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Abstract

The life cycle of the dragonflZordulegaster boltonivas studied for five consecutive years, mainly by systematic
sampling of larvae, in a permanent upland stream in southern Spain, towards the southern part of this species’
range. The instar distribution during winter is that of a ‘spring species’ (Corbet, 1964) in which larvae destined
to emerge in the next spring are predominantly in the final instar. During larval development a hatching cohort
divides into ‘slow’ and ‘fast’ components which respectively complete development in three and two years, the
former component predominating. Signs of advanced metamorphosis (in the last larval instar) are confined to late
winter and spring. Emergence is protracted, there being a long ‘tail’ after most of the population has emerged,
resulting in a long flying season.

Introduction given by Brettfeld (1989); and larval microdistribution
at the stream margins, diets of larvae and influence
Cordulegastrid dragonflies, represented in Europe Of foraging conditions on the distribution in streams
only by the genugordulegaster(but see Lohmann, draining different environments in Britain were de-
1992, 1993), typically occur in lotic waters, generally scribed by Ormerod et al. (1990) and Lloyd & Or-
small streams and brooks, where larvae live as shallow merod (1992). Egg development and early instars
burrowers in sediment. In Europe this genus comprises were studied by Schutte (1997) in southern France.
five species, of whiclC. boltonii a large, polytypic The work described here was undertaken to charac-
species, is the most widespread. It occurs from south- terize larval development of this dragonfly towards the
ern Spain to southern Scandinavia and is reported from southern part of its geographical range, so that the spe-
Tunisia, Algeria and Morocco (Askew, 1988). cies’ voltinism and seasonal regulation there could be
Information on the life cycle ofC. boltonii is compared with populations at higher latitudes.
sparse. In Britain this species is considered to be
a partivoltine ‘spring species’ and to have eggs that
do not overwinter (Corbet et al., 1960). Prelimin- Methods
ary observations have been published on its voltinism
in southern Spain (Ferreras-Romero, 1994). Informa- The present study was carried out at the Bejarano
tion on the occurrence, phenology, population density Stream (37 56 N, 4° 52 W), a watercourse in the
and exuvial measurements in central Germany were Sierra Morena Mountains, close to Sta. Maria de
Trassierra, Cordoba, Andalusia, Spain. The study
* (author for correspondence) site was a small, permanent, mountain stream, about
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400 m above m.s.l., with a closed canopy of trees '20le 1. Water temperature’C) at Stream Bejarano

along most Of.ItS qugth. Alde{Inus qutmosa(L.)), 1988-89 1989-90 1990-91 199192

elm (Ulmus minorMiller), chestnut Castanea sativa

Miller) and hazel Corylus avelland..) grew along the December  13.0 14.0 13.0 12.0

banks. In the watercourse here studied, four other spe- January 135 15.0 12.0 10.0
February 14.0 155 14.0 12.0

cies of Odonata existed as stable populatidreshna
cyaneaMuller), Boyeria irene(Fonscolombe)Calo-
pteryx haemorrhoidali$vVander Linden) an®nycho-
gomphus uncatu€Charpentier) (Ferreras-Romero &
Corbet, 1995; Ferreras-Romero & Puchol-Caballero,
1995; Ferreras-Romero, 1997; Ferreras-Romero et al.,
1999), but the population of. boltonii featured the preceding instars as F-0, F-1, F-2 etc. The sex of
greatest number of individuals in larval samples. At each larva was determined according to the presence
the sampling site the stream’s width was 2-5 m and (female) or absence (male) of gonapophyses on the
its mean water depth was 35-50 cm. The stream con-yentral surface of the eighth and ninth abdominal
tained no fish. At each visit, water temperature in the segments.
stream was recorded between 0900 and 1100 G.M.T. Presence of a thick Coating of allochthonous
to the nearest 0.5C. Additional data relating to abi- partides onthe body surface, especia”y onthe abdom-
otic attributes of this watercourse were recorded by inal venter, allowed ‘very clean’, ‘clean’ and ‘dirty’
Ferreras-Romero (1997). larvae to be distinguished and the relative hardness
To confirm the absence of overwintering diapause and darkness of the integument of larvae of the last
in the egg, 50 eggs, laid into sand by the stream bank three instars gave an indication of how recently a larva
on 15 May 1992, were placed in water in separate had moulted. Allocation of larvae to categories was
tubes and kept in the laboratory at A1. not based on quantifiable criteria. Larvae lacking a
Monthly from February 1988 to May 1992 (except thick coating of allochthonous particles (‘very clean’)
in November 1989), larvae were collected using hand- and with an integument that was light yellow, soft and
nets with square mesh (one side of a square = 0.25flexible had apparently just moulted, thus distinguish-
mm). Because smaller instars of odonate larvae cannoting them from larvae with a dark, hard integument
be adequately sampled by handnets of this mesh-sizepearing moderate (‘clean’) or large (‘dirty’) amounts
(Lawton, 1970), the frequency of the smaller size- of allochthonous particles on the body surface.
classes would have been underestimated (see Johnson, Because numbers of larvae collected at each
1986). In 1992, exuviae (of final-instar larvae) were monthly visit were often small (average about 75;
collected regularly (from 31 March to 20 April, the range 25-133), because only one habitat was sampled
stream was visited five times at 4-6 day intervals and, and because interyear variation in water temperature
from 25 April to 12 October, 35 times at 5 day inter-  there during summer was slight, we combined data for
vals) and exhaustively (from a standard strip of one separate years when constructing size-frequency dis-
bank, about 300 m long) throughout the emergence tributions to trace larval growth (Figure 2). Our con-
period; and the presence of adults was also recordedfidence in use of this method in the present study was
(Ferreras-Romero & Corbet, 1995). confirmed by the finding that, for the last two instars
In the laboratory, the head width (HW; i.e. the during autumn, a season when growth occurs, and dur-
maximum distance between the lateral margins of the ing winter, a season when temperature varies widely
compound eyes) of each larva and the length of the petween years (Table 1), the aggregate distribution
metathoracic (hind) wing sheaths (WS), if present, (Figure 2) was indeed representative of the distribu-
were measured to the nearest 0.1 mm using a Nikon tion in each of the individual months that contributed
binocular microscope with an eyepiece micrometer. to it, even though the disaggregated frequencies were
The number of abdominal segments covered by the derived from small numbers (Figure 3).
metathoracic WS was also recorded. Onset and progress of metamorphosis (a term we
On the basis of HW and WS length each larva yse here to describe intrastadial changes discernible in
was either assigned to one of the last four instars or F-0) were traced by assigning F-0 larvae to one of four

designated a ‘smaller larva’. Here we follow com- arbitrary stages, distinguished (at ¥0nagnification)
mon practice, designating the final, penultimate and py external features as follows:

March 14.0 15.0 14.0 12.0
April 14.0 15.5 15.0 15.0




(a) No external signs of metamorphosis; WS flat; ex-
ternal edge of fore WS overlain and hidden (in
dorsal view) by hind WS; compound eyes without
anteromesial (black) extension.

(b) Metamorphosis evident. Compound eyes with

anteromesial (black) extension, reaching the basal E

antennal segment. WS not swollen. Prementum
unicoloured, only sometimes bicoloured (distal
end dark, void of muscular tissue, see below).

(c) Metamorphosis advanced. Extension of compound
eyes (black) progressing (beneath the cuticle) be-
hind the posterior limit of eyes. WS swollen or not.
Prementum bicoloured; muscular tissue within
prementum of labium (viewed ventrally) not en-
tire, central part of distal third void of muscular
tissue (dark); first segment of labial palpi likewise
partly void of muscular tissue.

(d) Emergence imminent. WS swollen, costal vein
of adult wing visible and folded concertina-like
within WS; extension of compound eyes at full ex-
tent, appearing black for 2/3 of the length of head,;
prementum completely void of muscular tissue.

Results

Water temperature

The highest water temperature recorde@)(was 19
(21 August 1989, 4 September 1990, 3 and 18 Au-
gust 1992) and the lowest was 10 (22 January 1992)
(Table 1). Here we record only water temperatures
during winter, this being the season when temperat-
ure varied widely between years and correlated with
the abundance of F-0 in April and May (Figure 3).
Water temperatures for other months are given by
Ferreras-Romero et al. (1999: 218).

Determination of instar classes

From June 1989 to May 1992, 2624 larvae were col-
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Table 2. Sex ratio (shown as % males) of exuviae and last four larval
instars collected each year at Stream Bejarano

1989 1990 1991 1992
N %m N %m N %m N % m
Exuviae 148 425 226 46.0 476 50.6 1091 47.2
49 551 153 49.0 185 49.1 47 40.4
- 61 42.6 129 47.2 110 48.1 34 50.0
F-2 85 47.0 101 336 128 57.0 53 54.7
F-3 88 56.8 67 46.2 125 53.6 85 56.4

Head widths of F-1 (6.1-7.7 mm, 93.9% ly-
ing between 6.4 and 7.4), F-2 (4.8-6.3 mm, 91.1%
between 5.1 and 6.0) and F-3 (3.9-5.1 mm, 77.8%
between 4.1 and 4.7) larvae overlapped, but WS
lengths were discrete, being 4.4-5.7 mm in F-1, 2.2—
3.4 mmin F-2 and 1.3-1.7 mm (exceptionally 1.1-2.0
mm) in F-3. In F-1 and F-2 the WS extended to the
posterior margin of the second and the first abdom-
inal segment, respectively. In F-3, the WS extended to
halfway along the first abdominal segment.

Head widths of female F-1 (mean 7.@6 0.24
(S.E.), range 6.4-7.7 mmMl = 189) were significantly
greater than those of male F-1 (mean 6:600.21
(S.E.), range 6.1-7.3 mm{ = 177) ¢-test = 19.4768,
df=364,P < 0.05). Head widths of female F-2 (mean
5.61+ 0.23 (S.E.), range 5.1-6.3 miN,= 215) like-
wise were significantly greater than those of male F-2
(mean 5.23+ 0.20(S.E.), range 4.7-5.8 miM~=197)
(t-test = 17.2858(]f = 410,P < 0.05). Head widths of
female F-3 (mean 4.5& 0.22 (S.E.), range 4.0-5.1
mm, N = 184) were significantly greater than those of
male F-3 (mean 4.2% 0.22 (S.E.), range 3.9-5.0 mm,
N = 220) ¢-test = 12.5953df = 402,P < 0.05). So in
at least the last four instars male larvae were smaller
than female larvae.

Seasonal pattern of emergence and flight period

lected (average ca 75 larvae/sample); and 596 larvae

were collected from February 1988 to May 1989.

F-0 larvae could always be recognized unequi-
vocally by possession of the following features: HW
7.6-9.6 mm (97.8% of larvae lying between 8.0 and
9.6); WS 9.1-11.4 mm long and reaching to the fourth
abdominal segment; HW of female F-0 (mean &95
0.24 (S.E.), range 8.3-9.6 miN,= 240) significantly
greater than those of males (mean 8428.20 (S.E.),
range 7.6—8.8 mmiN = 230) t-test = 32.0609df =
468,P < 0.05).

From 1989 to 1992, 1941 F-0 exuviae were collec-
ted (Table 2). During 1992 the pattern was quantified
(Ferreras-Romero & Corbet, 1995), 10, 50 and 90%
of the annual emergence being accomplished on 5.2,
28.1 and 67.0% of the way through the emergence
period. Neither sex appeared to emerge earlier. The
emergence of both sexes was protracted (Figure 1),
there being a long ‘tail’ after about 90% of adults of
the year had emerged. The sex ratio, which did not
depart significantly from 1:1, was 47.2% malés <
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Figure 1. Numbers of males (a) and females (b)adrdulegaster boltoniemerging from Bejarano Stream during successive five-day periods
in 1992, shown by exuvial collections. Day 5 is 25 April. The first exuvia was found on 25 April and the last on 27 September.

1091) (x%@) = 3.19,P > 0.05). Each year (except 3.0 mm, having reached instars F-7, F-6 or F-5. In
1991) female exuviae were more numerous than male September, at the beginning of their second year, some
exuviae (Table 2). Sex ratios for F-0 and F-1 appeared larvae had reached F-3 (HW 4.0-5.0 mm); and three
to agree with the emergence data, but sex ratios for F-2months later, in December, after autumnal growth,
and F-3 larvae could not be said to do so. some larvae in this cohort had reached F-1, while
In 1992, patrolling males were first seen on 5 May others were still in F-6 (HW 2.0-2.5 mm). So larval
and oviposition was first withessed on 15 May; the last growth within a single hatching cohort can be ‘fast’ or

adult (a male) was seen on 8 August. ‘slow’.
Larvae that grow fast can enter F-0 during the next
Egg development winter and spring and emerge in their second sum-

mer, as ‘summer speciess€nsuCorbet, 1964) thus
Eggs showed direct development, hatching between 1 exhibiting a semivoltine life cycle. Consistent with this

and 29 June, 17-43 days after having been laid. inference are the percentages of larvae in F-0 during
December through March (Table 3) and the decrease
Larval development in frequency of F-1 from January to March (Figure 2).

Larvae that grew slowly spent their first winter in

The smallest larvae encountered in this study (KW  early instars and their second winter in about F-6 to
0.7 mm) were collected from July to December and F-2. They entered F-3, F-2 and F-1 in their second
no larva with HW< 1.0 mm was found during April  spring and summer (April-July), but did not enter F-
through June (Table 3). Each year the smallest larvae 0 en masseuntil their third autumn. They then spent
to be encountered in May and June had a HW of ca their third winter in F-0 and emerged in the spring be-
1.2 mm; despite their small size such larvae must have fore their third summer, as ‘spring species’ exhibiting
derived from eggs laid the previous year. a partivoltine life cycle. Consistent with this inference

Each year, larvae (derived from eggs hatching in are the percentages of F-2 and F-1 from April to June,
early summer) grew during late summer and autumn the rising percentages of F-0 during August through
(Figure 2). Growth continued during the winter and November—December (Table 3) and the paucity of F-0
spring: in June and July most larvae derived from eggs during June through August.
laid the previous year had a HW between 1.7 and
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Table 3. Monthly range and mean of larval head width in the last four instars; the size range
of smaller larvae is also indicated. The number and percentage of larvae in the last four instars
collected each month (three years combined) are shown in parentheses

Months in Larval instars
1989-1992 F-0 F-1 F-2 F-3 Smaller larvae
(N=412) (N=315) N=329) N=329)
June 8.2-9.4(8) 6.2-7.5(40) 5.0-6.0(44) 3.8-5.1(36) 1.3-4.0(189)
x =851 x =6.83 x =541 x =433
(1.9%) (12.7%) (13.3%) (10.9%)
July 8.1-9.2(5) 6.3-7.4(19) 5.1-5.6(12) 3.8-4.7(21) 0.5-3.8(123)
x =877 x =6.86 x =534 x =424
(1.2%) (6.0%) (3.6%) (6.3%)
August 7.8-8.8(7) 6.5-7.3(22) 5.0-6.0(20) 4.0-5.0(16) 0.4-3.8(131)
x =839 x =7.00 x =541 x =446
(1.7%) (6.9%) (6.0%) (4.8%)
September  8.1-9.3(14) 6.2-7.3(27) 5.1-5.8(13) 3.8-4.6(23) 0.5-3.7(103)
x = 8.60 x = 6.86 x =5.47 x = 4.36
(3.4%) (8.5%) (3.9%) (7.0%)
October 7.7-9.6(33) 6.2-7.3(26) 4.7-6.1(30) 3.8-4.6(34) 0.5-3.8(72)
x =871 x = 6.86 x =5.30 x =425
(8.0%) (8.2%) (9.1%) (10.3%)
November 8.2-9.4(38) 6.3-7.3(22) 5.1-5.8(13) 4.1-4.8(9) 0.5-4.0(50)
x =876 x =6.89 x =544 x =455
(9.2%) (6.9%) (3.9%) (2.7%)
December 7.8-9.3(52) 6.1-7.1(15) 4.7-6.1(23) 4.0-5.0(21) 0.5-4.0(55)
x = 8.64 x =6.75 x =5.49 x =4.46
(12.6%) (4.7%) (7.0%) (6.3%)
January 7.8-9.4(57) 6.2-7.4(36) 5.0-5.7(16) 3.8-4.7(22) 0.8-3.8(52)
x =861 x =6.79 x =5.50 x =441
(13.8%) (11.4%) (4.8%) (6.6%)
February 7.7-9.2(59) 6.3-7.7(23) 5.1-6.0(31) 4.0-4.7(31) 0.7-4.0(86)
x =862 x =6.92 x =545 x =441
(14.3%) (7.3%) (9.4%) (9.4%)
March 7.7-9.2(71) 6.4-7.3(18) 4.8-6.2(35) 3.8-4.8(41) 0.8-4.0(110)
x =856 x =6.77 x =548 x =437
(17.2%) (5.7%) (10.6%) (12.4%)
April 7.6-9.4(38) 6.4-7.6(22) 5.0-6.1(44) 3.8-4.8(27) 1.4-3.8(103)
x =873 x =691 x =551 x =432
(9.2%) (6.9%) (13.3%) (8.2%)
May 8.0-9.6(30) 6.4-7.6(45) 4.8-6.3(48) 3.8-5.0(48) 1.2-3.8(165)
x =871 x =6.93 x =5.46 x = 4.36
(7.2%) (14.2%) (14.5%) (14.5%)
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Figure 3. Frequency distributions for larval head width @brdulegaster boltoniat Bejarano Stream in the two last instars collected on
different sampling dates in three successive years. From top downward: December (late autumn), January—March (winter) and April and May
(early spring). During late winter and early spring (e.g. 1990 and 1991) some larvae with a semivoltine life cycle reach the final instar; during
spring of 1992, after a winter colder than those preceding it, the number of such larvae was apparently reduced.

The highest frequencies of F-0 occur from Decem- from F-2 to F-1 was probably concentrated in spring
ber to March (Table 3) and reflect the combination of and early summer, the highest percentages of F-1 lar-
three-year-old larvae exhibiting slow growth and two- vae being found in May and June (Table 3). From
year-old larvae exhibiting fast growth. No clear tem- summer (July) to winter there was moulting to F-0,
poral separation was detectable between emergence obut it was especially intense (as shown by the high
the two groups (Figure 1). frequency of ‘very clean’ F-0 larvae) during October

The frequency of F-0 declined progressively from and November (among partivoltine larvae); but ‘very
late winter into spring (Table 3), which coincided clean’ F-0 larvae (probably belonging to the semivolt-
with the emergence period (90% during April through ine component) were also found, in small numbers,
June). This effect might be accentuated if during meta- in April and May. Increased numbers of ‘dirty’ F-0
morphosis F-0 larvae are inactive and are therefore larvae were found from December to April, the months
unlikely to be captured. Only a few F-0 were en- preceding the onset of emergence. Probably such lar-
countered in summer, and their presence indicates thatvae had spent their last winter in a short-day diapause
entry to F-0 was recommencing, because those F-0(Norling, 1976, 1984) and were partivoltine, requiring
larvae collected from July to autumn did not show any three years to develop.
signs of metamorphosis (Table 5). Interannual variations in rate of development were

Many ‘clean’ F-1 larvae (some apparently having detected, especially during spring. Although in Febru-
just moulted) were collected from March or April to ary the proportion of F-O was similar every year, the
June (1991) or August (1990) (Table 4). The moult abundance of F-0 larvae in April and May differed
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Table 4. Monthly number of ‘very clean’ (soft) (a), Table 5. Seasonal distribution of last-instar larvae according
‘clean’ (b) and ‘dirty’ (c) larvae, tabulated to show to stages a—d of metamorphosis (see text) and proportion of
temporal pattern of moulting to the penultimate such larvae showing metamorphosis. Seasons distinguished
(above) and final instars. Larvae in category (a) are are winter (January through March), spring (April through
assumed to have entered an instar recently. June), summer (July through September) and autumn (Octo-
ber through December). Winter 1988, February and March
1990-91 1991-92 only; autumn 1989, October and December only; spring 1992,
(a) (b) (C) (a) (b) (C) Aprll and May only
Penultimate-instar larvae (F-1) Season Larvae undergoing
June 4 4 6 4 9 7 N a b ¢ d metamorphosis as
July 5 6 1 0 1 4 % of all F-0 larvae
August 3 8 ! 1 5 Metamorphosis stage
September 1 2 2 0 4 4 ) P g
October 0 2 7 0 1 4 Winter1988 11 1 9 1 0 91
Spring1988 20 1 3 14 2 95
November 2 5 7 0 2 6 pring
D b 2 1 2 0 1 3
Jae:j:’ er e & o o 10 Summer1988 10 10 0 0 0 O
Febru;’ s 2 a4 1 1 s Autumn1988 9 8 1 0 0 11
o y e s a1 o o Winter1989 10 3 7 0 0 70
) Spring1989 13 3 3 3 4 77
April 2 2 3 2 3 o0 pring
M 2 2 7 7 4 0
& Summer1989 9 8 00 11
Final-instar larvae (F-0) Autumn 1989 17 8 9 0 0 53
June 9 1 1 0 9 1 Winter 1990 61 20 34 7 0 67
July 1 1 0 0 3 0 Spring1990 36 4 14 13 5 89
gzgfes;ber 00 32 00 00 15 . Summer1990 7 7 0 00
P Autumn 1990 49 21 28 0 0 57
October 56 3 4 6 3 Winter 1091 81 16 51 14 0 80
November 2 o 6 3 15 3 Spring1991 37 2 10 24 1 94
December 1 9 8 0 14 9 pring
January 1 9 8 0 11 9
February 0 6 18 0 6 11 Summer1991 10 10 0O 0 0 O
March 0o 20 19 0 4 4 Autumn 1991 57 26 31 0 0 54
April 1 4 1 0 1 1 Winter1992 45 9 32 4 0 80
May 1 8 6 0 0 0 Spring 1992 2 0 1 1 0100

) ) b) were present in autumn (ca. 52% in 1989, 1990 and
markedly between successive years (Figure 3). Appar- 1991).
emergence can vary greatly in size between years (stage c) were found in samples during the second half
(1990 and 1991 vs 1992). of winter, being first collected in February in 1988,
1990, 1991 and 1992, but not until April in 1989,
Metamorphosis a year when the number of E—O cpllected was low
(Table 5). Stage d (emergence imminent) was detected

. . .. in spring only, during the emergence period.
Frequencies of successive stages of metamorphosis in pring on'y g 9 P

F-0 in summer, autumn, winter and spring are given in

Table 5. The frequency distributions of stages did not .

differ markedly between years. F-0 larvae collected Discussion

during summer usually (in ca. 97% of the total sample)

showed no signs of metamorphosis; but every year Our findings are consistent with those of Schiitte
some larvae showing incipient metamorphosis (stage (1997) in showing that eggs hatched promptly, without
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overwintering and that nearly one year after oviposi- semivoltine and 10% were univoltine (Corbet, 1957).
tion some larvae were still in very early instars. Head Subsequently cohort splitting has been revealed in
widths of female F-0 larvae were significantly greater temperate-centred Odonata in two other riverine spe-
than those of males. Similar differences between fe- cies, both gomphids (Ferreras-Romero et al., 1999),
male and male final-instar exuviae (females larger than and several species occupying lentic habitats in North
males) were reported by Brettfeld (1989). On the other America (Johnson, 1986; Krishnaraj & Pritchard,
hand, each year (except 1991) female exuviae were 1995), northern Europe (Macan, 1964; Corbet & Har-
more numerous than male exuviae (Table 2), as ap-vey, 1989), Sweden (Norling, 1976, 1984; Johansson
pears to be usual in Anisoptera (Corbet, 1962; Lawton, & Norling, 1994) and northern Japan (Ubukata, 1980).
1972; Corbet & Hoess, 1998). Our data are insufficient Though they can only be speculative, some prob-
to test for differential mortality of the sexes in late able implications of cohort splitting for inclusive fit-
larval instars. ness deserve mention. Because, after cohort splitting,
Our results support the conclusion that at the study the reproductive population in any one year is derived
site C. boltonii showed protracted, relatively flexible, from the progeny of parents reproducing in more than
larval development such that larvae hatching from one previous year, there will presumably be gene flow
eggs laid in the same spring (or early summer) se- between progeny selected for lifetime reproductive
gregated into ‘slow’ and ‘fast’ components, unequal in  success in different years (Hutchinson, 1993). In most,
size, which completed developmentin three (most lar- perhaps all, habitats, especially those in temperate lat-
vae) and two years and which passed their last winter itudes, conditions favouring lifetime reproductive suc-
in F-0 and F-1, respectively. Most of the population, cess of adults (e.g. the frequency distribution of sunny
which was partivoltine, underwent diapause in F-0 and days, see Thompson, 1990) vary markedly between
therefore conformed to the designation ‘spring spe- years (e.g. Fincke, 1988; Thompson , 1990; Anholt,
cies’ (Corbet, 1964). Each year, some larvae grew 1991). Likewise, because larvae from fast and slow
rapidly, lacked diapause in F-0 and were semivolt- growth cohorts sometimes emerge at different times
ine. Apparently the semivoltine component included during the emergence period (Corbet, 1957), they are
each year in the emergence cohort, though always in alikely to be exposed to different environmental condi-
minority, can vary greatly in size. In the study popula- tions, biotic as well as physical (see Thompson, 1997).
tion, after a cool winter (e.g. 1992), larvae moultingto Accordingly a plausible consequence of cohort split-
F-1 could be poorly represented so that in the follow- ting will be that the population emerging each year
ing spring—summer the emergence cohort would be will have a genetic composition selected for during
composed almost exclusively of the partivoltine com- more than one previous year and during more than one
ponent. Water temperature during the previous winter part of a flying season. So, whatever the main selective
(1990 and 1991 vs 1992), together with other abiotic pressures that maintain cohort splitting may be, one of
and biotic factors (Johnson et al., 1995) not studied in its probable benefits is to dilute the risk imposed by
this work, may contribute to these differences. interyear variation in weather during the reproductive
Our finding that at the study sit@. boltoniicom- period. Such considerations make it unlikelypri-
pleted larval developmentin 2 or (mainly) 3 years may ori that cohort splitting itself will lead to sympatric
be compared with estimates of larval duration of this divergence (see Hutchinson, 1993).
species elsewhere in Europe, namely: 2 or 3 yearsin  Exuvial counts forC. boltoniiin 1992 (Figure 1)
southern France (Schitte, 1997), 3 or 4 years in the showed a relatively synchronised emergence, con-
Midi and 5 years or more in the Alps and Jura (Robert, forming to expectation for ‘spring speciessgnsu
1958), 4 or 5 years in the uplands of Yugoslavia (Ki- Corbet,1964), and did not reveal clearly the existence
auta, 1964), 4 or 5 years in northeastern Germany of two components in the temporal pattern (Ferreras-
(Donath, 1987) and sometimes more than 5 years in Romero & Corbet, 1995). Emergence was protracted,
United Kingdom (Corbet et al., 1960). These findings there being a long ‘tail’ after about 90% of adults
are consistent with a prolongation of development at of the year had emerged. We do not know if the
higher latitude and altitude. rate of metamorphosis was similar in semivoltine and
Our results demonstrate the existence of cohort- partivoltine larvae, but our results do not conflict
splitting, a phenomenon first detected in a popula- with the prediction that two-year-old larvae (without
tion of Anax imperatorLeach in southern England, a final-instar diapause) could initiate and complete
where about 90% of the emerging population were metamorphosis concurrently with some three-year-old
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larvae which had remained in diapause until early
spring.
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