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Voltinism is an important life history trait that varies with the environment. In temperate
zones, insect populations take a substantially longer time to reach the adult stage in the
northern compared to the southern regions. In this study, emergence pattern and larval
growth of the threatened zygopteran (Odonata) Coenagrion mercuriale were investigated in a
population located in the southern limit of its distribution range in order to determine its life
history strategies in a hot climate and compare them to those displayed in northern popula-
tions. There was no apparent winter diapause. The species produced two generations in a
year, with the first generation emerging in mid spring and the second in late summer. The
emergence pattern of the first generation was typical of a summer species and lasted 48 days.
All larvae emerged by the end of May. Due to some environmental perturbations, the
emergence pattern of the second generation was not surveyed, but there was evidence that
the emergence season was short (21 days). Larval structure prior to the second emergence of
the year showed that only 25 % of the population was in the final instar, which explains the
shorter emergence season. We assume that the first eggs laid in the spring hatch and grow
rapidly to reach the final instar in late summer as a consequence of higher temperatures and
potential high food availability. There was a significant seasonal decline in body size in both
males and females. The second generation had a significantly smaller body size, presumably
due to the short growth season and/or higher growth rate.
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INTRODUCTION

In temperate zones, the number of generations
per year (voltinism) in insects is often plastic and
thus depends on the local environment (Iwasa et
al. 1994; Corbet et al. 2006; Altermatt 2009; Chen et
al. 2011). Patterns of voltinism (semi-, uni-, bivol-
tine) have been well documented in odonates
(dragonflies and damselflies), showing an in-
crease in generation time with increasing latitude
(Corbet et al. 2006; Flenner et al. 2010). Tempera-
ture and photoperiod are the main environmental
factors that vary over a latitudinal gradient; higher
temperature and longer days induce higher
growth and thus reduce the time required to com-
plete a generation (Norling 1984; Corbet 1999).
Therefore, a species whose distribution covers a

large latitudinal range in a temperate zone is likely
to express marked plasticity in voltinism; for in-
stance, Enallagma cyathigerum is a semivoltine at
56°N (Parr 1976; Corbet & Chowdhury 2002),
univoltine at 47–53°N (Steinmann 1961; Steiner et
al. 2000), and bivoltine at 48–52°N (Smock 1988;
Burbach 2000). Another important factor that im-
pacts growth rate is habitat (Corbet et al. 2006).
Odonate species that live in temporary waters
usually have rapid growth rates and are able to
complete at least one generation per year (Suhling
et al. 2005). Species that inhabit perennial waters,
on the other hand, typically have slower growth
and often need more than one year to produce a
generation (Suhling 2001). However, not much in-
formation is available on seasonal regulation of
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odonates that are specific to shallow and slow-
flowing streams where water temperature is
highly dependent on the local environment.

Coenagrion mercuriale is an Atlanto-Mediterranean
damselfly that lives in ditches, springs and brooks
(Boudot 2006). Even though its distribution
expands as far north as the U.K., the main global
population is centred in southern Europe where it
is listed as endangered in the IUCN red list of most
countries due to severe population declines a result
to loss of habitat (Boudot 2006). C. mercuriale has
been well-studied in the U.K. (Purse & Thompson
2002, 2003; Purse et al. 2003; Rouquette & Thomp-
son 2004; Watts et al. 2005, 2007; Watts & Thomp-
son 2012) where the species completes a single
generation in two years (i.e. it is semivoltine)
(Corbet 1957; Purse & Thompson 2003). Because
most second-year larvae overwinter as antepenul-
timate, penultimate and final instars, the species
displays a summer species pattern of emergence
(Purse & Thompson 2002, 2003). One observation
of univotinism (one generation per year) was
recorded in Germany in a stream affected by
industrial water-cooling which increased the local
water temperature (Thielen 1992). Moreover, a
lack of genetic differences between different
voltinism cohorts of C. mercuriale implies that
some larvae can either accelerate or delay their
development (Watts et al. 2005; Watts & Thompson
2012). These findings suggest that voltinism in
C. mercuriale is plastic, and likely varies with the
environment (e.g. latitude). This raises some key
questions regarding its life history pattern (includ-
ing larval population structure, temporal pattern
of emergence, and the number of generations per
year) in the southern limits of this species’ distri-
bution where it has not been well-studied.

The present study investigates seasonal regulation
and temporal pattern of emergence of C. mercuriale
in a population located at the southern limit of its
geographic range (North Africa), a region where
annual temperatures are substantially higher than
the rest of the species’ distribution range.

MATERIAL AND METHODS

Study site
The study was conducted in the Old Bridge

Canal (OBC) which is a shallow artificial stream of
about 450 m that flows into the Seybouse River
upstream, Guelma, Algeria (36°28’N 7°22’E)
(Khelifa et al. 2011). Annual water temperature

was 13.9 °C, pH was 8, and dissolved oxygen
was 11.37 mg/l. The downstream part of the OBC,
where the C. mercuriale population occurs, is
dominated by Typha angustifolia. Large popula-
tions of Orthetrum nitidinerve, O. chrysostigma, and
O. coerulescens also inhabit this part of the stream
(Khelifa et al. 2013).

Emergence pattern
Using previous knowledge on the species’ flight

period (Khelifa et al. 2011), daily field visits started
in late March 2013 to record the onset of the emer-
gence season. In order to reduce the trampling
effect on larvae at the study site, we placed some
stones in areas where emergent supports were
difficult to access in order to create a path that
facilitates collection of exuviae. Every day, we sur-
veyed a 50-m transect for exuviae in the late after-
noon (16:00). We are confident that no exuvia were
left after each sampling and we considered that
emergence had stopped when no exuvia were
recorded for seven consecutive days. Since the
study population is located in the southern limit
of the temperate zone where bivoltinism was
recorded in some odonates (Corbet et al. 2006), we
expected that the species could have a second
generation. Therefore, after the end of the first
emergence period surveys were conducted every
week. Sampling then switched to a daily basis
when the second emergence started (in late sum-
mer), and encompassed the same study area as in
the first emergence season. Exuvia body length
(from the top of the head to the tip of caudal
lamellae), head width, and posterior wing sheath
length were measured to the nearest mm with a
digital calliper. EM50, the number of days after
which half of the population emerges, was calcu-
lated for both sexes. Sex ratio at emergence was
estimated using exuviae.

Larvae growth and population structure
From December 2012 to August 2013 (except

July), monthly larvae collections were carried out
using a rectangular hand net of 0.5-mm mesh in
three different sampling points (20 m apart) in the
last week of the month. In the laboratory, body
length (with and without caudal lamellae) and
head width were measured with a digital calliper
to the nearest mm (small larvae were measured
under a dissecting microscope). After measure-
ments, larvae were kept in aquaria (five larvae per
aquarium to avoid cannibalism) and returned to
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their original location within 24 h. Larvae were
grouped into four different instar groups (C–F)
(Purse & Thompson 2002) using the criteria
described by Corbet (1955). Groups F, E, D repre-
sent final instar, penultimate, and antepenulti-
mate, respectively, while group C corresponds to
instars 9 to 10.

Statistical analyses
All statistical analyses were completed with

R 3.0.1 (R Core Team 2014). We tested the residuals
of the response variables for normality and homo-
geneous of variance. A chi-square test was con-
ducted to see whether sex ratio at emergence
deviated from 1:1. A Kolmogorov-Smirnov
two-sample test was used to identify any differ-
ence in the emergence curve between sexes. Two-
sample chi-square tests were carried out to assess
for significant differences in the proportion of
larvae across instar groups between months.
Welch two-sample t-tests were used to compare
morphological traits of final instar exuviae between
generations. Wilcoxon tests were carried out to look
for differences in morphological traits between

sexes. We carried out ANCOVA to test whether
there is a seasonal decline in size and test for
potential significant difference in the slope of
sexes in both body length and posterior wing
sheath length; the latter analysis was not carried
out on head width because it was not normally
distributed even after attempts at transformation.
All morphometric values presented are mean ± S.D.

RESULTS

Temporal pattern of emergence
Stream water had a maximum temperature of

17.7 °C in early May and 19.3 °C in late August. A
total of 317 final instar exuviae were collected
between 9 April and 27 May, 2013. The total emer-
gence season of the first cohort lasted 48 days with
a peak in late April. Sex ratio was slightly male
biased (53.3 %) but it did not significantly differ
from unity (�² = 1.39, d.f. = 1, P = 0.23). EM50 was
23 days for both males and females (Fig. 1) and
their temporal pattern of emergence was similar
(Kolmogorov-Smirnov two-sample test: D = 0.11,
P = 0.97). There was a significant seasonal decline
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Fig. 1. Emergence curve of the first generation of a bivoltine Coenagrion mercuriale population. Continuous and
dotted lines indicate females and males, respectively. Vertical dashed line represents EM50.



in body length (Table 1, Fig. 2a) and posterior wing
sheath length (Table 1, Fig. 2b) in both sexes. The
decreasing rate was not significantly different
between sexes but females were significantly
larger than males throughout the entire emergence
season (Table 1).

A second generation started to emerge on 19
August and exuviae continued to be found until
27 August. On 28 August, the environment around
the stream was degraded due to flooding, after
which no exuviae could be recorded even though
tenerals (immature individuals) continued to be
observed up to 6 September. Sixty-three exuviae
were collected over this 8-day period, but given
the presence of tenerals the second emergence
season lasted some 18 days.

There were significant differences in body
length, head width, and posterior wing sheath
length between seasons in both sexes (Table 2).
However, marked sexual size dimorphism was
apparent in the first generation (Wilcoxon test:
W = 8226.5, P < 0.0001; W = 3965, P < 0.0001; W =
5202, P < 0.0001 in body length, head width, and
posterior wing sheath length, respectively), and
not in the second one (Wilcoxon test: W = 271.5,
P = 0.94; W = 227, P = 0.60; W = 201, P = 0.47 in
body length, head width, and posterior wing
sheath length, respectively).

Larval population structure
A total of 103 larvae were collected during the

study period but no larva was found during
May and June. Table 3 presents morphological
measurements of the four final instar groups, and
it shows a substantial variability in size within
each group. There was no significant difference in
the frequency distribution of instars from month

to month between December and April (Table 4).
Between December and March, there was no indi-
cation of diapause in larvae that had not reached
the final instar (Fig. 3). In early winter (December),
about 80 % of larvae sampled were equally distrib-
uted among penultimate and final instar while the
remaining 20 % were equally distributed between
groups C and D. Group C was not recorded after
December and group D was not observed after
January (Fig. 3). In March prior to the first emer-
gence of the year, 94.1 % of larvae were in the final
instar while only 5.9 % were penultimate. In
August, prior to the second emergence of the year,
final instar larvae represented 25 %, antepenulti-
mate represented 6.3 %, and the remaining pro-
portion was evenly distributed between groups C
and D (37.5 % and 31.2 %, respectively).

DISCUSSION

According to the literature, voltinism of C. mercu-
riale is likely to be dependent on latitude. The
present study provides a piece of the puzzle that
has been missing about the seasonal regulation of
C. mercuriale at its southern distribution range. We
provide the first evidence that C. mercuriale is
bivoltine at the southern edge of its range, using a
combination of monitoring the temporal pattern
of emergence through exuviae and by characteriz-
ing the larvae population structure.

Although C. mercuriale has a moderately long
flight season (lasting until autumn) in some
southern populations (Dijkstra & Liwington
2007), the question of whether this developmental
pattern is due to protracted larval emergence or a
bivoltine life history was not known until now.
In the U.K. and central Europe, the species is
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Table 1. Summary of the ANCOVA for body length and posterior wing sheath length pattern during the emergence
season in the first generation of Coenagrion mercuriale.

Estimate S.E. t -value P-value

Body length Intercept 17.344 0.181 95.416 0.0001
Sex [M] –0.790 0.247 –3.197 0.001
Season –0.025 0.007 –3.460 0.0006
Sex [M]:Season –0.001 0.009 –0.181 0.856

Posterior wing sheath length Intercept 4.190 0.044 94.037 0.0001
Sex [M] –0.191 0.063 –2.996 0.002
Season –0.004 0.001 –2.528 0.012
Sex [M]:Season –0.001 0.002 –0.473 0.630

Multiple R ² = 0.25, d.f. = 234, F = 26.14, P < 0.0001; ‘M’ = male.
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Fig. 2. Seasonal pattern in body size of Coenagrion mercuriale exuviae during the first generation; a, body length;
b, posterior wing sheath length. Black and grey symbols indicate females and males, respectively.



semivoltine (Corbet 1957; Sternberg 1999; Purse &
Thompson 2002), though there is genetic evidence
that, at least some, larvae are capable to alter their
developmental period (Watts et al. 2005; Watts &
Thompson 2012). In Germany, Thielen (1992)
recorded a univoltine population of C. mercuriale,
most likely due to a local increase in water temper-
ature resulting from industrial activities. This is
not surprising since many field and experimental
studies have shown that temperature affects
growth rate and thus determines voltinism
(Corbet 1999; Flenner et al. 2010). In North Africa,
water temperature is higher than central and even
southern Europe. Also, it is possible that high food
availability as observed at the study site (high den-
sities of amphipods) provides optimal conditions
in which eggs that are laid in early spring were
able to hatch, develop rapidly and emerge in late
summer.

Emergence season of the first generation of
C. mercuriale began in early April, which is a month
earlier than in northern populations (Corbet 1962;
Purse & Thompson 2003). This difference might
be the result of a higher growth rate in our study
population (low latitude) compared to northern
populations (high latitude), as it was shown in a

congeneric species (C. johanssoni) (�niegula et al.
2012). The study population displayed a summer
species life history pattern due to the fact that
emergence was asynchronous showing an EM50
(23 days) comparable to that presented in British
populations (25 days) (Corbet 1962; Purse &
Thompson 2003). However, the emergence season
recorded in our study was substantially shorter
with 48 days compared to 66 days (Purse &
Thompson 2003). Furthermore, in contrast to our
study in which sex ratio at emergence was roughly
unity, implying both sexes experience comparable
mortality at egg and larval stages, whereas Purse
& Thompson (2003) recorded a significant male
bias. In addition, similarly to our study, temporal
pattern of emergence (i.e. the curve shape) of
C. mercuriale in the U.K. did not differ between
sexes, which is typical in zygopterans (Corbet &
Hoess 1998). The seasonal decline in body size,
which again is typical in zygopterans (e.g. Purse &
Thompson 2003; Lowe et al. 2009), was similar in
both sexes, albeit with Purse & Thompson (2003)
finding that female body size decreases more
rapidly than does male body size.

The second generation started to emerge in late
August when temperatures were 1.6 °C higher

64 African Entomology Vol. 23, No. 1, 2015

Table 2. Body length, head width and posterior wing sheath length of final instar exuviae in two subsequent
generations of a bivoltine population of Coenagrion mercuriale.

Sex Traits Generation 1 Generation 2 P-value

Female Body length (mm) 16.81 ± 1.00 14.37 ± 0.89 0.0001
Head width (mm) 3.26 ± 0.29 2.84 ± 0.45 0.0002
Posterior wing sheath (mm) 4.09 ± 0.27 3.77 ± 0.28 0.0001

Male Body length (mm) 15.95 ± 1.00 14.38 ± 1.06 0.0001
Head width (mm) 3.10 ± 0.31 2.76 ± 0.35 0.0001
Posterior wing sheath (mm) 3.87 ± 0.27 3.73 ± 0.24 0.01

P = level of significance of Welch two-sample t-test.

Table 3. Mean head width and body length, with and
without caudal lamellae, for four distinct instar groups of
larval Coenagrion mercuriale.

Group Head width Body length Body length
(mm) with CL without CL

(mm) (mm)

C 1.80 ± 0.15 11.39 ± 1.82 8.49 ± 1.20

D 2.43 ± 0.14 12.37 ± 2.92 9.70 ± 1.44

E 2.95 ± 0.16 15.06 ± 1.93 11.52 ± 1.86
F 3.54 ± 0.22 17.42 ± 2.01 13.58 ± 2.01

CL = caudal lamellae. C–F are larval instar groups.

Table 4. Chi-square tests comparing the distribution of
larvae of Coenagrion mercuriale across groups (C–F)
and between months.

c² d.f. P

Dec vs Jan 4.24 3 0.23
Jan vs Feb 8 6 0.23
Feb vs Mar 8 4 0.09
Mar vs Apr 8 4 0.09
Apr vs Aug 14.84 3 0.001
Aug vs Dec 8.51 3 0.03

Dec, Jan, Feb, Mar, Apr, Aug are abbreviations of months.



than those encountered in the spring. Unfortu-
nately, we were not able to survey the entire
emergence season because of a flood that probably
shifted much of the C. mercuriale larval population
downstream. Based on observations on tenerals,
however, we estimated an emergence period of
18 days, which was consistent with the larval
population structure recorded in late summer
when only a small proportion of larvae were at the
final instar. One interesting finding is the smaller
body size of the late-emerging exuviae compared
with the ones collected in the spring. This could be
explained by a combination of the shorter devel-
opmental period per se and some aspect of either
Bergmann’s rule or the temperature-size rule
(Blanckenhorn & Thorn 2004; but see Shelomi
2012), whereby many ectotherms grow faster but
have a smaller body size in warmer environments
(see Hassall et al. 2014 for example in odonates).
We assume that larvae grew rapidly through the
summer due to the high temperature, but this oc-
curs at the expense of smaller size. Since fitness is
associated with body size in many insects, includ-
ing odonates (Sokolovska et al. 2000), this could
have significant implications on individual repro-
ductive success (Corbet 1999; Khelifa et al. 2012);

however, an extensive study of fitness compo-
nents in the congener Coenagrion puella found little
impact of body size upon fitness (Thompson et al.
2011).

According to our observations, it could be as-
sumed that C. mercuriale undertakes a direct post-
embryonic development: larvae did not show any
sign of winter diapause unlike other European
populations (Corbet 1962; Thielen 1992; Sternberg
1999; Purse & Thompson 2002). One explanation
for this difference is that the minimum tempera-
ture threshold for development that triggers larval
diapause in European odonates (Thompson 1978;
Duffy 1994; Corbet 1999) was not reached during
the winter in our study stream in which larval
population structure was characterized by an in-
creased synchrony throughout the wintering sea-
son. Purse & Thompson (2002) recorded similar
population structure of the second-year larvae
prior to winter in the U.K., i.e. most larvae reached
the three last instar groups (D, E and F). However,
prior to emergence larvae in our study were more
synchronous than the overwintering British pop-
ulation in which the proportion of penultimate
larvae was larger than those at the final instar
(Purse & Thompson 2002). The result of larval
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Fig. 3.Percentage of Coenagrion mercuriale larvae of the four last instar groups during the wintering season and prior
to emergence. White and light grey, dark grey and black shading represent groups C, D, E, F, respectively. No larvae
were found in May and June.



diapause was a more asynchronous emergence in
the British population compared to the study pop-
ulation. The fact that no larva was collected in late
May and late June confirms that the entire popula-
tion (first generation) emerged in late spring.
Given that the reproductive season of C. mercuriale
lasts about two months (Mahdjoub et al. 2014), we
assume that the first eggs laid by the first genera-
tion would hatch and grow with a high rate in
order to reach final instar in late August. Larval
population structure in late summer indicated
that only a fraction of the population emerges and
forms the second generation of the year (partial
bivoltinism). The remaining smaller larvae would
continue their development and emerge in the
spring of the next year. Similar life history patterns
were recorded in other Coenagrionidae like
Erythromma lindenii in the southern Iberian Penin-
sula (Ferreras-Romero 1991; Ferreras-Romero &
García Rojas 1995) and Enallagma aspersum in
North Carolina (Ingram & Jenner 1976). The con-

sequence of a partial bivoltinism is usually a high
variability in size at emergence during the spring,
as was observed in the present study.

We showed that C. mercuriale is bivoltine in the
southern limits of its distribution range which
highlights the plasticity of its voltinism along its
geographic range. This finding helps to predict the
effects of climate warming on the future life history
dynamics of the species along the latitudinal
gradient. We expect that some southern European
populations can have a partial bivoltinism, similar
to the one described in the current study. Future
research should focus on the effects of the changes
in life history on community interactions and the
population dynamics of this threatened damselfly.

ACKNOWLEDGEMENTS

We are thankful to H. Amari who contributed to
the autumn field work. Thanks are also due to
A. Kahalerras for providing hand nets.

REFERENCES

ALTERMATT, F. 2009. Climatic warming increases
voltinism in European butterflies and moths. Proceed-
ings of the Royal Society B 277: 1281–1287.

BARTON, N.H. 2001. Adaptation at the Edge of a Species’
Range. Blackwell, Oxford, U.K.

BLANCKENHORN, W.U. & DEMONT, M. 2004.
Bergmann and converse Bergmann latitudinal clines
in arthropods: two ends of a continuum? Integrated
and Comparative Biology 44: 413–424.

BOUDOT, J.P. 2006. Coenagrion mercuriale. In: IUCN 2013.
IUCN Red List of Threatened Species. Version 2013.2.
Online at: www.iucnredlist.org (downloaded 21 Feb-
ruary 2014).

BURBACH, K. 2000. Nachweis einer zweiten jahres-
generation von Enallagma cyathigerum und Ischnura
pumilio in Mitteleuropa (Odonata: Coenagrionidae).
Libellula 19: 217–227.

CHEN, S., FLEISCHER, S.J., TOBIN, P.C. & SAUNDERS,
M.C. 2011. Projecting insect voltinism under high
and low greenhouse gas emission conditions. Envi-
ronmental Entomology 40: 505–515.

CORBET, P.S. & CHOWDHURY, S.H. 2002. Voltinism of
the common blue damselfly Enallagma cyathigerum
(Charpentier) in a Scottish loch: a preliminary study.
Journal of the British Dragonfly Society 18: 23–39.

CORBET, P.S. & HOESS, R. 1998. Sex ratio of Odonata at
emergence. International Journal of Odonatology 1:
99–118.

CORBET, P.S. 1955. The larval stages of Coenagrion
mercuriale (Charp.) (Odonata: Coenagrionidae).
Proceedings of the Royal Entomological Society, London
(A) 30: 115–126.

CORBET, P.S. 1962. A Biology of Dragonflies. Witherby,
London, U.K.

CORBET, P.S. 1999. Dragonflies: Behaviour and Ecology of

Odonata. Cornell University Press, Ithaca, New York,
U.S.A.

CORBET, P.S., SUHLING, F. & SOENDGERATH, D. 2006.
Voltinism of Odonata: a review. International Journal
of Odonatology 9: 1–44.

CORBET, P.S. 1957. The life-histories of two summer
species of dragonfly (Odonata: Coenagriidae). Pro-
ceedings of Zoological Society of London 128: 403–418.

DIJKSTRA, K.D.B. & LEWINGTON, R. 2007. Guide des
Libellules de France et d’Europe. Delachaux & Niestlé
S.A., Neuchâtel, Switzerland.

DUFFY, W.G. 1994. Demographics of Lestes disjunctus
disjunctus (Odonata: Zygoptera) in a riverine wet-
land. Canadian Journal of Zoology 72: 910–917.

FERRERAS-ROMERO, M. & GARCIA ROJAS, A.M. 1995.
Life-history patterns and spatial separation exhibited
by the Odonates from a Mediterranean inland catch-
ment in southern Spain. Vie et Milieu 45: 157–166.

FERRERAS-ROMERO, M. 1991. Preliminary data on the
life history of Cercion lindenii (Selys) in southern
Spain (Zygoptera: Coenagrionidae). Odonatologica
20: 53–63.

FLENNER, I., RICHTER, O. & SUHLING, F. 2010. Rising
temperature and development in dragonfly popula-
tions at different latitudes. Freshwater Biology 55:
397–410.

HASSALL, C., KEAT, S., THOMPSON, D.J. & WATTS,
P.C. 2014. Bergmann’s rule is maintained during a
rapid range expansion in a damselfly. Global Change
Biology 20: 475–482.

INGRAM, B.R. & JENNER, C.E. 1976. Influence of
photoperiod and temperature on development time
and number of molts in nymphs of two species of
Odonata. Canadian Journal of Zoology 54: 2033–2045.

IWASA, Y., EZOE, H. & YAMAUCHI, A. 1994.

66 African Entomology Vol. 23, No. 1, 2015



Evolutionarily stable seasonal timing of univoltine
and bivoltine insects. In: Danks, H.V. & Masaki, S.
(Eds) Insect Life-cycle Polymorphism: Theory, Evolution
and Ecological Consequences for Seasonality and Diapause
Control. 69–89. Kluwer Academic, Amsterdam, Neth-
erlands.

KHELIFA, R., YOUCEFI, A., KAHLERRAS, A., ALFAR-
HAN, A., AL-RASHEID, K.A.S. & SAMRAOUI, B.
2011. L’odonatofaune (Insecta: Odonata) du bassin
de la Seybouse en Algérie: intérêt pour la biodiversité
du Maghreb. Revue d’Ecologie (La Terre et la Vie) 66:
55–66.

KHELIFA, R., ZEBSA, R., KAHALERRAS, A. & MAHD-
JOUB, H. 2012. Clutch size and egg production in
Orthetrum nitidinerve Selys, 1841 (Anisoptera: Libellu-
lidae): effect of body size and age. International Journal
of Odonatology 15: 51–58.

KHELIFA, R . , ZEBSA, R . , MOUSSAOUI, A. ,
KAHALERRAS, A., BENSOUILAH, S. & MAHDJOUB,
H. 2013a. Niche partitioning in three sympatric con-
generic species of dragonfly, Orthetrum chryso-
stigma, O. coerulescens anceps, and O. nitidinerve: the
importance of microhabitat. Journal of Insect Science
13: 71. Online at: http://www.insectscience.org/13.71.

LOWE, C.D., HARVEY, I.F., WATTS, P.C. & THOMPSON,
D.J. 2009. Reproductive timing and patterns of devel-
opment in for the damselfly Coenagrion puella in the
field. Ecology 90: 2202–2212.

MAHDJOUB, H., KHELIFA, R., ZEBSA, R., MELLAL, M.
K., BOUSLAMA, Z. & HOUHAMDI, M. 2014. Aspects
of reproductive biology and ecology of Coenagrion
mercuriale at its southern range margin. International
Journal of Odonatology 17: 173–180.

NORLING, U. 1984. The life cycle and larval photo-
period responses of Coenagrion hastulatum (Charpen-
tier) in two climatically different areas (Zygoptera:
Coenagrionidae). Odonatologica 13: 429–449.

PARR, M.J. 1976. Some aspects of the population ecology
of the damselfly Enallagma cyathigerum (Charpentier)
(Zygoptera: Coenagrionidae). Odonatologica 5: 45–57.

PURSE, B.V. & THOMPSON, D.J. 2002. Voltinism and
larval growth pattern in Coenagrion mercuriale (Odo-
nata: Coenagrionidae) at its northern range margin.
European Journal of Entomology 99: 11–18.

PURSE, B.V. & THOMPSON, D.J. 2003. Emergence of the
damselflies, Coenagrion mercuriale and Ceriagrion
tenellum (Odonata: Coenagrionidae) at their northern
range margins, in Britain. European Journal of Entomol-
ogy 100: 93–99.

PURSE, B.V., HOPKINS, G.W., DAY, K.J. & THOMPSON,
D.J. 2003. Dispersal characteristics and management
of a rare damselfly. Journal of Applied Ecology 40:
716–728.

R CORE TEAM. 2014. R: A Language and Environment for
Statistical Computing. R Foundation for Statistical
Computing, Vienna, Austria. Online at: http://www.
R-project.org/

ROUQUETTE, J.R. & THOMPSON, D.J. 2005. Habitat
associations of the endangered damselfly, Coenagrion
mercuriale, in a water meadow ditch system in south-
ern England. Biological Conservation 123: 225–235.

SHELOMI, M. 2012. Where are we now? Bergmann’s

rule sensu lato in insects. The American Naturalist 180:
511–519.

SMOCK, L.A. 1988. Life histories, abundance and distri-
bution of some macroinvertebrates from a South
Carolina, U.S.A. coastal plain stream. Hydrobiologia
157: 193–208.

�NIEGULA, S., NILSSON-ÖRTMAN, V. & JOHANS-
SON, F. 2012 Growth pattern responses to photo-
period across latitudes in a northern damselfly. PLOS
ONE 7: e46024.

SOKOLOVSKA, N., ROWE, L. & JOHANSSON, F. 2000.
Fitness and body size in mature odonates. Ecological
Entomology 25: 239–248.

STEINER, C., SIEGERT, B., SCHULZ, S. & SUHLING, F.
2000. Habitat selection in the larvae of two species of
Zygoptera (Odonata): biotic interactions and abiotic
limitation. Hydrobiologia 427: 167–176.

STEINMANN, H. 1961. Data of the dragonfly fauna of
Lake Guttmann in Kobanya, Budapest. Folia Entomo-
logica Hungarica (Series Nova) 14: 387–397.

STERNBERG, K., BUCHWALD, R. & RÖSKE, W.1999.
Coenagrion mercuriale (Charpentier, 1840) – Helm
Azurjungfer. In: Sternberg, K & Buchwald, R. (Eds)
The Dragonflies of Baden Wurttemburg. Eugen Ulmer
Press, Stuttgart, Germany

SUHLING, F. 2001. Intraguild predation, activity
patterns, growth and longitudinal distribution in
running water odonate larvae. Archiv für Hydro-
biologie 151: 1–15.

SUHLING, F. , SAHLEN, G., KASPERSKI, J . &
GAEDECKE, D. 2005. Behavioural and life history
traits in temporary and perennial waters: compari-
sons among three pairs of sibling dragonfly species.
Oikos 108: 609–617.

THIELEN, C. 1992. Untersuchung zum Larvenhabitat
und zum Entwicklungszyklus der Helmazurjungfer
(Coenagrion mercuriale, Zygoptera: Odonata) an zwei
verchiedenen Gewassern der Freiburger Bucht.
Ph.D. thesis, Universität Freiburg, Germany.

THOMPSON, D.J. 1978. Towards a realistic predator-
prey model: the effect of temperature on the func-
tional response and life history of larvae of the
damselfly, Ischnura elegans. Journal of Animal Ecology
47: 757–767.

THOMPSON, D.J., HASSALL, C, LOWE, C.D. & WATTS,
P.C. 2011. Field estimates of reproductive success in a
model insect: behavioural surrogates are poor pre-
dictors of fitness. Ecology Letters 14: 905–913.

WATTS, P.C. & THOMPSON, D.J. 2012. Developmental
plasticity as a cohesive evolutionary process between
sympatric alternate-year insect cohorts as determined
by molecular genetic markers. Heredity 108: 236–241.

WATTS, P.C., KEMP, S.J., SACCHERI, I.J. & THOMPSON,
D.J. 2005. Conservation implications of genetic varia-
tion between spatially and temporally distinct colo-
nies of the endangered damselfly Coenagrion
mercuriale. Ecological Entomology 30: 541–547.

WATTS, P.C., SACCHERI, I.J., KEMP, S.J. & THOMPSON,
D.J. 2007. Effective population sizes and migration
rates in fragmented populations of an endangered
insect (Coenagrion mercuriale: Odonata). Journal of Ani-
mal Ecology 76: 790–800.

Mahdjoub et al.: Bivoltinism in Coenagrion mercuriale (Odonata) in Algeria 67

Accepted 29 July 2014



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.14286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.14286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00583
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K 0
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


