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CHAPTER 1

GENERAL INTRODUCTION



GENERAL INTRODUCTION

Evolution of intelligence has always been fascinated researchers. Studies have found
that the comparatively high intelligence is evolved independently in several vertebrate groups
including the bird family Corvidae (corvids) (Seed et al. 2009). Some corvids and parrots are
superior in intelligence to other bird species (Emery and Clayton 2004). The complex social
behaviour of corvids has been studied relatively well (Ekman and Ericson 2006). Recent
studies have found that the corvids have exceptional cognitive ability and intelligence levels,
for example, an episodic-like memory (Emery and Clayton 2004), ability to plan future (Raby
et al. 2007), visual perspective of conspecifics (Dally et al. 2006), cooperative problem
solving (Seed et al. 2008), creating and using a tool for problem solving (Weir et al. 2002).
Interestingly, the cooperative breeding has been reported in exceptionally higher percentage
of the corvid species than in any other avian family (Cockburn 1996). Social structure likely
to demand significant cognitive ability from individuals, consequently, complex social
behaviours are observed more frequently in cooperatively breeding birds than asocial species
(Iwaniuk and Arnold 2004).

The azure-winged magpie is a corvid species with a flexible facultative cooperative
breeding system (Valencia et al. 2003), which makes it an ideal subject to study as well
cooperative breeding and its cognitive capacity as adaptive responses to environmental
changes, such as nest predation risk. In this study, | present the potential selective factors of
the cooperative breeding system of the azure-winged magpie, its cognitive ability to assess the

predation risk and adaptive anti-predator strategies.



COOPERATIVE BREEDING

In cooperatively breeding species individuals that apparently able to reproduce on their
own delay breeding and instead assist others in their parental duties (Skutch 1935).
Cooperative breeding involves both non-breeding related (usually offspring from the previous
years) and unrelated individuals or co-breeders that assist the breeding pairs or show parent-
like behaviour towards the young (Brown 1987, Ekman and Ericson 2006). Cooperative
breeding is present in around 9% of extant bird species (Cockburn 2006).

Over last few decades, several influential but not mutually exclusive hypotheses were
developed to explain the evolution of cooperative breeding, such as the kin-selection
(Hamilton 1964), the ecological constraints (Emlen 1982), the broad constraints (Hatchwell
and Komdeur 2000), the benefits of philopatry (Stacey and Ligon 1991), the life-history
(Arnold and Owens 1998, 1999), adaptive delayed dispersal (Covas and Griesser 2007), the
group augmentation (Kokko et al. 2001, Kingma et al. 2014), the temporal variability
(Rubenstein and Lovette 2007, Jetz and Rubenstein 2011) and the nest predation hypotheses
(Poiani and Pagel 1997).

Kin-selection hypothesis predicts that cooperative breeding should arise between
relatives since they share similar genes, thus altruistic individuals can increase their own
indirect fitness (Hamilton 1964). However, this hypothesis was questioned in two ways: it
could just be a consequence of demographic viscosity that in most species helpers are delayed
offspring of the breeding birds (Clutton-Brock 2002, Baglione 2003, Canestrari et al. 2005)
and helpers from several cooperative breeding birds care non-kin juveniles (e.g. Dickinson
2004, Canestrari et al. 2005). Therefore, kin-selection cannot fully explain the evolution of
cooperative breeding. Hamilton (1964)'s argument that both delayed or limited dispersal in

viscous populations will increase the opportunities to interact with kin has provided the
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background for all adaptive hypotheses of the evolution of cooperative breeding (Hatchwell
2009).

One of those adaptive hypotheses based on Hamilton (1964)'s idea is the ecological
constraints hypothesis. Emlen (1982) developed the ecological constraints hypothesis which is
either in predictable or unpredictable environments the ecological constraints restrict young
individuals to breed independently, thus some individuals or offspring remain at the natal
group and assist the breeding pairs. This hypothesis was the foundation for the establishment
of following influential hypotheses since its broad and unspecific definition of constraints can
accommaodate great variety of constraints.

Most widely recognized hypothesis is the life-history hypothesis, which argues that
low annual mortality leads to overcrowded population, which in turn limits breeding
opportunity and promotes delayed dispersal and cooperative breeding (Arnold and Owens
1998). Broad constraints and adaptive delayed dispersal hypotheses are based on life-history
hypothesis that both agrees the role of low mortality rates but, in addition, they predicts that
ecological factors work along with low mortality rates to predispose certain lineages in the
direction of cooperative breeding (Koenig and Dickinson 2016). The broad constraints
hypothesis focuses on importance of the life-history factors acting together to generate
constraints and delayed dispersal (Hatchwell and Komdeur 2000, Koenig and Dickinson
2016). Whereas, the adaptive delayed dispersal hypothesis focuses on mutual benefits of
delayed dispersal for philopatry youngs and parents that would overweight the relative costs
of dispersal in a long term (individual's lifetime) rather than short term (Covas and Griesser
2007, Hatchwell 2009).

The benefits of philopatry hypothesis proposes that the net of benefits of staying in
natal territory lead to cooperative breeding (Stacey and Ligon 1991). The temporal variability

hypothesis argues that the environmental uncertainty challenges the individuals to have
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flexible reproductive strategy that promotes social benefits of delayed dispersal and
cooperation to maximize their fitness, resulting in cooperative breeding. The group
augmentation hypothesis argues that individuals survive and reproduce better in large groups,
thus, the group augmentation favours the evolution of cooperative breeding provided that
helpers in group increase reproductive success of the group (Kokko et al. 2001, Kingma et al.
2014). The nest predation hypothesis proposes that helpers reduce nest predation, thus, it
favours cooperative breeding (Poiani and Pagel 1997). Nest predation is the main cause of
nest failure in great variety of bird species (Martin 1995a, Hanski et al. 1996, Poiani and
Pagel 1997) and it can be a constant selective force over evolutionary time. Perhaps, the nest
predation hypothesis is the least discussed one among above mentioned hypotheses.
Although, none of those hypotheses can exclusively explain the evolution of cooperative
breeding, most authors agree that some of these hypotheses play an important role in
conjunction with each other for the evolution of cooperative breeding.

Here, | put emphasis on nest predation hypothesis using data from four breeding

colonies of the azure-winged magpie in northern Mongolia (see chapter 2).

ANTI-PREDATOR STRATEGIES

Animals have evolved many morphological, physiological and behavioural traits to
reduce predation since predation is a major selective force of natural selection (Caro 2005,
Lima 2009, Morosinotto et al. 2010). It is also the primary cause of reproductive failure in a
majority of bird species (Ricklefs 1969, Martin 1995a). Birds have evolved various anti-
predator strategies that affect many aspects of behavioural and reproductive decision making
(Lima 2009). Perhaps the most common anti-predator strategies regarding nest predation are

group living during breeding season, changing nest site location after predation, re-nesting,
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concealing the location for the nest, elaboration of nest design and behavioural adjustments in
breeding biology (Lima 2009).

Some birds, sspecially passerines, have several breeding attempts during a breeding
season to have successful reproduction because nest predation is often very high (Ricklefs
1969). Re-nesting is often considered as a common anti-predator strategy, since it will
definitely increase the likelihood of successful reproduction during the breeding season
(Jackson et al. 1989, Martin 1992a). Re-nesting facilitates several other anti-predator
strategies, such as nest site selection within breeding season and behavioural adjustments.

Birds should select specific nest sites to reduce nest predation provided that nest
predation is the highest cause of nest failure in great extent of the bird species (Klett et al.
1988, Pitman et al. 2006, Perkins and Vickery 2007, Borgo 2008, Lima 2009). A substantial
number of studies found that birds disperse further to new breeding area after experiencing
nest predation (e.g. Dow and Fredgat 1983, Sonerud 1985, Doligez et al. 1999, Hakkarainen
et al. 2001) and birds change nest site at small scale to the seemingly safe place within
breeding territory (Marzluff 1988, Eggers et al. 2006, Schmidt et al. 2006, Emmering and
Schmidt 2011). Predation-related adjustment to nest site selection is also observed in some
species (Lima 2009, see Fontaine et al. 2007, Peluc et al. 2008). Another important nest site
selection strategy is the spatial scale avoidance from the predator species. Several studies
showed that birds prefer to nest in places further from or absence of the predator species
(Mgller 1988, Finney et al. 2003, Roos and Part 2004, Fontaine and Martin 2006a).

A most common nest site selection strategy is the preference of the greater concealed
nest location by birds. Well concealed locations should reduce the likelihood of nest detection
by vision-oriented predators, thus, birds are expected to choose greater nest concealment
(Lima 2009). Nest concealment is likely one of the common anti-predator strategies also in

other animal groups, surprisingly, little ‘ecological time' work exists concerning this strategy
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(Lima 2009). Generally, predators use two main sensory stimuli, visual and olfactory cues, to
locate nest (Borgo 2008). They usually rely on single type of sensor heavily, though they may
use other type of sensors to locate nests (Wells and Lehner 1978). The effectiveness of nest
concealment may depend on type of predators, for example, it can be ineffective against
olfactory-oriented predators. Although, experimental studies using artificial nests generally
support the positive effect of nest concealment (Martin 1992a, Weidinger 2002, Remes 2005),
it is often not the case in studies on natural nests (Gotmark et al. 1995, Howlett and
Stutchbury 1996, Remes§ 2005, reviewed in Lima 2009 and Borgmann and Conway 2015).
The lack of nest concealment effect in natural nests may be compensated by breeding bird's
behavioural responses (Cresswell 1997, Remes 2005, Gotawski and Mitrus 2008, Lima 2009).
Nest concealment has its own drawbacks, such as obstructed view for the parents and less
optimal microclimate for the eggs and nestlings (Lima 2009).

Extensive predation pressure is a major ecological cause of group living in animals
(Rubenstein 1978, Krause and Ruxton 2002). Therefore, nesting in colony may also be an
effective anti-predator strategy in some species (Lima 2009). However, it largely depends on
predator and prey type (Hogstad 1995, Lima 2009). Some studies found positive effects of
colony nesting in high density on lowering nest predation (Ritschel 1985, Picman et al. 1988,
Hogstad 1995, Ringelman et al. 2012).

Here, | investigate the adaptive responses and complexity of the anti-predator

strategies of azure-winged magpies associated with predation risk (see chapter 3 and 4).

THE STUDY SPECIES
The study was conducted on the azure-winged magpie (Cyanopica cyanus Pallas
1776), known as a cooperative breeding species. The azure-winged magpie (family Corvidae)

is currently the only recognized species in its genus. The species has a remarkably disjunct
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distribution (Fig. 1): the birds are present in Iberian Peninsula (central and southern Spain and
Portugal) and in north-eastern Asia (Goodwin 1986).

Within Asian region the azure-winged magpie is restricted to areas south and east of
Lake Baikal. In Mongolia, the species is present along the northern Mongolian river systems,
especially in the Yuruu, Orkhon and Selenge river basins (Tugarinov 1929, Kozlova 1930,

Bold 1973, 1977, Boldbaatar 1999, 2006).
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Figure. 1 Geographical distribution of the azure-winged magpie (shaded areas) showing the geographical
distribution of the European (B) and Asiatic subspecies (C) and its range in Mongolia (A). On the map of
Mongolia (A): breeding area is shown in black, non-breeding area is shown in grey. Map A is from

Gombobaatar and Monks (2011), B is from Voous (1960) and C is from Fok et al. (2002).
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There are ten proposed subspecies characterized by morphological differences and
geographical distribution that two of them in Iberian Peninsula, the rest are in Asia (Fig. 1B
and 1C, Vaurie 1959). Recent studies suggested that the Asian and Iberian populations should
be regarded as separate species based on mitochondrial DNA, phylogenetic and morphometric
analyses. Therefore, it is recommended to name Asian population as Cyanopica cyanus
Pallas, 1776 and Iberian population as Cyanopica cooki Bonaparte, 1850 (Fok et al. 2002,
Kryukov et al. 2004). However, their study results did not support the current classification of
the two subspecies of Iberian population, while only C.c.japonica was recognized as
subspecies from eight subspecies according to Vaurie (1959) in Asian population.

Azure-winged magpies mainly feed on insects and other invertebrates as well as fruits,
berries and seeds obtained while foraging in trees, shrubs, and on the ground (Hosono 1966a,
Komeda et al. 1987, Alvarez and Aguilera 1988, Cramp and Perrins 1994). Food caching is
observed in the azure-winged magpies (acorns, olives, pine seeds) under the ground (Snow et
al. 1997). Azure-winged magpies inhabit open woodlands and cultivated or open country with
groves of trees in Japan (Komeda et al. 1987). In Iberia they predominantly inhabit managed
habitats like, dehesa (open holm oak Quercus ilex woodland) (Valencia et al. 2000). Azure-
winged magpie is sexually monomorphic in plumage and nearly monomorphic in size (Cramp
and Perrins 1994, Alarcos et al. 2007). This species is highly gregarious throughout the year,
and breeds in sparse colonies (Komeda et al. 1987, Cramp and Perrins 1994). Breeding colony
in Asian populations are tight colonies that consists of an average of 20 individuals in
Japanese (Hosono 1968, Komeda et al. 1987) and 25 individuals in Mongolian (in this study).
Whereas, Iberian magpies have relatively large breeding colonies that consists on average of
33 breeding pairs (Valencia et al. 2002). Only females incubate eggs and brood young
nestlings (Hosono 1966b, Goodwin 1986, Komeda et al. 1987). They are generally single-

brooded, though second broods have occasionally been reported in Spain (Valencia et al.
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2000) and Asia (Madge and Burn 1994). Re-nesting after failed breeding attempt is common
in this species (Valencia et al. 2000). Nests are generally close to one another and egg-laying
relatively synchronous, although there may be two or even three phases of nesting, with nests
close together and synchronous within each phase. Pairs are monogamous, but may receive
help from other conspecifics (Valencia et al. 2003). Clutch size is usually five to six eggs
(range 2-9) (Jesus M. Aviles 2004, Bayandonoi et al. 2013). Breeding season is between April
and July in Iberian populations (Valencia et al. 2002), while it is around one month late (May-

July) in Asian populations (Komeda et al. 1987, Bayandonoi et al. 2013).

Cooperative breeding in the azure-winged magpie

Cooperative breeding is more common in the family Corvidae than in most other
groups of birds (Ekman and Ericson 2006) suggesting a strongly conserved evolutionary trait
in the corvids (Arnold and Owens 1998, Ekman and Ericson 2006). Within the Corvidae
cooperative breeding has been found to improve reproductive success in many species, for
example, azure-winged magpie (Valencia et al. 2003, Canario et al. 2004, Bayandonoi et al.
2013), Florida scrub-jay Aphelocoma coerulescens (Woolfenden 1975) and carrion crow
Corvus corone (Canestrari et al. 2008a, 2009). Cooperative breeding has been reported in the
Iberian (Araujo 1975, Cruz 1988, Valencia et al. 2000, 2003), Japanese (Hosono 1983,
Komeda et al. 1987) and Mongolian populations of the azure-winged magpie (Bayandonoi et
al. 2013). Azure-winged magpies (Cyanopica cyanus) may perform a flexible cooperative
breeding system (Valencia et al. 2002, 2003). The frequency of helpers in the colony is 25.2%
on average in Iberian studied colonies (Valencia et al. 2003), 22% in this study, and up to
50% in Japanese studied colony (Komeda et al. 1987). Helpers in the azure-winged magpie

colonies may contribute to nest building, provisioning incubation or brooding females,
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feeding nestlings and fledglings, removing faecal sacs, and mobbing predators (Komeda et
al., 1987, Valencia et al., 2003).
Nest predators of the azure-winged magpie

Nest predators of the azure-winged magpies vary between populations. The great
spotted cuckoo Clamator glandarius is the common nest predator and nest parasite in Iberian
population (Avilés and Parejo 2006), while jungle crows Corvus macrorhynchos are the main
nest predator in the Japanese population (Hosono 1983, Ueta 1994). The carrion crow Corvus
corone and the common magpie Pica pica are the most common nest predators in the
Mongolian population (Gantulga Bayandonoi, see chapter 2). Nest predation is the most
common cause of nest failure in the azure-winged magpie breeding populations because 56%
of all nests from breeding colonies in Mongolian preyed by predators (see Chapter 3). While
it is also high in other populations that it account to 68% of the nests in Japanese (Ueta
1998a), and up to 80% of nests in one study (Cruz et al. 1990), 32% of nests in another
(Canario et al. 2004) and 45% of nests (Valencia et al. 2003) in Iberian populations. Potential
predatory species of the azure-winged magpies that recorded in breeding colonies in this study
are short-eared owl (Asio flammeus), sparrow hawk (Accipiter nisus), goshawk (A. gentilis),
common cuckoo (Cuculus canorus), oriental cuckoo (C. saturatus), hobby (Falco subbuteo),
halys pit viper (Gloydius halys), Steppe's rat snake (Elaphe dione), red fox (Vulpes vulpes),
sable (Martes zibellina), other small mustelids (Mustelidae), red squirrel (Scirius vularis) and
Siberian chipmunk (Tamias sibiricus). However, these species seem to have far less impact on

predation rate than the impact from corvids in breeding sites of this study.

Study colonies
Study was carried out on four different breeding colonies, namely Khonin Nuga

(KhN), Songino-1, Songino-2 (referred as one breeding site along with Songino-1) and
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Sugnugur (SUG). Breeding colonies are located in the southern Siberian mountain taiga
forest, along the Yuruu, Tuul and Sugnugur river basins (Figure 2). The habitats are the
riparian woodland, surrounded by mountain dry steppe, meadow steppe and wet grassland
(Muehlenberg et al. 2000). The climate in these habitats is continental with hot summers and
cold, severe winters. Average annual temperature is 0.7°C. In the coldest month, January, the
average temperature is -22.1°C (min. -51°C in January 2010 in KhN, local ranger
Myagmarsuren. D, personal observation) and in the warmest month, July, the average
temperature is 19°C (max. 36.4°C) (von Velsen-Zerweck 2002). Mean temperature during
breeding season in 2014 ranged from 13.8 to 14°C at the three breeding sites, while mean
precipitation ranged from 147.2 to 202.8 mm. Snow covers the ground from early October to

mid-April.

‘Khonin,Nuga

CSugnugur,

Songino-24cSongino-1

Figure 2. Location of the breeding colonies of the azure-winged magpies in Northern Mongolia.
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Khonin Nuga site has a rich invertebrate fauna thus potential food items are varied.
However, the main food source of the Khonin Nuga breeding colony is annually a two-week
swarm of stoneflies (Coleoptera) during egg-laying and early incubation stages, while it is the
adult gypsy moths (Lymantria dispar) and berries after breeding season. Gypsy moths were
the main food source for the azure-winged magpies during incubation and chick rearing stages
(see chapter 2) and these moths with its fluctuating populations were abundant in the breeding

site between 2001 and 2006 (Gantigmaa 2004, Michael Muehlenberg personal comment),

peaking again in 2007 (Tiralla 2007, Magsarjav Altantsegtseg unpubl.data).

Khonin Nuga Sugnugur

Songino-1 Songino-2

Figure 3. Breeding habitat views of the four breeding colonies
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Habitat of the Sugnugur breeding colony is similar to the habitat of the Khonin Nuga
as well as it has high abundance of the gypsy moths. Likewise in Khonin Nuga, gypsy moths
are the most important food source in Sugnugur breeding colony (see chapter 2). The habitats
of the Songino-1 and Songino-2 breeding colonies have been settled by humans for decades
with intensive cattle grazing activities that resulted in more homogenous vegetation and
invertebrate fauna.

A large anthropogenic fire broke out in May 2009, and devastated about 70,000 ha in
and around the Khonin Nuga valley (Oyunsanaa B, pers. comm.). The magpie's breeding site
was burnt on 25 May, at the beginning of the breeding season. All vegetation was affected,

but some small pockets were remained intact along the river (Haojin 2011).

THE OUTLINE OF THIS STUDY

Cooperative breeding system of the azure-winged magpie has been studied in the
Iberian and Japanese populations; however, there has been little research elsewhere in Asia
and no prior study in the taiga forests of northern Mongolia or southern Siberia which
constitute the northern and western edges of their Asian range. The frequency of helping
behaviour and its characteristics are expected to be different among populations assuming that
the species is found in geographically isolated populations with distinct environmental
conditions (Komeda et al. 1987, Valencia et al. 2003, Bayandonoi et al. 2013). Therefore, |
conducted the study on distantly located four breeding colonies in northern Mongolia to
represent a northern Mongolian population of the azure-winged magpie. For eight years
(2007-2014), 1 studied cooperative breeding system of the azure-winged magpie and its anti-
predator strategies. This study provides first in-depth knowledge of the lesser-known Asian
subspecies, C.c.cyanus, in this region. Although, there is still much to learn about its biology

and ecology, the study primarily focused on understanding the underlying mechanisms of the
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cooperative breeding and the adaptive responses and flexibility of the anti-predator strategies
of the azure-winged magpies under different ecological conditions, especially the predation
risk.

This study aimed at analysing the characteristics of the cooperative breeding system,
the relation between helping behaviour and predation risk, and the effects of anti-predator
strategies on the breeding ecology of the azure-winged magpie.

Chapter 2 investigates the effect of food availability and nest predation risk on
cooperative breeding behaviour. Ecological conditions have been the main focus for the
influential hypotheses to explain the evolution of helping behaviour in birds (e.g. Selander
1964; Stacey and Ligon 1991; Koenig et al. 1992; Cockburn 1998; Hatchwell and Komdeur
2000; Covas and Griesser 2007). Although, the main cause of nest failure is the nest predation
in a great range of bird species (Martin 1995a, Hanski et al. 1996), implying it's possible
substantial evolutionary force for the cooperative breeding, nest predation has not received
much attention in this context.

By this chapter, | emphasize the importance of both nest predation and food
availability on dynamics of helping behaviour. The hypothesis was tested that both low food
availability and high risk of predation on eggs and nestlings lead to increased benefits of
helping behaviour, thus increasing the likelihood that non-dispersing individuals show helping
behaviour.

Chapter 3 investigates the plasticity of the anti-predator strategies of this species
regarding nest predation under varying predation risk in different breeding colonies. Recent
studies suggest that breeding birds have a notable ability to assess and respond predation risk
(Lima 2009). Birds often employ different anti-predator strategies to reduce predation rates

effectively depending on predation risk, habitat and predator types (reviewed in Lima 2009).
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In this chapter, 1 examined the complexity of different anti-predator strategies and
their relative contribution to reduced predation rate in the Mongolian population. The
strategies, such as nest concealment, nest site changes, spatial avoidance from the predator
species, nest clustering, protective nesting association and recruiting helpers are investigated
comprenhensively and also separately to assess the effectiveness and compound effects of
multiple strategies. | also investigated the cogntive capacity and adaptive responses of the
azure-winged magpies caused by various predation risk.

Chapter 4 addresses effects of the nest distance and nest clustering regarding nest
predation risk. Aggregation has likely positive effects on reduced predation, probably as a
result of increased vigilance, joint group defense, dilution and confusion effects (reviewed in:
Krause and Ruxton 2002; Caro 2005). Therefore, high density in group living birds may
reduce the predation rate (Wittenberger and Hunt 1985, Picman et al. 1988). So far, empirical
evidence to support the hypothesis that the birds assess and adjust their nest density and
spacing of nests in accordance with nest predation risk and type of predators is relatively rare
(Lima 2009).

This chapter tests this hypothesis using data on nest distance and nest clustering of the
azure-winged magpie. | investigate whether azure-winged magpies decrease the distance
between their nests under high predation risk, and after recent predation incidences on earlier
nests within and between breeding seasons.

Chapter 5 concludes the main findings and contribution of this study to current

knowledge of the cooperative breeding and anti-predator strategies.
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CHAPTER 2

HELPING BEHAVIOUR AFFECTS NESTLING CONDITION AND
NEST PREDATION IN A FACULTATIVE COOPERATIVE BREEDING
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Chapter 2

ABSTRACT

Previous studies have identified resource availability and predictability as factors
favouring cooperative breeding in birds, but little is known about the role of nest predation in
maintaining helping behaviour. We studied four different breeding colonies of a facultative
cooperative breeder, the azure-winged magpie (C. cyanus) in northern Mongolia to assess the
effects of nest predation on helping behaviour. We compared feeding rates of breeding birds
and helpers from different breeding colonies in three sites as well as between helped and
unhelped nests based on data from 404 h of nest observations in 2014. At one site, food
supply was almost 6.4 times higher, and both feeding rates and nestling body mass were
considerably higher than at the two other breeding sites. Under these favourable conditions,
feeding rates at the nest and nestling body mass at day 9 post-hatching were unrelated to the
presence of helpers. In contrast, at the two other sites, feeding rates were 1.5 - 3.8 times
higher and nestlings were 16.5 - 22% heavier in helped nests compared to unhelped nests. Per
capita provisioning rates were consistently higher in nests with helpers at all sites. Food
provisioning by helpers did not differ between the breeding colonies even though food supply
differed considerably across sites. Importantly, the chick-rearing stage was significantly
shorter and nest predation was 32% lower in nests with helpers compared to those of nests
without. The mean number of helpers per nest was highest in high predation risk site and
small in low predation risk site, whereas, percentage of helpers in colonies and provisioning
rate from helpers remained constant. Our study suggests that the helpers' contribution does not
only result in improved nestling body condition, but also improves nest defense. The
contribution of helpers to nest defense should therefore receive more attention because it is
likely to be one of the selective factors promoting cooperative breeding in birds.
Key words: azure-winged magpie, helping, cooperative breeding, provisioning, food

availability, predation, nest defense
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INTRODUCTION

Cooperative breeding is a phenomenon characterized by allo-parental care that
individuals other than parents, commonly referred to as helpers, and multiple co-breeders with
shared nest show parent-like behaviour toward non-descendant young (Brown 1987, Haydock
et al. 2001). The evolution of cooperative breeding in birds has proven to be difficult to
explain by any single hypothesis or obvious ecological correlates alone (Arnold and Owens
1998, Koenig and Dickinson 2016). Although cooperative breeding in birds has received
much attention from the perspective of kin selection (Hamilton 1964), ecological constraints
(Emlen 1982), broad constraints (Hatchwell and Komdeur 2000), the benefits of philopatry
(Stacey and Ligon 1991), life-history (Arnold and Owens 1998, 1999), adaptive delayed
dispersal (Covas and Griesser 2007), group augmentation (Kokko et al. 2001, Kingma et al.
2014) and temporal variability hypotheses (Rubenstein and Lovette 2007, Jetz and Rubenstein
2011), it is still unclear which factors promote the evolution of cooperative breeding and
which contribute to its maintenance (Gonzalez et al. 2013). Much research has focused on
ecological conditions that may affect helping behaviour in birds (e.g. Selander 1964; Stacey
and Ligon 1991; Koenig et al. 1992; Cockburn 1998; Hatchwell and Komdeur 2000; Covas
and Griesser 2007). Despite the fact that predation is the main cause of nest failure in many
bird species (Martin 1995a, Hanski et al. 1996), indicating its possible evolutionary
importance for group living and cooperative breeding, it did not receive much attention in
previous studies. The effect of helpers on nest predation has been studied intensively showing
that helpers have a positive effect on reproductive success (e.g. Brown 1987, Emlen and
Wrege 1991, Innes and Johnston 1996, Hatchwell 2004, Lloyd et al. 2009), but only a few
studies have addressed the role of nest predation as a selective factor in modulating helping
behaviour (Ford et al. 1988, Du Plessis et al. 1995, Poiani and Pagel 1997). Since predation
risk also plays an important role in social complexity (Groenewoud et al. 2016), it may affect

the frequency and characteristics of helping behaviour.
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Delayed dispersal of young birds and the individual decision to help are the two vital
steps towards cooperative breeding (Koenig and Dickinson 2016). Some authors have
considered predation risk faced by young birds as an ecological constraint limiting their
dispersal (Emlen 1982; Koenig et al. 1992; Kokko & Ekman 2002). If dispersal is costly and
breeding in the natal territory is not an option, young birds may be ‘forced' to stay in their
natal territory (Emlen 1982). It remains unclear what exactly triggers the final decision of
birds to help when ecological and social conditions favour helping behaviour. Cooperative
breeding is not homogeneous under varying environmental conditions (Koenig and Stacey
1990). For example, Baglione et al. (2002a) found that cooperative breeding of carrion crows
(Corvus corone) varied both across and within populations, reflecting variation in
environmental conditions. Therefore, studies on different populations of the same
cooperatively breeding species may therefore reveal underlying factors that trigger the
expression and affect the frequency of cooperative breeding.

The azure-winged magpie (Cyanopica cyanus) has a large geographical distribution,
ranging from Western Europe to Eastern Asia (Goodwin 1986). Because the species is found
in geographically isolated populations with distinct environmental conditions, the frequency
of cooperative behaviour is expected to differ among populations (Komeda et al. 1987,
Valencia et al. 2003, Bayandonoi et al. 2013). Also, the cooperative breeding behaviour of the
azure-winged magpie is known to be flexible (\alencia et al. 2003).

Here, we investigate the effect of food availability and nest predation risk on
cooperative breeding behaviour in a northern Mongolian population of the azure-winged
magpie. Valencia et al. (2003) have shown that high temperature and low food availability
(indirectly measured by rainfall) were associated with high frequencies of helpers. We
hypothesize that not only low food availability but also high risk of predation on eggs and
nestlings lead to increased benefits of helping behaviour, and thus increase the likelihood that

non-dispersing individuals will help.
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If increasing the food supply to nestlings is the primary driver of helping behaviour,
we expect that individuals will more likely to help when food availability is low regardless of
predation risk. If reducing the nest predation risk is the primary driver of helping behaviour,
we expect that the number of helpers will also be large when nest predation risk is high,
regardless of food availability. Because increased group size is often associated with
decreased predation risk (Krause and Ruxton 2002, Canestrari et al. 2008a, see also Kingma
et al. 2014), the recruitment of more helpers should be favoured under high risk of predation.
Previous work also suggested that helpers' feeding effort may respond to food availability
(e.g. Valencia et al. 2006b, Canestrari et al. 2008b) and nest predation risk in cooperative
breeding vertebrates (e.g. Heg and Taborsky 2010). Under conditions of high resource
availability, helpers increase the feeding effort to nestlings (Eden 1987, Boland et al. 1997,
Clutton-Brock et al. 2002). In carrion crow, both helpers and parents reduced the feeding
effort under food supplementation only during the breeding season (Canestrari et al. 2007),
whereas, helpers increased, but breeders maintained similar feeding effort under year-round
food supplementation (Canestrari et al. 2008a). Canestrari et al. (2008b) concluded that
individual responses to resource availability are likely to vary depending on their status
(breeder or helper) due to the necessity of their self-maintenance in regard to survival and
reproduction. We predict that provisioning rates are higher at sites with higher food
availability because both the costs of achieving self-maintenance of breeders and helpers as
well as food provisioning to nestlings are expected to be low (Weimerskirch et al. 2001,
Velando and Alonso-Alvarez 2003). According to the model by Carranza et al. (2008),
breeding birds should not reduce but instead respond with additional provisioning if
expectations for future success of offspring increase because of the helpers' presence by
means of reduced predation (Hatchwell 1999, Koenig and Dickinson 2004) and increased
offspring quality (Hatchwell 2004, Valencia et al. 2006b). Therefore, we would expect that

breeders of the azure-winged magpie should increase their feeding effort when assisted by
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helpers under conditions of high predation risk, but under the condition that feeding visits
have a negligible effect on nest predation where probability of attracting predators due to

increased visits at the nest should well be compensated by successful nest defense.

METHODS
Study area and breeding colonies

We define a breeding colony as a year-round cohesive group consisting of multiple
breeding pairs and non-breeders co-residing within a single breeding territory during the
breeding season. All members of the breeding colony participate in territory defense and use
the area around the nests equally, while pairs do not have their own defined small territories
within a colony except the single tree their nests are located in. The breeding season of the
azure-winged magpie in northern Mongolia starts mid-May and ends around mid-July. In
northern Mongolia, azure-winged magpies are only found along river basins. Due to their
specific habitat requirements, breeding colonies are often relatively isolated from each other.
Our studied sites of breeding colonies were 63-143 km apart from one another. We studied
one breeding colony (KhN) in Khonin Nuga valley between May and July from 2007 until
2014. During the 2013 and 2014 breeding seasons, three other distantly located breeding
colonies, namely Songino-1, Songino-2 (here after together Songino breeding colonies, SON,
referred as one breeding site) and Sugnugur (SUG) along the Yuruu, Sugnugur and Tuul river
basins in West Khentii Mountains in northern Mongolia were incorporated into our study.
These four breeding colonies are year-round residents at their respective sites and consist of
26.3+12.9 (range 14 - 54) individuals on average during the last two breeding seasons of the
study. Breeding colonies were composed of 77% breeding birds on average, 22% helpers (few
are former breeding birds) and the rest being non-breeders in 2014.

The climate in northern Mongolia is continental with hot summers and cold, severe

winters. Mean annual temperature of this region is 0.7°C, with the coldest month being
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January, reaching -51°C, and the hottest being July, with a maximum temperature of 36.4°C
(von Velsen-Zerweck 2002). Snow covers the ground from early October to mid-April.
Generally, habitats of the breeding colonies are similar to each other and include open river
flats, riparian woodland and scrubland. The habitats of the Khonin Nuga and Sugnugur
breeding colonies are dominated by Siberian larch (Larix sibirica) and Japanese white birch
(Betula platyphylla), with the main shrubs being bird cherries (Padus asiatica), willows
(Salix), Siberian hawthorn (Crataegus sanguinea). The vegetation around the Songino-1 and
Songino-2 breeding colonies is dominated by laurel-leaf poplar (Populus laurifolia), with the
main shrubs being Siberian crabapple (Malus baccata), bird cherries and willows, as it is
affected by intense cattle grazing and human presence. The azure-winged magpies nest mostly
on Siberian crabapple in Songino breeding colonies and on bird cherries in Khonin Nuga and
Sugnugur. Both of these trees are round shaped with dense foliage, which provides excellent

concealment.

Data collection

We trapped birds at the onset and midpoint of the chick rearing stages of the breeding
season in Khonin Nuga between 2007 and 2014, and in the remaining three breeding colonies
in 2013 (91.6% of all individuals in four breeding colonies) and 2014 (immigrants and most
of the remaining unbanded birds) using mist nets, especially designed for thrushes and
middle-sized birds. Birds were ringed with unique combinations of one numbered metal and
one or several coloured plastic rings. The ringing process did not result in any nest
abandonments or any detectable behavioural changes in newly ringed birds during nest
observations. We conducted 498 h of nest observations in all four breeding colonies in the
2014 breeding season during late incubation (94 h of nest observations for the individual
identification and observer training purposes) and chick-rearing (404 h) stages until the

fledglings left their nests. We recorded bird identity, activity, number of feeding visits, time,
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duration of stay at the nest, potential predator occurrence and the response towards predators.
In total, we observed 16 helped nests with 24 helpers and 14 unhelped nests in 2014. Due to
late start of the nest observations at nests, we could not detect helpers' presence at most of the
nests preyed during egg-laying and early incubation stages. However, according to the
preliminary nest observation during late incubation stage, 71% (17 individuals) of the helpers
were already assisting breeding birds during incubation stage from all breeding colonies in
2014. The rest of the helpers that were first recorded during chick rearing stage might also
have started assisting during incubation stage. We conducted nest observations from
concealed locations in 15-30 m distance from the nest during the morning (07:00-10:00 h),
midday (11:00-14:00 h), and late afternoon (16:00-19:00 h). Each observation lasted for 2 h,
unless it had to be curtailed due to adverse weather or other unforeseen circumstances. We did
not record data 'blind' because our study involved targeted bird nests in the field. However,
nests were randomly chosen for observation, following a design aimed at equal observation
times at each nest across late incubation and chick-rearing stages as well as time of day. To
minimize inter-observer biases, five observers were rotated among breeding colonies every
five days. Our nest observation design also meant that the distribution of nests observed was
even among observers within and across all breeding colonies to ensure the same amount of
involvement from each observer at each nest. Period of day and observer ID had no effect on
nest observation data (total feeding rate tested by Kruskal-Wallis test, time difference within
day: Hz202 = 1.22, P = 0.54; difference between observers: in KhN: Hsg, = 1.70, P = 0.43; in
SON: Ha70 = 0.003, P = 1.00; in SUG: Hy 7o = 3.95, P = 0.41).

We determined the sex of ringed birds based on sex-specific behaviour, such as
exclusive female incubation and brooding (Hosono 1966b, Goodwin 1986, Komeda et al.
1987) or the presence of a brood patch. Nests were categorized as helped or unhelped based
on at least 6 h observation at the nest. In most cases, helpers were easily distinguished from

breeding males by known history from ringing, since most helpers were offspring of at least
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one of the breeding birds or redirected helpers whose first breeding attempt had failed. In two
cases in which it was unclear which bird was the breeding male and which was the helper, we
considered the bird that recorded at the nest earlier in the breeding season and visited the nest
more regularly to be the breeding male, and the bird that visited the nest rarely to be the
helper according to the classification approach of Valencia et al. (2006a).

Nestlings in all nests with and without helpers were weighed in each breeding colony
at day 9 post-hatching to determine the helpers' contribution to nestling body condition in
2014. According to results obtained from Khonin Nuga in 2011, body mass differences
between nestlings from helped and unhelped nests were highest at day 9 post-hatching. Thus,
day 9 post-hatching was chosen because it is likely the best day to reveal body mass
differences clearly. After day 9, the body mass of nestlings from helped and unhelped nests
converged gradually, but nestlings from unhelped nests still had slightly lower body mass at
day 15 post-hatching, the end of the chick-rearing stage (Gantulga Bayandonoi, unpubl. data).
The duration of the chick rearing stage refers to the days between the first hatching day and
the day that last fledgling left the nest for each nest, not including those days that fledglings
stayed around the nest following their departure. We considered nests as successful when at
least one fledgling left the nest.

Based on foraging observations around the nest during nest observation and the
analyses of food extracted from the crop of 12 breeding birds that were caught for ringing
purposes, we found that the larvae of the gypsy moth (Lymantria dispar) was the main food
source during the chick rearing stage in Khonin Nuga and Sugnugur breeding colonies in
2014, as well as during previous years in Khonin Nuga (see Bayandonoi et al. 2013). Thus,
we counted larvae of moths and butterflies (mostly gypsy moth) from randomly chosen 20
bushes of the dominant species, such as bird cherries and Siberian hawthorn, which were all
around 2-3 m high and 2-3 m wide, within breeding territories during the middle of the chick-

rearing stage (around second half of June) in Khonin Nuga and Sugnugur to determine food
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availability. To increase the detection of larvae, two researchers simultaneously started
counting larvae within the visual field from the opposite side of each bush by completely
circling the bush two times. The highest count of four counts obtained by two researchers was
regarded as an actual count.

We obtained temperature and precipitation data between 01 May and 31 July 2014, the
entire breeding season, from the weather stations of the National Meteorological
Telecommunication Center of Mongolia nearest to the breeding sites (5 - 37 km away). Mean
temperature ranged from 13.8 to 14°C and the total rainfall ranged from 147.2 to 202.8 mm
during the breeding season at the three study sites. The temperature and the rainfall data did
not differ significantly between sites (Kruskal-Wallis U-test, daily temperature: Hj276 =
0.008, P = 0.99; weekly precipitation: H, 39 = 0.88, P = 0.64). We therefore excluded weather
data from subsequent analyses.

All food provisioning resulted in actual feeding, except in a few cases in the Sugnugur
breeding colony where nestlings' lack of begging resulted in swallowing the food themselves
both by the breeding birds and helpers. We excluded those unsuccessful provisioning attempts
from our analyses. Feeding rate refers to food delivery (provisioning) to the nest per hour,

resulting in actual feeding of nestlings.

Nest predators

Since 2007, a pair of carrion crows bred close (average distance from the crow nest to
each azure-winged magpie nest during eight breeding season: 461+68 m) to the Khonin Nuga
breeding colony every year. Three pairs of carrion crows bred nearby the Songino breeding
colonies in the 2014 breeding season (distance from the nearest crow nest to each azure-
winged magpie nest: 203+75 m). In addition, we regularly observed two resident non-
breeding common magpies (Pica pica) near an azure-winged magpie's breeding site in

Songino. The pair of crow was responsible for 91% (185 out of 203 predator intrusion) of the
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azure-winged magpie responses against predators during five breeding seasons in Khonin
Nuga and those of corvids in Songino were responsible for 87% (26 out of 30 predator
intrusion) of intrusion in 2014. We suspect that these carrion crows and common magpies
specialized in preying upon azure-winged magpie nests because observers witnessed the
crows and common magpies raiding azure-winged magpie nests on five occasions in some of
which they were seeing as carrying eggs in their beak and killing all nestlings at the nest only
to return next day to collect bodies after nest abandonment by host birds. Some of the nests in
which eggs or nestlings disappeared showed signs of predation from carrion crows, such as
down feather and fresh faeces of crow around the nest. Other avian predators were rarely
observed within azure-winged magpie's breeding territories in both Khonin Nuga and
Songino, probably due to the highly aggressive territorial defense activities of the
neighbouring resident carrion crows. These resident individuals themselves were the main
nest predators of breeding colonies in the Khonin Nuga and Songino.

Unlike in the other three breeding colonies, the Sugnugur breeding colony had no
resident predators that bred or stayed regularly close to the breeding site, though other avian
predators including carrion crows were common in the area. In Sugnugur, 64% (9 out of 14
predator intrusion) of the azure-winged magpie responses against predators were towards
carrion crows, the rest attributed to raptors. We considered predation risk at each breeding site
based on the number of resident predators around breeding territories and the predator
occurrence, e.g. number of approaching predators per hour during nest observations (Songino:
0.22 per hour, Khonin Nuga: 0.18 per hour and Sugnugur: 0.10 per hour), as high in Songino,
intermediate in Khonin Nuga and low predation risk in Sugnugur for the 2014 breeding
season (Gantulga Bayandonoi, unpubl. data). We used actual nest predation for the analyses
to see whether presence of helpers affects nest predation. We considered nests as preyed in

cases where: 1) entire clutches or broods disappeared on one day, 2) clues of predators or
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remains of nestlings were found at or nearby the nest, or 3) when we witness nest predation

directly.

Data analyses

We combined data from Songino-1 and Songino-2 breeding colonies because of their
similarities being essentially in the same habitat that two colonies were located close to each
other (nearest nest distance of two colonies was 320 m apart), timing of breeding and same set
of predator individuals. In addition, we observed that three individuals from the Songino-2
breeding colony joined the Songino-1 breeding colony in 2014.

Generalized Linear Mixed Models (GLMMs) were used to analyse data on feeding
rate and nestling body mass. We used the glmer function of the R-package 'Ime4' (Bates et al.
2015) with Poisson distribution (link function: log) in R (R Core Development Team 2016)
for the analyses on feeding rate. We considered nestling age (NA), breeding colony (BC),
brood size (B), helpers at the nest (H) as predictor variables for the response variables Total,
Male, Female and Helper feeding rates. NA, BC, B and relative feeding rate at day 9 post-
hatching (RF) were used as predictor variables for nestling body mass using Imer function
from the 'Ime4' package since response variable was normally distributed. The nest ID was
included in the models as a random factor nested within breeding colony to control for non-
independence of the repeated feeding observations at the same nests for the analyses on
feeding rate and non-independent measurements of the body mass of the nestlings from the
same nest for the analyses on body mass. Relative feeding rates were calculated by averaging
daily feeding rates at each nest, which is associated with corresponding days (1-2 days
difference between nests) due to unequal numbers of observations on the respective nestling
day at each nest. After that, we ran a regression analysis to describe the relationship between
feeding rate and nestling age using data until day 9 post-hatching, the day at which nestling

body mass was measured. The regression coefficient was then used to adjust the relative
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feeding rate for each nest at day 9 post-hatching. Nests that failed before completion of
minimum 6 h nest observation to determine helper's presence were excluded from the
analyses.

We used Akaike Information Criterion with a correction for finite sample sizes (AIC,)
to rank our models from GLMMs analyses, because usage of AIC. over AIC is recommended
for small sample sizes, where the relation between the feeding data and fitted parameters (n/k)
is less than 40 (Sugiura 1978, Hurvich and Tsai 1989). We did multi-model inference in the
full set of models using MuMIn-package in R, considering that best approximating models
cannot explain the results solely in our analyses because of Akaike weight (A;) lower than 0.9
(Burnham and Anderson 2002, Lukacs et al. 2010, Symonds and Moussalli 2011). We
obtained p-values for our analyses using ImerTest-package (Kuznetsova et al. 2016) in R. In
order to investigate the differences between helped and unhelped nests, we averaged the
feeding rate data of the nestlings by each day and used a Wilcoxon matched-pair test to
eliminate the bias that could arise from the increasing provisioning rate with nestling age.
Because some of the unhelped nests failed during early chick-rearing stage, a considerable
amount of data was collected from the early period of the chick-rearing stage in nests without
helpers and less so from the late chick-rearing stage. Thus, data were unevenly distributed
throughout the nestling stage between nests with and without helpers. Due to the small
number of nests in each breeding colony, we were unable to differentiate between nests with
and without helpers with regard to clutch and brood sizes. However, analyses on the pooled
data of the breeding colonies did not reveal any statistical difference in clutch and brood sizes
between nests with and without helpers (Mann-Whitney U-test, Clutch size: U = 189.5, n; =
23, n, =17, P <0.87; Brood size: U =62, n; = 16, n, =9, P < 0.60). Since variation in brood
size (1-7 nestlings in each nest) was masking the exact contribution of the helpers and
breeding birds to each nestling, we analysed the feeding rate not only at per nest but per

nestling to reveal the importance of the helpers' contribution to nestlings. We tested variables
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for normality and used parametric tests whenever possible. Nonparametric tests were used for
non-normal variables. For all analyses, significance levels were set at 5% and means are

reported £ 1SD unless otherwise stated.

RESULTS
Food availability

We found that larvae of the gypsy moth were the main food source in both Sugnugur
and Khonin Nuga during the chick-rearing stage of the 2014 breeding season based on the
crop analyses from the breeding birds that larvae of gypsy moth account to 89% of biomass in
food composition in Khonin Nuga (food items from three individuals) and 94% in Sugnugur
(food items from four individuals) breeding colonies. In the Sugnugur breeding colony, we
counted almost 6.4 times as many gypsy moth larvae as we did in the Khonin Nuga breeding
site (SUG: 120£20; KhN: 18.8£2.3; Mann-Whitney U-test: U = 244, n; = 20, n, = 20, P <
0.001). However, the Khonin Nuga breeding site had the highest numbers of gypsy moth
larvae in 2014 when compared with the last seven years (2007-2013, on average 7.1 gypsy
moth larvae per tree). In contrast, composition of the food source was different in the Songino
breeding site where beetles (Coleoptera) and other insects were the main food source
(confirmed by observations on foraging activities and food extracted from the crop of five
individuals during ringing process that 86% of biomass belonged to the Coleoptera) whereas

the gypsy moths were scarce.

Feeding rate

The total feeding rate at the nest increased with nestling age and brood size, was

higher in nests with helpers and differed slightly among breeding colonies (Tables 1, 2).
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Chapter 2

Table 1 Results of the best-ranked models of the feeding rates of the Total, Males, Females and Helpers in
three breeding colonies within Ai < 2 range. Full average refers to multi-model inference of the full set of
models. k number of parameters, Ai difference between the AIC, value of the best model and the AIC, of the i

model, w; Akaike weight of the i model, acc w; cumulative Akaike weight, ER evidence ratio

Rank Best models H BC NA B k logLik AICc Ai Wi accw; ER
Total® Full average 0.376 0.261 0.055 0.069 6

1 H+NA+BC+B 0.379 0.266 0.055 0.079 5 -49330 99