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Grasslands with calcareous gyttja soil in the Olsztyn Lake District as
specific habitats for ground beetles (Coleoptera: Carabidae)
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The aim of the present paper was to determine the species composition and structure of
carabid beetle assemblages found in carbonate-rich soils. The sites chosen for analyses lie
on the bottom of a former ribbon lake that used to connect two lakes. The study was carried
out in Northeastern Poland near Olsztyn in 2013. Two areas (with two sites distinguished in
mentioned areas) were selected for the observations: an extensively used meadow and the
agricultural wetland being transformed to bog. Atotal of 1573 individuals, representing 39
species, were captured in pitfall traps. The results reveal that grasslands located on carbonate
soils, especially those excluded from agricultural use, are a source of valuable and rare
species of Carabidae and such kind of sites should be subject to special monitoring.
Furthermore it was found that factors which most probably differentiated the species
composition of carabid beetles on calcareous grasslands were: different land use, changeable
moisture conditions and the presence of forests in the surrounding of the habitats.
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of grassland (Arend 189; Piascik & Lemkowska
2004). Lake bottoms were transformed into
agricultural land. As aresult, the dried lake was

One of the peculiarities of the young glacial
lacustrine landscape are gyttja deposits formed
as a result of the draining of a lake. The practice,
intensive at the turn of the 19th and 20th
centuries, was aimed at increasing the amount

transformed into an area filled with calcareous
gyttja (Meller 2006, Lemkowska & Sowinski
2008). The calcareous gyttja soils as described
in the paper are very rare. We can find them in
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Poland and Germany. Mickenhausen (1962)
called them ‘graubraune Mullrendzina’, in
Poland they were named ‘quartenary rendzina’
or ‘post-lake rendzina’ (Uggla 1976). According
to World Reference Base for Soil Resources
(WRB 2006) different types of these soils are
classified as Sapric Limnic Histosols
Hypercalcaric, Limnic Histosols (Calcaric),
Gleyic Rendzic Leptosols (Meller et al. 2009),
Saprihistic Gleysol, Mollic Limnic Fluvisol
(Calcaric) (Bartkowiak & Dtugosz 2011). The
hydrological characteristics of these sites
expose them to effects produced by
groundwater throughout most of the year and
to flooding in autumn, winter and spring. These
effects are manifested by the high soil moisture
content, which in turn affects the air, water and
thermal conditions. This distinguishes
lacustrine rendzina from rendzina soils
developed from solid limestone, which are
warm, permeable and dry soils (Kuznicki 1976;
Uggla 1976). The two types of soil create
different conditions for the development of
plants and, consequently, for the accumulation
of organic matter or presence of insects
associated with these soil habitats. The lack of
available information about the Carabidae
dwelling in such habitats has encouraged us to
undertake the present study.

Carabidae, due to sensitivity to changing
environmental conditions and their prevalence
and ease with which they can adapt, constitute
one of the important bioindicators used in
environmental research (Rainio & Niemeld
2003; Koivula 2011; Kotze et al. 2011; Schwerk
& Szyszko 2011; Sktodowski 2014a). Many
researchers in Europe and worldwide have
worked on changes in Carabidae assemblages
inhabiting various types of grasslands. Due to
the preservation of high levels of biodiversity,
among others of Carabidae, the high
environmental value of the following was
emphasized: dry meadows (Odman et al. 2011;
Venn et al. 2013; Pietzsch et al. 2013; Schirmel
et al. 2015), fresh meadows of various degrees
of moisture (Thiele 1977; Czechowski 1989;
Huruk 2003, 2006; Huruk & Huruk 2004;
Nietupski et al. 2007; Andersen 2011; Lafage
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& Pétillon 2014), wet meadows or periodically
flooded grasslands (Zulka 1994; Lambeets et
al. 2008; Lik 2010; PorhajasSova et al. 2010; Do
et al. 2012; Sienkiewicz & Zmihorski 2012;
Schirmel et al. 2014; Skalski et al. 2012;
Williams et al. 2014). Apart from hydrological
conditions, close attention was paid to the types
of use of meadows, grazing, mowing or
fertilisation (Sienkiewicz 2003; Grandchamp et
al. 2005; Cole et al. 2010; Moran et al. 2012;
Wamser et al. 2012; Williams et al. 2014) on
Carabidae assemblages. However, the issue of
Carabidae groups in such habitats as supra-
cretaceous grasslands remains poorly explored.
In general, those habitats, despite their high
environmental value, have been insufficiently
studied. In Poland, Ruta (2013) worked on the
characteristics of flora and fauna of supra-
cretaceous grasslands, but data concerning
insects are very fragmentary. In southern
Britain, lowland calcareous grasslands were
investigated by Mortimer et al. (1998, 2002).
They described the interactions between the
vegetation of the investigated habitats and the
biodiversity of insects, including Carabidae.
However, the carabid fauna of this type remains
poorly explored, therefore it is justified to
conduct this type of research.

The aim of this study was to determine the
species composition and structure of
assemblages of ground beetles on carbonate-
rich soils. An attempt was also made to evaluate
which ecological factors (land management,
moisture conditions and the presence of forests
and arable fields in the surrounding of the
studied areas) have influence on the ground
beetle assemblages and determine some of their
life history traits.

MATERIAL AND METHODS

Study area

The study was conducted in Northeastern Poland
in the Olsztyn Lake District, in the moraine

landscape of the Pomeranian phase of Vistulian
Glaciation. The sites chosen for analyses lie on
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the bottom of a former ribbon lake that used to
connect Wulpinskie Lake with Gilwa Lake. This
water body was drained at the turn of the 19"
and 20" century as part of a large-scale hydro-
engineering project carried out in the whole
region of the Masurian Lakes, where water from
shallow water bodies was removed in order to
enlarge the total acreage of grasslands. The
peculiarities of this soil are its high content of
calcium carbonate (CaCO,) — in this case,
lacustrine chalk, high pH (7.6-8.1), and a white-
grey colour (Lemkowska & Sowinski 2008).

Two areas were selected for the observations,
and two sites were distinguished in both areas:
one on an extensively used meadow (M1, M2),
and the other one on some wetland (W1, W2).
We used the term wetland because it is a wider
concept that reflects the evolution of a habitat
in different directions (Maltby & Barker 2009;
Mitsch et al. 2009). The described habitat is in
the initial phase of the transformation to fen
(Hajek et al. 2006). Research objects W1 and
W?2 are located in the peripheral part of the
drained lake. In the vicinity exploitation of
lacustrine chalk was carried out. The old
excavation again turned into a lake, and the
higher ground in calcareous wetland. At the
surface horizon of the object W1 22% CaCO,
was found and in the object W2 38%. On the
bottom lays lacustrine chalk containing more
than 80% CaCO,. This area is subjected to
periodic waterlogging. The water level shows
fluctuations of high amplitude. In the meadow
areas agrotechnical intervention led to mixing
and aeration of the soil layers on the object M1
with 19% of CaCO,, but over 73% on M2. The
location of the meadows in the immediate
vicinity of the Gitawka river causes waterlogged
soils, which are sometimes flooded. The excess
water is drained by a system of drainage ditches.
A description of particular environmental
variables in the studied areas are contained in
table 1. At the study sites soil samples were
taken and standard methods for identification
of soil characteristics were carried out
(Lemkowska, Sowinski 2008). The following
properties were determined: soil pH in distilled
water and 1 M KCI, potentiometrically; calcium

carbonate (CaCO,) content by the volumetric
Scheibler method. Undisturbed soil samples
were collected in stainless steel rings (100 cm®)
for determination of bulk density and water
properties. The soil water content was
determined after drying the cylinder samples at
105°C.

Carabid sampling

In 2013, ground beetles were pitfall-trapped
using modified Barber traps, which were 400
ml plastic cups filled with ca. 130 ml ethylene
glycol as a preservative medium. The traps were
dug into the ground so that the upper edge was
level with the soil surface. On each of the studied
four sites, six Barber traps were set in a line
about 10 meters from one another. The traps
were exposed from May to the end of October
and emptied every fortnight.

Data analysis

The collected material was identified to the
species using the key by Hirka (1996) and
nomenclature by Aleksandrowicz (2004).
Carabid beetles were analysed in terms of their
species composition, abundance, richness and
some life-history traits such as habitat, trophic,
moisture preferences as well as type of breeding.
In order to elaborate the ecological
characteristics of Carabidae we referred to the
following papers: Larsson 1939; Sharova 1974;
Thiele 1977; Lindroth 1985, 1986;
Aleksandrowicz 2004; Brandmayr et al. 2005.
The following indices were used for determining
the diversity of the Carabidae assemblages:
Shannon-Weaver’s species diversity (H’, log
base 2,718), Pielou’s species evenness (J’), and
Simpson’s species richness (D). The expected
species number in the objects was estimated
using the Jackknife estimation technique of
species richness (Zahl 1977). The
randomization of samples was achieved using
EstimateS v. 9.1.0 (Colwell 2005). Indirect
ordination of carabid beetle assemblages found
at the study area was performed using non-
metric multidimensional scaling (NMDS). The
NMDS was calculated in WinKyst 1.0
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(Smilauer, 2002) on a Bray-Curtis similarity
matrix, based on an initial configuration
generated by principal coordinate analysis. The
distribution of the data was tested for normality
using the Shapiro-Wilk test. The differences
between the mean values of the abundance of
individuals and number of species and in
particular life-traits total abundance between the
study sites were tested by means of a Poisson
generalized linear model (GLM). Tests for the
significance of the effects in the model were
performed by means of the Wald statistic.
Connections between the Carabidae species and
habitat-related conditions (humidity, height
above sea level, management of the area:
mowing, neighborhood: forest, arable fields)
were assessed with the redundancy analysis
(RDA). The RDA method was chosen following
an analysis of the data distribution, which proved
to be linear (at a DCA-gradient length of 2.33).
The statistical significance of the canonical axes
was determined according to the Monte Carlo
test. Statistical calculations and their graphic
interpretation were performed with the software
packages Statistica 11.0 PL and Canoco 4.5 (ter
Braak & Smilauer 1998).

RESULTS

In total, 1,573 individuals of carabid beetles
representing 39 species were captured (tab. 2).

On the unmanaged wetlands, the dominant
species was Dyschirius globosus — a small
hygrophilic zoophagous species —and meadows
bordering arable fields were dominated by the
large species Carabus granulatus. The
Shannon Diversity value ranged from 2.16 on
the meadows to 1.69 on the unused wetland.
Similarly, associated with the rate of Shannon
Diversity, the Pielou evenness index reached
higher values in the meadows (0.699 and 0.674)
than in the non-cultivated wetlands (0.605 and
0.563). The Simpson diversity indices
calculated for the studied objects were relatively
high (0.20-0.36). Significant differences (F =
7.39; p < 0.01) were observed between the
examined sites with respect to the number of
captured individuals (fig. 1), with a significant
higher number of individuals on wetland 1
compared to the other study sites. This study
site is the least wet among the studied objects.
The rarefaction analysis showed that the
expected number of species in the wetlands
(W1, W2) was placed between twenty-five and
thirty-two species (fig. 2). At the meadows (M1,
M2) the values were almost the same. The
curves on the diagrams are almost parallel to
the x-axis, which indicates that the expected
numbers of species were caught. However, no
statistical significant differences appeared
between the sites in terms of the number of
species (fig. 1). Nonetheless, the examined
meadows and wetlands were considerably

Table 1. Description of selected environmental variables in the studied sites

Environment

Studied sites

variable w1 W2 M1 M2
Humidity
_ 73. 7. 79.2
% weight 629 >3 o ’
HASL - height above 110 109 105 105
see level (m)
_ once a year once a year
Mowing lack lack 10VI2013 10 VI 2013
Fields lack of nearby  lack of nearb 50 200
(distance in m) y Y
Forest 100 150 lack of nearby  lack of nearby

(distance in m)
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Table 2. Number of species and individuals of Carabidae caught in the studied sites

Studied sites
Species Abbreviatior Wetland_ 1  Wetland 2 Meadow 1  Meadow 2
n % n % n % n %
Agonum viduum (Panzer,1797) Ag_vid 30 9.65 4 1.30
Amara communis (Panzer,1797) A_com 8 1.37 3 0.81
Anisodactylus binotatus (Fabricius,1787)  An_bin 1 0.32
Badister bullatus (Schrank,1798) Ba_bull 1 0.33
B. sodalis (Duftschmid,1812) Ba_sod 7 1.19 2 0.54 1 0.32
Bembidion biguttatum (Fabricius,1779) B_bigut 10 322 5 1.63
B. gilvipes (Sturm,1825) B gilv 21  3.58 9 244 2 0.65
B. guttula (Fabricius,1792) B gutt 2 0.34 1 027 12 386 21 684
B. lampros (Herbst, 1784) B lam 1 0.33
B. mannerheimii (C.Sahlberg,1827) B_mann 20 341 25 6.78 7 2.25 3 0.98
B. properans (Stephens,1828) B_prop 1 0.32
Blemus discus (Fabricius,1792) Bl_disc 4 0.68 1 0.27
Blethisa multipunctata (Linnaeus,1758) BI_multip 1 032
Carabus granulatus Linnaeus,1758 C_gran 36 614 25 678 127 40.84 143 46.58
C. marginalis Fabricius,1794 C_marg 1 0.17
Chlaenius nigricornis (Fabricius,1787) Ch_nigri 9 2.89 8 2.61
Clivina fossor (Linnaeus,1758) Cli_foss 5 0.85 1 0.27 1 0.33
Curtonotus aulicus (Panzer,1797) Cu_aulic 3 0.51
Cychrus caraboides (Linnaeus,1758) Cy_carab 1 0.17
Dyschirius globosus (Herbst,1784) D_glob 243 4147 216 5854 16 514 20 651
Epaphius rivularis (Gyllenhal,1810) E_rivul 4 1.08
E. secalis (Paykull,1790) E_seca 152 2594 27 732 9 2.93
Europhilus fuliginosus (Panzer,1809) Eu_fulig 1 0.17 3 0.96 5 1.63
Harpalus rufipes (De Geer,1774) H_rufip 1 0.17 2 0.54 1 0.33
Loricera pilicomis (Fabricius,1775) L_pilic 1 0.32
Oodes helopioides (Fabricius,1792) O_helop 13 418 9 2.93
Poecilus cupreus (Linnaeus,1758) Po_cup 1 0.17 1 0.33
P. versicolor (Sturm,1824) Po_vers 6 1.02 2 0.54 5 161 15 489
Pterostichus aethiops (Panzer,1797) P_aeth 1 032
P. diligens (Sturm,1824) P_dilig 7 119 14 379 4 129 6 1.95
P. melanarius (llliger,1798) P_melan 19 324 13 352 2 0.64
P. niger (Schaller,1783) P_nig 26 444 10 271 11 354 3 0.98
P. nigrita (Paykull, 1790) P_nigri 41 1318 28 9.12
P. oblongopunctatus (Fabricius, 1787) P_obl 2 034
P. rhaeticus Heer,1838 P_rhae 2 0.64
P. strenuus (Panzer,1797) P_stren 4 0.68 4 1.08
P. vernalis (Panzer,1796) P_vern 12 205 8 217 13 418 21 684
Stomis pumicatus (Panzer,1796) St_pumi 4 0.68 1 0.27
Trechus quadristriatus (Schrank,1781) T_quadri 1 0.27
Number of individuals 586 100.00 369 100.00 311 100.00 307 100.00
Number of species 24 20 22 21
Shannon-Weaver diversity H' (Log base 2.718) 1.924 1.685 2.162 2.053
Pielou evenness J 0.605 0.563 0.699 0.674
Simpson diversity D 0.248 0.36 0.203 0.243

different in the species composition of the
captured specimens of ground beetles (tab. 2).
This is shown in the non-metric
multidimensional scaling diagram (NMDS). The

unmanaged wetlands and meadows assemblages
are separated (fig. 3). The meadows assemblages
are closer to each other than the wetland ones.
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Fig. 1. Number of species (right) and individuals (left) caught in the studied sites (W1, W2, M1,
M2 - study sites described in Materials and Methods; a,b - means indicated by the same letter do
not differ - Tukey’s test HSD)
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Fig. 2. Expected number of carabid species caught in the studied sites using the Jackknife estimator
(z SD) of species richness (W1, W2, M1, M2 — study sites described in Material and Methods)
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Fig. 3. Diagram of non-metric multidimensional scaling (NMDS) performed on Bray-Curtis
similarity matrix of the studied ground beetle assemblages (W1, W2, M1, M2 — study sites described
in Material and Methods, with trap number attached)
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Analysing the various life traits of ground
beetles in the studied objects we noticed
significant statistical differences (tab. 3). In
wetter habitats (M1, M2) the abundance of
carabid species preferring peat bog was higher
than in the less wet sites (W1, W2) (fig. 4a).
The situation is similar regarding the hygro-
preferences of the carabid beetles (fig. 4b). Only
hygrophilic species increased in abundance in
the meadows (M1, M2). Regarding the trophic
structure, we noticed that wet meadows (M1,
M2) are not beneficial sites for small zoophages
(fig. 4c). The proportion of the other trophic
groups increased in the wet meadows (M1, M2).
Analysing the breeding types of ground beetles,
most humerous were spring breeders on both
site types. The abundance of autumn breeders
decreased in the wet meadows (M1, M2), (fig.
4d). The redundancy analysis diagram revealed
that the presence of forest correlates to the first
ordination axis (F = 25.96; p = 0.002), which
describes over 90% of the variability. Other
important environmental factors are height

above sea level and agricultural practices, such
as mowing.

DISCUSSION

When comparing the collected material to
research on Carabidae in wetlands by other
authors from Poland (Huruk 2003, 2006;
Sienkiewicz 2003; Huruk & Huruk 2004), our
study sites were not very rich both from the
point of view of the number of the specimens
caught and the species. The Shannon Diversity
index was lower then shown by other authors
for wet grassland sites (Nietupski et al. 2007;
Huruk 2006). The analysis of the species
composition of Carabidae of the investigated
sites shows that despite having the same type
of soil, the assemblages differed widely.
Consequently, the conclusion can be drawn that
the type of soil is not a factor that determines
the composition of the Carabidae assemblages.
Numerous authors (Thiele 1977; Blake et al.

Table 3. GLM of the effects of type of calcareous gyttja soil on abundance and species richness of

carabids assemblages

Ecological traits df Wald Stat. p
Habitat preferences
Peat bog 3 29.47 p<0.01
Open area 3 205.57 p<0.01
Eurytopic 3 195.01 p<0.01
Forest 3 29.57 p<0.01
Hygropreferences
Hygrophilic 3 68.25 p<0.01
Mesohygrophilic 3 75.76 p<0.01
Mesophilic 3 248.00 p<0.01
Mesoxerophilic 3 0.00 p>0.05
Trophic preferences
Hemizoophages 3 11.58 p<0.01
Small zoophages 3 382.14 p<0.01
Medium zoophages 3 8291 p<0.01
Large zoophages 3 10.38 p<0.05
Type of breeding
Spring breeders 3 13.70 p<0.01
Autumn breeders 3 222.86 p<0.01
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Fig. 4. Average abundance of carabids belonging to different ecological groups recorded in the
studied sites (W1, W2, M1, M2 - study sites described in Material and Methods; vertical lines

with average mean SE)

1994; Bettacchioli et al. 2012; Lafage &
Pétillon 2014; Sktodowski 2014b; Williams et
al. 2014) draw special attention to factors
influencing the formation of Carabidae
assemblages such as moisture of the habitat, the
composition of the flora, usage of the grassland
and the nearest neighborhood. In the conducted
study, considerable differences were noticed
between the species composition of Carabidae
of the investigated habitats. The Carabidae
caught on mown meadows were similar to
meadow assemblages described by other authors
(Sienkiewicz 2003; Huruk & Huruk 2004;
Gerisch et al. 2006; Nietupski et al. 2007). On
sites W1, W2, not under agricultural use, the
species composition of Carabidae resembled
more the assemblages described for peatbogs
(Alekandrowicz 2002; Hollmen et al. 2008;
Nietupski et al. 2008; Jaskuta & Stepien 2012).
This indicates the strong impact of the manner
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of use of the sites under research. In grassland
left without human management we noticed
completely different assemblages of Carabidae.
However, Sienkiewicz (2003), does not share
the opinion that increasing human intervention
reduces the share of large and medium
zoophages for the benefit of hemizoophages and
small zoophages. In research on unmanaged
wetlands, the majority of the assembly was
composed of Carabidae, such as Dyschirius
globosus, Epaphius secalis, Bembidion
gilvipes and Bembidion mannerheimii. Maybe,
those Carabidae, due to their small size and
increased mobility, select characteristic micro-
habitats on objects that are not subject to any
agro-technical procedures and which are
covered with high plants where large and
medium sized, less mobile zoophages occur
reluctantly. The larger carabids more frequently
selected the easier to penetrate mown
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grasslands. Mortimer et al. (1998) indicated
that the insect fauna of lowland calcareous
grassland depends on the structure and
composition of the vegetation and the effects
of topography and vegetation on microclimatic
conditions.

Moisture is known as one of the most important
factors influencing carabid beetle assemblages
(Thiele 1977; Bettacchioli et al. 2012;
Sktodowski 2014b). While analyzing the
number of carabids belonging to particular
habitat groups, the strong influence of moisture
of the habitat was noticed which reduced the
number of carabids of the majority of the habitat
groups. Only carabid species inhabiting peatbog,
which prefer wetlands, indicated a tendency to
increase in number towards wet carbonate
grasslands. Those grasslands were located at the
bottom of the former lake; consequently, the
moisture of the soil was always very high there.

With respect to phenological analysis of the
beetles caught we mostly observed spring
breeders on both types of sites. The abundance
of autumn breeders decreased in wet meadows.

It is probable that wet soils do not create
favourable environmental conditions for the
long-living larval stages of autumn breeding
Carabidae. Thiele (1977) and Gerisch (2011)
indicated that early reproduction, by avoiding
spring and autumn hydrological disturbances, is
a crucial strategy to reach reproductive success
in so highly dynamic habitats.

Wet meadows and unused wetlands located on
a calcareous gyttja soil are specific places
where we can find some interesting species. For
example, Blemus discus is a rare species,
specific to alkaline soils, and Blethisa
multipunctata is a rather rare species in Poland
connected to flooded and very wet areas.

CONCLUSIONS

The factors that most probably differentiated the
species composition of Carabid beetles on
calcareous grasslands were different land use,
changeable moisture conditions and the
presence of forests in the surrounding of the
habitats.
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Q
<
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Fig. 5. Diagram of the RDA analysis demonstrating the relationships between the analyzed
environmental variables and Carabidae species in the studied sites (W1, W2, M1, M2 — study sites
described in Material and Methods, with trap number attached; HASL - height above sea level;
Humidity - the soil water content of each studied sites; Mowing — the presence or lack of mowing;
Fields - distance to crop fields; Forest - distance to forest; for abbreviations of carabid species

see tab. 2)
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Grasslands located on carbonate soils,
especially those excluded from agricultural use,
are a habitat that harbor precious and rare
Carabidae fauna, and they should be subject to
close monitoring.
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