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General Introduction 
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1.1 Background 

Few places on Earth can be considered truly pristine or untouched by human influences 

(Vitousek et al. 1997).  Human-dominated ecosystems and the processes that affect 

endemic biota in an urban environment are concepts that have only recently been the 

focus of biologists (Collins et al. 2000, Marzluff et al. 2001).  As human populations 

and settlements increase, the distributions and populations of native and non-native 

fauna are altered as well; yet these impacts on native species and their native 

ecosystems have been inadequately studied (McKinney 2002).  New terms have been 

created to describe these impacts, including urbanisation:  a global expansion in urban 

development, and synanthropy:  cohabiting with humans, or a human-mediated 

symbiosis (Marzluff et al. 2001).   

 

These ecological modifications, or ‘human footprints’, may have either positive or 

negative effects on wildlife, directly and indirectly altering many ecosystem processes, 

including:  habitat, food, predators, competitors, climate, disturbance and disease 

(Marzluff et al. 2001).  Yet the range or scope of a synanthropic relationship may vary 

and even be counter-intuitive.  For example, although gulls (genus Larus) have long 

been assumed to be strongly synanthropic, long-term research on some species has 

indicated that increasing urbanisation and available anthropogenic food may cause a 

decline in population and decreases in reproductive performance, breeding life span 

and fledging rates (Pierotti and Annett 1990, Annett and Pierotti 1999).   

 

Generally, gull populations worldwide have undergone dramatic increases over the past 

50 years (del Hoyo et al. 1992) and of the world’s 55 gull species, over half are 
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considered pests.  Most gull species considered pests are found in close association 

with large concentrations of humans.  The range and population expansion of gulls, 

especially Herring Gulls Larus argentatus (Monaghan 1979, Spaans et al. 1991, Pons 

1992, Belant et al. 1993, Kilpi and Ost 1998), Black-headed Gulls L. ridibundus 

(Isenmann et al. 1991), Ring-billed Gulls L. delawarensis (Blokpoel and Scharf 1991, 

Brousseau et al. 1996), Yellow-legged Gulls L. michahellis (Duhem et al. 2002, Duhem 

et al. 2003a, Duhem et al. 2003b), Hartlaub’s Gulls L. hartlaubii  (Steele 1992) and 

Glaucous-winged Gulls L. glaucescens (Vermeer and Irons 1991) are attributed to the 

increased availability and predictability of human-subsidised food sources.  These gull 

species exploit novel feeding opportunities at refuse tips, fishing enterprises, 

restaurants and agriculture around human populations.  Hence, it is widely presumed 

that the numbers of many gull species have benefited as a direct consequence of 

increased food availability from human-derived sources (Blokpoel and Spaans 1991).  

Yet the extend of this perceived benefit remains untested in spite of the concern that 

has been raised about the ‘superabundance’ of these species and the potential threats to 

human health (eg. disease transmission and collisions with aircraft) (Meathrel et al. 

1991).    

 

Australia has only two endemic larids, the Pacific Gull L. pacificus and the Silver Gull 

L. novaehollandiae, plus the now resident Kelp Gull L. dominicanus, which has 

colonised naturally over the last 50 years.  While there is concern currently over the 

conservation status of the large L. pacificus (Meathrel 2002), many perceive Silver 

Gulls as superabundant and therefore problematic (Meathrel et al. 1991a).  Silver Gulls 

in Tasmania have never been shot for recreation, food or feather trade in significant 
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numbers and therefore these factors have not affected their distribution or population 

(W. Wakefield, pers. comm.).  Like most gulls, Silver Gulls are gregarious scavengers 

(Higgins and Davies 1996), opportunistic (Smith et al. 1991), or omnivorous with a 

diverse prey base (Ottaway et al. 1985), although some are pelagic planktivores 

(Higgins and Davies 1996).  Silver Gulls around urban areas are reported to show a 

marked dependence on anthropogenic food sources and their diets are well documented 

(Smith 1990, Smith et al. 1991, Smith 1992, Smith and Carlile 1992, 1993a, b).  This 

dependence may increase their reproductive success and survival rates, as documented 

for some larids (Brousseau et al. 1996, Hebert et al. 2002).    

 

As is the case for their Northern Hemisphere congeners, Silver Gull populations have 

increased for over 50 years, both in number and size of colonies (Smith 1992, Smith 

and Carlile 1992, 1993b), presumably as a result of increased foraging opportunities at 

human-derived food sources.  However, populations of Silver Gulls in southeast 

Tasmania, unlike many larid counterparts worldwide, now show an overall decreasing 

trend (Coulson and Coulson 1998, Wakefield 2005, Wakefield and Hayward 2006).  

Whether this is due to improved tip management, competition with Kelp Gulls 

(Coulson and Coulson 1998), or decreasing individual and reproductive fitness is not 

yet clear.   

 

Although synanthropy between humans and Silver Gulls has also been reported in 

Tasmania for over 30 years (Skira and Wapstra 1990) and presumably for many years 

before, there is still no firm, scientifically tested evidence that increased consumption 

of human-derived food has benefited Silver Gulls, and the health impacts on gulls that 
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consume this anthropogenic food are unknown.  This lack of evidence may render any 

programs to control the number of gulls, such as poisoning, culling, egg destruction, 

and exclusion from tips (Smith and Carlile 1993b), premature until the level of reliance 

on anthropogenic food, and the health effects of its consumption on gulls, is measured.  

The specific dietary items of both urban and rural Silver Gulls is well documented, and 

not the subject of this dissertation.  Instead, the focus turns to the impacts of a human-

derived diet on the birds at physiological, biochemical and reproductive levels.   

 

‘Health’ and ‘condition’ are imprecise words but are variously defined as an 

organism’s quality (Blums et al. 2005), the energetic state of an animal (Schulte-

Hostedde et al. 2005), the physiological status related to evolutionary fitness (Jakob et 

al. 1996), the degree to which physiological state manipulates birds’ performance 

(Brown 1996) or simply the ability of an organism to manage environmental demands 

(Owen and Cook 1977).  To assess health in this study, a diverse suite of methods was 

chosen to describe the condition of gulls influenced by anthropogenic foods versus 

those eating from a more natural diet.  The words ‘refuse’, ‘waste’, ‘anthropogenic’, 

‘human-derived’ and ‘human-sourced’ are used interchangeably throughout this thesis 

and refer to all food items derived from people, including garbage, sewage, fish made 

available from human activities and food items provisioned intentionally or 

unintentionally to the gulls.   

 

The anthropogenic diet of gulls can be assessed in several ways.  Many conventional 

dietary assessment techniques have included observations of foraging birds and/or 

analyses of stomach contents either through water off-loading or direct examination of 
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gut contents in sacrificed birds (Sanger 1987).  Although these methods yield important 

information, they can be time consuming, biased against soft-bodied prey and items 

difficult to identify, reflect non-assimilated foods and not take into account differing 

digestive rates.  Additionally, these latter methods are often indicative of only the last 

meal (Knoff et al. 2001) and not long-term feeding strategies.  What these studies do 

not address are the potentially adverse effects of a primarily refuse-derived diet on the 

birds, which may be reflected in their body condition, blood chemistry, and/or their 

eggs.  The objectives of the research described in this thesis were three-fold:  

 To establish baseline, reference data on blood chemistry and stable isotopes in 

Silver Gulls from Tasmania, 

 To compare various health parameters and stable isotope signatures between the 

urban and remote, non-urban populations, and 

 To measure potential effects of anthropogenic foods on the quality of Silver 

Gull eggs, and hence their reproductive output.   

 

The potential values and outcomes of this research were to: 

 Define potential human impacts via anthropogenic food on a native bird, 

 Create public awareness to illustrate that specific human actions can alter 

populations of urbanised native wildlife,  

 Predict future population trends of Silver Gulls in southeast Tasmania, 

 Contribute information toward improved, wildlife-friendly management 

programs, and 

 Encourage future research on the impacts of urbanisation on native species.  
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1.2 Organization of the Thesis 

This chapter offers a general introduction on the research conducted, including a 

background, definitions and experimental measures.  Detailed information on all 

aspects of field and laboratory work including design justification is provided in 

Chapter 2.  Because three chapters were written as stand-alone papers for publishing in 

peer-reviewed journals, only methodological highlights are given within each of these 

chapters.  

 

Chapter 3 addresses stable isotopes in the blood of Silver Gulls.  The degree to which 

urbanised gulls depend upon human-derived food was resolved by these isotopic 

benchmarks.  This valuable and powerful tool has been used to study the diet and 

trophic relationships of seabirds (Thompson et al. 1999), and is based on the premise 

that the ratio of stable isotopes in the proteins of consumers reflects that of their prey.  

For instance, the ratio of 
13

C/
12

C was used to determine whether a predator’s diet is of 

terrestrial or marine origin.  It was postulated that this ratio would differ between birds 

consuming human-derived food (more terrestrial) as compared to birds consuming 

more natural food types (more marine).  Similarly, the ratio of 
15

N/
14

N has been used to 

determine trophic levels (the degree of trophic enrichment) and the type of diet 

consumed in seabirds (Hobson 1990, Hobson et al. 1994, Sydeman et al. 1997, Hebert 

et al. 1999, Hobson et al. 2001, Hobson et al. 2002).   

 

Chapter 3 addresses the questions:  Do treatment birds in Hobart show a diet of more 

terrestrial/freshwater origin (lower 
13

C/
12

C isotope ratio) while control birds in the 

Furneaux Island Group show a diet of more marine origin?  Null hypothesis:  There are 
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no differences in 
13

C/
12

C isotope ratios in blood between urban and remote adult Silver 

Gulls.  Similarly, does either population show trophic enrichment (higher 
15

N/
14

N 

isotope ratio)?  Null hypothesis:  There are no differences in the feeding ecology 

(
15

N/
14

N isotope ratios) between urban and remote adult Silver Gulls.   

 

Chapter 4 investigates the effects of anthropogenic food on the body condition of Silver 

Gulls.  A commonly used way to define the health or condition of an adult bird is a 

function of its size and mass, which may vary with age, sex, season, breeding status 

and in response to varying food supply and type (Clark 1979, Moreno 1989).  

Recognising the limitations of body mass alone as a component of such indices, 

researchers have developed condition indices which render the comparison of 

individuals within a species valid by correcting for differences in structural size (Owen 

and Cook 1977).  The objectives of this chapter were to determine (i) if the body 

condition of urban gulls in Hobart has changed over time, (ii) if differences in body 

condition exist between geographically distant urban colonies, and (iii) if differences in 

body condition exist between Silver Gulls feeding from anthropogenic sources and 

natural sources.  The main question addressed is:  Do physical indices of health (body 

condition indices) differ between gulls from Hobart and those from the Furneaux Island 

Group?  Null hypothesis:  There are no differences in body condition indices between 

urban and remote, non-urban adult Silver Gulls. 

 

Chapter 5 investigates various biochemical parameters in Silver Gulls.  Although blood 

is commonly used to trace changes in the health of birds in clinical situations, there is a 

comparative paucity of baseline data regarding blood chemistry for wild birds.  Hence, 
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the use of blood chemistry as a diagnostic tool to examine avian health has yet to 

become widely adopted by wildlife managers.  This chapter addresses the question:  Do 

blood chemistry parameters (cholesterols, triglycerides, glucose, sodium, potassium, 

calcium and corticosterone) differ between gulls from Hobart and those from the 

Furneaux Island Group?  Null hypothesis:  There are no differences in blood chemistry 

parameters between urban and remote adult Silver Gulls.   

 

Chapter 6 investigates certain aspects of reproductive success in Silver Gulls.  Because 

it is likely that the Silver Gulls from Hobart had more reliable access to foods with a 

higher fat and/or protein content than Silver Gulls from the Furneaux Island Group, the 

egg compositions, weights, measurements and eggshell thickness were compared.  Egg 

yolk colour, a measure of carotenoids, was also assessed.  Historic egg collection 

measurements, which pre-date extensive urbanisation, were compared to contemporary, 

urbanised eggs from Hobart.  The main question addressed was:  Are the eggs of Silver 

Gulls from Hobart higher in quality compared to eggs of Silver Gulls from the 

Furneaux Island Group?  Null hypothesis:  There are no differences in the clutch sizes, 

laying dates, egg chemistries, weights, sizes, eggshell thickness or yolk colour between 

Silver Gulls from urban and remote areas.   

 

This thesis concludes with a general discussion in Chapter 7, summarizing the major 

results, comparing them with other synanthropic gulls worldwide, and discussing 

population trends, management implications, and future research suggestions.  The 

inclusive intention of this research is to contribute beneficial information toward novel 

approaches in the study of urbanisation and its impacts on native species.  
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2.1 Introduction 

This chapter details the field, laboratory and statistical methodology used throughout 

this dissertation.  All aspects of this work conformed to the requirements of the 

Australian Code of Practice for the Care and Use of Animals for Scientific Purposes, 

and were approved by the University of Tasmania Animal Ethics Committee (permits 

A0007983 and A0008289).  Permission to take blood and collect eggs from Silver 

Gulls in Tasmania was granted by the former Department of Primary Industries, Water 

and Environment under permits FA04123 and FA05110, and access to trap on the 

Domain foreshore was granted by the Hobart City Council (permits 05/2004 and 

01/2005).  The author holds an A-class banding endorsement (permit 2656) granted by 

the Australian Bird and Band Banding Scheme.    

 

2.2 Description of Sites 

An urbanised colony and a remote colony of breeding Silver Gulls were needed to 

compare health effects of anthropogenic and natural food sources (definitions of these 

effects were explained in section 1.5).  Previous literature (Newman et al. 1997) 

warned that care must be taken to minimize environmental variables that could 

influence reference ranges of blood chemistry analyses from seabirds, including 

geographical location of sampling, season, photoperiod, oceanographic conditions and 

food availability, in order to make inter-species (and presumably intra-species) 

comparisons valid.  However, it was not possible to find contiguous populations of 

breeding Silver Gulls in Tasmania, or elsewhere within Australia, that have contrasting 

natural and anthropogenic feeding regimes.  As the primary aim of this research was to 
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compare various health indices between these two feeding regimes, the two distant sites 

were necessary.   

 

2.2.1 Furneaux Island Group 

The control sites (no or only limited access to human-derived food) for the study were 

located in the remote Furneaux Island Group.  Here, gulls were assumed to be feeding 

away from anthropogenic sources (i.e. their ‘natural’ diet).  The island group is 

comprised of 52 islands and rocks at the eastern end of Bass Strait between Victoria 

and Tasmania (Figure 2.1).  Blood samples were collected from Silver Gulls trapped at 

Great Dog Island (4014'47.32 S 14814'14.64 E) and at Killiecrankie (3950'08.69 

S 14750'00.19 E).  Eggs were collected at Nobby’s Rocks  (Figure 2.2) (3949'05.04 S 

14750'22.46 E), a small group (< 0.1 ha) of granite boulders with small patches of 

boxthorn (Lycium spp.), north of Killiecrankie.  This population of Silver Gulls, based 

on a census of Flinders Island and all neighbouring islands observable from binoculars, 

was estimated to be a maximum of approximately 50 pairs of adult birds (HJA pers. 

obs.).  The breeding population of Silver Gulls in the Furneaux Island Group was much 

smaller than urbanised areas and the remote colonies were likely to be highly 

ephemeral.  Based on census work of all the smaller outer islands, a cumulative total of 

1960 breeding pairs (including nest sites counted as a breeding pair) were surveyed 

spanning twenty years (Brothers et al. 2001), or less than 100 pairs per year.  Both 

control sites were more than 20 km from any reliable source of anthropogenic food, 

and the nearest sources beyond that were small tips serving less than 10 households.   
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2.2.2 Hobart  

The Queen’s Domain in Hobart (4252' 34.69 S 147'20'16.14 E) Tasmania (Figures 

2.1 and 2.3) is a large public open space north of the central business district and 

includes sports centres, the Botanical Gardens and Government House.  The River 

Derwent, headquarters of the Naval Reserve Cadets, slip yards and a bike-riding path 

flanked the gull colony.  Size of colony was estimated to be 1294 active nests, or 2588 

breeding adults, on 12 October 2004 (I. Skira, pers. comm.) and 1601 active nests, or 

3202 breeding adults, on 14 September 2005 (W. Wakefield pers. com.).  The 14 

October 2006 estimate was 1964 active nests, or 3928 breeding adults (W. Wakefield, 

pers. com.).  This site was chosen as the treatment colony (i.e. where gulls fed from 

anthropogenic sources) for both blood and egg collection, based on close proximity to 

local tips, several restaurants and takeaway shops that were convenient food sources.  

Area refuse disposal sites include McRobie’s Gully Disposal Site (5.5 km direct to 

colony), operated by the City of Hobart and Glenorchy Disposal Site (10 km direct to 

colony) operated by the City of Glenorchy.   

 

2.3 Time Frames 

Although young Silver Gulls and some adults were classified as being partial migrants, 

breeding adults tended to show high colony tenacity (Murray and Carrick 1964).  The 

propensity for urbanised gulls to move between remote and urban sites throughout the 

year meant that the timing of sampling was aimed at their breeding season.  Restricting 

sampling to the breeding season of Hobart gulls ensured that the parameters measured 

best reflected the effects of localised feeding.  Hobart birds were captured between 2-
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12 November and 14-24 December 2004 (n = 84), and the Furneaux Island Group birds 

between 19 November and 2 December 2004 (n = 20).  The Hobart birds were then 

classified into pre-egg, incubating and chick rearing phases.  The Furneaux Island 

Group birds could not be categorized in this manner because some were breeding on 

inaccessible offshore islands and others were non-breeding residents, hence they were 

classified as breeders and non-breeders (i.e. bearing or lacking a well-developed brood 

patch).  Eggs of gulls nesting at the Hobart Queen’s Domain were collected 1-19 

September 2005; eggs on Nobby’s Rocks in the Furneaux Island Group were collected 

12-18 November 2005.  Colonies were visited every day when it was not raining (in 

order to prevent chilling of eggs and small chicks), and during morning hours to 

prevent heat stress on warmer days following standard animal ethics protocols.   

 

2.4 Site Tenacity During the Breeding Season 

High colony tenacity during the breeding season was a central assumption throughout 

this thesis; the levels of all parameters measured were assumed to be the result of local 

feeding by the gulls.  Published literature stated strong site tenacity from breeding adult 

Silver Gulls in southeast Australia (Murray and Carrick 1964).  This site tenacity was 

verified by the author for southeast Tasmania with band recoveries, re-trapping and 

band re-sightings records dating back to 1983, generously provided by Dr William 

Wakefield.   

 

2.5 Field Work  

The Queen’s Domain in Hobart was easy to access by walking from the central 

business district.  A shaded area next to the Naval Reserve Cadets’ building provided a 
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quiet area out of public sight for processing birds directly next to the colony.  Access to 

the Furneaux Island Group proved more difficult, and a ferry from Bridport (2004) or 

flight from Launceston (2005) to Flinders Island was the first step of the journey.  A 

chartered boat from Lady Barron to Great Dog Island carried the researchers and 

equipment.  The beaches of Great Dog Island were accessed by walking or boating 

from the field camp, the Newell muttonbirding hut.  Researchers drove a utility vehicle 

to Killiecrankie on Flinders Island and from there rowed a rowboat to Nobby’s Rocks.   

 

2.5.1 Transect Line 

A 50 m transect line was set in the Hobart colony, extending between a telephone pole 

in the centre of the colony to a large boulder next to the fence on the southern end of 

the colony.  The line covered all types of substrate, representing all potential nesting 

habitats:  bare earth, shade trees, grasses, and herbs, mainly fennel (Foeniculum 

vulgare).  This line was monitored daily on rain-free days starting 7 September 2005 

after the first eggs were observed.  The line was monitored at least twice per week 

during the breeding season, flagging and numbering new nests and recording number 

of eggs, and recording hatching dates, number of chicks and re-nesting attempts.  The 

transect line was monitored until all adults abandoned the nests for the season, with the 

last new eggs recorded 31 January 2006 and the colony abandoned 20 February 2006.   

 

2.5.2 Trapping Techniques 

A variety of non-lethal capture techniques were used to minimise the chances for 

learning, habituation and avoidance, which sharply reduce capture success when a 

single technique is used (B. Robertson, pers. comm.).  All were well-established 
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techniques used throughout the world and currently approved by the Australian Bird 

and Bat Banding Scheme.  Drop traps were constructed from chicken wire over box 

frames, placed over the active nest and held up by a stick.  Pulling away the stick with 

fishing line sprung the trap; alternatively, the bird triggered it when the line was placed 

taut over the nest between the stick and the frame edge.  Maze traps were made of 

chicken wire frames curled inward into a double-ended spiral, which opened in the 

middle.  One spiral end was placed over the active nest; when the gull returned to sit 

upon the nest, the researcher approached quickly to retrieve it.  The bird, which found 

its way in easily, could not find its escape to the entrance quickly, hindered by the wire 

maze.  These two traps were effective due to the strong instinctive drive for the birds to 

incubate their eggs or small chicks.  A zap net, which can catch several birds at once, is 

a spring-loaded trap with a net attached to large octopus straps.  This type of trap was 

used on open beaches close to the tide line and was baited with fish or bread to induce 

birds within trapping range.   

 

2.5.3 Trapping Effort Per Bird 

One of the major differences between the urbanised and remote Silver Gull colonies 

was the resident population of both areas.  Thousands of birds were accessible in the 

Hobart colony, plus other, smaller colonies existed close by, such as the Sorrell 

Causeway, and Big and Little Spectacle Islands.  However, the population of Silver 

Gulls found in the Furneaux Island Group was much smaller, and finding the breeding 

site(s) alone was difficult.  The difference between the resident populations was in 

itself an interesting observation and likely caused by the availability (or lack thereof) of 

a reliable, accessible food source; Furneaux Silver Gull populations probably reflected 
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the carrying capacity of a remote, non-urbanised site.  Additionally, urbanised gulls 

were easy to trap, given their familiarity with humans and association with human 

food.  Furneaux Island Group gulls behaved as truly ‘wild’ birds and flew away when a 

human first approached.  These gulls were generally not interested in the bait (fish or 

bread) staked in the zap nets, as they were not conditioned to associate humans with 

food.   

 

One way to quantify this discrepancy in numbers and behaviour was to calculate 

trapping effort per bird.  In Hobart, an estimated 84 hours were spent catching 84 birds, 

or one bird/hour.  In the Furneaux Island Group, an estimated 62 hours were spent to 

trap 20 birds, or 0.32 birds/hour.  An additional 16 hours were spent trying to locate 

gulls to trap, which lowered the rate to 0.26 birds/hour.  Trapping efforts were halted 

after several days at a single location in the Furneaux Islands if no additional birds 

were trapped, either because they could not be found or they were too wary to approach 

the traps.   

 

2.5.4 Morphometric Measurements 

The gender of the birds was determined via established methods (Woehler et al. 1989) 

using head length, where male  83.4 mm  female (W. Wakefield, unpublished data).  

Often in Hobart, both birds of the breeding pair were caught on the nest and gender 

confirmed.  A bird was placed into special sized, custom-made calico bag to prevent 

struggle and injury, and mass was measured with a hand-held spring balance to  5 g.  

Using dial callipers, head length (distance from the tip of the bill to the posterior ridge 
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formed by the parietal-supraoccipital junction), maximal gonys depth and keel (carina) 

length were measured to  0.02 mm.   

 

2.5.5 Banding 

Adult birds from both urban and remote areas were banded to identify individuals that 

had previously been caught and sampled, and to support future studies on breeding 

biology, reproductive success and longevity.  All banding was achieved per approved 

ABBBS methods and use of ABBBS bands (size 08) 083-22251 to 083-22350 

inclusive.  The author and her three primary assistants (Drs Wakefield, Meathrel and 

Robertson) all hold current A-class banding permits and are experienced gull banders 

in Australia.   

 

2.5.6 Blood Sampling 

After measurements and mass were recorded from adult Silver Gulls, a 4 ml blood 

sample was extracted from the brachial vein using a 23-gauge needle after surface 

sterilisation and measured into four tubes for various future analyses.  Two researchers 

were always used when blood sampling:  one to extract and aliquot blood and the other 

to hold the bird securely on the lap and assist clotting by applying firm pressure to the 

wound site.  Because Silver Gull body weights in Australia range from 195 g to 420 g 

(Johnstone 1982), and veins on this species were unusually small and delicate and 

therefore prone to haematoma, this limited the volume of blood that could safely be 

taken, based on the guideline that 1% of the bird’s body weight in blood can be 



   

 25 

collected safely (Archander 1988).  As full 4 ml samples could not be collected from all 

birds due to this limitation, a complete set of analyses was not run on all samples.   

 

2.5.7 Egg Collection 

Eggs were collected to compare their sizes, masses and chemistries between the two 

sites.  A total of 141 freshly-laid (i.e. < 24 hours post-laying) eggs was collected from 

the Queen’s Domain colony in Hobart.  Collection stopped when 30 complete 3-egg 

clutches was reached, with 30 needed for parametric analyses (Sokal and Rohlf 1995).  

A total of 61 eggs from 30 clutches were collected from Nobby’s Rocks, Furneaux 

Island Group.  In the large Hobart colony, new nests were marked at random with 

numbered flagging.  At Nobby’s Rocks, all eggs were collected from all nests, except 

for a single clutch that was completed before egg collection began.  First (a-egg), 

second (b-egg) and third eggs (c-egg) were collected daily within 24 hours of laying so 

that all embryos were less than 24 hours old.  Each egg was replaced with a dummy 

egg, either a hand painted hard-boiled chicken egg at Nobby’s Rocks, or a marked 

neighbouring gull egg at the Hobart colony.  These surrogate eggs prevented desertion 

of nests or alteration of normal laying patterns (Meathrel 1991).  Eggs were transported 

back to the university or field camp in egg cartons within 4 hours of collection.   

 

2.5.8 Regurgitant Collection 

Although handling time for most Silver Gulls was 30 minutes or less (with the majority 

taking less than 10 minutes), occasionally more than one bird would be caught at a time 

and held in a calico bag and placed in a quiet, shady location until it was banded, 

weighed, blood sampled and released.  During holding time and occasionally during 
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handling, gulls would regurgitate food matter.  After the bird’s release, this material 

was dissected to determine the components (if distinguishable) and if invertebrates 

could not be identified in the field they were collected for identification by Dr Alastair 

Richardson at the University of Tasmania School of Zoology.    

 

2.6 Laboratory Work 

Because analyses of stable isotopes and many biochemical tests are complicated and 

exacting procedures, these samples were analysed by professional laboratories to 

ensure accurate, reproducible results.  Egg composition and chemistry were analysed 

by the author after training on the Soxhlet apparatus in the Agricultural Science 

Laboratories at the University of Tasmania.   

 

2.6.1 Blood Aliquots 

Of the maximal 4 ml collected per bird, a 0.5 ml whole blood sample was reserved and 

refrigerated for stable isotope analyses.  A 2.0 ml whole blood sample was allowed to 

clot and after centrifuging, 300 l serum was refrigerated for triglycerides and total 

cholesterol analyses, and 500 l was frozen for HDL cholesterol analyses.  A 0.5 ml 

whole blood sample was aliquotted into a FlOx tube, spun down and the 200 l plasma 

refrigerated for corticosterone analyses.  Finally, a 1.0 ml whole blood sample was 

aliquotted into an EDTA Vacutainer, spun down and the 300 l plasma refrigerated for 

glucose and ion analyses.   
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2.6.1.1 Biochemical Analyses 

All blood biochemistry was analysed at the Royal Hobart Hospital Pathology 

Department, except corticosterone, which was analysed at the University of Tasmania 

School of Zoology Endocrinology Laboratory by Dr Sue Jones.  Analyses of sodium, 

calcium and potassium used potentiometric methods using direct ion selective 

electrodes.  Glucose used a colourimetric method utilising glucose oxidase producing 

hydrogen peroxide then coupled to a Trinder reaction.  Cholesterol was measured 

similarly to glucose but the enzyme used was cholesterol oxidase.  Triglyceride 

analyses also used an enzymatic method that hydrolyses the triglycerides to free fatty 

acids and glycerol; the glycerol was then measured enzymatically.  HDL-cholesterol 

was measured by removing LDL and VLDL in a pre-treatment step, then measuring 

cholesterol.  Plasma corticosterone concentrations were measured using established 

procedures involving the radioimmunoassay (RIA) technique, which was validated 

prior to this research on bird plasma (Gartrell 2002).   

 

2.6.1.2 Stable Isotope Analyses 

All stable isotope samples were analysed by the Environmental Biology Group Stable 

Isotope Facility at Australia National University under the direction of Dr Hilary 

Stuart-Williams.  Preservation of whole blood in 70% ethanol followed published 

procedures (Hobson et al. 1997, Kaehler and Pakhomov 2001, Sarakinos et al. 2002). 

Samples were dried in an oven at 80C, and then 1-2 mg weighed into a tin cup.  

Samples were run on a CE Instruments EA1110 elemental analyser and a Micromass 

IsoChrom Continuous flow isotope ratio mass spectrometer.  Two or three standards 
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for carbon and nitrogen (beet sugar, cane sugar, glucosamine, gelatine, alanine and 

nylon fishing line) were included for every ten samples. 

 

2.6.3 Egg Analyses 

2.6.3.1 Physical Measurements 

At the university or field camp, all eggs were weighed to  0.01 g on a digital balance, 

and the maximal lengths and breadths were measured to  0.02 mm with dial callipers.  

The eggs were then hard boiled, cooled, wrapped individually in plastic wrap, sealed 

tightly in jars, and frozen at –30 C until analyses.  Once in the laboratory, all eggs 

were thawed for 24 hours, and weighed to  0.001 g on a digital balance.  Eggs were 

separated into yolk, albumen and shell with membranes; each component was then 

weighed again.  Freezing and hard boiling caused some water loss, but this was 

corrected by adding the difference between the fresh egg weight and thawed egg 

weight to wet albumen weight (Meathrel and Ryder 1987).  Yolk, albumen and 

eggshells were dried for at least one week in an oven at 56 and weighed again to 

quantify water content.  Eggshell thickness was measured with dial micrometers to  

0.001 mm after shell membranes were removed.  Thickness was measured at the blunt 

and rounded ends as well as twice at the equator; the four measurements were then 

averaged.   

 

2.6.3.2 Chemical Measurements 

The lipid and protein content of the yolks were determined by a Soxhlet extraction 

(Figure 2.6.) with high grade petroleum ether (b.p. 40-60C); dried post-extraction 
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remains were assumed to be only protein and therefore lipid weight was the difference 

between pre- and post- extraction weight (Ricklefs 1977a).  Carbohydrate content of 

both albumen and yolk were assumed negligible at < 1% of fresh egg weight.  Energy 

content per gram of fresh egg weight was calculated using the kilojoule equivalents of 

39.6 kJ/g lipid and 23.7 kJ /g nonlipid dry mass (Ricklefs 1977b).  

 

2.6.3.3 Yolk Colour 

When the hard-boiled eggs were opened and separated into different components, it 

became obvious that yolk colour varied widely in the Hobart eggs and were generally 

light yellow-orange, while the Furneaux eggs were consistently deep orange.  Because 

the eggs had already been frozen and hard-boiled, this made accurate analysis of fragile 

carotenoid compounds impossible.  Carotenoids are derived exclusively from a bird’s 

diet, serve as important antioxidants and immunostimulants, and are important to 

developing embryos and young birds (Blount et al. 2000).  Therefore, this pigment 

difference was deemed important enough to quantify as it might relate to dietary 

differences.  The colour of the hard-boiled egg yolk was determined qualitatively by 

comparison with a Roche Colour Fan, an international standard of grading yolk colour, 

on a scale of 1-15.     

 

2.6 Statistical Analyses 

All analyses followed Sokal and Rohlf (1995).  Statistical analyses were performed 

using SPSS software, version 11.0 for Macintosh (SPSS Inc. 2002).  Differences at the 

level of p  0.05 were reported as significant.  Data distribution was evaluated by the 
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Levene’s Test for Equality of Variances test.  When data were normally distributed, 

parametric tests were applied, such as independent samples t-tests, one-way analysis of 

variance (ANOVA), PCA analyses and regressions.  Mann-Whitney U and Kruskal-

Wallis nonparametric tests were used where sample sizes were small. 
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Figure 2.1.  The location of Silver Gull sampling sites in 2004-2005.  1) The Queen’s 

Domain Slipway colony in Hobart, Tasmania, Australia.  2) Great Dog Island, 

Furneaux Island Group, Bass Strait.  3) Nobby’s Rocks, Furneaux Island Group, Bass 

Strait.   
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Figure 2.2.  Nobby’s Rocks offshore from Killiecrankie, Furneaux Island Group in 

Bass Strait, Tasmania, Australia.   
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Figure 2.3.  The Silver Gull colony at the Queen’s Domain foreshore in Hobart, 

Tasmania, Australia.  The photograph shown was taken early in the breeding season.   
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Figure 2.4.  Soxhlet apparatus used for extracting lipid from Silver Gull egg yolks.  
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Preface to Chapter 3 

Before the various assessments on the health of urban versus remote, non-urban Silver 

Gulls could be made, it was necessary to establish a baseline for potential differences in 

dietary input.  Rather than assuming differences a priori, evidence that Silver Gull diets 

from Hobart differed from those in the Furneaux Island Group was essential.  Stable 

isotope analysis is a contemporary, convenient and accurate method to determine both 

trophic level via nitrogen isotopes and dietary input via carbon isotopes.  This method 

was coupled with conventional regurgitation analysis, which confirmed specific dietary 

items.  Establishing potential disparities in anthropogenic or natural foods in breeding 

Silver Gulls of Tasmania was the first step taken in this thesis and laid the groundwork 

for all other research areas in the following chapters.   
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CHAPTER 3 

 

Urbanisation of the Silver Gull:  evidence of anthropogenic feeding regimes from 

stable isotope analyses 
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3.1 Abstract 

Urban populations of several gull species worldwide are increasing dramatically, 

presumably as a result of greater access to anthropogenic food obtained in urbanised 

environments.  The degree to which urbanised gulls depend upon human-derived food 

may be resolved by isotopic benchmarks.  This research investigated the potential 

differences in stable isotope ratios resulting from an anthropogenic diet in Silver Gulls 

(Larus novaehollandiae) by comparing birds breeding at a remote, non-urbanised site 

(Furneaux Island Group, Bass Strait) with those at an urban (Hobart) colony in 

Tasmania.  Stable isotopes (
13

C/
12

C and 
15

N/
14

N) were compared between the two 

populations to distinguish potential differences in feeding regimes.  Analyses of whole 

blood stable isotopes suggested that non-urbanised gulls tended to feed from a more 

marine origin, while urban gulls fed from a separate trophic ecology and from a more 

freshwater origin.  When locations were pooled, no differences in either carbon or 

nitrogen isotopes were seen between genders.  Within the birds from Hobart, no 

differences were found in either isotope between breeding stages, and within the 

Furneaux birds, no differences were found in either isotope between breeders and non-

breeders.   

 

3.2 Introduction 

As human populations increase worldwide, the impacts on avian populations from the 

resulting urbanisation have become a growing research topic (Marzluff 2001).  

Increased availability of human-derived food is one factor that may lead to population 

changes in wild birds, and species such as gulls that are able to exploit these 

anthropogenic food resources often have inflated population sizes (Hobson 1987, del 
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Hoyo et al. 1992).  Larids are highly successful in urbanised environments because 

their generalized feeding strategies allow them to exploit human-derived food sources 

in the same manner that they would natural foods (Pierotti and Annett 2001).   

 

Silver Gulls (Larus novaehollandiae) are viewed as pests in Australian urban 

environments (Smith 1991, Smith et al. 1991), with the largest colonies occurring close 

to major human settlements and their refuse (Meathrel et al. 1991).  Like most gulls, 

Silver Gulls are gregarious scavengers (Higgins and Davies 1996), opportunistic 

(Smith et al. 1991) or omnivorous with a diverse prey base (Ottaway et al. 1985), 

although some are pelagic planktivores (Higgins and Davies 1996).  Silver Gulls 

around urban areas are reported to show a marked dependence on anthropogenic food 

sources, and their diets are well documented (Smith et al. 1991, Smith 1992, Smith and 

Carlile 1992, 1993a, b).  This dependence may increase their reproductive success and 

survival rates, as documented for some larids (Brousseau et al. 1996, Hebert et al. 

2002).  The natural prey in Silver Gulls are diverse and include:  plants and algae, 

cnidarians, squid, annelids, insects, crustaceans, arachnids, small fish, frogs, birds and 

mammals (Higgins and Davies 1996).  Sources of human-derived foods are at rubbish 

tips and litter bins, and also discarded or directly fed food at recreational areas, 

restaurants and takeaway outlets (Ottaway et al. 1988).  Evidence of human-derived 

foods was observed in 85% of 487 regurgitations by Silver Gulls from Big Island, near 

Sydney, New South Wales (Smith and Carlile 1993a).  In Perth, Western Australia, the 

top six food types consumed by breeding Silver Gulls, as percentage occurrence and 

mass, were human-derived (Meathrel, unpublished data, 1991).   
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The research reported herein is part of a larger study, which elucidated the effects of an 

anthropogenic diet in Silver Gulls of Tasmania.  Since many studies worldwide have 

attested to an increase in larid populations following urbanisation, it is widely 

presumed that gulls have benefited as a direct consequence of their association with 

human-derived food.  However, few studies have tested this perceived benefit.  

Conversely, a negative effect on the condition, and hence fitness, of gulls may be 

expected from eating the equivalent of human ‘junk food’.   

 

To establish a benchmark for comparing health parameters of gulls, differences in the 

proportions of natural and anthropogenic derived foods consumed by gulls at urbanised 

centres and remote, non-urbanised sites needed to be determined at the outset.  Stable 

isotopes were used to assess the relative dependence of the birds on 

terrestrial/freshwater or marine-based food sources.  It was plausible that the isotopic 

signatures of Silver Gulls feeding naturally would differ from those eating 

anthropogenic food.  Stable isotopes fixed in tissues of predators reflect past diet, and 

this useful tool has been employed to study the diet and trophic relationships of 

seabirds (Hobson et al. 1994, Thompson et al. 1999).  Analyses work on the premise 

that the ratio of stable isotopes in the proteins of consumers reflects that of their prey.  

For example, the ratio of 
13

C/
12

C, designated 
13

C, can be used to determine whether a 

predator’s diet is of terrestrial or marine origin, or a mixture of both.  Therefore, this 

ratio was postulated to differ between Silver Gulls consuming more human-derived 

food (generally more terrestrial/freshwater) as compared to consuming more natural 

(generally more marine) foods.  Similarly, the ratio of 
15

N/
14

N, designated 
15

N, has 

been used to determine the degree of trophic enrichment and type of diet consumed in 
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seabirds (Hobson 1990, Hobson et al. 1994, Sydeman et al. 1997, Hebert et al. 1999, 

Hobson et al. 2002).  Animal tissues are preferentially enriched in 
15

N as compared to 

their diets due to preferential excretion of the lighter isotope (DeNiro and Epstein 

1981), and 
15

N values exhibit enrichment of 3-5‰ at each trophic level (Bearhop et al. 

1999, Bearhop et al. 2001).   

 

3.3 Methods 

3.3.1 Study Area and Species 

Silver Gulls were chosen as a subject because of their predilection for opportunistically 

feeding on human-derived food.  To determine whether there were differences in 

isotopic signatures between urbanised and remote, non-urbanised feeding Silver Gulls, 

two sites were selected in Tasmania.  The Queen’s Domain Slipway in central Hobart 

(Figure 3.1; 4252' 34.69 S 147'20'16.14 E) was chosen as an example of an urbanised 

gull colony, based on its close proximity (within 10 km) to local rubbish tips, 

restaurants and takeaway shops that are reliable, accessible sources of anthropogenic 

food.  In the remote Furneaux Island Group in Bass Strait, Silver Gulls at Great Dog 

Island (Figure 3.1; 4014'47.32 S 14814'14.64 E) and Nobby’s Rocks offshore from 

Killiecrankie (3950'08.69 S 14750'00.19 E) were chosen as examples of remote, non-

urbanised colonies.  Both latter sites were more than 20 km from any reliable source of 

anthropogenic food, and the nearest sources beyond that were small rubbish tips 

serving less than ten households.   

 

The sampling of the gulls’ blood was restricted to the breeding season, since at this 

time birds minimise the range of their foraging trips, thus maximising the effect of a 
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localised diet.  Food sources would be largely anthropogenic at the Hobart colony, 

although these gulls do have access to marine food.  Hobart birds were captured 

between 2-12 November and 14-24 December 2004 (n = 40), and the Furneaux birds 

between 19 November and 2 December 2004 (n = 20).  Hobart birds were classified as 

being either in the pre-egg (n = 17) or egg incubating (n = 23) phase.  The Furneaux 

birds could not be categorised in this manner because some were breeding on 

inaccessible offshore islands and others were non-breeding residents.  Hence, Furneaux 

gulls were simply classified as breeders (n = 10) or non-breeders (n = 10) (i.e. bearing 

or lacking a well-developed brood patch).  The gender of the birds was determined via 

established methods using total head plus bill length (Woehler et al. 1989).  A bird with 

an overall total head plus bill length of greater than 83.4 mm was classified as male, 

whereas a bird of lesser total head to bill length was classified as female (W. 

Wakefield, unpublished data).  In many cases for Hobart gulls, both birds of the nesting 

pair were caught, and therefore their gender was confirmed.   

 

3.3.2 Conventional Dietary Assessment 

Silver Gulls occasionally regurgitated food during handling.  After the bird’s release, 

this material was dissected to determine the components, if distinguishable.  If 

invertebrates could not be identified in the field, they were collected for identification.  

Although this regurgitant identification method yielded important information, it was 

biased against soft-bodied prey and items were often difficult to identify.  The use of 

regurgitants to assess diets reflects non-assimilated foods and does not consider 

differing digestive rates (Ogden et al. 2004).  Additionally, regurgitations are indicative 

of only the last meal and not long-term feeding strategies (Romanek et al. 2000).  
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However, these opportunistically acquired samples yielded dietary information used to 

supplement and confirm the stable isotope analyses (Sanger 1987, Sydeman et al. 1997, 

Knoff et al. 2001).  This combined, complementary approach is valuable when 

determining dietary differences in polyphagous birds, notably in species where control 

or conservation is a concern (Bearhop et al. 2001).   

 

3.3.3 Isotope Selection and Analyses 

Isotopic analyses allowed an extension of the limited information on diet given by 

regurgitants.  Quantitative estimation of 
15

N was used to determine trophic level 

enrichment, and the quantitative estimation of 
13

C was used to determine the relative 

proportions of diet that were terrestrial or marine in origin.  Carbon isotopes have 

different biogeochemical reaction rates that result in different 
13

C values; the 
13

C in 

marine carbon pools is enriched in birds by about 7‰ over freshwater pools (Bearhop 

et al. 1999), and animal tissues are also preferentially enriched in 
13

C by about 1‰ as 

compared to their diets (DeNiro and Epstein 1978).  

 

Whole blood was chosen for isotopic analyses because it is a metabolically active 

tissue with a high turnover rate, reflecting the recent (1-5 weeks) (Hobson and Clark 

1992, Romanek et al. 2000, Knoff et al. 2001, Bearhop et al. 2002, Cherel et al. 2004, 

Cherel et al. 2005), and therefore localised, diet.  Collection of this particular tissue 

also did not require sacrifice of the bird, and was also required for various biochemical 

tests.  One half ml of whole blood was placed into a glass tube and stored in 70% 

ethanol following previously tested preservation procedures (Hobson et al. 1997).   
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Samples were analyzed at the Australia National University Stable Isotope Laboratory.  

Lipids were not extracted prior to analysis, as the lipid component was assumed to be 

less than 1% total wet mass in whole blood (Bearhop et al. 2000).  Samples were dried 

in an oven at 80C, and then 1-2 mg weighed into a tin cup.  Samples were run on a CE 

Instruments EA1110 elemental analyser and a Micromass IsoChrom Continuous flow 

isotope ratio mass spectrometer.  Two or three standards for carbon and nitrogen (beet 

sugar, cane sugar, glucosamine, gelatine, alanine and nylon fishing line) were included 

for every ten samples.  Stable isotopic ratios at or near natural abundance levels were 

labelled as delta () and measured in parts per thousand (‰).  Delta readings were the 

differences between the sample measured and a standard, usually atmospheric air for 

nitrogen and Pee Dee Belemnite for carbon.  Measurements were therefore stated as: 


13

C (‰)  = [(
13

C/
12

C)sample  - (
13

C/
12

C)PDB ]/ (
13

C/
12

C)PDB x 1000 and 


15

N (‰)  = [(
15

N/
14

N)sample  - (
15

N/
14

N)AIR ]/ (
15

N/
14

N)AIR x 1000.   

 

3.3.4 Statistical Analyses 

All statistical analyses were performed using SPSS software, version 11.0 for 

Macintosh (SPSS 2002).  Independent samples t-tests were used to test for differences 

between locations, genders and breeding stages.  Results were presented as mean  

standard deviation (sample size) and differences at the level of p  0.05 were reported 

as significant.   

 

3.4 Results  

3.4.1 Isotopic Signatures 
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The signatures of 
15

N and 
13

C differed significantly between urban and remote sites 

(Table 3.1, Figure 3.2).  The 
15

N values were significantly different between the 

Hobart and Furneaux Island Group birds and indicated a difference in the trophic 

ecology between the two breeding populations.  The 
13

C values also differed 

significantly between the Hobart and Furneaux Island Group birds and indicated 

differences in their respective foraging habitats.  The standard deviations on both 
15

N 

and 
13

C were large (Table 3.1), and suggested individual specialisation within the two 

groups of birds.  When locations were pooled, no statistically significant differences 

were seen in 
15

N between genders (t57 = 0.9, p = 0.39) or in 
13

C between genders (t58 

= 0.6, p = 0.58).  When separated by location, no differences were seen in Hobart gulls 

in 
15

N between breeding stages (t38 = 1.4, p = 0.16) or in 
13

C between breeding stages 

(t38 = 0.9, p = 0.37).  For the Furneaux Island Group Silver Gulls, no differences were 

seen in 
15

N between breeding and non-breeding status (t17 = 0.9, p = 0.38) or in 
13

C 

between breeding and non-breeding status (t18 = 0.7, p = 0.50).   

 

3.4.2 Regurgitants  

The contents of regurgitants differed substantially between the two populations.  

Material collected from Silver Gulls in Hobart (total n = 20 regurgitants) included:  

cooked chicken (n = 6), fried chips (n = 3), white bread (n = 3), cooked mince (n = 2), 

ham/bacon (n = 2), gristle/cartilage (n = 2), cooked pasta (n = 2), cat food, dog food, 

lentils, carrot peel, potato peel, red capsicum, grass, paper, paint chips and a cigarette 

butt.  Invertebrates included the Families Hyalidae (intertidal amphipods), 

Chrysomelidiae, Scarabaeidae: Aphodiinae (possibly Aphodius tasmaniae, a common 
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dung beetle), Cerambycidae (long horn beetle) and Formicidae: Polyrachis spp. (black 

ant).  Silver Gull regurgitants from the Furneaux Island Group (total n = 5 regurgitants) 

included bower spinach (Tetragonia implexicoma) berries (n = 3), Coast beard-heath 

(Leucopogon parviflorus) and tea tree (Leptospermum spp.) berries.  Invertebrates 

included Families Scarabaeidae (dung beetle), Histeridae, Diptera pupae and 

Carabidae.  A single Furneaux Island Group Silver Gull regurgitated cooked onions, 

peas and carrots, which indicated that it had foraged on human-derived food.  

 

3.5 Discussion  

Analyses of whole blood stable isotopes indicated differences in the trophic ecology 

and feeding regimes of urban and remote, non-urbanised Silver Gulls.  The Furneaux 

Island Group Silver Gulls were significantly more enriched in 
15

N than Hobart gulls, 

which suggested that Furneaux gulls were feeding from a different food web than their 

urbanised conspecifics.  Significant differences in the 
13

C signatures indicated that the 

Hobart Silver Gull diet was generally freshwater/terrestrial, whereas the Furneaux 

Island Group gull diet was mixed-source in origin.  Based upon regurgitants, although 

both Hobart and Furneaux Silver Gulls consumed invertebrates, Hobart gulls contained 

a significant amount of refuse from vertebrate sources.  Only one Hobart bird 

regurgitated a naturally occurring marine food item (hyalid amphipods), but it must be 

remembered that the regurgitants reflected a single meal only.  Another important 

factor to note is that some marine foods are anthropogenic, such as fishing waste, while 

many terrestrial foods are ‘natural’ such as berries and insects. Thus, a distinct 

‘anthropogenic versus natural’ food dichotomy is not demonstrated.   
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Although isotopic studies from different ecosystems are not directly comparable, the 

data in this study for 
13

C values in Silver Gulls showed similar trends to those from 

previous studies of other urbanised larids.  Herring Gulls (L. argentatus) from the Great 

Lakes that ate terrestrial food, including rubbish, were more enriched in 
13

C than those 

eating aquatic foods (Hebert et al. 1999).  Glaucous-winged Gulls (L. glaucescens) 

which fed at tips and on prey found in agricultural lands exhibited a more terrestrial 

contribution of 
13

C values in their bone collagen compared to Western Gulls (L. 

occidentalis) with a natural diet of mainly marine-derived food (Hobson 1987).  

Research on Kelp Gulls (L. dominicanus) in South Africa showed that the birds that fed 

from the local garbage tip were significantly enriched in 
13

C values in their bone 

collagen compared to those birds which fed from an undisturbed beach (Steele 1990).   

 

Isotopic signatures were not measured from food items directly, as this was beyond the 

scope of the larger study and also because such a diverse spectrum of food items from 

the Hobart gulls would have proved problematic to collect comprehensively and also 

expensive to analyse.  Because of this, mixing models that incorporate isotopic 

signatures of both plant and animal food sources (Pearson et al. 2003) were not applied 

herein.  However, in this study diet-tissue fractionation factors from previous isotopic 

studies were applied to compute dietary signatures from whole blood values of 

Tasmanian Silver Gulls.  Hobson and Clark (1992) calculated the diet-tissue 

fractionation factors (mean  SD) in Ring-billed Gull (L. delawarensis) blood for 

carbon as –0.3  0.8‰ and nitrogen as +3.1  0.2‰, based upon the equation: tissue = 

diet + dt, where dt is the isotopic fractionation factor between diet and consumer 
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tissue.  Applying these fractionation factors to the mean results in Silver Gull blood 

yielded mean dietary values of Hobart 
13

C = -21.5‰, 
15

N = 6.9‰; Furneaux 
13

C =  

-19.6‰, 
15

N = 9.2‰ (Figure 3.3).  According to Bearhop et al. (1999), marine 

signatures for 
13

C are grouped from –12 to –16‰, mixed 
13

C –16 to –20‰, 

freshwater 
13

C –20 to –26‰.  The mean 
13

C signature of Hobart Silver Gulls diet 

could then be categorised as generally freshwater/terrestrial, whereas the mean dietary 

signature for the Furneaux gulls was of a mixed source.  These endpoints should only 

be taken as approximations as they were based on mean isotopic values and assumed 

fractionation factors.  Additionally, these endpoints should be considered fairly 

simplified since the sources of carbon and nitrogen in the two food webs were not 

characterised directly.  A review (Kelly 2000) suggested 
15

N in carnivorous birds that 

preyed upon invertebrates was significantly enriched compared to carnivorous and 

omnivorous birds that preyed upon vertebrates.  The isotopic values found in rubbish 

are quite diverse but tend to reflect protein from herbivorous domestic animals such as 

poultry, cattle, pigs and sheep (Hebert et al. 1999).  Variation in both carbon and 

nitrogen isotopic signatures would be expected from a highly variable diet (Bearhop et 

al. 1999), especially in the urbanised gulls, given their highly opportunistic feeding 

regimes.  Additionally, regurgitated foods from tips, litterbins and handouts showed 

immense variety, making determination of a terrestrial component more complicated.   

 

No differences between genders were found for either nitrogen or carbon isotopic 

signatures.  Similarly, Hobson (1987) also found that there were no differences in 
13

C 

values between male and female Western Gulls.  This indicated a lack of dietary 
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specialisation between genders during the breeding season.  No differences in either 

carbon or nitrogen isotopes were observed between pre-laying and incubating birds in 

Hobart or between breeding and non-breeding birds in the Furneaux Island Group.  The 

proportion of human-derived food consumed by Silver Gulls has been reported to 

decrease during the nesting season in New South Wales (Smith et al. 1991), but isotope 

values in this study did not agree with those results.  The urbanised gulls from 

Tasmania showed no evidence of dietary switching to more natural foods between the 

pre-nesting and incubation periods.  Regurgitants, though sample sizes were small, also 

did not provide any evidence of dietary switching.  Enrichment of 
15

N was reported 

previously (Hobson 1993) in birds which lose mass during incubation periods from 

depletion of lipids and muscle protein.  However, Silver Gulls do not fast while 

incubating and the availability and reliability of food sources in urban areas would 

likely limit mass loss.  

 

Based on regurgitant data only, distinct urban versus natural dietary differences were 

not observed.  A single gull from the Furneaux Island Group that regurgitated cooked 

peas, carrots and onions notably exemplified this.  This food may have been scavenged 

from the picnic area litterbin located close to the trapping area, or possibly from local 

residents’ rubbish, as no active local tip existed.  Common dung beetles, long horn 

beetles and black ants in the Hobart samples were likely to have represented foraging 

from pastures and dung pats.  Dung beetles were also seen in Furneaux gull samples, 

but the Diptera pupae were probably from beached kelp.  These data indicated that 

individual diets were not distinct separate categories, but rather points along a dietary 

continuum.  The variance reported in both isotopes also suggested that individuals 
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specialised in their own feeding strategies, a behaviour which has been reported in 

other gulls (Pierotti and Annett 1990).  As Silver Gulls are highly opportunistic 

generalists, this variability should not be surprising.  Their dietary plasticity, especially 

in urbanised areas, is one factor that has led to the success of this species.    

Silver Gulls have become strongly commensal with humans and the largest populations 

flourish close to urban areas, due in large part to food supplementation (Meathrel et al. 

1991, Coulson and Coulson 1998).  Stable isotope signatures proved useful tools to 

measure the degree of anthropogenic feeding, and results suggested that the relative 

trophic ecology and foraging dynamics in Silver Gulls were distinct between urban and 

remote sites.  Because negative shifts in 
13

C and 
15

N would reflect an increased 

proportion of terrestrial or anthropogenic foods in foraging habits, future research 

should include stable isotope analyses as a management tool to calibrate the effects of 

urbanisation in breeding gull colonies.   
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Figure 3.1.  Location of colonies used to study the effects of anthropogenic food on the 

stable isotopes of blood in Silver Gulls in 2004.  Urbanised colony at the Queen’s 

Domain Slipway in Hobart (1); remote, non-urbanised colonies at Great Dog Island (2) 

and Nobby’s Rocks, Furneaux Island Group (3). 
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Table 3.1.  Comparison of carbon and nitrogen stable isotopes in the blood of Silver 

Gulls from Hobart and the Furneaux Island Group in 2004.  All measurements are 

expressed as mean  standard deviation (sample size).   

 

 

 Hobart Furneaux Test and significance 


13

C (‰) -21.80  1.34 (40) -19.93  1.92 (20)   t58 = 4.4, p < 0.001 


15

N (‰) 9.96  2.34 (40) 12.32  2.79 (19)   t57 = 3.4, p < 0.001 
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Figure 3.2.  Distribution of stable carbon and nitrogen isotope signatures in Silver Gulls 

from Hobart and the Furneaux Island Group.
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Figure 3.3.  Mean isotopic signatures in Silver Gulls from Hobart and Furneaux Island  

Group compared to isotopic signatures of common dietary groups.  Whole blood  

signatures were fractionated to assumed dietary values according to fractionation  

factors given by Hobson and Clark (1992).  Signatures of common dietary groups  

reproduced with permission from Carol Kendall, USGS:  

http://wwwrcamnl.wr.usgs.gov/isoig/projects/.    

http://wwwrcamnl.wr.usgs.gov/isoig/projects/
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Preface to Chapter 4 

In the previous chapter, results from carbon and nitrogen stable isotopes in Silver 

Gull blood had confirmed differences in overall feeding regimes between 

populations from urban and remote areas, and thus opened speculation about how 

these dietary differences could be manifested in individual birds.  Perhaps the most 

obvious proposition would be differences in body weight and condition, especially 

since a great deal of evidence is now known about human weight gain as an effect 

of poor-quality diets.  This chapter explored the hypothesis that human-derived 

food sources impacted Silver Gulls through weight gain and also considered 

whether an increase in mass and body condition was considered ‘healthy’ in a wild 

population.   
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CHAPTER 4 

 

Supersize me:  Does anthropogenic food change the body condition of Silver 

Gulls?  A comparison between urbanised and remote, non-urbanised areas 
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4.1 Abstract 

Urban populations of several gull species worldwide are increasing dramatically, 

and this is often assumed to be a result of greater access to anthropogenic food 

obtained in urbanised environments.  This research investigated the potential effects 

of an anthropogenic diet on the mass and body condition of Silver Gulls (Larus 

novaehollandiae) by comparing birds breeding at a remote, non-urbanised site 

(Furneaux Island Group, Bass Strait) with those at an urbanised (Hobart) colony in 

Tasmania, Australia.  The mass, size and body condition of Silver Gulls were 

independent of whether or not a bird was breeding, and independent of the stage of 

breeding cycle at both sites.  Male gulls from the urban environment were heavier 

and of greater body condition than structurally identical, non-urban gulls, but no 

strongly significant differences were detected between females from the two sites. 

Analysis of back data revealed that mass and condition of gulls were unchanged 

over a 21-year period in Hobart.  Silver Gulls from a geographically distant 

(Fremantle, Western Australia), urban colony in 1988 were structurally larger, yet 

lighter and of lower body condition, than gulls breeding in Hobart in 2004. 

 

4.2 Introduction 

As human populations increase worldwide, the impacts on avian populations from 

associated urbanisation have become a concern (Marzluff et al. 2001).  Increased 

availability of human-derived food is one factor that may lead to avian population 

changes.  Species such as gulls (Laridae) that are able to exploit these 

anthropogenic food resources often, but not always, have inflated population sizes.  

Some gull populations worldwide have undergone dramatic increases over the past 

50 years (del Hoyo et al. 1992), and of the world’s 55 gull species, over half are 
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considered pests.  The range and population expansion of gulls, especially Herring 

Gulls (Larus argentatus) (Monaghan 1979, Spaans et al. 1991, Pons 1992, Belant et 

al. 1993, Kilpi and Ost 1998), Black-headed Gulls (L. ridibundus) (Isenmann et al. 

1991), Ring-billed Gulls (L. delawarensis) (Blokpoel and Scharf 1991, Brousseau et 

al. 1996), Yellow-legged Gulls (L. michahellis) (Duhem et al. 2002, Duhem et al. 

2003a, Duhem et al. 2003b), Hartlaub’s Gulls (L. hartlaubii) (Steele 1992), Kelp 

Gulls (L. dominicanus) (Bertellotti et al. 2001, Giaccardi and Yorio 2004) and 

Glaucous-winged Gulls (L. glaucescens) (Vermeer and Irons 1991) are attributed to 

the increased availability and predictability of human-derived food sources.  These 

species exploit novel feeding opportunities at refuse tips, fishing enterprises, food 

outlets and agricultural production areas around human populations.  

 

To detect any effect of anthropogenic food on gulls requires the study of 

populations that depend on anthropogenic food and those relying primarily on 

natural prey.  In Tasmania, effect of human-derived food on the body condition of 

Silver Gulls (Larus novaehollandiae) is possible.  This larid has both urban and 

remote, non-urban breeding populations within a relatively small area, which 

reduces potentially confounding environmental variables.  Like their congeners in 

the northern hemisphere, past increases in the Silver Gull population in Australia 

have also generally been attributed to urbanisation and the resulting reliable, 

abundant food sources (Meathrel et al. 1991; Smith and Carlile 1992; Coulson and 

Coulson 1998).   

 

The natural prey items of Silver Gulls are diverse and include plants and algae, 

cnidarians, squid, annelids, insects, crustaceans, arachnids, small fish, frogs, birds 
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and mammals (Smith et al. 1991, Higgins and Davies 1996).  Sources of human-

derived foods are tips and litter bins, and also abandoned or directly provisioned 

food at recreational areas, restaurants and takeaway outlets (Ottaway et al. 1988).  

Data presented earlier on the whole blood carbon and nitrogen stable isotopes of 

these Silver Gulls confirmed that the relative feeding ecology and dietary inputs of 

these gulls were distinct between urban and remote sites, with gulls in Hobart 

consuming more terrestrial/anthropogenic foods than the Furneaux birds, which 

consumed mainly foods of marine origin (Chapter 3; Auman et al. 2007).   

 

Silver Gulls are viewed as ‘garbivorous’ (consumers of foods discarded by humans) 

pests in urban environments (Smith 1991, Smith et al. 1991), with the largest 

colonies occurring close to major human settlements and their refuse (Meathrel et 

al. 1991).  They feed opportunistically on human-derived food in urbanised areas.  

Hence, we expected an effect on gulls from eating the equivalent of human ‘junk 

food’.  The objective of this study was to determine whether there were differences 

in the ‘health’ (i.e. mass, and therefore body condition) between urbanised and 

remote, non-urbanised populations of Silver Gulls.  As there may be an effect on 

the health of gulls from eating the equivalent of human ‘junk food’, the main 

objective of this study was to determine whether there were differences in the mass, 

and therefore body condition, between urbanised and remote, non-urbanised (with 

no or only limited access to human-derived food) populations of Silver Gulls in 

Tasmania.  The hypothesis tested was that birds in an urban environment with 

abundant human-derived food would be heavier and of greater condition than those 

in the non-urban environment away from anthropogenic food.   
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4.3 Methods 

The general health of birds can be measured via a myriad of clinical methods such 

as blood biochemical studies.  However, these methods can be expensive and, as 

they require the extraction of blood, invasive.  For these reasons, indices of body 

condition, where mass is corrected for body size, are commonly used in the field as 

one non-invasive technique (Owen and Cook 1977). 

 

Silver Gulls were chosen as a subject because of their predilection for 

opportunistically feeding on human-derived food.  To determine whether there were 

differences in mass and body condition between urbanised and remote, non-

urbanised Silver Gulls, two sites were selected in Tasmania, Australia (Figure 4.1).  

The Queen’s Domain foreshore in Hobart (4252' 34.69 S 147'20'16.14 E) was 

chosen as example of an urbanised gull colony, based on its close proximity (all 

within 10 km) to local tips, parks, restaurants and takeaway outlets that are reliable 

food sources.  In the remote Furneaux Island Group in Bass Strait, Silver Gulls at 

Great Dog Island (4014'47.32 S 14814'14.64 E) and Nobby’s Rocks off 

Killiecrankie, Flinders Island (3950'08.69 S 14750'00.19 E) were chosen as 

examples of remote, non-urbanised colonies, at least 20 km from small tips serving 

fewer than 10 households.  All birds were captured between 2 November and 24 

December 2004 during the breeding season.  Hobart birds were classified as in the 

pre-egg, incubating and chick-rearing phases.  The Furneaux Island Group birds 

could not be categorised in this manner because some were breeding on 

inaccessible offshore islands and others were non-breeding residents.  Hence, 

Furneaux gulls were simply classified as breeders or non-breeders (bearing or 

lacking a well-developed brood patch, as verified in the Hobart colony).  Therefore, 
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it was not possible to assess the effect of the source of food on the birds using an 

analysis of variance with breeding stage and site as factors and gender as a 

covariate.  Consequently, the effect of breeding status on the mass, size and 

condition of gulls was examined between genders within sites before between site 

comparisons could be made. 

 

To assess whether mass and/or body condition of Silver Gulls had changed over 

time with increasing human population, back data from Hobart provided by Dr 

William Wakefield and Alan Fletcher for Silver Gulls from 1983 to 1991 was 

analysed.  To compare body condition of Silver Gulls in Tasmania to other 

populations in Australia, Catherine Meathrel provided a random subset of masses 

and body conditions from Silver Gulls nesting in 1988 on Penguin Island (32 17’ 

S, 115 41’E), offshore from Fremantle, Western Australia.   

 

A variety of non-lethal capture techniques (maze, drop and zap traps) were used on 

random adult birds during morning hours (8:00-12:00h).  Birds were placed 

individually into custom-made calico bags to prevent struggle, and mass was 

measured with a hand-held spring balance to  5 g.  Using dial callipers, total head 

plus bill length (distance from the tip of the bill to the posterior ridge formed by the 

parietal-supraoccipital junction) and keel (carina) length were measured to  0.1 

mm.  Gender of birds was determined with a reported 95% accuracy via established 

methods using total head plus bill length (Woehler et al. 1989).  A bird with an 

overall total head plus bill length of greater than 83.4 mm was assigned as male, 

whereas a bird of lesser total head to bill length was denoted as female (W. 

Wakefield, unpublished data), although often both birds of a nesting pair were 
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caught and gender confirmed in Hobart.  Body condition was calculated as an 

index, where body mass was divided by the sum of total head length plus keel 

length (Meathrel 1991), except for historic data (1983-1991), which was calculated 

as body mass divided by total head plus bill length, as other body dimensions were 

unavailable.   

 

Statistical analyses were performed using SPSS software, version 11.0 for 

Macintosh (MacKiev 2002).  When data were normally distributed, parametric tests 

were applied.  Details of the precise analyses performed are given in the results.  

Results were presented as mean  standard error (sample size) and differences at the 

level of p  0.05 were reported as significant.  

 

4.4 Results 

4.4.1 Comparisons of Mass and Body Condition over Time 

 

The first question addressed was whether the body mass of Silver Gulls in Hobart 

had changed over time at this urbanised centre.  Although there was no statistically 

significant change in the mass of Silver Gulls trapped in Hobart from 1983 to 1991 

(Figure 4.2; F6,146 = 1.25, p = 0.286), males were heavier than females in each year 

and when years were pooled [358 g  3 (76), 324 g  4 (59) respectively; t133 = 

6.96, p < 0.0001].  This difference in mass between genders was probably because 

males were structurally larger than females.  Hence, an index of body condition, 

defined as mass divided by total head plus bill length, was used to correct for body 

size.  Again, no differences were observed between years (Figure 4.3; F7,223 = 1.18, 

p = 0.315), but males tended to have a greater body condition than females when 

years were pooled [4.07  0.03 (76), 3.97  0.04 (59) respectively; t133 = 1.91, p = 
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0.059], albeit not significantly so.  When the body condition data from gulls nesting 

in Hobart during 2004 were added to the 1983-1991 data, the change in body 

condition over time with genders combined was still not significant (Figure 4.3; 

F7,223 = 1.88, p = 0.074).  When the body condition data of gulls from the Furneaux 

Island Group in 2004 were compared to Hobart 1983-2004 data, the effect of 

location (F1,238 = 8.35, p = 0.004) but not gender (F1,238 = 3.17, p = 0.077) was 

significant.  Therefore, genders were pooled and differences between urban and 

remote locations were tested.  Urbanised gulls nesting in Hobart were heavier [346 

g  2 (219), 328 g  6 (20) respectively; t237 = 2.25, p = 0.026] and of greater 

condition [4.06  0.02 (219), 3.84  0.06 (20) respectively; t237 = 2.88, p = 0.004] 

than those from the remote Furneaux Island Group.   

 

The robustness of this 1983-2004 data set using body condition defined as only 

mass divided by head plus bill length was then assessed using a linear regression 

using the index of mass divided by total head length plus keel length, as keel 

measurements were available in 2004 and also in the 1988 Fremantle data set.  With 

the body condition index as the dependent variable, the independent variable of 

body mass predicted most (79%) of the variation, followed by keel length (16%) 

and total head plus bill length (4%).  Thus, the body condition index was improved 

by adding keel lengths.  

 

4.4.2 Comparisons Across Geographical Locations 
 

When the modified (i.e. index which used mass, total head plus bill length and keel 

length) body condition indices of Hobart gulls in 2004 were compared to those gulls 

nesting in Fremantle in 1988 (Table 4.1), there was no two-way interaction between 



   

          69 

the factors location and gender (F4 = 7.13, p > 0.05), and the effects of both gender 

(F4 = 95.76, p < 0.0001) and location (F4 = 24.71, p < 0.0001) were significant.  

Therefore, the differences in the body condition of gulls from the two urban sites 

were compared separately by gender.  For both males and females, Hobart birds 

were heavier and of greater body condition than Fremantle birds.  However, 

Fremantle birds were structurally larger.  Both genders had longer total head plus 

bill lengths and Fremantle males had longer keel lengths than Hobart birds (Table 

4.1). 

 

4.4.3 Comparisons by Breeding Status   
 

Unlike the birds trapped in Hobart, those trapped in the remote Furneaux Island 

Group could not be classified as to their stage of breeding (pre-laying, incubating or 

brooding) due to the inaccessibility of their nesting sites.  Rather, the latter group 

were simply classified as breeders or non-breeders.  Therefore, it was not possible 

to assess the effect of the source of food on the birds using an analysis of variance 

with breeding stage and site as factors and gender as a covariate.  Consequently, the 

effect of breeding status on the mass, size and condition of gulls was examined 

between genders within sites before between site comparisons could be made.   

 

For Silver Gulls nesting in Hobart, generally neither the mass, size nor condition 

differed between the three stages of breeding for either gender (Table 4.2).  

Although pre-laying males were somewhat lighter than those later in the breeding 

cycle, they did not have a lower condition index.  That the keel length of incubating 

females was shorter than pre-laying or brooding females was most likely the result 

of limitations in the sample size and was not considered of biological significance.  
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Similarly, whether or not a gull in the Furneaux Island Group was breeding or not 

did not affect their size, mass or condition (Table 4.3).  Silver Gulls in this remote 

area were not abundant, extremely wary and difficult to trap, and this resulted in a 

small sample size relative to the number captured in urban Hobart.   

 

4.4.4 Comparisons by Gender 

As body mass, size and condition were independent of breeding status within 

genders, the breeding status data were combined for comparisons between Silver 

Gulls nesting in the urbanised colony at Hobart and those of gulls nesting in the 

remote, non-urbanised colonies in the Furneaux Island Group (Table 4.4).  In 

Hobart, males were heavier and structurally larger than females but not of greater 

body condition.  The Furneaux Island Group males were heavier and had longer 

heads than females, but keel lengths and body condition were not significantly 

different.   

 

4.4.5 Comparisons of Urban and Remote, Non-urban Locations 

As body size, mass and condition differed between genders within sites, inter-site 

comparisons were made separately by gender (Table 4.4).  The Hobart males were 

significantly heavier and of greater condition than the Furneaux Island Group 

males.  Although not statistically significant, the data from this small sample 

suggested that female Silver Gulls from Hobart were heavier (p = 0.14) and of 

greater condition (p = 0.07) than the females in the Furneaux Island Group.  
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4.5 Discussion 

Past increases in the Silver Gull population in Australia have generally been 

attributed to urbanisation and the resulting reliable, abundant food sources 

(Meathrel et al. 1991, Smith and Carlile 1992, Coulson and Coulson 1998), and this 

dependence was expected to produce heavier gulls, reflected in a higher condition 

index in urban gulls versus those in remote, non-urbanised areas.  Mass of Silver 

Gulls was highly variable over the 1983-1991 period, but no overall increase of 

mass over time was observed.  This year-to-year variation may have been a 

reflection of small sample sizes in some years.  It was likely that 1983 was not early 

enough to register any changes in the mass of gulls caused by urban feeding, since 

Silver Gulls had already established abundant urban populations in southeast 

Tasmania as reported in the 1981 winter gull count (Coulson and Coulson 1998).   

 

The Silver Gulls breeding outside Fremantle were structurally larger yet lighter and 

of lower condition than Hobart birds.  These structural differences may be 

explained by geographical sub-speciation.  The first documented description of five 

subspecies of Silver Gulls included L. n. gunnii of Tasmania and L. n. 

novaehollandiae of southern Australia (Dwight 1925).  However, these sub-species 

are not supported by more recent literature (Higgins and Davies 1996).  A more 

recent source indicated that most variation within the Silver Gull L. 

novaehollandiae Stephens complex is clinal, including a cline between Western 

Australia and Tasmania (Johnstone 1982).  Structural differences are possible as 

gene flow between the geographically distant populations is likely to be restricted.  

Although partial dispersal and migration of immature Silver Gulls is widespread, it 

is mostly regional in nature (Murray and Carrick 1964).  
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Despite an intensive field program, many of the results of this study on differences 

in body condition related to differences in location remain inconclusive as a result 

of limited sample sizes.  Compared to urban areas (Smith 1991), Silver Gulls are 

relatively scarce in the remote Furneaux Island Group.  A survey of the study area 

estimated 50 pairs of Silver Gulls on islets, all of which were inaccessible during 

this part of the study in 2004 (HJA, pers. obs.).  This meant birds had to be trapped 

away from their nest sites without presence of eggs or chicks used to categorise 

breeding stages.  Clearly, this study would have been strengthened by comparisons 

between many gulls from many urban and non-urban breeding sites, but this 

replication was not possible. 

 

Male Silver Gulls from Hobart were found to be heavier for a given structural size 

than those males from the Furneaux Island Group, yet the relationship between a 

body condition index and ‘health’ may not be linear.  Possible interpretations 

include that these urban male Silver Gulls are in greater condition, or carry more 

adipose tissue which may be a result of improper nutrition during development, or 

are fatter due to a diet of junk food.   

 

Female Silver Gulls did not show changes in mass and condition over the breeding 

season at either site.  This was unexpected, given the demands of egg production, 

and probably reflects the limited sample size.  Additionally, mass and condition of 

females did not differ significantly between the two sites, although females from 

Hobart were generally heavier and of greater condition.  This may be related to 

similar breeding costs, as mean clutch size (assessed in 2005) between the two sites 

was not statistically different (Chapter 6).  The only statistically significant finding 
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here was that male Silver Gulls nesting in an urbanised environment were slightly 

lighter (~10%) in the pre-laying period compared to later in the reproductive cycle.  

This may be a result of the energetic demands of courtship feeding, territory 

defence and nest building (Mills and Ryder 1979), but it remains unresolved as to 

whether the 10% difference is biologically significant, given the limited sample 

size.  

 

The data presented here supported the original hypothesis that birds in an urban 

environment with abundant human-derived food would be heavier and of greater 

condition than those in the non-urban environment away from anthropogenic food 

sources.  The consumption of human-derived food can potentially come at a cost to 

urbanised gulls.  A diet of human refuse was reported to be of poorer quality in 

Herring Gulls but had the highest caloric value and the highest fat and protein 

content per gram compared to a range of natural dietary items (Pierotti and Annett 

1990, Pierotti and Annett 1991).  Pierotti and Annett’s research on a population of 

Herring Gulls (Annett and Pierotti 1999, Pierotti and Annett 2001) specifically 

documented the relationship between individual diets and reproduction.  They 

reported that gulls feeding on human refuse had lower reproductive success, 

measured as clutch size, hatching success and fledging success, than those feeding 

on natural prey.  In a separate study, the mass of Herring Gulls decreased by 5%, 

after closure of a local garbage dump (Pons and Migot 1995).  Human-derived 

refuse is also reported to produce lower hatching and fledging success, is 

insufficient for normal chick development, and shortens life spans in Western Gulls 

(L. occidentalis) (Pierotti and Annett 2001), although studies in Yellow-legged 

Gulls have shown increased reproductive success (Duhem et al. 2002).   
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The biological significance of the 10% difference in body mass and condition 

between urban and remote gulls in this study needs to be examined in terms of the 

overall energetics and metabolism of the birds.  Only by demonstrating a direct 

cause and effect mechanism between anthropogenic food availability, reproductive 

success and population dynamics, can the relationship between anthropogenic food 

and gulls be elucidated.  To eliminate potentially confounding effects from this 

study, comparisons of reproductive success between known-aged birds from 

similarly-sized, urban and non-urban colonies should be an essential area for future 

research.   
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Figure 4.1.  Location of colonies used to study the effects of anthropogenic food on 

the mass and body condition of Silver Gulls in 2004.  Urbanised colony at the 

Queen’s Domain foreshore in Hobart, Tasmania (1); remote colonies at Great Dog 

Island (2) and Nobby’s Rocks off Killiecrankie, Flinders Island (3).   
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Figure 4.2.  Change in the body mass (mean  standard error) of Silver Gulls in  

Hobart over time, separately by gender.   
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Figure 4.3.  Change in the body condition indices (mean  standard error) of Silver  

Gulls in Hobart over time, separately by gender.    
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Table 4.1.  Comparison of mass, head length, keel length and body condition index, 

separately by gender, for Silver Gulls nesting in Hobart and Perth.  All 

measurements are expressed mean  standard error (sample size).   

 

 Hobart Perth T-test 

Mass (g)    

Male 366.54  4.40 (54) 341.50  5.00 (30) t82 = 3.59, p = 0.001 

Female 323.90  4.98 (30) 299.67  6.61 (30) t58 = 2.93, p = 0.005 

T-test t82=6.11, p < 0.0001   

Head length (mm)    

Male 87.72  0.38 (54) 90.47  0.45 (30) t82 = 4.50, p < 0.0001 

Female 81.04  0.25 (30) 82.97  0.32 (30) t58 = 4.75, p < 0.0001 

T-test t82=12.33, p<0.0001   

Keel length (mm)    

Male 60.72  0.49 (54) 63.65  1.16 (30) t82 = 2.71, p = 0.008 

Female 56.90  0.77 (30) 57.44  0.51 (30) t58 = 0.59, p = 0.56 

T-test t53=4.18, p < 0.0001   

Body condition index    

Male 2.47  0.03 (54) 2.22  0.03 (30) t82 = 5.79, p < 0.0001 

Female 2.35  0.04 (30) 2.13  0.05 (30) t58 = 3.70, p < 0.0001 

T-test t82 = 2.62, p = 0.10   
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Table 4.2.  Comparison between the stages of breeding of mass, head length, keel length and body condition index, separately by gender, for 

Silver Gulls nesting in Hobart in 2004.  All measurements are expressed mean  standard error (sample size).   

 Pre-laying With egg With chick One-way ANOVA 

Mass (g)     

Male 348.13  6.58 (16) 373.25  7.71 (20) 375.44  6.91 (18) F2, 51 = 4.15, p = 0.02 

Female 332.50  16.21 (6) 321.25  5.71(12) 322.25  8.19 (12) F2, 27 = 0.36, p = 0.70 

Head length (mm)     

Male 87.49  0.67 (16) 87.51  0.65 (20) 88.15  0.67 (18) F2, 51 = 0.32, p = 0.73 

Female 81.71  0.50 (6)  80.70  0.41 (12) 81.04  0.38 (12) F2, 27 = 1.11, p = 0.34 

Keel length (mm)     

Male 59.36  0.94 (16) 60.85  0.89 (20) 61.77  0.64 (18) F2, 51 = 1.99, p = 0.15 

Female 57.71  1.54 (6) 53.77  1.06 (12) 59.62  0.81 (12) F2, 27 = 9.30, p = 0.001 

Body condition index     

Male 2.37  0.05 (16) 2.52  0.50 (20) 2.50  0.04 (18) F2, 51 = 2.82, p = 0.07 

Female 2.38  0.10 (6) 2.39  0.05 (12) 2.29  0.06 (12) F2, 27 = 0.87, p = 0.43 
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Table 4.3.  Comparison between the stages of breeding of mass, head length, keel 

length and body condition index, separately by gender, for Silver Gulls in the 

Furneaux Island Group in 2004.  All measurements are expressed mean  standard 

error (sample size).   

 

 Breeding Non-breeding Mann-Whitney U 

Mass (g)    

Male 337.50  7.40 (8) 338.71  5.01 (7) U = 25.50, p = 0.78 

Female 317.50  4.50 (2) 286.00  22.12 (3) U = 2.00, p = 0.80 

Head length (mm)    

Male 87.06  0.47 (8) 87.06  0.85 (7) U = 25.00, p = 0.78 

Female 80.87  0.77 (2) 79.65  0.55 (3) U = 1.00, p = 0.40 

Keel length (mm)    

Male 60.76  0.58 (8) 60.85  1.17 (7) U = 28.00, p = 1.00 

Female 60.00  0.08 (2) 59.53  0.85 (3) U = 2.00, p = 0.80 

Body condition index    

Male 2.28  0.06 (8) 2.29  0.04 (7) U = 27.00, p = 0.96 

Female 2.25  0.02 (2) 2.05  0.14 (3) U=2.00, p = 0.80 
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Table 4.4.  Comparison between the mass, head length, keel length and body 

condition index, separately by gender, for Silver Gulls nesting in the Hobart and 

Furneaux Island Group in 2004.  All measurements are expressed mean  standard 

error (sample size). 

 

 Hobart Furneaux Inter-site comparison 

Mass (g)    

Male 366.54  4.40 (54) 338.07  4.45 (15) t67 = 3.27, p = 0.002 

Female 323.90  4.98 (30) 298.60  14.44 (5) U = 43.5, p = 0.14 

Between gender 

comparison 

 t82= 6.11, p <0.0001 U = 7.50, p = 0.005  

Head length (mm)    

Male 87.72  0.38 (54) 87.06  0.45 (15) t36 = 1.11, p = 0.27 

Female 81.04  0.25 (30) 80.14  0.49 (5) U = 45.00, p = 0.17 

Between gender 

comparison 

t82=12.33, p<0.0001 U 0.00, p < 0.0001  

Keel length (mm)    

Male 60.72  0.49 (54) 60.80  0.61 (15) t67 = 0.09, p = 0.93 

Female 56.90  0.77 (30) 59.72  0.48 (5) U = 35.00, p = 0.06 

Between gender 

comparison   

t53=4.18, p=0.0001 U = 23.00, p = 0.23  

Body condition index    

Male 2.47  0.23 (54) 2.29  0.03 (15) t67 = 3.28, p = 0.002 

Female 2.35  0.04 (30) 2.13  0.09 (5) U = 36.00. p = 0.07 

Between gender 

comparison 

  t82 = 2.62, p = 0.10 U = 23.00, p = 0.23  
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Preface to Chapter 5 

 

Based on previous chapters, the overall dietary regimes of Silver Gulls from urban and 

remote areas were discovered to be significantly different, confirmed by stable 

isotopes, and this disparity was manifested physically by an overall gain in mass and 

body condition in the urban gulls.  But what was the result of a human-derived diet on a 

biochemical level?  Do Silver Gulls, like humans, show increases in cholesterol and 

triglycerides, or show an increased stress level as a result of this diet?  This chapter 

explored the effects of an anthropogenic diet from a biochemical perspective, as 

measured by common health indicators found in the blood, and whether these effects 

had a negative impact on the birds’ health and fitness.   
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CHAPTER 5 

 

Blood biochemistry of Silver Gulls in urbanised and remote colonies of Tasmania 
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5.1 Abstract    

Urban populations of several gull species worldwide are increasing dramatically, and 

this is often assumed to be a result of greater access to anthropogenic food obtained in 

urbanised environments.  However, foraging at tips and food outlets may induce a 

health cost in urbanised birds.  This research investigated the potentially adverse effects 

of an anthropogenic diet on the health of Silver Gulls (Larus novaehollandiae) by 

comparing blood biochemical parameters of birds breeding at a remote, non-urbanised 

site (Furneaux Island Group, Bass Strait) with those at an urbanised (Hobart) colony in 

Tasmania, Australia.  Urban gulls had greater levels of HDL-cholesterol than remote, 

non-urbanised gulls.  Male gulls in Hobart had greater blood HDL-cholesterol levels 

than females.  It was uncertain from these results whether the overall effects of a 

‘garbivorous’ diet in Silver Gulls leads to negative health consequences, and future 

research should centre on the effects of these health parameters on the longevity and 

reproductive success of native bird populations.   

   

5.2 Introduction 

As human populations increase worldwide, the impacts on avian populations from the 

resulting urbanisation have become a recent, complex research topic (Marzluff et al. 

2001).  Increased availability of human-derived food is one factor that may lead to 

population changes, and species such as gulls (Laridae) that are able to exploit these 

anthropogenic food resources often have inflated population sizes.  Some gull 

populations worldwide have undergone dramatic increases over the past 50 years (del 

Hoyo et al. 1992), and of the world’s 55 gull species, over half are considered pests.  

The increase in population and range expansion of gulls, especially Herring Gulls 
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(Larus argentatus) (Monaghan 1979, Spaans et al. 1991, Pons 1992, Belant et al. 1993, 

Kilpi and Ost 1998), Black-headed Gulls (L. ridibundus) (Isenmann et al. 1991), Ring-

billed Gulls (L. delawarensis) (Blokpoel and Scharf 1991, Brousseau et al. 1996), 

Yellow-legged Gulls (L. michahellis) (Duhem et al. 2002, Duhem et al. 2003a, Duhem 

et al. 2003b), Hartlaub’s Gulls (L. hartlaubii) (Steele 1992), Kelp Gulls (L. 

dominicanus) (Bertellotti et al. 2001, Giaccardi and Yorio 2004) and Glaucous-winged 

Gulls (L. glaucescens) (Vermeer and Irons 1991) are attributed to the increased 

availability and predictability of human derived food sources.  These species exploit 

novel feeding opportunities at refuse tips, fishing enterprises, food outlets, and 

agricultural production areas around human populations.   

 

Past increases in the Silver Gull population in Australia have generally been attributed 

to urbanisation and the resulting reliable, abundant food sources (Meathrel et al. 1991, 

Smith and Carlile 1992, Coulson and Coulson 1998), and it was predicted that this 

would produce an altered suite of blood biochemical parameters compared to those 

resulting from a more natural diet in remote, non-urbanised gulls.  Since many studies 

worldwide have attested to an increase in larid populations following urbanisation, it is 

widely presumed that gulls have benefited as a direct consequence.  However, this 

perceived benefit has not been tested; conversely, a negative effect on the health of 

gulls may be expected from eating the equivalent of human ‘junk food’.  Sources of 

human-derived foods are at tips and litterbins, and also abandoned or directly fed food 

at recreational areas, restaurants and takeaway shops.  It is plausible that the blood 

biochemistry of Silver Gulls feeding naturally would differ from those eating human-

derived food near urban centres.   
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One way to test the health or physiological condition of an animal is to measure blood 

composition.  Biochemical parameters have often been measured in plasma or sera 

extracted from bird blood (Alonso-Alvarez 2005), and profiles in avian species can be 

tested for at least 18 parameters with as little as 400 µl of blood (Spano et al. 1988).   

 

In Australia, Silver Gulls (L. novaehollandiae) are viewed by many as pests in urban 

environments (Smith 1991, Smith et al. 1991), with the largest colonies occurring close 

to major human settlements and their refuse (Meathrel et al. 1991).  Silver Gull blood 

samples from urbanised and remote, non-urbanised (no or only limited access to 

human-derived food) breeding colonies were tested for various biochemical parameters 

affected by nutrition, and assessed these parameters across the breeding period.  As is 

the case for most larids, there is a relative paucity of baseline data detailing the 

biochemistry of blood (Averbeck 1992).  The main objective of this research was to 

compare certain blood biochemical parameters (total and HDL-cholesterol, 

triglycerides, glucose, calcium, sodium, potassium and corticosterone) between 

urbanised and remote, non-urbanised Silver Gulls in Tasmania.   

 

5.3 Methods 

Silver Gulls were chosen as a subject because of their predilection for opportunistically 

feeding on human-derived food (Smith et al. 1991, Smith 1992).  Data presented in 

Chapter 3 on the whole blood carbon and nitrogen stable isotopes of these Silver Gulls 

confirmed that the relative trophic relationships and diet inputs of these gulls were 

distinct between urban and remote sites, with gulls from Hobart consuming more 

terrestrial/anthropogenic foods than the Furneaux Island Group birds, which consume 
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mainly marine foods (Chapter 3; Auman et al. 2007a).  Although this isotopic data 

showed distinct overall feeding preferences between urban and remote gulls, 

regurgitation classes were less distinct and showed specific dietary items common 

across the entire urban-remote spectrum.  The foraging range of Silver Gulls (Murray 

and Carrick 1964) means that it is difficult to locate breeding colonies that can reliably 

be assumed to depend on natural food sources. No colonies on the accessible parts of 

the Tasmanian mainland are sufficiently distant from anthropogenic food sources. This 

severely limited the choice of natural colonies to a small number on the Bass Strait 

Islands.   

 

To determine whether there were differences in blood biochemical parameters between 

urbanised and remote, non-urbanised feeding Silver Gulls, two sites were selected in 

Tasmania, Australia (Figure 5.1).  The Queen’s Domain Slipway in Hobart (4252' 

34.69 S 147'20'16.14 E) was chosen as example of an urbanised gull colony, based on 

its close proximity (all within 10 km) to local refuse tips, restaurants and takeaway 

shops that are reliable, accessible food sources and are regularly frequented by these 

birds.  In the remote Furneaux Island Group in Bass Strait, Silver Gulls at Great Dog 

Island (Figure 5.1; 4014'47.32 S 14814'14.64 E) and Nobby’s Rocks, Killiecrankie 

(3950'08.69 S 14750'00.19 E) were chosen as examples of remote, non-urbanised 

colonies.  Both sites were more than 20 km from any reliable source of anthropogenic 

food, and the nearest sources beyond that were small tips serving less than 10 

households.  Sampling was restricted to the breeding season, since at this time birds 

minimise the range of their foraging trips (Murray and Carrick 1964), thus maximising 
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the effect of local food sources, which would be largely anthropogenic at the Hobart 

colony (Coulson and Coulson 1998).  Hobart birds were captured between 2-12 

November and 14-24 December 2004 (n = 54), and the Furneaux birds between 19 

November and 2 December 2004 (n = 20).  Hobart birds were classified as in pre-egg 

(n = 13), egg incubating (n = 22) and chick rearing (n = 19) phases.  The Furneaux 

birds could not be categorised in this manner because some were breeding on 

inaccessible offshore islands and others were non-breeding residents.  Hence, Furneaux 

gulls were simply classified as breeders (n=10) or non-breeders (n=10) (bearing or 

lacking a well-developed brood patch).   

 

In order to collect blood samples, a variety of non-lethal capture techniques were used 

(maze, drop and zap traps) to minimise the chances for learning, habituation and 

avoidance.  Maze and drop traps were used in the Hobart colony and used no food bait, 

as they were placed directly on the breeding birds’ nests.  Zap nets were used on the 

Furneaux Island Group beaches and were baited with freshly caught local fish.  In all 

cases, retrieval of the birds and subsequent blood sampling was immediate (within 

three minutes).  Using dial callipers, total head plus bill length (distance from the tip of 

the bill to the posterior ridge formed by the parietal-supraoccipital junction) length was 

measured to  0.02 mm to determine gender with a reported 95% accuracy (Woehler et 

al. 1989).  A bird with an overall total head plus bill length greater than 83.4 mm was 

classified as a male, whereas a bird of lesser total head plus bill length was denoted as 

female (W. Wakefield, unpublished data).  In many cases, the mated pair was caught on 

the nest and thereby confirmed the genders. Because Silver Gull body weights in 
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Australia range from 195 g to 420 g (Johnstone 1982), this limited the volume of blood 

that could safely be taken, based on the guideline that 1% of the bird’s body weight in 

blood can be collected safely (Archander 1988).  As full 4 ml samples could not be 

collected from all birds due to this limitation, a complete set of analyses was not run on 

all samples.  

 

Maximum samples of 4 ml blood were collected in the late morning (8:00-12:00 hours) 

to avoid variation related to circadian rhythms, and stored on ice until returned to the 

University of Tasmania School of Zoology or field camp within six hours.  A 2.0 ml 

aliquot of whole blood was placed in a plain tube to yield 300 µl serum, which was 

chilled after centrifugation and separation for total cholesterol and triglycerides 

analyses.  This aliquot also yielded 500 µl serum, which was frozen after centrifugation 

and separation for HDL-cholesterol analyses.  A minimum of 0.5 ml whole blood was 

placed in a fluoride oxalate tube and centrifuged, then separated to yield 200 µl plasma 

and chilled for subsequent corticosterone analyses.  Lastly, 1.0 ml whole blood was 

placed into an EDTA tube to yield 300 µl plasma, then centrifuged, separated and 

chilled for subsequent glucose analyses.   

 

Cholesterols and triglycerides, which are endpoints of lipid metabolism, and glucose, 

an endpoint of carbohydrate metabolism, were chosen as indicators of dietary status 

(Causey Whittow 2000).  Corticosterone, the main glucocortocoid in birds, plays an 

important role in survival through mediating physiological and behavioural responses 

to stress (Romero 2002). Corticosterone is also an important metabolic hormone, with 

gluconeogenic effects, and modulation of plasma corticosterone concentrations allows 
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birds to respond to food shortages or environmental perturbation through influences on 

foraging activity, food intake, or fat deposition (Wingfield and Kitaysky 2002, Love et 

al. 2004, Wingfield 2005). 

 

Inorganic ions were also chosen as experimental measures, as these are common 

diagnostic indicators of health in avian medicine.  All samples except corticosterone 

were analysed at the Royal Hobart Hospital Pathology Department following 

established procedures and assayed in the same session.  Sodium, calcium and 

potassium ions were analysed using potentiometric methods with direct ion selective 

electrodes.  Glucose was analysed using a colourimetric method utilising glucose 

oxidase, which produced hydrogen peroxide and was then coupled to a Trinder 

reaction.  Cholesterol was measured similarly to glucose, but used cholesterol oxidase 

as the enzyme.  Triglycerides also used an enzymatic method that hydrolysed the 

triglycerides to free fatty acids and glycerol, and then glycerol was then measured 

enzymatically.  HDL-cholesterol was measured by first removing LDL- and VLDL-

cholesterol in a pre-treatment step.  Insulin levels were tested by radioimmunoassay but 

were all below detection limits and therefore were not reported.  Corticosterone was 

analysed at the University of Tasmania School of Zoology using radioimmunoassay 

techniques established for birds (Gartrell 2002).  

 

All statistical analyses were performed using SPSS software, version 11.0 for 

Macintosh (SPSS 2002).  Because sample sizes from the Furneaux Island Group were 

small relative to Hobart, all non-normal data were log-transformed and tested for 

homogeneity of variances in ANOVA models (F-Levene tests) to compare blood 
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biochemistry between locations, genders and breeding periods.  Independent sample t-

tests were used to test for differences between gender and location.  The untransformed 

values were standardised and submitted to a Principal Components Analysis in SPSS.  

Results were presented as mean  standard error (sample size) and differences of p  

0.05 were reported as significant.  

 

5.4 Results 

All variables were tested for normality with a Shapiro-Wilk test and only HDL-

cholesterol and triglycerides were found normal.  The other variables were log-

transformed and tested for normality again, with only glucose remaining non-normal.   

 

Within the Hobart colony, no significant differences between the breeding stages were 

found for any of the biochemical parameters, and therefore all Hobart Silver Gulls were 

considered simply as breeders.  Within these breeding Silver Gulls in Hobart, no effects 

of gender were found on any biochemical parameter except HDL-cholesterol, which 

was significantly greater in males than in females [6.92  0.25 (28) mmol/l, 5.94  0.34 

(24) mmol/l respectively; t50 = 2.37, p = 0.022].   

 

For Silver Gulls in the Furneaux Island Group, no significant differences were found 

between the genders for any biochemical parameters; therefore, males and females 

were combined for analyses.  Effects of breeding status were found on log-transformed 

glucose values, with breeding birds having greater levels of blood glucose than non-

breeding birds [1.22  0.02 (9) mmol/l, 0.46  0.27 (7) mmol/l respectively; t6.1 = 2.84. 
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p = 0.029].  However, this relationship was a spurious result of unequal variances and 

therefore not considered biologically significant.   

 

The blood biochemical parameters from the urban Silver Gulls from Hobart were then 

compared to those from the remote Furneaux Island Group (Table 5.1).  HDL-

cholesterol levels were significantly greater in urbanised gulls than in remote, non-

urbanised gulls, but no differences were discovered between the two sites for total 

cholesterol, triglycerides, calcium, potassium, sodium, corticosterone or glucose.  

However, glucose levels in the urban gulls were generally yet not significantly greater 

than those from the Furneaux Island Group.   

 

A Principal Components Analysis was performed on this data to extract relevant 

information and to identify potentially meaningful underlying variables.  The first three 

axes of the PCA explained 59.1% of the variation in the data.  PCA 1 was dominated 

by cholesterol, HDL-cholesterol and glucose; PCA 2 by triglycerides (Table 5.2).  

When PCAs 1 and 2 were plotted against each other (Figure 5.2) there was a weak 

tendency for Furneaux Island Group birds to lie on the lower end of axis 1, but birds 

from Hobart largely overlapped these.  PCA 3 explained only 15.6% of the overall 

variation and showed no clear distinction between the Hobart and Furneaux birds.  

Although the sample sizes differ substantially, there appeared to be more variation 

among the birds from Hobart.   
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5.5 Discussion 

Silver Gulls from the urbanised site showed greater levels of HDL-cholesterol, the 

lipoprotein class that is the main carrier of cholesterol, than those from the remote, non-

urbanised gulls.  This result was unexpected, given that there was no difference in total 

cholesterol in gulls between the two sites.  HDL-cholesterol is commonly known as the 

‘good’ cholesterol, and greater levels in the blood can be interpreted as a sign of good 

health in humans (Guinchard-Foulon et al. 2003).  The small sample size of eight birds 

from the Furneaux Island Group may explain this result.  It was also possible that the 

trapping method in the Furneaux Island Group, which included fish as bait, could have 

selectively biased the sample to gulls more ‘desperate’ for food.  Non-breeding birds in 

this cohort may have skewed this sample; however, the Furneaux gulls did not differ in 

size, mass or body condition from the Hobart gulls (Chapter 4; Auman et al. 2007b).  

 

Corticosterone levels in birds are normally elevated in response to poor quality food 

and starvation (Quillfeldt et al. 2004) and are also a good predictor of food availability 

(Lanctot et al. 2003).  The levels reported here are similar to those reported in pre-

fasting Herring Gulls (Jeffrey et al. 1985, Totzke et al. 1999).  These are likely to 

accurately reflect baseline values, as most of the Silver Gulls were sampled within 2-3 

minutes of capture, which should reflect unstressed concentrations (Romero and Reed 

2004). 

 

Although this study did not find any distinction between sites, other studies of birds 

have reported differences in total cholesterol levels between urbanised and non-

urbanised areas, and between high and low fat diets.  Urbanised House Sparrows 
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(Passer domesticus) had greater total cholesterol in plasma than rural sparrows, which 

was explained by the greater fat and protein content measured in the urbanised diet 

(Gavett and Wakeley 1986).  Australian Magpies (Gymnorhina tibicen) exhibited 

significantly increased levels of total blood cholesterol after being fed dog sausage 

(Ishigame et al. 2006).  Japanese Quail (Coturnix japonica) fed a high cholesterol diet 

were found to develop hypercholesterolemia and aortic plaques (Yuan et al. 1997), and 

African Grey Parrots (Psittacus erithacus) fed a high fat diet also had greater plasma 

cholesterol (Bavelaar and Beynan 2003).  Cholesterol was also reported to function as a 

body condition index and was the best predictor of body mass change in Yellow-legged 

Gulls at the individual level (Alonso-Alvarez et al. 2002, Alonso-Alvarez and Velando 

2003).  HDL-cholesterol did not correlate strongly with total cholesterol in this study 

(R
2
 = 0.314, p = 0.067) and therefore is not likely to work as a body condition index for 

Silver Gulls.    

 

It might be expected that the energy demands and requirements of birds would change 

over different stages of the breeding cycle and also within each gender’s parental 

requirements.  In chickens, laying hens exhibit elevated blood cholesterol as part of 

increased lipid mobilization necessary for yolk formation (Causey Whittow 2000).  

This was not observed in female Silver Gulls sampled during different stages of the 

breeding season in Hobart, possibly because small samples limited statistical power.  

Female Silver Gulls in the pre-egg phase of the breeding season did not differ in blood 

calcium concentration compared to those incubating eggs, tending small chicks or even 

those in non-breeding condition from the Furneaux Island Group.  This was surprising, 

given that calcium requirements increase for eggshell formation and would be expected 
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to reach greater concentrations in the blood of pre-breeding birds (Freeman 1983). 

Silver Gulls feeding in Hobart were significantly heavier and of greater body condition, 

as measured by a body condition index, than those feeding from the Furneaux Island 

Group (Chapter 4; Auman et al. 2007b).  However, the eggs from Silver Gulls nesting 

in the Furneaux Island Group were significantly larger, heavier and had greater yolk 

mass, which suggests greater reproductive success than those eggs from Hobart.  

Additionally, no significant differences were found in clutch sizes between the two 

sites (Chapter 6).   

 

Results from the PCA analysis showed greater variation within the Hobart birds.  These 

Silver Gulls from Hobart are likely to have been feeding from a variety of food sources 

common in an urban setting, while gulls from the Furneaux Island Group may have 

been more limited in their food choices. 

 

Serum and plasma biochemistry give valuable insights into a seabird’s nutritional 

status, but care must be taken to minimize environmental variables that could influence 

reference ranges of blood chemistry, including geographical location of sampling, 

season, photoperiod, oceanographic conditions, food availability (Newman et al. 1997), 

fasting (Totzke et al. 1999) and age (Alonso-Alvarez 2005).  For example, Black-

legged Kittiwakes (Rissa tridactyla) and Glaucous-winged Gulls from a study of 

Alaskan marine birds (Newman et al. 1997) exhibited similar glucose values but 

greater cholesterol and triglyceride values than the Silver Gulls reported herein.  This is 

likely due to dietary differences, as these Alaskan larids eat high-fat content fish.  

Although some environmental variables could be controlled in this study, such as 
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sampling blood in the morning to avoid variability due to circadian rhythms, others 

could not.  And while personnel with veterinary and medical backgrounds deemed all 

Silver Gulls captured as healthy, not all health conditions would be manifested in an 

obvious physical manner.  Additionally, effects due to feeding, fasting or the age of 

adult birds could not be controlled.   

 

How do these results relate to the health of gulls and other synanthropic species, which 

also feed on human-derived foods?  In Herring Gulls, a diet of human refuse was 

reported to be of poorer quality, had a greater caloric value, and the greatest fat and 

protein content per gram compared to natural dietary items, which may result in 

decreased reproductive success and shortened life spans (Pierotti and Annett 1990, 

Pierotti and Annett 1991, Hebert et al. 2002).  Hebert et al. (2002) found that in Herring 

Gulls the protein content of natural diets, such as fish, was superior to other foods, such 

as terrestrial and refuse-sourced items.  Switching away from fish led to reductions in 

protein availability that could have impacted reproductive success through a variety of 

mechanisms.  In a captive rearing experiment, a diet of human refuse was found to be 

nutritionally inadequate for normal development in Western Gull (L. occidentalis) 

chicks (Pierotti and Annett 2001).  

 

Populations of Silver Gulls in southeast Tasmania, unlike many larid counterparts 

worldwide, have been decreasing for at least 25 years (Coulson and Coulson 1998, 

Wakefield 2005).  Whether this is due to improved tip management, competition with 

increasing populations of the recent (1940s) immigrant Kelp Gulls (Coulson and 

Coulson 1998) or decreasing individual and reproductive fitness is not clear.  The 
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causal links are unknown, yet anthropogenic food remains abundant and accessible.  

Measuring the hatching and fledging success rates of Silver Gulls in urbanised and 

remote areas was beyond the scope of this research, but should be an essential area for 

future investigation.  Although reproductive output in gulls is likely to be influenced by 

diet (Pierotti and Annett 1990), it is uncertain from these results whether the overall 

effects of a ‘garbivorous’ diet in Silver Gulls leads to negative health consequences.  
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Figure 5.1.  Location of colonies used to study the effects of anthropogenic food on the 

blood biochemistry of Silver Gulls in 2004.  Urbanised colony at the Queen’s Domain 

Slipway in Hobart (1); remote, non-urbanised colonies at Great Dog Island (2) and 

Nobby’s Rocks off Killiecrankie, Flinders Island (3).   
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Table 5.1.  Comparison of various blood biochemical parameters and reference totals 

comparing Silver Gulls from Hobart and the Furneaux Island Group.  All 

measurements are expressed as mean  standard error (sample size). 

 

 Hobart Furneaux T-test, significance 

Corticosterone (ng/ml) 20.53  0.76 (54) 18.41  2.45 (9) t9.21 = 1.04, p = 0.326 

Sodium (mmol/l) 154.24  2.54 (29) 153.29  1.97 (7) t34 = 0.12, p = 0.904 

Potassium (mmol/l) 2.51  0.14 (28) 2.50  0.23 (7) t33 = 0.11, p = 0.914 

Calcium (mmol/l) 2.70  0.67 (28) 1.90  0.48 (7) t33 = 0.52, p = 0.603 

HDL cholesterol (mmol/l) 6.47  0.22 (52) 5.10  0.69 (8) t58 = 2.24, p = 0.029 

Total cholesterol (mmol/l) 7.46  0.31 (35) 7.20  0.43 (13) t46 = 0.38, p = 0.708 

Triglycerides (mmol/l) 5.39  1.92 (35) 2.36  0.42 (13) t46 = 0.95, p = 0.346 

Glucose (mmol/l) 18.63  1.11 (35) 12.54  1.80 (16) t20.5 = 1.92, p = 0.069 
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Table 5.2.  Principal component analysis of eight blood variables in Silver Gulls from 

the Furneaux Island Group and Hobart.  Loadings of each of the original variables to 

the principal component axes are shown, with the percentage variance explained on 

each axis.   

 

 PCA 1 PCA 2 PCA 3 

Corticosterone 0.157 -0.037 0.774 

Sodium 0.392 0.400 -0.238 

Potassium 0.074 0.442 -0.535 

Calcium -0.175 0.440 0.048 

HDL-cholesterol 0.781 -0.440 -0.102 

Cholesterol 0.838 -0.283 -0.257 

Triglycerides 0.351 0.698 0.066 

Glucose 0.618 0.372 0.472 

Variance explained (%) 25.4 18.1 15.6 
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Figure 5.2.  Principal components axis 1 plotted against PCA 2.  Vectors show the 

influence of each of the original blood variables (see Table 5.2).  Cort: corticosterone;  

Na: sodium; K: potassium; Ca: calcium; HDL: HDL-cholesterol; Chol: cholesterol; 

Trig: triglycerides; Gluc: glucose.   
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Preface to Chapter 6 

Based on previous chapters, Silver Gulls from Hobart were confirmed to be heavier and 

had a greater body condition index than those from the remote Furneaux Island Group.  

Therefore, larger clutches and higher quality eggs (i.e. an increase in size and increase 

in nutrients absolutely and proportionally) were predicted from the urban population as 

a result of a diet of anthropogenic food high in fat and protein.  In this chapter, 

potential differences were assessed between laying dates, clutch sizes, egg sizes and 

egg quality from the urban and non-urban breeding colonies.  These data were then 

used to generate theories regarding reproductive success in Silver Gulls in urban and 

remote, non-urban sites.   

 

The data included in this chapter represents the entire field season of 2005, hence the 

considerable amount of data on topics related to egg quality.  Egg quality was assumed 

to be such a highly important measure of ‘health’ and ‘condition’ in Silver Gulls that an 

inclusive examination of various measures was warranted.  As this specific focus 

represented the final field season and final data chapter written, the overall structure of 

the chapter is complex, comprehensive and has not yet been formatted, as previous 

chapters have been, to eventually yield at least two manuscripts.   
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CHAPTER 6 

 

Comparison of egg quality in Silver Gulls feeding from anthropogenic versus 

natural food sources  
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6.1 Abstract 

This research investigated the potentially adverse effects of an anthropogenic diet on 

the health of Silver Gulls (Larus novaehollandiae) by comparing eggs of birds breeding 

at a remote, non-urbanised site (Furneaux Island Group, Bass Strait) with those at an 

urban (Hobart) colony in Tasmania, Australia.  Egg laying began on 29 August 2005 in 

Hobart and estimated at 15 October 2005 on Nobby’s Rocks in the Furneaux Island 

Group.  Clutch sizes between Hobart and the Furneaux Island Group did not differ.  

Furneaux Island Group gulls laid eggs that were wider, heavier and had a greater 

volume than Hobart gulls when a-, b- and c-eggs for each site were combined.  

Relationships between various absolute egg components varied according to clutch size 

and the laying order of eggs, and were therefore compared proportionally.  Greater yolk 

mass, yolk water and shell water mass and less albumen and albumen water mass per 

fresh egg mass were observed in two- and three-egg clutches in the Furneaux Island 

Group colony than those from Hobart.  The egg yolks from the Furneaux Island Group 

scored significantly higher on the Roche Yolk Colour Fan, indicating greater 

concentrations of carotenoids.  When contemporary Silver Gull eggs from Tasmania 

were compared to historic, pre-urbanised egg collections from throughout Australia, 

combined egg length was greater in the historic eggs.  Although urbanised Silver Gulls 

were apparently successful in laying eggs, poorer reproductive success may have 

resulted from smaller, lighter eggs that contained proportionally less yolk reserves and 

lower carotenoid concentrations, a possible consequence of an anthropogenic diet.  
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6.2 Introduction 

As human populations increase worldwide, the impacts on avian populations from the 

resulting urbanisation have become a recent, complex research topic (Marzluff et al. 

2001).  Increased availability of human-derived food is one factor that may lead to 

population changes.  Species such as gulls (Laridae) that are able to exploit these 

anthropogenic food resources often have inflated population sizes.  Some gull 

populations worldwide have undergone dramatic increases over the past 50 years (del 

Hoyo et al. 1992), and of the world’s 55 gull species, over half are considered pests.  

The range and population expansion of gulls, especially Herring Gulls (Larus 

argentatus) (Monaghan 1979, Spaans et al. 1991, Pons 1992, Belant et al. 1993, Kilpi 

and Ost 1998), Black-headed Gulls (L. ridibundus) (Isenmann et al. 1991), Ring-billed 

Gulls (L. delawarensis) (Blokpoel and Scharf 1991, Brousseau et al. 1996), Yellow-

legged Gulls (L. michahellis) (Duhem et al. 2002, Duhem et al. 2003a, Duhem et al. 

2003b), Hartlaub’s Gulls (L. hartlaubii) (Steele 1992), Kelp Gulls (L. dominicanus) 

(Bertellotti et al. 2001, Giaccardi and Yorio 2004) and Glaucous-winged Gulls (L. 

glaucescens) (Vermeer and Irons 1991) are attributed to the increased availability and 

predictability of human derived food sources.  These species exploit novel feeding 

opportunities at refuse tips, fishing enterprises, food outlets and agricultural production 

areas around human populations.   

 

In Australia, Silver Gulls (L. novaehollandiae) are viewed as pests in urban 

environments (Smith 1991, Smith et al. 1991), with the largest colonies occurring close 

to major human settlements and their refuse (Meathrel et al. 1991).  Many studies 

worldwide have attested to an increase in larid populations following urbanisation, and 
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it is widely presumed that gulls have benefited as a direct consequence.  This study was 

based on the premise that a negative effect on the health and hence fitness of gulls may 

be expected from eating the equivalent of human ‘junk food’.  

 

Previous chapters in this thesis have shown that Silver Gulls from Hobart were heavier 

and had greater body condition, as measured by an index, than those from the Furneaux 

Island Group (Chapter 4; Auman et al. 2007a).  Also, the whole blood carbon and 

nitrogen stable isotopes in these Silver Gulls confirmed that the relative dietary inputs 

of these gulls were distinct between urban and remote sites, with gulls in Hobart 

consuming more terrestrial/anthropogenic foods than the Furneaux Island Group birds, 

which consume mainly marine-derived foods (Chapter 3; Auman et al. 2007b).   

 

Because of these differences in weight, body condition, and dietary inputs, the eggs of 

Silver Gulls between the urban and remote, non-urban sites were expected to differ in 

several criteria, such as egg size and yolk size, which are critical for reproductive 

success.  The foraging range of Silver Gulls (Murray and Carrick 1964) means that it 

was difficult to locate breeding colonies that can reliably be assumed to depend on 

natural food sources.  No colonies on the accessible parts of the Tasmanian mainland 

are sufficiently distant from anthropogenic food sources.  This severely limited the 

choice of natural colonies to a small number on the Bass Strait Islands.  Because the 

urbanised Silver Gulls in Hobart have greater access to foods with a higher fat and 

protein content than remote Furneaux Island Group Silver Gulls, egg quality, defined as 

a combination of the size, mass and nutrient composition, was compared between sites.   
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Larids are semiprecocial species and produce large, nutrient-rich eggs with relatively 

large yolks, and therefore energetically costly and contain a high amount of lipids when 

compared to altricial species (Ricklefs 1977a).  Chick growth and development are 

dependent upon two nutrient resources in the egg.  Albumen protein is necessary for 

embryo growth, so more albumen in the egg leads to a larger chick.  The yolk, which 

provides both lipid and protein, is necessary for embryo maintenance and development, 

therefore greater yolk reserves in the egg leads to a more precocial hatchling (Boersma 

1982).  Disparities in overall diet could result in dissimilar partitioning of fats and 

proteins (Ricklefs 1974).  These fats and proteins, which are more available in an 

urbanised colony as a result of an anthropogenic diet (sensu Pierotti and Annett 1990), 

may therefore be reflected in egg quality.  An increase in dietary fats from an 

anthropogenic diet may lead to an increase in yolk mass, or a more developed egg on 

the precocial to altricial range.  Similarly, greater amounts of dietary protein leads to 

formation of necessary tissues such as feathers and muscle (Carey et al. 1980).  Based 

on this information, larger eggs, more eggs per clutch and higher quality eggs (resulting 

from greater size and nutrients absolutely and proportionally) were predicted for the 

Silver Gull eggs from the Hobart breeding colony.   

 

The main objectives of this study were to determine whether there were differences 

between the reproductive output of Silver Gulls between an urbanised and a remote, 

non-urbanised site.  Reproductive output was assessed using the laying dates of first 

eggs, plus general measurements such as egg length, width, mass, volume and clutch 

size.  Absolute and proportional (per unit weight) differences in wet yolk, dry yolk, 

yolk lipid, yolk protein, yolk water, wet albumen, albumen protein, albumen water, wet 
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shell, dry shell, shell water and total egg energy were compared between eggs laid at 

the two sites.  Silver Gulls from Tasmanian colonies tend to lay single clutches of eggs 

per year, and these were compared to those eggs collected from outside Fremantle, 

Western Australia, where most gulls lay two clutches per year on a protracted breeding 

season (Meathrel 1991a).  Carotenoids were measured subjectively through a Roche 

Yolk Colour Fan.  Finally, egg sizes from historic collections (before major 

urbanisation), held in the British Natural History Museum, Tring, UK were compared 

to contemporary eggs from the urbanised gulls breeding in Hobart.   

 

6.3 Methods and Materials 

6.3.1 Egg Collections 

Silver Gull eggs were collected from both urbanised (Hobart) and remote, non-

urbanised (Furneaux Island Group) breeding sites in Tasmania, Australia (Figure 6.1) 

in 2005 to compare clutch sizes, egg sizes, egg weights, eggshell thickness, egg 

composition and carotenoids.  Both locations were initially monitored with binoculars 

to assess the beginning of the breeding season.  A total of 140 Silver Gull eggs from 63 

full clutches (to reach a total of 30 three-egg clutches required for parametric statistics) 

were collected from the Queen’s Domain in Hobart.  A total of 57 eggs from 30 full 

clutches were collected on Nobby’s Rocks, a small group of islets north of 

Killiecrankie on Flinders Island, Bass Strait.  The 30 three-egg clutches could not be 

gathered due to the small number of nests available.  Daily nest checks at both colonies 

were conducted to record the date of first egg laying in the colony and then to remove 

first (a-egg), second (b-egg) and third (c-egg) laid eggs from marked nest sites.  Eggs 

collected were less than 24 hours old and replaced with a dummy egg to prevent 
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parental desertion or any other alternation of nesting behaviour (Meathrel 1991b).  As 

so few Silver Gulls bred in the Furneaux Island Group colony, hard-boiled chicken 

eggs painted to resemble gull eggs were used for dummy eggs.  Conversely, eggs from 

neighbouring gull nests were used for the Hobart colony.  Parent gulls were observed to 

return immediately to nests and settle on dummy eggs, and no nest desertions at either 

colony were observed in the daily nest checks.  

 

6.3.2 Laboratory Methods 

At the university or field camp, all freshly laid eggs were weighed to  0.01 g on a 

digital balance within 1-2 hours of collection, and the maximal lengths and widths were 

measured to  0.02 mm with dial callipers.  The eggs were then hard-boiled, cooled, 

wrapped individually in plastic wrap, sealed tightly in jars, and frozen at –30C until 

analyses.  Once in the laboratory, all eggs were thawed for 24 hours in their airtight 

containers to prevent water loss, and weighed to  0.001 g on a digital balance.  Eggs 

were separated into their constituents (yolk, albumen and shell with membranes), and 

each constituent was then weighed again.  Freezing and hard-boiling caused some 

water loss, but this was corrected by adding the difference between the fresh egg 

weight and thawed egg weight to wet albumen weight (Meathrel and Ryder 1987a). 

Yolk, albumen and eggshells were dried in a Thermoline Scientific laboratory oven for 

a minimum of one week at 56C and weighed again to quantify water content.  

Eggshell thickness was measured to  0.001 mm with dial micrometers after shell 

membranes were removed.  Eggshell thickness was measured at the blunt and rounded 

ends as well as twice at the equator; the four measurements were then averaged.  Egg 
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volume was calculated as: volume = klb
2
, where k (a constant for larid eggs) = 0.496, l 

= length and b = breadth (Wooller and Dunlop 1979).   

 

6.3.3 Chemical Analysis 

The lipid and protein content of the yolks were determined by a Soxhlet extraction 

process using high grade petroleum ether (boiling point 40-60C) for four hours; dried 

post-extraction remains were assumed to be only protein and therefore lipid weight was 

the difference between pre- and post-extraction weight (Ricklefs 1977a).  Carbohydrate 

content of both albumen and yolk was assumed negligible, at less than 1% of fresh egg 

weight (Ricklefs 1977b).  Following Ricklefs’ methodology, energy content per gram 

of fresh egg weight was calculated using the equivalents of 39.6 kJ/g lipid and 23.7 

kJ/g nonlipid dry mass.  

 

6.3.4 Yolk Colour Analysis 

Colour of the hard-boiled, frozen and thawed egg yolks was determined qualitatively 

by comparison with a Roche Yolk Colour Fan, an international standard of grading 

avian yolk colour.  Colour plates on this scale ranged from 1 (light yellow) to 15 (deep 

orange), and are a standardised colorimetric system used to objectively define colour in 

egg yolks under natural feeding conditions.  

 

6.3.5 Historical Comparisons 

Contemporary Silver Gull egg size was compared to historical data on Silver Gull eggs 

stored at the British Natural History Museum, Tring.  Research Supervisor Catherine 
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Meathrel collected these measurements.  It was predicted that these pre-urbanised eggs 

would reflect differing nutrient resources available to the birds when compared with 

current eggs from urbanised birds, which would be manifested in egg size.  The lengths 

and widths of eggs collected in this study of Silver Gulls from Hobart in 2005 were 

compared to historic data from various breeding locations across Australia, including 

those eggs from the Gould collection dating back to the 1840s.   

 

6.3.6 Statistical Analysis 

The suite of statistical tests in this chapter closely followed those of Meathrel (1991a) 

and all analyses followed those employed for biological studies (Sokal and Rohlf 

1995).  Statistical analyses were performed using SPSS software, version 11.0 for 

Macintosh (SPSS 2002).  Data distribution was evaluated by Levene’s Test for 

Equality of Variances.  When data were normally distributed, parametric tests were 

applied.  Univariate analysis of variance was used to test for interactions between three-

egg clutches, within a-, b- and c-eggs and for three locations.  Scheffe tests were used 

as the ANOVA post hoc.  Independent samples t-tests were used to test for differences 

between two locations and within two-egg clutches.  Mann-Whitney U nonparametric 

tests were used to test for differences in location and Kruskal-Wallis nonparametric 

tests were used to test for differences in egg sequence when sample sizes were small 

and not normally distributed.  Regressions were used to examine relationships between 

several dependent variables and fresh egg mass.  These variables were normalized by 

log-transformation (log10) for some small samples sizes from the Furneaux Island 

Group.  Pearson product moment correlations were applied to examine relationships 

between egg chemistry and yolk colour.  Bonferroni corrections, which reduce type 1 
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errors in multiple tests, were not employed as they tend to be very conservative so that 

individual tests have little statistical power of rejecting an incorrect null hypothesis.  

Differences at the level of p  0.05 were reported as significant, and results in text and 

tables are expressed as mean  standard error (sample size).   

 

6.4 Results 

6.4.1 Comparison of Laying Dates 

The Silver Gull colony at the Queen’s Domain in Hobart was visited every day to 

record the date of the first egg laid and to commence the collections of freshly laid (i.e. 

within 24 hrs) eggs.  The first egg collected was on 29 August 2005.  At Nobby’s 

Rocks in the Furneaux Island Group, the colony checks began on 12 November 2005.  

Two clutches were already found among several empty nest cups and one clutch was 

not collected, as this clutch was likely to have advanced embryos.  When the first chick 

hatched from this clutch, the first egg laying date was backdated to 15 October.  The 

second clutch was collected, and the a-egg opened and found to contain a six-day old 

embryo (CEM, pers. comm.), suggesting that the second clutch in the Furneaux Island 

Group was started on 5 November 2005, three full weeks after the first clutch was laid.   

 

6.4.2 Comparison of Clutch Sizes 

To assess whether there was any geographic variation in reproductive output, clutch 

sizes of Silver Gulls nesting in Tasmania in 2005 were compared to those that nested 

on Penguin Island (32 17’S, 115 41’E), outside Fremantle, Western Australia.  These 

latter birds were categorised as urbanised, as their breeding colony on Penguin Island 
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was only 9 km from the urbanised centre of Fremantle.  Additionally, the top six food 

types consumed by these breeding Silver Gulls, as percentage occurrence and mass, 

were anthropogenic (Meathrel, unpublished data, 1991).  Silver Gulls from southwest 

Australia tend to be double-brooded and have three laying peaks over a protracted 

eight-month breeding season, as opposed to Tasmanian Silver Gulls, which tend to be 

single brooded (Meathrel 1991a).  This difference in number of broods per year was 

thought to influence the clutch size.  However, overall clutch size in Tasmania for both 

Hobart and Furneaux colonies combined in 2005 was 2.17  0.08 (92), which was 

almost identical to those from Penguin Island, Western Australia in 1991 at 2.13  0.03 

(100).  The average clutch mass for Hobart and Furneaux colonies combined was 126 

g, which was 39-42% of the body mass of female Silver Gulls (Chapter 4; Auman et al. 

2007a).  

 

Silver Gull clutch sizes from Tasmania were then analysed separately by comparing 

breeding colonies in Hobart to the Furneaux Island Group.  Although the average 

clutch sizes were not significantly different between the two sites (Table 6.2), the 

Furneaux Island Group gulls had a greater percentage overall of two-egg clutches, 

while the Hobart gulls had a greater percentage overall of three-egg clutches (Figure 

6.2).  Using a chi square test, this was significant (
2
 = 35.81, p < 0.0001).  Modal 

clutch sizes for Hobart and the Furneaux Island Group in Tasmania plus those from 

Penguin Island, Western Australia were all two eggs.   

 



   

        126  

6.4.3 Comparison of Egg Physical Parameters 

The overall egg length, width, mass and volume for Silver Gull eggs from Tasmania 

are given in Table 6.1.  These physical parameters of eggs were compared between the 

Hobart and Furneaux Island Group.  Although no significant differences were found in 

a-, b-, or c-eggs when the two sites were compared, overall significant differences in 

width, volume and mass were found when all eggs were pooled within each site (Table 

6.2).  Additionally, for all eggs at both Hobart and the Furneaux Island Group 

combined, a-eggs were the longest, widest, had the greatest volume and were the 

heaviest, followed by b-eggs and then c-eggs.  An example of overall differences in a-, 

b- and c-eggs is shown in Figure 6.3, where fresh egg masses were compared 

separately by sequence in Hobart, the Furneaux Island Group and Penguin Island.   

 

A total of 19 fresh one-egg clutches (15 from Hobart and four from the Furneaux Island 

Group) were collected in the two colonies in 2005 (Table 6.3).  Although means were 

greater for all dimensions in the Furneaux Island Group, these were not statistically 

significant when tested with a non-parametric Mann-Whitney U test.   

 

Table 6.4 presents mean size, volume and mass for two-egg clutches for Hobart and the 

Furneaux Island Group.  Total clutch mass from the Furneaux Island Group was 

significantly greater than those from Hobart.  The lengths did not differ between 

locations for either a- or b-eggs, but widths, volumes and masses did differ between 

locations for both a-eggs and b-eggs; Furneaux Island Group egg dimensions were 

greater in these cases.  When a-eggs were compared to b-eggs within each location, egg 

length, volume and mass did not differ for either Hobart or the Furneaux Island Group, 
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although egg volume and mass were nearly statistically significant for both sites.  First-

laid eggs were significantly wider than second-laid eggs for both urban and remote 

locations, although significance would probably not be retained if standard Bonferroni 

corrections for multiple comparisons were employed in this case.  

 

Table 6.5 shows mean size, volume and mass for three-egg clutches from Hobart and 

the Furneaux Island Group.  Unlike the two-egg clutches, no difference in total clutch 

mass was found in the three-egg clutches between Hobart and the Furneaux Island 

Group; however, only a total of five three-egg clutches could be collected in the 

Furneaux Island Group.  No statistically significant differences were found for egg 

length, width, volume or mass between the two sites.  Strong differences in all 

measurements were found between a-, b, and c-eggs from Hobart, with a > b > c in all 

dimensions, while no differences were found between the egg dimensions from the 

Furneaux Island Group.  Again, small samples sizes from the Furneaux Island Group 

limited statistical power.  When the Hobart and Furneaux Island Group colonies were 

combined, similar results were discovered, with a-eggs being the longest, widest, with 

greatest volume and mass, while c-eggs were the shortest, narrowest, and with least 

volume and mass.   

 

The Hobart and the Furneaux Island Group colonies were combined, and egg size, 

volume and fresh mass, separated by a- and b-eggs in different clutch sizes, were then 

assessed (Table 6.6).  A- and b-egg lengths did not differ whether they were in one-, 

two- or three-egg clutches.  However, both a- and b-egg widths were wider in the three-

egg clutches.  A-eggs had greater volume in two- and three-egg clutches, with the 
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three-egg clutches having greatest volume overall.  Finally, estimated fresh egg mass in 

both a- and b-eggs was greatest in three-egg clutches.  The same comparisons were 

made within the urban and non-urban sites (Table 6.7).  Results were similar for the 

eggs from Hobart:  a- and b-eggs did not differ in length between one-, two- and three-

egg clutches.  The egg widths, volumes and masses from Hobart did differ within 

clutch sizes, with a > b > c in each case.  For the Furneaux Island Group, no significant 

differences were found for either a- or b-eggs for any variable (Table 6.8), but again, 

small sample sizes probably limited statistical strength. 

 

6.4.4 Comparison of Egg Composition - Absolute 

The absolute composition of freshly laid eggs from completed, one-egg clutches of 

Silver Gulls nesting in Hobart and the Furneaux Island Group were compared (Table 

6.9).  The only significant difference (without Bonferroni corrections) within the ten 

one-egg clutches assessed was that the eggs from the Furneaux Island Group had 

greater water mass in the shell.  The absolute composition of freshly laid eggs from 

completed, two-egg clutches (a + b combined) in Hobart and the Furneaux Island 

Group are given in Table 6.10.  Significant differences in absolute egg composition 

between Silver Gull eggs collected in urban and non-urban colonies were found for 

several measurements.  Silver Gull eggs from the Furneaux Island Group had 

absolutely significantly thinner shells, and greater fresh egg mass, yolk wet mass, dry 

yolk mass, yolk lipid mass, yolk water mass, dry albumen mass, shell wet mass, shell 

water mass, egg water mass and total egg energy than the Silver Gull eggs from 

Hobart.  The absolute composition of freshly laid eggs from completed, three-egg 

clutches (a + b + c combined) from each colony is listed in Table 6.11.  Similar 
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relationships were found as in the two-egg clutches in that eggs from three-egg clutches 

in the Furneaux Island Group had thinner shells and greater yolk water mass than those 

from Hobart.  But opposite to the two-egg clutches reported above, the eggs from three-

egg clutches in the Furneaux Island Group had absolutely less dry yolk mass, yolk 

protein mass, albumen wet mass, albumen water mass, egg water mass and total egg 

energy than those from Hobart.    

 

Two-egg clutches were then assessed for differences in absolute chemistries between a- 

and b-eggs individually for the two sites (Table 6.12).  When compared between 

colonies, eggs from the Furneaux Island Group had greater mass, yolk wet mass, yolk 

lipid mass, yolk water mass, shell wet mass, shell water mass, egg water mass and total 

egg water mass than those from Hobart for both a-eggs and b-eggs.  A-eggs from the 

Furneaux Island Group had significantly greater absolute shell wet mass and dry shell 

mass than the b-eggs, but this was not found for corresponding a-eggs in Hobart, 

although relationships were nearly significant.  No differences were seen between a- 

and b-eggs in total egg energy for either colony.   

 

These three-egg clutches were then assessed for differences in absolute chemistries in 

a-, b- and c-eggs individually in Silver Gulls from Hobart and the Furneaux Island 

Group (Table 6.13).  Significant differences were found between the two sites, with a- 

and b-eggs from Hobart having greater albumen wet mass and albumen water mass, 

and a-eggs having greater total egg energy, and nearly significantly greater egg water 

mass for both a- and b-eggs.  When comparing each egg of a three-egg clutch within 

colonies, significant differences in Hobart were found in fresh egg mass, yolk wet 
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mass, dry yolk mass, yolk lipid mass, yolk protein mass, yolk water mass, albumen wet 

mass, dry albumen mass, albumen water mass, wet shell mass, dry shell mass, shell 

water mass, egg water mass and total egg energy.  For each mean measurement overall, 

a > b > c-eggs.  These same measurements for each egg from three-egg clutches from 

the Furneaux Island Group did not show any statistical differences, but this is likely 

from small sample sizes of only three clutches.  (Fresh egg mass had a sample size of 

five here because these included the two clutches that were either allowed to hatch or 

opened to assess embryo development.)   

 

6.4.5 Comparison of Egg Composition - Proportional 

Significant differences between a-, b- and c-eggs in size, mass and volume were 

reported above.  Therefore, proportional composition, rather than absolute composition, 

offered a better understanding of the relative amounts of nutrients available in an egg, 

and an enhanced indication of potential differences in quality between eggs from 

urbanised and remote, non-urbanised breeding colonies.  The mean proportional 

composition of freshly laid eggs from completed one-egg clutches of Silver Gulls 

nesting in Hobart and the Furneaux Island Group were compared in Table 6.14.  

Although sample sizes were small for one-egg clutches, the eggs from the Furneaux 

Island Group had significantly greater shell water per fresh egg mass, which agreed 

with the absolute results given earlier.  When two-egg clutches (a + b combined) were 

assessed, several differences in proportional nutrient amounts were confirmed (Table 

6.15).  The eggs from the Furneaux Island Group had greater yolk mass, yolk water, 

shell water and egg water per fresh egg mass, and greater yolk lipid per dry yolk mass.  

Eggs from Hobart had greater yolk protein per dry yolk mass and greater albumen, 
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albumen water, and dry shell mass per fresh egg mass.  The two sites did not differ in 

energy content per fresh egg mass.  The mean proportional composition of freshly laid 

eggs from completed three-egg clutches (a + b + c combined) of Silver Gulls nesting in 

Hobart and the Furneaux Island Group are listed in Table 6.16.  Similar to the above 

two-egg clutches, the eggs from the Furneaux Island Group had proportionally greater 

yolk mass, yolk water mass and shell water mass per fresh egg mass, and eggs from 

Hobart had greater albumen mass and albumen water mass per fresh egg mass.   

 

Two-egg clutches were then assessed for differences in proportional chemistries in a- 

and b-eggs individually for the two sites (Table 6.17).  The b-eggs from the Furneaux 

colony had greater yolk, yolk water, albumen and albumen water mass per fresh egg 

mass than b-eggs from Hobart.  Both a- and b-eggs from the Furneaux Island Group 

had significantly greater lipid mass, but lesser yolk protein mass per dry yolk mass than 

eggs from Hobart.  A-eggs from Hobart had significantly greater dry shell mass, yet 

lesser shell water for both a- and b-eggs per fresh egg mass compared to those from the 

Furneaux Island Group.  Again, no difference in energy content was noted between 

eggs from the two colonies.  Proportionally, there were no differences in egg 

composition between a-eggs and b-eggs within two-egg clutches for either breeding 

colony.   

 

In the same manner, three-egg clutches were assessed for differences in proportional 

chemistries in a-, b-, and c-eggs individually (Table 6.18).  B-eggs from the Furneaux 

colony had greater yolk and yolk water mass, and lesser albumen and albumen water 

mass than b-eggs from Hobart; these same variables were nearly significant for the a-
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eggs and c-eggs between the two sites.  No differences were found between a-, b- and 

c-eggs in the Furneaux Island Group, but some were found in Hobart.  For dry albumen 

mass, shell mass and shell water mass, a-eggs were proportionally heavier than b-eggs, 

which were proportionally heavier than c-eggs in Hobart.  No difference in energy 

content (i.e. energy content per unit weight) between eggs from urban and non-urban 

sites was confirmed.   

 

Comparisons were then made of the absolute and proportional chemistries in eggs from 

Hobart and the Furneaux Island Group (2005), plus those from Penguin Island offshore 

from Fremantle, Western Australia (1989), with a-, b-, c-eggs from each site combined 

(Table 6.19).  Similar methodologies for both 2005 and 1989 allowed these 

comparisons.  All the absolute and proportional variables measured were significantly 

different between the three breeding colonies except for egg water per fresh egg mass.  

Aside from this, relationships of the various measurements between the three sites were 

variable.  On an absolute basis, Penguin Island eggs had the greatest energy content; 

however, because they had the lightest mean fresh egg mass, they held the least energy 

content proportionally.  Eggs from the Furneaux Island Group, which are from the only 

non-urban colony, contained the greatest energy content on a proportional basis.  

 

Regressions were then calculated on log-transformed egg constituent data to examine 

variations in egg composition with fresh egg mass.  All eggs combined from Hobart 

(Table 6.20) were analysed first.  Strong relationships to egg mass were detected in the 

dependent variables of wet albumen, dry albumen, albumen water, dry shell, egg water, 

egg protein mass and total energy.  These same regressions of egg constituents were 
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then calculated on the fresh mass of all eggs combined from the Furneaux Island Group 

(Table 6.21).  Results were nearly equivalent, with strong relationships to fresh egg 

mass detected in the variables of wet albumen, dry albumen, albumen water, wet shell, 

egg water, egg protein and total energy.  Regressions of egg constituents on the fresh 

mass of all eggs combined from Penguin Island, Western Australia are given in Table 

6.22.  These calculations agreed with the eggs from Tasmanian colonies, and high R
2
 

values were found for wet albumen, dry albumen, albumen water, wet shell, dry shell 

egg water, total energy, and also for egg protein.   

 

6.4.6 Comparison of Yolk Colour 

Yolk colour was compared in 178 hard-boiled eggs from Silver Gulls nesting in Hobart 

and the Furneaux Island Group by matching plates on a Roche Yolk Colour Fan (Table 

6.23).  Using the 15 plates (1 = light yellow; 15 = deep orange) of this qualitative test, 

egg yolks from Hobart averaged 11.35  0.12 (127) while egg yolks from the Furneaux 

Island Group averaged 14.61  0.11 (51).  This difference was highly significant (t176 = 

16.70, p  0.001) and in almost all cases, yolk colour could be categorised by eye alone 

into the urban and non-urban categories (Figure 6.4).  The yolk colour was then 

assessed by egg sequence, separately by location (Table 6.23).  Egg yolks from the 

Hobart colony showed no colour differences between a-, b- and c-eggs; however, those 

from the Furneaux colony exhibited significant differences, and the a- and b-eggs were 

more deeply orange than the c-eggs.   
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To determine whether yolk pigments varied with other yolk constituents, correlations 

were then calculated between yolk protein mass, dry yolk mass and yolk lipid mass and 

yolk colour (Table 6.24).  Strongly significant relationships were found between yolk 

colour and dry yolk mass, and yolk colour and yolk lipid mass.  Yolk protein and dry 

yolk mass, and yolk protein and yolk lipid mass were also strongly correlated.     

 

6.4.7 Comparisons between Historic and Contemporary Collections 

Silver Gull egg collections stored at the British Natural History Museum at Tring that 

originated from various colonies around Australia were viewed and their physical 

measurements recorded (Table 6.25; CEM, pers. comm.).  These collections represent 

an era pre-dating extensive urbanisation and the reliable, accessible food sources that 

many urbanised gull species currently feed from, and therefore were compared to 

contemporary egg collections from Hobart in 2005.  The eggs from the British Museum 

of Natural History were not originally categorised into a-, b- or c-eggs and therefore 

were combined before comparison to those from Hobart.  The mean lengths and widths 

of all eggs from historic Australian (n = 30) and contemporary Hobart (n = 141) 

breeding colonies are shown in Table 6.26.  The difference between the two groups was 

for the mean combined length of all eggs - historic eggs were significantly longer than 

contemporary eggs.   

 

6.5 Discussion 

6.5.1 Laying Date 

Silver Gulls in Hobart commenced egg laying at least seven weeks before those in the 

remote Furneaux Island Group.  If the early clutch on Nobby’s Rocks in the Furneaux 
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colony was taken as an outlier, then this time span was increased to about ten weeks.  

This gap in dates was predicted, based on previous research.  An advancement of 

laying dates as a result of abundant food was reported in studies on Silver Gulls (Smith 

and Carlile 1992) and other larids (Duhem et al. 2002); it has also been reported in 

other urbanised birds such as Florida Scrub Jays (Aphelocoma coerulescens) (Schoech 

1996) and Australian Magpies (Gymnorhina tibicen) (O'Leary and Jones 2006).  

However, the quality, and not quantity, of food available is probably a large factor and 

is addressed later in this chapter.   

 

6.5.2 Clutch Size 

Modal clutch size is determined by natural selection, which will result in the greatest 

number of surviving young (Lack 1968).  Both individual fitness and also food 

availability were found to be the main determinants of clutch size in Silver Gulls from 

the urbanised Sydney-Wollongong area of New South Wales, Australia (Smith and 

Carlile 1992).  In this present study, no significant difference in clutch size was found 

between gulls nesting at the urban and remote, non-urban sites.  In fact, the modal 

clutch size of two in Tasmania matches those found in Silver Gulls found throughout 

Australia (Serventy et al. 1971).  The clutch sizes from Hobart and the Furneaux Island 

Group are year-specific for 2005 only and it is unknown whether this constituted a 

‘good’ or ‘poor’ year.  Additional data on previous and future years’ clutch sizes would 

facilitate these comparisons.   

 

Other comparisons of clutch sizes in larids between urban and non-urban sites have 

been made previously.  No differences in clutch sizes were found in Western Gull (L. 
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occidentalis) colonies when urban and non-urban colonies were compared, although 

hatching and fledging success were greater in non-urban colonies (Pierotti and Annett 

2001).  Additionally, clutch size in Yellow-legged Gulls in urban areas did not differ 

from those in non-urban areas, but hatching success was lower in the non-urban colony 

(Duhem et al. 2002).  In contrast, Herring Gulls which increased their consumption of 

human refuse produced smaller clutches (Pierotti 1982).  Clutch size in Herring Gulls 

in a separate study also decreased after local tip closure (Pons and Migot 1995).   

 

These results suggest that the underlying mechanisms of anthropogenic food on clutch 

size are difficult to elucidate.  Relationships between food supply, female body 

condition and clutch size were studied in Lesser Black-backed Gulls (L. fuscus) to 

better understand the these mechanisms (Bolton et al. 1993).  Gulls given a fish protein 

supplement during the pre-laying period in a year of low food availability led to greater 

body condition (defined as greater amounts of flight muscle protein), greater clutch 

sizes and greater egg sizes than unfed birds.  However, fat-supplemented gulls did not 

increase their body condition, and did not lay larger clutches or larger eggs than unfed 

gulls in the same circumstances.  These authors also suggested body condition (protein 

reserves in flight muscle), was causally linked with clutch size.  Importantly, they also 

stated that the quality of the food is important, and this issue is discussed in the next 

section.   

 

6.5.3 Physical Size 

Egg size is determined mainly by the amount of albumen, which is mainly water 

(Parsons 1976, Meathrel and Ryder 1987a, Meathrel et al. 1987).  However, larger eggs 
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in larids generally lead to better hatching rates (Parsons 1970, Nisbet 1973) and chicks 

in greater condition (Bolton et al. 1992) as these eggs contain greater amounts of 

nutrients, particularly in yolk reserves.  Egg size and parental fitness, which are both 

likely influenced by nutrition, are known to correlate positively with chick survival in 

Herring Gulls (Risch and Rohwer 2000).  It was predicted that the available, 

predictable food sources and probable increase in calorie and fat intake in Silver Gulls 

from Hobart would result in larger eggs (as well as larger clutches).  However, 

although the one-egg and three-egg clutches between the sites were not different in size 

or mass, two-egg clutches from the Furneaux Island Group colony were larger than 

those from Hobart overall and separately by sequence.  When all eggs in a clutch were 

pooled, eggs from the Furneaux Island Group were wider and had greater volume and 

mass than those from Hobart; therefore, the original hypothesis was rejected.   

 

Egg size (and clutch size) in larids tends to increase when food sources are abundant 

(Pierotti and Bellrose 1986, Meathrel and Ryder 1987a, Bolton et al. 1992, Bolton et al. 

1993).  Increased food may also lead to increased clutch size with a concomitant 

decrease in egg size, which is a standard offspring size-number trade-off (Lack 1947).  

Silver Gulls from Hobart in this study did produce more 3-egg clutches than those from 

the Furneaux Island Group, although means were not statistically different.  Taken 

alone, this could have accounted for smaller eggs in the urban group.  However, while 

superior food sources should produce larger and heavier clutches (Pierotti and Annett 

1987), human refuse from urbanised areas was considered nutritionally inadequate to 

form large, well-supplied eggs (Pierotti and Bellrose 1986, Pierotti and Annett 1987, 

1990, Pierotti and Annett 1991, Annett and Pierotti 1999).   
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Herring Gulls which increased their consumption of human refuse produced smaller 

and lighter eggs (Pierotti 1982), which agreed with the results presented here.  The c-

eggs of Herring Gulls were significantly smaller, and the proportion of only two-egg 

clutches increased in the year following closure of all local garbage tips (Kilpi and Ost 

1998).  Similarly, the c-eggs of Silver Gulls nesting outside the Sydney-Wollongong 

region were significantly smaller than those from the previous season, a probable result 

of deterrence trials which prevented the gulls from accessing the waste disposal site 

during egg formation (Smith and Carlile 1992).  

 

Although human refuse, because of its higher caloric, fat and protein value (sensu 

Pierotti and Annett 1990) would be considered by many to be a superior diet, much of 

the refuse eaten by the Silver Gulls in Hobart is connective tissue, fat and chicken 

bones (HJA, pers. obs).  The connective tissue and fat are low in sulphonated amino 

acids, and although larger (non-fish) bones contain calcium, it is stored as insoluble 

apatite and not broken down during digestion (Pierotti and Annett 1990).  Marine-

derived foods, as opposed to human discards, were considered higher quality food in 

Silver Gulls (Smith and Carlile 1992) and Herring Gulls (Belant et al. 1993).  However, 

whether the smaller, lighter eggs in Hobart actually differed in their nutrient 

composition on an absolute basis from the larger, heavier eggs from the Furneaux 

Island Group is addressed in the next section. 

 

6.5.4 Absolute Chemistry 

To maximize reproductive fitness, maternal investment allocates nutrients to the 

offspring with the greatest reproductive value, which generally equates to the c-egg 
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being disadvantaged (Royle et al. 1999).  The results presented in this chapter agree 

with those published previously, which reported the c-egg in larids as smaller and 

containing fewer nutrients absolutely than a- or b-eggs (Coulter 1977, 1980, Meathrel 

and Ryder 1987a, Meathrel 1991b, Kilpi et al. 1996, Royle et al. 1999).  Additionally, 

c-eggs in from gulls in Hobart had significantly less yolk lipid than that of a- or b-eggs; 

this was nearly significant in the Furneaux Island Group but was likely limited by 

sample size.  These results agree also with those found in Lesser Black-backed Gulls 

(Royle et al. 1999) and Ring-billed Gulls (Meathrel and Ryder 1987a).   

 

No difference in absolute egg composition was found between one-egg clutches from 

Hobart and the Furneaux Island Group, except in shell water.  This may have been due 

to small sample sizes from the Furneaux Island Group; additionally, amount of water in 

the shell may be biologically insignificant.  Two-egg clutches from Hobart were lighter 

than those from the Furneaux Group and also had less albumen protein, lighter wet 

yolk mass and lighter dry yolk mass.  This is probably biologically significant, due to 

the importance of protein plus yolk and its lipid reserves in egg quality and related 

hatchability as discussed previously.  Nutrients available to the laying female are likely 

to affect the yolk deposition of eggs (Meathrel 1991b).  However, egg quality cannot be 

measured purely on the basis of an egg’s absolute nutrient or energy content.  In these 

results, the largest eggs did not always have the greatest energy content.  This was due 

to water content - egg weight, based on allometric regressions, was a function of 

increasing albumen content, and albumen is mainly water.  Only albumen wet weight 

and the closely related albumen water differed in the three-egg clutches between 
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locations for both a- and b-eggs; this was due to water content and not related to 

nutrient or energy content. 

 

6.5.5 Proportional Chemistry 

The proportional chemistry data presented in this chapter agreed with previous research 

on the composition of gull eggs.  A lipid content of 58% in yolk solid, and water 

content as 76.5% of fresh egg weight was reported in semiprecocial species (Sotherland 

and Rahn 1987), which was similar to the 57-59% yolk lipid/dry yolk and 72% egg 

water/fresh egg found in Silver Gulls from Tasmania.  Previous studies (Meathrel and 

Ryder 1987b, Meathrel 1991b) reported the mean yolk content of small gulls species as 

35%, which was similar to the 36% found in Hobart and 32% found in the Furneaux 

Island Group.  Sotherland and Rahn (1987) also calculated from Ricklefs’ data (1977a) 

that Laughing Gull fresh eggs contain 279 kJ per egg, also comparable to the results 

presented in this chapter (268-275 kJ per egg).   

 

Although one-egg clutches between sites differed only in shell water on a proportional 

basis, there was an important difference in the nutrient content in two- and three-egg 

clutches.  For these latter two categories, the Furneaux Island Group colony had 

proportionally greater yolk mass per fresh egg mass than those from the Hobart colony.   

These greater yolk reserves, as discussed earlier in the egg size section, lend important 

advantages to the embryo due to the increased amounts of fats and proteins necessary 

for development.  Avian embryos derive 90% of their caloric requirements via the fatty 

acid oxidation of yolk lipid (Donaldson 1981) and the triglyceride metabolites are 

necessary for chick survival post-hatching.  The smaller reserves of yolk mass in the 
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Silver Gull eggs from Hobart may therefore lead to disadvantages in embryo 

maintenance and development, plus decreased hatching rates and lower chick body 

condition.   

 

Whether the lesser yolk reserves in Silver Gull eggs from Hobart in fact leads to 

decreased hatching rates is indeed speculative.  Populations of Silver Gulls in southeast 

Tasmania, unlike many larid counterparts worldwide, are decreasing (Coulson and 

Coulson 1998, Wakefield 2005).  Whether this is due to improved tip management, 

competition with increasing populations of the recent (1940s) immigrant Kelp Gulls 

(Coulson and Coulson 1998) or decreasing individual and reproductive fitness (or 

likely all three to various degrees) is not clear and requires further study.  

 

Hatching success may be a better way of determining egg quality than absolute or 

proportional protein or lipid content; however, the eggs collected in 2005 were 

extracted chemically and therefore were not allowed to develop to hatching.  

Additionally, although body condition data of breeding Silver Gulls was recorded in 

2004 during blood sampling, parent gulls were not trapped and weighed during the 

2005 egg collections.  Future studies should involve using body condition indices for 

breeding adults in conjunction with their egg measurements and chemistries.  

 

6.5.6 Carotenoids 

As eggs were opened and separated into different components, it became obvious that 

yolk colour varied widely in the eggs from Hobart, which were generally light yellow-

orange, while the eggs from the Furneaux Island Group were consistently deep orange. 
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Ideally, carotenoid concentrations would be determined via high performance liquid 

chromatography (HPLC) on fresh egg yolks, but because the eggs had already been 

frozen and hard-boiled, this made accurate analysis of fragile carotenoid compounds 

impossible.  However, the Roche Yolk Colour Fan scores have shown to be a reliable 

measure of total carotenoid concentration in gull egg yolk (Verboven et al. 2005).  

Since carotenoids serve as important antioxidants and immunostimulants and are 

important to developing embryos and young birds (Blount et al. 2000), this pigment 

difference was deemed important enough to quantify as an endpoint of health, as it may 

relate to dietary differences.  In fact, carotenoids are derived exclusively from a bird’s 

diet and are manufactured only by certain bacteria, fungi and plants (Blount et al. 

2000).  

 

Gull eggs are known to contain high carotenoid concentrations (Surai et al. 2000), but 

the significant difference in the yolk colour between urban and remote, non-urban 

Silver Gull eggs may have indicated a disparity of in the quality and quantity of 

carotenoid-rich food resources between the two colonies.  Regurgitants collected from 

Silver Gulls in Hobart contained a wide variety of anthropogenic foods, but few, such 

as carrot peels, contained the yellow to red pigments (Chapter 3; Auman et al. 2007b).  

However, the breeding grounds on Nobby’s Rocks in the Furneaux Island Group 

contained hundreds of egested pellets containing mainly boxthorn (genus Lycium) berry 

seeds (HJA, CEM pers. obs.).  The introduced boxthorn bushes were the main 

vegetation on the small rocky islets and have conspicuous bright orange-red berries.  

Crustaceans, such as amphipods along the tide line, may have also provided a source of 

carotenoids to these birds as they were also found in egested pellets.   
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Previous research in Lesser Black-backed Gulls has shown that carotenoid content 

decreased significantly through the laying sequence (Royle et al. 1999, Blount et al. 

2001, Verboven et al. 2005).  Trade-offs in how carotenoids are allocated between 

somatic maintenance and egg production could be a significant factor underlying 

reproductive costs in these gulls (Blount et al. 2004).  Significant decreases in yolk 

pigment from Silver Gull eggs from Hobart, based on the Roche Yolk Colour Fan were 

not found; however, egg yolks from the Furneaux Island Group did show a decrease in 

pigment scores from a- to b- to c-eggs.  Perhaps this lack of yolk pigment difference in 

the urban eggs was due to a lack of carotenoid-rich food sources in the greater Hobart 

area, since these yolks were depleted in pigments relative to those from the Furneaux 

Island Group.   

 

However, dietary history is only one factor determining egg carotenoid levels, and the 

assimilation and absorption efficiencies are affected by diet as well as the general 

health and reproductive history of the laying female (Bortolotti et al. 2003).  Maternal 

investment of carotenoids is both endogenous and exogenous, and represents an 

important factor in egg viability and chick survival (Blount et al. 2000).  Carotenoids 

represent a fat-soluble component of the egg, and this correlated well with dry yolk 

mass and yolk lipid mass.  Despite the visible difference in overall yolk pigment 

between locations, only two-egg (but not one- or three-egg) clutches from the Furneaux 

Island Group had a greater proportional composition of yolk lipid/dry yolk mass than 

those from Hobart.  No differences were found between a-, b- and c-eggs in 

proportional composition of dry yolk mass/fresh egg mass or yolk lipid mass/dry yolk 
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mass from either Hobart or Furneaux colonies, thus evidence for differential maternal 

investment of yolk lipid resources and therefore carotenoids difficult to establish.   

 

Because carotenoid pigments are so important to developing embryos and chicks, the 

decreased levels in Silver Gull eggs from Hobart may suggest possible impacts on 

population health, as has been suggested in other birds (Cassey et al. 2005).  These 

authors noted that pollution, habitat degradation and modification may limit carotenoid 

availability, and these are all known influences in an urbanised location such as Hobart.  

Given that carotenoid concentrations were determined qualitatively and not 

quantitatively in this study, it is difficult to make any conclusive statements regarding 

egg quality or future fitness.  The physiological roles of carotenoids are complex and 

causal relationships are poorly understood, but new paths of investigation can now be 

opened to further our understanding of the health impacts in urbanised bird 

populations.   

 

6.5.7 Historic Comparisons 

Direct cause and effect mechanisms between anthropogenic food and egg size are 

difficult to establish.  However, comparing egg size between pre-urbanised and 

urbanised collections gives a unique opportunity to assess one factor (reliable, 

accessible, abundant anthropogenic food sources present in modern urban centres) that 

may play a primary role.  Although some human-derived foods may have existed 

during the historic egg collection era, such as fish markets, these would not be nearly as 

abundant as the fast food, take-away and restaurant outlets, parks, litterbins and rubbish 
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tips are today.  Additionally, the overall quality of the food (fish versus human 

discards) was likely to differ, as discussed previously.   

 

The significantly longer eggs from the historic collection suggests that hatching success 

may have been increased relative to those from contemporary urban eggs, as larger 

eggs in larids is correlated to greater hatching success (Parsons 1970, Nisbet 1973, 

Parsons 1975) and chicks in greater condition (Bolton et al. 1992).  It is possible that 

the historic collection, which was not categorised into a-, b- and c-eggs, may be have 

contained a larger proportion of a- and b-eggs, which are longer than c-eggs, than the 

Hobart collection.  However, any conclusions based on these comparisons must be 

tentative, as no additional information is available, including composition and egg 

sequence, on the historic egg collection.   

 

6.6 Conclusions 

 Silver Gulls in Hobart commenced egg laying at least seven weeks before those 

in the remote Furneaux Island Group.   

 Modal clutch size in Hobart and the Furneaux Island Group colonies was two 

eggs, similar to those clutch sizes of Silver Gulls nesting throughout Australia.   

 Clutch size did not differ between the urban and remote, non-urban sites. 

 When all eggs from a site were combined, eggs from the Furneaux Island Group 

were significantly wider, had greater volume, were heavier and had greater 

clutch mass than those from Hobart.   
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 Egg size and egg mass decreased through the laying sequence in Hobart.  Small 

sample sizes did not allow determination of statistical significance of these 

measurements in the Furneaux Island Group.   

 In one-egg clutch absolute composition, only shell water was significant and 

greater in the Furneaux Island Group colony.   

 In two-egg clutch absolute composition, the eggs from the Furneaux Island 

Group had thinner shells, greater fresh egg mass, yolk wet weight, dry yolk, 

lipid in yolk, water in yolk, dry albumen, shell wet weight, egg water and total 

egg energy than those from Hobart.   

 In three-egg clutch absolute composition, the eggs from the Furneaux Island 

Group had thinner shells, less dry yolk weight and yolk protein, greater water 

weight in the yolk, and less albumen weight, egg water and total energy in the 

egg than those from Hobart.   

 In one-egg clutch proportional composition, only shell water per fresh egg mass 

was significant and greater in the Furneaux Island Group colony.  

 In two-egg clutch proportional composition, eggs from the Furneaux Island 

Group had greater yolk mass per fresh egg mass, greater yolk lipid and less yolk 

protein per dry yolk mass, greater yolk water, less albumen, less albumen water, 

less dry shell, greater shell water and greater egg water per fresh egg mass than 

those from Hobart.   

 In three-egg clutch proportional composition, eggs from the Furneaux Island 

Group had greater yolk mass per fresh egg mass, greater yolk water, less 
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albumen, less albumen water, greater shell and shell water mass per fresh egg 

mass than those from Hobart.  

 Yolk colour was significantly different between locations, and suggested greater 

concentrations of carotenoids in the egg yolks from the Furneaux Island Group.   

 When historic pre-urbanised egg collections were compared to contemporary 

urbanised collections from this study, those eggs from the pooled historic 

collection were significantly longer.   

 

Comparisons of hatching and fledging success in urban versus remote, non-urbanised 

colonies would be essential in assessing a more complete picture of the effects of 

anthropogenic food.  The primary aim of this research was to address egg quality, 

which necessitated collection and chemical extraction of eggs and were therefore not 

allowed to hatch and fledge.  This was especially true in the Furneaux Island Group, 

where nearly all the eggs in the colony were collected for extraction.  Additionally, 

following highly mobile chicks to fledging in the extensive Hobart colony would be 

highly difficult and at best inaccurate, especially given the strict timeline for 

completion of this dissertation. 

 

In summary, although urbanised Silver Gulls may have been successful in laying eggs, 

poorer reproductive success may have resulted from smaller, lighter eggs that contained 

proportionally less yolk reserves and lower carotenoid concentrations.  This conclusion 

was also supported by data that showed that historic collections of pre-urbanised eggs 
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were significantly longer than contemporary eggs from Hobart. This may be one 

significant potential consequence of an anthropogenic diet in Silver Gulls of Tasmania.   
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Figure 6.1. Location of colonies used to study the effects of anthropogenic food on the 

eggs of Silver Gulls in 2005.  Urbanised colony at Hobart Domain Slipway (1); remote 

colony at Nobby’s Rocks, Killiecrankie, Flinders Island (3).  
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Table 6.1.  Clutch size, egg length, width, mass and volume for Tasmanian Silver Gulls 

in 2005.  Sites at Hobart and the Furneaux Island Group are combined.  Data are for a + 

b + c eggs combined and stated as mean  standard error (sample size).  

 

 Tasmania 

Clutch size 2.17  0.08 (92) 

Egg length (mm) 53.61  0.16 (200) 

Egg width (mm) 38.32  0.10 (200) 

Egg mass (g) 41.73  0.26 (200) 

Egg volume (cm
3
) 39.16  0.27 (200) 
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Figure 6.2.  Clutch sizes, given as percentages, for Hobart and Furneaux Island Group 

Silver Gull colonies in 2005.  
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Table 6.2.  Clutch size, egg size, volume and fresh mass of all Silver Gull eggs 

collected from Hobart and the Furneaux Island Group in 2005.  Data are given as mean 

 standard error (sample size). 

 

 

* denotes a significant difference at the p  0.05 level 

 

 Hobart Furneaux Test and significance 

Clutch size 2.24  0.11 (62) 2.03  0.10 (30) t90 = 1.43, p = 0.156 

Length (mm) all 53.47  0.20 (139) 53.94  0.27 (61) t198 = 1.35, p = 0.178 

     Egg a 53.95  0.28 (62) 54.44  0.39 (30) t90 = 0.99, p = 0.323 

     Egg b 53.61  0.28 (47) 53.84  0.36 (26) t71 = 0.49, p = 0.624 

     Egg c 52.26  0.50 (30) 51.50  0.89 (5) t33 = 0.59, p = 0.557 

Width (mm) all 38.20  0.12 (139) 38.62  0.16 (61) t198 = 1.99, p = 0.048* 

     Egg a 38.71  0.16 (62) 38.92  0.19 (30) t90 = 0.79, p = 0.434 

     Egg b 38.19  0.20 (47) 38.46  0.24 (26) t71 = 0.84, p = 0.406 

     Egg c 37.14  0.24 (30) 37.58  0.79 (5) t33 = 0.68, p = 0.504 

Volume (cm
3
) all 38.80  0.33 (139) 39.98  0.46 (61) t198 = 2.00, p = 0.047* 

     Egg a 40.19  0.45 (62) 40.96  0.58 (30) t90 = 1.01, p = 0.317 

     Egg b 38.87  0.51 (47) 39.59  0.67 (26) t71 = 0.85, p = 0.398 

     Egg c 35.85  0.71 (30) 36.23  2.02 (5) t33 = 0.19, p = 0.847 

Fresh mass (g) all 41.36  0.32 (139) 42.56  0.43 (61) t198 = 2.14, p = 0.033* 

     Egg a 42.51  0.46 (62) 43.51  0.51 (30) t90 = 1.33, p = 0.186 

     Egg b 41.69  0.48 (47) 42.17  0.61 (26) t71 = 0.61, p = 0.544 

     Egg c 38.47  0.63 (30) 38.92  2.22 (5) t33 = 0.25, p = 0.801 
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Figure 6.3.  Comparison of fresh egg masses from Hobart, Furneaux Island Group and 

Penguin Island, separated by sequence.  Data points are mean  standard error.  

30530 602647 903062N =

Loca tion

Penguin  I.FurneauxHobart

F
re

s
h

 e
g

g
 m

a
s
s
 (

g
)

46

44

42

40

38

36

34

Egg  sequence

a- egg

b- egg

c- egg



   

        154  

Table 6.3.  Differences in egg size, mass and volume in one-egg clutches from Hobart 

and the Furneaux Island Group in 2005.  Data are given as mean  standard error 

(sample size).   

 

  Hobart Furneaux Test and significance 

Length (mm) 52.96  0.52 (15) 53.93  0.91 (4) U = 20.0, p = 0.317 

Width (mm) 38.07  0.32 (15) 38.11  0.40 (4) U = 27.5, p = 0.803 

Volume (cm
3
) 38.16  0.92 (15) 38.88  1.37 (4) U = 24.0, p = 0.549 

Fresh egg mass (g) 39.78  0.79 (15) 41.54  1.40 (4) U = 23.0, p = 0.484 
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Table 6.4.  Differences in egg size, volume and mass in two-egg clutches from Hobart 

and the Furneaux Island Group in 2005.  Data are given as mean  standard error 

(sample size).   

  

* denotes a significant difference at the p  0.05 level

 Hobart Furneaux Test and significance 

Clutch mass (g) 80.67  1.19 (17) 86.39  1.17 (21) t36 = 3.40, p = 0.002* 

Length (mm)    

     Egg a 53.87  0.56 (17) 54.67  0.52 (21) t36 = 1.04, p = 0.303 

     Egg b 53.33  0.39 (17) 54.12  0.41 (21) t36 = 1.38, p = 0.177 

Test and 

significance 

t32 = 0.79, p = 0.436 t40 = 0.83, p = 0.409  

Width (mm)    

     Egg a 38.10  0.25 (17) 39.14  0.22 (21) t36 = 3.11, p = 0.004* 

     Egg b 37.31  0.22 (17) 38.39  0.26 (21) t36 = 3.07, p = 0.004* 

Test and 

significance 

t32 = 2.37, p = 0.024* t40 = 2.17, p = 0.036*  

Volume (cm
3
)    

     Egg a 38.84  0.77 (17) 41.59  0.70 (21) t36 = 2.65, p = 0.012* 

     Egg b 36.86  0.62 (17) 39.64  0.75 (21) t36 = 2.77, p = 0.009* 

Test and 

significance 

t32 = 2.00, p = 0.054 t40 = 1.90, p = 0.065  

Fresh mass (g)    

     Egg a 41.33  0.72 (17) 44.04  0.59 (21) t36 = 2.95, p = 0.006* 

     Egg b 39.34  0.69 (17) 42.35  0.66 (21) t36 = 3.13, p = 0.003* 

Test and 

significance 

t32 = 1.99, p = 0.055 t40 = 1.91, p = 0.063  
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 Table 6.5.  Differences in egg size, volume and mass in three-egg clutches from Hobart and the Furneaux Island Group in 2005.  Data 

are given as mean  standard error (sample size).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Combined sites Hobart Furneaux Test and significance 

Clutch mass (g) 125.65  1.44 (35) 126.06  1.49 (30) 123.21  5.07 (5) U = 58.0, p = 0.423 

Length (mm)     

     Egg a 54.41  0.35 (35) 54.49  0.39 (30) 53.89  0.65 (5) U = 60.0, p = 0.479 

     Egg b 53.61  0.34 (35) 53.77  0.38 (30) 52.66  0.57 (5) U = 49.0, p = 0.220 

     Egg c 52.15  0.44 (35) 52.26  0.50 (30) 51.50  0.89 (5) U = 64.5, p = 0.621 

Test and significance F2,102 = 9.07, p < 0.001* F2,87 = 7.13, p = 0.001* H = 4.16, p = 0.125  

Width (mm)     

     Egg a 39.28  0.18 (35) 39.38  0.18 (30) 38.64  0.52 (5) U = 47.5, p = 0.195 

     Egg b 38.70  0.23 (35) 38.69  0.25 (30) 38.76  0.64 (5) U = 68.0, p = 0.741 

     Egg c 37.20  0.23 (35) 37.14  0.24 (30) 37.58  0.79 (5) U = 63.0, p = 0.571 

Test and significance F2,102 = 25.39, p < 0.001* F2,87 = 26.14, p < 0.001* H = 1.86, p = 0.395  

Volume (cm
3
)     

     Egg a 41.68  0.50 (35) 41.96  0.54 (30) 39.95  1.32 (5) U = 47.0, p = 0.187 

     Egg b 39.91  0.58 (35) 40.00  0.63 (30) 39.34  1.68 (5) U = 71.0, p = 0.850 

     Egg c 35.91  0.66 (35) 35.85  0.71 (30) 36.23  2.02 (5) U = 68.0, p = 0.741 

Test and significance F2,102 = 25.37, p < 0.001* F2,87 = 24.50, p < 0.001* H = 2.66, p = 0.264  
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Table 6.5. (cont.) 
 

 

 

 

 

 

 

 

 

 

 

* denotes a significant difference at the p  0.05 level

 Combined sites Hobart  Furneaux Test and significance 

Fresh mass (g)     

     Egg a 44.30  0.52 (35) 44.54  0.56 (30) 42.87  1.32 (5) U = 50.0, p = 0.239 

     Egg b 42.79  0.49 (35) 43.02  0.50 (30) 41.42  1.68 (5) U = 50.0, p = 0.239 

     Egg c 38.53  0.61 (35) 38.47  0.63 (30) 38.92  2.22 (5) U = 68.0, p = 0.741 

Test and significance F2,102 = 30.19, p < 0.001* F2,87 = 30.85, p < 0.001* H = 2.34, p = 0.310  
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Table 6.6.  Egg size, volume and fresh mass, separately by a- and b-eggs in different clutch sizes laid by Silver Gulls in Hobart and the 

Furneaux Island Group combined.  Data are given as mean  standard error (sample size).   

 One-egg Two-egg Three-egg Test and significance 

Length (mm)     

      Egg a 53.15  0.45 (19) 54.31  0.38 (38) 54.41  0.35 (35) F2,89 = 2.30, p = 0.106 

      Egg b  53.77  0.29 (38) 53.61  0.34 (35) t71 = 0.35, p = 0.725 

Width (mm)     

     Egg a 38.08  0.26 (19) 38.67  0.19 (38) 39.28  0.18 (35) F2,89 = 7.56, p = 0.001* 

     Egg b  37.91  0.19 (38) 38.70  0.23 (35) t71 = 2.67, p = 0.009* 

Volume (cm
3
)     

     Egg a 38.31  0.77 (19) 40.36  0.56 (38) 41.68  0.50 (35) F2,89 = 6.12, p = 0.002* 

     Egg b  38.40  0.54 (38) 39.91  0.58 (35) t71 = 1.90, p = 0.062 

Fresh mass (g)     

     Egg a 40.15  0.70 (19) 42.83  0.50 (38) 44.30  0.52 (35) F2,89 = 11.18, p <0.001* 

     Egg b  41.00  0.53 (38) 42.79  0.49 (35) t71 = 2.45, p = 0.017* 

 

* denotes a significant difference at the p  0.05 level
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Table 6.7.  Egg size, mass, volume and fresh mass, separately by a- and b-eggs in different clutch sizes laid by Silver Gulls in Hobart 

only.  Data are given as mean  standard error (sample size).   

 One-egg Two-egg Three-egg Test and significance 

Length (mm)     

      Egg a 52.96  0.52 (15) 53.87  0.56 (17) 54.49  0.39 (30) F2,59 = 2.52, p = 0.089 

      Egg b  53.33  0.39 (17) 53.77  0.38 (30) t45 = 0.75, p = 0.459 

Width (mm)     

     Egg a 38.07  0.32 (15) 38.10  0.25 (17) 39.38  0.18 (30) F2,59 = 11.44, p < 0.001* 

     Egg b  37.31  0.22 (17) 38.69  0.25 (30) t45 = 3.75, p = 0.001* 

Volume (cm
3
)     

     Egg a 38.16  0.92 (15) 38.84  0.77 (17) 41.96  0.54 (30) F2,59 = 9.44, p < 0.001* 

     Egg b  36.86  0.62 (17) 40.00  0.63 (30) t45 = 3.27, p = 0.002* 

Fresh mass (g)     

     Egg a 39.78  0.79 (15) 41.33  0.72 (17) 44.54  0.56 (30) F2,59 = 13.87, p < 0.001* 

     Egg b  39.34  0.69 (17) 43.02  0.50 (30) t45 = 4.34, p < 0.001* 

 

* denotes a significant difference at the p  0.05 level
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Table 6.8.  Egg size, mass, volume and fresh mass, separately by a- and b-eggs in different clutch sizes laid by Silver Gulls in the 

Furneaux Island Group only.  Data are given as mean  standard error (sample size).   

 

 One-egg Two-egg Three-egg Test and significance 

Length (mm)     

      Egg a 53.93  0.91 (4) 54.67  0.52 (21) 53.89  0.65 (5) H = 0.64, p = 0.731 

      Egg b  54.12  0.41 (21) 52.66  0.57 (5) U = 29.0, p = 0.126 

Width (mm)     

     Egg a 38.11  0.40 (4) 39.14  0.22 (21) 38.64  0.52 (5) H = 3.97, p = 0.137 

     Egg b  38.39  0.26 (21) 38.76  0.64 (5) U = 38.0, p = 0.345 

Volume (cm
3
)     

     Egg a 38.88  1.37 (4) 41.59  0.70 (21) 39.95  1.32 (5) H = 3.05, p = 0.218 

     Egg b  39.64  0.75 (21) 39.34  1.68 (5) U = 51.0, p = 0.922 

Fresh mass (g)     

     Egg a 41.54  1.40 (4) 44.04  0.59 (21) 42.87  1.32 (5) H = 3.24, p = 0.198 

     Egg b  42.35  0.66 (21) 41.42  1.68 (5) U = 42.0, p = 0.495 

 

* denotes a significant difference at the p  0.05 level 
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Table 6.9.  The mean absolute composition of freshly laid eggs from completed, one-

egg clutches of Silver Gulls nesting in Hobart and the Furneaux Island Group in 2005.  

Data are given as mean  standard error (sample size).   

 

 Hobart Furneaux Test and significance 

Shell thickness (mm) 0.192  0.006 (6) 0.185  0.003 (4) U = 6.5, p = 0.240 

Fresh egg mass (g) 39.78  0.79 (15) 41.54  1.40 (4) U = 23.0, p = 0.484 

Yolk: wet wt. (g) 14.79  1.55 (6) 13.34  0.40 (4) U = 10.0, p = 0.670 

     Dry yolk (g) 5.94  0.22 (6) 5.90  0.15 (4) U = 9.0, p = 0.522 

     Lipid (g) 3.39  0.13 (6) 3.48  0.09 (4) U = 11.0, p = 0.831 

     Protein (g) 2.55  0.09 (6) 2.43  0.07 (4) U = 6.0, p = 0.201 

     Water (g) 8.85  1.46 (6) 7.43  0.36 (4) U = 12.0, p = 1.00 

Albumen: wet wt. (g) 22.77  1.38 (6) 24.57  1.35 (4) U = 8.0, p = 0.394 

     Dry albumen (g) 3.16  0.13 (6) 3.14  0.13 (4) U = 11.0, p = 0.831 

     Water (g) 19.61  1.36 (6) 21.42  1.24 (4) U = 8.0, p = 0.394 

Shell: wet wt. (g) 3.41  0.17 (6) 3.64  0.13 (4) U = 7.0, p = 0.286 

     Dry shell (g) 2.63  0.12 (6) 2.60  0.11 (4) U = 10.0, p = 0.670 

     Water (g) 0.78  0.06 (6) 1.04  0.05 (4) U = 2.0, p = 0.033* 

Egg water (g) 29.24  0.65 (6) 29.89  1.08 (4) U = 11.0, p = 0.831 

Total egg energy (kJ) 269.40  8.35 (6) 269.78  6.11 (4) U = 8.0, p = 0.394 

 

* denotes a significant difference at the p  0.05 level



   

        162  

Table 6.10.  The mean absolute composition of freshly laid eggs from completed, two-

egg clutches (a + b combined) of Silver Gulls nesting in Hobart and the Furneaux 

Island Group in 2005.  Data are given as mean  standard error (sample size).   

 

 Hobart Furneaux Test and significance 

Shell thickness (mm) 0.193  0.003 (34) 0.185  0.002 (42) t74 = 2.71, p = 0.008* 

Fresh egg mass (g) 40.34  0.52 (34) 43.20  0.46 (42)   t74 = 4.42, p < 0.001* 

Yolk: wet wt. (g) 12.32  0.20 (34) 14.12  0.24 (38)   t70 = 5.65, p < 0.001* 

     Dry yolk (g) 5.84  0.09 (34) 6.13  0.08 (38) t70 = 2.49, p = 0.016* 

     Lipid (g) 3.31  0.06 (34) 3.63  0.05 (38) t70 = 3.97, p < 0.001* 

     Protein (g) 2.53  0.03 (34) 2.50  0.03 (38) t70 = 0.58, p = 0.566 

     Water (g) 6.48  0.13 (34) 7.99  0.21 (38) t70 = 6.02, p < 0.001* 

Albumen: wet wt. (g) 24.69  0.47 (34) 25.27  0.38 (38) t70 = 0.96, p = 0.343 

     Dry albumen (g) 3.05  0.07 (34) 3.30  0.06 (38) t70 = 2.68, p = 0.009* 

     Water (g) 21.64  0.40 (34) 21.97  0.34 (38) t70 = 0.63, p = 0.539 

Shell: wet wt. (g) 3.33  0.05 (34) 3.66  0.05 (38) t70 = 4.41, p < 0.001* 

     Dry shell (g) 2.58  0.04 (34) 2.64  0.03 (38) t70 = 1.03, p = 0.307 

     Water (g) 0.74  0.03 (34) 1.02  0.03 (38) t70 = 6.56, p < 0.001* 

Egg water (g) 28.86  0.39 (34) 30.97  0.37 (38) t70 = 3.93, p < 0.001* 

Total egg energy (kJ) 263.32  3.47 (34) 281  3.22 (38) t70 = 3.75, p < 0.001* 

 

* denotes a significant difference at the p  0.05 level 
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Table 6.11.  The mean absolute composition of freshly laid eggs from completed, three-

egg clutches (a + b + c combined) of Silver Gulls nesting in Hobart and the Furneaux 

Island Group in 2005.  Data are given as mean  standard error (sample size).   

 

 Hobart Furneaux Test and significance 

Shell thickness (mm) 0.193  0.001 (89) 0.185  0.002 (9) U = 215.5, p = 0.023* 

Fresh egg mass (g) 42.01  0.42 (90) 41.07  1.05 (15)   U = 568.5, p = 0.329 

Yolk: wet wt. (g) 12.52  0.15 (89) 12.99  0.37 (9)   U = 313.0, p = 0.282 

     Dry yolk (g) 5.91  0.06 (89) 5.52  0.13 (9) U = 232.0, p = 0.038* 

     Lipid (g) 3.34  0.04 (89) 3.18  0.07 (9) U = 282.0, p = 0.150 

     Protein (g) 2.56  0.03 (89) 2.34  0.07 (9) U = 200.0, p = 0.014* 

     Water (g) 6.62  0.10 (89) 7.47  0.31 (9) U = 196.0, p = 0.012* 

Albumen: wet wt. (g) 26.06  0.33 (89) 22.53  0.83 (9) U = 152.0, p = 0.002* 

     Dry albumen (g) 3.25  0.05 (89) 2.99  0.10 (9) U = 259.0, p = 0.082 

     Water (g) 22.81  0.29 (89) 19.54  0.73 (9) U = 138.0, p = 0.001* 

Shell: wet wt. (g) 3.41  0.04 (89) 3.35  0.14 (9) U = 385.5, p = 0.854 

     Dry shell (g) 2.64  0.03 (89) 2.50  0.07 (9) U = 295.0, p = 0.194 

     Water (g) 0.76  0.02 (89) 0.85  0.08 (9) U = 306.0, p = 0.245 

Egg water (g) 30.19  0.32 (89) 27.86  0.82 (9) U = 209.0, p = 0.018* 

Total egg energy (kJ) 270.21  2.71 (89) 252.13  5.78 (9) U = 224.0, p = 0.030* 

 

*denotes a significant difference at the p  0.05 level
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Table 6.12.  Differences absolute chemistries in a- and b-eggs in two-egg clutches from 

Hobart and Furneaux Island Group Silver Gulls.  Data are given as mean  standard 

error (sample size).   

 Hobart Furneaux Test and significance 

Shell thickness (mm)    

     Egg a 0.192  0.003 (17) 0.187  0.002 (19) t26 = 1.16, p = 0.258 

     Egg b 0.195  0.004 (17) 0.183  0.003 (19) t36 = 2.47, p = 0.018* 

Test and significance t32 = 0.58, p = 0.569 t40 = 1.33, p = 0.191  

Fresh egg mass (g)    

     Egg a 41.33  0.72 (17) 44.04  0.59 (21)   t36 = 2.95, p = 0.006* 

     Egg b 39.34  0.69 (17) 42.35  0.66 (21) t36 = 3.13, p = 0.003* 

Test and significance t32 = 1.99, p = 0.055 t40 = 1.91, p = 0.063  

Yolk: wet wt. (g)    

     Egg a 12.63  0.31 (17) 14.34  0.41 (19) t34 = 3.26, p = 0.003* 

     Egg b 12.01  0.24 (17) 13.90  0.26 (19) t34 = 5.32, p < 0.001* 

Test and significance t32 = 1.59, p = 0.123 t36 = 0.91, p = 0.370  

Dry yolk (g)    

     Egg a 5.91  0.14 (17) 6.17  0.10 (19) t34 = 1.50, p = 0.142 

     Egg b 5.77  0.11 (17) 6.09  0.12 (19) t34 = 2.01, p = 0.053 

Test and significance t32 = 0.75, p = 0.458 t36 = 0.47, p = 0.645  

Yolk lipid (g)    

     Egg a 3.37  0.10 (17) 3.64  0.07 (19) t34 = 2.29, p = 0.029* 

     Egg b 3.25  0.08 (17) 3.62  0.08 (19) t34 = 3.34, p = 0.002* 

Test and significance t32 = 0.92, p = 0.366 t36 = 0.23, p = 0.818  

Yolk protein (g)    

     Egg a  2.54  0.05 (17) 2.53  0.04 (19) t34 = 0.19, p = 0.850 

     Egg b 2.52  0.04 (17) 2.48  0.05 (19) t34 = 0.62, p = 0.538 

Test and significance t32 = 0.28, p = 0.783 t36 = 0.72, p = 0.479  

Yolk water (g)    

     Egg a 6.72  0.20 (17) 8.17  0.37 (19) t34 = 3.36, p = 0.002* 
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Table 6.12. (cont.)   

 Hobart Furneaux Test and significance 

     Egg b 6.24  0.15 (17) 7.80  0.19 (19) t34 = 6.31, p < 0.001* 

Test and significance t32 = 1.94, p = 0.061 t36 = 0.89, p = 0.378  

Albumen wet wt. (g)    

     Egg a 25.27  0.66 (17) 25.78  0.51 (19) t34 = 0.62, p = 0.539 

     Egg b 24.10  0.66 (17) 24.75  0.56 (19) t34 = 0.75, p = 0.456 

Test and significance t32 = 1.26, p = 0.218 t36 = 1.37, p = 0.179  

Dry albumen (g)    

     Egg a 3.16  0.10 (17) 3.40  0.07 (19) t34 = 2.02, p = 0.051 

     Egg b 2.94  0.11 (17) 3.19  0.09 (19) t34 = 1.89, p = 0.067 

Test and significance t32 = 1.55, p = 0.131 t36 = 1.84, p = 0.075  

Albumen water (g)    

     Egg a 22.11  0.57 (17) 22.39  0.46 (19) t34 = 0.38, p = 0.708 

     Egg b 21.17  0.56 (17) 21.55  0.49 (19) t34 = 0.53, p = 0.601 

Test and significance t32 = 1.19, p = 0.244 t36 = 1.24, p  = 0.223  

Shell wet wt. (g)    

     Egg a 3.43  0.07 (17) 3.76  0.08 (19) t34 = 3.20, p = 0.003* 

     Egg b 3.23  0.08 (17) 3.55  0.06 (19) t34 = 3.33, p = 0.002* 

Test and significance t32 = 1.90, p = 0.067 t36 = 2.23, p = 0.032*  

Dry shell (g)    

     Egg a 2.66  0.06 (17) 2.71  0.05 (19) t34 = 0.64, p = 0.524 

     Egg b 2.50  0.06 (17) 2.57  0.04 (19) t34 = 0.89, p = 0.378 

Test and significance t32 = 1.91, p = 0.065 t36 = 2.39, p = 0.022*  

Shell water (g)    

     Egg a 0.76  0.04 (17) 1.05  0.05 (19) t34 = 4.80, p < 0.001* 

     Egg b 0.72  0.04 (17) 0.98  0.04 (19) t34 = 4.47, p < 0.001* 

Test and significance t32 = 0.69, p = 0.494 t36 = 1.16, p = 0.255  

Egg water (g)    

     Egg a 29.60  0.53 (17) 31.61  0.46 (19) t34 = 2.89, p = 0.007* 
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Table 6.12. (cont.) 

 

 Hobart Furneaux Test and significance 

     Egg b 28.13  0.53 (17) 30.34  0.55 (19) t34 = 2.86, p = 0.007* 

Test and significance t32 = 1.95, p = 0.060 t36 = 1.78, p = 0.084  

Total egg energy (kJ)    

     Egg a 268.49  5.40 (17) 284.51  4.34 (19) t34 = 2.33, p = 0.026* 

     Egg b 258.15  4.14 (17) 277.66  4.75 (19) t34 = 3.06, p = 0.004* 

Test and significance t32 = 1.52, p = 0.139 t36 = 1.06, p = 0.295  

 

*denotes a significant difference at the p  0.05 level 
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Table 6.13.  Differences in absolute chemistries in a-, b- and c-eggs in three-egg 

clutches from Hobart and Furneaux Group Silver Gulls.  Data are given as mean  

standard error (sample size).   

 

 Hobart Furneaux Test and significance 

Shell thickness (mm)    

     Egg a 0.20  0.002 (30) 0.19  0.003 (3) U = 19.0, p = 0.103 

     Egg b 0.19  0.002 (30) 0.19  0.001 (3) U = 20.0, p = 0.117 

     Egg c 0.19  0.002 (29) 0.18  0.007 (3) U = 30.0, p = 0.383 

Test and significance F2,86 = 2.72, p = 0.072 H = 0.61, p = 0.739  

Fresh egg mass (g)    

     Egg a 44.54  0.56 (30) 42.87  1.32 (5) U = 50.0, p = 0.239 

     Egg b 43.02  0.50 (30) 41.42  1.68 (5) U = 50.0, p = 0.239 

     Egg c 38.47  0.63 (29) 38.82  2.22 (5) U = 68.0, p = 0.741 

Test and significance F2,87 = 30.85, p < 0.001* H = 2.34, p = 0.310  

Yolk wet wt. (g)    

     Egg a 13.04  0.22 (30) 13.31  0.66 (3) U = 40.0, p = 0.754 

     Egg b 12.97  0.23 (30) 13.10  0.69 (3) U = 44.0, p = 0.950 

     Egg c 11.54  0.22 (29) 12.57  0.79 (3) U = 25.0, p = 0.232 

Test and significance F2,86 = 13.77, p < 0.001* H = 1.16, p = 0.561  

Dry yolk (g)    

     Egg a 6.15  0.08 (30) 5.68  0.27 (3) U = 20.0, p = 0.117 

     Egg b 6.06  0.10 (30) 5.70  0.16 (3) U = 26.0, p = 0.234 

     Egg c 5.50  0.09 (29) 5.17  0.13 (3) U = 21.0, p = 0.146 

Test and significance F2,86 = 14.92, p < 0.001* H = 3.29, p = 0.193  

Yolk lipid (g)    

     Egg a 3.50  0.06 (30) 3.30  0.13 (3) U = 27.0, p = 0.260 

     Egg b 3.43  0.07 (30) 3.27  0.04 (3) U = 32.0, p = 0.416 

     Egg c 3.10  0.07 (29) 2.96  0.04 (3) U = 29.0, p = 0.349 
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Table 6.13. (cont.) 
 

 Hobart Furneaux Test and significance 

Test and significance F2,86 = 11.15, p < 0.001* H = 5.60, p = 0.061  

Yolk protein (g)    

     Egg a 2.65  0.04 (30) 2.38  0.14 (3) U = 16.0, p = 0.069 

     Egg b 2.63  0.04 (30) 2.43  0.14 (3) U = 24.0, p = 0.188 

     Egg c 2.40  0.04 (29) 2.21  0.10 (3) U = 21.0, p = 0.146 

Test and significance F2,86 = 11.83, p < 0.001* H = 1.69, p = 0.430  

Yolk water (g)    

     Egg a 6.89  0.15 (30) 7.63  0.57 (3) U = 19.0, p = 0.103 

     Egg b 6.90  0.17 (30) 7.39  0.54 (3) U = 30.0, p = 0.348 

     Egg c 6.04  0.14 (29) 7.40  0.73 (3) U = 14.0, p = 0.056 

Test and significance F2,86 = 9.85, p < 0.001* H = 0.09, p = 0.957  

Albumen wet wt. (g)    

     Egg a 27.79  0.51 (30) 24.12  0.96 (3) U = 11.0, p = 0.033* 

     Egg b 26.56  0.41 (30) 22.98  0.89 (3) U = 7.0, p = 0.017* 

     Egg c 23.75  0.54 (29) 20.48  1.75 (3) U = 22.0, p = 0.165 

Test and significance F2,86 = 17.77, p < 0.001* H = 3.20, p = 0.202  

Dry albumen (g)    

     Egg a 3.54  0.07 (30) 3.15  0.11 (3) U = 16.0, p = 0.069 

     Egg b 3.32  0.06 (30) 3.08  0.18 (3) U = 28.0, p = 0.287 

     Egg c 2.88  0.08 (29) 2.75  0.20 (3) U = 40.0, p = 0.821 

Test and significance F2,86 = 22.50, p < 0.001* H = 2.49, p = 0.288  

Albumen water (g)    

     Egg a 24.26  0.44 (30) 20.97  0.86 (3) U = 9.0, p = 0.024* 

     Egg b 23.24  0.36 (30) 19.90  0.72 (3) U = 5.0, p = 0.012* 

     Egg c 20.87  0.47 (29) 17.73  1.56 (3) U = 19.0, p = 0.113 

Test and significance F2,86 = 16.60, p < 0.001* H = 3.20, p = 0.202  

Shell wet wt. (g)    

     Egg a 3.71  0.06 (30) 3.60  0.04 (3) U = 33.0, p = 0.452 
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Table 6.13. (cont.) 
 

 Hobart Furneaux Test and significance 

     Egg b 3.49  0.06 (30) 3.45  0.23 (3) U = 40.0, p = 0.754 

     Egg c 3.00  0.04 (29) 3.01  0.28 (3) U = 38.0, p = 0.722 

Test and significance F2,86 = 41.16, p < 0.001* H = 2.76, p = 0.252  

Dry shell (g)    

     Egg a 2.84  0.04 (30) 2.63  0.05 (3) U = 15.0, p = 0.060 

     Egg b 2.71  0.04 (30) 2.57  0.07 (3) U = 28.0, p = 0.287 

     Egg c 2.36  0.04 (29) 2.30  0.17 (3) U = 38.0, p = 0.722 

Test and significance F2,86 = 38.85, p < 0.001* H = 2.49, p = 0.288  

Shell water (g)     

     Egg a 0.87  0.04 (30) 0.97  0.07 (3) U = 28.0, p = 0.287 

     Egg b 0.78  0.04 (30) 0.87  0.16 (3) U = 40.0, p = 0.754 

     Egg c 0.64  0.02 (29) 0.71  0.15 (3) U = 37.0, p = 0.674 

Test and significance F2,86 = 11.57, p < 0.001* H = 1.42, p = 0.491  

Egg water (g)    

     Egg a 32.01  0.44 (30) 29.57  0.32 (3) U = 14.0, p = 0.052 

     Egg b 30.92  0.38 (30) 28.17  1.31 (3) U = 14.0, p = 0.052 

     Egg c 27.55  0.49 (29) 25.84  1.64 (3) U = 30.0, p = 0.383 

Test and significance F2,86 =  28.14, p < 0.001* H = 4.36, p = 0.113  

Total egg energy 

(kJ) 

   

     Egg a 285.24  3.37 (30) 261.52  6.38 (3) U = 11.0, p = 0.033* 

     Egg b 276.98  3.80 (30) 260.25  7.86 (3) U = 26.0, p = 0.234 

     Egg c 247.64  3.84 (29) 234.61  8.25 (3) U = 25.0, p = 0.232 

Test and significance F2,86 = 28.63, p < 0.001* H = 4.36, p = 0.113  

 

*denotes a significant difference at the p  0.05 level  
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Table 6.14.  The mean proportional composition of freshly laid eggs from completed 

one-egg clutches of Silver Gulls nesting in Hobart and the Furneaux Island Group in 

2005.  Data are given as mean  standard error (sample size).   

 

 Hobart Furneaux Test and significance 

Yolk/fresh egg mass 0.36  0.03 (6) 0.32  0.01 (4) U = 11.0, p = 0.831 

Dry yolk/fresh egg mass 0.14  0.005 (6) 0.14  0.003 (4) U = 10.0, p = 0.670 

Yolk lipid/dry yolk mass 0.57  0.005 (6) 0.59  0.004 (4) U = 3.0, p = 0.055 

Yolk protein/dry yolk mass 0.42  0.005 (6) 0.41  0.005 (4) U = 3.0, p = 0.055 

Yolk water/fresh egg mass 0.36  0.03 (6) 0.32  0.01 (4) U = 11.0, p = 0.831 

Albumen/fresh egg mass 0.56  0.04 (6) 0.59  0.01 (4) U = 11.0, p = 0.831 

Dry albumen/fresh egg mass 0.08  0.002 (6) 0.08  0.002 (4) U = 9.0, p = 0.522 

Albumen water/fresh egg mass 0.56  0.04 (6) 0.59  0.01 (4) U = 11.0, p = 0.831 

Shell/fresh egg mass 0.08  0.003 (6) 0.09  0.001 (4) U = 5.0, p = 0.136 

Dry shell/fresh egg mass 0.06  0.002 (6) 0.06  0.001 (4) U = 8.0, p = 0.394 

Shell water/fresh egg mass 0.02  0.001 (6) 0.03  0.001 (4) U = 2.0, p = 0.033* 

Egg water/fresh egg mass 0.71  0.005 (6) 0.72  0.002 (4) U = 6.0, p = 0.201 

Energy (kJ)/fresh egg mass 6.57  0.11 (6) 6.50  0.08 (4) U = 9.0, p = 0.522 

 

* denotes a significant difference at the p  0.05 level 
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Table 6.15.  The mean proportional composition of freshly laid eggs from completed 

two-egg clutches (a + b combined) of Silver Gulls nesting in Hobart and the Furneaux 

Island Group in 2005.  Data are given as mean  standard error (sample size).   

 

 Hobart Furneaux Test and significance 

Yolk/fresh egg mass 0.31  0.005 (34) 0.33  0.004 (38) T t70 = 3.14, p = 0.002* 

Dry yolk/fresh egg mass 0.15  0.002 (34) 0.14  0.001 (38) t56 = 1.01, p = 0.317 

Yolk lipid/dry yolk mass 0.57  0.003 (34) 0.59  0.003 (38) t70 = 5.80, p < 0.001* 

Yolk protein/dry yolk mass 0.43  0.003 (34) 0.40  0.003 (38) t70 = 5.80, p < 0.001* 

Yolk water/fresh egg mass 0.31  0.005 (34) 0.33  0.004 (38) t70 = 3.15, p = 0.002* 

Albumen/fresh egg mass 0.61  0.006 (34) 0.59  0.005 (38) t70 = 3.24, p = 0.002* 

Dry albumen/fresh egg mass 0.08  0.001 (34) 0.08  0.001 (38) t57 = 0.74, p = 0.461 

Albumen water/fresh egg mass 0.61  0.006 (34) 0.59  0.005 (38) t70 = 3.24, p = 0.002* 

Shell/fresh egg mass 0.08  0.001 (34) 0.08  0.001 (38) t70= 1.77, p = 0.082 

Dry shell/fresh egg mass 0.06  0.001 (34) 0.06  0.001 (38) t70 = 3.07, p = 0.003*  

Shell water/fresh egg mass 0.02  0.001 (34) 0.02  0.001 (38) t70 = 5.20, p < 0.001* 

Egg water/fresh egg mass 0.72  0.002 (34) 0.72  0.001 (38) t59 = 2.22, p = 0.030* 

Energy (kJ)/fresh egg mass 6.53  0.05 (34) 6.53  0.04 (38) t61 = 0.01, p = 0.996 

 

* denotes a significant difference at the p  0.05 level 
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Table 6.16.  The mean proportional composition of freshly laid eggs from completed 

three-egg clutches (a + b + c combined) of Silver Gulls nesting in Hobart and the 

Furneaux Island Group in 2005.  Data are given as mean  standard error (sample size).   

 

 Hobart Furneaux Test and significance 

Yolk/fresh egg mass 0.30  0.003 (89) 0.34  0.01 (9) U = 141, p = 0.001* 

Dry yolk/fresh egg mass 0.14  0.001 (89) 0.14  0.003 (9) U = 366, p = 0.671 

Yolk lipid/dry yolk mass 0.57  0.003 (89) 0.58  0.005 (9) U = 283, p = 0.148 

Yolk protein/dry yolk mass 0.43  0.002 (89) 0.42  0.005 (9) U = 283, p = 0.148 

Yolk water/fresh egg mass 0.30  0.003 (89) 0.34  0.001 (9) U = 141, p = 0.001* 

Albumen/fresh egg mass 0.62  0.003 (89) 0.58  0.01 (9) U = 124, p = 0.001* 

Dry albumen/fresh egg mass 0.08  0.001 (89) 0.08  0.001 (9) U = 368, p = 0.689 

Albumen water/fresh egg mass 0.62  0.003 (89) 0.58  0.01 (9) U = 124, p = 0.001* 

Shell/fresh egg mass 0.08  0.001 (89) 0.09  0.002 (9) U = 205, p = 0.016* 

Dry shell/fresh egg mass 0.06  0.001 (89) 0.06  0.001 (9) U = 275, p = 0.123 

Shell water/fresh egg mass 0.02  0.001 (89) 0.02  0.002 (9) U = 221, p = 0.027* 

Egg water/fresh egg mass 0.72  0.001 (89) 0.72  0.002 (9) U = 336, p = 0.428 

Energy (kJ)/fresh egg mass 6.44  0.03 (89) 6.50  0.08 (9) U = 355, p = 0.576 

 

* denotes a significant difference at the p  0.05 level 
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Table 6.17.  Differences in proportional chemistries in a- and b-eggs in two-egg 

clutches in Silver Gulls from the Hobart and Furneaux Island Group.  Data are given as 

mean  standard error (sample size). 

 Hobart Furneaux Test and 

significance 

Yolk/fresh egg mass    

     Egg a 0.31  0.008 (17) 0.33  0.008 (19) t34 = 1.82, p = 0.078 

     Egg b 0.31  0.007 (17) 0.33  0.005 (19) t34 = 2.73, p = 0.010* 

Test and significance t32 = 0.01, p = 0.997 t36 = 0.35, p = 0.726  

Dry yolk/fresh egg 

mass 

   

     Egg a 0.14  0.003 (17) 0.14  0.002 (19) t24 = 0.78, p = 0.446 

     Egg b 0.15  0.003 (17) 0.14  0.002 (19) t34 = 0.68, p = 0.498 

Test and significance t32 = 0.95, p = 0.351 t36 = 1.55, p = 0.130  

Yolk lipid/dry yolk    

     Egg a 0.57  0.005 (17) 0.59  0.004 (19) t34 = 3.25, p = 0.003* 

     Egg b 0.56  0.005 (17) 0.59  0.004 (19) t34 = 4.93, p < 0.001* 

Test and significance t32 = 0.95, p = 0.349 t36 = 0.54, p = 0.594  

Yolk protein/dry yolk    

     Egg a 0.42  0.005 (17) 0.40  0.004 (19) t34 = 3.25, p = 0.003* 

     Egg b 0.43  0.005 (17) 0.40  0.004 (19) t34 = 4.93, p < 0.001* 

Test and significance t32 = 0.95, p = 0.349 t36 = 0.54, p = 0.594  

Yolk water/fresh egg    

     Egg a 0.31  0.008 (17) 0.33  0.008 (19) t34 = 1.82, p = 0.078  

     Egg b 0.31  0.007 (17) 0.33  0.005 (19) t34 = 2.73, p = 0.010* 

Test and significance   t32 = 0.01, p = 0.997 t36 = 0.35, p = 0.726  

Albumen/fresh egg    

     Egg a 0.61  0.008 (17) 0.59  0.008 (19) t34 = 1.95, p = 0.060 

     Egg b 0.61  0.008 (17) 0.59  0.005 (19) t27 = 2.62, p = 0.014* 

Test and significance t32 = 0.08, p =0.941 t36 = 0.18, p = 0.858  
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Table 6.17. (cont.) 
 

 Hobart Furneaux Test and significance 

Dry albumen/fresh egg    

     Egg a 0.08  0.002 (17) 0.08  0.001 (19) t34 = 0.53, p = 0.598 

     Egg b 0.07  0.002 (17) 0.08  0.001 (19) t34 = 0.54, p = 0.593 

Test and significance t32 = 0.78, p = 0.439 t36 = 1.12, p = 0.270  

Albumen water/fresh egg    

     Egg a 0.61  0.008 (17) 0.59  0.008 (19) t34 = 1.94, p = 0.060 

     Egg b 0.61  0.008 (17) 0.59  0.005 (19) t34 = 2.67, p = 0.011* 

Test and significance t32 = 0.08, p = 0.941 t36 = 0.18, p = 0.858  

Shell/fresh egg    

     Egg a 0.08  0.001 (17) 0.09  0.001 (19) t34 = 1.61, p = 0.117 

     Egg b 0.08  0.002 (17) 0.08  0.001 (19) t26 = 0.94, p = 0.355 

Test and significance t27 = 0.37, p = 0.715 t36 = 0.89, p = 0.382  

Dry shell/fresh egg    

     Egg a 0.06  0.001 (17) 0.06  0.001 (19) t29 = 2.46, p = 0.020* 

     Egg b 0.06  0.001 (17) 0.06  0.001 (19) t34 = 1.93, p = 0.062 

Test and significance t32 = 0.54, p = 0.591 t36 = 0.78, p = 0.439  

Shell water/fresh egg    

     Egg a 0.02  0.001 (17) 0.02  0.001 (19) t34 = 3.94, p < 0.001* 

     Egg b 0.02  0.001 (17) 0.02  0.001 (19) t34 = 3.34, p = 0.002* 

Test and significance t32 = 0.04, p = 0.969 t36 = 0.47, p = 0.644  

Egg water/fresh egg    

     Egg a 0.72  0.002 (17) 0.72  0.001 (19) t34 = 1.73, p = 0.093 

     Egg b 0.71  0.002 (17) 0.72  0.002 (19) t34 = 1.46, p = 0.154 

Test and significance t32 = 0.43, p = 0.669 t36 = 0.68, p = 0.502  

Energy (kJ)/fresh egg    

     Egg a 6.50  0.07 (17) 6.48  0.05 (19) t28 = 0.16, p = 0.878 

     Egg b 6.57  0.07 (17) 6.58  0.05 (19) t34 = 0.15, p = 0.881 

Test and significance t32 = 0.72, p = 0.475 t36 = 1.42, p = 0.163  

 

* denotes a significant difference at the p  0.05 level
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Table 6.18.  Differences in proportional chemistries in a-, b- and c-eggs in three-egg 

clutches in Silver Gulls from Hobart and Furneaux Island Group.  Data are given as 

mean  standard error (sample size).   

 

 Hobart Furneaux Test and significance 

Yolk/fresh egg mass    

     Egg a 0.29  0.005 (30) 0.32  0.02 (3) U = 14.0, p = 0.052 

     Egg b 0.30  0.005 (30) 0.33  0.009 (3) U = 12.0, p = 0.039* 

     Egg c 0.30  0.006 (29) 0.35  0.02 (3) U = 16.0, p = 0.075 

Test and significance F2,86 = 0.95, p = 0.391 F2,6 = 0.56, p = 0.600  

Dry yolk/fresh egg mass    

     Egg a 0.14  0.002 (30) 0.14  0.006 (3) U = 42.0, p = 0.851 

     Egg b 0.14  0.002 (30) 0.14  0.004 (3) U = 33.0, p = 0.452 

     Egg c 0.14  0.002 (29) 0.14  0.005 (3) U = 41.0, p = 0.872 

Test and significance F2,86 = 1.76, p = 0.179 F2,6 = 0.38, p = 0.698  

Yolk lipid/dry yolk    

     Egg a 0.57  0.005 (30) 0.58  0.006 (3) U = 30.0, p = 0.348 

     Egg b 0.57  0.004 (30) 0.57  0.01 (3) U = 29.0, p = 0.316 

     Egg c 0.56  0.004 (29) 0.57  0.01 (3) U = 33.0, p = 0.497 

Test and significance F2,86 =0.50, p = 0.611 F2,6 = 0.25, p = 0.789  

Yolk protein/dry yolk    

     Egg a 0.43  0.005 (30) 0.41  0.006 (3) U = 30.0, p = 0.348 

     Egg b 0.43  0.004 (30) 0.42  0.01 (3) U = 29.0, p = 0.316 

     Egg c 0.43  0.004 (29) 0.42  0.009 (3) U = 33.0, p = 0.497 

Test and significance F2,86 = 0.50, p = 0.611 F2,6 = 0.25, p = 0.789  

Yolk water/fresh egg    

     Egg a 0.29  0.005 (30) 0.32  0.02 (3) U = 14.0, p = 0.052 

     Egg b 0.30  0.005 (30) 0.33  0.009 (3) U = 12.0, p = 0.039* 
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Table 6.18. (cont.) 

 

 Hobart Furneaux Test and significance 

     Egg c 0.30  0.006 (29) 0.35  0.02 (3) U = 16.0, p = 0.075 

Test and significance F2,86 = 0.95, p = 0.391 F2,6 = 0.56, p = 0.600  

Albumen/fresh egg    

     Egg a 0.62  0.006 (30) 0.59  0.02 (3) U = 14.0, p = 0.052 

     Egg b 0.62  0.005 (30) 0.58  0.007 (3) U = 11.0, p = 0.033* 

     Egg c 0.62  0.006 (29) 0.57  0.03 (3) U = 15.0, p = 0.065 

Test and significance F2,86 = 0.32, p = 0.728 F2,6 = 0.32, p = 0.736  

Dry albumen/fresh egg    

     Egg a 0.08  0.001 (30) 0.08  0.002 (3) U = 26.0, p = 0.234 

     Egg b 0.08  0.001 (30) 0.08  0.001 (3) U = 40.0, p = 0.754 

     Egg c 0.07  0.001 (29) 0.08  0.002 (3) U = 34.0, p = 0.539 

Test and significance F2,86 = 5.60, p = 0.005* F2,6 = 0.26, p = 0.782  

Albumen water/fresh egg    

     Egg a 0.62  0.006 (30) 0.59  0.02 (3) U = 14.0, p = 0.052 

     Egg b 0.62  0.005 (30) 0.58  0.007 (3) U = 11.0, p = 0.033* 

     Egg c 0.62  0.006 (29) 0.57  0.03 (3) U = 15.0, p = 0.065 

Test and significance F2,86 = 0.32, p = 0.728 F2,6 = 0.32, p = 0.736  

Shell/fresh egg    

     Egg a 0.08  0.001 (30) 0.09  0.001 (3) U = 22.0, p = 0.150 

     Egg b 0.08  0.001 (30) 0.09  0.003 (3) U = 20.0, p = 0.117 

     Egg c 0.08  0.001 (29) 0.08  0.004 (3) U = 26.0, p = 0.258 

Test and significance F2,86 = 5.27, p = 0.007* F2,6 = 0.58, p = 0.588  

Dry shell/fresh egg    

     Egg a 0.06  0.001 (30) 0.06  0.001 (3) U = 38.0, p = 0.661 

     Egg b 0.06  0.001 (30) 0.07  0.002 (3) U = 27.0, p = 0.260 

     Egg c 0.06  0.001 (29) 0.06  0.001 (3) U = 25.0, p = 0.232 

Test and significance F2,86 = 2.29, p = 0.107 F2,6 = 0.48, p = 0.639  
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Table 6.18. (cont.) 

 

 Hobart Furneaux Test and significance 

Shell water/fresh egg    

     Egg a 0.02  0.001 (30) 0.02  0.002 (3) U = 20.0, p = 0.117 

     Egg b 0.02  0.001 (30) 0.02  0.003 (3) U = 26.0, p = 0.234 

     Egg c 0.02  0.001 (29) 0.02  0.003 (3) U = 31.0, p = 0.419 

Test and significance F2,86 = 3.12, p = 0.049* F2,6 = 0.45, p = 0.659  

Egg water/fresh egg    

     Egg a 0.72  0.002 (30) 0.72  0.005 (3) U = 38.0, p = 0.661 

     Egg b 0.72  0.002 (30) 0.71  0.003 (3) U = 26.0, p = 0.234 

     Egg c 0.72  0.002 (29) 0.72  0.003 (3) U = 36.0, p = 0.628 

Test and significance F2,86 = 0.04, p = 0.958 F2,6 = 1.13, p = 0.383  

Energy (kJ)/fresh egg    

     Egg a 6.41  0.06 (30) 6.38  0.17 (3) U = 40.0, p = 0.754 

     Egg b 6.44  0.06 (30) 6.59  0.10 (3) U = 29.0, p = 0.316 

     Egg c 6.48  0.06 (29) 6.53  0.16 (3) U = 42.0, p = 0.923 

Test and significance F2,86 = 0.31, p = 0.734 F2,6 = 0.56, p = 0.597  

 

* denotes a significant difference at the p  0.05 level  
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Table 6.19.  Comparison of absolute and proportional chemistries in Silver Gull eggs from Hobart and the Furneaux Island Group, 

Tasmania (2005), and Penguin Island, Western Australia (1989).  Data are for a + b + c eggs combined and stated as mean  standard 

error (sample size).  Penguin Island data are taken from C. Meathrel, unpublished PhD dissertation, Murdoch University, 1991.  

Values in a row not sharing the same superscript letter are significantly different (p < 0.05).   

 Hobart Furneaux Penguin Island Test, significance 

Fresh egg mass (g) 41.36  0.32
a
 (139) 42.46  0.43

a
 (61) 39.29  0.22

b
 (168) F2,365 = 19.24, p < 0.001* 

Shell thickness (mm) 0.19  0.001
a
 (129) 0.19  0.001

b
 (55) 0.22  0.001

c
 (135) F2,316 = 187.98, p < 0.001* 

Wet shell mass (g) 3.39  0.03
a
 (129) 3.60  0.05

b
 (51) 3.21  0.03

c
 (135) F2,312 = 22.05, p < 0.001* 

Dry shell mass (g) 2.63  0.02
a
 (129) 2.61  0.03

a
 (51) 2.44  0.02

b
 (135) F2,312 = 17.77, p < 0.001* 

Wet albumen mass (g) 25.54  0.28
a
 (129) 24.73  0.36

a
 (51) 23.45  0.27

b
 (135) F2,312 = 15.62, p < 0.001* 

Dry albumen mass (g) 3.19  0.04
a
 (129) 3.23  0.05

a
 (51) 2.96  0.04

b
 (135) F2,312 = 12.17, p < 0.001* 

Wet yolk mass (g) 12.58  0.14
a
 (129) 13.86  0.20

b
 (51) 12.67  0.15

a
 (135) F2,312 = 12.45, p < 0.001* 

Dry yolk mass (g) 5.89  0.05
a,b 

(129) 6.00  0.07
b
 (51) 5.72  0.06

a
 (135) F2,312 = 5.13, p = 0.006* 

Yolk protein mass (g) 2.55  0.02
a
 (129) 2.47  0.03

a
 (51) 2.29  0.03

b
 (135) F2,312 = 29.73, p < 0.001* 

Yolk lipid mass (g) 3.34  0.03
a
 (129) 3.54  0.05

b
 (51) 3.44  0.04

a,b 
(135) F2,312 = 4.65, p = 0.010* 

Shell water (g) 0.76  0.02
a
 (129) 

 

0.99  0.03
b
 (51) 

 

0.77  0.01
a
 (135) 

 

F2,312 = 31.48, p < 0.001* 

 

Yolk water (g) 6.68  0.11
a
 (129) 7.85  0.17

b
 (51) 6.95  0.10

a 
(135) F2,312 = 17.50, p < 0.001* 
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Table 6.19. (cont.) 

 Hobart Furneaux Penguin Island Test, significance 

Albumen water (g) 22.35  0.24
a
 (129) 21.50  0.32

a
 (51) 20.49  0.24

b
 (135) F2,312 =16.06, p < 0.001* 

Water/shell 0.22  0.004
a
 (129) 0.27  0.005

b
 (51) 0.24  0.004

c
 (135) F2,312 = 28.98, p < 0.001* 

Water/yolk 0.53  0.003
a
 (129) 0.56  0.004

b
 (51) 0.55  0.002

c 
(135) F2,312 = 29.67, p < 0.001* 

Water/albumen 0.88  0.001
a
 (129) 0.87  0.001

b
 (51) 0.87  0.001

a 
(135) F2,312 = 9.20, p < 0.001* 

Yolk/fresh egg 0.30  0.003
a 
(129) 0.33  0.004

b
 (51) 0.32  0.003

b
 (135) F2,312 = 14.45, p < 0.001* 

Dry yolk/fresh egg 0.14  0.001
a
 (129) 0.14  0.001

a
 (51) 0.15  0.001

a
 (135) F2,312 = 3.08, p = 0.047* 

Yolk lipid/dry yolk 0.57  0.002
a
 (129) 0.59  0.002

b
 (51) 0.60  0.003

c
 (135) F2,312 = 48.63, p < 0.001* 

Yolk protein/dry yolk 0.43  0.002
a
 (129) 0.41  0.002

b
 (51) 0.40  0.003

b
 (135) F2,312 = 42.72, p < 0.001* 

Yolk water/fresh egg 0.30  0.003
a 
(129) 0.33  0.004

b
 (51) 0.32  0.003

b
 (135) F2,312 = 14.45, p < 0.001* 

Albumen/fresh egg 0.61  0.003
a 
(129) 0.59  0.004

b
 (51) 0.60  0.002

b
 (135) F2,312 = 15.14, p < 0.001* 

Dry albumen/fresh egg 0.08  0.001
a
 (129) 0.08  0.001

a
 (51) 0.07  0.001

a
 (135) F2,312 = 3.27, p = 0.039* 

Albumen water/fresh egg 0.61  0.003
a
 (129) 0.59  0.004

b
 (51) 0.60  0.003

b
 (135) F2,312 = 15.14, p < 0.001* 

Shell/fresh egg 0.08  0.001
a
 (129) 0.09  0.001

b
 (51) 0.08  0.001

a
 (135) F2,312 = 9.57, p < 0.001* 

Dry shell/fresh egg 0.06  0.001
a
 (129) 0.06  0.001

a
 (51) 0.06  0.001

a
 (135) F2,312 = 4.25, p = 0.015* 

Shell water/fresh egg 0.02  0.001
a
 (129) 0.02  0.001

b
 (51) 0.02  0.001

a
 (135) F2,312 = 26.69, p < 0.001* 
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Table 6.19. (cont.) 

 

 Hobart Furneaux Penguin Island Test, significance 

Egg water/fresh egg 0.72  0.001
a
 (129) 0.72  0.001

a
 (51) 0.72  0.001

a
 (135) F2,312 = 0.628, p= 0.535 

Energy (kJ) 6.47  0.03
a
 (129) 6.53  0.03

a,b 
(51) 6.63  0.03

b
 (135) F2,312 = 7.62, p = 0.001* 

Total energy (kJ) 

/fresh egg 
268.35  2.12

a,b 
(129) 275.09  3.05

b
 (51) 260.48  2.50

a
 (135) F2,312 = 6.68, p = 0.001* 

 

* denotes a significant difference at the p  0.05 level  
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Table 6.20.  Regressions of log-transformed egg constituent mass on the fresh mass of 

all eggs combined in Silver Gulls from Hobart (n = 129).   

 

 Regression equation*   

 Intercept Slope  1 SE of slope R
2
 

Wet yolk (g) 0.05 0.65 0.10 0.25 

Dry yolk (g) -0.24 0.62 0.07 0.36 

Yolk water (g) -0.26 0.67 0.14 0.16 

Yolk lipid (g) -0.50 0.63 0.10 0.26 

Yolk protein (g) -0.57 0.60 0.07 0.37 

Wet albumen (g) -0.48 1.17 0.06 0.75 

Dry albumen (g) -1.79 1.42 0.07 0.79 

Albumen water (g) -0.49 1.13 0.07 0.70 

Wet shell (g) -1.08 0.99 0.07 0.61 

Dry shell (g) -1.17 0.98 0.06 0.70 

Shell water (g) -1.75 1.00 0.23 0.13 

Egg water (g) -0.20 1.03 0.01 0.98 

Egg protein (g) -0.93 1.05 0.03 0.92 

Total energy (kJ) 1.06 0.84 0.04 0.74 

 

*Intercept = a and slope = b in: log Y = a + b log X; coefficient of determination = R
2
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Table 6.21.  Regressions of egg constituents on the fresh mass of all eggs combined in 

Silver Gulls from the Furneaux Island Group (n = 50).   

 

 Regression equation*   

 Intercept Slope  1 SE of slope R
2
 

Wet yolk (g) 0.05 0.73 0.14 0.37 

Dry yolk (g) -0.49 0.78 0.09 0.59 

Yolk water (g) -0.23 0.69 0.22 0.17 

Yolk lipid (g) -0.75 0.80 0.12 0.47 

Yolk protein (g)  -0.84 0.76 0.10 0.54 

Wet albumen (g) -0.46 1.14 0.09 0.78 

Dry albumen (g) -1.39 1.17 0.10 0.74 

Albumen water (g) -0.52 1.14 0.10 0.74 

Wet shell (g) -1.03 0.98 0.10 0.67 

Dry shell (g) -0.87 0.79 0.09 0.63 

Shell water (g) -2.50 1.53 0.30 0.34 

Egg water (g) -0.22 1.05 0.01 0.99 

Egg protein (g) -0.84 0.98 0.06 0.87 

Total energy (kJ) 1.00 0.89 0.06 0.84 

 

*Intercept = a and slope = b in: log Y = a + b log X; coefficient of determination = R
2
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Table 6.22.  Regressions of egg constituents on the fresh mass of all eggs combined in 

Silver Gulls from Penguin Island, Western Australia (1989) (n = 135).  Data are taken 

from C. Meathrel, unpublished PhD dissertation, Murdoch University, 1991. 

 

 Regression equation*   

 Intercept Slope  1 SE of slope R
2
 

Wet yolk (g) -0.15 0.79 0.09 0.39 

Dry yolk (g) -0.52 0.80 0.07 0.52 

Yolk water (g) -0.40 0.77 0.12 0.25 

Yolk lipid (g) -0.68 0.76 0.10 0.33 

Yolk protein (g) -1.01 0.86 0.09 0.40 

Wet albumen (g) -0.45 1.14 0.05 0.80 

Dry albumen (g) -1.62 1.31 0.06 0.78 

Albumen water (g) -0.48 1.12 0.05 0.77 

Wet shell (g) -0.81 0.83 0.05 0.69 

Dry shell (g) -1.08 0.92 0.05 0.74 

Shell water (g) -0.95 0.52 0.16 0.07 

Egg water (g) -0.17 1.02 0.01 0.98 

Egg protein (g) -1.05 1.11 0.04 0.88 

Total energy (kJ) 0.94 0.93 0.05 0.76 

 

*Intercept = a and slope = b in: log Y = a + b log X; coefficient of determination = R
2
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Figure 6.4.  Yolk colour in Silver Gull eggs from Tasmania in 2005.  The upper row 

illustrates examples of hard-boiled egg yolks typical of gulls nesting in Hobart and the 

bottom row from the Furneaux Island Group.   
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Table 6.23.  Comparison of yolk colour, based on a Roche Yolk Colour Fan, by egg 

sequence, separated by location.  Data are given as mean  standard error (sample 

size).  Values in a column not sharing the same superscript letter are significantly 

different (p < 0.05).   

 

 Hobart Furneaux 

Egg a 11.62  0.19
a
 (52) 14.81  0.08

a
 (26) 

Egg b 11.15  0.16
a
 (46) 14.55  0.19

a
 (22) 

Egg c 11.21  0.26
a 
(29) 13.33  0.33

b
 (3) 

Test and significance F2,124 = 1.80, p = 0.170 F2,48 = 6.50, p = 0.003* 

 

* denotes a significant difference at the p  0.05 level 
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Table 6.24.  Pearson correlations between egg chemistries and yolk colour in Silver 

Gulls from Hobart and Furneaux Island Group.   

 

 Yolk colour Yolk protein mass 

(g) 

Dry yolk mass 

(g) 

Yolk lipid mass (g) 

Yolk colour     

     Correlation 1    

     Significance -    

     N 178    

Yolk protein mass (g)     

     Correlation -0.04 1   

     Significance p = 0.626 -   

     N 178 315   

Dry yolk mass (g)     

     Correlation 0.16 0.78* 1  

     Significance p = 0.032* p  0.001* -  

     N 178 315 315  

Yolk lipid mass (g)     

     Correlation 0.25 0.44 0.90* 1 

     Significance p  0.001* p  0.001* p  0.001* - 

     N 178 315 315 315 

 

* denotes a significant correlation at the p  0.05 level
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Table 6.25.  Physical measurements (mm) of 30 Silver Gull eggs taken from various colonies around Australia pre-dating extensive 

urbanisation.  Data are taken from the British Natural History Museum, Tring.  Eggs were not categorised into a-, b-, or c-eggs.   

 Egg 1 length Egg 1 width Egg 2 length Egg 2 width Egg 3 length Egg 3 width 

L. n. novaehollandiae, N. Bruny 

Island, TAS.  22/10/1907,  

Reg # 1959-10-45 

 

54.34 38.70 53.28 37.84 52.00 37.48 

L. novaehollandiae, Danreuter 

Collection 

 

56.98 39.84 58.86 39.78 59.36 38.26 

L. n. novaehollandiae, Mast-Head 

Island, QLD.  14/09/1910,  

Reg. # 1949-10-48  

 

56.32 39.64 55.30 39.04   

L. n. forsteri, Jones Island, NW 

Australia, 

Reg. # 1890-12-25-6-7 

 

55.50 39.34 53.96 38.86   

L. n. forsteri, Torres Strait, QLD. 

1962-1-174 

 

53.56 40.20     

L. n. novaehollandiae, Bruny Island, 

TAS. 7/11/1908, 

Reg # 1949-10-47 

 

53.92 39.00 53.34 37.38   

L. n. novaehollandiae,  

Reg # 1949-10-46 

54.40 38.82 55.34 38.22   
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Table 6.25. (cont.) 

 
 

 

  

Egg 1 length Egg 1 width Egg 2 length Egg 2 width Egg 3 length Egg 3 width 

L. n. forsteri, Durangi Island, Torres 

Strait, QLD, Feb. 1913, 

Reg # 1949-10-49 

 

58.68 38.48 56.74 38.00   

L. n. novaehollandiae, TAS,  

Gould collection,  

Reg # 1962-1-175 

54.26 39.34 53.74 36.96 56.32 36.68 

L. novaehollandiae subsp., Australia, 

Gould collection, 

Reg # 1841-6-1076-7 

51.30 39.92 51.36 37.32   

L. n. novaehollandiae, Port Davey, 

TAS.  Gould collection, 

Reg # 1962-1-176 

 

53.44 38.36     

L. n. novaehollandiae, Kings Island, 

TAS. 11/10/1885, 

Reg # 1902-2-5-51-2 

 

 

54.64 37.40 56.94 36.22   
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Table 6.25. (cont.) 

 

 Egg 1 length Egg 1 width Egg 2 length Egg 2 width Egg 3 length Egg 3 width 

L. n. novaehollandiae, Boat Harbour, 

NW TAS. 22/11/1892, 

Reg # 1902-2-5-49-50 

 

52.84 40.10 53.44 40.00   

L. novaehollandiae subsp., Australia, 

Reg # 1891-5-10-157 

 

57.90 39.46     

L. n. novaehollandiae, Gippsland, VIC 

Reg # 1893-2-2-15-38 

54.00 37.58 53.20 36.40   
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Table 6.26.  Mean physical measurements of historic Silver Gull eggs taken from 

various colonies around Australia compared to contemporary Silver Gull eggs from 

Hobart.  Data from historic eggs are taken from the British Museum of Natural History, 

Tring.  Data are given as mean  standard error (sample size).   

 

 Historic eggs Hobart eggs Test and significance 

Length (mm),  

eggs combined 

54.78  2.15 (30) 53.50  0.20 (141)   t169 = 2.76, p = 0.006* 

Width (mm),  

eggs combined 

38.50  0.22 (30) 38.20  0.12 (141) t169 = 1.09, p = 0.279 

 

* denotes a significant difference at the p  0.05 level 
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7.1 Summary of Major Results 

The central aim of this research was to assess the effects of anthropogenic food on the 

health of a widespread bird species commonly associated with humans, the Silver Gull.  

In general, the „health‟ of wild animals is difficult to define, and may be assessed in a 

variety of manners.  Hence, the methods selected herein were chosen specifically to be 

widely complementary, and addressed the „health‟ of gulls on chemical, biochemical, 

physiological and reproductive levels.  Although other, well accepted, methods were 

available, stable isotopes, blood biochemistry, body weight and condition and egg 

quality were chosen, based on the recommendations of previously published studies, 

time frames and budget allocated to this project.   

 

At the onset of this research it was necessary to define whether the foods consumed by 

Silver Gulls were different between the urban and remote, non-urban locations.  The 

use of carbon and nitrogen stable isotopes confirmed significant differences between 

the feeding regimes and general dietary inputs for gulls from these sites.  Analyses of 

whole blood stable isotopes suggested that non-urbanised gulls tended to feed from 

more marine sources, while urban gulls fed from a separate trophic web and from a 

more freshwater origin.  The determination of dietary differences of the gulls from the 

two sites was supplemented, in part, by comparison of regurgitations and pellets, which 

provided limited information on specific dietary items.  The analysis of regurgitations 

also highlighted the conclusion that, despite the significantly different mean isotopic 

signatures, some overlap existed in dietary items.  Therefore, differences in foraging 

strategies and dietary preferences should not be assumed to be a distinct „either urban 

or remote, non-urban‟ scenario.  It is also possible that remote Silver Gulls in this study 
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may have had access anthropogenic foods, as they have the ability to fly long distances 

if necessary.   

 

Given the above confirmation of overall dietary differences, it was then possible to 

assess one of the most common measurements of health, and one currently receiving 

much attention from humans in industrialised countries as a major health concern - 

body weight and the resultant body mass index (similar to a body condition index).  It 

was predicted that Silver Gulls from urban areas, feeding on human-derived foods, 

would be heavier than those feeding from natural food sources in non-urban areas.  

Overall, this was confirmed.  By gender, male gulls from the urban environment were 

heavier and of greater body condition than the structurally identical, non-urban gulls, 

but no strongly significant differences were detected between females.  The lack of 

significance found between females was probably an unfortunate result of small sample 

sizes.  Considering the mass and condition differences found in the males, the relative 

proportion of fat and muscle that constituted this mass difference would be expected to 

differ.  However, this difference could not be quantified without using invasive body 

biochemistry analyses unlikely to be acceptable under animal ethics guidelines.  

Normally, a greater body condition in birds signifies a ‘healthier’ animal.  However, 

the point in increasingly greater body condition where the bird no longer benefits from 

greater condition via muscle and/or adipose mass could not be predicted non-invasively 

and was beyond the scope of this research.  Future research using total body electrical 

conductivity (TOBEC) measurements, which give a non-invasive measure of lean and 

lipid mass in both animals and eggs (Williams et al. 1997), would offer additional 

information which may clarify the point where greater body weight becomes unhealthy.   
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The biochemical analysis of the urban gulls’ blood showed no strongly negative 

consequences of consuming human-derived food.  The only difference between Silver 

Gulls from the Hobart and Furneaux Island Group was that the former group had higher 

blood HDL-cholesterol levels.  Given that total cholesterol levels between the two sites 

did not differ, it remains enigmatic as to why the urban gulls had greater ‘good 

cholesterol’ levels than the remote, non-urban gulls that had little access to 

anthropogenic foods.  Again, small sample sizes from birds in the Furneaux Island 

Group precluded definitive statements of the effect of anthropogenic food on the blood 

biochemistry of Silver Gulls.  It was possible that gulls from an urban area were simply 

not significantly affected by a human-derived diet.  Further testing of biochemical 

parameters in larger sample sizes and from additional urban and remote sites is 

recommended before any definitive statements can be made.   

 

Reproductive success, as measured by clutch size, egg size, egg weight and egg 

composition, is a critical endpoint which relates to both body condition and 

biochemistry.  Clutch sizes between Hobart and the Furneaux Island Group did not 

differ.  However, Furneaux Island Group gulls laid eggs that were wider, heavier, and 

had greater volume and greater yolk mass than those from Hobart gulls, when a-, b- 

and c-eggs for each site were combined.  These results generally agreed with those 

published previously which related avian eggs with food quality and quantity.  

Although urbanised Silver Gulls may have been successful in laying eggs, poorer 

reproductive success may have resulted from smaller, lighter eggs that contained 

proportionally less yolk reserves.  This may be one significant potential consequence of 

an anthropogenic diet.  This conclusion was also supported by data that showed that 
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historic collections of pre-urbanised eggs were significantly longer than contemporary 

eggs from Hobart.  Additionally, the causes for the lower concentrations of carotenoids 

found in urban Silver Gulls is a line of research that should be pursued, since 

carotenoids serve as important antioxidants and immunostimulants, and are important 

to developing embryos and young birds (Blount et al. 2000).  In this study, adult gull 

condition was measured in 2004, whereas egg and clutch sizes were measured from 

different birds in 2005.  Future research should incorporate comparisons of both 

concurrently.  Finally, comparing the hatching and fledgling success of urban and 

remote, non-urban Silver Gulls would create a more complete picture of the effects of 

diet on reproductive success and is strongly recommended for future studies.   

 

When the above results are combined in their entirety, the overall assessment of the 

health impacts of anthropogenic food was not immediately clear.  Although individual 

adult Silver Gulls did not appear to suffer negative effects, their reproductive output 

may have been adversely affected by having consumed human-derived food.  Birds 

with a greater body condition index should have produced larger eggs (as discussed in 

Chapter 6), but the eggs from gulls nesting in Hobart were smaller, lighter and had 

lesser yolk reserves overall, which suggested that the female gulls from Hobart had a 

lower condition index.  However, clutch sizes were essentially identical in both 

locations.  Although it is possible that Silver Gulls are physiologically equipped to deal 

with lower quality foods and so would not be affected in the same manner as humans, 

the current benefits of anthropogenic food consumption were liable to be balanced by 

the ‘health’ costs.   
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7.2 Comparisons to Other Synanthropic Larids 

The effects of urbanisation have wide-reaching implications, and anthropogenic food 

available through increasing human populations is only one of several factors which 

may affect synanthropic species resulting in outcomes that are positive, negative, or 

sometimes both.  Seabirds in particular are affected by availability of food, which acts 

as a proximate factor and limit the size of the breeding population (Croxall and Rothery 

1991).  Within the seabird group, larids are the most generalised and show remarkable 

flexibility in behaviours, which allows them to exploit the feeding opportunities so 

common in urban environments.  The results are generally decreases in mortality and 

increases in fecundity (Johnston 2001, Marzluff et al. 2001).  The results of this 

research can be compared to those reported on other synanthropic gulls around the 

world (Table 7.1).  Generally, while in most cases gull populations were reported to 

have increased, reproductive success and individual health of various species was 

diminished.   

  

Consuming human-derived foods may cause detrimental effects in larids that extend 

beyond poor nutrition.  Increased risk of disease, such as Salmonella, is common in 

gulls breeding in urbanised areas, probably due to their foraging on refuse (Monaghan 

et al. 1985).  Another potentially negative health effect is increased ingestion of toxic 

chemicals such as persistent organochlorine contaminants, which are known to cause 

immunosuppression in gulls (Grasman et al. 1996).  In fact, gulls may act an indicator 

species for the health of entire ecosystems; members of The Great Lakes Herring Gull 

Monitoring Program have been collecting data on the effects of environmental 

contaminants in Herring Gull eggs annually since 1974 (Hebert et al. 1999).   
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The capacity to deal with human food may be a preconditioning factor for species 

becoming synanthropic.  For example, gulls are generalised feeders, and therefore their 

lack of specialisation ensures that they can easily exploit new food sources (Monaghan 

1983) and can exploit a wider variety of foods than other seabirds.  Larids employ 

almost every form of foraging observed in other seabirds, and exhibit feeding 

behaviours that are similar in both urban and remote habitats (Pierotti and Annett 

2001).  They are eager scavengers which readily take advantage of supplementary food 

(Higgins and Davies 1996).   

 

Other factors may also predispose larids to becoming synanthropic.  Gulls are not 

particular with their habitat preferences and will colonise new breeding sites readily 

(Monaghan 1983, Smith and Carlile 1992).  Their habit of flocking around food 

sources and ready recruitment to feeding opportunities through the calls of feeding 

birds is a distinct advantage (HJA pers. obs.).  Silver Gulls are capable of flying long 

distances and juvenile birds particularly disperse widely; food supply is a main 

determinant in creation of dispersal patterns (Murray and Carrick 1964).   

 

7.3 Silver Gull Populations 

As human populations become increasingly urban, the opportunities for synanthropic 

species, such as Silver Gulls, to exploit the resultant food sources are likely to expand.  

In fact, the largest Silver Gull colonies are close to urban areas, although their breeding 

ranges are restricted by access to fresh water (Meathrel et al. 1991).  Silver Gull 

populations throughout Australia have increased for over 50 years, both in number and 

size of colonies (Smith 1992, Smith and Carlile 1992, 1993), and it is likely that the 
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original inflation in their numbers is due to this constant accessibility of anthropogenic 

food.  However, Silver Gull populations in southeast Tasmania, unlike other gull 

species worldwide or even Silver Gulls throughout mainland Australia (Table 7.1), 

have begun to decrease.  Silver Gull counts in southeast Tasmania in 2004 were only 

40% of the populations recorded in both 1980 and 1986 (Wakefield 2005) and an 

additional decrease in population of 19% was counted in 2005 (Wakefield and 

Hayward 2006).  This decrease was probably due to the increasing Kelp Gull 

population in Tasmania since their natural colonisation of southeast Australia in the 

1940s.  Kelp Gulls feed mainly on landfill refuse and compete directly with Silver 

Gulls for food (Coulson and Coulson 1998).  Kelp Gulls showed an increase of 22.8% 

in 1981-1992 with a concomitant 22.8% decrease in Silver Gull numbers during the 

same interval in southeast Tasmania (Coulson and Coulson 1998).   

 

Therefore, if all other factors remain constant (landfill management and availability of 

food from restaurants, takeaway shops, parks and litter bins, and freely solicited from 

humans), the population of Silver Gulls is likely to continue decreasing in southeast 

Tasmania, mainly due to competition with Kelp Gulls.  That Silver Gulls may be 

compromised reproductively in urbanised locations is not necessarily a relevant factor 

at this time, given that these birds are still able to reproduce successfully and that their 

individual health is not yet likely to be compromised by anthropogenic food to a point 

where significant negative health consequences arise.  However, these predictions are 

for southeast Tasmania only.  In other Australian urban city centres such as Brisbane, 

Sydney, Melbourne, Adelaide and Perth, Kelp Gulls apparently do not yet act as major 

competitors, but anthropogenic foods are still abundant.  Additional work needs to be 
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conducted in these other urbanised locations to fully address the overall health and 

reproductive fitness of the Silver Gull and their interactions with the sympatric Kelp 

and Pacific Gulls.   

 

7.4 Policy and Management Implications 

Potential problems from Silver Gulls breeding in urban centres include noise, increased 

disease transmission of pathogens such as Salmonella (Iveson 1979), contaminated 

water supplies, and automobile and aircraft strikes (Skira and Wapstra 1990).  They are 

also commonly implicated in competition with, and predation upon, other seabirds and 

shorebirds (Meathrel et al. 1991).  Culls, and egg and nest destruction are not usually 

effective (Monaghan 1983, Skira and Wapstra 1990) and are not recommended, 

particularly in light of the regional decrease in population.  Deterrents such as loud 

noises and distress call recordings tend to be effective only in the short term; therefore, 

management decisions should focus mainly on preventing access to refuse at landfills.  

The most effective method of reducing gull populations is simply removing the 

artificial food sources (Meathrel et al. 1991, Smith 1992).  Additionally, the general 

public must take responsibility for their part in feeding gulls and littering.   

 

Silver Gulls may be condemned as a common bird, but this species is one of only two 

endemic gulls in Australia.  Importantly, the general public needs to comprehend that 

the negative perception of this „superabundant pest‟ may not be accurate in areas such 

as Hobart, especially given that this bird is simply opportunistically feeding off a 

resource that we inadvertently (or sometimes willingly) provide.  John Iveson (1979, p. 

11) stated this most eloquently: 
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“In this regard increasing volumes of wastes and methods of waste disposal 

remain always in the forefront as the core of the problem, rather than the seagull 

who is merely responding unnaturally to a man induced circumstance to expand 

in numbers and further compound the problem with the results creating 

increased health risks and predation factors adversely affecting other species 

and habitats shared with gulls… there is germinating a better understanding of 

the useful role that wildlife can play as natural sentinels and barometers of 

environmental health, and perhaps above all their vulnerability, rather than 

solely a potential source of disease and utility for man.”   

To this end, the author hopes that these words will inspire guardianship rather than 

contempt for this bird, and that the human impacts on native animals through 

urbanisation will become a focus for consideration.   
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Table 7.1.  Documented increases () and decreases (-) in various parameters in synanthropic larid species in response to diet.   

Species Diet Type Response Reference 

Western Gull Larus occidentalis Refuse  clutch size,  

 hatching success,  

  reproductive life spans 

Annett and Pierotti (1999) 

Western Gull Larus occidentalis Urban  hatching success,  

 fledging success,  

 lifespan,  

 lifetime fitness 

Pierotti and Annett (2001) 

Western Gull Larus occidentalis chicks Chicken improper skeletal development Pierotti and Annett (2001) 

Western Gull Larus occidentalis Refuse +? population Johnston (2001) 

Lesser Black-backed Gull Larus fuscus Supplemented with eggs + egg size Bolton et al. (1992) 

Lesser Black-backed Gull Larus fuscus Supplemented with eggs + hatching chick mass Bolton et al. (1993) 

Lesser Black-backed Gull Larus fuscus Refuse +? population Johnston (2001) 

Herring Gull Larus argentatus Refuse + chick survival Hunt (1972) 

Herring Gull Larus argentatus Post-landfill closure  clutch size,  

 egg volume,  

 hatching success,  

 fledging success,  

 number of breeders 

Pons (1992) 
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Table 7.1. (cont.)  

Species Diet Type Response Reference 

Herring Gull Larus argentatus Post-landfill closure  number of breeders,  

 egg size,  

 fledging success 

Kilpi and Ost (1998) 

Herring Gull Larus argentatus Urban + population Spaans et al. (1991) 

Herring Gull Larus argentatus Refuse  plasma amino acids,  

 reproductive success 

Hebert et al. (2002) 

Herring Gull Larus argentatus Post-landfill closure  clutch size,  

 adult body weight,  

  adult body condition 

Pons and Migot (1995) 

Herring Gull Larus argentatus Refuse + population Belant et al. (1993) 

Herring Gull Larus argentatus Refuse  clutch size,  

 egg size,  

 hatching success,  

 fledging success 

Pierotti and Annett (1987) 

Herring Gull Larus argentatus Refuse +? population Johnston (2001) 

Herring Gull Larus argentatus Urban + population Monaghan (1979) 

Yellow-legged Gull Larus michahellis Refuse + egg volume,  

+ hatching success,  

+ chick survival 

Duhem et al. (2002) 
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Table 7.1. (cont.) 

Species Diet Type Response Reference 

Yellow-legged Gull Larus michahellis Refuse + population Duhem et al. (2003a) 

Yellow-legged Gull Larus michahellis Refuse + population Duhem et al. (2003b) 

Laughing Gull Larus atricilla Ploughed soil + population Johnston (2001) 

Hartlaub‟s Gull Larus hartlaubii Refuse + population Steele (1992) 

Franklin‟s Gull Larus pipixcan Ploughed soil +? population Johnston (2001) 

Black-headed Gull Larus ridibundus Refuse +? population Johnston (2001) 

Black-headed Gull Larus ridibundus Urban + population Isenmann et al. (1991) 

Common Gull Larus canus Refuse +? population Johnston (2001) 

Ring-billed Gull Larus delawarensis Ploughed soil, refuse + population Johnston (2001) 

Ring-billed Gull Larus delawarensis Refuse + population Blokpoel and Scharf (1991) 

Ring-billed Gull Larus delawarensis Urban + population Brousseau et al. (1996) 

California Gull Larus californicus Refuse +? population Johnston (2001) 

Glaucous-winged Gull Larus glaucescens Refuse +? population Johnston (2001) 

Glaucous-winged Gull Larus glaucescens Refuse + population Vermeer and Irons (1991) 

Glaucous Gull Larus hyperboreus Refuse +? population Johnston (2001) 

Great Black-backed Gull Larus marinus Refuse +? population Johnston (2001) 

Kelp Gull Larus dominicanus Refuse + population Bertellotti et al. (2001) 

Kelp Gull Larus dominicanus Refuse + population Giaccardi and Yorio (2004) 

Silver Gull Larus novaehollandiae Refuse + chick survival Smith and Carlile (1993) 

Silver Gull Larus novaehollandiae Urban + population Smith et al. (1991) 
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Appendix I:  List of presentations during candidature 

 

 

Environment Institute of Australia and New Zealand:  EIANZ Tasmanian Division 

Biannual Conference.  4 August 2006.  Supersize me:  Anthropogenic foods affect 

quantity but not quality of Silver Gulls.  Poster presentation.  The Old Woolstore, 

Hobart, Tas. 

 

Zoology Department:  Best student poster award.  4 October 2006.  Supersize me: 

Anthropogenic foods affect quantity but not quality of Silver Gulls.  University of 

Tasmania, Hobart, Tas. 

 

Nutrition Society of Australia, Tasmania chapter.  17 June 2006.  Supersize me: 

Anthropogenic foods affect quantity but not quality of Silver Gulls.  Oral presentation. 

Royal Hobart Hospital, Hobart, Tas.   

 

Ecological Society of Australia/New Zealand Ecological Society Joint Conference: 

Ecology Across the Tasman.  27 August – 1 September 2006.  Supersize me:  The 

health consequences of anthropogenic food on Silver Gulls (Larus novaehollandiae) 

from Tasmania.  Oral Presentation.  Wellington, New Zealand.   

 

Stable Isotope Workshop.  7 November 2006.  Urbanisation of the Silver Gull: 

Evidence of anthropogenic diet by stable isotope analyses.  Oral presentation.  Marine 

Research Laboratories, Taroona, Tas.   

 

Animals and Society II:  Considering Animals.  3-6 July 2007.  Supersize me:  The 

effects of anthropogenic foods on Silver Gulls.  Oral presentation.  The Old Woolstore, 

Hobart, Tas.   

 

New Zealand and Australian Nutrition Society Joint Conference and Annual Scientific 

Meeting.  5-7 December 2007.  Invited speaker.  Auckland, New Zealand.   
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Appendix II:  List of media coverage during candidature 

 

The Mercury (AAP):  Hobart’s roly-poly seagulls, by Glenn Cordingly.  17 July 2007.   

 

The Manly Daily:  Gull food for thought, by Liz McDougall.  14 July 2007.   

 

The Australian Higher Education Section:  Diet reduces urban silver gulls, by Bruce 

Montgomery.  4 July 2007.   

 

The Age:  Urban gulls supersizing on human left-overs, by Andrew Darby.  4 July 

2007.   

 

Sydney Morning Herald:  When chips are down health of urban gulls takes a dive, by 

Andrew Darby.  4 July 2007. 

 

Hook, Line & Sinker – The Deep End at UTas:  Television interview on gull research.  

20 May 2007.   

 

ABC Darwin:  Live radio interview on gull research.  10 July 2007.  

 

2UE Sydney:  Live radio interview on gull research.  7 July 2007.   

 

ABC Illawarra:  Live radio interview on gull research.  5 July 2007. 

 

ABC Newcastle:  Live radio interview on gull research.  5 July 2007. 

 

ABC Canberra:  Live radio interview on gull research.  4 July 2007. 

 

ABC Melbourne:  Live radio interview on gull research.  4 July 2007. 

 

ABC Sydney:  Live radio interview on gull research.  4 July 2007. 
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ABC Queensland:  Live radio interview on gull research.  4 July 2007. 

 

6PR Perth:  Live radio interview on gull research.  4 July 2007. 

 

LaTrobe University Bulletin:  Supersize me – the effects of junk food on seagulls.  

September 2006. 

 

Sydney Herald Sun:  Scrap diet hurting seagulls, by Liam Houlihan.  24 September 

2006. 

 

The Age:  Gulls dine on the fat of the tip, by Geoff Strong.  26 September 2006. 

 

Sydney Morning Herald:  Wild birds not so gullible as their beach buddies – or as 

super-sized, by Geoff Strong.  26 September 2006.   

 

The Age:  When the chips are down, by Geoff Maslen.  27 March 2006. 

 

ABC Hobart Evening News:  City seagulls bulk up.  29 March 2006. 

 

ABC News, Radio National:  City seagulls bulk up.  29 March 2006. 

 

The Weekend Australian:  Diet takes flight.  1-2 April 2006. 

 

ABC Queensland:  Live radio interview on gull research.  3 April 2006. 

 

ABC Hobart:  Doctoral research live radio interview.  19 April 2006. 

 

The Times (London) Higher Education Supplement:  Fast food fattens feathered 

friends, by Geoff Maslen.  21 April 2006.   
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