lichenology stated on the cover of this 
book is somewhat of an exaggeration. 
Certain topics are not treated at all, for 
example lichen sociology and geographical 
distribution and there are others tha t could 
have been dealt with in greater detail. 
Nevertheless, “The Lichens” is a mine of 
information both for the student and the 
advanced lichenologist.

O v e  A l m b o r n

H e n s s e n ,  A .  and J a h n s ,  I I .  M.: L i-
c h e n e s. E i n e E i n f ii h r u n g i n 
d i c F 1 e c h t e n  k u n d e. -— Georg 
Thieme Verlag, Stuttgart, 1974. X I I+  467 
pp., 142 figures, 8 plates. Price DM. 19.80 
(flexible paper cover).

The notable new interest in lichens 
during the last two decades has resulted in 
several floras, monographs and handbooks 
covering more or less wide fields of “gen
eral lichenology”. As nearly forty years 
have elapsed since such a textbook was 
issued in the German language, the p re
sent work by Dr A i n o  H e n s s e n  (Marburg) 
and Dr H a n s  M. J a h n s  (Groningen, now 
F rankfur t  am Main) is especially welcome.

The authors have modestly called their 
book “An Introduction to Lichenology” . 
They have, however, admirably succeeded 
in condensing a surprising number of 
facts into a comprehensive volume no 
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bigger than a pocket book, and at a very 
reasonable price.

A brief introductory survey of the his
tory of lichenology is followed by far 
more elaborate chapters on the m orphol
ogy of the lichens, especially the organs 
of reproduction. These parts are of ex
treme value as both authors  have carried 
out very im portant investigations on this 
topic. Several new results are published 
here for the first time, often with original 
drawings and photographs.

The physiology of the lichens is treated 
in a concise chapter. Lichen chemistry is 
dealt with by a specialist, Dr J o h a n  S a n 
t e s s o n ,  Uppsala. This subject, introduced 
more than  a hundred  years ago for  diag
nostic purposes, has developed immensely 
during the last few decades and  has be
come an im portant source of information 
for the understanding of the metabolism 
of lichens. Symbiosis, parasitism  and re 
lated problems are briefly discussed, as 
well as synthesis in vitro between myco- 
bionts and phycobionts. There are also 
short accounts of growth, diaspores, eco
logy (including sociology and the effects 
of air pollution), distribution and econo
mic importance.

Nomenclature and classification are 
treated in some detail. A new lichen sys
tem is presented, differing essentially from 
Z a h l b r u c k n e r ’s  classical a r rangem ent and 
also from the system proposed by  J.  
P o e l t  (cf. review above). H e n s s e n  and 
J a h n s  have founded their  taxonom y on 
modern views on the ontogeny of the fruit- 
bodies of the non-lichenized ascomycet.es. 
Much attention has been paid to ascolo- 
cular or ascohymenial development, bi- 
tunicate or unitunicate asci, etc. As experts 
in this field it is not unreasonable that 
the authors  have laid stress upon  taxo 
nomic characters derived from  ontogeny. 
Though the place of some families is de
scribed as tentative so far, the reviewer 
believes that the main  features of the 
fu ture lichen system will m uch resemble 
the taxonomy outlined by H e n s s e n  and 
J a h n s .
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An extensive list of references to l i te ra 
ture and  a n o th e r  of lichenological te rm s  
conclude this well-organized volume. No 
effort will be m a d e  here  to co m p a re  it 
with the m a jo r  w o rk  reviewed above, 
“The L ic h e n s” , h u t  it seems h ighly  p r o 
bab le  th a t  a  t r an s la t io n  of “ L ichenes” 
in to  E nglish  w ou ld  be apprec ia ted  in m an y  
pa r ts  of the world .

O v e  A l m b o k n

T r a l a u , H. (ed.) 1974. I n d e x  II o 1-
m e n s i s, 1 V. A W o r ld  Index  of P lan t  
D is tr ibu t ion  Maps. D icotyledoneae A— B.

Scientif ic  P ub lish e rs  Ltd., Zürich.

T h ree  vo lum es of Index H olm ensis  have  
been pub lished  previously , viz. Vol. I: 
Vascu lar c ry p tog am s and  g y m n osp erm s ;  
Vol. II : M onocoty ledoneae  A— I; an d  Vol. 
I l l :  M onocoty ledoneae  J — Z. The last two 
were rev iew ed in Bot. Notiser 125 p. 199. 
T he  fo u r th  volum e, D ico ty ledoneae  A— B. 
w h ich  has now  ap p ea red  is especially  w e l
come as it p rom ises  a full co n t in ua t ion  
of the Index fo r  the rest of the  h ig he r  
p lan ts .

An innova tion  fo r  Vol. IV is th a t  in a d 
dition d is tr ibu tions  of p lan t species in 
c o rp o ra te d  in vegeta tion  m ap s  have  been  
inc luded  in th e  Index  (but on ly  w h e re  
Latin nam es of the  species con ce rned  a re  
given). 'Eliis extends the coverage o f  the 
Index  considerab ly  an d  adds m u ch  useful 
in fo rm at ion .

T he  p resen t volume, like the  prev ious  
one, con ta ins  a t rem en do us  a m o u n t  of

in fo rm at ion .  Astragalus,  a genus of c. 
1,600 species, co n tr ibu tes  refe rences  of 
m ap s  ex tend ing  over ap p ro x .  65 colum ns. 
Im p o r ta n t  tree genera  such  as Betula,  
Al mis, and  Acacia  a re  also included, w ith  
n u m e ro u s  co lum ns of re fe rence  each, 
w h ich  sho u ld  be of im m ea su ra b le  im p o r 
tance  to forest ecologists all over the 
w orld.

It is h a rd ly  necessary  to rep ea t  th a t  I 
consider  Index  H olm ens is  to be of great  
im portance .  It sho u ld  be fou nd  in any  
biological ins ti tu te  or l ib ra ry  w ith  effec
tive re sea rc h  an d  service respectively. T he  
Index  prov ides  in fo rm a t io n  th a t  is of p r i 
m ary  im p o r ta n c e  to ecologists in the fields 
of bo tany  as well as zoology, and  to 
sys tem atis ts ,  h o r t icu l tu ra l is ts  and  p lan t  
geographers .  It can  also be used  to trace  
l i te ra tu re  sup p ly in g  in fo rm a t io n  on o the r  
aspects of the  species concerned.

As the n u m b e r  o f m ap s  being pub lished  
is ra p id ly  increas ing  Dr T r a l a u  appeals  
fo r  ass is tance  in collecting in fo rm a t io n  on 
new  m a p s  pub lished ,  a n d  in getting r e 
p rin ts  of pub lica tions  w ith  d is tr ibu t ion  
m ap s  (see Bot. N otiser 128 p. 201 and  
T axo n  24 p. 142). This  is a m a t te r  of u t 
most u rgency . T h e re  are  n u m ero u s  m a p s  
p r in ted  in pub lica t ions  th a t  a re  difficult 
to ob ta in  a n d  th a t  in add it ion  m a y  have 
mixed  contents.

Index H olm ensis  is an u n d e r tak in g  th a t  
is deserv ing  of all suppor t .  It is w ithout 
doubt an  inv es tm en t  tha t is a m eans  of 
saving t ime an d  m o n e y  for the  re sea rch  
w orker .

R o l f  D a h l g r e n
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