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Association Analysis of Water Beetle Communities
Coleoptera: Dytiscidae et Haliplidae)

by G. Flechtner

Abstract: For the first time quantitative samples of water beetles from stagnant waters
have been recorded. Occurrence in dependence of abiotic and biotic environmental pa-
rameters was investigated.

On family level dytiscids are limited by a few factors only. Therefore they are present in
a great number of different small waters, where they are the dominant macroscopic group
beside larvae of Diptera. On species level many factors are suitable for mutual separation.
The whole family of Haliplidae is confined to productive waters by many para-
meters.

The association of two species reflects their environmental demands. Complexes of envi-
ronmental parameters are regulating occurrence and abundance of species in certain
manners and are in this way implying structure of water beetle communities. Association
analysis is a suitable mean to explain this complex connections.

Key words: Coleoptera Dytiscidae, Haliplidae — association-coefficients — quantitative
sampling — environmental parameters — community structure — limiting factors — pat-
terns of association.

Introduction

“Die jeweilige Kiferfauna ist aufgrund zahlreicher Lokalfaktoren
mit anderen Gebieten nicht vergleichbar.”! Burmeister (1982) is writing
on the aquatic coleopteran fauna of the Murnauer Moos. He is evoking
a problem, which generally is important for the analysis of multi-
species-systems.

Faunistic-ecological investigations of water beetles have been made
for several regions (e.g. Arres & Bike, 1977; Dannaprer, 1977; Dirrner,
1976; Gassmann, 1974; Hepaver, 1979; Mever & Drrrner, 1981;
ScuarieN, 1974; Sercer, 1971). Nevertheless, factors limiting occur-
rence, abundance and community structure are fairly unknown. Be-
cause ecological research normally is restricted to small areas, results
are not transferable to other ones (an exception: Currrn, 1983). Fau-
nistically orientated investigations are incomplete, because the number
of underlaying parameters is too small.

1 Each fauna of beetles is not comparable with that of other regions, because there are too
many local factors.
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This paper is part of a work on structure and function of water beetle
communities and shows first elements of association analysis based on
quantitative sampling, previously unknown for water beetles.

Material and methods

Quantitative samples (n = 195) have been made in the years 1978
and 1979 by the means of an aluminium cube (80 x 80 x 80 cm, bottom
and surface open). Stagnant waters in Southern Germany (Fig. 1) in
biogeographic regions “Zentrales Mittelgebirge” and “Alpen” (ILLiks,
1967) have been investigated. Height above sea-level reached from 89
up to 2054 meters.

MUNCHEN

e

Fig. 1: Geographical distribution of samples.

For each sample 52 parameters have been determined, describing
physical and chemical properties of the water, morphological and
edaphic structure as well as the geographic and the climatic situation.
Coinhabitants have been recorded semiquantitatively. Structure of
water beetle communities was analysed quantitatively by means of
association-coefficients C; according to Hurtserr (1969) and C, accord-
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ing to Soutnwoon (1966) respectively Hasacn (1972). Only species,
which have at least one significant association are considered (Tab. 1).

Tab. 1: Number of species and abundance of their occurrence (only species with signifi-
cant associations)

number abundance of total
of species occurrence” number of
individuals
Dytiscidae
1 Hyphydrus ovatus (L.) 18 101
2 Guignotus pusillus (F.) 19 154
3 Coelambus impressopunctatus (Schall.) 7 35
4 Hygrotus decoratus (Gyll.) 12 255
5 Hygrotus inaequalis (F.) 26 316
6 Hygrotus versicolor (Schall.) 14 383
o Hydroporus dorsalis (F.) 8 178
8 Hydroporus angustatus Strm. 16 88
9 Hydroporus tristis (Payk.) 26 186
10 Hydroporus striola Gyll. 8 248
11 Hydroporus palustris (L.) 98 2971
12 Hydroporus incognitus Shp. 45 144
13 Hydroporus erythrocephalus (L.) 31 316
14 Hydroporus nigrita (F.) 32 60
15 Hydroporus foveolatus Heer 13 153
16 Hydroporus planus (F.) 54 964
17 Hydroporus discretus Fairm. 14 44
18 Hydroporus ferrugineus Steph. 6 16
19 Hydroporus memnonius Nicol. 42 146
20 Hydroporus melanarius Strm. 14 193
21 Graptodytes pictus (F.) 37 416
22 Noterus clavicornis (Deg.) 22 197
23 Noterus crassicornis (Miill.) 22 613
24 Laccophilus minutus (L.) (30) 131
25 Agabus guttatus (Payk.) (15) 123
26 Agabus bipustulatus (L.) (89) 433
27 Agabus melanarius Aubé (23) 309
28 Agabus sturmi (Gyll.) (50) 422
29 Agabus affinis (Payk.) 14 150
30 Agabus congener (Thunb.) (14) 36
31 Agabus undulatus (Schrank) (12) T2
32 Ilybius fuliginosus (F.) (60) 235
33 Ilybius ater (Deg.) (18) 58
34 Rhantus pulverosus (Steph.) 16 31
35 Colymbetes fuscus (L.) 13 117
36 Acilius sulcatus (L.) (12) 44
37 Dytiscus marginalis L. (21 29
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number
of species
Haliplidae
1 Haliplus lineatocollis Mrsh.
2 Haliplus wehnkei Grh.
3 Haliplus ruficollis Deg.
4 Haliplus heydeni Wehnk.
5 Haliplus flavicollis Strm.

abundance of
occurrence”

22
26
33
33
21

total
number of
individuals

288
541
383
466
165

* Numbers in parathesis: there is at least one sample, where only larvae had been found.

Results and discussion

Structuring factors on family level
The parameter “daily length of shading” (light intensity, Fig. 2) has
been selected to demonstrate the typical behaviour of dytiscids in rela-
tion to environmental factors. Mean values for single species are scat-
tered in a wide range around the mean value for all sampling units. In
general, the presence of predaceous diving beetles does not depend on
light intensity, but for individual species this can be an important fac-

number of

species

mean of all samples w=

RoR ox

shading

T

50

100 1% of day lengthl

Fig. 2: Dytiscidae and their occurrence in relation to light intensity, measured by daily
length of shading. Every cross shows the mean for one species. To its identification and
abundance look on the table.
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tor. Often parameter mean values for species show large standard devi-
ations. Nevertheless many factors can be used, to separate species in a
statistical significant manner.

Still several dependencies on family level can be detected. It con-
cerns the parameters: altitude, square dimension of waterbodies, influ-
ence by wind, and degree of plant cover (Figs 3 and 4). Generally
dytiscid beetles prefer smaller waters, the smaller Haliplidae greater
ones. Additionally dytiscids favour lower altitudes, with little influence
by wind and a high degree of plant cover. The latter confirms an as-
sumption of Kocu (1968).
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Fig. 3: The occurrence of Dytiscidae in relation to altitude and square dimension of water-
bodies. In the last case Haliplidae are included. Every cross (circle) shows the mean for
one species. To its identification and abundance look on the table.

In opposition to Larson & Corso (1983), who assumed a negative
correlation between dytiscids and larvae of dragonflies, relationships to
other groups of animals are not present on family level. But there are
two exceptions. The abundance of larvae of caddisflies is negatively cor-
related with the occurrence of predaceous water-beetles. Like dytiscids
dipteran larvae (mainly chironomids) are found in nearly all samples.
They may play an important role in nutrition of beetles.
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Fig. 4: The occurrence of Dytiscidae in relation to influence by wind and plant cover of
sampling unit (SP). Every cross shows the mean for one species. To its identification and
abundance look on the table.

Shallow litoral zones of standing permanent small waters are gov-
erned by diytiscids. Beside dipteran larvae they are the dominating
macroscopic group, at least concerning their number of presence (Fig.
5). Therefore they seem to be suitable as a tool for a differentiated classi-
fication of such types of waterbodies and proofing their water quality.

Haliplidae are confined to a much lower number of waters (Fig. 5).
Many environmental parameters have a trend to limit their occurrence.
Similar like Dytiscidae crawling water beetles prefer lower altitudes
and high degrees of plant cover. But tendencially they are settling in
larger waterbodies (Fig. 3). Light intensity should be high as well as
value of pH. There is a high demand for oxygen, combined with the ex-
istence of green algae.

A positive connexion seems to exist between the occurrence of
Haliplidae and other groups, like larvae of Odonota, larvae of Ephe-
moptera and Plecoptera, water-inhabiting Heteroptera, Hydrophilidae
(s.l.), larvae of Megaloptera, Amphibia & Reptilia, and Pisces. Whereas
the abundance of larvae of Trichoptera is negatively correlated with the
presence of Haliplidae. The mean values of all five species showing on
association have a corresponding behaviour in relation to the factors
mentioned above. They are all together either under or above the means
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of all samples according to the respective factor. There is only one ex-
ception: square dimension of waters (cf. Fig. 3).

In general, the family of Haliplidae is showing affinity to waters
with high productivity.

Association of two species

The characterization of waters for two negatively associated spe-
cies (Fig. 6: Hydroporus nigrita F. and Noterus clavicornis (Deg.); C, =
-1.0, C; = 1.0, p<0.03) shows, that they are avoiding each other, be-
cause they have different abiotic claims. Positively associated species
(Fig. 7: Hydroporus tristis Payk. and Hydroporus erythrocephalus (L.);
C,=+0.54, C,=+0.27, p<0.001) on the other hand are far-ranged par-
allelly in their environmental demands. This may be the only reason
for their joint occurrence. Hutchinson index for both species is 1.36. It
is imaginable, that different sizes lead to an utilization of different food
niches (Torp, 1981).
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Fig. 6: Negative association of two species and characterization of waters, which are inha-

bited.
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wind-SP 1
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conductivity 1

pH-value 4

total-hardiness

carbonate-hardiness

alkalinity 1

carbon dioxide 4
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chloride 1

sulphate

nitrate 1

nitrite 4

total count
of bacteria

The examples demonstrate: associations are constituted either by

similar or by different demands to environmental factors.
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Occurrance and abundance of particular species

All investigated species show that occurrence and abundance are
regulated by a complex of factors. As example Hydroporus melanarius
Strm. is taken (Fig. 8). High numbers of individuals are attainted only,
if parameters — in our example light intensity, degree of plant cover,
square dimension of waters, and value of pH — are all outside of a pessi-
mal region. Presence of Hydroporus melanarius depends on low values
of pH. But the occurrence of this species is not necessarily a proof for
a low pH-value (see Fig. 8: waterbody n. 14).

One of the consequences is therefore, that Dytiscidae only can be
used as bioindicators, if quantitative samples are taken. A similar state-
ment for Elmidae was given by Knit (1977).

Structure of water beetle communities and patterns of association

In figure 9 a part of the community structure depending on square
dimensions of waterbodies and light intensity of sampling point is pre-
sented examplaryly. As theory is demanding, only species are positively
associated, which possess similar claims to both parameters. Relations
are in those cases negative, in which demands to both factors are con-
trasting.

By means of association analysis structures of communities can be
detected, which are based either on similarity or on dissimilarity of en-
vironmental parameters (abiotic and biotic ones).

Despite a great variability in individual data water beetles depend
in a very characteristic manner on environmental features. This can be
shown for the occurrence of families as well as for the much different-
iated case of the occurrence of particular species and their interactions.
Finally we can see a complex pattern of environmental factors regulat-
ing abundance of individuals. Association analysis, which contain the
investigation of a sufficient quantity of waterbodies and a high number
of parameters, are able to show this and to give useful explanations.
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