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Conspecific density may influence adult recruitment and consequently population dynamics. Several studies have shown the density
dependence of larvae growth rates in Odonata. However, few studies studied how conspecific density influence final instar larvae
emergence date decisions. Considering that larvae may choose the date of emergence, the present study investigated if density affects
larvae choice. For this, we reared eight final instar larvae in individual aquaria and other 24 larvae in aquaria with three larvae each.
This way, we simulated environments with low and high larval densities. We then noted the days that larvae took to emerge and
compared it between low and high density groups. The results showed that larvae seem to emerge earlier when in high densities
(Mann-Whitney, U = 10.000, P = 0.03). These results support the hypothesis that damselfly last instar larvae may postpone or

hasten emergence in response to the social environment and related constraints.

1. Introduction

Natural environments may exhibit large temporal fluctua-
tions, which entail a major challenge for animal species.
Temporary pools comprise a harsh environment, inhabited
by a unique fauna with physiological and behavioral adapta-
tions that enable development and survival [1]. Reductions in
water levels in temporary pools may affect species population
dynamics, since density should increase.

Population dynamics are influenced by life history fea-
tures such as individual development, survival, fecundity, and
dispersal rates amidst environmental fluctuations. Variation
in such features may be associated with density-dependent
processes [2-6]. In insects, adult population dynamics are
usually affected by larval density that may decrease or
increase adult emergence rates [7, 8].

In Odonata, increasing density among conspecifics may
shorten life cycle [9], influence larval growth rates, and
affect species voltinism [1]. The density dependence of larvae
growth rates in odonates is well studied [1], but there is
no evidence of how conspecific density may determine the
emergence rate of final instar larvae. The increased density
during the reduction of water level could be an indicator cue
of the drying out process. This mechanism could enable some
species of Odonata to colonize and complete their life cycles
in temporary pools.

Since final instar larvae of Odonata may postpone emer-
gence, the date of emergence can determine individual body
size, fecundity, and reproductive success [1] and may be
critical to complete the cycle in temporary ponds. Thus, we
tested if conspecific final instar larval density influences the
date of emergence in the tropical species Lestes bipupillatus



CALVERT, 1909 (Zygoptera: Lestidae). Lestids are good mod-
els for this kind of study since they inhabit temporary pools
and must carry adaptations to such environment [1, 10-12].

2. Material and Methods

We collected last instar larvae in a temporary pond near
the Ecological Reserve Horto Florestal in Assis, SP, Brazil (S
22°37'46.9" /W 50°24'11.7"") on 19 May 2007. This reserve is
a conservation area with a mixture of native Atlantic Forest
vegetation and Neotropical Savanna vegetation.

To test whether the density affects the time of emergence,
we simulated two situations in laboratory: (i) low density,
with one individual per aquarium; and (ii) high density, with
three individuals per aquarium. We considered eight replicas
for each situation. Each aquarium had 500 mL of capacity
and was filled with 300 mL of filtered water collected in the
habitat of larvae. The aquaria were wrapped with white paper
to prevent visual contact between larvae and were provided
with wood sticks for individuals to climb during the rearing
process.

During the experiment, the aquaria were maintained
in a cool room with 12:12 photoperiod. The aquaria were
placed inside a vial filled with water to guarantee temperature
constancy among replicas. The positioning of each aquarium
in the vial was randomly sorted.

We checked for emergence each 12 hours and we finally
compared the number of days that the two groups of larvae
took to emerge since the collection date. For the high
density group, we sorted eight individuals to represent the
group. Differences between the median of emergence time of
individuals at high and low densities were assessed using the
Mann-Whitney U test.

3. Results and Discussion

The results show that high conspecific density decreased
the number of days until emergence (Mann-Whitney, U =
10.000, P = 0.03, Figure 1). As the larvae at high densities
emerged earlier, we can assume that, when there is low
conspecific density, the larvae may delay emergence. These
results show how density may influence adult recruitment
and the number of flying reproductive individuals in a given
time.

Based on this information, we can consider the fact
that high density may force larvae to hasten emergence and
impose a great impact on population dynamics, since larvae
that emerge earlier are usually smaller and have a lower
reproductive success [1, 12]. We can also consider extrinsic
features related to species ecology and the peculiar habitat
which they inhabit. Since this study collected L. bipupillatus
larvae on a temporary pond, another possible selective force
could be pond dryout [12], which may result in larvae
aggregation with the decline of water level. In this case,
the high density is an indicator that water level is dropping
and the early emergence occurs to avoid death due to the
low volume of water, high temperatures, and low dissolved
oxygen.
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FIGURE 1: Days until emergence of last instar larvae reared with low
and high conspecific densities.

The earlier emergence when in high densities may also be
an evolutionary response to conspecific interactions as can-
nibalism, since odonate larvae usually feed on conspecifics
[13-16] or competition, since they can be aggressive towards
conspecifics and even harm or kill neighboring larvae [1, 16].

4. Conclusions

In conclusion, the experiment allows us to suggest that dam-
selfly last instar larvae may postpone or hasten emergence in
response to the constraints related to the social environment
and water conditions. Although other studies show that
many variables may affect development, and consequently
emergence [1,17], here we show that L. bipupillatus last instar
larvae make decisions regarding emergence time, indepen-
dently of previous development. This can give base for future
perspectives, regarding other environmental variables and
the intrinsic effects on adult survival and reproduction. We
suggest that studies should now focus on the outcomes and
handicaps of final instar larvae emergence syndromes in a set
of species.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors thank CAPES, FAPESP and CNPq for financial
support. They thank two anonymous referees for valuable
comments.

References
(1] P. S. Corbet, Dragonflies Behaviour and Ecology of Odonata,
Harley Books, Essex, UK, 1999.

[2] T. H. Clutton-Brock, M. Major, S. D. Albon, and E E. Guinness,
“Early development and population dynamics in red deer.



Psyche

(8]

(10]

(11]

(12]

(16]

(17]

I. Density-dependent effects on juvenile survival,” Journal of
Animal Ecology, vol. 56, no. 1, pp. 53-67, 1987.

S. D. Albon, T. H. Clutton-Brock, and E L. Guinness, “Early
development and population dynamics in red deer. II. Density-
independent effects and cohort variation,” Journal of Animal
Ecology, vol. 56, no. 1, pp. 69-81, 1987.

R. Lande, S. Engen, and B. Seether, “An evolutionary maximum
principle for density-dependent population dynamics in a fluc-
tuating environment,” Philosophical Transactions of the Royal
Society B, vol. 364, no. 1523, pp. 1511-1518, 2009.

A. D. Luis, R. J. Douglass, J. N. Mills, and O. N. Bjernstad,
“The effect of seasonality, density and climate on the population
dynamics of Montana deer mice, important reservoir hosts for
Sin Nombre hantavirus,” Journal of Animal Ecology, vol. 79, no.
2, pp. 462-470, 2010.

T. L. Russell, D. W. Lwetoijera, B. G. J. Knols, W. Takken, G. F.
Killeen, and H. M. Ferguson, “Linking individual phenotype to
densitydependent population growth: the influence of body size
on the population dynamics of malaria vectors,” Proceedings of
the Royal Society B, vol. 278, no. 1721, pp. 3142-3151, 2011.

J. E. Gimnig, M. Ombok, S. Otieno, M. G. Kaufman, J. M.
Vulule, and E. D. Walker, “Density-dependent development
of Anopheles gambiae (Diptera: Culicidae) larvae in artificial
habitats,” Journal of Medical Entomology, vol. 39, no. 1, pp. 162—
172, 2002.

K. Hoshino, H. Isawa, Y. Tsuda, and M. Kobayashi, “Laboratory
colonization of Aedes japonicus japonicus (Diptera: Culicidae)
collected in Narita, Japan and the biological properties of the
established colony;” Japanese Journal of Infectious Diseases, vol.
63, no. 6, pp. 401-404, 2010.

D. M. Johnson, T. H. Martin, M. Mahato, L. B. Crowder, and P.
H. Crowley, “Predation, density dependence, and life histories
of dragonflies: a field experiment in a freshwater community;’
Journal of the North American Benthological Society, vol. 14, no.
4, pp. 547-562, 1995.

C. Utzeri, E. Falchetti, and G. Carchini, “Alcuni aspetti etologici
della ovideposizione di Lestes barbarous (Fabricius) presso
pozze temporanee (Zygoptera: Lestidae),” Odonatologica, vol. 4,
pp. 175-179, 1976.

C. Utzeri, G. Carchini, E. Falchetti, and C. Belfiore, “Philopa-
try, homing and dispersal in Lestes barbarous (Fabricius)
(Zygoptera: Lestidae),” Odonatologica, vol. 13, pp. 573-584,1984.
M. de Block and R. Stoks, “Pond drying and hatching date shape
the tradeoff between age and size at emergence in a damselfly,”
Oikos, vol. 108, no. 3, pp. 485-494, 2005.

A. Benke, “Interactions among coexisting predators—a field
experiment with dragonfly larvae,” Journal of Animal Ecology,
vol. 47, pp. 335-350, 1978.

D. M. Johnson, P. H. Crowley, R. E. Bohanan, C. N. Watson,
and T. H. Martin, “Competition among larval dragonflies: a field
enclosure experiment,” Ecology, vol. 66, no. 1, pp. 119-128, 1985.
J. van Buskirk, “Density-dependent cannibalism in larval drag-
onflies,” Ecology, vol. 70, no. 5, pp. 1442-1449, 1989.

O. M. Fincke, “Population regulation of a tropical damselfly
in the larval stage by food limitation, cannibalism, intraguild
predation and habitat drying,” Oecologia, vol. 100, no. 1-2, pp.
118-127, 1994.

C. Johnson, “Mating and oviposition of damselflies in the
laboratory,” The Canadian Entomologist, vol. 97, pp. 321-326,
1965.



o

International Joumal of

Peptide

BioMed Stem Ce||5 | ~ International \ urnal of
Research International International ( Genomics

Journal of

Nucleic Acids

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Journalo 2 The SCientiﬁC
Signal Transduction World Journal

Anatomy y International Journal of Bio(jhemistry Advances in i
Research International Mlcroblology Research International Bioinformatics

Enzyme International Journal of Molecular Biology

Archaea Research Evolutionary Biology International Marine Biology




