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Abstract
Urbanisation is among the most severe drivers of the recent biodiversity crisis. It has been shown that stormwater ponds 
have a high value for the conservation of dragon- and damselflies in urban areas. However, information on the relevance 
of different types of stormwater ponds is lacking so far. The aim of this study was to compare the Odonata assemblages of 
three types of urban stormwater ponds (n per type = 10): (i) ponds only containing temporary water bodies (TEMP), (ii) 
ponds with temporary and small perennial water bodies (TEMP/PERE) and (iii) ponds with one large perennial water body 
(PERE). We observed distinct differences in environmental conditions and Odonata assemblages among the three types of 
stormwater ponds. In particular, vegetation structure and the partly interrelated microclimate differed considerably between 
TEMP on the one hand, and TEMP/PERE and PERE on the other hand. Odonate species richness and exuviae density of 
threatened species differed, too. Due to their early successional stages with low cover of riparian woodland and shallow 
water bodies, TEMP were characterised by a warmer microclimate than TEMP/PERE and PERE. Odonate species richness 
and exuviae density of threatened species were highest in TEMP and lowest in PERE. Moreover, indicator species were 
only identified for TEMP. Our study showed that stormwater ponds with a temporary hydroperiod play an important role for 
the conservation of odonates in urban areas. This is especially the case for specialised threatened species, such as Libellula 
depressa and Ischnura pumilio.
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Introduction

The recent decline of biodiversity is of global concern. Cur-
rent extinction rates of wild biota are currently estimated to 
be 1000 times greater than the natural background level (De 
Vos et al. 2014). Hence, several authors have suggested that 
a sixth mass extinction is underway (Barnosky et al. 2011; 
McCallum 2015). In terrestrial ecosystems, land-use change 
is assumed to be the main cause of the recent biodiversity 
crisis (Sala et al. 2000).

Among land-use change, urbanisation is one of the most 
severe drivers of species loss and biotic homogenisation 

(McKinney 2006; Grimm et al. 2008). Urban areas are the 
fastest growing land-use type worldwide (United Nations 
2010). As a consequence, natural and semi-natural habitats 
have increasingly become lost through building construc-
tion (Balmford et al. 2003; McKinney 2006; Steele and Hef-
fernan 2014). Moreover, the size of the remaining habitat 
patches decreases and fragmentation increases (Lambin 
et al. 2001; Fahrig 2003; Donnelly and Marzluff 2006).

These effects are also true for urban water bodies. 
Through urban development, many ponds have vanished 
during the last century (Wood et al. 2003). Moreover, the 
remaining hydrosystems are often heavily modified, either 
for domestic and industrial use (Booth and Jackson 1997; 
Paul and Meyer 2001; Hassall 2014; Hill et al. 2017), or for 
flood control (Hassall 2014). Together with the high cover 
of impervious surfaces in cities, a higher runoff magnitude 
and an increase in flood frequency are the results (Ehrenfeld 
2000; Steele and Heffernan 2014).

To counteract the negative effects of urbanisation on the 
hydrologic balance, stormwater ponds have increasingly 
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been constructed during recent decades (Willigalla et al. 
2003; Herrmann 2012). They are designed to mitigate runoff 
from impervious surfaces, since they are able to temporarily 
detain large amounts of water (Villareal et al. 2004; Gal-
lagher et al. 2011). A growing number of studies indicate 
that stormwater ponds not only fulfil a retention function but 
also foster biodiversity of aquatic and semi-aquatic species 
in cities (Germany: Holtmann et al. 2017, 2018; USA: Birx-
Raybuck et al. 2010; Brand and Snodgrass 2010; Canada: 
Hassall and Anderson 2015; France: Scher and Thièry 2005; 
Le Viol et al. 2009, 2012; Australia: Hamer et al. 2012).

Odonata are important bioindicators for the quality of 
aquatic habitats and the surrounding landscape (Sahlén 
and Ekestubbe 2001; Foote and Hornung 2005; Samways 
2008). Their taxonomy and distribution are well known and 
they can efficiently be sampled with standardised methods 
(D’Amico et al. 2004). Due to their high dispersal ability, 
they are able to colonise new habitats rapidly (Corbet 2004; 
Clausnitzer et al. 2009). Moreover, they inhabit a wide range 
of different water bodies from temporary to perennial (Cor-
bet 2004).

A recent study documented the generally high value of 
stormwater ponds for the conservation of odonates in urban 
areas in comparison to a representative selection of ponds 
(Holtmann et al. 2018). However, the authors did not con-
sider the different types (i.e. hydroperiods) of stormwater 

ponds separately. Therefore, the aim of this study was to 
compare the Odonata assemblages of three types of urban 
stormwater ponds: (i) ponds only containing temporary 
water bodies, (ii) ponds with temporary and small perennial 
water bodies and (iii) ponds with one large perennial water 
body. Lastly, we give recommendations for the construction 
and management of stormwater ponds as habitats for dragon- 
and damselflies in cities.

Materials and methods

Study area

The study area comprises the municipal area of the city of 
Münster (51°58″N, 7°38″E; 39–99 m a.s.l.) in the north 
of the German Federal State of North Rhine-Westphalia 
(Fig. 1). The city has about 308,000 inhabitants and covers 
an area of 303 km2 (City of Münster 2017). Of the total area, 
34% consists of built-up (settlement) and traffic areas; 46% is 
used for agriculture, 18% forests, and 2% water bodies. Bio-
geographically, the city is a part of the Westphalian Basin 
located in the North German Plain. The climate is suboce-
anic with an annual precipitation of approximately 780 mm 
and a mean annual temperature of 9.9 °C (1981–2010; cli-
mate station Münster/Osnabrück; DWD 2018).

Fig. 1   Location of surveyed 
stormwater ponds in the 
municipal area of Münster (NW 
Germany). TEMP stormwater 
pond only containing temporary 
water bodies, TEMP/PERE 
stormwater pond with tempo-
rary and small perennial water 
bodies, PERE stormwater pond 
with one large perennial water 
body
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Currently, 79 stormwater ponds exist in the study area 
(Möhring pers. comm., Civil Engineering Office Münster). 
Their banks are not usually paved or concreted and all ponds 
are regularly managed to ensure a maximum volume of water 
retention. Management includes cutting of woody riparian 
plants and desludging of ponds every couple of years. The 
herb layer is usually cut every year, in winter.

Sampling design

According to their hydroperiod, stormwater ponds were dif-
ferentiated into three types (Fig. 2):

	 (i)	 ponds only containing temporary water bodies 
(TEMP),

	 (ii)	 ponds with temporary and small perennial water bod-
ies (TEMP/PERE) and

	 (iii)	 ponds with one large perennial water body (PERE).

Of the 79 existing stormwater ponds in the study area (see 
above) we randomly selected 10 ponds per type (Fig. 1). The 
study was conducted during the growing season in 2015. 
From the end of April to the beginning of September, each 
of the 30 stormwater ponds was sampled six times with a 
time lag of three weeks between each visit.

Habitat and landscape quality

For each water body, we sampled several environmental 
parameters (Tables 1, 2). The pH, conductivity and water 
temperature were measured during each of the six vis-
its. Prior to statistical analysis the data were averaged per 
parameter and pond. Occurrence of fish was sampled by 
visual inspection also during each survey. All other field 
parameters were recorded once between mid-July and mid-
August. For spatial analyses, we used ArcGIS 10.2 and 
aerial photographs (Bezirksregierung Köln 2018). For each 
pond, we calculated size and mean distance to the next three 

Fig. 2   Typical examples of the three types of stormwater ponds. a TEMP stormwater pond only containing temporary water bodies, b 
TEMP/PERE stormwater pond with temporary and small perennial water bodies, c PERE stormwater pond with one large perennial water body
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Table 1   Overview of sampled predictor variables (mean ± standard error [SE], minimum and maximum)

Differences among the three pond types were analysed using an analysis of variance (ANOVA, A), followed by Holm-Sidak test. If data did 
not show normal distribution and homogeneity of variance, we performed a Kruskal–Wallis H test (K) with Dunn’s test as a post hoc test. For 
pairwise comparisons Bonferroni correction (α = 0.017) was applied. Different letters indicate significant differences between groups. Significant 
differences between the three pond types are also indicated by bold type
TEMP Stormwater pond only containing temporary water bodies, TEMP/PERE stormwater pond with temporary and small perennial water bod-
ies, PERE stormwater pond with one large perennial water body
*P < 0.05, **P < 0.01, ***P < 0.001, ns = not significant
1 Calculated from historical aerial photographs by using Google Earth
2 Calculated from aerial photographs (Bezirksregierung Köln 2018) by using ArcGIS 10.2
3 Measured by using a multi-parameter probe (Hanna HI 98129)
4 Determined via ion chromatography
5 Measured by using a horizontoscope after Tonne (1954)
6 Mean of four measures at N, E, S, W
7 Geometric mean of the distance to next three ponds (m)

Parameter TEMP TEMP/PERE PERE P

Mean ± SE Min.–max. Mean ± SE Min.–max. Mean ± SE Min.–max.

Habitat level
 Structural parameters
  Age (y)1 8.3 ± 1.1a 1–23 14.8 ± 1.4ab 5–33 18.0 ± 0.6b 12–23 K**

  Size (m2)2 3412 ± 499 637–7764 1278 ± 184 312–3235 2511 ± 385 390–8389 Kns

  Depth (cm) 27 ± 2a 10–41 48 ± 2b 35–77 47 ± 2b 31–71 A***

 Hydrological parameters
  pH3 7.3 ± 0.0 7.0–7.6 7.3 ± 0.1 6.8–7.7 7.5 ± 0.1 7.2–8.3 Ans

  Conductivity (µS/cm)3 660 ± 31 342–920 539 ± 19 396–724 517 ± 45 176–1169 Kns

  Water temperature (°C)3 25.5 ± 0.3a 22.6–28.6 22.7 ± 0.5b 17.8–26.7 22.4 ± 0.2b 19.6–23.8 A**

  Chloride (mg/l)4 33.0 ± 2.7 4.5–54.7 25.1 ± 1.4 10.3–39.0 27.3 ± 3.6 3.1–71.1 Ans

  Nitrite (mg/l)4 0.0 ± 0.0 0.0–0.2 0.2 ± 0.0 0.0–0.5 0.1 ± 0.0 0.0–0.1 Kns

  Nitrate (mg/l)4 2.7 ± 0.6 0.1–7.4 2.7 ± 0.6 0.1–9.5 1.5 ± 0.2 0.1–4.2 Kns

  Phosphate (mg/l)4 0.0 ± 0.0 0.0–0.0 0.1 ± 0.1 0.0–1.0 0.0 ± 0.0 0.0–0.1 Kns

  Ammonium (mg/l)4 0.3 ± 0.0a 0.1–0.6 0.5 ± 0.1ab 0.0–2.1 1.2 ± 0.2b 0.3–2.4 K*

  Potassium (mg/l)4 7.9 ± 0.7 1.2–16.4 5.6 ± 0.8 1.0–15.8 5.7 ± 0.3 1.0–8.8 Kns

  Sodium (mg/l)4 21.6 ± 1.9 3.6–33.7 17.4 ± 1.7 7.7–41.0 23.5 ± 3.2 3.2–62.9 Ans

 Vegetation cover (%)
  Open water surface 32.3 ± 5.5a 5–80 35.0 ± 6.8a 0–90 79.5 ± 5.0b 0–100 A**

  Reed bed 58.3 ± 6.7a 0–95 30.0 ± 6.3ab 0–100 7.0 ± 1.2b 0–19 K*

  Algae 5.0 ± 1.4 0–20 17.5 ± 6.3 0–100 0.6 ± 0.3 0–5 Kns

  Floating aquatic plants 0.6 ± 0.3 0–5 17.5 ± 5.2 0–90 13.5 ± 5.0 0–95 Kns

  Submerged aquatic plants 3.2 ± 0.9 0–15 0.0 ± 0.0 0–0 16.4 ± 5.6 0–95 Kns

  Riparian woodland 2.5 ± 0.9a 0–15 18.5 ± 4.3ab 0–70 34.5 ± 4.1b 0–80 K**

 Daily sunshine duration (h)5,6

  August 10.4 ± 0.5a 4.6–13.0 7.4 ± 0.6ab 1.8 ± 13.1 5.6 ± 0.4b 1.6–10.6 A**

Landscape level
 Land cover (%)2

  Grassland 14.9 ± 3.4 0–64 7.2 ± 0.8 0–15 6.8 ± 0.8 3–20 Kns

  Woodland 9.8 ± 1.0 3–22 8.9 ± 1.2 0–20 14.7 ± 1.6 5–30 Kns

  Arable land 26.5 ± 3.1 0–60 41.8 ± 2.0 25–63 31.5 ± 2.6 20–60 Ans

  Built-up area 44.5 ± 3.2 15–75 38.6 ± 2.7 10–55 39.5 ± 2.7 5–60 Ans

  Urban green space 3.3 ± 1.1 0–20 1.5 ± 0.6 0–10 3.4 ± 1.3 0–24 Kns

 Connectivity
  Distance next ponds (m)2,7 276.6 ± 19.0 92–401 307.0 ± 22.6 127.1–533.4 357.8 ± 37.7 144.3–952.3 Kns
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ponds (geometric mean) to explain connectivity between 
ponds (Eichel and Fartmann 2008; Poniatowski and Fart-
mann 2010). Within a radius of 500 m around each pond 
we analysed the land cover (Goertzen and Suhling 2013; 
Jeanmougin et al. 2014; Holtmann et al. 2017, 2018). Fur-
thermore, we took a water sample once in August at each 
pond and analysed it for anions and cations (chloride, nitrite, 
nitrate, phosphate, ammonium, potassium, and sodium) in 
an ion chromatograph (Metrohm, model 761 Compact IC). 
The age of each pond was provided by the Civil Engineer-
ing Office Münster (J. Möhring, pers. comm.). In case of 
desludging, the year of the measure was defined as the con-
struction year.

Odonate assemblages

According to Raebel et al. (2010) exuviae sampling is the 
best survey technique for Odonata. Bried et  al. (2012), 
however, demonstrated that Odonata sampling that is solely 
based on exuviae may lead to underestimations of species 
richness, especially of rare species. Consequently, in our 
study we used both adult and exuviae sampling during each 
of the six surveys.

Since Odonata are poikilothermic organisms, we only 
recorded adults under favourable weather conditions (sunny 
and calm, minimum air temperature: 15 °C) and from 10 
am to 6 pm (Sternberg and Buchwald 1999). Adults were 
sampled with the help of a binocular for 15 min at stand-
ardised shoreline plots of 50 m2 (25 m × 2 m). All observed 
individuals within the plot were identified to species level 
and numbers were counted. If an identification was not pos-
sible, individuals were caught with a hand net, identified, 
and released immediately. Species were identified using 
criteria from Dijkstra and Lewington (2006).

Exuviae were sampled within a ring of 1 m2 size, which 
was randomly placed ten times around the shoreline (total 
area: 10 m2). All exuviae were collected and identified in the 
lab using a digital microscope (Keyence digital microscope 
VHX-500FD, 20–200 times magnification) and the key of 
Brochard et al. (2012).

For all statistical analyses, only autochthonous spe-
cies at a pond were considered. Species observed as 
exuviae and freshly emerged individuals were classified 
as autochthonous. Additionally, species with high adult 
abundance (total number of observed individuals: Zygop-
tera ≥ 10 individuals/50 m2, Anisoptera ≥ 5 individuals/50 
m2, cf. Lohr 2007; Holtmann et al. 2018) were also con-
sidered autochthonous. For statistical analyses of density 
data, we used the maximum value that was detected dur-
ing one of the six surveys. For further analyses, dragon- 
and damselfly species were classified into threatened and 
not-threatened species according to the red data book of 
North Rhine-Westphalia (LANUV NRW 2010).

Statistical analysis
All sampled numerical parameters (cf. Table 1) were 

tested for significant differences among the three pond 
types using an analysis of variance (ANOVA), followed 
by the Holm–Sidak test in case of significant differences. 
If data did not show normal distribution and homogeneity 
of variance in visually checked histograms (Quinn and 
Keough 2002), we performed a Kruskal–Wallis H test with 
Dunn’s test as a post hoc test. For pairwise comparisons, 
Bonferroni correction (α = 0.017) was applied. Differences 
in the nominal variable fish occurrence (Table 2) were 
analysed with the χ2 test.

Prior to analyses, we tested all groups of odonates (spe-
cies richness as well as adult and exuviae density of all, 
threatened and not-threatened species, respectively) for 
spatial autocorrelation by calculating Global Moran’s I 
(Diniz-Filho et al. 2003; Legendre and Legendre 2012) 
with ArcGIS 10.2. Since there were no significant results 
(P > 0.05), spatial autocorrelation was rejected.

To identify indicator species for each pond type, an 
indicator species analysis (ISA) (Dufrêne and Legendre 
1997) was carried out. ISA was based on exuviae densities 
as they represent autochthonous species better than adult 
densities (Raebel et al. 2010). All analyses were performed 
using R-3.4.1 (R Development Core Team 2018).

Table 2   Absolute and relative 
frequencies of the categorical 
variable occurrence of fish in 
the different types of stormwater 
ponds

Differences in absolute frequencies between the three groups of ponds were analysed with χ2 test
TEMP stormwater pond only containing temporary water bodies, TEMP/PERE stormwater pond with tem-
porary and small perennial water bodies, PERE stormwater pond with one large perennial water body, ns 
not significant

Parameter TEMP TEMP/PERE PERE P

N % N % N %

Fish ns
 Present 0 0.0 2 20.0 2 20.0
 Absent 10 100.0 8 80.0 8 80.0
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Results

Environmental parameters

Many environmental parameters differed significantly at 
the habitat level, especially between TEMP and PERE 
(Table 1). TEMP were newer than PERE, and shallower 
than TEMP/PERE and PERE. Due to their early succes-
sional stages and shallow water bodies, TEMP had a lower 
cover of riparian woodland, a longer sunshine duration in 
August, a higher cover of reed beds and lower ammonium 
contents than PERE. Additionally, the water temperature 
was higher at TEMP than at TEMP/PERE and PERE, 
and the cover of open water surface was lower at TEMP 
and TEMP/PERE than at PERE. All other environmental 
parameters at the habitat level and all of the parameters 
at the landscape level did not differ among the three pond 
types.

In the vast majority of the studied ponds fish were 
absent (N = 26; 87%) (Table 2). In TEMP, fish were com-
pletely missing; in TEMP/PERE and PERE fish occur-
rence was marginal. Accordingly, the presence of fish did 
not differ between the three pond types.

Odonate assemblages

We recorded a total of 21 autochthonous dragon- and dam-
selfly species (11 Anisoptera, 10 Zygoptera) at the 30 storm-
water ponds: 15 at TEMP, 16 at TEMP/PERE, and 15 at 
PERE, respectively (Table 3). Four of the species are con-
sidered threatened in North Rhine-Westphalia (Erythromma 
najas, Ischnura pumilio, Libellula depressa and Sympetrum 
danae). At TEMP, the most frequent species was L. depressa 
occurring at seven ponds (70% of all sampled ponds). At 
TEMP/PERE, Coenagrion puella and Ischnura elegans were 
the most widespread, appearing at seven ponds each (70%). 
The latter was also the most common species at PERE, 
occurring at eight ponds (80%).

Table 3   Results of indicator 
species analysis (ISA) (Dufrêne 
and Legendre 1997) for 
types of stormwater ponds 
based on exuviae densities of 
autochthonous dragon- and 
damselfly species

Threat status (TS) in North Rhine-Westphalia after LANUV NRW (2010). Values in bold type: species are 
indicator species for this pond type
IV indicator value, ab relative abundance comparing pond types, % frequency, TEMP stormwater pond 
only containing temporary water bodies, TEMP/PERE stormwater pond with temporary and small peren-
nial water bodies, PERE stormwater pond with one large perennial water body, *P < 0.05, ns not signifi-
cant

Species TS IV P TEMP TEMP/PERE PERE

ab % ab % ab %

Anisoptera
 Aeshna cyanea 12.7 ns 3 10 72 20 25 40
 Aeshna mixta 20.5 ns 0 0 0 0 100 20
 Anax imperator 24.5 ns 8 10 58 50 33 30
 Crocothemis erythraea 9.1 ns 100 10 0 0 0 0
 Libellula depressa x 58.6 * 84 70 8 40 8 40
 Libellula quadrimaculata 30.8 ns 88 40 8 20 4 10
 Orthetrum brunneum 17.4 ns 96 20 4 10 0 0
 Orthetrum cancellatum 19.1 ns 57 20 1 20 42 40
 Sympetrum danae x 9.1 ns 100 10 0 0 0 0
 Sympetrum sanguineum 22.7 ns 42 50 50 50 8 10
 Sympetrum striolatum 21.3 ns 41 40 19 40 40 60

Zygoptera
 Chalcolestes viridis 22.0 ns 0 0 50 30 50 50
 Coenagrion puella 26.8 ns 18 60 33 70 49 60
 Enallagma cyathigerum 20.5 ns 0 0 0 0 100 20
 Erythromma najas x 18.2 ns 0 0 100 10 0 0
 Erythromma viridulum 24.2 ns 12 10 18 30 71 40
 Ischnura elegans 31.9 ns 46 60 15 70 39 80
 Ischnura pumilio x 32.5 * 100 40 0 0 0 0
 Platycnemis pennipes 12.1 ns 0 0 33 10 67 20
 Pyrrhosoma nymphula 23.9 ns 44 60 12 50 44 60
 Sympecma fusca 9.1 ns 0 0 100 10 0 0
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The ISA identified two indicator species for TEMP: 
I. pumilio and L. depressa, both of which are considered 
threatened. In contrast, TEMP/PERE and PERE had no indi-
cator species.

Neither species richness, nor adult and exuviae density of 
all species, differed between the three pond types (Fig. 3). 
However, for threatened species, species richness was great-
est at TEMP, significantly differing from PERE but not from 
TEMP/PERE. For exuviae density, the pattern was similar: 
TEMP had a significantly higher density than TEMP/PERE 
and PERE. In contrast, adult density of threatened species 
as well as species richness, adult and exuviae density of 
not-threatened species did not differ between the three pond 
types.

Discussion

We observed distinct differences in environmental condi-
tions and Odonata assemblages among the three types of 
stormwater ponds. In particular, vegetation structure and 
the partly interrelated microclimate differed considerably 
between TEMP on the one hand and TEMP/PERE and 
PERE on the other hand. Odonate species richness and 
exuviae density of threatened species did so too. Due to 
their early successional stages with low cover of riparian 
woodland and shallow water bodies, TEMP were charac-
terised by a warmer microclimate than TEMP/PERE and 
PERE. Odonate species richness and exuviae density of 
threatened species were highest in TEMP and lowest in 
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exuviae density (g–i) of dragon- and damselflies in the three types 
of stormwater ponds. Differences among the three pond types were 
analysed using an analysis of variance (ANOVA), followed by Holm-
Sidak test. If data did not show normal distribution and homogeneity 
of variance, we performed a Kruskal–Wallis H test with, Dunn’s test 
as a post hoc test. For pairwise comparisons Bonferroni correction 
(α = 0.017) was applied. Different letters indicate significant differ-

ences between groups. a F = 0.118, df = 29, P = 0.89; b H = 11.866, 
df = 2, P < 0.01; c F = 0.628, df = 29, P = 0.54; d H = 0.478, df = 2, 
P = 0.78; e H = 4.598, df = 2, P = 0.10; f H = 1.200, df = 2, P = 0.55; g 
H = 0.490, df = 2, P = 0.78; h H = 12.426, df = 2, P < 0.01; i H = 1.020, 
df = 2, P = 0.60. TEMP stormwater pond only containing temporary 
water bodies, TEMP/PERE stormwater pond with temporary and 
small perennial water bodies, PERE stormwater pond with one large 
perennial water body, ns not significant
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PERE. Moreover, indicator species were only identified 
for TEMP.

Recent studies indicated that urban stormwater ponds 
can harbour many different dragon- and damselfly spe-
cies (e.g. Willigalla et al. 2003; Willigalla and Fartmann 
2009, 2012; Holtmann et al. 2018). A survey from the 
same study area even showed that overall odonate species 
richness was greater in stormwater ponds than in control 
ponds, and that especially threatened species benefited 
from stormwater ponds (Holtmann et al. 2018). However, 
the relevance of each of the three dominating types of 
stormwater ponds for Odonata was unknown so far. Our 
study revealed that the high importance of urban storm-
water ponds for threatened species is mainly attributed 
to TEMP. The number and exuviae density of threatened 
species were highest at TEMP and lowest at PERE. Addi-
tionally, both indicator species of TEMP, I. pumilio and L. 
depressa, are considered threatened.

Our results are in line with other studies showing that 
invertebrate communities clearly differ between perma-
nent and temporary ponds (Williams 1997). Temporary 
ponds are characterised by extremely varying environ-
mental conditions, which most species cannot cope with 
(Williams 1996). However, due to these environmental 
changes these ponds also lack predators and competitors 
(Wildermuth and Martens 2014). Additionally, the shallow 
water favours warmer water bodies. As a result, species 
richness is often higher in permanent ponds, while tempo-
rary ponds promote rare and specialised species (Collinson 
et al. 1995; Williams 1996).

Besides the generally shallow water of temporary ponds, 
TEMP was characterised by further conditions that foster a 
warm microclimate, which is beneficial for some odonate 
species (Sternberg and Buchwald 1999). The regular man-
agement of the stormwater ponds leads to a low cover of 
riparian woodland and, hence, a high sunshine duration, 
additionally promoting high temperatures (Holtmann et al. 
2017).

Both threatened indicator species of TEMP are pioneer 
species that prefer sparsely vegetated, shallow and sunny 
water bodies (Kuhn and Burbach 1998; Sternberg and Buch-
wald 1999; Piersanti et al. 2007; Ott 2008; Wildermuth and 
Martens 2014). Due to a fast larval development (I. pumilio) 
and the ability to survive periods of drying up in the larval 
stage (both species) they are well adapted to the environmen-
tal conditions of temporary water bodies.

Although TEMP/PERE comprised temporary water bod-
ies as well, this type of stormwater pond was less relevant 
for threatened species than TEMP. We attribute this to the 
generally small size of the temporary ponds within this type 
of stormwater pond. TEMP/PERE had the lowest size of 
all three types of stormwater ponds (although not differing 
significantly from the two other types). Moreover, there were 

few temporary water bodies, and these were all of small size 
(own observation).

Species richness in cities in general (Beninde et al. 2015) 
and of odonates in particular (Oertli et al. 2002; Kadoya 
et al. 2004; Jeanmougin et al. 2014; Holtmann et al. 2018) 
is known to increase with habitat area.

In conclusion, we showed that stormwater ponds with a 
temporary hydroperiod play an important role for the conser-
vation of odonates in urban areas. In particular L. depressa 
and I. pumilio, both of which are threatened pioneer species, 
benefited from large temporary stormwater ponds, due to 
their early successional stages as a consequence of pond 
management favouring a warm microclimate.

Implications for conservation

As our study revealed, with their current management, 
TEMP are already relevant for the conservation of odonates 
in urban areas. However, there is still potential to optimise 
the construction and management of the stormwater ponds. 
In general, newly constructed stormwater ponds should be 
large in overall size, including large extents of shallow water 
that regularly dry out. After construction, stormwater ponds 
have to be kept in an early successional stage. Therefore, 
mowing and desludging measures should take place regu-
larly, which is mostly, but not always, the case in the study 
area. Habitat heterogeneity within the water bodies has to be 
enhanced by cutting the aquatic vegetation and desludging 
in a mosaic-like manner from year to year and not, as cur-
rently applied, to the whole stormwater pond at once (Holt-
mann et al. 2017, 2018). At less sunlit ponds, shading woody 
plants should frequently be removed in a rotational manner.

Nevertheless, species richness and density of odonates 
were also high in permanent ponds. Therefore, both tem-
porary and permanent stormwater ponds are valuable for 
odonates. Additionally, there are other taxa, such as amphib-
ians (Holtmann et al. 2017), that benefit from a permanent 
hydroperiod.

Moreover, to enhance connectivity between water bod-
ies, we recommend the creation of new stormwater ponds 
along urban green spaces and potential dispersal corridors. 
Such measures would favour odonates, along with other 
taxa (Snep et al. 2006; Gledhill et al. 2008; Holtmann et al. 
2017).
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