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Effect of the Diversity, Ecology and Composition of Species of Fish on 
the Odonate Community 
 
Abstract 
 
Fish is considered to be a keystone predator in freshwater habitats. Several studies have shown that the 
species composition of odonates (Odonata) is different between habitats with and without fish, and that 
odonates depending on the behaviour and physical characteristics of the individual species react differently 
to the presence of fish, some positively, some negatively and others not at all. This study aims to study the 
effect of fish as predators on the odonate community, and especially the little studied effect of the presence 
and composition of different ecological groups of fish in lakes. 92 Swedish lakes were surveyed for 
abundances and species compositions of odonates. The composition of fish species in the lakes was 
determined from official sources and divided into seven ecological groups. While several of the tests for 
potential interactions between fish and odonates resulted in no significance, the discrimination analyses of 
the different ecological groups of fish tested against odonate species composition did reveal high 
classification coefficients, indicating that different ecological groups have different odonate communities. 
Number of species of fish did also have a fairly high classification coefficient in a discriminant analysis. A 
combined plot show that two categories of lakes are separating from the others in odonate composition. 
Both these categories lacked some littoral groups of fish, indicating that littoral fish species may have a 
strong influence on the odonate community. The study also concluded that both lake size and latitude are 
potential confounding variables. 
 
Introduction  
 
Fish as predators on odonates 
 
Dragonflies (odonates) are insects of the order Odonata that consists of two suborders: 
Zygoptera (damselflies or zygopterans) and Anisoptera (true dragonflies or anisopterans). 
The eggs are usually deposited in lentic, permanent freshwater habitats where the aquatic, 
predatory larva completes development and metamorphoses into the flying adult phase 
(Norling & Sahlén, 1997). Fish are considered to act as keystone predators in freshwater 
habitats, that is, determine the species compositions and abundances of invertebrate species 
(e.g. Johnson & Crowley, 1980a). Odonate larvae are believed to be a major part of fish diet 
(e.g.  Johansson & Samuelsson, 1994) and according to Morin (1984a, b) fish may also, at 
least in some stages, compete with odonates for the same invertebrate prey. Some fish 
exclusion-experiments (e.g. Morin, 1984b) have found increased abundances of odonates in 
absence of fish, but some surveys of lakes with and without fish (e.g. Strong and Robinson, 
2004) found little effect of fish. However, according to table 1 it seems clear that the species 
composition of odonates is different between habitats with and without fish and that some 
odonate species seems to be more vulnerable to fish than others. 
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Table 1.  Odonate species are divided into three different groups depending on their vulnerability to 
presence of fish, that is, how their presence and/or abundances is correlated with the presence of fish. 
Species and genera in bold are found in Sweden. References: 1=Johnson & Crowley (1980a), 2=Johnson 
& Crowley (1980b), 3=Morin (1984a), 4=Bendell & McNicol (1995), 5=McPeek (1998), 6= Strong & 
Robinson (2004), 7=Johansson & Brodin (2003), 8=Johansson (2000) and 9=Pierce (1988). 
 
Negatively correlated with fish Not correlated with fish Positively correlated with fish 
   
Zygoptera Zygoptera Zygoptera 
Coenagrionidae Coenagrionidae Coenagrionidae 
Enallagma aspersum (1, 2) Ischnura sp. (5) Enallagma divagans, E vesperum (6) 
Anisoptera Coenagrion hastulatum (7,8) Erythromma najas (7) 
Aeshnidae Anisoptera Anisoptera 
Aeshna juncea (7), A umbrosa (2, 6) Aeshnidae Aeshnidae 
Anax junius, A longipes (2, 6) Aeshna sp. (7), A juncea (8) Basiaeschna janata (6) 
Corduliidae Gomphidae Gomphidae 
Cordulia shurtleffi (4, 6) Gomphus sp. (4) Gomphus borealis, G exilis (6) 
Epitheca cynosura (3) Libellulidae G spicatus (6) 
Libellulidae Libellula quadrimaculata (7) Corduliidae 
Leucorrhinia glacialis (4, 6), L dubia (7) Erythemis sp. (5) Cordulia aenea (7,8) 
Libellula cyanea (2), L julia (4) Pachydiplax sp. (5) Epitheca canis, E cynosura (3, 6) 
Erythemis simplicollis (2, 3) Leucorrhinia rubicunda (7) Libellulidae 
Pachydiplax longipennis (3) Tetragoneuria cynosura (9) Libellula luctuosa (6) 
Plathemis lydia (1, 2, 3) Macromiidae Celithemis sp. (5,7) 
Tramea lacerata (2) Didymops transversa (4) Perithemis tenera (3) 
Sympetrum sp. (8,9)  
Lestidae 

Lestes sp. (8), Lestes eurinus (2) 
Archilestes grandis (2)     
 
Characteristics of different odonate species 
 
So what are the different characteristics in odonates that make species differently vulnerable 
to fish? Table 2 tries to answer that question. Large odonate species that are active, exposed, 
visual voracious hunters with fast growth, short generation time and an active escape 
response to a fish attack should be the species most sensitive to fish. Many of the species that 
are sensitive to fish are in fact large, active anisopteran predators (Table 2e and Table 1) that 
in fishless habitats will fill the same trophic level and ecological role as fish (Hopper, 2001). 
Odonate species that are small, sluggish, cryptic, relying on tactile ambush foraging and 
relatively slow growth, a longer generation time and a cryptic, hiding response to a fish-
attack would be the species most suited to coexist with fish, and by comparing Table 2 and 1 
this seems to often be the case. The anisopteran Leucorrhinia dubia that is considered very 
sensitive to fish predation (Table 1) has additional protection from a fish-induced increase in 
size of the abdominal spines, making them harder to handle and swallow (Table 2g, e.g. 
Mikolajewski & Johansson, 2004). 
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The purpose of this study 
 
As seen above, much research has been done on odonates and their interaction with predatory 
fish. However, one area which seems to have been neglected is the question how different 
species of fish influence the odonate community. According to Johnson and Crowley (1980a) 
the ratio of anisopterans to zygopterans in a community may be dependent on the presence of 
fish species that are considered to be “weed-bed specialists”. In North American lakes with 
littoral weed-bed species of fish, the odonate communities have been dominated by 
anisopterans and contained relatively small numbers of zygopterans. But in other North 
American lakes with more generalized predators the communities were dominated by 
zygopterans (Johnson & Crowley, 1980a). The trophic level and ecological group of the fish 
species present should also be an important factor in determining the effect on the odonates. 
In a field experiment by Hambright et al. (1986) the larvae of Zygoptera and Anisoptera 
declined dramatically when the plankti- and insectivorous bluegill (Lepomis macrohirus) 
were introduced into experimental ponds. However, introduction of the piscivorous 
largemouth bass (Micropterus salmoides) didn’t result in a decrease of odonates. 
 
I want to examine the interaction between fish and the odonate community. These are the 
major topics I will try to examine in this study: 
 
- Are there more or less odonate species in lakes with many fish species compared to lakes 
with a few?  
- How does the abundance of odonates respond to different numbers of fish species? 
- Does an increase or decrease in number of species of fish change the odonate species 
composition? Which odonate species are most affected? 
- Are specific communities of odonates coupled to specific communities of fish? What 
odonate species are associated and what are their characteristics? 
- Is there a difference in number of species of odonates between different communities of 
fish? 
- Is, as Hambright et al (1986) indicated, the trophic level and ecological group of the fish 
important? Does the presence/absence of a specific ecological group of fish result in different 
odonate compositions? What odonate species are associated with different ecological groups 
of fish? 
- Does number of ecological groups of fish in a lake have any effect on the odonate 
community? 
-Does the presence of a specific ecological group of fish significantly increase or decrease 
odonate diversity? 
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Table 2. Summary of the differences in characteristics between odonate species that are insensitive and 
sensitive to presence of fish, with examples for many of the characteristics. References: 1=Bendell & 
McNicol (1995), 2=Johnson & Crowley (1980a), 3=Henriksson (1988), 4=Johansson (2000), 5=Morin 
(1984b), 6=Pierce & Crowley (1985), 7=Nilsson (1981), 8=Johansson & Samuelsson (1994), 9=Arnqvist & 
Johansson (1998), 10=Hopper (2001) 
 
  Insensitive to fish Sensitive to fish 
      
a) Size  small (1), (5) large (1), (5) 
Examples: Perithemis tenera (5) Pachydiplax longipennis (5) 
b) Activity sluggish (2) active (2) 
Examples: Coenagrion hastulatum (4) Aeshna juncea, Sympetrum danae (4) 
  Cordulia aenea (4) Lestes sponsa (4), Leucorrhinia sp. (7),  
    Enallagma aspersum (6) 
    Plathemis lydia (10)  
c) Exposure cryptic (2), hiding (3)  exposed (2) 
Examples: Cordulia aenea (4),  Lestes sponsa (4),  
  Enallagma traviatum (6) Enallagma aspersum (6) 
d) Hunting ambush (1) actively searching (2) 
e) Trophic level varied (10) varied, many top-predators (10) 
Examples: Celithemis sp. (10) Anax sp. (10), Aeshna sp. (10),  
  Perithemis tenera (10) Tramea sp. (10), Leucorrhinia sp. (10) 
  Erythemis sp. (10)   
f) Response to fish 
attack crypsis (6), (11) active escape (6), (11) 
Examples: Enallagma traviatum (6) Leucorrhinia dubia (3) 
    Enallagma aspersum (6) 
g) Abdominal spines ? longer with fish 
Examples:   Leucorrhinia dubia (8,9) 
h) Detection of prey tactile (2) visual (2) 
i) Microhabitat choice usually safe (4) prefer rich but risky habitats (4) 
j) Habitats often permanent (4) permanent and temporal (4)  
Examples:   Lestes sp. and Sympetrum sp. (4) 
k) Foraging activity low (2) high (2) 
l) Growth slow (2) fast (2) 
m) Generation time long (2) fast (2) 
n) Sensitivity to fish low (2) high (2) 
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Methods 
 
Choice of lakes, field survey and species identification 
 
To be able to compare species composition of odonates and fish in the lakes, I visited the 
website of “Fiskeriverket” (Swedish Department of Fishery), and used the results of their 
test-fishing to determine the species of fish present in lakes in Halland, southwestern 
Sweden. I tried to choose lakes with a different composition of fish species, different 
number of species and lakes that have been test-fished recently. I eventually chose 10 
suitable lakes in Halland, which were surveyed for odonates in 2005. I used a handnet 
with a mesh-size of 2 mm to capture the specimens. Each sample with the handnet 
consisted of two sweeps, one to stir up the animals from the bottom and vegetation and 
the second to capture them. Each lake was sampled this way about 20-30 times, in 
vegetation along the shoreline and at several different locations. 
 
The captured animals were emptied into a flat water-filled bowl for sorting. The odonates 
were picked up with a soft forceps and transferred to a separate glass jar containing 70% 
ethanol for killing and preservation The specimens were identified in the lab to species 
(except for Coenagrion pulchellum/C.  puella which cannot be reliably separated and the 
Anisopteran genus Sympetrum), and number of individuals for each species in each lake 
were counted. The identification-key used was Norling and Sahlén (1997). I also 
identified and counted odonates from 17 lakes in Norrland, northern Sweden, already 
collected and preserved by Sahlén 1998-1999. 
 
Insertion and summarization of variables in data set 
 
The above mentioned 10 lakes from Halland, and the 17 lakes from Norrland were 
inserted into a data set together with other lakes from different geographical regions in 
Sweden, already surveyed in the same manner by Sahlén during 1996-1998. This meant a 
total of 92 lakes in the data set (Tables 19-21, Appendix). The number of fish and 
odonate species present and the abundances of odonates caught for each lake were 
summarized. Sizes of the lakes were also manually calculated (in ha) from topographic 
maps, and latitudes of the lakes were rounded off into integers for each lake. Lake size 
and latitude are examples of confounding variables that could influence the results of the 
tests. If for example some odonates prefer smaller sized lakes that also have a certain fish 
species composition, it may look like the odonates respond to the fish composition when 
they actually are more influenced by the size of the lake. The tests must therefore take 
these factors into account.  
 
Division of fish into ecological groups 
 
The fish species versus the odonate species present may not be the best way to analyze 
the material. A division of fish into a few ecological groups, depending on the ecology of 
the fish species may be more informational to understand the relation between odonates 
and fish predators. For example, a piscivore like pike may be a predator on odonates as a 
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fry, but when shifted to fish prey, it may actually “help” odonates by preying on their 
enemies, while a pelagic planctivore may have little impact on odonates.  
I therefore tried to summarize basic facts about the fish species that were present in the 
92 lakes in the data set. I had Pehton & Swedberg (1994) and the website FishBase as 
references, and then used the ecology of the fish species to divide them into seven 
ecological groups (Table 3). 
 
Table 3. Division of fish species into seven ecological groups (A-G). Pehton & Svedberg (1994) and the website Fishbase were 
used as references for the data of each species of fish. 
 
Ecological groups     
(A) Epipelagic planctivores     
Coregonus albula (vendace) Osmerus eperlanus (European smelt) Alburnus alburnus (bleak) 
(B) Littoral omnivores     
Phoxinus phoxinus (Eurasian minnow) Gasterosteus sp. (sticklebacks) Acerina cernua (ruffe) 
(C) Generalists     
Rutilus rutilus (roach) Leuciscus idus (ide) Scardinus erythropthalmus (rudd) 
Tinca tinca (tench) Abramis brama (carp bream) Carassius carassius (Crucian carp) 
Perca fluviatilis (European perch)    
(D) Benthopelagic omnivores     
Salmo gairdneri (rainbow trout) Salvelinus sp. (charr) Coregonus lavaretus (common whitefish) 
(E) Profundal omnivores     
Anguilla anguilla (European eel) lota lota (burbot)   
(F) Littoral piscivores     
Esox lucius (Northern pike)    
(G) Pelagic piscivores     
Stizostedion lucioperca (zander)     

 
The fish species from the lakes in the data set were divided into the correct ecological 
group, and the numbers of groups for each lake were summarized. I also divided the lakes 
into 18 different lake categories depending on the composition of ecological groups of 
fish present in each lake (Table 4). 
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Table 4. Division of lakes into 18 different lake-categories depending on the composition of the different ecological groups of 
fish in each lake. 
 
Lake category Ecological groups present 

1 E 
2 BCEF 
3 ABCEF 
4 ABCE  
5 BCE  
6 ACEF 
7 CE 
8 CEF 
9 ACDEF 

10 AE 
11 ACE  
12 0 (no groups) 
13 DE 
14 CDE 
15 BCDEF 
16 ACDE  
17 CDEF 
18 ABCDEFG 

 
 
Correlation-tests 
 
The statistical program SPSS 13.0.1 was used to enable statistical analysis of the data. I 
wanted to see if there were any correlations between number of species/ecological groups 
of fish and number of species/abundances of odonates. Since some of the variables did 
not have a normal distribution (Table 8), I chose to perform a nonparametric Spearman 
correlation-test (Table 5 below).  
 
Table 5. Variables 1 and 2 are tested against each other in the Spearman correlation-tests. 
 
Variable 1 Variable 2 
    
Number of species of fish Abundances of odonates captured 
Number of ecological groups Abundances of odonates captured 
Number of species of fish Number of species of odonates 
Number of ecological groups Number of species of odonates 

 
 
 
 
Regression tests 
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Since size and latitude of the lakes can be seen as independent variables determining the 
dependent continuous variables concerning odonates and fish, I also performed a linear 
regression on these potential confounding variables in SPSS (Table 6). I chose to use the 
natural logarithm of the independent variables, since lake size had such a wide span of 
values between 0.01 and 215 ha. 
 
Table 6. List of the variables tested in the linear regressions. Note that the natural logarithm for the 
independent variables was used in the test.  
 
Independent variable (x) Dependent variable (y) 
   
ln(size of lake) Number of species of odonates 
ln(size of lake) Abundances of odonates 
ln(size of lake) Number of species of fish 
ln(size of lake) Number of ecological groups of fish 
ln(latitude of lake) Number of species of odonates 
ln(latitude of lake) Abundances of odonates 
ln(latitude of lake) Number of species of fish 
ln(latitude of lake) Number of ecological groups of fish 

 
Discriminant analyses 
 
Next step was to explore the data set in more detail. I wanted to see if the different 
ecological groups of fish influenced odonate species composition. To do this I performed 
seven discriminant analyses in SPSS, one for each ecological group of fish. I tested 
presence/absence of the ecological group against the presence of the different odonate 
species in each lake. I also performed a discriminant analysis with the 18 different 
categories of lakes against the presence of odonate species for each lake. 
 
I tested the number of ecological groups of fish present in a lake (from 0 to 7) and 
number of species of fish (in the two groups 0-5 and 6-10 species) vs. the odonate species 
composition in two discriminant analyses. Furthermore, I again tested the potential 
confounding influence of lake-size and latitude on the species compositions of odonates 
and fish in four discrimination analyses. The natural logarithm of the lake-size was used 
and grouped into six categories according to scale with two successive units of ln(ha) for 
each category. Category 1 covers tiny lakes with ln(ha) from -5 to -3 and the highest 
category 6 includes the largest lakes with a ln(ha) of 5-7. Latitude of lakes was also 
grouped into six categories, with each new category covering two latitudinal degrees 
northwards. Category 1 covers the most southern lakes in Halland at latitudes 56-57 and 
the highest category 6 includes the most northern lakes in Norrland with latitudes 66-67. 
The discriminant analyses made are summarized in Table 7. 
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Table 7. List of variables tested in the discrimination analyses.  Definition of ecological groups as in 
Table 3.  sp comp= species composition.  
 

Grouping variable                     Groups 
Nr of 
groups Indep variable 

Group A  presence/absence of group A 2 Odonate sp comp 
Group B presence/absence of group B 2 Odonate sp comp 
Group C presence/absence of group C 2 Odonate sp comp 
Group D presence/absence of group D 2 Odonate sp comp 
Group E presence/absence of group E 2 Odonate sp comp 
Group F presence/absence of group F 2 Odonate sp comp 
Group G presence/absence of group G 2 Odonate sp comp 
Lake category 18 lake categories 18 Odonate sp comp 
Number of ecological groups 0-7 ecological groups in a lake 8 Odonate sp comp 
Number of species of fish 0-5/6-10 number of species of fish 2 Odonate sp comp 
ln(size of lake) different sizes of lakes 6 Odonate sp comp 
Latitude of lake different latitudes of lakes 6 Odonate sp comp 
ln(size of lake) different sizes of lakes 6 Fish sp comp 

Latitude of lake different latitudes of lakes 6 Fish sp comp 

 
The discrimination analyses for the specific ecological groups and number of species of 
fish was further investigated by studying which odonate species were most correlated or 
affected by the presence/absence of each group and number of species of fish. This was 
done by analyzing the Standardized Canonical Discriminant Function Coefficients 
(SCDFC) for each odonate species for each ecological group/number of species of fish. 
The five odonate species with the highest values of SCDFC for each analysis were ranked 
1-5, and number of times each odonate species appeared among the five highest ranked 
were noted. 
 
Lake-categories that were distinctly separated from others in the combined plot of all 
lake-categories against odonate composition (Results-section) were further investigated. 
The data-set for these lake-categories were investigated non-statistically (visually) by 
comparison of data-set with other lake-categories for unusually high abundances of 
odonate species, presence of rare or unique species, or absence of important species and 
genera.  
 
Kruskal-Wallis-tests 
 
I also wanted to test how number of species of odonates depends on presence of a certain 
ecological group of fish and of different lake categories. The presence of each ecological 
group of fish and its corresponding number of species of odonates for each lake were 
summarized into a single column for each variable for further analysis. The data did not 
seem to be normally distributed (Results-section) and a nonparametric Kruskal-Wallis-
test was therefore used on the data set. Next step was to test lake categories against 
number of odonate species for each lake. For this I used the same variable for number of 
species of odonates as in the correlation test. A nonparametric Kruskal-Wallis-test had to 
be used for these variables as well (Table 8). 
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Table 8. Variables tested in two Kruskal-Wallis-tests. 
 
Grouping variable Test variable Test 
Ecological group of fish present Number of species of odonates Kruskal-Wallis 
Lake category Number of species of odonates Kruskal-Wallis 

 
Lake-categories that were distinctly separated from others in plots and graphs (see 
Results-section) were further investigated. The data-set for these lake-categories were 
investigated by comparison with other lake-categories for unusually high abundances of 
odonate species, presence of rare or unique species, or absence of important species and 
genera (Table 9). 
 
Table 9. Explanation and definition of the concepts used in the investigation of specific lake 
categories with hypothetical odonate species x, lake category y and odonate genera z. 
 
Category Groups High abundances Rare species Unique species Common genera missing 
            
Lake  Ecological Abundance of species x Occurence of  Occurence of  Lack of occurence of common 
category groups of in any lake in category y >   species x in species x  genera z in category y,  
Y fish present mean abundance of species category y and only in category y where genera z is containing at  
  in lake x of all surveyed lakes  in less than 10    least one common species   
  category y where species x occured+ of the surveyed    (common species 
    standard deviation lakes   defined as an occurence 
    of abundance of       of the species 
    species x      in at least 30 
    from all lakes where     of the surveyed lakes)  
    species x occured       
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Results 
 
Correlation-tests 
 
The first step in my analysis was to examine if the continuous variables in the data set 
have a normal distribution or not, indicating if parametric or nonparametric statistics 
should be used. I therefore performed a one-sample Kolmogorov-Smirnov-test on my 
variables. Since some of the variables did not have a normal distribution (Table 10), I 
chose to perform a nonparametric Spearman correlation-test.  
 
Table 10. Results of the Kolmogorov-Smirnov test on the continuous variables from the data set.  
Values with p above 0.05 are considered to be normally distributed. 
 

Variable P Normal distr? 
Number of species of fish 0.238 Yes 
Number of ecological groups of 
fish 0.001 No 
Abundances of captured odonates <0.001 No 
Number of species of odonates 0.268 Yes 

 
The number of species of fish was not significantly correlated either to the number of 
species or the abundances of odonates. The number of ecological groups of fish was also 
uncorrelated with odonates, but a negative trend was present for the odonate abundances 
(Table 11). 
 
Table 11. Results of the Spearman correlation tests on the continuous variables. A “trend” is here 
judged as a p-value between 0.05 and 0.1. 
 
Variable 1 Variable 2 r p sig 
      

Number of species of fish Abundances of odonates captured -0.038 0.718 no 

Number of ecological groups Abundances of odonates captured -0.18 0.086 trend 

Number of species of fish Number of species of odonates -0.062 0.558 no 

Number of ecological groups Number of species of odonates -0.154 0.143 no 

 
 
Regression-tests 
 
Significant negative relationships exist between lake-size and abundances/number of 
species of odonates, and significant positive relationships were found between number of 
species/number of ecological groups of fish and size of lake (Table 12). No relationships 
were found concerning the latitude of the lakes. Even if some of the relationships were 
significant, all tests had very low values of r2, indicating that the relationships are weak.  
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Table 12. Results of the linear regression tests on the natural logarithm of size of lake and latitude of 
lakes tested against the continuous variables concerning odonates and fish.  
 
Indep variable (x) Dep variable (y) r2 slope p Sig 
        
ln(size of lake) Number of species of odonates 0.082 -0.546 0.006 Yes 
ln(size of lake) Abundances of odonates 0.143 -31.582 <0.0005 Yes 
ln(size of lake) Number of species of fish 0.101 0.399 0.002 Yes 
ln(size of lake) Number of ecological groups of fish 0.114 0.246 0.001 Yes 
ln(latitude of lake) Number of species of odonates 0.028 -17.331 0.11 No 
ln(latitude of lake) Abundances of odonates 0.001 -114.993 0.815 No 
ln(latitude of lake) Number of species of fish 0.001 -2.444 0.741 No 
ln(latitude of lake) Number of ecological groups of fish 0.005 2.775 0.517 No 

 
Discrimination-analyses 
 
As seen in table 13 below, all ecological groups of fish had a high classification percentage 
to odonate species composition. Odonate species composition analyzed against number of 
species of fish resulted in a rather high classification percentage (74%). Latitude of lakes 
had rather high classification percentages for odonates and fish, while size of lake had low 
percentages (Table 13). Tables 14 and 15 summarize the analysis of SCDFC from the 
discrimination analyses for the odonate species compared to the different ecological groups 
of fish and to number of species of fish. 
Table 13. Results of the discrimination analyses.  Class % = the classification percentage for the 
groups. Definition of ecological groups as in Table 3. For explanation of “Groups”, see Table 6. 
 

Grouping variable Groups Independent variable 
Class 
% 

Group A 2 Odonate species composition 80% 
Group B 2 Odonate species composition 78% 
Group C 2 Odonate species composition 89% 
Group D 2 Odonate species composition 89% 
Group E 2 Odonate species composition 99% 
Group F 2 Odonate species composition 78% 
Group G 2 Odonate species composition 89% 
Lake category 18 Odonate species composition 63% 
Number of ec groups 8 Odonate species composition 56,50% 
Number of species of fish 2 Odonate species composition 73,90% 
ln(size of lake) 6 Odonate species composition 56,50% 
Latitude of lake 6 Odonate species composition 75% 
ln(size of lake) 6 Fish species composition 56,60% 

Latitude of lake 6 Fish species composition 68,70% 
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Table 14.  Odonate species ranked 1-5 according to their values of SCDFC for each ecological group of 
fish and for number of species of fish. The highest ranked species had the highest values of SCDFC. 
For complete species names, see table 14. Definition of ecological groups as in Table 3.  
 
  1  2 3 4 5 

Group A  L sponsa S arctica L dryas A grandis E bimaculata 
Group B L dryas S arctica P nymphula L rubicunda E cyathigerum 
Group C L dryas E bimaculata E cyathigerum L dubia A viridis 
Group D C hastulatum C virgo L dubia C armatum L quadrimaculata 
Group E L dryas E bimaculata E cyathigerum P nymphula A viridis 
Group F L dryas E cyathigerum E bimaculata L dubia S arctica 
Group G C armatum S arctica E cyathigerum L quadrimaculata L dryas 
        

Number of fish species L dryas L dubia A subarctica E bimaculata E cyathigerum 

 
 
Table 15. Odonate species that ranked among the fifth highest SCDFC for ecological groups and 
number of species of fish are listed. Number of times ranked (“times ranked”) and what ecological 
groups they were ranked against (“ecological groups”) are included in the table. Species that ranked 1-
5 against number of species of fish (“species of fish”) are indicated as “yes” in table. 
 
Species           times ranked ecological groups species of fish 
Lestes dryas  7 ABCEFG Yes 
Enallagma cyathigerum  6 BCEFG Yes 
Epitheca bimaculata  5 ACEF Yes 
Somatochlora arctica  4 ABFG No 
Leucorrhinia dubia  4 CDF Yes 
Pyrrhosoma nymphula  2 BE No 
Aeshna viridis  2 CE No 
Coenagrion armatum  2 DG No 
Libellula quadrimaculata  2 DG No 
Lestes sponsa  1 A No 
Aeshna grandis  1 A No 
Leucorrhinia rubicunda  1 B  No 
Coenagrion hastulatum  1 D No 
Calopteryx virgo  1 D No 
Aeshna subarctica  1 None Yes 
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Figure 1. Combined plot from a discrimination analysis of the 18 lake categories tested against odonate 
species composition. Note that the group centroids of category 9 and 11 are distinctly separated from 
the rest and also widely separated themselves. 
 
The discrimination analysis where the 18 different categories of lakes were analyzed 
against odonate species composition did not result in a high classification percent, just 63% 
(Table 13). However, one interesting observation from the discrimination analysis with the 
lake categories is that 16 of the categories overlapped in distribution in a combined plot, 
but that two categories were separated from both the 16 other groups and from each other 
(Fig 1). These two were lake-categories 9 (with groups A, C, D, E and F) and 11 (with 
groups A, C and E). Table 16 summarizes the comparison between group 9 and 11 with 
other categories. 
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Table 16. Summary of the comparison of species compositions of lake categories 9 and 11 with the 
other lake categories. For definitions see Table 8. Numbers in parentheses indicate number of lakes in 
that category which contained the specific odonate species. 
 
Category Groups High abundances Rare species Unique species Common genera 

          missing 
            
9 (2 
lakes) ACDEF Coenagrion hastulatum (2) Leucorrhinia caudalis (1)     
    Aeshna grandis (2)       
    Cordulia aenea (1)       
        
11 (3 
lakes) ACE Lestes sponsa (1) Pyrrhosoma nymphula (1) Somatochlora arctica (2) 
    Pyrrhosoma nymphula (1) Coenagrion armatum (2)     
    Coenagrion armatum (1) Aeshna viridis (1)     
    Libellula quadrimaculata (1) Somatochlora flavomaculata (1)     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Combined plot of the number of ecological groups of fish in a lake tested in a discrimination 
analysis against odonate species composition. Note that the group centroid of number 0 (no ecological 
groups of fish present) is distinctly separated from the rest. Group 3 does also seem to be somewhat 
distinct, but is overlapping too much with other groups to justify a separate analysis. 
 
The number of ecological groups of fish analyzed against the species composition of 
odonates did also result in a low classification percentage (Table 13), but one group when 
plotted where distinctly outside the centroid of the other groups (Fig. 2). This group was 0 
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(0 ecological groups, no fish). Note also that group 3 (3 ecological groups) also may be 
distinct, even if it is somewhat overlapping with the rest 
 
Kruskal-Wallis-tests 
 
I performed a Kolmogorov-Smirnov test on the continuous variables to be able to decide 
if a parametric or nonparametric test should be used. The test showed that the number of 
species of odonates had a significance as low as 0,005. Consequently, the data does not 
seem to be normally distributed and a nonparametric Kruskal-Wallis-test was therefore 
used on the data set. For the lake categories I used the same variable as for the correlation 
test. The Kolmogorov-Smirnov-value for “number of species of odonates” seen in table 9 
above is therefore the same for this test. The value is 0,268, and a normal distribution 
could be presumed. A parametric one-way-ANOVA-test was therefore used on the data 
set. However, after performing an ANOVA, the homogeneity of variance turned out to be 
extremely low (0,001). Therefore a nonparametric Kruskal-Wallis-test had to be used for 
these variables as well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Mean number of species of odonates plotted against lake categories. Note that category 11 
and 12 have a high number of species compared to other categories and that category 18 has a very low 
number of species. 
 
The Kruskal-Wallis-tests where presence of each ecological group of fish and lake-
category was analyzed against number of species of odonates did not show any significant 
difference between the groups of fish and for the different categories of lakes (Table 17). 
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Table 17. Results of the Kruskal-Wallis-tests where number of species of odonates were tested against 
presence of the ecological groups of fish and the different categories of lakes. 
 

Grouping variable Test variable Test p sig 
Ecological group of fish present Number of species of odonates Kruskal-Wallis 0,331 No 
Lake category Number of species of odonates Kruskal-Wallis 0,211 No 

 
However, when lake categories were plotted against number of species of odonates, three 
categories had an unusually high or low number of species of odonates compared to other 
categories (Fig 3). Category 11 and 12 has a high number of species, and category 18 very 
few species. Table 18 shows a summary of the differences between these three categories 
and the rest. 
 
Table 18. Summary of the comparison of species compositions of lake categories 12 and 18 with the 
other lake categories. For definitions see Table 8. . Numbers in parentheses indicate number of lakes in 
that category which contained the specific odonate species. 
 
Category Groups High abundances Rare species Unique species Common genera missing 
        
12 (3 
lakes) 0 Erythromma najas (1) Lestes dryas (2)     
    Sympetrum sp. (1) Pyrrhosoma nymphula (1)     
    Aeshna grandis (1) Coenagrion armatum (1)     
      Coenagrion lunulatum (2)     
      Leucorrhinia caudalis (1)     
      Leucorrhinia albifrons (1)     
      Leucorrhinia pectoralis (1)     
        
18 (1 
lake) all     

Onychogomphus forcipatus 
(1) Lestes sp.  

          Coenagrion sp. 
          Aeshna sp. 
          Cordulia sp. 
          Libellula sp. 
          Leucorrhinia sp. 
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Discussion 
 
The effect of number of species of fish/number of ecological groups of fish on odonates 
 
The absence of significant correlations between number of species/groups of fish and 
number of species/abundances of odonates (Table 11) was a little surprising. I expected a 
negative correlation where increased number of species/groups of fish means higher 
abundances of fish, a consequently higher predation pressure resulting in decreased 
diversity and abundances of donates. No studies on this specific subject have as far as I 
know been done before, so I have no comparative material, but judging from the research 
on effect of presence/absence of fish (e.g. Table 1) and the result of this study, it seems 
that presence/absence of fish is more important than the actual number of species of fish. 
But even if odonate abundances and number of species remains the same the relative 
abundances and species composition may change and the discriminant analyses indicate 
that odonate species composition does change with changing numbers of species of fish 
(Table 13).  
 
If number of species and abundances of fish are related, it is likely that odonate species 
considered vulnerable to fish would appear/become more common if number of species 
of fish declines.  Active and exposed odonates considered vulnerable to fish like Lestes 
sp. and Leucorrhinia dubia  (Table 1, Johansson, 2000, Johansson & Brodin, 2003  and 
Nilsson, 1981) got high SCDFC against the grouping variable number of species of fish 
in the discrimination analysis (Table 14). Epitheca bimaculata and Enallagma 
cyathigerum did also have high coefficients both to number of species of fish and several 
ecological groups of fish (see below), but the direction of the response 
(positive/negative?) of these species is as far as I know unknown. It seems as if number 
of ecological groups is not an important factor for odonate abundances, number and 
composition of species, since number of groups contrary to number of species of fish did 
get a low classification coefficient in the discrimination analysis when tested against 
odonate composition (Table 13). However, category 0 (0 groups) seems different, which 
is expected since complete absence of fish is likely to result in a different composition of 
invertebrates (Table 1, e.g. Crowder and Cooper, 1982 and Morin, 1984b). 
 
The effect of the different ecological groups on odonates 
 
There were no significant correlations between number of groups/species of fish and 
number of species of odonates (Table 11) and the Kruskal-Wallis test indicates that 
presence of a specific ecological group of fish has no significant effect on the number of 
species of odonates (Table 17). However, the discriminant analysis resulted in high 
classification percentages for all groups (Table 13). This could mean that even if the 
number of species of odonates doesn’t change with presence of a specific group of fish 
the composition of species does! 
 
The high classification percentages for all groups were a little unexpected though. I 
would have expected insectivoric groups like littoral omnivores/generalists to have more 
negative effect on composition and number of species of odonates than 
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piscivoric/planctivoric species. Remember that Johnson and Crowley (1980a) mentioned 
“weed-bed specialists” (≈littoral omnivores) to be important in determining proportion of 
Anisoptera and Zygoptera, and that Hambright et al. (1986) concluded that piscivores had 
little effect on the odonates compared to insectivores. 
 
 However, piscivoric species may still affect odonates since they could prey on them (and 
odonate prey) to some extent in early life-stages, prey on odonate predators (top-down-
effect) and planctivores might compete with odonates for the same prey (Pehton & 
Swedberg, 1994, FishBase, and Morin 1984a, b), It could also be that the environment in 
the lakes in which those specific groups of fish are found is influencing the composition 
of odonates more than the actual groups. 
 
 Active and exposed odonate species like the genus Lestes (particularly the species L. 
dryas)  (Table 1, Johansson, 2000) and Leucorrhinia dubia (Table 1, Johansson & 
Brodin, 2003  and Nilsson, 1981) are considered to be negatively correlated with 
presence of fish, and did also have high SCDFC against most groups of fish (Table 15). 
Somatochlora arctica, Epitheca bimaculata and Enallagma cyathigerum did also have 
high coefficients for several ecological groups, but these species are not present in Table 
1 and I don’t know the specific response of these species to the presence of fish. 
 
Several odonate species had high coefficients against one or a few groups of fish, for 
example Lestes sponsa and Aeshna grandis to epipelagic planctivores, Leucorrhinia 
rubicunda to littoral omnivores and Coenagrion hastulatum and C virgo to benthopelagic 
omnivores (Table 15). This may be an accidental artifact of the data-set but could also 
indicate an actual response of that odonate species to that particular ecological group of 
fish. The analysis and implications of this is beyond the scope of this study but I 
encourage further research on the potential relationships between these species and the 
different groups of fish. 
 
The effect of different lake categories on odonates 
 
The composition of ecological groups (lake categories) does not seem to have any 
significant effect on number of (Kruskal-Wallis test, Table 17) or the composition of 
species of odonates (discrimination analysis, Table 13). I expected a higher classification 
percentage for the lake categories, and I would have predicted categories with many 
littoral groups/omnivores and generalists to have less odonate species than lakes with 
mostly plancti- and piscivores, but it seems as the ecological groups when analyzed 
separately do influence but not when they are summarized into a complete fish 
composition. This could mean that the effect of each specific group of fish is “cancelled 
out” when other coexisting ecological groups are taken into account and the groups of 
fish also influence each other. 
 
Category 11 and 12 had a high number of species of odonates and 11 lack both littoral 
and piscivoric species and 12 lack fish altogether, while category 18 that included all 
groups of fish had very few species of odonates (Fig. 3). Number of species /groups of 
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fish could after all maybe be important for the diversity of odonates in a lake (compare 
Table 11), since 12 lack and 18 had all groups of fish. 
 
Category 12 had presence of the vulnerable Lestes dryas and three less common 
Leucorrhinia-species (L.  caudalis, L. albifrons and L. pectoralis, Table 18), that like 
most other Leucorrhinia-species (e.g. Nilsson, 1981) probably are sensitive to fish . The 
high abundances of some species in this category did not show any clear trend, since it 
included species/genera considered positively, negatively and non-correlated with fish 
(Table 18). Note that others of the present species could also be influenced by fish but are 
not yet sufficiently tested (see Table 1). 
 
Category 18 had a species that were unique for this category in the data-set, the digging 
gomphid Onychogomphus forcipatus (Table 18), belonging to a family (Gomphidae) 
generally considered to be relatively unaffected or positively affected by fish (Table 1, 
Bendell & McNicol, 1995). This category also lacked genera considered to be vulnerable 
to fish like Leucorrhinia (Nilsson, 1981) and Lestes (Johansson, 2000), but also genera 
that probably are uncorrelated or positively correlated with fish like the genus 
Coenagrion (Table 1). 
 
Category 9 and 11 had distinctly different odonate compositions (Fig. 1). Both lack 
littoral omnivores and 11 also lack littoral piscivores. The presence/absence of littoral 
fish-species may have a strong influence and create distinctly separated species 
compositions of odonates, perhaps related to differences in proportions of Zygoptera and 
Anisoptera as Johnson and Crowley (1980a) proposed. Category 9 had some high 
abundances of sluggish species considered uncorrelated/positively correlated with fish 
like Coenagrion hastulatum and Cordulia aenea, but also many individuals of the active, 
exposed Aeshna grandis and presence of the large libellulid Leucorrhinia caudalis (Table 
16). Category 11 had high abundances of the active and very vulnerable Lestes sponsa 
but also of Libellula quadrimaculata, a species considered uncorrelated with fish (Table 
1, Johansson & Brodin, 2003). Category 11 also had presence of several less common 
species and one species (Somatochlora arctica) that was found only in this category. The 
influence on fish on these species is not well-known, however. The study of the 
abundances and species compositions of these lake categories gave unfortunately no 
clear-cut answers. 
 
Methods, sources of error, confounding variables and suggestions for future studies 
 
Both number of species and abundances of odonates were significantly negatively 
correlated with lake size (Table 12), but odonate species composition had a low 
classification coefficient in the discrimination analysis against lake-size (Table 13). 
However, even if some of the regression relationships were significant, all tests had very 
low values of r2, indicating that the relationships are weak. Johansson and Brodin (2003) 
found in their survey that lake-size is not a significant factor in determining odonate 
community structure, but it seems that lake-size might have been a confounding variable in 
my study and attention must be paid to it in future studies when lakes of different sizes are 
compared.  
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Note that odonates are negatively correlated with lake-size, while fish are positively 
correlated in my tests. Johansson and Brodin (2003) expected an increase in number of 
odonates with increased size of lake or pond, but I would say that I anticipated a negative 
correlation because I also expected (correctly) a positive correlation of fish with 
increased lake-size. An interesting question emerging from this is whether the 
abundances and number of species of odonates are negatively correlated to lake-size 
because of increased pressure from fish in larger lakes or because of other factors related 
to the increased size of the lake. 
 
All results of the regression-test on latitudes had no significant relationships on either 
number of species of odonates or fish (Table 12). However, the discrimination analysis 
had a rather high classification percentage (Table 13), so if comparing compositions of 
odonates in different regions of Sweden, latitude might be a confounding variable that 
must be taken into account. 
 
Some flaws in the data-set and methods may have affected the result. The ecological 
groups are not analyzed alone, since other ecological groups are present for most lakes 
which of course could affect the result, and each lake is used several times in the 
Kruskal-Wallis-analysis (pseudoreplication) and no post-hoc-test could be conducted on 
the material. Replicates for many lake-categories and some groups were also very few 
which bring some uncertainties about the accuracy and significance of these results. It is 
also important to note that the standard deviations of lake categories 11 and especially 12 
are very large, making the choice of these categories as different concerning a high mean 
number of species of odonates uncertain.  
 
Concerning the non-correlation with number of ecological groups/number of species of 
fish with abundances and number of species of odonates it is important to consider that a 
lake with a few insectivorous species might affect odonates more than many plancti- and 
piscivoric species and fishless lakes are usually dominated by large, invertebrate 
predators that also determine odonate abundances and diversity (e.g. Hopper, 2001). 
Lakes with low pH may have few or no fish but may also be an unsuitable environment 
for many odonates (e.g. Skärsjön from Halland in the data-set, see also Strong and 
Robinson, 2004) and factors such as suitable habitats and refugees must also be 
considered.   
 
For future studies on this subject in Sweden I would recommend using the database of 
“Fiskeriverket” for fish compositions since I believe it is the most accurate, standardized 
and comprehensive available today. When choosing lakes I would suggest trying to 
choose as recently surveyed lakes as possible and base the choice on the fish composition 
in the lakes to try to get as different compositions of species and ecological groups and 
also as many replicates of each type of lake as possible. If practically possible, it would 
be suitably to do the survey during a limited period of time and try to choose lakes with 
similar size, latitude, pH, invertebrate diversity and trophic status to eliminate possible 
confounding abiotic and biotic variables when comparing fish and odonates. Johansson & 
Brodin (2003) concluded from their study that only pH is a significant confounding 
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abiotic variable influencing odonate community, but several authors (e.g. Johansson & 
Brodin, 2003 and Strong & Robinson, 2004) believe this is an indirect effect of different 
presence of fish at different pH. More tests similar to the ones in this study and Johansson 
& Brodin (2003) on potential confounding variables when analyzing fish against 
odonates would be appropriate. 
 
The ecological groups and lake categories used in this study could be summarized into 
fewer groups like for example; (a) planctivores, (b) omnivores, (c) piscivores. This would 
mean a little more generalized and perhaps vague result, but would, especially if used to 
divide into lake-categories give more replicates and it would be easier to detect any 
differences. Enough replicates would also enable post-hoc-tests that would make it 
possible to compare different groups/categories to see where the real potential differences 
in the material exist.  
 
This study has indicated that there might be a correlation between the presence of specific 
ecological groups of fish and the composition of odonate communities in freshwater 
habitats, and I believe the influence of different ecological groups of fish on odonates is a 
much neglected area where more research would be most welcome. To test the 
significance of each specific ecological group, it would be suitable to use two identical 
sets of lake categories except for the presence/absence of the particular ecological group 
you want to test.  
 
Two lake categories, which both lacked some littoral groups of fish, seemed to have 
unique odonate compositions, and consequently more research is encouraged on these 
specific lake categories and the effect of littoral species of fish on odonates as well as 
more studies on the odonate species that seemed to be associated with different 
ecological groups of fish. More research is also needed on which particular odonate 
species that are associated positively or negatively with fish, how they react to different 
species and compositions of fish and the differences in characteristics between the 
species of odonates. 
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Appendix 
 
Table 19. List of the 92 sampled lakes with name of lakes, geographical position, lake area, latitude of 
lake and year the lake was sampled. 
County Municipality Lake Area (ha) Latitude Year sampled 
        
Uppsala Tierp Truskesjön 2,32 60 1996 
Uppsala Tierp Degertrusket 7,04 60 1996 
Uppsala Tierp Björnsjön 0,28 60 1996 
Uppsala Tierp Själsjön 8,84 60 1996 
Uppsala Tierp Storfjärden 7,04 60 1996 
Uppsala Tierp Romsmaren 1 60 1996 
Uppsala Tierp Rödhällsfjärden 1,12 60 1996 
Uppsala Tierp Gjusholmsfjärden 0,6 60 1996 
Uppsala Tierp Gäddalen 1,16 60 1996 
Uppsala Tierp N. Prästbäckskärret 0,92 60 1996 
Uppsala Tierp Prästbäcken 0,64 60 1996 
Uppsala Tierp Gubbenshöllsjön 1 60 1996 
Uppsala Tierp Käringsjön (Vedlösa) 4,16 60 1996 
Uppsala Tierp Hällefjärd 1,68 60 1996 
Uppsala Tierp Lerorna 0,68 60 1996 
Uppsala Tierp Björkfjärd 0,76 60 1996 
Uppsala Tierp Västersjön/St.Hållsj. 17,6 60 1996 
Uppsala Tierp Utmossarna 0,24 60 1996 
Uppsala Tierp Skatfjärden 0,6 60 1996 
Uppsala Tierp Grymmartjärn/Grymmarfjärd 0,16 60 1996 
Uppsala Tierp Käringsjön (Fäskär) 0,24 60 1996 
Uppsala Tierp Kärringsjökärret 0,04 60 1996 
Uppsala Östhammar Kungsträsket 0,16 60 1996 
Uppsala Östhammar Graven 0,88 60 1996 
        
Dalarna Smedjebacken Andtjärnen 0,4 60 1997 
Dalarna Smedjebacken Lilla bondtjärnen 0,84 60 1997 
Dalarna Smedjebacken Fallerslogstjärnen 0,44 60 1997 
Dalarna Smedjebacken Gåstjärnen 0,24 60 1997 
Dalarna Smedjebacken SÖ Gräsberget 0,08 60 1997 
Dalarna Smedjebacken Huttikatjärnen 2,48 60 1997 
Dalarna Smedjebacken Koppartjärnen 0,88 60 1997 
Dalarna Smedjebacken Klosstjärnen 0,16 60 1997 
Dalarna Smedjebacken N. Klosstjärnen 1,4 60 1997 
Dalarna Smedjebacken Kroktjärnen (1) 3,68 60 1997 
Dalarna Smedjebacken Kroktjärnen (2) 4,24 60 1997 
Dalarna Smedjebacken Kvarntjärnen 0,48 60 1997 
Örebro Lindesberg Lilla tjärnen 0,16 60 1997 
Dalarna Smedjebacken Lorttjärnen (1) 0,56 60 1997 
Dalarna Smedjebacken Lorttjärnen (2) 0,96 60 1997 
Dalarna Smedjebacken Mellantjärnen (1) 5,12 60 1997 
Dalarna Smedjebacken Mellantjärnen (2) 2,8 60 1997 
Dalarna Smedjebacken Norrtjärnen 1,68 60 1997 
Västmanland Skinnskatteberg Ormputten 0,16 59 1997 
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Örebro Lindesberg Paskalampa 5,12 59 1997 
Västmanland Heby Sundmossen (pöl) 0,01 59 1997 
Dalarna Smedjebacken Rika sjön 0,52 60 1997 
Örebro Lindesberg Stora Tjärnen 0,92 59 1997 
Örebro Lindesberg Södra svarttjärnen 0,16 59 1997 
Dalarna Smedjebacken Skottjärnen 2,32 60 1997 
Dalarna Smedjebacken Sälgtjärnen 0,4 60 1997 
Örebro Lindesberg Sävenästjärnen 2,52 59 1997 
Dalarna Smedjebacken Tranhålet 0,2 60 1997 
Dalarna Smedjebacken Trolltjärnen (1) 0,92 60 1997 
Dalarna Smedjebacken Trolltjärnen (2) 0,32 60 1997 
Örebro Lindesberg Väckalampa 1,56 59 1997 
        
Stockholm Norrtälje Mårdsjön 0,36 59 1998 
Uppsala Uppsala Dalkarlskärret 8,96 59 1998 
Stockholm Norrtälje Igelsjön 0,4 59 1998 
Uppsala Tierp Svartsjön 0,92 60 1998 
        
Kronoberg Växjö Stora kroksjön 2,28 56 1998 
        
Uppsala Uppsala Nävergården 5,04 59 1998 
Uppsala Uppsala Risbosjön 24,48 59 1998 
Uppsala Uppsala Tvigölen/Tvigölingen 5,6 59 1998 
Västmanland Sala Bångbosjön 15,84 59 1998 
Västmanland Sala L. Tillingen 8 59 1998 
        
Dalarna Orsa Björntjärnen 2,44 61 1999 
Dalarna Orsa Lintjärnen 4 61 1999 
Dalarna Orsa Övre Tetvasseltjärnen 1,24 61 1999 
        
Norrbotten Gällivare Keski-Leipojärvi 34,56 67 1998 
Norrbotten Piteå Kvarntjärnarna (södra) 0,36 65 1998 

Västerbotten Umeå Kåtasjötjärnen 1,76 63 1998 
Västerbotten Nordmaling Korptjärnen 6,6 63 1998 
Västerbotten Nordmaling Norrsjön 18,72 63 1998 
        
Västernorrland Örnsköldsvik Hamptjärn 4,08 63 1998 
Västernorrland Örnsköldsvik Lakamarkssjön 33,28 63 1998 
Västernorrland Örnsköldsvik Stavasjön 13,28 63 1998 
Västernorrland Örnsköldsvik Uttertjärnen 5,68 63 1998 
Västernorrland Örnsköldsvik Knivtjärnen 0,68 63 1998 
Västernorrland Kramfors Köpmantjärnen 7,84 62 1998 
Västernorrland Kramfors Idsjön 17,28 62 1998 
Västernorrland Sundsvall Gransjön 7,2 62 1998 
Västernorrland Sundsvall Västanbäck Damm 0,92 62 1998 
        
Halland Halmstad Toftasjön 5,84 56 2005 
Halland Halmstad Torvsjön 25,92 56 2005 
Halland Halmstad Amsjön 14,24 56 2005 
Halland Hylte Södra färgen 215,04 56 2005 
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Halland Halmstad Attavarasjön 22,56 56 2005 
Halland Halmstad Balasjön 10,4 56 2005 
Halland Halmstad Stora skärsjön 25,76 56 2005 
Halland Halmstad Älvasjön 18,4 56 2005 
Halland Halmstad Gyltigesjön 32 56 2005 
Halland Kungsbacka Skärsjön 110,72 57 2005 

 
 
Table 20. List of the 92 lakes with a summary of the composition of fish and odonates found in the 
lakes. 
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Truskesjön 0 0 0 0 1 0 0 E 1 1 1 17 4 
Degertrusket 0 1 1 0 1 1 0 BCEF 2 6 4 31 7 
Björnsjön 0 1 1 0 1 1 0 BCEF 2 5 4 28 5 
Själsjön 1 1 1 0 1 1 0 ABCEF 3 8 5 23 8 
Storfjärden 1 1 1 0 1 1 0 ABCEF 3 9 5 19 5 
Romsmaren 0 1 1 0 1 1 0 BCEF 2 5 4 24 7 
Rödhällsfjärden 0 1 1 0 1 1 0 BCEF 2 6 4 6 3 
Gjusholmsfjärden 1 1 1 0 1 0 0 ABCE  4 6 4 37 6 
Gäddalen 0 1 1 0 1 0 0 BCE  5 3 3 36 10 
N. Prästbäckskärret 0 1 1 0 1 1 0 BCEF 2 5 4 38 11 
Prästbäcken 0 1 1 0 1 1 0 BCEF 2 5 4 53 4 
Gubbenshöllsjön 1 1 1 0 1 1 0 ABCEF 3 8 5 48 13 
Käringsjön (Vedlösa) 0 1 1 0 1 1 0 BCEF 2 5 4 46 4 
Hällefjärd 0 1 1 0 1 1 0 BCEF 2 6 4 107 13 
Lerorna 0 1 1 0 1 0 0 BCE 5 3 3 21 6 
Björkfjärd 0 1 1 0 1 1 0 BCEF 2 5 4 3 2 
Västersjön/St.Hållsj. 1 0 1 0 1 1 0 ACEF 6 7 4 5 2 
Utmossarna 0 0 1 0 1 0 0 CE 7 2 2 49 12 
Skatfjärden 0 0 1 0 1 1 0 CEF 8 4 3 15 4 
Grymmartjärn/Grymmarfjärd 0 0 1 0 1 1 0 CEF 8 4 3 30 6 
Käringsjön (Fäskär) 0 0 1 0 1 0 0 CE 7 2 2 39 7 
Kärringsjökärret 0 0 0 0 1 0 0 E 1 1 1 39 9 
Kungsträsket 0 0 0 0 1 0 0 E 1 1 1 37 6 
Graven 0 1 1 0 1 1 0 BCEF 2 4 4 26 6 
                
Andtjärnen 1 0 1 0 1 1 0 ACEF 6 7 4 466 7 
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Lilla bondtjärnen 0 0 1 0 1 0 0 CE 7 2 2 36 8 
Fallerslogstjärnen 0 1 1 0 1 1 0 BCEF 2 6 4 453 9 
Gåstjärnen 0 1 1 0 1 0 0 BCE  5 5 3 679 9 
SÖ Gräsberget 0 1 1 0 1 0 0 BCE 5 5 3 349 6 
Huttikatjärnen 1 0 1 0 1 1 0 ACEF 6 6 4 185 9 
Koppartjärnen 1 0 1 1 1 1 0 ACDEF 9 6 5 462 9 
Klosstjärnen 0 0 1 0 1 1 0 CEF 8 4 3 90 8 
N. Klosstjärnen 0 0 1 0 1 0 0 CE 7 4 2 13 5 
Kroktjärnen (1) 0 0 1 0 1 0 0 CE 7 3 2 102 8 
Kroktjärnen (2) 0 1 1 0 1 1 0 BCEF 2 8 4 85 10 
Kvarntjärnen 0 1 1 0 1 1 0 BCEF 2 7 4 167 9 
Lilla tjärnen 1 0 0 0 1 0 0 AE 10 2 2 336 7 
Lorttjärnen (1) 0 0 1 0 1 0 0 CE 7 4 2 483 7 
Lorttjärnen (2) 0 1 1 0 1 1 0 BCEF 2 7 4 135 8 
Mellantjärnen (1) 1 0 1 1 1 1 0 ACDEF 9 6 5 522 9 
Mellantjärnen (2) 0 1 1 0 1 0 0 BCE 5 8 3 501 10 
Norrtjärnen 0 1 1 0 1 0 0 BCE 5 5 3 162 9 
Ormputten 1 0 1 0 1 0 0 ACE  11 3 3 181 8 
Paskalampa 1 0 1 0 1 1 0 ACEF 6 6 4 226 9 
Sundmossen (pöl) 0 0 0 0 1 0 0 E 1 1 1 454 8 
Rika sjön 0 0 1 0 1 0 0 CE 7 2 2 182 8 
Stora Tjärnen 1 1 1 0 1 1 0 ABCEF 3 7 5 325 7 
Södra svarttjärnen 0 0 1 0 1 0 0 CE 7 3 2 10 5 
Skottjärnen 0 0 1 0 1 0 0 CE 7 2 2 168 12 
Sälgtjärnen 1 1 1 0 1 1 0 ABCEF 3 8 5 355 8 
Sävenästjärnen 0 0 1 0 1 0 0 CE 7 2 2 147 9 
Tranhålet 1 1 1 0 1 1 0 ABCEF 3 9 5 94 5 
Trolltjärnen (1) 0 1 1 0 1 1 0 BCEF 2 5 4 81 9 
Trolltjärnen (2) 0 0 1 0 1 0 0 CE 7 2 2 432 10 
Väckalampa 0 1 1 0 1 0 0 BCE 5 8 3 94 10 
                
Mårdsjön 0 0 0 0 0 0 0 O 12 0 0 146 18 
Dalkarlskärret 1 0 1 0 1 0 0 ACE 11 3 3 228 16 
Igelsjön 0 0 1 0 1 0 0 CE 7 2 2 51 13 
Svartsjön 1 0 1 0 1 0 0 ACE 11 3 3 95 15 
                
Stora kroksjön 0 0 0 0 0 0 0 O 12 0 0 103 16 
                
Nävergården 1 1 1 0 1 0 0 ABCE 4 6 4 52 11 
Risbosjön 1 1 1 0 1 0 0 ABCE 4 6 4 134 10 
Tvigölen/Tvigölingen 0 0 1 0 1 1 0 CEF 8 6 3 54 9 
Bångbosjön 1 1 1 0 1 1 0 ABCEF 3 9 5 43 9 
L. Tillingen 1 1 1 0 1 1 0 ABCEF 3 7 5 29 10 
                
Björntjärnen 1 1 1 0 1 0 0 ABCE 4 5 4 25 5 
Lintjärnen 1 1 1 0 1 0 0 ABCE 4 6 4 23 4 
Övre Tetvasseltjärnen 0 1 1 0 1 0 0 BCE 5 4 3 36 4 
                
Keski-Leipojärvi 0 0 0 1 1 0 0 DE 13 3 2 24 4 
Kvarntjärnarna (södra) 0 0 1 1 1 0 0 CDE 14 3 3 36 4 
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Kåtasjötjärnen 0 0 1 0 1 0 0 CE 7 2 2 37 6 
Korptjärnen 0 1 1 1 1 1 0 BCDEF 15 5 5 9 3 
Norrsjön 0 0 0 1 1 0 0 DE 13 2 2 38 5 
                
Hamptjärn 1 0 1 0 1 1 0 ACEF 6 5 4 6 3 
Lakamarkssjön 1 1 1 0 1 1 0 ABCEF 3 5 5 8 4 
Stavasjön 0 1 1 1 1 1 0 BCDEF 15 6 5 21 6 
Uttertjärnen 0 0 1 0 1 1 0 CEF 8 4 3 6 3 
Knivtjärnen 1 1 1 0 1 1 0 ABCEF 3 6 5 15 6 
Köpmantjärnen 1 0 1 1 1 0 0 ACDE 16 5 4 22 6 
Idsjön 1 1 1 0 1 1 0 ABCEF 3 7 5 3 1 
Gransjön 1 1 1 0 1 1 0 ABCEF 3 7 5 6 2 
Västanbäck Damm 0 0 1 0 1 0 0 CE  7 2 2 32 4 
                
Toftasjön 0 0 1 1 1 1 0 CDEF 17 4 4 18 9 
Torvsjön 0 0 1 1 1 1 0 CDEF 17 4 4 29 3 
Amsjön 0 0 1 0 1 1 0 CEF  8 4 3 15 4 
Södra färgen 1 1 1 1 1 1 1 ABCDEFG 18 10 7 4 2 
Attavarasjön 0 0 1 0 1 1 0 CEF  8 4 3 15 6 
Balasjön 0 0 1 0 1 1 0 CEF  8 5 3 11 4 
Stora skärsjön 0 0 1 0 1 1 0 CEF  8 6 3 17 4 
Älvasjön 0 0 1 1 1 1 0 CDEF 17 4 4 10 5 
Gyltigesjön 1 0 1 0 1 1 0 ACEF 6 8 4 7 3 
Skärsjön 0 0 0 0 0 0 0 O 12 0 0 4 2 
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Table 21. The species of odonates found in the sampled lakes and number of lakes they were found in 
are listed according to the taxonomy of Norling and Sahlén (1997) 
 

Zygoptera     Anisoptera   
  Number of lakes  Number of lakes 
Calopterygidae    Gomphidae   
Calopteryx virgo 1  Onynchogomphus forcipatus 1 
       
Lestidae    Aeshnidae   
Lestes dryas 8  Brachytron pratense 5 
Lestes sponsa 47  Aeshna caerulea 4 
    Aeshna juncea 68 
Coenagrionidae    Aeshna subarctica 24 
Pyrrhosoma nymphula 5  Aeshna grandis 65 
Erythromma najas 23  Aeshna viridis 2 
Ischnura elegans 4     
Enallagma cyathigerum 18  Corduliidae   
Coenagrion pulchellum/puella 27  Epitheca bimaculata 1 
Coenagrion johanssoni 24  Cordulia aenea 45 
Coenagrion armatum 4  Somatochlora metallica 22 
Coenagrion hastulatum 73  Somatochlora flavomaculata 6 
Coenagrion lunulatum 6  Somatochlora arctica 2 
       
    Libellulidae   
    Libellula quadrimaculata 48 
    Orthetrum cancellatum 1 
    Leucorrhinia caudalis 4 
    Leucorrhinia albifrons 7 
    Leucorrhinia pectoralis 4 
    Leucorrhinia dubia 48 
    Leucorrhinia rubicunda 36 
      Sympetrum sp. 20 

 
 
 


