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. ABSTRACT

i . \ _\

Before the appearance of Brown-headed Cowbirds, Molothrus ater, "

‘

passerine reproductive strategies in eastern North America, were
primarily shaped by competition for limiting resources and predation
pressures. The purpose of this study was to examine what adaptations

in the reproductive strategy of one host species, the Yellow Wafbler,°

Dendroica petechia, have arisen in reﬁponse to brood parasifism by
the Brown-headed Cowbird in the Ottawa area in the last 150 to 200

/ years.

I first determined the strength of the selection pressure acting on

Yellow Warblers. Then I examined what adaptive responses Yellow
Warblers exhibit, first to aveid nest discovery by cowbirds, and
) ‘ -

second to prevent or reduce the effect of parasitism once the nest has -

been discovered.

My results indicate that, at present, brood parasitism appears to be
as strong a selective pressure as predation, when measured in terms of
L

the feproductive loss to Yellow Warblers. While predation caused a

greater reduction in the number of fledglings produced in a season for

affected }ndividuals, more than twice as many nests suffered from
parasitism than predation. Parasitism accounted for at least 41% of
all eggs lost, whereas 35Z of the egg loss was attributable to (;
predation.- Therefore, the selection pressure from parasitism is
acting on Yellow.Warblers to favour individuals with traits which help

o~ R
them to avoid being parasitized or lessen the impacts oflpﬁ}asitism.
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Results of the analysis of Yellow Warbler nest site quality indicate
that those pairs that nestéd in tall bushes, ‘or fartﬂer1from high
perches were parasitized less frequently. Those pairs that nesfed
after the peak cowbird laying period or exhibited a highér degree of

nesting synchrony with other Yellow Warblers were also less likely to

be parasitized. : '~
Aggressive responses by Yellow Warblers towards caged intruders placed
1 m from their nest indicate that Yellow Warblers have developed the

ability to recognize the specifi¢ threat that cowbirds pose. The

strongest response to the female cowbird was giveﬁ during the egg

0 ~

laying and early incubation stage when.thé nest is most vulnerable to
brood' parasitism. In contrasé, the Yellow Warbler responses to a
predator (crow) were strongest during the neétling stage.
Furthermore, 5 o;t of. 8 females tested, exhibited.an‘aggressive trait
of sitting in a nest in the presénce of female cowbird before any eggs
have been laid (the "pre-mature incubatioﬁ response") thét probably
has no other adaptative value than with respect tg brood péraéitism.
Yellow Warblers respond to the stimulus of a cowbird egg by rejecting
it, if they are iﬁ the early stage of clutch completion and have.
enough time left in their breeding seaso%'to re-nest. This response
wés‘shown to de specific to the cowbird egg, and not-due to a

secondary disturbance such as: altering clutch size, visiting nests,

or placing a female cowbird at nests.



'-111-'

o ACKNOWLEDGEMENTS

. 7

I wish to express my gratitude~to Dr. J. Picman, for his shared

* .,

enthusiasm, advice and friendship, throughout this' project, and for

}the opportunlty to proceed- on thlS undertaklng.

- o

LI thank my committee members, Dr. P. Weatherhead and Dr. F. Briand
for prov1d1ng g&%structlve criticism in the design of this study and
the analysis, of results.

1=

Thanks’ to Jean McAlllster, Dave Beéedall, and Rob Poole, for

a551stance in- feeding the deer flies and in data collect1on. I am

“grateful to Dwayne -Moore, and Dr. Roland Thomas for assistance in the

analy51s of results and to Marty Léonard for her useful suggestlons.

My thanks to Stu Hamil and the National Capital Comm1551on for
perm1531on_to work at Mer Bleue.

To my narents, Allen and Jean Burgham, my thanks for 1nst1111ng in
me the desire to set and attain my goals.

To my wife,. Mary Sean Burgham, I am very‘grateful for her continied
Pnéouragement and financial support.

This study w;s éupported'by-operating and equipment grnnts from the

-

Natural -Sciences and Engineering Research €auncil to J. Picman.

"

t



' R _ : - - iv - ’
TABLE OF CONTENTS ‘
- 3 ) .
page
Abstract . . . .. e §
~Acknowledgements . .:. . - e e IR . . . 1id
Table of Contents . . . . . . . .. . Sl dv
o . nList of Tables . I . . e . . . . .vi
List of Figures . . . . . e e e e e s . . . viii
General Introduction . . ele s . . . e . . . . 1
Chapter 1: The Effect of Brood Parasitism on Host Rep;odu;tion.
. , : ’introduction . v e . e e . . e e . . 7
Methods . . . . . . . . . . . « e . . 13
.Results.. e e e . . . . . . . . 15

C . Discussion'. . . .. . e e e e .. W28

Chaﬁzg;_;: Adaptations to Avoid Nest Discovery.
= Introduction . . . . . . e e . .. .. .l. . . . W37
Methods . . + « « . . . . e s . . . e A
Results « . . « o = « & . - . e C e 48
. Discussion . . v e e . ‘56



e

éhapter 3: Adaptations to Avoid or Minimize the Effects of
Parasitism after Nest Discovery by a Cowbird.
Intreduction ... . .

Methods . . . . . . .

Results . . . . . : .

General Discussion . .

Discussion .

Literature Cited . .

N {0

e s v e o« .., 106



10
11
12
13

14

15

16

17

18

19

- vi - "

LIST OF TABLES

page
Yellow Warbler nest success . . . . . « . o . . . woo e e .. .16
Yellow Warbler egg loss from all sources . . . . . .. . . . . 18
Parasitism effects on clutch size of 2 accepter species . . . .19
Yeilow Warbler egg loss to cowbird activity coe e e e e 0. . W20
Seasonal fledging success . . . . . . . . . . .
Cowbird success with Yellow Warblers . . . . .. .. ;'... . . 23
Cowbird pressure on Yellow Warblers . . e e .“? .. W24
Reproduétive loss and its effect on clutch size . . . . . . . .26
Nestling growth differences with and without a cowbird chick . 27
Hypotheses, predictions and tests to avoid nest discofery . . W43
Nest.site quality paramefers . . . .« . 4 4 4 4 4 . e o 2 v . . 52

Frequency of parasitism for early and late nests . « « + . 53

r
Frequency of parasitism for synchronous and asynchronous nests. 54
Hypotheses to avoid or reduce the effects of parasitism after

nest diSCOVErY . 4 4+ v & v v v v 4 4w o o W B i

Male Yellow Warbler presence near the nest in the presence

and absence of the female . . . . . . . . .
t

P e e e s e e ol T9
Nest stage differences for_aggressive responses . . . . . . . .82
Comparisons of response given during the egg ldying stage
to different stimuli . . . . . ., .. .. ... ... ... .83
Comparisons of response given during'the incubation stage
to different stimuli . . . . . . . . . .. ... ... .. . . B4

Comparisoné of response given during the nestling stage to

different stimuli . . . . . . . . v . e h e e e e . . + « .86

i



20

21

22

- vii -
Differences in response to stimuli during each nest stégal. . .87

Comparisons of response given to the crow at different

nest stages . . . . . . . . . S <

Comparisons of response given to the female cowbird at

 different nest SEABES « v v 4 v b v e e e e e e e e e e e . .90

23
24

The effect of clutch size on Yellow warbler rejection response.92
.8 ’ :
The effect of different disturbances on Yellow Warbler

TeJection TeSPONSe .+ + v v 4 4 4 & v 4 4t e e e e e e e ... 94



- viii -

LIST OF FIGURES -

© page

. : - . . ’ -

Cowbird abundance and- distribution . . . «#e o « o o o « + « « 8
"Experimental area used for temporary abandonment trials . . . .47
Comparison of time spent near the nest for males and females .49
Time spent near the nest in the presence of a stimulus cbject .50

Aggression index responses to four different stimulus objects .80

Predicted and calculated mefn index“bf aggression . . . . . . .89



=

-1 -

adaptations to pressures in the environment. The more successful an

4::2}v1dua1 ;S, the greater the representation of it's genes, and thus

it's specific traits in the populatlon.‘ Thus reproductive traits

which confer an 4dvantage to a nesting individual such as reducingu

competltlon or iowerlng the chance of .predation or parasitism Wlll be

bt

. S
selected for. \\ H?

e
&

Evolutionary adaptations, which also set the parameters for what can
be learned, can only evolve slowly, as selection acts over génerations
(Ricklefs, 1973, p. 60). The rate of response depends upoﬁ the rate

of mutations, the amount of variability and the amount of piasticity

™ ~

in the béhavioural repertoire (Ricklefs, 1973, p. 69). Consequently,

oo

the séverity and speed of environmental change will determine how

successfully an organism can cope, as change alters the selection

pressures acting on the individuals in a population. The strength of

a selection pressure will, in turn, influence the speed with which a
nev trait will spread through a population.

&
Changes in selectlon pressures can be a result of sudden natural

bioti€ invasions by spec1es into areas where they were formerly

abggnt, such as: the Tasmanian White-eye (Zosterops lateralis) in

New -Bealand, the Catﬁle Egret (Bubulcus ibis) in northern South

(=]

)

’\“-._—
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America, and the Fieldfare kTurdus pilaris) in southern Greenland
{(Mayr, 1976, p. 664). Howe¥er, in the iést three hundred years man
has®altered the biotic strqctufé in manf.;reas of the world, by the
;introduction of exotic speciésf The European Starling (Sturﬁus

vulgaris), the House Sparrow (Passer domesticus), the pheasant

(Phasianﬁs colchicus) .and the Rock Dove (Columba livia) were .

Yy
all successfully introduceq in North America, probably causing

\pﬁgzz;tion dec}ihes in meadowlarks (Sturnella magna), some

woodpeckers, Eastern Bluebirds (Sialia«sialis) and some swallows

a2 .

- {(Mayr, 1976, p. ééO).
The_disturbances céused by introductions of exotic species inte island
communities- have been'even greater. When the individualg of a
population’cannot adapt quickly enough_t6 a new pressure sueh as
compétition from an exotic introduction, the population fallsland the
species may become extinct. Jdn the Hawaiian Islands, Ngw Zealand, and’
the West Indieé, the introduction of exotics is believed to have -been
responsible for the extinction of some endemic Species (Long, 1981, p.

17). | o -

Man has also causéﬁ sudden new pressures on endemic birds in a more
. subtle manner. Human-induced changes tq,the envirénment

(predominéntly changes in ggricultdra} methods or implementation of.‘
agriculture where it was aﬁsent) has often precipitated the spread of
species into area;‘yhere they were formerly absent, and thus altered

the selection pressures acting on endemic’species. The Linnet,

Carduelis cannabina (Ricklefs, 1973, p. 573), the Collared Dove,
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Streptopelia decaocto (Mayr, 1976:lp. 661), the Shiny Cowbird,

Molothrus bonariensis (Friedmann, 1971) and the Brown-~headed
Cowbird, M. ater (Friedmann, 1963) have all expanded their range
as a result of human activities.

-

While the Linnet.and the Collared Dove probably affect endemics
through competitfbn for food and nest sites, the two species of
cowbirds have a more direct and dramatic, negatiye effect on some of

the endemic species, The Shiny and Brown-headed Cowbirds are brood

parasites, laying their eggs in nests of other species. Because these

.~

parasites are not specialists (i.e. host specific), the negative

impact of parasitism on the population levels of certain hest species

does not negatively affect the parasite popuiation. Furthermore, the

<
greater the parasite's. reproductive output, <+he greater the damage to

the host's reproductive effort (Rothstein, 71975a). Consequent;y, the'

negative effect on some host species, and therefore the selective

4

-~

- value of some anti-parasite adaptations can be great.

Where the parasites and hosts have been sympatric for thousands of
generations,’selectién favoured parasites that could exploit their
hosts to obtaiq_maiimum-reproductive odtput, while simultaneously
acting on hosts to avoid or minimize the effects of parasitism
(RobertsoJ'and Norman, 1976). However, when a parasite moves into a
new area, the resident species are not adapted to t?gg new pressure.
Consequently, nest parasites may dause a sharg decline of host
populations. In such a situation, the adaptive value for traits to

avoid or minimize the effects of parasitism becomes very“high.

- ‘ !



The spread of the Shiny Cowbird from South America, into the Carribean
since 1950, is thought to be responsible for the decline in the

‘ Blackbird {Agelaius xanthomus) populétions in Puerto Rico, and”the

near extinction of the Barbadian race of the Yellow Warbler

“

{Dendroica petechia)‘(Friedmann, 1971), The rapid expansion of

the range of the Brown-headed Cowbird into Pacific-western and easéern
North America, from the mid—wes;, has introduced’a new and in some
cases strong selective pressure on many specieé (Friedmann, 1971;
Mayfield, 1977).

The impact of brood parasitism by the Brown-headed Cowbird on the

. reproductive success of many host species has been well documented
{Friedmann, 1963; Anderéon‘and Storer, 1976; Smith, 1981; Zimmerman,
1983). Host species are 1imited'in the methods available for natural
seléctioﬁhto act upon -to reduce the effect of brood parasitism on the
individual. Many studies (e.g.'Hof§1und, i957; Mayfield,‘1977{ Hatch,
1953) have been published on the'reproductive loés_imposed on hosts by
cowbirds. However, relatively few (R;thétein, 19750, 1976} Robertson
and Norman, 1976, 1977; Scott, 1977;: Qla;k and Robe;;son, 1981).havé .
looked at what host adaptgtions have rgsulted. Each of these studieé
has usuaiiy investigated only one form of defence, and a comprehensive

treatment of defensive mechanisms against brood parasitism has not

been undertaken.

A study examining all the defensive mechanisms that a host uses should

provide better insight .into host-pérasite interactions and the role of
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brood‘p;;asitism asea Selective korcé. The cewbird-host interaction
offers an opportunity which may provide valuable insight into the rate
of evolutionafy_and cultural adaptation in a species recently exposed
to brood pé;aéitism. Brood parasitism intthe newly inhabited range
has altered the adaptivelvalue of some traits associated with the
reproductive tactics of heavily parasitized species. Here, I wish to
examine whether brood parasitism in the short Q;me of exposure in this

:area'has already selected for traits that will aid individuals to

reduce the impact of, or to avoid, parasitism,

The selective pressure from brood ﬁérasitism is not constant but
changes strength between seasons, depending on the number of cowbirds,
the number of hosts and the traits expressed in individuals of both

-
species. The anti-parasite traits that are now 'exhibited in Yellow
Warblers in this area need not be a result of the strength of the
current selective pressure, but may be a consequence of past selective
pressures from brood parasitism over the last 150 to 200 years.
Howe;er, because it is impossible to measure past selective pressures
.directlyj I determined héw strong the selective preséure from breod
parasitism is on Yellow Warblers in south-eastern Ontarioc. I then
examined what traits are now exhibited by Yellow Warblers which are
effective in redu;ing the effects of brood parasitism by Brown-headed

Cowbirds.

To gain an understanding of the current strength of the selection
pressure acting on Yellow Warblers in my study area, I determined the

~degree and frequency of parasitism and compared the amount of
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reproductive loss from brood pérasitism to the loss from nest
predation (chapter 1). The‘impact.df brood parasitism on Ehe‘breeding
success of Yellow Warblers over the past 150 to 200 }ears, should in

turn, be reflected in the reproductivé strategy of a host species.

'Therefore, I examiped what traits Yellow Warblers exhibit to avoid

having. their nest located by a female cowbird (chapter 2), or to avoid

being parasitized or at least lessen the impact of parasitism once
their nest was discovéred by a female cowbird (chapter 3). Finaliy, I
conclude with a general discussion on what tactics have and have not -

appeared in the short time of exposure of eastern Yellow Warblers to

brood parasitism, and discuss what needs to be done to further the

study of the impact of brood parasitism in new areas of cowbird

expansion. L C e

"
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St . CHAPTER 1

The Effect of Brood Parasitism on Host Reproduction

. INTRODUCTION

k]

Cowbird Range Expansion

The Brown-Headed Cowbird_ﬁas énce restricted to the short grass
prairie in the centre of the continent where it fed in disturbed
pasture left by grazing herds of Bison (Bison bison). It

developed a nomadic .lifestyle dqring the breeding season in response
to the unpredictable and pagﬁhy food availability‘(Hill,'1976). This
brood parasite has extended its rangé eastward Qitﬁin the last two
hundred years as' the eastern forests of North America were clearéd to
make way for agricu;ture (Van Velzen, 1972). Mor; recently, it;
spread has continued in the western mountaneous.regions as man opened
these areas for recreational use—(Verner and Ritter, 1983). Ep
southwest British Columbia the earliest breeding records for cowbirds

are from the 1920's; and cowbirds have bred in some of the gulf

islands of British Columbia only since the late 1960's (Smith, 1981).

The expansion of the cowbird range has also continued to the east and
north in this century. In Ontario, the épécies' limit has moved
northward at least two hundred miles in the first half of this century
(Snyder, 1959 in Friedmann, 1963). This recent expansion of‘the
cowbird's range from its origin in the mid-west is summarized in

VanVelzen (1972; Fig. 1), and encompasses my study area.



Ex

Figure 1 The abundance and distribution of the Brown-headed
Cowbird in Neorth America (Erom Van Velzen, 1972)}.
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Changing Habits

Cowbird range exﬁansion_has exposed this species to new habitat types.
Cowbi?ds have also come into contact with many new thentiéi host
pdpulationé which have had no priér experience with brood parasitism,
and thus may be more susceptible to cowbirds. The cowbird behavioural
pattern has been altered from a nomadic ﬁatgérn.in the mid-west
(Lowtﬁer and Johnston, 1977) to a more sedentary pattern (Laskey,
1950; Darley, 1978, 1982) in the east. This is due primarily to the
change in habitat struc&ure {Dufty, 1982) and food availabilipf (i.e.
lesé arid conditions in the east increase diversity and predictablity
of food). The change in the behavioural pattern may also be due in
part to the greater availability of hosts (Dufty, 1982) and the
greatef vulnerability of host nests in eastern -North America.

The newly exposed hosts may also be changing their behaviour. Hosts
newly exposed to the pressure from cowbirds should be more susceptible
to brood parasitism than those who have been sympatric with cowbirds
for thousands of years. Different patterns of breood parasitism
between .eastern North America and théf;;&ginal mid-western range
(Friedmann, 1963; Hanka, 1979) may releFt this. In 869 nests of 21
species occurring in a mid-western study, 91% of the 76 cases of
paraéitism'belonged to Red-winged and Brewer's Blab&Pirds (Agelaius

phoeniceus and>Euphagus cvanocephalus) Hanka (1979). In

contrast, eastern icterids are infrequently parasitiééd, while
Parulidae and Fringillidae receive more attention from cowbirds

(OntarigNest Records Scheme, 1956-80), than they do in the mid-west

(Friedmann et al., 1977).

-
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Hanka's (1979) explanation for thé different frequencies of brood

parasitism is bésed on the differences in the availability of ﬁater

between the two different regions and its effect oﬁ food availability.

However, more solitary nesting by Icteridae in the mid-west may aiso

explain the differences in the pattern of paraéitism, as coloniality

is an effective defence. While these explanations are reasonable, the

T

‘obvious differences in sympatry that existed for thousands of years,

which have allowed mid-western host species to adapt to the pressure
> .

1

of parasitism, should be considered. The vulnerability of eastern

Parulidae and Fringillidae may explain their high rates-of parasitism.

The Severity of the Threat

* ¢ .

For species where another pressure has combined ‘with parasitism, an
inability to adapt quickly may result in extinction, The Dickcissel

(Spiza americana) has long been sympatric with cowbirds, yet the

increasing loss of female Dickcissels in their winteringwiange has

. caused a decrease in nest density, resulting in an-increased pressure

-

from cowbird parasitism. This combination of factors appears to be

leading ‘the Dickcissel to extinction (Fretwell, 1977).

-

-

The potential threat to host species in the east may be more acute.
Eastern cowbird hosts have been quickly exposed to this new pressure.

This pressure may destabilize the population so that it is unable to

o

contend with other disruptions. The Kirtland's Warbler (Dendroica

kirtlandii) was near extinction before contrel measures directed

against cowbirds reduced parasitism from 65 to 21%. This species was

vulgpfable to the severe reproductive loss imposéd on them by cowbird

-
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pérasitism because of its small gene pool amd a\lack of defence

mechanisms (:;derson and Storer,‘1976)..'Mayfie1d (1977) noted that if

the rate of paraéitism exceeds 30% single brooded small species may be
. . susceptible, and beco&e extinct. Unlike specialized parasites, whose
populations fluctuate with the host population, cowbirds are
éeneralists known to have parasitized 216 species in North America
(Friedmann et al., 1977). Thus the size of the cowbird population is
not dependent on one host, and severé declines in host pﬁpulations'are

. possible without adv$rse1y affecting the parasites population size.
Yellow Warblers are a widely distributed host species occurring in the
original and newly’invaded cowbird range. - Higher frEquencies of
parasitism in the east {Ontario Nest Records Scheme) than in the
mid-west (Friedmahn et al., 1977) may be a resulg of easgern Yellow
Warblers being less well adapted, because of less time of exposure to
cowbirds. Because Yellow Warblers'faise only 1 brood per season-a; :
this latitude (Ffiéﬂmann, 1963), they;may be ﬁore susceptible to
reproductiveﬂlosses from cowbirds than some other hosts. These
characteristics make Yellow Warblers an interesting species to study
te determine how brood parasitism has affected them. To dgtermine‘the
strength of the selection pressure -from brood parasitism acting upoh
Yellow Warblers in this area of cowbird range expénsioh, I measured:

1) the frequency of parasitism; 2) the degree of parasitism (number of
cases of single or multiple parasitismj;,B) the rébrodu;tive loss Erom

- parasitism, compared to the loss fzgmﬁpredation; 4} the success
( '

cowbirds had with this host. ~~ - *
. ANV
u"-_( N
o~
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- METHODS

The Study Area

This study was undértaken from April‘to‘August 1984, at the Mer Bleue
Bog, 3 km east of Ottawa, Ontario. The western p;;tions of this area
are old field and marsh habitats lying between valley moraines. The

24 ha of old field habitat was wet throughout May because of poor
drainage, but dried by early June. The dominant ghtuhs were meadow
sweet (Spirea spp.), and willow (Salix spp.) with occasional

trees of which birch (Betula spp.) was the most common. Yellow

Warblérs, Common Yellowthroats (Geothlypis trichas), Song Sparrows

(Melospiza melodia), Swamp Sparrows (Melospiza georgiana) and

Goldfinches (Spinus tristis) were the common nesting inhabitants

in this area. -

.The Study Species

I chose Yellow Warblers as the main study species because of their
high abundance in the area, high rates of parasitism of this species
by cowbirds, their bright colouration for better visibility and the

relative ease of locating their nests.

I observed the birds using 8 X_30 binoculars. Their behaviour and
area of acﬁivity were noted. Nest searches began in mid May, by'
systematically searching the vegetation where Yellow Warblers were
‘active. Nests were also found by following Yellow Warblers carrying
nest material. Nests were labelled using numbered nest tags and

flagging tape two metres north of the nest site to avoid drawing
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. V//zztention to the nest, and the nest positions were recorded on a map.
Morning nest checks were carried ocut at least once every 2 days,
except when heavy rain intervened.
»
Because predatibn is usually tpo ht of as one of the méjor selecti%e

forces directing natural selectidn, the incidence of parasitism and

predation was recorded to get aselative indication of thé frequency
of these two disturbancés in the reproductive cycle of Yellow
Warblers. The pefcentage of multiple parasitism (being parasitized
more than once) in relatioﬁ to the total number of cowbird egegs laid
(intensity of parasitism) was recorded for calculating,McGeeé's (1972)
pressﬁre index. This pressure index was designed to determine the
pressure on a host species from cowbird parasitism. In addition, the
reproductive cost to the host, in terms of lost eggs and joung

resulting from brood parasitism and predation was recorded, to further

galge the impact of parasitism on Yellow Warblers.

The effect of a cowbird chick on Yellow Warbler nestlings was
determined by measuring the following pafameters of growth: 1) tarsus
length; 2) distance between the nares; 3) bill length (from the nares
to the tip); 4) wing length; and 5) weight. All measurements were
taken on Yellow Warbler nestlings ét 6 days of age, from nests with

and without cowbird chicks,
L -

+ Cowbird success with this host species was determined by examining the

fate of each cowbird'egg.



14 -

. - RESULTS

Frequency of Parasitism

The majority of Yellow Wﬁrbler nests were ‘found during the
nesthuilding stage, in the last week of ﬁay and first week of June by
foliowing Yeliow Warblers carrying nesting material., Of the 37
original nests found, 307 (Table 1) were-parasitized, while only 14%
Qere preyed upon. It is 1iké1y that these were all first nest
attempts, since all but 9 were initiated before June lst. Nests
initiated before this date are unlikely to be re~nests as the earliest
clutch initiation date for Yellow Warbierslin this area wasqhay 29th.
The 9 nests initiated on or after June lst were also likely first
nests, .as no other Yellow Warbler nests were fdund when the
surrounding scrub was searched, whereas in the 3 known re-nesting ‘
" attempts, the distance of the new nest was at most 25 m £rom the
original nest site.

In every category (Table 1) parasitism was at least twice as frequent
as predation, Although there were only 3're—nesté in new locations, 2
of these nests were parasitized. This was a significantly (P<0.05,

Fisher Exact Test) higher rate of parasitism than the rate for the 9

re-lined nests, of which only 2 were subsequently-pprasitized:

Reproductive Cost-To Yellow Warblers _ - o
”Eéﬁﬁlosé (egés that failed to hatch) is one measure of thé
reproductive cost to Yellow Warblers. The egg loss per déﬁ}édated

nest was higher than the egg loss per¢harasitized nest. However, 417
’ /

e
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of the total egg loss was Eﬁe to cowbifh activity while 35% of the egg

R
‘loss was due to predators (Table 2). Moreover, the estimate of 417

égg loss due to cpwbird activity is CQnservafiQé;' It is probable that
more host eggs were ejected by cowbirds and replaced by the host
depositing a new egg, than I was aware of. To determine this, I
compared .the initial clutch size bétween parasitized and unparasitizgg}

nests (see Mayfield, 1961). BUE, because Yellow Warblers frequently

- reject cowbird eggs and re-nest or re-line the existing nest, I had to

make this comparison for two other accepter species abundant in my
study area, the Common Yellowthroat and Swamp Sparrow (Table 3). The

average number of host eggs remaining in parasitized nests was less

than the average number in unparasitized nests for both species.

However, this was not significant (Mann Whitney U- test), because of

small sample sizes. When*the data is combined for .both accepter

species the difference becomes statistically significant (Table 3).

.This indicates that cowbirds frequently remL{f an egg from the nest

and probably cause more egg loss. than indicated by my data.

Of the Yellow Warbler eggs lost because of cowbird activity (Table 4),
61% and 28% were due to re-lining (burial of thé original clutch) and

re-riesting (nest desertion), respectively. This means that 89% of all

-

—rr

the Yellow Warbler eggs lost due-to cowbirds, were lost becausé of

. . - il
- rejection by Yellow Warblers of the parasitized clutch,

Pairs that had no disturbance from parasitism or predation fledged

-~

significantly more young (3.76/nest) than those that were parasitized

(2.67/nest) and accepted the cowbird egg, or initiated a new clutch
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. L}
Table 3 .Comparison of clutch size for parasitized and
.unparasitized nests of 2 accepter species.

n X + s.D. p¥

parasitized 3 2.67+1.15

YELLOWTHROAT ' >0.05
unparasitized 6 - 3.67+0.52
: parasitized 2 1.5040.71

SWAMP . >0.05
SPARROW unparasitized 6 4.70+0.52
. ‘ ‘parasitized 5 2.20+1.10

BOTH ACCEPTER .<0.01
SPECIES unparasitized 12 4,17+40,72

; :

* Mann Whitney U Test
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-

Yellow Warbler egg loss due to cowbird activity.

cowbird activity

Vs

N (Z) 7 of all epps lost .Z of egps laid
~eggs lost due to 2 (12) 5 1
cowbird removal . .
eggs lost through 5 (28) 12 3
desertion
eggs lost through 11 (61) 24 . 7
burial ‘
~total egg loss to 18 (100) 41 11



- 20 -
after rejectioﬁ (Table 5). However, prédation may have had an even
larger impact than ﬁarasitism on those pairs that suffered nest
predation. The pairs that suffered from nest predation did not appear
to re-nest and therefore fledged no young during this breeding season.
I did not include the data for thos; nests that were parasitized or
depredated early in the.breeding season, and for which I did not find

' - - I3
a new nest, since in these cases new nests may have been built

elsewhere and suécessfully produced fledglings.

Cowbird Success

Cowbird . success with this population of Yellow Warblers was low (Table
6). Of 15 cowbird egpgs laid, 677 Qere lost to egg burial and 20% to
nest desertion giving a total of 87% (13) rejected by Yellow Warblers.
Only 1 of the 15 cowbird eggs laid hatched, and that chi;k was preyed
upon at seven days of age. The predator was probabiy a small mammal,
as the 2 Yellow Warbler chicks were eaten, but the cowbird chick was

only partially consumed.

Multiple Parasitism

-
s

The number of cases of multiple parasitism was low. Of the original
37 Yellow Warbler pairs, 10 were parasitized once, one was parasitized
twice and one was parasitized three times. The resulting cowbird
pressure index on Yellow Warblers was 31.7, which is similar to the
pressure index determined forhother studies (Table 7). While the
pressure index is us;ful for comparing parasitism pressure on Yellow

Warhlers in different studies, it is inadeqdatp for comparison with

pressure on accepter species. Yellow Warblers often reject cowbird

<3
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Table 5 Differences in the seasonal fledging success between nests
effected by predation or parasitism and those that were not.

# OF YOUNG FLEDGED

GROUP n X+S.D. p*
untouched 21 3.76+0.77 ——
parasitized 9 2.6741.12 <0.05
depredated 3 0.00+0.00 <0.001

*P - the probability was/calculated using a Mann Whitney

U test between theg untouched and parasitized group, and
then between the yntoufhed and depredated group.




Table 6
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Cowbird success with Yellow Warblers.

-

LY

N (%)
cowbird eggs laid 15 (100)
cowbird eggs lost to 10 (&67)
burial .
cowbird eggs lost to - 3 (20)
desertion .
cowbird eggs depredated 1(7)
total # of cowbird eggs 14 (93)'
lost =
# of cowbird chicks 1 ()
hatched
cowbirds chicks depredated 1 (7)

cowbirds fledged

0 (0)

-
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eggs and re-line the nest or re-nest, thus cowbirds in the multiple
parasitism cases are not placing a cowbird egg in a nest wi;h another
cowbird egpg as wtuld occur with accepter species. A re-lined or new
nest induced by parasitism may be seen by the cowbird as another
opportﬁnity equal to any other unparasitized nest, and ﬁherefore-the

probability that this nest or host pair will be parasitized again

differs from that of a parasitized accepter species.

Impact From Parasitism

In an attempt to determine more accurately the impact that parasitism
has on the reproductive efforts of their ﬁosts, the final clutch size
of re-initiated nests of those birds that suffered reprdductive loss
was compared to the clutch size of those who had not suffered any
los®. There was n6 significant difference between these 2 groups
(Table 8). When the final clutch size of re-~initiated nests‘of only
those that Ead suffered a mor@ substantial loss.(a minimum of 3 epgs),
was compared to the clutch size of the undisturbed pairs, the.

difference was highly significant (Table 8).

-

There were no significant differences (Table 9) for any of the
measures of growth that were used to determine whether sharing a nest

with a cowbird nestling was detrimental to Yellow Warbler nestlings.
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5\‘ . . -
Table 8 _ Differences in-clutch size between those Yellow Warblers

with no reproductive loss and those who laid a
replacement clutch following cowbird parasitism.

CLUTCH SIZE
# of eggs lost,

due to parasitism " n X + S.D. p¥ <.
0 (unpa;asitized) : 25‘ _ 4.1310.83‘

1-2 9 4,00+1.15 0.682

> 2 : 3 2.33+¢0.58  <0.01

* Mann Whitney U test

T 0
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Table 9 Differences in Yeliow Warbler nestling growth ~
(at 6 days of age) for young raised- with-and

without a cowbird chick.
—

tarsus across beak wing weight
length nares length length

with n 2 2 ) 2 2

cowbird _ -

chick X+S.D. 16.6+0.3 2.240.1 4.3+0.3 33.5+2.1 9.1+0.9
without n _ 19 i9 19, 19 19
cowbird _ ‘ o -
“chick  X#S.D. 16.240.3 - 2.240.1 4.740.3 34.0+41.2 9.440.4
p¥* >0.05 >0.05 >0.05 >0.05 >0.05

* Mann Whitney U Test
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DISCUSSION -

Parasitism Versus Predation ) ) -~

Prédation is considered one of the most important seléctive pressures
acting on animal species, affecting both prey species morphology and
behaviour (Wittenberger, 1981). The greatest threat from predators to
small altricial pasSerihes,.such as Yellow Warblers, occurs during the
nesting stage when their progeny are'sessile. The vulnerability at . .
this étage and the heavy reliance on parental care has resuited in C::;
many anti-predator strategies concerned with defence and conceélmen£
of.nésts and their contents. In my study the frequency of nest
predation wés 127 overall, and never more than‘half as frequent as
brood parasitism in each category (Table 1). Nsat predation has been
a constant selective pressure acting on Yellow Warblers in eastern
" North America, whereas.éowbirdrparasiﬁism bresents a new selective
force. ,ghe evolved anti-predator adaptations resufting from lonéér
sympatry with predators may bé'responsible for the frequency of
predation being 1owe£ than brood parasitism. o
Other studies have found the frequency of brood barasitism of fe;}ow
Warblers of similar mggnitude or higher. In Michigan, Berger (1951)
had 40.9% (n=44) parasitism, while in Ohic, Hicks (1934) found 42%
(n=146).\IG. Peck's (pers. comm.) findings in the most recent Ontario
Nest Records Scheme.(1956—1980)'provided the largest sample and
yielded éimilar figures to my study of 27.42“(n=1439). These findings
nare_coﬁsistently higher than the frequency of parasitism of Yellow

" Warblers in the mid-west. The Prairie Nest Records Scheme, and the

F) ~—
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Western Foundation of Vertebrate Zoology (Friedmann et al., 1977)

found that the rate of parasitism of Yellow Warblers was 20.6%

~

(n=102), and 8% (n=348) respectively. The difference in the frequency

of parasitism between this recently invaded eastern host, and it's

1

mid;western'counterpart which has existed sympatricail& with cowbirds
for thousands oirxears, is common ‘in many of the .species found in both
edstern and western North America (Friedmann et al., 1977). The
higher rates of parasitism for Yellow Warblers in tﬁe east may be

partialiy explained by eastern birds bqing less well adapted, compared
. ’ » ke
to those which have been sympatric with cowbirds for much longer.

* ~

.D

Re-lining Versus Re-nesting i

Although the sample size was .small, the difference in frequency of

parasitism and predation between re-nests in new locations and °

-

‘re-linings (Table 1) may indicate a greater danger of being

parasitized or de:;edated when building a new nest, instead of simply
re-lining a nest. It is widely reported (e.g. Friedmann, 1963; Hann;
1991; Payné, 1973) that céwbirds observe nest building activity to
1ocaté active host nests. Birds re-building nests.in new igcations
mugt make more frips to and from a new nest site, Ehan those that are
re—liﬁing an existing nest. This activiti‘may‘qlso_increase the
chance of being noticed by a predator. As,well, re-lined nests, being.
in the same location, may not be parasitizedtagain by a cowbird, if

) o -

there are other su¥table nests to parasitize, whereas a conspicuous,

new re-nest may be regarded by the cowbird as a new, active nest,

Re-nesting requires mmore time than re-lining a nest and consequently
> .

the clutch initiation dates for re-nesting attempts tended to be
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later. However, this later clutch initiation does not provide a good
explanation for higher rates of parasitism, since generally the later

Yellow Warbler nests had less chance of being parasitized (Table 12,

 chapter 2), and the later re-}ined nests were not parasitized.

-

-~

Re-lined Yellow Warbler nests were no more susceptible to cowbird

parasitism than original nests (Table.l). Clark and Roberﬁson (1981) .
found fhat since egg burial required only a small energy expenditure,
Yellow Warblers seemed to be'bhysiologicagly capable of replacing the °
buried eggs. They found no difference in clutch sizé between ré—lined
and original nests. If the risk from ﬁarasitism was greater in
re-nests, then selection should favour re-liging over ré-nesting in
Yellow Warblers. Although ﬁo£ statistically significant; |
(X2-1.60, P3>0.05) the results (Table 1) indicate a trend.. Of 12
subsequent attempts‘t; initiatega new. clutgﬁ, 9 were re*liﬂings of
original nests, ;hile only 3 were re-nests in new locations. However,

re-nests may still occur if the original nest is not stable enough to

support another attempt (Clark and Robertson, 1981).

[
-

Egg'Loss

The available evidence suggests that the figure of Af% egg losé
attri;utable to parasitism is an underestimate. Of 15 cases of
parasitism of Yellow Warblers, there were only 2 cases-of egg removal
(Table 4). However, Table 3 provides evidence from 2 other accepter
species in the same area that cawbifds remove eggs from parasitized

nests more frequently. Hann (1937) found that cowbirds_removed a host

egg from 85Z of the nests they parasitized, while Zimmerman (1983)
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noted 1.65 eggs removed by cowbirds per parasltlzed nest. Despite;
the tendency of cowbirds to parasitize more experienced Song Sparrows_

(Melospiza melodia), which tend to 1ay‘larger clutches, Smith

(1981) found that the clutch size in 98 parasitized nests was 2.61
Host eggs versus 3.25 eggs in 115 unparasiﬁiéed nests. This hig@ly
significant differgnce suggests that cowbirds are removing Song
Sparrow eggs from a over half of the parasitized nests. Mayfield's
C(1961) study of. the Kirtland's Warbler found even larger differences
between the number of host eggs in parasitized and unparééitized
nests, {(2.73 and 4.63 respectively). Clark and Robertson (1981)
suggested that cowbirds were removing a host egg from about 50% of the
parasitized Yellow Warblers. Results from.these other studies and
Téble 3 indicate that host egg removal by cowbirds is common and that

417% of the egg loss attributed to parasitism is an underestimate,

Eighty-eight percent (Table 4) of the total eggs lost due to cowbird

Y
. ~

parasitism was lost due to rejection of the parasitized clutches hy
the hosts.themselves. Berger»(lQSl) and Clark and Robertson (1981)
reported 100% and %IZ rejection, respectively, for Yellow Warblers
that: had been parasitized Norris (1947) and Berger (1951) both found
that for each cowbird reared, one host young on’ average, did not
survrye. However P. Harrington (Bent, 1958) estimated a loss of 3.33,
host goﬁng per cowbird reared in one huﬁgred parasitized passerrne
.neérs near Toronto. Terrill (1961) stated that the fledging of even
one hogt ygung in a’parasitized nest was notable aﬁd more often there

were no survivors. In an attempt to provi® a reason for the

variability in host losses reported, Friedmann (1971) felt that small
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host species or those hoé&s @ith felatively slow incubation &nd
nestling devélopment-rates were very susceptible £o parasitism and
"have low nest sucéess, while larger, or faster developing host‘gpecieé
were not as gffected. The impact of parasitism on-Yellow Warblers is-
clearly sufficient to warrant éhe desertion or burial of viable Yellow

Warbler eggs accounting for 357 of all eggs lost.

Parasitisﬁ_usdélly occurred early in the breeding season and éﬁps
Yellow Warblérs that were para%}tized aﬁd rejected the cowqérd egg by
~ nest desertion or egg burial were able to initiate a.new cl#tcﬁ. As a
result even parasitized Yellow Wafblers were still able to fledge 2.67
'young/nest.. However, this is significantly less than the 3.76 “

young/nest fledged }rom nests which have no predation or parasitisq
(Table 5), Because predation tended to occur later in the breeding
season, it was unlikely that re-nesting ?gtempts were initiated and
tﬁus‘no fledglings were rai;ed (Table 5).

Predation caused higher'égg loss p;r depredated nest because nests in
the egg laying or incubation stages are vulnerable and predators
usually eat all eggs in a nest. Cowbirds prefer to parasitize the
nest éarly_in the egg—laying period, thus fewer eggs are likely to'be
lost per parasiti;ed nest, and the pair has a greater chancgiof
re-initiating a clutch. While the overall reduction in the number of
fledglings producéd/pair in a breeding season was greater from
predation ‘than parasitism, the overall egg loss was still slightly

greater from parasitism than .predation, and parasitism was twice as

frequent. Therefore, at present cowbirds may exert at least as great
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a sélective pressure on Yellow Wafble;s aéqgﬁ:’local nest predators.

Cowbird Success

The *lack of cowbird success with Yellqw Warblers (Table 6), (Berger,
1951; Clark and'Robert;on, i981) is attribut;ble to their habit of
rejectién by nest desertion'of egg burial, While cowbirds suffer-from
16w success with Yellow Warblers and alil rejectér species, the
‘benefit; ffom laying up to 40 eggs (Scott and Ankney, 1983), and the
ability to parasitize a greater number of hosts compensates for this.

Hence, the lack'of success:with Yellow Warblers does not appear to

cause a selective pressure on cowbirds to avoid parasitizing this

t_fﬂ host. ,’\

Depree of Parasitism -~

Multiple parasitism occurred in 337 of all cases of parasitism, which
yielded a pressure index 6f 31.7 {Table 7). This pressure index is

Ncomparable to other studies on this species in eastern North America,

-

- with the exceBtion of Berger (1951) and Young (1963) who had préssure
indexes of 56 and 55, respectively, Unfortunately the pressure index
cannot be calculated for Yellow Warhlers in the mid-west since .
informatio% regarding the percentage of'multiple parasitism is
lacking. However, ;inCe the frequency of parasitism is low in the

mid-west, the pressure index is likely to be significantly lower in

the mid-west than in eastern North America.

Disadvantages to Hosts

As shown in Table 8, and by Clark and Robertson (19813\\fhe(e was no

——

1
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significant difference in the final clutch size between those Ye1§>hg\
Warblers that *suffered no reproductive loss and those that
re-initiated a nest after suffering moderate losses. However: I found
that there was a significant difference in final clutch size between
the‘"nolreproductive loss" group and those that re-initiated a nest
after suffering higher reproductive losses (Table 8). This ;ndicates
that -those Yeliow Warblers that had already invested their energy in
at least 3 eggs and had been-forced to-start again, could not
stbsequently invest’ to the same degree. ‘

The effects of parasitism on host reproduction can last beyond the
nesting stage. Larggr reproductive .costs may redﬁce subseﬁuent adult ™
survival (Askenmo, 1979; Bryant, 1979). The effect on offspring
having to compete for food resources with a‘much larger nest mate,
with a larger mouth and louder begging calls may slow théir growth and
result in less fit fledglings with lower survivability. Shari;g nests
with cowbirds did have significant effeéts on‘Song Sparrow young at
six days of age, although it did nat cause differences in survival at
4_weeks of age (Smith, 1981):

Sharing a nest with a cowbird chick was not detrimental to the ngWtH o
of the Yellow Warbler chicks (Table 9). However, in the only nést
where this situation occurred, only 1 cowhird and 2 Yey?ow*Warbler

A
chicks had to be fed. The effect of a growing cowbird chick competing

»

) (=
for food with more host chicks could become miich more severe.

Hann (1937) and Zimmerman {1983) found no differénce; in growth rates

- -



- 34 -

between chicks in parasitized and unparasitizéd nests for Ovenbirds
and Dickcissels, respectively. However, there were significant
differences when 2 cowbirdsiwere being raised in the same nest (Hann,
1953); Hann felt that while having 1 cowbird chick present in a nest
with host chicks did significanély increase the demand for food, the

-

parents were capable of increasing the food supply.

The only cowbird.chick that hatched in my study was subsequently
preyed upon'at 7 days of age (Table 6). Smith (198i) had very high
losses for fledgling cowbir@s which he attributed, in part, to loud
begging and subsequent predation by crows. The loud begging of the
lone cowbird chick in my study may have contributed to the location of
the nest by a predator, and this may be another disadvantage to Yellow

-

Warblers in'accepting a cowbird egg.

Brood parasitism may reduce adult reproductive fitness by the stress
and energy involved in gither rejecting a foreign egg and re-building
or re-lining a neSt, or accepting a foreign egg and providing more
food for the resulting chick with lower success and a greater chance
of nest predétion due to loud begging calls by the cowbird chick.

/ . _
To conclude, my data suggests that cowbird parasitism is an important
factor in reducihg'reproductive success of Yellow Warblers in this
area, Therefore, éowbird parasitism is an important gselective force
that should maintain the evolved behavioural traits that aid.

. a, hed
individuals to avoid or lessen the impact of brood parasitism,

\_/\/

/
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CHAPTER 2

Py

Adaptatlons to\Av01d Nest Discovery

D L

INTRODUCTION

Many studies have investigated some of the possible defences that
hosts can employ once a-hest has been discovered by a cowbird (e.g.
Rothstein, 1976; Robertson and Norman, 1977; Scott, 1977; Finch,
1682). These methods will be examined in chapter 3. However, before
coﬁbirds can successfully parasitize a nest, they must first find one
that is suitable. While some studies"(e.g. King, 1973; Norman and
Robertson, 1975; Lowther, 1979, 1984;‘Thompson,and Gottfried, 1981)
have investigated how cowbirds search for and select a ne;t, I know of
no study, with the exception of Clark and Robertson (1975), that f
‘approaches the subject from the host's viewpoint. If hosts are
undergoing a lot of pressure from brood parasitism, individuals who
can reduce their chances of belng parasltlzed by lowering the
cowbird's chances of discovering thelr nests, should be at a selective
gdvantage. In a population undergoing strong selection pressure by
cowbirds, those individuals that are better égfe to avoid nest
detecﬁion by cowbirds should have greater reproductive success. 1
examined four possiﬁle strategies that may already be exhibited by
Yellow Warblers to avoid nest detection by cowbirds. These strategies
are: 4;? male avoidance of the nest during}vu}nérable nest stages;l 2)

temporary abandonment of the nest site in the presence of a female

cowbird; 3) reduction of nest visibility; 4) adjustment of the
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timing of host breeding activities,

Many references (e.g. Hann, 1937; Payne, 1973; Norman and Robertson,
1975; Lowther, 1979) have been made to the imp;rtance of observation
of nesting birds to the'nest search stratégy employed by female
_cowbi;ds. Hann (1937) speculated that the observations by fgmalé

) cdwbirds of host nést building, stimulates the ovulation-and egg .
development in cowbirds, and accounts for the high degree of synchrony
between host and pgrésite egg laying. Because of the importance of
observation of host activity to cowbirds, a sﬁrategy that miniﬁizes_
the activity around the nest area could_be effective in reducing the |,
chance of nest discovery. The first two proposed strategies would
reduce host activity in the nest area.

Male Avoidance

Biedenweg (1983) found that male Mockingbirds (Mimus polyglottos),

spent a large percentage of timelﬁerching or "loafing". He felt this
was a response to predation pressures and that the male while
"ioafing" was keeping watch €or predétors. However, it is also
possible that the male was maintaining a low profile so as not to
attract: predators to‘the.nest. In the Abert's Towhee (Pipilo
aberti), the male, while accohpanying the female during foraging,
does not visit the nest area during the egg laying phase, but perehes

alone in shrubs. While Finch (1984) felt this was to minimize the

expenditure of energy, it may also reduce the chance of nest location

by predators or parasites.
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Yellow Warbler males are more conspicuous Lhan females, because. of
their slightly brighter colouration, vocalizations, aﬁd territorial
behaviour.‘ They also make only a minor. contribution to ﬁgst
construction (pers. observ.; Schfantz, 1943); Natural selection could
favour avoidance of the nest area by males during ?he early stages of
nés;iﬁg when the nest is more vulnerable to parasitism. Most of the
at;ention to nests by female cowbirds is during nest construction ;nd
the egg laying period (Mayfield, 1961). This hypothesis would predict
that if male avoidance is observed and is a result o£ parasitism, the
male should reduce his presence neép thé nest during the nest building
and egg laying stages, since at these stages the nest is‘vulnerabie to
discovery and subsequent pafasitism."Méle avoidance could also be a
result of bredation pressuré. However, if prgdagion was the cause,
évoidanée should increase or remain high throughout the nest stages

tested. Al;ernaéﬁvely, predation may cause -males fo keep close to the

nest to warn.the mate or to defend the nest against predators or brood

parasites, or to keep iptnuder males from their mate in the early .

stages of nesting..

Temporary Abandonment . ' , B
A premature alert and aggressive gtance.againstla cowbird may actually
aid the cowbird in finding the nest (Smith, 1981). MHence,-temporary

-

abandonment of the vicinity of the nest by Yellow Warblers when a

N N ) .*‘
cowbird is nearby, may also reduce the chance of nest location. If
Yellow Warblers use this strategy and this is a specific resbonse to

parasitism, then they should abandon the nest area temporarily upen a
. . L.
female cowbird is placed within the vicinity of the nest area during

~

3
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the most susceptible nest stages (nest construction and egg laying).

The response woyld bd®pxpected to decrease in early incubation and be

-

absed in the nestli tage when cowbirds are no longer a threat.

L

However, if 6/‘ rategy has developed as a gene}alized response to
-

any threat, then the same response should be seen both with the
cowbird and a nest predator, and should be exhibited throughout the

ST

nest cycle.

Active Searching by Cowbirds

'In addition to the silent, sessile observation technique, Norman and

Robertson (1975) described two other active techniques that female.
cowbirds\may u;e to locate nests. These are: walking -through scrub
and fore;ted habitat, watching other birds, and looking up into the’
overhead vegetation; and hopping, wing flapping and calling in a
non—fandom pattern along hedge~rows, in an attempt to flush festing
girds. By these methods, cowbirds presumably can locate nests without
observing host activity (Lowther, 1979). Thetéfore, the following 2

methods of avoiding’detection_by cowbirds should. take on added

importance. . g -

Choice of an Appropriate Nest Site

ice (1937, in Friedménn,11963) felt that cowbirds and predators could

not find well concealed nests as easily as nests that were poorly

-

conceéied. If a nest can be made more difficult for a cowbird to find

by its location, selection should favour those host individuals that

choose nest locations with these favourable characteristics.

t

L

-
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Timing of Breeding Aétivities .
The relationship between cowbird and host breeding seasons is a major
contributing factor to the degree of parasitism imposed ﬁpon~da§pecies
(Berger, 1951). In areas where the vegktation begins to leaf in late:
April and eaflf May (such as southern Ontario,;Michigan, and Indiana)
the‘peak of cowbird laying period is'concentrated in mid to late May
(Hann,_1937; BErger;‘IQEI; Nolan, 1963). The peak of cowbi;dregg
laying corresponds with when most hosts are nesting. In northern
Michigan where 1éafing of vegetaéion is delayed until mid'M;y, the

peak cowbird laying eeriod is in early June (Payne, 19653. When birds
are able to nest before the péak period of cowbifd egg laying, the
‘nest success is mugh higher, as many more indixiduals avoid parasitism-
er multi-pérasitism_(Vernef and Rittersy 1983). TFinch (1983) felt that
heavy cowbird'parasitism may be a selective factor for early breeding
of Abert's Toyhees. 'In the lower Colorado River valley, towhees can
start breeding earlier, sinée they are permanent residents. Because
the probability of producing flédglings is very idw.after cowbirds
begin breeding, early breeding is favoured. In my study area,‘Yéilow
Warblers cannot begip nesting eariier-tﬂan the cowbird breeding

season, as they must wait for the onset of foliagé and insect

t

emergence. .

S
There are 2 temporal strategies that could be effective for Yellow
Warblers té avoid the high cowbird parasitism pressure., High nest

density and synchrony of nesting activities should Jower the frequency
of parasitism (Clark and Robertson, 1979), because of a swamping :

effect. However, if nest density is low, the strategy of nesting in

s 2B

<



S - 40 - I -
synchrony may not be as effective as female cowbirds would presumably

adjust their territary to take advantage of suitable nests becoming

available.

‘The strategy of_later nesting could also be effective in reducing the
rate of parasitism. The peak cowbird laying peried is usuall§ in mid
to late Méy and declines throughout June (Hann, 1937; Nolan, 1963;
McGeen and McGeen, 1968). Those individuals that breed later than the
peak_cowbird laying peri&d‘are more likely to avoid being parasitized.
Thus, selection may favour later breeding in Yellow Warblers.

However, the disadvantages of being out of phase with the optimal food
supply (Immelmanp, 1971 in Rothstein, 19;53) and possible higher
predation pressures, may outﬁeigh this advantage, hence, setting

limits as to how late these birds can breed. . )

The purpose of this chapter is to determine whether Yellow Wérblers
exhibit male aQOidance, temporary abandonment, choice of certain nest
site qualities or .whether they adjust the g}miﬁg of their breeding
activities to avoid having their nest located and subsequently
parasitized by Brown-headed Coﬁbirds. A summarf‘of the hypotheses,

predictions and their tests is presented in Table 10.
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B METHODS

All data were collected on the same 49 Yellow Warbler nests mentioned

. . v
in the methods of chapter sz;kknmumdng whether the hypopheses should

be accepted or rejected on the basis of the predictions-made.

4

Male Avoidance

To determine whether males avoid the nest area (Hypothesis i, Table

10), I recorded (from a minimum of 15 m) and compared the time the
male spen; within 10 m of the nest to.the time spent in this area by
the femaie, during nést construction, the egg laying ﬁeriod, eérly
incubation and late incubation. Each of five nesting pairs Qas
examined between 6 a.m. and 10 a.m., dufing the stages of nest
construction,legg laying, éarly and late incubation, for a 2 Hour

period at each nest‘stagﬁr\ X L

Tehpbrary Abandonment

. R
=

To test the hypothesis of temporarylavoidance (Hypothesis 2, Table

10), 1 placed 4 different stimulus objects 10 m from each of 5 nests.

I used a distance of 10 m, becaﬁse at farther distances (15 m), the

1) . .

stimulus objects were.ignored and at closer distances (5 m) the hosts

N

geherally“responded mpre aggressively to most Stimuli. All stimilus

objects were caged and includggd: female cowbird} male cowbird; cfow{

and a- female House Sparrow (as a control). These different stimulus

-

objects were used because they each represented a different level of
danger to the Yellow Warblers. These trials were conducted during

nest construction, egg laying; early incubation and the nestling

*

\



"readings from 4 sides of the nest were recorded, giving a maximum of

= 43 - | i -
stage. I regqyded the time that.the warblers spent wiéhin a circle
with a radius of ‘10 m,'centered on a éoint half-way between the nest
and the stlmulus object (Flg. 2). I placed the caged bird 10 m “Fsgm

eachcnest,_and the response was - examined for a 5 minute perlod from a

minimum of 15 m from the centre point. '

Nest Site Qualltx

ad £

To determine whether any_ of the nest site cﬁbracterlstlcs were
.P

important in making the nest less vulnerable to cowbirds (Hypothesis

3, Table 10), I measured 5 nest éige characteristics for all nests,

- -

and whether each nest was parasitized, depredated or undisturbed. A

larger number of variables were regorded.for nest site quality;
instead‘of only one measure, as it is unknown whether human
discrimination is comparable to discriminatign by cowbirds. The nest
cover was measured by placing an 18 by 22 cm grid consisting of 30 red
dots, 3 cm apart, in front of the nest. The ﬁumber of complete dots

seen from 3 m was recorded. The procedure was then repeated until

120 dots for a completely exposed nest. The height of the vegetatiou\\\h‘*’
the nest was in and the distance from the ground to the lip of the

nest were measured. The distance between the nest and the nearest

common sdng perch the male Yellow Warbler used was measured along with

the distance'bepwéen the nest and the nearest tall perch. The nearest

tall perch was any bush or tree that was higher than the surrounding

bushes -where the nest was located (>2.5m). _I measured these

characteristics for all but two nests between June sixth and ninth.

1]

ALY



— 44 -

Figure 2 The experimental area used for the trials
to test for temporary abandonment.

o Stimulus
object

5m
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Timing of Breeding Activities

To ggtérMine whether early or late nesting p;irs; or pairs that
iﬁitiéte their nests asynchronously,cwé}e more vulnerable to brood
parasitism by cowbirds (Hypothesis 4; Table 10) I‘compared thé.dates
ofhnest initiation between parasitized and unparasitized Yellow
Warblers, and I ;ompared‘the ffequ;ﬁcy of parasitism between nests
~exhibiting a higher degfee of synchrony (11-30 nests initiated/week)

and those exhibiting a higher degree of asynchrony (1-10 nests

initiated/week}.
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RESULTS

-
.

Male Avoidance

No sigqificanc differences (X2=4.01, P>0:19, Kruskal-Wallis test)
were seen between male'presence within 10m of the nest at the‘a
different nest stages (Fig. 3). The sliéht increase.in male absence

fr;m this area duriné the egg laying stage reflects the slight

increase in female absence dﬁring this stage (U=4.0, P>0.05, Mann
IWhitney U Eest) f;om the nest construction stage and may indicatq that
mate éuarding is occurring; Because the female was observed té-
incuBate most of the Eime, her presence rose greatly during the early .
and late incubati;y stages while the male's presénce diﬁ not increase.
significangz;. The male did not show any greater avoidance of the

nesé area than the female during tGé vulnerable éthges of nest
coﬁstruction-(U=6.5, P>0.10, Mann Whitney U test) and egg laying

(U=8.0, P>0.10, Mann Whitney. U test; Fig. 3). Hence, I conc¢lude that
these results do not suﬁport the male avoidance hypothesis {Table 10).

Temporary Abandonment

] .
‘Male and female Yellow Warblers did" not tend to abandon the nest area

significantly more for the crow, female cowbird-and male cowbird than .
for thé contrdl (House Sparrow) during any of the nést stages. The
adult Yellow Warblers_éhowed.no trendé to abagdon the nest area more

. readily during the stages most vulnerable to cowbird pagésitism (nest
construc;ion and egg laying) in response to thé female céwbird (Fig.

4). Abandoning did not increase with parental investment (older nest

stage) in response to the predatbry threat from the crow. In fact,



Figure 3

- 47 -

The average time (in percent) female (open)
and male (shaded) Yellow Warblers spent
within 10 m of the nest, over a 2 hour
period, during 4 different nest stages.
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The average time (in percent) female (open)
and male (shaded) Yellow Warblers spent

in the designated area (Fig. 2), over a

5 minute trial, during 4 nest stages, using
4 different stimulus dbjects.
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contrary to the predictions, the higher values of male and female
presence tended to be for the stimuli that were threats: the crow and

the female cowbird. The results of 'this test db not support the

temporary avoidance hypothesis (Table-10).

Nest Site Quality

Using Hotelling's Multivériate Test of Significance (Burns, and Waqg,i
1981), nest site chérécté?istics were .compared between nests found by
cowbirds (parasitized) andfthbéé that;I assume were not found by |
cowbirds (since they were ﬁewe; parasitized}., The nest pa;ameﬁers./
_used were ablé to significantly (P=0.05) discriminate between thé two
groups (Talble 11). However when the variables were tested

.indep‘ dently, only the vegetation height and the distance td‘thé
nearest perch differed significantly (P=0.05 and P=0.01 respectively)

between the pa:gg}tized and unparasitized groups (Table I1). - These

results support the nest site quality hypothesis *(Table. 10).

- i

Timing of Breeding Aqtivities
£ BQ‘I

——

Only 14 nests were initiated in May; compared to 35 nests initiated in
June. Nests initiatedlin May had a signifiqgntly.(P<Oi¢5)’greater
chance of being parasitized than nests initiated later in the season
(Table 12). Nests initiated synchrono&%?y (with 1&—30 other o
nests/week) were highly éignificantly (P(0.0l) 1ess likely to be

~ parasitized than those initiated 5synchrbnbusly (with 1-10 other
nesgs/week) (Table 13). 'Hence, the tihing,ﬁf breeding activities,
both with initiating nests later and in synchrony with other nests,

appears to be important (Table 10).

- -
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Table 12.j 1-tailed X2 tht* for the frequency oggggrasitism
« for early and late nesting Y%}}6ﬁ arblers.
Jd
# of nests
unparasitized parasitized t.ptal _X2 P
~ MAY. 6 g A
. i 4.86  <0.05
o e
JUNE 28 7 - .+ 35

* with Yates correction for continuity.

-
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Table 1 l-tailed X? test® te compare the frequency of

parasitism for nests initiated synchronously and
asynchronously. .

# OF NESTS # OF NESTS -
INITIATED/WEEK PARASITIZED  UNPARASITIZED  TOTAL X2
1-10 o g8 3 1
(asynchronous) )
: ; 9.43 "
1-30 - 7 31 38

(syndhronous)

¥ with Yates correction for continuity.
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: . - DISCUSSION

-

Male Avoidance

Male Yellow Warblers did not tend to stay ‘away from their nest site’

any more than fémales-dﬁring the 2 eariy nest stages (Figure 3).
-

Since females are mainly responsible for egg incubation, their

presence around the nest increased dramatically during the early and

- )

late incubation stages, while the males' did not sigdificantly change.

-

' . . -
‘The males' presence near the nest tended to reflect the females'

presence during the nest qpnst}uction and egg laying stages, and this

1l

may -have been dug,bolmate guarding. While males infrequently brooded

the eggs during incubatjon, they still mdde visits to their nest to

1

feed the female, and no avoidance of the nest area was seen during this
stage. The interest- by the male towards the female in the form of-

mate guarding during early nest, stages and feeding of the incubating

female would appear to override any selection for male avoidance. M,
Studd (pers. comm.) found that males decrease the length of their

visits to the nest after the middle. of the incubation period. He

*

speculated that this might be to minimize the disturbance at the nest

during hatching of the eggs and decrease the risk of predation.

However, frequency ratber than duration of visits to a nest should be

. the criterion for attracting predators attention to a nest, and I saw
. : R

-
+

no decrease in the frequency of visits.

8

Temporary Abandonment
The responses by both male and female Ygllow Warblers to the intruders

were contrary to the predictions for temporafy abandonment. With the
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possible exception of the crow, the feméles tended to ignore the other
stihuli during the eafly incd%atiqn'stage‘ﬁnd:continued to'incubate.
The females"res;onseito the crow would be better deéscribed as
watchfulness than abandonment. The Yellow Warblers tended to show

. more curiosityztéwards all stimulus objects. \ﬁ%is curosity may be
part of a strategy to be vigilant when am intruder is in the nest

!.\
area, and may have develdped as a response towards conspecific

intruders or predators. Alternatively, the curiosity shown may

"

reflect the unusual nature of the caged stimuli.

[

-

- Although deserted nests have been known {o have been parasitized
(Berger, 1951), the rate of parasitism for inactive nest$ with egpgs is
much lgwer than the rate for active nes#k, indicating the importance

of hoétlacgivity (Lowthef,.1979).‘ Therefore, host activity may aid
female cowbirds in nest location by* attracting~httention to active

. 3 ¥ )

nests -(Lowther, 1979). However, the attention span of cowbirds is .

»

longer than would be required for nest location (Mayfield, 1961).

L

Host activity may provide dther.advaﬁtagesifég'female cowbirds, such -
as: 1) avoiding parééitism of. poor hosts (Thompson & Gottfried, 1981);

2) “identifying the nest stage to achieve synchrgn&:ip_ggg‘laying
. ' . - /’/ )
(Lowther, 1979); and, 3) stimulating egg devglopment by obsemvation of

. e
nest building (Hann, 1937)L.lThus the response-by Yellow Warblers to a

_fg?gle cowbird 10 m from'the nést may be maladaptive azﬁibe partiélly

"responsible for the high rat¢ of parasitism of Yellow larblers.

» .
A

! [

" Nest Site Quality

. ' - a
Due to the different techniques employed by cowbirds to find host
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e

nests (Normaq,ana Robertson, 1975), a particular nest site
characterlstlc which is effective in avoiding detection by cowbirds
u51ng one method' may not be effective against another method. This,
overall, may give the impression that a particular nest characteristic

is not effective in lowering chadnces of nest 1 cgpioﬁ by cowbirds; amd-
y . ) ’ .
only those characteristics which strongly reduce the chance of nest

location may show up significantly.

In Nice's (1937, in Smith, 1981) study of Song Sparrows, nest cover

was correlated with parasitism. Those nests that were more exposed
. : ~

had a higher risk of being parasitized. However, two more recent
studies show no significant relationship between nest cover and
avoidance of parasitism. Smith (1981) indicated that while there was

no 51gn1f1cant relatlonshlp in his study on, Song Sparrows a trend did

s

appear to back up the assertlon by Nice (1937, in Smith, 1981).
Anderson and Storer (1976) found no sxgnlflcant relatlonship while
- looking at the heavily parasitized Kirtland's Warbler. The Yellow

Warblers in this study did not‘show any trend towards the nest cover -
parasitism avoidance relationship (Table 11). The variability in

results in different studies of this nest characteristic may reflect
r : =
the different sampling techniques or the habitat differences

associated with different species.

-t

b [}

L r
The variablity of results from studies of different speczgé is again

seen when examining whether the height of nests is an important -

determinant in being parasitized. Lowther (1980) found that the only .

- catbird nests in his study to be parasitized were those high up in the

LIF3 »
-
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bushes. Nolan (1963) examined 14 passerine species in Indiana, and
found a trend (although not significant) that cowbirds more fréquently
parasitize elevated nests than ground nests. Yet Newman (1970) felt

that the nests of the Lark Sparrow, Chondestes grammacus, that

were located on the ground were "more accessible'" to cowbirds than

those higher up in the bushes.

Ve

In this study, the lack of any significant difference foz\ii::ﬁii}gﬂt
may have been expected since the range of heights from the grotnd of

Yellow Warbler nests was small (Bi~l30cm.) No significant difference

was found between the heights of parasitized and unparasitized nests.

This finding agrees with Smitﬁ's (1981) study on Song Sparrows, who
also found no significant differences. While King (1673) was not
investigating the nest characteristics in terms of ﬁest location, he
failed to demonstrate any significant preference by cowb%;ds for hiéh
or low nests. Cowbirds appear to be able to exploit nests at any
height, and the different results may réflect different local search
strategies that, in turn, reflect thé local species composition, nest

density and distributions.

~
1

Anderson and Storer (1976) found no significant relationship between

the height<of the vegetation supporting the nest and the occurrence of ~

" parasitism of Kirtland's Warblers. In my study, the significant

relationship may be due to the fact that the surrounding vegetatiodn
{usually Sgireé spp.) did not vary in height and from a perch a

female cowbird could more casily locate Yellow Warbler nests when the ¢

AN

vegetation was lower, and hence nests were less concealed. Also the
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activity and approach of the breeding pair to the nest may be more
c%nspicuous when the végetation is low, and this may aid cowbirds in

. N
locating the nest.

It has been qbserved (Berger, 1951) that’cowbirds most often search
for su;table nests from a perch in a tree or tall bush. : This explains
‘why the distance to the nearest high perch was the most significant
nest characteristic for determiﬁing wﬁether a nest would be
parasigifed. I often observed female cowbirds during the mornings of
May and June perched high up in trees (10 - 15 m). Berger (1951) also
found that. parasitized nests of_oid field species, were generally
closer to higher thickets énd trees qh{z;‘proﬁéde perches and cover
for observation by female cowbirds. 'Aﬁderson and Storer (1976) found
that Kirtland's Warblers' nests within 25 feet of high perches had,a .
greater parasitism pressure than those farther.away, and nests were
more successful in tﬁé absence of large trees. A multi-species study
on field-forest habitat found that cowbird parasitism was 15 - 25%
near the édge of the forest, but dropped to O - 5% when farther from
this interface of forest and, field (Gates and Gysel, 1978). The
-authors of this study seldom saw cowbirds in the forest or field " .
interio;s, and they.spéculated that cowbirdg may find it more
difficult to locate nests in areas where their view is obscured by
'foliage. This view is supsorted by.Payne's (1973) findings; cowbirds
failed to parasitize 2 types of salt marsh sparrows in California and
he felw this was due to the difficulty of finding nests in low

extensive marsh which did not afford any higher vantage points for

observation by female cowbirds. However, an alternative explanation
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may be, that if colonial blackbirds are nesting nearby they may deter
the cowbirds from parasitizing nests in this area (Clark and .

Robertson, 1979).

The distancé from each nest tqQ the nearest male singing 'perch that a
male warbler used did nét have any bearing on whether a nest would be
parasitized or not. A female cowbird may initially be attentive to a
singing male warbler as an indication of possible nesting. However as
a male sings throughouﬁ'the territory, bﬁt-most often near the
territory boundaries, it is unlikely theed® female cowbird would

locate nests by following male singing activities.

Timing of Breeding Activities

Cowbirds appear:to synch}onize their peak breéding périod with the
time wh;n most hosts begin. nesting. The synchronization of cowbird
egg laying with host laying appears to be very important in assuring
the cowbird egg hatches first. Berger (1951) found that hatching
first is correlated with fledging success. When parasitizing Yellow
Warblers, the synchroriztion of cowbird egg laying appears to take
greatgr.importance. McGeen and McGeen (1968) fouﬁd that 86.5% of
asynchronized (out of phase with host laying) cowbird eggs were
covered or'deserted, but this only'happened to 22.5% of well
synchronized cowbird eggs. They found the peak of cowbird egg laying
correlates with the beginning of the Yellow ﬂarbler'nesting cycle in
mid to late May. My findings also showed that early Yellow Wasg}é;ﬂﬁﬁx
nests (initiated in May) were parasitized significantly more than -

later nests (initiated in Jﬁne) (Table 12). The incidence of cowbird



‘nests/ha) (Table 13).

parasitism did decline throughout the Yellow Warbler nesting period,
even when more Yellow Warbler nests became available to parasitize.
This aéréés with other studie§ on Oveﬁbirds (Hann, 1941), Lark
Sparrows (Newman, 1970), Yellowthroats (Hofslund, 1957), and the

Acadian Flycatcher (Empidonax vireséens; Walkinshaw, 1961), -

However, the most significant.contribution to the avoidance of
parasitism with regard to timing of nests initiation is synchrony with
conspecifics. Nésts‘initiated more éynchronously with other Yellow
Warbler nests, were less likely to be parasitized than those nests

initiated asynchronously, despite_the low density {less- than 5

- ~

As soon as nest construction is initiated, the nest is in danger of .
being discovered bylcowbirAS. Perhaps due_ to competing demands, malg
warblers did not avoid the ne;t area during the early nest stages, and
the warbler. pairs did not -exhibit temporafy abanaohﬁent of the nest
site when a female cowbird was near (10 m)}. Hé@ever, individuals who
nested in higher bushes, farther from high perches, later in the
breeding season or synchroqously with other Yellow Warblers wefe more
likely to avoid Aest detection by cowbirds. Hence, with regard to
cowbird nest parasitism, natural selection should favour Xe}low

Warbler individuals exhibiting these behavioural traits.

-39 - ‘ \
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CHAPTER 3
"Adaptations to Avoid or Minimize the Effects of Parasitism After Nest
Discovery
.4
- INTRODUCTION P .
» A
Once a cowtg;;:22§33§§\% suitable nest it Wsz\;equire one Or more
pre;laying visits (Scott, 1977) and enough tim deposit its egg and

sometimes remove a host egp, I examined 3 pqssfbl strategies that

Yellow Warblers could use to reduce the threat posed by cowbirds, once
a nest has been‘discovered. These are: 1) coordination of movements
by potential hosts to minimize the time that both indjividuals are away
from the nest {(nest guarding);‘?j‘aggressive cxclﬁéfj:’of a female

cowbird by the nest owner; 3) rejection of a cowbird egg.

Nest Guarding

- Ricklefs (1969) suggested that increased site tenacity to the nest

during the egg laying stage, may be an adaptive strategy apainst brood
parasitism. Once a cowbird has d:;covered the locati;n of a nest it
may attempt to visit the nest prior to actu;lly parasitizing it
(Mengel and Jenkinson, 1970; Hann, {9&1)., Nest guarding is a strategy .
to ensure that at leasf one of the individuals from the breeding pair

is near the nest most of the time. Nest guarding may deter a cowbird

. from a pre-laying visit or from parasitizing the nest (Scott, 1977).,-J

Putnam (1949) thought that.the high nest success of Cedar Waxwings \

(Bombycilla cedrorum) was due, in part, to nest guarding. 'Nest \\\

/

J/

\
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guarding in the Gray Catbird (Dumetella carcolinensis) was probably-

at least partially responsi?le gpr the low incidence of parasitism
(Sléck, 1976; Scott, 1977). Scott (1977) felt that the relatively low’
incidence of parasitism in catbirds is due to the inability of some
cowbirds to get pre-laying visits or to get to the nest for .
un?nterrupted laying. Slack (1976) observed nest guarding by.catbirds
during the egg laying stage, when it would be ﬁost effective against
cowbirdE. Both authors saw catbirds in pursuit of female cowbirds,

Slack (1976) found no significant difference in catbird nest guarding

behaviour between the 3 diffe®ent time_periods he sampled. Therefore,

although female cowbirds usually parasitize nests before 6 to 9 a.m.
(the period for which I examined Yellow Warblers for evidence of nest

guarding), I assumed that nest guarding, if présent, would be seen

£

during bbth periods. If nest guarding was present in Yellow Warblers
it should have been observed duriné this ea%ly morning period as
female cowbifdé appear tb require pre-laying visits to the nest (ﬁénn,
1941;'Sc0tt, 1977);:and this interest in negts by cowhirds occurs

throughout the morning (Hann, 1941; Mengel and Jenkinson, 1970).

aﬂ-‘

B o

If Yellow Warblers nest puard, the male should coordinate his
movements with the female and be near the nest more often in the
- ¥

absence of the female, to minimize the amount of time when a nest is

left unguarded. If nest guarding occurred; I Qanted to see at which

' nest stage or stages it was most pronounced. The presence of a

behaviour at a particular nest stage may indicate which selective

force has favoured that adaptation. If nest guarding occurred

3
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approximately equally throughout‘nesting, it probably répresents a
response to predation pressures. If whe-hypothesis that Yellow
Warblers exhibit nest guarding as a response specifically to N
parasitism is correct, nest guarding should be observed most during
the egg }aying and early'incubation stages. Alternativeiy, if the
male is ﬁeaf the nest more often in the presence o the female, this
may indicate mate guarding is ceccurring. If this trend persi;ts into
the incubation stage, it may indicate an anti-predator 'behaviour where
the male watches for predators in the presence of the female.

//,.\

Aggression

- Often a threat to the survival of the young in a nest may elicit an
- .

”

aggressive response by the parents towards the threatening intruder. ~

Aggressive nest defence can prevent nest predation (Robertson and

Blancher, 1982) and increase nest success (Gottfried, 1979). This

behaviour can also be effective in dettering cowbirds, thus gvoidihg

nest parasitism (Slack, 1976). To mount an effective, defence, the

Ld
parent must first recognize the nature of the threat both to its

o .

offspring and itself, and its aggressive action must be disturbing,

-confusing or threatening enough to deter the intruder.

Agg?%ssion towards cowbirds has been observed in Northern Oriocles

(Icterus galbula) (Rgbertson'and Norman, i976) and Gray Catbirds.

L 3

(Scott, 1977; Slack, 1976). 1In these species it was found to be

effective in driving away cowbirds. However, these birds are as .

large, or larger than cowbirds. Aggression by smaller birds when- they

-

are on their own, may be inefoEffﬁe against cowbirds. Scott (1977)

A
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obsér#ed a pair sf Song Sparrows and Yellow Warblers on 2 separate
Ve . )
occasions, showing alarm and aggression in response to a cowbird that
was parasitizing them. On beth occasions witnessed by Scott (1977),
and on anqéhef seen by Hann (1937) with Ovenbirds, aggression did not
. deteg_the cowbird from parasitizing the nest. Inaﬁgct, in low density
host situations, coébirds may be using aggression to find host nests
(Robertson and Norman, 1977). This may explain why both Smith (1981).
and Anderson and Store;#(l976) observgd.higher frequencies of.

parasitism for the older, more experienced femalés than the naive

female Song Sparrows and Kirtland's Warblers, respectively.

Host nelz\ﬁéhsity has been shown to be a significant determinant for
the effectiveness of aggression towards cowbirds. Interspecific group

mobbing has been demonstrated to result in the reduction of parabi;zgwu
\ N\_—‘_-

~

(Robertson and Norman, 1977). Therefore, although aggression in low

density situations may. be maladaptive, it is probably advantageous in

——

high inter- or intraspecific nest density situations. Since high nest
density individuals §5e more successful than low nest density

individuals, selection should favour increased aggression to cowbirds

1

overall in a population (Robertson and Norman, 1977).

o -
"

Willingness for parents to defend (invest in) offspring should

-

- g | 1
increase as nesting proceeds from eggs to young due to the decreasing

future'invéstment needed to successfully produce offspring (Dawkins
and Carlisle, 1976). This would lead to the prediction that with an

increase in either the number :of young or the age of the young (which

are both measures of "reproductive value" of a nest) there should be a
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corresponding increase in the response by a breeding pair to a threat

to their nest. However, selection should favour maximum gene

’

representation of the defending Individual in the future. Therefore,
a level of defence tﬁat‘compromises between the security of the parent

and offspring should be favoured (Andersson et al., 1980).

+

However, 'another important factor in the level of aggressive responsd
to an intruder which has cften been neglected, is the type of

i, . R
intruder. Natural selection should favour individuals who respond

appropriately to biologically relevant stimuli (Patterson et al.,

. -

1980). Gottfried (1979) found the response of birds nesting in an old
field habitat to a snake and a-Blue Jay was determined by whether the
predator tended to prey on egps or nestlings and during which nest

stége the trial was conducted. Verbeek (1972, in Buitron 1983),

P

Beidenweg (1983) and Buitron (1983) found that differential responses

3

to different predators were determined by nest‘staéé for Yellow-Billed

-

Magpies (Pica nuttalli), Northern Mockingbirds (Mimus

polyplottos) and Black-Billed Magpies (Pica pica), respecfively.

<o

White—drowned Sparrows (Zonotrichia leucophrys) as the
species, déyeloped an afgﬁment for? the interaction of what they termed
the reprodu&tive value (RV) and stimulus value (SV). The models
developed @y_Pattersqn et al.»(1980) gave equaliweighting to the RV

(the mean amount of future reproductive success of a given age and

sex) and the SV (the amount of loss or gain in reproductive success as

a function .of responding to a particular‘stimulus). While only a
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rough approximation, their results demonstrated that this approach

- :
provides a more accurate explanation of why mature nesting

White-crowned Sparrows will give differential responses to different

T e re— ) ) R )
nest predators through the nesting cycle,

-
*y
- .

The ‘theoretical SV-RV model’ presented for each stimulus may have

\

several saurces of error: 1) the kv may not increaﬁe in a linear
manner since before egps hatch it is possible that they;are infertile,
bﬁt after hatching this possibility is eliminated and tﬁére may be a

éorresponding jump in the level of RV (Andersson gt al., 1980); 2)‘the
effect of age. or experience may influence a pairs' determinétio; of

the SV of an intruder; 3)'environm!nta1“quality may influence the

amount of parental care and thus the RV; 4) thé18V vélueé of maximum, _
intermediate and minimum are only approximations; 5) the.SV—RV

predictions were ﬁa§ed on an average of the 2 values, yet gne value

could be more important in a particular situation (Patterson et al.,

-1980). Therefore, the predictioﬂs baseq.on this model are . jﬂ
semi—quantitative'and their test is based on relative rather than

absolute changes in behavioural responses. This approach has not been

used before to expléin the level of aggression by potential hosts

- ,
towards the Brown-headed Cowbird,

Thg RV-SV hypothesis leads to the following predictio

'

1) The aggressive response towards female cowbirds
strongest during the early imcubation stage when the female
cowbird is a strong threat to_ the clutch. The response in the

early stage of nesting should be moderate as the RV of the nest
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is low, while the SV is high. The response in the nestling
skage should also be moderate as now the RV is high, but the SV

1

is low.

i2) The aggressive reéponse towards the crow should increase
steadily throughou? nesting, as the SV remains at a maximum and
J the ﬁﬁ4increases steadily, |
3) The.aégressive response to-the male cowbird should increase
wiﬁh the increasing RV as the SV remains at a moderate level

duriqg the first 2 nest stages.’ Because the RV continues to
substantiallysincrease while khe SV decreases in tlle nestling
stage, the response .should still show a sligh;”incyeése.

4) The SV of the House Sparrow (the conftol) remains at a minimum
throughout nestiﬁg, as the RV‘increases. Therefore, the

response to the House Sparrow shpuld be very weak and increase

only slightly as nesting progresses.

By examining responses to intruders répresenting differenp levels of
danger to breeding Yellow Warblefs, I testéd the predictions of the
RV-SV hypothesis. The predictions madg‘from this hypothesis are’also
presgnted later in graphical form (the thick, solid liﬁ;s) if Fig. 6.

A

Egg Stimulus

Rothstein (1975%a) stated that the most common form of adaptations
specific to cowbirds is rejection of foreign éggs. The 2 factors

which must be considered to calculate the reproductive loss due to

-

parasitism and thus the adaptive value of rejection are the

probability of parasitism, and the amount of reproductive loss that
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will occur if the cowbird egg is accepted (Rothstein, 1975b).

The manner of rejection by the "rejecter" species makes it difficult
to ascertain the current level of parasitism since many, if not most,

of the‘caseS'qf parasitism will go unrecorded, The method of
. [

rejection that Yellow Warblers use is ideally suited for a study of

- the adaptive value of the rejection response. Their response of egg

. R C . . -
burial or nesy”“desertion retains the evidence of parasitism and thus

no bias of ity frequency is introduced (Friedmann et al., 1977).

™~ . .

Rothstein (1975a)/doubted, however, that egg burial or nest desertion

-

were anti-pargsite adaptations but raﬁher that they resulted from: 1)<

N

- R
humah disturbance; 2) the alteration of total clutch size; or 3) the —
.appearance of an intruder (the cowbird) at the nest. Hs feels that

the only convincing evidence that egg burial is a direct response to a

cowbird egg is if cowbird eggs are buried when layed after one or more

L
- T

- l - . . ‘/—-“ -
host eggs are present and if unparasitized nests in.the same area and

during the same time have no egg burial.
Rothstein (1978) found that while egg rejection is learned, the basis
of rejeﬁtion behaviour is gene;ic;; He found that Northern Oricles are
genetically programmed to weigh certain egg parameters more heavily
than others in determihing whether an egg is "foreign™ and whether it
shodld be rejected.‘ Rothétein (1975b) determined that-the approxim;te

time for-the spread of rejection behaviour was 50 - 100 years for the

Eastern Phoebe with a low selectionwgoefficient and 29 - 58 years for
\ﬁ) P .
the Kirtland's Warbler which has a higher selection coefficient,
L} : .

A

N kR



similar to that of the Yellow Warbler. This would explain why a

.species with intermediate levels of rejection are not common, since
’

the rate of spread of this trait is fast.

Clark and Robertson.(1981) demonstrated with natural cases of

. parasitism that eastern Yellow Warblers show an indeterminant level of

rejection, accepting or rejecting cowbird epgs depending on the stage‘

and timing of the nest. Their study provided the evidence that

Rothstein (1975a) desired to demonstrate that egg burial is a direct

response to.a cowbird egg. Yet Friedmann et al. {1977) felt that only

Fat]

experimentation can elucidate the nature of any species showing an

intermediq;erlevel of rejection. If rejection is a response to the

@

cowbird egg specificly, then unparasitizgd clutches that have human

distufbance, altered clutch size or have a female  cowbird placed at

' o y . & e
the nest during trials, should not be rejected. -"In contrast, clutches
that are naturaily‘and artificially parasitized during the early egg

laying stage should be rejected.

—_— »

a
~

3

Once their nest has been discovered Yellow Warblers may exhibit

several traits to reduce the threat to tA;ir reproductivé(fitness from
cowbirds, ?he purpése of this chapter is to determine whether Yellow
Warblers employ nest guarding, whether the aggression oyn is a
result éf'the RV.and SV, and‘whether egg: rejection is ih::zzzkic

—— .
response to a cowbird egg. A summary of the hypotheses, predictions

" and their tests is pfeéented in Table 14,

- 68 - _ :
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METHGDS
“*

Nest Guarding

.

Six Yellow Warbler nests were studied to determine whether these birds
show any signs of nest guarding at the different nest stages of nest

constrqgtion, egg laying and late incubation (Hypothesis 1, Table 14).

. (
All observations were recorded between 6 and 9 a.m, from a minimum

distance of 13 m. With the exception of one nest which was

\\
. parasitized and deserted, the same nests were observed for a period of

2 hours each during the stages of nest construction, égg laying and
late incubation. Using the method described-by Slack (1976), I marked

-

‘a circumference of 5 m from the nest with small pieces of jblue

v
]

;flagging tape. The time the male spent within this 5. ring in the
préEnce and absence of the female was recorded. If the male spent
significantly more time in .this area when the female was absent, then

‘ this would indicate that nest "guarding may be occur 'ng: The overall

time when neither parent .was within this area was also recorded.

Aggression

Agpression by Yellow'Warblers (Hypathesis 2, Table 145 towards

o different stimuli was recorded for éhe egg laying, early incubation
and nestling stages of 8 unparasitized Yellow Warbler nests. I could
not always use the'sémé 8 nests in atl 3 stages of the cxpefimen&, .
because some of tﬁgg;\nests were either preyed upon or parasitized.

4 . = . E T
. 'kt .

Four different stimulus objects were used in the aggression trials.

T A

.

The female cowbird, while no threat to the mature warblers themselves,~
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is the greatest threat to nest success during the early nest stages" -4
(chépter 1). The male cowbird is known to sometimes-accompany the
female on her nest visits (Mengel and Jenkinson, 1970; Rothstein et
al., 1984), and therefore I wanted tp test if the Yellow Warblers
associated the male cowbird with the threat to nest success. The crow
may be dangerous to thé warblers themselves and presents a danger to
all nest contents, but especially to nestlings. The House Sparrow was

used as a cghtrol, as it is common in the area and presumably

representy no threat to Yellow Warblers.

To determine the level of aggression towardg'the 4 differénq\gtimulus
. . ) S
objects, each caged intruder was plabed only 1 m from each nest_and
aggressive responses of tpe nest owners we}e EPe?,recofded for 5
minutes. A1l observations were made from a minimum,0£,10 m. To
‘prevent biases due to habituation or carry-over aggression, oﬂly 2
. .

consecutive trials were ever carried out during a pefiod of t;stiﬁg.

A 15 minute rest period was given betwéen each trial and test periods
at the same nest were neJer Tess than 2 hours apart. Responses to the
stimuli were recorded by 1 Bbserver with the aid of a UHER 4000 tape
‘recorder. The index of aggression was based on the ranking system
devéloﬁed by ‘Robertson and Norman.(1976). However, two mqgifications
tg- this system wgfg implemented. I lowered the score for nest

a a@tivenéss when the.bifds are silent, because the.female Yellow
Wérbler shpuid ignore the control stimulus and attend the ned during -
the incubation stage. Thé original system did not differentiate , -

between faster and slower rates of alarm calling. Different rates of.
.alarm calling have been used as an indi%étion of the level of, *
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aggressive -responsge (Gottfried, 1979). Since I had Yellow Warblers
which gave alarm calls at widely different rates, I rated the

intensity of aggression as follows: 1) distant (5+ m) silent

- observation; 2) close (0-5 m) silent observation: 3) distant slow:

-

(1-20 calls/min) alarm callling, or nest attentiveness; 4) close slow

- 1

‘alarm calling; 5) distant moderate (20-40 calls/min) alarm calling or

fly-by investigation; 6) distant rapid (40+ calls/min) ‘alarm calling;
or close moderate alarm calling; 7) close rapld alarm calling or
hoverlng above stimulus; 8) dlstractlon (wing flapplng, broken wing
dispﬂﬁy); 9) attacking the model. ¢The duration of the response’.was
© also ranked asﬁvl) brief (1-10 secs.) of only onée; 2).séyeral times
™ or up to 1 minute; 3) 1-3 minutes; 4) 3-S5 minutés. An iﬁdiVidual'sl

/:/totalrsgore was calculated by-summiﬁg up the'pfoducggfbf the intensity
< éf aggressivepess multiplied by its duration, for the 5 minute trial.
By plotting ghe index of aggression foé each negt stage, the pattern
of the response towards each intruder was ghen compared with the
prediction which was plotted frbm the RV—Swohipoth;;;;:

9

Epp Stimulus

The rejection-aeceptance study (Hypothesis 3, Table 14) used 2 sources

{

. om

¢ . - to increase the sample s:zf. Along with the 15 naturally para51t1zed
a

N
nestd” in my main study area, I also artificially para31t12ed 6 nests-
. i .

during the Taté'egg.laying stage and 3 during the ;arly egg laying
stage in 2 old field habitats, 3 to 4 km south of Ottawa, Ontario-
For these artificial cases I used some real cowﬁg?d egos and some
P artificial cowbird eggs supplled to J. Plcman by 5.1. Rothstein. -

»\

Rothsteln (1975a, 1976) has shown with okher rejecters that artificial

:; ’ﬁs‘ ' / / \4' ' .
fs\ s S . '. L | -
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'cowbird gﬁgs are treated no differeﬁtly from real cowgird eggs. As I
was unsure of the frequengy,with‘which cowbirds‘remove eggs grom )
Yelioﬁ Wafbler'neg;g,'l‘ﬂecided to remove 1 egg frbm 4 of. the
artificially parasifized nésts; and I removed’ no eggs from the other
f' 5 ar;}ficially parasitized nests.f It is probabléAthat no powb%rd
vis;ted thg 9 artific;ally.parasitizgd nests (since they were ngt
naturally parasitized)‘and ;ﬁe disturbance from nest checks wéé no
greater than in the natufal,-unparasitizeﬂ'nests in the regula; study
area. In 4 other nests in this adjunct area, I removed 1 egg to alter
the c\ﬁtch size, during the early egg laying stage.
The étage of\gé laying for those birds which accépted értificially

and'naturally laid cowbird eggs was compared to those which showed

rejection, Th?/number of days from the beginning of. the Yellow -

> _ - .
Warbler breed{gﬁ‘season in this area until st nest was parasitized
ird konpared betuden rejectors o L
was ‘also recorded~and .compared between rejecters and accepters.
o
. .
L ‘ .
' : o 4
o
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RESULTS

Nest Guardinp

There were no significant diffe;gig;E‘£P>0.05) between the time the

male spent within the 5 m ring in the presence and abséence of the

=1

female durlng the nest constructlon and epgg laying stage’ (Table 15).

A significant dlfference (P=0.03) during the late incubation phase,

does no suppdmt nest guarding, But suggests that the male may be

protecting the femaIE,‘as-phe male was significantly more often
" prdsent in the atrea when the female was present (Table 15). The nest

arda was also voifl of either individual 57.7% and 75.4% of the time

during nest co truction and egg laying, redpectively. During

incubatigp, the time that both individuals were absent 'dropped
drasticaij (15.8%) due to the demands on the female to incubate.
" However, when the female did leave the nest apda during incubation,

the male tended te/follow her rather than mo, ng into the 5 m ring

C_l\'(Tablq 15). len » I conclude thaL the nest guarding hypothesis

_ (Table 1 //iigpdftcd by the results. ' o

e&{%w warblcrs had 51gn1f1cantly stronger aggressive reactions

' tovards all the intruders than male warblers during the egg laying
(U=277.5," P<O 01, Mann W@aney U-test) and early 1ncubat10n stages
6U=137.5, P<0.001 ‘Mann Whitney U tesL) Although not statlstically
significant, this trend conLlnucd in the nestllng stage (Fig. 5). .
While the males responSe was generally DBuﬁr it wasip051t;;ely

correlated with the female response during the egg laying (r=0.51,

[ | = _ . | N
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Figure 5
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Aggression index means for male (shaded bars) and
female (open bars) responses gt 3 different nest
stages, towards different stimuli.
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D.F.=30, P<0.003) and nestling stages (r=0.75, D.F.=30, P<0.0005), but

not during the early incubation stage.

.

During all nest stages tested, females showed significantly different

responses from males to the different stimuli (Table 16). To
'j/EEEbrmine which stimuli were eliciting the different responses, I

peggormed.a series of non-parametric multiple comparisons (Zar, 1974).
. , - - .

L.

During the egg laying stage, females reacted most aggressively to the

female cowbird and had a-significantly different response to each

Y

stimulus. Males gave a significantly stronger reéponse to the female

[y

E]Fﬁgbird, crow and male cowbird than to the hogse spafrow (Fig. 5,

" Table 17). During inpuﬁation, the strongest response. by the female
Yellow Warbler was again towards the female cowbird. . Females

responded significantlj differently to each stimulus during“the
incubagioé stage, with the exception of the male cowbird and House
Sparrow, which eE}Eited a similar low degree of aggreSsion (Fig. 5,
Téble.EB). The male again reacted similarly to the male and female

. cogbird ané.crow,:but gaﬁqfé significantly weaker response towards the '

House Sparrow during the inc:ﬁféipn stage ﬁFig; 5, Table 18). During

thelnestling stage, male and’ female warblers gave a similar weak

sgr .

response to the male cowbird and House Sparrow, but reacted most
strongly to the crbw.aq? then to the female cowbird (Fig. 5). The -

-differenceé for-both maleaand female wé}blers between the crow, female
cowbird, ahd ﬁhe spa;row Qnd the male' cowbird togethe;, were

statistically signifiéant (Table 19). v
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Table 16 Kruskal-Wallié test for male '‘and female Yellow Warblers

to determine ghether 51gn1fléant differences exist in

the level of apgressive response towards dlfferent
stimuli at each nest stage.

NEST STAGE FEMALE MALE
X2 P X2 P
EGG LAYING 24.53  <0.001 4.83  <0.01
EARLY INCUBATION - 21.81 . <0.001 14.85  <0.01
NESTLING STAGE . 24.48  <0.001 20.09  <0.001
. . -
b a
W ' .
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Table 17 Non-parametric multiple comparisons for male and female
Yellow Warblers during the egg laying stage to determine
where the significant differences exist in the level of
apgressive response towards different stimuli. (N=8 for all

tests) -
COMPARISON : q P P
MALE
crow & house sparrow ' “‘ 4,30 4 <0.05.

DT crow & male cowbird ) 2.00 3 . >0.16
crow & female cowbird 0.45 | 2 o 30.50
female cowbird & h;uée sparrow  5.40 3 - <0.00%
female cowbird & male cowbird 2.53 .2 © >0.05
male cowbi}d & house sparrow 5.50 2 <0.001

'iFEMALE - ' _ -
female cowbird & house sparrow  6.60 4 . <0.001 °
fémale cowbird & male cowbird 5.75 3 <0, 001
female cowbird & crow .. " 4.01 2 <0.01
crow & house sparrow S 6.05 - 3 | <0.001

. crow & male cowbind. 4,53 2 ~ <0.01

. male coybird & house sparrow 4,46 2 + <0.01

‘ ]
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Table 18 Non-parametric multiple compafzsons for male and female

Yellow Warblers during the incubation stage to determine

- where the significant differences exist in the level of
aggressive response towargs different stimuli. (N=8 for

all tests)
f‘

/ o COMPARISON | q P
MALE |
c%ow & house sparrow ° . (4.88 __<0;01J

. crow & ﬁémale cowbird ; Sl.lB >0.50
crow & male cowbird ‘ .1.}9._ >0f10,
male cowb{;d.&,hous;\gparrow \5:63 €0.001
male cowbird & female cowbird 0.58 . ' >0.50
female cowbird & house sparrow 7.87 <0.001
FEMALE
female cowbird & male cowbird 6.35 <0.001
female cowbird & hoqge-sparfog 6;15 3. <0.001
femalgxfowbird;& crgL 6.72 §6J001yﬁ
cfow & male cowbird ! 3.9b <0.05,
crow &;houée sparréw ;5.38 <0.0§

{, house ‘sparrow & mg}g;towbird 2,41 56105.

-

<

&

s

{



a1 -

Female Yellow Warblers showed a similar low response to the male
cowbird and ‘House Sparrow throughout all 3 nest stages tested.
However, there were 51gn1f1cant differences in the response to the
other twg stimuli at different nest stages (Table 20).‘ The male
warblers, on the Sther hand, showed a Significant differenee in
response only to the crow at different nest stages, while‘their
response to the qther stimuli were gimllar throughout the nest1ng
cyele (Table 20).’

°
Male and'female Yellow werblers responded similarly to tne crow during
the egg laying'and early incubation stage, but both sexes gave
51gn1f1cantly stronger responses ‘to the crow durlngqthe nestling stage
(Fig. 6, taE}e 21). Female warblers responded to the female towbird -
in'a similar manner for both the egg 1ay1ng and early incubation
stages, but the\response in both these stages’ was 51gn1f1cant1y
dif ferent from less aggressive response durlng.the nestling stage

(Fig. 6, Table 22). The results on warbler aggression towards female

cosbirds and crows support the aggression RV-5V hypothesis.(Table 14).

At 5 out of 8 nests (repeated twice), on 10 different occasidns, the
trials with‘famale;cowbirds during the egg laying stage yielded
interesting observations. The female warbler, sfter performing some
imitial short;fiights and alarm calls, went to the nest and piaced
herself'on it, es if she was incubating, yet there were no eggs in -the
‘nest. ThlS behaviour was not seen once any eggs had been layed until

incubation had begun, and was not seen durlng the nestllng stage

This response during the’ early egg 1aying_stage was a unique response
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Téblé 19 ﬁon—parametric multiple compariscns for male andzfemaie
E " Yellow Warblers during the nestling stage to determine
where the significant differences exist in the level of
aggressive response towards differeat stimuli. (N=8 for
all tests) o
COMPARIS&N q. , P
MALE - |
crow & house sparrow ) 5.86 <0.001
crow.& male cowbird 6.55 %9.001
ctow & female cowbird . 6.20 i <0.001
female cowbird & house sparrpw .3.60 <0.05
female cowbird & méle-cowbiré 3:53 <0.05
méle cowbird & house sparrow 1.82, ) . >0.10
FEMALE
crow é-house sparrow 6.03 + <0.001
crow & male cowbird 7.68 _ <0.001
crow & female cowbird , 5.27 <0.001
female cowbird & house sparrow 4.45, <0.01
female cowbird & male cowbird  6.13 <0.001
\mglé‘cowbird &'hou?e sparrow 0.48 >0.50
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Table 20 Kruskal-Wallis test for male and female-Yellow Warblers
. . ' to determine whether significant differences exist in

the level of aggressive response within different nest
stages for each stimulus. ‘

STIMULUS | FEMALE ¢ MALE
/ ' X2 P X2 P
CROW . 146l <0.001 9.83 _ <0.01
FEMALE COWBIRD . - 14,52 <0.001 0.50  >0.05
" MALE COWBIRD ' 5.3 50.08 4.00  >0.05
HOUSE SPARROW 5,79 30.05 545 30005
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Figure 6

R
Mean index of aggression in response to different
stimuli, during different reproductive stages by"
female (dotted line) and male (dashed and dotted
line) Yellow warblers. Theoretical levels of the
reproductive and stimulus values (solid lines), were’

used to determine the predicted response (thick
solid line).
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v Table 21 Non-parametric multiple comparisons for male and female

Yellow Warblers with the crow stimulus to determine
-where the significant differences exist in the level of
aggressive response during different nest stages. (N=8

for all tests)

COMPARISON q p P
MALE * F
nestling & egg laying 3.95 . 3 <0.05
nestling & incubation 5.50 2 <0.001
egg laying & incubation 0.37 2 >0.50
FEMALE
nestling & incubation 4.68 /;)3 <0.01
nestling & egg laying é>81/ 2 <0.001
incubaéio? & egg laying 0.07 2 >0.50

S
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Table 22 Non-parametric multiple cdmparisons for femqie Yellow
Warblers with the female:cowbird stimulus to determine
- ’ where the significant differences exist in the level of
T * - - aggressive response during different nest stagds. (N=8
for all -tests) -
\‘ -
' COMPARISON - - q p “ P
FEMALE
incubation & nestling - v, 4,80 "3 <0.01
incubation & egg laying 0.45 2 >0.50
egé lgying Q'nestling '6;68 2 ' €0.001
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by Yellow Warblers to the_femélé cowbird, The female warbler remained
in this "premature incubation" position and gave a}arm calls for up to

15 minutes, at which time I removed the female cowbird.

'\;:::7 Egp Stimulus .

There was a‘statisfically significant difference (P(0.0i) in the stage
';f clutch completion (ﬁhé number of eggs layed by a Yellow Warbler)
between those nests where acceptance and rejection of the cowbird egg
was observed (Table 23).: A cowbird egg tends to be rejecéed before
. rand accepted after 3 Yelldw Warbler eggs haﬁe/ﬁeen layed, ‘The length
of';ime left in the Yellow Warbler breeding season when a nest is
parasitized, was also'found to be a significantly (P<0.01) impértant
determiéant aéjto wﬁether a coﬁbird egg was acéepted or réjected ’
(Table 23). Yello; Warblers teﬁhéd to reject a cowbird egg early in
the breéding éeasqn and accept a cowbird egg later in the season.
Yellow Warblers twice'accépted eges when.néturally pérésitized, aqd on
3 cccasions they-rejected cowbird epgs ;hen artific}aliy_pérasitizéd.
In the expefiment'to'determine whezher egg rejection was a result of
ﬁhe cowbird eég in the nest, thg groﬁﬁs of unparasitized nests with:
1) human disturbance; 2) altered clutch size; and 3) a fémale cowbird.
visit of the nest; were compared to the g;oup of’parasitized nests,
In each case egg rejection was significantly greafe% in the group of

- nests that had cowbird eggs in them (Table 24). Thus, the egg

stimulus hypothesis (Table 14) is supported by tfEse results,
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DISCUSSION

o

Nest Guarding

Yelldﬁ Warblers showed no signs of nest guarding during the nest
construction, egg laying or late incubation nesting stages (Table 15).

The 5 m ring was unoccupied by either sex for 57.7 and 75.42 d;ring

the nest construction and egg laying stages, lowing amplé. Cor
opportunity for a female cowbird to visit the nest. Slack (1976) felt o
that the high:incidence of vocalizationg and visual signals by the K\%“_(!
female to the male, which preceded the femalé-departures from the nest
were essential to effective nest guarding. Communication ﬁrior to, or
after, movements by the female was often absent in Yellow Warblers.

One additional observation should be noted; during the temporary
abandonmeﬁt trials (chapter 2}, frequently neither sex woqld appear gﬁ\\j
during the early nesting stages, when the cowbird was placed 10 m from |

the nest.

Catbirds, which exhibit nest gugrding, are larger than ;owbirds and
‘- the absence of this behaviour in.Yellow Warblers may be due to its
possible lack of efficacy with small host species (Scott, 19775.
However, as discussed below, aggression b; Yellow Warblers in its
proper context is probably a suitablé deterrent, and the absence of

nest guarding in Yellow Warblers is more likely a result of competing

demands, such as mate guarding, and defence df the territory.

Aggression - -

My results support the findings of Robertson and Norman (1977),

-
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Folkers (1982) and Folkers and Lowther (in press), that Yellow
Warblers do recognize the threat of female cowbirds. CéHE;ary to
Robertson and Norman (1976), and in accord with Folkers 61982),.1

found that the response to female cowbirds was significantly higher

than the response to male cowbirds. ) ST

K

Folkers and Lowther (in press) found a trend that Yellow Warblers
would respond most aggressively towards cowbirds during the egg laying
stage, but this was not-statistically significant. However, in my

study, using live caged cowbirds, the response of female Yéllow
Warblers supported the p;ediction that the strongest response woula ﬂe
given to the intfuder that was most likely the greatesﬁ thréat at a
particular nest stage. The males' response showed a ﬁ%eﬁd‘(athough
hét statistically significant) which was in agreement with this
prediction (Fig. 5). This suggests the importance of the stimulus
value in aggressive responses.

.

When the theoretical stimulus value is combined with the theoretical

reproductive value (Fig. 6) the resulting responses towards the two

most threatening intruders, the female cowbird and the crow, by the
female Yellow Warbler caﬁ be explained. Na{ff?nd female responses to
the crow showed aﬁ increase as thg RV;increased\and the SV remained
constant. However, the rate éf increase was much faster betwgsg/thé
early incubation and nestling stéges and this may reflect the fact
that while crows are a,daﬁger to the nest conteﬁts and parents at all

stages, they more commonly prey on nestlings than éggs. The -

aggréssivg response by female Yellow Warblers towards the female
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cowbird increases between'the'egg laying and early incubation phase,
because while the SV remains c?nstanfnthe RV is inc;easiné. Duriné
.the nestling stage, while the iijis at a maximum, the SV has now
dropped to a minim;m as the female cowbird is no lénger a threat to
the young'in the nest o£ to the maﬁure Yellow Warblers. Thus the
aggre;siveness téﬁards female cowﬁirds, does not appear to be a .
ggneralized anti-predator response, but a response tailored to-the
Specific threat posed by a female cowbird. ‘

-

-~
-~

Female responses towards the male cowbird and the House Sparrow appear
to follow more closely the prediction from the stimulus value alone,
éather th;; ‘the SV-RV prediction. However, it seems clear that the
female Yeilow Waibler does recognize the male cowbird and associates

it with a2 moderate threat. The House Sparrow,.which is no threat to

the warblers or their nest, elicited only a mild response.

- Male Yellow erbier responses to the female cowbird, House Sparrow anh~
méle cowbird all tend to be constant, with respective ranges far the
aggression index of 3.3, 5.5 and 5.7 over the 3 nest stéges tested
(Fﬁg; 6). This may show a certain reluctance by the male to
participate in defence of the young, unless the danger directly
threatens him (as with the crow). M. Studd (pers. comm.) found thaf
male Yellow Warblers do not play an important role in defence 6f the
nest. Competing demands of defence of the territory and defence of

ﬁis mate against conspecific intruders may be his prime concern.

Although aggression in low nest density. situations may be maladaptive-

e,

»

Lts
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fo&:small birds, Yellow Warblers in this area were éggresgiye_towards
threatening intrudefs. While Yeilow ﬁarhler nest density was low in
this area, inter-specific nest denéity maf have beer high. In several
aggression trials I noticed other species suEP as.Northern Orioles,
Red-winged Blackbirds and Cedar Waxwings becoming alert and watchful,
¢ .

Although they did not directly parficipate in mobbing, they did give
$ome alarm calls, o /J ‘

- . .
The behaviour exhibited by 5 out of 8 Yellow Warbler females in the
presence oﬁg‘ male cowbird (sitting in an empty neéi), until the

stimulus. is withdrawn appears to be a specific response to the unique

threat posed by female cowbirds. Th#s response is probably an

has never been repbrtgd to physically force albiré off its nest. This
éuppdrts the view that female Yellow Warblers recognize the n;ture of
the threat posed by female cowbirdérqég this resbhonse has no a@éptive
value if used towards a predator. This response was not exhibited
wﬁen one or more eggs were in the nest, until incubation had begun.
Therefore the nest is still accessible to female cowbirds during the
egg laying phase after ;.host eég has been layed, and before |
incubation has begun. : '

It is interesting. that 3 of the 8 Yellow Warbler females tegted did
not exibit this behaviour. This suggeéts that: 1) this”behaviour is
learned with‘exqerience and that iﬁexperienced females,.although
showing strong aggression towards female cowbirds, do not exibit this

response; 2) this behaviour is an innate response, but my presence

effective deterrent despite the wa}blef's size, as the female cowbirdf?'

‘
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influenced the 3 individuals not to behave normally; or 3) this

‘n .

behaviour is an innate response, but given the short time of exposure

-

to cowbirds, the trait has not spread thfoughbut the entire
..\' R .J

population,

)

Friedmann, (1963) suggested that recognition of fhetdanéer posed by

cowbirds was caused by culturalltransmission passed fr;m.parénté to

yougg, as the young &bserved the reactions of their:parents.' However,

since the period of strongeét apgressive respoqée and-stage of most

impor;ant defence from cowbirds occurs while the‘pkﬁgeny are still
eggs in the nest, this is unlikely. Yet, learning by cultural

tran mission may occur between inexperienced ngstiﬁg birds and birds
wit;sz:é\ious.exposure to cowbirds. Folkers and Lowther (in pres;)
had different patterns of responses for pérasitized and

non-parasitized Red-winged Blackbirds which was consistent with this

idea. . %

-
v

Friedmann et.al.'(1977) suggested 2 possible.hechanisms for a stronger
response developing and spreading within a popuiation: 1) naturél -
selection has produced a hnqggér innate response for aggression
towards céwbirds, or 2) Eie\sigh degree of parasitism causes many

individuals to gain experience with cowbirds and cowbird caused

interference, and thus learn to respond more aggressively.

It would appear that the work by Nice (1937, in Friedmann, 1963),
Robertson and Norman (1977) and Lowther (1983}, all lend support to

the role. of learning in the aggressive response. However, this does
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not preclude*selection for genes which may enable an individual to
learn wore quickly, to discriminate more accurately between types of

threats or to respond more effectively.

Ego .Rejection

Rothstein (197Sa) felt that the bill size was probably very impprtaht

in determining whether egg ejection, (a form of rejection) evolved in

a species. The difficulty which a species such as the Yellow ‘nfarbller,l

.
. . . \

encoﬁntefs in ejecting an egg probably largely explains the more
. complicated response that was demonstrated in Table 23.
. %, - _ .

Yelloh‘WarbIers reject cowbird‘eggs only early in the egg laying stage

and if there is sufficient timf to re-nést. Rothstein (1976, 1977)

<

found that Cedar Waxwings and Nowrthern Orioles, had difficulty -

ejecting eggs, and due .to the higher potential costs of damaging their

own eggs during an ejection.attempt, they had higher tolerance to

bl

cowblrd eggs and would not reject them durlng 1ater 1ncubat10n 'ﬁor
Yellow Warblers, as with these other 2 spec1es, it appears that
selection favours rejection when para31t13ed early in the ggp layihg
stage, since acceptance at thie time would cause é}eater repreductﬁve

loss as a cowbird egg Qould-gain a competitive advantage in hatching

first. Also, at this stage, the pair would lose less of their )
v
investment. than they would later, and for Yellgw Warblers there is

probably still sufficient time in the breeding season to .re-~line. or
re-nest. However, towards the latter stage of clutch completiom there
is: 1) a greater chance that Yellow Warbler eggs will hatch before or’

h

near the cowbird egg hatcﬁing tiﬁe (Clark and Rdbertson, 1681); 2) a

4
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greater parental investmént in the existing clutch which they are less
- v . ‘

o

likely toAsacrificg (Tqblé 23); and 3) less éﬁme in the b?eeQing

season to attempt aﬁother-clutth.(Table 23). The higher the potential
- - LY . : ok '.‘

for a succeéssful nest attempt, the more likely that Yellow Warblers,

(and probably Northern Oriocles andACedar WaXWingsi will- accept a

cngird egg. -_-(\ . ‘ ' ‘_ .o A

o
L] . ]
)

¥ ' . . ' b
The manner of rejection by Yellow Warblers is not egg ejection but egg

burial or nest desertiom. Clark and Roberﬁson (1981) demonstnéted

that it is unlikély that Yellow Warblers a%e‘physical}y-capable of _

' ' {
ejecting a cowbird egg without breaking it in the nest, which'would

.probably cause the host eggs to stick ‘to the nest as the spilled

. albumin dries. Rothstein (1976, 1977) found evenh larger birds with

L)

larger bilfs'often damagéd their own eggs when ejecting cowbird eggs.

.

-~ ~

1

" Egg burial occurred much more frequentdy (75Z), than nest desertion
(25%) and this is probably bécaﬁse it ié mﬁch more efficient in tdime
and energy (Rothstein, 1975a). Clark and Robertson (1981) felt that

- while egg burial would be selected over_ﬂgsértion, desertion would

) still ‘occur if the.nest support is not strong enough to hold the.extra

weight th?t egg burial would entail. These results also support Clark

and Robertson's ({1981) finding that the timing in the breeding season

and the number of host eggs already layed,-determineé the Yellow.

- - R

. *Warblers' response to ﬁheAcowbird egg.
, i ' ' : ' B
When the rate of rejegpion shown by nests parasitized in the_ea;ly egg

"~

. . v .
~ . - . e
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laying stage, with unaltered clutch size was compared with tho;e
unparasitized nests that had human disturbance, altered clutch size,
or a feﬂgle cowbird near the nest, the differences were significant
(Table 24). The results from the natural and experimental nests
support the h}pothesis that the egp r?jection seen in the '‘form of nest
desertion and egg burial is a response to the stimulus of the cowbird

egg, and that this response is exhibited depending on the stage of

‘clutch completion (Table 23).

To conclude, once a nest in an early stage has been found by a female
8 v

cowbird, it is in danger of being parasitized. Although Yellow

Warblers do not exhibit nest guafding, they do recognize the‘specific
type of threat posed by female cowbirds and will respond in an
appropriate manner. While the géneral aggressive response by Yellow
Warbler's towards cowbirds is probablf effective only in a higher
density situation, some female Yellow Warblers have shown during the
early egg laying étage, a specific defence towards cowbirds that 1
termed the "premature incubation" behaviour. However, if a cowbird
manages to parasitize a Yellow Warbler nest, egg rejection will occur
as a response to the cowbird egg, if the advantages of re-initiating a

new clutch outweigh the costs of accepting the cowbird egg.
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GENERAL DISCUSSION

Originally, when cowbirds moved into any area where they were
previouslf absent, the host populations lacked both experience with
cowbirds and anti-parasite adaptations. Mayfield‘fl965) found that

. ° l .
small passerines in eastern North America were more_tolerant. of

cowbirds than species from the mid-west which have a 1ong history of-

. { "
sympatry with cowbirds. \ )

\/

Over the last 50 to 100 generations (assuming an average lifelspan of
g

2 - 3 years), natural selection has acted oh the genetic variation

that existed iﬁ the Yellow Warbler population. Individuals thét could

avoid parasitism or lessen its effects on their reproductive fitness,

without compromising other important traits, have been at a selective

advantage.

Eastern Yellow Warblers give a strong response to female cowbirds
(chapter 3) and the eastern race nov responds as aggressively towards

cowbirds as those farther west (Norman and Robertson, 1975).
Friedmann (1963) thought that responses shown by some hosts towards
cowbirds were not specifically anti-cowbird defences, but that these

were generalized responses to in

ders or to a foreign object in the
nest. He even stateﬂ thdt, "it is difficult to imagine a.clearly
dgfined defence against an-unspeéializéd.parésite". "It is true that
some traits exhibited now, that are effectiﬁe against parasitism,

probably originated from an anti-predator behaviour. However, at
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least a certain percentage of the population has developed a
cowbird-specific reéponse during the ear}y esg laying stage that
probably haslno other adaptive value, except as a deterrent to
cowbirds (chapter 3). Rejection by Yellow Warblers is effective and
also is now pre;ent in eastern Yellow Warbler populations (Clark and '

Robertson, 1981; Berger 1951). This rejection appears to be a direct
. L) . ”
response to the presence of a cowbird egg in the nest and not due to a

coincidental disturbance_(chapter 3). -

Although the strategies{of: 1) nesting in taller bushes; 2) nesting
;way from high perches;] and 3) avoiding the peak cowbird laying

périod, have all been séen to be effective fér Yellow Warblers iﬁ
avoiding parasitism (chapter 2); noE all nesting pairs in the .
popula;ion are exhibiting these traits, This may be due to: 1) the
traits have not yet spread throughout the entire population; 2) these
t;aits are cultural.adéptations learAed with experience; or'3) the

competition for nesting sites and the pressure from predation may

prevent some individuals from expressing these traits.

The rate of evolution of traits effective in avoiding or lowering the
effects of parasitism depends on the genetic determinants. The more
‘genes invol§ed En the expression of the trait, the slower the ra£e of
evoiution (Rothstein, 1975b), and the slower its rate of spread
throughout the population. The expression of some ﬁraits, such as
aggression, may also depend on the age, sociél dominance, and

reproductive state, and may vary with experience or local

environmental conditions (Robertson and Norman, 1977). Competing

-
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,pressures may also slow the evolutionary rate of a trait. A trait,
while being beneficial to an individual in terms of helping to évbid
the negative effects of parasitism, may also be costly to the
individual, with respect.to the energy expendituré, investment of time
and exposure of the host or its nest to predators. If these costs
associated with an anti-cowbird traiy outweigh the benefits, then the
trait will not be selected for. These reasons may explain why fest
guarding, temporary abandonment of the nest area when a cowbird was
near, and male avoidance of the nest area, were not seen in my sample
of Yellow Warblegs.

.

Finally, it is possible thgi‘the absence of a trait which could be
beneficial‘for potential hos;s is due to the lack of genetic

variability in the population.

The most suitable method to gain a better understandiné of tﬁe rate of
evéiution of anti—parasi&; traits, and thus behavioural traits in
general, would be to conduct a comparative.study on a wide ¥anging
host species which is exposed to strong selective pressure from
cowbirds in: 1) the original area of syﬁpatry with cowbird
(mid-western North America); 25 an area where the host has been
exposed to cowpirds fgr a couple of hundred years; and 3) an area

which is outside the present cowbird range.



CONCLUSIONS

1) Brood parasitism by the Broyn—headed Cowbird is a strong selective
pressure on Yellow Warblers in south-eastern Ontario,”comparable to
the pressure from nest predation. Thirty-one percent of the 49 Yeliow
Warbler nests were parasitized and parasitism was responsible for at

least 417 of all the eggs lost.

2) Nest site characteristics are important in avoidance of
parasitism. Breeding in tg}l bushes, or farthér from tall perches

lowers the chance of parasitism.

3) High nesting synchrony and/or nesting later in the season -

decreases the chance of parasitism. '

4) Yellow Warbler females responded more aggressively to 4 types of
intruders during the early nest stages than males. In contrast to
Robertson and Norman (1977), female Yellow Warblers responded more

strongly to female than to male cowbirds,

5) I demonstrated that female'Yellow Warblers responded most
aggressively to female cowbirds, during the egg laying and incubation

stages when they are most vulnerable to parasitism. :

6) I demonstrated experimentally for the first time that the
rejection response by Yellow Warblers is a response to the stimulus of

whe cowbird egg and is not a result of observer disturbance, cowbird

.

2
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presence or altered clutch size.

R ’ r

7) .Traits effective against\coﬁbird parasitism are exhibited. in

eastern Yellow Warblers after less than 200 years of exposure to

parasitism. ' - .
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