
Patterns of parental care and chick recognition in the joint-nesting pūkeko
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Lay Abstract

Kin recognition is an essential ability for social species. Knowing

whom is kin can help inform decisions on cooperation and conflict. I

explored whether the joint-nesting pūkeko use familiarity or phenotype

matching to recognise cross-fostered offspring. I experimented to deter-

mine if adult pūkeko can recognise the distress vocalizations of chicks in

their group. I found no evidence that pūkeko use phenotypic templates

to recognise cross-fostered chicks as non-kin. However, adult pūkeko

showed a bias in response towards the distress calls of their own versus

unfamiliar chicks. Individual chick distress calls, while variable from

day-to-day, show group-specific similarities.
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Abstract

Group living is a widespread social system among animals. Within these groups,

decisions on interactions between individuals can be facilitated through knowledge

about individual identity and kinship. Individual identity allows for the recogni-

tion of individuals from past interactions and thus, information on likelihood of

reciprocity and group-membership can be gained. The benefit for cooperative in-

teractions, specifically, increases with the level of relatedness between the helper

and the recipient. Thus, knowing who is kin, is an essential ability among group-

living species and remembering individual identity helps to maintain long-term re-

lationships and inform future decisions. Kin recognition can be facilitated through

temporal and spatial overlap (i.e. familiarity) or through phenotypic-templates

(i.e. phenotype matching). The goal of this thesis was to explore recognition

in the joint-nesting pūkeko (Porphyrio melanotus melanotus). For the first por-

tion of this thesis (Chapter II), I tested for evidence of phenotype matching in

pūkeko using a cross-fostering experiment. Comparing survival and growth be-

tween fostered and non-fostered offspring, I provide evidence that pūkeko do not

use phenotype matching as their mechanism for kin recognition. In Chapter III, I

show that pūkeko chick distress calls may have an individual and group signature.

I found variation in the vocal parameters between individual chicks and social

groups. I also tested for response of adults towards chick distress calls of their own

group. Using a playback-choice experiment, I report a biased response of adult

pūkeko towards the distress call of their own group’s chicks rather than the call of

a distressed chick from a foreign chick.
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Chapter 1

General Introduction
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1.1 Background

The study of social behaviour is a rich and complicated part of the field of

behavioural ecology. It encompasses many aspects of interaction between individ-

uals such as reproduction, dominance, cooperation, aggression, and territoriality,

to name a few. Key to the maintenance of these social behaviours, specifically in

behaviours that require long-term interactions between the same individuals, is for

animals to be able to recognise other individuals to make informed decisions.

Individual recognition occurs when an individual can recognize another based

on individually distinctive characteristics (Tibbetts & Dale, 2007). The context in

which these characteristics are learned helps to inform future interactions. Con-

texts of behaviour in which individual recognition is important include territorial-

ity and dominance (Barnard & Burk, 1979; Whitfield, 1986; Karavanich & Atema,

1998; Bee & Gerhardt, 2002), group membership (Clapperton, 1987), parental care

(Medvin et al., 1993), and mate identification (Miller, 1979).

Cooperative breeding is a rare social system; an estimated 852 (9%) of 9000

known bird species are shown to exhibit this behaviour (Cockburn, 2006) as well

as some mammal (Koenig, 1997; Lukas & Clutton-Brock, 2012), fish (Balshine,

2012; McKaye & McKaye, 1977; Wisenden, 1999) and insect species (Sherman et

al., 1995; Peer & Taborsky, 2007). In birds, cooperative breeding is expressed in

a variety of ways. The most common form of cooperative breeding in birds is the

helper-at-the-nest system. In this system, individuals help a socially monogamous

pair by helping to feed offspring. These helpers are typically offspring of one of

the dominant pair’s previous broods or are other close kin (Crognier et al., 2001).

2
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Alternatively, multiple members of the same sex may contribute to the same nest

which is known as joint-nesting. Joint-nesting occurs when multiple reproductive

members of the same sex contribute to a portion of the genes represented in a

single clutch. This can take the form of communal laying (i.e. joint-female), or

cooperative polyandrous (i.e. joint-male) systems (Verhencamp, 2000).

At first glance, cooperative breeding appears maladaptive as the helper’s time,

energy and resources are being spent to further the genetic lineage of another in-

dividual where there is no direct contribution to the helper’s fitness. Hamilton’s

Rule, otherwise known as kin selection theory (Hamilton, 1964) resolves this evo-

lutionary puzzle though the value of inclusive fitness. Kin selection theory states

that helping behaviour that results in a direct fitness cost for the acting individual

should only be expressed when it increases their inclusive fitness. Thus, coopera-

tive breeding should evolve in situations where the individual gains either direct or

indirect fitness benefits through helping others to breed and should most strongly

favour closely related individuals (Hatchwell et al., 2014). Such nepotism requires

a recognition of closely related kin.

In social systems, the ability to recognise close kin is a valuable tool used by

individuals to make decisions on how to interact with another. Kin recognition

is the ability to identify relatives, whereas the expression of this ability is what

is defined as kin discrimination. Kin discrimination will occur if the benefits of

preferential treatment outweigh the costs (Waldman, 1988).

Some researchers argue that alloparental care can, in some part, be due to the

inability for an animal to recognize the difference between its own offspring and

3
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another’s (Riedman, 1982). Although this may be the case for some species that

are likely to experience brood parasitism (Rothstein, 2001), many animals are

adept at using various cues to distinguish their own kin and can use this ability

to bias their care towards more closely related individuals in the group or nest

(Wisenden, 1999).

The two main mechanisms of kin recognition have been categorized as: 1)

indirect recognition or familiarity, and 2) direct recognition or phenotype matching,

(Hepper, 1986; Waldman, 1988). Indirect recognition is a rule-of-thumb-based

recognition which combines contextually reliable circumstantial evidence such as

overlapping space and time to determine which individuals are likely to be kin and

which are not (Waldman, 1988). This method of recognition is most beneficial and

accurate in species where all individuals born to the same social group or brood

are likely to be close relatives.

In some species, such as those that participate in intra-specific brood para-

sitism and communal breeding, we expect selection pressure to be discriminative

of young hatched in their nests; therefore, more robust methods of kin recognition

should evolve (Beecher, 1982). In these cases, it does not benefit the potential

helper to assume relatedness based on spatial and temporal contexts, so a more

direct mechanism of kin recognition, is needed. Direct recognition is when individ-

uals use the expression of specific traits to help determine kin status (Waldman,

1988). Examples of situations in which direct recognition is favoured over indirect

recognition include species that are subject to brood parasitism non-monogamous

mating systems; and systems in which it is advantageous for siblings who have

fledged from different broods of the same parents to identify unfamiliar kin in

4
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later years (Waldman, 1988).

It is important to note the distinction between the use of phenotype for individ-

ual recognition and kin recognition. A phenotypically expressed trait that signals

individuality is learned during the initial encounter and then is used in future en-

counters to determine individual identity regardless of kinship (Tibbetts & Dale,

2007). On the other hand, phenotype matching for kin recognition uses phenotyp-

ically expressed traits that signal genetic relatedness. These traits share features

with kin and are learned using themselves or a close relative as a template. Thus,

the shared traits can be used to infer kinship upon the initial encounter (Waldman,

1988). Whether kinship is determined through genetically shared phenotypes, or

through contextual overlap, individually expressed phenotypes can be used for in-

dividual recognition in subsequent encounters. An example of a species that uses

familiarity to infer kinship while using individual phenotype to remember individ-

ual identity is the cooperatively breeding splendid fairy-wren (Malurus splendens).

Birds of this species can recognize familiar and non-familiar songs and will react

aggressively to songs from wrens from other groups (Payne et al., 1988). In this

case, kin recognition is based on familiarity rather than recognising a genetically

shared phenotype. The splendid fairy-wren learns the individual phenotypes of fa-

miliar birds and uses this for later interactions. Alternatively, phenotype matching

for kin recognition can be made without any prior interaction with the individual

such as in the case of white-bearded manakins (Manacus manacus) in which males

preferentially lek with close relatives without familiarity (Shorey et al., 2000). In

this species, clutches are small and nest predation is high, suggesting that any

adult in the population is unlikely to have any living nest mates. Thus, without

5
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learning their sibling’s individual phenotypes at the nest, they must use genetic

phenotypes, such as their own or their parents’ phenotypes to recognise unfamiliar

kin as adults.

In cooperatively breeding, helper-at-the-nest systems, in which breeding is by

a genetically monogamous pair and all offspring in the nest are full siblings, the

assumption made through indirect recognition is accurate. However, for commu-

nal, non-monogamous breeding systems, in which genetic relatedness of offspring

or siblings in the nest cannot be accurately assumed, direct methods of recognition

must be used. This dichotomy fails to predict more complex social breeding sys-

tems, such as groups that are inbred. In highly inbred groups, it may not matter

specifically how the dependent young are related to the caring adult. Ultimately

though, the ways in which an individual recognizes kin is a product of it’s so-

cial ecology. This study will investigate this relationship in a joint-nesting bird

and determine whether females can recognise and discriminate towards their own

offspring.

1.2 Study Species

The pūkeko (Porphyrio melanotus melanotus) is a communally breeding, joint-

nesting rail native to New Zealand. Social groups of pūkeko consist of 3-12 in-

dividuals that maintain a territory and raise chicks cooperatively (Craig, 1980).

Pūkeko are polygynandrous breeders. The adults in these groups form a linear

dominance hierarchy in which the most dominant individuals of both sexes have

the greatest breeding opportunities (Craig, 1980).

6

http://www.mcmaster.ca/


Masters of Science– Courtney Anne Young; McMaster University– Biological
Sciences

Typically, a joint-nest includes a clutch of eggs laid by 2-3 females sharing the

same nest. Incubation duties are shared by adults in the group, with the both

sexes incubating during the day, and males incubating during the night (Craig,

1980). For both sexes, the most dominant individual in the group monopolizes

incubation (Jamieson & Craig, 1987). Incubation of the nest begins mid-clutch

and lasts a little over three weeks (Craig, 1980).

Despite being able to leave the nest after 2-3 days after hatching, chicks are

reliant on adult feedings for up to two months prior to leaving the nest (Craig,

1980). Offspring fledge after 2-3 months (Dey & Jamieson, 2013; Dey et al., 2014).

Groups on the North Island have higher rates of inbreeding and relatedness within

groups compared to those on the South Island. (Craig & Jamieson, 1988; Jamieson

et al., 1994; Jamieson, 1997). Chicks on the North Island, are likely to remain in

their natal territory (Craig & Jamieson, 1988).

All pūkeko in a group aggressively maintain a territory (Craig, 1977), although

most defensive interactions are by males (Craig, 1979; Craig & Jamieson, 1990);

any trespassers on the group’s territory are promptly attacked and expelled (Craig,

1980). Identifying a trespassing individual involves the ability to distinguish be-

tween group-mates and outsiders and discriminate appropriately. Studies have

shown that pūkeko can discriminate based solely on vocalizations of the adults

(Clapperton, 1987). This discrimination extends to mobile chicks as young as a

week old that accidentally wander into a neighbouring territory. Trespassing chicks

are aggressively chased down, held down, and repeatedly pecked by adults belong-

ing to that territory (Young, pers. obs.). There is little doubt that group members

7
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can recognize and discriminate between chicks belonging to their group and for-

eign chicks from other territories. Whether this recognition is through direct or

indirect mechanisms has yet to be determined.

1.3 Thesis Aims

The primary goal of this thesis was to determine if and how joint-nesting pūkeko

can use kin recognition to discriminate among kin and non-kin chicks. Previous

work has determined that female pūkeko are unable to discriminate their own

eggs; however, work has not yet been done to determine the mechanisms involved

in chick recognition within a breeding group. The mating system of the pūkeko,

in which individuals breed polygynadrously, but exclusively within the group, sug-

gests that they are likely unable to use indirect kin recognition as an accurate

measure of kinship. It is, however, possible that female pūkeko have evolved the

ability to recognize their own offspring through direct cues to provide them with

a higher direct fitness advantage. My first study set out to determine if pūkeko

can use direct mechanisms to recognise non-kin chicks hatched in their nest. Us-

ing a cross-fostering experiment, I swapped eggs between paired nests and tracked

the survival of chicks hatched from these nests. I hypothesised that pūkeko use

direct mechanisms of kin recognition due to their non-monogamous, joint-nesting

breeding system. Based on personal observations of aggressive interactions of

adults towards foreign chicks, I then predicted that foster chicks would have sig-

nificantly lower survival rates in their foster groups compared to their non-fostered

nest mates. My second study’s goal was to determine if pūkeko use vocal cues to
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recognise and discriminate between group and non-group chicks. Regardless of

the mechanism of recognition (i.e. direct versus indirect), there is clearly recog-

nition of chicks belonging to the group. Based on this, I hypothesized that adult

pūkeko use vocal cues to recognise and discriminate among group and non-group

chicks. From my hypothesis, I predicted that pūkeko chick distress calls have in-

dividual acoustic characteristics that can provide aa basis for recognition. To test

this, I analysed the distress calls of pūkeko chicks and extracted various acoustic

characteristics. I then ran a series of linear discriminant analyses to test whether

chick distress calls could be accurately grouped by individual chick as well as so-

cial group. I also predicted that adult pūkeko would show a stronger response

towards the distress cries of a chick from their group being handled than to that

of a distressed chick from a different group. To test this prediction, I designed a

playback-choice experiment wherein the calls of a group and non-group chick were

played to a group to observe responsiveness of the adults to both calls. The goal

of this thesis was to explore the ability of the joint-nesting pūkeko to recognise

their own chicks. Through my thesis research on this unusual breeding system, I

hope to expand our understanding of cooperative breeding and kin recognition.
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2.1 Abstract

Kin selection is an important driver to explain the evolution of some social be-

haviours. Kin recognition has been categorized as either indirect recognition (i.e.

familiarity), or direct recognition (i.e. phenotype matching). Indirect recognition

is beneficial in situations where kinship can be assumed, such as monogamous pair-

breeding or helper-at-the-nest systems. In cases where kinship cannot accurately

be assumed, for example, communal, polygynandrous systems, direct recognition

may be used. My goal was to explain kin recognition mechanisms underlying coop-

erative breeding in the joint-nesting rail, pūkeko (Porphyrio melanotus melanotus).

Groups of pūkeko on the North Island of New Zealand are highly inbred and will

aggressively defend their territories against other pūkeko, including chicks from

other groups. To explore whether pūkeko use familiarity or phenotype matching

to determine kinship of young, I created a cross-fostering experiment, swapping

eggs between nests and monitoring egg survival to hatching. Upon hatching, both

foster and host chicks were monitored and compared for survival to 21 and 30

days as well as for individual growth rates. Our results suggest that pūkeko are

unable to use phenotype matching for kin recognition as they show no evidence of

discrimination between their own chicks and foster chicks hatched in their nest.

2.2 Introduction

Kin recognition is an important part of sociality, informing many decisions an

individual makes on a day-to-day basis. Knowing whom is kin helps determine
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whom to mate with, whom to cooperate with, and whom to compete with. This is

largely described by Hamilton’s rule of inclusive fitness; if kin selection is occurring,

helping is expected to be biased towards those of higher kinship to the donor. The

degree to which an individual is related to another can change how an interaction

affects the actor’s inclusive fitness (Hamilton, 1964). Thus, kin recognition is an

important attribute in social decision making.

Waldman (1988) described two mechanisms of kin recognition including indi-

rect recognition or familiarity, which relies on rules-of-thumb based on contextual

circumstances of shared time and space. Most bird species use indirect recognition

to determine whom is and is not kin in their groups and it has been suggested to

be an ancestral trait of all birds (Beecher, 1988). Animals may use indirect recog-

nition to direct parental care towards young in their social group, litter or brood

if the spatial and temporal overlap reliably predicts genetic relatedness (Hepper,

1986; Waldman,1988). For example, a single-nesting, monogamous pair-breeding

female bird can usually assume that a chick born in its nest is its own, and that

chick can assume that all its nest mates are its siblings. Thus, most individuals

can be certain that being raised in the same nest is a fair rule of thumb for being a

sibling or half-sibling (except for in intraspecific brood parasitic species). Further-

more, in cooperative helper-at-the-nest systems, the alloparents are usually safe in

assuming they are helping half or full-siblings.

The second mechanism of recognition, direct recognition or phenotype match-

ing, relies on phenotypic cues to determine genetic relatedness; learned either

through self-referencing, or based on past encounters with assumed kin (Wald-

man, 1988). The key difference between familiarity and phenotype matching, is
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that phenotype matching is expected when the kin discrimination should be able

to occur without any prior interaction between the donor and recipient; while fa-

miliarity relies on the donor sharing time and space with the recipient during the

early stages of the recipient’s life. While not the norm in avian systems, phe-

notype matching is not uncommon in the animal kingdom and there is evidence

of discrimination of unfamiliar kin based on phenotypic cues in birds (Bateson,

1978; Hoglund et al., 1999; Petrie et al., 1999; Piertney et al., 1999; Hauber, 2000;

Shorey et al., 2000; Shizuka & Lyon, 2010; McDonald & Wright, 2011). Phenotype

matching is most beneficial in breeding systems where temporal and spatial prox-

imity are poor predictors of relatedness. Examples include joint-nesting species

in which more than one member of the same sex in a nest is contributing to the

parentage of offspring, or in other systems where brood mixing is common such

as in colonial or brood parasitic species (Beecher, 1982). In these cases, chicks

of mixed parentage overlap in time and space and thus parents must use genet-

ically expressed phenotypic cues to infer relatedness. Many females nesting in a

mixed-brood system rely on phenotypic cues to recognise their own egg either by

rejecting the “odd” phenotype in a clutch (Lorenzana & Sealy, 2001) or by using

her own eggs as a template (Lotem, 1992; Lyon, 1993; Victoria, 1972; Hauber &

Sherman, 2001; Lyon, 2003; Dolores et al., 2010).

The polygynandrous, joint-nesting pūkeko (Porphyrio melanotus melanotus), is

an ideal candidate for further study of kin recognition mechanisms and how they

relate to the breeding ecology of the species. On the North Island of New Zealand,

pūkeko live in groups of 3-12 individuals. These groups show little natal or adult

dispersal and adults may be inbred (Craig & Jamieson, 1988). Although not all
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adults in the group may breed, care of young is cooperative and all adults in the

group may contribute to caring for chicks (Craig 1980a; Jamieson & Craig, 1987).

Using a cross-fostering experimental design, we tested the ability of adult

pūkeko to recognize and discriminate against cross-fostered chicks hatched in their

nest. We hypothesized, pūkeko should use direct mechanisms of kin recognition

due to their polygynandrous, joint-nesting breeding system. If pūkeko use di-

rect recognition, we predicted that fostered chicks with no adult direct kin in the

group should be discriminated against, and have lower survival and growth when

compared to their non-fostered nest mates. Alternatively, if pūkeko use indirect

recognition, there should be no discrimination and survival and growth rates for

fostered and non-fostered chicks should be equal.

2.3 Methods

Methods This study was conducted at Tawharanui Regional Park (36◦ 22’ 10”

S, 174◦ 49’ 58” E), a combined open sanctuary and working farm run by the

Auckland Regional Council (ARC), located on the North Island of New Zealand.

The park is free from exotic terrestrial mammalian predators, protected by a pest-

proof fence. In 2015, the Tawharanui pūkeko population was estimated to be about

1035 individuals (Healey, 2017).

Nests were located from early September to late December 2016. Nests were

typically found by searching areas of suitable nesting habitat (i.e. Juncus, Carex,

Typha orientalis, and Pennisetum clanestinum) (Dey et al., 2014), watching for
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nesting behaviours, as well as by chance encounter. Upon discovery, eggs in the

nest were photographed, measured for length and width and marked with non-toxic

markers.

Cross-fostering experiment

One day before cross-fostering occurred, every egg in each nest in the study site

was measured for progress of development by egg flotation in warm water (36 ◦C

to 38 ◦C). Eggs were floated in a clear plastic container and assessed for relative

stage of development using a method adapted from Hays and LeCroy (1971). Egg

angle and position in the water was photographed and recorded. Nests with eggs

at similar developmental stages were then paired for swapping.

In total, we assessed 24 nests for progress of development but only used 14

nests for swapping. Nests with < 2 eggs or hatching chicks were excluded from

the experiment as well as nests that did not show advanced development of eggs

or signs of incubation (Supplementary Figure A.1). We created 5 pairs of nests

for swapping leaving the remaining 4 nests as controls, which were manipulated

similarly to swap nests but the eggs were returned to their original nest. From

these nests, we used 24 eggs in total for this experiment; 6 controls, and 18 eggs

for swapping. We selected 1 to 2 eggs for cross-fostering and a similar number

for controls at each nest depending on the total clutch size. Sample sizes were

kept small to avoid potential conflict with other ongoing experiments with the

population.

We took fostered and control eggs from their original nest and placed them in

a bucket lined with cloth towels for insulation. Care was taken to ensure that all
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eggs involved in the experiment were handled similarly. We kept all study eggs in

the bucket away from nests for 30 minutes, which was the longest period it took

to get from one end of the study site to the other. After 30 minutes, we placed

the foster eggs in their paired nest. Eggs that were used as controls for handling

were returned to their original nest. During the time when foster and control eggs

were out of the nest, we left the remaining eggs in the nest.

Nest and chick monitoring

After swapping, we checked the nests once a day for warmth, cracks in the eggs,

presence in the nest, and clutch size. When signs of hatching were observed in a

nest (e.g. piping, peeping, etc.), nest checks increased to twice a day.

Upon hatching, we measured each chick for mass, length from the posterior

edge of the shield to the tip of the upper bill, and length of the left tarsus. We

also sampled chicks for approximately 30 to 50 uL of blood by basilic venipuncture

and capillary tube collection. The blood was stored in 1.8 mL of Queen’s Lysis

Buffer. Chicks in each nest were marked individuals by specific toenail clipping.

If known, chicks were assigned to the egg from which they came. If eggs were not

assigned, they were excluded from the experiment.

For the remainder of the field season, study territories were searched 4-7 times

a week for chicks. When found, and caught, we measured the chicks and, if large

enough, banded them. Upon reaching >30g in mass, we fitted each chick with one

colour leg band (approximately 0.2g) above the knee. Chicks that reached >40g

in mass received a metal band (approximately 0.4g) on the opposite leg below the

knee. Chicks that survived to > 200g were fitted with a unique complement of
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four colour bands above the knee (in addition to the metal band). We determined

subsequent survival by observing individually banded chicks.

Molecular Sexing

We used a standard phenol-chloroform-isoamyl alcohol (25:24:1) protocol (Sam-

brook et al., 1989) to extract chick DNA from collected blood samples. DNA

samples were diluted to about 50 ng/uL for amplification using Polymerase Chain

Reaction (PCR). We sexed pūkeko chicks by amplifying intron 16 in the NIPBL

gene using the primers NIPBLi16F (5’-TTGTCAGAGTTGCTGGAGATAC-3’)

and NIPBLi16R (5’-AATTTGATGGCA- CATAACTGTAG-3’) (Suh et al., 2011)

to produce amplicons for the Z-chromosome (approximately 1200bp) and W-

chromosome (approximately 500bp). PCR amplification was done using a method

from Healey et al. (2017). Amplicons were observed using gel electrophoresis

under trans-UV illumination.

Statistical Analysis

All statistical tests were run in R version 3.1.3 (R Core Team 2017).

To test the effect of fostering on egg survival, we ran a binomial GLMM with

logit link function in the ’lme4 ’ package (Bates et al., 2013). We fitted the models

with Laplace approximation as suggested by Bolker et al., (2009). We created a

binary score of survival to hatching as the response variable. Eggs were categorized

in one of three groups used as a fixed effect: 1) control eggs; 2) fostered eggs; and 3)

unmanipulated eggs in the nests of fostered eggs. Control eggs and unmanipulated

nest mates were both compared against fostered eggs. The destination nest of the
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eggs was a random effect.

Remaining analyses included only manipulated (i.e. control or fostered) eggs

that produced chicks. Nests that hatched only non-manipulated eggs were ex-

cluded.

To test the effect of fostering on chick survival, we created two binomial GLMMs

using the ‘blme’ package which allows the use of Bayesian statistics to avoid sin-

gularity (Dorie, 2015) using a similar design as for egg survival. We created a

binary score of survival to three weeks (21 days) and one month (30 days), based

on the date in which the chick was last seen alive, as response variables for the

two models. Chicks were categorized in one of three treatment groups as a fixed

effect; 1) chicks hatched from control eggs, 2) foster chicks hatched from swapped

eggs, and 3) nest-mates of foster chicks. We included sex of the chick as a fixed

interaction term. The destination nest of the eggs was a random effect.

The results from the model were then assessed using an informal equivalence

test. This test is used in studies to test whether the outcomes of different exper-

imental treatments are similar enough to be considered equivalent (Robinson, &

Froese, 2004; Walker & Nowacki, 2011; Welleck & Blettner, 2012; Healey et al.,

2017). We tested whether the differences in proportion of surviving chicks between

control and fostered chicks and fostered chicks and non-fostered nest mates were

small enough to be considered statistically equivalent. To perform this test, we

adapted a model from Healey et al. (2017), using a (-0.4, 0.4) region of negligi-

ble difference (RND) which was based on a log-odds change appropriate for the

intermediate probabilities of survival seen in unmanipulated chicks. If the upper
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and lower 95% confidence intervals for the treatment effect fell within the RND,

we concluded that survival was equivalent between chick categories.

To assess the effect of cross-fostering on chick growth within 60 days, post-hatch,

we used a linear mixed-effects model (LMM) using the ’nlme’ package (Pinheiro

et al., 2017). We used tarsus length as the response variable, which has been used

in previous studies on pūkeko chick growth (Dey et al., 2014; Healey et al.,2017).

We included treatment (i.e. fostered versus non-fostered nest mates) as the main

fixed effect. Chick age (days since hatching) was included as an interaction fixed

effect. Due to low sample sizes (Table 2.1) of control chicks, we could not conduct

the same comparison between control and fostered chicks.

2.4 Results

Egg Survival

Of the 94 eggs from 14 nests involved in this experiment, 49% survived to

hatching. Of these, only 39% (n=7/18) of the fostered eggs survived to hatching

compared to 50% (n=14/28) of the non-fostered eggs in the same foster nests

(Table 2.1; Figure 2.1). Of the control eggs, 67% (n=4/6) survived to hatching

(Table 2.1). The greatest cause of egg failure was destruction of the nest entirely

followed by missing and damaged eggs (Table 2.1). The GLMM found no statistical

difference between the survival of control and fostered eggs to hatch (estimate =

3.122, 95% CI = [-1.42, 7.66], P = 0.178), nor between fostered eggs and their

non-fostered nest mates (estimate = 0.973, 95% CI = [-0.51, 2.46], P = 0.200)
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(Table 2.2: Model 1). The final nest the eggs were placed in was found to have

a significant effect on survival of eggs (Table 2.3). The results from the informal

equivalence test failed to find statistical similarity in survival between control and

fostered eggs (95% CI: [-1.42, 7.66], as well as between fostered eggs and their

non-fostered nest mates (95% CI: [-0.51, 2.46]) (Figure 2.1, Table 2.2).

Chick Survival

Of the 14 experimental nests, only 7 produced fostered chicks and were thus

used in the analysis for chick survival. In total, 50% (n=2/4) of control chicks,

57% (n=4/7) of fostered chicks and 50% (n= 7/14) of non-fostered nest mates

survived to 21 days (Figure 2.2). Survival to 30 days was lower for fostered chicks

(29%, n=2/7) and their non-fostered nest mates (43%, n=6/14) and there was no

decrease in survival of control chicks (Figure 2.3). Results from the GLMM found

treatment category of the chick did not significantly influence survival to 21 or 30

days for both comparisons between control and fostered chicks (21 days: estimate

= -0.0224, 95% CI = [-2.86, 2.82], P = 0.998; 30 days: estimate = 0.5232, 95% CI

= [-1.95, 3.00], P = 0.679), and fostered chicks and their non-fostered nest mates

(21 days: estimate = -0.5935, 95% CI = [-1.51, 2.70], P = 0.580; 30 days: estimate

= 0.8573, 95% CI = [-1.10, 2.81], P = 0.390) (Table 2.2: Model 2 & 3; Figures 2.2

& 2.3). Sex of the chick was not found to have a significant effect on survival to

either 21 or 30 days, nor did it have a significant interaction with treatment group

(Table 2.2). Hatch nest did not account for any of the variation in the data for

either survival to 21 or 30 days (Table 2.3).
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Our informal equivalence test failed to find statistical similarity in all com-

parisons (Table 2.2). We were unable to find statistical evidence to support no

difference in survival between control and fostered chicks and fostered and non-

fostered chicks to both 21 and 30 days because the 95% confidence intervals for

those comparisons exceeded our (-0.4, 0.4) RND (Table 2.2).

Chick Growth

We found no difference in chick size between fostered chicks and their non-

fostered nest mates within 60 days of hatching. Age and sex were not found to

have any significant effect on chick growth (Table 2.4).

2.5 Discussion

Our results do not support the phenotype matching hypothesis that adult

pūkeko can identify their offspring based on phenotypically-expressed genetic cues.

These results mirror those of past studies (Dey & O’Connor, 2010; Quinn et al.,

2012) that have found no evidence of rejection of foreign eggs from the nests of

pūkeko, suggesting pūkeko are unable to recognise their own eggs from foreign

additions or, if they do, fail to behave in a way that suggests they can discrim-

inate them. This is also consistent with a recent study on kin discrimination in

the joint-nesting greater ani (Crotophaga major) which found no discrimination of

chicks despite the apparent selective pressures to do so (Riehl & Strong, 2015).

GLMM analyses showed no difference in survival between fostered chicks and

their non-fostered nest mates to 21 and 30 days, suggesting that adult pūkeko are
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unable to recognise and discriminate between kin and non-kin hatched in their nest.

While we did not find statistical difference in probability of survival for different

treatment groups in the GLMM, we also cannot claim statistical similarity. The

results from the informal equivalence tests could not support the conclusion that

the different treatment groups had similar probabilities of survival, however, as the

upper and lower 95% CIs of the GLMM fell outside our RND of (-0.4, 0.4) (Table

2.2). This outcome may be due to the low sample sizes following the death of 51%

of the eggs (Table 2.1). This experiment was conducted as an exploratory pilot

study and to avoid risking the results of other ongoing experiments, the number of

nests and eggs involved were kept to a minimum. Higher sample sizes in the future

would likely clarify the relationship. A power analysis suggests that to observe a

large effect size (> 0.25 for a binomial distribution as defined by Cohen, 1992) at

a power of 0.8 and a significance level of 5%, a sample size of 25 to 50 nests should

be suitable to detect a significant decrease in survival for fostered chicks (Figure

2.4). To observe medium (0.15; Cohen, 1992) and small (0.05; Cohen 1992) effect

sizes, however, we would need over 100 nests (Figure 2.4).

The results of our GLMMs are congruent with most research on birds to date;

phenotype matching in birds has been found to be a rare trait with only a handful

of species showing evidence of it (Bateson, 1978; Hoglund et al., 1999; Petrie et

al., 1999; Piertney et al., 1999; Hauber, 2000; Shorey et al., 2000; Shizuka & Lyon,

2010; McDonald & Wright, 2011). Indirect recognition, which relies on the context

in time and space, may be a useful enough tool for pair breeding, genetically

monogamous species of birds (Beecher, 1988). Excepting the possibility of extra-

pair paternity or brood parasitism, parents may reasonably assume that any chick
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in their nest is their own direct offspring. When this assumption cannot be met

with certainty, we would expect to see parents use direct recognition, relying on

genetically-expressed phenotypic cues to determine relatedness. Pūkeko, while

joint-nesting and polygynandrous within their breeding groups, do not appear

to show kin recognition through phenotype matching. It is possible that, because

pūkeko on the North Island have low dispersal rates coupled with inbreeding (Craig

& Jamieson, 1988), the assumption that individuals born within their territory are

genetically very similar, is a fair rule-of-thumb.

Beecher (1988) argued that an inability of the parents to recognise their own

offspring is required for the evolution of brood-mixing breeding strategies such

as brood parasitism, and extra-pair copulations do not favour the evolution of

phenotype matching. Phenotype matching should only evolve if it benefits both

the signaller (i.e. offspring) as well as the recognizer (i.e. parent). Offspring

would need to signal their genetic identity to their parents who, in turn, need to

recognise kinship. Under phenotype matching, a chick with no genetic relatives in

the nest would not benefit from signalling their genetic identity as parents would

bias care towards their own chicks. (Beecher, 1988). This conflict between parents

and non-related offspring, in which the parents benefit from recognition, while the

offspring resulting from extra-parental breeding is not favourable in mixed-brood

systems as unrelated chicks benefit most from not being recognised as non-kin.

Our results also support findings from past studies on pūkeko that suggest

females are unable to identify their own eggs. This is unexpected since egg recog-

nition is common in rail species which participate in conspecific brood parasitism

and foreign eggs are discriminated against through burial, tossing, banishment, or
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desertion of the nest (Sorenson, 1995; Jamieson et al., 2000; Lyon, 2003, Shizuka

& Lyon, 2010; McRae, 2011).

Pūkeko eggs have individual patterns that are unique to the female who laid

them and these features are consistent over successive nests within a territory

(Craig, 1980b). This morphological variation between eggs of different females in a

joint-nest is so distinct that it has been found to be an accurate tool for researchers

to differentiate maternity (Haselmayer, 2000; Quinn et al., 2012; Dey et al., 2014).

This individuality might suggest the presence of female egg recognition; however,

previous studies suggest that female pūkeko may not be able to recognise their own

eggs (Dey & O’Conner, 2010; Quinn et al., 2012). In pūkeko groups, all breeding

individuals, both male and females, incubate indiscriminately, and there does not

seem to be any evidence of egg sabotage such as burial, tossing, or destroying.

Females who have had their eggs experimentally removed continued to incubate.

(Quinn et al., 2012). Furthermore, even when the egg of a heterospecific was found

in a pūkeko nest, there was no evidence of a change in parental investment to the

nest (Dey & O’Conner, 2010).

Previous studies on pūkeko have shown that in nests in which experimental egg

removals occurred, males reduced nocturnal incubation investment in the nest,

incubating less frequently and possibly even abandoning the nest altogether (Dey

et al., 2013). While there was no evidence of female competition and discrimination

during incubation (Quinn et al., 2012), it is possible that the kin discrimination

does not occur until after the eggs are hatched. Females may recognise their own

eggs, but through limitation by the males’ behaviour, forgo discrimination until

after the chicks have hatched, however if this is the case, the evidence could not
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be discerned by our study.

Alternatively, if pūkeko are unable to recognise their own eggs, it is possible

that they can use other cues to identify chicks that are kin. In this way, they could

discriminate care after hatching and optimize direct fitness despite the limitation

of male incubation effort. Although our study suggests that pūkeko groups are

unable to identify fostered chicks, if breeding females are capable of recognising

and biasing their care towards their direct offspring, we would expect see differences

in survival and growth between chicks with relatives in the group compared with

fostered chicks with no relatives.

Dey et al. (2014) found that first-hatched chicks were more likely to survive,

have faster growth and achieve higher adult dominance compared to their nest

mates. If females keep track of the order of egg laying as was suggested by Craig

and Jamieson (1985), it is possible that the first-laying dominant females provide

preferential care to their first-hatched chicks compared to the later hatched chicks

that are more likely offspring of subordinate females. We found no difference in the

growth rates between fostered chicks and their non-fostered nest mates, indicating

that females may not preferentially feed their own offspring. A higher sample

size is recommended for future work comparing growth rates between fostered and

non-fostered chicks to see if females preferentially care for their own offspring.

In conclusion, our results do not support the use of direct mechanisms of phe-

notype matching to recognise pūkeko kin. Based on this evidence, the mechanism

of kin recognition within these cooperatively breeding groups is likely based on an

indirect model such as familiarity or location-based.
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male co-breeders in a joint-laying pūkeko: the role of egg recognition and peace

incentives. Anim. Behav. 83: 1035-1041.

Riehl, C., & Strong. M.J. 2015. Social living without kin discrimination: ex-

perimental evidence from a communally breeding bird. Behav. Ecol. Sociobiol.

69(8): 1293-1299.

34

http://www.mcmaster.ca/


Masters of Science– Courtney Anne Young; McMaster University– Biological
Sciences

Robinson, A.P., & Froese, R.E. 2004. Model validation using equivalence tests.

Ecol. Modelling. 176: 349-358.

Sambrook, J., Fritsch, E.F., & Maniatis, T. 1989. Molecular Cloning, Vol 2: 14

-19. New York: Cold Spring Harbor Laboratory Press.

Shizuka, D., & Lyon, BE. 2010. Coots use hatch order to learn and recognize

and reject conspecific brood parasitic chicks. Nature. 463: 223-228.

Shorey, L., Piertney, S., Stone, J., & Hoglund, J. 2000. Fine-scale genetic

structuring on Manacus manacus leks. Nature. 408(6810): 352-353.

Sorenson, M.D. 1995. Evidence of conspecific nest parasitism and egg discrim-

ination in the sora. Condor. 97(3): 819-821.

Suh, A., Kriegs, J.O., Brosius, J. & Schmitz, J. 2011. Retroposon insertions

and the chronology of avian sex chromosome evolution. Mol. Biol. Evol. 28:

2993-2997.

Victoria, J.K. 1972. Clutch characteristics and egg discriminative ability of the

African village weaverbird Ploceus cucullatus. Ibis. 114: 367-376.

Waldman, B. 1988. The ecology of kin recognition. Ann. Rev. Ecol. Systems.

19: 543-571.

Walker, E. & Nowacki, A.S. 2011. Understanding equivalence and noninferiority

testing. J. Gen. Int. Med. 26(2): 192-196.

35

http://www.mcmaster.ca/


Masters of Science– Courtney Anne Young; McMaster University– Biological
Sciences

Wellek, S. & Blettner, M. 2012. Establishing equivalence or non-inferiority in

clinical trials. Dtsch Arztebl Int. 109(41): 674-679.

2.8 Figures and tables

Figure 2.1: The percentage of eggs that survived to hatching for
each nest treatment. Sample sizes are shown below bars.
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Figure 2.2: The percentage of chicks that survived to 21 days
post-hatching for each nest treatment. Only groups with at least
1 manipulated egg hatched were included. Sample sizes are shown

below bars.
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Figure 2.3: The percentage of chicks that survived to 30 days
post-hatching for each nest treatment. Only groups with at least 1
manipulated egg hatched were considered. Sample sizes are shown

below bars.
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Figure 2.4: A simulated binomial GLMM showing the expected
statistical power for a statistically significant decrease in survival
for fostered chicks compared to their non-fostered nest mates at
four effect sizes for different nest samples sizes. Horizontal black

line indicates a power of 0.8.

Table 2.1: Final fate of eggs involved in the egg swapping exper-
iment categorized by nest treatment type and whether the egg was
manipulated (i.e. control or fostered) or not (i.e. nest mates). Eggs
that did not hatch were further categorized as 1) nest destroyed,
2) missing (not found in or around nest), 3) damaged (cracks or
punches in shell), 4) ejected (found out of the nest and cold), and

5) rotten.

Egg fate Control
(n = 6)

Fostered
(n = 18)

Non-fostered nest mates
(n = 54)

Total
(n = 93)

Hatched 4 7 27 46
Nest destroyed 2 5 15 26
Missing 0 2 7 12
Damaged 0 2 1 3
Ejected 0 1 3 4
Rotten 0 1 1 2
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Table 2.2: Binomial family GLMMs looking at the effect of treat-
ment on survival of eggs to hatching (model 1), and chicks to 21
days (model 2) and 30 days (model 3). Survival was coded as a
binary response variable. The effect of treatment is reported for
fostered individuals relative to control individuals and non-fostered
nest mates of the fostered individuals. The final nest for each off-
spring was included as a random intercept. The model estimates
and 95% confidence interval (CI) of the estimates are shown. Sam-
ple sizes for model 1 are from n = 4 control and n = 14 foster nests.
Sample sizes for models 2 and 3 are from n = 3 control and n = 5

foster nests.

Fixed Effect Estimate z-value 95% CI P-value
{Model 1: Egg survival to hatch}
Intercept -1.1664 -1.07 -3.29, 0.96 0.283
Foster vs. control 3.1223 1.35 -1.42, 7.66 0.178
Foster vs. nest mate 0.9732 1.28 -0.51, 2.46 0.200
{Model 2: Chick survival to 21 days post-hatch}
Intercept 0.7159 0.164 -1.92, 2.28 0.870
Foster vs. control -0.0224 -0.015 -2.86, 2.82 0.988
Foster vs. nest mate 0.5935 0.554 -1.51, 2.70 0.580
Sex 0.2218 0.201 -1.94, 2.39 0.841
Control*Sex -0.4991 -0.311 -3.65, 2.65 0.756
Nestmate*Sex -1.2946 -1.013 -3.80, 1.21 0.311
{Model 3: Chick survival to 30 days post-hatch}
Intercept -0.7793 -0.887 -2.50, 0.94 0.375
Foster vs. control 0.5232 0.414 -1.95, 3.00 0.679
Foster vs. nest mate 0.8573 0.860 -1.10, 2.81 0.390
Sex 0.2456 0.241 -1.75, 2.24 0.809
Control*Sex -0.1022 -0.069 -3.07, 2.81 0.945
Nestmate*Sex -1.1367 -0.933 -3.52, 1.25 0.351
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Table 2.3: The random effects of final nest on survival of eggs to
hatching (model 1), and chicks to 21 (model 2) and 30 days (model
3) post-hatch. P-values are derived from likelihood ratio tests.

Random Effect Variance P-value
Model 1: Egg survival to hatch
Final Nest 6.619 2.50e-10
Model 2: Chick survival to 21 days post-hatch
Hatch Nest 3.08 0.50
Model 3: Chick survival to 30 days post-hatch
Hatch Nest 0.6645 0.50

Table 2.4: Results of a linear mixed model looking at the effect
of treatment on chick growth. Tarsus length was coded as the
normally distributed response variable. The effect of treatment is
reported for fostered individuals relative to their non-fostered nest.
Age of the chick was included as a fixed interaction term. The final
nest for each offspring was included as a random intercept. The
model estimates and 95% confidence interval (CI) of the estimates
are shown. Sample sizes are from n = 10 chicks (n foster = 4, n

nestmate = 6).

Fixed Effect Estimate t-value 95% CI P-value
Intercept 19.872 1.681 -17.76, 57.51 0.192
Age 0.842 2.488 -0.23, 1.91 0.089
Sex 1.914 0.161 -35.93, 39.76 0.882
Treatment -42.397 -1.424 -137.12, 52.32 0.250
Age*Treatment 0.788 1.525 -1.12, 0.78 0.225
Sex*Treatment 31.79 1.311 -34.53, 98.11 0.281
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3.1 Abstract

Individual recognition is important for social species that need to identify and

remember individuals such as mates, neighbours, enemies and kin. In a variety of

contexts Kin recognition, whether learned through contextual cues or through phe-

notypic cues, may be essential in parent-offspring interactions; helping to inform

parents about the direction of care. The pūkeko (Porphyrio melanotus melanotus),

is a cooperatively breeding, joint-nesting rail. Adults in a group defend a terri-

tory together and have been seen to expel foreign chicks as young as two weeks

old. Here, we test the hypothesis that adult pūkeko can discriminate between kin

and non-kin chicks through vocal cues. To do so, we recorded the distress calls of

young chicks and analysed the calls using a linear discriminant analysis to test for

variation among chicks and groups. Responses of adults to group versus non-group

chicks were assessed through a playback-choice experiment. Our results show dis-

tinct differences in distress call structure between chick recording sessions, as well

as between groups. We also show that adult pūkeko respond more strongly to calls

from their own group’s chicks than to those of a foreign chick.

3.2 Introduction

In many interactions among conspecifics, the knowledge of whom you are in-

teracting with is valuable and can inform one’s actions. In cooperatively breeding

groups, the use of individual recognition may be important in various contexts

such as kin recognition, and territory defense. For a trait to be used for individual
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recognition, there must be negative frequency dependent selection, such that the

trait has high, multimodal variance of expression (Tibbets & Dale, 2007). In other

words, traits must be selected to be variable enough to be individually distinct to

be a reliable signal for recognition.

Many birds use vocal signatures to identify individuals and make decisions on

how they will interact with the signalling individual (Beer, 1970; Lambrechts &

Dhondt, 1995). In terms of complexity, bird songs often are highly variable and

thus offer the opportunity for individual recognition (Emlen, 1972; Lambrechts

& Dhondt, 1995). Even simple calls can provide sufficient cues for recognition

(Chaiken, 1992; Jouventin & Aubin, 2002).

Vocal signatures can be used in the context of kin recognition (Chaiken, 1992).

Recognition of kin through vocalizations can be either learned (Payne et al., 1988;

Hatchwell et al., 2001; Sharp et al., 2005), or recognised based on a phenotypic tem-

plate, (Beecher, 1988; Medvin et al., 1992; Jouventin & Aubin, 2002). Many bird

species use the vocalisation of their offspring to discriminate their own chicks from

foreign chicks they may encounter (Buckley & Buckley, 1972; Jouventin & Aubin,

2002; McDonald & Wright, 2011). This is often seen in species where broods

are likely to mix such as colonial nesters (Buckley & Buckley, 1972; Jouventin &

Aubin, 2002). Cooperatively breeding bell miner (Manorina melanophrys) helpers,

for example, use chick calls to bias care towards more closely related chicks (Mc-

Donald & Wright, 2011). Recognition is also more developed in ground-nesting

species where broods are mobile relatively early (Burger, 1974).

Screaming when being handled by a perceived predator is a behaviour that is
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seen in many species of birds; both adults and chicks alike (Rowher et al., 1976).

Within a species, the frequency of distress screaming can vary from individual

to individual (Rowher et al., 1976). This variation also exists from species to

species. In kin groups of high relatedness, these screams may elicit a mobbing or

anti-predator response from the group in defense of the individual under attack

(Rowher et al., 1976). Distress screams in offspring are thought to function as

a call for help from parents and, to date, the ability of a parent to recognise

their offspring based on distress calling has been found only in the semi-colonial

European starling (Sturnus vulgaris) (Chaiken, 1992).

The pūkeko (Porphyrio melanotus melanotus) is a cooperatively breeding, joint-

nesting bird native to New Zealand (Craig, 1980a). Territories are maintained pri-

marily by the males in the group and trespassers are aggressively ejected (Craig,

1980a, Young, pers. obs.). Identifying a trespassing individual involves the ability

to distinguish between group-members and outsiders and discriminate appropri-

ately. This discrimination extends to mobile chicks as young as a week old that

may accidentally wander into a neighbouring territory. Trespassing chicks are ag-

gressively chased down, held down, and repeatedly pecked by adults belonging to

that territory (C. Young, pers. obs.).

Adult pūkeko have complex, individual vocalizations used in many contexts

such as aggression, contact, mating and chick care (Clapperton & Jenkins, 1984;

Clapperton & Jenkins, 1987). Clapperton (1987) found that individuals in in

a group can distinguish between familiar and unfamiliar adult males. As with

recognition of adults, it is likely that individuals use vocal cues to recognise chicks

within their territory and preferentially direct care accordingly. Pūkeko chicks have
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a wide repertoire of sounds as documented by Clapperton and Jenkins (1984), and

when handled, pūkeko chicks give harsh, squawking calls (C. Young, pers. obs.),

which are likely analogous to a distress call in response to a predator.

In Chapter 2, I provided evidence that recognition of kin is likely not based on

direct mechanisms; adults consider any chick hatched in their nest to be worthy

of parental care. The question then becomes; how do adults recognise chicks

hatched in their territory? What cues does a chick provide to inform adults of

their membership in the group? The breeding system of the pūkeko provides an

opportunity to study mechanisms of kin recognition and discrimination. Using a

playback choice experiment, I tested the hypothesis that these distress calls are

individually unique and that adults can discriminate between calls made by chicks

in their group versus calls made from chicks from other groups. This predicts

1) chick distress vocalizations are highly variable with both individual and group

signatures, and 2) when faced with a choice between a group and non-group distress

call, a pūkeko will respond more strongly to their own chick in distress. This is

the first study to document pūkeko chick distress calls and assess the response of

adults to them.

3.3 Methods

Creating Stimuli

Sound recordings, video recordings of trials and associated data were collected

between October 31, 2016 and December 13, 2016 at Tawharanui Regional Park
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(36◦ 22’ 10” S, 174◦ 49’ 58” E), a combined open sanctuary and working farm run

by the Auckland Regional Council (ARC), located on the North Island of New

Zealand. The park is free from exotic terrestrial mammalian predators, protected

by a pest-proof fence.

Chicks were collected from their nest within one week of hatching and taken off

their natal territory to be recorded. Vocal calls of the chicks were recorded with

a Marantz PMD660 recording unit (sampling rate = 44.1 kHz, bit depth = 16

bits) equipped with a Sennheiser ME67 microphone capsule which operated using

a Sennheiser K6 power module. Calls were recorded 15 cm from the microphone.

To ensure there was no distortion in the sound, headphones were worn and the

recording level of the unit was manually adjusted for each recording so that it did

not exceed 0dB. We recorded for 1.5 to 2 minutes to ensure enough audio data

to retrieve usable calls. Care was made during the recording process to minimize

background noise such as other pūkeko, heterospecific birds, human noise, and

wind. When possible, chicks were brought to the shelter of a car for noise reduction.

Spectrograms were produced using Syrinx version 2.6f (John Burt, www.syrinxpc.com).

For each playback stimulus, one call out of the recording was isolated and copied

so that it was repeated 4 times, with 150 ms between each repeat. Stimuli were

then high-pass filtered at 0.8 Hz. Playbacks were further filtered using the noise

reduction filter in Goldwave v6.24 and amplitudes were standardized using the

maximize amplitude function.
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Playback Experiments

Playback-choice experiments were conducted near the center of the group’s ter-

ritory. The location of the experiments was baited daily up to one week prior to

experimentation with approximately 50 of whole maize. At the time of experimen-

tation, two speakers were set up at 3m on either side of the bait pile. Speakers

used were a remotely triggered FoxPro Scorpion X1-B and a FoxPro NX4 that was

triggered by a mobile device attached by an auxiliary cable. Speaker volumes were

set at 60-70dB SPL at 15cm which is within the natural range of a chick distress

call’s amplitude. A blind and Sony Handycam HDR-CX160 were set up 9.5m from

the bait station where the observer could trigger the sounds to play when most

the adults in the group arrived at the bait station. (Figure 3.1).

Experiments for each group tested consisted of three experimental trials. During

the trial, the distress call stimulus from the group chick was played against that

of a non-group chick. Trials for each group were conducted once a day to once

every other day until three successful trials were completed. Playback stimuli were

paired for age and mass of chicks when they were recorded. Different chick stimuli

were created for every playback trial conducted. When triggered, the sound was

left to play 5 times in succession. The speaker from which either chick stimulus

came was switched from trial to trial to avoid individual effects of the speaker.

Effort was made to reduce the length of time between recording and playback

trials, however due to lack of participation by the birds, trials occurred between 2

to 15 days after recordings with 8 out of 20 trials exceeding 7 days.
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Analysing the behaviour

Video footage of adult Pukeko response to sound was assessed by two observers

whom were blind to the type of sounds played back and to the side from which

the foreign chick call was played. They both watched and scored all videos in-

dependently. Videos were compiled and edited into 1 to 2min clips containing

the stimuli. Videos were muted to remove bias between sounds and instead a vi-

sual cue was given during the period when the stimuli were playing. The observers

watched the videos and scored the reactions of all adults present at the bait station

at the time of stimulus. Behavioural responses of adults to the stimuli were ranked

on a score of 0-5, using a modified ethogram from Clapperton, (1987; Table 1).

Due to the observers being blind to which speaker played which sound, responses

towards the left speaker were given a positive value, and responses towards the

right a negative value. Scores for reaction of each adult towards each speaker were

averaged. Adults in this study were not individually identifiable so averaging was

done to account for individual variation within a group. Each of the individual

reaction scores was weighted by the proportion of the group that the particular

adult represented. For example, if five adults were present during the trial and two

of the three adults responded in the direction of the speaker playing a group chick

while three responded towards the foreign chick, each adult bird’s response was

multiplied by one fifth and then these responses were averaged for each speaker to

create one average direction-of-response score (see equation 3.3 for this example

below). These two average scores were then used in statistical analyses.
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AvgScoregroup = [(Score1) ∗ (1/5) + (Score2) ∗ (1/5)]/2

AvgScorenon−group = [(Score3) ∗ (1/5) + (Score4) ∗ (1/5) + (Score4) ∗ (1/5)]/3

Analysing vocalizations

To analyse call structure, we randomly isolated 38 individual calls from record-

ings and high-pass filtered at 0.8 kHz using Syrinx. Each call was then analysed

in Sound Analysis Pro 2011 (SAP2011) to extract acoustic parameters (Tcherni-

chovski et al., 2000).

The features that we measured were call duration (ms), mean amplitude (dB),

mean, minimum, maximum and standard deviation of pitch (Hz), mean frequency

(Hz) and peak frequency (Hz), goodness of pitch (unitless), mean, minimum, max-

imum and standard deviation of frequency (FM, degrees) and amplitude modula-

tion (AM, 1/t), mean Weiner entropy (unitless) and, mean, minimum, maximum

and standard deviation of spectral continuity (Hz) and temporal continuity (ms).

These values, as defined by Tchernichovski et al. (2000) and Feher et al. (2009),

were measured in SAP2011. Amplitude is defined as the intensity of the sound.

Mean frequency assesses the central tendency of power distribution across frequen-

cies. Peak frequency is the frequency of maximum power. Pitch is defined as a

combination of peak and mean frequency estimates and describes the perceived

tone of the sound. Goodness of pitch is a value without units that measures har-

monic stack. Wiener entropy, also a measurement without units, measures the

width and uniformity of the power spectrum and informs whether the sound is
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pure toned or noisy. FM estimates the absolute slope of frequency traces with

respect to the horizontal line. AM measures changes in amplitude over time. Con-

tinuity over time and frequency uses the zero crossings of the spectral derivatives

and their durations. Spectral continuity measures the mean frequency range across

the frequency contours. Temporal continuity measures the mean duration across

the time contours. These features have been used in other bird vocal studies to

measure variability in vocalizations (Baker & Logue, 2003; Grieves et al., 2015).

Statistical Analysis

All statistical analyses were conducted using R version 3.1.3 (R Core Team

2017).

To test the individuality in vocalizations, we used the extracted parameters from

the distress calls of 31 chicks. To account for day to day variation, we included

four chicks where we had two recordings of the same chicks but on different days

(within a week of each other). In total, we ended up with 36 recording sessions

from 32 chicks (10 calls/recording session).

Using these data, we ran a linear discriminant analysis (LDA) with recording

session of individual chick as the grouping variable and the parameters extracted

in SAP2011 as the independent variables. The goal of this analysis was to quantify

acoustic differences between chicks as well as to determine which vocal parameters

contributed most to variability between distress calls. The parameters were run

through a forward stepwise selection analysis using the ’klar ’ package (Roever et

al., 2015) set at a threshold of 0.001 to avoid over-parameterization. The output

gave us 19 of the initial 23 parameters put into the model of which the top 8 were
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chosen for the LDA, which was run using the ’MASS ’ package (Ripley et al., 2017).

This number of variables was used for the LDA model as it is recommended that

LDAs are run with 2 fewer parameters than there are samples for each group. The

model was then run through a prediction function to determine how accurately the

parameters of the call could be used to categorize the call into the correct chick.

This function gives us the prediction accuracy as well as which calls were classified

to which chick.

To test for a group signature, another LDA and prediction was performed, using

social group as the grouping variable. We used 3 social groups, each with 5 chicks

and took the average parameter value of 10 calls in a single chick’s recording such

that each chick was one data point. Due to there being 5 chicks from each group

we limited this analysis to the 3 strongest predictor variables from the previous

analysis; entropy, goodness and FM.

Playback responses were analysed using the ’lme4 ’ package (Bates et al., 2017).

Using average score as the response variable, data were fitted to a nested, repeated

measures ANOVA design, with stimulus type as the mixed effect with the weight

of the chick and time between group chick recording and trial as interaction terms.

We added group ID as a random effect to account for any non-independence within

groups.
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3.4 Results

Distress calls were found to be distinct and variable between recording ses-

sions (Figure 3.2), however, although calls were consistent within individual chick

recordings, we were unable to find evidence of day-to-day consistency for individ-

ual chick distress calls (Figure 3.3). Distress calls had on average, 387.5 ±114.2

ms in length and have an average frequency of 2849.6 ±351.8 Hz (see Table 3.1 for

other values). Calls varied in structure but typically consisted of two components,

a pure whistle composed of 2-4 harmonic frequencies, and a harsher croak. Calls

varied in terms of order, number and length of these two components.

The eight parameters determined most important in the stepwise selection were

entropy, variance of pitch, mean frequency of the call, FM, duration, minimum

pitch, goodness, and maximum frequency (Table 3.1). The first three functions

explained 80.9% of the total variance (LD1: 60.2%; LD2: 13.2%; LD3: 9.7%)

with the remaining five functions explaining the remaining 16.9%. The first linear

discriminant function had high positive coefficient for entropy (5.79), while the

highest negative coefficients were goodness (-0.018) and FM (-0.038). The second

linear discriminant function had high negative coefficient for entropy (-2.69) as well

as for FM (-0.088), while goodness had a lower, positive coefficient (0.011) (Table

3.2). When a predictive model was run, the LDA classified 91.1% of the calls to the

correct chick/session recording, significantly exceeding chance-level classification

(Figure 3.4). Of the four chicks with more than one recording sessions included

in the model, accuracy of calls to recording session ranged from 70% to 100%

with only one chick (Chick D) showing misclassification between its own recording
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sessions (Supplementary Figure A.2).

Using entropy, goodness and FM, two linear functions were created explaining

the variation in the calls. The first linear function explained 89.2% of the variation

and had a high negative coefficient for entropy (-7.96), as well as lower positive

coefficients for goodness (0.073) and FM (0.16) (Table 3.3). When a predictive

model was run, the LDA classified 87.5% of chicks to the correct group, significantly

exceeding chance-level classification (Figure 3.5).

Playback results showed a statistically significant difference in strength of re-

sponse of adults to group versus foreign chicks with a stronger response towards

the group chick (t = -2.93, 95% CI = [-3.28, -0.65], P = 0.006; Table 3.4; Figure

3.6). Furthermore, responses scoring > 2 (i.e. those in which an adult approached

the speaker) were solely directed towards the group chick. We also found a sig-

nificant interaction between the date the group chick’s distress call was recorded

and the date of the trial (t = 0.20, 95% CI = [0.04, 0.36], P = 0.01; Table 3.4).

On their own, neither the weight of the chick nor the time between recording and

trials significantly influenced adult response. We found no significant interaction

between weight of the chick and stimulus type (Table 3.4).

3.5 Discussion

Pūkeko chick distress calls appear to have sufficient individuality that adults

may be able to discriminate chicks. Chick distress vocalizations are variable for

individual chicks on a day-to-day basis. Although we found no evidence of a
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consistent distress call signature for individual chicks (Figure 3.3), our LDA had

a high accuracy rate for assigning calls to the correct chick recording (Figure 3.4,

Supplementary Figure B1). This high accuracy shows that although chick distress

calls may not have day-to-day consistency, there is still very little overlap in the call

from one chick to another. Whether the parameters of the chick’s call vary with

age, recording conditions, or other unknown variables, is unknown. The lack of

day-to-day could be due to vocal changes with age as the number of days between

call recording and playback was found to have a significant effect. The number of

chicks in our study that had more than one usable recording in the same week was

low and future studies should aim for greater sample sizes.

While the variability in individual chick distress calling does not necessarily

show a vocal signature, results from our playbacks suggest that adults can learn

these vocal cues as they showed a statistically significant preference for the speaker

playing distress calls from their own group over those of a foreign chick (Figure

6). Although we could not deduce whether adults are learning individual chick

signatures, or simply a familiar sounding voice, our results showed a statistical bias

of adults towards their own chicks. This may suggest that to recognise individual

chicks with day-to-day variation in their calls, adults are to learn a variety of calls

from chicks in their groups to bias their care accordingly.

We also found evidence of a group-specific vocalizations made by chicks which

may further inform adults about group membership (Figure 3.5). These within-

group similarities may be either genetically determined or learned via association

and if adults are unable to discriminate between individual chicks, it is possible

that this group signature is sufficient to inform decisions on chick care.
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Within-group similarity of vocalizations may be useful for social birds who need

ways to identify and locate group members (Baker, 2004). Indeed, other species of

social birds have been found to have group vocal signatures such as black-capped

chickadees (Poecile atricapillus) (Mammen & Nowicki, 1981), corvids (Brown,

1985; Hopp et al., 2001), budgerigars (Melopsittacus undulatus) (Wright, 1996),

yellow-rumped cacique (Cacicus cela) (Feekes, 1982), bobwhite quail (Colinus vir-

ginianus) (Bailey & Baker, 1982), green woodhoopoe (Phoeniculus purpureus)

(Radford, 2005), Australian magpie (Cracticus tibicen) (Brown et al., 1988), and

laughing kookaburra (Dacelo novaeguineae) (Baker, 2004). Of these species, how-

ever, all studies have focused on adult songs and calls; none have shown evidence

of group specific chick vocalizations.

A study by McDonald and Wright (2011) showed that adult bell miners (Mano-

rina melanophrys), a cooperatively breeding helper-at-the-nest species, use the

“mew” calls of nestlings to discriminate care towards unfamiliar kin in a group of

both kin and non-kin, suggesting a kin-based vocal signature but not necessarily

a group signature as not all nestlings in the group are related. Pūkeko show ev-

idence of group-level similarities in calls between chicks. These similarities may

be kin-based due to the high inbreeding on the North Island resulting in closely

related groups. If these similarities are learned, however, the group signature may

still be possible without a genetic signature.

The earlier study by Clapperton and Jenkins (1987) which reported the vocal

repertoire of pūkeko did well to document many contextual calls however it was

entirely descriptive and function of these calls were not tested. Furthermore, they
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did not record distress calls or the calls of chicks that were being handled. Al-

though many contextual calls were documented such as contact calls, attention

calls, feeding calls, the researchers failed to document any calls by chicks in the

context of predatory danger. Our results add an additional call in the repertoire

of pūkeko chicks; the distress call.

My study is one of only a couple that examined parent responses to chick distress

calls. Chicks of the European starling (Sturnus vulgaris) were found to have indi-

vidual variation in acoustic parameters and parents demonstrated a strong anti-

predator response, favouring the screams of their chicks compared to the screams of

neighbouring chicks (Chaiken, 1992). The study also used a playback experiment,

however it was not a choice experiment and half the parents had one trial with

their own chick’s calls while the other half had one trial with a foreign chick’s call.

Chaiken (1992) found parents were more likely to dive at the speaker playing their

own chick’s screams. The only other study examining parent responses to chick

distress calls, examined the response of California towhee (Melozone crissalis) par-

ents to chick distress call playbacks and found no difference in parental response

towards calls their own offspring and those of foreign chicks (Benedict, 2007).

The chicks used in my playback experiment were between 1 to 5 days old at

the time of recording. Errors made by adults responding to a foreign chick over

their own could be due to the chicks being recorded at an age where recognition

is less important. Recognition of offspring in birds often starts at the time when

using nest location as a cue becomes less reliable. Species that have free-roaming

nidifugous chicks, like pūkeko, may need to recognise their individual chicks at an

earlier age as the chances of brood-mixing becomes heightened with chick mobility.
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On the other hand, species that are not nidifugous, and have chicks that stay in

the nest until fledging, would lack the need for early chick recognition since brood-

mixing is relatively reduced. In tree swallows (Tachycineta bicolor) and barn

swallows ((Hirundo rustica), for example, chicks are non-nidifugous and parents

do not recognise their own chicks until fledging (Burtt, 1977). Conversely, the

nidifugous ring-billed gull (Larus delawarensis) can identify their own chicks after

just 7 days of hatching (Miller & Emlen, 1975). The chicks used in my study were

1 to 5 days old post-hatching at the time of recording and while chicks between

2 to 4 days old leave the nest while feeding in the vicinity of the nest, (Craig,

1980a; Dey & Jamieson, 2013), it is possible that the period in recognition is more

important at an older age when chicks are more mobile and feed further from the

central nest location. Thus, we may expect stronger discrimination in chick calls

recorded from older chicks. Due to difficulties in catching older chicks compared

to younger chicks, this comparison was not possible in my study but could be

assessed in future studies.

The chances of brood mixing may reflect whether the species is a solitary breeder

or not. For example, in the family Hirundinidae, colonial bank swallows (Riparia

riparia) can discriminate against nearly or completely fledged offspring which be-

come misplaced in their burrow, and can identify their own offspring outside the

burrow (Hoagland & Sherman, 1976). This recognition was only found for chicks

that were old enough to leave the nest burrow and adults accepted foster chicks

until fledging (Hoagland & Sherman, 1976). Alternatively, the noncolonial rough-

winged swallows (Stelgidopteryx serripennis) were unable to discriminate between
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kin and non-kin chicks at a near to complete stage of fledging (Hoagland & Sher-

man, 1976). Within joint-nesting groups, pūkeko females are subject to clutch-

mixing as soon as eggs are laid. After hatching, chicks have very little opportunity

to integrate into another breeding group’s brood. Territories are large (Healey,

2017), and adults attend to, feed and defend chicks within the first 4-6 weeks after

hatching (Craig & Jamieson, 1985). Chicks do not spend time alone from adults

until they are nearly two months old (Craig, 1980a). On the occasion that they do

stray into a neighbouring territory, they are aggressively expelled from the foreign

territory by the adult territory holders (Young, pers. obs.).

The rejection of unfamiliar pūkeko chicks by territory holders, could reduce

the chance of rearing non-kin chicks. Chicks entering the territory from another

territory may be perceived to be intruders and are attacked and driven off. This is

a tactic often seen in Laridae species and is thought to prevent accidental adoption

(Ashmole, 1963; Beer, 1965; Quinn et al., 1994). More studies looking at adult

pūkeko response to familiar and unfamiliar chicks could further investigate this

hypothesis.

In conclusion, my study is the first to document pūkeko chick distress vocaliza-

tions and experimentally test the response of adults to pūkeko chick vocalizations.

My results suggest vocalizations are variable at both the individual and social

group level. Finally, I showed that when faced with the distress vocalisations of

chicks, adult pūkeko show a statistical biased their response towards their own

group’s chicks.
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Figure 3.1: Experimental set up of the playback-choice experi-
ment. A video camera, not shown, was placed with the blind.
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Figure 3.2: Spectrograms showing three distress calls of six dif-
ferent chicks. Each call is separated by 400ms of silence and time
between calls is not representative of actual calling frequency. Note

the difference in the time scale on the x-axis for duration.
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Figure 3.3: Spectrograms showing the distress calls of four differ-
ent chicks recorded on two separate days. Five calls are represented
for each recording. Time between calls is not representative of ac-
tual calling frequency. Note the difference in the time scale on the

x-axis for duration.
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Table 3.1: Average and standard deviation values for the 23 acous-
tic parameters extracted from SAP2011 and put into the stepwise
selection. Asterisks denote which variables were determined to be
most important (*) and which variables were ultimately used in the

LDA (**).

Parameter Mean Value (+/-)
Duration (ms) ** 387.5 114.2
Amplitude (dB) * 55.9 3.04
Pitch (Hz) * 2436.1 656.6
Min. pitch (Hz) ** 697.7 234.2
Max. pitch (Hz) 3902.6 602.7
Var. pitch (Hz) ** 2457.7 444.8
Mean frequency (Hz) ** 2849.6 351.8 *
Min. frequency (Hz) * 1618.3 536.0
Max. frequency (Hz) ** 3976.5 591.1
Var. frequency (Hz) * 196847.5 112747.5
Peak frequency (Hz) * 2798.9 395.1
Min. peak (Hz) 1252.7 491.5
Max. peak (Hz) 4506.1 615.7
Var. peak (Hz) * 637.6 153.2
Goodness of pitch ** 113.1 36.1
Min. goodness * 18.4 8.2
Max. goodness * 593.9 245.5
Var. goodness 81.5 35.6
FM (degrees) ** 25.5 11.9
AM (1/t) -0.022 0.81
Weiner entropy ** -4.75 0.99
Temporal continuity (ms) * 35.8 54.4
Spectral contiuity (Hz) * 300.5 113.2

Table 3.2: Results of a discriminant function analysis that catego-
rizes individual chicks based on eight acoustic parameters showing

scaling for each parameter in eight discriminant functions.

Parameter LD1 LD2 LD3 LD4 LD5 LD6 LD7 LD8
Duration 2.06E-03 -1.72E-03 6.28E-03 1.17E-03 1.64E-02 -4.78E-03 6.33E-03 3.99E-03
MeanF -1.66E-03 6.55E-03 -6.91E-03 7.45E-03 2.28E-03 -2.63E-03 2.04E-03 -7.98E-03
Goodness 1.82E-02 1.20E-02 9.66E-05 -2.34E-02 3.58E-02 5.24E-02 -4.49E-02 3.34E-02
FM 1.49E-02 -5.90E-02 -2.25E-01 -1.41E-01 5.01E-02 -1.55E-01 4.79E-02 -6.68E-02
Entropy -5.47E+00 -2.71E+00 2.87E+00 1.65E+00 -9.66E-01 1.34E+00 -7.01E-01 5.80E-01
MinPitch 5.20E-03 -5.81E-03 3.46E-03 1.74E-03 -5.12E-04 -1.27E-03 -7.13E-03 -6.70E-03
MaxF 6.17E-04 -1.96E-04 -3.90E-04 7.18E-04 -8.04E-04 -2.54E-03 -1.06E-03 2.53E-03
STDPitch 1.14E-03 -8.90E-03 3.62E-03 -4.00E-03 -5.60E-04 9.01E-03 -6.86E-04 7.52E-03
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Figure 3.4: Results of a discriminant function analysis that cat-
egorizes individual chicks based on eight acoustic parameters. A)
Scatter plot of discriminant function scores for all chicks involved
in the analysis. Colour different colours indicate different chicks.
B) Subset of the data using six chicks from Figure 1. C) Group
centroids for each chick from Figure 1 are plotted as spectrograms.

Table 3.3: Results of a discriminant function analysis that catego-
rizes chicks into group based on three acoustic parameters showing

scaling for each parameter in two discriminant functions.

Parameter LD1 LD2
Goodness 0.073 0.012
FM 0.156 -0.108
Entropy -7.962 -0.232
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Figure 3.5: Results of a discriminant function analysis that cate-
gorizes individual chicks based on eight acoustic parameters. Scat-
ter plot of discriminant function scores for the 9 groups involved
in the analysis. Colour different colours indicate different groups.

Each point indicates one call of one chick.

Table 3.4: Results of a repeated measures LMM looking at the
difference in adult pukeko response to group and non-group chick
distress calls. Average group response score to group or non-group
stimulus was coded as the continuous response variable. The effect
of stimulus is reported for group chick distress calls versus those
of a foreign chick as the main fixed effect. Days between initial
call recording and behavioural trial as well as weight of the chick
in grams are included as fixed effects and interaction terms with
stimulus type. The final nest for each individual was included as
a random intercept . The model estimates and 95% confidence
interval (CI) are shown. Sample sizes are from 21 trials from 7

groups.

Fixed Effect Estimate t-value 95% CI p-value
Intercept 2.13 3.85 1.04, 3.21 >0.001*
Stimulus -1.96 -2.93 -3.28, -0.65 0.006*
Days (Trial-Rec) -0.073 -1.42 -0.17, 0.03 0.165
Weight (g) -0.004 -0.21 -0.03, 0.03 0.837
Stimulus * Days (Trial-Rec) 0.201 2.54 0.05, 0.36 0.015*
Stimulus * Weight -0.0003 -0.02 -0.04, 0.04 0.988
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Figure 3.6: Average response to either group or non-group stim-
ulus over three separate trials for each group. Each data point
represents the proportional response of pukeko in the group during
one trial. Data points paired by a line represents one trial. Group

NPBSW only has two trials shown due to technical issues.
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Supplementary Data

Table A.1: A list of chicks hatched from fostered eggs showing
band information, original territory, foster territory, and whether

the chick was confirmed dead at the end of the study.

Chick ID Band combination Band # Original Territory Foster Territory Confirmed dead
AI_TN2 YG/RY-M 84014 NPBC SY2E N
AI_TN3 M-NB/RY 83957 NPBC SY2E N
AR_TN1 Y/-M 83971 RFNW SY1CE N
AR_TN3 W/- N/A RFNW SY1CE N
AL_TN6 N/A N/A SY1CE RFNW Y
F_TN3 N/A N/A NPBCW NPBSW Y
F_TN4 N/A N/A NPBCW NPBSW Y
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Figure A.1: Eggs floated in water showing development from most
developed (A) to least (I). A-C show eggs floating at a 90 ◦ angle
to the water surface. D-E show eggs floating at approximately 45 ◦

to the surface of the water. F-G show eggs floating just beneath
the surface of the water not. H-I show eggs sunk to the bottom

indicating no advanced development of embryo.
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Figure A.2: Results of a predictive model using a linear discrim-
inant function analysis that categorizes individual chick recording
sessions based on duration (ms), mean frequency (Hz), goodness
of fit, FM, entropy, minimum pitch (Hz), maximum frequency (Hz)
and standard variation of pitch (Hz). Each letter represents a single
chick. Letters paired with 1 or 2 indicate a chick with more than
one recording session. Columns show which recording session the
call was originally from while rows indicate which recording session
the call was categorized into. Outlined black boxes indicate predic-
tions where the recording session was accurately predicted. Light
grey boxes indicate predictions where a single chick had more than

one recording session.
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