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6enb 40-50 cm . ; st

... 1. V. ciceroidea Boiss. var. multijuga Boiss.

— Ocb aHcTa MArKas, TOHKas, Ayroo6paaHo uaornytas, 10—
40 MM AN, 3aKaHYHBAETCH MATKHM, MPOCTBIM HJH BeT-
BHCTLIM YCHKOM HJIH MSITKOH LIETHHKOM, pee JIHCTOY-
koM. JIuer coctouT M3 3—7 map He OTCTAaBJAEHHBIX APYr

ot apyra aucroukos 2—10(13)x1—4(5) mm. Benuuk ma-
JIHHOBO-KPaCHbIH, nocJe cyWwKH cHinil, Paar 14-22 mm
An., oTrH6 Kopoue HoroTka. CreGenb 9—30cm mn. . ...
R e N N 0 St 0 F 0 S
29. 3pesbie 606bI NPOAOJITrOBATO-POMOHYECKHE WJIH KIIHHO-
BHJIHbIE, K OCHOBAHHIO CYXKEHHbIE, roJble, TEMHO- WJIH
CBETJIO- KOPHUHEBbIE, CTBOPKH JKECTKHE, BHYTPH ¢ ocTaT-
Kamy ry6uaTtoit napeHxumbl, 256—35x5—9 mm. Couserne
06hiyHO phixaoe. Benunx nectpsiit. Paar (9)13—18 mm
JU1., OTrH6 paBeH WaH AnuHHee HoroTka. Cemena 3,5—
4,5%2,5-3.5 MM, pyGunk pasen 1/4—1/5 okpyxHocT
cemenn. Cre6enn 40—120 em .

T e e L ey 8. V. fenuifolia Roth.

— 3pessie 6006bl aCCHMETPHYHO SJTHIICOBUAHBIE, C 3aKpPYr-
JE€HHLIM OCHOBaHHEM, CEepO-3eJieHLIE HJIH CBET/I0-KOpHY-
HeBble, CTBOPKH TOHKHe, 6e3 ry6uaToil napeHXHMbl BHYT-
pH, 156—23x5-7 mm. Cousere 06b4HO rycToe. Benunk
nectpuiit, paar 9—14 MM 1., otru6 pasen HoroTky. Ce-
meHa 2,5%3,5 MM, py6unk pase 1 /3—1/5 okpyxHocTH
cemenu. Crebens 30—150cm . ...... 9. V. cracca L.
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OGANEZOVA G. H.

THE GENUS MERENDERA (COLCHICACEAE)
SYSTEMATICS ON THE ANATOMICAL DATA

The arguments showing the separate position of Caucasian species of
the genus Merendera — M. eichleri (Regel) Boiss., M. raddeana Regel,
M. mirzoevae Gabrieljan, M. greuteri Gabrieljan, M. candidissima Miscz.
ex Grossh., M. ghalgana Otchiauri have been found. As the prools are
used the data on leal, nectary and anther connective anatomy, the diag-
nostical significance of which were demonstrated earlier (Oganezova,
1986. 2000). it is possible to include M. manissadjanii Aznav. as a
synonym into M. raddeana. The anatomical data are co-ordinated with
karyology and they together point out the Caucasian region, especially
Armenian Highland, as an important center of the genus species differ-
entiation and, possibly, as an extant piece of its ancestor forms area,
which was wider in the past.

Oqulbgmjw 9. X. Merendera (Colchicaceae) ghinh Yupgupwhnpmbp
whwpnihulpuh qufywgibph hpdwb gpw: Cop pbpbch, weteh Dhyypwpw-
lingh b Yugh whunpndhwljwb peubbiph, npalig nhwgbnuphy Gawlwlnie-
Jnibp Merendera v Colehicum ginbiph hwdwp wybjh Jun wewgnygby tp
(Oganezova, 1986, 2000), qupnjby bl jpugnighs thwwpwplilbp b ogaup Yny-
Qwiugwl M. eichieri (Regel) Boiss., M. raddeana Regel, M. mirzoevae Gabricljan,
M. greuteri Gabricljan, M. candidissima Miscz. cx Grossh., M. ghalgana Otchiauri
iphuwlilbiph hOpbnupnybnupywb: Shwpwnp & M. manissajanii Aznav, plnni-
b npwbiu hndwbhy M. raddeana-h: Wowgnihwljwh yi]jwibbpp hudwdw)-
Utigynud BU ppbuwlliph Yuphnnghugh hbp b hwGgbgbnud bh Dpwb np nyg-
Yl ypwpudpp b hwgpluiggbo Suglwlwhb Gebwfuwphp ginh phuwljw-
100 nhdpipbbghwghuwgh Guptionp Yebppnb LG, e hbwpujop & hbwpwpnod
Upw Dwfubhbtiph abebph webiph oy wpbiwgh Ghwgnpn:

Oranesosa I. I, Cucrematnka pona Merendera (Colchicaceae)
no ganusiM anaToMuu. [lo AaHHLIM AHATOMHH JAMCTA, THIUHHOYHOTO
HEKTAPHHKA H CBASHMKA, IHArHOCTHYECKAA 3HAYHMOCTb KOTOPBIX A5 po-
nos Merendera w Colchicum panee nokasana (Oraxesosa, 1986, 2000),
HaHAEHL A0KA3ATENbCTBA CAMOCTONTCALHOCTH KaBKa3CKMX BHA0B M.
eichleri (Regel) Boiss., M. raddeana Regel, M. mirzoevae Gabrieljan,
M. greuteri Gabrieljan, M. candidissima Miscz. ex Grossh., M. ghalgana
Otchiauri. Boamoxuo sxmouenne M. manissajanii Aznav. B CHHOHHMBI
M. raddeana Regel. Jlaunuie aHaTOMMH COFNACYIOTCA C KapHoJorde
BIIOB W YKA3LlBAlOT HA TO, MTO KABKA3CKH perHoH W, ocobexHo, Ap-
MAHCKOE HATOPLE ABJANIOTCH BAXKHLIM UEHTPOM BHAOBOH nH(depeHuHa-
UHH poaa M, BOIMOMHO, OCTPOBRKOM Boaee o6LUHPHOrO B APEBHOCTH apea-
J13 ero npeakossix (opm.

Merendera Ramond is one of the disputable genus from
the aggregated taxon Colchicum L. s. |. Besides the above-
mentioned genera, genus Bulbocodium L. is included into
this complex. The old discussion on the taxonomically sta-
tus of these three genera is connected with their doubtless
morphological similarity. The main difference between them
is the presence or absence (partly or completely) of the
flower tube. On the other hand, for Merendera and Colchi-
cum s. str. genera parallel series of species are mentioned,
which could be interpreted as a proof of their divergence. So
the main essence of the discussion, initiated by B. Stefanov
(1926) and K. Persson (1992) who insisted on indivisible
genus Colchicum s. L., is different interpretation of the di-
vergence level.

The genus Colchicum s. str. numbers 65—80 species (Vve-
denskiij, 1963; Wendelbo, 1985; Feinbrun-Dothan, 1986) and
has a rather wide distribution area — Ancient Mediterra-
nean with irradiation to Submediterranean. Separate spe-
cies occur in Middle and Atlantic Europe. The west boarder
is South Scandinavia, the east — the Tibet.

The number of Merendera species is about 20 and their
distribution area has other boarders.

3 species occur in the west of Mediterranean (Valdés,
1980; Valdés et al., 1987). Majority of the species is distrib-,
uted in the north-east of Mediterranean (Balkans), Asia
Minor, the Caucasus and in the north part of Iran (Cernja-
chovskaja, 1935; Grossheim, 1940; Valdés, 1980; Brickell,
1984; Wendelbo, 1985; Persson, 1992; Bokeria, 1999;
Gabrieljan, 2001). About 11 species occur in this part of the
area, 6 of them are in the Caucasus only, mainly in its
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_And, besides this territory, 2 more species exist
is: utt:ep:;tunﬁzry parts of Turkey and Iran. Three species
occur in Central Asia. Two of them are narrow area endemics
from the Kopet Dag and Tadzhikistan (‘.M' jolanthae and
M. hissarica), and M. robusta has a wu_:ler dastrﬂ?utton =
north part of Iran, Afghanistan, India (Cernjachovskaja, 1935;
Vvedenskiij, 1963; Nikitin, Ge]dychanov: 1988_: l?ersson.
1992). There is also 1 species distributed in Ethiopia (Gab-
rielian, 2001). . : .

So, the area of genus Merendera in comparison 'w1tl1
that of the genus Colchicum is more narrow and disjunc-
tive. The major disjunction is the central part and south-
west of Mediterranean. . _

In this group of taxa, distributed mainly on Armenian
Highland, the volumes of some species are also dlscys.seq.
These are M. raddeana, M. manisadjanii, M. cand:d_:ssc-
ma, M. mirzoevae, M. ghalgana, and M. eichleri. Dtl’ff_:r—
ent scientists interpret them in different ways. E. G. Cgrrya-
chovskaja (1935), A. A. Grossheim (1940), E. C. Gabrieljan
(1986, 1999, 2001), M. R. Bokerija (1999) and other, who
research the Caucasian species not only in herbaria but in
the field too, recognize their separate status. D. Brikell (19§4)
recognizes only 4 species of Merendera for Turkey. He in-
cluded the species M. manisadjanii, M. raddeana, M.
eichleri into M. trigyna. The author emphasized the affin-
ity of the species M. trigyna and M. attica. K. Persson
" (1992) recognizes genus Colchicum s.l., and in “Flora
Iranica” adduces 17 species, 6 of which belong to genus
Merendera. She includes the species M. candidissima and
M. ghalgana in the synonyms of C. trigyna (M. trigyna).
In the comments of C. eichleri (M. eichleri) Persson sup-
poses its affinity with Armenian endemic M. mirzoevae and
presumes possibility of their union.

So, Brikell who studied Merendera from the western part
of Armenian Highland and adjacent territories includes into
M. trigyna the species with differences both in morphology
and ecology. M. raddeana and M. manisadjanii are high-
mountain sub-alpine, alpine species from grasslands. M.
trigyna is mainly middle- and low-mountain species typical
for dry stone places, mountain steppes, sagebrush semi-
desert, and phryganas. M. eichleri is a low-mountain spe-
cies, often growing in sandy places on the coast of the
Caspian Sea (Grossheim, 1940; Gabrieljan, 2001).

Persson researched species of the genus from the Iranian’

part of Armenian Highland and adjacent territories. She
includes a very specific high-mountain species from the Great
Caucasus M. ghalgana (sub-alpine meadows) into M. fri-
gyna and supposes the possibility to unite M. mirzoevae
(low, middle and high mountain zones, in plant communi-
ties connected with forests) with M. eichleri. In the same
way she includes three Central Asian species into the vol-
ume of C. robusta (M. robusta). But M. jolanthae is an
endemic of the Kopet Dagh, occurs on clay and gypsous
slopes of mountainous Turkmenistan, M. hissarica is an
endemic of the high-mountainous Tajikistan and a charac-
teristic element of alpine meadows. M. robusta sensu
Vvedenskiij (1963) grows on sandy, clay soils of the lower
part of the mountains.

So, to prove the separate status for the disputable spe-
cies it is necessary to find for them morphological features
havin)g phylogenetic adaptive significance (Georgievsky,
1989).

Materials and methods

For the solution of the systematical problems of genus
Merendera, a possibly large amount of species from differ-
ent parts of the genus area and from different ecotopes

must be researched and compared. Leal structure, structure
of staminal nectary and anther connective were selected as
features with phylogenetic adaptive significance. For the
genus Merendera as well for the genus Colchicum (Ogane-
zova, 2000) the diagnostic significance of these features
were revealed earlier (Oganezova, 1986).

Living plants fixed by FAA (I. p.) and herbarium samples
of the [ollowing species were studied.

M. trigyna (Steven ex Adams) Stapi.: 1) Yerevan envi-
rons, Jrvez, sagebrush semi-desert. 20.03.1984. G. Ogane-
zova (l. p.); 2) Yerevan, Botanical Garden of the Botanical
Institute. 8.05.1997. G. Oganezova (I. p.); 3) Armenia, Megri
district, environ of village (vil.) Vardanidzor. 12.04.1980.
K. Tamanjan (1. p.); 4) Circa n. Erevan, p. JrveZ. In pratilus.
13.051943. S. Tamamshian & A. Fedorov, ERE 3223; 5)
Erevan, pr. P. Avan, [l. Gedar, 23.03.1944. S. Tamamshian
& A. Fedorov, ERE 31082; 6) Environ of Tbilisi, KodZori,
near Ker-Ogly. 23.03.1936. 8. Kutateladze, TBI; 7) Georgia,
Meschetija, between vil-s. Schvilisi and Phocchovi. 8.05.1965.
L. Chintibidze, M. Davlianidze, TBI; 8.) (Determinated as
M. caucasica M. Bieb.) Transcaucasica, Tilis, prope lacum
Teshedinum ju dedissilus graminosis. 16.03.1919. A. Gross-
geijm, ERE 31082.

M. sobolifera Fisch. & C. A. Mey.: 9) Armenia, Ararat
district, salt marsh near Ararat settlement. 25.05.1978.
N. ChandZjan, ERE 124235; 10) same place, 20.03.1979. G.
Oganezova, ERE 111252; 11) same place and time — (I. p.)
G. Oganezova.

M. raddeana Regel; 12) Herbarium Caucasicum, Lawalan,
20 Jun. 1880. Radde, TGM; 13) Georgia, South-Osetian
mountain station of the USSR SCI. Academy, place named
Ermani, nears the station, 2200-m. a.s. |., moraine,
14.05.1942. V. Darbin, TBI; 14) Georgia, Distr. Leningori,
ante Achalgori. In cacumine mont. “Sameba” ad fontes fauc.
flum Alevistzkali in pascuis subalpinus supra pag. Kocziani,
ad nives. 1.05.1954. Elis Kikodze, TGM 50716; 15) Geor-
gia, Thusheti. In divortium fl. Gometzari & Cancachovani.
31.05.1980. G. Arabuli, G. Ligokeli, TGM 62509; 16) Ar-
menia, Kamo district, spur of Gegham ridge near vil. Bas-
kend. 11.06.1978. E. Gabrielian, ERE 112839; 17) Armenia,
Megri district, vil. Kaler environs, mountain Cknavor.
14.05.1979, G. Oganezova (I. p.).

M. manisadjanii Aznav.: 18) Armenia, Zangezur, Kapu-
dzuch mountain, eastearn slope, 2600 m. 28.05.1985. S.
Balojan, ERE 130761, 130762; 19) same place, 2600—2900
m., meadows. 28.05.1985. S. Balojan, ERE 135186. 20)
Armenia. Aragaz mountain, turfy meadows, 2400 m. 5.05.
1997. E. Gabrielian, ERE 144931; 21) Armenia, Megri dis-
trict, Aijgedzor, Teij vil. environ, right bank of Megraget
ri\)fer. near the mining galleries. 6.04.1980. A. Sagateljan (.
p.).
M. mirzoevae Gabrielian: 22) Armenia, Dilidzan, Golovi-
no. 20.01.1980. E. Gabrielian (I. p.); 23) same place.
30.03.1980. E. Gabrielian (I. p.);

M. candidissima Misch. ex Grossh.: 24) Armenia, Zan-
gezur, Sikachoch reservation, Nerkin Hand vil. 12.02.1961.
M. Grigorijan, ERE 121340. 25) Armenia, Megri district,
on road from Svanidzor to Gjumaranc, oak forests. 11.03.
1986. G. Oganezova, ERE 130911. 26) Armenia, Sisian dis-
trict, Samb vil. environ, Vorotan river canyon, rare juniper
forest, 1250—1350 m. 14.03.1990. I. Gabrielyan, ERE 143209.

M. greuteri Gabrielian: 27) Armenia, Talin district, Arte-
ni mountain, vil. Areg environ, 1800-1900 m. 24.04.1980.
G. Oganezova, ERE 146798; 28) same place, 6.05.1980. G.
Oganezova, ERE 146796,146797; 29) same place, 9.04.1998.
E. Gabrieljan (I. p.); 30) Armenia, Aragac mountain.
9.04.1998. E. Gabrielian (I. p.).
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M. eichleri (Regel) Boiss.: 31) Caucasus, Kislowodsk,
2700. 10.06.1897. 1. Akinfiev, TBI; 32) Charami mountain
(1890) to north of AdZikabul (Semachin district, Baku prov-
ince). 6.04.1907. Schelkovnikov, Schmidt, TGM 7312; 33)
AzerbaidZan, Baku district, near place named Zych (locus
classicus). 19.04.1924. P. Gurijiskiji, BAK; 34) the Cauca-
sus, Kabardino-Balkaria, right bank of the Cerek Bezengian
river, near the place of its flow into MiZergi river. Meadows
on sandy soil. Alt. 2000 m. N. Porternier, LE.

M. ghalgana Otshiauri: 35) Georgia, Kazbegian district,
right bank of the river Chdisckali, on meadow’s. 30.03.1964.
E. Chucigvili, D. Ogiauri, TBI; 36) Georgia, vil. Kazbegi, place
“Cocechi”, sub-alpine meadows, pasture, 1750 m. 11.05.1964.
E. Chucigvili, TBI;

M. attica (Spruner ex Tommasini) Boiss. & Spruner in
Boiss. (syn. M. rhodopea Vel.): 37) Bulgaria, Stanimska.
04.1894. V. Stribrny, ERE 6965.

M. pyrenaica (Porret) P. Foum. (syn. M. montana Lange,
M. bulbocodium Ramond.): 38) Scotland, Dundee, Index
Seminum, 1979 (one had send bulbs with dry leaves); 39)
Espana, Huesca: Riglos, base de los Mallos. 23.08.1979. B.
Valdés, SEV.

M. androcymbioides Valdgs: 40) Espana, Malaga. Ser-
rania de Ronda. Entre Ronda y San de Alcantara. Suelos
calizos, c. 900 m. s. m. Localidad classica. 16.02.1978. B.
Cabezudo, J. Pastor, S. Talavera & B. Valdés, SEV.

M. filifolia Camb.: 41) Espana, Sevilla: cerca de Moron.
19.10.1979. J. Pastor et Valdés, ERE 62191.

M. robusta Bunge: 42) Turkmenistan, Poltavskoe vil.
near Kuska fortress, on hills. 22.03. 1930. A. Butkov, ERE
5430; 43) same place. 27.04.1930. A. Butkov, ERE 67739.

Anatomical structure of the leal margin and midrib, stami-
nal nectary and anther connective were studied for almost
all samples, excluding samples ol M. ghalgana. Only the
leaves of this species were investigated because of the flow-
ers' absence. Common methods for comparative morpho-
logical and anatomical study with a light microscope were
applied. The whole herbarium materials of the genus Me-
rendera from ERE, TBI, TGM, and the Caucasian part LE
and partly from BAK were observed.

Results

Anatomy of the leaf. The major diagnostic feature for
Merendera species is the structure of the main vein — mid-
rib. Sometimes leal margin and lateral veins structure also
served for identification. In this article I restrict the descrip-
tion of the specific features of leaf (staminal nectary and
anther connectives also) for different species of Merendera
because earlier (Oganezova, 1986, 2000) I already gave the
whole description of this part of the plant for the both gen-
era — Merendera and Colchicum.

All studied species of Merendera are divided into two
groups according to the features of leaf structure. The first
group consists of M. filifolia, M. ghalgana, M, attica, M.
trigyna. These species have structural peculiarities, which
stress the adaxial part of leaf near midrib. The second group
consists of the rest studied species. For these species the
whole area of midrib is structurally distinguished. Both groups
are divided into subgroups.

Group 1. 1a. Lower epidermal cells in midrib area have
extremely thickened walls and size (M. attica). 1b. Epider-
mal cells near midrib area are almost unchanged, but above
them one-layered thin-walled hypoderma (M. ghalgana, M.
[ilifolia) is developed. These two species differ from each
other by the following features of leal. M. ghalgana (Fig. 1,
a, b) develops two layered true palisade tissue and leaf margin

with group of collenchyme cells, which is standard for the
majority of species. M. filifolia hasn't margin collenchyme;
palisade tissue isn't normally expressed. 1c. A considerable
group of hypodermic cells with the thickened walls develops
below the midrib (Fig. 1, c, d = M. trigyna). Samples N 3
(Fig. 1, d) and N8 of this polymorphic species differ a little
from each other and from the rest samples, which allows to
see the interspecies variability amplitude. The differentia-
tion is in quantitative features (number of cells, their size,
etc.). Similar distinctions were revealed on the leaf margin
of these samples.

Group 2. 2a. The epidermal cells of the both surfaces
develop extremely thickened cell walls and have significant
increase in the midrib area. Two groups of hypodermic cells
develop above and below the midrib. The upper hypoderma
consists of a few cells, the lower is more effused (M. candi-
dissima, M. greuteri, M. pyrenaica). Leal margin of these
species are without any peculiarities (Fig. 1, e, [). 2b. A 2
or 3-layer hypoderma is strongly developed in adaxial and
abaxial parts of leaf midrib (Fig. 1, g). Leaf margins of these
species have not any peculiarities (M. androcymbioides) or
contain only a few collenchyme cells (M. sobolifera). 2c.
Hypoderma is developed on both adaxial and abaxial sides
of the midrib area and consists of one (Fig. 2, b — M.
manisadjanii) or two layers (Fig. 2, a — M. raddeana).
Sometimes hypoderma is thin-walled (M. manisadjanii).
Hypoderma is in contact with the midrib at abaxial part
only. Palisade tissue (M. raddeana) or parenchymatous
sheath of bundle (M. manisadjanii) is developed between
adaxial hypoderma and midrib. Leaf margin has no pecu-
liarities; sometimes the cell walls here looked thinner than
usual. 2d. This subgroup is similar to the preceding one,
but both adaxial and abaxial groups of hypoderma haven't
contact with midrib. An increase in both epidermis cells and
significance thickening of their walls (Fig. 2, ¢ = M. eichleri)
was revealed in this part of leaf. 2e. Adaxial hypoderma is
big-celled, noticeably developed and hasn't contact with
vascular bundle. In contrast, abaxial is more compact and
has such a contact (Fig. 2, d — M. mirzoevae). 2f. Increase
in cells and cell walls thickening of both epidermal layers is
observed in midrib area. One-layered adaxial and abaxial
hypoderma with thickening cell walls develops as well. It
hasn't contact with midrib. The same type of hypoderma
develops on several big lateral bundles area too. Leal mar-
gins are of common type (Fig. 2, e, f — M. robusta).

So, Mediterranean and Minor Asian and Caucasian spe-
cies of Merendera form mixed sub-groups, but Iranian-Cen-
tral-Asian species M. robusta has separate sub-group.

Staminal nectaries. The study of the new species of
Merendera (Oganezova, 1986) allowed to specify the diag-
nostic significance of the features of nectaries structure.
The research revealed the special importance of: develop-
ment character of superficial secretory tissue; comparative
position of vascular bundles (the number of vascular bundles
and secretory tissue may vary for different samples of the
same species); presence or absence of schizogenetic cavi-
ties (serving for nectar storage). Due to these features M.
filifolia, M. pyrenaica, M. androcymbioides and, especially,
M. robusta, sharply differ from other species. M. filifolia
(Fig. 3, a) has one vascular bundle in the central part of
nectary. The secretory tissue is weakly differentiated into a
more dense superficial and more crumbly (with a developed
intercellular space) central part. Schizogenetic cavities lack.
M. pyrenaica and M. androcymbioides (Fig. 3, c, b) have
similar structure of nectary’s vascular system, but the in-
vestigated material was in bad condition and it was difficult
to make conclusions about some details. The tissue that
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surrounded the bundle was destroyed. For M. androcym-
bioides were noted cavities in the margin part§ of the nec-
taries (if they aren't the result of the materials bad conser-
vation). M. robusta (Fig. 3, d, e) besides micro-morphologi-
cal peculiarities in nectaries structure ha‘5 also macro-mor-
phological peculiarities. Nectaries fuse with petals along all
their length (for other species such fusion is noted only for
the basal part of nectaries). So the free surface of nectaries
is smaller than in other species. In the inner structure the
exact differentiation between the superficial and central part
of the secretory tissue lacks. But a few superficial layers of
it are distinguished as more dense and about 5 vascu]z_lr
bundles are in contact with them. One of the bundles is
bigger than others. In the central part of the nectary dense
and crumbly types of secretory tissue are mixed. A few nec-
tar-storage cavities develop only in apical part of nectaries.

The nectaries of the rest species have structural similar-
ity — differentiated into dense superficial (cavities may de-
velop here) and crumbly, netlike central part of secretory
tissue. Vascular bundles develop in the central part. Spe-
cies-specilic features are as follows. M. frigyna (Fig. 3, i_)
has the standard type of nectaries structure, without cavi-
ties. As for leaf, polymorphism of this species is revealed in
nectaries quantitative features — the number of vascular
bundles. In the basal part their numbers vary from 6=7 (in
most of the samples) to 19—20 (sample N 3). Commonly,
one bigger bundle has central position and the others form
a semicircle above it. The central bundle isn't almost re-
vealed for sample N 3. For all samples (as well as for major-
ity of other species) is noted a slow fusion of all bundles
near the filaments. M. mirzoevae’ nectaries structure (Fig.
3, g) is almost similar to the preceding species. M. attica
nectaries (Fig. 3, h) are similar too, but have schizogenetic
cavities. M. raddeana nectaries (Fig. 3, I) differ by poly-
layered superficial secretory tissue, which is in contact with
numerous (~8—10) small vascular bundles. The central
bundle is slightly revealed. Cavities are absent. Nectaries of
M. sobolifera are similar to those of the preceding species.
Nectaries of M. greuteri (Fig. 3, j) have following peculiari-
ties. Superficial dense secretory tissue of some samples cover
not only the adaxial (which is common), but the whole
surface of nectary. The small vascular bundles (~10-14)
are immersed in it. A large bundle is revealed, but it forms
a circle with the other ones. For this species an extreme
development of the nectar-storage cavities is specific. They
develop gradually and depending on the flower's develop-
ment. Nectaries of M. manisadjanii (Fig. 3, k) have few-
layered superficial secretory tissue, all vascular bundles form
a circle, the central bundle isn’t almost revealed, cavities
are present. M. candidissima (Fig. 3, |) has a similar struc-
ture of nectaries but without cavities. M. eichleri (Fig. 3,
m) has few-layered superficial secretory tissue; the central
bundle is much larger, little bundles surround it, cavities
are present.

It is evident from Figures that there are differences in
sizes and contours of nectaries, but it is difficult to consider
the significance of these features because the alive fixed
and dry herbarium materials were investigated.

So, the Central-Asian species M. robusta is vividly dis-
tinguished according to its nectaries structure, M. filifolia,
M. pyrenaica and M. androcymbioides differ as well. Other
species are grouped in the following way. M. trigyna unites
with M. mirzoevae and M. attica; M. raddeana with M.
sobolifera; M. manisadjanii with M. candidissima; M.
greuteri and M. eichleri remain alone. Morphological groups
formed by nectaries features do not agree with groups, formed
on the base of leaf structure.

Anther connectives. The differences in this structure
are mainly connected with the position and number of vas-
cular bundles before and behind their contact with filament,
For the studied species of the genus Merendera 2 types of
the connectives were noted: 1) continues in filament —
connectivum filamento continuum (Artjushenko, Fedorov,
1975) — M. robusta, M. androcymbioides: 2) connected
with filament by articulation — connectivum articulatione
distinctum — the rest of the studied species. In the [irst case
anther is absolutely immobile related to filament. In the
second — anthers are mobile, pendulous. However, this mo-
bility may diifer depending on the place of articulation. There
exist two variants of the articulation place: to the basal
(basifixed — M. filifolia, M. pyrenaica) or middle (dorsi-
fixed — other investigated species) part of anther. Surfaces
of anther and connective are usually naked, but in case of
M. robusta simple hairs cover it. The basal part of connec-
tive is wider than the apical one.

The only vascular bundle of filament is prolonged along
the whole connectives in case of M. robusta and M. andro-
cymbioides (Fig. 4, a, b).

The other investigated species are divided in two groups
according to the number of vascular bundles and their posi-
tion in connectives. The first group includes M. greuteri,
M. pyrenaica, M. eichleri, M. manisadjanii, M. raddeana
(Fig. 4, ¢, d, e, g, h). They are characterized by only one
vascular bundle behind the place of articulation to the apical
part of connective. The basal part lacks the bundle. M,
raddeana has some specific features. Behind the articula-

Fig. 1. Cross-section of Merendera species leal midribs (a, c—g)
and margins (b); M. ghalgana (a, b), Merendera trigyna -
common type (c), sample N 3 (d), M. candidissima (e),

M. greuteri (1), M. sobolifera (g). CL = leal margin collenchyme;
CT = cell walls thickening; HP = hypoderma; VB = vascular bundle.
x120.
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Fig. 2. Cross-section of Merendera species leal (I) and leal
midribs (a—e): M. raddeana (a), M. manisadjanii (b),
M. eichleri (c), M. mirzoevae (d), M. robusta (e, ). x120.

tion place the bundle branches into three parallel bundles
and in this condition continues towards the apical part. In
case of M. manisadjanii it seems that such branching isn't
completed. The second group consists of M. sobolifera, M.
candidissima, M. attica, M. trigyna, M. filifolia, M. mir-
zoevae (Fig. 4, I, j, k—m). In this case filament's bundle
behind the articulation with connective is bifurcating and
continues both to the apical and basal parts of the connec-
tive. The polymorphic species M. trigyna demonstrates vari-
ability regarding these features too. It is remarkable that for
sample N 8 the bifurcation is noted already in the filament
and in the connective the basipetal part of the vascular
bundle is very short. Actually, M. attica doesn't have any
bifurcation, a single basipetal bundle is noted at a small
distance from the place of articulation.

Discussion

The interspecies differences of Colchicum in leai midrib
and surrounding mechanical tissue structure are correlited
with the size of leaves and their position in the living plant,
with species ecology as well. In other words, Colchicum
leal structure is connected with species belonging to differ-
ent plant communities and different lighting conditions (Oga-
nezova, 2000). For Merendera such difference of ecological
conditions isn’t specific. This genus is not distributed in real
forest communities. All its species exist in good lighting
condition and have leaves usually clasped to ground. The
above mentioned correlation specific for Colchicum species’
leal structure is noted for Merendera, but only as a ten-
dency, not as a rule. M. filifolia (exists in open dry places,
on sandy soils) has not large-sized leaves (~10 cm in length
and 1-2,5(3) cm in width) and mechanical tissue is practi-

cally absent. M. ghalgana (high-mountain species, leaves
aren’t large either) has mechanical tissue weakly developed
in the midrib area, but normally developed on the leaf mar-
gins. Besides the marginal collenchyme, for M. attica (sizes
of leaves in‘fruitage time are ~3,5 cm in length, ~18 cm in
width) is specific the increase in epidermal cells and thick-
ening of their walls near the midrib area. M. trigyna mainly
occurs from low to middle mountainous zones. Sizes of leaves
are ~7=9 cm in width, and 8~10 cm in length. In addition
to marginal collenchyme the group of hypodermal cells with
thickened cell walls develops below the midrib. M. sobolife-
ra (from low to high mountain zones, moist, marshy places),
M. candidissima (low and middle mountain zones, dry stony
places), M. pyrenaica (similar conditions), M. greuteri
(middle zone, exists in similar conditions), M. androcymbi-
oides (low part of mountains, dry places) have the marginal
collenchyme and develop significant groups of hypoderma
both above and below the midrib. The leaves of the first two
species have very large sizes (accordingly — 1,4—1,8 cm in
width, 15—18 cm in length and 0,8—1 cm in width, 12—
15 cm in length). The leaves of M. pyrenaica and M. an-
drocymbioides have sizes comparable with those of the leaves
of M. trigyna and M. attica. The leaves of M greuteri in
flowering period are narrow, but in fruitage period they be-
come similar in size to those of M. trigyna.

M. eichleri, M. raddeana, M. manisadjanii, M. robusta
develop hypoderma in the same way as the preceding group,
but hypoderma is not so significant either in character of
the cell walls thickening, or in the number of their layers.
The above-mentioned should be especially noted for high-
mountain species M. raddeana (length of leaf ~0,8 —=1 cm,
width ~13 cm) and M. manisadjanii (width ~1-1,2 cm,
length ~7=10 cm). The leaves of the two last species in
iruitage period are a little bigger in comparison with the
leaves of M. frigyna. 1 think it isn't a contradiction, but a
demonstration of the specific for high-mountain species ten-
dency to structural reduction. It is noted both for vegetative
and generative parts of plant and is explained by their short
vegetation period (Oganezova, 1984).

M. robusta is a species with vigorous, large leaves; this
peculiarity is reflected in the name. M. robusta between
midrib structure and leal size hasn't any contradiction ei-
ther. The leaves of this species have additional supporting
system in the strengthening lateral veins.

Thus, the leal mechanical system distinguishes the dis-
putable species M. ghalgana, M. mirzoevae, M. raddeana,
and M. candidissima and characterizes the new species
M. greuteri. I would like to emphasize a slight difference
between the leal structure of the closely related species M.
raddeana and M. manisadjanii. The mentioned features
are similar to those of morphologically restricted species M.
candidissima and M. greuteri. | think that leaf structure
with reliably authenticity proves the divergence between
disputable species of Merendera. Some doubts remain for
very similar species M. raddeana and M. manissadjanii.
The differences revealed between these species probably are
intraspecific variability of the polymorphic M. raddeana.

M. robusta sharply differs by the nectaries structure. It
has specification both in macro- and micro-morphology of
this part of flower. The structure of M. filifolia, M. pyrena-
ica, M. androcymbioides nectaries has also specific enough
— they have only a single vascular bundle. The tendency of
correlation of the rest species nectaries structure is con-
nected with their ecology. Nectar-storage cavities are more
characteristic for the species from dry places of low and
middle mountains zones. It is possible that this factor re-
veals synergetic evolution between nectaries and pollina-
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ollinators are significant more in spring than in
;Ttsﬁr::.eTI;le latter might eglain the similarity between the
nectaries structure of autumn-flowering species of different
genera — M. filifolia, M. pyrenaica, C. umbrosum (ng_me-
zova, 2000). But similar nectaries structure of the spring-
flowering species M. audrocymbio.:des make' questlona!:le
such suppositions. But if the cavities nPted in the studied
materials of M. androcymbioides aren't the' artefact (the
result of the material’s decay) but they are in fact .nectar-
storage cavities, the contradiction disappears. _It might be
reasonable to trace the correlation between this event aqd
the tendency towards forming unisexual ﬂ(:.lwers noted in
the Armenian population of M. trigyna (Tonjan, 1949; Gab-
rieljan, 2001) or with intensity of the vegetative br}aedlng.
For example, the vegetative breeding of M. sobolifera is
more intensive because its corm has stolons. Of course,
nectariessstructure and function are connected with_the.who]e
breeding system and here a multi-variant correlation is pos-
sible. If we compare this structure of the genera Colchicum
(Oganezova, 2000) and Merendera, we notice that the lat-
ter one has a stronger intraspecific variability and a slighter
correlation with the the habitat conditions of the taxon.
The investigation of anther connectives allowed to define
the exact peculiarities of its fixation. The latter is under
special attentions of B. Valdés (1980). M. robusta and M.
androcymbioides differ from other species by the type of
their anther fixation, which causes their immobility. But
anthers “basifixed” type, mentioned by Valdés (1980) for

Fig. 3. Merendera species nectaries in cross-section: basal part (d),
middle part (other); M. filifolia (a), M. pyrenaica (b), M. androcym-
bioides (c), M. robusta (d, e), M. trigyna (1), M. mirzoevae (g;l.
M. attica (h), M. raddeana (1), M. greuteri (j), M. manisadjanii (k),
M. candidissima (1), M. eichleri (m); SS = superficial secretory
tissue; C=cavity; VB=vascular bundles; LP=limb of perianth,
FS=lissure-like space. x22.

Fig. 4. Merendera species connectives in cross-section:
before articulation place (d, I, h, j, I, n), upper this place (others);
M. robusta (a), M. androcymbioides (b), M. pyrenaica (c, d),
M. eichleri (e), M. raddeana (g, h), M. candidissima (1, j),
M. trigyna (k. | = common type;: m — N 8).
VB=vascular bundle; FL=[ilament; H=hair. x20

M. filifolia, M. sobolifera, M. pyrenaica is a variant of
“connectivum articulatione distinctum”, but not “connecti-
vum filamento continuum®”. For some of the rest species,
for example M. trigyna, M. mirzoevae, M. candidissima,
M. raddeana these features serve as additional distinguish-
able traits. It is interesting that in case of species, habitant
in dry places, their anther connective develops the vascular
system along the whole length, on the both sides from the
articulation place. Unilateral (acropetal) development type
of the vascular system occurs for the species from different
ecological conditions. The double-sided (base-acropetal) type
of the vascular system provides considerable mobility of the
anthers and is another proof of the synergetic evolution
with pollinators. The species with immobile type of the an-
thers are distributed on the edges of the genus area and
possibly they could be interpreted as a way to self-pollina-
tion. It is known that the self-pollination phenomenon devel-
ops more often in the following conditions — on the edges of
the area of the species as a method of its extension (Aga-
djanjan, 1987, 1992),

Well known is the interest of cytologists to the Cauca-
sian species of the genera Merendera and Colchicum, be-
cause the diploid kind of their species are concentrated in
this region. In my opinion, the comparison of the obtained
data with number of chromosomes, known from the litera-
ture, makes sense. The number of chromosomes was de-
fined for 13 species of the genus, but only 11 species of this
amount have been investigated in the present work. A high
level of polyploidy is mentioned for the West Mediterranean
species (M. filifolia — 2=42, 54; M. pyrenaica — 2n=54+0—
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6B, 60; Valdés, 1980; Goldblatt, 1981, 1990, Goldblatt, John-
son, 1991), East Mediterranean M. aftica (2n=54; Fedo-
rov, 1969; Goldblatt, Johnson, 1991) and for widespread
Irano-Turanian M. sobolifera (2n=42, 54; Fedorov, 1969;
Moore, 1973; Valdés, 1980). The similar situation is charac-
teristic for two species distributed on the eastern part of the
genus area — M. robusta (2n=54; Fedorov, 1969; Moore,
1973; Takhtajan, 1990) and M. jolanthae (2n=36; Moore,
1973; Takhtajan, 1990). For the species, restricted in their
distribution by the Caucasus and, especially, by the Arme-
nian Highland, the following chromosome numbers are
known. For M. raddeana, M. eichleri, M. candidissima,
M. mirzoevae 2n=18 (Fedorov, 1969; Moore, 1973; Takh-
tajan, 1990; Goldblatt, Johnson, 1991; Pogosjan, 1997). For
M. trigyna 2n=18, 20 (Fedorov, 1969; Moore, 1973; Gold-
blatt, 1981; Goldblatt, Johnson, 1991; Takhtajan, 1990; Bo-
keria, 1999). For M. ghalgana 2n=24 (Goldblatt, Johnson,
1991) and for M. kurdica (Anatolia southeast, Iraq north-
east, Iran northwest and north) 2n=20 (Persson, 1992).

On the bases of the results I conclude that the Merende-
ra species accepted by Caucasian scientists, are separate,
with restricted area, with specific macro- and micro-mor-
phological features, which in some cases reflect their eco-
logical peculiarities. The species M. trigyna and M. altica
are close to each other but very delimited. It is impossible
to unite the species M. trigyna, M. raddeana, M. eichleri
into one species as it was done by Brickell (1984). Neither
is possible to unite M. trigyna, M. candidissima and M.
ghalgana (Persson, 1992) into one species. The alliance of
M. eichleri and M. mirzoevae proposed by Persson (1992)
is also impossible. Doubtiul seems only the separation of M.
manisadjanii. Morphologically it is closely related to M.
raddeana, its area is questionable (the Central Anatolia,
and East, South-East of Armenia). It is likely to be demon-
stration of the latter polymorphism.

The diploid number of chromosomes known for the Cau-
casian species is combined with the concentration of all the
revealed morphological types of midrib, nectary and anther
connective in this part of genus area. So, the genus Meren-
dera is characterized by the following peculiarities. The
polyploide species of Merendera occur outside the Caucasus
only (excluding the widespread M. sobolifera). Unisexual
flowers of some samples of species of Merendera were found
in the Caucasus. And, as a contradiction to the above-men-
tioned, the phenomenon of self-pollination possibly exists on
the edges of the genus area. Furthermore, the morphologi-
cal variability (Richards, 1986) of the Caucasian species is
added. All these traits prove that the Caucasus, especially
the Armenian Highland is an important modern node of the
genus differentiation. It is possible that it is a piece re-
mained from the ancestor area which was larger in the past.
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