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ARBSTRACT
The mating system of the white-footed mouse, Peromyscus

leucopus has caused much confusion among evoliutionary
bi1ologists interested in the social biclogy of the specires.
Some studies dgocumented well-developed paternal behaviour
(Horner 1947; McCarty and Southwick 1977; Hartung and Dewsbury
1979) and payr-activity (Mineau and Madison 1877). These
results favour a monogamous mating system. Other studies
proposed polyandry based on spatial association between adult
males and femaies (Myton 1974)., Still others argued for
polygyny (Cicirello angd wWolff, 1n press). All these studies
are speculative,

I studied the mating system of the species with four
arfferent aoproaches. I first tested whether ocestrous females
would reject strange males and accept famiirar males as mates,
then examined whether paternral behaviour documented in
previous stud'es mignt be unnatural Dbehaviour caused by
confined caging conditions, Meanwh1iie. I investigated
assoctation patterns of adult males and females 1n their
natural habitats., and collected genetic \nformation on mothers
and their young to test the presence of muitiple paternity
within singie litters.

Oestrous females readily acceoted multiple-male
insemination, with no indication of discriminating between

familiar and strange maies. Males di1d not provide oaternal

care of any sort 1n a large enclosure with 4 nest boxes and




stopoed 1nteracting with the females once the copulation was
over. The majority of experimental females showed aggression
towards males except during their ocestrus. In their naturail
habitats, females close to cestrus have more adult maiés
nearbv than females far from ocestrus, indicating that adult
males adjusted their position 'n relation to breeding status
of females. Genetic analysis revealed that 25-100% of
field-conceived litters were sired by multiple males. I
conclude that orcmiscuity 18 a prevairling feature of the
mating svstem cf P. leuccpus. with males exhibiting serial
polygyny and femaies sSimultaneous éo\yandry. Adaptive
s1gni1ficance of this mating svstem 18 d;scussed in relation

to ohysioiogv. ecology and 1i1fe history characters of the

species.

1v
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CHAPTER 1 INTRODUCTION

§ 1.1 Gensral Review
The theory of evolution by natural selection is built on
heritable variation 1n reproductive success, of which mating
success 1s the most important component, especially for males.
Mating success of an animal in a natural oopulation depends
much on sexual and social relationships it forms with other
animals, especirally those of opposite sex. The pattern of
these sexual and social reiationships that form the context
within which mating occurs 1s cailed a mating system (Halliday
1980). Mating systems are of four major categories: monogamy,
polygyny, poliyandry and oromiscuity. A more detailed
ciassification of mating systems can be found in Handford and

Mares (1985,

Mating systems of natural populations of animal species
are subiect to onysiological, ecolcgical and life history

constraints. The Influence of 1ife history traits on mating

systems is best 11lustrated by studies on wild populations of

the red deer, Cervus elaphug (Clutton-Brock gt ail, 1982).

Females 1n th13 species reach sexual maturation as yearlings.

Males are capablie of mating at two years of age, but do not
reach full body sizZe unti1l they are 6 yeargs old. As a
consequence of this body size difference, sexually mature
males differ greatiy in tneir ability to compete for mating
opportunities. This results in breeding females held in harems

mostly by a few males from 8 to 11 vears old, i.e., a




polygynous mating system.

Physiological constraints on mating systems may be
exemplified by modes of fertilization and parental care.
Internal fertilization and speciatizations such as lactation
predispose females to perform parental care (Williams 197S5;
Krebs and Davies 1987) and allow males greater opportunity to
desert and seek extra mating3, while external fertilization
and the need for two parents to feed the young may predispose
males to show parental care and necessitate stable pair-
bonding relationships between males and females. In many avian
species with altricial young, reproductive success is often
limited by the ability of parents to feed their young {(Lack
1947; Ricklefs 1977) and it is likely that two parents can
feed twice as many young as a single parent. If either sex
deserted, the output of the brood would be halved. So 1t may
not pay either sex to desert if we also consider the cost in
searching for a new mate and nest site for a new clutch,

As males can usually benefit more than females by seeking
extra matings, any ecological factors that changes a male’'s
opportunity of having extra matings or the abi1lity of females
to raise young without paternal care can affect the mating
system and social organization (Orians 1969; Verner and
Engelsen 1370; Hladik 1975; Clutton-Brock and Harvey 1977;
Emien and Oring 1977; wrangham 1977; Ghigliery 1984;
vehrencamp and Bradbury 1984; Terborgh and Janson 1986). For

example, in a heterogenous environment, resources necCessary




3
for rearing the young are distributed in patches. If males
differ much 1n their ability to defend territory, resuiting
1n some males having good territories with resources more than
twice as much as some poor territories, then two females
sharing a good territory with the a defending male may each
leave more offspring than one female pairing with a male in
a poor territory. Thus a continuum of territory quality will
give rise to colygyny and monogamy coexisting in the same
population (Orians 1969).

Although the definition of a mating system does not
extend to cover post-mating behaviour, mating systems are
often studied 1n associration with parental care. Studies on
social biology of natural pooulations (e.g., Schaller 1965;
Hall and Devore 1365: Crook 1970; Dewsbury 1978; Mitchell
1979: Eisenberg 1281;: McKenna 1982; Handford and Mares 1985;
Poole 1385) have produced relationships between mating systems
and parental bpehavioural patterns, e.9., paternal care 18
often found 1n species with a monogamous mating system, which
ensures certainty of paternity, and absent in species with a
promiscuous mating system, Trivers (1972) proposed certainty
of paternity as a determinant of paternal care because it is
obvious that caring for unrelated young is not evolutionariiy
advantageous,

Trivers' argument has been challenged by Maynard-Smith
(1978), wWerren et al, (1980) and Krebs and Davies (1987), on

the following basis. The fitness gain of a non-paternal male
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is the chance of additional mating. But, if paternity is

uncertain, the value of additional mating is reduced by
exactly the same factor as the value of paternal care. Thus,
whether a male should provide paternal care depends on chance
of additional mating, not on certainty of paternity. I agree
with them that certainty of paternity may not be an important
determinant of paternal care, but empirical data in rodents
demonstrate that opaternal c@®re does imply certainty of
paternity (Kleiman and Malcolm 1981; Elwood 1983; Dewsbury
1985) and paternal behaviour remiins a good predictor of
mating system,

In summary. previous studies ,n mating system have formed
a theoretical frame work in which predictions concerning
mating systems can be made on the basis of physiological,
ecological, i1fe history and behavioural patterns and tested
with field and laboratory observations.

§ 1.2 Review of Studies on Mating
Systems in Smalil Rodents

Rodents differ much in their habits. with some being
diurnal and non-secretive, such as ground squirrels, others
nocturnal or crepuscular, such as most microtine rodents and
peromyscine species. which I refer to as small rodents. I will
briefly review those studies pertaining to small rodents
except for P, leuycopus, which will be deait with 1n the

following section,

There are few species of small rodents 1n which mating
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system has been studied in detail. The mating system of P,
polionotyus is perhaps the best known. Burrow excavation showed
that each burrow, as a general rule, was occupied by an adult
male, an adult female and one litter (or two litters of
different ages), and this was supplemented by a genetic study
demonstrating that multiple paternity in single litters was
unlikely (Foltz 1981). Thus monogamy 1s a prevailing feature
of the mating system of the species.

Kawata’'s (1985) study on Microtys rufocanugs showed that
the home range of an adult male often overlaps the home range
of several adult females. Presumably the male may mate with
several females. Because no multiple paternity in single
litters was found (Kawata 1985), each female appeared to have
mated with only one male. For this reason, polygyny 18
inferred to be a dominant feature of the mating system of the
species.

Mihok (1979) concluded that the basic social unit in
Peromyscus maniculatus consisted a mature male, a few mature
females and a number of young, based on h1s multiple capture
data. Such a social unit implies polygynv. Birdsall and Nash
(1973), however, found multiple paternity in single litters
in natural populations of P, maniculatus. Thus females mate
with multiple mates in the species. The mating system of the
species is now believed to be promiscuity (wolff 1989),

Of many studies on mating systems of other species of

small rodents, few are conclusive. For example, promiscuity




in Microtugs pennsylvanicus reported by Madison (1980) was

supported by no more evidence than the finding that the home

range of sexually mature voles overlapped at least two
sexually mature voles of the opposite sex. Polygyny was
reported in M, californicus (Ostfeld 1986), M. xanthognathus
(Wolff and Lidicker 1980), Apodemus sylvaticus and
Clethrionomys glareolus (Korn 1986). A1l three studies base
their conclusion on the finding that home ranges of adult
males do not overlap and may encompass the home range of
several females, and that home ranges of females overlap. Getz
et al., (1981) reported monogamy in M, ochrogaster. The only
field evidence for their conclusion is that about 13% of
muitiple captures 1nvolives a male and a female.

More confusion arises when investigators carelessly cite
aquivocal conciusions of other workers. For example, the study
on Microtus pinetorum (FitzGerald and Madison 1983) was cited
as evidence for polyandry by Cockburn (1988), but cited as
evidence for promiscuity by wWolff (1985b), while the authors
themselves actually favour monogamy. Viitala's (1984) study
on M, rutilys was cited by Cockburn (1988) as evidence for
polygyny. In fact, viitala (1984) neither mentioned polygyny
nor provided any evidence in favour of a polygynous mating
system. The study by Madison (1980) on M, pennsylvanicus was
cited by Wolff (1985b) as evidence of promiscuity but Dby

Cockburn (1988) as evidence for polygyny. Wolff (1985C) was

cited by wolff (1989) as presenting spacing data suggesting
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a polyandrous mating system in Pgromyscus leuconus and P,
maniculatys, but the only data relevant to mating system of
these two species in Wolff (1985c) are that males had larger
home range than females, which does not suggest a polyandrous
mating system.

In summary, mating systems of small rodents are poorly
studied and speculation prevails in published works. Because
mating system 15 known for only a few species of small
rodents, 1t 1S not even possible to establish correlations
betwean mating system and its potential determinants, such as
physi1ological, ecological and life history characters.

§ 1.3 Review of Previous Studies Related to Mating

Syvstem of Peromyacus leucopus

The study of the mating system of Peromyscus leucopus has
been hampered by their nocturnal and secretive habits, which
makes 1t difficuit to observe their behavioural interaction
directly undcer natural conditions. As a consequence, the
mating system of natural populations of P, lguycopug has only
been studied indirectly. Three approaches nave been employed
to 1nvestigate the mating system of natural populations of P
leycopus, v1.e., observing parental care in the laboratory,
monitoring the spatial agsociation of adult males and females
n the field, and genetic analysis on polymorphic loci to
detect the presence of multiple paternity in single litters.

Male P, leucopus 'n cages exhibited patsrnal behaviour,

such as licking, retrieving and huddliing with their offspring
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{Horner 1947; McCarty and Southwick 1977; Hartung and Dewsbury

1979). As natural selection will not favour paternal behaviour
with uncertain paternity, these behavioural patterns appear
to suggest high certainty of paternity, which implies, in case
of P. leucoous. a monogamous mating system. A field atudy
(Nicholson 1941), however. suggested that paternal care cannot
happen 1in natural populations because adult males did not
associate with young mice unless the latter were near weaning
age. Of 64 nest boxes with young and at least one adult, a
single adult male was found with young in five cases, and an
adult male and an adult female were found with young 1n 11
cases. In all 16 cases, the young were at least 18 days cid.
Thus, results from paternal care studies are equivocal. A
major defect 1n all previous studies on paternal behaviour,
as recognized by Hartung and Dewsbury (1979), 18 the
confinement >f parents and young in the same cage and this
causes difficulty in interpretation of their results. For
example, it is hard to tell whether males huddling with young
is due to true paternal behaviour or due to forced body
contact because there is only one nest available.

Myton (1974) suggested that the social organization of
natural populations of P, laucooys consists >f basic social
units or “family groups” each with an aduit female and several
aduit males. Her conciusions were based on a field stugy of
association patterns of adult 2, leucopug monitored with a

live-trap grid. This dispersion pattern would seem to sugges?t
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ei1ther simultaneous polyandry or serial polyandry. Subseguent
studies on spatial association between adults of opposite
sexes, however, seem to favour monogamy. Two radio-telemetry
studies 1ndicated either pair activity in adults of opposite
sexes (Mineau and Madison 1977) or male-female association
(wolff and Hurlbutt 1382).

The first genetic anaiysis relating to mating systems in
P. leucopus was reported by Wolff in an informal communication
1n 1966 (Paromyscus Newsletter, No.1). Woliff reported genetic
evidence that agduits of both sexes 1n natural populations of
P, leycopus mated promiscucusly with up to 33% of litters
showing muitiple pcaternity. If females 1ndeed mate
promiscuously. then certainty of paternity for males wouid be
icw and males should not orovide opaternal care, which
contradicts results of Horner (1947), McCarty and Southwick
t1977) and Hartung and Uewsbury (1979). wWoliff, however, did
not publish hi1s genetic evidence of multioie paternity in
single li1tters. and he recently (Cicirello and wolff, 1n
press) concluded that the mating system of P, 1€UCODUS was
polygynous on the basis that aduit maies have home ranges
overlapping that of several adult females.

In summary, results from previous studies on mating
systems 1n natural populations of P, leuccpus are inconsistent
Oor even contradictoryv.

§ 1.4 "hecretical Considerations

To formulate a hvpothesis that makes sense of those
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seamingly inconsistent and contradictory results from previous
studies, I was forced to consider the possibility of seascnal
variation in mating system. My scenario was as follows. At the
onset of the breeding season, intense movements occur in
overwintered animals of both sexes (Stickel 1968), resulting
in a high probability that adult males and females will mset.
This w11l cause synchronous breeding activities because
oestrus synchrony i1n femaies can be induced by a sexually
active male or an oestrous female n many mammalian species
(Bronson and Marsden 1964:; Vandenbergh 1983; Bronson 1983),
including Peromyscus. Oestrus synchrony results 1in an
overabundance of mates for some males and these males, with
an overabundance of mates and haying no young for them to
provide paternal care to., should mate polygynousiy and may
experiance sperm-deplietion. In male rats mated to satiety,
semen production was not fully recovered even after 6 cays of
rest (Beach and Jorcan 1356:; Pessah and Kochva 1975; Jackson
and Dewsbury 1379). Dewsbury (19&24a: 19384b) found that male
deer mice iost much of tneir i1nseminating power after a few
consacutive copulations, vhereby their vigour 1n copulation
could 1nduce opseudopregnancy 1in femaies. The duration of
pseudopregnancy in Cricetidjae and Muridae rodents 18 about 2
weeks (Conaway 1971). which represents a significant portion
of a 1imited breeding season. One strategy against
pseudonregnancy wouid be to mate with more than one male so

as to increase the l1ikelihood of mating with at least one
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"fresh” male. Alternatively, a female may protect herself
against pseudopregnancy by forming a strong pair bond with a
chosen male. This strategy would not work at the beginning of
the breeding season for the following reason. If males differ
genetically in theiyr mating potential, then it is
evolutionarily disadvantageous for those males with great
mating potential to stay with a single female when there are
many females coming into oestrus. Consequently, those males
that are “"fresh’ would be those thit have 1ow mating potential
(low quality) and natural selection would not favour females
that mate with maies of low quality. Thus, animals of both
sexes should mate promiscuously during the early breeding
season.

The formation of pair-bonds between males and females
should depenc on whethe~ pair bonding will increase
reproductive success of both parties involived. In P, leucopus.
there are a variety of ways in which a male can provide
effective pa.ernal care. For example, due to the high energy
demand of lactation, lactating females have to 1save the nest
frequently to feed (Harland 1979), but the development of
homeothermy in juvenile Perconyscus l1eucopus takes about 2
weeks to complete (Hill 1972). The body temperature of the
young decreases as soon as they are left alone. Thus the
venefit of having a male huddling the young while the female
18 out feeding seems obvious. As another example, Wolff

(1985a, 1986b) has reported conspecific infanticide in P,
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leucopus and proposed maternal aggression as a deterrent to

infanticide. As the mother has'to leave the nest to forage,
aggression by her would not be effective unless a defensive
male is8 in the nest while she is out, i.e., the presence of
a protective male would increase the survival of young by
reducing rigsk of infanticide. Other kinds of help a male can
potentially provide include nest building and maintenance
(Nicholson 1941; McCarty and Southwick 1977), keeping young
clean by grooming and licking (Horner 1947; Mcciarty and
Southwick 1977: Hartung and Dewsbury 1979), and retrieving
young when they venture out of the nest (Horner 1947; McCarty
and Southwick 1977; Hartung and Dewsbury 1979). Thus, pair
bonding can potentially benefit the female. Indeed females
have been found to exhibit bshavioral patterns that may lead
to a reduction of potential mates, resulting in increased
certainty of paternity. For example, females have been
observed to be highly aggressive towards strange males during
late pregnancy and early lactation in many rodent species
including P, leucopus (King 1963; Noirot 1972; Svare 1981;
Ostermeyer 1983; Wolff 1985a). These behavioural patterns in
female P, leucopus would 1ncrease evolutionary advantage of
pair-bonding and paternal care.

From a male’s point of view, his reproductive success
relative to that of other males is unlikely to increase
through his paternal care to the first litter because of its

uncertain paternity. There are, however, two potential
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benefits for a male to stay with a female. First, if females
choose only familiar males as mates, then a male unfamiliar
to any female will have little access to mating resources and
his reproductive success should be lower than those that have
established familiarity with females. This may be particularly
true for Peromyscine specires because a strange male is not
effective in producing pregnancy blockage (Dewsbury 1985).
Because a male scending all his time with a female will result
in greater familiarity with her than a male that will devote
only a fraction of higs time to her, the female may choose only
the most familiar male for postpartum copulations. This may
eventually lead to the formation of pair bond.

Given a male staying with a female, there are some
factors favouring paternal care. First, daughters of the first
litter, althougr of uncertain paternity, can serve as mates
for the "father”'. Unlike juvenile males that disperse soon
after weaning, juvenile females usually breed within their
mother's home range. Both Nicholson (1941) and wolff and Lundy
(1985) reported occasional pairing of the presumed father and
one or two of his daughters. In a sense, paternal care for the
first litter may be interpreted as the male’'s way of
“guarding” his mating resources. Secondly, because of the high
energy demands on mothers during lactation (Millar 1978;
1979), females that are both pregnant and lactating require
a longer time (1 to 12 days longer) to accomplish gestation

(Svihla 1932). Sometimes the female may simply give up the
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gsecond litter as indicated by the regressed ambryos in the
uterus. With paternal care, the female may be less
energetically stressed and the second litter can thus be born
earlier and healthier. A1l these would increase the
reproductive success of the male and paternal care should
therefore be selected for.

In summary, both sexes of P, Jleucopuys should mate
promiscuously at the beginning of the breeding season, but
practise monogamy thereafter. Under such a system, paternral
care is favoured by natural selection. This hypothesis un 1es8
contradictory results of previous studies and orovide a
consistent explanation to what have been reported of mating
systems of P, leucopus.

On the basis of this hypothesis. four predictions can be
made and testec. First, females should reject strange males
during her postpartum ocestrus and accept familiar males as
mates. Second, males should provide oaternal care. Third,
there should be pair activities soon after the beginning of
the breeding season. Fourth, multiple paternity in single
litters should be found only in litters conceived at the
beginning of the breedi1ng season. Some of these predictions

were subsequently modified with the progress of my study.




CHAPTER 2 POSTPARTUM COPULATION

This chapter focuses on _my first prediction, t.e.,
whether females in her postpartum ocestrus reject strange males
and accept familiar males as mates. All experimental! females
and most of experimental males for this study were from a
forest in £lginfield, 28 km north-east of London, Ontario,
‘,anada (43°N, 81°8).

§ 2.1 Method

Two in-room enclosures (2.4 m long, 1.8 m wide, and 0.8
m high, open at the top), were constru;ﬁcd of wood and iron
partitions and arranged side by side, as shown in Figure 2-1.
Enclosure A contained four numbered nest boxes (21.5 x 14.5
x 13.5 cm, inside dimensions) occupying the four corners.
water and Purina rat chow were supplied gad libitum at the
centre of the enclosure in two plastic trays. Cotton batting
were scattered around the water and food supplies. A light
regime of 17L:7D was used, with lights off at 6:00 p.m. Dawn
and dusk were simulated by manually decreasing or increasing
the resistance of the light bulb circuit for about 0.5 h. A
dim red light was always left on for nocturnal observations
behind the blind (Fig, 2-1).

Wild-caught mice were maintained in 28 x 186 x 12 c¢m
plastic cages, and provided with hardwood sawdust and cotton
batting, and ad libitum Purina rat chow and water. Females in
different stages of pregnancy, estimated by back-dating from
parturition date, were paired with field caught adult males.

Most parrings were not successful as females were aggressive

15




Fig. 2-1. Configuration of enclosures for the experiment testing
whether females in postpartum oestrous reject strange males and
accept familiar males as mates. The paired mice were transferred
with their cage into enclosure A, and 3 strange males were
transferred with their i1ndividual cages into enclosure 8. The cages
were covered inéompleteiy with a wooden board so that animals can

get out of the cage. NB stands for nest box.
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towards males. The tail of two males was bitten off by the
female they were raired with. Males that were successfully

paired with females were considered as “"familiar”® males and

were not ear-tagged. They were housed in a room separate from
the room housing the “'strange” males.

When the paired remale was 1n late pregnancy (2 to 5 days
to parturition, known by backdating from bDirth), the pair was
transferred 1nto enclosure A In the cage 1n which they had
been housed. with the cover of the cage partially opened to
allow access to> the encliosure. Parturition was checked every
afternoon. Tnree strange maies, one with left ear tagged, one
with right ear tagged and 2ne with both ears tagged, were
introduced 1nto enclosure B8 together with their individual
cages one day af+er =~he nair were i1ntroduced into enclosure
A, but tre cover cf tneir cages was not l1ifted until the day
of parturition. Birth always occurred during the day. The
partition separating enciosures A and 8 was l1:1fted at 4:00
p.m. to allcw mice to move freely petween the TWOo encliosures.
I racoroed whether "strange’ males ware 1nvoalved 1n postpartum
copulation from opehinag the bling.

§ 2.2 Pesults

Thare were 6 successful pairings (ocut ¢cf 14) wnere trne
female was 'ess agaressive and allowed the male to stay 1n the
same nest. Body weignt of males was not related to femaie
aggressiveness, angd the €& less aggressive females were not
lighter than the 8 more aggressiva cones 1n terms of postpartum

weight. Days to parturition for these 6 females varied from
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9 to 15 days, 1.e., the minimum number of days a male had
spent with his female at her parturition is 9 days.

Postpartum copulation always started at dusk around 5:50
p.m., and continued for about 0.5-1 hour. The female was
almost always on the run during this period. A male would
mount her on the run and the female sometimes stopped running
for a few seconds. Then she would resume running and leave the
male licking his genital area. At this time another male woull
mount the female and repeat the previous event. It is
difficult to distinguish ejaculation from mounting
behaviourally. Dewsbury (1979) observed that ejaculation in
P, manicylatus are often followed by a set of short, choppy
backward stens on the dismount, but I failed to see this
behavioural pattern in P, leucopus. Thus a male licking his
genital area after mounting was arbitrarily considered to have
ejaculated. Mounting did not always lead to ejaculation.

The reccordea number of mountings and ejaculations by
different males (Table 2-1) was less than what actually took
place. Tnis 1s due to the difficulty in instantly identifying
each mounting maies because all mice were darting back and
forth vervy auicnly, When I was trving to identify a male that
had just mounted. several mountings and ejaculations could
have taken place by other males. Also, I failed to find an
objective method 1n recording and I do not know 1f I paid more
attention to a sa-ticular male or not. As a consequence, it
was 1napprooriate to use the numbers recorded in Table 2-1 to

evaluate the relative benefits of being familiar to the

ST CETRE




Table 2-1. Number of recorded mountings and ejaculations by
the “familiar” male and three “strange” males.

No. of recorded

mountings

Familiar

Strange 2

No. of re.orded

ejaculations
Familiar
1
Strange 2
3

No. of Teats
3 4
7 4
5 3
6 4
4 6
NOo, of Pairs
3 4
2 2
3 1
3 2
2 2
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female. What is demonstrated, and I considered to be
important, is the tendency of the female to accept multiple
inseminations from more than one male, regardless of the fact
that she had been paired with a male for at least 9 days.

Interference among males did occur during the copulation
episode. when a male was mounting the female on the run,
another male sometimes ran toward the female from one side.
The female would suddenly change her direction of running and
the mounting male would be thrown off her back. Such a thrown-
off male would not lick his genital area, indicating a failure
in ejaculation. No male, neither the “"familiar” nor the three
“strange” males displayed any overt aggressive behaviour or
body contact with other males.

One “"strange” male was not 1involved in postpartum
copulation (5th pair, Table 2-1), but this was not due to the
rejection of the female, but because the male, for some
unknown reasons, had remained in one nest box during the whole

process of postpartum copulation.

§ 2.3 Discut .n
That females, which were caught in mid- or late breeding
season, mated promiscuously during her postpartum oestrus was
not expected from my hypothesis, which predicted that females
should mate monogamously except at the beginning of the
breeding season. Although I was not sure at this point whether
this multiple-male mating would happen in the natural habitats

of P, leucobuys, the results prompted me to reconsider the
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reasoning which led to my hypothesis. Two weak links wers
identified. First, I was mislied by studies claiming that
females were very aggressive toward strange males during late
pregnancy and early lactation (King 1963; Noirot 1972; Svare
1981;: Ostermeyer 1983; Wolff 1985a) and such wording as
“postpartum aggression” (Wolff 1985a, 1988). 1 thought that
this aggression was continuous from late pregnancy to early
lactation and that this aggression would discourage strange
males, reduce the number of potential mates of each female and
increase paternity. Unfortunately, this aggression is not
continuous from late pregnancy to early lactation. The
aggression of the female disappeared completely during her
postpartum oestrus, when she appeared to accept mounting and
ejaculation from any male that was capable of doing so. In
other words., the high degree of aggressiveness of a female
during her late pregnancy and early lactation has little to
do with reduction of the number of her potential mates and
increase of certainty of paternity.

The second weak link may be due to my negligence of high
mortality in P, leucooug (Lackey et al. 1985). The estimated
weekly disappearance rate for adult males in natural
populations of P, leucopus is 0.31 (Harland et al, 1979). If
disappearance is mainly due to mortality, then most males
would not survive iong enough to maintain stable pair-bonding
relationship with females. In other words, females should not
depend on males providing paternal care because of the low

survival in adult males.
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The only argument I can think of in defence of my

original hypothesis is that my sample is biased because I did

not have information on mating behaviour of those highly
aggressive females. This argument was discarded after I tested
4 highly aggressive females under similar conditions, except
that a familiar male was not involved. A1l females accepted
insemination from at least 2 of the 3 strange males. Thus, it
is generally true that females mate polyandrously, at least
under my experimental conditions,

I do not, at thigs point, have any satisfactory
explanation about why females should accept multiple
inseminations from more than one male. It may be because the
femala cannot judge male quality, or because she cannot tell
which males are sperm-depleted. A third explanation is that,
if the female's reproductive system could select good sperm
against bad ores, a large sperm pool contributed by many males
would be better to select from than a small sperm pool
contributed by a single male. To date, there has been no ~ne
testing the presence of a selection mechanism on sperm in P,
leucopus. wolff (1989) provided still another alternative
explanation. He found that males copulated with a female were
less infanticidal to her young than males unmated to her
(Wolff and Cicirello, in press), and suggested that multiple
ingemination served the function of reducing infanticidal risk
for the young (Wolff 1989). I tried to confirm this hypothesis
by introducing 13 adult males each into one of 13 different

litters less than 6 days old and with the mother removed. None




of the males had previocusly copulated with the mother. I
examined the 13 litters for evidence of infanticide §5 hours
later and found none. Thus Wolff’s infanticide hypothesis does
not appear applicable to this particular population under
laboratory condition.

It 1is puzzling that copulations took place aimost
entirely outside of nest boxes becausa there appears to be two
obvious disadvantages. First, with all the participants
running back and forth, the mating scene is contpicuous to a
human observer and, presumably, conspicuous to a predator as
wall, Cushing’'s (1985) study on predation by leastc weasel,
Mustela nivalis, on P, maniculatus provided a potential answer
to the conspicuous copulation behaviour in B, leucCODuUSs.
Cushing found the mean time of emergence of the weasel from
nests in Michigan to be 152 minutes after sunset. In my study,
"dusk” started at 5:30 pm and light, except for the red light
for nocturnal observation, went off at 6:00 pm. Mating started
around 5:50pm and lasted for about 0.5-1 hour. If the light-
off corresponds to sunset, then copulatior would have ended
long before weasels come out of their nests.

The other possible disadvantage for the female is that,
with participating males witnessing other males copulating,
the female is less likely to obtain paternal care. This 18
difficult to explain unless paternal care is unimportant., Such
“honest” promiscuity in females has never been observed in any
animal species with paternal care.

In summary, females did not reject strange males and
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accept familiar males as mates. Thus, 1if certainty of
paternity is low at the beginning of the breeding season, it
will continue to be so. Assuminé that this is what happens in
nature, there is then little ground for expecting paternal
care, and the well-developed paternal behaviour documented by
previous studies (Horner 1947; McCarty and Southwick 1977;
Hartung and Dewsbury 1979) is likely unnatural behaviour due

to confined conditions.




CHAPTER 3 PATERNAL CARE

On the basis of my results on behaviour of females during
their postpartum oestrus, monogamy does not seem to be tenable
and those paternal behavioural patterns documented by previous
workers (Horner 1947; McCarty and Southwick 1977; Hartung and
Dewsbury 1979) become difficult to explain. As Hartung and
Dewsbury (1979) recognized, a major defect of all studies on
paternal care in P, leucopys is the confinement of parents and
young in the same cage. Paternal behaviour observed under such
confined conditions may represent behaviour that does not
occur naturaliy. This chapter examines this possibiliity via
an experiment in which I provided a large enclosure where
sires did not have to ii1ve in the same cage with dams.

§ 3.1 Methods

Enclosure A gdescribed in section 1 of chapter 2 was used
for this experiment. The same light regime as in Chapter 2 was
used and the same red Jlight was used for nocturnal
observations. The mice could leave the enclosure by climbing
up one corner of the enclosure, which gave them access to a
3.2 x 4.5 m room. Neither food nor water was provided outside
the enclosure, ard mice cculd easily reenter the enclosure by
climbing one of several supporting struts. It was easier to
get 1nto the enciosure than to get out.

wild-caught mice were maintained in 28 x 16 x 12 cm
cages, and proviced with hardgwood sawdust and cotton batting,
and ad lipitum Purina rat chow and water. These mice (15 maies

and 13 femailes) were used in the experiment after they had
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been held in captivity for more than 50 days; their field-
conceived offspring were used when they were older than 90
days. Adult males and females were paired at random. The extra
two adult males were paired with two randomly selected
offspring females. These 15 pairs were maintained in standard
cages until females were in the late stages of pregnancy or
had given birth. At that time, pairs were transferred to the
enclosure in the cages in which they had been housed, with
the cover partially removed to allow access to the enclosure.
One field~caught female was barren and thus only 14 pairs were
used for the experiment. Seven pairs of mice (group 1) were
transferred when their young were 4 to 7 days old, and another
7 pairs (group 2) were transferred when the female was still
pregnant. £ach of the 14 pairs was tested separately. Males
were ear-tagged to distinguish male and female under the dim
rec iight. All males were true fathers of the young conceived
by the females.

whole-night (7-h) observations were made from behind a
blind after the mice were transferred to the enclosure, with
two breaks of 20 min each night. Cbservation over five
consecutive nights was made for group 1, and over five to
seven consecutive nights for group 2 (all prepartum nights and
three consecutive postpartum nights). The movement patterns
of the maie and the female among nest boxes were reccrded.
Data that were recorded 'nclude (1) nest location of the maie,

female, and nestlings during the test; (i11) freguency with

which different nest boxes were entered by the male and the
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female, excluding entrances made to cache food, build new
nests, or avoid aggression by the other adult; (i1ii) frequency
with which nest material and young were carried by the male
and by the female; (iv) frequency of caching food by the male
and by the female; and (v) time spent (nearest 10 s) by the
male in the female’s nest. To avoid confusion, a nest in this
experiment is defined as a nest box containing cotton batting
deposited by the tested animal and structured into a cavity
and one or more entrances (or exits), which serves as day
shelter or home for young. Nest sharing by the adult pair
means the use of one nest by the two adults, not necessarily
at the same time.
§ 3.2 Results
i L

Adults admitted to the enclosure started exploring the
enclosure around 6:15 p.m. Exploration involved checking the
four edges of the enclosure, the four nest boxes, and food and
water containers over a period of 50-190 min. Nest building
followed exploration and involved carrying an average of 49
(N=14 females, SE=4.7) mouthfuls of nesting material into a
nest box. The whole crocess of nest building reguired an
average of 53 (N=14 females, SE=4.7) min of concentrated
effort, after which the mice carried nesting material into a
nest only sporadicaliy.

In group 1, males came out of the cage 5-30 min earlier
than did females (p ¢« 0.01). Young were transferred by the

female into a nest box during either the first (Ns6) or second
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{N=1) night, after nesting material was collected. Six females
shifted their nests during the second night and one female did
this during the third night. During nest shifting, the cotton
from the natal nest was transferred into the new nest, with
new nesting material being added later. This new nest was used
during the remaining observation periocds and no other nest was
build. Males in group 1 built their nests after the females
built their first nest. The gquantity of cotton batting in a
male’'s nest was less than a quarter of that of a female's
nest. Malz: did not shift their nests unless the female
happened to shift ner nest to his. This occurred twice. In
both cases the maie built a new nest in another nest box.

In group 2, males and females started exploration at
similar times and there was no detectable difference in which
sex came out of the cage first. Two of the seven group 2 males
initiated nest building 20-25 min after introduction to the
enclosure. In aill seven pairs, males and females shared the
first nest. However, all seven females in group 2 gave birth
1in a different nest box and transferred the young either back
to the olid nest box (N=8§) or to a third nest (N=2). A1l births
occurred during the day and postpartum ocestrus occurred the
same evening about 10~25 min after “sunset”. The mating lasted
an average of 43 (N=7, S$E=8.2) min during which the male
continuously chased the female; an average of 23 (N=7, SE=3.8)
copulations (mountings) were observed outside of nest boxes.
No copulation longer than 10 s was observed. Copulation may

also have occurred within the nest boxes because the nale




occasionally chased the female into one of the nest boxos‘

(except for the female’'s nest which had never been entered
during copulation) for up to 40'3. which is much longer than
required for a copulation.

Two females in group { and three females in group 2 that
had given birth were very aggressive towards their mates and
actively searched for and chased them throughout most of their
activity period. Another three females 1in group 1 were
aggressive only when the males attempted to enter their nests
at dawn. These females either blocked the entrance of the nest
box with forefeet or rushed out of the ﬁest box to drive the
male away. They dig not actively search for and chase the
male. No male was aggressive towards females.

Paternal care

Males shared nests with females when they were pregnant,
but not when they were lactating (P < 0.0001, Table 3-1). Each
male in group 2 built his own nest within 2 days of postpartum
copulation. Eight males left the enclosure, built nests
outside, and stopped visiting nest boxes in the enclosure.
Only twice did 1 opserve these males entering the enclosure
for water in the evening; these mice may have entered the
enclosure for food and water during the day, when I was
absent. This “male desertion” occurred only after the
postpartum cestrus cf the female. The relationship between

male desertion and female reproductive status (X°-test with

vYates’ correction, p = 0.039) is shown in Table 3-2. No

pregnant female left the enclosure, but two lactating females
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Table 3-1. Nest sharing in relation to the female's

reproductive status.

Female’ uCt ] I

Nest Lactating Lactating
sSharing Pregnant {aroup 1} (aroyp 2)
Yes 7 0 0

No 0 7 7




did. The latter returned to the enclosure within 20 min.

Table 3-3 presents the number of entries made by males
and females into the male's nest box, the female's nest box
(with young), and the other two nest boxes. Because of the
tendency to move nests, data in Table 3-3 were recorded only
on the third and fourth nights after the introduction for
group 1, and on the second and third nights after parturition
for group 2. Males rarely entered the female’'s nest with young
(Table 3-3, N=6, mean = 0.58 times; the upper limit of 95% of
confidence interval was 1.35 times), which precluded paternal
care such as licking, retrieving, or huddling with the young,
Moreover, even 1f a male did enter his female’'s nest box (7
times altogether; Table 3-3), the duration of his stay never
exceeded 2 min; the three periods 1long enough to permit
reccrding were 'C, 323 and 90 s.

These results show that direct paternal care did not
occur, but males could sti1ll make indirect parental
investments by buillding new nests or caching food for the
female. Seventeen cases of nest shifting, 1nvolving 13 pairs
(4 pairs moved nests twice) were recorded when both the male
and the female were in the enclosure. In all cases the female
did all of the nest building and transferred all of the young.

There were great differences in food caching behaviour
between males and females when both the male and the female
were 1n the enclosure (Table 3-4)., while aill females were
active food hoarders, males rarely hoarded. There was no

indication that the male cached food for the female.
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Table 3-2. Relationship between male desertion' and female

reproductive status.

P R

—_—Femalae's reoroductive status

Male Lactating Lactating
Desertion Pregnant. (aroup 1)? (group 2)3
Yes 0 5 3
No 7 2 4

Note Xx?’-test with vates' correction, df = 1, p = 0.039.

1. The male nested ocutside the enclosure.
2. Data of first two nights after introduction to enclosure.

3. Data of first two n ghts after parturition.




Table 3-3. Mean frequency (number of times per night) of the

male and female entering different nest boxes (only pairs in

which the male did not desert the enclosure are included).

Male's nest Female's nest Qther nests_ No. of
Male Female Male Femala Male Ffemale niants
Group 1
Pair 1 14 8.5 0.5 8.5 22 27 2
Pair 2 7 28 1.5 7.8 11 47 2
Group 2
Pair 3 6.5 24 1.5 7.5 6 22.5 2
4 4 10 0 11.5 2 8 2
5 2.5 g 0 10 1 5.5 2
6 4 9 0 8 1 10 1!
Mean 6.3 14.2 0.6 8.4 7.3 20

S ——
1. Male deserted the following night.

2. Upper 1imit of 95% confidence interval 1is 1.3§5.
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Table 3-4. Differences between sexes in food-caching activity.

e ]
Female No, of caching trips by  No. of

Pair No. reprod. status male female nights
1 Lactating 0 70 2
2 Lactating 0 89 3
3 Lactating 1 87 2
4 Pregnant 0 123 3
5 Lactating 0 122 2
6 Lactating 0 13 1
7 Lactating 2 . 84 1




§ 3.3 Discussion

Whether a male should provide paternal care depends on
fitness gained by such behaviour relative to fitness ~ained
by extra matings (Trivers 1972; Emien and Oring 1977; Kleiman
and Malcolm 1981; Elwood 1983; Dewsbury 19685). If paternal
behaviour was triggered by proximate factors, then my
experimental setup favoured paternal behaviour in two ways
relative to natural conditions. First, the males in my
experiment have 100X certainty of paternity as females were
paired with males before pregnancy. Such a high certainty of
paternity may be unlikely in the field because of the female's
promiscuous tendency. Second, in my experiment there were no
females available to the males other than their mates, 1.e.
probability of having extra matings was zero. This would also
be unlikely under natural conditions. Because males in my
experiment showed no paternal care, even with full paternity
and no chance of extra matings, I infer that paternal care is
very unlikely 1n nature. The fact that 5 of 14 females were
aggressive towards their mates and another 3 actively
prevented their mates from entering their nests suggests that
females do not tolerate paternal i1nvolvement in raising the
young. Thus the opportunity for the male to increase fitness
by providing paternal care appears to be non-existent; males
should seek extra matings instead of providing paternal care.

Why some females were aggressive towards their mates is
not clear. Wolff (1985a, 1986b) and Woiff and Cicirelioc (in

press) found infanticide by conspecific P, leucopuys when young
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were 1-12 days 01d, and suggested that maternal aggression was
protection against infanticide. However, aggression persgists
well past the first 2 weeks of 1kctation. wWolff (1985a) found
that young older than 17 days were not susceptible <o
infanticide, yet Gleason et al, (1980) found a high degree of
maternal aggression when young were 20 days old. If maternal
aggression is for protection against infanticide, then there
is no point 1n maternal aggression when young are no longer
susceptiblie to infanticide. Alternatively, maternal aggression
may aliso be explained in terms of resource defence for
securing a sufficient energy supply dur1ﬁg lactation. The male
may incur a cost to the female by consuming food cached by
her. Th1s cached food may serve to buffer the unpredictability
of dispersed foocd resources in natural environments and may
be 1mportant 1n meeting the high energy demands of breeding
females (Miljar 1978; 1979).

Sex differences in food cacning oy P, leucopuys are
logical. given other behavioural patterns of males and
females. First, caching food is for future use, which implies
that the cacher is a Tong-term resident. Second, cachers must
be able to defend the cached food against theft (Smith and
Reichman 1984), which implies that the cacher is territorial.
Nel (1975) found that caching behaviour was associated with
solitary, territorial habits when he compared the hoarding
behaviour of nine species of Kalahari Desert rodents. Several

studies indicate that adult female P, leucopus are solitary

and territorial, while adult males are not (Nicholson 1941:
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Stickel 1968; Metzgar 1971). This observation may be related
to the fact that femalies must secure a stable energy supoly
for raising voung; maleg in a promiscuous mating system should
shift their home ranges according to the location of females
approaching ocestrus. Thus, females should be the food-caching
sex in P, lgucoonus.

Bowers and Smith (1379) found differential use of
microhabitats between adult male and female deer mice during
the breeding season., with females occupying more favourable
microhabitats and having smaller home ranges than males. They
suggested that, vecause the home range of males was of poorer
quality than that of females, males need a larger area to meet
ther daily requirements. They did not justify the implicit
assumption that males and females have similar daily
requirement. T~at females occupied microhabitats better than
that of males was 1interpreted as altruistic bpehaviour of
malas, as they stared that "Such a sacrifice [{1n males] 1s not
conceptuaily ai1fferent from male weasels and songbirds
bringing food %o their mate and dependerit young . A more
1 hely axplanation for d:fferencas 1n hume range si1ze between
the sexes wou'ld Le that a majie nas to visit di1fferent females
for mating purcoses and consequently nas a home range larger
than that cf a fzmale. The diffarence 1n micrshapitat auaiity
between sevxes s ai30 1ndicated in my erperiment. Eight males
in my exper ment Aested outside of the enciosure, 1.e.. 1n a
‘micrchac'tat’ trat ras neither focod nor water. But this

differences 1n micrcnabitat quality between the sexes may not
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be due to any kind of sacrifice in the male part, but instead
results from the females' territorial aggression and the
males’ lack of 1nterest in microhabitat quality in terms of
food, water and shelter. Bowers and Smith's (1379) finding of
sex«ual gifferences in microhabitat quality indicates the lack
of paternal care because, if males stay with females in ca~ing
for young, they wou.d be occupying the same microhabitat and
there would be no sexual differences in microhabitat quality.

I assumed 'n my exceriment that food abundance would not
alter paternal baraviour, but this assumption requires
Justification. £-.arce food can have two consequences. First,
Tactating femaies mav be energetically stressed, 1ncreasing
the 1mportance of paternal care. Secong, oestrous females
woulya be spat-al’, arnd tempcrally rare, v.e.. probability of
remating for males s low. Both of these consequences could
favour monogamy i1 caternal care., I do not xnow 1f maies are
abl= to ad)uist tne'r benaviour according te the neega for
paterna’ care. If they are, then the ag lipitum food supply
1y my experiment may have provided males witn a cue that
aternal cire was not nreeded. Two lines of evidence, however,
favour my assumption. First, 1n paterpal care studies with

caged mice (McCarty and Scuthwick 19277; Hartung ang Dewsbury

1373y, food was also provided ad libitum, but paternal care
was common, 1.e.. ad 11bitum food did not inhibit paternail

beraviour. 3Secona, focd resources for these mice may indeed

be abundant during tne breeding season tecause suppiementary

fcod did not increase preeading activities (Hansen and Batzis
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1978; Wolff 1986). In conclusion, these results suggest that
paternal care 18 unlikely 1in natural populations of P,
leucopys.

Given the preavious resulits that females mate
promiscuously and that males do not provide paternal care,
Myton’s (1974) study on spatial relationshins between adults
of opposite sex appears logical. Myton (1974) found the social
organization of P, leucopus to consist of basic social units
or “family groups” each with ouvne adult female and sevseral
adult males. My interpretation is that the female in Myton's
basic social unit 1s probably one close to ocestrus and several
adult males are around her waiting for the coming copulation.
In other words, the basic social unit 18 temporary and males

will move away toc form new “"basic sociral unit” with other

females that are coming Into ocestrus.




CHAPTER 4 SPATIAL ASSOCIATION

Because the previous results from my laboratory
experiments suggest that adult males change their behaviour
and spatial relationship to females 1in response to the
female's reproductive status, this experiment was designed to
test whether adult males in natural populations of P, leucopus
adjust ther spatial position in relation to females' breeding
status as well, i1.e., whether females close to ocestrus have
more adult males around her than females far from oestrus.
Female P, leucopus are usually receptive socon after the birth
of a 1litter. with birth occurring during the day and
postpartum oestrus starting 1n dusk of the same day (Svihia
1932, pers. obs.). If females mate promiscuously and males are
only intaresteag 1n females approcaching oestrus, then a female
near parturition (postpartum oestrus) should attract more
adult males tnan a female in early pregnancy. This pattern has
been observed 1n 2nclosures (Table 3-1, 3-2 and 3-3), but
whether this hacpens in nature requires confirmation.

§ 4.1 Metnhod

Mouse pobulations 1n five forests near London, Ontario,
were monitored using grids and lines of Longworth iive traps
from May 15 to August 26, 1987 (Table 4~1). A1l habitats
sampled had s milar physiognomic features. Traps were placed
10 m apart within lines. and 11nes were 15 m apart 'n grids.
A trapline or grid ~as considered as a sampling unit 1f traos

from other 1ines cr grids were at least 60 m away from thr.s

11ne@ or grid. The number of sampling units in each of the five
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Table 4-1. Monitoring scheme of Peromyscus leucopus in the
five forests.

pragnant No. of totai
females sampling No. of

. iod | . !

Arva May 15-June 3 8 5 108
Weldon June 3-June 10 6 2 100
MctLarty’'s June 15-_culy § 5 1 78
Burm's July 5-July 26 8 3 1490
Hwy. 16 July 27-Aug. 26 8 2 30
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forests is also included in Table 4~1. Sampling units differed
much in size among, but not within, the five forests. All
traps were baited with sunfliower seeds, provided with cotton
batting, and checked dai1ly for at least 5 days. Animails caught
were ear tagged, and sex, age (adult or juvenile), and
location were recorded. Adult females were brought back to the
laboratory and checked for parturition every 3~4 days. Number
of days to narturition was recorded for each female. Traps
within 20 m of the trap where each female was caught were
arbitrarily defined as her neighbourhood traps. Figure 4-1
illustrates the numter of neighbourhood traps for two females
(F1 and F2) 1n one sampling unit which is a grid of six lines
{A-F) each witn 13 traps. The female F1 has 22 neighbournood
traps while female F2 has only eight neighbourhocod traps.
Females caught .n traplines had a maximum of six neighbourhood
traps. If two females (e.g., F1 and F3 in Fig. 4-1) were
caught within 50 m, some neighbourhood traps were common to
both females. Such a ‘common’ trap was counted as 0.5 traps
for each female. Adult males caught in a neightourhood trap
of a female were recorded as her neighbournooca maies. A male
caught in a 'common” trap was counted as 0.5 neighbourhood
males for each female. Because the movement of males may be
influenced by the removal of their neighbouring females, only
males caught up to the night when their neighbouring females
were caught were 'nciuded 1n the analvsis. The variables

recorded were (i) days to parturition (7,) of eacn femaie.

estimatead by back-dating from birth, (11) the distance of a




Fig. 4-1. A grid of traps with si1x lines (A-D) each with 13 traps,
iilustrating the assignment of neighbourhood traps to different

females. The neighbourncod traps for famatle F! and F2 are numbered.
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female to her closest adult female (FDF), (iii) the number of

neighbourhood males for each female (N,), (iv) the total
number of adult males caught i; the sampling unit (N.), (v)
the number of neighbourhcod traps for each female (N,.), nad
(vi) the total number of traps in the sampling unit (N.,). The

main purpose .r this study is to examine whether N, is

negatively correlated with D,.

§ 4.2 Results
Altogether 45 adult females were caught in the field, of
which 35 gave birch 1n the laboratory. Thus most adult females
in the field were pregnant. Mean and standard deviation of the
six variables for the 35 females are displayed in Table 4-2,
Three factors may have influenced the number of adult

males caught in a female’s neighbourhood (N,). First, a female
with many neighbourhood traps (a large N,,) should have had
greater N, than a female with few neighbourhood traps. For
example, female F1 in Fig. 4-1 should have greater N, than

female F2, everything else being equal. If the distribution
of aduit males 1s random, then the expected number of

neighbourhood males (Ng,) is simply a function of Ng, N,., and
Ntt, 1‘09.,
{11 Ny = (Ng x Npgd + Ngg.

For example, if five males were caught i1n the gri1d depicted

in Fig. 4-1, then the N, for female F1 is 1.41 (=5 x 22/78)
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Table 4-2. Some descriptive statistics for the six variables

and N,, the expected number of neighbourhood males.

variables N _Mean $.0.
D, 35 11.29 5.79
Na 25 1.09 1.08
N, 5 z.88 2.49
Npe 35 9.6 4.56
Npe 14 26.86 3.81
FDF 25 66.97 55.50
N 35 0.993 0.59

Note: see te~t for definitions of varirable names and the

calculatiorn of1

t
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males. N, was calculated in this way for all 35 females. Means
and standard deviation of N, are also included n Table 4-2,

A truly random distribution of males 1n space implies that

mean N, equals mean N,, and N, increases with N, with slope

equal to 1 and intercept equal to 0. Two factors, however,

tend to draw N, away from N,. One 1is that males and females

may be spatiaily associrated. For example, both males and
females may ve spatially associrated with favourable

microhabitats. Tn1s will result 1n Ny increasing with N, with

a slope larger *ran ', 1.e.,

[2] Ny = 1 = Ea,nlvil,

where La,, Measuras tne degree and type of association between
males and ferales. 2,., smailer than 0 i1ndicates a negative
association, and O, 2qual o 9 1ngi1cates that the

distriputior of maies 18 1ncependent of females. The intarcept

-

wilil stiil pe $ cecause N, = O when Ny, = 0. The observed
relationship cetweer N, and N, 1s shown 1n F1g. 4-2. The otrer
factor that may 1nfluence N, is the male’s spatial response to

the femaie's reproguctive 3tatus. For erample, a female with

D, of 2 may atzract mor2 males than a female witn D, of 20

because ma‘esz wr', ~3a.,2 <3 wailn for 2 darss tc mate n the




13, 4-2. Relatizsrnshic petween cbserved number of neighbourhocd

maies t(tiM, anc 1ts expected vaiue (NEi. A s1mple 1irnear resressicn
&»

1'ne 15 snowr 23 3 scil1d Yire azrcoss the scattar piont.
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=0.687p<0.001
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former and 20 cays 1n the latter. In short, 1 predicted that

females close Lo their parturition date (small D,) should ha*
more males nearby than females in early pregnancy (large D,).

A regression model used to test my prediction is as follows:

(3] N, = by + (1 + bagn)*Ng + bppyDp
where b, is the i1ntercept and by, measures the type of male

spatial response to the female’'s bDreeding status. My
prediction was that N, should increase with a decrease in D,,
1.e., bp, - 9.

Because the f ve areas sampled differed 1n density and
1n s12e of sampiing units, tne area effect was coded with four
dummy variaplies ard 1ncorporated 1n the regression model
(Berenson et 31. 13%3)., The final model fitted to the data was

f4] N, = by + 1.038:N, - 0.056-D,,
where b, = 0.49%1 for Hwy. 16, 0.460 for Arva, 1.128 for

weldonrn. 0.501 for MclLarty’'s, and ¢.914 for Burm’s (Table 4-

3). The model accounts for 57.1% of the total variance 1n N,
with Ny accounting for 23% of the total variance and D,

accounting for 7%, using sequential sum of squares (Kim and

Kohout 1975: Tacachnick and Fidell 1983). The vaiue oOf Dgen

(=z1.028 - t) 1s cleose to U, 1ndicating little association
between maies anc females. D, (=-0.056) is significantiy
smaller than 0 (Table 4-3, ¢ =z -2,16, df = 28, p = 0.021, one-

tailed test), suggesting that adult males i1ndeed adjust their
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Table 4-3. Regression coefficients and significance tests for

the regression model Ny = Dy + (1 + Daga) Ny + bppDy,.

variables = iciert Coaefficient T p* low high
Intercept 0.491 0.426 1.15 ns
Dummy 1 -Q.031 0.399 -0.08 ns
Dummy 2 0.637 0.429 1.49 ns
Dummy 3 Q9.010 0.460 0.02 ns
Dummy 4 0.423 0.416 1.02 ns
Ng 1.038 0.2561 3.98 0.001 0.59 1.43
Op -0.0586 0.02% -2.16 0.021 -0.10 -0.01

Analysis of variance

Source of

yaration o hd SS. MS £ P
Regrassion 6 20,73 3.45 6.22 « 0.0
Residual 23 15.56 Q.56

Total =24 36,29

Note: C.I.. confidence interval. Dummy variables 1 to 4 are
for Arva. Welaon. McLarty's, and Burm's, -espectively., Their
corresponding coefficients charge the 1ntercepnt of the model,
The intercept for Hwy. 16 1s 0.491. Intercepts for the other

areas are tre sum cf 0.491 and the respective coefficients.

*Ho i .Daummy var. = 2. {1 + Dagn) = 0, Dpy = O.
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pcsition in reiation to the stage of pregnancy «of adult
females.

Although the above results support my hypothesis. oOne
experimental constraint remains uncons idered. The
nei1ghbourhocd area of a female in this study 1s defined as the
area with a radius of 30 m from the trap where the female was
caught. If two females were caught close to each other, tnen
each male caught 1n "ccmmon’ traps was counted as 0.5 for each
female: but 1f iy one of the two femaies was caught, th~=
all males _augrt 11n those potentiaily 'common” traps were
counted 15 ner r21gnoourhood malies. This wvould y1e' ¢ an
overest mate or N, for the s3ingle female relative to the

si1tuat1on when ot fema'es were cavgnt. The cegree of this

-

overestimatior o 1, Jecr=zase witn <ne thorcoughness of

i

trapoing, w~~1In 3, unfortunitely, d-f1¢cult to estimate,
Assuming trnat Je~s "y 13 egual witrnrin a forest. then <the
trapping 1& 1 .e’v more Lnorcu3in 1n $tuaticons i ownich
severa’ femaes ware cadght c¢lose te each osther than 1n
SILUAL YOS wrer2 Ny 3iNgie feraies were caagnt. The Jistance
frem o female to har Z'osest female neighbour ¢FDF:. 13 smalier
notre former <2 Tu3alicn TNAn 1N the Tlatter, Therafore the

sraller the FOF., -n@ more tThorougn tne trappoing might be ang

the i2ss liwelvy <rat Ny, was overestimatec. Tn1s re ationsnic

shoula nolag unt:’ ¥UF -3 as large as 80 m, tut no ‘arger. To

11lustrate the 23t D3int. consider femalie F1 1n Fig. 4~1. F1

nas 22 re'ghdourno>d traps. If another femais was caugnt 1n
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location E6, then 14 of the 22 traps are ‘common” traps and
only nalf of the males caught n these "common’ traps can be
counted as Ft's neirghbourhood mgles. But 1f no other femaie
is caught within 120 m, the number of neighbourhood males that
Ft nhas will sty1l be the same as when there 18 no other female

caught within 60 m., 1.e., the number of adult males caught

in those 22 traps. Thus the effect of FDF on N, disappears

when FDF is larger than 60 m. For this reason. all FDF values
larger than €0 m were recoded to 60. Fi1g. 4-3 shows the

relationshio between N, and FDF under these conditions. FDF
does seem to 1nfluence N, (Fi1g. 4-3) and 1t s appropriate to

1ncorporate FOF ntc the regression model:

(6] Ny = Dg + Dppe* INFDF + (1 + Dygn ! Ny + Dpg Dy

The model firtted to the Jata 1s

[6] Ng = Bp + 5.713-¢1nF0F: & U, 38BN, - 0.062+D

Detailed resu’*=s are oresented 1n Taple 4-4. Tne errcor
variance 1is much -eguced relative -5 whe or2vd us mndel and

this mccel accdurnts for 771.58% <f wre totat Larcation an Ny,
witr EDF aczcunting for 12.2%, N, accouwnt ' n3 for _0.5% and L,
acccuntiny fcr z2.:*., b, s 313n:frczartiv :malier than

(Tap'e 4-4, ¢ = -_.=3, af = 27, o = .,005, ore-varlec rest!,

SJg3Jjest ng 3 3Traor3 n23atiee relat onintn petWeen [, and f,.
The Bpgp ' =1-0.32z 3 3%7) sery clicse o Zern, mRi/sing no

associat-sn Jetween ac.it maies ang fema'ses jv.2n that other

sariacles are <ontrol ed., F19. 4-4 3NnCws tLre re’lationsnio




Fi1gq. 4-2. Tre infiuenze of FDF cn N,: a plict 27 the residuai cf tre

mogal (RESID. a, = &, + t1 ¢ Cagn "My * SgetDy versus LOGFDF (razura:
¢ LT). A zimpia itr2ar regjrassion iine 13 wn as 2

logarinm 5

sclig 112 a"ro3z tne Tcavter ©.o
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Table 4-4. Regression coefficients and significance tests for

the regression model N, =bg+Dgpe IN(FOF )+ (1+by,, ) *Ng+bp, Dy .

$.0. of 95% C.L.
variables <Coefficient Coefficient T pt Jow high
Intercept -1.885 0.714 -2.64 0.016
Dummy 1 -1.551 0.359 -1.53 ns
Dummy 2 0.551 0.356 1.55 ns
Dummy 3 ~(0.258 0.388 -0.67 ns
Dummy 4 0,473 0.345 1.37 ns
FDF 0.719 0.194 3.71 0.001 0.39 1.32
No 0.9&8 0.217 4.56 0.001 0.62 1.36
D, -0.062 Q.021 -2.89 0,005 -0,10 -0,03

Analysis of var-'ance
. ]

Source of

variation gf S5 MS E P
Regression 6 25.984 3.712 3.733 < 0.001
Residual 28 10.299 0.381

Jotal 34 26,283

Note: C.I., confidence 1nterval. Dummy variablies 1 to 4 are
for Arva, weldon, MclLarty’s, and Burm's, respectively. Their
corresponding coefficients change the 1ntercept of the model.
The i1ntercept for Hwy. 16 18 0.491, Intercepts for the other

areas are the sum cof 0.431 and the respective coefficients.

*Ho: Dror £ 0. Cyummy var = 0, (1 + Daga) = 0, by 2 0.




between D, and N, as follows. D, was removed from the last

model and the residual of N, from that model without Op
represents variation 11n N, that cannot be explained by
differences n area, FDF, and N,. This residual was plotted as
a function of D, 1n Fig. 4-4 to demonstrate if more “"extra N,~
corresponds to smalier D,. The graphic presentation supported

in a much simoler way my conclusion that the closer a female
1s to her postipar<um cestrus, the more adult males are found
in her neighbourrncod.

§ 4.2 Discussion

The percentage of the total variance accounted for by D,

was smali (7.2% and 8.3% for the first and second regression
mcdels. respecti.eiyv!, which was expected because of the many
sampling assumct-ons 'nvolved. For example, the trap where the
female was caught may not nave been the centre of her home
range, which wculd result n the misassignment of
nei1ghbourhood trips and, conseguentiy, the misassignment of
nei1ghbourhood males. In addrtion, when two females of very
different reproductive status were caught ciose to each other,
trere would be mary common’ traps and each male caught 1n
these "common” traps was counted 0.5 for each female. In that

case, the effect =€ [, on N,, no matter how great, 1s much

obscured. Fortura=atl,., females were rarely caught clocse to
each other.

The bp, showing the numerical relationship between Ny and




:-4. The influence of D, cn N,: a nlot of the residual of the

Fos. 2
“ode! 1 RISIDY Ny = b, + Begec INFOF + (1 =« Baga N, versus D, (DP:.
A SI1mMSi2 11nedr ragressicn iire 1S snown as a soiid 1ine across the

c.atver Cizt.
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D, was also small (-0.056 for first model and -0.062 for the
second), but my mode! may have underestimated b,,. D, may not

have been estimated accurately because females were not

checked daily. This error associated with D, (independent

variable 1in the regression model) would result 1in an
underestimate of the slope (Sokal and Rohlf 1981; Snedecor and
Cochran 1980:). What 1s important is the establishment of a

negative relationship between N, and D,.

My studvy snhows that a female approaching her postpartum
oestrus may have severail males iIn her neighbourhood. This may
provide an explanation for tine pair activity reported 1n
Mineau and Madgiscn (1977). If one female in late pregnancy and
one of several males in her neighbourhood are
radioteiemetered. th's situation wculd appear to the observer
as palr activity simply bpecauss all the other non-
radiotelemetered males are undetectable. On the basis of my
results, I zonciude that pair activity is not the true pattern
n P, leuccpus anc “he spacing pattern of males in relation
to A4 *ema‘es’'s breeding status, as revealed 1n this study,
SULport a cromiscuous mat:ng system suggested In previous
chapters.

Myton(1374) suggested that natural populations of P
ledcopus are arranged 'n family” groups consisting of one
adult female and several adult males. She did not state
whether <h's family” grouping was permanent or temporary, but

tht's social grouping certainly would require a very male-
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biased sex ratic, with at least two adult males to every adult
female. Such a biased sex ratio has never been established in
natural populations of P, lggggﬁyg as no field studies on sex
ratio of natural populations of the species controlled for
differential trappability between the sexes. The sex ratio at
birth is 167:155 (male:female) according to my own data, and

the 25% confidence interval for the percentage of males 1s

0.46-0.58. The survival of juveniles 1n the summer, as
estimated by Hariand et al, (1979), is 0.69 for males and 0.72
for females, i1.e., juvenile females do not suffer higher
mortality than juvenile males. Thus I' have no reason to
believe that the ooerational sex ratio is highly male-pbiased
in natural pcpoulations. For this reason, Myton's (1974)
observaticn that some adult females have several adult males
nearby necessar:'ly wmplites that there must be some adult
females that have ;ust one male nearby or even no male at all.
My results e«piain wny some adult femaies have more males

nearty tnan o2thers 1n terms of O,, and Myton's "family" groups

may Just De zemporary associations of several adult males with
an acdult female clcse to cestrus.

That maies adjust thelr pcsitions 1n relation to tne
female's reprocuctive status may also contribute to the
differenti1al gispersal among juveniies whereby juvenile males,
upon weaning, d-'sperse while juvenile females remain 1n the
materral nome range. This d-fferentia!l dispersa’ 1s

traditionally explaned in terms of avoi1ding close 1noreeding
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(Krohne gt al, 1984; Wolff and Lundy 1985; Goundie and Vessey
1986; Wolff et al, 1988). Howaver, the dispersal time of
juvenile males 1s the time when they are weaned, which 1s much
earlier than the time when they are approaching sexual
maturity. Weaning corresponds to the time when the next li1tter
is about to be born, 1.e.. the time when several adult males
are attracted t> tne dam ‘or postpartum copulation. Juveniie
males may simply be driven ocut of their maternal home range
by these adult males. woiff gf al, (1988) argued that
aggression frcm aduit males was not responsiblie for dispersal
of juvenile males pecause only a small percentage (26 and 23%)
in two series of trials) of adult males showed aggression
toward juveniles. Wolff et al. (1988), however, did not
observe beha.iour of aduit male P, leucopus towards juvenile
maies with an castrous femala nearby. Thus adult aggression
cannot yet be -umoleteiv ruied out as an expltanation for the
differentral 21so2rsai. Adult aggression has been indicated
In several studles 1nvoiving a congeneric specles, P,
manicL.latus (Saclerr 1965; Healey 13967; van Horne 1981).
I should finaily mention that my resuits couid nave an
alternative nteroretation. The negative relationship between

D, and Ng coula also be explained by varying degrees of female

aggression during pregnancy. Females in early pregnancy (large

D,) may have a recently bern litter, 1.e., early lactation. It

15 known that females during the early lactation period are

very aggressive toward males (Layne 1968; Gleason @t al, 1980;
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Wolff 1985), and I observed in enclosures that a female with
newborn young actually killed an adult male that blundered
into the nest containing those young. If female aggression
decreases with the progress of lactation (or the decrease of

Dp. in other words), the large N, associated with small D, may

have nothing to do with the attractiveness of the females in
terms of potential mating, but may occur s'mply because males
avoid aggressive females 1n early lactation. Gleason ¢t al.
(1980), however, showed that female P, leucopus were highly
aggressive when t“their voung were 20 days old, i1.e., the
aggression 1s maintained throughout lactation period. Thus,

the alternative exclanatioan 1s not olausible.




CHAPTER 5 GENETIC EVIDENCE OF MULTIPLE PATERNITY

My results in Chapter 3 demonstrate that males do not
provide paternal care of any sort and that they stop
interacting with the females once the copulation is over. My
results in Chapter 4 reveal that females close to cestrus have
more males nearby than females far from oestrus. These
results., especially those of Chapter 4, can be explained only
in terms of males mating volygynousiy. I showed in Chapter 2
that females mate polyandrously in experimental enclosures.
If females ais? mate polyandrausly in the field, then I can
conclude trhat promiscuity 1S a prevailing characteristic of
the mating svst2m 1n this species. The ultimate proof of the
polyandrous mat'rg3 1n females li1es in genetic evidenca showing
muitiple pater~:Zv n single litters. In this chapter, I
examine the genetics of muitipie paternity 1n single litters
concelved in “he field and, 1f muitiple paternity in single
Ihtters 15 c<snfirmed. estime’ hWe proportion of 1litters
naving multipie paternity 1in natural populations of P,
leucopus.

§ 5.1 METHODS

The stuay was conducted 1n deciducus forests north of
London., Ontario., Canada (43 N, 31 W), Adult female P, leucopus
were sampled witn grids of Longworth live traps in the summer
of 1987 and 12383 and 2l 'owed to give birtn to field-conceived
young 1n the laboratcry. Aitogether 35 and 37 females gave
Dirth to fielda-concerved young in 1987 and 1988, respectively.

These animais form the data base for this study.

85
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1. Electrophoresis of blood proteins.

Blood samples of at least 15 ul were taken by suborbital
puncture from each female and her young and examined for
genetic polymorphism for 5 loci, which were found to be highly
polymorphic in P, leucopus populations studied by Robbins gt
al, (1985), wusing horizontal starch-gel electrophoretic
procedures described in Selander et al. (1971). The 5 loc:
examined were 1) esterase-1, 2) haemoglobin, 3) albumin, 4)
S§-phosphogluconate dehydrogenase and 5) transferrin. Except
for esterase-1 (Es-1), which was highly polymorphic, the other
four were e:'ther monomorphic {(haemoglobin, albumin and 6-
phosphogliuconate dehydrogenase) or only slightly polymorphic
(transferrin, with an allelic freauency of 0.984 for one
aillele and 0.014 for the other). Only data for Es-1 were used
to detect muitiplie paternity in this study.

Electrophoresis was carried out by technicians in the
Herpetology Laboratory of Royal Ontaric Museum in 1387 and in
Cr. Jim Bogart's laboratory in University of Gueloh in 1988,
My crotocol of slectrophoresis on Es-1 15 the same as that of
~elander et 3al, (1971) except for staining. My esterase stain
is made of 1) 30 ml cf Stock Solution A buffer {as described
1n Seiander et al, 1971), 2) 20 m! doublie distilled water, 3)
25 mg Fast 8lue RR (rather than Fast Garnet GBC as 1n Selander
et al., 1971). and 4) 1 ml of stock solution containing 1 g
alpha-naphthyl acetate (rather than alpha-naphthyl progionate
as 1n Selander @ al, 1971). This stain improved resolution

of electromorphs. Fig. 5-1 displays a photograph of a




F 3. £-1 Photograph ¢cf 2 represeantative gel snowing polymorphism
of Es-1. wnich 1s tre system ancdal to the hemcglobin {(darkly
stained and thick gands). Tne alleles., listed 1n 1ncreasing corder

of soeed of migraticn of tneyr bands. are designated A, R. < and

D.
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representative gel showing polymorphism of £s-1. Samples with
ambiguous electromorphs were re-run to verify original
scoring.

To test for possible phenotypic consistency n Es-1{,
twenty-ei1ght m-ce of representative genotypes in 1987 were
kept alive in the lacoratcry until 1988, and their blood
scored together with those caught in 1388. Blood samples from
these twenty-e cht mice also served as a reference for scoring
electromorphs o ninud samplies taken from mice caught in 1988,

2. Cetecton of wyulitin’e paternity.,

Twu methods ware used 1n detecting multiple paternity n
single ii1tters. The first ore was simply to examine whether
a4 litte- conrtarea at ‘east 3 u-fferent paternal alleles. The
second was basz23 -1 d ff-rz2nces 1n number of "homogenetic” and
"heter ygenet ©  ~e-rs between ncnogamy and promiscuity, a

Tithter De g -oomcieent2 o f 211 young 1n the 11tter share the

same genctyne ar 3 hetercgenetic f ctherwise. In Appendix 1,
T Jemonstrated that tne numoer ¢f nomogenetic litters would
decrease, iand heterojgenetic litters increase, with number of
maies 1 female mates with, and explaired ncw a one-tailied test
shouid be dore %> drstirgu!sh Cetween monogamous mating 1n
females and poivanarous mating 1n femaies. The data needed for
the method are 1) allelic and genotypi¢c fregquenciles, 2)
maternal ga2netyce. s 3 li1tter size.

In order to test whether females mate with single males

or mu'tiple maies, ane needs to calculate the nrumber of
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and test whether the observed number of homogenetic litters
significantly less, and heterogenetic li1tters more, than the
expected value. The method for calculating expected number of
homogeretic and heterogenetic litters, given 4 alleles and 10
potential genotypes, is outlined below, following the notation
in Appendix 1.

H rother

A homozygous female has a probability of P, +Pyu+P. . *+P4q

of mating with a homozygous male, with the resulting litter
necessarily being ncomogenetic; she also has a probability of
Pab*tPac tPaa TP *PpgtP.,, of mating with a heterozygous male, with

the result'ng ‘Y't-er having a probability of 2:0.5" being

nomogeretiz, where »n 15 j:tter size. Therefore, a litter of
size n oroduced Ly 2 nomozygous mother has a probability of

ProblhomoF i=10,  ~P, +P_ +P  )+2:0.5" (P, +P, +P,4+Poc+PpatPcy)

e ng romcgsnet.c,

A neterozysouws female, say AB, has a oropabiiity of
Poa*Pap+P .+Fag of matirg with a homozvg5ous male, with the

"

res.witirg Ti%ter ravng a orobability of 2:0.5" being
homogenetic., Zre 11s0 has a probability of £, »f mating with

a male of her gerco%ype, with the resulting litter hasing a

orobab 1ty of 2.0.25"+«0.5" being homcgenetic., In addition,

she has a procaciitiy of PaetPug*Poc+Ppg+Peqg 2f Mmating with a
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litter having a probability of 4.0.25" being homogenatic.

Therefore, a li1tter of size n produced by a heterozyqous
female AB has a probability of

Prob(AB female)=2+-0.5"+ (P, ,+Ppp+PcctPqgqa) +
(2:0.25"+0.5") P,y + 4:0.25" (P, +Pug+Ppc +Ppa*+Pca)

being homogenetic. Similar equations can be written out for
AC, AD, BC, BD, and CD females.

By calcuiating the probability of each litter being
homogenetic using the above equations and summing up all
resulting probabiiities, one obtains the number of homogeneti1c
11tters expected under monogamy. The expected number of
heterogenetic l1itters s simply the difference between the
total number of litters and the expected number of nomogenetic
lTitters,

2. Estimatirg frequency of litters resulting from
mulitiple paternity,

Birdsall and Mash (1973) ana Merritt and wu (1975)
introduced a method for estimating frequency of l1itters with
mulitiple paternity for genetic loct of 3 Jr1fferent aileles and
I extended the method to i1nclude loc1 of 4 alleles. In order
to 1dentify a Titter of multiple paternity with certainty, at
least 3 different paternal alleles must be 1dent fied i1n the
T1tter. The prebapbilrty of finding such a litter devends on

t) probabirlrty of paternal males carrying 3 or 4 different

alleles of the iocus 1n guestion (Pry,), which 1n turn depends
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mulitiple matings, and 2) the probability of these 3 or 4
different paternal alleles being identified in the young

(Pr;), which in turn aepends on the maternal genotype, litter

size and allelic frequency of sperms she receives, which in
turn depends on number of males she mates.

The relationsnip between Pr,, Pr,, and number of males

involved 1n multiple matings requires special attention
because 1t 1s 1mpossible to know how many males were actually
invoived n muitiple matings 1n the wild or whether all
multiple matings 1nvoive the same number of males. For this

reason., Pr, ¢ calcuiated for two extreme situations: 1) when

only 2 males are 1nvolved in multiple matings (henceforth
referred to as two-male case) and 2) when all males 1n the
population are 1nvolved 1n multiple matings (henceforth

referred to as ali-male case). Both Pr, and Pr, are at a

minimum 1n tre two-male case ard a maximum 1n the all-male
case. <Ccorrespondingiy, expected number of litters with
multicle ratern:ty 1s at a minimum irn the two-male case and
a maximum n the all-male case. These two estimates (minimum
ard maximum) crovide two reference pcints for comparison with
the observed number of I1i1tters with multiple paternity. For
example, 1f the observed number of litters with at least 2

paterral alleles 13 N, and the e«pected number of litters

with at least > paternal alieles 1s N,,, 1N the two-male case

and Na1y 'n the al*-male case, then the proportion of litters
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resulting from multiple insemination from more than one male

is No/Neyo fOr the two-male case and N,/N,,, for the ali-male

case. The difficulty of the method, therefore, lies in the

calculation of N,,, and N,,;, each of which requires separate
estimation of Pr, and Pr,.
Two methods can be used to calcuiate Pr,, one deriving

the probability from the observed genotypi:  freguency and the
other from al'elrc frequency assuming Hardy-weinberg
egquitibrium. For e<ample, the probability of paternal males
carrying 4 different alleles of Es-1 in the two-male case can
be salculated eiter from the cbserved genotypic frequency as

2P, g * Py i+ P wPrg t1P xPpe )] or from alleiic frequency as
24P «PpxF_«P,y, In =“niys study, I used the first method "ecause

1t 1s less affacted bpy deviations from Hardy-weinberg
equiltibrium tnan the second. In the all-male case, each
promiscuous femaie will have avaiiable to her a sperm pool
that nas the same allelic freguency as that of the ma:e
population as a whole.

Given that a female mates with males carrying 3 or 4

drfferent aileies (Pry), the probability that at least 3

different paternal alleles are realized in the resulting

Titter (Pr,) can pe calculated as follows.

Two-male case:

1) when the femaie 1s homozygous. then Pr, can take only

2 values, one when the female mates 2 males carrying only 3
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different alleles and one when she mates two males carrying
4 different alleles. The first can be calculated by expanding

the expression (P,+P,+P.)" (where P, P, and P, are allelic

frequency of the sperm pool contributed by the two males and

equal 0.25, 0.5 and 0.25, respectively, and n 1s litter size)

and summing up those terms which i1nclude P, P, and P.. The

second can be calculated by expanding (P, +P,+P_.+P4)" (where

[B.]]

PazPp=P.=P4=0.2 ntlitter sizel and summing up those terms
which include anv 3 of P, Py, P. and P,.

2) Ahen tre female 15 heterozygous, then Pr, can take 5

values; 4 vaiues when males carry 3 different alleles and 1
value when males carry 4 drfferent al'eles. The last value can

be caiculatea py expanding (P,+Py+P +P,+P, )" (where P, 1s the

probanility of voung sharing the same genotype as the mother,

P, and P_ are the orotabrlities of young being homozygous for
each of the alleles carried by tne mother, and P, and P, :s

the sum of tne probabilities >f an cffsoring carrying each ¢
the two aileles not present 1n tne moutrer: and summing D

those terms tnat 'nciuage 1) P,, Py, ana P,. <r 2) P,, P, ana P,
or 33 P., Py arc P, or 4, Py, P, and Py, ar 63 Py, P. and P,.

The 4 values whan two males carry 3 cifferent alieles of a
Tocus can be ca‘cuiated as foilows:

1) When the neterozygous female ras tr2 allele present

twice in males and lacks oniy one allele present 'n males
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(e.g. AB female with AB, AC males), Pr., can be calculated by
expanding (P +P +P.+P,)" (where P, is the probability of the
of fspring sharing the same genotype as the mother, P, and P,

are the probabiiities of an individual being homozygous for

each of the alieles carried by the mother, and P, 1s the sum

of tne probapilities of an c¢ffspring carrying the allele not
present 1n the mother) and summing up those terms that include
Pp, P. ana P,.

111 When the neterczygous female has tne allele present

twice 1n ma‘es and Tacks 2 alleles present in males (e.g. AB
female witn AC. 40 maies). Pr, can be calculated by expanding
(P,+P,+P. 1" (wnere P, and F. are the sum 2f the prcbabilities
of an offsorirg tarryirg each cf tre twe alleies not present
n the mother 2a:d =, =1-P,~7., nzl1tter size) and summing up

those terms thatw .no ude P, Py and P..

P11 when tne heterozZygouvs “amale Tacxs the allele
present tw'ce 'n males fut gosses:es <“ne osther 2 paternal

alleles (e.3. AB famale wicth AC, BC males;, Pr, can be
calcuiatec bv e:2an3113 (P, +P,+P +P4)". where symbols mean the
same as in °"). ana summing up those terms that i1nclude P,, P,

and Py,

v1) Wrhen the ieterczygous female Tacks the allele present
twice 1n males and cossesses onlvy ore of the 3 paternal

alleles, Pr, 1s the same as in 11),
D EEEEEE———
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All-male case:

1) When the female is homozygous, Pr, can be calculated
by expanding (P,+P,+P.+P4)" (where P, P,, P. and P, are gene

frequencies of the population and nz1:tter size) and summing

up those terms that include any three of P, P,, P. and P,.

2) When the female is heterozygous, Pr, can be calculated
by expanding (P, +P,+P +P4+P, )" (where P, 1s the probab- 11ty of
young sharing the same genotype as the mother, P, and P, are

the probabilities of young being homozygous for each of the

allelies carried by the motner, and P, and P, s the sum of the

probabilities of an offspring carrying each of the two alleles
not present in the mother) and summing up those terms that

include 1) P,, Py and P,, or 2) P,, P4 and P,, or 3) P., P, and
Pe ©or 4) P,, P, and Py, or 6) P,, P. and Pe.

It should be mentioned that the above method assumes the
absence of a null allele or presence of 1t at regligible
frequency. Robbins et al (1985) studied genetic polymorphism
of £s-1 for 21 populations of P, leucopus over north America
and no null allele was reported:. the assumotion of the absence
of a nuil allele 1s Yikely justified.

§ 5.2 RESULTS

Samples of P, leucopug taken I 19&7 and 1988 had the

same 4 alleles and 10 potential genotypes (Table 5-1;. Blood

samples taken from the same mouse n 1987 and 1388 (N=28) d1d

not show different band patterns, suggesting phenotypic
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consistency of Es-1 at different times in this population of
P, leucopus. The observed genotypic freguencies fit closely
to those expected under Hardy-Weinberg equilibrium (Table 5-
1). The greatest discrepancy between the observed and expected
genotypic frequencies occurs in young sampled in 1988 (Table
5-1), but the prcbability that the discrepancy being due to
chance 1s sti1li greater than 0.05, based on a Chi-square test
of goodness-of-fi1t. There are some reasons that the population
may i1ndeed be 'n Hardy-weinberg equilibrium. First, alleies
at Es-1 locus are uJsually considered neutral (Singh, pers.
comm.). sO the <ffect of selection in relation to Hardy-
Weinberg equi1lior-um may be rulec out. Second, adult femaies
do not disperse (wl1ff 19&3), s0 the distripution of genotynis
frequency 1n adult “‘emales should nct be affected by
migration. If a prcportion of ycung were 1mmigrants from a
pooulation with different genotyoic frequencies, then
genotypic freguercy shouid gi1ffer between aduit females and
voung. The fact that <his did not happen (Table 5-1) suggests
that migration <an also pe ruied ¢cut as a factor affect ng
distripbution of genoctypic freauenc-es. The last factor
affecting Hardy-Aeinperc =guilipr-um :exciuding mutation.
whicn shoud - tr .12l any way) 1s tne preeding system. If
random mating Jid not noid Tor our cobula.ton, tnen we shouid
gwect ovbserved serotyDic freguencrles to deviate from Hardy-

Weinberg egu'l - .um. wni n di13d rot occur (Table 5-1). Thus.
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Tablie £-1 Genotvpi1c fregquencies for Es-1 of samples taken 1n

1987 and 1338.

Genro- 1387 1988
Tyoe
Dam young Dam Young
Q £ Q E Q E Q E

AA 22 21.68 32 190.15 14 12.¢£90 43 41.00
AB 3 4.2% 19 21.0¢ 19 12.01 51t €3.89

: 2 A 3 3. 37 2 2,00 1 1.01
AD 2 LY 3 3,27 5 3.79 25 16,10
88 1 J.2° 3 1,235 4 2.65 34 24.89
BC 0 Q.17 J .29 2 0.00 1 0.78
8L o CGL17 o tLoE 1 1.3% 7 12.54
CC O Jada J J.03 il 2.0 G C.01
CDh B 0,07 G G.7 J 2.0 0 J.20
00 J 3,03 S .24 J Jea® J 1.28
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our aszsumption of Hardy-weinberg eauilibrium may be justified.
The result of a close fi1t between the observega and
expected genctypic freaquencies also lends support to our
assumption of the apsence of a null alleie for the foliowing
reascen. If a null allele were present. then 11ndividuals
heterozyjous fo~ this null allele and a scorable allele would
nive peen racirdec as nomoZygotes for that scorabie aileie
i Faice ~romnoygores), If the frequency of the nuli allele was
AL Nigrh oas 0,05, then acorcximately 0% of 1ndividuals 1n the
copuiaticn wWou.d have oceen false nomozygotes. These false
romozygotes. adged to those true homozygotes, wouid have
fesulted 11 an evcess of homozvgotes and a deficiency of
netercersectes o ubpset mardy-weinoerg eguiliilprium, gliven our
34mpi= S12=. Tte fazt that no signiticant departure from
HAar Iv-WeinD2ryg 2Ju Lt oriun was observed "n both sears sugagests
ti-at *re nutt ait=2le, f oresant, must ce at a very cw evel.
I. Detection of multicle caternity 1n singie litters.

Cooe Tabter 10y 1337 and 8 Titters on 333 contaTn2g X

- -

cate nai aleles (Taple 5-2 . antcn implies tnat

L

Jifrer -

they oy T20 Troem mu otip'e 1rnzeminaticn Dy mare that cre

vt o7 U tters an 1387 and 33 1tters T 333 trat racd at
leas” o scoratie »our 2. tne opser.ed number Of nemegeretic

Ti1tners sere smatier ard retercaenat:-

O

T1tters 3reater <han

: T l‘ L

(-J

1hose e-pected LnZer tre assumption of monsgamy acle 5-

A1 31317 tartce test (Appendix 1Y, wita thL oyl

aloutines s stat-na tnat obser.ed heterogenet:c Titters ts no

R
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Table 5-2. Litters with multiplie paternity 1n 1987 and 1988,

Year Maternal genotype Offspring genotype
1987 AA AB,AA,AD.
1988 AA AA,AB,AB,AD,AD
AA AA,AB,AB,AB,AC,AD
AA AA,AB,AB,AB.AD
Al AALAA,AA ,AB.AB,AD
Al AA.AA,AB,AB AD

AA AA ,AB,AB.AD.AD,AD
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Tabtle 5-3. Observed number of "homogenetic” litters (all young

in the litter having the same genotype) and “"heterogenetic”

11tters compared with expected values calculated with the

assumption of moncgamy.

year Irtter
1887 "nhetercgenetic

"hcemogenetic”

1988 "netercienetic’

"homocgenetic’

observed
15
18

31

expected
10
20
23
10




82
more than the expected, was done by summing up the
probabilities of obtaining the observed number of homogenetic
and heterogenetic litters and aill .ther frequencies
representing a greater deviation from expectation. Tne null
hypothesis was reected 1n both years (P = 0.0434 1n 1987 and
0.0008 in 1383). Thus multicle paternity 1n single litters is
evident,

II. eEst:mating freguency of litters due to multiple
paternity.
L) Two-male case. The orcbabylity of a female

encountering z mates carrying 3 or 4 different alleles (Pr,;

h

was calculated secarately for 1987 and 1988 (Table 5-4, 5-5).

Given Pr, ., the orcoability of a femzle producing a 1i1tter withn
at least 3 drffsrent paternal allslss opresent (Pr,: was

calculatea <“cor d1fferent combinations of maternal —ernotvoe.
and i11tcer 3122 Table 5-6). I then calculated the prooability
that mothers of 11 fferent genctypes and litter si1zes oroduced
litters with at JTeast 3 different paternal aileles. I will use
mothers AA and AR of 1987. each oroducing a litter of 5 to
*Tlustrate tre actual calculation. For mother AA. the
srobability 2f ner mating 2 males carrying 3 different alleles
was 0.96440 (Table 5-5) and, given such a mating, the

probaoctri'ty of ner having a litter carrying ai 3 paternal
ailleies was ¢.327342 (Table 8-6). Tne product of the 2
orobabilities was 2.03336. The female also had a prcbabiiity
of 0.00153 iTaple 5-5) of mating 2 males carrying 4 different

alleles and, given such a mating, the probability of her




Table 5-4. Probability of a female encountering different

a3

sperm pool given that only two mates are 1nvoived 'n multiple

matings and contribute equally to the sperm pool.

Paternal Protability
alleles 1987 1988
2A.8.,C 0.01386903 0.005517
2A,B.D 0.033808 0.113097
2A.C.D 0.006761 G.0C1200
2B.A.C Q.0C1766 0.004017
2B.A.0C D.003827 2.038z233
28.C.D C.oQ00a’? 0.0006539
2C.A.B 2.003035% J.L0t04e
2C,A,D 2.0000153 CLO000
2C.8.0 L0200 T DL000L 3
20,A,B JU158 5 L0193 2
2D.A.C 3.000522 15 2 [ VR
20.8.C 2,200 03E IS ISR A
A.B,.C.D J.0012321 Gt 2
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Table 5-5. Prcbabr1ity of females of different genotypes
obtaining sverms of different combinations of at least 3
drfferent paterral alleles, assuming that only 2 males are

invaoived 'n multinie matings.

Maternal Paternal Soecial Probabiiity
genotvypax= 1 laias casexx 1987 1333
AA .BB 3 0.06440 0.22687

= 0.00153 0.001€8

AB - 1 0.05501 0.204%

[

0.00695 0.00138

> 0.00201 0.C1944

4 0.00054 0.00040

3 ¢.00153 0.001%0

AL 5 1 0.02297 0.00668
< 0.03383 0.11310

©.00210 0.00424

[0

4 ¢.00561 0. 1(260
< 2.001563 0.00189
ag 3 1 0.042066 0.13404

2 0.01564 0.C0668
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Table 5-5 (continued)

Maternal Paternal Special Probabil1ty
genotypex alieles casexx 1987 1968
3 0.00408 0.08234
4 0.00222 0.00476
4 0.00153 0.0013

xAltnousn there are 10 ncssipie genotvepes with 4 alleles, only
genotypes AA., AB. AC. AD and BB were found in mothers.

xxScecliai case: 1~--The female has tne alleie present twice 1In
maies and “acrs oniy cne 1llele oresent 1n males; :--The
female nas tre aile’e present twice 1n males and iacks 2 other
aiieies ovresert 1n ma‘es: 2-~-Tne female lacks the aliele
cresent. tLtwice 1n maies vut possesses the other 2 paternal
aiieies: 4--Tre tfemaie iacrs the allels present twice 1n maies

ard posse

/1]

&3 onily one of the 3 alisles 1n males,
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Table 5-6. Probabibility of a female producing a l1itter with
at least 3 different paternal alleles present, given maternal
genotype, number of paternal alleles, and litter size,

assuming oniy 2 males are ynvolved in the muitiplie mating.

Maternal Paternal 3pechal Litter Procability
genotvpe alleles case sice
homoz. 2 3 0.18750
4 C.375
5 0.52734
6 0.64453
7 0.73315
4 3 0.375
4 0.858625
5 0.82031
6 0.90820
7 0.35361
hetercz. o 1 3 0.04688
4 0.12938
5 0.22705
5 0.32730
7 0.,42161
2 3 C.18750
4 0.375
5 G.52734




Tabie 5-6 (continued)

Maternal Paternal Spechal

genotype allieles case

Litter
size

6

7

Probability

0.
0.
0.
0.
0.
'0.
0.

O O O o O o o

64453
73315
04688
11719
19409
27008
34230

.18750
.375

.52734
.64453
. 73315
.23438
.46375
.64819
L7727

.85516

87
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having a li1tter with at least 3 different paternal alleles
present was 0.320311 (Table 5-6). The product of the 2
probabiliities 1s 0.00126. The sum of these 2 products
(=0.03522) 1s the probability of an AA mother, 1n the two-male
case, oroducing a l13tter of 5 that contains at least 3
different paterral alleles. The calculation for the AB mcther
1s much more cempitcated (Table 5-7) and the probability that
ste nas a i1t ar containing at least 3 different paternral
alleies 15 ecqua: To 0.395178217, which 1s the sum of tne iast

column, 1.e.. Pr.s9r,, 1n Table &§~7. Such caiculaticr w~as

carried cut t>r =ach femaie with at least 3 young 1n 137
(N=29) andg 1922 Nn=32), The expected number of litters trat

Co tayn art "g43T - grfferent caternal alleles was 3.6 (0.7 1n

Ls

19847 and 2.2 = ‘938 1n the two-maie zase. The obs~ervec

number ~f itoers that zonta'nrn at least % different paternal

Aiteles was 7 ¢ "n 1387 and 6 1n 1933), As 7 out of a sample

ot €1 = 93 ¢ 2y mnas a ‘ower 11mit of 2.6 at 2.35 confidence
1rtervat (So-ail oana Ronif, 1381). I conciude that. given the
tac-ma s lLase, at l2ast 72% (= 2.6/3.,5) of ii1tters were sirad

DY muiTnID e fathers.

2., Ari-mate case. Pr,. the prcoaoility of a fermale
mating w tn ma‘es carryving at least 3 different alleles., 1s
now <2quatl to . ana tne allelic freauency of sperms a femaie
recerved 1s th2 same as the allelic freauency of the

population., Fr.. tne orobability of a female producing a

irtter with at l1=2ast 3 gifferent paternal alleles present.

given Pr, and gametc freauency, depe: 18 only on materna)
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Table 5-7. Calculation of the probability of a litter having
at least 3 different paternal alleles given an AB mother 1in

1987 with a litter of 5.

Paternal Specral Pri1 Pr2 Prixpr2

alleies case

3 1 0.05501 0.227051 0.0124901
2 C.00695 0.527344 0.0036650
3 0.00201 0.194092 0.0003901
4 0.00054 0.527344 0.0002848

4 0.00152 0.648193 0.0009917
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genotype and litter size (Table §-8). If a homozygous female
produced a litter of 5 1n 1983, then the probability of this
1itter containing at least 3 different paternal alleles was
0.338691; 1f a heterozygous female such as AB produced a
Iitter of 5§ 1n 1988. then the litter had only a probability
of 0.163905 of containing at least 3 different opaternal
alleles (Table 2-8). The expected number of litters containing
at least 3 pnaternal alleies was 2.0 1n 1987 and 8.3 1n 1988,
as calculated from 23 mothers in 1987 and 32 mothers in 19&8.
with each of the motners nrnaving at least 2 scorable ycung.
Thus the frequen-y f Jii1tters due <o muitiple insemination
involving all maies was 50% (=1/2.0) 1n 1987 and 72% (=5/5.2)
'n 138&%. Assuming tnat ~he degree of muitiple paternity does
net change oJwer ,2ars. then the average of the frequency 1s
2.68 (=7:10..5, 32cause 7 cut of a samp e size of 61 (=29+32)
Trtters nad 2 . wer 1mit of 2.6 at 0.35 confidence interval
t3okal and Ror1f, 1381). tne lower 1imit of frequency of

Ti1tters Jue ~: mult'pie ‘nsemiration i1nvelving all males was

(30

% (=2.0710.2:, Tne real vai.e was almost certainly larger

than 2% cecause 1t 13 /1rtLally ‘moiss:ple for a female to
mate with all maiss 1 tne poculat:or.
§ 5.2 DISCUSSION

My finzgirg of mu ' tipia caternity in single 1i1tters

confirms my pred-.tion. cased on results >f orev1cus -rapters,

that femaies s w1 d opooulat:ons of P, Jleucopuys are

promiscuous. I can nouw s2ate with configence that Myton's

(1974) opservation of socr1al groups witn one adult Female and
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Table 5-8. Probability of a litter with at least 3 differant

paternal alleles when all males are 1nvolved 1n multiple
matings.
Maternal litter Probability
genotype s1ze 1987 1988
AA,BB 3 0.033733 0.120397
4 0.065935 0.238503
5 0.101430 0.338691
S 0.140132 0.421466
7 0.130779 0.490142
AB 3 0.01177% 0.032046
4 2.030048 0.C90062
€ J.053674 0.163905
o] J.08058859 2.244084
7 5.110319 0.323334
AC 3 0.022735 N/A
4 G.050067 N/A
3 2.080251 N/A
5 U.113502 N/A
7 0.143709 N/A
AD 3 0.013707 0.035522
4 0.036350 0.087701
5 C.061501 0.144921
€ 0.,589662 0.,201102
7 0,119617 0,252687

Note: N/A--NGCtT apoiicable.
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several adult males is due to adult males clumping temporarily
around an adult female near ogstrus. Mineau and Madison’s
(1977) observation of “pair activity” 1is either due to
extremely low density or because only one male and one female
out of a group of mice were radio-tracked. The paternal care
documented by Horner (1947), McCarty and Southwick {(1977) and
Hartung and Dewsbury (1979) must have resulted from confined
cagyng ccnditions, The mating system 1n wild populations of
P, leucopus aprears to 1nvolve simultaneous polyandry 1n
females and seri1ai polygyny 1n males. At_least 25% (the ubper
1Timit being 100%) of 1:1tters conceived under natural
conditions result from multiple insemination 1nvoiving more
than one male.

“he fact tnat females are promiscuous implies that males
are also promiscuous. because, as I argued in chapter 4. the
sex ratic of aguits 1s not male-biased 'n my pooulation. This
s consistent with my findings ({Chapoter 4} that a female rear
Jestrus has more adult males arouna ner than a female far from
raestrus. Tnere are several possible reasons why males should
ge vromiscuous. For purpose of 11lustratior. et me start with
4 MONUJGamMous coguat!on with maies orovi3ing oaternal care and
evamine 1f males that mate promiscuocusiy can ncrease 1n
freguercy 1n the poouliation. Whether oromiscuity will be
favaureg wi1ll Zdepernd on the fitness 1ncrement derived fTrom
paternal care relative Lo tnat derived from remating, It 1s
thus worthwhile tc constder factors that affect the fitness

increment derived from paternal care and remating. First, the
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procbability of remating is high 1in wild populations of P,
lgugggus as there are cestrous females throcughout the entire
breeding season. Second, high natural mortality 1n adult males

would favour females that can rear the young single-handedly,

leading to a reduced 'mportance of paternal care. This would
also favour males deserting their mates and seeking extra
mates. Third, monogamy with paternal care implies commitment
of a male to a specific female. Unfortunate for this mating
strategy, recrocuctive success of females in P, lgucopus
(Rintamaa ef ai. 1976} varies widely, with some females
producing no voung 1n the entire breeding season and some
producing as many as 3 litters (Rintamaa ef al.., 1976). If a
maie bet his recrcductive success on a single female, then hais
reproductive success will fluctuate mcre widely than that of
a promiscucus male. For example, tne variance of reproductive
success of prom:scuous males mating 4 females 1s nalf (= 1/l &)
of that of monogamous maies, cther tnings being equal. This
within-generaticn a1fference in vartance cof fitness may result
1n inter-generaticn d-fference in varsance »f fitness 1n a
smail populaticn, It can be shown numerica.ly that, 1n a sma:tl
ocouiation, a zerotyose 1s at a select:ve disadvantage 1f ts
fitness fiuctuate more widely over gererations than the
compaeting genotyce {(311iespie 1977). Be-ause all these three
reasors aopear to -~=2cduce the benefit >f opaternal care and
1ncrease the terefit of remating, it 's nct surprising that

males should be uromiscucus.

while 11t 158 not gifficult to see the avoiutionary
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advantage cf promiscuity in male P, leucopus, it is by no
means easy to understand why females should mate
promiscuously. One possible explanation involves
pseudopregnancy in the species. Dewsbury (1984a, 1984b) found
that male deer mice lose much of their inseminating power 1n
terms of sperm outcut after a few consecutive copulations, but
their vigour 'n coculation can stimulate pseudopregnancy
(Conaway 1971, The duration of pseudonregnancy ih Cricetidae
's about twe weer: :{Tonaway, 1971, Dewsbury, 1984a), which 1s
a s1gnificant zc-2 wn o 2 Timited breeding season. As Conaway
(1971) pointear .. 1 nonpregnrant cycle in short-1ived rodents
apoear to b2 1 natt.olicgical iluxury that should not tCe
tolerated oy ratu-al selection. One strategy for females
2331N3C p3eLdsor=anarcy wod'd be to mate with more than one
mala s 28 to 'n.-2ase the 1ikelihocd of mating with at least
one  “fresn m2ie. My confidence 1n this explianation was
s30menow  weaweneg Dy my own observation. First, 1in my
a«periment on caternal care (Chaoter 2), males always followed
the gpra-partum females cicsely for severally days until
parturition, ard, Ju~ing tre pre-partum rericd, the male and
tne female nag s, 1rcn1zed activity patterns. Such maies are
unlirely to cecuie uspert-depieted unless there are oestrous
females close bry. ¢ a1l females 1 caught 1n the field, there
1S oniy o¢ne 0 ler. e whnen twe nelghoouring females had
s'miriar partur 't '~ gates {(two days apart). Based on these
observations., 1t nay ce tenuous to argue that the risk of

mating with a soerm-depleted male qualify as significant
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selection pressure for female promiscuity.

Another explanation for female promiscuity involves the
assumption that repeated ejaculations by one male result 11n
reduced proportion of normal sperm (or 1i1ncreased proportion
of abnormal sperm), leading to an overal® decrease in semen
quality (Gibson and uewell 1982). This has been demonstrated
in sheep (Tomkins and 8ryant 1976; Simpson and Edey 1979; both
cited Iin Gibson and Jewell 1982) and presumably may occur in
other animals as well. One strategy against poor semen quality
caused by repeated ejaculations would be to sample the first
few ejaculations from many males 1nstead of accepting many
ejaculations frcm a single male. Some recent studies have
shown that females 1n many rodent species reguire sufficient
vaginal stimuiation for pregnancy initiation (Dewsbury 1934c;
Huck €% al, 1383). Tnis may serve as a proximate mechanism
agzainst pseudocra23rancy and poor sperm guality. In the golcen
hamster. Mesggricetus auratus (Huck et al, 1948), only 25% of
femaies become pregnant whan mating with a sirgle male late
1N receotive Der~od. dut the proportion 1ncreases Lo 36% whan
~“wo vasectomized males were added to provide additional mating
stimuiation,

It 18 '7kely tnat there will be more i1nterference among
males as the nrumber of males participating 1n multiple-male
copu’ation 1ncreases. Interference among malas 1n copulation
may expiain why uwcstoartum copuiation in P, leucopus hapoened
1n the open rather than 1r nest bcoxes and why the femaie was

on the run during her receptive period (Chapter 2)., If the
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female stayed in her burrow with several males cramped around
her, interference among males may result in no ejaculation at
all; or if the female remains motionless 1n the open, then
males w11l be crowded around her as well, resulting in high
degree of interference. Females therefore should be on the run

all the time 1n the open during her receptive period.




CHAPTER 6 GENERAL DISCUSSION

I started with a verbal model predicting seasonal
variation in mating system of P, leucopus. Some assumptions
of the mcdel were later proved to be unrealistic. For examplé.
I assumed that females were continuously aggressive towards
strange males from late pregnancy to early lactation, a period
encompassing postpartum oestrus., Results 1n Chapter 2 showed
that this was false because females are not aggressive to any
males during rner postpartum oestrus. The model also assumed
that animals had tne option of forming stable pair-bond, but
high mortality may have made this coption unlikely. 1 may have
also been misled by H1l1l's (1972) experiment on development
of tnermo-reguiation 1n juvenile P, leucopus and overestimated
the importance of paternal care 1n terms of huddling by the
father with young. The nest of the white-footed mice 1n their
ratural habitats may rot be as exposed as those 1n Hil1l's
experiment. In addition, I nave rever seen a lactating female
eatirg outside nest coxes, altncugh maiss ate outside auite
often. wnen a female found a piece of food, she brought it
back to a nest btox. Presumabiy. aill nher sat ' ngd was gone in ner
nest and tnis wou'd have reduced her time away from young,

In spite of tnese d2fects 1n m/ original verpal mcdel,
I have ccllect =zn/incing evidence to show trat femaies do not
rejact strange rales and accept famiiitar maies as mates, and
they mate promis-ucusiy wren there are more than one maile
availabie. Adult mrales 1n ftne wiid acjust their scatial

pos1t10n according to creeding status of females, with females

97
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close to cestrous having more adult males 1n her vicinity than
females far from oestrous. Multiple paternity in single
1itters are common (25-100%) 1n the wild. Multiple-male
matings resuit 1n uncertainty of paternity and this may
explain the lack of paternal care in the species. In short,
promisculty 15 32 grevalling character 1in the mating system of
P, leucopus.

What remainrs unanswer=2d i1s whether there are sti1ii scme
mates that oroviZ: paternal care and some females that do not
mate promiscosusiy. Although all my experimentail females matad
promiscucLst s {Lrapter 2) and none of the experimental matles
exhibited pizwerral care (Chapter 3), I cannot exciude <the
possibi1lity tnat a noen-promiscuous female (1.e., a female
mating witn ., 2 mate during one cestrus) or a paternal
male ay asnow un 1¥ 1 continue my expesrimental observation
indefiniteliy, Ti1milariy, mvy “1nding that adult males agdjust
therr vositrcr according to reproductive status of females
cannct be Jeneral-zed to ail maies eiltner. bHecause oSniy a
fraction of ma‘es i1that adjust their position 1n relation to
femaies' recsrueduct ve 3%atus would be sufficrient to yi1e'id the
rasults I oreserted 'n Crapter 4, Finally, the croportion of
T1tters rasguiting from muitiple 1nsemination by more than one
male has a lower 1'm -t of 25% (Chapter 5), 1.e.. there 1s a
protability thnat some 1-tiers are not tne proauct of multicie
matings. Based 7n tres2 results aione. I cannot exciude the
possbility tha+t z:ferert ma‘es and different females mav

have different mac -3 strateg:es in natural populations of P
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leyconuys.
Different mating strategies coexisting in the same

population have been observed 1n many species of diverse

taxonomic groups, e.9., in the red deer, (ervus elagchus

(Clutton-Brceck 1982), the elephant seals, Mirounga
angustirostris (Le Boeuf 1974}, the bullfrog, Rana catespiana

(Howard 1978). the tee, Centris pallida (Alcock et al, 19771,
the field cricket. 3ryllius 1nteger (Cade 1979), the f1g wasps,
rres s$pp. ‘Hamiitzcn 1979), and the salmon, Qncorhynchus
krgutch (Gress 1388)., Indeed, as Krebs and Cavies (19387)
pointed out, tnere 1s 1i1ttle reason to believe that animals
of the same species and the same sex should always have the
same mating stratsegy. Mating system of animal popuiations may
not te one of morsgamy., pclvgyny, polyandry, and promiscuity,
but may Insteac pe a cembination of some of them.,
Recognizing the fact that empirical data will never be
aple tc exciude the possibility that some males are paternal
and some females are non-promiscuous in P, leucopus, unless
sampie 31zes were 1nf:nite, I believe 1t mcre appropriate tc
examine this possibiriity with a modelling approcach. Let me
first outline some majcr parameters tnat may affect the
fitness of males ang females so that assumpticns 1nvolved 'n
the model will be e<plicait:

[y

My - mean numper <f matings a paternal - ale zan

have Jurairy -re breed-ry 3€asch,
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- meanz rJumber of =matings a norn-paternal male can
rave during a btreeding season; M., - Nj.

', = pumter cf Titters a female can produce during the

L - Ji1tter 21ze,

- Sur .. 2" 2f soung.

Wy

2, - sur/':al increment Sf young with paterna’
T2,

2 - mein gerat s relatadness >f yourg te males
Larc Sooat g Inoa cepulation episode. R O=
TLEe L arere n = numbar of males a Scromiscuous
fomate matas T L0,

S, = metr Ll T. for femass with multipie-maie
~atT g

T, - s2m2n aull-tty for fsrales wher fattng wita 2
5 "3 e sazerrail maie:

2., - semen guality for femates wren mating wW~i1th a
single ncn-caternal male.

Sip - SUrv'val iacremert of young witn semen guality 2,
rgiati.e L0 that with seman guality Qnp: Som2C.

S4p - Sur.iva’ increment of young with semen qualty &

relat:+e O trat with semen gual ity Qng; Sapp2C. If
[+ 29

the peref:~ of multiple-maie matings i1s only for

orevert-on of oseudooregnancy, then S5, = Sgu: 1 f
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multiple-male matings are also for increase sperm

quality and variability (Parker 1984), then Sg, <

Sqm -
P, - frequency of paternal males n the population.
Q, =~ frequency of non-paternal males; P, + Q; = 1.
P, -~ freaquency of promiscuous females in the population.
Q, - freguency of non-promiscuous females; P, + Q, = 1,

Finally, assume that a mating strategy. i.e., being

paternal or not, 1s genetically determined.

Given these parameters and conditions, the fitness of
promiscuous and non-prcemiscuous females 1s as follows:

1) Fitness »f 7 non-promiscuous female (Wae). A non-
promiscucus female has a probability of P, of mating with a

paternal male. with the resuiting fitness of

My L+Si1+8,+455,1°0.5, and Q; of mating with a non-paternal
maie, with the resuiting fitness of N,«L-S-0.5. Thus

Woe = ProeNyeLeS{148,+55,1+0.8 + Qy¢Ny¢L+S+0.5.

2) Fitness of a promiscuous female (W,,). Let n be the

nurber of males a promiscuous female mates with. Her fitness

18 NyeL:Se{14¢35,1°0.5 when all her mates are non-paternal, the
probability of which being G,", and N;-L-S(1+E,+35,):0.5 when

at least one of her mates 13 paternal, the probability of

which being 1-Q,". Thus
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Wee = Qg e NpoL S (14544 )+0.5+(1-Q4" )Ny L+S(1+S,+Sga}+0.5.
It 1s apparent that W,, will never be greater than Wg,.

regardliess the frequency of paternal maies and the i1mportance

of paternal care. If there i1s no paternal males (P, = 0), then

females should mate promiscuously to get better sperm; if all

males are paternal (P, = 1), then females should mate
promiscucu~ly to 1mprove sperm auality because, with P,=1,
paternal care '3 auaranteed. If P, s between 0 and 1, then

females should mats oromiscuously as well to 1) improve scerm
guility, ard 2 to increase her chance cf mating with at
teast one caterni’ male so as to get paternal care for ner
voung. femaies srouid aiso mate promiscucusly if paternal
care T3 un*mor ranT

Siven that rimales are cromiscuous, the fitness of a

nen-gcaternat mite (1w, ) 18 of twwo-f21d. First, there 1s a
oropasitity n* 0,7, wnere n peingd the numcer ¢f males a female

mates with, that 3’1 r's z2c-31res 3re rorn-caternai. In tnis

case hi1s friness from the mating will e LS {1+S55,)°0.5/n,
Secendiy, tnere "¢ a probabiriity of (1-G.7") that at ieast one
of his co-sires 3 Jaternal, 1.e.. the resulting voung wil]

recelva paternal care, and in this case his fitness from the

MmatiIng 1S L+Se(1+3,+8341°0.5/n. The fitness of a paternal maie

(Wy) 18 MNyeLeSe{'+5 +3,,1+0.5/n. The frecuercy of paternal

males w1il 1ncrease 1f W, - W,,. wnich requires the conditicn
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that

Noe (148,485,502 Napg[Qy e (148g,) + (1-Q,™) - (14S,+S5,0). (1]
Faternai and non-paternal males may cc-exist 1f the terms on
both si1des of {1] are equal.

Ciearly. 1f all males are paternal (P,=1, 2,=0), then tne

term on the left s1de ¢f [1] w111l always pe smaller “nan tne
right. Iin other words. a population of paternal males are
vuineracie to r.asiyoan 2f non-paternal mailes as the benefit
cf cucksidry '=mir2ases with 'nereasing freguency of pater:hal

males. Aner th2r2 -3 a0 paternal male (P,=0, 9,=1), then (1]

reduces Lo

AR S VU 3
DT T np
-
i2]
{ ‘*:'JM B hD

Wrnicn '3 tre Ccor1 tion for caternal mutants to 1rvace a non-
caterna’ oitc. atiin. Average number of mar:nss per male 1n 23
~1o ezuals tre

ncn-saternal SopuianIcn (it with a it e« -

W

mear ~urger of cestrus 3 female e<gari2ances Juring 1 oreed -ng
seasour ~mult-giled by <re numper of ma’les -‘nvoised 11 each
muitigcla=-raie mav- -3, .f a female erper-ences I23Lrus “hnree

-

tires angd crodute tnree Thtters during cne breed

-

2asin,

L
w

rg
and 2ach matin, a.oile- I oraies, then Y. AJulQc Se 4 ang Y
woald I, Thi:z fejuItEs o2 gate-nal ma‘e t¢ at least wropnle

tre survisal of e yourg reces/ing his care 1n oraer Lo

-

n,ade tre non-gate~nal population. I belileve tnat paternal
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care of such great effect 1s very uniikely in P, leucopys in
which males neilther feed the young nor defend territories.
Thus, 'f the assumptions involved I1n the model are realistic
tn B, leucopus, then females should be promiscuous and males
should be non-paternal. and there shnould be no aiternative
mating strategi=s. To date, there has oseen nc evidence
AgaInst any assumptitcis of this model.

As an ext=nsion of the model. suppose that the mating
strategy of maies 15 fles101e 1n tnat a male wil! be paterrai
only anen 31 fomale mates with n.m alone, otherwise he wiil pe

non-catarrai, C'eariy,., malaes of this flexible mating stratagy

will ce Tavcocurel . ratural selection over both pure paternal
and pure ron-gaterri! ratas, Famalas now have <O mate ei1tner
moncgamousti, * - tavse adva~tage of rcaternal care, cr ccmmit

adulery v 1a7 2 J-Trerent males at g fferent lccations or

LY

tfferent T mes . (ire agvancage -¢¥ ootn paternal care ang

i

mulnigle-maies a2, 1 ra.e asr-oway e.ierce  SF ncnest
Cromiscul, 0 famgtes (Ihavter I wr ~ot oris mate witn
Ml Die Ma 3, Lo 3 250 MAte wo TN Taem 3T SAE 3amre Tome and
oot T3 3UZEests that 274%ner malas of the fle--pie
TAT I r g ST At T, D a0t 2¢isT, or cata na’ care 18
SUIMPROrTart, 1t wniLn ase females wilt pDe oromiscuous ang

maiaes of tn: e« @ matirg strategy willi pe tna zame as

s

ron-0aternals.,

)

It peroaps cerafrcial te comcare 2, leucIpu3 ~ttn
otrer spectes wrera aiternati.e mating stratelles were

oCserved. In tne red 3Jeer. Zervyus elapnus (Clutton-8rock
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1982), the elephant seals, Mirounga anaustirostrig (Le Boeuf
1974), and the bulifrog, Rana catesbiana (Howard 1978).
sexually mature males differ much in body si1ze due tc age
di1fferences. The size difference resuits 1n differences 1n
fighting and defencing females or territories. Small, young
males are not strong enough to defend a territory or a harem,
So they make *he best out »f a bad situation by sneaking some
copulatinors from females 'n the territory of a large, old
male, Ir “he tee. Centr-3 gallida rAlcock ef al, 1977), males
differ 1~ si1ze Cue to i1fferences 1n nutritional status at
early age. arge mates dig up virgin females, defend them
against other maias. anrd coou'ate with them, while smail
males., whs coulz rot deferg females even 1f they could airg
them up. oDr-ecd:.tabdily do < 1d°g9gging. DUt pursue airborne
females wno w=r2 noT rated Dy diggers. In the fig wasps,
rn2g 330. :=amr'ton 1379!). and the s .mon, gngorhynchys
h1susecn {(3ross '1323), diffarence 1n fighting and defending
ab-lity 1~ maias r2sults from cdramatic dimorphism 1n males,
and a1 ffzrent mating strateg'es were li1kely maintained oy
freauenc, cerendent selection. All these e-amples 1nvolve
some maies fTignting ana deferging femaies or territories
essent1al for successful breeding and other males, who are
iess capapie ~f figrting and defenacing, adopting alternative
mating strateyg'ez. I~ 2, leucopus, ncwever, [ observea no
male defending a female during her cestrus against other
males. Males are unlirely to nola a territory for one or more

females against other females ei1ther, because all my




exper 1mental males ran away from aggressive females.

I found Cade’'s (1979) s?udy on tre field cricket,
Grs1lus 1nteger most relevant to P, leycopus in terms of
alternative mating strategies. Some male crickets call and
others keep silent. Callers are more suc 28sful in attracting
females and ma:ting, but also attract more parasites and
suffer higher mortality than non-cailers. Some P, leucopus

populations are neavily nfested by larvae of the bot fly,

Cuterebra fontinelia {wWecker 1962; Whitaker 1368; Timm and
Cook 1979: Catts '922:. I have seen bots so large o5n the

scrotal region of the white-footed mice that the mice have to
drag themselves forward as thneir hindfeet can barely touch
the gqroura. I pei-2ve that the i1nfested mice must have
sutfered a reau:tiun 1n their fitness. The infestation 1s by
chysical corta.t r mize with pot fly egas lald in environs
frequentead L. 1r2 nost, and greater mopility of the host
"mpites 3r=eater charce of i1nfestation. In other words, male
P. lzu oous that 131t ard. presumably mate witn, more
feraies wi1ii pe more likely 1nfested and suffer nigher
m:rta’ity. 1.e.,, greater benefit assoc ated with greater
Cost. Anetrer 1rfestation py larvae of the pot fiy affect the
mating strategy cf¥ the white-footed mice may pe a promising

area for ‘uture ~tuay.




Appendix 1
Demcnstration That "Homogenetic” Litters wWill
Decrease, and "Heterogenetic' Litters Increase, with
tiumber of Males a Female Mates with.
Suppose a population with a polymorphic locus of 2

alleles. A ana B, with corresponding all=2ii¢c frequency P, and
Pp,. Denote genotype frequencies P,,, P,,, and P,,. With

monogamy . e-pected genotype frequency of young in a litter
can e calcuiated given parental genotypes. For example, if
two AA homcIyszctes mate. all young in the resulting litter
wi1ll nrecessariiv have <he same genot,ype of AA, I define
1‘tters wi% 21 young sharing the same genotype as
homogenet:~ litters. 1If an AB male mates an AB female, then
the~e are 3 pcsawo%e genotypes 1n the resulting litter. AA,
48 and 3B. w.*r coarresponding probabiiities 0.25, 3.5 and
£.25. resne~t.vely, Litters with young having different
Jenotsces ar: d2finec as heterogenetic litters. I will show
De’ow statisticaiily tnat homogenetic litters will decrease,
ari ne'e - cenetic 'i1tters 1ncrease, with the number of males
2acnh femaile rates with., For an 1ntultive understanding, one
can Tmagire trat a 1 tter will necessarily be hcmcgenetic f
1t resuiss from a homazygous female mating with either an AA
or a3 B8 male, bu' a2 jitter will have a prcbabilicy of opeing
metercceratie 1F the same female mates withr both an AA male

ard a S a2,

Females eazh vating with cnly ore male;
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when a ‘emale is homozygous, then the prcbability of her
l1tter being homogenetic is 1 1f she mates with a homozygou~

male, ard equal to 2x0.:." 1f she mates with a heterozygous

male. Sc the probability of a nomozygous female i having a
hcmogenetic litter can be expressed as

(1] PrcblhomoFi, = (P, +P ,) + 2xP,,x0.5",

wrere n 13 licter sice.

If a famale 13 heterozygous, then the precbability of her

I1tter Deing nomogenetic is 2x0.5" when she mates with a
hcmozygous male. and (2»0.25"+0.5") when she mates with a

heterozygous male. Thus, the probability of a heterozygous

female 3 having a homogenetic litter 1§

t2] Probtheterof ', = (Paa+Pyp)x2x0.5" + P,px(2x0.25" + 0.577.
Thne e-~pectec total numter of homogenetic litters can be

expressed as

N M

-1

[3] ®Nthomogenetici= I Prob(homoF), + I ProblheterofF),,

1=1 3=1
where N = number of nhomozygjous females and M = number of
hetargzvgeus females. Tne expected numper of hetercogenetic
Titters is simpiv tre difference between total number of
l1:1cters and N{homcgenrsatic),

Females each matirg with two males:

Wwrth 2 atieles and 3 genotypes, 9 different combinations

of 2 males are possible. These 9 combinati1ons can be grouped
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into 3 paternal categories: 1) two males of the same
hombzygotes, i.e., only one type of sperm 31s contributed
(Paternal category 1 in Table A1), 2) one homozygous male and
one heterozygous male (Paternal category 2 in Table Atl),
contributing two different types of sperm in the ratio of
3:1, and 3) two heterozygous males, contributing 2 types of
sperm in the ratio of 1:1 (Paternal category 3 in Table Al).
The probabiiity of a female of a certain genotype producing
a homogenetic litter, therefore, eaquals the product of two
probabilities: oprobability of the female encountering

different combinations of two males (Prob, in Table A1) and

probability of the femaie producing a homogenetic 1li1:iter

given Prob, and li1tter size (Prob, 1n Table A1). Using the

same symbols as before,
r4)

Prob(HOmMOF ); =( P, 2 +Pup ) A 14 2X( P, %Pap*+PapxPyup ) 1%x(0.757+0.257)
+[P, ot +2x P, *Ppp 1 Ix(240.5"),
where P,,, P.ps S,p are genotyone frecuenzies and n 1s iitter

s12e;

[5] Prob(HeteroF ), =P, +Pyp2 1x(2x0.5" )+ [ ix( Py nPyp+Pyp Ppp)]x

(0.375"+0.5"+0., 125" )+ [P, p +2x(PaaxPpp } 14(2%0.25"+0.5").

N M
[6] N(nhomogeneticli=z I Prob(homoF), + I ProbiheteroF,.
=1 J=1
Eemales each mafirg with all males:

with all mates invoived 1n multipie matiigs, the
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Table A1, Calculation of expected number of homogenetic

litters when two males are involved in multiple matings.

Maternal' Paternal Prob,? Prob,?

genotype category

Homo . 1 PaaZ+Ppp? 1
2 2x{PyaXPap+P.pXPpp ) 0.75"+0.25"
3 Papl +2X{ Py XPyp ) 2x0.5"
Hetero. 1 Paal+Puy’ 2x0.5"

2X (P, ¥Pap+PapXPyp)  0.3757+0.5"+0. 125"

ro

W

Pao +2%( Py xPyp ) 2x0.25"+0.5"

1. Homo.--nomozvcote: hetero.-~-heterozvgote.

Y]

Prob,~-Prccaoitity of different combinations of males.
3. Prob,--Propaciirty of a resulting litter being homogenetic

given maternal genotype, specific combinatieon of males and

fitter size.
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frequency of allele A and B in sperm is the same as allelic

frequencies of tne parental population, i.e. P, and P,. Thus,

the orobability of a homozygous mother producing a
homogenetic litter is

[7] Prob(HomoF) = P,"+P,",

where n is litter 312e; and tnrne probabi1lity of a heterozygous
mother producing a nomogeneti< “itter s
78] ProbiHetariF = (P/2)"+ [P, +P, ) /2]1"+(P,/2)".
The e<«<pected =otal numper of mogenetic 1itters can be
expressed as

M M

{3] Nfnomogenet:z:= I Proo{romof), + I Proo(heteroF);.

-d
H
-

=1

Cleariv, -r2 ~umper cf nomcgenetic litters decreases
with ~umcer of rva'es 3 female mates with, being the jargest
whar sach f2ma ¢ mates witn 3 single maie and smallest wren
tne femalz mats> 4rth all males 1in the poguiation.

-

A rumerizal z-ampia;

In oa opooulation with alleilc frecusncies Pax0.4 and
P,=0.6. tre nrabacil -ty of femaies croducing a homogenetic

Titters s calzuiated 1n Table A2 for different maternal
genotypes an3d ‘iter sizes. usIing the equations presented
above. Fzr examg’z, a nomozygjous female w~i1th a litter of 4
has a ornpbatcii1~y ~=f 0.£2. 0.26 and 0.16, of producing a
homogenetic li1tter :f she mates with one. two or all males,

respectiveiy. A heterozygous female with a litter of § has a
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Table A2. Probability of females producing a homogenetic

Titter.

Maternal Number Litter

genotype of mates size

2 3 4 5 6 7

Homo:zyactas 1 0.76 0.64 0.58 0©0.55 0.54 0.53
2 0.64 0.46 0.36 0.30 0.26 0.28
ais 0.52 0.28 ©0.16 0.09 0.05 oOou«8

Heterozyacte 1 0.44 0.21 0.10 0.05 0.0z 0.0
2 0.41 0.18 0.09 0.04 0.02 0.01
a: 0.38 0.16 0©0.07 0.03 0.02 0.01
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probability of 0.05, 0.04, and 0.03 of producing a
homogenetic litter if she mates with one, two or all males.
respectively. Summing up all probabilities for all females
mating with one male, one obtains the expected number of
homogenetic litters with a monogamous mating system. Summing
up ail probabilities for all females mating with two males,
one obtains the expected number of homogenetic litters when
all females are promiscuous and each female mates with two
males. In tne same way. one can obtain the expected number of
homcgenetic littars when all females are promiscuous and each
femalie mates witn all ma'es.

To find out w~hether females mate monogamously or
poiyardrously, one needs to calculate the number of
homogenetic ana netercgenetic iitters expected under monogamy
by using equatiors {'] to [i]. and test whether the observed
number of nomogenetic fitters significantly less, and
heterogenetic i1tters more. than the expected value. A one-
tatled significance test 1s approoriate Dbecause the

orediction is directional. A X“-test 13 2 DOOr choi1ce since 1%

1s aiways two-tailed and 1its simplicity costs much of
statistical power. A one-tailed test can be done Dy summing
up the probabilities of obtaining the observed number of
homogenetic and hetercgenetic litters and al:’ otrer
frequencies representing a greater deviation from
expectation. For example, 1f <the observed rumper of

homogenetic and hetercgenetic Jlitters 1s 20 and 80,
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respectively, and the number of homogenetic and heterogenetic
litters expected under monogamy is 40 and 80, respectively,
then the probability that our sampled animals are from a
monogamous population 1is the sum of probabilities of
obtaining the observed values (20 and 80) and other more
extreme values such as 19 and 81, 18 and 82, 17 and 83, up to

0 and 100, frcm a binomial gistribution of (0.4 + 0.6)'°°, The

sum of the protabilities 1n this case is smaller than 0.0001.

One can therefore conclude that the result 1s not compatible

with monogamy.
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