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Abhstract

The purpcse of this study was o test Four pred:ctions of the
Sslugyny Thresheld Nodel (PIN) using gata Ffrom a populaticn of
Red-winged Blackhirds {(Agelaius phoenicaus). Testing the PTM is a
tuc~step process. First, we must identify the ecaological
correlates of nesting success. Second, establish whether these
variakles influence the settlement of females and corra2late with

mzle harem size.

Predaticn was the major factor reducing the nesﬁing success
of Redwings. Redwing nesting success was positively correlated
with mean male nest defense scare for the nestling stage. Th2
mesting success of Reduwings alsc increased with increas:ing
digtance Frocm the nearest Wran nest. IThe removal of males (1388772,
wouwavar, 2:id nogt afFfect t{he nesting suCtess agf Termales and thus it
was concluded that male nest defense was not an important

determinant of nesting sSucCCcess.

Rasults of the tests of the Four predictions yielded limited
suppart Sar the model. First, harem size was negatively corralated
with the numbter of Wren nests ger male territory, Second, large
harems preferentially attracted the First primary and secandary
Females. Third, the order in which males were chosen by primary

and secondary Females was positively correlated with the number of
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mfen nests in their territory. The settlement of teftiarg.females
was, however, independent of the number of UWren nests per male
tercitory. Fourth, +he order in which males were chaseﬁ by primery
and secondary females was positively correlated while that of
rimary and tertiary Females was not carrelated. All significant
Spearman rank correlatian coefficients, however, were relatively
low €(<0.35) suggesting that only a small portion of the variance
in harem size and Female settlement could be explained by the PIﬁ.
1+ was suggested that +his might be the result of (13 the poor
correlaticn betueen date of Female settlement and cate of first
egg, ¢(2) that other male and/or tercitory features influence
nesting success and Eemale choice or (3) the inadequacy of the PIN

in explaining female settlement and male harem size,

Future studies should investigate these possihilities.
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Abstrait

Le hut de cette stude &tait de mettre‘ﬁ l‘épreuve guatre
prédicticns du mcdele du "seuil de la pclggamie”'E 1’'aids de
donniees recuesillies au sein d’une population de carcuges'%

ébaulette (Agelaius phoeniceus).

La prédation sur les oisillons et les oceufs furent les
facteurs -les plus importants limitant le succes rYproducteur des |
carcuges. Le succes des nids de carouge était directement relié ;
la distance au plus pfgs nid de troglodyte des marais. Le SucEes
des nids de carouge était aussi directement relié a la dé%ense du
nid par le male pendant le stage des aisillons.

Lesrésultats des tests des gquatres préﬁictlcns g mcd;le 2u
"szuil de la polygamie” supportent Taibiement le m:d;le.
Premzﬁrement, la taille du harem des malges carouges éﬁa::
inversement praoporticnelle au nombre de nids de troglodyte dans
leur territoira.neuxfbment, la taille du harem éiait inversement
raliéa a l’ordre dans lequel les malas Earant chaoissis par les
femelles primaires et secondaires. Trcisiément, 1l'ardre2 cdans
laque; les mzales Earant chaisi:s par les famelles primaires et
secandaires gtait directement :crrélé au ncmbre de nids de
troglodytes préﬁent dans leur terTitaoirs. L'éﬁablzssement des

L4
femalles tertiares etait cependant indébandant . du
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nombre de nid de troglodyte.dans le territoire des males.

e ~ L.
‘Quatriement, 1l’ordre dans leguel les males Furent choisis par les

. . » . . ..
femelles primaires et secondaires stait Zirectemenc ralie.

L . . » ;
1 *Atablissement des Femelles tertiaires etait cepeandant

indépendant des femelles primaires. De plus, tcutes les
currélatians de Spearman etaient relativement Faibles (<G0.35)
suggérant que le modele du "seuil de la polygamie” ne pouvait
expliquer gu'un Faible pourcentage de la variation existant dans
la taille des harems des males et l‘étahlissement deg femelles. I%
£lt prcposé que ces resultats pourraisnt decguler de £1) la faible
corrélation entre la date d’etablissement des femelles et la date
a laguelle ellss ont pondues lsur premier ceufs, (2) la
pcssihilité que dﬂautrss variables que Jje n’ai tunsidéré
influencent 1'établissement des femelles ou (3) l'ln:apac:té du

. .
medela a expliguer l'etablissament des Femelles.
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General Introduction

T-aditiznally, mating systems have teen divides i1 three
categories depending on the number of mates males and females have
and whether males and females Torm pair bonds (e.g. Barash 127B).
A pair bond is defined as a behavioral affiliation between an
adult male and a female assocciated with reproduction (Barash
1978). The duratian qf pair bcnds is gquite variable and can range
fFrom a single breeding seascn to an entire lifetime (Wilsgn 1875).

The First mating system is monogamy and is characterized by an

individual establishing a pair bord with a single member of the

opposite sex. The second, polygamy, 1is characterized hy an
individual pairing and entertaining several simultanequs Dair
bonds with members af the cppos:te sex. Polygamy S fucther
civided intc polygyny and polyandry. F:lgggﬁg -efars T= a mala
mating with several females ancd pclyandry to a female mating with

several males. The third mating system 1s promiscuirty and 1S

characterized by an absencea of pair bonds. In this mating system,

males and females mate and disperse shortly thareafter leaving, in

most instances, only the female to care €or the offspring.

Approximately 21i% cf all b:rd species are mcnocgamcus with the
majority of remaining species Being polygyncus (Lack 19EB} ., The

acnlbgical factars that favor the occurrence and mainterarce of
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polygyny is a tﬁpic that hag received considerable thenrefical
attention in the past 25 years (Vernar 196%; Uerner and Willson
1368; Orians 18€3; Dounhower ard armitage 1871; Ellict ES?S;
wittenberger 1876; Altmann et al. 1977; Searcy 13973a; yeatherhead
and Rohertson 1873; Lenington 1980; Picman 1880a; ﬁlatalo.et al.
1981; BGarson et al. 1281; Lightbody 1986; Yasukawa and Searcy
1986; Leonard 18872. Polygyny is expected tc be advantagesous to
males hecause the number of offspring produced per male usually
increases: with harem size (Merner 1964; Orians 19E8; Holm 1873;
weatherhead and Robertson 1877a; Lecnard 19873. The evoluticn =F
polygyny may, thus, depend on its advantages to Females (Orians
1969). Polygyny can be advantageous to Females if the members of a

harem cooperate in raising the offspring. There is, however,

‘little evidence suggesting that harem mates cooperate in raising

=he aoffspring (ward and Zahavi 1373; Alexander 137%: P:icman 1580a;
Picman et al. 18873 and most studiss suggest +hat famales compeis
and ace aggressive toward each ather (Scaot:s 1842; Merc and Emlen
1951; Nero 1856; Orians and Christman 1868; Wiley 1873; Rchel and
Ballard 1974; 0O’Connoc 1878; Morton et al. 1878; Lenington 13B0;
Powsr and Doner 1980; Gowaty 1881; Hurly 1982; LaPrade and Graves
1982; Yasukawa. and Searcy 1882; Beletsky 13982; Hannon 1983, 1984;
Hurley and Robertson 1884, 1985). Harem mates may compete for male
parental care, nest sites and/or food. Hence, polyguny praobably
incurs negative effects on fFemales arnd 1t is probably better For

them to mate moncgamously rather than polygynously (e.g. wWilson
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1975; Barash 1378).

This raisés the fellewing gquestion: IF polygyny is
disadvantageous to females why do ssome Ffemales mate polygyncusly?
Several models have been proposed ta explain the gocourrence ard
maintenance of polyguny. First, polygyny is the result of female
biased sex ratios (Skutch 1335; faur 1939; Armstrong 1847; Verner
1864%; wittenberger'15783. Female biased sex ratics would farce
some females to settle with already mated malaes. This explanaticn
may be relevant to certain populations but is hardly universal.
Polyguyny has been reported in populations with gven sex rat.os
(Billiams 18940; Haigh 18682, and females aften settle with mated
males despite the presence of bachelors (Verner 18S6%; Picman
1980a; Leonard 1987). Selandsr ¢1965S) further propased that

unbalanced sex ratics areg a caonseguence rather than a cause cf

relyguny.

The second model proposes that males regulate populatian
density by not mating when rescurces are scarce and by mating
polygynously when rasources ara abundant (Wynn Edwards 13862). This

model relies heavily on group selection arguments and has been

- gseverely criticizad (e.g. Selander 1958S; Croak 1385; Orians 1883).

Several studies alsa suggests that all Semales coming to the
breeding grounds obtain mates and that there are nc floating

populations of females (Nera 19S6; Orians 13863; Holcomb 1873; but
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see Hurley and Robertson 198S),

The third model prcﬁoses that females cannot assess the
mating status of males and enter polygyrous relationships
unknowningly (Alatalo et al. 1881). Again, this model may he
relevant to certain species, in particular the Pied Flycatcher

(Fidecula hypoleucal, but does not appear generally applicable.

Male Pied Flycatchers aEter'mating with one Female in one
territory,” move to a second more or less distant territory and
attempt to attract a second female. If successful, they r=turn to
the primary female and leave the secondary female ta raise the
of Fspring almost unassisted. The polyterritorial behavior of male
Pied Flgcatghgrs may enable éham to hide their mated status
(Alatalo et al. 1881J). Male pﬁlgtarritorial behavior is, houever,
uncemmon and, in most species, males defend a single territory. In
such cases, it may be difficult fFor males to hide their mated
status. This is particularly true when Females are aggressive
toward one snother (see references listed above).

The fourth-model, the Polyguny Threshold Model (PTM: Uerner
196%; Verner and Willson 1966; Orians 1983), proposes that
polyguyrny will he salectively maintained when Females mating
bigamously on high guality tecrritories raise at least as many
offspring as femalas mating monogamously on low gquality

territories (Figures 1). The term territory quality (Wittenberger
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19762 refers to territory features (e.g. water depth, vegetation
height/caver, location within a coleony) influencing nesting
success. Ihe minimum difference betw=en high and low gquality
territories necessary for polygyny to svalve was called the
*polygyny threshold” (Figure 13. Although the influence of male
features (e.g. age/breeding experience, nest defense, provisioning
of gyoung) on nesting success was recognized (Ocians 189832, the
model does not account for such differences and cansiders male and
territory quality functionally sunonygmous. That is, Females
choosing high gquality territories 2lsc choose high quality malas.
The term male quality (Wittenberger 1978) refers to male features

influencing nesting success.

Weatherhead and Robertson (18738) proposed an, sexpansicn of the
2IM. The model, called the Sexy Son Hypothesis, suggasts that male
and tarritory quality are not necessarily ccorrelated argd that
females can offset the costs of polygyny by settling with high
quality males. Weatherhead and Robertsgn (18973) argued that
Females might suffer a reduced immediate Fitness by settling on a
lnm_qualitg territory with a "sexy” malas but would ultimately gain
an advantage £hruugh the production cE.fsaxg sons” that wowld in
turn attract large harems. This model hés besn severely criticized
by Heisler (1881), Searcy and Yasukawa (18SB81l) and Wittenkerger
(1881). Williams (1975) and Maynard Smith (13978) alsc suggested

that the heritability of traits affecting Fitness is low. Finally,
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Kirkpatrick (19853 showed that- forfeiting immediate for ultimate
repraductive success is 2volutionary unstable.

The Red-uinged Blackbird (Agelaius ghaeniceus) is a
widespread North American passerine that breeds in both marsh and
upland hahitats. Males defend territories by a complex array of
vaocalizations and displays (Orians and Christman 18S6B) and are
normally polygynous with harems up to 1S being reported by Orians
(1880>. The average harem size, however, of 33 populations from 18

localities is 3.0 (Standard Ercor=0.227; Appendix IJ.

Polygyny in Reduwings is generally believed to be the result
of heterogeneity in quality of male territories as predicted by
the PTM CUri#ns 1869, 1972, 1880; Helm 1973; Searcy 1973a;
Lenington 1980; Yasukawa 1981; Yasukawa and Searcy 18SBBY. A
reassessment af this conclusicn i1s necessary far three reascns.
First, the three studies (Holm 1873; Weatherhead and Rchertscr
1877a; Lenington 18B80) that dir=ectly tested the relationship
between territary gquality and harem size failed to find a
significant carrelaticn, Secand, the assumption that male and
territory gquality are positively assocciated has naver been
tested. In Fact, Eckert and Weatherhead (13987al) suggested that
male and’territcrg quality may not be assocciated in Redwings and
that male guality may independently influence female chaice of
breeding situation (Wittenberger 1376). The term breeding

situation refers to the combined affects of male and territory
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quality on nesting success. Third, none of the previous studies of

Redwing polygyny tested the predictions of the PIN concerping the

'settlement of Females (Altmann =t al. 1377; Garscn et al. 1581).

The purpose of my study is to provide the first cnmpréhensivs
test of the PTH For Red-winged Blackbirds. Testing the PIM is a
two-step process. In Chapter I, I identify the male and territory
correlates of nesting success and discuss the potential cues of
Female choice. In Chapter II, I test the major predictions aof the
model, including those concerning the settlement of fFemales, and
determine mhether the PTM can be used to explain the occurrence

and maintenance of polygyny in Redwings.






CHAPTER I

Ecological Carrelates of Nesting Success in

Red-winged Blackbirds

INTRODUCTION

Trivers (13972) .proposed that the sex with the greatest
parental investment will be the most discrimipating in mate
choice. Trivers defined ‘investment’® as 'anygthing done by a qarent
to increase the chances aof survival of sxisting cffspring, at the
expense of the parent’s ability ta invest in Future offspring’.
Eggs are more costly to produce than sperm and, in most species,

é Females invest more in raising the offspring than males. Hence,

females are assumed to be the most discriminating in mate choice.

EITNS

.

Several studies attempted to identify the characteristics
Females might use to select mates (e.g. Verner 136%; Weatherhead

and Robertson 1977a; Best 1377; Pleszcynska 1878; Wittenberger

AT T - . _“' -
SRl EE i) £ A i s v,

1980; Askenmo 1380; Nagata 1S8B6). In most bird species, males
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defend territories and thus female choice of mate may be based on
male and/or habitat Features. Searcy (1973a) propased that the

Factors influencing female choice of mate should also affedt

repraductive success. Hence, identiFication of the major causas of

i mortality and the ecological correlates of female reproductive
success are necessary to determine the potential cues af female

choice.

The Red-winged Blackbird is a palgégncus resource defense
(Emlen and Oring 1977} passerine. Numerous studies have shouwn
correlations betwéen territory fFeatures and Redwing nesting
succéss. vet, Few generalizations can be made. fareover, male
attributes have seldom heen considered. The following is a brief

summary of the findings of these studies.

Territory Features

Goddard and Board ¢1867), Holm (18973 and Lenington (13803
suggested that nests built aver deep water were more successful
than those over shallow water. The relationship reported by Goddard

and Board (1967), however, was not significant (Appendix 112 while

IS SRR RO PR R R Sy NS

Lenington (1980) reparted a significant asscciation in agnly one of

six marshes. Holm (1873) was unable toc conclusively demonstrate
that water depth inFluenced nesting success since deep marshes

were asscciated with bulrush Scirpus sp. and shallow ones with
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cattail Iypha lattifolia.

Leningtan (1880) feound a2 pnsitiye currelation betméen
vegetation density and nesting success. Weatherhead and Rohertscn
€1877a), however, showed the cpgposite mﬁile Caccamise (1877) Failsd
ta Find any relationship between vegetation density and nesting

suLcess.

The influence of nest height on nesting success is also
ambigucus. Meanley anﬁ Webh (19533, Holcomb and Twiest (18€8) and
Holm €1973) found that nesting success increased with nest height
while Godard and Boacd (1S67) and Weatherhead and Robertson
(1377a) shouwed the apposite. Maoreover, the positive relationships
reported by Meanley and Webhb (1S63) and Holcomb and Twiest (1368)
may have been due to difference in nast substrate rather than

height (Frangcis 1871).

Lenington (13980) did not find any relationship hetween
the success of a nest and the distance to the nearest edge af the
marsh. Bistance ﬁa adge has, houwever, heen shown to be an important
determinant of nesting success in Yellow-headed Bladkbirds,

Xantocephalus xantocephalus, (Richter 198%) and in Marsh Wrens,

Cistothorus palustris, Lecnard (1887).

Picman (1980a, b) showed that nesting success increased with

'

decreasing distance to the nesarest simultanecusly active



s

1



—
[ETRPTRR TP 7 ]

S

conspecific while Caccamise (1877} reported the opposite.,

Picman (1880a, b, 18B3) répcrted that Redwing nesting succass
was negatively correlated with‘distanca +o the nearest Marsh dren.
This relationship has never heen reexamined but merits additicnal
consideration since both species cften breed in the same marsh
(Picman 1S80a) and because Wrens may be responsible far a large

number of Redwing nesting losses (Picman 1380a, b, 1383).

Male characteristics

’nalas may influence nesting success in two ways. First, males
can help in feeding the nestling. Second, they can deEend the nest
against predaters. Patterson (18732, Fiala (12813, Searcy and
vasuhkauwa {1982) ang PMuldal et al., (1888 showed that male
provisioning of offspring significantly incresased nesting SLCTESS.
The =effect of male nest defFense on nesting success 1S, houwever,
unclear. Yasukawa et al. (18987) praoposed that male nest defense
influences nesting success but did not show any correlation
between male nest defense and nasting success while Searcy (1879a2
shouwed that male nest defense had'ho effect on nesting sSuscess.
Male nest defense has, however, been shown to be an important

determinant of nesting success in Stonechats, Saxicola torguata

(Grisg-Smith 1980), Kingbirds, Iyrannus tyrannus (Blancher and

Rabartson 1882), and in American Goldfinches, Spinis tristis
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L{Knight and Temple 138&al.

The effect of mazle breeding experience on nest sucéess s
alsa unclear and open to speculation. Eckert and Weatherhead
(198740) showed that male Redwing feeding of nestlings uwas
correlated with courtship behavior and Yasukawa (1878) abserved
that courtship behavior was correlated with male Redwing breeding
experience. Yet, male breeding experience and nesting success have

never been, directly correlated.

The aim of this chapter is to: (1) determine the nesting
success of Redwings and the major causes of mortality, (22
reassess the effact of habitat features on nesting success and (3)
determine whether variation in Redwing nesting success can be
explained in terms of male nest defense ahility and/sr Sreeding

experiencs.
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MATERIAL AND NETHOOS

Study site

This study was conducted from 1 May to 30 June 18983-188S% and
1987 in a homogenous cattail marsh 1oca§ed 15 km southeast of
Ottawa, Ontarig, Canada in the her Bleue conservation aresa. The
study site was S ha in-area in 1883 and 1984 but was increased to
10:5 ha in 1885 and to 11.5 ha in 1887. The area was divided into
a grid of 20m X 20m sgquares, marked by 2 m high wooden stakes.

Four passerine species, Red-winged Blackbirds, Marsh uWrens, Swamp

Sparrows (felospiza georgiana) and Common Grackles (Quiscalus

quisculal) bred in the marsh.

General field methods

Descriptive information on the breeding biology of Redwings
was gathered from 1983-198S. In 1987, an experiment was designed

to test the effect cf male nest defanse on nesting success.

Reduing males were captured using traps baited with cracked
corn and decoy traps (Smith 139723, measured, banded with a CWws

aluminum band and a unique combination of plastic colored leg
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bands and released. Wing length (WL) was sstimated with a ruler as
in Godfrey (18763 to the nearest 0.5 mm. Bill and tarsus length
respectively uwere measured with calipers as in Godfrey (1878) to
the nearest 0.1 mm. Weight cwi was taken to the nearest 0.5 g with
a 100g Pesocla spring scale., Male physical condition was estimatsd

by the following formula (Searcy 1973h):

3
CONDITION INDEX = (W / WL ) X 1000 Equation (1)

Females were captured using decoy tréps (Smith 1972) and color

banded in 1985 only.

Male territories were plotted weekly on calm, sunny days From
0BC0-1000 hours. Territory boundaries.were mapped by plotting the
locaticn of seong perches, flight paths and territerial disputss on
a scale map of the study area. Territory boundaries were delimited
using the minimum convex polygon technigque. An Apple Graphics

Tablet was used to calculate ths area of male territories.

Twice a wesk the area was searched for nests by walking along
10-m interval transects located throughout the marsh. Nests Found
for the fFirst time were plotted on a map and marksd by placing a
numbered label 1 m From the nest. Nest contents and 4 nest

features were recorded:
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(1) nest height relative to water level;

2l

33

&

vegetation density. This was achieved hy counting the
number of evenly spaced 1 cm red dots on a S0 cm stick placed

on top of the nest. The count was taken from a 1 m distance

west of the nest;

height of the vegetation supporting the nest;

water depth. Water depth‘mas measured by estimating the water
depth at 3 different points within a 1 m radius of the nest

and recording the deepest measure. Water depth was measured in

1883 and 13985 only.

Male nest defense effort was measured in 1983 and 1984 by rating

their reactions to a human observer searching for nests. Responses

were taken when the observer was standing 1 m from an active nest.

The scoring was done according to the Following scheme:

€0l
1)
2

32

1)

nat éaen or ng visual and audible response;

audible and/ocr visual response and bird >10 m From cbsérvar;
aﬁdihle and/or visual responss and bird <10 m from observer;
attack without physical contact with the observer;

attack with physical contact.

On subsequent visits, only nest contents and male nest defense .

score were recorded. Nests were monitored until they failed or the

young fledged.
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AJ BREEDING BIBLOGY OF REDWINGS (13883-138S5)
Breeding success

Egg and nestling losses were categorized into predetecmined
classes of mcftalitg.fThe Clﬁsses were determined by changes in
nest contents and in fha physical condition of the nest betueen
visits. Egg .abandomment refers te clutches which remained
unhatched beyond the normal incubation pericd (Orians 18613,
Unhatched eggs refers to cases where one or two eggs remained
unhatched while the others had hatched. Unhatched eggs includes
infertile eggs and embryoc mortality. Egg predation refers to
mortality of total clutches and was often accompanied hy pgrtial
or tatal nest destructicon. Nestling abandonmant includes cases
where an entire breod was found dead without any of the nestling
or the nest being disturbed. Nestling predation was characterized
by the loss of an entire brood on a single day. Signs of nest
tampering were usually svident. Nestling stacvation comprised
casas whare a single nestling was fFound dead-cr disappeared while

thea remaining brood members and the nest appeared normal.

Correlates of Female reproductive success

A BMOP program for logistic regression was used to determine
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the correlates of nesting success. Successful nests were defined
as those fFledging at least one coffspring. This statistical
technique was used because nesting success is a bLinary variable
(Failed or succéssful). A total of 17 independent variables were

used. They included seven nest Features:

(1) nest height,

(2) water depth,

(33 vegetation height,

(%) vegetation density,

(5) distance to the nearest edge.of the marsh,

(8) distance to the nearest active Redwing rest on the date a

female settled. Female settling date was estimated From the

date the first egg was laid (Yasukawa and Searcy 1381 but see
Leningtan 1S803.

(7) distance to the nearest Marsh Wren nest on the datse 3 femala

settled,
Four male nest defense scores;
(8) male defense during the building stagse,
(9) male dafense during the egg stage,
ClO)zhala defense during the incubation stage,

(l1l1) male defense during the nastling stage.

The scores were estimated by averaging all responses collected for
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each nesting stage. Nesting stages were defined as Orians (18B1).
Responses were broken down according to nest stage because male
response varies with the frequency of human visits to a nest (Knight
and Temple 1986b) or with the nesting cycle (Smith 1850; Erpino
18968; Barash 1975; Curio 13975; D’arms 1S78; Weatherhead 1879,

13882; Andersson et al, 1880; Grieg-Smith 1980; Patterson st al.
1880; Biermann and Robertson 1981; East 1981; Blancher and

Robertson 1382; Roell and Bossema 1882;_ﬂerritt.198&; Shields

13843,

The independent variahles also included five male physical

characteristics;

(12) wing length,
C13) tarsus length,
€143 bill length,
(1S) weight,

(18) condition index,

and

(17) male bresding experience. The number of ygars a mals aczuired
at least one mate in the study area was used to estimate his

breeding experience.

When 17 correlations are computed at a significance level of G.0S,
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the probability of obtaining at l=zast cne spurinus correlation is

17

1-¢0.8SS3 = 0.282

The probability of abtaining at least one spurious carrelation out

of 17 at a significance level of 0.01 is

17

1-¢0.99) = 0.157

Hence, to reduce the probability of cbtaining spuricus significant
correlations, significance levels were set at 0.01 in the logistic

regression analyses.
BY EXPERIMENTAL MANIPULATION OF MALE NEST DEFENSE (18870

In 1987, the effect of male nest defense on nesting success
was tested by ramoving resident males after females completed
their clutches. The nest dafense effort of the female and of the
new male defending the territory were scored according to the

scheme used in 1983 and 18984%.

Seventeen males were removed from their territcries using
decoy traps (Smith 1872) and traps baited with cracked corn. The

ramoved birds wera housed in the University of Ottawa Animal Care
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Facility and later released. Seven males were removed on 13 Nay, 4
on 21 May, 1 on 23 May, 2 on 2¢ May, 1 on 31 Nay, 1 on 2 June and

1 on 4% June. A tatal of 23 females were “widowed”. Twenty cf 23

(B7%) females were incubating and in the other 3 cases, the =ggs

were hatching on the day the male was removed.

Iid
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RESULTS

Nesting success

Nesting began in late April or early fay, depending on the
year, and extended to early iulg. A total of 361 active Redwing
nests was. found of which 122 (34%) fledged at least cne young.
Table 1 shows the neéting success and sources of Redwing nesting
mortality. Predation was the most important cause of nesting
Failure (64% of all nesting losses) with egg predation being more
important than nestling predation (Table 13. Most successful nests
(B4%; 78/122) suffered partial insses. These losses were the

result of unhatched sggs and nestling starvation.

Potential predators of Redwing nests

In 1885, Picman's "camera setups” (1987a) were used to
identify the potential predators of Redming‘nasts. During this
study, artificial nests baited with a Blue Breasted GQuail

(Coturnix coturnix) egg were placed in the marsh whare PRedwings

bred. The artificial nests were placed along a 200 m transect at
20 m intervals. A break cable attached to the egg at one end and

to a camera 1 m away at the other took pictures of predation
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events at expefimental nests. Only 2 terrestrial predators,
Raccoons, Procyon lotor, and Short-tailed UWeasels , mugtgla
erminea, and 1 avian predator, Marsh Wrens, were okserved taking
or breaking eggs at these nests. Raccoons (B picturés) were mcre
important than Weasels and Wrens combined (23 pictures each).

Correlates aof nesting success

Table 2 shows that only two variables were significantly
associated with Redwing nesting success. First, Redwing nesting
success was positively correlated with distance to the nearest
Wren nest (Table 2). Second, the reproductive success of females
increased with increasing mean male nest defense score for the
nestling periocd (Tabhle 2). It is noteworthy that male nest defense
scores for the egg and incubation stages were significantly
correlated with that of the nestling stage (building; Spearman
r=0.022, n=539, p>0.400; egg: Spearman r=0,385, n=43, p<0.C05;

ingubation: Spearman c=0.%18, n=71, p<Q.001).
Experimental manipulation of male nest defense

Twenty eight of SO (56%) control nests (male not remaved)
were successful (fledged at least one young) but only B of 23
(35%) experimental nests (male remaved Following clutch
complation? were successful. The nesting success of cnntrn; and
experimental , however, nests uwere not signifi;antlg different (X2

Yates=1.893, P>0.102.
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DISCUSSION

Factors affecting nesting success

‘Egg and nestling predation were the major factors reducing

the reproductive success of Redwings in this study (Table 2). This

_resQlt is consistent with that of Orians (18613, Holeamb and

Twiest C1SE8), Robertson (1972, 1873), Caccamise (1876, 1377,
1978), DBolheer (1978), Picman (1977a, b, 13880a, b, ¢, 18833,
wWeatherhead and Robertson €1977a), Searcy (197Sa) and Eckert and
Weatherhead (18987h). NMorecver, Raccoons, nafsh wWrens and Short-
tailed Weasels appear to be responsible for mast nesting losses.
Mammalian predation on nests of marsh-nesting species has heen
dacumented or discussed by Allen (1814), Hamnilton (18&0);
Stollherg and 5ina (18S2), Sargeant 2t al., (1873}, Xnight =t al.
€198%) and Lecnard €1887). The negative effect of Marsh Wrens an
the reptpductive success of sympatric Blackbirds has heen
dncumantéd o:kdiscussed-bg Allen €1914), Orians and Willson
€1984>, Burt (1870), Picman.(1877a, b, 198Ca, b, c, 15832, Runyan
€1973), Bump C1983), Picman et al. (1987) and A. lsabelle

(unpublished data).

Correlates of nesting success and potential cues of female choice

af mate:
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Searcy (1973a) proposed three criteria to identify the
potential cues of female chaice of mate. First, factors
influencing femaié chaicé should influsnce nessting success. 1asie
2 shows that the proximity of Wrens and male nest defenss mast
this criteriaﬁ. The removal of males in 1887, hcmgver, suggests
that mals nest defense ef‘art‘has no effect on nesting success.
Iﬁis‘supportsa similar finding by Searcy (1973a). Moreover,
because the manipulation cf a variabls is a more powerful tesc
shan a correlation, I conclude that male nest defense has no
effect on female nesting success and should nat influence fFemale
choice. Yasukawa et al. (1987) showed that although male nest
gefense effort may influence nesting success it affected female
choice of mate in only one af the three habitats they studisd
(deép marsh:. Stucies showing the negat:ve 2ffsct ofF drans on the
rearccductive success of ce~cozurring Elackbiras hava h2en listed

in thea previcus paragraph.

1t is noteworthy that the distance to the edge of the marsh
and water depth at the bhase of the nest were negatively ccrrelated
with the number of Wren nests in the male territory settled
(distance to edge: Spearman r=-0.231, n=148,p<0.005; water cepth:
Spearman r©=-0.255, n=112, p<0.005). Several studies shcw that
nasting success is positively correlated with distance ta edge and
water depth (e.g. Richter (1884) and A. Isabelle (unpublished datal

in Yellow-Headed Blackbirds, Xantccephalus xantocephalus, and
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Leonard (1S87) in Marsh Wrens. FMorecover, most of these studies
uged distance tc edge and/or water depth as a relat:ive measure aof
accessibility of tercitaries to terrestrial predatcors. Femalss
settling in the rieep marsh Far from the edge of the marsh may

thus avoid both Wren and mammalian predation.

Second, characteristics influencing female choice must be
assessable prior to mating (Searcy 1272al. Three lines of evidence
éuggest that the lccatian of Wrens might have heen predictable.
First, Wrens buiid large, censpicucus dome-shaped nests. Secend,
the number of Wren ﬁests per male territory was negatively
correlated with distance to edge and water depth at the base aof
the nest (see previous paragraph). Third, the location of Wren

nests appeared to be predictable between years (Table 32.

Third, zharacteristics influencing femals choize =F mate must
be variable (197Sa). Frcm Table 2 it appears that the proxeimity oF

Wren nests varies within the study area.

In summary, the proximity of Wrens is the only variable
scorad that meets Searcy’s (1S79a) regquirements for cﬁes affecting
female choice of mate. It is interesting the proximity of UYren
nests can be linked to predaticn. This should not be surprising as
predation is the major factor reducing the reproductive success of

most marsh-nesting populations of Redwings.
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CHAPTER TWO

Polygymy in Reduwings:

A Test of the Polgggng Threshold Model

INTRODUCTIDN

Polygyny is expected to be advantageous ta malaes hacaﬁse the
numbef of offspring produced per male usually increases with harem
size (Verner 1364%; Orians 1363,, 1872, 1980; Haolm 1973; |
Weatherhead and Rokertson iE??a; Legnard 1887, Eecause cf
interfemale compet:tion and reduced male parental care, zolyguny is
however, expected to incur costs and he disadvantageous o femalss

{(Orians 19692,

Uerner (19643, Verner and Willson (1866) and later Orians
(18S83) propased a madel to explain how Females can aoffset the
costs aof polugyny. The model was termed the Polygym' Thresheld
Model (PTM) and suggests that high quality territories compensate
females for their polygynous status (Figure 1). That is, polyguny
is maintained because females mataed bhigamously on high gquality

territoriss can raise at least as many offspring as monogamously
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mated Ee;alss on low qualifg territories (Figure 1). The minimum
differenge hétmeen high and low quality territories necessary for
polygyny to be maintained was termed the "poluygyry threshold”

(Figure 1). Although the influence of male guality on female

reproductive success was recognized (drians 1869), the model does
not account for such differences and considers male and territory
quality functionally synonmymous. That is, females choosing high

quality territories also choose high quality males.

The PIN is the most widely accepted explanation for the
evolution of resource defense polygyny (Emlen and Ocring 1977) in
passerines (Verner and Willson 1965; Orians 1969, 1972, 1980; Holm
1973; Altmann et al. 1877; Pleszcynska 1378; Searcy 1979a; Garson

et al. 1881; Yasukawa and Searcy 13986).

ARltmann et al. (1877) and Garscn et al. (188B1) reviswed Lthe

PIM and propesed predictions that can bhe used tgo test the madsl,

I) Territory quality should be positively correlated with male
harem size (Qltﬁann et al. 1977; Garson 2t al. 1981). In this
study, the harem siza of male Redwings should he negatively
correlated with the number cof Wren nests in their territcry
This is because the most "attractive” territories should be

those with few or na Wren nests.
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Male pairing success Charem size) should be negatively
carrelated with the ordér in which males are chasen by
primary, secondary, tertiary and etc. femalzs (Altmann =t al.
1577; Garson et al. 19B81). Large harems are presumably
@ssociated with high quality territories and should acguire -’
the first primary, secondary, tertiary and so on females.
Tébégicrg quality should be negatively correlated with the
ordér 'in which males are chosen by primary, secondary,
tertiary and etc. females (Altmann et al. 1977). High quality
territories should attract the fFirst primary, secandary,
fétfiarg and so on females. In this study, territories with -
nc or few Wren nests should acquire the first primary,
saconﬁarg and tsrtiarg.famaLss. Again, this is because the
most "attractive™ territories should be thecse with fs2w or na

Wren nests.

The order in which males are chosen hy primary Eemalés

should he positively correlated with the order in which males
ars chosen by subsequent Females (altmaﬁﬁ et al. 1977). That
is, the first females should choose the “"hest” hreeding
situations and these choices should also be the "best” Eaf'
later settling females if they are to be compensated Faor the

costs of polygyny.
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test the PTM. First, males are naormally polygynous (Appendix I)
and the pairing success aof males within populations is highly
variable-(Pagne 19739; Searcy and Yasukawa 1883). Second, the
nesting success female Redwings appears to be influenced by

hahitat Features (a.g. Brenner 1965; Guddard and Board 18SE7;
Holcomb and Twiest 1968; Holm 1373; Rghertson 1972, 1873;
Weatherhead and Robertson 1377a, b; Searcy 15738a; Lenington 1380;
present study Chapter 13. And third, the territorial behavior of
males enables us ta estimate territary quality. In spite of this,’
earlier tests of the PINM considering anlg territory quality have
failed to produce conclusive results (e.g. Haolm 1873; Weatherhead
and Robertson 1377a, h; Lenington 18980). Holm (13732 showed that
harems were larger in cattail than in bulrush territories but
Failed to demonstrate that nest support (cattail vs bulrush)
influenced Fledging success. Weatherhead and Robertscon (1877a, kB2
and Leningten (13802 uwere unahle to show ary celaticnship betusen
territory size and harem size. Two explanations can be given o
account faor these results. First, although all studies reccgnized
that predation was the most important factor reducing Reduing
reproductive success, none considered the affect of Marsh Wrens on
femals Redming Fitness and choice of breeding situation. This may
be an impartant variahle because Wrens often breed in the same
marsh as Reduwings (Picman 1980a) and may be responsible for a
larga number cof nesting lesses in co-occurring Blackbird (Allen
191%; Orians and Willson 1S64%; Picman 1977, 1880a, b, c; Runyan

1979; Bump 13883; Eicman et al. 1887; A. Isabelle unpublished data;
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present study Chapter I1). Qécnnd, previous tests of the PIM in
Redwings considered only one of the five predictions listed above
(Prediction 1). A more direct test of the model, however, cansists

in testing the predictions concerning the settlement of females

(Predictions II, I1I, IVU}. These predictions may alsc he maore
reliable than correlaticons between male and territory quality
because they do not rely on aur ability to measure Features that

are important to females (Predictions II, and IV).

The aim of this Chapter is to (1) determine the effect of ane
aspect of territory quality (proximity of Wrens) and and ¢2)
provide the First cumprahensxve test of tha Polygyny Threshold

Model fFor the specxes by testing the four predictions previgusly

listed.
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NMATERIAL AND METHODS

This study was conductad from 1 May £o 30 Jure 1S8S 1n o a
homagenecus cattail marsh located 1S km south east of Ottauwa,
Ontaric, Canada in the Mer Bleue conservation area. See Chapter 1

for a description of the study site and field methods.

Terfitorg quality hés been‘defined as any territery Sfeature
that influences nesting success (wittenhefger 1878). Distance to
the nearest Marsh Wren nest was the on.ly nest feature to correlate
with Redmipg nesting success (Chapter 1. I thus estimated
territory quality by counting the numbher of Wren nests present on
male territaries on 1 June of each .year. Most female Reduings had

settlisd by this date.

The maximum number cf simultaneocusly active Redwing nests cn
a territory was used to estimate male harem size. Female pairing
date was estimated from the date the first egg was laid (Yasukauwa
and Searcy 13981 but see Lenington 139812). Successful nests were

defined as those fledging at least an= offspring.

Statistical tests are one-tailed because sach correlation is a
test of a directional prediction. SigniFicance levels were set at
0.05 bacause only one or two correlations were calculated per

prediction.
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RESULTS

PREDICTION I: Territory quality should he positively correlated
with male pairing success (Sltmann et al. 1977 ;
Garson et al. 1881). In this study, the number of
Wren nests per male territory should he negatively

correlated with harem ~ize.

Figure 2 shows that harem size was negatively ccTrelated with
the nuﬁher of Wren nests per male territory as predicted by the

PTN.

PREDICIION I1: Harem size should he nagatively carrelated with tha
order in which males are chasan by primary,
secondary, tartiary and etc. Famales CAltmann et al.

1977; Garson at al. 1981)

Figures 3 and % show that harem size uas negatively
correlated with the order in which males were chosen by primary
and seccndary females, raspectively. It was impossihle tc test
this prediction for tertiary Females because gnly 3 males were

tetragamous during the study.






PREDICTION I11: Territory quality should be negatively
correlated with the order in which males are

chasen by primary, secondary, tertiary and etc.
females. (Altmann et al. 1977). In this study,

territories with no or few Yren nests should

acquire the first primary, secondary and tertiary

females.

Figure S shows that the order in which male Reduwings were

chosen by primary females was positively correlated with the

numbar of Wren nasts on their territory.

Figure 6 shows that the order in which male Redwings were
chosen by secondary females was pasitively correlated with the

number of Wren nests on their tercitory.

Figures 7 shows that : the number of Wren nests

per male territory did not influence the settlement of tertiary

females.

PREDICTION IV: The order in which males ar® chasan by primary
famales should be positively correlated with tha
arder in which malas ara chaosen by secondary,

tertiary and atc femalas. CAltmann st al. 1977)
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Figure 8 shous that the settlement order of primafg and

secondary females were positively correlated. The settlement =-2

- SICg2r

of primary .and tertiary females, however, were not corcslated

LR

(Figure 3).






DISCUSSION

Four predictions of the PTM were tested using data from three

breeding seasons of Red-winged Blackbirds. A1} predicticns wara

supported to same extent.

As predicted by the PIM, large harems and high quality
territurigs also attracted the first primary and secondary females
(Predictians II and fII). As predicted, the settlement order af
primary and seccondary Females were positively correlated
(Prediction IV)., The settlement ocrder of tertiary females,
however, was nat correlated with territory quality and the
_settlement of primary and tertiary Females also were not
correlated. Tuo explanatipns can he praposed to account For the
behaviar of tertiary fFemales. First, the ranking cf breeding
Sicuatians by territory quality changed during the per:iad Samales
settled. That is, territories that were of high quality tc primarcy
and secondary females were perceived as low quality by tertiary
females. This seems unlikely as, on average, aonly 8 days separated
the settlement of primary and tertiary femalss. Sscang, tartiary
females are young, inexperianced fFemales possibly unable to
accurately assess the quality of breeding situatians. This is
pusszble, as Crawford (1377) showed that the last Recdwing fFemales
to sattla are mostly yearlings. The assumptlon that yearling
Egmales cannot accurately assess breeding situations ramains ta be

verifiied. .  ;,“
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In this study, Female settlement and Female order within a
harem were estimated using the date the firss egg was laid.
Lenington C€1SB0) and Teater at al. (1987 in press), however,
suggest that there might only be a weak correlatian between date
of female settlement and date of First egg. Although this result
is interesting, it is questionable for marsh—-nesting hlackhirds
since Lenington’s study was based on a relatively small size and
Teater et al. 's (1987 in press) based on.an upland populaticm of
Redwings. Nevertheless, the passibility that date of settlement
and date of first egg are not correlated exists and must be
cansidered.

Could- a poor carrelation between date of female settlement and

date of First egg afFect the results of this studyT

If the date of first egg is a poor index aof female se:ttlement
this might lead to errors in the assignment‘cf female ranks within
harems (primary, sechndarg, tertiary, ete). It is, houwever,
believed that the weak relationship between date af Female
settlement and date of first egg only reduced the value af the
Spearman rank correlation coefficisnts camputed in tests of

Predictions II, III and Iu.

In summary, although the results from this study failed to

falsify the model, they pravide only limited support For the PTM.
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This conclusion is based nﬁ two points., First, the settlement of
tertiary females was independent of the number aof Wren nests per
male territory and the settlsment of Primary and tertiary Females
were not associated as predicted by the model., Seccnd, all
significant Spearman rank correlation coefficients were relatively
low (<Q.35) suggesting that only a& small portion of the variance
in harem size and female settlement could be explained by the PTM.
This might be the result of (1) the poor correlation betuween date
of Female settlement and date of first egg, (2) that other male
and/or territory features influence nestiﬁg success and female
choice or ¢3) the inadequacy of the PIM in explaining Female
settlamept and male harem size. Future stuoies should thus keep

these problems in mind and attempt tc resolve them.
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GENERAL CCNCLUSIONS .

Data From three breeding seasons of Red-winged Blackh:rds were
usaed to: (1) determine the patential cues of female cheoice 1n
Redmiﬁgs and (2) test Four predictions of the Pelyguyny

Threshald Model.

Predation was the major source of nesting failure and egg

predation was more important than nestling predation.

The potential predators cof Redwing nests included Raccoons,

Short-tailed Weasels and Marsh Wrens.

Searcy (1979> proposed that cues affecting female cheoice should
(1) influance nesting succass, (2) be assessable prior ta
mating and (3) be variahle. First, both the distance to the
nearast Marsh Wren nests and male Reduing nest defense were
nagatively correlated with nesting success. The remgval cof
males, however, suggested that male nest defense has nao effect
on nasting success. Because the manipulat:an of var:i:aaole

pruvigas a more powerful test than a correlation, 1 concluded

-.thht‘@ﬁla mast defanse was not an important determinant of

<
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nesting success in Reduings. Serond, the numher of Wren nests
per male Redwuing territory appeared te be assessable pricr to
mating. Third, the number cf Wren nests per rale Redurng
territory alsc appeared to he variable in the populat:on

studied.

All four predictions of the PIN tested were supported toc some
extent. First, harem size was negatively correlated with the’
numhef of Wren nests per male territery, Second, large harems
preferentially attracted the first primary and secondary
females. Third, the order in which males were chasen by primary
and secondary females was positively correlated with the number
of Wren nests in their territory. The order in which males uere
chasen by tertiary females was, however, independent 2f the
number of YWren nests per male Redwing tercitory. Fourth, the
grder in which males were chosen by primary and seccndary
females was positively correlated while that of primary and

tertiary females was nct correlated.

Although the results from this study failed te falsify the
model, they provide anly limited suppert for the PIM. This
canciusion is based on two points. Farst, the settlement cf
tertiary Females was independent of the number cof UYWren nests
per male territory and the settlement of primary and tert:iary

females were not asscciated as predicted by the model. Second,

*-allfsinnificanf'Spaarman rank correlation coefficients uere
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relatively low (<0.353 suggesting that only a small porian of
+he variance in harem size and female settlement coould e
expiained hy the PIM. It has been suggested that this might e
the result of (1) the poor correlat:cn between date of female

settlement and date of First egg, (2) that other male and/cr
territory Features influence nesting success and female choice
or €3> the inadegquacy of the PINM 1in sxplaining female

settlement and male harem size.
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Figure 1. Polygyny Thresheld fodel. The top curve shows the
relat:onship betweer territcry guality and the f:iiress of primary,
foemales. The lower curve shows the Crelationship between territory
quality and the fitness of secondary females. The mcdel gpred:ints
that the fFirst female (fl) to arrive to the breeding gcround should
settle in territory I2 if she 15 ta maximize her repraductive
output. The second female (f2) may either mate h:igamously in T2 or
monogamcusly in Tl since the expscted fitress 1s the same -» kcth
cases. That is because territory I2 compensates the female {cr hér
secondary mating status. Distance "a”™ is the “polygyny thresholid”
and is the minimum difference between high and low quality
tarritnr;es, T2 and Tl respectively, necessary toc faver bigamous

'matings hy Females (slightly modified from Oraiarnas 13963).
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Figure 2. Harem size of male Redw:ings versus the number cf Lren

nests rper male Recduing tercitcry (Pred:icticn 2.
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Figure 3. Harem size of male Redwings versus the order in which
male Redwings were chosen by primary females

(Prediction I12).
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Figure 4. Harem size of male Redwings in relation ta the gorder in
which male Redwings were chosen by seccndary Semales

(Predictian II13.
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Figure S. Number of Wren nests per male Redwing territory versus
the crder in which male Redwings were chosean by

primary females (Prediction III3.
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Figure 6. Number of Wren nests per male Redwing territory versus
the order in which male Redwings were chosen by

secondary females (Prediction III),
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Figure 7. Number of Wren nests per male Redwing territary versus
the order in which male Redwings were chossn hy

tertiary females (Prediction IIID.
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Figure B. DOrder in which male Redwings were chosen by primary
Females versus the order in which male Redwings were

chosen by secondary Females (Prediction V).
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Figure 3. Order in which male Redwings were chaosen by primary
fFemales versus the order in which male Redwings were

chosen by tertiary females (Prediction IV).
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Table 1. Redwing nesting success and SOUCCES of Redwing nesting

mcrtality. B3 eggs and 57 nestlings had an unkrown fate

NESTING SUCCESS

Number of eggs iaid 11SC
Number of eggs hatching (%3 854 (58)
Number of nestlings fFledging (%3 321 (58
% eggs preducing fledglings 31
MORTALITY
1. Egg
abandanment (%) 79 (123
unhatched (%) : ¥7 €7)
predation (%) 2BB (4S)
tatal egg mortality (4) Biw (B4

2. Nestling

ahand:nmeﬁt C%) 13 23
predation (X2 124 18]
sta-vation (%) gs (152

total nestling mortality . 236 (36)
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Table 2. Correlates of Redwing nesting success.
One-tailed test (d.f. 1J.

Unstandardized
Variable Logistic Regression X2 Prchability
Coeffizient
Vegetation Height 0.003 0.625 0.4e29
Uegetation Density 0.084 3.873 0.070
water Depth 0.005 1.336 0.239
Nest Height €.00S5 0.218 0.641
Distance to Edge 0.006S 2.034 0.15%
Distance to Nearest
Redwing nest 0.00B 1.130 c.1l0c
Distance to Nearast
Marsh Wren Nest 0.001 6.324 0.010
Male Nest Defense
-nest building -0.,014% 0.14%7 g.702
-egg c.058B 4,961 0.026
—incubatian 0.051 4.968 0.026
-nestling 0.105 11.101 0.001
Male Wing Length -0.011 1.822 0.156
Male Bill Length -0.04%2 1.742 0.187
Male Tarsus Length -0.021 0.828 0.383
Male Weight 0.010 1.4586 J.228
Male Physical 8 )
Condition Index 0.178 X 10 g2.782 £.288
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Tahle 3. ésscciatian of Marsh Wren nests for all possible pairs of
years. The study area més broken down into Sl arbitfarg

quadrats (40 m X 40 m) and the number of Wren nesté For sach
guadrat in sach year counted. The number of YWren nests ger
arhitrary gquadrat For all pessible pairs of years uwere then
related using a Spearman rank carrelation. The distributian aof
Wren nests on 1 June 13883, 1984 and 12885 were used for this

analysis. n=51.

1583 1984 1285
1984 0.497 ssces
p<0.000S
18985 0.359 Q.741 sesne
£<3.01 p<G.300S
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Appendix I

Nean harem size, territary size and nesting success =f Red-uWinged

Blackbirds in variocus marshes throughow:t No-th America.

Mean Mean %
harem terrcitory successful Sourece
Locality size size nests
(m23
CANADA
British .8 - - Runyan (18783
Columbia
» 4.7 g9z202 18.9 Picman (18803
t 4.5 8336 8.7 »
- $.1 9323 38.0 "
» .2 7188 45.0 b
Ontario 2.6 1080 33.8 Weatherhead and Bohertscn
C1976)
" 1.8 - - Weatherhead ard Echert
Cunpublishad 2atg:
- 1.7 1380 30.0 present study
= 1.6 1380 80.0 =
" 1.6 12398 45.0 -
Juebec 2.9 - - Weatherhead et al. 7T1SEQ)

UNITED STATES

California 3.7 668 - Orians (13B1)»

” 2.8 881 - ‘ "

» 2.7 - - Collier (1968)
Cannecticut - 40.0 Roheftsun 18977
I1llinois 2.6 - 40.7 | Smith (19433

1.8 700 - Lenington (1398Q)
%.0 300 - »

~
‘.
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Appendix I (cantinued)
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Appendix II

Tahle S From Goddard and Board (186573 relating Redwing n2sting

success to water depth at base of nest.

water Depth C(cm2 % successful nests N
C-10 23.2 155
11-20 £39.2 B85
20+ %3.5 23

Spearman r=0.105, n=221, p>0.05.
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Return rates of mals Redwings for 18S83-1385.

Appendix II1

Number of

Number of males

returning From

Number of males
returning in

Follawing year

Year males banded previous..year
%) (%2
1983 &2 —em——— 34
(BS)
1984 45 34 38
(761 (84
1985 48 ;|- 00—

(733
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Appendix III (Continued)

Return rates of males from the previous year in both 1884 and
iS85S were nearly S50% larger than that reported by Picman (1581;
45%) and Beletsky and Orians (1887; 52%X). Horeover, 42 af the 78
(55%3 males breeding in the study area were present in o
consecutive years and 26 of 76 (37X) were present in all 3 years.

Two males held territories in 1S83 and 1985 but not in 138%.

Moreover, all (70/70) territaories defended by the same male

. in consecutive years overlapped. The extent of site Fidelity in

this population is slightly larger than that reported by Searcy
€1973h; 34738 (B7.2%) of territories defanded by ﬁhe same male in
consecutive years overlapped), Beletsky and Orians (1887; 84/107
(7B.5%) of territories ogverlappedl and Picman (1887k; 845 of
tercitories cverlapped). Moreaver, 26 of 28 (93%) territcries

defended by the same male in 1383 and 138S cverlapped.




