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Aquatic beetles occupy a complete range of wetland habitats, but individual species of
water beetles use their surroundings on different spatial and temporal scales. What a
species needs and what the environment supplies is scale specific and species specific.
This type of knowledge provides important information on the possibilities species have
to deal with environmental challenges, such as coping with temporary water bodies. This
in turn is important in the practice of restoration management because, with this type of
information, effects of measures on the species present can be predicted.

However, for individual species, this type of knowledge is largely lacking. Therefore
invertebrates were sampled repeatedly in two water types. Different parts within a water
body were sampled separately. In autumn a strong aggregation of water beetles in float-
ing rafts was found in both water bodies. Floating rafts are the result of bottom materi-
al and vegetation gaining buoyancy due to methane production. These rafts offer a tem-
porary supply of nutrients in the form of detritus and algae. Data on flight capability,
data on species occurrences in other parts in the water body and data from previous sea-
sons were analysed to determine the mechanism of dispersal (from other parts within the
water body or from other nearby water bodies). Rafts were dominated by good dis-
persers, which were locally abundant, with mainly crawling, herbivorous and detritivo-
rous species.

This study highlights one particular strategy on how species abilities and landscape char-
acteristics can match on a specific scale in space and time. This strategy can also be

important in an intact raised bog landscape.

Keywords: scale, landscape, life history tactic, aquatic invertebrates, restoration manage-

ment

Woater beetles form an important part of aquatic invertebrate assemblages, espe-
cially in stagnant, shallow water bodies with a well-developed vegetation (Foster
et al. 1992, Fairchild et al. 2000). This group is diverse, comprising many differ-
ent species (little under 300 species in The Netherlands) from different families
and subfamilies. They are thought to have made the transition to an aquatic life
several times during their phylogenetic history (Drost et al. 1992). Both adults
and larvae are aquatic in most species, although there are some species with an
aquatic stage restricted to either adult or larva. There are large differences in size
(from 1 to 48 mm) but also with respect to other ecological characteristics such
as diet, locomotion (e.g. Ribera & Nilsson 1995), and flight (Richoux 1994).
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This diversity in ecological attributes enables aquatic beetles as a group to
occupy a complete range of wetland habitats, but individual species of water bee-
tles use their surroundings on different spatial and temporal scales (Fairchild et
al. 2003). On a temporal scale, for example, the duration (semivoltine to multi-
voltine) and the period of larval development (spring, summer, autumn and
winter) differs. On a spatial scale, for example, the type of locomotion (swim-
ming or crawling), and flight capability differs. Therefore, the match between
what a species needs and what the environment supplies (Verberk & Esselink
2003) is scale specific and species specific; different water types harbour differ-
ent species (Verberk et al. 2001).

Heterogeneous landscapes can meet the requirements of many different
species (additive), but may also further promote species richness in different
ways (synergistic; Verberk et al. 2002). Water beetles are expected to be facilitat-
ed by heterogeneity, because most species are capable of both discerning (well
developed eyes) and utilizing heterogeneity (high mobility and mostly long
lived). Due to degradation, environmental conditions are deteriorating and as a
result some species are no longer able to complete their lifecycle (i.e. there is a

"

Figure 1. Floating rafts in autumn. Picture by Wilco Verberk.
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bottleneck for that species). Restoration measures aim to restore the environ-
mental conditions and lift existing bottlenecks. However, large scaled restora-
tion measures can result in a decline of heterogeneity (at least in the short term)
and may therefore present new bottlenecks for those species depending on het-
erogeneity (Van Duinen et al. 2003, 2004b). In order to minimize negative side
effects of restoration measures, more knowledge on the match between species
and their environment is needed.

To this end, we investigated the invertebrate assemblage of different micro-
habitats within a water body in different water types on four occasions, corre-
sponding to the four different seasons (Verberk et al., in prep). In autumn, float-
ing rafts were observed, resulting from bottom material becoming buoyant, held
together by roots of shore vegetation (Fig. 1). Increased decomposition, resulting
in methane production can cause this phenomenon (Smolders et al. 2002). On
these rafts, high numbers of aquatic beetles were found (Fig. 2). Methane is pro-
duced anaerobically, and when the upper part becomes floating atmospheric
oxygen further increases the decomposition, aerobically. The high decomposi-
tion rates produce much detritus and increase the release of nutrients, stimulat-
ing primary, algal production. These floating rafts can therefore offer a tempo-
rary supply of nutrients in the form of detritus and algae.

To gain a better understanding of how species utilize this temporary supply
of food, this paper addresses the following questions: (1) What are the differ-
ences in species composition between the rafts and other microhabitats in
autumn? (2) What are differences in ecology of species found in rafts and other
microhabitats in autumn? (3) Where do the species found in the rafts come
from?

1000 T
900 4+ coleoptera
800 + —e— other groups
700 T
600 T+
500 T
400 +
300 T+
200 +
100 +

—

other rafts other rafts
samples samples

Oligo-mesotrophic Meso-eutrophic

Figure 2. Abundance Of waterbeetles and other taxonomic groups in autumn. Results are
shown separately fOl‘ the two watertypes and fOl‘ rafts and other samples.
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MATERIAL AND METHODS

Study area and sample locations

The water bodies sampled are located in the bog remnant Korenburgerveen (des-
cribed in detail in Verberk et al. 2001, 2004). Both water bodies are bomb pits and
at their location cover sands reach the surface. As a result these water bodies are
buffered. The meso-eutrophic water body has the highest alkalinity and the
water is almost completely covered by floating Potamogeton natans with Typha
latifolia and Carex rostrata on the shore. The oligo-mesotrophic water has a low
alkalinity. Potamogeton natans occurs locally in the water body and Eriophorum
vaginatum is abundant on the shores. The water bodies are adjacent (<10 m apart)
with Myrica gale and Molinia caerulea dominating the surrounding vegetation.

Invertebrate collection

Invertebrates were collected during four sampling periods, hereafter referred to as
winter data (5, 7 and 12 February 2003), spring (1-3 April 2003), summer (25-27 June
2003) and autumn (12, 15 and 19 September 2003). In each water body different veg-
etation structures were sampled separately. Based on the structure, these samples
could be classified into one or two of seven different categories of microhabitat:
Shore, Sphagnum, thin emergent vegetation (Eriophorum, Carex), robust emergent
vegetation (Typha), floating vegetation (Potamogeton), Bottom, Open water. In
this paper, floating rafts are an extra separate category, but are elsewhere (Verberk
et al., in prep) classified as a mixture of shore and fine emergent vegetation.
Samples were taken in a semi-quantitive way, aimed at obtaining a complete
list of the occurring invertebrates. Sample material was collected using a kitchen
sieve (mesh size of 1.0 mm) and dip net (mesh size of 0.5 mm) and samples were
sorted in the field using white trays. This enabled the collecting of additional
material if prior catches had yielded only few animals. Sampling effort was kept
equal for the different microhabitats at approximately 4 man hours sorting time,
with the exception of open water, for which sampling and sorting took less time

(approximately o.5 h).

Data analysis

To functionally interpret differences in species composition and abundance, a
number of ecological attributes were looked up in literature. Feeding guild was
subdivided in three classes (herbivorous, detritivorous, carnivorous). Type of
locomotion (aquatic mobility) was subdivided in two classes (crawler, swim-
mer). For each attribute, a species scored 1 for the appropriate class. If more than
one class applied to a species (e.g. omnivores), their score was divided over all
appropriate classes up to a total of 1. Data was derived from (Richoux 1994,
Nilsson & Holmen 1995).

Species dispersal (aerial mobility) was classified as non-dispersive (o), dis-
persive (1) or highly dispersive (2) using a range of literature (references in
Lundkvist et al. 2002, Drost et al. 1992).
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The local status of species (their abundance in the neighbourhood) was based
on extensive research on invertebrates in the nature reserve Korenburgerveen
(Verberk & Esselink 2004). Based on the frequency and abundance of species
found in this study, species were classified arbitrarily into three classes of
increasing abundance: scarce, occasional, abundant. The fourth class was com-
prised of species not found during this study.

To derive the origin of species (within the water body, or from nearby water
bodies), species were assigned to different groups of mobility. Species assign-
ment was based on their abundance in the rafts of both water bodies, relative to
their abundance in other parts of the water body and relative to their abundance
in previous seasons.

Species assigned to the locomotion group (aquatic movement) are presumed
to have moved from other parts of the water body to the rafts. These species
either had low abundances in the rafts, or numbers found in previous seasons
could account for their higher abundances. Species assigned to the dispersal
group (aerial movement) are presumed to have originated from nearby water
bodies through aerial dispersal. These species had high abundances in rafts com-
pared to other parts of the water body and numbers found in previous seasons
could not account for that. Dispersers could be selective (preference for rafts in
one of the two water bodies), or aselective (preference for rafts equal in both
water bodies). Species with insufficient data were assigned as unknown.

RESULTS

The species composition differed between the rafts and other samples taken in
autumn (Table 1), with more Hydraenidae and Hydrophilidae (e.g. Hydreana tes-
tacea, Cymbiodyta marginella) and less Dytiscidae (e.g. Suphrodytes dorsalis) and
Noteridae in the rafts. This difference was also reflected in the species’ ecology,
with herbivorous and detritivorous individuals being more abundant in the rafts
(Fig. 3a) as well as the number of crawling individuals (Fig. 3b).

100% T 100%

B carnivorous @ swimmer

75% 4 B detritivorous| 75% - ® crawler

O herbivorous

50%

50%

25% 25%

0% T | 0% T
rafts other samples rafts other samples

Figure 3. Percentage of individuals, subdivided according to food preference (A) and type
of locomotion (B).
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Table 1. Number of individuals found in rafts and other samples in autumn, as well as
during previous seasons. For each species, information is given on family, flight capaci-
ty, food requirements, rarity, size and their mobility group (see materials and methods).
Only species found in the rafts are shown for reasons of clarity.

a:  abundant rrare Dry: Dryopidae Hyo: Hydrochidae
0:  occasional fr.  fairly rare Dyt: Dytiscidae Hyi: Hydrophilidae
s:  scarce fc:  fairly common  Hal: Haliplidae Not: Noteridae
X: not previously found c¢:  common Hel: Helophoridae  Sci: Scirtidae
vr:  very rare vc: very common  Hya: Hydraenidae
&1 Mesotrophic water body Eutrophic water body | Locomotion L-EL! Food Mobmy group |Rarity
2, s 2 HE g
o =2 17 © c B (%]
st s e N g|e c &8 o2
E 8 3 | E 8 & |8 5 12|, o 2|3 & 8 4
8 5 E 2588 5 E 28|l = [<|2 2 8|l 5 zsd w
. 8 E £ &l 8 e £ 2|E 3 5 § £|€ 8 259 &
s g 2 g =sls g 2 &<z g = 2 Sl g pid g
Anacaena lutescens Hyi| 1 5 4 1 0|3 2 1 1 0|J]05 05|1]0803 0(0 0 1 O a
Copelatus haemorrhoidalis Dyt] 56 0 0 1 O0f 6 1 1 0 1 1 0 ojo o 10 0 0 1 o
Copelatus haemorrhoidalisIr |Dyt] 0 0 3 0 0| 0 0 0 0 O 0 1 210 0 1]0 0 0 1 o
Cymbiodyta marginella Hyi|141 9 0 0 0171 2 0 5 0 0 1 1/0803 0|0 0 O 1 o
Enochrus affinis Hyil]33 1 0 2 0|14 1 6 1 0|05 05(|1/0803 0(0 0 0 1 a
Enochrus coarctatus Hyi] 32 21 6 1 0|70 1 9 3 0|05 05(|1/0803 0(0 0 0 1 o
Enochrus sp Ir Hyil 0 0 5 0 0| 0 0 27 0 O 0 1 o0 0 1]0 0 0 O a
Graptodytes granularis Dyt)] 2 1 0 0 O0Ol11 O O O O 1 0 1710 0 110 0 0 1 s
Helochares punctatus Dyt| 28 177 0 4 1( 8 1 10 0 0| 05 05]1]0803 0|0 0 1 O o
Helochares sp Ir Dytf 3 2 13 0 00 O 9 0 O 0 1 oo o0 1]0 1 0 O o
Hydraena palustris Dyt| 1 0O 0 0 0|24 1 0 O O 0 1 110803 0(0 0 1 O o
Hydraena testacea Dyt] 38 14 0 0 0|3 0 3 0 O 0 1 110803 0|0 0 O 1 s
Hydrochus carinatus Dyt]10 9 1 0 03 1 1 0 0 0 1 1711 0 0|0 O O 1 o
Hydroporus angustatus Dyt] 43 32 1 11 2|5 9 4 20 3 1 0 2|0 0 110 0 O 1 o
Hydroporus scalesianus Dytf10 1 1 0 O 6 0 O O O 1 0 110 0o 1|0 0 0 1 o
Hydroporus tristis Dytf 4 2 0 1 1(24 3 1 2 7 1 0 110 0 10 0 1 O a
Hydroporus umbrosus Dyt| 30 28 2 20 0(20 3 7 8 2 1 0 110 o 10 0 0 1 a
Hygrotus decoratus Dyt| 13 25 0 2 0 (141 20 6 1 1 1 0 110 0 10 0 1 0 a
Hygrotus decoratus Ir Dyt 0 0 1 0 0[O O O O O 0 1 ofo o 1]0 0 1 O a
llybius ater Dyt] 0 0 0 O O 1 0O 0 0 O 1 0 20 0 10 0 0 1 o
llybius ater Ir Dytff 56 0 0 0 Of7 O O O O 0 1 oo 0 1|0 0 0 1 o
Limnebius aluta Dyt[ 82 32 0 0 0159 2 1 0 O 0 1 110803 0|0 0 0 1 s
Ochthebius minimus Dytf] 11 0 0O 0 0[O O O 0 O 0 1 110803 0]0 0 1 0] x
Agabus bipustulatus Dytf 0 0 0 O Of1 1 0 0O O 1 0 J|2|]0 0 1|0 1 0 0] a
Agabus bipustulatus Ir Dytf 0 0 0 0 OoOfO O O O 1 0 1 oo o 1j]0 1 0 O a
Anacaena limbata Hyif 0 0 O O 0] 4 1 1 0 0] 05 05|1]0803 0(0 1 0 O o
Coelostoma orbiculare Hyil 0 0 0 O 0| 2 0 2 0 O 0 1 1/0505 0|0 1 0 O X
Cyphon sp Ir Sci] 1 4 15 0 1| 9 0 14 0 0 0 1 ofo 1 of0 1 0 O] a
Haliplus confinis Dyt 0 0 0 O O 1 1 3 1 1 1 0 111 0 0of0O 1 0 O X
Haliplus confinis Ir Dyt] 0 0 0 O O 1 o 1 0 1 0 1 111 0 0of0O 1 0 O X
Helophorus sp Dyt] 1 o 1 0 02 0 1 0 O 0 1 2({1 o0 0|0 1 0 O s
Hydaticus seminiger Dyt)] 0 0 0 O Ol 4 O 1 3 0 1 0 1710 0 10 1 0 O o
Hydroporus erythrocephalus Dyt 6 1 1 1 0| 6 4 5 3 7 1 0 110 0o 10 1 0 O a
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Hygrotus inaequalis Ir Dytf 0 0 0 0 OfO O 4 0 O 0 1 oo o 1]0 1 0 O a
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Hydrobius fuscipes Dytf11 0 0 2 of 4 0 2 0 0|05 0520803 0|1 0 0 O a
Hydrobius fuscipes Ir Dytff 0 0 0 0 ofO O 1 O OfO5 O05|0]J]0 O 1|1 0 0 O a
Hydrochus brevis Dyt 0 0 0 O O 1 0O 0 0 O 0 1 111 0 Oof1 0 0 O s
Hydroglyphus pusillus Dyt] 56 0 0 0 Of 4 1 3 0 0 1 0 20 0 1|11 0 0 O s
Hydroporus palustris Dyt] 0 1 0 0 1 4 0 0 0 O 1 0 1710 0 1|1 0 0 O o
llybius aenescens Dyt] 2 0 0 0 Of O 1 0 0 O 1 0 20 0 1|1 0 0 O a
llybius aenescens Ir Dytff 0 0 0 0 OfO O O O 1 0 1 oo o0 1|1 0 0 O a
llybius guttiger Dytf o o o 1 ofO0O O 1 1 O 1 0 J|2|0 0 1|1 0 0 0| a
llybius guttiger Ir Dytf 0 1 0 0 Of3 0 O O 2 0 1 oo o 1|1 0 0 O a
Laccobius bipunctatus Dytf 1 o o o of1 1 0 O OfO5 05)|1(0803 01 0 0 O] s
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Both the rafts and the other samples were numerically dominated by species,
which are presumed to have -by means of aerial movement- immigrated to the
water body from the surrounding water bodies (dispersal group; Fig. 4). This
presumption was based data collected in this research (abundances of species in
the rafts, other microhabitats as well as abundances during previous sampling
periods) and was in agreement with literature data on species dispersal (Fig. 5).
Species not capable of flight (Noterus crassicornis and Hydroporus obscurus) were
either presumed to have moved -by means of aquatic movement- within a water
body (locomotion group) or not found in the rafts. Within the dispersal group,
species known from literature to be very mobile, were all aselective dispersers,
having an equal preference for rafts in both water bodies. Common and uncom-

Other samples Rafts

W4

Figure 4. Percentage of individuals, subdivided according to mobility group, shown sep-
arately for rafts and other samples in autumn.

mDispersal - aselective
m Dispersal - selective
m Locomotion

g Unknown
gz Not in rafts

20
O good flyer
@ flyer
@ non-flying
15
10
| I I
O T T T
Locomotion Dispersal selective aselective

Figure s. Number of species with good, normal or no flight capability according to liter-
ature. Results are shown separately for different mobility groups, with dispersal subdi-
vided in selective and aselective dispersal.
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Figure 6. Local status of species (expressed as species percentage) based on surveys in the
area (Verberk et al. 2004).

mon species dominated the dispersal group (Fig. 6). Species, which were locally
rare or not previously found, made up a higher percentage in the locomotion
group (Fig. 6).

Size of species differed, with species in the dispersal group (both selective
and a selective) being significantly smaller compared to those species classified
either in the locomotion group or not found in rafts (student t-test, two-tailed
distribution, unequal variance assumed: P=0.0039).

DISCUSSION

Floating rafts offer a temporary supply of nutrients in the form of detritus and
algae. As a result, the beetle assemblage of floating rafts is characterized by good
dispersers, which are locally abundant, with mainly crawling, herbivorous and
detritivorous species. Some species were carnivores but they probably moved
there from other parts of the water body (Hygrotus inaequalis) or deposited eggs
there (e.g. Ilybius ater). For carnivores, deposition of eggs can be advantageous,
as the secondary production (biomass of detritivores and herbivores) ensures a
good food supply for their carnivorous larvae. Moller Pillot (2003) also found
that temporal changes in food supply can have a profound influence on the
invertebrate assemblage.

Species classified in different mobility groups differed in size, with dispersers
being smaller. Smaller, crawling beetles could be more mobile on the (semi-ter-
restrial) rafts, but size is also linked with e.g. development time and food
requirements. Smaller beetles are expected to require less food, or to be satiated
more quickly. This could be an adaptation to the temporary nature of these food
sources in floating rafts. Most species probably do not reproduce in these rafts as
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most species reproduce in the summer (Richoux 1994). More likely, these species
use the rafts as an energy source for e.g. hibernation and egg development. In a
study on dispersing diving beetles (Dytiscidae), Lundkvist et al. (2002) observed
two peaks in dispersal with females being more coming in the first period
(April-July) than during the second period (August-October), suggesting direct-
ed migration in spring-summer for reproduction and opportunistic dispersal in
autumn.

In short, the rafts are an abundant source of food, which are detected and con-
sequently exploited by dispersive, small coleoptera. Such a strategy requires
good visual or olfactory powers to locate these temporary food sources. As such,
it is a strategy to cope with heterogeneity over long distances and short duration.
This strategy can also be important in an intact raised bog landscape. In
Estonia’s raised bogs there are also spots where decomposition overrules primary
production (Karofeld 2004). These are usually hollows which are inundated for
long times, leading to anaerobic conditions. During summer and autumn, these
spots become dryer and influenced by atmospheric oxygen decomposition rates
increase.

This study provides data on species migration and species dispersal capabili-
ty. This data is derived from seasonal and spatial changes in species abundance.
Despite direct information from studies on trapping flying beetles this indirect
information is also valuable as aerial traps are invariable biased towards some
species and do not always reflect the species composition found in waters near-
by (Lundkvist et al. 2002). In this study, species belonging to the dispersal group
agreed well with the local status of species and with literature information on
flight. This provides important information on the possibilities species have to
deal with environmental challenges, such as coping with temporary water bod-
ies (Van Duinen et al. 2004a). This in turn is important in the practice of restora-
tion management because, with this type of information, the effects that restora-
tion measures have on the species present, can be predicted (see also Van Kleef
et al., in prep).
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