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Homosexual Rape and Sexual Selection in

Acanthocephalan Worms

Abstract. Acanthocephalan males have cement glands associated with the vas
deferens, secretions from which seal the female vagina with a cap after copulation
and so prevent subsequent insemination. Homosexual rape results in the male victim
having the genital region sealed off with cement and effectively removed from the
reproductive population. Sperm and cement are transferred to females during copu-
lation, but apparently only cement is transferred to males during homosexual rape.
Acanthocephalans conform to a parental investment model, and we interpret the
evolution of the cement gland and sexual behavior as the result of sexual selection.

Rape occurs in a variety of circum-
stances, but in nonhumans it usually is
related to male reproductive success. In
some species of Drosophila, males are
able to rape females that have already
copulated (/). The sperm of the rapist,
since it is the last insemination, is then
packed into the seminal receptacle on
top and is used first by the female fertiliz-
ing a majority of the eggs (2). In the rhab-
docoel turbellarian Stenostomum oeso-
phagium, behavior has been reported (3)
that we interpret as rape. Individuals are
nonselfing hermaphrodites, and cross-
fertilization occurs; but individuals will
approach quiescent individuals and rap-
idly evert the penis, hypodermically im-
pregnating the quiescent individual with-

out allowing cross-fertilization. There
are other reports (¢) of this sort of behav-
ior among turbellarians, suggesting that
individuals  will promiscuously in-
seminate but - selectively allow them-
selves to be inseminated. After homo-
sexual rape in the anthocorid bug Xylo-
caris maculipennis, the sperm of the
rapist enters the vas deferens of the vic-
tim and is used by the victim during
copulation. An individual may be raped
even while he is copulating with a female
(). We report here homosexual rape in
the acanthocephalan worm Moniliformis
dubius and interpret this behavior and
other aspects of the biology of acanthe-
cephalans in the context of parental in-
vestment and sexual selection.
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Acanthocephalans are dioecious para-
sitic worms that undergo larval devel-
opment in arthropods and occur as
adults in the alimentary tract of various
vertebrates (6). In experimental infec-
tions of M. dubius in laboratory rats the
sex ratio of immature adults is approxi-
mately 1 : 1 (7). The juveniles segregate
spatially in the intestine with females in
the carbohydrate-rich anterior region (15
to 35 cm posterior to the stomach) and
males posterior to the females (8). At
maturity males apparently migrate ante-
riorly to the females. Thus, from a single
infection all females reach maturity at
about the same time in the same place,
about a 20-cm portion of the intestine.
Copulation begins when the worms are
16 days old, and under experimental con-
ditions in which a single male has access
to many females he can fertilize as many
as 17 females (X = 7.88 ¥ 4.79, range 2
to 17) 9).

Males have cement glands posterior
to the level of the testes, which even-
tually empty into the vas deferens,
which then enters the cirrus; the cirrus
terminates in a muscular eversible cup,
the bursa (6). During copulation the
everted bursa of the male wraps around
the posterior end of the female, the cir-
rus enters the female gonopore or vagi-
na, and spermatozoa are transferred (6).
The female vagina and genital region is
packed and then ‘‘capped’’ by secretions
from the cement gland, which block the
vaginal region. The external cap is lost
after a few days (/0). The length of time
that the cement remains in the genital
tract is unknown, but it must be dis-
sipated when egg release, via a remark-
able and unique ‘‘egg sorter’ (/1), be-
gins on or about day 38 (9, 12). A single
insemination is apparently sufficient for
the fertilization of a single batch of eggs.
This is due, in part, to the fact that the
sperm are long-lived and that females
will continue to release fertilized eggs for
up to 105 days in the absence of males (9)
and to the possibility that females may
store sperm (/3). However, a prolonged
egg-producing period seems to depend
on continued male-female contact (9).
Males have a higher mortality rate than
females and may live for as long as 154
days, whereas females on the average
live longer (7).

The above data on the biology of M.
dubius can be interpreted in the context
of sexual selection and parental invest-
ment (/4). Acanthocephalans conform to
the model where one sex (female) invests
considerably more than the other; males
should therefore compete among them-
selves to mate with females. We examine
the biology of males to determine wheth-
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er competition possibly exists and, if so,
which form it takes.

Acanthocephalan sperm are long-
lived, and the potential exists for mul-
tiple inseminations resulting in progeny
of mixed parentage, conditions under
which sperm competition can occur.
This results in evolutionary forces favor-
ing males that either (i) displace stored
sperm from a previous insemination or
(ii) reduce the probability of subsequent
inseminations (2). Since there is no phys-
ical structure, such as a spermatheca, for
sperm storage in acanthocephalans, the
evolution in males of mechanisms that
reduce the probability of subsequent in-
seminations may be predicted. While we
do not reject previous hypotheses that
the cement gland and capping behavior
have a function in preventing the escape
of sperm (4, 6, 15) or that cement holds
the couple together during copulation
since the act requires precise positioning
(I16), we emphasize the possibility that
cement glands and capping behavior
evolved in response to sexual selection
and function in preventing subsequent
inseminations.

The distribution in time and space of
reproductive females also affects sexual
selection among males (/4). In M. dubius
and other acanthocephalans females are
contagiously distributed in the intestine,
and all mature from a single infection at
about the same time. Thus the availabili-
ty and location of reproductive females
is highly predictable; consequently com-
petitive interactions may be severe. Se-
lection may favor male adaptations that
lead to high reproductive success at the
cost of increased mortality. There is dif-
ferential male mortality in M. dubius (7)
and in other acanthocephalans (6). We
suggest that it occurs by ‘‘washout’” dur-
ing the migration to females (against per-
istalsis and the spiraling action of the in-
testine) and by additional male-male in-
teractions that may cause dislodgement
from the intestinal wall. In support of our
hypothesis it is important to note that
differential male mortality does not oc-
cur until well after the time of sexual
maturity (7).

Homosexual rape, by removing com-
petitors from the reproductive popu-
lation, may be another manifestation of
the intense interactions for the resource
of reproductive females. We observed an
instantaneous frequency of homosexual
rape of 2.5 percent in M. dubius (17).
From 0 to 1 percent of males of Acan-
thocephalas parksidei were capped,
whereas capped males were noted only
occasionally in Echinorhynchus truttae
and Polymorphus minutus (18-20). The
estimates are probably conservative

since it is difficult to detect males that
had been raped and subsequently lost the
exterior portion of the cap. In addition,
the 0 to 2.5 percent figures represent in-
stantaneous rates. If the external portion
of the cap remains only 2 or 3 days, then,
over the course of a single infection, as
many as 50 percent of the males may be
capped (21). We observed at least three
additional males that appeared to have
lost the external portion of the cap be-
cause the bursa was partially inverted,
and portions of what appeared to be ce-
ment were present. Loss of the external
portion of the cap would not necessarily
allow the male to copulate since cement
in the bursa area may prevent the full ex-
tension of the bursa cup required for
copulation. We examined sections of
capped and uncapped males of M.
dubius to determine whether sperm were
present in the bursal portion of the gen-
ital area of the capped male. We also ex-
amined whole mounts of the bursal re-
gion of two additional capped males.
Sperm in the bursal region beneath the
cap would likely belong to the rapist
since sperm of the victim would be in the
sperm duct of the cirrus. We were able to
identify sperm in the duct of the un-
capped males but were unable to locate
any evidence that sperm was transferred
with the cement during the rape. This
supports our hypothesis that males dif-
ferentiate between males and females,
although we caution that sperm in the
bursal region is probably in a foreign
environment and could rapidly dis-
integrate. We do not reject the hypothe-
ses that homosexual rape may be due to
poor sex recognition (/9) or indiscrimi-
nate copulation (I8, 19). (However, two
instances of homosexual rape occurred
in the absence of females, suggesting
that the males were not stimulated by
any possible pheromone.) We postulate,
however, that sperm competition may
have led to the evolution of the cement
gland and capping behavior and that this
may represent a preadaptation that un-
der sexual selection may have assumed
the additional function of removing male
competitors from the reproductive popu-
lation. Caps found away from the genital
region (20) on both males and females
would then not be the result of poor sex
recognition or indiscriminate copulation,
but the result of activities of individual
males and females attempting to avoid
being capped. Males should avoid being
capped since it prevents them from re-
producing and females because it pre-
vents them from releasing eggs (22).
Moniliformis dubius conforms to a pa-
rental investment model, and we inter-
pret the evolution of the cement gland
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and sexual behavior to be the result of
sexual selection, generated by (i) small
male parental investment, (ii) long-lived
sperm, (iii) males being capable of
multiple inseminations, and (iv) females
being contagiously located at a predict-
able site and time'in the host’s intestines.
Since the reproductive morphology of
males and at least some of the population
characteristics of M. dubius are charac-
teristics of the entire phylum Acanthoce-
phala, we suggest that our interpretation
is a general sityation in the phylum.
LAWRENCE G. ABELE
SANDRA GILCHRIST
Department of Biological Science,
Florida State University,
Tallahassee 32306
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Morphine and Enkephalin: Analgesic and Epileptic Properties

Abstract. Systemic and intracerebroventricular administration of analgesic doses
of morphine resulted in large increments of spontaneous multiple unit activity in the
periaqueductal gray matter of the awake rat. Intracerebroventricular injection of
methionine enkephalin gave analgesia in only 8 of 19 rats, but in all 8, and in no
others, increased periaqueductal multiple unit firing was also seen. These findings
support the view that the periaqueductal gray matter is actively involved in endoge-
nous mechanisms of analgesia. A striking observation was that enkephalin caused
electrographic and behavioral epileptic phenomena in most animals. This observa-
tion together with other recent findings suggests that endogenous enkephalin may

play some role in epileptogenesis.

Considerable attention has been paid
to disclosing the site and mechanism of
action of narcotic analgesic drugs. Stere-
ospecific opiate binding sites have been
discovered and mapped in the mamma-
lian brain (/-3). A substance (enkepha-
lin) has been identified in brain tissue
that appears to be an endogenous ligand
for the opiate receptor, and its peptidic
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structure has been described (¢). The
midbrain periaqueductal gray matter
(PAG) seems to be a major site of opiate
analgesic action. Significant opiate bind-
ing as well as enkephalin-containing fi-
bers and fiber terminals are found here
2, 3, 5). Microinjections of morphine in-
to PAG and electrical stimulation of this
structure cause particularly potent anal-

gesia (6, 7), and microinjections of en-
kephalin and other, more recently dis-
covered, opioid peptides into the ven-
tricular system or into the PAG likewise
yield analgesic effects (8). We have re-
ported that analgesic doses of either sys-
temically administered morphine or PAG
electrical stimulation augment spon-
taneous multiple unit firing in the PAG
9). These and other findings suggest, as
we have previously concluded 9, 10),
that activation of the PAG might normal-
ly be associated with pain inhibition.

In our study we sought to examine fur-
ther the effects of systemically injected
morphine on PAG multiple unit firing
and to determine whether intracerebro-
ventricular (ICV) administration of anal-
gesic doses of morphine and enkephalin
would also influence neural activity in
this brain region. We found that analge-
sic doses of morphine, whether adminis-
tered via the systemic or ICV route, re-
liably augmented PAG multiple unit ac-
tivity. The ICV injections of enkephalin
provided comparable analgesia in only
some animals, but only those showing
analgesia exhibited a significant increase
in PAG multiple unit firing. An unexpect-
ed but striking observation was that en-
kephalin caused potent and long-lasting
electrographic seizures in most animals.

Male Sprague-Dawley rats (300 to 400
g) were prepared with permaheriily im-
planted cannula guides, multiple unit re-
cording electrodes, and skull electroen-
cephalogram (EEG) leads according to
standard procedures. Guides were madé
of 23-gauge stainless steel tubing and
aimed for the lateral ventricle on one
side. Multiple unit electrodes consisted
of bundles of three to five 70-um Ni-
chrome wires cemented together and in-
sulated except at their cross-sectioned
tips. Each rat received one such bundle
of electrodes aimed at caudal PAG; sev-
eral rats were implanted with a second
bundle in locus coeruleus. Stainless steel
screws were threaded into the skull over
frontal and occipital cortex for EEG re-
cording. The ICV injections were admin-
istered via 27-gauge cannulas inserted in-
to the guides. Testing began more than 1
week after surgery.

A modification of the tail-flick method
(7, 11) was used for analgesia testing.
Animals were restrained in plexiglass
tubes from which their tails extended.
An opening in the top of the tube gave
access to the animal’s electrode con-
nector for simultaneous electrophysio-
logical recording. Baseline latencies to
tail-flick withdrawal from the radiant
heat source were averages of the first
four (before treatment) trials in any test
session and ranged between 3.0 and 3.5
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