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Abstract. In Calopteryx damselflies male territorial and non-territorial alternative mating
tactics are identified. Territorial males are believed to secure more copulation. With increas-
ing age, males starve and become non-territorial that only occasionally manage to copulate.
However, space use of territorial and non-territorial males is not known in detail. We present
the data on space use of individually marked male Calopteryx splendens (Harris, 1780), ob-
tained during two field seasons in Vladimir Oblast, Russia. Each damselfly was captured,
marked and the wing length was measured. During observation sessions of 2-4 hours per
day, each male was characterised as either territorial or non-territorial and encounter loca-
tions were mapped. The probability of being territorial declines with the male’s age. Territo-
rial vs non-territorial tactic in a given day strongly influences tactic retention on the next
day. We identified the territorial and non-territorial phases in the life of a male, which occur
consequently and have roughly similar duration. We define the territorial phase as all days
until the last record of a male as a territorial individual. The subsequent days were defined
as the non-territorial phase. During the territorial stage, males may (1) occupy a single ter-
ritory; (2) be non-territorial in some of the days and then return to his previous territory
or (3) after staying within a certain territory for several days change it and occupy another
territory on the next day or several days later. The transition from the territorial to the non-
territorial phase is gradual. It may suggest this transition caused by exhaustion. Thus, space
use changes predictably during the life of a male. Characteristics of individual lifetime tra-
jectory — number of days when the male was recorded as territorial, number of territories
occupied, etc. — did not depend on wing length.

Further key words. Dragonfly, damselfly, Zygoptera, behaviour, Russia.

Introduction

In a number of damselfly species males are known to show intraspecific var-
iability of space use and reproductive behaviour (POETHKE 1988; REHFELDT
1991; SUHONEN et al. 2008). Males use two or three alternative mating tac-
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tics (FINCKE 1985; BANKS & THOMPSON 1985; FORSYTH & MONTGOMERIE
1987). Differences between the tactics often, but not always, involve differ-
ent use of space. Territorial males defend small vegetation patches, while
non-territorial males do not defend (PAJuNEN 1966; CONVEY 1988; CORDO-
BA-AGUILAR 2000). It has been shown that, compared with non-territorial
males, territorial males are in better physiological condition, measured as
muscle mass and/or energy reserves (MARDEN & ROLLINS 1994; PLAISTOW
& Siva-JoTHY 1996; KosKIMAKI et al. 2004; CONTRERAS-GARDUNO et al.
2005). Both territorial and non-territorial males secure mating, but territo-
rial males are more successful (PLAISTOW & SIVA-JOTHY 1996; SERRANO-
MENESES et al. 2007). Non-territorial males manage to copulate by sneaking
when the territorial males are temporarily absent or away from territories
intercepting female (FORSYTH & MONTGOMERIE 1987). It is known that a
male may (or may not) alternate these two types of behaviour during his
life. Preference for one of the tactics, or prevalence of one of them through-
out life or at certain stages may depend on different factors, e.g., (1) geneti-
cally determined characteristics such as size and/or coloration (S1va-JoTHY
1999; KoskiMAKI et al. 2009), (2) age (FORSYTH & MONTGOMERIE 1987;
PLAISTOW & S1vA-JOTHY 1996), (3) energy reserves (PLAISTOW & SI1vA-Jo-
THY 1996) or (4) external factors such as population density (TsuBAKI &
ONo 1986). Therefore damselflies are a good model organism for studying
the relative importance of these determinants of male behaviour.

Most intensively studied in this respect are Calopteryx damselflies (re-
viewed in CORDOBA-AGUILAR & CORDERO-RIVERA 2005). This genus in-
cludes ca 20 Holarctic species (MISOF et al. 2000). Sexually mature males
spend their whole life at a riverside. In some places males aggregate with
densities up to 2-3 active males per m*. Females also occur here to copulate
and lay eggs. Alternative mating tactics (territorial vs non-territorial males)
of Calopteryx are known to be condition-dependent, governed by fat stores
and/or age of the male (FORSYTH & MONTGOMERIE 1987; PLAISTOW & SI-
VA-JOTHY 1996; CONTRERAS-GARDUNO et al. 2006). Usually territorial and
non-territorial males do not differ in genetically determined characters like
body size and/or coloration (CORDOBA-AGUILAR 1995; PLAISTOW & SIVA-
JoTHY 1996; SARFATY & PRUETT-JONES 2010; but see KOSKIMAKI et al. 2009
for an exception).
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However, despite numerous studies (reviewed in CORDOBA-AGUILAR &
CorDERO-RIVERA 2005), space use of damselflies is not known in detail.
For instance, it is not known whether territorial males occupy a single ter-
ritory or they can switch territories, whether territory borders are stable or
can change with time (CHAPUT-BARDY et al. 2010). Even less information is
available on behaviour of non-territorial males, which could hamper inter-
pretation of the existing empirical data.

This paper describes and discusses the main aspects of space use of territo-
rial and non-territorial male Calopteryx splendens (Harris, 1780) in the con-
text of current knowledge of alternative mating tactics in the Calopterygi-
dae.

Material and methods

Study area and species

The material was collected in the Vladimir Oblast, Russia, on the banks of the
small river Tymba near the village of Mstyora (56°22.531° N, 41°56.490" E),
about 300 km east of Moscow. The main observations were made on 1-18-
-vii-2012 and 24-vi-13-vii-2013. Preliminary data were collected in June
and July 2010. The study plot was situated along the 20 m wide river and
occupied an 85 m long section of the river.

Calopteryx splendens is common in Central and Southern Europe as well
as the European part of Russia, and occurs near running waters with abun-
dant aquatic vegetation, except in cold streams and shaded areas of rivers.
On the Tyumba river it is the most common damselfly. Males of C. splendens
are unevenly distributed across their typical habitats; although individuals
may be encountered in any suitable area of the river, in certain parts males
aggregate with densities up to 2-3 active males per m”. One aggregation
site was located within our study plot. The water was there partially covered
by patches of Flowering rush Butomus umbellatus, the stems of which were
used as perches. Both sexes occured here, copulating and with females ovi-
positing on submerged stalks of B. umbellatus.

In the Vladimir Oblast, C. splendens usually appears in June, with some
annual variation according to the seasonal climatic conditions. Initially, al-
most exclusively males are present at the river and females appear only sev-
eral days later. In August, C. splendens numbers begin to decline. However,
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individuals do not survive throughout this period but are replaced by new
individuals.

Basic field methods

Damselflies were captured with a butterfly net and marked by paint. A com-
bination of marks was made on abdomen and wings. After marking, the
insects were placed on plotting paper and photographed. On the basis of
photographs we measured the wing length, from the base to the tip, to the
nearest 0.1 mm using Adobe Photoshop CS4.

Observations and captures of damselflies in the study plot were performed
daily for 2-4 hours. We treated the males that remained within a limited
area not exceeding 0.5 m” throughout the observation period on a given day
as territorial, while the remaining males were treated as non-territorial. Be-
yond space use, territorial and non-territorial males exhibited behavioural
differences that were not clear cut. Territorial males tended to remain close
to the water surface and defend a territory while non-territorial males usu-
ally perched on higher parts of the vegetation.

On 20-vi-2010 and 14-vi-2012, we performed two additional surveys of
damselflies at a transect 700 m upstream of our study plot, which was com-
pleted at the border of the actual study plot. During these surveys, we tried
to detect marked individuals.

The study plot, including all patches of flowering rush larger than 0.5 m?,
was mapped (Figs 2, 4). These patches were numbered, and during obser-
vations the respective patch number in which a male was observed, was
noted (up to four patches in one day). Thus, each male during every day of
observation was (1) characterized as either territorial or non-territorial and
(2) mapped as present in a particular habitat patch.

Capture-mark-recapture models

Life expectation of damselflies after marking was estimated by stochastic
capture-mark-recapture models (Cormack-Jolly-Seber models). In this
case, only presence/absence of a male in the study plot on a given day was
taken into account. Model selection was performed on the basis of Akaike’s
information criterion using the programmes Mark 5.1 and Mark 7.1 (WHITE
& BURNHAM 1999).
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The estimates of lifetime expectation were similar in both 2012 and 2013,
ca six days (see below). Therefore in the subsequent analysis we used (with
a single exception, see below) the data on males who were last recorded at
least seven days after marking. We believe that material obtained from these
males (a total of 43 males in 2012 and 2013) is representative.

Analyzing space use

Our marking method established male “age” from the date of male appear-
ance at the stream. We analyzed the proportion of territorial males depend-
ing on male “age”. A curve was fitted by the highest order polynomial regres-
sion that provided a significant improvement in the fit of the model.

During material processing, each male was characterised by three main
parameters: (1) number of days elapsed since capture until the final en-
counter; (2) number of days when the male was recorded as territorial;
(3) number of days when the male was recorded as non-territorial. Two
additional parameters were the derivatives of these basic ones: (5) the dura-
tion of the territorial phase and (6) the duration of the non-territorial phase
(see below).

We identify a territorial and a non-territorial phase in a male’s life (see
examples in Fig. 2). We define the territorial phase as all days since the first
record of a male until the last record as a territorial individual. The remain-
ing days are defined as the non-territorial phase. If a male had never been
recorded as territorial, we treat all observations of this particular male as
referring to the non-territorial phase.

We tested whether spatial tactic (territorial vs non-territorial) of males
on day n + 1 depends on their tactic on day n. To this end, we built a transi-
tion matrix, which contained the number of observed transitions between
different spatial tactics in consecutive days (Table 1). The probability of oc-
currence of the tactic used on day n + I was the same as used on day n was
tested using Fisher’s exact two-tailed test.

It is known that different territories, i.e., vegetation patches, differ by their
attractiveness for males: some are only occasionally occupied whereas other
are always occupied. Moreover, the patches more attractive for males are
more often visited by females who copulate with the local males (GoraB
et al. 2013; PANOV & OPAEV 2013). As a proxy for attractiveness of a given
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patch we used the overall number of individually marked males pooled for
all observation days. In this case we included all marked males, and not just
the ones that were recorded for at least seven days.

For the analysis of spatial behaviour of males in a non-territorial phase,
we used only the cases when the male was recorded on at least two con-
secutive days. For each such case we noted (1) whether the focal male was
recorded in day n +1 in at least one of the patches where he was observed
in day n (yes/no); (2) the maximum distance between his locations in days
nand n+ 1.

Home ranges of damselflies were mapped. The main parameter was the dis-
tance along the river between the centres of the most distant patches of flow-
ering rush visited by the particular male. When the male was only recorded
in a single patch, its home range size was not estimated (4 males out of 43).

Statistical analysis

Most variables mentioned above showed normal distribution (Kolmogorov-
Smirnov test, p>0.05), therefore to compare different variables we used
parametric tests (Student’s t-test, Pearson correlation, Chi-square test). In
one case, when the size of one of the samples was below 8, we used non-pa-
rameteric Kruskal-Wallis ANOVA. In another case, when one of the samples
significantly deviated from the normal distribution (Kolmogorov-Smirnov
test, p < 0.05), we used Spearman’s rank order correlation. No variables
showed significant difference between the two years of study, 2012 and 2013
(Student’s t-test, p>0.05), therefore the data were pooled across both years.

Results

Lifetime expectation of males and females after marking

In 2012, we captured and marked 106 males and 34 females; in 2013, 97
males and 22 females. In the subsequent days we re-encountered 70 males
(66.0% of marked males) and 11 females (32.4%) in 2012, and 68 males
(70.1 %) and four females (9.1 %) in 2013.

The 2012 data were best fitted by the time-independent apparent daily
survival and time-dependent daily re-encounter probability (Akaike weight
0.684). The model contained no sex structure. Daily apparent survival esti-
mate was 0.861 (95% confidence interval [CI] 0.833-0.885). The expected
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lifespan after marking calculated from these apparent survival estimates
was 6.68 days (95% CI 5.47-8.19 days). In 2013, a sufficient dataset was
only available for males. Most support was received by two models (Akaike
weights 0.58 and 0.41, respectively), both with time-since-marking-depend-
ent apparent survival estimates that provide differences between the first
day after marking and all subsequent days. In the best model, survival from
the day of marking to the subsequent day was 0.992, and survival in the
subsequent days was 0.813 (95 % CI 0.764-0.853). These estimates result in
the lifetime expectation after marking of 5.83 days (95 % CI 4.71-7.29 days).

The maximum recorded lifespan of a male after marking was 19 days. In
addition, on five occasions, we recorded dead males without apparent inju-
ries that had probably died of natural causes. In all cases those males must
have died on the day of observation because dead bodies were quickly taken
away by the current. Two of these five males had been marked eight and two
days before.

Home range size in males

Male home range was on average 29.6+12.2 m along the river (range 11-
56 m, n=39) and therefore smaller than our study plot (85 m). This is fur-
ther confirmed by the two additional surveys performed at a 700 m transect
upstream from our study plot. Only once in 2010, we recorded one marked
male 50 m from the study plot. Within the study plot, six and 17 marked
males were recorded during the surveys in 2012 and 2013, respectively.

Lifetime dynamics of male spatial behaviour

The probability that a given male is territorial declines during its life: the
proportion of territorial males in both years of study decreased after the first
day of marking (Fig. 1). The regression for the proportion of territorial males
was linear (first order polynomial): r=-0.89, p<0.01, y=0.74 - 0.05 x x.

The occurrence on day 7 + 1 of the same tactic that was used on day n was
significantly higher than the alternative tactic (Fisher’s exact two-tailed test,
p<0.001; Table 1). Thus, the spatial tactic of males is temporally autocor-
related. We therefore identify a territorial and a non-territorial phase in a
male’s life. The duration of these two phases in days is roughly equal: on
average ca seven days, up to maximally 15-16 days (see below for details).
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Table 1. Number of observed transitions between different spatial tactics in con-
secutive days, of individually marked Calopteryx splendens during the summers of
2012 and 2013, on river Tymba near the village of Mstyora, Vladimir Oblast, Rus-
sia. The observed probabilities are given in parentheses.

day n+1  Territorial Non-territorial

day n
Territorial 95 (0.83) 25 (0.29)
Non-territorial 19 (0.17) 61 (0.71)

Territorial phase in male’s life

The territorial phase was recorded in 28 males of our sample (65 %, n=43).
Ten of them were only observed as territorial males, and the remaining ones
in both phases.

Most territorial males were captured within their territory and were ob-
served as territorial individuals on the day of capture (64 %: 18 out of 28).
Of the remaining males, eight were recorded in the study plot as vagrants
before they had occupied a territory. Two more males were observed as ter-
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Figure 1. Percentage of territorial males of individually marked Calopteryx
splendens during the summers of 2012 and 2013, on river Tymba near the village
of Mstyora, Vladimir Oblast, Russia, as a function of day since marking.
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ritorial several days after capture and were not seen in between. Time lag
between capture and the occupation of a territory for the 10 territorial males
was 2.2+ 1.2 days (range 1-5 days).

The duration of the territorial phase was on average 6.9 + 3.4 days (n=28),
with a maximum of 16 days. During this phase, a male may follow one of
the three variants of spatial behaviour. According to our observations, he
may (I) occupy a single territory; (II) be non-territorial in some of the days,
and then return to his previous territory — e.g., male 1 (2013) and male 12
(2013) in Figure 2; or (III) after staying within a certain territory for sev-
eral days change it and occupy another territory on the next day for several
days — e.g., as male 46 (2012) in Figure 2. In variant III, the number of such
territories may be 2 or 3, on average 2.4 (n=10). The distance between the
subsequently occupied territories was on average 13.5+5.9 m (range 4.7-
25.0 m, n=14).

Variant I was the most frequent observed and was recorded in 13 males
(46 %), variant II in 5 males (18 %), and variant III in 10 males (36 %). Males
that practiced these strategies did not differ by (1) the duration of the ter-
ritorial phase and (2) the number of days during which they were recorded
as territorial (Kruskal-Wallis ANOVA, p>0.05). However, the number of
days spent in the first territory, differed (Kruskal-Wallis ANOVA, p=0.011,
significant with Bonferroni correction). Therefore, during the same period,
a male may remain within a single territory or subsequently occupy differ-
ent territories.

Our data revealed an inverse correlation between patch attractiveness
and the median duration of stay of males on a given perch (2012: R=-0.97,
p=0.005; 2013: R=-0.97, p=0.005, and for the pooled sample in Figure 3:
R=-0.97, p<0.001). Therefore, territorial males remain on average for a
smaller number of successive days on patches that are generally better at-
tended (Fig. 4).

Non-territorial phase in male’s life

The non-territorial phase has been recorded in 34 males from our sample
(79%). Of them 15 individuals were only observed as non-territorial. The
duration of non-territorial phase was 7.6+3.4 days (n=34), range 1-15
days. Of this period, the increased mobility of males is characteristic. In the
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non-territorial phase the males move around within their home range and
are not confined to certain vegetation patches, i.e., territories.

Of 15 males recorded in their non-territorial phase, just nine were record-
ed at least once in two consecutive days. Usually a male which abandons his
territory is still regularly recorded in its vicinity or within the territory it-
self during 1-3 days. In the first 3-4 days after becoming non-territorial the
maximum distance between record locations in consecutive days is small
(Fig. 5a), and afterwards it starts to increase. The minimum distance on the
third day illustrates another noteworthy pattern of declining territorial activ-
ity. Some males after abandoning their territory move to one of the adjacent
habitat patches. At this new patch the damselfly behaves as a non-territorial
individual and is present only periodically. However, its presence here is reg-
ular, which contrasts with the lack of records in other portions of the focal
area. A similar, albeit less pronounced, trend is apparent in the daily dynam-
ics of the proportion of males that are not recorded on consecutive days at the
same patch (Fig. 5b). Therefore, territorial status of formerly territorial males
declines with time and former territorial males show declining site fidelity.

Taking the mobility of males in the non-territorial phase into account, one
can expect that the size of their home range will be related to the number of
days of observation. This relationship, albeit not very strong, is indeed ob-
served: Pearson correlation coefficient r=0.39, p=0.015 (n=39).

Non-territorial males were often involved in flights with other males and
chased females, which could result in copulations. However, our impres-
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Figure 4. Distribution of habitat patches and duration of territory holding by
marked Calopteryx splendens males during the summers of 2012 and 2013, on
river Tymba near the village of Mstyora, Vladimir Oblast, Russia. The figures show
the median duration of territory holding. Dot size is proportional and smaller dots
denote more attractive patches (see text and Fig. 3).
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Figure 5. Spatial behaviour of male Calopteryx splendens in the first five days of
the non-territorial phase. a — median value of maximum distances [m] between
patches used by a male on consecutive days; b — percentage of males that on a
given day were recorded at least once at the same patch as on the previous day.
The X-axis shows the number of days since the end of the territorial phase; the last
day of the territorial phase (day 0) is not shown. The number of observations (n)
for each day is equal for both parameters.
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sion was that this activity gradually declines with age of the individual. Our
observations show that the oldest males can be identified by the colour of
their wings, which gradually become duller and more greenish with age.
We have frequently observed such individuals sitting on the upper parts
of stalks, where they are inactive and pay no attention to other damselflies,
either males or females.

The role of roosting aggregations in the life of Calopteryx splendens

A typical feature of behaviour was roosting aggregations in the riparian veg-
etation, the 1-2 m wide grassy stripe along the river bank. In these roosts,
the distance between the individuals may be as small as a few centimetres.
Roosting damselflies are clumped in certain areas, which suggests that they
actively gather into such groups. One or two hours after sunrise, when the
damselflies are warm, they distribute themselves across the study area and
occupy plant stalks above the water.

Apart from the roosts, some aggregations may also be observed in the
daytime. They usually do not include more than 10 individuals that remain
on riparian vegetation or in vegetation patches not far (1-2 m) from the
bank. The distance between sitting damselflies may be ca 10 cm or even less.
Males in such groups may sit in close proximity and from time to time en-
gage in mutual flights. Of such groups, the following features are character-
istic: (1) they only include non-territorial males; (2) damselflies often sit on
the upper parts of stalks, which is typical of individuals weakly involved in
social interactions; (3) even though these aggregations may be observed at
any time of day, they are commonly formed in the afternoon (15:00-16:00 h
MSK (UTC+3) in July, whereas the typical roosting aggregation do not form
until after 18:00-19:00 h).

Individual lifetime trajectories and wing size

The wing length was 32.2+1.2 mm (range 29.9-35.7 mm, n=42). Wing
length did not correlate with (1) number of days elapsed since capture until
the final encounter; (2) number of days when the male was recorded as ter-
ritorial; (3) number of days when the male was recorded as non-territorial;
(4) duration of the territorial phase; (5) duration of the territorial phase and
(6) home range size (Pearson correlation, p>0.05).
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Spatial behaviour and home range size of females

The available data on females are fragmentary. On two different, consecu-
tive days we observed just one female (on 02- and 03-vii-2012). The distance
between observation locations was 35 m. In another case, a female was re-
corded at two locations 20 m apart within the same day.

Females not looking for a partner and/or an area for laying eggs often
spend time in a roosting aggregation. Aggregations involving females usu-
ally form in the riparian vegetation or on the trees growing near the river
bank. Socially inactive males may also be present. Unlike the aggregations
of non-territorial males, no interactions between damselflies are recorded
in such groups. In this respect these groups are similar to communal roosts.

Discussion

In this study we describe the space use of Calopteryx splendens during the
reproductive period. Our data indicate that the species can be observed
from June until August, after which numbers start to decline. Similar phe-
nology has been reported for other Calopteryx species, e.g., by FORSYTH &
MONTGOMERIE (1987) for Calopteryx maculata (Palisot de Beauvois, 1805).
However, particular individuals are not present throughout this period; new
damselflies appear and former residents disappear. Male C. splendens have
been reported to have a lifespan of 3—6 weeks (CHAPUT-BARDY et al. 2010).
Our data are in general agreement with this estimate. For instance, the max-
imum recorded lifespan of a male after marking was 19 days. But the aver-
age expected lifespan after marking was ca six days. Our data on daily ap-
parent survival estimates closely agree with the data obtained from the same
species in France (CHAPUT-BARDY et al. 2010).

During their life, males used a home range, which was 11-56 m along the
river. This observation is in good agreement with other data in the literature
that suggest that the home range of a male usually does not exceed 50 m
along the bank, and 80 % of males are never recorded farther than 100 m
from the capture site (STETTMER 1996; WARD & MILL 2007).

Use of the home range depends on the male’s tactics. Two types of be-
haviour, territorial and non-territorial, are distinguished. We treated as ter-
ritorial the males that remained within a limited area not exceeding 0.5 m*
throughout the observation period (2-3 hours) on a given day. The remain-
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ing males were treated as non-territorial. A male may (or may not) alter-
nate between these two types of behaviour during his life. Previous work
has shown that the probability of a male being territorial is inversely age-
dependent in Calopteryx (FORSYTH & MONTGOMERIE 1987). Our data sug-
gest that a male has a high probability of being territorial during several
consecutive days in the initial part of his life, and non-territorial (also dur-
ing several days) in the final part. Thus, the territorial tactics in C. splendens
is age-dependent. We identify a territorial and a non-territorial phase in a
male’s life, which occur consecutively. The duration of these two phases in
days is roughly equal: on average ca seven days, up to 15-16 days. Consid-
ering that lifespan of a male does not exceed 3-6 weeks (see above), we can
assume that, if a male survives that long, its adult life consists of a territorial
and a non-territorial phase of roughly the same duration.

The probability that a given male is territorial declines during its life. The
same tendency has been shown for C. maculata (FORSYTH & MONTGOME-
RIE 1987) and seems to be a general rule for damselflies. The reason behind
this pattern is related to progressive depletion of fat stores with age, which
has been shown for C. xanthostoma (Charpentier, 1825) (PLAISTOW & SIVA-
Jorny 1996). Thus, at some point older and/or more exhausted males begin
to be unable to compete for a territory and become non-territorial.

The adult life of C. splendens consists of two stages, the pre-reproductive and
the reproductive one (CORBET 1999). During these two stages, they occupy
spatially distinct ranges. After emerging, adult damselflies leave the water and
move several hundred metres away. As shown in C. maculata, they spend time
in forest habitats and intensively forage. The duration of the pre-reproductive
stage in C. maculata is ca one week (KIRKTON & ScHULTZ 2001). After that,
damselflies return to the water body where reproductive sites are located. We
found a time lag between capture and the occupation of a territory in 10 out
of 28 males, which we observed during their territorial phase. The time lag
between arriving at a reproductive site and territory occupation means that
males are prevented from occupying a territory immediately upon arrival
due to competition with rivals. This hypothesis is confirmed by our observa-
tions of five out of eight males for which we have data on this period in their
life. Each male, before he occupied a territory, was recorded in the vicinity
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of his future territory for 1-2 days. During this period, we recorded mutual
fluttering flights with other damselflies inhabiting this area. These flights are
known to result in the expulsion of one male by the other (PAJUNEN 1966;
PAaNOV & OpPAEV 2013). The three other males were not recorded in the im-
mediate vicinity of their future territory in the preceding days.

We found that during the territorial phase of their life a male can change
territories (i.e., perches) two or three times. We found that, on average, ter-
ritorial males remain for a smaller number of successive days on perches
that are generally better attended by other males. This suggests that territory
change is mainly caused by competitive exclusion of males.

Based on our two data sets, we believe that competition with other males
influences (1) the number of days when the male was territorial and (2) the
number of territories he occupied. When male density is high, competi-
tion for territories becomes harder (e.g., CORDOBA-AGUILAR 2009; CORDO-
BA-AGUILAR & GONZALEZ-TOKMAN 2014). Thus, it is likely that variables
(1) and (2) are density dependent. A relationship between population den-
sity and the percentage of territorial males has been found in other damsel-
fly species (TsUBAKI & ONO 1986; SUHONEN et al. 2008).

However, the length of the territorial/non-territorial phases is not related
to variables (1) and (2) and, therefore, may be less dependent on population
density. Therefore, the length of the territorial phase may be more dependent
on individual characteristics of the male in question than the number of days
it is territorial. We found there was a gradual transition from the territorial
to the non-territorial phase and that this transition was related to ‘ageing’
rather than competition, as outcompeted males usually switched territory,
although a combination of these two possibilities cannot be ruled out.

Larger males probably have an advantage in competition for territories
and were therefore recorded as territorial more often. Moreover, larger
males may remain territorial for a longer period of time, resulting in ter-
ritory owners being larger than non-territorial conspecifics, however, this
cannot be assumed to be a general rule. For instance, although data from
KoskiMAKi et al. (2009) appeared to show that, in Finland, ‘territorial’ male
Calopteryx virgo (Linnaeus, 1758) were larger than ‘wandering’ conspecif-
ics, the criteria they used to assign males to territorial or non-territorial
groups were unsatisfactory (PANov & OPAEV 2013: 812).
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We, therefore, suggest that further studies on variation in spatial and sexual
behaviour of damselflies should focus not on the formal comparisons of
phenotypes, but rather on comparing the fates of individual males, and par-
ticularly the duration of territorial and non-territorial phases. Only then
should morphology and activity be brought into the equation. Our study
did not show any correlations between the size of males and their life tra-
jectories.

Although the study by BECk & PRUETT-JONEs (2002) appeared to show
that large male C. virgo retain territories for a longer period and have a long-
er lifespan, the non-territorial status was assigned a priori. BECK & PRUETT-
JoNEs (2002: 782) write: »we collected non-territorial males at random ...
Non-territorial males were identified as those up to 3-m inland that showed
none of the behaviors typical of territorial males«. It should be emphasized
that »these were the individuals that showed none of the behaviors typical
of territorial males« at the moment of capture.

In a study on Hetaerina americana (Fabricius, 1798), each male was ob-
served for 15 min to allowing assessment of a male’s territorial status. This
study showed that the number of days a male held a territory increased with
body length (SERRANO-MENESES et al. 2007). However, unlike Calopteryx,
territorial status in Hetaerina does not depend on male age and, therefore,
does not change during their life (CORDOBA-AGUILAR & GONZALEZ-TOK-
MAN 2014). Therefore, in Hetaerina the male’s status on any given day clear-
ly reflects his lifetime trajectory. This is not the case in Calopteryx, because
males move from territorial to non-territorial phases as they age and the
transition from one to another is gradual.

Summarizing, we suggest that studies of alternate mating tactics in Calo-
pteryx are incomplete unless the length of an individual’s territorial and
non-territorial phases are included.
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