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Variations in pruinescence in the Emerald Damselfly,  
Lestes sponsa (Hansemann, 1823), with special reference  
to females (Odonata: Lestidae)
Andreas Chovanec & Hansruedi Wildermuth

Abstract: Variations in pruinescence in the Emerald Damselfly, Lestes sponsa 
(Hansemann, 1823), with special reference to females (Odonata: Lestidae). In 
the present study, variants of pronounced pruinescence are documented in several 
males and females of Lestes sponsa (Hansemann, 1823) recorded in eastern Austria. 
In males, this concerns not only the body regions typically exhibiting pruinescence, 
i. e. the prothorax, parts of the synthorax, and abdomen (S1, S2, S9, S10), but also 
the head, additional areas of the synthorax and abdomen (particularly S8), the anal 
appendages, legs, and wings. Of particular interest is the pruinescence of the ventral 
abdomen in females, which may be related to the duration of copulation. The enhanced 
pruinescence is discussed as phenotypic plasticity in response to climate‑change‑ 
related increases in temperature and intensified UV radiation.
Kurzfassung: Variabilität der Bereifung der Gemeinen Binsenjungfer, Lestes 
sponsa (Hansemann, 1823), unter besonderer Berücksichtigung der Weibchen 
(Odonata: Lestidae). In der vorliegenden Arbeit werden anhand mehrerer Männchen 
und Weibchen von Lestes sponsa (Hansemann, 1823) Varianten intensiver Bereifung 
vorgestellt, die in Ost-Österreich nachgewiesen wurden. Bei den Männchen betrifft 
dies außer den typischerweise bereiften Körperregionen Prothorax, Synthorax und 
Abdomen (S1, S2, S9, S10) auch den Kopf, weitere Bereiche von Synthorax und 
Abdomens (insbesondere S8), die Hinterleibsanhänge, sowie die Beine und Flügel. 
Von besonderem Interesse ist die Bereifung des ventralen Abdomens von Weibchen, 
die möglicherweise mit der Paarungsdauer zusammenhängt. Die verstärkte Berei‑
fung wird als phänotypische Plastizität im Zusammenhang mit klimawandelbedingt 
erhöhten Temperaturen und verstärkter UV-Strahlung diskutiert.
Keywords: Pruinescence, Lestidae, Zygoptera, climate change, solar radiation,  
UV radiation, Gemeine Binsenjungfer, Austria
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Introduction
Within the Odonata, wax pruinescence is particularly widespread in the Lestidae and 
Libellulidae (which both also occur in Europe) as well as, for example, in the Euphaeidae 
(Corbet 1999, Futahashi et al. 2019, Wildermuth & Martens 2019, Futahashi 
2020). Substances that cause the pruinescence are produced by the hypodermis and 
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excreted on the cuticular surface with the aid of fine porous canals (Gorb 1997, Gorb 
et al. 2009, Futahashi et al. 2019). In its lamellar microstructure, the pruinescence 
of Lestes sponsa (Hansemann, 1823) resembles that of the Libellulidae and thus differs 
from the filamentous structure found in the Euphaeidae (Gorb 1995). Pruinescence 
plays an essential role in intra- and interspecific communication through reflection of 
UV radiation, and – by reflecting solar radiation – in thermoregulation. In addition, the 
wax coating is water-repellent and is assumed to protect against desiccation (Robertson 
1984, Futahashi 2020). 
In the case of the lestid Sympecma fusca, for example, small light blue patches are 
restricted to the wing bases and are present in both sexes in springtime. The colour 
patches are virtually invisible in the normal perching position, in which the wings are 
folded above the abdomen. Males of this species have been observed spreading and 
whirring their wings immediately before copulation. During this behaviour the pale 
blue patches conspicuously became visible. As stated by Tamm (2010), these colour 
patches might be used as a precopula signal inviting the female to accept the partner  
(see also Chovanec 2025a).
Pruinose wax secretion on the ventral abdomen of mature females protects the less 
pigmented, more weakly sclerotised ventral surface – and thus the ovaries – from UV 
radiation. This is particularly pronounced in those libellulid species in which copulation 
lasts longer. During this period, the abdomen is exposed to direct sunlight (see also 
Futahashi et al. 2019, Chovanec 2021a, 2026, Wildermuth 2024). 
Futahashi et al. (2019) have found that the dragonfly wax consists mostly of very long-
chain molecules known as methyl ketones and aldehydes. Little wax was detected on 
young adults, but dense wax secretion was found mainly on the dorsal abdomen of mature 
males of Orthetrum albistylum and O. melania, and pruinose wax secretion was identified 
on the ventral abdomen of mature females of O. albistylum and Sympetrum darwinianum. 
Looking at gene activity in different parts of the dragonflies showed that a gene named 
ELOVL17 is much more active in the wax-coated areas. This gene encodes an enzyme 
that makes long-chain molecules, and its activity closely matches the distribution of the 
especially long-chain methyl ketones on the dragonflies’ surface.
It is possible that this gene is present in all species of those odonate families known for 
their pruinescence (as is the case in the Lestidae), and that its expression varies accord-
ing to species, sex, age, and body region (e. g. Taguchi 2020). In mature individuals of 
Lestes macrostigma, it is active almost continuously from the prothorax to the tip of the 
abdomen in both sexes, whereas, for example, in Lestes barbarus its activity is restricted 
to only a few, very localised areas (Wildermuth 2025). In this context, Wildermuth 
(2025) also accounts for the aberrant wax pruinescence on the dorsal regions of abdominal 
segments S5–8 in a female Lestes virens: given the genetic basis for wax production is 
present in all cells, the phenomenon is presumably the result of faulty gene expressions. 
Recent advancement in genetics and genomics provide platforms to study the mech-
anisms of insect colour change in response to climate. Phenotypic plasticity provides 
an important mechanism to adjust to new environmental conditions. The underlying 
mechanisms are likely to be the up- and down-regulation of the relevant genes (Haque 
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et al. 2024; see also Merilä & Hendry 2014, Clusella-Trullas & Nielsen 2020). 
Thus, the increased expression of genes responsible for wax production and for stronger 
pruinescence, may be interpreted as phenotypic plasticity required to cope with higher 
UV-radiation and temperatures.
Lestes sponsa is one of the nine species of Lestidae occurring in Austria. Among the 
diagnostic characters of male L. sponsa reported in the literature is the presence of pale 
pruinescence: the prothorax is entirely covered with white to slightly bluish pruines-
cence. The lower half of the synthorax is likewise white to light blue pruinescent, pru-
inescence extends up to the first lateral suture. The interalar space is also wax covered. 
Pruinescence also covers abdominal segments S1 and S2 as well as S9 and S10, and it 
often extends to the ventral surface of S8, sometimes even over the entire segment. In 
sexually mature individuals, the dorsum of S2 is completely overlaid with blue. The 
non-pruinescent segments are dorsally dark metallic green to coppery and ventrally 
cream coloured. Females lack pruinescence (Jödicke 1997; see also Wildermuth & 
Martens 2019, Wildermuth 2025). However, according to Frank & Bruens (2023), 
older females may exhibit pruinescence. As noted in Dijkstra et al. (2021), females 
may occasionally develop pruinescence on S1 and S2. Wildermuth (2025) examined 
species-specific and aberrant pruinescence in European Lestidae, emphasising that in 
males of L. sponsa pruinescence may also extend to the ventral surfaces of all abdomi-
nal segments, the face, and the legs. The present study focuses specifically on atypical 
variations in L. sponsa, with particular emphasis on the documentation of pruinescent  
females.

Methods
Photographs of L. sponsa from the Eastern Austrian provinces Lower Austria and Styria 
were examined with respect to the extent of pruinescence. Distinct variations are shown 
in this paper. All examples presented here originate from the localities listed in Tab. 1. 
The corresponding odonatological studies conducted at these sites are cited. The variations 
were illustrated using selected individuals and photographs. No quantitative analyses 
were conducted in this study to determine how many individuals within the respective 
populations exhibited these variations.

Tab. 1: Localities where the individuals of Lestes sponsa presented and discussed in this study were 
recorded.

Locality Province Type Altitude Coordinates Study
Pernitz Lower Austria Sidearm of the 

River Piesting
438 m a.s.l. 47°53'24"N

15°56'28"E
Chovanec (2020)

Maria Enzersdorf Lower Austria Small wetland 209 m a.s.l. 48°05'47"N
16°17'54"E

Chovanec (2023)

Pöllau Styria Artificial large 
pond

455 m a.s.l. 47°18'43"N
15°48'51"E

Chovanec (2024)
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Results

Observations
The species-typical patterns of pruinescence in males of L. sponsa extend across the pro-
thorax and synthorax (up to pleural suture 1), the inter‑alar region, and abdominal seg-
ments S1 and S2 as well as S9 and S10. The males depicted in Figures 1A–E additionally 
exhibit pronounced pruinescence on several other body parts. Thus, the figure caption 
refers to the atypical patterns of pruinescence. Due to the animals’ resting posture and 
the angle of the photographs, not all body regions listed below could be examined for 
pruinescence in every individual; moreover, the wax layers are in some cases only clearly 
visible at higher magnifications of the images:

•	Face: visible in Male 1 (Fig. 1A).
•	Occiput: pruinose in all five males (Fig. 1A–E).
•	Lateral synthorax between pleural suture 1 and the humeral suture: fully pruinose in 

Males 2–4 (Fig. 1B–D); in Male 1, the mesepimeron (posterior part of the synthorax 
above pleural suture 1) is covered with wax (Fig. 1A).

•	Coxae: heavily pruinose in Males 1 and 4 (Fig. 1A, D).
•	Other parts of the legs: in Males 1, 2, 4, and 5 (Fig. 1A, B, D, E).
•	Wing bases: particularly in Males 2–5 (Fig. 1B–E).
•	Wings: crystallised wax deposits visible near the nodus of the left forewing in Male 

4 (Fig. 1D), small patches of wax crystallisation on the wing surfaces of Males 1, 3, 
and 5 (Fig. 1A, C, E).

•	Superior appendages: in Male 4 (Fig. 1D).
•	Inferior appendages: in Male 3 (Fig. 1C).
•	Males 1–4 show a strongly pruinose abdominal segment S8 (Fig. 1A–D).
•	Traces of pruinescence on dorsal segments S3–S7 are visible in Males 1, 3 and 4 

(Fig. 1A, C, D).
•	Intersegmental membranes on the dorsal and lateral abdomen: small pruinose areas 

in Male 2 and 5 (Fig. 1B, E).

In Male 1, S2 is not yet fully pruinose, which suggests that the specimen is still rela-
tively young. Nevertheless, the pruinescence on the other body parts is already thickly 
developed (Fig. 1A). In Male 5, the entire abdominal segment S2 is faintly pruinose. 
In this male, a very strong pruinescence of the venter of segments S8–10 is evident  
(Fig. 1E).
The abdominal venter of Female 1 in the mating wheel shown in Figure 1E is entire-
ly pruinose. The inner surface of the femur of the right foreleg also appears to bear 
pruinescence. Female 2 depicted in Figure 1F also exhibits a pruinose abdominal  
venter. 
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Fig. 1: A: Male 1 of Lestes sponsa with pruinescence of varying intensity on face, occiput, mesepimeron, 
legs, wings, and abdomen, 31 July, 2016, Maria Enzersdorf. B: Male 2 of Lestes sponsa with pruinescence 
of varying intensity on occiput, thorax, legs, wing bases, and abdomen, 13 August, 2016, Maria Enzersdorf. 
C: Male 3 of Lestes sponsa with pruinescence of varying intensity on occiput, thorax, wing bases and wings, 
abdomen, and inferior appendages, 13 August 2016, Maria Enzersdorf. D: Male 4 of Lestes sponsa with 
pruinescence of varying intensity on occiput, thorax, legs, wing bases and wings, abdomen, and superior 
appendages, Pernitz, 31 August 2019. E: Male 5 and Female 1 of Lestes sponsa in a pairing wheel; Male 
5 with pruinescence of varying intensity on occiput, legs, wing bases and wings, and abdomen; Female 1 
with a pruinose abdominal venter, Pöllau, 19 August 2023. F: Female 2 of Lestes sponsa with a pruinose 
abdominal venter, 13 August, 2016, Maria Enzersdorf. © Andreas Chovanec.
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Discussion
Whitish wax coating, called pruinescence, on the body and/or wing surface of Odonata 
strongly reflects light including UV, due to the light scattering fine structures produced 
by the wax (Futahashi 2020). The pruinescence observed in the individuals of L. sponsa 
presented in this study extends to body regions that have so far not, or only scarcely, been 
addressed in the relevant literature: head, further areas of the synthorax, legs, superior and 
inferior appendages, wings, and dorsal abdominal segments S3–S7 in males, as well as 
the ventral abdominal surface in females. It should be emphasized that there are exam-
ples of male L. sponsa from other regions whose ventral abdominal surface is completely 
pruinose. The observations presented in this article support, extending the assumptions 
proposed by Wildermuth (2025), the conclusion that the existing genetic foundations 
enable a microbiological response and, subsequently, a phenotypic adaptation to altered 
environmental conditions. This hypothesis is further supported by the fact that, for 
example, libellulid species may exhibit more pronounced pruinescence in the southern 
parts of their distribution range.
Sternberg (1999) pointed out that in older individuals only remnants of pruinescence 
remain, and in these areas the metallic green sheen becomes visible again. This is likely 
the case on abdominal segment S2 of Male 5.
Conspicuous pruinescence in Odonata in Central Europe has repeatedly been the sub-
ject of odonatological literature in recent years (e.g., Lohr 2019, Chovanec 2021a, b, 
2026, Wildermuth 2024, 2025, Fahrenholz 2025). It is likely associated with cli-
mate‑change‑related increases in temperature and UV radiation (Lorenz et al. 2024). 
For example, thoracic pruinescence in males of Orthetrum cancellatum and O. coerulescens 
may offer the advantage that the individuals do not have to leave their territories even 
under high temperatures and increased UV exposure (Chovanec 2021a, b, Fahrenholz 
2025). Corbet (1999) emphasised that pruinescence of the thorax has a thermoregulatory 
function, as the abdomen can be better protected from overheating through behaviour-
ally mediated thermoregulation. Trends towards increased pruinescence in libellulid 
and probably lestid species in Central Europe may also support the hypothesis that 
climate‑change‑induced rises in temperature and UV radiation promote the occurrence 
of paler dragonfly species or pale colour morphs (Pinkert et al. 2017, Castillo‑Pérez 
et al. 2023, Zeuss et al. 2024).
The pruinescence on the ventral abdominal surface of female European lestids has so far 
received no specific consideration in the literature. Given that copulation in L. sponsa 
may last for up to 70 minutes (Sternberg 1999), it is likely that, like the situation in 
libellulids, protection against damage caused by UV radiation represents the primary 
function in this case as well. 
Finally, brief attention should be drawn to the remarkable behaviour of Female 2 (Fig. 6). 
The female probed a leaf of a bulrush on her own using the tip of her abdomen, evidently 
searching for a suitable oviposition site at a height of more than one metre. Normally, 
oviposition in this species takes place in tandem formation. Typically, sites between 5 and 
50 cm above the water surface are preferred. Except for Ischnura spp., solitary oviposition 
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is only rarely observed among Central European Zygoptera (Chovanec & Wildermuth 
2017, Chovanec 2025b). For L. sponsa, however, Wildermuth & Martens (2019) 
pointed out that females may indeed continue ovipositing alone after separating from 
the male following tandem oviposition. Thus, in the present case it is the height above 
the water surface at which the activity was observed that is remarkable (Wildermuth 
& Martens 2019; see also Jödicke 1997).
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