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Abstract

In this study, I examined the occurrence of polygyny in marsh wrens (Cistothorus
palustris) in Delta, B.C. Using four field seasons of data, I found in this population that
males were moderately (19%) to highly (66%) polygynous, that in three years of the
study (1979, 1992, 1993) polygynous males fledged more young than did monogamous
males, and that the breeding sex ratio was female biased in three out of the four years of
the study (1979, 1982, 1993).

In order to examine if the observed male reproductive success was an accurate
measure of male fecundity, I used DNA fingerprinting to assess patemity and therefore
male realized reproductive success for the 1992 and 1993 breeding seasons.

In In order to ascertain the importance of predation of breeding nests on female
choice of a breeding situation and male and female reproductive success, I compared
predation rates on polygynous and monogamous nests.

In order to test all of the possible reasons for polygyny occurring simultaneously I
used a multi-modeled approach. I found that the skewed sex ratio model explained the
occurrence of polygyny in 1979, 1982, and 1993. Additionally in 1979, 1982, and 1992,
the polygyny threshold model also explained polygyny in the Delta population. In 1993, 1
found that the random settlement model was also supported by the results of this study.
Overall in this population of marsh wrens the largest factors affecting the occurrence of
polygyny was the skewed sex ratio of the breeding population in favor of females.
Secondly, determination of which males became polygynous was most likely affected by
female choice of a breeding situation, with females apparently preferring males whose

territories were further from the upland edge of the marsh.
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General Introduction

Among sexually reproducing species, a number of mating systems have evolved
including monogamy, polygyny, polyandry and promiscuity. In avian species, polygyny is a
rare mating system in which one male maintains pair bonds simultaneously with several
females. Overall, polygyny has been found to occur regularly in about 5% of avian
species (Verner 1964, Verner and Willson 1966, Lack 1968). Possible explanations as to
why such a rare mating system may have evolved have included both the possible benefits
for males and the possible benefits and/or costs to females. In sexually reproducing
species, males mating polygynously may benefit by an increased reproductive success
(Lightbody and Weatherhead 1987). For females, the benefits of mating polygynously may
include access to territory resources (e.g., nest sites, food), cooperative nest defense,
and/or male parental care. The costs which females may incur as a result of mating
polygynously may include reduced parental contribution from a male and/or increased
competition due to sharing of territory resources with other females. The generally
accepted theory for the evolution of polygyny is that polygyny has evolved as the result of
the benefits outweighing the costs (in a given breeding situation) for females mating
polygynously (Verner 1964, Orians 1969).

One explanation as to why females mate polygynously may be explained by the
parental investment theory. According to the parental investment theory, the initial
parental investment through gamete production is larger for females than males.
Therefore, it follows that females should be the choosier sex in order to protect their

greater investment (Trivers 1972). The polygyny threshold model represents perhaps the



most influential theory which has been proposed to explain why females should mate
polygynously. The polygyny threshold model assumes that polygyny may occur in a
population when females choose to mate with an already mated male despite the fact that
there are unmated males available in the same population. This choice may be made in
order to increase the females’ reproductive success through access to better resources,
such as male parental care, high quality males or territories (Verner 1964, Orians 1969,
Altmann et al. 1977). When choosing a mate, females may be assessing factors such as
fitness of the male, his ability to protect the female and nestlings, the quality of food
resources, and/or the availability of high quality nest sites on the territory. It has been
proposed that female reproductive success may be affected by these male and territory
qualities if highly fit males (i.e., larger, heavier males) sired highly fit offspring (Searcy and
Yasukawa 1983). For example, territorial features, such as the degree of emergent
vegetation as well as territory size, have been found to be related to male pairing success.
In these cases, polygynous males were found to have larger territories and territories with
higher degrees of emergent vegetation (Welter 1935, Verner 1965, Leonard and Picman
1988).

However, Searcy and Yasukawa (1989) suggested that polygyny may also occur
in the absence of female choice. In this situation, females may be forced to mate with
already mated males. This situation may arise due to limited breeding opportunities
resulting from few nest sites, a short breeding season or life span, or a skewed sex ratio in

favor of females (Skutch 1935, Verner 1964, Emlen and Oring 1977).



The occurrence of polygyny may also be affected by ecological factors such as the
clumped distribution of resources, such as nest sites or food, which are important to
females for breeding and which the male can defend (Emlen and Oring 1977). The quality
of territories may be greatly affected by the pattern of distribution of resources (e.g.,
mates, food, and nest sites). This may in turn affect the frequency of occurrence and the
degree of polygyny in a population (Emlen and Oring 1977). The likelihood that polygyny
will occur may be higher when such resources are economically defendable and unevenly
distributed, over space or time, since some individuals will be able to obtain and defend
more of these resources than others (Emlen and Oring 1977). Therefore, habitat type may
greatly influence the type of mating system observed, as seen in the prevalence of
polygyny in passerines nesting in marshes, where food is highly abundant and
heterogeneously distributed (Verner 1964, Greenlaw 1989).

Reproductive success in avian species may be greatly affected by factors such as
predation, starvation, abandonment, infertility, and severe weather (Ricklefs 1969).
Among North American passerines, marsh-nesters have been found to suffer the highest
rates of nesting failure, mostly due to predation of nestlings (Ricklefs 1969). These high
mortality rates have been observed in several studies of red-winged blackbirds (Orians
1980, Holm 1973, Robertson 1972, Weatherhead and Robertson 1977, Searcy 1979). As
well, in several studies predation has been found to be an important factor affecting the
ability of several marsh-nesting passerines to reproduce and survive. These marsh-nesting

species include the marsh wren, Cistothorus palustris, (e.g., Kale 1965), yellow-headed



blackbird, Xanthocephalus xanthocephalus (e.g., Willson 1966), and red-winged
blackbird, Agelaius phoeniceus (e.g., Robertson 1972).

Several researchers have proposed a number of explanations for the evolution of
polygyny in territorial birds, in the form of theoretical models (for review, see Searcy and
Yasukawa 1989). These models include: unbalanced (skewed) sex ratio hypothesis (see
Skutch 1935); polygyny threshold model, PTM (Verner 1964, Orians 1969); cooperative
female choice model (Altmann et al. 1977); female deception (polyterritoriality) model
(Alatalo et al. 1981); neutral mate choice model (Lightbody and Weatherhead 1988);
random settlement model (Lightbody and Weatherhead 1988) ; sexy son hypothesis
(Weatherhead and Robertson 1979); and asynchronous-settlement model (Leonard 1990).

A hierarchy of the theoretical polygyny models based on their assumptions has
been proposed by Searcy and Yasukawa (1989), as a way in which all of the models could
be tested simultaneously. By testing between the alternative hypotheses using this
approach, it may be possible to determine which hypothesis (-es) best explains the
occurrence of polygyny in a given species (Searcy and Yasukawa 1989). To date few
polygynous passerine species have been studied using the Searcy and Yasukawa’s (1989)
approach for testing between all of the polygyny models (see Johnson et al. 1993).

In order to examine why polygyny occurs, it is essential that reproductive success
of males be examined. In recent years male reproductive success has been examined more
closely with the use of DNA fingerprinting. A number of studies using DNA
fingerprinting have discovered that matings outside the social pair, resulting in extra-pair

fertilizations, are occurring in a wide variety of passerine species (Westneat et al. 1990,



Burke et al. 1991, Hartley et al. 1993). As a result of the prevalence of extra-pair matings
in many passerines, analyses of reproductive success using DNA fingerprinting is needed
to accurately determine male reproductive success and female choice of a breeding
partner. Individual reproductive success, traditional measures of reproductive success,
and/or parental investment by the male may be strongly affected by the occurrence of
extra-pair fertilizations (Trivers 1972, Mock 1983, Gowaty 1985, Birkhead et al. 1990,
Gibbs et al. 1990). The proportion of extra-pair matings which result in extra-pair
fertilizations may, in turn, be affected by the female’s ability to retain sperm after mating.
Among avian species, the length of time sperm is stored in female’s sperm storage tubules
has been found to vary, between 6 and 17 days (see Birkhead et al. 1989, for review).
The number of extra-pair young resulting from an extra-pair mating were affected in one
study of the zebra finch when a female mated with her social partner shortly after an extra-
pair copulation occurred. In this study, the percent of zebra finch young sired by the
extra-pair male was greatly reduced (Birkhead et al. 1989).

In this study I examined factors which may have led to the occurrence of polygyny
in a population of marsh wrens in Delta, British Columbia, Canada. Marsh wrens, are a
small, monomorphic species, which breed in freshwater and tidal marshes throughout
North America (Welter 1935, Bent 1948, Verner 1965). Adult marsh wrens have a short
life span of approximately two years and usually breed for only one season as a result of
the high over winter mortality (Welter 1935, Kale 1965, Vemer and Engelsen 1970,
Leonard 1986). Males of this species are highly territorial and have been known to have

up to four mates simultaneously, although harems of two are most common (Welter 1935,



Verner 1965, Leonard 1986). Despite the large number of young sired by a male marsh
wren within a breeding season, males in different populations of marsh wrens have been
found to provide little or no parental care of their young (Leonard and Picman 1988,
Leonard 1990). This reduced male parental care in marsh wrens may not strongly impact
the number of young which are able to fledge, contrary to the situation in other species,
since food resources are highly abundant on males’ territories where female marsh wrens
primarily forage (Verner 1965, Leonard and Picman 1988). Marsh wrens have been observed
to feed on a variety of marsh invertebrates such as dipterans, coleopterans, hymenopterans,
homopterans, and arachnids (Welter 1935, Bent 1948, Leonard 1986).

Multiple nest building has been observed in several avian species (Lack 1935, Welter
1935, Collias and Victoria 1978). Within the family Troglodytidae a number of species have
been found to build multiple nests. These include house wrens (Troglodytes aedon; Kendeigh
1941), winter wrens (Troglodytes troglodytes; Armstrong 1955; Garson 1980), sedge wrens
(Cistrothorus platensis; Bent 1948; Crawford 1977) and marsh wrens (Welter 1935; Bent
1948; Kale 1965; Berner 1965).

Several theories have been proposed to explain this phenomenon in marsh wrens.
It has been proposed that the large number of nests built by males may be used to (1)
attract females, (2) as roosts for adults or fledglings, (3) as an indicator of a male’s vigor,
or (4) to confuse predators (Schufeldt 1926, Welter 1935, Verner 1965, Verner and
Engelsen 1970, Metz 1991).

Male marsh wrens defend territories in which they build multiple domed nests, attract

mates, breed, and forage. Throughout the breeding season, male marsh wrens build nests in



concentrated areas called courtship centres. Upon her settlement, a female lines one of the
complete nests (Welter 1935, Verner 1965, Kale 1965). A courtship centre, by definition, is
the area which includes courting nests in a male's territory where he sings and displays (Welter
1935). Soon after the first female lays a clutch and is incubating, the male leaves the courtship
area and builds new nests in a second courtship centre in an attempt to attract a second mate
(Picman and Belles-Isles 1987). Nests of marsh wrens are closed, domed structures measuring
approximately 15 cm high and 10 cm wide, with a small, well concealed opening near the top
(Welter 1935, Verner 1965). These nests are most often built in moderately dense cattail
stands and occasionally also in bulrushes. The outside shell of the nest is constructed with wet,
interlaced strips of dead cattail leaves taken from the floor of the marsh. White down taken
from cattail heads is incorporated in to the outer shell (Verner 1965).

The breeding biology of marsh wrens has been investigated previously by Welter
(1935), Verner (1964), Kale (1965), and Leonard and Picman (1988) using traditional
observational techniques. The degree of polygyny in marsh wrens has been found to vary
greatly among populations: 2.4 % in Georgia salt marshes (Kale 1965), 12.5% in
Washington State (Verner 1965), and 44 % in Delta, Manitoba (Leonard 1986). Predation
rates of breeding nests have also been found to vary greatly among populations of marsh
wrens: 18.5 % (Verner 1965) in Washington State, 40.2% (Leonard and Picman 1987) in
Delta, Manitoba, and between 58.4% and 93.2% during a four year study (Kale 1965) in
Georgia.

The structure of the mating system in marsh wrens has been previously examined

by several authors (Verner 1964, Kale 1965, Verner 1965, Leonard 1990), with varying



conclusions as to which model explains why polygyny has evolved in this species (Verner
1964, Leonard 1990). As a result of the body of information previously collected on marsh
wrens in conjunction with the inclusive state of previous work regarding polygyny
models, marsh wrens are an excellent species for this type of study (Searcy and Yasukawa
1989). In one of the earliest marsh wren mating system studies, Verner (1964) found that
the variation between already mated (polygynous) and unmated (monogamous) males in
the levels of emergent vegetation on their territories was large enough that females who
mated with already mated males had higher reproductive success at the end of the
breeding season than females who mated with previously unmated males. These findings
led to the development of the polygyny threshold model (Verner 1964). In a subsequent
study of the marsh wren mating system, Leonard (1990) found that polygyny occurred not
as the result of the polygyny threshold model explanation, but rather as the result of the
high degree of asynchronous settlement between marsh wren females. The asynchronous
settlement model was then developed from these findings (Leonard 1990).

The goals of this study were: (1) to determine the realized reproductive success of
males by determining paternity of nestlings; (2) to examine the mating structure of the
breeding population in order to determine if polygyny is beneficial for both male and
female marsh wrens; (3) to evaluate factors which should affect mating choices, such as
predation, male traits and territory characteristics; and (4) to determine the factors which
have led to the occurrence of polygyny in marsh wrens by simultaneously testing eight of
the currently held polygyny models. These goals are examined in the following four

chapters. In Chapter 1 (DNA Fingerprinting in Marsh Wrens: alternative reproductive



strategies examined) I determined paternity of nestlings. In Chapter 2 (Breeding Ecology
of Marsh Wrens: is polygyny beneficial for individuals of both sexes?) I determined males’
realized reproductive success, examined the structure of the breeding population, and
determined if polygyny was beneficial to males and females. In Chapter 3 (Importance of
Predation in a Marsh Wren Population in Delta, British Columbia) I examined predation
rates and the effect of predation on mate choice. Finally, in Chapter 4 (Polygyny in Marsh
Wrens: Tests of Alternative Evolutionary Models) I examined factors affecting mate and
territory choice and their role in the occurrence of polygyny in this population. In this
Chapter, I also evaluated the key assumptions and predictions of eight polygyny models to
establish which model(s) offers the most plausible explanation for the occurrence of

polygyny in a Delta, B.C. population of marsh wrens.
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Abstract

DNA fingerprinting was used to assess paternity of 110 nestling (32 broods) marsh wrens
(Cistothorus palustris) from Delta, British Columbia, Canada. The proportion of young fathered through
extra-pair fertilizations was high. Over the two years of the study (1992 and 1993), 1S % of the nestlings
tested were extra-pair young. These young were found in 12 (38 %) of the broods tested. In both years,
extra-pair young occurred most often in nests of polygynous males (76% of extra-pair young). In 1992,
monogamous males fathered all (N=9) of the extra-pair young. Of these fertilizations, 78% (7/9) were
assigned to males which were not the nearest neighbors of the cuckolded male. In 1993, polygynous
males fathered all (N=7) of the extra-pair young and the nearest neighbors of the cuckolded males sired
86% (6/7) of the extra-pair young. DNA analysis also revealed three cases of intraspecific brood
parasitism in two broods of marsh wrens (29% of broods tested), one in each year of the study. In this
population of marsh wrens, extra-pair fertilizations appear to play an important role in marsh wrens’
alternative reproductive strategies and may have important consequences for the reproductive success of
some individuals. The extent of these mixed strategies may confound earlier theories on the structure of

the marsh wrens’ mating system as well as traditional measures of reproductive success.

Key words: DNA fingerprinting, polygyny, evolution, mixed reproductive strategy, extra-pair

fertilizations, intraspecific brood parasitism, marsh wrens, Cistothorus palustris.
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Résumé

La technique de empreintes génétiques fingerprinting a été utilisée afin de déterminer la
paternité de 110 oisillons troglodytes des marécages (Cistothorus palustris) nichant dans un marécage de
Delta, en Colombie Britannique, Canada. Le nombre de jeunes produits suite 4 une fertilisation extra-
paire était élevée. Pendant les deux années d’étude (1992 et 1993), 15% des oisillons testés étaient des
jeunes extra-paires. Ces jeunes ont été retrouvés dans 12 (38%) des nichées vérifiées. Pour les deux
années, les jeunes extra-paires ont été€ trouvés plus fréquemment (76%) dans les nids de miles polygynes.
En 1992, les miles monogames ont engendré tous les jeunes extra-paires (N=9). De ces fertilisations,
78% (7/9) ont été assignées 2 des miles n’étant pas parmi les proches voisins des miles cocus. En 1993,
les miles polygynes ont produit tous les jeunes extra-paires (N=7). En 1993, les proches voisins des miles
cocus ont produit 86% (6/7) des jeunes extra-paires. L’analyse d’ADN a également révél€ trois cas de
parasitisme intraspécifique dans deux nichées de troglodytes des marécages (29% des nichées testées) (une
nichée par année d’étude). Dans cette population de troglodytes des marécages, les fertilisations extra-
paires semblent jouer un rdle important au niveau des stratégies alternatives de reproduction. Ceci peut
peut avoir des conséquences importantes sur le succés reproducteur chez certains individus. L’ampleur de
ces stratégies mixtes peut confondre les théories concernant la structure du systéme de reproduction chez

les troglodytes des marais ainsi que les mesures traditionnelles du succés reproducteur.
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Introduction

With the advent of molecular tools, such as DNA fingerprinting, several studies
have found that nestlings in a number of species are not always the genetic offspring of
one or both of their social parents (Westneat 1990). Excluded (not genetically related)
nestlings in a male’s nest have been found to have a strong impact on the understanding of
avian mating systems (Westneat 1987 a, b, Birkhead et al. 1990, Gibbs et al. 1990,
Morton et al. 1990, Rabenold et al. 1990, Smith et al. 1991), and may strongly influence
individual reproductive success, traditional measures of reproductive success, and/or
parental investment by the male (Trivers 1972, Mock 1983, Gowaty 1985, Birkhead et al.
1990, Gibbs et al. 1990). These excluded nestlings may have resulted from extra-pair
copulations resuiting in extra-pair fertilizations (EPFs), egg-dumping (intraspecific brood
parasitism, IBP) (Yom-Tov 1980, Andersson 1984, Birkhead et al. 1987, MacWhirter
1989, Rohwer and Freeman 1989, Westneat et al 1990), or rapid-mate switching (Moller
1985, Quinn et al. 1987).

Extra-pair copulations and intraspecific brood parasitism, as breeding strategies in
avian species, are considered an important component of a bird’s mixed reproductive
strategy (Yom-Tov 1980, Birkhead et al. 1987, MacWhirter 1989). A mixed reproductive
strategy, as defined by Trivers (1972), is a strategy in which an individual optimizes its
potential reproductive success through both siring or mothering young and raising young
in its own nest(s) as well as by siring young or dumping eggs in other individuals’ nests.
Therefore, a mixed reproductive strategy, including extra-pair fertilizations and

intraspecific brood parasitism, which would allow individuals to produce as many young
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as possible in the limited time available should be favored by natural selection. The
occurrence of mixed strategies in avian species has been well documented (see Birkhead
1987, Westneat et al. 1990, Birkhead and Moller 1992, for reviews). Extra-pair
fertilizations have been found to occur in a wide variety of polygynous species, with the
extent of extra-pair matings varying considerably among polygynous passerines (Westneat
et al. 1990, Burke et al. 1991, Hartley et al. 1993). In two red-winged blackbird
(Agelaius phoeniceus) studies, 28% and 24% of young were found to be excluded
young, resulting from extra-pair fertilizations (Gibbs et al. 1990, Westneat 1993,
respectively). Extra-pair fertilizations appear less common in two other polygynous
species; in the bobolink (Dolichonyx oryzivorus), 14.6% of young were extra-pair young
(Bollinger and Gavin 1991), and in the pied flycatcher (Ficedula hypoleuca), only 4% of
young resulted from extra-pair fertilizations (Lifjeld et al. 1991). Extra-pair copulations
have also been observed in some South and North American wren species, including the
stripe-backed wren (10% of young were extra-pair young) (Campylorhynchus nuchalis;
Rabenold et al. 1990), winter wren (Troglodytes troglodytes ; Armstrong 1955), and
house wren (Troglodytes aedon; Johnson and Kermott 1989).

Inter- and intra-specific brood parasitism are relatively rare reproductive strategies
which have been documented in less than 2% of the approximately 8600 avian species
(Hamilton and Orians 1965, Payne 1977, Yom-Tov 1980). Intraspecific brood parasitism
occurs when a female from outside of a male’s territory lays an egg in another female’s
nest of the same species (Yom-Tov 1980, Gowaty 1985). Intraspecific brood parasitism

may occur when a neighboring female’s nest has been depredated or destroyed at a time
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when the female is about to lay her next egg or when a female mates but does not have a
nest. As an alternative reproductive strategy, intraspecific brood parasitism may be an
important component of a females reproductive success. This behaviour may be an
attempt by females to increase their reproductive success if they are unable to care for
their own eggs rather than discarding the eggs or laying them in an incomplete, unlined
nest (Yom-Tov 1980, Picman and Belles-Isles 1988, Price et al. 1989). Although
intraspecific brood parasitism is believed to occur rarely in most passerines, it has been
found to occur in over 100 avian species (Yom-Tov 1980, MacWhirter 1989, Rohwer and
Freeman 1989). The degree of intraspecific brood parasitism has been found to vary
greatly in monogamous species. In the zebra finch (Taeniopygia guttata),10.9% of chicks
in 36% of broods tested were the result of intraspecific brood parasitism (Birkhead et al.
1990), whereas in the Eastern Bluebirds (Sialia sialis) only 2.4 % of nestlings in 9.5% of
broods tested were the result of intraspecific brood parasitism (Meek et al. 1994). In
polygynous species, several studies have found either no instances (Gyllensten et al. 1990,
Gibbs et al. 1990, Lifjeld et al. 1991) or only a very few cases of intraspecific brood
parasitism in their study populations (Price et al. 1989). For example, in house wrens
(Troglodytes aedon) only 2.1% of chicks in 5.6% of broods tested resulted from
intraspecific brood parasitism (Price et al. 1989).

The benefits of pursuing extra-pair copulations for a male are straightforward. The
male is attempting to increase his reproductive success through siring additional young
while, at the same time, avoiding costs such as increased parental care of these additional

young (Westneat et al. 1990). There may also be inherent costs for males seeking extra-
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pair matings, especially for polygynous males. As a result of polygynous males dividing
their time between their primary female and seeking additional mates, polygynous males
may be less efficient at guarding their mates, especially their primary females, during their
fertile period (mate guarding hypothesis; Beecher and Beecher 1979, Birkhead 1979). This
may, in turn, lead to an increased risk of cuckoldry (Arak 1984, Alatalo et al. 1987) for
polygynous males as the result of a trade-off between acquiring more than one mate
(being polygynous) (Alatalo et al. 1987, Birkhead et al. 1987) and/or pursuing extra-pair
copulations themselves while at the same time guarding their mates against extra-pair
copulations (Arak 1984, Alatalo et al. 1987, Westneat et al. 1990, Hasselquist and Bensch
1991). Some polygynous males may do quite well with this trade-off, while other males
may suffer a loss of reproductive success (Gibbs et al. 1990). The possibility of increasing
one’s reproductive success despite the demands of being polygynous in at least some
individuals may have allowed this mixed strategy to evolve.

Male marsh wrens (Cistothorus palustris) are known to provide little or no
parental care (Vemer 1965, Leonard 1986). As a result, males should have opportunities
to pursue extra-pair matings since they are devoting little or no time to feeding their
young. Consequently, extra-pair fertilizations may be an important component of a male
marsh wren’s reproductive success (Gibbs et al. 1990). For males, an individual’s
observed reproductive success (number of young fledged on a male’s territory) may differ
greatly from their realized reproductive success (fledglings fathered by the male on his
territory plus on other male’s territories) (Gibbs et al. 1990). The extent of extra-pair

fertilizations in a population is measured by the percent of nestlings which result from
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extra-pair fertilizations and the percent of broods which contain at least one extra-pair
young.

A female may participate in extra-pair fertilizations for several reasons. It has been
suggested that in a polygynous mating system where female choice is based on territory
quality (Verner 1964), a female may participate in extra-pair fertilizations as a way of
choosing a higher guality male while nesting on a high quality territory (Birkhead and
Mo