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In evolutionary theory, the concept of operational
sex ratio is important since it relates to the intensity
of sexual selection. The more the operational sex
ratio is biased towards males, the higher is the
expected variance in reproductive success among
males (Emlen & Oring 1977; Wade & Arnold 1980)
which corresponds to a greater potential for sexual
selection (Wade & Arnold 1980; Sutherland 1987;
Wade 1987). Empirical studies have demonstrated
that male behaviour may change with the degree of
competition for females (e.g. Arak 1983; Verrell
1983; Lawrence 1986; Clark 1988), and that the
variance in male mating success may covary with
the operational sex ratio (Thornhill & Alcock
1983).

In the water strider, Gerris odontogaster, the
sexes engage in a precopulatory struggle; females
are reluctant to mate and try to dislodge mounting
males (Arnqvist 1989a, b). Males are provided with
two abdominal processes, which enable them to
grasp females during mating (Arnqvist 1989a).
Males with longer processes have a higher ability to
endure female reluctance than males with shorter
processes, and because of this asymmetry, matings
are biased towards males with long processes
(Arnqvist 1989a). I have elsewhere (Arngvist 1992)
predicted that (in contrast to the general theory) the
intensity of sexual selection in male G. odontogaster
should be negatively correlated with the oper-
ational sex ratio. This reversal of the predicted
relation between sex ratio and intensity of sexual
selection should arise as a result of females altering
their behaviour as the operational sex ratio
changes; female G. odontogaster are less reluctant
to mate and thus less discriminatory when the
operational sex ratio is male biased (Arnqvist
1992). Thus, the relative importance of long
abdominal processes should be negatively corre-
lated with the sex ratio. This study provides an
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empirical test of the relation between the intensity
of selection and sex ratio in G. odontogaster.

Unmated individuals of G. odontogaster were
sampled on 8-9 May 1989 in the Gimonis pond,
south-east of Umed, northern Sweden (63°48'N,
20°19°E). Males (N=704) were anaesthetized
and the length of the abdominal processes was
measured with a micrometer eyepiece. The mean
length (+sE) of the processes was 0-162 (+0:001)
mm. Two groups of male phenotypes with extreme
secondary sexual characteristics (short processes
(<014 mm) and long processes (= 0-20 mm)) were
selected for a field enclosure experiment.

All individuals were marked with enamel paint
on the pronotum so I could distinguish between
males with long processes, males with short pro-
cesses and females in the field. The water striders
were introduced on 25 May into floating enclosures
in the field. The enclosures (N=15) measured
1:0x1-0x0-3m (area 1-0m?) and consisted of
aluminium frames provided with Styrox floating
elements. Twenty water striders were placed in each
of the enclosures, and the operational sex ratio was
varied between enclosures to produce a gradient
ranging from 0-2 to 0-8 (males/total). In all enclos-
ures 50% of the introduced males were males with
long processes and 50% were males with short
processes, while females were chosen at random.

The enclosures were visited twice every day from
26 May to 9 June. To estimate the relative mating
success of the two male groups, I recorded the
number of mating pairs in each enclosure and the
type of each mating male (short or long abdominal
processes) at each visit.

Since the estimates of relative mating success
could be biased if the mating duration differed
between the two groups of males, I performed a
laboratory experiment to examine whether such a
difference exists. Into each of a number of plastic
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Figure 1. (a) The mean number of observed matings per individual during a 14-day period in enclosures with different
operational sex ratios (r=0926, P<0-001 for females ( /), and r = —0-800, P <0-001 formales ( A )),and (b) the relative
mating success of males with long abdominal processes (number of matings of males with long processes/total number
of observed matings) for different operational sex ratios (r= —0-574, P <0-02). Dashed lines represent 95% confidence

limits of regression lines.

aquaria (0-45 x 0-25 m, N =15), one male with long
processes and one male with short processes were
introduced with two females. The water striders
were fed daily with three fruitflies per individual.
The aquaria were studied for 9 h during 3 consecu-
tive days, starting 4 days after the introduction into
the aquaria. During the experiment I recorded the
duration of all observed matings. The mean value
of mating duration for each male was used in
subsequent statistical analysis.

In the laboratory experiment, there was no sig-
nificant differencein matingduration between males
with long and short processes (Mann-Whitney U-
test, P>0-1), suggesting that the estimates of
relative mating success in the field experiment

are unbiased. The average ( +sD) mating duration
(pooled data) was 54-8 + 24-1 min (N =30).

The mean number of observed matings per indi-
vidual in the field experiment was positively corre-
lated with the sex ratio for females and negatively
correlated with the sex ratio for males (Fig. 1a). The
relative mating success of males with long pro-
cesses, estimated as the number of matings of males
with long abdominal processes divided by the total
number of matings, was negatively correlated with
the sex ratio (Fig 1b). Thus, males with long
processes had a relatively greater ability to acquire
mates in female-biased situations.

In the laboratory female G. odontogaster become
less reluctant during the pre-copulatory struggle and
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female mating frequency increases when the sex
ratio increases (Arnqvist 1992). The positive
relationship between the number of observed
matings per females and the sex ratio found in this
experiment implies that this is the case also in the
field (see Arnqvist 1989b, 1992, for discussion of
sexual conflicts). If female reluctance decreases with
increasing sex ratio we would expect the importance
of long abdominal processes in acquiring matings
to be related to the sex ratio. Indeed, the relative
mating success of males with long abdominal pro-
cesses decreased with increasing sex ratio. Though
relative mating success of males with long processes
is not a direct measure of the intensity of sexual
selection (Wade 1987), it is a result of an underlying
variance in mating success related to process length,
so that the larger the variance in mating success
between the phenotypic groups the larger the rela-
tive mating success becomes. Thus, we may con-
clude that the relative mating success, as an
estimator of the intensity of sexual selection for
long abdominal processes, was negatively corre-
lated with the sex ratio. This is, as mentioned
above, contrary to what is generally found. The re-
sults of this study stress the need of a thorough
understanding of the mechanisms of selection
before predicting variations in the intensity of selec-
tion. The relation between the sex ratio and the
intensity of sexual selection (or the potential for
sexual selection; see Wade 1987) may not be as
straightforward as is commonly believed, since it
may be influenced not only by changes in male
behaviour (cf. Lawrence 1986, 1987) but also by
changes in female behaviour related to variations in
the sex ratio.
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comments on the manuscript, and M. Arngvist-
Bonte for assistance in the field. This work was sup-
ported by grants from the Swedish Natural Science
Research Council and the Royal Swedish Academy
of Sciences.

683

REFERENCES

Arak, A. 1983. Male-male competition and mate
choice in anuran amphibians. In: Mate choice (Ed. by
P. Bateson), pp. 181-210. Cambridge: Cambridge
University Press.

Arngvist, G. 1989a. Sexual selection in a water strider: the
function, mechanism of selection and heritability of a
male grasping apparatus. Oikos, 56, 344-350.

Arngvist, G. 1989b. Multiple mating in a water strider;
mutual benefits or inter-sexual conflict? Anim. Behav.,
38, 749-756.

Arnqvist, G. 1992. Pre-copulatory fighting in a water
strider: inter-sexual conflict or mate assessment? Anim.
Behav., 43, 559-567.

Clark, S. J. 1988. The effects of operational sex ratio and
food deprivation on copulation duration in the water
strider (Gerris remigis Say). Behav. Ecol. Sociobiol., 23,
317-322.

Emlen, S. T. & Oring, L. W. 1977. Ecology, sexual selec-
tion, and the evolution of mating systems. Science, 197,
215-223.

Lawrence, W. S. 1986. Male choice and competition in
Tetraopes tetraophthalmus: effects of local sex ratio
variation. Behav. Ecol. Sociobiol., 18, 289-296

Lawrence, W. S. 1987. Dispersal: an alternative mating
tactic conditional on sex ratio and body size. Behav.
Ecol. Sociobiol., 21, 367-373.

Sutherland, W. J. 1987. Random and deterministic
components of variance in mating success. In: Sexual
Selection: Testing the Alternatives (Ed. by J. W,
Bradbury & M. B. Andersson), pp. 209-219. Chiches-
ter: John Wiley.

Thornhill, R. & Alcock, J. 1983. The Evolution of Insect
Mating Systems. Cambridge, Massachusetts: Harvard
University Press.

Verrell, P. A. 1983. The influence of the ambient sex ratio
and intermale competition on the sexual behavior of
the red-spotted newt, Notophthalmus viridescens
(Amphibia: Urodela: Salamandridae). Behav. Ecol.
Sociobiol., 13, 307-313.

Wade, M. J. 1987. Measuring sexual selection. In: Sexual
Selection: Testing the Alternatives (Ed. by J. W.
Bradbury & M. B. Andersson), pp. 197-207. Chichester:
John Wiley.

Wade, M. J. & Arnold, S. J. 1980. The intensity of sexual
selection in relation to male sexual behaviour, female
choice, and sperm precedence. Anim. Behav., 28,
446-461.




