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Abstract. Co-occurrence of species with similar trophic requirements, such as odonates, seems to depend both on them occupy-
ing different microhabitats and differing in their life-cycles. The life cycles of the dragonflies Boyeria irene and Onychogomphus
uncatus were studied in two consecutive years, mainly by systematic sampling of larvae in seven permanent head courses that
constitute the upper basin of the River Agueda, western Spain, in the central part of the ranges of these two species. The size
ranges of the last five larval stadia of both species were established based on biometric data. The eggs of the egg-overwintering
aeshnid hatched in late spring and early summer and for the gomphid hatching peaked in middle-late summer. Both species
showed mixed voltinism with “cohort splitting”. B. irene had a dominant three-year development (partivoltinism), with some devel-
oping in two years (semivoltinism). O. uncatus requires four, sometimes three years to complete development (all partivoltine). B.
irene larvae spent the winter before emergence in the last three, maybe four stadia, as a “summer species”. O. uncatus mainly

behaved as a “spring species”, most larvae spending the last winter in the final larval stadium.

INTRODUCTION

Co-occurrence of species with similar requirements is
possible in habitats with seasonal pulses of high productiv-
ity (Larson, 1985); likewise, in cold, less productive habi-
tats the co-occurrence of larvae of species of Anisoptera
with long life-cycles seems to rely on both the utilization
of different microhabitats and on differences in their life-
cycles (Corbet, 1999).

Current knowledge of the life cycles of Odonata is bi-
ased towards more northern temperate areas and to some
extent those with larvae that live in ponds. The Mediter-
ranean area is thus interesting in bridging the gap to the
subtropics. To determine the pattern of larval development
in nature it is nearly always necessary to sample larvae at
suitable intervals and determine the size-frequency distri-
bution and, for the last few stadia, the stadium-frequency
distribution. This knowledge is needed in order to under-
stand how life-cycles have adapted to different regions and
environments, and how seasonal regulation is achieved
(Corbet, 1999). The present study presents such data for
two lotic species in the Mediterranean area.
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Gomphid dragonflies typically occur in streams and
rivers, where larvae of the genus Onychogomphus Selys,
1854 live as burrowers, O. uncatus in sand, gravel and be-
tween stones (Suhling & Miiller, 1996). The aeshnid Boye-
ria irene (Fonscolombe, 1838) also develops in streams,
but its larvae live as claspers on the bottoms of streams.
Except in the early stadia they are dark and uniform in
colour, and exhibit reflex immobilization (Robert, 1958;
Corbet, 1999). Both B. irene and Onychogomphus uncatus
(Charpentier, 1840) range from Central Europe to northern
Africa, and some western Mediterranean islands (Askew,
2004; Boudot & Dommanget, 2015; Boudot et al., 2015);
but O. uncatus was last recorded on the borders of Swit-
zerland and Germany more than twenty years ago, and B.
irene persists only in one or two populations in Germany
(Suhling & Miiller, 1996; Clausnitzer et al., 2010). In the
broad sense both are restricted to the western Mediterra-
nean (Ferreras-Romero, 1999; Boudot et al., 2009).

Information on the life cycles of B. irene and O. unca-
tus throughout their distributions is relatively scarce. In
southern Spain B. irene is mainly a semivoltine “summer
species” (sensu Corbet, 1954, 1964; i.e., the winter be-
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Fig. 1. Map of the upper basin of the River Agueda and its location in the River Agueda catchment (b) and Duero catchment (a) on the
Iberian Peninsula. In red the location of the seven sites sampled in the study area: 1 — Agadén stream; 2 — Frio stream; 3 — river Agueda;
4 — Payo stream; 5 — Perosin stream; 6 — Rubioso stream; 7 — VVegas stream.

fore adult emergence was spent in several late stadia and
emergence is late and asynchronous) and it overwinters for
the first time as an egg (Ferreras-Romero, 1997). There is
also interesting information about egg development, for-
aging and reproductive behaviour in southern France and
NE Spain (Wenger, 1955, 1963; Jurzitza, 1967; Miller &
Miller, 1985).

On the other hand, O. uncatus lacks embryonic diapause
and in the field (southern France) eggs hatch about four
weeks after being laid (Schiitte et al., 1998). In southern
Spain this species has a protracted, flexible larval devel-
opment, completed in two or three years, and mainly has
summer species characteristics (Ferreras-Romero et al.,
1999). In southern France O. uncatus is known to develop
in three years (Shiitte et al., 1998), and may appear both as
a summer species (cf. above) and a spring species (sensu
Corbet, 1954, 1964; the winter before emergence mainly
spent in the last stadium, which results in an early and syn-
chronous emergence). Suhling (1995) records both types
of emergence patterns in two different populations about 2
km apart (Suhling & Miiller, 1996), probably explained by
differences in temperature conditions.

Flexibility in larval development and facultative voltin-
ism has opened the way for dragonflies to occupy cold, less
productive habitats at the cost of a longer larval life, e.g. at

higher latitudes and altitudes (Thompson, 1978; Norling,
1984; Corbet, 1999; Corbet et al., 2006). The main pur-
pose of this study was to compare the patterns of larval
growth and voltinism recorded for these two species on a
cold high plateau on the Iberian Peninsula, with the results
of previous studies done in the warm mountain ranges of
southern Spain (Ferreras-Romero, 1997; Ferreras-Romero
etal., 1999).

MATERIAL AND METHODS

The present study was carried out in the upper basin of the
River Agueda (River Duero basin), in the Sistema Central Moun-
tains, Salamanca province, western Spain (Fig. 1). This area cov-
ers 812 km? (Confederacién Hidrografica del Duero, 2018) at
an altitude mostly between 600 and 1400 m a.s.1., but reaching
1700 m a.s.l. in the western part of the upper river basin (Junta
de Castilla y Leon, 2018). The climate is Mediterranean with an
oceanic influence. The mean annual air temperature is 10°C and
the annual rainfall varies between 550 and 1200 mm, increasing
southwesterly due to the Atlantic influence (Ramirez & Reguera,
1995). The supramediterranean and mesomediterranean biocli-
matic types (Rivas-Martinez, 1987) characterize this landscape.
The arboreal vegetation is dominated by Pyrenean oak (Quercus
pyrenaica) and holm oak (Quercus rotundifolia).

The study sites were permanent stretches of seven upland
streams, about 745-900 m a.s.l., at roughly 40°20'N, 06°30°W
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Fig. 2. Monthly records, from March 2012 to February 2014, of the temperature of the water in Agadén and Frio streams.

(Table 1). In these watercourses, four other species of Odonata
existed as stable populations: Calopteryx virgo (Linnaeus, 1758),
Calopteryx xanthostoma (Charpentier, 1825), Pyrrhosoma nym-
phula (Sulzer, 1776), and Cordulegaster boltonii (Donovan,
1807) (Campos et al., 2013), but B. irene and O. uncatus were the
most abundant in larval samples.

After some exploratory collections in 2011, larvae were col-
lected monthly from March 2012 to February 2014, from the Frio
and Agadon streams. The collections were usually made at the
end of each month, using hand-nets with square mesh (one side
of a square = 0.25 mm) and the kick-sampling method (Suther-
land, 2006); at each visit water temperature in both streams was
recorded in situ to the nearest 0.1°C with a Crison Oxi 330 (Fig.
2). In five other streams (Table 1), larvae were collected four
times within the same period (June and September 2012; Janu-
ary and April 2013) using the same sampling method. To obtain
additional information about the larval growth season, exuviae
of stadia previous to the final one found in the water were also
collected and studied. Larvae and exuviae were preserved in the
field in 70% ethanol. Sampling effort exerted in the Agadon and
Frio streams (in each of them 24 samples were collected) was
six times greater than in sampling each one of other five streams
(only four samples from each of them).

The highest water temperatures recorded (°C) in Frio stream
were 19 (August 2013) and 16 (July and August 2012, July 2013)
and the lowest 5 (November 2013). The highest water tempera-
tures recorded (°C) in Agadon stream were 18 (July 2013) and 17
(July and August 2012, June and August 2013) and the lowest 4
(November 2013).

In the laboratory, the head width (HW) of each larva and the
length of the metathoracic (hind) wing sheaths (WSL), if present,

were measured using a Nikon SMZ800 binocular microscope
with an eyepiece micrometer (Ferreras-Romero, 1997); measure-
ments were subsequently reduced to the nearest 0.1 mm. The ratio
WSL/HW was also calculated to assist with stadium assignment
(Tennessen, 2017). Also the HW of each exuvia collected in the
water was recorded, although only an approximate measurement,
since the head capsule is split during ecdysis. On the basis of
these data each larva and every exuvia was either assigned to
one of the last five larval stadia or designated a “smaller larva”.
Here we follow the common practice, in designating the final,
penultimate and preceding stadia as F-0, F-1, F-2, etc. However,
it should be borne in mind that the total number of stadia in Odo-
nata is variable (Corbet, 1999, 2002).

The sex of each larva belonging to B. irene in one of the last
five stadia was determined according to the presence (female)
or absence (male) of gonapophyses on the ventral surface of the
eighth and ninth abdominal segments. In the case of O. uncatus,
male larvae in the final larval stadium were identified by the pres-
ence of subtle folds in the cuticle existing on the ventral side of
the second abdominal segment.

Presence or absence of a thick coating of allochthonous parti-
cles on the body surface, especially on the ventral surface of the
abdomens of larvae in the last three (B. irene) and two (O. unca-
tus) larval stadia gave an indication of how recently a larva had
moulted. Allocation of larvae to the categories “clean” or “dirty”
was not based on quantifiable criteria (Ferreras-Romero & Cor-
bet, 1999).

To roughly estimate the start of adult emergence of these two
species, exuviaec were collected biweekly throughout June and
July 2013, plus another search in late July 2014. To estimate the

Table 1. Location and habitat characteristics of the seven sites sampled: ID code, stream name, geographic coordinates, altitude (m a.s.l.),
type of stream bed (SA — sand; PE — pebble; SR — small rocks; LR — large rocks; BR — bedrock); water speed (m/s); watercourse width

m); presence (PV) / absence (AV) of riparian vegetation along the banks; and slope (%o).
(m);p (PV) (AV) of rip g g ; pe (%o)

ID Stream Coordinates Altitude Bed Speed Width Banks Slope
1 Agadon 40°29°02"N, 06°20°05"W 760 SR+LR 0.1 3.8 PV 12
2 Frio 40°19°20"N, 06°38°40"W 830 SR+LR 0.2 16.7 PV 4

3 Agueda 40°19°40"N, 06°44°02"W 800 PE+SR 0.3 15.1 AV +PV 8

4 Payo 40°18°03"N, 06°45°34"W 845 BR+PE 0.2 15.1 AV + PV 40
5 Perosin 40°18°57"N, 06°40°03"W 828 SA+SR 0 14.8 AV +PV 4

6 Rubioso 40°16°25"N, 06°47°03"W 900 SR+LR+BR 0.1 5 AV +PV 56
7 Vegas 40°27°03"N, 06°24°35"W 745 PE+BR 0.2 3.2 PV 20
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end of emergence, three additional samples of F-0 exuviae were
collected in August and September 2017.

RESULTS

Boyeria irene
Determination of larval stadia

From March 2012 to February 2014, 143 larvae were
collected and analysed. Criteria of assignment were head
width (HW), length of the metathoracic (hind) wing
sheaths (WSL), if present, and the ratio WSL/HW (Ten-
nessen, 2017). F-0 larvae could always be recognized un-
equivocally because they have the following features: HW
range 7.6-8.3 mm, and WSL 8.6-9.3 mm and reaching the
fourth abdominal segment (Fig. 3, Table 2); the ratio WSL/
HW was 1.07-1.13 (mean 1.11). Head width and wing-
sheath length of F-1 were discrete, WSL range 4.1-5.0
mm, and WSL/HW 0.64-0.71 (mean 0.68). Head width
of F-2 and F-3 larvae overlapped (4.9 mm), but WSL was
discrete, being 2.1-2.7 in F-2 and 1.5-1.9 in F-3; the ratio
WSL/HW F-2, 0.42-0.49 (mean 0.45), and F-3, 0.33-0.40
(mean 0.36). Apparently, because of the low number of lar-
vae studied, HW and WSL ranges of F-4 are discrete, WSL
1.0-1.4 mm and WSL/HW 0.26-0.33 (mean 0.29). Larvae
with a HW < 3.5 mm and WSL < 0.9 mm were assigned
to “smaller”.

Emergence dates

From early June 2013 to late July 2014, 141 F-0 exu-
viae (77 females) were collected. Both in Agadén and Frio
streams, the earliest exuviae were collected on 4 June 2013
(19 and 343, respectively). During this period, the last exu-
viae were collected on 24 July 2014 (173, 209) in Agadén
stream and on 25 July 2014 (1243, 179) in Frio stream. In
the additional samples collected in August and September
2017, 19 and 29 exuviae belonging to F-0 larvae of B. irene
were collected, in the Agadon and Frio streams, respective-
ly. The last exuviae were collected on 20 September (13,
29Q) from the Frio stream. Emergence is shown graphically
in the upper part of Fig. 4.

Larval development

Most of the relevant data are summarized in Table 2 and
Fig. 4. Due to the low number of larvae collected, the size
distributions are fragmentary, and data from all sites and
years are evaluated together. Hatching took place in late
spring and early summer. During the rest of the season
these larvae clearly increased in size to a range in HW of
2.6 to 4.2 mm, probably F-6 to F-4, in which they spent all
winter (their first as larvae) into spring. During the follow-
ing summer, their second in the larval stage, these larvae
grew slowly and many reached F-1, a few F-0, during au-
tumn, overwintered and emerged during the next summer,
thus completing their development in three years (partivol-
tinism). The relatively numerous overwintering F-2 larvae
must also have emerged the following summer, but their
origin and age may be complex.

From Table 2, it appears that the overwintering F-2 larvae
belonged to the cohort of older larvae, with a three year de-
velopment. This is reinforced by the absence of larvae clas-
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Fig. 3. Boyeria irene. Relationship between head width and wing-
sheath length of larvae collected at all localities. Broken lines sepa-
rate the last five stadia assigned to F-0 to F-4, the data for which
are presented as roundels in different shades of colour from black
to white.

sified as F-3 from August to March, and this gap separates
the F-2 larvae from the cohort of smaller larvae. However,
the actual sizes of the larvae, also shown in Fig. 4, indicate
that the relatively big F-4 (based on their HW and WSL) in
September —October may have functioned as F-3, which
gave rise to the small overwintering F-2 (Table 2). This
was also supported by the sample collected from Agadon
stream in 2011, but not included in this study, which in-
cluded four big F-4 larvae (HW range 4.0—4.4 mm, WSL/
HW ratios 0.30-0.32) already on 11 September. During the
following spring and summer the small F-2 produced small
F-1 (April and May) and F-0 (June), which then emerged.
They were semivoltine and contributed to the later part of
that years emergence. Maybe overwintering F-3 and some
large “F-4” that were not collected may have also emerged
during the following season, adding still later emergences
(September). Finds of exuviae support this scenario: one
F-4 in late September and one F-3 in early April.

The smaller F-4 larvae during winter and spring clearly
moulted into big F-3 from April to July and overlapped in
size with overwintering F-2 (Fig. 4). The latter had a WSL/
HW ratio of 0.43, compared to 0.37-0.39 in the similarly
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Table 2. Boyeria irene. Monthly range and mean of larval head widths (mm) of the last five stadia, and collectively of the smaller larvae,
from March 2012 to February 2014, all sites combined. In the heading, the numbers of larvae from Agadén and Frio are shown in paren-
theses. For each stadium, the total number of larvae measured each month are shown in square brackets. The monthly percentages for
each stadium for larvae only collected from Agadon and Frio are shown in parentheses. Evidence of recruitment is shown in bold and
italics. The likely moulting of the younger cohort into F-2 in the first year is indicated by arrows.

Months in 2012-2014 F-0 F-1 F-2 F-3 F-4 Smaller larvae
N =143 (105) N =6 (4) N =20 (17) N=13(9) N=9(9) N=15(12) N =80 (54)
March _ B B B 4.0[1] 2;(6;3?;40[33]
o .
(2012 & 2013) (8%) (6%)
6.2-6.5 [4] 3.1-341[2]
April - X =6.33 - ‘(1120[/1)] 4(3,/[1)] x=3.25
(12%) ° ¢ (-%)
45492 3.8-4.0[3] 0.9-3.1[2]
May ?2%0[/1; G(é)o/[;] - x=4.70 x =3.93 x = (different cohort)
° ° (22%) (25%) (4%)
7.6[2] 4.7-4.9[5] 0.7-1.3 [29]
June X =7.60 — — x=4.78 - x =0.96
(25%) (56%) (17%)
5.5-5.6 [2] 1.1-2.4 [10]
July - - x =5.55 ‘(11?0[/1)] - x=1.72
(22%) ° (19%)
6.5:6.9 [3] 5.5 [1] 1.8—_3.4 [16]
August - X=6.73 (11%) - - x=2.26
(18%) ° (30%)
6.6-7.0 [2] 5.2[1] 42 1] 2.4-3.4[8]
September — X =6.80 (-=%) - ('_o/) x =2.90
(12%) ° (11%)
6.8-7.1[2] 5.2 1] 3.9-4.2 [4] 2.6-3.2 [6]
October - X =6.95 x=5.20 - x =4.03 x =3.00
(12%) (11%) / (33%) (11%)
8.1[1] 6.6 [1] 5.3[1] B 3.7[1] 2.7 1]
November (25%) (6%) (11%) (8%) (2%)
6.6 [2] 5.4-5.5[2]
December - X =6.60 x=5.45 - - -
(6%) (22%)
J 8.2-8.3[2] 6.6-6.8 [4] 4.9-5.3 5] 4.11] 2.9-3.2[3]
anuary _ _ _ o =
(2013 & 2014) x=8.25 x=6.70 x=5.16 - (-%) x=3.10
(25%) (24%) (22%) (2%)
3.9-4.0 [3]
February - 7(&[1)] - - x =393 -
° (25%)

sized F-3. Later in summer, these F-3 gave rise to big F-2,
and these to the big overwintering F-1 and F-0. Some F-2
with this background may also have overwintered (HW:
5.4-5.5 mm). An exuvia assigned to F-4 found in late July
indicates that relatively small larvae were still around at
that time. So, the F-2 stadium in autumn could indicate the
start point of “cohort-merging” (Fig. 4).

During late autumn through winter (November —Janu-
ary) and in July, some F-2 larvae had a thick coating of
particles on the body surface, “dirty” larvae (Table 3), indi-
cating they had spent a long time in that stadium; so, there
was a slowing down of the growth of F-2 larvae during that
period. The occurrence of “clean”, recently moulted F-2
larvae from August to October indicate passage to the F-2
stadium during this period (autumnal growth, F-3—F-2).
Some may belong to the partivoltine component, but the
small F-2 larvae in September — October are quite likely to
be semivoltine. During April and May, overwintering F-2
larvae moulted to small, “clean” F-1 (probably the semi-
voltine component). Also in December a relatively big,

688

“clean” F-1 larva, which had recently moulted from the F-2
stadium (partivoltine component), was collected. “Clean”
F-0 larvae were found during spring and early summer, in-
dicating growth from F-1 to emergence. “Dirty” F-0 and
F-1 larvae found in autumn and winter were obviously
overwintering.

In the late autumn and winter samples (November—
March) the numbers of larvae in both F-1 and F-2 were
nearly three times greater than in F-0 (Table 2). Since only
a few larvae seemed to spend their last winter as F-0, B.
irene is a typical “summer species” sensu Corbet (1964).

Onychogomphus uncatus
Determination of larval stadia

From March 2012 to February 2014, 1726 larvae were
collected and analysed. Criteria of assignment were the
same as for B. irene. F-0 larvae could always be recog-
nized unequivocally as they have the following features:
HW 5.1-5.9 mm, and WSL 6.1-7.2 mm, which reach the
fourth abdominal segment; the ratio WSL/HW is 1.11-1.28
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Fig. 4. Kite diagram summarizing the larval development data of Boyeria irene, collected at all sites, from March 2012 to February 2014.
Likely development paths are shown shaded. Samples collected on similar dates are merged for practical reasons. “Clean” (newly moult-
ed) larvae were recorded for F-0 to F-2, and are indicated by being surrounded by white areas. The last five stadia, which were assigned
biometrically, are coded by different shadings. Round symbols, with stadium coding, are for exuviae collected in the water and assigned
to stadium categories (F-5 to F-1, and smaller), and roughly placed left of the sampling date and at an approximate head width, arrows
indicate the likely size increase at the moult. Each symbol for small larvae (pre-F-5) is sometimes based on many exuviae. Numbers of F-0
exuviae collected are shown as histograms for the inspection dates (width of columns 2 days). Inspections when no exuviae were found

“«»

are indicated by “-”. The single samples from 2014 are in grey.

(mean 1.22) (Table 4). There is almost a consistent overlap ~ Emergence dates

from F-1 to F-4 in all criteria, which indicate some uncer- In late June and early and late July 2013, 47 F-0 exu-
tainty in the assignment, in particular in the lower range.  vige (21 females) were collected. Both from Agadén and
Larvae with head widths less than 2.4 mm and wing-sheath  gr{o streams, the earliest and most numerous exuviae were
length less than 0.5 mm were assigned to “smaller”. F-3  .gjlected on 28 June (163 and 69, and 47 and 79, re-
and F-4 did in fact form a fused, relatively wide peak in  gpectively). During this period, the last exuviae were col-
both head width and wing pad length, which is separated  jected on 28 July (43 and 19) from Agadén stream. In the
from the peaks of both smaller larvae, and in particular  qditional samples carried out in August and September
from F-2 (Fig. 5). 2017, six F-0 exuviae (three females) were found, all in

Frio stream; the last on 8 September (23 and 19).

Table 3. Boyeria irene. Monthly records of “clean” (recently moulted) and “dirty” late stadium larvae, showing temporal patterns of moulting
into the three last stadia. Head widths (mm) of specimens are shown in parentheses.

Stadium F-2 F-1 F-0
Stream Agadén Frio st?;r;?r:s Agadon Frio st?(:g?r:s Agadén Frio st?;r;?r:s
Clean Oct (5.2) Aug (5.5) Sep (5.2) - Dec (6.6), May (6.0) Apr (6.2, 6.3) Jun (7.6) May (8.0) Jun (7.6)
Nov (5.3), Dec (5.4) Oct (7.1) Nov (6.6) Sep (7.0)
Dirty Jan (5.2, 5.3) 33;;((553) JS""; (;'3)' Dec (6.6) Feb (7.0) Jan (6.6, 6.7, 6.7, 6.8) Sep (6.6) 'j;’r‘:((gf)) Jan (8.3)
Jul (5.6) : o Mar (6.3, 6.5) Aug (6.5) :
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Fig. 5. Onychogomphus uncatus. Head widths (> 0.5 mm only) and
wing sheath lengths (> 0.4 mm only) of all samples collected from
Agadon and Frio streams. The last five larval stadia are shown as
assigned (F-4 to F-0) and some “smaller larvae” are included. Sta-
dium shadings are reminiscent of those in Fig. 6. Larvae with <1.9
mm head width (grey) always have wing sheaths <0.5 mm, but
this also applies to many of the larvae (black) just above this size.
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Table 4. Onychogomphus uncatus. Ranges in head widths (HW),
wing sheath length (WSL) in mm and their ratio (HW/WSL) for the
different stadium groups (number of larvae in parentheses). For
WSL and HW/WSL reduced ranges containing 90% or more of the
specimens are shown for some stadia. For HW/WSL mean values
are also given.

Stadium HW WSL WSL/HW (mean)
aSSIgnment
FON=54) 5159 6172  1.11-1.28 (122)
o 2134  055-0.79 (0.72)
FAN=55) 3744 980,23 34) (91% 0.64-0.79)
_ B 1423 043067 (0.52)
F-2(N=83)  31-37  (9g0,14-21) (94% 0.45-0.60)
s } 10-13  0.34-0.43(0.38)
F-3(N=69)  27-31 (94% 0.34-0.41)
_ B ] 0.21-0.40 (0.33)
FA(N=88)  24-27 0510 G0 03 050)
“smaller” <24 <0.5

Larval development

Most of the relevant data are summarized in Table 5
and Fig. 6. Also in this species the number of larvae sam-
pled varied greatly and was low for the last five stadia. A
preliminary analysis, with the data for streams and years
separated, indicated that the differences between the years
studied and the two continuously sampled streams, Frio
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Fig. 6. Kite diagram summarizing larval development of Onychogomphus uncatus from March 2012 to February 2014, based only on the
collections from Frio and Agadén streams. The graph is essentially similar to Fig. 4, but exuviae collected in the water are here shown
as ovals. Darker shading indicate possible cohort overlaps. Many samples collected on similar dates (span at most 11 days) are merged,
even across months, and assigned a weighted average date. To make it easier to read, parts of some large samples are reduced in scale
to the percentage indicated. “Clean” (newly moulted) larvae were recorded for F-0 and F-1 only.
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Fig. 7. Onychogomphus uncatus. High-resolution graph of the head widths of small larvae (HW < 1.2 mm). Hatchling larvae (HW < 0.4 mm)
were collected from late July to late November. There were also single larvae around HW 0.5 and 0.6 mm recorded in late July, and ca. 0.5
mm in June and early July, certainly from an older cohort. The smallest of these overwintering larvae formed a peak at HW 0.45-0.55 mm.

and Agadon, were minor or non-existent. Therefore, the  sampling sites in other streams (Table 1) were not included

data from Frio and Agadon, and the different years, were  in Fig. 6.

pooled. The more scattered data from the supplementary The smallest larvae (HW around 0.35 mm) were collect-
ed in late August and September, but slightly bigger larvae

Table 5. Onychogomphus uncatus. Monthly range and mean of larval head widths (mm) of the last five stadia, and collectively for the
smaller larvae, from March 2012 to February 2014, all sites combined. The table is arranged in the same way as Table 2.

Months in 2012-2014 F-0 F-1 F-2 F-3 F-4 Smaller
N =1726 (1368 N =54 (37 N =55 (39 N =83 (64 N =69 (56 N =88 (74 N = 1377 (1098
(1368) (37) (39) (64) (56) (74) (1098)
March 5.2-5.9 [2] 3.1-3.6 [5] 2.8-3.0[3] 2.5[2] 0.7-2.2 [28]
x =5.55 - x=3.34 x=2.93 x=2.50 x=1.45
(2012 & 2013)
(5.40%) (7.81%) (5.36%) (2.70%) (2.55%)
5.1-5.7 [11] 3.7-4.419] 3.1-3.6 [9] 2.7-3.0[8] 24-2.7[7 0.4-2.2 [54]
April x =542 x =3.97 x=3.37 x=2.79 x =254 x=1.51
(8.11%) (12.82%) (4.69%) (5.36%) (8.11%) (3.01%)
5.2-5.6 [4] 4.0-4.4 [4] 3.1-3.7 [14] 2.7-3.1 [6] 2.4-2.7 [11] 0.5-2.3 [65]
May x =5.42 x=4.20 x=3.35 x=2.90 x=2.53 x =1.46
(10.81%) (10.26%) (21.87%) (10.71%) (14.86%) (5.92%)
5.3-5.4 [4] 3.8-4.4 7] 3.1-3.6 [22] 2711] 2.4-26[12] 0.5-2.3 [151]
June x=5.35 x=4.20 x =3.35 - x =247 x=1.05
(5.40%) (10.26%) (20.31%) (=%) (8.11%) (3.10%)
4.0-4.4 [4] 3.1-3.7 [4] 2411] 0.4-2.3[120]
July - x=4.22 x=3.40 - g '350/) x=0.91
(10.26%) (6.25%) oo (10.93%)
5.60 [1] 3.8:4.3 [6] 3.1:3.7 [4] 2.711] 2411] ca. 0.3_—2.2 [231]
August (2.70%) x=4,12 x=3.37 (1.79%) (1.35%) x =0.60
: (15.38%) (6.25%) : ’ (21.04%)
5.4-5.7 [14] 3.8-4.2[10] 3.3-3.7 [5] 2.7-3.0[7] 2.4 -2.71[8] ca. 0.3-2.3 [408]
September x =5.52 x =4.04 X =3.46 x =2.84 x=2.52 x =0.67
(18.92%) (10.26%) (6.25%) (7.14%) (8.11%) (25.05%)
5.2-5.8 [3] 3.9-4.11[2] 2.7-2.9 [6] 2.40-2.60 [6] 0.4-2.2 [75]
October x =5.57 x =4.00 - x =2.80 x =245 x =1.07
(8.11%) (5.13%) (10.71%) (8.11%) (6.83%)
5.3-5.7 [5] 2.4-2.6 [4] 0.4-2.2 [29]
November x =5.50 (326[2/]) (:15.26[3/]) (:13';9[2/]) x =2.50 x =0.81
(13.51%) R R e (5.41%) (2.64%)
5.5-5.7 [4] 3.9[1] 3.3-3.6 [5] 2.7-3.0 [11] 2.4-2.7[10] 0.4-2.1 [69]
December x =5.57 (2.56°/) x =3.50 x=2.77 x =2.55 x =0.86
(10.81%) IR (7.81%) (19.64%) (13.51%) (6.28%)
Janua 5.30-5.80 [4] 3.7-4.2 8] 3.1-3.5[9] 2.7-2.9[15] 2.4-2.6 [17] 0.4-2.3 [71]
(2013&2%/14) x=5.55 x =3.91 x=23.32 x=2.80 x=2.51 x=1.19
(10.81%) (12.82%) (9.37%) (19.64%) (16.22%) (5.74%)
5.1-5.6 [2] 4.1-4.3[3] 3.3-3.6 [5] 2.7-3.0 [10] 2.4-2.719] 0.4-2.3 [76]
February x=5.35 x =4.20 x=3.40 x=2.84 x=2.54 x =0.96
(5.40%) (7.69%) (7.81%) (17.86%) (12.16%) (6.92%)
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Table 6. Onychogomphus uncatus. Monthly records of “clean” (recently moulted) and “dirty” late stadium larvae, showing temporal patterns
in moulting into the two last stadia. Head widths (mm) of specimens are shown in parentheses.

Stadium F-1 F-0
Stream Agadon Frio Other streams Agadoén Frio Other streams
o 'zﬂfa%’ (jf)4 4 Apr (3.9) Apr (3.9, 4.0) Jun (5.3) Sep (5.4, 5.5, 5.5, 5.6, 5.6)
oy Jun (3.8) Sep (4.0, 4.1) ' Aug (5.6) Jun (5.4, 5.4)
Clean Jul (4.2) Sep (5.6)
Sep (3.8, 3.9) Jul (4.0) Sep (3.9) Oct (5.2, 5.7, 5.8) Sep (5.5, 5.5, 5.6) Apr (5.5)
Oct (3.9) Sep (3.9) Jun (4.4) Sep (5.6)
Jan (3.7, 3.8, 3.9, 4.2) Jan (3.9, 4.0) Jan (5.4)
Jan (3.9) Feb (4.1) Jun (3.9) Feb (5.1, 5.6)
Feb (4.2, 4.3) Apr (3.9, 4.0, 4.0) Apr (3.9) Mar (5.2, 5.9) Jan (5.3, 5.7, 5.8) Apr (5.5,5.7)
Dirt Apr (4.4) May (4.2, 4.2) Sep (4.2) Apr (5.1, 5.5) Apr (5.4) Apr (5.4, 5.5)
Y May (4.4) Jul (4.3) Sep (4.2) May (5.2,5.4,5.5,5.6) Sep(5.4,5.4,5.7) Sep (5.4)
Jul (4.4) Aug (3.8,4.2,4.3) Jan (3.9) Jun (5.3) Dec (5.5) Apr (5.3,5.3,5.4)
Aug (4.1) Sep (4.2), Oct (4.1) Apr(3.7) Nov (5.3,5.4,5.5,56,5.7)
Nov (4.3), Dec (3.9)  Sept (4.2) Dec (5.5, 5.6, 5.7)

(HW just below 0.4 mm) were found in late July to late
November. The latter formed the sharp peaks recorded in
August—September (Fig. 7), the time when the smallest
larvae are also present. A re-examination of the samples
indicated that all these larvae were hatchlings, and that
the smallest head widths were often the consequence of
preserving still soft and fresh specimens. There were also
single larvae around HW 0.45 and 0.55 mm in late July,
and 0.45 to 0.48 mm in June and early July (Fig. 7), almost
certainly belonging to an older cohort.

In the following we consider the first season (or summer)
in their development to be the one when hatching took
place, before the first winter. During the first autumn these
larvae slowly grew to a size with a head width of less than
1 mm, in which they spent their first winter, some evidently
having only moulted once (Fig. 7).

After the first winter as larvae, during the second sum-
mer, most of the larvae grew slowly and during their
second winter had a HW between ca. 1.2-2.2 mm. This
growth rate correlated well with their slow growth in the
first autumn. Simultaneously, some fast-growing larvae
might have had a HW of up to 3 mm by achieving a very
high growth rate during their second summer-autumn (Fig.
6, darker shading); but the samples were often small and
irregular, and the cohorts now confluent. The biggest of the
latter larvae were classified as F-3 (Table 5).

After their second winter, interpretation of growth be-
comes increasingly uncertain because of overlap between
cohorts. Of those overwintering with head widths of 1.2 to
2.2 mm, at least the smaller spent their third winter in the
F-3/F-4 stadium peak, which possibly overlapped that of a
younger cohort (Fig. 6, darker shading). This slow path of
development was similar to that recorded for most larvae
in the previous seasons (two youngest cohorts). Simulta-
neously, some larvae in this cohort probably reached F-2,
or even F-1 in their third winter, and consequently some
specimens completed their development in three years.

Those spending their third winter in F-3/F-4 stadia, at
least started to enter F-2 in May (exuvial finds, cf. Fig. 6).
From June onwards there was an indication of a cohort
split, in which many of the bigger larvae (F-2), probably
coming from the F-3/F-4 peak, reached F-0 by the follow-
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ing winter (the fourth), and so developed in four years.
There were virtually no F-3 from June to August, but sam-
ples were very small and did not clearly corroborate the
split. If any larvae spent their second winter in F-3/F-4,
then these could have developed in three years.

From late October to early April (cf. Fig. 6), which is
probably the winter period, at least for big larvae, there
were 21 F-0 and 14 F-1. Overwintering F-0 larvae started to
emerge in the latter part of June, and considering that they
may continue to emerge into August and even September,
at least the overwintering F-1 should have emerged. The
“clean” newly moulted F-0 in June in Agadoén, indicated in
Fig. 6, and two in Perosin stream, shown in “other streams”
in Table 6, support this. Possibly even some overwintering
F-2 could join the emerging cohort as “clean” F-1 larvae
were found already in late April (Fig. 6; Table 6) in the Frio
and Agueda streams. Otherwise, on entering F-1 during
summer, larvae evidently developed slower (many “dirty”
larvae), delaying entry into F-0 until late summer (many
“clean” F-0 larvae), and then entering a winter diapause.
Thus, in a spring cohort split, the emerging cohort should
have come from overwintering F-1 and F-0, and perhaps
some overwintering F-2 larvae.

The “clean”, newly moulted larvae occurred only in the
period from April to October (Table 6), a time when water
temperatures generally are above ca. 10°C (Fig. 2). “Dirty”
F-1 larvae seemed to be present all year round, compat-
ible with a slow summer development and reaching F-0
with a delay. “Clean” F-1 larvae may have peaked in early
summer (mostly big specimens) and early autumn (6 small
specimens), possibly with a minimum in August, although
a F-2 exuvia (Fig. 6) indicated the presence of “clean” F-1
larvae at that time. A few clean early summer F-0 larvae, es-
sentially at the beginning of the emergence period, indicate
that they may have overwintered in F-1 and were shortly
likely to emerge. A peak in “clean” F-0 in August— October
indicates termination of a long-day diapause of F-1.

DISCUSSION

Voltinism is not easily determined in species that take
several years to complete their larval development, be-
cause the inevitable overlap between size groups blurs the
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distinction between different year-class cohorts (Corbet,
1999). On the other hand, the phenomenon called “cohort
splitting” (Norling, 1984) can enable some “outlier” mem-
bers of a cohort to emerge either one year sooner (Corbet,
1957) or one year later than the rest of the cohort (Cor-
bet et al., 2006). As a result of a cohort split, slow larvae
spend an extra year (e.g., growth in three years) and over-
winter as big larvae in an advanced stadium (F-1 or F-0),
whereas fast larvae overwinter for the last time in an earlier
stadium. When, in spring—early summer, the latter reach
more advanced stadia, they are usually smaller (e.g. Nor-
ling, 1971), which is thought to be a consequence of a time
stress (e.g., Stoks et al., 2008).

In the present study in the Sistema Central Mountains,
western Spain, most Boyeria irene larvae develop in three
years (partivoltinism) with a only a few developing faster
and completing their development in two years (semi-
voltinism). Conversely, in the Sierra Morena Mountains,
southern Spain, B. irene is mainly a semivoltine species
(Ferreras-Romero, 1997), with only a few completing their
development in three-years.

The reason for this difference is likely to be the tempera-
ture of the water, especially the minimum winter tempera-
tures. In the Sistema Central Mountains growth apparently
stops in late autumn during the period November — Febru-
ary, when water temperatures are always below 10°C (Fig.
2), when the number of F-1 and F-2 larvae, although low,
was relatively constant (Table 2). However, in the warmer
winters in the Sierra Morena Mountains, where the water
temperature never dropped below 10°C, growth continues
slowly during the cool season, when in December ca. 50%
of the larvae were F-2 and 15% F-1, but in February ca.
50% were F-1 (Ferreras-Romero, 1997).

Eggs laid the previous summer hatch during May and
June. This confirms the observation of Wenger (1963)
that the first winter is spent in the egg stage. The young
larvae-grow during summer and early autumn, and some
are likely to reach F-2 before winter (Fig. 4). The time
of emergence of this species extends until September in
both the central and southern parts of the Iberian Peninsula
(Ferreras-Romero & Corbet, 1995). So, only in the period
from May to June do larvae belonging to three consecutive
hatching cohorts co-exist. Overwintering eggs and “sum-
mer species” characteristics (sensu Corbet, 1954, 1964) are
common features of these populations.

Head-widths of F-2 and F-3 overlap, but wing-sheath
lengths are discrete. This is also the case in the popula-
tions in the Sierra Morena Mountains (Ferreras-Romero,
1997). However, a reliable stadium assignment of small
and middle sized larvae could be difficult or even impossi-
ble. Calculating the WSL/HW ratio, resulted in ranges and
mean values that are similar to those reported by Tennes-
sen (2017) for North American species, which is helpful.
It is well known that Odonata, even within a population,
vary in growth ratios recorded at moults and in the number
of stadia required to complete development, and this may
be both intrinsic and affected by diapause, food and time
stress (e.g. Corbet, 2002). As proposed earlier, during au-
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tumn, the relatively big larvae assigned to F-4 (HW around
4.2 mm) may develop as F-3 and, together with possibly
unrecorded F-3, give rise to the small overwintering F-2
(Fig. 4). During the following spring and summer, these
continue developing as the smallest F-1 and F-0.

The average growth ratio for the supposed two moults,
from relatively big “F-4” (HW 4.1 mm) to the relatively
small springtime F-1 (HW 6.3 mm) is 1.24, which is a
reasonable figure for fast development. If this is calcu-
lated over three moults the ratio is just 1.15, a low value,
which may even indicate starvation or diapause (Corbet,
2002). For the extremes, 4.2 mm (biggest F-4) and 6.0 mm
(smallest F-2), the average ratio for two moults is no more
than 1.195, a not unusual value for older larvae. In west-
ern Spain (present study), these larvae are the semivoltine
component of the population, with the possible addition in
spring of a few fast growing overwintering larvae devel-
oping as F-3. All these larvae grow steadily and emerge
throughout summer.

The small F-4 (HW 3.7-3.9 mm), and even smaller over-
wintering specimens, eventually undergo slow develop-
ment during summer, probably due to long-day induced
diapauses, which are postponing emergence and ultimately
preparing for the next winter. These have smaller growth
ratios and undergo one additional moult, mostly producing
big overwintering F-1 (the average growth ratio for three
moults from 3.9 mm to 6.7 mm is 1.20). This indicates
that the critical size in spring associated with the cohort
split separating those that emerge from the slower larvae is
somewhere between a 4 and 5 mm head width (the “win-
ter critical size” in Norling, 1984; Fig. 4). However, the
emerging cohort is poorly represented in the samples, and
the timing of the split is not well defined.

When many larvae reach F-2 to their first winter and
some or most larvae overwintering in F-3 will emerge in
summer, it would enable many larvae overwintering as F-3
and F-2 to develop in two years, a not uncommon pattern
in aeshnids. This interpretation of the life cycle, shown in
Fig. 4, is reminiscent of the life histories of Aeshna record-
ed in ponds in southern Sweden, e.g. A. viridis (Norling,
1971, 1984, Fig. 4). Like the B. irene populations, these
species overwinter as eggs, and often have a mixed 2 or
3 year development, and a summer species pattern with a
low frequency of overwintering F-0. However, their lar-
val habitats and climatic conditions, with both higher and
lower temperatures, are very different.

It is nevertheless interesting to compare it with 4. vir-
idis (Norling, 1971). In this species, the junior cohort could
complete an additional stadium before winter than B. irene,
with some reaching F-1, whereas most of the senior co-
hort, because of summer diapause, remained in F-1, dur-
ing which cohorts merged (Norling, 1971, Fig. 5). In some
years with slow growth the merging occurred in F-2 (Nor-
ling, 1971, Fig. 3), as apparently occurs in B. irene. In A.
viridis the cohort split in spring roughly separated larvae
overwintering in F-3 and bigger (accelerated semivoltine
emerging cohort) from smaller larvae (delayed 3-year co-
hort). This is similar to that suggested here for B. irene.
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Our results support the conclusion that in the Sistema
Central Mountains, in western Spain, Onychogomphus un-
catus has a protracted, flexible larval development and a
partivoltine life cycle. Larvae hatching from eggs laid in
summer possibly segregate into “fast” and “slow” com-
ponents, which complete development in three and four
years, respectively, and pass their last winter in mainly
the two last stadia, in particular F-0. The number of lar-
vae with a three-year development may be low. Unlike
what seems to happen in the Sierra Morena Mountains, in
southern Spain (Ferreras-Romero et al., 1999), semivoltin-
ism appears not to exist in these O. uncatus populations.
Although the emergence period may change from one year
to another, according to our records (Fig. 6) it begins in the
second half of June, apparently with a peak, and extends
sporadically until the beginning of September.

This species is reported not to undergo an embryonic
diapause and in the field (southern France) eggs start de-
veloping as soon as laid and hatch during the second half
of summer, about four weeks after being laid with no evi-
dence of egg overwintering except that oviposition was
observed so late that the temperature then would have pre-
vented hatching (Schiitte et al., 1998). According to Schiit-
te et al. (1998), hatchlings in France have a head width of
around 0.4 mm. In the present study, the larval recruitment
period peaked in August— September, but hatchlings were
present from July to late November, indicating a drawn out
recruitment correlating with the few adults emerging late.

The smallest recorded winter larva (HW ca. 0.45 mm)
should have moulted no more than once. In June and early
July there were still single larvae of this size, and in late
July, there were also single larvae in this and the following
stadium (ca. 0.55 mm). These were certainly not from the
same season’s oviposition, in late July the first distinct sta-
dium peak of those that hatched the previous season, which
had HWs of between 0.6 and 0.7 mm (Fig. 7). Therefore,
a few eggs may have overwintered and hatched in spring,
as suspected by Schiitte et al. (1998). This can be seen as
a continuation of a late autumn hatching. Facultative egg
overwintering is reported for the gomphids Gomphus fla-
vipes and Ophiogomphus cecilia (Schiitte, 1998; Wilder-
muth & Martens, 2014).

Growth is very slow during the first autumn, and the first
winter is spent in very early stadia, after 1 to 3 moults (Fig.
7). Due to low water temperatures in winter, the size range
in early spring is identical (Fig. 6). Similar slow first year
growth is also recorded in the Sierra Morena Mountains
(Ferreras-Romero et al., 1999).

In the second year of growth cohorts become indistinct.
After the spring-autumn growth, HW in the second winter
appeared to range between 1.0 and 3.0 mm (F-3), but the
larvae with HWs above 2 mm seem doubtful, and would
require an extremely high growth rate in early summer,
which is contrary to their otherwise slow growth. This
seems to require 3—4 moults between May and July. How-
ever, in warmer southern Spain such increases in the rate of
development seem to occur in March—April, followed by
a relative stasis (Ferreras-Romero et al., 1999). Since the
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present samples were collected at several sites, a variation
in growth rate is likely, but speculative.

During the third year of growth, cohort separation is not
possible. Larvae that had HWs of ca. 1 and 2 mm after
their second winter (slow component), mostly reached F-4
to F-2 stadia. The fused peak of F-4 and F-3, containing
the bulk of these larvae, is remarkable. It is well separated
from both F-2 and smaller larvae, but F-4 and F-3 are not
separated. The separation is so narrow that all F-4 except
the smallest (2.5 mm and above) would, with a more nor-
mal (Corbet, 2002) growth ratio of 1.23, reach the size of
F-2 after moulting. Although it is not discernible in the
scattered data, it may be a peak with a common history,
approximately corresponding to the F-3 of Schiitte et al.
(1998). It may later develop with different numbers of
moults. This must happen when the number of stadia is not
constant. A minimum of 2.3 mm might argue for this sce-
nario, perhaps harking back to a separation between age-
cohorts. If the larvae that overwinter as F-4 and F-3 are
in their third winter, they will mostly develop in 4 years,
spending the last winter in F-1 or F-0. If it is their second
winter, which seems unlikely, they make it in three years.

In the following spring, larvae in F-4/F-3, irrespective
of their age, seemed to be involved in a cohort split. Lar-
vae that probably passed the winter in F-4/F-3 grew slowly
during summer, undergoing weak long-day diapauses, and
finally reached F-0 during the shorter late-season photo-
periods (Norling, 1984; Corbet, 1999). Some F-2 larvae in
May and June may have moulted directly from big larvae
assigned to F-4. At the same time a gap formed in the size
range of F-3, the putative cohort split, but later a frequen-
cy gap was not evident in the small samples. However,
in southern France, Schiitte et al. (1998), in a population
developing mainly in three years, found consistent winter
frequency peaks in F-3 (penultimate winter) and F-0, and
a minimum in F-2 (final winter) due to a cohort split. This
type of split anticipates the spring cohort split before win-
ter, and is typical for early-flying species (Norling, 1984),
but might not have been distinct in the slower growing
population studied.

The subsequent fate of the overwintering F-2 larvae is
uncertain. Some of these larvae probably enter F-0 and
overwintered in diapause after delayed development,
whereas other overwintering F-2 larvae might join the
emerging cohort of that summer, as they do in southern
France (Schiitte et al., 1998), if they reach F-1 early, as can
happen in April (Fig. 6). This cohort split above or within
F-2 separates emerging and overwintering cohorts, but the
split here is largely invisible due to the paucity of data,
except perhaps for a gap in the occurrence of F-0.

So, the emerging cohort consists of larvae that spent the
previous winter in the two last stadia, and possibly some
in F-2. Higher numbers of F-0 than F-1 larvae during au-
tumn and winter (late October to early April), and a prob-
able early peak in emergence, are “spring species” (sensu
Corbet, 1964) characteristics of this population. However,
the possible contribution of some overwintering F-2, and
some rather late emerging specimens, are summer species
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characteristics. Populations of this species are best char-
acterized as an intermediate, transitional type (Paulson &
Jenner, 1971; Ferreras-Romero et al., 1999). According to
the two-step photoperiodic reaction demonstrated in many
temperate zone dragonflies, this means that in spring, lar-
vae that are above the critical size (here F-1 and perhaps
some F-2) accelerate their development in long days, and
proceed to emergence. Larvae starting below this size fi-
nally, often when reaching F-2 or bigger, undergo diapause
of variable intensity in response to long days, a diapause
which is usually terminated by the short late-season days,
when a short-day diapause is induced. This is also true of
the B. irene population studied here.

In the study of Schiitte et al. (1998), the spring-summer
species characteristics are also ambiguous. In the three last
stadia, where the winter before emergence was spent, there
was a distinct peak in F-0 in the winter samples (50% or
more of the last-winter larvae), and the lowest number in
F-2, forming a winter minimum, probably due to an early
cohort split. This can be expected to produce a spring spe-
cies type of emergence, but ending somewhat late. How-
ever, for three years, there was a typical summer species
emergence profile from this river, which remains to be ex-
plained, but this species emerged in a spring-species fash-
ion from an adjacent river, where environmental conditions
probably enabled more of the larvae to complete their de-
velopment to F-0 before emergence. This may suggest that
all these populations are intermediate in their characteris-
tics. Emergence can take place from larvae overwintering
in the two or three last stadia, but weak regulatory respons-
es before the final stadium simultaneously seems to allow
a frequency peak in F-0, and often a spring species profile.

In B. irene, and many other more typical summer spe-
cies, emergence is from larvae that overwintered in one
of the three or four last stadia, and strong regulatory re-
sponses in summer can counteract an F-0 peak (e.g. some
Aeshna species; Norling, 1971; Corbet, 1999) and prevent
an early emergence peak.

This study confirms that the common practice of assign-
ing field collected larvae to particular stadia, especially
those smaller than the two or three last stadia, is difficult.
For example, the interpretation of larval development in
B. irene requires a leap from apparent F-4 to the F-2 stadi-
um. Evidence is also provided of how voltinism and larval
growth differ in different environmental conditions on the
Iberian Peninsula, in particular at sites with different win-
ter water temperatures. Finally, whereas B. irene has a typ-
ical aeshnid summer species pattern of development and
phenology, O. uncatus seems to bridge the gap between a
spring and summer species by means of a gradual transi-
tion, as proposed by Pauson & Jenner (1971).
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