Sex Ratio Adaptations to Local Mate

Competition in a Parasitic Wasp

Abstract. Females of the parasitic wasp Nasonia vitripennis adjust the sex ratio of
their broods according to whether they are a first or second wasp to parasitize a host.
The first wasp produces a strong daughter bias. The second wasp adjusts the propor-
tion of sons to the relative level of local mate competition, as predicted by a natural
selection model. The results provide a quantitative test of sex ratio theory.

Sex ratio evolution has been consid-
ered theoretically and empirically ever
since Darwin posed the problem (7).
Two fundamental developments are
Fisher’s theory (2), which predicts
‘‘equal investment’’ in the sexes for ran-
dom mating populations (usually im-
plying a 50 : 50 primary sex ratio), and
Hamilton’s local mate competition
(LMC) theory (3), which predicts a fe-
male-biased sex ratio in species where
sons of a parent compete with each other
for mates. Usually LMC occurs in small
mating populations with low male dis-
persal and is exemplified by various ar-
thropod species for which sibmating is
common. Selection favors a parent to
bias sex ratio toward daughters because
fitness returns from sons are less than
linearly increasing with the number of
sons produced. Data from some sibmat-
ing species are generally in qualitative
agreement with the theory (3, 4). In this
report | extend Hamilton’s LMC theory
by adding the realistic assumption that
broods contributing to local mating pop-
ulations may differ in size. This simple
alteration leads to different quantitative
predictions, which are tested with the
parasitic wasp Nasonia vitripennis. The
results fit well and provide one of the few
quantitative tests of any sex ratio theory.
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The model also has applications well
beyond the present experimental sys-
tem.

Nasonia vitripennis is a small (~ 3
mm) chalcidoid wasp that parasitizes cy-
clorrhaphous fly pupae (5, 6). Like most
other Hymenoptera, N. vitripennis has
haplodiploid sex determination; unferti-
lized (haploid) eggs develop into males,
and fertilized (diploid) eggs develop into
females. Internal structures in Nasonia
appear to regulate fertilization (7) and,
therefore, the sex ratio. When a female
wasp encounters a host pupa, she drills
through the puparial wall, kills the host
by stinging, and lays eggs on it (20 to 40
on Sarcophaga bullata). The average
sex ratio per host is strongly female
biased; 8.7 percent sons (S.D., 4.6 per-
cent, N = 95) among an average off-
spring number of 28.6 (S.D., 11.3,
N = 95) 8). Development to adulthood
occurs in 14 days at 25°C. No mating oc-
curs within the puparium (5, 6), but
males emerge from the puparium first
and contest for proximity to the exit
hole. Emerging females mate immediate-
ly with the waiting males and then dis-
perse. Males are capable of inseminating
numerous females and females normally
copulate only once (9). The males are
relatively short-lived (10) and cannot fly
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because they have vestigial wings.
Therefore, strict sib-sib mating will oc-
cur unless (i) males arrive from nearby
hosts parasitized by a different wasp or
(i) a second wasp lays eggs upon the
same host (termed superparasitism).

The second wasp to attack a host can
detect previous parasitization. It has
been shown (/7) that females laying eggs
on previously parasitized hosts (i) lay
fewer eggs and (ii) lay a greater propor-
tion of sons than do females on unparasi-
tized hosts. The greater proportion of
sons cannot be explained by increased
mortality of female offspring (//), nor
can it be explained as the wasp laying the
same number of male eggs, but with-
holding female eggs (/2). Hamilton (3)
proposed that this ‘‘superparasitism’’ re-
sponse was a facultative sex ratio adap-
tation since the decreased LMC in super-
parasitized hosts would favor an in-
creased production of male offspring.
His quantitative model assumed that
both females produced broods of equal
size.

However, brood size may vary. The
following model assumes (i) females
mate only with males from their own
host; that is, there is no male movement
between hosts; (ii) the first and second
broods emerge synchronously and mate
randomly; (iii) the second brood does
not suffer increased mortality; (iv) there
is no inbreeding depression; and (V)
the second wasp can vary her sex
ratio. These assumptions are discussed
below.

Let T equal the number of eggs laid by
the second female per number of eggs
laid by the first female; X; is the propor-
tion of sons laid by the first female; X, is
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Fig. 1. Sex ratio dynamics of the parasitic wasp Nasonia vitripennis in response to varying level of local mate competition. (a) The optimal
proportion of sons of the second female to parasitize a host as a function of her relative egg number for different values of X, (first female’s sex
ratio) and 7 (relative egg number). (b) The observed proportion of sons of the second female as a function of relative number of emerging offspring.
The expected curve based on the average sex ratio of the first female (X, = 0.087) is plotted in Fig. 1b for reference. The points clustered about
X, = 1.0 all fall on X, = 1.0. ' ‘
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