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Abstract
Monogamy is the most common mating system in birds. In contrast, most other
vertebrates are polygynous. Several factors are thought to maintain monogamy in most
bird populations: 1) no offspring can be raised without malo parental care, 2) female
reproductive success is usually greater when monogamous than when mated to an
already-mated male, or 3) already-mated females prevent other females from settling
and breeding with their mates. This study examined these hypotheses in black-billed

magpies (Pica pical and tree swallows (Tachycineta bicoior) in central Alberta, Canada.

Based on relative levels of male parentai care. | expected that a need for male parental
care (hypo. 1) would be more likely to explain monogamy in magpies than swallows.

Male removal experiments indicated that a need for male parental care (hypo. 1)
was probably a sufficient explanation for monogamy in magpies (all nests of unaided
females failed to produce offspring), while it was not a sufficient explanation for
monogamy in swallows (unaided females incurred no significant reduction in
reproductive success or survival when compared with control females). Both the male
remova! experiment and natural cases of polygyny suggested that polygyny would not be
disadvantageous to female swaliows thypo. 2 rejected).

Tree swallows appear to be monogamous because, in general, food abundance
and nest sites are Iimiting. Only in areas of high food abundance does it appear that male
parental care is not necessary, and intrasexual competition for nest-sites prevents most
males from gaining a territory large enough (and with more than one nest-site) to permit
two females to breed without one female excluding the other. Female exclusion of other
potential mates is probably not maintained by a need to prevent loss of male parenta
care (hypo. 3). because already-mated females incur no loss of reproductive success
when a secondary female breeds on her territory. Already-mated females probably
attempt to exclude other females to prevent nest usurpation or egg-dumping. The
results of this study indicate the need to considar the effect of variation in food

abundance and female-female interactions on avian mating behavior.
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I. GENERAL INTRODUCTION
Monogamy is the most common mating system in birds (Lack 1968, Oring 1982 Maller
1982). In contrast, most other vertebrates are polygynous. Polygyny is thought to be
the most advantageous breeding tactic for males because the raproductive success of
females is limited by the production of relatively costly 8ggs. while male reproductive
success is limited only by the number of mates acquired (since sperm is cheap to
produce; Trivers 1985). The rarity of polygyny in birds makes them an interesting class
for understanding the constraints on male mating behavior and, thereby, sexual selection.
Over the last two decades various explanations have besn proposed for the formation
of monogamous pair bonds in birds. but until recently very few rigorous tests have been
made of these hypotheses.

Lack (1868) proposed that birds were monogamous because male parental care
was necessary to feed and raise a full brood of young (male parental care hypothesis).
Others such as Verner (1964), Verner and Willson (1966) and Orians (1969) thought that
resources needed for breeding by females (e.g., food and nest-sites) were rarely
sufficient to compensate femaies that chose polygyny for the potential costs involved
(polygyny threshold hypothesis). Chosing polygyny may result in a loss >f male parental
care, more nest predators or a decrease in food availability. The male parental care and
polygyny threshold hypotheses have been the Isading explanations for monogamy in
birds for over 15 years (Wittenberger and Tilson 1980, Greenlaw and Post 1985).
However, saveral recent studies of typically polygynous (Lightbody and Weatherhead
1988, Searcy 1988, Milks and Picman unpubl. data, Wootton et al. 1987) and
monogamous (Smith et al. 1982, Gowaty 1983, Greenlaw and Post 1985) birds have
suggested that these two hypotheses cannot explain completely the mating behavior of
seversl species of birds, including some species used to deveiop the polygyny threshold
hypothesis. The results of these studies indicate that monogamy in birds may be more
complicated than suspected previously (Wittenberger and Tilson 1980).

This study examined several hypotheses for the maintenance of monogumy in

black-billed magpies (Pica pica) and tree swallows (Tachycineta bicolor). These two

species were chosen for study because they have different life history tactics and

potentially different factors maintaining monogamy in their populations. Black-billed



magpies are monogamous corvids with long-term pair-bonds and relatively small sexual
differences in the cost of parental care (although males do not incubats, they do provide
females with most of their food during incubation). Compared with magpies, tree
swallows have shorter life-spans, potentially shorter pair-bonds (annual vs. perennial),
greater fraquency of polygyny (a few potential cases in magpies vs. 5-8% of male
swallows) and presumably lower costs associated with male parental care (male
swallows only guard the nest-box and feed the young, they naither incubate eggs nor
feed the female). Male magpies appear to invest relatively more than ma.e swallows in
parental care; therefore, | expectad that a need for male parental care would be more
likely to maintain monogamy in magpies than swallows.

Besides an examination of male parental care, a second objective of this study
was to determine if the polygyny threshold model applied to trem swallow:. This
hypothesis could only be tested in tree swallows because polygyny in magpies is very
rare. Prior to this study. Quinney (1983) suggested that tree swallows were generally
monogamous because monogamy was usually more advantageous to the reproductive
success of females than polygyny (pclygyny threshold hypothesis supported). However,
Simmons (1985} pointed out that Quinney {1983) was unable to fully test the predictions
of the polygyny threshold hypothesis and, therefore, Quinney’s conclusion was
premature. To help resolve this question, | tested the polygyny threshold mode! using

both descriptive and experimental techniques.

ORGANIZATION OF THE THESIS

In this thesis | report the results of tests of thres lsading hypotheses for the
maintenance of monogamy in birds (Wittenbarger and Tilson 1980): 1) male parental care
hypothesis, 2) polygyny threshold hypothesis and 3) female aggression hypothesis. “he
male parental care hypothesis is examinad in magpies and swaliows in Chapters Il and il
respectively. Chapter IV examines the potential role of female aggression " miting
polygyny in tree swallows. In Chapter V | examine the polygyny thrashold model as an
explanation for monogamy in tree swallows. Finally, in the genera! discussion |
summarize why | think black-bilied magpies and tree swallows are monogamous, and |

review my rasults in relation to alternative hypotheses for the maintenance of



monogamy in birds. The ramainder of this chapter explains the terminology used and

reviews the three hypotheses above.

DEFINITIONS

For this study, | define monogamy as a prolonged association and generally
exclusive mating relationship between one male and one female during a given breeding
season (Wittenberger and Tilson 1980, Murray 1984). Copulations outside monogarnous
pair-bonds (extra pair-bond copulations) have bean reported via parentage studies (e.g.,
Gowaty and Karlin 1984) and have been suggested or observed in the species | studied
(Buitron 1983, Lombardo 1986, pers. obs.). This behavior could biss estimates of
reproductive success in apparently monogamous species (Gowaty 1985). In the absence
of a means of assigning parentage (e.g.. DNA fingerprinting; Burke and Bruford 1987), |
have had to assume that the estimated reproductive success of birds is correlated with
their gametic success. Nevertheless, several of the conclusions of this study are based
on the behavior of females prior to breeding and are, therefore, not directly affected by
this bias. | have also triad to reduce any potential bias in the estimation of reproductive
success by basing several of my conclusions on random samples of females that
incurred the simulated effects of polygyny. (i.e., females whose mates were removed). |
assumed that any bias between monogamous and polygynous females in terms of the
frequency of extra pair-bond copulations was reduced by taking random samples from
the monogamous subpopulation.

Primary and secondary females were the first and second females to settle on a
territory. A monogamous female refers only to a single female on a given territory,
while females mated to polygynous males can be eittier g -imary or secondary females. In
some interspecific comparisons, | have termed species "typically monogamous" if less
than 10% of a population's males engaged in polygny. This is a higher ieve! of polygyny
than Verrer and Wilson (19689) accepted for separating mongamous and polygynous
species. Their 5% level was chosen to separate random cases of polygyny from
polygyny as a result of female choice (Carey and Nolan 1978); however, | find it difficuit
to consider tree swallows "typically polygynous” when just 5-8% of males are

polygynous. Admittedly, these values are arbitrary. It is best probably to consider the



mating behavior of animals along a gradient from monogamy to polygyny. However, the
use of "typically monogamous" provides a convenient indication of the relative frequency
of a spacies’ or population's apparent mating bshavior.

| use the term 'male parentsl care” to describe the cost of acquiring and
dafending a territory and mate and assisting the female with raising offspring. Some of
my experiments use male removals; in these cases my use of the term "male parental
care’ only refers to male assitance that would have baen made following the time of
male removal (e.g., male assistance with feeding young if males were removed after
hatch).

Another term with frequently different meanings is “territory quality”. Except
where noted, | will use this tarm as a short-hand way to describe the quality of the
breeding situation as a whole fi.e., including food abundance, male behavior, vegetation
structure etc.). This was the original sense of the term in the polygyny threshold model
(Orians 1969). A high quality territory is one in which females can raise more offspring
in a given year, all other things being equal. It is important to note here that the measure
of territory quality used must be independent of reproductive success; otharwise the
operational definition of territoiy quality will be circular. In my study of tree swallows,
the independent measure of “territory” quality (actually, the quality of the area) was insect

abundance.

REVIEW OF HYPOTHESES

Monogamy can evolve when it is advantageous to both sexes (mutual monogamy)
or when it is preferable for one sex only and this sex can impose monocgamy on the
other (one-sided monogamy. Wittenberger 1979, Wickler and Seibt 1983). In all cases
of monogamy. neither sex can monopolize the reproductive behavior of more than one
member of the opposite sex (Emlen and Oring 1977). The acological and behavioral
factors that promote monogamy have been summarized by Emien and Oring (1977),
Kieiman (1977), Wittenberger and Tilson (1980). Oring (1982) and Pack and Feldman
11988). Below | review three of the lsading hypotheses for the maintsnance of
monogamy in birds (Wittenberger and Tilson 1980, Greenlaw and Post 1985). It is

important to note that severat of the factors described below may be opersting



simultaneously. These interactions, and alternative hypotheses, are considerad in the

body of the thasis.

1. Male parentsl care

In some species, male parental care may be essential for the successful
production of offspring because both parents must continually attend eggs or young or
the nutritional requirements of the young necessitate feeding by both parents. This
hypothesis predicts that monogamy will be advantageous to both the male and the
female (Wittenberger and Tilson 1980). Mandatory male parental care may be the major
cause of "obligate” monogamy in birds which live in harsh environments, have high
predation rates or have determinant clutches of one egg (Oring 1982).

The male parental care hypothesis will be falsified if one can demonstrate that
male parental care is not necessary to produce some offspring that recruit into the
breeding population (Wittenberger and Tilson 1980; see below). At Isast 16 studies have
tested this hypothesis by comparing the fledging success of paired and unaided (males
removed experimentally) females (Fig. II- 1). Almost all of these studies found that
unaided females produced some fledglings; this suggests that male parental care is not
necessary. However, it is difficult to find evidence to support the male parental care
hypothesis bacause this hypothesis is not exclusive (it is only a subset of the polygyny
thrashold hypothesis below) and there is no simple, objective criterion for deciding
whether o not a need for male parental care is sufficient to maintain monogamy.

If unaided females never produce any offspring and sacondary females receive
no male parental care, then males should always be monogamous because secondary
females would contribute nothing to the male's fitness in addition to the reproductive
success of his primary mate. Male removal studies examine the siiuation in which
secondary females receive no male parental care. They do not examine the possibility
that by spliting his parental care between two females, a polygynous male may increase
his fitness relative to monogamous males. However, this possibility only has to be
examined if unaided females cannot produce any offspring (see Chapter . If unaided
females produce some offspring, then strict monogamy is probably less advantageous

to males than polygyny in which the male gives all of his parental care to the primary

female.



2. Polygyny threshold is not exceeded

Monogamy should be maintained in a territorial spacies if breeding with an
unmated male on a lower quality territory is more advantagsous than pairing with an
already-mated male on a higher quality territory (Fig. |- 1; Orians 1969, Garson et a!.
1981, Wittenberger and Tilson 1980). In other words, the quality of breeding
opportunitias is not sufficient to make bigamy advantageous to females. in a given area,
the polygyny threshold is the minimum difference in the quality of breeding situations
that will allow secondary females on high-quality territories to raise as many offspring as
monogamous females on poorer quality territories (Fig. I~ 1). Under this hypothasis, male

parental care is not necessary for producing some offspring (unlike hypothesis no. 1)

and monogamy is more advantageous to females than males. The polygyny threshold
hypothesis may be evaluated as an explanation for monogamy by determining if
occasional cases of polygyny (in typically monogamous species) conform to the
assumptions and predictions of the model. For exanple, if females do not choose
among territorias because their pairing status (monogamous or secondary) has no effect
on reproductive success, then one would have to reject this mode! as an explanation for

monogamy.

Assumptions

The polygyny threshold hypothesis assumas (Garson et al. 1981):

1) Females maximize their annual reproductive success, rather than long-term survival
and reproductive success. Modifications of the polygyny thrashold hypothesis that
incorporate long-term reproductive success are described in Pleszczynsks and Hansell

(1880) and Weatherhead and Robertson (1879).

2) Females choose freely where they breed. That is, they make a choice based on
correct knowledge of the quality of all bresding situstions, and they sre not influenced
by the behavior of already-mated females (i.e.. female aggression does not limit

settiement. see hypothesis no. 3 below).
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3) Females are able to assess the mating status of males. This assumption may be
violated in species where the male has widely separated territories or the territories are

in denge vegetation (e.g., polyterritorial spacies; Alatalo and Lundberg 1984).

4) Compared with monogamous femaies on the same quality territories, primary and
secondary females incur a cost. This cost occurs because sharing a territory results in

lower male parental care per female, increased predation risk or lower food availability.

Predictions

Several quantitative predictions can be madw from the polygyny threshold hypothesis

(Altmann et al. 1977, Garson et al. 1981, Lightbody and Weatherhead 1988; Tabie I-1 ).

1) The polygyny threshoid model predicts that the quality of the breeding situation
should be correlated positively with male mating status (no. of mataes), because males
that offer the highest quality breeding situations attract the most mates. Therefore,

experimentally increasing territory quality should increase the frequency of polygyny.

2) When polygyny occurs in normally monogamous species:

- w3condary females on high quality territories should raise as many offspr ng as
snonogamous femaies on lower quality territories when they settie at th: same
time. This occurs because at any given time females attempt to maximize the:r
expected fitness whan they choose a breeding situation, whether the male on the

territory is unmated or already-mated (Fig. I-2).

i) Settiement date should be earlier on territories of polygynous than monogamous
males. This assumes that territory quality does not change over the settiement
period. Females should settie first on the best quality bresding situstions snd only
these territories will be sufficiently high in quality to compensate polygynous

females for the cost of polygyny. Note in Fig. I-2 thst males on territories 3. 4 and



Table 1-1. Tests of the polygyny threshold model in birds. Y=prediction supported; N=prediction not supported;
?=equivocal results.

Predictions

1

A 2ii

2iij

Territory quality

positively correlsted
with male mating

status

(E=experimental test)

Reproductive success Female scttlement
of secondary females carlier on temitories
equal to or greater of polygynous than
than that of monogamous males
concurrently seutling

Positive comrelation
between s tlement
order of primary and
sccondary females

Species Source monogamous females
Polygynous
Dickcissel Zimmerman Y
(1966)
Harmeson Y
(1974)
Red- Holm (1973) Y Y
winged
blackbird Weatherhead
and Robertson
(1977)
Ewald and Y (E)
Rohwer (1982)
Orians (1980) N Y
Lark Pleszczynsks Y (E) Y
bunting  and Hansell
(1980)
Bobolink Martin (1974) Y
Wittenberger Y
(1980)
Wootton et al. Y
(1986)
Marsh Verner (1964) Y
wren
Vemer and Y
Engelson
(1970)
Leonard and N
Picman (1988)
Northem Simmons et al. Y
harrier (1986)
Alienberg et al. N?
(1982)
Greatreed Caichpole et al N
warbler (198S)
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Tests of the polygyny threshold model in birds. Y=prediction supported; N=prediction not
supported; ?=equivocal results.

Predictions

1

2i

—3ii

2iii

Termitory quality
positively correlsted
with male mating
status
(E=experimental test)

Species Source

Reproductive success
of secondary females
equal to or greater
than that of
concurrently settling
monogamous fcmales

Female sctilement

carlicr on termitories
of polygynous than
monvgamous males

Positive correlation
between scttlement
order of primary and
secondary females

Yellow-  Lightbody and N
headed Weatherhead
blackbird  (1988)

Orians (1980)

Willson (1966) Y
Eastern  Knapton (1988) N
meadowlark
Westem Dickinson
meadowlark et al. (1987)

Monogamous

Blockpoll Eliason (1986) N
warbler
Indigo Cary and Nolan Y
bunting (1979)
Tree Quinney Y?
swallow (1983, 1986)

This swdy N
Pied Alatalo et al. N?
flycatcher (1981, 1982)
Blue tit Dkondt (1987)

Variable maling behaviour

Dunnock  Davies and Y(E)

Lundberg (1984)

Davies and
Houston (1986)

Y?
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% are monogamous, while males on territorias 1 and 2 are polygynous.

i The order of tarritories settied by primary females will ba correlated positively
with the order chosen by secondary femalas. This correlation is expected bacause
each territory will have gone through two sats of comparisons of quality (in cases
of bigamy), and the rank order of territory Quality should be the same for both
primary and secondary females (note that this comparison must only be made on
territories with the same number of mates per male; Fig. I-2).

Wittenberger and Tilson (1980) predicted that this hypothesis would explain most
cases of monogamy in noncolonial, altricia! birds with multipurpose territories. in these
species resource availability may not differ enough among territories to eaxceed the
polygyny threshold. The male parental care hypothesis may be thought of as a specis!
case of the polygyny threshold hypothesis, in which the quality of the braeeding
opportunity is so low that both parents are an absolute necessity for raising offspring
(bacause of low resource availability or high predation rates. etc.: Gowaty 1981). | have
separated these two hypotheses to distinguish cases where monogamy is advantageou's
to both sexes from cases where it may be advantageous only for femasles (Wittenberger
and Tilson 1880).

There have been very few complete tests of the predictions of the polygyny
threshold hypothesis in typically monogamous birds (Table I-1). Several dascriptive
studies have found differences in the quality of territories held by monogamous and
polygynous males, but this does not provide support for just the polygyny threshoid
mode! {e.g., this is also likely to occur under the female aggression hypothesis {1 ). 3)),
nor do these results preclude the possibility of spurious correlations (especially when
researchers measure many variables). A polygyny thrashold based on vegetation
structure or food has only been tested experimentally with lark buntings (Calamospiza
melanocorys. Pleszczynska and Hansell 1980), dunnocks (Prunaells modularis, Davies and
Lundberg 1986) and red-winged blackbirds (Agelaius phoenicus, Ewald and Rowher
1982; Table I-1). Others have examined the role of male territory size on the frequency
of polygyny using male removal experiments (Hannon 1984, Smith et al. 1982) or

testosterone treatments (Wingfiald 1984) that resulted in larger male territories. In these
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studies, males with larger territories bacame polygynous. Therefore, territory size may
be correlated with a polygyny .rashold in some species. However, if females base their
choice of breading situstion on territory size, then there should be a correlation
between female reproductive success and territory size (for a given number of

females/ territory). However, this correlation was not examined in the above studies,
apart from yeliow-headed blackbirds (Lightbody and Weatherhead 1988) for which no

corraistion was found.

3. Aggression by females maintains monogamy

Even if pclygyny is advantageous to some fsmales, birds might still remain
monogamous if Already-mated females behave agaressively toward potential secondary
females and prevent them from settling and breading with their mates. Monogamous
femaies would presumably be aggressive toward potential secondary femaias if these
females increased competition or predation or decreased the amount of ma'e parental
care received by the primary female (Yasukawa and Searcy 1982). Several studies
suggest that female aggression limits the number of mates gained by males, but few
studies have rigorously tested this hypothesis. The female aggression hypothesis
predicts: 1) the settiement of secondary females imposes a reproductive cost on
already-mated fomales, 2) prior to settisment of the secondsry female, primary females
were less aggressive toward intruders than monogamous females, 3) after settiement of
the secondary female, primary females should continue tc *o sggressive toward the
secondary female to reduce the costs of sharing a territory by either forcing the
secondary female out or reducing the amount of resources she uses) and 4) if female
aggression limits the settlement of secondary females, then secondary females should

settle later than monogamous females, mo:t likely when monogamous femaies become

less aggressive (e.g.. after laying;.
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Il. EVIDENCE FOR OBLIGATE MALE PARENTAL CARE IN BLACK-BILLED MAGPIES

INTRODUCTION
Most species of birds are monogamous, in contrast to the widespresd

occurrence of polygyny in other vertebrates (Lack 1968; Moller 1986). Since malas
contribute more parental care in monogamous than polygynous birds (Verner and Willson
1969; Maller 1986), monogamy has often baen explained by a need for male parental
care in order to produce oftspring successfully (Lack 1968. Emien and Oring 1977,
hypothesis 1 of Wittenberger and Tilson 1980). However, this association does not
necessarily indicate what factors maintain monogamy in bird populations. Male parental
care would only explain monogamy in a population when 1) females cannot rear any
offspring without male parental care (hypothesis 1 of Wittenberger and Tilson 1980) or
2) the reduced amount of male parental care oftan associated with secondary mate
status (e.g., Lifjeld et al. 1987) makes pairing with unmated males more profitable to
females than pairing with aiready-mated males (hypothesis 2 of Wittanberger and Tilson
1880). Experimental removal of males can indicate how important male parental care is
for female reproductive success and, thereby, its significance in the maintenance of
monogamy.

Almost all male removal studies have found that unaided females were able to
raise successfully some offspring (e.g.. Weatherhead 1979, Gowaty 1983, Lyon et al.
1987). Only one study found that females could not produce any young without male
parental care (Western Sandpiper, Calidris mauri; Erkmann 1983). in altricial birds, the
ability of unaided females to raise young successfully suggests that most spacies are
monogamous because it is advantageous to females (hypothesis 2), and not to both
sexes thypothesis 1. Wittanberger and Tilson 1980: 201). However, hypothesis 1 of
Wittenberger and Tilson (1980) may explain monogamy in more birds than thought
previously because. relative to females, maie removal studies have generally examined
species with low levels of male parental care (Fig. II-1). There is a need for male removal
studies in monogamous species with varying levels of maile parental care so | can better
understand the relative importance of male parental care varsus other constraints in the

maintanan~a nf mannnamu (Mnark 1QRRK)Y



Fig. H-1. The distribution of male removal studies in typically monogamous birds (listed
by common name; scientific names and references are given below) in relation to the role of
males during breeding. Data on the role of the male during breeding came from Verner and
Willson (1969), the male removal study or personal communication (Song Sparrow, W.
Hochachka). Arrows indicate differing results among studies. Behaviours under role of
male during breeding indicate breeding activities of most males of a given species (if data
were not available from the male removal study). 'X's above a colvmn indicate that males
participate in that behaviour. Snow Buntings were not included in the group of species
with relatively large male parental investment (far left column) because it was not clear
whether males that accompany females are contributing relatively more to parental
investment, ensuring their patemity or both. Reproductive success was only compared
between control and male removal groups using fledging success so estimates of
reproductive success would be similar. Scientific names and references used: Snow
Goose (Anger caerulescens), Martin et al. 1985; Western Sandpiper (Calidris maur),
Erckmann 1983; Willow Ptarmigan (Lagopus lagopus), Hannon 1984, Martin & Cooke

1987; Pied Flycatcher (Ficedula hypoleuca), Alatalo et al. 1982; Tree Swallow
(Tachycineta bicolor), P. Dunn unpubl. data; Black-billed Magpie, this study, Blne Tit

(Parus caeruleus), Sasvari 1986; Great Tit (Parus major), Sasvari 1986, Bjorklund &
Westman 1987; Eastemn Bluebird (Sialia sialis), Gowaty 1983; Northern Cardinal
(Cardinalis cardinalis), Richmond 1978; Savannah Sparrow (Passerculus sandwichensis),

Weatherhead 1979; Seaside Sparrow (Ammodramus maritimus), Greenlaw & Post 1985;

Song Sparrow (Melospiza melodia), Smith et al. 1982; Dark-eyed Junco (Junco hyemalis),

Wolf et al. in press; Snow Bunting (Plectophenax nivalis), L.yon ct al. :987; Brewer's

Blackbird (Euphagus cyanocephalus), Patterson et al. 1980,
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This paper describes a male removal experiment designed to evaluate the
contribution of male parental care to reproductive success among Black-billed Magpies
(Pica pics). Black-billed Magpies are monogamous corvids with apparently long-term
pair-bonds and small differances between the sexes in terms of total energaetic
investmant during breeding (Mugaas and King 198 1). The total energetic investmants of
male and female magpies are similar because males provide most of the food saten by
their mates during incubation, which has a relatively low energetic cost for females
(Mugaas and King 1981). Magpies may engage in extra pair-bond copulations, although
these appear to be rare, and there is no evidence of subsequent male assistance in these
cases (Birkhead 1979, Buitron 1983). In the absence of information on ganetically
effective matings, | consider that magpies pair monogamously bacause they maintain 8
prolonged and essentially exclusive relationship with one partner during the breeding

season (Wittenberger and Tilson 1980).

METHODS

The study was conducted on 2 areas in the North Saskatchewan River valiey in
Edmonton, Alberta, Canada during April - June 1985-87. One study area included
Kinsmen and Queen Elizabeth Parks, and the other study area was Riverside Golf Course.
In 1987 | also included magpie nests on the University of Alberta campus and in a nearby
residential area {Campus-Windsor Park). The general habitat types were similar to those
described by Hochachka and Boag (1987).

Nests were checked at least 3 times each season to determine laying date (date
of clutch initiation). clutch size, and number of young fledged. Laying date was
determined directly for all nests by inspaction of nests before and during laying and by
back-dating from the observed number of eggs (assuming that one egg was lsid/ day,
plus a gap of one day at some point in laying; Hochachka 1985: 12). Fledging success
was taken to be the number of young in the nest at 20 dsys of age (approximately 1
week before fledging). Nestling age was determined from a known hatch date or by
calculating nestling age from a logistic growth equation for bill depth (C. Scharf, unpubl.

data). In 1987, nestlings of known age were waighed to determine if young in nests of
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failure was indicated by the loss of al! eggs or young.

Nests were observed approximately once per week from mid-April to late-May
between 0800 and 1800 h. Observers watched nests from approximately 20 m away.
This is closer than most pravious studies; however, magpies in the city of Edmonton
have habituated to heavy human activity near their nests, so | do not beliave that my
presence influanced their behavior. Each observation session consisted of tan 3 minute
periods (each period separated ty approximately 3-5 minutes) in 1985 and one 60
minute period in 1986 and 1987. An initial nest was chosen randomly every week, after
which nests were picked systematically for observation during that week. The time of
day that control and unaided females were observed did not differ during the incubation
or nestling periods (t= -0.03, df= 11, P= 0.98 for incubation; t= -1.64, df= 11, P=
0.13 for the nestling period; times were arcsine transformed). During each observation
period, observers racorded the total number of trips inside the nest by both males and
females (feeding trips could not be distinguished from other trips) and the length of time
control and unaided females spent on the ground (mostly foraging) and sitting in trees
and on the nest. Unaided and control females were observed for 85 and 108 hours,
respectively. However, my analyses were confined to 81 and 33 hours of observation
on unaided and control females, respectively, because males and females couid not be
distinguished reliably at control nests where neither bird was marked individually and
because of missing data for some behaviors. Therefore, my observations at control
nests only come from pairs in which the sex of each bird was known (one or both birds
were marked with unique combinations of plastic, colored leg-bands).

Within each study area, territories were chosen randomly for removal of males,
although territories where males were removed in previous years were excluded from
removals in subsequent years. Magpies were caught with an array of fishing-line nooses
attached to wire wickets sunk into the ground around a live, decoy magpie (Scharf
1985a). Birds were classified to age (yearling or adult) based on the iength of :he black
tip of the 10th primary (Scharf 1985b: 94) and to sex based on wing length ~nd beak
size (Scharf 1987). Ciassification of age based on the length of the black tip of the 4th
primary (Erpino 1968) was not an accurate method of classifying age in this population

(Scharf 1985h: 94} Ramovad maanias wara kant in an aviary Malae aceimnad éar
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removal were not marked prior to their capture so the territorial status of captured
males was determined by 1) their location prior to capture (nesr the removal nest or
another territory), 2) by the response of the famale toward the male that was caught
(before and during capture attempts) and 3) by the presence of other birds on the
territory immediately after capture of malas presumed to be territory holdars. | assumac
that | caught the territory holder if no other bird was sesn with the famale at the
removal nest on the day of capture. When maies assigned as controls could be caught
they were measured, color-banded and held for 30 minutes befor: release, to control
for the possibility that female magpies might dasert their nest immadiately if males
disappear for short periods of time. However, females did not desert nests within 1 day
of banding of their mates, nor immadiately after their own banding, so | do not believe
that capture and banding caused any of the observed nest desertions. Numbar of visits
to the nest by observers was similar between contro! and unaided nests to control for
human disturbance.

Laying date and clutch size of control and male removal (unaided) females were
compared with two-way ANOVA's (main effects were treatment and study ares) each
year to determine if there were any a priori diffarences that may have biased the
fledging success results. Laying date and clutch size were approximataly normally
distributed; however, fledging success of all nests (both male removals and controls)
was not normally distributed because of nest failures (zero fledging success) among the
male removal group. The ten 3-minute observation periods during sach observation
session in 1985 were combined and multiplied by two to make nest visit rates squivalent
to the 60 minute observation sessions in 1986 and 1987. To analyze nest visit data, |
first calculated a mean rate of visits for each nest from multiple observations to obtain
independent ssmples. These means were caliculated separately for the incubation and
nestling periods. Individual means for each nest were then analyzed with two-way
ANOVA's in which the main effects were treatment and year. The year effect controlied
for the difference in length of observation sessions batwesen 1985 and 1986-87.
Multi-way ANOVA's were performed with the General Linear Models procedure of the

Statistical Analysis System (SAS Institute, 1982), and tests of significance were based
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two-tailed and were considered significant at the 0.05 probability level. Means are

presented with thair standard arrors.

RESULTS
Twenty-nine male magpies were trapped at 28 nests chosen for ramoval of

males (a territorial male and a replacament male were trappad at the same nest in 1987).
| attampted to reamove half of the males during Iaying or early incubation and the other
half during late incubation. However, difficulties in trapping males led to a removal
schadule of 2 before laying, 19 during laying or the first half of incubation, and 5 during
the last half of incubation or early post-hatch. In addition, 2 more males weare removed
from thair territories, but the stage of nesting was not known st the time of removal. |
was unable to remove additional territorial males because magpies on most territories
did not usually approach the decoy and nooses after three trapping attempts or during
late incubation.

Following the removal of presumed territorial males, replacement males were
seen assisting territorial females at 9 of 28 nests (32%). All of these replacement males
were seen defending the nest again<t intruders (other magpies or human observers) or
feeding the female at least once. Femaies were not observed with another male for at
most 5-13 days after ramoval at seven of these nests and for a maximum of 2 days at
the other two nests. Eight of these nine nests were analyzed separately for the effact
of replacement males cn fledging success. The remaining nest was included in the
sample of unaided females because | were able to ramove the replacement male (a
yearling) less than 5 days after it appeared. Except for this nest, my repeated attempts
to remove replacement males were unsuccessful. Another potential case of replacement
involved a male (color code RAOG) neighbor that was seen near the nest of an unaided
female in 1987. However, this male was not considered a replacement because it did
not appear to assist the widowed female (during 11 hr of observation). Replacement
males were seen at 1) both nests where the male was removed prior to laying, 2) at two
of 19 nests where maies were removed during laying or the first half of incubation, 3)

at two of five nests where males were removed during the second half of incubation or

- LY . e
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known at the time of male removal.

Unsided females

| examined laying date and clutch size at control nests and nests of unaided
femalas to see if there were any a priori differences that could have biased
comparisons of fledging success. Laying date for the first 8gp in a clutch and clutch size
(Table Ii-1) did not differ between control nests and nests of unaided females nor among
study areas in any year (two-way ANOVA's for each year, main sffects wars treatment
and study area; P>0.09 for laying date each year; P>0.11 for clutch size each year). The
fledging success data could not be tested for differences among years and study areas
using data from nests of unaided females because these data were not normally
distributed (all nests failed). Therefore, | tested for study area ana year effects with data
from control nests only. | also excluded 1987 data from the Campus study ares in order
to avoid empty celis in the two-way ANOVA design. Whan only control nests were
examined, there was 3 significant difference in fledging success among years (two-way
ANOVA, main effects were year and study area; F=4.38, df= 2,72, P=0.016), but
there was no difference among study areas (F= 2.84, df=1,72, P= 0.096). Inspection of
the least-squares means for each year indicatad that the difference among yesrs was
due to a low fledging success in 1986 (see also Table li-1).

No young fledgad from the 20 nests where females ware unaided (Table II- i),
while the rate of nest failure for all control nests was 48% (51/ 106 nests, Table II-2). |
tested whether nests of unaided females failed at a significantly higher rate than control
nests by using a randomization test (Sokal and Rohif 198 1) that estimated the probability
of finding the observed number of nest failures at mals removal nests among a
randomly-chosen sample (of equal size) of control nests in the same year and study area.
Ten thousand random samples (size of each sample = no. of nest failures at male
removal nests) were drawn with replacement from control nasts in each corresponding
year and study area to calculate the probability values in Table II-2. Two of seven of
these simulations resulted in a significant outcome (P < 0.05), meaning that the observed
rate of nast failure among male removal nests would not be expected by chance alone

(for a aiven studv area and vear cataanryvl An nuarall nrahahilitu valie wes astimmatad b



Table II-1. Reproductive parameters of black-billed magpies at control and male

removal nests with and without replacement males in Edmonton, Alberta, April-

June 1985-1987. No renests are included.

Laying Clutch Fledging
a
date size success
_ b _ IR - hP
Year Treatment X SE N X SE N X SE N
1985
Controls 20 Apr 1.3 23 6.0 0.3 26 2.3 0.4 26
Male removals
c
aided 23 Apr 5.2 5 6.8 0.5 5 2.2 0.9 S
unaided 22 Apr 1.2 7 6.9 0.3 7 0.0 0.0 7
1986
Controls 18 Apr 1.5 20 5.9 0.5 14 0.9 0.2 25
Male removals
. c
aided 19 Apr 1 3.0 1 0.0 0.0 3
unaided 23 Apr 4.9 3 5.3 1.2 3 0.0 0.0 3
1987
Controls 18 Apr 0.9 32 6.8 6.2 26 1.6 0.3 55
Male removals
c
aided
unaided 20 Apr 1.8 9 6.7 0.5 7 0.0 0.0 10

a
Number of young fledged per female; includes nest failures.

b
Nunmber of nescs.



26

822°0 L 12 0 S 982°0 YT 9 0 T 960°0 S z 0 "
{
6S1°0 A S 0 4 0°1 0 S 0 1
¢
%00°0 21 2 0 £ 8110 s ¢ 0 n
¢
d S d S a d S 1 S 3 1 s a s 4 1
1013u0) saTewa} T0a3u0) saTeway 1013u0) SDTEWD
popreUn papTeupn popreug
%124 10SpurpM-snduer @5IN0) JT0H SPFSIBATY Sjieq *g-d -udwsuly

- *(uor3eueTdx® 103 3Ix23 225 ‘3sa3 UofjeZIWOpPURL) 1

pue ea1e Lpnis ua~}d = uy siseu yJoa3zuoo Tre Juoue S2TPW33 POPIEUN JO S3ISIU 3B SPINTTE] ISOU jo a19q

P2A13sq0 343 Buyputy 3o (d4) A3I¥rTqeqoad 2y3 pue Bunok sonpoid o3 (d) P2TTe3 120 (S) A[In)ssad

8unof auo 1sest 3e pa28pa13 3=yl soydfeuw POTTTq-158Tq 4q sadwa3le Jurisou jo 1aquny “Z-1t



the total number of tests made (N=7; Table D.30 in Zar 1974). The probability that two
tests (sach with a probability of 0.05 or less) would be significant, out of sevan tests
altogether, is 0.04. Therefore, | concluded that even though our sample sizes for mals
removal nests were low, the failure of all 20 nests would not be expected by chance.

Time of nest failure was known in relation to hatch for 13 nests of unaided
females (only nests in which the male was removed bafore the latter half of incubation);
of these, 7 nests were lost or daserted after hatch (54%). Nests of control birds
showad a similar pattern: nine of 16 nests failed after hatch (56%; G= 0.04, df= 1, P
>0.75). The maximum number of days between male removal and nest failure (our nest
chacks were not made often snough to determine the exact date of failure) averaged
22.212.1 d. (n=20 nests). There was no relationship between timing of male removal
(relative to hatch date) and time to failure of the nest (midpoints of ranges were used
when exact dates were not known; ri= 0.04, df= 19, P= 0.38). | found littie direct
evidence of predation on nests (2- 10% of nests, Table II-3); however, the cause of most
nest failure was unknown (75-86%). More nest failures appesred to be associated with
spring snowstorms (20-39%) than with predation (Table II-3). Body mass of nestiings <4
days old was similar between nests of unaided (13.8:0.3 g. mean=SE. N= 11 nestlings)
and pared (13.6x1.1 g, N= 38) femaies (t= 0.18, df= 47, P>0.5). but at 5-9 days of
age body mass was lower in nests of unaided (24.121.2 g, N= 8) than paired (42.9:4.2
g. N= 22) females {t=4.16. df= 28, P< 0.001). Most nests of unaide:! feriales failed
after nestlings reached 9 days of age. so we do not have any data for later ages.
Although my data are Iimited. they suggest that starvation may have been the cause of
nest failure when males were removed

| thought that unaided females would change their behavioral patterns to
compensate for the loss of male parental care. However, | found no differences
between unaided and paired females in the total time sitting. time spent in the nest or
time spent on the ground (Table li-4). During both the incubatior and nestiing periods.
number of nest visits/ hr did not dif fer between unaided and paired females. although
there was a trend (P= 0.09) toward more nest visits by unaided than p-red females
during incubation (Table II-4). During incubation, the total rate of visits at control nests

(1e.. both the maie and female) was 1.8 times greater than the rate at nests of unaided
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Table 1I-3. Causes of total nest failure in black-billed magpie nests,

Edmonton, Alberta, April-June 1985-1987.

Predaciona Desertion of nescb Unknown Totalc
Treatment y4 N % N ~ XN I N
Control 3 1 17 6 81 29 100 36
Unaided
female 10 2 15 3 75 15 100 20

aFeathers or cracked eggs were found in or near the nest.
b
Cold eggs or dead young were found in the nest. This could also have

becn due (o predation on the female parent.

C
Thirty-nine percent (N= 14) of control nests and 202 (M= 4) of nests of

unaided females failed within two days of 4 snowstorm.
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females, and during the nastling period it was 2.4 times greater at control nests (Table
4). The difference in total nest visit rate during the nestling period was not due to
differences in the age of young in nests of unaided versus pairad females (7.9+2.1 days
old in control nests, 8.9:2.0 days old in nests of unaided famales: t= 0.36, df= 14,

P>0.5).

Widows with replacement males

Females with replacemant males produced as many fledglings ss control females
in 1985 (t= 0.1, df=28, P> 0.9), but in 1986 femaies with raplacement males produced
fewer fledglings (Table II-1), aithough the sample size was too small for testing in 1986
(the one replacement male in 1987 was removed). When raplacement males assisted
widows, nest failure rates were 20% (1/5) in 1985 and 100% (3/3) in 1986, compared
with rates of 35% (9/26) and 52% (13/25) at control nests in 1 985 and 1986,
respectively. It appears that widows with raplacement males can produce as many, or
almost as maryy, offspring as control famales. However, except for the potential
replacemant male in 1987 (RAOG), | never observed males associating simultaneously
with 8 widowed female and another female. and we did not know the breeding status of
replacement males. If male ROAG were breeding simultaneously with two females, then
it would have produced fewer fledglings than monogamous males, because ROAG
produced one fledgling at his original nest and no of fspring were produced at the nast

of the unaided female that he visited.

DISCUSSION

In contrast to aimost all other male removal studies, female Black-billed Magpies
that lacked male assistance were unsuccessful in raising any young. This indicates that
male parental care 1s more important in Black-billed Magpies than any other passerine in
which males have been remcved experimentally thus far (Fig. II-1). Buitron (1988) found
a similar effect of loss of male parental care on fledging success in two cases when
males disappeared prior to fledging. However, after fledging. two unsidad birds (1 male
and 1 female) were able to raise 4-6 young to independence (Buitron 1988). It should be
noted that my conclusions depend on two assumptions. First, it could be srgued that my

sample of unaided females was not a random sample of the entire population, but just
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of those females that for some reason were not able to attract a roplacement male. The
females that gained a replacement male may have beer. bstter quality parents, and they
may have been able to raise offspring alone. My evidence to suggest that this was not
true came from the one widowed female that gained a replacement male, but
subsequently failed to produce any young after | removed the replacement male. To my
knowledge, there is also no evidence that characteristics related to a famale's ability to
attract mates is correiated with quality as a parent. Second, my resuits do not
necessarily indicate that an absolute need for male parental care maintains monogamy in
magpies, as implied by hypothesis 1 of Wittenberger and Tilson (1980). Hypothesis 1
would only apply if monogamy were advantageous to both sexes. There is still the
potential for male magpies to produce more offspring by aiding two females, if two
females can each produce some offspring with a fraction of the male's tota! parental
care. | use data from our study and others to arguc below tha: monogamy is also
advantageous to male magpies.

Information on replacement males that were neighbors could suggest whether
males can successfully split their parental care between two females. In this study |
found no evidence that raplacement males were neighbors. However, only one of eight
widows with replacemant males had a neighbor that was banded. A potential
replacement male (RAOG) was seen at more than one nest in this study, but this male
only assisted the female on his original territory. Even assuming that male RAOG was
bigamous, this male would not have increased his fiedging success above that of
monogamous males. | suspect that most replacement males came from flocks of
non-breeding magpies present throughout the breeding season.

| also could not find any other studies in which male magpies increased their
reproductive success by splitting their parental care between two nests. Baeyens
(1981a. pers. comm.) reported two cases of "bigamy" that arose when malas were
captured and a neighboring male annexed the territory and remaining mate. Howaever, in
these cases the eggs were rotten or the young were dead in the neighboring male's
nest, so these cases might be considered renesting attempts rather than simultaneous
bigamy. In addition, no eggs were laid during these new associations and the former

pair-bond was restored when the captive males were released (after 4-18 d.). In cases
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where males disappesred before aggs were laid, replacement males bred successfully
with the widowed females (Baeyens 1981a, pers. comm.; see also Buitron 1988).
Therefore, although Black-billed Magpies may mate with more than one bird in a breeding
season, it appears that "bigamy” is sequential (after nest failure), rather than
simuitaneous. Even in cases where replacament malgs may be breeding simultaneously
with two females, it appeared that they were no more successful than monogamous
males (Baeyens pers. comm., this study). In summary, monogamy is probably
advantageous to both male and female magpies because completely unaided females
produce no offspring, and males do not appear to profit from polygyny. To my
knowledge, this is the first experimental evidence reported for obligate male parental
care in a passering.

If reproductive success invariably falls to zero following male removal, then one
might hypothesize that unaided females should desert their nest or attempt to gain a new
mate. Instead of deserting immaediately, unaided females remained at their nests for over
2.5 weeks followirg removal of their mates (see also Shannon 1958, Basyens 198 1a).
These females might remain at the nest if gaining a replacement male at the first nest is
less costly (in terms of reproductive success) than renesting. Successful renasting is still
possible throughout the nestling period in this population (mid-May to early June: e.9.
73% (8/11) of renests were successful in 1987; c.f. Erpino 1986b). Nevertheless. 68%
{19/28) of all unaided females did not gain a replacement male and about half continued
nesting until after hatch. | cannot explain why these females did not desert thair nests
earlier. Replacement males may become more availabie later in the breeding season (after
other nests fail) or it may be possible for unaided females to raise a few offspring in
years of high food abundance (Lyon et al. 1987).

Behavioral observations suggested that unaided females were not able to
compensate significantly for the loss of male parental care. Bafore and after hatch,
unaided females made fewer visits to the nest than tha total visits of both the maie and
female in control pairs. This ditfference is iikely due to the male providing most of the
incubating female's food and the increasing participation of females in nest visits as the
nestling period progresses (Buitron 1988). During incubstion, contro! and unaided

females spent similar amounts of time in the nest (7 1-76%) and on the ground (4-5%).



33

Buitron (pers. comm.) found that an unaided femals made more feeding trips and had a
lower nest attendance rate whan her mate disappeared during incubation. My results are
similar in that unaided females tended to increase their rate f nest visits, but | cannot
explain the lack of difference in nest attendance betwesn unaided and control females.
Unaided females may compensate for the loss of male feading by foraging more often
while they are on the ground; however, | did not record direct measures of feeding
rate. Buitron (1988) also found an increase in feading rate by an unaided female when its
mate disappeared 2 days after the young fledged from the nest. However, this
increased feeding rate was still lower than it had besn when both parents were present.
In contrast to Buitron (1988), | may not have found an increase in the nest visit rate of
unaided females during the nestling period because the birds | observed had young
nestlings (mean= 7 d. old), and they may have been spending more of thair time brooding
the young. Other studies have raported that females spend over 60% of their time in the
nest during the early nestling period (Erpino 1986b, 67%; Buitron 1988, 72%). In this
study | found that unaided females spent a similar percentage of time in their nests (63%,
Table ii-4). however, control females only spent 38% of the time they were observed in
their nest. The small sample size in this study for control nests during the nestling period

may be the cause of the discrepancy among studies.

Why is male parental care essential?

Buitron (1988) suggested that male and female magpies were so specialized in
their types of parental care that both parents were needad to produce offspring. This
may be true in terms of physiological adaptations for incubation and brooding (e.g.. the
male has no brood patch); however, magpies can alter some behaviors such as the rate
of food delivery to nestlings (Buitron 1988) and the nest visit rate during incubation
(Buitron pers. comm., this study). One major role of males may be supplying incubating
and brooding females with most of their food (Baeyens 198 1a; pers. obs.). Adding food
increases the number of young ieaving successful nests (i.e., those that produce at least
one fledgling). althcugh it did not decrease the rate of nest failure in this population
(Hochachka and Boag 1987). Aithough my data are limited, the lower body mass cf
young in nests of unaided females suggests that starvation may have been the cause of

nest failure among unaidad femaies. | could not find any difference in the cause of nest
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failures batwaen unaided and pairad females; howsver, the cause of nest failure was
unknown in most cases. A contributing cause of nest failure may be spring snowstorms
that appear to cause many nest failures (Table II-3; c.f. Buitron 1983b: 225). Male
parantal care may also be important in magpies for protection of aggs and young Against
predators {Basyens 198 1b, Buitron 1983b). However, nest predation did not appeasr to
be the major cause of total nest loss in this study (3-10%) or othars (mean= 27 6%, n=
€ populations; Baeyens 1981b, Tatner 1982, Balanga 1984, Reese and Kadiec 1985,
Buitron 1988). Total nest failure from all causes may be a major iimiting factor in magpie
reproduction (mean nest failure rate= 46 + 4%, N= 14 populations; Hogstedt 1980,
Baeyens 1981b, Vines 1981, Moller 1982, Tatnar 1982, Sesl 1983, Balanga 1984,
Hochachka 1985, Reese and Kadlec 1985, Buitron 1988). Although | are not sure of the
cause of nest failure in this study, it may be possible to determine why male parental
care is so important by examining the mechanism of nest failure in greatsr detail.

Most other male removal studies have also not detarmined why male removal had
a significant effect on reproductive success. Several authors have suggested that
feeding nestlings may be the primary banefit of male parental care (Alatalo et al. 1982,
Bjorklund and Westman 1986, Lyon et al. 1987). This conclusion was based on a lower
body mass at fledging among young of unaided females. However, feeding ability may
not be the ultimate cause of lower reproductive success if unaided females have to
spend more time in other activities (e.g., predator defense) that subsequently reduce
feeding rate. This possibility, plus the potential for interactions batwean feading rate and
predation (Wolf et al. in press), indicate that only carefully designed experiments can

determine why male parental care is important.

Maie parental care and monogamy in other species

If, among species, female reproductive success is correlated positively with mgle
parental care, then one may expect to find a greater reduction in reproductive success
following male removal in species with relatively greater male parental care. This
relationship is not clear-cut (Fig. Ii- 1), although there appears to be 8 trend toward
greater loss of reproductive success among species in which the male contributes to
building the nest, incubating (or feeding the famale while she incubstes). and feeding

nestiings than among species in which the maie mainly feeds or tends the young (Fig.
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II=1). Figure I-1 may be confounded by differing times of male ramoval in each study.
Howaever, the effact on reproductive success was not associated with the period of
male removal in thase studies (removal pariods were laying. incubation and nestling; G=
0.79, df= 2, P= 0.67). The effect of male removal on reproductive success may also
be influenced by the relative extent of male investmant in each bresding activity, rather
than just whether or not the male assisted in a particular activity. A more quantitative and
less arbitrary means of comparing species (and also of predicting where they may fit
into the scheme in Fig. li- 1) may invoive estimating energy expenditure of males and
females during breeding (e.g., Mugaas and King 198 1; Beissinger 1987). Howaver,
energy expenditure may be a biased estimator of parental investment if males engage in
risky behaviors (e.g., predator defense) that may be relatively low in energy expenditure
(see also Bryant et al. 1984).

Wolf et al. (in press) have reviewed male removal studies of passerinas. They
concluded that male removal had the greatest effect on reproductive success in species
that nested in cavities or bred at higher latitudes (both are correlated with larger ciutch
sizes; Wolf et al. in press). Species with larger initial clutch sizes might banefit relatively
more from male parental care because the value of male parental care is greater with
larger clutches (Patterson et al. 1980). Data from studies of passerines in my Fig. II-1
suggest an almost significant trend toward larger clutch size among species with a
significant decrease in reproductive success following male removal (4.3 + 0.5 eggs.
N= 5 studies vs. 6.9 £ 1.1 eggs. N= 6 studies; t= 2.2, df= 7, P= 0.064). However, this
trend may not continue with species that always fail following male removal; magpie
clutch size in this study averaged 6.2 eggs.

Both this study and the study by Wolf et al. (in press) indicate gaps in our
understanding of what factors maintain monogamy in different species and populations
of birds. Patterns of male parental care will not completely explain monogamy le.g.. Fig.
II-1); however, an understanding of how male parental care varies across monogamous
species and why it is important in each spocies will allow us to examine the relative
importance of other constraints (e.g., breeding synchrony, environmental variability,

variance in territory quality) on breeding behavior.
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ill. FOOD ARUNDANCE, POLYGYNY AND MALE PARENTAL CARE IN TREE
SWALLOWS

INTRODUCTION

The abundance and distribution of food is thought to have a major influsnce on
the mating systems of vertebrates (Emlen and Cring 1977, Oring 1982). Relatively low
food abundance may necessitate male parental care in a given brood and favor
monogamy. Abundant food levels may reduce the importance of male parental care and
allow males to seek additional females for mating (if they can take advantage of the
‘extra” time available to seek additional mates; Emien and Oring 1877). There have been
many interspecific studies of mating systams and food abundance in birds to support
the hypothesis that food abundance influences mating behavior (e.g. Crook 1964,
Wittenberger 1978, Orians 1980, Beehler 1985). Howavar, interspecific studies cannot
separate the effects of phylogeny and environment, which makes inferances about
causation more difficult (Jarman 1982). Few studies have examined the influence of
food abundance on mating behavior within a species (Harmeson 1974, Wittenberger
1980, Davies and Lundberg 1984, Quinney 1986, Simmons et al. 1986). The influence
of food abundance on the need for male parental care is an important test of mating
system theory.

Male removal studies have been used to examins the importance of male parental
care to reproductive success. These studies have generally found that male parental care
increasas reproductive success, but it is not an absolute necessity (e.g., Weatherhead
1979, Smith et al. 1982, Gowaty 1983, Greeniaw and Post 1985, Bart and Tornes
1989; but ses Erkmann 1983, Chapter Il). However, the effect of male removal varies
among studies (Wolf et al. 1988), and it m.z vary among yaars (Lyon et al. 1986, Bart
and Tornes 1989). Without information on food availability it will not be possible to
determine how much of the variation among studies is due to ecologica' or phylogenetic
constraints. Previous studies of mating systems have used experimental manipulations of
nesting cover, food or sex ratio to determine if resources or competitors limit polygyny
(Pleszczynska and Hansell 1980, Ewald and Rohwer 1982, Smith et al. 1982, Davies and

Lundberg 1984, Hannon 1984); however, experimental tests of the need for male
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parental care have not been made praviously in habitats with different levels of food
availability.

The need for male parental care in tres swallows (Tagchycineta bicolor) may be
influenced by food abundance (Quinney 1986). Two studies of tree swallows in southarn
Ontario reached different conciusions about the importance of male parental care to
reproductive success (Leffelaar and Robertson 1986, Quinney 1986). Based on
removals of males, Leffelaar and Robertson (1986) suggested that male parental care
was necessary to feed and raise a full brood of young and, therefore, was a sufficient
explanation for the maintenance of monogamy. In contrast, Quinney (1983, 1986)
suggested that male parental care was not always an absolute necessity and that
polygyny may occur when food abundance is sufficiently great that it becomes
advantageous to females to bacome the secondary mate of a polygynous male.

In this paper | investigate the influence of local variation in food abundance on
male parental care and the maintenance of monogamy in tree swallows. We studied tree
swallows in two habitats that appeared to differ in food abundance and nest-box
occupancy rate. High rates of nest-box occupancy may be associated with higher rates
of polygyny (Quinney 1986). Data collected one year before we began this study
suggested that swallows at my study site occupiad more nest-boxes in lakeshore (69%,
18/26 nest-boxes) than in roadside/ agricultural habitat (45%, 9/20: G. L. Holroyd, pers.
comm.), and based on lone famales feeding nestiings, we suspected that polygyny may
have been occurring at the lakeshore. Visits to these areas du-ii -J egg-laying suggested
that aerial insect abundance was greater at the lake than the road si.. . A third area next
to a marsh appeared to have been intermediate betwean the lake and roac “ites in insect
abundance. Most of my comparisons, howaever, will be macde between the presumed
extremes in food abundance at the lake and road sites.

To examine the effect of food abundance on the need for male parental care |
removed mated, male swailows in each habitat. Assuming that food abundance was
lower at the road than the lake, | expected that: 1) natural cases of polygyny would be
more common at the lake than the road, and 2) simulated polygyny (i.e., unaided femalas)
would be more advantageous at the lake because the need for male parental care would

be lower in a high food area. In this population of tree swallows polygynous males
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rarely assist secondary femalies (P. Dunn unpubl. data), so the reproductive success of
experimentally-unaided and naturally-occurring secondary females was similar within

sites (see Lealow).

METHODS

Study animal

Tree swallows nest readily in nest-boxes provided by man. At my study area in
central Alberta, Canada, tree swailows have a single brood of altricial nestlings each
year. Clutch size varies from 3 to 8 (annual means= 6.1 to 6.7 eggs) in central Alberta.
Eggs are incubated by the female for about 14 days. During incubation the male guards
the nest, but does not incubate. Young fledge from the nest at 18-20 days of age. and
both sexes feed the nestlings. Foraging occurs both on and off the territory. Polygyny
occurs in 5 (Quinney 1883) to B% (this study' of territorial males, and it can occur in two
ways: 1) two females nesting in the same nest-box (Quinney 1983) or 2) two females
nesting in separate nest-boxes defended by the same male (this study). In the first case,
the maie and both females appear to feed all tho young in 8 nast-box, while in the
second case, the male aimost always feeds the young in the nest of the primary female
and the secondary femaie must feed the young unaided (P. Dunn pers. obser.). In this
study. polygyny in males was inferred from: 1) observations of males copulating with
two females, 2) defence by a male of the nest-box occupied by the presumed
secondary female (the female that ne  arulated with) and 3) observation of only s female
feeding nestlings (polygynous males rarely fed the young in nests of secondary females).
Copulations in tree swallows occur on the nest-box or perches within the territory. All

threa criteria were fulfilled in the cases cf polygyny used for analys:s.

Study srea

Tree swailows were studied on and near the southeast shore of Beaverhill Lake,
Tofield. Alberta during May-July 1986-88. Six areas with 13-50 nest-boxes each were
estublished in lakeshore (areas A and B) marsh (area C) and roadside / agricultural habitats
lareas D.E and F. Fig - 1) Individually-marked swallows from one habitat were never

observed foraging n habitats used by swallows in other parts of the study area (e.g..



Fig 1H-1.

Sketch map (scale 1s approximate) ot tree swallow nest boxes at
and near Beaverhill Lake, Toteld, Alberta, May-Jul 1986 88
Letters reter 1o gnds and fencehnes where boxesn were spaced 24
m apart  Area 't consisted of boxes epaced 400 m apart along a
nest-box tral Dots represent the approximaie | ocaton of boxes
along roadsiges (areas D B and b)
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birds at the road were never seen foraging at the marsh or lake). Maximum distances
from the nest-box that birds were seen flying were generally less than 300 m.
Nest-boxes were generally spaced 24 m apart in araas A-E (close to the spacing used by
Leffelaar and Robertson [1986) and Quinney | 1983, 1986)) and approximately 400 m
apart in area F. Some nest-boxes in areas A, B and C had additional boxes placed around
them in a spirai at 1, 4, 8, 16 m. Details of this axpariment are presented in Chapter V.
Nest-boxes in area F were part of a "nest-box trail" estabiished in the late 1970's. In
roadside/agricuitural habitat nest-boxes were placed along fencelines (Fig. lli-1). All
boxes were in the same iocaiion each year except in area D where boxes were moved
700 m west after 1986 (to keep boxes away from a temporary pond) and in area E
where boxes were only used in 1987. Within lake snd road sites there were no
differences among areas in laying date (except among road areas in 1986), clutch size,

fledging success or insact abundance (for the road site areas D and E were compared in

1887).

Estimation of insect sbundance

To sample aerial insects, | used "tow-nets" that have proven effective for
sampling the insects eaten by trees swallows (Quinney and Ankney 1985). The insect
sampling technique and equipment were identical to those described by Hussell and
Quinney {1987). These nets coliect all of the taxa and size classes of insects delivered
to nestlings. although not in the same proportion as in the nestlings' diet. Insects fly or
are blown into the tow-nets and are collected in a jar of 70% ethano! at the rear. Two
nets were placad 2 m above the ground in each of lakeshore (araas A and B), marsh
(area C) and roadside (area D, and also area E in 1987) habitats each year. Many birds
forage near this height st my study area. In southern Ontario. Holroyd (1972) found that
tree swallows spent 47% of their foraging time beiow 4.6 m. The nets were opened
manually at dawn and closed at dusk each day. Hourly wind speeds were calculated for
each net 8t each site to correct for variation in the amount of air sampled/day by sach
net. These hourly wind speeds were estimated from regressions based on wind speed
measurements made at ssch net (with hand-heid anemometers) and wind speeds
reccrded at an Environment Canada weather stations (Elk Island Nationa! Park. 30 km

away and Edmonton International Airport, 80 km away) and included a correction for low
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wind speed (see Hussell and Quinney 1987). insect biomass was calculsted by counting
the number of insects in different size and taxon categories and muitiplying that number
by the mean dry biomass of each size and taxon category. An insect biomass index (IBl)
was calculated by dividing the daily insect biomass by the km of wind passing through
the net while it was operating on that day. | did not include insects over 13 mm long in
the insect biomass index calculation bacsuse they are wider than the average gape of
adult swallows (Quinney and Ankney 1985), and are rarely fed to nestlings (0.7%,
Quinney and Ankney 19885; this study). insects less than 1 mm were excluded for similar

reasons.

Capture, marking and determination of age and sex

Swallows were caught in the nest box (Cohen and Hayes 1984, Magnusson
1984) throughout the breeding season and individually color-marked on the breast with
felt-tip ink markers. Birds were classified to sex by the presence of a brood patch in
females or cloacal protuberance in males. Yearling (SY= second caiendar year of life) and
adult (ASY= after second calendar year) females were distinguished by plumage
differences (Hussell 1983). Data from yearling females were generally excluded. except
in the analysis of return rates, because other studies have found differances bstween

yearlings and adults in clutch size and fiedging success (DeSteven 1978).

Male removal experiment

At each site, male removal and control nests wers chosen randoinly from nests
that did not have polygynous males or were not being used in other expariments. Over
three years, maies were collected from 9 nests during laying (all in 1987), 28 nests
during incubation and 16 nests between hatch and 7 days of age (nastlings can fledge
after 16 days). Number of visits to the nest by observers was similar between control
and unaided nasts to control for human disturbance. | checkea the data from unaided and
control groups for differences in timing of male removal that may have biased ray
analyses. Date of male removal (relative to hatch datel did not differ among sites P=
0.16. F= 1.8, df= 3,43, 2-wa, ANOVA. main effects were site and year). However,
timing of male removal did diffar among years (P< 0.001. F= 20.3, df= 2.43) becsuse

an effort was made in 1987 to remove males throughout laying. incubstion snd the oarly
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nestiing periods, while | only sttempted to remove males around the time of hatch in
1986 and 1988.

Estimation of settiement date

The date that females settle on a territory and establish pair-bonds must be
known to compare the mating decisions of monogamous and secondary females under
similar conditions (i.e., seasonal changas in habitat quality could otharwise confound the
analysis). Accurate settiement data were not available in 1986 and 1987 (the years when
polygyny was observed), so | have assumed that there was a positive relationship
between settlement date and nest-initiation date in 1986 and 1987, based on data from
1988 (r= 0.58, P= 0.001, df= 63). Exact nest initiation dates were not available to
astimate settlement date in 1986 and 1987, so estimates were made of nast initiation
date based on the minimum time to build a nest (3 days. P. Dunn, unpubl. data) and the
amount of nesting material in the box (categories were: 1) a few pieces of grass. 2)
sparse [a light cover of grass], 3) medium (a8 nest cup < 3 cm high] and 4) ready to lay [a
nest cup > 5 cm high]). Settlement date was estimated in 1988 from 10 1-min. scans
made daily at each nesting area. During each scan the number of birds perched or within
5 m of each nest-box was recorded. Settlement date was the first date of three

consecutive days during which two birds were seen on or near a nest-box.

Estimation of reproductive success

Each nest-box was visited every 2-3 days around the time of clutch initiation to
determing laying date and clutch size. One or two days before the caiculated hatch date.
nests were checked daily to determine hatching date. Nests were visited on day 16 of
the nestling period to weigh nestlings just before fledging {(which usually occurred at
18-20 days of age). Body mass of nestlings was used to assess body condition at
fledging. Fladging success was the number of nestlings in the nest at 16 days of age
minus birds found dead in the box on visits >20 days after hatch. Two measures of
reproductive success of control (paired) and unaided females were compared to
determine if male parental care made a significant contribution to the reproductive
success of the pair. First, the percentage of nests that produced at least or.e young

(successful nests) was used as an estimate of predation intensity and tye ra‘e of
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abandonment. Second, flsdging success of successful nests was used to estimate
starvation and partial predation.

For the purpose of comparing insact abundance with timing of breeding, we
defined three periods during breading: egg-formation/ laying, incubation and nestling.
The laying period was defined as 4 days before the date of the 10th percantile of clutch
initiation to 2 days before the date of the 90th percantile of clutch complstion. These
values were chosen based on studies of egg formation (Schifferli 1976) and timing of
fertilization {Leffelaar and Robertson 1984). The nestling period was from 15 days
(approximate length of incubation) after the 10th percantile of clutch completions to 30
days (approximate length of incubation and nastling periods) after the 90th percentile of
clutch completions. The incubation period was the period between the laying and negtling
periods. Hussell and Quinney (1887) defined their periods slightly differently, aithough
any discrepancies between studies are likely to be minor (8.g.. over 85% of famales
began laying during the laying period defined by Hussell and Quinney 1987).

Females were weighed when their nestlings were 16 days old to determine if
females at male removal nests weighed iess than contro! famales (possibly bacause of
increased parental care). Body mass of most birds was measured between 1500 and
1800 hr Rate of return to the study area was analysed from banded swallows nesting in
1986 and 1887 to determine how many of fspring and parents recruited subsequently

into the breeding population.

Observations of parental care

Observations of individually-marked femalas at control and male ramoval nests
were made every 2-3 days. Males and females could be distinguished at every control
nest because at least one member of the pair (usually the female) was marked. An initial
nest was chosan randomly for focal observation every 2-3 days (st the start of a new
series of observations), after which nests were picked systematically for observation.
Observation sessions were 20 minutes long and were spread as evenly as possible
among three periods of the day morning (sunrise to 0900). midday (0900 to 1500). and
evening (1500 to 2000). During sach observation session observers recorded sli visits
by the female and male inside the nest-box and. for the female only, the following

behaviors time spant inside the nest-box. sitting on the box or post. flying and perched
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at the entrance hole locking into or out of the nest-box. The method of recording
behaviors (except number of nest visits) changed each year in an attempt to improve the
methods (e.9., stopwatches were used in 1986 and 1987, but alectronic metronomes
were used in 1988). Therefore, behavioral data have been analysed separately for each
year.

The mass of each food bolus given to nestlings might differ between unaided
and control females and between habitats. To examine these possibilities, | collected
food boluses from nestlings fitted with pipe-cleaner collars (@.g.. Walsh 1978). These
collars prevented nestiings from swallowing food boluses. Coliars were placed on all
young in a nest during an observation period (separate from the onaes above), which
lasted until the female made 3-4 trips inside the nest-box. Boluses were retrieved from

nestlings and dried in an oven at 95 C for three hours prior to weighing.

Statistica! analyses

Homogeneity of variances was tested with the Bartlett-Box F test (Norusis, 1986)
prior to using analysis of variance (ANOVA) to examine laying date. clutch size, fledging
success and various behaviors. If variances could not be made homoscedastic through a
transformation, then an appropriate non-parametric test was substituted. No interaction
terms from ANOVA were significant unless noted otherwise. All tests of indapendence
in 2X2 tables were performed with the G-test and William's correction (Sokal and Rohif
1981). Tests of independence with 3-way tables were performed using log-linear
models in the HILOGLINEAR procedure of SPSS/PC+ (Norusis 1986), while logit models
(i.e., for dependent variables such as nesting success) were fitted using the LOGLINEAR
procedure. Means are presented with their standard errors. All statistical tests were

two-tailed.

RESULTS

Did insect availsbility differ among sites?
Mean insect biomass (IB) did not differ among sites (lake, marsh, road) when data
from the entire breeding season were analysed (Fig. lll-2, Table Ill- 1; P for site effect=

0.34 in a 2-way ANOVA with year, nesting pariod and study site as main effects).



INSECT BIOMASS INDEX (mg/100 km wind)

100 T Laying | tneub. §  Nestl.
j T 1986 LAKE —
10 MARSH — -
ROAD - -
1 . ——
100 - T taying | JIrY | Nestl.
104
1 v v 1: Y \ g Y . f — y -
Leying  Dincus Nestl.
100 - n neu 1988
10+
1 J_ - .. ) v A v A v v

6 11 16 21 26 31 S 10 15 20 25 30
MAY JUNE

S—DAY PERIOD BEGINNING

Fig.11-2.  Insect biomass index for lake, marsh and road habitats near
Beaverhill Lake, Aiberta, May-Ju! 1986-88. Values are 5-day
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Table lll-1. Insact biomass index {mg/100 km wind)! a1 Beaverhill Lake, Alberia, 1986-1988.
Nesling pariods are delined in methods.

Laying Incubation Nesiling
Year Site X {95% Cl) g2 X (85%cl) g2 I (5% ) 02
1986
Lake 66.0 (30.3-152.8) 16 9.0 (4.0-20.2) 9 117 (7.2.19.0) 19
Marsh  58.6 (25.9-132.3) 15 17.6 (6.4-48.8) 10 21.5 (13.0.35.7) 18
Roadd  36.2 (18.7-70.1) 16 175 (6.2-49.3) 9 187 (12.0.290.2) 17
1987
Lake 28.7 (15.9-52.1) 17 7.5 (1.6-34.0) 6 8.9 (5.9-13.8) 21
Marsh 158 (8.9-28.0) 12 140 (6.1-32.4) 10 8.3 (4.6-14.9) 21
Roadd  12.4 (6.6-23.5) 12 142 (8.5-23.5) 12 9.8  (5.8-16.6) 18
1988

Lake 144 (7.1-28.7) 14 101 (6.4-15.7) 10 7.6 (5.0-11.5) 22
Marsh  21.6 (10.4-44.7) 16 10.2 (4.3-24.3) 8 102 (6.3-16.4) 24

Roadd 10.6 (5.5-20.1) 17 12,0 (7.4-19.5) 7 10,2 (6.4-16.2) 23

' Mean i8] was estimated by calculating the arithmetic mean of In-transformed 1Bl and then converling
back 10 mg/100 km wind by taking the antilog of the translormed mean. Calculation of 95% CI from
Sokal and Rohif (1981: 420-421).

2 Days ol insact sampling.

3 Only data from insect nets on grid 0. Insects were only sampled on grid E in 1987,
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However, thare were significant interactions betwean nesting period and yesr and
between study site and yaar. Year effects were caused by greater mean Bl in 1986 than
in 1987 or 1988 (1987 and 1988 did not differ, Fig. I-2; P< 0.001 for year effact,
E=17.2. df= 2, 437). The study site and year interaction was probably caused by s
greater maan IBI at the lakeshore than the road in 1986 (Fig. -2). When analysed by
nesting period, mean IB| tanded to differ among lake, marsh and road sites only during
the laying season (Table lil- 1; 2-way ANOVA's with year and site as main effects; P=
0.067 for site effact during laying, F= 2.76, df= 2, 126). This difference was mostly
due to greater mean IB! at the lake than the road.

The reproductive parformance and mating decisions of swallows may depend
more on the maximum ingect biomass rather than biomass averaged over several days.
Maximum 1B tended to be greater at the lake than the road (paired t-test on
In-transformed IBI; tWo-tailed P= 0.12, t= -1.7, df= 2). Maximum 1BI was similar at the
road (76 mg/ 100km wind) and the lake (60 mg/ 100 km wind) in 1988, but in 1986 and
1987 maximum Bl was approximately two times greater at the lake than the road (1317
vs. 458 mg/ 100 km wind in 1986 and 131 vs 68 mg/ 100 km wind in 1987). There
was a drought in 1988, and this may have reduced peak insect abundance at all sites. If
only 1886 and 1987 data are considered, then there was a stronger tendency for
greater maximum IBI at the lake than the road (paired t-test, two-tailed P= 0.081, t=
7.7, df=1)

In addition to differing in mean and maximum insect biomass, the various sites
could have differed in terms of the distribution of that biomass among size classes of
insects, and this could have affected the availability of insects for swallows. Here | only
present data for the lake and road sites during the nestling period in 1987 because most
comparable data from the diet ot birds was collected at that time. During the nastling
period in 1987, 1-3 mm insects were found more frequently and 3-5 and 5-7 mm
insects were found less frequently in the insect nets at the road than the lake site (Fig.
I-3: G= 208. df=4, P= 0.0001). In terms of biomass, the 3-5 mm insect class offered
the greatest available food source at the lake; while at the road, insects in the 1-3 mm

size class offered the greatest food source (Fig. HI-3).
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Natural polygyny

There were 7 cases of natural polygyny in 1986 (8%. 3/39) and 1987 (7%,
4/56) and one potential case in 1888. The potential case of polygyny in 1988 involved
a female that lost her mate on 30 May 1988 (the last day of laying for this female). A
neighboring male was seen with this famale within 4 days and he copulated with har 7
and 10 days after the male diad. It is possible that he could have fertilized some of this
female’s aggs during earlier copulations that | did not observe. Six of seven cases of
polygyny occurred at the lakeshore (there was one case at the margh in 1986). If
polygyny is associated with high insact abundance early in nesting, then the one case of
polygyny at the marsh site may have bsen due to a relatively high mean IBI during laying
in 1986 (Table l-1).

Settlement dates were examined so that the fledging success of secondary
females at the lake and marsh was only compared with that of monogamous females at
the road that settied at the same time. Secondary famales at the lake and marsh (4 ASY,
2 SY) settied from 7-13 May (10% 1.1 May) while monogamous females at the road
(n=10, all ASY) settled from 7-14 May (10: 1.2 May; P= 0.71, t= -0.38). Only one nest
of 8 monaogamous female was exciuded from subsequent analyses in order to compare
females that settied concurrently. For successful nasts, the fledging success of
secondary females at the lake and marsh (5.5+0.6, n=6, includes two SY females) was
as high as the fledging success of monogamous females at the road (5.1:0.8, n=7; P=
0.73, t= -0.4) and Iake (5.10.4, n= 35, P= 0.96, t= 0.06) sites (1986 and 1987 data).
Fledging success of the potential secondary female at the lake in 1988 (7 fladglings)
was also relatively high. Clutch size was generally greater at the lake tian the roac (see
next section), although this was not true for secc~dJdary females, probably because of
the small sample size. Fledging success relative to initial clutch size was examined with
ANCOVA to determine if partial loss of eggs or young occurred differentially among
monogamous femaies at the road and secondary females at the lake and marsh. For a
given clutch size there was no differance in fledging success between monogamous
females at the road and secondary females at the lake and marsh (only 1986 and 1987
data on successful females; ANCOVA's with clutch size 8s the covariate, P= 0.93, F=

0.01, df= 1,10: slopes were homogeneous P= 0.37). Therefore, in sither absolute or



83

relative terms, sscondary females at the lake did not suffer a cost from loss of male

parental care.

Male removal experiment

Secondary mate status may only be chosen by females that are in the bast
condition or habitat, so | removed males to determine if a randomly-chosen female
would also incur no cost by choosing polygyny. Males were ramoved at 16 nasts from
the lakeshore, 5 nests from the marsh and 25 nests at the road site. | first checked for
differsncas in laying date and clutch size that could have confounded the analysis of my
experimental results. There were no differances in laying date or ciutch size between
control and unaided females (Tables ll-2, 3). However, the earliest male removals were
made late in the egg-laying period. so | did not expect an effect.

Overall, laying date was later in 1986 than in 1987 or 1988 (Table Hll-2), possibly
because of a major snowstorm on 13-14 May 1986. A smalier snowstorm occurred on
18 May 1887 and no snowstorms occurred in May 1988. Laying date was generally
earlier at the lakeshore than the road area (Table Ill-2). There ware significant interactions
between treatment and site and between year and site in the analysis of laying date
(Table Il-2). However, these interactions were not present in the subset of data used to
analyse fledging success (see below). Clutch size did not differ among years; however,
it was greater at the iakeshore than the road area (Table lil-3). This difference in clutch
size was probazbly due to earlier laying and a stronger negative relationship between
clutch size and laying date at the lakeshore than the road area. There was a significant
negative relationship between clutch size and laying date at the lakeshore (Spearman rank
correlation r= -0.39, P< 0.001, N= 83), but not at the roadside {r= -0.19, P= 0.21, N=
44; data from areas D and E).

Fledging success was analysed from three years of data on nests of 46 unaided
and 164 control adult {ASY) females. Data were collected from an additional 34 yearling
(SY) females (7 unaided and 27 controll; however, those data were only used in the
analysis of return rate. If male parental assistance had a cumulative effec*, then one
weould expect to see a positive correlation between the timing of male removal and
subsequent fledging success. However, there was no relationship between timing of

male removal (re'ative to hatch date) and subsequent fledging success in this study (P>
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0.5. r’= 0.001, N= 82). Therefore, male removal data from: throughout the breeding
season were pooled for anslysis.

Nast failures.-- Sample sizes were toc small to compare the rate of nest failure
(no young fledged) of control and unaided females among sites ino nests of unsided
females failed in 1986 or 1987 at the lake. and no nests of unaided famales failed at
the road in 1988). After pooling study sites, there was no differeince between control
and unaided femaies in the frequency of nests that failed (P= 0.46. Table Ili-4). The rate
of nest failure was higher in 1988 (56%) than in 1987 (19%) or 1986 (19%) because of

pradation by weasels (Mustela erminea) on simost all of the nests in areas C and B (P=

0.002 for year effect. Table Ili-4). Only 1-2 nests were depredated in 1986 and 1987,
when most nest failure was due to starvation or abandonment. The rate of nest failure
was similar between control and unaided females. but different among years. so | only
analysed fledging success for successful nests.

Fledqing success at successful nests.-- Fladging success was analysad in

absolute and reliative terms to determine if dif ferences between the lake and road were
due to larger initial clutch sizes at the lake or to differential loss of 80gs or young after
laying. Absolute fledging success refers to the number of fledglings. while relative
fledging success was absolute fledging success adjusted for initial clutch size (with
ANCOVA). Analysis of relative fledging success of control femaias at the lake and road
was confounded by annual differences. Relative fledging success at the road site was
lower in 1987 than in 1986 or 1988 (Fig. -4, P= 0.023. F=4.2, df= 2.34, siopes
were hcmogenecus P= 0.93). However, relative fledging success dia not differ among
years at the lake site (year effect P= 0.90. slopes were homogeneous P= 0.41). |
compared relative fledging success separately for each year because of this potentially
confounding effect.

For a given clutch size. relative fiedging success of control females a: the lake
and road were similar in 1986 and 1988. However, in 1387 fumales at the lake
produced more fledghings for a given clutch size than females at the road (Fig. -4,
P=0.027 E=54 df= 1.31) Slopes of the regression lines were generally

homogeneous except in 1988 {P= 0.084) when females at the road tended to produce
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The interaction effect was dus mostly to lower fledging success at the road than the
lake in ciutches of 5-6 eggs. rather than better production at the road than the lake in
clutches of 7-8 eggs (Fig. II-4; the effect on the interaction term was more pronounced
when clutches of 5-6 eggs were omitted from analysis [P=0.78] than when clutches of
7-8 oggs were omitted [P= 0.42).. In absolute terms, mean fledging success of control
females was greater at the lake than the road (Table lll-5; 2-w1y ANOVA on lake and
road data only, P for site effect= 0.039, P for year effect= 0.36. interaction P=0.10).
This occurred bacause mean clutch size was greater at the lake than the road and
fledging success was related positively to clutch size at both sites (P= 0.004, ri= 0.41,
n=48 at the lake; P< 0.001, r’= 0.75, n= 38 at the road).

It appeared that control females would produce more fledglings by breeding at
the lakeshore, but was this also true for unaided femalas (tha hypothetical secondary
femzies)? Unaided females probably incur the same cost fron losing male parental care
as naturally-occurring secondary females, bacause st the lake secondary and unaided
females produced similar numbers of fledglings (Fig. lll-6). As in the analysis above,
re .ive fledging success was analysed by each year. There were not enough data in
1988 to perform an ANCOVA; howsver, in 1986 and 1987 unaided females produced
similar numbers of fledglings (for a given clutch size) as control females at the road (P=
0.49 for 1986 and P= 0.12 for 1987). In absolute terms, fledging success of unaided
females at the lake (6.2+0.3, n= 11) was greater than that uf control females at the road
(6.220.3. n=38; P= 0.018, t= -2.5, df= 33).

If food abundance affected the need for male parental care and food was more
available at the lakeshore than the road site. then | would expect that unaided females at
the lakest.ore would produce more fledglings than unaided fema'1s at the road site.
Relative to initial clutch size, loss of male parental care had a more detrimental effect on
fledging success of unaided females at the road than at the lakeshore site (P=0.03, F=
5.1, df= 1, 26: slopes were homogeneous, P= 0.81; Fig. lli-5). For the most common
clutches of 6 and 7 eggs. unaided females at the road raised 0.5 and 1.75 fewer
fledglings, respectively. than unaided females at the lakeshore. In absolute terms.
fledging success of unaided females was also greater at the lakeshore (6.2+0.3, n= 11)

than at the road (4.6:0.3. n= 18: P= 0.002, t= -3.3, df= 27).
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In summary, fladging success was greater at the lake than the road for control
females, bacause of a larger initial clutch size at the lake. Larger clutch size also
appeasred to be responsible for graater fledging success of unaided females at the lake
than control females at the road (in absolute terms). In both absolute and relative terms,
unsided females at the lakeshore had greatar fledging success than unsided females at
the road. Based on both relative and absolute fiedging success of unaided females,

sacondary mate status would appear to be more advantageous at the lake than the road.

Behavior of control and unsided females

Ouring the nestling period in 1986-88, 39 control and 30 unaided adult females
were observed for a total of 128 and 107 hr, respectively. Because the same
individuals were observed several times throughout the nestling period, | usad averages
of each behavior calculated from multiple observations of the same bird (only nests with
at least 3 observation sessions were analysed). This technique assumes that: 1) even
though brood size and age may influence the behavior of females, they have the same
relative effect on the behavior of unaided and control females (i.e., similar siopes), and
2) observations of unaided and conirol females were distributed similarly. These were
valid assumptions in my case because the slopes of the ragression lines for nest visit
rate and ali other behaviors did not differ batween unaided and control famaies (P>
0.05; ANCOVA for each year and behavior, with brood size or age as the covariate and
treatment as the grouping variable), and there was no difference between unaided and
control females in the distribution of brood sizes or ages when my observations were
made (Kolomogorov-Smirnov tests for each year; P> 0.32). Therefore, comparisons of
the behaviors of unaided and control females did not need to control for brood size or
age because they had similar effects on each group of females. There was also no
significant correlation between the number of observations/nest and the mean value of
any behavior | measured (separate Pearson correlations for control and unaided females,
P> 0.28). Observations of birds at the marsh site are presented in Table Ill-6, but were
not included in these analyses to avoid empty cells in the ANOVA design (almost all nests
at the marsh were depredated in 1988).

Nest visit rate.--Averaged over the entire nestling period, unaided and control

Lom oL . b ol
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Table lii-6). However, the rate of total nest visitation (males and females combined) did
not differ between the two sites (Tables Il-6). Unaided femalas made fewer total nast
visits than the combined visits of the male and female at contro! nests (Table lii-6).
Although unaided females did not appear to compensate fully in tarms of total number
of nest visits (Table lll-6), from the perspective of individual nestiings it appeared that in
two of the three years unaided females were able to visit them as often as control
females (Fig. lil-6). In 1987 and 1988 the per capita nast visit rate was similar at nests
of unaided and control famales (Fig. lll-6; i.e., there was no difference between control
and unaided females in the slopes or intercepts of regression lines for total nest visits
versus brood size; ANCOVA, P> 0.27). However, in 1986 the per capita nast visit rate
was lower at nests of unaided than control females (Fig. lll-6, a difference of 1.1
visits/nestling/hr; P= 0.014 for the intercept term, df= 1,19, F= 7.25).

Other behaviors were examined for differences bstwean sites (within treatment
groups) using ANCOVA's with brood size as the covariste. No differences were found
between the lake and road. so sites were pooled in subsequent analyses. Unaided
femaies spent less time sitting (on the box or post) than control famalas; howevar, it
was not obvious what other behaviors unaided females were spending mora time in, if
they were spending less time sitting (Table lll-7).

Feeding rate of nestlings at the road and lake sites.-Females might be able to
compensate for differences betwaeen sites in food abundance or for the loss of the
male by increasing the mass or changing the composition of sach focd bolus fed to
nestlings. | examined mean dry biomass/bolus by collecting food boluses (N= 42) from
collared nestlings in nests of 7 control and 9 unaided females in 1987 and 1988. There
was no difference between control and unaided females in the mean brood size or
brood age during the days that these nests were sampled (t-tasts, P>0.24, df=14). Mean
dry biomass/ food bolus did not differ etween all unaided (0.05 1+0.006 g. n= 22) and
control (0.042:0.005 g, n= 19) females (t= -1.1, P= 0.27, df= 39). However, boluses
of unaided females at the road tended to be lig. .ter than those ¢. unaiLad females at the
lake site (P= 0.086. t=1.75, df=20; 0.037£0.006 g at the road vs. 0.058+0.008 g at
the lake). Even though total nest visits per nestling were similar between unaided and

control groups in most years, a slightly lower nest visit rate (Fig. lll-6) and bolus mass



Nest visits/nestling

B Female visits

65

2.00
[J Male visits
1501 (13) (n) = number of nests
(9) 15
100 L (15) 1 (M)
' (10)
| l H l
0.00
control unaided control unaided control unaided

1986 1987 1988
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female combined for control nests) per nestling.
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could have cornbined to produce a lower rate of food dalivery to nestiings of unaided
females at the road than the lake. This may have been a contributing cause of the lower
fledging success (both relative and absolute) of unaided females at the road than the
lake.

Prey sizo selaction by parents.-The condition of unaided and control females
could be affected if foraging for their nestlings is more difficult at the road than the
lake area. | examined this possibility by comparing the size distribution of ingscts found
in food boluses with the size distribution of insects available at each site (from net
samples). Insect taxa were pooled in these analyses because a previous study found little
evidence for prey selection based on taxa (Quinney and Anknay 1985). In this study |
found that over 92% of the diet was composed of dipterans. The size classes of insects
in the diet of nestlings of unaided and control famales did not differ within sites (Fig.
I-7). However, there waere differences between the lake and road sites in the size
classes of insects fed to nestlings (Fig. lli-7; log-linear model with site, insect size class
and treatment as main effects, P= 0.035, df= 4, X?= 10.3). At the lake, females fed
their young mostly 3-5 mm insaects (the most abundant size class), while at the road
nestlings were fed relatively more 5-7 mm insects ithe third most abundant size class:
Fig. NI-3.7). The largest insects (9- 13 mm) formed the majority (by biomass) of the diet
ot nestlings at the lake, while at the road the diet was composed mostly of 5-7 and
9-13 mm insects (Fig. II-7). This difference in pray selection was not due to different
availability of 9-13 mm insects because these insects were equally abundant at the lake
and road sites during the nestling period (Fig. lll-3). Therefore, females at the road were
feading their nestlings a greater proportion (% frequency) of larger. less abundant prey
than females at the lakeshore. This difference suggests that foraging may have been
more costly for females at the road than the iake site. More difficult foraging may have
contributed to lighter food boluses, and subsequently more starvation, at nests of
unaided females at the road. It could also have reduced the body condition of fledglings

and parents and their subsaquent rate of return to the study area.

Body mass of nestlings
I used body mass as an index of nestling body condition just prior to fledging. A

varietv of factors could have confoundad tha analveic Af hadv maee Af naetiinae
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(measured on day 16). In this analysis a mean nestiing mass was caiculated for each
brood to avoid lack of independence among samples. Prior to examining the effect of
Mmale removal on mean nestling mass. | tested for affects of brood reduction, timing of
male removal, year and study site on mean nestling mass. Regression analysis indicated
that brood reduction (clutch size-brood size/ clutch size: arcsin transformed) was not
related to mean nestling mass on day 16 (r’= 0.02, P= 0.10, df= 1, 118), nor was
timing of male removal related to mean mass (r'= 0.03, P=0.38, df= 1, 28). Mean
nesting mass on day 16 was also not influenced by year (2-way ANOVA, P= 0.30. F-
1.2, df= 2, 114, main effects were year and treatment). Thare was also no difference
between lske snd road nests in mean nestling body mass, so these sites were pooled
(separate ANCOVA's for control and unaided females with brood size as the covariate

and laka or road as the group. P> 0.22 for site effects: slopes were homogeneous. P>

0.14).

Only brood sizes of 3. 5 6 and 7 young (on day 16) had more than 3 samples in each
treatment category (Fig. iIl-8). Among these broods, mean nesting mass on day 16 was
atfected by male renmoval (P= 0.008, F= 7.35, df= 1.86) although the effect was not
the same for all brood sizes (1.e.. there was an interaction betwaoen treatment and brood
size. P= 0.011. F= 3.93. df= 3. 86. 2-way ANOVA, main effects were treatment and
brood sizel. Brood size also tended to have an effect on fledging mass (P= 0.059. F=
2.58. df= 3. 86). The significant :nteraction effect was caused by lower fledgling mass
in brood sizes 3 and 7 of unaided females (t-tests, P= 0.048 and 0.009. respectively:
Fig. 1II-8). Mean nestling mass did not differ in nests of control and unaided females with
the most common brood sizes of 5 and 6 young (t-tests. P= 0.68 and 0 69

respactively. Fig. IlI-8).

Body raess of female parents

In contrast to the effect on mean nesting mass control and unaiged adult female
parents weighed on day 16 had similar body mass (ANOVA. P= 0.17 for treatment
effect. P= 0 49 for site effect.. At the lakeshore control and unaided females weighed
21.0:0.3 g(n= 241 and 20.8:0.2 g In= 7 respectively. while at the road. control and

unaided temales weighed 21.120.4 g (n= 9y and 20.2:0 5 g in= Q). respectively. Maan
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body mass of adults also did not differ between the lake and road sites for either
control (P= 0.83, F= 0.05, df= 1,30) or unsided females P=0.72, F= 0.13, df= 1,13
after controlling for brood size with ANCOVA (slopes ware homogeneous in both tests.

P> 0.41).

Return rate of fledglings and parents

Ten fladglings were known to return to the study ares in subsequent years (all
except 2 were born in 1986 and returned in 1987). Eight of these birds were from
control nests 8/645 banded fledglings from control nests; 1.24%) and two wers from
nests of unaided females (2/ 169 fledglings from nests of unaided females; 1.18%).
These return rates were not significantly different (G= 0.003. P>0.95, df= 1); however,
the probability of a type Il error is likely high with such small sample sizes. Among
returning fiedglings from control nests. 5 were from nests at the lake, 1 was from the
marsh, 2 were from the road and 1 was from a nest-box in aspen forest near the
lakeshore. The returning fledglings from nests of unaided females came from 1 lake and
1 road nest. Broods that had at least one individual return in subsequent years d:4 not
differ in mean nestling mass (on day 16) from broods that had no individual return
(22.520.7 g. for 4 control broods with returning young vs. 23.5:0.2 g for 49 control
broods with no returning young: P= 0.072, F= 3.33, df= 1.73; 2-way ANOVA, main
effects were treatment and whether or not an individual ret.rned). The 10 birds that
returned the next year weigned only 0.03+0.4 g more than the mean body mass of
other nestlings in their broods. Only one of tha *0 returning birds was the heaviest
nestling in its brood on day 16.

There was no difference between contro! and unaided female parents in the
direct return rate to the study area. Among adult females, 28% (25/88) of control and
23% (8/35) of unaided females returnad to the study area the next year (G= 0.39, P>
0.4, df= 1) For ali females. 27% (31/ 114) of control and 22% (9/4 1) of unaided
females returned the next year (G= 0.44, P> 0.4, df= 1). If this 5% difference in return
ratc we-e real. then | would need a total sample size of 1200 females to be 80% certain
(e.. the power of the test= 0.80) of finding a significant differance at an alpha level of
0.05 (Sokal and Rohif 1981 766). Unaided and control females that bred at the lake and

road returned to the study area at similar rates the next year {Log-linear model. P> 0.5,
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df=1). Fledging success in the next year (for birds that did not change sites) was not
affected by breeding locaticn (site effact P=0.32, F= 1.08, di= 1,23) or treatment (P=
0.87. F= 0.026) in the previous year (2-way ANOVA; data included 10 unsuccessful

nests and 5 SY females).

DISCUSSION

During laying, the food supply of tree swallows was greater near the shore of
Beaverhill Lake than at the road site 2 km away. Food availability (IBI) may have aiso been
greater at the lake during the nestling period if famales at the road fed their young
larger. less abundant prey. As predicted. | found that natural poiygyny occurred
generally in areas with greater food abundsnce (during laying). and naturally-occurring
secondary females in good habitat (lake) produced more fledglings than monogamous
females in poorer habitat (road). When secondary mate status was simulated by
removing males. | again found that unaided females at the lake produced more fledglings
than monogamous females at the road. This supports Quinney's (1983) suggestion that
female tree swallows will choose polygyny when it becomas more advantageous to
mate with an already-mated male in an area with a superior food supply than with a
unmated male in an area with a lower food supply. It is often assumed that the major
cost of choosing secondary mate status is the loss of male parental care (Weatherhead
1979, Wittenberger and Tilson 1980). However, in this study loss of male parental care
did not reduce fladging success (within a habitat). The occurrence of polygyny and its
success appeared to be influenced more by food conditions during laying than during the
nestling period (when male parental care is presumably most important). Within the range
of food levels studied here. polygyny appeared to be infiuenced more by the ability of
females to lay large clutches than by a need for male parental care.

Wrile food abundance may influence where and if females will chose polygyny,
low food abundance {within the range studied here) does not necessitate biparental care.
The varying explanations for monogamy in tree swallows (Leffelaar and Robertson
1986. Quinney 1983, 1986) are probably best reconciled as responses by populations
to geographic variation in food abundance. Food availability may have been so low at

Letfelaar and Robertson's study area that biparental care was necessary. At Quini.ey's
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study ares, food may have besn sufficiently abundant that polygyny was favorable to
some females. Assuming that the reproductive success or ungided females equals that
of secondary females, it appeared that males on my study area would benefit from
polygyny, and females would benefit from secondary mate status st the lake site.
Although females might have incurred little or no cost by becoming a secondary mate at
the road (unaided and controi females produced similar numbers of fledglings at the
road). this may never have occurred bacause sacondary mate status was more profitable
at “he lake. If there were only a small number of femaies each year that h; J to choose
between monogamy at the road and secondary mate status st the lakeshore, then
polygyny might not occur at the road site.

Polygyny may have been more costly for females than | suggest if the lower
body mass of nestlings of unaided females reduced the subsequent survival of
fledglings. Nestlings weighed less in large broods of 7 young. but not in nests with the
most ccmmon brood sizes of © and 6 young. Overall, the difference in mean nestling
mass between nests of control and unaided females was only 2.3 % of the body mass
of young from nests of unaided females. Most studies of the survival of fledglings in
relation to body mass, including DeSteven's (1980) study of tree swallows, have found
little difference in body mass between birds that returned (or reached independence) and
disappeared. The mean difference in body mass of young that returned versus
disappeared was 1.4+0.3% (Ross and McLaren 1981, Groves 1984, Harris and Rothery
1985, Gibbs 1988, Wolf et al. 1988). The same value in studies in which body mass had
a signiticant effect on return rate was 5.7+0.9% (Gibbs 1988, Patterson et al. 1988,
Sullivan 1988). These studies suggest that the difference in body mass of nestlings
found in this study was not large enough to affect survival. Daspite the difference in
body mass of nestlings. there was no differance in their rate of return. Return rate of
fledglings from nests of unaided females in this study (1.2%) wac¢ similar to the return
rate from unmanipulated nests in Alberta (1.3%: Pinel 1980) and ‘Jaskatchewan (0.8%:
Houston and Houston 1987).

Unaided females had higher rates of nest visits, and prestmably higher parental
effort. than control femalies. Quinney (1986) described one nest at which an unaided

female delivered aimost as many meals {234 /day) tc her brood a. broods of the same
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age (6-12 days old) and size (3 nestlings) raiced by two parents (272 mesls/ day).
Leffelaar and Robertson (1986) also found that the feeding rates of three unaided
females increased during the nine hours that their mates were held in captivity, and
feading rates of two unaided females increased for several days after their mates
disappesred. A related study of food-provisioning in tree swallows (Hussell 1988)
indicated that parents respond to increased hunger signals from their nestlings (e.g.,
when food supply is lower) by increasing their feeding rate (at least in the short term).
Howaever, it is important to note that nest visit rate may not be a good measure of
feeding rate in tree swallows because parents probably adjust the size of food boluses,
and not nest visits, to changes in food supply and the demands of their young (Hussell
1988). In this study, unaided females may have maintained similar nest visit ra‘ss as
controls, but the amount of food received by nestlings may have been lower because
unaided females at the road tended to collect smaller food boluses than unaided females
at the lake. Male removal studies that have reported per capita feeding rates indicate that
young in nests of unaided females generally receive as many visits as young fed by both
parents (Smith et al. 1982, Greeniaw and Post 1985, Wolf et al. unpub! data, this
study). Although per capita nest visit rates may be similar in these studios, there is still
the possibility that unaided females may be providing lower quality or smaller food items
or less food overall.

Unaided females at the road site tended to bring lighter food boluses to their
nestlings than unaided females at the lakeshore. This difference in prey fed to nestlings
may be the mechanism for greater loss of young in nests of unaided females at the road
than at the lake site (relative fledging success was lower at the road). Quinney (cited in
Hussell 1988) also found a non-significant tendency for food boluses to be lighter in an
area with relatively lower food abundance (mean IBl). Larger insects were relatively -
common at the road than the lake site, and this may have made foraging more difficu .
for unaided females at the road compared with unaided females at the lakeshore.

It unaided females are expendinig more energy toward parental care than paired
females, one might expact that unaided females would weigh less than control females
by the end of the nestling period (all else being aquall. Body mass of breeding adults has

baen suggested as a prod.ctor of subsequent survival (Hussell 1972, Askenmo 1977,



75

Nur 1984b). so unaided females might aiso return at a lower rate the next year.
However, at the end of the nestling period, there was no difference in body mass
between unaided and paired females, nor did body mass ditfer between habitats. Studies
of other species have shown a significantly lower body mass in unaided females when
compared with paired females: iasser snow goosa ( Anser caerulescens, Martin et al.
1985), blue and great tits (Parus caeruleus and P. major Sasvari 1986), and willow
ptarmigan (Lagopus lagopus. Martin and Cooke 1987: whan males were removed at
hatch, but no body mass change occurred when males were removed during incubation).
In this study, there was no difference in return rates of unaided and control adults in the
next year. Similar return rates have been found in most other male removal studies
{Gowaty 1983, Martin and Cooke 1987), although Hannon (1984) found a differsnce in
return r ite in one year, but not another.

Most other male removal studies in typically monogamous spacies have found
that male parental care is helpful, but not a necessity (\Weatharhead 1979, Patterson at
al. 1980. Alatalo et al. 1982, Smith et al. 1982, Martin et al. 1885, Greenlaw and Post
1985, Sasvari 1886, Bjorklund and Westman 1987, Lyon et al. 1987, Wolf et al. 1988:
but see Erkmann 1983, Chapter II. In these cases monogamy may be maintained in the
Population because the loss of male parental care associated with secondary mate status
makes monogamy almost always more advantageous to females than polygyny
(hypothesis 2 of Wittenberger and Tilson 1980). However, some male removal studies
have found that loss of male parental care had little or no effect on reproductive
success (lesser snow geese, Martin et al. 1985 willow ptarmigan, Hannon 1984, Martin
and Cooke 1487; eastern bluebirds, Sialia sialis, Gowaty 1883: northern cardinals

Cardinalis cardinalis, Richmond 1978, and tree swallows, this study).

If male parental care 1s not important for reproductive success in some species
then why do not males desert their mates and search for other mating opportunities?
Bart ard Tornes (1989) have presented three hypotheses for the maintenance of
monogamous pair-bonds in cases where the value of male parental care is low. Only one
of these hypotheses is applicable to tree swallows. Bart and Tornes {1989) suggest that
i male parental care is generally not costly to maies, then there might not be strong

selection against providing male parental care. This hypothesis is unlikely to be a
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complete explanation because it does not consider the probability that males will find
alternative mating opportunities. It may not be costly to provide male parental care, but
if there are other mating opportunities then males should take advantage of them
(assuming they are not too costly). in tree swallows there are probably faw aiternative
mating opportunities, except for extra-pair copulstions (Lombardo, 1986: pers. obs.)
and polygyny. Even though polygyny may be advantageous to female tree swallows if
food abundance is relatively high, polygyny may be uncommon bacause irtrassxual
competition for nest-boxes prevents most males from gaining a territory large anough
that two females can breed without one famale excluding the other (Hannon 1984,
Arcese 1989, sae Chapters V and VI).

Quinney (1986) prasented svidence from a few nests of unaided tree swallows
that suggested food abundance could influence the nesd for male parental care. | can
compare my results directly ‘~ith Quinney's results because | have used the same
methods to sample insect abundance (Hussell and Quinney 1987). Quinney (1986) found
that in an area of relatively high food abundance an unaided fer.:.e could raise a brood
of three young as well as two parents with the same size brood in an area of lower
food abundance. Quinney's areas of high and low food abundance differed by 14.6 mg
of insect biomass/ 100 km wind during the nestling season (Hussell and Quinney 1987),
while my lake and road areas in Alberta did not differ in insect biomass during the
nestling period (Table IlI-8; a mean difference of 3.5 mg/ 100 km wind). Relative to
Quinney's study areas, all of our sites in central Alberta were relatively high in food
abundance througt.out the breeding season (Table III-8). This may axptain why unaided
females produced as many offspring as control females at both the I~e and road sites.
However, uraided females at the road site produced fewer offspring than unaided
females at the iakeshore. In addition, nest-box occupancy tended to be lower at the road
than the lake site and all of my known cases of natural polygyny occurred at the lake
(n=6) or marsh (n=1) sites. These results suggest that the road site was somehow
poorer in Guality for unaided (and presumably secondary) females, even though the IBI
was high (relative to Quinney’s poorest site) and similar among my sites Auring the

nestling period.



Table !11-8. Insect biomass index (IB1) in Ontario and Albenia. Values are the arithmetic means, standard errors and ranges
of the back-ransformed yearly means for 1977-1984 in Ontario and 1986-1988 in Alberta.

Laying season Nastling season

Location X SE range ot X SE 1ango il Source
Ontano

Sewage

Lagoon a9 7.6 7.2-7171.2 8 17.9 3.3 7 ¢-38.2 3 Hussell and

Quinnay (1987)

Backus k| 0.4 1.6-5.2 8 3.3 0.3 1.7-4.5 8

Field

Albarta

Lako 1.0 16.0 14.4.60V 3 9.4 1.8 r7.6-11.7 3

Marsh 32.0 13.4 15.5-56.6 3 1.3 4. 8.3-21,§ 3 This study
Raad 19.7 8.3 10.6-36.2 3 129 2.9 9.0-18. 3

1 Number of years ol sampling.

77
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A superior food supply and limited nest sites may both be required for polygyny
to occur in tree swallows (Quinney 1983). A greater mean IBI at the lake than the road
during laying may have made the lake site appear bstter at the time polygynous females
chose a nesting area. In addition, nest-box occupancy was higher at the lakeshore (about
90%) than the road site (about 60%) in 1987 and 1988, but it was about the same in
1986 (both 50-60%). Even though nest sites were not limiting in 1986, thare were still
two cases of polygyny at the lake and nons at the road site. Whatever its cause, the
differance in fledging success between unaided famales at the lakeshore versus the
road (mean difference= 1.3 young for clutches of 6 and 7 aggs) may have been slways

sufficient to favor polygyny at the lakeshore rather than the roadside.
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IV. FEMALE-FEMALE AGGRESSION AND THE MAINTENANCE OF MONOGAMY IN
TREE SWALLOWS

INTRODUCTION

The polygyny threshold mode! (Verner 1964, Verner and Willson 1966, Orisns
1969) has been a leading hypothesis to explain ths maintenance of monogamy in
populations of birds and mammals (Wittenberger and Tilson 1880). One of the model's
assumptions is that the reproductive success of already-mated females is reduced when
additional females settle and mate polygynously (Garson et al. 1981). This raproductive
cost may occur because the amount of male parental care received by esch female is
reduced or because of deleterious effects of increased density on predstion or food
availability. if the reproductive costs of sharing a territory outweigh the costs of
excluding another female, then selection should favor female behaviors that exclude
potential secondary mates (e.g., chasing or displaying toward intruders). The polygyny
threshold model predicts that polygyny can be more advantageous to some femaies than
monogamy if the costs of polygyny are more than compensated for by breeding on »
higher quality territory. However. female aggression could force some ‘emales to mate
monogamously even when their reproductive success would have been greater had they
mated polygynously.

Until recently, the evidence presented to suggest that female-female sggression
maintains monogamy has mainly been limited to observations of female aggression
toward models or playbacks of their calls (Table IV-1). Much of this evidence supports
the maintenance of monogamy hypothesis. but it doas not preciude sevaral alternative
hypotheses. Thase aiternatives include 1) females are aggressive to prevent complete
takeovers of their territories and 2) females are aggressive to prevent intraspecific
brood parasitism (egg-dumping. Gowaty and Wagner 1988). These thrae hypothases are
not exclusive, however, the maintensnce of monogamy hypothaesis can be separated
from the two alternatives by examining the costs of polygyny and the pattern of femsie
aggression.

Several predictions can be made from this hypothes:s concerning the

maintenance of monogamy. First. aiready-mated females should sttempt to exclude
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intruders if sharing a territory with another femals incurs a cost to the primary famale.
Second, one might predict that before settiement of a secondary female the primary
females of polygynous males would have been less aggressive toward female intruders
than monogamous females. This assumes that monogamous females are bettar able to
exclude secondary females than are primary females. This comparison assumes that
level of female aggression is not correlated with territory or mate quality. Third, once
secondary females have settied, primary females should continue to be aggressive
toward the secondary temale to displace it from the territory (at ieast until the primary
female begins laying or incubation). This assumes that there is not a net ~ost to female
aggression before laying or incubation. Fourth, the pattern of settisment by secondary
females can be used to suggest if female aggression piays a role in limiting male pairing
success (Leonard and Picman 1987). in several bird spacies female aggression toward -
intruders is greatest during nast-building and laying (Leonard and Picman 1987,
Robertson et al. 1986, c.t htbody and Weatherhead 1987, Gowaty and Wagner
1988). If this aggression limits settiement by secondary females, then one would expect
to find most settiement of secondary females after primary females started incubation
and aggression declined (female aggression mode! of Leonard and Picman 1987).
Howaever, if femaie aggression does not limit the settiement of secondary females, then
secondary females should settie at the same time, or slightly later, than monogamous
females.

In this study | examined the potential for female aggression to limit polygyny in
tree swallows. Approximately 5 (Quinney 1983) to 8% (this study) of tree swallow males
are polygynous, and female tree swallows attack and sometimes kill intruders (Robertson
et al. 1986). These conditions indicate that there is potential for female-female
aggression to maintain monogamy as the predominant (apparent) mating system in this
species. | compared the reproductive success of monogamous and primary females and
the settlement patterns of monogamous and secondary females to determine if female
aggression had the potential to maintain monogamy in tree swallows. The second
prediction (above) could not be tested because very littie aggression data were collected

before the settlement of the secondary female.
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Study eres and methods

Tree swallows were studisd near the southeast shore of Beaverhill Laks, Totield.
Alberta during May-July 1986-88. This study used two grids of 50 nest-boxe: esch
within 50 m of the lakeshore and one grid of 32 boxes near a marsh 1 km away. All
nest-boxes were spaced 24 m apart, except for several spirals of boxas in each of the
three grids (sse Chapter V for more details). The aggression data used nere ware not
influanced by the number of boxes on a male's territory (G= 2.38. P= 0.12, df=1;
catagories were strong and mild/none rasponses by famsles toward intruders versus |
or >1 nest-box). Swallows used in this study were caught in the nast box (Cohen and
Hayes 1984, Magnusson 1984) early in the nesting ssason and uniGualy color-marked on
the breast with feit-tipped ink markers. Birds ware classified to sex b, the presence of
a brood patch in females or cloacal protuberance in males. Yeariing (SY= second
calendar year of life) and adult (ASY= after second yesr) females wara distinguiched by
plumage differences (Hussell 1983). Each nest-box was visited every 2-3 days to
c.iermine when two birds occupiod the box (settlement dste; 1988 only), and when
nest-building and egg-laying started (all years). Clutch size and fledging success were
determined from regular nest visits during the incubation and nestling periods.

Primary and secondary females were the first and second females to settle and
establish pair-bonds with a male. Settlement date of females was estimated as explained
in Chapter Ill. This information was used to compare: 1) the reproductive success ¢ f
monogamous and primary females that settied during the same time period and 2i the
settlement pattern of monogamous and secondsry females. Settlsment dates of two
monogamous females were omitted from the first analysis because they settied after all
primary females had settied.

There were 7 cases of natural polygyny in 1986 (8%, 3/39) and 1987 (7%.
4/56). Polygyny in males was inferrad from 1) observations of males copulating with
two females, 2) defence by a male of the nest-box occupied by the presumed
secondary femaie (the fermale that he copulated with) and 3) observation of only a female
teeding nestlings (polygynous males rarely fed the young in nests of secondary femaies)

Aggressive behavior of primary and monogamous femsles wac estimated to

determine if primary females were aggressive toward secondary females (prediction 3
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and how seasonal changes in aggression of monogamous females related to the
settiement of secondary femalss (prediction 4). Every 3 days an initial nest was chogen
randomly for focal observation, after which the remaining nests were chosen
systematically. Observation sessions were 20 minutes long during which observers
recorded: total number of intrudars, number and type of responses by resicgent males
and females (sither together or separately) and, when possible, the age, sex or identity
(based on color-marks or nest iocation) of intruders. An intrusion was recorded when
another swallow entered the territory of the pair under observation (half-way to the mext
occupied box, usually 12 m). Responses of resident females were grouped into two
categories for analysis: mild (including no response and chattering) and strong (chases,
physical contacts or parched outside entrance hole (hole-guarding)). Cases where the
female was out of sight or in the nest-box when an intrusion occurred were excludad
from analysis (Robertson et al. 1986). In most cases the sex of intruders was not
known: therefore, female aggression was analyzed two ways: 1) responses by resident
females toward birds with SY plumage (brown-blue plumage; all females) and 2) attacks
by resident females toward all intruders. The second analysis might bias the analysis of
seasonal patterns of aggression if there are changes in the proportion of female
intruders throughout the sesson and resident females differentially attack female
intruders. However, two previous studies of aggression in tree swallows (using both live
birds and models) demonstrated that females attack adult (blue plumage; sither sex. but
most adult intruders are male) and subadult intruders with equal frequency (Lombardo
1887, Stutchberry and Robertson 1987). This suggests that resident females attack all
intruders at the same rate regardless of sex. Data presented here are only from 1886
because this was the only year in which observation sessions were conducted
throughout the breeding season. Statistical tests were the same as those described for

Chapters !!! and IV. Al statistical tests were two-tailed. Means are presented with their

~tandard errors.

Results

Do primary females suffer areproductive cc.st? -- Fledging success was used in

this analysis as the best available estimate of reproductive success. Laying date and



clutch size of monogamous and primary females were compared to determing if
differences in these variables could ave influenced the analysis of fledging success.
There was no difference between the laying dstes of monogamous (24 May * 0.58,
n=34) and primary (25 May t 1.6, n=6) famaies st the lakeshore (F= 0.32. P= 0.58 for
effect of mate status, df= 1, 36; 2-way ANOVA, main affects were year and femgle
mate status). Similarly, there was no differance bestween the clutch size of monogamous
(6.7 + 0.13 eggs. n= 34) and primary (6.7 + 0.4 eggs. n= 6) females at the Iskeshore
(E= 0.02. P= 0.80 for effact of mate status. df= 1, 36). The one primary femaie at the
marsh started laying her clutch of 6 eggs on 22 Mgy 1986. which is similar to the
means for monogamous females at the marsh site (clutch size= 6.5 ¢ 0.3 aQQs n= 6,
laying date= 26 May * 1.0; n= 6). At the lakeshore, the fiedging success of primgry
females (6.0 * 0.4, n= 6) was similar to that of monogamous females (5.1 ¢ 0.4, n= 34.
E= 1.8, P= 0.18 for effect of mate status. df= 1, 36). This indicates that compared
with monogamous females, primary females suffered no loss of fledging success .hen
secondary females settied and bred on the same territory. This result might be expected
as males In this spacies make aimost all of therr feeding trips to the nest of the primagry
female. However, there 1s probably a reduction in nest-guarding by the insle. becsuse
polygynous males spend much of their time at the nest of the secondary female only
after the primary female has started incubation.

Further support for no cost of polygyny to primary temsies comes from the
male removal experiment describsd in Chapter Hl. With 3 lsrger sampie size (n=32
successful nests of ASY females. Table Ill-5), | found thst experimentally crssted
secondary females did not suffer lower reproductive success. This suggests that
primary females would also not incur a cost from polygyny because maie removal was
an extrame test in which famgles received no male parentsl care iprimary females
actually have most of a male's parental carel. Therv.fore. both naturs! snd experimenta
cases of polygyny suggest that primary females incur no significant reproductive cost

Are primary females aggressive toward secondsry femsies? -Both systermatic

watches (6 h. of observation on 6 primary females) snd irreguisr observations (on s daity
basis) before egg-laying indicated that primsry femaies did no® spond much time in

aggression toward secondury females sfter they settied. During systematic watches of
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primary females only 1 aggressive interaction toward a secondary femals was recorded
and this was a relatively short chase (less than 5 sec.). Primary females appeared to
ignore secondary females (and vice versal throughout the b-eading season.

Settiement of secondary famalas.-- Date of settiemant of secondary females
was compared with that of monogamous females using nest initiation dates. Mean nest
initiation date of monogamous adult females (11 May + 0.82, n= 35, range= 6-23 May)
was 4 days earlier than that of secondary females (15 May * 2.3, n= 7, range= 9-22
May). This difference was almost significant (t= 1.96, P= 0.057, df= 40). Nevertheless,
secondary females did not settle after monogamous females started to lay eggs. as
might be expected if they were being excluded by already-mated females. Mean
settiemant date of secondary females (estimated using the 1988 regression aquation; 10
May * 1.2) was earlier than the maean laying date of adult monogamous females (24 May
+ 0.6;t= 9.7, P= 0.0001, df= 40).

The seasonal pattern of famale aggression was axamined from 130 h. of
observation of monogamous females in 1986. Monogamous femalus responded
strongly toward subadult (known female) intruders more frequently during
nest-building-laying (86%, 6/7) than during the nestling period (60%, 6/ 10); however, the
difference was not significant (G= 1.3, P= 0.26, df= 1; no subadult intruders were seen
during incubation, so that period was not included). When all intruders were included,
there were significantly more strong responses during nest-building and laying (44%,
28/63 intruders) than during the incubation (17%, 4/23) and nestling periods (29%,
12/42; G= 6.5, P= J.038, df= 2). In summary, secondary females settled during
nest-building and laying when monogamous femaies were most aggressive, not

afterwards as predicted by the maintenance of monogamy hypothesis.

Discussion

None of the three predictions of the female-female aggi-esssion hypothesis that
were tested were supported in this study: 1) polygyny was not costly to primary female
swallows, 2) primary females were not very aggressive toward secondary females. and
3) seccndary females settled during nest-building and laying when monogsmous females

were most aggressive toward intruders, not afterwards. Few data were coliected in this
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.iudy on aggression towa d known sex intruders (SY females). however, my genersl
observations are consistent with the observations of others (including stuches using
modsi presentations) that fe-nales are most aggressive during nest-building and laying
when the risk of nast usurpation, egg-dumping or polygyny i1s grestest (Lombardo 1987,
Robertson et ai 1987). During the nestling period there are more intruders (many are
exploring for future nast-sites). but resident birds are rarely sggressive toward them
{Lombardo 1987, pers. obs.). Female sggression aiso did not imit the number of mstes
acquired by males in some populations of yellow-headed blackbirds (Xgnthocephsiys
xanthocephalus. Lightbody and Weatherhasd 1987), marsh wrens (Cistothorys palustrs.
Leonard and Picman 1987) and red-winged blackbirds (Agelsiys phoeniceus. Sesrcy
1988). however, in red-winged blackbirds this may vary geographically (see Hurly snd
Robertson 19E£5, Sesrcy 1988). In cases where females do not Incur § cost from
polygyny. aggression by famales during nest-buiiding snd lsying may be mantained to
prevent nest-site usurpation or to prevent intraspecific brood psrasitism (nest-site
defence and anti-kleptogamy hypotheses of (owaty 1981).

Several ctudies of female aggression have concluded that siready-mated femalies
may be aggressive toward potentisl secondary females to ensure their mate s full
parental care (Yasukawa and Searcy 1982 Hurly and Robertson 1985 Breishagan snd
Slagsvold 1989. Hobson and Sealy 18989 but see Arcese 1988). However most of
these studies have not tested the maintenance of monogamy hypothesis in s rigorous
manner. The most that can be concluded from the majority of these studies s thet
females are aggressive during the breeding season and it may affect the settiement
patterns of other females. but we do not know vihy these females are aggressive (Table
IV-1). Future studias should determina 1) if there 13 8 cost of polygyny to primary
females and 2) how female-female aggression sffects the settiement of secondsry
females and the frequency of nest usurpation and egg-dumping |f primary females
suffer lower reproductive success than monogamous femsies and femaie sggression
deiays or prevents the settiement of secondsry females. then it would suggest that
females are aggressive to prevent loss of reproductive success from shering s territory
(.e.. the maintenance of monogamy hvpothesis would be supported). To my knowiedge

only one study suggests that bott. of these conditions spply In 3 POpuistion of brrds
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(Arcese 1989, Tabie IV-1). If there were no cost of polygyny to famales, but females
were still aggressive toward intruders (as this study and a few others indicate), then one
would have to examine the nest usurpation and egg-dumping hypotheses (these are not
exclusive; Gowsty and Wagner 1988). One of the mast direct ways to study these two
hypotheses would be to alter the aggressivensss of femalas (e.Q., with implants of
testosterone) and examine the subsequent affects on the fraquency of nest usurpation
and egg-dumping.

The data available in this study and others do not aliow one to detsrmine whether
nest-usurpation or egg dumping is a larger risk to the reproductive success of female
tree swallows. Limited breeding opportunities with males may produce intense
compaetition among famalas and a relatively high risk of aviction (11% [6/55] of nests
were usurped in Ontario), and most (5/6) avicted females did not appear to renest
successfully (Leffelaar and Robertson 1985). However, in this study the risk of nast
usurpation (2%, 3/ 156 nests in which at least one egg was Isid) was lower than the rate
in Ontario (G= 6.3. P= 0.012, df= 1). Egg-dumping in 3 New York population of
swallows appeared to occur at about the same rate as nest usurpation in Ontario, but
more frequently than nest usurpation in Alberta (9% of nests in New York had 2 eggs laid
in a 24 h. period, Lombardo 1988; comparable data were not available from this study).
Estimates of egg-dumping based on the occurrence of two eggs laid in a nest in one day
may be biased (MacWhirter 1989), so the cost to females of egg-dumping and nest
usurpation is worth further investigation.

Other predictions could be tested from the female-female aggression hypothesis
(see Searcy 1988). For example, | did not conduct removal experiments of females and
their replacements to compare settlement rates with and without a female present. nor
did | manipulate aggressive levels with impiants of testosterone and subsequently
compare the number of females that settled (e.g., Searcy 1988). However, in tree
swallows comparison of the number of replacement females that settied on femaie
removal and unmanipulated territories would be difficuit to interpret because tree
swallow males only gain one extra mate (compared with up to 5 mates in red-winged
blackbirds; Searcy 1988). My attempts to increase sacondary female settisment through

an experimental reduction in aggressive behavior (with implants of the antiandrogen
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fiutamide: Searcy ¥ d Wingfield 1980) were unsuccesstul bacause he implants did not
reduce femals aggression. Given the low lsvel of polygyny in trge swallows. it 1s
probably not feasible 1o decrease the frequency of polygyny (or delsy settiement of
sacondsry famales) by increasing female aggression with impiants of testosterone.
Female tree swallows in this population were not aggressive toward intruders to
prevent loss of male parentsl care. of tree swallows. Polygyny was not costly to
females in this populstion, while female aggression could be very costly (some femsles
are killed: Robertgon et al. 1986). Females may be aggressive towsrd intruders becsuse
residents can incur significant reproductive costs from nest usurpstion or 000-dumping
than polygyny. Similar results have been found in studies of esstern bluebirds (Sighs
sialis). seaside sparrows (Ammodramus maritimug) and yellow-hesded and red-winged
blackbirds (Table IV-1). Poiygyny in tree swallows. and possibly these other species. did
not appear to be influenced by s need for parentsl care (chapter Il nor by femsle
aggression to prevent loss of male parental care (this chapter). Severas! alternative
explanations for the mantenance of monogamy in tree swallows sre examingd in

Chapters V and V.
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V. A TEST OF THE POLYGYNY THRESHOLD MODEL IN TREE SWALLOWS

INTRODUCTION

The polygyny threshold model (Verner 1964, Verner and Willson 1966, Orians
1968) has been a leading hypothesis to explain the maintenance of monogamy in
populations of birds and mammals (Wittenberger and Tilson 1980). This modes! assumes
that females choose a breeding site from a variety of maie territories basec on the
reproductive success that the female might expect to achieve on that territory. Polygyny
will occur if maie territories differ sufficiently in quality that some females are able to
produce more offspring as a secondary female on a high quaiity territory than as a
monogamous female on a poorer quality territory. In most birds, monogamy is thought
to be the predominant mating behavior because there are few high quality male
territories available that can compensate females for the costs of polygyny (e.g.. loss of
male parental care, increased nest predation or lower food availability; Wittenberger and
Tilson 1880). The polygyny threshold model has gained widespread acceptance because
several tests of its predictions have been fulfilled (Orians 1969, Cary and Nolan 1979,
Pleszczynska and Hansell 1980, Quinney 1983).

However, several recent studies have suggested that the polygyny threshold
mode! may not be valid with particular species because females settlec. randomly with
raspect to territory quality {Lightbody and Waatherhead 1988. Leonard and Picman
1988) or because loss of male parental care, a common result of polygyny, had no
adverse effect on female reproductive success (e.g., Gowaty 1983, Hannon 1984,
Searcy 1988. Lightbody and Weatherhead 198E). In some of these cases female
settiement patterns were better explained by male territory size (Hannon 1984,
Lightbodv and Weatherhead 1987) or philopatry (Eliason 1986, Wootton et al. 1986,
but see Yasukawa and Searcy 1986, Searcy 1988). In this paper, | test the assumptions
and predictions of the polygyny threshold mode! in tree swallows. using both natural
cases of polygyny and experimental manipulations.

The polygyny threshold model (Orians 1369) assumes that females choose a
bresding location based on perfect knowledge of all available territories and an accurate

assassment of the reproductive success that might be expected on a given territory
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{Garson et al. 1981). This expected reproductive success may may not be realized if
predation, or other mortality factors, influsnce the relationship betwesn expected and
realized reproductive success (Wittenberger 1979). Lastly, it is assumad that on gimilar
Quality territories secondary females produce fewsr offspring than monogamous
females because of the costs of polygyny (Wittenberger 1879). In this study, | examined
this cost assumption with 8 male removal experiment because: 1) thare were few cases
of natural polygyny and 2) only females in the best condition or habitat may choose
polygyny, and | wanted to determine if an average female would incur a cost. | removed
males from randomly-chosen territories to simulste the loss of male parental care
incurred by secondary females. This is an extreme test for tree swallows because in
natural cases of polygyny secondary females may be benefiting from the territorial
defence behavior of the male at both nests. In tree ..vallows, the male usually only
feeds the nestlings at the nest of his primary mate, but he defends both boxes (P. Dunn.

pers. obs.}.

Predictions of the polygyny threshold model

Evidence that females choose among territories of varying quality 1s usually
inferred from fuifilment of the pradictions of the polygyny threshold model (Altmann et
al. 1977, Garson et al. 1981, Lightbody and Weatherhead 1988). First, territory quality
should be greater on the territories of polygynous than monogamous males, and these
territory characteristics (e.g.. food and nest sites) should affect female reproductive
success if they are to be useful to famales in assessing tsrritory quality. Experimental
manipulation of territory characteristics that are known or suspected of affecting female
reproductive success provides the most rigorous test of this prediction. In this study. |
added additional nest-boxes to randomly-chosan territories to increase territory quality
and. thereby. increase the frequency of polygyny. Additionsl nest-boxes may affect
femaie choice of breeding locst:nn ang sxpected reproductive success if additiona!
nest-boxes reduce the chance of having to shars the same nest-box with gnother female
le.g. Quinney 1383). Sharing the same nest-box may reduce clutch size per female and
iINcrease brood reduction because of crowding in the nest. in tree swallows, 1t has also
been suggested that nest sites are limiting (Holroyd 1975) and that the frequency of

polygyny could be increased by adding more nest-boxes to territories (Quinney 1983).



Studies of othe: species have increased the frequency of polygyny by manipulsting
nesting cover (Pleuzcsynska and Hansell 1980) and food abundance (Ewald and Rohwer
1982, Davies and Lundberg 1984). The effect of food abundance on polygyny was
examined in this study by comparing habitats with relatively high and low insect
abundance (see chapter lll for details). Second, the sxpected reproductive success of
secondary females on high quality territorias should be equal to, or greater, than that of
monogamous femalus settling at the same time on poorer quality territories. This occurs
because at any given time females attempt to maximize their reproductive success
regardiess of mate status. Third, femaies will sattle first on the best quality territories
and only these territories will be able to compensate polygynous females; therefors,
famale settiamant date should be earlier on the territories of polygynous than
monogamous males. Lastly, the order of territories settied by primary females will be
correlated positively with the order chosen by secondary females (Aitmann et al. 1977,
Lightbody and Weatherhead 1988). This correlation is expected bacause each territory
will have gone through two sets of comparisons of quality by primary and then
secondary females) and these should follow the same order as long as the final number

of females per territory is the same (see Fig. I-2).

METHODS

Study areas. gaeneral field maethods and the male removal experiment were
described in Chapter lil. The nest-box addition experiment is described below.

The first prediction of the polygyny threshold hypothesis was tested by adding
additional nest-boxes to randomly-chosen boxes in each grid (prior to settlament). In
1986. 1 extra nest-box was added 1 m north of 10 randomly-chosen boxes in each
grid of 30 nest-boxes at the lakeshore and marsh (Fig. V- 1). After laying was
completed, another nest-box was added 4 m south of the center box at 5 of the 10
clusters on each grid. in 1987 and 1988 the number of clusters was reduced to 5 on
each grid. but 4 boxes were arranged in a spiral around the Central box at distances of
1,4, 8and 16 m (Fig. V-1 similar to Robertson and Gibbs 1982). | also added extra
boxes to area D in 1987 and 1988. Extra boxes were placed 1 m sast and 4 m west of

the center box at 4 randomiy-chosen boxes (spirals were not possible along the
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fanceline).

RESULTS

Male removal experiment: a test of the cost assumption

| removed males to determine if a randomliy-chosen female would incur no cost
from cnoosing polygyny. Males were removed at 16 nests from the lakeshore, 5 nasts
from the marsh and 25 nests at the road site. The detailad results of this experiment are
presentad in Chapter lll. In summary, | found that fledging success and return rates of
both nestlings and adults were similar for unaided and monogamous females (within a

habitat). This suggests that secondary famales were not incurring a cost from choosing

polygyny.

Other assumptions

The polygyny threshold model also assumes that settlement of secondary
females is not influenced by site fidelity or female aggression toward potential
secondary mates. In tree swallows, female agg-ession did not limit the settiement of
secondary mates because secondary mates sattled at about the same time as
monogamous females, when already-mated females were most aggressive toward
intruders, not afterwards (Chapter 1V). Site fidelity could have influenced the settiement
of secondsry females, but there were not enough data *o test for an effect. Of seven
known secondary females in 1986 and 1987, only one was a previously banded
individual; it bred 38 m from its nest site the previous year. This suggests a high degree
of site fidelity by some individuals; however, monogamous females also exhibit high site
fidelity. Of 26 females that returned to breed the next year (only birds banded in 1986
or 1987), 18 (69%) returned to the same area and the median dispersal distance from

the previously-used nest-box was 125 m (5.4 nest boxes away; range of distances= 0

to 5000 m).

Tests of predictions

There were 7 cases of natural polygyny in 1986 (8%, 3/39) and 1987 (7%,

4/56). Except for ona case of polygyny at the marsh in 1986, all cases of polygyny
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occurred at the lakeshors. Only the number and spacing of nest-boxes differed between
territories of monogamous and polygynous males. Other potential differences in
torritory quality were constant. Nast-boxes were identical with respect to size, height
and orientation, and within a given habitat (lakeshore, marsh or roadside), food
abundance was similar for all females because most foraging was conducted off the
territory and within similar habitats no color-marked swallows were sesn foraging in
habitats used by birds in other parts of the study area). If for some other reason
particular territories were better than others, then one might aiso expect polygyny to
occur in the same territory from one year to the next. However, there was no obvious
pattern from 1986 to 1987 in the location of territories with polygynous males (Fig.
V-1).

Only males that defended two or more nest-boxes were able to gain a second
mate. However, only 20% (7/35 males) of males that defended at isast two boxes
gained a secondary mate (Fig. V-1). The spacing of additional boxes also had a significant
effect on the mating behavior of males. Among territories with 2 or more boxes, those
territories in which the two farthest boxes were over 5 m apart (the maxiraum dista ice
apart for the 3 closest boxes in a cluster) were more likely to be occupied by
polygynous males (38%, 6/ 16 territories) than territories that had boxes 5 m or less
apart (5%, 1/ 19 territories; G= 5.9, P= 0.015). This suggests that defending an extra
box is a necessary condition for achieving poiygyny in this population, but it is not
sufficient uniess the second box is over 5 m from the primary female.

If number of nest-boxes or territory size is 8 measure of territory quality then
female settiement date or fledging success should be correlated with thess
characteristics of the territory. | examined these ralationships using only territorias of
monogamous males because it is necessary to contro! for femaie density when
examining reproductive parameters. Among monogamous females, there were no
correlations between fledging success or settlement date of females and number of
nest-boxes on their mate's territory (Spearman rank correistions= -0.183 and 0.229.
respectively, P > 0.10 for both, n=35; 1986 and 1987 data). There were siso no
correlations between fledging success or settlement date and diameter of the territory

(based on the greatest distance between nest-boxes on a territory. Spearman rank
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correlations= -0.15, 0.26, P > 0.10 for both, n=35). In summary, males with two boxes
that were over 5 m apart were more likely to bacome polygynous, but the spacing and
number of boxes were not territory features that females could use as cues to increase
their expected reproductive success.

The second prediction of the polygyny threshold model was supported. For
successful nests of famales that settled during the same time period, fledging success
of secendary females at the lake and marsh (5.5+0.6, n=6, includes two SY females)
was as high as the fledging success of monogamous females at the road (5.1+0.8, n=7
all ASY females; P= 0.73, t= -0.4; 1986 and 1987 data). Fledging success relstive to
initial clutch size was examined with ANCOVA to determine if the relationship between
expected reproductive success (clutch size) and realized reproductive success (fledging
success) was the same for secondary females at the lake and monogamous famales at
the road. For successful adult females, there was no difference between secondary
females at the lake and monogamous females at the road in the siopes of these
regrassion lines (ANCOVA with clutch size as the covariate, P= 0.72, F= 0.13, df= 1,
11). For a given clutch size there was also no difference in fledging success between
secondary females at the lake and monogamous females at the road (only 1986 and
1987 data on successful ASY females; ANCOVA, P= 0.23, F= 1.61, df= 1, 12).
Theretore, in either absolute or relative terms, concurrently settling secondary females
in high quality habitat (lake) produced as many fladglings as monogamous females in
poorer habitat (road'.

The third prediction of the model was not supported by the tree swallow data.
There was no difference between the settlement dates of primary and monogamous
females on territories of polygynous and monogamous males, respectively (median
date= 7 May for both groups; U= 136, P > 0.20, n= 7 and 3 1). Data for this
comparison were pooled after no difference was found between years in settlement
date (P > 0.10).

The fourth prediction of the polygyny threshold model was also rejected. The
order of territories settled by primary and secondary females was not correlated
positively (Spearman rank correlation = -0.23, P > 0.50, n=7). These results suggest

that females are not choosing among territories within the lakeshore and marsh areas.
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DISCUSSION

There was little support for the predictions of the polygyny threshold model in
this population of tree swaliows. Only one of the four pradictions was supported and
the assumption that polygyny was costly to females was violated. As predicted by the
model. secondary females on high-quality territories (lake) produced as many offspring
as monogamous females on poorer-quality territories (road). However, similar
reproductive success would be expected in any situation whare the cost assumption
was violated. It appeared that within the lakeshore and marsh areas females were
choosing territories randomly. Random settiement was suggested by the settlament
patterns of polygynous females, because polygynous territorias were not settied first
(prediction three) and because territories with polygynous females were not settied in
the same order by primary and secondary females (prediction four). Although females do
not appear to be choosing particular territories, there is evidence that they are choosing
among areas. At the lakeshore site, insect abundance was higher than at the road site,
and this may have been the reason for a higher occupancy rate and earlier laying date
(Chapter Ill). A similar pattern of choosing among sites, but settiing randomly on

particular territories has been reported in inarsh wrens (Cistothorus palustris, Leonard

and Picman 1988). If the polygyny threshold model, at least as it was originally
formulated (Orians 1969), cannot explain polygyny in tres swallows, then what are the
alternatives?

The sexy-son hypothesis (Weatherhead and Robertson 1979) has been proposed
as a modification of the polygyny threshoid model to explain polygyny in situstions
where secondary females on high-quality territories do not produce as many offspring
as monogamous females on poorer-quality territorias. The sexy-son hypothesis
proposes that the short-term loss of reproductive success incurred by secondary
females can be recouped by producing sons that inherit characteristics from their
polygynous fathers that increase their char.ces of bacoming polygynous. ~his 1s not a
possible explanation for polygyny in this population of tree swallows becsuse secondary
females did not suffer a reproductive cost. The relative rarity of polygyny in tree
swallows also means that secondary females could not recoup any short-term loss of

reproductive success by producing sons that are liksly to be polygynous (Quinney
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1986).

Even if polygyny were not costly to females. they might still prefer mating
polygynously with some males because they provide better protaction against predators
(this protaction might be shared by two females on a territory). The results of the male
removal experimant in this study (Chapter I} suggested that losing most male protection
against predators had no effact on female reproductive success, so it seems unlikely
that females are choosing among males that provide varying amounts of protaction.
Knapton (1988) has suggested that female aastern meadowlarks (Sturnalla magna) may
choose to mate polygynously with older males that provide better protection against
predators. However, in his population polygynously mated females were more
succassful in breeding than monogamous females and polygyny was quite common
(38-56% of males).

Polygyny might also occur if already-mated females are not able to exclude
secondary females from settling. This hypothesis assumes that females atternpt to
exclude secondary females because they reduce the reproductive success of
already-mated females (i.e.. negative density-dependent effects on raproductive
success). Again, this hypothesis could not apply to this study population, because: 1)
primary females did not produce fewer offspring than monogamous females (Chapter
IV) and 2) it is unlikely that primary females, which receive male aid, would do worse
than unaided females which showed no loss of reproductive success. Some studies
have suggested that female aggression could limit polygyny (Breishagan and Slagsvold
1988, Arcese 1989); however, in these species aiready-mated females probably incur a
cost when secondary femaies settie and breed (Chapter IV). Nevertheless, it is possible
that female aggression limits settlement of secondary females as a non-adaptive
consequence of aggression to prevent ugg-dumping or nast usurpation (see Chapter IV).
This assumes that already-mated females cannot distinguish between potential secondary
females and females that might engage in egg-dumping or nest usurpation.

There is some evidence from tree swallows to support this hypothesis. First,
already-mated females did not incur a cost when a secondary female settled and bred,
yet they were aggressive toward intruders. Males, on the other hand, are less

aggressive toward female intruders and may atternpt to copulate with them (Stutchberry
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and Robertson 1987, P. Dunn pers. obs.). Second, egg-dumping and nest usurpation
occur in tree swallows (Lombardo 1988, Leffelaar and Robertson 1988%), and thay have
the potential to greatly raduce female reproductive success. Lastly, males in this study
were more likely to bacomo polygynous (5 vs. 38%) if they had two nast-boxes over B
m apart. This suggests that females are defending an area immadiately surrounding their
nest-box and that secondary females are generally forced to nest outside this area.
Monogamy is probably the most common pairing association in tree swallows bacause
most males (56%, 20/36) do not have extra nest-boxas over 5 m from an occupied
box. Male competition for nest-boxes is intanse, and it may limit most males to
defending one nest-box. However, othar constraints must be operating as well, because
only 38% of maies with an extra box over 5 m away became polygynous Cie possible
constraint is that at any given time the number of potantial seconrdary femalas in the
population may be low relative to the number of unmatec males with nest-boxas.
Nevertheless, a 38% rate of polygyny is similar to rates found in some populations of
other species that are "typically” polygynous (15-3 1%, Harmenson 1974; 10-20%
Pleszcsynska and Hansell 1980; 21-44% Wittenberger 1980; 13% Wootton et al. 1986:
47%. Leonard and Picman 1988).

Quinney (1983, 1986) suggested that polygyny in tree swallows was caused by a
combination of limited nest-sites and high food abundance. This study supports that
cénclusion. but for a different reason. Quinney thought that polygyny was costly tc
female tree swallows and that they had to be compensated for that cost by breeding in
areas of high food abundance. In this study polygyny also occLii 3d in an arcas of high
‘ood abundance, but this was not because females were attempting to red:.'ce the cost
of polygyny. Polygyny would not have been costly in either lake or rcad habitats in this
study (Chapter Ill). However, females could lay larger ciutches at thu lakeshore bacause
of greater insect abundance during the laying period. insect aburidince. Therefore, the
best place to breed for a female in this study was the 'akeshore. regardiess of mate
status. If there were greater competition among famales for nest-boxaes at the lakeshore
and only a small number of females had to "chooss” between monogamy and polygyny,
then one might only find polygyny at the lakeshore (or other high quality habitats such ss

the marsh).
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These resuits do not mean that the polygyny threshold modsl is invalid for tres
swallows at Quinney's study area or anywhera alse. In areas where territory qua'ity is
very high and homogeneous, the reproductive success of monogamous and secondary
females may be so similar that there is no disadvantage to secondary mate status and
females may be unable to distinguish differences in territory quality (it may also not be
possible for researchers to find differences). Orians' (1969) graph of the polygyny
threshold model shows this region in the upper right of Fig. 1. However, most
discussions of the model concern the region where polygyny is costly to females le.g..
Garson et al. 1981, but see Wootton et al. 1986). Several recent studies (Wootton et
al. 1986, Leonard and Picman 1988, Lightbody and Waeatharhead 1988) found that
polygyny occurs randomly in high quality homogansous areas. Wootton et al. (1986)
have modified the polygyny threshold mode! to emphasize the changes that occur as
territory quality increases and the cost of polygyny decreases. it seems likely that
Beaverhill Lake is a high-quality homogeneous habitat for tree swallows. Similar
conditions may occur at Quinney's study area in Ontario because insect abundance is
similar to that at Beaverhill Lake (Table III-8). However, the crucial test is whether or not
secondary females incur a cost from polygyny. Quinney (1983, 1986) suggested that
secondary females did not incur a cost, but he was not able to determine which female
was the secondary (two females laid eggs in one nest and he assumed haif of the
fledglings were produced by sach female). A better test would be to simulate the loss
of male parental care experienced by secondary females with a male removal
experiment. In other areas where insect abundance is much lower and polygyny appears
to be costlv (e.g.. Leffelaar and Robertson 1986, P. Dunn unpubl. data), secondary
females may be choosing relatively higher quality areas to offset the costs of polygyny.
An examination of polygyny in various habitats would be an important test of the

modified polygyny threshold hypothesis (Wootton et al. 1986).
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VI. GENERAL DISCUSSION
Monogamy is associstad with relatively high levels of male parental care. However, this
relationship does not necessarily indicate what factors maintain monogamy in bird
populations. For axample, in some spacies males and females may appsar monogamous,
but male parental care may not be necassary to reproduce successfully. In this case
there may be other constraints on the breeding bahavior of males that make it more
advantageous to males to stay with their mate than to desert (Maynard Smith 1977). In
this chapter | discuss the maintenance of monogamy in two spaecies in which the
importance of male parental care to reproductive success varies from a necessity in one
species to no apparent effect in the other spacies.

This study indicated that male parental care was an absolute necessity for
successful reproduction in biack-billed magpies (Chapter Il), but that male parental care
had little or' no effect on female reproductive success in tree swallows (Chapter I, 1V).
These results indicate that monogamy in magpies is obligatory, while in tree swallows
monogamy is facultative (Murray 1984). Food abundance is thought to influence the
importance of male parenta! care (Emien and Oring 1977). If true, then food availability
may be relatively lower for magpies than for swallows; however there are no
comparable data on food availability to test this hypothesis batween the \wo species.
Within species, however, there are data from tree swallows that allow a preliminary
examination of the food hypothesis. The observed variation in food abundance within my
study sites in Alberta did not appear to influence the importance of male parental care.
However, insect abundance appears to be much lower in southern Ontario, where
Leffelaar and Robertson (1986) studied tree swallows, than at Beaverhill Lake {P. Dunn,
unpubl. data). in contrast to swallows at Baaverhill Lake, unaided females in southern
Ontario generally failed to raise any offspring (Laffelaar and Robertson 1986, Robertson
unpubl. data). These results tend to support the hypothesis that fooa a. undance
influerices the need for male parental care. In 8 more detsiled comparison, | would
predict that polygyny is costly to secondary females in Ontario and that the polygyny
threshold model is more likely to be applicable to females there. A comparison of
polygyny and food abundance in Ontario and Alberta would be 8 useful first test of the

modified polygyny thrashold modei (Wootton et al. 1986) because it could indicate the
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relative importance of habitat quality versus other constraints on male mating behavior.

Bart and Tornes (1988) provided a list of conditions under which male parents!
care would likely be most and least important to reproductive success. They suggested
that the strongest correlate of male vaius was male assistance with incubation and that
feeding the femals during incubation was less important (based on male removals in pied
flycatchers and snow buntings). This conclusion is similar to the conclusion that | arrived
a8t independently in Chapter Il; howaver, my ctudy of magpies indicates that maie parental
care can also be very important in species whare the male feeds the femaie during
incubation. The difference between my study of magpies and the studies of pied
flycatchers and snow buntings may be because male magpies feed their mates to a
greater dagrae. Furthar male removal studies on species in which the male incubates or
feeds the famale while she incubates would help resoive this question and increase our
knowiedge of the overall importance of male parental care to reproductive success (Fig.
II-1). For comparative purposes, thes: studies should also estimate the relative extent of
the contribution of males to each breeding activity (e.g., % time spant incubating by
males).

Maie parental care is likely to be least important to reproductive success when
males only guard the nest and feed the young (Bart and Tornes 1989, Fig. II-1). In these
situstions a variety of factors could favor male parental care and monogamy. Bart and
Tornes (1989) present three hypotheses for why males may remain with their mate and
provide parental care, but two of these are probably only applicable to species that
make two nesting attampts per year. The third hv=_ ,aesis is that the benefits of male
parental care (in terms of reproductive success) & e greater than the costs. because
assisting the female is relatively cheap for the msle, especially during good conditions.
This hypothesis may hava some application in tree swallows, because, although male
parental care does not measurabiy improve female fleadging success (Chapter Hll), there
do not appear to be any better alternatives for males during the nestiing period (such a
finding another mate), and assisting the femaie with feeding probably improves the
condition of nestlings in larger broods (Chapter IIll. Nevertheless, in cases where the
male has little or no effect on reproductive success there must be other constraints on

male behavior, otherwise they should desart their mate after breeding and search for
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another female. These constraints could include few alternative mating opportunities (as
above) and high predation rates such that ramaining with one's mate facilitates renesting.
These other constraints are the likely reasons why males of some species are

monogamous even though male parents! care is relatively unimportant.

Intrasexusl compstition and the maintenance of monogamy

The assumption that polygyny is costly to females is integral to most hypotheses
for the maintenance of monogamy (e.g.. polygyny threshoid and female aggression).
Alternative hypotheses have been proposed that assume polygyny is not costly
(Wootton et al. 1986, Lightbody and Weatherhead 1987, 1988). These models attempt
to explain why polygyny appears to occur randomiy with respect to tarritory quality.
"Neutral” models suggest that pclygyny will occur randomly if territories are
homogeneous (such that females cannot differentiate between higher and lower quality
territories) and all territories are high quality (so there is no selection against inability to
choose). Although this explanation may be suitable for explaining polygyny. it does not
explain why many individuals are monogamous. That is, if all territories in 8 given area
are similarly high in quality, then why is polygyny uncommon? Praesumably, random
settlement would result in more cases of polygyny and higher numbers of mates per
mele. In addition, one might axpact famales from lower quality habitats to attempt to
settie on the higher quality areas and further increase the chance of polygyny.

A major Factor limiting most males to monogamy may be intrasexual compatition
for access to resources needed for breeding (McLaren 1972, Murray 1984, Davies and
Houston 1986, Lightbody and Weatherhead 1987. Arcese 989). Competition among
males for access to breeding resources could limit the territory size of most males and
competition among females for a nest-site or axclusive access to mais parental care
could limit the settiement of secondary famales. Assuming that females require a certain
minimum area or a discrete resource for breeding within a male's territory, then males
may only become polygynous if their territory 1s big enough that 1) there are sufficient
resources to support 3 second fermale and 2) territoriality by the siresdy-mated female
does not preciude the use of this ‘extra” area by a second female (McLaren 1972,

Stobo and McLaren 1S75 Hsnnon 1984, Arcese 1989).
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Exumples of non-breeding subpopulations caused by intrasexual competition for
breeding eucu > & ¢ 5., nest-sites, display sites feeding areas) are common in birds
Brov 2 180 Kipeoa e A doag 1974, Hannon et al, 1982, Hannon 1983, Stutchberry
and b obertson 13 &t net and Arcese 1989). However, there is little evidence that
intracaxus’” coTpehicr tlaintaing monogamy in situations where there are no other
dpparent constreints. Previous studies that have suggested that intrasexual compatition
influences mating behavior have also found that polygyny is costly to secondary females
(Stobo and McLaren 1975, Askenmo 1984, Davies and Houston 1986, Arcese 1989,
Wolf et al. 1989). In these cases it was not known if female choice or intrasexual
competition was more important in influencing mating behavior. in the past, when most
studies found that polygyny was disadvantageous to secondary females they conciuded
that monogamy was maintained because a polygyny threshold was rarely exceeded; they
did not consider the role of female aggression or male-maie competition in limiting the
options of either sex. In cases where females do not incur a cost from polygyny. the
role uf intrasexual competition is not confounded by female choice (females should not
be avoiding polygyny if it is not =ostly). To date. only studies of yallow-headed
blackbirds (Lightbody and Weatherhead 1987, 1988), willow ptarmigan (Hannon 1984,
Martin and Cooke 1987) and tree swallows (this study) suggest that: 1) polgyyny is not
costly and 2) the relative size of male and female territories determines the mating
behavior. In these cases, the relative ability of males and females to gain access to
breeding resources is the major determinant of the mating system (rather than female
choicel. As Arcese (1989) racently pointed out, the roles of intrasexual competition and
female choice in mating systems can hast be understood by first determining if polygyny
is costly and then assessing the potential for males and females to defend breeding
resources. In cases where polygyny is costlv to females, experimental manipulations of
male and female competitive ability (Hannon 1984, Wingfield 1984) could allow one to

estimate the relative importance of female choice versus intrasexual competition.
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