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Abstract
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Seed morphology, anatomy and spermoderm ultrasculpture are studied using SEM and
light microscopy in 19 of about 80 species of the genus Pinguicula (Lentibulariaceae).
All subgenera recognised by CASPER are covered by the study. Seeds of Pinguicula are
small and have ellipsoidal or spindly form. Seeds of all examined species are characterised
by the same groundplan. On the other hand, we found differences in some characters
between studied samples. Some characters of seed coat structure are probably significant
at the sectional level. Some other characters are probably significant on specific or
infraspecific level. The data on seed coat structure generally confirms that section
Pinguicula represents a natural taxon. Embryo structure of Pinguicula is of special
interest due to variation in the cotyledon number We found two cotyledons in P
crystallina, P lusitanica, P. mor s, P wariegata, and P wvillosa, which represent all
three subgenera. The rest of the examined species possess a single cotyledon. We suggest
that cotyledon number was quite unstable in the evolution of Pinguicula. Some features
of seed coat morphology are much more congruent to flower morphology than embryo
structure. This is in contrast to many other families of Lamiales, where an embryo with
two cotyledons is a very conservative character. However, it is difficult to demonstrate
that cotyledons of Pinguicula are homologous to cotyledons of other dicots.

1. Introduction

Pinguicula is the second-largest genus of the family Lentibulariaceae. It
comprises about 80 species distributed in arctic, temperate, and tropical areas
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of Eurasia, Africa and America. Like other members of the family, species of
Pinguicula are carnivorous plants growing usually in nutrient-poor habitats. Th‘e
genus can be distinguished from other genera of Lentibulariaceac by a com.bx-
nation of plesiomorphic character states, such as presence of more or less typical
roots and leaves and passive flypaper type of trapping mechanism. Nevertheless,
molecular phylogenetic analyses confirm monophyly of Pinguicula (MUELLER
et al. 2001, JOBSON et al. 2001).

In the worldwide monographic study of the genus Pinguicula by CASPER
(1966) three subgenera, 13 sections, and 47 species are accepted. After publication
of CASPER’s monograph, many new species of Pinguicula were described, mainly
from mountain regions of Mexico (SPETA & FUCHS 1982, ZAMUDIO 1988, 1997,
1999, 2001, ZAMUDIO & ORTEGA 1994, ZAMUDIO & SALINAS 1996), but also
from Europe (TAMMARO & PACE 1987, ZAMORA et al. 1996, CASPER & STEIGER
2001) and Morocco (ROMO et al. 1996). CASPER’s sectional delimitation in
Pinguicula has been questioned by BLANCA et al. (1999). According to the
classification by LEGENDRE (2000), the genus Pinguicula includes 15 sections
and 75 species. Therefore, new studies should be conducted to clarify disputable
problems of Pinguicula taxonomy. Recent molecular phylogenetic analyses
(ALBERT et al. 1992, ALBACH et al. 2001, BREMER et al. 2001, JOBSON et al. 2001,
MUELLER et al. 2001) add much to our knowledge of Lentibulariaceae and
Pinguicula phylogeny. However, many important morphological features still
require more careful investigation. This paper aims at studying the seed mor-
phology in selected species of Pinguicula and its relation to taxonomy and
phylogeny of the genus.

Seeds of Pinguicula are unusual among seeds of dicotyledons being variable
in cotyledon number. Some species of Pinguicula possess embryo with two
cotyledons, while others have only one cotyledon (TREVIRANUS 1839, 1848,
BUCHENAU 1865, DICKSON 1869, KAMIENSKI 1891, VELENOVSKY 1907, NE-
TOLITZKY 1926, CRETE 1956, HACCIUS & HARTLE-BAUDE 1957, CASPER 1966,
STUDNICKA 1986). As far as known, monocotyly is found in several other
unrelated groups of dicots, such as some Umbelliferae, Ranunculaceae, Primu-
laceae etc. (e.g., GOEBEL 1932, EAMES 1961). The majority of published data on
seeds of Pinguicula is focused in the phenomenon of monocotyly. According to
traditional viewpoint (VELENOVSKY 1907, HACCIUS & HARTLE-BAUDE 1957),
monocotyly in Pinguicula is a result of full loss of the second cotyledon.
According to CRETE (1956), who studied embryo development in P leptoceras,
primordia of two cotyledons are initiated in this species, but only one cotyledon
is present in the mature seed. GOEBEL (1932) suggested that syncotyly has taken
place in the evolution of Pinguicula. TREVIRANUS (1848) considered that
so-called cotyledon of “monocotyledonous” embryos is in fact the first eophyll
and suggested that cotyledons are wanting. Although so different interpretations
of monocotyly in Pinguicula have been proposed, only limited set of species
has been studied in respect of embryo structure, and much more information is
still needed to analyse embryo evolution within the genus.
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External seed morphology in Pinguicula has been discussed in several
taxonomic publications (NETOLITZKY 1926, CASPER 1962, 1975). DWYER (1983)
studied seeds of carnivorous plants and suggested that seeds of Pinguicula look
similar and have the same basis shape. ZAMORA et al. (1996) studied seed coat
ultrasculpture with SEM in six European species (P grandiflora, P. submediter-
ranea, P mundi, P vallisneriifolia, P. longifolia, and P nevadensis). MIKELADSE
(1996) made SEM micrographs of seeds in nine European and Central American
species (R hirtiflora, P. crystallina, P. alpina, P eblersae, P. pumila, P lutea, P
caerulea, P lusitanica, P vulgaris).

Seed coat and endosperm anatomy has been studied and illustrated in a
limited set of Pinguicula species (P. vulgaris, B alpina — HACCIUS & HARTLE-
BAUDE 1957, CASPER 1962, 1966). NETOLITZKY (1926) suggested that seed
anatomy should be used as a character distinguishing infrageneric groups in
Pinguicula. However, NETOLITZKY (1926) neither listed studied species of
Pinguicula nor published any illustration. No data have been published on
internal structure of seeds of American species of Pinguicula.

2. Material and methods

Seed material was obtained from the seed collection of the Institut fiir Spezielle Botanik
der Friedrich-Schiller Universitit Jena' (JE), from herbarium specimens of Gray Herbar-
ium of Harvard University (GH) and the Herbarium of the Main Botanical Garden of
the Russian Academy of Sciences (MHA), and from plants cultivated in the Main Botanical
Garden of the Russian Academy of Sciences, Moscow (Table 1).

Seed morphology was studied with binocular lens in 10-20 seeds from each sample.
Besides, 5-10 seeds from each sample were studied with SEM. For SEM studies, a Hitachi
S-405A microscope at Moscow University was used. The material was coated by a thin
layer of platinum-palladium.

Seed anatomy was studied for 5-10 seeds from each sample using a light microscope.
Cross, longitudinal and paradermal sections were made by hand razor and mounted in
glycerine. Before sectioning, seeds were maintained for three days in a mixture of equal

Table 1. Location and collection dates of specimens.

Species Location Date Collector

P, alpina L. Ruminien, Transs. Alpen Steiger S 41 (JE)
(Siidkarpaten)

P. balcanica Casper Bulgarien, S of Sofia Steiger S 30 (JE)

P caerulea Walter USA, Florida, E of 02.V.1956 Kral & Godfrey
Newport 2338 (GH)

! Prof. ]. STEIGER kindly sent the majority of this material to Jena for this study.
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Table 1. (cont.)

Species

Location

Date

Collector

P, corsica M.Bernard et
Gren. ex Gren. et Godr.

P, crystallina Sibth. ex Sibth.

et Smith

P, fiorii Tammaro et Pace

P, grandiflora Lam. subsp.

grandiflora f. grandiflora
P, grandiflora subsp.
grandiflora {. pallida
(Gaudin) Casper

P, grandiflora subsp. rosea

(Mutel) Casper
P, hirtiflora Ten.
P. leptoceras Rehb.

P. longifolia Ramond ex DC.

subsp. longifolia

P, longifolia subsp.
caussensis Casper

P, longifolia subsp. reichen-
bachiana (Schindler) Casper

P, lysitanica L.

P, lutea Walter

P. macroceras Link subsp.

nortensis ].Steiger ex
J.Steiger et H.Rondeau

P, moranensis Kunth

P. primuliflora C.E.Wood et

Godfrey
P, vallisneriifolia Webb
P, vaniegata Turcz.

P, villosa L.

P. vulgaris L.

France, Central

Zypern

Italien, Maiella

France, Dep. Hautes
Pyrenées

France, Dep. Ain

France, Dep. Isére

Italy, near Salerno
France, Col di Tende

France, Dep. Hautes
Pyrenées

France, Dep. Lozere
France, Alp. Maritimes
Ireland, Co. Galway
USA, North Carolina

USA, northernmost
California del Norte
County

cultivated in the Main
Botanical Garden of the
Russian Academy of
Sciences, Moscow

USA, Mississipi,
Harrison County

Spain, Vall Cazorla

Russia, Khabarovskiy
kray, near Qkhotsk

Russia, Kzu:elia., Loukhi
distr.

Russia, Karelia, Loukhi
distr.

1996

V.1996

13.VIIL1964

09.V.1954

1V.1957

21.VI.2001

21.VI.2001

Steiger S 17 (JE)
Steiger (JE)

Steiger S 27 (JE)
Steiger S 10 (JE)

Steiger S 9 (JE)

Steiger S 11 (JE)

Steiger S 34 (JE)
Steiger S 14 (JE)
Steiger S 20 (JE)

Steiger S 21 (JE)
Steiger S 22 (JE)

Ferguson 7898
(MHA)

Channel 2808
(GH)

Steiger S 28 (JE)

Gooley & Ray
3225 (GH)

Steiger S 25 (JE)
Steiger S 29 (JE)

Schlauer S 44 (JE)

Schlauer S 30 (JE)
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parts of glycerine, ethyl alcohol and water at a temperature of 56 °C. Sections were treated
partly by phloroglycine and hydrochloric acid, partly by Ch/Zn/], partly by Sudan-IV,
and partly by Ruthenium red.

For some taxa (P vulgaris, P. grandiflora subsp. grandiflora) abundant seed material
was available, and it was possible to study the variability of seed structure within a sample
with SEM and LM.

3. Results

General morphology

Seeds of Pinguicula are developing from anatropous ovules (HACCIUS &
HARTLE-BAUDE 1957). Seeds are small, 0.4-1.0 mm lg. (Table 2) and have
ellipsoidal (most species) or spindly (P alpina, P fiorii, P moranensis, P
vallisneriifolia) forms (Figs. 1, 2).

In all examined species, seeds have a more or less pronounced appendage at
the micropylar end. The appendage is formed exclusively by the seed coa; it
lacks parts of embryo or endosperm (see also HACCIUS & HARTLE-BAUDE
1957). Micropylar appendage length varies among studied species (Figs. 1-5,
Table 2). The longest appendage (1/4 of total seed length) has P vallisneriifolia
(Fig 3).

‘Some species (Table 2) have a second, chalazal appendage, which is also
formed exclusively by the seed coat. Usually, presence/absence of the chalazal
appendage appears to be constant within a species. However, in two subspecies
of P longifolia (subsp. longifolia, subsp. caussensis) the appendage is absent,
while in subsp. reichenbachiana (Figs. 4, 5) there is a short appendage.

The hilum is situated on the micropylar appendage. It is always very small
and possesses no specialised structures. Raphe and micropyle are not visible in
mature seeds.

Structure of exotesta cells as revealed on surface view (SEM)

Cellular structure of exotesta is always well visible when the seed coat surface
is studied with SEM. Cell outline in surface view varies from rectangular to
rounded-polygonal (Table 2). Rectangular cells are usually quite long (e.g.,in P
villosa, P vallisneriifolia), but may be almost square (some cells of P alpina). In
the vast majority of species, exotesta cells of dry seeds have concave outer walls.
Seed surface is thus foveate, with each fovea corresponding to an exotesta cell.
In P villosa, P. alpina, and P variegata, outer walls of exotesta cells are almost
flat (Figs. 6, 7, 8). In P. willosa, seed surface may be described as reticulate; the
reticulum consists of narrow and low crests situated along contacts of adjacent
cells. In P, alpina, exotesta cells are arranged into longitudinal rows; the crests
are moderately developed along longitudinal cell margins, while between



Table 2. Seed structure characters variation in studied species of Pinguicula.
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Figs. 1-5. General view of seed. Chalazal side left, micropylar side right. Scale unit =
300 pm. — 1, B leptoceras, ellipsoidal seed; — 2, P moranensis, spindly seed; — 3, P
vallisneriifolia, spindly seed, the longest appendage at micropylar end; — 4, £ longifolia
subsp. longifolia, ellipsoidal seed, without chalazal appendage; — 5, P longifolia subsp.
reichenbachiana, ellipsoidal seed, short chalazal appendage.

adjacent cells of the same row the crests are scarcely visible. In P, variegata the
crests are scarcely visible along all cell margins. The crests in P, alpina and P
villosa are probably formed due to slight depression of outer cell wall and thus
these species are not fundamentally different from the rest of the examined
species, which possesses pronouncedly concave outer walls.

P. moranensis differs from the rest of examined species in presence of papillae

439

Figs. 6-11. Seed surface. SEM micrographs in the middle part of the seeds. Scale unit
=50 pm. — 6, P alpina, seed surface is almost flat, outer parts of anticlinal walls are
completely united; — 7, P variegata, seed surface is almost flat, outer parts of anticlinal
walls are completely united; — 8, P villosa, seed surface is almost flat, outer parts of
anticlinal walls are completely united; — 9, P moranensis, seed surface is foveate, outer
parts of anticlinal walls are completely united, exotesta cells with papillae; — 10, P
caerulea, outer walls of exotesta cells form cracks; — 11, 2 corsica, seed surface is
uniformly concave, outer parts of anticlinal walls are divided by a furrow.
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on exotesta cells (Fig. 9). The papilla represents a hollow outgrowth of outer

cell wall. } o
In P caerulea and P lutea, in contrast to other species, the outer periclinal

walls form cracks (Fig. 10).

Outer parts of anticlinal walls of adjacent exotesta cells. may be almost
completely united (P. alpina, P, caerulea, P. crystallina, P. hirtiflora, P. lutea, P,
moranensis, B primuliflora, P. variegata, I’ villosa) (Figs. 6-10). In the rest of
examined species, outer parts of anticlinal walls are divided by a furrow (Fig. 11).

Seed structure as revealed on cross sections (LM)

According to published data, Pinguicula has unitegmic and tenuinucellar
ovules, nucellus is destroying during early stages of embryo sac development
(PODDUBNAYA-ARNOLDI 1982). HACCIUS & HARTLE-BAUDE (1957) report
that at anthesis integument of P vulgaris and P. alpina consists of 3—4 layers.
Mature seeds consist of seed coat, endosperm, and embryo (Fig. 12).

a) Seed coat

The seed coat of studied species is thin (0.02-0.05 mm). The seed coat
apparently always consists exclusively of died cells in mature seeds.

Exotesta has always large, not obliterated cells. The outer periclinal walls
are always thin. When material treated by water, alcohol, and glycerol is used,
periclinal walls are almost flat or convex. In dry material, the outer walls are

seed coat

micropylar endr

Fig. 12. Schemes of sced of P. villosa on cross and longitudinal sections.
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Figs. 13-20. Cross sections of seed coat (SC) and endosperm (END). Pattern of anticlinal
walls thickening. Scale unit = 0.1 mm. — 13, P balcanica, anticlinal walls are thin
throughout their height; — 14, P grandiflora subsp. grandiflora, anticlinal walls are
thickened in the inner part only; — 15, P leptoceras, anticlinal walls are thickened in
the outer and middle parts; — 16, P. grandiflora subsp. rosea, anticlinal walls are thickened
in the outer and inner parts; — 17, P lutea, anticlinal walls are thickened in the outer
part only; — 18, P. macroceras subsp. nortensis, anticlinal walls are thickened throughout
their height, but thicker in the inner part; — 19, P longifolia subsp. caussensis, anticlinal
walls are thickened throughout their height, but thicker in the outer pary; — 20, P
wvallisneriifolia, anticlinal walls are thickened throughout their height.
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usually concave (see above). In P moranensis, outer periclinal walls form papillae

(Fig. 9)-
This study revealed a great vari
among examined species (Figs. 13

ation in pattern of anticlinal walls thickening
—20). In P alpina, P balcanica, P fiorii, P.
variegata, and P, villosa the anticlinal walls are thin throughout their height (Fig.
13). In P, grandiflora subsp. grandiflora the anticlinal walls are thickened in the
inner part, but thin in the middle and outer parts (Fig. 14). In P, leptoceras, they
are thickened in the outer and middle parts, but thin in the inner part (Fig. 15).
In P corsica, P grandiflora subsp. rosea, P longifolia subsp. longifolia, P
moranensis, P. primuliflora, and P. vulgaris the anticlinal walls are thickened in
the outer and inner parts, but thin in the middle part (Fig. 16). In P caerulea, P
birtiflora, P. longifolia subsp. reichenbachiana and P lutea the anticlinal walls
are thickened in the outer part only (Fig. 17). In . macroceras subsp. nortensis,
P longifolia subsp. caussensis, and P vallisneriifolia, the anticlinal walls are
thickened throughout their height. Among these taxa, in P macroceras subsp.
nortensis the walls are thicker in the inner part of the wall (Fig. 18); in P. longifolia
subsp. caussensis the walls are thicker in the outer part of the wall (Fig. 19); in
P vallisneriifolia the thickening is almost constant throughout the wall height
(Fig. 20). In P, crystallina thickenings of the anticlinal walls form vertical bolsters
(Figs. 21, 22). Therefore, in some cross sections anticlinal walls appear to be
thick throughout their height, while in others they appear to be totally thin. A
peculiar type of thickening is characteristic to P. lusitanica (see below).

The inner periclinal walls are usually uniformly thin or slightly thickened.
However, in three species (P caerulea, P. lusitanica, P lutea) the inner periclinal
wall forms cross outgrowths. In P. caerulea and P, lutea the outgrowths are flat
and very regular in arrangement (Figs. 10, 23, 24). They occupy a considerable
part of cell cavity. In P lusitanica thickenings of the inner periclinal wall form
a sparse reticulum consisting of low bolsters. The bolsters are continuing into
adjacent anticlinal walls, where they are running obliquely up to joining with a
continuous bolster of thickening in the outer part of the anticlinal walls (Figs.
25, 26). As a consequence, the thickening pattern of exotesta cell walls revealed
on cross sections is highly variable in P lusitanica.

In P, variegata and P birtiflora exotesta cells possess a dark content (Figs.
27, 28). In the rest of the species, cells appear to be empty when studied with
light microscope.

Mesotesta consists as rule of obliterated cells only. However, in P villosa and
P, grandiflora subsp. grandiflora, there are up to three layers of non obliterated
cells. In P balcanica, P. corsica, P. fiorii, P. longifolia subsp. longifolia, P lusitanica,
P macroceras subsp. nortensis, and P, vallisneriifolia sometimes there is a single
layer of non obliterated cells.

In all studied species except P moranensis endotesta in mature seeds has
obliterated cells (Fig. 29). .

Vascular bundles and their derivates are always absent in seed coat of all
examined species.

26.

Figs. 21—2.2. Cros.s secfion of seed coat (SC) and endosperm (End) (Fig. 21) and three-dimensional schema of exotesta cells (Fi
P. crystallina. Thickening of the anticlinal walls in the form of a vertical bolster. Scale unit = 0.1 mm. — Figs. 23-24. Lon,

24.

22

g- 22) of
gitudional

section of seed coat (SC) and endosperm (End) (Fig. 23) and three-dimensional schema of exotesta cells of P caernlea

outgrowths of inner periclinal wall are flat and regular in arran

(Fig. 24). The
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—26. Cross section of seed coat (SC)

of exotesta cells (Fig. 26) of P lusitanica. The thickening of the inner

gement. Scale = 0.1 mm. — Figs. 25

and' e.ndos;;erm (End) (Fig. 25) and three-dimensional schema
periclinal wall form sparse reticulum. Scale unit = 0.1 mm.
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29.

Figs. 27-28. Outer exotesta cells with dark content. Cross section of see_d coat (SC) an}d
endosperm (End). Scale unit = 0.1 mm. — 27, P, variegata; — 28,_P. b;-rttﬂqm. — Fig.
29. Endotesta with not obliterated cells in mature seeds. Longitudional section of seed
coat (SC) and endosperm (End). Scale = 0.1 mm. E. moranensis.

b) Endosperm (Figs. 13-20)

The endosperm consists of 23 cefl layers in the mature seeds. The e'xternal
endosperm cell layer contains numerous starch grains (not shown in the figures).
The external periclinal walls of external cells are strongly thickened. "I"he cells
of the rest endosperm layers do not contain starch grains and are often obliterated.
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c) Embryo (Fig. 12)

The embryo is straight, well developed and possesses radicula, hypocotyl,
one or two cotyledons, and a very small shoot apex. We found two cotyledons
in P. crystallina, P. lusitanica, P moranensis, P. variegata, and P, villosa. The rest
of the examined species possess a single cotyledon. In our material, cotyledon
number was stable at the specific level. If the embryo has two cotyledons, they
are similar to each other in shape and size in our material. Besides, each cotyledon
is symmetric in dicotyledoneous embryos. In embryos with a single cotyledon,
the cotyledon is symmetric (P, alpina, P. caerulea, P. corsica, P, fiorii, P. grandiflora
subsp. rosea, B birtiflora, P leptoceras, P macroceras subsp. nortensis, P. primuli-
flora, P wvallisneriifolia) or asymmetric (P balcanica, P grandiflora subsp.
grandiflora, P. longifolia, P. lutea, P. vulgaris). Cotyledon aestivation is of four
types: flat, convolute, plicate, and intermediate between convolute and plicate
(Table 2). P crystallina, P, lusitanica, P. moranensis, P. variegata, P. villosa (i.e.,
species with dicotyledoneous embryos) have flat cotyledons (Fig. 30). The rest
of the examined species have a plicate type of cotyledon aestivation (Figs. 31,
32). P, grandiflora typically has a convolute cotyledon (Fig. 33). In 2 grandiflora
subsp. grandiflora {. pallida and P. grandifiora subsp. rosea we found some
embryos with a plicate cotyledon. P. longifolia subsp. caussensis is characterised
by a cotyledon of intermediate type of aestivation (Fig. 34).

The radicula and the hypocotyl possess a procambial strand. Cotyledons
have no procambial tissue. s

Plumule of a mature seed is very small, undifferentiated, without lea
primordia.

4. Discussion

The results of the present study are largely in agreement with published data
on seeds of Pinguicula. However, our study covered more species of the genus
and provided more information on internal seed structure. Using light micros-
copy of cross sections, we were able to make a correction to SEM data by
MIKELADSE (1996). According to MIKELADZE (1996), cross cell wall outgrowths
in exotesta cells of P lutea and P. caerulea belong to the outer periclinal wall.
We have revealed that they belong to the inner periclinal wall. NETOLITZKY
(1926) stated that cells of the outer endosperm layer possess thick cuticle and
thin cell walls. We have revealed, in contrast, a very thick outer cell wall of the
outer endosperm cells in all examined species. This is in agreement with data of
Haccrus & HARTL-BAUDE (1957). Similar thickenings of endosperm cells are
found also in Utricularia and some other Lamiales (e.g., Globulariaceae, Ges-
neriaceae, NETOLITZKY 1926, G.V. DEGTJAREVA, pers. obs.). The thick walls of
endosperm cells in Pinguicula and related taxa should have a protective function
to the embryo, which is especially evident since the seed coat contains usually
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a single layer of non-obliterated cells. A similar situation is found in some other
groups, e.g. in Asparagaceae (OGANEZOVA 1981).

The darta of the present study allow to analyse seed character evolution in
Pinguicula and to discuss taxonomic significance of seed characters.

Seed shape: Spindly seeds are found in four taxonomically unrelated species.

Chalazal seed appendage: Presence/absence of the appendage may be used
to distinguish taxa of P longifolia complex.

Exotesta cell shape: The majority of examined Pinguicula species possesses
rounded-polygonal cells. These species belong to several different sections of
two subgenera. In such species as P alpina, P moranensis, and P. vallisneriifolia
this character is correlated to a spindly seed shape. However, in other species
there is no such correlation. It seems that this character does not have a great
taxonomic importance. Probably, it can be used to distinguish some species, but
further studies are needed to demonstrate this precisely.

Exotesta cell surface: P, alpina, P variegata and P, villosa differ from each other
in prominence degree of crests along margins of adjacent cells. Interestingly, P
variegata seem to beintermediate between P alpina and P villosa. Thisis inagreement
with observations of gross morphology, which lead to a conclusion that P variegata
may represent a hybrid between P alpina and P, villosa (Steiger 1998).

Outer parts of anticlinal walls of adjacent exotesta cells: united/divided
by a furrow. The furrows are present in all studied taxa of section Pinguicula
and may thus represent a synapomorphy of the section. We may postulate that
thisis a character of great taxonomic importance. It is interesting in this respect
that the furrow is found also in P lusitanica of section Isoloba (MIKELADSE
1996). Since the furrows are absent in other studied species of section Zsoloba
(P primuliflora, P. Iutea, P. caernlea), this may indicate that sect. Jsoloba is a
heterogenous group.

The present and the previous character may have certainadaptive significance.
Seeds of Pinguicula are dispersed by wind and water (FLEISCHER 1929). The
reticular sculpture of the seed coat surface allows seed floating on water surface
(CASPER 1962). Air bubbles are retaining in depressions of seed coat (note that
exotesta cells are covered by hydrophobic cuticle). Ability of the bubbles to
retain in the depressions as well as the bubble size should be higher in species
with presence of furrows between adjacent cells. If the furrow is present, outer
margins of cell depression are much more incurved; this leads to better bubble
adhesion. It is necessary to stress that the furrows are found in species with
concave exotesta cells only.

Presence of large papillae on outer exotesta cells is characterised only in P
moranensis. Similar papillae are present in some other Pinguicula species, which
share with P moranensis geographical distribution in Mexico (MIKELADSE 1996,
SPETA & FUCHS 1982, ZAMUDIO 1997, 1999). The character seems to have a
taxonomic significance, but more material from Mexico should be studied yet.
Interestingly, similar papillae are found also in some Utricularia (TAYLOR 1989);
they possibly represent a result of parallel evolution.
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Cracks of the outer periclinal cell walls of exotesta cells are found in P

Iutea and P. caerslea. These two species share distribution in SE North America
and were allied on the base of morphological characters (CASPER 1996). .The
character seems to be taxonomically important. MIKELADSE (1?96) .descnbed
similar cracks of outer cell walls in B pumila (not included in this study).
According to CASPER (1996) P. primulifiora is closer to P lutea and P. caerulea
than B pumila. In P primuliflora, according to our dara, there are no crack.s.
Therefore it is possible that this character state appeared independently in
different sections. . )

Pattern of thickenings of exotesta cell walls: The pattern of thickening was
constant within each sample studied. However, in some closely rc}ated taxa we
found different patterns of thickening. The character (more precisely, a set of
characters) is seemingly characterised by fast evolutionary changes and may be
used to distinguish species and/or infraspecific taxa. For example, 2 grandiflora
subsp. grandiflora differs from P. grandiflora subsp. rosea in [hc. apscnce of
peculiar thickenings in the upper part of anticlinal walls. In R.hm;ﬂom, the
thickenings form a continuous ring in the upper part of amic!mal ?Valls; the
remaining part of anticlinal walls is thin. In P. crystallina, the thickenings form
several vertical bolsters while the continuous ring in the upper part of the walls
is absent. These data contrasting to the opinion that P hirtiflora should be treated
as a subspecies of P crystallina (e.g., MIKELADSE 1996). In the P longif?lia
complex, various subspecies differ from each other in the pattern of thickening.
This is in accordance with the opinion based on molecular data, that P longifolia
s.J. may be a heterogeneous taxon.

Four examined species of Pinguicula have peculiar bolster-shaped thickenings
of exotesta cell walls. In P lusitanica the bolsters are irregularly positioned,
sometimes anastomosing and occurring both on anticlinal and inner periclinal
walls. In P crystallina the bolsters are restricted to anticlinal walls, while in P
lutea, P caernlea (this study) they were found exclusively on inner periclinal
walls. Comparing our data with SEM-micrographs by MIKELADSE (1996), we
should postulate presence of bolsters on inner periclinal cells also in P pumila.
These data indicate close relationships between P pumila, P. caeruleaand P, lutea.
It is uncertain, whether bolsters of P crystallina and P. lusitanica are homologous
to bolsters of the three above-mentioned species. They have a different position
(in P, crystallina) and structure (forming a reticulum: P, lusitanica). However, we
should note that all five species belong to the same subgenus, Isoloba, according
to CASPER’s (1966) classification.

Endosperm structure is largely uniform among the examined species. This
character seems to play on a higher taxonomic level (see above).

Cotyledon number: Species with different cotyledon number are found in
each of the three subgenera recogniséd by CASPER (1966). It should be stressed
that P orystallina with two cotyledons and P hirtiflora, which has a single
cotyledon, form the separate section Cardiophyllum. Grouping of these two
species is in good agreement with data of general morphology (CASPER 1966).
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Members of plant families related to Lentibulariaceae possess embryos with two
cotyledons. Therefore, we may postulate that the presence of two cotyledons
represents a plesiomorphic condition in Pinguicula. It is possible that embryos
with a single cotyledon appeared independently in all subgenera of Pinguicula.
We think that parallelisms rather than reversals took place in embryo evolution
of Pinguicula, because changes from monocotyly to dicotyly seem to be
extremely rare (if at all well documented) in angiosperms (see, however, EAMES
1961). Itis interesting, that according to SCHULTZ (1965), seedlings of P. [usitanica
are variable in presence of a single or two cotyledons; he even reported “all
transitions” between seedlings with one and two cotyledons. In P, alpina, some
seeds with two cotyledons were found along with numerous monocotyledone-
ous seeds in a sample (HACCIUS & HARTLE-BAUDE 1957). This leads us to the
conclusion that the cotyledon number should not be treated as a character of
greatest importance in Pinguicula taxonomy.

Cotyledon symmetry and aestivation: All species with a dicotylenoneous
embryo have flat and symmetric cotyledons. Single coryledon may be pilcate
(symmetric or asymmetric) or convolute (always asymmetric). Since in each of
the two subspecies of P grandiflora we found various types of cotyledon
symmetry and aestivation, the characters seemingly are of low taxonomic
importance.

5. Conclusions

Our study revealed that seeds of all examined species are characterised by
the same groundplan (thin seed coat, thick outer walls of outer endosperm cells,
embryo with non-vascularised cotyledons, etc.). On the other hand, there is a
great variation in such characters as presence of the chalazal appendage, pattern
of thickening of exotesta cells, cotyledon number. It is important that seed coat
anatomy characters are almost constant within each seed sample studied.

Some of the revealed characters are probably significant at the sectional level,
e.g. presence/absence of furrows between outer parts of anticlinal walls of
adjacent exotesta cells. Some other characters are probably significant on specific
or infraspecific level, e.g. pattern of thickenings of exotesta cell walls, presence
of chalasal seed appendage.

The seed data generally confirms that section Pinguicula represents a natural
taxon, which is also in accordance with molecular data. All studied species of
section Pinguicula share presence of furrows between outer parts of anticlinal
walls of adjacent exotesta cells as well as always monocotyledonous embryo.

Our data show grear differences between subspecies of P longifolia in seed
structure. It may be possible that subspecies of P. longifolia should be treated
as separate species. The seed data set does not confirm the proposal by BLANCA
et al. (1996) to segregate species with narrow leaves and undulate leaf margins
(i.e., P longifolia s.1., P vallisneriifolia) into a separate section.
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number was quite unstable in the evolution of
bryo evolution is of special interest, because it
d families of the order Lamiales possess embryos

We suggest that cotyledon
Pinguicula. Homoplasy in em
seems that members of all relate

with two cotyledons. o .
Since CAS};’ER (1966) based subgeneric delimitation mainly of flower mor-

phology, our results imply data incongruence between embryo morphology and
flower morphology. It is interesting that some features of seed coat morphology
are much more congruent to flower morphology then embryo structure. W,c
believe our datadoes not indicate unnaturalness of CASPER’s sub.genera. CASPER’s
system is in general agreement with our molecular phylogenetic study, which is
ess.

- ongfffiwlt question, which is important in the light of these da.ta, is whe.ther
cotyledons of Pinguicula are homologous to cotyledons of other dicots. Besides,
it is not clear, which kind of homology can be cstablished between cotyledons
of dicotyledonous Pinguicula species and the cotyledon of mfmocptylcdonous
species of the genus. It should be stressed that cotyledopsh of ng_uuula are very
simple structures in their morphology, which makes difficult their hon?ologga-
tion. Although the vast majority of authors reject TREVIRANUS’ (1848) viewpoint
that so-called single cotyledon of P vulgaris is in fact the first eophyll‘, it seems
that no strong arguments against his theory were found. Mon"phologxcally, the
single cotyledon differs from true leaves mainly in its smaller size (TREV.IRAN[.IS
1848, STEIGER 1973). A comparison with the closely related genus, Utricularia,
shows that the question of organ identity may be very difficult (e.g., RUTIS-
HAUSER & ISLER 2001). Several species of Utricularia have seeds without
cotyledons (DICKSON 1869, KAMIENSKI 1891, CASPER 1975, NIKITICHEVA
1987), while others may possess two very small or many relatively large
outgrowths (GOEBEL 1932), which are currently weakly homologised to true
cotyledons Utricularia (TAYLOR 1989).

Acknowledgments

We are thankful to Prof. J. STEIGER (Bern) for gencrously providing seed material for
this study, kind support of our activity and valuable criticism. We are grateful to Dr. E.
WooD (Harvard University Herbaria, Cambridge, Mass.) for providm.g seeds of Amen.can
species. G.D. and D.S. are grateful to the Russian Foundation of Basic Research (project
# 03-04-48831a) and the Scientific Schools Program (project # 1712.2003.4) for support
of their work.

Literature cited

ALBACH, D., SoLTIs, P, Sortis, D. & OMSTEAD, R.G. 2001: Phylogenetic analysis of
asterids based on sequences of four genes. — Ann. Missouri Bot. Gard. 88 (2):163-212.

ALBERT, V.A., WiLLIAMS, S.E. & CHASE, M.W. 1992: Carnivorous plants: Phylogeny and
structural evolution. — Science 257: 1491-1495.

G. Degtjareva et al,, Seed morphology in the genus Pinguicula 451

BLANCA, G., RUIZ-REJON, M. & ZAMORA, R. 1991: Taxonomic revision of the genus
Pinguicula L. in the Iberian Peninsula. — Folia Geobot. Phytotax. 34: 337-361.
BREMER, K., BACKLUND, A., SENNBLAD, B., SWENSON, U., ANDREASEN, K., HJERTSON,
M., LUNDBERG, J., BACKLUND, M. & BREMER, B. 2001: A phylogenetic analysis of
100 genera and 50 families of euasterids based on morphological and molecular data
with notes on possible higher level morphological synapomorphies. — Plant Syst.

Evol. 229: 137-169.

BUCHENAU, E 1865: Morphologische Studien an deutschen Lentibulariaceen. — Bot.
Zeitung 23: 61.

CASPER, S.]. 1962: Revision der Gattung Pingwicula in Eurasien. — Feddes Repert. 66(1/2):
1-148.

— 1966: Monographie der Gattung Pinguicula L. — Bibliotheca Botanica 127/128: 1-
210.

— 1975: Familie Lentibulariaceae. — In: HEGI, G. (ed.), Illustrierte Flora von Mit-
teleuropa, 6(1): 506-550. — Berlin & Hamburg: Parey.

CASPER, S.J. & STEIGER, J. 2001: A new Pinguicula (Lentibulariaceae) from the pre-alpine
region of northern Italy (Friuli-Venezia Giulia): Pinguicula poldinii Steiger et Casper
spec.nov. — Wulfenia 8: 27-37.

CRETE, P. 1956: Lentibulariacees. Development de I’embryon chez le Pinguicula leptoceras
Rchb. — Compt. Rend. Acad. Sc. 242: 1063-1066.

DICKSON, A. 1869: On the development of the flower of Pinguicula vulgaris L., with
remarks on the embryos of P vulgaris, P. grandiflora, P lusitanica, P. candata und
Utricularia minor. — Trans. Roy. Soc. Edinburgh 25: 639-653.

DWYER, T.. 1983: Seed structure of carnivorous plants. — Carnivorous Plant Newsletter
12(1): 8-23.

EAMEs, A.J. 1961: Morphology of the angiosperms. 475 p. — New York: Mc-Grawhill.

FLEISCHER, E. 1929: Zur Biologie feilspanformiger Samen. — Bot. Arch 26: 86-132.

GOEBEL, K. 1932: Organographie der Pflanzen. Teil 3, H. 1. S. 1379-1820. — Jena: Fischer

Haccius, B. & HARTLE-BAUDE, E. 1957: Embryologische und histogenetische Studien
an “monokotylen Dikotylen” II. Pinguicula vulgaris L. und Pinguicula alpina L. —
Osterr. Bot. Z. 103: 567-587.

JoBson, R.W. & ALBERT, V.A. 2002: Molecular rates of parallel diversification contrasts
between carnivorous plant sister lineages. — Cladistics 2: 127-136.

KAMIENSKI, F. 1891: Lentibulatiaceae. — In: ENGLER, A. & PRANTL, K. (eds.), Die
natiirlichen Pflanzenfamilien. 4(3b): 108-123. — Leipzig: Engelmann.

MIKELADSE, T. 1996: Der crystallina-hirtiflora-Sippenkomplex in der Gattung Pinguicula,
mit bﬁonderer Beriicksichtigung von P. arystallina. 110S. — Univ. Jena: Diplomarbeit
unpubl.

MUELLER, K., BORSCH, T., LEGENDRE, L., FISCHER, E., POREMBSKI, S. & BARTHLOTT,
W. 2001: The evolution of carnivory in the Lamiales: evidence from matK and adjacent
noncoding regions. — Botany 2001, “Plants and People”, Abstracts. Albuquerque,
New Mexico Publication in Internet. URL: http://www.botany2001.org/sec-
tion12/abstracts/ 150.shtml.

NETOLITZKY, E 1926: Handbuch der Pflanzenanatomie. — 2 Abt., 2 T., 10: Anatomie der
Angiospermen-Samen. — Berlin: Borntraeger.

NIKITICHEVA, Z.I. 1987: Lentibulariaceae. — In: YAKOVLEV, M.S. (ed.), Comparative
embryology of flowering plants: Davidiaccac — Asteraccae: 283-288. — Leningrad:
Nauka (in Russian).

OGANEsSOVA, G. 1981: Anatomical structure of fruits and seeds in the subfamily
Asparagoideae and its relation to taxonomy. — In: KAZARYAN, V.O. (ed.), Flora,
vegetation, and plant resources of Armenian SSR, 8: 1-25. — Erevan: Akademy of
Sciences of Armenian SSR. & Armenian Branch of the Botanical Society of USSR.
(in Russian).



452 G. Degtjareva et al., Seed morphology in the genus Pinguicula

PODDUBNAJA-ARNOLDI, W.A. 1982: A characteristics of families of flowering plants using

cytoembryological characters. — Moscow: Nauka (in ‘Rus.f,ian).'

ROMO, A., PERIS, |.B. & STUEBIMG, G. 1996: The genus Pinguicula in Morocco. — Ann.
Bot. Fennici 33: 29-32. . .

RUTISHAUSER, R. & ISLER, B. 2001: Fuzzy Arberian Morphology: Utricularia, develop-
mental mosaics, partial shoot hypothesis of the leaf and other famous ideas of Agnes
Arber (1879-1960) on vascular plant bauplans. — Ann. Bot. 88: 1173-1202.

SCHULZ, B. 1965: Fleischfressende Pflanzen. Series: Die neue Brehm Buecherei. 112 5. —
Wittenberg Lutherstadt: Ziehmsen. )

SPETA, F. & FucHs, E 1982: Neue Pinguicula-Arten (Lentibulariaceae) aus Mexiko. —
Stapfia 10: 111-119.

STEIGER, ].E. 1973: Pinguicula. — In: HESs, H.E, LANDOLT, E & HirZEL, R. (eds.), Flora
der Schweiz 3: 260-264. — Basel & Stuttgart: Birkhduser. )

— 1998: Pinguicula (Lentibulariaceae): The cool climate species of the northern hemi-
sphere — Morphology, Biology, Cultivation. — 1I conference of the International
Carnivorous Plants Society, Bonn (Germany): 12-13.

STUDNICKA, M. 1986: Tuénice I. — Ziva 3: 90-91,

TAMMARO, E & PACE, L. 1987: Il genere Pingwicula L. (Lentibulariaceae) in Italia Centrale
ed instituzione di una nuovaspecie P fiorii Tamm. et Pace. — Inf. Bor. Ital. 19: 429-436.

TAYLOR, P. 1989: The genus Utricularia — a taxonomic monograph. 724 p. — Kew: Royal
Botanic Gardens.

TREVIRANUS, L.C. 1839: Ueber das Keimen der Lentibularien, insbesondere Pinguicula
vulgaris. — Flora 22: 289.

— 1848: Hat Pinguicula vulgaris L. zwei Cotyledonen? — Bot. Zeit. 6 (24): 441-444.

VELENOVSKY, ]. 1907: Vergleichende Morphologie der Pflanzen. II. — Prag: Rivnaé.

ZAMORA, R., JAMILENA, M., RUIZ-REJON, M. & BLANCA, G. 1996: Two new species of
the carnivorous genus Pinguicula (Lentibulariaceae) from Mediterranean habitats. —
Plant Syst. Evol 200: 41-60.

ZAMUDIO, R. 1988: Dos nueva especies de Pinguicula (Lentibulariaceae) del centro y Norte
de Mexico. — Acta Bot. Mexicana 3: 21-28.

— 1997: Redescumbrimiento de Pinguicula clivorum Standl. et Steyerm. (Lentibu-
lariaceae), una especia rara de Gautemala y Mexico. — Acta Bot. Mexicana 39: 61-65.

— 1999: Pinguicula elizabethiae, una nueva especie de la seccion Orcheosanthus (Len-
tibulariaceae) de los estados de Hidalgo y Queretaro, Mexico. — Acta Bot. Mexicana
47: 15-22.

— 2001: Una especie nueva notable de Pinguicula (Lentibulariaceae) de los estados de
Queretaro y San Luis Potosi, Mexico. — Bol. Soc. Bot. Mexico 68: 85-88.

ZAMUDIO, R. & ORTEGA, R.Z. 1994: Una nueva especie de Pinguicula (Lentibulariaceae)
del los estados de Quereraro e Hidalgo, Mexico. — Acta Bot. Mexicana 28: 57-62.

ZAMUDIO, R. & SALINAS, A.T. 1996: Una nueva especie de Pinguicula (Lentibulariaceae)
del estado de Oaxaca, Mexico. — Acta Bot. Mexicana 37: 39-44.

Accepted for publication March 3, 2004

Addresses of the authors:
GALINA DEGTJAREVA, A.N. Belozersky Institute of Physicochemical Biology, Mos-
cow State University, 119992 Moscow, Russia. E-mail: degavi@genebee.msu.su
Prof. Dr. JOST CASPER, Prof. Dr. FRANK HELLWIG, Institut fiir spezielle Botanik,
Friedrich-Schiller-Universitit Jena, Philosophenweg 16, 07743 Jena, Germany.
E-mails: jost.casper@t-online.de, hellwig@otto.biologie.uni-jena.de
Dr. DMITRY SOKOLOFF, Higher Plants Department, Biological Faculty, Moscow State
University, 119992 Moscow, Russia. E-mail: sokaloff@dds.srcc.msu.su

I Bot. Jahrb. Syst. i 175—[ 4 7 453488 L Stuttgart, 8. September 2004

The orophilous cushion-like vegetation of the Sila Massif
(S Italy)
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Abstract

BRULLO, S., GANGALE, C. & UzuNov, D.: The orophilous cushion-like vegetation of
the Sila Massif (S Iraly). — Bot. Jahrb. Syst. 125: 453—488. 2004. — ISSN 0%06-8152.

Thé" orophilous dwarf shrub vegetation dominated by pulvinate (often thorny)
chamaephytes occurring in the Sila Massif (S Italy) is investigated. This vegetation is
localized in the mountain belt between 1100 and 1900 m of altitude, and is characterized
by numerous endemics exclusive of this territory or circumscribed to S Italy and Sicily.
Basing on mulrivariate analysis, four groups of relevés can be distinguished, correspond-
ing to four plant communities well differentiated from the floristic, ecological and
structural point of view. They are proposed as new associations (Astragaletum calabrici
Plantagini serpentinac-Chamaecytisetum spinescentis, Festuco microphyllac-Genistetun;
silanae, Armerio-Potentillerum calabrae potentilletosum and seselietosum peuceda-
noidis), included in a new alliance Koelerio-Astragalion calabrici. These communities
show close floristic relations with the orophilous shrubby vegetation of Sicily belonging
to the cl;ss Rpmlci-Astragalet:a siculi (= Cerastio-Carlinetea nebrodensis), while the
hypothesis claimed by other authors to refer them to the basiphilous class Festuco-
Brometea is not acceptable, since there are neither floristic nor ecological similarities,
In particular, the Sila communities are closer to those ones of the Aspromonte Massif
;nd hzye been grouped in the order Anthemidetalia calabricae, endemic of the Calabrian
pennine.

Introduction

The Sila Massif is localized in Northern Calabria (S Italy), and thanks to its
geographical position, geology and bioclimatic peculiarities represents a territory
of remarkable geobotanical interest (Fig. 1). A great part of the landscape of Sila,
between 1100 and 1900 m a.s.l., is characterized by a cushion-like vegetation,
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