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ABSTRACT

Nesting Ring-billed Gulls (Larus delawarensis) were studied on

Granite Island, northern Lake Superior, during the breeding seasons of
1983 and 1984 to determine if there was a relationship between food
supply and the time of breeding, body condition, and egg
characteristics affecting reproductive success.

Eggs laid in 1984 were heavier than those laid in 1983. This may
have been related to smaller pre-breeding food abundance in 1983. In
each year, Ring-billed Gulls nesting later in the season laid fewer and
smaller eggs that had poorer hatching success. Within clutches, third
laid eggs were smaller, lighter and produced fewer young than first or
second eggs.

Chemical analyses of eggs revealed that eggs laid in 1984 contained
more albumen, and proportionately more yolk 1ipid, than eggs laid in
1983. Eggs laid later in each year contained less albumen and fewer
nutrients (lipid and protein) than earlier laid eggs. Within early and
late clutches, c-eggs had decreased levels of albumen and nutrients.
For all eggs analyzed, an average of 357 of fresh egg weight was yolk,
with a fresh yolk to albumen ratio of 0.63. Water accounted for 69% of
fresh egg weight. Through the laying sequence, approximately 87 of
fresh egg weight was yolk lipid. The energy and nutrient content of
eggs remained proportionately constant through the laying sequence each

year. Egg weight was strongly correlated with egg volume and water
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content.

Chick weight at hatching was positively correlated with fresh egg
weight, though this correlation was weak. There was no difference in
hatch weights within clutches. Male and female eggs did not differ in
size or weight. There was no relationship between chick sex and egg
sequence in either year. The secondary sex ratio was skewed in favour
of female chicks in 1983. The overall secondary sex ratio did not
differ from unity, and the ratio of unisexual and bisexual 3-egg
clutches laid early in 1984 did not differ from 1:2:1.

In each year, females nesting later in the season had a lower body
weight and condition index than earlier nesting females. The indexed
body condition of females nesting early in 1983 was smaller than in
1984. Both male and female indexed condition decreased through the
breeding season in 1984, The body weight of females was correlated
with egg weight but not nutrient content. Egg size and composition
were not satisfactory predictors of female body weight and condition.
Chemical analyses of post-laying females revealed that late nesters
contained proportionately more body water and protein, but less lipid
than early nesters. Between years, there were no differences in the
body weight or nutrient content of post-laying females. The energy
content of the body was most strongly correlated with lipid levels in
the body. Both the body weight and indexed condition of early nesting
females were correlated with body lipid and energy levels. Females
with larger stored nutrient levels (i.e. those nesting earlier each

year) laid heavier eggs which contained more nutrients.
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Pre-breeding adult males and females tended to weigh more and
contain more energy per unit body weight than early nesters. I suggest
that reduced body condition, and hence egg quality, for those birds
nesting in 1983 and late nesters, were primarily related to differences
in food abundance and acquisition efficiency during the pre-breeding

period.
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1. INTRODUCTION

Ultimately, genetic fitness is not only a function of the
reproductive success in one breeding season, but over a lifetime (Lack

1954, 1968). 1In any one breeding season, earlier nesting birds usually

have greater reproductive success than later nesting conspecifics
(Darwin 1871). Greater reproductive success, measured in terms of the
success of chick hatching and survival, is partly manifest by
intraspecific variations in egg size and weight. The seasonal
reduction of clutch size, egg size and hatching success for late
nesting birds has been reported in a variety of species (Klomp 1970;
Loman 1977, 1982), including waterfowl (Finney and Cooke 1978, Lesser

Snow Geese, Chen caerulescens; Baillie and Milne 1982, Commom Eider,

Somateria mollissima) and many larids (Brown 1967b, Lesser Black-backed

Gull, Larus fuscus; Brown 1967b, Parsons 1970, 1975, Hunt 1972, Herring

Gull, L. argentatus; Vermeer 1970, California Gull, L. californicus;

Vermeer 1970, Somppi 1978, D. Boersma 1982, Ring-billed Gull, L.

delawarensis; Coulson and White 1961, Black-legged Kittiwake, Rissa

tridactyla). The seasonal decline of clutch and egg size may be
explained by several factors, all of which depend somewhat upon the age
and experience of the nesting bird (Ryder 1980). The breeding
performance of many larids is known to improve with age, including the

Red-billed Gull (L. novaehollandiae)(Mills 1973, 1979), the Herring

Gull (Davis 1975; Chabrzyk and Coulson 1976; Coulson et al. 1982), the



Ring-billed Gull (Haymes and Blokpoel 1980) and the California Gull
(Pugesek 1983; Pugesek and Diem 1983). Age-related factors which
improve breeding performance include the female's selection of older
and more experienced males better able to supply more, higher quality
courtship feedings (Nisbet 1977; Mills 1979; Taylor 1979; Pugesek
1983), occupation of superior central sites (Patterson 1965; Coulson
1971; Burger 1974, 1984; Somppi 1978; Haymes and Blokpoel 1980; Pugesek
and Diem 1983), earlier laying (most studies), larger clutches (most
studies) and larger eggs (Richdale 1955; Coulson et al. 1969; Thomas
1982). The consequence of these factors is a greater reproductive
(hatching and fledging) success (Richdale 1955; Patterson 1965; Parsons
1975; Chardine 1978).

Nisbet et al. (1984) reported that within age-classes, both clutch
size and egg size were significantly correlated with date of laying.
It has also been shown that the timing of nesting may be more strongly
correlated with pre-breeding food abundance and availability than with
the age-related foraging ability of adults (Lack 1954; Perrins 1970;
Hunt and Hunt 1976). Hence, the seasonal decline of clutch and egg
size, as well as egg nutrient content (lipid and protein), may be the
direct result of the variation in the physiological condition of
nesting adults (Coulson 1968; Drent and Daan 1980; Beckerton and
Middleton 1982) as affected by changing food availability through the
breeding season.

Coulson et al. (1982) hypothesized for Herring Gulls that egg

quality was related to the body condition of the laying female.



Recently, Houston et al. (1983), using chemical testing of adult
carcasses, demonstrated that nesting female Lesser Black-backed Gulls
in good nutritional state (ie. high levels of body reserves) produced,
on average, more eggs and higher quality eggs than females in poorer
body condition. Reserves are the lipids and proteins accumulated above
baseline starvation levels which may be utilized for egg production
and/or adult survival (Young and Boag 1982).

If the body condition of laying females deteriorates through the
laying sequence in response to egg-laying stress and food acquisition,
as proposed by Ankney (1982) and Ryder (1983), so might egg nutrient
levels. Larger eggs, those laid first, ideally should contain more
nutrients, and lead to more vigorous and larger chicks - most of which
would be males according to the Trivers-Willard (1973) hypothesis.

Stimulated by the relationship between the nutrients found in eggs
and adult females by Houston et al. (1983), this study attempts to
determine whether there were any relationships between the sex, size
and nutrient composition of eggs, their position in the laying sequence

and the body condition of the attending female Ring-billed Gull.



2. MATERIALS AND METHODS

2.1 Definitions

Clutch size: The number of eggs in a nest laid and attended by a mated
pair.

Clutch initiation: The day the first egg is laid in a nest.

Condition index: Body weight (g) / (bill length (mm) + keel length
(mm)) (G. Fox, pers. comm.).

Early nesting pairs: Those that initiated their clutches within six
days of the start of egg laying on the colony (11 May 1983, 10 May
1984).

Late nesting pairs: Pairs that initiated clutches at least 1 week
after the completion of early clutches.

Egg constituents: Yolk, albumen and shell.

Egg nutrient content: Amount of protein and lipid in the yolk and
albumen.

Egg quality: The greater the egg weight, constituent weights and the
nutrient content of an egg, the better its quality.

Egg size: A measure of egg length and width. Size and volume increase
with increasing length and width.

Egg volume: Volume was calculated using the formula klb?, where k=
0.489, 1 is maximum length (cm) and b is maximum width (cm) (Ryder.

1975).



Energy: energy per gram was calculated utilizing energy equivalents of
9.5 kcal/g lipid and 5.65 kcal/g non-lipid dry weight (Ricklefs

1977b).

2.2 Study Area

This study was conducted on Granite Island, located in Black Bay,
northern Lake Superior (48 43'N, 88°29'W), approximately 80 km
northeast of Thunder Bay, Ontario (Figure 1). The island is a 60 ha
granite outcrop 402 m by 102 m with steeply inclined slopes rising to
about 30 m above water level (Ryder and Carroll 1978). About 507 of
the island is covered by vegetation. The forested southern and eastern

areas are comprised of White Cedar (Thuja occidentalis), Balsam Fir

(Abies balsamea) and White Birch (Betula papyrifera). The more exposed

northern and northeastern slopes support stands of Mountain Ash (Sorbus

scopulina), Pin Cherry (Prunus pennslyvanica) and Red Osier Dogwood

(Cornus stolonifera). The summit and northeastern slopes are mostly

bare granite with soil-filled depressions. These depressions consist

predominantly of Rough Cinquefoil (Potentilla norvegica) and Kentucky

Blue-grass (Poa pratensis). The north and northwest sides are steep

with few soil depressions. Approximately 100 - 150 pairs of Herring
Gulls nest on these stéep cliffs.
Most Ring-billed Gulls nest in the soil filled depressions on the

summit and northeastern slope (Figure 2). The number of nesting



Figure 1. Location of Granite Island and the Wolf River in northern

Lake Superior (modified from Ryder 1974).
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Figure 2. Bare rock areas occupied by Herring Gulls and Ring-billed

Gulls on Granite Island.






Ring-billed Gulls has increased over the last few years. In 1973,
Ryder (1975) reported 800 nesting pairs; four years later, Somppi
(1978) estimated 1600 pairs. Kovacs-Nunan (1982) counted 2400 and 2600
pairs in 1979 and 1980, respectively, 1In 1985, there were 4800 nests
on Granite Island (B. Termaat, pers. comm.). An additional thirty

species of birds have been observed on Granite Island (Chamberlain

1973).

2.3 Statistical Procedures

Statistical analyses followed Nie et al. (1970) and Sokal and Rohlf
(1981). Student's t-tests between years and between early and late
samples were only used with sample sizes greater than 25. When
variances were equal, as determined by F-tests (p < 0.05), pooled
variance estimates were used rather than separate variance estimates.
Variations in egg size and composition within clutches were examined
using one-way analysis of variance followed by Scheffé's contrasting.
Covariance analyses were used to compare regression lines.
Non-parametric testing was performed using Mann-Whitney U and
Chi-squared tests, following Zar (1974). Significance was assumed at

p< 0.05.



2.4 Nest Histories

In 1983, I arrived on Granite Island on 11 May and marked all
one-egg clutches on the northeast study area (Figure 3) with numbered
wooden blocks. New clutches were marked daily until 17 May to assess
the temporal distribution of clutch initiation for early breeding
pairs. In 1984, I arrived on the colony on May 5. Snow and ice were
abundant, and no early clutches had been initiated. I left the colony
until 10 May to avoid disturbing pre-breeding territorial and courtship
behaviours. On 10 May, newly initiated nests containing one egg were
marked until 14 May. Nest disturbance and potential abandonment were
reduced for late nesters in 1983, and early and late nesters in 1984,
by including the summit in the areas sampled. Two-hundred and
twenty-three and 233 nests were marked in 1983 and 1984, respectively.

In 1983 and 1984, late clutches were marked with numbered wooden
blocks at least 1 week after early egg laying was over (as evinced by a
marked reduction in new clutches). This ensured an adequate time
interval between the early and late samples. In each year, the colony
was visited daily to mark new nests for a period of 7 days. In 1983,

137 late nests were marked; €5 in 1984.
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Figure 3. Study areas on Granite Island, 1983 and 1984 (modified from
D. Boersma 1982).
Area 1: northeast slope; early and late each year
Area 2: summit; late 1983, early and late 1984
Area 3: lower slope; late 1983, early and late 1984

Area 4: unoccupied by Ring-billed Gulls
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2.5 Egg Histories

Eggs in all study nests were marked daily in order of laying by
placing brown enamel dots on the blunt end of the egg. The a-egg,
b-egg and c-egg refer to the first, second and third egg laid in a
clutch, respectively. Fresh egg length and width were measured to
within 0.01 mm with Vernier calipers to compare the size of early and
late eggs. Egg volumes were calculated using the formula given in
Section 2.1. A 100 g Pesola spring scale was used to weigh fresh eggs
to the nearest 1 g within 12 h of being laid. In 1983 and 1984, 785
and 769 fresh eggs were measured and weighed, respectively.

In each year, clutches marked with an odd numbered wooden block were

collected for egg chemical analysis. Even numbered clutches were

collected for secondary (at hatch) sex ratio analyses.

2.5.1 Chemical Analyses of Eggs

In 1983, 110 early and 59 late eggs were collected at clutch
completion for chemical analyses. In 1984, each egg in a clutch was
collected within 12 hours of laying to ensure minimal embryonic
development. A total of 370 eggs (318 early, 52 late) were chemically
analyzed in 1984. All eggs were weighed to within 0.1 g on an Ohaus

o

digital scale, then boiled for 10 minutes so that yolk, shell and
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albumen could be easily separated (Jones 1979; Ricklefs 1982).
Ricklefs and Montevecchi (1979) reported that this treatment had no
effect on the water fraction of the yolk and albumen. Each egg was
tightly wrapped in cellophane, sealed in a jar, frozen and returned to
the laboratory for chemical analyses.

In the laboratory, eggs were thawed for 24 hours then weighed whole
to the nearest 0.0001 g on a Mettler balance in 1983, or on an Oertling
balance in 1984. FEggs were then separated into yolk, albumen and shell
(with corresponding membranes) and each constituent was weighed again.
Any water loss caused by embryonic development or freezing was
corrected for by adding the difference between fresh egg weight and
thawed weight to wet albumen weight (Williams et al. 1982).
Constituents were then dried for 1 week to a constant weight in a
Gallenkamp Incubator (56 °C), and weighed again to within 0.0001 g to
determine water content. Egg membranes were removed from the shell
before measuring shell thickness to within 0.001 mm with a Starret No.
10 dial indicator metric pocket gauge. Thickness was measured at both
ends and the middle of the egg shell, then averaged.

Since Romanoff and Romanoff (1949) and Ricklefs (1977a) found that
the lipid content of the albumen, and the carbohydrate content of both
yolk and albumen, represent less than 1% of fresh egg weight, the
levels of these contents were not determined. Ryder et al. (1977)
found that carbohydrates averaged 0.6% of yolk weight for Ring-billed
Gulls. Nutrient content of dried yolks was determined using

Soxhlet-extraction with petroleum ether (BP = 30 - 60°C). Dried
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post-extraction remains were assumed to consist only of protein. Lipid
content was determined by the difference between the dry yolk weights

before and after ether-extraction (Ricklefs 1977b).

2.5.2 Artificially Incubated Eggs

Two-hundred and seventy-five eggs were collected to determine the
sex ratio of successfully hatching eggs. These were artificially
incubated to eliminate egg destruction or parental desertion caused by
experimentally induced nest disturbance. In 1983, 18 three-egg
clutches and 4 two-egg clutches were collected on 21 May to obtain
early hatching chicks. Fifty-four late eggs were collected for
incubation on 16 June (12 three-egg clutches and 9 two-egg clutches).
Forty-seven early three-egg clutches collected on 17 May were
artificially incubated in 1984. Eighteen eggs were collected for late
chicks on 5 June 1984 (2 three-egg clutches, 6 two-egg clutches). All
eggs were securely wrapped in clothing, placed in a box and transported
to the Humidaire egg incubator at Lakehead University within 3 hours of
collection. The incubator was regulated to 38 C at 55% relative
humidity, and turned eggs once per hour. Eggs gathered for artificial
incubation were replaced from adjacent nests to ensure that adults
would not desert.

When a chick whose position in a clutch was known hatched, its sex

was determined by gonadal inspection. In 1984, chick hatch weight was
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measured to the nearest 0.1 g on a triple beam balance. All chicks

were placed in the ornithological holdings of Lakehead University.

2.6 Adult Body Condition

In each year, within 5 days of clutch completion, attending adults
were captured using drop traps (Mills and Ryder 1979). The sex of each
gull was determined from external measurements (Ryder 1978), and
weighed to within 5 g with a 1000 g Pesola spring scale. Bill length,
bill depth (gonys), tarsus length, head length (Baldwin et al. 1931)
and keel length (Harris 1970) were measured to within 0.001 cm using
Vernier calipers. In 1983, 96 post-laying females (54 early, 42 late)
were trapped. In 1984, 78 females (62 early, 16 late) and 70 males (56

early, 14 late) were trapped, weighed and measured.

2.6.1 Chemical Analyses of Adults

Adults were collected from nests whose eggs had been boiled for
chemical analyses. Twenty-five females that had nested early in the
season, and 15 later nesting females were chemically analyzed in 1983.
Thirty-three (24 earl&, 9 late) post-laying females were analyzed in
1984, 1In addition, 10 early and 10 late males were collected for

analyses in 1984. Once weighed and measured, adults were sacrificed
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and quick frozen with dry ice and returned to the laboratory.

In the laboratory, adults were weighed frozen to within 1 g on a
Testut Electronique balance, thawed for 24 hours, then reweighed.
Next, the digestive tract was excised from the oesophagus to the
cloaca. From this, food was removed and the bird, with the cleaned
tract, was reweighed to determine actual body weight.

Reproductive tissues were removed and weighed fresh to within 0.000L
g on an Oertling balance. They were then dried in a Gallenkamp
incubator (56 °C) for 1 week to a constant weight.

The carcasses were processed by first removing the feet (distally
from the patella), bill, outer wings (distally from the wrist), skin
and feathers. The processed body was then reweighed to within 1 g on
the Testut balance. After removal, the skin and feathers were weighed
using the Testut balance.

The processed body was then homogenized for 15 minutes using a
Cuisinart food processor until bone fragments were smaller than 0.5 cm.
This degree of homogenization ensured that all protein and lipid
reserves in the body could be determined. Three subsamples were taken
of the homogenate, weighed on the Oertling balance, then dried for 1
week in the Gallenkamp incubator.

Three subsamples were also taken of the fresh skin and feathers.
Each subsample was weighed whole to within 0.0001 g on the Oertling
balance, plucked, then reweighed to determine skin fresh weight. Skin
subsamples were also dried for 1 week to a constant weight. All dry

samples (reproductive tissues, skin and body homogenate) were weighed
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on the Oertling balance to determine water content.

Methodology for determining the levels of nutrient reserves (lipid
and protein) in the body, reproductive tissues and skin followed those
used to measure nutrients in eggs (see Section 2.5.1). Energy for

adult carcasses was calculated in kcal/g dry analyzed weight.

2.6.2 Condition Index of Adults

For all females trapped in 1983 (N=96), and all adults trapped in
1984 (78 females, 70 males), the condition index was calculated (see
Definitions). The index is designed to facilitate estimation of body
nutrient levels from living birds'(Chappell and Titman 1983). Such
indices equate body size differences so body weights may be compared
(Owen and Cook 1977). Ultimately, this index was used to determine if

chick sex ratios changed with adult body condition.

2.6.3 The Body Condition of Pre-breeding Adults

On April 30 and May 4 1984, 5 male and 4 female pre-breeding adult
Ring-billed Gulls were collected at the mouth of the Wolf River (Figure
1), ten miles north of Granite Island. These birds were chemically
analyzed and an index of body condition calculated (Sections 2.6.1 and

2.6.2). The Wolf River is a spawning ground for Rainbow Smelt (Osmerus
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mordax). Hence, the purpose of Wolf River sampling was to assess the
importance of smelt as a food source available to adults before
nesting, and to establish to what degree smelt contribute to the

acquisition of nutrients stored by adult female gulls before nesting.



18

3. RESULTS

3.1 Egg Histories of Early And Late Nesting Gulls

3.1.1 Egg Laying

In 1983, egg laying extended from 11 May to 10 June; in 1984 from 10
May to 14 June.

Nests initiated from 11 - 17 May, 1983, and from 10 - 11 May, 1984,
were selected to represent early breeding pairs. The modal clutch
initiation date for early nesters was 11 May in each year. Nests of
late breeding pairs were chosen from those initiated between 1 - 8

June, 1983, and 30 May to 2 June, 1984.

3.1.2 Clutch Size

The overall mean ( +S.D.) clutch size in 1983 (2.50 + 0.76, n= 263)
was smaller than the average clutch size in 1984 (2.82 4 0.55, n= 256)
(F= 30.05, p< 0.001). When early and late clutch sizes were compared
between years, the early clutch size in 1983 (2.83 *0.56, n= 157) was
smaller than the early clutch size in 1984 (2.96 * 0.35, n= 221) (F=

9.04, p< 0.01). The clutch size of gulls nesting late in 1983 (2.07 =
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0.75, n= 106) was the same as that for gulls nesting late in 1984 (1.86
0.60, n= 35)(F= 1.20).

Clutches initiated early in the breeding season were larger than
late initiated clutches in each year (1983: F= 103.09, p< 0.001; 1984:
F= 242.58, p< 0.001). The modal clutch size was three eggs for early
nests in both 1983 and 1984, but only two eggs for late nests in each

year,

3.1.3 Egg Size and Weight

To assess differences in egg size and weight between years, and
between early and late eggs within years, only those eggs from
three-egg clutches were used since this is considered to be the modal
clutch size for Ring-billed Gulls (Ryder 1983).

When all fresh eggs were analyzed together (a-, b- and c-egg data
pooled), comparisons of fresh egg size and weight between years
revealed that early eggs weighed more in 1984 than in 1983 (t ., =
-14.54, p< 0.001) (Table 1). Early egg length, width and volume did
not differ between years. There was no difference in either egg size
or weight for late clutches between years (Mann-Whitney U). The same
results were found when a-, b- and c-eggs were examined separately (ie.
early 1983 a-egg versus early 1984 a-egg; Table 2).

In each year, when all fresh eggs were analyzed together, eggs from

early nests were larger and heavier than eggs from late nests (Table
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1). The scarcity of late eggs in 1984 renders the Mann-Whitney U
statistic questionable. It appears however, that eggs laid later in
1984 were smaller and lighter than earlier laid eggs.

One-way analysis of variance indicated that fresh egg size and
weight differed within clutches for early eggs in both 1983 and 1984
(Table 2). The early c-eggs for each year were lighter and smaller
than either a- or b-eggs. The early b-eggs in 1984 were narrower and
had a smaller average volume than a-eggs. Late 1983 eggs did not
differ in size, but did in weight; c-eggs being lighter than late a- or
b-eggs.

Generally, late eggs were smaller and lighter than early eggs.
Within clutches, c-eggs weighed less than a- or b-eggs, and were
smaller.

In both years, fresh egg weight and dimensions were strongly
correlated (p< 0.001, Table 3). Egg volume was most strongly

correlated with egg weight.

3.2 Chemical Analyses of Eggs

‘Between year comparisons of the wet weight of egg constituents may
be inappropriate since eggs were collected at clutch completion in
1983, but were collected fresh (< 12 h) in 1984. Williams et al.
(1982) have reported that water moves from the albumen to the yolk

during embrvonic development. For this reason, comparison of early



Table 3. Pearson correlation coefficients for Ring-billed Gull egg 1

dimensions and weight, Granite Island.

Length (mm) Width (mm) Volume (mm3 )
Width (mm)
19832 0.34
19843 0.28
Overall" 0.32
Vo lume (mm?3 )
1983 0.66 0.83
1984 0.73 0.86
Overall 0.69 0.85
Weight (g)
1983 0.67 0.83 0.86
1984 0.65 0.85 0.95
Overall 0.60 0.79 0.83

Early and late eggs were pooled.
2 n = 456

3 n =315

Y n =771

24
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eggs between years (Appendix 1), revealed that the eggs laid early in

1984 were heavier (t;,, = -2.65, p< 0.01), contained less fresh yolk (t3

= 14,31, p<0.001) and proportionately less yolk water (t - 19.78, p«<
0.001), than early 1983 eggs. Eggs laid early in 1984 also contained
more fresh albumen (t;,, = -14.49, p< 0.001) and proportionately more
albumen water (t;,4 = -12.28, p< 0.001), than early eggs in 1983.
These relationships resulted in a lower wet yolk to albumen ratio for
eggs laid in 1984, Such relationships, based on wet weights, document
the marked alteration of results caused by differing collection
procedures used in the 2 years. The between year comparisons of egg
nutrient (lipid and protein) levels were valid since these levels were
based on dry weights, therefore negating any water evaporation and/or
transference from the albumen of developing a- and b-eggs in 1983. The
yolks of eggs laid early in 1984 contained proportionately more lipid,
expressed as a percentage of wet weight (t378 = -17.21, p< 0.001), but
less if expressed as a percentage of yolk dry weight (t3378= 2.49, p<
0.05). Generally, these relationships were found when eggs were
examined separately, the only notable difference being that early
a-eggs did not differ in the proportion of yolk lipid between years (%
dry, t,,, = 1.77).

The comparison of egg composition for late eggs between years (Table
4 & 5) may be questionable since few late clutches of three eggs were
laid in 1984. Although late eggs did not differ in weight, eggs laid

late in 1983 did contain less fresh yolk (p< 0.05), more fresh albuymen

(p< 0.05) and albumen water (as a proportion, p< 0.05), and hence a

78



Table 4.

three-egg clutches, Granite Island, 1983.

Comparison of early and late egg constituent contents for

26

Early Late Student's t
n = 98 n=47
Egg weight (g) 52.8 + 3.7 50.3 = 4.2 3.64, p <0.001
Yolk: Weight yolk (g) 23.17 £ 4.71 18.22 + 3.61 (46)2 6.94, p <0.001
Dry yolk (g) 7.36 £ 0.70 6.83 £ 0.86 (46) 3.89, p <0.001
% water 67.17 + 6.04 61.43 £ 0.99 (46) 5.05, p <0.001
Lipid (g) 4.48 = 0.47 4.19 £ 0.59 (46) 3.20, p <0.01
% lipid 20.03 + 3.92 23.68 = 4.67 (46) -4.90, p <0.001
Lipid (% dry) 60.94 = 2.61 61.25 + 2.37 (46) -0.68, NS3
Non-lipid dry (g) 2.93 £ 0.33 2.67 £ 0.33 (46) 4.57, p <0.001
Albumen: Wet albumen (g) 23.08 = 4.58 26.36 = 3.72 -4.,28, p <0.001
Dry albumen (g) 4.15 % 0.47 4.07 £ 0.37 0.97, NS
% water 81.45 = 3.46 84.31 + 2.15 -6.08, p <0.001
Shell: Wet shell (g) 4.67 £ 0.48 4.24 * 0.39 5.30, p <0.001
Dry shell (g) 3.53 £ 0.36 3.29 £ 0.27 4,34, p <0.001
% water 24.40 + 3.09 22.19 = 3.48 3.87, p <0.001
Yolk/albumen (wet) 1.08-+ 0.41 0.72 £ 0.24 (46) 6.59, p <0.001
Yolk/albumen (dry) 1.79 + 0.23 1.69 =+ 0.27 (46) 2.33, p <0.05



Table 4 continued ...

Eggshell thickness (mm) 0.235 = 0.020 (113) 0.234 £ 0.020 (75)

+ 0.38, NS
Energy (Kcal/g fresh 1.55 +0.18 (98) 1.52 + 0.16 (46) 1.06, NS
welight 1ncluding
shell)
1
Mean * SD

2

Sample size in parentheses. One egg had no yolk.
3

No significant difference



28

Table 5. Comparison of early and late egg constituent contents for three-

egg clutches, Granite Island, 1984.

Early Late Mann-Whitney
n = 282 n=6 U
Egg weight (g) 54.0 + 4.1° 51.4 + 0.9 p <0.05
Yolk: Wet yolk (g) 16.20 £ 1.72 15.25 + 0.79 NS?2
Dry yolk (g) 7.34 = 0.68 6.74 = 0.35 p <0.01
% water 54.51 = 3.24 55.78 £ 1.67 NS
Lipid (g) 4.39 £ 0.45 4.13 + 0.87 NS
% lipid 27.23 = 2.26 28.25 + 5.63 NS
Lipid (% dry) 59.97 + 4.82 " 63.95 + 12.79 NS
Non-lipid dry (g) 2.96 * 0.32 2.76 + 0.15 p <0.05
Albumen: Wet albumen (g) 30.49 + 3.66 29.52 + 1.32 NS
Dry albumen (g) 4.27 £ 0.51 4.05 + 0.25 NS
% water 85.94 + 1.78 86.13 = 0.42 NS
Shell: Wet shell (g) 4,59 + 0.51 4.34 + 0.41 NS
Dry shell (g) 3.46 + 0.33 3.19 + 0.19 p <0.05
% water 24.43 = 4.76 26.12 £ 4.55 NS
Yolk/albumen (wet) 0.54 + 0.10 0.52 + 0.05 NS
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Yolk/albumen (dry) 1.74 = 0.24 1.67 + 0.18 NS
Eggshell thickness (mm) 0.238 + 0.016 0.227 + 0.009 p <0.05
Energy (kcal/g fresh 1.53 + 0.07 1.55 = 0.16 NS
weight including
shell)
1
Mean * SD

2
No significant difference
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lower wet yolk to albumen ratio (p< 0.05), than eggs laid late in 1984.
The same results were found when late eggs were examined separately.
Any deviations away from the overall results were assumed to have been
caused by small sample sizes (see Appendix 2).

Overall comparison of egg composition between early and late samples
in 1983 (Table 4) revealed that early eggs were heavier and contained
more fresh yolk, dry yolk, yolk water (as a proportion), lipid and
protein, than late eggs. Early eggs had less fresh albumen, and
proportionately less albumen water, resulting in a higher wet and dry
yolk to albumen ratio. Early eggshells were heavier, both fresh and
dry, but were not thicker than the shells of late eggs. Relative to
eggs laid late in 1983, early eggs had equal amounts of energy.

Mann-Whitney U tests, used to compare early and late eggs
separately, revealed variations in the above mentioned relationships.
When comparing early and late a-eggs in 1983 (Appendix 3), there were
no differences in the proportion of lipid in fresh yolk, for fresh
albumen and albumen water amounts, or for kcal content. In 1983, early
and late b-eggs contained equal amounts of yolk protein and shell water
(as a proportion), but éarly b-eggs had thicker shells (Appendix 4).
Also in 1983, for both b~ and c-eggs (Appendices 4 & 5), early and late
eggs did not differ in the weights of the fresh egg, dry yolk, and yolk
lipid. These eggs did not differ in energy content, or the dry yolk to
albumen ratio, when compared between early and late eggs.

Again, the comparison of early versus late eggs in 1984 may be

questionable because of the small sample size. This may explain the
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number of insignificant non-parametric tests (Table 5). However, the
data suggested to this researcher that those results obtained in the
comparison of early and late eggs in 1983 would also hold for 1984 if
in fact a larger late sample had been obtained in 1984.

In summary, late eggs weighed less, and had lighter fresh yolk and
albumen weights, than early eggs within each year. Late eggs also
contained fewer nutrients than early eggs.

Within early and late clutches each year, c-eggs weighed less and
contained fewer nutrients than a- or b-eggs (one-way ANOVA)(Appendices
6 & 7). Within clutches in 1983, c-eggs weighed less (F= 7.22, p<
0.001) and contained less fresh yolk (F= 25.02, p< 0.001), yolk water
(as a proportion, F= 30.45, p< 0.001), and had thinner shells (F=
14.39, p< 0.001) than a- or b-eggs (Appendix 6). C-eggs also had a
lower wet yolk to albumen ratio than a- or b-eggs (F= 19.61, p< 0.001)
since the freshly collected c—eggs contained more fresh albumen (F=
13.31, p< 0.001) with proportionately more water (F= 31.36, p< 0.001).
The c-eggs also contained less albumen protein than a-eggs (F= 4.96, p<
0.001).

In 1983, b-eggs contained more dry yolk (F= 3.16, p< 0.05) and yolk
protein (F= 3.32, p< 0.05) than a- or c-eggs (Appendix 6). The b-eggs
contained proportionately less yolk water (F= 30.45, p< 0.001) and more
albumen water (F= 31.36, p< 0.001) than a-eggs. Within 1983 clutches,
a-, b- and c-eggs did not differ in the proportion of shell water (F=
0.80), yolk lipid (F= 2.47) energy content (F= 1.29), the dry yolk to

albumen ratio (F= 1.64), or the percent lipid content in the dry yolk
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(F= 0.30). However, lipid (as a percent of wet yolk weight) increased
through the laying sequence (F= 26.66, p< 0.001) because of decreased
embryonic development.

Other trends were found when within clutch comparisons were made for
only those eggs laid early in 1983 (Appendix 6). Dry yolk weight (F=
2.75), yolk protein weight (F= 2.20) and the energy content of eggs did
not differ within early clutches. A- and b-eggs contained
proportionately equal amounts of yolk water (F= 20.18), albumen water
(F= 27.27) and lipid (as a proportion of wet weight, F= 15.79). Within
clutches laid late in 1983, all eggs weighed the same (F= 0.76), and
contained equal amounts of dry yolk (F= 3.05), albumen protein (F=
1.65) and kcals (F= 0.88)(Appendix 6).

In 1984, egg weight decreased through the laying sequence (F= 27.51,
p< 0.001), as did fresh albumen weight (F= 43.64, p< 0.001), when early
and late eggs were analyzed together (Appendix 7). C-eggs contained
less dry yolk (F= 13.46, p< 0.001), yolk lipid (F= 8.16, p< 0.001),
fresh shell (F= 23.69, p< 0.001), dry shell (F= 31.00, p< 0.001), and
had thinner shells (F= 3.88, p< 0.05) than a- or b-eggs. B-eggs had
more fresh yolk (F= 5.72, p< 0.01) and yolk protein (F= 11.01, p<
0.001) than a- or c-eggs. First laid eggs contained proportionately
less yolk water (F= 3.62, p< 0.05) and more albumen water (F= 5.40, p<
0.01) than c-eggs. Also, a-eggs contained more albumen protein (F=
17.60, p< 0.001) and had lower wet (F= 19.07, p< 0.001) and dry (F=
10.56, p< 0.001) yolk to albumen ratios than either b- or c-eggs.

Although the percent 1ipid in either wet or dry yolks did not change
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through the laying sequence (F= 1.69 and 0.72, respectively), a-eggs
had less energy than b-eggs (F= 9.57, p< 0.001).

When intraclutch variation was examined for early and late 1984
clutches separately, all overall results were confirmed in early
clutches (Appendix 7). Within late clutches, all constituent content
levels did not differ. This was probably related to the small sample
size (Appendix 7).

The average composition of Ring-billed Gull eggs was 357 yolk (147
dry matter, 21 % water), 56% albumen (10% protein, 46% water) and 9%
shell (7% dry shell, 2% water), with a wet yolk to albumen ratio of
0.63. 1In total, 697 of the fresh.egg was water. Dry yolk consisted of
approximately 407 protein and 607 lipid. The average energy content
per egg was about 1.55 kcal/g fresh egg weight.

To determine the relationship of fresh egg constituents to fresh egg
mass, allometric regressions were calculated for those eggs collected
in 1984 (after Ricklefs 1984). Yolk size and nutrient content were
poorly correlated with egg mass (Table 6). The constituent most
strongly related to egg mass was fresh albumen. Therefore, whole egg
mass was strongly correlated with the mass of water in the egg,
moderately correlated with caloric content and the mass of egg protein,
but was not correlated with the mass of lipid in the egg. Shell weight
increased in direct proportion with egg mass. Albumen increased in
proportion to the 1.2 power of egg mass, and the yolk in proportion
slightly greater than the 2/3 power of egg mass.

In 1983, the constituent weights of early and late eggs, excluding



Table 6. Allometric regressions of egg constituents on fresh egg mass for

Ring-billed Gulls nesting in 1984.

Statistics 2

Variable a b sy R?
Yolk: Wet yolk 0.060 0.662 0.070 0.240
Dry yolk -0.445 0.755 0.062 0.338
Water -0.134 0.622 0.102 0.116
Lipid -0.506 0.662 0.070 0.238
Non-1lipid dry -0.762 0.710 0.072 0.254
Albumen: Wet albumen -0.731 1.278 0.059 0.620
Dry albumen -1.381 1.160 0.061 0.557
Water -0.861 1.315 0.069 0.557
Shell: Wet shell -0.935 0.921 0.066 0.405
Dry shell -1.128 0.962 0.049 0.57S
Water -1.359 0.808 0.195 0.057
Whole egg: Water -0.341 1.096 0.029 0.833
Non-1lipid dry -0.640 0.963 0.031 0.772
kecal 0.509 0.813 0.035 0.649

! Early and late clutches pooled (n = 288),

2 a and b are the intercept and slope in the equation log Y = a + b log X;

4 is the standard error of b; R? is the coefficient of determination-.
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fresh albumen weight, were correlated with egg volume and fresh weight
(Table 7). The lack of any significant relationship between egg volume
and fresh weight with wet albumen weight may have been caused by
embryonic development in a- and b-eggs; in which albumen water may have
moved into the yolk, or evaporated. Both embryonic development and
evaporation in a- and b-eggs would account for the large variability in
the overall wet yolk and wet albumen weights (see Table 4, early eggs).
Egg weight and volume were most strongly correlated with the total
water content of the egg. Although there was generally no relationship
between egg volume and weight with energy content, larger, heavier eggs
contained more nutrients (lipid and protein). Energy and nutrient
content remained proportionately constant between early and late laid
eggs in 1983.

In 1984, all the fresh weights of the constituents were correlated
with egg volume and weight (Table 8). The strongest correlations were
found for the fresh weight of albumen and the total weight of water in
the egg. There was a negative correlation of egg size and weight with
the yolk to albumen ratios. The negative correlation between egg
energy and size and volume may be related to a larger water content in
the albumen of these freshly collected eggs.

Within the laying sequence of 1983 eggs, all the wet and dry weights
of the egg constituents were correlated with the fresh weight of the
egg (Table 9). Although not correlated with the proportion of water in
each constituent, egg size and weight were strongly correlated with the

total weight of water in the egg through the laying sequence.
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Table 7. Relationship between egg weight and volume with egg constituent
contents for early and late nesting Ring-billed Gulls, Granite
Island, 1983.
Weight Volume
Overall Early Late Overall Early Late
n=144 n=98 n=46 n=144 n=98 n=46
Yolk: Wet yolk 0.44%%%" 0.39%*x% 0.42%% 0.52%%% 0.43%%% 0.46%%%
Dry yolk 0.66%%%* 0.68%%* 0.56%*% 0.67%%% 0.69%%% 0.55%%%*
% water 0.16%* 0.07 0.08 0.26%%% 0.15 0.12
Lipid 0.61%%* 0.63%%%* 0,52%%* 0.61%%* 0.63%%%* 0.50%%*
% lipid -0.15% -0.06 -0.06 -0.25%%* -0.15 -0.11
Lipid (% dry) 0.02 0.01 0.09 ~0.01 0.00 0.03
Non-1lipid dry 0.62%%*% 0.60%%*x* 0.54%*% 0.65%*%% 0.62%%%* 0.56%*%
Albumen:
Wet albumen 0.10 0.21%* 0.25% 0.01 0.12 0.22
Dry albumen 0.53%%%* 0.52%%=% 0.58%** 0.50%%% 0.49%%* 0.56%%%
% water -0.18% -0.06 -0.14 -0.26%%*% -0.14 -0.16
Shell: Wet shell 0.62%** 0.58%** 0.60%%* 0.65%%* 0.59%*%* 0.63%%*
VA Dry shell 0.65%%* 0.61*%%% 0.65%%* 0.66%%% 0.61%%% 0.67x%%
% water 0.06 -0.07 0.03 0.10 -0.06 0.06



Table 7 continued ...

Yolk/albumen (wet)

Yolk/albumen (dry)

Energy

Total water

0.19% 0.00 0.35°  0.00
0.19% ~0.09 0.50%%%  —0.05
10.02 -0.09 0.11 0.05
0.89%%x 0.70%%x  0.88%%%  (,77%%x

0.02

0.00

-0.05

0.69%%*

37

-0.02

-0.05

0.10

0.88%*%*

Pearson correlation
* denotes statistical
* denotes statistical

* denotes statistical

r value
significance at 0.05 level
significance at 0.01 level

significance at 0.001 level



Table 8. Relationship between egg weight and volume with egg constituent

contents for early and late nesting Ring-billed Gulls,

Granite Island, 1984.
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Weight Volume
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