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Abstract.

Morphological, karyological and foliar epidermal analyses have been made of the sedges from sect. Phacocystis

in Bulgaria. The morphological data have been processed by cluster analysis, stepwise discriminant analysis
and one-way ANOVA method. The results invited the conclusion that sect. Phacocystis is represented in
Bulgaria with six taxa: Carex buekii, C. elata., C. cespitosa, C. acuta, C. nigra subsp. nigra, and C. nigra subsp.
dacica. The intra- and interpopulation variations as well as the main evolutionary mechanisms and trends

have been discussed.
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Introduction

The section Phacocystis Dumort. in its morpholo-
gy, leaf epidermal anatomy and cytology is one of
the most variable in genus Carex. The species are not
quite isolated geographically and genetically and pro-
duce interspecific hybrids. All that makes this section
taxonomically very difficult and very interesting in re-
gard to its evolution (Faulkner 1972, 1973; Standley
1985, 1987a, b, 1990; Cayouette & Morisset 1985,
1986; Lucefio & Aedo 1994).

In Europe, sect. Phacocystis is represented by 16
species (Chater 1980). Six of them occur in the Balkan
Peninsula: C. acuta L., C. bigelowii Torr. ex Schwein.,
C. buekii Wimm., C. cespitosa L., C. elata All. and C.
nigra (L.) Reichard.

In his monograph Achtarov (1957) reported four
species as occurring in Bulgaria: C. gracilis Curtis

(= C. acuta), C. buekii, C. acuta (= C. nigra = C. good-
enowii Gay), and C. dacica Heuff. According to him,
C. cespitosa was not distributed in Bulgaria and had
been erroneously reported by some authors (Pan¢i¢
1883; Velenovsky 1891; Stojanov & Stefanov 1924) for
our country. The opinion of Achtarov was reflected by
Stojanov & al. (1966) and Vulev & Kitanov (1964) in
their floras.

Some of the modern European authors have not ac-
cepted the rank of species for C. dacica. Thus, Egorova
(1999) included it in C. bigelowii as subspecies: C.
bigelowii subsp. dacica (Heuff.) T.V. Egorova. Chater
(1980) referred it to C. nigra without any taxonomic
rank. Nilsson (1985) considered it as a subspecies of C.
nigra: C. nigra subsp. dacica (Heuft.) So6.

In her study of genus Carex in Bulgaria, Stoeva (1994)
added two species of sect. Phacocystis to those report-
ed by Achtarov (1957), namely C. elata and C. cespitosa.
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The area of C. elata spreads almost throughout Europe
and North Africa. It prefers wet places, fens and shallow
standing waters at altitudes up to 1600 m. The popula-
tion subject of this study was found in a habitat untypi-
cal for C. elata in the result of the drainage of Kazichene
marsh. The area of C. cespitosa spreads from North
Europe to France, N Balkans, S Russia, the Caucasus,
W Turkey, Kazakhstan and W Siberia. It mainly occurs
in wet meadows, swamps and along streams at altitudes
above 2200 m. The studied population was found at an
altitude untypical for this species (Table 1). The settle-
ment and survival of the plants are due to an under-
ground waters regime, close to the surface and rising
aboveground. They are fed by precipitations in the adja-
cent mountains and sustain a soil thermal regime simi-
lar to that of the mountain soils of natural habitats of C.
cespitosa. This also explains the presence of some oth-
er mountain species that have settled secondarily in the
same habitat (Jordanov & al. 1972; Stoeva & Stépankova
1990). The area of C. buekii spreads from Germany to
E Bulgaria and Kazakhstan. It is comparatively rare in
our country and mainly inhabits the banks of rivers and
lakes, occasionally intermittent flooded places at alti-
tudes up to 1600 m. C. nigra and C. acuta are the most
widespread species of this section. The area of C. nigra
covers most of Europe and W Asia, including Turkey,
N Afrika (isolated localities) and N America (Lucefio
& Aedo 1994). This species is the most widespread in
Bulgaria and inhabits a very wide range of wet habi-
tats: marshy meadows, swamps, swamp peateries, low-
er places in forests, around lakes, rivers and springs. Its
populations occur from the coniferous belt to the sub-
alpine one. C. nigra subsp. nigra inhabits mainly shal-
low standing waters, at altitudes up to 2200 m. C. nigra
subsp. dacica prefers fresh running waters and inhabits
the banks of rivers, lakes and springs, at altitudes above
2200 m. C. acuta is widespread in Europe (in S Europe
it is rare) and W Asia, including Turkey, W Siberia and
the Caucasus, Lebanon, Syria and Morocco. In Bulgaria
it occurs mainly along the watersides of rivers and lakes
with fresh running waters, at altitudes up to 1650 m.
and more rarely than C. nigra.

Studying the patterns and levels of morphological
variation, chromosome numbers, leaf anatomy and
habitats of the natural local Bulgarian populations of
different taxa included in sect. Phacocystis, we have
tried to resolve the following problems:

— to render more precise the taxonomical scheme of
sect. Phacocystis and with the use of discriminant func-

tions to find the most appropriate taxonomic disposition
of the two groups of plants, ungrouped preliminary;

- to elucidate how the intrapopulation and inter-
population variation contribute to the overall pheno-
type variation of C. nigra and C. acuta;

- to find some correlations between the morpho-
logical, anatomical and karyological variations at dif-
ferent levels of research;

- to find out some correlations between the pheno-
type differences of the studied populations and the ec-
ological factors of their habitats;

— by using the results from different patterns and
levels of variation to reveal the relationships between
the taxa and some evolutionary trends in the section.

Material and methods

Morphological, anatomical and karyological analyses
were carried out on 22 natural Bulgarian populations
of sect. Phacocystis, reffered to six taxa: C. acuta, C.
buekii, C. cespitosa, C. elata, C. nigra subsp. nigra, and
C. nigra subsp. dacica (Table 1). Ten plants from each
population were used in the overall research. Two
groups of plants with previously uncertain taxonomic
position were studied too. They combined inbred fea-
tures in the different taxa of the section.
Chromosome numbers and karyotypes were esti-
mated on permanent slides of metaphase plates from
root tips of living plants collected from Nature and
cultivated in the greenhouse of the Institute of Botany,
Sofia. The root tips were treated and squashed accord-
ing to the accepted methods (Stoeva & Stépankova
1990). Voucher specimens were deposited in SOM.
Twenty-one quantitative characters were includ-
ed in the morphological analysis: 1. stem height (cm);
2. leaf length (cm); 3. leaf width (mm); 4. bract length
(cm); 5. inflorescence length (cm); 6. number of the
male spikes; 7. length of the upper male spike (cm);
8. length of the lower female spike (cm); 9. distance
between the lower two female spikes (cm); 10. utricle
length (mm); 11. utricle width (mm); 12. beak length
(mm); 13. length of the female glume (mm); 14. width
of the female glume (mm); 15. length of the male glume
(mm); 16. width of the male glume (mm); 17. leaf
length to stem height ratio; 18. bract length to inflo-
rescence length ratio; 19. inflorescence length to stem
height ratio; 20. length of the female glume to utricle
length ratio; 21. utricle length to utricle width ratio.
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Table 1. Studied populations of genus Carex sect. Phacocystis.

438

1300
1362
1364
1365

1353
709

1350

1344

272
1361

1389

1394
1395

Undefined
group 1
Undefined
group 2

popsuliz:ilzfly No 2n Locality

Carex acuta

1230 4* NE Bulgaria: Sreburna Reserve, 44°06' N, 27°04' E, 50 m, along Sreburna Lake.

710 84(83) W Rhodopes: Beglika locality, near Beglika Reserve 41°50" N, 24°08' E, 1600 m, at the bank of a stream along the road
to Banchev Chark. The population was neighbour-sympatric with C. nigra subsp. nigra.

1050 4 W Rhodopes: Rakovo Dere locality, 41°50" N, 24°08' E, 1600 m, at the bank of Rakov Dol River The population was
neighbour-sympatric with C. nigra subsp. nigra.

1343 84(82) W Rhodopes: along the road Smolyan-Dospat, before the road fork to Zmeitsa village, 41°38'N, 24°15"E, ¢. 1600 m,
at the bank of a stream.

1346 84 W Rhodopes: along the road Smolyan-Beglika, after Shiroka Poljana water reservoir,41°46' N, 24°09" E, 1650 m., in the
ditch between t2he road and a Picea abies forest. The population formed a little open monodominant community
without water cover and was neighbour-sympatric with C. nigra subsp. nigra.

Carex buekii

1324 64 Sofia region: along the ring-road of Sofia city, 42°40' N, 23°16' E, 600 m., in the swampy places near Mototechnica.

Carex cespitosa

1264 78%* Toundzha Hilly Country: between the villages Alexandrovo and Manolovo, 42°35'N, 25°56' E, 420 m, in inundated
meadows.

Carex elata

1314 74(76)**  Sofia region: Kazichene village, 42°39'N, 23°28' E, 550 m, in ditches covered by shallow water, almost annually after

Carex nigra subsp. nigra

gar

84(83)
84
84
84

84(83)

84(81, 82,
83)

84(81, 82,
83)

84(81, 82,
83)

Carex nigra subsp. dacica

80
80

80

80
80

78(79, 80)

84 (81,82,

83,85)

the drainage of Kazichene marsh.

Mt Vitosha: on the plateau between peak Ushite and Aleko chalet, 42°35'N, 23°19'E, 1850 m, in the peat bog near
Morenite Hotel.

Mt Vitosha: between peak Cherni Vruh and Koumata chalet, 42°36"N, 23°14' E, 2000-2100 m, in the peat bog near
Konyarnika locality.

Rila Mts: along the road from Prodanovtsi village to Samokov town, near Prodanovtsi village, 42°20'N, 23°32'E,
950-1000 m, in a swamp habitat covered by shallow water.

Rila Mts: along the road from Govedartsi village to Ribarnika locality, 42°16' N,23°28" E, 1200 m, in low places among
the trees of a Picea abies forest.

Rila Mts: along the road from Govedartsi village to a children’s rest home, 42°16'N, 23°28'E, 1200 m, in swamp
habitats covered by shallow water.

Rila Mts: above Kostenets village, 42°14' N, 23°46' E, 1550 m, in swamp habitats along river Chavcha.

W Rhodopes: Beglika locality, along the road to Banchev Chark near Beglika Reserve, 41°50"N, 24°08' E, 1600 m, in
swamp habitats around the stream. The population was neighbour-sympatric with C. acuta.

W Rhodopes: Rakovo Dere locality, 41°50' N, 24°08' E, 1600 m, in a grassy draining place between a wood of Pinus
sylvestris and river Rakov Dol, with western exposition, on marble basal rocks, in summer uncovered by water. The
population neighboured on C. acuta.

W Rhodopes: along the road Smolyan-Beglika, after Shiroka Poljana water reservoir, 41°46' N, 24°09'E, 1600 m,in a
swamp habitat between the road and a Picea abies forest. The population neighboured on C. acuta.

Pirin Mts: Todorini lakes surrounded by Pinus mugo, 42°44' N, 23°27' E, 2500 m, along the lakes.

Mt. Rila: between peak Malyovitsa and Malyovitsa chalet, 42°13' N, 23°21" E, 21002200 m, along rivers, surrounded
by Pinus mugo communities.

Rila Mts: Mousalenski Lakes, 42°13"N,23°35' E, 2400 m, in a draining grassy habitat to the south of the lakes, with
northern exposition and slope gradient 30-40° .

Rila Mts: Mousalenski Lakes,42°13" N, 23°35' E, 2400 m, at the lake bank nearby Mousala chalet.

Rila Mts: Mousalenski Lakes, in the upper stretch of river Bistritsa, below Mousala chalet,42°13'N, 23°35 E, 2400 m,
on river banks and along river streams.

Toundzha Hilly Country: between villages Alexandrovo and Manolovo, 42°35'N, 25°56'E, 420 m, in inundated
meadows. The group was nearby C. cespitosa.

W Rhodopes: Beglika locality, along the road to Banchev Chark, near Beglika Reserve, 41°50" N, 24°08'E, 1600 m,
between population No 709 of C. nigra subsp. nigra and population -710 of C. acuta.

* First published by Stoeva (1992)
** First published by Stoeva (1994)
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Some qualitative characters were employed too:
presence or absence of rhisomes; tint and leaved of the
basal sheaths; tint, shape and veins of the utricle, etc.

The mean value and coefficient of variation (V
in %) were calculated for each character of every pop-
ulation (Tables 5, 6). They have been used in the com-
parative analyses on different levels.

By the method of one-way ANOVA was evaluated
the relative contribution of intra- and interpopulation
variation to the overall variation of each feature within
C. acuta and the two subspecies of C. nigra (Table 10).

The overall morphological variation pattern of the
section was obtained by Cluster analysis (CA), using a
centroid algorithm for clustering. The interpopulation
differences within C. acuta and C. nigra were estimat-
ed by the values of Euclidean distance (Tables 7, 8, 9).

A stepwise discriminant analysis (SDA) was ap-
plied as a multivariate test for morphological sepa-
ration of the taxa and in order to find the subset of
characters contributing most to this separation. SDA
was based on the biometrical values of the quantitative
characters of each examined plant.

All morphological analyses were made with the
help of BMDP statistical package (Dixon 1981).

The anatomical analysis was based on the following
leaf epidermal features: stomatal and papillae distribu-
tion; intercostal epidermal cell sizes/ratio between length
and width, stomatal peculiarities and presence or ab-
sence of prickles. These features have taxonomical value
according to Metcalfe (1971). We also took into consid-
eration the viewpoint of Standley (1990) that the foli-
ar anatomy of sect. Phacocystis has considerable utility in
examining the hybridization between different taxa and
phylogenetic relationships among species within the sec-
tion. The anatomical preparations were made from the
middle part of the stem leaves. The leaves were boiled and
then scraped out and the epidermal peels were washed in
water and 70% alcohol and stained in saffranin. Semi-
permanent glycerin and glycerin gelly slides were made.
Twenty measurements of the stomata frequency and ep-
idermal cell and stomatal sizes were carried out for each
specimen. A mean value for every population was com-
puted and the data are summarized (Table 11).

Results and discussion

The results of our study demonstrate a very com-
plex picture of variation in sect. Phacocystis. The var-

iation relates to different groups of features and to
different levels within the section: interspecific, inter-
population and intrapopulation levels.

Karyology

As a result of karyological study, 11 chromosome
numbers have been found in the section: 2n = 64, 74,
76, 78,79, 80, 81, 82, 83, 84, 85 (Table 1). They all, ex-
cept 2n = 64, form an aneuploid series of consecutive
chromosome numbers.

The number 21 = 64 is the lowest number in the sec-
tion in Bulgaria and somewhat isolated from the others.
It has been counted in C. buekii. This species was stud-
ied karyologically in Bulgaria for the first time. Besides
the result illustrated in Table 1, the same number was
found in a West Rhodopean population near Surnitza
village (Stoeva unpubl.). For C. buekii 2n = 64 is a new
chromosome number. By now, only one chromosome
number has been reported for it: 2n = 40 (Majovsky &
al. 1987). The karyotype is somewhat more heteroge-
nous in the relative length of chromosomes than those
of the other species studied. Two chromosomes of the
karyotype are clearly longer than the others. Six chro-
mosomes are a little shorter than the two longest but
they are clearly longer than all the rest (Fig. 1).

Two chromosome numbers have been counted in
C. elata: 2n = 74, 76 (Stoeva 1994). The first of them
dominates. The numbers 2n = 74 (Davies 1956) and
2n =75, 76, 77 (Faulkner 1972) have been report-
ed from NW Europe and 2n = 76 was indicated as a
dominant number there. Luceiio & Aedo (1994) estab-
lished 2n = 73 - 77 in polymorphic Carex elata from
the Iberian Peninsula, and 2n = 76 from Morocco. By
them, 2n = 76 dominates in subsp. elata and 2n = 74
in two Iberian subspecies: subsp. reuteriana (Boiss)
Luceiio & Aedo and subsp. tartessiana Lucefio & Aedo.
Faulkner (1972) and Lucefio & Aedo (1994) consid-
ered 2n = 76 a typical eudiploid chromosome number
in C. elata. The two latter authors regarded 2n = 74 in
subsp. reuteriana and subsp. tartessiana as a secondary
number evolved from 2n = 76 of subsp. elata by fusion
of a pair chromosomes. The higher numbers 2n = 75
and 2n = 76 in the same two subspecies have agmato-
ploid origin from 2n = 74 cytotypes by fussion of chro-
mosomes, and 2n = 73 by fusion of one chromosome.
Bearing in mind that the population studied by us be-
longs to subsp. elata, it seems logical for the number
2n = 74 to have secondary origin from 2n = 76 by fu-
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sion of chromosomes, and the disturbed environments
of the habitat have helped in one or another way its
gradual stabilization. The karyotype of C. elata is more
homogeneous than the karyotype of C. buekii. The
chromosomes can be divided into three groups by rel-
ative length, but the limits between the groups are not
as distinct as they are in C. buekii because of gradual
transition from one group to another (Stoeva 1994).

In C. cespitosa only one chromosome number was
established 2n = 78. The same number was reported
by Faulkner (1972) from Denmark and it was smaller
than the other numbers known for the species (Stoeva
1994). With its chromosome number and karyotype
C. cespitosa seems to be closer to C. elata than to the
other Phacocystis species, but unlike C. elata, the in-
termediate chromosomes dominate in the karyotype:
the shortest have a smaller number and the longest are
only two (Stoeva 1994).

In C. acuta three chromosome numbers were as-
certained: 2n = 84, 83, 82. These numbers are equal
to some numbers established for C. nigra and high-
er than those of C. buekii, C. elata and C. cespitosa.
2n = 84 was the number present in all studied popu-
lations. In three of them it was the only number and
in the other two was the dominant one (Table 1). Our
results correspond to most literature data illustrat-
ed by the cytochorological map (Fig. 4). On the basis
of their own cytological results Faulkner (1972) and
Lucefio & Aedo (1994) reported 2n = 84 as the typi-
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cal eudiploid chromosome number in C. acuta. Along
with this, Faulkner noted the extensive distribution of
aneuploidy in this species: 51 % of the specimens stud-
ied by him were aneuploid, with 2n = 82, 83, 85, and
2n = 83 was dominant among them. Besides the eud-
iploid number 2n = 84, Lucefio & Aedo (1994) report-
ed two hyperploid ones from the Iberian Peninsula:
2n = 85 and 2n = 86, but they were not dominant. In
Bulgarian C. acuta, the aneuploid numbers are com-
paratively rare: 2n = 82 was found in two plants of the
Rhodopean population No 1343, and 2n = 83 only in
one plant of another Rhodopean population No710.
The latter was neighbour-sympatric with the popula-
tion No 709 of C. nigra. The karyotype of C. acuta is a
little more homogenous than the karyotypes of C. ela-
ta and C. cespitosa and insignificantly more heteroge-
neous than that of C. nigra (Fig. 2).

Karyologically, C. nigra was the most variable spe-
cies of sect. Phacocystis in Bulgaria. In this study five
chromosome numbers were found, which form an
aneuploid series: 2n = 80, 81, 82, 83, 84. The range
of chromosome numbers variation was similar to
that of Europe (Fig. 5) and of the whole area of C. ni-
gra: 2n = 80, 82, 83, 84, 85 (Stoeva 1994). The lowest
number 2n = 80 was established only in C. nigra subsp
dacica. This taxon has been studied karyologically for
the first time and no other numbers have been found
in it. The numbers 2n = 81, 82, 83, 84 were counted in
C. nigra subsp. nigra and 2n = 84 predominated. It was
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Fig.4. Cytochorological map showing the chorology of the chromosome numbers

of C. acuta: results of this study and from literature.

Fig. 5. Cytochorological map showing the chorology of the chromosome num-
bers of C. nigra: results of this study and from literature.

the only number in four populations and
the predominating one in other five (Table
1). The number 2n = 84 was the widest
spread in the area of C. nigra. Faulkner
(1972) and Lucefio & Aedo (1994) regard-
ed it as the typical eudiploid chromosome
number of C. nigra, like in C. acuta. On
the basis of his results Faulkner (1972)
concluded that aneuploidy of this species
in N Europe was more limited in compar-
ison to C. acuta. Only 17% of the stud-
ied specimens were aneuploid and 2n = 85
was the widest distributed among them.
Contrary to Faulkner (1972), Cayouette &
Morisset (1986) in N America and Lucefio
& Aedo (1994) in the Iberian Peninsula
registered more aneuploid than euploid
plants. The first two authors also indicat-
ed 2n = 83 as the widest distributed chro-
mosome number in the region studied by
them. The most frequent aneuploid chro-
mosome number in Bulgaria was also
2n = 83. It was counted in five populations.
In three of them (No1344, 709, 1350),
2n = 83 occured together with 2n = 81 and
2n = 82. These three Rhodopean popula-
tions could be pointed out karyological-
ly as the most variable. Their karyological
variability correlated with the neighbour-
sympatricity of their areas and the areas of
C. acuta populations, respectively No 1346,
710 and 1050. No hyperploid number has
been observed in C. nigra. The hypoploid
number 21 = 81 was a new one for it. The
karyotype of C. nigra (Fig. 3) was the most
homogenous in the section (Stoeva 1994).

The obtained results invited the con-
clusion that the main source of chromo-
some number variation in C. nigra was
the intrapopulation variation in the pop-
ulations neighbouring on populations
of C. acuta. However, aneuploid num-
bers were also registered in the popula-
tions No 1300 and 1353 of C. nigra and
in No 1343 of C. acuta, which were not
sympatric with other species of sect.
Phacocystis. These data suggest symploid
origin of many hypoploid numbers of the
two species, named partial symploidy by
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Luceno & Guerra (1996). Along with this, on
the basis of the larger chromosome number ? |5 1|° 1|5 2|° 2|5
variation in sympatric populations No 1050 d 1394
and 710 of C. acuta and No 1350 and 709 of 9 1393 ﬂ_‘ >
C. nigra it could be assumed that some plants 4 ,222— |
resulted from hybridization between the two n }ggg T >
species. n 43g ]
In the aberrant groups of Plants the cbrom(?- n 1344 -
some number was more variable than in their e 1314 — 7
sympatric taxonomically distinct populations n 1304
(Table 1). In Group 1 three chromosome num- n }§§§ -
bers have been established: 2n = 78, 79, 80. In
most plants 2n = 78 was registered like in pop- a 193
ulation No 1264 of C. cespitosa. In three plants a 1230
2n =79 has been observed and 2n = 80 in oth- a 1343 =
er two plants. The karyotype of the plants with 1
2n = 78 seemed quite identical to the karyotype b 1324
of C. cespitosa. In the karyotype with 2n = 80,

the longest pair of chromosomes was lacking,
and in that with 2n = 79 one of the same chro-
mosomes was lacking.

In the aberrant Group 2 five numbers were
counted: 2n = 81, 82, 83, 84, 85. It was very hard
to decide which of them was dominant. The
first four were the same as the ones registered in the
sympatric population of C. nigra No 709, and 2n = 83,
84 were equal to the numbers of population 710 of C.
acuta in the same locality. The possible reasons for
this diversity were symploidy, hybridization and ag-
matoploidy.

Fig

Morphology

Cluster analysis was performed as a criterion for the
fusion of clusters. It was based on 21 quantitative fea-
tures listed above. As it was evident from the dendro-
gram in Fig. 6, the most striking feature of the overall
pattern was the presence of two wide clusters: A and
B. Cluster B combined a set of populations of C. acu-
ta, C. buekii, C. cespitosa and the aberrant Group 1.
Cluster A consisted of two subclusters. Subcluster Aa
included the populations of C. nigra subsp. dacica.
Subcluster Ab amalgamated the set of populations of
C. nigra subsp. nigra, C. elata and the aberrant Group
2. The two subclusters of cluster A were amalgamated
on a higher level of similarity than the three species
of cluster B, which was in accordance with the low-
er taxonomical rank of the taxa included in them. The
speces C. elata made exclusion. Its place in subcluster

. 6. Dendrogram of the analysis of Carex sect. Phacocystis using the
Centroid method for clustering. No 1394-1361 = C. nigra subsp. dacica;
No 1350-1353 (except No 1314 and Group 2) = C. nigra subsp. nigra;
No 1314 = C. elata; No 1050-1343 = C. acuta; No 1324 = C. buekii; No 1264
= C. cespitosa; 1 and 2 undefined groups.

Ab on high level of similarity with C. nigra subsp. ni-
gra could be explained with the uncommonly small
measurements of some vegetative features in the stud-
ied population (stem height, leaf width, etc.). A prob-
able cause of these lower measurements was the de-
pressive growth of the plants in the ruined habitat of
Kazichene village.

The obtained SDA results showed a good separa-
tion of the studied plants related a-priori to six taxa.
This was obvious from the high total percent of cor-
rect classification 94.55% (Table 2), from the F-val-
ues for each pair of taxa (Table 3) and from the dis-
tribution of plants in the discriminant space (Figs
7, 8). The percentage of correct classification of in-
dividual taxa was also shown (Table 2). Thus, the
plants belonging to C. buekii, C. elata, C. cespitosa,
and C. acuta were 100 % correctly classified. In C. ni-
gra subsp. nigra the percentage amounted to 92.23 %
and in subsp. dacica to 90 %. The computed classifi-
cation functions D1-D5 are also illustrated (Table 4).
Distribution of the studied taxa according to the first
four functions in discriminant space is shown (Figs
7,8). A very good separation of C. cespitosa, C. buekii
and C. acuta and overlapping of C. elata and C. nigra.
subsp nigra is demonstrated (Fig. 7). The species C.
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Table 2. Results of the classification by SDA of individuals among six pre-defined taxa of Carex sect. Phacocystis. The overall

percentage value of cases correctly classified is 94.55%.

Number of Predicted group membership
Actual group m - - - - ;
plants C. acuta | C. buekii | C. cespitosa | C. elata | C. nigra subsp. nigra | C. nigra subsp. dacica
C. acuta 50 50(100%) 0 0 0 0 0
C. buekii 10 0 10(100%) 0 0 0 0
C. cespitosa 10 0 0 10(100%) 0 0 0
C. elata 10 0 0 0 10(100)% 0 0
C. nigra
subsp. nigra 90 0 0 0 3(3.33%) 83(92.23%) 4(4.44%)
subsp. dacica 50 0 0 0 0 5(10%) 45(90%)
Undefined preliminary groups:
1 30 1(3.33%) 0 22(73.33%) 2(6.66%) 5(16.66%) 0
2 10 0 0 0 1(10%) 9(90%) 0

Table 3. F-matrix (containing F-values computed from the equality test of group means for each pair of taxa ) from SDA for six
studied Bulgarian taxa of Carex sect. Phacocystis. Degrees of freedom: 8 and 149.

Taxa F-values
C.acuta C. buekii C. cespitosa C. elata | C. nigra subsp. nigra

C.acuta
C. buekii 93.037
C. cespitosa 134.030 69.845
C. elata 33.727 70.079 62.448
C. nigra subsp. nigra 101.570 138.010 135.080 25.024
C. nigra subsp. dacica 162.130 167.430 177.110 39.753 13.309

Table 4. The sequence of significance of eight selected characters for discrimination between six taxa of Carex sect. Phacocystis
obtained by SDA and the corresponding discriminant functions (D1-D5).

Characters A};?;(;)::;nﬁite D1 D2 D3 D4 D5
X1 stem height 307.360 0.082 0.039 -0.054 0.028 -0.072
X2 bract length 205.787 0.003 -0.266 0.053 0.129 -0.244
X3 leaf width 137.110 0.855 -0.107 -0.775 -0.711 -0.983
X4 leaf length 117.856 0.031 -0.014 0.091 0.041 -0.002
X11 utricle width 104.222 7.023 -16.281 8.691 1.741 -17.680
X10 utricle length 89.452 -3.980 -9.687 -2.338 -4.798 -9.364
X21 utricle length to utricle width ratio 79.745 3.905 9.631 4.010 4.127 9.100
X7 length of the upper male spike 70.104 -0.019 0.025 0.545 -0.618 -0.852
constant -14.018 -14.925 -10.996 0.685 -16.847

elata is separated well from all other taxa by function
D4 (Fig. 8). The limits between the two subspecies of
C. nigra were not quite clear. The F-values (Table 3)
confirmed the smaller differences between subsp ni-
gra and subsp. dacica, as compared to the interspe-
cific dfferences.

With the help of classification functions we have
tried to find out the place of the two groups of plants
not identified earlier. The results (Table 2) indicate
that 22 plants of Group 1 were classified as C. cespi-
tosa. The other eight plants fell respectively in: C. ni-
gra subsp. nigra five, C. elata two and C. acuta one. All
plants in Group 2 (excluding one) were classified as C.
nigra subsp. nigra.

The most significant features for differentiation of
taxa found by means of SDA were: stem height, leaf
sizes, bract length, length of the upper male spike and
utricle sizes (Table 4). Besides them, the taxa had some
specific morphological characters which allowed their
recognition:

— C. buekii was characterized with very high stems
with wide leaves (Table 5), yellowish-green veinless
utricle and blackish-brown basal sheaths getting con-
spicuously reticulate fibrous;

- C. elata differed to the greatest degree from the
others with its long broadly elliptic and dark grayish-
green utricle with a paler beak and three slender veins,
as well as with yellowish-brown leafless basal sheaths;
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— C. cespitosa could be distinguished easily by its
very short bract, shorter than the inflorescence and
than the lower female spike, long leaves, compact and
comparatively short inflorescence, dense overlapping
spikes which, single male spike, and pale suborbicular
veinless utricle with a short beak (Table 5);

- The most distinctive features of C. acuta were: a
very long bract, always longer than the inflorescence

Table 5. Mean (first line) and coefficient of variation in % ( second
line) of C. acuta (1230-1346), C. buekii (1324), C. cespitosa (1264),
C. elata (1314) and undefined Group 1.

Population|1230| 710 (1050|1343 |1346( 1324 | 1264|1314 | Gr.1
character
number

1 73.49 65.63 57.03 57.61 50.31102.30 95.06 43.20 73.97
19.97 10.40 19.94 13.27 15.24 10.21 10.26 15.90 11.58

2 61.53 55.54 48.27 66.03 51.02 57.18 78.70 39.14 61.78
15.27 20.21 12.59 9.16 17.46 33.45 14.43 13.1517.10
3 3.79 280 348 3.72 349 5.80 2.80 3.08 2.62
7.38 13.20 17.24 13.70 14.04 10.86 13.21 11.03 43.86
4 19.75 16.53 13.36 16.44 16.23 12.92 0.67 4.65 1.67
19.13 29.82 32.13 25.7219.10 33.12 17.91 39.13 43.86

5 17.94 13.72 1591 14.26 14.17 14.66 3.27 7.93 4.91
19.28 24.56 24.32 21.87 15.52 19.71 11.00 19.04 18.83

6 230 1.80 1.30 1.70 230 1.60 1.00 1.60 1.07
20.86 23.33 51.53 39.4129.13 31.87 0.00 31.87 11.67
7 433 294 413 3.19 393 351 188 3.23 2.58
16.85 18.36 29.23 18.19 13.74 12.82 13.82 19.19 15.70
8 6.15 520 476 5.07 631 573 1.58 3.40 1.53
19.34 19.03 28.36 18.14 18.06 19.37 17.72 30.88 16.10
9 491 494 3.87 337 454 479 070 2.61 1.21
30.14 42.30 37.98 33.5322.24 24.21 31.42 21.4522.12
10 2.84 2.65 245 275 2.65 231 226 290 2.09
9.85 7.54 734 545 415 476 6.19 448 731
11 1,32 1.39 128 120 1.22 139 1.84 1.71 1.62
477 647 859 6.66 3.44 861 7.06 9.35 9.43
12 0.20 021 023 027 025 020 0.18 023 0.12
24.00 26.66 20.86 17.77 20.80 24.00 23.33 20.86 33.36
13 2.84 294 247 207 259 209 194 3.03 2.15
10.00 11.90 18.21 8.5310.03 9.56 10.36 7.26 7.81
14 0.97 093 0.70 098 0.70 0.82 098 0.82 0.96
15.36 10.75 15.71 11.22 11.57 14.97 9.28 19.51 9.05
15 415 4.08 4.09 3.05 3.68 3.44 3.54 4.09 3.37

12.53 10.78 10.51 3.93 7.88 7.52 9.03 6.84 8.01

16 1.06 1.04 086 130 1.05 1.03 1.06 1.00 0.99
9.05 15.09 23.25 7.23 8.09 9.12 9.05 11.50 9.75
17 0.86 0.84 087 1.16 1.01 0.57 083 091 0.85
22.09 19.04 20.68 12.93 11.48 36.84 18.07 10.98 14.74
18 1.10 1.19 1.15 1.14 1.14 0.86 0.20 0.58 0.34
7.09 8.40 16.52 9.64 4.38 16.27 23.50 31.03 37.00

19 024 020 0.28 0.25 028 0.14 0.03 0.18 0.06
22.08 21.50 22.61 20.83 11.42 22.75 15.27 23.52 22.38

20 1.00 1.11 1.01 0.75 097 090 086 1.04 1.02
8.92 12.47 22.77 7.86 8.17 9.50 12.02 10.40 10.32
21 215 191 1.92 230 217 1.66 1.23 1.70 131

10.09 11.26 8.04 8,84 4.26 6.62 7.12 7.93 8.80

(Table 5), and brown (pale-brown, grey-brown to
dark-brown) leaved basal sheaths;

- C. nigra could be distinguished by its slender,
long, far creeping or shorter rhizomes; thin and com-
paratively short stems; narrow leaves; dark-purple or
dark reddish-brown shining, leaved basal sheaths (the
characters of the basal sheaths resembled C. cespitosa).
The two subspecies of C. nigra differed from each oth-
er by the lengths of stem, inflorescence, female spike
(Table 6), rhizomes, and density of tufts.

The interpopulation variation was evaluated on-
ly in C. acuta and C. nigra, owing to the fact that the
other three species were investigated in single popula-
tions. The values of Euclidean distance (Ed) are illus-
trated (Tables 7, 8,9). A comparison of these values has
shown the following: Ed values varied within different
limits in the individual taxa; the interpopulation dif-
ferences were fewer and varied within much narrower
limits in C. nigra subsp. dacica (Table 7), which corre-
lated with the invariable chromosome number, smaller
differences between the population habitats and sim-
ilar altitude (2100-2500 m). The interpopulation dif-
ferences within this subspecies were the least between
the populations localized in the region of Musalenski
Lakes and were the greatest between the Pirin popula-
tion and that from Malyovitza (Rila Mts).

The largest interpopulation morphological varia-
tion was observed in C. nigra subsp. nigra (Table 8).
It was in agreement with the large diversity of macro-
and microecological conditions of the habitats from
different regions, altitudes (950-2100 m) and ecosys-
tems. The neighbour-sympatric areas of some popula-
tions of C. nigra subsp. nigra and C. acuta facilitated
hybridization between some their plants and thus con-
tributed to the large interpopulation variation too. The
differences between the populations from one and the
same region, as a rule, were less than those between
the populations from different regions. Population
No 1350 from Rakovo Dere (the Rhodopes) was an
exception, because it resembled more the Vitosha
populations than the other Rhodopean populations.
A comparison of the populations within the differ-
ent regions has shown that the lowest interpopula-
tion differences were in Vitosha region: Ed = 5.35.
The plants from these populations had short stems,
leaves, bracts and inflorescence (Table 6). The smaller
size of these plants could be explained with the macr-
oecological conditions of their habitats localized at al-
titudes of 1850-2100 m. Interpopulation differences
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Table 6. Mean (first line) and coefficient of variation in % ( second line) of C. nigra subsp. nigra (438-1344), C. nigra subsp. dacica

(272-1395) and undefined Group 2.

Population| 438 | 1300 | 1362 | 1364 | 1365 | 1353 709 | 1350 | 1344 272 | 1361 | 1389 | 1394 395 | Gr.2

Character.
number

1 3537 30.38 3845 4375 4284 51.78 40.13 2826 4234 1567 19.05 1496 15.81 155  33.29

1492 1385 16.07 13.89 27.84 1583 24.64 20.77 488 2156 1994 2359 19.34 19.8  10.45

2 21.52  22.77 4436 4489 3860 3598 3270 20.72 2859 1245 1465 11.18 12.14 1199 2559

20.16 16.64 1852 1147 3993 1556 23.14 32.14 31.19 26.74 3344 3228 29.38 27.77 26.61

3 1.66 1.38 1.55 1.08 0.97 2.01 1.78 1.57 2.71 1.74 1.66 1.62 1.79 1.54 2.13

1746 27.71 3225 16.66 11.34 1343 14.60 3439 12.17 32.75 1746 19.75 11.73 35.06 17.84

4 3.49 2.81 4.22 8.41 7.48 3.76 6.43 2.62 6.01 1.63 3.00 393 2.93 3.18 4.40

37.82 31.67 4478 1450 1871 51.59 37.01 6793 3410 29.44 4400 52.16 53.63 35.53 38.86

5 5.10 4.10 7.31 8.18 8.45 4.90 7.13 4.45 7.30 2.53 3.90 4.92 3.84 3.70 5.70

21.17 19.75 2257 1246 19.05 28.57 26.08 4359 21.50 2294 31.28 50.81 38.54 2459 1894

6 1.70 1.50 1.10 1.80 1.40 1.10 1.40 1.10 1.40 1.10 1.00 1.00 1.00 1.50 1.70

2823 3466 28.18 2333 3642 28.18 36.42 28.18 0.49 28.18 0.00 0.00 0.00 34.66 28.23

7 1.83 1.61 2.45 1.99 2.33 1.36 2.21 1.86 2.06 1.09 1.42 1.60 1.38 1.33 2.39

25.68 16.77 11.02 8.54 19.31 19.11 2217 38.17 27.66 26.60 19.71 3250 16.66 18.04 14.22

8 2.40 2.22 2.10 3.03 3.84 2.51 2.84 2.15 3.70 1.17 1.63 1.87 1.58 1.78 2.46

23.75 2747 4238 24.09 1692 23.10 176 51.62 1540 2393 17.79 2827 46.83 2471 2398

9 2.28 1.86 1.55 2.67 2.49 2.23 1.97 1.43 2.60 1.11 1.66 1.72 1.78 1.38 1.54

2149 4946 2451 1835 18.47 25\.01 3401 5804 3461 2062 50.00 5523 61.79 47.10 53.24

10 2.01 2.13 2.28 2.40 2.09 1.90 1.97 1.79 1.92 1.77 1.81 1.97 1.98 1.86 2.60

6.40 1220 16.22 5.41 4.30 9.47 3.40 7.82 1145 14.68 9.39 7.10 7.02  15.59 5.11

11 1.02 1.19 1.31 1.22 1.31 1.16 1.17 1.04 1.25 1.07 1.03 1.00 1.14 1.04 1.28

6.17 10.00 10.45 5.16 6.68 9.48  20.94 8.65 4.0 10.84 10.59 0.00 842 1442 15.46

12 0.17 0.27 0.15 0.20 0.10 0.10 0.12 0.17 0.19 0.10 0.12 0.17 0.14 0.19 0.22

3941 17.77 46.66 7750 24.00 24.00 5250 2823 1631 24.00 35.00 28.23 3642 16.31 9.09

13 1.80 1.98 2.17 242 2.06 1.72 2.09 1.95 2.04 1.78 1.61 1.64 1.99 1.80 2.40

16.11 11.61 10.59 9.09 6.79 9.80 572 14.35 7.35  12.92 453 2195 7.53 18.88 9.60

14 0.80 1.05 1.04 1.04 0.76 1.01 0.80 0.94 1.00 0.95 0.92 0.87 0.87 0.81 0.81

5.87 8.09 17.07 11.53 9.07 8.61 21.25 10.21 9.40 10.52 1195 1436 15.36 9.11 17.28

15 3.03 3.01 3.23 2.75 3.56 2.64 3.44 2.96 3.45 3.01 2.59 2.77 3.09 2.85 3.68

462 17.61 7.43 7.27 4.77 8.33 10.17 9.12 9.27 13.95 7.72 1696 1294 1192 10.86

16 0.92 1.26 1.03 1.20 0.69 1.01 1.00 1.11 1.10 1.13 0.88 0.88 0.89 0.90 0.89

10.86 10.00 16.05 14.16 10.69 30.69 13.33 1432 1272 17.69 13.63 18.18 21.34 1555 19.10

17 0.60 0.75 1.18 1.04 0.89 0.71 0.82 0.72 0.67 0.80 0.76 0.73 0.77 0.77 0.76

1500 13.33 2711 1730 2359 2253 1585 16.66 31.34 20.00 19.73 1506 2597 20.77 21.05

18 0.67 0.67 0.58 1.02 0.88 0.73 0.89 0.54 0.80 0.65 0.75 0.80 0.71 0.84 0.75

31.34  20.89 43.10 778 11.02 27.39 2662 2943 2250 27.69 1573 2725 3056 1750 22./66

19 0.14 0.13 0.19 0.18 0.20 0.09 0.17 0.15 0.17 0.16 0.21 0.33 0.24 0.24 0.17

2414 27.14 1591 1541 26.16 3226 13.11 3246 20.06 2249 4036 47.75 27.61 2343 23.58

20 0.89 0.93 0.96 1.01 0.98 0.90 1.06 1.09 1.07 1.01 0.89 0.83 1.00 0.96 0.92

12.12  14.10 16.72 9.59 6.12 5.02 741 1645 1341 17.09 9.11 21.60 7.76 8.05 12.88

21 1.97 1.79 1.74 1.97 1.60 1.66 1.75 1.73 1.53 1.66 1.76 1.97 1.75 1.79 2.07

410 1055 13.45 8.21 7.67 18.00 21.43 10.73 1053 17.96 10.47 7.19 11.88 12.07 16.66

within the groups from Rila and the Rhodopes var-
ied within nearly the same limits. The plants from Rila
were tall, with longer leaves, inflorescences and female
spikes (Table 6). The larger sizes were probably due to
the lower altitude of their habitats: 950-1550 m. The
Rhodopean populations have occupied an intermedi-
ate position between those of Rila and Vitosha with re-
gard to their morphological characteristics correlating

with the intermediate altitude of the habitats: 1600-
1650 m. The smaller sizes of population No 1350 men-
tioned above could be probably due to the untypical
for subsp. nigra habitat: a relatively dry, marble slop-
ing ground that was drained away and not under wa-
ter in summer. C. acuta maintained an intermediate
position in respect to its interpopulation differenc-
es (Table 9). Those differences were greatest between



Phytol. Balcan. 11(1) « Sofia « 2005

55

Table 7. Values of Euclidean distance between the pairs of popu-
lations within C. nigra subsp. dacica based on 21 characters.

Number of 272 1361 1389 1394
population
272
1361 4.58
1389 3.83 3.56
1394 2.10 4.16 2.08
1395 2.21 4.50 1.89 0.93

Table 8. Values of Euclidean distanse between the pairs of popu-
lations within C. nigra subsp. nigra based on 21 characters.

Numler of | 438 | 1300 | 1362 | 1364 | 1365 | 1353 [ 709 [ 1350
population

438

1300 5.35

1362 23.21 23.34

1364 25.54 26.80 7.10

1365 19.45 21.24 832 6.61

1353 21.90 25.20 16.03 13.40 10.88

709 12.71 14.74 12.04 13.00 6.86 12.66

1350 7.33  3.09 25.97 29.59 24.03 28.09 17.54
1344 10.65 14.23 16.52 16.70 10.36 12.57 4.91

16.89

Table 9. Values of Euclidean distanse between the pairs of popu-
lations within C. acuta based on 21 characters.

Number of 1230 710 1050 1343
population
1230
710 11.40
1050 21.38 11.78
1343 17.44 13.43 18.04
1346 25.98 16.09 8.03 16.83

the population from Srebarna Biosphere Reserve and
the rest: Ed = 11.40 - 25.98. The longer stems, bracts,
inflorescences and spikes of the Srebarna population
(Table 5) were in accordance with the much lower sit-
uated habitat at 50 m a.s.L.

The intrapopulation variation was estimated on the
basis of the coefficient of variation (Tables 5, 6). Data
show that most morphological characters had V = 10-
30% in almost all populations. No character could be
indicated as the most variable or the most constant in
all taxa and populations. The most variable charac-
ters in most species were the distance between the two
lower female spikes and the bract length. The sizes of
utricle and glumes were among the most constant fea-
tures. Occasionally, some characters were strongly var-
iable in one taxon but relatively constant in the others.
A similar picture could be observed in the different
populations within one and the same taxon. Good ex-

amples of such features are the beak length and the
number of male spikes.

A comparison of V-values in the different taxa has
shown that they were the greatest and varied within
larger limits in C. nigra subsp. nigra, followded by C.
nigra subsp. dacica and C. acuta. The most invariable
species was C. cespitosa. The narrow range of varia-
tion in C. cespitosa, C. buekii and C. elata could be ex-
plained with limited investigation of these species, but
one should also note that it correlated with constant or
less variable chromosome numbers.

A comparison of the intrapopulation variation in
C. acuta and C. nigra has shown that the Rhodopean
populations No 710 and 1050 of the first species and
No 709 and 1350 of C. nigra subsp. nigra were mor-
phologically the most variable. The large morpho-
logical variation in No710, 709 and 1350 correlated
with the variable chromosome numbers. The popula-
tion pairs No709-710 and No 1050-1350 had neigh-
bour-sympatric areas. The immediate proximity of
the two species enabled their plants to hybridize and
produce hybrids and backcrosses between F1 hybrids
and their parents. That could explain to some degree
the large morphological and karyological variation.
The Rhodopean populations No 1346 of C. acuta and
No 1344 of C. nigra subsp. nigra were much less varia-
ble morphologically, despite their neighbour-sympat-
ric areas. In the first of them, the small morphological
variation correlated with the constant chromosome
number. Thus, that population resembled a little a
young clone unaffected by C. nigra. There has been
no correlation between the small phenotype variation
and variable chromosome number in No 1344. The
populations of Rila and Vitosha Mts were less varia-
ble, probably by reason of their isolation from the oth-
er species of sect. Phacocystis.

The results obtained by the one-way ANOVA
method have shown the dominant share of the intrap-
opulation variation in the overall morphological vari-
ation of C. acuta, C. nigra subsp. nigra and subsp. dac-
ica (Table 10). That fact could be explained with the
large numbers and biological structure of the popu-
lations which combined sexual and vegetative repro-
duction, as well as with the lack of effective genetic
barriers between the species. The relative share of in-
terpopulation variation in C. nigra subsp. nigra and C.
acuta, in comparison with C. nigra subsp. dacica, was
much larger than corresponded with ecological diver-
sity of their habitats.
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Table 10. Percentage of the interpopulation variation in the over-
all morphological variation for each character.

Taxon | Carex acuta | Carex nigra | Carex nigra
Character number subsp. nigra | subsp. dacica
1 41.03 49.69 17.61
2 39.36 57.78 9.46
3 38.37 67.76 4.76
4 9.43 59.98 23.16
5 20.69 55.72 22.35
6 31.27 22.61 35.61
7 35.81 37.77 21.16
8 24.82 44.88 21.13
9 15.89 27.89 13.03
10 32.88 47.92 14.63
11 42.76 41.43 18.16
12 25.47 40.76 43.18
13 50.41 47.51 23.07
14 57.98 51.65 16.76
15 55.34 56.41 19.09
16 53.96 49.23 27.27
17 37.29 50.17 1.93
18 6.14 42.21 12.66
19 25.07 44.28 28.05
20 45.22 26.96 25.27
21 43.07 31.07 18.95

Leaf epidermis anatomy

The results of the leaf anatomy study have shown that
all investigated taxa of sect. Phacocystis had papillose
epidermis. Papillae were of different size and frequen-
cy but always connected to the surface with stomata.
These structural peculiarities were observed by oth-
er authors too (Akiyama 1941; Claustres & Le Cohu
1965; Le Cohu 1971; Standley 1987a, b, 1990). In am-
phistomatal leaves the stomata density on the upper
epidermis is higher than on the lower one. The epi-
dermal cells of both surfaces are nearly equal in size
like in Polish populations of C. nigra (Klimko 1981).
In hypostomatal and epistomatal leaves the epider-
mal cells on the surface with stomata are shorter and
narrower than those on the surface without stomata.
In hypostomatal leaves the upper epidermis is with-
out, or with very sparse papillae localized in the mid-
dle vein area. On the lower epidermis, papillae occur
very frequently on every cell and are more prominent
along the median vein. The species C. acuta, C. cespi-
tosa, C. elata, C. buekii and Group 1 have hypostomat-
al and hypopapillose leaves (Table 11) with more ob-
long cells on the upper epidermis (Figs 9, 10). Klimko

(1981) reported the same type epidermal structure for
the first three species and Standley (1990) for C. acu-
ta, C. cespitosa and for some populations of C. buekii.
According to the later author, other populations of C.
buekii have amphistomatal leaves.

The investigated species of the hypostomatal
group can be distinguished by the following features:
C. buekii had less stomatal density, larger cell size on
the lower epidermis and wider cells on the upper ep-
idermis (Table 11; Fig. 9). C. elata had more oblong
cells on the upper epidermis (:w=6.8) and a lot of ab-
normal stomata: twins with a common subsidiary cell
(Table 11; Fig. 11). The abnormalities in the stomat-
al apparatus could be explained by deteriorated water
supply caused by the destroyed natural habitat. C. ces-
pitosa showed some sclerophyllous features: high sto-
matal frequence and dense short papillae; thickened
walls of the epidermal cells along the leaf margin and
big veins, a lot of prickles (Fig. 12). The same leaf ep-
idermis was observed in the aberrant Group 1. These
sclerophyllous features are probably related to the un-
typical habitat.

The plants within the studied populations of C.
buekii, C. elata and C. cespitosa, as well as of Group 1
were rather uniform in their leaf epidermis.

C. acuta combined populations which were not
uniform in relation to the leaf epidermis structure.
The interpopulation differences related to stomata and
papillae distribution, epidermal cell sizes, presence or
absence of prickles and abnormal stomata. Certain di-
versity was observed within most populations too. For
example, in population No 1343 the cells on the upper
epidermis were much more oblong than in the other
populations 1:w=6.4 (Table 11); the papillae were very
variable from high and rough to quite short; there was
many anomalies in the structure of the stomatal ap-
paratus — a subsidiary cell “bridge” between two sto-
mata (Fig. 10). Population No 1050 of the same spe-
cies had a low number stomata and papillae and also
of prickles and anomalies of the stomatal apparatus on
the upper epidermis. Of special interest was popula-
tion No710. With its amphistomatal and amphipap-
illose epidermis this population resembled C. nigra,
but unlike C. nigra, stomatal density is much higher
on the lower epidermis. Its intrapopulation diversity
was also very large and was related to stomata and pa-
pillae distribution, the presence or absence of prick-
les and anomalies in the stomatal apparatus. The same
picture has been observed in aberrant Group 2. Some
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Table 11. Results of leaf anatomical study of Carex sect. Phacocystis.

- Upper epidermis Lower epidermis
S — — - — —
;g S E < < 3 s S E < < s
3| 85| 5s | Es| s, | B |sE| 25| 5s| b, |5, |5k
Taxa & i =% | %5 o g [ Y] i <t | ©5 o g Y] P
=9 *;,“:" -a: -a.— Q= Ha Q @ g: 'a: 'a-— Q= UE Q »
o o« o o' o= 5E 5= = o o' o= 5F 53 5
= =) b P ) @» % 5] FR=] =} b = 2 @ % @ O 2 g
et 52 °S ° 3 2= g £ = g2 °T °3 L a £ =)
=) S S g Q § Q [-W 2 =W 8 s E § Q 5 Q -9 - - g
~ | =8| =2 = & 2| =8| 2 = E
1 2 3 4 5 6 7 8 9 10 11 12 13 14
C. acuta 1343 00 1010 156 - - - 2820 317 147 + - +
1346 00 687 175 - - - 2320 368 136 + +- -
1050 119 637 168 +- + +- 2858 356 152 + - -
710 1523 443 14.3 + + + 244 431 15.2 + -
C. buekii 1324 0.0 1157 231 - - - 136 504 175+ - -
C. cespitosa 1264 0.0 88.9 213 - + - 361.0 354 12.8 + + -
C. elata 1314 0.0 116.9 17.3 - - - 200.0 32.2 12.9 + - +
C. nigra 1364 170.2 51.4 14.1 + + - 0.0 62.0 16.2 -(+) + -
subsp. nigra 1365 2324 46.9 20.0 - + - 0.0 86.7 16.7 -(+) - -
1353 209.8 46.5 16.7 + - - 0.0 63.0 17.1 - - -
1362 103.5 61.1 14.6 + - 71.4 56.3 159 -(+) + -
438 183.0 38.9 13.8 + - - 46.8 47.6 15.7 -(+) - -
1300 193.0 28.2 10.0 + - + 553 35.7 13.0 -(+) - -
1350 142.1 55.8 13.6 + - + 97.1 53.1 13.8 + -(+) +
1344 149.5 46.9 153 + - + 94.4 53.7 16.6 -(+) - +
709 193.8 46.8 13.6 +(-) + + 134.7 48.6 12.1 +- - -
Carex nigra 272 164.3 37.8 14.9 + - + 88.5 41.7 16.1 +- - -
subsp. dacica 1361 203.2 44.8 15.4 + - + 81.8 48.1 15.4 -(+) +
1389 185.6 39.7 16.2 + - + 94.1 443 16.8 -(+) - +
1394  200.0 385 15.3 + - - 89.6 36.1 15.7 - -
1395 178.9 33.1 14.2 + - - 108.5 32.6 17.8 - - -
Undefined 0.0 87.1 23.8 - + - 328.9 38.8 13.7 + + -
Group 1
Undefined 181.6 47.3 14.6 + + + 217.6 44.2 15.5 +- - -
Ggroup 2

plants of population No 710, Group 2 and single spec-
imens of population No 1050 in their leaf epidermal
characteristics resembled hybrids between hyposto-
matal and amphistomatal species. Such hybrids were
observed by Toivonen (1981) and Standley (1990).
Population No 1346 was most invariable in its leaf ep-
idermis which correlated to less morphological diver-
sity and a constant chromosome number.

C. nigra with its two subspecies combined popu-
lations with amphistomatal and epistomatal leaves.
Epistomatous were three Rila populations of sub-
sp. nigra (No 1364, 1365 and No 1353), which corre-
sponded to Standley’s results (1990) about American
C. nigra. The interpopulation differences related to
the stomata and papillae density, papillae height and
the sizes of epidermal cells. No anomalies in stomat-
al apparatus have been observed (Fig. 14). Only pop-
ulation No 1364 possessed prickles on the costal and

8. Phytol. Balcan.11(1) - 2005

intercostal area. All plants within epistomatal popu-
lations had the same leaf epidermis. All other stud-
ied populations of subsp. nigra were amphistomatous
(Table 11) like C. nigra in Poland (Klimko 1981). The
populations of this group differed from each other in
stomata and papillae density on the two surfaces, in
the height of papillae and other peculiarities. Thus,
the Rhodopean populations had more stomata and
papillae than the others, variable height of papillae
and many abnormal stomata. The Vitosha popula-
tions had up to four times more stomata and papillae
on the upper epidermis than on the lower one. The
two populations differed from each other mainly by
the height and place of papillae and by the presence
of anomalous stomata with conjugate subsidiary cells
in population No 1300 (Fig. 13). The foliar epidermis
within the amphistomatal populations of subsp. ni-
gra was very variable, unlike that in the epistomat-



58

Stoeva, M., Uzunova, K., Popova, E. & Stojanova, K.  Variation within Phacocystis of Carex in Bulgaria

al group. Most variable were the Rhodopean popu-
lations, No 1300 from Mt Vitosha and No 1362 from
Rila Mts. The diversity was mainly related to the fre-
quence of stomata and papillae on the two surfac-
es. C. nigra subsp. dacica always had amphistomatal
leaves (Table 11). The interpopulation differences re-
lated mainly to the stomata and papillae density on
both surfaces and to papillae shape. In population
No 1394 and No 1395 the papillae were delicate and
only on the upper epidermis. Prickles were registered
only in No 1394 (Fig. 16). There were anomalous sto-
mata only in No272, 1389 and 1361 and they were
more numerous in the first population (Fig. 15). The
intrapopulation variation of subsp. dacica was rath-
er large and related to the ratio between stomata and
papillae number on the two foliar surfaces, to papil-
lae shape and epidermis cell size.

Relationships and evolutionary trends in sect.
Phacocystis

The results of multivariate statistics and leaf epider-
mis anatomy study of the Bulgarian species of sect.
Phacocystis have led to the conclusion that all species
can be divided in two groups. The first of them in-
cludes C. buekii, C. elata, C. cespitosa, and C. acuta.
These species were characterize with high stems, com-
paratively rough habit, and hypostomatal hypopapil-
lose leaves. The second group includes only C. nigra,
which had short, more slender stems, and epistomatal
epipapillose or amphistomatal amphipapillose leaves.
Standley (1990) considered the hypostomatal hy-
popapillose leaves as more primitive than the epis-
tomatal ones and regarded amphistomatal leaves as
derived from them. Then, the first group could be re-
garded as evolutionary older than C. nigra.

12 This viewpoint was supported by the karyo-
[ o logical and morphological data. Of the spe-
cies of the hypostomatal group, C. buekii
10 + o

o o had the lower and constant chromosome
oo number and a more heterogeneous karyo-

8 + L . : . .
. n% type. This species was characterized with
6 e " “u the most high stems in sect. Phacocystis, and
-': - uniform leaf epidermal structure. The in-
o 4 . - trapopulation morphological variation was
o~ . rather poor too. All these peculiarities gave
e ) 4 us a reason to consider C. buekii the oldest
. member of sect. Phacocystis. In its morpho-
ol 5 logical characteristics C. buekii was closer
® X . * to C. elata and C. cespitosa than to C. acuta
24 ° % (Table 3). The greater phenotype differenc-
@, 00 * x es between C. buekii and C. acuta correlated
<1 0%, o o x X with the very different chromosome num-
% ° bers. Taking into consideration the chromo-
6 , , , L% e, , ) , some numbers, karyotypes, meiotic chro-

T L) T I T T I

1 mosome pairing, variability of the pollen

-8 -4 -2 0 2 4 6 8 10 12 P hol logical .
D1 grain size, morphology, ecological require-

ments and the ability for interspecies hy-

Fig. 7. Discriminant plot of the individuals of six a-priori defined
Carex taxa and the two undefined groups with respect to discrimi-
nant functions D1 and D2.

+ C.elata O C. cespitosa
<& Coacuta 1-6 Centres

A C. nigra subsp. dacica | Group 1

O  C. nigra subsp. nigra ® Group2

X C. buekii

bridization, Faulkner (1973) assumed that C. elata was
closest related to C. cespitosa. He also regarded C. ela-
ta as a link between the pairs of species C. acuta-C.
nigra, on one hand, and C. aquatilis-C. bigelowii, on
the other. On the basis of the variable chromosome
numbers (2n = 73 - 77), and morphological and tax-
onomical diversity of C. elata in SW Europe, Lucefio
& Aedo (1994) regarded it as an active species with
rapid diversification. They indicated also agmatoploi-
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dy with its two variants, fusion and fission of chromo-
somes, as the main mechanisms in the karyotype evo-
lution of this species. Its ability for hybridization both
between intraspecific taxa and with other species of
the same section was mentioned as a significant factor
for active diversification of this species. C. elata and
C. cespitosa are rare species in Bulgaria and our study
was very restricted. Nevertheless, the obtained results
on the chromosome numbers, karyotype, foliar epi-
dermis structure, and morphology have also shown
that they are closer related to each to other than to the
other species of the section. Group 1, which grew in
the immediate proximity of the population of C. ces-
pitosa and possessed the same dominant chromosome
number and the same invariable foliar epidermis, be-
longed to this species. The morphological variation in
it correlated with the variable chromosome number.
The absence of the longest pair of chromosomes in
the cytotype with 2n = 80 suggested its agmatoploid

origin from the cytotype with 2xn = 78. The cytotype
with 21 = 79 could have resulted from agmatoploidy
of the cytotype with 2n = 78, or from symploidy of
the cytotype with 2n = 80, or of hybridization between
the cytotypes with 2n = 78 and 2n = 80. On the basis
of the higher chromosome numbers and of the more
homogeneous karyotype, C. acuta could be regarded
as the youngest member of the hypostomatal group.
Relying on morphological characteristics, Kiikenthal
(1909) considered C. acuta and C. nigra as closely re-
lated. Taking into account the identical chromosome
numbers and interfertility of the two species, Faulkner
(1973) confirmed their close relationship. Along with
this he pointed out their differences in morphology,
ecology, cytology and interfertility. According to him,
the most essential cytological differences were more
often aneuploidy in C. acuta than in C. nigra, the high-
er interfertility of C. acuta in crosses with C. paleacea
and C. cespitosa, and less effectively as a male parent
in crosses with C. elata. Our results have led to

the conclusion that in its morphology and leaf
epidermal structure C. acuta was closer related
to the species of the hypostomatal group. The
chromosome numbers and the karyotype drew
it together with C. nigra: the two species had
one and the same typical eudiploid chromosome
number, a rather homogeneous karyotype and
a similar aneuploid series. They occurred at the
same altitudes and their populations were often
neighbour-sympatric, which helped the contacts
between plants from the two species.

Analysing the similarity and differences be-
tween C. acuta and C. nigra, the question about
the origin and relationships of the second spe-
cies becomes very intriguing. On the basis of the
foliar epidermis structure (epistomatal and am-
phistomatal leaves) and the phenotype charac-
teristic, especially the short and slender stems,
C. nigra should be regarded as a younger spe-

Fig. 8. Discriminant plot of the individuals of six earlier defined
Carex taxa and the two undefined groups with respect to discrimi-
nant functions D3 and D4.

+ C.elata O  C. cespitosa
<& C.oacuta 1-6 Centres

A C. nigra subsp. dacica B Groupl

O  C. nigra subsp. nigra ® Group2

X C. buekii

cies than C. acuta. Bearing in mind the opinion
of Standley (1990) that amphistomatal leaves are deriv-
ative and that hybrids among species combine the pa-
rental anatomical characters, we could assume a sec-
ondary origin of the amphistomatal C. nigra from the
epistomatal plants of the same species and from some
hypostomatal species with high chromosome numbers
of sect. Phacocystis. On the basis of the same chromo-
some numbers of C. acuta and C. nigra, their interfer-
tility (Faulkner 1973) and their similar ecological lo-
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calities, we could regard C. acuta as the hypostomatal
parent of the amphistomatal C. nigra. The large ana-
tomical, phenotypical and cytological diversity in the
places where the plants of C. acuta and amphistomatal
C. nigra grew side by side have shown that certain hy-
bridization between the two species was very possible.
Logically, the same process could be observed in places
with sympatric populations of C. acuta and epistomat-
al C. nigra too. Stabilization of the hybrids, even when
they were not fully fertile, was favoured by the K-strat-
egy (combination of vegetative and sexual reproduc-
tion) of the two species, and especially of C. nigra.

C. nigra. subsp. dacica could be a hybrid of epis-
tomatal C. nigra and some hypostomatal species of
the section with chromosome numbers smaller than
2n = 84. It could also have a symploid origin from
an amphistomatal C. nigra. On the basis of the closer
similarity of subsp. dacica with C. nigra, and especial-
ly with the amphistomatal C. nigra populations, the
symploid origin of this subspecies seemed more prob-
able. No matter what was the origin of C. nigra subsp.
dacica, the new cytotype with 2n = 80 had gradual-
ly occupied places at higher altitudes and thus a new
ecotype has been formed.

Fig. 9. Lower epidermis (x600) of C.
buekii (No 1324).

Fig. 10. Lower epidermis with sub-
sidiary cell “bridge” (x600) of C. acuta
(No 1343).

Fig. 11. Lower epidermis (x600) of C.
elata (No 1314).

Fig. 12. Lower epidermis (x600) of C.
cespitosa (No 1264).
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Conclusion

The results of this study have shown that sect.
Phacocystis is represented in Bulgaria by six taxa: C.
buekii, C. elata, C. cespitosa., C. acuta, C. nigra subsp.
nigra, and C. nigra subsp. dacica. The first four species
were characterized with high stems and more or less
rough habits, and hypostomatal leaves. They are ev-
olutionary older than C. nigra having short, slender
stems, and epistomatal or amphistomatal leaves.

The intrapopulation variation is the main source
of phenotype variation in the species of this section.

Fig. 13. Upper epidermis with conjugate
subsidiary cells (x 600) of C. nigra subsp.
nigra (No 1300).

Fig. 14. Upper epidermis (x600) of C.
nigra subsp. nigra (No 1365).

Fig. 15. Upper epidermis with third
subsidiary cell (x600) of C. nigra subsp.
dacica (N0 272).

Fig. 16. Upper epidermis with prickles of
C. nigra subsp. dacica (No 1394).

In C. nigra subsp. nigra and C. acuta phenotype varia-
tion often correlates with variable chromosome num-
bers and more variable foliar epidermis structure. The
interpopulation differences are greater in C. nigra sub-
sp. nigra than in C. acuta and subsp. dacica. This corre-
sponds to the more diverse habitats of its populations.

Symploidy and hybridization are the main evolu-
tionary mechanisms in sect. Phacocystis. Hybridization
between C. acuta and C. nigra has been favoured by
the ineffective reproductive barriers. K-strategy of
these species has contributed to a great extent to the
stabilization of hybrids.
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