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Understanding the effects of interspecific competition on genetic diversity will deepen 
our knowledge on species evolution. In the case of Calopteryx splendens and C. virgo, 
sympatric damselfly species, interspecific interference competition by C. virgo has 
remarkable effects on territoriality of C. splendens resulting in reproductive character 
displacement. Since territoriality is correlated with phenotype and mating success, we 
investigated the effects of interspecific interference competition on genetic diversity of 
C. splendens populations. Using amplified fragment length polymorphisms (AFLP), 
we determined the population genetic structure of 12 C. splendens populations and 
used the genetic diversity information to relate heterozygosity of C. splendens to 
abundance of C. virgo in sympatric populations. We found that heterozygosity of C. 
splendens males decreased with increasing abundance of C. virgo males. This result 
most likely reflects changes in effective population size due to interspecific interfer-
ence competition and shows an effect on genetic structure in damselfly populations.

Introduction

Understanding the consequences of interspe-
cific competition is important in both ecology 
and evolutionary biology. Classic ecological 
hypotheses suggest that two ecologically simi-
lar species struggle for co-existence, and the 
competition exclusion principle governs the 
coexistence of extremely similar species (Hardin 
1960) which in most of cases are closely related 
(e.g. Violle et al. 2011). Current experimen-
tal evidence for this phylogenetically limiting 
similarity hypothesis coming from bacterivorous 
protist species, in which both frequency and 

tempo of competition exclusion increased with 
increasing phylogenetic relatedness (Violle et al. 
2011). Alternatively, coexisting species might 
diverge in sympatry to reduce the cost of inter-
specific competition. Sympatric populations of 
two closely related species respond to selection 
by lessening resource competition, interspecific 
encounter rates and competitor recognition. This 
process is called character displacement (Brown 
& Wilson 1956). Interspecific competition and 
its consequence, character displacement, have 
long been viewed as an important evolutionary 
force making coexistence of closely related spe-
cies possible. Moreover, both theoretical (Ranta 
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et al. 2009) and empirical studies (Viitaniemi 
2009, Kahilainen et al. 2014) found that inter-
specific competition results in the reduction of 
effective population size and genetic diversity.

Examples of reproductive character displace-
ment and/or agonistic character displacement 
come from e.g. Calopteryx and Hetaerina dam-
selflies (Waage 1979, Tynkkynen et al. 2004, 
2005, 2006, Andersson & Grether 2010a, 2010b 
2011, Honkavaara et al. 2011). In those studies, 
character displacement in species that exhibit 
similar wing pigmentation traits, resulted in trait 
divergence in one or both species. These traits 
evolved to reduce costs of interspecific interac-
tions in sympatry or with increasing relative 
abundance of competitive species. However, a 
less explored consequence of interspecific inter-
ference competition is its effects on the level 
of genetic diversity (Lankau & Strauss 2007, 
Östman 2011, Hopkins et al. 2012, Kahilainen 
et al 2014). Not many studies explicitly explored 
the consequences of interspecific interference 
competition, evidenced by character displace-
ment, on genetic structure (e.g. Hopkins et al. 
2012). Kahilainen et al (2014) studied the influ-
ence of interspecific interference competition on 
spatial genetic structure. Such studies are impor-
tant as by affecting the genetic structure and 
diversity of populations, interference competi-
tion can thus affect the existence of a population 
and the whole species.

Responses to aggression are somewhat spe-
cies dependent, but if aggression results in emi-
gration, a reduction in number of successful 
matings or loss of suitable territory (Plaistow & 
Siva-Jothy 1996 , Tynkkynen et al. 2006), it is 
predicted that interspecific interference competi-
tion would lower the effective population size 
of the less dominant species and thus decrease 
the genetic diversity. Tynkkynen et al. (2006) 
showed that the time spent by the C. splendens 
males on fights with the sympatric C. virgo 
males increased with increasing abundance of 
the latter, which in turn could reduce male C. 
splendens mating opportunities and abilities to 
maintain territories.

Calopteryx damselflies are good model 
organisms for ecological, genetic and evolu-
tionary studies due to their well-known ecol-
ogy and behaviour (e.g. Tynkkynen et al. 2004, 

Koskimäki et al. 2004; reviewed in Cordoba-
Aguilar & Cordero-Rivera 2005, Suhonen et al. 
2008). Thus, to study the influence of inter-
specific interference competition and aggressive 
behaviour on the population genetic structure, 
we chose two closely related damselfly species, 
the banded demoiselle (Calopteryx splendens) 
and the beautiful demoiselle (C. virgo). Males of 
both species establish and defend territories on 
a stream containing suitable vegetation patches 
in which females can lay eggs (Pajunen 1966, 
Gibbons & Pains 1992, Siva-Jothy 1999). Since 
the number of territories in a given habitat is 
limited, not all males get one (e.g. Plaistow & 
Siva-Jothy 1996, Tynkkynen et al. 2006, Rantala 
et al. 2010). Males without territories, however, 
will adopt non-territorial mating tactics by sneak-
ing close or into territories of other males to 
secure reproductive output (see Córdoba-Aguilar 
& Cordero-Rivera 2005, Suhonen et al. 2008). 
It has been shown, however, that the territorial 
mating strategy is far more successful than the 
non-territorial one (e.g. Plaistow & Siva-Jothy 
1996, Córdoba-Aguilar & Cordero-Rivera 2005).

The wing spot size in C. splendens is posi-
tively correlated with territory holding ability 
(Rantala et al. 2010) and negatively correlated 
with the amount of misdirected aggression from 
C. virgo (Tynkkynen et al. 2004, 2005, 2006). 
This heterospecific aggression affects distribu-
tion and abundance of C. splendens as Tynkky-
nen et al. (2006) found that after experimental 
removal of C. virgo, the number of territorial C. 
splendens males increased. Furthermore, they 
also found that time spent on fights increased 
with C. virgo abundance.

In this study, we examined 12 Finnish popu-
lations of C. splendens living in sympatry with 
C. virgo to determine their genetic diversity 
and structure, and the effect of the latter species 
abundance on those two characteristics. Tynk-
kynen et al. (2004, 2005, 2006) found that the 
wing spot size in C. splendens decreases with 
increasing abundance of the superior competi-
tor C. virgo which has completely dark wings. 
Svensson et al. (2004) showed that in Swed-
ish C. splendens populations, genetic differen-
tiation was associated with phenotypic diver-
gence as well as with geographic separation. We 
used amplified fragment length polymorphisms 
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(AFLP) (Vos et al. 1995) to determine genetic 
structure of C. splendens populations. We tested 
the prediction that genetic diversity in C. splen-
dens would decrease with increasing C. virgo 
abundance since aggression from C. virgo would 
result in fewer C. splendens males being able to 
maintain territories (Tynkkynen et al. 2006) and 
mate, thereby reducing the effective population 
size of C. splendens.

Material and methods

Sampling

In July 2004–2007, using butterfly nets we caught 
adult males of C. splendens to determine their 
numbers at the site and for genetic analysis, and 
C. virgo to determine their numbers at the site. 
Sampling was carried out within a 2-m belt along 
50–100 m stretch of a watercourses at 12 loca-
tions (2 to 418 km apart) in central, eastern and 
southern Finland (Table 1 and Fig. 1). All indi-
viduals of both species were collected during one 
and the same day between 10:00 and 16:00 (the 
peak of C. splendens and C. virgo activity; see 
Ward & Mill 2006). If the densities of males were 
so high that not all the males were caught, the 
number of uncaught males was estimated. During 
collection, care was taken to capture from each 
site both territorial and non-territorial C. splen-
dens males (Tynkkynen et al. 2004, Honkavaara 
et al. 2011). To that end, we collected equal 
numbers of males from each site near the water-
course, likely inhabited by territorial males and 
non-territorial sneakers, and from the surround-
ing meadows and vegetation, likely inhabited 
by non-territorial, wanderer and young itenerant 
males. Thus, it is unlikely that our samples were 
biased by the excess of territorial or non-territo-
rial males. To capture the genetic variation in the 
population we required at least 15 males from 
each C. splendens population (see e.g. Abbot et 
al. 2008). Sampling a site in consecutive years 
enabled capturing the natural variation in the 
gene pool which is expected for a species whose 
adults have short lifespan (~23 days; last author’s 
unpubl. data based on field mark-recapture stud-
ies in Finland) but larval stage can last 1–2 years. 
At our sites, C. splendens is generally univolt-
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ine, i.e. the larval stage lasts for about one year 
after which adults emerge (Corbet et al. 2006). 
Some adults may however emerge after two year 
of larval life so an overlap between different 
generations may be also expected which in turn 
can reduce the possibility of highly successful 
males contributing disproportionately to the gene 
pool in a single year. In total, we counted 410 C. 
splendens and 189 C. virgo males, and collected 
306 C. splendens males which were stored in 
95% ethanol before DNA analysis.

Amplified fragment length polymoprhism 
(AFLP) analysis

The head of each preserved C. splendens male 
was incised and placed in fresh falcon tube for 
DNA extraction with Qiagen DNAeasy Blood 
and Tissue Kit. The quality of DNA was assessed 
by running the DNA samples on 1% 1 × TBE-
agarose gel prior to AFLP analysis. The AFLP 
protocol was modified according to Bensch et 
al. (2002). Restriction digests were conducted 
in a final volume of 15 µl containing 2.5 U 
EcoRI (New England Biolabs), 2.5 U MseI 
(New England Biolabs), 1 × Neb2 buffer (New 
England Biolabs), 1 µg BSA, 5 µl diluted DNA 
and ddH2O, incubated for 3 h at 37 °C. Adapters 
were ligated to digested DNA by adding 4 µl of 

the following mixture: 0.5 µM EcoRI adapter, 
5 µM MseI adapter, 25 U T4-ligase (New Eng-
land Biolabs) and 1 × ligation buffer (New Eng-
land Biolabs). The reaction was incubated for 16 
hours at 16° C, and diluted 8 times with 10 mM 
Tris-HCl.

The pre-selective PCR reaction was carried 
out in the final volume of 20 µl with 0.3 µM 
EcoRI-T, 0.3 µM MseI-C, 0.2 mM dNTPs, 
2.5 mM MgCl2 (Thermo Scientific), 1 × PCR 
buffer (Thermo Scientific), 0.4 U Taq polymer-
ase (Thermo Scientific), and 10 µl diluted liga-
tion reaction. The pre-selective PCR reaction 
was diluted 30 times with 10 mM Tris-HCl.

The selective PCR reaction was carried 
out in the final volume of 10 µl with 0.25 µM 
EcoRI-sel (either FAM-TAG or NED-TAC), 
0.25 µM MseI-sel (either -CAC or -CCG), 
0.2 mM dNTPs, 2.5 mM MgCl2 (Thermo Scien-
tific), 1 × PCR buffer (Thermo Scientific), 0.4 U 
Taq polymerase (Thermo Scientific), 2.5 µl 
diluted pre-selective PCR, and ddH2O. Both pre- 
and selective PCR protocols followed Bensch et 
al. (2002). The adapters and primers used here 
were according to Svensson et al. (2004) in the 
following four combinations: FAM-TAG-CAC, 
FAM-TAG-CCG, NED-TAC-CAC, NED-TAC-
CCG.

For capillary electrophoresis, 1 µl of diluted 
selective PCR was mixed with 10 µl of reac-
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Neulajoki
Pitkäjoki

Kylmäkoski

Nummi

Pohja
Mankkaanjoki Espoonjoki
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Fig. 1. Sampling area 
with the collection sites 
indicated by red triangles. 
For clarity, lakes are not 
shown.
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tion mixture containing 170 µl formamide (ABI) 
and 2 µl GS-500LIZ (ABI) size standard. The 
reaction was denatured for 5 min at 95 °C. The 
fragments created by AFLP were visualized with 
ABI Prism 3130xl sequencer and analysed using 
Genemapper ver. 4.0 (ABI). Peaks were manu-
ally checked after analysis with Genemapper. All 
Identified loci (137) were checked for independ-
ence of markers (Gaudeul et al. 2000) and non-
independent loci were excluded. Analysis of a 
subset of 27 male heads was repeated to estimate 
the genotyping error rate. Loci with less than 
5% variation across populations and genotyping 
error rate more than 10% were excluded.

Genetic structure

The final data set consisted of 78 loci for all 
the individuals populations (306 and 12 respec-
tively; see Table 1). Euclidean distance (geo-
graphic separation) in kilometres between sam-
pling locations was calculated using their latitude 
and longitude information (Table 1). It is a valid 
measure as the connectedness of the watersheds 
in our study area is relatively low. The following 
population genetic parameters were determined 
using GenAlex ver. 6.1 (Peakall & Smouse 
2006): expected heterozygosity (He) weighted 
with sample size, pairwise Nei’s genetic distance 
(Nei’s D), and pairwise genetic differentiation 
(ΦPT is an FST analogue available for binary 
data in GenAlex AMOVA). Principle coordinate 
analysis (PCoA) based on Nei’s D was conducted 
to examine how populations group in relation to 
genetic distance. To test for isolation by distance, 
a Mantel test was conducted using PopTools ver. 
3.0 with ΦPT as genetic distances and their respec-
tive Euclidean distances (geographic separation), 
and using 999 permutations.

In addition to the Mantel test, a spatial 
autocorrelation analysis was conducted with 
GenAlex. Spatial autocorrelation allows to esti-
mate the spatial extent of genetic structure in 
populations based on pairwise correlations of 
individual genetic similarities at set geographic 
separation, i.e, distance (in km) between popula-
tions (Watts et al. 2004, Johansson et al. 2005, 
Primmer et al. 2006). It was carried out by 
manually assigning the separation classes such 

that an equal number of individual-by-individ-
ual comparisons was retained in each class. 
Based on the geographic distribution of the sam-
pled populations, 11 separation classes with end 
points at 0, 9, 24, 39, 49, 59, 89, 119, 209, 319 
and 419 km were defined. In the analysis, The 
classes were considered separate meaning that 
each individual pair belonged to only one class.

To account for habitat characteristics, using 
Spearman’s correlation we tested for depend-
ence between stream length and heterozygo-
sity. Stream length was the length of a water-
course between the up- and downstream lakes 
it connected. We chose Spearman’s correlation 
because of a small effective population size 
which usually negatively affects heterozygosity.

Interspecific interaction

According to Tynkkynen et al. (2004, 2005, 
2006), the relative abundance of C. virgo males 
is a reliable indicator of the level of interspecific 
aggression towards C. splendens males. To cal-
culate the relative abundance of C. virgo males, 
the total number of C. virgo males was divided 
by the total number of males of both species. 
Because the C. virgo numbers were observed to 
vary slightly between years (Tynkkynen et al. 
2004), we calculated the weighted mean relative 
abundance of C. virgo males for the sampling 
years. Relative abundance was weighted with 
each year’s sample size.

For statistical testing, relative abundance of 
C. virgo was arcsine-square-root transformed 
to allow for testing with parametric procedures. 
The association between the relative abundance 
of C. virgo and the heterozygosity in C. splen-
dens was tested with Pearson’s correlation. All 
statistical tests were performed with PASW ver. 
18 for Windows.

Results

Genetic structure

The mean expected heterozygosity (He) was 
0.27 (SE = 0.006), ranging from 0.22 to 0.29 
(Table 1). We found no effect of the stream 
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length or C. splendens population size on het-
erozygosity (Spearman’s correlation: rS = 0.11, 
n = 12, p = 0.73; and rS = –0.23, n = 12, p = 
0.475; respectively).

In PCoA based on Nei’s D (Fig. 2), Axis 1 
separates the populations according to their geo-
graphical location. Although, the most eastern 
population, Tiekoski, was at the same latitude as 
the populations from central Finland, in PCoA it 
grouped between the central and southern popu-
lations (Fig. 2).

AMOVA proved a significant genetic dif-
ferentiation between the populations. The mean 

ΦPT was 0.08 (p = 0.001; 1000 permutations)
ranging from 0 to 0.14 (Table 2). Only two 
populations, Janholanjoki and Niemenjoki, both 
in the same catchment area and separated only 
by a small lake, were identical (ΦPT = 0). The 
eastern Tiekoski population was found to be 
genetically closer to populations from southern 
Finland (Table 2 and Fig. 2).

Mantel’s test revealed that population isola-
tion by distance (geographic separation) was 
significant (r = 0.40, n = 66, p < 0.001; Fig. 3). 
Spatial autocorrelation analysis results supported 
the above: individuals separated by less that 
50 km are genetically more similar, and those 
separated by more than 150 km are genetically 
different (Fig. 4).

Interspecific interaction

The relative abundance of C. virgo varied 
between 4.3% and 59.5% in sampled C. splen-
dens populations (Table 1), with the values 
between 12% and 25% being most common. 
The heterozygosity in C. splendens populations 
decreased with increasing relative abundance of 
C. virgo (Pearson’s correlation: r = –0.62, n = 12, 
p = 0.031) (Fig. 5).

Discussion

Mean population expected heterozygosity (He = 
0.27) was similar to that found for damselflies 
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Fig. 2. Principal coordinate analysis based on Nei’s 
genetic distance (D) between C. splendens popula-
tions; dot = southern Finland, circle = central Finland 
and triangle eastern Finland.

Table 2. Geographic separation (km, upper diagonal) and pairwise genetic distance (ΦPT) values (from AMOVA, 
lower diagonal) between C. splendens populations. Significant ΦPT values (p < 0.05) are set in boldface.

	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12

01. Nummi	 –	 53	 220	 040	 222	 242	 243	 084	 041	 381	 044	 059
02. Vantaanjoki	 0.04	 –	 212	 076	 221	 232	 233	 116	 020	 345	 019	 006
03. Pitkäjoki	 0.14	 0.11	 –	 261	 033	 022	 023	 164	 227	 219	 227	 212
04. Pohja	 0.05	 0.06	 0.10	 –	 262	 283	 283	 117	 057	 417	 059	 081
05. Neulajoki	 0.12	 0.12	 0.09	 0.12	 –	 043	 044	 156	 234	 248	 235	 222
06. Niemenjoki	 0.09	 0.09	 0.06	 0.10	 0.09	 –	 002	 186	 248	 206	 248	 232
07. Janholanjoki	 0.09	 0.09	 0.07	 0.09	 0.09	 0.00	 –	 187	 248	 204	 249	 232
08. Kylmäkoski	 0.05	 0.02	 0.11	 0.06	 0.09	 0.06	 0.07	 –	 117	 360	 119	 121
09. Mankkaanjoki	 0.07	 0.04	 0.14	 0.09	 0.12	 0.11	 0.10	 0.05	 –	 365	 003	 025
10. Tiekoskinjoki	 0.06	 0.05	 0.11	 0.07	 0.08	 0.11	 0.10	 0.06	 0.10	 –	 364	 341
11. Espoo	 0.04	 0.03	 0.13	 0.08	 0.11	 0.10	 0.10	 0.03	 0.06	 0.06	 –	 023
12. Keravanjoki	 0.04	 0.02	 0.12	 0.07	 0.12	 0.09	 0.10	 0.04	 0.03	 0.07	 0.04
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in earlier studies (e.g. Svensson et al. 2004, 
Chaput-Bardy et al. 2008, Sato et al. 2008, 
Abbott et al. 2008, Kahilainen et al. 2014), and 
He decreased with increasing relative abundance 
of C. virgo which is in line with the result of 
Kahilainen et al. (2014).

According to Eckert et al. (2008), popu-
lations at the edges of a species distribution 
limits are characterised by lowered expected het-
erozygosity may (e.g. Eckert et al. 2008). This, 
however, was not the case in our study, as C. 
splendens populations near the species distribu-
tion limits (Wellenreuther et al. 2012) had much 
higher levels of heterozygosity (Table 1). 

Kahilainen et al. (2014) found more vari-
ation in heterozygosity than in allelic richness 
in C. splendens and suggested generally low 
genetic diversity as evidence of the range-mar-
gin effect. It is, however, unlikely that in our 
study, decreased heterozygosity was the effect 
of anything else than interspecific competition 
as, according to our results, habitat size and/
or population size had no effect on heterozygo-
sity. Kahilainen et al. (2014) also reported that 
in their study water temperature did not differ 
between C. splendens and C. virgo habitats: as 
both species prefer similar habitats, habitat con-
ditions should not have affected heterozygosity 
at the sites we sampled. Thus, in both studies, 
abundance of C. virgo living in sympatry with C. 

splendens better explains the observed decreased 
heterozygosity in C. splendens. In other words, 
the interaction between the two species affects 
the genetic structure of C. splendens through 
different mechanisms affecting e.g. reproduc-
tion such as interspecific aggression (Tynkky-
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Fig. 3. Genetic isolation by distance of 12 C. splendens 
populations in Finland according to Mantel’s test (r = 
0.40, n = 66, p < 0.001).
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Fig. 5. Heterozygosity of C. splendens in relation to 
weighted over the sampled years mean abundance of 
C. virgo (%) in the 12 populations in Finland (Pearson’s 
correlation: r = –0.62, n = 12, p = 0.031). Symbols 
denote the collection sites in Finland: dot = southern 
Finland, circle = central Finland and triangle eastern 
Finland.
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nen et al. 2004, 2006, Svensson et al. 2007). 
It is also possible that the level of parasitism 
C. splendens increases when in sympatry with 
C. virgo (Ilvonen et al. 2011). Additionally, it 
may be difficult for C. splendens immigrants to 
acquire territories in areas occupied by C. virgo 
or immigration may not be possible altogether 
(Kahilainen et al. 2014).

In our study, the only genetically similar 
C. splendens populations were those from Jan-
holanjoki and Niemenjoki (Table 1). In previous 
mark-recapture C. splendens studies it was found 
that males can either fly over one kilometre (e.g. 
Stettmer 1996) or be sedentary (Tynkkynen et al. 
2005, Rantala et al. 2010).

The C. splendens genetic distance (ΦPT) 
values in our study were similar to those found 
for damselfly in previous studies (Svensson et 
al. 2004, Chaput-Bardy et al. 2008, Sato et al. 
2008, Abbott et al. 2008, Kahilainen et al. 2014). 
In their study, Kahilainen et al. (2014) found no 
evidence for isolation by distance even though 
their geographic sampling range was wider than 
ours and the overall sampling scheme was simi-
lar. They, however, used different type of genetic 
markers than those in our study. AFLP provides 
simple presence/absence whereas microsatel-
lites allow multiple alleles per marker. Without 
genome sequence information it is though diffi-
cult to estimate whether genomic location of the 
markers could have affected the results.

In C. splendens populations, males with terri-
tories mate most successfully (Plaistow & Siva-
Jothy 1996). When in sympatry with C. virgo, 
the number of C. splendens males with territo-
ries increases when the abundance of C. virgo 
males is lowered by manipulation (Tynkkynen 
et al. 2006). Presence of parasites could also 
play a role in reducing genetic diversity in C. 
splendens populations sympatric with C. virgo. 
Eugregarine trophoizoites, an intestine parasite, 
reduces the reproductive success of males as 
infected individuals are unable maintain to ter-
ritories as effectively as the healthy ones (Siva-
Jothy & Plaistow 1999, Marden & Cobb 2004; 
also reviewed in Córdoba-Aguilar & Cordero-
Rivera 2005). Ilvonen et al. (2011) found that 
prevalence of gregarine parasites in C. splend-
ens is higher when in sympatry with C. virgo, 
and Kaunisto et al. (2013) that C. splendens 

males with high number of eugarine parasites 
had lower genetic diversity than non-parasitized 
males. Consequently, C. splendens populations 
may face a higher extinction risk when occupy-
ing the same sites as C. virgo due to interfer-
ence competition reducing genetic diversity and 
reproduction output (Ranta et al. 2009), as well 
as due to increased risk of parasite infestation 
causing mortality. In addition, harassment of 
C. splendens females by C. virgo males can 
result in lower female fecundity or even death. 
This has been shown in Hetaerina damselflies, 
in which females harassed by males produced 
only one batch of eggs instead of several ones 
(Córdoba-Aguilar 2009, Córdoba-Aguilar & 
González-Tokman 2011).

It is possible that a combination of factors 
leads to the decrease in heterozygosity of C. 
splendens in the presence of C. virgo. The time 
C. splendens males spend on fighting with C. 
virgo males is the time taken away from court-
ship and mating (Tynkkynen et al. 2006), which 
can lead to a lower number of males reproduc-
ing in a given year and thus reduce the effective 
population size. Also, to avoid competition for 
territories with C. virgo, large spotted C. splen-
dens males are likely to acquire less optimal 
territories further away from those of the former 
(Tynkkynen et al. 2006). Since habitat character-
istics are important for successful reproduction 
of C. splendens (e.g. Gibbons & Pain 1992), 
the number of successful ovipositions might 
decrease due to lower quality of the habitat. This 
could lead to reduction in population size in the 
following years, which in turn has been shown to 
negatively affect genetic diversity (Obrien et al. 
1983, Menotti-Raymond & Obrien 1993). This 
may also be a reason for decreased C. splendens 
heterozygosity found in our study.

According to Kokko and Brooks (2003), a 
small population with minimal genetic variation 
may not be able to withstand changes in envi-
ronmental conditions or respond to parasites as 
successfully as a highly genetically diverse large 
population. On the other hand, sexual selection 
may affect the chances of population extinc-
tion. Inbreeding can either increase or decrease 
population viability in sexual selection. It may 
be caused by high mating skew as in Calopteryx 
males (Plaistow & Siva-Jothy 1996), but it could 
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be reduced if females adaptively chose mates 
to avoid inbred offspring. There is empirical 
evidence that mating success is positively corre-
lated with genetic quality within population (e.g. 
Møller & Alatalo 1999).

Another explanation for the decline in het-
erozygosity of C. splendens due to interspecific 
competition involves the intraspecific dynamic 
between C. splendens males. In sympatry, selec-
tion for divergence in male signalling traits 
(Tynkkynen et al. 2004, 2005, 2006, Svensson 
et al. 2006) is important since hybridization 
with C. virgo is maladaptive (Tynkkynen et al. 
2008). Since C. splendens males with large wing 
spots tend to obtain the best territories in the 
absence of C. virgo, they could be viewed as the 
“best quality” mates. If the “best quality” males 
are displaced due to interspecific competition 
with C. virgo males, then more of the “lower 
quality”(i.e. with small wing spot) males will 
be able to mate and contribute to the population. 
Furthermore, if there is an association between 
male quality and heterozygosity in C. splend-
ens similar to that found in other species (e.g. 
Höglund et al. 2002, Marshall et al. 2003), it 
would follow that the heterozygosity in the C. 
splendens population would decrease. Svensson 
et al. (2004) showed a significant correlation 
between phenotypic diversity and genetic diver-
sity at the population level; however it should 
also be examined at individual level to see if the 
phenotype is a reliable indicator of genetic diver-
sity, or heterozygosity, in C. splendens males.

We studied only the populations of C. splen-
dens living with sympatry with C. virgo, thus 
genetic information from allopatric popula-
tions could give more insight into the popula-
tion structure of the species. As Svensson et 
al. (2006) showed, sexual selection can have 
different trajectories in sympatric and allopatric 
populations. There is cyclicity in population size, 
as well as variation in larval development time 
causing variation in the gene pool in a given 
year. We are aware of the limitations in our study 
stemming from small sample size and sampling 
in a single day, but as mark–recapture based 
studies (Tynkkynen et al. 2006, Rantala et al. 
2010) show, numbers of males can be estimated 
quite reliably this way. Future studies should 
focus on the role of interspecific competition as 

well as other forms of interspecific interactions 
that may affect genetic diversity. In the case of 
C. splendens it is likely that there are several 
factors influencing effective population size and 
thus the genetic diversity of a population.

Acknowledgements

We thank the field workers without whom there would not 
have been a data set to analyze. The first author received 
financial support from Turun yliopiston Sahlbergin hyön-
teistieteellinen rahasto, Kuopion Luonnon Ystäväin Yhdistys 
and Societas Pro Fauna et Flora Fennica. The last author 
received financial support from the Academy of Finland.

References

Abbott, J. K., Bensch, S., Gosden, T. P. & Svensson, E. 
I. 2008: Patterns of differentiation in a colour poly-
morphism and in neutral markers reveal rapid genetic 
changes in natural damselfly populations. — Molecular 
Ecology 17: 1597–1604.

Anderson, C. N. & Grether, G. F. 2010a: Interspecific aggres-
sion and character displacement of competitor recogni-
tion in Hetaerina damselflies. — Proceedings of the 
Royal Society B 277: 549–555.

Anderson, C. N. & Grether, G. F. 2010b: Character displace-
ment in the fighting colours of Hetaerina damselflies. 
— Proceedings of the Royal Society B 277: 3669–3675.

Anderson, C. N. & Grether, G. F. 2011: Multiple routes 
to reduced interspecific territorial flight in Haeterina 
damslelflies. — Behavioral Ecology 22: 527–534.

Bensch, S., Helbig, A. J., Salomon, M. & Siebold, I. 2002: 
Amplified fragment length polymorphism analysis iden-
tifies hybrids between two subspecies of warblers. — 
Molecular Ecology 11: 473–481.

Brown, W. L. & Wilson, E. O. 1956: Character displacement. 
— Systematic Zoology 5: 49–64. 

Chaput-Bardy, A., Lemaire, C., Picard, D. & Secondi, J. 
2008: In-stream and overland dispersal across a river 
network influences gene flow in a freshwater insect, 
Calopteryx splendens. — Molecular Ecology 17: 3496–
3505.

Córdoba-Aguilar, A. 2009: A female evolutionary response 
when survival is at risk: male harassment mediates 
early reallocation of resources to increase egg number 
and size. — Behavioral Ecology and Sociobiolog 63: 
751–763.

Corbet, P. S., Suhling, F. & Soendgerath, D. 2006: Voltinism 
of odonata: a review. — International Journal of Odona-
tology 9: 1–44.

Cordoba-Aguilar, A. & Cordero-Rivera, A. 2005: Evolution 
and ecology of Calopterygidae (Zygoptera: Odonata): 
Status of knowledge and research perspectives. — Neo-
tropical Entomology 34: 861–879.

Córdoba-Aguilar, A. & González-Tokman, D. M. 2011: 



44	 Viitaniemi et al.: Interspecific aggression and genetic structure  •  ANN. ZOOL. FENNICI  Vol. 59

Male harassment and female energetics in the territorial 
damselfly Hetaerina americana (Fabricius) (Zygoptera: 
Calopterygidae). — Odonatologica 40: 17–26.

Eckert, C. G., Samis, K. E. & Lougheed, S. C. 2008: 
Genetic variation across species’ geographical ranges: 
the central-marginal hypothesis and beyond. — Molecu-
lar Ecology 17: 1170–1188.

Gaudeul, M., Taberlet, P. & Till-Bottraud, I. 2000: Genetic 
diversity in an endangered alpine plant, Eryngium alpi-
num L. (Apiaceae), inferred from amplified fragment 
length polymorphism markers. — Molecular Ecology 
9: 1625–1637.

Gibbons, D. W. & Pain, D. 1992: The influence of river flow-
rate on the breeding behavior of Calopteryx damselflies. 
— Journal of Animal Ecology 61: 283–289.

Höglund, J., Piertney, S. B., Alatalo, R. V., Lindell, J., Lund-
berg, A. & Rintamäki, P. T. 2002: Inbreeding depression 
and male fitness in black grouse. — Proceedings of the 
Royal Society B 269: 711–715.

Honkavaara, J., Dunn, D. W., Ilvonen, S. & Suhonen, J. 
2011: Sympatric shift in a male sexual ornament in the 
damselfly Calopteryx splendens. — Journal of Evolu-
tionary Biology 24: 139–145.

Hopkins, R., Levin, D. A., Rausher, M. D. 2012: Molecular 
signatures of selection on reproductive character dis-
placement of flower color in Phlox drummondii. — Evo-
lution 66: 469–485.

Hardin, G. 1960: Competition exclusion principle. — Sci-
ence 131: 1292–1297.

Ilvonen, S., Ilvonen, J. J., Kaunisto, K. M. & Suhonen, J. 
2011: Can infection by eugregarine parasites mediate 
species coexistence in Calopteryx damselflies? — Eco-
logical Entomology 36: 582–587.

Johansson, M., Primmer, C. R., Sahlsten, J. & Merilä, J. 
2005: The influence of landscape structure on occur-
rence, abundance and genetic diversity of the common 
frog, Rana temporaria. — Global Change Biology 11: 
1664–1679.

Kahilainen, A., Keränen, I., Kuitunen K., Kotiaho, J. S. & 
Knott, K. E. 2014: Interspecific interactions influence 
contrasting spatial genetic structures in two closely 
related damselfly species. — Molecular Ecology 23: 
4976–4988.

Kaunisto, K. M., Viitaniemi. H. M., Leder, E. H. & Suhonen, 
J. 2013: Association between host’s genetic diversity and 
parasite burden in damselflies. — Journal of Evolution-
ary Biology 26: 1784–1789.

Kokko, H. & Brooks, R. 2003: Sexy to die for? Sexual selec-
tion and the risk of extinction. — Annales Zoologici 
Fennici 40: 207–219.

Koskimäki, J., Rantala, M. J., Suhonen, J., Taskinen, J. & 
Tynkkynen, K. 2004: Immunocompetence and resource 
holding potential in the damselfly, Calopteryx virgo L. 
— Behavioral Ecology 15: 169–173.

Lankau, R. A. & Strauss, S. Y. 2007. Mutual feedbacks 
maintain both genetic and species diversity in a plant 
community. — Science 317: 1561–1563.

Marden, J. H. & Cobb, J. R. 2004: Territorial and mating suc-
cess of dragonflies that vary in muscle power output and 
presence of gregarine gut parasites. — Animal Behav-

iour 68: 857–865.
Marshall, R. C., Buchanan, K. L. & Catchpole, C. K. 2003: 

Sexual selection and individual genetic diversity in a 
songbird. — Proceedings of the Royal Society B (Suppl.) 
270: S248–S250.

Menotti-Raymond, M. & Obrien, S. J. 1993: Dating the 
genetic bottleneck of the African cheetah. — Proceed-
ings of the National Academy of Science USA 90: 
3172–3176.

Møller, A. P. & Alatalo, R. V. 1999: Good-genes effects in 
sexual selection. — Proceedings of the Royal Society B 
266: 85–91.

Obrien, S. J., Wildt, D. E., Goldman, D., Merril, C. R. & 
Bush, M. 1983: The cheetah is depauperate in genetic 
variation. — Science 221: 459–462.

Östman, Ö. 2011: Interspecific competition affects genetic 
structure but not genetic diversity of Daphnia magna. 
— Ecosphere 2(3), art34, https://doi.org/10.1890/ES11-
00039.1.

Pajunen, V. I. 1966: Aggressive behaviour and territoriality 
in a population of Calopteryx virgo L. (Odon., Calop-
terygidae). — Annales Zoologici Fennici 3: 201–214.

Peakall, R. & Smouse, P. E. 2006: GENALEX 6: genetic anal-
ysis in Excel. Population genetic software for teaching 
and research. — Molecular Ecology Notes 6: 288–295.

Plaistow, S. & Siva-Jothy, M. T. 1996: Energetic constraints 
and male mate-securing tactics in the damselfly Calop-
teryx splendens xanthostoma (Charpentier). — Proceed-
ings of the Royal Society B 263: 1233–1239.

Primmer, C. R., Veselov, A. J., Zubchenko, A., Poututkin, 
A., Bakhmet, I. & Koskinen, M. T. 2006 Isolation by 
distance within a river system: genetic population struc-
turing of Atlantic salmon, Salmo salar, in tributaries of 
the Varzuga River in northwest Russia. — Molecular 
Ecology 15: 653–666.

Ranta, E., Bach, L. A., Kaitala, V., Björklund, M. & Lund-
berg, P. 2009: Competition enhances spatial genetic 
differentiation. — Evolutionary Ecology Research 11: 
1251–1258.

Rantala, M. J., Honkavaara, J. & Suhonen, J. 2010: Immune 
system activation increases predation by birds and 
reduces territoriality in the damselfly Calypteryx splen-
dens. — Oecologia 163: 825–832.

Sato, M., Kohmatsu, Y., Yuma, M. & Tsubaki, Y. 2008: 
Population genetic differentiation in three sympatric 
damselfly species in a highly fragmented urban land-
scape (Zygoptera: Coenagrionidae). — Odonatologica 
37: 131–144.

Siva-Jothy, M. T. 1999: Male wing pigmentation may affect 
reproductive success via female choice in a calopterygid 
damselfly (Zygoptera). — Behaviour 136: 1365–1377.

Siva-Jothy, M. T. & Plaistow, S. J. 1999: A fitness cost of 
eugregarine parasitism in a damselfly. — Ecological 
Entomology 24: 465–470.

Suhonen, J., Rantala, M. J. & Honkavaara, J. 2008: Terri-
toriality in odonates. — In: Córdoba-Aguilar, A. (ed.), 
Dragonflies and damselflies: model organisms for eco-
logical and evolutionary research: 203–218. Oxford 
University Press.

Stettmer, C. 1996: Colonisation and dispersal patterns of 



ANN. ZOOL. FENNICI  Vol. 59  •  Viitaniemi et al.: Interspecific aggression and genetic structure	 45

banded (Calopteryx splendens) and beautiful demoi-
selles (C. virgo) (Odonata: Calopterygidae) in south-east 
German streams. — European Journal of Entomology 
93:579–593.

Svensson, E. I., Kristoffersen, L., Oskarsson, K. & Bensch, 
S. 2004: Molecular population divergence and sexual 
selection on morphology in the banded demoiselle 
(Calopteryx splendens). — Heredity 93: 423–433.

Svensson, E. I., Eroukhmanoff, F. & Friberg, M. 2006: 
Effects of natural and sexual selection on adaptive popu-
lation divergence and premating isolation in a damselfly. 
— Evolution 60: 1242–1253.

Svensson, E. I., Karlsson, K., Friberg, M. & Eroukhmanoff, 
F. 2007: Gender differences in species recognition and 
the evolution of asymmetric sexual isolation. — Current 
Biology 17: 1943–1947.

Tynkkynen, K., Grapputo, A., Kotiaho, J. S., Rantala, M. 
J., Väänänen, S. & Suhonen, J. 2008: Hybridization in 
Calopteryx damselflies: the role of males. — Animal 
Behavour 75: 1431–1439.

Tynkkynen, K., Kotiaho, J. S., Luojumäki, M. & Suhonen, J. 
2005: Interspecific aggression causes negative selection 
on sexual characters. — Evolution 59: 1838–1843.

Tynkkynen, K., Kotiaho, J. S., Luojumäki, M. & Suhonen, J. 
2006: Interspecific territoriality in Calopteryx damsel-
flies: the role of secondary sexual characters. — Animal 
Behaviour 71: 299–306.

Tynkkynen, K., Rantala, M. J. & Suhonen, J. 2004: Interspe-
cific aggression and character displacement in the dam-

selfly Calopteryx splendens. — Journal of Evolutionary 
Biology 17: 759–767.

Viitaniemi, H. M. 2009: Genetic structure and the effects of 
interspecific aggression on Finnish Calopteryx splend-
ens populations. — Master’s thesis, University of Turku.

Violle, C., Nemergut, D. R., Pu, Z. & Jiand, L. 2011: Phy-
logenetic limiting similarity and competition exclusion. 
— Ecology Letters 14: 782–789.

Vos, P., Hogers, R., Bleeker, M., Reijans, M., Vandelee, T., 
Hornes, M., Frijters, A., Pot, J., Peleman, J., Kuiper, 
M. & Zabeau, M. 1995: AFLP — a new technique for 
DNA fingerprinting. — Nucleic Acids Research 23: 
4407–4414.

Waage, J. K. 1979 Reproductive character displacement in 
Calopteryx (Odonata: Calopterygiidae). — Evolution 
33: 104–116.

Ward, L. & Mill, P. 2006: Diel activity patterns in the adult 
Banded Demoiselle, Calopteryx splendens (Harris), and 
the effect of weather variables. — Journal of British 
Dragonfly Society 22: 58–63.

Watts, P. C., Rouquette, J. R., Saccheri, J., Kemp, S. J. & 
Thompson, D. J. 2004: Molecular and ecological evi-
dence for small-scale isolation by distance in an endan-
gered damselfly, Coenagrion mercuriale. — Molecular 
Ecology 13: 2931–2945.

Wellenreuther, M., Larson, K. W. & Svensson, E. I. 2012: 
Climatic niche divergence or conservatism? Environ-
mental niches and range limits in ecological similar 
damselflies. — Ecology 93: 1353–1366.


