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ABSTRACT. The coexistence of multiple female colour morphs in damselflies remains poorly understood. Typi-
cally, one of the female morphs is coloured like the male (andromorph), while the other morphs are not
(gynomorphs). Andromorphs, by resembling males, are thought to benefit from avoiding male harassment. Some
authors have proposed that this benefit is offset by a higher probability of detection for andromorphs compared to
gynomorphs owing to differences in body colouration. We experimentally tested detectabilities of the different
female colour morphs using human observers as model predators. In contrast to expectation, detection probabilities
for andromorphs and gynomorphs were equal. We discuss the use of survival probabilities to test for differences in
predation rate between female morphs and consider whether human predators are representative models for the nat-

ural predator guild of the studied damselfly.
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INTRODUCTION

Despite many studies, the evolution and maintenance
of female-limited colour polymorphism in damselflies
remains puzzling (e.g. FINCKE, 1994; CorDErO et al.,
1998; ANDRES et al., 2000; SHERRATT, 2001; ANDRES &
CorDERO, 2001). Typically, one of the female morphs
(andromorph) is coloured, and in some species also pat-
terned like the male, while the additional morphs
(gynomorphs) are not (e.g. CorseT, 1999). Andromorphs,
by resembling males, are thought to have a selective
advantage through avoiding male harassment (e.g. JOHN-
SON, 1975; RoBERTSON, 1985; Corpero et al., 1998;
SHERRATT, 2001). Some researchers proposed that this
benefit might be offset by a higher probability of detec-
tion and predation by visual predators of the conspicu-
ously coloured andromorphs compared to the cryptic
gynomorphs (JoHNSON, 1975; ROBERTSON, 1985).

To the best of our knowledge, no study has examined
directly whether female morphs differ in probability of
detection as a result of differences in body colouration.
ForaEes (1994) did not find any differential predation by
dragonflies on copulating females of the damselfly, Enal-
lagma boreale (Selys, 1875). However, in his experiment
either the copulating male or the female was alive, where-
fore it cannot be excluded that the probability of detection
was influenced by the behaviour of the animals under
study. Further, because only predation on mating pairs
was recorded, it remains inconclusive whether female
morphs on their own differ in susceptibility.

Several researchers have studied the potential cost of
predation by comparing survival between morphs in the

field (e.g. FORSMAN & APPELQVIST, 1999 for an example
on colour polymorphic grasshoppers). Results from field
studies using traditional capture-mark-recapture models
(SEBER, 1982) showed equal life spans for andro- and
gynomorphs (e.g. THomPsoN, 1989; FINCKE, 1994 ; CoRD-
ERO et al., 1998). Recent studies using advanced capture-
mark-recapture models (LEBRETON et al., 1992), allowing
separate estimation of survival and recapture rates, also
did not reveal morph-specific differences in survival
(VAN Gossum, unpubl.; ANDREsS & CoRDERO, 2001).
However, survival probabilities are not predictive if it
comes to examining morph differences in probability of
detection or predation and, therefore, should not be used
to test the hypothesis by JoHNSON (1975) and ROBERTSON
(1985) (see Discussion and Fig. 1).

In the present study, we experimentally test the hypoth-
esis that body colouration makes andromorphs easier to
detect than gynomorphs in the damselfly, Ischnura ele-
gans (Vander Linden, 1820). We further discuss the use of
survival rates to assess differences in predation and detec-
tion probabilities between female colour morphs.

MATERIAL AND METHODS

The common damselfly 1. elegans exhibits three mature
female morphs, one andromorph and two gynomorphs
(PARR, 1965). Andromorphs resemble the males com-
pletely in body coloration and pattern. Differences
between gynomorphs are restricted to the absence of
black humeral stripes on the thorax in one morph, and
slight differences in the coloration of the pale parts of the
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Fig. 1. — Factors that may induce survival differences between
female colour morphs. The black arrows represent the hypothe-
sised pathway following JoHnson (1975) and ROBERTSON
(1985) to explain a lower survival for the conspicuously col-
oured andromorphs compared to the more cryptic gynomorphs.
The first step of the hypothesis was tested in the present article.
The grey arrows indicate other, potentially confounding, factors
that may contribute to selective predation and/or survival but
that were not considered by JoHNnsoN (1975) and ROBERTSON
(1985).

thorax. Gynomorphs were treated as one group in this
study.

We performed experiments with twenty-two naive
human observers (model predators) and dead damselflies
in “De Biotuin” (Belgium, Antwerp) on 2 July 1999
between 0900 and 1600h. Experimental damselflies were
collected from a population in Niel (Belgium) (where
both colour morphs are abundant) the day before the
experiment. To exclude behavioural differences between
morphs, damselflies were killed in a bowl with chloro-
form one hour before the experiment. This allowed the
explicit testing of differences in probability of detection
based on colour differences between female morphs. The
experiment was conducted at a pond with a small resident
natural population of the study species. Hence, we con-
sider it reasonable to assume that the background applied
in the experiment was relevant to examine differential
detectability between female morphs. Human observers
were asked to walk along thirteen stops each marked with
a wooden stick while accompanied by one of the authors
(HVG). The author always preceded the human observer
to arrive before the observer at the next stick. A few times
the author needed to chase away a foraging damselfly of
the resident population, an action always done without
notice by the human observer. The sticks guided the
observers along the “predation” sites. At each stick,
within a radius of 0.5m, one dead andro- and one dead
gynomorph were glued onto stems or leaves (using a drop
of instant glue on the legs and at the abdomen of the ani-
mals). Care was taken to position animals in a natural and
random way. Therefore, we selected two comparable
locations at a stick before randomly attaching the two
morphs. Damselflies were glued on positions between 20-
90cm height in the vegetation in an upright position.

A single human observer was asked to squat down at
each stick and to screen the area for small insects without

touching the vegetation. Screening was confined within a
0.5m radius of the stick. Preliminary tests showed that
when the radius was larger, search time increased consid-
erably, and/or the human observers failed to find the ani-
mals. After detection of one damselfly or after a maxi-
mum search time of thirty seconds, the observer was
asked to move on to the next stick and to repeat the search
until all sticks were visited. Human observers only knew
they had to search for dead insects and were not provided
with any further information concerning species, colour
patterns, number of animals hidden or aim of the study.
Consequently, during the first encounter the human
observer could be regarded as inexperienced with the pre-
sented prey species. In field conditions, however, preda-
tors are often experienced and search actively for a partic-
ular prey species (e.g. KreBs & DAvies, 1997). Thus,
repeating the search sessions using the same human
observer over several sticks mimics to some extent the
increasing experience of natural predators hunting for
prey.

To test for differences in detectability between morphs
we performed a repeated measure logistic regression with
the detected morph (gynomorphs=0; andromorph=1) as
dependent variable. Since subsequent observations of the
same test person are not statistically independent,
observer was added as repeated measure. Several covari-
ance structures were modelled, but they all gave identical
results. To account for differences in morph detectability
among sticks, stick was added to the model as a random
variable (GLIMMIX macro SAS 8.02; LIiTTELL et al.,
1996). We tested 1) whether, in general, andromorphs are
more conspicuous than gynomorphs, 2) whether this con-
spicuousness increases during the course of the experi-
ment (stick number as fixed effect), and 3) whether
morph-specific encounter experience influences detect-
ability (cumulative morph-specific previous encounters as
fixed effect). Correct degrees of freedom were obtained
by the satterthwaite formula.

RESULTS

In the majority (75%) of the cases a damselfly was
detected at a stick (N=286). Mean detectability over all
encounters was equal for andromorphs and gynomorphs
(t=1.20; df=10.6; p=0.26). The detectability of andro-
morphs did not change with increasing number of sticks
visited (F, ¢55-0.87; p=0.37), neither did the detectabil-
ity of andromorphs change with the number of previous
encounters with that specific morph (F; ,.0.60; p=0.44).

DISCUSSION

This study is the first that experimentally tests and
rejects the hypothesis that andromorph damselflies are
easier to detect by a predator (human observer) due to
their body colouration. Our observations support the
hypothesis that survival is equal in the two female colour
morphs, and this should be interpreted as evidence against
selective detection.

However, detection in living damselflies can also be
induced by other factors than colour alone (Fig. 1).
Indeed, andro- and gynomorphs also differ in activity pat-
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terns (e.g. VAN Gossum et al., 2001), mating avoidance
tactics (e.g. ROBERTSON, 1985; VAN Gossum et al., 2001 ;
SIROT et al., 2003) and habitat use (e.g. ForBes et al.,
1995; VAN GossuM et al., 2001). Gynomorphs occupy
less open habitat and often fly away when a male
approaches, while andromorphs use more open habitat,
do not fly large distances and directly face approaching
males (VAN Gossum et al., 2001). Evidently, such differ-
ences may lead to differences between morphs in proba-
bility of detection and/or predation. REHFELDT (1995), for
example, found that territorial damselflies were more
likely to get trapped in spider webs than non-territorial
ones. Therefore, the absence of differences in probability
of detection may not be extrapolated to the field if other
differences besides body colouration between female
morphs are included.

Further, we have to question whether human predators
can serve as a model for the natural predator guild (see
also BENNETT et al., 1994; MAJERUS et al., 2000). Earlier
studies, nevertheless, showed that the use of human
observers to test ecological questions can render very
interesting insights into poorly understood mechanisms
(e.g. GOTMARK & HOHFALT, 1995; VAN DAMME & VAN
DooreN, 1999; CuaprADO et al., 2001). Predation on
adult damselflies is recorded for spiders, waterstriders,
wasps, robberflies, dragonflies, frogs and birds (JoHNSON,
1975; PARR & PARR, 1972; REHFELDT, 1995; STOKS & DE
BruUYN, 1996; CorseT, 1999). Although web spiders are
commonly recorded as predators (LAROCHELLE, 1978;
ReHFELDT, 1995; CoRDERO et al., 1998), they do not
actively search for prey. Some spiders do actively search
for prey (e.g. Thomisidae, Pisauridae, Salticidae) and are
able to distinguish between different prey (e.g. JACKSON
& Li, 1998). Frogs are very common but not selective,
attacking any moving object (e.g. MICHIELS & DHONDT
1990). Among the remaining groups, at least dragonflies
and birds are known to possess excellent vision and the
ability to develop a search image (e.g. BonD & KAMIL,
2002; CorgeT, 1999). Together, some groups of predators
may be very similar to humans if it comes to detection of
damselflies. Future experiments will be needed to shed
more light on the possible impact of these predators.

Some researchers have used survival probabilities of
morphs to study the potential cost of predation (e.g. Cor-
DERO et al., 1998). Capture-mark-recapture models, how-
ever, only generate survival probabilities, but do not pro-
vide any information on the mechanisms shaping these
probabilities. Therefore, we question whether survival
probabilities are informative on the probability of
detection? As for other insects in general, mortality in
natural damselfly populations can be caused by many fac-
tors such as predation, interactions with conspecifics,
dehydration, starvation, parasites and diseases (Fig. 1;
CorBeT, 1999). The absence of morph-specific differ-
ences in survival implies that andro- and gynomorphs suf-
fer equally from the sum of all these mortality factors,
although there may be significant differences in the
respective contributions of these factors. In other words,
equal (or unequal) survival probabilities among morphs
do not necessarily give information on differences in
mortality due to predation or on probability on detection
(see also ANDREs & CoORDERO, 2001). That other mecha-
nisms besides predation are at work in shaping survival in

female damselflies is supported by an experiment with I.
elegans where survival differences between female colour
morphs were recorded, while cannibalism and predation
were excluded (VAN Gossum, 2001). Therefore, we do
not favour the use of survival probabilities for examining
selective pressures such as predation.

ACKNOWLEDGEMENTS

We are very grateful to Kris Lauwers, Jan Scheirs and two
anonymous referees for constructive comments and suggestions
on earlier drafts of the manuscript. Participants of the Summer
School for Biology (1999) and students and colleagues of the
University of Antwerp kindly volunteered for this study. HVG
and RS are postdoctoral fellows with the Fund for Scientific
Research-Flanders (FWO).

REFERENCES

ANDRES, J.A. & A. CorRDERO (2001). Survival rates in a natural
population of Ceriagrion tenellum (Villers) : effects of sex
and female phenotype. Ecol. Entom., 26 : 341-346.

ANDRES, J.A., R.A. SANCHEZ-GUILLEN & A.C. RIVERA (2000).
Molecular evidence for selection on female color polymor-
phism in the damselfly Ischnura graellsii. Evolution, 54 :
2156-2161.

BENNETT, A.T.D., I.C. CuTHILL & K.J. Norris (1994). Sexual
selection and the mismeasure of color. Am. Nat., 144 : 848-
860.

Bonp, A.B. & A.C. KamiL. (2002). Visual predators select for
crypticity and polymorphism in virtual prey. Nature, 415 :
609-613.

CorBET, P.S., (1999). Dragonflies : Behaviour and ecology of
Odonata. Martins, Harley Books, Essex, UK (829 pp).

CORDERO, A., S.S. CARBONE & C. UTzERI (1998). Mating oppor-
tunities and mating costs are reduced in androchrome female
damselflies, Ischnura elegans (Odonata). Anim. Behav., 55 :
185-197.

CUADRADO, M., J. MARTIN & P. Lopez (2001). Camouflage and
escape decisions in the common chameleon Chamaeleo
chamaeleon. Biol. J. Lin. Soc., 72 : 547-554.

Finckg, O.M. (1994). Female colour polymorphism in
damselflies : failure to reject the null hypothesis. Anim.
Behav., 47 : 1249-1266.

Forees, M.R.L. (1994). Tests of hypotheses for female-limited
polymorphism in the damselfly, Enallagma boreale Selys.
Anim. Behav., 47 : 724-726.

ForBes, M.R.L., J.M.L. RicHARDSON & R.L. BAKER (1995).
Frequency of female morphs is related to an index of male
density in the damselfly, Nehalennia irene (Hagen). Eco-
science, 2 : 28-33.

ForsmAN, A. & S. ApPELQVIST (1999). Experimental manipula-
tion reveals differential effects of colour pattern on survival
in male and female pygmy grasshoppers. J. Evol. Biol., 12 :
391-401.

GOTMARK, F. & A. HOHLFALT (1995). Bright male plumage and
predation risk in passerine birds : are males easier to detect
than females? Oikos, 74 : 475-484.

JAacksoN, R.R. & D.Q. Li (1998) Prey preferences and visual
discrimination ability of Cyrba algerina, an araneophagic
jumping spider (Araneae : Salticidae) with primitive retinae.
Israel J. Zool., 44 : 227-242.

JoHnson, C. (1975). Polymorphism and natural selection in
ischnuran damselflies. Evol. Theory, 1 : 81-90.

KReBs, J. R. & N.B. DAvVIes (1997). Behavioural Ecology : An
Evolutionary Approach 4th edn. Oxford : Blackwell Science

(420 pp).



40 Hans Van Gossum, Robby Stoks and Luc De Bruyn

LAROCHELLE, A. (1978). Spiders as predators and prey of Odo-
nata. Cordulia, 4 : 29-34.

LEBRETON, J.D., K.P. BURNHAM, J. CLOBERT & D.R. ANDERSON
(1992). Modelling survival and testing biological hypotheses
using marked animals : a unified approach with case studies.
Ecol. Mon., 62 : 67-118.

LiTTELL, R.C., G.A. MILLIKEN, W.W. STROUP & R.D. WOLFIN-
GER (1996). SAS System for mixed models. Cary, NC : SAS
Institute Inc (656 pp).

MaJserus, M.E.N., C.F.A. BRUNTON & J. STALKER (2000). A
bird’s eye view of the peppered moth. J. Evol. Biol., 13:
155-159.

MicHieLs, N.K. & A.A. DHonDT (1990). Costs and benefits
associated with oviposition site selection in the dragonfly
Sympetrum danae (Odonata : Libellulidae). Anim. Behav.,
40 : 668-678.

PARR, M.J. (1965). A population study of a colony of imaginal
Ischnura elegans (Vander Linden) (Odonata : Coenagrioni-
dae) at Dale, Pembrokeshire. Field Study, 2 : 237-282.

PARR, M.J. & M. PARR (1972). Survival rates, population den-
sity and predation in the damselfly, Ischnura elegans
(Vander Linden) (Zygoptera : Coenagrionidae). Odonatolo-
gica, 1:137-141.

ReHFELDT, G.E. (1995). Naturliche feinde, Parasiten und Fortz-
plantung von Libellen. Odonatological monographs 1,
Braunschweig (154 pp).

RoBERTSON, H.M. (1985). Female dimorphism and mating
behaviour in a damselfly, Ischnura ramburi : females mim-
icking males. Anim. Behav., 33 : 805-809.

SEBER, G.A.F. (1982). The estimation of animal abundance.
Charles Griffin and Company, London (274 pp).

SHERRATT, T.N. (2001). The evolution of female-limited poly-
morphisms in damselflies : a signal detection model. Ecol.
Lett., 4 : 22-29.

SiroT, L.K., BROCKMANN, J., MARINIS, C. & MUSCHETT, G.
(2003). Maintenance of a female-limited polymorphism in
Ischnura ramburi (Zygoptera: Coenagrionidae). Anim.
Behav., 66 : 763-775.

Stoks, R. & L. DeE BRuYN (1996). Intensive feeding of the rob-
berfly Eutolmus rufibarbis (Diptera Asilidae) on the dam-
selflies Enallagma cyathigerum and Lestes sponsa (Odo-
nata). Bull. Annls. Soc. r. belge Ent., 132 : 427-431.

THompsoN, D.J. (1989). Lifetime reproductive success in andro-
morph females of the damselfly Coenagrion puella
(Zygoptera : Coenagrionidae). Odonatologica, 18 : 209-213.

VAN DAMME, R. & T.J.M. VAN DooReN (1999). Absolute versus
per unit body length speed of prey as an estimator of vulner-
ability to predation. Anim. Behav., 57 : 347-352.

VAN Gossum, H., R. Stoks & L. DE BRuyn (2001). Frequency-
dependent male harassment and intra-specific variation in its
avoidance by females of the damselfly Ischnura elegans.
Behav. Ecol. Sociobiol., 51 : 69-75.

VAN Gossum, H. (2001) Evolutionary ecology of female colour
polymorphism in a damselfly. PhD dissertation, Universiteit
Antwerpen (115 pp).



