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Abstract. Habitat specificity is the most important factor affecting the regional distribution of dragonflies. Nevertheless, species
with the highest specificity are not always the scarcest. Several important determinants of dragonfly density-distribution relation-
ships were identified. Altitude preference and altitude range are significantly associated with dragonfly distribution. Some of the
species that are habitat specialists but occur over a wide range of altitudes should be classified as rare but not endangered. This very
simple principle is based on the assumption that habitat specialists have a very limited number of suitable biotopes. Obviously, drag-
onflies with a marginal distribution prefer a narrow range of altitudes (especially in terms of temperature limitation) and biotopes
(effect of biogeography, marginality). Surprisingly, there is no “critical” life stage that is significantly associated with the regional
distribution of dragonflies, although most species spend most time in the larval stage. Knowledge of the dispersal ability of particular
species is limited, although it could significantly affect species survival and distribution.

INTRODUCTION

Dragonflies (Odonata) are increasingly being used as
indicators of stability of water biotopes (Bried et al.,
2007; Hassall et al., 2010; Sahlen & Ekestubbe, 2001;
Smith et al., 2007; D’Amico et al., 2004; Wildermuth,
2001) and of global warming (Hickling et al., 2005).
Dragonfly larvae live in water and the adults are good
dispersers (Corbet, 1999). Dragonflies use almost all
types of freshwater biotopes. Some specialise in different
types of lotic (flowing) water, from rivulets to large
streams; others use lentic ecosystems, including lakes,
ponds and reservoirs as well as temporary water bodies
such as puddles, rain water in containers, phytotelmata
(water in plant receptacles) or lithotelms (water in rock
crevices). Some species prefer water biotopes with
extreme conditions, including alpine peat bogs with
acidic water, or secondary biotopes that are closely con-
nected with anthropogenic activities (Corbet, 1999;
Dolny et al., 2007).

Even though dragonflies are frequently used as bioindi-
cators, the effect of individual environmental and demo-
graphic factors on their distribution remains unclear. Keil
et al. (2008) identify the water-energy balance (ecosystem
productivity) as the strongest environmental correlate of
dragonfly species richness and distribution. That eco-
system productivity greatly affects species richness is true
for most insect orders (Whittaker et al., 2007). This rela-
tionship is strong at the global scale but less strong at
regional and local scales because of the increasing effect
of other ecological factors.

One frequently emphasized local factor that influences
dragonfly distribution is the vegetation growing at the
edges of water bodies (Corbet, 1999). Several studies (for

example Schindler et al., 2003) note that the type and
structure of this vegetation directly influences the species
richness and distribution of dragonflies. The macrophyte
vegetation provides shelter for larvae and adults. There is
also evidence that dragonfly species richness rapidly
declines when the cover of macrophyte vegetation
declines (Foote & Hornung, 2005).

Determining which factors influence dragonfly distri-
bution at the regional scale is difficult. The influences of
dispersal (Conrad et al., 1999, 2002; McPeek, 1989), phe-
nology (Dingemanse & Kalkman, 2008), predation risk
(Johansson et al., 2006; McCauley, 2007; Thompson,
1990) or other factors (Remsburg et al., 2008) are diffi-
cult to estimate at the regional scale and can only be
quantified by examining local distribution patterns.

The main goal of this study was to identify the impor-
tant determinants of dragonfly density and distribution
based on the regional distribution of dragonflies in the
Czech Republic.

MATERIAL AND METHODS

Study area

The data used is that which describes the relative distribution
(the number of vacant quadrats for a particular species/sum of
all vacant quadrats) of dragonflies in the Czech Republic (Fig.
1). The Czech Republic, has an area of 79 000 km? and is
located in Central Europe. Almost 90 percent of the area is at
altitudes between 200-700 m (Fig. 1). The diversity of water
biotopes is relatively high because the climate is mild and moist
and the resultant high diversity of water biotypes is associated
with a high species richness of dragonflies. The database
includes the occurrence of 73 dragonfly species, with that of 70
species recently confirmed (Dolny et al., 2007).
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Fig. 1. Distribution of dragonflies and environmental conditions in the Czech Republic. The number of species (A) and records
(B) per quadrat, and a relief map (C) and one showing average annual air temperatures (D) (Source: CHMU).

Relative distribution

First the number of species was regressed against the number
of records per quadrat in order to identify the effect of unequal
sampling of particular quadrats. The residuals from this
regression were used in the subsequent analysis. The relative
distribution was used as the dependent variable. The area of
occupancy was measured as the number of quadrants, the
dimensions of which were 10" longitude x 6 latitude, i.e.,
approximately 12 x 11 km. Altogether 72,868 data points from
7,255 localities and 593 from a total of 678 quadrats were used
in the analysis of the distribution of dragonflies in the Czech
Republic (Dolny et al., 2007). Of the quadrats, 87.5% had at
least one record (Fig. 1). The results for the regionally extinct
species were not included in the statistical analysis.

Dispersal ability

Estimating dragonfly dispersal ability is difficult. There are
several ways of estimating the dispersal ability of dragonfly
adults (Conrad et al., 1999, 2002; Watts et al., 2007; Wikelski et
al., 2006) but it is known for only a small number of species.
Hence, a modified method for estimating relative dispersal pre-
viously used for butterflies (Cowley et al., 2001) was used. A
questionnaire was sent to 78 experienced odonatologists in
Europe, which asked them to assign a “dispersal ability index”
(1-4) to each dragonfly species. In the questionnaire, a value of
1 indicated that a species was extremely sedentary and 4 indi-
cated it had high dispersal ability. This ranking reflects the pro-
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portion of replies that classified a species as more, less, or of
equal dispersal ability to every other species. Altogether, the
results from 19 questionnaires were used in the analysis.

Habitat specificity

The habitat specificity of each species was classified
according to its niche breadth, which is the number of (only
autochthonous occurrences were recorded) the 18 habitat types
occupied. The 18 potential natural and man-made freshwater
dragonfly habitats included all the main freshwater biotopes in
the Czech Republic. The 18 habitat types were: 1. temporary
water bodies, puddles, temporary pools in grassland (pluvio-
telms); 2. garden pools; 3. wetland pools; 4. glacial lakes, tarns;
5. oxbow lakes (paleopotamon); 6. reservoirs in valleys; 7. pools
in quarries and gravel pits; 8. farm ponds, intensive fishponds;
9. ponds with extensive fish culture, forest ponds; 10. raised
bogs, acid peat-bog pools, transition mires; 11. fens; 12. specific
industrial still waters (e.g., mining ponds); 13. springs and head-
waters; 14. upper reaches; 15. middle reaches (with pools and
riffles); 16. lowland rivers; 17. artificial canals and drainage
channels, ditches; and 18. polluted rivers.

Range of altitudes

The range between the lowest and highest altitude of recorded
locations was used to obtain a basic knowledge about the distri-
bution of appropriate habitats. The number of degrees of altitude
occupied (100 m corresponds to one degree) was used in the
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Fig. 2. Factors associated with the relative distribution of dragonflies after phylogenetic correction.

analysis. Random occurrences (less than 2% occupancy for each
species) were not used.

Preferred altitude

Altitude could be one of the most important environmental
variables explaining the variation in dragonfly species composi-
tion. The average altitude at which each dragonfly species was
recorded was calculated. The preferences of individual species
are expressed as means of their hypsometric frequency. Some
species that occur in a wide range of habitats prefer low alti-
tudes and therefore never occupy all of the potentially suitable
freshwater habitats (according to their habitat specificity). There
is evidence that temperature greatly affects dragonfly ecology
(mainly phenology) and distribution (Dingemanse & Kalkman,
2008; Hickling et al., 2005) and temperature is negatively corre-
lated with altitude.

Species distribution

Populations of species at the edge of their distribution tend to
be less abundant and occupy a narrower range of habitats (Sam-
ways, 2003; Thomas et al., 1999) than in the centre of their dis-
tribution. The location of species within the distribution range of
the Czech Republic was divided into three categories: 1. Main
range, 2. Edge of the range and 3. Isolated population. This grid
was overlaid on the range maps in Dijkstra & Lewington (2006)
and the presence of each species was recorded in each of these
distribution ranges.

Flight period

The difference between the stability of weather conditions
during spring and summer could significantly affect the ecology
(Corbet, 1999; Thompson, 1990) and distribution of dragonflies.
The dragonfly species occurring in the Czech Republic were
categorized in terms of their phenology as either: spring, spring
to summer, summer, summer to late summer, late summer, late
summer to autumn, phenologically little-specialized species
spanning more than one phenophase or species occurring nearly
all year round with hibernating imagos.

The effect of time stress, forcing species to emerge even
when conditions are suboptimal, is affected by the adaptive
response of particular species (Stoks et al., 2008). The average

flight period (the date by which half the population has
emerged) was used to separate the spring and summer species
occurring in the Czech Republic.

Development and overwintering stage

The duration of the life cycles of different dragonfly species
vary greatly (Corbet, 1999) and this variation is associated with
life history and stress factors (McCauley, 2007; Stoks et al.,
2008). The length of the life cycle is linked to the overwintering
stage (egg, larva, or adult). The negative effect of oxygen stress
could increase the mortality of overwintering stages but the
response of particular life stages to this factor could be different
(Corbet, 1999). The average length of life cycle taken from
various sources (Jodicke, 1997; Martens, 1996; Peters, 1987,
Riippell et al., 2005; Suhling & Miiller, 1996; Wildermuth,
2008) was used.

Body size

The male wing span (mm) was used as a measure of drag-
onfly body size because this measurement is readily available
and is one of the least variable parameters of size. The informa-
tion in Watson & Dallwitz (2009) was used, in which the = 10%
variability of samples is tolerable. The information for species
that do not occur in the British Isles (i.e., not covered by Watson
& Dallwitz, 2009) was obtained from Dijkstra & Lewington
(2006).

TaBLE 1. Factors significantly associated with the relative dis-
tribution of dragonflies at a regional scale based on an analysis
that was not controlled for phylogeny.

. Deviance Df

Factor Df Resid.  Resid. Dev. P (>|Chi|)
NULL 67 61.9

Species distribution 2 37.96 65 239 <0.001
Biotope specificity 1 3.42 64 20.5 <0.001
Dispersal ability 1 1.55 63 19.0 0.004
Range of altitudes 1 1.20 62 17.8 0.012
Preferred altitude 1 3.05 61 147 <0.001
Wingspan 1 0.39 60 14.3 0.153
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Fig. 3. The ratio of the length of the flight period to that of development for particular dragonfly families.

Statistical analysis

Before the general analysis the relative distribution was tested
for normality using the Shapiro-Wilk test. Because the data was
very variable a logit model, gamma distribution with control for
overdispersion was used in the general analysis. A general linear
model (GLM) was used to determine the association of various
factors with relative distribution (R Development Core Team,
2007). The relative distribution was always the dependent value.
Possible interactions among the factors were also tested but no
significant interactions were found.

Because a complete phylogeny of Czech dragonflies is not
available, a phylogenetic tree based on hierarchical taxonomy
was developed. The phylogenic categories used in the analysis
were: suborder; superfamily; family; genus; species. The phylo-
genic relationships for this analysis were taken from Schorr et
al. (2009). The lengths of particular tree branches were modeled
according Grafen (1989). Then, a phylogenic correction was

TaBLE 2. Factors significantly associated with the relative dis-
tribution of dragonflies at a regional scale based on an analysis
that was controlled for phylogeny.

Deviance D, Pr

Factor Df Resid. Re SJ: d Dev. F F)
NULL 67 2468.2

Species distribution 2 65.59 66 21743 199 0.163
Biotope specificity 1 273.18 66 1966.7 9.17 0.004
Dispersal ability 1 298.65 66 1941.2 10.15 0.002
Range of altitudes 1 301.24 66 1938.6 10.26 0.002
Preferred altitude 1 4547 66 21944 137 0.247
Wingspan 1 7423 66 21656 226 0.137

574

made using independent contrasts (Felsenstein, 1985). At first, a
fully dichotomous tree was created. Initial observations of the
variables were replaced by n — 1 contrasts and each contrast was
standardized with the root of the distance between adjacent spe-
cies. Finally, the standardized contrasts of dragonfly distribution
were regressed against the standardized contrasts of environ-
mental factors, which were significant in the analysis that was
not controlled for phylogeny.

RESULTS

Only five factors are significantly associated with the
relative distribution of dragonflies (Table 1). The
strongest is species distribution and more specifically,
marginality (P < 0.001). The result of the phylo-
genetically controlled analysis indicates that marginality
is associated with the phylogenetic relationship of drag-
onfly taxa (P = 0.163). Dragonfly species with marginal
distributions are scarce (Fig. 2) and prefer a different
spectrum of biotopes than species that occur within the
main distribution range. Altitude preference is similarly
significantly associated with distribution (P < 0.001). The
species preferring high altitudes are scarcer than those
preferring low altitudes. The preferences for specific alti-
tudes are very similar for closely related taxa (P = 0.247).

Habitat specificity is another important factor associ-
ated with relative distribution (P < 0.001); habitat speci-
ficity was significant even in the phylogenetically
controlled analysis (P = 0.004). This means that a species



with very specific habitat requirements is likely to have a
low probability of finding a suitable biotope for develop-
ment (Fig. 2) and that closely related taxa can have dis-
tinct habitat preferences.

Dispersal ability is also significantly associated with the
distribution of dragonflies (P = 0.004). Surprisingly, the
dispersal abilities of even closely related taxa differ (P =
0.002) according to the phylogenetically controlled
analysis (Table 2). The species that occur over a broad
range of altitudes are significantly more common (P =
0.012) than those occurring over a narrow range of alti-
tudes. The significance of this relationship is not related
to any phylogenetic relationship (P = 0.002).

Relative distribution was not associated with the length
of the adult flight period or the length of larval develop-
ment. This result is surprising, given that the larval stage
is the longest life stage in most dragonfly species (Fig. 3).
For example, the larval stage is 17.3 times longer than the
adult stage in the family Cordulegastridae. In contrast, the
adult stage is 5.4 times longer than the larval stage in the
genus Sympecma. Species with small wingspans are less
common but their relative distribution is not associated
with wingspan.

DISCUSSION

The distribution of dragonflies is not significantly asso-
ciated with adult flight period or the length of larval
development. The relative distribution of dragonflies, and
especially changes in distribution, is not primarily associ-
ated with larval life history, although the adult stage is
considerably shorter than that of the larvae in most spe-
cies (Fig. 3). Larval adaptations probably mainly affect
distribution at a local level (McCauley, 2007) and dis-
persal by the more mobile adults, mainly regional distri-
bution (Hof et al., 2006).

A life history that is substantially different from that of
most other species is represented by species of the genus
Sympecma (Lestidae), which overwinter in the adult stage
(Corbet, 1999). The longest life stage of Sympecma spp.
is the adult, and the risk of overwintering mortality is
reduced by a number of unique morphological and behav-
ioural adaptations (Manger & Dingemanse, 2009). These
adaptations could be considered a trade off. Whereas the
competition among dragonfly larvae is usually highest in
spring due to limited resources that among adults is usu-
ally minimal in spring but increases during the season
(Crumrine et al., 2008). It is possible that there is a trade
off in Sympecma spp. between the increased risk of mor-
tality in winter and the reduced competition for adult
niches in spring. In other words, by overwintering, adults
of Sympecma spp. avoid intense inter-specific competi-
tion.

In agreement with our initial hypothesis, habitat spe-
cialists are rarer then species utilizing a broad spectrum of
habitats. Like Korkeaméki & Suhonen (2002), it is con-
cluded that habitat specificity is the most significant
factor associated with the distribution of dragonflies.
However, there are considerable differences even among
the distributions of habitat specialists. The preference for

specific altitudes should be also evaluated as part of
habitat specificity. In particular, those species that prefer
biotopes located at high altitudes are scarce because there
is less availability of water biotopes at high than at low
altitudes. The preference for specific altitudes is markedly
associated with the phylogenetic relatedness of Central
European dragonfly species (Table 2). Like species distri-
bution, the preference for specific altitudes may be corre-
lated with species’ dispersion in the postglacial period
(see Sternberg, 1998).

In many cases it is very difficult to objectively deter-
mine if a given dragonfly species is really endangered. A
narrow niche implies that there are very few suitable bio-
topes for a given species. The distribution of suitable bio-
topes varies considerably.

The preference for a specific altitude range is not sig-
nificantly associated with distribution in this analysis.
Species that are distributed over a broad altitudinal range
have a high probability of finding a suitable biotope.
Temperature is a limiting factor especially for Mediterra-
nean species, which have been moving northwards in the
last few decades (Hickling et al., 2005). The distribution
of Mediterranean species in the Central European region
is limited to low altitudes (Dolny et al., 2007).

Species with limited distribution, whose boundaries
encroach upon Central Europe only marginally, vary in
abundance and prefer a broader spectrum of biotopes in
the centre of the range. Marginality is a very important
feature associated with the distribution of dragonflies
(Samways, 2003). The significance of this factor is mark-
edly affected by the phylogenetic relationship, which may
be correlated with species dispersion in the postglacial
period (see Sternberg, 1998). This difficult-to-quantify
factor should be kept in mind when measuring species
distribution, especially national red list classified species
(Samways, 2003).

It is not surprising that relative dispersal ability is not
significantly associated with distribution. The importance
of this factor could perhaps be underestimated, because
our knowledge of the dispersal ability of particular spe-
cies is very limited (Bohonak & Jenkins, 2003). The ten-
dency to disperse is markedly high in juvenile (teneral)
stages and there are considerable differences between and
within suborders (May & Corbet, 2007) and between
sexes, with especially the females of territorial species
showing a high tendency to disperse (see Corbet, 1999).
The very limited dispersal ability of habitat specialists
could increase their risk of extinction (Watts et al., 2004).
Metapopulation dynamics could also play a very impor-
tant role (Bohonak & Jenkins, 2003) and represent a key
strategy enabling survival in an unstable environment.

Body and wing size evolved as a complex trade off
between flying ability and energy expenditure (Marden,
2008). A greater body size may not necessarily be linked
with better dispersal ability.

CONCLUSION

Habitat specificity significantly affects population
ecology and is negatively associated with the distribution
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of dragonflies. Habitat generalists inhabit a wide range of
habitats at different altitudes and have high dispersal abil-
ity. All these qualities should be considered as evolution-
arily advantageous in the context of anthropogenic
environmental changes. Marginality of species’ distribu-
tion as a result of the re-colonization of Central Europe
after the last glaciation is negatively associated with the
distribution of dragonflies.
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