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University of Washington
Abstract

The adaptive significance of multiple mating in female mink (Mustela vison)
and its effects on the mating system.

by Melissa Anne Fleming

Chairperson of the Supervisory Committee: Professor David P. Barash
Department of Psychology

Female multiple mating is common in mammals, but studies of its
advantages are often constrained by our limited understanding of the
reproductive physiology underlying it. The reproductive physiology
underlying female multiple mating in the American mink (Mustela vison) is
well-known, but this is the first study to focus on the functions of female
multiple mating and its possible effects on the mating system.

Multiple mating by female mink has different effects depending on
the interval between matings. Matings at eight day intervals (8DI) during
delayed implantation induce additional ovulations while matings at one
day intervals (1DI) around ovulation promote sperm competition. To
determine female mating preferences and males' response, | gave fur
farm females opportunities to remate at 1Dl and/or 8D} with the same male
(familiar) and/or unfamiliar males.

Females mated multiply in the absence of male coercion. Females
remated after eight days regardless of male familiarity, possibly because
females that experience only matings early breeding season are more

often barren. For familiar pairs at the 1DI, males showed less interest in



remating than females did, which led to females mating different males on
consecutive days and to their fecundity not being reduced when one male
was infertile. Allozyme electrophoresis confirmed the paternity advantage
of males mating around later ovulations and showed a first male
advantage in consecutive day matings.

Copulation duration increases over the course of the breeding
season beyond what is necessary to induce ovulation and achieve
fertilization. Copulation duration increased for unfamiliar pairs and pairs
that had last mated more than a week before, but not for pairs that had
mated the previous day—further illustrating the decreased interest of
familiar males at the 1Dl and suggesting that prolonging copulation is a
male strategy in sperm competition.

Wild-caught Mustela vison evagor mated in May rather than March,
but otherwise showed multiple mating behavior similar to fur farm mink.
Female mink may multiply mate during delayed implantation to insure
maximum fecundity and to increase offspring quality by increasing

opportunities for male-male competition and mate choice.
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“We need another and a wiser and perhaps a more mystical
concept of animals. Remote from universal nature, and living by
complicated artifice, man in civilization surveys the creature through
the glass of his knowledge and sees thereby a feather magnified and
the whole image in distortion. We patronize them for their
incompleteness, for their tragic fate of having taken form so far below
ourselves. And therein we err, and greatly err. For the animal shall
not be measured by man. In a world older and more complete than
ours they move finished and complete, fitted with extensions of the
senses we have lost or never attained, living by voices we shall never
hear. They are not brethren, they are not underlings; they are other
nations, caught with ourselves in the net of life and time, fellow
prisoners of the splendour and travail of the earth."

-- Henry Beston, 1928, 'The Outermost House'

viii



CHAPTER 1:
Multiple mating preferences in female mink: matings that induce additional

ovulations versus contribute additional sperm.

INTRODUCTION

Although female multiple mating is common in animals (Smith 1984,
Birkhead & Moller 1992, Eberhard 1996), there is considerable controversy
about the extent to which mating with more than one male per reproductive
cycle may be adaptive for females (Halliday & Arnold 1987, Arnold &
Halliday 1988, Sherman & Westneat 1988, Keller & Reeve 1995). Mating
multiple females is considered adaptive for males because of the higher
number of offspring they can potentially sire. Even when mating females
that have already mated, males may increase their reproductive success
through post-copulatory competition for fertilizations, such as sperm
competition (Parker 1970, 1984). On the other hand, females that mate
multiple males usually do not have more offspring than females with a
single mate, leaving the benefits, if any, to females of these ‘extra’ matings
more difficult to detect and quantify.

Whether multiple mating is a female strategy or something they are
compelled to do by males is not always easy to determine by simply
observing female behavior (Parker 1974, Birkhead & Moller 1992). In birds,
a number of studies have shown females seeking out and soliciting
copulations from multiple males (Birkhead et al. 1985, Alatalo et al. 1987,
Moller 1990, Burley et al. 1994), clearly implying that their behavior is

adaptive. In other cases, there is good evidence that females resist and are
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forced to copulate with additional males (McKinney et al. 1983, 1984,
Clutton-Brock & Parker 1995), implying that these additional matings are
not adaptive for them. In most species, however, female behavior is harder
to interpret; females may appear to passively accept additional mates or to
put up limited ‘resistance’ (or 'surrender selectively', Eberhard 1996),
perhaps as a test of male quality rather than an absolute indicator of female
unwillingness to mate (Cox & LeBoeuf 1977, Westneat et al. 1990).

Such species' differences in female multiple mating behavior have
less to do with differences in the potential advantages or disadvantages of
multiple mating than with differences in their mating systems. That female
birds engage in overt mate-seeking behaviors as part of their multiple
mating strategy is not surprising because these females often search for
and approach their initial mates as well. In contrast, many mammals and
insects have mating systems that involve males searching for females. In
these cases, females may not need overt mate-seeking behaviors to
acquire multiple mates any more than they needed them to acquire initial
mates.

In these behaviorally ambiguous cases, looking at female
reproductive physiology may provide clues as to the nature of female
multiple mating (Gomendio & Roldan 1993). If multiple mating were
disadvantageous to females, then natural selection should favor the
evolution of mechanisms that not only decrease female receptivity after
mating but quickly decrease their fertilizability as well, to prevent males from
getting any benefit from mating an already mated female. On the other

hand, if multiple mating were advantageous to females, then natural
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selection should favor mechanisms that increase its likelihood of occurring,
such as prolonging physiological receptivity and its advertisement after
mating. In this latter case, prolonging the fertile period as well would imply
that females derive genetic benefits (via heterogeneous offspring, sperm
competition, or cryptic female choice) from multiple mating. If the fertile
period is not prolonged concomitant with receptivity, then females may be
deriving primarily non-genetic benefits from multiple mating, e.g., protection
from infanticide (Packer & Pusey 1983, Jeppson 1986).

The American mink (Mustela vison) is a mammal whose physiology
prqvides females extensive opportunities to mate multiply and secure
additional fertilizations. First, mink are induced ovulators that remain
receptive to additional matings during the 28-72 hour interval between a
mating that induces ovulation and ovulation itself (Sunqvist et al. 1988).
This interval between mating and ovutation is long compared to that in other
induced ovulators (e.g., vole, 9-12 hours; rabbit, 9-10 hours; ferret, 24-35
hours; cat, 26-58 hours, Ramirez & Beyer 1988) and could allow additional
males time to locate a mated female and compete for fertilizations. Indeed,
males mating the same female on consecutive days are usually both
represented in her litter and no simple mating order advantage has been
established (Johansson & Venge 1951; Jorgensen 1985; Fleming chapter
3).

Second, a female mink can remate and ovulate again at
approximately weekly intervals throughout the 3-5 week breeding season
and produce a litter that contains kits sired by males that mated weeks apart

(‘split litters'; Shackelford 1952). Like many other mustelids, mink have
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delayed implantation (Wright 1963, Mead & Wright 1983, Mead 1989)—an
extended period of time in which the embryos (blastocysts) are quiescent
and free-floating in thé uterus. Unlike most other mammals, new follicles
continue to develop in the ovaries after ovulation, and are mature 6 days
later (Hansson 1947, Shackelford 1952). At this point, mated females
become sexually receptive again and mating will induce ovulation as
before (Hansson 1947). This cycle continues approximately every 8-10
days until changing photoperiod around the vernal equinox stimulates
implantation (Allais & Martinet 1978) and a single litter of kits is born about
30 days later. Thus, split litters result from different males mating a female a
week or more apart and fertilizing two different sets of ova that implant at
approximately the same time (Shackelford 1952). However, fnatings
during subsequent receptive periods typically result in the loss of
unimplanted embryos from previous weeks' matings (Adams 1981), so that
£6-90% of kits born are conceived at the female's last ovulation (Johansson
& Venge 1951, Shackelford 1952). Thus, females can encourage multiple
paternity and sperm competition both by mating repeatedly prior to or
shortly after a single ovulation, and by replacing embryos from previous
mates with those of new mates at weekly intervals.

In the wild, mink are solitary animals and typical camivores in having
relatively large home ranges for their body size (Gittleman & Harvey 1982).
Most mink populations appear to conform to the pattern of intrasexual
territoriality common in mustelids (Powell 1979), in which larger male
ranges may encompass a number of smaller female ranges (Mitchell 1961,

Gerell 1970, Whitman 1981). Males and females are sexually mature at 10



months of age (Hansson 1948, Dunstone 1993). During the breeding
season, both juvenile and adult males are reported to travel widely in
search of receptive females (Gerell 1970, Mitchell 1961). Males have been
reported to remain with females for up to 2 days after mating (Ireland 1990
in Dunstone 1993), but there are no reports of longer male-female
associations, of males providing resources to females, or of paternal care in
mink.

Several hypotheses that have been proposed to explain multiple
mating in female mammais (Schwagmeyer 1984, Moller & Birkhead 1989)
do not apply to mink because they are solitary and lack paternal care.
Given female minks' unusual reproductive physiology and their mating
system, the three hypotheses that | considered to explain the function of
female muitiple mating in mink involve female strategies to 1) reduce male
harassment, 2) assure fertilization, and 3) manipulate paternity.

Female mink may multiply mate simply because it would be too
costly in terms of time, energy, and risk of injury to avoid ardent males
(Alcock et al. 1977, Daly 1978, Parker 1979, McKinney et al. 1983). Male
mink are 2-3 times larger than females so ‘harassment reduction' could
certainly apply to a fur farm situation in which females are placed directly in
a cage with a male. It could also apply in the wild, where Hatler (1976)
observed female condition deteriorating during the breeding season and
speculated that their foraging was restricted by their remaining in their dens
to avoid male harassment.

Mating with several males during a single. fertile period could guard

against male infertility (Dewsbury & Sawrey 1984, Huck et al. 1986, Huck et



al. 1989), and could simultaneously increase the genetic diversity within a
litter (Williams 1975, Walker 1980), or simply promote sperm competition
and/or cryptic female choice in which the best male sires most of the kits
(Cohen 1971, Birkhead et al 1993, Birkhead & Moller 1993, Keller & Reeve
1995, Eberhard 1996). The physiology of domestic mink, and presumably
of wild mink (Linscombe et al 1982), also provides females with greater
options for influencing the paternity of their litters than they would have if
they only ovulated once. If a female cannot be sure to encounter a number
of males over the course of the breeding season, she may opt to mate
indiscriminately with the first male encountered to insure fertilization and
then be more discriminating at any subsequent mating opportunities. This
strategy, termed ‘fertilization assurance/exertion of preference’ by
Schwagmeyer (1984), could increase the mate choice options considerably
for mink. A female that encounters a preferred male more than a week after
previous matings can remate and replace 86-90% of the blastocysts sired
by earlier mates (Johansson & Venge 1951, Shackelford 1952).

To test these hypotheses, | presented female mink with the
opportunity to remate at intervals that would either provide additional sperm
(1 day interval or 1D!) or induce additional ovulations (8 day interval or 8DI).
The males were either ones they had already mated (familiar males) or
ones they had not encountered before (unfamiliar males). Females were
placed in cages connected to a male's cage by tunnels that were wide
enough for the females to pass easily from one cage to the other but that
restricted the males, which are 2-3 times larger, to one side. Females were

either presented with a single male—familiar or unfamiliar—and given the



opportunity to mate or not (sequential choice experiment) or presented with
a choice of two males—one familiar, one unfamiliar—and the option of not
mating (simultaneous choice). The former simulated a situation in nature in
which females would be approached by one male at a time (i.e., low
population densities, low competition) while the latter simulated a situation
in which females were located by more than one male at a time (i.e., high
population densities, high competition).

If females were simply multiply mating to avoid resistance costs, they
should avoid 'extra' matings by not entering males' cages after their first
mating. If females were multiply mating so as to expel blastocysts from
previous matings, they should be more selective about mates that would
induce later ovulations than about their initial mates and less likely to
remate a previous mate than to mate an unfamiliar male. If females were
multiply mating during a single fertile period to reduce the risk of mating an
infertile male, to increase the heterogeneity of their litter, or to promote
sperm competition and/or cryptic female choice, then they would be more
likely to mate different males on consecutive days than the same male.
These last two hypotheses are not mutually exclusive, but refer to the two
different types of multiple mating in mink: matings that will induce additional
ovulations versus those that will contribute additional sperm to that already

present in the female tract.

METHODS
| conducted my research on a private fur farm in western Washington

in March 1989 and 1990 between dawn and dusk (700-1800 hours). Mink



were maintained under standard fur farm conditions as approved by the
Mink Farmers' Animal Welfare Board. Testing cages were built of polyvinyl-
coated wire with 2.5 x 5 cm squares. Fifteen pairs of cages (77.5 cm x 50
cm x 35 cm each) were connected by two 25 cm tunnels spaced 35 cm
apart on the long side of the cage. Each male was housed in one of these
cages throughout the study. The tunnels were ~7 c¢m in diameter to restrict
males to their home cage while the females had access to both. [ shut
males in their nest boxes before females were placed in the opposite cage.
Females were allowed to explore both cages and return to their own before
the male was released from his nest box. Thus, a female could remain in or
return to her cage at any point to avoid mating without having to fight a
persistent male.

| used adult (>2 years old) and juvenile (10 month old) mink of both
sexes in the study. Adults are a selected subset of successful breeders
from the previous year, meaning that the variance in adult characteristics
should be less than in juveniles’. Because adult females come into
breeding condition earlier than juveniles (Hansson 1947), | did not start my
experiments until both age classes were likely to accept males, which |
determined by the mating success of females in the rest of the fur farm

population.

Sequential choice experiment
Twenty-five adult females and 35 juvenile females were paired with
14 adult old males and a juvenile male between March 4 and March 19.

The juvenile male proved to be a competent mater on his first exposure to a
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female. Trials began when males were released and ended either after
copulation, if the pair began to fight, or after two hours if mating had not
commenced. Males mated no more than twice per day at least 2 hours
apart (X + SE: 248.29 + 13.981 minutes, n=21). This is typical of fur farm
practices and does not reduce male sexual interest or fertility (J. Adair,
Oregon State University Experimental Fur Farm, personal communication).
| gave females the opportunity to mate a second time after either a ~1
day (16-24 hours) or 8-10 day interval (1DI or 8DI, respectively). Females
were exposed to either the same male they had mated previously (familiar)
or a different male (unfamiliar). In addition, | gave females that mated a
second time after 8-10 days an opportunity to mate a third time the following
day. These third matings were also categorized as 1DI matings and 1 again
presented females with either the previous day's mate (familiar) or another
male (unfamiliar). Matings fell into one of seven categories from the
perspective of the female: 1) first matings (males unfamiliar by definition),
second 1Dl matings the following day with 2) familiar or 3) unfamiliar males,
second 8DI matings the following week with 4) familiar or 5) unfamiliar
males, and third 1Dl matings with 8) familiar and 7) unfamiliar males (Table

1.1).

Simultaneous choice experiment

The following year, | tested 18 juvenile females with 10 juvenile
males in a similar manner, ekcept that | gave females a simultaneous
choice between two males at each mating opportunity. | joined third cages

to each testing unit by an additional pair of tunnels, so that tests began with
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the female in the cage between two males' cages. As in the sequential
choice experiment, | gave females opportunities to mate a second time after
an 8 day interval and a third time on the following day (1 day interval). At
each mating opportunity, | presented females with both their previous mate

(familiar) and a male that they hadn't mated (unfamiliar).

Behavioral descriptions

| recorded each female's latency to enter the male's cage as the
interval between the male's release from his nest box and the female's last
entrance into the male's cage prior to mating. | recorded the female's
latency to mate as the interval between her last entrance and penetration
leading to a successful mating. To achieve penetration, the male mink
must grasp the back of the female's neck with his jaws (grab) and grasp her
torso just behind her forelegs with his forelegs (mount). From this position,
the male engages in repeated series of rapid, shallow thrusts (for 3-6
seconds, ~2-3 thrusts per second) until he achieves penetration
(intromission). Intromission is characterized by an extreme arch of the
male's back while mounted, such that his pelvis is almost under the
female's, and the cessation of rapid, shallow thrusting. During copuiation,
pairs alternate between standing and lying on their sides. During the latter,
sperm is thought to be transferred during a series of deep thrusts (Enders
1952; J. Adair, personal communication). Four to 10 of these deep thrusts
typically occur within one or two minutes at 8-20 minute intervals during the

mating. The end of a mating (withdrawal) is recognized by the straightening
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of the male's back, moving his pelvis away from the female's. Pairs typically
separate within 10-15 seconds after this.

| recorded females as having mated if the interval between
intromission and withdrawal was longer than 6 minutes and included at
least one series of deep thrusts. Sperm are easily detectable in a sample of
female vaginal fluids after even a 2 minute mating if a series of deep thrusts
have occurred (M. Fleming, unpublished data).

Some females (see below) that did not mate but had entered a
male's cage and were grabbed and mounted by him left as soon as they
could break away or were released by the male. Other females fought with
the male first. Because struggling, screaming, and hissing are common
responses of females to males' initially grasping and mounting them, |
defined actual fights as interactions in which a female pursued a male and
bit at his face. Males would typically respond by trapping females against
the side of the cage with their bodies (faces averted), and by vigorously

biting at the female's torso if she persisted.

Analyses

| performed the analyses using Systat 5.2.1 for Macirtosh (1992).
Unless otherwise noted, means are presented with standard errors and
tests were two-tailed. | compared proportions of females mating in various
categories using chi-square tests when sample size permitted and Fisher's
exact tests when sample sizes were smaller (Siegel 1956). | compared
individual females' mating tendencies across mating numbers using

McNemar's test of changes when sample sizes were sufficient and binomial
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tests when sample sizes were smaller (Siegel 1956). For other behavioral
measures, when data were normally distributed | used parametric tests,

otherwise | used nonparametric tests.

RESULTS
Sequential choice experiment
Effects of mating number and mating interval on female mating preferences

Of the 60 females paired, 35 (58.3%) mated at their first opportunity,
and another ten mated the second male they were exposed to (45 of 59 that
were paired twice or 76.3%). Twelve females (20%) refused to mate within
three opportunities, and another three did not mate within one (1) or two (2)
opportunities and did not get subsequent opportunities to choose. Twelve
of these females ultimately mated: one at her fifth opportunity, six with the
first male they were placed directly into a cage with, and five after being
placed directly in the cages of 2-4 males. One female was never paired
more than once. The two remaining females did not mate even after being
placed in the cages of 6-7 males.

Forty-two of the mated females were given the opportunity to mate a
second time eight days later (8DI). These females were no more or less
likely to remate the first male they encountered at the 8DI, when mating
would induce an additional ovulation, than they had been to mate the first
time (McNemar test of changes X2 = 0.286, p = 0.593; Fig. 1.1). Sixteen
females (38.1%) did not remate the first male they were exposed to but 14

of these were given up to three opportunities to mate so as to induce a
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second ovulation. Eight of these 14 females remated at their second or
third opportunity, for a total of 34 females (81%) remating.

Thirty-three females that mated at the 8Dl were given the opportunity
to mate a third time the following day (third mating after a 1DI). Eleven
females that mated for the first time during the second week of the breeding
season were also given the opportunity to mate again one day after their
initial mating (second mating after a 1DI).. Because females' likelihood of
remating did not differ significantly with mating number (Fisher's exact test
p = 0.738; Fig. 1.1), | combined data from second and third 1DI
opportunities for the remaining analyses. | also included three females that
had intromissions considered too short to be fertile matings during the first
week of breeding, but which | did not expose to males again until the
following week. All three ultimately mated during the second week, but
because the brief intromissions during the first week may or may not have
induced ovulations in these females, | could not categorize them
unambiguously as either singly-maied females or females that ovulated a
second time. | did, however, expose them to males one day after their
mating and thus, included them in the 1DI analyses.

More females refused to remate at their first opportunity at the 1DI
than had the previous day (20 of 47 vs. 13 of 47), but the difference was not
significant (McNemar's test of changes X2 = 2.33, p = 0.127). Because
these 1DI mating opportunities were offered toward the end of the breeding
season, there was no time to offer all the non-maters second and third
mating opportunities. Of the six females offered second opportunities, four

mated and two did not.
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Females that did not mate at a particular opportunity avoided doing
so in various ways (Table 1.2). At their first mating opportunities, four
females (16.0%) did not enter the males' cages, while 10 females (40%)
entered once and 11 (44%) entered 3-21 times (median = 7). Of the
females that entered, five (23.8%) left again before the male could grab or
mount them, and 16 broke away from or were released by the male: 12
(57.1%) before intromission and 3 (14.3%) after, but before ejaculation. At
multiple mating opportunities, females that did not mate were more likely to
not enter a male's cage than they had been initially (McNemar test of
changes; 8DI: X2= 7.36, p = 0.007; 1DI: X2=11.27, p =0.001). Females
were also less likely to enter a male's cage at the 1Dl than they had been

the previous day (McNemar test of changes X2= 5.40, p = 0.02).

Effects of familiarity on female mating preferences

At the 8DI, 20 females were paired with their mates from the
previous week (familiar males) while 22 were paired with unfamiliar males.
There was no effect of familiarity of the potential mate on females' likelihood
to remate the first male encountered (X2=0.115, p = 0.694; Fig. 1.2), or to
remate within three opportunities (Fisher's exact test p = 1.0). Overall, 80%
of females (16 of 20) remated the familiar male and 86.4% (19 of 22)
remated an unfamiliar male.

At the 1DI, 22 females were paired with males they had mated the
previous day (familiar males), while 22 females were paired with different
(unfamiliar) males. Females were significantly more likely to remate the

same male they had mated the previous day than to mate unfamiliar males
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(X2 = 9.464, p = 0.002; Fig. 1.2). Females that had mated the first male they
were exposed to on the previous day were no more or less likely to remate
a familiar male the next day (binomial test p = 0.454), but were significantly
less likely to mate an unfamiliar male (McNemar's test of changes X2=
7.143, p = 0.008).

Of the females that chose not to remate after an 8D, 68.75% did so
by not entering the male's cage (Table 1.2) and this did not differ with the
familiarity of the male (Fisher's exact test p = 1.0). Eighty-four percent of
females that did not remate after a 1Dl did not enter the male's cage, and
this tended to occur more often with females exposed to unfamiliar males

(93.3%) than familiar ones (50%; Fisher's exact test p = 0.097).

Effects of female age on their mating preferences

Juvenile and adult females did not differ significantly in their
likelihood of mating the first time that they encountered a male (X2=0.127,
p = 0.722; Fig. 1.3). When paired a second time after an 8DI, adult females
were less likely than juveniles to remate at their first opportunity (X2=9.24,
p = 0.002), particularly when paired with unfamiliar males (Fisher's exact
test p =0.007; Fig. 1.3). This difference did not persist after | took females'
second and third opportunities into account (Fisher's exact test p = 0.30).
Overall, 82.4% (14 of 17) adults and 95.5% of juveniles (21 of 22) remated
so as to induce a second ovulation.

Juvenile and adult females showed similar tendencies in remating
after a 1DI, whether they were paired with familiar (Fisher's exact test p =

1.0) or unfamiliar males (Fisher's exact test p=0.667). Both juveniles and
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adults paired with unfamiliar males tended to avoid them, while those
paired with familiar males tended to mate (Fisher's exact tests; juveniles: p

= 0.05; adults: p = 0.07; Fig. 1.3).

Effects of age, mating interval, and familiarity on other behaviors
Females are rarely passive when males attempt to copulate with

them. They vocalize (hisses, screams and 'tch' sounds), writhe their bodies,
arch their backs, and craw! around with the male on top of them. Females
that are not active in these ways are released and not pursued by males,
suggesting that "struggling" may be correlated with sexual receptivity in
females. However, males cannot achieve intromission until a female stops
moving temporarily, straightens her back, and lifts her tail. If the male does
not succeed, the female starts moving again.

| recorded how long it took females to enter a male's cage (‘latency to
enter') and how long it took for a male to achieve intromission (‘latency to
mate') once she did so. Female sexual ‘willingness', then, was measured
not simply by whether a female mated or not, but her latency to do so. If
adults are more selective about 8DI matings than juveniles, and both age
classes are more selective about matings that add sperm to that already
present in the female tract as suggested by the previous results, then
females' latency to enter and remain in a male's cage and their latency to
mate may vary in a similar pattern. Alternatively, the predicted pattern of
female interest in multiple mating (e.g., favoring unfamiliar males at the 8DI

or 1DI) may be supported by these aspects of female behavior.
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Twenty-one percent of females that ultimately mated a male initially
entered his cage and left again either before the male could grab them,
after breaking free, or after being released by the male. These females
returned 1-16 times prior to mating with a male, taking from 0 -109 minutes
to retumn to mate (median = 6 minutes). Females that mated did not enter
males' cages more quickly than females that entered but did not mate
(Mann-Whitney U = 414, n = 21,41, p = 0.794). Because the latency to enter
and stay was not normally distributed, | used Wilcoxin signed-ranks test to
determine whether females' behavior changed across multiple matings and
Mann-Whitney U-tests to determine whether female behavior differed
depending on their age and the familiarity of the male.

The females that took longer to enter male cages were most often
adults, particularly for first and 1Dl matings, but latencies varied widely and
these differences were not significant (Fig. 1.4a). Adults' decreased
likelihood of mating at their first opportunity at the 8Dl relative _to juveniles
was not reflected in longer latencies for adult females to enter at the 8Dl as
well.

Females also did not differ in latencies to enter the cages of familiar
or unfamiliar males at the 8D! (Mann-Whitney U = 78, n=16,12, p = 0.399;
Fig. 1.4b) and took as long to enter at the 8Dl as they had previously
(Wilcoxin signed-ranks test W=91.5,n =22, p > 0.10). Consistent with
their being more likely to remate familiar males at the 1DI, females tended
to enter the cages of males they'd mated the previous day more quickly
than those of unfamiliar males (Mann-Whitney U = 76, n=19,13, p = 0.062;

Fig. 1.4b), but overall, latencies to enter at the 1DI did not differ from that at
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the previous day's mating (Wilcoxin signed-ranks test W= 171.5,n=29,p>
0.10).

Once a male had grabbed a female, he to'ok 3-44 minutes to achieve
intromission ('latency to mate'). Because latencies to mate were normally
distributed, | used paired t-tests to look for changes across mating number
and 2-way ANOVAs to determine the effects of familiarity and female age.
Females took no longer to mate when mating would induce a second
ovulation than they had when mating induced the first ovulation (paired t-
test t = 0.123, df = 27, p = 0.903). Females' latency to mate when mating
would induce an additional ovulation did not differ with female age (F =
0.506, p = 0.483; Fig. 1.5a) or familiarity of the male (F = 0.227, p = 0.638;
Fig. 1.5b). When matings were only one day apart, females' latencies were
significantly shorter for matings on the second day (paired t-test t = 4.2, df =
28, p < 0.001), but did not vary with familiarity (F = 0.419, p = 0.523; Fig.
1.5b). Although adult latencies tended to decrease when remating would
add sperm to that already present in the female tract (paired t-test, t = 1.655,
df =9, p = 0.132), juvenile females' latencies to mate decreased significantly
(paired t-test t = 3.992, df = 18, p = 0.001) such that they tended to mate
even more quickly than the adults' (F=2.728, p = 0.111; Fig. 1.5a).

Effects of males on female mating preferences

Individual males' mating opportunities were distributed evenly across
mating categories and female ages whenever possible (Table 1.3). Males
averaged 9.73 ( + 2.12 SD) opportunities to mate at females' first

opportunity at each mating number. Deviations in the numbers of times |
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used individua!l males in multiple mating categories occurred primarily due
to the need to use males of particular genotypes in certain mating
categories for paternity analysis (detailé in Fleming, chapter 3), and
because males that did not mate a given female were generally given
another opportunity sooner than males that mated.

Six males had more than the typical 0-2 opportunities to mate with
familiar and/or unfamiliar females at the 8Dl and 1DI, and 10 males had
more than 0-2 opportunities to mate with either juvenile or adult females in
these multiple mating categories (Table 1.3). Over representation of these
males in these categories cannot account for the observed differences in
female preference, however. When | used only the males' first 2
opportunities in each category in the analyses, the results remained the
same: juveniles were more likely to mate than adults at the 8DI (X2 = 6.655,
p = 0.01), but not the 1DI (X2=1.072, p = 0.301); and females were just as
likely to mate familiar and unfamiliar.males at the 8Dl (X2=0.056, p =
0.813), but more likely to mate familiar males at the 1DI (X2 =9.227, p =
0.002).

On average, 60.88 (£18.26 SD) % of males' pairings resulted in
matings, but males varied in their success rates (Table 1.3). All but the
juvenile male (#14) had been successful maters the previous year, and the
juvenile's success rate was comparable to the adult males'. Although one
male mated every female he was presented with and another male mated
as few as one in three, there was no correlation between males' success
rates at females' first matings and subsequent matings (Spearman rank

correlation, r=0.233, n = 15, p = 0.294).
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Could the observed variation in female preferences be accounted for
by the distribution of mating opportunities of particular males — those more
or less successful than average? To address this question, | looked at the
first mating opportunities for 1) the nine males that mated both juvenile and
adult females at the 8D! and 2) the 12 males that mated both familiar and
unfamiliar females at the 1DI. At the 8DI, males tended to mate the first
juvenile female they were exposed to more often than the first adult female
(binomial test p = 0.062, 1-tailed; Table 1.4). Atthe 1DI, males were
significantly more likely to mate the first familiar female they were exposed
to than the first unfamiliar female (binomial test p = 0.004, 1-tailed; Table
1.4). Furthermore, the mean overall success rates of males paired with
juvenile and adult females at the 8Dl did not differ (independent t-test t=
0.171, df = 40, p = 0.865; Table 1.4), nor did the mean overall success rates
of males paired with familiar and unfamiliar males at the 1Dl (independent t-
test t=0.17, df = 45, p = 0.866; Table 1.4). This suggests that adult females
at the 8Dl and unfamiliar females at the 1Dl were not less likely to mate

because they were more often exposed to less sexually competent males.

Simultaneous choice experiment
First matings

Eight of 17 females mated the first competent males they were
exposed to and two mated at their second opportunity. Because earlier
mountings by incompetent males could have induced the first ovulations of
five females(Enders 1952), these females were placed directly into the

cages of competent males with no more than one opportunity to choose
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among them to ensure that any ova already ovulated would be fertilized.
Two females (11.8%) never mated even after 4 or 5 encounters or direct
placements with males. Thus, eight of 15 females (53.3%) that ultimately
proved capable of mating did so at their first opportunity with competent
males.

Females' latency to enter and remain in a male's cage ranged from
0-55 minutes (median = 9.5). The three longest latencies (46,49,55
minutes) occurred when females visited the other male before mating. In
two of these three cases, females first visited the male they eventually
returned to mate.

Females' latency to mate after having entered a male's cage ranged
from 7-51 minutes (median = 12). The five females that had been placed
directly into a male's cage did not prove more reluctant to mate by this
measure: their latencies ranged from 9-41 minutes (median = 13; Mann-

Whitney U= 19, n = 5,10, p =0.462).

Mating preferences at an opportunity to induce a second ovulation

Of the 10 females that chose to mate initially, 6 (60%) remated at
their first opportunity at the 8DI, one remated at her second. More females
mated familiar males (5) than unfamiliar males (2), but this difference was
not significant (binomial test p = 0.454). Two of the remaining three
females subsequently mated unfamiliar males when placed directly with
them. Of the five females that were placed directly into the male's cage for
‘their first mating, two mated an unfamiliar male at their first opportunity and

two mated the familiar male. The fifth female refused three mating
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opportunities. Including the four females that chose their second mate only,
females' preferences for familiar versus unfamiliar males were still not
significantly different (binomial test p = 0.454).

Latencies to enter a male's cage and stay did not vary consistently
between females' first and second matings (Wilcoxin signed-rank test W=
7.n=7,p>0.10). Latencies between familiar pairs ranged from 0-38
(median = 10) and one female visited the unfamiliar male prior to returning
to remate her previous mate. The two females that mated unfamiliar males
had latencies of 0 and 42 and neither visited their previous mate.

Latencies to mate (having entered a male's cage) ranged from 6-26
(median = 8) and did not differ between first and second matings (Wilcoxin
signed-rank test W= 11, n = 7, p > 0.10), nor between familiar and

unfamiliar males at the 8D (Mann-Whitney U= 15, n = 7,4, p = 0.848).

Matings that promote multiple paternity

Of the 11 females that chose to mate at the 8DI, nine (81.8%)
remated at their first opportunity on the following day, one remated at her
second, and the last was placed directly with a male after two opportunities.
There was a strong tendency for females to mate unfamiliar males (8) rather
than remate their previous day's mate (2; binomial test, p = 0.055, one-
tailed).

Latencies to enter a male's cage and stay did not vary consistently
between females' matings on consecutive days (Wilcoxin signed-rank test
W=17.5,n=9, p>0.10). Latencies between the familiar pairs were 0 and

36, while latencies between unfamiliar pairs ranged between 2-82 (median



23

= 19.5). The three of the longest latencies ‘(21, 32, and 82) were again due
to females visiting the other male—in these cases their previous mates—
prior to entering the cage of the unfamiliar male.

Five females visited familiar males first and five visited unfamiliar
males first, however, only two females stayed to remate their previous mate
whereas all five females visiting unfamiliar males mated them. The three
females that visited the familiar males but did not mate them spent 6, 32,
and 52 minutes playing and fighting with these males before leaving and
entering the unfamiliar males' cages where they copulated within 9-13
minutes. Overall, the latencies to mate at the 1DI tended to be shorter
(median = 7.5, range 4-57) than those for the female's previous mating

(Wilcoxin signed-rank test W= 8, n = 10, p > 0.05).

DISCUSSION
Are female mink coerced into muitiple matings?

Female mink behavior was not consist with the harassment reduction
hypothesis of multiple mating. Approximately 60% of females mated upon
first exposure to a male at both 1DI and 8DI and at their initial mating
opportunity. Furthermore, 60% of those given second and third exposures
also remated. Seventy-six percent of females that avoided mating at
multiple mating opportunities did so by not entering male cages, but
females that entered male cages prior to first or subsequent matings were
also able to avoid mating by fleeing or fighting. Females that fled or fought
particular males often entered these males' cages repeatedly and were

ultimately ignored by them, showing that males do not persist in mating
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attempts indiscriminately. Some of these females may not have been
physiologically receptive at the time, but others probably were, because
they mated the following day (Table 1.2). This suggests that females are
capable of rejecting the advances of particular males in favor of others and
is consistent with the finding that physiological indicators of estrus (i.e.,
vaginal smears, estrogen levels) are better predictors of when females will
absolutely not mate, than when they will (Travis et al. 1978).

Both female multiple mating and muitiple ovulations (‘superfetation’,
Shackelford 1952) are made physiologically possible by delayed
implantation. In most mammals, new follicles could not mature and
additional ovulations could not be induced because progesterone from the
corpora lutea of the ovary would inhibit pituitary production of the hormones
that stimulate both follicle development and ovulation—FSH and LH,
respectively (Knobil & Neill 1988). During delayed implantation, the mink
ovary does not produce sufficient progesterone (Canivenc & Bonnin-
Laffargue 1967 in Sundqvist et al. 1988) so the pituitary-gonadal axis
continues to function as though the female were not pregnant.

But even if the physiology underlying multiple mating in mink
originated simply as a side effect of delayed implantation (present for other
reasons), it would not necessarily be maintained if it were costly for females
and provided no benefits. Copulation in mink may last as long as 2-3 hours
(Hansson 1947, Enders 1952) and, while on the female's territory, males
would be competitors for food. Thus, weeks of cyclical receptivity in female

mink could be quite costly if numerous males were likely to locate her
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during the breeding season. Under such circumstances, multiple mating

would be unlikely to persist purely as a harassment reduction strategy.

Are female mink multiply mating at 8Dl to improve offspring
quality?

Because matings more than a week after a previous mating can
induce another ovulation and expel most of the blastocysts already in the
uterus, | hypothesized that females may use this as a way to exercise mate
choice when they are likely to encounter only one (or few) male(s) at a time.
| predicted that if this were the case, then females would be less likely to
remate a previous mate than an unfamiliar male when remating will replace
previous blastocysts with new ones. They should also be more selective
about mates (i.e., less likely to mate) that would induce later ovulations than
those that induced earlier ones.

In contrast to my predictions, females were, if anything, more likely to
remate the same male than to mate an unfamiliar one at their first
opportunity to mate at the 8DI, suggesting that 'trading-up' was not the
primary goal of mating so as to induce an additional ovulation. In the
simultaneous choice experiment, females (all juveniles) mated more
familiar than unfamiliar males (sevem versus four), but the difference was
not significant. In the sequential choice experiment, juveniles did not show
this tendency but adults did (Fig. 1.3). This preference for familiar males did
not persist when adult females were exposed to other unfamiliar males on

subsequent days, however. Thus, females may not mate familiar males to
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the exclusion of unfamiliar ones, but rather may be more selective about
mates that would induce later ovulations, favoring familiar males.

Why should females remate previous mates so readily if doing so will
simply replace offspring conceived the week before with others from the
same male? One possibility is that there is an advantage to ovulating again
regardless of the identity of the mate. Inducing later ovulations with any
male may be important to females because females that mate and ovulate
only once early in the breeding season often have fewer or smaller litters
than females that mate and ovulate once later in the season (Adair et al.
1988, Elofson et al. 1989) and females that ovulate more than once (Park et
al 1988, Elofson et al. 1989). This is not due to fewer ova being ovulated at
early matings (Hansson 1947, Shackelford 1952, Elofson et al. 1989), but
may be due to failure in sperm transport (Adams & Reitveld 1981) or failure
of blastocysts to survive delay or implant (Elofson et al 1989).

Why mate early if such matings are more likely to be nonproductive?
The answer may have to do with a conflict of interest between the sexes
over timing and number of matings. Having cyclical receptive periods
coupled with a later male advantage in paternity may benefit solitary
females by prolonging their opportunities for sequential mate choice
(trading up) and/or for male-male competition. Males, on the other hand,
would benefit most from mating females only around their last ovulations.
Determining the timing of a female's last ovulation may not be possible
without mating her whenever she is receptive, however. Female mink
remain receptive until mating induces ovulation and are then nonreceptive

until a new set of ova mature 6 days after ovulation (Hansson 1947). ifa
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male encounters a receptive female and mates her, he would have six days
to seek additional mates before further guarding or remating of his previous
mate might be necessary. On the other hand, if he does not mate a
receptive female when he first finds her, then he will not know when she
mates and, more importantly, when she may bgcome receptive again.
Thus, males are likely to maximize their reproductive success if , early in the
breeding season, they mate receptive females just long enough to induce
ovulation, and, later in the breeding season, return to guard their
investment. Females may encourage the regular attendance by previous
mates to facilitate pre- or post-copulation comparisons and competition with
other males that may locate her during subsequent receptive periods.

While studies of mink in the wild are necessary to test these ideas,
certain aspects of mink reproductive biology provide some support.
Females' first ovulations are induced with less stimulation than later ones
(less than 5 minutes versus greater than 12; Venge 1956, Adams 1981),
maximizing females' chances of conceiving at their first mating. This may
be necessary because copulation durations are considerably shorter early
in the breeding season than they are later (15-30 minutes versus 2 hours or
more), which is appropriate for a male strategy of simply stimulating
ovulation versus maximizing their likelihood of paternity (see Fleming,
chapter 2). That neither males nor females prevail in this conflict is
apparent from the incidence of barren females and males that do not
succeed in mating females around their last ovulation.

Females could also be nonselective about whom they mate at the

8DI because intrasexual selection results in males mating later in the
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breeding season being of better quality on average than males that mated
earlier. Because the paternity advantage to males that mate around a
female's last ovulation should promote greater male-male competition then
compared to earlier in the breeding season, female mink may not have to
be very selective about later mates in a direct sense to get a superior male.
Observations of mink mating in the wild or of direct competition between
males for access to females are rare. Hatler (1976) observed males near a
mating pair that did not attempt to interfere with the mating. Furthermore,
when the mating male was finished, he went to sleep on a nearby rock and
did not interfere with other males pursuing his mate. lreland (1990 in
Dunstone 1991) observed a juvenile male in four brief fights with other
males upon his leaving a female's den. Both researchers reported wounds
on the face and neck of males during the breeding season, but these could
result from fights with reluctant females as easily as from fights with other
males.

In solitary mammals, male-male competition for females often
involves scramble rather than contest competition in the sense that the
males compete primarily to be the first male to find an estrus female
(Schwagmeyer & Wootner 1986). The extent of females’ adaptive behavior
in this situation may be to mate the first male that finds them late in the
breeding season, even if it is their previous mate returning. Because the
onset of female receptivity prior to mating is less fixed in time than the
interval between an ovulation and the next receptive period (Hansson
1947), the advantage to males of mating early in the season may be that it

makes it easier for them to locate and remate those females again when
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remating will induce a later and a last ovulation. From the perspective of
the female, the ability of a previous mate to return may provide more
information about his quality than she would have about an unfamiliar male
that located her—perhaps accounting for females' slight preference in this
study for familiar males. Similarly, adult females' one day hesitation to
remate unfamiliar males could also be a female tactic to delay remating

until previous mates can also find her.

Do females prefer mating with different males around a single
ovulation?

| hypothesized that females would be more likely to mate different
males when remating would contribute additional sperm in order to receive
the potential benefits of heterogeneous litters, sperm competition, cryptic
mate choice, or fertility assurance. The results of the simultaneous and
sequential choice experiments did not reveal consistent preferences of
females for familiar or unfamiliar males at the 1DI. [n the sequential choice
experiment, females were more likely to mate with familiar males at their
first opportunity and took longer to enter the cages of the unfamiliar males
that they did mate. The oppbsite was true when females had a
simultaneous choice between an unfamiliar male and the previous day's
mate. To further complicate matters, having entered the male's cage,
females in both experiments began to copulate more quickly at the 1Dl than
when mating would induce an ovulation, regardless of familiarity.

Because most females did not get second or third opportunities to

mate at the 1DI, | could not determine whether the females that did not mate
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right away were being selective about who they mated with (as may have
been the case at the 8DI) or whether they were no longer receptive to
matings. But because four of the six females that got second opportunities
mated, the latter is clearly not the only explanation.

The discrepancy between the results of the two experiments and
-between the two measures of female 'willingness' to mate may be
accounted for in large part by the behavior of males. In the simultaneous
choice experiment, females showed no preference for entering the cages of
familiar or unfamiliar males at the 8Dl and all mated the male whose cage
they entered first. Similarly at the 1D, females were as likely to enter the
cages of familiar as unfamiliar males first (five versus five) and the females
who entered the cages of unfamiliar males first all remained to mate with
them. In contrast, of the five females that entered the cages of males they
had mated the day before, three ultimately left and entered the cages of
unfamiliar males whom they mated. In each of these cases, the familiar
males had grabbed and mounted the females repeatedly but released them
without achieving intromission. Subsequently, while the females remained
in the cage, they were either ignored by the males or the pairs engaged in
virtually soundless, exaggerated bounding around that looked like play.
When these females subsequently entered the cages of unfamiliar males,
they began to copulate within a few minutes. The familiar males who had
been left mated other, unfamiliar females successfully; thus the males’
apparent lack of interest was restricted to females they had already mated

the previous day.
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Males' relative lack of interest in females they'd just mated the
previous day compared to unfamiliar females was also apparent in the
sequential choice experiment. First, females that mated familiar males at
the 1Dl entered the males' cages more quickly than females that mated
unfamiliar males. Ad libitum observations of male behavior prior to a
female's entrance show that males could slow and perhaps prevent the
entrance of females by blocking the tunnels in efforts to grab them before
they could get through. It is possible that this was less likely to occur with
males that had already mated a female on the previous day because they
were less interested in remating than an unfamiliar male would be.
Second, matings between familiar pairs at the 1Dl were considerably
shorter than matings between unfamiliar pairs and also shorter than they
had been the previous day (details in Fleming, chapter 2). The two matings
between familiar pairs at the 1Dl in the simultaneous choice experiment
were also relatively short. Sperm is transferred at intervals throughout
copulation, thus prolonging copulation may be a male strategy in sperm
competition (see Fleming, chapter 2). If so, then a male may increase his
reproductive success by avoiding repeated matings with the same female
during a single fertile period (as in the simultaneous choice experiment), or
at least not mating with her as long the second time (as in the sequential
choice experiment), thus saving time, energy and sperm for matings with
females whom he had not yet mated during a given fertile period.

Because multiple paternity is common when two or more males mate
with a female during her last fertile period {(Johansson & Venge 1951,

Fleming chapter 3), it would be to a male mink's advantage to prevent his
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" previous day's mate from mating with another male. The females’ behavior
suggests that it is to their advantage to mate as much as possible. When
females were not removed from the test cages immediately after mating in
the sequential choice experiment, some retumed to the male's cage within
the hour and began to copulate again. Similarly, when females had access
to two males in the simultaneous choice experiment, they sometimes
finished copulating with one male and were found, minutes later, visiting or
copulating with the other. Regardless of whether females mate different
males during a single fertile period because they prefer to or because such
males are more persistent, it seems likely that females will mate other males
if their previous mates do not copulate with them continuously while they
are receptive or drive off other males that comes near them. Female mink
may not have explicit mating preferences because having a high libido is
sufficient to enable them to secure at least one or two high quality mates
through the pre- or post-copulatory male-male competition it promotes.

An accurate interpretation of the role of female mating preferences in
the mink’s mating system requires information that can only be obtained
from studies of these small, solitary, largely nocturnal animals in the wild. In
particular, observations of male movement patterns are necessary to
determine whether males return to the territories of previous mates at
weekly intervals and whether they mate guard during their mate's fertile
period. Paternity analyses of litters would also determine the extent to
which multiple mating occurs whether males mate guard or not. Given
female physiology and behavior, if densities are such that several males

are likely to find females during their last fertile period, then sperm
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competition could be a considerable problem for males. Further captive
studies are also necessary to identify the role of sperm competition and
cryptic female choice in determining the paternity of offspring when females

mate multiply.

SUMMARY

Female mink will mate multiply during the 2-3 days between a mating
that induces ovulation and ovulation itself, and also at 8-10 day intervals
during 1-5 weeks of delayed implantation. The former matings add to
sperm already present in the female tract, while the latter actually induce
the ovulation of additional sets of ova and expel blastocysts from previous
matings.

Females were not prompted to multiply mate simply to avoid male
harassment. Given the opportunity to avoid mating, females were as like to
multiply mate as they were to mate the first time. When remating would
induce another ovulation and expel blastocyst from previous matings,
females did not behave as though they were 'trading up'—that is, mating a
later male they deemed better by some criterion than their previous mate(s)
to improve the quality of their litters. Overall, females paired with previous
mates and unfamiliar males were equally likely to mate, to mate as quickly,
and were no less likely to mate than they had been initially. Females may
not discriminate among males for these matings because they must ovulate
late in the breeding season to insure that they are not barren. Short
matings typical of the early breeding season may not be sufficient to

stimulate sperm transport or the maintenance of embryos during delay.
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Also, females may not have to be more selective later in the breeding
season to get a higher quality mate than they encountered earlier. The
regular interval between one ovulation and the maturation of a new set of
follicles could enable males to predict when their mates will be fertile again,
promoting competition between returning mates and new males that locate
females by the time mating would induce their last ovulations.

The identity of females' mates during a single fertile period also does
not have to be determined by females' exercising direct, precopulatory
choice. | found that females retained a strong interest in mating muitiply
throughout their fertile period, but did not prefer to associate with unfamiliar
males despite the potential benefits of promoting heterogeneous litters,
sparm competition, cryptic female choice, or fertility assurance.
Nonetheless, because males were less interested in remating females they
had mated the previous day (as shown by shorter or no copulations),
females were likely to mate with unfamiliar males when available.
Presumably, in a similar situation in nature, males would try to prevent their
mates from copulating with another male. Thus, females' prolonged
receptivity and continued high libido after mating may function to increase
male-male competition (pre- and postcopulatory) and insure that females

have access to one or more high quality mates.



35

Table 1.1: Numbers of females exposed to males in seven mating
number/interval/familiarity categories. Numbers in parentheses
are females that were given the opportunity to remate after a
1DI, but could not be unambiguously categorized as having
mated once or twice previously. Four juvenile females that did
not mate under the conditions of the study are excluded here.

MATING: First (other) Second Third (other)
INTERVAL: 1Dl 8DI 1Dl
Familiar: 3 10 11 (2)
Juveniles 28 (3)
Unfamiliar: 2 13 9 (1
Familiar: 2 10 6
Adult 25

Unfamiliar: 4 9 7
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Table 1.2: Behavior of females that did not mate at their first opportunity
at a given mating interval/familiarity (F, U) combination,
subdivided by whether females never entered the male’s cage,
entered only once, or entered repeatedly. Females that fought
with males and those that mated within three opportunities are

also noted.

# of % of non-
females mating

First
Never entered

Entered once
not grabbed
not mounted
no intromission
failed mating

Entered >once
not grabbed
not mounted
no intromission
failed mating

8DI
Never entered

Entered once
not grabbed
not mounted
no intromission

Entered >once
not grabbed
not mounted
no intromission

1DI
Never entered

Entered once
failed mating

Entered >once
not mounted
no intromission

4 16%
40%
1
3
4
2
44%
1
0
9
1

11 (5F, 6U) 68.8%

18.8%
1(F)
1(U)
1)
12.5%
0
1(F)
1(U)

15 (2F, 13U) 83.3%

5.6%
1(U)
11.1%
1(F)
1(F)

1 adult
1 adult

1 juv.

1 adult

Chose to

Fought mate later

1 juvenile

1 adult
1juv., 2 ad.
1 juvenile

2juv., 1ad.
1 adult

1juv., 4 ad.

1 adult

1 adult

1 juvenile
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Table 1.3: Number of matings per pairings (m/p) for 15 males with
juvenile (Juv) and adult (Ad.) females at various mating
interval/familiarity combinations. Individual male success is
shown as the % of pairings in which a male mated at females'
first matings (First), multiple-matings (Mult), and all mating types
combined (Tot.). Success rates are shown for each mating type
as m/p and %.

O 0w O N O O »p W NN =

— oA ek A ek A
O »p W DN =

o
X o3

FEirst 8 Day Interval 1 Day Interval % success

Familiar | Unfamiliar | Familiar { Unfamiliar | (mating/pairing)
Juv Ad.|Juv Ad.| Juv Ad. |Juv Ad.| Juv Ad. |First Mult Tot.
171 2/2 11 171 11 ] 22 100 100 100
13 0/1 | 11 0/1 11 01 25 50 37.5
11 2/2 0N 1/1 o1 t1/1 |100 50 71.4
2/3 11|11 01 | 1N 2/2 01 75 66.7 70
2/3 /1] 111 12 011 | 11 11 75 66.7 70
2/2 212 11 12 | 212 100 80 88.9
22 1/2 | 11 02 1/2 75 40 55.6
2/2 1/2 | 1/1 0/1 1/2 o/t | 75 40 55.6
11 11 2/2 0N 2/3 0/1 100 57.1 66.7
3/5 0/1} /2 0/1 1/2 | 3/4 50 55.6 53.3
0/2 11 ] 11 3/3 2/2 C¢/1 0/2 |33.3 66.7 50
171 1/3 11 1/1 1711 0N 50 75 62.5
1/3 02 | 11 1/1 0/3 11 1/2 | 20 50 38.5
0/2 2/3| 011 1/1 | 22 1/1 40 80 60
0/1 11 13| 11 on 0/2 | 50 28.6 33.3
19/ 16/ |8/ 5/ |11/ 2/9 |13/ 6/8 |5/12 3/11| X= X= =
32 25§10 10| 13 16 64.6 60.4 60.9
59 64 | 80 50 |84.6 22.2|82 75 |41.7 27.3
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Table 1.4: Number of males mating at their first exposure to a) juvenile
(J) and adult (A) females that last mated eight days before
(8DI) and b) familiar (F) and unfamiliar (U) females that last
mated the previous day (1Di). Mean (X SE) total success rates
(%) of males paired in each category are also shown.

Mean total
success %
Mate: J. not A A, notJ Both Neither J A
a.) 8Dl 6 1 2 0 55.32 56.16
+2.58 +4.40
Mate: FnotU U notF Both Neither F U
b.) 1DI 8 1 2 1 61.67 60.82

+ 3.66 +4.13
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Figure 1.1: Percentages of females mating at their first opportunities at
four mating number/interval combinations. Sample sizes are shown in
the bars.
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Figure 1.2: Percentages of females mating at their first opportunities for
their first mating and when paired with familiar or unfamiliar males for
multiple matings that would either induce additional ovulations (8DI) or
add sperm (1DI). Sample sizes are shown in the bars.
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Figure 1.3: Percentages of adult or juvenile females mating the first
familiar or unfamiliar males they were exposed to for their first matings
and multiple matings that would induce additional ovulations (8DI) or
add sperm (1DI). Sample sizes are shown in.the bars.



—
o
o

>
T 90+
- ]
5 80-
Q.
8 704
g 60
® 50-
gl J
= 404
g .
. 30
3 20
(]
£ ]
2 104
°\° §
0_

adult
25 9 10 8 11
familiar unfamiliar familiar unfamiliar
First 8 DI 1Dl




42

Figure 1.4: Latencies (medians, 25th and 75th percentiles) to enter
males' cages and remain to mate for a) adult and juvenile females with
b) familiar and unfamiliar males.
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Figure 1.5: Latencies (mean * SE) to mate after having entered a
male's cage for a) adult and juvenile females with b) familiar and
unfamiliar males. Sample sizes are shown in the bars.
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CHAPTER 2:

Prolonged copulation in mink as a male strategy in sperm competition

INTRODUCTION

. Sexual selection theory predicts that polygynous males should
produce more sperm than monogamous males so as to successfully fertilize
numerous females (Trivers 1972). The quantity of sperm transmitted to
females may also depend on whether the female is likely to mate
monogamously or polyandrously (Harcourt et al 1981, Kenagy & Trombulak
1986, Moller 1989, Ginsberg & Rubenstein 1990); in other words, whether
females behave so as to promote sperm competition.

Male mammals have evolved two basic ways of coping with sperm
competition: restricting the access of other males to a female and increasing
the quantity and quality of sperm deposited in her (Ginsberg & Huck 1989).
Restricting access not only includes behavioral mate guarding but other
'sperm competition avoidance mechanisms' (Knowlton & Greenwell 1984;
SCAMs) such as prolonged postejaculatory intromissions (e.g., copulatory
locks in canids, Parker 1974) and copulatory plugs (Martan & Shepherd
1976, Hartung & Dewsbury 1978, Brock Fenton 1984). Inseminating
females beyond what is necessary for fertilization is another way for males
to increase their likelihood of paternity. This may involve increased
ejaculate sizes (Baker & Bellis 1989) and ejaculate numbers, the latter
either via multiple intromissions during a single copulatory bout (Lanier et
al. 1979, Dewsbury & Baumgardner 1981, Oglesby et al. 1981) or through

repeated matings (Eaton 1978, Lott 1981). Of course, males are in
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competition with other males to evolve better SCAMs and ways of getting
around the SCAMs of others, e.g., penile scoops or spines to remove
previous males' sperm or copulation plugs (Eberhard 1985), bigger
ejaculates to swamp others' bigger ejaculates (Parker 1982). This
spermatic arms race is not restricted to intrasexual competition however,
conflict between the sexes also contributes (Birkhead et al 1993, Keller &
Reeve 1995, Eberhard 1996).

When acquiring multiple ejaculates is advantageous to females, then
they should also be expected to evolve mechanisms for getting around
male SCAMs. Female can resist repeated matings by a single male, avoid
being guarded or forming consortships (Tutin 1979, Goodall 1986), and
remove sperm plugs themselves (Voss 1979). The possible advantages to
females' of resisting SCAMs are two-fold: females either receive the
benefits of multiple mating in the first place, or produce offspring from only
the male(s) with the best SCAMs (Knowlton & Greenwell 1984). If male
ability to avoid sperm competition also has implications for ‘good genes',
i.e., older, larger, healthier males are best able to guard, produce sperm, or
remain locked with a female, then females benefit all the more from their
attempts to resist SCAMs.

SCAMs are difficult to study in animals with internal fertilization.
Many of the most intricate studies of SCAMs are in insects (Walker 1980),
the physiology and anatomy of which can be studied easily in large
numbers. Studies of mammals have identified mating order advantages
(Dzuik 1965, Dewsbury 1984), copulation or ejaculate number advantages

(Lanier et al. 1979, Oglesby et al. 1981), and differential fertilization
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capacities of sperm (Martin & Dzuik 1977, Lanier et al. 1979, Huck in
Ginsberg & Huck 1989). However, characteristics of the female tract that
influence SCAMs have been less well studied, particularly as female
adaptations to enhance sperm competition or cryptic mate choice.
Furthermore, the mammals whose physiology is well known tend to be
domesticated; thus the adaptive significance of various aspects of female
reproductive physiology has scarcely been addressed.

The American mink (Mustela vison) is a small, semi-aquatic, solitary
carnivore in the family Mustelidae (Linscombe et al. 1982, Eagle & Whitman
1987). Since early in this century, mink have been raised on fur farms and
as a result, their reproductive physiology has been extensively studied.
Little is known about their reproductive behavior and mating system in
nature, but they are thought to be like other small mustelids in being
intrasexually territorial, with females in particular being territorial all year
around while males appear to roam widely during the breeding season in
search of receptive females (Gerell 1970, Powell 1979, Erlinge & Sandell
1985). Males are not known to remain with females after mating or to take
part in parental care. Some unusual aspects of female mink reproductive
behavior and physiology appear to extend the opportunity for sperm
competition over several weeks and pose a considerable challenge to the
ability of any one male to secure exclusive paternity in a females’ litter.

As in many mustelids (Wright 1963, Mead & Wright 1983, Mead
1989a), mink have delayed implantation and the timing of both mating
season and implantation of embryos is influenced by photoperiod (Duby &

Travis 1972, Allais & Martinet 1978; Fig. 2.1). Unlike most other mustelids,



47

however, the delay of implantation in mink is short and highly variable—1-5
weeks—depending on how early in the breeding season a female mates.
During delay, ovarian follicles continue to develop such that females
become receptive and mating again can induce additional ovulations (and
fertilizations) every 8-10 days (Fig. 2.2; Shackelford 1952). Female mink
will also mate multiply during the 28-72 hours between the mating that
induces each new ovulation and ovulation itself. No relationship has been
established between mating order and reproductive advantage for males
competing to fertilize ova from a single ovulation (Johansson & Venge
1951: Shackelford 1952). However, matings during subsequent receptive
periods result in the loss of unimplanted embryos from previous weeks'
matings (Adams 1981) and 86-90% of kits are conceived at the female's
last ovulation (Johansson & Venge 1951; Shackelford 1952). Thus, a male
must mate with a female within a day or so of her last ovulation in order to
achieve paternity in her litter and, as a result, sperm competition should be
most intense late in the breeding season.

In domestic mink, copulation duration has been reported to increase
from less than 30 minutes at the beginning of the 3-5 week breeding
season to longer than 2 hours by the end (Hansson 1947; Elofson et al.
1989). Although mink are induced ovulators, this dramatic increase is not
proportional to changes in female responsiveness to stimulation (Venge
1956, Adams 1981, Elofson et al. 1989). Longer copulations may correlate
with more sperm transferred (Venge 1956). Because female mink multiply

mate and have multiply-sired litters, if longer matings result in the transfer of
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more sperm, then prolonging copulation may be a male adaptation to
sperm competition.

To investigate the proposed relationship between prolonged
copulation and sperm competition, | paired males with females that they had
mated previously and new females, both at intervals that would induce
additional ovulations (8-10 days) and intervals that would contribute sperm
to that already present in the female tract (~1 day). | hypothesized that
males would adjust copulation duration in response to the familiarity of a
female and the interval since her last mating so as to maximize success in
sperm competition. When the interval since a female's last mating is greater
than 8 days, males should copulate just as long with a preVious mate
(familiar) as with an unfamiliar female to increase their probability of
paternity by fertilizing ova from the female's latest ovulation. In contrast,
when the interval since a female's last mating is only 1 day, males should be
more likely to prolong copulation with unfamiliar females than females that
they had just mated the day before because of the lower return for
repeatedly inseminating the same female during a single periovulatory
period versus inseminating a number of different females. In addition, the
number of times a male or female has mated should not influence copulation
duration independent of mating date, familiarity, and female mating interval.
This is because the important criterion for male reproductive success is
mating at the female's last ovulation, which is ultimately determined by
photoperiod regardless of how many times a female has mated.

| also sought to confirm that sperm is transferred throughout long

copulations rather than simply being deposited early with the male
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constituting a mating plug for the remainder of the copulation. If sperm is
being deposited throughout copulation, then the numbers of motile sperm in
a sample of vaginal fluid taken at the end of a 1.5-2 hour mating should be
greater than that in sample taken 1.5-2 hours after a mating that was

interrupted (ended) after only 15-20 minutes.

METHODS
Copulation duration

| conducted my research on a private fur farm in western Washington
in March 1989 and 1991 between dawn and dusk (700-1800 hours). Mink
were maintained under standard fur farm conditions as approved by the
Mink Farmers' Animal Welfare Board. Fifteen pairs of testing cages (77.5 x
50 x 35 cm each) were built of polyvinyl-coated wire (with 2.5 x 5 cm
squares) and connected by two 25 cm tunnels spaced 35 cm apart on the
long side of the cage. Tunnels were ~7 cm in diameter to restrict males to
one cage while females%which are 33-67% smaller—had access to both.

Thus, females could avoid mating without having to fight a persistent male.

Experiment 1: 1989

| paired 25 2-year old (‘adult’) females and 35 1-year old (‘juvenile')
females with 14 adult males and a juvenile male between March 4 and
March 18. Trials began after | placed females and males in the separate
cages and ended either after copulation ended, if the pair began to fight, or
after two hours if mating had not commenced. Males mated no more than

twice per day at least 2 hours apart (X + SE: 248.29 £ 13.98 minutes, n =
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21 male with two matings per day). This is typical of fur farm practices and
does not reduce male fertility or sexual interest (John Adair, Oregon State
University Experimental Fur Farm, personal communication). Fourteen
females did not mate with any of the males they were exposed to for their
initial mating. Eleven of these females mated subsequently when placed
directly into the cage of a male and the copulation durations of these pairs
did not differ from those involving the same males with females that had
entered voluntarily (Xvoluntary = 63.91 £ 4.47, Xplaced = 63.78 * 8.17; paired
t-test, t = 0.022, df = 8, p = 0.983).

After their first mating, | gave 54 females the opportunity to remate
after either a 1 day (16-24 hours) or 8-10 day interval (1Dl or 8Dt,
respectively). Females were exposed to either the same male they had
already mated (familiar) or a different male (unfamiliar). In addition, | gave
females that mated a second time after 8-10 days an opportunity to mate a
third time the following day. These third matings were also categorized as
1Dl matings. Matings fell into one of 7 categories from the perspective of
the female: 1) first matings (males unfamiliar by definition), 2) second 1Dl
matings the following day with familiar or 3) unfamiliar males, 4) second 8Dl
matings the following week with familiar or 5) unfamiliar males, and 6) third

1DI matings with familiar and 7) unfamiliar males.

Experiment 2 : 1991
This experiment was similar to that in 1989 except in the following
particulars. | paired 6 juvenile males with 30 juvenile females between

March 7 and March 20. The males were all experienced breeders, having
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mated 3-5 times on March 3-6 (X = 4.0 £ 0.26, n = 6). | gave all females
opportunities to mate a second time after 9-10 days rather than 8-10, and to
mate a third time on the following day. Because experiments started 3 days
later and | waited an extra day before pairing females for their second
matings, the study was more time-constrained in 1991 than 1989. To
insure that all females had the opportunity to mate three times, | separated
pairs if they had not begun to copulate after approximately 1 hour X =
72.85 + 3.27, n = 34) and males had at least 1 hour between matings on the
same day (X = 146.32 £ 17.77, n = 19). To insure that each of the six
males mated females in each familiarity/mating interval category, |
introduced 11 of the 21 females that remated after 9 days and seven of the

17 females that remated 1 day later directly into the cages of the six males.

Behavioral descriptions:

Copulation duration was measured from intromission to withdrawal.
Prior to intromission, male mink grasp the back of the female's neck with
their jaws and grasp her torso just behind her forelegs with their forelegs.
Intromission is characterized by an extreme arch of the male's back while in
this position, such that his pelvis is almost under the female’s, and the
cessation of rapid, shallow thrusting seen prior to penetration. During
copulation, pairs alternate between standing and lying on their sides.
During the latter, sperm is thought to be transferred during a series of 4-10
deep thrusts (Enders 1952; J. Adair, OSU Experimental Fur Farm, personal
communication) which typically occur over one or two minutes at 8-20

minute intervals. Withdrawal is recognized as a straightening of the male's
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back, moving his pelvis back away from the female's. Pairs typically
separate within 10-15 seconds after this. If the male retained his hold and
achieved intromission again, total time spent in intromission was recorded
as the pair's copulation duration.

Because female struggling, screaming, and hissing are common
responses of females to males' initially grasping and mounting them, fights
were defined as interactions in which a female actually pursued a male and
bit at his face. Males would typically respond to this aggression by trapping
females against the side of the cage with their bodies (faces averted), and

by vigorously biting at the female’s torso if she persisted.

Analyses

| performed the analyses using Systat 5.2.1 for Macintosh (1992).
Means are presented with standard errors and, unless otherwise noted,
tests were two-tailed. Because copulation durations were normally
distributed, | used parametric tests. Because the same males were mating
repeatedly in all familiarity/ female mating interval categories and some
males tended to copulate longer or shorter than average (One-way ANOVA,
F=4.551, df = 98, p < 0.001; Table 2.1), | used males' mean copulation
duration for given mating categories and paired t-tests in all comparisons
unless otherwise noted. All males were not represented in all categories,

because females sometimes refused mating opportunities.

Sperm deposition during mating

Females reliably produce litters when copulations are disrupted after
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only 15 minutes late in the breeding season (Venge 1956, Adams 1981),
meaning that sufficient sperm must be transferred early in long copulations
to achieve fertilization. To confirm that sperm is also transferred later in
these long copulations, | compared samples of vaginal fluid collected from
females in 3 conditions: females whose 1.5-2 hour copulations | did not
disrupt but whom | sampled 1) within 1-10 minutes after the mating ended
(n = 8), or 2) after a 1.5-2 hour delay (n = 7) and 3) females whose
copulations | disrupted after 15-20 minutes but whom | sampled 1.5-2 hours
later (n = 8). Samples were collected by inserting a ~2 cm long, 1 mm
diameter glass tube with a rubber squeeze bulb full-length into the vagina
of a female. Samples contaminated with urine were discarded. |
immediately placed samples on a microscope slide, and viewed them
under the 43X power of a standard light microscope. Due to the difficulty in
making precise counts, | estimated sperm quantities and categorized them
as 1 = 0-10 sperms, 2 = 11-100 sperms, 3 = 101-500 sperms, 4 = 501-1000
and 5 = >1000 sperms in the field of view. Similarly, | estimated motility to
the nearest 5% as the percentage of motile sperm versus immotile sperm or
sperm heads in the field of view. | estimated sperm numbers and motility

blind with regard to which conditions the samples came from.

RESULTS
Effects of male remating interval on copulation duration.

Of 113 copulations observed in 1989, 21 of them took place on the
same day as another mating by the same male. Of 59 copulations

observed in 1991, 19 were males' second matings of the day. | performed
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multiple regressions to determine whether males' second matings were
influenced by the duration of the first mating and the interval between the
matings. | first reduced the variance of the measures by removing the effect
of mating date on copulation duration. In 1989, | adjusted copulation
duration by the linear regression of females' first copulation durations on

- mating date, using only males' first matings each day (3.843 +0.446; R?=
0.445, n = 92, p < 0.001). Because all first matings in 1991 took place over
4 days rather than over two weeks (in 1989), | used the linear regression of
copulation durations for unfamiliar pairs on mating date, again only using
males' first matings each day (3.443 £ 1.083 minutes per day; A?= 0.265, n
=30, p < 0.01). In both years, | calculated the difference between the mean
adjusted and unadjusted copulation duration for males' first matings each
day (X1989 = 30.39, X1gg1 = 29.34). Adding this constant to each
copulation duration made the mean unadjusted and adjusted copulation
durations equivalent for easier comparison.

In both years, copulation durations were similar when males mated
twice per day (paired t-tests; 1989: t = 0.963, df = 15, p = 0.351; 1990: t =
0.497, df = 10, p = 0.630). Neither duration of the first mating (1989: p =
0.669; 1991: p = 0.917) nor the interval between them (1989: p = 0.096;
1991: p = 0.694) had a significant effect on the duration of the second
mating (multiple regressions; 1989: A?=0.201, n = 16, p = 0.233; 1990: R2 =
0.034, n = 11, p = 0.872). Thus, when a male had copulated more than
once in a day in a given mating category, | used the male's averaged
copulation duration for that day and recalculated the effects of date on

copulation duration in both years.
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Effects of date on copulation duration.

Copulation duration for the females' first matings in 1989 increased
4.424 + 0.654 minutes per day over 15 days in 1989 (R?=0.510,n =46, p <
0.001; Fig. 2.3). | used this regression coefficient to remove the effect of
mating date from all copulation durations prior to further analyses. The
relationship between copulation duration and mating date was similar when
the 58 multiple matings were included (3.721 £ 0.419 minutes per day; R2 =
0.436, n = 104, p < 0.001). Individually, eight of 15 males in 1989 showed
significant increases in copulation duration with date, while five other males
showed similar tendencies (p < 0.10; Table 2.1). In 1991, copulation
duration increased 2.3 + 0.807 minutes per day (RP=0.160,n=37,p <
0.05). Two of these six males showed significant increases in copulation

duration with date.

Effects of familiarity and female mating interval on copulation
duration.
Experiment 1:1989

Both the interval between female rematings and the familiarity of
pairs affected copulation duration. When the females remated after an 8
day interval—inducing a second ovulation—copulation duration did not
vary with the familiarity of the pairs (paired t-test t = 0.989, df =8, p=0.351,
Fig. 2.4). Males also did not copulate longer with either familiar or
unfamiliar females when inducing second ovulations than they had when

inducing females' first (paired t-tests; familiar: t = 0.662, df =12, p = 0.521;
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unfamiliar: t= 0.723, df = 9, p < 0.488; Fig. 2.4). Copulations were
significantly shorter when familiar pairs remated a day after mating one
another than when unfamiliar pairs mated one day after matings with other
individuals (paired t-test t = 2.405, df = 6, p < 0.05, one-tailed; Fig. 2.5).
These 1Dl matings between familiar pairs were also shorter than matings
between familiar pairs that would induce ovulation (paired t-test t = 3.536, df
=9, p <0.01, one-tailed; Fig. 2.5). By comparison, there was no difference
between copulation durations at unfamiliar 1DI pairings and unfamiliar
pairings that would induce ovulation (paired t-test t=0.532, df =7, p =

0.611; Fig. 2.5).

Experiment 2:1991

As in 1989, familiarity of the pairs in 1991 did not affect copulation
durations when mating would induce an additional ovulation (paired t-test ¢
= 1.382, df = 4, p = 0.239; Fig. 2.6). Nor did pairs copulate anger when
mating would induce a second ovulation than they had when inducing the
first (paired t-tests; familiar: t = 1.574, df = 4, p = 0.191; unfamiliar: t = 0.324,
df = 5, p = 0.759; Fig. 2.6). Once again, second copulations during a single
periovulatory period were significantly shorter when familiar pairs had
already mated the previous day than when unfamiliar pairs were mating
(paired t-test t = 2.830, df = 5, p = 0.018, one-tailed; Fig. 2.6). These 1DI
matings between familiar pairs were also shorter than matings between
tamiliar pairs that could induce another ovulation (paired t-test t = 2.176, df

= 4, p < 0.043, one-tailed; Fig. 2.6). There was no difference between
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copulation durations of unfamiliar 1DI pairings and unfamiliar 8DI pairings

(paired t-test t = 0.832, d f= 5, p = 0.443; Fig. 2.6).

Effects of mating number and age on copulation duration

The number of times males or females mated did not affect their
copulation durations. In 1989, it appeared that copulation duration
decreased as male mating number increased (R%= 0.044, n = 117, p <
0.05), but this relationship disappeared when 1Dl matings between familiar
pairs, which were later matings, were removed (R?=0.000,n=100,p =
0.984; Fig. 2.7). There was no relationship between copulation duration
and the number of times that males had mated in 1990 either (R2= 0.006, n
=59, p = 0.544). In 1989, this could be shown to be true for females as well;
after a 1 day interval, the durations of matings did not differ whether they
were a female's second mating or her third (independent t-tests; familiar: t =
0.504, df = 13, p > 0.10; unfamiliar: t=0.515, df = 10, p > 0.10; Fig. 2.8).
Copulation durations of 14 males that mated both 1 year and 2 year old
females did not differ with female age (X1-year old = 54.32 * 4.02, X 2.year old
= 57.41 * 3.60; paired t-test t = 1.372, df = 13, p = 0.193).

Sperm deposition during mating

The proportion of motile sperm in the vagina was significantly higher
immediately after a long mating than 1.5-2 hours after a mating that had
been interrupted after only 20 minutes (Mann-Whitney U = 60, p = 0.002;
Fig. 2.9a) The proportion of motile sperm in the sample taken immediately

after a long mating was also higher that in the sample taken 1.5-2 hours
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after long matings (Mann-Whitney U =2.5, p = 0.002; Fig. 2.9a), which
showed percent motility similar to samples from matings that had been
interrupted 1.5-2 hours before (Mann-Whitney U = 29, p = 0.905; Fig. 2.9a).
Sperm numbers did not differ in samples taken immediately after or
1.5-2 hours after long matings (Mann-Whitney U = 21.5, p = 0.425; Fig.
2.9b). However, samples taken immediately after a long mating had more
sperm than samples taken 1.5- 2 hours after matings that were interrupted
after 20 minutes (Mann-Whitney U = 50.5, p = 0.045; Fig. 2.9b). Sperm
numbers taken from long and interrupted matings did not differ significantly
when the samples were taken after 1.5-2 hours (Mann-Whitney U= 41.5, p

= 0.108; Fig. 2.9b).

DISCUSSION

The observed increases in copulation duration in both years of the
study are comparable to those reported in two other studies. In 1989 and
1991, copulation duration increased 4.424 and 2.3 minutes per day,
respectively. Hansson (1947) reported a mean length of copulation after
March 26 of 114 minutes compared to 49 minutes prior to March 10 (a 4.33
minute per day increase) and Elofson et al. (1989) reported a 4.2 £0.2
minute per day increase between March 8-22. Furthermore, wild mink in
captivity increased copulation duration by 1.96 * 0.54 minutes per day over
the course of the breeding season (Fleming, unpublished data). As
expected, the increase in copulation duration in this study was independent
of the number of times either males or females mated. If males prolong

copulation late in the breeding season to increase the probability of
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fertilizing ova released at a female's last ovulation, then copulation duration
should be determined by whether the female is likely to ovulate again the
following week (i.e., mating date), not the mating number of the female
involved. That males did not differentiate between 1 year old and 2 year old
females in terms of copulation duration also makes sense as minks' life

- expectancy in the wild is short (3-5 years; Mitchell 1961, Gerell 1971, Hatler
1976, Askins & Chapman 1984) and differences in the productivity, if any, of
the two age classes is small (Elofson et al. 1989).

Copulation duration increased with date only for pairs that had not
previously mated during the female's latest periovulatory receptive period.
Pairs that had mated one another the previous day had significantly shorter
copulation durations than either 1) pairs that had mated other individuals
the day before or 2) familiar and unfamiliar pairs that had mated when
mating would induce an additional ovulation. These results are also
consistent with the view that long copulations towards the end of the
breeding season may be a male strategy for coping with sperm competition.
Because 85-90% of a female's litter is conceived during her last
periovulatory period (Johansson & Venge 1951, Shackelford 1952), sperm
competition is as much of a problem for males when mating with females
they mated last in a previous week as when mating females they've never
mated. In contrast, having mated a female during her 2-3 day receptive
period around her last ovulation, males would not benefit as much from
prolonging additional copulations with them as from conserving time,

energy and sperm for matings with other females.
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Do males actually control copulation duration, however? Copulation
is obviously a pair behavior—could the female in fact be determining the
duration of mating? Females appear to ‘struggle' at intervals throughout
copulation: squealing and hissing, twisting their heads and bodies, and
sometimes bending around to bite a males' feet. Matings typically end
during one of these struggles, suggesting a female role in terminating the
mating. The fact that some males consistently copulate significantly longer
or shorter than average suggests that male characteristics contribute to
copulation duration as well. Copulation duration may be determined both
by both how strongly a female struggles and how long a male can hoid on
to her, with some males being better at holding females than others, making
female 'resistance' a potential test of male vigor. Regardless of the extent
to which the durations of copulations are attributable to how quickly males
release females (i.e., male interest in the female) versus how much females
struggle (i.e., female interest in the male), copulation duration can have

important implications for sperm competition.

How prolonged copulation may influence sperm competition.
This study also provides some empirical support for the claim that
male mink transfer sperm at intervals throughout copulation. Sperm
numbers and motility were high in samples taken from the vagina at the end
of matings longer than two hours. Motility was significantly lower in
samples taken after a 2 hour delay from both the end of short (~20 minutes)
and long (>2 hour) matings. Sperm numbers were also lower 2 hours after

short, interrupted matings than immediately after long matings. To be so
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motile at the end of a 2 hour mating, sperm must be deposited not only early
in a copulation, but at least once more toward the end of long copulations.
The presence of white blood cells (indicating that the semen in the sample
was in the female tract long enough to elicit an immune response) in the
samples taken 2 hours after a mating ended, but not in the samples taken at
the end of 2 hours matings also supports the idea that fresh sperm is
deposited late in long matings. Venge (1956) found more sperm in females
that had mated for 24 minutes than 12 minutes. Fur farmers also typically
find large quantities of motile sperm whenever they “sperm check" males by
breaking up matings anytime after 30-60 minutes, which implies that sperm
may be transferred at more regular intervals later in copulation as well.

Male mammals often deposit sperm in a single female over
prolonged periods of time. Commonly, this involves multiple intromissions
(Eaton 1978, Lott 1981, Dewsbury 1984) rather than sperm being
transferred at intervals during a single prolonged intromission. Larger
quantities of sperm transferred during multiple or prolonged copulations
probably dilute the sperm of other males, making sperm competition
primarily a matter of relative numbers (Parker 1982).

In some species, prolonged copulatory stimulation is necessary to
induce ovulation (Gray et al. 1974, Eaton 1978) or reduces female
receptivity to further matings (Carter 1973). Neither appears to be the case
in mink. Matings 5 minutes in length are sufficient to induce a female's first
ovulation (Venge 1956, Adams 1981) and 12-15 minute matings are
sufficient to induce subsequent ovulations (Adams 1981, Elofson et al.

1989). Females remain as likely to remate the day after a previous mating
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as they were the day before (details in Fleming, chapter 1) and there is no
evidence that copulation duration affects females' likelihood of remating
(Fleming, unpublished data). Nonetheless, there are other ways in which
prolonging copulation could affect male success in sperm competition in
mink.

Copulations may be prolonged beyond the time necessary for sperm
transfer in order to remove sperm or plugs from previous matings (Adler &
Zoloth 1970, Martan & Shepherd 1976, Dewsbury 1984) or disrupt sperm
transport (Adler & Zoloth 1970, Matthews & Adler 1977, Dewsbury 1985).
Adams (1981) suggested that the observed paternity advantage for male
mink that mated around a female's last ovulation was because mating
either induced uterine contractions that mechanically expelled blastocysts
or introduced semen components that destroyed them. Whether longer
copulations in mink may also expel recently deposited sperm or slow its
transport to the site of fertilization is unknown. Experiments using
vasectomized males and varying the duration of 1Dl matings could help
determine whether short copulations, like those observed between familiar
pairs, simply add more sperm to that already present and whether longer
copulations also decrease the representation of previous mates in a litter.

Another possible mechanism by which prolonged copulation may be
advantageous in sperm competition is by inducing ovulation more quickly
than shorter copulations. In spontaneous ovulators, mating can cause
earlier ovulation (Zarrow & Clark 1968, Jochle 1975). Estimates of the
interval between induction of ovulation and ovulation itself in mink range

from 28-72 hours (Sundquvist et al. 1988) and this considerable variation
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has not been explained. If prolonging copulation induces ovulation more
quickly in mink, then males that prolong copulation would be reducing the
amount of time that other males would have to find and mate the female as
well. Males that find females that have mated within the last day or two
could still be prolonging copulation for reasons already discussed: to
interfere with sperm from previous males and to introduce large quantities
of their own sperm.

Females may also benefit from males' attempts to prolong
copulation. Females struggle and vocalize during copulation, particularly at
the beginning and during the periodic series of deep thrusts thought to be
associated with sperm transfer. This may not only help females to
determine a male's health and experience (through his ability to hold her)
but it may also attract other males to the area to promote male competition
(Cox & LeBoeuf 1977). If prolonging copulation increases a male's
chances of prevailing in sperm competition with a female's previous or
future mates, a female would benefit from the likelihood that her sons would

inherit genes for their sire's success (Keller & Reeve 1995)

How might males determine how long to copulate with a given
female?

Because it is to a male's advantage to copulate as long with females
last mated more than a week before as with unfamiliar females, there is no
reason for males to remember previous mates for 8 days. Thus, the
mechanism for prolonging copulation with females that have not recently

mated could be tied to photoperiod. But how might males distinguish
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between females that they mated the day before and those they didn't? Do
they recognize individual females and remember them over the short term
or do they distinguish between females that recently mated a different male
and those that they recently mated?

Both mechanisms could be at work in mink given the variety of
- information mustelids can gather from one another's scents. Male mink can
determine sex and estrous status of females from scent marks (Robinson
1987). Chemical 'signatures’ of anal glands secretions mink used in scent
marking are complex enough to allow for individual identification (Brinck et
al. 1978). Polecats (Mustela furo) have been shown to distinguish between
their own odors, stranger odors, and odors of individuals dominant to them
(Clapperton et al. 1988). Prior to intromission, male mink paid particular
attention to sniffing two areas of the female's body - the anus/vuiva and the
back of her neck. The anal secretions could provide information about
female identity and vulval secretions could provide clues as to whether she
had mated recently (if changes in vaginal chemistry occur or there are
traces of semen) and possibly with whom (if males can tell their semen
odors from others). Neck sniffing may detect small puncture wounds
indicating that a female has been grabbed recently and perhaps saliva
traces that could be recognizable to the male as 'self' or ‘stranger.’
Females lick their vulvas and the surrounding area vigorously after
copulations, however, and as mink are semi-aquatic, saliva traces may be
washed off if a female has been in the water recently. Nonetheless, the
females in this study had not been in water and-any of these residual odors

could be useful to males in the wild at least over the short term.
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SUMMARY

Mink engage in increasingly long copulations as the breeding
season progresses: males and females that engaged in 15-30 minute
copulations during the first week of the study copulated for up to 2 hours
during the second week. These copulations are considerably longer than
necessary to induce ovulation or achieve fertilization late in the breeding
season. Because matings more than a week after a female's previous
mating induce another ovulation and expel embryos from previous matings,
males must mate with a female within a day or so of her last ovulation to
have a reasonable chance of paternity in her litter. Thus, male competition
should be most intense towards the end of the breeding season and |
hypothesized that prolonged copulation is a male strategy in sperm
competition.

The increase in copulation duration was not attributable to the
numbers of times either males or females had mated. As predicted, males
prolonged copulation with females they had not yet mated during the
females' current fertile period (whether they had ever mated them before or
not) but did not copulate as long with females they had mated the previous
day. Furthermore, semen samples from the vaginas of females mated for
two hours contained large quantities of motile sperm while samples from
females that had mated for 15-20 minutes 2 hours previously did not. This
indicates that additional sperm is being transferred well into prolonged

copulations, and sperm competition by dilution is liable to be one function of
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prolonged copulation. Other possible functions could include facilitating

sperm transport and hastening ovulation.
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Table 2.1: Mean copulation durations and rates of increase per day
(regression coefficient) for all matings by the 15 males in the
1989 experiment.

Male Number Mean
of Cop. Regression R2 P-value
Matings _ Duration Coefficient

1 11 53.47 2.493 0.368 0.033
2 5 52.80 4.322 0.976 0.002
3 8 71.84 5.972 0.837 0.006
4 9 55.15 3.396 0.439 0.052
5 7 43.82 3.578 0.770 0.005
6 8 43.66 4.372 0.771 0.004
7 7 58.72 4.806 0.770 0.009
8 8 46.34 3.408 0.432 0.077
9 7 65.95 2.336 0.152 0.388
10 9 45.63 3.066 0.228 0.194
11 10 54.11 4.886 0.638 0.003
12 7 40.01 4.318 0.523 0.066
13 6 53.18 5.174 0.651 0.052
14 6 67.95 4.409 0.709 0.035
15 5 88.22 3.888 0.745 0.059
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Figure 2.1: Seasonal timing of reproductive events in female mink.
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Figure 2.2: Pattern of sexual receptivity in female mink during delayed
implantation and some of its physiological correlates.
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Figure 2.3: Linear regression of copulation duration on mating date for
46 females' first matings in 1989.
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Figure 2.4: Mean (+ SE) copulation durations (adjusted for mating
date) of males that mated both familiar and unfamiliar females when
remating would induce additional ovulations (8DI) in 1989. "First
matings" refers to the males' copulation durations when mating females

that had not yet mated. Sample sizes are shown in bars.



Copulation duration (min.)

100

Y

first matings

90 -
] . remate familiar
80
20 - remate unfamiliar |
60 - /[ :
507 7/
40 /
30 %
20 /
0] )
b % 10 /] 10 9
0 2 .
First matings vs. 8Dl matings 8 DI matings



72

Figure 2.5: Mean (£ SE) copulation durations (adjusted for mating
date) of males that mated both familiar and unfamiliar females when
mating would add to sperm already present in the female tract (1D1) in
1989. "Previous days' matings" refers to the males' copulation
durations when mating with females who were mating for the first time
in that receptive period. Sample sizes are shown in bars. * p < 0.05.
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Figure 2.6: Mean (+ SE) copulation durations (adjusted for mating

date) of six males (unless otherwise noted in the bars) that mated

females in each mating number/interval/familiarity category in 1990.
* p<0.05.
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Figure 2.7: Linear regression of copulation duration, adjusted for the
effect of mating date, on male mating number in 1989.
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Figure 2.8: Mean (£ SE) copulation durations (adjusted for mating
date) for females remating for a second or third time with either familiar
or unfamiliar males after a one day interval. Sample sizes are shown

in the bars.
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Figure 2.9: Mean (x SE) percentages of a) motile sperm and b)

numbers of sperm in samples of vaginal fluid taked from females either
1) immediately after a 1.5-2 hour copulation ended, 2) 1.5-2 hours after,
or 3) 1.5-2 hours after a copulation that was interrupted after only 15-20

minutes.
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CHAPTER &

Effects of multiple mating on female fecundity and paternity of litters in mink

Multiple mating by females can potentially affect the intensity of
sexual selection and shape the mating system of a species. The
evolutionary consequences of female promiscuity depend foremost on
whether multiple mating leads to multiple paternity, which in turn depends
on patterns of sperm precedence, the timing of mating relative to ovulation,
and the outcome of sperm competition (Ginsberg & Huck 1989, Birkhead &
Hunter 1990). Thereafter, the extent to which females exercise mating
preferences or cryptic female choice also plays a role (Birkhead et al 1993,
Eberhard 1996). Schwagmeyer (1984) pointed out that if females express
the same preferences for males when mating multiply as when mating
initially, then female multiple mating should have little influence on the
intensity of sexual selection. On the other hand, if females have no
preferences or evaluate additional mating partners on different criteria than
their initial partners, then female promiscuity should resuit in a decrease in
the intensity of sexual selection by reducing the variance in male mating
success (Schwagmeyer 1984). if males vary in their ability to prevent
females' ova from being fertilized by sperm from other males, then whether
females mate indiscriminately or have preferences, intrasexual competition
among males should also influence which males fertilize a female (Parker
1970, 1972, 1984).

The American mink (Mustela vison) is a small, solitary, seasonally

breeding carnivore native to waterways throughout North America
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(Linscombe et al. 1982, Eagle & Whitman 1987). Like many other solitary
mammals (Powell 1979, Erlinge & Sandell 1985), male mink roam widely
during the breeding season in search of sexually receptive females, which
remain on the home ranges year around (Mitchell 1961, Gerell 1970). Little
is known about mink mating behavior in the wild except that several males
can be found in the vicinity of a sexually receptive female (Hatler 1976,
Ireland 1990 in Dunstone 1993), suggesting that females may multiply mate
if their mates do not prevent it.

Studies of the reproductive biology of mink on fur farms suggests that
some unusual aspects of female physiology could increase the opportunity
for female multiple mating and for sperm competition. Female mink will
mate repeatedly for 2-3 days after a mating that induced ovulation and
produce multiply sired litters as a result (Johansson & Venge 1951,
Shackelford 1952). Ovulation of 8-9 ova (from two ovaries combined,
Hansson 1947) occurs some 28-72 hours after the mating that induced it
(Hansson,1947; Enders 1952). This interval is long compared to other
induced ovulators (e.g., vole, 9-12 hours; rabbit, 9-10 hours; ferret, 24-35
hours; cat, 26-58 hours, Ramirez & Beyer 1988) and in the wild, it may be
sufficient to allow additional males to find a mated female and potentially
contribute to her litter. Johansson & Venge (1951) found that when female
mink mated different males on consecutive days, the second male sired
more of the young (63%), however when there were 2 days between
matings, the first male sired more of the young (73.2%). This discrepancy
may be accounted for by differences in the activity of sperm at ovulation and

the arrival times of sperm relative to ovulation. Sperm deposited on the
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second day may be more active at the time of ovulation than sperm from the
previous day, and sperm from the third day may arrive at the site of
fertilization too late to capacitate and compete successfully for fertilizations
(Johansson & Venge, 1951).

Female mink will also remate at 8-10 day intervals, at which time
mating will induce the ovulation of additional sets of ova (Hansson 1947,
Enders 1952). These additional sets of ova can also be fertilized and will
implant, allowing females to produce 'split litters' containing kits that were
sired by males that mated weeks apart (‘superfetation’; Shackelford 1952).
Like many other mustelids (Wright 1963, Mead & Wright 1983, Mead
1989a), mink have delayed implantation—an extended peribd of time in
which embryos are quiescent and float free in the uterus—which ends in
response to changing photoperiod. In mink, implantation is stimulated by
increasing photoperiod around the vernal equinox after 1-5 weeks of delay
(Allais & Martinet 1978). Shackelford (1952) argued that superfetation in
mink is made possible by delayed implantation in that the inactivity of the
corpora lutea during delay allows for the continued development of ova in
technically pregnant females. Furthermore, delay allows for kits conceived
weeks apart to be born at the same stage of development because
blastocysts resulting from successive ovulations implant in response to the
same photoperiod cue.

These additional ovulations by themselves do not appear to
increase a female's ultimate litter size, however. Despite the ovulation of 8-
9 ova each time, only 83.7% of ova implant and only 50% result in kits

(Hansson 1947). Thus, the litter sizes of singly-mated and multiply-mated
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females are similar, as are the litter sizes of females that mate multiply in
various mating number/mating interval combinations (Hansson 1947,
Elofson et al. 1989). Johansson & Venge (1951) showed that 85.6% of kits
were sired by males that mated around a female's last ovulation and Adams
(1981) showed that the loss of previous blastocysts was stimulated by
copulation during later receptive periods.

Female mink appear as willing to remate when mating will induce
an additional ovulation—after an 8 day interval—as when it will add sperm
to that already present in their reproductive tract— after a 1 day interval
(details in Fleming, chapter 1). They also appear as willing to remate a
previous mate (familiar) as a new one (unfamiliar), although when both are
present the day after females' previous matings, females more often mate
the unfamiliar males. This is due, in part, to males being ‘less interested' in
remating females they mated the day before than unfamiliar females
(Fleming, chapter 1). In this part of my study, | was interested in whether
females that mate muitiply with different males show an increase in
fecundity relative to females that mate the same male repeatedly. In
particular, | was interested in whether remating so as to induce a second
ovulation and then mating again the next day with a unfamiliar male would
increase a female's litter size or likelihood of having a litter relative to other
combinations of mating number, mating interval, and familiarity.

| also replicated Johansson & Venge's (1951) experiments
regarding mating order advantages when females mate with different males
to fertilize the same set of ova. However, instead of using different strains of

males with _different coat colors, | used all standard dark mink screened and
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chosen for allozyme polymorphisms prior to breeding. My reasons for this
were two-fold. First, although Johansson & Venge (1951) reported that
"“there was no evidence of selective fertilization by spermatozoa from males
of a certain color phase (p. 256)," they presented no results pertaining to
this point and subsequent studies have shown fertility or ‘semen quality’'
differences among various coat color varieties (Sundqvist & Sundqvist
1986). Second, color phases of mink differ in a number of characteristics
other than fur color, including timing of breeding and mating behavior. For
example, 'blue’ varieties breed 1-2 weeks later (Jorgensen 1985) than
standard dark mink which usually breed at approximately the same time as
wild populations in the same geographic region (Dunstone 1993). Blue
mink are also larger and the males are more aggressive when mating
(personal observation). Thus, using all one coat color variety of mink
removed the potential confounding effects of strain specific physiological

and behavioral differences between males.

METHODS

| conducted my research on a private fur farm in western Washington
in March 1989 and 1990 between dawn and dusk (700-1800 hours). Mink
were maintained under standard fur farm conditions as approved by the
Mink Farmers' Animal Welfare Board. Testing cages were built from
polyvinyl-coated wire with 2.5 x 5 cm squares. Thirty cages (77.5 cm x 50
cm x 35 cm each) were connected in series by two 25 cm tunnels spaced
35 cm apart on the long side of the cage. Individual males were housed in

every other cage in the series throughout the study and individual females
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were introduced to the empty cages in between for each trial. The tunnels
between cages were -7 cm in diameter to restrict males to their home cage
while the females, which were 33-50% the size of the males, had access to
both. Thus, a female could choose to mate or not by remaining in or
returning to her cage without having to fight persistent males. | opened and
closed doors on the tunnels as needed to restrict female movement to only
one or two males. | shut males in their nest boxes before females were
placed in the next cage and allowed females to explore male cages and
return to their own before releasing the males from their nest boxes.

Twenty-five 2 year old (‘adult’) females and 48 10 month old
(‘juvenile’) females mated with 22 males (14 adults and eight juveniles)
between March 4 and March 20. Trials began when males were released
and ended either after copulation, if the pair began to fight, or after two
hours if mating had not commenced. Males mated no more than twice per
day. This was typical of fur farm practices and does not result in reduced
male fertility or sexual interest (J. Adair, Oregon State University
Experimental Fur Farm, personal communication).

After their first mating, | gave females the opportunity to remate after
either a ~1 day (16-24 hours) or 8-10 day interval (1D! or 8D, respectively).
They were exposed to either the same male they had mated previously
(familiar) or a different male (unfamiliar) or two males: one familiar, the other
unfamiliar. In addition, | gave females that mated a second time after 8-10
days opportunities to mate a third time the following day. These third
matings were also categorized as 1D! matings and female were presented

with either the previous day's mate (familiar) or another male (unfamiliar) or
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one of each. Matings fell into one of seven categories from the perspective
of the female: 1) first matings (males unfamiliar by definition), 2) second 1Dl
matings the following day with familiar or 3) unfamiliar males, 4) second 8Dl
matings the following week with familiar or 5) unfamiliar males, and 6) third

1Dl matings with familiar and 7) unfamiliar males.

Behavioral descriptions

Copulation duration was measured from intromission to withdrawal.
Prior to intromission, male mink grasp the back of the female's neck with
their jaws and grasp her torso just behind her forelegs with their forelegs.
Intromission is characterized by an extreme arch of the male's back while in
this position, such that his pelvis is almost under the female's, and the
cessation of rapid, shallow thrusting seen prior to penetration. During
copulation, pairs alternate between standing and lying on their sides.
During the latter, sperm is thought to be transferred during a series of 4-10
deep thrusts (Enders 1952; J. Adair, personal communication). Withdrawal
is recognized as a straightening of the male's back, moving his pelvis back
away from the female's. Pairs typically separate within 10-15 seconds after
this. If the.male retained his hold and achieved intromission again, |
recorded the total time spent in intromission as the pair's copulation
duration.

| considered females as having mated if the interval between
intromission and withdrawal was longer than 6 minutes and included a

series of deep thrusts. Sperm are easily detectable in a sample of female
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vaginal fluids after a 2 minute mating if 3-4 deep thrusts have occurred (M.

Fleming, unpublished data).

Paternity determination

| collected blood samples from 80 females and 40 males in February
1989 to look for allozyme polymorphisms that could be used as genetic
markers for paternity analyses. Mink were restrained by hand and a hind
toenail was clipped to the quick. Blood was collected in 4-6 heparinized
micro-hematocrit capillary tubes per animal, which were subsequently
sealed at one end with Critoseal. Within 1-2 hours of being collected, tubes
were spun at 3000G for 10 minutes in a portable electric micro-hematocrit
centrifuge to separate red blood cells (RBCs) and plasma. | then scored
capillary tubes with a file and broke them at the interface between RBCs
and plasma. | transferred RBCs and plasma for each mink into separate
Eppendorf tubes and kept them frozen on dry ice for up to 8-16 hours until
they could be placed in a -70° C freezer.

Frozen samples were homogenized in extraction buffer and
screened for enzyme polymorphisms using starch gel electrophoresis by
Paul Aebersold, at the National Marine Fisheries Service in Seattle WA,
using methods described in Aebersold et al. (1987). Samples were
screened for 52 enzyme systems of which 35 were present in RBCs,
plasma, or both. All but four loci, PDPEP, TAPEP, NP, and CK were
monomorphic. The resolution of both NP and CK were poor and may have
been improved by using a different buffer, but each locus appeared to have

only two alleles and only three mink (2.5%) were heterozygous for NP, 4
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(5%) were heterozygous for CK, and no mink were homozygous for the
rarer allele. TAPEP had two alleles which resolved clearly, but only 10
mink (8.3%) were heterozygous and none were homozygous for the rare
allele.

PDPEP, a leucine-proline peptidase, was the only locus that was
sufficiently polymorphic to be used as a genetic marker for paternity.
PDPEP had three alleles with mobilities of 100, 110, and 122. Forty-five of
the mink (37.5%) were homozygous for the common allele, and four (5%)
were homozygous for one of the rarer alleles. However, 12 (10%) were
heterozygous for two of the rare alleles, leaving 59 (49.2%) heterozygous
for the more common and a rarer allele.

| chose 60 females and 15 males for the study in 1989, including 31
females that were homozygous for the common allele and five males and
11 females that were homozygous or heterozygous for the rarer alleles. For
thirty-one females (15 juveniles, 16 adult), | determined possible pairings of
individual females with two or more males that would allow contribution of
at least one of males to the litter to be established in advance. Because
females were allowed to choose whether to mate a particular male or not
and males were allowed to mate no more than twice per day, only 25 of
these females mated as planned.

In 1990, | selected 17 females and six males from among the
offspring from the previous year's matings because their allozymes had
already been screened as part of the paternity analysis. The females were
all homozygous for the common allele as were three of the males. The

remaining three males were heterozygous for the two rare alleles.
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Unfortunately, two of the heterozygous males proved to be sexually
incompetent, mating none of the 6-9 females they were introduced to during
the first week of the breeding season. Furthermore, one of the homozygous
males only mated one female. These three males were replaced with three
sexually competent juvenile males of unknown genotype. By chance, one
of these males was heterozygous for the two rarer alleles and | could
determine paternity in four litters.

The number of kits in a litter was counted within a day of birth. After
kits had been separated from one another and placed in individual cages at
about 15 weeks of age, blood samples were collected and screened as

described above.

Analyses
| performed the analyses using Systat 5.2.1 for Macintosh (1992).
Unless otherwise noted, means are presented with standard errors and

tests were two-tailed.

RESULTS
Effect of females' mating pattern on litter size

Multiply-mated females had larger litters (independent t-test t=
5.648, df =64, p > 0.001), both because singly-mated females were less
likely to produce a litter and because the litters they produced were smaller
(Table 3.1). When the number of kits per litter for females that mated once
during the first week of the breeding season (March 4-8) were distinguished

from those of females that mated once later (March 12-17) and multiply-
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mated females, the difference between singly- and multiply-mated females
(ANOVA F = 6.813, df = 56, p = 0.002) was attributable to the smaller litter
sizes of females that mated once early compared to both multiply-mated
females (Fisher's least significant difference test p = 0.001) and females
that mated once later in the breeding season (Fisher's LSD test p = 0.036;
Table 3.1). Females that mated once late had litter sizes similar to multiply-
mated females (Fisher's LSD p = 0.484; Table 3.1). When barren females
were included in the analysis (ANOVA F=17.894, df =62 , p = 0.001), the
difference in the number of kits per mated female between females that
mated once early versus late was no longer significant (Fisher's LSD p =
0.092) and multiply-mated females had significantly larger litters than
singly-mated females of both types (Fisher's LSD; early: p < 0.001; late: p =
0.006).

The litter sizes of multiply-mating juvenile (n=37) and adult (n=18)
females did not differ (Xjuveniles = 6.03 * 0.51, Xadults = 6.0 * 0.45;
independent t-test t = 0.045, df = 53, p = 0.964). Multiply-mating females
tended to have smaller litters when they mated the same male twice
consecutively, particularly when the two matings induced separate
ovulations (Fig. 3.1). When females mated three times—a second time after
an eight day interval and a third time the following day—Tlitter sizes were
similar regardless of the familiarity of the 8Dl and 1DI males (Table 3.2).

The previous analyses do not include seven females that mated an
apparently infertile male. The male was the only one of 18 involved in the
paternity testing who never sired any kits. Because this male was

heterozygous for the two rare alleles used as genetic markers of patemity,
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another possible advantage of female multiple mating was tested
unintentionally: whether female multiple mating could reduce the impact of
mating with infertile males. Not surprisingly, the influence of matings with
this male on litter size depended on the females' multiple mating pattern
(Fig. 3.2). When one female mated the infertile male first and a fertile male
induced the second ovulation, the female had a normal-sized litter. When
the infertile male induced a second ovulation however, that female did not
have a litter. When two females mated multiply around the second
ovulation, mating the same infertile male twice resulted in only one female
having a litter comprised of a single kit. When only one of the consecutive
day matings was with the infertile male, one female did not have a litter and

two others did, but both litters were small.

Effect of females' mating pattern on paternity

Over the two years, 29 females mated such that the patemity of their
litters could be established unambiguously. Of these, the infertile male
mated seven, another female was barren, another lost her single kit, and
two other litters could not be located for blood draw. This left 18 litters for
patermity testing; five from females that had mated once at two separate
ovulations and 13 that had mated on consecutive days. Of the latter 13,
only four litters were from females that had mated different males around a
single ovulation. The remaining nine litters were from females that had
mated different males around their second (and last) ovulation and thus,
some of the kits could have been sired at their dams' first ovulation. The

data from these litters were included in the analysis only after adjusting the
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number of kits sired by each male by subtracting those that could have
been sired by one of the males (or a male of the same genotype) mating at
a previous ovulation (Table 3.3). In eleven of 18 litters (61.1%), not all kits
born were available to have blood samples drawn either due to natural
mortality or to their histories being lost during cross-fostering of kits from
larger litters to smaller litters or transfers post-weaning to cages of 3-4
siblings and then, a month later, to individual cages. Ninety of the 122 kits
(73.8%) born to these litters were ultimately located for blood draws.

When females only mated once per fertile period, significantly more
of their kits were sired by the male that induced the last ovulation (paired t-
test t = 4.781, df = 4, p = 0.009; Fig. 3.3). One litter (20%) was multiply-sired
and the other four were sired entirely by the last male. In contrast, the first
male sired more kits when females mated on consecutive days during their
last fertile period, although the difference was not significant (paired t-test ¢
= 1.218, df =12, p = 0.247; Fig. 3.3). Six litters (46.2%) were multiply-sired,
five (38.5%) were sired entirely by the first male, and two (15.3%) were
sired entirely by the second male. The proportion of multiply-sired litters
sired by the first male (60.9%) was similar to the proportion of kits sired by
the first male overall (Table 3.3).

Copulations around a female's last ovulation lasted between 30 -158
minutes. Litter sizes were not affected by either the duration of the mating
that presumably induced ovulation (Linear regression R2=0.047,n=39, p
= 0.19) nor the total amount of time females copulated over two days
(Linear regression R2 = 0.001, n = 26, p = 0.876). The proportion of kits

sired by the second (and last) male to mate a female during her last fertile
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period was not affected by the interval between the two matings or the
length of the second copulation relative to the first (multiple regression; R2

= 0.244, p = 0.247; Table 3.4).

DISCUSSION
Fecundity of singly- versus multiply-mated females

Multiple mating appears to increase fecundity of female mink over
that of singly-mated females. Singly-mated females were less likely to have
a litter regardless of when they mated during the breeding season, and
when females that only mated once early had litters, they were smaller.
These results are consistent with those of other studies of female fecundity
in mink but are also difficult to draw conclusions from for the same reasons.

The singly-mated females in this, and most other studies (Hansson
1947, Friend & Crampton 1960, Maciejowski et al. 1973, Backus 1982, Park
et al. 1988) were self-selected; they were females that were given the
opportunity to mate multiply but refused. Thus, it is impossible to determine
whether these particular females were simply less fecund than those that
were willing to mate repeatedly or whether their potential fecundity was
reduced because they only mated once. The phenomenon of reduced
fecundity in singly-mated females, particularly due to increased numbers of
barren females, is well-known on fur farms and is largely the reason that
farmers pair females repeatedly. But precisely because farmers pair
females repeatedly in attempts to have them remate, so-called 'mating
system' effects cannot be distinguished from effects due to female

differences in fecundity correlated with willingness to mate (Hansson 1947,
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Enders 1952). Researchers have often added to the confusion by not
distinguishing between conclusions drawn from retrospective studies (done
by comparing records of female productivity after the fact) versus studies in
which females were randomly assigned to particular mating exposure
categories ahead of time.

One set of studies that not only randomly assigned females to single
vs. multiply mating categories, but also took into account the timing of single
matings (Elofson et al. 1989) suggests that mating early, not mating once,
may be responsible for the high proportion of barren singly-mated females.
Females that mated once or twice on consecutive days ('singly-ovulating’
females) early in the breeding season were more often barren than females
that mated later. This was particularly true of females in their first breeding
season (Yjuveniles'), although the significance of this observation is unclear.
Both Hansson (1947) and Enders (1952) pointed out that comparisons
between age classes of fur farm mink are suspect due to the ubiquitous
practice of pelting females that do not mate or that produce a small or no
litter during their first breeding season. As a result, adult females are a
highly select group of the most productive females. Elofson et al.'s (1989)
findings concerning the litter sizes of singly-ovulating females that had
litters are difficult to interpret for similar reasons. They found no effects of
mating date on litter sizes of juvenile females mated once or twice on
consecutive days, but a slight increase in litter sizes of adult females, such
that adult females mating at the end of the breeding season had more kits

than juvenile females.
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Discounting possible age differences, Elofson et al.'s (1989) resuits
suggest that matings early in the breeding season are less likely to resuit in
litters than later matings, but the litters sizes of females that have litters do
not differ. There are three possible explanations for the failure of early
mating females to produce litters: failure to ovulate, failure of fertilization, or
failure to implant.

There is no evidence that directly implicates failure to ovulate during
early matings in females' failure to have litters. Enders (1952) and Adams
(1981) agreed that females' first ovulations required surprisingly little
stimulus to induce regardless of when matings were attempted: copulations
or mountings as brief as 2-5 minutes are sufficient. Venge (1956) also
observed no failure to ovulate among females mated for only 2-6 minutes
late in the breeding season. Elofson et al. (1989) found that all females
ovulated when mated twice on consecutive days early or late in the
breeding season. ‘

Copulation durations are relatively short (less than 30 minutes) early
in the breeding season compared to later (1-3 hours; Fleming, chapter 2;
Hansson 1947, Elofson et al. 1989). Venge (1956) found that copulations
of 12 minutes duration deposited sufficient sperm to achieve fertilization
throughout the breeding season, although he found more sperm present
when copulations were 24 minutes long. Copulations of only 6 minutes
duration could transfer as much sperm as 12 minute matings, but more
often transferred much smaller amounts. Because the females with even
the shortest matings ovulated and only small proportions of the sperm

deposited actually reach the site of fertilization in most mammals, Venge
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(1956) argued that insufficient sperm ejaculated during short matings, or
possibly failure to stimulate sperm transport, could be responsible for
barren females. Adams & Reitveld (1981) extended Venge's work by
showing that females that mated a fertile male for 5 minutes followed or
preceded by 15-20 minutes of copulation with an infertile male produced
more litters than females that mated for only 5 minutes with a fertile male.
Apparently, the quantity of sperm transferred in 5 minutes was sufficient to
fertilize the females' ova, and Adams & Reitveld (1981) concluded that the
added stimulation of a 20-30 minute copulation facilitated sperm transport.

Adams & Reitveld (1981) did not actually demonstrate that sperm
transport did not occur after 5 minute copulations. Venge (1956)
documented the rate of sperm transport (just past the cervix within 5
minutes, and throughout the oviducts within 30 minutes), but he did not
determine whether longer copulation durations speeded the process.
Prolonged copulation has been found to facilitate the initiation of pregnancy
by stimulating progesterone production in rodents (Adler 1969; Matthews &
Adler 1977). While progesterone production is stimulated by photoperiod in
mink, it is possible that prolonged copulation could stimulate other
physiological processes involved in the maintenance of blastocysts during
delay. Elofson et al. (1989) reported fewer normally developing embryos
prior to implantation in juvenile females who mated on consecutive days
early in the breeding season (the group also most likely to be barren). After
implantation, no fetuses were found in six of 15 females (four juveniles and
two adults) that mated twice early compared to two of 17 females (one

juvenile and one adult) that mated late (Elofson et al. 1989). These results
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suggest that embryos from early ovulations may not always develop or
implant properly, but whether this is due to problems with early ova, sperm,
or the reproductive tract supporting these embryos early in delayed
implantation is not known.

The most common explanation for the poor productivity of early
mated females is the loss of blastocysts during delayed implantation
(Enders 1952; Elofson et al. 1989). Litter size is negatively correlated with
gestation length, and because the post-implantation gestation period of
mink is relatively stable relative to the length of delay, the small litter sizes
have been attributed to long delays. But because implantation is stimulated
by increasing photoperiod around the vernal equinox, long delays are also
correlated with early matings. When mating date was held constant,
Elofson et al. (1989) reported a tendency for increasing litter sizes with
shorter gestations. Embryo loss during delay is not the only possible
explanation for this however; studies from other litter bearing species have
shown a tendency for larger litters to be born after shorter gestation periods
(van Tienhoven 1968). On the other hand, in a typical fur farm situation,
loss of blastocysts may explain the perceived relationship between mating
date and litter size (as opposed to the percentage of barren females). The
increased handling stress involved in repeatedly pairing singly-mated
females in attempts to remate them could induce blastocyst loss during
delay (Daniel 1971) as could mounting and failed intromissions by several
males.

The present study suggests another factor to be considered in

evaluating the reasons for female failure to produce a litter: the quality of a
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copulation (Dewsbury 1988, Eberhard 1996). Although not particularly
short, three of the single matings by barren females (two adults early and
one juvenile late) were notable in having only one or two deep thrusts
associated with ejaculation with 10-20 minutes and two intromissions
between. Because typical matings involve several thrusts per minute at
intervals of 8-10 minutes during a single intromission, matings with few
irregularly spaced thrusts may either introduce insufficient sperm to the
female tract or faii to stimuiate sperm transport or processes related to the
support of blastocysts. The other two barren females (an early and a late
mating juvenile) had seemingly normal copulations, as did the three early-
mating females that had litters of only 1-3 Kits (two adults, one juvenile).

Why do females mate early if earlier matings are likely to be non-
productive? There is no compelling evidence that ovulating twice is
advantageous in terms of female productivity over ovulating once later in
the breeding season (Adair et al. 1988, Elofson et al. 1989). In the wild,
female mink are solitary, intrasexually territorial, and possibly intersexually
territorial as well (Gerell 1970), so if there is any question of more than one
male being able to locate a particular sexually active female during the
breeding season, it may be advantageous for her to mate with the first male
that comes along rather than hold out and risk going unmated
(Schwagmeyer 1984). If females are liable to get multiple mating
opportunities, particularly late in the breeding season, mating a male early
in the season may allow a female to evaluate his qualities as a mate for
later, when matings are more productive (‘copulation as courtship’,

Dewsbury 1988).
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If female mink have multiple mating opportunities in the wild, the
question of why male mink bother to mate females early in the breeding
season is also valid, given that earlier matings are not only less productive
but also quite likely to be negated if females remate more than a week later,
expelling 86% of blastocysts in the uterus (Shackelford 1952; Adams 1981).
The fact that copulations are shorter and probably transfer less sperm early
in the breeding season suggests that males are not investing as much in
early as later matings, so why mate at all? Males' investment in actually
copulating with females early in the breeding season could be explained if
returning mates are more likely to be accepted later in the breeding season
than strange males due to prior courtship. Female fur farm mink were
somewhat more likely to mate familiar males over unfamiliar males when
given a choice between them eight days after their previous mating (seven
mated familiar, four mated unfamiliar, but the difference was not significant
(Fleming, chapter 2). However, this did not take into account the quality of
the male's initial copulation as a factor in the female's decision.

Male mink could also gain some advantage from early copulations
because by inducing females to ovulate, males can predict when she will
be sexually receptive again. Unmated females remain receptive and have
similar numbers of follicles ready to ovulate throughout the breeding
season, meaning they can mate at any time (Elofson et al. 1989). Females
that have mated ovulate their mature follicles and do not become receptive
and capable of ovulating again for at least 6-8 days. Thus, males that
locate an unmated female and mate her can induce ovulation quite easily

and have the advantage over other males of 'knowing' when she will be
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capable of ovulating again later in the breeding season when matings will
be more productive. Males would not even have to waste any sperm on
early matings, since the purpose would be to be the first male to return to a
female when it is possible to supplant any of one's own blastocysts with
new ones. The easily induced ovulations and short, sperm-poor
copulations early in the breeding season could then be interpreted as
results of conflict between the sexes over the number of mates a female

should have and the timing of matings.

Fecundity of females that mated multiply in different patterns

Females did not differ significantly in fecundity regardless of the
interval between matings or how many times they mated. These results are
similar to those of other studies that have compared fecundity when female
mink mated twice on consecutive days late in the breeding season versus
at eight day intervals (Friend & Crampton 1960, Backus 1982, Elofson et al.
1989) ; and when consecutive day matings were females' second and third
matings versus their first and second matings (Maciejowski et al. 1973, Park
et al. 1988).

The familiarity of mates also did not affect fecundity in any of the
above mating patterns. In a study that | became aware of only after the first
year of my own, Park et al. (1988) recorded litter sizes and the incidence of
barren females in a retrospective comparison of the effects of various
combinations of mating number, interval, and number of different mates per
female, including the combinations that | used. The number of barren

females was higher when females mated the same male repeatedly than
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when multiple sires were used, but Park et al. (1988) found no differences
in the litter sizes of females that had litters. They attributed their results to
the risk of secondary infertility in male dark mink. Removing all females that
mated the apparently infertile male from the analysis in advance precluded
my finding similar results: only one of the 55 remaining multiply-mating
females was barren.

The infertile male in my study had sired kits in several litters the year
before, meaning that he was suffering from 'secondary infertility’ as
described by Tung et al. (1984). Pelletier (1986) described the seasonal
breakdown of the blood-testis barrier after the breeding season in fur farm
mink which may be associated with increased autoimmune testicular
disturbances that often accounts for secondary infertility. The purpose of
the blood-testis barrier breakdown and whether it occurs in wild mink with
the same potential effects on fertility are unknown. The degree to which
permanent infertility occurs in wild animals has not been widely studied, but
some authors have suggested that temporary male infertility via sperm
depletion could be common (Dewsbury 1982; Birkhead 1991). Because
mink engage in 1-3 hour copulations late in the breeding season and
copulation duration seems to correlate with the quantity of sperm
transferred (Venge 1956, Fleming, chapter 2), temporary male infertility
could occur and multiple matings either with the same male (Lott 1981) or,
more likely, different males could be a female strategy to ensure that at least

one mating during her last fertile period is fertile.
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Effects of mating order and interval on multiple paternity

As in Johansson & Venge's (1951) study, when different males
mated the same female more than a week apart, the second male sired the
majority of the litter. My results disagreed with theirs when different males
mated the same female on consecutive days. They found that 37% of kits
were sired by the first male, while | found that 62.8% of kits were sired by
the first male. The critical difference between the studies may involve the
definition of '1 day'. Two of the 13 litters in this study actually mated 42.5
and 47.5 hours apart, or 2 days—an interval at which Johansson & Venge
(1951) found 73.2 % of kits sired by the first male. When these two litters
are removed, however, 58.8% of the remaining kits were still sired by the
first male. Johansson & Venge (1951) did not specify when females were
mated on the following day in their study but implied that the interval
between matings was close to 24 hours, whereas the females in this study
remated 20-32 hours after their previous mating. Nonetheless, neither the
five females that mated after a 20-25 hour interval nor the six females that
mated after a 26-32 hour interval had more kits by the second male (kits by
first male: 20-25 hour interval = 65.8% ; 26-32 hour interval =60.8%.

Johansson & Venge (1951) attributed their observed switch of a
second to first male advantage when the interval between matings was
longer than a day to Hansson's (1947) results suggesting that ovulation
occurred about 36 hours after the first mating. They suggested that if
ovulation occurred 12 hours after the second mating, the sperm from the
second male would have time to reach the ova and would perhaps be more

vigorous than the 36 hour old sperm from the first mating. But, if the second
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mating occurred after ovulation, then the sperm from the second male
would arrive too late to fertilize many of the ova. This explanation relies on
a fairly regular interval between the mating that induces ovulation and the
ovulation itself, while estimates of this interval are quite wide ranging (28-72
hours; Sunqvist et al. 1988). Ovulation can be advanced by copulation in a
number of spontaneously ovulating species (Jochle 1975). So, it is
possible that some of the variation in the timing of ovulation in mink is due
to greater stimulation from long copulations hastening ovulations.
Copulation duration could also influence paternity by varying the
amount of sperm deposited by a particular male. In this study, unlike others
(Schwagmeyer & Foltz 1990, Huck in Ginsberg & Huck 1989), neither
copulation duration or the interval between matings were helpful in
predicting the percentage of a litter sired by a male. The varying interval
between mating and ovulation could have obscured any relationship, but
more importantly, the ranges of both variables observed may have been too
restricted. Copulations were not interrupted, but allowed to progress until
the pair broke up naturally, thus the copulation durations of the two males
that mated each female were, for the most part, quite similar (Table 3.4).
Similarly, because my intent was simply to give females the opportunity to
remate on consecutive days, the intervals between matings were mostly
between 20-32 hours (Table 3.4). Testing mink over a wider range of both
of these variables would provide better information about their influences

on paternity.
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SUMMARY .

Multiple mating in female mink has implications for the reproductive
success of both females and males. Females that mate so as to induce a
second ovulation or mate twice around a single ovulation late in the
breeding season have higher reproductive success than females that mate
only once. This effect is largely attributable to the larger number of singly-
mated females that do not have litters, and the smaller litter sizes of those
females that mate once during the first week of the breeding season.
Comparing these results to those of other studies of fecundity in mink, |
suggest that short, ‘poor quality’ matings that do not transfer sufficient sperm
or stimulate the female sufficiently to transport sperm or maintain
blastocysts are more likely explanaﬁons for the high incidence of barren
females than failure to ovulate.

The litter sizes of multiply-mated females that mated fertile males did
not differ significantly depending on the number of matings, interval
between matings, or the number of different mates a female had. Most
incidences of barren females dr females with small litters occurred when
females mated only once or mated the same male twice during their last
fertile period. These incidences were attributable to the females’ last mate
being a single infertile male and demonstrates that mating different males
during the last fertile period is effective in counteracting the negative effects
of mating with an infertile male.

As in a previous study, when different males mated a female a week
apart, there was a clear second male advantage attributable to the

expulsion of blastocysts sired by the first male during the mating that
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induces the second ovulation. Unlike previous studies which reported a
second male advantage for consecutive day matings, | found a first male
advantage when two males mated during a single fertile period. The first
male advantage persisted whether the interval between matings was 20-25
hours, 26-32 hours or 42-48 hours. The explanation for the first males'
greater success at the shorter intervals is unclear, but one factor that must
introduce considerable variability between litters is the variability in how
quickly ovulation is induced. | did not find a relationship between paternity
and the copulation duration of the two males that mated a female or the
interval between their matings. The ranges of natural copulation duration
différences and of intervals allowed between the two males’ matings may

well have been too small to detect a relationship, however.
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Table 3.1: Reproductive performance of singly- and multiply-mated
females. Singly-mated females were subcategorized as
mating early (March 4-8) or late (March 12-17) in the
breeding season. Multiply-mated females were
subcategorized by the number of times they mated (2 or 3)
and the intervals between matings (1 or 8 days, or both).

mte———
———

%

# # w/out kits / female Kkits / litter
female w/ litter (mean*SE) (meantSE)
singly-
mated 11 5 455 20x0.76 3.67%0.95
(time in
season) early 6 3 50 1.0+052 2.0X0.58
late 5 2 40 32+146 533%t12
multiply-
mated 55 1 1.8 6.02+0.28 6.13+0.26
(interval
between 1 10 0 0 6.3+073 6.3*+0.73
matings)
8 13 0 0 6.08+06 6.081£06

8, 1 32 1 31 59+036 6.1%0.31
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Table 3.2: Litter sizes of females that mate a second time after an
eight day interval and a third time the following day.
Familiarity/mating interval categories are designated with
three letters; the first two letters are separated by a dash to
indicate the 8DI, the last two letters are adjacent to indicate
the 1D!, and each male is represented by a letter (e.g., A-
BB refers to females that mated an unfamiliar male after
the 8DI and remated him the next day). Two-way ANOVA,
28 df ; familiarity of 8DI male, F = 1.496, p = 0.23; familiarity
of 1Dl male, F = 0.661, p = 0.42; interaction, F =2.718,p =
0.11.

|

Familiarity / mating interval categories

A-AA A-BB A-AB A-BC

Kits/female 554071 44+089 589+067 62+062
(mean £ SE)

# of females 8 5 9 10

W
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Table 3.3: Ratios of kits sired by the first vs. second male to mate 18
females either eight days apart, on consecutive days
around a single ovulation, or on consecutive days around
a second ovulation (females' second and third matings).

3 matings,
2 matings, 2 matings, 3 matings, 1 ovulation
2 ovulations 1 ovulation 1 ovulation (adjusted™)
0:2 4:1 4:0 4:0
0:6 2:0 3:0 3:0
0:5 0:5 2:1 2:0.75
0:5 6:0 4:0 3.67:0
2:4 0:6 0:6
3:4 242 :4
6:1 5.42:1
2:2 1.67:2
5:3 434:3
Totals 2:22 12:6 29:17 26.5:16.75
% from 8.3% 66.7% 63% 61.2%

first male

e ]
e eee———————————————— e ——————————————————————

* The number of kits attributable to the male with the same genotype as
the female's first mate adjusted by 8.3%, the percentage of kits likely to
be sired at the female's first ovulation.



106

Table 3.4: Percentage of 13 females' litters sired by the second male
to mate during each female's last fertile period, as well as
her litter size, the percentage of her total copulation
duration over two days accounted for by the second male,
and the interval between in the two matings.

o ____

% of total
% of litter copulation Interval (hours)

Litter size sired by duration between
(# of kits) 2nd male * by 2nd male matings

3 0 39.5 20.5

4 0 48 21

6 100 58 21

4 0 68 24.5

3 27 42 25

7 16 51 26

5 100 42 29

7 62 43 29

4 54 60 29

2 0 48 30

5 20 40 32

6 0 54 42.5

8 41 65 47.5

492 +050kits 323+102% 5065%+268% 29%2.36hrs

P e ]

* From numbers of kits adjusted for the 8.3% that could have been sired by a mating
at a previous ovulation.
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Figure 3.1: Litter sizes (mean £ SE) of females mated two or three
times with the same male each time or different males at intervals that
resulted in either one or two sets of ova being ovulated. Sample sizes
are shown in the bars. ’
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Figure 3.2: Litter sizes (mean * SE) of females mated with fertile males
and/or an infertile male twice eight days apart (‘1 Mating at 2nd
ovulation') or on consecutive days (‘2 Matings at 1 ovulation’). Dark
bars also indicate whether the infertile male induced the 'First' or ‘Last’
ovulation in the former situation, or whether the female mated the
infertile male twice (‘Same') or only once ('Different’) in the latter.
Sample sizes are shown in the bars.
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Figure 3.3: Number of kits (mean * SE) sired by the first and second
male to mate when there were either eight or one day intervals
between the females' matings. Sample sizes are below the bars.

** p<0.01.
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CHAPTER 4.

Multiple mating and timing of breeding in Mustela vison evagor

INTRODUCTION

Reproductive physiology and behavior of the American mink
(Mustela vison) have been studied extensively in fur farm populations
established in the 1920-50s (Sundgqvist et al. 1988). Seasonal changes in
photoperiod are known to stimulate the onset of breeding in late February
and March (Hammond 1951, Duby & Travis 1972, Boissin-Agasse &
Boissin 1985) and embryo implantation shortly after the vernal equinox
(Allais & Martinet 1978). Females will accept matings repeatedly during a
1-5 week period of delayed implantation and there is some evidence that
multiply-mated females are more likely to produce a litter (Hansson, 1947,
Enders 1952, Park et al 1988, Elofson et al. 1989). The extent to which
reproduction in fur farm mink is similar to that in wild mink is unclear.

Little is known about reproduction in wild mink because these
solitary and largely nocturnal carnivores are not easily observed in the wild.
No studies have documented female multiple mating or delayed
implantation in native, wild mink, but others suggests that there may be
greater flexibility in the timing of the breeding season in wild populations
than is reported for fur farm mink (Sundqvist et al. 1988) or introduced
populations in Europe and Asia (Dunstone 1993). To investigate these
aspects of reproductive biology in wild mink, | conducted a study of captive
Mustela vison evagor, a subspecies endemic to Vancouver Island, British

Columbia, Canada.
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In species that have broad geographic distributions, the reproductive
seasons of different populations may vary with local conditions (Bronson
1988). Among temperate zone populations, the correlation between
latitude and the onset of breeding seasons may be mediated by changes in
photoperiod (Bronson 1989). Near the southern extent of their range (~30°
N latitude), wild mink in North America have been reported to breed as
early as January (Svihla 1931) and give birth in March (Hamilton 1948,
Humphrey & Zinn 1982). Near the northern extreme (~80-66° N latitude),
however, they breed as late as April and give birth in early June (Harbo
1958, Burns 1964). One exception to this pattern is a population of mink
(M. v. evagon on the west coast of Vancouver Island, B.C. (49° N latitude),
which breeds in late May and early June (Hatler 1976), although mainland
populations of mink at similar latitudes breed in March (Mitchell 1961,
Eberhardt 1974, Whitman 1981, Askins & Chapman 1984). Hatler (1976)
speculated that late breeding in M. v. evagor might be an adaptation to local
conditions including unfavorable spring weather and summer peaks in food
abundance.

Hatler's (1976) study of M. v. evagor also provides some
circumstantial evidence for both multiple mating and delayed implantation
in wild mink. He reported male M. v. evagor grouping near a mating pair
and pursuing females that had recently mated. He also speculated that
female M. v. evagor multiply mate after he observed neck wounds on
females during the breeding season which may have resulted from the neck
bites of many males. Hatler was unable to measure gestation length for

individual females, but he suggested that the observed interval between the
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height of mating activity and of births could include a 10-15 day period of
delayed implantation.

In fur farm mink, the period of delayéd implantation includes cyclical
periods of multiple mating (Hansson 1947). After their initial mating induces
ovulation, female mink will multiply mate with the same or a different male
during the 48 hour period between the first coitus and ovulation (Hansson
1947, Enders 1952). Females then experience a 1-5 week period of
delayed implantation during which they again become receptive, remate,
and ovulate at approximately 8-day intervals (Hansson 1947). Delay of
implantation ends shortly after the vernal equinox (Allais & Martinet 1978)
whereupon females give birth to litters in late April or early May (Hansson
1947; Enders 1952). Single litters may contain kits that were sired weeks
apart, but 85% of kits result from copulations around the last ovulation
(Johansson & Venge 1951, Shackelford 1952).

My study had two goals: first, to validate the report of late breeding in
M. v. evagor, and second, to determine whether female M. v. evagor will
show a pattern of multiple mating similar to fur farm mink and suggestive of
delayed implantation. To reduce the potentially inhibiting effects of stress
on reproduction (both physiological and behavioral aspects), | handled the
animals as little as possible and restricted my study to behavioral measures
of sexual activity. To determine the breeding season of M. v. evagor, |
compared male sexual interest, female avoidance and aggressive
behavior, and successful mating in fur farm mink and M. v. evagor during
their reported breeding seasons (March and May/June, respectively).

Because both sexes may not be identically responsive to environmental
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cues (Bronson 1988), | tested the boundaries of the breeding season in
each population by pairing them with individuals from the other population.
To determine whether wild females will muitiply mate, | provided female M.
v. evagor with opportunities to mate 2-4 times and compared the timing of
their acceptance of multiple males to that of fur farm mink. In addition, |
recorded mating dates and gestation lengths for 4 years to confirm the

timing of breeding and to look for evidence of delayed implantation.

METHODS

| captured three female and five male M. v. evagor (wild mink) in
October and November 1989 along Barkley Sound on Vancouver Island,
B.C. (~49° N latitude). | captured an additional wild male and pregnant wild
female in June 1990. In January of 1990, | obtained two male and two
female mink from a local fur farmer (hereafter called ‘domestic' mink) in
western Washington (~47° N) and relocated all the animals to a private
mink farm (~46° N) where they were maintained under conventional fur
farm conditions.

The mink were housed in a covered, open-sided enclosure which
permitted natural changes in temperature and photoperiod. Individual mink
were housed in cages of polyvinyl-coated wire, 77.5 cm by 50 cm by 35 cm,
and provided with a fiberglass nest box (30 cm by 20 ¢cm by 25 cm) with
pine shavings and wool fabric for bedding. The mink were fed a diet of
unground marine fish, beef liver, and chicken. Each animal was fed daily in

late afternoon and water was provided ad libitum.
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Comparison of breeding season in wild and domestic mink

To reveal any differences in the timing of mating behavior in wild
males and females, | paired wild (W) and domestic mink (D) in four
combinations: D X D, D X W, W X D, and W X W (male X female). These
pairings took place during the height of the domestic mink breeding season,
between 10-20 March 1990, and over a longer period likely to encompass
the wild mink breeding season, between May 16-June 21, 1990. In March,
pairings involved two of the wild males, two of the wild females, and the four
domestic mink. In May/June, the same animals were used, but one wild
male was injured so | replaced him with a third male. In June, | also tested
a third wild female and two more wild males that had previously been in
quarantine. Thus, in May/June, | used a total of three wild females and five
wild males to generate 11 W X W pairings, five D X W pairings, and four W
X D pairings in addition to the four D X D pairings. Eight weeks prior to the
experiments, the two domestic males were vasectomized under Vetalar
anesthesia (Ketamine HCI; 100 mg/mi; Parke-Davis, Morris Plains, NJ;
dosage delivered to effect) to insure that they would not im;;regnate the wild
females. \

The pairings took place over 4 days in March and in May/June such
that each female was paired with four different males for 2-4 hours (unless
fighting occurred) each month. 1 introduced males to females' cages to
minimize stress to wild females and to mimic the natural situation (males
are reported to roam during the breeding season in search of the territorial
females; Hatler 1976). | transported wild males by coaxing them out of their

nest boxes (typically by blowing on them) and into carry cages. As wild
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males began to associate the carry cages with mating opportunities, they
entered them readily.

| identified male sexual interest as the occurrence of “chuckling,” a
low, repetitive vocalization known to indicate sexual excitement in domestic
mink (Enders 1952) and “grabbing,” in which the male grasps the nape of
the female's neck with his jaws, the preliminary step in positioning the
female for mating. Female interest is more difficult to quantify behaviorally
and there are no reliable physiological indicators of receptivity during the
breeding season (Travis et al. 1978). Thus, | recorded non-receptivity,
defined as aggressive face-biting by the females, resulting in males' turning
away to protect their faces. | defined successful mating as intromission
lasting for at least 6 minutes as described by Adams (1981) accompanied
by at least 2-4 deep thrusts thought to be associated with sperm transfer
(Enders 1952, J. Adair, Oregon State University Experimental Fur Farm,

personal communication).

Onset of breeding season and gestation lengths of wild mink
To determine more precisely the onset of the breeding season of M.
v. evagor, | paired wild mink between March and June 1991-93 and
recorded the date of first mating for seven females. Three of the females
had been involved in the previous experiment, the fourth was captured
pregnant in June 1990, and the remaining three were her offspring, raised
in captivity. |introduced the seven males (the five from the previous
experiment, the male captured in June 1990, and a male from the litter born

in 1990) to females every few weeks in March and/or April and every few
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days in May and/or June. In 1991, | delayed pairing the wild mink until May
(the predicted height of sexual activity) because | was concerned that the
poor breeding success of the wild mink in 1990 might be due to the stress of
frequent pairings too far in advance of the actual breeding season.
Thereafter, | gradually started pairing earlier each year to pinpoint the onset
of breeding.

Because females multiply mated, | measured gestation length from
both the first and last mating to parturition. | determined date of birth by

listening daily for the squeals of kits in the nest box of each female.

Multiple mating by female wild mink

The occurrence of multiple mating in wild mink was determined by
pairing males and mated females repeatedly in 1990-93. After their first
mating, | gave wild females opportunities to remate during known receptive
periods in domestic mink, i.e., within 48 hours and 8-10 days later on
consecutive days. | was not able to pair all females at all mating
opportunities in each of the three years, but | tested all but two of the
females at each interval in at least two of the years. One year, | also paired
females 3-4 days after their first mating, when domestic mink are typically
nonreceptive (Hansson 1947).

| could not statistically analyze differences in the behavior of wild and
domestic mink of both sexes during March and May/June due to the small
number of subjects involved. Thus, the results presented are purely

descriptive. | used Wilcoxin signed-ranks tests to compare wild females'
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receptivity to initial and multiple matings, and to multiple mating

opportunities during and outside the receptive periods for domestic mink.

RESULTS
Comparison of breeding season in wild and domestic mink

In both wild and domestic male mink, the first stage of sexual activity
(grabbing) was always preceded by a display of interest (chuckling).
During their March breeding season, male domestic mink chuckled in
response to every introduction to domestic females and two of their
introductions to wild females (Figs. 4.1a, b). D X D pairings in March always
involved grabbing as well as chuckling, while only one of the D X W
pairings did (Figs. 4.1a, b). Although male domestic mink also chuckled
and grabbed females upon introduction in May/June (Figs. 4.1a, b), they
released them without attempting intromission regardless of the females'
response. In contrast, male wild mink showed no sexual interest toward
either female domestic or wild mink in March (Figs. 4.1¢c, d). Sexual interest
by male wild mink was higher during May/June, toward both wild and
domestic females (Figs. 4.1c, d).

Mating acceptance by females most clearly delineated the difference
in breeding season between the wild and domestic mink. The two domestic
females mated the same domestic; male in March and two wild females
mated three wild males in May/June. Neither female domestic nor wild
mink were aggressive towards males in March (Figs. 4.2a-d). In May and
June, female domestic mink became increasingly aggressive towards

males (Figs. 4.2a, ¢) and interactions between domestic mink became so
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violent that pairs had to be separated to prevent injury. Contrary to
expectations, female wild mink were also more aggressive to both wild and
domestic males during May/June (Figs. 4.2b, d). However, in pairs
involving wild females, fighting never escalated to the extent that pairs had
to be separated. Wild females tended to flee after the initial confrontation

and avoid the male thereafter, rather than engage in a prolonged fight.

Onset of breeding season and gestation lengths of wild mink
The earliest first mating by a female occurred on April 22 and the
latest on June 19 (Fig. 4.3). Therefore, the mating season of the wild mink
began at least 1 month after the end of the mating season of domestic mink.
In 1991-93, six of seven females mated each year and each female mated
in at least two of the three years. Six litters were produced by four of the
wild females between June 29 and July 19. Gestation lengths ranged
between 43-55 days from the date of the female's first mating and 41-45

days from the date of her last mating (Fig. 4.3).

Muitiple mating by female wild mink

Figure 4.4 shows the mean percentage of mating opportunities
accepted initially (a female's first mating) and after three intervals (remating
opportunities) between 1991-93 by seven females. Because | did not test
all females at every mating interval every year, | calculated the acceptance
rate for each female for each interval as a percentage to represent the 3
years combined (e.g., a female that accepted a multiple mating opportunity

after an 8 day interval in 1991, but not in 1992 or 1993, had an acceptance
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rate of 33%) and used these percentages in subsequent analyses. |
derived the mean percentages in Figure 4.4 by averaging the percentages
for each female. Also, | based the acceptance rates on each female's first
opportunity to mate at a particular interval each year because, as time
permitted, | gave some females multiple opportunities to accept a mating at
a particular interval during a single year. Thus, while females only
accepted 31.9% of first mating opportunities, repeated introductions insured
that 85.7% of females mated at least once every year. Because |
conducted introductions prior to the hypothesized breeding season to
determine its onset, the acceptance rate for first matings included only
introductions that were made less than a week before the actual first mating
date.

During the four years of the study only one female never multiply
mated; the remaining six females mated both on consecutive days and at 8
day intervals but also rejected mating opportunities at both of these
intervals. Females were just as likely, if not more likely, to mate multiply
within 1-2 days of or >8 days after a previous mating as they were to mate
the first time (Fig. 4.4). On the other hand, six of seven wild females
rejected males during introductions that took place 3-4 days after their initial
mating (putative "mid-cycle," when domestic females are nonreceptive),
even though three of those females (and the one that mated) remated 4-6
days later (8-10 days after their initial mating). Females were significantly
less likely to remate ‘mid-cycle' than on consecutive days (Wilcoxin signed-
rank test W= 2, P < 0.05) or at a >8 day interval (Wilcoxin signed-rank test

W= 1.5, P <0.05; Fig. 4.4).
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DISCUSSION

This study demonstrates that, under identical conditions of diet and
photoperiod, the mating season of M. v. evagor begins more than one
month after the mating season for domestic mink. Sexual interest of male
mink in both populations is potentially overlapping, with the interest of the
wild males increasing as the interest of the domestic males decreases.
Male domestic mink initiated sexual behavior in May/June as well as March,
but failed to mount or achieve intromission. On the other hand, female
behavior strongly delineated the boundaries of the mating season.
Domestic females tolerated male advances only in March, and wild
females, only in May/June.

The increased aggression of domestic females in May/June may be
explained by female intolerance of male attention outside the breeding
season. However, wild females were also more aggressive in May/June
(their supposed breeding season). One possible explanation for the wild
females' behavior in both months may relate to their enduring furtiveness
during their first year in captivity. While wild males became bolder in
spending more time outside their nest boxes in May/June, wild females
remained secretive. Wild males also began to show sexual interest in wild
females in May/June. Because copulation attempts inevitably brought pairs
outside of the nest boxes (there was not sufficient room within), males'
increased persistence and females' furtiveness may have led to more
conflicts between the sexes in May/June that females could no longer

resolve simply by fleeing from males.
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Although the breeding season of M. v. evagor is shifted relative to
that of domestic mink, its timing still appears to be under photoperiodic
control. M. v. evagor exhibit a similar shift in timing of fur growth which is
also associated with photoperiod changes in domestic mink. In domestic
mink, the 'spring molt' occurs after breeding: in late April and early May
(Duby & Travis 1972). In the present study, the loss of winter fur also
became apparent in the captive wild mink post-breeding—in July. Hatler
(1976) described 'summer molt' in wild M. v. evagor as peaking in July for
males and in late May for females.

From 1991-1993, the breeding season began progressively earlier
each year (Fig. 4.3), but this apparent shift may have been due, in large
part, to our delaying pairing the animals untit May 1991 and then only
gradually attempting more March and April pairings in 1992 and 1993. It is
interesting to note that the shift in onset of breeding was not closely tracked
by a shift in parturition dates; successful breeders were those that either
mated for the first time or remated in late May and early June and births
remained concentrated in July (Fig. 4.3).

One of the effects of delayed implantation on domestic mink is to
restrict the birth season to approximately two weeks while the mating
season may be four or five. This is because all females are stimulated to
implant by the same photoperiod cue, regardless of whether they first mated
four days or four weeks before (Allais & Martinet 1978). Thus, the greater
variation in gestation length as measured from the date of first mating as

opposed to the date of last mating (43-55 vs. 41-45 days, respectively) is
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also typical of domestic mink when the last mating is shortly before the
termination of diapause.

Although | have no direct evidence for delayed implantation in M. v.
evagor, the multiple mating pattern | observed is perhaps most readily
explained by its presence. Not only did wild females mate two or three days
in a row, but they experienced another peak in receptivity after 8-10 days
like domestic females. In domestic mink, both female multiple mating and
subsequent ovulations (‘superfetation’, Shackelford 1952) are made
physiologically possible by delayed implantation. In most mammals, new
follicles could not mature and additional ovulations could not be induced
because progesterone from the corpora lutea of the ovary would inhibit
pituitary production of the hormones that stimulate both follicle development
and ovulation—FSH and LH, respectively (Knobil & Neill 1988). During
delayed implantation, the mink ovary does not produce sufficient
progesterone during delay (Canivenc & Bonnin-Laffargue 1967 in
Sundqvist et al. 1988) so the pituitary-gonadal axis continues to function as
though the female was not pregnant.

The fact that one wild female also mated during the putative mid-
cycle period does not preclude M. v. evagor from having an ovarian cycle
similar to domestic mink. Enders (1952) paired mated mink repeatedly at O-
16 day intervals but had difficulty identifying the cycle that Hansson (1947)
reported because some 10-13% of females remated 3-6 days after their
initial mating, during what was subsequently identified by Shackelford

(1952) as a period of follicular development.
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Relevance of comparisons between wild and domestic mink

Although M. vison is native to North America, much of the
information on mink behavior in the wild has been gathered from feral
domestic populations in the British Isles, Sweden, Norway and Western
Europe, and introduced and feral populations in Eastern Europe,
Finland and Russia (Dunstone 1993). Because information on the
ecology and behavior of feral domestics in Europe is consistent with that
from studies of native wild mink in North America, information on
reproductive physiology from fur farm populations has also been widely
assumed to be similar to that of wild mink (Linscombe et al. 1982, Eagle
& Whitman 1987, Dunstone 1993).

Mink farming was firmly established in North America by the
1920's (Hodgson 1945). The fact that variable gestation lengths
(Hodgson 1931) and female receptive periods at weekly intervals
(Patton 1925, Hodgson 1945) were considered typical of mink early in
the process of domestication suggests that these aspects of mink
reproduction are not simply products of domestication. Similarly, the fact
that split litters were observed early in the development of mutation coat
colors (Shackelford 1952) suggests that the mechanisms allowing for
superfetation are not recent mutations and are quite likely to occur in
native wild mink as well. Furthermore, intensive inbreeding is unlikely to
be responsible for these phenomena as it is far from certain that

inbreeding was an issue in mink farming prior to 1950 (Shackelford
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1950), and the studies scientifically documenting these aspects mink
reproduction were done prior to this.

Shackelford (1950) reported that domestic mink were de_rived
from most if not all of the 11 subspecies recognized in North America
and that it was common practice for farmers to introduce wild-caught
mink into their herds. The development of 'mutant color phases' in the
1930's and 1940's further decreased the tendency for excessive
inbreeding by 1) increasing the transfer of mutant mink between farms
and 2) by actually increasing the influx of wild mink into the fur farm
population via attempts to develop other, lighter coat colors (Shackelford

1950).

Adaptive significance of muitiple mating and delayed
implantation in mink.

From his observations of M. v. evagor, Hatler (1976) hypothesized
that the short variable delay of implantation in mink functions to prolong
pregnancy, thus allowing females more time to recover from the rigors of the
mating season before experiencing the rigors of lactation. A 1-5 week
extension of pregnancy would only provide the needed rest, however, if
females were not attracting males during that time. If, as suggested in the
present study, females are receptive to multiple mating during the delay
period, then delayed implantatioh would actually be encouraging the
prolonged male attention that it was supposed to be ameliorating.

The period of delayed implantation in domestic mink is quite short

compared to the months' long delay reported for other mustelids, e.g., long-
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tailed weasel, Mustela frenata, 7-9 months (Wright 1948) and western
spotted skunk, Spilogale gracilis, 6-7.5 months (Mead 1968). Most .
hypotheses for the adaptive significance of delayed implantation invoke the
advantages of being able to mate at some more favorable time (in terms of
food or weather) than one gestation length before the optimal birth season
(e.g., Fries 1880, Lack 1954; reviews in Mead 1989b, Sandell 1990). In
temperate climates, this optimal birth season is argued to be as early as
possible in the spring to allow the longest possible time for the young to
grow and gain experience under favorable conditions. However, applying
this hypothesis to mustelids with a short delay of implantation is difficult:
why should March be a better breeding season than April for mink that give
birth in May? It is even more difficult to understand why late-breeding M. v.
evagor would delay implantation so that offspring conceived in May are
born in July rather than June.

Addressing the problem of delayed implantation in mammals in
general, Sandell (1990) proposed that delayed implantation evolved
specifically so that the breeding season could occur at the most favorable
time for female mate choice, i.e., when male movement was easiest.
Considering solitary carnivores specifically, Stenson (1985) pointed out that
the potential difficulty of locating widely-dispersed mates should favor the
evolution of a long breeding season. Suspension of embryonic
development coupled with photoperiod control of implantation would allow
the breeding season to be extended without extending the birth season,
meaning that the offspring of later-breeding females would no longer be at

a competitive disadvantage. Taking into account the unusual physiology of
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female mink, a combination of Sandell's and Stenson's ideas may apply:
delayed implantation prolongs both the breeding season and the
opportunity for mate choice for mink.

Regardless of the timing of the breeding season and the duration of
delayed implantation, having a prolonged period of receptivity could be
advantageous when females are solitary and widely-dispersed, as in mink.
Not only would prolonging the mating season insure an encounter with a
male, but having additional ovulations and a paternity advantage to males
mating during a females last periovulatory period could allow female mink
to exercise a strategy termed “fertilization assurance/exertion of preference®
by Schwagmeyer (1984). Female mink could mate indiscriminately early in
the breeding season to insure fertilization, but then exert post-copulatory
mate choice by discriminating among any males they might encounter
thereafter. If other mustelids with delayed implantation (32 species)
typically arrest embryo implantation without disrupting the ovarian cycle for
a time, then the reproductive physiology for multiply mating and mate
choice may be available to them as well. At present, there are only
scattered reports of prolonged periods (>2 weeks) of multiple mating in
other mustelids with delayed implantation (Martes americana—Enders and
Leekley 1941;Lutra canadensis—Woolington 1984; Martes sp.—reviewed
in Mead 1994) and no reports of multiple ovulation during the delay period.

From this study, | am reluctant to draw any conclusions about
differences in M. v. evagor females' willingness to mate so as to induce
initial or later ovulations. If anything, females appeared more likely to

remate after 8 days than they had been to mate initially (64.1% vs. 31.9%),



127

but with the small sample size (seven females and seven males), this
difference was not significant. But because one goal of the study was to
determine the onset of breeding, the seeming reluctance of some females
to mate initially could be attributable to their not being sexually receptive at
the time of pairing.

In conclusion, M. v. evagor breeds later than domestic and other wild
populations at the same latitude (Enders 1952, Mitchell 1961, Eberhardt
1974, Whitman 1981, Askins & Chapman 1984) and mates multiply in a
pattern indicative of delayed implantation in domestic mink. The
physiological changes underlying the shift in breeding season, and
possibly in photoperiod-stimulated implantation, remain to be determined.
Confirmation of delayed implantation must also wait for studies with larger
sample sizes (so that variation in gestation length could be noted in singly
mated mink, i.e., Hansson 1947) or that are more invasive (to record
multiple ovulations, i.e., Shackelford 1952). Finally, | suggest that any
advantage to short-term delayed implantation for mink may be associated
with prolonged, cyclical receptivity during the delay period, not with the

timing of breeding.

SUMMARY

Wild American mink (Mustela vison) show latitudinal variation in
breeding season. One exception is a population (Mustela vison evagor)
from Vancouver Island, British Columbia, Canada that mates 2-3 months
later than other mink populations at similar latitudes. Multiple mating during

delayed embryonic implantation is typical of domestic mink, but has not
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been reported for wild populations. | compared the breeding season and
mating behavior of captive wild M. v. evagor with domestic mink by pairing
animals within and between populations from March through June. Multiple
mating was identified by repeatedly pairing females after mating. Dates of
matings and births were recorded over 4 years. Sexual interest of male
domestic mink declined between March and June, during which time sexual
interest of wild males increased. Similarly, female domestic mink accepted
mates only in March, while wild female mink mated 1-3 months later.
Gestation length in wild mink ranged from 41-55 days. Female wild mink
multiply mated and the pattern of receptivity was similar to that of domestic
mink. Variable gestation length and multiple mating pattern were consistent

with the presence of delayed implantation in M. v. evagor.
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Figure 4.1: Percentages of males showing sexual interest, measured
as chuckling and grabbing, in pairings of (a) domestic males and
domestic females, (b) domestic males and wild females, {(c) wild males
and domestic females, and (d) wild males and wild females (n = 4
except where noted above the bars). Because male chuckling always
preceded grabbing, percentages of both behaviors are shown together.
Asterisks indicate the timing and number of males mating (one per
mated male).
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Figure 4.2: Percentages of females showing aggressive behavior in
pairings of (a) domestic males and domestic females, (b) domestic
males and wild females, (c) wild males and domestic females, and (d)
wild males and wild females (n = 4 except where noted above the
bars). Asterisks indicate the timing and number of females mating (one

per mated female).
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Figure 4.3: Numbers of pairings and the dates of first matings for
females are shown for the four breeding seasons. The horizontal lines
indicate gestation length measured from date of a female's last mating.
Above the horizontal lines are the gestations lengths calculated from
both first and last matings (first/last).
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Figure 4.4: The mean (£ SE) percentage of first matings and multiple
mating opportunities accepted by seven females. Means (+ SE) were
calculated from individual female acceptance rates, determined by
percentage of matings upon initial introduction at a given interval each

year over 3 years.
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