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Abstract. A two-variable analysis of male and female Cordulegaster boltonii larvae (head 
width and hindwing sheath length) in specimens from five Iberian populations was carried 
out with the objective of ascertaining whether these traits differ between populations. 
The results indicate that the southernmost population (Los Alcornocales, Andalusia) have 
larger sizes for both variables and a lower growth rate between the penultimate and final 
stadia. Winter water temperatures, which may cause a longer arrest of larval growth in 
northern populations, and possible differences in the number of larval stadia could be the 
origin of the size divergences.
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Introduction

Cordulegaster boltonii (Donovan, 1807) is a species widely distributed throughout 
the western Palaearctic. It ranges from North Europe (southern Scandinavia) to 
Northwest Africa (Morocco) (Boudot & Holuša, 2015; Dijkstra et al., 2020). Cordule-
gastrid dragonflies typically occur and breed in lotic waters, generally small streams 
and brooks, where larvae of the genus Cordulegaster Leach, 1815 live as shallow 
burrowers in the sediment. This species is widespread throughout all the mountain-
ous areas of the Iberian Peninsula (Portugal and Spain) and is often locally abundant.

Information on the life cycle of C. boltonii throughout its distribution range is 
sparse (Brettfeld, 1989; Corbet et al., 1960; Lloyd & Ormerod, 1992; Ormerod 
et al., 1990; Schütte, 1997). In the Sierra Morena Mountains (southern Spain) 
C. boltonii presents itself mainly as a partivoltine ‘spring species’ sensu Corbet 
(1954, 1964), with its larvae spending the winter before emergence in the last two 
stadia (mostly in F-0), but a low proportion of the larvae require only two years to 
complete their development (semivoltinism). Emergence takes place early in the 
year and in a relatively synchronized manner, and the species skips an embryonic 
diapause (Ferreras-Romero & Corbet, 1999). Current knowledge of the life cycles 
of Odonata is biased towards more northern temperate areas and to some extent 
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those with larvae that live in ponds (Norling, 2021). The 
Mediterranean area is thus interesting in bridging the 
gap to the subtropics. 

Little is known about how geographical location of 
a population may affect the biometric peculiarities of 
C. boltonii. Recently, differences in the wing venation 
between northern and southern Iberian Peninsula pop-
ulations of C. boltonii have been found, which also differ 
with regard to the venation patterns found in European 
populations inhabiting regions outside that peninsula 
(Nunes et al., 2023). Likewise, Iberian populations dif-
fer regarding head width and prementum size in final-
stage exuviae (Casanueva et al., 2020; Hernández et al., 
2022). Larval growth rates of this species have not been 
analyzed until now on a broader geographical scale 
such as the Iberian Peninsula. Using anatomical char-
acteristics of larvae, the aim of this study is to demon-
strate the existing differentiation in both larval size and 
growth rate between C. boltonii specimens from five 
Iberian areas located from near the Strait of Gibraltar 
(warmer) to the Pyrenees (colder).

Material and methods

In the Iberian Peninsula, five mountainous were selected 
and specified as “Pyrenees”, “Sierra La Culebra”, “Central 
System”, “Sierra Morena”, and “Los Alcornocales”, respec-
tively. The first three of these are situated in the northern 
half, and the other two in the southern half (Fig. 1). The 
first belongs to the Iberian Euro-Siberian region, and the 
other four to different bioclimatic zones of the Mediter-
ranean region. Their basic characteristics of altitude (m 
a.s.l.), mean annual temperature (°C), and annual pre-
cipitation (mm) are summarized in Table 1. In each area, 
1–5 streams were sampled. For the calculations, the data 
from all the streams were pooled per area. 

Larvae were collected using hand nets and fixed in 
70% ethanol, except those from the Sierra La Culebra 
and Central System, which were measured in situ and 
returned to the water. The preserved larvae are now de-
posited in the Science Museum of the University of Na-
varra (Pyrenees) and the personal collection of Manuel 
Ferreras-Romero (Sierra Morena and Los Alcornocales).

Figure 1. Distribution of the five areas sampled (red dots) on the Iberian Peninsula: Pyrenees, Sierra La Culebra, Central Sys-
tem, Sierra Morena and Los Alcornocales. Shaded area: altitude ≥ 1000 m a.s.l.. The dashed line roughly separates the Euro-
Siberian Region (ER) from the Mediterranean Region (MR).
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Two characteris tics were analyzed for each specimen: 
head width (HW), i.e., the maximum distance between 
the lateral margins of the compound eyes, and the length 
of the right metathoracic (hind) wing sheath (WSL), each 
measured to the nearest 0.1 mm. On the basis of HW 
and WSL, each larva was either assigned to one of the 
last three instars or considered a ‘smaller larva’ (Ferreras-
Romero & Corbet, 1999). Here we follow common prac-
tice, designating the final, penultimate, and antepenul-
timate stadia as F-0, F-1, and F-2, respectively. The sex 
of each larva was identified according to the presence 
(female) or absence (male) of gonapophyses on the ven-
tral surface of the eighth and ninth abdominal segments. 
Growth rates (GR) for HW and WSL were calculated by 
dividing the mean value for a stadium by the mean value 
for the preceding stadium (Tennessen, 2017).

Differences between sexes for each studied were 
subjected to an ANOVA in STATA 12.1 software, after 
verifying that the criteria for normality and homoge-
neity of variance were met. If this was not the case, a 
non-parametric Kruskal-Wallis analysis was performed. 
Pairwise comparisons of the two variables were also 
made with STATA 12.1 software for both sex and instar 
for from the different areas of the Iberian Peninsula.

 Using Past 3.15 software (Hammer et al., 2001), a 
clustered multivariate analysis was conducted to group 
the variables in a quest to achieve maximum homoge-
neity in each group and show up the greatest difference 
between the groups. In this analysis, the unweighted 
pair-group average (UPGMA) was used as an algorithm, 
and the Euclidean and constrained distances as the sim-
ilarity indices. Clusters are joined based on the average 
distance between all members in the two groups. With 
a bootstrapping of N = 10,000, the percentage of sup-
port is given in each of the nodes.

Results

A total of 1256 larvae of C. boltonii (602 males, 654 
females), that were in one of the last three stadia of 
development, were analyzed. Of these, 35 (16 males, 
19 females) were from the Pyrenees, 166 (81, 85) from 

the Sierra La Culebra, 388 (185, 203) from the Central 
System, 432 (205, 227) from the Sierra Morena—only 
the Bejarano stream—, and 235 (115, 120) were from 
Los Alcornocales.

Differences between sexes

In all the areas analyzed, the values in both HW and 
WSL were higher in females than in males in the larvae 
of the three instars studied (Table 2). These differences 
were always statistically significant, except for HW (F-1 
and F-2 stadia) and WSL (F-2 stadium) from the Pyre-
nees (Table 3). Therefore, these two vari ables had to be 
analyzed separately for males and females.

Differences within sexes

Average values of HW differed sig nificantly between 
male larvae (F-0, F-1, and F-2) from Los Alcornocales 
and those examined from the other areas (Ta ble 4). 
However, for WSL this was only true in F-1 and F-2 sta-
dia since the F-0 larvae from Los Alcornocales and the 
Central System had similar average values. With regard 
to the females, the average values of both HW and WSL 
for the three stadia analyzed were again significantly 
higher in larvae from Los Alcornocales than in those 
from the remaining four areas (Table 5).

Geographical variation

The clustered multivariate analyses of the two variables 
revealed quite similar grouping patterns in both males 
and females, although with different distances between 
groups and support percentages (Fig. 2). The F-0 larvae 
from northern areas (Pyrenees, Central System, and 
Sierra La Culebra) appear grouped, while those from 
southern locales (Sierra Morena and Los Alcornocales) 
are separated from each other and from the aforesaid 
group. A fairly similar grouping pattern emerged for F-1 
female larvae. The groupings of the F-2 larvae of both 
sexes were different from the previous ones, but again 
positioned those from Los Alcornocales clearly separated 
from our samples from the four remaining areas (Fig. 2).

Table 1. Some characteristics of the five sampling areas in Spain: latitude and longitude as decimal coordinates, altitude in m 
above sea level, Tm (mean annual temperature) in °C, and Pa (annual precipitation) in mm. Tm and Pa were obtained from 
AEMET (2023). * location of the natural park’s administration offices.

Pyrenees Sierra La Culebra Central System Sierra Morena Los Alcornocales

Province Navarra & Huesca Zamora Segovia & Ávila Córdoba Cádiz
Municipality Bértiz Ferreras de Arriba San Ildefonso Sta. María de Trassierra Alcalá de los Gazules*
Latitude 43.1611 41.8967 40.8488 37.9366 36.4721
Longitude -1.6306 -6.1971 -4.0179 -4.8488 -5.7243
Altitude (m a.s.l.) 280 899 1200 400 130 - 620
Tm (°C) 12.7 9.9 10.1 16.5 17.6
Pa (mm) 1716 782 1075 769 824
Sampling period 2001-2016 2023 2017-2018 1990-1992 1999-2005
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Growth rate

In the five areas here compared, the GR for head width 
for the moult from F-1 to F-0 varied from 1.24 to 1.34, 
whereas the GR for hindwing sheath length varied from 
1.95 to 2.11. The range of variation for both values in 
females fall within those seen in males (Table 6). Like-
wise, the GR for head width for the moult from F-2 to 
F-1 varied from 1.20 to 1.31, whereas the GR for hind-
wing sheaths varied from 1.76 to 1.99.

In males, the highest growth rates between F-2 
and F-1, for both HW and WSL, were found in larvae 
from the Central System (Table 6). For their part, the 
F-1 and F-0 instars of the larvae from the Pyrenees ex-
hibited higher growth rates than those recorded from 
larvae from the remaining sampling areas. In females, 
the highest HW growth rates were again noted in our 
samples from the Central System (step F-2/F-1) and the 
Pyrenees (step F-1/F-0). However, the highest growth 
rates for WSL, both moults, were recorded in larvae 
from the Pyrenees (Table 6). The lowest growth rates 

in the final larval moult (F-1 to F-0), in both sexes and 
for both HW and WSL, were seen in the larvae from the 
southernmost population (Los Alcornocales), followed 
by the one from the Sierra Morena.

Discussion

Previous works have demonstrated that males and 
females of Iberian C. boltonii differ in larval biometry 
(Casanueva et al., 2020; Ferreras-Romero & Corbet, 
1999). Females are larger in size than of males in both 
larvae and F-0 larva exuviae (Hernández et al., 2022). 
Our results indicate that this is also true for larvae of 
the last three stadia of development at the five areas 
here investigated and probably throughout the Iberian 
Peninsula.

Growth rate (F-0/F-1) value ranges obtained for 
HW in this work (1.24-1.34) are within those observed 
by Tennessen (2017) who compared nine species of 
American odonates (1.15–1.44). Likewise, our range is 

Table 2. Mean values ± SD of wing sheath length (WSL) and head width (HW) (both in mm) in larvae of males and females of 
Cordulegaster boltonii from five Iberian sampling areas (sample size in brackets).

Instar Pyrenees Sierra La Culebra Central System Sierra Morena Los Alcornocales

Males WSL F-2 2.33 ± 0.10 (6) 2.37 ± 0.20 (34) 2.19 ± 0.26 (56) 2.13 ± 0.20 (51) 2.60 ± 0.25 (43)
F-1 4.19 ± 0.87 (4) 4.17 ± 0.50 (19) 4.37 ± 0.26 (15) 4.05 ± 0.23 (44) 4.63 ± 2.21 (25)
F-0 8.85 ± 0.51 (6) 8.70 ± 0.44 (28) 9.06 ± 0.34 (114) 8.24 ± 0.24 (110) 9.06 ± 0.30 (47)

HW F-2 4.93 ± 0.27 (6) 4.98 ± 0.17 (34) 4.74 ± 0.23 (56) 4.75 ± 0.19 (51) 5.23 ± 0.24 (43)
F-1 5.93 ± 0.30 (4) 6.26 ± 0.21 (19) 6.17 ± 0.23 (15) 6.00 ± 0.20 (44) 6.55 ± 0.21 (25)
F-0 7.97 ± 0.24 (6) 7.96 ± 0.13 (28) 7.94 ± 0.21 (114) 7.51 ± 0.18 (110) 8.13 ± 0.18 (47)

Females WSL F-2 2.37 ± 0.42 (6) 2.49 ± 0.24 (31) 2.52 ± 0.18 (54) 2.32 ± 0.20 (53) 2.79 ± 0.23 (42)
F-1 4.68 ± 0.31 (9) 4.69 ± 0.41 (17) 4.72 ± 0.32 (22) 4.44 ± 0.19 (52) 4.94 ± 0.29 (24)
F-0 9.70 ± 0.61 (4) 9.41 ± 0.32 (37) 9.73 ± 0.28 (127) 8.90 ± 0.35 (122) 9.88 ± 0.31 (54)

HW F-2 5.27 ± 0.32 (6) 5.24 ± 0.23 (31) 5.04 ± 0.23 (54) 5.10 ± 0.21 (53) 5.56 ± 0.17 (42)
F-1 6.64 ± 0.12 (9) 6.71 ± 0.25 (17) 6.61 ± 0.25 (22) 6.41 ± 0.18 (52) 7.01 ± 0.21 (24)
F-0 8.68 ± 0.17 (4) 8.56 ± 0.19 (37) 8.48 ± 0.20 (127) 8.12 ± 0.19 (122) 8.76 ± 0.27 (54)

Table 3. Statistical analysis between the sexes of Cordulegaster boltonii larvae in wing sheath length (WSL) and head width 
(HW) of the stadia F-0, F-1, and F-2. F: ANOVA, M: Kruskal-Wallis test, p: probability. Significant values are in boldface.  

Instar Variable Pyrenees Sierra La Culebra Central System Sierra Morena Los Alcornocales

F-0 WSL F = 25.3 
p = 0.001

M = 35.224 
p = 0.0001

F = 617.89 
p = 0.0001

M = 165.29 
p = 0.0001

M = 68.31 
p = 0.0001

HW F = 5.74 
p = 0.043

M = 46.276 
p = 0.0001

M = 146.21 
p = 0.0001

M = 142.53 
p = 0.0001

F = 179.11 
p = 0.0001

F-1 WSL M = 7.714 
p = 0.0055

M = 17.1 
p = 0.0001

F = 29.19 
p = 0.0001

F = 108.48 
p = 0.0001

F = 58.33 
p = 0.0001

HW M = 0.595 
p = 0.440

M = 18.572 
p = 0.0001

F = 12.54 
p = 0.0011

M = 48.941 
p = 0.0001

F = 18.95 
p = 0.0001

F-2 WSL F = 4.04 
p = 0.072

F = 4.37 
p = 0.0406

F = 51.26 
p = 0.0001

M = 48.137 
p = 0.0001

M = 32.945 
p = 0.0001

HW M = 0.028 
p = 0.8728

F = 27.12 
p = 0.0001

M = 48.771 
p = 0.0001

F = 24.31 
p = 0.0001

F = 12.97 
p = 0.0005
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quite similar to the range given by Schütte (1997) for 
the first nine stadia of C. boltonii in southern France 
(1.23–1.38). On the other hand, throughout the five ar-
eas here compared, the GR for hind WSL was constantly 
higher for the moult from F-1 to F-0 than that for the 
previous moult (Table 6). Thus it can be stated that Ibe-
rian C. boltonii larvae exhibit WSL growth rates that are 
similar in variation between stadia to those recorded 
from other Odonata species (Tennessen, 2017). How-
ever, this progressive increase of GR in the last two de-
velopmental stages did not always occur for HW in both 
males and females (Table 6). Probably, each population 
has adapted its growth rates to the environmental con-
ditions under which it develops.

Within the Iberian Peninsula, the sizes of some 
C. boltonii structures vary with the geographical situa-
tion of the individual populations. Indeed, the premen-
tum sizes of F-0 exuviae are greater in southern popula-
tions than in northern ones, in both males and females 

(Hernández et al., 2022). El Haissoufi et al. (2018) and 
Casanueva et al. (2020) analyzed head width in exuviae 
of F-0 larvae (only females) from Iberia and North Africa 
and showed that those from the Rif Mountains (Moroc-
co) are clearly larger than those inhabiting the Iberian 
Peninsula. These authors did neither study specimens 
from the Pyrenees (the northern limits of Iberia) nor 
Los Alcornocales (the southern tip of Iberia), but the Rif 
Mountains are located only about 150 km south of Los 
Alcornocales. 

In the present study, the data obtained from lar-
vae of the last three developmental stadia once again 
showed biometric differences across the Iberian Pen-
insula. The highest average values were found in the 
southernmost population (Los Alcornocales); the cli-
mate in the Iberian south is similar to that of North 
Africa. Our results demonstrate that the C. boltonii 
larvae from our sample sites Pyrenees, Sierra La Cule-
bra, and Central System, i.e., the three northern areas 

Table 4. Pairwise comparisons of wing sheath length (WSL) and head width (HW) in male larvae from the five areas analyzed. 
1: Pyrenees, 2: Sierra La Culebra, 3: Central System, 4: Sierra Morena, 5: Los Alcornocales. For each variable, the diagonal 
separates the values of pairwise comparisons of means (lower zone) from the probability value (upper zone). Statistically 
significant values are in boldface.

Instar Variable Area 1 2 3 4 5

F-0 WSL 1 0.832  0.508  0.0001 0.517
2 -1.05   0.0001 0.0001 0.0001
3 1.58  -5.39 0.0001 1.000
4 -4.65  6.98 -19.55 0.0001
5 1.57  -4.83  0.1  15.1

HW 1  0.818  0.372 0.0001 0.921
2 -1.08  0.334 0.0001 0.0001
3 -1.81  1.87 0.0001 0.0001
4 -5.21  11.09 -13.66 0.0001
5 0.83  -4.68  8.3  18.84

F-1 WSL 1  1.000  0.861  0.935 0.104
2 -0.08  0.423  0.668 0.0001
3 0.99  -1.73  0.014 0.128
4 -0.78  1.34  -3.22 0.0001
5 2.48 -4.52  2.38  6.96

HW 1 0.043 0.260  0.962 0.0001
2 2.83 0.745  0.0001 0.0001
3 2.03  1.21  0.070 0.0001
4 -5.21  4.4  -2.64 0.0001
5 5.42 -4.47  5.44  10.25

F-2 WSL 1 0.998  0.612  0.222 0.054
2 0.31  0.006 0.0001 0.0001
3 -1.43  3.45  0.543 0.0001
4 -2.11 -4.72 -1.53 0.0001
5 2.72 -4.57  8.87  10.12

HW 1 0.984  0.228  0.284 0.009
2 0.53  0.0001  0.0001 0.0001

 3 -2.09  5.22  0.999 0.0001
4 -1.97  4.91  0.25 0.0001
5 3.34 -5.31 11.6  11.13



Hernández, Casanueva, Oscoz ...  Campos Geographical variation in size of final stadia of Cordulegaster boltonii larvae

82International Journal of Odonatology │ Volume 27 │ pp. 77–84

studied in this work, appear grouped in our analysis 
and are separated from those from the two southern 
areas. 

However, the sizes of the larvae from the Pyrenees, 
Sierra La Culebra, and the Central System are larger 
than those of the larvae from the Sierra Morena popu-
lation, located at a lower latitude. Consequently, our 
results only partially agree with what was suggested by 
Hernández et al. (2022) on the adjustment of the species 
C. boltonii in the Iberian Peninsula as per Bergmann’s in-
verse rule (Bergmann, 1847; Mousseau, 1997), because 
specimens are not always smaller at higher latitudes. 
Many scientists have posited that ectotherms may dis-
play a “converse-Bergmann” cline, in which organisms 
are smaller in colder climates and larger in warmer 
ones, a theory inspired by the heat-dependent growth 
rates and metabolic rates of ectotherms (Makarieva et 
al., 2005; Winterhalter & Mousseau, 2008). However, 
Shelomi (2012) concluded that Bergmann’s rule, in any 

variation or definition, can never be readily assumed to 
apply to insects.

The variation in size recorded in the present work 
could be partially explained by the higher environmen-
tal temperature average in the southern parts of the 
Iberian Peninsula (IGN, 2019 and Table 1), which as a 
consequence promotes higher water temperatures. Al-
titude and temperature are two factors related to each 
other (Montgomery, 2006), which would also explain 
why the larvae from Los Alcornocales, located mainly 
in watercourses at below 400 m a.s.l., are the largest. 
According to Suhling et al. (2015), growth rate in odo-
nates increases with temperature, although there is an 
optimum temperature for growth for each species, but 
this value is as yet unknown for C. boltonii.

However, the F-0 larvae from Los Alcornocales, even 
though they were the largest throughout the areas ana-
lyzed, were the ones with the lowest growth rates. This 
fact is not readily understood. It suggests that the larvae 

Table 5. Pairwise comparisons of wing sheath length (WSL) and head width (HW) in female larvae from the five areas analyzed. 
1: Pyrenees, 2: Sierra La Culebra, 3: Central System, 4: Sierra Morena, 5: Los Alcornocales. For each variable the diagonal 
separates the values of pairwise comparisons of means (lower zone) from the probability value (upper zone). Statistically 
significant values are in boldface.

Instar Variable Area 1 2 3 4 5

F-0 WSL 1  0.435  1  0.0001 0.818
2  -1.7  0.0001  0.0001 0.0001
3  0.16  -5.24  0.0001 0.0001
4  -4.94  8.61 -20.47 0.0001
5  1.08  -6.81  2.93 18.78

HW 1  0.818  0.372  0.0001 0.921
2  -1.08  0.334  0.0001 0.0001
3  -1.81  1.87  0.0001 0.0001
4  -5.21 11.09  13.66 0.0001
5  0.83  -4.68  8.3 18.84

F-1 WSL 1  1  0.996  0.133 0.121
2  0.12  0.998  0.014 0.044
3  0.38  -0.32  0.001 0.064
4  -2.36  3.22  -3.94 0.0001
5  2.41  -2.82  2.68  7.27

HW 1  0.928  0.998  0.025 0.0001
2  0.81  0.626  0.0001 0.044
3  0.3  1.41  0.002 0.0001
4  -3.03  5.1  -3.82 0.0001
5  4.56 -4.57  6.44 11.65

F-2 WSL 1  0.726  0.447  0.986 0.0001
2 1.24  0.943  0.007 0.0001
3 1.68 -0.75  0.0001 0.0001
4 -0.51  3.43  -4.89 0.0001
5 4.47 -5.9  -5.96 10.51

HW 1 0.998  0.115  0.369 0.014
2 -0.29  0.001  0.036 0.0001
3 -2.42 4.04  0.665 0.0001
4 -1.81 2.87  1.34 0.0001
5  3.2 -6.44  11.84 10.53
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from this population are larger by consequence of other 
factors driving growth rate that were not analyzed in this 
work. Improved availability of food (Corbet, 2004) and 
significantly more moderate winter water temperatures 
could facilitate larval growth with hardly any season-in-
duced interruptions (Molina Rodríguez et al., 2022). On 
the other hand, the number of times Odonata moult be-
tween hatching and metamorphosis to the adult stage 
varies from 9 to 17 (Corbet, 2004). The total number of 
stadia appears to vary also within species, and an egg 
mass from a single female can produce nymphs that 
undergo different numbers of moults despite their be-
ing subjected to identical environmental conditions and 

feeding rates (e.g., Tennesen, 2017). It is probable that 
the larvae of the southernmost population pass through 
a higher number of instars to reach the final one.

On the other hand, in Boyeria irene (Odonata, Aeshni-
dae) larvae, another Iberian rheophilic species, latitudi-
nal variation in size has been recorded between popula-
tions from the southern half of the peninsula, with lar-
vae of the F-1 and F-0 stadia being larger in populations 
from the southernmost locales than in those at more 
northern latitudes (Molina Rodríguez et al., 2022). Our 
results for C. boltonii in the southern half of the Iberian 
Peninsula confirm that they follow a similar pattern of 
latitudinal size variation .

Figure 2. Dendrograms grouping the five areas analyzed based on head width and wing sheath length of the three final larval 
stadia of Cordulegaster boltonii. Numbers at nodes indicate bootstrap support for that particular branch.

Table 6. Growth rates during the three final stadia of larval development in Cordulegaster boltonii males and females of the 
five sampling areas.

Instar Pyrenees Sierra La Culebra Central System Sierra Morena Los Alcornocales

Males WSL F-2 / F-1 1.795 1.765 1.993 1.907 1.777
F-1 / F-0 2.113 2.085 2.073 2.033 1.958

HW F-2 / F-1 1.203 1.258 1.303 1.264 1.251
F-1 / F-0 1.345 1.272 1.287 1.252 1.242

Females WSL F-2 / F-1 1.977 1.886 1.870 1.914 1.771
F-1 / F-0 2.074 2.007 2.061 2.005 1.999

HW F-2 / F-1 1.261 1.281 1.311 1.257 1.260
F-1 / F-0 1.307 1.275 1.283 1.267 1.250
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Finally, the increase in environmental temperature 
recorded in the Iberian Peninsula (AEMET, 2023) has 
undoubtedly brought about higher water temperatures 
in the streams where C. boltonii develops. If the tem-
perature increases, the duration of the larval period 
can be expected to be shortened, as is suggested by the 
fact that this species spends 2–3 years as a larva in the 
Sierra Morena (Ferreras-Romero & Corbet, 1999), but 
more years in northern Europe where temperatures are 
lower (Donath, 1987; Schütte, 1997). Whether this fac-
tor also causes larvae to be larger or smaller is some-
thing that needs to be investigated in the future.
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