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Abstract: Female resistance behavior that occurs prior to intromission does not by itself imply forced copula-
tion. Such behavior may function instead as a test of the male in order to favor some males over others, or to
induce the male to desist. Thus, male persistence and forcefulness may sometimes be better described as per-
suasion rather than coercion. Under the persuasion hypothesis, the male only gainsintromission due to an active
response of the female. Under the coercion hypothesis, male and female are opposed in a physical battle which
the female loses if copulation occurs. In species in which males are morphologically incapable of forcing intro-
mission without active female cooperation (I argue here that this is probably a very common situation), data on
the behavioral and ecological context in which resistance occurs can distinguish between the two possibilities.
Partially congruent functions of resistance, seen from the female point of view, are female resistance to screen
(male persuasion), and female resistance to avoid males non-selectively (male coercion). Sepsid flies illustrate
these ideas. Females often struggle energetically in apparent attempts to dislodge mounted males and to prevent
intromission, and males grasp females with powerful species-specific structures on their front legs and genitalia.
This suggests the possibility of coerced intromission. But behavioral and morphological evidence demonstrate
that active female cooperation occurs at the moment of intromission, and that males are probably dependent on
this cooperation because they are not morphologically equipped to force their genitalia into those of an uncoop-
erative female. Despite the impression from previous publications, male insects in general may seldom be able to
achieve intromission by genitalic force. The species-specific forms of the grasping genitalia of male sepsids are
probably not the result of an evolutionary arms race between coercive males and unselectively resistant females.
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A female flees from an approaching male,
and the male pursues and overtakes her, then
hangs on. She strugglesin his grasp, but final-
ly they copulate. Did the male forcefully com-
pel the female to mate, and is this copulation
appropriately analyzed in terms of the conflict
between selection on males to inseminate as
many females as possible, and selection on
females to avoid the costs of sexual interac-
tions such as lost time, increased exposure to
predation and disease (Daly 1978)? Or was the
femal€e's resistance actually selective coopera-
tion, functioning not under natural selection to
avoid costly interactions, but under sexual
selection to bias paternity in favor of males

with particular traits such as a better ability to
chase, or a better ability to induce her to stop
resisting? These questions are seldom asked.
Female behavior such as that just described is
usually termed “resistance” rather than
“screening”, and it is often thought to stem
from male-female conflict (e.g. Alexander et
al. 1997, Jormalainen et al. 2000). | will argue
here that the difference between resistance as
unselective avoidance and resistance as
screening is important, and that knowledge of
the morphology and behavior of male and
female genitalia can help provide answers. The
example discussed will be sepsid flies, whose
dramatic pre-copulatory female resistance
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behavior has led previous authors to assume
male-female conflicts (Parker 19723, b; Ward
et al. 1992, Allen and Simmons 1996,
Blankenhorn et al. 1997, 2000). The ideas will
then be extended to other insects.

The basic contrast is between male coer-
cion and male persuasion or, from the female
point of view, between unselective avoidance
vs. selective cooperation. It can be divided into
two different but related questions: Why did
the femae resist? and Why did the femae
copulate? Interpretation of both the act of
intromission and of the female behavior pre-
ceding it are affected. With respect to intro-
mission, one possibility suggested by the male
coercion hypothesisis that the female copul at-
ed because the male was able to physically
force his genitaliainto her body by brute force,
by wearing out her resistance and then forcing
hisway in, or by inserting them quickly, before
she was able to begin to resist penetration (I
will cal al of these “direct coercion” or
“intromission by genitalic force”) (Table 1). A
forced intromission is one in which the male
uses his genitalia to forcefully gain access to
and enter into the female's genital tract. For
instance, the male might use arigid structure to
pry open or thrust through a closed external (or
internal) entrance to the female's reproductive
tract. In some animals such as most birds,
forced intromissions of this sort are not feasi-
ble (Gowaty and Buschaus 1998), because
males lack intromittent genitalic structures and
thus cannot inseminate (introduce sperm into)
the female unless she opens her cloaca.

Another possible type of more indirect
coercion can occur even though the male is

unable to force his genitalia into the female.
He may nevertheless force the femal e to coop-
erate by threatening or actudly inflicting phys-
ical damage, or by imposing fitness costs such
as preventing her from performing other selec-
tively important activities such as feeding,
oviposition, or avoidance of predators. He may
thus makeit less costly for her to cooperate and
alow intromission than to continue resisting (I
will call this “indirect coercion” or “intromis-
sion by imposition”) (see aso convenience
polyandry of Thornhill and Alcock 1983).

The persuasion hypothesis suggests a third
possibility, that the male's behavior and mor-
phology induced the female to selectively coop-
erate and to alow or even facilitate intromis-
sion after her initial resistance, not in order to
avoid costs, but to obtain the benefit of having
particular genes from this male in her offspring
rather than those of other males. This would be
a case of persuasion, or what | will cal “intro-
mission by selective female cooperation.”

Female resistance behavior aso has dif-
ferent possible interpretations. Perhaps the
female resisted in order to avoid copulation
with the male irrespective of any of his behav-
ioral or morphological traits; following
Westneat et al. (1990), | will call this “indis-
criminate female resistance as avoidance” or
“resistance to avoid”) (for arelated, but more
narrow concept, see “female reluctance” of
Blankenhorn et al. 2000). Unselective female
resistence as avoidance is expected when cop-
ulation per se is disadvantageous to the
female. Or perhaps the female resisted to test
the male (“resistance as screening”) (“active
female choice” of Blankenhorn et al. 2000).

TABLE 1
Categories of functions of behavior in male-female interactions that superficially appear to involve conflict.
Male behavior of type A is likely to evolve with female behavior of type A (and male B with female B),
but the associations are not necessarily strict (see text)

Male
A. Coercion
A1l. Direct (intromit by genitalic force)
A2. Indirect (intromit by imposition)

B. Persuasion

Female
A. Resistenceto avoid

B. Resistance to screen
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Female resistence as screening could result in
several benefits. It could be designed to filter
out those individuals that were unable to phys-
icaly overcome such resistance (e.g. Berry
and Shine 1980, Crean and Gilburn 1998), that
were unable to induce the femal e to cooperate,
that are not conspecifics (Connolly and Cook
1973), or that were otherwise inappropriate
mates. The distinction between resistance as
avoidance and resistance as screening can be
difficult to make in practice.

These categories of behavior in the two
sexes (male coercion vs. persuasion, female
resistence to avoid vs. resistance to screen) are
likely to coevolve. In aspeciesin which indis-
criminate female resistence as avoidance is
prevalent, male coercion will be favored over
male persuasion. In contrast, if female resist-
ance as screening is common, male persuasion
is more likely to be favored. Similar cause-
effect associations can be made starting from
male rather than female behavior. For instance,
if males are frequently coercing copulations,
indiscriminate female resistance to avoid is
more likely to be favored. But other combina-
tions are aso possible. A mae performing
behavior that evolved to persuade selective
females could be regected by non-selective
female resistance to avoid; or afemale perform-
ing resistance behavior that evolved to screen
males could be physicaly coerced to copulate.
The focus of the data of this paper is on female
behavior, so | will generally emphasize female
rather than maleroles, but obviously the roles of
the two sexes are tightly entwined.

Seen from the femal€e's point of view, the
problem is to distinguish between (a) copula-
tions that occur despite uncompromising, gen-
eralized female resistance to avoid that is
sometimes finally overwhelmed by superior
male force, as contrasted with (b) selective
female resistance to screen that functions to
favor some males over others. This distinction
isimportant, as it contrasts two different bene-
fits to the female resulting from avoidance of
mal e copulation attempts: benefits due to natu-
ral selection (inter-sexual conflict of interest
that results in indiscriminate resistance)

(Holland and Rice 1998) and benefits due to
sexual selection (mate assessment) that results
in selective resistance (Arnqvist 1992,
Blankenhorn et al. 2000). The danger of con-
founding resistance as avoidance with resist-
ance as screening has been recognized by other
authors. McKinney and Evarts (1997; p. 165)
noted that “...we need to be cautious in using
the word ‘forced’ [as in forced copulation]
becauseit is possible that females resist forced
copulation attempts as a tactic to test mae
quality ....” Thornhill and Alcock (1983; p.
404) described this problem in terms of the
male: “there is a problem ... of distinguishing
between aggressive courtship and forced copu-
lation” (for similar points, see also Parker
1974, Weigensherg and Fairbairn 1994,
Rutowski 1997, Brown et al. 1997, Eberhard
19983, Blankenhorn et al. 2000).

The distinction between male coercion
and persuasion is also crucial to understanding
genitalic evolution. The “conflict of interest”
hypothesis (Lloyd 1979, Alexander et al.
1997) explains the rapid divergent evolution
that istypical of male genitalia as the result of
an arms race between males and females to
control events associated with copulation and
sperm transfer and use. “Coercive’ male-
female interactions are distinguished from
“luring” interactions, and rapid divergent gen-
italic evolution is predicted to be associated
with male coercion rather than male persua-
sion. The cryptic female choice hypothesis
(Eberhard 1985), in contrast, proposes that
female resistance as screening has been the
cause of rapid elaboration and diversification
of male genitalic structures.

I will argue here that some progress with
these questions can be achieved by a process of
elimination that combines morphological and
behavioral data. If male and female genitalic
morphology have features that preclude intro-
mission by force (I will argue that thisis very
common), then male coercion using intromis-
sion by genitalic force (Table 1) can be elimi-
nated. This elimination focuses attention on
the behavioral and ecological context in which
the interaction occurs as the crucial source of
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information to discriminate between the
remaining indirect male coercion and male
persuasion. In this paper | will present behav-
ioral and morphological datathat argue strong-
ly against the coercion hypothesis in several
species of sepsid flies.

Copulation in sepsid flies

A tentative overview of the reproductive
behavior of sepsid flies can be pieced together
from descriptions of several species, mostly in
the genera Sepsis, Archisepsis, and Micro-
sepsis. Female sepsids generally mate near
oviposition substrates such as dung and carrion
(Parker 1972a, b, Pont 1979, Eberhard and
Pereira 1996, Schulz 1999). Mounted males
tightly clamp the bases of the female's wings
with species-specific clasping structures on
their modified front legs (Sulc 1928, Hennig
1949, Parker 1972a, Pont 1979, Blackenhorn
et al. 1997, Schulz 1999, Eberhard 2001a).
Most mounting attempts fail, as do most copu-
lation attempts once the male has succeeded in
mounting (Parker 1972a, Ward et al. 1992,
Eberhard and Pereira 1996). Female resistance
behavior commonly associated with failures
includes kicking and pushing at the mounted
male with her legs, shaking violently from side
to side, running or flying and crashing into sur-
rounding objects and knocking the mounted
male off, and bending her abdomen ventrally
and thus preventing genitalic contact (Parker
1972a, Ward et al. 1992, Allen and Simmons
1996, Eberhard and Pereira 1996, Schulz 1999,
Blankenhorn et al. 2000, M.L. Baenain prep.).
However, rejected males are seldom physical-
ly displaced by these female maneuvers;
instead they usually dismount in pauses
between bursts of female resistance (M.L.
Baenain prep., W. Eberhard in press a).

The genitalia of male sepsids have well-
developed clasping structures (the surstyli)
which are often species-specific in form (Pont
1979, Ozerov 1992, 1993, Silva 1993). During
copulation the surstyli forcefully pinch the
external surface of the female’'s abdomen near
her genital opening (Eberhard and Pereira

1996, Figs. 1, 2). A study of functional mor-
phology concluded that the most likely func-
tion of surstyli is a combination of physical
restraint and female stimulation (Eberhard and
Pereira 1996), but later observations showed
that they give the female long stylized series of
rhythmic sgueezes that differ between species,
supporting only the stimulation hypothesis
(Eberhard 2001b, in prep.). Insertion of the
mal€’sintromittent genitaliaisrelatively rapid,
taking aslittle as 1 - 2 min for maximum pen-
etration (Eberhard and Huber 1998).
Copulation lasts 15 - 20 min, and ends when
the male dismounts and pulls his intromittent
genitalia from the femal€e’s vagina, a process
involving forceful tugging that requires up to
20 - 30 sin some pairs (Parker 1972a, Ward et
al. 1992, Eberhard and Pereira 1996, Eberhard
and Huber 1998, Schulz 1999). Sperm transfer
occurs during a short period, and begins about
10 min or more after the start of copulation
(Eberhard and Huber 1998).

The only published study directly dis-
cussing questions regarding female resistance
to avoid and female resistance to screen in sep-
sidsisthat of Allen and Simmons (1996). They
mention both resistance to forced copulation
and female screening as possible functions for
female resistance in S cynipsea, but then
ignore the possibility of screening in their dis-
cussion. They assumed that the association
they found between the symmetry of the male
clamping organs and male mating success was
due to the more effective force generated by
symmetrical structures in holding onto the
female, without considering the alternative
that females resisted some males more ener-
getically than others on the basis of the mor-
phology of these organs, or that stimulation of
the female with these structures rather than
their ability to “forcefully overcome femae
resistance” (p. 740) could be important in
inducing female cooperation.

There are no descriptions of how male and
female genitalia are brought into play in sep-
sids at the moment of intromission. Although
the male’'s surstyli are clearly designed to exert
force on the female, it is not certain whether or
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Fig. 1. Schematic drawings (male stippled) showing overall view (above) and closeup of highlighted area of genitalia
(below) of a copulating pair of A. pleuralis.
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Fig. 2. Genitalic surstyli of amale A. pleuralis exercise force as they grasp the female's abdomen in a pair frozen during
copulation after intromission had occurred in ventral (a) and lateral (b) view. The inner processes of the surstyli press on
membranes just lateral to the female sternite VI, curling the lateral edges of the sternite dorsally (compare with sternite V1
in Fig. 3a8). The outer processes of the male press the pleural membrane at the antero-ventral margin of the femal€e's tergite

VI.

not males are morphologically capable of forc-
ing intromission. The observations reported
below address the question of intromission by
genitalic force in sepsids. Combined with
behavioral observations related to male coer-
cion, they help throw light on the probable
function of resistance behavior of females.

MATERIALSAND METHODS

Some morphological data were obtained
from virgin, two to three day old males and
females of A. discolor (Bigot), A. pleuralis
(Coquillett), and M. armillata (Melander and
Spuler) that had been reared from eggs laid in
cow dung by females that were collected near
San Antonio de Escazl, San José Province,
Costa Rica. Maes were alowed to mount
females in small petri dishes. As soon as a
male was securely mounted, the petri dish was

held over a Dewar flask containing liquid N,
and jarred sharply so that thefliesfell (or flew)
into the N,,. A total of 12 A. discolor, 20 A.
pleuralis, and 22 M. armillata pairs were
frozen. Judging by the positions of frozen
pairs, this treatment induced the male to hold
on tight to the female. The flask was then
placed in afreezer at -20 °C, where the N, was
alowed to evaporate. While still in the freezer,
the frozen flies were then fixed in absolute
ethanol at -20 °C, and were held there for a
week before being brought to room tempera-
ture. The flies thus did not thaw out before
being fixed, and had no chance to change posi-
tions. Pairs of S neocynipsea and
Sepsidimorpha sp. near Lakeside, AZ and of
Themira minor near Ithaca NY were frozen in
the field using ethyl chloride spray, and imme-
diately immersed in 80% ethyl acohol. This
technique conserves surstylus positions in
other sepsids (Eberhard and Pereira 1996).
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Specimens examined in the SEM (S-2360N)
were dehydrated from glutaraldehyde and
Karnovsky, dried by sublimation, and coated
with 20 um of gold. The morphological terms
for intromittent male genitalia follow those of
Eberhard and Huber (1998).

Behavioral observations in captivity of A.
discolor, A. pleuralis, A. diversiformis Ozerov,
Palaeosepsis pusio, M. eberhardi Ozerov, M.
furcata, and M. mitis were made under a dis-
secting microscope, and involved 2 - 5 day old
virgin flies (all raised from females captured in
the Valle Central of Costa Rica, except those
indicated with “Pan”, which were raised from
females on Barro Colorado Island, Panama).
Field observations were made on A. diversi-
formis, A. pleuralis, A. ecalcarata, and M.
armillata using 2X magnifying lenses mount-
ed on a headband, and involved flies of
unknown reproductive histories observed on
and near fresh cow dung in pastures near San
Antonio de Escaz(, San José Province, Costa
Rica or, in the case of A. ecalcarata, near
Federal, Entre Rios, Argentina. A mounting
attempt occurred when a male climbed onto
the dorsum of a female; successful mounting
ended in copulation, while an unsuccessful
mount ended with the male coming off the
female. All field observations involved species
that could be reliably distinguished (on the
basis of body size, color, or wing spots) from
other sympatric species without being collect-
ed, and males and females of unknown repro-
ductive history. Vouchers have been deposited
in the Coleccion de Insectos of the
Universidad de Costa Rica, and the U. S
National Museum.

RESULTS

Behavior preceding and
during copulation

Male and female behavior in Archisepsis
and Microsepsis gave clear indications of
female resistance, and of male inability to
force intromission. Femal e resistance behavior

was common when males mounted females,
both inthelab and in thefield. In captivity, vir-
gin females shook from side to side in at least
41% of 70 pairs of A. diversiformis during the
initial stages of these mounts that eventually
led to copulation (lack of female resistance in
other pairs was confirmed by direct observa-
tionin 34%,; theinitial stages of the mount that
resulted in copulation were not seen in the
other 25%). Of these 70 copulations, 21.4%
occurred after at least one previous mount that
failed after the female had resisted by shaking.
In many of these pairs| was able to see that the
female also bent her abdomen ventrally while
she shook so that her genitalia were out of
reach of those of the mounted male. Similar
shaking by the female when the male mounted
also occurred in the other six species observed
in captivity.

The most extensive field observations, of
A. ecalcarata, also documented frequent
female resistance. All of 136 observed mount-
ing attempts failed; in 82% of these the female
shook or otherwise resisted, while in the other
18% the male dismounted (usually immediate-
ly) without any sign of forceful resistance from
the female. Of 34 cases in which a mounted
male apparently attempted to intromit (the
male pressed his genitalia against those of the
female), 91% failed; the longest unsuccessful
genital contact was 100 s. Lack of intromission
was deduced by the subsegquent immediate and
smooth separation of the tips of the flies
abdomens, in contrast with the prolonged tug-
ging that occurs at the end of copulation
(above). Corresponding failure rates of mount-
ing attempts in A. diversiformis and A. pleu-
ralis were 88% (N = 113) and 100% (N = 6),
while failure rates for intromission attempts by
mounted males of these two species were,
respectively, 92% (N = 52) and 97% (N = 35).
Failed mounting attempts in A. diversiformis
occurred both with and without overt female
resistance behavior.

Details of the movements of the mal€e’'s
genitaliawhile they were pressed against those
of the female during an intromission attempt
were possible in both the field and captivity
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when pairs were oriented to afford a view of
their genitalia. Males of A. pleuralis made two
types of movement: the entire tip of the male's
abdomen vibrated rapidly from side to side,
rubbing against the tip of the female's
abdomen; and then his surstyli repeatedly
opened and closed rapidly, apparently rubbing
against or pinching the tip of the femae's
abdomen (possibly her proctiger). These
behavior patterns were not seen in the other
species. In one of four pairs of captive A.
diversiformis (Pan) in which the flies were
favorably oriented just as intromission
occurred, the male surstyli did not begin to
grasp the femal e sternite until the distal portion
of the mal€'s intromittent genitalia was inside
the female. In the other three pairs the male
briefly grabbed the female tergite V11 just prior
to intromission; one individual aso briefly
grasped her proctiger just prior to intromission.
In several captive pairs of A. armata the inner
and outer processes of the surstyli repeatedly
gripped the female briefly near the base of her
proctiger or, in some cases, the dorsal tip of her
proctiger, rocking briefly from side to side
about once/sec as if prying; but in no case did
this produce any obvious result such as obtain-
ing a stronger hold or displacing the proctiger,
and none of these interactionsresulted in intro-
mission. In one A. armata (Pan) pair, the male
did not grasp the female at all with his surstyli
prior to intromission, while in another the male
pinched her near sternite VI (not on the
proctiger) several times just prior to intromis-
sion, but then spread his surstyli and kept them
open during the first several seconds of intro-
mission. No male of any species grasped and
then pulled the tip of the female’'s abdomen
posteriorly or dorsaly, as if to extend it or to
lift her proctiger.

Females of A. ecalcarata in the field and
A. diversiformis in captivity sometimes also
shook periodically, though usually less ener-
getically, during the first several minutes after
copulation began. This behavior is paradoxical
in terms of rejection of intromission, because
the male's intromittent genitalia quickly pene-
trate deep into the female, and are braced tight-

ly inside her vagina by structures which
securely pinch the vagina wall (Eberhard and
Huber 1998).

Morphological aspects
of intromission and copulation

In all frozen pairs of A. discolor and A.
pleuralis in which the male’s genitalia did not
touch those of the female, the tip of the
female’'s abdomen was in the “resting posi-
tion” that it consistently assumed in other con-
texts except oviposition: the proctiger was
directed more or less ventro-posteriorly so that
its base covered the female€'s external genital
opening, and segments VI - V111 were partially
retracted and covered by the sclerites of seg-
ment V (Fig. 3a). In those pairsin which intro-
mission had occurred, the female's segments
VI - VIII were more extended and the male’s
surstyli grasped the exposed sternite VI of the
female; the female's protiger was deflected
dorsally, and the mal€'s intromittent genitalia
were inserted into her vulva (Figs. 1, 2; see
aso Fig. 1 of A. diversiformisin Eberhard and
Pereira 1996). One pair each of S. neo-
cynipsea, T. minor, and Sepsidimorpha sp.
frozen while copulating in the field werein this
same position.

In four pairs of A. pleuralis and one of A.
discolor, the flies were at a preliminary stage
of intromission when they were frozen. Three
different positions of the female's abdomen
and the male genitalia were seen. Taking the
resting position of the female's abdomen (Fig.
3a) as a probable starting point, the probable
order of these positions was as follows:

1. Thetip of female's abdomen was in the
resting position, with segments VI and VII
partialy retracted. The tips of the outer
processes of the mal€e's surstyli pinched
the sides of her proctiger (seen in one pair
of A. pleuralis).

2. Thefemale extended her sixth and seventh
abdominal segments posteriorly, and
deflected her proctiger dorsally. The vulva
was thus exposed, and the outer walls of
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Fig. 3. Tip of female abdomen of A. pleuralis before (a) and during (b and c) the initiation of intromission, and the geni-
taliaof the male (d) that had paired with thefemalein c. a) The female was resisting the male mounted on her dorsum, with
her abdomen flexed ventrally out of reach of his genitalia. Her proctiger is flexed ventrally, covering the vulva, and seg-
ments VI and VII are partialy retracted within more anterior segments. b) Female was frozen after the male had seized her
sternum VI with his surstyli, but had not intromitted. The proctiger is flexed dorsaly, exposing her vulva, and segments V|
and VII are extended posteriorly. c) Posterior view of female in b, showing her open vulva. d) Genitalia of the male that
was coupled with the female shown in ¢; his paddles and spiny arches had only reached the external opening of the vulva,
and had not penetrated inside it.
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Fig. 4. Early stages in unfolding the male intromittent genitalia in A. pleuralis (all specimens were gripping the female
abdomen with their surstyli when frozen, and the female's vulvawas exposed and open asin Fig. 3b, ¢. a) Intromittent gen-
italianot unfolded (lateral view). b) The paddle and spiny arch project anteriorly (they had barely reached the mouth of the
opened vulva, and were not inserted deeply enough to force it open). c) Ventral view of the same specimen asin b, show-
ing the close apposition of the paddle and spiny arch structures; the central body, which was about to be inserted deep into
thefemale, is still in itsresting position. There are no structures farther posterior, between the paddies and spiny arches and
the epandrium, which could contact and manipulate the female's proctiger during intromission. d) Spiny arches are spread
widely, the paddles are partly spread, and the distal portion of the central body (arrow) has just emerged from its resting
position (antero-ventro-lateral view).

the femal€'s genital chamber were widely
separated (Fig. 3c). The inner and outer
processes of the male's surstyli were near-
by but had not grasped female's sternite
VI, and his intromittent genitalia had not
been unfolded from their resting position
(Fig. 4a) (two pairs of A. pleuralis, one
pair of A. discolor).

The mal€e's surstyli grasped the female's
sternite VI, and her proctiger was deflect-
ed dorsaly (but less so than in stage 2).
The male’s intromittent genitalia were
partially unfolded and the paddles and the

spiny arches, which would be inserted and
spread in the rear portion of her vagina to
anchor more distal portions of his intro-
mittent genitalia (Eberhard and Huber
1998), were partidly extended (Fig. 4d)
(one pair of A. pleuralis).

Direct observation of the behavior of M.
armillata just before and during intromission
gave direct confirmation of female behavior
similar to that described in step 2. During pre-
intromission genitalic contacts the female's
proctiger was directed posteriorly, in theresting
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position. In one pair an especially favorable
angle of view allowed me to observe move-
ment of the femal€’s proctiger during a series
of four genitalic contacts that culminated in
intromission. Following the third from final
contact before intromission, she had flexed her
proctiger sharply dorsally (asin Fig. 3b), and it
remained immobile in this “acceptance” pos-
ture during the subsequent genitalic contacts
and the periods between them. The tips of the
male’s genitalic surstyli never touched her
proctiger, and probably did not touch her
abdomen at all during this period. Thus, these
direct observations confirmed that the dorsal
flexion of the female's proctiger, which
exposed her vulva for intromission, occurred
without any contact by the male that forced the
proctiger to move dorsally.

Examination of pairs of A. pleuralis, A.
discolor, S. neocynipsea, Sepsidimorpha sp.,
and T. minor frozen later during copulation
showed that the male surstyli grasp the female
abdomina sternite VI and the surrounding
membranesin very much the same way as doc-
umented in A. diversiformis and A. ecalcarata
(Eberhard and Pereira 1996) and M. armillata
and M. eberhardi (Eberhard 2001b) (Figs. 1,
2). Sharp indentations in the female mem-
branes, and the bending of the lateral edges of
her sternite VI where the surstyli contacted
them (Fig. 2), showed that in Archisepsis,
Microsepsis, and Themira both the inner and
the outer processes of the male’'s surstyli
sgueezed the female forcefully.

DISCUSSION

Possible intromission by genitalic
forcein sepsids

Both morphological and behavioral evi-
denceindicates that females of Archisepsisand
Microsepsis can and do actively facilitate
intromission, and suggest that male coercion
by intromission using genitalic forceis not fea-
sibleintheseflies. It might be argued that such
female “cooperation” is sometimes inadver-

tant, and not in fact designed to allow intro-
mission. Perhaps, for instance, she tires of
flexing her abdomen ventrally to prevent geni-
talic contact, or is sometimes surprised by the
male before she can begin to defend against
intromission. But the normal, “passive” resting
positions of the structures at the tip of the
female's abdomen preclude intromission. That
is, without active responses by the female,
copulation isimpossible. At least two and per-
haps three active responses by the female pre-
cede intromission: eversion of segments VI -
VIII; dorsal deflection of the proctiger to
expose the vulva; and possibly opening of the
external portion of the genital chamber. The
male is not morphologically equipped to force
the first two of these processes, and active
cooperation by the female in both was con-
firmed by observations of both processes in
living and frozen flies. The male did not bring
any structure to bear on the female proctiger
that could forcefully raise it while his genitalia
were positioned to intromit (and in fact, he has
no structure that is equipped to act in this
way—see Fig. 4c). Nor did the male make any
movements that would forcefully extend the
femal€'s abdomen to expose her sternite VI so
it could be grasped by his surstyli. Thus, nei-
ther male brute force, nor male surprise of the
female before she could defend against intro-
mission, nor male persistence that eventually
tired out the femal€e's resistance and lowered
her defenses are likely to result in intromission
in these flies. In short, intromission by genital-
ic force seems impossible.

The male genitalia of many other sepsids
resemblethose of Archisepsisintheir lack struc-
tures that could forcefully deflect the femae€e's
proctiger, but the femal€e's proctiger is neverthe-
less deflected dorsaly during copulation in A.
diversiformis and A. ecalcarata (Eberhard and
Pereira 1996), P. dentatiformis (Eberhard in
press b), T. minor (Eberhard in prep.), and in P.
pusio, A. armata, and M. furcata (Melander and
Spuler) (W. Eberhard unpub.).

It might be argued that evidence from the
behavior of virgin females of Archisepsis and
Microsepsis should not be generalized to
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non-virgins, since virgins may be especially
receptive or not yet mature enough to effec-
tively resist, or that male and female behavior
preceding and during intromission would be
different and more conflictive if the femae
were in a less receptive stage. However, the
male failed to copulate in many of the pairs
observed, yet did not move his genitalia in
ways appropriate to forcefully extend the distal
portion of the female's abdomen while he was
being rejected; and males do not have intro-
mittent genitalic structures appropriately
designed to forcefully deflect the female's
proctiger dorsally and expose her vulva.

The behavioral observations reported
here, aswell as the temporary genitalic contact
observed in S. cynipsea (Parker 1972a, Ward et
al. 1992), also suggest that female sepsids can
and do prevent intromission even after amale
has succeeded in bringing his clasping genital-
ic surstyli into contact with her genitalia, again
indicating that males are unable to use their
genitaliato force intromission. In A. pleuralis,
pre-intromission male contacts with the
femal€e's proctiger suggested persuasion rather
than coercion, as they involved very rapid
vibration of his abdomen and his surstyli, pos-
sibly combined with brief nips. In A. diversi-
formis, A. armata, and M. armillata males con-
sistently failed to contact the female's
proctiger. The prying movements of male A.
armata, in contrast, appeared to be forceful;
but they consistently failed to result in
increased access to the female's vulva, again
suggesting female ability to prevent intromis-
sion. Parker (1972b) stated that male S.
cynipsea grasps the female with his genitalia
prior to copulation. But these observations
were made in the field, so detailed observa-
tions of genitalic behavior were presumably
not possible. Further observations are needed
to clarify this point.

Possible intromission by indirect
coercion in sepsids

Indirect male coercion could occur if the
male imposes fitness costs on females that

refuse to mate. Such indirect coercion seems
unlikely, however, in Archisepsis, Microsepsis
and Sepsis flies because the cost of copulation,
in terms of time spent carrying the mounted
male (which may entail increased danger of
predation as well as energetic costs—see
Eberhard 20014), is probably greater than the
cost of rgjection. In those species which have
been studied, mounting will last longer if the
female copulates than if she regjects the male.
In S cynipea, Parker (1972a) and Ward et al.
(1992) found that unsuccessful mounts lasted
on average 7 and 8 min after oviposition
ended. In contrast, successful mounts lasted on
average 7 and 19 min after oviposition ended
and prior to copulation, and then an additional
20 - 22 min during copulation (Parker 1972a;
see also Fig. 4 of Ward et al. 1992). The time
needed by a female A. diversiformis or M.
armillata to walk into the grass or leaf litter
near a dung pat and thus induce a riding male
to dismount is on the order of only 30 - 60 s
(Eberhard 2001a), much less than the 15 - 20
min duration of copulation. These costs of
copulation are conservative because they
ignore the possibility that female shaking and
other resistance behavior increases her suscep-
tibility to predation, and also the possibly dam-
aging effects of male semina products on
females that occur in other flies (Chapman et
al. 1995, Rice 1996, Holland and Rice 1999).
These considerations cast new light on the
resistance behavior of female sepsids such as
the shaking that is performed when a mae
mounts. Shaking is not necessary to prevent
intromission. Nor is it convincingly explained
on the basis of possible costs of carrying a
mounted male, especially the very energetic,
sustained femal e resistance seen in some pairs
(in a sample of 28 virgin female A. diversi-
formis, females shook up to more than 3 800
times during mounts that lasted up to 52 min of
al hr observation period—M. Baenain prep.).
Thus, the resistance as screening hypothesis
seems more likely to explain female shaking
than resistance as avoidance. In fact, such
screening of males does indeed occur in both
S. cynipsea and A. diversiformis. Mounts by S.
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cynipsea males with more symmetrical legs
are more likely to result in copulation (Allen
and Simmons 1996). Mounts by larger A.
diversiformis males and by males with normal
as opposed to altered front leg morphology are
more likely to result in copulation (M. Baena,
in prep., W. Eberhard in press a).

Genitalic evolution in sepsids

The conclusion of Eberhard and Pereira
(1996) that one function of the male surstyli of
A. diversiformis is to physicaly restrain the
female to allow intromission is not supported
by this study. The species-specific morphology
of the surstyli was not associated with intro-
mission by genitalic force. Nor is there any
sign of species-specific female “defensive’
structures that would have selectively favored
the species-specific aspects of male surstylus
morphology (Eberhard and Pereira 1996),
which would have supported the male-female
conflict of interest hypothesis to explain rapid
divergent genitalic evolution (Lloyd 1979,
Alexander et al. 1997).

The pinches by the tips of the outer
processes of the male surstyli on the female's
proctiger and the rapid vibrations of the tip of
the male's abdomen in A. pleuralis suggest,
instead, a courtship function for the surstyli.
Observations of the surstyli of two Microsepsis
species during copulation showed that they
sgueeze the female rhythmically, and that the
rhythm of squeezing varies between congener-
ic species (Eberhard 2001b), further favoring
the alternative hypothesis of rapid divergence
due to sexual selection by cryptic femae
choice (Eberhard 1985). There are no behavior
patterns or structures on the proctiger of
female A. pleuralis or on the ventral surface of
the female abdomen in Microsepsis that show
any hint of resisting the male’s pinches and
rubs, as might be expected under the conflict
of interests hypothesis. It could be that females
use the force of the mal€e's genitalic grip as an
indicator stimulus of male vigor (Andersson
1994), although the relatively small amplitude
of many sgueezing movements (Eberhard

2001b) and the strong negative alometry of
surstylus size (Eberhard et al. 1998) argue
against this. In sum, the conflict of interest
hypothesis fails to explain the species-specific
morphology of the male genitalic surstyli in
Archisepsis and Microsepsis.

Intomission by genitalic force
in other insects?

There is a substantial literature on appar-
ently forced copulations in insects. However,
careful examination of the original accounts
and of genitalic morphology revealsfew if any
demonstrations of intromission by genitalic
force. | will discuss the most commonly cited
examples one by one.

The papers by Thornhill and collaborators
on Panorpa scorpionflies probably constitute
the most careful and widely cited studies of
forced copulation in any insect. It appears,
however, that the argument being made was
for intromission by indirect coercion rather
than intromission by genitalic force: “females
... can probably refuse to permit the male ever
to copulate with them by preventing entry of
his aedeagus’ (Thornhill and Alcock 1983, p.
469). Even intromission by indirect coercionis
not certain in Panorpa. Disabling the mae
clasping organ in P. latipennis by covering it
with beeswax resulted in males failing to
achieve copulations, despite persistent
attempts, and control males were often suc-
cessful despite active female resistance
(Thornhill 1980). These results are in accord
with male coercion and female resistance to
avoid, but they do not eliminate the screening
hypothesis, females may screen males for
instance, on the basis of these clasping struc-
tures (see Krieger and Krieger-Loibl 1958,
Belk 1984, and Eberhard in press afor experi-
mental demonstrations of such screening on
the basis of the morphology of male clasping
structures). This aternative is favored by the
elaborate, species-specific clasper forms in
males combined with the lack of obvious,
species-specific anti-clasper structures of any
sort in females (G. Byers pers. comm.,
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Eberhard 1985). Thornhill and Alcock (1983)
argued against resistance as screening, noting
that the “appearance of forced copulation” (p.
272) by those male Panorpa scorpionflies that
lack nuptial gifts represents true forced copula-
tion because of “the clear disadvantage of not
receiving a food present in return for mating”
(p. 404). But the female is free to mate (and
receive food gifts) as many more times as she
wishes, and femal es have been seen to mate up
to at least five times in a week (Thornhill
1980), so this argument is weak. Thornhill and
Sauer (1991) argued that their observations of
P. vulgaris eliminated the resistance as screen-
ing hypothesis, but they failed to consider
many possible female mechanisms of cryptic
choice, so again their argument isinconclusive
(Eberhard 1996).

The case of the cricket C. strepitans
(Sakaluk et al. 1995) resembles that of the
scorpionflies in some respects. The male has a
structure (a “gin trap”) on the 8" and 10" ter-
gites of his abdomen which clamps the ventral
surface of the female abdomen. When the gin
trap was disabled, the male’'s mating success
was reduced if he was unable to provide the
female with anuptial meal, but was unaffected
if he could provide a meal (Sakaluk et al.
1995). The site where the female is clamped is
not her genitalia, but is nearby; intromission
per se, which involves attachment of a sper-
matophore, was not studied. In contrast to
Panorpa, the simple, unadorned and clearly
practical design of the gin trap suggests that it
may not have evolved under sexual selection
by female choice.

In water striders, the female fitness costs
of male harassment and mounting are especial-
ly clear and well documented. Females often
violently resist male mounting attempts (sum-
mary in Arnqvist 1997). In one species females
even have an apparent anti-clasping structure
near the genital opening (Arngvist and Rowe
1995) (the possibility that this is a screening
device to assure copulation only with those
males that are especially good at clasping has
not been tested, however). However, the mor-
phological details of the process of intromis-

sion, as opposed to preliminary grasping of the
female, have apparently not been studied in
these animals. Although in one species the
male’s genitalia routinely entered the female's
reproductive tract immediately after he mount-
ed (Weigensberg and Fairbairn 1994), it is nev-
ertheless possible that afemale which has been
successfully grasped by the male’s front legs
and genitalia can nevertheless prevent intro-
mission. In fact, G. Arnqvist (pers. comm.)
suspects that the male is “most probably
unable to morphologically penetrate the
female genital tract without the female ‘allow-
ing’ him to do so.” Morphologically forced
intromission thus seems not to have been
demonstrated in water striders. The lack of
sperm transfer in copulations that lasted less
than about 15 min (Rubenstein 1989), and the
frequency of occurrence of such pseudocopu-
lations (Weigensberg and Fairbairn 1994,
1996), suggest that some intromissions may
involve only incomplete intromission, or per-
haps female dumping of sperm (Daniellson
and Askenmo 1999).

Several other insects have been mentioned
toin general discussions of forced copulations.
These include two tephritid flies (Prokopy and
Hendrichs 1979, and Smith and Prokopy 1980,
cited in Thornhill and Alcock 1983), the midge
Culicoides melleus (Linley and Adams 1972
cited in Thornhill and Alcock 1983),
Drosophila (Manning 1967 in Thornhill 1980),
“all grasshoppers’ (Alexander et al. 1997),
and the planthopper Nilaparvata lugens (Oh
1979 cited in Thornhill and Alcock 1983).
Intromission by genitalic forceisalso unlikely,
however, in most if not al of these species.

Headrick and Goeden (1994) noted that
intromission in tephritid flies can only occur
after the female everts the tip of her ovipositor
(the aculeus) from its usual hidden resting
position, a process over which the male has no
direct control. They argued that forceful intro-
mission cannot occur in these flies, a conclu-
sion supported by a detailed study of the
process of intromission in the medfly,
Ceratitis capitata (Eberhard and Pereira
1995). Smith and Prokopy (1980) suggested
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that forced copulations with female Rhagol etis
which had been ovipositing were possible
because the female still had her ovipositor
extended to oviposit, and the male could grasp
her aculeus before she was able to withdraw it.
Thisinterpretation is doubtful, however. Smith
and Prokopy did not observe such quick
seizures; male tephritids need several seconds
to find and engage the female genitalia after
they mount (Headrick and Goeden 1994,
Eberhard and Pereira 1995); and direct obser-
vations show that female C. capitata can with-
draw the aculeus relatively rapidly (W.
Eberhard unpub.).

The forced nature of intromission in the
midge C. melleus is aso doubtful, since the
male probably cannot force the female into a
position in which he can bring his genitalia to
bear on hers. In the first stage of male-female
interactions leading to copulation, the female
must stop (if she was moving), and raise her
abdomen in a very distinctive “receptive pos-
ture” (Linley and Adams 1972, p. 89), which
allows the male to grasp the ventral surface of
her abdomen with his genitalic claspers. In
some pairsthe femaleresisted and did not raise
her abdomen, and the male pushed dorsally at
her abdomen with his hind legs. The much
smaller size of the male (in Fig. 1b of Linley
and Adams 1972, the femal€'s body length is
about 140 % that of the male), and thefemale's
ability to easily avoid the male's advances by
simply walking away, suggest that a male's
ability to force intromission is at best very lim-
ited.

Similarly, a female Drosophila (both
melanogaster and other species) can avoid
being mounted by walking away, extruding her
genitalia, or simply ignoring the male (Spieth
1947). In addition, female Drosophila are
thought to have to open their vaginal plates for
intromission to occur (Bubis et al. 1998 on
melanogaster, Spieth 1947 on six species in
the willistoni group). Mae D. melanogaster
usually make genitalic contact with the female
two to three times before achieving intromis-
sion (Tompkins and Hall 1983). Alonso-
Pimentel et al. (1995) reported occasional

apparent forced copulationsin D. mettleri, but
gave no details. There are apparently no
detailed descriptions of the early stages of
intromission in Drosophila (such as those on
sepsids presented above) that would allow
evauation of the possibility that males use
their genitalia to force the femae's plates
apart. Direct observations of living D.
equinoxalis and D. willistoni showed that a
receptive female spreads her genitalia before
the male has even mounted (Spieth 1947).
Alexander et al. (1997) state that the
males of al grasshoppers employ their geni-
taliato seize and hold the femal€e's genitaliain
a “coercive act”, but do not provide any sup-
porting references. Two possible, widely cited
sources of such information on grasshopper
copulation (Gregory 1965 on Locusta migrato-
ria, and Whitman and Loher 1984 on
Taeniopoda eques) indeed mention grasping
and holding by male genitalia preceding inser-
tion of the aedeagus. There is reason to won-
der, however, if these descriptions are com-
plete. Few further details were provided in the
Locusta study, and there was a nearly exclu-
sive emphasis on successful intromissions in
both studies (such “fertilization myopia’ is
unfortunately typical of many morphological
studies—Eberhard 1996). In both species the
male’'s abdomen must be closely aligned with
that of the female for grasping to occur, and the
female abdomen in grasshoppers in genera is
highly mobile and probably capable of moving
so asto deny such positioning by the male. The
female of another species of grasshopper,
Melanoplus sanguinipes, can also “reach back
with her hind legs and dislodge the mounted
male with a series of vigorouskicks” (Pickford
and Gillott 1971). More subtle, apparently
internal regjections also may occur in grasshop-
pers. In Chorthippus curtipennis females
mated on the first day of their receptivity did
not always receive a spermatophore: “... the
mal e mounted and copul ated, but the aedeagus
was withdrawn after a few seconds and the
male left” (Hartman and Loher 1974, p. 1714-
1715). Some couplings in Schistocerca gre-
garia also failed to result in spermatophore
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transfer even after several hours of copulation
(Pickford and Padgham 1973).

Finally, the study of Oh (1979) on the
delphacid N. lugens was mainly concerned
with ecological consequences of multiple
copulations; forced copulation was men-
tioned briefly as being associated with female
resistance behavior but no morphological
details were given.

In sum, the evidence from insects that has
been cited in previous publications as illustrat-
ing forced copulations does not in general doc-
ument intromission by genitalic force.
Morphologically forced intromissions are
poorly documented in insects, and may be
uncommon. For instance, in al of the beetle
species whose mating | have observed (species
in the families Bruchidae, Buprestidae,
Cantharidae, Carabidae, Cerambycidae,
Chrysomelidae, Cicindellidae, Coccinellidae,
Curculionidae, Dynastidae, Erotylidae,
Languriidae, Melolonthidae, Scaphidiidae,
Staphylinidae, and Tenebrionidae), the maleis
clearly unable to intromit until the female
opens the tip of her abdomen. This, of course,
does not mean that morphologically forced
intromission never occurs in insects (this paper
isnot areview of all published studies). But it
does mean that intromission by genitalic force
is probably much less common in insects than
might be suggested by a superficia glance at
the standard set of citations. Further studies of
grasshoppers or water striders, for example,
may revea genitalic structures capable of
forceful intromissions. Species with traumatic
insemination (see review in Eberhard 1985),
and those in which males copulate with soft,
apparently defensel ess females soon after their
final moult (e.g. some Heliconius and papil-
ionid butterflies—Brown 1981, Suzuki and
Matsumoto 1990; some fungus gnats—
Eberhard 1970; some Drosophila—Markow
2000) are other likely possibilities (G. Arngvist
pers. comm.). Male persistence plus a sharp,
needle-like tip of the aedeagus may sometimes
allow some chrysomelid beetle males to pass
the female's internal sphincter at the opening
of the bursa when it becomes tired, while oth-

ers pass the sphincter so rapidly that it is pos-
sible that they bypassed female resistence by
surprise (D.W. Tallamy pers. comm.). Even
here, however, the female must first open the
tip of her abdomen to allow the male access to
her vulva.

The distinction between intromission by
genitalic force and active female cooperation
may sometimes be subtle. Males of some
species probably achieve intromission by a
mixture that combines behavioral and morpho-
logical coercion as well as more classica
courtship behavior. The male of beetles in the
genus Macrodactylus, for instance, combines
several strategies. he rubs and strokes the
female with the his middle legs and ventral
spines, grasps her prothorax forcefully with his
front legs, strokes her gently with his genitalia,
forcefully inserts agenitalic “foot-in-the-door”
device into her external genital opening, and
uses a spiny vulva-spreading device to attempt
open an internal entrance to her bursa
(Eberhard 1993). In addition, the behavioral
interactions that precede morphologically
forced intromission (i.e. the threat of genitalic
force), and a female's ultimate inability to
resist forceful genitalic penetration in some
species, may sometimes be enough to induce a
female to give in and alow intromission even
when the male does not exercise this force.
There is undoubtedly a spectrum of combina-
tions of mae behaviora and morphological
duress and of femae cooperation in different
species, in different pairs of a single species,
and even in particular femal es, whose resistance
to intromission probably often varies according
to her age, previous history, and current ecolog-
ical context. Despite these complications, how-
ever, it is useful to attempt to check male and
female genitalic morphology for the ahility to
preclude forced intromission, because of the
logical consequences of the extreme casg, in
which a mal€'s genitalia are morphologicaly
incapable of forced intromission.

The inability of male genitalia to force
intromission is not limited to insects. For
instance, female fiddler crabs must lower the
abdominal flap to expose their gonopores, and
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males are not morphologicaly equipped to
force this lowering (J. Christy pers. comm.);
many male spiders are unable to force the
female into positions that permit intromission
(Huber 1998); sperm transfer in many other
arachnids depends on insertion of a sper-
matophore by the female rather than by the
male (Thomas and Zeh 1984); in many reptiles
the male's hemipenisis only inflated after it is
inside the female; and most male birds lack
intromittent organs.

The finding that direct male coercion
using intromission by genitalic force is proba-
bly unusual in insects has an important conse-
guence for resolving questions that contrast
male coercion with male persuasion. It means
that only indirect rather than direct male coer-
cion isfeasiblein many groups. It thus focuses
attention on the ecological context of male-
female interactions in any attempt to test male
coercion vs. male persuasion hypotheses. If the
female clearly stands to lose more from being
mounted or from copulating than from contin-
ued resistance (e.g. when predation rates
increase sharply as in gerrids), then it is rea
sonable to propose that her resistance behavior
represents indiscriminate attempts to escape
from male attentions, even though the male
cannot force intromission (Arnqvist 1992,
1997, Weigensherg and Fairbairn 1994, 1996).
If, on the other hand, no clear ecological cost
for the female can be found for being mounted,
and the mounted male is incapable of forcing
intromission (e.g., the sepsids of this study,
coelopid flies in the genus Coelopa—Crean
and Gilburn 1998, Weall and Gilburn 2000),
then it seems prudent to carefully consider the
possibility that female resistance functions to
screen rather than to avoid potential mates.

It should be noted that the focus on intro-
mission in this paper probably resultsin a seri-
ous underestimate of the likely importance of
female resistance as screening. Severa addi-
tional female processes, such as gjection of the
male’'s sperm, failure to transport them, or
flooding of the reproductive tract with phago-
cytes immediately after copulation (Eberhard
1996) could have the same fina effects on

paternity as prevention of intromission
(Gowaty 1997, Gowaty and Buschhaus 1998),
but they are less likely to have the kind of nat-
urally selected payoffs expected from resist-
ance as avoidance.

Finally, it is interesting to note the some-
what surprising trend for male insects to sel-
dom intimidate or damage females, even when
they possess strong mandibles, poisonous
bites, or powerful armed legs that serve in pre-
dation or as weapons in battles with other
males (e.g. Rodriguez 1998, Eberhard and
Marin 1996, Eberhard 1998b). Among 131
species of insects and spidersin eight different
orders whose copulatory behavior | studied
(Eberhard 1994) and a number of additional
species in which males attempted to mate but
were consistently rejected by females, there
was not a single species in which male behav-
ior suggested that potential damage to the
female was used to induce cooperation in cop-
ulation attempts. Male assassin bugs in the
genus Zelus may be an exception to this pat-
tern; the male jumps on the female without
preliminaries, and immediately places his
predatory beak at the female's neck (D.
Tallamy pers. com.). The reason for the appar-
ently general failure of male insects to use
intimidation (Clutton-Brock and Parker 1995),
which iswidespread in vertebrate groups rang-
ing from primates (Thornhill and Thornhill
1983, Crawford and Galdikas1986, Smuts and
Smuts 1993) to lizards (Olsson 1995), is not
clear. Mae insects do, in contrast, often harass
females to induce copulation (e.g. Thornhill
and Alcock 1983, Fincke et al. 1997, Arnqvist
1997, Wilkinson and Dodson 1997, Crean and
Gilburn 1998, Cordero 1999).
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RESUMEN

Este articulo intenta organizar algunas ideas tedricas
sobre posibles conflictos entre machos y hembras en cuan-
toalacopula. Lasideas seilustran con datos nuevos de una
familia de moscas (Sepsidag), y con otros datos ya publica-
dos sobre otros insectos. El hecho de que una hembra opo-
ne resistencia a la penetracion por el macho no implica en
si mismo que la cépula es forzada, ya que laresistencia de
la hembra también puede funcionar como una prueba del
macho, para asi tamizar entre diferentes machos y conse-
guir hijos superiores. Se contrastan dos hipétesis para el
macho, la de la copula por coercion vs. la de la copula por
persuasién; también se contrastan, desde la perspectiva de
la hembra, dos hip6teses relacionadas, |a resistencia para
evitar atodo macho en formano selectivavs. laresistencia
para tamizar entre machos. Cuando la morfologia de la ge-
nitaliade los dos sexos estal que el macho no esfisicamen-
te capaz de forzar la intromision, como es el caso en las
moscas sépsidas y probablemente en muchos otros insectos
(a pesar de agunas publicaciones que sugieren lo contra-
rio), las hip6tesis contrastantes para cada sexo pueden re-
solverse con datos sobre el contexto ecoldgico en e cua
ocurre lainteraccion macho-hembra. Se rediz6 un andlisis
de esta clase con los sépsidos. Parece més probable que la
resistencia energética que la hembra pone a macho sea un
esfuerzo para tamizar entre machos que un esfuerzo para
evitar la cdpula en forma no selectiva.
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