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ABSTRACT

Understanding how hosts discriminate between parasitic eggs and their own eggs is

important to our understanding of coevolution between brood parasites and their hosts.

This sfudy dealt with the significance of egg colour in the rejection by hosts and the sex-

specific strategy in a host species, the Vinous-throated Panotbill (Paradoxornis

webbianus), which lays immaculate polychromatic eggS and in which both sexes reject

parasitic eggs. In the first chapter, I examined the discriminative ability of parrotbills in

relation to colour by experimentally parasitizing, and quantifyittg the degree of colour

mimicry of introduced eggs by scoring from good to medium to poor. Hosts rejected

parasitic eggs that differed more substantialty in colour from their own eggs, regardless

of size.

The second objective was to determine whether females and males have evolved

different egg-discrimination mechanisms. I found differences in responses of females and

males depending on egg manipulations. Females consistently rejected only foreign egg(s),

regardless of whether the foreign egg-type was in the majority or in the minority. On the

other hand, males rejected only foreign eggs when the eggs were in the minority;

however, they removed their own eggs when the foreign egg-type was in the majority.

This sex-specific egg-discrimination mechanism may be an efficient defense straregy

against parasitism in a host species that lays polychromatic eggs.
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GENERAL INTRODUCTION

Several hosts of avian brood parasites can discriminate between their own eggs and

parasitic eggs, and this ability apparently has evolved as a counter-adaptation against

parasitism that imposes extreme fitness costs on hosts @avies and Brooke 1989b, Øien et

al. 1995). Results of previous experiments suggested that the discriminative ability is

acquired by observational learning of the characteristics of host's own egg when laying

the flrst clutch (Rothstein I9l8; Lotem et al. 1992,1995; Moksnes 1992;Lahtiand Lahti

2002: Moskát et al.2008). In a theoretical modeling study, Rodriguez-Gironés and Lotem

(1999) proposed that host's learning mechanisms rely on conditional factors between

obligate brood parasites and hosts. For example, when parasitism frequencies are low and

intra-clutch variation is gteat, hosts may leam their whole clutches and tolerate the range

of egg types in the nest (i.e., an extended learning mechanism, Rodriguez-Gironés and

Lotem 1999), whereas in cowbird hosts that are not frequently parasitized with non-

mimetic eggs, female hosts probably imprint on their first egg before being parasitized to

reduce the cost of mis-imprinting (Rodriguez-Gironés and Lotem 1999, Davies 2000).

Various discriminative strategies likely have been evolved among host species. The Great

Reed Warbler (Acrocephalus arundinacezs) and Blackcap (Sylvia arricapilla) in Europe

reject foreign eggs by memorizing the characteristics of their own eggs, and the hosts'

repeated experience and memory would be crucial in decisions to reject a parasitic egg

(Hauber etaI.2006, Honza etal.200'7b, Moskát and Hauber 2OO7). On the other hand, in

some rejecter species, experience apparently does not influence the decision for egg

rejection. Regardless of their age, some hosts of cuckoos (Cuculus spp.) and cowbirds
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(Molothrus spp.) frequently reject parasitic eggs (e.g., sealy and Neudort Lgg5,

Amundsen et al. 2)12,Stokke et aI. 2004).

According to the coevolutionary anns race between cuckoos and their hosts, as a

counter-adaptation agaiirst perfect mimicry of cuckoo eggs, hosts may evolve eggs with

distinctive characteristics, or greater interclutch variation (Brooke and Davies 1988,

Davies 2000). Selection, therefore, may'favor evolution of egg polymorphism in hosts

(Takasu 2003, Kilner 2006).Indeed, some species of cuckoos and their hosts lay

polymorphic eggs within the same population. The Village Weaverbird, (Ploceus

cucullatus), a host of Diederik Cuckoos (Chrysococcyx caprius), lays eggs ranging from

white to emerald to turquoise, with or without spots (Collias 1993). Another host of the

Common Cuckoo (Cuculus carnorus), the Vinous-throated Panotbill (Paradoxornis

webbianus), lays blue or white eggs (Kim et al. 1995b).The Common Cuckoo also lays

eggs of distinctive types that are matched to eggs of each different host; for example,

eggs of cuckoos that parasitize Meadow Pipit (Anthus pratensis) nests are brown with

spots, whereas cuckoos that use the Redstart (Phoenicurus phoenicurus) as a host also lay

immaculate blue eggs (Moksnes et al. 1995, Davies 2000). Polymorphic cuckoo eggs

. may be specialized for a particular host species to match that host:s eggs (Davies and

Brooke 1989a), whereas egg polymorphism of hosts may evolve to outpace egg mimicry

by cuckoos (Kilner 2006). The cycle of evoiutionary change of better recognition and

better trickery likely influences the diversity of egg appearance in hosts and parasites.

Egg appearance, therefore, is central to our understanding of coevolution between

parasites and their hosts (Øien et al. 1995, Underwood and Sealy ZO0Z).

In species that lay polychromatic eggs and in which both sexes reject foreign eggs,



such as the Vinous-throated Parrotbill, females and males may have evolved different

mechanisms of egg discrimination because the sexes find themselves in different

circumstances while breeding. In Village'Weaverbirds and Vinous-throated Parrotbills,

egg colour is genetically determined rather than i¡fluenced by environmental factors

(Collias 1993, Kim et al. 1995b). These authors demonstrated that females always lay

eggs of the same type regardless of their breeding partners from one breeding attempt to

the next. On the other hand, egg colour in nests of males occasionally changed when the

males paired with different females (Kim et al. 1995b). In this case, if the male learns his

partner's egg-type through imprinting (see above), he may later reject his partner's egg

when paired with a female that lays eggs of a different colour. To minimize the risk of

rejecting their own eggs, therefore, males should not depend on experience or memory

when they discriminate between parasitic eggs and their own eggs.

In the present study, I tested the importance of egg colour in the interaction

between the Common Cuckoo and Vinous-throated Par¡otbill and investigated whether

there is a sex-specific strategy for egg discrimination. In Chapter 1, to determine whether

ground colour provides an important cue on which to discriminate parasitic eggs, I

investigated the responses of the Vinous-throated Panotbill to parasitic eggs (real cuckoo,

model cuckoo, and conspecific eggs) in relation to the degree of colour mimicry. As well,

I examined the egg-colour patterns of the same individuals from year to year or between

clutches within the same breeding season to explore the suggestion of Kim et al. (1995)

that parrotbill egg colour is genetically determined. In Chapter 2, I investigated the

learning mechanisms of females and males to discriminate between their own eggs and

parasitic eggs. To determine especially whether different strategies are adopted by males



and females, I examined the responses of males and females, respectively, depending on

when the foreign egg type was in the minority and when it was in the majority in their

nests by egg manipulations.

BACKGROT]ND OF' STTJDY SPECIES

The panotbills are a small $oup of three genera and,2\ species,tsuaily placed

within their own family Paradoxornithidae (Clements 1974, Robson 2OO7), or within the

larger babbler tribe Timaliini (Sibley and Monroe 1990). All but two of the parrorbills are

placed within the genus Paradoxornis. The panotbills are a predominantly eastAsian

group with a distribution center in southern China. The only panotbill distributed outside

of Asia is the European species, the Bearded Panotbill (Panurus biamarcus), also known

as the Bearded Tit or Bearded Reedling (Robson 2007). Currently six subspecies of the

Vinous-throated Parrotbill are known although distribution *á rnbrp.cific variation are

not completely understood (Robso n2007).The range of the Vinous-throated Parotbill

extends from exffeme northern Vietnam north along the east coast of China and as far

west as eastern Yunnan, Sichuan and Shaanxi provinces, then north to Manchuria and

southeastern Siberia (Ussuriland) as well as throughout the Korean Peninsula, where it is

the only panotbill species (Won and Gore 197I).It also occtus on Taiwan and has been

introduced to northwest Italy fr.obson 2007). Dement'ev and Gladkov (1970) also

mention its occurrence in northeastem Burma, however this likely refers to Brown-

winged Parrotbill when these species were considered conspecific. In most of its range the

Vinous-throated Parrotbiil occurs below 1400m in elevation and to approximately 1500m

in South Korea (personal observation); however, C. w. bulomachus occurs to 3100m on

Taiwan (Robson 2007).
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The Common Cuckoo breeds throughout the range of the Vinous-throated

Parrotbill except for Taiwan and the southernmost portion of the range of the panotbill in

Vietnam (Payne 1997). The Common Cuckoo has been recorded as a brood parasite of

over 100 species (Payne 1997) including three parrotbill species, the Bearded Panotbill

(Wyllie 1981), the Black-breasted Parrotbill (Paradoxornis flavirostris) (Baker Lg4}but

see Becking 1981 for criticism) and the Vinous-throated Parrotbill (Kim lgg6,I-ne ZOO2).

There is no record of the Vinous-throated Parrotbitl acting as a brood host for the

Common Cuckoo outside of Korea (Lowther 2007).

The Common Cuckoo breeds throughout the Palearctic from northern Scandinavia

south to the Mediterranean (including the northern shores of Africa) and Turkey, then east

through Siberia to Japan and south to the Himalayas and China (Davies 2000). The

breeding biology of the Common Cuckoo inAsia is poorly known except for a few

studies conducted in Korea (Kim 1996;LeeZ002, Kim 2006) and Japan @oyama 1963,

Nakamura 1990, Nakamura et al. 1993). In Korea, the Common Cuckoo has at least two

additional brood hosts, the Daurian Redstart (Phoenicurus auroreus) (Yonhap News

2005), also with polychromatic eggs varying from white to pale greenish and pale blue

and sometimes with brown spotting (Collar 2005) and the Common Stonechat (Saxicola

torquatus) (Aves Korea) with predominantly blue or bluish-green eggs, sometimes

spotted reddish brown (Collar 2005). Interestingly, the Common Cuckoo has not been

recorded parasitizing the Oriental Reed Warbler (Acrocephalus orientalzs) in Korea, a

species which lays pale brownish maculated eggs and which it regularly parasitizes in

Japan (Brazil 1991) where vinous-throated Parrotbill does nor occur.

The egg colour of Vinous-throated Parrotbills is described as two colours: blue and

white (Park 1993 and Kim et al. 1995b, Lee2002) and the propofiion of egg colour are
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different among areas or years (Kim et al. 1995b). Lee (2002) suggested that more than

two egg-colours may be beneficial to hosts in a coevolutionary interaction with the

Common Cuckoo because makes it difficult for cuckoos to match their host clutches and

different parasitic eggs are rejected by hosts at a high frequency However, there is no

direct evidence that parasitism by cuckoos exerts evolution of egg-colour polymorphism

in the Vinous-throated Parrotbill. Afull comparison of the degree of polychromatism in

the Vinous-throated Parrotbill where allopatric and sympatric with the Common Cuckoo

has not been conducted; however, anecdotal evidence points to the possibility of co-

evolutionary processes. For example, parrotbill populations in Taiwan where Common

Cuckoos are vagrant have only blue eggs (Yamashin a 1933)and the same appe¿ìrs to be

true in the êxtreme southern portion of the Korean peninsula (Busan area) where

Common Cuckoo is very uncoÍrmon and where no white eggs were found in a sample of

approximately 200 parrotbill nests (Woo Young-Tae, unpublished data). Elsewhere on the

Korean peninsula, where common cuckoos occur more frequently (personal

observation) Vinous-throated Panotbills lays eggs with two or tlree colours and show

high rejection frequencies of non-mimetic parasitic eggs. This suggests that egg

polychromatism in parrotbills may have evolved as an anitparasitim defence. Further

comparative studies in portions of the range in China and elsewhere would be needed to

clarify this. Furthermote, because parasitism by cuckoos leads to a dramatic reduction of

host breeding success (Davies 2000), the egg-colour ratio of blue to white panotbill eggs

may be indicative of the extent of historical interaction with Common Cuckoos.



CIIAPTER 1. Importance of egg colour in the coevolutionary interaction between

the Vinous-throated Parrotbill and Common Cuckoo

INTRODUCTION

Hosts of avian brood parasites have evolved strategies such as egg discrimination

and rejection to eliminate the extreme costs to their breeding attempt from parasitism

(Davies and Brooke 1989a, Øien et al. 1995). In turn, high-level egg discrimination by

hosts and rejection of non-mimetic eggs may lead parasites to reinforce egg mimicry

which renders it difficult for hosts to discriminate the parasite's eggs @avies 2000).

Parasites and hosts, therefore, have evolved variable strategies to increase each other's

breeding success, through a coevolutionary arms race (Payne 1977), in which egg

appearance may play a major rote (Øienet al. 1995, Takasu 2003).Results of several

experimental studies have suggested that host species that reject parasitic eggs use the

signature information provided by visual differences in ground colour, spot pattems or

size to discriminate parasitic eggs (Victoria 1972; Davies and Brooke 1988; Lahti and

Lahri2002; Marchetri 2000; underwood and Sealy 2002,2006;Moskát et al.200g).

However, the parameters on which discrimination is based may be used differently

among host species.

hr many hosts of cuckoos and Brown-headed Cowbirds (Molothrus ører), results of

previous experiments have suggested that hosts use differences in colour or spot pattern

to discriminate between their own eggs and parasitic eggs rather than shape, mass, or size

(victoria 1972, Rothstein 1982, Lawes and Kirkman 1996, Lahti and Lahtiz}o2

Underwood and Sealy 2006). Moskát et al. (2008) revealed thar ground colour is a
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significantly more important cue for egg discrimination than spot pattems in Great Reed

'Warblers. On the other hand, Marchetti (2000) determined that egg size is important in

the rejection of foreign eggs by Hume's Yellow-browed Leaf V/arbler (Phylloscopus

humei).Although obligate brood parasites, such as the Common Cuckoo, lay eggs that

are small relative to their body size to adjust to the usually smaller eggs of hosts (Payne

lg'l4,Moksnes and Røskaft lggs,Krtiger and Davies 2004),nevertheless, cuckoo eggs

laid in nests of small passerines are generally still larger and, hence, non-mimetic in size

(Davies 2000). For example, cuckoo eggs are more than two times larger than those laid

by the Vinous-throated Panotbill in Korea (Table 1.1 of Methods). If hosts discriminate

andreject parasitic eggs based on differences in size, such as in Hume's Yellow-browed

Leaf Warblers (Marchetti 2000), most large cuckoo eggs would be rejected; eventually,

the coevolutionary interaction between cuckoos and their small passerine hosts may cease

because mimicry through egg size would be more constrained physically than colour or

spotting patterns.

In the present study, I investigated the importance of egg colour in the interaction

between the Common Cuckoo and Vinous-throated Parrotbill, a host species that lays

immaculate eggs of more than two colours within the population (Kim et al. 1995b). In

host species, great interclutch variation in egg appearance has been thought to evolve as a

counter-adaptation against perfect mimicry by cuckoos (Øienlggs,Underwood and

Sealy 2OO2); sometimes selection may result in the evolution of egg polymorphism in

both hosts and parasites (Takasu 2003, Kilner 2006). This variation in egg appearance is

inherited (Collias 1993, Gibbs et al. 2000, Gosler et al. 2000), although egg colour is

sometimes affected by environmental conditions (e.g., climate or food) because these
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factors may influence female condition during egg formation and the laying period

(Avilés et al.2o07).

Several cuckoo hosts in Europe and Africa, such as warblers of the genus

Acrocephalzs (Davies and Brooke 1988), the Red Bishop (Euplectes orix,Lawes and

Kir. kman 1996) and Southern Olive Thrush (Turdus olívaceus,Honza et al. 2005),

frequently reject non-mimetic model cuckoo eggs but accept closely matching models.

Meanwhile, Lee and Yoo (2004) reported that Vinous-throated Parrotbills rejected at high

frequencies of both non-mimetic and mimetic model cuckoo eggs, suggesting that

Vinous-throated Parrotbills are able to discriminate foreign eggs precisely.

Despite egg discrimination ability and considerable rejection by the Vinous-

throated Panotbill, little is known about specific cues that parrotbills use to distinguish

differences between their own eggs and parasitic eggs. I hypothesized that in a host

species that lays immaculate polychromatic eggs, such as Vinous-throated Parrotbills,

ground colour may provide an important basis on which to discriminate parasitic eggs.

Accordingly, I investigated the responses of the Vinous-throated Panotbill to parasitic

eggs in relation to the degree of colour mimicry by observing nests naturally parasitized

by Common Cuckoos, and experimenting with conspecific and model cuckoo eggs. As

well, I collected data on the egg-colour pattems of several same individuals to determine

whether parrotbill egg colour is consistent from year to year or is influenced by breeding

partners, to confirm the suggestion of Kim et al. (1995b) that egg colour is under genetic

control, rather than influenced by environmental factors (see Avilés et aL.2007).
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Hypotheses

Hypothesis 1. Egg colour is genetically determined.

Prediction : Each female lays constant egg colour regardless of year and mate.

Hypothesis 2.E,gg colour is an important cue for egg rejection.

Prediction : Hosts reject parasitic eggs that differed more substantially in colour from

their own eggs, regardless of size, i.e., cuckoo versus conspecific eggs.

METHODS

Study site and species

Fieldwork was conducted at Yangseomyeon, yangpyeong-gun, Gyonggi-do, south

Korea (37o32'N, I27"20'E,Figure 1.1) from earlyApril to lare July in 2005-2007. This

area consists of farmland with hedges, cultivated fields, woodland with shrubs and

bushes, and a stream with reed beds. Vegetation was mainly large trees such as euercus

variabilis, Q. mongolica, Q. serrata" Prunus serrulatavar spo,ntaneq Fraxínus

rhynchophylla and. E mandschurica,and shrubs Salix grasilisfyla, Rosa multíflora,

Li gusturm obns it olìum, Rub us p arv iþlius, Strphanandra inci s e, C orylus heterophylla

and Phragmites communis (Park et al. 1993). Vinous-throated Parrotbills and Common

Cuckoos are widely distributed from lowlands into mountainous areas. Twenty flocks of

the Vinous-throated Panotbill were found in this area (Figure I.2).

The vinous-th¡oated Parrotbill is a small (approximately 11g), sexually

monomorphic passerine that builds open-cup nests that are occasionally parasitized by

Common Cuckoos in South Korea (Kim 1996,Lee2002). Vinous-throated Parrotbills are

distributed in East Asia, from China to Korea, but not Japan, and they are a corìmon
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Figure 1.1. The study area, Yangseomyeon, Yangpyeong-gun, Gyeonggi-do, Korea.
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ffi

Figure 1.2. Distribution of Vinous-throated Par¡otbill flocks in this study area
(letters on the map indicate flock name).
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residents in Korea (Won and Gore 1g71). Nest building and incubation are conducted

equally by males and females (Park et al. 1993, Kim et al. 1995a). Of 198 parrorbill nests

I examined, most contained 5 eggs (59vo) or 6 eggs (35vo), although some nests

contained 4 eggs @.5Vo) or 7 eggs (I.SVo) during the study. Eggs have been described as

dichromatic- immaculate blue or white (Park et al.lgg3,Kim et al. 1995b, Kim 1998,

Lee and Yoo 2004, Lee et al. 2005); however, in my study, I identified visually an

intermediate colour between blue and white: pale blue, although this colour was not

coÍlmon. A sample of eggs of each colour-type was photographed and collected for

specimens from deserted nests or experimental nests n2005-2007. Eggs were classified

into tl¡ree groups as white, pale blue, or blue; colour differences among categories were

distinctive to human observers (Figure 1.3). To determine colour types of experimental

nests, all eggs were directly compared to both white and blue eggs collected from other

panotbill nests by at least two observers. The proportion of egg colours depended on area

and year (see Kim et al. 1995a), but blue eggs were always more frequent than white eggs

(see also Kim et al. 1995b, I-ee2002, Kim 2006).

In Korea, few studies of parasitism by Common Cuckoos have been conducted

(Kim 1996,Lee2002). Common Cuckoos lay single blue eggs in parrotbill nests in the

afternoon from late May to early July, and they remove one to three host eggs before

parasitism (Lee2O02). Parasitism frequency is approximately 5Vo in central Korea (Lee

2OOZ). Blue cuckoo eggs were found in white and blue host clutches, and no white

cuckoo eggs have been recorded in Korea (Kim 1996,I_ee2002)
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Figure 1.3 Vinous-throated Parrotbill eggs from different nests: blue (top row), pale blue
(bottom left), and white (botom right).
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Experimental parasitism

To investigate the discriminative ability of Vinous-throated Parrotbills to parasitic

eggs, 115 nests were experimentally parasitized with modei cuckoo (n = 38) and real

conspecific eggs (n =.77) at nests during the egg-laying period or early in the incubation

stage. To avoid pseudoreplication, experiments were conducted with different panotbill

flocks each year (2005-2007) and at least one adult at each experimental nest was

individually marked at4OVo of nests in 2005, 77Vo n2006, andSgTo n2007. Rejections

by the same individuals were excluded from analysis.

Model cuckoo egg.To determine responses of parrotbills towards parasitic eggs, 38

nests were artificially parasitized with model cuckoo eggs in 2005.I switched a host egg

with a model egg in nests between 1500 and 1800 hours to mimic the aftemoon laying

time of cuckoos (see Wyllie 1981). I inspected each experimental nest every afternoon

between 1500 and 1800 for six consecutive days to determine the host's response (Lee

and Yoo 2004).If model eggs were missing or peck marks were found on them, I

considered the model as rejected (Lee 2002). If the model egg remained in the nest

without damage, the egg was considered accepted.

Model eggs sometimes lead to an increase in rejection costs to hosts when rejecting

parasitic eggs, although many hosts can eject large cuckoo eggs without damaging their

own eggs (Marchetti 2000). To minimize the damage that might be incurred because the

model eggs were slightly heavier than real parasite eggs, and of a different physical

structure, model cuckoo eggs were made of plasticine with a thin membrane of plaster

that mimicked ¡eal eggshells, following the methods of Lee (2002).The thin membrane

of modei eggs enabled parrotbills to puncture and grasp the model eggs as if they were
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real cuckoo eggs when they remove the eggs from nests. To mimic blue eggs of the

Common Cuckoo, models were covered with acrylic paint mixed blue, pale blue and grey

(Figure 1.4) and vamished to waterproof the models. Model eggs were similar to real

cuckoo eggs in size and weight (Table 1.1). The models matched host blue eggs but

poorly matched host white eggs (Figure 1.5).

Conspecific eggs..To determine whether egg colour is crucial for egg rejection by

Vinous-throated Parrotbiils, I introduced single conspecific eggs from another parrotbill

clutch between 1500 and 1800 in 77 panotbrll nests (11 in 2005,40 :rr.2006, and 26 in

2007), and the degree of colour mimicry of the introduced eggs was scored from good to

medium to poor (see Braa et al. 7992, Moksnes L992). Differences that scored poor

rnimicry were white versus blue. Differences of medium mimicry were pale blue versus

white or pale blue versus blue. Good mimicry was the same colour (i.e., white versus

white or blue versus blue). Conspecific eggs from other parrotbill clutches, which ranged

from white to pale blue to blue, controlled for egg size. The criteria for rejection and

acceptance were the s¿rme as for model eggs.

To determine whether egg size is crucial in egg rejection, I compared the rejection

frequency between real cuckoo and conspecific eggs. The degree of mimicry in Common

Cuckoo eggs was classified as: (1) good (blue cuckoo eggs laid in blue clutches), (2)

medium (pale blue cuckoo eggs laid in blue or white clutches), and (3) poor (blue cuckoo

eggs laid in white clutches). Alttrough blue eggs of Common Cuckoos match well the

colour of the host's blue clutches, the parasitic eggs are approximately 2.6 times larger

than those of parrotbills (Table 1.1).
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Figure 1'4. White and blue egg of Vinous-throated Panotbills, and model cuckoo egg on
the right.
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Table 1.1. Mean size (mm + SD) and weight (g + SD) of the Common Cuckoo, cuckoo
model, and conspecific eggs.

Egg type Length x Width (n) Weight (z)

Real cuckoo

Model

Conspecific

2L.75 x 17.32 + 0.62 x 0.25 (11)

22.22 x 77 .L3 + 0.59 x 0.50 (43)

15.91 x 12.63 + 0.85 x 0.38 (73)

3.44 + O.Zt (9)

3.62 + o.zs (43)

1.33 + O.2I (46)
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Figure 1.5. Model cuckoo egg in host blue clutch (A) and white clutch (B).
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Statistical analyses

I used Chi-square tests and Fisher exact tests, depending on sample sizes, to

examine host responses to real cuckoo eggs, model cuckoo eggs, and conspecific eggs

w.hen expected values were less than five. I used Chi-square tests to assess differences in

the proportion of egg colours within and among years and to compare rejection

frequencies in relation to the degree of colour mimicry in conspecific eggs. Fisher exact

tests (Zar 1999) were used as follows: (1) to determine whether there were significant

differences in rejection of real cuckoo eggs in relation to the degree of mimicry (2) to test

whether there are differences in host responses among years, and (3) to compare

responses ofhosts to conspecific versus real cuckoo eggs and real cuckoo versus model

cuckoo eggs depending on the degree of mimicry because of small sample sizes.

Statistical tests were performed using SPSS, version 11.5 (SPSS. Chicago, Illinois). All

tests were two-tailed with a level of significance of p < 0.05.

REST]LTS

Egg colour of the Vinous-throated Parrotbill

A total of 272 parrotbill nests was inspected during three breeding seasons: 88 in

2005,90 in 2006, and.94 rr-2007 (Table I.2).Eggcolours were blue, pale blue, and white

(Figure 1.3). Nests with blue eggs were significantly more frequent than white or pale

blue eggs in all breeding seasons (Chi-square test, 1t = 7 .682, df = 1, p < 0.01 n2005; f

= 89.867, df = 2,p < 0.001 in 2006; t = 44.191, df = 2,p < 0.001 n 2001 ).There is no

difference in the ratio of egg colour between 2005 and 2oO7 (Chí-square test,12 =3.2I5,

df = 2, p = 0.20O) but the proportion of nests with blue eggs was highest in 2006.
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Table 1.2. Number of nests with different egg colour in the Vinous-throated Parrotbilt.

White Pale blue Blue

2005

2006

2007

Total

3L (35.2Vo)

13 (l5.6Vo)

36 (38.3Vo)

87 (29.8Vo)

0 (O.oVo)

4 (4.4Vo)

3 (3.ZVo)

7 (2.6Vo)

57 (64.8vo)

72 (80.080)

55 (58.5vo)

t84 (67.6Vo)

88

90

94

272
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Pattern of egg colour in relation to breeding partner in females and males

Of 9 cases where breeding attempts of females were detected, all females (L8356,

R036, w'/73,w795,w72L,w774,8428,L84r6 andY019) laid eggs of a constanr

colour regardless of their breeding partners between years or in a subsequent breeding

attempt within the same breeding season (Table 1.3). Egg colour of 3 of 8 males (W775,

8425 and L8325) changed from white to blue, pale blue to blue, or white to blue from

one breeding attempt to the next when they mated with different females (Table 1.4).

Parasitism by Common Cuckoos )

Egg-colour dimorphism. Cuckoo eggs were found in 6 panotbill nests in 2005, 8 nests in

2006, and 5 nests lr.2007 (Table 1.5). Common Cuckoo eggs were of two colours: 7 pale

blue eggs and 12 blue eggs were found in 19 nests of parrotbills (Figure 1.6).

Pattern of parasitim by Common Cuckoos. Twelve blue eggs were laid in t host blue

clutches and 3 host white clutches (Table 1.6). Btue cuckoo eggs were well matched with

host blue eggs (Figure 1.7),but they were poorly matched with the white eggs. Seven

pale blue cuckoo eggs were found in 4 blue clutches and 3 white clutches of panotbills.

Pale blue cuckoo eggs matched host pale blue eggs but neither matched well nor poorly

matched blue and white clutches of panotbills (Figure 1.8); however, no cuckoo eggs

were found in pale blue clutches.
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Table 1.3. Pattern of egg colour in cases where the female changed mates.

Year Matings
Egg colour

Female Male

2005

2005

2005

2006

2005

2006

2005

2006

2005

2006

2005

2007

2006

2007

2006

2007

2006

2007

L8356

L8356

R036

R036

w773

w773

w795

w795

w721

w72r

w774

w774

8438

8438

L8416

L8416

Y019

Y019

L8336

L8338

Y311

B523

w761

v/817

w744

w768

w765

No band

w775

L8343

B,425

B,404

P606

No band

P610

P623

-----_.--->

------------>

------------)

--------+

Blue

Blue

White

White

White

White

Blue

Blue

Blue

Blue

White

White

Blue

Blue

__-____1ì' Pale blue

---------> Pale blue

White

White
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Table 1.4. Pattem of egg colour in cases where the male changed mates.

Year Matings Egg colour
Female Male

2005

2006

2007

2007

2006

2006

2006

2001

2006

2007

2006

2007

2006

2007

w774

LB3O5

L8328

No band

M 201

R036u

o145

o106

L8373

LB356b

No band

o403

8438

8450

L8334

No band

L8358

L8323

w775

w775

w775

w775

8523

B.523

or43

o143

L8338

LB338

8403

8403

8425

8425

L8325

L8325

L8374

L8374

--_>
----->
__Þ

-)>

-=-Þ

-_>
____>

-----}-----+

_____>

->
----->

________>

_________+

----------->

Wite
Blue

Blue

Blue

White

White

White

White

Blue

Blue

Blue

Blue

Pøle blue

Blue

White

Blue

Blue

Biue

x

x

X

X

2005

2006

2005

2006

X

x
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Table 1.4 continued

o Female R036 laid white eggs successively in different breeding seasons despite
ghanging her breeding partner.
'Female L8356 laid blue eggs successively in different clutches despite changing her
breeding partner.



26

Table 1.5. Number of pale blue and blue Common Cuckoo eggs found in 19 host nests.

Paleblue (7o) Blae (Vo)

2005

2006

2007

Total

r (17)

4 (s0)

2 (40)

7 (37)

s (83)

4 (s0)

3 (60)

12 (63)

5

19
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Figure 1.6. Eggs of Common Cuckoos @lue and pale blue) and Vinous-throated
Panotbills (pale blue, white and blue on the righÐ from different females'nests.
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Table 1.6. Number of Common Cuckoo eggs laid in host nests with different egg colour.

Common Cuckoo's Host egg colour

egg colour white (Vo) b]¡e (iõ

Pale blue 3 (43) 4 (51) 7

Blue

Total

3 (2s) e (1s) 12

6 (32) 13 (63) 1e
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Figure 1.7. Ablue egg of the Common Cuckoo in a Vinous-throated Panotbill nest with
blue eggs (A) and eggs from the nest (B).
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Figure 1.8. A pale blue egg of the Common Cuckoo in a Vinous-throated Panotbill nest
with white eggs (A) and eggs from the nesr (B).
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Responses towards parasitism in relation to the degree of mimicry

Rejection of real and model cuckoo eggs. AII real cuckoo eggs that matched host clutches

closely (good mimicry) were accepted, all blue cuckoo eggs laid in white clutches (poor

mimicry) were rejected, and pale blue cuckoo eggs (medium mimicry) were rejected at a

moderate frequency (Table 1.7). There was a significant difference in rejection frequency

depending on the degree of mimicry in Common Cuckoo eggs (Fisher's exact test, p =

0.0087).

In the experiment in which model cuckoo eggs were used, parrotbills with blue

clutches rejected most blue model eggs (good mimicry), and all model eggs parasitized in

white clutches were rejected (Tabte 1.8). There was no difference in rejection frequency

between mimetic model eggs and non-mimetic model eggs (Fisher's exact test, p =

0.2g5).tr colour-mimetic parasitic eggs, there was a significant difference in rejection

frequency between real cuckoo and model cuckoo eggs (Fisher's exact test, real cuckoo

(n =7) and model cuckoo (n = 27),p = 0.0001) and all poorly mimetic parasitic eggs

were rejected regardless of egg-type.
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Table 1.7. Responses of the Vinous-throated Parrotbill towards real Common Cuckoo
eggs in relation to degree of mimicry.

Degree of mimicryl Acceptance Rejection
Nests

parasitized

Vo

Rejection

Good

Medium

Poor

Total

7

6

2

15

7

J

0

10

0

J

2

5

0

50

100

33

lGood, blue cuckoo eggs laid in blue clutches; medium, pale blue cuckoo eggs laid in
blue or white clutches; and poor, blue cuckoo eggs laid in white clutches.
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Table 1.8. Responses of the Vinous-throated Parrotbiil towards model cuckoo eggs in
relation to degree of mimicry.

Degree of mimicryl Nests parasitized Acceptance Rejection
Vo

Rejection

Good

Poor

Total

82

100

87

5

0

5

27

11

38

lta
LL

11

JJ

lGood, blue model eggs laid in blue clutches of hosts; poor, blue model eggs laid in white
clutches.



34

Responses to foreign conspecific eggs. There was no difference in rejection frequency in

relation to degree of colour-mimicry across years (Fisher's exact test, p = 1.0000 (good),

p = 0.8728 (medium), and p = 0.5 1 53 (poor)); thus, the data were combined for alt

breeding seasons. Of 17 introduced conspecific eggs, 18 were mimetic (blue versus biue),

13 were medium-mimetic (blue versus pale blue), and 46 were non-mimetic (blue versus

white). Poorly matched conspecific eggs were rejecred from 83Vo (38/46) of nests,

whereas most well-matched eggs were accepted and medium-mimetic eggs \ryere rejected

at a moderate frequency (Table 1.9). There was a statistically significant difference in

rejection frequency among degrees of mimicry in colour (Chi-square test, f =26.335, df

=2,n=77,p<0.001).

To test whether size influences responses of hosts towards parasitic eggs, rejection

of foreign conspecific eggs was compared with that of real cuckoo eggs in relation to

degrees of colour mimicry. There is no difference in rejection frequency between real

cuckoo eggs and conspecific eggs in relation to degree of mimicry in egg colour (Fisher,s

exact test: good, p = 0.5343; medium, p = 1.0000; poor, p = 1.0000, Figure 1.9).

Vinous-throated Parrotbills rejected parasitic eggs that were more distinctly different in

colour from their own eggs regardless of size.
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Table 1.9. Responses of the Vinous-throated Panotbill towards foreign conspecific eggs
in relation to degree of.colour mimicry between the foreign egg and originalclutch.

Nests parsitized Acceptance Rejection Vo

Rejection

Degree of

mimicry

Good

Medium

Poor

Total

18

t3

46

17

15

8

I

3I

J

5

38

46

L7

39

83

60
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100

80
o'Ë 60
o'a
ú40
èe

20

0

good medium poor

Degree of mimicry

Figure 1.9. Rejection frequencies of real cuckoo eggs (n, n= 75)and conspecifîc eggs
(4, , = 77) nrelation to the degree of colour mimicry.
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DISCUSSION

Variation in egg colour of Vìnous-throated Parrotbill and Common Cuckoo

Some avian species lay eggs that vary greatly in appearance (colour or spotting)

among clutches, for example, in populations of the Village'Weaverbird (Victoria Ig72,

Collias 1993) and Greater Redheaded Panotbill (Paradoxornis ruficeps) (Ali and Ripley

197I). Egg colour of Vinous-th¡oated Parrotbills was mainly blue and white, sometimes

pale blue, although blue clutches were more coilìmon than white clutches (blue, 59-8OVo

versus white, 16-36Vo) in my sfudy area (Table 1.2).Eggcolour varies geographically in

Vinous-throated Parrotbills, for example, the subspecies in Taiwan (P. w. bulomachus)

and eastem Manchuria (P w. manschurica) lay only blue eggs (Kim et al. 1995b),

whereas, in Korea the subspecies (P w. fulvicauda) lays blue and white eggs, with the

proportion of blue clutches varing among areas and years (Kim et al. 1995b). Avilés et al.

(}}}l)suggested that envi¡onmental factors influence egg colour because female

condition during egg formation and laying may be affected by climatic factors directly

(i'e., physiological condition) or indirectly (i.e., food availability). They reported rhar

intensity of egg colouration of females is significantly associated with spring rainfall and

temperature in the Common Cuckoo and Reed Warbler (Acrocephalus scirpaceus).In

species with blue-green eggs, colour and spots depend on female body condition (Moreno

et al.2006, siefferman et ar,2006, MartÍnez-de puenre et ar- 2007).

Egg colour of Vinous-throated Par¡otbills likely is determined genetically rather

than by external factors. Female panotbills always laid eggs of the same colour even

when they changed thei¡ mates between breeding attempts within the same breeding

season or in the next breeding season (Tabte 1.3). A female that laid pale blue eggs, also
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laid pale blue eggs in a subsequent nest within the same breeding season, or between

years regardless of her breeding partners; this was the same in other femaies that laid blue

or white eggs. On the other hand, egg colour of male panotbills occasionally changed

when they paired with different females (Table 1.4). Collias (1993) and Kim er al.

(1995b) demonstrated that in species that lay polymorphic eggs, such as the Village

'Weaverbird 
and Vinous-throated Parrotbill, respectively, females laid eggs consistently

with the same ground colour or spot pattern throughout their lifetimes. Gosler et al.

(2000) found that egg patterns of the Great Tit (Parus major) are determined by female

sexlinked inheritance rather than female age, size or condition. Although in the present

study, I did not determine mechanisms of egg inheritance, i.e., whether maternal, patemal,

or both, these data reveal that female parrotbills have an inherent uniform egg colour.

Why do female parrotbills lay eggs of more than one egg colour in this population?

Alttrough this question cannot be answered definitively, according to the coevolutionary

anns race between cuckoos and their hosts, as a counter-adaptation against perfect

mimicry by cuckoos, hosts may evolve eggs with distinctive shape, colour, or marking, or

greater interclutch variation, which makes it difficult for female cuckoos to mimic

(Brooke and Davies 1988; Davies 2000; Stokke et al.1999,2002). Therefore, selecrion

may result in the evolution of egg polymorphism in hosts (Takasu 2003). Although there

is no direct evidence that brood parasitism has selected for different egg types in Vinous-

throated Par¡otbills, this polymorphism partially benefits hosts that are parasitized by

Common Cuckoos that lay well-matched eggs. All panotbills with blue clutches accepted

a blue cuckoo egg, but no blue eggs were accepted by hosts that laid white clutches

(Table 1.7).
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Cuckoo parasitism may influence the proportion of egg colour within this

population of Vinous-throated Parrotbills because parasitism reduces the reproductive

success of individuals that lay blue eggs (see Takasu 2003), and consequently white

clutches may become more cofitmon than blue ones. The speed at which white clutches

spread in Vinous-throated Parrotbills may depend on the frequencies of parasitism or nest

predation (see Takasu 2003). Losey et al. (1997) revealed that the ratio of polymorphic

morphs of pea aphids (Acyrthosíphon pisum) biased density-dependent parasitism and

predation; for example, tlte proportion of the red-morph increased compared with the

green morph when parasitism frequency by the wasp (Aphidius ervi) was high, but when

predation by ladybird beetles (Coccinella septempunctata) was heavy relative to

parasitism frequencies, individuals of the green-morph increased. Both parasitism and

predation may have a strong effect on proportion of colour polymorphism (Losey et al.

Lgg7).Alttrough frequency of parasitism onpanotbills is low (approximarely 5Vo,Lee

2002), selection pressure by parasitism may be relatively sftonger than that by other

predators because most hosts re-nest if their nests were depredated; raising a cuckoo

chick, however, leads to breeding failure for the whole breeding season (Rothstein 1990;

Øien et al. 1995). In addition, Kim et al. (1995b) reported that nest predation, mainly by

the Eurasian Jay (Garrulus glandarir,rs) and snakes (e.g., Natríx tigrina, Elaphe

ruþdorsata), was not related to whether eggs were blue or white in the Vinous-throated

Parrotbill, which suggests that both blue and white clutches are under the same predation

pressure.

Interestingly, the Common Cuckoo lays eggs of two colours, blue or pale blue, in

my study area (Table 1.5, Figure 1.6). Moksnes et al. (1995) noted that of several cuckoo
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gentes, the frequency of blue cuckoo eggs was only 3.04 Vo (361/77,870 eggs) in Europe,

and the blue eggs were found more frequently in blue clutches of Redstarts,'Whinchats

(Saxícola rubetra), No¡thern Wheatears (Oenanthe oenanthe) and Pied Flycatchers

(Ficedula hypoeuca)that were matched to cuckoo's own eggs, compared to other species

that do not lay blue eggs. High rejection by hosts that lay blue eggs has presumably been

a powerful selective agent on the evolution of blue cuckoo eggs (Moksnes et al. 1995). In

this context, pale blue eggs may have evolved as an adaptation against considerable

rejection by Vinous-throated Panotbills that lay white clutches. Although blue cuckoo

eggs may be more beneficial than pale blue eggs presently when blue host clutches are

more common, because all blue cuckoo eggs were accepted at host nests with blue

clutches, the high breeding success of the cuckoo may lead to reduction in the proportion

of blue clutches, which are matched with cuckoo's own eggs. Eventually, all female

parrotbills may lay white eggs and this process may stop when cuckoo females no longer

mimic host eggs (see Lovászi and Moskát 2004).

However, pale blue eggs may be a compromise strategy of cuckoos to avoid the

final stage in the interaction with parrotbills. Vinous-throated. Parrotbills showed a neutral

response to pale blue eggs, whereas atl blue eggs were accepted or rejected depending on

host egg colour (Table 1.7). If white clutches become more common because of the high

success of parasitism involving blue eggs, pale blue cuckoo eggs may be more adaptive

than blue eggs. Moreover, if female cuckoos selectively parasitize to reinforce egg

mimicry as shown by results from many sfudies (review in Krüger 2007), the female that

lays pale blue eggs may be free to choose panotbill nests. Over the long-term, the mixed

strategy of Common Cuckoo eggs makes it more difficuit for the host to evolve a
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succcessful counter-adaptation. This may explain why blue clutches are more conìmon

than white ones in Vinous-throated Parrotbills despite the advantage of white eggs in

arms race with cuckoos.

Response of hosts to parasitic eggs

Several experiments have demonstrated that many hosts discriminate foreign eggs

from their own eggs and the ability for counter-adaptation may be acquired by

observational leaming (Victoria I97 2, Rothstein 1 9 82, Moks nes 7992, Marchetti 2000,

Lahti and Lahti 2002, Underwood and Sealy 2006, Moskát and Hauber 2007,Moskát et

al. 2008). Egg appearance, therefore, is important in host responses against parasitism

(Øienet al. 1995). Underwood and Sealy (2002)noted that in host species of brood

parasites, egg appeilance plays a crucial role in the hosts'ability to discriminate between

their own eggs and parasitic eggs. Vinous-throated Panotbills rejected parasitic eggs that

differed more distinctly in colour from their own eggs in experiments in which

conspecific eggs and real cuckoo eggs were used ffigure 1.9). Colour appears to be more

crucial for egg discrimination than size in vinous-throated Panotbills.

However, unlike the response towards colour-mimetic real cuckoo eggs (rejection

rate, OTo),Vinous-throated Parrotbills rejected most mimetic model eggs (82.%, Table 1.8).

This high rejection of colour-mimetic model eggs is in accordance with Lee and Yoo's

(2004,77Vo) nd Kim's (2006,857o) results. The high frequency of rejection of mimeric

model eggs may be due to host recognition of model eggs as synthetic objects rather than

real cuckoo eggs. However, many studies have successfully used model eggs to quantify

host responses towa¡ds parasitism @avies and Brooke I989a,1989b; Braa et at.1992:
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Lawes and Kirkman 1996; Marchetti 2000; Lee and Yoo 2004; Hosnzaet al. 2005;

Underwood and Sealy 2006). Results from these studies have shown that many host

species (e.9., Acrocephalus warblers in Europe, Red Bishops inAfrica) accepted most

mimetic model eggs and rejected non-mimetic models at high frequencies (Davies and

Brooke 1989b, Hill and Sealy l994,Lawes and Kirkmanlggl,Lahti and LahtiZOO2,

Honza et al. 2005). So these results suggest that the host species do not perceive model

eggs as synthetic objects.

Another possible explanation is that Vinous-throated Panotbills can detect subtle

differences in blue colouration that humans cannot perceive. Vinous-throated Parrotbills

already demonstrated an ability to discriminate different colours (Figure 1.9). Moreover,

Cherry and Bennett (2001) demonstrated that most birds are sensitive to near-ultraviolet

wavelengths, below 400 nm, to which humans can not access. Avilés and Møller (2003)

and Honza et al. (2007a) reported that the green spectrum is important for egg mimcry

and recognition in the interaction between obligate brood parasite and hosts, although

there is no evidence of differences in egg colour matching in the [fV reflection between

accpeters and rejecters in some hosts of Brown-headed Cowbird (Underwood and Sealy

2008). In Meadow Pipit(Anthus pratensìs) populations, Avilés and Møller (2003) found

that intraclutch variation in poupulations allopatric with the Common Cuckoo was greater

than in sympatric populations in egg appearance of the UV wavelenghths. Also, in Song

Thrushes (Turdus philomelos) that lay bluish eggs, Honza et al. (2007a) reporred thar two

colours of blue model eggs classified as mimetic eggs by human vision were rejected at a

high rate; whereas most Song Th¡ushes accepted green model eggs that were non-

mimetic (Honza et aL 20O7a). These authors concluded that egg rejection by Song
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Th¡ushes depended on the degree of mimicy in the UV and green parts of the spectrum.

Host and cuckoo eggs, therefore, were not matched despite being classed as similar

colours by human observers because birds perceive colouration of objects in different

ways (Cuthill et al. 2000). Although model eggs matched blue host eggs closely within

the realm of human vision (Figures 1.4 and 1.5 A), blue model eggs covered with acrylic

paint may not be a good match when viewed by parrotbills within blue-green

wavelengths. Nevertheless, previous experiments by Lee and Yoo (2004) and Kim (2006)

were conducted using model eggs;high rejection of mimetic model eggs, thus, may

indicate that model eggs did not match parrotbill eggs well at least in birds' vision

sometimes in the UV wavelegnths.Therefore, in the present study, responses of hosts to

real foreign eggs in relation to the degree of mimicry may account for Vinous-throated

fanotbills being able to discriminate accurately egg-colour differences between their

own eggs and parasitic eggs in blue-green wavelengths, compared to other hosts in

Europe and Africa. This might constrain femaie cuckoos that laid eggs in blue clutches of

Vinous-throated Parrotbills to match hosts' eggs more precisely compared to hosts that

lay eggs that are not blue, such as Great Reed Warblers and Reed Warblers. Blue eggs

and polychromatism may contribute to the development of high-level egg discrimination

in Vinous-throated Parrotbills.

CONCLUSIONS

Vinous-throated Parrotbills iay polychromatic eggs: blue, pale blue, or white. Egg colour

of Common Cuckoo is blue and pale blue. The egg colour of the female panotbill is

inherent and uniform and a female thus lays the same colour eggs throughout her life.
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Males on the other hand may change egg colour with each new parlner. Both sexes

rejected parasitic eggs of different colours from their own egg at a high frequency,

suggesting parrotbills have the ability to discriminate their own and parasitic eggs. Hosts

likely use differences in ground colour to discriminate between their own and parasistic

eggs and ground colour may play a major role in coevolutionary interactions between

Common Cuckoos and Vinous-throated Parrotbills.
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CHAPTER 2. Egg-discrimination mechanisms in female and male Vinous-throated

Parrotbills: a sex-specific strategy of egg recognition in a species that lays

polychromatic eggs

INTRODUCTION

Avian brood parasitism imposes extreme fitness costs on many species of hosts

(May and Robinson 1985, Lorenzana and Sealy 1999). This has promoted the evolution

of defensive behaviours such as aggression towards adult brood parasites (e.g., Sealy et al.

1998, Brártol et aI.2002), chick discrimination (e,g., Langmore et al. 2003), and rejection

of parasitic eggs (e.g., Rothstein 1990, Davies 2000). Egg rejection is an efficient anti-

parasite sftategy used by many hosts (Rothstein 1990, Davies 2000, Soler et al.2002).

Rothstein (I975, 1978) suggested three possible mechanisms of egg discrimination in

host species: (1) by discordance, that is, hosts reject 6nly "odd-looking" eggs in their

clutches, (2) through learning based on an imprinting-like process on the host female's

own eggs, and (3) by repeated episodes of learning during each successive breeding

attempt. Results of previous studies have demonstrated that hosts reject parasitic eggs

that differ from their o\^/n eggs by first learning feafures of their own eggs rather than

those of the particular parasite (Victoria 1972; Rothstein L974,7975; Braa et al. 1992;

Sealy and Bazin 1995) and the characteristics of hosts' own eggs were leamed after

laying their first clutches, through an imprinting-like process (Rothstein L978; Lotem et

al. L992,1995; Moksnes 1992;Lahti and Lahti 2002). Such imprinting would be costly

for host females if their first nest is parasitized during the learning period, because this

may lead to mis-imprinting on the parasitic egg-type and the female may accept the

parasitic egg throughout her lifetime (Davies and Brooke 1988, Marchetti 2000). This
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cost will increase if the same individuals are parasitized repeatedly throughout their

lifetimes under regimes of heavy parasitism. ln a theoretical modeling study, Rodriguez-

Gironés and Lotem (1999) suggested that the learning mechanism in hosts likely depends

on the interaction between brood parasites and hosts. For example, in cowbird-host

systems in which the parasitic eggs are not mimetic and parasitism frequencies are high,

females might imprint on their flrst egg before being parasitized to avoid the cost of mis-

imprinting (Davies 2000), whereas hosts should rely on an extended leaming period

when parasitism frequencies are low, as in many cuckoo-host systems, and intraclutch

variation is high (Rodriguez-Gironés and Lotem 1999).

Host species may use various strategies to discriminate parasitic eggs. In recent

Hauber et al. (2006) and Moskát and Hauber (2007) suggested a new idea, "phenotype

distribution" in which rejection by hosts depends on a different memory template among

individuals. Hosts of the Common Cuckoo, for example, the Great Reed Warbler, reject

foreign eggs by memorizing the characteristics of their own eggs, therefore, hosts'

repeated experience and memory would be crucial in decisions to reject a parasitic egg

(Hauber et al. 2006, Honza et al.200lb, Moskát and Hauber 2007).In other rejecrer

species, however, experience does not appear to influence the decision for egg rejection.

Some hosts of cuckoos and cowbirds frequently reject parasitic eggs regardless of their

age (e.g., Sealy and Bazin 1995, Sealy and Neudorf 1995, Amundsen et aL.2002, Stokke

et al.2004). Although the discrimination ability of hosts might be partly inherited

(Rothstein 1974, Amundsen et al.2O02), the ability for counter-adaptation may be

acquired by observational learning. Therefore, understanding the mechanism of leaming

in hosts is crucial to solving puzzles in coevolution between brood parasites and their
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hosts (Marchetti z}}O,Moskát and Hauber 2007).

Despite several studies on the mechânisms of egg recognition in host species, egg

discrimination by males has been overlooked for the most part. In most host species, only

females eject parasitic eggs, perhaps not surprisingly, because females are responsible for

incubation in many passerine species (Rothstein 1975,1978, Davies and Brooke 1988;

Lotem et aI. 1992, 1995;Soler et a|.2002). If males, however, also incubate, they may be

able to reject parasitic eggs given that they have opportunities to see their eggs during

laying and incubation (Soler etal.2002,Honzaetal.2007b). Indeed, males reject foreign

eggs in some species where both sexes incubate: Reed V/arbler (Davies and Brooke 1988),

Blackcap (Soler et al.ZXL2,,Honza et al.200lb), sub-Alpine Warbler (Sytvia cantillans,

Soler et al.2002), Warbling Vireos (Vreo gilvus,Sealy Iggl,Underwood and Sealy

2006), and Vinous-throated Parrotbill (Lee et al. 2005). Males of Baltimore Orioles

(Icterus galbula,Sealy and Neudorf 1995) also reject foreign eggs even though they are

not responsible for incubation. Defense by both sexes against parasitism is an effective

strategy in the conflict between brood parasites and hosts because in such species, the

rejecter trait may spread more rapidly than in host species where only females reject

parasitic eggs (Rothstein 1975, Sealy and Neudorf 1995, Soler et aL.2002); this is

obviously beneficial to hosts in an arms race with parasites.

The Vinous-throated Parrtobill lays immaculate polychromatic eggs with low

intraclutch va¡iation and both sexes frequently reject non-mimetic foreign eggs (Lee and

Yoo2004, Lee et al. 2005). In species with polychromatic eggs, females and males may

have separately evolved egg-discrimination mechanisms because the sexes find

themselves in different circumstances while nesting. Kim et al. (1995b) reported that
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when male parrotbills mate with different females, eggs tended by males sometimes

change from white to blue because one female may have laid white eggs, whereas the

male's next female may have laid blue ones. Females, on the other hand, always lay eggs

of the same colour regardless of whether they changed their mates (Chapter 1). Males,

therefore, may be confronted with differently coloured eggs during successive breeding

attempts if they have a new breeding partner, whereas females see the same type of egg at

every breeding attempt. Female parrotbills possibly learn their egg-type through

imprinting on their first egg or all eggs in their flrst clutches, and then reject parasitic

eggs on the basis of this experience. Ii however, the male rejects the egg on the basis of

memory or experience, he may later reject his own eggs when paired with a female that

lays eggs of a different colour. Males therefore should not depend on previous experience

and memory when they make egg-rejection decisions. To minimize the risk of rejecting

their partner's eggs, male parrotbills may simply reject an "odd-looking" egg rather than

through learning, or they may learn anew their mate's egg-type during every breeding

attempt. The goal of this study was to determine whether egg discrimination by

parrotbills is based on leaming or discordance, and whether different strategies are

adopted by males and females.

Hypothesis

Female and male parrotbills have different egg-discrimination mechanisms: (1)

females learn their own eggs through an imprinting process, and then reject the foreign

egg on the basis of memory whereas (2) males reject parasitic eggs based on short-term

leaming of egg-types during every breeding attempt, or alternatively remove an odd-
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looking egg without the need for learning.

Prediction 1. If birds reject an odd-looking egg (discordance), rather than through

learning, their own egg is rejected more frequently when the host's own

egg is the odd one.

Prediction 2. Females reject foreign eggs regardless of whether they are in the majority or

in the minority and regardless of the time that they are in contact with their

own eggs.

Prediction 3. Males respond differently towards the foreign egg depending on whether

the egg-type is in the majority or in the minority.

METHODS

Identifïcation of parrotbill sex

lndividuals were sexed by mist-netting and banding with numbered aluminum

bands and colored plastic bands during breeding seasons (April to July) and wintering

seasons (December to January) from 2004 to 2001 . since December 2004,2,063

panotbills (L,439 adults and 624 nestlings) have been marked in the sfudy area. The sex

of parrotbills captured during bieeding seasons (between laying periods and early

incubation) was confirmed by cloacal shape. Males have a cloacal protuberance, whereas

female cloacae were dilated (Lake 1981): this is a clear and simple method during the

breeding season to discriminate sex of panotbills in this sexually monomorphic species

(Lee et al. 2005). During winter, individuals caught were discriminated by molecular

sexing from blood samples (Griffith et al. 1998). According to DNA-based sex

identification by Griffith et al. (1998), when tested on a gel, males have a single CHD
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(chromo-helicase-DNA-binding) Zband, whereas there is a second distinctive CHD-W

band in females.

Video-recording of colour-marked birds enabled me to determine which sex rejects

eggs. Four digital video cameras (JVC GZ-MG7OKR and Sony Handycam SR62) were

operated continuously for 4 to 8 hours per day during taying and incubation until

parrotbills ejected or accepted the experimental eggs. Video-recording took I to 5 days

per nest depending on the bird's behaviour. With these cameras, I recorded continuously

for 8 @igh definition) to 30 (low definition) hours, and a battery lasred for 4.5 hours

(JVC GZ-MG70) or I hours (Sony SR62); thus,I minimized disturbance at the nests. The

cameras with tripods were concealed by camouflage covers with acrylic paint and by

leaves (Figwe 2.1) and were placed 3 to 12 m from the nest.

Experimental manipulation

To determine the mechanisms of egg recognition, I conducted an experiment using

conspecific eggs of different colours at two goups of panotbill nests. In one group, I

introduced one foreign conspecific egg into each of 46 nests. In another group, I

gradually switched entire host clutches, except for one egg, with foreign eggs throughout

laying periods in 24 nests; thus, one host egg became the odd-looking one in the nest.

Each nest was selected randomly.

Introduced conspecific eggs do not allow enough time to determine the rejection

behaviour of both sexes because their thirurer eggshells were punctured easily on the first

attempt by the female or male. If the female started pecking the foreign egg, it was
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Figure 2.1. Video-camera concealed by camouflage cover and leaves of bushes or shrubs.
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removed from the nest before the male had taken his bout of incubation, thus, the male's

response could not be determined. These results revealed the first sex, female or male, to

reject the foreign egg(s) or host's own egg.

Experiment I: Introduction of single conspecific egg

To investigate responses of parrotbills towards single foreign conspecific eggs, I

switched one host egg with one foreign egg of a different colour during 2005 to 2007.

Introduced single foreign eggs, thus, became the odd ones in host nests and hosts were

exposed to their own eggs throughout the laying period. Sometimes no host eggs were

removed. The number of host eggs does not influence rejection frequency of parasitic

eggs @avies and Brooke 1988, Sealy L992) and in this study there is also no difference

in rejection frequency between two groups irrespective of whether one host egg was

removed (n = 18) or not (n =28) (Fisher's exact test, n = 46,p = 0.693). The

experimental nests were inspected every day for six days after artificial parasitism to

determine host responses. If the foreign egg remaíned undamaged in the nests for six

days, it was considered accepted. I considered the foreign egg rejected if it was removed

and the rest of the clutch remained intact and tended by the adults, or the clutch was

deserted without nest depredation.

Experiment 2: Switching complete clutches except for one host egg

In these experiments, each of the host's own eggs, except for one egg, was

successively exchanged with a foreign conspecific egg throughout the laying period.

Each experimental nest mainly consisted of 4 foreign eggs and one host egg, but
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sometimes 5 foreign eggs and one host egg depending on the hosts' original clutch size. I

conducted two experiments (Experiment 2-I and2-2) to test the learning mechanism.

First, to minimize opporlunities that hosts are in contact with their own eggs, I switched

each egg soon after it had been laid (between 0600 and 0900) with a foreign egg from the

day that the flrst egg had been laid until the fourth day of egg laying (ExperimentZ-1, n =

16 nests). Most parrotbills lay 5 eggs or 6 eggs, but sometimes 4 eggs were laid (see

study species, Chapter 1). I visited each nest on the sixth day to confirm that the last eggs

had been laid. If the host did not lay a fifth egg on the fifth morning (i.e., original clutch

size is four), the host's last egg was returned that morning. If a sixth egg was laid the next

moming, one host egg was exchanged with one foreign egg. Accordingly, one host egg

was left on the day when the clutch was complete, thus becoming the odd one in its own

nest. This manipulation allowed me to test whether parrotbills recognize their own egg-

type. If they reject all foreign eggs except their own egg, despite minimizing

opportunities of exposure to host's own eggs, they likety recognize their own egg-type

and reject the eggs on the basis of memory. By contrast, if they reject oniy their own egg,

they could be rejecting the odd-looking egg (i.e., by discordance) or alternatively falsely

leaming a foreign egg-type as their own throughout the laying period (see Rothstein

t97s).

. Second, I tested the hypothesis that hosts learn their own egg-type from only the

firsrlaid egg to avoid falsely learning parasitic eggs (see review of Davies 2000). I

checked daily host nests found during nest building. Once females laid their first egg, I

left the first one in the nests and started switching on the moming the second egg had

been laid :ra2007 (Experiment 2-2, n = 8). All host eggs, except for the first egg, were
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switched with foreign eggs each moming until clutches were complete; thus, hosts were

in contact with their first egg throughout the laying period although hosts were exposed

to more foreign eggs. If learning occur¡ed on the first day of egg laying, even if the

foreign egg-type was in the majority, I expected that panotbills would reject most or ail

foreign eggs and leave only their own egg in the nest in this experiment.

Parrotbill responses were either acceptance or rejection. If birds had not rejected

any eggs during the first four days after clutch completion, the responses of hosts were

recorded as acceptance. Rejection occurred ifhosts ejected the eggs or deserted the

nondepredated nest within four days after clutch completion; however, one nest in which

rejection occurred after four days was included.

Sometimes the same pair member was found at experimental nests because

parrotbills re-nested apart from the first nest if it had been depredated, or attempted. a

second brood after successful breeding within a breeding season (Kim 1998). Because

parrotbills are not territorial, I could not predict owners of the experimental nests until the

breeders were captured or video-recorded. To determine whether the same pairs were

involved, at least one member of the pair was identified at 40Vo of 15 nests in2005,7'lVo

of 39nests 1n2006,and89Vo of 46nests trrz}OT,byfilmingandcapturingindividuals.

Most pairs of panotbills remain mated during the entire breeding seasor, including re-

nesting attempts, but partners changed between breeding seasons (Kim 1998). To reduce

the probability that the same breeders were tested twice between years, I changed the

main experimental flocks for egg manipulations among years (2005 -2007); howeve¡

occasionally the same individuals were found and all rejection responses by them were

excluded. The data were included if some individuals showed no response for two years
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but foreign eggs were ejected by their different breeding partners from the previous year.

I occasionally used eggs of the unfertilized White-rumped Munia (Lonchura striata

var. domestica) instead of white parrotbill eggs when white parrotbill eggs were

unavailable during the switches involving conspecific eggs in 2006 and 2007 (frequency

of white clutches was lower than blue clutches of panotbills). White-rumped Munia eggs

are similar to white panotbill eggs in colouration (Figure2.2) and size (15.84 x 71.94 +

0.80 x 0.38 mm, n =7|versus 15.91 x 12.85 t 0.80 x 0.38 rïm, n= 73 for panorbills). To

determine whether parrotbills that lay white clutches discriminate between munia eggs

and their own eggs, munia eggs were introduced into four parrotbill nests.with white eggs

and all were accepted. Moreover, there were no significant differences in rejection

frequency between white panotbill eggs and munia eggs in experiment I (Fisher's exact

test,n- 46, p=0.627)and experiment 2 (Fisher's exact test, n -24,p =0.375).

Statistical analyses

Statistical tests were performed using SPSS, version 11.5 (SPSS, Chicago, Illinois).

I used the binomial test (Zar 1999) to evaluate differences in rejection and acceptance of

foreign conspecific eggs each year (2005 -2007). To determine whether there are

differences in responses of hosts.among years, I used Chi-square tests and combined all

data from three breeding seasons. Fisher's exact tests were used to compare differences in

responses between females and males depending on the number of foreign eggs because

of small sample sizes. The Mann-Whitney U test was used to compare the time to reject

eggs between females and males. All tests were two-tailed with a level of significance of

p < 0.05.
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Figure 2.2. Comparison between four white eggs of Vinous-throated Panotbills (top)
from different clutches and two White-rumped Munia eggs @ottom).
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RESTJLTS

Responses of parrotbills to foreign conspecific eggs

Ejectíonfrequencíes of single foreígn eggs

Parrotbills rejected single foreign eggs in 9 of 10 nests in 2005,18 of 23 nests in

2006, and 11 of 13 nests :,r;'2001. There was no difference in rejection frequencies among

years (Chi-squ¿ìre tes,t, f = 0.J 19 , df = 2,p = 0.698), thus all data (2005-2007) were

combined. Introduced conspecific eggs were ejected at a high rate (837o) and were

accepted in 8 nests (l7Vo)(Table 2.1).

Rejectionfrequencies of foreígn eggs that are in the majority

There were no differences in responses by hosts whether they were exposed to their

own single egg from the first day of laying, or only on the last day of laying (Fisher's

exact test, P = 0.853). Of 24 nests, acceptance of all eggs was recorded at 13 nests (54Vo),

whereas at 11 nests (46Vo), Vinous-throated Parrotbilis ejected the foreign eggs or their

own egg (Table 2.2). At 11 nests in which ejection occurred, in 7 nests panotbills

removed only the majority foreign eggs and then deserted their nests when the nest was

left with only one host egg. ln 4 nests, individuals rejected only single own eggs and,

incubated all foreign eggs, thus accepting the foreign eggs (Table 2.2). Rejecrion of

majority foreign eggs occtured in the early stage of the nest cycle in ExperimentZ-2, in

which hosts were exposed to one egg of their own, but after clutch completion in

Experiment 2-1. All own eggs were rejected after clutch completion in both

manipulations (Table 2.3).
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Table 2.1. Ejection frequencies of single foreign eggs by Vinous-throated Panotbills.

Nests

parasitized
Acceptance Ejection

Binomial
Vo ejection

test

2005

2006

2007

Total

10

23

t3

46

9

18

11

38

90

78

85

83

p < 0.05

p < 0.05

p < 0.05

p < 0.001
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Table 2.2. Responses of the Vinous-throated Panotbill to majority foreign eggs and to
minority own eggs.

Nests Acceptance of all

parasitized egg-types (Vo)

Ejection of

Treatment all foreign eggs onehost egg

(vo) (vo)

Experiment 2-1u

Experiment 2-2b

Total

9 (56vo)

4 (50Vo)

73 (54To)

76

8

24

4 (25Vo)

3 (38Vo)

7 (29Vo)

3 (19Vo)

I (lZ%o)

4 (l7%o)

uExperiment2-I: time was minimized in which hosts were in contact with their own eggs
before clutch was complete.

o Experiment 2-2: hosts were in contact with one of their own eggs from the first day of
laying throughout the laying period.
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Table 2.3. Timing of ejection of foreign eggs and own eggs in relation to exposure of
single host's own eggs during the manipulation period.

Treatment
Egg-type

rejection

Timing of rejection

During laying After clutch completion

03

04

01

40

Experiment 2-1

Experiment 2-2

Own egg

Foreign egg

Own egg

Foreign egg
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Sex difference in egg rejection

Responses to single foreign conspecific eggs by females and males: Experiment I

To determine which sex rejects the foreign egg, egg-ejection by 2lindividuals was

video-recorded. Single foreign eggs were ejected by 15 females and by 6 males. It took

females 2.2 days(sD = 1.05) and males 3.3 days (SD = z.z5) torejecr the egg after

experimental parasitism, although this difference is not statistically significant (Mann-

Whitney U test, z = -0.881, p = 0.378).

Responses toforeign eggs of mnjority type byfemales and mnles: Experiment 2

Of 11 nests from which ejection occrured, responses of 6 parrotbills (2 females, 4

males) were video-recorded and the sex of 5 rejecters was not determined.

Except for one own-egg, foreign eggs were rejected by 2 females and one male and these

rejections occurred during the laying period (Figure 2.3). Single ovvn-eggs were rejected

by 3 males (Figure 2.3) after full clutch completion
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Figure 2.3. Ejection of foreign eggs and single own-eggs in relation to sex in
Experiment 2 (n: foreign eggs, A: host's own egg).
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Egg ejection by females and males in relation to the number of foreign eggs

'Females 
consistently rejected only the foreign egg-type regardless of whether it

was in the majority or minority (Table 2.Q.By contrast, ejection by males changed

depending on the number of foreign eggs (Table 2.4). Males ejected only the foreign egg-

type when it was in the minority (Experiment 1); however, they ejected their own eggs

more frequently than foreign eggs when the foreign egg-type was in the majority and

when experience with their partner's eggs was minimized @xperiment 2). This difference

in responses of rnales towards foreign eggs depending on different egg-manipulations

was statistically significant (Fisher's exact test, p = 0.033).
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Table 2.4.Ejection by female and male parrotbills of foreign conspecific egg(s)
depending on whether the foreign egg(s) is in the minority or in the majority.

Sex

Ejection of
No. of foreign

egg(s) foreign egg(s) Host's own

egg(s)

Fisher's

exact test

Female Minority

Majority

Male Minority

15

2

6

1

0

0

0

J

P = 1.000

P =0.033
Majority



65

DISCUSSION

Sex-specific strategy of egg discrÍmination

Most pa:rotbills rejected single foreign conspecific eggs (Table 2.1), which

suggests that they can detect the difference in colour between their own eggs and

parasitic eggs. [r Experiment 2, exchanging all host eggs except for one egg with

different coloured conspecific eggs (i.e.,4 foreign eggs and t host egg), panotbills

behaved as predicted. They rejected foreign eggs that were in the majority but accepted

their own egg, rejected only their own single egg, and accepted all foreign and their own

eggs (Table 2.2), whichindicates that there is more than one sftategy of egg recognition

within this population.

Which indivíduals reject only the majorityforeign eggs?

Some individuals ejected all foreign eggs that were in the majority, which left the

nests with only their own egg; these nests were then deserted, perhaps because the clutch

volume had decreased too much (Sealy 1992). This response suggests that the birds

already recognized their egg colour before the eggs were removed because experience

with their own egg-type was intemrpted by removing atl their own eggs except for one

egg from the nests soon after laying. Rejecters likely ejected the foreign eggs based on

memory which úould be the case with experienced females. Although some species of

birds rejected eggs at high frequencies apparently irrespective of their experience (Sealy

and Bazin 1995, Sealy and Neudorf lggl,Amundsen et al.20O2), hosrs' ability to

discriminate parasitic eggs may be acquired by leaming egg appearances (Moskát and

Hauber 2007) and, indeed, results of several experiments have suggested that female
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hosts leam their own egg-type during laying of their first clutch (Rothstein l97g; Lotem

et al. 1992, L995; Moksnes L99z; sealy and Bazin 1995; Lahri and Lahti z}}z).rn

Experiment 2, although only a few rejections were filmed, I suggest that most of the

foreign eggs were ejected by females because (1) females consistently rejected only the

foreign egg(s), regardless of whether the foreign egg-type was in the majority or in the

minority (Table 2.4), and (2) most foreign conspecific eggs were removed more

frequently by females than males

Results of other studies have revealed that females lay a constant egg type in

Village Weaverbrids (Collias Lgg3), and Vinous-throated Panotbills (Table 1.3 in Chapter

1; see also Kim et al. 1995). Such evidence that females experience eggs of the same rype

at their nests throughout their lifetime leads to the presumption that females do not have

to learn their eggs repeatedly during every breeding attempt, although this learning might

be reinforced during successive breeding seasons.

In host species with little intra-clutch variation and which are infrequently

parasitized, learning through an imprinting-like process might be more beneficial than

repeated learning (see Rodriguez-Gironés and Lotem l99g). Hosts laying uniform

clutches probably can memorize their own egg-type more clearly and this may improve

the host's ability to discriminate and reject parasitic eggs (Kitner 2006). ln this context, I

suggest that female parrotbills memorize the appearance of their eggs through learning

when they lay their first clutch.

Who rejects the host's own egg?

Of 11 nests at which egg rejection occurred, in four nests only single own eggs



67

\ilere rejected and then the foreign eggs were incubated (Table 2.2). This behaviour was

exhibited by three males and one individual of unknown sex. Moreover, male parrotbills

ejected only the foreign egg-type when it was in the minority (Table 2.4),butejected

their own single egg more frequently than foreign eggs when the foreign eggs were in the

majority (Table 2.4 and'Figure 2.3).Inother experiments, hosts adopt memory-based

recognition when they reject the non-mimetic parasitic eggs (Rothstein 1975, I97g:

Moksnes 1992; Seaty and Bazin 1995; Hauber et aL.2006;Moskát and Hauber ZOOT).

Memory-based recognition, however, seems likely in females. In a host that lays

polychromatic eggs, such as the Vinous-throated Parrotbill, howeveE males should not

rely on memory or experience because the male's egg-type frequently changes depending

on who his partner is each in breeding attempt (Table 1.4 in Chapter l; see also Kim et al

1995). If males reject the egg on the basis of memory they could err and eject their own

eggs. To reduce the likelihood of mistakenly rejecting their new partner's egg, male

parrotbills may simply reject only odd-looking eggs (i.e., discordance), or learn anew the

egg-type during every breeding attempt. In an egg-manipulation of experiment involving

eight species, Rensch (lgzs)reported that some Garden'Warblers (Sylvia borin)rejected

their own fourth egg.that was in the minority and accepted three foreign eggs of Lesser

'whitettrroat (sylivía curruca). He suggested that hosts may discriminate eggs by

discordance in colour. However, Rothstein (1975) pointed out the other species,

responses in Rensch's results, when reinterpreted, suggested that most birds recognize

their own eggs and reject foreign eggs (i.e., true egg-recognition), rather than by

discordance. If rejection is by discordance rather than leaming, I expected that most

parrotbills would reject their own single eggs when their own egg became the..odd-
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looking egg" (i.e., 4 foreign eggs and a single own-egg in the nest, Experiment 2).

However, in Experiment2, ejection frequency of an odd-looking egg was \ow (L7vo)

compared to rejection (83Vo) in Experiment 1 when the host's own eggs were in the

majority (i.e.,4 host's own eggs and one foreign egg in the nest).

In Experiment 1 where males could always see their partner's egg-type throughout

the laying period, they "correctly" learned the type that was in the majority. Exchanging

gradually all of the host's own eggs except for one egg with foreign eggs of different

colour throughout the laying period, however, might lead males to falsely learn the

pattern of the foreign eggs that was in the majority, and consequently eject one of their

partner's eggs that were in the minority (see Rothstein Lg75,1g78).This result suggests

that male panotbills discriminate foreign eggs by learning eggs of the majority type

during the laying period and then rejected eggs, rather than by discordance. This

mechanism likely enables males to discriminate non-mimetic real cuckoo eggs even

though they learn anew their new partner's egg type. Unlike females, males may

temporarily leam their partner's eggs to discriminate differences between eggs, and such

learning adopted by males is re-established at every breeding attempt. Egg colour

polymorphism seems to force a more complicated leaming process.

Egg-discrimination mechanisms

In the case of egg recognition, impriruing might sometimes be costly if nalve

breeders mis-imprint on the cuckoo egg-type when their nests were parasitized during the

learning period, because they may accept cuckoo eggs over the rest of their lifetimes

(Davies 2000, Marchetti 2000). To avoid this cost, hosts would imprint on only the frst
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egg of the clutch before they are parasitized; however, if intraclutch variation is great, the

female should learn her o\pn eggs based on extensive learning but imprint on only her

first egg (see Davies 2000). In the present study, Vinous-throated Parrotbills apparently

did not learn only the first-laid egg. If Vinous-throated Panotbills recognize their own

egg-type by imprinting on the first-laid egg, I expected that when own eggs were present

in the nest from the first day of egg-laying, rejection of foreign eggs would increase even

though these were in the majority. However, host responses in nests where own single

eggs were present in the nest from the first day of egg-laying were similar to responses in

nests where own single eggs were present only on last day of laying (Table 2.2).This

suggests that parrotbills leam to recognize their whole clutches rather than only their first

egg, thus prolonging learning (see Lotem et al. 1995), and the laying period becomes

very important for Vinous-throated Parrotbills to discriminate parasitic eggs.

Egg discrimination by both sexes and egg polymorphism of parrotbills may evolve

as a defense against parasitism. Brood parasitism has been thought to exert strong

selection on the appearance of host eggs, leading to great interclutch variation and little

intraclutch variation to facilitate discrimination of parasitic eggs (Petrie and Møller 1991,

Underwood and Sealy 2002, Kilner 2006). Such pressure may depend on the frequency

of parasitism, conspecific or interspecific. Lyon (2003) quantified fitness costs of

conspecific brood parasitism in the American Coot (Futica americana), where such

parasitism occurs commonly, and suggested that the high cost of parasitism by

individuals of the same species promote the high-level discriminative ability of hosts.

Collias (1993) proposed that selection pressure by both interspecific and conspecific

parasitism influences egg recognition and egg polymoqphism of weaverbirds. However,



10

Øien etal. (1995) concluded that selection exerted by interspecific brood parasitism, such

as in cuckoos, is considerably stronger than conspecific brood parasitism because parasite

offspring in parasitism within a species is raised with host's chicks, whereas cuckoo

chicks eject all the host's eggs and chicks, resulting in complete failure of the host's

reproductive efforl. Although conspecific parasitism reduces the total population

production (Lyon 2003), raising chicks of a non-relative may be more costly. In addition,

according to studies by Cruz and Wiley (1989) and Lahti (2005), cuckoo parasirism,

rather than conspecific parasitism, exerts strong selection pressure on egg polymorphism

and rejection of hosts. In the Village'Weaverbird population that was introduced from

Africa into Hispaniola and that was not parasiti zed, for200 years, weaverbirds accepted

parasitic model or conspecific eggs of different colours, unlike the source populations of

Aùica (Cruzand TViley 1989); interclutch variation and consistency in egg appearance

within a clutch decreased (Lahri 2005).

Conspecific brood parasitism is present more frequently among precocial species

than passerines (Yom-Tov 1980). Peer and Sealy (2000) found no evidence of conspecific

brood parasitism lr;r797 Great-tailed Grackle (Quiscalus mexícanus)nests, and concluded

that egg rejection has not evolved to counter adaptation against conspecific brood

parasitism. In Vinous-throated Parrotbills, conspecific parasitism likely occurs rarely. Lee

(2002) recorded intraspecifîc parasitism in only one of 190 parrotbill nests and in my

study area I found conspecific parasitism in one of 272nests studied in three breeding

seasons. Therefore selection pressure by conspecific parasitism may exert little effect on

evolution of egg polymorphism in parrotbills.
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CONCLUSIONS

Vinous-throated Parrotbills can discriminate between their own and parasitic eggs and the

ability may be acquired through learning. Single foreign eggs of different colour were

rejectéd at a high frequency. when a foreign egg-type was in the majority, 54vo of

parrotbills accepted all egg types, some hosts rejected only foreign eggs çZòfo¡, and other

hosts rejected only their own single eggs (17Vo). Host's own eggs were ejected by only

males. Females rejected constantly only foreign eggs regardless of whether foreign eggs

were in the minority or in the majority. However, males responded differently towards the

foreign eggs depending on when the egg type was in the majority, or in the minority.

Female parrotbills likely learn their own egg-type when they lay the first clutch and reject

parasitic eggs based on previous experience. However, male panotbills may reject

parasitic eggs based on short-term learning of eggtype duririg every breeding attempt.

Egg-colour polymorphism likely lead males to evolve a more complicated learning

process.
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