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The Quitter

When you're l-ost in the T"¡7i1d, and you're scared as a child,

And Death looks you bang in the eYê,

And you're sore as a boil, its according to Hoyle

To cock your revolver and die.

But the Code of a Man says: "Fight all you can",

And self-dissolution is barred.

In hunger and woe, oh, it's easy to blow

It's the hell-served-for-breakfast that's hard.

'rYou're sick of the game J " Wel-l, now, that's a shame .

Youtre young and you're brave and you're bright.

"Yor1 've had a raw deall " I know -- but donrt sgueal,

Buck up, do your damnedest, and fight.

It's the plugging away that will win you the day,

So don't be a piker, o1d Pardl

Just draw on your grit; it's so easy to quit:

It's the keeping-your-chin up that's hard.

It's easy to cry that you're beaten and die;

It's easy to craw fish and crawli

But to fight and to fight when hope's out of sight

I¡lhrz l-hair5 the beSt fame of them altlrrlll I u¡¡u e

And though you come out of each gruelling bout,

All broken and beaten and scarred,

Just have one more try -- it's dead easy to die,

It's the keeping-on-living that's hard.

by Robert Service.

From
The best of Robert Service
Dod, Mead & Company, New York, 1940.
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Foreword

A masterrs thesis is an academic exercise. It's emphasis

is not so much an original thought as it is on methodology

and adherence to scientific principles. It is also an oppor-

tunity for a professor and a stuclent to work together on a

research project. Too often the student's thesis becomes an

exercise in the commonplace for the professor. It becomes a

relatively simple matter of providing guidelines within which

research can be done with Some probability of achieving re-

peatable, though not necessarily meaningful, results. Occa-

sionally, hwoever, a thesis is done which exemplifies the

true spirit of research and al-lows the student the opportunÍty

to demonstrate the true mettle of his worth. This thesis is

a good example of that situation. I have added this preface

to Gordon's thesis because I felt that his performance during

the course of this project warranted further comment on my

part. The obstacles he encountered would have defeated Iesser

students and many professionals as well '

ôrirr.inn'l lr¡- Gnrdonrs thesis was to have been conducted at
v! rY¿f ¡q¿¿J t vv! sv¿¡

the field station of the Avian Behavior Laboratory. As such,

he would have been able to study the incubation patterns of

a captive flock of canada geese under relatively comfortable

conditions albeit stitl under field conditions. In the spring

of :-gTg the Red River flooded and completely covered the field

station with several feet of \ó/ater. Gordon's options were to

postpone his field research for at least one year or to move
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the location of his thesis further north, where the spring

nesting season would occur several weeks Iater.

some of Gordon's experiences have been recounted in thÍs

thesis but his own modesty and the dictates associated with

writing a thesis prevented him from recounting some of the

problems he had to overcome. The same may be said of the

profound hardships and dangers he encountered during his

loneIy vigil of alinost two months on the tundra. His per-

formance during this period of physical strain, emotional

turmoil, and periods of utter frustration cannot be recounted

in mere words. Only those who have experienced field research

conditions with many montt s of preparation and a great deal of

funds can adeguately appreciate the wonder of his achievement'

The latter ís especially so given the extremely short period

of time he had to plan this venture (18 days) and the shortage

of funds available for such a major, unexpected undertaking'

The setbacks Gordon experienced in the conduct of this

research would have disappointed many other researchers in

a símilar situation. Disappointments however, only became

setbacks Gordon never gave up and tried again, again, and

yet again. It is with extreme pride that I publicly con-

gratulate this young man for his determination, courage' and

inner fortitude. He has learned lessons that I could never

teach him - and he has learned them well. Unlike the campus

situation, where the classroom is too frequently a place of

ritualized oratorY, stupefying boredom, and enormous apathy,

his classroom vfas the natural environment. Under the severe
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tutelage of the arctic weather, he learned the true meaning

of the predator prey relationship as he realized just how

sma1l and insignificant he was in nature's overall scheme

nf rh'inos- He realized how he had to fit into nature's schemeç¡¡+¡¡Y s .

of things or he would be eliminated, just as any other animal

would be under similar conditions. His classroom was anything

but boring and at the smallest sign of apathy he would be

rudely slapped to frightening attention as he became aware of

l-r i c nn.|- onl- i :'l denrrar -¡r¿o I/v uu¡¡

When Gordon returned to WinniPeg, f could only marvel at

the stories he had to tell. Safely back in his hometown, I

could sense the feelinq of tremendous satisfaction he had as

a result of his experience. Part of life's tragedlz is what

dies inside a man while he Iives. Gordon's experiences in

the arctic provided him with an experience that made him live

that part of his life to its fullest. His memories are the

richer for it and his abitity to lead others in similar under-

takings has bee¡ greatly enhanced. More important, perhaps

is that the experience has stimulated, excited and exalted

Gordon in a way that f never could in a campus setting.

During Gordon' s stay in the arctic he never al-lov¡ed the

severity of the climate or the frustrations of his self-

imposed privation to compromise his dedication to excellence

and his devotion to his research. He learned that when you

take the time to look, the commonplace becomes wonderous and

the wonderous becornes commonplace. He saw the beauty of the

empty space before him and he identified with the other forms
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of animal life living with him as he began to understand the

forces being imposed on all of them. Reality, in all_ of its

phases, was no longer a term in a book but A verv rea| force

that had to be reckoned with.

To understand the arctic's reality Gordon had to come to
grips with a personal philosophy. He learned that to reject

any hypothesis on purely ideological grounds is to argue that

static ignorance is preferable to increasing our knowledge

of rearity. Gordonrs thesis, nore than anything else, repre-

sents an example of a young scientist willing to examine

nature on her own terms, under her own conditions, at her

convenience. There was no approximating natural conditions

here, i.e., there was no attempt to conduct an experiment in

the laboratory and then to generalize resul-ts to the naLural

environment. This research was done in the natural environ-

ment of the organism in which he is interested. As such, his

thesis provides answers to questions that have only been ap-

proximated before. Sooner or later, someone had to do this

type of research to see what the real_ answers rdere to the

questions previously' raised.

After Gordon returned to l{innipe9, he worked on his data

for one year before any results could be tentatively discussed.

During that time he learned that one's research does not l-ead

to o1d answers but to new puzzles, new problems, ne\^/ models

of experience, new perspectives, and subsequently may pro-

vide a possible though not suaranteed footing frorn which

one may reach for new anslrers and new skilIs. I would hope
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that in the future the North will find Gordon a frequent

visitor. There are very few scientists who can live j-n a

hostile environment and also aporeciate that environment for

its own sake.

The results of Gordon's research rvill eventually be pub-

lished. At that time Gordon will learn that any scientist's

communication is modified, amplified, and fused wÍth the

ideas and results of others. The tremendous importance each

scientist associates with his own work is diluted when his

results melt into the stream of knowledge and ideas which form

our culture. Hopefully, however, the future will see addi-

tional research from this bright young man whose enthusiasm

and dedication to field work is catching and inspiring.

Tt has been said that those who scorn perfection for the

sake of travel- go nowhere, slowly. Those who put travel

aside for the sake of perfection go anywhere instantly.

Gordon's thesis is a good example of someone who has dedicated

himself to perfection and who has travelled at the same time.

He has seen a part of this planet's real world as it. reaIly

exists. He has survived the conditions imposed upon him and

he has marvelled at the wonders he has witnessed. As such,

he becomes a fine candidate for tomorrow's teacher. Such an

individual will have to have the ability to communicate, to

listen, to light. a little fire under a 1ad, to teach not what

to think, but how to wonder.

task.

I am sure he is egual to the

V'Iorkinq with Gordon has been a pleasure and a real in-
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spiration for me. I hope that future students of mine emulate

his example and aspire to the leve1s he set for himself.

Gordon's education was more than just reading and writing.

It was a part of living; that part, in fact, which makes life

full, alive, and exciting. Gordon would be the l-ast person

to claim that his work is the final word on his subject

matter. It does provide much valuable data but it also

raises many new guestions. I hope that he decides to try to

answer some of these new questions. And my best wishes go

with him in his future endeavors.
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Abstract

This study was conducted to investigate the incubation

behavior of female canada geese, ês werl as to determine the

care provided to the eggs during undisturbed incubation.

contradíctory or no data exists on severar facets of in-

cubation in the canada goose. The principle reason for this
problem is the methodological difficulties involved in try-

ing to obtain data in the field without disturbinq the nest-

ing females.

During the spring of L979 five Canada goose (pgel!.
canadensis interior) nests \¡rere studied on the Hudson Bay

Lowrands in northern Manitoba. Five radio telemetry goose

eggs \,üere designed and constructed to monitor three egg temp-

eratures (she}l, core, and air ce1I), nest attendance, and

egg turnirg, on a 24 hour basis for the entire incubation

períod. The first egg l-aid was removed and replaced with a

telemetering egg in each study nest. Behavioral observations

r¡¡ere made on the focal females in three time periods between

07:00 and 22:00 hours throughout the entire incubation peï-
iod, with the aid of a 20-60 X spotting scope.

Data on environmental factors was gathered during this
study to determine if they exerted any influence on incubation

behavior.

Two of the five study eggs were lost to predators during

the study. A total of 2,0L2 hours of data was cor-lected by

the telemeterj-ng eggs, with an additional 305 hours of behavioral
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observations beinq recorded.

Behavioral data indicated that there were five readily

distj-nguishable postures seen while the female was incubating.

The sitting posture constituted 93.zeo of al1 positions occurring

during incubation sessions. Female's spent 4.32 of their time

during incubation sessions engraged in a hide posture. Results

indicated that the time of the observation period had a signif-

icant effect on the amount of time spent in each of the five

postures. Nesting females spent the majority of time (3t.fU )

feeding whil-e on an incubation recess.

Nest attendance for the successful- nests averaged 95.03%

over the entire incubation period. Nest attentíveness was

high on the day the first egg was laid, and increased steadily

for the rest of the egg laying period. This data contradicts

past research which inclicates incubation did not begin until

the clutch was complete.

Females averaged 2.t.5, 20.97 minute recess periods per

day. l4ultiple regression analysis showed no significant

effects of the weather variables, time of dayr or day of ín-

cubation on recess period length. Recess periods were taken

at all hours of the day and there was no chang'e in the fre-

quency or duration of recess periods over the incubation

period.

Mean incubation session length was 10.45 hours for the

successful nests. Multiple regression analysis showed that

ambient temperature, humidity, solar radiation, temperature

x humidity interaction and a temperature x solar radiation
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interaction all had a signifícant effect on session length.

The average egg air ce1l temperature \das 34-45oC. Thís

egg temperature was low early in the egg laying period, but

increasecl steadily during egg laying. There was a 5.71-oC

temperature gradient found between the females breast and the

bottom of the nest cup. Egg air cell temperature dropped an

average of 3.59oc during a recess period, while the egg core

temperature dropped 2.4goC during this time. There uzas a

signifícant effect of stage of incubation on all three egg

temperatures, but only a small percentage of the observed

variance was accounted for by the stage of incubation.

The regression equations for air cell, core, and shell

temperatures accounted for 48.52, 60.8U and 48.3% of the

respective variances. Although statistically significant,

no weather variable accounted for more than LZ of the variance

in the three egg temperatures. The nest varíable accounted

for 20.62, 24.42, and 17.1% of the respective variability in

air ceIl, core, and egg she11 temperatures.

The data on egg turning did not support previous research

which stated that egg turning was directly related to the

weight characteristics of the eggs. The present study showed

a great deal- of variation in the number of turns each study

egg received. Egg turning was carried out at all times of

the day and the mean time between turns was 3.14 hours. In-

cubating females turned their eggs without rising from the

nest. Multiple regression analysis showed a significant

effect of stage of incubation on egg turning. Egg turning
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feII off sharply preceding hatching. Further regression

analysis showed a significant effect of egg air cell tempera-

ture, nest, egg core temperature x humidity, eg9 air cell
temperature x humidity, and egg core temperacure x solar
radiation on the time between egg turning. v,Ihire these re-
sults were statistically significant, the amount of variance

accounted for was very low.

The results indicate that incubating female canada geese

have a high degree of nest attentiveness, provide a relatively
stabl-e thermal and physical environment for their eggs, and

feed littIe over the course of incubation. These results
suggest that the physical condition of nesting female geese

prays an ímportant rore in determining nesting success.



Introduction

Reproduction is one of the most important periods in any

animals life. Activities occurring during the reproductive

period determine whether or not the species will continue¡ oÍ

whether it wil-l become extinct.

The reproductive period of birds can be divided into three

general categories. They are 1) courtship and mate selection,

2) the reproductive process, and 3) caring for the young.

An incubating bird is faced with a very complex task. In

incubation the parent must adequately provide for itself, as

well as for its eggs. The egg requires a temperature ranqe

which will al1ow optimum development, r'rechanical shifting

and rotation provided by the parent bird, and protection from

predators. The parent, meanwhile, must maintain its normal

body metabolism during the period of incubation, while und-er

the added physiological stress of supplying the necessary

incubation temperature to its eggs.

The relative responsibilities of the attending birds

ranges from sharing of the incubation task, to total invol-ve-

ment by one parent for the entire incubation period. The

former case is called bisexual incubation, and the eggs of

birds who engage in this mode of incubation are attended at

all times by one or the other parent. I{ost marine birds,

as well as most nonpasserine birds engage in bisexual incuba-

tion. Ducks and geese, oD the other hand' engage in single

sex intermittent incubation. In this system a single parent,
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most often the female, divides her time between caring for

the eggs and gathering food for herself. Between these two

incubation strategies there are a number of other strategies.

For example, in some birds the non-incubating member of the

pair may feed the incubating mate to some extent, dependingi

on the species. For a more complete review of the incubation

process see Drent (1970, 1973, 1975).

rt is important to understand the way in which most incu-

bating birds conduct the incubation process. The requirements

of incubation may sound quite simple. When one considers the

task in greater detail, however, the complexity is very

ãnñãran{-

Þrnno."- Þ.:,(¡ tcmncrafrrre in natural_ incubation is achieved9YY

by the incubating bird appllzing its incubation patch/es to

its eggs. "An incubation patch consists of a feather-free

area with thickened skin and a rich supply of blood vessels

to facilitate the transfer of heat from the body of the incu-

bating bird to its eggs" (Pettingill, L970, p. 355). In this

case, the incubating bird uses its own body heat to provide

the proper incubation temperature for its eggs.

Itrhile most avian species incubate their eggs by applying

their body heat directly to their eggs through incubation

patches, there are some exceptions to this typical form of

incubation. The megapodes of Australasia (Frith, 1956) lay

their eggs in holes in the qround or in mounds of rotting

vegetable matter and thus use the natural heat from this

decomposition process for incubation. The pelecaniform birds
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(eg. northern gannet Morus bassanus), which lack brood patches,

cradle their eggs in the webs of their feet during incubation

(Nel-son, 1966). To what extent the ventral body surface con-

tributes to heating these eggs is stil1 a matter of debate

(Howe11 & Bartholomew, 1962) . It is interesting to note that

the average incubation temperature in nests of 37 species of

birds of 11 orders is very similar, 34.Ooc + 2.3}oc (Huggins,

1e 41) .

Drent (1975) commented on this narro\¡r range of incubation

temperature for proper embryonic development:

The range for optimum development is narro\^¡i

death through overheating is uncomfortably

close at all times; a sliqht fall in internal

temperature, if long maintained, will lead to

abnormal development, and an internal egg

temperature between physiological zero (ZSo

^-o^'27-C) and freezi-ng can be tolerated for long

periods, the most important limitation being

that tolerance declines with age (p. 352).

Under natural conditions, egg ternperature is regulated

by adjusting the time pattern of an incubating bird's at-

tentiveness, which is usually defined as the percentage of

a twenty four hour day that a bird spends incubating the

eggs.

Besides requiring a specific thermal input from the

parent bird, the eggs also require mechanical shifting and

rotation. New (]-957) showed that absence of egg turning
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and shell membranes during the first week of incubation.

Kaltofen (1961) and Robertson (I961) have also shown the

beneficial effects of egg turning during the course of in-

cubation. It is generally agreed that turning is most crit-

ical during the first half of incubation. The parent bird,

therefore, has to provide the proper egg shifting and turning

for the entire course of incubation, while paying particular

attention to the first haff of incubation.

As well- as actively influencing the physical environment

of the eggs, the parent must also attend to the eggs' other

needs, as well as to its own needs. The parent must protect

the eggs from predators and at the same time reach some com-

promise between obligations to the eggs and its own nutri-

tional demands. This compromise can be accomplished if the

incubating bird adjusts its time pattern of nest attentiveness.

fn a species which follows a single sex intermittent mode of

incubation, incubation strategies have evolved where the in-

cubation period is divided between attentiveness and food

gathering, somehow adjusting attentiveness against fluctuations

in environmental conditions to regulate egg requirements

(temperature and turning). Time for food gathering must be of

sufficient length to allow the female to acquire enough food

to support her metabolism.

The Canada goose is a single sex intermittent incubator.

Each spring, after a northward migration from the wintering

grounds, the female goose selects a nest site, lays approxi-
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mately five eggs, and begins incubating them. For the next

24 to 28 days the female goose shows a high degree of nest

attentiveness and maintains her clutch of eggs at approximately

34oC (Cooper, 1978). The female maintains her eggs at this

temperature by transferring her body heat to the eggs. In the

order Anseriformes (ducks, geese, and swans), however, this

heat transfer does not occur through a "true" incubation patch.

Geeser âs do most waterfowl, pluck down from their breast to

line their nests and this behavior results in a bare region

of skin on the ventrum (Hanson, 1959). A "true" incubation

patch is formed by a localized molt (Jones, I97L). During

the incubation period the male goose suards his mate and the

region around her (Cooper, I97B) . The goslings hatch in a

precocial state and the parent birds share the duties of

caring for their offspring.

Species of birds which nest in the arctic have to contend

with the environmental conditions which prevail in this region.

There have been numerous studies which have attributed reduced

annual production to factors assocíated with weather. (Barry,

1962; Eisenhauer & Kirkpatrick , 1977 ¡ Hanson, Queneau, &

Scott, 1956i Macfnnes, 1968i MacInnes, Davies, Jones, Lief

& Pakulak, L974; Mickelson, 1975; Ryder, L972). The arctic

nesting period is short and each breeding phase (egg laying,

incubation, rearing of young, moult, etc. ) is so timed that

the final phase is completed just prj-or to the drop in temper-

ature at the end of the season (nyder, 1967). Anything which

upsets or delays the precise timing of this schedule can re-
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Environmental factors which have to be contended with in

the arctic range from low temperatures and unpredictable

weather to large diurnal temperature cycles. Birds that nest

in the areas affected by these factors have to have a very

efficient incubation pattern. Geese which nest in the arctic

have this restricted and precisely timed reproductive period

as a result of specific environmental adaptations. Every

species of bird breeds at the time of the year during which

it can raise young most efficiently. Young birds hatched at

less advantageous times suffer a heavier mortality and rarely

survive to reProductj-ve age.

Little information exists on the process of incubation

in arctic nesting geese. This study was conducted to investi-

gate the incubation behavior of female canada geese, âs welI

as to determine the care provided to the eggs during undís-

turbed incubation.

one goal of the present study was to determine the way

in which incubating female canada geese manage to meet the

requirements of incubation (egg temperatures, egg turning'

as well as the female's nutrient requirements) during a brief

arctic nesting season. These incubation requirements are met

through a certain rhythm of nest attentiveness ' As l^ihite and

Kinney l(:-g74) pointed out, "the precise relationship between

attentiveness and environmental temperature has remained un-

clear,'(p"186).Theliteraturecontainslittledataonthe
complete incubation schedules of arctic nesting geese. This
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situation is primarily caused by the difficulties involved in

trying to obtain a complete record of nest attendance in un-

predictable and often harsh arctic conditions"

Another goal of the present study was to provide answers

to questions of incubation in Canada geese for which contra-

dictory evidence exists. For example, the egg temperature

data for the Canada goose presented by Huggins (1941), Kossack

(I947) , and Cooper (L978) , differ somewhat from one another.

The reason for these different results malz be attributable to

methodological differences in data collection. No researcher

to date has collected egg temperature data for the Canada

gioose from the time the first egg was laid until hatching

occurred.

The literature also contains conflicting data on the length

of incubation for Canada geese. Kossack (I950) reported that

the incubation period varied from 25 to 28 days rvith 26 days

being average. Dow (1943) reported incubation perj-ods of be-

tween 28 and 33 days. Most researchers have considered 28

days as the normal incubation period (Brakhage, 1965; Collias

& Jahn, 1954¡ Cooper, 1978). It is not known whether different

subspecies of Canada geese have different incubation period

lengths. Once again, methodological problems may account for

the conflicting data reported for incubation period length in

Canada geese.

No research has yet been conducted to study egg turning

in Canada geese or the incubation postures of femafe geese

over the course of undisturbed incubation. The reason that
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no information or contraCictory information exists on these

facets of incubation is that collecting data of this nature

has proved to be quite difficult methodologically'

The present research developed a new technique with which

to study the thermal and physical reguirements of Canada goose

eggs unobtrusively during incubation. The techniques used to

study the incubation process in past field situations are

presented in the next section.

Previous Techniques

Thermistors or thermocouples. fn the past, various tech-

nigues have been used to collect data on the nest attendance

and incubation temperatures of different avian specíes.

Typicatly, thermistors or thermocouples have been used to

study incubation temperatures. Researchers have placed these

devices in nests to obtain readings on nest air temperatures

(Baldwin and Kendeigh , 1927; Kendeigh , L963; and Norton'

Lg72). This procedure provides nest air temperature data

but has the drawback of errors occurring during the data

collection state. Norton (L972) states:

nest air temperature SenSorS were more sensitive to

slight motions of the incubating adult, which produced

sharp, temporary rises in temperature, probably as a

result of momentary contact between eggs and thermistor'

(p. 16s )

Thermistors have also been placed inside viable eggs

(Caldwell and Cornwell , 1975; Cooper, 19'78¡ Derksen, L977;
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Huggins , L94L¡ Kossack , 1947; Norton ' L972¡ Schulte and

porter , I9-14¡ SneIling , Lg72) . Huggins (1941) placed ther-

mistorprobesthroughtheshellandalbumenlayerssothat

theylayjustundertheembryo.Usingthisprocedurehehad

to drill a hole through the shell to the albumen at the mid-

le of the egg. Kossack (1947) also used this procedure as

one of his techniques but stopped it because of "the proba-

h'i 'l itv that it killed the embryo" (p. 121) 'vLLL vf

Since Kossack's Qg47 ) research was published' the typ-

icat procedure for thermistor implantation in a viable egg

has been to drill a hole in the blunt end c¡f the egg and

to insert the therrnistor into the air space. The hole is

then sealed with either epoxy glue or collodicn, a liquid

plastic (caldwell and Cornwell , I975i Cooper, I97B; Drent'

Ig7o, L915; Kossack , L947; NorLon , L972, Snelling , ]-9.]2) .

The problem with this method is that wires have to be con-

nected to the egg. These wires may interfere with normal

õññ l-rrrnino behavior. rn addition, they may be dislodged or
çYY Lu!¡¡r¡tì,

torn loose from the egg during incubaLion. These wires may

also interfere with normal movements of an incubating bird

which shift the eggs. As Huggins (1941) suggesLs, "if the

egg is in Lhe middle of the nest the maximum temperature

wiII be recorded. under ordinary conditions, however, the

egg does not stay in one place in the nest but is constantly

being moved around" (p. 136). Caldwell and Cornwell (1975)

speculatedontheimportanceofthisshifting.Thelzsaid

that ,,egg billing moves the presumably coìder perípheral
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eggs to the centre of the bowt and the centre eggs to the

cooler bowl edges, thus assuring more uniform heat distri-

bution and uniform embryonic development" (p" 7fB). It

seems reasonable, therefore, to assume that by permitting

the eggs to be moved around' unencumbered by wires, the

temperatures obtained would be more typical of actual con-

ditions in the nest,

Photocells or photoresistors. Photocells or photore-

sistors have been used to study nest attendance in incubat-

ing birds (Weeden, 1966). This technigue, however, has def-

inite disadvantages. For example,if the photocell is cov-

ered by a piece of down, a feather, some nest materialr âñ

e9g, a young bird, etc., then the data will suggest that the

incubating bird is on the eggs when, in fact, this is not the

case. The photocell system used by Schwartz, Weaver, Scott and

Cade (L977) was only sensitive to nest absences longer than

ten minutes. This system would only be practical in measur-

ing recess periods longer than ten minutes.

Mechanical nest platforms. Nest attendance has also been

studied with the use of weight activated nest platforms

(Breckenridge , 1956; Cooper, 1978). The problem with this

method is that it only gives an approximation of nest attend-

ance since the data witl only indicate that a bird is stand-

ing on the platform, and may not be applying heat necessary

for embryonic development.

Observational methods " A review of the literature re-

vealed little comprehensive data on egg turning during nat-
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ural incubation in field research. This situation is pro-

bably due to the difficulties of trying to obtain reliable

data on egg turning.

To date, egg turning data on canada geese has been lim-

ited to observational reports of the number of times the

female turns her eggs each day, as well as the amount of

time she invests in this activity (galham, l-954; Collias

and Jahn, L959i Cooper, L97Bi Kossack, 1950). Previous

researchers have assumed that the eggs \á¡ere being turned

when the female was seen "poking" at the eggs. Whether this

was actually occurring remains to be determined'

Beer (196r) and Drent (1970) watched the effects of the

actions of an incubating bird on egg position while they

were underneath nests fitted with transparent perspex plates '

The difficulties involved and the endurance required by this

observational technique deserve little comment but a great

deal- of praise.

Flushing. By far the most cofilmon technique used to study

egg turning under natural conditions has been to either

flush the incubating bird from the nest oI to wait until the

female is off the nest on a recess period and then to record

egg positions (Bergman, L946; Drent, I970; Dircksen, L932;

Lind, 1961; Tinbergen, 194B). This method has provided

some interesting data (Lind, 1961) but requires a great deal

of experimenter interference to collect a complete record

of changes in position over the course of an incubation per-

iod. This interference may affect the pattern of nest at-
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tendance of the species under investigation.

Time activated camera systems. Recently, acivancements

in instrumentation have led to new approaches in studying

egg turning in the field. Caldwell and Cornwell (1975), for

example, collected data on egg turning in mallards with the

use of a time activated camera system. Their data was "col-

lected at approximately six day intervals until the eggs

hatched. The data collection lasted for seven to twenty-

four hours and consisted of a nest photograph taken every

hour. The female was lifted or coaxed from the nest before

taking each photograph" (p. 708). Apart from the problems

associated with trying to quantify the amount of egg rota-

tion from these photograPhs, there are other problems assoc-

iated with this procedure. A strobe liqht going off every

hour, day or night, could conceivably alter the pattern of

egg turning. Furthermore, collecting data at six day inter-

vals (onIy 4 of the 28 days of incubation were studied) may

not reflect the egg turning of the entire incubation period.

The effects of these intrusions on the incubating female and

her egg turning behavior remain unknown and the data obtain-

ed may not be a true indication of natural incubation cond-

itions.

Radio telemetry. Schwartz et al. (1977) studied egg

turning and egg temperatures in captive falcons. With the

use of a radio telemetry egg they analyzed egg turning by

changes in the thermal cycle of their study egg. when the

shell temperature dropped and the internal temperature re-
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mained stable in their study e99, these authors concluded

the egg had been turned. This technique would certainl-y

pick up thermal changes as a result of an egg being turned

1B0o but it would prove less useful ín smaller rotations.

For example, the female bird may adjust her brood patch so

that it is no longer directly against the same spot on the

egg shell. The data would then indicate a fall- in the shell

temperature as a result of this change in position of the

female's brood patch. One could conclude (from this thermal

change) that the egg had been turned, when in fact this

would not be the case.

The equipment designed and constructed for the present

research also used radio telemetry techniques to try to

overcome the problems of nest disturbance and egg modification

while gathering data on the incubation patterns of Canada

geese under natural conditions.

Previous Research

Egg turning. New (L957) showed that turning of the hens'

egg is particularly important during the latter half of the

first week of incubation. He showed that absence of turning

results in an abnormal degree of adhesion between the chorion

and shell membranes during the first week of incubation'

New Qg57) also states that "turning is not a device to pre-

vent adherance altogether, but to prevent it from occurring

too soon" (P " 228) .

The first field study to look at egg turning in the wild
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was conducted by Lind (1961). He discovered an unexpected

finding in his study of egg turning in the Black-tailed God-

wit (Limosa limosa). He found that each egg assumed a stable

position as incubation progressed. Lind (1961) ' and others

since Lind's work (Caldwell and Cornwell, L975; Drent, l-970),

correlated this finding with the progressive development of

weight asymmetry of the egg as the embryo develops ' All of

these researchers have also shown that the egg, when placed

in a dish of water, will settle in a fixed position as incu-

bation progresses. The reasons for this progressive weight

symmetry in the egg are related to developmental changes of

the embryo. fn early incubation the yolk mass is free to

revolve within the shell, but as incubation progresses the

extraembryonic membranes and the shell membranes fuse, and

approximatellz midway in incubation, embryo position is fixed

in relation to the shell and the egg becom.es asymmetrical

(Drent, Lg15) . This fixed egg position may be vital for

attainment of the proper prehatch and hatching positions.

Since the egg is asymmetrical in the later stages of incu-

bation it has been assumed that the frequent egg turning

behavior of the parent allows the egg to assume its position

of gravitational equilibrium.

This "gravitational theory" of egg turning holds that

egg shífting by the sitting bird reduces the friction be-

tween the eggs of the clutch and hence allows each egg to

assume its characteristic position as dictated by the force

of gravity. The data presented by caldwell and Cornwell-
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(Lg75) , Drent (1970) and Lind (196f) showed (after the extra-

embryonic membranes and the shel1 membranes fuse and thus

the enbryo position is fixed) that the heaviest side of the

egq was not facing the nest bottom I00% of the time. In

fact, the other, lighter, sides spent some time facing the

bottom of the nest. This suggests that some other factor may

be affecting the egg turning. Perhaps the shape of the nest

bowt or contact with the other eggs in the clutch influences

the position of tìre egg. Gravity may be the vital factor but

it is unlikely that it is the only one. As Chattock (f925)

states, "the usual explanation is that the turning prevents

the germ from sticking to the shelt. If this is the only

function its effect should vanish after the first ten days

or so of incubation" (P- 409).

Inner shell temperature. Few researchers have attempted

to ascertain the she11 temperatures of eggs during incubation'

Kossack '1g47) cemented a thermo-couple junction on the

outer shell_ surface of canada goose eggs. Along with the

problems of lead wires radiating from the egg he found an

additional problem with this technique. when the egg shell

temperature of an egg with the thermo-couple facing the

breast of an incubating female was compared to the egg shel1

temperature when the thermo-couple was facing the bottom of

the nest, there was a 10o¡' (-L2.zoC.) difference in tempera-

ture. This data was confounded by the fact that the position

of the egg in the nest was influencing the shell temperature

data. Kossack (Lg47) also had no way of telling exactly
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what position each egg was in other than inferring a posi-

tion from the egg shel1 temperatures. Norton (1972 ) also

faced these problems when he measured egg shel-1 temperatures

in ñârâffin fil'toä êõõq ìn fnlrr qneoieq of sandninersf ll À/aIq!!Ilf !r!rçu çYY Ð ¿¡¡ !vu! rI/uv¿vs

Varney and Ellis (I974) placed the thermistor used to

record egg shel1 temperature under the shell surface at the

small- end of their telemetering egg. This positioning of the

thermistor hiould definitely affect the shell temperature data

since the eggs in a nest are tilted at an angle such that the

air cell (btunt end) is uppermost during incubation (Drent,

1970). The egg shell temperatures recorded by Varney and

Ellis (1974) would definitely be lower than if the thermistor

had been placed closer to the blunt end of the egg. This is

true for several- reasons:

since the breast of the i-ncubating bircl is against

the uppermost portions of the eggs (blunt end),

and heat diffuses across a surface, the small end

of an egg would receive a smaller amount of heat.

the smal-l end of the egg (housing the thermistor)

is in contact with the nest material, which would

absorb some of the heat reaching the small end of

the egg, resulting in a lower shell temperature

being recorded from the egg.

Therefore, it seems that Varney and Ellis's (I974) thermis-

tor placement would provide a lower she11 temperature than

would be experienced by the shell surface at the middle of

the egg.

1.

¿.
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Air celI and core ternperatures. Typically, the term

egg temperature is synonymous with egg air cel_I temperature

(Caldwell and Cornwe1l, 1975¡ Cooper, I97B¡ Kossack, Ig47) .

fn fact, however, as Cooper, (1978) points out, "Ideal1y,

egg temperature should represent the temperature at the cen-

tre of the egg. But egg centre probe implantation causes

embryo death, and because embryo thermogensis occurs during

development (Drent, 1-970) readings from infertile eggs or

those with dead embryos cannot be considered representative"
(p. 46) .

For these reasons t Tasearchers concerned with egg temp-

eratures have taken temperature readings in the air cell of

viable eggs. The technique used, however, does cast some

doubt on the resurts obtained. This doubt is chiefly due to

the change in the air cell size as incubation progresses

(Romanoff, :..949). Caldwell and cornwell (1975), as welI as

Cooper (1978), inserted a thermistor so that it rested

against the air ceIl membrane and cemented the lead wire in

place where it passed through the sheI1. This implantation

was performed shortly after the eggs had been laid. Since

the air cell gets progressively largier as incubation pro-

ceeds, the air ceII mernbrane drops down lower in the egg.

When this happens the thermj-stor no longer lays on the air

celI membrane. So, in fact, the data being collected with

this technique may start out being air ce1I membrane tempera-

tures and, thenr âs incubation progresses, change to air cell

temperatures. Therefore, this data would not only be a func-
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tion of the actual air cell temperature, but would also

depend on whether the termistor was in contact with the air

cell membrane at the time.

Kossack lg47) did not rest his thermistor on the air

ceI1 membrane. He inserted the thermistor two-thirds of the

way into the air ceIl. This technique would not be affected

by a change in the position of the air cell membrane.

while little data has been collected on the actual in-

ner egg temperatures during incubation, there have been sev-

eral attempts to obtain this information. Since the inser-

tion of a probe into a viable egg results in embryonic death

(cooper , L97B; Kossack, L941) this procedure is no longer

used. Instead, some researchers have attempted to simulate

a natural egg. Granted, it is next to impossible to simulate

a living, developing organism. The goal of the reSearchers

involved has been to approximate a viable egg. Eklund and

Charlton (1959) injected albumen back into the penguin eggs

they lvere studying after inserting a radio transmitter and

sealing the egg. Norton Q972) fiIled dummy eggs with paraf-

fin and then sealed them. These researchers not only did

not leave an air space of any nature but did not provide

data concerning the finished weights of their eggs. A1-

though these researchers were not concerned with egg move-

ment but rather egg temperatures, Do concern was expressed

for the weight characteristics of the e99s involved. It is

quite possible that the weight properties of the eggs af-

fected the treatment provided to them by the incubating
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birds. This affect may be in the form of egg turning or

perhaps egg shifting in relation to the other eggs in the

clutch.
purpose. Given the numerous attempts to study incubat-

ing eggs and the array of techniques used, this study was

conducted to more accurately determine the thermal- and phys-

ical requirements of Canada goose (8. c.

to investigate the incubation patterns of

interior) eggs and

incubating geese.
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Method

Subjects

The present research used Canada geese (Branta canadensis

interior) for subjects. Before L945, most writers referred

to Canada geese in the Churchill area as Branta canadensis

or Branta canadensis canadensis. In 1945 the American

Ornithologists' Union recognized Branta canadensis interior

as a race (Wetmore, 1945). Hanson and Smith (1950) state

that the Canada geese which breed inland from Hudson Bay and

James Balz as far north as Churchill conform to the description

given by Todd (1938) for Branta canadensis interior. Jehl

and Smith (I970) and Johnsgard Q975) also classified the

Canada geese which breed in the Churchill region as Branta

canadensis interior. Vaught and Kirsh (1966) found that the

Canada geese of the Churchill region winter in M.issouri and

South Dakota.

Study Area

This study was conducted in the vicinity of Knights Hitl

at approximately 59045'X and 94033'l^1. The map presented in

Figure I shows the province of Manitoba. The area enclosed

by the circle on the Hudson Bay coastline in this figure is

presented in greater detail in Figure 2. The location of

the study area is shown in Fígure 2 as well as its relation-

ship to Churchill and Cape Churchill. Figure 3 is an aerial

photograph of the study area. This photograph illustrates

Knights HiIl, the esker (a long narrow ridge of gravel formed
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in a tunnet-like channel withirt a glacier) , Norton Lake, and

the large number of small ponds and lakes in the area. The

study area lies within the northern sub-arctic and is part

of the tundra ecotone. An airplane was used to travel to

and from the study site.

Vegetation

The soit, cold weather and strong winds of this area

have resulted in lichens, grasses ' sedges and shrubs domina-

ting the flora of this region. The species which predomin-

ated the study area \,vere: willows (Salix spp.), dwarf birch

(Betuta glandulosa), water sedge (Carex aguatil-is)' crow-

berry (Empetrum nigrum), labrador tea (Ledum spp.), red

bearberry (Arcostaphylos spp.), lichen species (Cladonia,

D¡rmal i : ¡n¡ l-a.¡- reri n I môqsÉis lNl¡sr_-i snn I rhndndendfOnrQ!ILtçJIqt qIIu s!¿s/ t ..'JÐÐçÐ \I'¡qse! ÐYY'l t !¡¡vgvgvr

(Rhododendron lapponicum) r and cotton grasses (Eriophorum

Þylr. i .

Apparatus

Study eggs. The telemetry system used in the present

study was a modification of one originally designed by Varney

and E1lis (1974). These modifications entailed: changing

the electronic circuitry of the telemetry system, increasing

the number of sensors so that more dependent variables could

be measured, cutting down the number of components as well as

the cost of the system, and correcting the problem of lost

signals, previously cited by Varney and Ellis (I97 4) -

The telemetry system was composed of a transmitter

(housed in an egg), a nest loop antennae, a receiver and
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heat sensor unit, and a chart recorder'

Each egg contained eight sensors; three thermistors were

used to measure core temperature, air ce11 temperaturet and

shell temperature, a photocell monitored nest attendance,

and four sensors monitored. egg turning (a mercurlz switch),

as well as s,{itch and timing circuits and a blocking oscil-

lator pulse-transmitter. Each of the sensors vfas sampled in

sequence for periods of eight seconds. The complete sampling

sequence was repeated every 64 seconds. changes in the sen-

sor resistance caused variations in the pulse repetition

frequency of the transmitter, which in turn sends out a ser-

ies of short (I0¡.t sec-) pulses to the loop antennae which

surrounds the nest. Figure 4 shows a circuitry diagram of

the transmitter. Two NOR-gate logic circuits form an astable

multivibrator which generates a l-second period square wave '

This signal is divided by 64 in a seven stage binary counter '

The three output lines from the binary counter control the

multiplexer output, thereby selecting the eight sensors.

The blocking oscillator period is controlled by the resistive

value of the sensor. The pulses are then radiated to the

loop antennae which surrounds the nest. CIIOS (Complementary

Metal-oxide semiconductor) was used to minimize the current

drain of a 5.6V (23 gm) mercury battery which powers the

transmitter unit. The total transmitter and logic circuit

drain averages 20mA which is considerably less than the drain

reported by Varney and Ellis Qg74). With this current drain

the transmitter was expected to run for at least 2 -5 years
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Figure 4. Schematic diagram of the transmitter unit
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after being connected to the mercury battery.

Receiving and recording equipment. Due to the 1ow power

fevel of the transmitter signal an egg had to be within 2 m.

of the receiving antennae. The antennae was placed around

the outside of the nest cup and covered with moss (I¡Iusci spp.)

The antennae was a SQ-turn loop of #24AWG wire about 60 cm.

in diameter. The antennae \das wrapped with electrical tape

to protect it from incfement weather.

A 50 m. connection was made with unshielded two conductor

cable between the nest antennae and the receiver.

The receiver was composed of a high gain amplifier, a

one-shot multivibrator, ërrt integrator, a voltage regulator,

and a temperature controller. Figure 5 shows a schematic

diagram of the receiver unit. While Varney and El-lis (L974)

used a radio link in their receiver section, the present

system incorporated a Lhree stage transistor amplifier and

filter in its place. The signal from the egg !\¡as picked up

by the nest loop antennae which sent it directly to the three

stage transistor amplifier. The amplifier output signal

triggered the one-shot multivibrator which, in turn, gener-

ated a constant pulse width which determined the resistor-

capacitor network. The pulses were integrated by an opera-

tional-amplifier integrator circuit to give a DC current pro-

portional to the average input pulse rate. A light emitting

diode (r,. E. D.) flashed each time the circuit was triggered.

This componelrt proved useful while checking the system's

operation in the fietd. A voltage regulator was incorporated
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to make the receiver insensitive to changes in battery volt-

age "

A problem associated with the system designed by Varney

and E1lis (1974) was that it had no signal being transmitted

as specific couplings occurred between the egg and the nest-

loop antennas. As a result, data was lost when an egg \iüas

turned in certain positions. The present system overcame

the problem of loss of signal by using a high gain amplifier

to boost the transmitted signal. Therefore, rlo data was lost

as a result of the position of the study egg.

The D. C. output signal from the integrator vvas fed to a

1 milliampere (mA) battery-operated chart recorder (Rustrak

Model 2BB). The chart recorders used in this study had a

chart speed of one inch per hour which allowed 30 days of

data to be col-lected on a single roll of chart paper (15.3

meters). The Rustrak chart recorders \¡/ere chosen for their

compactness and for the sensitized paper they used. A chart

recorder using a pen and ink system would have been i-noperable

under the field conditions which vrere experienced during the

course of this studv.

The power requirements of the recording and receiving

unit were 15 mA. for the receiver and 15 mA. for the recorder.

The receiving and recording system was powered by a 12 volt

lantern battery. These batteries l^iere selected for their

small size and light weight, which was a great advantage in

field transportation of the equipment. A system's battery

vras changed when the output voltage dropped below 10 volts D.C.
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Because of the harsh and unpredictable weather conditions

in arctic and sub-arctic regions certain safeguards were in-

corporated into the receiver system. Specifically, a temp-

erature controller was added to monitor the ambient tempera-

ture around the chart recorder. Tt was felt that the chart

speed might possibly slow down at low temperatures. This

temperature controller activated a battery powered heating

unit when the ambient temperature around the chart recorder

dropped below OoC. The entire receiving and recording system

was housed in an insulated-waterproof box (see pp. 39 ).

Egg constructíon. Canada goose (Branta canadensis+

interior) eggs were not available in the study egg construction

phase of this research. For this reason domestic gfoose (Anser

anser) eggs were used to house the transmitters in the pre-

sent study, and were selected so that they fel1 into the egg

dimensions reported by Cooper (1978). Each egg was measured

with vernier calipers prior to the construction of the hous-

ing. These measurements are presented in Table 1. This

table also lists two fresh egg weights associated with each

egg. The first weight was calculated from an equation

derived by Cooper (1978), who estimated Canada goose egg

weights using a multiple regression esuation generated from

I, O1B Canada goose eggs (8. c. maxima), whose fresh weights

and physical dimensions were known. This equation !{as:
F=-29856+5"5w-1.65L

where P = fresh egg weight (grams)

W = width of egg (millimeters)
| = length of egg (millimeters)
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TABLE 1"

Measurements of Study Eggs

Egg width (mm.) Length (mm.) Eqq Weiqht 1*(gms.) Eqq tr^Teight**(gms.)

A 59.1 85 .2

B 58.3 90.0

c 58.6 87.1

D 59.1 88.2

E 59.1 87.3

L66.22

L69.69

I66.58

L7r.t4

L69.66

163.08

167 .63

163.09

168. B2

167.09

f, = 58.84 87 .56

)g-= "37 1.75

168.66

2.L5

L65 .9 4

2.68

* After Cooper (1978).

F- -298.56 + 5.5Vü + 1.64L

where F = fresh egg weight, InI = width, L - length.

** After Hoyt (1979) .

W=Kw xLxB2

where lrl = fresh egg weight, Kw = .548 (constant) ,

L - length of egg, B = breadth of egg.
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The second fresh egg weight presented was taken from

Hoyt (1979) , who derived a formula for cal_culation of fresh

egg weights f or a variety of avian species. His formula \^/as :

I^I-Kwxtxg2

where I^I - fresh egg weight

K\n¿ = .548 (constant)

L - length of egg

B = breadth of egg

Hoytrs (L979) equation is more generalizable and is presented

for comparative purposes.

It can be seen from Table I that Cooper's (]978) formula

predicts fresh egg weights which are between 2 and 3 grams

heavier than the fresh weight calcurated by Hoytrs (r979)

equation.

To make each study egg as realistic as possibl_e it was

felt that an air celI should be included in each egg. Hence,

each study egg \^/as drained and cut open using a Moto-tool

equipped with a cutting blade attachment. prior to being

opened, a pencil mark was made on the shel_l_ to indicate how

to reassemble each egg after it had been cut. The cutting

operation itself presented a problem: Where should each

egg be cut open? Romanoff (l-949) stated, "The volume of the

air ceII increases at a constant rate as time passes and is

thus proportional- to the loss of water from the egg" (p. 657)

This statement indicates that the size of the air cell is

not a stable entity. While I did want to make each study

egg as realistic as possible, there was no way to mimic the
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changes which would be occurring in an incubating egg. Fur-

thermore, rro data was found rvhj-ch showed the chronological

development of air cel-l size during incubation in Canada

goose eggs. Therefore, not even an "averaged" size dummy air

ce]l could be made in each egg. Since Lhere did not appear

to be any accepted method to use, each study egg was cut open

so that it had a 5 cm. air cel-l at its widest point. This

size was arbitrarify chosen but it did all-ow the egg's trans-

mitter to fit through this opening with a minimum of diffi-

culty.

After the egg had been cut open each half of the shel-l

had a thin layer of dental acrylic poured into it to provide

strength for the housing. Care had to be taken at this stage

not to make the layer of dental acrylic too thick. If this

occurred., the heat generated by the acrylic, when hardening,

would break the egg shell, as was discovered when preliminary

work was done on spare eggs.

The large hatf of the shell had a 1cm. lip of bee's \,'7ax

attached to the outside of it prior to pouring in the dental

acrylic. This lip followed the contours of the egg shel1.

This structure was used to bring a .5 cm. layer of dental-

acrylic past the shel1 edge to serve as an overlapping joint

with which to fasten the two sections of the egg back to-

crother- The small hatf of the egg had the inside .5 cm. of

the she1l left uncovered by the dental acrylic so that it.

viould fit smoothly against the lip of the large half of the

shell. Once the dental acrylic had hardened the lip was re-
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moved from the outside of the shelI and the remaining residue

was removed with a croth dampened with rubbing alcohol- The

.5cm.extensionofdentalacrylicwasthentrimmedincer-

tain areas so Lhe two sections of the egg wourd fit together

as thelz had prior to being cut in two' Once Lhis was done

theopenspacethatremainedbetweenthetwohalvesmeasured

lmm.orfess,whichwasthewidthofthecuttingblade.

Theextendinglipofdentalacrylic,whichwasstightlyvis-

iblethroughthelmm.opening,waspaintedwithanoffwhite

plasticenamelwhichcloselyapproximatedthecolorofthe

egg shell.

Aftertheeggwasmodified'thetransmitterwasplaced

inside the housing. one temperature-sensing thermistor was

epoxyed to a small acrylic free area' under the egg shell

surface, midway between the eouator and the blunt end of

eachegg.Thisprobewasdefinedastheeggshellthermistor

and it collected shelI temperature data. A second thermistor

was located in the centre of the egg and collected data on

eggcoretemperatures.Athirdthermistor\^Taspositionedin

thelargeendoftheeggwhichwastheairSpaceforeach

egg.Thisprobecollecteddataontheaircel]-temperature

duringthestudy.Aphotocellwasalsoplacedintheair

cell portion at the large end of the egg to measure nest

attenLiveness. Figure 6 shows the placement of the egg's

transmitter and the aforementioned probes. Diagram A in this

figure is a cross sectional view of a study egg viewed from

the blunt pole. Diagram B shOws the sensors that \¡/ere housed
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A

KEY

| . Tronsmitter
2 . Photo ce ll

3. Mercury Switch
4. Mercury

5. Core temperoture thermistor
6. Shell tempaoture thermisïor

7. Air cell temperoture thermistor
8. Bottery
9. Leod counter weight

B

Figure 6. Major components in a study egg
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in the blunt (air cell) end of the egg.

A specially designed glass structure was made in order

to study egg turning behavior of the incubating female goose.

This structure, shown in Figure 7,is a 2.2 cm. circl-e of 3

mm glass tubing. Four pairs of platinum wires \.vere placed

at 90o intervals around this structure. Even though platÍnum

wire is quite costly, it had to be used in this case sj-nce

it is one of the few metals that mercury wiII not travel

through via capillary action. If the mercury were allowed

to travel through the electrodes in the switch the solder
joints would disintegrate and make the switch inoperable.

The glass tubing was partialJ-y evacuated and a small

amount of mercury \^/as placed inside it before the unit was

sealed. This structure is a simple mercury switch with four

sets of electrodes. Every time the switch is rotated 90o

the mercury dropl-et makes a new contact with a different

pair of electrodes. Thus the data will indicate changes in

position with reference to these four electrode pairs (see

pp. 41 and Figure B). It should be noted that because of the

design of this switch it was not possible for two pairs of

electrodes to be contacted by the mercury at any one time.

The glass mercury switch was placed horizontal- to and

just under the joint where the two egg shell halves fit to-

gether. The large half of the egg was then fil1ed with

paraffin and allowed to harden. Paraffin was used because

its specific heat is closer to egg albumen than is any other

readily available encapsulating material (Varney and Ellis,
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Mercury Switch

| . Gloss tubinE

2. Plotinum wire electrodes
3. Mercu ry

Figure 7 " l,lercury switch used to monitor egg turning
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797 4) . Each egg vras then weighed to make sure it met its

required "fresh" weight (#1) as previously determined.

Cooper's (1978) equation was used sj-nce his equation dealt

directly with Canada goose eggs.

Once each egg was the correct weight, the two halves of

the shel1 were fastened together using cl-ear dental acrylic.

The 1 mm. space between the two halves was filled with

collodion so that no ridqe or indentation was evident to the

human touch. After each egg was completed it was calibrated

in a constant temperature water bath, which provided a temp-

erature scale template for each egg. This template was later

used to read data from the completed record.

Housing Units for Recording and Receiving Systems. The

only other piece of equipment built for this studlz was an

insulated waterproof box to house the receiver, recorder,

and power supply for each studlz nest. A 30.5 x 30.5 x 30.5

cm. frame of 3.8 x 3.8 cm. strapping was covered with a layer

of 6.3 mm. plywood. The base, orr which the equipment rested,

was lined with R-20 rigid stylofoam insul-ation as was the

entire interior of the box. The box had a stand on its base

to keep it about 6 cm. above the ground. The box was covered

with a grey marine enamel paint to waterproof its exterior.

A small hole was drilled through the bottom of the box so the

lead wires from the nest antennae could be connected to the

receiver.

These boxes vrere built to keep the electronic eguipment

they housed dry and to provide some protection for them from
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the harsh environment where this study was conducted. There

was also some concern for the Rustrak 2BB chart recorder

since the unit had only been tested by Gulton Industries to

OoC. For this reason the waterproof boxes were insulated

and a heating system was installed inside each box. This

heating slzstem was built onto the receiver unit (see Figure

5) and consisted of a thermistor to measure the ternperature

inside the box. Once the temÞerature inside the box reached
al

O"C the thermistor closed the circuit which supplied a L2

volt current to a heat lamp (a 40 watt clear light bulb).

This system kept the temperature in the waterproof boxes

above the critical l-evel for the chart recorders.

Weather Data

A Lambrecht TH 252C hygrothermograph was used to coll-ect

data on the ambient temperature and humidity at the study site.

The hygrothermograph was placed at a height of .3 meters above

the ground. It was felt that the data collected by this in-

strument in this location would be similar to the conditions

experienced by the incubatinq qeese. Both Greiger (1966) and

Schulte and Porter (I974) have demonstrated the necessity of

using microclimatological measurements rather than gross

climatological measurements

Wind speeds during the study period !üere provided by the

Churchill weather station, in the town of Churchilf. The

Climatological Research Station, operated by McMaster University,

provided data on incoming solar radiation (K¡) for the study

period. The solar radiation data was measured by pyronometers.
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These consist of a glass dorne covering a thermopile. These

measurements were made approximatellz 20 miles west of the

study site. Since incoming solar radiation is affected by

cloud cover, two hour K {, totals were used in al1 of the final

data analysis. Tt was felt that two hour totals would ad-

equately reflect the incoming solar racliation at the studlz

site (Note f.).

Data Collected bY the Sludy Eggs

Each egg gathered data on five separate factors. These

included egg turning, inner she11 temperature, air ce11

temperature, core temperature, and nest attendance.

Egg turning. Each egg was built to shed some light on

the "gravitational theory" of egg turning. The diagram in

Figure 6 shows the principal components of each study egg.

The transmitter in each egg was contained on a piece of vero-

board (a x 4 cm. ) , which fit. inside the large section of the

prepared egg housing. Each transmitter was powered by a 5.6

volt mercury battery which, due to the size of the trans-

mitter unit, could only be placed either above or belorv the

transmitter. Once the battery and transmitter were positioned

in the egg, it was obvious that its heaviest side would be the

one containing the battery. I^Iith this construction it was

felt that the "gravitatj-onal theory" would predict that the

battery side of each egg should be facing the bottom of the

nest for most, if not all, of the incubation period. Study

eggs c and D vüere constructed in the aforementioned manner.

The numerals above and below study eggs A' B' and E (5I,49),
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and below eggs C and D (100) in Figure 9 show the results of

100 water dish trials (Drent, L970) for each "weight type"

of study egg. Eggs C aird D had f00 trials in which the

heaviest side was always down in these trials. Eggs A, B,

and E were constructed so that they had two "heavy sides".

In these eggs a counterweight of lead, which was the same

weight as the mercury battery (23 gns. ) , was placed on the

opposite side of the transmitter from the battery (see diagram

I, Figure 9). Lead had Lo be used as a counterweight since

iL is one of the few metals which does not affect radio sig-

nals. The water dish test results show that eíther side has

an equal probability of being down (5L/L00 vs. 49/l-00).

She1l temperature. An accurate means of recording shell

temperatures woul-d be by placing thermistors at equal inter-

val-s around the horizontal- axis of an egg. I'üith this tech-

nique one could see the effects of egg position with respect

to heat diffusion across the egg shell. This techniQüê,

however, would reguire a larqe number of thermistors (and

lead wires) and hence a large number of input channels if

shel-l temperature was to be electroncially monitored in a

simul-taneous fashion.

The present study attempted to solve the problem of egg

she11 temperatures in relation to egg position in the follow-

ing manner. A thermistor was epoxyed, in an acrylic free

area under the sheIl, midway between the equator and bl-unt

end of each egg" Then the glass mercury switch was positioned

so that egg position and position of this she11 thermistor
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could be simultaneously monitored. For example : if channel

1 is closed -- the shell- thermistor is facing the female's
breast; if channel 2 is closed -- the sherl thermistor is
facing the bottom of the nest; and if channels 3 or 4 are

closed the shell thermistor is in an intermediate position.
These alternative positions are shown in Figure g. when a

pair of electrodes made contact with the mercury, the channel

these electrodes represented on the record was considered

cl-osed and was displaced to the top line of the chart paper.

This system provides an. average shell temperature and al_so

provides data on shell- temperature when the egg is in four
different positions.

Air celr and core temperatures. The eggs designed and

constructed for this study overcame some of the methodo-

logical problems cited in previous techniques (see p.B).
First of all, care was taken to assure that each compreted

egg had the appropriate fresh egg weight according to its
physical dimensions. second, each egg contained a simulated
(but fixed) air cell. This air cell housed a thermistor so

air ceII temperature data could be compared to existing air
cell temperature data recorded from viable eggs by other re-
searchers. Fina1ly, the weight symmetry of each egg vsas

fixed in one of two modes so egg turning could be studied as

previously mentioned.

Procedure

Once a nest was

moved and replaced

found

with a

in the field the first
telemetering study egg.

egg \^/aS re-

The first
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eçtg \,ùas replaced so that data would be collected during the

egg laying period, as well as the incubation period. The

study egg was then covered with material from the nest cup

to hide it from potential predators. A l-oop antennae was

then placed around the outer periphery of the nest and cover-

ed with some of the surrounding vegetation. The two conductor

cable was connected to the nest antennae and unrolled 50

meters away from the nest to the insulated box which housed

the receiving and recording units. This wire was fed into

the bcx through its base and connected to the receiver. The

receiver was connected to the chart recorder and the 12 volt

battery which served as the power supply for this system.

The chart paper vTas set to the proper time. The LED indicator

on the receiver showed that the system was functioning pro-

perly" It should be noted that although each study egg $Ias

covered with nest material before the nest was Ieft, the

chart recorder indicated that the female was off the nest.

The entire procedure, from egg removal until closing the

waterproof box, took approximately five minutes.

The way in which the study nests \¡/ere chosen deserves

some attention. First of all, only those birds which \dere

observed for one hour time periods had a possibtlity of being

selected. This means that only those birds seen on scouting

trips rúrere "possibilities" for inclusion in this sample. The

location of geese which \^Iere seen engaging in nest buílding

activities but had no eggs at that time were plotted on a

map and checked again the following day. Finally, only those
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nest sites were selected which could be seen clearly from
some observation point at which the observer could position
himself so that he would not disturb the nesting geese.

Nests which were hidden in dense vegetation were omitted
from the sample.

Each study nest was checked dairy during the egg laying
period to determine when the final clutch size was reached.
rf on two consecutive days the cl_utch size had not changed,
the clutch was considered complete. The data on the egg
laying period (see Tabre 5) supports this conclusion. This
daily check resulted in the femal-e being flushed from her
nest. After examining the eggs the investigator covered the
eggs with nest material to hide them from potential predators.
once each clutch had been completed, nests v¡ere visited every
five days during the incubation period to check on the vc;l_t-
age of the power supply. originarly r had pranned not to
disturb (flush) trre incubating geese when the 12 vort batter-
ies had to be renewed. The 50 meters of cable running from
the nest antennae to the receiver and recorder proved to be

too short. Because of the topography of this area the in_
cubating gieese courd see Lhe researcher approaching when he

was stil-l a quarter of a rnile from their nest. Therefore,
the incubating gieese would leave their nests when the batter-
ies were changed. rt should be noted that during the fourth
week of incubation the incubating females did not leave their
nests when the batteries housed in the insurated boxes were
changed.
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A heating system was designed to keep the air temperarure
around. the chart recorder above ooc. After four days of use

this system had to be abandoned. The low temperatures at
the study site caused the heat lamp to remain on for a rarse
percentage of the day and this resurted in a large current
drain on the L2 volt lantern batteries. rf these "weakened"

batteries had to be repraced at two day intervars, the supply
of batteries woul-d have been exhausted before the stud.v was

nnmn'l a.l-a¡l r¡çv¡LryrçLçu. rherefore, the chart recorders were arot n"--t"a
during this study. They worked at ambient temperatures.
Fortunately, the chart speed did not suffer as a result of
this changer âs confirmed by my five day nest checks to
change the L2 volt batteries and check on the system's opera-
tion. rf other researchers plan to use this system in these

environs, the design of the heater system should be modified
so that it is activated at a lower ambient temperature and

it shoul-d also have a timing mechanism to prevenr constant
battery drain.

The data from the study eggs \^rere collected on a 24 hour

basis for the entire study period. Behavioral observations

were made of the activities of incubating females on the
study nests. Females were observed with a 20-60x spotting
scope and 7 x 50 binocurars. one hour sampling periods were

picked at random during three separate time periods of the
day,07:00 12:00, 12:00 - L7z0O and 17:00 - 22:00 hours.
Every 60 seconds the activity of the focal (Altmann, l-g74)

female at that time was recorded on a data sheet (see
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Appendix A). A stop watch was used to monitor this one min-

ute time sampling technique (altmann , L97 4) .

The typical procedure for the behavioral observations

was to proceed to the observation point and set up the nec-

essary equipment. After fifteen minutes the one hour observa-

.t-inn norinrl l-racran- This nrocedure was followed in order to

minimize the tikelihood of my arrival (albeit from a Cistance

of over 150 meters) affecting the behavior of the focal

female. The only situations in which olcservations were not

made during the three specified time periods were in periods

of dense fog, which made visual contact impossible, and in

times of severe weather (strong v¿inds accompanied by freezing

rain and snow).

On June 5th and June 15th (between 24¿00 - 02:00 hrs.)

atl the focal females were flushed from their nests to check

on the reliability of the nest attendance data. Once the

incubating bird had been flushed her eggs \^lere covered with

a layer of down and nest material and then the record was

checked to see if the data indicated the bird was off the

nest. The data on both days showed that the female was off

the nest, even though these tests were made during periods

of minimum light conditions (see appendix B).

Data Analysis

In this studlr the telemetering eggs collected data on

the following five dependent variables: egg core temperature,

egg air cell temperature, egg shel1 temperature, nest attend-
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ance, and egg turning. The independent variables in this

study were: ambient temperature, wind speed, relative humidity,

solar radiation (Kù), day of incubation, hour of the d-y, and

nests (A-E ) .

Due to ttre continuous nature of the independent weather

variables used in this study, multiple regression analysis

was used in aIl analyses except those concerning behavioral

observations and egg turning. Chi-sguare goodness of fit

analyses were used to investigate the data on egg turning and

behavioral observations.

The data collected during this study were analyzed at the

University of Manitoba computer facilities using the Statistical

Analysis System, Lg79 (SAS) package. SAS (1979 ) was used in

this thesis because of its superior data modification and

programming capabilities as well as for its multiple file

merging and date time functions.
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Results

Arrival

On May 17, 7979, the studv area was stil1 snow covered

except for Knights Hill and portions of the adjoining esker.

This esker begins at the Hudson Bay coast, approximately 2.4

kilometers from Knights Hi11, and continues 14.5 kirometers

south west to Norton Lake.

Although there vùere single birds, pairs, and srnall groups

(n=5) of Canada geese in the study area on May I7, nesting

had not yet started. canada geese were noted in this area on

May 4 , I97 9 (Note 2) .

Nest Initiation Observations

The following description of nest initiation activities

comes directly from my fiel-d notes for a single nest. This

description was almost identical for all the studlz nests.

Nest B. l{a1z 28 at 16:00 I began observing a pair of

Canada geese that were on a small peninsula of land which

jutted out about 10 meters into a fairly large pond. The

female (presumably) \,vas sitting in the same area for guite some

Lime. she then stood and poked about the area where she had

been sitting. This same bird then began to pulr up vegetation

in her bill and placed it on the spot where she had been sitting.

This bird then sat down and began to puIl some of the surround-

ing vegetation up to her breast and around the periphery of

her body. The other goose (presumably the male) was standing

about 10 meters avüay the entire time. This latter bird was
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constantly looking around and seemed to have his neck extended

for a large percentage of the time. Perhaps the presence of

herring gu1Is (Larus argentatus) flying over this general

area accounted for this situation. IIo vocalizations wel:e

heard from either of these two geese during the one hour

observation period. At 17:00 hours I put on my pack and

flushed both geese from this area, in order to check for a

nest and/or eggs. At this time I discovered a single un-

covered egg, (not covered probably as a function of my fl-ush-

ing this pair) in a nest cup that was made of allamus grass

and small wil-}ow twigs. This nest cup contained a smafl

amount of down and feathers. I removed this egg, replaced

it with a study egg, set up the rest of the telemetry system,

and l-eft the area to continue searchinq for nests.

lVeather

The overall mean temperature during the incubation period

was 3.23oc with -4.LZoc being the lowest daily mean recorded
at

and 14.l-C the highest daily mean recorded. The mean relative

humidity during this period was 84.7IZ with a low daily mean

of 65.642 and 100% the mean daillz high recorded. An overall

mean daily windspeed of t-9.4 Km/hour was recorded during the

incubation period. The lowest daily wind speed average was

9.I7 Km/hour, however on some days there were wind gusts up

to 6L.48 Kmlhour.

Behavioral- Observations

The automated study eggs

incubation data on a 24 hour

and recording apparatus collected

basis. A further 305 hours of



)¿

behavioral- observations were made on focal female seese be-

tween 07:00 and 22200 hours. The femal-es from each of the

five nests (A throuqh E) were studied.

Various terminologlz has been used to describe the temp-

oral patterns of avÍan incubation behavior (Beer, l-96I; Drent,

L970; Kendeigh, L952; Skutch, L962). The present study

used Skutch's (L962 ) terminology. Periods on the nest are

sessions, while periods off the nest are recesses.

fncubation Sessions

A total of 294 hours were spent observing incubating

geese during incubation sessions. Observations were recorded

on a specially prepared data sheet (Appendix A). The results

of the behavioral observations are summarized in Table 2.

The activities Iisted in this tabl-e (sitting, alert, hiding,

resting, and nest maintenance) were five separate anC readily

distinguishable behavior patterns. The results show that the

majority of time (93.22) on the nest was spent sitting on the

ôñõc

The typical sitting posture assumed by incubating geese

is shown in Figure 10. The sitting activity may be slightly
over represented in the data presented in Table 2. Other

observers may have called portions of the sitting activity
resting or sleeping since there have been reports of the white

upper eyelids appearing when the female is in this stance

(Pakulak, Note 3). Since I was quite a distance from the

focal females, it was not possible to make this fine dis-

ti-nction based on the appearance of the white upl:er evelids.



Time Period

0700-12:00
100 hrs. of
observations

12: 00-17: 00

94 hrs. of
observations

17:00-22200
100 hrs. of
observaLions

Table 2

Time engaged in Activities on the nest by Female Geese*

S itting

9I.08 hrs.

(e1u)

88.46 hrs.

(94.Le")

94.4 hrs.

(g 4 . 4e")

mrìm n T
IUIN!

294 hrs. of
observations

AIert

/ h hrc

(7 5e")

1.56 hrs.

(L.77 Z)

.4 hrs.

(.4e")

It was assumed that incubatinq

cubation is done solely by the

Hide

273.9 5 hrs.

(93 .2e")

7 .42 hrs.

(7 .42)

1. B6 hrs.

(2.12)

3.4 hrs.

(3 .42)

Resting Nest

2.7I hrs.

( .922)

0 hrs.

(0% )

0 hrs.

(0%)

.13 hrs.

(.13%)

geese \^/ere females, since it is

female (Balham, l_954; Brakhage,

12.68 hrs.

(4.32)

Maíntenance

.7 5 hrs.

( .7 5z)

1.9 hrs.

(2.L4e")

1.67 hrs.

(r.672)

.13 hrs.

(.04%)

widely held that in-

1965; and Cooper, L97B).

4 .32 hrs.

(1.46%)

LN(,



Figure 10 " Sitting posture
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Incubating female geese woul-d always face into the wind

while on the nest, a phenomenon earlier reported by Drent

(1970). The reason for this behavior may be related to the

female attempting to conserve as rnuch body heat as possible.

If she was not facing into the wind her feathers may be blown

out of place, thus allowing body heat to escape. Finally,

the data collected by the study eggs show that during the

sitting activity the femal-e turns the eggs. Since observa-

tions revealed that the female did not rise from the nest to

use her culmen for this turning, it is reasonable to conclude

it was done with the use of her feet and/or abdomen. (For a

more detailed description of egg movements see pp. 97 ).

Females spent .922 of the time engaged in the "a1ert"

pose. This pose, shown in Figure 11, is characterized by the

goose holding her head and neck nearly upright and vertical.

This position is assumed when the female is startled b1z some

noise or sees something that a1arms her. Typicatly, the goose

in the alert pose remains extremel-y vigilant and surveys the

surrounding area while moving the head from side to side.

This pose \iras usually seen when herring gulls (Larus argentatus)

or parasitic jaegers (Stercorarius parasiticus) were flying

between 200 and 300 meters away from the incubating goose or

when a caribou (Rangifer arcticus) would pass by a nesting

area. Tf these predators would approach too cl_ose to an in-

cubating goose, the alert posture typically changed to a hicle

posture. The only other situation in which a female goose

assumed this posture, \,vas when another goose (presumably her
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Figure 11. Alert posture
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mate) was alarmed at something and began ca11ing. Perhaps

the alert pose is a time when the female evaluates the sít-

uation and decides whether or not she should l-eave her nest

(fight or flight). I only saw femafes leave the nest after

assuming the alert pose when I went to check on the telemetry

system. Perhaps the female perceived she was in danger, not

just her eggs, as would be the case with guIIs.

The hide posture, shown in Figure 12, involves the female

extending her head and neck outwarcl, Iow to, if not on the

rlrnrrnd- onr:e 'in th'ie nnsition she would remain motionlessY!vu¡rs

until the danger passed. It was extremely difficult to make

out the incubating goose white she was in the hide position.

This was a result of her cryptic coloration. When in this hide

posture the only conspicuous features of the goose were her

white cheek patches. The females observed during this study

spent 4.32 of their sessions engaged in the hide posture. I

feet this percentage is a direct function of the large number

of herring gulls in this area. fn fact, a large number of

herring gulls were nesting in the safiìe areas as the focal

femal_e geese. Nest E for example, had a herring gull nest

less than 20 meters away from it.

There vùere additional displays which contained elements

of both the hide and alert postures. Figure 13 shows an

example of a mixture of these elements. I have termed the

behavior pattern shown il Figure 13 as the "ready to hide"

posture. This posture followed the alert posture and was

most often Seen when caribou were passing in the general area
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Figure l-2. Hide Posture
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of a nesting female goose. Perhaps the goose in this situa-

tion was a\,vare of the possible danger, but was not certain

exactly what path of travef the caribou were taking. There-

fore, the goose would lower her head and neck and remain

motionless while at the same time keeping her head high

enough above the vegetation to see if the caribou were going

to pass too near the nest site. I feel this ready to hide

pOStUfe WaS a CaSe Of indeCiSion Or Unger{-:in{-rz nn fho narl-

of the incubating goose.

There were only . 13 hours out of 294 hours of observa-

tions when incubating geese were seen resting or sleeping

(.04U ). This activity consisted of the female either tuck-

ing her mandible between her wings on her back, oY tucking

it under one wing on her back. This data Ís probably not

fuIly representative of the amount of time an incul:ating

goose spends resting or sleeping. This is partly due to the

fact that the closed eyes of the incubating geese could not

be seen by the observer (as previously mentioned), and could

be due to the fact that behavioral observations \¡¡ere only

made between 07:00 and 22:00 hours.

Nest maintenance by incubating geese accounted for L.462

of the total observation time. This activity consisted

chiefly of repairing the nest and covering the eggs with down

before leaving the nest on a recess period. In these cases,

the females would pu1I in materials that \^/ere within reach

and press them around the outside of their bodies. Females

were also often seen replacing down and other nest materials
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on windy days. Presumably the wind had blown this material

from around their bodies on these days. Incubatinq females

were also observed to put their culmens on the outer edge of

the nest cup and pull it back towards themselves. Females

SOmetimeS StOo.l l.rri af I rz +^ Undertake nest repairS. In theSe

cases the incubating femal-e rvould pick up pieces of nearby

vegetation and "stuff" them into the nest. This action would

then be followed by some poking of the nest (and possibly its

contents) with the culmen. The situations where the female

was seen to stand over the nestr oh the outer edge of her

nest cup, and undertake nest repairs were usually brief, last-

ing less than one minute. When an incubating female goose

would stand to leave on a recess period she would always cover

her eggs with a layer of down. The covering process was

usually a single movement in which the female would grasp a

section of the inner nest cup and pulI it over the eggs. The

section of the nest which was used to cover the eggs was much

like a "blanket". This "blanket" consisted of a large amount

of down which had small pieces of willow twigs and dried moss

intertwined within it. This structure v/as a solid mat which

the female could manipulate as a single item.

The data coll-ected on behavioral activities during sessions

revealed that the time of observation period had a significant

effect on the amount of time spent, across the five activities,
)

Xo = (10) = 324.L, p4.001. The chi-square values for each

activity during incubatj-on sessions for observation time per-

iod are presented in Table 3. These results show that the
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Table 3

Chi-Square Analysis of Incubation Postures during Sessions

across Observation Periods. *

Sitting Alert Hide Resting Nest Maintenance

)x¿ 11.64** 4j.49*** 233.08*** 16.04*** 30.8***

* Based on 294 hours of observations on incubation sessions.

** p<.0I

*** p^<.001
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observational time period had a significant effect on the

amount of time spent in each activity. The largest chi-square

value was found for the hide posture indicating a large amount

of variation in time spent in the posture over observational_

periods. From Table 2 íL can be seen that the majority of

hide postures were seen in the morning observational period,

with a second peak in the evening observational perioC. This

occurrence may be related to greater numbers of avian predators

near focal nests during these periods.

Recess Periods. A recess period during this study was

defined as an interval when the female l-eft her nest. White

the study eggs collected information on length of recess

periods on a 24-hour basis over the course of the study I I
spent 10.95 hours observing focal females during 36 recess

periods. The seguence of the female's activíties varied

litt1e during the 36 observed recess periods. The following

account recorded on June 9, I979, for female/nest C describes

the typical sequence of activities during a recess period.

June 9, 1979, 10:07 : Female stood over her nest and cov-

ered her eggs. She then walked about five meters and entered

the water. About forty meters from the nest she was joined

by another goose (presumably her mate) who swam up beside her

in the water. No greeting ceremony was seen at this time.

The pair then s\¡üam another thirty meters toward the shore of
another island. Here the female began to bath and preen her-

self. She continued these activities for about three minutes

and then got onto the island and began to feed rapidly. The
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male accompanied the female but did not engage in the same

activities. Instead, he kept looking about in all directions.

The female continued feeding for approximatellz seven minutes

and then stood beside the other soose. The pair remained like

this for another two minutes, at which time they re-entered

the water and began swimming back towards their nest site.

On the way back, however, the female spent some time drinking

and twice she "up-ended" and emerged with some acquatic

vegetation between her mandibles. When the pair was about 10

meters a!ì/ay from the nest site they split up. The male s\^/am

away from the nest site,while the female continued toward it.

The female then walked onto the island on whÍch her nest was

built, and walked over to the nest. Then, while standinq

over her nest, she preened. and stretched her wings. These

activities lasted for about one minute, after which she sat

down on her nest. The female then pu11ed nest material

around her bod-rz while settling herself on the eggs. This

settling was a gentle side to side rocking motion accompanied

by pokes of the culmen to the nest contents (possibly the

eggs). This settling behavior adjusts egg position within

the nest-bow1 and hence ensures close contact with the brood

patchr âs well as drawing the eggs tightly together (in com-

bination with the concave shape of the nest floor) allowing

the eggs to lie with the blunt pole highest (Drent, L970) .

The blunt pole facing the females brood patch allorvs the

maximum surface area of the eqs to be in contact with the

heating source.
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A few general points should be made about the observations

of the recess periods of the incubating females. First of

all, the females alwavs covered their eggs with nest materíal

before they vacated the nest. Fernales were never observed

flying to or from their nests on a recess period. Instead,

they walked from theír nest and entered the water which was

around the nest site. After leaving the nest site, the fernare

was always joined by another goose (presum.abl1z her mate) .

The joining goose would accornpany the female on her recess

period and maintained a constant alert posture. The pair of

geese would never go back to the nest site together. rnstead,

the mal-e would leave the female as they approached the nest

site. Fina111r, on returning to the nest after a recess per-

iod, females sat directly on the down covering without making

any attempt to push it aside. During recess periods the

females rvere always within sight of their nests.

Tabl-e 4 shows the su¡nmarized results of the behavioral

observations which \^/ere made on focal females during their

recess períocls. It should be noted that rvhile only 36 recess

periods were observed directllz by the researcher, there were

a total of 170 recess periods taken over the study period

(as recorded by the study eggs). Table 4 shows that more

time during a recess period (31.12) was spent feeding than at

any other activity. This fact seems reasonable when it is

remembered that recess periods were the only times vrhen females

left their nests/eggs to feed. These short periods of food

intake had to assist the female in maintaininq her bodv



Time Engaged

27.42

Bathing

39 mins.

Table

in Activities

Incubating

* 657 minutes (I0.95 hrs.) of observations, from 36 recess periods.

5.98

Standing

159 mins.

4

during Recess Periods of
Geese*

24.22

Sitting

0 mins.

Preening

75 mins.

0u 11"4?

Aggression

0 mins.

08

Feeding

204 mins.

31. 18
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metabolism. It is doubtful whether these short periods of

food intake would alone be sufficient to support the incubat-

ing female, and the body fat reserves of the incubating female

undoubteclly played an important role in this matter. The time

the incubating female spent in the water during her recess

periods, should probably have been divided into two sub

categories. These could have been ; feeding in the water and

drinking. r feel if these subdivisions would have been used

the total time spent feeding woul-d have been much greater.

The time spent in exterior body maintenance (bathing and

preening) was relatively small (5.9% and 11.4% respectivety).

The other strikinq feature of the data in Table 4 is that no

observations of aggression \^zere seen during the study period.

Thiq iq nrnl'lel-rlrz rilra l-rr t-ha 'ìnr^r noq{-inn donciJ-r¡ 'in tha cJ-rrÄrzsurr u ¿ u-z

a!gq.

Additional Observations. On June 10, I979, a group of

five herring gul1s attacked an incubating female Canada goose

At 07:59 that d.y, while walking through an area with a large

number of isl-ands, towards nest E it seemed that a group of

five guIls were "folIowing" me. A few minutes later a Canada

goose flushed and flew about 200 meters west of my path of

travel. Shortly thereafter the group of gu11s, previously

mentioned, began swooping down at an incubating female Canada

goose about 50 meters behind me. Each gu1I si,vooped down and

peckedr or attempted to peck at the incubating female in

rapid succession. The female, meanwhile, was in the typical

hide posture and remained motionless on her nest. The qoose
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which had previously flushed was no!,z 30 meters behind me, call-

ing vigorously, and alternating looking towards me and the

attacking group of gul1s. Realizing that this goose was pro-

bably the femalers mate, and had been removed- from his role

as her defender, I hurried off and positioned mvsel-f behind

a small clump of dwarf willows about 100 meters north of the

harassed female goose. Through my binoculars T watched the

presumed mate of this female f1y into the air above the nest

site and engage in an aerial battle with the five gulls. The

gulls rapidly dispersed frorn the area and the male goose flew

to a small island about 30 meters south of the incubatinq

female where he stood scanning the area. l{eanwhi}e the female

goose on the nest had resumed her normal incubation posture.

My observations of this predatorlz behavior are sinilar

to reporLs of other researchers working in arctic anC sub

arctic regions. Researchers collectinq nest data in these

regions have often had the imoression that thelz were being

followed by avian predators, such as gulIs and. jaegers

(I.{aclnnes & Misra, L972). Recentllz Strang (1980) presented

data supporting the view that avian predators are attracted

to people searching for waterfoll nests. His data indicated

that onl1' parasitic jaegers r^/ere drawn to peop'ls, but his

observations indicated that both jaegers and- gulls sometimes

take eggs from exposed waterfowl nests when people are nearby.

It seems reasonable to assume that predators may learn to

forage in the vicinity of field workers if such behavior in-

creases feedinq success.
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Herring gulIs in this area also showed another interest-

ing predatory technique. When caribou were walking through

a nesting area they would inevitably ffush incubating geese

from their nests. These birds would not have time to cover

their nests with down, as \,^/as typical in a recess period.

Groups of herring gulls would fly behind these passing caribou

and once an incubating goose \.,üas f lushed by the caribou, the

gulIs would sv¡oop down and predate the eggs in the nest.

Based on the observations during the l-979 nesting season in

the study area, it appears that herring gulls are the great-

est predatory threat to nesting geese.

Telerqetry Data

Only three telemetering eggs survived the entire incuba-

tion period. Table 5 shows the number of eggs, dates of lay-

irg, and incubation periods for each study nest.

The telemetry equipment collected 2,0L2 hours of data

during this study.

The telemetrv data was transcribed from the continuous

chart recorder records onto computer cards. The following

information was recorded onto these cards on a fifteen min-

ute sampling seguence : egg shell temperature, egg core

temperature, egg aír cell temperature, whether the female

was on or off the eggs (nest attendance) r and which of the

four sides of the egg \^/as facing the top of the nest. If an

incubating female left her nest on a recess period the exact

time of departure was recorded along with the egg temperature

and egg position at that time. When the female returned to
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Tabl-e 5

Laying and Tncubation Schedules of Study Nests

Nest Date lst Date Final Date Incubation
Egg Laid Clutch Clutch Hatched Period

Completed Size (days)

A May 29 June I 4a

B May 28 May 29 2 June 25 28

C June I June 4 4b June 27 24

D May 29 June I 4c

E l4ay 30 June 3 5 June 26 24

d Clutch predated June 3. Signal from telemetering egg

lost at 23:05, June 3.

Tota1 clutch size = 4 eggs, however I egg lost between

June 10, 07:50 and June 15, 20:00. Only the remaining

3 eggs hatched from this nest.

Clutch predated by herring guII June 5, 20215.
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her nest this information was once again recorded. The

weather data (ambient temperature, rel-ative humidity, wind

speed, and solar radiation) was then merged with each nest's

data f or the studv rreriod.

The day that the final clutch size had been reached in a

nest was desj-gnated day l- of incubation. The laying period

was numbered consecutively backwards from day l- of incubation

(eg. -3, -2, -I, 1). This system of specifying day of j-ncu-

bation was adopted to conform with Heinroth's (1922) rule for

determining the incubation period. He defined the incubation

period âsr "the time elapsed from the laying of the last egg

until the last young has left its egg shelI" (p. I74). This

system has also been widely adopted by other researchers in

this field (Caldwell and Cornwell, 1975¡ Cooper, I97B; Drent,

L970, 1975¡ and others) . Once each nest was classified ac-

cording to its day of incubation, it coul-d be directly com-

pared with other nests that had reached the same incubation
,t^-,uav.

Two of the five tel-emetering eggs vüere lost during this

study. On June 5t.h T was making behavioral observations at

nest D. At 20:10 the incubatíng female stood over her nest,

covered her eggs with nest material, and left on a recess

period. At 20:15 a herring gulI flew to the nest and started

to peck at the eggs in the nest cup. Approximately two mÍn-

utes later the gu11 flew j-nto the air carrying an egg (pre-

sumably one which had been impenetrable, (the study egg) ) and

dropped it on a rock from a height of about 20 meters. This
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rock vüas about 15 rneters from the nest site, and was in a

pond about one metre deep. r left my observation post and

walked to the nest where r found the empty shells of three
eggs, the studlz egg was not present.

The exact fate of nest A is unknorvn. The study egg, how-

ever, did transmit data until the time this nest was destroyed.

This female (A) left her nest at LG:45 on June 3. She did
not return before the nest was destroyed and the study egq

lost at 23:00 on June 3. The egg temneratures when this fe-
mal-e left her nest were in the average range (air celI temp-

erature 34.Ioc), egg core temperature 34.6oc, and egg shett
temperature 37.4oc). The length of this recess periocl (6*

hours) was most atyoical. r feel that this was not, in fact,
a recess period, but a nest desertion, since the female l_eft

her eggs for 6\ hours and the egg ternperatures at the time

of nest predation \rrere all 10.Ooc (very r-ow). The ambient

temperature at this time was .9oc. These extremely 1ow egg

temperatures wourd probably have lowered the hatch rate for
this nest since this crutch of eggs were in their third dav

of incubation. when nest Ä. was checked. on June 4th at 0B:15

the nest loop antennae was found approximatery 40 meters

north of the origínal nest site on another island-. The or-
iginal nest site did not contain any egg shel-rs or any sign

that a nest cup had been there a day before. This nest's
total destruction suggests that it may have been predated bv

a caribou.

Finally, nest c lost a single egg sometime between June
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10' 07:50 and June 15, 20:00. Fortunately, the studv egg was

not lost from this nest. The loss of the egg reduced nest
c's clutch size from 4 eggs to 3 eggs. ülhile there is no Ín-
formation availabre concerning what happened to this lost
eggr it is possib'le that it was eaten by avi_an pr:edators.

Macfnnes ancl ltlisra (I972) hypothesized that the 1oss of part
of a clutch to an avian predator might be the result of human

dÍsturbance forcing the parents from the nest. Gurl_s or
parasitic jaegers would d.iscover the nest before the parents
returned and start feeding on the eggs. The parents may how-

ever return before all- the eggs in the clutch were eaten. rt
is not kno,vnwhether r caused any disturbance which may have

resul-ted in the loss of this egg from nest c. on the other
hand Strang (1980) reported that avian predators (gul1s and

jaeqers) do not always destroy the entire crutch. He reporÈs

observing a pair of parasitic jaegers at a white-fronted,
goose (Anser albifrons) nest, who took turns feeding and keep-

ing watch, and eventually left this nest aftcr nntrz ,-onsuming

one egg of the clutch.

Nest Attendance

The three successful study nest (B, C, and E) showed an

average nest attentiveness (z of incubation period, on the
eggs) of 95-03å over the course of the study period. fn-
dividually, the attentiveness figures for the successful
nests were as follows: Nest B 92.792, Nest c 97.272 and Nest

E 95.662. The attentiveness of the unsuccessful nests were

79.032 and 93.53u for nest A and D respectively. I,Ihite the



-AILL

figures on nest attentiveness for the unsuccessful nests are

not for complete incubation periods, they do provide material

for speculation. specificalllz, the nest attendance for nest

D does falI into the range reported for the successful nests

while the figures for nest A do not. Nest attendance of onllz

79.032 does seem quite low when compared to the successful-

nests. This finding indicates that female A took more recess

periods than any of the other four fema]es studied frorn May

29 to June l-st. ft is possible that the data gathered from

nest A represents the nest attendance patterns of a fe¡rale

goose prior to nest desertion.

A total of L79 recess periods r,/üere taken by the three

successful femal-es in this study. Recess periods for these
J-t-e^^ 

-^-& 
!-1-^- - I 'r{rree nescs were taken an average of 2.I5 (s'= 2.06) times

per day. Females typically left their eggs twice dail1z, but

on some days thelz left f ive ti¡nes, while on other days they

did not leave their eggs at all. tio recess periods \Árere

taken on 74.472 of the days, one on 22.362 of the days, two

on 26.3L2 of the days, three on 19.742 of the davs, four on

11.84U of the days, and five on 6.572 of the dalzs.

The length of the recess periods (N = I79) averased

20.97 minutes with a range of 5 to 82 minutes. This maximum

recess period (82 mins.) represents 5.72 of the day. A mul-

tiple regression analysís was used to determine if there \^/ere

any linear relationships between the length of the recess

periods and weather variables, as well as day of incubation.

All possibre two-way interactions $rere also tested in the
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analysis. As can be seen from Table 6 | the overall F value

(1. 45 ) is non signif icant. This indicates that overa-rr-, the

variables used ín this regression model do not affect the

length of the recess períods in any significant way. These

resufts indicate that the length of the recess periocls were

not affected. by : (a) the time of day, (I¡) any of the weather

Variabl-eg ¡¡g¿<rrraä :nrl ln) the day of inCubatiOn.

There was no statisticalry signi-ficant change in the
')frequency (ð- = 25.85, df = 27, p>.05) or duration (F = .08,

p>.05) of recess periods dufing the entire peri.od monitored

in this study, which included both the egg laying period and

the hatching period. No recesses were taken within the 24

hour period preceding hatching j-n al1 the successful nesrs.

This response of not leaving the nest, was probabty the
fame l o l c rêen^ñ cô .|-n ¡i ^^.i tlurrrq¿ç Ð rçÐyv¡¡uv ¡lg e99is.

Recess periods \^rere taken at all hours of the dalz (Figure

L4). This figure shows that each individual- focal female had

two tlzpical time periods when recesses were taken. For female

B these time perìods \^/ere 15:00 to 18:00 and 18:00 to 21200,

female E left her nest most of the time between 09:00 to
12:00 and 21200 to 24200, whil-e femare c took most of her

recess periods between 03:00 Lo 06:00 and 18:00 to 2l_:00.

I¡lhile these patterns of recess periods do show a great deal

of individual variation, âfl three femal-es took a large per-

centage of recess periods in the hours between lB:00 and

21:00"

The length of the incubation periods, previously pre-



Table 6.

Multiple Regression Analysis of Recess Lenqth (a)

Dependant Variable :

Source

Nest

Hour of day

Temperature

Humidity

I,üind speed

Solar radiation

Day of incubation

Hour of day X nest

Day of incubation X

Recess Period

df

2

I

I
'l

I

I

I

2

nest 2

T.an nJ- lr!v¿¡Y er¡

F value

I.4T

.00

ttx

. uo

.02

.30

.08

6.72*

7 .36* ^41

*

Only main effects
presented in this
pz..01

LTgFratio=1.45

î=.54g ,2 =

and significant interactions are
f :Èr'l a

p> .05 at 32/147 df
? rì,
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sented in Table 5 shov¿ that of the three successful nests

one hatched in 28 days (lJest B), while the other two hatched

in 24 days (Nests c and E). The difference in incubation
periods between nest B and nests c and E is sornewhat surpris-

ing. From Table 7 Lt can be seen that female B took 96

recess periods over the course of the incubation period while

females C and E took 40 and 4? rêrrêqqêa, respectively.

Female B took more than twice the number of recesses as did

female C or female E. Tabl_e 7 also shows that although

females c and E took approximately the same number: of recess

periocs over Lhe incubation period, femal-e E \^ras of f her eggs

about 1.5 times as much as female c. yet, both nests c and

E hatched in 24 days. rt appears that since female B spent

such a large amount of time off her eggs, this fact accounted

for the 28 day incubation period. rt is not so easy ro ex-
p1ain, taking into account only the time off the eggs, the

hatching of nests C and E in 24 days despite the large

difference in time off their eggs between these two femar es.

rncubation sessions are the periods between recesses

when the female is on her eggs. The mean session length for

the successful- nests was 626.g5 minutes or r0.45 hours (s2 =

9l-37 .4 hrs. , Range = .33 93.7 3 hrs. ) . The lonsest session

recordeC w¿rs 5624 rninutes and occurrec in nest E. The session

length represents 93.7 3 hours of nest attendance or 3.9 days

without leaving the nestl The summary statistics for the in-
dividual nest incubation sessions are presented in Table B "

The mean time between recesses for female B was 6.4s hours
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Table 7

Recess Periods of Successful Nests

Nest # of Recesses Total time accumulated
on Recess Periods

B

C

E

96

40

¿",

2865 (mins. )

972 (mins. )

I550 (mins. )
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Table B

fncubation Session Length of Successful Nest*

lf ^ a !I\gÞ L Mean

6 .45

L7 .46

L6.76

lvlinimum Maximum

42.83

45.55

93.73

B

c

E

9J

¿Y

2B

JJ

97

* all values in hours.
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over the course of the incu]:ation period, while for female

c this figure was r7.46 hours. Female E averaged L6.76 hours

between recess periods. The shorter session length for
female B is related to the 96 recess periods this goose took
during her incubation period.

A multiple regression anarysis was conducted on the in-
cubation session lengths (total- : 138) for the successful_

nests. rnitially, a1r the weather variables, time of day,

day of incubation, nest, and all possible tvro way interactions
were included in the regression eguation. Then the non sig-
nificant variabres and interactions were removed from the

regiression equation. Those remove<l from the equation in-
cluded (a) time of day F = .40, (b) wind speed F = .I7, anC

(c) day of incubation F - .05. These three variables were

not significantllz rel-ated to session length.
The resufts of the murtiple regression analysis using

the "new" regression equation are presented in Tabl-e g. Five
of the variables showed a positive significant relationship
to session length. These were (a) temperature accounting

for 3.9e" of session length variability, (b) humiditlz Z.52

of the observed variance, (c) sol-ar radiation 2.22 of the

obser-ved variance, (d) temperature x humiditv interaction
3.8? of the observed variance, and (e) temperature x solar
radiation interaction 4.92 of the observed variance. Those

variables which were significantly related to session length
accounted, individually, for at most 4.92 of the variance of
session length. combined, however, they account for 33.42
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Table 9

Multiple Regression Analysis of Session Length

Dependant Variable

Source

: Session Length

df F value

Nest

Temperature

Humidity

Solar radiation
Tenperature X nest

Humidity X nest

Solar radiation X nest

Temperature X humidity

Temperature X solar radiation

Humidity X solar radiation

2

1

I

I

2

2

2

1

I
1

1.38

7.43**

4.66*

4.15*

2.36

r.97

1.14

7.09**

9.22**

2.04

ST

rl?o

.025

.022

.038

.0 49

* p_2.05 **

|rl = 138 F ratio =

r = .578

pe. 01

4 .44 P¿.0001

t2 = .334

at L4/13B=df
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of the variance of session lengths. Obviously other factors

must be affecting the length of the sessions.

Egg Temperatures

The average egg air cell temperature and egg core temp-

erature, over the course of the study period, for the success-

ful nests, are presented in Table 10. Figure 15 shows the

egg air cell temperatures over the course of the incubatj-on

period for nest C. The data from the other successful nests

are very sj-milar to those presented in Figure 15. During the

egg iaying period the air ceII temperature is lower than

during later incubation. Further, it should be noted that

this temperature increases steadilv during the egg laying

^ar.in,t rnha r¡19¿n ¿j¡ CeIl temncratrrres and dailV attentive-

ness figures for the successful nests, during the egg laying

period are presented in Table 11.

Table 12 shows that the highest mean shell- temperature is

reached when the sheli is directly against the incubating

female's breast (side = 1). I{hen the shell is against the

bottom of the nest cup (side = 2) the mean shell temperature

was 30.49oC, averaging 5.71oC lower than when against the

female's brood- patch. Inlhen the side of the egg monitored was

in between the top and bottom positions the shell temperatures

did not vary greatly ; side 3 - 34.34oC and side 4 - 34.06oC.

The mean shell temperature difference between sides 3 and 4

and side I was 2.02oc lower, and :.69oC hiqher between sides

3 and 4 and side 2.

These egg temperature gradients are affected by a number
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Table 10

Average Study Egg Temperatures for Successful Nests*

a

Mean Minimun. Maximu¡r st

Air celr temperature 34.4o rB.0o 39.690 3.630

Egg core temperature 34. Bo 19.0o 39. o0o 2.060

* All values in oC. From 8,352 observations.
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Figure 15. Egg air cel-l- temperatures during egg laying and incubation for Nest c
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Table 11

Daily Egg Air cel1 Temperatures and Attentiveness during the

Egg Laying Period*

rncubation Day Air cell temperature Attentiveness

4

3

2

1

1B.5oc

zz.loc

27 .4oc

31. Boc

85.3U

90.52

92 .42

93.1U

* for successful nests.
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Tab1e 12

Egg Shell Temperatures for the Successful Nests*

Þ]-Oe Or ¡;gg

1- facing female I s breast

2- facing bottom of nest

3- facing right side

4- facino left side

Minimum MaximumX temp

36 .2L

30.49

34 .32

34.06

32 .4

2r .0

30.1

¿y.¿

41. I
?46

40.9

?q 1

)(\

,/4

)q

* A1t values in oC.
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of factors. These factors range from the amount of direct

physical contact between the female's incubation patch and

the egg shell-, the thermal qualities of the nest structure,

and whether or not the egg being monitored is in contact

with the other eggs in the clutch, as well as the egg shell

temperature of the eggs that the monitorecl egg cornes into

contact with.

From Table 13 it can be seen that the egg air cell temp-

erature dropped an average of 3.59oC during a recess period,

while the egg core temperature droppecl an average of Z.AgoC

during the femal-ers absence (Table 13). This data indicates

that the air cells cooled quicker than did the core of the

eggs and that both air ceII and core temperatures are relatively

stable during recess periods. This relationship is probably

related to the short length of the recess periods and the

female covering her eggs wíth down and nest material before

departing on a recess period.

The incubation periods of the successful nests vvere ar-

bitrarily divided into four stages. Incubation day t to day

6 was specS-fied as stage l, day 6 to L2 stage 2, day 12 to

18 stage 3, and incubation day 18 to 24 was labelled stage

4. A multiple regression analysis was conducted using these

four stages to analyze their effects on the three egg temp-

eratures during incubation (Table 14). The stage of incuba-

tion appears to affect air cel1, core, and egg shell- temp-

eratures. All of these egg temperatures increased over the

course of the incubation period. It is important to point

out, however, that the stage of incubation accounts for 3.72



Table 13

Egg Temperatures before and after Recess periods

Egq Temperature

Air cell temperature

Egg core temperature

* All values in oc.

{ Min.

35.39 32.13

3s.47 32.9

BEFORE RECESS

Max.

38.23 2 .48

37 .66 2.04

2
S

for Successful Nests*

I Min.

31. B 27 .65

32.9 B 30.35

AFTER RECESS

Max.

35"5

36.2

2
s

3.26

1"9

\o
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Table 14

Regression Analysis of Stage of Tncubation on Egg

Temperatures

Dependent Variable : Air CelI Tenperature

F value

Stage of incubation 88.99*** .192 .037

2rdf

3

Dêpendent Variable : Eqcl Core Temperature

Stage of fncubation 3 218.37*** .294 .087

Dependent Variable I Egg Shell Temperature

Stage of fncubation . 2 81 "079

x** p¿..0001 N = 6824

Air Ce1l Temp.

Egg Core Temp.

Egg Shel1 Temp.

* all correlations

Correlation Coefficents *

Air CeIl Temp. Egg Core Temp.

.8166

lrl¿.V

.7020

Egg She11 Temp.

.5434

.7 020

1,0

1.0

.8166

.5434

p<.0001
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of the observed variance in egg air ceIl temperature, B.iz

of the variance of egg' core temperature, and 7.gz of the egg

she1l temperature variance. The three F varues reported in
Table L4 are indeed significant (pr.O00l), however the re-
gression equations used account for a smarr amount of the

observed variance. other factors apparently infruence egg

ceII, core. and eggi shell temperatures durino the incubation
period.

Another regression analysis was conducted on the three
egg temperatures using time of day as the independent var-
iabl-e. The results of this analysis are presented in Table

15. rt seems, due to the significant F val-ues, that the time

of dalz does affect the three egg temperatures. Again, it is
important to note that tirne of day accounts for ress than tu

of the three egg temperatures variance. I{enee- the signi-

ficant F values are a function of the rarqe num.ber of ob-

servations anC not a meaningful indicator of the rel-ationshirr
between the three egg temperatures, and the time of dar¡.

Fina1ly, a murtiple regression analvsis was conducted- to
determine if there were any effects of weather variables,
nest attendance, and d.a1z of incubation on air ceIl, core t or
egg she11 temperatures (Table 16).

The regression equation for air ce11 temperature accounted

for 48.53 of the observed variability. The nest variable's
unique contribution to this total was the largest at 20.62,
approximately one-fifth of the observed variability of air
cel-1 temperature. Nest attendancers u-nicrue contribution r,¿as
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Tab1e 15

Regression Ànalysis of Time of Day on Egg Temperatures

Dependent Variable : Air CeII Temperature

Tndependent Variable df F value r
Time of Day I 5.33* .026 .0007

2t

Dependent Variable : Egg Core Temperature

Time of Day I 19 .22*** .052 .0028

Dependent Variabl_e : Egg ShelI Temperature

Time of Day I 23.59*** .058 .0034

op..05 *** p2.0001
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Table 16

Murtipre Regression Analysis of Effects of weather Factors on

Egg Temperatures (1)

Dependent Variable :

Source

Day of incubation

Nest

Attendance

Temperature

Humidity

Wind speed

Solar radiation
Attendance x temperature

Attendance x wind speed

Air cell temperature

df F value

I

2

1

I

I
t

I

I
I

39 .48***

2408.49***

206 .01* * *

7 4 .l.6***

2 "39

54.48***

.02

10.15**

4 .42*

ST

.058

.454

.L32

n70

.068

.029

.0003

ST

.003

2nÂ

.017

.006

.004

.0008

.0000

N=6025 F ratio

r = .6963

= 708.16 p¿.000t I0/6015 = df

= .4849
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Tab1e 16 (continued)

Dependent Variable

Source

Day of incubation

Nest

Attendance

Temperature

Humidity

Wind speed

Solar radiation
Terperature x sola¡ radiation

Temperature x humidity

Egg core

dfF

I

2

1

I

1

1

I

1

I

temperature

value QT

.IBB

.494

.082

. 113

.071

.028

n?a

ST

.035

)44

rlrl?

.013

.005

.00]

.0008

.0014

542.45***

3749.47***

I02. B2***

195.69***

L.02

77.47***

I9.35***

12.94**

2!.79***

N=6025 F ratio = 1169.27

r = .78 r

p.¿.0001 10/6015 = df

= .6085
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Table 16 (continued)

Dependent Variable

Source

Day of incubation

Nest

Attendance

Temperature

Humidity

Wind speed

So1ar radiation
Temperature x wind speed

Terperatu-re x solar rad.iation

Egg shell temperature

df F value sr

I

2

I
l-

I

1

1

1

I

5I7.16***

I994.54***

545.61***

I79.84***

16.60***

29.69***

20.85***

16.63***

9.37**

ST

.210 .044

.4L4 .171

.216 .046

.I24 .01s

.0 37 . 0014

.049 .0024

.042 .0017

.03'7 .0014

.026 .0007

N = 6025 F ratio = 704.

r = .6954

g¿.0001 L0/60l-5 = df

= .4837

RR

2r

(1) Main effects
presented for

* 92.05
* * p¿.0L

*** p.<.0001

and significant two-way interactions
successful nests.
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1.72. I¡Ihether the female was on or off the nest 6¡ly ac-

counted for less than 2e¿ of the ol:served variance in eqq air

cell temperature. Hurnidity and solar rad-iation had no sig-

nif icant ef fect on air ceII temperature. No single \,,/eather

variable or interactiort accounted- for rnore than I% of the

observed variance. C1early, these weather variables, a1-

though statistically significant, do not directly exert a

large inffuence on air cell ternperatures.

The regression equation for egg core tempera+L-ure ac-

counted for 60.8? of the observed variabil-it.z in ecrq core

temperatures (Tabl-e 16). Again the nest variable's unigue

contribution was the largest at 24.t,2. In this equation the

nest variable accounted for alm.ost one-suarter of the observed

variability in core temperature. Day of incubation accounted

for 3.5e" of the varíance in egg core ternperature, while arnbient

temperature accounted for 1.3% of the observed variance. The

only non-significant variable in this regression equation

was relative humidity. Again, the other statistically signi-

ficant variables accounted uniquellz for less than Ie" of the

observed variance of egg core temperature.

The regression esuation for egg shel1 temperature ac-

counted for 48.3% of the observed variabiJ_ity in egg shell

t.emperatu.res (Tabl-e 16). The nest variaj¡le once asain mad.e

the largest unique contribution at L7.l-Z. The variable nest

attendancers unigue contribution was 4.6eo of the observed

variance" It is not surprising that nest attendance would

have a greater effect on egg shell- temperature than on air
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cel1 temperature or egg core tem.perature, since the egg shel-I

temperature is expected to be more readilv affected by female

absences" Day of incuJration accounted for 4.42 of the variance

in shetl temperatures. Ambient tenperature accounted for

1.5% of the observed variability in egg shell tenoeratures.

Again the other statisticalllz significant variable's unicrue

¡nnr-rihrr{-inn in this êr-rllâf ':^* 'r^^^ than IZ of the ob-Lj(JLI Lf II.JLl L¿(JlI, !lr Lrrr Þ ç\,,¡ uq uIUlI, WaÞ f eJÞ

served variance.

Overall it can be seen that the regression equations used.

for egg air cel'l temperature and egg shell temperature ac-

counted for a¡rproxinately one half of the observecl variabil-

ity. The regression equation for egg core ternperature, on

the other hand, account for 3/5's o-f the observed variabil-ity.

Clearly important variables have been included in these three

regiression equations, however other factors remain that in-

fluence egg temperatures. Some of these other possible fac-

tors are identified in the discussion section.

Egg Turning

The percentage of time each side of the five study eggs

was facing up during the incubation períod is presented in

Table 17 . The study eggs that v/ere prepared rvith two "heavy

sides" (Eggs A, B, and E) were expected to show an almost

equal- split between sides 1 and 2 f.acing the top of the nest

during incubation. The data collected' however, does not

support this expectation. Instead sitle 1 of eggs A and B

\¿ùas facing the top of the nest nore than 50eó of the incuba-

tion period. Eggs A and B have a very similar pattern of
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Percentage of total
the study eggs

't'âhtô | I

incubation period that each side of
faced the top of the nest

Eggs with two heavy sides

Eggs Si{e 1* Side 2x Side 3 Side 4

Af

B

E

52 .82

58.46

3.23

6.02

s.53

l-9.79

't Ã, a/1

14.86

72"54

25.83

)1 1â

4 .39

Eggs with one heaw side

t

E

\-

1)

45 .52

46.67

4.00

10.59

?? â1

26.08

16. 81

l_b. b /

I,.rrr"araa"ss ful- nest
*heavy side of egg
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which side of the egg is facing up during incubation, while

egg E does not follow a pattern similar to any of the other

study eggs. It was assumed that eggs A' B, and E would show

a similar pattern in regards to the percentage of time each

side of the egg rvas facing the top of the nest. The reason

for the discrepancy of egg E is unknown.

The study eggs which were prepared to have one "heavy

side" (Eggs C and D) were expected, from the water dish trials,

to have side 1 of the egg facing the top of the nest almost

100U of the ti¡ne. Again, holever, the clata does not support

this expectation. Instead sides 1 and 3 were facing the top

of the nest for the largest percentage of the incubation per-

iod in both eggs C and D. Eggs C and, D also show a very

similar pattern of which side of the egg is facing up over

the course of tt'e incubation period.

The number of turns over the course of the incubation

period, for each study eg9, are presented in Table 18. A

turn was classed. as any time the egg rotation counter changed

channels (ie. from t to 3, 1 to 2, I to 4, 2 Lo 4, etc.).

It is possible that this data is not fully representative of

true egg turning, since the egg may be turned 3600, multiples

of 3600 ¡ oy less than 90o, and yet the egg rotation device

in these study eggs would not be able to detect this rotation.

In this situation the channel closed would be the same before

and after the egg had been turned.

The data in Table 18 does show a great deal of variation

in the number of turns each egg received during the stucly
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Table tB

Egg Turning Data for Each Study Egg over the Study Period

Nest

7\*

B

c

D**

E

# of Turns X time between Turns (mins. ) Range (mins . )

(1s.0-67s.0)

(1s.0-1srs.0)

(15.0-1830.0)

(15.0-1soo.o)

(15.0-4650.0)

50

367

242

33

L07

L42.2

1r0.96

135. 86

268.63

286.54

of

of

*

**
139 hrs.

168 hrs.

data collected

data collected

from Nest A.

from Nest D.

(unsuccessful nest)

(unsuccessful nest)
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period.. Itrhen rve look at the successfur nests with the same

incubatj-on periods (24 days for nest C and E) there is also

a great deal of variation in the number of turns each ess

received during this time period. rt is also evident that

the turning variation cannot be accounted for by simply the

two different weight. types of the study eggs. Study eggs B

and E, although of the same weight type, do show a large

difference in the number of turns they received during the

incubation period.

The mean time betvzeen turns ranged from 1r0.96 minutes

(1.8 hrs.) to 286.54 minutes (4.76 hrs.) with a mean of rBB.83

minutes or 3. t4 hours. The females under study turned their

eggs 96.84e" of the time after returning from. a recess perioC.

Although the reasons for this behavior are uncl_ear, it may

be a result of the below norrnal egg shell temperature coming

into contact with the fernale's brood patch on her return.

Egg turning was carried out often rvithout the female risinq

frorn her eggs. t¡lhen the behavioral observation data v¡as

compared with the egE turning data for the same time period,

it was found that the study egg had been rotated without the

observer being aware of it.. This behavior r¿ould certainly

be adaptive for the incubating fema'l e in terms of not draling

unnecessary attention through unneeded movernent to her and

her nest site with such a large number of avian predators in

the nesting area.

Egg turning was carried out by incubating females at all

hours of the day (Table 19). Of the five study nests only
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Table 19

Effects of Time of Day and stage of rncubation on Egg Turning

Nest rime of Day stage of rncubation Time of Day and
x Turn (df=23) x Turn (df = 4) Staqe of Incuba-

tion x Turn (df=l19)

A(1) x2=11.3 x2=2.2I (df=l) x2=27.54 (df=47)

B x2=27 .47 x2=2.07 x2=61. 86

c x2=47.56** x2=93.99*** x2=72.05

D 
(1) x2=5.94 x2=2.63 (df=I) x2=I4.85 (df=47)

E x2=I4.30 x2=79.64*** x2=5g.67

** p.z.Ol *** p2.001
1- Data collected for the first two stages of incubation

only. (unsuccessful nests) .
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nest c showed a significant effect of time of day on the
number of times the study eg'g was turned. Nest c had two

peak time periods when the egg was turned. Turning between

06:00 and 07:00 accounted for 7.oeo of the total turns and

turning between 2rzo0 and 23200 accounted for g.g2B of the
total turns. No other nests sholved peak times of egg turninq.
Egg turning was studied further blz dividing the study period
into five stages of incubation. These vyere : if day of in-
cubation was less than 1 (egg laying period) then stage = L,

if dalz of incubation vüas between incubation day I anc 7 then
stage = 2, if dalz of incubation \i/as betr¡¡een 7 and 13 then
stage = 3, if it was between day 13 and lB +,hen stage = 4,

and- if it was between dalz 18 and 24 then stage = 5. Of the
three successful nests, both nest c and- E showed a significant
effect of staÇe of incubation on egE turning (Table 19).
specifically, during the last stage of incubatj_on (preceding

hatching) tne arnount of ego turning fell- off sharply. Through-
out the four other stages of incubation the amount of egg

turning , for all the focal femafes, d_id not differ siqnifi-
cantly. rt is not known whether stage of incubation, past
stage 2 , would have affected nests A and D. Table 19 al_so

shows that there vrere no significant interactions between

time of day, stage of incubation and. egg turning for any of
the five nests.

A nultiple regression analysis

the relationships between the time

following variables: egg air cell

rvas conducted to study

between egg turns ancl the

ternperature, egg core
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temperature, egg shel_1 ter,rperature, dalz 6¡ incubation, nest
(A - E), ambient temperature, re]ative humidity,wind speed,

solar radiation and all possible two way interactions of
these variabloq lT:ì'rlo ,n\. There were onl¡Z two significant
main effects, narnelyr eg9 air cerl temperature and nest. The

egg air cel] temperature accounts for .62 of the observed

variance of time between egg turns, while the nest variabl_e

accounts for 1.Beó of the total variance accounted for by this
reg'ression eguation. c1early, this suggests that individual
femal-es turned their eggs at different rates. There were

also three significant two way interactions found. Thev \^¡ere

egg air ceIl temperature by humidity, e9g core temperature

by humidity, and an egg core temperature by solar radiation
interaction. These accounted for 1.I%, .62, and .6eo, respect-
ively of the variance accounted for in the reqression equation
of time between egg turning. The eguation used for this
multiple regression analysis accounted for L7.2% of the ob-

served variance in time betrveen egg turning. Again, there
must be other factors infl-uencing the time between egg turn-
inn
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ivfultiple Regression Analysis

20

on Time Between

lu5

lr IEgg Turns'*'

Dependent Variable Time Between Turns

Source

Egg air eelI temperature

Egg core temperature

Egg shell temperature

Day of incubation

Nest

Air temperature

Ilumidity

Wind speed

Solar radiation
Egg air ceII temperature x humidity

Egg core temperature x humidity

Egg core temperature x solar radiation

*p.<.05 **p2.01

df

I
1

I

1

4

I

L

1

I
1

I

I

.006

n'l e

. 011

.006

.006

F val-ue ST

5.05*

2.94

xh

IR

14.16***
n1

.22

.18

.01

8.63**
q n?*

4.75*

N=679;Fratio=3.95***
f 'r I'-'only main effects and

presented.

***p2.001

at 34/645 df

significant

I

'; r= .415t T- = .L724.

interactions are
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Discussion

Nest Attendance

The successful nests monitored during this stucy showed

an average attentiveness (z of incubation period on the eggs)

of 95.03% from the time the female began sitting on the eggs

until they hatched. Cooper (1978), working with qj-ant Canada

geese (B- c. maxima), reported an incubation constancy of
98.5? from fifteen femares. I^lhile cooper's figure is some-

what higher than the attentiveness associated with the pres-
ent study, this discrepancy could be attributable to method,-

ological differences in data collection techniques. cooper,s
(1978) data on incubation constancy was taken from fifteen
females whose first nests \^rere monitored for five days or
longer. His data was not col-lected for the entire study per-
iod and did not incrude the egg laying period as did the pres-
ent study. This fact alone could account for the 3% differ-
ence between these two sets of data.

The high degree of nest attentiveness found in the Canada

goose and the limited time spent feeding are most likely
associated with the fasting by the female during incubation.
since the arctic nesting grounds are stirl_ covered with snow

when the geese arrive, they must have sufficient nutrient
reserves prior to nest initiation if they are to successfully
complete the incubation period. Many studies have found that
arctic nesting gieese are relativellz heavy, have large fat
reserves on arrival at the breeding grounds, and show reduced
feeding during the egg laying and incubation periods (Ankney,
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L977 i Barry, L962; Cooch, 1958; Hanson, L962; Rlzder, LgTO)

The physiological stress of the egg laying and incubation
periods, coupled with a decreased food intake, have a detri-
mental- effect on the nutrient reserves of the nesting femal_e

goose. These effects have been found by data showing weiqht

loss of nesting fernales during the breeding season in several-

species of arctic nesting geese (ankney & Mraclnnes, I97B;

Barry, L962; Cooch, 1958; Hanson, 1962; Harvey , L97I;

Ryder, 1970) . Both Cooch (1958) and Harvey (l-97I) found that
lesser snow goose females had lost 25e" of their spring weight

by the time hatching occurrecl. Anknev and Macfnnes (1978)

showed that weight loss in nesting female lesser snow geese

resulted from use of nutrient reserves (mainly fat and pro-

tein) for egg production ancl incubation. The rate at which

weight loss occurs in nesting geese is related to environ-

mental conditions during the incubation period (Harvey, IgTL) .

Harvey (1971) stated that, "the metabolism of stored nutrients
resurts in weight loss, the rate being proportional to the

metabolic rate reguired to rep'l ¿gs bodlz heat lost to the en-

vironment" (p. 232). severe weather during the nesting season

could result in a consideral:Ie vreight loss to an incubating

goose and may cause the female to alter her rhythm of nest

attentiveness. Extreme weight loss during incubation can

result in the death of the incubatinq goose (Ankney & I{aclnnes,

I97B; Harvey, I97l-) . Harvey (1971) also reported that fernale

lesser sno\,v geese were accompanied by their mates if theV

left their nests and were then apt to lose their nests to
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parasitic jaegers and herring gurts. since egg loss only
occurred in the absence of both geese, the jaegers and gulls
acted as scavengers rather than predators. This fact sug-

gests that there would be selective pressure favoring those

females who had sufficient nutrient reserves to maintain a

higrh level of nest attentiveness. rt is possibl_e that in-
sufficient nutrient reserves or periods of severe weather

courd affect behavior patterns and, subsequently nesting suc-

cess of incubating gfeese.

The amount of nutrient reserves carried to the breeding
grounds b1r fernale geese not only plays an important role in
determining nest attentiveness during incubation, but may

also affect clutch size. Ryder (I970) hvpothesized that
clutch size in arctic nesting geese has evolved in relation
to the size of the energy reserves that females carry to the
breeding grounds. In fact, Anknelz and MacTnnes (1978)

found that heavier female lesser snow geese laid larger
clutches than did lighter females. This result suggests that
the size of a female's clutch was determined by the size of
her nutritional reserves. The implication is that once the
female arrives on the breeding grounds a certain amount of
her nutritional- reserves are requj-rec for the incubation pro-
cess. The amount of reserves remaining after this "withdra,nral"
can be used for egg production and, thus, determines the
clutch size.

The observed constancy of incubation found ín this study
is probably only possibre in species whose young are precocial
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once the eggs have hatched the female goose does not have to
invest larqe amounts of energy obtaining food for her young,

as is the case in species whose vounq are altricial_. Instead,
the goslings follow the parents and pick up food where it is
found. Hence, the fernale goose can devote a large amount of
her energv to the incubation process since she need not be

in top physical condition when her goslings hatch. rn add,it-
ion, her mate, who is in better phvsical condition than she

is (Ankney & ¡îacrnnes, 1978), can defend both her and her

oosl i noq aftor llrorz 1r:f nÈ'ç¡¿9f ¡Iq UUIi.

Lazarus ancl fnglis (l-978) found that the pink-footed soose

gand,er had a greater parental inves-,ment (fed less and. rvas

m^rô r;i a'i 'l =n{- \ ,{"-i -^ f 1^Ä-f i n..r i-han rf i ri hiS ifate. p¡.esllm¡hl r¡ _v ¿)¿ / uq! !¡rY !f çuYJrrV Lllall Uf L: .tl-.1-Þ litct.Le:. .YL eÞu¡LraurJ ,

this behavior allorved the female to recover from her o\rn

greater investment during incubation.

rn the present study the individual nest attentiveness
figures ranged from 93% to 9iZ. Vühi1e this variation does

not appear large, it should be notecl that in a species where

a single parent incubates the eggs, the nest attentiveness

for the species can fluctuate widely (Breckenridge, 1956;

McCourt, Boag & Keppie, 1973¡ Norton, L9j2¡ Skutch, L962).

There is a possible explanation for this variation. rn the
present siudy, for exanple, the femare who took more recess

periods could have had fewer nutritional reserves. The lorver

limits of incubation constancv malz be set by the heat require-
ments of the developing embryo, and the upper limits of in-
cubation constancy are probably related to the internal food
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reserves of the incubating female. Femal-e B hacl the smal_l_est

clutch (z eggs) as well- as the lowest nest attend-ance (93å) .

Possibly the nutrienL reserves of this femare all_owed her to
1ay onlv 2 eggs and her remainingf reserves imposed the in-
cubation schedul-e which was recorded.

The progressive increase in nest attentiveness duri_ncr

egg lalzing period in this stud.y is simirar to that found

Cooper (1978) in the Canada goose as rvel_l_ as by Caldrvell
Cornwell- (1975) in the mal_l_ard and Cooper (Ig7g) in the
trumpeter s\,van. The data collected in the present study,
however, indicated a re'latively high degree of nest at.tentLance

on the day the first esg was raid. cooper (1978) found that
the canada goose does not begin incubation at a specific time,
but becomes progressi-vely more attentive during the egg lay-
i nn nari a'4 Nest attentiveness rlrrri ncr +f¡¡y È/çrruu. Nest accentavL..--- uu!rrry ¿he egg laying period

may be an adaptation to protect the eggs from predators and

al-so to protect the eggs from lovr temperatures which occur on

arctic nestinç1 qround-s. A pattern of increased nest attent-
iveness during the egg raying period and a high leveI er
attentiveness during incubation may be typical of most water-
fow] (Cooper, 197g) .

Recess periods were taken at al_l hours of the day, with
an average of 2.r5 recesses taken each day. Each recess
averaged 20.9 minutes in length. These findings agree with
those of Bal_ham (1954), Brakhage (1965), CoIIias and Jahn

(1959) as well as cooper (1978). cooper (1978) found a

change in the frequency and duration of recesses in his study

!L^

l-l r¡

and
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while ihe present study found no change in the frequency and

duration of recess periods. The reason for this difference
in behavior may be related to climatic and photoperiod differ-
ences between northern Manitoba (present study site), and

central Manitoba (Cooperrs I97B study site). Life in the aI-
most continuous daylight of high latitudes, especiarly on the
open tundra, exposes a bird to diurnal predators more than

in lower latitudes (Armstrong , lg54) . Therefore, it seems

that the behavior of taking recess periods at alr hours of
the day by arctic nesting canada geese has survival_ va1ue.

The data from the current study showed no significant
linear effects of weather, day of incubation, or hour of the
day on the length of the recess perj-ods. cooper (Lg7g) re-
ported simil-ar findings for the trumpeter svüan. Both these

sets of data indicate that recess length is influenced by

other factors. one of these factors may be the nutritional
reguirements of the incubating female. As cibb (1954) dis-
covered in titmice, the time devoted to feeding varies in-
versely with body weight. rt may be the case that a lighter
(fewer nutritional reserves) female may have to take l_onger

recess periods to obtain sufficient food to maintain her

metaborism than would a heavier female. As skutch (rg62)

stated, "these and a number of other record.s of incubation r
have analyzed suggest some correlation between size or weight
and the constancy of sitting in birds in the same family.
The larger birds tend to take longer sessions and to keep

their eggs covered a greater proportion of the day" (p. L32).
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In the literature, one finds statements indicating no

relationship between attentiveness and temperature (Davis,

1960; David, Fis1er and Davis, 1963; Inleeden, 1966) or an

inverse relationship such that attendance decreases with in-

creased temperature (Hann, 1937¡ Kendeigh, L952¡ Kluijver,

1950; Lawrence, 1953; Prescott,1964; Verner,1965;

Whitehouse & Armstrotrg, 1953; trühite A Kinney, 1914) . As

White and Kinney (L974) state, "the precise relationship

between attentiveness and environmental temperature has re-

mained unclear" (p. 186) " The results of the present study

showed that temperature, humiditv, solar radiation, temperature

by humidity interaction and temperature by solar radiation

interaction all had a significant effect on the length of in-

cubation sessions (time on the eggs). fncubatincT females

seemed to respond to these factors when sitting on the eggs.

The exact reasons for attending to these factors are unknown.

Cooper (1979) also found that session length, in the trumpeter

swan, was not significantly related to ambient temperature,

solar radiation, or rainfall.

Several reports have suggested that at air temperatures

near the mean egg temperatures reported by Huggins (1941),

attending birds cease to incubate (Howell & Bartholomew,

1962; tr{ard, 1965). For some birds, attentiveness at high

temperatures may take on the form of postural shading of

the eggs to prevent overheating (Balham, 1954; Howe11 a

Bartholome\^¡, 1962). White and Kinney (L974) , on the other

hand, found no relationship between nest attendance and en-
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vironmental teraperature except at high ambient temperatures.

fn the present study the ambient temperature never approached

the rnean egg temperatures and yet nest attentiveness \^ras

still affected by arnbient temperature as werl as by the other
weather variables nentioned previously.

rt must be remernbered that, when combined, the weather

variables accounted for 33.42 oÍ. the variance in incubation
sessÍon lengths. obviously, other factors must be affectinq
the length of the sessions. None of the weather factors
that hacl a siqnificant influence on incubation session lencrth

had a significant effect on recêss ncriod lancrl-h

Egg Temperatures

The mean egg air cell- temperature found during this study
(r = 34.45oc) fal-ls within the range reported by Huggins

(1941). Huggins (1941) found that the average incubation
temperature in nests of 37 species of rr orders was 34.00 t

2.3goc. cooper (rg7B) reported an average air cell ternpera-

ture of 34.3oc for the giant canada geese he studied at
Marshy Point, Manitoba. rn the canada gioose nest that
Huggins (1941) nonitored, the average air cerr temperature

aìwas 34.8-c. Kossack (1947), on the other hand, reported an

aveïage air cell ternperature of 3g.soc in the canada geese

he studied. The average air ce1I temperature reported by

Kossack (1947) is higher than that found in the present study

or by Cooper (1978) and Huggins (1941). Kossack's (1947)

data are not representative of an entire incubation period

since his measurements were taken in the last two weeks of
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incubation. The data obtained in the present study reoresents
the entire incubation period. The egg temperature data pre-
sented ín the oresent study represents the temperatures of
the study eggs which \^/ere shifted in the nest bowr throughout
the incubation period. sj-nce the studv eggs were treated in
this manner, it can be assumed that they \^/ere exposed to the
different eqg temperatures that have been reported between

central and peripheral eggs in a nest. For exarnple, I{uggins
( 1q41 '\ ronnrl\4,¡4, --*--jed an average difference of 5.6oc in a crutch of
mallards (Anas platyrhynchos), while Mertens (1970) found a

similar gradient in a clutch of Blue Tit (parus caeruleus).
The temperature data gathered by the study eqgs in this re-
search cannot, however, take into account embryo thermogenesis

in a viable egg. Drent (l-970) showec that in the herrins
gull egg the ernbrlzonic heat production surÞasses the evapora-

tive heat loss of the egq after approximatellz ten days of
development. Although the studlz eggs useC in the present re-
search could not take into account the heat produced by embryo

thermogenesis, the egg temperature data gathered by the study

eggs compares favorably with resul ts obtained from vial¡le
eggs (Cooper, I97B; Huggins 1941) .

The shell temperature readings taken when the egg sherl
thermi-stor was at the bottorn of the nest showed a mean

temperature difference of 5.71oC when comnarÊd i-cr rho temp-

erature reading taken when the egg sherl thermistor was

facing the incubation patch of the femare. The onllz other
documented reading of this nature on canada goose eggis was
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a reported temperature gradient of 5.6oc (Kossack, rg4i).
The incubating female compensates for this thermal gradient

on the egg by turning the eggs at regular intervals. As

Chattock (1925) stated, "when an egg is turned over the

warmer upper surface goes below and the cooler under surface

comes up. The temperature of the egg is conseguentllz more

unif orrn" (p. 409) .

Brakhage (1965), Col]ias and Jahn (1959), and Kossack

(1950) all stated that in Canada geese incubation begins with
cornpretion of the clutch. Ity data, however, does not fully
support this notion. This data agrees with cooper's (r978)

data that the canada goose does not begin incubation ar a

specific time. Successful females became a-ttentive 85.3å of
the dalr as soon as the first eçfo \,,ias laid. The second clay of
egg laying the mean attentiveness represented 90.5? of th.e

d.y, while the third and fourth days of egg laying had a mean

attentiveness of 92.4? and 93.1? respectively. Cooper (I978)

also reported some femares spending as much as 9oz of the day

on the nest two or three dalzs before layino the last egg.

This phenomenon makes one wonder what day incubation reafl y

does begin? Swanberg (1950) aptly commented on this problem

when he stated, "even when the adult bird- is observed sitting
on the eggs frequently, or for long periods of time, in the

egg laying period, this does not necessarily rnean that the

eggs are being subjected to fu1l incubation heat" (p. 68).
To try to solve this puzzle one must rook at the record.s of
egg temperatures during the egg laying periods and the early
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stages of incubation.

The data presented on air cell temperatures during the

laying period showed a definite temperature increase as the

clutch was completed (Figure f5). This phenomenon could be

a result of the brood-patch clefeatherization not being complete

until the time the clutch is completer âs has been reportecl

by Baldwin and Kendeigh (1932) , Drent (1970) and Kossack

(I947). Hanson (1959), working with Canada geese, stated

that "the fer¡ale gOOSe plucks her breast ¡Ìrioflr¡ âq the

clutch nears cornpletion" (p. 143). Or perhaps the phenomenon

is a result of increasing vascuJ-aritlz of the brook patch over

the course of the egg laying and incubation period as has

been suggested by Jones (197I)? ft seems reasonabl-e to con-

clude, since the nest atLentiveness is realtively stable dur-

i no l- he I awi no nar j nÁ ]-l-ra]- the nroorcssilTg inCf eaSe in a j-f¿¿tY , ur¡q

cell temperature is a function of the heat source (the fenale's

brood-patch). The data shows a substantial range in air ce1l

temperatures Curíng the laying period, when comoared- to the

air celI temperature range durj-ng the incubation period. This

data from nest C is representative of egg air celI tempera-

tures from the successful nests during the entire study per-

iod. The question now arises as to whether or not the ob-

served air cell temperatures during the lalzing period were

high enough to al1ow embryonic development. Kendeigh (1963)

stated, "the rate of embryonic development is proportional

to the rate of energy metabolism of the embryo and this can

be determined from the rate of oxlzgen absorption" (p. 455).
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Unfortunatelyr no figures on oxvgen absorption in Canada

goose eggs \¿vere found in the literature. A great deal of

work has been conducted on the domestic fowl-'s egg tempera-

tures during incubation (Lundy, 1969). Lundy (L969) dis-

covered that the optirnal temperature for this species was
a'l .-l37-38-C and that 25-27-C was the "physiological zero ternpera-

ture" at which no development occurred. This physiological

zero temperature (25-27oC) cannot be aopliecl to eggs of aIl-

species, however, since Kendeigh (.f 963) found the physiological

zero temperature in the house wren egig co be 17 .2oc. Re-

search should be undertaken to establ-ish the physiological

zero temperature for arctic nesting geese.

There were times during the egg laying period when egg

air cell temoeratrrres srlrnassed the 25-2'loC temoeratureuu¡rrì/u! s Çu

range, and hence development probably occurred. Caldwell and

Cornwell (1975) also found that in mallards periodic heating

of eggs by tire femal-e during clutch formation resulted in

embryos varying in stages of development. Afton (\979) also

found that periodic heating of eggs by laying female northern

shovellors (Anas clypeata) resulted in significant embryonic

development. The present research showed that each egg in a

clutch received a different amount of thermal input (above

the physiological zero temperature), during the egg laying

period and yet each clutch hatched within a L2 hour period.

This synchronization malz be related to the factors found

by Vince (1969). Hatch synchronization has an adaptive

significance in species such as the Canada goose in which
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the female leads the young from the nest together. She does

not return for late-hatchers which would therefore be left

behind. The fact that in this study Nest B had an incubation

period four days longer than either of the other successful

nests (28 days for Nest B vs. 24 dalzs for Nests C and E) , may

be a result of lack of inter egg cofimunication that Vince

(f969) has shown as an inLportant factor in the hatch synchro-

nization process. Since Nest B had onlv two eggs, and one

was a telemetering study egg, the viable egg would not have

received any inter egg stimulation. fn fact, the single egg

in Nest B may have been ready to hatch after 24 days of in-

cubation, but the lack of normal egg stimulation may have

extended the incubation period.

The weather variables (ambient temperature, humiditl',

solar radiation, wind speed and their interactions) accounted

for a very small percent of the variation in air cell, core

and egg shell temperatures. This result is not surprising

when one remembers the high degree of nest attendance during

the incubation period. Although the obtained F values for the

weather variables were statistically significant due to the

large sample size, the small amount of egg temperature var-

iance they account for questions whether these results are of

biological significance. The overall regression equations

for air cell temperature, core temperature, and shel1 tempera-

ture accounted for 48.42, 60.8%, and 48.33 of the respective

observed variance. This finding indicates that there were

factors used in the regression equation that, when combined,
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had a significant effect on Lhe three egg temperatures. One

other factor that would definitely affect egg temperatures

during incubation, and was not quantified in this study, \^/as

the insulative qualities of the nest structure. It seems

reasonable to conclude that the body temperature of the in-

cubating female, plus the nest environment, produces the re-

sulting egg temperatures needed for embryonic development.

!Y Y f u! rrf ¡rY

It has been found that in early incubation the yolk mass

in the egg is free to revolve within the shel_]. As incuba-

Lion progresses, however, the extra-embryonic membranes and

shel-l membranes fuse. Approximately midway into incubation

embryo position is fixed in relation to the shell and the

egg becomes asymmetrical in weight (Drent, I970¡ New, 1957) .

Cal-dwel1 and Cornwell (I975) , Drent (1970 ) , and Lind (1961)

all found that eggs assumed a stable position j_n the nest as

incubation progressed. All of these researchers felt that

this stable (or mean) egg position r^ras related to the weight

asymmetry of the egg as incubation proceederl. They also felt

that egg shifting by the incubating bird simply reduced the

friction between the eggs of a clutch and allowed each egg

to assume its characteristic position according to the location

of the centre of gravity. This approach to the study of egg

turning has been 1abelled the "gravitational theory" of egg

turníng. The study eggs built for the present research \,üere

constructed so that two eggs had one side of the egg weighted

heavier than the other three sides, and the three eggs had
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two sides weighted (see Figure 9). According to the gravita-

tional theory" of egg turning these heavy sides shourd have

been spent the majority of the incubation period facing the

bottom of the nest. The results of this studlz (presented in
Tab1e L7) differ greatllz from what the "gravitational theory"
would predict. The heaviest side of eggs A and c spent the

largest percentage of the incubation period facing the top of
the nest. The data collected on the gravitational influence

of egg turning in this study contradicts the data collected

by Caldwell and Cornwell (L975) , Drent (1970) and Lind (1961).

The reason for these contradictory findings are unclear. rt
is possible however, that the study eggs did not receive the

same egg turning "treatment" as a natural egg would have dur-
ing the incubation period.

Drent (L970) modified three herring gull eggs by cement-

ing a lead stri-p to one side on these eggs so that they had

a weight symmetry similar to eggs C and D of this study. He

found that at no time over his r94 observations did the l-ead

weighted side face the top of the nest. My data for eggs C

and D showed that the heavy sides of these two eggs faced

the top of the nest 4eo and 10.6% respectively. These per-

centages were indeed the lowest of the four sides, suggesting

that there was some negative influence of weight symmetry of
the egg on egg position during incubation, but there aïe ob-

viously other factors involved. The shape of the nest bowI,

number of eggs in the clutch, and size of the femare's brood

patch may all have an effect on the egg position over the
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course of the incubation perioo.

It must be pointed out that the study eggs used in this

research monitored only those egg turns of 90o or more. The

data on the number of turns each egg received during thís

study (previously presented in Table 1B) showed a great deal

of individual variation. This variability could not be ac-

counted for by the weight type of the study egg or the

length of the incubation period. It seems that some other

unknown factors must be influencing the number of tim.es the

female turns her eggs. Perhaps this egg turning behavior is

a behavioral characteristic specific to individual female

ñêôqô

It was found that female geese turned their eggs 96. B5U

of the time after returning from a recess period. Beer (1961)

working with Black-headed Gu11s (Larus riclibund-us) and Drent

(1970) studying Herring Gu11s (Larus argentatus), found that

waggling was associated with everv resettling on the nest.

Waggling is involved when the parent drops its chest onto its

eggs and moves j-ts legs up and down and its tail from side

to side (geer, !96I, p. 68). This wagglino behavior was also

found to have a major effect on egg movements. Balham (1954),

Collias and Jahn (1959), as well as Cooper (7978) have all

reported seeing this same type of behavior pattern in female

Canada gfeese when they resettle on their nests. It seems

reasonable to assume that the resettling that took place by

the female geese in this study accounted for the high rate of

egg turning after a recess period.
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Egg turning occurred, at all hours of the day, but fell

off sharply during the last stage of incubation in this sturfy.
Tìra¡{- /f l o"^\ found no evid.ence for a chanoe in the eoo shi ft-v \LJ ' v I !vu¡ru ¡¡u ç v ¿u-ç¡t9g !v! o utla¡¡:ru ¿lt u¡¡ç çyy ÐltIr L

ing behavior of the herring gull from cl-utch completion un-

til the beginning of hatching. Drent (1970) felt that egg

shifting ceased once the egg had begun to pip. It may be

assumed that under these circumstances some stimul-us from the

egg (possibly the cracked egg shell) signals the female to

stop egg shifting. The data on egg turning collected during

this study showed that egg turning decreased. in frequency be-

fore hatching started. This finding leads to the suggestion

that some stimulus produced b1z the egg (perhaps the pipping

of the gosling in the air cel_I) inhibits egg turning by the

incubating female prior to hatching. It shoul_d also be

pointed out that this speculative stimulus must function to

alter the females behavior towarrls all the eqgs in the clutch,

not just the egg producing the stimulus. In other rvord.s,

since the study egg could not provide a stimulus (as could a

vj-able egg) yet received a decrease in egg turning it seems

reasonable to conclude that the female was respondinq to

some other stimul-us; perhaps from the other eggs in the

clutch.

It is clear from the results of the egg turning data ob-

taj-ned in this study that more research needs to be under-

taken to gain a clearer insight. into egg turning behavior.
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Future Research

The results of this study reveal-ed the scope of the in-
cubation process in arctic nesting canada geese. These data
raise some important issues concerning the incubation process

in this species.

The high degree of nest attentiveness, coupled with the
adverse envj-ronmental- factors that were contended with during
this study, indicate that the incubation period is physicalllz
demanding on incubating femare geese. rt is not surprising
to find reports of arctic nestinq gleese losing from 25 to 442

of their pre-laying body weight over the course of the incu-
bation period (Anknev & Macrnnes, rgTB; cooch, stirrett, &

Boyer, 1960; Harvey, I97¡ Ryder, I}TO). Further research
into the relationship between nest attendance and the amounr

of the females' nutrient reserves is needed. This inforrnation
would be useful in estimating nesting capabilities and pro-
duction of young.

The data indicating a high degree of nest attentiveness
during the egg laying period raises another important issue
in avian breeding biology. Arthough each egg in a cl_utch re-
ceived a different amount of thermal ì-nput, all the eggs of
a crutch hatched within 12 hours. To gain a better under-

standing of this process the physiological zero temperature

of canada goose eggs must be determined. once this is knowno

experiments where eggs are switched from nest to nest (see

vince, 1969) in the field may provide further insight into
the hatch synchronization process.
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Although Drent (I973) cautioned against the use of dummy

eggs for measuring temperatures, the present data compares

favorably with Cooper's (1978) data which used viabl-e eggs

for the egg temperature measurements.

The egg turning data gathereC in this study contradicts

the results of other field studies which have looked at ess

turning. A more extensive studlz on egg turning is certainly

warranted and may help to explain and clarify the phenomenon

of egg turning.
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Reference Notes

1. Rouse, W. Personal communication. November B, Igjg.
2. Sequin R. Personal communication. May 2L, Lg7g.

3. Pakulak, A. J. Behavior of nesting Canada geese

at Cape Churchill, t[anitoba , 1969 progress report

available from the Canadian l^tildlife Service,

Ottawa, Canada.
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APPENDIX A: DATA SHEET USED FOR BEHAV]ORAL OBSERVATIO}]S
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APPENDIX B: LTGHT CONDITIONS DURING STUDY PERTOD
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Light Conditions during Study Períod *

Month tìã\/
-*f

Sunrise Sunset T\øitight (hrs. )

Ma r¡

Mar¡

M:r¡

M,a r¡

Ma rz

Mar¡

M¡rz

M.a r¡

Mr rz

Ma rz

M: rz

June

June

June

June

June

June

June

June

June

June

June

June

2T

22

23

24

25

26

27

¿ó

29

30

31

1

2

I

4

5

6

7

9

10

11

I2

0 335

0333

0331

0 330

0328

0326

0 325

0323

0322

0 321

0 319

0 318

0 316

0 315

0 314

0313

0 312

0 311

0 309

0308

0307

0306

0305

2051

2053

2055

2057

2059

2LOT

2r02

2r04

2L06

210 B

2110

2TIT

zTL3

2LL5

2IL6

21I B

2ILg

2120

2123

2L23

2L25

2L25

2r26

2.L

/l

¿.¿

¿.2

2.2

2.3

2.3

/<

2.3

)A

¿.+

¿.+

2.5

)q

2.5

2.6

2.6

2.7

2.7

)7

2.8

2.9

¿.Y
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APPENDIX B CONTINUED

Month udy Sunrise Sunset Twilight (hrs. )

June 13

June 14

June l_ 5

June 16

June

June

June

June

June

V UIIE

June

June

June

June

June

June

L7

1B

19

20

2L

22

23

¿+

25

26

27

¿ó

0305

0 304

0304

0304

0 304

0 304

0304

0304

0 304

0304

0305

030s

0305

0 306

0306

0307

2L27

2T2B

212B

¿L¿Y

2130

2l-30

2131

21 31

21 3r

2L3I

213L

2L3I

2L3I

2L3I

2T3L

21 3t

¿.9

?q

2.9

2.9

?o

2.9

)a

/9

)q

¿.Y

to

)o

* This data from churchill- Meteoroligical station, churchil-1,
Manitoba "


