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The spatial genetic structure in three subpopulations of the endangered clonal plant Iris
sibirica from southern Poland was investigated. The subpopulations occurred in differ-
ent habitats, i.e. in a Molinietum caeruleae community, a Phragmites australis patch
and in a willow brushwood. Using 13 enzymatic systems, sixteen loci were evaluated.
The very low genetic diversity (P = 0%-18.7%, A = 1.0%—-1.19%, H_ = 0.000-0.009)
observed within the subpopulations is probably due to lack of recruitment, habitat
fragmentation and/or historical causes. Five distinct multilocus genotypes, detected
from 148 collected samples in the subpopulations, supported this observation. This
fact illustrated that only clonal growth could maintain the present low genetic variation
through the domination of a single or a few clones within these sites. Moderate genetic
differentiation (F. = 0.077, P < 0.001) that varies strongly between pairs of subpopu-
lations, was observed, thereby suggesting substantial gene flow between populations.
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Introduction

Knowledge of spatial genetic structure is of enor-
mous significance when concerning rare or endan-
gered species. In these cases, determination of the
genetic resources in the study group is essential
from the viewpoint of their conservation, both on
a local scale and throughout their whole geograph-
ical range. Undoubtedly, the evolutionary poten-
tial of a species depends upon the level of genetic
variability retained in its natural populations.

The persistence of such populations depends
on their genetic and genotypic variability as

well. Recent reviews of plant allozyme litera-
ture have revealed the relationships between
life history traits and the patterns of genetic
and genotypic variability (Loveless & Hamrick
1984, Ellastrand & Roose 1987, Hamrick &
Godt 1989, Hamrick et al. 1991). Since the early
1960s, the usage of molecular markers (alloz-
ymes and DNA), particularly in the population
genetics of clonal plants has allowed not only to
assess the level of the population genetic vari-
ability, but also to determine the affiliations of
ramets to specific genotypes (McLellan et al.
1997, Brzosko et al. 2002). Molecular markers



ANN.BOT.FENNICI Vol.45 -

Low genetic variation in subpopulations of Iris sibirica 187

have then provided answers to previously open
questions in the field of demography, concern-
ing especially endangered or vulnerable clonal
plants (Krenova & Leéps 1996, Ayres & Ryan
1999, Fischer et al. 2000, Hannan & Orick 2000,
Xie et al. 2001, Brzosko et al. 2002, Brzosko &
Wréblewska 2003).

One of the rare and strictly protected clonal
plants in Poland is Iris sibirica. It is listed as a
species of the Euro-Siberian subelement, whose
distribution ranges from central Europe to cen-
tral Asia (Hultén & Fries 1986). The individuals
of 1. sibirica consist of numerous leaf rosettes
and flowering stems connected by permanent
rhizomes with short internodes. The species is
characterised by an iterative type of growth
resulting from the processes of senility, regener-
ation and outgrowth, which proceed with differ-
ent intensities in subsequent phases of develop-
ment (Harper 1977). Regeneration occurs at the
margin of the clone, whereas the senility proc-
esses at its centre lead to a gradual expansion
of an ‘empty centre’ or ‘disintegration zone’. As
a result of advanced senility processes (dying),
the divisions occur among the oldest sections of
the rhizomes and the groups of their independent
fragments emerge in the form of a single indi-
vidual in the genetic sense (KlimeS e al. 1997
and http://www.butbn.cas.cz/klimes).

Iris sibirica also reproduces sexually. While
seedlings rarely appear, they usually occur in
the vicinity of the parental plants (Kostrakiewicz
2007). The 1. sibirica populations occur in a
range of various communities from tall-herb to
shrub and deciduous woods or even coniferous
forests communities. However, populations of
this species are also found in the community of
Molinietum caeruleae, characterised by the pres-
ence of other rare and protected species, such
as Dianthus superbus, Gentiana pneumonanthe,
Gladiolus imbricatus, Trollius europaeus and
Orchis latifolia (Kostrakiewicz 2004). Unfortu-
nately, the communities of this type are disap-
pearing, and are listed by The World Conserva-
tion Union (IUCN) among the most endangered
ones in Europe (Denisiuk 1991).

We investigated genetic and genotypic diver-
sity among [I. sibirica subpopulations in the
context of the above-mentioned problems in
three distinct communities in southern Poland.

Therefore, the aims of our investigations were:
(1) to assess the intensity of generative and
vegetative reproduction, (2) to determine the
level of genetic and genotypic variability in the
subpopulations, and (3) to describe the effect of
life history traits and habitats on the genetic and
genotypic diversity among the subpopulations.

Material and methods

Study sites and characteristics of
subpopulations

The field studies were carried out at the Kostrze
site, situated in the western part of Krakéw,
southern Poland (Fig. 1 insert). The patches of
Molinietum caeruleae community are all that
remain of the vast meadows, which once occu-
pied an area along the Vistula river (Zarzycki
1956, 1958). The changes in water regime and
the cease of grass cutting has enabled shrub
vegetation to colonise the area and has after
several decades led to a transformation of the
herb layer (Dubiel 1991, 1996, Kostrakiewicz
2001). At present, the vast patches of Molinietum
caeruleae display partial or even significant dis-
turbance (Dubiel 2005).

Three neighbouring subpopulations of 1.
sibirica were selected for this study (Fig. 1).
Spaced some 200 m from one another, they
occurred in distinctly different habitats. The first
one, numbering 52 ramet clusters, occurred in a
patch where Phragmites australis was the domi-
nant species (side code PH). The second subpop-
ulation, formed by 174 ramet clusters, occurred
in a willow brushwood (Salix rosmarinifolia and
S. cinerea), with a major proportion of sedges
(e.g. Carex gracilis and C. nigra, side code SX).
The third subpopulation of 506 ramet clusters
was situated in a patch of Molinietum caeruleae,
characterised by a considerable species diversity
(site code MO). In 2006, a single permanent plot
was established in each subpopulation for the
analyses of life history traits and spatial genetic
structure. The distribution of all ramet clusters
was determined with 10 of these being marked
on a cartogram. The distance between the neigh-
bouring ramet clusters was at least 2 m. In each
subpopulation, the average number of ramets in
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a cluster was determined, as well as the aver-
age proportion of fruits sets in a cluster, and the
number of juveniles. The maximum length and
width of the disintegration zone was also meas-
ured and the differences in the size of the disinte-
gration zones were tested using ANOVA (Tukey
test). From each group of ramets in a cluster evi-
dently growing from the same rhizome fragment,
a single leaf sample was collected for genetic
analyses. In total, 148 samples were obtained,
including 62 samples from the patch with a
predominance of Phragmites australis (PX), 34
samples from willow brushwood (SX), and 52
samples from the patch of Molinietum caeruleae
(MO) (Table 1).

Allozyme analysis

For each ramet, a 3-cm-long leaf fragment was
extracted in a 30 ul of PVP buffer (Mitton et al.
1979). The majority of enzyme systems were
separated on 11% horizontal starch gels. A lith-
ium-borate/Tris-citrate buffer system at pH 8.3
was used to separate aconitase (Aco), glutamate
oxaloacetate transaminase (Got-1, Got-2) and
glutamate dehydrogenase (Gdh). A histidine-cit-
rate buffer at pH 7.0 was applied to alcohol
dehydrogenase (Adh), isocitric dehydrogenase
(Idh-1, Idh-2), malate dehydrogenase NAD*
(Mdh-1, Mdh-2), shikimate dehydrogenase (Skd),

superoxide dismutase (Sod) and triose-phosphate
isomerase (7Tpi). The other allozymes such as
malic enzyme (Me), 6-phosphogluconate dehy-
drogenase (6Pgd), phosphoglucomutase (Pgm),
and phosphoglucose isomerase (Pgi) were
screened using cellulose acetate plates (Titan
Il Zip Zone, Helena Laboratories). Enzyme
staining with minor modifications followed the
protocols developed by Richardson et al. (1986),
Soltis and Soltis (1989), and Szweykowski and
Odrzykowski (1990).

Genetic and genotypic variation

The proportion of polymorphic loci (P), the
mean number of alleles per locus (A), the mean
observed (H,) and expected (H,) heterozygos-
ity were calculated using TFPGA (Miller 1997).
Deviations from the Hardy-Weinberg equilib-
rium (HWE) were tested using an exact test
of HWE with a Markov chain algorithm with
GENEPOP (Raymond & Rousset 1995). F-sta-
tistics according to Weir and Cockerham (1984)
were estimated for each polymorphic locus. The
levels of inbreeding in the subpopulations were
measured, using the inbreeding coefficient Fg
tested by permutation using FSTAT (Goudet
2002). Tests for linkage disequilibrium (LD)
between loci for each subpopulation were per-
formed by generating exact probabilities of a
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Level and patterns of genetic and
genotypic variation

Sixteen loci were evaluated from the 13 enzy-
matic systems. Only three loci (Adh, 6Pgd,
Got-1) were polymorphic for at least one subpop-
ulation (two alleles per locus, Table 1), resulting
in alleles per locus (A) ranging from 1.06 in the
SX to 1.19 in the PH subpopulation.

In the PH subpopulation a high percentage
of polymorphic loci (18.7%) and observed het-
erozygosity (0.009) was found, while in the MO
subpopulation no polymorphism was observed
(Table 1).

The mean observed heterozygosity was
lower than expected in the PH subpopulation.
Taking into account only the PH subpopulation,
a large deviation from Hardy-Weinberg equi-
librium exists. According to the fixation indices
(Fy), these deviations were due to an excess of
homozygotes in the two loci 6Pgd and Got-1. We
found significant LD in the PH subpopulations
only between the pair of loci 6Pgd and Got-1.

Using three polymorphic loci, we separated
only five distinct multilocus genotypes in all 1.
sibirica subpopulations. All of these multilocus
genotypes were present in the PH and only one
of them in the MO subpopulation. Therefore,
the genotypic diversity parameter based on G/N
maintained at low level, ranging from 0.01 in
MO to 0.08 in PH. On the other hand, the mean
Simpson’s diversity index (D) was 1.0 in the MO
subpopulation, because all the studied ramets
had a single genotype. In the other two subpopu-
lations, the PH and SX values of this parameter
ranged from 0.98 to 0.99, respectively (Table 1).
In the PH subpopulation, within eight of the ten
studied clumps, we could distinguish two and/or
three genotypes, while in the SX subpopulation,
only one clump consisted of two genotypes.
However, the most important variable is the fre-
quency of each multilocus genotype. The geno-
type characterized by all homozygous loci was
more frequent (75.8%), and the proportion of
four other genotypes ranged from between 1.6-
12.9% (data not shown).

The values of F  among all investigated 1.
sibirica subpopulations were moderate (0.077,
P < 0.001) but varied strongly between pairs of
subpopulations. The PH subpopulations were

the most strongly genetically differentiated from
each other, in particularly from the MO (F, =
0.126, P < 0.001) as well as from the SX sub-
population (F, = 0.009, P < 0.001), whilst the
gene flow between them was moderate (1.7 and
4.3, respectively). On the other hand, genetic dif-
ferentiation between SX and MO subpopulations
was low and not statistically significant (F, =
0.006, P> 0.05).

Discussion

Ellstrand and Roose (1987), Hamrick and Godt
(1989) as well as Frankham (1996) stressed
that endangered plant species tend to maintain
a lower genetic diversity than common spe-
cies. Many endangered plant species i.e. Howel-
lia aquatilis (Lesica et al. 1988) and Lactoris
fernandeziana (Brauner et al. 1992), exhibit no
genetic variation. Also Pinus resinosa provides
an example of plants with very low allozyme
diversity (Mosseler et al. 1992). The afore-men-
tioned author’s proposed scenario is accurately
confirmed by the extremely low level of genetic
variation in [I. sibirica, in three closely situ-
ated subpopulations. Moreover, in the case of 1.
sibirica, geographical range does not predict the
level of genetic diversity. The species has a wide
distribution range from central Europe to central
Asia (Hultén & Fries 1986). All Polish . sibirica
populations are located in the centre of the spe-
cies’ geographical range. Therefore we would
expect a high genetic variation.

On the other hand, many authors (Zarzycki
1956, Tumidajowicz & Zubel 1978, Denisiuk
1987, Dubiel 1991, 1996) stressed that strong
destruction and fragmentation of its natural wet
meadow habitats has contributed to decrease the
population sizes. In the present day it is possible
to observe the small patches of wet meadows
as a patchwork in agricultural landscape, only
with a few and/or some dozens of I. sibirica
clumps. Therefore, the species was classified as
vulnerable in the Polish Red Data List (Mirek et
al. 2006). Finally, the isolated populations that
are currently expressed in [. sibirica, may have
resulted in the erosion of genetic diversity.

We also suggested that not only the frag-
mentation of wet meadow habitats but also the
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reproductive biology of I. sibirica influence the
patterns of the spatial genetic structure. A survey
of the generative reproduction within subpopula-
tions of this animal-pollinated mix-mating plant
species showed that the flowers were visited
mainly by bees and the level of fruit set was high
in all subpopulations (71%-86%), although no
recruitments have been noted after a few years
of observation. Juveniles were detected only in
experimental gaps when vegetative cover and
litter were artificially uncovered (K. Kostrakie-
wicz pers. obs.).

Similarly, in the other Iris species and gener-
ally in clonal plant populations, a rare establish-
ment of seedlings has been reported (Falifiska
1986, Sutherland & Walton 1990, Simonich &
Morgan 1994, Hannan & Orick 2000, Lamote
et al. 2002). This is not surprising because the
herb layer in all communities in which 1. sibirica
grows is very compact and the areas were occu-
pied by many other clonal rhizomatous plants,
spreading vegetatively by either creating long
radially arranged rhizomes (i.e. Phragmites
australis, Chamaenerion angustifolium, Epi-
lobium hirsutum, Filipendula ulmaria), plants
with robust primary root and strongly devel-
oped adventitious roots (i.e. Lythrum salicaria)
or perennials forming large compact tussocks
(i.e. Molinia caerulea, Deschampsia cespitosa,
Juncus conglomeratus and Carex gracilis).
Therefore, the probability of establishment of
juveniles is low. A previous demographical study
of these subpopulations confirmed that the most
important type of reproduction was vegetative
propagation (growth of rhizomes by the forming
of new branches and disintegration of rhizomes;
K. Kostrakiewicz unpubl. data).

Many surveys have demonstrated that in
mid-successional communities, in which clonal
plants are most dominant, generative reproduc-
tion was scarce (Brzosko 1999, Falifiska 2003).
The number of distinct multilocus genotypes
found in subpopulations (five genotypes from
148 samples), was partially indicative of this
phenomenon. This supported the fact that clonal
growth could only maintain the present genetic
variation through the domination of a single or
a few rare clones within these sites and through
the protection of the disappearing genets. Some
endangered plant species, particularly those

with little or no sexual reproduction such as
Taraxacum obliquum (Van Oostrum et al. 1985)
and Haloragodendron lucasii (Sydes & Peakall
1998) have also only one or few genets across all
populations.

Despite the extremely low level of detected
genotypes within the three subpopulations of 7.
sibirica located in various habitats in fairly close
proximity (200 m), they differed in the number
of genotypes. This phenomenon is connected
with habitat fragmentation. Especially one geno-
type found in the subpopulation occurring in the
Molinietum caeruleae community, which was
the most distant from the subpopulation local-
ized in the Phragmites australis patch and char-
acterized by the highest number of genotypes,
confirms that isolation leads to a decrease in the
numbers of genotypes within the population. The
phenomenon has been repeatedly described over
the geographical range (Parker & Hamrick 1992,
Franks et al. 2004, Diekmann et al. 2005) as well
as at a smaller scale (Albert et al. 2004).

On the other hand, the /. sibirica subpopula-
tions were not phenologically isolated from each
other and the gene flow among them should be
frequent. A considerable heterogeneity in allele
frequencies among subpopulations was sup-
ported by a moderate F . value (0.077). It should
be noted that F  values were strongly differenti-
ated, particularly between the subpopulations in
the P. australis dominated area and in the Molini-
etum caeruleae community. The genetic similar-
ity between the subpopulations suggests that his-
torically they belonged to a single big population
divided by habitat fragmentation. Tempelton et
al. (1990) claimed that a further expected conse-
quence of fragmentation of plant populations is
an increase in subpopulation genetic divergence
due to the random fixation of different popula-
tions. The same phenomenon has been observed
in numerous species e.g. Polytrichum commune
(Wilson & Provan 2003), Maianthemum bifo-
lium (Arens et al. 2005), Helianthus occidentalis
(Foré & Guttman 1999) and Eremosparton son-
goricum (Lu et al. 2007).

A remaining unanswered question is why
the I. sibirica subpopulations are characterized
by the extremely low level of genetic variation.
We have no information about a bottleneck in
these subpopulations and therefore we cannot
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suggest that the present genetic variation results
from declining population sizes. Additionally, in
a previous study (data not presented) of other /.
sibirica populations from the northern parts of
Krakéw (Opatkowice), we detected no polymor-
phism using allozymes analysis. This would con-
firm that the historical events connected with the
colonization processes (i.e. number of diaspores)
could be a primary reason for the observed lack
of local-scale genetic variation in I. sibirica’s
geographical range.

The study suggests that management of
demographical processes could be effective in
long-term preservation of the I. sibirica popu-
lations. Moreover, the conservation of genetic
diversity in 1. sibirica subpopulations requires
activities, especially in the Phragmites austra-
lis path containing unique alleles. In this case,
removal of expansive neighbours could enable
free proliferation of I. sibirica ramet clusters
and their persistence in the habitat. It should
be stressed that creating gaps to facilitate seed
germination and development of seedlings, and
to assure greater genetic diversity, is an effec-
tive measure of active protection of the rare and
endangered /. sibirica.
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