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ABSTRACT

Colour polymorphism is an example of visible phenotypic variability that is often associated with ecological factors and may produce local
adaptations. Small populations, particularly in islands, offer opportunities for evolutionary novelties, and are therefore of particular interest to
the study of polymorphisms. Here we study the dynamics of female colour morphs in the damselfly Ischnura elegans in the Balearic Islands. We
found that insular populations are small, show low density, low mating activity, and low androchrome frequency. Our surveys suggest that male
harassment is a powerful force in the dynamics of this female-limited polymorphism, because high male densities result in lower presence of ma-
ture females around the water, where copulation takes place. Non-male-like (infuscans) females have higher mating frequency. Androchromes
were rare (15%) in all populations, but the frequency of the two non-male like females (infuscans and aurantiaca) was reversed between islands,
despite their geographical proximity. We found a possible novel morph, suggesting that insular conditions allow innovations. Fitness differences
between the two non-male-like females of I. elegans are still understudied, because most previous research has concentrated on the maintenance
of androchromes, and are therefore a priority for future research.
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INTRODUCTION (island dwarfism) populations (Baeckens and Van Damme
2020), and, islands situated far from the continents in particular,
are home of unique species not found anywhere else (Losos and
Ricklefs 2009).

Odonates are a small order of insects, whose ecology and be-
haviour is so diverse that they are used by many scientists in their
research, making them model organisms (Cérdoba-Aguilar ef al.

The existence of discrete phenotypic variation, particularly
linked to body coloration, is a clear example of evolution in ac-
tion, and this explains why colour polymorphisms are one of the
favourite topics of field biologists. If the relative frequencies of
morphs remain constant over large geographical areas, this can

be interpreted as the consequence of stabilizing selection (e. 5 - '
g. Andrés et al. 2000). On the other hand, if morph frequency 2022). In oceanic islands, odonates tend to spec1.ate (e. g. Jordan
shows geographical clines, this is evidence for selective forces et al. 2003, Beatty et al. 2017), and novel adaptations may occur.

linked to local habitat characteristics and frequency dependence For ins.tance, the only case .Of P arth.enogenetic rep rO(.iuction
(Takahashi et al. 2011). known in the order Odonata, is found in the Azores archipelago,

and is likely the result of a single colonization by an American
damselfly (Lorenzo-Carballa and Cordero-Rivera 2009).
Colour polymorphism is widespread in several families of

The relative weight of stochastic and selective forces is always
difficult to stablish in field surveys, but in general the smaller

the population, the larger the expected effect of stochasticity i
(Takahashi et al. 2010). For this reason, islands, where isola- odonates, and the maintenance of several morphs has been

tion and small population size are combined, offer exceptional the subject of intense research over the past d'ecad.es (reviewed
opportunities to study local adaptation and the evolution of by Var'l Gossum et al. 2008). This polymorphl'sm 1.ncl%1d'es one
polymorphisms. Islands are laboratories of evolution, and their male-like fer_nale morPh (androchrorr'le), which is §1m11ar to
biota examples of unique adaptations, that may modify species fche consPec1ﬁc male in body col‘oratlon ?nc’l sometimes also
ecology, producing very large (island gigantism) or very small in behaviour, and one or several ‘female-like’ morphs, known
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as gynochrome females, whose coloration is usually darker
and less conspicuous than the male and androchromes (Van
Gossum et al. 2008). Research on the evolutionary dynamics of
the frequency of female colour morphs in odonates has demon-
strated that this colour polymorphism is likely a consequence of
sexual conflicts over mating frequency, particularly in the genus
Ischnura, where mating system and polymorphism are evolving
in a correlated way (Sanchez-Guillén et al. 2020).

Several hypotheses have been proposed to explain the adap-
tive significance of female colour polymorphism in odon-
ates. Although there are many variants, the main ideas can be
grouped around the ‘male-mimicry’ hypothesis, which pro-
poses that androchromes are functional male mimics, and there-
fore are favoured by high population density (Robertson 1985,
Hinnekint 1987, Cordero 1992), or around the ‘learned mate
recognition” hypothesis, which postulates that males form a
search image and are more attracted to the most common morph
in the population (Fincke 2004). Both mechanisms are based
in density and/or frequency dependence and are not mutually
exclusive. The puzzle around female colour polymorphism in
damselflies remains unsolved despite years of research, probably
because the variability in morph frequency is idiosyncratic and
dependent on several local conditions of the studied populations
(Sanchez-Guillén et al. 2017).

Ischnura elegans is a widespread Euro-Asiatic species, which
has three female colour morphs, with the androchromes being
a perfect mimic of the male in coloration and behaviour (e. g.
Sanchez-Guillén et al. 2005, 2017). Its polymorphism has been
intensively studied in several European regions (e.g. Cordero

et al. 1998, Van Gossum et al. 2005, Abbott and Gosden 2009,
Sanchez-Guillén et al. 2011, Rebora et al. 2018, Piersanti et al.
2021), and the picture that emerges from these studies is that,
although in general androchromes are male mimics, local popu-
lation factors, like density, morph frequencies, and sex-ratio,
modulate the interaction between males and females, and affect
the relative fitness of female morphs.

Ischnura elegans is among the commonest European damsel-
flies, but is substituted by other related species in most of the
Mediterranean islands (e. g Sanmartin-Villar and Cordero-
Rivera 2016). However, this species is found in the Balearic
Islands, although nothing is known about the dynamics of its
colour polymorphism in the archipelago. We studied popula-
tions of I elegans from Mallorca and Menorca, the largest islands
of the Baleares, to estimate morph frequencies over a period of
4 years (at least eight generations). Our aim was to determine if
colour morph frequencies are similar between islands, which is
the expectation if comparable selective factors are acting in the
region. Furthermore, given the isolation of these populations,
we aimed at detecting possible evolutionary novelties, which are
more likely in islands (Baeckens and Van Damme 2020).

MATERIALS AND METHODS

Populations of I elegans were sampled on 56 days between
2020 and 2023 on the islands of Menorca (three localities) and
Mallorca (two localities), by collecting adult damselflies along
the shore of ponds. We measured, once per season, pH, conduct-
ivity, and water temperature on the surface of the pond, using a

Table 1. Populations of I. elegans sampled in the Balearic Islands, with the frequency of female colour morphs per season and sample size
(N, only mature females found alone). Conductivity is presented in mS/cm and Temp refers to water temperature (°C) on the surface of the

shoreline of the pond.

Population Island  Latitude (N) Longitude (E) pH

Conduct. Temp. Date

androchrome infuscans aurantiaca N

LaVall Menorca 40.0482 3.92541 n.a. n.a.
6.89 11.98
6.69 14.04
6.60 3.54
6.93 1.80
8.36 10.07

4.10329 6.87 591
7.19 6.84
6.78 3.98
6.61 4.82
8.06 8.90
7.69 3.09

4.07022 8.05 1.49
7.20 9.11
na. 10.67

827 6.76

Cala Tirant Menorca 40.0434

Son Bou Menorca 39.9013

8.47 >20.00°

S’Albufera  Mallorca 39.7956 3.10438 641 S.12

7.33 8.39
3.43798 7.20 5.37

Canyamel  Mallorca 39.6602

n.a. Sep 2020 0.158 0.632 0.211 19
28.8  Jun2021 0.091 0.818 0.091 11
272 Sep 2021 0.077 0.615 0.308 13
24.7  May-Jun2022 0.286 0.714 0.000 7
28.5  Sep 2022 0.100 0.650 0.250 20
253  Jun2023 0.385 0.308 0.308 13
274 Jun2021 0.000 0.839 0.161 31
25.8  Sep 2021 0.200 0.600 0.200 30
26.1  May2022 0.056 0.833 0.111 18
27.7  Sep 2022 0.259 0.667 0.074 27
21.6  May-Jun2023 0.133 0.600 0.267 15
243 Sep 2023 0.222 0.722 0.056 18
244 Jun2021 0.067 0.600 0.333 30
26.8  Sep2021 0.225 0.650 0.125 40
27.1  May 2022 0.286 0.543 0.171 35
26.5  May-Jun2023 0.067 0.800 0.133 15
31.3  Sep2023 0.083 0917 0.000 12
27.5  Jun2022 0.161 0.355 0.484 31
23.3  Aug-Sep 2023 0.140 0.512 0.349 43
27.1  Jun2022 0214 0.321 0.464 28

*Conductivity was above the range of the tester.
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Hanna HI98130 tester. Details of the sampled sites are given in
Table 1. All populations were found at the end of streams, where
they become retrodunar ponds in the immediate vicinity of the
sea, at the same altitude and partially exposed to marine winds.
Vegetation on the shoreline was dominated by Juncus acutus
(and other Juncus), Typha dominguensis, Phragmites australis, and
shrubs (Tamarix africana, Juniperus phoenica, and some Pistacia
lentiscus).

We used insect nets to collect all the damselflies seen in sam-
pling sessions of 5-30 min, between 8:00 and 13:00, with a mean
time of effective sampling per day and locality of 42.3 + 2.5 min
(mean * SE). After collecting, each individual was examined
to determine sex, age (by thorax colour and wing flexibility),
female colour morph (as described in Sinchez-Guillén et al.
2005 see Figure S for colour pictures), and the presence of para-
sites (mites and the ceratopogonid midge Forcipomyia paludis).
Juvenile females of the violacea morph were assigned to the
androchrome morph if their eighth abdominal segment lacked
black spots, and to the infuscans morph when had black spots.
This is in general the case, but a small proportion of infuscans fe-
males do not show any black mark on the eighth abdominal seg-
ment (Sanchez-Guillén et al. 2005), so our estimates of juvenile
infuscans females may be an infra-estimation the true frequency
of this morph. Each specimen was released after being marked
with a small, coloured dot on the wings to avoid counting the
same specimen more than once.

Water is a scarce resource in the Balearic Islands, which means
that the number of adult damselflies found in each population
was generally very low. To estimate population morph frequen-
cies, we sampled each population for 2—4 days, when possible
both in spring (May-June) and summer (August-September).
Population frequencies were estimated from the sample of ma-
ture females found alone (excluding those found mating). Our
goal was to examine at least 30 mature females per population
and season, because frequencies estimated from small sam-
ples have a large intrinsic variability, and therefore can induce
erroneous conclusions (Cordero-Rivera and Andrés 2001).
However, in many cases the density of the population was so
low that only a few individuals were found after several hours
searching. The detailed data for each day of sampling are pre-
sented at Supporting Information.

Females observed in copula were counted separately, to
compare the frequencies of morphs between lone females and
mating females (Cordero-Rivera and Sinchez-Guillén 2007).
Nevertheless, the density of populations was usually very low and
only a few mating pairs were observed on most sampling days.
Means are presented with their standard error and (sample size).

To test statistical hypotheses, we used Generalized Linear
Mixed Models (GLMMs), with the appropriate error struc-
ture for the response variate, and including as random terms the
population, island, and season (early/late) to control for non-
independence of data. Statistical analyses were done with xIStat
2022 and GenStat 23" edition.

RESULTS

Population density and age structure

Mature males outnumbered mature females in 48 of the 54
sampling dates. On average, 70.8 +2.1% (N = 54) of mature
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individuals were males. However, among young individuals,
most were females, males representing only 32.7 £ 3.7%
(N = 44). No young specimens were found in 10 out of the 54
sampling days. Mature males were always more abundant than
young males representing 91.8 + 1.8% in the early season (May-
June) and 94.6 + 1.3% in the late season (Aug-Sept). Mature
females were less common in the early season (48.3 + 4.8%)
compared to the late season (79.5 * 4.5%).

The density of mature males varied between 0.01 and 5.3
males/minute, with an average of 1.3 £ 0.1 (54) males/min.
We tested the hypothesis that male density affects female pres-
ence along the shoreline (Hinnekint 1987). We found that the
proportion of mature females in the population was negatively
related to mature male density (number of mature females as
response variate, GLMM with binomial errors using the total
number of females as binomial totals, and including population,
island, and season as random terms; F ,=713,P=0011
Fig. 1A). However, the proportion of young males in the popula-
tion was not affected by mature male density (number of young
males as a response variate; GLMM with binomial errors, and
the same random terms as above; F  _=2.17, P = 0.167; Fig.
1B).

We did not find a single case of parasitism by water mites
among the over 3600 damselflies examined during the field-
work. Parasitism by Forcipomyia paludis (Fig. SF) was only de-
tected in the early season (May-June), in the populations of
Tirant and Son Bou in Menorca, and S’Albufera in Mallorca, but
was extremely rare (see Cordero-Rivera 2021).

1,117

Frequency of female morphs

Sample size per day varied between one and 28 mature fe-
males per population. Overall, the frequency of androchrome
females was very similar between islands, with 15.0 + 0.04%
(13) in Mallorca and 15.8 + 0.03% (41) in Menorca. However,
the proportion of infuscans was 45.9 + 0.10% (13) in Mallorca
vs. 65.3+£0.04% (41) in Menorca, and aurantiaca was
common in Mallorca [39.1 + 0.10% (13)] but rare in Menorca
[18.9 +0.03% (41)].

Table 1 presents a summary of morph frequencies per
population and season. To test for temporal effects on morph
frequencies, we analysed the effect of Population and Date
on mature Morph frequencies, using a GLMM with bino-
mial errors, including the total number of mature females as
the binomial total. Results indicate no significant effects of
Date or Population on androchrome frequencies (deviance
ratio .. = 042, P = 0.833). The frequency of infuscans was sig-
nificantly lower in Mallorca compared to Menorca (Canyamel:
t,=-325, P=0002 SAlbufera: t =-3.17, P =0.003),
but Date had no effect (t,, = 0.21, P = 0.831). In the case of
aurantiaca, both populations from Mallorca had a significantly
higher frequency (Canyamel, t s = 347, P =0.001; SAlbufera,
t,. = 4.04, P < 0.001) and again Date had no effect (t,, =-1.30,
P = 0.199).

Given the above results, we investigated the effect of Male
density, Mature sex-ratio, and Island on Morph frequency, using
a GLMM with binomial errors, with the number of Mature fe-
males as the binomial total, including Population as a random
term. Results indicate that Male density had no significant effect
on Androchrome frequency, but the tendency is to a negative
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Figure 1. The relationship between mature male density (number of mature males/min) and (A) the proportion of mature females found
alone (mature females/total alone females) and (B) the proportion of young males in the population. The effect of male density is significant in

(A), but not in (B).

effect (FL50 =3.41, P = 0.071), a significant negative effect on
infuscans frequency (FLSO =11.71, P = 0.001), and also a nega-
tive effect on aurantiaca frequency (Fl’ e = 429, P =0.044).
Mature sex-ratio, on the contrary, had a positive effect on
androchrome frequency (F, _ = 8.64, P = 0.005), but no signifi-
cant effect on infuscans (FLSO =3.21, P = 0.085) and aurantiaca
(F,, = 2.06, P = 0.158). Finally, the effect of Island was only
significant for infuscans frequency, with an increase in Menorca
compared to Mallorca (Fws’5 =4.33,P = 0.045).

Figure 2 shows the relationship between the frequency of
female colour morphs in juvenile specimens and in the mature
population, grouped per season. If mature frequencies were
similar to juvenile frequencies, the points should be around the
diagonal in the figure. We compared the observed mature fre-
quency with the expected given morph frequencies in juveniles,
using a goodness of fit y* test, for the 11 seasons where at least
10 juvenile and 10 mature females were found. There were sig-
nificant differences in six out of 10 seasons (in the 11th season
the expected mature frequency for androchromes was zero, and
the test could not be calculated). In the case of androchromes,
mature frequency was higher than expected on three occasions
and lower in one case (indicated by the large symbols in Fig. 2).
For infuscans females, mature frequencies were higher than ex-
pected on two occasions and lower in one. Finally, aurantiaca fe-
males were on three occasions found in a higher proportion in
the mature sample compared to the juvenile sample.

1,50

Mating activity
On average, 8.9 + 3.2 (N = 27) mating pairs were found on days
with reproductive activity. On most sampling days (29 days out
of 56), no mating pairs were found at all. However, on a few days,
mating activity was intense. For instance, on 28 May 2023, a total

of 84 mating pairs were found at Cala Tirant. Two days later,
only 10 were found, and on 3 June, only four were observed. We
analysed whether the number of mating pairs observed per day
was related to Male density, Mature sex-ratio, and the number
of Mature females found alone, using a GLMM with Poisson
errors and log link, with Population as a random term. Results
indicated that Male density (FL1 o, = 11.65, P = 0.003) and the
number of Mature females (FI,ZO.S = 3.34,P = 0.020) had a posi-
tive effect on Mating activity (Fig. 3), but the effect of Mature
sex-ratio was not significant (le =0.03, P = 0.860). However,
these relations were dependent on the extraordinary data of 28
May 2023 (closed symbol in Fig. 3), and if this data point is ex-
cluded, results become not significant.

The relationship between population morph frequency and
mating frequency is presented in Figure 4, aggregating data
per season and population. The number of matings observed
per season and population varied from 1 to 98. In most days,
infuscans females were the majority morph among mating fe-
males, even in the S’Albufera population, where aurantiaca rep-
resented 48% of mature females, but only four mating pairs were
found there (all infuscans). We compared population and mating
frequencies using a goodness of fit y* test, for the two seasons
with the largest sample size of mating pairs (it could not be cal-
culated when the observed frequency for one morph was zero).
Only in one case was there a significant difference between both
frequencies (large symbol in Fig. 4).

A possible novel female morph of I. elegans

In all sampled populations we found the previously described
three female morphs of I elegans (see Sénchez-Guillén et
al. 2005), ie. androchromes (male-like; Fig. SA), and the
gynochromes infuscans (Fig. SB) and aurantiaca (Fig. 5C).
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Large symbols indicate significant deviations.

However, in June 2021 we found two juvenile females (Fig. SH-I)
that could not be assigned to any of the known female morphs of
I elegans. Both specimens were found in the population of Son
Bou (Menorca), and were characterized by the presence of only
one medio-dorsal black line on the thorax, as is typical of the
aurantiaca morph (Fig. SG) (Cordero-Rivera 2015), but had a
light violet thorax instead of pink-orange, which is the colour ex-
pected for the aurantiaca morph. This violet coloration is shown
by the juvenile infuscans and some androchrome females of
L elegans (Fig. SD-F). Furthermore, these females showed

orange antehumeral lines, with some black over them, produ-
cing an intermediate coloration between the morphs aurantiaca
and infuscans (Fig. SH-I). The specimens were not collected,
and this morph was not detected in the following years in any
population.

DISCUSSION

Our results confirm some previous findings on the same and
similar species, but also reveal novel facts, which may be related
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to the particularities of these insular populations. First, mature
males were much more abundant than mature females, making
the operational sex-ratio highly male biased, which is typical
of odonates and damselflies in particular (Cordero-Rivera and
Stoks 2008). Second, all populations were polymorphic, as has
been reported for I elegans in previous studies (e.g. Cordero et
al. 1998, Sanchez-Guillén et al. 2005). Third, the frequency of
infuscans females tended to be higher among mating females
than in the mature population (Cordero-Rivera and Sinchez-
Guillén 2007, Hammers and Hans Van Gossum 2008, Gosden
and Svensson 2009), although given the small sample size, sig-
nificant differences were detected only in one season in this
study. Among the novel findings, we found that male density af-
tected the presence of mature females in the shore of the ponds
in a negative way (Fig. 1A), that juvenile and mature morph
frequencies are sometimes significantly different, and we found
a previously unknown colour morph, which could represent a
novel morph (Fig. SH-I).

The populations of I. elegans in the Balearic Islands are charac-
terized by their low density and isolation. Male density averaged
1.3 males/min, and in 76% of the sampling days male density was
below 1.5 males/min, much lower than the maximum we have
found in other regions (14.7 males/min; unpublished data).
Furthermore, on some occasions the number of individuals
found was so low that sampling had to be aborted. Hinnekint
(1987) hypothesized that the concentration of males around the
water would produce intense harassment on mature females, so
that they would be obliged to move far from the pond. Until now
there has been little evidence for this, but we have found a nega-
tive effect of male density on the proportion of mature females
found around the water (Fig. 1A). This result suggests that males
are pulling away mature females due to their insistent mating at-
tempts. Male density has been considered one of the drivers of

the maintenance of female colour polymorphism in Ischnura, be-
cause androchrome females would be favoured at high densities,
given that their mimicry allows them to avoid unnecessary
matings (Hinnekint 1987, Cordero 1992). Observations of
mature females in the field indicate that androchromes use
more open habitats and confront approaching males, whereas
gynochrome females hide and fly away when a male approaches
(Van Gossum et al. 2001, Sanchez-Guillén et al. 2017). Males
produce more harassment (clasping attempts) on gynochrome
females compared to androchromes (e.g. Piersanti et al. 2021),
and this effect is more intense when female density increases in
the case of gynochromes, but not in androchromes (Gosden and
Svensson 2009).

The low density of I elegans in our populations may explain
why androchrome females were consistently rare in both is-
lands (around 15%; in June 2023 they were the majority morph
in La Vall, but sample size was only 13 females). Androchrome
frequency varies considerably between regions in I elegans.
For instance, a review of studies in the UK, France, Italy and
Spain, indicated that androchromes were between 8% and
90% of mature females, and in 12 out of 23 cases this morph
was the commonest (Cordero-Rivera and Sinchez-Guillén
2007). In the Netherlands and Belgium, 30-80% of females
were androchromes (Hammers and Hans Van Gossum 2008).
In Ukraine and Poland, 22-33% were androchromes, and
in Spain between 3 and 75% were androchromes (Sanchez-
Guillén et al. 2011). In general, androchromes increase to the
North of the distribution of I. elegans in Europe, being the com-
monest morph in Sweden (Gosden et al. 2011). In Belgium
and the Netherlands, androchrome frequency is negatively
related to the mean temperature of June and the distance to
the sea (Hammers and Van Gossum 2012). Summer temper-
atures in the islands of Mallorca and Menorca are usually well
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Figure 4. The relationship between the frequency of each morph in the population (estimated from mature females found alone) and their
frequency among mating pairs, for all seasons where at least three mating pairs were found. In general, infuscans females were over-represented
among mating females, but, given the sample size, the difference is only significant in the case indicated by a larger dot.

above 30 °C, and water temperatures between 22 and 29 °C
(Table 1). If androchromes are more sensitive to higher tem-
peratures, this might be one of the factors that explain their low
frequency in our populations. In fact, in other Mediterranean
localities, androchromes were also rare (3.3-36.0%; Sanchez-
Guillén et al. 2011). However, in another polymorphic dam-
selfly, androchrome females were more common in more
exposed habitats, suggesting that higher temperatures favour
androchromes (Cooper et al. 2016). Furthermore, in Ischnura
denticollis, where temperature has been invoked as a relevant

factor in the maintenance of female colour polymorphism,
higher temperatures are also more favourable for androchromes
(Castillo-Pérez et al. 2021). In our study species, L. elegans,
egg survival and hatching time does not differ among female
morphs maintained at different temperatures (Bouton et al.
2011), but androchromes were found to have better condition
than gynochromes in favourable weather conditions (Bots et
al. 2009). These contrasting results indicate that the possible
effects of temperature must be studied in detail in the future,
because they are not generalizable.
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Figure S. Colour variation of I. elegans from the Balearic Islands. (A) Androchrome (male-like) female mating. (B) Mature female infuscans in
the olive-green phase (it becomes brown with age). (C) Mature female aurantiaca, in the brown phase. (D-F) Three examples of the juvenile
violet coloration of infuscans females. Note the parasitic midge on (F) (arrow). (G) Juvenile female of the aurantiaca morph in the pink-orange
phase, with only one medio-dorsal black line, and orange antehumeral lines. (H-I) The two juvenile females of the new morph, showing a violet
thorax but orange antehumeral lines, with some black over the orange, as is indicated with the arrow on the insert. Pictures taken at Son Bou
and Tirant in June 2021 by A.C.-.R.
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Contrary to the density-dependent hypothesis, which sug-
gests that androchromes are favoured at higher densities, we
found no significant effect of male density on androchrome
frequency, but we did find a negative effect on gynochrome fre-
quency, which indirectly points to the same conclusion. The
lack of effect of male density on androchrome frequency might
be explained by the fact that the variation of androchrome fre-
quency was very limited in our populations. On the other hand,
we found that sex-ratio was positively related to androchrome
frequency, which is another prediction of the density-dependent
hypothesis (Hinnekint 1987, Cordero 1992). It is possible that
androchromes were less prone to abandon the shore of the ponds
at increasing male density, compared to gynochromes, as some
behavioural observations in the field suggest that androchromes
are more likely to face-off approaching males, ie. they are
more aggressive (Sdnchez-Guillén et al. 2017). Several studies
of polymorphic damselflies have found differences between
androchrome and gynochrome females in fitness, including fe-
cundity (Abbott and Gosden 2009, Takahashi and Watanabe
2010a, b, Galicia-Mendoza et al. 2017, Sdnchez-Guillén et al.
2017), male harassment (Van Gossum et al. 2005, Gosden and
Svensson 2007, 2009, Takahashi and Watanabe 2010b, Gering
2017, Piersanti ef al. 2021), and mating frequency (Cordero et
al. 1998, Svensson et al. 2005, Hammers and Hans Van Gossum
2008, Sanchez-Guillén et al. 2017). These differences are usu-
ally not generalizable between species (and even sometimes are
opposite) nor between populations of the same species, which
suggests that the maintenance of this polymorphism is not ex-
plained by a single hypothesis.

We found that the frequency of female colour morphs in
juvenile females sometimes does not match their frequency
among mature females (Fig. 2). The deviations were neverthe-
less inconsistent, suggesting that this fact is affected by several
uncontrolled factors. If survivorship during the sexual matur-
ation period, which in this species takes about 5-6 days since
emergence (Parr 1973), was similar among morphs, then ma-
ture frequency should be similar to juvenile frequency. There is
some evidence that points out that survivorship of female colour
morphs is similar, and their recapture rate also (Sanmartin-Villar
and Cordero-Rivera 2022), but this is mainly based on animals
marked when already mature. The daily survival rates of juvenile
odonates average 0.887, significantly lower than the survival rate
of mature females, which was estimated as 0.898, but their recap-
ture rates did not differ (Sanmartin-Villar and Cordero-Rivera
2022). Even if survival during sexual maturation were the same
for all morphs, differences could arise if the spatial distribution of
morphs differ, for instance, if androchromes were more likely to
remain close to the water than the other morphs. Furthermore,
morph-biased dispersal could also bias the estimation of morph
frequencies, making juvenile frequencies different to mature fre-
quencies. The possibility that juvenile females show different be-
haviour in function of their colour morph is still understudied.
For instance, there is evidence for differences in mating pro-
pensity between aurantiaca and violacea (the juvenile colour of
infuscans and androchromes) females (Hammers et al. 2009).

Two studies have linked the maintenance of female colour
polymorphism with parasite tolerance, specifically with the ef-
fect of water mites (Sanchez-Guillén et al. 2013, Willink and
Svensson 2017). Although water mites can be a relevant factor
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in some damselfly populations (e.g. Andrés and Cordero 1998),
their prevalence is in general too low in many regions, and they
are absent (or almost absent) in some islands (Lorenzo-Carballa
et al. 2011, Cordero-Rivera et al. 2018), as we have also found
in the Baleares. The only parasites found were blood-sucking
midges, but again, their prevalence was too low to be significant
(Cordero-Rivera 2021).

One of the most surprising results of our fieldwork in the
Baleares is the low mating activity detected on most days. Ischnura
elegans is one of the species of damselflies more easily observed
mating, because it is normally very abundant and copulations in
this species last for up to 7 h (Miller 1987), and start very early
in the morning in the Mediterranean region (e. g. Piersanti et
al. 2021). In our populations mating pairs were rarely observed
(with a few exceptional days), a fact that might be related to the
low density of these populations (Fig. 3). Seasonal variability in
the reproductive activity is expected, given the fluctuations of
rain and temperature, as has been reported for Ischnura graellsii
(Cordero Rivera 2002). In our populations, high temperatures
(and in late summer, also strong winds) are clearly a limiting
factor for the activity of I. elegans, and we discovered that after
noon, finding these damselflies becomes almost impossible, be-
cause they look for shelter inside shrubs. Low mating frequency
might also contribute to the low frequency of androchromes ob-
served in these islands.

The finding of a possible novel female colour morph (Fig.
SH-I) was a surprise, an insular surprise. In the genus Ischnura,
polymorphic species show two or three female morphs (Sénchez-
Guillén ef al. 2020), which are under the control of two to three
alleles, the androchrome allele being dominant in L elegans
(Sénchez-Guillén et al. 2005). The novel morph shows an inter-
mediate phenotype between infuscans and aurantiaca, being de-
tectable when the individuals are juvenile (Fig. SH-I). It is likely
that, upon maturation, these females become brown, and therefore
cannot be distinguished from aurantiaca females. This coloration
might be produced by a novel allele, whose prevalence is very low,
or could be also the result of a modifier gene, which alters the ex-
pression of the aurantiaca and infuscans alleles. Unfortunately, this
morph is very rare, and we could detect it in only one population
and season. It would be interesting to rear the offspring of these
females and study the inheritance mechanisms.

In conclusion, we have found that Balearic populations of I.
elegans are characterized by low density, low mating activity, and
low androchrome frequencies. In both Mallorca and Menorca,
androchromes are the minority morph, but the frequency of
infuscans and aurantiaca is very different between islands. This
fascinating phenomenon is much more complex and needs more
experimental work to disentangle the differences between the
two gynochrome morphs, which is a priority for future research.

SUPPORTING INFORMATION

Supplementary data is available at the Biological Journal of the
Linnean Society online. Table S1. Excel spreadsheet with all the
field data compiled during this study.
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