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European needlegrass (Stipa capillata L.) population
found in the New Zoological Garden in PoznaÒ,
characterised by electrophoretically detected
peroxidase and esterase variability
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Abstract: Individual plants of Stipa capillata L. originating from the population in the New Zoological Garden in PoznaÒ city
(West Poland) were examined by electrophoresis of 2 enzyme systems: peroxidases and esterases. The results were compared
to those obtained for populations originating from 2 natural stands near Che≥mno (ca. 120 km away from PoznaÒ). The populations proved to be monomorphic with respect to peroxidases and only slightly polymorphic with respect to esterases. The
prevalence of G2G2 phenotype in the population from the zoo suggests that this population is of some distant origin.
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1. Introduction
Stipa capillata is a species of a very wide distribution.
Its natural range includes the southeastern Europe,
Caucasus, southwestern parts of Russia, central Asia
and southwestern parts of Siberia. Asia is the original
homeland of Stipa species, particularly its steppe regions
and the adjacent steppes of Europe (Koczwara 1949).
In Poland, Stipa capillata is a legally protected species,
growing mainly in xerothermic grasslands of the Lublin
Upland, MiechÛw-Sandomierz Upland, on steep banks
of the lower course of the Odra River (Filipek 1974) as
well as on dry and warm banks of the Vistula River
close to ToruÒ (Koczwara 1949; Ceynowa 1968; G≥azek
1994, 1996).
Only few local populations of the species can be
found in midwestern Poland, i.e. in the Wielkopolska
region (GÛrska-Zajπczkowska & WÍglarski 1993;
Øukowski & Jackowiak 1995). Occurrence of S.
capillata in the urban agglomeration of PoznaÒ was first
noted already in 1971 by Professor Waldemar Øukowski
on the slopes close to the train station of PoznaÒFranowo (Jackowiak 1993). Another population of S.
capillata in the New Zoological Garden of PoznaÒ was
localised in 1998 (Wysocki 2002). These two findings

have probably no common history although they may
point to variable pathways of the spread of the species.
The long awn of the seed promote its dispersal with
wind and by animals as well as help the caryopsis to
settle in the soil. The caryopsis of S. capillata can get
screwed into the skin of animals, e.g., sheep, resulting
in ulcers and sometimes even deadly diseases, while
the perforated skins become worthless (Falkowski 1974).
An earlier analysis of the succession rate of the
population from the New Zoological Garden indicated
that the species appeared there in the early 1990s,
probably imported with some animals or with forage
for livestock (Wysocki 2002). The demographic trends
within the population have been monitored since 1999.
In the first year of the observation the population included 27 tufts of plants with inflorescence shoots. Since
then the area inhabited by the population has increased
from 12.5 m2 to around 15 m2, and in 2005 the population already consisted of 141 tufts.
Isolated populations can show a unique genetic
structure, so in this study we aimed to investigate the
genetic structure of this population of S. capillata. Its
existence as a temporarily appearing species in the urban
flora of PoznaÒ has provided a good reason to become
the topic of our study.
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Locus E of esterases in Stipa species consists of 4
allozymes (Krzakowa et al. 2006). In the studied populations of S. capillata, 2 alleles are present (E1 and E2),
which in most cases appear in heterozygous form
(E1E2). Some plants from the zoo, for example Nos. 9,
10 and 14 (Fig. 1), have shown no E2 activity, suggesting
the homozygous E1E1 status.
The populations were also nearly monomorphic in
respect to G1 and G2 alleles. Both populations near
Che≥mno were monomorphic with respect to the G1

allele, representing G1G1 homozygotes. The population
from the zoo manifested a prevalence of G2G2 phenotypes as shows individual No. 24 manifested the presence of the G1G1 phenotype in the locus. Such a G1G1
phenotype was detected in only 2 plants out of the 80
(2.5%) plants examined. Since there is virtually no chance
of gene flow from distant metapopulations, the homozygous G2G2 genotype will probably persist until the G1
allele, which is rare in this population, increases its frequency due to random hybridization.
The population in the zoo undoubtedly represents
an isolated population, showing all symptoms of adaptation to the biotope, as demonstrated by the increase
in the number of individuals manifesting the potential
for generative reproduction. The nearly monomorphic
character of esterases in locus G (more precisely, in the
G2 allele), not encountered in other populations of S.
capillata, may suggest a distant origin of the diaspores
from which the population originated.
The low polymorphism in the G locus is an important
discovery, indicating that the population was probably
initiated from a single plant or from seeds including at
least one being a G1G2 heterozygote. In cases of monomorphism in small populations, it is described as the
Çfounder effectí, since the founder may be even a single
diaspore.
The persistence of the heterozygous status of esterases
(E1E2) represents a completely different problem: it
may result from self-pollination, so important for the
tufted xerophytes, in which this mechanism promoting
formation of large seed numbers is a prerequisite of
survival (Stebbins 1958).
As regards peroxidases, the populations of S.
capillata proved to be fully monomorphic both with
respect to the anodally migrating locus A and the cathodally migrating loci R3 and T1 (Fig. 2). Locus T1 is characteristic exclusively of the species S. capillata, while
the other manifested in Poland species of Stipa genus
are characterized by the common for them locus T2.
The R3 allele, one of the alleles in R1 locus, is present

Fig. 1. Electrophoretically detected esterases. Plants 1-16 belong
to the Stipa capillata population from Saint Laurence Mount near
Che≥mno, while plants 17-25 represent the population from the New
Zoological Garden in PoznaÒ

Fig. 2. An example of peroxidase band patterns, monomorphic in
the 3 populations investigated

2. Material and methods
The population of S. capillata is situated in the southeastern part of the exposition area of the New Zoological
Garden in PoznaÒ (53O10íN, 18O35íE), on a sandy slope
with southeastern exposure and inclination of over 30O.
From the North this site borders on a pine forest, from
the South and the West it is neighbouring on an animal-run, and in the East it is delimited by a walking
lane. Because of the absence of trees from the South
and the West, the stand can be exposed to sunlight nearly
all day long.
Enzymatic analysis was conducted for individual
plants collected from the population in the zoo (80
plants) and from 2 natural populations located about
120 km east of PoznaÒ, near the village of Che≥mno
(52O28íN, 17O00íE), i.e. from Saint Laurence Mount
(GÛra åw. WawrzyÒca, 32 plants) and from the Kie≥pski
Ravine (34 plants), separated from each other by a distance of about 10†km.
From every plant, leaf tissue was crushed and crude
extract was absorbed into filter paper wicks (5†mm†◊
5†mm, Beckmann 319329). The electrophoresis was
conducted in 11% starch gel (Starch Art.Co.) in lithiumborate buffer system, pH 8.3. The staining procedure
strictly followed that described by Show & Prasad (1970)
for peroxidase (EC†1.1.1.17) and esterase (EC 3.1.1).
3. Results and discussion
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not only in S. capillata but also in S. joannis and S.
pennata (Krzakowa et al. 2006).
At the present state of our knowledge on the level of
enzymatic variability in S. capillata species, the population studied by us undoubtedly exhibits a stable but
unique gene pool, which distinguishes it from other
populations. However, even more unexpected is the monomorphism of peroxidases, since in grasses peroxidases
manifest extensive polymorphism (Krzakowa & Kraupe
1981; Krzakowa 1996; Krzakowa & Mikulski 1997;
Krzakowa et al. 2003, 2005).
In addition, the identical peroxidase patterns in the
population found in the zoo and in the populations located
over 100 km away is surprising. We cannot exclude
(even if it seems improbable) that the absence of
peroxidase polymorphism characterizes not only the
studied populations but the entire species. However,
since isolated populations very frequently manifest

a unique gene pool, which distinguishes them from
populations in the centre of the range, the other populations may prove to be polymorphic. It also cannot be
excluded that vegetative propagation, promoting the
maintenance of homozygous genotypes, plays a principal
role in the studied populations. Fixed homozygosity
used to be an exponent of inbreeding and the latter may
restrict the potential for adaptation but, on the other
hand, in small populations it may reduce the genetic
load and in this way it may preserve the hitherto observed fitness of the population.
These interesting results encourage us to undertake
broader studies, in particular with natural populations
representing a wider geographic range.
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