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“The breed is guileless and innocent of wile in a peculiar degree; the
instinct of deception even in a good cause seems not to enter into their
scheme of things...They are careless, too, of stranger birds who may
happen to have wandered near the family abode...In October and early
November, whilst still engaged in the search for nests, it was
disheartening work, after believing we had tracked a male to his lair, to
find two males engaged in parley — long, low, chattering, very friendly
palavers. It seemed then so improbable that one male would tolerate the
presence of another close to his breeding quarters...I have reason to
believe, however, that although thus friendly, care is taken not to
intrude on one another’s domains.”

H. Guthrie-Smith (1925) describing
the behaviour of the stitchbird in his
book Bird Life on Island and Shore



The stitchbird female (left) showing her distinctive white wing-bar and
the male (right) displaying the characteristic ‘cocked’ tail position

*Stitchbird’ is this species’ pakeha name, thus it is also known by the following Maori
names:

hihi*, tihi, ihi, tihe, kotihe, tiora, tiheora, tioro, kotihe-wera (male only),
hihi-paka (male only), hihi-matakiore (female only), mata-kiore (female
only), tihe-kiore (female only)

* This is the most commonly used Maori name today
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Abstract

Although many vertebrate species form stable breeding partnerships, extra-pair
copulations are often common in these species, potentially leading to intersexual conflict.
Forced copulation or rape is an extreme manifestation of this conflict, occurring when a
female is forced to copulate with a male despite her resistance. In this thesis, I report
research addressing several questions about forced copulation in stitchbirds (Notiomystis
cincta), a species with frequent forced copulation attempts. I conducted this research over
three years on Tiritiri Matangi Island, off New Zealand’s northeast coast. Forced
copulation was used opportunistically by all males in the population, and male age and
morphometrics did not predict forced copulation success or the likelihood of female
consent. A newly proposed hypothesis to explain the function of forced copulation in
birds, the °‘creation of a dangerous environment’ hypothesis, was not supported
empirically and in its current form appears to be theoretically unworkable. Male
stitchbirds seem able to bypass female choice through adopting a face-to-face forced
copulation position. This is effective because their cloacae become engorged with sperm,
and act similarly to a penile erection to allow cloacal contact when copulating in this
species’ unique face-to-face position. Forced copulation attempts occurred mainly during
females’ fertile periods immediately before egg laying, and this was strongly correlated
with an increase in female weight, suggesting that males use the weight of the female to
judge her fertility status. Resident males also adjusted their behaviour at this time,
switching from a territorial site-specific defence to a mate-guarding tactic localising on
the position of the female. While costs associated with forced copulation have been
previously documented for females, I show that the resident male also suffers a cost as
measured by a 5% loss of bodyweight as a result of extra-pair male territorial intrusions
on top of a 2.5% weight loss as a result of mate guarding. The resident male’s uncertainty
of paternity resulting from extra-pair forced copulation had little effect on provisioning by
paired males. The key factors affecting male provisioning were brood size (males did not
provision one-chick broods) and whether the male was monogamous or polygynous
(males only fed the brood of their primary female). Cross-species comparisons can be
useful in understanding the function of forced copulation if carefully undertaken, with

previous criticism of this approach based on numerous misunderstandings.
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Note on text:

Each chapter is set out in the style of the journal to which it has been submitted.
Consequently there is some repetition, particularly in the Methods sections and there are
minor stylistic differences between chapters. For the two submitted chapters that include
other authors (Chapters 3 and 6), while my input was the greatest, I received assistance
from my co-authors. | designed the research, undertook or coordinated the field work,

analysed the data and wrote the manuscripts.
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Introduction

Forced copulation, a set of behaviours characterised by male force and female resistance
in a sexual context, is a widespread biological phenomenon occurring in insects
(Thornhill 1980), fish (Farr 1980), reptiles (Olsson 1995), birds (McKinney et al. 1983),
and mammals (Smuts & Smuts 1993) including primates (Mitani 1985) and humans
(Thornhill & Palmer 2000). Forced copulation has generally been considered as a tactic
within a male’s reproductive strategy where a male uses force to gain additional matings
at the expense of the benefits a female may receive through mate choice (Clutton-Brock
& Parker 1995; Ligon 1999). However, while in many species their behaviour conforms
to predictions from such an interpretation (Birkhead et al. 1985; Jones 1986), in some
animals displaying forced copulation behaviours females appear able to prevent males
from successfully achieving forced sexual access (Wagner 1991; Gowaty & Buschhaus
1998).

One such group of animals where the ‘forced additional insemination’ hypothesis
has been questioned as the function of forced copulation is in avian species lacking an
intromittent organ (phallus). In these birds it is thought that females can control sexual
access, meaning males cannot forcibly inseminate an unwilling female (Fitch & Shugart
1984; Weatherhead & McRae 1990; Gowaty & Buschhaus 1998). Additionally it is
supposed that females generally gain benefits from extra-pair copulations and thus it
seems paradoxical to generally refuse them (Ligon 1999; Cunningham 2003). These ideas
suggest that forced copulation in these species must have a function other than a male-
driven direct insemination strategy. To account for its existence in these species, two
hypotheses have been proposed, the ‘resistance-as-a-ploy’ hypothesis (Westneat et al.
1990) that predicts females manipulate males into forcibly copulating to measure their
quality, and the ‘creation of a dangerous environment’ or CODE hypothesis (Gowaty &
Buschhaus 1998) that predicts males use forced copulation as a form of harassment.
These newer hypotheses and a number of their underlying assumptions have rarely been
tested empirically, resulting in uncertainty as to the validity of these ideas and the general

evolutionary significance of forced copulation in many bird species.
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Introduction

The stitchbird as a model for testing forced copulation hypotheses

The stitchbird or hihi (Notiomystis cincta) is a medium sized, forest dwelling passerine
that displays significant sexual dimorphism in both size and plumage colour, with males
being both larger and more colourful than females (Higgins et al. 2000). Social
monogamy is the most common pairing arrangement, although their mating system also
includes polygyny, polyandry and polygynandry (Castro et al. 1996). Male stitchbirds
engage in a reproductive strategy where both paired and unpaired males pursue extra-pair
copulations (EPCs) during the breeding season (Castro et al. 1996; Ewen et al. 1999). The
majority of these EPCs are forced (Ewen et al. 1999) and involve a unique face-to-face
copulatory position that the female actively and aggressively avoids (Anderson 1993;
Castro et al. 1996).

Stitchbirds display many of the qualities required for testing current controversies
surrounding the function of avian forced copulation. They lack an intromittent organ but
display high levels of extra-pair forced copulation behaviour (Castro et al. 1996; Ewen et
al. 1999). They are not shy and are easy to approach, with each pair generally restricting
their movements to within a well-delineated territory with an approximate radius of 30 m,
allowing close observation over prolonged periods. Stitchbirds exhibit significant
breeding asynchrony (Fig 1.), allowing observation of bird movement and forced
copulation rates relative to “hotspots” of female fertility, allowing differentiation of a
general “copulate with everything” rule, and current forced copulation hypotheses
(Birkhead & Biggins 1987).

Behavioural resistance by the female in this species is reportedly obvious,
suggesting that it is relatively easy to assess female resistance during successful and
attempted copulations. Male investment in the feeding of offspring is highly variable, and
this presents an opportunity to measure trade-offs between certainty of paternity,
additional mating opportunity and offspring provisioning by the resident male. Male
stitchbirds are unique in their positioning of the female for forced copulation, and this
raises the question of whether face-to-face copulation in the stitchbird is the behavioural
equivalent of the dorsal clamp used for restraining females during forced copulation in the
scorpionfly (Panorpa sp.) (Thornhill 1980), and thus may allow males to bypass female

choice in this species.
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Introduction

The aim of this study is to understand the function and mechanics of forced

copulation in the stitchbird within the broader context of this species’ mating system. In

order to address this aim I sought to answer the following specific questions:

1.

2
3,
4

()]

Individual female fertile periods (first clutches)

In what form and context do stitchbirds exhibit sexually coercive behaviours?

To what extent do males or females control patterns of extra-pair copulation?
Through what method do males evaluate female fertility?

Do male stitchbirds possess any anatomical or behavioural features allowing them
to bypass female consent?

Are males and females affected by costs related to extra-pair forced copulation?

Sept 17 Oct 2 Oct 18 Nov 3 Nov 19
Comparative breeding asynchrony (date)

Figure 1. An example of the relative asynchrony of first clutch nesting attempts for 32 females during the

2001/2002 breeding season. Each black bar represents each nest site from the beginning of the female’s

fertile period (6 days before the laying of the first egg) until the laying of the usually penultimate, third egg.
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Introduction

The study population

Stitchbirds were once found throughout the forests of New Zealand’s North [sland, but by
the 1880s they were considered extinct on the mainland and restricted to a single
population on Little Barrier Island (Higgins et al. 2000). In order to increase this species’
range and long-term viability, in 1995 the New Zealand Department of Conservation
translocated 38 stitchbirds from Little Barrier Island to Tiritiri Matangi Island, commonly
referred to as “Tiri” (Fig. 2). A further 13 birds were translocated in 1996 (see Ewen 1998
for details). Since this time, the population has expanded, with the September census
recording 45 adults in 2000, 62 adults in 2001, 92 adults in 2002 and 109 adults in 2003,
with nesting attempts and the number of chicks fledged per year increasing accordingly
(Fig. 3).

The Tiri population was chosen for this study as it had several unique features
making it ideal for a study looking to distinguish competing hypotheses relating to the
function of forced copulation. These included;

1. Population size. The population was small enough to be comprehensively
monitored but large enough for meaningful results to be collected.

2. Patchy distribution. The birds were not uniformly distributed across the island (see
Fig. 2) allowing parameters associated with local population density to be
assessed.

3. Individual colour banding. Since the initial translocations, all birds have been
individually banded with their ages and social parentage recorded.

4, Nesting in artificial boxes. Because the stitchbird is a cavity nesting species, nest
boxes must be provided for successful nesting on Tiri. This allowed all nesting
attempts to be easily and accurately monitored

5. Reliance on supplementary food. Stitchbirds are reliant on supplementary feeding
stations for a percentage of their daily caloric intake, allowing birds to be easily
caught or automatically weighed at these locations. These feeders also present an
opportunity to study behavioural interactions between birds outside of their
territorial areas.

6. Gentle topography and low canopy (by New Zealand standards). The island is
easy to traverse, with low canopy and minimal understorey. This allows the birds

to be visually monitored with relative ease during observation periods.
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f

\ Auckland 23km &, Whangaparoa peninsula 3.5km
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Figure 2. Tiritiri Matangi Island (top) is located in the Hauraki Gulf, approximately 23 km north of
Auckland, New Zealand. The island’s area is approximately 220 ha and is a patchwork of remnant forest
and regenerating forest and shrub-lands. The yellow dots represent stitchbird nesting sites, with these

generally restricted to the remnant forest and older revegetated areas.
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Introduction

Stitchbirds on Tiri breed during the spring/summer between September and February,
with the first eggs laid in late September or early October (Fig. 1), and the last eggs laid
in early to mid January. I studied various aspects of the birds’ behaviour and morphology
from the onset of nest-site selection in September, through to the fledging of the last

chicks in late February for three breeding seasons (2000-2003).
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Figure 3. Total number of nesting attempts and chicks successfully fledged for seven breeding seasons
from 1997 until 2004. The period of population monitoring for this study is highlighted. (Data for the
breeding seasons 97/98, 98/99, 99/00, 03/04 are taken from internal Department of Conservation reports).
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Introduction

Research approach

In order to empirically test and compare competing explanations for forced copulation in
the stitchbird (male direct insemination, resistance-as-a-ploy, CODE hypothesis), I look at
the temporal patterns of both within-pair and extra-pair copulations relative to each
female’s fertile period. I also compare the characteristics of males that were successful at
forcing copulations with those of resident males that were unsuccessful at preventing
these, as well as patterns of female resistance and its influence on extra-pair copulation
success (Chapter 1). The robustness of the CODE hypothesis is further examined in
Chapter 2 where the verbal game theoretic argument as proposed by Gowaty &
Buschhaus (1998) is formally modelled and the model outcomes compared to the CODE
hypothesis predictions.

In order to better understand how face-to-face copulation may bypass female mate
choice and successfully lead to cloacal contact and forced insemination in the stitchbird, I
examine the seasonal changes in the male’s cloacal protuberance. Previous studies have
generally failed to find support for the ‘copulation efficiency’ hypothesis of the cloacal
protuberance (Wolfson 1952). Because previous tests of this hypothesis have not
evaluated the relationship between male and female cloacal openings, I document the
relationship between spermatic engorgement of the cloacal protuberance and its angular
position in males and the corresponding seasonal cloacal changes in females (Chapter 3).

Males in many species, including stitchbirds, appear able to accurately predict the
timing of each female’s fertile period as witnessed by their congregations around fertile
females (Emlen & Wrege 1986; Castro et al. 1996; Komdeur 2001). The mechanism by
which male birds may assess female fertility has been suggested to come from cues
directly from the female (flight behaviour, nest building, egg-laying, or female
solicitation) or indirectly from the resident male (within pair copulation, mate guarding
intensity, or song rate or quality) (Birkhead et al. 1987; Komdeur et al. 1999). To assess
which of these proposed cues best predicts the patterns of extra-pair male forced
copulation attempts; | use a correlational approach to evaluate which fertility cue is most
likely to explain patterns of extra-pair male activity in this species (Chapter 4).

Because of its life history characteristics (high levels of extra-pair forced

copulation and extra-pair paternity), mate guarding in the stitchbird is predicted to be
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Introduction

intense (Komdeur 2001). However, previous published accounts of mate guarding in this
species have suggested that males may not always adopt a mate guarding strategy as
predicted (Ewen 1998; Castro et al. 1996). In Chapter S I evaluate mate guarding intensity
by measuring 1) male proximity to the female, 2) the identity of the bird that re-
establishes pair contact, and 3) the location and size of the area defended by the male,
relative to the fertile period of the resident female.

Costs associated with forced copulation usually focus on the female (Smuts &
Smuts 1993; Olsson 1995), however the possibility that forced copulation exerts costs on
males through increased mate guarding has rarely been explored. I evaluated costs for the
resident male by measuring his weight changes relative to his female’s fertile period and
associated extra-pair forced copulation attempts (Chapter 5). Females are thought to pay a
cost of consorting with other males, in that the resident male reduces his investment in
offspring provisioning proportionally to his certainty of paternity (Ewen & Armstrong
2000). Using a hierarchical model, I evaluate the relative cost of this when compared to
other factors influencing male provisioning of offspring (Chapter 6).

Because forced copulation behaviour in non-human animals appears similar to
rape in humans, this has lead to cross-species comparisons and thc application of
hypotheses developed in one field being used to explore the other (Gowaty & Buschhaus
1998; Thornhill & Palmer 2000). This exercise has been controversial and elements of

this controversy are explored in Appendices 1 and 2.
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CHAPTER I

Female resistance and male force:

Context and patterns of copulation in the New Zealand stitchbird

Face-to-face forced copulation in the stitchbird

In this photo the male is lying face down on top of the female, who is lying on her back.
The female’s tail, lower abdomen and a banded leg can be seen.

Does a stitchbird, in time, rape nine?

Chapter reference:
Low, M. Female resistance and male force: context and patterns of copulation in the New Zealand
stitchbird. Submitted to Journal of Avian Biology
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Abstract

The New Zealand stitchbird or hihi: Notiomystis cincta is unique in that it has two distinct
mating positions; in addition to the male standing on the female's back, as is seen in all
other birds, it also copulates face-to-face. In this study, all males first attracted a female to
their territory and supplemented their within-pair matings by intruding into other
territories and attempting forced copulations. I recorded the temporal variation of both
attempted and successful copulations relative to the female’s fertile period in order to
understand the function of copulation variability in this species. Each of 105 observed
copulations were classified according to whether they were: 1) within-pair or extra-pair,
2) forced or unforced, and 3) face-to-face or standing. Together, ‘within-pair unforced
standing’ and ‘extra-pair forced face-to-face’ copulations accounted for 77% of all
observed copulations. The next most frequent classes of copulation were ‘extra-pair
forced standing’ (10%) and ‘extra-pair unforced standing’ (7%). The peak in copulation
frequency centred around two days prior to the laying of the first egg and occurred within
a period of six days before and seven days after the first egg was laid. Unsuccessful extra-
pair forced copulation attempts closely followed the distribution of all copulations. Male
age and morphometrics did not predict whether a female would resist or accept extra-pair
copulation attempts, and female resistance did not appear to select for male quality. In the
stitchbird, it appears that males use forced copulation as a tactic to gain additional
fertilizations within a wider reproductive strategy, and females resist these forced

copulations because of some associated cost.
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INTRODUCTION

Copulations performed outside of the pair bond have been reported in many bird species,
with both males and females recorded as actively engaging in these extra-pair copulations
(EPCs) (see Westneat et al. 1990, Griffith et al. 2002 for review). While males gain an
obvious benefit from EPCs through fathering additional young, recent work has focussed
on the active role females may play in securing EPCs to: (1) gain access to better
resources (Gray 1996, Hunter and Davis 1998), (2) guard against infertility of their social
mate (Sheldon 1994), (3) maximise genetic diversity of their brood (Westneat et al.
1990), (4) maximise genetic compatibility with the father of their offspring (Kempenaers
et al. 1999), and (5) obtain ‘good genes’ from higher quality males (Meoller 1988).
Because the relative costs and benefits, as well as motivations, for engaging in EPCs
differs between the sexes, this can lead to intersexual conflict (Trivers 1972, Clutton-
Brock and Parker 1995). Female attempts to engage in EPCs may be thwarted by their
partner implementing a paternity guarding tactic such as mate guarding (Komdeur et al.
1999) or frequent copulation (Birkhead and Meller 1992). Alternatively, females who are
unwilling to copulate with an extra-pair male may be forced to do so, with the males of
some species able to overpower or restrain an unwilling female for copulation despite her
obvious resistance.

Forced copulation has been reported in a wide variety of animal species, including
birds (reviewed in Thornhill and Palmer 2000), and is generally characterized by male
force and female resistance. However, overt female resistance may be lacking in some
cases where males gain sexual access through threat of force and females passively accept
because the costs of resistance are high (Palmer 1989, Smuts and Smuts 1993). Despite
the possibility that males may win arms races associated with forcible insemination
(Clutton-Brock and Parker 1995), and thus influence patterns of extra-pair paternity in
some species, this has been ignored in recent attempts to understand the adaptive function
of extra-pair paternity in birds (for example Griffith et al. 2002, but see Westneat and
Stewart 2003).

While overt female resistance suggests that the female is trying to avoid a
particular copulation, it has been suggested that this behaviour could be a ploy to test the
copulating male’s quality (Westneat et al. 1990). This could evolve as a deliberate female

strategy where females actively incite competition to choose the best male (Hoi 1997), or
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be selected for indirectly, as the competition between males simply leads to females being
inseminated by the most competitive male who is strong enough to overpower her (Cox
and Le Boeuf 1977, Wiley and Poston 1996). Determining the motivation of females who
show behavioural signs of resistance may be difficult (Estep and Bruce 1981); however, if
females resist as a ploy there should be some evidence of females inciting male
competition (Hoi 1997, Westneat and Stewart 2003). This form of female choice has the
potential to operate at a pre-copulatory level through male — male competition, or at a
post-copulatory level through sperm competition (Cunningham 2003). Recently, however,
the prevailing view that females generally benefit from and therefore should encourage
EPCs has been questioned (Westneat and Stewart 2003), raising the possibility that in
some cases females may generally resist EPCs. The New Zealand stitchbird or hihi:
Notiomystis cincta is an ideal species to examine sexual conflict and female control of
EPCs because of'its overt and common forced copulation behaviours.

The stitchbird is an endangered endemic New Zealand passerine with a
distribution restricted to offshore island sanctuaries (Higgins et al. 2001). Stitchbirds
usually breed monogamously or polygynously, although occasional polyandry and
polygynandry have been noted (Castro et al. 1996). During the breeding season both
paired and unpaired males move into other birds’ territories seeking extra-pair copulations
(Ewen et al. 1999, Low in press), with 35 — 46% of offspring the result of extra-pair
paternity (Ewen et al. 1999, Castro et al. in press). The stitchbird is unique in that it can
copulate in two different positions: the common avian male-standing-on-the-female’s-
back as well as face-to-face (Anderson 1993, Castro et al. 1996). Copulations in the face-
to-face position are generally considered to be forced, with females avoiding these by
giving a specific forced copulation call and fleeing, and resorting to grappling with the
male if caught and forced onto her back (Castro et al. 1996, Higgins et al. 2001). If EPCs
are generally resisted by female stitchbirds, as has been previously observed (Ewen
1998), this places the stitchbird alongside waterfowl as an exception to the prevailing
view that females should benefit from and therefore encourage EPCs (Cunningham
2003).

This study was designed to answer three questions regarding the context and
patterns of within-pair and extra-pair copulations in the stitchbird. The first, why do males
force copulations? To answer this, behavioural data were collected in order differentiate

between four functional hypotheses of forced copulation: (1) as a tactic to gain
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fertilizations in addition to within-pair matings (Birkhead et al. 1985), (2) as a best-of-a-
bad-job mating scenario for reproductively isolated males (Thornhill 1980), (3) as a non-
inseminating manipulation of the mating system; the creation-of-a-dangerous-
environment (CODE) hypothesis (Gowaty and Buschhaus 1998), (4) because females
manipulate males in order to test their quality (Hoi 1997) (for hypothesis predictions see
Table 1).

Predictions
Quality of
FC success ful Which Extra-
distributed Which FC male females pair
randomly males relative to are Female paternity
among attempt female’s targeted reaction to from
Hypotheses males? FC? mate? for FC? FC? FC?
Additional Yes Potentially Random All Avoid Yes
Fertilization all males females.
Primarily
when
fertile
No Only Lower All Avoid Yes
Best-of-a- males females.
Bad-Job lacking a Primarily
social when
mate fertile
Dangerous No Only Lower Generally Avoid No
Environment males non-fertile
lacking a unpaired
social or
mate unguarded
females
Female Yes Potentially Higher All Encourage Yes
Manipulation all males females.
Primarily
when
fertile

Table 1. Predictions arising from four hypotheses regarding the function of forced copulation (FC) in birds.
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Secondly, why do females resist copulations, and how does this relate to current theories
of female control of extra-pair paternity (Griffith et al. 2002)? If females are resisting to
avoid costs of forced extra-pair copulation, and these forced copulation can result in
extra-pair paternity, this suggests that females do not control extra-pair paternity in the
stitchbird. I evaluated this by comparing observations of female behaviour to predictions
from the theory that females use forced copulation to test male quality; and examine the
evidence for forced copulation resulting in extra-pair paternity. Thirdly, do intermediate
patterns of force and resistance lie between the previously described behavioural extremes
of female-solicited standing copulation and face-to-face forced copulation? In other
words, is there evidence for force and resistance in circumstances where females do not
overtly struggle? I examined this by documenting all behaviours seen during copulation

attempts and relating these to species-specific indicators of resistance.

METHODS

Study population

The birds in this study were observed during three breeding seasons in 2000/01, 2001/02
and 2002/03, and comprise a closed population on Tiritiri Matangi Island (36°36°S,
174°53°E), located off the northeast coast of New Zealand’s North Island. Stitchbirds
were translocated to the island in 1995 as part of the ongoing species’ management
programme. The population is small (between 26 and 34 breeding females per year) and
restricted to a small portion of the island (30 out of 220 ha), allowing all breeding
attempts to be monitored. The population sex ratio was biased towards females during the
first two years of the study (1:1.7 and 1:1.1) and biased towards males during the final
year (1.1:1). All birds on the island were uniquely colour banded with their ages and
social parentage known.

Because the stitchbird is a cavity nesting species and the island is mostly young
regenerating forest, approximately 100 wooden nest boxes were provided throughout
likely nesting areas. With only one exception during the study, all birds nested in boxes
and this allowed nesting behaviour to be easily monitored. Supplementary food was also
provided in the form of a 20% (by mass) sugar solution, fed from up to nine feeding

stations located around the island. These feeders were not contained within any
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stitchbirds’ territories and did not confound measures of extra-pair male intrusion rates.
Stitchbirds on Tiritiri Matangi Island breed during the spring and summer (September to
February) and often successfully raise two broods of between one and five chicks. In this
study, out of 121 nesting attempts, females were either paired to a monogamous (79%) or
a polygynous male (21%). In one nest, two females simultaneously laid their eggs, but

this failed soon into incubation due to ongoing aggression between the two females.

Copulation behaviour in stitchbirds

Stitchbirds have been described as copulating in two distinct positions: male-standing-
on-the-female’s-back (from now referred to as a standing copulation) (Castro et al. 1996)
and face-to-face (Anderson 1993, Castro et al. 1996). Standing copulations are similar to
those described for other avian species (Birkhead and Meller 1992). Both birds approach
one another and engage in a neck-rubbing pre-copulatory sequence while vibrating their
wings. The female then turns, the male hovers onto her back, the female moves her tail to
one side and the male presses his cloaca towards hers. The male then dismounts, and may
neck-rub with the female again, before calling and flying away. Face-to-face copulation is
described as the female being chased to the ground by between one and five males,
whereupon she is grasped by one of the males and forced onto her back. The male then
positions himself on top of the female, with his wings outstretched, and prevents her from
escaping, despite her vigorous attempts to do so. During face-to-face copulation attempts,
the female emits a distress call during the chase until she is forced to the ground (Castro
et al. 1996, Higgins et al. 2001). Anti-predator alarm calls have also been described for
this species, and because they differ significantly from the forced copulation alarm call
(Higgins et al. 2001, M. Low personal observation), to avoid confusion, these two calls

will be referred to as the anti-predator call and forced copulation (FC) call.

Defining force and resistance in the stitchbird

Previously, face-to-face copulations in the stitchbird have been considered to be forced,
and standing copulations considered consensual (Castro et al. 1996, Ewen 1998). To
evaluate the validity of this dichotomy [ observed all behaviours observed during
copulations and paid particular attention to those that indicated a copulating bird was

either using force or was resisting.
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[ defined resistance as any female act that reduced the likelihood of successful
sperm transfer from a given copulation attempt (Westneat et al. 1990). This included
flight from the male, FC calling, hiding, and fighting or struggling with the male. Force is
considered in the context of sexual coercion (Smuts and Smuts 1993) or rape (Palmer
1989), whereby a male can use force or the threat of force to increase his chances of
successfully mating with a female, at some cost to the female. Including “the threat of
force” when assessing copulation motivation was deemed important, as this allowed for
the possibility that forced copulations could exist in this species where males did not
overtly use force. This approach is necessary for recognizing whether a continuum of
sexual coerciveness exists in this species, as elements of force and resistance may be
subtle in particular circumstances. In cases where motivations changed during a sexual
encounter, the behaviour was categorised by considering the initial motivational state
(resistance or active consent). A copulation was considered successful if the male

mounted the female and it appeared as if he successfully made cloacal contact.

Behavioural observations

Stitchbird pairs were identified in September and October when females were beginning
nest building. Each observation at a pair’s territory lasted between 30 and 60 minutes and
an attempt was made to monitor each site daily. Particular attention was paid to
identifying any birds involved in a copulation or copulation attempt, describing all
copulation behavioural sequences, the presence and behaviour of extra-pair males and
females, and the reaction of resident birds to them. Nest boxes in each territory were
monitored daily to establish the date the first egg was laid. Territorial boundaries were
determined by observing the foraging behaviour of resident birds and interactions
between resident and neighbouring pairs. The territory boundary was defined as the line
beyond which an extra-pair male could call or be visible to the resident male, without the
resident male making an attempt to chase him away. Birds were also observed at
supplementary communal feeders during 2002/03, to compare to copulation behaviours

observed within territories. Additional details can be found in Low (in press).

Age and morphometric data

The age of all birds in this study was determined from banding records held by the New
Zealand Department of Conservation. In February 2002, at the end of the breeding
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season, all adult birds (n = 52) were captured in cage traps near supplementary feeding
stations. Upon capture, birds were weighed using Pesola scales (+ 0.5g), and their tarsus
and head-bill lengths were measured using vernier callipers (£ 0.05mm). Age,
morphometrics and territory ownership were used as indicators of male quality in the

absence of any validated quality measurement.

Analyses

The identity of birds and the timing of copulations were recorded during all three years of
the study. However, comprehensive data on unsuccessful copulation attempts, male
intrusion rates and female responses were only collected during the 2000/01 and 2001/02
breeding seasons. The identity of the copulating male could not be verified in some forced
copulations, and these data are not used in tests requiring knowledge of male identity.
Nesting attempts were highly asynchronous, thus all dates associated with collected data
were converted to a number relative to the date of first egg lay for that female (= day 0) to
allow comparisons between territories. Females were considered fertile between day -6
and the day the penultimate egg was laid (Low, in press). With the exception of
morphometric measures, data were not normally distributed or were significantly
heterogeneous and thus non-parametric statistics were used for these analyses.

The success of each copulation attempt, upon a given female, was assumed to be
independent of the success of any previous attempts, and thus absolute numbers were
compared. For the comparison between 1) the number of males involved in chases at the
feeder and within the territory, and 2) for female FC call comparisons, a mean was
generated for each female if more than one record existed per period, and these were
compared using a Mann-Whitney U test. The number of extra-pair males visiting a
territory was calculated by recording each male as having been present or absent during
observations. This also applied when calculating the mean distances travelled by males
when visiting extra-pair females’ territories during their own female’s fertile and non-
fertile periods. For successful extra-pair copulations, males were recorded only once for
comparison to unsuccessful males with their ages compared using a Mann- Whitney U test
and morphometrics compared using a t-test. Where comparisons were made between age
and morphometrics of the extra-pair and within-pair male, extra-pair males were recorded
only once per female and were compared for age using a Wilcoxon signed-ranks test and

for morphometrics using a paired t-test.
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I used a sequential Bonferroni correction to adjust p-value significance when
performing more than one test on the same dataset (Rice 1989). Means are expressed with
standard errors, probability values are two-tailed and statistical significance recognized at

P <0.05.

RESULTS

During the three breeding seasons of this study, 121 nesting attempts by 50 females were
monitored. Face-to-face forced copulations were generally as previously described, with
the female struggling intensely against the grasp of the male, but in three instances the
female was successful at struggling out from under the male and flying away. Males
behaved very aggressively during these encounters. A male would hold the female down
by grasping her legs with his claws and he would use his outstretched wings to restrict her
body movements and control his balance. Males would often peck violently at the head
and neck of the female as she struggled under them. As was observed by Castro et al.
(1996), only one male of the chasing group ever successfully achieved cloacal contact

with the female during each forced copulation event.

Temporal patterns of copulation

All 105 observed copulations (58 within-pair, 47 extra-pair) occurred between day -6 and
+7, and were grouped around day -2 (Figure 1). No copulations were observed outside of
this time even though 66% of'territory observations frem day -40 to +39 occurred outside
of the female’s fertile period. Most copulations were observed between the hours of 0700
and 1300, with the hourly copulation rate gradually declining during the afternoon (Figure

2). This pattern was similar for both within-pair and extra-pair copulations.

10
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Figure 1. Temporal pattern of successful within-pair and extra-pair copulation relative to the laying of the

first egg (= day 0).
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Figure 2. Temporal pattern of the rate of successful within-pair and extra-pair copulations relative to the

time of day (between 0700 and 1800 hours) during the fertile period of the female (day —6 to +2).
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Copulation categories

The majority of observed copulations (84%) could be placed into two categories — forced
face-to-face and unforced standing. However, this strong association between the use of
force and the copulatory position became ambiguous or reversed for the remaining 16%
of observed copulations (Figure 3). In 11 instances where an extra-pair male copulated
with a female in a standing position, the female had either been chased or the extra-pair
male suddenly landed next to her prior to the copulation. The female did not approach the
male, and began FC calling either during the chase or upon the appearance of the male,
and this continued during the pre-copulation sequence and mounting. The extra-pair male
went through an abbreviated copulation sequence (usually only a brief neck-rub and then
mount) and, unlike within-pair copulations, he never called as he dismounted. During five
of these resisted standing copulations, the female’s FC calls attracted the attention of the
resident male who arrived during or just after the extra-pair male had mounted, and then
aggressively chased him away.

In six instances of copulation by mutual consent (five within-pair and one extra-
pair), the female and male would begin neck-rubbing and turn as if the male was about to
mount, but then the female would be pushed onto her side (on three occasions it appeared
as if she overbalanced) and the male would flip her onto her back. At this point the
motivation of the female usually changed abruptly and she emitted an aggressive call and
struggled against the male. However, in one case she continued neck-rubbing with the
male despite being on her back and did not obviously resist the encounter. The male
would hold the female on her back and the rest of the sequence resembled a forced face-
to-face copulation. I considered these to be consenting face-to-face copulations, as the
female had actively approached the male and consented to copulate but only resisted in
the middle of the sequence once flipped onto her back. It should be noted that on one
occasion the female flipped the male onto his back, before he struggled to his feet and
mounted the female in a standing position. On three occasions females were observed

mounting the male, after he dismounted, during a standing copulation.

12
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Figure 3. Eight-way breakdown of copulation categories relative to three factors, 1) copulatory position, 2)
evidence of behavioural resistance by the female at copulation initiation, and 3) within-pair versus extra-

pair copulatory partners.

Male - female chases

Extra-pair males

For both first and second clutches, forced copulation attempts made by the extra-pair
male within the female’s territory coincided with the female’s fertile period and the
timing of successful forced copulations (Figs 4a, b). The number of males involved in a
forced copulation attempt ranged from 1 to 7, although the majority (61%) involved only
a single extra-pair male. The mean number of extra-pair males involved in an
unsuccessful forced copulation attempt (1.78 + 0.11 extra-pair males per attempt, 7 =39)
was significantly higher than the number involved in a successful forced copulation (1.28
+ 0.12 extra-pair males per attempt, » = 298; Mann-Whitney U: Z =2.44, n) = 39, n,; =
298, P = 0.014); with 80% of successful attempts involving only one extra-pair male.

The mean number of extra-pair males involved in chases of females was
significantly higher at communal sites (2.89 + 0.34 extra-pair males per chase, n = 14)

than within the female’s territory (1.50 = 0.15, Z = 3.47, n; = 14, n; = 33, P = 0.0005).

13
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This appeared due to the high concentration of males at these sites opportunistically

taking advantage of the arrival of a fertile female.

Within-pair males

On 31 occasions in 24 territories, the resident male was observed chasing his mate in
what superficially appeared to be a forced copulation chase. These chases differed from
forced copulation chases by extra-pair males in: a) their timing relative to the laying of
the first egg (day ~18 + 3; range —55 to —1), b) the response of the female as measured by
FC calling rate (1 call per 1.3 £ 0.2 seconds; 20% were ‘silent’ chases — see below for
comparison), ¢) their length (93 + 12 seconds; range 20 — 305 seconds — see below for
comparison), and d) the character of the chase (while not quantified, they always
appeared to be less urgent). Most of these chases (90%) finished with either the birds
simply landing in a tree and feeding or preening, or the male flying under the female in
full display (Higgins et al. 2001). On two occasions the female became agitated as the
sequence progressed and began hissing at the male while in flight, and on another two
occasions, the male physically brought the female to the ground but did not copulate with
her. On three occasions when the entire behavioural sequence was witnessed, it appeared
that the female initiated the chase by hopping in front of the male for up to 2 minutes
while giving a slow FC call, then took off with the resident male in pursuit. This initiation

behaviour was never witnessed for extra-pair chases.
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Figure 4. Temporal pattern of the rate of both successful forced copulations and unsuccessful forced
copulation attempts per hour relative to the laying of the first egg (= day 0) for both (a) first clutches (n =
41 territories surveyed) and (b) second clutches (n = 31), in 2000/01 and 2001/02.



Chapter 1: Context and patterns of copulation

Female resistance tactics

Forced copulation (FC) call

Females emitted a series of single high frequency “seep” calls when confronted by an
extra-pair male (between 0.25 and 7 ‘seeps’ per second). The occurrence of this call is
sensitive and specific to the context of an extra-pair male making sexual advances
towards the female. Ignoring the cases of within-pair ‘chases’ mentioned above, 487 FC
calls were noted during the 2000/01 and 2001/02 breeding seasons. These calls were
delivered in three contexts: 1) extra-pair male chase or display (98.9%), 2) female-female
chase (0.2%) and 3) bellbird-female chase (0.9%). When female stitchbirds are chased by
another female or a bellbird, Anthornis melanura, they usually remained silent. Forced
copulation calls were only heard only once (2.9%) during 34 female-female chases, and
four times (2.1%) during 189 bellbird-female chases. In contrast, FC calls were emitted
on almost every occasion an extra-pair male approached a female inside her territory
(97.9%, n=497).

The frequency of the FC call (‘seeps’ per second) varied according to
circumstance. During a chase, females called at a rate of 3.07 + 0.26 seep calls per second
(n= 33, range 2-7) and this lasted for an average of 8 + 2 seconds (n = 58, range 2 ~ 35).
The frequency of the FC call was significantly lower when an extra-pair male was
perched near to the female (0.49 £ 0.06 calls per second, Mann-Whitney U test: Z = 5.23,
n; = 33, np = 13, P < 0.0001). The rate increased if the extra-pair male approached the
perching female, with it reaching its peak as she flew off or went to ground to evade the
male. During observations at feeding stations in 2002/03, fertile females were seen to feed
silently alongside extra-pair males unless a male made a sexual display by facing her and
raising his ear-tuft feathers. At this point the female would begin FC calling and would
leave the feeder, often FC calling all the way back to her territory with the male(s) in
pursuit.

The FC call attracted the attention of the resident male. In 135 observations where
the resident male was away from the female when she emitted the FC call, he
immediately flew in the direction of the call and was seen chasing an extra-pair male from
her vicinity. If the female was in flight and being chased, the resident male joined the
chase and either diverted away the extra-pair male or waited until the group went to

ground, whereupon he physically attacked the male nearest to his mate. In 17 cases where
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a female was surprised by an extra-pair male and forced to the ground, the resident male
arrived before the extra-pair male could mount and either physically knocked him off the
female or chased him away. In the five instances where the female was emitting a FC call
while being chased by another female or a bellbird, the male arrived but did not interfere
in the chase. In three cases where a neighbouring female was chased into the observed
male’s territory while emitting an FC call, the resident male remained with his own

female and ignored the neighbouring female.

Evasion

In addition to emitting the FC call, females reacted in one of two ways to evade sexual
contact with an extra-pair male. Females would fly within the boundaries of their territory
while performing rapid changes of direction. Females would also go to ground,
sometimes immediately, and sometimes after being chased in flight. Once on the ground
the female would always attempt to scramble under vegetation or leaf litter, whereupon
she would often freeze and become silent for several minutes. If successful, this tactic
worked because males either couldn’t find the female or it was now impossible to
reposition her for copulation. The female would usually recommence the FC call if she

was found and the extra-pair male was attempting to mount her.

Which males attempt forced copulations?

Of'the 15 males in 2000/01 and the 28 males in 2001/02, all were observed intruding into
other male’s territories and attempting forced copulations while also being paired to a
female within their own territory. These intrusions were centred around the resident
female’s fertile period, with a male being 20 times more likely to be seen in a territory
during the female’s fertile period (1.02 + 0.08 extra-pair males / territory / observation
hour) than outside of this time (0.05 + 0.01 extra-pair males / territory / observation hour).
In 2000/01 each male (» = 15) was seen on average in 6.1 + 0.6 territories (range 1-11)
and 20001/02 (n = 28), in 8.8 + 0.8 territories (range 3-18) other than his own. While all
males were seen in other territories during their own female’s non-fertile period, only
53% of males were observed intruding when their own female was fertile. Males
intruding during this time were significantly more likely to be seen in territories near their
own (108 £ 20 m from extra-pair to own nest box), compared to when their own female

was non-fertile (168 + 31 m, Wilcoxon signed-ranks: Z =3.29, n= 15, P <0.001).
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There was no correlation between the age of a male and the number of territories
he visited (Spearman rank-order correlation: rs = 0.04, n =43, P = 0.76). The age of extra-
pair males who were observed successfully forcing copulations was not significantly
different from males observed unsuccessfully forcing copulations in 2000/01 (2.50 £ 0.50
versus 2.54 £ 0.52, Mann-Whitney U: Z=0.2,n;=4,n;= 11, P =0.84), and the age and
morphometrics of these two groups of males did not differ significantly in 2001/02 (Table
2).

Trait Mean + SE t P

Age (years) 2.3+ 05 (a) 1.17 * 0.24
1.7+£0.4(b)

Tarsus length (mm) 32.93+0.25(a) 0.21 0.82
33.01 £0.27(b)

Head-bill length (mm) 42.58 + 0.18 (a) 1.37 0.18
43.07 £ 0.30 (b)

Weight (grams) 39.2+ 06 (a) 0.48 0.63
38.8+ 0.6 (b)

* For the variable ‘age’ this value is a Z statistic from a Mann-Whitney U test

Table 2. Group comparison of males who were observed (a) successfully forcibly copulating with extra-

pair females (» = 15) and (b) those that were not (n = 13) in 2001/02.

When do females solicit or resist?

During the study all females (n = 50) were observed resisting extra-pair males’ copulation
attempts, with only five females (eight copulations) seen to consent to copulate with an
extra-pair male. The age and morphometric traits of the extra-pair male relative to the
resident male were not a factor in predicting whether a female resisted copulation (Table
3). Contrary to expectations, females usually accepted an extra-pair copulation from a
male younger than her social partner (1.4 + 0.24 years versus 2.8 £ 0.96 years), although
the sample size was small and the comparison non-significant (Wilcoxon signed-ranks: Z
=1.06, n =5, P = 0.29). All females who accepted these EPCs were first-year breeders

and also secondary females of a polygynous male. On two occasions, primary females
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were observed silently perching within their territory beside a displaying extra-pair male,
but on neither occasion did they copulate.

It seems unlikely that females leave their territory to solicit copulations from
extra-pair males, as all within-pair and extra-pair copulations took place within 15 m of
the female’s nest, with the exception of two forced face-to-face copulations that occurred
at a communal feeding site. Furthermore, on only 1/146 occasions when a female was
seen in an extra-pair male’s territory was she fertile, and on this solitary occasion the

female was foraging near the territory boundary.

Trait Mean + SE t P

Age (years) 24+ 03 (a) 0.82 * 0.41
2.7+ 04 (b)

Tarsus length (mm) 33.08+0.11 (a) 0.05 0.95
33.15+0.16 (b)

Head-bill length (mm) 42.75 #0.18 (a) 0.20 0.83
42.72+0.13 (b)

Weight (grams) 38.6 + 0.4 (a) 1.55 0.14
39.6 0.4 (b)

* For the variable ‘age’ this value is a Z statistic from a Wilcoxon matched-pairs test

Table 3. Pair-wise comparison of age and morphometric traits of 19 (a) resident males and (b) extra-pair

males at sites where the extra-pair male was successful at forcibly copulating with the resident female in
2001/02.
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DISCUSSION

Female resistance behaviours

Female resistance appears to be an effective means of limiting the success of EPCs in the
stitchbird. Females that fly from an extra-pair male and emit a specialised forced
copulation call, alert their social mates who can then intervene and repel the male before
he is able to copulate. The rapidly repeating structure of the FC call, may act to
continuously update the female’s position, and allow her mate to find her quickly. An FC
call with a similar structure is used by female indigo buntings Passerina cyanea during
forced copulation chases (Westneat 1987). Short rapidly repeating notes may be an
optimal solution to attracting the mate’s attention, and thus represent a convergence of
call function in these two species.

Sexual coercion, where a male uses intimidation rather than overt force to achieve
copulation, has been documented in mammals (Palmer 1989, Smuts and Smuts 1993) and
explored theoretically (Clutton-Brock and Parker 1995). In this study, female stitchbirds
were sometimes intimidated or coerced into copulating with little apparent force by the
male and with the female only displaying subtle signs of resistance. While face-to-face
copulations are obviously forced due to their aggressive nature, resisted standing
copulations might easily be interpreted as consensual, as the only evidence of resistance is
the species-specific FC call. This suggests that in other species, female resistance
behaviours may be subtle and species-specific. A failure to recognize resistance other
than overt struggle, may lead to an underestimation of sexual coercion in other species

(Smuts and Smuts 1993).

Why do females accept some extra-pair copulations and not others?

When faced with the opportunity of an extra-pair mating, females may actively solicit the
EPC, they may accept an EPC solicited by an extra-pair male, or they may resist the
male’s advances (Westneat et al. 1990). In this study, females were never observed
leaving their territory to actively solicit an EPC, nor were they ever observed initiating an
EPC with a male who intruded into their territory. During the study, all females were seen
to resist copulation attempts from extra-pair males. Five females on a total of eight

occasions appeared to consent to an EPC when approached by an extra-pair male, which
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represented only 17% of all successful EPCs. The elements uniting these five females
were: 1) the females were all in their first breeding season, 2) they were all secondary
females of a polygynous male, 3) they tended to copulate with a male younger than their
partner, who was also a near neighbour and 4) they all resisted multiple forced copulation
attempts at other times during their fertile period. One explanation for the females’
behaviour under these circumstances is that they are seeking a direct benefit from the
EPC by increasing their access to resources (Gray 1996, Hunter and Davis 1998). While
male stitchbirds do invest in offspring (Castro et al. 1996, Ewen and Armstrong 2000),
they rarely invest in the offspring of secondary females (M Low unpublished data). It is
likely that these females are aware of their secondary status due to harassment from the
primary female (M. Low personal observation). If males do not invest in secondary
females’ offspring, they cannot threaten to withhold parental care (Ewen and Armstrong
2000), and thus females can pursue EPCs without significant cost. Because both paired
and unpaired male stitchbirds will congregate around fertile females, it might pay females
under these conditions to copulate with the resident male as well as potentially unpaired
males in an attempt to attract investment for her offspring, or attract a social mate for
future clutches.

With the exception of these few consensual EPCs, females resisted both
successful and unsuccessful EPCs. It has been suggested that female resistance may be a
ploy to test the strength males in an attempt to facilitate mating with a higher quality male
(Westneat et al. 1990). If female stitchbirds were promoting pre-copulatory mate choice
through resistance of male copulatory attempts, then successful males should differ in
quality from a) the resident male and/or b) unsuccessful males. In this study, males that
successfully copulated despite female resistance did not differ in age or morphometrics
from either of these two groups. The majority (80%) of successful forced copulations
involved only a single extra-pair male; this was also found in mallards Anas
platyrhynchos (Cunningham 2003) and guillemots Uria aalge (Hatchwell 1988), and thus
there was little pre-copulatory male-male competition in most cases. Residents that
intervened in forced EPC attempts, repelled the extra-pair male on cvery occasion, and
were never observed to copulate with the female at this time. This is in contrast to the
bearded tit Panurus biarmicus, a species believed to exhibit resistance-as-a-ploy
behaviour, where the female mates with whichever male catches her first (Hoi 1997).

Stitchbirds also differed in that females were never seen inciting chases from extra-pair
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males, and generally remained quiet and inconspicuous during their fertile period. This
suggests that the function of female resistance in the stitchbird is cost limitation rather
than female manipulation (Westneat & Stewart 2003).

Females might judge male quality by their ability to catch and overpower the
female rather than by their ability to compete with other males (Wiley and Poston 1996).
This is improbable however, considering the ease with which males can catch females at
this time due to the female’s average 31% increase in body weight as a result of egg
production (Low in press). If a female wanted to test a male’s quality, a more accurate
assessment of this would be earlier in the nesting cycle. This is because females become
handicapped during their fertile period by the additional weight they are carrying and the
physiological weakening of their flight muscles due to egg production (Houston et al.
1995). This results in relatively poorer flight performances and an increased likelihood of
being caught by predators, and presumably, extra-pair males (Kullberg et al. 2002).

Post-copulatory mate choice, where females encourage multiple copulations to
promote sperm competition (Cunningham 2003), also appears to be an unlikely
explanation for female resistance in the stitchbird. This is because the majority of
copulations involved only one male, copulation frequency was low, and resistance
behaviours reduced the likelihood of copulation success rather than acting to increase the
number of copulations. These factors suggest that, in the stitchbird, females are resisting
to avoid some cost associated with copulating with extra-pair males, such as a reduction
in offspring care by her social mate (Ewen and Armstrong 2000) or transmission of

disease (Kokko et al. 2002).

Why do male stitchbirds sexually coerce females?

Behavioural evidence supports the hypothesis that sexual coercion acts as a conditional
tactic within a wider mating strategy in male stitchbirds. Males preferentially established
a territory and called to attract females. Unpaired males have only been observed moving
between fertile females and attempting forced copulations when the sex-ratio is male
biased (Ewen et al. 1999; M Low unpublished data). When the population sex ratio is
female biased or even, all intruding males have a social mate. In this study, males were
less likely to intrude into other males’ territories and remained nearer their own when
their own female was fertile. If males are assumed to have a certain amount of mating

effort to expend each day, males stitchbirds will devote more effort towards their own
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female at times when she is fertile, and on fertile extra-pair females outside of this time.
Unpaired males direct the majority of their effort pursuing extra-pair copulations as a
best-of-a-bad-job tactic (Ewen et al. 1999).

This interpretation is supported by genetic evidence from other stitchbird studies
showing that males with territories father more offspring and have a lower variance in
reproductive success than males without territories (Castro et al. in press). These paternity
data illustrate that while the average territorial male only fathers approximately two thirds
of the chicks in his nest, he compensates for his losses by fathering extra-pair offspring at
other sites. Unpaired males however, while gaining similar extra-pair paternity as paired
males, cannot compensate for the lack of paternity at their own nest.

In this study, just over one third of all successful copulations were coerced
through force or threat of force by an extra-pair male. If this proportion translates directly
into paternity, we would expect to see a similar level of extra-pair paternity (approx.
40%). In a previous study on Tiritiri Matangi, where only forced EPCs were observed, the
level of extra-pair paternity was 35% (Ewen et al. 1999).In a study of a separate
population, extra-pair paternity was 46% (Castro et al. in press). These genetic data
suggest that sexual coercion is successful at achieving extra-pair fertilization, with males
being at a selective disadvantage if they did not seek out extra-pair forced copulations in
addition to within-pair paternity.

The ‘creation of a dangerous environment’ or CODE hypothesis (Gowaty and
Buschhaus 1998), proposed to explain patterns of forced copulation in birds such as the
stitchbird, is not supported by the data from this study. The CODE hypothesis makes a
number of novel predictions such as 1) forced copulation is directed at both fertile and
non-fertile females, 2) forced copulation does not result in fertilization and is negatively
correlated with extra-pair paternity, 3) males specifically direct forced copulations at
unguarded and unmated females, and 4) male aggression directly alters the mating
strategy from polygyny to monogamy. In the stitchbird, none of these predictions are
upheld and thus it appears unlikely that Gowaty and Buschhaus’ (1998) hypothesis

explains the existence of forced copulation in this species.
The adaptive function of extra-pair paternity

The finding that male stitchbirds can force EPCs, and presumably extra-pair paternity, has

implications for understanding the adaptive function of extra-pair paternity in avian
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species. In a recent review of extra-pair paternity in birds (Griffith et al. 2002),
consideration was only given to hypotheses that assumed extra-pair paternity is a female
strategy and therefore benefits females. While females have been shown to control extra-
pair paternity in some studies (e.g. Gray 1996), the possibility that males may be able to
subvert female choice (Clutton-Brock and Parker 1995) is currently being largely ignored.
Westneat and Stewart (2003) argue that the widespread assumption of extra-pair paternity
being a female strategy is unsupported, with it generally ignoring the impact, on female
fitness, of the other two players in the game: her social mate and the extra-pair male. In
the stitchbird, it seems likely that the function of extra-pair paternity is primarily driven
by male reproductive interests, with females only able to minimise the costs involved.
Thus future empirical and theoretical assessments of extra-pair paternity in birds need to
account for the conflicting interests of both the social mate and extra-pair males on

female fitness outcomes.
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CHAPTER II

Intimidate or inseminate?
Modelling the CODE hypothesis

Female foraging for insects on a tree trunk

The female M/RO keeps an eye on me (an extra-pair male within her territory) during an
observation session at site b22/14

Chapter reference:

Low, M. Intimidate or inseminate? Modelling the CODE hypothesis. Formatted for Behavioral Ecology.
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Abstract

Gowaty and Buschhaus' creation of a dangerous environment or CODE hypothesis (Am.
Zool. 38:207-225) adopts the standard feminist explanation for rape in humans and adapts
it to explain the existence of forced copulation in bird species where males lack an
intromittent organ. The authors argue that rape / forced copulation should be seen as a
non-inseminating aggressive act, rather than it being sexually coercive. In examining their
verbal game theoretic argument in support of the CODE hypothesis, I conclude that it is
based upon two errors. The first is an incorrect assignment of phenotypes to competing
strategy groups and the second is a failure to consider relative payoffs when determining
evolutionary stability. By modelling the CODE hypothesis I show that forced copulation
cannot invade either as part of a mixed strategy or by operating conditionally under the
constraints imposed on the model by Gowaty and Buschhaus. Birds engaging in non-
inseminating forced copulation are unable to escape the costs that they incur, while at the
same time ‘altruistically’ sharing any benefits of monogamy with the competing strategy

males.
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INTRODUCTION

Until recently, the standard feminist interpretation that rape in human culture is about
power and not sex has been generally accepted (Brownmiller, 1975; Grant, 1993).
However, more recent examinations of rape data have lead to the opposite conclusion,
that sex is a significant motivating factor in most rapes (reviewed in Jones 1999;
Thornhill and Palmer 2000; Alcock, 2001; Pinker, 2002). Evolutionary analyses of these
data are showing promise in explaining rape trends (Thornhill and Thornhill, 1983;
Thornhill and Palmer, 2000) and there is evidence that pregnancy from rape is at least
equal to, and perhaps higher than those arising from consensual sex (Gottschall and
Gottschall 1999). In non-human behavioural ecology, forced copulation (or as it will be
referred to for the remainder of this paper, “rape’) has generally been accepted as being a
male sexual strategy (Thornhill, 1980; Clutton-Brock and Parker, 1995). Recently
however, Brownmiller’s (1975) ideas that rape is about power and not sex have been
applied to understand the function of rape in birds (Gowaty and Buschhaus, 1998).
Gowaty and Buschhaus (1998) see rape in birds lacking an intromittent organ
(phallus) as a problem case, as it is relatively common but often seems to be a poor way
of securing successful copulations and fertilisations. They criticise the standard adaptive
explanation of rape being a male sexual strategy whereby males can increase their fitness
by forcibly inseminating unwilling females (Morton, 1987). Gowaty and Buschhaus
(1998) (from here referred to as G&B) believe that for rape to be adaptive, fertilisation
success from rape should be as frequent as from copulations with preferred partners in
which females do not resist. Because this is often not the case, they conclude that the
function of rape in birds must have some non-sexual function, and it is here that they
apply the feminist theory of human rape (Brownmiller, 1975) to avian behavioural
ecology. This synthesis has males raping not to inseminate, but to intimidate, and has
been titled the ‘Creation Of a Dangerous Environment’ or CODE hypothesis. Under this
hypothesis rape is a non-sexual act of aggression used by a small percentage of
reproductively isolated males to modify female behaviour. This creation of a dangerous
environment is thought to benefit males because females eventually trade sexual access
for protection, thus favouring the evolution of social monogamy. Gowaty and Buschhaus
aim to demonstrate the benefits to males of non-inseminating rape by examining its
impact on a group of birds mating polygynously. According to the CODE hypothesis, a

small number of males who do not have access to females under polygyny, start to rape
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females (as a form of aggression only) and this adds a cost to females that choose to
consort polygynously. If aggressive attacks are common enough to pose a cost that
outweighs the benefits of staying with a polygynous male, then the mating system should
shift to monogamy where each female can rely on her partner to protect her from those
costs of aggression. Gowaty and Buschhaus claim that this behaviour is selected for
because the rapist males that otherwise would not have had an opportunity to mate under
polygyny now have a partner, and this acts as a selective force that favours the tactic of

using rape to increase the reproductive costs of polygynous females.

Who is competing against whom?

To demonstrate the robustness of their CODE hypothesis, G&B present a verbal game
theoretical argument. This defines the competing strategies in terms of reproductive
outcomes under polygyny. The two contestants within the game are identified as P-males
(males with sexual access under polygyny) and Z-males (males with no sexual access
under polygyny). Gowaty and Buschhaus assess what happens if a proportion of the Z-
males adopt a new strategy of raping females to modify female behaviour. Support for the
CODE hypothesis is then derived from two assumptions. Firstly, Z-males via the act of
rape can increase the reproductive costs to females that consort polygynously (exclusively
with P-males) to such an extent that it becomes more profitable for them to consort
monogamously (with all males). Secondly, Z-males’ fitness increases as they move from
polygyny to monogamy (i.e. they move from reproductive exclusion to having a sexual
partner), while P-males reproductive success decreases. Gowaty and Buschhaus claim
that Z-males benefit under individual selection as their actions (rape) result in a simple
fitness increase as females trade sex for protection.

While superficially this appears a logical outcome of the CODE hypothesis, on
closer examination two serious problems become apparent. The first is that in comparing
the outcomes of strategies competing within the CODE hypothesis framework, G&B
assume two strategies are competing with one another and have identified these as P-
males and Z-males (as defined above). This means that having sexual partners under
polygyny (P-males) is one strategy and having no sexual partners under polygyny (Z-
males) is the other. Explicitly defining each strategy in this way makes it immediately
obvious that the competing strategies have been incorrectly defined. Whenever there is a

zero-sum contest for resources there must be a winner and a loser but this does not mean
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that the contestants are following different strategies. It is expected that within a
polygynous mating system a single reproductive strategy will produce differential sexual
access for males. Under polygyny both G&B’s P-males and Z-males are likely to be
obeying the same strategy. That is, they are both competing for resources or displaying in
such a way as to attract female sexual partners, with some males winning (P) and some
losing (Z). Because of this incorrect strategy group definition, when the behavioural
strategy of rape is introduced into the model, G&B incorrectly assume that all Z-males
(Z-male rapists and non-rapists) are to be treated as a single group. The authors are
correct in assuming that two strategies are now to be compared, but it is not simply Z-
males versus P-males. The second problem with G&B’s interpretation of the CODE
model is that in order to determine if the rapist strategy will be successful, it is not enough
to simply show that the fitness of rapists increases as the mating system moves from
polygyny to monogamy. If game theory is to be utilised to demonstrate the success of
rapists, then at the very least it must be shown that rapist strategy payoffs achieve a value
greater than or equal to the incumbent strategy payoffs at some point between polygyny
and monogamy.

To evaluate the CODE hypothesis game theoretic model as verbally described by
G&B, it needs to be determined whether rape and consensual sex conform to a mixed or
conditional strategy. The form of the game will determine the makeup of the competitors
within each strategy group and will affect the predictions of strategy payoffs (Maynard
Smith, 1982). The various behavioural options available to an animal may be classified as
a ‘strategy’ (a description of the overall rule) or a ‘tactic’ (a description of a behavioural
component of the strategy). It has been suggested that this separation of terms can
generally be ignored in practice (Krebs and Davies, 1993). However, if an effort is not
made to keep ‘strategies’ and ‘tactics’ separate in discussions of animal competition, it
can easily lead to the situation where the success of different behaviours within a strategy
are being erroneously considered to be competing strategies. The consequences of this are
seen in G&B’s dismissal of the standard sociobiological explanation of rape being a
sexual strategy. Gowaty and Buschhaus state that rape must have the same payoffs as
consensual sex for it to be adaptive, thus meaning that rape must always be a ‘strategy’
and therefore to be evolutionarily stable it must conform to the payoffs within a mixed
strategy game. This mistake is understandable especially when conditional tactics are

routinely discussed as if they are alternative strategies (Krebs and Davies, 1993). What
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needs to be remembered is that behaviours can operate as tactics within a strategy of the
form, ‘when strong, do the successful thing, and when weak make the best of a bad job’.
This is a singular strategy that can be seen as competing with the strategy of an animal
that attempts to do the successful thing, but does not adopt the best of a bad job tactic
when prudent. Thus the poor tactic (in this case, rape) should not be compared to the
successful tactic (or even to doing nothing), but rather needs to be seen as an additional
component of a successful wider strategy rule.

The concerns with G&B’s formulation of the CODE model do not mean that the
idea of males conditioning females through rape is necessarily invalid. In order to
determine whether the CODE hypothesis in its current form is feasible, the rest of this
paper will define the variables and assumptions of their model. Once these are made
explicit, a game theoretic approach as advocated by G&B will be used to test the

evolutionary stability of the outcomes predicted by the authors.

Rape as a component of a mixed strategy

One interpretation of the CODE hypothesis is that rape operates as part of a mixed
strategy where the payoffs to all behavioural alternatives are equal. In this form of the
game one strategy is that of males who display and compete for female choice with some
having sexual access to several females and others having none. These can be called
‘displayers’ and include all of G&B’s P-males and any Z-males that do not engage in
rape. The second strategy is the male who is not selected by females under polygyny and
resorts to rape to attempt a shift in mating system to monogamy. These can be called
‘rapists’ and include only those Z-males that rape. This means that within the mixed
strategy game, not all of G&B’s Z-males are competing under the same strategy. To
assess the CODE hypothesis as a form of mixed ESS, it is assumed that the following

conditions in the game are met.

1. Within the game there are three male phenotypes. The first type of male (P) is the
male who successfully gains sexual access to females under polygyny (G&B’s P-
males). The second type of male (Zp) is the male who fails to gain sexual access
under polygyny but does not rape (some of G&B’s Z-males). The third is the male
(Zrape) who would not gain sexual access under polygyny and instead rapes (the

remainder of G&B’s Z-males).
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There are two male strategies contesting the game. These are the ‘displayer’ males
whose strategy is to display or defend resources to attract females to mate with
and never rape (P + Zp males), and the ‘rapist’ males whose strategy is to rape
females and attempt to mate with any females who seek protection from
aggression (Zrape males).

Rape does not result in successful insemination and is an aggressive behaviour
only. This means that rapists have zero reproductive success under polygyny.
Rape effort by an individual is independent of the number of females and other
rapists in the population.

Female behaviour is plastic in ecological time. When the numbers of rapists in the
population is zero, females will mate polygynously. As the number of rapists
increase, so does the number of females switching to monogamy.

All females are fertile at the same time or distributed in space so that males cannot
defend more than one female at the same time.

The population has a 50:50 sex ratio and all females are equally fecund and breed

once in every round of the game.
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If there are Ny females in the population and for every rapist, a proportion of females m
switch to monogamy, then the average payoff calculated in terms of female access to each

male phenotype can be represented as:

N, (N, xmxN,)

P=
N/’
N_,xmxN,
N_,+N.
zr zp
N.,xmxN,
Zrape = —_——C
NZF+N:[7

Where N., is the number of Zrape males in the population, N:, is the number Zp males
(together these make up G&B’s Z-males), N, is the number of P males (G&B’s P-males),
and C is the cost of rape to males. In this game the payoffs to each phenotype and thus
each strategy change as the population shifts from polygyny to monogamy (Figure 1 a, b).
When there are no rapists in the population (N, = 0), the payoff to Zp and Zrape males is
zero, while P male access to females is dependent only on the number of P males in the
population (N;/ Np). As N, increases, so do the numbers of females being shifted away
from P males to the benefits of all Z males (both Zp and Zrape). The assumption in the
model is that monogamy is a built-in limiting factor, stabilising the payoffs for all male
phenotypes when the population reaches this point.

Figure la shows the relative payoffs to the three male phenotypes and Figure 1b
shows the payoffs to the rapist and displayer strategies as the number of Zrape males
increase and the mating system shifts from polygyny to monogamy. In Figure 1a it can be
seen that as the population shifts to monogamy, the number of females a P male has
sexual access to gradually drops to one, while Zp males that under polygyny have no
access to females, gradually increase their average female access towards one. The Zrape

male never quite gets to one, if we factor in their additional cost, the cost of rape.
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Fig. 1. Average male fitness payoffs on a continuum between polygyny and monogamy for (a) the three
male phenotypes (P, Zp and Zrape), (b) displayer (P + Zp) and rapist (Zrape) strategies when rape is acting
within a mixed strategy framework, (c¢) displayer (P, + Zp) and rapist (P, + Zrape) strategies when rape is
operating as a conditional strategy. Fitness payoffs are calculated relative to the average number of sexually

accessible females minus the cost of rape (if applicable).
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If we examine strategy payoffs as shown in Figure 1b, as rapists (and their payoffs)
increase, so do the average payoffs for the displayer strategy until approximately the
halfway point between polygyny and monogamy. It appears counterintuitive that as
rapists steal females away from the displayer strategy, the payoffs to both strategies
should increase. However, what is happening is that as an individual male shifts from
displaying to the rape strategy he loses fitness and the remaining displayers have gained
this loss. This is difficult to see because it is easy to confuse the fitness of a male
phenotype with average strategy payoffs. Consider a population of polygynous displayers
consisting of 100 males and 100 females where only 20 of the males gain sexual access to
females. This means that the males with sexual access have five females each and the rest
have zero. But the average payoff for the displayer strategy is one female for every one
male. Now imagine that one of these males becomes a rapist. Assume that by himself he
is able to harass two females into mating monogamously with two of the 80 spare males.
He has one chance in 40 of getting one of those females to mate with him and thus the
payoff for this strategy is 0.025. What must be remembered is that until he shifted
strategy his payoff was not zero but 1.0 (which is the average payoff for the displayer
strategy). Thus in switching to a raping strategy the male has reduced his chances of
gaining sexual access to females from a one in five chance of mating with five females, to
a one in 40 chance of mating with one female. The displayer payoffs increase because
now they are not dividing 100 females across 100 males, but rather 99.975 females
between 99 males. Every male that shifts to the rapist strategy is similarly adopting a
strategy with a lower average fitness payoff until monogamy is reached. At monogamy,
all males now have access to one female each, but rapist males must contend with
incurring the additional cost of rape. Under these conditions, rapists cannot invade a

population of displayers when considered as a mixed strategy game.

Rape as a tactic within a conditional strategy

The second interpretation of the CODE model is that rapists are expressing a conditional
behavioural tactic within the strategy, ‘display first and if fail to attract female partners,
then rape’. For the conditional game the assumptions from the previous game hold, with
the exception of the distribution of male phenotypes into the competing strategy groups.
For this game the Zp males and Zrape males are still competing against each other, but

the P male phenotype is now divided between each strategy. The first strategy is the same
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as the displayer males from before; that is they attempt to attract female partners with
some successful (P,) and others not (Zp). The strategy attempting to invade this group is
made up of males who are successful at attracting female partners (P,) and some who are
not but then resort to rape (Zrape). If we assume that each strategy is equally successful at
attracting females, then P males can be divided into each strategy at the same ratio as the
Z males. Utilising the payoff equations for the three male phenotypes from the previous
game, we can see the relative payoffs to each strategy represented in Figure 1c. The rapist
strategy always lags behind the displayer strategy because while the rapists achieve the
same sexual access to females at all stages from polygyny to monogamy, they always
have the additional rape cost reducing their payoffs.

If we abandon the underlying assumption behind the CODE hypothesis and
assume that rape can achieve fertilisation, rape can work as a conditional strategy because
it adds to the lifetime reproductive success of the animal (Birkhead et al., 1985; Clutton-
Brock and Parker 1995). At very low densities rapists could invade a population of non-
rapists, as they gain offspring through rape at times when they otherwise would have no
sexual access to females. Thus, all else being equal, the rapist strategy can steal fitness
from the other strategy for themselves and this presents a fitness payoff greater than the
non-rapists and allows them to invade, as they are an ESS (Birkhead et al. 1985). In
contrast, rapist males under constraints of the CODE hypothesis force polygynous
females away from the P males of borh strategies. The fitness gains from these ‘stolen’
females are then not added to the rapist strategy, but are ‘altruistically’ shared equally
with the competing strategy Z males. This is because any female that abandons polygyny
for monogamy, may partner herself with either a Zp or a Zrape male. This means that
Zrape males incur the cost of rape for an average net gain of zero to their strategy. It is
this that prevents rape in the CODE hypothesis from working as a conditional tactic and

thus rapists cannot invade a population of non-rapists under these conditions.

Counter-adaptations and rape costs

Gowaty (1997) and Gowaty and Buschhaus (1998) have rightly argued that females are
not passive reactors to male reproductive interests and should respond with counter-
adaptations to minimise the impact of mating system manipulation. They discuss the
various anatomical and physiological structures and behavioural methods that females

may employ to limit the negative impacts of rape. When considered in context, the
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presence of these counter-adaptations poses two problems for the CODE hypothesis. The
first is that the presence of structures and mechanisms in females to reduce the efficacy of
forced insemination suggests the opposite to what G&B conclude. Rather than it
demonstrating that rape is ineffective and thus must have some non-sexual function, it
shows that insemination from rape has been effective enough to promote the selection of
female counter-adaptations. From this it seems logical to conclude that rape primarily
evolved to forcibly inseminate females. The second problem for CODE comes from the
impact of female choice on the payoffs to the competing strategies. Female mate choice
was operating under polygyny and there is no reason to believe it will suddenly cease to
operate as the system moves towards monogamy (at the very least females need to choose
a male not already paired). Gowaty and Buschhaus argue that under enforced monogamy,
females would be selected to engage in assortative mating to minimise their reproductive
costs. This would occur either through (or as a combination of) better quality females
competing to pair up with better quality males, and females seeking extra-pair copulations
with better quality males than they are partnered with. As the better quality females pair
up with the most preferred males (P males), poorer quality females would be left to pair
with the rapists. Fitness losses to rapists would be further compounded by the loss of
paternity if their females engaged in extra-pair copulation with P males, also predicted by
G&B. If any of these female choice variables are factored into the mixed strategy game,
displayer payoffs rise with a corresponding fall in the payoffs to rapists, thus widening an
already impassable gap.

[t could be argued that the relative costs of rape may be negated by some
unilateral cost that other males incur. The most obvious is that of a display cost to males
that are attempting to attract a female partner. In the conditional game all males display to
attract females and only once a rapist has failed in this does he attempt to rape. Both
rapist and non-rapist P males will incur identical costs, leaving the rapist Z males to fully
absorb the additional costs of rape, while the non-rapist Z males avoid this. Thus under a
conditional strategy, rapists’ costs will always be higher than non-rapists, but without any
relative increase in sexual access. In a mixed strategy situation it becomes more complex
as female choice is expected to affect display rates. As the system shifts towards
monogamy, there is a pressure on all Z males (including rapists) to attract one of the
monogamous females to mate with them through some form of display. Monogamous

females will attempt to pair up with the best male they can (within the constraints
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imposed on choice by rape) and this will drive rapists to display. [f the Zrape males fail to
display, they will disproportionately lose females to non-paired displayer males (Zp). This
means that once rapists achieve any shift towards monogamy, they are forced to display
for female choice. This gives them a display cost equal to that of the other males and still
leaves them relatively worse off with the cost of rape. If rape acted to prevent females
from choosing, then it is reasonable to assume that selection would run in the other
direction and displayers would stop displaying. This would have the same effect in the
game as adding the display costs to the rapist strategy. Thus as rapists approach
monogamy (Figure 1b) and their access to females approaches that of displayer males,
they will lose any relative advantage in display costs and yet will still be encumbered with
the costs of rape.

Gowaty & Buschhaus recognise that this problem exists when they state, “the
fitness payoff to a lone aggressor seems less likely to result in a positive function
compared to other Z males”. However they manoeuvre around this by stating that the
fitness payoff to males that rape in groups will result in a positive payoff for all the males
in the group because the costs and benefits would be equalised if reciprocity were
practiced. No explanation as to how this might work is offered. How would birds monitor
who had done their fair share of raping and how would they punish birds that were simply
exploiting the ‘altruistic’ rapists for their own selfish reproductive ends? Even if we
suppose that reciprocal altruism can operate under these conditions, the problem has not
been solved but rather moved sideways. All that has been done is shift the focus from a
single rapist to a single group of rapists. Any birds outside the group (all displayer males,
including those that under polygyny have zero fitness) would still get the same sexual
access without the costs of rape. The problem of a lower fitness payoff to rapists when
compared to other males has not gone away.

The fact that rapists’ costs under the constraints of the CODE hypothesis exceed
those of the displayers while often their reproductive output is relatively lower means that
at any level of monogamy the reproductive payoffs to rapists are less than those of all
other males. Thus over time any tendency to rape will decrease as the population is not
evolutionarily stable, and the number of rapists falls (in the mixed strategy scenario it
accelerates) back towards polygyny. Any rapists at that point would be driven to
extinction by the severe costs imposed by their tactics and the lack of any reproductive

benefits.
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CHAPTER III

Cloacal erection in the stitchbird:

Functional convergence with mammalian genitalia promotes stiff
competition

The comparative size of a testicle and the brain of a male stitchbird

The male WM/G helps to answer the age-old question, “What do guys think with?”

Chapter reference:

Low, M, Castro, I. & Berggren, A. Avian cloacal erection: Functional convergence with mammalian
genitalia. Submitted as a report to Science.
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Abstract

Cloacal protuberances (CP) in birds result from spermatic engorgement of storage tubules
during the breeding season. We describe a method by which CPs improve the efficacy of
sperm delivery by acting functionally like a penile erection. In the male stitchbird, not
only are CPs greatly enlarged during the breeding season, but they also significantly alter
their angular position. This ‘erection’ favours male-female cloacal contact during this
species’ unique face-to-face forced copulation. Evidence of CP angular changes in an
unrelated species suggests this phenomenon is widespread and important for
understanding copulation efficiency, sperm competition and constraints on the evolution

of the avian intromittent organ.
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Sperm competition intensity is positively associated with massive enlargements of sperm
storage organs in avian cloacae during the breeding season (/). These cloacal
protuberances (CPs) function in a similar manner as the mammalian epididymis and
scrotum in that they store large numbers of spermatozoa under ideal conditions (2). The
stitchbird or hihi (Notiomystis cincta) is an endangered endemic New Zealand passerine
and is reported to have one of the largest cloacal protuberances (CP) of any bird species
(3). Extra-pair copulations are common and this is reflected in the high numbers of extra-
pair young found in nests (4). Stitchbirds are unique in that they may either copulate in
the standard avian position (male standing on the female’s back) or face-to-face (3, 3).
Face-to-face copulation is always forced, with the male wrestling the female onto her
back before mounting her to achieve cloacal contact (3) (Figure 1). It is currently thought
that birds lacking intromittent organs should not be able to achieve cloacal contact and
successful sperm transfer without female cooperation (6, 7). In stitchbirds, 80% of all
extra-pair copulations are forced (&) and have been significantly correlated with extra-pair

paternity (9).

Figure 1. In this rare photo ofa forced face-to-face copulation, the male is lying on top of the female with
his head to the right of the picture. The female is on her back under the male and her lower abdomen, tail
and a banded leg can be seen (red arrow). This behavioural sequence occurs on the ground by necessity, is
noisy and prolonged, and is a time when both birds are at a likely increased predation risk (20). Predation
risk may explain why this effective means of forcible mating has only evolved once, in New Zealand where

ground-predators were relatively rare during this species’ evolution. Photo by ML.

47



Chapter 3: Cloacal erection promotes stiff competition

Because male stitchbirds appear able to overcome female resistance without possessing
an intromittent organ, we were interested in examining if the face-to-face position and CP
functioned analogously to the intromittent organ of waterfowl (/0), that have similarly
high levels of forced copulation (/7).

We measured a number of male and female cloacal parameters (CP length, width,
height and angle) from a well-studied, banded stitchbird population (&). In males, these
measurements were repeated four times within the year to provide CP parameters for the
periods of just prior to breeding (September), during breeding (November), immediately
post-breeding (February) and non-breeding (June). Female measurements were collected
during the non-breeding season (June) as well as when the female was within a few days
of laying her first egg (October — November). Cloacal protuberance volumes were
calculated from these measurements and clearly demonstrate that the male stitchbird
possesses one of the largest recorded breeding CPs whether calculated as total volume
(12) (1193 + 34 mm’ (mean + SE), n = 27, max. = 1570 mm’) or a volume index of body
weight (/3) (40.0 + 1.1 mm’/g, n = 27, max. = 51.1 mm’/g). Male breeding CP volumes
were found to differ significantly from volumes calculated from measures collected at
pre, post or non-breeding times (£300 = 143.5, P < 0.0001). The CP angle also differed
significantly between breeding and all non-breeding season measures (£33, = 98.3, P <

0.0001) (Figure 2).
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Figure 2 Relationship of male stitchbird cloacal volumes and angles (mean + SE) during non-breeding

(June, n = 33), pre-breeding (Sept, 7 = 19), breeding (Nev, » = 27) and post-breeding (Feb, » = 25).
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The primary cause of the volume and angular changes in the CP was due to
enlargement of the sperm-storing distal seminal glomera, just under the skin in the
posterior CP (Figure 3). There was a strong highly significant negative correlation
between the CP volume and CP angle (Pearson correlation r =-0.8, r = 12.4, P < 0.0001)
(see Figure 2). Female breeding CP volumes (522 + 38 mm’, n = 6) were also
significantly greater when compared to measures collected during non-breeding (176 + 6
mm’, n =46; 1= 15.6, P < 0.0001). This change appeared to be due to a uniform swelling
of the tissues surrounding the cloacal opening, and therefore unlike males, mean female

CP angles remained relatively constant throughout the year (non-breeding CP angle: 158

+ 2 degrees, CP angle prior to egg laying: 166 + 1 degrees, t = 1.5, P = 0.13).

Figure 3 Lateral view of the breeding male stitchbird CP. The bird is on its back with its head to theright of
the picture. a. The CP angle is calculated from the intersection of the line drawn parallel to the spine of the
bird with the line drawn from the midpoint of the cloacal attachment to the body wall to the midpoint of the
vent opening. b. The enlargement of the CP and the cause of its displacement is due to hypertrophy and
sperm storage of the distal seminal glomera (outlined). ¢. The cloacal opening points almost perpendicular

to the spine in the sexually active male. Photo by ML.
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Three functional hypotheses have been proposed to explain the existence of CPs
in birds (/). Empirical support has been presented for the ‘sperm competition’ and ‘sperm
size’ hypotheses by showing a positive relationship with these factors and the size and
storage capability of the avian CP (/). The ‘efficient copulation’ hypothesis has often
been cited since being proposed over 50 years ago (2) but any correlation between the
size of the avian CP and copulation efficiency (as defined by cloacal contact time) has not
been demonstrated (/, /2). It has been suggested that massive CP sperm reserves act in
one of two ways; either to allow multiple copulations or to increase ejaculate volume (or
both) (/4). Our findings suggest that in stitchbirds and probably other species, the large
sperm stores act in a third way, by changing the angular position of the CP to improve
copulation efficiency. To our knowledge, in no previous studies of CP size and variation
have the positions of the male and female cloacal openings been measured relative to the
breeding cycle. We believe that the changing angle of the cloaca is analogous to
achieving a penile erection, and thus any investigation into the efficacy of the CP as a
copulatory organ must take into account the CP’s orientation.

Cloacal contact time is one factor positively related to successful insemination (/,
15). During face-to-face copulation the male stitchbird maintains cloacal contact for an
average of 10 seconds (with a maximum of up to several minutes) (3, 9). This is in
contrast to the much briefer cloacal ‘kiss’ seen during consensual stitchbird copulation.
The face-to-face cloacal contact time is extremely long by avian standards (/5) and would
be almost impossible to achieve from a ‘male-on-the-female’s-back’ position. We
compared the relative CP position for the male and female when in a forced face-to-face
copulatory position under two circumstances. The first was for a hypothetical male where
the CP angle did not change in the breeding season from its non-breeding angular position
(Figure 4a), and the second was for a male where the CP angle changed with
engorgement of the seminal glomera, as was observed in this study (Figure 4b). From this
can be seen the relative advantage a male with a more forward pointing CP has over a
male where the CP enlarges but does not alter its angular position, when forcibly
copulating with a female. This advantage is also expected to transfer to the standard
‘male-on-the-female’s-back’ copulation, as the male should more easily be able to deliver

sperm to the female’s cloaca with a more forward pointing CP.
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a b

Figure 4 Diagrammatic representation of the relative position of male (M) and female (F) cloacae during a
face-to-face sexual encounter. The angle of the female CP is fixed at the breeding angle of 166 degrees. For
males, the two CP angles shown are, a. at the mean non-breeding angle (158 degrees) despite development
of the breeding CP, and b. where the male’s cloaca alters its angular position as the breeding CP develops
(101 degrees). To account for the rotation of the male’s body to achieve cloacal contact with the female, we
measured the distance from the contact pivot point of the two birds (the lower breast carina) to the top of
the CP, relative to a line drawn parallel to the bird’s spine. From this information the amount of rotation
necessary to bring the cloacal openings together could be calculated using basic trigonometry (37.5
degrees), and this was factored into the male CP angles in a and b. [n the face-to-face copulatory position of
the stitchbird, the change in CP angle from non-breeding to breeding alters the male’s cloacal position
relative to the female’s by almost 60 degrees, leaving the male and female cloacae relatively well apposed

at 130 degrees to each other (b).

In a number of bird species, females press their tails to the ground to prevent male
cloacal contact during attempted forced copulation (/6) or may struggle or eject sperm
from the cloaca to minimise sperm uptake (/7, /&). Only in waterfowl, where males
possess an intromittent organ, is forced copulation widespread and relatively successful
(10, 11). By forcing the female onto her back and pressing an ‘erect” CP over the female’s
cloacal opening, male stitchbirds have developed a unique way of bypassing a number of

female resistance mechanisms without possessing an intromittent organ. This is the
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behavioural equivalent of specific anatomical forced copulation adaptations found in
other species, such as the genital claspers of the scorpionfly, Panorpa sp. (19). This
potentially allows the male stitchbird to increase his likelihood of insemination by
transferring a large amount of sperm to overcome sperm competition from the resident
male and also prevents the female from immediately evacuating his semen from her
cloaca. In many cases of stitchbird forced copulation there are a number of competing
males also present (up to eight) (3, 8, 9) and this ability to prolong cloacal contact with
the female prevents other males from immediately mounting, inseminating the female and
diluting his ejaculate.

We believe that in the stitchbird, selection has been operating not only on the
storage capacity of the seminal glomera, but also on the position of the seminal glomera
relative to the cloacal opening. One result being that over evolutionary time as the sperm
storage capacity of the CP increased, the ability of males to successfully maintain cloacal
contact during extra-pair forced and unforced copulation improved, thus further driving
the selection of increased sperm storage because of escalating sperm competition. While
the stitchbird is unique in its method of forced copulation, selection should also act on the
CP in other species with sperm competition to maximise copulation efficiency. We tested
the prediction that CP angular changes will also be seen in species lacking face-to-face or
forced mating by taking breeding (» = 16) and non-breeding (n = 14) cloacal measures of
male bellbirds (Anthornis melanura). As was found with the stitchbird, bellbird CPs
significantly increased in volume from non-breeding (49.4 + 4.7 mm’ (mean + SE)) to
breeding (204 + 11 mm3; = 11.6, P < 0.0001), while cloacal angles at the same time,
significantly decreased (non-breeding: 153 + 4 degrees, breeding: 112 + 2 degrees; t =
9.2, P <0.0001). This suggests that a more forward pointing cloacal opening during the
breeding season due to differential enlargement of the posterior CP through swelling of
the seminal glomera may be a common phenomenon. If so, future assessments of the
‘copulation efficiency’ hypothesis of the avian CP will need to take into consideration
different species’ CP orientation, as a more forward pointing cloacal opening in males
potentially improves the relative ease of achieving and maintaining cloacal contact in
both standard and non-standard avian copulatory positions. This will also be important for
the ongoing evaluation of hypotheses regarding the evolutionary “loss” of the avian

intromittent organ (26, 217).
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Methods

Field work was undertaken on Tiritiri Matangi Island (36°36°S, 174°53’E), 20 kilometres north
east of Auckland, New Zealand. Male stitchbirds were captured using cage traps at supplementary
feeding sites around the island in February (n = 25), September (n = 19) and November (n = 27)
2002 and June (n =33) 2003. Female stitchbirds were caught using the same methods during non-
breeding in June (n = 34) and during their fertile period when breeding in October and November
(n=6) 2003. Stitchbirds are sexually dimorphic and all birds on the island are colour banded thus
identification of previously caught individuals prevented any bird from being measured more than
once during a capture period. Bellbirds were caught in the same manner as stitchbirds in June and
November 2003 to provide individuals for cloacal measurements. Upon capture, all birds were
weighed to the nearest 0.5 g and examined to ensure that they were in good health. Birds were
held on their backs during cloacal measurements with the feathers around the cloaca wet with
alcohol to allow ideal visualisation of the CP. The CP length and width were measured
perpendicular to each other using vernier callipers across the mid-point of the CP. The height was
measured along the anterior border of the CP using callipers between the anterior cloacal
attachment to the body wall and the anterior vent opening. The CP angle was measured by
holding the bird in the palm of one hand and laying it on its back. A transparent protractor was
superimposed over the bird and viewed from the side, with the angle taken as that between the
line running from the cloaca towards the head (parallel to the spine) and a line drawn from the
midpoint of the cloacal attachment to the body wall and the middle of the vent opening (Figure 3).
Cloacal protuberance volume was calculated as hm, where h is the CP height and  is 0.5 times
the average of the CP length and width. Observations of sexual behaviours and forced copulation
were made over three breeding seasons between September 2000 and February 2003 and more

details of the study can be found in (8). Statistical analyses were carried out using Statistica (22).
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CHAPTER 1V

Female weight predicts the timing of forced copulation
attempts in stitchbirds
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Female WR/RM brings a beak ful of moss to cover her first egg just after laying
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Abstract

Male birds can often accurately gauge the fertile status of females. As is found in other
species, the stitchbird manifests this ability through increased mate guarding attentiveness
and attempted extra-pair copulations centred on the female’s peak fertile period. Males
are thought to use various behavioural cues to assess female fertility including: 1) within
pair copulation, 2) mate guarding intensity, 3) female solicitation, 4) female flight
behaviour, 5) nest building, 6) egg-laying, and 7) paired male song intensity. By using a
correlational approach, I examine which behavioural cues are intimately linked with the
fertile status of the female stitchbird, as well as being able to account for patterns of extra-
pair male behaviour. Increasing female weight appears to be the primary fertility indicator
in this species and it is likely that males evaluate this through changes in her (light
behaviour, however this requires experimental confirmation. Female stitchbirds increase
their body weight by an average of 31 % (max. 43 %) in the three weeks prior to laying.
Extra-pair male interest rises sharply as the female’s weight increases from 31 g to a peak
weight of approximately 41 g, two days before the first egg is laid. Because of potential
costs associated with forced copulation, female stitchbirds may attempt to limit the
availability of information regarding their fertile state by burying eggs within the lining of

their nest.
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INTRODUCTION

Male birds often adopt a mixture of behavioural tactics where they combine monogamous
pairing while pursuing extra-pair copulations (EPCs) (Birkhead & Meller 1992). To
maximise the reproductive outcomes from this strategy, males need to protect paternity at
their own nest sites while ensuring that extra-pair fertilisations (EPFs) are a likely result
from their own EPCs (Komdeur et al. 1999). In order to achieve this, males need to
accurately estimate the fertile status of females. This ability is demonstrated in many
species where the paired male increases mate guarding intensity as the female approaches
her peak fertile state (Hatchwell & Davies 1992; Komdeur et al. 1999), while extra-pair
males seek copulations with females at times of her peak fertility (Emlen & Wrege 1986;
Pinxten & Eens 1997; Komdeur 2001). In most species it is unclear what cues males use
to evaluate the female’s fertile status, but seven have been suggested. These cues come
either directly from the female’s behaviour (flight, nest building, egg-laying, or female
solicitation), or indirectly via the paired male’s behaviour (within pair copulation, mate
guarding intensity, or song rate or quality) (Birkhead et al. 1987; Komdeur et al. 1999;
Tobias & Seddon 2002).

The stitchbird (or hihi: Notiomystis cincta) is a medium sized (28 — 43 g)
endangered New Zealand passerine and is currently restricted in its distribution to only
three islands off the coast of New Zealand. It displays significant sexual dimorphism in
both size and plumage colour, with males being both larger and more colourful than
females (Craig et al. 1982). Social monogamy is the most common pairing arrangement,
although their mating system also includes polygyny, polyandry and polygynandry
(Castro et al. 1996). Male stitchbirds engage in a reproductive strategy where they
combine nest site defence with a female partner while seeking EPCs (Castro et al. 1996).
The majority of these EPCs are forced (Ewen et al. 1999) and involve a unique face-to-
face copulatory position that the female actively and aggressively avoids (Castro et al.
1996). Resident males increase their mate guarding attentiveness as females enter their
fertile period, along with extra-pair male territorial intrusions and copulation attempts,
demonstrating that males can predict when copulations are likely to result in fertilisations
(Ewen 1998). Ewen (1998) concluded that because stitchbird males regularly enter each
others’ nest chambers, they are assessing the state of nest building and use the presence of

a completed nest as the primary fertility cue. However, at the Mt Bruce National Wildlife
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Centre in New Zealand, where a small captive population of stitchbirds is kept, staff
monitor female weights rather than relying on nest building to determine when females
are nearing egg-laying (R. Collen and B. Welch pers. com.). Using female weight to
assess fertility is supported by the only experimental assessment of avian fertility cues
undertaken. In the sand martin (Riparia riparia) it was shown that males judge female
fertility by observing the impairment of flight performance of the female due to her
increasing weight (Jones 1986).

The primary purpose of this study was to compare how ‘direct’ fertility cues were
correlated with extra-pair male interest in the female in a population of free-living
stitchbirds, and which of these cues predicted female fertility. The efficacy of cues as
accurate fertility predictors in the stitchbird was assessed by comparing predictions of
male behaviour if a particular cue was used, to observations of males both within and
outside female territorial areas. Indirect cues associated with the paired male’s behaviour
are examined in light of the birds’ general behaviours and the problem of them being
confounded with direct cues. Female stitchbirds cover their eggs with nest lining material
during laying, and the possibility that this limits information regarding the female’s fertile

state is also discussed.

METHODS

Study Population

The birds in this study comprise a closed population located on Tiritiri Matangi Island
(36°36°S, 174°53’E). The 220 ha island is free from exotic predators and situated off the
northeast coast of New Zealand’s North Island. All birds are uniquely colour banded and
thus provide an excellent opportunity for studying the birds’ social behaviours, as the area
containing breeding territories (30 ha) is small enough to enable the entire population to
be monitored (32 females and 25 males in 2001 and 34 females and 41 males in 2002).
Stitchbirds on Tiritiri Matangi Island breed during the spring and summer (September to
February) and may lay up to three clutches of between two and six eggs (unpublished
data, M Low), with a laying interval of approximately 25 hours (Castro et al.1996).
Supplementary food in the form of a 20 % (by mass) sugar solution is fed from up to nine
tfeeding stations which are provided year round and used by all birds on the island. These

feeding stations are situated at the forest edge along walking paths and are not contained
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within birds’ territories. Because the stitchbird is a cavity nesting species and the island is
mostly comprised of young regenerating forest, wooden nest boxes are provided (86 in
2001, 110 in 2002). These are grouped in twos or threes throughout likely nesting areas
and are situated approximately 1.5 metres off the ground with a hinged lid and allow easy
monitoring of nesting. For over 200 nesting attempts on the island, the artificial nest
boxes were used on all but one occasion. This study was conducted during two breeding

seasons between September 2001 and December 2002.

Behavioural Observations

Stitchbird territories were located by following birds in all forested areas on the island
during September, to coincide with male territorial calling and female nest site selection.
Territorial boundaries for each pair were determined by watching both sexes’ movement
and their interactions with neighbouring birds. The boundary was defined as the line
beyond which an extra-pair male could call or be visible to the resident male, without the
resident male making an attempt to chase him away. These boundaries are generally
stable outside of the resident female’s fertile period and it was the area as defined during
the pre-fertile period that was used to judge whether an extra-pair male was intruding
during both fertile and non-fertile periods. Thirty-two territories were monitored for a
continuous 30 to 60 minute period (mean + SD, 39 £ 13 minutes), almost daily from the
onset of nest site selection until chick hatching. Between day —28 and day +18 (where day
‘0’ = first egg), 988 of these territory observations were undertaken (mean + SD, 31 + 8
observations per site; range 11 — 47). During observations the territorial pair was
continuously followed (usually within 5 to 10 metres) with no evidence of any
disturbance to the birds’ behaviour. Most territories are roughly centred on the active nest
box, and the observer returned to this point to re-establish contact if the birds were lost.
The forest areas inhabited by stitchbirds on the island generally support a limited
understorey, and allow observation of much of the bird’s territory from most locations.
All observations were recorded onto a voice-activated recorder via a lapel microphone, to
allow uninterrupted observations.
The general behaviour of the resident pair was recorded, with an emphasis on

behaviours relevant to differentiating fertility cue hypotheses. All copulations and female

copulation solicitations (Higgins et al. 2001) were described, the identity of the birds
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involved noted and their timing relative to the date of first egg laying recorded. Territorial
calling frequencies of the resident male during his female’s fertile period were compared
for periods when no extra-pair males were calling on or within his territorial boundary
and periods when one or more were present. Also compared was the likelihood of the
resident male calling in a 30 second period immediately before and after an extra-pair
male called on or within the territorial boundary, after an intruder absence of greater than
S minutes. This was to allow a measurement of the effect of calling by an extra-pair male
on the resident male, after any previous effect of extra-pair male calling was assumed to
have disappeared.

To measure when extra-pair males engaged in territorial intrusions relative to the
fertile period of the resident female, all birds other than the residents entering the territory
had their identity and the time of entry and exit recorded. Extra-pair birds were located by
call or by sighting, with them only recorded as being present when their location was
known. If more than one intruder was present, then the times of each male were summed
giving total male intruder times of more than 60 minutes per observation hour in some
territories. To establish whether extra-pair males could judge the fertile status of females
without any immediate territory cues being present, 29 additional observations were
carried out at an actively used communal site, the main supplementary feeding station.
Each of these observations lasted for 60 minutes and the identity of each bird visiting the
feeder was recorded. The identity of any birds involved in a forced copulation chase was
noted, along with details of the event; including if the chases resulted in successtul forced
copulation. A forced copulation chase is defined as an event where the female begins to
emit a specific high-pitched alarm call and attempts to flee one or more pursuing males.
This may end with the female escaping by flying away or hiding under leaf litter, or the
female being caught, brought to the ground and being subjected to a forced copulation

(Castro et al. 1996).

Weight Measurements

To assess the correlation between female weight and egg laying, all breeding females (N
= 34) were weighed at a mobile supplementary feeding station on a set of electronic
scales (Weighing Systems Ltd.) to an accuracy of £ 0.5 grams at least twice weekly for

the three months during the laying of first clutches in 2002. The system was designed so
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that for birds to drink from the feeder, they needed to stand on a perch linked to the
weighing mechanism. An electronic readout of the bird’s weight was displayed allowing
the identity and weight of each bird to be recorded by the observer. Because the weight of
the bird could increase by up to 2 g while drinking the artificial nectar, only the initial
weight was recorded. Birds were weighed in the morning between 800 and 1100 hours to
minimise the effect of diurnal weight fluctuations (Armstrong & Ewen 2001). Weighing
frequency was increased to daily measurements when females became more than 2 g
heavier than their recorded basal weights, with daily weighing continuing until
incubation. Birds were measured either at a communal feeding station or within their own
territories. From these measurements a mean female weight relative to the day of first egg
lay was generated for further analyses. On days when females were laying eggs, the
female weight was recorded after the egg was laid. Only one weight per bird was

recorded on any given day and weights were only collected during first clutch attempts.

Nest Data Collection

All nest boxes were monitored every third day until the beginning of nest building. To
determine any correlation between the timing of nest completion and the female’s fertile
period, boxes were then monitored daily to record the date of nest completion and first
egg laying. Nests were defined as complete when soft lining (moss, feathers or tree fern
scales) had been incorporated into the entire surface of the nest cup. The presence of eggs
in the nest was determined by gently placing a finger into the nest cup and sifting through
the soft lining. This was necessary as female stitchbirds usually cover their eggs with
additional nest lining material. This covering on the eggs (nest cap) is a collection of
moss or tree fern scale up to 2 cm deep that is added to the nest by the female soon after
she has laid an egg. | recorded the nest as ‘capped’ after each egg if there was enough
new lining added to prevent the eggs being visible from above. Nests were disturbed only

when the location of the female was known and she was not inside the nest box.

Analyses

Nesting attempts were highly asynchronous and thus all dates associated with collected
data were converted to a number relative to the date of first egg lay for that female (= day

0) to allow comparisons between females. Females were deemed to be fertile from six
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days prior to first egg lay until the penultimate egg was laid (Komdeur et al. 1999). This
was supported by the observation that within pair copulations were never observed before
day —6. The majority of the data were not normally distributed and thus non-parametric
statistics were used for most analyses. A Spearman rank correlation was used to examine
the relationship between mean female weight and mean extra-pair male territorial
intrusion rates from day -28 to +18. For nest completion as a cue, a Kolmogorov-Smirnov
one-sample test was used to compare the observed cumulative distribution of nest
completion over the four weeks prior to egg lay with two predicted distributions. One
distribution assumed that nest completion had no relationship to egg-laying during that
period and thus nest completion was equally likely on any day, with the cumulative
distribution constantly increasing by 1.14 nests per day from day -28 to day -1. The
second distribution compared observations against a predicted pattern where nest
completion was clumped just prior to the female’s fertile period and would allow males to
accurately predict egg laying from nest completion. The percentage of times a female was
chased at the communal site during her fertile and non-fertile periods was calculated by
dividing the number of days a female was chased by the number of days she was seen for
both of those periods and was analysed using a paired Sign test. Calling data obtained for
resident males that produced matched pair data for times when intruders were present and
absent for each territory, were compared using Wilcoxon matched pairs test. Calculations
were carried out in Statistica (StatSoft Inc.1997). Not all sites could be surveyed nor all
birds measured in all sampling periods, resulting in uneven numbers in some statistical
tests. Means are expressed with standard errors, probability values are two-tailed and

statistical significance recognised at P < 0.05 unless otherwise stated.

Ethical Note

A minimum distance of 5 metres was kept between birds and observers during
observations to minimise any disturbance. Nest boxes were inspected according to
Department of Conservation guidelines and no females abandoned their nests during this
study. All work undertaken in this study was carried out under a research permit from the
New Zealand Department of Conservation and had Massey University animal ethics

approval (protocol number 00/80).
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RESULTS

Extra-pair Male Intrusions, Chases and Copulations

At territory sites

Intruder male activity within territories increased steadily from day -6, peaking on day 0
at 19.92 £ 5.62 minutes/ territory/ hour (range 0 — 380) and then rapidly declined to zero
by day 5 (Figs. 1, 2). The sum of territorial intrusion time by extra-pair males was
significantly greater during the female’s fertile period (9.05 £ 2.09 minutes/ territory/
hour) when compared to outside of this time (0.35 + 0.07 minutes/ territory/ hour)
(Wilcoxon paired-sample test: Z = 4.70, N = 32, P < 0.001). This was due to a
combination of more extra-pair males visiting the site (fertile versus non-fertile, 0.97 +
0.15 versus 0.06 + 0.01 extra-pair males/ territory/ hour: Z = 4.68, N = 32, P < 0.001),
each male intruding a greater number of times per hour and remaining within the territory
for longer periods during the female’s fertile period. As extra-pair male activity
significantly increased at a site, the ability of the resident male to exclude intruders
sometimes diminished to the point where extra-pair males could remain in the territory
within a few metres of the female for the entire observation period. In these extreme
situations, between 5 and 10 extra-pair males would be recorded per hour, with a group of
males following the female every time she moved. In these cases the resident male was
forced to sit above or next to the female and physically prevent any of these males
gaining access to the female (Chapter 5). All observed extra-pair male copulations with
the resident female (N = 22) occurred between day -6 and day 7, with all but two during
the female’s fertile period (Fig. 3). Of all successful EPCs, 78% were vigorously resisted
face-to-face forced copulations. At five sites where no male was in residence, intruder
male activity was no different during the females’ fertile periods when compared to sites
where a resident male was present (10.41 = 3.97 minutes/ territory/ hour) (Mann- Whitney
U test: U= 66, N, =30, N;=5, P =0.53). At these sites, a male from another territory
would often attempt to mate guard the female, however this was sporadic and did not
begin until after significant intruder male activity was noted for that site (approximately
day -3). These males were never observed returning to that territory during chick feeding.
On 15 occasions a non-resident non-fertile female was observed passing through a fertile
female’s territory where at least one male intruder was in close proximity. On none of

these occasions was the non-fertile female pursued by any of the extra-pair males.
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At communal sites

The identity of the chased female was recorded during 108 extra-pair male forced
copulation chases during observations at communal feeding sites. While at these sites, it
was clear that the likelihood of an individual female being subjected to a forced
copulation chase during any 60 minute observation was significantly higher during her
fertile period (39 + 5 %) than during her non-fertile period (3 + 0.8 %; Paired sign test: Z
=4.51, N=26, P <0.001) (Fig. 3), while her rate of visitation remained similar. Of the 26
females sighted during both periods, only 12 individuals were chased when non-fertile
compared to 25 being chased when fertile. Of the 108 chases, only 17 were directed at
non-fertile females, with 3 occurring during the pre-fertile period (11.6 + 1.76 days prior
to first egg laid) and 14 occurring in the post-fertile period (9.9 + 1.5 days after first egg
laid). Assuming that ‘mistakes’ in identifying females as fertile should occur equally in
both the pre and post-fertile periods, the distribution should reflect this. The fact that the
majority of these non-fertile attempts show a clear trend towards the post-fertile period
(Fisher exact test: 82 % versus 50 %, N =17, P = 0.071), suggests that an aspect of the

fertility cue may persist in some individuals after the final egg has been laid.

Female Weight as a Fertility Cue

I recorded 1396 weights from 34 females during an 11-week period in 2002 when females
were attempting first clutches (Fig. 1). Female weight appeared to be an excellent
predictor of when females would begin to lay eggs, as they gained 31 + 1.3 % of their
body weight (range 15 ~ 43 %) in the 20 days prior to egg laying. Females reached their
peak weight at day -2 (41.24 + 0.45 g), corresponding to the day prior to ovulation of the
first egg and thus their estimated peak fertile period. Mean female weight was strongly
correlated to mean male territorial intrusion times between day -28 and +18 (Spearman
rank correlation: r; = 0.59, N = 47, P < 0.001). It appeared that there was an average
threshold weight of approximately 36 g, below which males generally ignored females
and above which extra-pair male activity increased relative to the female’s increasing
weight (Fig. 1). Extra-pair male activity appeared to lag approximately 48 hours behind

the weight cues of the female with male activity peaking at day 0.
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Fig. 1. Temporal pattern of female weight -e- (mean + SE grams) and extra-pair male intrusions -o- (mean
+ SE minutes/territory/hr) relative to the date of first egg lay (= day 0). Not all territories were observed or
females weighed on each day and the number (V) sampled for each generated mean value ranges from 23 —

31 for male intrusions and 20 — 32 for female weight.

Nest Completion as a Fertility Cue

There was a poor relationship between the date of nest completion and the presence of
male intruders in the territory (Fig. 2). Nests were completed between four weeks and one
day before the first egg was laid (12.2 £ 1.36 days, N = 32). Observed nest completion
from day -28 to day —1, did not significantly deviate from a theoretical cumulative
distribution where each nest had an equal likelihood of completion on any day (1.14
completed nests per day) during this time period (Kolmogorov-Smirnov one-sample test:
Dmax = 0.22, N = 32, P = 0.10). This result is supported by the significant deviation of
observed nest completion from a theoretical cumulative distribution where nest
completion was clustered over a six day period beginning between day —11 and —6 as

expected if males used nest completion to accurately predict the onset of the fertile period
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(Dmax > 0.5, N =32, P <0.001). It should also be noted that for the two nests completed
on day —1, extra-pair male activity had been increasing steadily since day —5. For the nine
nests completed between two and four weeks before first egg, the earliest significant

intruder activity was recorded on day —6.
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Fig. 2. Temporal pattern of nest completion (N = 32) and extra-pair male intrusions -o- (mean + SE
minutes/territory/hr) relative to the date of first egg lay (= day 0). Each step plot represents the number of
nests completed on that day. Not all territories were observed every day and the number (V) sampled for

each generated mean value for male intrusions ranges from 23 - 31 territories.

Female Solicitation as a Fertility Cue

Female copulation solicitation behaviour was recorded as early as 22 days prior to the
first egg being laid. This behaviour was not frequently observed and was highly variable,
with 40% of females never seen engaging in the behaviour. Females were significantly
more likely to behaviourally solicit to their male partner during the 9 days of their fertile
period (0.35 £ 0.09 solicitations per hour) than the 9 days prior to this time (0.18 + 0.07
solicitations per hour) (Wilcoxon paired-sample test: Z= 2.11, N =20, P =0.034).
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Fig. 3. Incidence of extra-pair copulation (shaded bars), within-pair copulation (black bars) and forced
copulation chases of females at communal sites (white bars) per female, per hour of observation time

relative to the date of first egg lay (= day0).

Female Nest Capping Behaviour

The nest capping behaviour of 28 females was monitored relative to their egg laying cycle
with clutch sizes ranging from two to five eggs (mean 4.07 + 0.06). All females capped
their first egg, and in 12 out of 28 nests, females capped their eggs up until the final egg
was laid (final eggs were never capped due to the onset of incubation). Fifteen females
did not cap the penultimate egg and one female with a clutch of 5, only capped the first 2
eggs. In 6 of the 16 cases where the female failed to cap the final 2 eggs, this was due to
incubation beginning on the penultimate egg. Females were observed to cap the nest soon
after laying the egg. Once emerging from the box, the female made up to six trips
collecting a beak full of capping material, before leaving the nest alone. Fresh capping
material was collected each day with the previous day’s capping material being pushed

under the eggs and incorporated into the nest lining.
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Indirect Fertility Cues

Resident male calling rates are affected by the presence of calling extra-pair males.
Resident males called significantly more frequently during the fertile period of their
female when extra-pair males were calling on their boundaries (2.97 + 0.30 calls per
minute) than when the intruders were absent (0.62 + 0.14 calls per minute) (Paired t-test:
t;y = 7.47, P < 0.001). There was also a significant increase in the resident male’s
likelihood of calling immediately after, rather than before an extra-pair male called on the
territorial boundary (17% versus 94%, Paired sign test: Z = 3.32, N = 17, P < 0.001).
Resident males were absent in five of the territories prior to extra-pair male activity
increasing and thus resident male calling rates could not explain the behaviour of extra-
pair males at those sites during the female’s fertile period.

During 434 hours of territory observations falling within the female’s fertile
period, 32 within pair copulations were observed (Fig. 3). Because I was able to closely
follow the birds during observations, the majority of copulations were likely to have been
observed. This observed within-pair copulation frequency of once every 13.5 hours
during the female’s fertile period is so low as to be almost invisible to passing extra-pair
males who do not spend any significant time in territories other than their own (0.35 +

0.07 mins/ territory/ hr), until they detect an extra-pair female is fertile.

DISCUSSION

Fertility Cues

Two classes of fertility cues need to be differentiated in discussions of male assessment of
female fertility. Direct cues such as female flight, nest building, egg-laying, or female
solicitation are potentially available to all males in a population and thus a single cue can
be used to explain the behavioural patterns of all males. Indirect cues, where extra-pair
males rely on detecting an aspect of the paired male’s behaviour (mate guarding, male
song and copulation patterns), raise questions regarding the motivation of the paired male
(Moller 1991), and are confounded by the possibility that extra-pair males are simply
using the same ‘direct’ cue the paired male is using. This is evident in the stitchbird where
even though indirect cues such as resident male calling rates are correlated with female

fertility (Castro et al. 1996), extra-pair male activity is similar regardless of a resident
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male’s presence. Resident males may call more frequently during the female’s fertile
period, but as was found in this study, the calling rate is confounded by the presence of
extra-pair males and thus the direction of any cause and effect relationship is currently
impossible to determine.

Of the direct cues evaluated in this study, only female body weight accurately
predicted the timing of egg laying and was strongly correlated with extra-pair male
intrusions in each female’s territory (Fig. 1). Males may gather information on female
weight either by observing that the female looks ‘fat” or by detecting the increase in body
mass through its effect on the female’s flight behaviour. Female birds undergo dramatic
weight fluctuations during the breeding season, associated with the production and laying
of eggs (Moreno 1989; and see above). Weight increases and physiological changes
associated with egg production have both been shown to have a significant etfect on
female flight behaviour, manifesting as a trade-off between vertical flight speed (Kullberg
et al. 2002) and take-off angle (Lee et al. 1996). This is due to increasing body mass
resulting in an increasing wing load for the bird (Kullberg et al. 2002) with a
corresponding reduction in flight muscle mass and performance, as proteins are mobilised
from the pectoral muscles for incorporation into the egg (Houston et al. 1995; Veasey et
al. 2001). Female flight impairment may continue into incubation due to the longer-term
effects associated with the loss of pectoral muscle mass (Veasey et al. 2001). These
significant changes in female flight performance around the time of egg laying could
provide a cue that males use to assess the female’s fertile status (Jones 1986).

In sand martins (Riparia riparia), a species that appears to have a male mating
strategy similar to the stitchbird, females that had their weight artificially increased by an
intraperitoneal injection of saline took longer to reach ascending flight and were
disproportionately chased by extra-pair males (Jones 1986). These effects were detected
with a 20 % increase in body weight. In the starling (Sturnus vulgaris), females reduced
their escape take-off angle by 30 % when encumbered with a 7 % increase in body weight
prior to egg lay (Lee et al. 1996). In blue tits (Parus caeruleus), when females were 14 %
heavier due to carrying eggs, they flew 20 % slower (Kullberg et al. 2002). If these
figures are compared to the average body weight increase of 31 % (max. 43 %) in the
female stitchbird, it is likely that in this species, flight performance is more greatly

affected and thus more obvious to a male stitchbird.
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The possibility of egg production affecting flight performance well into incubation
(Veasey et al. 2001), may explain the higher likelihood of non-fertile females being
subjected to forced copulation attempts by extra-pair males in the post-fertile period when
compared to the pre-fertile period. The use of female weight as a fertility cue may also
explain the observations reported in Ewen and Armstrong (2002) where extra-pair males
subjected three newly fledged stitchbird juveniles to forced copulation. Juvenile
stitchbirds have a female plumage until their first moult and fledge at a weight almost
identical to that of a female about to lay her first egg (fledging weight: 41 1@0.6 grams,
unpublished data, M Low). In all three instances, the resident female was in the process of
renesting, and it is not surprising that under these circumstances males would attempt to
copulate with a female-looking bird with impaired flight ability.

Alternative direct fertility cue hypotheses cannot account for the pattern of extra-
pair male activity seen in the stitchbird. The presence of an egg in the nest occurs after the
majority of extra-pair male intrusions and copulations have taken place (Figs. 1, 3). The
observation that extra-pair males visit other nest chambers and may observe a nest either
completed or under construction (Ewen 1998; pers. obs.) would only provide the limited
information that a particular female will lay eggs at some point in the next month. The
fact that the pattern of nest completion in the four weeks prior to egg laying fails to
deviate significantly from a distribution where nests are just as likely to be completed on
any day during that time, means that this cue cannot account for the male’s ability to
know when a female is entering her fertile state and time his attentions to coincide
precisely with her peak fertile period.

Female behaviour specific to her fertile period such as copulation solicitation,
begging calls and other vocalisations have all been suggested as fertility cues (Komdeur
et al. 1999; Tobias & Seddon 2002). During their fertile period, female stitchbirds neither
beg nor make specific vocalisations and generally remain silent (pers.obs.). Female
stitchbirds sometimes solicit copulations, however this behaviour is observed well before
any extra-pair male interest in the female occurs. While these solicitations increase
significantly from once per 5.5 hours in the pre-fertile period to once per three hours in
the fertile period, because of their low frequency and lack of specificity, they are unlikely
to be useful for accurately predicting female fertility. It should also be noted that while

females ‘solicit copulations’ from their partners during the pre-fertile period, no
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copulations were ever observed at this time, suggesting that resident males are using
another cue to assess their female’s fertile status.

With the exception of female weight, none of the cues can explain the immediate
reaction of males at communal feeding sites to the arrival of a fertile female nor the
ability of non-fertile females to pass through a fertile female’s territory without
harassment. Thus it appears the fertility cue is intrinsic to the female and can be assessed
by males in a matter of seconds. However, this does not discount the possibility that
extra-pair males use other less accurate ‘rules of thumb’ to help them decide which sites
are likely candidates for further investigation. While the relationship between female
weight, female fertility and extra-pair male behaviour in this study is very tight and highly
suggestive, only an experimental approach similar to Jones (1986) can properly elucidate
the ‘cue’ used by males to judge female fertility. One cue has been neglected in previous
discussions of male assessment of female fertility, and that is the possibility of males
gaining information via an olfactory signal. Unfortunately this form of signalling in birds
is still largely unexplored and thus it is difficult to gauge the extent to which it might be

used by stitchbirds (Hagelin et al. 2003).

Do Females ‘Hide’ Their Fertility?

Forced EPCs in the stitchbird are aggressive with the female actively resisting the
encounter and sometimes being injured in the process (Castro et al. 1996). The possibility
that forced EPCs are costly to females in this species suggests that females may attempt to
limit broadcasting information about the state of their fertility to extra-pair males. Female
stitchbirds generally cover the first two eggs of a clutch under a cap of additional nest
lining material. This is unlikely to be a conventional form of egg crypsis because
stitchbirds are a cavity nesting species and build their nest on a high platform of sticks,
preventing natural predators from reaching the nest cup (Angehr 1985; unpublished data,
M Low). One clue as to why female stitchbirds bury their eggs comes from the dunnock
(Prunella modularis), where males use the arrival of the first egg to fine-tune their
assessment of the likelihood of a particular copulation resulting in fertilisation (Hatchwell
& Davies 1992). Male stitchbirds regularly investigate nest boxes in other birds’
territories and if they fail to observe the resident female, they could potentially gain

fertility information by observing an egg in the nest. If so, then egg burying may represent
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a best-of-a-bad-job tactic designed to limit information to extra-pair males regarding the

stage of the female’s fertile cycle.
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