TAXONOMIC AND CYTOLOGICAL NOTES ON
TURKISH ORNITHOGALUM

J. CULLEN* & J. A. RATTER

INTRODUCTION

The work reported in this paper was originally undertaken to provide
determinations for the large collections of living Ornithogalum plants (largely
from Turkey) grown at the Royal Botanic Garden; and to take the oppor-
tunity for cytological investigation which this collection afforded. From a
very early stage it was clear that, even to achieve the simple aims mentioned
above, it would be necessary to make a fairly considerable revision of the
classification of the genus in Turkey; this paper represents the outcome.

We have largely restricted ourselves to the Turkish representatives of the
genus because material available to us from other areas was fragmentary.
Such politically based restriction is unfortunate but unavoidable. However,
Turkey obviously represents an important area in the taxonomy and evolution
of the genus, as is shown by the frequency with which species, apparently
distinct in other areas, intergrade there. This has led us to use a somewhat
broader specific concept than most other workers on the genus, which has
resulted in the reduction to synonymy of many well-established names.
Some of these previously recognised taxa could be used as the basis for
subspecies or varieties, but most of them have the nature of 1-character
variants, which, in our opinion, do not warrant formal classification.

The cytological work has been done by J. A. Ratter and the taxonomic
revision by J. Cullen: the present paper is the result of discussion between
both authors.

Voucher specimens of all cultivated material have been placed in the
Edinburgh herbarium. They have all been given numbers in the C. series
used for that purpose and such material has been listed at the end of the
cited specimens under each species. In the cytological discussion plants
from wild sources are nevertheless referred to by their collectors numbers
in order to maintain continuity between taxonomic and cytological parts.
It needs to be clearly understood, however, that any question about the
material on which the chromosome numbers are based must quote the C.
number: reference to the collectors number will lead to the specimen dried
in the field.

We should like to thank Dr. P. H. Davis for accumulating the living
material and for pointing out how much it was in need of study. We are
particularly indebted to Miss H. T. Prentice for assistance with the cytology.
Miss R. M. Smith drew the idiograms and the Directors of the Rijks-
herbarium, Leiden, the Geneva herbarium, and Dr. H. Demiriz (Istanbul)
kindly lent herbarium material.

*Now at Liverpool University Botanic Garden, Ness, Neston, Cheshire.
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TAXONOMY

The following revision is in no way complete—the taxonomy of the whole
genus is as yet in too fluid a state for this to be possible. In particular, we
have avoided (whenever feasible) problems of typification and nomenclature,
preferring to use well-known names, rather than spend what might well be
a great deal of wasted time in searching out the puritanically correct names.
To repeat: the taxonomy of the genus is not yet in a sufficiently settled state
for this to be accomplished.

The revision has been based on the following materials:

(i) Specimens in the Post Herbarium, Geneva, currently on loan to
Edinburgh (specimens collected by Post and Aznavour).

(ii) Specimens from the herbarium of the Pharmacy Faculty, Istanbul
University, kindly made available by Dr. H. Demiriz (specimens
collected by Demiriz, Heilbronn, Basarman and Mete).

(iii) Specimens lent from the Rijksherbarium, Leiden, collected on ‘Iter
Leydenense 1959’

(iv) Specimens in the Edinburgh Herbarium (collectors other than those
cited above).

(v) Plants cultivated in the Royal Botanic Garden, Edinburgh, from
bulbs collected by various collectors. Herbarium specimens have
been made from all plants which have flowered over the last three
years.

All specimens cited have been examined.

Only one revision of the genus as a whole has been published—by Baker
(1873). This is now very out of date, though the supraspecific classification
adopted by Baker has, with minor modifications, remained acceptable. No
comprehensive treatment of the species of the eastern Mediterranean region
has been published since Boissier revised the genus for volume 5 of the,
Flora Orientalis (1882). Feinbrun’s revision (1940) of the species of Palestine,
Iraq and neighbouring regions and Markgraf’s treatment in Hayek’s
Prodromus Florae Balcanicae (1932) complete the list of useful treatments.*

CYTOLOGY
Ornithogalum is in some respects ideal material for cytological study and
hence a considerable amount of literature has already accumulated on this
subject. Early studies were carried out by such workers as Delaunay (1925),
Heitz (1926) and Sprumont (1928). Among later contributors Neves (1952,
19562, 1956b) gives a most detailed account of many species chiefly from
the Mediterranean region, whilst de Wet (1957) and Pienaar (1963) deal with
South African species. These workers have demonstrated the occurrence of
a complex and interesting cytological situation involving a range of basic
numbers, polyploidy and the occurrence of B chromosomes. The following
account attempts wherever possible to correlate the results obtained in this
investigation with those of other workers; it needs to be clearly stated,
however, that the identification of their material has not been checked.

*But see the addendum (p. 296).
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The plants used in the cytological investigation were all cultivated in pots
kept in cold frames at the Royal Botanic Garden, Edinburgh. In many cases
there were a number of bulbs per pot and therefore it was often impossible
to ensure that all root-tips collected came from the same plant.

Root-tips were collected in March and early April when growth was very
active. They were pretreated for four to five hours in a saturated aqueous
solution of paradichlorobenzene and then fixed in 3:1 ethanol: acetic acid.
Squash preparations were made in iron acetocarmine. No special hydrolysis
was necessary; the root-tips were merely tapped out under the coverslip
prior to squashing and this gave a good spread of material.

Wherever possible the idiograms have been made from measurements
taken from a number of photographs, but in a few cases it has been necessary
to use camera lucida drawings which are generally rather less accurate
(where this is the case it is stated in the caption of the figure).

Chromosome counts obtained in this investigation are summarised in
Table I, p. 337 as are those made on the same species by other workers.

SUPRASPECIFIC CLASSIFICATION

Baker divided the genus into 7 subgenera; one of these, Ledebouriopsis
(species all African) is not now considered to form part of the genus Ornitho-
galum. The other 6 form easily recognisable, apparently natural units,
distributed as follows:

Subgen. Caruelia: Africa, Mediterranean area.

Subgen. Beryllis: Africa, Mediterranean area, S. Europe.

Subgen. Ornithogalum (Subgen. Myogalum (Link) Baker): Mediterranean
area.

Subgen. Cathissa: Africa, W. Mediterranean area (Spain, Portugal &
Morocco).

Subgen. Heliocharmos: Mediterranean area, S. Europe.

Subgen. Osmyne: Africa.

A small number of species also occurs in S. America, but the literature is
very reticent as to their subgeneric positions.

Four of these subgenera are represented in the Turkish flora, viz.: Caruelia,
Beryllis, Ornithogalum & Heliocharmos, Subgen. Ornithogalum is represented
by one species; Beryllis by 6 taxa of somewhat doubtful rank (see below);
Caruelia by 2 species; and Heliocharmos by 15 species, arranged here in 3
informal groups. They may be recognised as follows:

1 Raceme - cylindrical, the lower pednccls not or scalcely exceedmv the
upper in length - 2
Raceme - triangular, xhe]owel pedicels cledrly longer than the upper 3
Filaments of the inner stamens bearing 2 teeth at the sides of the anther;
flowers nodding - ? : Subgen. Ornithogalum

=

n

{- Filaments without such tee(h, ﬂ0\\er< hOl‘lZOn(dI or ascending
Subgen. Beryllis
3 Perianth segments with a cOnspxcuous green fascia on the back; ovary

green or yellowish L g Subgen. Heliocharmos
{ Perianth segments wnhou( a green fascx ovary dark brown, purplish or
almost black - + Subgen. Caruelia




296 NOTES FROM THE ROYAL BOTANIC GARDEN
ADDEND UM

Since the taxonomic part of this paper was written, Zahariadi (1965) has
published an important paper on the taxonomy of the Mediterranean species
of the genus. This paper is concerned with supraspecific classification; only
species which are types of sections or subgenera are referred to, which
makes it difficult to give a full comparison between Zahariadi’s treatment
and the present account.

Using characters of the seed-coat, epidermis, type of germination and
bulb structure (which we have not studied), as well as the “normal” characters
of external morphology, Zahariadi proposes the following classification
(species mentioned in the present paper are marked with an asterisk):

Subgen. Beryllis

sect. Involuta (type: O. flavescens*)

sect. Galactea (type: O. ponticum)

sect. Albedo (type: O. fischerianum*)
Subgen. Eustachys (type: O. arcuatum*)
Subgen. Ophiogalum

sect. Oligophylla (type: O. oligophyllum*)

sect. Lambda (type: O. sigmoideum*)
Subgen. Hypogaeum

sect. Fimbriata (type: O. fimbriatum*)

sect. Aptera (type: O. amblycarpum)
Subgen. Oreogalum

sect. Platyphyllum (type: O. montanum*)

sect. Lanceolata (type: O. Ianceo[arum*)
Subgen. Amphib. (type: O.
Subgen. Anosmium

sect. Oroidea (type: O. oreioides)

sect. Nana (type: O. nanum*)

sect. P lum (type: O. wiede i*)
Subgen. Heliocharmos

sect. Obtusangula (type: O. comosum*)

sect. Umbellatum (type: O. refractum®)
Subgen. Myogalum (type: O. boucheanum—mentioned here under O. nutans).

Obviously, this classification, using new information, requires careful
consideration and re-examination of material. We have not had the oppor-
tunity to do this, but offer the following preliminary comments:

() On grounds of general morphology, the splitting of subgen. Helio-
charmos (sensu orig.) into 6 subgenera seems unjustified.

(b) The separation of O. montanum and O. lanceolatum into different
sections seems totally unnecessary in view of the very close morphological
and cytological similarity between them, and the occurrence of intermediates
(cf. p. 317).

(c) The wide separation (into different subgenera) of O. nanum and O.
sigmoideum (which we have treated as synonymous) is surprising, as also is
the separation of O. nanum and O. refractum.

We look forward to seeing an extension of Zahariadi’s paper, in which
the positions of all the species are given; with this, a full evaluation of the
new classification will be possible.
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Map 3. @ O. sphaerocarpum; W O. flavescens.




Map 4. @ O. tenuifoliunm; © O. alpigenum; W O. nivale.

Map 5. B O. umbellatum; = O. armeniacunt
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Map 6. O O. ulophyllum; T3 O. tempskyanum.
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Map $. O O. namum; [ O. refractum; @ O. oligophyllum.

Subgen. Ornithogalum
(Syn.: Subgen. Myogalum (Link) Baker)

O. nutans L., Sp. Pl. 308 (1753).

TURKEY. Ganakkale: Renkoei (Erenkdy), in dumetis, 24 iv 1883, Sintenis 58.
Mugla: Mugla to Ula road, in cemetery, fls. silvery-white, semipendulous,
650 m, 17 iv 1962, Guichard TUR/59/62. Bursa: road from Uludag to
Sogukpinar, 30 km from Sogukpinar, 500-1000 m, dry clay outcrops, 16 v
1962, Dudley (D 34734.) Mugla: distr. Fethiye, Kalkan, 30 m, cornfields,
leaves deep green, deeply channelled but not white-lined, tepals green,
outside except for a whitish margin, 30 iii 1966, Davis & Polunin (D 25524).

F
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Izmir: in collibus saxosis Smyrnae, iv 1827, Fleischer; Smyrne, dans le
moisons, 10 iv 1854, Balansa 150. Aydin: Gokbel to Cine 400 m, rocky
granitic N. slopes, 20 iv 1965, Davis 41476. Balikesir: Kaz Dag, Ida, iv 1856,
Kirk. Kaz Dag, Rabat to Beypinar, 1600 m, open grassy meadow, 20 v 1962,
Dudley, (D 34319); ibid. 15 km from Beypinar, 500 m, Dudley, (D 34863).
Igel: Mut, Adras Dag, 1300 m, Coode & Jones 960. Islands: Ikaria, c. 410 m,
Gathorne-Hardy 587.

CULTIVATED MATERIAL:

C 4976=D 25524*

C 4977=Dudley, D 34819

Markgraf (1932) divided this species into 3 subspecies, using characters
of the perianth and stamens. All the material examined here belongs to
subsp. nutans; records for O. boucheanum and O. prasandrum from Turkey
should be referred to this species. Subgen. Ornithogalum contains one other
species, O. libanoticum Boiss. & Bl. from the Lebanon, which differs from
O. nutans in having broader leaves, perianth segments without a green fascia
and filaments relatively longer. O. nutans is the type species of the genus.

CYTOLOGY

The two stocks in cultivation at Edinburgh have both been studied.

Dudley D 34819 has 2n=14 in some roots and 2n=15 in others (fig. 2,
plate 12). Whether these roots belong to different plants or merelyre present
polysomaty in the roots of a single individual is not known since there were
a number of bulbs in the same pot. The SAT chromosome is the shortest
member of the complement. The extra chromosome in the 2n=15 roots
corresponds in morphology to the metacentric no. 4 for which they are
apparently trisomic.

D 25524 has 2n=40 in some roots and 2n=41 in others (fig. 1, plate 12).
For the same reason as in the previous stock it is not known whether roots
differing in chromosome number belong to different plants. There is only a
single pair of SAT chromosomes and as in D 34819 this is one of the shortest
pairs. Also as in D 34819 the extra chromosome, which occurs in the 2n=41
roots, is a large metacentric. The chromosome number suggests that this is a
near hexaploid derived from the n=7 type and the karyotype accords quite
well with this idea, each chromosome of the haploid genome being repre-
sented three times, apart from one of the short subtelocentrics which is
represented only twice. Examination of the idiogram shows that the corres-
pondence in threes is not exact but nevertheless it seems to be approximately
correct, allowing for inevitable errors in such analyses. Presumably the
occurrence of only one pair of SAT chromosomes indicates that the presence
of one pair of nucleolar organisers suppresses the development of others.

There are a number of previous chromosome observations in O. nutans.
Heitz (1926) reported n=14(-16), Sprumont (1928) n=8 and Nakajima
(1936) 2n=30. Lauber (1947), however, observed 2n=4z in this species

*Details of origin of the cultivated material are not given in those cases where the
locality has been cited with the collector’s number in the specimen citations.




NOTES ON TURKISH ORNITHOGALUM 30t

from material growing at the Vienna Botanic Garden; she also observed
2n=28 in the closely related O. boucheanum (=O. nutans ssp. boucheanum
(Kunth) Markgraf) and 2n=35 in the hybrid between the species. These
results were later confirmed by Holzer (1952). Lauber’s drawings show a
SAT chromosome identical to that observed by us. Her plants were obviously
full hexaploids as opposed to D 25524 which is hypohexaploid.

Our results together with those of other workers show that there is a
polyploid series within O. nutans. D 34819 with 2n=14 is a diploid, whilst
the plants studied by Heitz and Nakajima were presumably close to the
tetraploid level (which is found in the closely related O. boucheanum). The
plants studied by Lauber and Holzer are hexaploids (2n=42) whilst D 25524
(2n=40) is a near hexaploid (the 2n=41 roots of this stock being trisomic
for one of the large metacentric chromosomes). Sprumont’s count of n=8
indicates the further possibility that more than one basic number may exist
in this species.

Subgen. Beryllis (Salisb.) Baker

A very difficult group taxonomically. Two reasons may be advanced for
this: (i) taxa which appear to be distinct and easily recognisable in one area
intergrade in others; (ii) taxa have been distinguished using characters which
are not easy to judge with herbarium material. Thus, a large number of
herbarium specimens cannot be satisfactorily identified. In Turkey 5 taxa
may be recognised, 4 of which (pyramidale, brachystachys, arcuatum and
sphaerocarpum) intergrade among themselves. Of the other two, flavescens is
said to be distinguishable by its perianth segments being pale yellow on the
inner surface. This character is easily observed in living material, but cannot
be judged on herbarium specimens. Our experience has been that plants
yellow-flowered when living may retain this coloration when pressed, or may
dry whitish. Plants white-flowered when living usually dry whitish, but some-
times develop a yellowish colour. Collectors, therefore, should make adequate
field notes, stating the perianth colour, when collecting members of this
group. A further taxon, magnum (which does not occur in Turkey, being
restricted to the Caucasus), is distinct on account of its large size and robust
habit, but, in technical characters it resembles arcuatum very closely; it has
been included in this account because good material was available.

One of the characters used in dividing up this group depends on the
position of the perianth segments after flowering. These may just wither and
remain loosely surrounding the developing fruit, or may become twisted
together and connivent above it. This character is, like flower colour, difficult
to judge in herbarium material (a suitable stage is often not represented) as
the old perianth segments are fairly brittle, and are easily broken or displaced
by pressing. This is another point collectors should mention in field notes.
The difficulties in assessing this character probably account for discrepancies
in its usage in the literature. Thus Markgraf (1932, 81) divides O. pyramidale
into 2 subspecies, eu-pyramidale and narbonense; in the description of the
species we find: “Perigonii phylla . . . post florendum complicata et conniventia.”
There is no mention of this character in the descriptions of the subspecies,
so it is justifiable to assume that the description quoted above refers to both.
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Meanwhile Feinbrun (1940, p. 137), keying out the same taxa (this time as
species), writes as follows:

1 All Jeaves of the perigonium twisted together after flowering;
O. pyramidale
1 Leaves of the pengomum not tms!ed as <Ib0\ e, sometimes each twisted
<ep(\rate]y, 0 2
(leading ultimately to) - - 9 G o 0. narbmwn:e

Markgraf’s account follows a treatment of the group by Kerner (1878),
which separates these two taxa on bract and style length and the persistence
or absence of the leaves at anthesis. On this basis, narbonense does not occur
in Turkey, at all, though the name frequently occurs in lists of Turkish
records. We have followed Kerner’s and Markgraf’s interpretation, and have
excluded narbonense from this account.

The difficulties just mentioned are reflected in the problem of how this
variation is to be formally presented. The 6 taxa listed above could be
recognised as separate species; they could be recognised as varieties of one
species; the four which intergrade could be treated as subspecies (admittedly
not very distinct geographically) of one polymorphic species, leaving the
other two as oligotypic species. Only on the basis of a great deal more work
over the whole range of the group (including other taxa, e.g. ‘narbonense’—
see above, O. bungei Boiss., from Iran, O. visianicum Tomm. from Jugoslavia,
O. sessiliflorum Desf. from N. Africa, etc.) could a reasoned decision be
made as to the most suitable treatment. Indeed, it is doubtful if a treatment
agreeable to all taxonomists (and to the facts) could be produced even after
all this work. In this preliminary study we do not feel able to offer any settled
disposition for these taxa; they are treated as species below purely for the
sake of nomenclatural convenience.

The taxa may be distinguished (insofar as our observations show they can
be) as follows:

Perianth segments yellowish on the inner surface, dpp'xrenl]y not connivent

and twisted together after flowering - 6. flavescens
+ Perianth segments white on the inner surface, app'\renl]y usually con-
nivent and twisted together after flowering - 2
2 Fruiting ped:ce]s arcuate-erect ; penamh segments nsna]ly wnhout a green
fascia 3 3
+ Fruiting pedicels straight, usually strictly erect; perianth segments
usually with a fascia - ‘ g S < : . - 4

3 Leaves 10 mm or more broad; scapes c. I cm in diameter at the base
3. magnum

-+ Leaves narrower; scapes thinner - 2 3 - © 2. arcuatum
4 Scapes up to 70 cm; racemes I0-20 cm 4 < 1. pyramidale
- Scapes up to 35 cm; racemes 4-I0 cm - 2 ® o B 5
5 Leaf margin somewhat denticulate; capsule = ovoid or cylindrical

4. brachystachys
+ Leaf margins smooth; capsules & globose - - 5. sphaerocarpum
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1. O. pyramidale L., Sp. Pl. 307 (1753).
Syn.: O. narbonense L. var. pyramidale (L.) Boiss., Fl. Or. 5: 214 (1882).
O. pyramidale var. eu-pyramidale Markgraf in Hayek, Prodr. FI.
Balc. 3: 81 (1932).
O. narbonense subsp. typicum Feinbr. in Pal. J. Bot., Jer. ser. 2: 135
(1940).

TurRKEY. Canakkale: Renkioi (Erenkdy), Dardanelles, vi 1856, Kirk,
Dardanelli, in montosis, 28 v 1883, Sintenis 929. Eskisehir: 20 km from
Eskisehir towards Ciftiler, 800 m, steppe fields, Davis & Coode (D 37232).
Gorum: between Amasya and Corum, 1000 m, ploughed land in cornfield,
full sun, flower white . . ., 11 v 1960, Furse & Synge 111. Samsun: burial
mound 2 miles E. of Samsun, 30 m, open field, racemes of white flowers,
striped green, 10 vi 1963, Tobey 367. Coruh: Artvin, 850 m, fallow fields,
25 vi 1957, Davis & Hedge (D 30018). Kars: Yagmurlu Dag between Sari-
kamis and Karaurgan, 2200 m, igneous slopes, 7 vii 1957, Davis & Hedge
(D 30699). Izmir: Cesme, 10-50 m, rocky limestone slope facing south, fls.
white with green fascia, 26 iv 1965, Davis 41810. C2 Mugla: d. Marmaris,
Sogut to Bozburun, s.l.—50 m, rocky limestone slope, 15 iv 1965, Davis
41210. Konya: Konya to Gumra, Kiigiik Koy, cultivated land, 980 m,
flower white, Helbaek 2525. Yozgat: Sorgun to Cekerek, 1000 m, Coode &
Jones 1645. Kayseri: Bakir Dag above Kisge, 1400 m, fallow field, tepals
white with green fascia, leaves green without white line, 28 iv 1952, Davis
19297 Dodds & Cetik. Seyhan: Bozanti (Pozanti), 1896, Siehe 363. Tunceli:
above Pertek, 1600 m, rocky igneous slopes, flowers whitish, 14 vii 1957,
Davis & Hedge (D 31056). Gaziantep: Kizilhissardere, 25 km S. of Gaziantep
on road to Kilis, fallow fields, 750 m, 13 v 1957, Davis & Hedge (D 28017).
Maras: near Eloglu, 400 m, marshy fields, leaves erect, without a white line,
30 iv 1957, Davis & Hedge (D 27313); montagnes du Kurd Dagh, 1300-
1600 m, v 1907, Haradjian 1091. Urfa: 5 km W. of Urfa, 80oo m, stony
limestone ground, flower white, 17 v 1957, Davis & Hedge (D 28185). Diyar-
bakir: N. slope of Karacadag between Siverek & Diyarbakir, 1100 m, moist
pasture, 19 v 1957, Davis & Hedge (D 28299). Bitlis: Pelli Dag above Pelli,
2500 m, damp slope, Davis & Polunin (D 22620). Islands: Khios, Ins. Chio,
prope Mezaria, iv—v 1850, Orphanides 831.

CULTIVATED MATERIAL:

C 3408=D 33294 (Crimea, Nikita)

LE 59. 4230 (Leningrad Botanic Garden)

D 28017

The perianth segments in this species vary from 10-20 mm long.

CYTOLOGY

Observations have been made for three stocks of this species: D 28017
has 2n=14, D 33294 2n=16, and C 3459 2n=18 (figs. 3-5, plate 13).

The idiograms of D 33294 (2n=16) and C 3459 (2n=18) show that the
karyotypes are almost identical apart from the absence of one of the short
chromosome pairs in the former. The karyotype of D 28017 (2n=14) is
clearly related to these forms, the SAT chromosome with the characteristic
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long satellite is identical, but the second chromosome has a less median
centromere and there are four instead of three pairs longer than the SAT
chromosome. Presumably some structural alterations are involved in these
dissimilarities, possibly associated with the difference in chromosome
number.

The existence of a dysploid series with x=7, 8 and 9 in this species is
interesting as in the relationship of the karyotypes of all three numbers.
Meiotic studies in hybrids between these dysploid pyramidale stocks would
no doubt give rewarding results.

A number of other workers have reported cytological observations for this
species. Neves (1952) recorded 2n=24 in two stocks from garden sources
and his chromosome analyses show that they are diploid. There are, however,
in these 2n=24 plants four pairs of very short and one pair of fairly short
chromosomes and it seems that the numerical differences between Neves’
plants and ours involve these pairs. The tendency in Ornithogalum for such
short pairs to be supernumerary or semi-supernumerary is discussed later.
The longer chromosomes of Neves’ plants correspond fairly well to those
of ours, although in general their short arms appear to be shorter. Nakajima
(1936) also recorded 2n=24 for pyramidale. Heitz (1926) reported n=c.
16 and his figure shows a mitotic plate with 2n =33, of which 17 chromosomes
are very short. This type of complement occurs in other members of the
subgenus Beryllis and is dealt with later (p. 308).

As discussed above the two taxa O. pyramidale and O. narbonense are
exceptionally close and almost indistinguishable. It is therefore interesting
that some observations for narbonense correspond well with ours for
pyramidale. Heitz (1926) and Sprumont (1928) recorded and figured 2n=14
for narbonense. Analysis of Heitz’s figure shows a karyotype very similar to
D 28017 of our investigation (fig. 6) and Sprumont’s figures also seem to be
fairly similar. Delaunay (1926) recorded 2n=16 for narbonense, the number
which occurs in D 33294. The observations of Neves (1952) for narbonense,
however, differ from any recorded for pyramidale. He found hexaploid
(2n=54) and near hexaploid numbers in many collections of narbonense
from Portugal and the Western Mediterranean region (hexaploidy being
conclusively demonstrated by karyotype analysis and the occurrence of
hexavalents at meiosis). Up to 11 B chromosomes were also often present
in these hexaploid narbonense plants. Chiarugi (1950) and Martinoli (1950)
have also reported 2n=54 from Italian and Sardinian narbonense.

2. O. arcuatum Stev. in Mém. Soc. Nat. Mosc. 7: 271 (1829).
Turkey. Tunceli: Munzur Dag above Ovacik, 2400 m, rocky limestone
slopes, 18 vii 1957, Davis & Hedge (D 31377). Hakkari: Cilo Dag above Sua,
2650 m, flushes, petals white with green vein on the reverse, 1o viii 1954,
Davis & Polunin (D 24299); Cilo Tepe, 3200 m, moist pasture, 8 viii 1954,
Davis & Polunin (D 24093).
CULTIVATED MATERIAL:

C 4979=Furse & Synge 103 (Iran)

This taxon has flowers about the same size as those of O. pyramidale.
0. schelkovnikovii Grossh. is the name applied by Russian authors to
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specimens which deviate from typical arcuatum only in the possession: of
petals with fascias (e.g. D 24299, cited above). The following cultivated
specimen is somewhat intermediate between pyramidale and arcuatum
(pedicels less arcuate than is usual in arcuatum):

Seyhan: Bozoglan Dag above Saimbeyli, 1300 m, flower white, fascia
obsolescent, Davis 26692 (=C 3407).

CYTOLOGY

Two stocks of this taxon have been studied, F. & S. 103, a typical arcuatum,
and D 26692 which is more or less intermediate in morphology between
arcuatum and pyramidale.

In F. & S. 103 some roots have 2n=26 and others 2n=28 (fig. 7, plate 14).
There are six pairs of longer chra including a ric pair),
one intermediate pair and either six or seven very short pairs. Since a number
of bulbs were growing in the same pot it is not known whether the two
chromosome numbers characterise different plants or represent polysomaty
in a single individual (although the former possibility seems the more likely).

D 26692 also shows a clear differentiation of the karyotype into long
and short chromosomes (fig. 8, plate 14). The chromosome number is 2n=32,
consisting of six long pairs, one (or two) somewhat intermediate and nine
(or eight if two are considered intermediate) very short pairs.

A considerable number of chromocenters is visible in the resting nuclei
of both stocks.

Most of the differences in the longer chrc between the two stocks
seem to be due to those of F. & S. 103 showing greater contraction as a
result of pretreatment than those of D 26692, and this appears to have a
disproportionate effect on the short arms. When allowance is made for this
it can be seen that the karyotypes are similar. The numerical difference
between the stocks involves the short chromosomes and this, plus the fact
that they vary in number in F. & S. 103, indicates that they are probably
dispensable, or partially dispensable, supernumeraries. Also supporting
this view is the occurrence of chromocenters in the resting nucleus which
Neves (1052) found associated with the presence of heterochromatic B
chromosomes in various Ornithogalum species.

The only previous chromosome count for this species is by Delaunay
(1926) who reported 2n=34 but gave no illustration. One suspects that the
plant he studied might have had one more pair of supernumeraries than
D 26692. Karyotypes similar to those found by us in this species have been
reported in the Beryllis complex by other workers. We have already men-
tioned the pyramidale figure of 2n=33 given by Heitz (1926) showing 16
Jong and intermediate chromosomes and 17 short chromosomes; this
karyotype is obviously similar to those found in arcuatum in this investigation.
A similar karyotype with 2n=32 (14 long and intermediate and 18 short) is
described and figured by Sprumont (1928) for O. pyrenaicum L. (a synonym
of 0. flavescens Lam.). These reports might indicate that Heitz’s pyramidale
and Sprumont’s pyrenaicum were actually misidentified arcuatum type plants
or, on the other hand, that this type of complement with many short super-
numeraries also occurs in these two species. Further discussion of this
point is made on p. 308.
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3. O. magnum Krassch. & Schischk. in FI. U.R.S.S. 4: 743 (1935).
CULTIVATED MATERIAL:

C 3409=LE 59 4229 (Caucasus, Krasnodar area)

As mentioned above, this taxon is distinct on account of its large size,
but it is very close to arcuatum in its arcuat ding fruiting pedicels,
and almost fascia-less perianth segments.

CYTOLOGY

Examination of the only stock of this species in cultivation at Edinburgh,
C 3409, showed 2n=32 with a karyotype extremely similar to arcuatum
D 26692 (fig. 9, plate 14). As in arcuatum there are many chromocenters in
the resting nucleus.

As mentioned previously magnum and arcuatum are very similar species
distinguished mainly by the much larger size of the former. This similarity
extends also to the chromosomes which do not afford any explanation, such
as polyploidy, for the size difference between the two species.

As far as we know this species has not been previously examined cyto-
logically.

4. O. brachystachys C. Koch in Linnaea 22: 248 (1849).

Turkey. Eskisehir: Eskisehir to Kiitahya, 50 km from Kiitahya, 800 m,
steppe by roadside, common in one spot only, 22 vi 1962, Dudley (D 36065).
Malatya: Malatya, 1170 m, flowers white with light green midrib veins . . .
limestone scree, 14 v 1935, Balls 2275.

O. brachystachys has somewhat smaller flowers than the preceding taxa,
the perianth segments rarely exceeding 15 mm. In the above specimens the
denticulation of the leaf margin is well developed. In other cases this character
may be only slightly produced, and the capsules often tend to be somewhat
globose. These specimens are therefore intermediate between brachystachys
and sphaerocarpum:

Erzurum: Horasan, 1600 m, soft loamy hills, 13 vi 1957, Davis & Hedge
(D 29381). Islands: Khalki, near Anagyris, fort on the side of path to Chorio,
2 v 1964, Gathorne-Hardy 717; Nisyros, 25 vi 1963, Gathorne-Hardy 392.

O. fischerianum Krassch. (judging from descriptions and photographs)
appears to share the small size and pedicel characters of brachystachys and
the fascia-less perianth segments of arcuatum: to this extent it is intermediate
between the two.

5. O. sphaerocarpum Kerner in Oest. Bot. Zeitschr. 28: 15 (1878).

Syn.: O. pyrenaicum L., p.p. (fide Markgraf).
Turkey. Canakkale: Cemetery, British hospital, Renkioi (Erenkdy),
Dardanelles, v 1856, Kirk. Corum: 2 miles S. of Iskilip, 800 m, Coode &
Jones 1717. Kiitahya: Gediz to Cavdarhisar, 1100 m, chalky cornfield,
flowers white, small with green fascia, 7 vii 1962, Davis & Coode (D 36988).
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Eskisehir: 2 miles E. of Sivrihisar, c. 100 m, Coode & Jones 2245. Sivas:
Susehri, 1300 m, edge of field, petals white with green line on back, 19 v
1960, Stainton 8445. Marag: Akher Dagh (Ahir Dag), 800 m, a slender spike
of small white and green flowers . . ., 2 v 1934, Balls 959. Gaziantep: Gazian-
tep, flowers greenish white, small . . . , 26 v 1934, Balls 1173.

This taxon usually has the smallest flowers in the group (perianth segments
5-8 mm), but occasionally larger flowers occur with globose capsules, i.e.
the characters are not very strongly correlated. Cf. observations under
O. flavescens.

6. O. flavescens Lam., FL. Fr. 3: 277 (1778).

Syn.: O. pyrenaicum L., p.p. (fide Markgraf).
TurkEY. Nevsehir: Urgiip, 1300 m, rocky slopes, petals pale yellow backed
with green, 24 v 1960, Stainton 8468. Tunceli: Pertek to Tunceli, 25 miles
from Elazig, 1400 m, igneous gulley, flowers green outside, greenish-white
within (see under cultivated specimen) 6 vi 1957, Davis & Hedge (D 29106).
Cappadocia, Acker Triften, Juni, Siehe 77 (det. as **O. sulphureum m.”).

CULTIVATED MATERIAL:
C 3424=D 29106; the flowers are pale yellow.

CYTOLOGY

D 29106 has 2n=18 and the karyotype includes two pairs of short, nearly
metacentric chromosomes (fig. 10, plate 13).

Neves (1952) has examined many stocks of this species (under the synonym
0. pyrenaicum L.) from spontaneous collections in Portugal and material
from various botanic gardens. In the Portuguese material he found a uniform
2n=16 with only one pair of short chromosomes, as opposed to the two
pairs in D 29106. In some garden material, however, he found plants with
2n=17, 18 and 19, with short supernumeraries as the extra chromosomes.
The 2n=18 figure (Neves 1952, p. 70, fig. 42B) from a plant originating from
Besangon Botanic Garden comes quite close to our figures, although there
seem to be some karyotypic differences between D 29106 and the complement
Neves found in this species. Neves also discovered a triploid individual
(2n=24) belonging to this species.

We have already mentioned Sprumont’s record of 2n=32 for pyrenaicum,
he also found tetraploid cells and roots in his material (ploysomaty). The
only other record is the unpublished count by Greeves (1930) of n=about 8
which is quoted by Tischler (1931).

As mentioned above, the distinction between flavescens and sphaerocarpun:
is slight, and difficult to observe in herbarium specimens. The following
cannot be identified with certainty:

TurkEey. Ganakkale: Dardanelli, in montosis, 28 v 1883, Sintenis 928.
Kastamonu: Tossia (Tosya), Karvak-Tschesme, 7 vi 1892, Sintenis 4246.
Izmir: in umbrosis collinis Smyrnae, iv & v 1827, Fleischer. Antalya: Elmalu,
in arvis incultis, 28 vi 1860, Bourgeau; Korkuteli to Kizilcadag, 1350 m,
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limestone ledges and scree, 31 v 1962, Dudley (D 35271). Seyhan: distr.
Saimbeyli, Bozoglan Dag above Obruk Yayla, 2300 m, bulb in crevices,
7 Vii 1952, Davis 19759 Dodds & Cetik. Malatya: Malatya to the Euphrates,
wheat fields, 21 vi 1954, Davis 22025. Islands: Agathonisi (Gaidaros), tepals
with broad pale green stripe inside as well as outside perhaps owing to the
flower being on the point of fading, 5 v 1962, Gathorne-Hardy 201.

These specimens resemble flavescens, sphaerocarpum & brachystachys in
the small size of their flowers (up to 11 mm). None of them has a well
developed denticulate leaf margin, and the flower colours are unknown.

CYTOLOGICAL DISCUSSION OF SUBGENUS BERYLLIS

Our observations of the species of this subgenus have shown a range of
numbers: 2n=14, 16, 18 in pyramidale, 2n=26, 28 and 32 in arcuatum,
2n=32 in magnum and 2n=18 in flavescens. Other workers* record 2n=24
and c. 32 for pyramidale, 2n=14, 16 and 54 (--sometimes a varying number
of B chromosomes) for narbonense, 2n=34 for arcuatum, and 2n=16
(+sometimes 1-3 B), 24 and 32 for flavescens (usually under the synonym O.
pyrenaicum L.).

This range of numbers at first seems very complex but karyotype analysis
has revealed an underlying pattern. Apart from the 2n=24 flavescens which
is clearly triploid (Neves, 1952) and 2n=54 narbonense which is hexaploid,
all the other numbers from 2n=14-32 appear to be diploid.} The comple-
ments contain more or less seven pairs of longer chromosomes and up to
nine pairs of short ones. The variation in basic number at the diploid level
seems to be due to alterations in the number of short pairs which are, at
least to some extent, supernumerary. Examples of this variation are clearly
seen between some stocks of the same species, e.g. pyramidale D 33294 and
C 3459 and our two stocks of arcuatum (in the latter case the short chromo-
somes are evidently heterochromatic, judging from the occurrence of
chromocenters at interphase). It would be necessary to have more information
regarding numerical variability of these short chromosomes within species
and their behaviour at meiosis etc. to fully understand their status. The fact
that 2n=32 has been observed by us in arcuatum and magnum and by
Sprumont (1928) in flavescens (as pyrenaicum) and Heitz (1926) in pyramidale
(c. 32) possibly indicates a fairly widespread tendency for the short chromo-
somes to be fixed at about nine pairs. On the other hand it is of course
possible that Sprumont and Heitz misidentified their plants so that all
2n=32 records belong to the arcuatum—magnum group.

A glance at the idiograms in the subgenus Beryllis shows that there are
often differences between species and amongst stocks in chromosome
morphology. Some of these differences might be caused by accidental factors
such as differential contraction on pretreatment, unequal stretching on
squashing etc., but clearly most of them are too great for this explanation
and must represent chromosome repatterning.

*The authorities for these counts are given in Table 1 and in the discussion for the
individual species.

#There are no relevant karyotypic data for Delaunay’s 2n—34 count for arcuatum, but
it seems possible that this is also a diploid with two more supernumeraries than our D 26692.

























































































































