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The problem of protection and conservation of rare and endangered plant species in the wild is currently the topic of
discussion and research worldwide. The Orchidaceae plants are of special concern. Orchids are so well adapted to
their environments. Moreover, they have special requirements that makes it difficult to transplant them from the wild
and they are rarely surviving after. They are therefore a key group in conservation. This research aimed to study the
polymorphism of Cypripedium guttatum flowers in their natural populations on selected locations in Russia. On the
basis of studying C. guttatum populations in Primorsky Krai, Sverdlovsk region, Komi Republic, and Krasnoyarsky
Krai, we identified and described five forms of C. guttatum in terms of their flower colouration. A comparison study
of the infraspecific structure revealed that the form variation in the studied C. guttatum populations was the highest in
Primorsky Krai and the lowest in Sverdlovsk region. A discriminant analysis indicated the following statistically sig-
nificant morphometric parameters to recognise different forms of C. guttatum: shoot height, leaf width, flower width,
height and width of dorsal sepal and staminode width. A population variation analysis was conducted with respect to
the following three indicators: the average number of morphs per population, the rare morph ratio in the population,
and the similarity index of the studied populations. On the basis of monitoring C. guttatum populations and studying
their infraspecific structure, as well as the biology and ecology of this threatened orchid species, we developed a spe-
cific conservation project for rare and endangered orchid species complying with the unique biology of these plants.
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Introduction

Under contemporary conditions of intensified
technological processes and negative anthropo-
genic impact on the environment, the protection
and conservation of rare and endangered orchid
species is a very serious problem. The plants be-
longing to the family Orchidaceae are protected
by the Red Data Books and Conventions on dif-
ferent levels (Kopowitz, 2005; Red Data Book
of the Russian Federation, 2008; Feldmann &
Prat, 2011; Swarts & Dixon, 2017; Fay, 2018).
Orchids are among the most threatened plants in
Russia as they are highly dependent on environ-
mental conditions. There are five Cypripedium
species native in Russia: Cypripedium calceolus
L., Cypripedium guttatum Sw., Cypripedium ma-
cranthos Sw., Cypripedium shanxiense S.C.Chen,
and Cypripedium yatabeanum Makino, and four
hybrids (Cypripedium % ventricosum Sw., Cyp-
ripedium * alaskanum P.M.Br., Cypripedium %
catherinae Aver.) (Averyanov, 1999; Salokhin,
2009; Vakhrameeva et al., 2008; Li et al., 2011).
Among orchids, the genus Cypripedium is one

of the most stunning (highly prized ornamental
flowering plants) and at the same time the most
threatened (being at risk of extinction) (Cribb &
Sandison, 1998; Cribb at al., 2003; Kolanowska
& Jakubska-Busse, 2020).

The recognising of infraspecies taxa (vari-
eties, forms) is one of the important tasks of
current taxonomy and plant population biol-
ogy since they make it possible to assess the
species diversity both in local populations and
within the whole range (Stuessy, 2009; Hardion
et al., 2017). This is especially urgent for rare
and endangered plant species. They require not
only assessment, but also implementation of
relevant conservation actions, such as reintro-
duction, artificial propagation and cultivation
(Thomson et al., 2018).

Cypripedium guttatum 1is characterised by a
high variability in their morphological characters.
Of them, polymorphism of the flower colouration
is the most significant. Despite numerous attempts,
only one form of C. guttatum {. albiflorum Aver. was
recognised and described (Averyanov, 1999, 2000).
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This form is characterised by the purely white flow-
ers and brightly yellow staminode. It is distributed
from the Urals throughout Siberia. In the highlands
of China Cypripedium individuals with white-yel-
low flowers without any spots has been described
and recognised as a new species, C. bouffordianum
(Zhang & Sun, 2006). However, currently, this name
is used as a synonym of C. guttatum (Zhengyi et al.,
2009; Singchi et al., 2013).

At present, in Eastern Siberia and the Russian
Far East, C. guttatum is still represented (Salokhin,
2018). However, orchid hunters collect the endan-
gered orchid for illegal international trade even in
these remote areas. Identification and analysis of the
infraspecific diversity and distribution of the Cypri-
pedium representatives is a priority task before con-
servation measure application.

The aim of the present research was to study
the polymorphism of Cypripedium guttatum
flowers in its populations on some selected loca-
tions in Russia. The study included several tasks.
At first, we focused on C. guttatum populations
to reveal individuals with various flower colou-
ration and assess their distribution on the select-
ed locations in Russia. Secondly, we measured
and analysed morphometric parameters of the
vegetative and generative organs of individuals
to detect the most significant plant morphologi-
cal characters to confirm the validity of the iden-
tified forms using discriminant analysis. Finally,
we developed a set of strategies to protect the C.
guttatum populations.

Material and Methods

Cypripedium guttatum is the object of our
study. This orchid species is native to Belarus,
Russia (European Russia, Siberia, Russian Far
East), China, Korea, Mongolia, Bhutan, Alaska
(including Aleutian Islands), North Canada (Yukon
and Northwest regions) (Cribb, 1997; Averyanov,
1999; Flora of North America North of Mexico,
2002; Zhengyi et al., 2009).

Cypripedium guttatum 1is morphologically
characterised as follows. Rhizomes are thin,
slightly branching, stolon-like, with internodes
(2)4-7(10) cm long. There are numerous roots at
the nodes. Stems together with the peduncle are
(8)12-30(35) cm high. There are two close subop-
posite leaves in its middle or lower part. Leaves are
elliptic, ovate, (4.5)5-11(13) cm long and (2)2.5—
5(6) cm wide. Inflorescence is terminal, with one
flower. Peduncle is (4)5-12(14) cm. Floral bracts
are foliaceous, ovate-lanceolate, (1.5)2-3(3.5)

cm long, 0.6—1.4(1.6) cm wide. Apex is acute or
acuminate. Veins are sparsely pubescent. Ovary is
sessile on a short pedicel, arcuate, densely pubes-
cent and glandular hairy, 0.7-1.4 (1.8) cm long
and 1.5-2 mm thick. Sepals are white with large
irregular merging purple-pink, brownish-pink or
rarely greenish-brown spots (sepals and lateral
petals are whitish outside). Dorsal sepal is an-
trorse, ovate or elliptic-ovate, (1.3)1.6-2.5(2.7)
cm long and (1)1.2-1.8(2.2) cm wide. Synsepal
is narrowly ovate or elliptic, (0.9)1.0-1.5(1.6)
cm long, 0.4-0.6 cm wide. Lateral petals are di-
rected to the sides and slightly forward from an
unequally wide base gradually tapering into a
rounded, obtuse tip, (1.2)1.3-2.0(2.1) cm long
and 0.6-0.7(0.8) cm wide, glabrous. Lip is shortly
narrowed at the base, cyathiform at the tip, with
a wide orifice, lacking an incurved apical margin,
(1.4)1.6-2.2(2.3) cm long and 1.0-1.3(1.6) cm
wide, shorter than or equalling the dorsal sepal.
Column and anthers are yellowish-white. Sta-
minode is yellowish, arched. Stigma is broadly
ovate, indistinctly 3-lobed. Flowering period is
June to July (Averyanov, 1999). The research was
conducted in 2014-2019 in different parts of the
range of Cypripedium guttatum in Russia (Fig. 1).

To identify polymorphic groups of Cypri-
pedium guttatum, their flowers were assessed
for monochromatic or spotted colouration, and
the pattern of the markings. According to the
flower colouration, we distinguished the fol-
lowing five forms: C. guttatum f. guttatum, C.
guttatum f. rubrosaccos nom. prov., C. guttatum
f. albostriatum nom. prov., C. guttatum f. exter-
nemaculatum nom. prov., C. guttatum f. semi-
album nom. prov. It should be emphasised that
all these newly used names for forms of Cypri-
pedium guttatum in this article are nom. prov.,
nomen provisorum, i.e. a preliminary name of a
taxon, whose valid description will be published
in the nearby future. Then, we performed a mor-
phometric analysis of the studied populations to
prove the validity of the identified C. guttatum
forms. The following significant morphometric
parameters were analysed: plant height, height
and width of the solitary flower, length and
width of leaves, bracts, dorsal sepals, lateral pet-
als, lips, staminodes, and the diameter of the lip
orifice. The total amount of morphometrically
analysed individuals was 210. Of them, 80 indi-
viduals were collected in Primorsky Krai, 60 in
Krasnoyarsky Krai, 40 in the Komi Republic, 30
in Sverdlovsk region.
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Fig. 1. Location of the Cypripedium guttatum populations stud-
ied in Russia. Designations of Russian regions: 1 — Komi Re-
public; 2 — Sverdlovsk region; 3 — Krasnoyarsky Krai; 4-8 —
Primorsky Krai.

The analysis of the population variation was
conducted in terms of the following three indi-
cators: the average number of morph types per
population (), the rare morph ratio in the popu-
lation (h) (Table 2), and the similarity index of
the studied populations (r). The indicators of in-
frapopulation variation were calculated accord-
ing to Zhivotovsky (1982):

—average number of morphs in the population:

yz(\/p_1+\/p_2+...+\/Z)x25
Nu(p—m)

— statistical error: s u = T R
. . l—p
—rare morph ratio in the population: # = ——;
m

— pairwise index of the population similarity:

r= D09 tyP29, t--+4P,4q, >

where p is the frequency of the phenotypes in
the first population, and ¢ is the frequency of the
phenotypes in the second population, and m is the
number of phenotypes, N is the sampling size.

On the basis of these morphometric param-
eters, we conducted a discriminant analysis. A
cluster analysis was carried out using the index of
the population similarity (r) and was constructed
using the Ward method (Ward, 1963). The dis-
criminant and cluster analysis was performed us-
ing the STATISTICA 10 software package. Sta-
tistical significance was confirmed by the F-test.

Results

Morphological description of Cypripedium
guttatum forms

We determined a number of Cypripedium gut-
tatum forms in its populations in terms of the flower
colouration. Cypripedium guttatum f. guttatum rep-
resents the typical form with spots evenly distribut-
ed over the lip and inner side of the dorsal sepal and
lateral petals (Fig. 2A). Cypripedium guttatum f. ru-
brosaccos nom. prov. differs by an even purple lip
colouration and spotted dorsal sepal and lateral pet-
als (Fig. 2B). Cypripedium guttatum f. albostriatum
nom. prov. represents a form with a red-coloured lip
with a distinct white stripe in the middle (Fig. 2C).
Cypripedium guttatum f. externemaculatum nom.
prov. is a form similar to C. guttatum f. guttatum
but with distinct spots on the outer side of the dorsal
sepal, whereas the outer side of dorsal sepal in other
forms is completely white (Fig. 2D). Cypripedium
guttatum f. semialbum nom. prov. is a transitional
form between C. guttatum f. albiflorum and the typi-
cal C. guttatum f. guttatum. This is manifested in
extremely pale spots on completely white petals of
the flower (Fig. 2E).

Determination key to the Cypripedium guttatum forms

1. Flower has a pronounced SPOtHING. ..........oecuieiiiiiieriieeiierite ettt ettt ettt et e sttt e sateebeesaeeeseeenee 2
— Spots on the flower are barely visible Or @bSENL..........ccouieiiiiriiiiiieiiieieee e 5
2. Spots on the lip are clearly delineated, the pattern is well defined............cccooviiiiiiiiiiiiiniis 3
— Spots on the lip merge; the colouration of the lip is more or less uniform............cccecveeveeeiienieecveennennn. 4
3. Spots are evenly distributed over the lip and inner side of dorsal sepal and lateral petals. The outer side
of the dorsal sepal is white, Without SPOtS.........ccevviieriiiieiiieeieeceeee e C. guttatum f. guttatum

— The outer side of the dorsal sepal has a pronounced SPOttING..........cccvieeriieeiiieeiiieeiee e
................................................................................................ C. guttatum f. externemaculatum nom. prov.
4. The lip is almost evenly purple-coloured............cccvevviieeciieennennns C. guttatum t. rubrosaccos nom. prov.
— A white vertical stripe in the middle of the lip divides it into two halves...........ccccoeeveeeiiiiiciieciecces
......................................................................................................... C. guttatum f. albostriatum nom. prov.
5. There are obscurely pale spots on the completely white petals of the flower...........c.ccooeviiiniiniinnn.
............................................................................................................ C. guttatum f. semialbum nom. prov.
— The flower has a completely white colouraton.............cccceeveeeiienienieeniienene, C. guttatum f. albiflorum
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Fig. 2. Different forms of Cypripedium guttatum. Designations: A — C. guttatum f. guttatum; B — C. guttatum f. ru-
brosaccos nom. prov.; C — C. guttatum f. albostriatum nom. prov.; D — C. guttatum f. externemaculatum nom. prov.;
E — C. guttatum f. semialbum nom. prov.; F — C. guttatum f. albiflorum.
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Infraspecific structure of the studied Cypri-
pedium guttatum populations

The comparison study of the infraspecific
structure of the studied populations revealed that
variation in forms is noticeably higher in Primorsky
Krai. All five identified forms of Cypripedium gut-
tatum (C. guttatum f. guttatum, C. guttatum f. ru-
brosaccos nom. prov., C. guttatum f. albostriatum
nom. prov., C. guttatum f. externemaculatum nom.
prov., C. guttatum f. semialbum nom. prov.) are
known in this region (Fig. 3). Only three forms (C.
guttatum f. rubrosaccos nom. prov., C. guttatum
f. albostriatum nom. prov., C. guttatum f. exter-
nemaculatum nom. prov.) are common in Sverd-
lovsk region. There are four forms (C. guttatum f.
guttatum, C. guttatum f. rubrosaccos nom. prov.,
C. guttatum f. albostriatum nom. prov., C. gutta-
tum f. externemaculatum nom. prov.) found in the
Komi Republic and Krasnoyarsky Krai (Fig. 3).
The obtained data allow us to characterise Cypri-
pedium guttatum as a species with a high infraspe-
cific variation in colour.

Our study has revealed that the C. guttatum
flowers have a different degree of spotting and
brightness/colouration. For example, C. guttatum
f. rubrosaccos nom. prov. has an almost evenly
coloured purple-red lip. Cypripedium guttatum f.
albostriatum nom. prov. flowers are predominantly
red with a white stripe dividing the lip. Cypripe-
dium guttatum f. guttatum and C. guttatum f. ex-
ternemaculatum nom. prov. flowers have a spotted
pattern. Thus, unique colour patterns can be found
in orchid populations to distinguish C. guttatum
forms. It is possible that these forms can replace
each other during the flowering period. In popula-
tions of the studied locations we identified a dif-
ferent number of forms. Moreover, in Cypripedi-
um guttatum populations, the form variation was
the highest in Primorsky Krai and the lowest in
Sverdlovsk region. Cypripedium guttatum f. ex-
ternemaculatum nom. prov. individuals prevailed
in Sverdlovsk region populations, whereas they
were not common in other regions. Cypripedium
guttatum f. albostriatum nom. prov. dominated in
populations in Krasnoyarsky Krai. Statistical sig-
nificance of the percentage of C. guttatum f. ex-
ternemaculatum nom. prov. and C. guttatum f. al-
bostriatum nom. prov. in the study populations was
confirmed by the F-test. According to the obtained
data, this parameter was more than 2.64 (p <0.01).
Unfortunately, in our research, we did not identify
Cypripedium guttatum f. albiflorum individuals
with white or yellow-white flowers lacking spots.

w
o

Percentage, %

wverdlovsk region

Komi Republic

Locations/Forms

Fig. 3. The ratio of C. guttatum forms in the studied popula-
tions in each Russian region. Designations: alb — C. guttatum f.
albostriatum nom. prov.; gut — C. guttatum f. guttatum; ext — C.
guttatum t. externemaculatum nom. prov.; rub — C. guttatum f. ru-
brosaccos nom. prov.; sem — C. guttatum f. semialbum nom. prov.

Results of discriminant analysis

The average values of the main morphomet-
ric parameters of Cypripedium guttatum individ-
uals are presented in Table 1. We present them
for populations in Primorsky Krai, where the
highest population size and infraspecific pheno-
typic variation were found.

To determine statistically significant mor-
phometric parameters, we performed a discrimi-
nant analysis of the entire data set. The discrimi-
nant analysis showed that the most statistically
significant parameters of the studied Cypripedi-
um guttatum individuals were the shoot height,
the leaf width, flower, staminode, the length and
width of dorsal sepal, lateral petal length. All
mentioned parameters had p < 0.05. The total
classification validity was 75.4%. For C. gutta-
tum f. externemaculatum nom. prov. and C. gut-
tatum f. semialbum nom. prov., it was 100%, for
C. guttatum f. guttatum 84.2%, for C. guttatum f.
rubrosaccos nom. prov. 68.4%, for C. guttatum
f. albostriatum nom. prov. 62.5%.

The graphic demonstration of the obtained
data of the discriminant analysis is presented in
Fig. 4. There are two distinct groups, correspond-
ing to C. guttatum f. externemaculatum nom.
prov. and C. guttatum f. semialbum nom. prov.,
respectively. The other three forms (C. guttatum
f. guttatum, C. guttatum f. albostriatum nom.
prov. and C. guttatum f. rubrosaccos nom. prov.)
comprised a separate large cluster, because these
forms often demonstrated insignificant differ-
ences in terms of their morphometric parameters
and consequently displayed transitional forms of
flower colouration. This is clearly proved by the
results of the discriminant analysis.
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Table 1. Average values of the main morphometric parameters of Cypripedium guttatum individuals in populations of Primorsky Krai

Average values (M £ m) of morphological parameters per each Cypripedium guttatum form (cm)
Parameters C. guttatum C. guttatum C. guttatum C. guttatum C. guttatum
f. guttatum f. rubrosaccos f. albostriatum f. externemaculatum f. semialbum
Shoot height 2074+ 1.1 1827+ 1.1 195+ 1.5 245+13 145+ 14
Leaf length 9.65+0.3 9.08%0.2 923403 9.85+0.4 775402
Leaf width 51802 399402 44702 40402 292402
Bract length 258402 234+0.1 2.40+0.1 29403 2.15£02
Bract width 1.0 +0.08 0.80 = 0.05 0.85 = 0.08 12+0.09 0.65=0.1
Flower height 236+0.04 223+0.04 233+0.07 224006 225+0.05
Flower width 2.87+0.08 251+0.1 2.74+0.1 24+0.1 235+0.05
Dorsal sepal length 2.15+0.05 2.11+0.05 2.18+0.07 20+0.1 213£0.1
Dorsal sepal width 1.82 £ 0.05 1.69 £ 0.05 1.72 % 0.06 1.91+0.01 1.85+0.1
Lateral petal length 1.80 +0.02 1.68 +0.03 1.74 £ 0.03 1.88 +0.07 1.78 +0.07
Lateral petal width 0.72£0.01 0.68 = 0.01 0.72 % 0.02 0.78 £ 0.04 0.72£0.07
Lip length 2.11+0.03 1.92 4 0.04 2.04+0.04 1.97 +0.02 1.96 % 0.03
Lip width 1.21+0.03 1.13+0.04 1.21+0.04 124001 1.18 0.07
Staminode length 0.51+0.01 0.50+0.01 0.50+0.01 0.50 £ 0.01 0.60 £ 0.01
Staminode width 0.41£0.01 0.38+0.01 0.41£0.01 0.40 % 0.01 0.40 + 0,01
Diameter of lip orifice 0.92+0.02 0.86 = 0.03 0.88 +0.03 1.0 +0.04 0.90 £ 0.01
Note: M — arithmetic mean; m — standard error.
TR 1 Analysis of the infrapopulation variation
i Table 2 shows that populations of Primorsky Krai
i are characterised by the highest values of infrapopula-
: - tion variation and rare morph ratio in the population.
* . . . e
. et Whereas the lowest values of infrapopulation variation
. . LI 0"! L i i
& ;. “ ¢ were found for the Sverdlovsk region, while the lowest
° ® . .
50 L. - values of the rare morph ratio were demonstrated in
L) . . .
o # Ol 4 populations of the Komi Republic.
L J @ . . . ..
- AT e A cluster analysis was carried out using the simi-
L N larity index of the studied populations (r). The obtained
4 @ Cyg.f guttatum 1 1 1
B Cg f mbroccacos dendrogram is presented in Fig. 5. ‘
5 @ C.g . f. albostriatum
7 6 5 4 3 2 4 0 1 2 3 44 (Cg f extenemaculatum The obtained dendrogram displays that in the

Root 1 @ Cg. f semialbum

Fig. 4. Sample disposition of the five Cypripedium guttatum
forms in the space of the first (Root 1) and second (Root 2)
discriminant functions.

Sverdlovsk region, Cypripedium guttatum populations
have an isolated position. The populations of Primor-
sky Krai and the Komi Republic show a remarkable
similarity and high degree of infraspecific diversity. It
can be explained by the strict protection regime in the
Pechora-Ilych State Nature Reserve (Fig. 6).

Table 2. Parameters of infrapopulation variation in the studied Cypripedium guttatum populations

Russian regions studied

Parameters of the infrapopulation variation

Primorsky Krai | Sverdlovsk region | Komi Republic |Krasnoyarsky Krai
Infrapopulation variation (n £ ) 4.0+0.03 2.72 +£0.04 3.84 +0.01 3.57+0.02
Rare morph ratio in the population (h =) 0.2+0.015 0.09+£0.014 0.04 £0.03 0.06 £0.01
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Fig. 5. Dendrogram created on the basis of the similarity index
of the studied Cypripedium guttatum populations in each of the
Russian region. Designations: A — Primorsky Krai; B — Sverd-
lovsk region; C — Komi Republic; D — Krasnoyarsky Krai.

»

Fig. 6. Population of Cypripedium guttatum in the Pechora-
Ilych State Nature Reserve (Russia).

Discussion

Flower colouration polymorphism refers to the
variation in flower colours within or between natural
populations of the same species (Dafni et al., 2020).
Although the flower colour is diverse throughout
flowering plants, variation within a species is uncom-
mon. Most reported cases of flower colour polymor-
phisms cover a small colour range, or the colours con-
cerned are not distinguished by pollinators and may
simply represent phenotypic plasticity or balance be-
tween mutation and selection (Kay, 1978; Waser &
Price, 1981). Cases of polymorphisms have been de-
scribed for flower colour (Subramaniam & Rausher,
2000), flower size (Galen et al., 1999), inflorescence
size (Dickson & Petit, 2006), and scent composition
(Galen et al., 1999; Thompson et al., 2003).

Orchid species are not characterised by such a
high level of flower colour variability as it is record-
ed within many other species (Gigord et al., 2001).
In some orchid species, the unusual flower colour
is lighter than typically coloured flowers or even

white (Gigord et al., 2001; Salokhin, 2009; Juillet
et al., 2010). For example, in Primorsky Krai, some
Cypripedium macranthos f. albiflorum (Makino)
Ohwi populations were found with completely white
flowers. This form is also known as C. macranthos
var. album Mandl (Averyanov, 1999). White-flow-
ered C. macranthos individuals grow together with
typical pink-flowered plants. In an area of 1 km?,
plants with a high variation of flower colouration,
from white to pink, are observed (Salokhin, 2009).

It is considered that one of the main reasons for
polymorphism is the ability to attract competing/al-
ternative pollinators, or to promote pollination effi-
ciency. Generalisation may also be favoured, if the
relative abundance of effective pollinators varies an-
nually and in relation to the study site within habi-
tat mosaics (Robertson & Wyatt, 1990; Galen et al.,
1999). Some labour experiments suggested that be-
havioural pollinator responses to the lack of reward
availability might result in a reproductive advantage
for rare-colour morphs (Gigord et al., 2001).

The flowers of C. guttatum are «kettle traps»
without known rewards. Cypripedium is pollinated
by various wild bees (Banziger et al., 2005). Be-
sides, these authors noticed that a group of Cyp-
ripedium individuals create a certain pattern at-
tracting pollinators. This may be a combination of
green leaves, coloured lips, pale petals and white
dorsal sepals (Banziger et al., 2005).

Although East Asia and North America repre-
sent the two major centres of Cypripedium diversity,
the former region harbours a higher proportion with
32 species (Li et al., 2011; Tian et al., 2018). At pres-
ent, the Russian Far East is one of the main diversity
centres, where the number of Cypripedium popula-
tions remains rather high. This is characterised by
well-expressed infraspecific polymorphism and natu-
ral hybridisation processes, and speciation can be ob-
served. It can be applied to C. guttatum. Our study has
revealed that the Far Eastern C. guttatum populations
have the highest abundance (up to 3000 individuals per
50 m?) and the highest number of morph types. How-
ever, from the east to the west in Russia, the number of
C. guttatum populations decreases. Thus, in the Sverd-
lovsk region, the density of C. guttatum populations
was only 100 plants per 50 m?. The obtained data in-
dicate a decrease in plant diversity at the infraspecific
level. Furthermore, genetic depletion of the popula-
tions is observed, which is associated with the general
declining tendency in the abundance of C. guttatum in
European Russia. This confirms that morphological
parameters can vary between individuals from differ-
ent parts of the species’ range. Peripheral populations
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are noted to be non-numerous and more vulnerable to
environmental conditions. Peripheral populations are
often sparse, fragmented, prone to local extinctions.
This makes them demographically and genetically de-
pendent on core habitats and prone to gene flow coun-
teracting local selection (Kawecki, 2008). Therefore,
peripheral populations are the most threatened ones
and they need special protection measures.

The significant reduction in the number of the
wild populations of Cypripedium species is led by
the commercial over-collecting of plants, the deco-
rative value of their flowers, their high demand on
the plant collector market, as well as their compli-
cated reproductive processes. The major threats are
harvesting, breakdown in ecological connections
(pollinators, mycorrhiza and chlorophyllous hosts),
habitat loss and fragmentation (Swarts & Dixon,
2009a). As undertaken actions for conservation of
their habitats are not sufficient (Swarts & Dixon,
2009b; Afanasieva et al., 2013; Marakaev, 2016;
Biryukova et al., 2018; Fay, 2018) it is necessary
to develop a set of more effective measures to pro-
tect and restore the number of rare orchid species in
Eastern Europe (Feldmann & Prat, 2011; Swarts &
Dixon, 2009a; Zhang et al., 2014; Shirokov et al.,
2014; Shirokov et al., 2017; Swarts & Dixon, 2017;
Fay, 2018; Kolanowska & Jakubska-Busse, 2020).

As a result of the monitoring of Cypripedium
guttatum populations and the study of infraspecific
structure, biology and ecology of the rare orchid spe-
cies, we have developed a specific conservation proj-
ect for this threatened orchid species. The key project
objectives are presented below.

— Study of natural Cypripedium guttatum popula-
tions with the aim of monitoring and identifying in-
fraspecific polymorphism and new locations of this
rare orchid. Seed collection in abundant Cypripedium
guttatum populations, without any threat to the popu-
lation existence, is necessary.

— Seed germination and seedling production in
vitro. In the plant micropropagation laboratory, a
novel propagation technology has been developed
for Cypripedium guttatum and other terrestrial or-
chids in culture in vitro.

— Seedling adaptation to the conditions of the botan-
ical gardens. On the experimental terrestrial patches
of the Botanical Garden of Lobachevsky State Uni-
versity, we developed an agricultural technology for
adaptation and cultivation of the material obtained in
vitro to the conditions of a ridge culture. An archive
bank of Cypripedium guttatum clones was created.

— Re-introduction of rare orchid species into their
natural habitats.

All the above mentioned measures are currently
being implemented to preserve and increase the num-
ber of rare orchids, including Cypripedium guttatum
in European Russia. At present, on the basis of the
Botanical Garden of Lobachevsky State University,
the Centre for the Conservation of Russian Cypripe-
dium species has been created for studying and con-
serving rare species of the genus Cypripedium.

Conclusions

We have revealed a considerable infraspecific
diversity of Cypripedium guttatum in different parts
of the species range in Russia. In terms of the flow-
er colouration, we have distinguished the following
five forms of Cypripedium guttatum: C. guttatum
f. guttatum, C. guttatum f. rubrosaccos nom. prov.,
C. guttatum f. albostriatum nom. prov., C. guttatum
f. externemaculatum nom. prov., and C. guttatum f.
semialbum nom. prov. The analysis of morphometric
parameters of the orchid individuals has proven that
statistically significant morphometric characters in the
studied Cypripedium guttatum populations are shoot
height, leaf width, flower width, height and width of
dorsal sepal and staminode width. The discriminant
analysis confirmed the validity of the five identified
forms of Cypripedium guttatum. The research data
demonstrated a wide variation in morphology of or-
chid individuals and predominance of different Cyp-
ripedium guttatum forms in various regions of Rus-
sia. The specific conservation project was developed
and suggested to implement for rare orchid species.
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[TpoGnema oXpaHbl peIKUX U UCYE3AIOIINX BUIOB B COBPEMEHHBIX YCIIOBHSIX OUeHb 0cTpo. Ocoboe MecTo B 3TOM
npobieMe 3aHUMaloT TpeacraBuTeny cemeiictBa Orchidaceae. Llenblo 1aHHOM paOOTHI SBISIIOCH H3yYEHHUE I10-
muMopdHocTr 1BeTkoB Cypripedium guttatum B IPUPOTHBIX MOMYJSIIMAX B Pa3HBIX yacTsax apeana B Poccum.
B xone usyuenus: npupoaHbix nonynsiuuii B [Ipumopckom kpae, CBepasioBekoit oonactu, Pecriyomike Komu n
KpacHosipckom kpae, 06110 BbIIeNeHO 1ms1Th hopm Cypripedium guttatum no okpacke BeTKOB. CpaBHUTEIBHBIN
aHaJIM3 BHYTPUBUIOBON CTPYKTYPBI BBISIBIII, YTO HanOoJIblIee pazHooOpaszue popm HaOIOIaeTCst B IOITYJISLIUSIX
[Tpumopckoro kpasi, a HaUMeHblIee — B MOy sIusIX CBepUIoBCKOil oOnacTy. JIMCKpUMHHAHTHBIN aHaAN3 110-
Ka3aJl, 4To HanboJee CTaTUCTHYECKH 3HAYMMBIMU TIPU3HAKaMH JUIsl 0cobeil pasHbix hopm Cypripedium guttatum
SIBJISIIOTCSI BBICOTA 1T00eTa, IMpHHA JIMCTA, IMUPHHA [[BETKA, BHICOTA U IIMPHHA Napyca, IIUPHHA CTAMUHOJIMSL.
AHanmi3 NONyISIIMOHHON N3MEHYHBOCTH MPOBOMIICS 110 TPEM IOKa3aTelsiM: CpeHee YUCiIo Mopd B MOMyJIs-
MM, JOJISL pENKUX MOP(] B MOIYIISLUH, OKA3aTeslb CXOICTBA Nony siunid. [Ipy nmpoBeaeH MOHUTOPHHTA I10-
MYJISIAN, UCCIIeIOBAHKSI BHYTPUBHIOBOW CTPYKTYPbI, 0COOCHHOCTEW OMOJIOTUY U DKOJIOTY PEIKUX BUIOB, OBLI
pa3paboTaH KOMILJIEKCHBIH METOJ COXPAHEHHUS PEIKUX BHJIOB OPXHTHBIX.

KuarwueBsble ciioBa: Orchidaceae, JII/ICKpI/IMPIHaHTHI)Iﬁ aHaJIn3, MOHUTOPHHT, MOpq)OMeTpPI‘IeCKI/Ie moKas3arcJiiu,
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