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Abstract 

This study focused on dispersal patterns of six different aquatic insect taxa using sticky traps up 

to 500 m away from the water sources (lakes and streams). Most of the adult aquatic insects were 

trapped close to the stream or lake shore. It was conducted in lakes and streams in northernmost 

Sweden. Results showed that the numbers of caddisflies and alderflies trapped declined with 

increasing distance from the lake shore. The abundances of alderflies and midge flies were 

significantly lower at 200 m from the lake shore. Although the most abundant insect taxa, 

caddisflies and midge flies, significantly declined with increasing distance, they were still fairly 

abundant 200 m from shore and still present 500 m from shore. There was no significant 

difference found between 0 m vs. 200 m and 0 m vs. 500 m distance for stoneflies, mayflies and 

craneflies. Results also showed that there were no significant effects of habitats on insect 

abundance, except for caddiflies. These dispersal patterns may influence the insect exchange rate 

between the streams or lakes, which could in turn affect insect metapopulation dynamics in 

Arctic lakes and streams.  

Key words: Dispersal, aquatic insects, metapopulation, abundance, active dispersal, Arctic 

lake                            
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1. Introduction 

Dispersal is an important factor for understanding modern ecological theory, population 

dynamics (Caceres 2002, Caudill 2003, Gadgil 1971, Humphries 2002, Masters et al. 2007 & 

Petersen et al. 2004), biogeography and community structure of animals and plants (Briers et al. 

2004, Shurin et al. 2009). Bilton et al. (2001) defined dispersal as  "the outward  spreading  of  

organisms  or  propagules from  their  point  of  origin  or  release;  one-way  movement  of  

organisms from  one home  site  to  another". It can help reduce the risk of extinction and genetic 

differentiation within local population (Comins et al. 1980, Bohonak & Jenkins 2003). Dispersal 

might accelerate the colonization rate of new habitats by providing ample recruitment from the 

adjacent populations (Sabando et al. 2011).                                                                           

      Dispersal might be particularly important in freshwater ecosystems because aquatic insects 

disperse through active (using aerial flight across the intervening areas) and passive dispersal 

(organisms may disperse with the help of agents such as animal vectors, wind, water flow and 

birds) (Bilton et al. 2001, Vanschoenwinkel et al. 2008). However, at the larval stage, most of the 

aquatic insects are limited to the aquatic environment (Petersen et al. 2004). On the other hand, 

flying aquatic insects can colonize isolated aquatic system by terrestrial dispersal (Petersen et al. 

2004). Migratory water birds can especially play a key role in passive dispersal of aquatic 

invertebrates (Frisch et al. 2007). Aquatic organisms frequently disperse within rather than 

among rivers (Sabando et al. 2011). Therefore, most passive dispersal of aquatic organisms 

requires the drift facilitation within streams because they disperse upstream to downstream 

(Sabando et al. 2011).                                                              

     The flying capacity determines how far an insect can disperse in order to continue their 

existence (Roff 1984). Thus, insect dispersal is mainly dependent on flying ability such as 

relative wing size and muscle size (Harrison 1980, Hoffsten 2004) after geologic obstacles are 

accounted for (Sabando et al. 2011). Body size has also positive impact on insect movement 

because larger insects may have a higher energy stock, hence insects are able to continue flying 

without feeding (Juliano 1983). There is a strong association between dispersal and other life-

history parameter (e.g. muscle development) of insects. For instance, insect flying is costly and 

likely reduces egg production in some insect groups (Bilton et al. 2001). Consequently, active 

dispersal seems to  happen in early adult stages, since some insects taxa may attain their flight 
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syndrome (muscle development) and regain energy for reproduction by autolysis of flight 

musculature (Bilton et al. 2001). In the case of dispersal ability, capable flyers are expected to 

disperse and colonize to a high degree, while inefficient flyers are poorly dispersed and typically 

found in isolated lakes (Gutierrez & Menendez 1997, Malmqvist 2000, Hoffsten 2004).                                                                                                                             

     Dispersal may facilitate reproduction of the insect, although it is habitually lost once 

reproduction begins (Harrison 1980). Reproductive behaviors (e.g. emergence, reproduction and 

oviposition) are driven by terrestrial dispersal. The reproductive behavior of mayflies and 

caddisflies mostly take place close to water bodies, and they are likely to have limited dispersal, 

especially short-lived adults (one to several weeks) (Kovats et al.  1996). However, the 

fundamental objective of adult stages is to search for food and mates and to oviposit (Kovats et 

al. 1996). At the egg maturity stage (ready to lay the eggs), most female caddisflies can fly up to 

several kilometers and move back to the water body to oviposit (Kovats et al. 1996, Winterbourn 

et al. 2007). Female stoneflies, on the other hand, can travel greater distance after emergence to 

mate, feed and rest. Thus, the female stoneflies may return to the stream in order to oviposit 

(Petersen et al. 1999). Indeed, these causes for dispersal might have some great implications for 

structuring local and regional population communities and dynamics among insects (Briers et al. 

2003, Briers et al. 2004, Caudill 2003, 2003). As a consequence, high dispersal rates may lead to 

higher local diversity if there is no negative effect from predators or strong competitors (Shurin 

et al. 2009). The abundance of particular types of habitat is important for influencing long 

distance dispersal of adult caddisflies, which frequently occurs over the open cropland than the 

forest habitats (Collier & Smith 1998).                                                                                                                                          

     Long distance dispersal may be important to mitigate serious disturbances (e.g. drought, flood 

and climatic fluctuations) of aquatic systems (Wilcock 2001). Landscape modification within 

stream communities could have a tremendous negative effect on water quality (Petersen et al. 

2004). Long distance dispersal may thereby play a key role in assisting recovery of aquatic 

ecosystems (Petersen et al. 2004). In addition, dispersal ability and population size have direct 

effects on species geographical range through metapopulation dynamics (Brandle et al. 2002). 

Thus, dispersal is important for re-colonization of a site after local extinction, especially to 

overcome stochastic environmental fluctuations (Hoffsten 2004). Dispersal also allows for long- 

term persistence in freshwater habitats that are ephemeral in nature compared to the entire period 

of a species life time (Malmqvist 2002). 
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     Genetic variation and distributions of adult insects on habitats are highly influenced by 

topography (Sabando et al. 2011). Some aquatic species are restricted geographically as they 

drift (downstream movement in stream currents) with the current, since they can not leave as 

their water bodies (Sabando et al. 2011). Certain aquatic insects are limited in their geographical 

range because they can only disperse through water (Sabando et al. 2011). Insect dispersal may 

also be limited by obstacles like mountains and climatic conditions (Sabando et al. 2011).                                                                                                                   

     The aim of this study is to investigate dispersal patterns from the stream and lake shore of six 

different insect taxa: caddisflies (Trichoptera), stoneflies (Plecoptera), mayflies 

(Ephemeroptera), midge flies (Diptera, Chironomidae), craneflies (Diptera, Tipulidae) and 

alderflies (Megaloptera). The ultimate goal is to examine how dispersal influences patterns of 

community structure of aquatic insects in Arctic lakes and streams, and this study provides some 

of the first data to eventually reach this goal. I studied three lakes (for the first study); two 

streams and two lakes (for the second study) to help examine the dispersal patterns of different 

aquatic insects in Arctic lakes and streams. I specifically predicted that: 

(1) Insect abundance will decline with increasing distance from the stream and lake shoreline. 

(2) Insects will disperse longer distances in open habitats than in forest habitats. 
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2. Material and Methods:  

2.1 Study area 

The experiment was carried out from 2nd to 31st July, 2012 in Stordalen Nature Reserve 

(68°22´N, 19°03´E), which is located in northern Sweden approximately 10 km East of Abisko. 

According to the Abisko meteorological station, the mean temperature in the month of July is 

11°C whereas mean temperature in January is about -12°C (Andersson et al. 1996). Three 

different lakes are present. A large lake north of Villasjön (lake no. 20), Villasjön (lake no. 6) 

and a lake South of the road (lake no. 11) were considered for this study (Fig. 1). The names of 

these three lakes are informal. Lake number 11 which is located to the south of the road and the 

surrounding area is mainly characterized by mires. The lake is smaller and more rounded in 

shape than other two lakes. The other two lakes are situated about 2 km further east from lake 

number 11, and the surrounding catchment is dominated by both mires and rock. The lakes are 

not connected. Lake Villasjön has one elongated peninsula, and lake number 20 has a side 

branch.  

 

Figure 1. Map of the three lakes included in study 1. Lakes range from 0.1-14.5 hectares and are within 

the Stordalen Nature Reserve. Sticky traps were placed at 0, 5, 10, 50, 100 m distances from lake shore. 

Each red and green bar represents forest and open transects, respectively. Red circles describe transects 

with traps set at 200 m from the lake shore. (Photo: Google maps) 
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Figure 2. Map of the two streams and two lakes included in study 2. Sticky traps were placed at 0 and 500 

m away from some water sources. Red bars correspond to stream 1 and stream 2 whereas blue bars 

represent lake number 1 and lake number 2 in the Abisko area.  

The catchment area and the physiographic characteristics around the lakes were different from 

each other (Table 1). However, all three lakes have open and forest habitats. Another experiment 

was conducted in Abisko and Stordalen Nature Reserve areas in this study considering two 

streams (stream no.1 & 2) and two lakes (lake no.1 & 2) (Fig. 2). The physiographic 

characteristics and positions of streams and lakes were different and are mainly dominated by 

forest vegetation. The names of these streams and lakes are also unofficial.  

Table 1. Physiographic statistics of three different lakes in Stordalen Nature Reserve. Measurements are 

summer averages at the surface. DIC and DOC indicate dissolve inorganic carbon and dissolve organic 

carbon, respectively (Erik Lundin, unpublished data). 

Lake Fish Area 

(ha) 

Depth 

(m) 

Conductivity 

(mS/cm) 

Temperature 

(°C) 

pH DIC 

(µmol/L) 

DOC 

(mg/L) 

         

Large lake north 

 of Villasjön  

(lake no. 20) 

Fish 9.5 7.3 202 12.9 8.3 512.1 9.7 

Villasjön 

(lake no. 6) 

No 

fish 

14.5 1.5 39 11.9 7.3 206.8 9.6 

South of the road      

(lake no. 11) 

No 

fish 

1 1 72 13.1 7.3 306.6 11.2 
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2.2 Sampling 

Sticky traps were used to collect insects at increasing distances up to 200 m from the lake 

shoreline. Each sticky trap was made of a wooden pole (2.5 X 2.5 cm) with 2 small wooden 

crossbars and clear plastic paper covered with glue (30 X 30 cm, Silvandersson). The plastic 

paper was attached to the crossbars with stapling pins. The distance between two cross bar sticks 

was 30 cm on each sticky trap. The wooden poles were placed deeply into the soil (both open 

and forest habitats) in order to prevent the wind from blowing them down (Table 2). In addition, 

plastic foil was placed on top of the sticky trap to prevent the traps from sticking together when 

they were removed from the field (Fig. 3). Sticky traps were detached from the wooden cross 

bars in the field and new traps were set on the same transect and same wooden pole with cross 

bar. It was then placed over the white paper in the laboratory and insects were counted directly 

on the trap. Insects were counted and identified to order or family. Counting and identifying was 

performed with the help of a counter machine and hand microscope respectively. Sticky traps 

were set two times (9-13 July and 13-17 July 2012) and were retrieved after four days (study 1). 

Another experiment was performed with the two streams and the two lakes at 0 and 500 m 

distances from each water source. Sticky traps were set up only once (27-31 July 2012) in this 

experiment (study 2).  

    

Figure 3. Highest and lowest insect abundance on sticky trap at lake 11. (Photo: Habibur Rahman) 
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Table 2. Sticky trap position along transects with increasing distances from lake shorelines. Height is 

measured from the ground surface to the first crossbar. 

 

Lake 

North (forested) South (open) East (open) West (forested) 

Large lake  
north of  

Villasjön  
(lake no. 20) 

Distance (m) Height 
(m) 

Distance 
(m) 

Height 
(m) 

Distance 
(m) 

Height 
(m) 

Distance 
(m) 

Height 
(m) 

0 1.15 0 1.19 0 1.22 0 1.44 

5 1.45 5 1.39 5 1.23 5 1.35 

10 1.34 10 1.38 10 1.26 10 1.38 

50 1.42 50 1.32 50 1.34 50 1.34 

100 1.39 100 1.00 100 1.34 100 1.46 

200 1.39 200 1.30   200 1.35 

         

Villasjön 
(lake no. 6) 

South (open) South (forested) East (forested) West (open) 

Distance (m) Height 
(m) 

Distance 
(m) 

Height 
(m) 

Distance 
(m) 

Height 
(m) 

Distance 
(m) 

Height 
(m) 

0 1.00 0 1.02 0 1.34 0 1.28 

5 1.23 5 1.31 5 1.35 5 1.34 

10 1.22 10 1.35 10 1.28 10 1.39 

50 1.24 50 1.22 50 1.25 50 1.32 

100 1.35 100 1.34 100 1.44 100 1.31 

200 1.36 200 1.24   200 1.29 

         

South of the 
 road (lake no. 
11) 

North (open) South (forested) East (forested) West (open) 

Distance (m) Height 
(m) 

Distance 
(m) 

Height 
(m) 

Distance 
(m) 

Height 
(m) 

Distance 
(m) 

Height 
(m) 

0 1.00 0 1.10 0 1.22 0 1.02 

5 1.30 5 1.15 5 1.15 5 1.08 

10 1.35 10 1.25 10 1.10 10 1.22 

50 1.25 50 1.40 50 1.36 50 1.42 

100 1.35 100 1.55 100 1.50 100 1.33 

    200 1.39   
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2.3 Study layout 

Sticky traps were set along transects in forests and in open habitats perpendicular to the lake 

shorelines. For each lake, four transects were considered to measure how far away different 

insect taxa could be captured from the lake shore. Each transect consisted of five sticky traps 

which were placed at 0, 5, 10, 50 and 100 m from the lake shoreline (Fig. 3). Traps were set 200 

m from the shoreline on 6 of these transects (Fig. 1). Another experiment was done with one 

transect per lake or stream. Each transect encompassed only two sticky traps which were placed 

at 0 and 500 m from the lakes (n=2 pairs) or streams (n=2 pairs).  

 

 

 

Figure 4. Sticky traps positions along transects at increasing distances from the lake shore (i.e. 0, 5, 10, 50 

and 100 m).  
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2.4 Statistical analysis 

2.4.1 Study 1 

Analysis of covariance (ANCOVA) was used to investigate the significant effect of habitats 

(forest and open) and distance (0-100 m) on insect abundance. In addition, 200 m traps were not 

included into ANCOVA because it required the same number of replicates, but only six transects 

contained 200 m traps. The significance level was set at P=0.05. The response variable was 

insect abundance and continuous predictor or covariate was distance. Similarly, categorical 

factors were habitats (e.g. open and forest) and lakes in this study. Moreover, response variables 

(e.g. abundance of each taxa) and distance were transformed with ln(x+1) to meet the assumption 

of normality for ANCOVA. ANCOVA was performed using the statistical package R (R version 

2.13.0 www.r-project.org).  

2.4.2 Study 2 

Paired t-tests were used to test whether the insect abundance between 0 m vs. 200 m and 0 m vs. 

500 m were different from each other. The response variables were insect abundance. Paired t-

test was performed for five different adult insect taxa unlike alderflies between 0 m vs. 500 m 

distance trap, because there was no alderflies caught both the 0 m and 500 m trap from the water 

sources. T-test was completed using the Data Analysis Tool pack in Microsoft Office Excel.  
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3. Results 

3.1 Effect of distance on insect abundance 

The distribution patterns of six different adult aquatic insect taxa varied greatly with the distance 

from the lake shore (Fig. 5). Caddisflies and midge flies were the most abundant insect taxa at 0 

m and their average abundance caught per trap was 14.1 and 29.9 respectively. On the other 

hand, the mean abundance of rare insect taxa such as alderflies and stoneflies was 0.6 and 0.8 

respectively at traps 0 m from shore. 

 

      

 

      

 

      

Figure 5: Effects of open and forest habitats on different insect taxa distribution patterns in relation to 

distance from the lake shore. Blue and red colors indicate insect abundance in the forest and the open 

habitats, respectively.  
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 The abundance of caddisflies and alderflies significantly declined with increasing distance up to 

100 m (Table 5), supporting hypothesis 1. The abundance of midge flies and alderflies declined 

up to 200 m, and caddisflies and also midge flies significantly declined with distance up to 500 

m (Table 4). The abundance of caddisflies was significantly affected by distance (0-100 m and 0 

m vs. 500 m), as well as by habitat and lake (0-100 m) (Table 5). Similarly, the abundance of 

midge flies were affected by distance  (0 m vs. 200 m and 0 m vs. 500 m) and lake (0-100 m) 

(Table 4 & Table 5). In the cases of mayflies, stoneflies and craneflies, there was no significant 

difference in abundance between 0 m vs. 200 m and 0 m vs. 500 m traps. However, insect 

abundance (stoneflies, mayflies and craneflies) was low in 0 m vs. 200 m and 0 m vs. 500 m, so 

it is difficult to test the predicted hypothesis (Table 4). No alderflies were trapped in either the 0 

m or 500 m distance sites (Table 3). 

  Table 3. Means and standard errors (SE) of abundance of insect taxa at the 0 m vs. 200 m and 0 

m vs. 500 m sticky traps from the lake and stream shore respectively. 
 

Insect taxa 0 m 200m   0 m 500 m 

 mean (±SE) mean (±SE)  mean (±SE) mean (±SE) 

      Caddisflies 17.83 (3.90) 9.16 (5.28)  10.5 (2.53) 0.25 (0.25) 
Stoneflies 0.33 (0.21)  0.33 (0.33)  3.62 (2.42) 0 (0) 

Mayflies 1 (0.51) 1.16 (0.98)  0.75 (0.47) 0 (0.70) 

Midge flies 72.33 (10.51) 54 (11.15)  10.25 (2.25) 1 (0.70) 

Craneflies 2.83 (1.62) 4.66 (2.77)  3.25 (3.25) 0 (0) 
Alderflies 2.16 (1.07) 0.16 (0.16)  0 (0) 0 (0) 

 

 

Table 4. The table gives the results of t-tests on insect abundance in sticky trap at 0 m vs. 200 m 

and 0 m vs. 500 m distance from the lake and stream shore respectively.   

 

 

 

Insect taxa 0 m vs. 200 m 0m vs. 500 m 

 

Caddisflies 

t-value p-value t-value p-value 

0.9 0.18 3.7 0.01 

Stoneflies 0 0.5 1.1 0.16 

Mayflies -0.2 0.41 1.5 0.10 

Midge flies 2.2 0.03 4.2 0.01 

Craneflies -0.6 0.27 1 0.19 

Alderflies 1.8 0.05 - - 
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3.2 Effect of habitat on insect abundance  

Distribution patterns were investigated in two different habitats by comparing increasing 

distance up to 100 m from the lake shore. The interaction between distance and habitat was not 

significant in all insect taxa. Similarly, the result showed a significant effect of habitat on 

caddisflies (Table 5 & Fig. 6).  For other taxa, there were no significant effects of habitat on 

insect abundance.  

 

Figure 6: Relationship between dispersal patterns of adult aquatic insect abundance (open and forest 

habitats) and distance up to 100 m from the lake shore: caddisflies (ln transformed) (P<0.01, R
2
 value is 

0.096 for forest habitat and P<0.01, R
2 

value is 0.10 for open habitat). The number of insects in different 

habitats marked with open (open habitat) and close (forest habitat) circles and the regression line shows 

their relative linearity trend. 

 

3.3 Insect abundance between lakes 

There were significant differences in abundance between lakes for caddisflies, mayflies and  

midge flies (Table 5). The number of adult insects were higher in lake Villasjön (lake no. 6) than 

in the other two lakes for several taxa such as stoneflies, craneflies and alderflies (Fig. 7). The 

abundance of craneflies was similar in both lake 6 and lake 11. No mayflies were caught in lake 

11 and a low abundance of midge flies and caddisflies were found in the same lake. In addition, 

few stoneflies and alderflies were trapped in any of the lakes (Fig. 7).  
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Figure 7: Mean abundance (±SE) of adult aquatic insects per trap by lake.  
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Table 5: Results of analysis of covariance (ANCOVA) examining the effect of distance 

(increasing up to 100 m from the lake shore), habitats (forest and open) and lakes on dispersal 

patterns. Response variables (e.g. abundance of each taxa) and distance were transformed with 

ln(x+1) in order to meet the assumption of normality for ANCOVA. 

Caddisfly D.f  Sum sq Mean sq F-value P-value 

  lndistance   1 9.02 9.016 9.394 0.00345  

factor(Habitats) 1 8.22 8.216 8.561 0.00508 

factor(Lake) 2 8.81 4.403 4.588 0.01463 

lndistance:factor(Habitats) 1 0.19 0.194 0.203 0.65446 

lndistance:factor(Lake) 2 4.79 2.396 2.496 0.09222 

Residuals 52 49.91 0.960   

 

Stonefly D.f Sum sq Mean sq F-value P-value 

lndistance   1 0.056 0.0557 0.406 0.527 

factor(Habitats) 1 0.324 0.3243 2.365 0.130 

factor(Lake) 2 0.247 0.1233 0.899 0.413 

lndistance:factor(Habitats) 1 0.156 0.1233 1.137 0.291 

lndistance:factor(Lake) 2 0.153 0.0767 0.559 0.575 

Residuals 52 7.132 0.1371   

 

 Mayfly D.f Sum sq Mean sq F-value P-value 
lndistance   1 0.13 0.132 0.118 0.733111 

factor(Habitats) 1 0.16 0.157 0.140 0.710128 

factor(Lake) 2 19.07 9.534 8.485 0.000647 

lndistance:factor(Habitats) 1 0.40 0.400 0.356 0.553094 

lndistance:factor(Lake) 2 0.88 0.441 0.392 0.677656 

Residuals 52 58.43 1.124   

 

Midge fly D.f Sum sq Mean sq F-value P-value 
lndistance   1 0.566 0.5660 1.688 0.19966 

factor(Habitats) 1 0.385 0.3845 1.146 0.28923 

factor(Lake) 2 3.514 1.7570 5.239 0.00846 

lndistance:factor(Habitats) 1 0.017 0.0172 0.051 0.82187 

lndistance:factor(Lake) 2 0.616 0.3080 0.918 0.40560 

Residuals 52 17.440 0.3354   

 

Cranefly D.f Sum sq Mean sq F-value P-value 
lndistance   1 0.075 0.0754 0.171 0.6808 

factor(Habitats) 1 0.016 0.0157 0.036 0.8513 

factor(Lake) 2 1.024 0.5120 1.161 0.3210 
lndistance:factor(Habitats) 1 0.084 0.0838 0.190 0.6646 

lndistance:factor(Lake) 2 2.648 1.3240 3.003 0.0583 

Residuals 52 22.923 0.4408   

 

Alderfly D.f Sum sq Mean sq F-value P-value 
lndistance   1 2.150 2.1501 18.822 6.63e-05 

factor(Habitats) 1 0.099 0.0992 0.868 0.356 
factor(Lake) 2 0.179 0.0893 0.781 0.463 

lndistance:factor(Habitats) 1 0.043 0.0428 0.374 0.543 

lndistance:factor(Lake) 2 0.048 0.0240 0.210 0.811 

Residuals 52 5.940 0.1142   

 

Total D.f Sum sq Mean sq F-value P-value 
lndistance   1 1.110 1.110 3.046 0.0869 
factor(Habitats) 1 0.289 0.289 0.794 0.3770 

factor(Lake) 2 8.130 4.065 11.151 9.33e-05 

lndistance:factor(Habitats) 1 0.000 0.000 0.000 0.9939 

lndistance:factor(Lake) 2 1.753 0.877 2.405 0.1002 

Residuals 52 18.956 0.365   
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4. Discussion 

Aquatic insect dispersal from lakes to the terrestrial environment depends on several factors such 

as distance from shore (Petersen et al. 2004), terrestrial habitats (Collier & Smith 1998), and lake 

characteristics (Caudill 2003). In this study, dispersal patterns differed markedly between 

abundant and rare insect taxa. Abundant insect taxa, caddisflies and midge flies, significantly 

declined with distance, but still a large number of insects were trapped up to 200 m from the 

stream and lake shore (Table 4 & Fig. 5). The abundance of rare insect taxa remained the same 

with distance. The present study mostly differ insects dispersal patterns with the previous study, 

where Petersen et al (2004) found the similar dispersal patterns of mayflies, stoneflies and 

caddisflies. Most insects disperse greater distances along open cropland because vegetation 

density is lower than in forest habitats (Collier & Smith 1998). In the present study, this pattern 

was not observed for most insect taxa (Table 5). Finally, the abundance of adult aquatic insects 

on land was different between lakes (Fig. 7). This could be the result of differences in food 

resources for larvae between lakes, which in turn affects densities of adults after emergence. 

4.1 Effect of distance on insect abundance 

The results clearly demonstrate dispersal patterns of six different aquatic insect taxa with 

distance from the stream and lake shore. Results showed that abundant insect taxa, caddisflies 

and midge flies travel with fairly high abundance up to 200 m, but were not as abundant as close 

to the shore. The abundance of caddisflies and alderflies were significantly decreasing with 

increasing distance up to 100 m (Table 5). Caddisflies and midge flies are widely distributed taxa 

in aquatic ecosystems (Delettre et al. 2000, Sabando et al. 2011), which is consistent with the 

present study. They can disperse up to 500 m from the water sources (Table 3) because 

caddisflies have strong body mass and wing loading capacity that typically demonstrate the 

increasing flying ability (Hoffsten 2004). But Delettre et al. (1992) claimed that midge flies have 

different flying behaviors, although midge flies exhibit similar morphological characteristics. As 

a result, some insect taxa appear to show good flying capabilities, while others do not. The 

longevity and suitable dispersal capacity of these insects largely depends on morphological 

characters, suggesting that larger insects can disperse greater distances by terrestrial movements 

(Krosch et al. 2009). 
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     For most rare insect taxa, there were not significant changes in their abundance with 

increasing distance from the lake shore. Petersen et al. (1999) demonstrated that 50% stoneflies 

could remain close to the stream and 90% disperse approximately 50 m, whereas Macneale et al. 

(2005) argued that few stoneflies travel over 50 m from the stream edge. But the present study 

indicates that few stoneflies will be able to disperse up to 200 m from the stream and lake shore 

(Fig. 5). Briers et al. (2004) also describes that adult stoneflies have less potential for long 

distance dispersal. As a result, they appear sporadically and seldom far from the lake shore. 

Mayflies and craneflies disperse far away with low abundance up to 200 m from the lake shore 

(Table 3 & Table 4). Dispersal patterns of mayflies are mainly influenced by abiotic and biotic 

factors such as temperature, light, humidity, wind, riparian vegetation, mating site and food 

sources (Collier & Smith 2000, Macneale et al. 2004). Craneflies have shorter wings and lower 

body mass, which is detrimental to their dispersal patterns in terrestrial environments 

(Blackshaw & Hicks 2012). Despite this body morphology, the present study indicates that 

craneflies disperse longer distance up to 200 m from the lake shore. Alderflies on the other hand, 

decreased in abundance over 100 and 200 m, suggesting a significant effect of distance on 

dispersal (Fig. 5 & Table 3). 

 

4.2 Effect of habitat on insect abundance 

I hypothesized that insects may travel longer distances in open habitats than in forest habitats, 

but this was not true for most insect taxa. For five insect taxa, there were no significant changes 

in abundance between habitats with increasing distance up to 100 m from the lake shore (Table 4 

& Fig. 5). Habitat only affected the abundance of caddisflies, with greater abundance in open 

habitat. Collier and Smith (1998) also reported that caddisflies disperse greater distances over 

cropland than forest habitats, indicating that several factors (e.g. vegetation density, climatic 

conditions and insect behaviors) may affect dispersal. 

4.3 Influence of dispersal on community structure 

Dispersal is an important factor in influencing the community structure of aquatic insects 

(Caudill 2003, Hoffsten 2004, Malmqvist 2002 & Shurin et al. 2009). It is estimated that if 

emergent insects fail to move back to the aquatic ecosystems they might have negative influence 

on aquatic system as well as insectivores (Jackson & Fisher 1986). During the maturity stage, 



17 

 

adult stoneflies could affect the habitat structure by flying after the emergence in order to search 

mate, feed and rest (Petersen et al. 1999). Therefore, they may return to the stream to oviposit, 

but there is little evidence whether significant proportion of insects will return to their original 

habitat or not. Jackson and Fisher (1986) reported that approximately 50% emergent insects 

biomass (Chironomidae, Diptera) move back to the lake whereas only 3% adult biomass 

(Ephemeroptera) returned to the stream. However, different insect taxa were just as abundant in 

the traps 200 m away as they were at the shoreline. So, if two lakes are only 200 m apart, insects 

would likely move between the lakes. The traps at 500 m distance caught less insects. So, it is 

expected that if two lakes are 500 m apart, insects would have less exchange between the lakes. 

It is interesting to observe their dispersal patterns and exchange capacity in Arctic systems 

because organisms could exchange between the lakes, although they were not connected. I did 

not test whether insects could be exchanged more between the lakes or not. 

4.4 Insect abundance between lakes 

In this study, the abundance of three insect taxa (caddisflies, mayflies and midge flies) was very 

different between lakes. These insect taxa were most abundant in lake 6 and least abundant in 

lake 11. One possible reason for this is that lake 6 might have more larval invertebrates because 

it is bigger. A second reason is that habitats in lake 6 could have more food resources for larvae. 

Because large lake can produce more insect secondary food production and thus, higher larval 

densities (Gratton et al. 2008). More larvae therefore become an adult after emergence due to 

having high rate of benthic food production of larvae in several lakes and potentially influences 

on terrestrial ecosystem by dispersal (Gratton et al. 2008). Both biotic and abiotic factors are 

important for determining species composition and density of aquatic insects (Caudill 2003). For 

example, the highest species diversity of caddiflies and mayflies is found in moorland stream due 

to the variation of physicochemical factors (i.e. high pH and low aluminium concentration) 

(Petersen et al. 2004). These are more supporting factors for determining larval community, 

which typically influences both the abundance of adults and species composition (Petersen et al. 

2004).  
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4.5 Strengths and limitations 

There are several strengths in this study. The clear sticky traps are almost invisible for insects 

and easy to catch them on a trap. All sticky traps were retrieved on the same day and same 

climatic condition. So, there is not as much variation between different sticky traps. The sticky 

traps have no attracting signaler as compared to pheromone traps so that it can capture all insect 

taxa. Pheromone traps on the other hand could attract only both male and female insects, 

especially attract lepidopteran and coleopteran species (Landolt 1997).                                         

     It has found that different factors such as habitats and climatic variation could potentially 

influence the results since performing short time field study. Different insect taxa come out in 

different season and some emerge before this study. So, it is difficult to determine dispersal 

patterns of different insect taxa during short study. Some traps have been folded by wind blow 

and fewer insects caught on traps. Counting error might have occurred during identifying insects 

directly on sticky trap without stereomicroscope.  

Conclusions and future studies 

This study has confirmed the findings that dispersal patterns of six different aquatic insect taxa 

with increasing distance up to 500 m from the stream and lake shore and enhance our 

understanding of biogeography and aquatic ecosystem. I have found that only two abundant 

insect taxa, caddisflies and midge flies dispersed greater distance from the streams and the lake 

shore. These are the insects that showed a significant decline with increasing distance. On the 

other hand, rare insect taxa: stoneflies, mayflies and craneflies were not as abundant as far away 

as caddiflies and midge flies were just because they were not abundant anywhere. The 

abundance of alderflies was significantly declined with increasing distance from the lake shore. 

It also observed that only the abundance of caddisflies was significantly affected by habitats. But 

distance did not affect rare taxa because there was no difference in the abundance with distance. 

However, it is expected that insect populations exchange between lakes if the lake 

or stream is close to other lakes or streams.                                                                                                  

     Long-term studies could provide more information about dispersal patterns of aquatic insects 

in Arctic systems. It would be possible to determine the insect exchange rate between lakes, if 

we use population genetics or isotope tracers and mark the insect individuals in order to identify 
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the extent of dispersal between lakes or streams. Overall, this study implies that adult aquatic 

insects can move far away from the stream or lake shore.  
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