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ABSTRACT

OreDSSON, A Drawings of Scandinavian Plants 17—44. Rubuy .. Subgen
Hubus. — Bot. Notiser 122:1—8, 153--159, 315—321, 449—156; 123:1—7
213 219, 363370, 447 —454, Lund

Rubus 1. subgen. Rubus is in Furope represented by sect. Rubus con
taining 3000 named blackberries. In Scandinavia, HYLANDER (1935) Tecog
nized 78 species. 30 ol them wilhin the corglifelins agg

The current series deals with 28 taxa — namely. according to the divi-
ston into subsecltions by Focke (19141, 8 from Suberecti. 17 from Senficost,
1 from landwlosi. and 2 lrom Caesic (R caesius and R corglifolius agg.)
A Dist of the taxa considered is presented (po 452)

[en corresponding morphological characters of each taxon are illus
trated

Fach taxon is brieflv described usimg nine recurring characters, as well
as o varying number of other characters useful within smaller groups of
taxa. The descriptions are based on vegetative and floral characlers in the
upper half of the first and second vear growths, respectively. Distributions
of taxa are included

Finally. o kev 1o 26 of the treated Scandinavian Bubroas presented (pp
447 151y

KEY TO 26 SCANDINAVIAN TAXNA OF RUBUS SUBGEN,. RUBUS
Perennial plants with herbaceous biennial shoots. First-year growth

from buds at the ground level. Second-year growth from buds in the
leaf axils. Stem 0.5

5 m long. erect. arched. or procumbent, equipped
with prickles. Leaves alternate, lernate. digitate. or pedate, with serrate
leaflets. Leaflets 3—7 (5-digitate leaves with the terminal leaflel ter-
nate). Inflorescence, always from second-vear growlh. racemose or
paniculale. Flowers bisexual. actinomorphic. Sepals 5. green -grey.
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a white-felted border. Petals 5 (- 8). free, white, or pink. Stamens

numerous. Carpels numerous. Fruit a drupe. deep red. black, dull black.
or pruinose, consisting of 1-seeded. coherent druplets and the conical or
cylindrical receptacle.

Flowering period: June- August.

The key presupposes the availability of two specimens from the same shrub

n.mu-.ly. one specimen from the upper half of the primocane (first-year
growth), with two or three well-developed leaves, and another specimen from
the top of the floricane (second-vear growth} in flower or in fruit.

Unless an explicit exceplion is made, prickies and leaves belong to the middle
of the stem: bristle and bristle-like prickle are used synonymously: gland signi-
fies stalked gland: and the disposition of the sepals refers to the sepals of the
immature fruit.

Some of the bolanical terms used in the key are illustrated in Fig. 2.

1,

1D,

04

= 4.

2 h.

3 a.

Jh.

Stipules broadly lanceolate. Fruil pruinose (dewherry). Stem creeping,
terete, pruinose. Prickles 1—3 mm long, recurved. Leaves 3-foliolate.
Sepals long-acuminate. Plate44 ... ....................... B. caesius
Stipules narrowly lanceolate —linear. Fruil deep red —-black [h]m-.kherrys

Stem upright—high- alehed Gldl]ds absenl from both lIw stem and the
inflorescence, Terminal leaflet cordale or ovale {oblong in R, nitidus).
Sepals, except the white-felted bovder, green— greyish green. (Subsect.
Suberacti FOORE) omewnamvit gaan s R T T T e
Stem high-arched—procumbent fle(‘mvcd in R. thyrsanthus). Glands
absent or present. Terminal leaflet of varving shapes. Sepals, except the

white-felted border, greyish green—grey ........ AR e
IFlowers 2.5—3.5 em across. Pelals broadly obovate. [ lLllne'nl\ 5 6 mm
) {51 - SRR TG S S e R e L AT e R R 4
Flowers up to 2.5 em aeross. Petals narrowly obovate or nlm\'alo Fila-
ments 2--5mm long . ...... S R T MR Hete abe e SR e e e e &F
Prickles of the stem 2—5 mm long. m lerete. Leaves thin, glabre-
scent. Inflorescence short, lealy. Plates 17—18 ... ......... R. nessensis
Prickles of the stem 7—10long . ................... o A 5
Basal leaflets with at least 2 mm long petiolules. Stem erect, slightly
recurved, Prickles with a broad base. Prickles of the inflorescence few
il STal S B ot it o T S e e B LS
Basal leaflets sessile or with short petiolules . .....oveiivivenorren 6
Prickles of the inflorescence large, hooked. - Leaves hairy beneath. Ter-
minal leaflet oblong, Sepals with numerous prickles, Plate 23 .. R, nitidus
Prickles of the inflorescence long, straight, — Leaves densely hairy be-
neath, sometimes grev-tomentose. Terminal leaflet cordate, acuminate.
Sepals with some prickles al the base. Plate 24 ., . ..., ... .. .. R.affinis
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Fig. 2. - A, Terminal leaflet (peliolule downwardsi: 1. ovate, 2. broadly ovate, 3. cor-
date, 4. elliptic. 5. orbicular (orbiculatel, 6. oblong. 7. nim\.m . 8. broadly obovate. —
B. Stipule: 1. broadly lanceolate, 2. narrowly lanceolate. 3. linear, — C. Stem: 1. up-
right (erect), slightly recurved. 2, recurved, 3. high-arched. 4. low-arched. 5. creeping
(procumbent). — D. Prickle: 1, palenl, 2. slightly isomewhal) recurved, 3. recurved,
L oretrorse, 3. slightly bent {(slightly curved), 6. falcate, 7. hooked. - - 12, Petal: 1. nar-

rowly obovate, spathulate, 2. obovate, 3. irregularly incised al the

obovate, 5. cuncate. 6. hroadly elliptic, 7. orbicular {eir

apex, 4. broadly
cular),
Bot, Notiser, vol, 123, 1970
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7a.

8 b.

9 a.
9 b

10 a.

10 h.
11 a.

12 b,

13 a.

13 h.

14 a,

14 b,
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Prickles of the slem 2.5 5 mm long, — Prickles of the slem numerous.
straight or slightly recurved. subulale. Leaves 5>—7-foliolale. Petals white.
Plates 19—20 ;. v ievissimeg me ; F A R AT . R.scissus
Prickles of the stem 5—8 mm long, — Pl ickles of the stem faleate. Leaves
5-foliolate. Petals pink—white. Plate 22 ... ... ... .. covves ROoplicatus
Petiolules of the lower pair of leaflets about 1 mm long or lacking. Sti-
pules narrowly lanceolate. Fruit dull black, pulpy. Stem tercte—
angular, with 3 -6 mm long, patent or somewhal recurved |:|'i('ldcs.
Leaves 5 (3 —7)-foliolate. Sepals short-lipped. Plate 43 . AP
........... e e e s I e T mrqh,‘nhm agy.

Petiolules of the lower pair of leafle t\ al least 2 mm long (sessile in
R. vestervicensis. 1 2 mm long in R. faeniorum). Stipules linear. Fruit
Blacks Bivi o ool sie v snaasie soals e e e e R A NI E ot |
Glands absent from both the stem and the infloreseence ............ 10
Glands of the stem none—nunmerous. Glands of the inflorescence few

FETEITVETONNE 5k covat e o 5 e st sioies: SR S o0 5 0 s A R
Leaflets 5, divided into pairs of laciniated segments. — Sepals grey lomen-
tose with long, green tips, often also with numerous prickles, Petals irreg-
ularly incised at the apex, obovate when enlire. Plate 25 .. R. laciniatns
Leaitets={de=l b gumted . oo et A i e b S e 11
Stem hairy—rather densely hairy. Leaves green  grey tomentose beneath
......... N s S R e e S e R e e 12
Stem glabrous  sparsely hfm v. Luuv\ grey —-wlutc lmnenlmo hene: ﬂh 14
Petals deep pink. Terminal leaflet hroadly ovate—elliptic. Prickles at
the apex of the i|1l|nrcsccnce long and subulale. Flowers about 3 em
SETOSSFAC Bles b ek T e S T T, . R.insularis
Petals white . ........:0 St R B R TS e e A T R 13
Terminal leaflet orbiculate. — Leaves quite green benealh, softly hairy.
Prickles of the inflorescence recurved—hooked. Petals broadly obovate

T aET R (0 L R N e o W e e L . R.scheutzii
Terminal leaflet obovate. — Leaves green—grey lomentose heneath,
softly pubescent, Prickles of the inflorescence hooked, Petals obovate.
B £ R e e P T P e AN e s Yy 1. lindebergii
Prickles of the stem about 10 mm long. Stem robust, arching, with
patent or slightly bent prickles. Terminal leaflet hroadly obovate-—orbie-
ular. Flowers about 3 em across. Plate 34 . ... ........... R armeniacus
Prickles of the stem 4—7 mm long. — Stem 0.5--2 m long, recurved. with
recurved prickles. Terminal leaflet ovate. Flowers 2 2.5 cm across.
Plate 35 . ..... Sl e e iy PO T N T e vewv.. R thyrsanthus

Glands absent from the stem (by R. pyramidalis and R. pestitus few or
nonej. Stem without bristles (R. pestitis normally almost bristle-less) 16
Glands on the slem few numerous, Stem wilth bristles (few or none by

rvestervicensis and il frscus) s oG e Smr S digdaniiy 2]
Stem densely hairy, Leaves rather hairy above. — Prickles of the stem
6—9 mm long, patent. Prickles in the apex of the inflorescence long and
subulate. slighlly recurved. Plate 37 ........... B R. vestitus
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16 b.
17 a.
17 b.
18 a.

18 b,

19 a.

19 h.
20 a.

20 b.

21 a.
21 b.
22 a.

29 h.
23 a.

23 b.

24 a.

25 b.
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Stem sparsely hairv- hairy. Leaves glabrous—sparsely hairy above .. 17
lLeaves 3 ate. Sepals loosely clasping the [ruil . ............ 18
Leaves 5 (—7)-foliolate. Sepals deflexed . ............ s . 19
Petals bright rose-pink, obovate. Filaments about 4+ mm long. — Leaves
bright green beneath, hairy. Terminal leaflet elliptic— obovate, acuminale.
Prickles of the inflorescence hooked. Plate 27 ... ... .. ol Rsprengelii
Petals light pink, orbicular. Filaments about 2.5 mm long. — Leaves
sparsely hairvy beneath. Terminal leaflel orbiculate, subcordate. Prickles
of the inflorescence straight or slightly curved. Plate 28 | . Roarillaris
Leaves with shiny, rather rigid hairs beneath, seldom I.l]hl) hlt_‘}'i.‘sh lomen-
lose. Prickles of the stem relatively sweak, with a narrow base, Prickles
of the inflorescence long, subulate. Sepals with glands and prickles.
Plate 30, ©wuiomminanst orasims ST e A .o R.opyramidalis
Leaves rey tomenlose Beneatly ..o« oo e omeonme svinns e ve S0
Prickles of the inflorescence rather numerous, strong, fuleate. — Stem
ridged, wilh faleate or patent prickles. Infloreseence long and broad,
dense ledfy. Plate 26 v conasmanaisbagiis Sieasiewe JGoselmeri
Prickles at the apex of the inflorescence few, small, straight. — Stem
terete—angled, with straight, somewhat recurved prickles. Inflorescence
long, dense, leafless. Plate 32 . ... ... ... Wil oy ... R. polyanthemus
Glands of the stem few orscattered ... ..., A A U P
Stem glandular or with numerous glands . .......... T S R T~
Petals narrowly obovate- —spathulate. — Stem with few hairs. Basal leaf-
lets sessile. Prickles of the inflorescence few, small, straight. Plate 36

SRR SR R e v R g cevveaa e Ropesteroicensis
Pc als cuneate- hroadly thptu: ............... P T i
Stem hairy. Stem angled  furrowed. Pet mlu]t of the lower pair of
leaflets 0.1—0.2 em long. Inflorescense with hristles and rather strong,
flat, faleate, or hooked prickles. Plate 39 . ............... R laenitcrom

Stem densely hairy. — Stem lerete—angled. Petiolules of the lower pair
of leaflets about 0.4 cm long. Prickles of the inflorescence recurved
reflexed and straight. Plate 40 . .. .. ... ciiivimmvasasines R. juscus

Larger prickles of the stem 2 5 mm long. (Subsecl. Glandulosi FOCKE)
— Larger prickles of the slem retrorse, straight. Leaves 3-foliolate, green,
somewhat scabrous bencath. Petals narrowly obovate. Plate 42 ... .. ...
........ SR A SR T e A e R e s T e e e, . D BT
Larger prickles of the stem 3—8 mmlong . ....oovvinivnninininn 23
Stem sparsely hairy. — Prickles al the apex of the inflorescence straight,
patent or slightly recurved, Sepals devoid of prickles. Plate 38 . . .......
......... S L S R TS s B Sln i Saied e AR g
Stem densely hairy., [..lrl't‘ prickles of the inflovescence recurved or
hooked. Sepals wilth numerous prickles, Plate 41 ..., ... .. . harlimani
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SURVEY OF TREATED TAXA

Bol.
Plate Rubus Notiser Elate, T”:'_
: page page(s)
vol.
17 NESSensis
VAT, NESSONsis 122 (1964) i |
18 NeSSeNsis
var. armadus Y 4
19 SCISSuy 6 4+—8
20 scfssus var? 7 8
21 sufeatus 154 153
22 plicatus 155 153—158
23 nitidus 156 158
24 affinis 157 158
25 lacinialus 316 315
26 selmert 317 315—320
27 sprengelin 318 320
2% axillaris 319 320
29 scheut zii 450 449
30 pyramidalis 451 454
31 tnsularis 152 154
32 polyanthemus 153 155
33 lindebergii 123 (1970) 9 1
34 Armentacis 3 1—6
3b thyrsant hus I 6
36 vesterpicensis H 6—7
h¥l vestitus 214 213
a8 rardula 215 213216
39 trrentaram 217 216—217
40 Juscus 218 217—219
41 hartmani 364 363
42 helfoardit 365 363—368
43 corylifolins agg A66 A68—369
44 CAesius 367 369--370

TAXA NOT INCLUDED

Because of insufficient data at present. 1 have decided not to treat 22
species as recognized by HYLANDER (1935) belonging to Rubus subgen.
Rubus (bul nol to R. corylifolius agg.) with Scandinavian distributions
restricted 1o Denmark. Of these, referring to FRIDERICHSEN (1922}, 13
species do not occur outside southern Jylland. Als, Fyen, and Langeland,
whereas only three species oceur on Sjelland.

Rubus duasyphyllus RoGERS. occurring on northernmost Jylland
(Fredrikshavn) and, since 1942, extinet in south-eastern Skane (Kivik).

Rubus langei G. JENSEN, known from Senderjylland. but recently
found at Ystad in southern Skane {OREDSSON 1066).

Two hybrids, recognized by HYLANDER (1955). within Rubus subgen.

Bot. Notiser, vol, 123, 1970
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Rubus, namely, R. plicatus X R, sulcatus, very rare in Denmark and Swe-
den and R. sprengelii X R. wahlbergii (within the R. corylifolius agg.),
very rare in Sweden.

Aberranl blackberry shrubs. rare in nature, for example. R. plicatus,
R. selmeri. or R. radula with markedly reduced leaf size, and R. plicatus
or R. thyrsanthus with incised leaflets.

CHROMOSOME NUMBERS

The greal majority of the European species investigated within Rubus
subgen. Rubus are letraploids wilh 2n=28. Five of the lwenty-eight taxa
treated in the current contribution to “Drawings of Scandinavian
Plants” have deviating chromosome numbers. Two of these are triploids
with 2n=21, namely, R. nitidus and R. thyrsanthus; another two are
pentaploids with 2n==35. namely, R. vestervicensis and R. bellardii.
whereas letra-, penla-, as well as hexaploid specimens have been found
within the R. corylifolius agg. (GUSTAFSSON 1943 pp. 90—97).

ADDITIONAL REMARKS

With this survey. 1 have endeavoured to preserve something of the
tradition of Seandinavian Rubi as upheld by pioneers like FRIDERICH-
SEN. GUSTAFSSON, and Liprorss. Unfortunately, the oral communica-
tion that was of such importance for diserimination among the Rubus
corylifolins agg. seems now lo have ceased.

Instead of the promised discussion here, I would like to have personal
communication with all who have information to offer concerning
Rubus subgen. Rubus, no maller what aspecl or geographical region.

ERRATA
Bot. Notiser 122 (1969) p. 449 (Rubus scheutzii). — . . . the basal leaflets
have 2.5 em long petiolules. — Should be: . . . the basal leaflets have 2.5 mm

long petiolules.

LITERATURE CITED IN DRAWINGS OF SCANDINAVIAN PLANTS 17—44
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Morphology and Embryology of Mimusops elengi L.

By S.P. Bhatnagar and Meenakshi Gupta

Department of Botany,
University of Delhi,
Delhi 7. India

ABSTRACT

BaarNacan, 8. P & Gurera, M. Morphology and Embryology of Mimusops
elengi L. — Bot. Notiser 123: 455-—73, Lund.

The flowers arise in pairs or fascicles in the axil of leaf. They are
bracteale, tetramerous, bisexual and rusty lomentose. There are eighl sepals
arranged in two whorls of four each. Each lobe out of eight constituting
gamopetalous corolla bears two dorsal appendages. The androecium com-
prises an ouler whorl of eight alternisepalous stamens and two inner
whorls of cight allernipetalous, petaliferous and hairy staminodes. Both
stamens and staminodes are epipetalous, The ovary is pubescent, superior
and octalocular, Each locule has a single basal ovule. The entire flower
lexcept corolla) is covered by thick-walled, two-armed hairs,

The anther wall comprises epidermis, fibrous endothecinm, three or
four ephemeral middle layers and secretory polyploid tapetum. Anomocytic
stomala are found on the anther. Cylokinesis is simultaneous resulting in
tetrahedral, decussate or isobilateral tetrads. The pollen grains are bi-, Iri-
or tetracolporate and are shed at two-celled stage.

The ovules are analropous, unitegmic and tenuinucellate. The arche-
sporium is single-celled and functions directly as the megaspore mother
cell. The development of embryo sac conforms to the Polygonum type. The
svnergids have a distinet filiform apparatus. The chalazal end of the
embryo sac develops info a finger-like projection. Endothelium and hypo-
stase are not organized.

The endosperm is Nuclear, The primary endosperm nuclens divides he-
fore the division of zygole, More than a thousand nuclei are formed before
the endosperm becomes eellular,

The embryo has o massive and mullicellular suspensor, The cells are of
various sizes, bloated and uninucleate. Cotvledons are folinceous and show
reticulale venation,

Testa is completely sclerified; the sclereids have tannin deposited in
Iumen. Thus the seed coat is hard and dark. There is a basal scar on lhe
seed.

The fruit is a one-seeded berry with leathery sclerified outer zone,
slightly pulpy middle zone traversed by a number of laticiferous ducts, and
innermost zone of compactly arranged cells.

lot. Notiser, vol. 123, 1970
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INTRODUCTION

Mimusops belongs lo the family Sapotaceae which comprises aboul
35—75 ill delined genera and 800 species (WAGENITZ 1964; WiLLLS
1966). Mimusops is a heterogeneous taxon (see MEEUSE 1960) and in
its limited sense consisls of 57 species (WiLLIS 1966).

Sapotaceae is a lropical family and consislts of shrubs and trees
(HoOKER 1879: HuTCHINSON 1959: MEEUSE 1960). The plants belonging
to this family yield besides timber, a variety of useful products like
edible [ruits, oil seceds. gutta-percha, balata and chicle.

Mimusops elengi is distribuled in the Deccan Peninsula and Andaman
islands and is cullivaled throughout India for ils limber. fragrant
flowers, edible fruils, oil seeds and astringent bark (CHoOpPrA 1958;
WiLLIS 1966). WanrMmING (1913) and SAUNDERS (1934) have sludied
the floral anatomy of Mimusops. Except for megasporogenesis and
female gamelophyte (MUrTHY 1941) there is no work on other aspecls
of embryology of this plant. Therefore, the present investigation on the
morphology and embryology of Mimusops was undertaken with a view
to furnish more information.

MATERIAL AND METHODS

The buds, flowers and fruits of Mimusops elengi were collected from trees
growing in lhe campus of University of Delhi. These were fixed in formalin-
acetic-aleohol, acetic alecohol, Carnoy’s fluid and Bouin's fluid, and later stored
in 70 per cenl ethanol. At the time of fixation buds, carpels. fruits and sceds
were (rimmed on Iwo sides. The different whorls of flower, except corolla,
are covered with thick-walled hairs which presented difficulty in microtomy.
In order to facilitale seclioning several methods were Iried. Dissolving the
hairs by dipping each bud or carpel in concentrated sulphuric acid for 20 to
30 seconds and then washing under running waler was found to be most
satisfactory. By rubbing with fingers, the stubs of burnt hairs were removed.
The material was dehvdrated in tertiary-butyl alcohol —ecthanol series and em-
bedded in paraffin. The embedded material was partially exposed and soaked

Fig. 1. Mimusops elengi (ap, appendage; emb, embryo; end, endosperm; p, petal; sm,

staminode|. — A: Portion of flowering twig. — B: Single flower showing corolla
with dorsal appendages. C: Longisection of flower lo show epipetalous slamens.
— D: Sepal of ouler whorl. — I2: Sepal of inner whorl. -— F: Corolla Tobe. — G:
Appendage. — IH: Stamens with alternating staminode. [: Carpel showing pubes-
cenl ovary. J: Young fruit with persistent calyx, K: Mature fruit. — L: Longi-
section of mature froit showing copious endosperm and cmbryo. — M: Seed showing

hasal seed scar, — AX0.8, B—(x3.2, D—Gx5, H—Jx34, Kx1.7, Lx23, Mx1.7.
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in water and Gifford’s solution (Girrorn 1950) for five or six days. The
scclions were cul belween 5 and 16 mierons and stained in ITeidenhain’s iron-
alum haematoxylin or safranin and counterslained with fast green or erythro-
sin.

Development of endosperm and embryvo was followed from dissections and
cleared whole mounts. Acetocarmine squashes of anthers were prepared to
study the microsporogenesis. Pollen grains were acetolyzed to study their exine
structure,

OBSERVATIONS

External Morphology

Mimusops elengi is a lree. The young leaves have hairy surface and
entire margin. Older leaves, however, have shiny and coriaceous surface
with undulale margin (Fig. 1 A). Stomala on leaf are anisocylie and
undergo syndetocheilie type of developmenl (BHATNAGAR & GUPTA.
1969). The plant slarls flowering in May and June and continues
to do so. though sporadically, up to February. Occasionally, some
plants may come to bloom in December and January and fruit in April
and May. The [lowers are white and arise in pairs or fascicles in the
axil of leaf [Fig. 1 A). The llowers are protogyvnous. They are erect but
become pendulous during dehiscence of anther and always face the
dorsal surlace of leaves (IFig. 1 A). The only insect observed 1o be active
in pollination is bee. It takes almost an year for a bud primordium to
develop into a malure fruit. The [lower is actinomorphic, letramerous.
bisexual and rusty tomentose (Fig. 1 B). There are eight long. elliplic
and acute sepals (Fig. 1 D, E) arranged in two whorls of four each
(Fig. 2 A, B).

The corolla is gamopelalous (Fig, 1 C) with eight while, lanceolate
lobes (Fig. 1 F]. Each lobe has a pair of dorsal appendages (Figs. 1 B.
2 A} which except for their acute apex are almost similar to the lobe
itsell’ (Fig. 1 F. G).

The androecium consists of an outer whorl of eight allernisepalous

Fig. 2. Mimusops elengi (an, anther; apy, aps, appendages; o, ovule, oy, ovary; p.
petaly seq, seq, sepals of outer and inner whorl, respectively: sm, staminode; st, style].

At Longisection of flower 1o show vascular supply to various floral whorls, —
B: Transection of flower showing disposition of floral parts. — C: Transection of
ovary to show its chambered nalure. I3: Longisection of bud: outline diagram
for I 1. — E—I: Progressive stages in the development of hair. J: Whole mount
of a hair on ovary: the arms are unequal. AX 13, B—C26. D31, E—1:300,

Jx 135,

Iot, Notiser, vol. 123, 1970



MORPHOLOGY AND EMBRYOLOGY OF MIMUSOPS ELENGI L. 154




460 S. P. BHATNAGAR AND MEENAKSHI GUPTA

stamens (Fig. 2 B) and inner tlwo whorls of eight alternipelalous stami-
nodes (Fig. 2 B). Both stamens and staminodes are epipetalous (Fig.
1 C). Numerous hairs are present on the filamenl, conneclive and stam-
inode (Ifig. 1 H}.

The gynoecium is octacarpellary, syncarpous with a long style ter-
minating in a capilellate stigma [Fig. 1 1). The ovary is pubescent.
superior, octalocular with axile placenlation (Fig. 2 C). Each locule has
a single basally affixed ovule (Fig. 2 Aj. There are eight stylar canals
al the base ol the style which continue upwards into the stigma and
downwards into the locules. Each canal is lined by a single layer of
transmitting tissue whose cells are reclangular. densely cyloplasmic
with conspicuous nuelei. These cells in the region of the stigma become
papillate and are direcled upwards.

The fruit is a one- (rarely two) seeded berry (Fig. 1 L) with persistent
calyx (Fig. 1 .J. Ki. The ellipsoidal and compressed sced has a small.
circular basal seed scar (Fig. 1 MJ. The endosperm is copious (Fig. 1 LJ.
The flat foliaceons colyledons are as wide as the seed.

Abundance ol thick-walled, unicellular two-armed hairs on all the
floral parls, except corolla, is a constant feature of this plant (Fig. 2
D—1).

Development of Hair

The hair is epidermal in origin. As growlh proceeds the ouler wall
of the epidermal cell elongates and bifurcales near the outer tangential
wall (IFig. 2 I2). The arms elongate parallel to the epidermis (Fig. 2 F).
The length of the two arms may vary. The hairs on the ovary are
characteristic as they have one arm much longer than the other (Fig.
2 J). Meanwhile the hair slalk increases in lenglh afler which a thick
secondary wall is deposited. The nucleus usually degenerates by this
time. While this hair is developing anolher cell in ils vicinily may act
as hair inilial (Fig. 2 E, F}. Such a condition results in the formation
of sheets of hairs — arms of old hairs overlapping those of young hairs
(Fig, 2 H). In older fruits the hairs formed laler are comparatively
smaller in size.

Microsporangium

In a yvoung anther. which is somewhal rectangular in cross seclion
(Fig. 3 A). a plale ol hypodermal cells differentiates as archesporial
cells. Each archesporial cell divides into a primary parietal cell and a

Bot Notiser, vol, 123, 1970



MORPHOLOGY AND EMBRYOLOGY OF MIMUSOPS ELENGI L. 461

Fig. 3. Mimusops elengi, — A—-D: Transections of anther al different stages of
development, — 190 Magnified view of sector £ in A lo show primary parietal cell
and primary sporogenous cell. — F—G: Enlarged view of portions I and G in B

and C showing wall lavers al microspore mother cell and tetrad stages, respectively.
— H: Portion H enlarged from D to show flattened epidermis. fibrous endothecium

and degeneraling middle lavers, and tapelum, — I: Longiscction of anther: oulline

dingram for J. —— J: Enlarged view of scetor Jin 1 to show stoma on anther lohe,

K: Surface view of stoma on anther connective, — A-~D 70, E—H =700, 135,
J—K = 700.
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primary sporogenous cell (Fig. 3 E). The former turther divides peri-
clinally and gives rise to the wall of the anther, whereas the laller
undergoes a few divisions in various planes to form microspore mother
cells (Fig. 3 B. IF).

Initially the epidermis keeps pace wilth the growth of inner tissue
but later ils cells become vacuolated and tangenlially compressed.
FFibrous thickenings develop in the endothecial cells at fwo-celled stage
ol pollen grains (Fig. 3 11} : similar thickenings may also develop in the
connective cells lying adjacent to the endothecium. The middle lavers
begin to degenerate before fibrous thickenings develop in the endothe-
cium (Fig. 3 C. G) butl their remnants persist in the ripe anthers (Fig.
3 D, H).

At microspore mother cell slage the tapelal cells become bi- (Fig. 3 I9)
or letranucleate (Fig. 4 A Cl: the nuclei fuse to form polyploid masses
(Fig. 4 D). The tapelal cells remain healthy till microspores separate
bul degenerate in silu by the time the pollen grains become 2-celled
(Fig. 3 Hi. Thus. the tapetum is of the secretory type. Occasionally in
some anthers when microspore tetrads are formed a few of the tapetal
cells enlarge from 10 p (20w to 105 <53 . (Fig. 4 E. I') with the result
that the tetrads gel crushed. The hypertrophied tapetal cells show larger
nuclei and vacuolaled eytoplasm. The number of nuclei varies from
two to seven. Such anthers are sterile.

The epidermis shows the presence of anomocylic stomala both on
anther lobes (Fig. 3 1. J} and conneclive (Fig. 3 Kj.

Microsporogenesis and Male Gametophyte

The reductlion divisions in the microspore mother cells are normal
(Mg, 4 G—M) and nonsynchronous, The evtokinesis is simullancous
resulting in tetrahedral (Fig. 4 O. Q), decussale (Fig. 4 N. ) or more
commonly isobilaleral lelrads. The nucleus of uninucleate pollen
grains. after moving towards the periphery (Fig. 4 Ri. divides to form
a large vegetative and a small generalive cell (Fig. 4S). The pollen
grains are shed at 2-celled stage. They are of various sizes and may be
bi-. tri- or telracolporate with a thick, slightly reliculate exine and a
thin intine (Fig. 4 1.

Megasporangium
The ovale is anatropous, unitegmic and tenuinucellale (Fig. 5 F). 1t
develops as a small protuberance on the placenta (Fig. 5 A) and begins
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T

I'ig. 4. Mimusops elengi. — A D: Tapelal cells showing milosis and polyploid
nucleus. — E: Porlion of longisection of anther to show hypertrophied tapetal cells
and crushed microspore tetrads, — F: A hypertrophied tapetai cell. — G—M: Mciosis
I and II. — N: Initiation of cylokinesis to form decussale tetrad. — O Tetrahedral
tetrad. — P—Q: Decussale and telrahedral telrads prior to liberation of microspores.
— R: Uninucleate pollen grain, — S: Two-celled pollen grain. — T: Acetolyzed pollen

to show reticulate exine, — A—D 1035, 2345, F 1035, G—T %670,
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lo curve al an early slage (Fig. 5 Bj unlil it becomes anatropous (Fig.
5 C. D). The integumentary primordium starts developing atter the
differentiation of archesporial cell (Fig. 5 €) and envelops the nucellus
al Lhe megaspore mother cell stage forming a long and narrow micro-
pyle (Fig. 5 ). The ovule rolates furlher so that the micropyle faces
the funiculus. During rotation the micropyle becomes obliquely oriented
(Iig. 5 17), The wvascular lrace to the ovule enlers the funiculus and
reaches almost the lip of the integument (Fig. b F).

The integumentary cells lining the embryo sac may become lilled
with lannin-like subslance. An endothelium is nol organized (Fig. 7 A,
B). In some of the ovules. below the chalazal region of embryo sac.
appears a strip of radially elongated cells. These are sparsely cvto-
plasmic, and can hardly be compared to a hypostase.

Megasporogenesis and Female Gametophyte

A single hypodermal cell acts as the archesporial initial (Fig. 5 GJ
which functions directly as the megaspore mother cell (Iig. 5 H). For
a considerable lime meiosis is not initiated in the megaspore mother
cell, during which it increases in size (Fig. 5 1). Through meiosis (Fig.
HJ) it produces a T-shaped tetrad of megaspores (Fig. 5 K). The three
micropylar megaspores are non-funclional and degenerate. The nuclens
of the funclional megaspore undergoes three successive divisions (Fig.
5 L—N) 1o produce an eight-nucleate embryo sac. The development
thus conforms to the Polygonum type. Sometimes the eight-nucleate
embryo sae may show 246 arrangement of nuclei. The malure gameto-
phyte shows two hooked and beaked synergids possessing filiform
apparatus which becomes conspicuous when egg and polars are en-
larging (FFig. 5 O), an egg. two polars and three ephemeral antipodal
cells arranged linearly in the chalazal projection of the embryo sac
(Fig. 5 NI. Jusl beneath the egg. the polars fuse to form secondary

Mimusops elengi (ant, anlipodal cells; e egu; po. polars; sy, synergid), —

A~ I7: Progressive stages in development and curvature of ovule. Vascular supply

to integument reaches almost up to the Lp (Fi. — G: Longisection of part of ovule

showing a single hypodermal archesporial cell. — H—I: Megaspore mother cells. —

Joo K Megaspore dyad and tetrad, respectively. —— L-—=M: Two and Lnuecleate embryo

NS, N: Organized embryo sac, — O: Micropylar portion of mature embryo sac

to show fliform apparatus in synergids, enlarged egg and polars. — A 1160,
G—0 555,
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nucleus, the latler maintaining the same position till fertilization. Afler
fertilization the synergids usually become displaced.

Endosperm

The primary endosperm nucleus divides carlier than the zygole (Fig,
6 A). The division of the endosperm nucleus is nol followed by wall
formaltion (Fig. 6 A—DJ. Thus lthe development is Nuclear. The divi-
sions of endosperm nuclei are non-synchronous and produce more than
a thousand nuclei. At this stage. eytoplasm starls aggregating around the
peripheral nuclei present at the micropylar end. The cell formalion is
cenlripetal and begins [rom micropylar to chalazal end. Ullimalelv,
the entire endosperm becomes cellular (Fig. 6 I£). The endosperm cells
are small lowards the periphery but large in centre. These cells accumu-
late fal as reserve food material (Fig. 6 T},

Embryology

There is a time lapse between fertilizalion and division of the zygole.
The zygole divides later than the division of the primary endosperm
nucleus (Tig. 6 A).

The earliest stage available was an eight-celled proembryo (Fig. 6 C,
G). It undergoes both anli- and periclinal divisions (Fig. 6 H} resulling
in a large globular embryo (Fig. 6 1). Localized meristemalic aclivity
at two points in the apieal region ol globular embryvo (Fig. 6 1) results
in the formalion of a heart-shaped embryo (Fig. 6 K). Further aclivity
gives rise to 2 cotyledons (Fig. 6 L). The embryo has a large massive
suspensor (Fig. 6 I-—L]. The cells of the suspensor are bloated. uni-
nucleate and of various sizes. As the colyledons enlarge lhe sus-
pensor degenerales (Fig. 6 M). The mature colvledons are flat, folia-

Fig. 6. Mimusops elengi (D—I2, I, K—N are from whole mounts, rest from microfome
sections. emb, embryo; end, endosperm; sus, suspensor; sy, svoergid; 7, zygote), —
A Two-nucleale endosperm, one of the persistent svnergids seen B: Four-nucleate
endosperm. — C: Longiseclion of voung seed at 16-nucleate endosperm slage. — D
Free nuclear endosperm: embryvo was probably lest during dissection. — E: Cellular
endosperm with globular embryo. — F: A few endosperm cells enlarged to show oil
globules. — G—H: Young proembryos. — I—L: Globular, heart shaped and dicotyle-
donous embryos: note massive suspensor. — M—N: Young and mature dicotyledon-
ous embryos showing vasculature, — A—B <565, C—1) « 130, E < 30. F <130, 11 .~ 270,
I—L > 60, M--N %6,
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ceous with reticulale venation (Fig 6 Nj. A small rool cap protecls
the radicle. Plumule is very small and is present inbetween the two
cotyledons. The cells of cotyledons accumulate fat though its amount
is lesser than that in the endosperm. A para-colyledonary section of
a malure seed reveals an embryo almost reaching the expanse of seed
and surrounded by endosperm. The short radicle fits into the narrow
groove of copious endosperm.

Testa

At the mature embryo sac stage, the integument is about 15-layered
(Fig. 7 A, B). A few cells in the chalazal region, jusl below the epider-
mis, show accumulation of tannin. By this time nucellus is completely
consumed.

At free-nuclear stage of endosperm. the lesla becomes nearly 25 to
30-lavered. About six layers of cells accumulate tannin (Fig. 7 C). The
accumulation starls from chalazal to micropylar region.

As the seed malures, the tannin-filled cells are transformed into
sclereids (Fig. 7 D) which have characteristic thick and lignified walls
with branched pit canals and narrow lumen. The lumen is completely
filled with tannin. Meanwhile, tannin conlinues lo accumulate in the
inner layers followed by their gradual sclerification, Finally, when
the seed is mature, the entire integument becomes sclerified.

Pericarp

The ovary wall, at malure embryo sac stage. comprises aboul 25 lo
35 layers of compactly arranged parenchymalous cells. Numerous latex
sacs and tannin-filled cells are interspersed in parenchymatous tissue.
Tannin may completely {ill the cells of outer and inner epidermis
(Fig. 8 A).

At preglobular stage of embryo. the pericarp shows inereased number
of layers. The parenchyma cells undergo divisions in various planes
to form 35 to 40-layered tissue (Fig. 8 B). About seven layers subjacenl
to the inner epidermis, have a characteristic liered arrangement of cells.
Also, aboul five rows underlying outer epidermis consist of compactly
arranged cells which simulate cork (see RENDLE 1925). At places alter-
nate rows ol these cells accumulate tannin. As the embrvo becomes
globular 2 or 3 layers inner to ‘cork’ enlarge (Fig.8C). Cytoplasm
starts receding from walls but nuclei remain conspicuous. As a result
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Fig. 7. Mimusops elengi {Photomicrographs| A: Longisection of ovule at malure

embryo sac slage. — B: Porlion of integument from A enlarged. innermost layer is

not organized into endothelium. C: Same at free nuclear stage of endosperm to

show a few of the ouler layers filled with tannin, D: Portion of longisection of

seed al cellular stage of endosperm showing outer zone of sclerified cells. middle

zone of tannin-filled cells and innermost zone ol parenchymatous cells, A X 93,
B 716, G283, Dx 92,
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of enlarging of these cells, the inner cells get crushed. Sclerification
starls firsl in cells which are at the base of the fruit. At the lale
globular stage of embryo. rows of sclereids are formed (Fig. 8 D).
Sclereids are thick-walled with branched pit canals and narrow lumen.,
A few layers inlernal to the inner epidermis get crushed.,

When the embryo has become dicotyledonous a very thick cuticle
is deposited throughout the surface of fruit. *Cork™ layers accumulate
more lannin and aboul 15 underlying lavers become sclerified. Paren-
chyma cells inerease in size,

Thus the fruit has three zones: {a} Lthe outermosl zone consists of
an outer epidermis, ‘cork’ and sclereids, (b} the middle zone of paren-
chymalous tissue, and (¢) innermost zone of inner epidermis and some
subjacent lavers.

DISCUSSION

The available morphological and embryological data on the family
Seapotaceae are discussed in the light of present observalions on Mimu-
sops elengi.

The corolla of Sapotaceae is gamopetalous consisting of a corolla
lube and one or two whorls of 2- 5 or more lobes. In several genera
each lobe bears a pair ol lateral or dorsal appendages. The appendages
in Mimusops elengi have been described as dorsal by RENDLE (1925,
LAM (1941) and WIiLLIS (1966), and lateral by MEEUSE (1960). How-
ever, the present observalions on this plant support the former view,
The vascular supply to the corolla lobe branches near its base. One of
the branches enters the lobe, whercas the other bifurcales, one trace
entering cach appendage.

The ovules may be analropous or hemianatropous (WARMING 1913;
MurTiy 1941} and obliquely orienled. or ortholropous (WARMING
1913} The single vascular bundle in the raphe gives ofl branches which
supply the thick integument. The ovules in Mimusops elengi are ana-
tropous with obliquely oriented micropyle. The vascular supply to the
ovule does not stop al chalaza but reaches almosl up to the tip of the
integument.

According to MurTHY (1941) in Achras sapota L. and Manilkara hewx-
andra (RoxB.) Dus. there is no endolhelium but in Madhuca indica
GMEL., (Bassia latifolic ROXB.) and Mimusops elengi Lhere is a tendency
towards ils differentialion. The inlegumentary tapelum is normally
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Fig. 8. Mimusops elenygi (Pholomicrographs, [d, laticiferous duct). A: Portion of

ovary wull (longisection] at malure embryo sac stage, B: Same al a slightly older

stage to show ‘cork” and laticiferous ducts. — C: Pericarp al globular stage of embryo

to show enlarged cells benealth ‘cork’. — D: Outer zone of pericarp showing ‘cork’
and selereids, — A 118, B—C ¥ 61, D <274,
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characlerized by radially elongated. densely cyloplasmic cells with
prominent nuclei. Since in Mimusops elengi the innermost layer of
integumenl lacks all these features, il would be incorrecl to call this
layer as endothelium,

MurTHY (1941) observed a distinel hypostase in Madhuca indica and
Mimusops elengi, and a poorly developed hypostase in Achras sapola,
In Manilkara herandra he found thal the eells at the chalazal end
become loose and large afler ferlilizalion and probably have a nulrilive
role. In Mimusops we have observed in some ovules a strip of cells
below the embryo sac. These cells are radially elongated and sparsely
cyloplasmic. Sinee this is not a regular feature of the plant. this mass
of cells need not be designated as hypostase.

In Achras, Madhuca, Manilkara and Mimusops the antipodal nuclei
have been reported to disappear belore the organizalion of the embryo
sac (MurTHY 1941). However. we find that. although ephemeral, the
antipodal cells are organized and are linearly arranged al the chalazal
end.

MurTHY (1941} reported the absence of filiform apparatus in syner-
gids of Madhuca. The present work, however, reveals its presence. It is
likely that on reinvesligation other genera may also show filiform
apparatus. According lo MUurRTHY (1941}, in Achras sapota the division
of the primary endosperm nucleus takes place laler than thal of the
zygolte. On the other hand. our observations show that in Mimusops
primary endosperm nucleus divides carlier than the zygote. The en-
dosperm is Nuclear and wall formation is much delayed. Nearly a
thousand nuelei are formed before walls are laid down.

Members of Sapolaceae are economically imporlant, and unfortuna-
telv. there is not much work on the morphology and embryvology of
these plants. Although the plants flower profusely, seed sel is relalively
low. Detailed studies leading to a fuller understanding of the embryology
and seed formation in these plants should prove very rewarding,
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1.

Typification of the genus Scinaia Bivona shows that the correel name
for the type species of the genus is 8. forecllata Biv.

The conservation of Grateloupia C. Acarpu (1822) [Cryptonemiales)
againsl Grateloupin BONNEMAISON (1822) [Ceramiales is proposed.
The typification of Halymenia latifolic CROUAN FRAT. ex Ki'rz. is dis-
cussed.

The use of the generie name Polysiphonia by SPRENGEL (1827 is dis-
cussed in detail,

The correct name for Dasga pedicellata (C. Ac.) C. AG. is shown to be
D. baillouviana (GMEL.] MoONT,

A possible record of the oceurrence of Dasya baillouviana in Britain is
rejected and the lime at which the immigration of this species inlo
Llurope oceurred is considered,

INTRODUCTION

The following noles refer to further laxonomic and nomenclatural

problems detected during preliminary work for the forthcoming * Flora
of British Marine Algae™,

THE TYPIFICATION OF THE GENUS SCINATA Bivoxa

The genus Scinaia was first described by Baron A. BIVONA-BERNARDI
in 1822, Conlrary to the remark by SETCHELL (1914 p. 80) that no diag-
nosis or discussion of Scinaia as a genus is given, BivoNa does in facl
say “Seinaia, algarum marinarum novum genus, Tubi extus glabri, intus

filamenlosi, gelatina solidinscula repleti, filamenlis centro inlertextis

Bot. Notiser, vol, 123, 1970
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in funiculum axiforme. Capsulae tuborum parieli inlerno adhaerentes.”
BrvoNa then proceeds lo describe the single species which he referred
to the genus: Scinaia forcellata. The specific epithet is taken from
IMPERATO'S “Forcellata™, (1599 p. 736) and from his Fucus forcellata,
“Cup. Pamph. 3 . 105", This latter publication has not been localed.
The name is spelled forcellala throughout the paper and has no connex-
ion with Tur~Ner's Ulva furcellate (TURNER 1801), despile the fact
that the two entilies are conspecific. Consequently, il cannol be accepted
that BrvoNa made Lhe combination Seinaic furcellata (TURN.) Biv. as
has been generally assumed.

J. AGARDH (1852], quoting both Ulva furcellata TUurN. and Seinaia
forcellata Brv., made lhe combination Seinaia furcellata ('TURN.) J. Ac.
The epithets forcellata and Jurcellata, however, have the same deriva-
tion and ought. therefore. to be trealed as mere orthographic variants.
[In fact BivoNa's foreellala is usually mis-spelled furcellala in the litera-
ture and the epithels have been the source of much confusion.| In this
case Scinaia furcellata (Trmrn.) J. Ac. must be rejected as a later
homonym of Scinaia foreellata Biv., based upon a different type. The
correct name of the lype species ol the genus Seinaia is thus S, forcellata
Biv., not 8. furcellata ('TURN.) J. AG. as is given by ScumiTz (1889) and
Kynin (1956). The type of Seinaia foreellata is BIvONA's materials, the

localities for which he gives as “ad litora maris ab undis rejecta hiem
et vere prope Panormum el Neapolim reperilur.” The whereabouts ol
Bivona's material is not at present known. but his illustralion is rea-
sonably good and can be taken as typitying the species, at least tem-
porarily.

Two species of Scinaia have been reported in Europe. S, turgida
CneMIN and S. furcellata (Turn.) J. Ac.. and it is essential to delermine
to which of these enlities S. Jorcellata Biv. refers. The figure given by
BIvona is a represenlalion at natural size of his plant. with some ana-
tomical details at a slight magnification. On the basis ol the height of
the plant. the breadth of lhe axes, the orientation of branch insertion,
the frequency ol branching and the infrequency of carposporophytes
it can be slated that 8. forcellata Biv. is conspecific with the plant
known previously as S. furcellata (Tur~.) J. Ac.

CONSERVATION OF GRATELOUPIA

(. AcArDH eslablished a new genus in 1822, naming it in honour of
the FFrench botanist J. P. A. G, GrateELovP. and this has been accepled
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by all subsequent workers. Three species were relerred lo the genus
in the inilial treatment: Graleloupia ornata, G, hystric and . filicina.
Of these, only the last is retained in Lhe genus loday. . ornata having
heen referred lo Chaetangium (PAPENFUSS 1951) and Grateloupia trans-
ferred to Gigartina (SETCHELL & GARDNER 1933). Unfortunately. in the
same year as (. AGARDH established his genus, BoNNEMAIseN described
a second genus naming il Grateloupia also.

The dating of the various parts of the ‘Species algarum” of the elder
AGARDH is complex. NGRDSTEDT (1914] showed thal the first part of
volume I was not issued until late 1820 in Lund. a second issue with
new litle page appearing in the following vear in Greifswald. bul he
gave no information on the dating of the second parl of thal volume,
the portion relevant to the presenl discussion. Although evidence is
by no means complete, lhe second part appears not to have been issued
prior lo late 1822 in Lund. No reference to this part prior to December
1822 has been discovered personally in lhe literalure or in AGARDI'S
correspondence. According to STAFLEU (1967). the second part was
issued in two portions, with pages 169 lo 398 appearing probably in
November 1822 and pages 399 to 531 in 1823, In addilion to the Lund
issue. there was a re-issue with new litle-page from Greifswald in 1823,

The dating of BONNEMAISON's publicalion is much easier. The paper
appeared in lwo parls ol which the second, conlaining the descriplion
of Grateloupia BONNEMAISON. was published in the issue of the “Journal
de Physique’ for the month of April 1822, and was acquired by Lhe
Library of the Academy of Sciences belween June 17th and 241h, 1522
isee P. V. Acad. Sei. Paris 7 p. 339).

There seems little doubt thal Grafeloupia BONNEMAISON anledales
Grateloupia C. AGARDH. Since the former is a name never used excepl
by its originator. whilst the latter is a well-known name lor a widely
distributed genus of some commercial importance, after which a family
has been established, conservation of Grateloupia C. A. is, therelore,
fully warranted,

BCONNEMAISON lypified his new genus wilh Conferva arbuscula DiLLw,
\lthough the two Irealmenls by DiLnwyn (1807, 1809) confused rep-
resentatives of the genera Callithamnion and Dasya (cf. Dixon 1960,
19641 and il has been shown that the epithel arbuscula must be applied
to the former, BONNEMAISON's account clearly indicales thal his de-
seription is based upon the Dasya component of DILLWYN'S treatmentl.
Grateloupia BONNEMAISON (1822) antedates Dasga C. AGARDIT (1824
nom. cons. [T.: D: pedicellate (C. Acarpu) C. Acarni! and should be
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added as a nomen rejiciendum as it is a taxonomic synonym based on
a aifferent type |T.: G. arbuscula BONNEMAISON (Conferva arbuscula
DILLWYN pro parte, quoad Suppl. pl. G |.

THE TYPIFICATON OF HALYMENIA LATIFOLIA

The alga now known as Hagmenia latifolia was first recognized in
northwest France by H. M. and P. L. Crovan, Although a species ol
relalively rare occurrence, it was collected in sufficient quantity for
specimens to be distribuled in November 1849 under thal name. as
number 191 of the exsiceala “Algues de I'Ouesl de la France  of JAMES
LLoYD (see DIXoN 1967). Unfortunately no deseriplion was provided
so thal the binomial is used there as a nomen nudum. Despile this, he
name is usually attributed lo the CRouans, Lhe exsiccatum being eiled
as the place of publication (e. g. DE Tont 19051, Although a description
was published eventually by the brothers CRouAN (1867), this is anle-
dated by the one which appeared in the preceding yvear (KUTZING 1866)
validaling the binomial. Ki'TzIiNG (1866 Pl 96) indicated that his de-
seription was based upon a specimen of LLOYD's exsiccalum in SONDER's
herbarium. In view of the confusion which prevails regarding many
ol the flal, membranaceous members of the Rhodophyta, location of
the original specimen examined by KUTZING was obviously essential.
This proved lo be extremely troublesome and it was finally found in
thal part of SONDER's herbarium which was acquired by F. vox
MukLLER during the nineteenth cenlury and taken lo Australia where
it passed eventually to lhe National Ilerbarium of Victoria at Mel-
bourne (MEL). Examination of collections there disclosed the presence
ol a specimen (MEL 10332) which, aparl from the loss of about 5 cm
ol inaterial from one axis, is a perfect mirror-image ol KUTZING's illu-
stration (see IFFig. 1}, The locality from which the specimen was collected
is cited by KiUrTzing as “Brest™: the annotalion on the specimen gives

this more precisely as the “Anse du Dondic”.

KUrzING's illustration of the microscopic structure of this specimen,
the holotype of Halymenia latifolic CROUAN FRAT. ex KiUTZz. though
difficult to interpret, shows whal appears to be a seclion of a car-
posporophyle surrounded by an internal pericarp. a feature lypical of
the genus Halymenia and distinguishing it from Healarachnion in which
the carposporophytes are nol invested in this way, In Britain, broad
forms ol the erect phase of Halarachnion ligulatum (Woobw.) Kirz.
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have been confused with Halymenia latifolia, but can be distinguished
by this feature since even small erect thalli of the former almost in-
variably bear carposporophyles,

SPRENGEL’S USE OF THE GENERIC NAME POLYSIPHONIA

Polysiphonia is a generic name first used by GREVILLE (1823) as an
avowed substitule for Hulchinsia C. AGARDH (1817} non Hutchinsia
R. Br. (in ArToN 1812}, The name is currently conserved againsl Ver-
tebrata S. F. GRAY (1821), Grammita BONNEMAISON (1822) and Grate-
toupella Bory (1823). When he fiest used the name. GREVILLE trans-
ferred only one species to the genus. although in the following year
(1824] he made furlher transfers. It is obvious from his commenls that
he planned to produce a work on the filamentous. or “articulated’, algae
equivalent lo his Algae Britannicae IGREVILLE 1830}, bul this was
never compleled. No manuscript is known to exisl. although acknow-
ledgemenl was given lo GREVILLE when [urther transfers ol species to
Polysiphonia were made by HARVEY (1833]. Many of Lhese and other
later transfers are antedated by the work ol SPRENGEL (1827) who was
Lthe first author to adopl the name Polysiphonia for the majorily of the
species placed by C. AGARDH in his genus Hutfehinsio in 1824, SPRENGEL
relerred 27 species to Polysiphonia, of which 22 were new combina-
tions: these are reprinted here, in alphabelical order. togelher with their
present attribution if synonyms.

P. badia (DILLW.] SPRENG. P. fibrillosa {DILLW.] SPRENG.
= P. nigra (Hubs.) BaTT. P. filamentosa (WULF.) SPRING.
P. brodiaei (DILLW.} SPRENG. = Spyridia fulamentosa (WULFE.)
P. coceinea (DILLW.} SPRENG, [arv. in Hook.
= Heterosiphonia plumosa P foeniculacen (C. AG.) SPRENG.
(Erris) Barr, P fruticilosa (WULF.) SPRENG.
P. complanata (C. AG.) SPRENG. P.oglomerulata (C. AG.) SPRENG,
= P.virgata (C. AG.) SPRENG. [non = Tolypiocladia glomerulata (C.
P. complanata (CrLEM.) J. Ac. AG.) SCHMITZ in ENGLER et PRANTL

(18631, nom. illeg. — Pterosiphonia P

; ; Aepadicola (LANGB.) SPRENG.
complania (CLEM.) IFALKENB.|

= P. ureeolata (DiLLw.) GREV,
P.densta (ROTH) SPRENG.

P. macrocarpa (C. AG.) SPRENG.
P.discolor (C. AG.) SPRENG. non P macrocarpa HARV. in
P divaricata (C. AG.) SPRENG, MAackay (1836), nom. illeg. This
= P.violacea (ROTH) SPRENG. plant is of unknown attribution
P. elongata (IIUDS.) SPRENG. (ef. J. AGARDH 1863).
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Fig. 1. The specimen of Halymenia lat'{« izt used by KUrzinG for his illustration {Tab.
phyc., veo 6. pl. 96). Reduced.
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P. moestingli (LYNGB.] SPRENG. P, ramulosa Harvey (in HOOKER
= Pterosiphonia parasitica 18531, nom, illeg.|
(Hvps.) FALKENDB. P.recurva (G, AG.) SPRENG,

P. penicillata (C. AG.) SPRENG. The identity of Hutchinsia recurva
— P. brodiaei (DILLW.) SPRENG. C. AGarDH (1824). the basionym,

is unknown. It does not appear to
have been reconsidered either by
the original or any other author
exeept SPRENGEL. From the diag-
nosis it scems likely to be referable
to P.urceolata (DiLLw.) Grev,
P.ramulosa (C. AG.) SPRENG. D piolacea (ROTH] SPRENG.

= P.opaea (Co AG) SPRENG. [non P.oirgala (C. AG.) SPRENG.

P. pulvinata (RoTH) SPRENG.
Attribution uncertain, see com-
ments under Polysiphonia macro-
carpa Harv. in Macgay (1836),
below.

—

Fortunately, the data given above raise no difficulties excepl in con-
nection with the name of the alga currently listed (PARKE & DIXON
1964, 1968) as Polysiphonia macrocarpa Harv, in Mackay. The latter
appears lo be a distincl species, readily identifiable in British walers,
although there have been various opinions as lo the correet name which
should be applied 1o it (cf. HARVEY 1847: BorNET 1892: DE Tox1 1903).
even before the discovery thal its currently accepted name is illegiti-
mate, Selection of the correct name awails eritical analysis and lypifica-
tion of various enlilies, in particular Conferva pulvinata Roru (1797)
and Ceramium sertularioides GRATELOUP (1807),

THE CORRECT NAME FOR DASYA PEDICELLATA

Dasya pedicellata, which has also been known as . elegans, is
widely distributed in the Mediterranean and on the Atlantic Coast of
North America and there have been several recent reports of ils arrival
and spread in northern Europe. The alga is of very characteristic and
spectacular appearance, markedly different at different stages of devel-
opment. The thallus measures up to 50 em in length and may be simple
or branched. The thalli develop in the spring and early summer, during
which time the axes are densely clothed with laleral filaments of limited
growth. These fall away acropelally together with any tetrasporangial
or spermatangial stichidia so that in the autumn the axes are naked.
In female plants the developing carposporophyle induces secondary
developmenl, Lhe resulting stalked “eystocarps™ being a very prominent
fealure ol such carpogonial material in the autumn. The superficial
similarity belween such a plant and a terele member ol the Gigarfinales
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explains why C. AGARDH (1822] assigned such material to the genus
Sphaerococcus.

The original trealment ol S. pedicellalus (€. AGARDIT 1822 p. 321)
is based on malerial collecled by JouN Togrrey “ad litus Noveboracense
[=New York| Americae Borealis”., The AcArpH Herbarium, at fhe
Botanical Museum, Lund, now contains the following specimens re-
ceived from TORREY:

(1) 44128, labelled “Hutchinsia villosa Ag. Ceramio Ocellato Gralel,
Journ. de Medec. prox quod 5 plo minus Torrey misit e N. York”,
in C. AGarnu's hand.

(2] 44131. labelled *“Torrey misit N. York™. in C. Acarpit's hand.

(3) 44132, labelled “Sphaeroc. Torreyi Ag. New York misil Torrey™.
in pencil and “D” in ink, both in C. Acarpi’s hand.

Of these Lhree, the first (44128) is probably the best choice to serve as
lectotype.

The annotation on the third specimen provides the explanation ol a
problem which has existed for many vears. C. AGARDH received many
specimens from TORREY prior o the publicalion ol the first volume
of his “Species Algarum™ and one of the species described therein was
named Sphaerococeus forreyi. The description is extremely brief and
no specimens appear lo have been distributed either by €. A. AGArDH
or his son. As a consequence. the application of the name has been
doubtful although S. ftorreyi is generally accepted as a species of
Gymnogongrus. On the basis of his examination of a fragment in the
Torrey Herbarium, however, BATLEY (1848 p. 39) claimed thal Spha-
erococcus lorreyi was based on a battered specimen ol the Dasya under
consideralion. a suggestion dismissed by FArLow (1879) as “singular”™.
SETCHELL (1905} made the first attempt to solve the problem by
typificalion and showed thal the Acarpu Herbarium contained several
specimens filed ot 24119 which appear to represent type malerial. As
indicated by SETCHELL, these are annotated “New York. Torrey. in [1h.
C. Agardh”, in J. G. Acarpir's hand. It therefore appears thal Sphaero-
coccus torreyi was based on a mixture of two componenls, one referable
to Dasye and the other, as indicated by SETcueLL, lo Ahnfeldtia.

AGARDHI (1824) subsequently erected the genus Dasya (as Dasia) 1o
receive his previously described Sphaerococcus pedicetlatus. Three
vears later, MARTENS (1827) published independently a deseription of
the taxon under the name Rhodoneme elegans. 1t is not known why
Acarpmt should later (1828) have adopted this epithel in preference
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to his own earlier pedicellatus, but it is as Dasya elegans thal the
species was known lor many vears before the priority of the earlier
epithet was accepted.

There is, however. a much earlier epithel available. GRISELLINI (1750
provided an excellenl pre-Linnean description of the alga under dis-
cussion as “La Baillouviana”™: his figure shows Lhal there can be no
question as lo its idenlity. His publication is of such extreme rarity
that a reproduclion of the figure seemed desirable here (Fig. 2). Apax-
SCN (1763) made this figure the basis for his genus Baillonoiana, which
antedates Dasya €. AGARDH: the latter has been conserved against
Baillouviana {cf. SiLva 1952). S. G. GMELIN (1768 p. 165}, however.
referred the enlity to the genus Fucus, as F. baillouviana, thus providing
the earliest valid epilhet for the alga. This epithel was transferred to
Dasgea by MONTAGNE (1841 p. 164) so thal the correct name and aul-
hority for the species is D, baillouviana (GMEL.) MonNTt. There is no
known material surviving and it would seem best to select GRISELLINI'S
plate as lhe leclolype.

DASYA BAILLOUVIANA IN NORTHERN EUROI'E

There have been several reports of the naturalization and spread ol
this species of Dasga in llolland and Sweden (KOSTER 1952; DiEN
Harroa 1964) which suggest that it is a potential addition to the
British flora. The species has been reporled from water which is
shallow and somewhal foul, conditions likely to be met with in estuarine
areas of the east and south coasts of Ingland. bul so far. despite
searches. it has nol yel been discovered. 11 has been assumed that the
introduction into European waters occurred recenlly, although there
are several older references in Lhe lilerature. largely ignored, which
reporl the species as having been collected in Northern LEurope. These
reporls clearly require scruliny, because if they are correct, they sug-
gest that either the initial entry took place very much earlier than
assumed at present or that several immigrations have occurred of
which only the last has been particularly successful.

HorLmEs (1883), in a discussion of Essex algae. stated that he had
observed a specimen of Davip LANDSBOROUGH's labelled “Thames
River FFebruary”™, bul commented “whether il was found on the IZssex
coast or not was not mentioned”. By this. HOLMES implied that the
material had been collected in England but queslioned “is it a native
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Tar II

The illustration of “La Baillouviana™ given by GRISELLINI (1750}, Slightly

reduced.
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Fig. 3. The Lannsgorovcn specimen of Dasya baillouviana. Nalural size.
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ol Britain or was it merely broughl here attached lo a vessel”. A bound
volume of LANDSBOROUGH's specimens has been discovered in the Her-
barium of the Royal Botanic Garden, Edinburgh. This contains a speci-
men of the species under consideration which is probably thal men-
tioned by HoLMES. The annotation is difficult to decipher, bul is either
“Thames River February”, as indicaled by loLMmES, or “Thames Pier
February”, in an unknown hand, not that of LANDSBOROUGH (Fig. 3).
The most probable explanalion is that this is nol a Brilish specimen
at all, bul was obtained from the esluary of the Thames River, Con-
necticul, U.S. A., for which slale the species has been collected [re-
quently (HYLANDER 1928).

In Holland, SURINGAR (1858) reported the species from Boxmeer “In
aliis Algis, Zandvoort. Jan. 1844; legit Buse™. Lucas (1950) staled that
a specimen of this species ol Dasya, attached 1o a fragment of Himan-
thalia, which corresponds wilh SURINGAR's published comments, is now
preserved in the Rijksherbarium. Leiden. This specimen (Herb. Lugd.
Bat. 939.69.1214) has been examined. and although filed under Dasya
pedicellata, il is misidentified. being referable not to the entily under
consideralion, but to another species of the genus.

8
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ABSTRACT
TauLIN, M.: Chromosome Numbers of Some Vascular Plants from Easl
Afriea. Bol. Notiser 123: 188—194, Lund,

Somalic chromosome numbers are reporled for 33 laxa of vascular
plants from Cherangani Hills in Kenva. 23 of these do nol scem lo have
been recorded previously. The counts on Cynorkis (Orchidaceae), Sebaea
(Gentinnaceae) and Uebelinia {Caryophyllaceae) are new generic reports.

MATERIAL AND METHODS

The malerial used was collected by the author and Mr. A. Tinis during
a collecting trip in Cherangani Hills in western Kenya in August 1968, while
with the Brathay Ixploration Group. Cherangani Hills is a mountain of
Precambrian origin with the highest summils reaching aboul 3400 m. The
collecling was done preferably in the upper parts of the Montane Forest Bell
and in the Ericaceous Belt (HeEpserg 1951). The fixations were made in the
field, utilizing chromo-acetic formalin. The counts were made on metaphase
plates in paraffin sectioned root tips, stained with crystal violet and embedded
in Depex. A number of metaphase plates are illustraled by camera lucida
drawings.

RESULTS

The somalic chromosome numbers oblained are presented in the
Table below. New counts are marked with an aslerisk. Voucher speci-
mens are preserved in the Botanical Museum, Uppsala (UPS). Further
sels of most of the specimens are in the Museum of Natural Hislory,
Stockholm (8), the Kew IHerbarium. London (K) and the East African
Herbarium, Nairobi (EAH). The plants are collecled on four differenl
localities. The positions of these localities are respectively: Chepkotet.
c. 1°15'N, 35"26'E: Kaibwibich, ¢. 1°13'N, 35”17'E; Kapseis, ¢. 1°13'N.
35°24'E; Labot, c. 1°6'N, 35°25'E.
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Voucher

Taxon THULIN & 2n Locality and Altitude
Tip1Gs No
RANUNCULACEAE
*Ranunculus multifidus FORSK. . ...... 78 32 Kapseis, 2850 m s.m.
Ranuncualus oreophytus DEL. .. ....... 87 32 Kapseis, 2850 m s.m.
Ranunculus vollensii ENGL. o .ovvve. 194 80 Kaibwibich, 2550 m s.m.
FUMARIACEAE
*Corydalis mildbraedii FEDDE . ....... 235 16 Chepkotet, 3150 m s.m.
CARYOPHY LLACEAE
*Stellaria sennii CHIOV. . ......o00.... 238 c.h2 Chepkotet, 3150 m s.m,
*Uebelinia crassifolia T. C. E. FRIES . ... 232 .48 Chepkotet, 3150 m s.m,
LEGUMINOSAE
Indigofera arrecta ALRICH. . ... ..000, 261 16 Kaibwibich, 2650 m s.m,
*Trifolium multinerve A.RICH. ........ 83 16 Kapseis, 2850 m s.m.
CRASSULACEAE
*Crassula granvikii MILDBR. .......... 179 42 Kaibwibich, 2500 m s.m.
COMPOSITAL
*Anthemis tigreensis AL RicH. . ... ..., 203 18 Chepkotet, 3150 m s.m,
*Conyza subscaposn O, HOFFML . ... ... 147 18 Kaibwibich, 2700 m s.m.
*hruizotia reptans HETCOR: -un . cive v, 68 .60 Kapseis, 2850 m s.m.
*Haplocarpha rueppellit
(SCH. BIP.) BEAUVERD . . .cucvrnnans 67 30 Kapseis, 2850 m s.m.
*Helichrysum globosum ScH. Bie, . ..., 104 14 Kaibwibich, 2650 m s.m.
*Senecio cheranganiensis
COTTON & BLAKELOCK . .0 oiiviunn 145 .80 Kaibwibich. 2700 m s.m.
*Senecio hochstetteri SCH. Bie. ... ... 195 20 Kuaibwibich, 2600 m s.m.
Gy ey Lo RO R RE PR S 217 20 Chepkotet, 3300 m s,
CAMPANULACEAE
*Lobelia aberdarica
RE. & TG E PRIES ; coii s 105 28 Labot, 2850 m s.m.
*Lobelia of. duriprati T. C. IZ. FRIES .. 2320 26 Chepkotet, 3300 m s.m,
*Lobelia nannae T.C_E.FRIES ........ 198 14 Chepkotet, 3150 m s.m.
PRIMULACEAE
Anagallis serpens DO, ssp.
meyeri-johannis (ENGL.) P TayL, . 221 22 Chepkotet, 3300 mos.m.
FLysimachia rulunerionag VATKE ... ... 259 24 Chepkotet, 3150 m s.m,
GENTIANACEAE
“Sebaea brachyphylla GRISEB. . ........ 218 22 Chepkotet, 3150 m s.m.
Swertia crassinscula GILG ............ 206 20 Chepkotet, 3150 m s.m,
*Swertia kilimandscharica ENGL. .. ..., a1 26 Labot, 2850 m s.m.
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Voucher
Taxon THULIN & 2n Locality and Allitude
TiDIGS No|

ORCHIDACEAE

*Cygnorkis anacamptoides KRAENZL. . .. 190 14 Kaibwibich. 2550 m s.m.
TRIDACEAL
Dierama penduwlum (L. v Bag, ...... 207 20 Chepkotet. 3240 m s.m.
AYRIDACEAE
Nuris cupensts THUNB. © o oy i 111 BB Labat, 2850 m s.m,
COMMELINACEAL
Cyanotis barbata D, DON ... ....... 219 20 Chepkotet, 3300 m san.

GRAMINEAE

Exotheca abyssinien (A.RICH.} ANDERSS. 278 20 Kaibwibich. 2650 m s.m.
Koeleria capensis (STEUD.) NEES .. ... 219 14 Chepkotet, 3250 m s.m
*Pennisetum schimperi A, Ricn. . ...... 277 18 Kaibwibich, 2600 m s.an.
*Sporobolus olivaceus NAPPER .. ..., .. 253 24 Chepkotet, 3300 m s.an.

DISCUSSION

Ranunculaceae

The chromosome number of Ranunculus oreophytus has previously
been reported 1o 2n=e¢. 32 and 2n=c. 30 (HEDBERG 1957). The number
2n=32 was now obtained bolh for this species and R. multifidus. These
species are closely allied. and introgressive hybridizalion between them
has also been suspected (HEDBERG 1957). On Lhis locality they were,
however, apparently keeping aparl.

An approximale number 2n=c. 64 of R. volkensii is also reported by
HEDBERG (1957). My material turned out to have 2n=80. The most
common basic number in Renunculus is x==8, so the plant apparently
represents a decaploid level in the polyploidy series with that basic
number,

Leguminosae

The somalic number 2n=16 for Indigofera arrecta has been reported
several limes previously (DARLINGTON & WYLIE 1955: FRAHM-LELIVELD
1957. 1960).
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Fig. 1. Somatie metaphase plates of Fast African vascular plants A Corydalis
mildbroedi (20 16). — B Crassela granvihil (2n=32) { inthemes tigreensis
(2n - 18). — D: Conyza subscaposa (2n - 18\ — E: Haplocarpha rueppellit {2n - 30)
— F': Senecio sp. (2n=20) G: Lobelia aberdarica 12n-— 28| Il: Lobelia cof
duriprati |2n=26| I: Anagallis serpens ssp. neeyeri-johannis (2n =22 I: Lysi-
machia ruhmeriana (2n=24. — K: Sebaea brachyphyllia [2n=22) - .o Swertia
crassiuscula 12n=20 M: Cynorkis anacamptoides (2n=11). — N: Dierama pen-
dulum 12n= 20}, — O: Xyris capensis {2n=34). — P: Koeleria capensis 2n=14). —

Q: Pennisetum schimpert (2n=18). — R: Sporobolus ofivaceus 12n- 24)
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Compositae

The only chromosome number previously reported from the genus
Giuizotia seems to be 2n=30 for G. abyssinica (L. ¥.) CASS. (DARLINGTON
& WYLIE 1955).

The gamophylic number n=9 for Haplocarpha scaposa Harv. is the
only one known from the genus before (TURNER & LEWIS 1965). The
count 2n=30 for H, rueppellii adds a new basic number for the genus
viz. x=15.

No exact count exists for the East African giant Senecios. HEDBERG has
estimaled 2n—c¢. 80 for Senecio barbatipes HEDB, (HEDBERG unpubl.).
and this material ol S. cheranganiensis does nol permil a more definile
counl.

Campanulaceae

The counl 2n=28 for Lobelia aberdarica is in agreement with the
numbers of some other African giant Lobelias (HEDBERG 1957,

The chromosome number of Lobelia cf. duripratii was clearly counted
to 2n=26. The genus Lebelia otherwise seems lo have a very constant
basic number of x =7, and the somalic number 26 has probably arisen
through secondary reduction. A similar case has recently been reported
to occur on diploid level. where 2n—12 was recorded lor L. coronopi-
folia L. (NORDENSTAM 1969,

Primulaceae

The very variable taxon Anagallis serpens ssp. meyeri-johannis appa-
renlly conlains a number of different chromosomal strains (HEDBERG
1957). He reports the numbers 2n=c. 20. 2n=20, 2n=22. 2n—c. 60 64
and 2n—=c. 66,

Gentianaceae

The number 2n=20 for Swertia crassiuscula is in agreement with a
previous count (HEDBERG 1957).

Orchidaceae

2n=14 for Cynorkis anacamptoides is a new generic reporl. The num-
ber does nol seem to be known for any orchids before, even if x=(7],
14 is the basic number of several other genera.

Lint, Notiser, vol. 123, 1970
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Iridaceae

2n=20 for Dierama pendulum is a conlirmation of an earlier count
(DARLINGTON & WYLIE 1955).

Xyridaceac

Xyris capensis THUNB. var. schoenoides (MART,] NIELSSON has pre-
viously been cylologically studied on material from Thailand (LARSSEN
1963). This Alrican material ol X, capensis shows the same chromosome
number, 2n=234.

Commelinaceac

Cyanolis barbata seems to be eylologically helerogeneous. One reporl
gives the number 2n=24 (SHARMA & SHARMA 1958) and another the
gamophytic number n=11 {LEwWIS 1964).

Gramineae

2n=20 for Exrotheca abyssinica is in agreement wilh a previous counl
(TATEORA 1965).

The somalic number 14 has previously been recorded for Koeleria
capensis= K. convoluta STEUD. = K. gracilis PERS, var. convolula (STEUD.)
HEDR. (HEDBERG 1957: TATEOKA 1965).
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ABSTRACT

Weimanck, G.: Apomixis and Sexuality in Hierochloé (Gramineae) from
Finland and Greenland and in 1. monticola from Greenland. — Bol. Noliser
123: 495 504, Lund.

Hierochloé alpinag |SWARTZ] ROEMER & SCHULTES 2n =066 from Northern
Finland developed eight-nucleate embryvo saes from unreduced initials, pre-
sumably both aposporous and diplosporous. A megaspore mother cell could
be present bul rarely divided, The possible development and functioning of
reduced embryo sacs could, however, be inferred from hoth embrvological
evidence and earlier thin-layer chromatographical observations, — Abnor-
mal or degenerating embryo sacs were frequent, One egg-like antipodal and
one anlipodal embryo were observed. Embryo sacs were very frequent in
some anthers. — Additional observations were made in H. alpina 2n 36
and in H. monticola (BicELow| LOVE & LOVE, both from Greenland.

INTRODUCTION

Apomictic seed-setting has been found in the diploid Hierochloé australis
(SCHRADER) ROEMER & ScHuLTES (WEIMARCK 1967 a), in hexa- and ocloploid
H. odorata (L) WAHLENBERG (NORSTOG 1963:; WEIMARCK 1967 a), and in
H. monticola (BiGELOW) LOVE & LOVE (WEIMARCE 1967 b). Tetraploid H. odo-
rata has been found o sel seed sexually (WEIMARCK 1967 al.

JORGENSEN, SORENSEN and WESTERGAARD (1958 p. 12] observed almost nor-
mal male meiosis in Greenlandie specimens of Hierachloé alpina (SWARTZ)
ROEMER & SCHULTES. Therefore they did not assume this laxon to be apomiclic,
as they did in the case of H. monticola because of ils abnormal or aborlive
pollen formation and its uneven chromosome number,

Hierochloé alpina and H. monticola resemble each other but can be diffe-
rentialed by a number of morphological characters (cf. SORENSEN 1954 pp.
6—7). I. alpina is reported to have the chromosome number 2n=356 by Bow-

32 Bot. Naotiser, vol. 123, 1070



496 GUNNAR WEIMARCK

DEN (1960 p. 5511, Frovik (1938 p. 301), HEDBERG (1967 p. 310), JOHNSON
and PACKER (1968 p. 414), JORGENSEN, SORENSEN and WESTERGAARD (1958
p. 12), Kxagex and ENGELSKION (1967 p. 15), LOVE and RiTcHIE (1966 p. 432).
SOKOLOVSKAIA (1960 p. 44: 1963 p. 49), SOKOLOVSKAJA and STRELKOVA (1960
p. 373), TATEORA (1954 p. 461, WEIMARCK (1970 a] and ZHUROVA (1967 p. 9841,
The number 2n =66 was found by WeiMarck (1970 a), and various collections
from Northern Sweden, Norway and Finland have somatic numbers from e. 56
to about 70 (WEIMARCKE unpubl). H. monticola is reported to have the chro-
mosome number 2n- 64 by JORGENSEN, SORENSEN and WESTERGAARD (1938
p. 12}, LOVE and LOVE (in LOVE & Sovnsric 1961 p. 201). and WEIMARCK
(1967 b. 1970 al.

AIMS. METHODS., AND GENERAL OBSERVATIONS

The purpose of this work was to invesligale the embryo sac formation
of Hierochloé alping and to make complementary invesligalions on the
embryo sac formation of H. monticolu previously treated by WEIMARCK
(1967 bj.

Hierochloeé alpina plants from Sweden, Norway and Finland were
transplanted to the Botanical Gardens. Lund. in 1964. Voucher speci-
mens have been preserved al lhe Departmenl. However, the plants did
not flower in culture and within a few vears all had died. FLovik, who
transplanted H. alpina from Spitshergen o Tromso. has reporled similar
difficulties (1938 p. 272}, Early in May 1967 1 therefore transplanted
I8 new plants in a frozen condilion from Markkina., Enontekio par-
ish. Finland (locality B D R, 2n=066. ¢l. WEIMARCK 1970 aJ, placing
some in the Gardens in Lund. and some in the Arktisk Hus in Copen-
hagen where the condilions are more favourable to aretic plants. Flower
buds that had been dormant since the preceding year developed in an
apparenlly normal manner in both places and were fixed in the wav
described by WEIMARCK (1967 a p. 210]. Sevenly-one well-stained and
well-orienlated spikelets could be used. Additional fixaltions were made
in the Arkiisk Hus in 1968, giving another 210 spikelets. In Lund no
plants survived the [irst winter.

Some fixalions were also made in the Arktisk Hus in 1969 and 1970
from Greenlandic Hierochloé alpina 2n =56 planls collected in 1968 in
Godthab (locality B G A} and in the Sondre Stromfjord area (localities
BGD, BGEF. BGH, BGEK. and BG M), giving a total of 93 well-
stained and well-orientated spikelels.

As a complement to the study of apomixis in Hierochloé monticola
from the USA (WEIMARCK 1967 bi. flower buds were [ixed from speci-
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mens of Greenlandic f1. monticola 2n =63 planls collected in 1968 in
Narssarssuaq (locality B I' B) and in the Fredrikshab area (localities
BFEFD.BFFEF.BFM.BFN, BFO. BFP. and B I' R). giving a lotal of
66 well-stained and well-orientaled spikelels.

The illustrations were made wilh the help of an Abbe camera lucida
on a Leilz microscope. In this paper as in previous ones Lhe micropylar
part of the nucellus is directed upwards.

The structure of the spikelel and of the ovule agreed in general wilh
that ol Hierochloé species previously studied (el. WEIMARCK 1967 a
p. 211: 1967 b p. 449}, For exceptions see pp. 498, 501, 502,

HIEROCHLOE ALPINA

Collection BD R. 2n=1(6

One or more (up to 3) megaspore molher cells (MMC) were found
in 4 110 %) of 41 young nucelli studied (Fig. 1 A, B: Table 1}. In three
of these eases no embryo sac initial (121} was presenl. In addilion there
were some cases ol a degenerated remnanl among the El, indicating
the possibility of an MMC that had been superseded at a very early
stage. The other nucelli had one or more (up lo 5} initials and uni-
nucleate embryo saes (IE8: Fig. 1 /) arranged in lhe same way as in
Hierochloé monticola (WEIMARCK 1967 b p. 449).

One distinetly abnormal anaphase II (Fig. 1 €) and one apparently
normal lelrad were observed. Clear inslances of further development
were nol seen. It is possible that some ES with nuclei wilth a flatlened
or elongated shape and a higher number of nucleoli per nucleus (Fig 1
E. H) were unreduced, in contrast lo those with typically rounded
nuclei and fewer nucleoli per nucleus (Fig. 1 F, ). The last-mentioned
ones were less frequent and clearly distinguishable (el also WEIMARCK
TH67 o p. 2260 1967 b pp. 449—450). — A mature ES is illustraled in
Fig. 1 1.

As in Hierochloé monlicola (WEIMARCK 1967 b p. 450} the secondary
nucleus divided before the egg in some cases. the egg before the secon-
dary nucleus in others. In /1. odorata only the first-mentioned alterna-
tive was observed (WEIMARCK 1967 a p. 231).

In some cases when either the embryo or endosperm had reached a
very advanced stale without any division of the other nucleus oceurring,
an abnormal course of development was strongly indicated.

Bot, Notiser. vol. 123, 1970



498 GUNNAR WEIMARCK

The malerial did not permit an estimation of the rate of development
intlo an eight-nucleale ES as could be done for Hierochloé australis,
H. odorata and H. monticola (WEIMARCK 1967 a, b), since the conditions
of cullure were different and male meiosis often loo irregular to be
suitable as the slarting-poinl of measuring the lapse ol time. In one of
the plants in Lund, however. eight-nucleale ES were developed within
14 days after the plant had been cut out from the frozen ground. At
the time of collection the top of the panicles were already some 20 30
mm above the surface of the ground, protruding into the melling snow,
The property ol having young flower buds remaining dormant through-
oul the winter is shared wilh many other arclic planls. and was earlier
noted by Hopason (1966 in both flierochloé alpina and . odorata.

Out ol a lotal of 149 nucelli studied at stages corresponding to the
development from binucleale to mature ES. 56 (38%0) contained only
degencerating or wholly abnormal ES or merely degeneralive lraces. The
value for 91 nueelli at stages corresponding to yvoung embryvos was 11
(12%). The numbers from 1967 were unfortunately too small to permit
comparisons belween plants grown in the open and in the Arklisk Hus.
— Germinalion tests have not been made.

An egg-like anlipodal of the type found in Hierochloé monticola
(WEIMARCK 1967 b p. 150} was found in one IS wilth an undivided egg
and a lour-nucleate endosperm. In another XS both the egg and one
anlipodal had developed inlo embryos.

Aberrations in the structure of he spikelel occurred in the Hiero-
chloé alpina collection B D R. Normally the uppermost floret only is
hermaphrodile. One case was found where all three florels were herm-
aphrodile and a few cases where the two upper ones were hermaphro-
dite and the lowermost one male.

Male meiosis was observed in planls which had been placed in the
Arktisk Hus. Division was badly disturbed. In many cases no meiosis
al all occurred, and the contents of the anthers was found to be dege-
nerating. In the anthers of some planls up to four-nucleaie ES were
observed in great numbers. They appeared to have originaled from the
archesporium, thus being diplosporous,

Fig. 1. Hierochloé alpina, coll. B D R — 4 1 MMC. prophase. — B: 3 MMC, prophase:

1 unreduced uninueleate ES. — € anaphase 1L disturbed, — I 1 unredueced uninu-

cleale ES, — E: 2 binucleate ES. presumably unreduced, — F: 1 four-nucleate 125,

presumably reduced. — @@ 2 eight-nucleate ES. presumably reduced. — I 1 eight-
nucleate ES, presumably unreduced. I 1 mature LS.
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Table 1. Occurrence of e or a few MMC i young nucelli

ar Number of young nucelly studied
b Number of voung nucelll wilh one or o Tew MM
¢ hoin pereents of a

Collection P I I . | Collection | a | b l ¢
. alpina 2n—=66 H. monticola 2n —63

1240 - (PR G A 11 i 10 11121 [afl 4 B e S 2 P ] 3 60

G Ll M RN ST O 13 3 23

41 L it AT s 0 0

H.oalping 2n- 56 ) R L S 2 0 0

Bk Cia o s [ 1 17 15 Ll - e LR ) 1 11

BT B i ciniasa I 1 26 3 7 21
o £ 8 Lo flem el 16 6 38
502 2 ek A 4 0 0
BGK . Rl B 11 2 18
BaM iaessseina 10 0 o
31 10 20

Collections BGA. BGD, BGF. BGH. BGK, and BG M, 2n=56

The Hierochloé alpina collections from Greenland which were studied
usually consisted of only 1-—2 plants due lo inevitable lack of space
during cultivation in the Arktisk Hus. Furthermore. each panicle yielded
only 6 11 (—14) spikelets teach with one hermaphrodite flower). and
many plants produced no paniecles at all. In addition, there was Lhe
normal wastage due lo unfavourable seclioning. ete. The resulis from
the 2n=>56 collections in Table 1 and 2, although accounted for separa-
lely for each collection. could preferably be put together.

In some of the Greenlandice plants il seems possible Lo discern a some-
what higher rate of occurrence of one (rarely more than onej MMC or
derivalive thereof than in collection B D R. However, differences be-
Iween collections were high (Table 1).

The material points to a certain difference belween 2n=66 and
2n =56 collections as 1o degenerative frequency in lale slages (Table 2).
IS developmenl was of the same type as that deseribed for collection
B DR

Male meiosis was badly disturbed in all collections studied. Some
fixations contained apparently no viable pollen at all. Other plants did
complete divisions although often irregularly. The frequency of ES in
anthers was very high, especially in some planls.
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Table 2. Occurrence of degenerating nucelli al different stages of development.

A: Stages corresponding to the series from binucleate to mature ES
BB: Stages corresponding lo young embryos

a: Number of nucelli studied

h: Number of nucelli with degeneraling or collapsed contents

¢c: b in percents of a

. A B
Collection -
i | h G a |__ b T
H. alpina 2n - 66
5 850 W St P v e RO e 144 a6 38 91 11 12
149 a6 a8 91 11 12
H. alping 2n=>56
BiGP Gy s ek : : . 20 10 50
SN AN T v 15 4 27 7 1 57
15 1 27 27 14 52
H. monticola 2n =63
13 i - Ot St 7 5 71
3 ] L g e 7 2 29
Bl I i e 0 5 89
)3 2 R et L ) 3 33
32 18 ab

HIEROCHLOE MONTICOLA

Collections BI'B, BFD, BFF, BFM, BFN, BFO, BF P, and BF R,
2n=063

The Greenlandic Hierochloé monticola material was limited for the
same reasons as that of H. alpina (Tables 1 and 2).

The percenlage ol occurrence of one MMC or derivatives thereol was
about as high as thal previously found in material studied from the USA
(WEIMARCK 1967 b p. 449). The development of the ES was also in
agreement with the results obtained earlier.

Abnormal or wholly aborlive male meiosis was fairly common. ES
formation in anthers were rare.

Three spikelels having lwo hermaphrodite flowers each were detected.

DISCUSSION

The collections of Hierochloé alpina and H. monticola studied in this
paper and of H. monticola (WEIMARCK 1967 b) have many embryologi-
cal fealures in common. The frequencies of degeneration and of the
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existence of an MMC are not very dillerent. Egg-like anlipodals have
been observed in both.

The aclual funetioning of reduced XS in competilion with unreduced
ones can only be uncerlainly inferred by means ol embryological meth-
ods (cf. p. 497 and WEIMARCK 1967 a pp. 214. 226: 1967 b p. 449},

A numerical analysis of thin-laver chromatographically obtained re-
sults made population studies possible in some collections of Hierochloé
australis. H. odorata and H. alping (WEIMARCK 1970 b). Both I, austra-
lis and H. alpina were shown not only to form clones within one locality
but in some instances to form genelically heterogencous populations,
These observations strengthen the assumplion that reduced ES occur
and may be functioning. Unfortunately. I, menticola could nol al lhal
time be studied chromatographically in this respecl,

In Hierochloé alpina El can often be found in such a position as to
suggest they are homologous with archesporial cells. They should thus
be classitied as diplosporous rather than aposporous. Diplospory was
suspectled to oceur in H. australis and H. monticola. possibly also in
octoploid /1. odorata (WEIMARCK 1967 a pp. 214, 227, 228: 1967 b p.
149).

I have not observed in other species of Hierochloé such an apogamous
development of an antipodal as found in H. alpina, collection B D R.
NURSTOG who studied twinning in North American H, odoraia 2n—2506
found it to be due solely to the oceurrence of more than one ES per
nucellus, nol to the developmenl of embryos from other cells in the ES
besides the egg (1960 b p. 364: 1963 p. 820).

Two aberrations in the structure of the spikelet had heen found in
specimens of Hieroehloé odorata studied previously jone in colleetion
AH B. 20=28. one in collection A H [, 2n=42). In both, the two upper
florels were hermaphrodite, the lowermost one male. — Another type ol
aberration was described by NorsTOG (1960 a). who found some lce-
landic H. odorata planls wilh spikelets containing four florels. the upper
ones being hermaphrodite. T have found a similar type of spikelels in
some 1. alpina specimens from Alaska.

Male meiosis is evidently much more abnormal in the plants studied
by me than in those Greenlandic ones studied by JORGENSEN, SORENSEN
and WESTERGAARD (1958 p. 12}, I am nol inclined 1o ascribe this amount
of disturbance merely lo the facl that the plants in question were Kepl
in culture, nor is there any reason lo assume the female development
to be appreciably influenced. Conditions in the Arktisk Hus fairly well
resemble natural conditions. Anyvhow, the latent capacily to produce
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abnormalities does exisl in my material. It is still unknown whether
other Hierochloé alpina biotypes which show better male meiosis are
amphimictic or nol,

The [Hierochloé alpina plants studied have the highest frequency of
158 formation in anthers of the Hierochloé collections in my work. The
abnormal tendency to develop IES in anthers is apparenlly common for
a number of taxa within the genus. as is the apomiclic potentialily in
general.
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The European Species of Scaligeria (Umbelliferae)

By Lennart Engstrand
Department of Systematic Botany

University of Lund, Sweden.
O, Vallgatan 20, §-223 61 Lund

ABSTRACT

LENGSTRAND, T2 The European Species of Scaligeria (Umbelliferae). — Bot,
Notiser 123:505- 511, Lund,

A new species, Scaligeria moreana from Peloponnisos, Greece is de-
seribed. Variation and taxonomic problems in 8. napiformis and 8. halo-
phile ave briefly discussed. Maps and kev to the three Furopean species are
presented.

INTRODUCTION

Scaligeria is mainly an Asiatic genus, In Flora U.S.S.R, (Korovix 1950)
there are 19 species represenling the subgenera Elaeostican Korovin and
Chaerophylloides KOroVIN, In Europe the genus is represented by three
species, S. napiformis (SPRENGEL) GRANDE, S. halophila (RECH.F.)
REcH.F. and 8. moreana ENGSTR. sp. nov.. all in the subgenus Pimpinell-
oides KOROVIN.

MATERIAL

Material from the following herbaria has been studied (abbreviations accord-
ing lo LaNjouw and STArLEU 1964): BM, FI, G, K, LD, LY, M, § UPS, WU.
[ am most indebted lo the directors and curators of these institutes, T am also
grateful to Dr, O, Auvponry for helping me with the Latin diagnosis.

The following abbreviationes of collectors names are used: B B. BENTZER,
B=R. vox BorHMER, N=10} NORDENSTAM, P=J]. PERSSON, R = H. RUNEMARK.
S=18. SxoGeERUP, ST=A. STRID.

THE EUROPEAN SPECIES

Key to the European Speeies of Sealigeria

1. Basal leaves lanceolate in outline, fruil ellipsoid . ............. ! S, moreana
1. Basal leaves triangular in outline, fruit with cordate base . ............. 2
2., Lieaves Tleghv, st 60 25 M YONE ooy ies cin o dveasime S, halophila
2, Lieaves not-fleshy, fruil ¢ LA mm Iong . covivsve s ve veimmeon S. napiformis
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Scaligeria napiformis (SPRENGEL) GRANDE

GRANDE. Bull. Orlo Bot. Napoli 4: 188 (1914). — Bunium napiforme
WILLD. ex. SPRENGEL. Spec. Umbellif.: 95 {1818).

ORIG. COLL.: A specimen in Herb. GUNDELSHEIMER in Herh, WiILL-
DENOW (B).

Sealigeria cretica (Urv.) Boissigr. Diagn. PL Or. Nov. 2{10): 52
(1849). Scaligeria cretica (Urv.) VisianL FL Dalm. 3: 70 [1850—1852).
— Bunium creficum 1)’URvVILLE. Mém. Soc. Linn. Paris 1: 287 (1822,

Scruligeria crefica (MILLER) Boiss., incorreclly eslablished by Turix
in FL. Europ. 2: 328 (1968). — Bunium creticum MILLER, Gard. Dict.
ed. 8 (1768).

The correcl name ol Lhis species was reeslablished by GREUTER and
RECHINGER (1967,

Glabrous biennial 10—50 em high. wilh tuberous root. Stem slender
wilh & straight branches. Basal leaves Iriangular in oulline wilh rombic-
ovate lobes. Uppermost leaves enlire or only consisling of a sheath.
Terminal umbel with 520 rays. Bracts missing. bractlets few, lanceo-
late lo narrow elliptic. Fruit ovoid with cordate base. Stylopodium conic-
cylindrie.

S. napiformis is a highly variable species especially with respeel 1o
the shape of the basal leaves. number and length of the rays. number
of bracllets. and lenglh of the stem. A small form is common on lhe
Cyeladic islands. It is 10 15 em high wilh 5—7 rays in the lerminal
umbel. The basal leaves are dark-green to reddish-green. This form does
not seem to be an allitudinal modification sinee it is distributed from
¢, 100 to 850 m s.m. Sometimes it is also found on the mainland, and
since tall-grown mainland forms occur also on the islands. it has nol
been possible o establish any geographically circumseribed patlern of
variation within the species. Furthermore there are also gracile. divari-
vilely branched plants (especially on Euboea and the Sporades). while
others are stoul and erect.

Some variation is found also in the fruits. Mostly they have slender

IMig. 1. A: Distribulion of Sealigeria napiformis according to investignted herbarinm

malerial. Outside the map 8. napiformis is distributed in Turkev, Cyprus. Svria.

Lebanon, Israel and Libya. B: Distribulion of Scaligeria moreana (dots) and
Scaligerin halophila irings).

Botl. Notizer. vol. 123, 1970
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inconspicuous ridges, but sometimes the ridges are prominenl in the
upper part of the fruit. Small vesliges of sepals are sometimes found,
for instance. in a specimen from Cyrenaica, which is otherwise similar
to mainland forms from the Balcan peninsula.

DISTRIBUTION (Fig. 1 A}. S. napiformis is common in Greece and
Albany. The only Yugoslavian material seen by the author is from the
Dalmatian island of Hvar (Lesina), where the species has been collected
several times. Outside Europe il occurs in Turkey, Cyprus. Syria. Leb-
anon and Israel. Two specimens from Cyrenaica have been seen. but the
species is not known [rom Egypt. This is not an unusual distribution
for an east Mediterranean species (cf. RECHINGER 1950).

Scaligeria halophila (REcH.F.) RECH.F.

RECHINGER. Osterr. Bot. Zeitschr. 112: 186—187 (1965). S. crelica
IUrv.) Vis. ssp. halophila RECH.F.. Denkschr. Akad. Wiss, Wien 105:
102 (1943).

ORIG. COLIL.: Crete: Dionysades: In fissuris rupium cale, litoris in-
sulae Dragonara, 13.5 1942, RECHINGER 12921 (W),
[Mustration: ENGsTRAND 1970 Fig. 2.

S. halophila is very closely related to S. napiformis. and has possibly
originated as an ecolype of the laller. The chromosomes ol S. halophila
are indistinguishable from those of S, napiformis. The chromosome
number is 2n—20 in both (ENGSTRAND 1970). and no differences have
been found in the pollen morphology.

S. halophila occurs only on small islands. Tt grows in limestone cliffs
and open phrygana from the spray-zone up to 100 m s.m, The planl
is 15 35 em high with slightly curved branches. The slem is stoul com-
pared with that of S. napiformis. The number of rays in the terminal
umbel is 6 9. The basal leaves are broadly triangular in outline.
whereas the uppermost only consist of a sheath. All leaves are [leshy
with a light-green colour. The lobes are always larger than those of
S. napiformis. The fruit is similar to thal of S. napiformis bul larger
e 2.5 mm longj.

A specimen from one of the Makares islands near Naxos has a more
slender stem than plants from other localities. The fruits are smaller
and the leaves are more purely green.

Boto Notiser. val. 123, 1970
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DISTRIBUTION (Fig. 1 Bl. S. halophtla is distributed on small is-
lands in the southern Aegean and on Paximadhia south of Crete.

LOCALITY LIST: Greeee. Dodecanesos. Dio Adelphi. the Wesland, R & N
14161 (LD). R &N 14192 (LD), R & P 22296 (LD). — Dodecancsos. Stakida,
R&S 7583 (LDj, R&S 7473 (LD)., R & BE 28391 (LD). — Dodecancsos.
Safrania (Safrano. Saforal. In saxosis eale litoreis, RECHINGER 7638 (W),
Safora. NIZ of the harbour bay, R & S 7172 (LD}. R &S 7173 (LD}, Salora. the
NW part of the island, B & S 7208 (LD). Safora. between the cistern and the
highest peak, R & Be 28172 (LD). Safora, the island of Makr Safora. R & BE
28236 (LD}, Safora. Mikro Safora, R & P 22577 (LD). — Cyclades, Makares,
Strengvlo, B &S 10384 (LDi, R&S 10344 (LDi. — Crete. Ag. Vasilis. Insel
Paximadhia, DORFLER 1114 (WU, Paximadhia. lhe W-island S, ST & B 20920
(LD}, — Crete. Dionysades, insulae Dragonara. RECHINGER 12921 (W),

Sealigeria moreana ENGSTR.. spec. nov.

Similis Scaligertae napiformi (SPRENGEL] Graspe, sed foliis basalibus lan-
ceclatis, lobis acute acuminatis. Fruetus ellipsoideus vel parum ovoideus. 1.5-
2.5 mm longus, jugis prunariis prominentibus. Vitlae 2—4 inler jugos, rregu-
lariter distributac. Commisura lata.

ORIG. COLL.: Greece. Laconia, in the valley W of Mirsini. 7- -8 km
ENE of Areopolis. 20.5 1964, RUNEMARK & SNOGERUP (R & § 22019), in
[Herb. Bot. Lund (LD).

Hlustration: g, 2.

Glabrous biennial, 40—60 ¢m high with tuberous root. Slem erect
wilth many straight branches. Basal leaves lanceolate in oulline. 2(—3) -
pinnale, lobes acule lo acuminate. Basal lobes of the primary segments

sttuated very close o the rachis. Uppermost leaves enlive or only con
sisting of a I—4 em long sheath. Umbels up to 15. Terminal umbel with
5 —8 rays, the lateral wmbels with up o 15 rays. Bracts usually missing,
bractlets 510, lanceolate to narrow elliplic. Flowers hermaphrodite.
Sepals small conspicuos. Pefals white with a reddish-brown mid-rib.

obcordate with inflexed apex. Fruil ellipsoid. 1.5—2.5 mm long with
prominent ridges. Viltae 2 4 per interval. irregularly distributed. Com-
misure wide. Stylopodium 1/41'3 as long as the fruit. conic-cylindric
wilh 1.2 2.5 mm long, slender styles,

Unfortunately available seeds did not germinale. and consequenltly
nothing is known aboul the seedlings and the chromosomes.

The species is named after Morea an old name for Peloponnisos.

In habil S, morcana is vather similar to S napiformis. However, il is
casily distinguished by Lhe lanceolate basal leaves with acuminate lobes.

Bot. Notizger, vol. 123, 1970
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Fig, 2. Scaligeria moreana ENGSTR, — A: Upper parl of stem (0.5}, — B: Basal leaf
[ %0.51., — C: Basal part of stem | x0.5). — D: Lateral view of fruit [x<12.5), —
I2: Transverse section of mericarp (<37,
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The fruits are ellipsoid or slightly ovoid bul never with a cordale base
as in S. napiformis. The ridges are visible as light-brown lines running
from the top to the base of the fruit. The vestiges of the sepals can
rasily be seen in small magnification.

In the diagnosis of the subgenus Pimpinelloides, KOROVIN (1928)
writes “folia ternata”. This should disqualify S. moreana for the sub-
genus. However, on the basis of the shape of lhe stylopodium, the shape
of the pelals, and the greal similarities in habitus, 1 believe that it is
correct to place the three European species in the same subgenus.

DISTRIBUTION (Fig. 1 B). S. moreane is distributed in the southern
part of Peloponnisos and on the adjacent island of Kephallenia.

LOCALITY LIST: Greece. Laconia. 78 km ENE of Areopolis. 20.5 1964,
R & S 22019 (LD}, — Gr. Lae. 2 km N of Arcopolis. 22,5 1964, R & § 20727

(1)), — Gr. Lac. Penins. Mani, supra porto Kalion. 10.6 1958, RECHINGER
20136 (M), Gr. Lac. m. Taygeti borealis, in distr. Alagonia. 27.5 1900,

[HELpREICH llerb. Gr. Norm, 1637 (IF1). — Gr. Lac. Mistra, 1844, IIELDR, 242
(F1j. — Gr. Kephallenia. above Sami. 9.6 1966, S 23614 [LD).

S. moreana grows in open phrygana vegetalion with limestone blocks
and cliffs. This type of biotope is not uncommon in the area. and prob-
ably the species is undercollected.
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The Genus Zaluzianskya F. W. Schmidt
(Scrophulariaceae) Found in Tropical East Africa

By Olov Hedberg
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ABSTRACT

HEDBERG, O.: The Genus Zaluzianskya Y. W, Schmidl (Serophulariaceae)
Found in Tropical East Africa. — Bol. Notiser 123: 512—3518, Lund.

A new annual species of the genus Zaluzianskygn F. W. SCHMIDT (Scro-
phulariaceae), Z. elgonensis HEDB., is described from the afroalpine bell on
Mt Elgon in Uganda. This northern outpost of the mainly South African
genus is believed to have arisen through long distance dispersal.

The genus Zaluzianskya F. W. ScuMIpT (Scrophulariaceae) has ils
main distribution in South Africa — 32 species were recorded in Flora
Capensis (HIERN 1904; cf, PHILLIPS 1926) and 5 species occur on the
Cape Peninsula (ADAMSON & Savter 1950). 1t is still well represented
in the Drakensberg, where the Cathedral Peak area harbours 7 species
(KiLLick 1963). and reaches its northernmost earlier known oulposl in
Rhodesia, where 2 species are known [rom the Inyanga district (GooO-
DIER & PHIPPS 1961).

During a collecting trip on the Uganda side of Mt Elgon I found in
December 1967 a small annual species of this genus growing on rocky
ground wilh thin soil cover in the alpine bell, which means a north-
wards extension of ils area by some 2200 km (see map Fig. [). My Elgon
collection was later compared to the malerial of the genus available al
Kew. but it could nol be matched to any South African species, nor
could it be identified with any deseriplion found in the literature. Con-
sequently it is here described as a new species.

Zaluzianskya elgonensis HEDB.. n. sp.

Z. gilioidi Scurecut, affinis a qua foliorum marginibus integris, inflores-
centiis abbreviatis subeapitatis, corollis brevioribus extus fuscopurpureis, sty-
lisque maturitate manifeste exsertis differt A Z. pusillae (BENTH.) WaALP.

Bot. Notiser, vaol. 128, 1970
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e

Iig. 1. Map of the total known distribubion of the genus Zaluztanskya 1°0 W ScHMIDT.
based on the material available in the Kew Herbartum. The black square marks the
type locality for the new species Z. elgonensis HEDR. described in this paper. the
black dots refer to localities for Z. gilimdes ScuLEciut. and Z. pusilla (BENTH.)
Warre. and the open circles represent loealilies Tor other species of the genus.
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caulibus subscaposis. inflorescentiis subcapitatis, colore corollae, antheribusque
inferis inclusis facile diagnoscenda.

Planta parva, annua, subscaposa, sparse puberula. Caulis 2—7 ¢m altus, e
hasi ramosus, teres. Folia opposita, integra, oblusa, 4—15>1.5 5 mm, basalia
oblato-lanceolata petiolata, supera lanceolata sessilia. Inflorescentia subeapitata
floribus 1—6 dense aggregatis. Calgr ovoideo-tubulosus e. 5 mm longus. Corella
tubulosa exlus fuseopurpurea, intus eremea, tubo 10- 12 mm longo 0.7 mm
diametiente, lobis oblongis infegris 1.5—2 mm longis. Stamina 4, didynama,
antheris 0.5 mm longis, 2 anticis tubo superantibus, 2 posticis inclusis. Stylus
filitormis maturitate exsertus.

-

Small annual herb about 2 7 em high. in cultivation up to 15 cm.

Stem usually branched from the base with 2—5 ascending erect scape-
like branches, one or two of which are often more powerful than the
rest, lerete with lax pubescence of patent lo reflexed soft hairs. Leaves
opposile, entire, crowded towards the base and usually absent from the
upper half or iwo thirds of the stem, sparsely pubescent. especially
along the margins, 4—15 mm long and 1.5 5 mm wide, the lower ones
petiolale, ovate to lanceolate with cuneate base and obtuse apex, the
upper ones sessile, lanceolate. Inflorescence terminal, subcapitate with
usually (1) 2—4 (— 6) densely crowded flowers. Bracts sessile, erect,
elliptic-lanceolale. 7—11 mm long and 1—2.5 mm wide with obtuse
apex. thinly pilose. Calyx ¢. 5 mm long, ovoid-tubular with 5 distinct
purplish (or. in cultivated specimens grown in shadow, green) pubescentl
ribs, separated by thin. hyaline portions, 5-toothed with teeth about
I mm long, indistinctly bilabiale. asymmelrical because the ribs and
lobes are turned towards the adaxial side, the abaxial side being largely
hyaline and connate with the braet for halfl of its length. Corolla about
12—14 mm long. purplish brown outside and eream-coloured inside with
5 orange-coloured spots round the throat: tube slender. 10—12 mm
long and about 0.7 mm wide, purplish-streaked and glandular-pubescent
oulside, enfirely glabrous inside; limb cup-shaped and symmeltrical
with 5 oblong lobes 1.5 2 mm long with enlire, rounded apex. Stamiens
4, didynamous. the outer two reaching above the mouth of the corolla
tube. the inner two included in the tube; anthers about 0.5 mm long,
the upper ones transversely oriented. the lower ones parallel to the tube.

I'ig. 2. — A Photograph of two specimens of Zaluzianskya elyonensis HEDB. [rom the

type collection. The scale Lo the left gives {em andl mm. — B—C: Z. elgonensis

1HEDE, Closeup of two inflorescences of living specimens, raised in a greenhouse in

Uppsala from seeds of the type collection. Note the subcapitate inflorescence and

almos!t closed corolla limb in the young inflorescence (Bi. and the exserled styies
in two older flowers of the inflorescence (C).
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IFig. 3, Zaluzianskya elgonensis Hepr, Photomicrograph of mitolic metaphase from
root tip of offspring plant from type collection. grown in a greenhouse in Uppsala
Preparation and microphoto by Dr. [ HEDBERG

Style in mature flowers distinelly exserted (2
part flaltened and more or less spirally coiled with a sirip of stigmatic
tissue along the margins. Self-pollination seems to occur regularly in
bud. Fruit a two-roomed septicidal capsule about 6 mm long. Seeds
irregularly prismatic, about 0.4—0.5 mm in diameler, light brown.
Somalic chromosome number 2n=12, — I"igs. 2 -3,

4 mm or more), ils upper

TYPLE: Uganda, Bugishu Distr.. Ml Elgon. W. slope above Buladiri.
along the track via Mudangi through the Caldera. on rocky ground
with thin soil cover in the alpine bell, 3800 m. 5.12 1967, O. HEDBERG
78 (AL K. MHU, PRI UPS. holotype).

IFrom a phytogeographical poinl of view this new discovery is very
interesting. Together with the recently described Wurmbea hamiltonii
(WENDELBO 1968) the new species forms a remarkable addition to the
South African {(or perhaps Cape) element in the afroalpine flora (cf.
HEDBERG 1965). The taxonomy of the genus Zaluzianskya is tar from
sufficiently known, but the closest relatives of the new species seem
1o be restricted to the Cape Province (ef. map Fig. 1). The wide geo-
graphic disjunction between the new species and the South African
center of diversily of the genus makes it probable that the northern oul-
post has been recruited through long-distance dispersal. This may have
been facilitated by the fact that Z. elgonensis is at least facultatively
autogamous — ils flowers seem lo remain mostly closed. and the anthers
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open and elfect pollination already in bud. A single seed might therefore
have been sufficient for etfective dispersal, Establishment on Mt Elgon
may have been facilitated by the comparatively low degree of competi-
tion obtaining on the rocky ground with thin soil cover where the plant
occurs. Ils mode ol dispersal from South Africa to Mt Elgon can of
course only be guessed at — the most likely vector may be migrant
birds. but anemochoric dispersal cannot be excluded (cf.. e.g.. RIDLEY
1930, LIBEN 1962, HEDBERG 1969, 1970).
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Cytological Studies in Allium I. Chromosome Numbers
and Morphology in Allium Sect. Allium from Greece
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ABSTRACT

BoruMeR. R. vox: Cytological Studies in Allium I Chromosome Numbers
and Morphology in Allium Sect. Alllum from Greece. — Bol. Noliser 123:
218500, Lund.

Five species of AMlgm seet. Allnon from Greece have been eviologically
investigated. Three species of the “ampeloprasum complex”™. viz.. A ampelo-
prasum L. (4>, 5, 61, A, bimetrale GANDOG, (23, 3. 4%, and A
bourgaei RECH. FIL, 123, 33, 1> have been studied as well as tbwo species,
which do not belong to this complex, viz., 4. sphaerocephalum 1. 12 %), and
A descendens L. (23, 3<, 4. Chromosome numbers have bheen deler-
mined in 147 populations.

A general survey of the karvolyvpe in WHigm is presented. Eight popula-
tions in the ampeloprasum complex have been studied in detail; idiograms
have been worked oul and the varmtion in marker chromosomes has bheen
stludied. In general the differences are small and not obviously correlated
with taxenomie categories. Some sources of error in karvolype analysis are
discussed.

INTRODUCTION

Since 1964 the author has been studying the Allivm ampeloprasum
complex in the Aegean area. The purpose is partly a laxonomic revision
of the group but mainly a study of variation and evolution at the popula-
tion level. In this type of investigation karyotype analysis may serve as
a valuable instrumenl. The polymorphism of A. ampeloprasum s. str.
and ils relationship to .. porrum (the leek) may be better understood
through cytological studies of populations from the entire range ol the
species (FEINBRUN 1943, JONES & MANN 1963. Kour & GoniL 1970).

This publication is the first in a planned series of papers on cytolo-
gical problems in the Allium ampeloprasum complex. In the present
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paper. a general survey of chromosome numbers and ¢chromosome mor-
phology will be given as well as some comparisons between laxa. Al the
end of the paper the forthcoming cytological work will be outlined.

MATERIAL

Allium sect. Allinm has ils distribution centre in the eastern Mediter-
ranean. Apart from A. ampeloprasum L. s. str.. two endemic species of
the ampeloprasum complex are frequent in the Aegean area, viz., A,
bourgaei ReEcH. FIL. and A. bimetrale Gaxpoe. The laller occurs in
Crele, and on small, pronouncedly maritime islands in the Kikladhes.
SE Dodekanisos, lonian islands, and Northern Sporades, A. bourgaei is
a chasmophytic plant growing in E Crele, on the larger ol the Kikladhian
islands, on lkaria, and on some islands in SE Dodekanisos. Two species
that do not belong to the ampeloprasum complex in ils narrower sense
have also been included in the investigation. viz.. .\, sphaerocephalum
L. |C Europe and Medilerranean area) and A. descendens L. (E Medi-
terranean). Both species are in need of revision,

As the taxonomic and nomenclatorial results are hitherto unpublished.
in this paper I will follow RECHINGER's Flora Aegacea (1943), even if
this means that the names of some taxa musl subsequently be changed.
The only exception from Flora Aegaea is Allium bimelrale, which was
freated as a subspecies of A. ampeloprasum by RECHINGER, bul is here
kept as a separate species.

The cultivated material was collected in Greece and Turkey during journeys
in 1964-—1969. The plants were grown from bulbs (in some cases from seeds)
and cultivated in the greenhouses and outdoors in the Bolanical Garden of
Lund. In all cultivated malerial the chromosome numbers were determined,
One population of each taxon was studied in detail. In some cases idiograms
were constructed from populations of different ploidy levels within a species.

The following material was studied in detail:

Allium bimetrale: B 2225, Nomos Piraeus, Kithera, NW the town of Kithera,
c. 150 m sam. 25.5 1964 coll. BoruMeRr; B 524, Nomos Euboea, Skiros, large
vertical rocks facing NE just E the town of Skiros, 80— 100 m sm. 21.7 1966
coll. STrin; B 764, Nomos Kikladhes, Mikonos, Prassiounisi, the caslern island.
15.5 1968 coll. RUNEMARK & ENGSTRAND: B 770%, Nomos Kikladhes, Tinos,
Panormos, 22.5 1968 coll, Runemark & ENasTRAND:; B 771, Nomos Kikladhes,
Tinos, the islet of Dragonisi. 22.5 1968 coll. RUNEMARK & ENGSTRAND; B 780%,
Nomos Kephallinia, Kephallinia, in scopulis ad insulam, in saxosis cale. 7.6
1969 coll. Purros.
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A. bourgaei: B 408, Nomos Dodekanisos, Karpatho.. 6 km NW Pigadhia,
limestone rocks, ¢, 160 m s.am. 9.7 1966 coll. Botumer & MELLQUIST; B 475%.
Nomos Dodekanisos, Kasos, Plato Nisia, the eastern island, limestone rocks,
c. bom osan. 287 1966 coll. BotuMmEeER; B 530, Nomos Kikladhes, Tinos, 2 km
ENE Kardiani, schist eliffs, ¢. 600 m s.m. 12.6 1964 coll. SxocErUPr; B Hi33,
Nomos Kikladhes, los, 3 km N the town of los, small limestone rock, 250 m
s.m. 21.6 1964 coll. SxoGERrUP: B 774, Nomos Kikladhes, Siros, Ag. Varvaras.
30.5 1968 coll. RUNEMARK & BOTUMER.

A. ampeloprasum: B 773, Nomos Kikladhes, Tinos. Ag. Ivannis Ormos, field.
29.5 1968 coll. RUNEMARK & ENGSTRAND.

A. sphaerocephalum: B 526. Nomos Arkadhia, large vertical rocks facing N'W,
3 km ENE Agiorgitika (c. 15 km E Tripolis), 820 -860 m s.m. 12.7 1966 coll.
STrin; B 747, Nomos Kikladhes, Kea, SE of the village of Kea, c. 400 m s.m.
1.6 1968 coll. SNOGERUP & BOTHMER.

A. descendens: B 7, Nomos Lakonias, 1—2 km ENE Areopolis, NW-expoced
limestone cliffs, 700 750 m s.m. 21.5 1964 coll. BOTHMER.

Populations marked with an asterisk have been used in this paper for illu-
strations.

METHODS

Technique used in the Cytological Invesligation

Vigorous root tips from young bulbs were treated according to a modification
of the technique described by OSTERGREN and HENEEN (1962):
I, Planis of aboul three weeks age were well walered with fertilizer added and
kept in strong light the day before fixalion. 2. Pretreatment of excised roots
in a mixture of 0.3 %o colchicine and 1 mM 8-hydroxyquinoline for three hours.
4. Fixation in acetie alcohol (1 : 3). 4. Staining in the Feulgen reagent for 23
hours after hydrolization in 1 N HCI for 8 min. 5. Treatment in 5 %o pectinase
for 2—3 hours to dissolve the middle lamellae of the eell walls and facililate
squashing, The enzyme treatment also decolourises the eytoplasm. 6. Squashing
in 45 % acetic acid under a vipolon plastic cover slip, which is subsequently
dissolved in acetone. 7. Mounting in Permount afler rinsing in acetone @ xylene
{1 :1) and pure xvlene.

Chromosome Measurements and Construction of Idiograms

Ten good melaphase plates with about the same degree of contraction
were selected from each population, and drawn with the aid of a
camera lucida at a constant magnification of 4770 diameters. Measure-
ments were taken Irom the drawings,

The ordinary r-index (long arm/short arm ralio) was calculated for
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Table 1. Nomenclature recommended for centromerie position by LEVAN ¢l al. (1965,
compared to terminology suggested by BATTAGLIA (1955,

p Classificalion sensu
TPFIII I-l_l("ill()“ l'-\"lllll.‘ -
E " BATTAGLIA (1953)
' R median point 1.0 isobrachial ehromosome
m ...... median region 1.0—1.7 =
: ; po heterobrachial chromosome
311 gt S submedian region 1.7—3. : 5
st....... sublerminal region 3.0—7.0 : ¢
: . - hyper-heterobrachial echromosome —
Lo e e terminal region 7.0—oc » £ k
s § } monobrachial chromosome
Foieos e derminal-point ne

wach chromosome in cach drawing, and the mean values for the popula-
tion were worked out. In satellited chromosomes the length of the
satellite. but not of the inlerspace. was added to the length of the arm.
The length of an individual chromosome was expressed as a percentage
of the total length of the haploid complement to allow comparisons
between populalions at different ploidy levels. Accessory chromosomes,
when present. were nol included in the complement, bul their length
was calculated as a percentage of Lhe haploid complement,

Cenlromeric positions were described as recommended by LEVAN,
FrREDGA and SANDBERG (1965) ; see Table 1. In chromosomes with distal
linear satellites (p. 526). a satellite index was calculated (SAT-i—=dislal
portion/proximal portion ratio). This index was also used 1o describe
the positions of weaker, “tertiary” constrictions (BURNIAM & IHAGBERG
1956) indicaled by dotted lines in the idiograms. A similar index was
used in Allium sativum by Barracria (1963) to compare the typical
“sativam satellite™ (p. 526) with the long chromosome arm (long arm/
linear satellite ralio).

The chromosomes have been classified into groups by means of r-index
values and arranged according to decreasing relalive length values
within each group. Wilh the exception of A, descendens, four such
aroups were recognized. The groups were given Roman numbers (I-—IV),
and the chromosome pairs Arabic numbers (1—8). Nos, (6—]7 8 are
marker chromosomes, i.e., they can be unambiguously identified and
have therefore been used for statistical ealeulalions.

SOURCES OF ERROR IN KARYOTYPE ANALYSIS

Different authors have described the karyvotypes in the closely related
species Allium cepa, A. [istulosum and A. asealonicum variously, but in
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the opinion of BarracrLia (1957) “— — — all disagreements are due to
different cvtological techniques. to the use ol varving terminologies,
and to the little attention paid to the variability of chromosome length.”
This statement is important, since resulls obtained by dilferent inves-
tigators in the same or similar materials ought to be directly com-
parable. Thus. the different sources ol error in lhe delermination of
chromosome lengths should be taken into consideration as far as pos-
sible.

There is contradictory information as to the uniformily of conltraction
during the course of mitosis. SVARDSON (1945) found in Salmonidae
and WIckBoM (1949) in Amphibian material thal there was a positive
correlation between length of arms and degree of shortening from early
metaphase to anaphase. but Bajer (1959 could not find any differ-
ences in spiralization rale during the milotic eycle in Haemanthus and
Leucojum. However, this problem is likely to be small in a karyotype
analysis compared with the errors arising in the technical procedure.

In the handling of chromosomes, especially lhe pre-treatments with
colchicine, 8-hydroxyquinoline and other substances affect milosis.
SASAKI (1961} found in his studies of colchicine influence on mam-
malian chromosomes that ©  — — in a given cell longer chromosomes
tend Lo be more contracied than shorter ones™ and “— a signifi-
canl tendency for the centromere generally to be localed in a more
median position in the more highly contracted chromosome™. As far as
1 know, no plants have been investigated in a similar way, bul it seems

reasonable to presume a similar tendency. In plants with undifferen-
tiated and symmeltrical karyotypes like Allinm the effect is likely lo be
smaller than in species with highly differentialed chromosomes.

During the whole technical procedure for making slides there are
many occasions when artifacts may occur. both mechanically. e.g.,
uneven squashing causing stretehing ol constrictions or chromosome
segments, closely studied by SyBENGA (1959), and through the influence
of chemical substances. When the measuremenls are taken other dilfi-
cullties arise, e.g., how lo estimate chromosome overlapping. vertical
rises in the chromosomes ete, (SYBENGA 1959, LEWITSKY 1931, SIMAK
1962].

In m chromosomes with low r-values and no secondary constrictions.
confusion or “reversal of arms” is possible. Simak (1962) ecalculated
that in Larie the arm lengths must differ by more than 12 % (corre-
sponding to r=1.27) to assure cerlain idenlilication. but according to
MATERN and SiMak (1968) “the risk cannol be disregarded if the average
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Table 2. A Devialions from mean values of r- and SAT-indices in marker chromo-
somes in studies of ten cells from the same plant (Alium bimetrale, population
B 5241, Mean values for chromosome no. 7: r-index 163 (I}, SAT-index 5.05 (1V);
chromosome no. 8: r-index 2.57 (11}, SAT-index 1.02 (1IT}. B. Differences of r- and
SAT-indices between homologous chromosomes in each of the ten investigated cells.

I 11 111 v

nA ko ko] o A B \ B
<0.05 8 ) 7 3 8 P <025 6 0
0.06—0.10 5 3 3 o 1 5 0.26—0.50 3 3
0.11—0.15 1 1 9 0 6 0 051075 5 9
0.16—0.20 1 0 1 1 0 1 0.76—1.00 1 3
021 025 9 0 2 1 0 0 L01—1.25 1 9
0.26—10.30 0 1 4 2 1 0 1.96--1.50 3 0
>0.30 0 9 1 1 1 2

difference is less than 20 %" (corresponding to r=1.50). The error
of reversal of arms will result in too high r-values, which is illustrated
by chromosome no. 8 B in Allium descendens (Table 7). The presence
of a secondary constriclion made an unambiguous identification of
arms possible. The r-value was 0.98. If the arms had not been identi-
fiable the estimated r-value would have been 1.07.

The contraction of the individual chromosomes in a plate may not
always be wholly synchronized, and in such cases identification of
homologues based on relative length may lead to misidentificalion,
“reversal of orders”. In a polyploid or a species with minute size
differences between the chromosomes, more than two chromosomes
may be involved in the reversal.

Reversal of orders and arm reversals will both decrease the variance,
which iends to confirm non-existent differences between chromosomes.
The errors of reversals have been studied in detail by IZSSAD et al. (1966)
and MATERN and SimaAK (1968, 1969). They have suggested slatislical
methods based on variance analysis for avoiding reversals,

In Allium, with ils very undifferentiated karyolype, the possibilities
of errors being cansed by reversals are extremely great and closer study
ol the whole chromosome complement is impossible with the uvsual
methods, Investigations must consequently be restricted to a few marker
chromosomes. i.e.. in the presenl study nos. 7 and 8 and in some cases
no. 6.

Due to the differenl kinds of sources ol error outlined above. the
present study must be regarded as a survey ol the different chromo-
some types present, and Lhe hislograms consiructed as parlly “apparent
idiograms™ (MATERN & SiMAK 1968).
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[n order 1o elucidale the varialion in the present material, deviations
from mean values and differences between homologues in r- and SA'T-
indices for marker chromosomes of ten cells in one planl of Allium
bimetrale are shown in Table 2 (ef. BENTZER 1969],

THE KARYOTYPE IN ALLIUM

Chromosome Numbers

About 300 oul of the more than 500 Allium species are known wilh
respect to chromosome numbers (cf. FEporov 1969]. The basic num-
bers are 7, 8 and 9. 8 being by far the most common. For discussion
concerning evolution of basic numbers see LEVAN (1935) and VED BraT
11965 a). The frequencies of infraspecific polyploidy and aneuploidy
are shown in Table 3.

A deviating chromosome number was reported by PEDERSEN and
WENDELBO (1966 Fig. 1 C. p. 309). who found in Allium chelotum from
Iran 2n—=20 and with no telocentric chromosomes presenl: hence the
karyotype had not evolved by misdivision of melacentric chromosomes.
A similar karyolype was reported in two Russian species. .\, kujukense
and A, decipiens (VAKHTINA 1964 a). In A, decipiens, however, MEN-
SINKAL (1939} counled 2n=16. Whether these three species really have
a deviating basic number (X =10) or if only a few individuals deviating
Irom a “normal™ basic number have been studied should be investigated
more closely,

Polyploidy is & common phenomenon and polyploid series are often
found. In Allinm neapolitanum, for instance, 14-, 21-. 28- and 35-chro-
mosomic plants are known (HATTERSLEY-SMITH 1956). In . nntans all
levels from di- 1o octoploids are reported. as well as ancuploids (LEvAN
1936 a). and this species also has the highest chromosome number in
Allium known to the author. 2n=108=13 % -} 4 (LEVAN op. cil.). Poly-
ploidy above the hexaploid level. however. is very rare in the genus.

Table 3. 'requence of different chromosome numbers within the genus Alinm (from
FEDOROV 1964

on 14 [ 16| 17 | 18| 20 | 24 | 28 | gg | Inteaspecific |y oo nioids | =
polyploidy
Number ol
species 48 122 1 i} 1 1 1 23 17 18 271
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Disturbances during meiosis giving rise to unbalanced gametes are
known. e.g.. in Allium odorum, A. bakeri |Karavama 1936), and L
paniculatum (VED BraT 1967), and some of the reported aneuploids
may have originated in this way. In the normally 16- and 24-chro-
mosomic A. carinatum, TSCHERMAK-WOESs (1947} found a huge hyper-
Iriploid clone with 2n=25 and some populations with 2n=26. Aneuploid
individuals with 17 chromosomes in populations with normally 2n=16
are also found, e.g., in A, pulchellum (TSCHERMAK-WOESS & SCHIMAN
1960), A. caspium (VAKHTINA 1964 b). and A, cardiostemon (PEDERSEN
& WENDELBO 1966, In A, ochrolencum, KHOSHOO and SHARMA (1959 b
found one population with 2n—=19 beside the normal chromosome num-
bers 16 and 32,

New chromosome numbers may be formed by splitting of a meta-
ceniric chromosome into two telocentries. which is nol a rare phenome-
non. studied, e.g.. in Allium rubellum by VED BRAT (1967). KOLLMAN
(1969) reported a good example in the A, erdelii group in sect. Molium
from the Near IZast with X =7 (parlly outlined by FEINBRUN 1950, and
Eip 1963, 1964). In this group .1. gasyunense was found o have 2n=14
(all m). A, erdelii 2n=16 (12 m and 4 t1, and A, negevense 2n=20 (8 m
and 12 #). A. condensatum 2n=17 (15 m and 2 {] has evolved in the
same way (SATO 1942).

In secl. Allium the basic number is X —8 with di- and tetraploid
levels most frequent, Hexaploids are also present. as well as Iri- and
penlaploids.

Chromosome Morphology

In Lilinceae several genera have highly differentiated karyotypes.,
e.g.. Polygonatum ('THERMAN 1953). Ornithogalum (CULLEN & RATTER
1967). and Leopoldia (GARBART 1968. 1969, and BENTZER 1969). As
pointed oul by several authors, e.g., LEVAN (1935). VAKHTINA (1964 b,
1965, and 1969), and VED BRAT (1963 a. b). there is no such structural
variation in the genus Allium, The chromosomes are *symmelrical
(msm types) and sff chromosomes are rare (ANDERSON 1931), There is
usually conlinuous transition from the biggest to the smallest chromo-
somes in an idiogram (SHoOrova 1966, TscuerMak-WoEss 1947, and
TSCHERMAK-WOESS & SCHIMAN 1960). Execeptions are .. triquetrum, A.
cebdanense, A. macranthum, and A, bidwelliae, where the longesl chro-
mosomes are more than twice as long as the shortest ones (LEVAN 1932,
1935. and MENSINKAT 1939).
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Satellites are found in one or two chromosomes in most species. and
are nearly always attached to the shorl arm. The mosl frequenl salellite
type is lhe classical one in the sense of Navasmin (1912), small distal
bodies connected to the arm by a thin thread (" paniculatum-type” sensu
VED BRAT 1965 a). This type does not oceur in secl. Allium. In the
ampeloprasum group the following kinds of salellites are found:

a. “scorodoprasum-type”: the short arm of the chromosome has a®t
median constriction (SAT-index=-e¢. 1.0). This type is probably
identical with the tandem satellites described by TAayLOR (1926) in
Allium cepe or the tandem trabants in Aucuba juponica (MEURMAN
1929). In the ampeloprasum group this type ol secondary constric-
tion is found in chromosome no. 8 (r-index > 1.80). In some popula-
tions chromosome no. 6 has a similar secondary constriction, bul
can be distingnished from no. 8 by its lower relative length value and
lower r-index.

b. “sativum-lype”: the short chromosome arm has a constriction near
lo the centromere region. In the ampeloprasum group chromosome
no. 7 is of this type.

In both chromosome lypes the distal part of the short arm is a linear
salellite sensu BATTAGLIA (1955). In Allium porrum, KURITA (1955] and
Kapry and KaMEL (1955) reported both lypes of satellites. Surveys of
salellite types in Allium have been made by Levan (1935) and VED
BraT (1965 a).

In vegetatively reproducing species eylological aberrations may easily
become established. Many authors have reported variation in the marker
chromosomes of Allinm (el. DYER 1963). Structural heterozygosily in
salellited chromosomes is reported in several species, e.g.. in A, frigue-
trum, A. wakegi, \. schoenoprasum, . ammophilum, A. paniculatum,
and A. pallens (KURITA 1953, 1958. LEVAN 1935, 1936 b, and VED BraT
1965 a, 19661, Emn (1956) found several inversions in A. myriant hum,
partly identified in marker chromosomes. and KATO (1956) reporled
deficiency of the satellile in a commercial variety of A. fistulosum.
KHOSHOO and SHARMA (1959 a) found, in a triploid population of A.

Fig. 1. Idiograms in the Allium ampeloprasum group. — A—B: . bimetrale; A: popu-
lation B 764. B: Pop. B 524: — C—E: A bourgaei; C: Pop. B 108; D: Pop. B 533;
E: Pop. B 530: — I'. 4. ampeloprasuin; Pop. B 773.
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H32 ROLAND VON BOTHMER

rubellum, structural heterozygosily in six marker chromosomes, the
satellites of which were all dissimilar. On the basis of structural hetero-
zygosity in satellited chromosomes, TSCHERMAK-WOESs (1947, 1964)
and TscHERMAK-WOESS and SCHIMAN (1960) could recognize different
clones of A, carinatum and A. pulchellum. Concerning the cytological
variation. in A. cepa, A. fistulosum and A. ascalonicum see p. 521.

Accessory Chromosomes

Several species of Allinm are known to have accessory chromosomes
(partly reviewed by Snoprova 1966, cf. also FEDOROV 1969). They occur
in most sections of the genus and may be differently shaped. but two
lypes seem to be most common: 1) rather large subtelocentrics [seldom
lelocentrics, stt r=(2.5—) 3.0) equal lo or exceeding half the length of
the normal chromosomes. e.g.. in A. angulosum, A. nulans, A. senes-
cens (SHoOrova 1966), A, pulchellum [TSCHERMAK-WOESS & SCHIMAN
1960), A. sphaerocephalum (KURITA 1956, see p. 535). and A, paniculatum
(VED BRAT 1965 a}. 2) minute bodies with different centromeric posi-
tions, mostly sm and sf, e.g.. in . cernuom (GRUN 1959). A. stracheyi
(SHARMA & AIVANGAR 1961), and . porrum (LEVAN 1940. NYBOM 1947,
Vosa 1966). In A. porrum, Vosa (op. cit.) described sublelocentric B-
chromosomes arisen by deletion of a part of the shorler arm in the
normally submetacenltric B-chromosomes. This derivative was present
in nearly all investigated varieties of the species.

Accessory chromosomes of type no. 1 occur in low numbers (oflen
singlel when present in a specimen. Type no. 2 is more numerous (¢.4.,
210 in Allitm stracheyi and up lo 5 in A, porrumy.

Both types of B-chromosomes are present in sect. Allium, no 1 in
A. sphaerocephalum (p. 535), and no. 2 in A. porrum and .\. bimetrale
(p. 533).

RESULTS

CYTOLOGIC OBSERVATIONS IN THE ALLIUM AMPELOPRASUM
COMPLEX
The following four chromosome groups are recognized:
group no. [: chromosome no. 1—4: r=c. 1.00— 1.30 im).
- I1: chromosome no. 5 —6; r=c. 1.30—1.50 () in some po-
pulalions chromosome no. 6 has a linear satellite ol “sco-
rodoprasum-type”.

Bot. Notiser, vol. 123, 1970



CHROMOSOME NUMBERS AND MORPHOLOGY IN ALLIUM SECT. ALLITM 533

group no. [1I: chromosome no. 7; r=c. 1.25—1.75 (msm}, with a linear
satellite of “sativum-type”.
—_ IV: chromosome no. 8; r=c. 1.80—2.90 (sm), with a lincar

satellite ol “scorodoprasum-type”.

1. Allium himetrale GANDOG.

2n=16 12 x| was found in 14 populations, 2n=24 (3 <] in 4 popula-
tions, and 2n=32 (4| in 34 populalions. Five populations were mixed
and had clones with differenl chromosome numbers. The distribulion
of populalions invesligated as lo chromosome numbers is shown in
IFig. 7. The number of accessory chromosomes found varied hetween
0 and 4. usually 2 with a median cenlromere. No chromosome counts
have been reported previously,

Populations studied in delail: B 764 (4], B 524 (2X), and B 22 -2)
{23<). Figs. 1 A—B, 2. Tables 4

5.

2. Allium bourgaei REcH. FIL.

2n=16 {2x) was found in 28 populations. 2n=24 (3X) in 6 popu-
lations, 2n=32 (4] in 1 population. and mixed numbers in 2 popula-
lions (2> and 3 X< in one, and 2 X and 4 X in lhe other]. The distribution
of investigated populations is shown in Fig. 6 A, and the distribution of
different chromosome numbers on Lhe island of Siros in Fig. 6 B. No
chromosome counts have been reported previously.

Populations studied in detail: B 408 (2<), B 533 (21, B 530 {3 <],
and B 774 (3 <), Figs. 1 C E. 3. Tables +—5.

The two diploid populations were both found to have linear satellites
in chromosome no. 6. Population I3 108 had a tertiary conslriclion in
chromosome no. 5 (SAT-index ¢. 1.0) and B 533 in the linear satellite
ol chromosome no., 6 (SAT-index ¢. 1.2}.

3. Allium ampeloprasum L.,

2n=32 (4 x) was found in 18 populations, 2n=40 (5 <) in 7 popula-
tions. and 2n=48 (6>} in 12 populations. No accessory chromosomes
were found.

Previous reports: 2n=16 RENZONT (1964). — 2n=32 MAUDE (1940],

Bot. Natizer, vol. 123, 1970



H34 ROLAND VON BOTHMER

VED BRAT (1965 a. b). KovL & GOHIL (19701, 2n=48 KHOSHOO ¢t al.
(1960). VED BRAT (1965 a).

Population studied in detail: B 773 (4 <). Figs. 1 F. 4. Tables +—35.

Muriy 11964) made a eytological investigation of Wliwm porrum
lorma elefant from Czechoslovakia. Ile applied an inverted arm index
value (r=s/1 instead of r=1I/s) and also used a different method to
represent the length of the chromosomes. As the cultivated leek is closely
related to the investigaled complex and esp. to A. ampeloprasum s. slr..
a comparison has been made between the present malerial and the cul-
tivated Czechoslovakian form of A. porrum. From the figures given by
MUuRIN comparable index values and relalive length values have been
calculated (Tables 1. 5). The karyotypes are remarkably similar and
all chromosome groups in the ampeloprasum group can be distinguished
also in the leek.

In their investigation of a cullivated. tetraploid form of Allium
ampeloprasum, KovL and GoHIL 1970) recognized 8 chromosomes wilh
secondary constrictions and the same type of linear salellites as found
in the present study. but a closer comparison is unfortunately impossible
since no quantifalive data (r-index and rel. lengths) were given. How-
ever, il appears from the picture (op. cit. p. 14, Fig. 2| that all four
chromosome groups recognized in the present study are represented.
These authors also described structural heterozvgosily in all chromo-
some pairs bul. as outlined in the discussion of sources of error (p. 521).
closer studies in non-marker chromosomes must be very uncerlain and
dubious.

CYTOLOGIC OBSERVATIONS IN ALLIUM SPIHAEROCEPHALUM L.

2n=16 (2] was found in 10 populations. Previous reports: 2n=
16: LEVAN (19300 1931, 1935). TSCHERMAK-WoOESs (1947). FERNANDES
{1950), DIANNELIDIS (1951). KURITA (19506, see below]. — 2n=32:
MARTINOLT (1955).

4 chromosome groups were recognized:

group no. I: chromosome no. 1- 4: r=—c. 1.O0—1.15 (m).

- II: chromosome no. 5—6; r—e. 1.20—1.35 ().

— HI: chromosome no. 7; r—c. 1.00—1.70 (msm), wilh a linear
satellite of “sativam-type”.

- - IV: chromosome no. 8§: r=c. 1.25—1.50 (m). 1 populalion
with a linear satellite of “scorodoprasum-tyvpe”,

Bot. Notiser. vol. 123, 1970



CHROMOSOME NUMBERS AND MORPHOLOGY IN ALLIUM SECT. ALLIUM 335

in Alfium ampeloprasum. Upper row: chromosome

no. 7; lower row, chromosome no. 8. 0 10 p

Fig. 1. Marker chromosomes from root-tip mitosis

Populations studied in detail: B 526 (2] and B 747 (2X). Fig.
A—B. D. Tables 4—35.

In B 747 a sm accessory chromosome was found. In material from
Portugal Kurita (1956) found X =9 and reporled this as a new basic
number for Allium sphaerocephalum. The 9th chromosome identified
by KuriTA in the haploid set corresponds to the B-chromosome found
in B 747. The arm index and relalive length values in 3 747 are 2.62
and 2.41, respectively. and in Kurtra’s material 3.25 and ¢. 2,30, respec-
tively. e also found four marker chromosomes in the Portuguese
material, viz., two with satellites of “scorodoprasum-type” (e and hj,
one with a satellite ol “sativam-type” (f). and one wilh a secondary
constriction in the long arm (g. SAT-index ¢. 1.0). In karyolypes pub-
lished by other authors two chromosomes in the haploid set have secon-
dary conslrictions. but the linear satellites seem lo vary in size. In Lhe
present malerial lwo marker chromosomes in the haploid set occurred
in one population (BB 747). but only one in the other (B 526).

CYTOLOGIC OBSERVATIONS IN ALLIUM DESCENDENS L.

2n=16 (2 <) was found in 4 populations, 2n—=24 (3<) in 1 popula-
tion, and 2n=232 (4} in 1 population. No chromosome numbers have
been reported previously.

Population studied in detail: B 7 (2>(). Fig. 5 C, IS, Table 6.

The idiogram for Allium deseendens differs remarkably bolh from
the ampeloprasum group and from A. sphacrocephalum. Chromosomes
nos. 6—=8 were found o have salellites of “safipum-type” and lhe inves-
ligated population was structurally heterozygous in chromosome pair
no. 8.

Bot. Notiser, vol, 123, 1970
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CHROMOSOME NUMBERS AND MORPHOLOGY IN ALLIUM SECT. ALLIUM 537

Table 6. Relative length (B). r- and SAT-index values (A) for one population (B 7)
of Mlium descendens.

Chromosome | 1 2 4 4 i 6 7 §A 8B
e r [SAT| r |SAT| r [SAT| v |SAT
P L L o 111 116 109 L19 149 13> 3.86 1.52 3.19 1.2 448 1.52 442
Chromosome 1 9 3 s 5 6 7 3
no.
B vman Feidd  SHEDR 12.749 11.89 10.77 11.51 12,28 12.18 14.13

The homologous chromosomes in the 8th pair had the same length but
differed with respect to the shorlt arm, In 8 A the inlercalary segment,
i.e.. the segment between lhe cenlromere and secondary constriction.
clearly belonged to the shorter arm, bul in 8 B il was impossible to
distinguish between lhe centromere and the secondary constriction. If
the intercalary segment was referred to the longer arm, aboul the same
r- and SAT-indices were obtained as in 8 A. even il the arms and
satellites were ol different lengths (Fig. 5 €. E). Il the intercalary seg-
ment was referred lo the shorter arm quite different indices were ob-
tained, and the r value varied around 1.00 {Table 7).

Table 7. A comparison beiween different r- and SAT-indices in chromosome 8 B in

populations B7 of Allium descendens (three plants) oblained when the intercalary

segment is referred to Ay the long chromosome arm, and Bi the shorl chromosome

arm. Within brackels the values obained if no consiriclion had been present between
the segment satellite and the short chromosome arm,

sttt ey \.-_\_'I;-'i_mli-x
A 3 A I3
1.60 1.02 (1.02) 161 3.00
.36 0.88 (1.13) 4.37 3.95
il6 086G (1.01) 4.77 3.95
1.59 1.04 (1.04) LO9S 3.74
145 1.04 (1.04) 4.11 1.8
195 1049 (1.09) 3.70 2,41
1.53 1.02 (1.02) 200 3.95
1.35 0.81 (1.23) J.50 —
1.47 1.00 (100} 2.22 4.22
1.47 094 (1.07) 4.53_ _____:_i_.ii'.’.

M 152 0.98 (1.07) M 4.42 3.580

Bot. Notiser, vol. 1231970
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Table 8. | values oblained by comparing arm indices for chromosome no. 7 in differ-
ent populations of the Allium ampeloprasum-complex.

= ]
= |
- —+ | [ ] o = 3
el o a1 = ) o = ]
= T3 o~ - ] (i r~ r
2a] fea foa] = - o= = £
A bimetrate B 764
B 524 B
B 22 25 028 2.50%
A bourgaei B 108 42050 G 3YFEEE 3 B
B add Sdfres JI02H4% GOFREE G R EHE
B 530 8.84 2% 12 FRexF 7O %%k GAgFkE (335
B 771 8.49%%F 12 02%=* [{O3%*** 5.81%%* (.00 035
1. ampelo- B 773 3.31** . 149 2.92%* 5 69FF* 7 R0*ER TQ0ree 70w
prasum
Table 9. t-values obtained by comparing SAT-indices for chromosome no. 7 in differ-
ent populations of the Allium ampeloprasum-complex.
- o o & - o
| o = oz b ™~ ™~
I~ o o1 - e [ird I~ I~
= = ~= = == = = =
A bimetrale B 761 —
B 524 O.70%kK
13 22--25 8.38%%* 1.38
A bourgaer B 108 14.90%5% 4 78%%% 5 19%5#
13 533 $. 7204 qGMR GI1G%  T4as
BB 530 1.26 S 2%re QLRI 0. 9TFeA 3208
B 771 3.06%% 4.90%k% J3.70%% g 17vee 76 2.30%*
A ampelo- B 773 4.25%%% 121%=* J01%*%  JA46%** (0.10 2.95% 062

prasum

Table 10. t-values oblained by comparing relalive length values for ehromosome no. 7

in different populations of the Allinm ampeloprasum-complex.

= i
- - | o ) = - »
0w (=2 ] [ = o [ ~ I~
-~ [l e § — e Lir -~ ™~
= faa] faa] =] (=] [ faa} a2}

A bimetrale B 764 —

B H2i 3R
B 22—25 G6.88**% 1.15
A hourgaer B 108 I ) Gkl By 088
B 533 1.34 2.44% 4 54%HE g gRak
B 530 .84 3.60%%  G.55%4% H A7 109
B 77 0.82 J.31*F  G.40%*% [ 44¥%% .87 0.52
A ampelo- B 773 .98 1.80 293%*%  J.14** 0.04 0.81 0.50 =

prasum
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Table 11. t-values obtained by comparing arm indices for chromosome no. 8 in differ-

enl populations of the

i ampeloprasunm-complex

] 2
- - | @ » = - e
=] [} o1 = ) ar} o =
- " B -+ % N - ~
jan} = =4 = e} = m | ®
1. bimetrate B 764 -
B 524 2.83*
B 2225 5.06%** J.10%*
A bourgaei B 408 359> 047 2.94%*
B 333 8.40%*% 11 83*** [0.65%F% 11.40%**
B 530 0.28 2.5h% 4.86%%* J2R¥* B J5HH=
B 774 2.69* 0.14 3.21%%  0.63 11.66%+% 2 40%
\ampelo- B 773 0.93 1.40 3.86%=  1.86 TAR®SEOT0 1237 =

prasun

Table 12, (-values obtained by comparing SA'T-indices for chromosome no. 8

in differ-

ent populations of the Allinm ampeloprasum-complex,

| 5
= - | * ) = -+ )
o 2 o S o3 5 ~ i~
I~ o = | - [t oy = ~
== = = = (2] ~ (ae] =
\ brmetrale B 764 -
B 524 0.20
B 2225 7.AQHHE 5814k
L bourgaei B 408 J.88%% 291k 4 B0FEE
B 533 1.90%%% 4 R%h jh giras 11 JOksn
B 530 0.214 0.00 FopEetl QGET®. ChaTeen
B 774 0.28 0.00 Q. 19%+F L 60%*+* (.72%*%* 0.00
Ao ampelo- B 773 141 1.40 G155 G HH*S J3Q¥e 165 194

prasum

Table 13. t-values obtained by comparing relative length values for chromosome no. 8
in different populations of the Allium ampeloprasum-complex.

ES
=4 =+ | % o) =] = &
S 2 et S o 73 —~ i~
r~ e} =] b Wy [ - [
A bimetrale B 764 —
B 524 0.07
B 22—25 1.97 2.04
L bourgner B 108 0.19 0.15 1.36
B 533 3.07%%  3.40%%  L61%F=  250%
B 530 JATEE FahE 100 225%  H.RYHEE
B 774 1.24 1.26 0.66 0.79 301w 1.68
A ampelo- B 773 Jaaee  3.30%% 1.01 Z80%  Dfamik 195 238F  —

prasum
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COMPARISON BETWEEN POPULATIONS IN THE
ALLIUM AMPELOPRASUM COMPLEX

In the eight populations which were investigated in detail the marker
chromosomes were compared with respect to arm index (r), SAT-index.
and relative lenglh. t-tests were carried out for chromosomes nos. 7 and
8. and in two populations (B 408 and B 533) also for chromosome no. 6.
The t-values oblained by comparing the respeclive mean values for
homologous chromosomes are presented in Tables 8 14, In many cases
the differences belween populations are highly significant jone. two,
and three asterisks indicale significances at the 5% 1 %, and 0.1 %
levels, respectively). and t-values >10 occur, esp. for B 533, indicating
greater differences between compared populalions. The differences he-
tween B 530, B 774, and B 773 are minule. though the last-mentioned
population belongs lo Allium ampeloprasum and the other two lo A,
hourgaei,

From the data presented in Table 8 15 some conclusions can be
drawn about the malerial investigaled: 7. varialion in chromosome no.
7 is greater than in no. 8. 2. Variation in r- and SAT-indices are of about
the same magnitude and greater than in rel. length. 3. Populations B
22--25, B 408, and B 533 show the biggest cytological deviations from
the rest of the populations. In B 533, and probably also in B 408. the
eylological differences are correlated wilh morphological ones (BoTH-
MER unpublished), and those two populalions both have the constricted
chromosome no. 6, which is lacking in the resl of the material,

DISCUSSION
Reproduction

The evolutionary pattern in Allivm is complicated and partly depen-
dent on the different modes of reproduction in the genus. A characte-
ristic feature is the high rate of asexual reproduction including agamo-
spermy (HAKANSSON 1951). VED BrAT (1965 b) reported that e. 60 %0 of the
species in the genus reproduce vegetatively, Meiosis and even flowering
is absent in some speeies, e.g., A rubellum (KHOSHOO & SHARMA 1959 al.
A nipponicum and AL bakeri (Karavama 1936). These species must of
course be regarded as evolulionary blind alleys bul may in a stable
environment be theoretically immortal. Such examples from other plant
groups are, e.g.. Saliv, Quercus and Arctostaphylos, which sprout from
rools and may have a life span approaching thal of the plant community

Bot. Notiser. vol. 123, 1970
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CHROMOSOME NUMBERS AND MORPHOLOGY IN ALLIUM SECT. ALLIUM 541

Table 14. 1-values oblained by comparing: A. r-index. B, SA T andex, and €. Rel. length
values tor chromosome no. 6 in two populations of Wam bourgaer.

B 108

B 533 A, 984F=s
3. 0.00
G 122

Table 15. A survev of significances in the Tables 8 13, In the three figure combina-
tion the first figure indicates nuomber of significances al the 0.1 % level, the second
figure number of significances at the 1% level, and the third figure number ol signi-

ficances al the 5% level.

2 \ | |
- = | =z = = b i o0
= ) ] = o) o ™~ ™~
™~ wy ™ -4 (L] [T I~ I~
=] 2 = | = | —Fg s o
A bimetrede B 764 -
B 524 2-1-
B 2225 4-0-0 1-1-1
A boorgaer B 408 3 2-0 210 2-2-0
B 333 -1-0 4-1-1 5-1-0 5-0-1
B 530 1-1-0 221 5-0-0 3-2-1 3#-1-0
B 774 1-1-1 210 3-2-0 4-0-00 2-1-0 0-0-2
1. ampelo B 773 -2 1-1-0 1-4-0 J3-1-1 3-1-0 1-0-1 1-0-1 —

prasum

itsell (STEBBINS 1950). The different modes of asexual reproduction.
however, preserve o genetic stability which is nol desirable from an
evolutionary poinl of view. The genetic variations obtained are gene
mulations, structural changes in the chromosomes. and changes in
chromosome numbers through non-disjunction or polyploidisation. An
example of the lasl-mentioned phenomenon was found in A, stracheyi,
which in cultivation very rapidly (within a month) converted mitotically
from di- to tetraploid level (SmARMA & A1YANGAR 1961). In a huge clone
of A, myrianthmm Eip (1956) found 2n=33 formed by non-disjunction.

Most species of Allium have a £ normal sexual reproduction beside
formaltion of bulbils. This increases the genelic variability and hence
the evolutionary fitness of the species. Sexual reproduction will also
increase cyvtological polymorphism. and aberrations arisen in this way
may well be established in a population and increase in numbers by
clonation.

Rot. Notizer, vol. 123, 1970
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Chromosome Numbers

The basic chromosome number in the whole sect. Allinm is X =8, In
A. bourgaei only diploid plants were found in the SE Aegean form series
(Fig. 6). In the Kikladhian form series triploid plants occurred fre-
quently in two cenlres (Siros-Tinos-Kea and Amorgos-Santorin-Anafi,
Fig. 6 A). On Siros (Fig. 6 B) one di- and one tetraploid population were
found on different sides of the island and three triploid populations were
discovered in the area belween them. suggesting hybridization between
the two different ploidy levels. A similar case was reporfed by Kurita
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and KUuroxkr (1964) in A. gray from Japan. where pentaploids occurred
in the region belween tetra- and hexaploid populations.

If the triploid populations of Allium bourgaei in the Kikladhes consist
of one or a few clones they musl be old relicts, since there has been no
land connection between most of the islands at leasl since Lhe Riss
vlacialion (SNOGERUP 1967) and recent long distance migration is highly
improbable. It seems more likely that the deviating populations have
originated separately with the exception ol some triploids on Siros.
which might be members of a larger clone.

Allium bimetrale shows a more scallered picture as to chromosome
numbers than 4. bourgaei. The tetraploid level is the most common
but neilher di- nor triploids are rare. The diploids have lwo distribution
cenlres, one in southwestern Kikladhes (IFig. 7), where six populations
were found. and one around Lhe island of Skiros in the Northern Spo-
rades, where three diploid populations have been discovered. One islel
close lo Skiros has a triploid population, another a mixed one with all
three (2. 3X and 4%} ploidy levels present, but no pure tetraploid
populations have been found in this area. With the exceptions of the
two diploid centres the distribution of 23X, 3< and mixed populations
are = at random in the Aegean.

In Allium bimetrale the evolutionary pattern appears to be more com-
plicated than in A. bourgaei, partly owing lo the biotope. As already
mentioned (p. 519). A. bimetrale grows mainly on minute islands poor in
species. These species are subject Lo “reproductive drift” and distributed
more or less at random (RUNEMARK 1969). In A, bimetrale big, two-
coaled bulbils are frequently formed, which are able to survive in water
for a long time (unpublished experimental data) and may be hydro-
chorously dispersed belween islands. The big and vigorous bulbils are
likely Lo establish themselves relatively easily in new communilies and
may subsequently compete successfully with other species, Several islets
have been found crowded wilh flowering specimens and millions of
bulbs of A, bimetrale and none or very few individuals of other species.
It is an aggressive species only in ils special environmeni and is remark-
ably rare on bigger islands.

Allium ampeloprasum is a weedy plant in its enlire distribution range
and has reached the tetra- (penta-) and hexaploid levels. It differs
markedly in the asexual reproduction from the other two species in the
group by the extreme formation rale of bulbils. which is at least three
times as high as in A. bourgaei and A. bimelrale (GALIL 1965 a. b, and
BoruMmER unpublished). This gives .\, ampeloprasum an advantage in the
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competition with other species in invading disturbed or open habi-
Lals.

Populations with unbalanced chromosome numbers are 4 common
feature in many species in Mg (p. 5251, and in the present group
iriploids 1and pentaploids) appear & regularly. Triploid individuals may
originale in two different ways: 7. fusion of one normal haploid and
one unreduced gamete. ©. hybridization between diploid and tetraploid
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individuals. The tetraploid level can be reached by fusion ol two unre-
duced gametes or by somalic aulolelraploidizalion,

The three species in the ampeloprasum complex in the Aegean have
allained different [requencies of polyploidy and may represent different
“evolutional levels™. Primarily all of them must have been diploid. This
is still the normal condition in Allizm bourgaei but some populations
have higher chromosome numbers (3% and 4 X). which may indicate
an incipienl evolulional process. In L bimefrale this process is almosl
finished as the tetraploid level is = regularly established. . ampelopra-
sum reached the tetraploid level long ago and is now evolving towards
higher polyploidy. If this hypothesis is correct the rmpeloprasum com-
plex is well suited for a study of a plant group in active evolution.

The reasons for such polyploidisation processes are lwo: f. random
lixation in course of time 2. T'he polyploid condition has evolved on Lhe
hasis of a higher selective value. An indication for a selective advantage
with a higher polvploid level is possibly found in A, bourgaei, where
some populations with higher chromosome numbers occur. nol in the
closed chasmophylic communily, where they normally belong, but in
open habitats, e.g. rocky phrygana vegetation and lerraces (T weedy).
where other competition [actors are present. TSCHERMAK-WOESS (1964
found in A. carinalum thal triploid populalions occurred in disturbed
habitals and diploids in natural ones.

The diploid condition in Allinm sphaerocephalum, and possibly also
in L. descendens, appears to be more stable than in the ampeloprasum
aroup, and evolulion in these species proceeds in other ways,

Chromosome Morphology

DIANNELIDIS (1951) considered on the basis of similarities in SAT-
chromosomes thal AMlicm margaritacenm and . sphaerocephalun,
though morphologically rather dissimilar. are closely related. In genera
like Alfinm, with its extremely stable Karyolvpe any conclusions ol
relalionshipsbasedon chromosome similarities on the spe-
cies level must be very uncertain (cf. SZELUBSKY 1950, and KHOsHOO
& SHARMA 1959 a).

The present investigation shows that groups of species in the genus
have similar chromosome morphology. Minute differences occur bul
lhese may be ol the same magnilude between dilferent populations
within one species as belween species in the group (ef. Tables 4— 5}.
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In Allinum descendens the chromosome morphology deviates markedly
from other species in the section. It is often referred to as a subspecies
of A, sphaerocephalum bul considering the karyological stability in the
genus it is probably more distantly related. Morphological data also
indicate that A. descendens is more isolated, and possibly distantly re-
lated to A. chamaespathum BoOISs.

In most species of Alliwm marker chromosomes are present (p. 526),
and in Lhe ampeloprasum group two (or sometimes three) secondarily
constricted chromosomes occur wilh linear satellites of “safioum”™ and
“scorodoprasum-type”. Minule though significant differences have been
found between different populations and in the further cytological work
only the variation in chromosomes nos. (6— ) 7—8 will be sludied.
Variation in the rest of the chromosome complement certainly exists but
is impossible lo detect with the method used (see p. 522). The three
characters r-index, SAT-index and rel. length appear to be useful for
cytological work on the population level. The karyological variation
wilhin as well as between populations and variation in frequency of
accessory chromosomes will be studied in combination with investiga-
tions ol morphological and possibly also chemical variation.

The main aim of further investigalions will be lo clarify the structure
of populations and rate ol clonation, especially in Allium bimetrale,
where it can be assumed lhat several clones are widespread in the
archipelago.
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ABSTRACT
DanLGREN, Koo Current Topies. Parallelism. Convergence. and Analogy in
Some South African Genera of Leguminosae Bol. Notiser 123: 551—568,
Lund

The article was inspired by the fact that i J. HutcHINsON. The Genera
of Flowering Plants. the three genera Borbonia. Euchlora. and Rafnia were
placed logether 1o form a separate tribe. the Borbonicae. Fvidence is pre-
sented to show that this tribe is more probably artifical. The “primitively
simple leaves™. the most important diagnostic character of Borbomnieae. 1)
are presumably secondanly simple. and 2) have allamed the simple form
i different ways and along different lines of evolulion

The conceplion ol the Borbonieae as a Iribe is therefore dismissed, bul
can be regarded as a good example of convergence in evolution. Another
presumable case ol convergence with regard to leaf development is shown
in the genus Lebeckin. The oceurrence in the genus Aspalathus of simple
leaves within Iwo entirely different groups of species 15 presented as an
example of parallelism. Evolutional analogy 1s demonstrated by the diffe-
renl Kinds ol spine protection in Aspalathus. the spines being leaflet apices,
protracted leaf bases. short lateral ibranchleti thorns, and terminal (branch)
thorns

The genera Lebeckia, Wiborgia. Rafnia. and Aspalathus (including
Borbonia) are believed to be closely allied genera. which should be placed
in the same Iribe whatever its extent. Beside certain floral similarities
such as the shape of petals and staminal tube, and the absence of strophiole
on seeds. these genera have in common the absence or poor development
of stipules and the prevailing chromosome number 2n—16 or 18. The group
is chiefly found 1 south-western South Africa.

INTRODUCTION

In the following pages Lhe terms homology. analogy. convergence, and
parallelism will he used.
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Structures are homologous when Lthey have originaled from the same
parls of the plant. which means that their evolution when traced back-
wards leads to the same original structure. Whether they are similar or
dissimilar, or have the same function or not is irrelevant,

Analogy is more or less the opposite of homology, because stress is
laid entirely on similarity of function. i.e. on the ecological-biological
result. The similarities are nol necessarily referable to a common
ancesltry,

This division into homologous and analogous structures should be
kept separale from the following, in which is expressed the (rends of
evolution in two or more lineages compared.

When the evolution of an original organ or ol two similar organs
results in considerable difference in appearance or funclion it is classi-
fied as divergence.

When an essentially similar evolutionary trend has developed inde-
pendently in two or more lineages where originally similar organs were
involved, lo give rise to homologous. ecologically and (or) lvpologically
similar structures, the adequate lerm is parallelism,

Convergence, finally, is the term used when more or less dissimilar
organs become similar and/or ecologically equivalent along independent
evolutionary lines. Converdgence is not necessarily related to homology.
The resultant organs, as in the case ol the simple leaves in Lebeckia
deseribed below, may have in common nothing or very little of the origi-
nal structures, even where these have once been homologous.

As a preliminary step in the present discussion, lel us examine a
systematie group, the tribe Borbonieae, presenled some years ago
logether with many olher tribes of Fabaceae in Hutcninson's “The
Genera of Flowering Plants. Dicotyledones. T7 (1964 p. 345).

The tribe was characterized as follows,

“Shrubs, shrublets, or perennial herbs: leaves primitively simple;
stipules and stipels absent: flowers solilary to racemose or subeapi-
lale, terminal or leal-opposed: calyx-lobes subequal or not: corolla
papilionaceous; stamens all connate into « sheath or fube split above
ladaxially); anthers dimorphic. allernately basifixed and dorsifixed and
versalile; style glabrows: fruit 2-valved. continuous inside: seeds estro-
phiolate.”

The Iribe consisled of three genera, Borbonia L., Rafnia THuNg., and
Euchlora Eckn. & ZEYH.
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Of the ilalicized characters, the presence of a single split in the stam-
inal tube, the glabrous styles. and the anther characters are also com-
mon to several genera in lhe much larger (ribe Lofononideae similarly
distinguished by HurcHinson. Hence, the single important diagnostic
character of Borbonieae is the simple exslipulate leaves. Whether the
leaves should be designated as primitively simple or not will be analyzed
below,

EUCHLORA. A CASE OF PREDOMINANT SUPPRESSION OF LEAF
DIFFERENTIATION (Fig. 1)

One of the genera with “primilively simple” leaves (HUTCHINSON.
loc. cit.) is Euchlora 1ickL., & ZeyH., An account of the single species
was given in DAHLGREN 1964, but a brief review will be given here in
conjunclion with IFig. 1.

There are numerous marked similarities between Euchlora and seve-
ral species of the genus Lotononis 1LcKL. & ZEYH. The similarities perlain
to practically all characters except in the leal. viz. habit. pubescence,
inflorescence. bracts, bracteoles, calyx, petals (including details like
pattern of wrinkles on wings, claw length. general shape ol each petal).
staminal sheath, anthers, pistil, and fruil.

Lel us compare in particular the fruit shape in Fuchlora and a species
of Lotononis, ey. L. azurea (LEckL. & Zeyd.) BENTH. (Fig. 1. below).
The upper edge of the somewhal inflaled. smooth, and hard legume is
furnished with a row of very characterislic, obluse. peg-like teeth or
spines. Precisely the same striking qualities are found in the legume of
Fuchlora (Fig. 1, boltom right]. Now, lhe acquisilion of such a legume
shape by convergence is theoretically feasible. However, in the light of
the numerous other similarities mentioned here the probability for this
is negligible, and it must be suggested that the species are descendents
from very closely related anceslors.

The remaining differences belween Euchlora and Lotononis would
then be restricted to the leaves, The results of a recent study of regional
variation in Fuchlora now come into the piclure (see Fig. 1, top). In
one sample from the northern extremily of the area of distribution, il
was found that the leaves on one and the same shrub varied from
simple lo peliolately trifoliolate wilth well developed stipules, i.e. to a
shape exactly like that of the leaves of those Lolononis species that
show a marked similarity to Kuchlora in floral and other characters.
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In a few other plants from a more southern population. the leaves were
sometimes trilobale or had two lateral lobes (corresponding lo laleral
folioles) and one separale central foliole.

To judge from the above evidence, it seems highly improbable that
Euchlora would not be very closely allied to species of Lofononis.

The close similarity of all characters of Euchiora. including leaf
characters, lo those of a number of particular species of Lotononis
makes il justifiable to include Euchlora in the larger genus Lofononis.
as done by DAHLGREN 1964.

In the majority of the species of Lotononis (including Euchlora) and
in allied genera the leaves are trifoliolate and petiolate with stipules. A
mechanism partially blocking leaf differentiation has obviously devel-
oped in Euchlora. Thus the simple leaf corresponds lo an enfire, undil-
ferentiated leal, which cannot be classiflied as phyllodinous nor as ho-
mologous with a foliole.

PARALLELISM WITH REGARD TO LEAF DIFFERENTIATION IN
ASPALATHUS (Fig. 2)

In its presenl scope Aspalathus L. comprises ca 240 species with 1tri-
foliolate (and sessile, exstipulate) leaves and 21 species wilh simple
leaves. In three ol the lalter, representing the subgenera Nortieria and
Rafnioides, there is some doubt about the morphological nature of the
simple leaves, These species will not be discussed here.

In three cases there are similarities in practically all respects between
species with Irifoliolate leaves on the one hand and simple, apparenlly
unifoliolate, leaves on the other. Two of the cases are presented in Fig. 2,
A third and parallel case. comprising A. oblongifolic R. DAHLGR. with
trifoliolate leaves and A, ealedonensis R. DAHLGR. with simple leaves,
is entirely comparable.

In the upper hall of Iig. 2, A. radiata GARAB. ex R. DANLGR. repre-
senls the trifoliolate condition and A. sericea BERG. the simple one. A
close examination has shown similarily belween the two species in all
other characlers, such as habit, mode of branching. inflorescence. bracts,
bracteoles. calyx, details of petals and stamens, ovary pubescence, num-
ber of ovules, and fruil shape — characlers which are otherwise highly
variable in the genus. There is also similarity in the pubescence of the
floral parls. The illustrated form ol A. sericea shows a more sericeous
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form of pubescence than does A, radiata, bul varialion is greal in holh
species.

There is accordingly signilicant evidence thal the similarity indicates
clase relationship. As there is no tendency to fusion in leaflels in this
group of species, and as the leaf of A. sericea agrees in shape and vena-
tion with a leaflet in A radiata and similar species. the simple leat is
presumed Lo be equivalent Lo a leaflet.  The simple leaves ol A, sericea
have also been observed by previous bolanisls. none of whom have
proposed thal the species should be placed in a separate genus.,

The lower hall of IFig. 2 shows another, enlirely differenl pair of
species that ean likewise be compared with each other. viz. A, lanala
I2. MEY.. which has lrifoliolate leaves. and A, lanifera R. DAHLGR. with
simple leaves. The lwo species occur on shaley ground in partly the
same mountainous regions. mainly the Clanwilliam—~Ceres Divisions,
The planls are low and have the same mode of branching. As seen in
Fig. 2 the branch lerminates in an inflorescence. but a strongly devel-
oped branch in the axil of the uppermosl vegelalive leal pushes the
inflorescence aside into a pseudo-lateral, leal-opposed position. The
hracts, bracleoles, calyx, corolla. and slamens are so similar in bolh
spectes thal it may be difficull for even a specialist to distinguish them
withoul having recourse to the leal. The legumes differ somewhat, bul
fruil shape normally varies greally wilhin Lhis group. and the lanata
[vpe of legume is more common among simple-leafed species related
to A lanifera than among the trifoliolate-lealed species.

There is strong evidence to support the theory thalt A, lanata and
lanifera are very closely relaled in the same way as are A radiata and
sericen.

On the other hand. A lanifera is related to a number of other species
with simple leaves. These species with simple leaves have previously
been grouped together as a separale genus, Borboria. However. there
is greater similarity between the representalives ol “Borbonia™ ii.c.
L taniferal and of Aspalathus s steo (ie. | lanala) compared here.
than between many closely related species of Aspalathus s siv,

Thus. A. lanada E. My, A latifolia Bor., A bracteata THUNE. (these three
with trifoliolate leaves), A. lanifera . Dancar., V. compacta R. DAHLGR.. and
Al alpestris (BExTH.) R, Danicr. (the latter three species with simple leaves.
and members of “Berbonia”) show more striking similarities among them-
selves than do many comparable series of species within the large genus
tspalathis in the striet sense. or than do all the “Borbonia” species amony
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themselves, The trifoliolate species of Aspalathus do not constitule an entirely
homogencous or easily definable group of species, as might have been suggested
by their common leaf character (see the diverse parls of Revision of the Genus
Aspalathus, DAHLGREN 1960—681.

Consequenlly. there are good reasons for incorporaling Berbonia in
Aspalathus (DAHLGREN 1963 B).

Just as in the pair Lolononis-Euchlora, il is likely that the simple
leaves concerned with here have been derived from Irifoliolate (bul
sessile and stipuleless) ones.

In Fig. 2 below, one leaflet. the central one, of A. lanata and a leaf of
A lantfera are compared to show the similar venation. Il is most proh-
able that they correspond to each other, i.e. the leafl in A, lanifera is
homologous wilh a leaflel in A. lanata.

If the above points are accepted, the Aspalathus radiata—A. sericea
and A lanata-— A, lanifera cases logelher represent a case of parallelism,
The similarity ol the simple leaves in this case expresses homology.

CONVERGENT EVOLUTION WITH RESPECT TO LEAF
DIFFERENTIATION IN LEBECKIA (Figs. 3—4)

The genus Lebeckia THUNB. does nolt include as many species as
Aspalathus, bul il has a wider distribution. It differs from Aspalathus
primarily in having usually petiolate leaves and long and many-seeded
legumes, the latter feature a very rare one in Aspalathus. Lebeckia is
a variable, bul probably natural group. It is in greal need of systematic
revision. The names used here must therefore be regarded as prelimi-
IaAry.

Let us consider Iwo of several species wilh simple leaves, each very
similar to species with trifoliolale-petiolate and unifoliolate-petiolate
leaves respectively (see Fig. 3).

Lebeekia cinerea I8 MEY. belongs to a group ol species found chiefly
in the north-western part of the Cape Provinee and extending into South
West Africa, [l is pubescent on the vegetalive parts and also has a
pubescent standard and keel, the latter being longer than the wings.
The leaf petioles tend to be very short towards the ends of the branch-
lets, where the lateral leaflets are also smaller than the cenfral ones,

In L. lincarifolia 15. MEY. the leaves are simple, but in other respects
the species shows so many similarities lo L. cinerea that a close rela-
tionship seems probable. The simple leaves are sometimes narrowly
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linear. but more commonly flat (or with involule margins) and nar-
rowly spathulate, resembling strongly the central leaflets in L. cinerea.
It seems most likely that the leat of L. linearifolia has arisen from a
trifoliolate leal of the L. cinerea type through the suppression ol the
peliole and lateral leaflets.

Such simple leaves, although usually broader, are also found in the related
section Stiza (. MEyv.) BENTH., where the llowers are very similar to those
of the lwo above-mentioned species. In L. pungens Tooxe, the seedlings have
trifoliolate petiolale leaves and the older branches unitoliolale petioleless (i.e.
simple) leaves. ‘I'ransitional forms, e.g. with shorl peliole and one leatlef, are
found on the young plant (see DanLGrREN 1967 p, 155, Fig. 2 Aj.

The other pair of species (Fig. 3 below) belongs to a more southern
group of Lebeckia. It consists of L. megeriana FCKL. & ZEYH. and L.
plukenetiana E. MEY. The former has linear leaves with a “joint™ some-
what above the middle. representing the junction between the petiole
and a solitary leaflel (compare L. halenbergensis below), The leafl is
jointless in L. plukenetiana, which therefore has simple leaves. It can
be seen that the floral characters agree well belween the [wo species,
The legume in L. meyeriana is broader than in L. plukenetiana, bul
both are somewhat flat and have a wing-like upper margin, There is
no tendency in the unifoliolate linear leaves of L. meyeriana and similar
species towards a reduction of the peliole. and the colourless basal part
of the petiole of the unifoliolate leafl resembles that of the simple leaf
in L. plukenetiana. Hence, the latler type of leal is probably phyllodin-
ous in nature, i.e. il consists of the petiole only. — Seclions through the
petiole and leaflet portion respectively. of species of Lebeckia with
linear. *jointed” leaves do not show any particular anatomical difference
thal can give more definile prool of the nature of the enlirely simple
leaves of similar species,

In a species from South West Africa, L. halenbergensis MERXAM. &
SCHREIB., the leaves vary from trifoliolate to unifoliolale, which may
indicate the way in which the linear, “joinled” leaves of more southern
species have originally evolved (see Fig, 4).

The two cases deseribed above represent convergence rvather than
parallelism. The resultant simple leaves are nol homologous, as they
probably do nol represent the same parts ol the original trifoliolate
leaf. bul convergence. in this case. has resulted in analogy.

Bot. Notiser. vol, 123, 1970
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Lebeckia halenbergensis Merxm & Schreib. DINTER NO.BE3Z

The species of Lebeckia illustrated in Fig. 3 below show considerable simi-
larities 1o cerlain species of Rafnia, the third genus included by HUTCHINSON
in the tribe Borbonieae, The reader may nolice Lthe similarity between these
Lebeckioa speeies and the Reafnia species shown in Figo 5.0 My observations
favour the hypothesis that these groups may have a common ancestry, and, in
addition, that the leal of Rafnia is of a phylodinous nature.

TRIBUS BORBONIEAE. AN ARTIFICIAL GROUP CHARACTERIZED
BY SECONDARILY SIMPLE NON-HOMOLOGOUS LEAVES
DEVELOPED BY CONVERGENCE (Fig. 5)

In the tribe Borbonieae three genera have been discussed. viz. Fuehlora,
Borbonta, and Rafnia, each in conjunction wilh the groups oulside
the tribe that are morphologically most closely allied to il. None of
them show marked similarity with the other genera ol the tribe. except
in that they have simple leaves. The group is accordingly artificial. the
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three genera probably representing the end poinlts of three distinet lines
of evolution (see IFig. 5), the resultanl species sharing an incidental
common likeness with regard lo one conspicuous leal character.

The simple leaves in different groups ol Borbonieae are not homolo-
gous but in all probability correspond to:

1) a leaflet (Borbonina)
2) a leal petiole (Rafnia)
3] an undifferentiated entire leal of other lype (Euchlora).

The simple leaves have presumably been derived from diversely tri-
foliolate ancestors (which are probably not identical with any of the
trifoliolately leafed present species mentioned) along three different
lines of evolution. ‘I'ribus Borbonieae thus represenls an excellent exam-
ple of convergence with respect to the simple leaves. This is schematli-
cally illustrated in Fig. 5, which is necessarily somewhat hypothelical.

In the evolutionary branch of Aspalathus (including Borboniaj, each lermi-
nal branchlet is intended to represent a particular species. Due to lack of
space. only a fraction of the whole genus Aspalathus is illustrated. The two
branchlets terminating closest to the circumference of the eirele on either side
represent A, lanate 1. MEy. and A. lanifera R, DANLGR. respeclively; the
branchlet with a lobate lransection oulside the circle represents A. bractealea
THUNR.

With regard to Rafnia a revision of the species is desirable, and the bran
ched tree within the cirele is entirely symbolic. In facl, it should probably
have been shown as even more branched and complex.

“Euchlora” represents a shoot of the Lotononis branch of evolution. To
judge from morphological and. fragmenlary, cytological indications, Lotononis
is probably rather distantly related lo the other genera mentioned here. The
Lotononis branch of evolution in Fig. 5 represents a purely symbolie {raction
of thal genus.

The genera Lebeckia, Wiborgia, Rafnia, and Aspalathus (including
Borbonia) are believed to be closely allied genera, which should be
placed in the same tribe whatever its extent, Beside certain floral simi-
larilies, such as the shape of petals and stamens, and the absence of
strophiole on the seeds, these genera have in common the absence or
poor development of stipules and the prevailing chromosome number
2n=16 or 18.

Several other groups of species within the Leguminosae, where compound
leaves are predominant, display this tendency to evolve simple leaves. Illustra-
tions could also be tuken from the Crotalaria 1. (see e.g. POLHILL 1968), and a
striking case in point can be found among a few representatives of Aeschyno-
mene in Rhodesia (Wirn 1953).
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The present example will also serve to illustrale a tendency among hotanists
to rely on single “key characters”. The importance of single conspicuous
“diagnostic” characters, in this case trifoliolate versus simple leaves, can
easily be over-estimated. HuTcHINSON is by no means more prone than many
other botanical authorities to over-emphasize a single striking fealure. It is
purely incidental that his tribe Borbonieae illustrates this point.

ANALOGY IN THE EVOLUTION OF DIVERSE TYPES OF SPINES
IN ASPALATHUS (Fig. 6)

In the flora of South Africa, spines — pungent, rigid processes of any kind
whatsoever — have doubtless evolved in response to ecological pressure in
the form of grazing animals. This spine prolection has apparently been of
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decisive importance as a selective factor in the genus Aspalathus, beeause it
is found in about 35 per cent of the more than 260 species. In many cases
where species of Aspalathus lack protective spines or thorns, other characters
may have contribuled as “protection” against grazing. for example, dense
pubescence, a low malted habit, and the presence of aromatic substances,
characters that have probably been established. primarily or in part. as a
response o other ecological factors.

There is a tendency in Aspalathus for lowland species to be more effeetively
armed, especially by means of branch or branchlet thorns, than are mountain
species. Il is possible thal during lhe time the species were evolving natural
grazing was more intense in the lowlands than in the mountains. The difference
is not great, however, and many mountain species have leaflets with spiny Lips.

Some lypes of spine protection in Jlspalathus are presented in Fig. 6.
They fall into the following categories:

1) Leaflet apices. which are very often developed as spines of varying
length and sharpness, from shorl. mucros. to long. hard, and with
needle-like points. This type of spine is by far the commonest in Aspala-
thus. and has probably evolved independently along many lines. Spine-
like tips occur in species with flat as well as subtercte leaflets, and in
species with simple leaves (see Fig. 5, “Borbonia™) as well as with (ri-
foliolate leaves.

2} Leaj-base processes. Spines developed from the leat-base (other
than paired stipules) are unique, and — as far as [ know — are limited
to o number of species in Aspalathus. In A aculeata Toneze. (Fig. 6)
the spines. which are of this type. are long and well developed. but they
are also conspicuous in species as widely different as A, fridentata 1.
fwhere laleral processes [rom the spine base may occurl. |\, desertorum
Bot., A ryeroftii R DanLGr., and A gntflora Lo Similar spur-like pro-
cesses [rom the leaf-base also occur in some other species,

Leal-base spines seldom oceur in combination with other kinds of spines,
and we mav notice that A chenopoda L. and A, aculeata Tnrxe., both in
Fig. 6. have very similar floral and inflorescence characters and. for example,
trifoliolate outer bracts. In L. chenopoda, which is a mountain species, the
leaflets are armed with spine-tipped apices; in Ao aceleatn, which grows on the
sotth-western lowlands and has unarmed and weak leaflets, the spines consisl
of the protracted leal-bases

3) Branch thorns and branchlet thorns. In several species. oflen very
dissimilar with regard to floral morphology, the branches take on the
shape of more or less sharp. rigid thorns. These thorns have probably
evolved along several lines. and may provide good examples of par-
allelism in evolution. In species with the inflorescence located at the end
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of the main branch. the thorn serves al the same time as an inflorescence
axis, as in A. acuminata LAM. (Fig. 6). In other thorny species. the flo-
wers are concentrated Lo lateral branchlels, which are often developed
as shorl shoots or are somelimes peduncle-like, as in A. acantholada
R. DanrLGr. (Fig. 6). In A, spinesa L. there is greal variation in lhe
thorns. In some populations the main branches as well as lateral branch-
lels of varying length develop into thorns, but in most forms the thorns
consist of relalively short, hook-like, and leafless branchlels, a
condition also found in the similar species A, glabrata 1. DAHLGR.
(Fig. 6).

There are accordingly three main types of spine protection in the
genus, and lhese are by no means homologous. They represent a fune-
tional similarity nol relaled to the origin ol the structure, and thus may
serve as an example of analogy.

ANALOGY IN THE DISTRIBUTION OF FLOWERS (Iig. 7)

The mode of distribution of flowers on the planl in an allogamous
species is of decisive importance for pollination. In some groups of
species in Aspealathus the flowers are assembled in lerminal mulliflorous
spikes, heads, or racemes, which in themselves exert sufficient attraction
on insecls. An elongaled spike of A. heterophylla L. ¥IL. is seen lo the
left in Fig. 7.

In olher groups ol species the inflorescences are few- or one-flowered
and located on lateral branchlets. The flowers, especially when rather
small, need lo be aggregaled in order Lo be sufficienlly conspicuous to
the insects. This stale has been obtained in a greal number of Aspalathus
species by the concentration of branchlels to dense (floriferous) short
shoots. The spike-like pseudo-inflorescence in A, ericifolia L.. shown to
the right in Iig. 7. represenls this type. 1t is probably a derived slate in
relation Lo a single many-flowered inflorescence of the kind mentioned
above.

In several species of Aspalathus the flowers are borne on peduncles,
a condition which in certain cases may be of seleclive advantage, as
the flowers are more effectively displayed. These peduncles are of
different Lypes, however (see DAHLGREN 1963 A p. 59, Fig. 3). In species
like A. lanata 1. MEY.. A, lanifera R. DAnLGR. (both in Fig. 2), and
A, alpestris (BExTH.) R. DAHLGR. (“Borbonia” in Fig. 5) the peduncle
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represents the internode jusl below a pauciflorous inflorescence al the
end of a branch in a sympodial system. In 4. serpens R. DAHLGR. and
several other species the peduncle consists of the uppermost internode
below a usually unifloral inflorescence of a lateral branchlel. In A, refro-
flexa L.. A, longipes HARV.. and several other species il is a prolonged
internode {other than the uppermost} of such a lateral branchlet, The
effect is principally the same in relation to the pollinaling insects. More-
over. botanists have usually been taken in. having supposed a close
systematlic affinity between all the pedunculiferous species (ef. HARVEY's
section “Pedunculares™: HARVEY 1862 p. 139).

Dense inflorescences and pedunculate {lowers both represent adapla-
tions to insect pollination. Such adaptations may be attained along
different phyletic lines in response to a common selective pressure,
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Wild Flowers of Greece, painted by NIkl A. GOULANDRIS, fext by
CoNsTANTINE N. Gourims, edited by W. T. STEArN, Publication of the Gou-
landris Botanical Museum, Kifissia, Athens 1968, 214 pp., 119 colonred plates,
linen hound, 38 % 28 cm. Price {prepublication) US 40,

This book. which is intended as no. 1 in a series of publications from the
Goulandris Botanical Museum, is an outstanding conlribution to Greek holany
and to the art of botanical illustration. It contains 119 life-size illustrations
of Greek plant species painted in waler-colours by Mrs, N1kl GOULANDRIS and
printed in six-colour litho-offset by J. Markis S.A. of Athens. The accom-
panving descriplive lext is written by the late Dr. €. N Govrivis of Athens
and by Dr, W, T, Steanry of the British Museum. A foreword is provided by
Sir GEORGE TAYLOR, Kew.

The Goulandris Botanieal Museum, in Kifissin near Athens. was established
in 1963 1o house the important collections of C. N, Govrimis and to stimulate
research on the Greek flora. The herbarium has subsequently been augmented
by the extensive collections of N1kl Govraxpris and co-workers. and now
comprises approximalely 100,000 sheets, It has developed into a eentre of in-
creasing imporlance to students of Greek holany.

CONSTANTINE GourLiMis way horn in Athens in 1886, After receiving the
degree of Doctor of Laws at the University of Athens, he served for a period
of forty-four years as the legal adviser to the British Embassy in Athens. His
bhotanical interest was aroused while in exile in South Africa as legal adviser
to the Greek Government during the Second World War, After returning to
Greece, he devoted much of his time between 1946 and his unforfunate death
in 1963 to the exploration of the Greek flora, especially the plants of the high
mountains. He gathered a rieh herbarium and discovered no less than 230
species hitherto not recorded [rom Greeee, several of them new to scicnee.
Parl of his material was revised by Professor K. H. REcHiNGER of Vienna.,
Dr. W, Mascnr of Graz, as well as other hotanists. His name is commemoraled
in such species ns Campanula goulimi, Linum goulimi, and Stachys goulimi.

Mrs. N1kl GOULANDRIS is a well-known artist from Athens. Her paintings in
oils and water-colours have been shown at separate exhibitions in Athens,
and are represented in many public and private galleries in Europe. In associa-
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tion with GovrLiMis she look interest in hotany and commenced to paint Greek
wild flowers in 1966, Some 800 paintings have now heen completed.

The present volume is the most spectacular sign of (he activity of the Gou-
landris Botanical Museum. No doubt it will principally be remembered for its
illustrations combining great artistry with faithful bhotanical accuracy. The
accompanying lext contains synonyms, brief deseriptions of the plants, cita-
lions of specimens. details on distributions, and Greek vernacular names. Since
most readers are no doubt unfamiliar with the Greek language, some etymo-
logical comments would have been desirable.

Some of the illustrated species, for example. Coronilla emerus, Styrax offi-
cinalis, Lavandula stoechas, Asphodeline [utea, and Ornithogalum nutans, are
well-known and widespread Mediterrancan plants likely to be seen by the
ordinary traveller. Others, such as Pancratium maritimum and Colchicum spp.,
are widespread but flower at times when most bolanists have finished their
field work and returned o indoor activities; thus, the illustrations of such
taxa are particularly welecome. Among the selection of plants are several rare
or endemic species, some of which have never been illustrated before. Recherche
mountain plants as Sempervioum reginae-amalice and Viola delphinantha
may be mentioned. There is also an exceptionally fine and well-illustrated
specimen of Haberlea rhodopensis, an endemic to eastern Macedonia and
Bulgaria belonging to the ame family (Gesneriaceae) as the more famous
Jankea heldreichii of Mt. Olympus. Special interest has been devoted to the
monocols, nolably the orchids and genera such as Crocus and Fritillaria, whose
delicate beauty is depicted with skill and artistic feeling.

The artist and students of the Greek flora are lo be congratulated for the
work so fortunately commenced with the present volume. If continued along
the same lines, it will develop into a worthy successor Lo SIBTHORP and SMITH’
Flora Graeca — the greatest of all illustrated floras — from the beginniiy
of the 19th century.

ARNE STRID

BJOREQVIST, 1. 1967—1968. Studies in Alisma L. I Distribution, varia-

tion and germination. — Opera Botanica 17, [I. Chromosome studies, erossing
experiments and taxonomy. — Opera Botanica 19,

The two papers are a brief survey of the investigation of the genus Alisma L.
The total distribution of the genus is regarded as spontaneous on the whole,
Some groups of species can be distinguished in regard to the geographical
distribution. . Species with wide European distribution: Alisma plantago-

aquatica and A. lanceolatum. — 2. Species with rather wide American distribu-
tion: A. subcordatum and A. triviale. — 3. Species with rather wide European-
American distribution: A. gramineum. — 4. Species with restricted Scandi-
navian distribulion: A. wahlenbergii. -~ 5. Species with restricted Asialic

distribution: A. orientale, A. rariflorum, and A. canaliculatum.

All species are fresh-water plants and reach their most normal development
in moderately eulrophic water.

The morphological variation within the population is normally small. De-
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tailed accounts are provided of the morphology, germination and seedling
development of the various species. Information is also given on modification
experiments carried out to elucidate the effect of varving environmental
conditions.

The leat morphology is highly modifiable and influenced by the water depth
and connecled factors.

The chromosomes have been extensively studied and the evolution of some
taxa, especially the tetraploids and hexaploids, is discussed.

The basic number of the genus is 7, and the genus consists of diploid, tetra-
ploid and hexaploid speecies. Furthermore there is one ancuploid number,
2n—26, on the tetraploid level. Karyologically the genus is rather uniform,
bul quite different from the related genera. The genomes of the different spe-
cies exhibit great similarities and the chromosomes can be separated inlo wo
groups. The firsl comprises five large chromosome pairs with median or
submedian eentromeres, whereas the sceond group contains two small pairs
wilth £ subterminal constrictions. One of these pairs has satellites and is the
nucleolar organisers.

Some nalural hybrids are recorded, including A. lanceolatum (2n=28) X
A, plantago-aquatica. The cylotype with 2n=26 has not been found to hybri-
dise with A, plantago-aquatica in the wild. 1n the Swedish province of Gotland
a plant found with 2n=27 is probably the pulalive hybrid A. lanceolafum
(2n=28) X A. lanceolatum (2n=26).

A large series of crossing experimenls has been made with material from
all taxa of the genus as well as from the relaled genera. The result indicates &
clear sterility barriers between the species and shows Lhat the genus Alisma
seems lo be genetically isolated from the other genera of the family. The
genetic isolation of laxa seems lo be ralher effective bul of different degrees.
In all cases the Fy-hybrids obtained have a considerably reduced fruitsetting
and germinalion.

The spontaneous and the artificial hybrids are very much alike.

No sterility barrier is demonstrated between the different populations of
the taxa,

Based upon the investigations a taxonomic evaluation of the genus is made,
Descriptions of the various taxa is provided, logether with synonymy and a
kev to their identification. The following nine taxa are upheld. No taxonomi-
cal rang is given to the two cylolvpes of A, lanceolatum.

A, plantago-aquatica L. 1753 2n 14 A, lanceolatum WiTH,

A. orientale (SaMm.) Juz, 1934 2n 14 1796 2n 26, 28

A. gramineam LEJ. 1811 2n 14 AL rariflornm Sam. 1932 2n 26

A, wahlenbergii (HOLMBERG) A. triviale Pursn 1814 2n 28
Juz. 1934 2n 14 A canaliculatum A. BRavN

A. subcordatum BRarFin. 1808 2n 14 et BoucHE 1862 2n 42

THE EDITOR

Bot. Noiiser, val. 123, 1970



572 BOTANICAL LITERATURE

TyLERr, G. 1969, Studies in the ecology of Baltie sea-shore
meadows Il Flora and vegetation. - Opera Bolanica 25.

The paper is a deseriptive study on flora and vegelation of Baltic sea-shore
meadows in the provinces of Sédermanland and Ostergitland, south-central
Sweden, The vegelation is described in terms of comprehensive associalions
and subassociations, characterized floristically by groups of characleristic and
differential species,

Continnonsly submerged vegelation is only discussed briefly, Two associa-
tions of the Ruppion maritimae, the Najadetum marinae and the Polamogelo
filiformis - Charetum asperae, are described. The hydrolitoral is occupied by
primary Phragmilion vegetation, distinguished as Phragmilo-Scirpetum mari-
limi, though sometimes replaced by a secondary Eleocharetum parvulae. The
vegelation of the geolitoral is distinetly girdled. The lower part of Lhis bell is
occupied by an Eleocharelum uniglumis, typically an Eleocharclosum uni-
glumis, in sheltered sites often replaced by a Caricetosum mackenziei. The
middle and upper geolitoral is covered by a Juncetum gerardi with three
zonally arranged subassociations. On shores rich in gravel or superficial bed-
rock il is mostly replaced by a Caricetum pulehellae with three subassociations.

In and around shallow depressions zonalions of secondary communities are
developed in the geolitoral. An Agrostis stolonifera - Triglochin palustre com-
munily, floristically related to the Eleocharetum uniglumis, is the most com-
mon unit but sometimes replaced by an open Sperguletum salinae,

Some atlention is also given to the vegetation of drift litter and the main
vegelation of the epilitoral. In a final chapter the present and earlier use of
sea-shore meadows, as well as the effects of grazing arve discussed.

Tue EDITOR
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Announcement

First International Mycological Congress 1971

The First International Mycological Congress will be held at the University
of Exeter. Devon. England, from Tuesday 7ih September to Thursday 16th
September, 1971, President: Professor C. T, INGoLb. Secretary: Professor Jonx
WEBSTER.

There will be seven concurrent symposia each day. These will be grouped
into seven sections as follows: 1. Structure and Morphogenesis, 2, Cytology and
Genetics. 3. Taxonomy. 4, Physiology and Biochemistry., 5. Induostrial and
Applied Mycology, 6. Ecology. 7. Svmbiosis and Pathogenicily.

Meetings on lhe Organisation of Mycology will cover Nomenclature, Her-
baria and Culture Collections, Mycological Edueation, Mycological Publications
and Information, Mapping Schemes.

Exhibitions and Demonstrations will include an exhibition of Ultrastruelure
I’hotographs. Teaching Techniques and Material, ete.

FForays. The British Mycological Society as well as The British Lichen Soci-
ety wellcome Congress Members lo Congress foravs. If there is sufficient
support it is hoped lo arrange a post-Congress Foray ol inlerest to specialists
in microfungi.

Preliminary registration card can be received from Dr. ROLF SANTESSON,
Institute of Systematic Botany, P.O. Box 123, 8-751 04 Uppsala, Sweden.
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