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ABSTRACT
Boyeria irene (Fonscolombe, 1838) is a large dragonfly common in
rivers and streams in southern Europe, but it is little known about
the biometrical variations of their populations. In this paper, we
test whether the time of the emergence period of this species dif-
fers in the same river, whether the larval size varies during the
emergence period, and whether the distinct size variations are
associated with the different river sections. Results have revealed
that 1) female exuviae are larger than those of males, 2) except for
the paraproct length, the exuviae have similar size across the entire
river length, 3) size of the exuviae is larger in the first period of
emergence than in the second one. A difference in emergence dur-
ation across the three river sections has been recorded.
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Introduction

Biometric comparisons allow us to know whether a species varies in size over wide
geographic areas, as has been shown for various insect species (e.g., Hassall, Keat,
Thompson, and Watts 2014; Horne, Hirst, and Atkinson 2015; Zeuss, Brunzel, and
Brandl 2017; Casanueva et al. 2020). Several hypotheses have been proposed to
explain variation in their body size; among them the temperature-size rule, TSR
(Atkinson 1994), which proposes that the development rate increases with tempera-
ture, thus the body size of adult specimens may be smaller in warmer areas, as well
as later in season. This rule has been applied to both uni- and multicellular organisms
(Atkinson, Morley, and Hughes 2006).

Odonates have an aquatic phase of variable duration in their life cycle, during which
successive moults occur allowing the larva to grow until it reaches the final stage
(Corbet 2004). A preliminary step towards biometric comparisons of populations is to
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check whether specimens in the same population have the similar size within the same
developmental instar. It has been shown that the size of adults varies between first
emerging and later emerging, both in damselflies (Plaistow and Siva-Jothy 1999) and
dragonflies (Minot, Le Gall, and Huste 2019), but not in all species (Wonglersak,
Fenberg, Langdon, Brooks, and Price 2020).

The onset and duration of the adult emergence period vary with geographic loca-
tion and environmental conditions, especially they depend on water temperature: the
higher the temperature, the earlier adult emerge (Corbet 2004; Hassall and
Thompson 2008; Farkas, Jakab, T�oth, Kalm�ar, and D�evai 2012). The northern half of
the Iberian Peninsula (approximately 40�–43�N) has a colder climate than the south-
ern half (approximately 36�–40�N) (Ninyerola, Pons, and Roure 2005). It seems
logical to assume that for the water temperature in the rivers of the northern half, it
takes more time to reach the minimum level to trigger the metamorphosis of aquatic
larvae. Therefore, there might be a considerable time lag in the onset of the emer-
gence period between the northern and southern halves (Casanueva, Hern�andez,
Campos, and Santamar�ıa 2017). This should also be taken into account when analy-
sing the biometry of populations of the same species over large geographical areas.
However, it is legitimate to ask whether the same divergence occurs at a local scale
when environmental conditions vary between nearby sites. Mountain rivers are a suit-
able setting to analyse the response of organisms to changes in environmental condi-
tions, as they flow through areas where these conditions change significantly.

Boyeria irene (Fonscolombe, 1838) (Odonata: Aeshnidae) is a large species (3–4 cm
of total length of larvae in the final stage, designated as F–0) living mainly in south-
ern Europe (Boudot et al. 2009). In the Iberian Peninsula, it behaves as a partivoltine
in the centre (Velasco, Norling, Campos, and Ferreras-Romero 2018) and bivoltine in
the south (Ferreras-Romero 1997), with a pattern of emergence suitable for a summer
species (sensu Corbet, 1954, 1964). A biometric analysis of exuviae has been per-
formed by Nunes, Casanueva, Santamar�ıa, Hern�andez, and Campos (2021) and
Ferreras-Romero and Suhling (2021) have analysed the morphological variation of
females in a population located in southern Spain.

In this paper, we present data on the adult emergence of B. irene in order to test
whether, in the same river (Francia River, western Spain), its emergence period differs
between zones and whether larval size varies during the emergence period and
between zones.

Material and methods

Study area

The Francia River is located in the hydrographic basin of the Tagus River, in west-
central Spain. Its length is 25 km, with a steep gradient, as it rises at 1320m above
sea level (a.s.l.) and flows into the Alag�on River at 405m a.s.l. In the period of
1972–2017, its historical average flow was 76 hm3 per year, with a maximum in
December (11.9 hm3) and minimum in August (0.5 hm3) (data available at www.
chtajo.es), measured at the Miranda gauging station, the only one on this river. The
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area has a Mediterranean climate with a warm, dry summer, according to K€oppen
and Geiger (1936).

In the study area, the Francia River flows through a large oak forest (Quercus pyre-
naica Willdenow), with the banks formed by large rocks, and through a gallery forest
of alder (Alnus glutinosa (L.) Gaertner) accompanied by ferns. At the mouth of the
river, the banks have poplar trees (Populus nigra Linnaeus), willows, alders and spe-
cies of the genera Carex Linnaeus and Typha Linnaeus. Other odonate species present
in the river sections analysed were Calopteryx virgo (Linnaeus, 1758), C. xanthostoma
(Charpentier, 1825), Pyrrhosoma nymphula (Sulzer, 1776), Aeshna cyanea (M€uller,
1764), Cordulegaster boltonii (Donovan, 1807) and Onychogomphus uncatus
(Charpentier, 1840), all of which are typical for mountain rivers in central Spain
(Santamar�ıa, Casanueva, Nunes, and Campos 2019).

Sampling

The exuviae were collected at three sections along this river, named Casas, Miranda
and Sotoserrano, whose characteristics are summarised in Table 1. The slope of each
section was calculated on a 1:2500 scale map at www.ign.es/iberpix2/visor. The collec-
tion of exuviae was done weekly, carefully inspecting the substrates (ground, emer-
gent vegetation, stones, tree trunks, logs, etc.) located in the river banks, always
between 06:00 h and 11:00 h GMT. They started to be found on 15 May 2020 and
ended on 19 August 2020, once no new exuviae appeared. The first week was from
15–21 May, the second week from 22–29 May, the third week from 30 May–6 June,
and so forth. On each sampling day, the same section of river was sampled. The
emergence phase was divided into two periods: P1 (0–50% of emerged adults) and P2
(51–100% of emerged adults).

The following variables were measured in each exuvia according to the criteria of
Wenger (1959): paraproct length (PA), epiproct length (EP) and prementum length
(PR). They are all expressed in mm and were obtained by the same person (FC) with
a stereomicroscope equipped with a millimetre eyepiece. These three variables were
chosen because in B. irene, they are the most suitable for intraspecies biometric ana-
lysis (Nunes et al. 2021). The sex of each exuvia was determined by the presence
(females) or absence (males) of gonapophyses. Damaged exuviae, lacking the abdo-
men, were not sexed.

For each biometric variable, normality tests (Shapiro-Wilk) and homogeneity
(Barlett’s) tests were performed. When these conditions were fulfilled, variables were
compared between sexes and among rivers through ANOVA, and when they were

Table 1. Characteristics of the three sampling sites in the Francia River.
Casas Miranda Sotoserrano

Coordinates 40�300N 06�250W 40�290N 06�000W 40�250N 06�000W
Altitude (m, a.s.l.) 595 545 405
Length of sampled stretch (m) 130 120 150
Tm (�C) 14.0 14.7 15.1
Annual precipitation (mm) 1124 946 971
Slope (m km–1) 32.0 16.4 3.8

Tm: annual mean temperature. Tm and precipitation from Ninyerola et al. (2005).
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not, they were compared using the Kruskal-Wallis test. These calculations were done
using STATA 12.1 software.

Results

A total of 410 exuviae were collected, and the sex could be determined in 405 of
them, distributed as follows: 127 in Casas (69 males, 58 females), 236 in Miranda
(113, 123) and 42 in Sotoserrano (21, 21). There were no significant differences in
sex proportions between the three sites (v21 ¼ 0.6853, p¼ 0.7099).

In all three sampling sections, adult emergence started in week 4 (June 22–28,
Figure 1), but its duration varied: it ended in week 13 (August 6–12) for the two
points located at higher altitudes (Casas and Miranda) and in week 10 (July 16–22)
in Sotoserrano. Therefore, the duration of the emergency period was seven weeks in
the final section of the river and ten weeks in the others.

The ratio (no. of exuviae collected/length of the distance travelled) was 0.977 in
Casas, 1.967 in Miranda and 0.280 in Sotoserrano, i.e., at the three points sampled, B.
irene was more abundant in Miranda, with twice as many exuviae as in Casas and
seven times more than in Sotoserrano.

The adult emergence curve is sigmoidal in the three river sections (Figure 1), but
50% of adults emerged in weeks 5–6 for Sotoserrano, in weeks 8–9 for Miranda and
in weeks 9–10 for Casas. The number of male and female adults emerged in periods
1 and 2 considered in this paper was statistically similar in Casas (23 males, 23
females in the first period, 46 males, 35 females in the second period; v21 ¼ 0.305,
p¼ 0.580), in Miranda (37, 48 and 76, 73; v21 ¼ 0.930, p¼ 0.334) and in Sotoserrano
(5, 6 and 16, 15; v21 ¼ 0.000, p¼ 1.000).

Paraproct length, epiproct length and prementum length were larger for the male
exuviae collected in the first period than in those collected in the second period,
except epiproct length in Sotoserrano (Table 2), with significant differences in Casas
and Miranda, but not in Sotoserrano (Table 3). Also, these three variables were larger
for the female exuviae collected in the first period than in those collected in the
second period (Table 2); and in this case, there was statistical significance at all three
sampling points, except paraproct length at Casas (Table 3).

Within each period, the values of the variables did not vary significantly between
sampling points, with the exception of PA in females (Table 4): PA was higher in
Miranda (4.08 ± 0.20, n¼ 49) than in Casas (3.95 ± 0.16, n¼ 23) and Sotoserrano
(4.00 ± 0.17, n¼ 6). Therefore, except for PA, for each period, the exuviae were of
similar size along the entire length of the river channel.

Discussion

In Anisoptera, large samples of exuviae have shown a slight but consistent pattern of
preponderance of females (Cordero-Rivera and Stoks 2008). At the three sampling
points in this study, the proportion of female exuviae was greater than that of male
exuviae only in the largest sample, but the differences were not statistically significant.
These results are consistent with those found in other rivers of the Iberian Central
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Figure 1. Cumulative number of Boyeria irene (Fonscolombe, 1838) exuviae collected over 14weeks
in the three sampling sections (Casas, Miranda, Sotoserrano) on the Francia River. Arrow indicates
the week in which 50% of adults had emerged.
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System, in which a balanced sex ratio at emergence has been recorded (Casanueva
et al. 2017).

Populations of B. irene located in warm areas of the southern Iberian Peninsula
(15 �C average annual temperature) show asynchronous emergence that lasts up to
150 days (Ferreras-Romero 1997). In the mountains of the Central System of Iberia,
the emergence of B. irene was analysed by Casanueva et al. (2017) in the River
Eresma (at 1200m a.s.l., with a mean annual temperature of 10 �C, located 172 km E

Table 2. Mean value (± SD) of paraproct length (PA), epiproct length (EP) and prementum length
(PR) in exuviae of Boyeria irene (Fonscolombe, 1838) sampled in three sections (Casas, Miranda,
Sotoserrano) from the Francia River during the first (P1) and second (P2) period (see text).

Casas Miranda Sotoserrano

P1 P2 P1 P2 P1 P2

PA Male 3.88 ± 0.16
(23)

3.77 ± 0.17
(46)

3.94 ± 0.17
(37)

3.78 ± 0.14
(76)

3.84 ± 0.04
(5)

3.81 ± 0.17
(16)

Female 3.96 ± 0.16
(22)

3.88 ± 0.15
(36)

4.08 ± 0.20
(48)

3.91 ± 0.15
(67)

4.00 ± 0.17
(6)

3.84 ± 0.14
(11)

EP Male 2.93 ± 0.15
(23)

2.81 ± 0.12
(46)

2.94 ± 0.12
(37)

2.81 ± 0.12
(74)

2.76 ± 0.21
(5)

2.78 ± 0.14
(16)

Female 3.05 ± 0.13
(21)

2.90 ± 0.14
(36)

3.09 ± 0.17
(48)

2.93 ± 0.13
(66)

3.03 ± 0.09
(6)

2.90 ± 0.27
(11)

PR Male 6.37 ± 0.23
(22)

6.22 ± 0.25
(41)

6.49 ± 0.19
(37)

6.19 ± 0.21
(69)

6.46 ± 0.13
(5)

6.21 ± 0.30
(15)

Female 6.73 ± 0.24
(21)

6.39 ± 0.20
(33)

6.70 ± 0.21
(46)

6.44 ± 0.24
(67)

6.78 ± 0.11
(5)

6.34 ± 0.19
(12)

In brackets, sample size.

Table 3. Values of ANOVA test (F) and Kruskal-Wallis test (H) and probability (p) comparing
paraproct length (PA), epiproct length (EP) and prementum length (PR) in periods P1 and P2 (see
text) in male and female exuviae of Boyeria irene (Fonscolombe, 1838) sampled in three sections
(Casas, Miranda, Sotoserrano) from the Francia River.

Casas Miranda Sotoserrano
Test p Test p Test p

Males PA F1,67 ¼ 6.240 0.0149 F1,111 ¼ 25.64 <0.0001 H¼ 0.207 0.6497
EP H¼ 8.166 0.0043 F1,109 ¼ 27.84 <0.0001 H¼ 0.015 0.9014
PR F1,61 ¼ 5.270 0.0251 F1,104 ¼ 50.59 <0.0001 H¼ 3.688 0.0529

Females PA F1,55 ¼ 3.650 0.0614 H¼ 24.459 0.0001 F1,18 ¼ 4.930 0.0394
EP F1,54 ¼ 15.200 0.0003 F1,116 ¼ 32.320 <0.0001 H¼ 5.333 0.0209
PR F1,51 ¼ 28.440 <0.0001 F1,115 ¼ 36.310 <0.0001 F1,18 ¼ 24.110 <0.0001

In bold, significant values.

Table 4. Values of ANOVA test (F) and Kruskal-Wallis test (H) and the probability (p) comparing
paraproct length (PA), epiproct length (EP) and prementum length (PR) in male and female
exuviae of Boyeria irene (Fonscolombe, 1838) sampled in three sections (Casas, Miranda,
Sotoserrano) from the Francia River during period 1 and 2 (see text).

Period 1 Period 2
Test p Test p

Males PA H¼ 2.940 0.2299 F2,135 ¼ 0.230 0.7928
EP H¼ 4.867 0.0877 F1,133 ¼ 0.470 0.6286
PR F2,61 ¼ 2.200 0.1195 F2,122 ¼ 0.340 0.7146

Females PA F2,73 ¼ 3.760 0.0280 F2,117 ¼ 1.470 0.2350
EP F2,72 ¼ 0.720 0.4896 H¼ 2.738 0.2544
PR F2,69 ¼ 0.320 0.7239 F2,115 ¼ 1.610 0.2047

In bold, significant values.
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of the Francia River), where emergence started almost ten weeks later than in the south,
with no data on when it ended (2016). In this same mountain range, but in the Fr�ıo
and Agad�on rivers (at 745–830m a.s.l., with 12.6 �C mean annual temperature
(Ninyerola et al. 2005), and 28–57 km W of the Francia River), the emergence started
on 4 June and lasted until September (Velasco et al. 2018). In the present study, carried
out at 400–595m a.s.l. and with 14.0–15.1 �C of mean annual temperature, the emer-
gence period started at the end of June and was remarkably short (7–10weeks depend-
ing on the points). However, in our case it is possible that some adults may have
emerged later in the season, as in the case with other anisopterans (Corbet 1957) and
were not detected. In odonates, emergence phenology can vary annually depending on
water temperature (Farkas et al. 2012), and a linear relationship between air and stream
water temperature has been shown (Erickson and Stefan 2000). This coincides with the
behaviour of B. irene in central Iberia. Our data show that, in addition, even within the
same river and for the same year, there may be a time lag in the duration of emergence:
the adults begin to emerge earlier in the river mouth, probably because the temperature
of the water is higher than in the other sections of the river at higher altitudes.

Our data are consistent with other studies in that females are larger than males
(Nunes et al. 2021). In both sexes, the first adults to emerge are larger than those
that emerge later. Several options can be proposed to explain this: a) Larvae can reach
large size before emergence either by foraging more intensively, or by prolonging the
larval stage (Falck and Johansson 2000). In large pond-dwelling Anisoptera, such as
Anax imperator Leach, 1815, the adults that emerge later are larger than those that
emerge earlier, perhaps because they have more time for larval development (Minot
et al. 2019). In mountain rivers, larval development may have a winter diapause in
F–0 instar larvae caused by low water temperature (case of Cordulegaster boltonii,
Ferreras-Romero and Corbet 1999). However, in warmer southern Iberia, B. irene
does not have this diapause (Ferreras-Romero 1997) and in central Iberia, which has
a colder climate, only a few larvae spend winter as F–0 (Velasco et al., 2018).
Therefore, this is a species with cohort splitting (Ferreras-Romero 1997; Velasco et al.
2018). Since body development is a function of the food obtained (Plaistow and Siva-
Jothy 1999), adults that emerge early in our study area must have reached a large size
(instar F–0), probably due to the availability to have sufficient food. b) In our study
area, few exuviae were found at the mouth (Sotoserrano sampling site), suggesting
that this site is less suitable for the species. The size of male exuviae at this site did
not differ between periods, but that of females did, suggesting that large size of
females is an important trait here. In odonates, the first adults to emerge have more
time to reproduce than the later ones (Plaistow and Siva-Jothy 1999). Furthermore, in
non-territorial species, large size confers advantages for females (Purse and
Thompson 2003). Males of B. irene are not considered territorial, although they do
patrol flights (Miller and Miller 1985). Minot et al. (2019) found in A. imperator, a
territorial species, a positive correlation between the size of the exuvia and the size of
the teneral adults, while Wonglersak et al. (2020) showed that in non-territorial ani-
sopterans wing length does not vary between adults that emerged earlier and later. If
the same is true for B. irene, then the larger size of females could provide advantages
in terms of fecundity (Wickman and Karlsson 1989).
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On the other hand, some odonates present a positive correlation between latitude
and body size (Hassall et al. 2014). Laboratory experiments carried out at constant
temperature with odonates show that body size decreases with the reduction of the
photoperiod (Johansson and Rowe 1999). So, within the species distribution range,
those specimens that occupy northern latitudes would be smaller than those from
southern ones. Our sampling was done in a geographically small zone, with no possi-
bility of latitude influencing size. However, some environmental factors vary here,
mainly the slope of the terrain, air temperature and probably water temperature. In
mountain rivers, the slope of the terrain and the consequent water drift, mainly influ-
ence the presence-absence of larvae rather than their size (Naman, Rosenfeld, and
Richardson 2016). In terms of temperature, the temperature-size rule suggests that
the body size of adult specimens may be smaller in warmer areas (Atkinson et al.
2006). Our results show that the size of B. irene exuviae does not vary along the river,
which suggests that the water temperature varies little between the three river seg-
ments studied.
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