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Abstract — Many studies have reported a negative impact of freshwater habitat modification on biota.
Nevertheless, some man-made water bodies have proven to be valuable for biodiversity conservation as they
can harbour many species. We investigated 36 man-made water bodies to determine their suitability as
habitats for Odonata. Larvae were sampled in littoral, during the summer months of 2016 and 2017. At each
sampling site, ten samples were collected using a benthos hand net. A total of 21 Odonata species was
recorded. Odonata assemblages mainly consisted of common widespread species. Yet, at Vlacine Reservoir,
located in the Dinaric Western Balkan ecoregion, we also recorded a rare and endangered Mediterranean
species, Lindenia tetraphylla (Vander Linden, 1825). Aquatic and riparian vegetation, water level
fluctuations and dissolved oxygen concentration had the highest influence on Odonata, showing that man-
made water bodies with a well-developed riparian zone and aquatic vegetation, and with low daily and
seasonal water level fluctuations, can provide suitable habitats for diverse Odonata species. Odonata are
among the sensitive freshwater insects widely used as ecological indicators and umbrella species, therefore
these results about their assemblages in heavily modified and man-made habitats could contribute to future
conservation activities of freshwater biota and habitats.

Keywords: Dragonflies / environmental factors / aquatic and riparian vegetation / anthropogenic habitats /
Lindenia tetraphylla

Résumé - Dans quelle mesure les lacs artificiels sont-ils adaptés a I’habitat d’Odonates ? De
nombreuses études ont fait état d’un impact négatif des modifications des habitats d’eau douce sur leur biote.
Néanmoins, certains lacs artificiels se sont révélés précieux pour la conservation de la biodiversité car ils
peuvent abriter de nombreuses espéces. C’est pourquoi nous avons étudié 36 lacs artificiels afin de
déterminer dans quelle mesure ils peuvent représenter des habitats appropriés pour les Odonates. Les larves
ont été échantillonnées pendant les mois d’été 2016 et 2017. Sur chaque site d’échantillonnage, un total de
dix échantillons a été collecté a 1’aide d’un filet & main pour le benthos. Un total de 21 espéces d’Odonates a
été¢ enregistré. Les assemblages d’Odonates étaient principalement constitués d’espéces communes
largement répandues. Cependant, sur le site de réservoir Vlacine, situé¢ dans I’écorégion des Balkans
occidentaux dinariques, nous avons également enregistré une des espéces méditerranéennes rares et
menacées, Lindenia tetraphylla (Vander Linden, 1825). La végétation aquatique et rivulaire, la fluctuation
du niveau d’eau et la concentration d’oxygene dissous ont eu la plus grande influence sur les Odonates,
montrant que les lacs artificiels avec une végétation aquatique et une zone rivulaire bien développées, et avec
de faibles fluctuations du niveau d’eau, peuvent fournir des habitats appropriés pour diverses especes
d’Odonates. Les Odonates font partie des insectes d’eau douce sensibles largement utilisés comme
indicateurs écologiques et comme espéces parapluie. Nos résultats concernant leurs assemblages dans des
habitats fortement modifiés et artificiels pourraient donc contribuer aux futures activités de conservation du
biote et des habitats d’eau douce.

Mots clés : Libellules / facteurs environnementaux / végétation aquatique et rivulaire / habitats anthropiques /
Lindenia tetraphylla
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1 Introduction

Odonata (dragonflies and damselflies) are among the most
popular groups of aquatic invertebrates both among profes-
sional entomologists and the general public due to their large
size, distinctive coloration and conspicuous behaviour (Barua
et al., 2012; Boudot and Kalkman, 2015). Moreover, due to
their diversity, amphibious life history, relatively short
generation time, high trophic position, and sensitivity to
small-scale anthropogenic changes in the environment (Sam-
ways and Steytler, 1996; Pinto et al., 2012), they are widely
used as ecological indicators of habitat quality and the integrity
of freshwater ecosystems (Smith et al, 2007; Simaika and
Samways, 2011).

As a merolimnic insect order (having aquatic larvae and
terrestrial adults), they represent an important link between
freshwater and terrestrial habitats. Both larvae and adults are
generalized predators that are rather opportunistic in prey
selection (Corbet and Brooks, 2008; May, 2019). Habitat
selection is one of the most important behavioural traits of
Odonata, where each species favours a particular habitat type
that offers the optimal conditions for reproduction and
population maintenance (Corbet and Brooks, 2008). Larvae
inhabit both lotic and lentic habitats, where their occurrence is
strongly influenced by habitat morphology, and the presence
and structure of aquatic and riparian vegetation. Adults use
structural characteristics (aquatic and riparian vegetation and
shading) as the main cues of habitat selection (Steytler and
Samways, 1995; Corbet and Brooks, 2008). Dispersal is
another important adult behavioural trait. Due to their high
mobility and exploratory capacity, they can rapidly colonize
newly-formed ponds and artificial water bodies (Askew,
2004).

Man-made water bodies have been constructed worldwide
to serve various anthropocentric purposes. Historically, some
were important sources of drinking water, while today they are
mainly used as recreational areas in urban zones, for fish
farming, irrigation in agriculture, or for flood control (Seaman
and Sprague, 1991; Petrere, 1996). Many are constructed as
reservoirs on running waters (Schwarz, 2012), with the main
purpose of electricity generation (Petrere, 1996).

For decades, species richness has undergone an extraor-
dinary global decline (Thomas et al., 2004), affecting both
common and rare species (Inger et al, 2015). The main
threats, especially for freshwater biota, are habitat loss,
pollution and diverse anthropogenic habitat alterations
(Thomas et al., 2004). As such, some habitats with
conservation potential that were previously overlooked are
now being considered as potentially important for biodiver-
sity conservation (Dolny and Harabis, 2012; Harabi§ and
Dolny, 2018). Many studies have examined the effects of
anthropogenic modifications on freshwater biota (e.g. Zwick,
1992; Horsak et al., 2009; Vilenica et al., 2016a, 2019),
showing negative consequences on biodiversity, changes in
community composition and structure. On the other hand,
some man-made water bodies that improve the development
of the surrounding vegetation and represent important
habitats for species of insects, fish and birds, could also be
valuable for biodiversity conservation (Baxter, 1977; Irz
et al., 2006; Vilenica et al., 2016b).

Biological assessments of freshwater habitats are crucial
for their effective conservation and management (Hughes
et al., 1986; Stoddard et al., 2008). This study was conducted
as part of a comprehensive project, “Development of a
classification system to assess the ecological potential of
artificial and heavily modified surface water bodies”, aimed at
providing optimal data on the benthic ecology in man-made
lentic habitats. As Croatia generally has few natural lakes, our
main interest was to determine whether large artificial water
bodies could represent adequate habitats for Odonata.
Therefore, the main goals of this study were to (i) identify
the composition and abundance of Odonata assemblages and
(i1) determine the main environmental factors that influence
Odonata in the studied man-made water bodies.

2 Materials and methods
2.1 Study area

We investigated 36 man-made water bodies, of which 21
are located in the Dinaric Western Balkan Ecoregion (ER 5)
and 15 in the Pannonian Lowland Ecoregion (ER 11) in Croatia
(Illies, 1978) (Fig. 1). The majority of these water bodies are
reservoirs built on smaller or larger rivers used for water
supply, irrigation or electricity generation, while several are
natural though anthropogenically impacted water bodies (e.g.
Prolosko Blato, Sakadas, Njivice) or artificial water bodies and
gravel pits (e.g. Ponikve, Soderica Koprivnica, Rakitje, Novo
Ci¢e) used mainly for recreation. Some reservoirs used for
electricity generation and irrigation (especially in ER 5, e.g.
Lokve, Krus¢ica, Ricice, Peru¢a, Prancevic) are characterized
with high seasonal fluctuations of the water level, resulting in
an absence of aquatic macrophytes.

2.2 Sampling protocol

We sampled benthic macroinvertebrates, including larvae
of Odonata (damselflies and dragonflies) during the low water
level period in the summer of 2016 and 2017 (from July to
September). The littoral zones of all man-made water bodies
were sampled once, at two or more locations (depending on
reservoir size), applying a modified, proportional stratified
sampling approach (Urbani¢ et al., 2012).

Each location sampled covered an area of 25 m lakeshore to
a depth of 1 metre. At each location, we collected ten replicates
using a benthic hand net (25 x 25 cm surface area, 500 pm mesh-
size). Samples were taken in microhabitats covering at least 10%
of the area, proportionate to their coverage at the sampling sites (i.
e. lithal, fine sediment, xylal, CPOM, phytal). Substrate categories
were defined according to the AQEM consortium (2002). To
generate the “lithal” variable, we summed up the coverage
percentages of megalithal, macrolithal, mesolithal and micro-
lithal. To generate the “fine sediment” variable, we summed the
coverage percentages of akal, psammopelal, pelal and psammal
substrate (Tab. 1). Phytal included the coverage percentage of
submerged macrophytes, floating aquatic plant species, and
emergent vegetation.

Odonata larvae were identified to the lowest possible
taxonomical level (very juvenile individuals were identified
to the genus/family/suborder level) using Gerken and
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Fig. 1. Geographical position and locations of the 36 study sites. Study sites: ER 5: B — Bajer, BU — Butoniga, BR — Brljan, GO — Golubi¢, GP-
Gusi¢ polje, LP — Lepenica, LE — Les¢e, LO — Lokve, NJ — Njivice, OP — Opsenica, PE — Peruc¢a, PO — Ponikve, PR — Pranéevi¢, PB —
Prolosko blato, RA — Razovac, RI — Rigice, SA — Sabljaci, ST — Stikada, TR — Tribalj, VL — Vlagine. ER 11: BJ — Biljsko jezero, SO —
Soderica Koprivnica, RK — Rakitje, BO — Borovik, LA — Lapovac, JO — Josava, NC — Novo Cite, PA — Pakra, SK — Sakadas, PP — Popovac,
JA — Jarun, GR — Grabova, CK — Cakovec, DU — Dubrava, VA — Varazdin.

Sternberg (1999), combined with Askew (2004), and Brochard
et al. (2012). All voucher specimens are deposited at the
Department of Biology, Faculty of Science, University of
Zagreb, Croatia.

2.3 Environmental variables

Simultaneously with the sampling of benthic macro-
invertebrates in the littoral zone of each study site, we
measured the following environmental parameters: water
temperature, dissolved oxygen concentration (using the
oximeter WTW Oxi 330/SET), conductivity (with the
conductivity meter WTW LF 330) and pH (using the
pH-meter WTW ph 330). The remaining environmental
parameters are presented as the mean value of six composite
samples from the euphotic zone collected over a six-month
period (April-September, 2016 or 2017) (Tab. 1). Water
chemistry analyses were carried out according to standard

methods (APHA, 1992). Seasonal water level fluctuation
values were grouped into five categories (Tab. 1) (Peterlin and
Urbani¢, 2013): (1) 0.00-0.25m, (2) 0.25-0.75m, (3) 0.75-
1.00m, (4) 1.00-5.00m, (5) >5.00m. On the basis of
ARKOD (Croatian national land identification database) and
field observations, the riparian zone cover around the
investigated man-made water bodies was assessed and five
classes were distinguished: (1) <5%, (2) 6-25%, (3) 26-50%,
(4) 51-75%, (5) 76-100%. The riparian zone covers 10m
inland from the ordinary high water mark, and contains a
variety of emergent vegetation, native woody and herbaceous
plant species.

2.4 Data analysis

Non-metric multidimensional scaling analysis (NMDS)
using the Bray-Curtis similarity index was used to determine
similarities in the composition of Odonata assemblages among
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the study sites. Study sites without Odonata records were
excluded from the analysis.

Redundancy analysis (RDA) was used to ordinate Odonata
occurrence with respect to environmental variables. The
analysis was performed using data for 28 taxa and 13
environmental variables (variables xylal, fine sediment,
CPOM, COD were excluded due to colinearity). The Monte
Carlo permutation test with 499 permutations was used to test
the statistical significance of the relationship between all taxa
and all variables.

The Bray-Curtis similarity index, HCA and NMDS
analyses were conducted in Primer 6 (Clarke and Gorley,
2006). The RDA analysis was performed using CANOCO 5.00
(ter Braak and Smilauer, 2012). Species data were log
transformed prior to analyses. All figures were processed with
Adobe Illustrator CS6.

3 Results

3.1 Odonata assemblages

With 1808 collected and identified individuals, a total of
21 species was recorded (28 taxa; 7 taxa were juvenile
individuals identified only to the genus/family/suborder level,
Tab. 2). The number of individuals is presented per meter
square (Tab. 2). The most widespread were Platycnemis
pennipes (Pallas, 1771) and Orthetrum albistylum (Selys,
1848) recorded at nine study sites, while several species were
recorded at only one study site (Erythromma viridulum
(Charpentier, 1840), Sympecma fusca (Vander Linden, 1820),
Aeshna mixta (Latreille, 1805), Hemianax ephippiger
(Burmeister, 1839) and Lindenia tetrapyhlla (Vander Linden,
1825)).

No Odonata larvae were collected at the study sites Bajer,
Kruséica, Prangevié, Stikada, Lapovac and Cakovec, while the
highest number of taxa was recorded at Ponikve and Vlacine
(17 and 16, respectively; Fig. 2). Ponikve Reservoir also had
the highest Odonata abundance (243.8/m?).

NMDS analysis showed very low similarity in Odonata
assemblages among the study sites, approximately 5%. For
the most part, study sites did not group based on ecoregion

(Fig. 3).

3.2 Odonata and environmental variables

The results of the ordination of Odonata taxa and
environmental data of the RDA analysis are shown in an
F1 x F2 ordination plot (Fig. 4). The distribution of Odonata
fauna was highly related to axes 1 and 2, with eigenvalues of
0.16 and 0.06, showing a species-environment correlation of
70.7%. The Monte Carlo permutation test indicated that the
species-environment ordination was significant (first axis:
F-ratio=12.71, P=0.002; overall: trace=0.31, P=0.002),
suggesting that species were significantly related to the tested
set of environmental variables. Axis 1 was related to phytal
substrate (R =0.36) and riparian zone (R=0.36), and axis 2 to
dissolved oxygen concentration (R=-0.36) and water level
fluctuation ((R=-0.32), indicating that these were the most
important parameters in explaining patterns of Odonata
assemblages.

4 Discussion

This study recorded rather high Odonata species richness,
with 32% of the overall Croatian Odonata fauna (Belanci¢
et al., 2008; Boudot and Kalkman, 2015). On the other hand,
species richness was lower in comparison with some natural
wetland habitats (Vilenica et al., 2011; Kulijer, 2012; De Knijf
et al., 2013). However, the sampling method has certain
limitations, as it may under-collect representative larvae given
the rather small area of habitat/microhabitat captured by the
sampling net (Horning and Pollard, 1978; Martin and Maynou,
2016).

Moreover, sampling only in the summer is another
limitation, e.g. by this time, spring species (species over-
wintering in the last larval stage and emerging next spring)
have already emerged or were too rare or juvenile to be
identified to the species level. Hence, supplementary surveying
should include sampling of spring species, together with
exuviae and adults (Samways et al., 2009; Raebel et al., 2010)
to obtain more accurate species richness for each site, which is
surely to be higher than recorded here (Vilenica et al., 2016b).

Corroborating previous studies on Odonata in disturbed
habitats (e.g. Steytler and Samways, 1995), their assemblages
in the present study mainly consisted of widespread, generalist
species, indicating that man-made water bodies are of little
importance for the distribution and protection of rare species.
On the other hand, some studies have shown that anthropo-
genic habitats can provide suitable habitat for many
populations of protected species (e.g. Dolny and Harabis,
2012; Holtmann et al., 2018; Renner et al., 2016).

Since most of the study sites investigated in this study are
reservoirs built on rivers, stream zonation preferences revealed
that the majority of the recorded species were predominantly
littoral (e.g. L. depressa, H. ephippiger, S. fusca, C. puella).
Additionally, we recorded some lotic species that can also
reproduce in well oxygenated lentic systems (such as
O. forcipatus, G. vulgatissimus) and species that inhabit a
wide range of freshwater habitats (such as P. pennipes and
1 elegans) (Janecek et al., 1995; Schmedtje and Colling, 1996;
Kalkman et al, 2018). Platycnemis pennipes, the most
frequently recorded species, inhabits both slow flowing lotic
and well-oxygenated lentic habitats with well-developed
aquatic vegetation (Askew, 2004; Dijkstra and Lewington,
2006). As the majority of study sites are well oxygenated, this
species was recorded both from well-vegetated sites, such as
Vlagine and Soderica, but also from poorly vegetated ones,
such as Josava and Novo Ciée. Orthetrum albistylum, another
frequent species, predominantly inhabits lakes and ponds, but
as females oviposit by dipping their abdomen into the water
(Askew, 2004; Dijkstra and Lewington, 2006) and larvae of
Orthetrum species lurk for their prey from the sediment (Corbet
and Brooks, 2008), the presence of aquatic vegetation is not
crucial, as reported by Vilenica et al. (2011). Therefore, it was
mainly recorded in sites with very little to no aquatic vegetation.

Various environmental factors are linked to the complex
habitat requirements of Odonata, such as water temperature,
dissolved oxygen content, substrate composition, current
velocity (e.g. McPeek, 2008; Corbet and Brooks, 2008;
Vilenica, 2017), but also biotic factors such as aquatic and
riparian vegetation structure, food resources, parasites and
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Fig. 2. Examples of the investigated man-made water bodies: a) Vlacine (ER5) and b) Ponikve (ER5) with highest Odonata taxa richness, and c¢)

Kru§cica (ER5) and d) Cakovec (ER11) without Odonata records.
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Fig. 3. Non-metric multidimensional scaling (NMDS) ordination of
Odonata assemblages based on the Bray-Curtis similarity coefficient
(group average linking) and their log-transformed abundances at 36
man-made water bodies in Croatia. Abbreviations of the study sites
are presented in Figure 1.

predators (McPeek, 2008). Habitat heterogeneity was recog-
nized as one of the most important variables determining the
appearance of a particular dragonfly species in a habitat, i.e. the
presence, quantity and composition of diverse shoreline, semi-
aquatic and aquatic vegetation (Lenz, 1991; Schindler et al.,
2003). Emerged and riparian vegetation is a crucial feature in
Odonata life as many larvae use vegetation to lurk for prey
(Zygoptera, Anax, Sympetrum), or to hide from predators,
while adults use it for oviposition and perching (Corbet and

©
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Fig. 4. F1xF2 plane of redundancy analysis for 28 Odonata taxa and
13 environmental variables. Legend: Values and abbreviations of
environmental parameters (red arrows) are presented in Table 1 and
taxa codes (blue arrow symbols) are presented in Table 2.
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Brooks, 2008). Many freshwater invertebrates used as
ecological indicators are rather sensitive to water pollution,
such as mayflies (Vilenica et al., 2019). Unlike them, Odonata
are not generally able to reflect water pollution (e.g. Takamura
et al., 1991), but are more sensitive to changes in the structure
and integrity of macrophyte vegetation in their habitat
(Schindler et al., 2003; Harabis and Dolny, 2012). Therefore,
it is not surprising that the RDA analysis determined phytal
(i.e. the quantity of aquatic vegetation at habitat) and riparian
zone cover to be the most important variables for Odonata
assemblages in the studied man-made water bodies. Data on
the composition of littoral aquatic vegetation of the studied
man-made water bodies are available, but were not considered
since most Odonata species generally show little response to
particular plant species (terrestrial or aquatic) (e.g. Foote and
Hornung, 2005), and their abundance is often positively
correlated with the local abundance of vegetation (as reviewed
in Remsburg, 2007). Macrophyte structure and abundance are
negatively affected by an increase of water level fluctuations
(van Geest et al., 2005). Study sites with low daily and
seasonal water level fluctuations also had diverse and abundant
aquatic vegetation, and therefore higher Odonata species
richness and abundance. On the other hand, no Odonata
specimens were collected from those with high water level
fluctuations and without vegetation. Man-made water bodies
with the highest daily and seasonal water level fluctuations and
water losses are situated mostly in the Dinaric karst area, as
they lie directly within carbonate rock (Bonacci and Roje-
Bonacci, 2008). Furthermore, dense, submerged and floating
macrophytes reduce the concentrations of dissolved oxygen in
water (Rose and Crumpton, 1996), hence the negative RDA
correlation with Odonata assemblages.

Among the significant results was the discovery of an
eremic gomphid, Lindenia tetraphylla, a species listed in
Annexes II and IV of the Habitats Directive, and listed as
Vulnerable (VU) on the European Red List (Kalkman et al.,
2010). Its distribution extends from Central Asia and Pakistan
to parts of the Arabian Peninsula and the Western Mediterra-
nean Basin (Boudot and Kalkman, 2015). In the Mediterra-
nean, it preferably inhabits large lakes, with dense and diverse
aquatic and riparian vegetation, where relatively few stable
populations are found (e.g. Boudot et al., 2009; Boudot, 2014;
Stille et al., 2014). Larvae, but also exuviae (Vilenica et al.,
2016b), were recorded in the Vlacine Reservoir, where habitat
conditions, i.e. vegetation structure and physico-chemical
water properties, proved to be suitable for this species. This
record is evidence of the species’ reproduction at the north-
western border of its distribution (Vilenica ef al., 2016b).
Vlacine Reservoir was a suitable habitat for another interesting
Mediterranean species, Selysiothemis nigra (Vander Linden,
1825), as reported by Vilenica et al. (2016b).

In conclusion, this study provides new insight into the
relationship of Odonata and the anthropogenic environment,
and the results can be useful for species and habitat
conservation. Man-made water bodies could be suitable
habitats for diverse Odonata species, but only if they are
characterized by adequate environmental conditions, i.e.
required water chemistry and well-developed riparian and
aquatic vegetation. Less suitable ones with a poorer structure
of macrophyte vegetation could serve as habitats for eurytopic
species with low ecological requirements that are still able to

reproduce there. Moreover, although these man-made water
bodies mostly harbour widespread and common species, in
some cases, they also provide suitable habitat for some rare and
endangered ones. The results of this study could contribute to
the successful development of a monitoring system for man-
made water bodies according to the requirements of the
European Water Framework Directive.
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