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1 Introduction

This thesis evaluates data from a survey of wagetlés in a semipermanent wetland
close to theCernis pond in southern Bohemia. In this surveyttdrapted to cover a number
of questions related to the ecology of water beedle well as the underlying methodology
needed to study these questions.

In the Czech Republic, water beetles are well stidbut most of the previous
research focused on faunal surveys, some of them eetensive. Globally, ecological
studies on water beetle communities are by farasonumerous as those targeting other
dominant aquatic insects, e.g. Diptera, OdonatagEroptera, and Plecoptera. Knowledge
of processes shaping the aquatic insect commuistisl growing, but a lot of questions are
awaiting answers both in the field of general psses affecting the structure and dynamics
of these systems and in specific topics of ecolofydifferent taxonomical and ecological
groups.

The study site is of international significance dmelongs to the most important
wetlands in South Bohemia. Altogether 922 specienaihs, accounting for more than 30%
of Czech moth’s fauna and including several verg ispecies, were found here during last
decades (Spitzer & LepsS 1988, Leps et al. 19983JarSpitzer 1999). Recently, research of
Neuroptera, ground beetles (Coleoptera: Carabi@esdk 2002, Bezdk et al. 1997Cizek
1999) and other groups of beetl€&Zek 1999) has been carried out here as well. Water
beetles were included in the studyGzek (1999), but the method used and the taxondmica
scope of his work did not provide detailed datatloa structure and dynamics of the water
beetle community. Water beetles are the dominasdgiory group in the wetland. Other
predatory insects (e.g. Odonata, Heteroptera) iashcafe virtually absent.

My thesis focuses on three topics:

a. Selectivity of several standard sampling methodsA wide range of methods for
sampling aquatic invertebrates have been developedce their evaluation is
necessary. | hypothesized that the light trap dperan the wetland would be most
selective and gain the lowest number of specieomparison to activity traps, box
trap and handnet sampling. Overall, | expectedind €tlear differences in species
composition among the methods, attributable teedsffitial activity of the species.

b. Flight activity. Seasonal aspects of dispersal by flight and effe€tenvironment
have been studied repeatedly. | have focused mambjifferences in seasonality and
effects of environmental variables on flight adfviamong dominant families.
Moreover, | expected mass emigration of water beeturing periods of rapid
desiccation and supposed to confirm that air teatpez is the other key factor
determining the flight activity of water beetles.

c. Spatiotemporal dynamics. Seasonal dynamics of aquatic insect communities ar
traditionally studied, but little attention has hegaid to spatial structuring.
Hydrological conditions variable in time and spagere supposed to be of great
importance for the spatiotemporal dynamics of theew beetle community. With
retreat in water level, shift in spatial distrilartitowards concentration in the centre
of the wetland was expected. Drain geometry (waégth and width) and density of
vegetation were supposed to influence the locakitems well composition of the
water beetle community.



2 Topic one

Selectivity and efficiency of four methods for saming water beetles




2.1 Review of the literature — methods for samplininsects in stagnant waters

A wide variety of sampling methods is used for skmgpwater insects because of
their great variability in microhabitat occupatiand mobility. D-frame handnet and kitchen
strainer are usually used for qualitative collegti(Boukal et al. 2007). A variety of
guantitative methods have been developed for dolpcspecific groups or for general
research of macroinvertebrate communities withite bias as possible. Several of them
used in stagnant waters are briefly discussed here.

Box trap

A number of devices for enclosing a defined ared awtracting animals were
proposed, but as most of them are complicated. @eeryears, a box trap of the simplest
construction has become a common standard in dgatwei research of invertebrates of
stagnant water bodies for its simplicity and reakd® accuracy. It is a box without the
bottom and top and with sides 0.3-0.7 m long, ntddretal sheets, plexiglas or other sturdy
material. The trap is placed into the water, pushéal the bottom, and the enclosed area is
thoroughly swept by a handnet. This method allowaluating the density of a wide
spectrum of invertebrates.

Some authors caution that this method can underatgithe density of large highly
mobile taxa (Fairchild et al. 2000; O’Connor et2004). If the trap is placed quickly and the
animals not disturbed, this bias is likely to bgliggble (J. Kleka pers. obs.). Problems may
arise in dense and rough vegetation (e.g. reedesgdwhere the manipulation with box trap
is difficult. A box sampler developed by Gerkind@8&l') enables to cut the vegetation in the
enclosed area, but it was originally designed & un soft vegetation. A modification for its
use in dense rough vegetation was recently propbgeslychra & Adamek (J. Sychra pers.
comm.). They however conclude that mobile taxasareerely underestimated by this trap in
such habitats.

Corers and grabs

These methods are used for colleting zoobenthoabitihg the bottom sediments
(e.g. Chironomidae, Oligochaeta, Hirudinea). Thagyple is extracting invertebrates from a
fixed volume of sediments. A core sampler is bdlsiGametallic tube which is pushed into
the bottom to a given depth and lifted with a seshtrsample. It is used especially in shallow
waters. Grabs of various, often complicated coetitn can be used also in deep waters,
where they are casted from a boat. Invertebrategx@racted by flushing the softest portion
of sediments from a sample on a sieve and by masaréihg of remaining material (see
Southwood & Henderson 2000 for further informatidmgndin (1976) tested a core sampler
for sampling small water beetles inhabiting the ewahore boundary and considered this
method as effective but reported an underestimatioabundance of the smallest species
from the family Hydraenidae, caused likely by damdgring sampling, transport of sampled
material, and extraction in Berlese-Tullgren fursnel

Standardized effort-based methods

One of the most commonly used method for its sioitgliis standardized handnet
sampling. The collector simply sweeps the habisatgia handnet for a given period of time
(e.g. Nilsson & Svensson 1995) or a given areahfwit any solid boundaries as compared to
the box trap) (e.g. Nilsson & Soderberg 1996). fw purpose of detecting the highest
possible number of species inhabiting the locdlsyrequired for biomonitoring) it is ideal to
identify present mesohabitats (e.g. part of a pomdrgrown by reed, muddy-bottomed
shallows without vegetation, inflow area etc.) atildcate equal sampling time to all of them



(Environment Agency and Pond Conservation Trust2208tandardizing by time leads to
gaining semiquantitative data roughly comparablemgnsites. For quantitative analyses, it
seems more reasonable to sample a fixed areahisuntly lead to non-detection of species
inhabiting mesohabitats with small relative ardhsampling of a given area is done quickly
to avoid undersampling of highly mobile taxa anagistently among sites, it may provide
reasonably good quantitative data. Because of dbok bf published tests regarding the
effectivity and selectivity of this method, we cainly speculate about a possible bias towards
less mobile taxa (Becerra Jurado et al 2008), sétectivity, or the effect of vegetation
density and other habitat variables on the perfomeaof this method. Turner & Trexler
(1997) found handnetting standardized by area ad gs the box trap. Becerra Jurado et al
(2008) found a negative correlation between vegetatlensity and proportion of taxa
sampled exclusively by handnetting compared toviggtiraps, which may be explained by
difficult manipulation with handnet in dense vegeta (see also Murkin 1983). Poor
performance of handnetting in dense vegetatioreasdt|Ifor some groups of insects is well
known among collectors (e.g. O’Connor et al. 2004Sychra pers. comm). On the other
hand, some authors report that handnetting perfevelseven in highly vegetated habitats
(Garcia-Criado & Trigal 2005). Handnet sampling rbayespecially useful in bioassessment
surveys, where accurate information about densitot required, because sweeping a variety
of microhabitats within a water body provides goodfbrmation about the community
composition and is quick and cheap (Garcia-Criadtri§al 2005).

Activity traps

A variety of traps is used for collecting mobile isuning taxa of water beetles
especially from the family Dytiscidae (both adudéisd larvae) (e.g. Nilsson et al. 1994;
Lundkvist et al. 2001) and other aquatic macroitelmates. The simplest version is made
from plastic bottles by cutting the upper third anderting it inversely into the lower part,
which creates a funnel leading swimming invertedganhside the trap. Other modifications
are a glass jar with attached plastic funnel ordbealled surface-associated activity trap
designed by Hanson et al. (2000). Traps are ustatlyhorizontally near the bank and are
exposed for several days with or without bait (kbicliver etc.). This method performs well
for various invertebrate taxa in a variety of eomiments such as lakes (e.g. Nilsson et al.
1994; Hyvonen & Nummi 2000), ponds (e.g. Becermnadao et al. 2008) and wetlands (e.g.
Lundkvist et al. 2001).

The size selectivity of activity traps was raredgessed directly. Nilsson & Soderberg
(1996) did not find any difference in mean indivédlubody size when compared to
handnetting, but Hilsenhoff (1987, 1991) reportedifive size selectivity of activity traps.
Another drawback of this method is that the relatabundance of a given species in the
samples obviously depends on its activity and matyreflect its relative abundance in the
community. Equal mobility of different species addferent sexes are the underlying
assumptions in quantitative analyses of data frativity traps. These assumptions have
never been tested formally to my knowledge. Aggitiaps have very low time costs, provide
samples free of detritus and plant fragments unfile@st other methods, and are easy to
standardize among researchers, which makes theant@apeous for long-term or extensive
studies (Murkin 1983).

An interesting, but only several times used modtfan is an aquatic light trap
(Williams et al. 1996; Dennett & Meisch 2001), winiis based on attraction of water beetles
to light. This is basically a conventional activitap equipped with a light source (chemical
lightstick or electrical light specially designear funderwater usage). The attraction to light
might be species specific, which would make quati interpretation difficult.



Light trap

Light traps of various designs are often used &search of insect flight activity
(Southwood & Henderson 2000). Most families of wéteetles are known to fly at light (e.g.
Zalom et al. 1979, 1980). Light trap was used imadety of studies focused on seasonal
dynamics. According to Zalom et al. (1979, 198@ht trap provides unbiased estimates of
the flight activity of Dytiscidae and Hydrophilida®o other studies addressing the question
of possible bias caused by species-specific atbra¢d light are available in water beetles,
but in other insects, it is known that light catehee biased for many reasons including
species- and sex-specific reactions to the ligke Southwood & Henderson 2000 for further
information). Weather conditions are known to affiight activity of water insects and thus
also light trap catches (see Chapter 3.1). As ligigps are usable only during the night,
species flying during the day would not be detecizally flight periodicity is still an open
guestion, but most species of water beetles sedthyhb preferably after the sunset and are
thus detectable by light trap (see Chapter 3.1).

Other methods for collecting flying water insects

Another commonly used method is the window trap flaght-intercept trap),
collecting flying insects passively without anyrattion and thus providing an unbiased
picture of relative abundance of different taxahe air in relation to their flight activity. The
trap is composed of a vertical sheet of glass exiglass and a collecting vessel filled with
conservation liquid where the insects accumulater ahitting the vertical plate (see
Southwood & Henderson 2000 for further information)

A rotary net machine composed of nets attachechtawuomatically rotating boom
was used e.g. by Zalom et al. (1979, 1980), wheewed that this method provides unbiased
estimates of flight activity of insects.

Water insects see polarized light, which can bed usecollecting using traps of
various designs and containing a plate made oftermahreflecting polarized light similarly
as a water surface (Schwind 1991, 1995; Lundkvisil.e2002; Csabai et al. 2006). This
method was also used by earlier researchers, whaglit that isects are attracted by shiny
surfaces before the importance of polarized ligas wecognized (e.g. Landin & Stark 1973;
Landin & Vepsalainen 1977, Landin 1980; see alsap@dr 3.1).

Comparison of methods

Although some of the methods described above arg frequently used, the
efficiency and selectivity of most of them was ostarcely tested. Only a few attempts have
been made so far to compare several methods. &iifes in species composition between
corers and handnetting or box trap are substa(eig. Garcia-Criado & Trigal 2005).
O’Connor et al. (2004) considered box trap as arbfesuperior alternative to handnetting in
the terms of efficiency and accuracy, but othehsag Turner & Trexler (1997) considered
these methods as equal. According to Becerra-Jusacd (2008), both activity traps and
handnetting standardized by time yield speciessanmtpled by the other method, and for
species richness estimation they consider the amatibn of these methods as desirable.
Sychra & Adamek (J. Sychra pers. comm.) found bat box trap specifically designed for
the use within dense stands of rough vegetatiorenastimated the abundance of highly
mobile taxa compared to handnetting, as a conseguardifficult manipulation with the box
trap within dense stands of vegetation; on therolamd, net sampling underestimated the
abundance of slowly mobile taxa inhabiting the dmttsurface and the vegetation. In the
study of Nilsson & Soderberg (1996), samples frativay traps and handnetting did not
differ in the size composition of dytiscid beetl@gich contradicts the common belief that



handnetting underestimates abundance of large engpicies (Becerra Jurado et al 2008)
and that activity traps underestimate abundancerdll and less mobile taxa (Hilsenhoff
1987, 1991). Turner & Trexler (1997) evaluated salvenethods for sampling wetland
invertebrates and found large differences in totahber of species, specimens and species
composition among methods. Handnet and box trajeatetl the most diverse array of
invertebrates and performed equally well. Diffeeh@mong results obtained by different
methods were reported by most authors. For bioraong programs, combination of several
methods is thus recommended.

Among the methods for collecting flying insects|afa et al. (1979, 1980) found out
no significant difference between the relative cosipon of catches of water beetles
obtained by light trap and rotary net machine. Tdu®s not correspond to the results of
studies in other groups of insects, which detedgecies-specific attraction of light (see
Southwod & Henderson 2000 for further information).

Concluding remarks

Unbiased sampling methods are crucial for ecolégtadies that require reliable
estimates of abundance across a range of specieslividual states (e.g. sex, maturity).
Further studies of the selectivity of various methaused to sample aquatic insects in
stagnant water bodies are thus needed, becausedbfedd data may lead to false
conclusions obscuring our understanding of popaatand community-level processes in
aquatic habitats.

2.2 Material and methods

2.2.1 Study site description

The studied wetland, an alder carr of an area of ¢an?, is located in the Vrbenské
rybniky NR at the NW outskirts adfeské Budjovice in South Bohemia, Czech Republic. It
is located in a mainly agricultural landscape cosgabof a mosaic of fields, meadows,
forests, and ponds used for aquaculture (Fig. li¢. Wetland is a part of a peasantry operated
by the company “Lesy a rybnikyastaCeskych Budjovic s.r.0.“. The meadows surrounding
the wetland are thus under extensive agricultiegime. The altitude is ca. 380 m a.s.l., the
mean annual temperature is 8.2 °C, and the meamabprecipitation is 582.8 mm (means
for years 1961-1990; data from the Czech Hydrometegical Insitute).

Most of the area is overgrown by aldé&tr{us glutinosa), along the edges mixed with
other, partly planted tree species (pine, birclk, @ad fir). The herb layer is dominated by
sedgesCarex spp.) and reedPhragmites australis).

The central part of the wetland is inundated duspgng (depth usually up to ca. 30
cm). The wetland is intersected by drains up talaa. deep, and additional drains bound the
wetland. Most of the area desiccates during sunbuesome of the drains retain water for
most or whole season (depending on rainfall). nyarars, the wetland completely dries out
in summer before it fills again in autumn to sprimg water from rain and melting snow.
Other types of water bodies found near the wetkmedrepresented by wet meadows, pools
and ponds.
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Fig. 1 — The study site (ponds in grey, alder gargrey meshes, drains as grey dotted lines, mesdfieids
and other land in white).

2.2.2 Sampling

Quantitative sampling took place in a 800 m longidintersecting the wetland in
approximately north-south direction and its nearrawundings (Fig. 1). | used several
guantitative sampling methods: activity traps, tighap, box trap, and standardized handnet
sampling. Additional data were obtained by qualitatollecting using handnet and kitchen

strainer in the alder carr and also in other whtdyitats near the wetland. All these methods
except the light trap were used for collecting atleketles as well as larvae.

Activity traps

Unbaited activity traps were made from 1.5 | pasinttles with an 82 mm diameter
at the outer end and 22 mm at the narrow inner(see Collecting methods for additional
details). Traps were placed into the drain justeuriie water surface near the bank at 20 m
intervals and exposed for 48 hours. They were setkily from snowmelt till late autumn (or
until the drain dried out completely) in 2004-2006. 2004, 18 traps were set in outer
(southern) half of the drain, and 36 traps covetirgwhole length of the drain except a very
shallow 120-m long stretch in the middle of thelesed were used in 2005 and 2006.
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Light trap

A light trap located near the beginning of the sairan is used for monitoring of
moths since 1981 and maintained by Karel SpitzdrJosef Jaros (JaroS & Spitzer 1999), |
have been obtaining water beetles from this trapesR002, and data from 2002—-2006 are
used in this thesis. The trap operates every rifght early spring till the end of autumn, and
captured insects are collected three times a watng the study period, technical problems
caused several short-term losses of data, butodse$ are negligible (less than 3% of total
sampling nights).

Box trap

Box trap was used in 2004 in the outer half ofdaAme drain. Six samples were taken
weekly, three of them in the drain and three in flbeded area outside the drain in the
wetland interior. The wetland was divided into thegments perpendicularly to the drain. In
each segment, a pair of randomly located samples talkken (one sample in the drain
adjacent to the bank, one outside the drain utm2apart). A plastic box trap covering an
area of 60 x 40 cm was placed into the water ardetitlosed area was thoroughly swept.
Large plant fragments were sorted out in the figldtritus and small plant remains with
collected beetles were taken to the lab in clotskand dried in dry extractors consisting of a
container with a little of water and a tightly ity frame with the bottom made from wire
mesh, on which | placed a thin layer of substratlihne upper part was covered by a cloth
and the substratum was let to dry for 48 hours.lAokeetles and larvae were collected in the
lower container with water.

Handnet sampling

Standardized handnet sampling was carried out 06.2Bour 20 m long segments
spread regularly over the full length of the drawere sampled every two weeks. One
randomly located sample was taken in each segnmeihth& area of approximately 0.5 x 0.5
m adjacent to the bank was thoroughly swept byralhet. Large plant remains were sorted
out in the field and soft detritus was preserve®@% ethanol and collected invertebrates
were sorted out in the lab. This method is conadytwery similar to the box trap and was
used to overcome problems with manipulation witk tsap in the hardly accessible centre of
the wetland.

2.2.3 Processing material

I have identified all collected beetles to spetee®l, except the larvae @yphon spp.
and a few other larvae, which could be identifiedlydo genus. Adults were divided in two
age groups labelled as mature (tough, fully pigeerduticle on the ventral body side) and
immature (soft pale cuticle at least on abdomireadtsites). In all species of the Dytiscidae,
sex was determined using secondary sexual chasamtély extraction of genitalia.

Adults are stored dry except those collected bydatiedized handnet sampling, which
are stored in ca. 80% ethanol as are with the éarva

2.2.4 Data processing

Unless otherwise stated, data analyses and graphs @xecuted in the R 2.6.0
software (R Development Core Team 2007). The speciehness and diversity of
assemblages sampled by individual methods wereyzathl using EstimateS software
(Colwell 2006). Comparison of sampling methods &sda only on species with aquatic
adults (light trap collects also species with tatmial adults). Sample-based rarefaction was
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computed using analytical formulas given by Colvetllal. (2004) for data from individual
methods separately and for the combined data sgaioing pooled data from all methods.
Observed numbers of species were compared withiespehness predicted by two
commonly used nonparametric estimators — Chao2d@B84, 1987) and ICE (Lee & Chao
1994). As a measure of diversity, Simpson’s divgrsidex (i.e., the inverse of Simpson’s
dominance index) was computed along with everyfaat®n analysis on all sizes of subsets
of samples together with standard deviation (based 00 resampling runs with sampling
with replacement). To facilitate comparison of specichness among methods, results were
rescaled from numbers of samples to numbers oVihals following recommendation of
Gotelli & Colwell (2001). To avoid bias caused byiacreasing number of collected species
with increasing sampling effort, direct comparisofisnethods were performed on subsets of
equally sized samples (numbers of individuals)elasn rarefaction resampling procedure.
Their size was 400 individuals in both adults aavde, i.e. ca. the lowest total number of
specimens collected by any method. Activity trapd #éght trap were also compared for
samples containing 23,000 specimens. Because gfledrased rarefaction, estimates were
available for all levels of numbers of samples, mot for exactly given numbers of
individuals. Values for subsets of samples mostsatio matching given numbers of
specimens were used (departures were only sevpaingens in all cases; thus this
approximation has no effect on the results). Inoalthese analyses, one sample means one
activity trap, one ca. 0.25sample of box trap or handnet sampling, and oed2ys long
period of light trap collecting.

The difference in the relative composition of tlesemblages of individual methods
was tested using CCA in CANOCO 4.5 (ter Braak & Gmer 2002). All samples taken at
one sampling date were pooled for each method éxieepight trap, for which | pooled three
successive samples from a 7-day period around d@ke wihen samples were taken by the
other methods. Sampling date was used as a catagoavariable. For testing significance,
Monte Carlo test with 9999 permutations was usanpes were permuted randomly within
blocks defined by sampling date. Significance btahonical axes was evaluated.

2.3 Results

In total 53,913 specimens of adults and 3,000 speres of larvae were collected by
the four sampling methods. During three years, 20086, 2,261 samples were taken by
activity traps. Adults of 62 species (n=23,018) dadvae of 25 species (n=1763) were
collected. The light trap was operating during 0, béghts in 2002-2006 (510 samples) and
collected 43 species of aquatic adults and 12 spaifiterrestrial Scirtidae and Sphaeridiinae
(total n=29,250). Using the box trap (51 sample2df4), 41 species of adults (h=1238) and
12 species of larvae (n=432) were collected. Amalhndnet sampling (46 samples in 2006)
yielded 32 species of adults (n=407) and 27 spexfiéavae (n=805). Altogether 90 species
were collected by the four quantitative methodsrdumy survey, 12 of them with terrestrial
adults. Larvae of 35 species were also found. tal,t409 species of water beetles from 10
families are known at the study site and in itsiems (Appendix 1). This constitutes almost
30% of Czech water beetle fauna (Boukal et al. 2007

Based only on adults, only 18% of all species \aguatic adults were common to all
methods. Each method sampled some unique spedisampled by other methods; mostly
activity traps (13%, especially medium-sized t@é&Dytiscidae) and light trap (10% species
with aquatic adults and other seven species witiestrial adults from the Scirtidae and five
terrestrial species of the Hydrophilidae: Sphragrad). Box trap sampled 2% of unique
species, handnet sampling 1%, and the two methagistiter had 4% of unique species
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calculated from the total number of species withadig adults (note, however, that sampling
effort was very different among methods). In larvd8% of species was common to all
methods, 14% of species was collected exclusivelyabtivity traps (especially large
Dytiscidae), 3% by box trap, 29% by handnet sangpland 31% of species was unique for
box trap and handnet sampling taken together. Tdfgebt number of species of adults was
sampled by activity traps; in larvae, handnet samgpktollected the highest number of
species, followed by activity traps (Appendix 1).

Rarefaction analyses revealed that the sample sizesned by each method were
sufficient to gain good estimates of the total nembf species detectable by the method
(Table 1). In adults as well as in larvae, thefearton curves and species richness estimators
ICE and Chao2 converge (Figs. 2 and 3; other pogsi@gmators ACE and Chaol performed
very similarly). In rarefaction-based analyses, ltgbt trap had the lowest number of species
of aquatic adults as well as the lowest adult divgrat the level of 400 individuals. Other
methods yield considerably higher numbers of sgeaied diversity values and perform
similarly at this level. In the larvae, the numbéspecies was lowest in the box trap data and
highest in the handnet data. The diversity of lansampled by activity traps was
considerably higher than by box trap and handngs(# and 5).
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Table 1 — Sampling effort required to find 70% @6 of total number of species detectable by tetete
methods as estimated by ICE and Chao2, given abetuof samples and specimens (in parentheses).

adults larvae
Activity Activity

traps Box trap Handnet Light trap traps Box trap Handnet
70% ICE 246 21 15 95 546 17 18

(2508) (510) (132) (4932) (422) (144) (317)
70% Chao2 239 20 14 95 503 15 18

(2467) (486) (124) (4932) (389) (127) (317)
90% ICE 1163 51 33 318 1981 35 46

(11859) (1238) (291) (16511) (1530) (297) (810)
90% Chao2 1111 49 30 323 1701 30 46

(11328) (1190) (265) (16770) (1314) (255) (810)
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The relative species composition differed signifitlgamong the methods both in the
case of aquatic adults (CCA, F=13.561, P<0.000pjagxed variance=36.4%) and aquatic
larvae (CCA, F=4.077, P<0.0001, explained varia@8és) (Fig. 6). The differences in the
relative abundance of common species among metredsummarized in Table 2. Box trap
and handnet sampling are based on a similar ptenaipd yield similar results, as shown by
the proximity of the centroids for both methodghe CCA plot for the adults (however, this
is an indirect comparison through activity traps #ime light trap; moreover, the box trap and
handnet sampling were not used in the same yeathd larvae, a group of mostly large
species of Dytiscidae prevailed in the samples fribv@ activity traps, whereas other
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Dytiscidae together with the Scirtidae and Hydrtighe prevailed in the box trap and
handnet samples (right panel in Fig. 6). In addeyeral species of the Hydrophilidae and
Dytiscidae clearly dominated in the light trap datbbwever, most Dytiscidae and some
Hydrophiloidea were, to a various degree, splitMeein activity traps and box trap+handnet
sampling. For most large Dytiscidae, the activiigps were clearly most efficient, while
small species from the subfamily Hydroporinae wa@e represented in the box trap and
handnet samples relative to the other methods.H&tlrophiloidea were most efficiently
collected by the box trap+handnet sampling or ghtli Only the largeHydrochara
caraboides was captured almost exclusively by activity trdpt panel in Fig. 6).

Results of CCA (Fig. 6) also show that the preseara abundance of species in the
light trap samples does not follow a simple patteApart from the Scirtidae and
Heteroceridae, which have terrestrial adults ancewellected exclusively at light (not used
in the CCA, see Appendix 1) a few species of Hytiabae constitute a large proportion of
the light trap catches (the most numerous spekigdr,obius fuscipes, makes up more than
70% of collected specimens with aquatic adults;|§ &p. All species of Hydrophilidae were
collected at light, which shows their generallyhijtraction to the light. On the other hand,
no Hydraenidae and Hydrochidae and only 45% ofiepeaf Dytiscidae were captured by
the light trap. Interestingly, none of the sevenordedAgabus species were collected at
light. Several other dytiscid species commonly tbum activity traps were not recorded at
light (e.g.Acilius canaliculatus, Colymbetes fuscus, Hydaticus seminiger) (Appendix 1).

Table 2 — Relative abundances of the most commenxiep found by the four sampling methods (given as
percentage of total numbers of specimens colldeyeglach method). Question marks indicate speciegioh
some of the larvae could not be properly identifiddult Scirtidae were excluded from this analysis.

adults larvae
Activity Light Activity
traps Box trap Handnet trap traps Box trap Handnet
Dytiscidae
Acilius canaliculatus 29.57% 1.21% 10.32% 0% 35.68% 0.69% 3.48%
Agabus congener 4.56% 0.16% 0.25% 0% 1.42% 0.23% 1.24%
Dytiscus marginalis 2.36% 0% 0% 0.04% 31.76% 0% 0%
Hydaticus seminiger 18.91% 0.24% 4.91% 0% 4.25% 0% 0.62%
Hydroporus neglectus 0.86% 14.06% 5.90% 0.50% ? 0% ?
Hydroporus striola 1.00% 2.18% 0.98% 0.07% 0% 0% 1.99%
Ilybius ater 6.21% 0.57% 0.98% 2.55% 1.08% 0% 1.86%
Ilybius fuliginous 0.13% 0.24% 0.25% 4.15% 0% 0% 0.62%
Ilybius guttiger 4.79% 0.24% 0.72% 0.38% 0.34% 0% 0.99%
Ilybius subtilis 10.88% 5.25% 1.23% 3.24% 10.04% 0.46% 0.12%
Rhantus suturalis 0.16% 0% 1.47% 2.45% 0.06% 0% 0.25%
Hydrophilidae
Anacaena lutescens 0.58% 37.24% 31.70% 3.45% 0% 0% ?
Cercyon convexiusculus 0.05% 2.75% 1.47% 0.16% 0% 0% ?
Enochrus coarctatus 0.01% 0.40% 0% 8.26% 0% ? 0%
Hydrobius fuscipes 0.98% 6.06% 16.46% 70.93% 0.11% 5.55% 1.12%
Hydrochara caraboides 4.54% 0.08% 0.74% 0.02% 2.10% 0% 0%
Scirtidae
Cyphon sp. 1.25% 78.24% 73.67%
Microcara testacea 1.42% 11.1% 7.33%
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2.4 Discussion

My survey showed that the four sampling methods reot equivalent. All four
methods sampled some unique species not samplethby methods, which demonstrates
that they can be all useful and a single methodhaamrovide a full picture of the
composition of water beetle communities.

Light trap seems to attract relatively few speaesl the data therefore show low
diversity. This corresponds to published resultsnalestrating that attraction to light is
species specific in various insect groups (Soutldvddenderson 2000) but contradicts the
results of Zalom et al. (1979, 1980), who did netiedt any significant difference between the
relative composition of catches of the Hydrophiidand Dytiscidae collected at light and by
a supposedly unbiased rotary net machine. Since species of water beetles can fly
(Jackson 1952, 1956a, 1956b; Foster 1979) and é¢tlarvd dried out in dry years, | suppose
that the low percentage of the Dytiscidae and theemace of the Hydraenidae and
Hydrochidae is caused mainly by indifference tdigources. At the same site, several
species of water beetles of these families werteaed in a window trap(izek 1999) but
not at light. This discrepancy could be alterndyivexplained by different daily flight
patterns — species with a diurnal flight activitilmot be detected by a light trap at night.
This is however an unlikely explanation, becausé&wheetles are known to fly preferably
after the sunset (Fernando & Galbraith 1973; Zadbml. 1979, 1980; Csabai et al. 2006).

Acilius canaliculatus and Hydaticus seminiger, which are the most abundant species
in activity traps collections, were not capturedight or in the window trap operated by
Cizek (1999), but they have well developed hind wingd flight muscles and are capable of
flight (J. Klecka pers. observ.). It is possible that both sped@sot emigrate from the
locality even if it completely desiccates and swevihe drought buried into wet substrate on
the bottom. Jackson (1952) and Davy-Bowker (20@8eoved a similar behaviour Agabus
bipustulatus, and during my survey, both species were very aminelen in very shallow
and small puddles during the dry-out. Absence ajdaDytiscidae in the window trap of
Cizek (1999) may also have been caused by theiityalil escape from the trap, but this
explanation is unlikely as the only slightly smalléybius subtilis was among the most
numerous species in his samples.

In larvae, a significantly lower number of spectktected by box trap compared to
net sampling may also be caused by differenceampke processing. In both cases, samples
contained a large amount of detritus and smalltgtagments, but the box trap samples were
taken to the lab without conservation and animatsewextracted using a dry extractor.
During the transport or the extraction procedureals and delicate larvae could have been
killed. On the other hand, net samples were presenv ethanol and manually sorted under
the stereomicroscope, which reduces such a biasimlar problem was encountered by
Landin (1976) in the case of adults of small Hydrdae. The higher diversity of samples of
larvae in activity traps is caused by the more espacies abundances (evenness is a
component of Simpson’s diversity index). Samplesmfrthe box trap and handnet were
dominated by larvae d¥licrocara testacea and Cyphon sp., which are slowly moving on the
bottom and crawling over leaves and branches alydrarely captured by activity traps.

A relationship between body size and activity legdio a bias towards large species
has troubled entomologists working with variousiaist traps for a long time (e.g.
Mommertz et al. 1996). Size selectivity of sampewater beetles from activity traps is thus
to be expected. Adults and larvae of large Dytseide.gDytiscus, Acilius and Hydaticus)
are clearly better sampled by activity traps as manmed to box trap and handnet sampling.
Predation on smaller species in the traps seenyswikely, based on occasionally checks
of the entire trap contents. Previous results coricg the size selectivity of these methods in
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water beetles were unclear. Probably the only prtgst was made by Nilsson & Soderberg
(1996), who did not find any difference between\atyt traps and handnet sampling, which
contradicts previous findings that handnetting wesiémates large mobile species (Becerra
Jurado et al 2008) and activity traps underestirsatall and less mobile taxa (Hilsenhoff
1987, 1991). Despite some concerns (Becerra Jueadal 2008; Fairchild et al. 2000;
O’Connor et al. 2004), | believe that box trap drahdnet sampling provide estimates of
density with little bias. Large number of specidsneedium-sized to large Dytiscidae
undetected by these methods might reflect theirdewsity in the wetland and their presence
in activity traps is rather the result of high ei#incy of the traps for these species (Hilsenhoff
1987, 1991) than the result of a poor performari¢dkeoother two methods.

| found out that to gain reasonable estimatestaf 8pecies richness, fairly high effort
using a combination of sampling methods is requireduch species-rich habitats. Usual
sampling schemes consisting of monthly sampling abyingle method would not be
sufficient. One year of intensive research comlgrantivity traps (hundreds of samples) and
handnet sampling or box trap (tens of samples)nveagssary for gaining an insight into the
composition of the community in this wetland. Ittes be expected that in similar types of
wetlands, such intensity would be desirable. Mumhelr effort may be sufficient in other
types of water bodies. In a group of heavily vegetgoonds, Becerra-Jurado et al. (2008)
considered only three samples of three minuteswfimabitat handnetting and nine activity
traps as enough for detecting 70% of the estimtatiedl number of species. This is an order
of magnitude lower effort than suggested by myltesu

Results of my tests of selectivity of four commonked sampling methods show that
none of them is sufficiently effective and when then is to collect as many species as
possible, several methods should be used. Lighpt dargpears to sample well species with
terrestrial (Scirtidae) or semiaquatic (Hydrophakd Sphaeridiinae) adults but provides poor
data on the Hydraenidae and Hydrochidae and masgiespof Dytiscidae. Activity traps and
handnet sampling (or a box trap) seem to be congitrny (see also Hilsenhoff 1991;
Turner & Trexler 1997; Becerra-Jurado et al. 2008hally, habitat structure, density of
animals and other factors should be taken intowatoahen planning sampling procedures.

20



3 Topic two

Flight activity of water beetles — seasonal dynamsc
and effects of environmental variables
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3.1 Review of the literature — Dispersal by flightn aguatic insects

Capacity for flight

Insect orders differ considerably in flight capgciin some of them, all species are
flightless while in others all known species arpatde of flight (Wagner & Liebherr 1992).
Species of various taxa inhabiting temporary hé&b@se more prone to migrate by flight than
related species inhabiting permanent habitats,usecthe key advantage of migration is the
ability to keep up with the pace of changes in igpalistribution of the habitats; dispersal
thus forms an important part of life histories obsh insect species (Southwood 1962;
Wagner & Liebherr 1992). Theoretical models haveowsh that dispersal can be
advantageous even in homogeneous habitats stabileen(Hamilton & May 1977), which
may explain why flightlessness in rather uncommmmsects and is usually associated with
specific habitat conditions. Habitat stability, Istmon, the necessity to save energy in cold
habitats and parasitism are among the causegybfléssness in insects (Wagner & Liebherr
1992).

Most insects with aquatic adults are capable a@hfli however, some species are
known to be flightless both in the Coleoptera ané Heteroptera (Jackson 1952, 1956a,
1956b; Foster 1979; Hutchinson 1993). It was suggethat flightless species are typical
dwellers of permanent habitats whereas inhabitahtemporary habitats are better fliers
(Southwood 1962). This pattern was also observéddas populations, e.g. in the Gerridae
(Heteroptera), in which summer populations inhagitipermanent waters have a high
proportion of brachypterous specimens, whereas slnadl individuals in populations
inhabiting temporary habitats have fully developeitigs (Southwood 1962; Vepsalainen
1973; Vepsalainen & Nieser 1977). Changes in mdaggncal traits connected to flight
ability along an altitudinal gradient iAgabus bipustulatus (Coleoptera: Dytiscidae) were
attributed to the tendency to lose flight capapilit harsh environment to save energy (Drotz
et al. 2001). Flight ability can also change overiadividual's lifetime: Kirby & Foster
(1991) reported flight capability in freshly emedg&. uliginosus, followed by flight muscle
degeneration and flightlessness for the rest ef #hd the same phenomenon was observed in
several species of aquatic Heteroptera (Southw86a)1

Some water beetles as well as bugs, mosquitoesalges are known to cover long
distances and thus belong to the first colonizénseav water bodies. Good flight ability is
also one of the mechanisms enabling some inseciesp® live in ephemeral habitats such as
vernal pools (Popham 1964; Pajunen & Jansson M@gjins et al. 1980; Layton & Voshell
1991).

Seasonal and daily patterns of the flight activity

Three types of seasonal patterns of flight actiwire previously reported in water
beetles (Fernando & Galbraith 1973; Landin 1980o@aet al. 1979, 1980; Lundkvist et al.
2002) and water bugs (Pajunen & Jansson 1969; lRofbB&4; Landin & Vepsaladinen 1977)
in the temperate zone of the Northern Hemisphesngle peak of dispersal in spring, two
major peaks in spring and late summer/autumn, erdistinct peak in mid-summer. In the
first case it is assumed that this is a pre-bregdiispersal serving to colonize suitable
habitats before reproduction. In the second caseassumed that apart from the spring pre-
breeding dispersal, new summer generation migiatdse autumn to water bodies suitable
for overwintering (e.g. from temporary to permanemter bodies). In the third case it is
assumed that new generation emerging in summeerdisp prior to reproduction and after
maturation settles permanently at the locality. SEhmterpretations hold in univoltine species
and modified dispersal patterns may be expectegpécies with different life-cycle lengths.
Fernando & Galbraith (1973) observed trimodal sealstlight dynamics with pre-breeding
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dispersal in spring and two summer peaks in theltane Helophorus orientalis (Coleoptera:
Helophoridae), corresponding to the emergence effitet generation in early summer and
the second generation in late summer, when botlaidnewly emerged individuals are on
the wing. Johnson (1960, 1963) postulated that Ijnasxually immature adults should
disperse before the onset of reproduction. Datdeacteld so far seem to support this
hypothesis (Landin 1980).

Several authors also studied daily changes of tfligbtivity in water insects.
According to Csabai et al. (2006), four distinctidty patterns can be recognized: in the
morning, in the morning and around sunset, arowahrand sunset, and only around sunset.
Most water beetles fly preferably around/after stirend less so before sunrise, but not
during the day (Fernando & Galbraith 1973; Zalonalel979, 1980; Csabai et al. 2006). On
the other hand, water bugs are known to fly moatund noon; only some Corixidae and
Pleidae continue to fly shortly after sunset (Paju& Jansson 1969; Popham 1964; Landin
& Vepsaldinen 1977; Csabai et al. 2006). Traditignshese patterns are explained by daily
changes in temperature (e.g. Popham 1964; Pajungam&son 1969; Landin & Vepsalainen
1977; Zalom et al. 1979, 1980). Recent evidencavshbat a polarotactic detection of water
surface is the key mechanism used for orientatiomigrating water insects (Schwind 1991,
1995; Csabai et al. 2006). Daily changes in potertatal detectability of water surface are
therefore likely to at least partially affect flighctivity in water insects (Csabai et al. 2006).

Effects of environmental variables

Several environmental factors have been reportgubasible determinants of flight
activity in water insects so far. Habitat deteriama (e.g. desiccation, high temperatures, or
increased competition) is often considered amoregy dhivers of dispersal, causing e.g.
regular late-summer migrations from temporary tonmment waters for overwintering
(Popham 1964; Pajunen & Jansson 1969; FernandolBr&th 1973; Wiggins et al. 1980;
Hutchinson 1993). Temperature is traditionally ¢desed as an important factor; many
authors found that water beetles and bugs regamgératures of at least 12-18°C to fly
(Popham 1964; Landin & Stark 1973; Landin & Veps#a 1977; Zalom et al. 1979, 1980;
Lundkvist et al. 2002). Popham (1964) proposed thalarger species, the temperature
threshold is generally higher, because higher teatpees are needed for proper functioning
of the flight muscles. Several authors also notited the flight activity is generally low in
windy weather (Landin & Stark 1973; Zalom et al.7291980). Lunar phase might affect
migrations of some tropical water bugs from the ifprBelostomatidae flying during the
night, as intense moonlight around the full moonyniee used for visual orientation
(Hutchinson 1993). Most of the results presentedarlier studies concerning the effects of
environmental factors on the flight activity of watinsects are rather anecdotic; proper
statistical data analyses are so far scarce.

Temperature is also often considered as the causbserved seasonal patterns of
flight activity (see references above). Howevegssmal patterns are difficult to interpret,
because they may depend on additional factors dimdu environmental changes (e.qg.
fluctuations in water level) and constraints stemgnirom individual life history and
physiological constraints (only some adults can aridfly). All these factors are probably
important but their relative contribution to seaalditight patterns is difficult to elucidate.

Concluding remarks

Dispersal by flight is one of the key features loé tife histories of aquatic insects,
especially in temporary waters. Several distinpes/of the seasonal and daily flight patterns
have been repeatedly observed. The interpretafitrese patterns by corresponding changes
of environmental conditions is still an open quasti Nevertheless, hydrology and air
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temperature seem to be dominant drivers of thétflagtivity of water insects. New insights
stemming from detailed understanding of the wayw/bich water insects collect information
about their environment are still emerging, e.denpretation of daily flight patterns by
corresponding changes of polarotactical detectglufiwater surface (Csabai et al. 2006).

3.2 Material and methods

The analysis of the flight activity is based on evateetles collected in the light trap
during 2002-2006 (see Chapter 2.2). The raw datal dor statistical analyses were the
number of specimens of water beetles from cumwdasamples collected during 2-3
consecutive nights. Altogether 29,250 individua$b species from six families have been
processed (Appendix 1).

Several environmental variables suspected to infleethe flight activity of water
beetles were measured. Water depth was measuresl dwveek in the drain next to the light
trap at three stations in 2004 and six statior206 and 2006 (maximum depth was used for
analyses of flight activity). Data on meteorologicariables (air temperature, precipitation,
air humidity, air pressure, and cloud coverage) ewasbtained from the Czech
Hydrometeorological Institute ileské Budjovice. The meteorological station is located 5.5
km SE of the study site.

Data analyses

The changes of the composition of the assemblagaeagdthe season were tested
using CCA with year as a categorical covariablesCiNOCO 4.5 (ter Braak & Smilauer
2002). Use of year as a covariable removed angréifices in mean relative abundance of
species among years. Since the data were found tutocorrelated in time within years, |
used permutations by cyclic shifts in Monte Caésts$ (Lep3 & Smilauer 2003). Monte Carlo
test with 9999 replications was used in all anayseCANOCO.

Seasonal changes of the relative abundance of ttogenant groups (Dytiscidae,
Hydrophilidae, and Scirtidae) were assessed byrgkned additive mixed models with
quasibinomial distribution and year taken as a oamdfactor (R 2.6.0 software; R
Development Core Team 2007). An autocorrelatiorction of order one modeled within
year which was taken as a random factor to acdourthe time correlation. Data from years
2002-2006 restricted to the periods from the begmof May to the end of September were
used (flight activity was negligible in early spgiand late autumn).

Effects of meteorological variables and water depth the flight activity were
assessed separately on two temporal scales (weaekdays) using additive mixed models
with log-transformed number of specimensi¢gt1), as a response variable (package mgcv
for R; thin plate regression splines were usedrasoghs; Wood 2006). Only data from years
2004-2006 from early spring to late autumn wereduse these analyses (water depth was
not measured in 2002 and 2003). Since water depthmeasured twice a week and light trap
was operating continuously, values of water depthdhys when it was not measured were
obtained by linear interpolation. In tests of longemporal scales, mean log-transformed
number of specimens aggregated over a week sulirautite sampling date was used as a
response variable. Weekly means of predictors vedse used; precipitation was log-
transformed, logy(n+1), to lower the extreme right skew of its dmition. Use of data
aggregated by weeks removed the short-term chaagésallowed me to focus on the
seasonal aspects. Tests targeting short-term #tiohs used changes between successive
samples as input data. Numbers of specimens wetkinghe form of log-transformed ratios
(logio((ni+1)/(ni.1+1))), while absolute differencesitn.;) were used for predictors. This
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corresponds to the hypothesis of a multiplicatiegponse of flight activity to changes in the
environment. The data used in the analysis of dieam fluctuations were further restricted
to May—September each year and data from the eAdigidist to the end of September 2004
were also excluded, as the wetland dried out.

Temperature thresholds for flight were examinechgighe full data set from 2002-
2006. Mean values for the periods of 2—3 days kargpling periods were used as input data;
numbers of specimenr)(were log-transformed as Igfn+1). To search for the thresholds, a
threshold additive model developed by Kung-Sik Chais used (Stenseth et al. 2004). This
method breaks down the predictor between two iaterand fits a smooth function for each
interval separately. The optimal value of the thodg is found by an exhaustive search over
the range of possible threshold values and sefecdfithe best model by comparing the GCV
score for all models (GCV is a criterion for smanth parameter selection attempting to
minimize prediction error; see Wood 2006 for furthdormation). In my case, | assumed no
flight activity below the threshold and thus theasith function was fitted only for values
above the threshold.

For analyses of the effects of water depth and oneliegical factors on the relative
composition of the water beetle assemblages, CGA year as a covariable was used with
the data from years 2004—-2006 with the same réstrcas in the case of the additive model
analysis of short-term fluctuations; precipitatiowas log-transformed and other
environmental variables were left untransformed.

Sex ratios and proportions of newly emerged imneatadults were compared
between the light trap and pooled data from other@ing methods that collect beetles in the
water. Generalized linear mixed models with speeaggandom factor and quasibinomial
distribution were used. Only species with more tl2@nspecimens in each dataset were
included in the analyses. Sex ratios were testédiorthe Dytiscidae and the proportion of
immatures was tested separately for the DytiscahaeHydrophiloidea.
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3.3 Results

Water depth and weather conditions

Water depth and air temperature undergo the massiderable seasonal changes
among the environmental variables; the magnitudeshafrt-term fluctuations was much
larger than any seasonal trend in all other metegial factors, and only precipitation
varied considerably among years (Figs. 7 and 8¢ TEmperature shows strong regular
fluctuations over the season with maximum in midswen There is no significant difference
in mean temperature among the years (F=0.94, p=9elt as a fixed factor); short-term
fluctuations with relatively large amplitudes weeeorded every year. On the other hand, the
hydrological regime varied considerably among ye&ns2004 the study site completely
desiccated in the beginning of August. Only scanegdles remained in the swamp or in its
near environs. In 2005 and 2006 at least partseofitain remained submerged all season and
until mid-October, respectively, despite a few pdsi of rapid desiccation (Fig. 9). | do not
have data for 2002 and 2003, but the year 2002vemsrainy (which was accompanied by
two waves of catastrophic floods in summer montrg) the alder carr certainly remained
flooded throughout the season. The summer in 2088 wery hot and dry and it can be
assumed that the alder carr dried out completely.
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Fig. 8 - Monthly precipitation in 2002—2006.

Seasonal changes in the flight activity

The Dytiscidae (22 species, n=3,759), Hydrophilaifidydrophilidae+Helophoridae,
23 species, n=21,800) and Scirtidae (7 speciesg4®)3represent the three most common
water beetle families in the light trap samplesimyur2002—-2006 (total n=29,201). Other
families were collected rarely (two species of Hateridae, n=46; one species of Gyrinidae,
n=3) (Appendix 1).
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The flight activity is generally highest in summand major peaks occur during
periods of rapid desiccation. The activity was adeo of magnitude lower in 2002 than in
other years; that year was unusually wet and tderatarr remained flooded. Seasonal
changes in the flight activity are fairly similar the three major groups (Fig. 9) but differ
among species; running means and peaks in flightitgoof the four most abundant species
in each of the three families are shown in Fig. 10.
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Relative species composition undergoes significhanges during the season (Table
3 and Fig. 11). The changes vary significantly aghgears only when the whole assemblage
is considered and remain consistent within the liamdespite subtle differences apparent in
Fig. 10. The Hydrophiloidea clearly dominate in soem, while the Dytiscidae have two
separate peaks in late spring and late summer trandcirtidae dominate in spring and
decline over the season (Fig. 12 and Table 4). mkan relative abundance of individual
groups and dominant species also changes among (fiedole 5).
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Table 3 - Seasonal changes of the relative specieposition in the light trap samples (CCA, ye&etaas a
covarible).

All families Dytiscidae Hydrophiloidea Scirtidae
F P F P F P F P
Day 9.274 0.0002 6.969 0.0005 4.863 0.0001 4.566 0.4120
Day*year # 2.474 0.0378 1.829 0.1065 1.257 0.3562 - -
Explained variance 3.3% ' 6.7%° 3.3%* 2.8%" 2.1%"

*conditional effect after accounting for dagnly day;’day+day*year.
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Table 4 — Significance of the seasonal changeldmndlative abundance of the three dominant gro@ipgter
beetles in the light trap catches.

R’ F df (total df = 249) P
Dytiscidae 0.372 13.66 3.751 4.4¥10™
Hydrophiloidea 0.980 14.73 3.693 8.1¥10™
Scirtidae 0.254 14.25 2.900 1.7%10™%°
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Table 5 — Relative abundance of the three domigesips and the most abundant species of waterelseietl
the light trap samples in 2002—2006.

2002 (n=1,006) 2003 (n=7,578) __ 2004 (n=8,713) 2005 (n=3,283) __ 2006 (n=8,670)

Dytiscidae 53.42% 15.74% 8.52% 23.03% 6.58%

llybius fuliginosus 33.02% 5.52% 2.10% 1.81% 1.07%
llybius ater 8.74% 5.02% 0.47% 1.07% 1.37%
Rhantus suturalis 4.63% 3.77% 0.87% 0.27% 2.32%
llybius subtilis 3.18% 0.03% 1.50% 18.98% 0.34%
Hydrophiloidea 18.97% 76.56% 80.71% 62.94% 75.99%

Hydrobius fuscipes 10.61% 68.40% 66.08% 44.53% 62.16%
Enochrus coarctatus 6.37% 5.04% 7.78% 14.14% 6.81%
Anacaena lutescens 0.41% 2.35% 5.64% 3.51% 1.61%
Enochrus quadripunctatus 0.00% 0.13% 0.35% 0.30% 3.91%
Scirtidae 27.50% 7.70% 10.52% 13.76% 17.23%
Cyphon variabilis 12.36% 1.32% 5.06% 0.73% 4.42%
Cyphon coarctatus 7.85% 2.33% 0.47% 0.27% 0.49%
Cyphon ochraceus 2.89% 0.46% 0.46% 8.41% 9.95%
Cyphon padi 1.81% 3.42% 4.42% 2.89% 1.49%

Effects of weather and water depth on flight activiy

The aggregated weekly flight activity (‘seasonapeag’) is influenced by air
temperature and water depth in the wetland (Figaid® Table 6). No significant effect of
other variables or seasonal patterns that cannekplained by temperature and water depth
were detected (Table 6). A threshold temperaturapgarent in all groups (Fig. 14). The
minimum temperatures required for flight, as fouoyl threshold additive models, were
13.5°C (all families), 15.8°C (Dytiscidae), 17.7¢8ydrophiloidea), and 12.1°C (Scirtidae).
Several individuals of all three groups were, hoarecaught even at temperatures below 10
°C.

Short-term fluctuations of the flight activity cdoe explained by fluctuations of air
temperature (Fig. 15 and Table 7). The effect otidlcoverage in the Hydrophiloidea and
Scirtidae was also significant but very weak.
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Fig. 13 — The effects of environmental variablestlos seasonal aspects of the flight activity ofendteetles
(fitted values with 95% confidence interval).
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Table 6 — Significance of effects of environmeni@liables on the seasonal aspect of the flightviagcdf water
beetles, tested by additive mixed models.

F df (total df = 86) P
All families
Air temperature 33.310 3.518 <2*10™°
Water depth 3.469 3.426 0.0027
Precipitation 0.001 1 0.9829
Air humidity 0.019 1 0.8905
Air pressure 0.022 1 0.8828
Cloud coverage 0.955 1 0.3314
Day 0.531 1 0.4684
R? of the final model = 0.80
Dytiscidae
Air temperature 22.950 3.521 <2*10™°
Water depth 5.237 3.723 <3*10°
Precipitation 0.829 1 0.3650
Air humidity 0.001 1 0.9760
Air pressure 1.881 1 0.1740
Clouds coverage 0.296 1 0.5880
Day 0.256 1 0.6140
R? of the final model = 0.759
Hydrophiloidea
Air temperature 25.818 3.692 <2*10™°
Water depth 4.197 3.919 0.0003
Precipitation 1.178 1 0.2810
Air humidity 0.781 1 0.3797
Air pressure 0.924 1 0.3394
Clouds coverage 2.815 1 0.0973
Day 0.112 1 0.7391
R? of the final model = 0.766
Scirtidae
Air temperature 24.400 3.593 <2*10™°
Water depth 0.001 1 0.9710
Precipitation 0.229 1 0.6340
Air humidity 1.085 1 0.3010
Air pressure 0.418 1 0.5200
Clouds coverage 0.194 1 0.6610
Day 3.328 1 0.0717
R? of the final model = 0.688
All families Dytiscidae Hydrophiloidea Scirtidae
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All families Dytiscidae Hydrophiloidea Scirtidae
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Table 7 — Significance of the impact of short-tegnvironmental fluctuations on short-term fluctuatoof the
flight activity.

F df (total df = 177) p
All families
Air temperature 25.060 1.628 <3*10™°
Water depth 0.333 1 0.5640
Precipitation 0.342 1 0.5590
Air humidity 0.058 1 0.8100
Air pressure 0.038 1 0.8460
Cloud coverage 3.861 1 0.0510
R? of the final model = 0.214
Dytiscidae
Air temperature 28.220 1.594 <3*10™
Water depth 0.949 1 0.3310
Precipitation 2.692 1 0.1030
Air humidity 0.085 1 0.7710
Air pressure 0.108 1 0.7430
Clouds coverage 1.833 1 0.1770
R? of the final model = 0.235
Hydrophiloidea
Air temperature 14.589 1.130 <2*10°
Water depth 2.191 1 0.1406
Precipitation 1.035 1 0.3105
Air humidity 2.000 1.465 0.1656
Air pressure 0.578 1 0.4482
Clouds coverage 7.431 1 0.0071
R? of the final model = 0.202
Scirtidae
Air temperature 14.389 1.103 <2*10°
Water depth 0.017 1 0.8970
Precipitation 0.077 1 0.7814
Air humidity 1.741 1.193 0.1785
Air pressure 0.723 1 0.3963
Clouds coverage 6.084 1 0.0146

R? of the final model = 0.192
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Using CCA, | also identified environmenal variableBuencing the relative species
composition of the light trap samples, taking iatwount the seasonality of the data (Table 8
and Fig 16). In all cases but the Scirtidae, ttiecéfof time within season that could not be
explained by environmental variables was highlyngigant. The composition of the whole
assemblage is determined by air temperature. Tdretenowever, differences in the effects of
tested variables among the three main groups aéregetles. The relative composition is
influenced by air temperature and water depth withie Dytiscidae, only by temperature
within the Hydrophiloidea, and by none of the tdstariables within the Scirtidae (Table 8).

Table 8 — The effects of time and selected enviemal variables on the composition of water beetle
assemblages collected by the light trap (CCA, pbefifects; year taken as a covariable).

All families Dytiscidae Hydrophiloidea Scirtidae
F P F P F P F P
Day 5.659 0.0055 4.487 0.0011 4,719 0.0026 5.716 0.3952
Temperature 4.178 0.0003 4.661 0.0002 3.441 0.0016 3.530 0.2769
Water depth 2.053 0.0607 2.037 0.0258 0.609 0.7352 4.411 0.1337
Air humidity 1.707 0.1792 0.401 0.9422 1.506 0.2292 3.191 0.1304
Air pressure 1.747 0.1486 1.229 0.2289 1.729 0.1860 2.615 0.1704
Cloud coverage 1.304 0.2609 0.827 0.5076 1.722 0.1814 1.260 0.3949
Precipitation 1.079 0.2552 0.923 0.3231 1.330 0.1849 1.200 0.2910

Explained variance 6.8% ', 3.0%" 9.7%", 6.7%" 8.1%", 3.4%° -

! by all significant variables,variance explained by environmental predictorsradccounting for day.
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Sex- and age-specificity of the flight activity

The samples of Dytiscidae from the light trap hddgier proportion of females than
pooled samples taken by activity traps, box tragh met sampling (generalized linear mixed
model; F=64.31, df=1, 6, P=0.0002; Fig. 17). Newliyperged immature adults were also
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more common in the light trap samples than in semphken in water (generalized linear
mixed model; Dytiscidae — F=33.85, df=1, 8, P=0300ydrophilidae — F=325.75, df=1, 9,
P<0.0001; Fig. 17).
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3.4 Discussion

Most central European species of water beetlesuaneltine spring breeders with
overwintering adults (Hansen 1987; Nilsson 199%)sdl on this type of life history, bimodal
seasonal flight dynamics with spring pre-breedimgpersal and summer dispersal of new
generation are generally expected and were obsemeeral times (Fernando & Galbraith
1973; Landin 1980; Zalom et al. 1979, 1980; Lundkeit al. 2002). At the study site, spring
dispersal was low in most years until the end ofyMw®t supporting the existence of typical
spring pre-breeding dispersal. However, in thenvigiof the alder carr, | repeatedly observed
dense populations of several species of waterdseétl vernal pools filled with smowmelt
water as early as in the end of March (eglophorus sp., Hydroglyphus geminus,
Hydroporus palustris). At that time, the alder carr was still at lepsattly covered by snow
and ice, which melted ca. 2—3 weeks later tharedp®sed pools. Spring dispersal may thus
be confined to colonization of shallow exposed peslavith considerably higher temperature
and better overall conditions than the shaded aderin this area. Alternatively, the spring
colonizers might fly during the day and thus canpetdetected by the light trap. However,
species found in the vernal pools were rarely caugltthe alder carr (Appendix 1) and
moreover most of them have been caught by the tigipt (in low numbers). The distinct
summer peaks of the flight activity and the sigr@fitly higher proportion of teneral adults in
the light trap data than in water support the widsicepted concept of dispersal of newly
emerging adults, which was proposed by Johnsor)(1B863). In water beetles, only Landin
(1980) reported such a patternHelophorus brevipalpis so far.

The seasonal flight activity of water beetles a #tudy site seems to be driven
primarily by two factors, water depth and air temgppare. Dispersal is the main mechanism
of coping with drought in water insects, and masaghts during dry-out periods were
observed earlier (Wiggins et al. 1980). Survivingeaiod of drought in a dried-out water
body is probably rare but was observed severalstildeought-resistant stages may include
adults (Jackson 1952; Wiggins et al. 1980; Davy-Baw2002) or eggs (Wiggins et al. 1980;
Wissinger & Gallagher 1999). In my cag&ilius canaliculatus and Hydaticus seminiger
showed the least response to drying; it is posside the adults may bury in wet leaf litter
during dry summer months.

The effect of temperature may be twofold: it can peasonal constraints on flight
(low temperatures early and late in the season) dma the flight patterns on longer
timescales together with hydrology, and cause dtodns in flight activity by short-term
fluctuations. Interpreting the general seasonakpabf flight activity at the community level
should be done with caution because the pattern eagletermined primarily by the life
cycles of dominant species, which may be adaptedealistinctly seasonal environments of
the temperate zone.

Most insects need extraneous heat to warm up flight muscles before flight, and
therefore cannot fly at very low temperatures. Muydg confirmed the presence of
temperature thresholds in the dominant groups lsat showed subtle differences between
groups. The Scirtidae had the lowest temperatwesiiold. On the other hand, the overall
relationship between flight activity and temperatisuggests a general pattern in water
beetles. Similar values of temperature thresholdgskaown in several species of water
beetles and bugs (Popham 1964; Landin & Stark 1B@B¢din & Vepsalainen 1977; Zalom
et al. 1979, 1980; Landin 1980; Lundkvist et al02D In further analyses of the data, | will
test the hypothesis of Popham (1964), who propts&dthe temperature threshold increases
with body mass and demonstrated it in a few spegfiése Corixidae (Heteroptera). Several
authors also found an upper temperature thresbolflight in water beetles (Landin & Stark
1973; Zalom et al. 1979, 1980) or other insectyl@ral963). Those studies of water beetles
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were focused on daily flight periodicity, thus theper and lower thresholds may arise from
the fact that the flight was observed to be masnise around sunset and sunrise. According
to Csabai et al (2006), this daily flight patters ¢aused by changes in polarotactical
detectability of water bodies and not by temperatdrhe existence of lower temperature

threshold is plausible, but the upper threshold siayply arise from the fact that none or

very low flight activity was observed around nodfowever, in several species of insects,

Taylor (1963) found an upper threshold even whendéta were restricted to those parts of
the day when flight occurs. In water beetles, tppeu temperature threshold may occur at
higher temperatures than were available in my case.

The Scirtidae have terrestrial adults but aquatiede and thus desiccation means loss
of habitat for oviposition and larval developmentherefore expected to find some effect of
water depth on their flight activity. Although theliow a very similar pattern of temperature
dependence in flight activity as the Dytiscidae ahgirophilidae, | could not detect any
influence by water depth.

The seasonal differences in the relative speciegposition in light trap samples are
likely to come from differences in life-histories.g. the dominance of the Scirtidae in spring,
which may represent the pre-breeding dispersal)ddfierent responses to desiccation (clear
dominance of the Hydrophiloidea in mid-summer). Tegponses to temperature and water
depth seem to be species specific and may alsorbsudt of differences in life histories.
Moreover, as mentioned above, different species naage different temperature thresholds
because of physiological constraints. The lack sigaificant result in CCA in the Scirtidae
may simply come from a low taxonomical and ecolabdiversity — the family is represented
in my data only by six species @yphon and Microcara testacea. The Dytiscidae and
Hydrophiloidea in the light trap samples are muabrendiverse taxonomically as well as
ecologically.

Females of the diving seem to disperse more thalesmalthough | also cannot
completely rule out methodological artefacts (sax-specific attractivity of the light trap). A
possible explanation of this phenomenon is thatafesm are more sensitive to habitat
degradation because they need to oviposit in aleddat. The female-biased flight may also
be independent of local conditions. Sex-biasedelgg has been observed in birds and
mammals, where it is assumed to decrease intralseownmpetition and avoid inbreeding (e.g.
Greenwood 1980). In insect, sex-biased dispersaklsknown e.g. in social Hymenoptera
(e.g. Kukuk et al. 2005). No thorough examinatidhas topic has been carried out in water
beetles and most other aquatic insects so far.
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4 Topic three

Spatiotemporal dynamics of a water beetle community
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4.1 Review of the literature — Spatiotemporal dynaies, habitat associations, biotic and
abiotic factors shaping water insect communities aftagnant waters

Habitat associations

Various abiotic and biotic factors are known toluehce the composition of insect
communities in stagnant water bodies. The currantwedge is taxonomically highly biased
towards dragonflies and damselflies (Odonata) tsems that the structure of communities
is shaped by a wide range of both abiotic and ditstctors, the dominant ones generally
being habitat permanence and predation (Wellboal. t996; Entrekin et al. 2001; McPeek
1990, 2003a, 2003b). The species composition clsaage the diversity generally increases
along successional gradients (Fairchild et al. 2Gh & Samways 2005). This may be
caused by the increase of amount of vegetatiomsion by predators, and other consequent
changes. In the following text, | briefly discus® timportance of physicochemical variables,
habitat permanence, submerged vegetation, preseindesh predators, and interactions
between invertebrate predators.

Abiotic factors

Abiotic factors such as hydrology and water chempibive been long considered as
important determinants of the composition of wateect communities. More recent insights
highlight the importance of interspecific interacts on structuring communities (e.g.
McPeek 1990; see below), while the significancendividual variables of water chemistry is
being disputed. From physico-chemical variableppsed to affect aquatic animals through
their impact on physiology, pH is often considessdan important factor determining the
composition of water insect communities (e.g. Bén&e McNicol 1995; Johansson &
Brodin 2003; Nicolet et al. 2004) but recent resdémonstrate that at least some species of
water insects have a high tolerance for low pH. lWifahn (2000) collected several species of
the Corixidae in lakes with pH<3, and Gorham & Vpih (1992) found adverse effects of
low pH on the predation behavior and physiologyaofal Odonata only for pH<4.5. The pH
range commonly found in natural conditions is tpusbably mostly well tolerated by water
insects and possible pH effects may be only indireg. mediated by the absence of fish in
acidic waters (Batzer & Wissinger 1996). The effettoncentration of nutrients on water
insects is also unclear. Some authors found afwmignt effect of the concentration of
nitrogen, phosphorus or other determinants of theumt of nutrients on the total abundance
and composition of water insect communities (e.grzZdtkowska 2003; Michaletz et al.
2005) but others did not (e.g. Johansson & Bro@®32. The significance of other chemical
variables is rarely highlighted.

Habitat permanence plays a key role in the comiposaf water insect communities
(e.g. Schindler et al. 2003; Jeffries 2003, 200%il@¢ & Goldowitz 2005; Tarr et al. 2005).
Whiles & Gordowitz (2005) found that the total imiebrate density and biomass increased
from emphemeral to permanent water bodies, whilecisg richness and diversity was
highest in wetlands experiencing a short periodiraught. Water beetles had the highest
density and biomass in temporary wetlands. Taal.€2005) reported an increase in species
richness and total abundance and changes in theoimaertebrate community composition
with an increasing length of the hydroperiod. Je#r(2003, 2005) observed species-specific
relationships of the probability of incidence agigen locality and the length of dry phase
and length of period of flooding in the larvae aullts of the Dytiscidae. Similarly, Eyre et
al. (1992) found species-specific dependence optbkability of occurrence on the length of
hydroperiod. The changes of species compositiongatbe permanence gradient are to a
large extent results of life history trade-offs etetining the ability of a given species to
persist in a given type of water body. The presesm@ lengths of dry periods primarily
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constrain the species pool, and consequent efféatsanges in the composition of predator
assemblages along hydrological gradient furtheerdehe the community composition
(reviewed in Wellborn et al. 1996; Stoks & McPeé&i2a).

Biotic factors

The density and character of vegetation also paysnportant role in the structuring
of water insect communities (Nilsson et al. 1994;3Falay & Resh 2000; Gibbons 2002;
Schindler et al. 2003; Tollonen et al. 2003; Jeffri2003, 2005). Herbivorous and
saprophagous species use vegetation (live, decagingeriphyton) as a food source.
Vegetation also provides perching sites and refdiges predators. However, some authors
did not consider vegetation as a significant fa¢gog. Johansson & Brodin 2003; Michaletz
et al. 2005).

Fish predators are a key factor in shaping thecttra of aquatic invertebrate
communities (Hrb&k et al. 1961). In water insects, their effecttotal abundance, size
distribution and composition of communities was eaedly recognized (Morin 1984;
McPeak 1990; Bendell & McNicol 1995; Prejs et a@19 Johansson & Brodin 2003;
Michaletz 2005; Tarr et al. 2005). The difference foraging behavior and prey size
selectivity between fish and invertebrate predatera key factor determining differences
between communities with fish and invertebrate pogpdators through inducing changes in
antipredator behavior and life-histories (revievwedVellborn et al. 1996; Stoks & McPeek
2003a, 2003b).

The interactions among dominant groups of predaceosects in stagnant waters
(Coleoptera, Odonata and Heteroptera) and thderdiitial impact on community structure
are insufficiently known (Larsson 1990; McPeek 1998 number of studies have recently
highlighted the importance of competition and igtridd predation on the structure of aquatic
insect communities. For example, McPeek (1990)uatal the effect of a broad spectrum of
environmental variables on the composition Efallagma (Odonata: Coenagrionidae)
communities and found no effect of chemical vaealdt all, but highlighted the importance
of interspecific competition and the impact of meeous fish. Unlike in herbivores and
sediment feeders (e.g. Chironomidae; Entrekin .e2@0D1) the effect of prey availability on
predaceous water insects is virtually unknown.ahdi & Lawton (1990) found no food
limitation in Hyphydrus ovatus (Coleoptera, Dytiscidae), which suggests thateraititraguild
predation and presence of vertebrate predators fbad availability may shape the
community structure of predaceous water insecte Presence of both vertebrate and
invertebrate predators also affects the colonimatibwater bodies in insects which actively
avoid waters with predators as oviposition sitess@arits 2001; Binckley & Resetarits 2005;
Brodin et al. 2006).

Most species of aquatic insects have a distincepabf microhabitat occupation and
can be roughly classified as shore dwellers, bottdwellers, phytophilous and free
swimming species. Among water beetles, the Hydtomga usually occupy the shoreline
and crawl in litter and mats of vegetation, wheremst Dytiscidae are freely swimming in
the littoral zone. Microhabitat occupation may keorsgly altered by the presence of
predators or competitors through a growth-predatmmpetition trade-off; individuals may
choose microhabitats where they suffer lower riglpr@dation although they may not be
profitable for foraging (Sih 1981; Wellborn & Rolsion 1987; Suutari et al. 2004).

Spatial structure

Spatial structure can be studied on a number ofiatpscales, ranging from the
microhabitat choice across patterns within a giweater body to continental scales.
Distribution of water insects within a water bodgswvarely studied in stagnant waters unlike
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in rivers and streams, where significant changesommunity composition were observed
along and across the stream caused by spatiabdisbn of microhabitats and current speed
(e.g. Dudgeon 1995). In stagnant waters, a numbestuglies examined the changes in
invertebrate communities along environmental gradieon the level of among-
localities/habitats differences but the importanéesuch gradients within a single wetland
was rarely assessed. In terrestrial wetland insadisw authors examined the compositional
changes along the edge-centre gradient in peatbopsre substantial changes from
generalist dominance in the edge areas to specigiighobiont species in the centre was
detected (e.g. BezH et al. 2006). Spatial distribution of phytophitoaquatic invetebrates is
determined by spatial changes of vegetation defdéySzalay & Resh 2000; Tolonen et al.
2003). Hydrological gradients within a single watlaarea can also play an important role in
the spatial structuring of water insect communi{ig=e above). On regional scales (tens of
kilometers), differences in the proportion of pemmat and temporary water bodies and the
forest cover may affect the abundance and diveddityater insect communities (Schafer et
al 2006). On even larger scales, climatic gradieatse to the question (Eyre et al. 2006).

Seasonal dynamics

Life-histories and life-cycles of many central Epean species of water insects are
reasonably well known. Most central European wéieetles are univoltine. Among the
Hydrophiloidea, only the Sphaeridiinae are bivatiihe Hydrophiloidea usually lay eggs in
late spring, the larvae undergo rapid developmennd early summer, and adults of a new
generation emerge in summer, and almost all spesiesvinter as adults (Hansen 1987).
The Dytiscidae are also mostly univoltine but tiie tycles are more variable. Most central
European species breed in the spring, have sumaneaxe, and overwinter as adults. Other
univoltine species breed from summer to autumnauewinter as eggs. Some semivoltine
species and species with flexible life cycles anmevin in the Agabini (Nillson & Holmen
1995). The Scirtidae, which have aquatic larvae terdestrial adults, are also mainly
univoltine.

Seasonal dynamics of invertebrate communities rmpeent water bodies can be
characterized by unimodal dynamics with a springcimam (de Szalay et al 2003). In
temporary water bodies, the dynamics are primahilyen by the timing of desiccation and
filling with water and the duration of hydroperigwiggins et al. 1980). In water beetles,
studies focused on the seasonal dynamics of théewdmmmunity are scarce. Key factors
driving the dynamics of adult populations are tippemrance of overwintering adults and
spring immigrants, causing the spring peak of abund, and the emergence of a new
generation, causing the summer peak. Such bimgdedis observed by Bosi (2001), Dettner
(1976) and Valladares (1994) also in permanentandt.

Concluding remarks

The seasonal dynamics of communities of aquatiecissseems to be driven by life
cycles and seasonal changes of hydrological camditi The second factor is especially
important in temporary water bodies. Spatial disttion and habitat associations of aquatic
insects are studied mostly on the scale amongiti@salvithin a small region. Both the large
scale and small scale patterns are poorly knowre €bmposition of aquatic insect
communities is probably driven by hydrology ancempecific interactions — predation and
competition.
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4.2 Material and methods

The analysis of spatiotemporal dynamics presenteel is based on data from activity
traps — 2,261 samples in 2004-2006; 62 specieduwfsa(n=23,018) and 25 species of larvae
(n=1763); box trap — 51 samples in 2004; 41 speafexdults (N=1238) and 12 species of
larvae (n=432) and handnet sampling — 46 sampl2806; 32 species of adults (h=407) and
27 species of larvae (n=805).

Analyses of selected physicochemical variables weesried out in 2006.
Temperature, pH, conductivity and concentratiomissolved oxygen were measured in the
field using a WTW multimeter at four regularly spdesites in the drain. Water samples for
laboratory analyses were taken at the same sitestifoes per season (one mixed sample
from two subsamples per site). Concentration ofates+nitrites, amonium ions and
phosphorous ions was analyzed using a FIA speattopteter in the laboratory. Vegetation
density was visually estimated as a cover of enméngeacrophytes on an ordinal scale (three
levels).

The drain and wetland interior were compared usigbox trap data. Generalized
linear mixed models with quasipoisson distributivare used to deal with the non-normal
distribution of the response variable (number afcémens and species) and spatiotemporal
structure of the data. The sampling date and dpatiation of paired samples (drain+wetland
interior) were used as random factors, the latt@éndnested within the former. | also tested
the difference in relative species composition leetvthe drain and the wetland interior
using box trap data in CANOCO. CCA was fitted witte paired sample ID used as a
gualitative covariable.

| further studied the spatiotemporal distributidnaater beetles using additive mixed
models fitted separately to data from activity srapog-transformed numbers of specimens
and species, lgg(n+1), were used as a response variable. Prediatems time in days and
distance from the wetland edge. Spatial autocdroelaf order one discovered during data
exploration was modeled within sampling date. Ttiece of location variables (drain width,
water depth and vegetation density) on the logsfiamed total number of specimens and
species was tested by additive mixed models withpiag date as a random factor and
spatial autocorrelation of order one modeled witeampling date. These analyses were
performed under the assumption that possible s$pedid in the distribution of water beetles
along the drain can be explained by the testecabks, as water depth and drain width
change along the drain (Fig. 18) and the measungdignchemical variables do not show
any consistent spatial pattern (Fig. 19).

The spatiotemporal changes in species compositene tested using CCA with year
as a covariable and day and distance from the efitfee wetland as predictors. Unlike in
additive models, it was not possible to accountafatocorrelation because of the restricted
possibility to design a proper permutation scheftee effect of location variables on the
relative species composition in activity traps wested in CCA with the sampling date taken
as a qualitative covariable and supposed spati@icarrelation was accounted for using
permutations by cyclic shifts within the samplirgtel (Leps & Smilauer 2003). All analyses
were performed separately for adults and larvae.t€sting significance, Monte Carlo test
with 9999 permutations was used.
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4.3 Results

Patterns of seasonal and spatial community variatio

The spatial structure of the habitat can be cleskifit two local scales: first, the
difference between the drains, which are most @fséason full of water, and the temporarily
flooded rest of the wetland area and second, aiggradlong the intersection through the
wetland from the southern edge with adjacent meadand fields and the northern margin
forming a southern shore of a large fish pond.

The number of specimens as well as the number exfiep of adult water beetles is
significantly higher in the drain than in the sumading parts of the wetland interior, based on
box trap data. On the other hand, no such differem&s detected in larvae (Table 9). In the
adults, a significant difference in the species position was detected between the drain and
the wetland interior (F = 1.985, P = 0.0012, expdi variance = 9.9%, Fig. 18) but not in the
larvae (F = 1.188, P = 0.1490, explained varianc® 726). Species with a higher relative
abundance both in the drain and in the interiorlmamound in the Hydrophiloidea as well as
in the Dytiscidae (Fig. 18).

The adults as well the larvae occasionally reachey high densities of several
hundred individuals/Mmbut the mean density was much lower (Table 10g [Bivae of the
Scirtidae reached an order of magnitude higheritjetien the larvae of the Dytiscidae and
Hydrophiloidea in the drain. The densities of battults and larvae of the Dytiscidae and
Hydrophiloidea were fairly similar (Table 10). AHese patterns were consistent between the
box trap and handnet sampling.

Table 9 — Differences between the drain and wetlatetior in the number of specimens and speciedbpe
trap sample for adults and larvae (GLMM).

Adults Larvae
Effect” F1,18 P Effect” F1,18 P
Number of specimens
wetland interior vs. drain 0.390 35.351 <0.0001 1.254 0.760 0.3949

Number of species
wetland interior vs. drain 0.722 8.550 0.0091 1.085 0.127 0.7263

# fitted value for the ratio of numbers in wetlanteirior over numbers in the drain
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Fig. 18 — Differences between the drain and wetlamdrior in the relative species composition olilésl
sampled by the box trap (CCA; ca. 12% of specieh tast fit and highest total abundance are digplpySee
Appendix 1 for species names.

Table 10 — Estimated population densities of wagstles (individuals/f) in the wetland. Mean and maximum
values (in parentheses) are given.

Adults Larvae

Drain Wetland interior drain Wetland interior
Box trap 2004
All families 135.50 (1052) 32.42 (80) 46.88 (448) 12.00 (48)
Dytiscidae 64.38 (512) 6.53 (48) 1.63 (12) 1.68 (8)
Hydrophiloidea 66.25 (540) 20.21 (64) 1.13 (8) 3.37 (16)
Scirtidae 44.13 (448) 6.95 (40)
Handnet sampling 2006
All families 35.39 (112) 70.00 (924)
Dytiscidae 15.65 (96) 11.39 (60)
Hydrophiloidea 18.78 (96) 1.91 (24)
Scirtidae 56.70 (916)

The gradient across the wetland is characterizechbynges in water depth and drain
width (Fig. 19) and consequently local permanem®.consistent spatiotemporal patterns
were detected in the physicochemical variables. (BE®). Water depth varies considerably
during each season (Fig. 21). Water temperaturecphtluctivity, concentration of dissolved
oxygen as well as concentration of nutrients aledeugo more or less distinct seasonal
changes (Fig. 20).

The number of adults and larvae (both specimenspadies) in activity traps vary in
time and space (Figs. 21-23 and Table 11). Mogtisgas and species per trap were found
in the central part of the wetland. During desimraperiods, adult beetles densities greatly
increase, especially in the central part of thelamet as the drain dries out from both ends.
Both the spatial and the seasonal component o&ti@mi in community composition was
highly significant, as well as their interaction.

The seasonal dynamics differs considerably amomgsyend the overall pattern of
seasonal dynamics is superimposed by marked srontftuctuations (Fig. 21). The highest
total abundance of adults coincides with periodgapfid desiccation of the wetland, the
highest number of species is usually found duratg kpring and early summer. Seasonal
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changes in the community composition may be atteibuo life-cycle differencesAgabus
affinis, A. uliginosus, A. unguicularis andRhantus exsoletus in adults create the typical spring
aspect. In larvae, the composition shifts from wometering larvae ofllybius spp.with the
highest relative abundance in the sprin@yaiscus spp.,Acilius canaliculatus andHydaticus
seminiger and toHydrochara caraboides prevailing in late summer.

The spatiotemporal patterns of total abundancespedies richness are much more
similar in the larvae than in the adults (Fig. 23he spatial distribution undergoes
considerable changes during the season, and theacdtibn of the two predictors, date and
distance from wetland edge, is in general highgnsicant. This may be linked to seasonal
changes of water depth (compare Fig. 21). Finalbynificant spatiotemporal changes in the
species composition of assemblages of adults dsasdhrvae were detected (Fig. 24 and
Table 12).
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Fig. 23 — Spatiotemporal dynamics of the total namif specimens and species of adults and larvaeatsr
date.

beetles per activity trap. Every plot is based @eparately fitted generalized additive model amlgf predicted
values are displayed. Distance is measured fronstla¢hern end of the sampled drain; day given dmalr
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Table 11 — The significance of spatiotemporal clesngf the total number of specimens and speciesl ol

and larval water beetles per activity trap, testedeneralized additive models.

2004 2005 2006
df df df
(total df (total df (total df
F = 215) P F =1114) P F = 893) P
Adults — Number of specimens
Day 3.193 2.317 0.0143 148.317 3.719 <2107 9.978 2.089 <7*10°®
Distance 9.108 1 0.0029 5.982 3.550 <1*10°® 14.825 3.612  <1*10™
L-ratio df P L-ratio df P L-ratio df P
Day*distance 13.824 0.0002 0.499 0.4799 30.368 <0.0001
riig;the final 0.211 0.486 0.215
F df P F df P F df P
Adults — Number of species
Day 9.281 1.597 <7*107 170.723  3.706  <2*107° 3.953 3.464 0.0035
Distance 8.646 1 0.0036 5.622 3.464 0.0002 11.037 3.480 <1*10™°
L-ratio df P L-ratio df P L-ratio df P
Day*distance 6.665 0.0098 5.209 0.0225 11.220 0.0008
iigélthe final 0.221 0.493 0.086
F df P F df P F df P
Larvae — Number of specimens
Day 29.820 3.792  <2*10™° 21.023 3484  <2x10° 5.610 2.797 0.0002
Distance 16.070 1 <9*10° 1.765 1.810 0.134 4.504 3.123 0.0013
L-ratio df P L-ratio df P L-ratio df P
Day*distance Significantly worse fit 10.549 0.0012 11.988 0.0005
%é’éfhe final 0.364 0.203 0.066
F df P F df P F df P
Larvae — Number of species
Day 25.470 3.614  <2*10™° 31.670 3.640  <2*10™° 7.532 3.509 <6*10°
Distance 10.860 1 0.0012 2.582 2.468 0.0358 5.976 3.235 <1*10°
L-ratio df P L-ratio df P L-ratio df P
Day*distance Significantly worse fit 15.466 0.0001 11.727 0.0006
riig;the final 0.345 0.242 0.076
Adults Larvae
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displayed. See Appendix 1 for species names.
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Table 12 — Spatiotemporal changes in the relafpezies composition of samples from activity tragested by
CCA. Distance is measured from the southern enheofirain; day coded as ordinal date.

adults larvae
F P F P
Day 15.157 <0.0001 19.158 <0.0001
Distance 8.728 <0.0001 7.371 <0.0001
Day*distance * 1.843 0.0081 7.444 <0.0001
Total explained 1.4% 5205

variance

* conditional effect after accounting for main effect

Location effects

I have also examined the influence of local draptd and width and the character of
vegetation on the results in the drain. The higmeshber of specimens and species per
activity trap was found in the deep and wide paftthe drain (Fig. 25). Vegetation density
had a slightly significant effect only on the tosddundance of adults (Table 13). Water depth
and drain width are tightly correlated (Pearsommgaation coefficient r = 0.73, t = 6.2908,
df = 34, p-value = 3.6207). Consequently, after one of them as the superiedictor was
included into the additive model, the other one hamall or insignificant effect. Marginal
effects of both water depth and drain width weghly significant for the total abundance as
well as the number of species per trap (p&itDall cases). Water depth is a better predictor
in the adults whereas drain width is superior ia rvae (Table 13). Water depth, drain
width and vegetation density all had a significeffiéct on the composition of assemblages of
adult beetles, whereas only water depth and vegetdensity had a significant effect on the
larvae (CCA; Table 14 and Fig. 26). The effect k@il width in the larvae was just above the
p=0.05 level of significance, but its marginal etfevas very strong (F = 3.813, P=0.0007).

Adults

Nr. of specimens Nr. of specimens Nr. of specimens Nr. of species

00 01 0.2 03

-02 00 02 04 06
1

-02 00 02 04 06
1

—
Log (nr. of species) -
departure from mean

Log (nr. of specimens) -
departure from mean
Log (nr. of specimens) -
departure from mean

Log (nr. of specimens) -
departure from mean

-0.2

20 30 40 50 100 200 300 400 no medium high 20 30 40 50
Water depth (cm) Drain width (cm) Vegetation density Water depth (cm)
Larvae
Nr. of specimens Nr. of species Nr. of species

0.15

Log (nr. of specimens) -
departure from mean
-0.05 005
Log (nr. of species)
departure from mean
0
Log (nr. of species)
departure from mean

-0.15

1 I 1 I 1 T I
100 200 300 400 20 30 40 50 100 200 300 400

Drain width (cm) Water depth (cm) Water depth (cm)

Fig. 25 — The effects of location parameters ontthi@ abundance and number of species of adutidaanae
of water beetles per activity trap (fitted valuegw®5% confidence interval).
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Table 13 — The effects of location variables onrtbhember of specimens and the number of specieaqbietty

trap in adults and larvae of water beetles.

Adults Larvae
df df
(total df = (total df =
F 2090) p F 2090) p
Number of specimens
Water depth 7.268 1.984 <9*10°® 1.726 1.361 0.1595
Drain width 2.339 2.066 0.0396 5.243 4,710 <5+107
Vegetation density 3.176 2 0.0419 0.796 2 0.4510
R2 of the final model 0.036 0.018
Number of species
Water depth 13.110 2.508 <2*10™ 4.744 1 0.0295
Drain width 1.543 1.763 0.1870 4.091 4.577 <4*10°®
Vegetation density 1.456 2 0.2330 0.328 2 0.7200
R2 of the final model 0.033 0.024
Adults Larvae
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Fig. 26 — The effects of location variables on tblative species composition in activity trapsiedsseparately
in adults and larvae using CCA. See Appendix Isfircies names.

Tab. 14 — The effects of microhabitat variablesl@mcomposition of water beetle assemblages tést€ziCA.

adults

larvae
F P F P
Water depth 3.388 0.0037 2.588 0.0076
Drain width 3.705 <0.0001 1.829 0.0508
Vegetation density 1.549 0.0169 1.352 0.0403
Total explained variance# 1.0% 1.1%

#only by variables with significant effect.
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4.4 Discussion

In this part of the thesis, | have examined pastennthe spatiotemporal dynamics of
water beetles at the study site in an alder cane dynamics are clearly affected by the
phenology the individual species that constitueldtal aquatic insect community as well as
changes in the environment, especially the watel.le

Changes in the environmental variables and theityeard composition of water
beetle community seem to be closely linked. Théndigabundance and species richness of
adult water beetles in the drain compared to ahyeaetland interior may result from the
temporary nature of the latter mesohabitat. Inéngagabundance and species richness at
different localities were repeatedly observed altmg permanence gradient (e.g. Tarr et al.
2005), and this relationship may be repeated withsingle wetland. The apparently more
even distribution of the larvae in the wetland nieyexplained by their seasonal dynamics.
The highest larval densities were found in latengprwhile the study site usually dries out in
mid-summer. Associated mortality risks are thus low larvae and they do not need to
concentrate in the drains and avoid the wetlaretimt Shallow warm water full of leaf litter
may moreover provide ideal conditions for developtmaf detritivorous and saprophagous
larvae and larvae feeding on small prey (citace®&agt al. 2004). Spring oviposition in the
flooded wetland interior followed by the retreattbé adults to the drain may therefore be
advantageous for reproduction and also decreasgetdion, cannibalism and intraguild
predation between the larvae and adults.

Spatiotemporal variation in the abundance of adnlt larval beetles in the drain is
likely to be a result of life-cycle constraints aratying hydrological conditions. Most central
European species are univoltine with reproductiorthie spring (Hansen 1987; Nilsson &
Holmen 1995). Seasonal dynamics of larval asserablagth the maximum number of
specimens and species in late spring and early smroonresponds well to this observation.
The very similar patterns in seasonal changes efigp richness and total abundance are a
simple consequence of the positive relationshipvéeh the number of specimens and
species and the similarity in life cycles. The sead dynamics of adult assemblages can be
clearly linked to hydrological changes. Peaks ia #bundance correspond to periods of
desiccation and most likely result from the concaidn of adults in a small volume of
remaining habitable pools. However, | observed r&afay different seasonal patterns of
species richness, which gradually decreased whil@@ance increased in 2004; in 2005 and
2006, species richness peaked distinctly beforg@dadk in abundance. The decline in species
richness well before the wetland (almost) desiccatay be explained by species-specific
responses to desiccation. Sensitive species aly ki leave the locality well before it dries
out completely, while several resistant speciesaranat the locality until it completely
desiccates and perhaps even stay afterwards barieet bottom substrate. Davy-Bowker
(2002) and Jackson (1952) observed this behaviagabus bipustulatus.

The relative species composition of both adults lamgae also changes in space and
time. As noted above, water depth, drain width eodsequently permanence are the main
factors creating the gradient from the edges tocemtre of the wetland. Several species
clearly increase in abundance towards the endeodithin connected to ttigernis pond, most
notably Hydrochara caraboides (Hydrophilidae). In this species the pattern issistent in
both adults and larvae. The proximity of the pondyntesult in changes in chemistry
(however only higher pH was observed in the spohd@006), impact of fish, and prey
availability; the latter was not evaluated in dethiring this study. The plausibility of fish
predation as the underlying cause of the obsenatemp is unlikely. Only a few small
specimens of fish were collected by activity trapsl only several times other fish were
observed in the drain (especially in the part agljado theCernis pond) during the three
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years of the research. The connection of the daadh the pond is very shallow, which
probably limits the possibility for fish to entdret drain for most of the year.

Seasonal changes in the relative community compaosihay be attributed to life-
cycle differences. Adults ofAgabus affinis, A. uliginosus, A. unguiculais and Rhantus
exsoletus create the typical spring aspect. In larvae, tramosition during the season shifts
from overwintering larvae ofllybius spp. to Dytiscus spp., Acilius canaliculatus and
Hydaticus seminiger and finally toHydrochara caraboides in late summer. These changes
are consistent with data on the life cycles of ¢h&secies (Hansen 1987; Nilsson & Holmen
1995).

The effect of water depth and drain width on abwmedaas well as species richness
along the drain in 2004—-2006 can be easily exptalmethe preference of water beetles for
stable conditions in the centre of the wetland tedlack of water in the shallowest parts of
the drain every summer. Surprisingly, vegetationsttg had only a slightly significant effect
on the total abundance of adult beetles and natedteall on the number of species of adults
and on the number of specimens and species ofelaimareasing abundance and species
richness with increasing vegetation density magxmected and was repeatedly documented
(Nilsson et al. 1994; de Szalay & Resh 2000; Gilsb2@02; Schindler et al. 2003; Tollonen
et al. 2003) as most water insects use vegetasiarafuge, perching site or food source. In
my case, these services might have been provided thyck layer of leaf litter and small
branches covering the bottom of the drain. The mamze of leaf litter for the structure and
richness of aquatic invertebrate communities wasndy highlighted by Batzer et al (2004).
Substitution of the various functions of vegetation leaf litter and other biotic structures
may have obscured the effect of vegetation in seanker studies which did not found much
support for the importance of vegetation density&gquatic invertebrate communities (e.g.
Johansson & Brodin 2003; Michaletz et al. 2005)g&tation density together with water
depth and drain width still had a significant etfea the relative species composition of both
adults and larvae, suggesting some interspecifierdnces in microhabitat use, although the
amount of explained variance is very low.
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5 Conclusions

In my project, | focused on several questions coriog the structure and dynamics
of a water beetle community in a semipermanentamdtl Using a combination of methods, |
demonstrated that the studied community is higlylyamnic and to a large extent driven by
seasonal and spatial changes of a few key envimtanéactors. As expected, seasonal
hydrological variation has a major impact on thenowinity.

The tests of selectivity of four standard samplmgthods demonstrated that their
choice should be carefully evaluated and theircsi@iey should not be overlooked. The
combination of two or three qualitatively differentethods can yield the most complete
information about the community composition andcgggerichness.

The seasonal flight activity appears to be drivethe desiccation of the wetland and
temperature thresholds. Short-term fluctuationshef flight activity were linked to similar
fluctuations of temperature. Other meteorologicaiables were not important, but this may
be caused by the resolution of the data and theossipility to measure these variables
locally. The samples consisted of catches during awthree nights, but e.g. changes in air
pressure or precipitation levels may influence ftight activity on a much finer scale.
Importance of short showers, drops of air presbafere a storm, and other similarly fast
short-term events could not be evaluated in thidyst

The observed spatiotemporal dynamics of the watetld community seem to be a
combination of general life-cycle driven seasonalaimics and changes induced by variable
water levels in time and space. Vegetation seenpsatoonly minor role in the stucturing of
the water beetle community at the study site, tautale might have been obscured by the
rich leaf litter deposits in the wetland. One pdly important aspect of the spatiotemporal
dynamics, which | did not thoroughly test yet, merspecific interactions. Examining this
topic may bring new insights and new complexityny present interpretations of the
processes in the studied community.
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Appendix — The list of species recorded at the study sitejbers of specimens are given.

A. Adults
[} Q
Species § § @ § N g §
Y| =9 S o 2
LHIE
Gyrinidae
Gyrinus substriatus Stephens, 1828 - 3 - - GYRIsubs
Haliplidae
Haliplus heydeni Wehncke, 1875 t - - - -
Haliplus ruficollis (De Geer, 1774) 2 - - - HALIrufi
Noteridae
Noterus crassicornis (O. F. Muller, 1776) 5 - 1 2 NOTEcras
Dytiscidae
Acilius canaliculatus (Nicolai, 1822) 6806 - 15 42 AClLcana
Acilius sulcatus (Linné, 1758) 116 - - - AClLsulc
Agabus affinis (Paykull, 1798) 73 - - - AGABaffi
Agabus bipustulatus (Linné, 1767) 363 - 5 - AGABbipu
Agabus congener (Thunberg, 1794) 1050 - 2 1 AGABcong
Agabus sturmi (Gyllenhal, 1808) 172 - 2 - AGABstur
Agabus uliginosus (Linné, 1761) 385 - 3 - AGABUlig
Agabus undulatus (Schrank, 1776) 16 - - - AGABuUndu
Agabus unguicularis (Thomson, 1867) 280 - - 1 AGABuUngu
Colymbetes fuscus (Linné, 1758) 398 - - 2 COLYfusc
Dytiscus cimcumcinctus Ahrens, 1811 222 - - 1 DYTlcirc
Dytiscus marginalis Linné, 1758 544 10 - - DYTImarg

) g = 3
Species g § §§ N é §
29| =Eq9|E S o 2
LHE I
Graphoderus cinereus (Linné, 1758) 18 - - - GRAPcine
Graptodytes granularis (Linné, 1767)! - - - -
Graptodytes pictus (Fabricius, 1787) 4 2 3 - GRPTpict
Hydaticus continentalis J. Balfour-Browne, 1944 4 - - - HYDAcont
Hydaticus seminiger (De Geer, 1774) 4352 - 3 20 HYDAsemi
Hydaticus transversalis (Pontoppidan, 1763) 1 - - - HYDAtran
Hydroglyphus geminus (Fabricius, 1792) 1 12 - - HYGLgemi
Hydroporus angustatus Sturm, 1835 121 221 37 2 HYPOangu
Hydroporus erythrocephalus (Linné, 1758) 82 1 5 - HYPOeryt
Hydroporus incognitus Sharp, 1869 91 45 18 7 HYPQinco
Hydroporus melanarius Sturm, 1835 14 - 7 - HYPOmela
Hydroporus memnonius Nicolai, 1822 86 1 64 16 HYPOmemn
Hydroporus neglectus Schaum, 1845 198 128 174 24 HYPOnegl
Hydroporus nigrita (Fabricius, 1792)* - - - -
Hydroporus palustris (Linné, 1761) 99 6 6 6 HYPOpalu
Hydroporus planus (Fabricius, 1781) 14 - 1 1 HYPOplan
Hydroporus rufifrons (Duftschmid, 1805) 1 - - - HYPOTrufi
Hydroprorus scalesianus Stephens, 1828 2 - 1 - HYPOscal
Hydroporus striola Gyllenhél, 1827 230 19 27 4 HYPOstri
Hydroporus tristis (Paykull, 1798) 5 1 4 - HYPOtris
Hydroporus umbrosus (Gyllenhal, 1808) 6 - - - HYPOumbr
Hydrovatus cuspidatus (Kunze, 1818)* - - - -
Hygrotus decoratus (Gyllenhél, 1810) 215 21 78 24 HYGRdeco




) g 2 3
Species g § §§ N E‘ §
gy | =9 g S o 2
LIE
Hygrotus impressopunctatus (Schaller, 1783) 8 13 1 HYGRimpr
Hygrotus inequalis (Fabricius, 1777) 3 2 - HYGRineq
Hyphydrus ovatus (Linné, 1761) 103 - - HYPHovat
llybius ater (De Geer, 1774) 1429 651 7 ILYBater
llybius chalconatus (Panzer, 1796) 4 - - ILYBchal
llybius fuliginosus (Fabricius, 1792) 30 1061 3 ILYBfuli
llybius guttiger (Gyllenhal, 1808) 1103 97 3 ILYBgutt
llybius quadriguttatus (Boisduval et Lacordaire, 1835) 5 1 - ILYBquad
llybius subaeneus Erichson, 1837 1 10 - ILYBsuba
llybius subtilis (Erichson, 1837) 2504 827 65 ILYBsubt
llybius wasastjernai (C. R. Sahlberg, 1824)2 - - -
Laccophilus hyalinus (De Geer, 1774)t - - -
Laccornis oblongus (Stephens, 1835) 2 - - LACCoblo
Liopterus haemorrhoidalis (Fabricius, 1787) 16 4 2 LIOPhaem
Nartus grapi (Gyllenhal, 1808) 7 - - NARTgrap
Rhantus exsoletus (Forster, 1771) 71 - - RHANexso
Rhantus frontalis (Marsham, 1802) 1 - - RHANfron
Rhantus suturalis (MacLeay, 1825) 37 626 - RHANsutu
Suphrodytes dorsalis (Fabricius, 1787) 267 - 10 SUPHdors
Helophoridae
Helophorus aequalis Thomson, 1868 - - 3 HELOaequ
Helophorus aquaticus (Linné, 1758) 4 - 4 HELOaqua
Helophorus flavipes Fabricius, 17922 - - -
Helophorus granularis (Linné, 1761) 2 1 4 HELOgran
Helophorus griseus Herbst, 1793 - 8 - HELOgris

Helophorus minutus Fabricius, 1775*

) g 2 3
Species g § §§ N é §
Y| =9 S o 2
LHE T
Helophorus obscurus Mulsant, 18441 - 1 - - HELOobsc
Helophorus strigifrons Thomson, 1868 - - - -
Hydrochidae
Hydrochus crenatus (Fabricius, 1792) - - - 1 HYCHcari
Hydrochus megaphallus Berge Henegouwen, 1988 7 - 40 8 HYCHmega
Hydrophilidae
Anacaena limbata (Fabricius, 1792) 16 47 37 4 ANACIlimb
Anacaena lutescens (Stephens, 1829) 134 881 461 | 129 ANAClute
Berosus frontifoveatus Kuwert, 1888 - 9 - - BEROfron
Cercyon bifenestratus Kuster, 1851 - 1 - - CERChbife
Cercyon convexiusculus Stephens, 1829 11 42 34 6 CERCconv
Cercyon laminatus Sharp, 1873 - 11 - - CERClami
Cercyon lateralis (Marsham, 1802) - 16 - - CERClate
Cercyon marinus Thomson, 1853 - 61 - - CERCmari
Cercyon quisquilius (Linné, 1761) - 6 - - CERCquis
Cercyon sternalis Sharp, 1918 2 1 1 - CERCster
Cercyon unipunctatus (Linné, 1758) - 8 - - CERCunip
Coelostoma orbiculare (Fabricius, 1775) 1 4 - - COELorbi
Cryptopleurum minutum (Fabricius, 1775) - 1 - - CRYPminu
Cryptopleurum subtile Sharp, 1873 2 - - - -
Cymbiodyta marginella (Fabricius, 1792) - 38 - - CYMBmarg
Enochrus coarctatus (Gredler, 1863) 3 2112 5 - ENOCcoar
Enochrus quadripunctatus (Herbst, 1797) - 402 - 1 ENOCquad
Enochrus testaceus (Fabricius, 1801) - 10 - - ENOCtest
Helochares obscurus (O. F. Miiller, 1776) - 1 1 - HECHobsc




Species é@ o0 ®© E % Species ém 0 g §
25| ER (8|8 58| Es e 5| s
Hydrobius fuscipes (Linné, 1758) 225 | 18135 75 67 HYBIfusc Heterocerus fusculus Kiesenwetter, 1843 - 12 - - HETEfusc
Hydrochara caraboides (Linné, 1758) 1046 4 1 3 HCHAcara Total number of species 62 55 41 32
Laccobius bipunctatus (Fabricius, 1775)* - - - - Total number of specimens 23018 | 29250 | 1238 | 407
Laccobius minutus (Linné, 1758)* - - - - 1 species found only by individual collecting iretalder carr or in its near
Laccobius striatulus (Fabricius, 1801) - - - - SUrrOUndingS,
Megasternum concinnum (Marsham, 18027 ) ) T 2 species not collected during my study, but reedroyCiZEK (1999), his
record ofHydroporus brevis was excluded due to misidentification (Boukal
ym—— et al. 2007).
Hydraena britteni Joy, 1907 - - 23 - HDRAbritt
Hydraena melas Dalla Torre, 1877 * - - - -
Limnebius cf. truncatellus (Thunberg, 1794) 2 - - - -
Limnebius crinifer Rey, 1885 1 - - - -
Limnebius parvulus (Herbst, 1797) * - - - -
Ochthebius alpinus (lenistea, 1979) - - 2 - OCHTalpi
Ochthebius pusillus Stephens, 1835 * - - - -
Scirtidae
Cyphon coarctatus Paykull, 1799 - 338 - - CYPHcoar
Cyphon laevipennis Tournier, 1868 - 9 - - CYPHlaev
Cyphon ochraceus Stephens, 1830 - 1214 - - CYPHochr
Cyphon padi (Linné, 1758) - 858 - - CYPHpadi
Cyphon pubescens (Fabricius, 1792) - 25 - - CYPHpube
Cyphon variabilis (Thunberg, 1787) - 1061 - - CYPHuvari
Microcara testacea (Linné, 1767) - 137 - - MICRtest
Heteroceridae
Heterocerus fenestratus (Thunberg, 1784) - 34 - - HETEfene




B. Larvae

! 2 2 3
Species g § N é §
29 [ I Q@
s3] x8 | 28 g
2R | 88 | 28 &
Dytiscidae
Acilius canaliculatus (Nicolai, 1822) 629 28 AClLcana
Acilius sulcatus (Linné, 1758) 3 1 AClLsulc
Agabus affinis (Paykull, 1798) - 1 AGABaffi
Agabus bipustulatus (Linné, 1767) 10 - AGABDbipu
Agabus congener (Thunberg, 1794) 25 10 AGABcong
Agabus sp. 2 - AGABsp
Agabus sturmi (Gyllenhéal, 1808) - 1 AGABstur
Agabus uliginosus (Linné, 1761) 1 2 AGABUlig
Agabus undulatus (Schrank, 1776) - 1 AGABuUndu
Agabus unguicularis (Thomson, 1867) 2 3 AGABuUNgu
Colymbetes fuscus (Linné, 1758) 5 - COLYfusc
Dytiscus cimcumcinctus Ahrens, 1811 141 - DYTlIcirc
Dytiscus marginalis Linné, 1758 560 - DYTImarg
Hydaticus seminiger (De Geer, 1774) 75 5 HYDAsemi
Hydroporus incognitus Sharp, 1869 5 5 HYPOinco
Hydroporus rufifrons (Duftschmid, 1805) - 1 HYPOrufi
Hydroporus striola Gyllenhél, 1827 - 16 HYPOstri
Hydroporus sp. 1 4 HYPOsp
Hygrotus decoratus (Gyllenhél, 1810) - 12 HYGRdeco
Hyphydrus ovatus (Linné, 1761) 5 1 HYPHovat

! a 2 3
Species g § N é §
29 s I Q@
s3] x3| 28 g
2R | 8] | 28 &
llybius ater (De Geer, 1774) 19 - 15 ILYBater
llybius fuliginosus (Fabricius, 1792) - - 5 ILYBfuli
llybius guttiger (Gyllenhél, 1808) 6 - 8 ILYBgutt
llybius subtilis (Erichson, 1837) 177 2 1 ILYBsubt
Liopterus haemorrhoidalis (Fabricius, 1787) 1 - - LIOPhaem
Rhantus exsoletus (Forster, 1771) - - 2 RHANexso
Rhantus suturalis (MacLeay, 1825) 1 - 2 RHANsutu
Suphrodytes dorsalis (Fabricius, 1787) 9 1 7 SUPHdors
Hydrophilidae
Anacaena sp. - - 2 ANACsp
Enochrus sp. - 1 - ENOCsp
Hydrobius fuscipes (Linné, 1758) 2 24 9 HYBIfusc
Hydrochara caraboides (Linné, 1758) 37 - - HCHAcara
Sphaeridiinae gen. sp. - - 11 SPHAsp
Scirtidae
Cyphon sp. 22 338 593 CYPHsp
Microcara testacea (Linné, 1767) 25 48 59 MICRtest
Total number of species 25 12 27
Total number of specimens 1763 432 805




