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A Physiological Basis of Variation in
Postcopulatory Behaviour in a Dragonfly
Sympetrum obtrusum

Male dragonflies show two forms of mate-guarding
behaviour: (1) tandem guarding, in which the male
holds the female by the head during oviposition,
and (2) non-contact guarding, in which the male
hovers or perches above the female during oviposi-
tion and chases away intruding males.

Most hypotheses for differences between species
have focused on the fitness consequences of eich
form of mate-guarding behaviour. Tandem guard-
ing reduces the chances of take-over but males are
less free 10 pursuc other matings and to defend

territories. Non-contact guarding increases the
chances of take-over, but males are frec to pursue
other activities, while possibly incurring reduced
predation risks (Ueda 1979; Sherman 1983; Waage
1984).

Within-species variation in mate-guarding beha-
viour is rare in dragonflies. However, Ueda (1979)
showed that in Symperrum parculum, territorial
males always used non-contact guarding, while
those without territories used non-contact guard-

-ing at low densities but switched to tandem guard-

ing at high densities, presumably in response to a
high risk of take-over.

Symperrum obirusum males also use both types
of mate guarding. This variation in mate-guarding
behaviour is surprising, as tandem guarding
affords greater protection against take-overs in this
species (0 out of 4] taken over during tandem
guarding in contrast to 5 out of 45 taken over
during non-contact guarding; P=0-035, Fisher
exact test). In this paper 1 consider three factors
that may determine which form of mate-guarding
behaviouris used: (1) conditions of high male-male
compelition may favour the more secure tandem
guarding, (2) conditions of high female availability
may favour the less constraining non-contact
guarding (to afford access to more females), and (3)
unfavourable thermal conditions (low air tempera-
ture and strong winds) may impose high physiolo-
gical costs that restrict males to using non-contact
guarding. Using a statistical model, T present
evidence supporting the hypothesis that the type of
mate-guarding behaviour a male uses is determined
by his physiological state.

S. obtrusum is a small libellulid dragonfly that
mates and oviposits in tall vegetation on the
periphery of ponds and marshes. My observations
of mating pairs were made in 1984 and 1985, on a
small shallow pond at Cedar Creck Natural His-
tory Area in East Bethel, Minnesota. For each
observation I recorded mating time (time from first
sighting until end of mating), type of mate-guard-
ing behaviour. duration of oviposition period and
time in tandem (il applicable). .

In 1984, | watched pairs until the end o
oviposition or until I lost sight of them. Observa-
tions from 1984 indicated that males that tandem-
guarded for 20 s continued to do so for at least 60 s,
although not necessarily until the female finished
ovipositing. Thus for most observations in 1983, 1
captured mating pairs 20 s after the end of mating.
Oviposition was scored in tandem only if the pair
remained in tandem for that entire 20-s period. 1
immediately measured the thoracic temperature
(Tw) of the male (Ty) and female (T with a
thermister probe, and then measured the thoracic
temperature of the nearest unmated male (7} as a
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control. By restricting oviposition to 20, Freduced
the possible impact of tandem Aight on 7). A
comparison of Ty, with 7, showed no difference
in T thus it is unlikely that 20 s of tandem flight
significantly elevated Tiyn,.

After each observation I caleulated Tocal density
by counting dragonflies in the 3 v 3-m quadrat in
which oviposition occurred. Total dragonfly den-
sity was estimated every hour from counts in six
quadrats chosen at random.

Models of the best predictors of the type of
postcopulatary behaviour were formulated using
logistic regression (an analogue to least squares
regression for a binomial response variable). The
first variable incorporated into the model had the
maximum effect on bascline deviance (AG*) de-
fincd as 2Z4[vlog.(v/p)]+ (1 — Mogf(l — 1) (1 =]
(MceCullagh & Nelder 1983) with 1 = the observed
value and p=the fitted value from the model
(probability of non-contact guarding). Then addi-
tional variables were added only if they signifi-
cantly reduced the deviance (criterion AGT = 3 84),
Thus the first variable introduced was the one most
highly correlated with the type of mate-puarding
behaviour, and subsequent explanatory variables
were intraduced only if they significantly improsved
the predictive ability of the maodel alter the eftects
of the first explanatory variable were accounted
for.

Possible explanatory variables for the logistic
regression analysis in 1984 included the fallowing:
dulc.llimc. quadrat, radiant energy, ambient tem-
perature (7). wind speed. local male density. Jocal
female density. total male density. total female
density. male weight. female weight. distance from
shore and vegetation density. In the 1985 analysis ]
also considered 73 and T

In 1984, when thoracic temperatures were not
measured. the bhest predictors of mate-guarding
bechaviour  were  wind  speed  (AG =10-8S,
P<0-001) and T, (AGT=808 P ~0003). Theee
two effects are independent of cach other, as 77, was
added to the regression equation after the variation
expluined by wind speed was accounted for. The
1984 model was

28 07 0 Sy
C il

) =
/ | 4 i

where p=probability of non-contact pumding,
Thus the prohability of non-contaet guarding was
greatest when 75, was low and wind speed was high

In 1985, when thoracic temperatures were mei-
sured. Ty was the best predictor of mate-guarding
behinviour (AGT=2512, P <0 001): when T was
below 30 Conon-contact guarding was used almaost
exclusively and when 7o, wasabove 32 Cotandem
guarding was nsed dlmost enclusively At interme-
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Figure 1. F'requency of cach type of mate guarding in
relation ta thoracic temperature of the mated male (1985
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where p= probability of non-contact puarding.

diate temperatures both behaviours were used at
high frequencies (Fig. 1). Adding wind speed to the
regression after accounting for the cffects of Ty
improved the fit somewhat (AG* = 544, P < (0-025).

Low 7% will constrain flight output most severely
in dragonflies Tacking thermorcgulatory abilities
(May 1976). The regression of 7y, on 7, for S.
ohieami s lincar and has a slope of 0497, indicut-
ing that S. ohtsum is a poor thermoregulator.
High wind speed may reduce flight output by
interfering with the mechanics of flight. or by
reducing thoracic femperature so that cfficient
flight is physiofogically impossible (Chuteh 1960).

Insect flight muscles have enormous fuet require-
ments (Weis-fogh 1964). thus a flying dragonfly
requires more fuel than a perching dragonfly (Fried
& May 1983). I measured flving time and perching
time in ovipositing dragonflics on 2 consecutive
days with fittle variation in 75, Mean flying time
(V4 sp)ywas much greiter formales (2018 4 59-95)
and females (19354 58:0 <) ovipositing in tandem
than for mades (7194 33:5) and  Temales
(1674 29 6 5) using non-contact guanding. as hoth
members of the pait e fiee o perch during
oviposition after they detach (N=11 for tandem
guarders, M=R for non-contict guarders). This
indicates that tandem gunding is encrgetically
mote expensive than non-contaet gianding

Pairs that ovipoat m tandem often detach before
the female completes oviposiion Thus if tandem
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guarding is constrained cnergetically, time in tan-
dem (77) should vary in response to changes in
environmental factors that permit exiended flight.
There was a significant positive correlation
between 77T and air temperature for “dragonilics
who used tandem guarding in 1984 (ry=0-33.
P=0-010), and a significant negative correlation
between 77 and wind  speed  (rj0—= —0-60.
P=0-026). Thc multiple regression model s
TT=—6690+410-64(T,)—7-32(wind}(F> ,u=1-76.
P=0-043).

The logistic regression shows no rclationship
between local or total male population density and
variation in postcopulatory behaviour. This is
inconsistent with the first hypothesis that males are
changing their behaviour in response to the proba-
bility of take-over. The regression analysis also
shows no correlation between non-contact guard-
ing and female density. This opposcs the sccond
hypothesis that males usc non-contact guarding to
take advantage of periods of high female avail-
ability (AG? < 3-84, Ns for all cuses).

In many insect species, population density is
correlated with ecological factors such as T,
radiant energy and wind speed (Heath et al. 1971;
Woll & Waltz 1984). Unless these factors are
mecasured and analysed in a way that separates out
these potentially confounding effects, dilferences in
behaviour resulting [rom physiological constraints
may be incorrectly attributed o social fuctors.
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