age (8, 9). The additional data on ul-
trasound production by infant rats during
appetitive learning and extinction make
this experiment especially interesting.

If one accepts the hypothesis that ul-
trasounds reflect arousal (6), the increase
in ultrasounds in extinction, particularly
over the fixed 30-second interval of goal-
box detention, argues against an arousal-
decrement interpretation of extinction in
infant rats. Informal observation of the
pups provides additional evidence that
extinction entails not decreasing but in-
creasing arousal in 11-day-old pups as it
does in adults. During extinction, the
pups moved down the alley, hesitated,
retraced, and attempted to climb out of
the apparatus. Even when they were not
ambulating they made curious chewing
movements, sneezed vigorously, and
groomed. Often they oriented toward the
goalbox and moved the front limbs for-
ward and backward while their hind
limbs remained planted. Such activities,
which never occurred on late acquisi-
tion trials, seemed to demonstrate con-
flict and suggest that the pups actually
learned not to approach the goalbox.

Our findings of increased ultrasounds
and other indicants of arousal in the ap-
petitive extinction of infant rats do not
support the hypothesis that the infant rat
lacks inhibitory mechanisms nor that it is
similar to the adult with a nonfunctioning
hippocampus (/0). Active suppression of

behavior is intrinsic to extinction in
these pups as it is in adults; if extinction
can be said to reflect inhibition in adult
rats, it would be difficult not to attribute
extinction to inhibitory mechanisms in
ifants as well.

ABRAM AMSEL, CATHRYN C. RADEK

MikE GRAHAM, RICHARD LETZ

Department of Psychology,
University of Texas, Austin 78712
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Sociobiology of Rape in Mallards (Anas platyrhynchos):

Responses of the Mated Male

Abstract. Male mallards respond to rapes of their mate by intervening aggressive-
ly against the rapist or rapists, by attempting to force a copulation with the rape
victim, or both. Aggressive intervention is more likely against a solitary male than
against a group, and forced copulations are more likely immediately after a rape and
especially when the rape appears to have been successful. This behavior pattern
reflects strategies consistent with maximizing individual male fitness.

Rape may be defined as forced copula-
tion. Among animals, this designation
seems reasonable when the victim shows
obvious resistance, copulation being pre-
ceded by vigorous struggle and escape
behavior, and without the precopulatory
courtship displays characteristic of
“‘normal’’ mating between members of
an established pair. Rape has been well
described for the surface-feeding ducks,
Anatini (/). Recently, McKinney (2) has
pioneered the use of natural selection at
the level of individuals to interpret duck
reproductive behavior, an approach that
will be pursued in this report. In par-
ticular, I shall present data on male re-
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sponses to the rape of their mates, and
show how such responses are consistent
with the sociobiologic theorem that ani-
mals should behave in ways consistent
with maximizing their inclusive fitness
3.

These data were gathered between 1
January and 1 June in the years 1974
through 1976, at the University of Wash-
ington Arboretum, a seminatural, subur-
ban environment with approximately 15
breeding pairs annually; 558 observation
hours were conducted from 0800 to 1600
hours. I obtained an index of females
present by censusing them at 15-minute
intervals and found a mean of 5.6 and a

standard deviation of 3.1. During this
time, I observed 89 rapes, for a mean
of .03 rape per female per observation
hour. (Unless otherwise specified,
“rapes’’ will be used to designate any
rape attempt in which mounting occurred,
without regard to presumed success in
transferring sperm.) The monthly occur-
rence of rapes, per female per observa-
tion hour, was: January, 0.007; Febru-
ary, 0.01; March, 0.05; April, 0.05; and
May 0.02. Males whose mates are being
raped have two basic options, not mu-
tually exclusive. (i) They can intervene
aggressively, defending their mates and
attempting to prevent or terminate the
rape by dislodging the attacker or attack-
rs. (ii) After the rape, they can in-
troduce their sperm into their female as
quickly as possible, so as to compete
with those of the rapists.

Of the 89 observed rapes, 31 precipi-
tated vigorous intervention by the mated
male, whose response was usually
grabbing the assailant by the neck and
beating with the wings. In 30 of these 31
cases, this behavior was apparently suc-
cessful in preventing sperm transfer by
the rapist (that is, neither ‘‘bridling’’ nor
“nod-swimming’’  occurred).  Mated
males failed to respond in the remaining
58 cases; this may be attributed to igno-
rance of the rape attempt, perceived fe-
male ability to defend herself, or unwill-
ingness to incur the costs of such de-
fense. In this regard, mated males never
engaged aggressively against rapists
when the female flew away to avoid rape
(20 times), and did so in only 5 of 15
occasions when females responded to
rape attempts by ‘‘repulsion’’ behavior,
a characteristic, hunched posture, com-
bined with loud and distinctive calls (/)
which females give when approached by
strange males during incubation. Such
behavior apparently indicates that she is
unlikely to be carrying fertilizable eggs
(2). Finally, defense against multiple rap-
ists is likely to be more costly in terms of
physical injury to the defending male
than is defense against a single rapist. Of
the 89 observed rapes, 64 involved
multiple males (range, 2 to 9; mean, 3.8;
standard deviation, 2.1); mated males in-
tervened aggressively during 14 of the 25
singleton rapes (.56) and 17 of the 64
multiple rapes (.27) [x* = 5.63, a = .05,
P < .025 (one-tailed test)].

Rapid sperm introduction is an addi-
tional possible strategy for the mate of a
just-raped female. Among mallards,
copulations between individuals of a
mated pair are preceded by a variety of
well-documented, mutual displays, nota-
bly ‘‘head-pumping’’ immediately before
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mounting (4¢). However, I observed 39
occasions when copulations among ap-
parently bonded individuals were not
preceded by head-pumping. In such
cases, the male grasped the female by
the nape and simply attempted to mount;
in 36 of the 39 instances, the female vis-
ibly struggled, but in no case did she flee.
Thus, such behavior has some, but not
all, of the characteristics of rape among
unpaired individuals. I call this behavior
“forced pair copulations’’ (FPC’s) after
Barrett (5), who described the phenome-
non in captive mallards. It is particularly
noteworthy that of the 39 FPC’s ob-
served in the present study, 30 occurred
within 10 minutes of an observed rape at-
tempt on the female in question. An av-
erage of .03 rape per female per hour
equates to one rape per female per 33
hours. This provides for an average of
198 10-minute intervals between rapes,
so that if FPC’s were randomly distrib-
uted during the observation periods, on-
ly 1 in 198 (.5 percent) would be ex-
pected to follow within 10 minutes of a
rape. Instead, 30 of 39 did so (77 per-
cent). Confidence that the male per-
forming the FPC was indeed the female’s
mate was provided in each case by some
combination of at least two of the follow-
ing: (i) individual recognition—three

mated pairs were recognizable by feather |

peculiarities; (ii) defense of the female
during a preceeding rape; (iii) failure of
the female to avoid the male, both before
and after the FPC; and (iv) continued
mutual display between the pair after the
FPC.

Although a high proportion of FPC’s
clearly followed rapes, many rapes (.59,
or .66) were not followed by FPC’s. Im-
portant postcopulatory displays among
mallards are ‘‘bridling’’ and ‘‘nod-swim-
ming,”” which have been assumed to sig-
nal successful copulations ). Of the 59
observed rapes not followed by FPC’s
within 10 minutes, I have data on 14; on-
ly one of these resulted in the post-
copulatory displays indicative of suc-
cessful copulation. By contrast, of the 30
rapes followed by FPC within 10 min-
utes, I have data on postcopulatory dis-
plays of 12; of these, five showed evi-
dence of sperm transfer [y? = 38.45,
a= .01, P <.001 (one-tailed test)].
Hence, FPC’s, when they occur. are (i)
significantly more likely to follow within
10 minutes of rape and (ii) significantly
more likely to follow successful rape
than unsuccessful rape.

A lower proportion of FPC’s result in
apparent sperm transfer than do normal
copulations; of the 39 FPC’s observed in
the present study, only 10 (.26) were fol-

19 AUGUST 1977

lowed by postcopulatory display, as op-
posed to 144 of 185 normal copulations
among apparently mated pairs (.78)
(Fisher’s exact probability test, P =
.052). Given the strong selective
pressures that have doubtless favored
the evolution of female insistence upon
accurate, species-typical male courtship
©6), the low success rate of FPC’s is not
surprising. Nevertheless, FPC’s prob-
ably represent efforts by the mates of
Jjust-raped females to make the best of a
bad situation. Given the usual excess of
males over females in surface-feeding
ducks (7) mates of rape victims do not
have the option of an aggressive re-
sponse, as reported for mates of seem-
ingly adulterous mountain bluebirds (8),
since replacement females are presum-
ably unavailable. Under this circum-
stance, optimum male strategy is prob-
ably to stick with his mate, but also to
introduce his sperm as quickly as pos-
sible—hence the forcing of a copulation.
An evolutionary perspective on be-
havior suggests that individuals will be-
have so as to maximize the difference be-
tween the benefits and costs associated
with any potential act, with both benefits
and costs evaluated in units of inclusive
fitness. Rape of one’s mate imposes a po-
tential cost, in that it increases the likeli-
hood of another individual’s fathering
her offspring. The responses available to
a rape victim’s mate also carry benefits
and costs, and the observed pattern sug-
gests that the mate behaves in accord
with evolutionary prediction. Thus, ag-
gressive intervention has the benefit of
reducing the likelihood of the rape’s
being successful, but at the cost of pos-

sible injury to the male. Accordingly,
such behavior occurs most often when
the costs are low (a single rapist rather
than several) and less often when the
benefits are low (the female is unlikely to
have been fertilized as indicated by her
repulsion behavior). Similarly, forcing a
copulation with a just-raped female con-
veys the benefit of introducing his sperm
as quickly as possible to compete with
those of the rapist, but at the possible
cost of weakening the pair bond. Ac-
cordingly, FPC’s occur only when their
benefit is likely to outweigh their pre-
sumably high cost. Because of the close
association of reproductive success with
fitness, behaviors associated with repro-
duction should be especially susceptible
to the action of natural selection. Hence,
they should be especially amenable to
sociobiologic analysis (9). The response
of male mallards to rape of their females
would appear to be a good example.
Davip P. BARASH
Departments of Psychology and Zoology,
University of Washington, Seattle 98195

References

1. K. Z. Lorenz, J. Ornithol. 89, 194 (1941); T.
Lebret, Ardea 49, 97 (1961).
2. F. McKinney, in Function and Evolution in Be-
istgvior (Oxford Univ. Press, London, 1975), p.
1.

3. D. P. Barash, Sociobiology and Behavior (Else-
vier, New York, 1977).

4. K. Raitasue, Pap. Game Res. (Helsinki) 24, 1
(1964).

5. J. Barrett, thesis, University of Minnesota
(1973

).

. P. A. Johnsgard, Ibis 102, 616 (1960).

and 1. O. Buss, J. Wildl. Manage.
20, 384 (1956); F. C. Bellrose, T. G. Scott,
A. S. Hawkins, J. B. Low, Bull. Ill. Nat. Hist.
Surv. 27, 385 (1961).

8. D. P. Barash, Am. Nat. 110, 1097 (1976).

9. .= __, Am. J. Psychol. 89, 195 (1976).

17 March 1977

fio

Identification of the Female Japanese Beetle Sex Pheromone:

Inhibition of Male Response by an Enantiomer

Abstract. (Z)-5-(1-Decenyl)dihydro-2(3H)-furanone, isolated from virgin female
Japanese beetles (Popillia japonica) attracted males of the species in field bioassays.
However, the synthesized racemic mixture of this compound did not attract male
Japanese beetles. The Z and E isomers and the saturated analog of both enantio-
mers of this compound were synthesized stereospecifically. Pure synthetic (R,Z)-5-
(I-decenyl)dihydro-2(3H)-furanone was competitive with live females and with the
pheromone isolated from live females in attracting males. Male response was strong-
ly inhibited by small amounts of the S,Z isomer. Although the E isomer and the
saturated analog of the pheromone are present in the material obtained from fe-
males, the role of these compounds in mediating the insect’s behavior is unclear.

The Japanese beetle, Popillia japonica
Newman (Coleoptera: Scarabaeidae),
was introduced to North America about
1916 and has since become well estab-
lished in the eastern part of the United
States- (/). The adults are devastating

pests of a variety of trees, ornamentals,
and cultivated crops, and the larvae at-
tack the roots of grasses. We report the
isolation, identification, and synthesis of
a sex pheromone produced by female
Japanese beetles. We also report the in-
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