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a  b  s  t  r  a  c  t

A  survey  on  temporary  ponds  has  been  conducted  in  search  for  large  branchiopod  crustaceans  (Anostraca,
Notostraca,  Spinicaudata  and Laevicaudata)  in  Wielkopolska  province  (western  Poland).  728  pools  have
been studied  and  large  branchiopods  have  been  found  in  221  of  them.  Seven  species  have  been  recorded,
including  three  anostracans:  Branchipus  schaefferi,  Chirocephalus  shadini  and  Eubranchipus  grubii;  two
notostracans:  Lepidurus  apus  and  Triops  cancriformis;  one  spinicaudatan,  Cyzicus  tetracerus  and  one  laevi-
caudatan,  Lynceus  brachyurus.  According  to the  analysis  of  co-occurrence,  the  species  form  three  groups,
differing  in  habitat  preferences  and  conservation  status.  The  number  of  species  shows  that  the  diversity
of  globally  threatened  large  branchiopods  is  still  relatively  high  in the  region.  On  the  other  hand,  their
conservation  status  is  highly  diverse  and  in  most  species  unfavourable.  Distribution  of all  species  is highly
clustered:  large  branchiopods  have  been  generally  found  in  33 UTM  squares  (10  ×  10  km)  of  96  squares
istribution
onservation

studied.  However,  only  two  species,  i.e.  E. grubii  and  L.  apus  occurred  in  more  than  five  such  squares
and  could  be  assessed  as  moderately  widespread.  Most  water  bodies  inhabited  by  large  branchiopods
occur  in  groups  forming  patches  of  suitable  habitats  which  are  dispersed  among  prevailing  seemingly
unsuitable  areas.  Sustaining  the  existence  of large  metapopulations  seems,  therefore,  to  be  essential  for
conservation  of  branchiopod  species  diversity.  Field  observations  also  bring  some  examples  of  human
activities  unintentionally  supporting  the  branchiopod  conservation.
ntroduction

Large branchiopod crustaceans (Anostraca, Notostraca, Laevi-
audata, Spinicaudata) as typical inhabitants of temporary waters
re believed to be threatened worldwide due to the decline in
heir habitats (Brendonck et al. 2008). In many European countries,
ome of the previously recorded species have become extinct or
onsiderably rarer than in the past (e.g. Eder and Hödl 2002; Král
nd Štambergová 2005). Representatives of this group gain special
ttention due their mostly unfavourable conservation status and
ecause they are treated as flagships of temporary waters. Thus,

n many countries all representatives of this group are redlisted
nd protected (e.g. Maier 1998; Eder and Hödl 2002; Král and

ˇtambergová 2005).
The knowledge of large branchiopods in much of Central

nd Eastern Europe is poor. On the other hand, recent inves-
igations have shown that much of their remaining European

iversity is located in this part of the continent (Brtek and
hiéry 1995; Nagorskaja et al. 1998; Demeter and Hartel 2007;
oven et al. 2008). In Poland these crustaceans have not been
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studied since the early 1970s and the data on their distribu-
tion are scarce. Up till now, 13 species of large branchiopods
have been recorded from Poland (Zwolski 1956; Jurasz 2008), i.e.
(i) Anostraca: Branchinecta paludosa (O.F. Müller, 1788), Branchi-
pus schaefferi (Fischer, 1834), Chirocephalus diaphanus Prévost,
1803, Chirocephalus shadini (Smirnov, 1928), Eubranchipus grubii
(Dybowski, 1860), Streptocephalus torvicornis (Waga, 1842), (ii) Lae-
vicaudata: Lynceus brachyurus O.F. Müller, 1776, (iii) Notostraca:
Lepidurus apus (Linnaeus, 1758), Triops cancriformis (Bosc, 1801)
and (iv) Spinicaudata: Cyzicus tetracerus (Krynicki, 1830) and Lim-
nadia lenticularis (Linnaeus, 1761). The only species that is redlisted
and until recently protected in the country is B. paludosa, known
in Poland from only one locality in the Tatra Mts. and currently
regarded as extinct (Kownacki et al. 2002). Moreover, even this
anostracan was removed from the list of protected animal species
in November 2011.

Data on the occurrence of large branchiopods in Poland in most
of the cases date back to the turn of the 20th century (e.g. Ramułt
1939) and later reports have been very scarce (e.g. Zwolski 1956).

Lack of recent data on distribution and conservation status of

large branchiopods result in total lack of a conservation policy for
this group. What is more, most of the considered species are usually
regarded as common in the country by the authors of popular-
scientific publications, referencing to the situation reported in the

dx.doi.org/10.1016/j.limno.2012.08.006
http://www.sciencedirect.com/science/journal/00759511
http://www.elsevier.de/limno
mailto:glodny@amu.edu.pl
dx.doi.org/10.1016/j.limno.2012.08.006
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utdated papers. Since the conservation status of large branchio-
od populations in most of the adjacent countries seems to be
ritical (cf Maier 1998; Král and Štambergová 2005; Dovgal and
amchischina 2009), the need for surveys, mapping the distribution
f this group in Poland and assessing its diversity and abundance,
ecomes essential.

The aim of the present study has been to assess the species rich-
ess, distribution and conservation status of large branchiopods in
ielkopolska province, Western Poland. Wielkopolska – as many

ther European regions – has been long inhabited and inten-
ively exploited by man. However, it is still rich in small water
odies, so in potential large branchiopod habitats. Particular parts
f this region have diverse relief and numbers of water bodies as a
onsequence of different glacial history. Thus, this region offers an
pportunity to analyse the species’ conservation status with ref-
rence to natural conditions and human impact. Considering the
haracteristics of the region we hypothesised that:

(i) the conservation status of large branchiopods in Wielkopolska
is more favourable than in most European countries, especially
those with rapidly vanishing small water bodies

(ii) geomorphologically diverse parts of the region differ in species
richness and numbers of populations

iii) some large branchiopods – known to be disturbance depend-
ent – are related to strongly transformed localities.

aterial and methods

tudy area

The monitoring took place in the Wielkopolska Province, west-
rn Poland (centre of the Province: ca 52◦22′ N; 17◦26′ E). The region
overs 29,826 km2 of lowlands, which in central and northern parts
re dominated by young glacial and glaciofluvial landscapes and
n the south by less diversified old-glacial (periglacial) plains and
ills (Richling and Dąbrowski 1995). The central and northern
oraine areas are separated by ice-marginal stream valley with

nland dunes overgrown by pine forests.
Wielkopolska is located in the temperate climate zone. Influ-

nces of oceanic and continental climate are interlacing here,
ausing often and rapid changes of weather following frequent pas-
ages of atmospheric fronts. The mean annual precipitation in the
egion ranges between 500 mm in central and eastern parts and
50 mm in southern Wielkopolska. The summer (June–September)
recipitation is below 350 mm and belongs to the lowest in Poland
Chmiel and Kasprowicz 1999). Due to intensified land drainage
onnected with intensive agricultural land use, significant lower-
ng of ground water level has been observed over the last 50 years
ollowed by a significant loss in the number of small water bodies
Rybacki and Berger 2003).

The survey was conducted between 2008 and 2010. Sampling
reas (10 × 10 km squares designated following the UTM/MGRS
rid) covering potential large branchiopod habitats were selected
n the basis of maps, aerial and satellite photographs as well as
nformation provided by naturalists and foresters. In total 97 such
quares were selected, covering 25% of the province. In each square
t least three potential localities were sampled. In total, 728 poten-
ial localities were investigated in search for large branchiopods,
33 of them were checked at least three times. The spectrum of

tudied habitats included large puddles on dirt roads (n = 349),
static ponds (n = 221), floodplain pools (n = 50), flooded mead-
ws and fields (n = 41), flooded alder forests (n = 42) and temporary
itches (n = 25).
a 42 (2012) 264– 270 265

Field sampling

The field trips started each year in April, when adults of
large branchiopods were observed on previously known localities
(Gołdyn et al. 2007), and lasted till late September. The survey fol-
lowed the life cycle of particular species. As the occurrence of most
species is limited to the spring, the search for them was concen-
trated in this period. The potential occurrence of late spring and
summer species was  also controlled during successive months. In
the dry summer months (July, August) samplings were conducted
at least one week after heavy rainfall.

Each water body was searched qualitatively for the presence of
large branchiopods using a hand dip net (40 cm in diameter, mesh
of 1 mm)  towed along all the available habitats. In early spring and
after heavy rainfall, additional zooplankton samples (10–20 l) were
collected using a plankton net (mesh of 50 �m) and searched in
the laboratory for large branchiopod nauplii. When larvae were
found, the water body was sampled again for adult individuals later
in the season. Samples of the upper layer of sediments were col-
lected from random parts of the pools that were dry during the
survey to check for the presence of dormant eggs of large bran-
chiopods; each collective sample contained ca 1 l of sediments. In
the laboratory, samples were inundated in 15 l of deionised water
at 20 ◦C. The containers were checked every two days for the pres-
ence of hatchlings. If present, they were isolated and grown to the
adult stage. Large branchiopods found during the survey were pre-
served in 70% ethanol and identified to species level following Brtek
(1962). Voucher specimens of the recorded species together with
detailed geographical coordinates of the localities are stored in the
Natural History Collections, AMU, Poznań, Poland.

Statistical analyses

To check for differences in large branchiopod species rich-
ness and composition in particular geomorphological subregions
of Wielkopolska, Redundancy Analysis (RDA) was  used (Jongman
et al. 1995). Particular 10 × 10 km squares surveyed were treated as
samples, where percentage of surveyed water bodies inhabited by
each species was used to describe its frequency. Six geomorpholog-
ical regions were distinguished and introduced to the analysis as
explanatory variables: moraine terrains of the central and north-
ern part of Wielkopolska (“Moraines”), floodplains of Warta and
Noteć rivers (“floodplains”), inland dune region of Nadnotecka for-
est (“dunes”), plains of southern (“S plains”) and north-eastern part
of the region (“NE plains”) and southern, sandy Ostrzeszowskie
hills (“S hills”). In the RDA, each sample (=square) was weighted
with regard to the number of water bodies surveyed in a given
square. Statistical significance of the model was tested with Monte
Carlo permutation test set for 5000 permutations. All calculations
were performed using CANOCO for Windows 4.5 software pack-
age (ter Braak and Šmilauer 2002). Co-occurrences of particular
species recorded during the survey were analysed using Fager’s
index of affinity calculated for each pair of species (I = 2 × number
of joint occurrences/(number of occurrences of species A + number
of occurrences of species B)), analogous to Maeda-Martinez et al.
1997.

Conservation status of all species in Wielkopolska region was
evaluated in accordance with the IUCN Criteria (IUCN 2001, 2003),
predominantly following the B2 criterion (limited area of occu-
pancy) with related subcriteria.
Results

Among the 728 water bodies sampled during the survey, large
branchiopods were recorded in 221 pools (30.4%), situated in 33 of
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Fig. 3. Distribution of Eubranchipus grubii (E.g.) and Lepidurus apus (L.a.) in the
ig. 1. Distribution of the surveyed 10 × 10 km squares and large branchiopod
pecies richness in particular squares in Wielkopolska province, Western Poland.

7 squares (34.0%) selected for the study (Fig. 1). Most of the large
ranchiopod localities occurred in the central part of the province,
overing areas of young glacial landscape and in the Warta River
oodplain. The RDA results (Fig. 2) reveal areas poor in large bran-

hiopods mainly in the southern part of the region and locally
n central dunes and north-eastern plains (Test of significance of
ll canonical axes: Trace = 0.211; F = 4.382; p = 0.002). Most of the

ig. 2. Redundancy Analysis diagram showing relationship between particular large
ranchiopod species (solid line arrows) and geomorphological units (dashed line
rrows) of the Wielkopolska province; “No species” – ponds where no species were
ecorded.
studied 10 × 10 km squares in Wielkopolska province, Western Poland.

species are strongly related to moraine areas, with both notostra-
cans showing some association with floodplains. Consequently,
most of the temporary water bodies sustaining populations of large
branchiopods in the region were shallow ponds of young glacial ori-
gin, floodplain pools and alder woods. Another significant habitat
were road puddles on clay substrate of marginal moraines. Flooded
meadows and temporary ditches were only marginal habitats.

Out of thirteen species reported for Poland seven have been
recorded during the study, including three anostracans: B. scha-
efferi, Ch. shadini and E. grubii;  two notostracans: L. apus and T.
cancriformis; one spinicaudatan: C. tetracerus and one laevicau-
datan L. brachyurus.

The most widespread species was E. grubii, recorded in 104 pools
(14.3% of the studied sampling sites), 26 squares (26.8%) (Fig. 3).
Preferred habitats were ponds, usually those of young glacial ori-
gin surrounded by arable fields (n = 74) and flooded alder woods
(n = 17). The species also occurred in floodplain pools (n = 8), tem-
porary ditches (n = 3) and flooded meadows (n = 2). Notably, all
localities occurred in central and northern parts of the region. Adult
individuals of E. grubii occurred in late winter and early spring,
between February and May.

The second most widespread species was  L. apus, found in 62
water bodies (8.5%) in 18 squares (18.6%) (Fig. 3). The species was
found mostly in ponds (n = 38) and floodplain pools (n = 14), but
also on flooded meadows (n = 4), in alder woods (n = 3) and ditches
(n = 3). Adult individuals were recorded in April and May.

B. schaefferi was recorded in 76 pools (10.4%) located in three
squares (3.1%) (Fig. 4). The species exclusively inhabited puddles on
dirt roads running on clay substrate of marginal moraines. Two  of
the squares with 72 localities covered the Biedrusko Military Range

and its surroundings formerly used by the army. The remaining four
localities were found on former military grounds near the city of
Piła. Adult specimens occurred predominantly in warm summer
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Table 1
Matrix of co-occurrences of seven large branchiopod species found during the survey in Wielkopolska province, Western Poland. The upper diagonal shows the number of
localities in which the pair of species co-occurred. The lower diagonal presents the Fager’s affinity index (×100).

B. schaefferi Ch. shadini E. grubii T. cancriformis L. apus L. brachyurus C. tetracerus

B. schaefferi 0 0 69 0 0 0
Ch.  shadini 0 6 0 6 6 6
E.  grubii 0 11 0 51 19 8
T.  cancriformis 93 0 0 0 0 0
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neighbouring arable lands – where species from the first and second
L.  apus 0 18 61 

L.  brachyurus 0 48 31 

C.  tetracerus 0 86 14

onths, however, first adults were found already in late April and
ingle specimens were recorded even in December.

T. cancriformis was found in 72 water bodies (9.9%), on three
quares (3.1%) sampled (Fig. 4). Two squares covered the Biedrusko
ilitary Range, where the species co-occurred with B. schaefferi in

9 puddles on the tank roads. Other three localities were recorded
n the southern suburbs of the Poznań  city, where T. cancriformis
ccurred in three man-made filtration ponds located in the Warta
oodplain. The species was recorded from May  to October.

C. tetracerus was recorded in eight ponds (1.1%) situated in two
quares (2.1%) whilst L. brachyurus was found in nineteen ponds
2.6%) located in four squares (4.1%) (Fig. 5). Both species were
lways accompanied with E. grubii.  Adults of both species occurred
n May  and June.

The rarest species, Ch. shadini was recorded in six ponds (0.8%)
ocated in two adjacent squares (2.1%) in the central part of the
egion in the vicinities of Tarnowo Podgórne (Fig. 5). Adult individ-
als occurred in April and May. These six localities also were the
ost species-rich waterbodies among all sites sampled. Ch. shadini

as accompanied here with four other species: E. grubii,  L. apus, C.

etracerus and L. brachyurus.

ig. 4. Distribution of Branchipus schaefferi (B.s.) and Triops cancriformis (T.c.) in the
tudied squares in Wielkopolska province, Western Poland.
0 13 8
0 32 8
0 23 59

Analysing the affinities between the recorded species (Table 1),
three groups of species were distinguishable. The most frequent
pair of species co-occurring in the same water bodies was  L. apus
and E. grubii,  found together in 51 pools (I = 0.61). The same situa-
tion was recognisable on the square level where this pair coexisted
in 14 squares. The second pair with a very high affinity index
(I = 0.93) was B. schaefferi and T. cancriformis, however they coex-
isted only in two  squares. The third group includes the remaining
three, rarest species. They co-occurred in almost all localities inha-
bited by them and reached affinity index values between 48 and
86.

Concerning species richness in particular squares (Fig. 1), mostly
one species (17 squares) or 2 species (n = 12) were recorded. Three
species occurred in one square, four species in one square and five
species in two  squares. The most species-rich squares were located
in ground moraine areas, abundant in astatic ponds of glacial origin
inhabited by the five species from the first and third affinity groups.
There was only one square – covering part of the military area and
affinity groups occurred in adjacent water bodies.

Fig. 5. Distribution of Lynceus brachyurus (L.b.), Cyzicus tetracerus (C.t.) and Chiro-
cephalus shadini (C.s.) in the studied squares in Wielkopolska province, Western
Poland.
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Table 2
Red List of large branchiopods (Branchiopoda excl. Cladocera) of Wielkopolska
Province, West Poland. Criteria and subcriteria – met  by species in Wielkopolska
Province – for qualifying species for CR (critically endangered) and EN (endan-
gered) categories are listed according to IUCN standards (2001). In the case of Near
Threatened species NT (the category without its own criteria), the criteria of higher
categories are indicated for which the species is close to qualifying (IUCN Standards
and Petitions Working Group 2008). As the immigration possibilities for threatened
species seem to be small, they have not downgraded the threat category (IUCN
2003).  Within each category the species are arranged according to the increasing
risk  of extinction.

Species Category Criteria for qualification

Chirocephalus shadini CR B2: ab (ii, iii, iv), c (iv)
Cyzicus tetracerus CR B2: ab (ii, iii, iv), c (iv)
Lynceus brachyurus CR B2: ab (ii, iii, iv), c (iv)
Branchipus schaefferi EN B2: ab (i, ii, iii, iv)
Triops cancriformis EN B2: ab (i, ii, iii, iv)
Lepidurus apus NT B2: b (ii, iii, iv)
Eubranchipus grubii NT B2: b (ii, iii, iv)
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on a trail for all-terrain vehicle sports.
A very similar affinity to water bodies strongly modified by
iscussion

Results of our survey in western Poland show that the species
ichness and abundance of localities of globally threatened large
ranchiopods is still relatively high on the regional scale. When
ompared to other parts of Central Europe, both the number of
pecies and their localities is higher than those reported from any of
he recently studied areas in Germany (Engelmann and Hahn 2004)
r the Czech Republic (cf Král and Štambergová 2005). Although
imilar surveys conducted in the best preserved large branchiopod
ocalities in Austria (Eder and Hödl 2002) or Hungary (Boven et al.
008) gave higher numbers of species recorded, in both cases the
umbers of localities were lower for a similar area. What is more,
he higher number of species recorded by those authors is a con-
equence of the zoogeographical characters of their study areas,
overing the Pannonian region, one of the most important large
ranchiopod diversity hot-spots in Europe.

On the other hand, a dramatic difference in conclusions con-
erning the species richness and the abundance of localities occurs
hen the distribution of recorded populations is analysed on the

evel of 10 × 10 km squares. Only four such squares host popu-
ations of three or more species and in many of them only one
pecies occurs. Moreover, distribution of the localities is uneven,
eing concentrated in the central part of the region.

The conservation status of particular species in Wielkopolska
rovince also is highly diverse and in most species unfavourable.

t is confirmed by the qualification of all species occurring in the
egion as threatened and near threatened, following IUCN cate-
ories (Table 2). What is more, among five threatened species, three
re critically endangered and two endangered. Only two  species,
.e. E. grubii and L. apus, are relatively widespread, occurring in
oth high numbers of localities and squares. Even those species,
owever, show a patchy distribution which is clustered especially
round the central part of the region and seem to be absent or very
are on wide areas of southern Wielkopolska. This conservation
tatus has been reflected in the qualification of these species as NT
Near Threatened).

As large branchiopod occurrence may  vary in time, it is pos-
ible that uneven distribution of recorded localities partly results
rom the diverse seasonal and spatial sampling effort over the stud-
ed territory (e.g. Ruhí et al. 2012). However, a striking coincidence
etween the distribution of large branchiopods and the range of the

atest glaciation (Würm) is recognisable. The most unfavourable
onservation status of these crustaceans seems to occur to the

outh of this range limit, i.e. in the old-glacial plains which are
ore flat and much poorer in natural water bodies than the central
a 42 (2012) 264– 270

and northern areas including the postglacial lake districts and large
river valleys (Fig. 2).

Strong human impact may  also have contributed to the relative
rarity of large branchiopod habitats in the whole region which has
been long inhabited and intensively exploited and consequently
is among the most transformed regions in Poland. Since histori-
cal data from the region are very scarce, it is impossible to assess
the regional scale of this decline. Still, there are good reasons to
believe that all large branchiopods have been disappearing from the
region, even regarding the most widespread species. The best case
to illustrate species decline are the floodplains of the Warta River
located in the central part of Wielkopolska near Rogalin. According
to the data from the late 1960s, numerous populations of E. grubii
occurred in temporary oxbows and flooded meadows there (Dzi-
abaszewski, B., unpublished data). Intensive samplings conducted
in 2009 and 2010 (present paper and Jankowiak, 2010) revealed
merely five populations, three of which occurred in a protected
area. Due to the lack of precise quantitative data from the past,
the direct statistical comparison between the historical and cur-
rent number of populations is impossible. Yet, the decrease in the
abundance of suitable habitats (Burchardt and Mastyński 2005) and
hence the decline in the general conservation status of the species
is striking and unquestionable. This loss of habitats and populations
in Rogalin most probably results from the highly reduced range and
frequency of flooding events following the creation of a dam reser-
voir in the upper run of the Warta river. This tendency might have
been enhanced by the lowered level of the groundwater table in
the region due to climate change (Rybacki and Berger 2003).

A similar picture could be drawn with regard to L. apus which
is strongly affiliated with E. grubii according to the analysis of co-
occurrences. Though both species seem to be relatively common
and least sensitive to human pressure across their geographical
ranges, the declining tendency in the number of their populations is
observed all over central Europe (Eder and Hödl 2002; Engelmann
and Hahn 2004; Král and Štambergová 2005).

Also in the case of another anostracan species, B. schaefferi, its
seemingly relatively favourable conservation status in the region
becomes alarming after closer inspection. Though our survey
revealed 76 populations, all of them were recorded in only three
10 × 10 km squares. Moreover, they clearly constitute two iso-
lated metapopulations which are ca 60 km distant and are strictly
dependent on the specific form of land use, i.e. movements of heavy
military vehicles on the clay substrate of marginal moraines. Pud-
dles on the tank roads are probably the last refugia of this species,
which according to historical data was once widespread in pud-
dles on dirt roads in Poland (e.g. Ramułt 1939; Zwolski 1956). A
similar situation has already been recorded in the Czech Republic
(Merta and Roleček 2005) and Germany (Maier 1998), where the
species has been reported almost exclusively from military areas.
Moreover, according to Hössler et al. (1995) a cessation of military
activities in the areas where the species occurs leads to accelerated
plant succession and the lowered water turbidity, most proba-
bly followed by changes in other water parameters, as shown by
Sahuquillo et al. (2012).  As a consequence, populations of B. schaef-
feri rapidly become extinct. The conservation status of the species
observed in our study area fully confirms these observations. The
area of the Biedrusko military range has been reduced during last
twenty years and populations of B. schaefferi have survived only in
these parts of former military grounds where turbid puddles have
been sustained due to amateur 4WD  vehicle drivers. The former
military range in Piła is even a better example, since the only four
populations of B. schaefferi which were recorded there are located
human impact is a characteristic for T. cancriformis which indeed
frequently co-occurs with B. schaefferi in puddles of the Biedrusko
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ange. The species was  also recorded from ponds in the southern
uburbs of Poznań. This locality is one of the scarce large branchio-
od sites in Western Poland which were documented in the past

iterature. T. cancriformis had probably been recorded here already
n 1900 (Eckert 1901) and frequently occurred in local ditches and
emporary ponds also in the 1960s (Hempel-Zawitkowska 1968).
uring the present survey at this site, the species was  found only

n four filtration ponds used for the conditioning of drinking water.
Both species forming the second affinity group are known to be

isturbance dependent and seem therefore to be strictly related
o secondary anthropogenic habitats in transformed landscapes of
urope. Sustaining their populations requires some active forms of
onservation, especially on the former military areas. Our observa-
ions indicate that the controlled traffic of suitable vehicles, such
s tractors or 4WD  cars, could be a form of habitat-based actions
upporting the suitable habitat conditions and hence the surviving
f B. schaefferi and T. cancriformis. This way the two  species could
onstitute a kind of umbrella-group for other organisms related to
emporary waters, since puddles and track pools are known as habi-
ats with a considerable contribution to the biodiversity of some
reas (e.g. Armitage et al. 2012).

Since the three remaining species, L. brachyurus,  C. tetracerus
nd Ch.  shadini,  were very rare in the study area, their conserva-
ion status has been assessed as unfavourable or even bad. This
act is underlined by the high affinity index grouping those species
ccording to their almost obligatory coexistence and indicating
imilarities in their habitat preferences. At this stage it is hard to
ndicate the ultimate factor limiting occurrence of those species in
he study area, however the tendency towards extinction seems
o be universal across their central European ranges. L. brachyu-
us, which is the most frequent representative of this group in

ielkopolska, is very rare in all the countries of central and west-
rn Europe. It has become totally extinct in Austria (Eder and Hödl
002) and the Czech Republic (Král and Štambergová 2005) and
as almost disappeared in Germany: only one locality is still known
Maier 1998). Ch.  shadini and C. tetracerus are also known only from
ingle localities in Central Europe (Brtek and Thiéry 1995) and are
egarded as critically endangered in Austria (Eder and Hödl 2002),
here conservation status of large branchiopods is best defined.
n the other hand, conservation status of L. brachyurus seems to
e far more favourable east of Wielkopolska region, i.e. in a less

ntensively used farmland of eastern Poland (Biggs et al. 2004) and
eighbouring Belarus (Nagorskaya 2005). Ch.  shadini is also rela-
ively frequent in Belarus (Nagorskaja et al. 1998). At least in the
ase of L. brachyurus the decline in its occurrence in Central Europe
ight be therefore explained by strong human impact related to

n intensive agricultural land use, especially west of Poland.
In the study area, species from the third affinity group were

ecorded almost exclusively from the ground moraine in the vicin-
ty of Tarnowo Podgórne. Considering the species richness, the high
umber of populations and abundance of suitable habitats, this area
eems to be unique on the regional scale and probably belongs to
he most valuable large branchiopod refugia in Central Europe.

As the distribution of large branchiopod localities has turned
ut to be highly clustered – both on an intraspecific and inter-
pecific level – the conservation efforts in such a case should be
ocused on groups of populations where extinction due to stochas-
ic effects is less likely than at a single isolated locality. Since the
onservation status of large branchiopods assessed on the basis
f data from small and large areas can be significantly different

 as in Wielkopolska – the conservation policy should be based on
arge scale surveys. They allow reliable regional assessments and

rovide background to highlight rare species refugia and biodiver-
ity hotspots. Some disturbance dependent species (B. schaefferi, T.
ancriformis) may  benefit from specific unintentional human activ-
ties sustaining the favourable state of the habitat. Therefore, we
a 42 (2012) 264– 270 269

propose to use these activities (e.g. controlled 4WD  vehicle driving)
intentionally as an important element of the conservation policy for
these species.
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wieku później. Wyd. ABKW, Bydgoszcz, pp. 143–174.

Sahuquillo, M.,  Miracle, M.R., Morata, S.M., Vicente, E., 2012. Nutrient dynamics in
water and sediment of Mediterranean ponds across a wide hydroperiod gradi-
ent.  Limnologica 42, 282–290.
Windows User’s Guide: Software for Canonical Community Ordination (version
4.5). Microcomputer Power, Ithaca, NY, USA, 500 pp.

Zwolski, W.,  1956. Materiały do znajomości liścionogów właściwych (Euphyllopoda)
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