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Abstract 

We investigated the abundance and taxonomic composition of the aquatic predatory insect 

fauna, with focus on adult diving beetles (Coleoptera: Dytiscidae), in eight temporary flooded 

wet meadows and two alder swamps in the River Dalälven floodplains, central Sweden 2002 

to 2006. Diving beetles are generalist predators and often abundant in various waters, 

including temporary wetlands. In the River Dalälven floodplains, recurrent floods induce 

massive hatching of floodwater mosquitoes (Diptera: Culicidae), which constitute a super-

abundant patchy and irregular food resource for aquatic predatory insects. Our aims were 1) to 

characterize the assemblage of adult diving beetles occurring in the wetlands during floods in 

relation to time and wetland type, and 2) to evaluate the effect on the aquatic predator 

assemblage of strongly reducing the abundance of a potential prey, flood-water mosquito 

larvae (Diptera: Culicidae) with Bacillus thuringiensis var. israelensis (Bti) during floods. We 

found diving beetles to be the dominating aquatic predatory insect taxa in all ten wetlands. 

There was a difference in Dytiscidae species richness but not in diversity between wet 

meadows and alder swamps after rarefaction. The cluster analysis based on dytiscid species 

and abundances showed very high similarities between the wetlands. The variance component 

analysis was unable to distinguish any factor that could explain more than 7.4% of the 

variation in the dytiscid species assemblages. The only effect of Bti-treatment against flood-

water mosquito larvae, potential food for the predatory dytiscids, was a slight increase in 

abundance of the medium-sized dytiscid species. Our results are in accordance with previous 

studies, suggesting that irregular and recurrent flood dynamic structure the dytiscid fauna 

more than food limitations and environmental factors. 



 3 

Introduction  

Recurrent but irregular floods along large rivers create temporary wetlands that provide 

opportunities for many species to proliferate and develop. Temporary flooded wetlands have 

long been neglected in studies of the aquatic insect fauna. Instead the scientific focus has been 

on insect communities in permanent waters (Nilsson et al., 1994; Tate & Hershey, 2003), 

temporary pools (Kiflawi et al., 2003; Blaustein et al., 2004), and prairie pot holes (Anderson 

& Vondracek, 1999; Euliss et al., 2002). Ephemeral wetlands are however important for many 

aquatic and semi-aquatic species and newly flooded wetlands are often nutrient-rich and 

provide habitats for aquatic insects (Wiggins et al., 1980; Larson, 1985). Abundant food 

resources in temporary flooded wetlands may provide suitable feeding and reproduction 

possibilities for aquatic predatory insects (e.g. Coleoptera: Dytiscidae, Hemiptera: Corixidae 

and Notonectidae) (Batzer & Wissinger, 1996; Schneider, 1999; Wilcox, 2001). Flood 

duration is the most important factor structuring the aquatic insect fauna (Schneider & Frost, 

1996). Long hydroperiods lead to a fauna more characteristic of permanent waters with higher 

degrees of biotic interactions including increased number of predators and density-dependent 

regulating factors (Wiggins et al., 1980; Wellborn et al., 1996; Jenkins & Buikema, 1998). 

Short hydroperiods are on the other hand, associated with species with fast developmental 

time, abundant food resources, less impact of predators and species adaptations to a fast 

changing environment (Nilsson, 1986; Wellborn et al., 1996; Williams, 1996). Flood-water 

mosquitoes (Diptera: Culicidae) are typical of short hydroperiod fauna, being highly adapted 

to temporary wetlands. 

 

In addition to hydrology, the presence of predators may often constitute the greatest factor 

structuring invertebrate communities in wetlands (Wellborn et al., 1996). Temporary flooded 

wetlands are usually fishless and top predators are often dytiscids (Coleoptera: Dytiscidae) 

and other insects classified as generalist predators (Nilsson & Holmen, 1995; Batzer & 

Wissinger, 1996). Dytiscids occur in almost any type of freshwater aquatic environments, 

such as wetlands, snow pools, lakes, streams, rivers and bogs (Nilsson & Holmen, 1995). 

Dytiscids are generalist aquatic predators that will feed on any suitable aquatic prey, however 

food preference seem to occur for at least some species (Deding, 1988; Kehl & Dettner, 2003; 

Lundkvist et al., 2003).  
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The floodplains of River Dalälven, central Sweden, are subject to recurrent but irregular 

floods of variable amplitude and duration (http://www.vattenreglering.se). These recurrent 

floods have shaped a complex wetland landscape with a mixture of wet meadows, marshes 

and swamps. Although water flow regulations of River Dalälven have reduced the amplitude 

and duration of floods in most of the floodplains, the wetlands around Lake Färnebofjärden 

still have a semi-natural flood regime. Floods during May to August induce massive 

emergence of the flood-water mosquito Aedes sticticus, a species causing massive nuisance to 

humans, in large areas around the wetlands (Schäfer et al., 2008). After decades of 

complaints, mosquito control operations were commenced in the summer of 2002, using the 

biological mosquito larvicide VectoBac G©, with protein crystals produced by Bacillus 

thuringiensis var. israelensis (Bti) as active ingredient, to reduce populations of Aedes 

sticticus and other flood-water mosquito species. Bti is specific and efficient against 

mosquitoes (Becker et al., 2003) with few or no direct negative effects on non-target insects 

(Boisvert & Boisvert, 2000; Lundström et al., 2009). Flood-water mosquito larvae are 

abundant in the flooded areas from about 24 hours after the flood reaches its maximum level, 

and for about 10 days depending on the water temperature. 

 

Our aims were 1) to characterize the assemblage of adult diving beetles occurring in the 

wetlands during floods in relation to time and wetland type, and 2) to evaluate the effect on 

the aquatic predator assemblage of strongly reducing the abundance of a potential prey, flood-

water mosquito larvae (Diptera: Culicidae) with Bti during floods. 

 

Material and methods 

Study areas 

The aquatic predatory insect assemblages, especially adult dytiscid assemblages, were studied 

in eight open temporary wetlands (wet meadows), and two forested wetlands (alder swamps) 

around Lake Färnebofjärden in the River Dalälven floodplains, central Sweden, during spring 

and summer floods from 2002 to 2006. Flood frequency, duration and magnitude have 

profound effects on the vegetation (Keddy, 2000). Wet meadows, characterized by grasses 

and herbs with a few or no woody plants, form in areas subject to relatively frequent flood of 

relatively long duration. Swamps, characterized by the abundance of woody plants and trees 

forming a canopy, form in areas subject to less frequent floods of shorter duration. Floods in 

the River Dalälven floodplains are induced by snow-melt in spring and by heavy rain in 



 5 

summer. The geographical locations of the wetlands are given in Fig. 1 and descriptions of 

individual wetland in Table 1.  

 

Fig. 1. Location of the River Dalälven floodplains in central Sweden, and the ten temporary 

wetlands where the aquatic predatory fauna was investigated 2002 to 2006. In the 

experimental (Exp) wetlands, abundance of mosquito larvae was reduced by Bti-treatment, 

while no treatment was performed in reference (Ref) wetlands. The arrows indicate the flow 

direction of the River Dalälven. 

 

Reduction of flood-water mosquito larvae abundance in temporary flooded wetlands in the 

River Dalälven floodplains is based on aerial application of VectoBac G© granules. The aerial 

application of VectoBac G© at 13-15 kg ha
-1 

(0.4 kg Bti ha
-1

), using a helicopter sling system 

with a bucket spreader, gives close to 100% reduction of flood-water mosquito larvae (M. L. 

Schäfer and J. O. Lundström, unpublished). Four experimental wetlands (Laggarbo, 

Nordmyra, Norrån and Valmbäcken) were treated during periods of floods in 2002, 2003, 

2005 and 2006 (Table 1). The remaining six wetlands (Fågle, Lusmyren, Gysinge, Ista, 

Stavnäs and Koversta) were reference wetlands, and untreated throughout the study. 
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Table 1. Description of the ten temporary wetlands where aquatic predatory insects were studied in 2002 to 2006 in the River Dalälven 

floodplains, central Sweden. In the experimental (Exp) wetlands, abundance of mosquito larvae was strongly reduced by Bti-treatment, while no 

treatment was performed in reference (Ref) wetlands. During the stated months the river flooded. During the months in bold experimental 

wetlands were Bti-treated.  

          

Wetland, type, size Year Floods/Bti-treatment  Vegetation structure Adjacent permanent water 

Laggarbo Exp 2002 May, July, July/August Herbs: Carex spp. stream Laggarboån 

wet meadow 2003 May, June Bushes: Salix spp.  

 2004 May Trees: none  

 2005 June, August   

 2006 May   

Nordmyra Exp 2002 May, July, July/August Herbs: Carex spp., Phragmites australis Lake Nordmyrasjön 

wet meadow 2003 May, June Bushes: Salix spp.  

 2004 May Trees: none  

 2005 June, August   

 2006 May   

Norrån Exp 2004 May Herbs: Carex spp. stream Norrån 

wet meadow 2005 June, August Bushes: Salix spp.; Trees: none  

 2006 May   

Fågle Ref 2002 May, July, July/August Herbs: Carex spp. rivulet Fågleån 

wet meadow 2003 May, June Bushes: Salix spp.  

 2004 May Trees: none  

 2005 June, August   

 2006 May   

Lusmyren Ref 2002 May, July, July/August Herbs: Carex spp. Lake Färnebofjärden 

wet meadow 2003 May, June Bushes: Salix spp.  

 2004 May Trees: none  
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 2005 June, August   

 2006 May   

Gysinge Ref 2004 May Herbs: Carex spp. River Dalälven 

wet meadow 2005 June, August Bushes: Salix spp.; Trees: none  

 2006 May   

Ista Ref 2004 May Herbs: Carex spp. Lake Färnebofjärden 

wet madow 2005 June, August Bushes: Salix spp.; Trees: none  

 2006 May   

Stavnäs Ref 2004 May Herbs: Carex spp. Lake Färnebofjärden 

wet meadow 2005 June, August Bushes: Salix spp.; Trees: none  

 2006 May   

Valmbäcken Exp 2002 May, July, July/August Herbs: Filipendula ulmaria, ferns; Bushes: none stream Valmbäcken 

alder swamp 2003 May, June Trees: Betula pubescens, Alnus glutinosa  

     

Koversta Ref 2002 May, July, July/August Herbs: Filipendula ulmaria, ferns; Bushes: none rivulet Koverstaån 

alder swamp 2003 May, June Trees: Betula pubescens, Alnus glutinosa   
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Predatory insect sampling and identification 

We used submerged activity traps to catch active aquatic predatory insects including adult 

Dytiscidae, Corixidae and Notonectidae (Jansson, 1996; Nilsson, 1996). The activity traps 

same as in Lundkvist et al. (2001), consisted of a 1.5-L plastic cylinder with a funnel (100 and 

23 mm at the widest and narrowest points) inserted in the centre of the bottom and a fine net 

lid (0.5 mm mesh) covering the other end to allow water exchange. Activity traps are 

commonly used in studies of dytiscids as they provide a relative clean sample (i.e. minimizing 

sorting time) and trap over night when many predators are active (Hilsenhoff, 1987; 

Hilsenhoff, 1991; Nilsson et al., 1994; Lundkvist et al., 2001). Each of the ten wetlands was 

sampled for aquatic predatory insects during at least two consecutive years, in the 2002-2006 

study period. On each sampling occasion, three to ten traps were placed in each wetland for 

24, 48 or 72 hours, and the water-level at each trap position was measured. One trap used 24 

hours is one trapping period and two traps are two periods etc. The traps were usually placed 

horizontally on the bottom but occasionally also in mid water if the water depth exceeded 20 

cm. The activity traps were used during floods and required a minimum water depth of 10 cm 

to remain submerged. Thus, the number of 24 h trapping periods varied between years and 

wetlands (Table 2). Upon emptying, the catch was sorted in the field and the predatory insects 

were transferred to plastic vials containing > 70 % ethanol. 

 

Identification of the collected insects to family and genus followed the keys in Jansson 

(1996), Andersen (1996) and Solem and Gullefors (1996). Species identification of 

Dytiscidae followed the keys in Nilsson and Holmen (1995).  

Statistical analyses  

Statistical analyses were performed on Dytiscidae abundance and species data. We defined 

species richness as the number of dytiscid species found in each wetland and year. 

Rarefaction was calculated in EcoSim v.7.68 (Gotelli & Entsminger, 2004) to compensate for 

differences in sampling effort between wetlands and years. Calculations of dytiscid diversity 

were made with Hurlbert's PIE (Hurlbert, 1971). Hurlbert‟s PIE diversity index gives the 

probability that two randomly sampled individuals from the assemblage represent two 

different species, and this index is relatively little influenced by sample size. The range of 

Hurlbert‟s PIE is 0-1, where 0 represent low and 1 high diversity.  

 

Rarefaction was calculated based on all dytiscid species, but to minimize the effect of 

variation in abundance of common species we removed the most abundant species, 
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Table 2. Number of dytiscids and catch effort measured as the number of 24 h trapping periods from sampling in ten temporary flooded wetlands 

in the River Dalälven floodplains. Exp = experimental (Bti – treated), Ref = reference (not treated). 

 

Wetland 2002 2003 2004 2005 2006 2002-2006 

 

no.  

dytiscids 

no. 24 h  

periods 

no.  

dytiscids 

no. 24 h  

periods 

no.  

dytiscids 

no. 24 h 

 periods 

no. 

dytiscids 

no. 24 h 

periods 

no. 

dytiscids 

no. 24 h 

periods 

Total no.  

dytiscids 

Total no. 24 h 

periods 

Laggarbo Exp 151 214 61 66 659 59 12 18 8 24 891 381 

Nordmyra Exp 92 153 14 12 70 31 152 9 2 24 330 229 

Norrån Exp n.i. n.i. n.i. n.i. 299 37 88 30 32 20 419 87 

Fågle Ref 369 164 44 46 1,567 63 131 28 55 24 2,166 325 

Lusmyren Ref 155 148 59 74 119 55 1 9 0 22 334 308 

Gysinge Ref n.i. n.i. n.i. n.i. 285 31 11 9 12 19 308 59 

Ista Ref n.i. n.i. n.i. n.i. 50 31 29 40 16 24 95 95 

Stavnäs Ref n.i. n.i. n.i. n.i. 1,721 52 157 22 84 22 1,962 96 

Valmbäcken Exp 49 44 6 4 n.w. n.w n.w. n.w n.w n.w 55 48 

Koversta Ref 79 65 63 14 n.w n.w n.w n.w n.w n.w. 142 79 

Total 895 788 247 216 4,770 359 581 165 209 179 6,702 1,707 

n.i. = not included in the study and no sampling, n.w. = no water and no sampling
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Hydroporus striola, in 2002, 2003 and 2004. In total 3,731 individuals of 59 species were 

used for the rarefaction analysis. We tested for differences in dytiscid species richness after 

rarefaction between wet meadows and alder swamps, and between experimental and reference 

wetlands for 2002 to 2003. Abundances were rarefied to 41 individuals 2002 and 5 

individuals 2003, respectively. The rarefied number of species was analysed in relation to 

habitat and Bti-treatment in a MIXED MODEL (PROC MIXED, SAS Institute 2004) with 

wetland as a random factor to account for the repeated sampling, while year was used as a 

fixed factor. Due to relative few individuals and species from 2005 and 2006, the cumulative 

number of dytiscid species richness was calculated for each individual wetland and used for 

testing for Bti-treatment effects between experimental and reference wet meadows for 2005 to 

2006. Abundances were rarefied to 20 individuals. This analysis was evaluated with ANOVA. 

The year 2004 was excluded from the analyses because no Bti–treatments were carried out. 

 

Dytiscids are generalist aquatic predators feeding on the prey they can find, capture and 

handle. The body size range of Dytiscidae is from 2.0 mm up to 44 mm in length, indicating a 

similar variation in size of suitable prey organisms (Deding, 1988). Individuals of Dytiscidae 

were grouped in three size-classes irrespective of the species owing to species data was not 

sufficient (to few) for analyses at species level. The three dytiscid size-classes were small (2-

6.9 mm), medium-sized (7-15.9 mm) and large (≥16 mm) and followed the size distribution of 

dytiscid species in Nilsson & Holmen (1995). Moreover, species in all three size-classes have 

been observed to be predators on mosquito larvae (Nilsson & Söderström, 1988; Nilsson & 

Holmen, 1995; Lundkvist et al., 2003). Number of individuals in all three size classes was 

tested for effects due to Bti-treatments between experimental and reference wetlands 2002 to 

2006. In addition we tested what effect the interaction between dytiscid size-classes and Bti-

treatment had on dytiscid abundances between experimental and reference wetlands. The 

prerequisite was that the mosquito control with Bti caused a mosquito larvae reduction close 

to 100 % (M. L. Schäfer and J. O. Lundström, unpublished). All tests were evaluated by 

ANCOVA, with water depth and time of year as covariates. 

 

A cluster analysis based on McQuitty Similarity analysis (SAS Institute, 2004) was performed 

and a dendogram constructed to visualize similarities and dissimilarities in dytiscid 

assemblages between wetlands. The dytiscid assemblage data were controlled for variation in 

number of trapping periods between years before the dendogram was constructed. The 
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McQuitty Similarity analysis range from zero and upwards, depending on the similarities in 

the groups defined. 

 

A variance component analysis was used to analyse the relative explanatory importance of 

each environmental and temporal variable, with respect to the variation in the weekly 

abundance of dytiscids in activity traps. The variance components included in the analysis 

were: dytiscid size class (the same three size classes that were used for the ANCOVA 

analyses), year of sampling, week of sampling, wetland, water depth at trap (range 10 cm to 

50 cm) and Bti-treatment. The importance of each of the variance components were estimated 

in PROC VARCOMP using restricted maximum likelihood. 

 

Statistical analyses were performed using the SAS statistical software, v. 9.1 (SAS Institute, 

2004). 

 

Results 

Composition of the aquatic predatory insect community 

A total of 6,863 aquatic predatory insects were caught in activity traps in temporary flooded 

wetlands of the River Dalälven floodplains, during 2002-2006. The 1,707 trapping periods 

provided four insect orders with aquatic predatory insect species occurred: Coleoptera (3 

families, 19 genera and 61 species), Odonata (5 families, 7 genera and 7 species), Hemiptera 

suborder Heteroptera (5 families, 10 genera and > 20 species) and Trichoptera (1 family, 1 

genera and 1 species) (Table 3, Table 4).  

Adult Dytiscidae had the largest number of individuals and species. Most common was 

Hydroporus striola which occurred in 0.2 to 7.7 individuals per 24 h trapping period 

including all wetlands and years. Only Hydroporus striola and Ilybius guttiger were recorded 

from all ten study wetlands. Small species, mainly Hydroporus spp. and Hygrotus spp., 

dominated the fauna from the wet meadows, while the medium-sized Ilybius subtilis 

dominated in the alder swamps. Large species comprised less than 1% of all dytiscids and 

were caught in very low numbers in all study wetlands during all years. 

 

For the whole study period and all wetlands combined, the five most abundant small 

Dytiscidae species were Hydroporus striola (3,165 individuals), Hydroporus umbrosus (597), 

Hydroporus rufifrons (503), Hygrotus inaequalis (182) and Hydroporus palustris (172). The 
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most abundant medium-sized species were Ilybius guttiger (164), Ilybius ater (154), Rhantus 

exsoletus (149), Hydaticus aruspex (123), and Agabus congener (114). The most abundant 

large species were Dytiscus circumcinctus (44), Colymbetes striatus (9), Dytiscus marginalis 

(7) and Colymbetes paykulli (5). One species of particular protection concerns was recorded, 

viz Graphoderus bilineatus, (Natura 2000 species listed in the Council Directive 92/43/EEC 

on the Conservation of natural habitats and of wild fauna and flora). It was found in the 

experimental wet meadow Nordmyra 2003 and 2005 and in the reference wet meadows 

Gysinge 2004 and Ista 2005. 

 

Table 3. Number and percentage of aquatic predatory insects (identified to order and family) 

in catches obtained with submerged activity traps in ten temporary wetlands in the River 

Dalälven floodplains, central Sweden during 2002 to 2006. Numbers are the total catches 

during all five years. 

 

        

Insect order Family Number Relative percentage 

Coleoptera Dytiscidae 6,702 97,65 

Hemiptera Corixidae 57 0,83 

Coleoptera Noteridae 24 0,35 

Hemiptera Notonectidae 23 0,34 

Hemiptera Nepidae 17 0,25 

Hemiptera Gerridae 12 0,17 

Odonata Corduliidae 10 0,15 

Hemiptera Hydrometridae 6 0,09 

Odonata Coenagrionidae 5 0,07 

Odonata Libellulidae 2 0,03 

Coleoptera Gyrinidae 2 0,03 

Trichoptera Phryganeidae 1 0,01 

Odonata Aeshnidae 1 0,01 

Odonata Lestidae 1 0,01 

  Total 6,863 100 
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Table 4. Diving beetle species trapped in ten temporary wetlands in the River Dalälven floodplains central Sweden, 2002 to 2006. 

 

          

Order/Family Species  Size-class* Number 

Coleoptera     

Dytiscidae Acilius canaliculatus (Nicolai)  medium 49 

 Agabus affinis (Paykull)  medium 8 

 Agabus affinis/biguttulus   6 

 Agabus biguttulus (Thomson)  medium 4 

 Agabus congener (Thunberg)  medium 114 

 Agabus congener/lapponicus   21 

 Agabus fuscipennis (Paykull)  medium 5 

 Agabus guttatus (Paykull)  medium 2 

 Agabus lapponicus (Thomson)  medium 6 

 Agabus melanarius Aubé  medium 1 

 Agabus paludosus (Fabricius)  medium 1 

 Agabus striolatus (Gyllenhal)  medium 1 

 Agabus sturmii (Gyllenhal)  medium 1 

 Agabus uliginosus (Linneaus)  medium 4 

 Agabus unguicularis (Thomson)  medium 9 

 Agabus spp.  medium 7 

 Coelambus impressopunctatus (Schaller)  small 6 

 Colymbetes paykulli Erichson  large 5 

 Colymbetes striatus (Linnaeus)  large 9 

 Dytiscus circumcinctus Ahrens  large 44 

 Dytiscus marginalis Linnaeus  large 7 

 Dytiscus spp.  large 2 

 Graphoderus bilineatus (DeGeer)  medium 4 

 Graphoderus cinereus (Linnaeus)  medium 6 

 Hydaticus aruspex Clark  medium 123 

 Hydaticus seminiger (De Geer)  medium 99 
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 Hydaticus transversalis (Pontoppidan)  medium 2 

 Hydroporus angustatus Sturm  small 155 

 Hydroporus erythrocephalus Linnaeus  small 36 

 Hydroporus glabriusculus Aubé  small 97 

 Hydroporus gyllenhali Schiödte  small 2 

 Hydroporus incognitus Sharp  small 29 

 Hydroporus memnonius Nicolai  small 1 

 Hydroporus neglectus Schaum  small 10 

 Hydroporus obscurus Sturm  small 2 

 Hydroporus palustris (Linnaeus)  small 172 

 Hydroporus rufifrons (Müller)  small 503 

 Hydroporus scalesianus Stephens  small 2 

 Hydroporus striola (Gyllenhal)  small 3,165 

 Hydroporus tristis (Paykull)  small 58 

 Hydroporus umbrosus (Gyllenhal)  small 597 

 Hygrotus decoratus (Gyllenhal)  small 161 

 Hygrotus inaequalis (Fabricius)  small 182 

 Hygrotus versicolor (Schaller)  small 102 

 Hyphydrus ovatus (Linnaeus)  small 2 

 Ilybius aenescens Thomson  medium 4 

 lybius ater (De Geer)  medium 154 

 Ilybius erichsoni (Gemminger & Harold)  medium 20 

 Ilybius fenestratus (Fabricius)  medium 1 

 Ilybius fuliginosus (Fabricius)  medium 10 

 Ilybius guttiger (Gyllenhal)  medium 164 

 Ilybius quadriguttatus (Lacordaire)  medium 56 

 Ilybius similis Thomson  medium 1 

 Ilybius subaeneus Erichson  medium 2 

 Ilybius subtilis (Erichson)  medium 93 

 Ilybius subtilis/erichsoni   1 

 Ilybius spp.  medium 3 

 Laccophilus minutus (Linnaeus)  small 1 
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 Porhydrus lineatus (Fabricius)  small 144 

 Rhantus exsoletus (Forster)  medium 149 

 Rhantus frontalis (Marsham)  medium 5 

 Rhantus grapii (Gyllenhal)  medium 31 

 Rhantus suturalis (MacLeay)  medium 1 

 Rhantus suturellus (Harris)  medium 22 

 Scarodytes halensis (Fabricius)  small 1 

 Suphrodytes dorsalis (Fabricius)  small 16 

 Hydroglyphus sp.  small 1 

Other    161 

 Total      6,863 

      
*
Size class refers to dytiscid species grouped together as: small 0-6.9mm, medium 7-15.9mm and large ≥16mm. 
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The highest abundances of dytiscids were observed after the spring floods, which usually 

occurred during May to June each year, by week 18 to 23 (Fig. 2). However, a deviation from 

this general temporal pattern occurred in 2002, when the dytiscid peak activity was recorded 

in August, by week 32. The year 2004 had the largest annual catch (71.4% of the total number 

of dytiscids). Two species, Hydroporus striola and Hydroporus umbrosus, dominated the 

dytiscid catches 2003 to 2006 (Fig 2a c), while Hydroporus striola and Ilybius ater dominated 

in 2002 (Fig. 2b). 
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Fig. 2. Weekly dytiscid catches, with the two most abundant dytiscid species, collected with 

submerged activity traps in temporary wetlands in the River Dalälven floodplains central 

Sweden. In a) the annual catch of 2002, in b) the annual catch of 2004, and in c) the total 

catch of 2003, 2005 and 2006. 
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Dytiscid richness and diversity 

In total, 6,702 dytiscids including 61 species were collected in this study (Table 4). The 

highest number of species was caught in Fågle (reference wet meadow) and Laggarbo 

(experimental wet meadow), each with 36 species, and the lowest in Valmbäcken 

(experimental alder swamp) with 10 species. After rarefaction, Lusmyren (reference wet 

meadow) had the highest richness with 20 species, followed by Laggarbo with 18 species, and 

the lowest richness was found in Norrån (experimental wet meadow) with 3 species (Table 5).  

 

To evaluate the sampling effort the cumulative number of Dytiscidae species was plotted 

against the cumulative number of 24 h trapping periods. The cumulated species curve 

asymptotically levelled out after three years of consecutive sampling and no additional 

species was added during the last two years of sampling (Fig. 3).  

 

After rarefaction, we found differences in the dytiscid species richness between wet meadows 

and alder swamps for the years 2002 to 2003 (p = 0.020, df = 1, F = 20.9, MIXED MODEL), 

and a significant year*wetland interaction (p = 0.032, df = 1, F = 14.3). There was higher 

species richness in the wet meadows than in the alder swamps in 2002, but not in 2003. We 

found no differences in dytiscid species richness between experimental wetlands and 

reference wetlands for the years 2002 and 2003 (p = 0.445, df = 1, F = 0.77, MIXED 

MODEL). In addition, there was no difference in the cumulative dytiscid richness after 

rarefaction between experimental and reference wet meadows, for the years 2005 and 2006, (p 

= 0.615, df = 1, F = 0.29, ANOVA). 

 

The Hurlbert‟s PIE index of diversity varied between 0.35 and 0.90, for all wetlands and all 

years (Table 5). We found no differences in dytiscid diversity neither between years (p = 

0.749, df = 4, F = 0.48, ANOVA), between wet meadows and alder swamps (p = 0.991, df = 

1, F = 0, ANOVA), nor between experimental and reference wetlands (p = 0.392, df = 1, F = 

0.75, ANOVA). 

 

Dytiscid assemblage similarities between wetlands 

The cluster analysis based on McQuitty similarity analysis (Fig. 4) of all wetlands and all 

years, based on dytiscid assemblages data, showed high similarity for 32 annual samples at a 

linking distance of 1.0, while Nordmyra 2005, Fågle 2004 and Stavnäs 2004 were solitaires. 

At a linking distance of 3.0 two clusters were formed, one small cluster containing Fågle 2004 
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Table 5. Dytiscidae species richness, rarefaction and Hurlberts PIE (range 0-1, where zero is low diversity and one high diversity) by year in 

eight wet meadows and two alder swamps in the River Dalälven floodplains, central Sweden 2002 to 2006. In the experimental (Exp) wetlands, 

abundance of mosquito larvae was strongly reduced by Bti-treatment, while no treatment was performed in reference (Ref) wetlands.  

         

Wetland  Measurement 2002 2003 2004 2005 2006 Total 

Laggarbo Exp Species richness (rarefaction) 20 (17) 16 (5) 28 (14) 6 (5) 5 (5) 36 (18) 

 Hurlbert‟s PIE 0.90 0.66 0.83 * 0.73  

Nordmyra Exp  Species richness (rarefaction) 17 (15) 8 (5) 19 (15) 21 (5) 2 (-) 30 (17) 

 Hurlbert‟s PIE 0.84 * 0.88 0.87 *  

Norrån Exp Species richness (rarefaction) n.i. n.i. 13 (13) 15 (4) 8 (3) 24 (14) 

 Hurlbert‟s PIE n.i. n.i. 0.57 0.64 0.37  

Fågle Ref Species richness (rarefaction) 31 (15) 13 (5) 18 (13) 12 (3) 13 (5) 36 (16) 

 Hurlbert‟s PIE 0.83 0.86 0.35 0.47 0.76  

Lusmyren Ref Species richness (rarefaction) 27 (21) 12 (5) 19 (15) 1 (-) 0 (-) 34 (20) 

 Hurlbert‟s PIE 0.89 0.84 0.86 * *  

Gysinge Ref Species richness (rarefaction) n.i. n.i. 19 (11) 6 (5) 7 (6) 24 (12) 

 Hurlbert‟s PIE n.i. n.i. 0.81 * 0.86  

Ista Ref Species richness (rarefaction) n.i. n.i. 13 (12) 13 (6) 7 (5) 19 (16) 

 Hurlbert‟s PIE n.i. n.i. 0.78 * 0.75  

Stavnäs Ref Species richness (rarefaction) n.i. n.i. 24 (13) 14 (5) 16 (6) 28 (12) 

 Hurlbert‟s PIE n.i. n.i. 0.60 0.82 0.87  

Valmbäcken Exp Species richness (rarefaction) 7 (7) 5 (5) n.w. n.w. n.w. 10 (10) 

 Hurlbert‟s PIE 0.39     * n.w. n.w. n.w.  

Koversta Ref Species richness (rarefaction) 8 (8) 13 (4) n.w. n.w. n.w. 16 (11) 

  Hurlbert‟s PIE 0.71 0.81 n.w. n.w. n.w.   

n.i. = not included in the study and no sampling, n.w. = no water and no sampling * too few individuals to analyse 
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and Stavnäs 2004, and one large cluster containing the remaining 33 annual samples. This 

clearly shows the high dytiscid species assemblage similarity between the study wetlands, 

both wet meadows and alder swamps.  

 

Fig. 3. The cumulated number of Dytiscidae species plotted against the cumulated number of 

24 h trapping periods, for the Dytiscidae sampling in ten temporary wetlands in the River 

Dalälven floodplains central Sweden, 2002 to 2006. 

 

Variation in relation to temporal, environmental and biological factors 

The variance component analysis showed that the measured factors together explained 20.6% 

of the variance in the dytiscid species assemblages. In more detail the variance was explained 

by dytiscid size class (7.4%), year (5.5%), week (3.5 %), wetland (3.9 %), water depth at trap 

(0.3 %) and Bti-treatment (0.01 %). Reduction of mosquito larvae abundance with Bti had no 

significant effect for any of the three dytiscid size-classes (small p = 0.509, df = 1, F = 0.44, 

medium p = 0.468, df = 1, F = 0.53 and large p = 0.410, df = 1, F = 0.70, ANCOVA). 

However, the interaction between treatment and dytiscid size-class showed significant pair-

wise differences (p = 0.035) for medium-sized dytiscids. Medium-sized dytiscids were more 

abundant in experimental wetlands than in reference wetlands. There were no differences in 

the abundances of small-sized or large-sized dytiscids. 
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Fig. 4. McQuitty Similarity analysis dendogram of the dytiscid species abundance 

composition for ten temporary wetlands in the River Dalälven floodplains, central Sweden 

sampled 2002 to 2006. Grey lines show the clusters formed at linking distances of 1.0 and 3.0. 

 

Discussion 

We found 61 dytiscid species which is 68% of the number of dytiscids known from the 

regional species pool of the Swedish counties of Västmanland and Gästrikland (Nilsson & 

Holmen, 1995), in which the present study was performed. In all wetlands studied, small 

dytiscids (< 7 mm) were by far the most abundant, and medium-sized dytiscids occurred in 

smaller numbers, which is in accordance with results from similar studies in Alberta, Canada 

(Larson, 1985). We assume that the majority of the species that occur in wet meadows and 

swamps in the River Dalälven floodplains are included in this study since no additional 

species were found during the last two years. Thus, our data on dytiscid species and 

abundance provide a good platform for characterizing the dytiscid assemblages and analysing 

the indirect effect on the predators of reducing the mosquito larvae abundance with Bti.  

 

In our study, the number of dytiscid individuals varied greatly between years, with peak 

abundances in 2004. Even though 2004 was a dry year there was an early spring flood in 
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April, in which the majority of the dytiscids were collected. These large annual variations in 

dytiscid numbers will probably lead to variations in the potential dytiscid predation pressure, 

not only on mosquito larvae but on all potential prey co-occurring with dytiscids. As 

generalist predators, dytiscids may feed on all available prey taxa and mosquito larvae will be 

only one prey among others however super-abundant. Many dytiscids are known to include 

mosquito larvae in their diet (Deding, 1988; Nilsson & Söderström, 1988; Nilsson & 

Svensson, 1994; Lundkvist et al., 2003; Medlock & Snow, 2008), and a few studies show that 

dytiscids may lower the mosquito larvae abundance in lab and in the field (Lundkvist et al., 

2003; Aditya et al., 2006; Chandra et al., 2008).  

 

Nevertheless, it is not clear if dytiscids also are capable of naturally controlling mosquito 

populations. High predation pressure can be expected in small temporary ponds that form 

when the flood recedes, where “concentrations” of both predators and prey occur. Low 

predation pressure may on the other hand prevail during extensive floods when there instead 

will be a “dilution” effect of both predators and prey. In addition, water permanence may have 

a positive effect on the aquatic predator community, with an increased predation pressure with 

longer hydroperiod (Williams, 1997; Schneider, 1999; Schäfer et al., 2006). In most cases in 

the temporary wetlands of the River Dalälven floodplains, flood-water mosquito larvae will 

be a superabundant food resource for a short period, and probably neither controlled by 

dytiscids nor any other predatory insect, as defined by Price (1984) for a pulsing resource 

type. In these short lived habitats, dytiscid larval development will probably be controlled by 

the short time available for growth instead of food limitations (Nilsson, 1986; Bellini et al., 

2000).  

 

There are many advantages for a dispersal behaviour, including inbreeding avoidance, 

competition avoidance, and the ability to leave unfavourable conditions (Bilton et al., 2001). 

We found mainly spring-migrating dytiscid species in our study, which explains the 

abundance peaks found during spring flood. The most common dytiscid life cycle in north-

western Europe is to over-winter as adult and with larvae developing in spring or summer and 

with the newly hatched adults in late summer or autumn (Nilsson & Holmen, 1995). Thus, the 

majority of the dytiscid species probably leave their overwintering sites early in spring to find 

suitable waters for reproduction, while the next generation of adult dytiscids leaves the water 

before the winter. Colonizing behaviour may be genera or species specific, with e.g. some 

Agabus spp. and Ilybius spp. re-colonizing the waters each spring (Nilsson & Svensson, 



 23 

1995), and several Hydroporus spp. have been recorded flying around in the landscape in the 

spring colonizing new aquatic habitats in wetlands both in south-east Sweden (Lundkvist et 

al., 2002), and in northern Delaware, USA (Fairchild et al., 2003). Other strategies of 

colonizing new aquatic habitats include following the flood, which eventually covers the wet 

meadows, or to break the reproductive diapause as found for Agabus disintegratus (Garcia & 

Hagen, 1987).  

 

In a temporary wetland, alternating between aquatic and terrestrial conditions, the 

hydroperiod is a major force structuring the aquatic insect assemblages (Wiggins et al., 1980; 

Wellborn et al., 1996; Williams, 1996; Wissinger et al., 1996). Aquatic insects capable of 

flying could move between aquatic habitats, and Coleoptera can persist within seasonally 

flooded pools mainly due to re-colonization from adjacent permanent water bodies (Batzer & 

Resh, 1992). As an adaptation to a rapidly diminishing habitat the dytiscid species that first 

colonize temporary waters in spring, will leave for permanent water bodies when these 

temporary waters dry up later in the season (Batzer & Wissinger, 1996; Davy-Bowker, 2002). 

Permanent aquatic habitats are available within a few hundred meters from the wet meadows 

and swamps of the River Dalälven floodplains. Our findings are in agreement with earlier 

studies that dytiscids due to good colonizing abilities are early inhabitants of temporary 

waters (Bellini et al., 2000; Davy-Bowker, 2002; Miguélez & Valladares, 2008), occur in 

large numbers and are relative species rich in Sweden as in other countries in northern areas. 

 

We found high level of similarity for the dytiscid species assemblages in the wet meadows 

and alder swamps of the River Dalälven floodplains, with almost all wetlands forming one 

large cluster (Fig. 4). The higher species richness found in wet meadows than in alder swamps 

for 2002 may be an effect of shading, with migrating species reacting negative to the 

increased shading in the alder swamps (Gee et al., 1997). The wet meadows in our study were 

deliberately chosen based on hydrological and biological similarities. The two alder swamps 

were partly chosen to diversify the habitat types in our study. Our results are in agreement 

with Lundkvist et al. (2001), that found environmentally similar wetlands containing similar 

dytiscid species compositions. The number of floods and flood duration varied between years 

and this had certainly a great effect on the observed dytiscid species assemblages. Other 

habitat conditions than water regime may have had less importance in structuring the dytiscid 

fauna as found in Lundkvist et al. (2001). Factors that positively influence dytiscid species 

richness are water permanence, and absence of shading effects from trees (Nilsson & 
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Svensson, 1994; Lundkvist et al., 2001; Rundle et al., 2002; Schäfer et al., 2006). Habitat 

complexity provided by vegetation, may contribute positively to both the dytiscid species 

richness and diversity (Nilsson et al., 1994), and the most diverse dytiscid assemblages are 

found in small stagnant water-bodies with at least some seasonality in the water fluctuations 

(Larson, 1985). Thus the wetlands in our study relatively well resemble the habitats in which 

high species richness would be expected, even though few annual samples were from habitats 

with long hydroperiod.    

We investigated the indirect effect of reducing the abundance of a potential prey, flood-water 

mosquito larvae, using the biological mosquito larvicide VectoBac G
©

. Dytiscids and some 

aquatic Hemiptera as generalist predators have been claimed as predators on mosquito larvae 

(Nilsson & Svensson, 1994; Blaustein, 1998; Lundkvist et al., 2003; Medlock & Snow, 2008), 

but no direct Bti-effect is known on these orders (Boisvert & Boisvert, 2000). In our analyses, 

Bti against mosquito larvae seemed to play only a minor role in structuring the dytiscid 

species assemblage, and the only significant result was a possible positive effect on the 

medium-sized dytiscids. The relatively long-term view (five consecutive years) of our study 

made it possible to reveal also less pronounced effects.  

 

Even though mosquito larvae and dytiscids may occur simultaneously in high abundances our 

analyses could not find any clear relationship between them. Temporary wetlands will 

however be inhabited by many potential alternative preys including small crustaceans, aquatic 

insect larvae (mainly different Diptera larvae), plant material and algae all of which have been 

found in the diet of dytiscids (Deding, 1988; Kehl & Dettner, 2003). In fact, Deding (1988) 

found Chironomidae and small crustaceans to dominate as recognizable food items for the 

majority of the dytiscid species studied. Lundkvist et al. (2003) found different prey 

preference of three medium-sized dytiscid species on two alternative preys (mosquito larvae 

and Daphnia) in laboratory tests. Flood water mosquito larvae may constitute an example of 

an unpredictable super-abundant food resource that varies strongly within and between years. 

Thus, flood- water mosquito larvae are probably preyed upon by dytiscids during floods with 

massive mosquito hatching while in times of lower mosquito production alternative prey are 

fed upon. 

 

We are aware of that catches from activity traps may not always produce representative data 

for all aquatic insect groups (Turner & Trexler, 1997). The traps are catching insects that 

actively move in the water and recordings of more sluggish and immobile insects may be 
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under-represented. However, in the temporary wetlands of River Dalälven, the hydroperiod is 

often short and occurs on an irregular basis, and this certainly affects the aquatic insect 

species composition. Dragonflies and caddis flies are rarely collected in activity traps 

(Elmberg et al., 1992). However both dragonflies and caddis flies occur in aquatic habitats 

with longer hydroperiods than the short lived wetlands in the present study. Corixidae may be 

under-represented in activity traps placed in mid water since they usually swim close to the 

bottom (Elmberg et al., 1992; Hyvönen & Nummi, 2000). In addition, Elmberg et al. (1992) 

found that both bottom and mid water activity trap positions were equally good when 

investigating mobile aquatic invertebrate fauna, but mid water traps may generate a more 

balanced material in respect of nektonic and benthic organisms (Hyvönen & Nummi, 2000). 

However our aim was to characterize the dominant aquatic predatory fauna, and compare 

wetlands and treatments and therefore activity traps were a relevant method. 

 

Conclusion 

Diving-beetles dominated the aquatic predatory insect fauna in the temporary flooded 

wetlands of the River Dalälven floodplains, and peak activity usually occurred in connection 

to the spring flood. A total of 61 diving-beetle species, 68 % of the regional species pool, and 

10 to 36 species per wetland show a rather diverse diving-beetle fauna. Species richness but 

not diversity after rarefaction differed significantly between wetland types and years. 

However, the cluster analysis based on McQuitty similarity analysis showed one major cluster 

including almost all wetlands during all years, and one minor cluster indicating high dytiscid 

assemblage similarities. Abundance of flood-water mosquito larvae, a superabundant potential 

prey for diving-beetles in flooded wetlands, was strongly reduced by Bti-treatment in 

experimental wetlands, while no treatment was performed in reference wetlands. Although the 

abundance of flood-water mosquito larvae was reduced by close to 100 % there was no 

general significant effect on diving-beetle abundance. Our results indicate that hydrology is 

the most important factor shaping the diving-beetle assemblages of temporary flooded 

wetland environments, while variation in the abundance of a dominant prey taxon had no 

major influence.  
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