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ABSTRACT

Cochlearia polonica Frohl. (Brassicaceae) is one of the rarest species in the Polish and European flora and
a taxon endemic to a very small area in southern Poland. Due to industrial activities and subsequent transforma-
tion of habitats it was extinct in all natural localities around 1994. The persistence of the species was ensured
thanks to the active protection efforts including a series of transplantations based on the material from the last and
decreasing natural population. The history of conservation efforts of C. polonica provides a model example of
successful active protection in the European flora. Here, we provide a complete review comprising the following
aims: (i) outline of the discovery and taxonomic conceptions on C. polonica, (ii) review of conservation efforts ai-
med at preserving its populations, (iii) description of the existing population resources, and (iv) analysis of the ge-
netic structure of all existing populations based on previously published data and new, supplementary results.

KEY WORDS: Cochlearia polonica, endemic species, transplantation, introduced population, conser-

vation, genetic variation, genetic structure, AFLP.

INTRODUCTION

Human industrial activity frequently leads to transforma-
tions of natural habitats. Its influence can be both direct by
land development and exploitation of entire sites, someti-
mes comprising unique habitats and rare species, and indi-
rect by changing habitat conditions in the impact zone (e.g.
land draining, microclimate change) or habitat fragmenta-
tion. This may cause the extinction of species, primarily
stenotopic organisms able to exist in very narrow ecologi-
cal niches only. Therefore, such species should be conse-
rved, if still possible, by protecting preserved habitat frag-
ments and/or by introducing individuals in new habitats,
that is by establishing secondary localities.

The history of conservation efforts and transplantation of
Cochlearia polonica Frohl. (Brassicaceae), one of the ra-
rest species in the Polish and European flora and a taxon
endemic to a very small area in southern Poland, provides
a model example of successful active protection in Poland.

A population of the species was planted in the spring area
of the Centuria river (Southern Poland). Individuals were
transferred from their natural locality in the vicinity of
Olkusz which fully declined due to mining-related draining
(Kwiatkowska 2001). Conservation efforts prevented
a complete extinction of the species and thus both quantita-
tive and qualitative impoverishment of the Polish flora.

Although Cochlearia polonica is one of unique elements
of the Polish flora, relatively few data are available on the
species in the literature. It has been included in the Red
Data Book of Plants (Kwiatkowska 1993, 2001), but con-
tributions providing systematic information on the taxon
and indicating an urgent need to ensure its occurrence in
nature have been published only recently (KaZmierczako-
wa 2004; Baryta 2005). It is even more important to re-
view conservation efforts and data on the population con-
dition as the history of its protection by transplanting and
founding a secondary population is an interesting example
of protection measures in the scale of Europe.



256 COCHLEARIA POLONICA FROHL.: CONSERVATION AND POPULATION RESOURCES

The aim of this study is to provide a complete overview
of published and unpublished data on C. polonica in the Po-
lish flora, and in particular: (i) to outline the history of its
discovery and taxonomic conceptions, (ii) to present conse-
rvation efforts aimed at preserving its populations, (iii) to
describe the current condition of the population, and (iv) to
summarise and supplement the knowledge on the genetic
structure of all existing populations with unpublished data.

HISTORY OF THE DISCOVERY
OF THE SPECIES AND THE SYSTEMATIC RANK
OF THE TAXON

The occurrence of a plant belonging to the genus Cochle-
aria L. near Olkusz in the Wyzyna Slasko-Krakowska
upland was first reported by Zalewski (1886). Plants occur-
red in Olkusz Stary ,,over a ditch” (probably in the Sztolnia
Ponikowska adit, as suggested by Kwiatkowska 1962). Za-
lewski defined the population as taxonomically belonging
to Cochlearia officinalis L. It was reported under this name
in the first edition of the Polish field flora (Szafer et al.
1924). The occurrence of the plant near Olkusz was confir-
med by Piech (1924), who observed it in the Biata river
(a tributary of the Biata Przemsza river) springfens and at
a pond called Biata Karczma (Fig. 1). The plant was classi-
fied by Piech (1924) as a subspecies: C. officinalis L.
subsp. pyrenaica (DC.) Rouy et Fouc. The morphological
divergence of the plants belonging to these populations
was first noted by Frohlich (1936, 1937), who described
them as a new species under the new name Cochlearia po-
lonica E. Frohlich (Fig. 2), placing the Latin diagnosis in
a scheda for the exsiccate series: Rosliny Polskie. Plantae
Poloniae Exsiccatae (1936). Chater and Heywood (1964)
cited this publication when describing the genus Cochlea-
ria L. in Flora Europaea and retained the species rank of C.
polonica. However, the systematic position of the taxon
was not specified in the second edition of Flora Europaea
and it was included in the C. officinalis L. group there
(Chater et al. 1993).

The differentiation of the taxon C. polonica by Frohlich
was based on morphological characters. Its distinctiveness
from other species of the genus Cochlearia was further
confirmed by cytological examinations: the taxon was de-
monstrated to be an autohexaploid with the chromosome
number 2n=36 and a basic number of chromosomes x=6
(Bajer 1950). Besides C. polonica, the group of section Co-
chlearia members also characterized by the basic number
of chromosomes x=6 includes the diploids C. pyrenaica

-
’

Fig. 1. Distribution map of existing transplanted populations of Cochlea-
ria polonica and extinct natural and transplanted populations.
Abbrevation: A — approximate historical natural range of C. polonica; B —
extinct transplanted populations; C — existing transplanted populations. 1
— spring of Brda river; 2 — floodplain of Wilga river; 3 — The ,,Niebieskie
Zrédta” nature reserve; 4 — springs of Wiercica river; 5 — springfen of Ra-
jecznica stream; 6 — springfens of Biatka Zdowska river; 7 — springs of
Rak stream; 8 — springfens of Centuria river; 9 — spring of Chechto stre-
am; 10 — Biata river and its tributaries; 11 — springs in Kwasniéw village;
12 — springs of Biata Przemsza river near Golczowice; 13 — The ,,Siedem
Zrédet” springfens in Pazurek village; 14 — tributary springs of Diubnia
river near Imbramowice; 15 — upper course of Sztota river; 16 — spring in
Psary village; 17 — tributary springs of Ractawka river; 18 —The ,,Spod
Graba” spring in Dolina Saspowska valley; 19 — spring in Kostrze in bor-
ders of Krakow.
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DC., C. macrorrhiza (Schur) Pobed., C. excelsa Zahlbr. ex
Fritsch, and C. aestuaria (Lloyd) Heywood (2n=12), the te-
traploid C. officinalis L. (2n=24), and other higher polyplo-
ids: C. bavarica Vogt (2n=36), and C. anglica L. (2n=48).
The section contains also a second group, characterized by
the basic chromosome number x=7, represented by the fol-
lowing species: the diploid C. groenlandica L. (2n=14, uni-
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Fig. 2. Cochlearia polonica Frohl: A — general habit; B — fragment of inflorescence. (drawn by J. Urbanik)

que 12) and the hexaploids: C. tatrae Borbés and C. danica
L. (2n=42) (Koch et al. 1998).

Recent molecular analyses show that C. polonica is cle-
arly genetically different from populations of other Cochle-
aria species in Central Europe. In particular, the confusing
taxonomic status of a Cochleria population in Ukraine, tre-
ated in some previous studies (including the Red Data Bo-
ok in Ukraine — Sobko 1996), as C. polonica and in some
as C. pyrenaica, was also verified based on examinations
of genetic variation. It was shown that the population re-
presented the diploid C. pyrenaica and not C. polonica,
which confirmed the status of C. polonica as a taxon ende-
mic to Southern Poland only (Cieslak and Ronikier 2006;
Cieslak et al. 2007b; Kochjarova et al. 2006).

HISTORY OF CONSERVATION EFFORTS
AND THE CURRENT CONDITION
OF POPULATION RESOURCES

The occurrence of C. polonica in the springfen of the
Biata river, a tributary of the Biata Przemsza river, in an
area of ca. 4 km? was observed by Alina Kwiatkowska (In-
stitute of Nature Protection, Polish Academy of Sciences,
Krakow) during inventory studies in the period between
1948 and 1952 (Kwiatkowska 1957). Plants were recorded
around a vaucluse spring and shallow mid-forest streams
with sandy bottoms and, less frequently, on boggy, peaty
banks. The population was very numerous; C. polonica
was a dominant species in many patches. In turn, A.
Kwiatkowska did not record the occurrence of the plant by
the Biata Karczma pond previously reported in the literatu-
re. The range of occurrence of C. polonica decreased con-
siderably in the following ten years. The operation of the
smelting factory in Bukowno and the need to drain zinc

and lead ore mines led to a gradual draining of the area and
caused changes in the local habitat conditions, especially in
boggy areas. The upper courses of the Biata river and of its
tributaries disappeared between 1958 and 1960 (Kwiat-
kowska 1962). A vast cone of depression formed when the
factory expanded and new mines were opened, and the river
system gradually disappeared over a large area. C. poloni-
ca persisted in drying riverbeds over a number of years,
but the viability and abundance of the population decreased
around 1994 (Kwiatkowska 2001). A clear deterioration of
habitat conditions caused a shortening of the plant’s life
cycle; biennial individuals must have dominated in the po-
pulation at the time. Therefore, although Frohlich (1936) in
his diagnosis of the species described it as a usually peren-
nial plant (planta plerumque perennis), C. polonica was de-
fined by Kwiatkowska (1962) as a biennial and it was clas-
sified as such in later studies (e.g. Kwiatkowska 2001; Kaz-
mierczakowa 2004). Symbols for ,biennial to perennial”
were used to describe it in the first edition of Rosliny Pol-
skie (Szafer et al. 1924); however the plant appeared there
as ,,C. officinalis” and thus the characteristics may have re-
ferred to the latter, widely understood, species. Similarly,
the plant was identified as a biennial to perennial in volu-
me 3 of the Flora Polska (Kulczyfiski 1927), where it was
reported as C. pyrenaica (additionally, a question mark fol-
lowed the symbol of a biennial plant). On the other hand,
a biennial plant symbol only is used (incorrectly) in the se-
cond edition of Rosliny Polskie (here reported as C. polo-
nica; Szafer et al. 1953), which may be a printing error.
This erroneous symbol was later repeated in volume 4 of
the Flora Polski (Sychowa 1985). Long-term demographic
and morphological observations confirm nevertheless that
in optimal habitat conditions it is in fact a perennial plant
(R. KaZmierczakowa, unpublished data).
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As progressive land draining led to a complete disappea-
rance of the river system in the upper Biata river basin in
the 1970s, only few individuals of C. polonica occurred at
natural localities in places at least periodically damp, e.g.
due to snow and rainfall accumulation (Kwiatkowska
2001). It was therefore decided to establish a secondary lo-
cality of the species (Kwiatkowska, pers. comm.). About
11 individuals (n.b., Cieslak et al. 2007a reported 14 indi-
viduals due to an earlier, inaccurate information) were
transferred from the upper Biata river to the Centuria river
springfen (also located in the Wyzyna Slasko-Krakowska
upland; Fig. 1). R. KaZmierczakowa and B. Szczesny parti-
cipated in founding the new locality. The transplantation
site was selected based on previous habitat observations by
B. Pawlowski (Institute of Botany, Jagiellonian University,
Krakéw), whose accurate ecological observations greatly
contributed to the transplantation’s success (A. Kwiatkow-
ska, pers. comm.). Seedlings cultured from seeds were ad-
ded by A. Kwiatkowska to the new stand in successive ye-
ars. The plant reproduced very quickly and developed a nu-
merous population with a normal demographic structure
over a period of a few years (Kwiatkowska 2001; KaZmier-
czakowa 2004). The genetic structure of the population
was analysed after ca. 30 years and a considerable genetic
variation (although lower than in comparison with, for in-
stance, natural populations of C. tatrae having a similar
abundance), and the genetic structure correlated to some
extent with the population’s spatial structure were shown
(Cieslak et al. 2007a; see also below).

Using the material obtained from the Centuria river, A.
Kwiatkowska (1994) established further 16 localities (Fig.
1). Three localities were situated in northern and central
Poland: springs of the Brda river in the Laska village in the
Tuchola Forests, Wilga river floodplain in the Wilga villa-
ge in the Réwnina Garwolifiska upland and springfens in
the ,,Niebieskie Zrédta” reserve near Tomaszéw Mazo-
wiecki in the Dolina Biatobrzeska valley. Most efforts to
establish new secondary localities concentrated however in
the Wyzyna Slasko-Krakowska upland. These were: the
”Siedem Zrédel” springs in the Pazurek village, springs in
the Kwasniow village, tributary springs of the Biata Prze-
msza river near Golczowice, a karst vaucluse spring in Ko-
strze within Krakow borders, springs of the Wiercica river
in the ,,Parkowe” nature reserve near the Ztoty Potok villa-
ge (locality established in 1977), springs of the Chechto
stream in the Chechto village, the Biatka Zdowska springs
near Korczyce, tributary springs of Ractawa river near Kra-
kow. Further secondary localities were established by A.
Kwiatkowska and R. KaZmierczakowa starting from 1992.
These were: karst springs in the Psary village near Karnio-
wice, ”Spod Graba” spring in the Dolina Saspowska valley
in the Ojcéw National Park, springs of the Rak stream in
Blanowice, tributary springs of the Dtubnia river near Im-
bramowice, the Rajecznica stream springs near Koniecpol.
Attempts to introduce the species at secondary localities
mostly failed. The latest attempt to introduce the species in
the upper course of the Sztota river carried out in 2007 did
not bring positive results either (R. KaZmierczakowa, A.
Nowak-Danda, P. Daida, unpubl. data).

The plant persisted at the majority of secondary localities
for only two to a few years and disappeared. The reasons
for the disappearance were identified in some cases, e.g.
the spring was channelled as a water source for the village
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in Psary, the plants were eaten by swans nesting on the flo-
odplain downstream of the spring in Blanowice. Plant’s di-
sappearance was sometimes caused by excessive shading
by trees and abundant litter fall, e.g. in the ,,Spod Graba”
spring. The locality in the Wiercica springs persisted for
over 30 years; however, the number of plants was always
low. The population consisted of between ten and fifty
plants in the years of the best development. It continued to
decrease in the final period and only two blossoming plants
persisted in 2008. This was most probably caused by incre-
asing shading by trees, abundant tree-leaf fall in autumn
and damage caused by tourists who numerously visit the
well-known ,,Parkowe” nature reserve, within which Wier-
cica springs are located. The locality finally disappeared in
2009 following flooding caused by a small dam built do-
wnstream. C. polonica currently persists only at two locali-
ties: at the site of the first transplantation in the Centuria
springs and in the Rajecznica springs.

Only the locality in Centuria, where the population com-
prises tens of thousands of individuals and occupies an
area of ca. 30 ares, may be likely to survive in the long
term. Centuria springs are protected as a nature monument
and a Natura 2000 site. They are located in the ,,Orle Gnia-
zda” Landscape Park. However, the vegetation in the
springfen continues to be damaged, e.g. by quads driven il-
legally in the area. A change in water relationships, and ha-
bitat draining in particular, may be the most serious threat
to C. polonica. Construction plans for a new mine in the
vicinity of Zawiercie pose the greatest danger.

Rajecznica springs lie within the ,,Ke¢pina” reserve. For-
ty-five plants grew at the stand in spring 2008. Almost
50% of them were blossoming individuals; however, har-
dly any seedlings were present. The plants were damaged
by wild boars penetrating the area. Further 30 individuals
were transplanted from Centuria in autumn 2008 (R. Ka-
Zmierczakowa, unpubl. data). The transplantation was suc-
cessful and the population increased to ca. 140 plants in the
following year, half of which were juvenile individuals.

ANALYSIS OF GENETIC VARIATION AND STRUCTURE
OF COCHLEARIA POLONICA

The knowledge of genetic variation and its spatial struc-
ture is critical for planning effective protection of threate-
ned species (e.g. Escudero et al. 2003). In order to assess
genetic variation in the introduced population of Cochlea-
ria polonica and derived populations, the genetic structure
of the species and genetic relationships among central Eu-
ropean taxa of the genus Cochlearia have been examined
in recent years as part of a broader research project on the
genus Cochlearia in Poland and neighbouring countries
(Cieslak and Ronikier 2006; Cieslak et al. 2007a, b). The
material from the first and the only stable introduced popu-
lation in the Centuria river springfens was examined at the
first stage of the project (Cieslak et al. 2007a). The integri-
ty of C. polonica was demonstrated in an extended analysis
comprising all regional groups of localities of C. polonica,
C. borzaeana, C. excelsa, C. pyrenaica and C. tatrae. It
was confirmed that the species is represented exclusively
by populations from southern Poland and, consequently, it
is an endemic species with a very narrow range (Cieslak
and Ronikier 2006; Cieslak et al. 2007b; E. Cieslak and M.
Ronikier, unpubl. data).
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An extended, supplementary analysis of genetic variation
and its spatial distribution within- and among existing po-
pulations of C. polonica was carried out in order to exami-
ne, as far as possible, the effects of the known transplanta-
tion and restitution history of the species on its current ge-
netic structure. In order to determine genetic relationships
among all contemporary populations, previous analyses of
the population in Centuria (cf. Cieslak et al. 2007a) were
supplemented in the present study and material collected
from three populations that constitute the entire range of
the species: Centuria, Rajecznica and the — disappeared at
a later date — locality in Wiercica, was examined. A sample
of 23 individuals covering the entire population area (se-
lected from a broader collection performed in 2003) based
on previous analyses was examined in the case of the po-
pulation from Centuria (Cieslak et al. 2007a). Samples
from the other localities were collected in 2007 and com-
prised material from 27 blossoming individuals from the
locality in Rajecznica and from the only two individuals
persisting at that time at the locality in the Wiercica valley
springs. The samples (a total of 52 individuals) were analy-
sed using AFLPs to determine polymorphism and the gene-
tic variation of the species (for details on methods of the
genetic and statistical analyses, see Cieslak et al. 2007a, b).

A total of 134 fragments (markers), including 67 (50%)
polymorphic markers, were recorded in the polymorphism
analysis. Comparable numbers of polymorphic bands were
recorded in the intraspecific analysis for populations in
Centuria and Rajecznica: 55 (41%) and 50 (37%), respecti-
vely. Only eight polymorphic bands (6%) were recorded in
the extremely small and disappearing (two individuals) po-
pulation in Wiercica (Table 1). The highest values of the
parameters characterising the genetic variation of introdu-
ced populations of Cochlearia polonica in Centuria and
Rajecznica (number of polymorphic markers, Nei and
Shannon indices) are recorded for the population in Centu-
ria, which is the oldest and the most numerous population
(Table 1). Nevertheless, these differences are not statisti-
cally significant (p>0.01), which indicates a similarity in
terms of genetic variation. The population in Wiercica was
not included in these analyses due to the small size of the
sample.

Among existing transplanted populations, only the popu-
lation in Centuria can be described as stable and having
a well developed demographical structure. A direct compa-
rison of variation parameters with natural populations of C.
polonica being not possible, the most appropriate natural
case is provided by populations of C. tatrae, a closely rela-
ted, polyploid, narrow endemic species. The genetic varia-
tion in the Centuria population of C. polonica was approxi-
mately twice as low as that in the demographically compa-
rable natural populations of C. tatrae, however, ca. 30% of

TABLE 1. Statistic estimates of genetic diversity for three studied popu-
lations of Cochlearia polonica based on the AFLP analysis. N — number
of studied individuals; P/(%) — number and percentage of polymorphic
bands; h — Nei’s gene diversity; S — Shannon’s index; * not computed due
to small population sampling size.

Population N P/ (%) h S
Centuria (C) 23 55/(41) 0.15(0.2) 0.22 (0.29)
Rajecznica (R) 27 50/(@37) 0.13 (0.2) 0.19 (0.27)
Wiercica (W) 2 8/(6) * *
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polymorphic markers characterised this population (Cie-
Slak et al. 2007a). We suppose that a very dynamic deve-
lopment of this population as early as in the first years after
the transplantation may have been of considerable impor-
tance for partial neutralisation of the bottleneck effect asso-
ciated with transplantation of a small number of individu-
als. Such a scenario is confirmed by the investigation of
the biology of this species. Preliminary results showed that
both production of seeds and germination of C. polonica
are very high. One perennial, well developed plant produ-
ced on average about 3500 seeds (6800 maximally) and the
seed germination in laboratory conditions reached between
75 and 90% (A. Nowak-Danda, P. Danda, R. KaZmiercza-
kowa, unpublished data).

Cieslak et al. (2007a) demonstrated in the AFLP analysis
the existence of a small but statistically significant correla-
tion between individuals’ genetic similarity and their spa-
tial distribution in the population in Centuria.

On the other hand, a very low value of the Nei’s genetic
distance between the populations in Centuria and Rajeczni-
ca (0.04) indicates a lack of clear differentiation among the
populations. The origin of the genetic material from the sa-
me source and a repeated input of derived populations with
plants transplanted from Centuria undoubtedly influenced
this pattern of genetic variation. Results of the analysis of
pairwise relationships among individuals (Fig. 2) (UPG-
MA dendrogram based on the simple matching coefficient;
PCO - data not shown) indicate the absence of a clear-cut
division into genetic groups. Six individuals in Rajecznica
are grouped together with individuals from Centuria while
two individuals in Wiercica are in the same group as indi-
viduals from Rajecznica. The remainder of individuals
from Rajecznica forms a separate cluster; however, it is
characterised by very low bootstrap values. The bootstrap
support for any of the main divisions did not exceed 30
(Fig. 3). The general profile indicates a high genetic simi-
larity among the three populations. This was confirmed by
AMOVA analysis results in which a share of within-popu-
lation variation (73.45%) considerably higher than among-
populations variation (26.55%; p>0.01) was recorded. On
the other hand, it should be stressed that the presence of
a certain genetic structure and Fg; equalling 0.26 may be
somewhat surprising in the case of populations transplan-
ted within only 30 years from the original material of 11
individuals. The values are influenced by factors related to
populational demography, including processes such as the
founder effect and genetic drift. Differentiation of the ma-
jority of the population in Rajecznica into a group separate
from that in Centuria, despite the origin from the latter,
may indicate the influence of such processes on a conside-
rable change of the frequency of markers in the derived po-
pulation. This is also confirmed by the fact that single popu-
lation-characteristic AFLP bands were recorded in the po-
pulations in Rajecznica and Centuria. Individuals grouping
within the Centuria cluster are very likely to represent epi-
sodes of later (recent) additional planting of the material
from Centuria in the population in Rajecznica. Unfortuna-
tely, analyses of population genetics face a basic obstacle
here, that is the lack of a detailed transplantation register
where individual steps would be recorded, comprising e.g.
the specific area of the origin of the material and of the en-
richment of original plantations with further individuals
from Centuria. Thus, it should be noted that in the present
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Fig. 3. UPGMA dendrogram based on simple matching coefficient calcu-
lated from AFLP data for 52 individuals of Cochlearia polonica from th-
ree populations: C — Centuria, R — Rajecznica, W — Wiercica.

analysis the genetic variation of the species could be asses-
sed and described but detailed discussion on genetic pro-
cesses was hampered to some extent by a too general histo-
rical information available.

CONCLUSIONS

Three populations of Cochlearia polonica constituted the
entire present range of this endemic species (one of them

Cieslak E. et al.

gone extinct by 2009). They all developed from transplan-
tations as a conservation effort and none was a natural lo-
cality of C. polonica. The oldest locality established in the
Centuria river springfen developed based on individuals
from a threatened natural population and further two were
based on the material from the introduced population in
Centuria. Over ten individuals that formed the entire prese-
rved genetic pool of the species were used as the original
material for the first population. The results could be com-
pared to an extreme bottleneck effect in the total popula-
tion of the species. Further introductions were based on the
material collected from Centuria. The genetic structure of
existing populations shows the signature of these trans-
plantation events but the diversity within the main popula-
tion in Centuria was higher than expected based on a low
number of founder individuals.

Only one introduced population, in the springfens in
Centuria, adapted to the new locality very quickly, develo-
ped dynamically and spread within the available habitat.
Site selection for transplantation of this species with speci-
fic habitat requirements was very good. The failure of ma-
ny other attempts at introducing Cochlearia polonica at
other sites shows, however, the difficulties of active pro-
tection of this species and indicates the need for further
studies on the determination of individual habitat require-
ments and the search for successive new localities, espe-
cially in the light of new threats. A planned mine in Za-
wiercie poses the greatest danger where mechanisms threa-
tening the populations in Centuria are the same as those
that caused the complete degradation of natural localities
of C. polonica in the 1970s.
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