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ABSTRACT

Several hypoLhesesﬂhave been ﬁroposed Lo explain the
cvolution and maintenance of polygyny “in pas;erines. One
in particular, The Po{ygyny Threshold Model, has been
widely accepted ﬁusp{??flimiLed support. The purpose of

this study was to test the major predictions of this model

with data from a population of marsh wrens (Cistothorus

palustris).

Behavioural and ecological factors influencing female
fitness and choice were examined for marsh w%ens at two
study sites in Delta, Manitoba. Site 2 had s;gnificantly‘
denser vegetation and deeper water than Site 1. The

proportion of polygynous males and successful nests (nests

that fledged at least one young) was higher .at Site 2,

Despite these differences, males settied at Ehe two sites
simultancously and in numbers expected by chance. Although
females settled at both sites simultaneously, Lhere'were
significaﬁtly more females at Site 2 than at Site 1.

With one exception, I could find no measure of male
or territory quality that affected fémale fitness (the
number of young fledged/nest) within sites. Females paired
with males that helbed to feed young fledged significantly
more young than females without assistéﬁce.d However, few

males fed young and I cduld find no relationship between

male feeding and physicallor behavioural features



suggesting that it may be ditficult for females to predict
which males would feed. )

I could also find n relationship betwecen male and
_Lerfitory quality and male pairing success. This suggvs}s'
that females do not use the féaLures that I/mensur?d {or
corrclafeg features) when they select a mate. Also,
results of discriminant function analysis showed that

these feagtures did not vnrf significantly among mnlvs_nr‘
territories., 'Thﬁse results suggest that male and
territory quality did not influence female [itness and
were probably of little importance in femalo.choico.

Female scttlement may be influenced by male and
territory quality and the prescence of other femnles,
Therefore, I also assessed the influence of resident
females on Lhe settlement patterns of ;ubscquent females.
The result of a playback éxperiment showed that resident
females were aggressive to.female intruders. Aggression
was greatest during the pre—laying‘stages and decrecased
during laying and incubaLion. Females were repdlsﬁd in

:
space at both sites and this may have been enforced
. L]

through aggression on the part of primary fémales:
Overdispersion of females in space may reduce losses from

conspecific predation. Second females settled with mated

males only after all the bachelor males were chosen,
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This settlement pattern appears to be the result o}
avoidance of settled territories by prospecting feaéles
rather than aisplacement by resident femalés”
Asynchronqps ségtlement ma y feduce‘the costs associated
with pﬁlygyny.py recducing the overlap‘in nestling stages
and so reduciﬁg competition for resources at this critical
stage.

Four of the five predictions of the Polygyny
Threshold Model that I tested were not supported. These
results suggest Lhat the model may not be the best
deséription for the evolution of polygyny ;n this
population of marsh wrens. I‘propose an alternative
hypoth?sis that suggests that polygyny is maintained in
this population because because femalés can reduce the
costs associaged with polygyny by staggering their
seLLlemenL'withiq territories.

-

//Lﬂ‘\-
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RESUME

Plusieurs modéles ont &té formulés pour expliquer

1'évolution et 1la persistence de 1la polygamie chez 1les

passereaux. L'un d'entre-eux, le moddle du "seull de 1a
polygamie", "~ est sans aucun doutse celul qui a é&té le plus
gouvent retenu. Il faut cependant noterj%qu'en{wplusieura

occasions 1le modéle a &té retenu malgré que certaines
prédictions n'alent 6té vérifiées. Ainsi, le but de mon &tude
est de mettre & l'épreuve les plus importantes prédictions du

moddle & 1l'aide de données recueillies au sein d'une population

de troglodytes des maraié ( Cisthotorus palustris ).

Mes deux aires d'études étaient sitﬁées.& Delta au Hanitéba.
La topographie _des deux aires étaient statistiqﬁement<f
différentes. La végétation était ﬁlus dense et le marais plﬁs
profond & 1'Aire 2 qu'ad 1'Aire 1. En dépit de ces différences,
les midles n'ont démontré aucune préférence et se sont &tablis
simultanément'sur les deux alres. De plus, le nombre de males
sur chaque aire pduvait étre décrit par un processus aléatoire.

Les femelles se sont elles aussl établies simultanément sur les

deux aires bien qu'en nombre +toujours statistiquement plus

é8levé sur 1'Aire 2.

Jd'al tenté d'établir les facteurs Aintrinsadques régissant
1)le succés reproducteur des femelles (nombre d'oisillons &

quitter le nid) et 2) leur choilx de conjoint. Premidrement,
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aucune des variables décrivant 1la qualité du territoire et
geulement qu'une décrivant la qualité du mAle fut corrélée avec
le succés Teproducteur des femellés. Cette variable est
l'appqrt parental du miAle. Le nombre d'oisillons A quitter le
nid étai% statistiquement  pluys 6&levé lorsque le male
participait au nburriséage des oisilions que dans le cas
. contraire. Les femelles aidées efectuaient également
statistiquement moins de randonnée pour trouver .ds la
nourriture que. les femelles non-aldées. I1 faut cependant
noter que 1) seulement quelques mAles ont 6&té observés
nourrissant les oisillons et 2) aucune des variables décrivant
- les caractéristiques physiques du midle ou son comportement fut
corrélée avec son apport parental. Ces rééultats sugéérent que
les femelles pourraient avoir de la difficulté & déterminer les

mdles qui participeront au nourrisage des oislllons.

Deﬁxiément, Je n'al trouvé aucume corrélation entre 1la
qualité du madle ou c{e son territoire et la groseseur de son
harem. Une anglyse de fonction discriminante a aussi démeontré
que ia qualité du midle et du territoire n'étaient pas
Btatistiqﬁemént- différentes pour les diverses grosgpura de
harem. L'ensemble de ces résultats sﬁggérent que la qualiﬁé du
mile ou de son territoire n'influencent pas 1) le guccés

reproducteur des femelles et 2) leur choix de conjoint.

d'al ensuite tenté d'établir sl 1la présence de femelles
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. .
nichant 'sur un territoire influengalt 1'&tablissement de

femelles recrues. Pour mettre & 1'épreuve l'hypothése que 1le
comportement aggressif des_résidentes empéchent '1'é&tablissement
de rTecrues, Jj'al fait jouer. un enregistrement de femelle
troglodyte au centre de chagque territoire miAle. Dans la Plupart
des cas, les femelles résidentes ont répondu aggresivement A&
1'écoute. Mes résultats indiquent auesi que la réponse est plus
" intense lors de la période de . pré—ponﬁe let diminuse
progressivement lors de la ponte et de 1l'incubation. De plus,
les cas de.polygqmie que J}'ai observé sont survenus aprds que
chaque médle eut attiré uné.femélle (i.e. lorsqu'il n'y avait
plus de célibataire). Je propose alngi que les femelles
préférent g'établir avec deg maies c6libataires plutit
qu'accouplés .et qué l'aggression entre résidente et recrue

n'influence pas les femelles lorsqu'elles choilssigsent un

conjoint. Il ‘est possible que la nidification asynchrone des

femelles d'un méme -harem est un mécanisme servant & réduire la "

compétition entre femelle ot & minimlser 1les. cofite de 1la

‘polygamie.

Les résulats de mon étude n'ont vérifié gqu'une des cing

predictions du modéle du "seull de la polygamie". Ce modéle ne

peut donc expliquer 1'évolution et 1la persistence de 1la

-

polygamie chez le troglodyte des marails. Le modéle que Je
propose suggére que la polygamie persiste parce qu'elle confére

au mile polygame un plus grand succés reproducteur qu'su mile
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monogame et que les femelles peuvent rédulre les colts de 1la

polygamie en nichant de fagon asynchrone.
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GENERAL INTRODUCTION

Parental investment theory suggests that the sex
contributing the most to the reproductive effort should be
more selective when choosing a mate (Bateman 1948; Trivers
1972)., Females devote more‘;nergy tc each gamete and, in
many vertebrate species, to the rearing of young,
Therefore, females are expected to be the more
discriminating of the sexes.

Females are limited in reproduction by the number of
eggs they can produce and young they can rear, while malegs
are often only limited by the number of females they can
inseminate. This difference may favour the evolution of
different mating strategies., That is, males should
copulate indiscriminately with as many females as
possible., Females, on the other hand, should discriminate
among males, selecting mates with characteristics that
_could increase their reproductive output (Searcy 1979).
This difference in strategy may lead to conflict between

4
the sexes. For instance, the best strategy for a male is
to mate with as many females as possible, while the best
strategy for a female is to secure the resources of a
‘%ingle male. Conflict is most likely when males
contribute non~-shareable resources to the reproductive
effo}t. "The mating system in which the potential for
conflict is greatest is polygyny, the system in which one

male mates simultaneously with more than one female.
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Polygyny is usually advantageous to males, so its
existence will depend mostly upon the advantages and
disadvantages to females (brians 1969). The costs of
polygyny to females include competition for food, male
help, and breeding sites, increased attraction to
predators, and a possible increase in inﬁraspecific
interactions. Thus, for polygyny to evolve and be
maintained in a population; the benefits to females should
outweigh, or at least balance, the costs.

One of the earliest models proposed to explain the
evolution of polygyny suggested that polygyny could be the
result of unbalanced sex ratios (Skutch 1935). That is,
if sex ratios were skewed toward ex;ess females, then éome
females are forced to settle with mated males if they are
to breed. However, this hypothesis has been rejected as a
general explanation, because many polygynous populations
have 50:50 sex ratios and females often settle with mated
ﬁales despite the presence of nearby bachelors (Verner
1964).

Another model suggested that females settle
polygynously because they are deceived by males (Alatalo
et al. 1981). That is,*if later-arriving females are
unable to assess male status they may settle with a mated
malé‘despite lowered success (Alatalo et al. 1@81;
Catchpole et al. 1985)., If the status of the male affects
female success, then females should develop ways to
counter male deéeption. Again, this model is not

generally'applicable because in most species it is
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difficult for a male to disguise his status. This is
particularly true of speties in which the first females to
AN

settle are aggressive togén¢,intruding‘females (Lenington
1980; Yasukawa and Searcy 198la; LaP;ade and Graves 1982;
Hannon 1984) B |

The most ;;dely accepted model proposed to explain
the evolution of polygyny suggested that polygyny could
evolve if the variance in male and/or territory quality
was such that a female matiné polygynously in a high
quality breeding situation could rear mofe young by
herself than one mating monogamously in a low qualiuvy
breeding situation (Verner and Wiilsou,1966; Orians 1969).
The difference in quality was termed, as was the model,
the polygyny Fhreshold. Females would therefore, be
compensated for the costs of polygyny by gaining a high
quality male or terrgtory“

The VernerHWillson-Orians version of the Polygyny

Threshold Medetr—PTM) assumes a strong correlation between

male and territory quality. This is because the best
males shoﬁld acquire the best territories., Another
version of the PTM suggests that male quality may be more
important than territory quality (Weatherhead and
Robertson 1979). That is, some males may be better at
recruiting females than others and this feature may be
independent of their ability to acquire a high quality
territory. If the qualities that make males attractive
are heritable then their sons would also attract many

females. Females may forfeit immediate reproductive

‘4
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success (by settling on a high quality territory) to mate
with attractive males and produce 'sexy sons" (Weatherhead
fand Robertson 1979),.

The PTM in its original form assumed that females
would compéte among themselves for critical resources
(i.e., the competitive choice model, Altmann Yt al, 1977;
Lenington léBO). Therefore, females choosinfg to settle
with 'a mated male would have to be compensated for the.
costs of polygyny. However, if‘females cooperated in nest
defense, vigilance, or foraging, then they could benefit
from settling with other females (cooperative choice
model, Altmann et al. 1977; Lenington 198C). In this
instance, polygynyrcould evolve because it is advantageous
to both males and females, ‘

The PTM is the most widely accepted model for the
evolution and maintenance of resource -defense polygyny
(Emlen and Oring 1977) in passerines (Verner and Willson
1966; Orians 1969, 1980; Altmann et al. 1977; Garson et
al. 1581). Polygyny could evolve in territorial birds,
because critical resources are distributed so.that some
males can defend territories containing a larger quantity
or better quality reéource than others. Second-settling
females selecting males with better resources should be
compenéaped for mating polygynously. 3

Marsh wrens (Cistothorus palustris) are

polygynous, marsh-nesting passerines (Welter 1935; Verner
1965), common throughout most of North America. This

species exhibits low degrees of resource defense polygyny.
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Polygyny in marsh wrens is thought to exist because some
territories are better than others (Verner 19647 Veraner
anJ'Engelsen 1970). However, the relationship betwcen
territory quality and male pairing success has never been
directly tested for this species, nor have the ma jor
predictions of the PTM.

The purpose of my study is to determine how female
marsh wrens select a breeding situation and how this
selection process has shaped the present mating system.
This thesis is divided into four chapters. In the first
chapter I provide a descriptign of the breeding biology of
the study population, including an analysis of mortalitvy
factors and their influence on the selection of nesting
habitat. 1In Chapter 2, I determine what features of t(he
méle and his territory affect female success and i{ these
features are important in mate selection. In the Lthird
chapter, 1 examine the relationship between co-nesting

females, and especially the effect of resident_females on
the settlement patterns of later-arriving females.
Finally, in Chapter 4, I test the major predictions of the

13 ,///_\‘
PTM, with data from this population of marsh wrens. [ .-~

also present an alternative model which may he a better

explanation for the evolution and maintenance of polygyny

b}

in some populations.
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KESTING MORTALITY AXND HABITAT SELECTION BY MARSH WRENS
« INTRODUCTION

Svlchinnﬁof/Lcsting habitat &hould be partly based
an the relative imporLuan of fecatures affecting offspring
mortality. Individuals may not always make optimal
habitat choices because mortality patiterns may be
difficult to predict ot the time of settlement
(NiLLunhorgor 1981a). Thus, the decisions an animal makoes
may doepend-on the availdbility of caos useful in
prudicling_futuro cvents,

'redation and starvation are considered the most
taportant sources of cgg and nestling mortality in
Lemperate marshes (Orioans 19613 Xale 1965; Ricklefs 1965;
Willson 1966;: Robertson 19725 1973; Howe 1976; Richter
1984; Bancroft 1986). Thus, high quality nesting habitat
for mursh passerines should be safe from predacors and
'cnntuin, or be adjacent to, abundant food resources.

1f mortality factors are predicéﬁble, then ‘
individuals should select habitats where potential nesting
losses could be reduced. If individuals are making
chotces with regard to_habitat then i) the best habitat

should be settled first by both males and females and ii)

s there should be more individuals of both sexes in the



preferred area.

Marsh wrens (Cistothorus palustris) are small,

insectivorous passerines found in marshes Lhroughout most
of North America. Males, in most populﬁtions. arg
bolygynous, although thg~number of polygxnous males per
Wopulation varies (Verner 1963: Kale 196%). Harems of two
or three females are mdst common. There is .no evidoent
sexual dimorphism in plumage and only a slight di}ivrvnvv
in body size. Both male and female marsh wrens destroy

the cggs and nestlings of other marsh-nesting passerines

(Orians and Willson 1964; Burt 1970; Picman 1977; Bump

3
o

1983), as well as the cggs and nestlings of conspecifics
/"\ N
(¥ reman l&(?; Picman and Belles-1lsles 1980). E
The purpose of thieg chapter is to examine the habitat

preferences of marsh wrens by comparing their breeding

success and secttlement palterns in two marsh sites.



METHODS

Study Sites

This study was conductéd between 1 May and 18.August.
1983 and 1 May and 20 July, 1984 and 1985 in two marsh
sites in Delta, Manitoba. Site 1 was a homogeneous ’
cattail (Typha spp.) marsh ppproximately 7.8 ha in

area. Site 2 was more heterogencous with phragmites

(Phragmites australis) and cattails along the edges

and bulrush (Scirpus acutus) and cattail patches

around two central ﬁonds. This study site was 6.1 ha in
arca in 1983, but was increased to 7.9 ha in 1984 and
1985. However, because of the ponds and the presence of a

yellow-headed blackbird (Xanthocephalus

xanthocephalus) colony, there were 4.4 ha and 6.2 ha of

suitable breeding habitat available at Sitd 2 in 1983 and
1984 and 1985, respectively, The study sites were

separated by 1 km of grassland.

Habitat Characteristics
Each site was divided into a grid of 20 X 20 m

squares, marked by 2-m-high wooden stakes. Vegetation

[

quality and water depth were measured throughout the study
sites in 1983 and 1984. Point samples, 50 cm in diameteg,

were made 2 m north of each grid stake before and aftef
the growth of new vegetation. Information on vegetation

height, vegetation density, and water depth wa%¥ collected
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at each sample point, Velsetation height and water depth
ere measured using a 2-m-high ve}tical stake marked in S
Sﬁ\intervals. Vegetation density was estimated using a 50
cm long horizontal bay placed }00 cm high on the vertical
height stick. The bar was painted with 20 evenly spaced
red circles each | ¢cm in diameter. A relative measure of
vegetation density was estimated by counting the number of
dots that were totally clear from a distance of 2 m.
Therefqre, the higher the density measure the sparser the
veéeLation.

-

Breeding Biology

Eiéhty—nine of the 121 males used in Lhis study were
trapped usingwa method described by Picman (1980a) and
individually mar;ed with coloured leg bands. TFemale wrens
were nol marked. Territory boundaries were mapped weekly
throughout the study period by ohserving the movements of
males during l-h observation periods in 1983Aand~30—ﬂin
observation periods in 1984 and 1985. Song perches and
flight patﬂs were plotted on maps of the s;Ldy sites. The
area of each gefritory was determined using an Apple
Graphics Tablet.

All nests were mapped and checked twice a week ‘and
their contents noted. Each nest was marked with a

numbered tag that was placed approximately 3 m north of

the nest. If clutches were incomplete when found tLhe

initiation date was estimated (Kale 1965). A nest was

considered depredated by a mammal if - the opening was

’

[
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enlarged or the nest dislodged from the supporting
vegetationl Depredation by wrens was assumed if eggs were
discovered with hales éna"nest contents were missing but
the nest was intact. Nests were considered abandoned if ‘
clutches were complete and the eggs in the nest were cold.l

When marsh wrens kill older nestlings () 8 days) they
tend.to peck the nestling first and then remove it from
the nest (Picman 1977; Legnard pers.ldbs.). I assum®ed
‘thaL an older nestling had fallen from a nest (as opposed
to having been removed by a marsﬁ wren) if it was found
below the nest with Ho apparent wounds. However, younger
nestlings found beljw the nest were considered to have
been killed by marsh wrens. I considered a nestling to
have starved if it was found dead in the nest with no
apparent injurigs. I assumed that nestlings had fledged
if'they were absent from the nest at 12 or more days of
age. If nestlings were gone from the nest before this
stage and I was unable to locate 1hem in the general -
vicinity, 1 assumed the nest had been depredated. Chick
mortality after fledging was not assessed. All nestlings
were weighed amd Sahded with Canadiaa Wildlife‘Service
bands approximately 8 days after hatch.

A territory was considered settled if fhere was a
male present in that-area for three conéecutivq days:
Male pairing success was detérmined'by the maximum number

of simultaneously.active nests within' each territory.

Female pairing date was esti#mated from the date of the



e

i o1
first eég. This is assumed to be a reliable indicator of
pairing dafe because the interval between female
set;lement”and egg—laying is relatively short and females
breed asynchronously (Stutchbury and Robertson in prep).
Female reproductive success was measurcd as the number of

youpg fledged. A nest was considered successful if it

fledged at least one young.



- 12 ad
'RESULTS

Populatién Size and Habitat Characteristics

Site 1 suﬁ}orted 14 méﬂe marsh wrens in 1983, 19 males
in 1984, and 28 males in 1985, Site 2 ;upported 17, 22,
and 21 males in 1983, 1984, and 1985, respectively. In
addition, Siterﬁ'also supported 67 yellow-headed blackbird
territories in 1983 and 63 territories in 1984 and 1985.

Vegetation was significantly denser and higher .at
Site 2 than at Site 1 early in the season (Figures 1 and
2). In the late season there was no difference in the
vegetation‘density between sites., However, vegetation
remained higher atd§}£e 2 late in the season in 1983
(Figure 1), Standing water was consistently deeper at

Site 2 than at Site 1 (Figures 1 and 2).

Pairing Success

Harem si%es (number of females/male) were
significantly larger at Site 2 when data from the three
years were pooled (Table 1). Although not signi%;cant,
this trend was also evident in each year (Table 25. The
opérational sex ratio (Emlen and Oring 1977) differéd
significantly from unity at Site 2 when the three years
were pooled (Table 3) and at Site 2 in 1985 (Table 4).
There were more females than males at both sites during
all three years, although the difference was not

statistically significant (Table 4). In addition, only 2
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of 14 males that disappeared from the stud} area early‘in
the season were replaégd by new males. This sugg%ests Chat
the overall sex ratio was female-biased.
) : o
Reproductive Success
There wefe no significant differenées in clutch size
between Site 1 and Site 2 (Table 53) when all years were
pooled and when each year was considered separately (Table
6}. However, when~3uccessfu1 {nests that fledged?at least
one young} and unsuzcessful nests were considered,
significantly more eggs hatched and more young fledged ;2:
Site 2 than at Site 1, for all years combined (Table 5);
Although thése trends were evident each year, they werec
not significant (Table 6). These resu1t§‘pre£umably
foiiow from the fact that there were significa;tly more
successful nests at Site 2 than at Site 1 when the three
years were combined (X2221.1, df=1, P<0.005). Th;s i
difference was also significant in 1984 (X2=5.27,
df=1, P<0.025) and 1985 (X2=4.91, df=1, P<0.05) but
not in 1983 (X2=2.97, df=1, P>0.05). However, when
only éugcessful nests were con;;dered, there were more
young fledged/nest at Site 1 than at Site 2 (Table 5).
This difference was also significant in 1985 (t=2.22,
df=25, P=0.03). In summary, there were more successful

nests at Site 2 than at Site 1. However, there were more

young fledged from successful nests at Site 1.



!

14
Mortality Factors

Total Nest Losses

Y

Over the three years of this study 68%£(49/72) of all
unsuccessful nesté were destroyed by predators. -
fortyffourlpercent of these nests were assumed to be lost
to mammals (32/72) and 23.8% (1?/72).to marsh wrens., A
heavy wind-storm .in 1985 was responsible for 11.13% (8/725
of nest losses and 8.3% (6/72) of nests were abandoned by
the resident female. }nJIZ.S% (9/72) of casgs the cause
of the nest loss was unknown.

Mammalian predation accounted for 65.3% (32/49) of
complete-clutchgs lost to predation for both sites over
the three year périod. Seventy-three percent (24/33) of:
nests at Site 1 and™50.07% (8/16) of nests at Site 2 were
lost to mammalian predators. I have no direct evidence on

the species of mammals depredating nests. However, I

observed minks (Mustela vision) and skunks (Mephitis

mephitis) in the marshes during the three years. Marsh
wrens destroyed 34.6% (17/49) of depredated nests during
the three years. Twenty-seven perc;nt (9/33) and 50.0%
”(8/16) of complete clutches lost at Site 1 and Site 2, ™
respectively, were depredated by marsh wrens.

Most (79.§Z) mortality occurred during the egg stage
(Table 7). Egg predation accounted for 50.4% (188/373) of
all egg mortality and 40.2%1k188/468) of the total egg and
nestling mortality (TabTe 7); Depredation at the nestling

stage accounted for 84.2%7 (80/95) of nestling mortality

and 15.5% (80/468) of total mortality (Table 7). Other

ds
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egg and nestling losses were attributed to unhatched and

abandoned eggs, eggs lost to weather and.nestlings falling
from nests (Table 7).
Partial Losses

Fifty-five percent (61/110) of successful nests
suffered some partial brood loss (Table 8). There were
more nests with “partial losses at Site 2 than at Site 1.
Most losses, at both sites, were because of unhatched Ccggs

(86.8%, 53/61). Twenty-six percent (15/61) of partial

losses were attributed to marsh wrens {Table 8).

Male and Female Settlement
The first male mar sh wréﬁs were observed in the’

study area on 10 Mav, 7 May and -1 May, 1983, &984,.and
©1985, respectively. In all three years the first female
wrens arrived approximately one week dfterlthe arrival of
the first male. 1In all three years males and females
settled witﬁin 25 days of. the first arrivals. With one
exception, there was no significant difference in the rate
at which males and females settled at Site I énd at Site 2
(Table 9). With the exception of 1983, male wrens settled
at the two sites in densities expected by chance (Table .
10). Females however, settled at Site 2 more often than
expected by chance during the three year period (Table
10).

Return rates of adult males and jEérlings was low.

Ten percent (2/19) and 97 (2/22) of marked males returned

to Site 1 and Site 2, respectively, in 1984. In 1985 there
=



-
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e

% ' .
was a 7%Z (2/28) return rate at Site 1, while at Site 2 no
marked males were observed on the study area. With one
exception,lreturning malés settled—either on or within 100
m of their previous territory. Return rates of yearlings
were extremely low. Only one of 540 bénded nestlings was
observed in th; éfuéy area, This‘yearling male held two
different territories in succession, at Site 2 in the 1985,

season. jThe first was approximately 140 m from his natal

territory and the second was within 40 m.
R A

a-
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DISCUSSION

Male marsh wrens at Site 2 had higher pairing success
than males at Site 1. Female wrens at Site 2 had a

-1

greater pr¢bability of having a successful Qest and
subsequently in fledging more young per nesting attempt '
than their counterparts at Sﬁle 1. Howeveg,‘females at
Site 2 suffe:ed greater partial losses and so fledged
fewer young per successful/nest.

Predation was the main source of nest mortality for
this populat{on‘Bf marsh wrens (687 of nest losses)
Mammals were the most important predators and their Ympact

1 e

was greatest at Site l. Losses to mammals at S?te 2 were
the séﬁe as losses to marsh wren% at both sites,

‘Predation is considered one of the ﬁost'important
mortality factors for marsh-nésting passerines (Orians
1961; Willson 1966; Ricklefs 1965; Robertson 1972, 1973;
Holm 1973; Caccamise 1976; Clark and Wilson 198l: Bancroft
1986) including marsh wrens (Welter 1935; Kale 1965).
Thus, there shoﬁld be selection on these species to reduce
nesting losses from predators. Colonial nesting, common
in many marsh—nestiﬁg icterids (e.g. Orians 1961; Willson
1966; Banc;égf 1986) may reduce predation through group
vigilance and mobbing. However, because marsh wrens
destroy the eggs ‘and neétling§ of conspecifics (Picman
1977) the c;sts associated with female clumping may be

greater than the benefits of group living. The best
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strategy for marsh wrens mgy Sé to select aqhabitat that
is relétivelx safe from predators.

Tall, dense vegetation and deep water provide
protectioh frqh mammalian predators (Goddard and Board
1967; Holm—46;3; Hoogland and shermdn 1676; Richter 1984;
Collias and Collias 1984). In my study area there were
more successful nests‘at Site 2, the gsite with denser
ﬁegetafion and deeper water. Also, sugcessfu1|nests vere
in significantly denser~vgg?tation and deeper water than
ungpccessful nests (Chaﬁter-é). In additiqn, nests at
both siteé were always placed in significantly denser
vegetation than wyat was generally available (Chapter 2),
again suggesting that marsh wrens may be attempting to
prdtedt their nests against mammaliaﬁ predation.

‘Map§h wrens at Site 2 may also suffer fewer losses
because yellow-headed blackbirds may buffer £hem from
predators. In Delta, wrens and blackbi;ﬁs are spatially
segregated (Leénard and Picman 1986). Predators may
locate blackbird nests more readily because they nest at %
higher densities. Therefore, they may find wren nests
only by chance. It is diffilult to separate the buffer
effects of the blackbirds from the effects of the habitat.
However, either or both of these features may make Site 2
a safer nesting habitat., - — - B
- ., Both male pairing success and female reproductive
success were enhanced by selection of a predator-reduced
habitat. Fifty—fqg;\Percent of males at Site 2 were

: / X
polygynous versus 42% pt Site 1. In addition, 7 of 9

/

i
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cases of trigamy were at Site 2 while, 7 of 10 bachelors

were at Site 1. Females at Site 2 fiedged more young and

had a greater probability of having a successtul nest.
. ”
Presumably, there should be strong selective prgssure on
male marsh wrens to acquird territories at Site 2 and for
i

——

females to select nest sit¢§ within these territorices.

,‘-.,\\' N \
However, males and female ‘Sbﬁtled at both sites
’ 1
ore females secttled at Site

simultaneousfy, although,

than would be predicted b

only the ;gtaa;ﬁiI'

the predator-safe habitat:

chance. This suggests that
ales_showed some preoference for
€ results are consistent
with the idea that males and the first females to arrive
may make poor cﬁoices because they cannot adequately
assess the differences between the sites {see for example,

Wittenberger 198la) early in the season. Yegetation

density may become easier Lo evaluate as the season o
/‘
progresses and new vegetation appears.
€
2

-
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CHAFPTER

o . -
BEHAVIOURAL AND ECOLOGICAL CORRELATES OF POLYGYNY
. y .

ISTRODUCTION

“
*
.

Many recent studies have tried to identify the
characteristics that female Qusscrincs use when sclecting
a mate {VYerner 19064; Willson 1966:; Zimmerman 1966 Holé
173 Martin lG?&@gCnroy'and Nelan 1975; Wittenberget
19765 Plesscrynska 19&3: Searcy 1979; Weatherhead and
Ruh;rlﬁon 179 Picman 1980b; Yasukawa 1981), The
nvnilugle cvidence suggests that females choose males

—— ————

b bhasced on pagental quality, genetic quality, and/or

territory qualNity (Searcy 1982). However, before females
can usce these characteristics as a basis for selcction the
following three criteria must be met (Searcy 1979).,

First, the characteristics should have some cffect on
temale fitness. This is because selection should~favohr
choices Lhat maximize a female's inclusive fitness.
Scecond, the characteristics should\vary among nales.

s LN .
Females should be selecred to discriminate among males if
Lhe vuringion in quality is great ¢nough to increasg

femnle fitness above what it woul&tbe for a random choice.

: (,_ginully. females should be able to evaluate the gquality of

the characteristic. That is, characteriutics must be
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Ta%sqgsable by fémales or correlated with features that
are. ) - ) =

Male parental care may have‘a direét effect on femnl;
fitness (Searcy and Yasukawa 1983). However, it may be
difficult for a female to predict the eventual
contribution of the mgle at the time tHat she seltles
(Wittenberger 198la).. Thus, she‘must'hgsc her chpiro on
features that aré reliable prodictors‘o{ male help. For
example, in red-winged blackbirds (Agclaius
phoeniceus), male experience ig positively correlated
with the contribution of the male to feeding (Yasukawa
\1981). Courtship intensity, reperteire size, and physical
stze all vary with age and so could be predictnrs‘usod by
females to dqtprmihc malerexperience (Yasukawa cL.éi.
1980; Searcy and Yasukawa 1983)., Thercfore, females may
use behavioural or physical correlates of parental quality
te choose a mate.

.Male genetic quality can influence female success if
highly fit males produce highly fit offspring (Bateson
1983; Partridge 1983; Searcy and Yasukawa 1983). Genetic
quality includes features of the male that affect female

<
fitness in the presgnL and future. Fo} instance, male

FaY

size may affect a female's success in the present breeding

season if larger males have larger offspring. This is
because post-fledging survival has been corrclaped uiih
fledging weight (Pérrins 1965; Lack 1966). "Sexiness"
(Weatherheaﬂ and Robertson 1979), the abi%ity to attract

. many females, may affect future fitness because sexy males
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may(h?ve sexy sons that attract several mate$. Genetic

quality may be correlated with age (Weathérhea 1984},
courtship intensity, competitive ability, or behévibﬁral
markers, such as multiple nests in wrens (Verner}and
Engelsen 1670; Caf;;n 1980) or the decorative bowers of

bower birds (Ptilonorhynchus Qiolaceus, Borgia 1985).

Male vigour and dge may also be correlated with

| morphological features such as size and physical
condition. TFemales should be able to assess male size
directly, but it may be difficult to assess other types of
male genetic quality.

Territory quality could directly affect female
reproductive success because a territory provides food,
nest sites and protection fromipredators. Again, females
may not.he able to assess importanp'feaLures of ferritory
quality when they settle (Wittenbergqr 1681a). For
instance, it may be difficult for a female to predict the
quantity of food that will be available when she has

onestlings. Thus fémales may have to rely dﬁ predictors of
future quality (e.g. the length of emergent vegetation may

be a good predictor of insect abundance, Verner 1964).

If.male and territory quality affect female fitness,

o

then a male that can sequester high quality resources or
whoJis himself a high quality resource should be¢more
attractive to females than a lower quality male. Thus,
femdles settling witﬁian alreadY—haLéd male may be
compensated.for the potentiai costs of polygyny by

selecting a high quality breeding situation (Verner 1965;



23

Verner and Willson 1966; Ogians 1969).

e

The purpose of this chapter is tofidentify Lthe

-

behavioural and ecological correlates of pilygyny in marsh

wrens (Cistothorus palustris) by determining whether

male and territory features i) affect female success, ii)

can be evaluated by females, and iii) arc-the basis by
o :

N .

which females select mates.
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. METHODS

Study Sites
ﬁesbriptive information on male and: territory quality
were collected from 1 May to 20 July 1983 and 1984. See

Chapter 1 for a description of the study sites.’
Male Quality

Parental Care

I made observﬁtions at breeding nests during :'e
nestling stage to determine the relative contribution of
‘males td6 the care of offspring. Nest Jatches vere
copducted bgtween 09:00 and 12500, when nesﬁlings were 3-4
days oléfénd again when they were 8 days old. OSservation
periods were 30 min long and began after the.adult(s)

resumed feeding. Male andlf%malé feeding rates were
recorded. To test the relative.contribution oﬁ the méléi

to nest defense, I recorded the amo;nt of time that the =~ 4
male spent in neét defense beginning wiCh my arrival in_;!
the negfing'area. I assumed that wrens responded to mé as
they would to a preda%or. I considered alarm calls
(Welte{ 1935) and_continued circling of the observer by
the male to be behaviours associated with nest defense,.
Nestliﬁgs were weighed and banded after the last

observatiom period, at 8 days.
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Physical Cor;elates of Male Quality

Fifty-six of 64 males were trapped using a method
described by Picman (1980a) and individually marked with
coloured leg bands. Weight, flattened wing chord, and
tarsus length were mQESured at this time. A relative
measure of physical condition (weight/wing length3,
Searcy 1979) was then determined ﬁgr each of the banded

males.

Behavioural Correlates of Male Quality

o4,

Detailed behavioural observations were made on ecach

male to calculate their time budgets. Observation periods

were 1 h long in 1983 and 30 min long in 1984. They were

conducted between 05:30 and 09:30, corresponding to the

- »

marsh wren's most activé'period. An effort was made to

-monitor the sameiindividual at least once a week. The

A

following activities$ were noted every 10 s on coded check

sheets: singing, wren-wren iPteractions, wren-yellow-head

interactions, nest building, moving low in the vegetaLio&i‘
1 :

(presumed feeding, Verner 1965), perching up, and

.

¥

Time budgets provided the following behavioural

preening .

measures of male quality: proportion of time/samﬁle-period
spent at each behaviour apd song rates. Malé~marsh Wrens
build multiple nests ( "courtship nests") few of which are

-

used by females for breeding (Welter 1935; Verner -and
Engelsen 1970). The number of nests used by the male may

be correlated with male quality. Thus, the number of
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courtship rdests built by each male was recorded at each
nest check. Behavioural measures and nest number were /Jv

calculated for the period before pairing and for the

entire season.

Courtship intensity experiment

I conducted a playg ; gxperimeht dgring May 1985,
to directly test whether male courtship inténsity was
correlated with female reproducﬁive success and female S
choice (i.e., harem size). Before pairing, I presented 18
males at Site 1 and 10 males at Site 2 with a recording of.
a female "kek kek" call (Welter 1935) recorded.outside the
study area. The order of presentation among males.w{thi&
a site was random. Presentations were made between 07:00
and 11:30 and between 18:00 and 20:00. -

I placded a General Eléctric 3-5091A cassette tape
recorder wiﬁh built-in speaker on a 0.5-m-high stool in
the'Pentre of‘each male's territory. The volume of the
recorder had previously been adjusted by ear to natural
sound levels., I Segan the tape and then moved 10 m to the
west of the recorder. A trial consisted of a pre-playback
followed by a playback 5eriod, each 2 min lﬁng. The
pre-playback period began 10 min after the equipment was
in place. During the pre—playbaék a blank tape was

- .

played. .

=
The resident male was considered to respond if he

moved toward the speaker, flew directly to the speaker, or

perched up in the vegetation and displayed. Observatiogs
- ‘ .

P
. 4
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provided “the following measures of response: 1) the time
(s) between the beginning of the Jape and the first
obvious response (= time to first response); 2)_the_time
(s) between the first response and the closest approach to
the speaker (= time to closest approach); 3)‘the time (s) ﬁ>
at closest approacb and 4) an estimate of the distance (m)
at e€losest approach to the speaker (= distance at closest

approach).

Territory defense experiment

I also conducted a playback experiment during June
1984, to test whether the vigour with which males
' résponded to territorial intruders was correlated with

female reproducﬁive success and choice. I presented 18

N

males from Site 1 and seven males from Site 2 with taped
songs of a marsh wren recorded outsifz\thgxaggdx,aﬁaa;
The order of presentation fmong males within a site wa;\\

b

randem. Atl males, except for bachelors, had females tha%

=

vere laying or starting to incubate. Presentations were \\

' made between 18:00 and 21:00. ' \\\\\—h‘
I placed a Radio Shack unidirectional speaker on a

2-m-high stake in the centre of each male's territory,
The speaker was placed facing north and I stood
approximately 10 m to the west of the speaker. A tape
loop of the singing male was played on a General Electric

3-5091A cassette tape recorder. The volume of the

recorder was set to natural levels by ear. A trial
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consisted of a pre-playback and a playback period, each 60
= 1633. The pre—plafback peribd began 10 min after the
equipment was in place. The tape recorder was not played
'during the pre-playback period.. Response‘levels were the

same as those used in the courtship study.

Territory Quality
Size

Territory boundaries were mapped weekly by recording
the movement of males during time budgets and noting the
pdsition of song perches, courtship nests, and flight
paths. Territory areas were calculated by the minimum
convex polygon method using an Apple Graphics tablet. The

average territory size before pairing

territory size were determined for eadh male.

Vegetation _ _J
The proportion of open water, cattail (Typha
' ~

sp.), bulrush (Scirpus acutus), phragmites

(Phragmites australis),. and mixéd patches of

vegetation was determined for each territory. The area of
Vegetation density and water depth on each territory were
determined from measurements made at the six grid stakes
"closest to, or within each territory (see Chapter 1).

« Because yellow-headed blackbirds (Xanthocephalus

N

xanthocephalus) chase marsh wrens (e.g. Verner 1975:

Leonard and Picman 1986), territory quality may be
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affected by tﬁe distance between marsh wren and
yellow-head nesting areas. The distance between active
wren nests and the closest active yellow-head nest was
determined at Site 2 during the time when yellow-heads

were most acti\e (see Leonard and Picman 1986),

Food Availability

| Because female marsh wrens feed on male territories
(Vefner 1964) insects were sampled from 25 May tolZ? July
1983, using sticky plates. To reduce interferenge.b?;ween
wrens and sticky traps ] sampled outside male terfita;y
boundaries, but within suitable nesting habitat. Five,
2-m-high stakes were placed . in three patches each of
cattail, phragmites and mixed patches of bulrush and

cattail. Each stake had a 20 X 20 c¢m plate placed at 50,
100, and 150 em above the ground. Plates were exposed
from 06:00 to 19:00 once a week. Each plate was sprayed

with a layer of the insect adhesive, Tanglefoot prior to

every exposure. Insects were collected from each plate

cdinted, measured, and identified to family.

Nest Sites
In addition to their number, the quality .of courtship

!

nests may affect female choice. That is, a male with many

low quality nest sites may nol attract as many. females as_
a male with few high quality sites. Therefore, measures
of nest site quality were collected for both courtship and

breeding rests, The densitj of vegetation supporting
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courtship and b;eedi;; nests was determined by placing a
50 X 4 cm dotted stick (identical to the bar used to
measure vegetation density at the study sites, Chapter 1)
on the top of each'nest,l§acing'north. The number of
complete dots visible at a distance.of 2 m was used as a L
relative measure of vegetation density. Water depth,
height -of the majority of supporting stems, height of the
tallest stem, and the height of the nest above th?
aubsfrate were determined using a 2-m-high stick, marked
in 5 cm intervals, |

Arﬁitrary Territeries -

If females are choosing a breeding situation based .on
territory quality, then the number of females settling and
tAe order in which females choose territories-should be
consistent between years. Because there were no apparent
changes in the habitat be£ween vears, I tried to test this
prediction. To control for the influence!of male quality,
the stﬁdy area was divided into 40 X 40 m areas (i.e.,
"arbitrary territories") that were independgnt of actual
territory boundaries (Searcy 1979), but included areas
defended by males. I did not use the north end of Site 2

in 1983, so I could compare female settlement.  patterns

between 1984 and 1985 only: e

Vegetation Density Experiment
This study was conducted from 10 May to 15 June

1985‘at Site 1 and was initiated because of the results of



the multivariate study. Vegetation was removed from the

north side of each new courtship nest in eleven

experimental territories, so that 10 complete dots could

be read from a distance of 2 m. The mean number of dots
visible .in unmanipulated nests is approximately 4.5/20

(Leonard unpublished). Vegetation density at each nest

was measured in the manner described above. Vegetation

‘density was also measured in eleven control territories as

each new nest was discovered, All Aests were tagged and
checked twice weekly. Because this experiment was *
conducted before the growth of new vegetati®n, the density
of experimental nestgiwas not checked after the initial

manipulation. -

Measures of Reproductive Success

A1l courtship énd_breeding nests were checked and
nmapped twice a week and their contents noted, [f clutches
vere incomplete when Qound,'the initiation date was
estimated, assuming that females laid one egg a day (Kale
1965). Female pairiﬁg date was considered to be the day
that the&first.egg was lasid, The maximum pairing success
of each male was taken as the number of simultaneogsly
active nests present on his territory. Reproductive
éuccess.was considered to be the number of young fledged.
A nest was considered successful if it fledged at least

one young. e
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Analysis

A BMDP program for stepwise multiple regression
(Dixon 1981) was used to determine which variables
contributed to the variance in the number of young fledged
per nest. Twenty-three independent variables were
originally entered. Howéver, because of intercqrrelations
and missing values, the final anélysis included 11
independent variables. Sixty-four of 102 breeding nests
had complete measurements for all variables and were thus
included in the analysis. I used a discriminant function
analysis to separate successful énd unsuccessful nests,

I also used a BMDP stepwise multiple regression (Dixon

r
[

1981) to determine the contribution of the independent
variableé to the ;ariance in male pairing success (0, 1,
2, or 3 females). Originally 40 independent variables
were entered ingo the multiple regression analysis.
However, because of intercorrelations (e.g. variables
_measureddbefore and after pairing were often highly
correlated) and missing values, this sample was reduced to
17 independent variables. Fifty of 64 males had
measurements for all variables. Discriminant function
analysis was also used to separate males of differtng
pairing success. |
Sqmple sizes for all variables were equél because I
used a listwise deletion of missing data (i.e.,.a male was
deleted from the analysis if any variable was missing a

value{; I.used a: forward selection of variables, with a F

value set at 4.0 for entry of variables into the analyéesf
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All proportions were normaliZed using the arc-sine

Aransformation (Zar 1984). The logarithmic transformation

! - .
.was used to normalize variablies besides proportions (Zav

984). _All means are + 1 SIY and statistical

significance was set at P =]0.05. Unless stated

otherwise, data from bomm<iiiii::inaﬁpoolcd.
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AN - RESULTS

Male Quolity
Parental Care

Nine of 54 (16.67) males obscerved during nest watches
usnisled—fcmnlcs with feeding yvoung. .In all cases males
fed older nestlings (8 days) only. Feeding males included
5 munngqmiﬁts..Z hignmists and 2 tripamists. Polygynous
mnl;s fed the vyoung of primary (3),.secondury-(l) and
tertiary (1) females. Females with and without male
fucdiég help laid a similar number of eggs (U=31.5,

Pe00. 105 Table 11). Males and females with help had
similar feceding rates (U=285, P=0.68). F?cding rates for
females without help were not signficantly different from
femnles uéLh help (U=288, P=0.29; Tabitce 11).—Pre=ftedging
wecights of both groups were similar (L=0,83, df=138,
Pe0,40). ﬁowcvcr, females with male help fLﬁﬁged_
significantly more. young from successful nestg (U=346.5,
P=0,004; Table 11) than feﬁales wiLh;uL hq}p.

Twenuty-five males defeaded the nést area. There was
no difference in clutch size (U=475.5 P=0.40) or the
number of qung fledged from nests with and without male
defense (U=429, P=0.48; Table 11). In addition, there was
no correlation between the time a mazle spent in defensive -

behaviours and the number of young

N -
\/)



fledged'(SpearmEn fank éopr
P=0.42). '

Males may provision young because their tyrritories
are small and thergfore contain less food. This male
feeding may be associated with a low quality preeding

situation rather than a high quality situatign. However,

there was .no difference in the territory sife of helping
and non-helping males (L=»0.43: df=9, P=0.068; T will

discuss food below).

Physical and Behavioural Corrclates of Male Quality
Variance in female reproductive success (number of
young fledged/nest) could not be explained by measured
features of male quality. There were alsao no physical or
behavioural fcéturbs of male quality that contributed Lo
the variance in male pairfng.success and Lher;forc no
significant Eorrelations-between these measures and male
pairing sucéess (Table 12). Thesec resultls were also
evident when cach site was analyzed individually.,
If male quality was important, then individual males
should attraci the same number of females in consécuLive
years. Thé;e could also be an increase in the number of
females between years if males hecame mere altractive with
age/experience. Although my sample is small, f found that
the hareﬁ size of onlj one of‘six returning males
increased between years. In this instance the male

returned in all three years and had hazrems of two, one,

and two females each year. Twe of six returning males had
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the same harem size between years and three of six had |

smaller harems in the following year.

Courtship intensity experiment

Male marsh wrens responded to female playbacks in 20
of 28 presentations. In 19 gases the male flew directly
to the speaker and perched above it. Twelve of the 19
males that flew to tﬁe speakerlaiso performed some fsrﬁ ;f
cburtship Hisplag (Qélter 1935). There was‘no difference
between males that responded and males that did not, with
respect to female reproductive success (Hanﬁ;whitney u,

P=0.51) and male pairing 'success (Mann~Whitney U, P>0.05).

There was also, no correlation between th% four‘measuref

_of response and. female success (Figurg 3), the order that

females selected males (Figure 4) or male pairing success

(Figure 5). There were also no differences between males
that fed young andimales that did not feed young, with

respect to the Eouf measures of response (Table 13).

Territory defense experiment

Twenty of 25 maies reﬁponded te the playback of a
male int;uder. In 15 cases males approached the speaﬁer
from low in the vegetation and 13 of the iS males came
within 1 m og the speaker. There waé no difference
between male§ that responded and males that did not with
regard to female success (Mann-Whitney U, P>0.05) and male
pairing success (Mann-Whitney U, P>0.05). Again, there

was no correlation beiween the levels of response ®nd
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female'reproductive success (Figure 6), female settlement

- {(Figure 7) or male pairing succdss (Figure B8).

Territory Quality

Sixteen percent of the variance in the number of
young fledged by females was explained by the densiLy s’ “
vegetation "at courtship nests (F=6.51, df=1,49, P<0;Of).

A discriminant function analysis using features of

" territories and nest sites successfully discrtminnted

between successful (nests fledging at &easL onc young) and
unsﬁccessful nests. Again, the density of vegetation at
courtship nests was the only Jariablc entered into the
discriminant analysis (F=7.96, df=1,62, P<0.01: 73.4% of
cases.correctly cléssified; eigénvalue.of the discriminant
function .= 0.128), This variable also conLrih;Led 14.7%
to the variance in malé pairing success (F=8.31, df=1,48,
Pé0.0l) and there was a significant negative correlalion
with male pairing success (e.g. bachelor males had -.
courtship nests in sparser vegetation than monogamous
males; Table 14). However, discriminant analysis qf

territory and nest site features could not successfully

-
[

separate males of differcnt.pairing;success.
When the two sites were separated, successful and
unsuccessful nests could not be discriminated nor could
the variance in female reproductive success and male
Pairing success be explained by any of the independent
variables. There® were also no significant correlaLiéns

between any of the measured features and male pairing
-4
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. v
success within sites. 15 particuiar, there was no
significant correlation between density of vegetation-at
courtship nests and male pairin% success at Site 1
(r=-0.28, N=25, P>0.05) or at Site 2 (r=—Qf07, N=25,
P>0.05). This suggests that the above results may be an
artifact of pooling data from the two study sites. That
is, vegetation on territories and at nest sites is. denser

t .
at Site 2 (Table 15) Qnd more nests a successful and

more males polygxnous at this site (£haptgr 1). Thus, a
relationship between vegétation depsity at courtship
nests, female reproductive succesy and male pairing .
success could resultsfrom the oled data.

I was unable to alter male pairing -success by
manipulating the density of vegetation at courtship nésts.
[f females chose males based on this feature, then
experimental males (males with sparser vegetation at
courtship nests) should be chosen after control males.
There wer; no significant differences between control and
experimental groups-;n_the number .of young fledged from.
all nest§ (t=0.30, df=28, P=0.77) or from successful nests
{(t=-0.30, dgiﬁ, P=0.77). ﬁowever, the order. in which males
were chosen did not differ from random (Runs test, r=8,
P>0.05). Control males were no more successful in
recruiting females than experimental males (t=1.48, df=19,
P=0.16). This further suggests that the above results
were a funct%&n of poeoled d;ta. I should note however,

that if the density of vegetation at courtship nests was

not important, but rather was correlated with some other
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critical feature, my manipulations would be ineffective.

I cannot evaluate this possibility.

Food Availability

Over 55% off;he invertebrates collected from sticky

plates were dipterans. Fourteen pe?cenp of the sample
were coleopterans, 147 hymenopterans, 7% homopterans and
5% arachnids, Insects were collected from the plates at

!

50 and 100 cm only because so few were trapped on the 150

cm plates.

Within vegetation types there were insignificant L
differences in uhe mean ;umber o} insects, the mean number‘
of species, and the mean length of insects (Table 16).
There were no differences in the number of speciges

-

(F=1.11, df=2,94, P>0.05) caught between vegetation types.

However, there'were significantly fewer insects trapped in
phraémites patches (11.6 + 6.57) than in cattﬁil (23.8

+ 21.3) or mixed bulrdsh ang cattail patches (20,2

+ 15.0; F=4.68, df=2,96, P<0.05). The insects t%apped

in cattail were longer (4.4 + 1.9 mm) than those

cattail (3.2 % 0.8 mm; F=20.9,%df=2,210, P>0,05).

trapped in phragmites (3.0 + 0§7 mm) or bulifush and

Insect abundance and type appears to be determined to some
extent by vegetation type. Males with large areas of
phragmites on their territories may have poorer foragipng
areas than males with’cattail or bulrush and cattail,

Howéver, there was no relationship between the proportion

of different vegetation types on a males's territory“and
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female reproductive success or male pairing success (see

.above).

Arbitrary Territories

| If femalés cho;se males based on the quality of the
territory, and the ﬁabitat does not change between years;‘
then every year the same high quality areas should get
more females than low quality areas. Also, the‘high
quality areas should be chosen first each year. With one
exception at Site 2, there was no correlation in the
number of females settling in arbitrary territories

l:l
between years nor

in the order that these femaies settled ~
between years (Table 17). Also, there was no correlation
between years in the number of nests depredated in —
arbi&r;ry territorieé, with the eiception of Site 1,

betwéen 1983 and 1984 (Table 17). This suggests that

predation within sites could not be predicted from habitat

features.

Nest Sites .

{f nest sites \are limiting, then males with many nest
sites may rec;ﬁit many females. Courtship and breeding
nests at both sites wére built in vegetation of similar
height and density and in areas of similar wa%er depth
{(Table 18). Because characteristics of breeding and
courtship nest sites do not &iffer,ﬁgnd because male marsh

wrens build”approximately 15 nests every season, nest

sites should not be limited.
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DISCUSSION

Male Quality A

With the exception of male feeding assistance,
female reproduetive success appearaed not to be influenced
by any feafures of male \quality. Results of discriminate
function' analysis suggest that there was litgle vafiatio&
among males of different pairing status with respect to
the features I measured. Finally, there was\no
relationship between male quality and male pairing success

at either study site.

Male parental care could have direct effects. on

-female reproductive success. Male vigilance appears to

o

decrease predation ig. Brewer's blackbirds (Euphagus

Ll

cyanocephalus; Patterson et al, 1980) and male help with

feeding young appears to increase the number of young
fledged in other passserines (Dyrcz 1977: Wittenberger
1978; Patterson et al. 1§80; Alatalo et al. 1981; =
Catchpole et al. 1985; Muldal et al. 1986). Few males in
this population fed young (9/54), but when they did,
female feeding rates were decreased and the number of
young fledged/nest increased. However, because my
sampling periods'were short the numberlof feeding males in
this population may be underestimated.

Male help may be correlated with courtship intensity,,

. L.



" 42

age or other‘$redictors of feeding effort (Yasukawa et al.

1980; Searcy‘and Yasukawa 1983). However, in my population-

there was no difference in levels of courtship intensity
between feeding and non-feeding mgles. Although the data
are sparse, none of the males that returned between vears
fed young. Finally, male pairing success was not
correlated with any of the features of male qualitz that T
measured. Although—male help may increase female fitness,
females may be unable to predict which males will help.
Although choice g;sed on genetig quality may occur,
it is probably'not important, especially in species where
males provide care or resources (Searcy 1982; Searcy and
Yasukawa 1983). Theoretical and empirica{-évide;ce shows
that heritablity of fitness is low (Williams 1975;
Maynard-Smith 19%8; Van Noorduijk et ail. i980; Borgia
1981; Partridge 1983), and females may have difficulty
assessipg genetic quality (Searcy l§82). If males provide
resources that affect a female's success in the present
breeding sééson, rhen it is unlikely that they would
forfeit immediate success for future benefits (Kirkpatrick
1985). In my population, behaviﬁural and morphological
characteristics of males were not correlated with female
reprod;ctive success or male pairing success, _This

suggests that male genetié quality has little influence on

female fitness and choice.

~
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Territory Quality

emales with food,

A

protection from predators, and nest sites

A male's territory could provide
50 it may. be
more important than male quality. Correlations, albeit
weak in many cases, have been found between territory
features and male pairing success for a number of °
passerines (Willson 1966; Zimmerman 1966; Holm 1973,
';Martin 19745 Carey and Nolan 1975; Pleszczynska 1978;
Wittenbergek 1978; Lenington 1980; Catchpole et al.
1985). However, spurious correlations can result when
many relationships are measured (Garson et al. 1981), so
they should be tested expe;imentally. Only one study has
tried to do this (Pleszczynska and Hansell 1981).

In my study, female reproductive success within sites
was not affected by features of the nest site or the
territory, and nest sites at both study areas were not
limited. Variance in male pairing success could also not
be explained using territory or nest site feﬁtuyes. I
also could not discriminate between males of different
pairing status within sites. In general, harem size,
female settlement patterns, and predation rates on
arbitrary territories between years were not correlated.
These resultgéguggest two possiblities 1) the features I
measured we:gﬁﬁot important to females and so were not
used as a basis for selection or 2) females could not
discriminate between males based on the measured features,

It is also possible that I have failed to measure the



approﬁriate variables. However, with the excegption of

song repertoire size, I measured featur of the male and

the territory that have been found to Ye important in

other studies, I also looked at feature e male

defense and nest site selection, that would b

3
imporqant
in reducing predation the most impértant cause of
mortality in my staay area. Because_these_features
directly affect’female success, they if any, should be
important. .

Results of wstudyron marsh wrens in the northwest
United States suggested a relagionshiﬁ between the amount
of emergent vegetation on a male's territory and male
pairing success (Verner 1964). However, in a later study
Verner and Engelsen (1970) fai;ed to find a significant
correlation between male mating success'and any features
of territory quality. They did, Qﬂpever, find a weak but
significant correlation between the number of courtship
nests built by a male and the number of females recruited.
_T@ese aufhors'suggested that nest number may be a
predictor of the amount of food on a male's territory
because males with more food spend less time foraging and.
more time building. Although territory features were
correlated with male pairing success in these studies, the
relevant variables were not Eo istent nor were they
tested directly., 1In addition, could find no

relationship between nest number and male pairing success,

even after manipulating the number of nests per territory
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., Despite the low variability within sites there were
obvious differences between sites (Chapter 1). Thus,

female selection may not be at the level of the male and

v

territory, but rather of--the habitat. There does appear

to be some preference for Site 2 (i.e., more females

settle there than expected by chance). However, if Site 2

were more attractive, then this site shouldSbe settled

i

before Site I. Males and early females settled at both
sites simultaneously’ (Chapter 1). As suggested: in CHapLer

1, early arriving individuals may be not be able to

-

habitats.
In summary, I could find no correlation between male
and territory quality and fems reproductive success and

male pairing success. Thus females may simply settle at

v
P

random because feapures of the.male and his territory do
not affect their fitness, are invariant, or cannot be
asssessed, However, a resident female could alsoc affect
the settlement of subsequent females by aggressively
excluding them from'the male's territory. These

possiblities will be discussed in the next two chapters.
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CHAPTER 3
FEMALE SETTLEMENT: IS IT AFFECTEP BY OTHER FEMALES?
"INTRODUCTION

A female's reproductive success and hér choice of a
méte may be affec;ed by the ﬁuality df the male, fhe
quality of the tefritory or the presence of”other females
(Garson et al, 1981), The influence of the first two
features has been well ‘studied (Vgrner 19645 Verner and
Willson 1966? Zimmerman 1966; Orians 1969; Verner and
 Engelson‘l970; Holm 1973; Tarey and Nolan 1979;
Pleszczynska 1978; Weatherhead and Robertson 1977, 1979;
Searcy 1979; Garson 1980; Picman 1980b; Yasukawa 1981; |
Catchpole et él. 1985). However, the third possibilit},
that early settling females influence how later females
settle,’ has received limited aftention (Yasukawa ana
Seﬁrcy 198la4g Yasukawa and Searcy 1982; Hannon 1984; Hurly
and Robertson 1985).

Competitive models of polygyny assume thét females
mating with an alieady—mated male will incur costs
associated with gfbup living (Orians 1969). Females of
polygynous males may compete for important, nonshareable
resources, such as food, nest sites, and male help in
feeding.young. If access to these resources greatly

affects female reproductive success, then aggression among
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5ettling females may occur (LaPrade and Graves 1982;
Yasukawa and Searcy 1982, Hurly and Robertson 1984).,

If early females do not influence the settleme;t of
later arriving females, then feﬁéle settlement should be
random with respect to the presence of other females.
However, primary females could prevent (Wiﬁtenbergor and
Tilson 1980; H;£non 1984j 6r delay’(Yasukawa and Searcy
1981b) the settlement of additional females. If primary
females prevent settlement, then females that werc
ultimately monogamous.ﬁay be more aggressive toward
intruders fhan females that were joined by another female.
If females delayed settlement, then female settlement .
within territories should be overdispersed in time. A
delay in settlement could occur if primary females
ag;ressively excluded subsequent females or if prospecting

females avoided "(he territories of mated males.

Marsh wrens (Cigtothorous palustris) are

polygynous marsh-nesting passerines.' Bigamy is the most

common form of polygyny in this species (Weltar 1935; ‘

Verner 1965}, although trigamy (Verner 1965; ‘this study)

and tetfagamf also occur (Picman pers. comm.). Both males

and females of this species destroy the eggs and nestlings

of other passerines, including conspecifics (Picman 1977; -

Picman and Belles-Isle 1986). Thus harem mates may be

both predators and competitors. ' -\\“
Female marsh wrens are aggressive toward conspecifics

of both sexes near their nests (Picman 1977; Picman and

Belles-Isles 1986). Aggression in this context has been
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caqfidcrcd h means of nest defense (?icman 1977; Picman

and Belles-Isles 1986). There have also been anecdotal ,

reports-o[ aggreﬁsion nmbng females during settlement,

bq{orn the nesting stage (Welter 1935; Veyner.1963). In

this §ituutioﬁ females may be aggressive toward each other
_;h% an attempt to' guard nonshareable resources, in -

;urligular maler help with fé:ding nestlings. )

‘l have shown in Chapter 2 that female settlement is
not affected by male and territory quality. The purpose
ofﬁ:his chapter is to i) examine the responses of breeding.
femnles to plavbacks of fémalc intruders during different
nvstingwstagcs, fﬁ) determine ‘the settlement patterns of

. fcmnlcs in time and space, and iii) test three models af -

female scttlement based on random settlement and L‘\

seltlement influenced by agpgression and avoidance.

i+
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METHODS

Female settlement was monitored from ! May tor 20
Julf 1983, 1984, and 1985 at two study sites in Delta,
Manitoba (see Chapter 1 éorwa description of the study
sites). Male pairing succéss was determined by the number
of simultaneously aclive wests within a territory, Feﬁ#lc
pairing date was considéred to be the date of the ‘(irst
egg. The time between the settlement of successive
females on a territory is the number of days beLween firsl
egg dates. All nests were checked twice a weck and their
gontents noled. o -

Nest locations were pfottcd on a map of the study area
and inter-female distances were determined from these
maps. [ compared the distribution of femaies in space
against a Poisson distribution using coefficents of
dispersion (C.D.; Sokal, and Rohlf 1973). This value is |
in distributions that-are random, > 1 when samples are
clumped and < 1 when samples are repulsed. I havé

combined the data from both sites because I am assuming

that the effect of settled females should not vary between
the sites,

Experimental Study

The playback experiment was conducted from 24 May to 7

~July 1985. The details of this experiment are identical
\
to the courtship intensity playback described in Chapter
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2, with the following exceptions. A resident female was
consi&ered to have responded to the playback if she
percﬁed ﬁigh-in the vegetation, called, or moved toward
thelspeqker. Response to playback was tested during three ]
stéges of the breeding cycle; pre-laying, 1ayiﬁg and

incubation., "I could not test females during the nestling

and fleQéb{Rg stageé because the vegetation density'
p;évented"observations of females.

Sixty of 95 trials were conducted between 07:00 and
11:30. The remaihing 35 were done between 18:00 and 20:00
and included females at all three nesting stages. The
maximum number of trials per female was three (i.e., one
per stage) while the minimum was one. This.allowed
'testing for habituation. Topallow comparisoﬁs between the
pre-playback and playback period, females not responding
in the pre-playback period were given the lowest value for
each measure of response. Level of response refers to a
measwre of the strength of response, while a response in

general refers to whether a female responded at all, All

means are reported + 1 SD,

Female Settlement Models

The purpose of the female settlement models was to
test whether and how the presence of a'resident female
affects the settlement of later arriving females. I have

assumed that females are affected by ‘'the breeding status

of the male only and that males and territories do not

differ significantly with respect to features that are
N L] .
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important to females (see Chapter 2).
There were few trigamous males in this population

(9/120), so most polygynous females settled on a territory

.

with only one other female. Therefore, males were divided

into two categories; bachelors and mated males. The

probability that a female chose a bachelor male by chance

was ny/N, where np = the number of bachelors and N

= the total number of males av;ilablc; The probability of
choosing a mated male was therefore l-np/N.  As

:feméles settled, the proportion_Pf hachelor versus mated
males changed, so a new probability value was .determined

as each male paired. The expected number of bachelor and

mated males chosen was the sum of their respective
probabilities. Primary females arce the first females to
settle, while secondary females refer to the sccond

\

settling females. < N
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RESULTS o .

e

Expefimental Study

When females responded to playbacks thqy‘usually
perched high in the vegetation and then approached and“
circled the speaker, often within 1 m. Most females |
(23/34) that responded gave "kek Kek" calls.

All four measures of response level showed a
_significant difference between the pre-playback and
pfayback pér;ods,(Figure 9)5 These rgsults show that
female wréns were‘respéndiqg|to'ﬁhe pla}back. Tests for
habituation to playbacks showed that female response was
independent of previous exposure Lo one or two playbacks
(X2=1.33, df=1, P>0.70).

whether females responded or not depended on nesting
stage, with proportionally more females responding in the "“\gﬁg
pre-laying stage than in the laying and incubating stages
(Figure 10, X2=36.1, df=2, P<0.001). Also, levels of
response during the incubation stage were significantly
weaker than in the pre-laying and laying stages in three
of the four measﬁ;es of response (Table 19).

If female aggression prevented the settlement of second
females, then monogamous females may respond more often or
more strongly than primary females, Monogamous females
did not respond more often (X2=0.83, df=2, P>0.70) or

more. strongly (Figure l1) than primary or secondary
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fémales. 1f aggre;sion by first females delayéd
settlement, then levels of aggression may be correlated
with the number of days between the settlement of ffrst
and second females. However,athere was no correlation

. . between response level and-the timing ol female scttlement
(Table 20). Aggression between females-could also serve
to disperse them in space.*' There was a signifjﬁant
negagive correlation between distance to closest approach
and the aistance between femaies (Table 20), although the
other meésures of response were not correlated with
inter-female distance.

-«

Settlement in Time and Space

I compared the distribution of female wrens in space

~

P

against a Poisson distribution using coefficiJnls ol (
dispersion., Site 1 was a hoemogeneous marsh, as the test
requires. But to meet this requirement at Site 2, |

excluded a 60 m strip that encompassed the central ponds

and the area occupied by yvellow-headed blackbirds

(Xanthocephalus xant,hocephalus) .

With the exception of Sité\i\ig 1984, nests were
overdisaersed in space at both sites in all three years
(Site 1; 1983: C.D.=0.893, 1984: C.D.=0.579, 1985:
C.D.=0.604; Site 2; 1983: C.D.=0.688, 1984: C.D.=1.04,
1985: C.D.:O.QSAS. DisLaqées between females decreased
over the thgee years (1983: 48.0 + 43.8 m, 1984: 32,4
+ 13.1 m, 1985: 28.6 + 8.4 m; F=3.86, df=2,64,

P<0.05).
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Nesting attempts were also overdispersed in time.
That is, for equal inter-nest distances, there was

significantly more time between the dates of the first

eggs of females (primary and secondary) within territories

(9.2 + 4.3 days, N=23) than between territories (2.8
. . K
+ 2.8 days, N=23; Mann-Whitney U test, U=327.5,
' "
P<0.001). There was also 9.4 + 5.3 (N=9) days between

the settlement of secondary and tertiary females,.

a

Female Settlement.Models
Random Model ‘

If females select a méte without regard to the presence
of other females, then‘bachelor males and mated males
should be chosen in proportion to éheir numbers, To test -
whether females chose males as expectéd by chancg, once a
male was paired he was removed from the bachelor pool and
placed in a pool of mated males. Females chose.bachelbr
males more often than expected by chance (Table 21). This

was significant in all three years of the study (Figure

12).

Female Aggression Model

Femaleszmay settle with bachelors more often than
expected by chance because primary females prevent
successive females from settliﬁg. Results of the

experimental study showed that resident females responded

more frequently and more intensively to female intruders
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during the pre-~laying ‘stage of the nesting cycle than

during incubation. To test whether the distribution of

-yl
female choices was a result of female aggression, I

calculated a series of expected frequencies based on the

assumptien that once a male was paired he was unavailable

to mate with anether female until his brimary female was
incubating. At this time the male was re-entered into the
.pooi of available males. Females settled with bachelor
éales significantly ﬁore often than predicted by Uﬁis
model (Table 21). Each of the %Pree years shows similar

trends, but the difference between the observed and the

expected frequencies was not significant (Figure 13).

Female Avoidance Model
More bachelors may be selected tham expected by chance -’
if femalds a tiveI;Pavoid territories that are already
settled. This model énd thé é}male aggression model are
not mutually exclusive, although the assumptions differ.
To test the female avoidance model, I‘calculated a series
of expected frequencies such that once a male was paired
he was removed from the pool of choices until all males
had at least one female. At that point all males, then
with one female each, became available. Female marsh
wreng chose mated gnd bachelor males as expected by this
model (Table 21). This was evident in each year of the
study (Figure 14). Thus, the female avoidance model

appears to be the best fit of the data, although I cannot

totally exclude the possibility that aggression may



contribute to avoid
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o . DISCUSSION
SN

/ — |

Females nesting early may prevent (Wittenberger and |
Tilson 1980; Hannon 1984) or delay (Yasukawa and Searcy
198la) the .settlement of additional females. Beca%se 477
of the males in this population‘recruited more than one
mate, it appears that many females did not prevent’thé
settlement of a second female., In addition, there was no
difference in the response of monogamous and primary
fémales, further suggestiﬁg that resident femalés could
not prevent the settleﬁént of sﬁbsequent females. There
were, however, eight days between the settlement of
primary and secondary females and nine days between the
settlement of secondary and tertiary females. Asynchrony
in settlement was evident only among harem mates,
suggesting that the presence of the resident female may
delay the settlement of subsequent females. A delay in

settlement of females within territories has also been
recorded for a western population of magsh wrens (Verner
1964). 1In this study staggered settlement was appérenply
related to whether males assisted females with feeding
young.

Nesting attempts could be staggered if first settling
females aggressively excluded intruders or if
later-arriving females avoided mated males (Yasukaﬁéﬂahd‘A
Searcy 198la). Female marsh wrens responded agéressiVelf

to playbacks of. female intruders. This response was
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greatest during the pre-laying stage and declined during
the laying and incubation stages. Aggress;gn by females
eou}d enforcg the observed delay in nes iné (Holm 1973;
LaPrade and Graves 1982; Yasukawa and Searcy 1982; Hurly
and Robertson 1984). However, the number of days between
the settlement of successive feméles on a territory was
not correlated with strength of response. In adﬁition, my
attempt to fit these data to the female aggression model
was not successful. This suggests either that female
marsh wrens were unable to delay the settlement of
subsequent females or. that aggression in this context-haé
another‘function.

A delay in settlement could also occur if females
avoided territories that aléeady had females. The female
avoidance model suggests that females settle with matéd

males only after bachelor males agre paired. . [Females may

avoid mated males becaus les and Yterrdtories in this
area tend to be oﬁzéfg:I::mjzzifﬁx\(C apter 2), so
polygynous females are not compensated for the costs of
polygyny and should therefore try to/mate monogamously.,
However, because the sex ratio is skewed in favour of
females (Chapter 1), females that arrive late must settle
with mated maleé if they are to breed. If females choose
mated males ﬁnly after most of the bachelors are paired,
there is a greater probability that the settlemeny of

harem mates will be staggered. This delay will reduce the

overlap in nestling periods and thus reduce competition
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1980; Yasukaw; and Searcy 198la).

The settlement pattern suggested by the female
avoidance model could also occur if females were avoidingt
other .females (costs of‘predation) rather than avoiding
mated males (costs of polygyny). “That is, females may
avoid settling with,6 another female becaqge they are
attempting Lo space themselves.out and decrease

conspecific predation, not because they are avoiding

synchronous settlement in the same territory. Settlement

" within territories was more staggered than settlement

between territories when the distance between females was

held constant., This suggests that females wege af%bmpLing

to avoid newly mated males. - '

f&ir\\ Nesting attempts at both sites were overdispersed in

space as well as time. There was also“a negative
correlationlbetween the closest approcach made by a female
to the speaker and inter-nest distance. Although I have
no direct observations, these results suggest that females
may defend subterritories within male boundaries. .In

red-winged blackbirds (Agelaius phoenecius)y the area

defended by females is largest during the pre-laying and

laying stage and includes owly the nest-site as the seagon

progresses (Nero and Emlen 1951; Nero 1956; Hurly and
Robertson 1984). Thus, a decrease in response with
nesting stage'is consistent with the defense of a
subterritory (Orians 1980, Yasukawa and Searcy 198la).
Females may defend subterritories to sequester food (Nero

1956) or in the case of marsh wrens, to ensure that
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subsequent females do not ssettle near their nesting area.

I had Jery few cases of nestling starvation, which

suggests that food may not be limiting, but there were

seyeral cases of intraspecific nest destruction. Also, a
decrease in distances between fe;ales over the three yeérs
was accompanied by a decrease in the number of young \
fledged from successful nests (Chapter 1)}. This suggests,
albeit weakly, that partial losses increase as the
distance between females decreases. Thus aggression améng
females may be important in épaciﬁg females out (Picman
1977; Yasukawa and Searcy 198la).

In conclusion, female settlement patterns appear to
be influenced by defense af subterritories and the
avoidance of mated males by prospecting females. These
behaviours result in an overdispersion of nesting attempts
in both spéce and time. Presumably, these‘strategies

would reduce interference among females and also reduce

the costs of polygyny.



CHAPTER 4

POLYGYNY IN MARSH WRENS: A TEST OF THE POLYGYNY THRESHOLD

MODEL
INTRODUCTION

Polygyny is expected to be advantageous to males
because male reproductive success usually increases with
harem size (Vernef 1964; Orians 1969; Holm 1973;
Weatherhead and Robertson 1977). Thus,_phé evolution of
polygyny may depend on its édvantages and disadvantages to
femal@s (Orians 1969). Females could benefit from
éettling polygynously if harem mates cooperated in nest
defense, care of young, or locating food (Altmann ct al.
1977; Picman 1980b). In this instance, pol;g;ny may be
adaptive because of the advantages associated with'group
living. However, it is more difficult to explain how
polygyny could evolve if females suffer negative effects.
The costs to females that choose to settle polygynously
may include competition for food and nest sites,
competition for male help in feeding young, and increased
attraction to predators., Thus, gor polygyny to evolve,
females must be compensated for the costs they may incur
if they settle with an alreadv-mated maie.'

The Polygyny Threshold ﬂodel (PTM) was préposed to

explain how females could be compensated for these costs
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und‘thus-hou‘ﬁolygyny could evolve‘(Verner and Willson

1966; Orians 1969; Aleahn ct al. 1977; Garson et al.
9 s
1981). The model %uggests that females may overcome costs

by settling on a high quality territory or with-a high

quality male, That is, females mating polygynously in a
- .

'high quaﬂ{sy/g;ccding situation (Wittenberger 1976) must

selecting "sexy"” males should have "sexy sons" that

be as successful ‘as females mating monogamously in, a. Lower
qualily ;ituaiion. The necessary diffc?cnﬁe in quﬁlity\\
was termed "Lhe‘bolygyny,Lhrcshold". Quality, in this
tentext, refers Lo features of the breéding situation that
affect ;cmulc fitness (usce Chapter 2).

Thc’Verncr-&fl1;§n~0rians vegmion of the PTH.éssquS'
] erndgléorrclaLinn.betwéen male and ibrritory'qpality.

That RERIR Temale choosing a high quality territory

“,
N 3

A . r
necessarily acquires a high quality male. An alternative

vc;siéﬁ.;thc Sexy, Son Hypoéhésist suggeéhs that male
quality need not be corrclated Qittherrihsiy qualipy.-
. . . N .
Instead, fema}eijfg?\bc compensated by 'paL'res of the R
male t "dq not affcét their immediate reproduciive
9

succes ¥Weatherhead and Robertson 1979}, Females

~

reéruiL'munx femal¥s. Thus a female may forfeit her

immediate succei;/{or long-term benefits. This version.of

the/PTM has received much criticisﬁ (Heis}er 1981,
Niytenbérger 1981b; Searcy and Yasukawa 19815.
Kirkpuﬁ}ick (k98§).has shown that the model is untenable
be;nuse feﬂnle preferengesﬁfof ?haractérs not canfqrring

immediate benefits would not be  evolutionarily st@ble.
- T -

: - r
4 B . » . -
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Thus, in this paper I will only discuss the
Verner—Willson—Oriqns version of the PTM.

Several assumptioﬁs are implicit in the PTM (Orians
1969:_A1tménn et al. 1977; Garson—et al. 1981). Females
must make optimal choices, to maximize their immediate
reproductive sucéess. Hence females should always select
the breeding situation }hat will confer the highest
.fitness. Another assumption Ef the model is that the
additionasf females to the harem mayrreducc the fitnesd of

all harem mates. This assumption is important because Lhe

first female to settle on a territory may not be able to

predict her uvltimate reproductive success. Finally,
females must be able to discriminate among males and/or
. . _
territories. That i3, males must differ with respect Lo
features important to females and females musL be able Lo
assess these features.
& . -
Altmann et al. (1977) and Garson ct al. (1981)

‘described several predictions that could be used to Lest

the PTM. If the PTM is the best description for the

evolution of polygyny then the following predicitions

i) Male and/or Ldfritqrf quality should be positigcly

should be supported:

Ld

corrqlated with male pairing success (Altmann et al., 1977:
Garson et al. 1981). .This is because females should

’ - Lo . . Z .
settle in the highest quality breeding situation

:
avaoilable,
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ii) The order in which first females éhoose breeding
situations should be positively correlated with the order
in which subsequent females choose (Altﬁann et a1.197f).
That is, the first females shquld choose the best
situaLion and these choices should also be the best for
i}éyg[_ﬁgmalés if they are to be compensated for mating

polygynousiy.

[y

iii) Male pairing sucﬁess (harem size) should be
negatively correlated with the order in which females
settle (Altmannret al. 1977; Garsen et al, 1981). That
{s, thé_males‘ﬁhat acquire the moét females should also
‘gcylﬁ% firgt females.
\
iv) Female reproductive success should be negatively
correlated with the order in which females settle because
the first femaleﬁﬁto arrive should settle in the best
breeding situations (Garson et al. 1981). Héwé&er, thé
C o reproductive success of the last females to settle mav be
a better test of this preaiction because they are the
females that make the decision to settle polygyﬁousiy.
They should be hetter able to ?redict their expected
success than the first females which settle monogamously.
.<f Fretwell and Lucas (19%9) suggested that increasing
-(jis—_—mA\ density may balance the effects of quality and thus, all
‘ 7 ‘»\individuals shouvld have equal fitness. This prediékion

‘assumes that despite increasing density on high quality

1
.
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territories, the "best'" territories will always remain
better than the poorest quality territories. This secms

realistic if polygynous females are te be compensated for

the costs of polygyny.

v) Within a given harem size, there should be a negative

correlation between female settling order and reproductive

- e - -
~ I

succcgs {(Altmann et 51;‘1477). Aéﬁin;jfemﬁldsrshould mako
choices that maximize their reproducL{vo success in that
scason. This prediction controls ﬂor the effects of
females on each other by comparing reproductive success
within a given harem size. The latter two predietions
assume that there are no seasonal cffects that may

influence female fitness. Females in this population

settle over a 3 week period so this assumption is probably

valid.

The PTM has been widely accepted as being the brest
descriptid& for the evolution of resource defense polygyny
(Emlen and Oring 1977) in many avian species (Verner 1964;
Verner and Willson 1966; Zimmerman 1966, 1971; Orians
1969; Verner and Engelson=1970; Martin 1974; Caréy an

Nolan 1975; Wittenberger 1976).

because they do not depeng on our ability to measure

features that are imporfant to females. 5

~
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The PTM was first described using data from a

population of marsh wrens (distothorus palustris; ‘
. e ‘

Verner 1964; Verner and N§1150n11966) and it is generally

assumed that this model bagst déscribes the evolution of
polygyny in this species. In this chapter I test ‘five
predictions of the PTM for my population of ma;?h wrens,
using data on ﬁale and territory features presented 1in
Chapter 2 and data on the settlemenﬁ and reproductive
success of female marsh wrens. I also present.an
alternative Qgiel that‘may be a better explanatio; for the

evolution and, aintenance of polygyny in this population.

*

(e
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METHODS

This study was conducted Eroﬁ 1 May to 20 July 1983
and L984;in Delta, Manitoba. See Chapter 1 for a
description of the study sites. Details on measures of
male and territdry quality wcrc’reporfed in Chachruﬁ.t
All courting and breeding nests were checked twice a week.
Male pairing success is based on the maximum number of
simultaneously active nests on a male's territory., The
order that females settled was ranked according to Lhe
date of the first egg.

I measureé two aspects of female reproductive
success: the number of ybung fledged frgg\u;i nests nﬁd
the number of young fledged from successful nests, |
considered a nest successful if at least one young was

fledged. I pooled the information from cach site for the-

two years of the study.

-

Tl
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RESULTS

i -

j ’
As assumeéd, the mean number of young fledged/male
increased as harem size increased (Table 22). .However,
there was no diffemence in the mean number of young

fledged/female in different sized harems (Table 22).

Prediction 1: Male and Tefritory Quality .

I could find no relationship between my measures of
male and territory quality and male pairing success
(Chapter 2). I was also unable to separate males of
different pairing status using discriminant function
analysis. This suggests that theré was little variation
iﬁ ﬁale or territory features and that the variation that

existed was not important in female choice.

Prédit;ions 2 & 3: Female Settlemeﬁt

At Site 2, the order +in which first females settled
‘was significantly correlated with the order im which
second females éettled (Figure 15)§ At Site 1, howevé?f/ﬁ\
the correlation was not significant pre%ymably because of
the sméller samplé size. Contrary to the prediction of
the PTM, there was no correlation between male pairing
success and the order in which primary f%males settled at

Site 1 and Site 2 (Figure 16). °

N
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Predictions 4 & 5: Female Success

The number of young fledged from all nests (this
includes successful andtunsuccessfu% nests ) for all
females and for the 1as£ females in harems was not
correlated with the order in.which these females seitled
(Figures 17 and 18). The nuﬁber of young fledged from
successful nests for both groups was also not correlated
with settlement order at Site 1 (rg=0.25, N=37,
P=0.22, for all females; and rS=—O.3§, N=7, P=0.34;
for final females) or Site 2 (rg=0.23, N=48, P=0.12,
for all females; and rg=0.29, N=16, P:O.ZS, for final
females). The number of young fledged from all nests
(successful and unsuccessful) for bigamous females was .
also not correlated with the orde; in which these females
settled (Figure 19)., In addition, the number of young
fledged from successful nests was not correlated with
femaie settlement at Site 1 (rg=0.48, N=15, P=0.07) or

at Site 2 (rg=0.29, N=32, P=0.10).
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DISCUSSION

Four of the five predictions of the PTM tested in

this study were not supported. In fact, results of

-discriminant function -analysis (Chapter 2) suggest that

variation among breediqg situations, with regard to female
choice was low, contra;y to oBe of the major assumptions
af the model. Although the PTM is one of the more widely
accepted explanétions for the evolution of avian polygyny,
there has been only one study (Pleszczynska 1978) thét
provides strong sugport for the.modei. Many studies show
that the second females to . settle are less successz1
(Alatalo et al, 1981; Catchﬁole et al. 1985) or that
females do not settle according to the predictions of the
moael (Lenington 1980; Garson 1980).

For marsh wrens in particulér; the results are
equivocal. Verner (1964) found that male pairing success
was cofrelated with the amount of emergent vegetation and
the sizé of a male's territory. However, in a later study
(Vernerrand Engelsen 1970) there was no correlation
betwéen male pairing success and any features of the
Eerritory. Instead, there was a correlation between the
nuabér of courtship nests built ‘over the season and
pairing éuccess. Also, there was no relationship between
the o?der in which females settled and male pairing
success (Verner 1965). The results of my study are also

not consistent with the predictions of the PTM. Although
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the PTM is often assumed to .be the best description for

polygyny in this species, the data are not convincing.

Alternative Model of Polygyny
The PTM suggests that females could be compensated
‘rfgf the costs of polygyny by séttling in a high qualivy
bréeding situation. Howgver, it is difficulﬁ to explain
how polygyny couid evolve if the;e is no variation 1in ﬁale
or territory quality and thus females are not compensated.
Presumably, if variation in the qualivty of‘the breeding
situation was low and the costs of polygyny, high, the hest
sfrétegy for a female would be to mate monogamoﬂsly;
Alternatively, a female could adopt a strategy that would
reﬂuce her potential costs. This modél éuggests tﬁat
costs may be reduced if female settlement within
territories is staggered. Tﬁat is, if females-settlc
asynchronously the overlap in the nestling stagcris
reduéed and therefore competition for rescurces and male
help would also be reduced (Verner 1964; Orians 1969).
Thus, the alternative modél suggests that polygyny could
evolve because costs to females are reduced through
asynchronous settlement.

In my study area there appeared to be little
predictable variation among males and territories.
However, females did benefit from maieAhelp with feeding
young, This resource is naon-shareable and in this
population, potentially available to all females,

regardless of status. Although males feed infrequently,
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all females could benefit from settling asynchfonously and
increasing their chances of assistance. Competition for
food on a2 male's territory would also be reduced if female
t settlement was staggered. 4
The operational sex ratié (ﬁmlen and Oring 1977), in my
study was skewed in favour of females (Chapter 1) and
thus, some females were forced to settle polygynously.
However, settlement of females within territories was

overdispersed in time thch reduced the overlap in

nestling periods. __My &esults indfcate_that females were
. o

.

equally successful; which suggests that polygynous females
were apparently not suffering increased costs.

.or . ~

Predictions of the Alternative Model

/’

The assumbtibhs of the alternative model are less
‘stringent and probably more realistic than the assumptions !
of the PTM. The alternative &odelﬁdoes not assume that
females must discriminate between several breeding
situa%ions and make complex decisions based on multiple
criteria. Rathér, it assumes that females can deteét the
presence of another female on a male's territory and
determine its nesting stage. This assumptign is valid for

. marsh wrens. Because primary females are ;ggressive to
intruders early in the nesting stage (Chapter B),
prospecting females are informed of a male's status. A

Both the PTM and the alternative model predict that

the order, in which first‘and second- females settle should

be correlated. If female settlement is staggered, then
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thelterritories of the earliest females to settle should
become available sooner than the territories of the
females that settlellater. Thus, second-setiling females
would necéssarily séttle on the territories of the early
females first. This prediction is consisteny with both
models. However, tﬂe strength of the corfelationlmay
differ., The PTM mo%el predicts a strong positive
relationship. That Fs,.if thé first females-chooée males
1, 2, 3, and 4 and tbe next females chose 1, &4, and 3 then
the prediction would not be supported (Altmann ct al.
1977). The alternative model may permnit a weaker
relationship because if some carly females settle
simultaneously their.territories would be equally
attractive to later femalesn My data show a weak,
positive relationship. . ‘ *\N

Both the PTM and the alternative model predicL.LhaL
the order in.which females settle should be negatively
correlated with male pairing success. Again, this is
because the first territoeries to be settled wi}l he openced
to subsequent females sooner than other territories. My
results did not support this prediction,

Finally, the alternative model predicts that there
will be no relationship between female reproduqtﬁve
success and the order in which territories are settled,.
This is because all breed{ng situations are similar with
respect to features affecting female success. My data

supported the prediction.
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Factors Affecting Male Success

If the alternative model is the best description fﬁr
the evolution or mainte;ancé of polygyny in this
populatioﬁ of marsh'wrens{ Ehen the_best strategy for a
male wren is to arrive early on the breeding ground and
establish a terfiLory prior to _the arrival of the .firczt
females. That is, the earlier a male recruits his firsp
female, the more iikely he is to gain a second. Older
males in many species aré usually the first to arrive in
tﬁe spring migration. In addition, returning males tend
Lo settle on the same territories between yearg {Nero
1956; Yasukawa 1979; Wittenberger 1980; Picman 1987).
Males may establish territories more quickly and easilf
because of site fi}ﬁ{}ty (Yasukawa 1979), Thus, the
alternative model would predict that oider, returning
hmales should fecruitamore females. Unégktunateli, very
few males in this population returned between‘years;‘so_it

}

is difficult to assess this prediction.
=
#‘;3
Conditiogf'for the Evolution of Polygyny
‘Avian polygyny could evolve, or be maintained, under

several different selective regimes. Thus, one hypothesis

may not explain polygyny in all species or even within one

species under different selection pressures. The PTM may

work best for popuiatiahs where breeding situations vary

in quality ,and where females can assess this variation
\ . . *

(e.g. Yasukawa and Searcy 1986). However, it is not a.

satisfactory explanation for situations. in which females

+
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cannot assess male Status (Alatalo et al.:1981; Catchpole
et alT71985) or-when thére is little variation aﬁong
breeding situations (Bedard and LaPointe 1984; Lighibody
1986; this 'study).

Alternatively, the model proposed i; this thesis may
explain polygyny in populations where there ts little
variatidn in quality and costs to settling polygyn;ﬁsry
are high. The alternative model may be tenable for
situations in yhich a female biased sex ratio fuﬁtc; some
individuals to scttle polygynously., 1t cou}d also

function, regardless of the sex ratio, if female arrival

was staggered., That is, if the time lag between fematbes

was sufficient (i.e., prevented an overlap in nestlinyg

stages) the (first territories setttied should be as

attractive as.bachelor territories and later arriving

females should choosec from among the remaining territorivs
-4

at random. b

~e

Contrary to earlier studies, the PTM appears not to

4 / ¥ " -
he thé; est descriptfﬁh for the evolution and maiantenance
. C

of polygyny for this populatign of marsh wrens. An
. b _ \
1 .
alternative model, based on reducing the costs of polygyny
. . . f’

through' staggered settlement may be more appropriaste. X
: . _ ; , '
Whether this model is generally applicAble remanins to bd

seen. However, several studies hagq/fuilcd to support the .

’

main predictions of the PTM (Bedp{h and LaPointe =130

Catchpole et al. 1985; Ravies ard Houston 1986; Lighttrody

. —— . .
1986; this study) and thus.'alteﬁ?ative models are :

becoming increasingly necessary.’:

. o AN -
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CONCLUSTONS

The two study_siLes differed with respect to physical
features, such as vegetation density, vegetation height,
and water depth. Female marsh wrens at the site with
denser vegetation'and deeper water (Site 2) had a greater
probability of having a successful nest. However, fewmales
al the sparser, shallower sitc (Site 1) flcdgcd more voung

per successful nest.

Male marsh wrens sétLled at both sites in numbers expected
by chance;; Howcvér, significantly more Egma]es scttled at
Site 2 than would be predicted by chance. Males and
females settled al both sites éimulﬁaneously.

Physical andﬂﬁehavioural measures of male quality were not
correlated with male pairing success. The features that |
measured varied little among males with respectL to female
choice. With one exception, fealures of male quality were
not correlated with female reproductivclsuccess. Male
help with feeding young increased Fhe number of young

fledged per nest. However, male wrens helped infrequently

and apparently without regard to female status.

K

-

There was no correlation between measures of territory and

nest site quality and male pairing success within sites.
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In addition, there appeared to be little variation among
territories and nest sites, with respect to the measured
featurés. Territory and nest site features did not

influence female reproductive success within sites.
. s .

5. “Primary females responded aggressively to taped

playbacks of female marsh wrens. The responses wvere

stronger and more frequent during the pre-laying and

laying stages- than ‘during incubation. All females,

regardless of status, responded in the same manner.

6. Female settlement wag overdispersed in space-and time.,
Dispersion in space was probably enforced through
agpression and related. to conspecific predation.
Dispersion in time was related to a preference by females

for bachelbr maleé.

7. The major predictions of the Polygyny Threshold Model
were not supported for this population of marsh wrens. Am—
alternative model, for polygynous populations in which

males and territories-are homoggntnﬁs—and polygyny is
costly, is proposed. This models suggests that polygyny
could evolve because females reduce the costs of polygyny

by settling asynchronously.
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Figure 1. Neaﬁ ( + SD) vegetation height {(cm), vegetation
density (number of clearly visible dots of 20), and wvater
depth (cm), for Site 1 (1) and Site 2 (2) in 1983, as
measured before (early) and ‘after (late) the growth of new
vegetation, The numbers above the bars represent the
number of measurements taken. The difference beltween

sites was compared using a Student t-test.
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bFigure 2. Mean ( + SD) vegetation height (cm), vegetation

density (number of clearly visible dots of 20). and water
deptﬁ (cm), for Site 1l (1) and‘glte 2 (2), in 1984, as
easured before (early) and after (late) the growth of new
regetation. The numbers abeove the bars represent tho‘

number of measurements taken. The difference between

sites was compared using a Student t-test.
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Figure 3, The number of young fledged/femalc in relation

to the response of male marsh wrens to playbacks of femnte

‘

calls. (58
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. L
Figure 4, The order in which females settled with males

in relation to the response’of those males to playbacks of

female calls.
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Figure 5. Male pairing success (harem size) in relation
to the response of male marsh wrens to playbacks of female

calls,
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Figure 6. The number of young fledged/female in relation
to the response of male marsh wrens to playbacks of male

song.
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Figure 7. The order in which females scttiled with males
in relation to the rosponse-o['thosc males to plavbacks of

male song.
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Figure 8. Male pairing success (harem size) in relation
to the response of male marsh wrens to playbacks of femnle

calls, ‘ ' /

‘1)
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Figure 9. Mean ( + SD) levels of response to pre—plnyﬁack
and playback trials for pre-laying females. Resulls of a
Mann-Whitney U-test were significantly different at the
P=0.001 level. N=21 for all measures. Striped bars

represent the pre-playback response and clear bars the

playback response.
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Figure 10. Percent of females responding during each
nesting stage. The numbers above the bars represent the

number of females in each trial.
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Figure 11. Mean ( + SD) levels of response of females
during the pre-laying stage with-fespeét to status.
Results of a Kruskal-Wallis test showed no significant
difference for all mcasures except distance to closest
approach (Time to first response: H=3.1, P>0.50; Time to
clasest approach: H=2.2, P>0.50; Time at closest approach:
H=1.3, P>0.75; Distance at closest approach: H=38.2,
P<0.0l). Numbers above the bars represent the sample-
size. M = monogamous, 1° = primary female, and 2°

= secondary female. '
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Figure 12. Expected and observed frequencies for female
choice of mates for each year of the study. The expected
frequency is assuminé that females choose males randomly
with respect to the presence of another female. A X2

test was used to test for differences between expected and

observed frequencies.
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Figure 13. Expected and observed Efequencies for female
choice of mates for each year of the study. The expected
frequency is assuming that males are unayailable to sccond
females until their first females arc incﬁbating. A

X2 test was used to test for differences between

expected and observed frequencics.
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Figure 14. Expected and obscerved frequencies tor female
choice of mates for cach vear of the study. The cexpected
frequency is assuming that once a male is paired it is
unavailable Lo second females until all other males are
paired. A X2 test was used Lo test for ditferences

between obscerved and expected frequencies.
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Figure 15. Order of secttlement of firstL females in

Ly

relation to the order of settlement of second females on

the same territories, at Site 1 and Site 2, in 1983 and

1984 . g
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Figure 16. Order in which territories were settled in
relation to male pairing success (harem size) at Site |

and Site 2, in 1933 and 1984.
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Figure 17. Number of young fledged/female in relation to
the order of settlement of all females at Site 1 and Site

2, for 1983 and 1984, combined.
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Figure 18. Number of young fledged/female in relation to
the order of settlement of the last females to settI€ in

each territory, at Site 1 and Site 2, for 1983 and 1984,

s

combined.
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Figure 19. Number of young fledged/female in relation to
the order ofkﬁettlement of bigamous females, at Site 1 and

Site 2, for 1983 and 1984, combined.
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Table 1. Percent of males of each mating class+=for Site 1
and Site 2 for 1983,,/1984, and 1985 combined,
(N). A Mann-Whitney U-test was uscd
whether harem size#

97

differed between sites

Site 2

Lo Lost

———

Bacftelor
Monogamous “\\‘\fﬁg’
Bigamous

Trigamous

4.9 (3)
41.0 (25)
42.6 (206)
11,5 (7)

P=0.01




S

98

snowal1a]

snowedig

snowedouol

iciayorg

S0'0<d ‘0€£¢=n §0"0<d ‘§°181=N 01°0<d ‘owIi=n
() 8°€z () 9°¢L (1) S*vy (0) 0°0 (1) 6°¢ (o) 0°0
(8) £'86  (01) 9°8€  (8) £°9¢ (8) zzv (0t) 885 (%) 9°8¢
() s'g¢ (k1) 0%0s (€1) z°65 (L) 8°9¢ (v) €z  (8) 1°(S

(1) %% (1) 8°¢ (o) 00 (v) 0°1z  (z) 811 (2) £°%1
7 9315 [ 9373 7 0113 G T 3375 7 2318 BEEESS
$861 ’ £861

@cqu

“SON1F U2IAIDQ POIDFIIPSEOZIS WOLUY I0YIIYM

18271 01 pasn sea I5D1-0 ADuUljym-uvuey *(R) ‘5861 pyur 'wgnl

‘€861 U3 7 puL 1 £211$ 10) ssa(d Burivw ¢oed JO SIjRW JO JUIDII
. ’ i

Tovlqey,

®



S00°0>d $00°0>d S0 0<d

9°01=¢X 17 6=gX | 9 g=zX
gyl 91 6L g6 L9 81 safeway
2 ERA 0d1 6L 09 L9 9¢ S81BN
paidadxy poal1asqQ paioadxy paalasqQ peidadxy paal1esqQ
yiog ¢ @118 1 2118 ,

. *sasfieue

8yl Ul papn[Iul 10U DIdM PITIIDS SIEWIF I9AJE [TAUN juasaad

J0U 219m 1BY]1 $91EBY "O0TIBI (C:Q¢ © Sutunsse sat1ouanbaij poaisadxy
-paulquod sieak [le Joj 7 pue | 21§ l10J SOIIETL XIS jeuotazeaadp ¢ 3iqeE]L



100

S0 0>d 06 " 0<d C A 01°0<d
679=7X B I=gX 8 Z=¢X

| §°62 ge - Le A3 Lz (z) satewag
| s-62 1z ‘ Lz kXA $T 1z L9l = (7) saten
I . ’ .
$0°0<d 05 ' 0<d 06°0<d
v'e=zX 9°0=zX £ 0=zX
A oY ¢'0c¢ £e o8l 91 (1) sajeway
A YA - 6°0¢ )" A 71 (1) s®t1el
painadxg paaiasqQ paildadxg paalasqQ paizadx] poaalasqQ
L | )
SB61 7861 £B6T
*z 2115 = (7)) pue 1 211S = (1) *sasd{eur 8yl ut papniduT
10U 219m PaTl1IDS So[ewaj 1s83je [raun Juasard 1ou saam 3eY]
safel ‘01iel 0G:(0GC © Buiwnsse saiduanbaajy poidadxy.. 'C861 .
‘vpel ‘€861 403 7 93115 pue [ 311§ JI0J SOTJEBI X3S 1eucrieaadg *% 2149€]




101

/ .
§153U [NJsgalInNs

_ (1) (Lg) ;

£0°0 B o1°¢ T€°1 + £6°% 121 + 8076 wo3 wmwcmﬂm

. (c6) (18) sisau 11®

€007 0 oma\xrdo.ml AN A A €g*¢ + 0tv°¢ wo1j padpary

\

(v6) (£8) shsau 1re

20’0 csl | S S 12°¢ + 98B°¢ 62°¢ + L6°C woxy pay>21EBH

(96) (61)

900 (91 G6°1 €L'0 t+ 9676 SL'0 + 8176 971s UYvaniy

d ip A Z 28115 1 211§
. ‘597115 uaamiaqg S223U3183JJ1P
1@J 131s831 071 pPIsn Sem 1531-1 quapnig y *{N) ‘pPutquod .
6861 PU®B 'v8pl ‘£g61 ‘g pue | S31TS 103 SIS3U [NJISSIIINS N

laqunu fs]s53u 1B wWolj Sutyosaiey 1aquwnu ‘2zTIs y2Ini1d (dS ¥ ) ueay

wolj But8palJ l2qunu pue ‘sisau [1e woly dutdpaig

‘G eiqel

N

\
Vo
o 4



102

W

-

(v1) (v1) (z€) (o1) (€1) sisou
_ 601 _BZ'1 _ G111 el _ g8°0* AN inissaoouns
+LSTE t LSty +18°%  + 0%°S + 01°¢  f 8E°G padpatd
_96°1 _ST°¢ _ 00z _ 18°C €971 IR AAE sisau 1®
AR TR S TR .12y * v8°¢ + 9yy +89°¢ pa8patld
szt 8Lt _s0'z  _ 6lL°¢ 191 _ 0972 s1sau [le®
"t 9wzt EY°T +.67°y  * Iy'¢ T 08 + 00"y ENERL}
_16°0 _ €L°Q  _ 69°0 _ SL°0 _69°0 . _ 9%°1 2218
-+ 09°6¢ + £€87% + 16*¢ + 09°¢ +66°G + (¥°C Y21nEo
2 .
o€ 7y LE . 0z L7 61 N
z @115 1 231§ ¢ 811§ 1 231§ z 2118 [ 211§ .
<861 L7861 €861
*1s93-f] Aaulfyp-uuey e Bulsn G0 O>d % "(N) .
‘gg61 Pum ‘uvgal ‘€86T uUT Z PRE T 2315 103 SISIaU [NISSIIINS
woij padpaii Jequnu pue ﬁgmmc t1e #oxy padpall Ioqunu

nu ‘azis yo3In{d (gS§ + ) ueay "9 a1qE}

‘sqsau (e wWolij paydiey i13q

M

*



103

> .
¢ 0 0001 0"8T 66 € 64 07001 @.nm. €LE TeI0L
L't 9°¢1 'z el 9°0T1 vr el 0§ | 0% usnouxufy
£'c [ 7'0 4 0°'0. 0°0 00 0 :waﬂmu
070 0°0 0°'0 0 vo O TR 0¢ paucpueqy
0'0 0'0 0’0 0 %6 c1t uw ew aouaesn
-——- -———- ———— = AR 9°'91 £€°9 . 79 payl3eyun
N | [AS ¢ 6l 08 AL, = 7705 1761 me uotiepald

fatyelsouw ,A1TTellow sBuriisau .wuwﬂmupoa Katielriow pIel N 221nN0g
Te3101 ' GuiTasau jo 183103 | - 3889 s88a
jo % 30 % pA 30 Z 30 Z 30 Z .
S5SS07 BUT[ISaN . S2ss507 809 " .
. , *pautquwor Apnis a8yl
jo mmmmh a@i1yl [1e 203 Aarieasow 3ut */ 91qel

.

t

1asau pue 838a Jo s32IN0Y



104

(9°9}) ¥% (¢'v) ¢
(z'¢g) ¢ (g°z) 1
(6°v) ¢ (g79) ¢
(8°6) 9 (v°11) ¢
(8°%1) 6 (v 11) ¢©
(g8°98) €¢ (2'26) mq
(6°65) 19 (€°09) %v
(S°%y) 6% (1°6¢) 6T
011 €/
yjog Z 231Sg

(g"11) ¢
wm.mv 1
(0°0) ©
(8°G6) 1

(6°€2) ¥

(8°85) 01
Am.mqv L1

(1°%S) 0t

“LE
1 231§

umouNUn
S95507

sduTrasau
usatied

UOTIBAIBIG

Sus1Im Yysaeu
01 1501 sdutrrasaN

suaim Ysieu
031 1so] s33Y4

s88a payozaeyu(
- s
SsoT TeIl1ed

a8pail
5889 TT1V

TnJsSsSan2ng

*pauTquWod SIeAL e I0J g 3ITS pue 1 83ITS 103

sasned quazedde a8yl pue sossoy 1eT1Ied UlTm (%) sIisau Jo asquay ‘g 3ide]

r



-

105

(g2) (£2) (1%
€8°0 6.°0 F €7°1 8L°0 + 6£°1 %' 0 80°T + 19°1
(g) (9) (g1)
G0'0< O0E'T * 08T %8°0 + 061 50 0< [E°0 F GI°T
(L) (L) (z1) (11)
co0'0< 6%°0 F 6T°1 6%°0 * 8L 0" 0< 87'0-F 801 7Z8'0 * v5°1
(11) (01) (¢1) (2)
€0"0< £6°0 F 9€°1 96°0 + O%'1 S0'0< 9670 + £€5°1 .71 + 1672
d 7 231§ [ a11g d 7 911§ i 23%§
21BN alewa]

*isa3- Aauiryp-uuel e Buisn paiedwod 919M S21TS~wa9m13Q-

sa2uaiaiil(

“(N)

‘7z 9315 pue ] 911§ 10J Sajeuwaj pue sajew’

siea}
T1VY

CB61

v861

£E861

lea ]

Suiia131as £19A11n28Su0d ua9mlaq sdep jo Ioqunu (qS+) ueap ‘' 219BL

-



100°0>d c'88 1A 0£°0<d [AR% 09 "z

sieaj}
192 A 8z 9°1 8°L9 19 1 11V
, 100°0>d £ 97 v9 04 0<d 9*1¢ 12 "2 -
£zl £°9% 6€ £°0 712 g8z 1 <861
5 " S0°0>d TtveTE 0¢°0<d 1781 A A
\ 0 .
= £y 8°0€ 4 61 6z - 61 1 7861
100°0>d G Gl - LT S0°0>d ARE I8 S/
_ € ET. A 91 L*y 861 N V2 S €861
o =
- : d/zX paidadxyg paaissqQ d/zX ﬁmuumaxmw peaiasqQ
EEY TR . sa1el

'z 8318 = "¢

. pue [ 231§ =°1 ‘®ale STqeITEAR 93Ul 01 uotjiodoad ut

g s23Ts oOml @2yl 1 pPI[IA3S SIBNPTATPUT 3JT paioadxa sisqunu
sns1aa sa3Ts oml a2yl 1e BuTT3IIAS sIjewsy pue SITEN jo 1aquny Q1 @192




107

o

Sutpuajap J103

sasfkieue ul PIpPRIIUTL 10U 313m pIF 1EBUI .SITEU

.*saleuw

071 p2ilew s3TeWS]

(v%) (0z) osuajap ITEW
v*'1 ¥+ G'y  ---—---o-— TTTTTTTT [0 + 8'¢ Inoylim SaTewd]
(s1) . (v1) asudjap 21w
c*1 ¥+ 8y  ———---—-——  TTTTTTTT 6'0 + 19 -, Yyats saTeway]
(L8) (98) (%9) (vg) - Qurpesy ateu
» €1 + 8°% ¢'1T + 6°8 9'7 + 6'9 L70 + 8°S InoylTa safeway
(o1) (%) (01) (01) durpaay afew
£°0 + 676 Z°1T + 176 g'¢ + L°S 9°0 + 2°9 yits safeuwaj
pa3patd (8) a2y3dtepy  uTw QE/°IBY 3Z1§
_daquny But1assy Buipasg snielg afewag

y23n1o

*(N) *10°0=d a® JUedTJTUBTS ST BD2UIIBJJTP 4 "EIIE Sutisau 3yl
Sutpuajop pue Sunof Burpsa] uT SDUBISISSE STEU I00Yy3ITHA puUB YITA
seTewsa] JO §3§3U [Njssaodns 2yj woly paBpaly Iaqunu pue

s1y81an Burisou ‘saiel Burpaag ‘sI2ZIS Ysanid jO (gs +)+uesy 11 9TQEL

oy



108

Table 12. Simple correlation coefficients for male pairing
success and measures of male quality. N=50

Variables Correlation Coefficient 1%
Condition 0.14 > 0.50
Tarsus length 0.09 > 0.50
Max. number 0.13 > 0.50
courtship nests
Courtship nests 0.03 . ' > 0.50
before females
Song rate over -0.20" > 0.20
the season
Time spent 0.08 > 0.50
chasing yellowheads ‘

Time spent singing -0.25 > 0.10
over the season

Time spent building 0.07 _ > 0.50
nests

Time spent foraging . 0.21 . - - . > 0.20

over the season
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Table 14. Simple correlation coefficients for territory
quality variables and male pairihg success.

N=50,
Variable - Correlation coefficien® P
Max. territory 0.00 > 0,30
size - '
Density of veg. ) -0.38 < 0.005
at courtship nests : :
Mean height veg. 0.19 > 0.20
at courlLship nests
Height of ‘ 0.22 : > 0.20
courtship nests
Prop. cattail -0.26 > 0.10
on territory
Prop. bulrush 0.17 > 0.50
on territory
Prop. water 0.00 > 0.50
on territory
Density of veg. -0.10 ' > 0.50

on territory
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! -
Mean (+ SD) densitly of vegetation at courtship
Differences in densily

nests and B0 the
vere compared usi

erritory,
g a Mann-Whitney U-test.

(N).

Density Site 1 Site 2 P
A
? - N 5 _

Territory 14.4 4+ 2.6 5.9 + 3.8 <0.,001
density (24) (2

Jest site 5.8 + 2.2 2.5 + 0.9 <0.001
density (24) (24)

P <0.001 % 8001
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