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Body temperature regulation is associated with
climatic and geographical variables but not wing
pigmentation in two rubyspot damselflies (Odonata:
Calopterygidae)
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Abstract. It has been proposed that wing pigmented spots function in temperature
control in male calopterygids. Using two rubyspot species Hetaerina americana
Fabricius and Hetaerina vulnerata Hagen in Selys, the present study investigated
whether (i) wing spot size and colour-modified aspect can predict temperature gain
after a cooling event; (ii) wing spot size is related to the temperature needed to fly
and how long it takes to initiate flight; and (iii) wing spot size is related to seasonality
and altitude. The results obtained do not support any of these relationships. The results
also indicate that H. vulnerata can achieve flight at 8 ∘C less than H. americana. The
present study further investigates whether the species differ in their latitudinal and
geographical distribution, and respond differently to bioclimatic variables. The results
obtained provide support for this particular hypothesis, showing that H. vulnerata
inhabits higher altitudes, and is able to tolerate colder environments compared with H.
americana. Wing spots in the two Hetaerina species do not help in thermoregulation,
although both species show different temperature control abilities. This difference in
thermoregulatory ability may enable the species to colonize different environments and
reduce interspecific competition.

Key words. Climatic variables, distribution, Hetaerina, interspecific competition,
thermoregulation, wing spots.

Introduction

Sexual selection, the competition for mates, is recognized as the
main evolutionary driver of many conspicuous traits (Gowaty,
2015). Despite the pervasiveness of sexual selection, natural
selection can also shape sexually selected traits. A few examples
of adaptive alternatives for conspicuous traits are the selection
of ecological sex differences, a conspicuous bearer being an
unprofitable prey and species recognition (Andersson, 1994).
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Indeed, consideration of a variety of different selective pressures
on conspicuous traits would help us better understand the
influence of both sexual and natural selection on the evolution
of such traits.

The conspicuous nature of wing pigmentation patterns in
insects is frequently labelled as a consequence of sexual selec-
tion. One classical example is that of adult male caloptery-
gid damselflies, which show striking pigmented wing spots for
which variation in size is linked to mating opportunities: the
larger the spots, the more likely to mate. In these animals, wing
pigmentation spots are used by males to convey information
concerning: territory possession (González-Santoyo et al., 2014)
and/or fighting ability over territory ownership (Grether, 1996;
Contreras-Garduño et al., 2007) to other males; the ability to
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resist pathogens (Siva-Jothy, 1999; Rantala et al., 2000); and
mate guarding ability (Siva-Jothy, 2000) to females. Despite
support for a sexual selection advantage, there are limited studies
testing whether calopterygid pigmentation is also explained by
two alternative hypotheses: species recognition (Waage, 1979;
Svensson et al., 2007; Tynkkynen et al., 2008; Hassall, 2014)
and temperature gain (Outomuro & Ocharan, 2011; Svensson
& Waller, 2013).

The rationale for conspicuous characters providing a thermal
advantage is that coloured traits may allow faster heating com-
pared with the lack of such colours (Punzalan et al., 2008). For
example, individuals with darker body patterns have a higher
mate-searching success in low ambient temperatures in ambush
bugs (Punzalan et al., 2008). In addition, where there are dif-
ferent degrees of melanism, male alternative mating tactics (i.e.
male dimorphic phenotypes) may be evolutionarily maintained
based on their different thermoregulatory performance (O’Neill
& Evans, 1983; Van Dyck et al. 1997). In the case of caloptery-
gid damselflies, a heating ability linked to conspicuous char-
acters implies that males with larger wing pigmentation spots
would be better at reaching a body temperature that allows them
to secure key activities such as mating (but see also Tsubaki
et al., 2010) and/or escaping from competitors/predators. In gen-
eral, the wings of the Odonata may transfer heat to the thorax
by one of two mechanisms: (i) solar radiation may heat the air
contained inside wing veins, which is then transferred via con-
duction and radiation to the body (Corbet, 1963) or (ii) wing
pigmentation may facilitate better heating via convection or con-
duction from wing to air to body once the wing bases have been
heated after solar exposure (Corbet, 1963; Kammer & Bracchi,
1973; May, 1976). In addition, there is evidence to support tem-
perature gain also being facilitated by wing pigmentation spots.
First, the size of wing spots predicts the ability to reach higher
thoracic temperatures at low temperatures (but not heat gain
rates) at the species level (Svensson & Waller, 2013). Second,
geographical analyses linking ambient temperature with wing
pigmentation spots at the multispecies level show a negative
relationship (larger pigmentation spots at lower temperatures)
(Outomuro & Ocharan, 2011; Wellenreuther et al., 2012; Svens-
son & Waller, 2013). In accordance with such evidence, which
is mainly reported for Calopteryx species, the present study
tests whether temperature gain can be enhanced by spot expres-
sion using two calopterygid damselflies, Hetaerina americana
Fabricius and Hetaerina vulnerata Hagen in Selys, and also
whether temperature control ability can explain their geograph-
ical distribution. Hetaerina spp. comprise good study models
for addressing the question of a thermoregulatory function for
male wing pigmentation because, in structural terms, the spot in
Hetaerina is composed of a first layer of melanin and a subse-
quent layer of ommochrome (M. Rivas, E. Martínez-Meyer, J.
Muñoz, A. Córdoba-Aguilar, unpublished observations). Given
that melanin is the pigment of the black spots of Calopteryx
(Siva-Jothy, 1999), its dark nature is implicated in thermoregu-
latory function in this genus (Svensson & Waller, 2013). Despite
the fact that the genus Hetaerina has a mainly tropical distribu-
tion (Garrison, 1990), at least three species, H. americana, Het-
aerina titia and H. vulnerata, differ from this pattern (Collins,
2014). Indeed, H. americana and H. vulnerata have a distinctly

nontropical distribution (Collins, 2014). These characteristics
raise the question of whether calopterygid spots function in tem-
perature control in Hetaerina. Answering this would validate or
invalidate the generalization that wing spots are also maintained
via a body temperature function.

For the wing spots of Hetaerina to have a thermal function,
the general hypothesis is that the wing spots will allow males
to gain temperature in the thoracic region (i.e. this is the place
with the highest metabolic rate as a result of its involvement
with flight; May, 1976; Marden et al., 1996; for a similar
rationale in other insects, see Stabentheiner et al., 2010). The
use of H. americana and H vulnerata ensures that, given their
nontropical distribution, they are more likely to show ther-
moregulatory adaptations. First, when the spot size and the
colour intensity and hue are experimentally manipulated it is
expected that males having shorter and/or non-red spots will
show different heating ability compared with non-manipulated
males. The redness of the Hetaerina spot signals territory
ownership (González-Santoyo et al., 2014) but not age, social
status (territorial versus nonterritorial) or condition (poorly fed
versus well fed, and immune challenged versus non-immune
challenged) (Contreras-Garduño et al., 2007). Other than this,
the red aspect remains to be investigated in terms of its potential
relationship with temperature gain. Second, it is expected that
a larger spot size should contribute to a greater thermal gain
and reduce the time it takes to fly after a cooling event. Third,
to deal with cool environments, it is expected that larger spot
sizes should occur at higher altitudes and in cooler times of
the year. However, the results obtained indicate not only that
spot size is a poor predictor of temperature control, but also
there is a remarkable interspecific difference in this ability.
Based on these findings, a two-species comparison is made
to determine whether such differences may explain the cli-
matic requirements and geographical distribution of the two
species. It is expected that geographical distribution should be
different for the species that achieves flight at a lower tem-
perature, being able to occupy cooler environments. For the
same reason, ambient temperature would better explain the
distribution of both species, with the species having an ability to
increase its body temperature faster, being able to exploit cooler
environments.

Materials and methods

Effect of manipulated spot size and colour aspect
on temperature gain

For both experiments, males of H. americana and H. vul-
nerata were collected from Xochitepec, Morelos, Mexico
(18.76805 N, 99.23805 W) and San Tadeo Huiloapan, Tlax-
cala, Mexico (19.39111 N, 98.25805 W), respectively, between
March and April, 2014. Only middle-aged adults were used.
The nominal age was assigned based on the three categories and
associated morphological differences: (i) teneral (i.e. animals
that have recently emerged and have not developed a full body
and spot colouration); (ii) middle-aged (i.e. animals that have
developed intense body and spot colouration); and (iii) old (i.e.
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animals whose body and spot colouration are less intense than
middle-aged and have tended to fade) (for a similar rationale
of age categories in H. americana, see González-Santoyo et al.,
2014).

For the effect of spot size on temperature gain, three groups
of males were used: (i) animals with a simulated half ‘enlarged’
wing spot in which the size of the spots were increased to the
half that of the wing area using red ink; (ii) animals whose
wings were fully covered with a red ink; and (iii) control animals
whose wing markings were not manipulated. The manipulations
to the wings increased the spot areas considerably beyond
their natural limits because the spots of H. americana and
H. vulnerata cover no more than one-third of the wing (Garrison,
1990). The sample sizes for each group were: H. americana,
half-enlarged, n= 135; fully-covered, n= 135; control, n= 143;
H. vulnerata, half-enlarged, n= 145; fully-covered, n= 140;
control= 193. It was expected that either of the two spot
manipulated groups would increase their temperature faster than
the non-manipulated group. For both colour manipulations, a red
colour, Prismacolor Marker-3® (Berol, U.K.) was used, given
its spectroradiometry similarities with the natural colour and
its successful use for similar manipulations in H. americana
(Grether, 1996).

For the effect of wing spot colour aspect on temperature gain,
three groups were also used: (i) males whose red spot was cov-
ered with blue ink (Mark-It®, colour deep sea blue; Société
Bic, France). Blue was chosen because its wavelength differs
strikingly from the natural red colour (González-Santoyo et al.,
2014), which would modify heat transfer from its source; (ii)
males whose red colour spot was covered with a transparent
marker (COPIC Sketch®, colourless blender 0; Imagination
International, Inc., Springfield, Oregon); and (iii) control males,
which were manipulated exactly as the other two, although
their spots were left intact. The sample sizes for each group
were: H. americana, blue, n= 138; transparent, n= 125; con-
trol, n= 133; H. vulnerata, blue, n= 144; transparent, n= 169;
control, n= 165. It was expected that males of the blue group
would increase their body temperature substantially more than
the other two groups, given that blue colouration may absorb
more heat from the environment.

After manipulation in both experiments, animals were left
individually in a cooled incubator for 12 h at 15 ∘C. During
this period, each animal was placed inside a 5-mL micro-
centrifuge tube that contained a toothpick to be used as a
perch. The tubes were not covered, so that the temperature
inside the tube was similar to that of the cooler. After 12 h, the
insects were then exposed to a heat lamp (House of Troy brand;
http://www.pegasuslighting.com/halogen-desk-lamp-pharmacy-
generation-adjustable-integral-dimmer.html#tabtop) of white,
halogen-produced light for 5 min and body temperature was
measured. It is acknowledged that such a heat source cannot
be considered as a true proxy for actual sun exposure (nor
can any lamp), although it provides a standardized approach
to heat all individuals consistently. The most likely outcome
of using such an artificial heat source is that time to reach
an optimum body temperature is affected (De Keyser et al.,
2015).

Effect of spot size on temperature gain and time to achieve
flight

As before, 30 middle-aged adult H. americana that were
collected from Xochitepec, Morelos and 30 middle-aged adult
H. vulnerata from San Tadeo Huiloapan, Tlaxcala, Mexico
(collected between March and April, 2014) were placed in
microcentrifuge tubes, and stored in a cooler at 5 ∘C for 30 min.
Then, each animal was released in a room with a controlled
temperature of 25 ∘C, which had the same heat lamp light source
as described earlier. Within 5 s after the animal took flight, it
was captured and both the temperature and the time that it took
to fly were recorded. Two issues have to be recognized. First,
by releasing and thus inducing the animal to fly, this does not
necessarily mean that it flew voluntarily. Thus, it may not be the
ability to fly that is being measured but rather the tendency to fly.
Second, several animals were unable to be captured as a result
of this 5-s limit, such that final samples sizes were smaller for
each species (n= 24 for H. americana; n= 14 for H. vulnerata).
At the end of the experiment, the spot size of captured animals
was measured. For this, spots were photographed by placing
the animals in a dorsal position, with their wings completely
separated and flattened, over a paper piece and next to a 1-mm
ruler used as a scale. Subsequently, the spot size of all four wings
was measured, and a mean obtained using open source imagej,
version 1.45 (IH, Bethesda, Maryland).

Temperature recording

A contact thermometer (model 51II; Fluke Corp., Everett,
Washington) was used, to which a thermocouple (diameter
0.5 mm) was attached. The internal body temperature of an
animal was obtained by inserting the thermocouple fully inside
the thorax, between the second and third segment, to reach the
thoracic muscles. This insertion was completed 10 s after the
animal was restrained after exposure to the heat lamp captured.
Readings were taken 5 s after insertion, which is the time when
the contact thermometer screen showed no further temperature
fluctuation. To avoid contact and thus transfer of heat during
insect manipulation, the temperature was recorded by placing
the animal on a polyethylene plate, thereby avoiding direct
contact with each individual.

Relationships between altitude and seasonality and spot size

Middle-aged males of both species, H. americana and H.
vulnerata, were collected along an altitude gradient of 1912 m
between the Mexico and Guerrero states, Mexico. Eight local-
ities were selected that had permanent water bodies at all
times. These were: Tequisquiapan (Tq), Real de Arriba (RA),
Avándaro (Av), Río Chileros (RCh), Río San Felipe (RF) and
Acamuchitlán in Mexico state, and Río Bejucos (RB) and
Cutzamala (Ct) in the Guerrero state (for the geographical
location data of these localities, see Supporting information,
Table S1). The presence of water bodies led to the assumption
that animals from these areas were likely to have permanent
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populations and that these populations are locally adapted to
their ambient temperatures. Note that, although the distribution
of both species was known to be along the gradient, the exact
location of each species was not known. Thus, the sample
collections were made ‘blind’ for the implied relationship
between seasonality, altitude and spot size. Given that there is
seasonal variation in ambient temperature in these locations,
three collections were taken at three different times of the
year: dry season (May; 21± 6 ∘C), rainy season (September;
24± 5 ∘C) and cold season (December; 19± 5 ∘C). These two
variables, altitude and season, were then analyzed with respect
to spot size. Spot size was measured as described above.

Interspecific differences in the temperature and the time needed
to fly

Using the same data recorded above for the effect of spot size
to explain temperature increases and the time needed before
flight, the two species were compared aiming to determine
whether they differed in these two variables. Body temperature
was measured as described above.

Interspecific differences in distribution according to altitude

Bioclimatic variables for the same eight localities used
to test for the effects of altitude and season (see Support-
ing information, Table S1) were extracted from Worldclim
(www.worldclim.org) using the arcmap application of arcgis,
version 9.3 (www.esri.com). These variables were classified
hierarchically with a cluster analysis using the minimum vari-
ance method with squared Euclidean distance as the similarity
coefficient.

Interspecific differences in ecological niche

A database was compiled with all records available in the lit-
erature for both species, and then ecological niche models were
run using a maximum entropy approach implemented in max-
ent (Phillips et al., 2006). To generate the models, environmen-
tal variables with a relatively low correlation coefficients to each
other (e.g. less than 0.75) were selected first. Then, 10 replicates
were run using different combinations of calibration and vali-
dation data in an 80 : 20 proportion in each run, and the model
with the lowest omission error was selected. Niche similarity of
the two species was compared in accordance with Warren et al.
(2008), in which the D and I parameters are traditionally esti-
mated to compare models geographically (Meng et al., 2015).
These parameters are based on the degree of similarity (D) and
the Schoener’s statistic, which is an index indicating whether
the two species have completely discordant (value= 0) or iden-
tical (value= 1) ecological niches. To identify the most infor-
mative variables related to the distribution of species, a principal
component analysis was performed with the 19 bioclimatic vari-
ables (for these variables, see Supporting information, Table S2)
extracted from 10 000 random points within the potential distri-
bution area of each species. This analysis was made using past
(Hammer et al., 2001).

Statistical analysis

It was confirmed that all variables followed a normal distribu-
tion so that parametric tests were used unless stated otherwise.
Two analyses of variance (anova) tests were used to determine
whether temperature gain is explained by spot size (three lev-
els: half-enlarged, fully coloured and control) and colour aspect
(three levels: blue, transparent and control). To analyze the effect
of spot size on the temperature needed to achieve flight and
how long it takes to fly, a regression analysis was used for each
species in which spot size was entered as the predicting vari-
able and the temperature needed to achieve flight and the time at
which flight took place as the response variables. For the analy-
sis of the relationship between seasonality and altitude on spot
size, an anova was carried out for each species in which season
(three levels: dry, rainy and cold) and altitude (four locations)
were entered as factors, and spot size as the response variable.
Tukey’s tests were used for post-hoc comparisons. For the inter-
specific comparison of both responses (i.e. temperature needed
to fly and time to achieve flight), Mann–Whitney tests were used
because the data were not amenable to normal distribution.

The data were analyzed using spss, version 12.0.1. Data are
reported as the mean± SD unless stated otherwise.

Results

Effect of manipulated spot size and colour aspect
on temperature gain

For both species, males started with their temperature at 15 ∘C,
which is similar to the temperature in the cooled incubator.
For H. americana, spot size could explain temperature gain
(F = 10.395, d.f.= 2, P= 0.001) (Fig. 1a) but colour aspect
could not (F = 3.049, d.f.= 2, P= 0.918) (Fig. 1b). However,
a larger spot size did not correspond with a higher tempera-
ture, because males with half-enlarged spots ended with the
lowest temperature compared with the other two groups (both
comparisons Tukey’s honestly significant difference P= 0.001)
and full-covered wing and control groups showed no differences
(Tukey’s test, P= 0.463). For H. vulnerata, spot size (F = 0.374,
d.f.= 2, P= 0.688) (Fig. 1c) and colour aspect (F = 1.191,
d.f.= 2, P= 0.337) (Fig. 1d) were not correlated with temper-
ature gain.

Effect of spot size on temperature and time to achieve flight

Spot size was not related to the temperature needed to fly
in each species (H. americana: r2 = 0.001, d.f.= 24, P= 0.863;
H. vulnerata: r2 = 0.173, d.f.= 14, P= 0.109), nor how long it
took them to achieve flight (H. americana: r2 = 0.062, d.f.= 24,
P= 0.532; H. vulnerata: r2 = 0.028, d.f.= 14, P= 0.893 for H.
vulnerata).

Relationship between altitude, season and spot size

For H. americana, both season (F = 100.617, d.f.= 2,
P= 0.018) and altitude (F = 23.539, d.f.= 2, P= 0.011) but
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Fig. 1. Temperature gain according to experimentally-modified wing spot size and colour aspect in the rubyspot damselflies, Hetaerina americana (a,
b, respectively) and Hetaerina vulnerata (c, d, respectively). Mean±SD values, outliers (○) and extreme outliers (*) are shown.

not their interaction (F = 4.51, d.f.= 6, P= 0.211) were related
to spot size. However, in contrast to the prediction, males
with the smallest spots were found in the cold season (Fig. 2),
whereas neither of the two locations with the lowest altitudes
had males with the largest spots (Fig. 3). For H. vulnerata,
neither season (F = 0.496, d.f.= 2, P= 0.611), nor altitude
(F = 3.788, d.f.= 3, P= 0.121) explained spot size.

Interspecific differences in temperature needed and time
needed to fly

Temperature to achieve flight was different for both species:
H. americana flew at 33.76± 2.26 ∘C (n= 16), whereas H.
vulnerata flew at 25.75± 1.20 ∘C (n= 26; Mann–Whitney
U-test=P< 0.0001, P= 0.016) (Fig. 4). However, the time to
achieve flight for H. americana (46.5± 25.0 s) was shorter than
for H. vulnerata (350± 286 s) (Mann–Whitney U-test= 22.5,
P= 0.013) (Fig. 4).

Interspecific differences according to altitude and ecological
niche

Climatic differences were found between the eight sampled
localities. A first cluster grouped the four sites located at higher

Fig. 2. Box plots of the relation between seasonality and spot size for
the rubyspot damselfly species, Hetaerina americana and Hetaerina
vulnerata. Mean±SD values, outliers (○) and extreme outliers (*) are
shown.
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Fig. 3. Box plots of the relation between altitude and spot size in each damselfly species, Hetaerina americana and Hetaerina vulnerata. Mean±SD
values, outliers (○) and extreme outliers (*) are shown.

Fig. 4. Box plots of the relationship between temperature and time
to achieve flight in each damselfly species, Hetaerina americana and
Hetaerina vulnerata. Mean±SD values, outliers (○) and extreme
outliers (*) are shown.

altitudes, which corresponded to all H. americana sites. A
second cluster grouped the remaining four sites at lower altitudes
that included all H. vulnerata sites (Fig. 5).

Distribution models were highly accurate for discriminating
presence and absence, according to the areau under the curve of
the receiver operating characteristic curve values: 0.940 for H.
americana and 0.947 for H. vulnerata. The two species differed
in the variables that explained their distributions: for H. amer-
icana, model performance was determined by (i) annual mean
temperature; (ii) maximum temperature of the warmest month;
and (iii) precipitation of warmest quarter (Fig. 6); whereas, for
H. vulnerata, performance was explained by (i) mean tempera-
ture of wettest quarter; (ii) precipitation of coldest quarter; and
(iii) seasonal temperature (Fig. 6). The climatic niche of each
species indicated some differences according to the principal
component analysis: H. vulnerata showed a positive tendency
to principal component 1, whereas H. americana showed a
negative tendency to this component. Component 1 was repre-
sented mostly by the climatic variables: (i) mean temperature of
the coldest quarter and (ii) minimum temperature of the coldest
month.

Schoener’s statistic suggested that the niches of both species
were geographically similar in (D) 0.458 and (I) 0.766 param-
eters. When the two models were compared against the back-
ground of the opposite species, the background of H. vulnerata
and the niche of H. americana were similar in terms of both the
D and I tests (Fig. 1). However, this was not the case when the
background of H. americana was compared with the niche of H.
vulnerata (see Supporting information, Figure S1).

Discussion

The findings of previous studies lend some support to the
concept that, along with sexual selection, wing pigmentation
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Fig. 5. Clustering of Euclidean distances among sampled localities in Mexico for the rubyspot damselfly species Hetaerina americana and Hetaerina
vulnerata using 19 Worldclim variables. Tq, Tequisquiapan; RA, Real de Arriba; Av, Avándaro; RCh, Río Chileros; RSF, Río San Felipe; Ac,
Acamuchitlán; RB, Río Bejucos; Ct, Cutzamala.

spots in calopterygids can be naturally selected via an increasing
body temperature (Outomuro & Ocharan, 2011; Svensson &
Waller, 2013; but see also Hassall, 2014). By contrast, the results
of the present study for the two Hetaerina species indicate that
spot colour aspect does not explain temperature changes and
that spot size does not lead to increases in body temperature,
the temperature needed to fly, or how long it takes to achieve
flight, and is not related to seasonality and altitude.

Several explanations may underlie the differences between
the present work and previous studies. On the one hand, the
present study uses a calopterygid genus with spot character-
istics differing from those in previous studies, which used
mostly Calopteryx species. In structural terms, a key differ-
ence between Calopteryx and Hetaerina species is that the
spot in Hetaerina is made not only of melanin (as occurs with
Calopteryx; Siva-Jothy, 2000), but also ommochrome (M. Rivas,
E. Martínez-Meyer, J. Muñoz, A. Córdoba-Aguilar, unpublished
observations). Thus, the thermal potential for Hetaerina wing
spots would appear to be lower because they would be less
light absorptive in the visible light range than the black spots
of Calopteryx. Indeed, in the Asian calopterygid genus Mnais,
whose male wings also show non-black pigmented patterns,
wing and abdominal temperatures do not differ, suggesting that
the pigmented wings do not serve to transfer heat to the tho-
rax (Tsubaki et al., 2010). On the other hand, unlike Calopteryx
(Stavenga et al., 2012), the wing spots of H. americana have

a high surface roughness, a nonstructural-pigment nature, low
light absorption and a high refractive index (Stavenga et al.,
2013). This implies that the membrane is relatively ineffective
in transferring incident radiant energy to the body. Indeed, it is
suggested that the wings of odonates are not involved during tho-
racic heating because wings and their veins are likely too thin
for the thorax to derive heat gain from them (May, 1976). Aside
from these reasons, sexual selection pressures are different for
Calopteryx and Hetaerina wing spots. In Hetaerina spp., spot
size is selected only via male–male competition (Grether, 1996;
Córdoba-Aguilar et al., 2009) and not from female choice, as
occurs in Calopteryx (Siva-Jothy, 1999, 2000). In such a con-
text, the red spot is similar to other red coloured traits that have
evolved, and which are maintained mainly in aggressive contexts
(Maynard-Smith & Harper, 2003).

Despite both species being induced to fly in the experiments
described here, the results suggest different strategies for coping
with cold ambient temperatures in the two species. Although
H. vulnerata requires a lower temperature to achieve flight than
H. americana, the latter species takes less time to fly than H.
vulnerata. Perhaps in the relatively high altitudes where H.
vulnerata are found, where temperatures can drop substantially
(M. Rivas, E. Martínez-Meyer, J. Muñoz, A. Córdoba-Aguilar,
unpublished observations), an increasing body temperature may
be more important for its effects on physiological processes
other than achieving flight. Note that the temperature difference

© 2016 The Royal Entomological Society, Physiological Entomology, doi: 10.1111/phen.12137
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Fig. 6. Potential geographical areas of occupancy for each of the two rubyspot damselfly species, Hetaerina americana and Hetaerina vulnerata.
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between the species to achieve flight is 8 ∘C, whereas the time
difference is less than 300 s. With such a temperature difference,
for example, enzymatic reactions can proceed sufficiently fast to
deal successfully with pathogen clearance. One illustrative case
is that of the beetle Tenebrio molitor in which a 10 ∘C difference
in ambient temperature results in substantially faster immune
responses at higher temperatures in the form of antibacterial
and phenoloxidase activity (Catalán et al., 2012), which are
two key traits in insect immunity. Note also that, for such a
small ectothermic organism, there may be a large heat loss
cost as a result of forced convection when the animal takes
off (May, 1979). This means that a small insect such as
Hetaerina may risk losing body heat if the air is too cool
and so it may be better off staying still when perched. This
reasoning may well apply to H. vulnerata when explaining
why it takes longer to fly. On the other hand, interspecific
competition is reported between the species investigated in
the present study (Anderson & Grether, 2010; Drury et al.,
2015), with fitness consequences for both (Drury & Grether,
2014). Given the thermoregulatory differences documented in
the present study, these may be adaptive in the context of
interspecific competition. For example, by commencing flying
activity sooner, H. americana can gain territories before H.
vulnerata. A similar rationale is proposed to explain interspecific
differences and geographical distribution among species of tiger
beetle (Pearson & Lederhouse, 1987).

The interspecific difference in temperature control may
explain the current distribution of both Hetaerina species. First,
the species that takes longer to fly but does so at a lower tem-
perature; H. vulnerata, is found at higher altitudes, whereas the
species with the faster ability or tendency to fly, H. americana,
is found at lower altitudes. A major caveat, however, is that the
number of collecting sites is likely to have been too low for each
species. Similar interspecific thermoregulatory differences are
shown in other ectotherms that correlate with different altitu-
dinal gradients (Osojnik et al., 2013). When two species differ
in altitudinal gradients, interspecific competition for sites with
more illuminated areas may take place in zones of sympatric
occurrence (Zagar et al., 2015). Although sympatric areas are
not sampled in the present study, such interspecific competition
applies for Hetaerina species considering the robust evidence
for such competition (Anderson & Grether, 2010; Drury et al.,
2015). Second, the distribution of both species is predicted by
distinct climatic variables: fairly hot and humid seasonality for
H. americana and mild to cold temperatures for H. vulnerata.
These characteristics imply niche properties congruent with
the physiological traits of both species, possibly including the
ability to reach optimal temperatures. Note that, although it
is apparent that temperature and humidity are key factors for
odonate distribution (Sánchez-Guillén et al., 2013), the authors
are unaware of any prior correlation between bioclimatic vari-
ables for odonate species that differ in their tendency to fly based
on different ambient temperatures. Thus, if the present results
do indeed indicate that body temperature control affects species
distribution for Hetaerina species, then different altitudinal
patterns and bioclimatic variables can be predicted for other
Hetaerina and odonate species. Third, and finally, both species
differ only partly in their ecological niches, with H. americana

having a much larger distribution that includes more of the
ecological niche of H. vulnerata than the reverse. Indeed, H.
americana has one of the largest distributions of all Hetaerina
species (Garrison, 1990), which can be partly attributed to its
ability to colonize relatively dry and hot areas where an increase
of body temperature is not as strongly selected for at higher
altitudes, as observed in other insects (Chown & Nicolson,
2004). In any case, one explanation for the two study species
differing in their temperature control ability is an avoidance of
the interspecific interference that is common among members of
this genus, including H. americana (Anderson & Grether, 2010;
Drury et al., 2015). This question deserves further research.
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