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Abstract'
The impact’ of variation in'egg‘siz'e on a series of reproductive
parameters in Canada geese (Brahta canadenszs) was investigated. Data were
collected from eggs of wild and captive Canada geese to document the

variation in size. Goslings were marked at hatching and recaptured near
-

fledging to determine the effects of “egg size on the reproductive success of

/
females .and the survival of goslings. - A

Most variation (60%) in fresh egg 'rnass and index of egg volume was
explained‘ bt' difterences a-mong femaies. Multiple correlation analysw\:evealed
a posutive but weak relationship between mean egg-size and female condition.
High indices of repeatability obtained with captive females suggested that
denetic differences might explain a large part of the differences amang
‘f‘emales. These differences did not affect the number of goslings that
.reached fledging age. . ’ )

Variation of size among eggs within ‘a clutch accounted for a third of

the total variance in size. . Eggs in the middle of the sequence waere very

similar, yet larg the first and last eggvef the ‘sequence. .Undetermined
physiological /changes in the reproductive tract hat the onsetf and termination of
laying may explain this consistent pattern of vatiation within clutches.
The mass of gosiings at hatching ‘was strgngly correlated with fresh
egg mass. Differences in the size and posr'l.‘lon in the laylng sequence of “"‘_Li
eggs within a clutch did not affect their hatching success and the fledging
success of the gosling From: these results | concluded that 'egg size had a
very yveak effect on the “fitness” of a female or the chick produced. '
Additionally, there was no evidence that female Canada geese invested
tmoge jn ong sex of gosling than the other. This concluSion was based on

the fact that position in 'the’ laying sequence, egg mass, oand hatching ‘mass did

not differ between male ‘and female goslings.
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Resume

Cette étude. a porté sur la variabilité de la grosseur des oeufs de
bernache du Canada (Branta canadensis) et l'effet de celle-ci sur le succés
reproducteur des femelles et la survie des oisillons. Les donnees ont éte
recueilies a partir d'une population hichant dans le sud-est- de I'Alberta et d'un
groupe d'individus gardé en captivité. Les oisillons ont été ‘marques a
I'éclosion et recapturés lorsquiils étaient agés de cing & huit semaines.

Soixante bodr cent de la Varianbe calculée dans la grosseur des oeufs
était attribuable. aux différences entre les femelles. L'indice lipidique des ]
femelles etait faiblement, mais significativement corrélé avec I‘a grosseur des
" oeufs. €es différences. pourraient étre causées en majeure partie par des
difféerences genetiques entre les femelles. En effet. celles qhi ont pro’ddlt plus
d'uné couvee, ont pondu d‘é;"oeufs de grosseur similaire. Ces differences
dans la grosseur des oeufs entre les femelles nont cependant pés influence le
taux de recépture de leurs oisillons. ’ * \ﬁ/ -

Environ 30% de la variabilité de la grosseur' des oeufs était‘ causé par.
des différences présentes a l'intérieur d'une méme couveés. Les premiers ot -

i A
les derniers oeufs de l'ordre de ponte ‘étaient les plus petits _;de la. couvee
alors que ceux du milieu etaient les plus gros et trés similaires entre eux-
Ces différences n'ont cependant pas affectée le taux d'éclosion ot le taux: de
recapfure des oisillons. J'ai donc conclu ‘d'aprés ces résultats que la gros's_éuf-.
‘de l'oeuf a trés’ peu d'effets sur le succés reproducteur des femelles ,'et sur .
la survie des jeunes. R : o .

‘De plus, des données recusillies sur -l sexé'de"s oisillons ont révéls
que les femelles n'ont pas investi plus de ressources éne"rgét‘iques dans un |
oisillon de sexe male ou femelle. Cette conclusion est basée sur l'absencé de .
différences entre les oisillons males et, femelles de la masse de I'ceuf, la

“masse 2 l'eclosion, la longueur du culmen ‘et du tarsus.

7
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R lNTRODUchON_

In many StL;dleS of ‘avian species, “fitness” has been estlmated-osing
either the numbef of eggs produced or the number of chicks reaching
fledging age. The factors that cause and. maintain variation in clutch sizes -
among individuals of the samle species or arnong different species have
received considerable attentlon {e.g.. Lack 1967, Klomp 1970, 'Ricklefs 1977,
Winkier and Walters 1883). ‘However unlike clutch size variation, egg size
variation has not been at the centre of interest for avian _evolutionary
- ecologists ' apart frori’l the‘recent-wc:l"rkl of Ojanen (1983). As a result, little
‘information is available on the @auses- of variation of egg size and its potential

\

mfluence on_ the relative “fitness” of the chick produced from or the female
produc\ing‘eggs. B |

Like clgtcn size, egg Size€ varies conslderably_ arnong individuals’ o% the
same _species le.g.. Lack 1968, Vaisaren et al. 1972, Aﬂ;ﬁé?‘ and Bisset
1976. Manning 19f7.8) 'and among different pgpulationseof the same ‘sfpecles
{e.g:. Batt and Prince 1878, Manning 1978, Miller 1979, Otto 1979). Variation
in .egg’ size may reflect dlfferences in the age (e.g... Coulson 1963, Cooper
11978 Mills 1979), inf body size (Otto 1979), and in body condition of
females (Jarvinen and ‘Vlaisanen - 1984}, Recent findings by Ojanen et al; (1979)
an"d van Noordwijk et al' (1981) however support the ldea that a major part
of the varlatlon observed,m egg size - among females reflects genetic ‘
v; dr fferjnces among' them .

'.‘ The repl:voducttve success (estlmate of fltness) of females producmg
«larger eggs has been snown to be hw;er in herring" gulls (Larc)s argentatus)
(Parsons 1970) great tits (Parus ma/or) (Schlfferll 1873). and European swifts

(Apf/s apus) {O'Connor 1979) “In controlled experlments larger chicks from
larger -89g$ survuyed better than smaller chicks from smaller eggs (Ankney
\1980 Moss et al 1981, Rhymer f982) Larger lipid - reserves (Parsons 1970),
l.bett:r energetlc and ‘:hysmloglcal advantages (Kendengh 1960, Rhymer 1-982)
and' a more advanced stage of development '(-Schlfferlll1973) are the maln
4 reasons lnvoked m the dlSCussRan of the advantages of” hatchmg from an egg
¥ L ‘*. 2 ) o .

4 '.’-..4‘ . . .
a\' ‘ ."vl,x ) .15‘)‘ . ,/_\\_
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of larger size. Variation ot egg size within a clutch may have an adaptive
value (see Slagsvold et al. 1984, for a discussion of this topic). Within a
clutch male offsprnng tended to be produced in large and first eggs Rf sNow
geese {Ankney 1982, but see Coocke and Harmsen 1883). _

In light of these findings. | report in this thesis. the results of a study
of egg size variation of wiI\d and captive Canada gesese (Branta canadenst:s)
nesting at mid latitudes. This species was selected for three reasons. First
nests are easily located and theéir eggs readily measured. Second. a breeding
population of.captive birds held ih the same area where wild birds were
nestihé offers a valuable opportuhity fot comparative studies. Moreover.
captive birds can be handled. throughout their r.eproductive\ cycle without any
apparent trauma. Third. an extensive body of information on the biology of
this species is available (see Cooper 1978, and references therein).

The aim of my re'search was to quantify the sources and to determine
the causes of variation in egg size, and to examine the effect of this
variation on the reproductive success of Canada geese, as estimated by the
number of goslings fledged. ,

In this’ thesis, | present the results in three chapters. The first (Chapter
I deals mainly 3vith the “question of ‘the causes of variation in egg wsize of
Canada geese. Ouantutatlve analyses are presented and duscussed in relatuon to
_other. stueies ‘of the same and other specaes " The second (Chapter 1]
addresses the gquestion of whether egg size has any effect on the
rep'r’oducti\te . §ucc:ess of ‘geese. Along uwith this, is ’a study of .the effects of
1) posmon in the Iaymg sequence and 2) brood. size on the reproductuve
success. The third (Chapter IV) addresses the questuon of whethe' females
in.lyest more m.goshngs of ‘one sex than the other. Though not directly
related to the point’®of egg size var?dfﬁ(t\h?s«information is relevant when
one considefs’ the variation_ of egg size within ‘.clutches of Canada geese.
Lastly” | nntegrate my rqsults with’ those of ‘other stbdles and discuss

.\

the value. of egg’ size’ 4 an estimate of hfetgme reproductuve output.
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Il. EGG SIZE VARIATION IN CANADA GEESE
i
INTRODUCTION .

Lack (1967, 1968} suggested that. among the members of the.Anatndae.
the amount of food available to females and/ or body reser()es carried by
them couldlbe diverted to either ’few large or many §méll eggsi He .noted
truat egg size was relatively constant within each species of . Anatidae. and
suggested that differences between species existed.beca'use ‘of' hereditary
factors, thus in each species, | egg size Would 'have evolved as a compromiser ¢ |
between the provusromng of sufficient nutrients wnthm each egg to assure
survival of the chick and reducing the numbér of eggs produced per clutch.

Lack (1968} found a wide range of egg mass m emperor (Aptenudytes
forsteri) and king penguins (A. patangonicus). He pdstulated that because these
species of penguins could lay only ,one égg. they coyld ’rnodify only egg size,
not clutch size. Likewise, Ankney and Bisset (1978) reoorted:a' large range "~of
varigtion of fresh egg mass in a population of sno;v ‘geese (Chen !
caerulescens). The range in size, used as a measure of variation, was
reported to be large fkéo in Canada (Branta canadensis; Manning 1978) and
greylag geese (Ansler‘anser; Young 1964, 1972). )

Internal and external factors such as age of the female, body size,
_body condition, and laying sequence may increase variatioh of egg size within
a species le.g., Romanoff and Romanoff 1948, Coulson 1963, Kear 1965;
Pareons 1976, Myrberget 1977, Miller 1979, Mills ‘1‘979, ’Otto 1979, Houston
et al. 1983, Jar\)inen and Vaisarien 1984. " However recent studies have
‘'suggested that egg size might have a strong herltable component e.g.. O;anen
et al. 1979, van Noordwijk et al. 1981). R

The fnrst objective’ of this study was to ‘document the amount of
variation in the characteristics of ‘eggs produced by a populatnon of Canada
geese (B. ¢. moffiti) nesting at mid latitude. 'Different measures of vanabxhty

were used and compared to previous studies of the same and oth;e.r species.

The second objective was to quantify the relative contribution to the total

6



variation recorded from that 1) within' clutches, 2) among clutches (females), 3)
among years, and 4) among areas. Thé third objective was to investigate
possible causes of phenotypic variation observed in egg size.
STUDY AREA AND METHODS

| conducted my study during the summers of 1983 and 1984. |

collected data from two different sources: a breeding population of wild

s~

Canada geese and a breeding flock of/ captive birds maintained at the Brooks
Wildlife Center, Alberta:
‘ ‘

Captive Canada geese _

Data were available from 34 pairs in 1983 and 21 pairs in 1984, of
which 19 pairs were common to both yéars. All females, with thg exception
of two, originated‘from a breedinglpopulation of‘wiid geese in the vicinity of
Brooks, Alberta (D.E. Hofman, pers.’ comm.). .

In late March of each year, pairs from the captive flock were released
into alley\)vays;tr)m gave access to a series of contiguous breeding pens. Each
breeding pen had wire mesh walls and ceiling and was 10 X 10 X 1.3 m
high and enclosed a‘ 2.6 X 2.6 m ‘pond, a metal feyer, and a nesting ‘ T
‘structure. Once a pair was seéen “defending t‘he sarhe pen for 1 or 2 days; it k
was isolated from other B'irds by closing the. access door to the alleyway.

From April 1 to May 30, | checked every pen daily for new eggs. i
marked with a '\‘/‘vaterpr»gdf felt pen each new egg on the date of diséovery
and weighed it with. a spring scale o; 300, g capacity calibrated in 2 g
inte.rva'ls. Maximum length and breadth of each egg were measured with °
Vernier calipers and recordecj.' In 1983, to induce_ruénesting,. | removed _thé
entire clutch 5 days afterv thé date of Jayiné of the fasf egg.  In 1984, I
‘removed the éompleted clutch earlier . (3 days. after the laying of the Ias; egg)’
-in a attempt to 'increase the number‘ of renesti!ng attempts (Sowls 1855). Each
year, on the day of ciutch removal, | Weigh_e';i the female with a 5-kg Pesola &

_ spring scale calibrated in 0.1 kg intervals, and recorded the tarsus and culmen .

'
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'3 or 4 days in 1983. The followi

I.éngths. In 1984, | also determined. the wing chord length. In addition to
these measurements, four others weref obtained in February 1985 for all
females that bred in 1984. They were head length, culmen length at gape.
length of rthe ninth: primary (from point of insertion of c;lamus to tip). and
the diameter of tr\e ninth primary &t the superior umbilicus. | used these data

to determine an. index of size using an analysis of principal components.

Wild Canada geese _

This study was conducted near Brooks (56' 35 N, 111° 54° "W} In the
shortgrass ecoregion of southeastern Alberta (Strong and Leggat 1981). In
1983 Istudued four reservours Gleddie Lake, Tilley A", Tnlley “B", and Rolling
Hl[ks Lake (an -1 In 1984 my study area included two additional
reservoirs: Kmmvue Flat and Cowoki Lake (an n-1. Al reservoir"s were
located wnthm a circle of 16 km radnus The shortest and longest dlstances
between 2 reservoirs were 1 and 35 km respectively.

Mean dany temperatures for April and May recorded by Enwronment

Canada for Brooks for 1983 were 4.8°C ‘and .10.5°C and for 1984, 6.3°C

and 10.3°C respectively.

The population of Canadd geese nesting on the study site has been
in‘creasing for several years and its expansion throughout soutt}e‘dstern Alberta
has not been affected apparently b'y the recent \drought D.E. Hofmar},, 'pers‘.
comm.). , | o

In 1983 and 1984, | collected data from 123 and 222 complete

clutches produced in the wild. In 1983, | searched Gleddie Lake daily for

nests from ,laté March to late April. other reservoirs were cha'cked_’ every

ngf:ear, ] g\:{.j,;:,ited Gleddie Lake everv' 2 -

days and all other areas every 2 to 4 days. ’ . _ o

_ Upon diScoVéry, the location of a nest was recordgd,on a map’of the
lake. Each egg was marked with a};.Wéterproof felt peri- with the date of
disdovery; Sequence of laying was determined by the degree of soiling of

the egg. (Cooper '.,1'978') Qm nests with three eggs or less. _Mass,
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maximum Iengtp and breadth were determined for. each egg. Subsequent wvisits
every 2 or 3 days during laying period allowed me to determine the laying
sequence of the rest of the clutch. | '

To keep disturbance of the nesting areas to a minimum level. | revisited
many nests near completion, only about midway through incubation. To

estimate the fresh mass of eggs laid after the previous visit, | added a value

" of 1 g/day of incubation to compensate for the loss in mass incurred in the

intervat-- Jhis value was obtained by plotting average loss of mass for 52
“clutches during incubation (ng. I-2). In most clutches in which this correction

had to be made, it concerned only the last one or two eggs laid in the

clutch. | believe that: this correction did not affect my results significantly.

No attempts were made- to estimate the fresh egg masse?;%%:)f
completed. clutches found during incubation. An index of volume was used as
a alternative estimator of egg size. It was calculated usir:g' the formula‘,lengfh
X breadth?. Using only one egg per clutch, | plotted fresh egg m’as‘.s agemst
' its index. of uolume (Fig. 1I-3). Index of volume was found to be a good

" .

estimator of fresh veg'g mass. s

;rhe laying of the first"egg ih&'-'a nest. herein referrgd as the -date of
laying, was estimated in 89% of the compieted nests N = 345{' 'Three

methods were used‘\lvte1 determme date of Iaymg The first one was used

when the, nest was f0und durmg Iaymg ~The time to Iay a gnv%wqumber; oj

eqags was subtracted wfrom the date of discovery. Because the aﬁ/eragﬁ &@]

be aen Iaymg of ‘two c’onsecutave eggs’ was 155 days (SD = 0333 N7

140 clutches), an odd number of - eggs would requnre a given numbar of days
plus half of an another day However to get a ‘integer value for gate c:f
laying, | used the integer number before and after the frac'uonal tume 4
calculated, in an alternate sequence for nests with odd numbers of eggs. For
example, if three nests contained _three egys each, | would assign 5 days to
‘the first, 4 days to the second, and 5 days to the third as the time required
to Iay“the clutch. ‘I used a second .method for 21 clutches. The hatching

date, which was defined as the first day that any egg was observed pipping -
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Mean loss in mass . per clutch (g)

0T a2 28

~Incubation time (days)

Figure_'lI-Z; Relationship between mass and days of incubation for the eggs of -
wild Canada geese. , - ’
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(Finney and Cooke 1978), was known in these clutches. To. obtain the date

of laying | subtracted a round figure of 27 days (X = 26.9, SD = 1.1, N =
53) for incubation t|me plus the approprlate time to lay all eggs. | tested this’
method on 39 clutches for which laylng date were known (nests found with
only one egg or two - eggs by' plotting the estimated value against the

observed value. The coefficient of determination (r?) was 0.965. A third

method was used for estimating layihg date in 51 clutches. Because egg

\“
~

density decreases as the incubation advances, knowing the density permits—one—~

‘ e
to estimate incubation time. in my study)dsx—oLdengfy, defined as
mass/index of volume, was'hegaﬁvély correlatad with incubation time (Fig.

P v ‘/
II-4). Having obtained the incubation time from the equation, | then subtracted
this number of days plus that for laying the number of eggs in the clutch
from the date of discovery of the nest. | tested this method on 4§ nests
with known laying dates. Of all estimated values, 77% were within * 3 days
of their known values. '
Coefficients of variation were compared using the technique of Sokal

-and Braumann (1980). Analysis of variance followed the procedures of Sokal
and Rohlf (1981) and they were done using the SPSSx (SPSSx Inc. 1983)

statistical package.
RESULTS

Renge .ln size of eggs and coefficient of variation

Two indices of variation in SIZS were calculated for eggs of captive
‘and wild birds. Thelr relatlve value as mdicators of’ phenotyplc variation were
'compared | ‘ ‘

Range coefflcnent of variation (CV), and other descrlptuve statnstncs of
mean egg mass per clfnch (MEMY) and mean index ‘of volume per clutch MIV)
A‘of Canada geese in captnvnty are glven in . Ta/ble -1 and in the wild in Table .
12 No dufferences were found/between years in values of the CV for

.elther the -captive or wild birds (P > 0. 05) Coeffncuents of var:atlon of MEM
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and MIV of captive geese were not statistically differeprrom those of wild
geese (P > 0.50). For each completed clutch in captivity and in the wild, |
calculated the within-clutch CV of egg mass and index of volume. In captivity,
the mean CIV of egg mass and the mean CV of index of volume were 3.5%
and 3.5% in 1983, and 4.1% and 4.0% in 1984. In the \{vild, they were
respectively 4.2% and 4.0% in 1983 and, 4.0% and 3.9% io 1984. No
differences were found between the 2 groups for eithe’r“egé mass or index
of volume in 1983 (mass: t-test, t = 1.846, DF = 92, P = 0.07; index of
volume: t = 1.409, DF = 116, P = 0.16) and 1984 (mass: t = 1.111, DF =
209, P = 0.27. index 'of volume: t = 0.265, DF = 236, P 5 0.79).

Components of variance in egg characteristigs

The ;;roportion.;of the total. variance attributable to experimental errors
was investigated for length, breadth, and jndex of volume using three repeated
measurgments of 14 eggs. An analysis of variance revealed’ that only 0.04%,
0.11%, ang 0.06% of the total variance (among eggs + among repeated
measurements of the same egg) for Iength-, breadth, and index of volume |
respectively, was accounted by experimental errors. Therefore. their
contributions to the‘.total variance appear to be minimal.
- Variation among clutches (females) in the characteristics of eggs of’
captive Canada geese accounted for approximately three-fifths of the total
variance in mass, length, breadth, and index of volume ('TabIé I-3). Varviation“ in
egg characteristics of successive clutches of. the same‘fémale explained very
littte of the total variance recorded for egé characteristics. Variation within‘
clutches accounted for‘ about one-third .of the total variance in mass, length,
'énd index of volume. The variatién in breadth within clutches was relatively
greater than any other characteristics.

.The variation amoﬁg clutches of wiid Canéda geese laid the same vyear
or in 2 consecutive years by the same femalé, could not be. estimated |
because fermales were not marked. As in captivity, hoyvever; most of the

varigtion in the characteristic of the -egg was accounted for by differences
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among and within clutches (Table 1-4). Differences between years appeared to

be nonexistent in all characteristics except mass. which explained only 5% of

“the variance. Differences between sites explained less than 4% of the total

variance.

Factors influencing variation of egg characteristics .

Variation of egg ‘characteristics within clutches

1 I tested the effect of e\gg sequence on egg characteristics using data
from the captive flock and a tw-o-':vay ANOVA without replication (Sokal and
Rohlf 1981). For this design, the lassumption that no interaction exists
between sequenc‘e and clutches must be made (Sokal and Rohif 1981). |
tested the validity of this assumption using data collected from 9 females that
laid 6 eggs in 2 clutches either the same year or in 2 different years in
captivity. No significant interaction term was found for any of the
characteristics (range of P values= 0.457-0.769). In other words, the pattern

of variation of egg characteristics is consistent among different clutches.

There were significant associations between mass, tength, breadth, and

index of .volume of an egg and its position in the laying sequence in clutch

sizes of 5, 6, and 7 (Table H-5). The small samble of clutches of 4 eggs
faid in" captivity might explain the lack of statistic‘al‘signifiéaﬁce of the effect
of laying serence in this clutch size because the trend wa;s similar to that of
larger clutches (Table' II-5). |

The effect of position in the layjng,vsequence of ‘eggs produced in the

wild was ahalysed with the same design as those from the captive birds,
3 . . :

Only clutches for which laying sequence was’ known (see STUDY AREA AND

METHODS) were used in this analysis. As with captive birds, egg
characteristics were associated - significantly with laying sequence for all clutch
sizes (Table 1I-6). In addition, descriptive statisti.c;s of eaﬁh characteristic were
plotted in Figures -5 to II-8.

s
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character:

ics of eggs of captive Canada geese. Values in the table are F

TABLE .If%dﬁelationship between position in the laying sequence and size

values bas on a two-way ANOVA without replication.

Clutch size ‘

Characteristics 4 (7p 5 (16) 6 (27) 7 @
L2 2] Hot¢ »*

Egg mass 2.75 11.40 15.35 4.31
' A " o »

Egg length 1.34 4.57 3.86 2.35
i o Laa Laa L]

Egg breadth 0.38 .9.71 61.14 4.32
e £ L AR - *

index of egg volume 1.38 10.26 10.80 3.56

! No. of clutches
*» P < 0.05

s P < 0.01

wee P < 0.001

> KOs



TABLE 1I-6: Relationship between position in the laying sequence and size
characteristics of eggs of wild Canada geese breeding near Brooks. Alberta.

Values in the table are F values based on a two-way ANOVA without
replication. ' )

22

Clutch size

Characteristics 41 , 52 6’ 2
. e " L2.2.] 1 4 L2, 2.0

Egg mass 6.26 9.60 21.11 6.50

) . » L2 ]

Egg length 2.44 2.45 3.84 1.7%
R : » * " "

Egg breadiy 2.47 2.86 14.44 3.99
. ﬂf* " -0t "

Index of egg volume 4.97 4.49 14.61 3.34

! DF for all characteristics: 3,30 _
? DF for egg mass: 4,196, other characteristicss 4,176
* DF for egg fmass: 5,196. other characteristics. 5,243
* DF for egg mass: 6,96; other characteristics: 6.90

*» P < 0.0%

» P < 0.01

we P <-0.001
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Figure -7 Relationshi “between the bréadth of an egg and its position in the

laying sequence. A) our-egg clutches, B) five-e

clutches, and D) seven-egg Clutches.

gg clutches, C) six-egg
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All clutch sizes investigated showed a common pattern of wariation in
mass and index of volume accordmg to the posmon o(g the egg in the Iaymg
'sequence. These characteristics followed a curvmnear pattern with eggs in the

middle of the  sequence bemg very snmllar in méss, yet larger than the first

and last eggs in"the seqguence. )

~ On average. the lightest egg in.a clutch weighed 81.0% (no. of
clutches = 250) of the heaviest egg. The index of volume of the smaliest
egg was also 91.0% {no. of clutches = 301) of the Iargest egg of the
clutch. No dxfference in mass between the flrst and last egg of a clutch was
found (patred t-test: t = 1.470, df = 127 P = 0.14).
Variation of egg characteristics among clutches _

Using each year's data on egg character’isfic's from the captive flock, |
did a multiple correlation (analysis to test the influence .of certain variables on
MEM and MIV, namely: ag‘e of the female, date of laying. clutch size, index
of condition, and index of body size. The index of condition, defined here
as body mass over tarsus length, was the best estimator of total fat reserves
'avagleble in my study (see Gauthier and Bédard 1985). In 1983 and in 1984,
- the index of condition explained a significant part of the variance in MEM and
MIV (Tables II-7 and WI-8). There was slight statistical evidence in 1984 that
age of the female was correle't.ed with egg size. However, the trend was
opbosite to that of 1983. . -

As with eggs produced in captivity, | tested if date of laying and
"_clutch size of egg produced in the wuld were sngmfncantly correlated with
MEM and MIV using a multuple correlatnon analysis. In 1983 l pooled all data
from all areas because there were no statistical dn‘ferences among areas in .
sither MEM or MIvV (Tab'le II-S) in 1983, netther date of laynng nor clutch
size were sngmfncantly correlated with MEM or MIV in 1984 | did the

analysus for each area- separately because there were slgmfncant dufferences
among areas in egg suze (Table I- 9. MIV was negatlvely correlated with date

of laying at Gleddie Lake I = ,f0.321, df = 38, P. = 0.04). No other

1
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TABLE II-7: Multiple correlation analysis of 'selected blologlcal variables on mean
egg mass per clutch of captive Canada geese.

Partial
correlation

Variables Year coefficient N P
Index of condition 1983 0.415 32 0007 °
1984 0.418 19 . 0.030
Age of the female 1983 0.110 30 0.275
1984 -0.369 18 0.055
Clutch size 1983 -0.154 32 0.182
1984 0.044 19 0425
Date of laying 1983 0.117 32 1 0.255
) 1984 -0.281 19 0.108
Index of body size 1983 -0.034 32 0.425
1984 -0.150 19 0.258
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TABLE II-8: Multiple correlation analysis of selected biological vanables on mean

index of egg volume per clutch of captive Canada geese.

/

Partial -
1 correlation

Variables _Year coeffigient N y P
Index fcondmon. 1883 0.399 32 O.Q10
: \ 1984 0.425 - 19 0.027
Age of the female 1883 0.067 30 0.357
1984 -0.364 18 % 0.057
~ Clutch size 1983 -0.137 32 0.219
’ 1984 0.039 19 0.433
Date of laying 1983 0.106 32 0.276
- 1984 0.175 19 0224
Index of body size 1983 -0.073 32 0.341
' . 1984 -0.313 19 10.083.
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s;gmfacant relationships were found: betwgen the other biological variables and
with either MEM or MIV. The large differences in MEM among females in’ the
wild populatuo-n resulted in a considerable overlap of total clutch mass among
clutches of different size) (Fig. II-9y. For ‘example, the total clutch mass of
49% of all 5-egg clutches was greater than that of the. hghtest 6-egg clutch,

and among 6-egg clutches. 43% of them were heavier than the lightest 7-egg

clutch.

Variation of egg characteristics among years

Mean masses and mean indices of volume of eggs within a clutch did
not differ among years in captivity (P = 0.50). For 19 females that lad one
clutch in. both years, there were nb differences between years in any egg
characteristic (Table I-10). Descriptive statistics of MEM and MIV for each
area are given in Table II-19. Only at Gleddie Lake was mean MEM in 1884
significantly greater than in 1983. No differences between years were found

at either Tilley "A” or at Rolling Hills Lake.

Variation of egg characteristics among areas
¢ In 1983, | found no significant differences among' areas in smean MEM

or mean MIV (Table IF9). However. in 1984, MEM's of geese nesting at

Gleddie Lake and that of those nesting at Kininvie Flat were greater than the

values of other areas (Duncan muitiple range testl. Eggs from geese nesting

at Gleddie Lake and at Kininvie Flat were also targer than those at other areas

¥

(Duncan - multipie range test).

. o~ ,
Repeatability values of egg characteristics.

Defined as the among-females component of variance over the total

phenotypic variance, repeatabilty can be used to suggest if some of the

- variation in a trait reflects genetic variation among individuals. 'Ipalwlated the

" repeatability in two ‘differar.wt ways: first using mean values from first clutches

produced in two consecutive years in captivity (Table -11) and second using -

e —
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TABLE II-10 Mean (¢SD) of mean values of egg characteristics per clutch of
19 females producing clutches: in captivity in 2 consecutive years at Brooks,
Alberta. Only first clutches considered.

Year Difference
. Characteristics 1983 1984 t!
Mean egg mass 161.9+£10.3 163.1+£10.3 1.21
Mean egg length 84.7+3.4 84.5+2.8 0.32
Mean egg breadth 58.321.1 58.2+1.3 0.71
Mean index of egg volume 288.0+£18.5 286.5+18.1 0.32

! Based on a pélred t-test; for

all characteristics P > 0.20
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TABLE II-11: Analysis of phenotypic variation in the egg characteristics of first
clutches produced by 19 marked female Canada geese in captivity over 2

years.

t

Among female

Within female

Characteristics variance variance Repeatabmty
Egg mass 97.394 9.103 - 0.915
Egg length 8.692 < 1.138 0.884
Egg breadth 1.297~ 0.190 0.872
Index of egg volume 299.232 33.858 0.898
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mean values of the first clutch and the second clutch laid the same year.by
a gilven female (Table lI-12). Average repeatabilities of MEM and MIV were
0.888 (+0.049) and 0.827 (+0.154) respectively. Mean breadth of eggs had
the lowest repeatability (X = 0.565, SD = 0.268)." ~

DISCUSSION

Indices of variation
Range and coefficient of variation have both been used to describe the

amount of variation in f;gg ‘characteristics existing in other populations of
waterfowl ,vspecies. The range in mass of eggs produced by Canada geese
breeding in the wild near Brooks,’Alberta, for the 2 vyears was 129-200 g (N
= 1416) and the range in volume index was 227.2-374.2 cm? (N = 1701). .
-The percentage the -lightest yvés of the heaviest obtained in this study (64.5)
was less than that (68) recorded ‘by Manniﬁg,(‘1978) from arctic nesting
Canada geese (8. c. interior) or calculated (79) from the data of Young (1972)
for greylag geese, but greater than the value {56), réported by Cooper (1978)
for giant Canada geese (8. c¢. maxima) in Marshy Pgint, Manitoba. it was
similar. to values reporied by Lack (1968) for emperor penguins and Ankney
and Bisset (1976) for snow geese. Lack claimed that the large variation
obser‘ved(in his study was unparalleled in other species of birds, wheréas
Ankney and Bisset (1976) stated that such large variation in egg masses was
unusual among species of waterfowl. The Adata from this sfudy suggest that \
suc.h variation may not be so unique. ‘ o '_ ' _‘_J

| However, it is important to- remember that range is known to be |
_greétly afchted by Quflier values .and‘ by sample size (Sokal and Rohlf 1981).
_ Sarhple sizes in thé study of Ankney and Bisset (1976) and thi_s study were
relatively large (N. >1000) .whereas tﬁose of Young 11972) invoNed only 200"
eggs and Man’nihg (v1978) 1253 eggs. Hence sfnafl sample sizé méy hav'e'-",
influenced their results. | te?ted the .relationship between fan'gew.and "samvple

. size by taking random samples of different sizes from data recorded in 1984.
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TABLE 1I-12: Analysis of phenotypic variation in the egg characteristics of first
clutches produced by Canada geese in captivity within a given year.

) + Among female Within female
Characteristics variance variance Repeatability
?_9_5131
Egg mass 46.864 . 9.550 0.831
Egg length 3.621 1.141 0.761
Egg breadth ‘ : 3.298 4.121 0.445
Index of egg volume ‘ 11.2?6 : 6.082 0.650
1984 . .
Egg mass 60.974 | 5.425 ' 0.918
Egg length 5.042 0.523 0.806
Egg breadth o 1.417 2.327 0.379
Index of egg volume - 2.001 - 0.147 0.832
! No. of females = 13
?* No. of females = 8
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As predicted, the ra;io of the . lightest to the heavi9§'t showed a clear inverse
relationship with sample size (Fig. I-10). From these‘ results, it is evident that
the range is an inappropriate indicator of the variation in egg size existing in
a population because it is too dependént upon the sample size.

On the other hand, the coefficient of variation may be more
appropriate to describe the variation present. It can be ‘used to test if.a
character is more variable in one population than in another (Soka! and
Braumann 1980). The CV's for MIV in eggs produced by Canada geese in the
wild in 1983 and 19&;4 (TZble fI-2) did not differ significantly from those
reported by Manning (1878} for eggs of B. ¢. maxima and B. c. interior.
The  CV’'s of masé for eggs produced by B. c. moffiti near Brooks in both
years (1983; 7.43, 1984; 7.26) weré not different from those reported for
B. c. interior by Manning (1978). but were different from those of B. ¢ "
maxima. Cooper (1978) found a larger CV in egg mass in the latter -
subspecies (data from.“1983, compared to his data of 1970: t = 4.363, df =
771, P < 0.001; his data of 1971. t = 4.558, df = 798, P < 0.001). The
CV'of egg mass in a population of sr.mow‘ geese {(Ankney 1880) was smaller
than in my study (compared with 1984 data: t = 8.63, df = 4951, P <
0.001). In contrast, the CV of MEM of Canada geese in this study did not
differ significantly from those of either a population of mallards (4nas
.platyrhynchos) or tufted duck (Aythya fuligula) (Hill 1984). The CV of index
-of volume was not signi‘fi.cantly differént from that recorded for a population
of comman eiders (,S‘omate’ria' mol/issima; Schmutz 1981):

Ankney‘ and Bisset (197.6) sugg;sted that the osciliation of selective
pressures maintains a wide range of 'égg mass geﬁotypes in .the population.
Based on.this _Lhypo';he'sis, théy predicted that the degree of egg mass .variation
{CV) -would be proport-;c;nal to the amount of annual variation in the
envirqnmentall conditions during hatching. This prediction is very diffic‘ult to
test because we do ‘not know What particular' énvirbnmental condition(s) is(are;
critical to. thé survival of ;hé_ gosling. For examplé, it may be a combiRation

of rain and sub-zero temperatures or snow- and strong winds that is_critical.



38

- G
‘oz1s aichues uaailb e ypm
SUNJ BAl O3 "ONEJ B 4O BNBA uesw ey Suasesdes wmep yoe3 ‘eseab epeue) 4o mmmo JO SOIU®S WOPURS SNOLIBA
u _uo«m_:o_mo iseeay oy 03 668 isewby ey jo ones oy jo uonsleA ey Bumoys uoneuas eIndwod oy -l o.!m.u
8jdwes oy} ul sbb6e jo "ON :

oooﬂ 006 oom 00, 009 00§ 00 00€ OON_

Taeay ey} o} B6e 1seiyby eyl jo ojjey




(endogenous versus exogenous Sdurces). -

However, if we assume that environmental . conditions during hatching at mid
latitude do not vary as much as those at high latitude, the variation in egg
size (CV) should ‘be smaller in my population and that of Cooper (1978} than
that éf Ankney and Bisset (1976). Howe’ver, we observed more variation in

egg size in my study and that of Cooper (1978) than that of Ankney and

‘Bisset (1976). To explain these results, | propose that the amount of variation

in egg size may be inversely proportional to the severity of the environmental

conditions and not to the amount of annuak‘**“/arlatlon in the environmental

conditions. Assuming that small eggs do not produce goslings of as good’
"quality” as large eggs, an increase in the severity of conditions would
ncrease the selective pressures against females that lay smallef’éggs, therefore
reducing the variation in egg stize. If these severe conditions were to persist
for a Io;xg period of time le.g. 15 generations), mean egg size would be
negatively correlamd with the coefficient of variation. More studies are
needed to domem the amount of avarlatnon of egg size within a species

along a gradient aof severity in environmental conditions. to see if there is any’

relationship between these. two variables.

Variation in egg characteristics within clutches in Canada geese

2, . d"(; ) . . ’ .
The magnitude of the variation among eggs within clutches, obtained

from geese in captivity and in the wild, was lower for all characteristics than

-that Laportea 637' Manning (1978). Because this is a relative measurement of >

. &4 -
the variation, the difference between these two sets of results could reflect a

Ia;'g;er variation among clutches or a smaller variation within: clutches. Va‘{sanen
et al; (1972} reported that 18.5 to‘ 40.5% of thé total ’variénce in egg“
volume could be expia’ined by variation among eggs within clutches for’ five _
species of waders.. In some passermes this value va\ed from 19 to 27/5/

{Ojanen et al.’ 1979, Jarvinen and Vaisanen 1983) lefew/,‘.\__,m

species may depend on factors such as the presence of asynchronous ——

hatching or the different means oL_rp\source, acquasntnon of the laying female

»
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The variation™ in egg characteristic§ within clutches was related to the
laying sequence (Figures. I-5_to -9, Tables -4 and II-5). Cargill' (1979 also
found significant associati;ns between egg mass and laying sequence In snow
geese; the last egg was on average significantly lighter than earlier eggs for
;hree-, four-, and five-egg clutches. Cooper (1978) reported a similar
curvilinear pattern for egg mass in Canada geese. Howe;ver he did not
consider the possible existence of this rela/tionshnp within each clutch size. In
the wild, the second egg appeared to be the heaviest in 4-egg clutches,
however fdé 5-egg. 6-egg. and 7-egg Qlutches, it was either the second, the
third, or the fourth without any clear dominance of one position (Table H-13).
Therefore the differences in egg size within a clutch are mairly getween the
first and last eggs. and those in the middle‘ of the clutch. In a sample of

. 120 clutches, the lightest egg was the first egg in 44% of the clutches and
the last egg in h45%. Furthermore, no significant difference were found
between the mass of the first and last egg. These results contrast with

~ those of Ravehng and Lumsden (1977) and Wang 11982) who found that the
last-taid egg was the smallest of the clutch.

By comparing the last egg only to the eggs earher in the sequence
(see Mannin_g 1978), the pattern of variétion within clutches may be incorrect
because the information -about the first egg 's masked :)r diluted (it represents
only -one-third to one-sixth of all egrlier laid eggs). Data ‘should not be
pooled, ofherwise the within clutch size variation will be masked.

’. Koskimies (1957) found §ignificant effect of |éying sequence on egg
’bre.adth in. 12 clutches. The pattern of variation in-his study of egg breadth
was very similar to that in this stu.dy.__x If breadth is as clds.aly"cor‘related with
egg mass as in this study (r? = 0689 df = 120, P < 0.001), then tr;e eggs
of the vs{hite-wingéd scoter (Melan)fita. fusca) will follow a similgr pattern. of
variation wit‘hin ‘a clutch. |

k Intraclutch variation in egg size has been documented also in gulls (e.g..

Parsons 1970, 1976, Lundberg and Vai_saneri 1979, Mills 1878, Furness 1983,v

Houston et al 1983). in passerines (sse Ojanen et al. 1981 for a review), in

-

s ) . . . T

e . : . d RSN
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.‘raptors (Edwards and Collopy 1983), and'm;ﬁsh\grebirds (e.g.. -Miller 1879. No! .*
et al. 1984). : | j *

Three hypotheses have been proposed to explain the adaptive value of
such variation in egg size within clutches. For species in whieh the " size lof
eggs decreases with“ laying sequence, sucr'w variation is thouéht to facilitate the
brood reduction in the face of food scarcity by adding differences in mass
and size to differences in age between, members of the same brood. (Parsons
1872, O'Connor 1978, 1979, Lundberg and Vaisanen 1979, Slagsvold et al.
1984). For species in which the size increases with laying ' sequence, such
variagtion is seen as a countermeasure preventing the potehtially adveree effects
of being hatched last in an asyhchronous hatch by equipping the last hatctjling ‘
with more food reservee and thus, pro'longing its survival (Howe 1976, Rydén '
1978, Horsfall 1984). However, Clark and Wilson (1981) suggested that
asynchronous hatching was an aqaptation to reduce the t‘imev~speht_ by "the egg
or the chick in the nest between rlaying and fiedging, thus reducing the
probability of being p‘reyed. upon.” If in this case, chicks were all of the
same size at hatching, last hatched chicks would be at a size disadva[{{age
only as a cogsequence of asynchronous hatching, To offset this cost of -
asynchrony, lateshatching eggs should be larger (Clark and 4Wilsen‘ 1981).

Non-adaptive hypétheses to. explam egg s:za variation wuthnn clutches
have also been proposed Parsons (1976) Suggested that physoolognca| changes y
caused by hormonal changes occurrmg at thé onset of mcubatnon could explam .
the varnatnon in egg size within a normal clutch in’ herring gull {Larus . -
argentatus). Hoeve'\!er it is unknown howrntheSe’- changes'pro_dyce ‘the obse;'ved
yariatien “in egg size within a clutch. The lipid reserves: of the I'ayin'g’ female - :
lesser black-backed gull (Larus fustus)bmay‘ inﬂu‘ene_e‘th‘e. size of the last egg.
Gochfeld (197?) also lsugges'ted that in ihe commeh tern (Sterna. hirun&o) the
ability of the female to obtain adequate food durlng laying mlght affect - the

size of the last egg (Houston et al. d983)< N N

In Canada geese, these hypotheses concerning the adaptuve value of

W|th|n clutch vanatnon in egg ‘size - are FB]GCtGd as posmble explanat'ons of

— &
- \ 4
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such variation because they can only explain consistent decreases or ;ncreases
. throughout the' laying seq‘uence, heither ;)f which occurred in this species.
Furthermore, the brood reduction strategy is an unlikely explanation in this. case
because. parents do ‘not feed their gosiings. Consequently, the number of .
offspring the parents can raise is independent of their capacity to bring food.
Because the last egg hatches last in most cases (Cargill and Cooke 1981, but
see Cooper and Hickin 1972) and is one of the smallest eggs, Clark and
" Wilson's (1981) hypothesi.s can also be rejected.

in Can_ada geese, the risk of predation on uncompleted clutches
probably decreases consistently from the first to the last egg laid because
. females become,«progreés“wely more attentive during laying (Cooper 1978). To
reduce th'e'\ potential loss- of reproductiveb efforf to predation, egg size should
increase witﬁ the laying sequence. However because hatching order is
- correlated with Iaying order, egg size should decrease with laying sequence to
reduce-the cest for the adult female of leaving” unhatched or uhprepared
gosluﬁgs in the nest b;cause of an unexpected early brood departure. On this
peint Carg:ll (1979) found that last eggs were more lnkely to be abandoned in

the nest’ than earher eggs in the sequence From this, one would predict a
. c‘urvil’iaear. relati"onship in egg mass with laying sequence. A female would
_mvest less in the first few eggs because their hngher risk of predation’ and

-

sumllarly she would mvest Iess in the last few eggs because their higher
: prcbabnluty ‘of being left in the nest. In addition, a curvnhnear ‘pattern of egg
mass may produce a soclal hnerarchy within the brood which could be
reflected in d:ff'erent rlsks of predation on the egg gr/and chick as in the
Amencan oystercatcher (Haematopus pa///atus;“Nol et al. 1984).
Although'this..model may explain the variation of egg size within a
clutch, | suggest that proxlimal causes.'are a more likely explanation pf ti'fi;‘ )
pattern. The first egg may be smaller because parts of the reproductive tract
such as the oviduct and its associated glends, have not reached their full

capacity. Once this is attained, e gs would be very similar in size as those jn

the middle of most ,clutch‘es' of Cinada geese. However, just prior to the
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formation of the 2 last eggs, a stimulus may affect the onset of incubauon‘
and indirectly reduce egg size. Parsons #976) and Astheimer and Grau (18985)
suggested that the smaller size of the last egg was caused by a reductuon ~df
the albumen content. The stimulus could cause a decrease in albumen
synthesis which would result in the agdi{ion of less water In last eggls)
(Astheimer and Grau 1985). The decrease in egg size for the two last eggs
could also be due to a reducéd quantity of materials available” for the
formation of the last eggs (Rom'anoff and Romanoff 1949). However. it
seemed unlikely because it required the same time for captive geese to lay
the last egg as to léy‘ the second egg in a clqtch (paired t;test: t = 0.287,
DF = 73, P = 0.70). Prote'in reserves are known to decrease betwseen the
start and the complé;tion.of laying {(Jones and Ward 1976. Ankney' and )
Maclnnes 1978, Pinowska 1979, .Bromley 1984). A reduction in the
concer:tration of calcium in the diet resulted i lighter egg in domestic fowl
(Gilbert 1983). However, the guantity of calcium present in the medullary bone
of Canada geese s{eemed sufficient for egg production .bec;,at;se the content of
calcium in the femur and tibiotarsus was greater at thé ‘er/\d of egg> Iaying
than during the non-reproductive season (Raveling et al. 1978). More studies
_using stains or radibactive marking t_ec_h;'\iques on nutrients incorporated into
eggs l(e.g., Astheimpr and Grau 1985) could answer some of these questions

about egg size and laying -sequence, L

-
1

Variation in egg characteristics amoﬁg females

In the eggs of Ca )ada’ geese produced in the .wild, the varnance among
clutches actually reprasents a combmatnon of two sets of variances: the
variance ‘resulting from differences among females and the variance resultihg', ‘
from differences "among clutches of a given fehale. Because no attempts
were made tc; identify continuation clutches (Cooper‘ 1978}, renests,' ‘and nests ’
. of a given female in 1983 and 1984, | ¢ould not\ estimate the latter source
of variance. However data from the captive flock for which such an estimate

was available, suggest that its contribution to the total variance is very small



45

(Table HI-3). Therefore, it appears that the variation among clutches in the wild
is a good e.stimate of the variation in egg characteristics among females.

Among the variables considered as potentially contributing to this
variation, *)dy condition of the female seemed to be the only one that could
explain some (17%) of the variation of egg size among females. Because the
body‘ condition of females decreases from laying to the end of incubation
(Ankney and Maclnnes 1978, Aldrich and Raveling 1983. Mainguy and Thomas
1985}, the coefficieﬁts of correlation between body condition and mean egg
fhass would ‘perhaps have been greater had the index. of cof\dition been
calculated from pre-laying mass. In view of the many _similarities between the
results from captive and wild geese, body condition would be the 1on|y
mpbrtant environmental facto; affecting the extent of.variation in egg’size in
.the wild. Jarvinen and Vaisanen (1983; 1884) showed that the mass rather
than the size of the female (determined.t‘)y the length of the wing)' influenced
egg size variation in the pied flycatcher (F/'ce;dq/a hypoleuca). Although they
did not have data to support this, they associated mass of .the female with
"fatnégs'—‘l‘ Also. mean egg mass was correlated with female mass but not with
tail, wing, tarsus, or bill length in the hpuse sparrow (Pésser domesticus;
Murphy 1977). These results are in contrast with thd'se of Otto (1979) \ivho
found that large females (determined againb by the length of the wing) but not.
heavy females, laid large eggs in fieldfare (Turdus pilaris). '

Diet quality‘before laying and_during laying affects egg magses in .’
maliard (Krapu 1979), ruffea grouﬁonasa umbellus; Beckerton and Middleton
1982). and in magpies (Pica pica; ‘Hogstedt 1881). In this last species
‘supplemented food has been shown to affect egg mass {Hochachka. 1985)..
But in none of.these studies is it knO\;vn how diet was manifested in
prelaying mass and body condition of the female. In the common ;erﬁ, the
quantity .of food brought to the female during laying was correlated with the
mean egg sjze (Nisbet 1973). Protein reserves rather than fat reserves

¥ : ’

seemed to be important in determining egg size in lesser black-backed gulls

(Houlston et al. 1983).
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Arctic nesting geese accumulate large fat reserves before laying (Ankney
and .Maclnnes 1978, Raveling 1979, Gauthier et al. 1984). During this period.
body mass partly reflects body condition of the bird and therefore becomes
inappropriate as an index 6f- ‘body size. In my study, | circumvented this
problem -by using an index of body size derived from a’ principal components
analysis of morphome/t‘r)'o’me?zsurements. In interspecific comparisons among
tHe members of ’tht; Anseriformes. Lack (1968) ahd,O\A\/en (1980) found that
proportionate egg size (mean egg mass / body mass) increased with body
size, (us'rﬁg body mass as an index of, size). Howgver, Ankney. and Bisset
(1976) and Batt and Prince (1978) found no relationship bet;veen body mass
and egg size in either snow geese or mallards. | also‘found no relationship
between these parameters in the captive flock onf Canada geese. These results
contrast with studies of shorebirds (e.g.. Vaisanen et al.. 1972, No! et al.
1984), passerines (e.g.. Murphy 1978, Grant 1982), gulls (exg.. Mills 1979),
and grouse (Myrberget 1977) in which body size is positively correlated w_ith)
egg size. However in some of these studies, body mass was used as an
index of body  size and consequently they-.must be interpreted with care.
Body size and egg size are known to be controlled by independent genes and
pleiotropic genes in the domestic chickén, Gallus domesticus (Festing andt
Nordskog 1967). It is therefore possible that selective pressures acting on -
b;)‘dy size could affect the variation on egg 'siz‘e. However in this sn)dy[f
because these two characters were not associated to each other, | could not:
predict a chaﬁge jn egg size if body size were to change. |

\

than older ones (e.g., Coulson 1963, Mills 1979, Furness 1983, Thomas

In many species of guils, young females are known to lay smaller eggs

1883). In Canada and Hawaiian geese (8. c. sandvicensis), Cooper (18978) and.
Kear and Bergei"(1980) also reported ‘an increase in mean egg mass up to a
c;ertain age, dependingquon the s’pec‘i,es.l Past that age, it has beph shown to
decrease. Owen (1980) found \thai the eggs of'captive barmacle geese (8.
leucopsis) breeding for the first fime weighed 2% less than. those of older

birds. However, no evidence of an age‘ effect was found in giant Canada
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geese (Wang 1982), captive mallards (Batt and Prince 1979) and common
eiders (Bailie and Milne 1982). In my study, except for two females that
were 4 years old, all females were 5 years old or older. This was probably
_the reason that | did not detect any effect .of age. However, even if age is
\importi;nt, it is very difficult to separate the effect of condition or experience
from that of age.
| If there is a trade-off between the gize and the r%umber of offspring
produced (Smith and Fretwell 1974), we should expect a negative co‘;'relation
between mean egg size and chlitch size. My data in captivity' and in the wild
do not support this hypothesis. In fact there was so much variation in mean
egg mass within a- given clutch size that a considerable overlap existed
between two adjacent clutch sizes in to;al mass of the clutch (Fig.- II-10).
The éxtent of 'overlép was very similar to that reported by Ankney and Bisset |
(1976). These authors and Cargill (1978) did not find any relationship between
egg size and clutch size. No significant relationship between clutch size and
egg size was found by either Koskimies (1957) in the white-winged scoter, or
by Hill (1984) in mallards and tufted ducks. Batt and Prince {1979} ‘reported a
significant ;;ositi\)e ‘but weak relationship betwégn l‘@gg size and clutch size for’
firét nests and all renesting attempts in a captive population of mallards. In
their study, fefnales ‘in good condition probably laid larger clutches and larger
\_eggs than females in poorer condition. - Manning (1978) reported a negati\)e“
| correlation.bétw_éen.egg chafactéristics and clutch size in some areas.
";H'owever when pooled, his data did notl show any significant trend ‘with clutchA
size except for length. Thus, there is very little Qvideﬁce that egg size
variatioh is the result of a 'trade*orff between the number and the size of
’fspring. ’ » o '
" A significant decrease of egg’size of Canada geese with date of Iayihg
was evident among wild birds in one area in 1984, Cboper (1978) also .
reported a significant decrease in egg mass with date of nest initiation, but
the proportion of the variance explained by date of -Iaying ;N&S only ,,2.2 to

- 2.6%. I mallards, Batt and Prihbe (1979) found an increase in MEM from the
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first to the third clutch in a given season but in the fourth, the (l)VIEM
decreased to the lgvel ofl{\ the firet clutch. Koskimies (1857) also found an
increasing trend >of egg size of white-winged scoters with date of laying out
it was not statistically significant. Hill (1984) found a significant decrease of
MIV with date of laying in the tufted duck but not in the mallard. In geese,
young females teod to lay later (Brackage 1965. Finney and Cooke 1878) and
smaller-eggs (Cooper 1978, Kear and Beréer 1880) which could explain why -
mean egg size decreased with date of laying (Cooper 1978). However, no
differences were found in mean egg mass between two successive clutches
within .the. same year in captivity (paired t-test; 1983. t = 1.83. df = 12 P
= 0093, 1984: t = 1.10, df = 7. P = 0.306). Therefore date of laying.
appears to have a little or no influence on egg size vériation arnong females
..unless it is reflected in food availlability, a factor kept constant in Captivity. ®
Repeatability of MEM and MIV in the eggs of captive Canada geese

The repeatability of MEM and MI\[ of eggs obtained from captive geese
appears to be higher (fable I-7 1) 'than values reported previously in the
literature. For MEM or MIV, values were 0.62 in mallards in captivity (Batt
" and Prince 1978), 0.73 to 0.77 in red grouse (Lagopus -/agopus scoticus_;
Moss and Watsori 1982), 0.29 to 0.52 in oystercatcher (Nol et al. 1984)‘
0.62 to 0.72 in two species of Dgrv(nns finches (Geospiza magmrostr/a G.
conirostris; Grant 1982), and from 0.09 to 0.80 in great tits (Parus majfor;
van Noordwijk et al. 1881). Deriving the repeatablhty values from a
hierarchical ANOVA (repeatabuhty = the among- femLaIes component of variance
over the total variance), Vaisaneri et al. (1972) obtained valees ‘ranging from
0538 to 0.810 in five species of waders whereas Ojanen et al. (1879
reported values of 0.440 to 0.766 m four spec:es of passermes

Repeatability sets an upper Inmlt to the estimation of herutabllnty of a
‘trait (Falconer 1960). However because spatial changes in the envuronment

were very limited in most of the above studies, the estimates of repeatability

indicated mainly the importance of temporal changes- in the environment (van
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Noordwijk et al. 1981). In the wild, if females use the same territory year
after year, differences in egg size could result flrom consistent differences in
the w~ay envu.,mmental,factors affect each female. In captivity, this problem is
greater than ir the wild because in most cases the environment is even more
similar between r.epeate.d measurements of ‘the trait. However, despite these
problems, repeatability and heritabiliiy estimates were found‘to be very similar
in mallards (Prince et al. 1970, Batt and Prince 1978). in ‘great tits (van
Noordwij'k et al. 198i), and in red grouse (Moss and Watson 1982). Based
on this argument, my data support the hypothesis that a major part of thé
differences in mean egg size between females reflects genetic differences.
However, it is a poor test because repeatability and heritability should be
estimated in the wild usihg marked birds. However, the. similarity in the
percentage of the total variance explained by within and among females for
captive and wild “g,eese suggested strongly that environmental conditions had

little effect on egg size unless the wild conditions were extremely. similar to

the captive. | do not believe\th/at)t was the case. r

Variation in egg characteristics of Canada geese among yvears

| Differences in MIV of eggs prodoi:ed in differenf yeérs were not
deteCted in any of the oooulations studied in the wild at Brooks, Alberta,
apart from a significant incnfe,ase at Gleddie Lake ‘in' 1984, Cooper (978)
recorded significant annual variation in MEM in Canada geese and Milne (1974)
in common eiders. Studies of some non-anseriform species also showed
Bearly changes in MEM or MIV (e.g. Jenkins et alb. 1967, Vais_ene_n et al.
9972, '0'Connor 1979, Jarvinen .and Vaisanen 1984, Mos’s et al. 1984).

“Increase of MEM but not MIV in 1984 at Gleddie Lake resulted in a

higher mean egg density in 1984 (t = £.22, df = 73. P < 0. 001) Changes

in density could not be tested in other areas because only small sample s|zes
of clutohe\ w(th known MEM and MIV were -available. “However | tested for
changes in densnty of eggs from captive birds and . found that as at Gledd:e
Lake, eggs had a hlgher density in- 1984 compared to 1983 (t = 5.108, df

4
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= 53, P < 0.001). An analysé of covariance using the data from Gleddie

Lake and in captivity showed that for any given MIV, MEM was higher in

1984 (Gleddie Lake: F = 4137 df = 1,73, P < 0.001; captivity: F
26.490. df = 1,52, P < 0.001). '
Because egg size might be related to the age of the female. specially
with young females. a change in the age structure of the pop\]lat’non could
change the mean MEM in one area. However not all eggs would be heavier
as was the case. And besidés, a change in the proportic}n of young females
nesting would not have affected the rélationship.between MEM and MIV as it
did for geese nesting at Gleddie Lake and in capt{vity. Food availability could
not explain the chahge in MEM because .in captivity there were no difference
between years in the amount of food provided to the females during nesting.
A change in food availability was a possible cause of the change in egg
density o-frthe shag (Phalacrocorax aristote/is) over 2 years of Study (Snow
1960). Geese at Gleddie Lake'in 1984 nested later than in 1983
{(Mann-Whitney U = 710, N, =45 N, = 44, P = 0.02). However no .
differences were found in captivity (Mann-Whitney U = ‘289.5, N,y = 34, N, = .,
21, P.= 0.24). Therefore, it does not appear that the tirﬁing of laying is ‘a-
contributi'ng ?actor' fo the difference between years of MEM or the den;.sity.
Positive correlations between arpgight témperature and egg volume were
reported in starliﬁgs (Sturnus‘ vulgaris) and pied flyéatchers‘ {Ojanen et al. b
1981). Howe (1976) reported a curvilinear relationship’ between adjusted fresh
egg mass and tempera_tdre minima in the common grackle (Quiscalus quiscu/a)..
Because the captive flock is' located approximately 30 km from Gleddie Lake.
the temperaturev regime was probably ver'y‘simil_ar in both places. 'Therefore
any differences between years in the temperature regime may have affected
the formationi of eggs. However, no contlusive st,;tement can be made with

only 2 years of study.
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Variation in e&g‘tharacteristics of Carfida geese among areas

Egg size is known to vary between distaht study areas (e.g., Vaisanen
1968, Anderson'et al. 1970, Batt and Prince 1978, Murph): "1978, Miller
1979). These major geographic differehces appeared to be related to
differences in body size of the females from nearby areas (Anderson et ;;IQ.
1970, Vaisanen 1977, Miller 1879). Such differences in body size of the
females are unlikely to explain differences in MEM and MIV in :Zérw éreas.
Murton and Westwood (1974) found heavier eggs on arable farmiand than on
natural grassland in the lapwing (Vane//us vanellus), perhaps because of"t_he
food quality. Otto (1979) found that colonies of fiéldfare with a larger
biomass of lumbricids ‘available as 4fooo.\had larger MEM than 'other colonies.
Manning (1978} and Jarvinen and Vaisanen (1983) did not find differences
be‘tween nearby study areas in egg size of Canada geese and of tge pied
flyc'atchér. . o '

Difference in the age structure of the breeding population could have
led to this difference 'in MEM and MIV noted_’ in this study. Areas with
smaller MEM or MIV could have had‘ proportionaflly more young females laying
complégea clutches. Unfortunately this could not be tested because the ages
of the femalgs in the wild were unknown. :C.o:u|son (1963) used egg masses
’to estirﬁate ‘the agé structure of populations of black-legged kittiwake (R/ssa
’tr/‘dacty/a). it assﬁmes that the bod‘y condition of the ferﬁaies was not
di.fferent among areas. " | vQ'as unable to tést y?is hypothesis because no

indices Qf condition were determined from w‘sld breeding birds. .
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I1. REPRODUCTIVE SUCCESS OF CANADA GEESE: INFLUENCE OF EGG SIZE,

~

POSITION IN THE LAYING SEQUENCE, AND BROOD SIZE

INTRODUCTION
Reproductive success can be est'imated at different stages of the life
history of a species. The number of eggs hatching and the nqmber of chicks
g fledgiﬁg represent valid estimates of reproductive success in birds (Howard
1979).

Extrinsic (environmental) factors such as prédation {e.g., Vermeer 1970,
‘Cooper 1978). climatic conditions (‘e.g., Cooper 1978). intraspecific competition
(Ewaschuk and Boag 1972), énd food availability on staging areas (e.g.. ' Ankney
and . Maclnnes 1878, Gauthier et al. 1984):lcan affect hatching and fledging
success In Anserinae. Intrinsic factors Such as egg size, egg qual-ity, and
position in the laying sequence have ‘been studied in nidicolous ‘sbecies and
found to influence hatching and fledging success (e.g-., Parsons 1870, Murton
et 'al. 1974, Howé 1976. O'Connor 1978, Rofstad and Sandvik 1985). By
con‘trast, this aspect of the life history of nidifugous .species has received
littie attention in a natural environment apart frorﬁ the work of Cooper (1978)
and Wang (i982). The proportion of chicks reaching flédging age increases
with increasing initial brood sizg in éome.nidifugou-s species (e.g., Heusmann
:1972, Glasgow 1877, Clawspn_ et al. 1979, .Rohwer 1984) but not in others
(e.g’., Safriel 1975, Andersson and Eriksson 1882).

o ‘ In this paper., | examined the éffe'cts of 'egg size and position in the
laying sequence on hatching and fledging‘success of Wild Canada geese (Branta
canadensis). In addition, | reported on the relationship between fledgiﬁg
sucéess and brood size at Hatching.

° - " 4 I
STUDY AREA AND METHODS | |

‘This study was carried out in 1883 and 1984 near Brooks (50" 35' N,

1117 54" W), in the shortgrass ecoregion of southeasterﬁ Alberta (Strong and

Leggat 1981). The field work was conducted from late March to sarly July

..
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o

éach year. .

Hatching success is defined here as the percentagé or propo;t‘on of
eggs surviving to the time of hatching that produced a chick (see Koenig-
1982). The data on hatching success came from two sources: nests at
Gleddie Lake (Fig. II-1) which were monitored from laying to hatching and.
nests from other lakes (Fig. I-1) which were also monitored from ‘laymg to
hatching bat wer-e artificially incubated during the last week of incubation (see
Chapter V). | searched Gleddie Lake daily in 1983 and every 2 days in
1884. Other areas wére.checked every 2 to 4 days.

| Upon discovery of a nest, | marked each ‘egg with a waterproof felt
pen with the date of discovery. | also determined the sequence of laying by
the degree of whiteness of eggé (Cooper.1978) in nests with less than four
‘eégs. Subsequent visits during laying all’owed me fo determine the laying
sequence’ of the rest of the clutch. The mass, breadth at Iargest diameter
and maximum length of each egg \;vere recorded. Fresh mass of: already
incubated eggs was estimated using average loss of mass during incubation .
(Fig. #-2) orr \by using ,a knpwn relationship bstween thé fr@sh mass of an
egg and its index of volume (Fig. II-3). _

The fate of each clutch was classified as successful, predator
destroyed, flooded, deserted, or incubated bdt not hatched. A clutch was
considered successful if at least one egg hatched. In each -successful clutch,
the fate of each egg was classified as successful, disappeared, preyed upon,
proken; incubated but nét hatched, or flooded. An-egg was considered
successful if a gosling emerged from the‘shell.— No attempt was made to
 determine the reason why’fully-,ir'\c.:pbated eggs did not hatch (whether they
were infertile or suffered‘»embryénic death). Field determination of fertility
(Kossack' 1950) appears to be unreliable (Cooper 1978). _

All goslings‘ hatched arffficially were weighed to the nearest 0.1 g on a
,Sartorius scale (160 g capacity) within 4 hours of emer"genée from the shell.

Culmen and tarsus length were determined for 36 goslings hatched from

Varti,ficiallyf incubated. eggs fone per clutch). | was also able to determine the

©
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rr?ﬁgss tarsal length, and culmen length of one to three goslings per clutch in
several nests (N = 22} from wild geese.._

Brood size was defined as the number of gosiings that left ‘the‘ nest
bowl. Individual members of many broods were marked at the time the -Bggs
were pipped. each embryo being mérked in 'the egg with a numbered wet?-tag
(after Alliston 1975). | marked 171 goslings from 32 broods in 1983 and
151 from 30 in 1984. Subséquently banding drives were cond:ucted to
capture flightless adults and goslings. at Gleddie Lake and at an adjacent slough
{located 1 km west of Gleddie Lake). The banding drivés were done 8 and 6
weeks after the peak of hatching in 1983 and 1984 respectively. For each
in‘dividual captured. | determined its sex, length of tarsus, culmen, and wing
chord, and ,r‘nass. to the nearest 25'¢g with a Pesola scale {5000 g capacity).
All 7gdslings were examined for the presence of a web-tag. Becayse most of
the mortality of goslings occurs during the first 2 weeks of life (e.g.. |
Maclnne-s et al. 1974, Zicus 1981), | considered the- number of goslings

recaptured as a estimate of the number reaching. fledging age. Goslings of

~

this subspecies (moffiti) are repborted to attain flight at agés ranging from 7

to;%_&??\.?\{éeks Belrose 1980).
RESULTS

Hatching success
‘“Th,e éffects of. egg ‘size -and position in the laying sequence on hatc‘:hiné

supcess’ are poc.)riy‘ known in nidifugous species. The survival of egas tHrough
the incubation period‘can' be affected by predation, accidental breakage, and-
abandonment. Hatching success can be reduced,by: infertility and reduced
hatchability. | ) -

“in seven nests In which at least ;one egg wés found br,oké_n without -
. any apbarent reasons 'such as strifé between adjaéent territorial pairs or
predation, ;Hése eggé were not diffefe_rit in mass than the intact‘*eggs of their

clutch (Wilcoxon signed ranks test; T = 0.50'7, P > 0.30). The low

i
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frequency of such events precluded aﬁy meaningful analysis in relation to
position lin the ‘laying sequence.

To test the effect of egg size or position in the laying sequence on
infertility and/-or embryonic death, | used only data from successful nests.
This procedure redﬁces the potential combination of parentlal effects and the
two factors studied. | In nests in which at least one fully-incubated egg did
not hatch, the mean mass of these unhatched ;eggs was not different from
the mean mass of successful eggs within the same clutch (Wilcoxon signed
ranks test; T = 0.90, P. > 0.35, no. of clutches = 33). To study the effect
of position, data collected in 1883 and 1984 at Gleddie Lake and from
clutches artificially incubated (only durihg the last week of embry~o_nic
development) were pooled to increase cell frequencies since there were no
differences between ‘-‘natura,lly and . artificially incubated clutches in the proporbtion )
of unsuccessful eggs (G-test; G = 0.961, df = 22 P > 0.50). The analysis
indicated that tﬁe frequency of- failure of eggs to hatch -did not jSffer among
pos»itionls‘in ihe laying seduence (Table Hi-1). A relatively constant proportion
(7.2%) o}f fully incubated eggs failed td produce a gosling. To summarize,
neither egg sizg nor ‘position in the laying Sequence affected significantly

hatching success.

Fledging success

' The effect ‘of‘egg size <;n fledging success could be translated through
hatching size if‘a_ relationship between egg size and hatching size existed.
This was' /tésted usihg oné datum per clutch and a regression analysis of fresh
~ egg mass and hatching mass‘ of the damp gosling. Hatching mass was_highly
' correlated with both fresh Bgg mass {Fig. WI-1j and index “Sf-xoldfe r =.
0.846, N = 54, P < 0.001‘)‘. Hatching mass was also correlated with fresh
egg nfass‘ within individual clutches X of r = 0.791, SD’ = 0.310, N =:, 29"
P < 0.001). Egg niéss was also a good predicfor' of tarsus l’éngth .of newly
hatched -goslings (r = 0.623, N =-35, P < 0.001) but not culmen‘lehg“th"(r =

-0.1856, N = 35, P'> 0.20). To recapitulate,. larger and héavier eggs give
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TABLE iH-1: Number of fully incubated eggs that either successfully produced
.a gosling or faled to do so for a given position in the laying sequence.

Position in the laying sequence

First Middle Last
f
Successful 92 346 88
o 3
Unsuccessful o 6 23 g
 Probability’ ' ‘ P > 0.50

! Probability determined by a G-test, comparing numbers of
unsuccessful eggs

successful and
-
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rise to heavier goslings with longer tarsi.

To study the effect of egg size and position in the laying sequence on
fledging success, | included only the data from broods in which | recapfured
"at least one gosling. Among the 40% (13/32) and 33% (10/30) broods in
which no -goslings were recaptured, a high percentage had probably moved
overiand to other areas or sum%!y fled;gd and left the study area by the date
of the banding drlve There wer~ad’ relationships between the size of a
brood and its probability of disappearing in 1983 (G-test: G = 2.23, df = 2,
P = 031 and 1884 (G = 2.79, df = 4, P = 0.41). Overland movement is
a common phenomenon in this region (Giroux 1980, pers. obs.). Thus, to
assume that these 'broods were totally destroyed would be very unrealistic.
Their departure did not invalidate my "approach because the purpose of this
study was not ‘to determine an overall survival rate but to test the e‘ffectj"of
| specific faetors pn‘ fledging ‘;;success. ° \

The mean egg mass of. clutches in which at least one gosling was
recaptured, was smaller from clutches in ‘which_ no goslings were recaptured,in
1983 (t-test; t = 2.40, df = 30, P-‘= 0.02)~but not different in 1984 (t =
1.27, df = 27, P = 0.22). The percentage of goslings recathred' in a clutch
was not .relat_ed to mean egg mass of the clutch in either 1983 or 1984
_ (Fig.  M1-2).  Within eaeh clutch, there were also no differences between the
mass of eggs of recaptured and not recaptured goshngs in either 1983
(Wilcoxon sngned ranks test;: T = 0.283, P > 0.75, no. of clutches = 19) or
1984 (T.= 0.440, P > 0.66. no. of clutches- = 19). ,_-

Lilgewise, the p’osiiion' in the la‘ying' sequence did not affect rates of
re“captuﬁe in either 1983 or 1984 (Table lll-2}, nor were there differences, in
the frequency‘of gosling_s recaptured between ‘years- for any given position
(Table il- 2). , '

’Fhe effect of brood size On survival rates was mvestngated by
comparmg brood size at hatching wnh the number of goslings recaptured per
brood. The number of goshngs recaptured per brood was not statastlcally

different among brood sizes in 1983, 1984 and the 2 years gombined (Table

. * : ' ;
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TABLE HiI-2: Number of_goslings that were either marked and recaptured, or
marked and not recaptured for a given position in the laying sequence.

. £

1983 - . 1984

Not Not

Recaptured recaptured Recaptured recaptured Probabiiity?

First ¢ 6 1 1M 5 - 0.052
Middle 3w 29 31 30 0.665 -
Last 6 1(? 7 g 0.719
Probability? 0.226 ‘ 0.316

' Probability determined by a G-test, comparing numbers of goslings recaptured
and not recaptured ' - : )



TABLE 1iI-3: Average number of goslings recaptured in different sizes of
brood.

!
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Years combined

1983 1984

Brood' size! X+SD N PRER) N X+SD N

1 1.00 — - 1.00 B

< T — - 3.00%0.00 2 3.00:0.00  2-
a 250:1.00 4 283:1.47 6 2702125 10
5 2.5721.72 7 2.00+1.41 4 2.36#t57 11

6 2.40:1.14 5  260:182 5 ﬂﬁ;rm 10
7 3.00 1 2.00:1.41 2 2332115 3
8 3.00 1 ~ 300 1

P o085 " 0.859 0.898

' Number of goslings leaving the nest bow!
! Probability determined by a Kruskal-Wallis oneway ANOVA, comparing
numbers of goslings recaptured per brood
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in-3). To see whether larger broods lost proportionately more ‘goslings tﬁan
smaller broods, I tested whether the slope of a reg.ressiion fine drawn through

© the logarithms of the number recaptured and the initial brood size, was

- different from one (after Ricklefs et al. 1978). 1| found that larggr broods
lost proportionately more goslings than smaller broods (t = 2.688, df = 17,
P = 0.02) in 1984 but not in 1983 (t = 1.772, df = 17, P = 0.09). This
was not the result of larger broods being exposed for a longer period of
time’ to causes of mortality 'becauee there was 'no relationShip-between age of

the brood and‘*’propo‘rtion of goslings recaptured in a brood (Fig. MNI-3).
DISCUSSION /\)

.Hatching suceess -
Effect of egg size A
Nelther egg size nor posntlon in the laying sequence influenced hatchnng

success in Canada geese in this study. Wthh concurs with some other

publtshed studies. The size of an egg did not affect its hatchmg success in
the following nldlfugous species: snow geese (Chen caerulescens) (Cargill 1879,

red grouse. (Lagopus /agopus scoticus) (Moss et al. 1981), rlng-bllled gulls
(Larus delawarensis) (Ryder 1975) and as’ well as mdlcolous spemes tree

swallows (Tachycmeta bicolor) (De Steven 1978), European swnfts (Apus apusl
, .(O Connor 1979l or hooded crow (Corvus corone corn/x) (Rofstad and Sandvnk
‘1985) The last authors suggested that thenr data were showmg a relationship

between egg size and hatchmg success. However | disagree w:th their '
7\ fnclusnons because 40% of the eggs ‘that falled to hatch were ‘larger than

/t{‘;a mean egg size of all the eggs. An nnterspecmc analysls fauled to detect -

any rhlatlonshlp between mean egg size of a sRecres and lts average hatchmg

success {Koenig 1982) By contrast, the s:za of eggs was- related to hatchnng

gss: those failing to hatch were sugnnflcantly smaller - than those hatching in
J glant Canada “geese (B c. maxtma) (Wang 1982) woodplgeons {Columba ‘
palumbus) )Murton et al 1974l laughing gulls (Larus atr/cllla) (Sehreiber et,al.,f
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1979), and great skuas (Stércorarius sskua lonnbergi) (Williams 1880).

Tihe probability of an‘ egg belng fertile is positively correlated with egg
. mass in domestic turkeys (Meleagris gal/lopavo) {Reinhard and Moran 1979k but -
in Japanese quail (Coturnix coturn/'x /'apon/'ca) only very small eggs (< 7.1 g
had a lower fertlllty rate Fertlhzatlon oc@urs at the upper end of the oviduct
'~(Sturkle 1976). Thus, lf there is any effect of egg size on fertulrty( it hal to
‘be through the size of. 'the ovum. Although it is pos5lble I suggest that ;%)
correlations between’ fertlllty and ‘egg scze are a consequence of maternal -
effects affecting both fertility and egg size. In other words, a_ young female
may lay a high number of inferfile and small ‘eggs; ;

Another cause of egg failure ls‘ embryonig death during incubation.
%cause en'ergy-ricb substances, nutrients, ‘.water' and minerals are a necessity
for embcyonlc development (Carey 1983), th'e«quallty of* an egg can affect the
- survival of t.he embryo Although some egg components are known to vary
.wuth egg. SLze leg Ricklefs et al 1979, Ankney 1980, Rlcklefs 1984
Ankney \and Johnson 1985, Hochachka 1985l nobody to my knowledge -has
reported any relatlonshlps between t;uallty of the egg and embryonlc death for

I
o e < . S

wild birds. : e T RN , ‘7
For proper development\ of ?he\embryo éggs must be malntalned within
8 narrow range of temperafures durlng mcubatlon Chlcken embryos suffered
mortallty when exposed contlnu0usly to temperatures above 40’6 *C and below
35Q ‘C (Lundy 1869, Drent 1973) Even.:f parents play. an lmportant role in . '
'malntalnlng eggs in the prOper range of temperature leg Grant 19'82 Carey
>,1983l there are tlmes when eggs- are exposed ‘to thermal changes Large -
.bncubated eggs of mﬁlard (Anas p/atyrhynchas) twere more resnstant (hlgher
F percentage of" them hatchmg) to prolonged exposure at 0s C “than small éggs
lBatt and Comwell 1972l. These authors also found that embryos 'h .heavy
'eggs were more Ilkely to" survive. exposure to temperatures of 0 "C and 8 'C
_ ‘ over lO hours than, embryos from llght eggs it takes more tlme f'or a Iarge
. egg ta -agtain the Ietnal level of temperature because the coolmg rate of an

egg is negatlvely correlated with its mass (Frost and Slegfrued 1977) The



early nesting habits of'/,the Canada go'ose could potentially create situations in
which embryQs are "expcis'ed ‘to stressful conditions through low temperatures.
However | failed to detect any e\{idence that small eggs hatched less
successfully than large eggs.

This failure to detect an effect of egg size could be because ths
freque'r‘wcy‘ of egg failure was small to begin with, making it difficult to detect
'differe\ces. Furthermore, other factors other than size per se, such as
position of the egg in the nest bowl and the micreclimate to which each egg
was exposed may have cthributed to egg failure. If such an event. were to
occur, it could mask the effect of egg mass. | concluded that hatchability, a
major component of reproductive f:tness was not mfluenced by egg size in

Canada geese nestnng at Brooks.

Effect of position in rhe laying sequence »

Hatching success has been related to position in the laying sequence in .
some species. The figgt egg of a clutch had poorer hatching success than all
other‘,eggs in giant éanada geese (Cooper 1978,>Wang 1882). Seven failed
eggs were either the last Iald or. second |ast laid egg in the hooded crow
(Rofstad and Sandvik 1885). The second and-the third egg were more
successful in producing young than the first or the fourth eegg in the shag
4 (Pha/ac:rocorax aristore/iS) (Sn‘owf 1960). In these studies however, the |
pr‘esence o’f~43a'~r-elationship Vbetween‘egg' \rnass and pcsition m the ‘Iayir_wg \
sequence precluded saying which ene of* these two Factors was the most
imporiant In these studies, the positions in the sequence of those - eggs
which fanled to hatch wére also associated with low egg masses.

By contras{ Cargill (1979) reported that first eggs were more likely to -
be preyed upon than eggs later in the sequence. in_snow geese because .
vpredatnon was heaviest during early laymg. She also reported that last eggs
were more likely to be abandoried. after the rest of the clutch had hatched.
'Also pos:tuon in the laymg sequence /pér se may affect hatchmg success :f

fhe tlmmg between copulatnon and ovulatuon is mappropraate for complete

»
’
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fertilization of the clutch. It may also be that if egg quality is associated with
position in the laying sequence, some. eggs from particular positions are more
likely to fail. In this population, however, there was no evidence that position
in the laying sequenee influenced hatching success.. It remains to be

demonstrated that position per se affects hatching success in precocial

species.

Fledging success
Effect of egg S/ee % ' | . | ) |
The potentlal post hatching survival value of Iaymg an egg of a given
size has to be mamfested through the size of the gosllng its quantity af
reserves, and/or lts "quality”. In Canada geese, hatching size is highly
correlated with egg size (Fig. lll-1). This relationship has also been
cliocumented ’in snow geese (Chen caerul/escens; Ankhe? 1980}, mallards . {(Rhymer
- 1982) and . pintails (Anas acuta, Duncah 1986). Although it'\);/as not investigated
in° this study. the mass of the yolk is pesitiveiy- correlated with the mass of
the egg in precocial species like snow geese (Ankney' 1980) and Japanese \
quail (Ricklefs; et' al. 1978). "Therefore, thesé results suggest that egg size]
= could be under nat):Jral selection because it is directly related to hatching- size
and possibly to the quahty of the chnck |
Many studnes of altricial spec:es have shown that 'chncks from !arger
eggs survived better. to fledgmg than chicks from smaller eggs (Parsens 1970,
Schifferli 197_3, Howe 1976, yl?gnd’berg a«ndy Va*isanen‘3979, 1O'Connor .1“979).
Controlied experiments with precocial species have also shown hiéhe’r survival
. rates for larger chicks {(Ankney 1980.. Moss et al.. 198@, Rhymer '1982):' In a
-.hatural .environment, Cole (1979)"she\rved that in onhe year larger snow goose
goslmgs survived better than smaller ones. The‘»'following year, howaver, ;he
pattern was reversed, wuth smaller ChICkS surviving - better than larger ‘ones.
By contrast others have found no ;elatuonshlp between survnval of the
chick and egg size: the herrang gull (Larus argentatus). (Davies 1975), the .

= Kittiwake (Rfssa tridacty!a) (Barrett and R-unde, 1880), the greai skua: (Williams _'

-, ’
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1980), and Canada goose lthls study). There are four possible ways to
explain my results. Flrst if the effect of egg size is present but veéry small,
the statistical probability of detecting that effect can be very small (Rotenberry
and Wiens 1985) Second, if the envnronmental selective pressures were low
during the 2 years of this study, no dnfferentlal mortality between chicks from
eggs of different sizes would be expected. Third., other factors (yet to be
determined) could have masked the effects of egg s|ze .onh survnval And
fourth, egg size does not influence fledging success' in thls population.

| reject the last explanation because there is considerable evidence that
being large at hatching is advantageous.h Such advantages includenlowerl
metabolic stress per degree drop.in temperature (Kendeigh 1969), .lower' lethal
temperature and lower thermal conductance (Rhymer 1982), a more _advanced
stage  of development (Schifferl 1973),.and the possession of more body
reserves (Marcstrom 1966, Ricklefs et al. 1978). | can not dis’card any of
the refmaining explanations, however | can suggest that egg size is not a very
_imﬂortant factor ihfluencing fledging success, and hence reproductive fitness in
this 4population of Canada geese. If extreme weather conditions were present,

egg size might have influenced significantly fledging success.

., _
Effect of position in the laying sequence _ ’ N

Significant effects of position in the Iaying sequence have’v‘been
documented in specnes showmg asynchronous hatching f(e.g., Nisbet 1973,
- Parsons 1970, Howe 1976 Lundberg and Vaisanen 1979 OConnor 1879). -
precocual specues however, hatchmg usually occurs > synchronously (wrthm 12 ’
~ hours), allowmg the entlre brood to leave the nest slmultaneously Thus .
| dlfferences in hatchmg tlmes are small relatuve to those found in many altrucml
°‘specnes However shght dnfferences m hatchmg time cauld: be reflected in
different- levels' of - awareness in the goslmg and also in dnfferent degrees of .
'i‘nmprmtmg Consequently dlfferentlal mortality among gosllngs hatchmg at

dlfferent times in the same’ brood could occur °

-
a
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\\ Because last laid eggs’ hatch last (Cooke and Cargill 1981
Syroechkovsky 1875, but see Cooper and Hickin 1972) these eggs are
probably the most likely to suffer mortality. Syroechkovsk‘y {1879%) found that
late-hatched gbslings of snow geese were experiencing highe_r mortality rates
than the others of the brood. In his study, however, he also found .thﬂat last
laid eggs were also the smallest eggs, Thus, it is not possible to say
whether the mortality t/vas related toh the position in the laying .sequence
and/or the size of .the egg. - In my study, there was no evidence that'
position in the laying sequence reflected differences in the ootential for

reaching fledging age. . : ,

ff/ect of brood size
This parameter can be tested with my data if it is assumed that

goslings gom.all sizes of brood were equally available for recapture. If this
system were Closed (no .emigration and immigration), thig asstption would 'not'
have to be made because | re'capt'ured almost everym bird present, if not ali,
on' the studt/ area. Hovt/ever overland movements' of broods in the area are

- vfrequent {Giroux 1§80 pers obs.}). In addition créching documented in other
populations of the same subspecues (Glasgow 1977), was also‘observed on my
study area. If overland movements and- creching interagted non-ra‘r:do.mly with
respect to .brood size, a potential bias coul‘d arise. To produce a' significant

' bias however broods needed to split up: one part staymg in the study area
and the remammg part movmg out of my study area with a créche or another ‘
brood.  On this pomt Glasgow 319771)' observed that in all cases (N»— 7) the
entire’ brood was involved in brood mnxing Although Zicus (1981) has& .

‘ mentloned that "at times, goslmgs became separated from therr parents and
broodmates he did not present data on ‘the frequencues of partial separatron .

% of broodmates Therefore I felt that thls bias ‘'was probably too small to

.'affect the results sugmfncantly ' - . . ’ . "a, '

‘g, : My results indicate that every year, the number of goslmgs per brood
hear fledgmg was not related to initial- brood size (Tab!e N-3). Andersson and



76
Eriksson (1982) alse found lower production of ducklings for Iarger broods in
common goldeneye (Bucephala clangul/a). However this study should be
“considered with caution aocording to Rohwer {1985) because of possible
“wnethodological problems. Experimental manipulation\ of broods in precocial
species have led to contradictory results.” Safried (1975) found that broods of
five chieks in semipalmated sandpipers {Calidris pusilla) produoed significantly
- fewer young than the norma! broods of four. On_the other hand. ‘Rohwer s

£l

(1985) found that the number of ducklings produced was proportional to the

ihitial brood size& blue-winged teal (Anas d/scors) In other studie's in  which

~ they compared abnormal brood 'sizes (créches) to normal brood sizes.

| researchqs did not detect any differences in survnval rates between these /two
groups (He);smann 18972, Glasgow 1977 Clawson et al. 1979) L

Although it is evndent that oh my study area large broods dld I{Ot

produce proportuonately “ the samehumber. ‘of goslings that shall broods did.’

the causes are not understood. We know that goslings recorded leaving their -

parents to join larger broods:were not more than  days old (Glasgow 1977)°

Also, the amount of crechmg is related. to the densnty of broods in the area

(Warhurst and Bookhout -1983). For unknown' reasons, Iarger broods may not

have joined other broods as early as 'smaller -broods Consequently they -might

have suffered hlgher mortahty because they wete not taking advantage of the ‘

dllutlon effect against prédation (Munro and Bedard 1977) Thls explanation -is

based however on the assumpt:on that predation was an umportant cause of

mortahty on thns area. Although this assumptnon may be valid, 1 do not have

the data to examine it. Other"fac“tors‘ such as. relative date of hatchin‘g of the

broed overland movements behaviour of mdnvudual parents ‘and predatron may

)

have interacted with brood size to produce th;s pattern More studtes ‘
oo ‘ o
mvolvmg behavuoural observations and usnng radio- telemetry may help to o3

5.

A uncover the cause(s) of this phenomenon

Clutch size of Ansermae is lnmlted by the amount of reserves thov '
females cin carry to thé breedjng grounds at hngh Iatltudes (Ryder 1970 :
Ankney and Maclnnes 1978, Ravelmg 1979) However my results suggest that

‘.‘t .

,
%R
R 4

'4904&
£

’ : Lo . . »‘ Lo



.’
. 0N

in addition brood size may be a factor on which selection can affect clutc?

A4

size. 3
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IV. THE RELATIONSHIP BETWEEN SEX OF, GOSLING AND POSITION IN THE
~ LAYING SEQUENCE, EGG MASS, HATCHING SIZE, AND FLEDGING SIZE

L)

-

INTRODUCTION- ~ . ' o
The pos'sibillty that females may be able to control the sex of their
offspring has been Vargued‘recently in the avian literature {Ankney 1982' Ryder
1983, Weatherhead 1985). Using theoretlcal arguments, Trivers and Wullard
(1973) and Myers (1978) showed that it would be adaptive. to be able to do
e

'so under specific circumstances. he

Documented instances in which the sex ratio among offsprmg vafrled
nonrandomly have been reported for birds: The sex ratlo of,offspnng IS" .
reported to vary through the breeding seasen in red-winged bla"c’kbirds*
(Age/a/us phoen/ceus) Fiala 1981) and common gr‘ackle.; (Owsca/us qu15ca/us)
(Howe 1977). Sex ratio is also reported to vary sngnlflcantly w:th posmon in
- the laying sequence in sqow geese (Chen caeru/escene) (Ankney 1982, but see -
Cooke and Harmsen 1883), ring-billed gulls lLarus de/awarensisl (Ryder 1983),
- and red-vl/ingied ‘blackbirds (Weatherhead 1985) It may be significant that both*
Ftala ( 1981) and. Weatherhead (1985) only found a slgmfncant relat:onshup in
,four egg clutches ‘but not in three-egg clutches SR
| . “To lnyestlgate:thus phenomenon i Canada geese lBrar%a canadensis),
studled ‘the relatlonshnp between. the sex of a gosllng and four variables:

posmon in the laying sequence egg mass, hatchmg size,” and fledgmg size.

\

' ) . .

) STUDY AREIA" A\D METHODS
T The data wer btamed in 1983 and 1984 near Brooks l50 35'N,

T " 54W) Alberta- lFlgWy ‘were collected in two different ways.;

'The flrst source of data was from a wuld populatton nestlng at Gleddne Lake. .

From Iate March to late Apnl § searched this reservow dally in. 1983 and

et

every 2 days ln 1984 for ‘nests. Upon dascovery of a nest each egg was‘

marked wuth a waterproof felt pen wrth the date of dnscovery Nearly all -
nests had one Qr two eggs when found although\ some had three. The'

Y
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* used because they were the most .common- on the study area Prl

84 "
degree of staining of eggs was used to assess the order of taying (Cooper\ .
1978). The sequentzal position of the remaining’ eggs in the Clutch. were
determmed by subsequent wslts durrng the |aymg pernod in thls study 1 k. “\:\
excluded nests that were found wrth more thah three eggs and nests in whrch
the order of laying could- not be assessed wnh absolute certamty for the two T
or three eggs. "Fresh mass, maximum length and breadth were determmed for
each egg. L ) \- ,
During pipping. embryos Were web-tagged followrng the technrqu of *
Alliston (1875). On several occasions, | visited the same nest twace during the
pippin‘g-hatching period and was able‘to deterrnpme the sex by cloacal ] "

examination of every goshng in the nest in some cases. In laté June and o

early July, | conducted bandmg drives in the area to recapture marked

goslings. At the time. of round up, goslings were 5¢to 8 weeks olide- Upon. *‘{?ﬁl

\
recapture each gosling was werghed and the lengths of its culmen and tarsus

i’,g: )
recorded t.also determined th@ sex. and checked for the presence of- *' e

. e

“web-tag on each rndrvrdual recaptured. S _— .

: R .
The second source of data ;vas from .Si% other reservo;rs .in 1984

Fa

Tllley "A", Tilley "B, Rolling Hills Lake/ K‘mmvre Flat, ‘and Cowokr Lake (Flg

L] [4
-1, .1 used. the same procedure as outhned for Gleddle Lake up to the week
t

.3 of mcubanon At that time,: alt six-egg clutc‘tes with known laymg sequence

were removed from therr nests. and the eggs were hatched in an.

mcubator ‘at the Brooks erdhfe Center Alberta Clutches of s:x 1

.,.-,__,._,-'hatchmg each egg was’ mdnvrdually rsolated in the mcubatorito assoc:ate each V.f :

-Sartortus scale | determmed the sex “of " each mdlvrdual

_‘goslmg wrth ItS‘pOSItI%n\ in the laymg' sequence Within 4 Hours of hatchung

each goslmg was web-tagged rn the left foot M‘Q an mdrvrdually-numbered
metal’ tag.. At thrs time, they were also Wenghed to e B

recorded

N
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Contingency tables were analysed using G-tests (Sokal and Rohlf 1981).
Covariance analysis were done using the BMDP computer package ([Dixon et al.

1983).

RESULTS

Position in ‘the laying sequence

' The relationship between sex ratio and laying sequence was studied wnfh
two different sets of data: first with the marked and recaptured data at
Gleddie Lake, second with -artificially hatched eggs. In the first set,/l examined
only goslings from nests “with original clutch sizes of five and six eggs.
These sizes were the ;fbst:éérﬂmon on the sjudy area. For .both clutch sizes.
there was no correlation betweén sex of the_goslihg"and posifion in the
laying sequéhce {(Table V-1 and Table 1V-2), Furthermore the ovérall' sex ratip
among goslmgs from clutches of both five and six did not differ from unity
(five-egg clutches;-- X* = 1.88 df = 1, P = 0.17; six-egg clutches X: =
263 df = 1. P = D.10). In this data set, however, the sex was determined
5 to 8 weéks after hatching. Using this method. sex was determined for
only 49% of the. goslings that &ctually hatched It 1s therefore possibie th"at
differential mortality between sexes during the first 5 to 8 weeks may have
m‘éskgd differencésl i sex ratio, present at hatching. Thus. in 1984 ]
determined at hatc\&gj the sex ;>f 242 goslings l'from 44 six-egg . clutches. As
with the recaptured goslings. there was no significant asso}ciation/ between sex
and position in the laying sequence‘ (Table V=3). The overall sek ratio of
offépriﬁg also did not differ from unity (X? '= 1.65, df = 1, P = 0.20). The
s'ex' of the embryo in every egg. laid was ﬁot known because some eggs
(22/264) were enther apparemly infertile or the embryo had died early in its )

development Nevertheless these resutts strongly suggest that there is random

segregation of sex within a clutch.
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TABLE IV-1- Sex of Canada goose goslings determined at 6 to .8 weeks old
from sequentially-laid eggs in five-egg clutches IN = 14), 1983 and 1984
combined. ' ‘ ' :

Egg sequence

Sex 1 2 3 4 5 Total
Male 3 - 5 3 6 LA 21
. Female - 3 - 4 4 ® 1 1 13

Total 6 9 7 7 5 34
Gtest G = 4244, DF = 4 P = 037

1
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TABLE IV-2: Sex of Canada goose goslings éetermined at 6 to 8 weeks old
from sequgntially-laid eggs in six-egg clutches (N = 13), 1983 and 1884 -

combinedyi ze,
Y
259 £ sequefce
“:sEL' - 99 '\
Sex 1 2 .. 3 // a5 s Total
Male 5 6 4 4 5 0 24
Female 3 1 3 2 4 1 14
Total 8 7 7 6 9 1 38

G-test: G = 4.126. DF = 5 P = 0.53




TABLE IV-3: Sex of Camada goose goslinas d
sequentially-laid eggs in six-egg clutches (N =

v

etermined at hatching from
44).

88

Egg sequence

Sex 1 "2 3 4 5 6 Total
v
Male 21 22 20 27 23 18 131
Female 22 15 19 - 15 20 20 1
Total 43 37 39 42 a3 38 242
Gtest: G = 3.518 DF = 5. Pl= 0.62




Egg mass, hatching size, and fledging size Ke

Egg mass varies within clutches of Canada geese (Chapter 1. Mass of
the egg is also correlated with hatching mass of the gosiing. Therefore the
possibility exists that a female can provide different amounts of parental
investment to a ma‘|e or a female offspring by selecting specific sizes for
one particular sex. However, in six-egg clutches for which tfie sex of the
goslings was known ‘at hatching, no differences were found between the mass -
of ~eggs from which males and females hatchéd for all poﬁitions in the
sequence (Table IV-4). Within clutches there was no difference between the
mean egg mass of males and females (paired t-test; t = 0.14, af = 40, P =
0.89). The mass of males and females at hatching neither differed within
positions'in the laying sequence (Table IV-5), nor within a “cy:lutch—/fpairedx t-test;
t = 0.35 df = 32, P = 0.73). There was an exception }or the f.ifth' egg.
males were smaller than females. | do not believe that this exception
represents a real pattern since in all other positions, there was 'great ‘similarity -
in the size of males and females. In a randoh sample of goslings from 36
eggs “(‘only one per clutch), there were no differentes in ei}her culmen length
{t-test; t = 1.78, df = 34, P = 0.083) or tarsal Ien.gth (t-test; t = 0.02, df
= 34 P = 0.986) between newly hatched male and female goslings.

Although no differen&es, in hatching size were pres.ent between maleéA
and females at_hatching, body mass of males was 16% and 8% higher than:.
females near ﬂedéing in 1983 and 1984 respectively (Table'lv-s and Table |
IV-7). The difference was smaller in 1984 probably because goslings were
recaptured 2 weeks earlier than in 1983. Tarsi of males were‘~ also ,
§ignificantly longer than those of females near fledging in both years of study
',(Table IV;6 and Table IV-7). Cuimen lengths Were not different between males

and females at this stage of development in either ygars.

-
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DISCUSS|ON

The relative value of each sex of young to the fitness of the pare}\ts
may vary with the séx ratio of the breeding population and also with" the

"costs” of producing each sex (Maynard Smith 1984). If values differ betwéen

sexes, one would expect differences _in the parental invegtment for each sex..
There is a difference in parental &,nvestr.nent assotiated with the laying
sequence in Canada geese (Chapter H). Therefore thedretically, it may be
advantageOus to‘ produce one sex at a _particular position in the laying
sequence if it éan affect the survival to reprdductive age of the offspring.
However, there was no evidence of such a phenomenon in the population of
Canada geese studied. These results agree with fhose recorded by. Cooke and
Harmsen (1983) who studied snow geese. Fiala (1981) and Weatherhead
"(1985) both found significant relationships between sex ratio’an'd position in
the laying’ sequence in four-egg clutches but not in three-egg clutches of
red-winged blackbirds. In four-egg clutches howevér the patterns obtained
were opposite; Weatherhéad (1985) found that last laid eggs prqd‘ucéd more
males v_vhilé Fialla (1981} recorded more .femalés for last laid eggs; Caution
should be applied to Fiala's results becéuse he determined sex. 8. days or
more after hatching. Thus, his results could be explained by male biased
Amortality‘ in the  immediate post-hatch perigén. These tw_g Studies ‘do not‘ add
much weight to the claim that females c{an control{,the'se,x ‘of their offspring
because significant relationships were found only in four-egg clutches but not
in. tr}me“egg clutches. Moreover, <these two studies reported dpposite
rrelai'ionships in the same species. | - ' o
In contrast, Ankney ('1980) and Ryder (1983) documented significant '
" relationships between sex ratio at haiching and pésition‘ in the—lay[ng sequence
in" snow geese and in ring-billed gulls respectively. I?\ these two studies
however the effect of this relationship on the rep‘roductive“sucéess of sons

_and daughters is not known. Therefore it is very difficult to -say if it has an .

Yoo

adaptive velue (Clutton-Brock 1982).. Y

{
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Again if one sex is more valuable to parent$ than the other. they
should\invest more in that sex to make sure that it survives to reproductive
age. My results suggest that from laying to hatching there is. no evidence that

" females invest more in one sex than the other. Egg mass and Ha‘tchmg size
were essentially the same for malesl and females. Ankney (1980) also found
no differences 4 :these parameters améng snow geese. In his study, however,
female goslings had a’ slightly shorter culmen than males. Near fledging.
however, boly rass and tarsus length were greater in males than &females in
both snow (Ankney 1880) and Canada geese (this study) It is apparent that
males must grow faster than Afemales between hatching and the date of
recabfure.. These differences between males and females  at fledg;ng are
unlikely to be the result of differences in parental -care, because parents do

not feed their young. Thus, there is very little opportunity to control feeding

rates of goslings of a given( sex. M:)reover, during the rearing period. broods
mix and -form creches with up to 80 goslings (Glasgow 1977, Zicus 1981,
pers. obs.). In theée creches. only a few pairs remain with the gang making
it very difficult to provide more paréntal care tct one sex than the other.

Ankney (1980)~vshowed that,- without'pawr‘ents, female goslings grew at a lower
rate ‘than m,afes. It is then evident that the difference between male and

j vfemale go\s’lings near fledging is not the result of different amounts of
parental care provided to either one sex or the other. .

Ankney (1980) suggested that fema;les- were investing slightly more in
their fnale‘ offspringA b;} p'roducing males in the two first and Iarégr eggs of
.the /"cluich.v_’ My data did not show this phenomenoh, and mareover, parental
iﬁQestment —Ai”' male and female goslingvs did not .differ up ,to hatching and
(pos‘sibly up to fledéing. To conclude, my study "éuggests that male and fema'le'

. A}
goslings” are equally valuable to Canada geese parents because parental

.*.investment appears to be the same for each sex. -

T
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V. CONCLUDING DISCUSSION

Examination of eggs'produced by Canada geese (Branta canadensis)
nesting at mid latitudes revealed that egg size is not “relatively constant” as
Lack (1967) suggested for this and any other species of Anatidae. Most of
the variation (two-thirds of the total variance) in egg size exists among
females, the remainder from among eggs of the same clutch.
¢ yar.iat»on of egg size among females does not appear to be influencdY
by environmental factors other than those affecting the body condition of the
female. Even if body condition is the only factor found to be corre!ated
significantly wnth egg size, it explained a very small part (14/0) of the variance
:f mean egg‘ size among females. On the other hand, genetic differences
among females, could eiplain ‘'most of the variation observed. This suggestion
is based on three facts. First. captive females were very consistent in mean
egg size between 'c':Iutcnes laid the same year and in two different years. -
Second, dther ‘studie.s based on repeatability (e.g., Batt and Prince 1978, Moss
and Watson 1882, Nol et al. ,1984) and freritability estimates (van Noordwijk
et al 1981) suggest strongly that egg suze is relatively fixed genetlcally
Thirgd, percentages /f the total varrance accounted by differences among
females and within clutches were very "simitar in the wild and in captmty

The presence of this varnatnon and |ts vpossmle underhnmg genetnc_ basis

v

in egg size |s the raw material upon which natural selectmn can act.

b

. HoWever evolutionary changes. can only occuralf there are some selecttve
dvantages to laymg eggs Aof"a certain size. In my study, however, | found
no. svidence, within the nOrmal range of variation, that egg 'size mﬂuenced the
reproductive success of female Canada geese Therefore 1 suggest that

® dafferences in egg size among’ females have a very ﬁ]mnted influence oh

'futness | used the term “limited” because phenotypes that laid, eggs ofv a size

; ’belqw or above the normal range, would» probably have a reduced fitness.

Nevertheless egg size may become an |mportant component of fitness 4f

envuronmental condmons were to change s:gmfrcantly dunng critical periods }

!bettween lqymg and afledgmgf“ Hypothetncally rf such changes affected the food.

B .y ‘ ’ ' o : {
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5

abundahce and inguced severe cold stress, larger eggs and goslings would
probably be favoured for various reasons (see Batt and Cornell 1972. Ankney
1980, Rhymer 1982). |

Variation of egg size within clutthes of Canada geese fo||owéd a
curvi‘linear'pattern in whiéh eggs in the middle were very si Rar in size. yet
larger than the first and last eggs in the sequence. The adapﬁ sugnifvc.ance
of this source of var:ataon for altricial species showing asynchronous hatching
has been dlscussed mann|y in relation to the brood reduction strategy and
predation (see Slagsvold et al. 1984).

However, for a species like the Canada goose. two aspects of its life
history make it very different from an.‘ altricial' species. First, hatching within a
clutch occurs synchronously or almost so. ‘Second, the parents do not feed
tﬁenr y.oung. Therefore, any patterns of variation thét_could favor brood
reduction fe.g., Howe 1976) is probably inapplicable to this species. However,
this pattern could be adaptive if. between eggs of different positions, there
were differences in the !ikeiihqod of producing a gosling that reached
reproduc.tive age. On this point, | found in this study that eggs in different
positidns in the -laying sequenceé were equally ﬁkely,t? hatch and to produce a‘
goshng that reaches fledging age. These results differed from those of
Coaper {1878} and Cargill (1879} in which some eggs (first and last laid) were’
less likely to produce 'é:hicks that reach fledging age because of "partial,
predation on the clutch, abanddnment. of eggs. and/or infertility. Selective
pressures on my study\ area might not have been a.s intense as on therrs.
'fheréfore_ | propose that the pattern of variation within clutches reflected the
\ direct effects of phy;ialogical changes .in the ‘freproductive htract on eggs
-during trymeir' forr'nationl. This hypothesis needs to be.examined more thoroughly
.ané the direct causes uﬁcovered ) ‘, ' ' g

The varuanon in egg size W|th laying sequence - was suggésted as a way
in wmch a female | could direct her parental investment to one sex of

'

off‘sprlng in particutar, by controlhng the ,sex of her young, in relation to the .
]
laying sequence (Ankney 1982). ,In th:s study [ found no ewdence that female

N .
N ¢

-
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Canada geese were able to control the sex of therr offspring in relation to
laying sequence. - Moreover, pérental investment did not differ between male
and female goslings at ieast up to hafching and possibly up to erc?ging Aage.‘
in addition to égg size. initial brood size did not influence 'thpif’ .
reproductive success bf Canaqa ge.ese nesting at Gleddie Lake. Thus, fpemales
producing different .sizes of brood had approximately the same apparent
fitness. The reasons for this remain unknown but onerland movements,
creching behaviour, and relative date of hatching may pléy an important role.
These results are interesting because the irl1fluence of brood size was
measured using sizes of normal broods as opposed to other studies (e.g..
Safriel 1975, Rohweér 1985) that used abnormal brood sizes. It suggests that

brood sizé may not be an important component of fitness at least within the

normal range of brood sizes, .
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