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Preface
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do my PhD research on this topic at the Norwegian University of Science and Technology, far
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Bangladesh.
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thanks to Flora Magige, Lester Rocha, Dr. Anton Antonov (who also prepared the model eggs for
my field work) and Dr. Lenka Polacikova for fruitful discussions and advice related to my
research. I want to thank the staffs at the Department of Biology at NTNU, especially Tove
Tronvold who assisted me in official work during my study. My sincere thanks are due to
Professor Md. Anisul Islam, Professor Md. Abdul Gafur Khan, Professor M. Farid Ahsan and
Professor Baharul Hoque of the University of Chittagong for their cooperation.
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spent many hours in the field looking for nests. In addition, a special thank you goes to
Monoronjon for carrying the ladder and Yousuf, who climbed up trees to collect eggs during the
hot, humid summer. I would also like to thank my high school and university friends Nagari,
Shelly, Neela, Tanuka, Jabed, Kohinoor and Shajjad; my family friends from Bangladesh, Dr.
Seema Hoque, Dr. Mozammel Hoque, Dr. Shamsul Alom Selim, Halima, Dr. Atiq Rahman,
Masuma, Dr. Merajuddin Ahmed, Mohua; and those who were staying in Trondheim, Raihan, Dr.
Aminul Islam, Nimmi, Hossain, Orpana and Shila (my apologies, if I have forgotten anyone). All
of these people have been incredibly supportive through hard times. Many thanks are also due to

Berit and Aud for sharing nice moments during my stay in Trondheim.
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My sincere thanks are also due to my respected teachers Professor Rafiqun Nabi,
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them. Special thanks are due to Dr. Lisa Jones-Engel and Dr. Gregory A Engel for many cheerful
moments during their field visit to Bangladesh.

I want to express my deepest thanks to my brother Aman, sisters Jolly and Nazia and
extended family members, Nazma, Faruk and Fuad for their care and moral support throughout
my study. My much-loved Amma (Mother) and Baba (Father-in-law) deserve heartfelt gratitude
for the precious steadfast support they have always given me. Their endless caring for my family
during my absence was incredible even at their old stage of life! This made my work possible. In
fact, my work was a dream of my belated beloved father and mother-in-law.

My family, including my treasured sons Adnan and Irfan, has uncomplainingly endured
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Summary

The interaction between brood parasitic cuckoos and their hosts represents a traditional
example of coevolution, whereby obligate interspecific brood parasitic cuckoos
completely rely on their hosts to do their parental care for them by laying their eggs in the
host’s nest. This thesis brings together a great deal of information documenting and
clarifying the interactions between different species of hosts and their respective parasitic
cuckoos in Bangladesh. I recorded parasitism rates to determine the extent of brood
parasitism and to identify the host species that were parasitised by sympatric cuckoos.
Four parasitic cuckoos were documented: the Asian koel (Eudynamys scolopacea), the
common hawk cuckoo (Cuculus varius; previously known as Hierococcyx varius), the
pied cuckoo (Clamator jacobinus) and the Indian cuckoo (Cuculus micropterus). These
cuckoos were sympatric and parasitised different host species, including the house crow
(Corvus splendens), the long-tailed shrike (Lanius schach), the common myna
(Acridotheres tristis), the jungle babbler (Turdoides striatus) and the black drongo
(Dicrurus macrocercus). All of these cuckoo species are obligate brood parasites. The
Asian koel utilised the following three hosts: the house crow, the common myna and the
long-tailed shrike. The latter was recorded for the first time as a host for the Asian koel in
Bangladesh. We found that koel eggs were highly non-mimetic to those of common myna
and long-tailed shrike, but showed good mimicry to house crow eggs. Indian cuckoos
showed excellent egg mimicry with the eggs of their black drongo hosts, as did common
hawk cuckoos and pied cuckoos with their jungle babbler host. The hosts accepted the
eggs of all four cuckoo species. However, the common myna was more likely to abandon
nests parasitised by the koel than unparasitised ones. All of the host species suffered the
costs of koel parasitism, showing reduced breeding success. Proximity to fruit trees was
an important predictor of the probability of parasitism in the three koel host species
studied. There was a significant positive relationship between nest volume and probability
of parasitism by Asian koels. Furthermore, the colonial breeding house crows suffered
comparatively less parasitism than the other two koel host species. Long-tailed shrike
nests close to conspecific neighbours were less likely to be parasitised, and the risk of
parasitism was increased in nests lower to the ground. The risk of parasitism increased
during the breeding season for house crows and common mynas. All three Asian koel

hosts tolerated multiple parasitism. We investigated whether there was any interspecific
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competition among the sympatric cuckoos. In theory, sympatric parasites should show
niche segregation through variation in host use. As predicted, each cuckoo species
parasitised different host species; however, host use overlapped in common hawk
cuckoos and pied cuckoos, but interspecific competition was reduced because these two
cuckoo species have different breeding seasons. Furthermore, there was a significant
difference in parasitism rate among the three main habitats: human habitations, mixed
scrub forests and monoculture plantations. This indicated that different cuckoos favour
specific habitats, even if their favourite host also occurs elsewhere. Finally, I tested
responses against foreign eggs by the cuckoo hosts as well as by potential cuckoo hosts in
the study area. For this purpose, I used differently sized and coloured model eggs.
Common mynas and jungle babblers accepted all non-mimetic eggs, as did most of the
house crows (91 %). Long-tailed shrikes rejected 75 % of the non-mimetic model eggs.
Finally, black drongos turned out to be strong rejectors and could do so without damaging
any of their own eggs, most likely because they grasped and ejected the non-mimetic
model egg. This result indicates that the black drongo has been in a coevolutionary arms
race with the Indian cuckoo since drongos accepted mimetic cuckoo eggs. Species such as
the Oriental magpie robin (Copsychus saularis), red-vented bulbul (Pycnonotus cafer)
and Asian pied starling (Gracupica contra), which likely have no history of interaction
with cuckoos, accepted 100 % of the non-mimetic model eggs.

In conclusion, our findings describe host nest use cues used by the Asian koel,
which may provide background for further studies in other sympatric brood parasites. In
spite of the high degree of acceptance of parasitic eggs, the breeding success of both
cuckoos and hosts should be more closely studied to obtain a better understanding of the
costs of parasitism. Future experimental studies are highly recommended to achieve a

better understanding of host responses to Asian cuckoo species.
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Introduction

Background

Studies on avian brood parasitism have become increasingly specialised and are a
fascinating subject in the field of ornithology. Brood parasitic birds do not build their own
nests, but lay their eggs in the nests of other birds and leave the parental care to the foster
parents (Johnsgard 1997, Rothstein and Robinson 1998, Davies 2000, Payne 2005).

Charles Darwin (1859) was the first to describe the adaptation of one organism to
another and vice versa by the term ‘coadaptation’. However, today this reciprocal
evolutionary change among interacting species is defined as ‘coevolution’ (Janzen 1980,
Thompson 2005). The interaction between the cuckoo and its hosts represents one of the
most remarkable and suitable model systems for the study of coevolution (Rothstein and
Robinson 1998). However, there also seems to be a surprising lack of adaptations among
many hosts (Davies 1999). In ancient times, Aristotle studied the brood-parasitic
interactions between common cuckoos (Cuculus canorus) and their hosts (Friedmann
1964, Davies 2000). In modern times, many renowned authors have described different
species of brood parasites and provided important contributions to the understanding of
the ecology and evolution of avian brood parasitism (e.g., Chance 1922, Friedmann 1929,
1955, 1960, Baker 1942, Wyllie 1981 and Payne 1973, 1977, 1982, 2005).

The evolutionary origin of avian brood parasitism is one of the most interesting
and unsolved questions in current ornithology. Darwin (1859) proposed that occasional or
accidental laying of eggs by one species in the nest of other species initiated the
development of brood parasitism.

Two types of brood parasitism are well recognised. The first, known as
conspecific or intraspecific brood parasites, are always non-obligate and involve laying
eggs in the nest of others of the same species and are most often found among colonial
nesting species, e.g., the African village weaver (Ploceus cucullatus). This type of
parasitism has been reported in 236 (around 2.4 %) (Rohwer and Freeman 1989) of 9672
species of birds (Sibley and Monroe 1990). It is thought that the cuckoo’s parasitic
behaviour evolved from conspecific brood parasitism (Hamilton and Orians 1965). The
second type are interspecific brood parasites. These brood parasites lay their eggs in the

nests of other bird species and have completely lost the ability to build nests and show
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any parental care, e.g., honeyguides, viduines, some species of cuckoos in the Cuculinae
family and several species of cowbirds, such as the Molothrus cowbirds. Interspecific
brood parasitism has been documented in approximately 100 species (about 1%) of the
9672 species of birds (Davies 2000) and has evolved independently seven times in birds
(Sorenson and Payne 2005): three times in the family Cuculidae, the cuckoos; two times
in the family Icteridae, the cowbirds; once in the family Viduidae, the brood parasitic
African finches; once in the family Indicatoridae, the honeyguides; and once in the black-

headed duck (Heteronetta atricapilla).

Brood Parasites and their Hosts: Interactions and Adaptations

Field studies of avian brood parasitism in recent decades have provided a great deal of
information on the life histories of brood parasites and their hosts. Their interactions
result in a coevolutionary arms races, in which the parasites evolve the abilities to exploit
their hosts in more effective ways, while the hosts evolve strategies to mitigate the impact
of parasitism (Dawkins and Krebs 1979). Likewise, both parasites and hosts evolve
adaptive behavioural traits to maximise their fitness in a conflicting manner (Takasu
2005). For example, hosts have evolved defences, such as aggression, against the parasite
and egg rejection in response to parasitism (Davies 2000). Moreover, the degree of
defence varies from population to population. Likewise, cuckoos have evolved deceptions
such as secretive egg laying and egg mimicry to beat the host’s defences. This arms race
may proceed to a new stage in which hosts discriminate against odd-looking chicks and
parasites counter with chick mimicry (Davies and Brooke 1989b, Langmore et al. 2003,
Stokke et al. 2005). The arms race may therefore be an endless process involving
escalation and integration of new defence systems on both sides (Davies 2000, Takasu

2005).
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Adaptations in Brood Parasites and Hosts: An Overview
Parasitic Adaptations

Many studies have focused on cuckoo-host interactions at the stage before egg laying.
Parasitic cuckoos exhibit adaptations that reduce host fitness in several ways. Cuckoos
have inconspicuous colours and dull or cryptic hawk-like plumages (Payne 1967), which
may facilitate the success of parasitic laying (Kruger et al. 2007). This might be an
adaptation to influence host behaviour and hence, reduce the chances of detection by their
hosts (Craib 1994, Davies and Welbergen 2008). Brood parasites remove or puncture host
eggs (Fraga 1986, Peer and Sealy 1999, Nakamura and Cruz 2000) or sometimes even eat
the eggs (Scott et al. 1992). Egg removal enhances host incubation (Davies and Brooke
1988), and it may cause the host to abandon the nest (Peer and Sealy 1999) or, more
likely, abandon the clutch if too many eggs are removed (Rothstein 1986). However,
parasitic adaptations to hosts’ egg removal and egg puncture are the least understood
(Peer 2006). Cuckoos have evolved thicker egg shells, which may serve as protection
against puncturing attempts by hosts (Swynnerton 1918, Antonov et al. 2006a) and
therefore reduce host rejection (Spottiswoode 2010). Adaptation of a shorter incubation
period and hence early hatching of cuckoos relative to their hosts’ eggs is a competitive
advantage for the parasitic young in terms of food acquisition and facilitates the ejection
or eviction of host eggs or young (Payne 1977, Davies 2000).

At the egg stage, there are several studies that have focused on egg mimicry by
parasitic cuckoos (Baker 1913, Swynnerton 1918). In general, parasitic cuckoo eggs are
highly variable both in colour and size relative to the size of the bird laying the eggs,
which is regarded as a brood parasitic adaptation (Wyllie 1981). Egg mimicry among
different races of the common cuckoo evolves in relation to the strength of host rejection.
The stronger the host egg discrimination, the better the egg colour and pattern are
mimicked by the cuckoo eggs (Brooke and Davies 1988, Stoddard and Stevens 2010,
2011). Therefore, cuckoo egg mimicry evolves in response to host egg rejection (Davies
2011). Egg crypsis, the laying of dark eggs, is also regarded as another counter-adaptation
by some cuckoo species against host rejection (Brooker and Brooker 1990, Langmore et
al. 2009, Davies 2011). The parasitic chicks may mimic the gape patterns of the host’s
young or their begging calls (Redondo and Arias de Reyna 1988) to elicit increased
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parental care (Davies et al. 1998, Kilner et al. 1999). Therefore, the cuckoo’s parasitic
adaptations are of two kinds, the well-studied adaptation ‘trickery’ (Rothstein and
Robinson 1998, Davies 2000, Kilner and Langmore 2011) and another adaptation called
‘tuning’, which together may explain the existence of obligate brood parasitic cuckoos

(Davies 2011).

Host Adaptations

Many hosts respond insistently toward a parasitic cowbird or cuckoo near the nest by
trying to chase or divert it away. Therefore, selection that favours hosts that are aware of
parasitic birds as a risk and respond aggressively whenever doing so prevents or reduces
parasitism (Robertson and Norman 1976). Aggression toward the parasitic bird is
regarded as key adaptation of hosts (Moksnes et al. 1990, Roskaft et al. 2002a) against
parasitic egg laying.

Host populations do not all show strong defences against parasitism; some may
show only intermediate levels of rejection of non-mimetic foreign eggs (Rothstein 1975b,
1990, Davies and Brooke 1989a, Moksnes et al. 1990, Takasu 1998, Brooke et al. 1998,
Stokke et al. 2005). Host species can normally be classified into two categories as either
‘acceptor’ species or ‘rejector’ species, as described by Rothstein (1975b). Acceptor
species rarely respond to non-mimetic eggs, while rejector species do not accept foreign
eggs and reject them. A generalised host adaptation against brood parasites is the
recognition and rejection of parasite eggs from their nests, which can lead to the selection
for egg mimicry by cuckoos. Furthermore, comparative analyses show that passerine
species commonly parasitised by the cuckoo have evolved lower intraclutch variation in
egg appearance. This reduced variation would facilitate the discrimination of parasite
eggs from host eggs when cuckoo egg mimicry is very accurate (Victoria 1972, Davies
and Brooke 1989b). These hosts also show higher interclutch variation than those that
have not been parasitised (Qien et al. 1995, Soler and Meller 1996, Stokke et al. 2002).
Therefore, rejector individuals have less intraclutch variation in egg appearance than do
Acceptor individuals (Stokke et al. 1999, Soler et al. 2000). High interclutch variation and
low intraclutch variation allows effective egg discrimination (Qien et al. 1995, Honza et

al. 2004), which is an effective mechanism against brood parasitism (Stokke et al. 2002).
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Finally, the coevolutionary arms race between parasitic cuckoos and their hosts
has extended to the stage of cuckoo chick discrimination (Langmore et al. 2003), in which
hosts may preferentially rely on non-phenotypic recognition cues (Sherman et al. 1997,
Anderson and Hauber 2007) to discriminate cuckoo chicks.

Kruger (2007) argued that the outcome of cuckoo-host interactions can be
classified into three categories: 1) continued exploitation of hosts with no host defences
[the common cuckoo-dunnock (Prunella modularis) system would be an example]; 2)
oscillatory systems, where brood parasitism frequency and host defence levels fluctuate
around an evolutionary equilibrium, an example of which would be the common cuckoo-
reed warbler (Acrocephalus scirpaceus) system, where egg rejection behaviour declines
with declining levels of brood parasitism (Brooke et al., 1998); and 3) systems where the
evolution of counter adaptations by the hosts prevents successful parasitism (Davies
2000, Rothstein 2001). There are many examples of this final system, such as blackcaps,
(Sylvia atricapilla) which react aggressively towards cuckoos (Reskaft et al. 2002a)
throughout Europe with almost a 100 % rejection of parasitic eggs. If these situations
continue, the cuckoo gens either become extinct or successfully switch to another host

species.

Single Cuckoo-host Use vs. Multiple Cuckoo-host Use Systems

The great diversity in the pattern of host species utilisation by the cuckoo over its vast
distribution area is fascinating (Davies 2000). However, host use by the cuckoo in any
one region has rarely been properly sampled because most researchers have tended to
concentrate their effort on one or a few common hosts (Moksnes and Reskaft 1995). In
most cases, studies have examined single cuckoo-host systems where a single parasite
species utilises one or several host species. Despite the overall variability in host use, a
cuckoo frequently parasitises several distinct sympatric hosts while ignoring many other
passerine species that are potentially suitable as hosts (Friedmann 1967, Brooker and
Brooker 1989, Higuchi 1989, Davies and Brooke 1989a, b, Moksnes et al. 1990).
Therefore, cuckoos choose hosts with a particular size, diet and nest type to ensure that
the cuckoo egg and chick development are well matched with the host’s life history
(Davies 2011). Moreover, common cuckoo gentes with different egg phenotypes

parasitise different species of warblers and buntings breeding in sympatry in partially
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overlapping habitat types (Antonov et al. 2010). In Japan, sympatric host species are
parasitised by different common cuckoo gentes, which may explain the expansion of host
use range as well as the evolution of cuckoo egg mimicry (Takasu et al. 2009).

Host selection rules remain unclear in some parts of the world. Cuckoos are
narrow with regard to their host choice, and the ultimate mechanisms of host selection are
still a matter of debate. The widespread evidence is that individuals within and among
host populations are not evenly parasitised (Kruger 2007). However, systems where
several parasite species occur in sympatry have been far less studied (see e.g., Friedmann
1967, Brooker and Brooker 1989, Higuchi 1989, Chace 2004, 2005). Sympatric brood
parasitic cuckoos (Cuculus, Chrysococcyx, Clamator, Eudynamys, Oxylophus, Scythrops)
in Africa, Australia and Japan partition their primary hosts. This may reduce the potential
costs of interference competition among them for host nests (Friedmann 1967, Payne and
Payne 1967, Brooker and Brooker 1989, 1992, Higuchi 1998). Where parasitic cuckoo
species overlap in host use, slight differences in habitat use may lead to segregation
(Southern 1954). Differential habitat selection by sympatric brood parasites has been
observed among cuckoos (Friedmann 1967, Brooker and Brooker 1992) and cowbirds
(Peer and Sealy 1999, Chace 2004). In Africa, three sympatric Cuculus spp. exhibit a high
degree of host specificity as well as habitat specificity (Friedmann 1967). Bronze-
(Molothrus aeneus) and brown-headed cowbirds occupy the same four riparian and pine-
oak forests types, but at broader spatial scales, these cowbirds may reduce or avoid
competition for host nests through divergent habitat use (Chace 2004). However,
sympatric cuckoos and cowbirds may also overlap extensively in diet, habitat
requirements and use of hosts (Payne and Payne 1967, Brooker and Brooker 1992).
Competition for suitable hosts by parasitic sympatric cuckoos may influence the
evolutionary development and the exploitation of new areas for suitable hosts (Wyllie
1981). In Bangladesh, several cuckoo species breed in sympatry and parasitise different
host species in diverse habitats, representing a real multiple cuckoo-host system, which
may explain the segregation of multiple cuckoos into multiple host use patterns. This
reduces interspecific competition.

The co-evolutionary arms race (Dawkins and Krebs 1979, Thomson 1994, Davies
2000) is a basic theory in cuckoo research (Moskat 2005) and has primarily been
conducted on cuckoos in Europe and Australia and cowbirds in North America. The
common cuckoo, great spotted cuckoo (Clamator glandarius) and some cowbirds have
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been the focus for quite a lot of studies. However, very few and poor studies have been
conducted on the Indian sub-continent.

Details regarding coevolutionary interactions of sympatric parasitic cuckoos and
their hosts are still unravelled in many parts of the world, such as in Bangladesh at the
southeastern part of the Indian subcontinent. Here, several sympatric cuckoo species, viz.
the Asian koel (Eudynamys scolopacea), common hawk cuckoo (Cuculus varius), pied
cuckoo (Clamator jacobinus) and Indian cuckoo (Cuculus micropterus) live in sympatry.
These cuckoos parasitise different host species, such as house crows (Corvus splendens),
long-tailed shrikes (Lanius schach), common mynas (Acridotheres tristis), black drongos
(Dicrurus macrocercus), jungle babblers (Turdoides striatus) and others. All of the

sympatric cuckoo species throughout the Indian subcontinent are obligate brood parasites.

Aims of the Study

To my knowledge, this is the first study on cuckoo-host interactions in Bangladesh. The
aim of my thesis is to learn more about geographic variation in cuckoos’ breeding
behaviour, to uncover cuckoos’ lifestyles and to search for any effect cuckoos might have
on their host communities and hosts’ cognitive abilities throughout the many different
habitats utilised by these sympatric cuckoos. The most important objective of the thesis
was to learn about the interactions between different species of Asian cuckoos and their

different hosts.

Specifically, I examined the following: 1) interactions between the Asian koel and its
different hosts, with a special focus on host selection factors (Paper I and Paper II); 2)
host choice by sympatric cuckoo species in different habitats (Paper III); and 3) host
recognition and rejection abilities of parasitic eggs using experiments with artificial

model eggs in host nests (Paper IV).

Study Area, Study Species and General Methods

Study Area

This study was carried out on the Jahangirnagar University campus, which is located in

the central region of Bangladesh (30°16'N, 90°52" E), 32 km north of Dhaka (Fig. 1). The
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entire university study site is about 200 ha. The Jahangirnagar University campus has
isolated patches of ‘sal’ (Shorea robusta) forest, which originated from an earlier tropical
deciduous ‘sal’ forest community (Nishat et al. 2002). The campus has many different
vegetation types, forming a mixture of diverse habitats. These vegetation types include
fruit trees dominated by Artocarpus heterophyllus, Mangifera indica, Mimusops elengi,
Ficus bengalensis, Murraya paniculata and Livistona chinensis, grasslands, open
woodlands dominated by tree species such as Tectona grandis, Acacia auriculiformis,
Swietenia mahagoni, Shorea robusta, Dalbergia sissoo, Albizia spp. and bushes such as
Chrysopogon sp., Cassia sophera and Cassia tora and monotypic plantations including

Acacia auriculiformis, Gmelina arborea and Lagerstroemia speciosa (Fig. 2).

Jahangirnagar
University
Campus

Fig. 1. Map of study area
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Fig. 2. Different cuckoo habitats in the study area; a. Human habitations,
b. Mixed scrub forests, ¢c. Monotypic plantations.

In addition, the area consists of agricultural lands, orchards and botanical gardens in and
around human settlements. A total of 180 bird species, including 76 passerines and 104
non-passerines, have been recorded in the area. In total, 34 passerine species have been

found to be breeding residents (Mohsanin and Khan 2009).

Study Species

Three cuckoo species, the Asian koel, common hawk cuckoo and Indian cuckoo, are

widely distributed and are common residents throughout many types of habitats in
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Bangladesh, while the pied cuckoo is a summer visitor (Grimmett et al. 1999). All these
cuckoo species occur in sympatry and coexist with their current hosts in diverse habitats
in the study area.

The Asian koel is the most common resident among the cuckoos in the study area
(Fig. 3). Each of the host species of Asian koel is a common resident and is also widely
distributed throughout Bangladesh. The house crow and the common myna mostly inhabit
areas near humans, as they are highly opportunistic omnivores (Feare and Craig 1999),
while the long-tailed shrike more commonly occurs in open mixed forests and bushes

with scattered trees. These host species are described in detail in paper I (Fig. 3).

Fig. 3. Asian koel and its hosts; a. female koel, b. male koel, c. common
myna, d. house crow, e. long- tailed shrike
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The black drongo is one of the most common and widely distributed passerine
birds throughout the Indian sub-continent (see Payne 2005) (Fig. 4). They feed on insects
(mainly agricultural pests) and breed in trees, usually near the fringe of a branch. Their
breeding season lasts from April to August, with a peak in May or June (Ali and Ripley
1987) in different areas. In Bangladesh, their clutch consists of 3—4 eggs. Their incubation
period is normally around 15 days, and the nestlings are in the nest for about 19 days (Ali

and Ripley 1987).

Fig. 4. Indian cuckoo and its host; a. Indian cuckoo, b. black drongo

Finally, the jungle babbler is one of the most common passerine birds throughout the
whole peninsula of India (Whistler 1949). This species serves as host for several cuckoo
species (Lowther 2005). It is a common bird found in gardens near human habitations as
well as deciduous forests and cultivated areas (Ali and Ripley 1987). They are gregarious,
occurring in parties of about 6 to 12 individuals and are commonly known as ‘seven
sisters’ due to their social habits (Whistler 1949, Ali and Ripley 1987). Jungle babblers
mainly feed on insects, but fruits like figs and berries are also a part of their diet (Ali and
Ripley 1987). Their nests are normally built in small thorny trees, and the breeding season
lasts from March to September. In Bangladesh, their clutch consists of 3 to 5 eggs, but in
India, they occasionally lay up to 7 eggs (Gaston 1977). The incubation period is
generally around 14 days. The jungle babbler is parasitised by the common hawk and

pied cuckoos (Gaston 1976, Gaston and Zacharias 2000) (Fig. 5).
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Fig. 5. a. Common hawk cuckoo b. pied cuckoo c. jungle babbler, a host
for both cuckoo species

Methods

This study on natural parasitism was carried out in two successive breeding seasons of
2008 and 2009 (January to August, each year). During these years, I also conducted
experiments by introducing artificial model eggs into host nests to test the host responses.
These experiments were extended in the following year, 2010. Nests of most host species
were systematically searched for in different habitats within the study area. Data were
collected on different factors, including the distance between host nests and cuckoo
vantage points, the distance to conspecific breeding neighbours, nest size, nest height, egg
measurements, and egg mimicry. | also estimated parasitism rates among different hosts,

host selection and habitat preferences among the sympatric cuckoos. Experiments with
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artificial eggs were conducted by following the general procedures of Moksnes et al.
(1990). If the model egg remained in the nest and was incubated for at least 5 days, it was
classified as accepted. If the model egg disappeared from the nest and the remaining eggs
were incubated, the case was classified as a rejection. Detailed descriptions of field
procedures and field observations, including the occurrence of cuckoo parasitism, host

use and host responses to parasitism, are found in detail in all papers (I, 11, IIL, IV).

Summary of Papers

Paper 1. Interactions between the Asian koel (Eudynamys

scolopacea) and its hosts

I explored host-parasite interactions between the parasitic Asian koel and its different host
species: the house crow, the long-tailed shrike and the common myna. These three host
species are among the most common passerine residents in the study area. Common
mynas and long-tailed shrikes experienced significantly higher parasitism rates than did
house crows. In terms of degree of mimicry of cuckoo eggs with host eggs, long-tailed
shrikes and common mynas were distinct from those of Asian koels, while mimicry was
significantly better between koel and house crow eggs. Parasitism rates and multiple
parasitism (more than one cuckoo egg) were higher in common mynas and long-tailed
shrikes than in house crows. Asian koels did not parasitise any nests of common mynas
situated in holes or cavities. For all three host species, the breeding success of the host
was significantly reduced in parasitised nests compared with non-parasitised nests.
Common mynas were more likely to desert parasitised nests than non-parasitised nests,
which could indicate that this host has developed at least a slight defence against
parasitism. In this system, host responses were otherwise almost absent or at a very low
level, probably due to a much lower virulence behaviour in the parasitic Asian koel chick
than, for example, common cuckoo chicks (which evict all host young). Both host and

cuckoo young survived in koel-parasitised nests.
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Paper Il. Factors influencing host nest use by the brood parasitic

Asian koel (Eudynamys scolopacea)

The brood parasitic Asian koel followed different patterns when selecting nests of
different hosts. In all three host species, the probability of parasitism increased when the
distance between the host nests and potential parasite vantage points (here, fruit yielding
trees) decreased, and furthermore, there was a noteworthy positive correlation between
nest volume and chances of parasitism. Large nests may indicate a ‘high quality host’ or
‘high quality territory’ to cuckoos. I found that comparatively larger nests were poorly
camouflaged and thus were more easily visible to the Asian koel. Nests of long-tailed
shrikes and house crows close to active conspecific neighbours were less likely to be
parasitised than nests further away. Moreover, the risk of parasitism in long-tailed shrikes
increased with nest heights lower to the ground. Most of the results of the present study
are in accordance with findings from other brood parasite—host systems and indicate that

brood parasites use many similar cues when selecting host nests.

Paper Ill. Host use by four sympatric species of cuckoos in

Bangladesh

Sympatric parasite species are expected to have segregated into different ecological
niches, and they should prefer different host species to avoid interspecific competition. As
predicted, each cuckoo species parasitised different host species. The Asian koel
parasitised common mynas, long-tailed shrikes and house crows. The Indian cuckoo
parasitised black drongos, while the common hawk cuckoo laid eggs in the nests of jungle
babblers. The latter host was also parasitised by the pied cuckoo, but the breeding season
of the two last mentioned cuckoo species did not overlap because they have different
arrival dates in the study area. As a result, the intensity of parasitism by common hawk
cuckoos, which arrived early, was higher than that of pied cuckoos, which arrived later in
the season when the jungle babbler had nearly ceased breeding. I also recorded parasitism

rates by the cuckoo species in three main habitats in the study area: human habitations,
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mixed scrub forests and monotypic plantations, which were classified according to
vegetation type (Fig. 5). For most host species, there was a significant difference in the
parasitism rate between habitats, indicating that cuckoos preferred specific habitats even
if their favourite host also occurred in other habitats. Indian cuckoos, common hawk
cuckoos and pied cuckoos showed excellent egg mimicry with their hosts, while Asian

koels showed good mimicry to only one of their three host species.

Paper IV. Asian cuckoo host responses against experimental

parasitism

Host adaptations against parasitism (the acceptance or rejection of non-mimetic eggs) and
cuckoo counteractions (egg mimicry) are expected to be favoured by natural selection. I
experimentally parasitised nests of ten potential cuckoo host species using differently
sized and coloured model eggs (brown, blue and white) to test host responses. Two
species were strong rejectors: black drongos and black-hooded orioles, which rejected all
(100 %) of the non-mimetic model eggs. Long-tailed shrikes rejected 75 % of the model
eggs, while most house crows (90.9 %) accepted the model eggs. Jungle crow pairs
accepted 56 %; they deserted their nests in 44 % of the experiments. Finally, common
mynas and jungle babblers accepted (100 %) all non-mimetic eggs, although they are very
common hosts in the area. As a frequent cavity or hole nester, the common myna has not
yet developed rejection behaviour in its breeding range. Further studies are needed to
explain why jungle babblers accepted non-mimetic experimental eggs despite the
excellent egg mimicry of their brood parasites (common hawk cuckoo and pied cuckoo).
Species such as the Oriental magpie robin, the red-vented bulbul and the Asian pied
starling, which probably have no or very little history of interaction with cuckoos,

accepted 100 % of the non-mimetic model eggs.

Discussion

This thesis provides basic information and findings about Asian brood parasitic cuckoos,
their hosts, and their interactions with common hosts. My results and findings have

unravelled new information about this cuckoo-host system in the sub-continent.
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Sympatric Cuckoos and their Hosts

In coevolutionary interactions between cuckoos and their hosts, the increasing fitness
costs of parasitism on hosts select for increased host defences, which in turn may compel
parasites to evolve adaptations to overcome host’s defences by ‘trickery’, such as ‘egg
mimicry’ (Davies 2000). However, many host-parasite systems still lack these adaptations
(Davies 2000). For example, the dunnock accepts the highly non-mimetic eggs of the
common cuckoo (White 1789, Davies 2000). The ‘evolutionary lag’ (Rothstein 1975a,
1990) and the ‘evolutionary equilibrium’ (Zahavi 1979, Spaw and Rohwer 1987, Lotem
et al. 1992, Lotem and Nakamura 1998, Hauber et al., 2004) hypotheses have been the
most common explanations of such “maladaptive” behaviour. However, it is very difficult
to discriminate between these two hypotheses (Rothstein 1982).

My study is the first to investigate host-parasite interactions and the effects of
parasitism by the obligate brood parasitic Asian koel on the breeding success of three
different host species (Paper I). It is also the first study on sympatric cuckoos, such as the
common hawk cuckoo, pied cuckoo and Indian cuckoo, and their respective hosts in this
region (Paper III). The first prerequisite in becoming a successful parasite is to adopt a
successful host. The distribution and population density of the parasites are predictably
controlled by the distribution and abundance of their hosts (Stokke et al. 2007). The
European common cuckoo maintains a wide distribution by parasitising a wide range of
host species, and this has led to the evolution of distinct gentes with eggs closely
mimicking those of their hosts (Moksnes and Reskaft 1995, Davies 2000). Although there
have been occasional records of Asian koel parasitism in other regions of the Indian sub-
continent (see Payne 2005), the Asian koel seems to parasitise many passerine species
with which it is sympatric. However, the Asian koel only lays one type of egg. In this
respect, the Asian koel seems to be more generalistic and more similar to the brown-
headed cowbird than to the common cuckoo. The pied cuckoo, on the other hand, mainly
parasitises babblers of the Turdoides genus, most commonly lowland species such as 7.
striatus, T. caudatus and T. malcolmi (Becking 1981). The common hawk cuckoo
parasitises jungle babblers like the pied cuckoo. This cuckoo lays its eggs during spring
rather than during the rainy season, which coincides with the breeding of jungle babblers.
On the other hand, jungle babblers are parasitised by pied cuckoos during the rainy
season (Gaston and Zacharias 2000), which may be an adaptation to reduce competition
between two sympatric cuckoos. The Indian cuckoo mainly parasitises black drongos, a
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sympatric passerine found in mixed scrub forests (Paper III) (Baker 1942, Becking 1981).
Black drongo eggs are variable in colour and markings (Becking 1981), which might be
adaptations towards the mimetic eggs of the Indian cuckoo (@ien et al. 1995). The Indian
cuckoo parasitises different hosts in several regions in Asia (Payne 2005).

In two host species, the Asian koel laid highly non-mimetic eggs (Paper I). In
previous studies, Asian koels parasitised different host species, such as black-naped
orioles (Oriolus chinensis) and black drongos, if crows were not available (Smith 1950,
Holmes and van Balen 1996). The blue magpie (Urocissa erythrorhyncha) has also been
recorded as a host (Lewthwaite 1996). Asian koels may, as discussed above, be regarded
as a generalist brood parasite throughout its range. The frequency of koel parasitism was
lower in house crows than in common mynas and long-tailed shrikes; however, all three
hosts of Asian koel eggs can be regarded as equally suitable hosts because there were no
significant differences in cuckoo breeding success (Paper I). In spite of the extensive
costs of parasitism, long-tailed shrikes and common mynas seem not to have evolved
rejection behaviour, with no observed cases of egg ejection, even though the parasite egg
appeared to be highly non-mimetic compared to host eggs (Paper I). This situation is
contrary to that in many hosts of the common cuckoo (e.g., Davies and Brooke 1989a,b,
Moksnes et al. 1990). In the current cuckoo-host system, the absence of host responses or
very low levels of anti-parasitic defence may be more similar to the cowbird-host system,
which is probably a result of repeated or spatially and temporally non-random patterns of
parasitism (Hauber et al. 2004). Moreover, habitat fragmentation, which is one of the
main causes of habitat degradation (Muzaffar et al. 2007) in this region of Asia, may have
forced hosts and parasites into high densities in the comparatively undisturbed areas,
which may lead to an ‘unbalanced’ situation with high parasitism rates, multiple
parasitism and poorly developed host defences.

Pied cuckoos, Indian cuckoos and most of the common hawk cuckoos selected
hosts in mixed scrub forests, which differed from the Asian koel which parasitised hosts
mostly near human habitations (Paper III). This might be another adaptation to reduce
competition. Common hawk cuckoo nestlings evict host eggs or nestlings, while pied
cuckoo nestlings do not evict. The pied cuckoo’s late arrival in the study area might
theoretically be an adaptation to avoid common hawk cuckoo nestlings in the nest of the

same host thus, promoting survival of their own chicks.
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Nest Searching Activities

There have been substantial attempts to identify cues and searching methods that brood
parasites use to find nests (Gill et al. 1997, Clotfelter 1998, Teuschl et al. 1998, Moskat
and Honza 2000, Banks and Martin 2001, Antonov et al. 2007). Non-random parasitism
across host populations has been widely linked to host nest-site characteristics (Qien et al.
1996, Grim 2002). Roskaft et al. (2002b) found that the host breeding habitat predicts the
rate of parasitism by the common cuckoo. Other features such as host quality (Soler et al.
1995) and host behaviours around nests (Clotfelter 1998) affect the probability of
parasitism. Asian koels may use a basic or focal nest search rule or may favour a simple
nest visibility rule when looking for nests to parasitise (Aviles et al. 2009). Proximity to
fruit trees was an important positive predictor of the probability of parasitism in all three
host species. The perch proximity hypothesis states that brood parasitic females are better
able to locate host nests that they can observe from nearby perches (Freeman et al. 1990,
Qien et al. 1996, Clotfelter 1998, Larison et al. 1998). The fact that nests close to fruit
trees were significantly more likely to be parasitised than those further away from such
trees provides support for the ‘perch proximity’ hypothesis (Anderson and Storer 1976,
Freeman et al. 1990, Qien et al. 1996). A short distance between the host nest and an
Asian koel perching tree is perhaps essential and enhances the ability of the parasite to
survey the nesting area and time its egg laying in the host nest (Paper II). The significance
of parasite perch sites and proximity to host nests has been stressed in several studies of
common cuckoos (@ien et al. 1996, Moska't and Honza 2000, Antonov et al. 2006b,
2007) as well as in cowbirds (Freeman et al. 1990, Romig and Crawford 1996, Clotfelter
1998, Hauber and Russo 2000). Potential hosts breeding in habitats where vantage points
are scarce or absent may suffer less parasitism than those breeding where vantage points
are abundant (Reskaft et al. 2002b, 2006). This is well known for the hosts of several
avian brood parasites, e.g., the common cuckoo (see e.g., Qien et al. 1996, Moskat and
Honza 2000). Reskaft et al. (2002b) proposed the spatial habitat structure hypothesis,
which explains the occurrence and extent of adaptation in host-brood parasite (common
cuckoo) systems by the proportion of host populations breeding in the vicinity of trees
with potential cuckoo perches and thereby are accessible to cuckoos. However, future
experimental studies (for instance, including nest and clutch size manipulations) should
be carried out to reveal in more detail the system involved in Asian koel host nest use.

28



Nest height above ground may be another important predictor of parasitism. Nests
situated in low positions in small trees or in low bamboo thickets where branches and
foliage are sparse may be easier to detect from potential perches higher in the trees (Qien
et al. 1996, Moskat and Honza 2000, Clarke et al. 2001). This would explain why long-
tailed shrike nests at lower positions in the study area were more frequently parasitised
than those situated higher in the trees

Furthermore in my study, I found that parasitised nests of the Asian koel were
significantly larger than unparasitised nests (Paper II), and this result contrasts with
earlier work (Uyehara 1996, Moskat and Honza 2000). For all three host species studied,
we found a significant positive relationship between nest volume and the likelihood of
parasitism. For example, nest size in magpies (Pica pica) is correlated with parasitism by
the great spotted cuckoo (Clamator glandarius), apparently because nest size reflects host
parental ability (Soler et al. 1995, Polacikova’” et al. 2009). Furthermore, larger nests are
easier to locate by the parasite and are therefore a predictor of risk of parasitism. Peer and
Sealy (2004) found that hosts with larger nests evolved egg rejection due to stronger
selection imposed by parasitic brown-headed cowbirds. The quality of territories may be
important in the common myna and house crow because it is unlikely that host activity
was the cue for the Asian koel’s preference for large nests. These species’ nests were
usually poorly camouflaged and easily visible, so the parasite was able to find them
regardless of nest size and host activity. Thus, more data are required to fully test the
generality of the ‘‘host quality’’ hypothesis in the Asian koel-host system.

The risk of parasitism in all three koel host species was influenced by the distance
to active conspecific neighbours. All parasitised house crows and most parasitised long-
tailed shrikes in our study area were solitary nesters with longer distances between
conspecific breeding pairs. Host species that nest in colonies may experience reduced
parasitism with increasing density through communal vigilance and nest defence

(Martinez et al. 1996, Lawes and Kirkman 1996, Canestrari et al. 2009).

Host use Pattern

Obligate avian brood parasites may be host specialists if they use one or a few host
species or host generalists if they parasitise many hosts (Davies 2000). Different parasitic

cuckoo species living in sympatry show divergence in their selection of suitable hosts.
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Friedmann (1967) was the first to propose the term ‘Alloxenia’ to describe the parasitism
state in which parasitic species are likely to use different species of hosts. Host selection
by different cuckoos varies because of preferences for host size, food, breeding site, egg-
laying seasons and nest accessibility among different hosts (Lack 1963). In the common
cuckoo, different sympatric gentes parasitise different host species with different habitat
preferences (Honza et al. 2001). The four sympatric cuckoo species in my study area
mainly parasitised different host species with different breeding strategies, habitat
preferences or breeding sites (Paper III). These sympatric cuckoos overlapped in their use
of different breeding habitats, including human habitations with orchards and gardens,
mixed scrub forests and monotypic plantations. They did not keep themselves separate
from each other through strict habitat separation or any avoidance behaviour, although
they utilised separate ecological niches concerning their food habits (Ali and Ripley 1987,
Payne 2005). Habitat isolation is not necessarily comprehensive in cuckoos, as they may
occur in the same habitat with wide home ranges and hence, overlap in several types of
habitats (Higuchi 1998). In Japan where four species of cuckoos occur in a wide variety
of habitats, the cuckoos also largely overlap in breeding ranges. These cuckoos use
primary hosts in different genera and therefore have different parasitic niches, which
reduce the potential competition (Royama 1963). In our study area, the Asian koel arrived
earlier than any of the other cuckoo species and parasitised three hosts, among which
common mynas and house crows are early breeders, while long-tailed shrikes started
breeding later (Paper I). However, if two or more cuckoos parasitise the same host
species, we predicted that they should show other fundamental differences in their
breeding ecology. In support of this prediction, we found that the breeding season of the
common hawk cuckoo was much earlier than that of the pied cuckoo (Paper III). House
crows, common mynas and jungle babblers laid their first eggs earlier in the breeding
season when the Asian koel or common hawk cuckoo had not yet commenced breeding.
Therefore, early breeding in hosts could be a strategy to avoid parasitism (Gill 1998,
Paper I & Paper III). However, long-tailed shrikes and black drongos overlapped entirely
with the Asian koel and Indian cuckoo, respectively, in their breeding seasons (Paper III).
Asian koels breed in habitats where there are fruit-bearing trees (see also Blakers et al.
1984 and Coats 1985), and as a comparatively larger cuckoo, it also has a broader niche
of potential hosts (Brooker and Brooker 1989). The Asian koel thus exploits different
hosts with different breeding habitats, which may reduce intraspecific competition. The
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regional composition of habitats can directly influence the density of parasites and
therefore, the risks of parasitism in different hosts. This has been shown for generalistic
brood parasites such as the brown-headed cowbird, which requires specific habitats for

feeding (Robinson et al. 1999).

Cuckoo Egg Mimicry and Host Responses

Host discrimination of parasitic eggs, the most common anti-parasite defence, appears to
have been the main selective pressure on the evolution of egg mimicry in avian brood
parasites (Rothstein and Robinson 1998, Davies 2000). Once the cuckoo has evolved egg
mimicry, the host has the problem of distinguishing if there is a cuckoo egg in its clutch.
Experiments with model eggs have revealed that hosts learn what their own eggs look like
and then reject odd-looking eggs that differ from the learned set (Rothstein 1974, 1975a,
Lotem et al. 1992, 1995). I tested host responses among ten species of passerines, which
were potential hosts living sympatrically with the different species of cuckoos (Paper 1V).
Eggs of Asian koels are highly non-mimetic to eggs of both common mynas and long-
tailed shrikes, but resemble eggs of house crows (Baker 1922, Paper I). Eggs of the
common hawk and pied cuckoos resembled the eggs of jungle babblers quite strongly,
and the eggs of Indian cuckoos were also good mimics to those of the black drongo.
These cuckoos probably evolved egg mimicry in colour and size to overcome host
defences. Black drongos were tolerant and accepted good-mimetic cuckoo eggs, but they
rejected all non-mimetic model eggs, indicating that they have had a long history of
coevolution with cuckoos in Asia. In all cases of parasitism, most parasitic eggs were
accepted. However, common myna nests parasitised by the Asian koel were deserted
more often than unparasitised ones (Paper I). Species that initially accept eggs into their
nests may still reject parasitism by abandoning the parasitised clutch by deserting the nest
(Rothstein 1975b, Ortega 1998) particularly if they have seen the parasite at the nest
(Davies and Brooke 1988, Moksnes et al. 1993, 2000). Jungle crows, house crows and
common mynas are reported to be the most frequently recorded suitable hosts of the
Asian koel throughout the Indian sub-continent (Lamba 1976, Roberts 1991, Davison and
Fook 1995, Wells 1999, Begum et al. 2011). Nest desertion with subsequent re-nesting
has been observed in common mynas. However, it is not clear whether desertion is a
defence mechanism against parasitism or not (Paper I and IV). Moreover, long-tailed

shrikes and common mynas accepted highly non-mimetic Asian koel eggs. This could
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reflect that the koel is ahead in the co-evolutionary arms race with these hosts. This might
be because they are not able to eject eggs from the nest. The common myna is, for
instance, predominantly a cavity nester unable to eject foreign eggs (Paper IV). The long-
tailed shrike rejected the model eggs in most cases (Paper IV), while it accepted Asian
koel eggs. This species is probably a relatively new host in this region. Most likely, long-
tailed shrikes were unable to grasp the large parasitic koel egg. Likewise, African
subspecies of Jacobin cuckoos lay non-mimetic eggs larger than the host eggs, and it is
unlikely that the former can be ejected by by the cape bulbul’s (Pycnonotus capensis)
grasping ejection method (Kruger 2011). Furthermore, size differences between a hosts’
own and the parasite’s eggs are apparently important in long-tailed shrike responses to the
parasitic eggs, indicating that size can be a cue which may compel the hosts to evaluate
physical capabilities in the egg rejection decision process (Stokke et al. 2010). This
experimental study revealed that the jungle babbler accepted all non-mimetic model eggs.
Although the eggs of common hawk and pied cuckoos were highly mimetic to the eggs of
jungle babblers in colour pattern, their size varied (Paper III). Jungle babblers seem to
either lack egg recognition abilities towards non-mimetic eggs or other host defences or
have not yet developed any defences against cuckoo parasitism (Paper IV). If the jungle
babbler is a secondary host that came into use by these two cuckoos after the cuckoos had
already evolved their mimetic eggs, the babblers only defence would have been to either
1) prevent the cuckoo from laying or 2) destroy the nest content after the cuckoo had
layed eggs. Further experiments are necessary to test these two hypotheses. In spite of the
high degree of host acceptance of parasite eggs, the breeding success of both cuckoo and
host should be studied in more detail.

For some hosts, it is simply difficult to puncture the cuckoo egg (Antonov et al.,
2008) or they may fail to reject large eggs because rejection costs are too high (Reskaft
and Moksnes, 1998; Stoddard and Stevens, 2011). This may force them to accept cuckoo
eggs. As mentioned earlier, two major explanations are proposed for why potential host
species accept brood parasitism. Under the evolutionary equilibrium hypothesis, nest
parasitism is tolerated because of conflicting selection pressures (Zahavi 1979, Rohwer
and Spaw 1988). Costs of ejection errors or abandonment of nests, representing losses of
host eggs and energy expended in replacement nesting, may outweigh the costs of raising
parasite young; thus, acceptance could be evolutionarily favoured (Lotem and Nakamura
1998). The present study of cuckoo-host systems showed remarkably high acceptance of
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parasitic eggs in some potential hosts, which might be explained by the existence of lag in
the evolution of rejection responses, as suggested for many cowbird hosts (Rothstein
1990, Hosoi and Rothstein 2000). The study reveals that host populations are likely not
able to recognise parasitic eggs (Rothstein 1982) or brood parasitic birds (Smith et al.
1984, Bazin and Sealy 1993) or lack appropriate responses to foreign eggs.

For the hosts of the parasitic species in this study, there are no results from
previous research that can be used to compare the costs of accepting parasite eggs with
the costs of rejecting them. Future studies on these costs are therefore necessary to obtain
a better understanding of the mechanisms underlying acceptance versus recognition and

rejection of parasitic eggs in the actual host species.

Prospect for future studies

This study is the first of its kind to reveal basic information on the interactions in several
species of cuckoos and their host systems in Bangladesh. I studied three host species
parasitised by Asian koel, all of which are regarded as successful hosts. The Asian koel is
a host generalist, laying non-mimetic eggs and utilising several host species. There is a
need to test for genetic differences among cuckoo nestlings raised by different hosts to
find out whether individual females are host specialists. Furthermore, it is still unknown
whether female cuckoo chicks raised in the nest of one specific host have a stronger
tendency to parasitise the same host species as adults. Moreover, several hypotheses
related to host imprinting, natal philopatry, nest site choice and habitat imprinting
(Brooke and Davies 1991, Payne et al. 1998, Moksnes and Reskaft 1995, Teuschl et al.
1998, Vogl et al. 2002) should be studied in more detail in this cuckoo-host system.
Prospective future directions for research should include further experimental work on the
fitness costs of brood parasitism. Furthermore, interactions between parasitic chicks and
their host parents should be studied, especially for the non-evicting cuckoo species.
Experiments with artificial parasitism and model presentations, such as cuckoo dummy
experiments, need to be conducted to acquire more accurate scenarios of anti-parasite
defences in these host species.

Most of the research on the co-evolutionary arms race between cuckoos and their
hosts have been conducted in Europe and Australia and are poorly studied on the Indian
sub-continent (Moskat, 2005). The importance of studying hosts in a metapopulation

context is crucial on the Indian sub-continent. Habitat degradation is pronounced, leading
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to large-scale deforestation throughout the continent (Muzaffar et al. 2007), while habitat
fragmentation results in serious structural changes in forests. The ‘spatial habitat
structure’ hypothesis (Reaskaft et al., 2002b) is linked to the metapopulation structure.
Hosts’ metapopulation consists of both parasitised and non-parasitised populations.
Immigrations of hosts from unparasitised to parasitised populations could protect hosts
from local extinction (Barabas et al. 2004). It is therefore important to study local
adaptations and co-existence in a metapopulation context for both the cuckoo and host

over a long time.

Conclusions

The results from the present study show that different species of sympatric cuckoos co-
exist along with passerine host populations in a diverse habitat in Bangladesh. They are
reported to parasitise different host species in three different habitats and therefore avoid
competition with each other through ecological niche segregation. Furthermore, the
arrival date of cuckoos in different habitats varied, which indicates that they possess
different breeding strategies. My study has shown that Asian koel parasitism rates were
significantly higher than any other parasitic cuckoo, indicating that the koel has a larger
and broader niche of potential hosts. In most cases, poorly mimetic koel eggs were
accepted by the hosts, though common mynas were more likely to desert parasitised
nests. House crows suffered low parasitism rates mainly because of a colonial nesting
habit, which acts as an anti-parasite adaptation. Asian koels follow similar cues or
patterns as other brood parasites while searching for host nests. Proximity of fruit trees is
an important predictor for risk of parasitism for all three hosts, which supports the ‘perch
proximity’ hypothesis. Common mynas, as predominantly cavity nesters, are unable to
recognise the foreign egg and reject it, while long-tailed shrikes showed mixed responses
(accepted 25%) to experimental eggs, supporting the hypothesis that this is a new host.
Another explanation may be that this host lacks grasp-ejection abilities or is not able to
puncture the large koel eggs to eject them from the nest. Black drongos ejected non-
mimetic model eggs, while they accepted mimetic cuckoo eggs. Common hawk cuckoos
and pied cuckoos parasitised jungle babblers where both parasitic cuckoos lay eggs highly
mimetic to the host eggs. Jungle babblers accepted non-mimetic model eggs. Further
experiments with cuckoo dummy models might reveal unknown questions as well as

develop a better understanding of cognitive abilities of the hosts.
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ABSTRACT
In the arms race between avian brood parasites and their hosts several adaptations and
counter-adaptations have evolved. The most prominent host defence is rejection of parasitic

eggs. We experimentally parasitized nests of ten potential hosts breeding in sympatry with
four different cuckoo species in an area in Bangladesh using different sized and coloured
model eggs (brown, blue and white) in order to test host responses. Two species turned out to
be strong rejecters of non-mimetic model eggs; Black Drongos (Dicrurus macrocercus) and
Black-hooded Orioles (Oriolus xanthornus) which rejected all (100 %) model eggs. One
species, the Long-tailed Shrike (Lanius schach) rejected 75 % of the model eggs. All model
eggs were ejected within 24 hours after the introduction, indicating that these three hosts did
not make any delay in rejection decisions. Most (90.9 %) of the House Crows (Corvus
splendens) accepted the model eggs, while the remaining 9.1 % were abandoned. Jungle Crow
(Corvus macrorhynchos) pairs accepted 56 % of the non-mimetic model eggs, while they
deserted them in 44 % of the experiments. Common Mynas (Acridotheres tristis) and Jungle
Babblers (Turdoides striatus) accepted (100 %) non-mimetic eggs, although they are common
hosts in the area. Finally, Oriental Magpie Robins (Copsychus saularis), Red-vented Bulbuls
(Pycnonotus cafer) and Asian Pied Starlings (Gracupica contra), which probably have no

history of interaction with cuckoo parasitism, accepted 100 % of the non-mimetic model eggs.

Keywords: Experimental parasitism - model eggs - acceptance - rejection - non-mimetic -

cuckoo - coevolution



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

INTRODUCTION

Avian brood parasites depend on their hosts for successful reproduction. Brood parasitism is
in many instances inflicting high costs on the host because its reproductive success is
dramatically reduced (Reskaft et al. 1990, Davies 2000). Due to these costs, natural selection
will favour evolution of host defences (Davies & Brooke 1989a, Moksnes et al. 1990). Many
host species are able to discriminate and reject eggs which are unlike their own, abandon
parasitized clutches or sometimes bury the parasitic egg in the nest lining. Some hosts may
even desert or eject the cuckoo chick (Grim et al. 2003, Langmore et al. 2003, Langmore et al.
2009, Sato et al. 2009). However, these host adaptations have resulted in evolution of counter-
adaptations in parasites. Sophisticated deception strategies like egg colours that mimic those
of their hosts or even producing young that mimic host offspring have evolved to overcome
the host defences (Baker 1942, Southern 1958, Brooke & Davies 1988, Moksnes & Rgskaft
1995, Higuchi 1998, Davies 2000, Langmore et al. 2003). Hosts may then respond by
producing eggs with low intra or high inter clutch variation to discriminate against the
mimetic parasitic eggs (dien et al. 1995, Stokke et al. 2002, Stokke et al. 2007). The result is
a coevolutionary arms race between the brood parasite and its host(s), leading to more and
more complex and sophisticated adaptations and counter adaptations (Stokke et al. 2005,
Davies 2000). Host chicks with intricate gape patterns or other characteristics making chick
mimicry a more difficult task for the parasite may also evolve (Davies 2000, Stokke et al.
2005).

Despite the heavy costs of parasitism, many brood parasite hosts show either no or
only moderate rejection abilities towards even non-mimetic parasitic eggs (Moksnes et al.
1990, Alvarez 1999, Stokke et al. 1999, Davies & Brooke 1989a, Stokke et al. 2008). This
behaviour might at first sight seem maladaptive (Rothstein 1975b, Brooker & Brooker 1996,

Robert et al. 1999), because such species may be unable to recognize and reject odd-looking
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eggs which are added to their nests (e.g. dunnocks Prunella modularis, (Brooke & Davies
1988) and splendid fairy-wrens Malurus splendens, (Brooker & Brooker 1996, Langmore &
Kilner 2009)). A common explanation for why some potential host species do accept parasitic
eggs is that they have not had enough time to evolve the ability to recognize odd looking eggs
(the evolutionary-lag hypothesis) (Rothstein 1982b, Rothstein 1975a, Dawkins & Krebs
1979, Kelly 1987, Davies & Brooke 1989b, Rothstein 1990). However, several alternative
hypotheses seeking more adaptive explanations for the variation in rejection of cuckoo eggs
in different host populations have been proposed. Hosts might have attained an evolutionary
equilibrium which may exist within host populations of acceptors and rejecters due to
different selective pressures (Lotem & Nakamura 1998, Lotem et al. 1992, Lotem et al. 1995,
Rohwer & Spaw 1988, Marchetti 1992, Zahavi 1979, Rgskaft et al. 1990). One model argues
that acceptance of cuckoo eggs in the nest may be the best choice if the cost of resisting
parasitism outnumbers the advantages gained (Lotem & Nakamura 1998, Takasu et al. 1993,
Reskaft & Moksnes 1998, Rgskaft et al. 1990). Furthermore, host fitness is not necessarily
reduced to zero due to untimely laying of cuckoo eggs, alternatively, if costs of brood
parasitism are sufficiently low it may drive the host to accept parasitic eggs (Raskaft et al.
1990, Kruger 2011). Finally the variation in host reactions may also be explained through
different selection pressures in a spatial mosaic structure (Raskaft et al. 2002, Rgskaft et al.
2006, Antonov et al. 2006, Antonov et al. 2010).

Performing egg experiments in host nests has been a suitable tool for obtaining a
better understanding of the coevolutionary mechanisms in the arms race between brood
parasites and their hosts. Many such experiments have therefore been carried out to observe
host recognition of foreign eggs (see Davies (2000) and Payne (2005) for summaries). Studies
on natural parasitism have also increased over the last decades (Moksnes et al. 2000, Antonov

et al. 2006, Antonov et al. 2007, Brooker & Brooker 1996, @ien et al. 1998, Moksnes et al.
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1993, Sealy 1995, Moskat & Honza 2002, Moksnes & Rgskaft 1987). Most of these studies
have been carried out in Europe, America and Australia, and very few in Asia (Japan, Korea
and China only) (Nakamura 1990, Nakamura et al. 1998, Andou et al. 2005, Higuchi 1989,
Lee & Yoo 2004, Yang et al. 2010). In Africa the first experiments were carried out early in
the twentieth century (Swynnerton 1918) but there is still limited information about brood
parasitism on this continent, especially regarding cuckoos. However, recently some
experimental studies, mostly on weavers, on brood parasitism have been carried out in Africa
(Lawes & Kirkman 1996, Jackson 1998, Victoria 1972, Din 1992, Collias 1993, Lahti &
Lahti 2002, Noble 1995). There are furthermore some experimental studies on cuckoo finches
and their hosts in Africa (Spottiswoode & Stevens 2010).

Concerning Asia ten species of parasitic cuckoos belonging to the family Cuculidae
have been recorded in Bangladesh, but so far no experimental study has been undertaken for
any of their hosts. In our study area, close to the capital Dhaka, host use by four sympatric
cuckoo species, viz. Asian Koel (Eudynamys scolopacea), Common Hawk Cuckoo (Cuculus
varius), Pied Cuckoo (Clamator jacobinus) and Indian Cuckoo (Cuculus micropterus) has
been recorded (Begum et al. subm)

Research on behavioural responses to experimental brood parasitism by different hosts
can clarify why some hosts are responsive or susceptible to parasitism while some others are
able to recognise and reject the cuckoo eggs or abandon the nest. In light of that, we
investigated the responses of ten different potential host species to experimental parasitism
with artificial eggs. All these potential host species were Passeriformes; Long-tailed Shrike
(Lanius schach), Jungle Crow (Corvus macrorhynchos), House Crow (Corvus splendens),
Black-hooded Oriole (Oriolus xanthornus), Black Drongo (Dicrurus macrocercus), Oriental
Magpie Robin (Copsychus saularis), Common Myna (Acridotheres tristis), Asian Pied

Starling (Gracupica contra), Red-vented Bulbul (Pycnonotus cafer) and Jungle Babbler
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(Turdoides striatus). Brood parasitism has been recorded in five of these species with a high
degree of acceptance of parasitic eggs (Begum et al. subm). They are common breeders in
open scrub jungles along with scattered monotypic plantation habitats as well as suburban
gardens and orchards. These habitats are frequently visited by the four cuckoo species
described above, which are widely distributed throughout Bangladesh although the Pied
Cuckoo is a summer visitor only during the breeding season (Begum et al. subm).

The Common Hawk Cuckoo, Pied Cuckoo and Indian Cuckoo laid eggs which
showed excellent mimicry with those of their hosts, and they were all accepted. The eggs of
Asian Koel showed good mimicry with one host species, but poor mimicry with its two other
hosts. In spite of this there was a high degree of acceptance (Begum et al. subm). In a
coevolutionary perspective it would be very interesting to see if these host species would
show better rejection abilities when confronted with foreign eggs of poorer mimicry. At the
same time it is necessary to know more about the discrimination abilities of as many potential

host species as possible in the area.

MATERIALS AND METHODS

Study area

The study was conducted in the campus of Jahangirnagar University, 32 km north of Dhaka
city located in the central region of Bangladesh (30°16'N, 90°52'E). The 200 hectares study

site is consisting of mosaic vegetation (Begum et al. 2011).

Experiments were carried out in 2008, 2009 and 2010. We systematically searched for
nests of different potential host species during the breeding season from January until August
each year. When nests were found during incubation the eggs were floated using the method
of Hays and Lecroy (1971) to estimate the laying date. The nest types were classified as open

or in holes.
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All hosts occurring in sympatry with the four cuckoo species in the study area were
considered for experiments. Such potential hosts were species with nests accessible to a
female cuckoo and which also feed their young mostly with invertebrates which is an
essential diet for the cuckoo chick growth (Davies & Brooke 1989a), although some of the
cuckoos in our study area, like the Asian Koel, have a diet which is basically comprised of
fruit (Begum et al. 2011, Payne 2005). Their nestlings however, may feed on bugs
(Hemiptera), and various other insects (Ali & Ripley 1989). Eventually some of these
potential hosts should have been in a coevolutionary process in which counter-adaptations

towards parasitism should have evolved (Moksnes et al. 1990).

Model eggs

Model eggs that were different in colours, but which matched host eggs in size were
introduced into host nests. Model eggs were made of synthetic plastic “Crea-Therm”,
following the procedure of Bartol et al. (2002) and Antonov et al. (2009). We used three
colours of the experimental eggs painted with acrylic paint; 1) pale blue 2) dark brown, 3)
pure white. Blue and brown model eggs are non-mimetic to the eggs of most hosts used in the
experiments. However, eggs of Common Myna, Jungle Babbler and Asian Pied Starling are
blue and glossy in texture, thus model eggs being pale blue but not glossy might to some
extent mimic the eggs of those hosts. Pure white model eggs with no markings were only used
in nests of Black Drongos in addition to blue and brown egg because this species lays eggs of
variable colouration. Some of its eggs are pure white and spotless while some are white with
blackish or brownish spots (Whistler 1949), thus the white model eggs might to some extent

mimic the white eggs of the Black Drongo. Previous studies clearly indicate that hosts
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respond to real and model eggs in a similar way (e.g. (Davies & Brooke 1989a) and hence the

use of model eggs may indicate a natural reaction by the hosts.

Two different egg sizes were used in the experimental treatments. All species except
for the House and Jungle Crows were treated with small sized model eggs (£24.96 mm X
+19.29 mm; which is the average size of eggs of the Indian Cuckoo). This size matches the
size of the cuckoo eggs which were expected to parasitize these host species. In the House
and Jungle Crows we used egg size of the Asian Koel which were larger than those of the

other species (£30.60 mm x +23.10 mm) (Table 1).

In the experiments we followed the general procedures of Moksnes et al. (1990). We
found most of the nests during the nest building stage while some were found during the
laying period or first day of incubation. The standard procedure was to add the experimental
egg on the penultimate or final day of the hosts’ own egg laying period. A single experimental
egg was added to each active nest without removing any host egg. Eggs were added to the
nests throughout the day (0600h — 1800h CST), as there is no evidence that a host’s response
is related to what time of the day the nest is parasitized (Davies 2000). Each experimental nest
was inspected daily to determine whether the model egg was ejected and to detect any damage
or disappearance of host eggs. The nest visits continued for six consecutive days and if the
model egg remained in the nest after six days and the nest was still active, we considered the
egg accepted. The egg was then removed on the sixth day. If the model egg was missing
during any of the first five consecutive visits, we considered it ejected. If the nest was
unattended, and the eggs were not at all incubated for at least two days while eggs were
undamaged but cold, we considered the nest deserted. Each individual nest was used only

once in the experiments. This study design was similar to most other studies (cf. (Davies &
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Brooke 1989a, Moksnes et al. 1990, Lotem et al. 1992, Marchetti 1992, Stokke et al. 1999,

Amundsen et al. 2002, Bartol et al. 2002, Honza & Moskat 2008)).

RESULTS

We experimentally parasitized nests of 10 different potential host species (Ng = 223) with
more than five nests and up to 10 nests for each species and with each colour (Table 1).
Rejection of the model egg occurred within 24 hours in rejecter species, such as Black
Drongo (in all 44 experiments), Black-hooded Oriole (in all 11 experiments) and in all cases
of rejection in Long-tailed Shrikes (15 experiments), while desertion occurred around the
fourth day in the Jungle Crow. The model eggs were accepted by different potential hosts in
144 cases out of 223 experimental nests. Hosts accepted the artificial eggs statistically
significantly more frequently than they rejected them (Table 1, »° = 52.5, df = 1, N = 223, P <

0.001).

Both the blue and brown model eggs were accepted (100 %) by all pairs of Oriental
Magpie Robins, Common Mynas, Asian Pied Starlings, Red-vented Bulbuls and Jungle
Babblers. Most House Crows (90.9 %) accepted the blue eggs as well as the brown eggs (90.9
%) (Table 1). All Jungle Crow pairs accepted blue model eggs while they deserted all the
nests containing brown model eggs, a difference that was statistically significant (Table 1; y°

=16.0,df =1, N =17, P <0.001).

All (100 %) experimental eggs introduced to Black-hooded Orioles and Black
Drongos were ejected whether they were blue or brown model eggs (Table 1). Furthermore,
Black Drongos ejected (100%) the white model eggs (Table 1) in nests where they laid either

pure white spotless eggs or white eggs with black or brownish markings.



201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

The Long-tailed Shrike was the only species which did not eject or accept all the eggs at a 100
% rate. The model egg was ejected from 15 (75 %) of the 20 experimentally parasitized nests
and accepted in 5 (25 %) of the nests (Table 1). In 4 of the 5 nests where model eggs were
accepted the experimental treatment was carried out when the host had laid its penultimate
egg. However, in the remaining 15 experiments where the model egg was ejected the
experimental treatment was carried out on the day when the host laid its final egg (Fisher’s
exact probabilities test, df =1, P < 0.001). Model eggs were also ejected more frequently in
small clutches (complete clutch size of 3 or 4 eggs; 4 out of 4 experimental eggs ejected), than
when clutch size was large (5 or 6 eggs; model egg accepted in 5 out of 16 experiments). In 4
of these cases an additional host egg was found in the nest on the subsequent visit (Fisher’s
exact probabilities test; df = 1, P = 0.026). This indicates that the most important factor for
egg rejection was that the clutch was not complete when the experimental egg was added,

while clutch size had no effect.

No host eggs were found damaged or lost during rejection in any of the rejecter

species, suggesting that all species selectively ejected the non-mimetic model eggs.

DISCUSSION

Jungle Crows, House Crows and Common Mynas are reported to be the most frequently used
suitable hosts of the Asian Koel throughout the Indian sub-continent (Wells 1999, Roberts
1991, Davison & Fook 1995). We have discussed their parasitism rates in two other papers
(Begum et al. 2011, Begum et al. subm). The present study reveals that such frequently used
hosts as well as the Jungle Babbler, which was parasitized by the Common Hawk Cuckoo and
Pied Cuckoo (Begum et al. subm) accepted most parasitic model eggs. The Jungle Crow,

however, deserted all brown model eggs.

10
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The reason why Common Mynas accepted model eggs may be because of their nesting
habits as they are predominantly cavity nesters. The hole nesting habit is widely common in
this species which may normally refrain individuals from being parasitized and thus to evolve
rejection behaviour. The Common Mynas mostly nest inside the hole of dead tree trunks, wall
holes or small building ventilators (Pell & Tidemann 1997, Begum et al. 2011). The urban
area comprising open, grassy woodland, with remnant hollow-bearing trees may provide the
ideal breeding habitat for the Common Mynas or other hole- nesters as well. However, in
these urban habitats there is probably competition for such resources between hole-nesting
species, such as the Common Myna, Jungle Myna (Acridotheres fuscus), Crimson-breasted
Barbet (Megalaima haemacephala), Chestnut-tailed Starling (Sturnas malabaricus) and
Spotted Owlet (4Athene brama), which are all common breeders in the study area. Because of
this competition most of the nests of Common Mynas were located either in building cornices
or in the cup-shaped pockets at the junction where coconut or palm fronds meet the trunk.
Such nests were easily accessed by Asian Koels. Sometimes Common Mynas are
reconstructing large sized old nests of Asian Pied Starlings after they have finished breeding;
hence most of the open nests of Common Mynas were parasitized by Asian Koels and no
nests in tree cavities were parasitized in our study area (Begum et al. 2011).

Even if Common Mynas accepted all non-mimetic model eggs, nests that are naturally
parasitized by the Asian Koel are significantly more often deserted than unparasitized ones
(Begum et al. 2011). This reaction could, however, be a host response to the sight of the
parasite at the nest (Davies & Brooke 1988, Moksnes et al. 1993, Moksnes et al. 2000) or
because it in many cases, suffered from multiple parasitism (Begum et al. 2011).

In our study area, House Crows are also parasitized by Asian Koels (Begum et al.
2011) and the egg mimicry is better in House Crows than in Common Mynas (Begum et al.

subm). House Crows accepted all non-mimetic model eggs, while Jungle Crows accepted blue

11
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eggs but deserted nests with dark brown model eggs, which seemed more mimetic than the
blue eggs. This is difficult to explain, but it could be that dark brown model eggs are easier to
discriminate than the pale blue model eggs, or perhaps more likely, that they are never
parasitized by blue eggs so they have no experience with such eggs.

It has been discussed whether nest desertion with subsequent re-nesting, as observed
in the naturally parasitized Common Mynas (Begum et al. subm), really is a defence
mechanism against parasitism or not. Desertion is frequently associated with clutch
reduction, which is often caused by the brood parasite itself (Rothstein 1975b, Rothstein
1982a, Rothstein 1982b, @ien et al. 1998), but is also regarded as a real response to parasitism
(Moksnes & Rgskaft 1992, Moksnes et al. 1991, Antonov et al. 2006). More experimental
work is necessary to test whether this really is a defence towards parasitism.

Many species of babblers (Turdoides spp) are Pied Cuckoo hosts (Gaston 1976), while
the Common Hawk Cuckoo has been recorded to parasitize the Jungle Babbler ((Ali 1969,
Prasad et al. 2001) see also (Begum et al. subm)). Although the eggs of Common Hawk and
Pied Cuckoos were highly mimetic to the eggs of Jungle Babblers in colour, though size
varied a little (Begum et al. subm), Jungle Babblers seem to lack egg recognition abilities
towards non-mimetic eggs and have probably not yet developed any defences against cuckoo
parasitism. Thus there is a mystery why both cuckoo species have evolved such good mimetic
eggs towards this host. Although further studies are necessary to develop at better knowledge
and understanding about the lack of egg recognition in the Jungle Babbler, a possible
explanation is that the egg appearance of these two cuckoo species has evolved as a response
to rejection by other host species (e.g. other babblers) that also are laying blue eggs, and that
the Jungle Babbler is a recent host of these two cuckoo species. However, we have observed
that a pair of Jungle Babblers completely destroyed their nest after observing a Common

Hawk Cuckoo near their nest (own unpubl. obs.). This may be an adaptation towards this

12



275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

cuckoo species. If the Jungle Babbler is a secondary host which was encroached by these two
cuckoos after the cuckoos had evolved their mimetic eggs, their only possible defence is to 1)
prevent the cuckoo from laying or 2) destroy the nest content after the cuckoo had been laying
or 3) evolve chick rejection. Further experiments are necessary to test these three hypotheses.

Potential and suitable hosts like the Black Drongo and the Black-hooded Oriole
rejected all model eggs. Black Drongo has been reported as a host of the Indian Cuckoo
(Becking 1981, Lowther 2005). The eggs of the parasitic Indian Cuckoo were good mimics of
those of Black Drongos (Begum et al. subm). Black Drongos were tolerant and accepted the
mimetic cuckoo eggs, but they rejected all non-mimetic model eggs, indicating that they have
had a coevolutionary history with cuckoos in Asia. Black-naped Orioles are potential hosts for
the Asian Koel (Lowther 2005) and parasitism has also been recorded (Ali & Ripley 1969,
Sethi et al. 2006), but not in our study area. However, a potential reason for this lack of
parasitized nests could be that Black-hooded Orioles immediately rejected all cuckoo eggs.
The Black-hooded Oriole and the Black Drongo can be regarded as grasp ejectors, because in
three cases (two nests of Black Drongo and one nest of the Black-hooded Oriole) the model
eggs were found within 50 meters from the nest without visual damage (own unpublished
observation). These species therefore most probably grasped and ejected the non-mimetic
model egg because they always removed only the artificial egg from the nest while all of their
own eggs remained in the nest undamaged.

Other hosts like Oriental Magpie Robins and Red-vented Bulbuls may be parasitized
by several cuckoo species in the Indian sub-continent (Lowther 2005). These two species
accepted all non-mimetic eggs. The reason for why Oriental Magpie Robin accepts may be
lack of evolutionary history with cuckoos because it usually nests in tree holes and also in the
hole of concrete walls or buildings (Siddique 2008) which keeps parasites away. On the other

hand, the Red-vented Bulbul is regarded as suitable and potential host of many species of
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cuckoos (Lowther 2005). It is therefore still a puzzle why rejection behaviour has not evolved
in this species. The reason could be that Bulbuls are not able to eject cuckoo egg from the
nest. A similar case has been reported in the Cape Bulbul (Pycnonotus capensis) parasitized
by Jacobin Cuckoo (Clamator jacobinus) (Kruger 2011) and in Carrion Crow (Corvus
corone) parasitized by Great Spotted Cuckoo (Clamator glandarius) where the host has not
evolved any defence behaviour (Soler et al. 2001). Further studies are therefore necessary to
understand the lack of rejection behaviour in this species and the other species discussed
above. Finally The Asian Pied Starling has never been recorded as a host of any parasitic
cuckoo, also probably due to their habit of being a hole nester with a very small entrance at
one side of the nest. The nest is therefore, inaccessible to cuckoos, and hence it is an
unsuitable host species which explains why it accepted all experimental model eggs.

Clutch size of Long-tailed Shrikes varied from 3 to 6 (Whistler 1949). A great
proportion of the Long-tailed Shrike individuals rejected the experimental eggs. They
accepted the model eggs introduced when the clutch was still incomplete, while they rejected
at a rate of almost 100 % when clutches were complete. One reason for this might be that it is
easier to detect a new foreign egg in the nest when the host “know” that own egg-laying is
terminated. Alternatively, this result suggests that individual females may wait until the clutch
is complete, before making rejection decisions (Davies & Brooke 1988). This suggests that
some females made rejection or acceptance decisions by comparing number of eggs in the
nest and for that reason the females may wait and take their time until the clutch is complete
(Marchetti 2000). In many cases, mimicry is an important cue for hosts when rejecting foreign
eggs (Stoddard & Stevens 2010). However, it has been observed that in some hosts the egg
shape and size seems to be a stronger cue for rejection (Marchetti 1992) than colour or any
spotting patterns of parasitic eggs (Stoddard & Stevens 2010). This could be relevant for

Long-tailed Shrikes because their eggs are considerably smaller than those of Asian Koels
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(Begum et al. 2011). The Long-tailed Shrike is a preferred host of Asian Koels and suffered
from multiple parasitism during the host’s laying period (Begum et al. 2011), in fact all koel
eggs were accepted. In our study area the Long-tailed Shrike has been recorded as a host of
the Asian Koel for the first time (Begum et al. 2011). This species does therefore probably not
have a long history of parasitic interactions with koels. As a result it might simply be lacking
strong defences against parasitism by the Asian Koel as explained for many acceptor hosts of
cowbirds (Takasu 1998).

It is important to note that the model eggs rejected by Long-tailed Shrikes were
significantly smaller than the eggs of the Asian Koel that were always accepted. A possible
explanation may be that Long-tailed Shrikes have difficulties in grasping the comparatively
larger cuckoo eggs, but were able to grasp and eject most of the experimental eggs of similar
size as their own. When ejecting model eggs they removed in most cases only the artificial
egg from the nest while all of their own eggs remained undamaged. It may be that they did
not even try to puncture the model egg because they were unable to do so according to the
puncture resistance hypothesis (Spaw & Rohwer 1987). For some hosts it is simply difficult
to puncture the cuckoo egg (Antonov et al. 2008) or they may fail to reject large eggs because
the costs such rejections are too high (Reskaft & Moksnes 1998, Stoddard & Stevens 2010).
This may have forced them to accept the cuckoo eggs (Antonov et al. 2009). A theoretical
possibility is also that Long-tailed Shrikes have evolved their rejection behaviour against
other cuckoo species than the Asian Koel, and then probably towards cuckoos with eggs they
could manage to grasp eject. Due to its accessible nest and suitable invertebrate diet for a
cuckoo chick, the Long-tailed Shrike can be classified as a suitable host for several cuckoo
species such as the Pied Cuckoo and the Common Cuckoo (Cuculus canorus) (Baker 1942,
Lowther 2005). Only further experiments can help to clarify the evolution of rejection

behaviour in the Long-tailed Shrike, and what cuckoo species that are involved in this

15



350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

coevolutionary interactions. On the other hand, there is a theoretical possibility that the Asian
Koel might have evolved mafia behaviour (Soler et al. 1995) by punishing rejecting hosts and
thereby forcing the shrike to accept. This latter hypothesis, however, needs to be further
tested.

In conclusion, the remarkably high rate of acceptance of non-mimetic model eggs
among some of the potential hosts like Common Mynas and Jungle Babblers, in our study
area might be explained by the existence of a lag in the evolution of rejection responses,
which is also suggested for many cowbird hosts (Hosoi & Rothstein 2000, Rothstein 1982a,
Rothstein 1990). It may also be that the Common Myna is normally a cavity nester, and thus
avoiding parasitism, in most of its breeding range and has therefore not yet evolved rejection
behaviour (see (Rgskaft et al. 2002, Rgskaft et al. 2006)). Furthermore, there is a close
resemblance between host and parasitic eggs in the Jungle Babbler so only further
experiments might reveal why this species accept non-mimetic eggs. The Black Drongo
accepted good mimetic parasitic Indian Cuckoo eggs (Begum et al. subm) but rejected all non
mimetic model eggs, which indicates that this species has an evolutionary history with Indian
Cuckoos. Most individuals of the Long-tailed Shrike rejected the non-mimetic model eggs. As
there are no data on acceptance- and rejection costs in this species, future studies should be
concentrated on costs of parasitism and costs of rejection. Experiments should be carried out
to unravel which cues are used to recognize parasitic eggs. The acceptance behaviour of Asian
Pied Starlings and Oriental Magpie Robins can be explained by their inaccessible and cavity
nesting behaviour. However, it is difficult to explain why Red-vented Bulbuls accepted all
experimental eggs, and this question also needs further experimental work to achieve a better
understanding. Finally, the reason why Jungle Crows deserted brown but not blue model eggs

also needs further investigation.
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Table 1. Responses of different hosts to experimental parasitism by blue and brown model
egos; (A = Acceptance, E = Ejection, D = Desertion and R = Rejection; S, Small size eggs; L,
Large size eggs; * including 16 out of 16 rejected small white eggs)
Host species Egg blue brown Total
size nests
A E R% A E R % A E R% N
Long-tailed S 2 8 80 3 7 70 5 15 75 20
Shrike
House Crow L 10 0 9.1 10 1 9.1 20 1 4.5 22
Jungle Crow L 9 0 0 0 0 100 9 0 43.8 16
Black-hooded S 0 6 100 0 5 100 0 11 100 11
Oriole
Black Drongo S 0 11 100 0 17 100 0 44* 100 44
Oriental Magpie S 10 0 0 10 0 0 20 0 0 20
Robin
Common Myna S 12 0 0 10 0 0 22 0 0 22
Asian Pied S 11 0 0 15 0 0 26 0 0 26
Starling
Red vented S 9 0 0 12 0 0 21 0 0 21
Bulbul
Jungle Babbler S 12 0 0 9 0 0 21 0 0 21
Total 144 71 223
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(L.)) and brown trout (Salmo trutta L.) to acidification in
Norwegian inland waters

Control of Parr-smolt transformation and seawater
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myrosinase-binding proteins

Variation in space and time: The biology of a House
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Social evolution in monogamous families:
mate choice and conflicts over parental care in the
Bluethroat (Luscinia s. svecica)
Young Atlantic salmon (Salmo salar L.) and Brown trout
(Salmo trutta L.) inhabiting the deep pool habitat, with
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