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Abstract

The life history of Boyeria irene is inferred from size-frequency analyses of sweep-net samples taken during five
years in a permanent stream in the Sierra Morena Mountains. There the species is apparently mainly semivoltine,
although a few larvae require three years to complete development. The instar distribution during winter is that of
a ‘summer species’ (sensu Corbet, 1954). Metamorphosis is confined to spring and there is a long flying season.
Similarities between B. irene and congeneric species in North America are discussed.

Introduction

The term ‘voltinism’ denotes the number of genera-
tions completed within a year: thus a population com-
pleting one generation a year is described as univol-
tine, two generations a year as bivoltine, if one gen-
eration requires two years to be completed as semi-
voltine and more than two years as partivoltine. With
regard to their mechanisms of seasonal regulation,Cor-
bet (1954, 1964) recognized two major categories of
north-temperate Odonata: ‘spring species’ that pos-
sess a winter diapause during the last larval instar and
that typically show a brief, synchronised emergence
in spring or early summer; and ‘summer species’ that
lack a winter diapause in the last larval instar and that
typically show a less synchronised emergence later in
the year.

Most studies of voltinism in European Odona-
ta have been in north-temperate latitudes and have
revealed regressions of voltinism on latitude (Norling,
1984). The few corresponding studies of Odonata from
southern Europe reveal patterns of voltinism (Aguesse,
1955, 1968; Ferreras-Romero, 1991) and phenology
(Ferreras-Romero & Corbet, 1995; Ferreras-Romero
& Puchol-Caballero, 1995; Suhling, 1995) that are
richly informative when considered against a latitude
gradient. The objective of the present study was to char-

acterise the life history of an odonate with a relatively
long generation time in a locality near the southern
limit of its distribution so that the species’ voltinism
there could be compared with populations at higher
latitudes.

The genus Boyeria comprises B. grafiana
Williamson, 1907 and B. vinosa (Say, 1839) in North
America, B. maclachlani (Selys, 1883) in Japan,
B. sinensis Asahina, 1978 in China, B. irene (Fons-
colombe, 1838) in Europe (Davies & Tobin, 1985) and
B. cretensis Peters, 1991 in the Mediterranean island of
Crete. B. irene ranges from northern Africa to Switzer-
land, central France, parts of Italy, and some Mediter-
ranean islands (Askew, 1988).

Information on the life history of species of Boy-
eria is sparse. Preliminary observations have been
published on voltinism of B. irene in southern Spain
(Ferreras-Romero, 1994); and brief accounts exist of
its egg development, diel periodicity, foraging and
reproductive behaviour in southern France (Miller &
Miller, 1985) and Spain (Wenger, 1955, 1963). In
North America observations on egg diapause (Walker,
1958) and voltinism (Paulson & Jenner, 1971; Smock,
1988; Galbreath & Hendricks, 1992) contribute to our
knowledge of B. vinosa.
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Methods

The study site, Bejarano Stream (37� 560N, 4� 520W),
is ca. 400 m a.s.l. close to Sta. Maria de Trassier-
ra, Cordoba, Andalusia, Spain, in the Sierra More-
na Mountains. It is a small, permanent, mountain
stream with a closed canopy of alder (Alnus gluti-
nosa (L.)), elm (Ulmus minor Miller), chestnut (Cas-
tanea sativa Miller) and hazel (Corylus avellana
L.) over most of its length. The stream where this
study was carried out supports secure populations of
B. irene, Cordulegaster boltonii (Donovan) and Ony-
chogomphus uncatus (Charpentier), and smaller pop-
ulations of Calopteryx haemorrhoidalis (Vander Lin-
den) and Aeshna cyanea (Müller) (Ferreras-Romero,
1994; Ferreras-Romero & Corbet, 1995). The stream
apparently contains no fish. At the sampling site, its
width is 2–5 m and mean depth is 35–50 cm. On
June 13, 1990 properties of the water were: conductivi-
ty 0.5 �S cm�1, HCO�

3 303.78 mg l�1, SO=
4 55.68 mg

l�1, CO=
3 30.18 mg l�1, Cl� 14.90 mg l�1, Ca++

(soluble) 77.66 mg l�1, Mg++ 24.12 mg l�1, Na+

11.73 mg l�1 and K+ 0.39 mg l�1.
Between June 1989 and May 1992, larvae were col-

lected monthly (except during November 1989) using
two hand nets (mesh size measured along one side
of a square = 0.25 mm), one with a triangular mouth
(each side of frame 30 cm) and the other with a square
mouth (each side of frame 15 cm); larvae were also
collected in September and October 1992. Larvae were
also collected before June 1989, but at irregular inter-
vals. Each month sampling effort was standardized
so that, within a period of 180 min, three subsam-
ples were taken, ca. 100 m apart, each from a stretch
ca. 30 m long. Because the smallest instars are usual-
ly not adequately sampled by hand nets (see Lawton,
1970), their frequency was presumably underestimat-
ed during the period after hatching from the egg (see
Johnson, 1986). At each visit water temperature, mea-
sured to the nearest 0.5 �C, was recorded between 0900
and 1100 G.M.T. The highest water temperature (�C)
recorded was 19 (August 21, 1989, September 4, 1990,
August 3 and 18, 1992) and the lowest was 10 (Janu-
ary 22, 1992).

Throughout the emergence periods exuviae were
collected. From April 25 to October 12, 1992 the
stream was visited at 5-day intervals. At each visit
exuviae were collected exhaustively from all possible
emergence sites, along a standard strip of one bank
ca. 300 m long (Ferreras-Romero & Corbet, 1995).

In the laboratory the head width (maximum dis-
tance across the compound eyes) and the length of
metathoracic wing-sheaths were measured to the near-
est 0.1 mm using a Nikon binocular microscope with
an eyepiece micrometer; the number of abdominal seg-
ments covered by the metathoracic wing-sheaths was
also recorded. On the basis of head width and wing-
sheath length each larva was assigned to one of the last
three instars, these being designates as follows: last,
F-0; penultimate, F-1; antepenultimate, F-2. The sex
of each larva was determined according to the pres-
ence (female) or absence (male) of gonapophyses on
the ventral surface of the eighth and ninth abdominal
segments.

Presence of a thick coating of allochthonous parti-
cles on the body surface, especially on the abdominal
venter (‘clean’ vs ‘dirty’ larvae), and hardness and
darkness of the integument were also recorded in lar-
vae of the later instars.

Within F-0, interecdysial development was moni-
tored by recording changes in the compound eyes and
wing-sheaths. It was assumed that metamorphosis had
begun when mesial migration of the facetted area of
the compound eyes could first be discerned, and that
it was advanced when this migration had reached its
full extent and when the wing-sheaths were heavily
swollen.

Results

Determination of instar classes

From June 1989 to May 1992, 911 larvae were collect-
ed (average 26.1 larvae/sample); 23 and 32 larvae were
collected in September and October 1992, respective-
ly; and 156 larvae were collected from May 1988 to
May 1989.

F-0 larvae could always be recognised unequivo-
cally by possession of the following features: head
width 7.4–8.8 mm, and wing-sheaths 8.0–9.4 mm and
reaching to the fourth abdominal segment.Head widths
of female F-0 (mean 8.08� 0.02 (S.E.), range 7.7–
8.8 mm, N = 80) were significantly greater than those
of males (mean 7.81� 0.02 (S.E.), range 7.4–8.4 mm,
N = 79) (t-test = 7.575, df = 157, P<0.05).

Head width of F-1 (6.1–7.2 mm) and F-2 (4.8–
6.3 mm) larvae overlap (Figure 1), but wing-sheath
length are discrete, being 3.9–4.8 in F-1 and 2.0–2.8
(exceptionally 1.9–3.1 mm) in F-2. In F-1 and F-2
the wing-sheaths extend to halfway along the second
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abdominal segment and to the posterior margin of the
first segment respectively. Dimensions of F-2 and F-3
overlap (Figure 1).

Seasonal pattern of emergence

During 1992 the pattern was quantified (Ferreras-
Romero & Corbet, 1995), 10, 50 and 90% of the
annual emergence being accomplished on 21.0, 50.1
and 81.9% of the way through the emergence peri-
od, females appearing to emerge slightly earlier than
males (Kolmogorov-Smirnov 2-sample test, Z = 0.193,
P>0.05). A feature of the emergence of both sexes
(Figure 2) is a short ‘tail’ occurring after about 90%
of the annual population had emerged. The sex ratio,
which departed significantly from 1:1 was 46.5% males
(X2

(1) = 5.21, P<0.05). Each year female exuviae were
more numerous than male exuviae (Table 1), as appears
to be usual in Anisoptera (Corbet, 1962; Lawton 1972),
but sex ratios for F-0 and F-1 larvae could not reliably
be estimated.

Larval development

The smallest larvae encountered in this study (head
width<2.0 mm) were collected only in May and June,
and those with a head width <2.5 mm only during
May through August (Figure 3). Each year the smallest
larvae to be encountered in April had a head width of
ca. 4.5 mm showing that they derived from eggs laid
almost two years previously. These results confirm the
observation by Wenger (1963) that the egg overwinters.

Each year, larvae derived from eggs hatching in late
spring grow during summer and autumn, many reach-
ing F-2 before winter (Figure 3). Growth continues
slowly during the cool season: in December ca. 50%
of the larvae collected are F-2 and 15% are F-1; by
January more than 25%, and by February almost 50%,
have reached F-1. These larvae begin to enter F-0 in
February, 40% have done so by March and almost 70%
by April. The percentage in F-0 is lower in May and
still less in June. In this population most larvae were
spending their second winter in instars earlier that F-0,
a diagnostic attribute of summer species (sensu Corbet,
1954).

The frequency of larvae in F-1 declines from April
to May and very few F-1 were collected during June
through October (Figure 3). Evidently few larvae enter
F-1 during late spring and early summer, and no F-
1 enter F-0 during summer. The frequency of F-0
declines progressively from late spring into summer,

which coincides with the emergence period. This effect
may be accentuated because those F-0 that have still
not emerged are inactive under stones during meta-
morphosis and are therefore unlikely to be captured.
Only a few F-0 were encountered in autumn, but their
presence indicates that entry to F-0 is recommencing.

In several years a small, variable number of larvae
pertaining to senior (hatching) cohort do not emerge
with the rest of their cohort but spend another winter
as larvae, a phenomenon of ‘cohort-splitting’ encoun-
tered in other semi- and partivoltine Odonata (Norling,
1984). From July until October it is possible to dis-
tinguish the two components of such cohort-splitting
(Figure 3). Larvae growing most rapidly may reach
advanced instars, even F-1, by the end of their sec-
ond autumn, and most enter F-0 after mid-winter to
emerge in their second summer (as larvae), thus being
semivoltine.

Larvae growing most slowly spend their first winter
(as larvae) with a head width of ca. 4 mm and enter F-1
or F-2 the following summer. It is only these larvae,
a small minority of their cohort, that overwinter (their
third winter as larvae) in F-0, after autumnal growth,
to emerge the following spring or early summer.

The highest frequencies of F-0 occur from March
through May, when individuals from two successive
hatching cohorts coexist in this instar. During May and
June larvae from three successive hatching cohorts co-
exist in the population.

The smallest F-1 and F-0 were found in January
through March and in April and May respectively
(Table 2), and are probably those that grow more rapid-
ly and achieve a semivoltive life history. The largest
F-2, F-1 and F-0 were found in August, in October
and in February through April respectively (Table 2)
and may be those that grow more slowly and have a
partivoltine life history.

During late winter through early spring and also
in late summer through early autumn, many larvae
(in some years up to a third of those collected) have
a thick coating of particles on the body surface. From
February through April most such larvae are F-1 and F-
0; if (as is inferred) they spent the winter in (short-day)
diapause they would be partivoltine, requiring three
years to develop. In September and October thickly
coated larvae are smaller and in a wider range of instar
(F-1 to F-3); so long-day diapause may affect mainly
F-2 and F-3. Only larvae that grow slowly, and are
therefore below a critical size in spring, undergo a
long-day diapause. Larvae growing slowly undergo
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Figure 1. Relationship between head width and wing-sheath length of larvae in four different samples. Broken lines separate the last three
instars. Filled circle, males; empty circle, females.

Table 1. Number of exuviae, final-instar and penultimateinstar larvae collected each year
at Stream Bejarano; % of males are showed.

1989 1990 1991 1992

N % m N % m N % m N % m

Exuviae 345 46.1 192 42.2 678 42.5 1079 46.5

F-0 59 52.5 20 25.0 38 60.5 27 48.1

F-1 22 36.4 18 61.1 99 51.5 49 59.2

both kinds of diapause whereas larvae growing rapidly
undergo neither kind.

Interannual variations in rate of development can be
detected, especially during spring and autumn. Small
larvae (of the junior cohort) were first collected on
4 May 1990 and in June in 1989 and 1991; none was

collected in May 1992. In the second half of the sum-
mer in 1990 only junior-cohort larvae were collected;
apparently in 1990 all senior-cohort larvae emerged.
However during autumn 1989, 1991 and 1992 some
senior-cohort larvae were in F-1 and F-0 (Figure 4),
and so would have emerged in the following spring.
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Figure 2. Numbers of males (a) and females (b) emerging from Bejarano Stream during successive five-day periods in 1992. Day 5 is 5 May.

Table 2. Monthly range and mean of larval head width in the last three instars; the
size range of smaller larvae is also indicated. Number of larvae in parentheses.

F-0 F-1 F-2 Smaller larvae

June 7.8–8.1 (4) 6.9 (1) 5.3–6.1 (5) 1.9–5.0 (49)

�x=7.88 �x=5.62

July – 6.3–6.5 (3) 5.5–6.0(4) 2.3–4.3 (54)

�x=6.40 �x=5.83

August – 6.7–6.9 (4) 5.5–6.3 (8) 2.2–4.6 (106)

�x=6.74 �x=5.86

September – 6.9–7.0 (3) 5.3–6.0 (5) 2.7–4.9 (62)

�x=6.96 �x=5.73

October 8.2 (1) 6.8–7.2 (3) 5.0–5.8 (12) 3.1–4.7 (67)

�x=7.00 �x=5.42

November 7.7–8.4 (5) 6.3–6.8 (9) 5.0–5.8 (28) 3.0–4.9 (36)

�x=8.11 �x=6.60 �x=5.09

December 8.0 (1) 6.3–6.9 (17) 4.9–5.9 (48) 3.4–4.9 (37)

�x=6.58 �x=5.36

January – 6.1–6.9 (30) 4.8–5.7 (46) 3.7–4.8 (23)

�x=6.53 �x=5.30

February 7.8–8.7 (6) 6.1–7.1 (34) 5.0–5.7 (20) 3.7–4.9 (10)

�x=8.20 �x=6.53 �x=5.38

March 7.5–8.5 (19) 6.1–6.9 (14) 5.1–5.5 (6) 3.9–5.0 (9)

�x=8.00 �x=6.45 �x=5.39

April 7.4–8.8 (44) 6.2–6.9 (17) 5.5–5.9 (2) 4.4–5.1 (3)

�x=8.01 �x=6.53 �x=5.70

May 7.4–8.4 (23) 6.2–6.9 (5) 5.3–6.0 (6) 1.8–5.1 (22)

�x=7.76 �x=6.64 �x=5.63
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Figure 3. Larval development of Boyeria irene in Bejarano Stream from combined results of three consecutive years (June 1989–May 1992).
Number of larvae collected each month is indicated above the horizontal scale line.

Table 3. Water temperature (�C) at Stream Bejarano.

1988–89 1989–90 1990–91 1991–92

December 13.0 14.0 13.0 12.0

January 13.5 15.0 12.0 10.0

February 14.0 15.5 14.0 12.0

March 14.0 15.0 14.0 12.0

April 14.0 15.5 15.0 15.0

The especially mild winter of 1989–90 (Table 3) was
reflected in more rapid larval growth in spring.

Metamorphosis

F-0 show no signs of metamorphosis during October
through February. The percentage of larvae showing

signs of metamorphosis in March is about 8 (2/24), in
April about 50 (15/33 in 1989) and 32 (7/22) and 9
(1/11) in 1991 and 1992, and in May 50-86 (13/17,
2/2, 8/14 and 6/7 respectively in consecutive years).
All F-0 found in June (three in 1989 and one in 1991)
showed signs of metamorphosis.

Larvae showing advanced signs of metamorphosis
were first collected in April in 1989, 1990 and 1991
but not until May in 1992, when preceding winter
temperatures were low (Table 3).

Discussion

At the study site emergence is very protracted and the
winter is mild enough to allow uninterrupted growth
from hatching of the egg (in April and May) until emer-
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Figure 4. Interannual variation in larval development during late summer through early autumn shown by monthly size-frequency histograms for
Boyeria irene at Bejarano Stream. Every year (except 1990) some larvae, with a partivoltine life history, spent the winter in final or penultimate
instars. Sloping lines separate successive hatching cohorts.

gence, usually 14–15 months later in June and July.
Most of the population, which is semivoltine, lacks
diapause in F-0 and therefore conforms to the designa-
tion ‘summer species’ (sensu Corbet, 1954), featuring
a typically long, poorly synchronised emergence (Cor-
bet & Corbet, 1958). In many years some larvae grow
slowly, feature autumnal and winter diapause, and are
partivoltine. Apparently complete emergence of the
senior cohort occurs only after exceptionally mild win-
ters (e.g. 1990); otherwise entry to F-0 in autumn indi-
cates that the senior cohort splits. After a winter that
is not especially mild, some larvae grow slowly during
the following spring and fail to enter F-0 or to emerge
in their second summer; perhaps most complete lar-
val growth in autumn and undergo diapause in FO,

exhibiting a partivoltine life history lasting three years,
and behaving as ‘spring species’ (sensu Corbet, 1954).
One may expect that in more northerly populations a
greater proportion of individuals require three years to
complete the life history, and that, likewise, in south-
ernmost populations all individuals are semivoltine.

In the study population, mild winters induce rapid,
synchronous spring growth of the senior cohort and
early egg hatching (March and April). In contrast cool
winters are followed by less synchronous growth of
the senior cohort and postponement of metamorphosis,
and delayed egg hatching.

In North America the life history of the congeneric
Boyeria vinosa has been characterised in three eastern
States between about 34 and 38�N, a latitude zone
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including the Bejarano Stream. The life history in
study sites in North Carolina (Paulson & Jenner, 1971)
and South Carolina (Smock, 1988) was semivoltine,
whereas in Virginia (Galbreath & Hendricks, 1992)
it was reported to be univoltine. The life history in
North Carolina resembled that of B. irene with respect
to placing and duration of flying season, and the over-
wintering instars; but in South Carolina, Smock (1988)
reported that first instar recruitment (presence of larvae
with a head width of ca. 1 mm) occurred in November
and December, suggesting that the egg, though pass-
ing the summer and autumn in diapause was hatching
in early winter rather than in spring as is the case in
southern Ontario (Walker, 1958). Galbreath & Hen-
dricks (1992) surmised that the univoltine life history
in Virginia might indicate that the lower temperature
there favoured more rapid development, an inference
that seems to conflict with the more usual prediction
that higher temperate latitudes correlate with length-
ening of larval life.
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