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Àbst rac t

The purpose of this study was to determine if the
gander's distance from his nest changed as a function of the
stage of the femare's incubation period. The Fierd station
of the Àvian Behaviour Laboratory, maintained and operated

by the Avian Behaviour Laboratory in the Department of
Psychorogy at the university of Manitoba, was the study area

for this project. À flock of giant canada geese (Branta

canadensis maxima) vrere used as experimentar subjects. For

each individuar gander, a single dairy mean carcurated from

four daily randomly chosen data corlection periods

represented his distance from his nest on any given day.

Data was corrected from aIr nesting pairs. Data corrected
upon nesting pairs that successfully hatched one or more

goslings v¡as used in the data analysis. For the purpose of
this study, four hypotheses were evaluated: (1) the gander's

distance from the nest wourd increase as a function of the
f emale's incubation period, Q) the gander's distance f rom

the nest would decrease as a function of the female's
incubation period, (3) there would be no change in the size
of the gander's territory as a function of the female's
incubation period, and (4) the size of the ganders territory
would fluctuate as the female's incubation period
progresses. À one-way analysis of variance with repeated

measures over days was used to analyze the data. À



significant main effect was obtained for the gander's

distance from the nest (¡' (23r 322) = 2.88, p < 0.001).
Post-hoc comparisons using the Tukey studentized range test
on all main effect means indicated that the mean of Day o

differed significantly ( p. 0.05) from aII other 23 day

means. These data indicate that the gander decreased his
distance from his nest to a statisticarry significant degree

as a function of the first gosling to hatch. It is
hypothesized that the goslings may provide a "timing
mechanism" for the gander who reacts by reducing his
distance from his nest. presumably, the biological
significance of this reduction in the gander's distance from

his nest would be a higher degree of nest/gosling protection
against potential predators.

v1
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Introduction

Unicum arbustum haud alit duos erithacos
(One bush does not shelter two robins)

Zonodotus (ftrira century B.C. )

Territorv in Àyian Species: Theorv and Definitions.
For each avian species, it is evident that the concept

of territory, as werl as the functions of territory, are as

diverse as the species involved. Howard (1948) was one of

the first researchers to examine the importance of territory
in the life of birds. Àrmstrong (1965), interprets Howard's
(1948) theory of territory thusly:

The guarding of a specific area, usually around the

nest, is of value to birds because it distributes them

regularly, thereby reducing the chances of birds
remaining unmated; it arso serves to strengthen the bond

or union between the pair and guarantees the family's
food supply, especially at the actual time when the

chicks are newly hatched (p. 271).

Àpparently, Howard (1948) associates territory with the

breeding porlion of the annual cycle of a bird. Howard

emphasizes the spacing of individuals "distributes them

regularry" - as a important component and possibre function
of a territoryr âs werl as a mechanism to "strengthen the
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bond" and to assure a food source. Lack (1965) stated that
Howard's (1948) theory had survival value for two main

reasons. The first was acquiring and retaining a mate while
the second was ensuring a food suppty. Howard (1948)

realized that males fight to secure a territory, not to
secure a mate.

Aristotre makes reference to 'food territory' in birds
in his book Historica Animalium (cited in Lack, 1965).

Àristotre stated "that a pair of eagres demands an extensive
space for its maintenance, and consequentry cannot arrow

other birds to quarter themselves in close neighourhood"
(lack, 1965, p. 130). Berger (1961) reported "that the

concept of territoriality was developed in Germany by

Bernard Altum in 1868, and independentry in Engtand by Eliot
Howard during the period from 1907 to 1920" (p. 195).

A1tum, a German ornithologist, stated alt the criteria of
territory theory, "including the modern view of song as a
threat to other males and an invitation to a female"
(¡aIham, 1954, p. 37). Bernard Altum published seven

editions of his book, "E Voqel und sein Leþg"
(translation: The Bird and his Life) between 1868 and 1903

(t"tayr, 1935) . ÀItum, considered the true f ather of the
concept of territory, was not recognized outside Germany

because of the ranguage barrier and the inaccessibirity of
his book outside of Germany (Stokes , 1974) . Àltum's
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principle was "animal non agit, agitur" (translation: an

animal does not act by its own volition, but reacts to
stimuli) (Uayr, 1935). A1tum believed the function of

territory was to insure an adequate supply of food for the

young. Howard (1948) also believed that the function of

territory was to insure a supply of food for the young.

However, differences existed between Howard and Àltum with

respect to how they applied their theories. "ÀItum included

only those cases in which all the activities of a pair vrere

confined to a territory, whereas Howard regarded territory
as a general law of bird 1ife" (Balham, 1954, p.38).

Noble (1939) stated that a territory is any defended

area. Noble's definition, perhaps one of the most concise

and simple, does not account for the mechanisms of

territoriaL defense, the possible function(s) of the

territory, or any temporal or seasonal component that may

help qualify a territory. Às Armstrong (1965) suggests, "it
errs on the side of vagueness" (p. 273). Perhaps Nob1e, in

constructing this generalized formula, realized the

complexity and diverse nature of avian territories, and

purposely left his definition 'open-ended' in order to
account for the diversity within avian species. Àlthough

short and concise, it may be the most generalizable

definition of territorv.
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David Lack (1939) described territoriality as an

isolated area defended by one individual of a species or by

a breeding pair, against intruders of the same species, and

in which the owner of the territory makes himsel-f

conspicuous. Lack does not allude to how the area is
defended nor does he define an isolated area. Davis (1940)

describes territorial behavior as the defense of an object
(territory) which serves in reproduction. Reproduction may

play an indirect role in the establishment of a territory,
however, other types of territories do exist (i.e. food

related).
Extensive work by Mayr (1935) and Nice (1941)

elaborated the theory of territory, and perhaps elucidated
the theory by categorizing the different types of territory
with reference to a temporal and functional component. Mayr

(1935) originally defined four types of territories based

upon mating, nesting, and foraging location. Nice (1941)

extended Mayr's classifications and suggested six types of

territories. Pettingill (1985) and Morse (1980) illustrate
Nice's categories:

I. Breeding Territory:
Type À: Mating, nesting, and feeding area for adults

Type

Type

B:

c:

ano young.

Mating and nesting (but not feeding area).

Mating area onIy.



Type D: Restricted mating and nesting area.

II. Non-Breeding Territory:
Type À: Feeding territory.
Type B: Winter territory.
Type C: Roosting territory.

This type of classification goes a long way towards

bringing the types of territories into perspective and

introduces an important breeding nonbreeding dichotomy to

the concept. Nevertheless, ambiguous and vague concepts of

territoriality stil1 appeared in the literature. Jenkins

(1944) Aetined territory as any area in which despotism is
shown resulting in the defence against other organisms, and

is usually formed around some site or object such as a nest,

offspring, mate, food, etc.. Pitelda (1959) defined a

territory as any exclusive area. Several authors have

defined a territory as a simple area of dominance (Emlen,

1g57; MurFâyr 1969; WiIlis, 1967). These definitions lack

any recognition of a temporal or functional element.

Morse (1980) reports that the essential characteristics
of a territory are (1) that it is a fixed area (which may

shift over time), (2) it is actively defended, and (3) the

holder has exclusive use of it (with regard to a given set
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of individuals). The key words emphasized by Morse are

'fixed area', 'defended', and 'exclusive use'. The

criteria presented by Morse (1980) aIlows the researcher to

assess the associated functional element(s) of the territory
that are particular to that individual or individuals of a

species. Morse (1980) further adds that overt defense

(attacking, chasing, threatening intruders) identify the

territory holder and make it conspicuous to rivals.
A number of researchers have expanded upon Noble's

(1939) concept of territory as 'any defended area'. Em1en

(1957), dissatisfied with the accepted and repeated

definition of territory as 'any defended area', stated that

there is no evidence that the area is the object of

aggression and asks for a useful concept of territory that
is limited to observabLe phenomena and expressed in
gperational terms focused upon happenings rather than

entities. Emlen (1957) defines a territory as a space

within which an animal is aggressive toward and usually

dominant over certain categories of intruders. Etkin
(1964) defined territoriality as any given behavior on the

part of an animal which tends to confine the movements of

the animal to a particular locaIity. EibIe-Eibesfeldt
(1970) considered any space associated intolerance as

terr i tor iaI i tv .
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Brown (1975) presented a behavioral definition of

territory, stating that a territory is a fixed area from

which intruders are excluded by some cornbination of

advertisement, threat and attack. wood (1964) describes

territoriality as having three stages; (1) protection of the

female alone, with location and boundaries of the territory
being indeterminate, (2) protection of the femare after the

serection of the nest site but prior to the first egg being

laid and, finarry, (3) protection of the female incubating
in the nest with a fixed area and well defined boundaries.

Davies (1978) defined a territory as a situation which

exists whenever individuar animars or groups are spaced out

more than would be expected from a random occupation of

suitable habitats. whenever 'spacing out' is due to
interactions between individuals or groups, the occupied

area wiII be referred to as a territory (Ðavis, 197Ð.

Brown and orians (1970) defined a territory as a fixed area

which is defended for the purpose of excluding rivals.
It is evident that no strict definition of the term

territory can be arrived at that is generarizabre across arl
avian species. Each species presents a different complex

of functions, under different environmental conditions.
Therefore each has its own specific definition of territory.
Davis (1978) noted that as more and more examples of

territory are described it becomes cLear that there is no
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single function of a territory, for territories are used for
a wide variety of different activities.

Brown (1964) postulated an economic model of the

defence of territory, a cost-benefit approach to territorial
behavior. His economic model suggests that we would only

expect an animal to defend a territory when there wilt be a

net benefit in terms of fitness by doing so. Whether

defence of a territory will be economical or not wiII depend

upon whether the energy saved by gaining exclusive use of an

area exceeds the energy expended in its defence. Brown's

(1964) general theory stated that aggressive behavior

employed by individuals in acquisition of goals maximize

individual survival and reproduction. Àggressiveness is a

behavioral response to competition for ecological resources

in short supply (i.e. mates, food, territory). Those that
obtain a balance between the positive values (mate, nesting

area, food, etc.) and the negative values (time lost in

defence, energy loss, opportunities lost, risk of injury)
reproduce and pass on this genetic balance (or degree of

aggression) through natural selection (rigure 1 ).

Functions of Territorv in Geese.

Ryder (1975) examined the functions of territory in

Ross's Geese (Anser rossii) and the Canada Goose (Brant,a

canadensis) under natural and semi-natural conditions.



Figure 1. À
diversity in

general theory of
avian territorial

the evolution of
systems (Brown, 1964).
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Ryder (1975) hypothesized t.hat "within the selected

territory, the gander appears to have two functions; to ward

off potential predators, and to protect the female and the

nest from intruding conspecifics" (p. 114). Ryder (1975)

felt that for the gander to defend the territory
effectively, two conditions must be met. First, food must

be available within the boundaries of the territory so that

the male does not need to leave often for long periods of

time and, secondly, the gander must be able to defend the

territory against surrounding territorial maIes.

Ryder (1975) further hypothesized "that the size of the

territory defended may have evolved in relation to the

reserves accumulated by the gander before the nesting

season" (p. 114) . The territory must then be large enough

to provide food required by the male to enable him to
protect the nest site against conspecifics. The size of

the territory that the individual defends is determined by

the balance between the need to defend a large enough area

for feeding purposes and the need to be able to defend it
successfully. The larger the area, the more time and energy

the gander needs to defend it. Ryder felt that in order to
stay near his mate for as long as possible the male must

defend an area around the nest large enough to sustain his

food requirements.



12

Ryder (1975) found that male geese lost weight

throughout the laying and incubation period. He suggested

that the ganders used body reserves to defend the territory.
Males which defended an area too smal1 to supply sufficient
food and water would have to leave the territory and, hence,

expose their mates to attack. Ewaschuk and Boag (1972)

reported that Canada geese have two basic types of

territories; larger ones bordering on water and smaller

inland ones. They speculated that the smarrer territories
v¡ere initiated by younger and less experienced geese and

they observed the absence of ganders from smaller

territories in which the females were unsuccessful at
nesting.

Inglis (1976) examined agonistic territorial behavior

in breeding Pink-footed Geese (Anser brachvrhynchus) and

questioned Ryder's hypothesis. IngIis concluded that
agonistic behavior in Pink-footed geese "serves mainly to
preserve a supply of food around the nest site particularly
for the use by the female during the early part of the

nesting period" (p. 98). Hence, the territory would serve

to be more important as a food source to the female rather
than to the male (Inglis, 1976). This interpretation of

territory contradicts Ryder's (1975) hypothesis. IngIis
concluded that territory serves to safeguard a supply of

food near the nest when overall food is scarce.
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Owen and Wells (1979) examined territory size and

function in Barnacre Geese (Branta reucopsis) both in the

wild and in captivity. They concluded "that agonistic
behavior in this species serves mainly to preserve a supply

of food around the female during the early part of the

nesting period. Às the eggs are safe from predators for as

long as the female is incubating, anything which can

increase the time spent on the eggs is important" (p.98).
Mineau and Cooke (1979) re-examined Ryder's and

Inglis's hypothesis in relation to the Lesser Snow Goose

(Ànser caerurescens caerulescens). Mineau and cooke (1979)

pointed out that there exists little evidence to suggest

that aggressiveness in the male serves to "defend anything

but the actual nest site and the female" (p. 18). They

concluded that territoriality in geese serves in part to
provide a buffer-zone between the nest and potential
intruders and, more importantly, between the female goose

and potential mare rapists. They suggested that it was the

defense of the female from rape attempts by neighboring

males which was the primary function of territoriality.
owen (1980) points out that rape attempts are not uncommon

in snow geese, however, rape attempts have not been recorded

in any other species.

cooper (1978) concluded that there are three functions
of territory in Canada geese. First, the primary function
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of territorial defence is to isolate the female from

sexually active birds of the same species during the

copulation phase of the reproductive cyc1e. The second

function of territorial defense is to provide protection to

the laying and incubating female at the nest site. The

third function is to provide protection to the femal-e during

her incubation recesses.

Collias and Jahn (1959) reported that the size of

territories in Canada geese varied greatly between

individual birds. "The size and shape of the territory
changed with time and circumstance" (Collias and Jahn, 1g5g,

p. 487). They noted that, in general, once a bird defeated

its neighbor in a fight, the territorial boundary moved in

the direction of the l-oser's ground. They noted the

importance of the gander with respect to the territory and

its defense. In one situation a female lost her mate (by

death) late in her incubation period. As a result, she was

dominated and disturbed by other pairs and unmated

individuals who repeatedly drove her from her e99sr

resulting in the death of the developing embryos.

Ogilive (1978) stated that the main purpose of a

nesting territory is to prevent harassment of the female by

other geese since she is at a critical time, having expended

much energy in producing the clutch of eggs. wormer (1968)

suggests that the purpose of nesting territories is to

ensure successful reproduction.
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Displays and Defence of Territorvi Canada Geese

Everything is in whole-part relationships, and, part by
part, the parts of each part operate according to their
function.

- Hippocrates.

Animals do not develop or utilize vocal language to the

same degree as humans. Instead, many animals have evolved

elaborate patterns of movements that are species-specific
and are used to transmit information between concerned

individuals. Information transmitted from one individual to
another is coded into a signal, and the coding varies from

animal to animal (frings and Frings, 1977). "This ritual
is a code, so artificial that its purpose can hardly ever in
the ordinary course of events be mistaken by those for whom

it is intended; an ancient, esoteric, dramatic language

which says by gestures that for which we human beings have

to employ many words" (Àrmstrong, 1965, p.317). Krebs and

Dawkins (1984) stated that ritualized signals have evolved

through the manipulation of conspecific behavior by the

sender of the signals and through detecting the sender's

intentions by the receivers of the signals.
The ethological unit that is central to communication

among animals is the display. Displays are specialized
acts that are performed by individuals (Sebeok, 1977).

Sebeok (1977 ) suggests that Darwin viewed displays as a way

of making information available about an individual's
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internal emotional state. Moynihan (1956) Aetined a display
as an act specially adapted in physical form or frequency to
subserve social signal functions.

Displays play a prominent role in communication among

geese. With geese, displays serve as visual signals.
Visua1 signals are defined as a movement emphasized by a

feature which has evolved to serve in visual communication

usually by releasing certain patterns of behavior in

conspecific individuals (Fabricius, 1975). Canada geese use

a variety of head movements that enhance their white on

black cheek patch. These cheek patches serve as visual
signals during agonistic and triumph ceremony situations.
They are thought to be adaptive in that they aid in the

reinforcement of pairbonds and possibly enhance both the

establishment of nesting territories and breeding success

(glack and Barrow, 1985).

Àlthough the means of defence are highly variable,
visual signals or displays usually serve to maintain a

territory and physical contact is rarely exhibited except

when the territorial boundaries are being initiated (Morse,

1980). Àctua1 fighting rarely occurs. Rel-easers that
intimidate without causing damage have evolved (Tinbergen,

1951), and this ritualized fighting maintains territorial
spacing (rrings and Frings, 1977). Hence, maintenance of

territorial boundaries is established by visuar signars that
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take the form of displays (pettingilI, 1985) and announce

that a particular territory will be defended.

Defense of territory in breeding Canada geese is best

represented by two behavior patterns; (1) outright attack

upon the intruder(s) by the defending gander, characterized

by chasing, biting and wing thumping and, (2) threatening

displays or gestures, communicated by head and neck

movements emphasizing the white on black cheek patch.

Hochbaum (1944) suggested two similar forms of territorial
behavior in ducks: (1) direct attack without preliminary

movements and (2) display accompanied with threat posturing

foll-owed by attack if the intruder fails to depart. Balham

(1954) suggests that four behavior patterns are commonly

used in defense of territory in Canada geese: (1) display
prior to attack, (2) triumph ceremony, (3) territorial ca11,

and (4) attack.

Once territories have been established, fighting rarely
occurs between adjacent defending ganders and territorial
boundaries are maintained by threatening displays and

postures (C. Lindgren, pêrsonal observation, April, 1988).

Sherwood (1966) stated that the defended area was initially
one of threatening head movements by the gander. Lamprecht

(1986) reported that threat displays are the most frequent

conspicuous social display in a goose flock. Cooper

(1978), CoIIias and Jahn (1959), Balham (1954), Klopman
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(1961), BIack and Barrow (1985), Radesator (1974), and

Àkesson and Raveling (1982) also note the importance of

threat displays and head-posturing with respect to
territorial defence in geese.

Threat, and other displays, are communicated primarily,
and perhaps solely, by the position and motion of the head

and neck of a goose. The white on black cheek patch may

play a vital rol-e in these displays and, hence, a prominent

role in the defense of the territory. Balham (1954)

speculated that the white cheek patch functions as a

releaser in aggressive displays. Black and Barrow (1985)

stated that Canada geese use a variety of head movements

that are enhanced by their white on black cheek patch.

Cowan (1973) suggests that the cheek patch, when it is made

conspicuous by head movements, may be a directing stimulus.

Radesator (197a) reported that the white cheek patch of

Canada geese serves to make behavior conspicuous and

distinguishable at great distances. CoIIias and Jahn

(1959) reported a special display engaged in by the gander

with respect to intruders that shows off the white cheek

patches to hÍs advantage.

Head-pumping and head-tossing are the behavior patterns

that dominate displays during the breeding season and

function to maintain territorial boundaries by threatening

intruders. ColLias and Jahn (1959) noted a special display
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given by the gander to intruders. with neck stretched up,

the gander would flip his beak upwards simultaneously
rolling his head. They concruded that this head-fripping
serves a threat function and is associated with the white
cheek patches which are brighter and crearer in the spring
(see Collias & Jahn, 1959). Cooper (1978) described a

typical defence sequence which consists of a side to side
rotary motion of the head with the beak and neck extended

upwards. Brack and Barrow (1985) detined these raterar,
verticalr or rotary head movements which are associated with
an extended vertically straight neck, âs a head toss. They

are also indicative of confricting tendencies to either sËay

in one place or to flee from an aggressor (figure Ð.
Àkesson and Ravering (1982) reported that head tossing

occurred most frequently in breeding males, while RadesaÈor

(1974) stated its functionar significance is a movement

prior to attack and presumed a warning connotation as werl

as a threat and mild alarm. Head-pumping, the lowering of
the head towards the breast and raising it again to the

vertical position, transmits a warning to approaching

conspecifics, thereby advertising the status position of the

famiry (glack and Barrow, 1985). Brurton-Jones (1960) and

Ravering (1970) concruded that head*pumping was an outcome

of balanced conflicting tendencies to attack and to fIee.
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Balham (1954) suggests that aggressive contacts and

displays function to prevent the disturbance of the

incubating female and to provide social stimulation between

the pair. Black and Barrow (1985) suggest the functional

adaptations associated with signals in Canada geese to be

(1) transmission of threat or warning to conspecifics, (2)

obtaining the attention of the family members in order to

synchronize travel, (3) facilitating inconspicuous retreat
from predators during the flightless stage, and (4) a

specialized system of communication for terrestrial and

aquatic locomotion.

Table I outlines and describes Canada goose behavior

patterns and displays (also see Radesator (1974) and Àkesson

and Raveling (1982) for lists of Canada goose behavior

patterns ) .
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Table I. Categories and descriptions of Canada Goose
behaviors (after Radesator, 1974; Akesson &
Raveling, 1982) .
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Table 1.

Canada Goose Behavior Patterns.

Category of Specific

Behavior Behavior

Description

of Behavior

Aggress i ve

Behavior

Overt attack Locomotion tovrards an opponent,

head and neck airned at opponent,

bill open (Radesator, 1974).

Head-tossing Threat display prior to attack.
warning connotation, neck and biIl
extended upwards with rotary head

movements. Frequently seen during

breeding season (Radesator, 1974;

Àkesson and Raveling, 1982; Black and

Barrow, 1985).

Behavior communicating intention to
move to a nevl location (Raveling, 1970')

Head-pumping Transmits a warning to approaching

conspecifics. Vertical bobbing of the

head (B1urton-Jones, 1 960; Radesator,

1974; Black and Barrow, 1985).
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Category of

Behavi or

Spec i f ic

Behavior

Description

of Behavior

Ret reat

Upr i ght

Coil forward

Extended

forward

EscaDe

Submi ss i ve

Hidi ng

Head and neck erect. Adopted by a

goose on guard or disturbed (Radesator

1974).

Neck coiled and head horizontal.
Head and neck pointed at opponent

(Radesator, 1974) .

Neck protruded forward from the coil
position. Neck and head under level
of carpal joint (Radesator, 1974).

Neck held upright, sometimes vertical
to ground. Goose swims or runs away

from an opponent (Radesator, 197a;

Akesson and Raveling, 1982).

Neck tightly coiled, biIl closed and

pointing downward (Radesator, 1974) .

Body flat to the ground, neck extended

vertical along ground. Goose silent
and motionless (galham, 1954).



26

Category of Specific

Behavior Behavior

Description

of Behavior

Triumph Ceremony

Behav i or s

Mare High intensity Head and neck obriquery extended

Crackling forward orientated to the female,

bilI open with prolonged snoring

sounds emitted
(Radesator, 1974; Akesson and

Raveling, 1982).

Low intensity Neck extended forward with a slight
Cackling coil. À bowing of the head is observed

(Radesator, 1974) .

Femare Facing ayray submissive posture in response to
male's cackling (Àkesson and Raveling,

1982) .

Yipping Vocalization of paired female in

presence of maIe. Irregular staccato

sound of variable pitch (Akesson and

Raveling, 1982).
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Category of

Behavi or

Description

of Behavior

Sexual Behavior

General Activities

Precopulatory Head dipping; repeated stereotyped

immersion of the head and neck into
water (nlopman , 1962).

copulation Mare mounts female whire on the water
(Klopman, 1962).

Postcopulatory Breast, neck and head tilted back,

breast protruded outwards, bill
upturned. (Klopman, 19GZ) .

Resting, grazing, nibbling, preening

oiling comfort movements

(Radesator, 19741 .
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Size of Breedinq Territorv in Geese

Territorial shape and size in breeding geese is highly
variable, varying between individual pairs (Cottias and

Jahn, 1959; Ewaschuck and Boag, 1972; Mineau and Cooke,

1979) and variable with respect to the stage of the

reproductive cycle. Ewaschuk and Boag (1972) suggested

that territorial boundaries and size vrere apparentì.y

affected by vegetation, the more vegetation, the larger the

size of the territory. Hochbaum (1944) stated that
natural obstructions brocking vision are natural boundaries

of territory" (p. 75') , with territories generally larger in
open areas such as lake shores and open bays. Ewaschuk and

Boag (1972) reported rarger territories associated with open

vegetation.

Ogilive (1978) and Brakhage (1965) add thar rhe size

and shape of the breeding territory will depend upon how

naturally aggressive the birds are, how much food is
required, and the configuration of the ground. Dow (1943)

and wood (1964) observed that the most aggressive birds herd

the largest territories. Personal observations of breeding

geese at the Field Station of the Àvian Behaviour

Laboratory at GIenIea, Manitoba, during the 1986 and 1987

nesting seasons support the observation that very aggressive
ganders defended the largest territories.
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The size of breeding territories may change as a
function of the stage of the reproductive cycle. Armstrong

(1965) noted that many birds initially establish larger

territories than they will ultimately defend. He suggests

that this is due to a complex of factors, with the primary

advantage being freedom from interference attained during

the early stages of the reproductive cycle. ÀIlen (1942),

for example, found the Roseate spoonbill (eiaia aiaia),
initially establishes a territory which extends as much as

twenty feet from the nest but during the incubation period

the territory dwindles to an area surrounding the immediate

nest site. Allen suggested that the necessity for
preserving the bond between the pair early in their
attachment, when it is not as strong as it is later, and the

presence of large numbers of unattached males in the colony

early in the reproductive cyc1e, establishes the need for an

initially large territory. He speculated that promiscuity

and confusion may occur if the territories were smaller in

the initial stages because this situation would permit the

female to accept the advances of other males.

Territory size of breeding geese has been examined by a

number of researchers who have studied the behavior of geese

during the entire reproductive cycIe. The reproductive

stages begin with pair formation and nest site selection and

continues through the laying and incubation periods of the
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female. Three general, mutually exclusive, territory size

shifts are frequently reported: (1) an increase in the size

of the territory as incubation progresses (Mineau and Cooke,

1979), and (2) a decrease in the size of the territory until
at hatching, only the area around the immediate nest site is
defended (galham, 1954; Brakhage, 1965; MickeÌson, 1975;

Sherwoodr 1966; Stroud,1982; wormerr 1968), and (3) no

change in the territory size during incubation (Cooper,

1972 i Ewaschuk and Boag, 1972; Ogilive, 1978; Owens and

WeIIs, 1979). Evidence for each of these hypotheses appears

in the literature and wiIl be examined below.

Within the Lesser Snow goose (Ànser caerulescens

caerulescens), territory size increased as the breeding

season progressed, with the male moving further av¡ay from

the nest site (Mineau and Cooke, 1979) . Mineau and Cooke

(1979) based their conclusions upon an "intensive
observational study" at La Perouse Bay, near ChurchiIl,
Manitoba. They calculated the daily home range and plotted
it against the stage of the nesting cycle. They concluded

that the male ranges further away from the nest and his mate

as the breeding season progresses.

Ewaschuk and Boag (1972) examined territory size in a

wild population of Canada geese nesting in high densities at
Dowling Lake, Àlberta, between 1967 and 1969. They

recorded the distance that each gander vras from his nest and
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mate at hourly intervals. They then compared the mean daily
position of the ganders relative to their respective nests

over the incubation period of their mates'. They reported

no correlation between the distance from the nest and the

stage of incubation, thus concluding that there was no

decrease in the size of the territory defended (rigure 3).

However, Ewaschuk and Boag (1972) based thier conclusion

upon data collected from three ganders, a relatively small

sample size. Ewaschuk and Boag (1972) also found that

ganders defending larger territories displayed more variable

boundary l-ines than those defending smaller territories.
Cooper (1978), as well as Ogilive (1978), concluded that

territory size in geese remains constant throughout the

reproductive cycIe. Once the nest site is established, the

male defends it as weII as the area around the female if the

pair move off their selected territory (Ogifive, 1978).

ogilive (1978) states that prior to egg laying the

territorial boundaries are fluid and vary with intrusions

but become less flexible until one week prior to egg laying

when they become fixed in position and remain so until the

young hatch.

Cooper (1978) examined territory size in wild breeding

Canada geese at Marshy Point, Manitoba. Cooper concluded

that, based upon the relationship between the distance the

waiting gander was from the nest over the period of
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Figure 3. Fitted regression lines for mean daily
distances of three ganders from their nests during
the period of incubation. Top pair (v = 82.32 +
0.26x) , middle pair (y = 29.64 0.07x) , and
bottom pair (y = 8.46 + 0.07x) (Ewaschuk & Boag,
1972) .
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incubation, no evidence vtas found to support the contention

that territory size declined as incubation progressed. In

fact, it remained constant (rigure 4).

Owen and WeIIs (1979) examined territorial behavior of

both wild and captive Barnacle geese (Branta leucopsis) at

Stimbridge, Gloucestershire, between 1975 and 1978. They

concluded that "territorial boundaries rarely changed once

the female started to incubate" (p. 20). Territorial

boundaries were mapped during repeat visits throughout the

nesting period.

It appears that the initial research of Balham (1954)

dealing with the behavior of Canada geese in Manitoba

sparked subsequent research dealing with territory size

changes (as discussed above and below) in breeding geese.

Balham (1954) gathered data on 5 nesLing pairs at Oak Point,

l'{anitoba. The geese used by Balham (1954) were all 4 5

years of age and progeny of wild geese from Island Park,

Portage Ia Prairie, Manitoba. Balham (1954) gave no

indication of how many times a day he checked the nests nor

how he measured the distance the gander was from the nest.

Balham reported that the sphere of influence (or size

of territory) of a pair varied in three respects: (1) a slow

change during the nesting period' (2) changes during

incubation relief, and (3) brief fluctuations related to the

level of the threshold of. the fighting reaction. Balham
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Figure 4. Relationship
from the nest and the
(cooper , 1978).

between
female' s

the
day

gander's distance
of incubation
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(1954) stated that the threshold of tolerance l.¡as lowered by

recent conflicts and hence the area defended was increased.

Balham (1954) reported that "it will be seen that a

sma1l area yras defended prior to laying the first egg.

Thereafter the area increased rapidly until incubation

began. From then oñr the territory gradually decreased

until hatching time, when it encompassed only the nest

mound. The territory ceased to exist after the young left
the nest" (p. 118). Ba1ham described an inverse

relationship between the size of the territory and the

intensity of the reaction of the defending pair to

intruders, as well as a reduction in territory size during
incubation (nigure 5).

Balham noted that associated with the reduction in size
of the territory during incubation was a reduction in the

number of waiting sites (or loafing sites) utilized by the

defending gander. "Às territory decreased in size, the

waiting male took up stations closer and closer to the nest,
it they were available. Under optimum conditions the males'

station by the third week of incubation vras close to, and in

f ul-I view of the nest" (p. 120 ) . Balham reported that if
the female left the territory the male defended an area

around her.

Observations by Brakhage (1965) concur with those of

Balham (1954). Brakhage (1965) examined both captive and
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Figure 5. Changes in the gander's territory during the
nesting period. This figure demonstrates the gandér's
decreasing aistance from the nest during the nestingperiod (salham, 1954).
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wild flocks of tub-nesting giant Canada geese at the Trimble

Wildlife Area in Missouri over a three year period. He

found that as "incubation progressed, the size of the

nesting territory decreased and the female became less

active in its defence" (p. 757). However, Brakhage did not

refer to the methods he used to arrive at his conclusion,

nor does he describe any statistical data he might have

obta i ned.

Brakhage (1965) speculated that a timing mechanism

existed which controlled the position of the gander with
respect to the stage of the incubation period. "Ganders

anticipated hatching and became attentive to their females.

À day or so before hatch, they forsook their dry loafing
sites and swam around the tub supports. This behavior v¡as

an almost infallible indicator of hatching time. The

ganders appeared to have a timing mechanism coinciding with
the incubation period" (p. 758). Brakhage reported that
when hatching was overdue by one or two days (due to dead or

infertile eggs), the ganders returned to their normal

loafing sites. Thus, gosling peeping from inside the egg

may not act as a stimulus or a timing mechanism for the

gander. Brakhage does not allude to other possible stimuli
that may explain the "timing mechanism" that controls Èhe

gander's distance from the nest.
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sherwood (1966) examined the behavior of giant canada

geese at the seney National wildlife Refuge in Michigan

between 1962 and 1965. sherwood (1966) witnessed the

decline of the territory defended by the gander as the
incubation period progressed. He reported that he courd

tell when the gosrings began to hatch when the gander had

moved to within a few feet of the nest. Sherwood

postulated that the timing mechanism hypothesized by

Brakhage (1965) is in fact an "innate timing mechanism".

sherwood observed a female incubating a clutch of sterile
eggs and stated that the gander stitl moved to the nest site
on the thirtieth day in anticipation of the hatch. sherwood
(1966) provides no empirical data to support his contention
that territory decreased as the incubation period progressed

or to support his postulation of an "innate timing
mechanism".

wormer (1968) also stated that toward the end of the
female's incubation period, the parent birds stay close to
their nests. As if aware of the coming event, the ganders

become more attentive. Little evidence is provided by

Brakhage or sherwood, and none by wormer, to support the
posturation of a timing mechanism controrling the gander's

behavior with respect to his distance from his nest.
Evidence for a decrease in territory size as the

incubation period lengthens exists in other species of
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geese. Mickelson (1975) stated that once Cackling geese

(Branta canadensis minima) selected a nest site, their
territory size increased abruptly, reaching a peak during

the egg laying period. Mickelson (1975) reported that for
Brant geese (Branta bernicla) territory increased in size,
reaching a peak when incubation first started. He added

that for both species, territory size decreased as

incubation proceeded until only the nest with its goslings

was defended.

Stroud (1982) reported that with the Greenland

white-fronted goose (Anser albifrons flavirostris) ttre male

spent the duration of the incubation period about 300-500m

from the nest but then moved to within 2m of the nest during

the hours preceding the hatch. Stroud did not attempt a

detailed examination of this ohenomenon.

Purpose of Studv.

Territorial shape and size in breeding geese is highly
variable (Collias and Jahn, 1959; Evraschuk and Boag, 1972;

Mineau and Cooke, 1979). The Iiterature indicates that the

size of a gander's breeding territory may change as a

function of the stage of the female's incubation period.

Mineau and Cooke (1979) provided evidence Èhat territory
increased as incubation progressed. Cooper (1978), Ogilive
(1978), and Ewaschuk and Boag (1972) contend that territory
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size remains constant throughout incubation. Balham (1954),

Sherwood (1966), Wormer (1968), Mickelson (1975), and Stroud

(1982) conclude that territory size decreases as a function

of the female's incubation period. It may be concluded that

no consensus has been arrived at with respect to potential
changes in the size of the gander's territory. The purpose

of this study s¡as to examine if the gander's distance from

his nest changes as a function of the female's stage of

incubat i on .

Territory in breeding Canada geese involves the defense

of an area of land or vrater surrounding the nest site. The

area defended by the gander may fluctuate as a function of

the f emal-e's stage of incubation. Knowledge of how the

territory defended by the gander fluctuates would be of

significant use to individuals or groups who manage Canada

geese. For example, it would be important to know how much

land is needed for each breeding pair of Canada geese in

order to appropriately manage them.

Obiective. The objective of this study was to

determine whether the size of the gander's territory changes

in relation to the female's incubation period. Data yras

collected from the beginning of the female's incubation

period (defined as beginning the day after the last egg vras

laid) to the hatching of the firsÈ gos1ing. The

independent variable was the stage of the female's



44

incubation period (measured in days) while the dependent

variable was the gander's distance from his nest (measured

in meters).

Justification. A review of the literature reveared
that no study has directly examined changes in the size of
the gander' s terr i tory as a f unct ion of the f emal-e' s

incubation period. The reviewed studies which deart with
the changing size of the gander's territory was always part
of a larger study which did not have as its primary
objective an examination of potential changes in territory
size. some of the research simpry gives "witnessed
accounts" while some provide no empirical support
whatsoever. This study wirl have as it's fundamental goal
an empirical examination of the ganders territorial size
shifts as a function of the femare's incubation period.

Testable hvpotheses. For the purposes of this study
four testable hypotheses were evaluated. They were:

(1) the gander's territory wourd increase as a function
of the female's incubation period.

(2) the gander's territory would decrease as a function of the
female's incubation period.

(3) there wourd be no change in the size of the gander's

territory as a function of the female's incubation period.
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(4) the size of the ganders territory wourd fluctuate as the

female's incubation period progressed.

Desiqn. The design that was used to analyze the data

collected in this study was a one-v¡ay anarysis of variance

with repeated measures over one factor (days).

Method

Subiects

Species used. The subjects observed and measured

during this experiment were a captive flock of wild giant
Canada geese (granta canadensis maxima) residing at the

Fietd station of the Avian Behaviour Laboratory at Glenlea,

Manitoba. Plastic neck collars numbered from 4 to 3OO

provided individuar identification of aIr flock members.

InitiaIly, all neck collars vrere yellow. Green neck

collars $¡ere later used to replace broken yel1ow neck

corlars. The numbers on the replaced green neck collars did
not match the initial number on the broken yellow neck

corlar. Each flock member has a Ieg band on its right leg,
around the tarsus bone. The right wing of each goose is
pinioned. Information regarding the measurements of

individual frock members in 1987 and the nesting history of

the flock can be found in Appendix À and Àppendix B. In
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1987 the flock consisted of 38 males and 43 femaLes, with a

mean age of 6.85 years.

Historv of the Avian Behaviour Laboratoryr s Goose

Flock. The initial flock of giant canada geese consisted of

eight geese brought from Bowling Green State University to
the University of Manitoba by Dr. L. James Shapiro in 1971.

This flock was previously part of the Kellogg gird Sanctuary

flock operated by Michigan State University. The birds
v¡ere initially housed in the basement of the Duff Roblin

building at the University of Manitoba and were later moved

to the Fort Whyte Cement Plant for the winters of 1971 and

1972. During the winter of 1973, the flock resided at
Island Park in Portage Ia Praire, Manitoba.

In 1974, the flock consisted of 22 birds. In an effort
to increase the size of the fIockr 109 goose eggs were

obtained from the Canadian wildtife Service from the Wascana

Waterfowl Park in Regina, Saskatchewanr oD 3 May 1975. Of

the 109 eggs that v¡ere placed into incubators, 52 goslings

lrere produced. The records indicate that in 1975 the flock
consisted of 19 adult geese and 52 goslings.

The flock was moved from Is1and Park, portage Ia praire,

to an unused Fur Farm that was located on the campus of the

University of Manitoba. The flock of geese resided here

during the winter from 1974 to 1977. The records indicate

that in 1975 the flock consisted of 71 birds and in 1977 it
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consisted of 46 birds. In 1977 and 1978 the flock was

divided into two portions for the summer months only. One

portion was housed at the Charleswood Sewage Lagoon in
I^tinnipeg, Manitoba, and the other portion gras rocated at the

Fierd station of the Avian Behaviour Laboratory at Grenrea,

Manitoba. The entire flock, however, was returned to the

Fur Farm during the winter of 1977. In 1978 the entire
flock consisted of 78 birds, 24 adults and 48 goslings

obtained from wascana. The entire flock was moved to the

Field Station of the Àvian Behaviour Laboratory on a
permanent basis in the faIl of 1978.

In 1978 a caboose was obtained and was permanently

located at the Fierd station. The caboose acts as a data

collection center for researchers using the facirity and is
presently equipped to accommodate researchers year round.

During the spring of 1g7g the Red River flooded its banks

and forced an emergency evacuation of the flock on Àpril
18th. The flock, now numbering 95 birds, lvas moved from the

Field station to a safe rocation adjacent to the dairy barn

compound at the Grenlea Àgricurtural Research station. The

flood resurted in the loss of 33 geese and the subsequent

rebuilding of the field station.
In 1980 the flock consisted of 62 geese. In 1981 the

records indicate that it had grown to 87 geese, with an

average weight of 4.95 kg (10.89 lbs) per goose. In 1981, a
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rip-rap shore-line was constructed around the 0.33 hectare
pond in the middle of the Fierd station of the Avian

Behaviour Laboratory.

In 1987, the goose flock consisted of gZ birds. Of

these 82, 39 t¡ere known to be males , 42 were known to be

females, and the sex of one goose was unknown (see appendix

À). rndividual histories of the geese and nesting data
pertaining to the years 1982 through 1 9Bg can be found in
Appendix B.

The Studv area

Location. The Fierd station of the Avian Behaviour

Laboratory, maintained and operated'by the Àvian Behaviour

Laboratory in the Department of psychorogy at the university
of Manitoba, was used as the study area for this project.
The Field station of the Avian Behaviour Laboratory is
rocated 20 km south of the university of Manitoba and is
situated on the grounds of the rarger Glenrea Agricurtural
Research station located at Glenrea, Manitoba, at latitude
49 39'North and longitude 97 07'west, at an erevation of
234 meters above sea level. The field station is situated
within the Red River valley portion of the Mississippi
f lyway .
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Predator-proof fence. The field station is home to a

captive pinioned flock of giant Canada geese (Branta

canadensis maxima) as werl as a captive pinioned frock of
marrard ducks (Ànas pratvrhvnchos pratvrhvnchos). The area

is enclosed by a 2 m high 5.08 cm chain-link fence thac vlas

erected in 1979-1980. Two strands of electric wire encircre
Èhe fence, 31 cm from the top and 57 cm from the bottom.

The fence has three rows of barb-wire strung along the top
of it and, at the bottom of the fence, smalJ.er Z.S4 cm wire
mesh extends 60.96 cm out from the chain-rink fence and then

continues up it for 60.96 cm. The main objective of this
fence is to contain the resident flocks and to protect them

from predators. Predators at the fierd station include
great-horned owls (gubo virqinianus), crows (corvus

brachvrhvnchos), magpies (pica pica), raccoons (procyon

lotor), skunks (Mephitis mephitis), fox (vulpes fulva),
woodchucks (Marmota monax), weasel (Mustera erminea), mink

(Mustela vison), and muskrat (ondatra zibethica). During

this study, crows (corvus brachvrhvnchos) were observed

foraging on the mallard duck eggs, and at least one mink

(Mustela vison) killed several malIards.

À caboose, obtained in 1978, functions as a base of
operations while researchers are at the fierd station. The

enclosed portion of the fierd station is t hectare in area

and contains a 0.33 hectare pond in the center. The birds
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can feed from one of six Model TF1 800 Ib. turkey range

f eeders (Hurst Equiprnent Ltd. , 75 Àrchibald Street,
Winnipeg, Manitoba, R2J 0V7) which contain pelleted food

along with various grains (i.e. oats, wheat, barley, corn,

triticale). For the major portion of the year a developers

ration in pellet form (15% protein) is provided. In

mid-January, a breeders ration in pelIet form, which

contains an increase in the amount of protein (18% protein)

which is needed by the geese for the breeding season, is
gradually introduced into the diet of the geese. It is
gradually introduced to prevent digestive disturbances that

might occur from an abrupt change in diet. À 7.62 m high

observation tower provides a clear view of the entire field
station (see Figure 6 for a map of the field station).

During the winter months, an over-wintering facility
was erected to provide shelter and open water for the goose

flock. The over-lrintering facility consisted of a modular

wood hothouse covered with plastic. Electric stock tank

heaters $rere hung from the roof of the hothouse in an open

area of the pond. The electric stock tank heaters v¡ere

available if they were needed to keep an area of water

inside the hothouse open and free from ice. During the

winter of 1987 the stock tank heaters vrere not used at all.

Nest sites. Three straw-bales were placed at each of

52 nest sites at the field station 11 March 1988. At this
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Figure 6. Map of the
Behaviour Laboratorv
Manitoba.

Fie1d Station of the Avian
situated at Glenlea,
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tirne, the ground was still frozen. The straw bales were

placed upon two wooden pallets (1.2m x 1.2m) ttrat were

stacked one on top of the other. The wooden pallets served

as a base for the nest site and are left out year round.

Ordinary roofing shingles were placed on top of the pallets

to prevent the goose eggs from dropping through the slats of

the wooden pallets. The straw-bales formed the actual nest

site. These bales are usually put in place in mid-March and

removed mid-June. The three straw-bales were placed at

right angles to one another, on top of the wooden pallets.
The open side of the nest site faced the pond. The

straw-bales vrere tied to the pallets, and to each other,

with binder-twine, to prevent nest site destruction (i.e.,

by the high winds in April). Straw nesting material were

placed inside each nest site.

Apparatus

A 30 m measuring tape with a 2.54 cm nail attached to

the end was used to measure a gander's distance from the

nest. A map of the field station vras used to plot each

individual gander's postion with respect to his nest on each

dat,a collection day.
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Procedure.

Data were collected from all nesting pairs. OnIy data

colrected from nesting pairs that successfully hatched one

or more goslings r¡ras used in the data analysis. Data

collected from nesting pairs that did not hatch a gosring or

abandoned a clutch of eggs nas not included in the data

analys i s .

Behavioral observations began the second week of March

1988. Ðata collection began as soon as a gander's female

began laying eggs and data collection continued until the

last mated pair hatched goslings. For each successful
nesting pair, data v¡as collected from the date the first egg

vras laid up until the family left the nest site. In
general , '1 987 nest ing records indicated that Apr i I 1 st i s

the approximate date by which the first goose egg can be

expected at the Field Station of the Avian Behaviour

Laboratory. The f irst goose egg v¡as found March 30th, 1988.

wild geese returning from their southern wintering grounds

were first sighted over the field station Àpril 1st 1988.

Daily checks of at1 nest sites began the first day of

Apri1, 1988. Dairy checks on individual nests terminated

after the goose family reft their nest with their gosrings.

Goose eggs y¡ere marked with a non-toxic "Flo-marker" (a felt
marker designed for safe-use for children washed off
easily with water). The first egg yras marked #1, the second
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marked #2, etc. , The date on which an egg y¡as laid was

recorded. DaiIy checks provided information about which

pairs had begun laying eggs and which females had begun

incubating their clutches. Incubation began after a female

laid her final egg. Incubated nests v¡ere characterized by a

female sitting on yrarm eggs, a down lined nesting bowI, and

a gander defending the nest site. Non-incubated nests y¡ere

characterized by cold eggs left unattended by the female who

remained in her gander's defended territory. Dropped eggs

(i.e. not found in a nest site but on the ground) and

abandoned clutchs were taken to the indoor facilities of the

Avian Behaviour Laboratory on the main campus of the

University of Manitoba where they nere placed into
incubators. One gosling from each successful nest was

pinioned (right wing) and added to the goose flock. The

remainder were sold to permit holders licensed by the

Canadian wildlife Service.

The ganders's distance from the nest vras measured and

plotted on a map of the field station during four daily data

collection periods. Each day's data collection periods were

randomly determined with the stipulation that consecutive

data collection periods must be at least one hour apart.

ÀI1 data was collected during daylight hours. For each

individual gander a single daily mean was calculated from

the four data collection periods which represented a

gander's distance from his nest on any given day.
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During a data collection period, the experimenter would

carefully record a gander's distance from his nest by using

a 30 m measuring tape. In doing so, the experimenter did
not displace a gander, i.e., observations on the gander's

position were initially taken from a distance and the

position of the gander was recorded. After the gander

moved the experimenter approached the gander's previous

location and measured the distance between that location and

the gander's nest site.
A 2.54 cm nail was attached to the end of the measuring

tape. The nail v¡as placed into the ground on the spot where

the gander had been located. The gander's distance from his
nest yras measured from the gander's previous location to the

nearest point of the wooden palret upon which sat the nest

of Lhe gander. If a gander was in his nest site, or on top

of his nest site, the distance was recorded as zero.

During periods when the female vras off the nest feeding

or drinking the gander would accompany her, often to the

other end of the field station. During these female

off-the-nest-periods (see page 68 for definitions of

'off-the-nest-periods) the gander's distance from the nest
yras not recorded. such data wourd not have refrected a

gander's true distance from his nest. rf a gander was not

within his territory, i.e., he was feeding or bathing, his
distance from his nest was not recorded. when femare or
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gander off periods occurred, the daily mean vras carculated

from the three remaining data collection periods.

À number of cues were used as reference points to
ensure that a gander's distance from his nest vras accurately
measured. Objects in the environment such as trees, rocks,
poles, pens, and fences $rere used to plot the position of a

gander. Frequently, a gander would leave a scrape or

indentation in the ground were he had sat. In addition,
footprints in the soil and fecal droppings also provided

cues leading to an accurate measurement of a gander's

position with respect to his nest. The use of colored

stakes at pre-measured intervals placed around a gander's

nest vras considered. It was felt that colored stakes could

be adopted as unnatural territory boundaries by a gander,

affecting the gander's distance $ras from his nest.

The independenÈ variable in this study was the stage of
the femare's incubation period. The dependent variable was

the gander's distance from his nest site. No controls l¡ere

used in this study. The use of control pairs was considered

but rejected in favour of a larger anticipated sample size

on which to collect experimental, data.

Behavioral observations on individual flock members

?¡ere recorded in a log book and indexed according to the

nest site that the individual member had chosen. For

exampre, behavioral- observations on gander #+ were recorded
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under the nest site #11. A Minolta Model x-700 35mm camera

was also used to record behaviors.

Results and Discussion

Nestinq Phenoloqv

Pre-Nestinq Period. The pre-nesting period was defined
as the period from the beginning of February, 1988, (flock
disintegration see below) to the end of March, 1988, (when

the first egg vras laid). observations on the goose frock
began the first week in January, 1988. Table 2 presents the

climatological data collected during this study.

Canada geese are a gregarious species. The goose flock
exhibited alleromemetic behavior (scott, 1968), congregating

outside the over-vrintering facirity on vrarm days and inside
on cold days (warm and cold being subjective observations

no temperatures were recorded). while outside the hothouse,

individual flock members maintained a resting position
(garham, 1954), sitting on the snorr¡ covered ice with their
head tucked underneath one wing and their feet elevated to
the side of their body, oft the ice. This posture serves a

thermoregulatory function

During periods of warmer weather in late February and

early March flock disintegration was observed with
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Tab1e 2. Climatological Data Recorded at the Glenlea
Research Station from January through
May, 1 988.
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Table 2

Climatoloqical Data Recorded at the Glenlea

Research Station from Januarv throuqh Mav, 1988.

Month Temperature Extremes Temperature Mean Precipitation
Maximum ( c) Minimum ( c) (cm)

January 0.0 33.5 19.0 (-19.7)t 12.0 (25.6)

February + 6.5 33.0 16.s (-16.4) 7.0 (27.3)

March + 11.5 18.0 s.0 (- e.0) 25.3 (23.e)

April + 26.0 13.0 + 5.3 (+ 3.4) o.z (37.4)

May + 34.5 7.0 + 15.0 (+11.4) 43.2 (s6.1)

* Figures in brackets represent canadian ctimate Norms for
the prairie provinces from 1951-1980 (environment Canada, 1981).
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individual pairs inspecting potential nest sites. canada

geese remain in crose physicar contact over the winter
(Raveling, 1969). rn the spring the flock breaks into two

groups. one flock consists of adult breeding pairs and

their yearlings while the other flock is a mixed frock of
potential breeders and singre adults (¡alham, 1954). The

flock at the Fierd station of the Avian Behaviour Laboratory
disintegrated into tvro groups also, however, no yearlings
v¡ere present in the 1987 flock because the previous year's
goslings had been sold.

The over-wintering facirity was disassembled and

removed from the ice 12 March 1988. Fifty-two nest sites
were prepared 11 March 1988. Àdult pairs vrere observed

selecting potential nesting sites 12 March 1999.

Nest buildinq Behavior. on 30 Aprir 1988, observations
were made on a f emai.e goose (#19 neck collar) while sne v¡as

constructing her nest. The female built her nest with no

assistance from the gander (#168 reg band no neck corrar).
Brakhage (1965) also reported that the male prays no role in
nest building. Femare #19 buirt her nest on the ground

rather than in a provided nest site. The femare build her

nest in less than two hours, and had raid her first egg

within one hour after nest completion. Nest construction
consisted of alternating between two nest buii-ding
behaviors: (1) gathering nesting material available within a
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360 radius around the nest area and within her reach as she

stood in the center of the nest and Q) formation of the

nest bowl by sitting in the center of the nest and moving

from side to side. Kossack (1950) referred to the formation

of the nest bowl by side to side motions as "wallowin9".

Nest Site Modifications. During very windy days (i.e.,

1 May & 2 May, winds of 60 kph) nesting material vras blown

out of the nest sites. In response to these circumstances,

one of two modifications were made to nest sites which

contained a clutch: ( 1) a barrier of three to f our rocks h'as

piled up at the entrance to a nest site or (2) a rubber tire
was placed inside the nest site with nesting mat.erial placed

inside the tire. These modifications prevented eggs from

rolling out of the nest and prevented nesting material from

being blown out of the nest. Both modifications provided

the added advantage of restraining the hatched goslings

inside the nest while the remainder of the clutch hatched.

Nestinq Period. The nesting period began as soon as

the first Canada goose egg $¡as laid. The first goose egg

v¡as laid March 30th, 1988, and marked the beginning of the

1988 nesting period. The last eggs (H=6) were laid 6 May

1988. Egg laying, therefore, occurred over a period of 38

days. Figure 7 plots the number of nesting pairs during the

1988 nesting period.
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Figure 7. Number of Nesting Canada geese
in 1 988.
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Nestinq Àttempts

À nesting attempt refers to a breeding pair that has

Iaid at least one egg in a nest. During the egg-Iaying
period 42 nesting attempts were made with seven nest sites
being utilized more than once. Thirty-four of 52 available
nest sites (65%) were used, while three additional nesting

sites were created by nesting geese (see Àppendix B).

During the nesting period, 177 goose eggs vrere laid (see

Table 3), of which four eggs were laid outside of a nest

site and abandoned by the female (i.e., dropped). Another

four eggs vrere laid by unmated females in unused nests.

I ncubat i on

I.ieIty and Baptista ( 1988 ) state that "the incubation
period may be defined as the time interval between the

laying of the first egg of a clutch and the hatching of the

Iast egg (assuming that all eggs hatch)" (p. 350). The

welty and Baptista (1988) aefinition of incubation was used

by this author. only the canada goose femare incubates the

clutch (Brakhage, 1965). The mean incubation period for the

fifteen females observed in this study was 29.3 days. The

Iongest incubation period (N=2) was 33 days in duration and

the shortest was 24 days in duration. Various authors

report different lengths of time for the femare's incubation
period. Dow (1943) reported incubation periods ranging
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Table 3. Canada Goose Production Summarv in 1988



67

Table 3

Canada Goose Production Summarv in i 988

Total % ot Tota1

Total Number of Eggs Laid

Breakdown

Taken to University of Manitoba

Hatched at the Field Station of

the Àvian Behaviour Laboratory

Left on nest by successful pairs

Broken during nesting period

Dropped

Laid by unmated females

177

66 37%

49

41

13

+

4

28%

23%

7"Á

2%

2%

Eggs teft in Nest by Successful Pairs:

Breakdown

Died while pipping

Died in shelI late in developmenÈ

Ðecomposed contents

Infertile

41

2

I
30

I

qo/

2%

73%

2 "/o



68

from 28 to 33 days. Kossack (1950) reported 25 to 28 days,

with a mean of 26 days, while Brakhage (1965) reported

incubation periods of 28 days.

During daily data collection periods, females well into
incubation usually remained on their clutch (also see

Raveling & Lumsden, 1977). Females still laying eggs would

evacuate their nest site but immediately return to their
nest when the experimenter left their nesting territory.
Females covered their eggs (aIso see Brakhage, 1965) when

leaving their nest for off-the-nest-periods. skutch (19G2)

refers to off-periods as a "recess". Brakhage (1965)

reports that the female leaves the nest twice daily for an

average of 15 min., usually during the first and last two

hours of daylight ('off-periods' will be used to describe

this behavior). During cold days (-20 C and below) some

females buried their eggs well into the nesting material.
During pipping, females kept the pipped area of the shel-l to
the bottom of the nest (see Kossack, 1950).

Hatchinq

Fifteen pairs of giant Canada geese were successful in
hatching out at reast one gosring. successfur pairs raid B5

eggs with a mean clutch size of 5.6 eggs and a range of 4 to
I eggs per clutch. Successful pairs hatched out a total of

45 goslings with a mean of 3.0 goslings per nest and a range

of one to six goslings per nest. The hatch rate of
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successful pairs of geese $¡as 52.9 percent. Kropman (1958)

stated thaÈ "hatchability of canada goose eggs in the wild
usually approaches 90%" (p.181). Tabre 4 summarizes various
hatch rates found in similar studies.

The reason for the relatively Iow hatch rate for this
flock during the 1988 nesting season is not known. The low

hatch rate for 1 988 may have been due to the high winds

experienced in the first week of May which may have

disrupted the female's incubation. The row hatch rate may

have been the result of the drought conditions that occurred

during the spring and summer of 1988 (see Tabre 2). The low

hatch rate may have aLso been the resurt of eggs being raid
early in April. These eggs were subject to freezing when not

incubated by a female. Tabre 5 summarizes the various hatch

rates of the Àvian Behaviour Laboratory's canada goose flock
from 1982 to 1988. Table 5 indicates that the hatch rate of

successful pairs in this flock has decreased between lgïz
and 1 988.

Nest Desertion. Of the 42 nesting attempts, 1S

attempts yrere abandoned at various stages of egg laying,
resurting in a 35% desertion rate. Eggs from abandoned

nests were taken to the Avian Behaviour Laboratory on the

Fort Gary Campus of the University of Manitoba where an
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Table 4. Hatchability of
as Reoorted in

Canada Goose Eggs
the Literature
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Table 4.
Hatchabilitv of Canada Goose Eqos

as Reported in the Literature.

Study Clutch Size Hatchabi I i ty

Brakhage (1965)

Dow (1943)

Hanson & Eberhardt (1971)

Klopman (1958)

1 954

1 955

Kossack (1950)

1945

1 946

Naylor (1953)

Raveling & Lumsden (19771

1967

1 968

1 969

Sherwood ( 1 966)

Steel, Dalke, & Bezean (1957)

rhis Study ( 1 988 )

5.50

s.09

5. s0

5.00

s.20

4.60

5.30

4.37

4.73

4.51

4.6-5.2

5.5

60.0

88.7

QtrN

97.0

60.0 %

77.0 %

79.3 %

85.0 %

78.0 %

79.0 %

95.0 %

86-88 %

52.9 %

o//o

o/

o/lo

o//o

Note: Years not in
which the author(s)

brackets represent the years in
collected their reported data.
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Tab1e 5. Hatch Rate History of Successful
Avian Behaviour Laboratory Goose
from 1982 through 1988.

Pairs of
FIoc k

the
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Table 5.

HaÇch Rale listorv of Successful pairs of the
4yien Behaviour Laboratorv Cooée FIock -
1982 throuqh 1988.

Year Number of

Successful Pairs

Number of

Eggs Laid

Number of Hatch Rate

Gosl i ngs

52.9 %

39

44

63.9 %

54.3 %

69.7 %

75

69

73.s %

81 .1 %

1 988

1 987

1986

1 985

1984

1 983

15

10

8114

608616

17

16

39

85

61

45

102

85

1982 10 54 72.2 %
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attempt was made to continue their incubation. Three nests
were classified as abandoned after the incubating femare

died (autopsy's indicated death due to virar infections).
In each case the male continued to protect the nesting
territory for several days after the death of his mate.

williams and Marshall (1937 ) reported a 4% desertion rate,
Ðow (1943) reported a 6.5% (1939) and a 7.3% (1940)

desertion rate, while Steel, Dalke, and Bezean (1957)

reported a 15% desertion rate and Nayror (1953) reported a

23.9% desertion rate.

Po1voamv. Canada geese are generally monogamous.

Polygamy has been reported in captive or semi-tame frocks
(Kossack, 1950; Ba1ham, 1954; ColIias and Jahn, 1959;

Brakhage, 1965) and in free frying geese (rabricius and

Boyd, 1985). Raveling (1969) reports that in the majority
of cases, the sex ratio is one male to two femares, with the
male attending to one dominant female (Brakhage, 1965).

one case of polygamy was observed during the course of
this study. rt resulted in a female abandoning a crutch of
eight eggs. Initially, one male (#102) protected two

different nest sites containing two separate females (neck

collars #27 5 and #282). The initiar resurt was that the
male defended a very large territory thaL encompassed the

nest sites of two different females. The first female
(#282) taid eight eggs in nest site 59 and subsequently
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abandoned her clutch Àpril 14th, 1989. The second femare

(#275) Iaid her first egg Àpril 10, in nest site #51 (see

Figure 6 for nest site tocation). As a resurt of femare

#282 abandoning her clutch, male #102 shifted his
territorial boundaries in the direction of female #z7s's
nest site, who had arso abandoned her eggs. However, female

#275 remained within the nesting territory surrounding her

nest, and was defended by gander #102. Female #27s and mare

#102 remained within this nesting Lerritory for the

remainder of the nesting season. rn this case, female #27s

was the "dominant fema1e". Female #ZgZ spent the rest of
the 1988 nesting season as a single goose and did not
initiate another clutch.

The present researcher has observed other cases of
polygarny in this flock during the 1986 and 1987 nesting
seasons. rn 1987, the sex-ratio of the goose flock was 39

males to 42 females (see Àppendix À). This slightly skewed

ratio may explain the presence of porygamous relationships
within this breeding colony.

Nestinq Density. The Field Station of the Àvian

Behaviour Laboratory is one hectare in area, with a 0.33

hectare pond in the center portion, leaving 0.67 hectares

avairable for nesting canada geese. Reports of nesting
densities differ across authors. Johnson (1947) stated that
at the seney National wildrife Refuge in Michiganr nesting
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birds cannot be crowded, and should be limited to one
nesting pair per each 0.2 ha of nesting terriLory. Hanson
and smith (1950) reported one nesting pair per rake,
however, they do not specify the size of the rakes. Janson
and Nelson (1948) reported 54 nests per 0.4 ha, on small
islands in an irrigation reservoir in Southeastern rdaho,
whi le NayJ-or ( 1 9s3 ) reported 31 nests on o .z ha. Kropman
(1958), at Dog Lake, Manitoba, stated that ,,each breeding
unit may evolve a pair distance that is specific to the
colony" (p. 175) . Balham (1gs4) also stated that ,,the f act
geese tolerate crowding in some cases and not in others may
be due to racial differences" (p. 117).

rn the present study, the distance from a successful
nest to the next cl0sest successful nest represented the
nearest nesting neighbour distance. The mean distance Èo
the nearest nesting neighbour v¡as 15.35 m (measured from the
center of the nest) wittr the cl0sest successful nesting
pairs being 10.s2 m apart and the farthest 20.05 m apart (sp
= 3-20). unsuccessfur nests averaged 16.g7 m apart (So =

s.03).

Distance of Nests From water. the mean distance that
each successf ul nest was f rom water Ì{as 15.44 m, the
shortest distance was 5.59 m and the greatest distance from
water was 44.95 n (so = 11.5?). unsuccessful nests (defined
as nest sites that had eggs laid in them but did not hatch)
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averaged 24.12 m from water (sD = 14.33). Kossack (1g50)
found that breeding canada geese under refuge conditions
were between 0.76 cm and 31 m from water, with the majority
being within 2.13 m from water. Kropman (19sg) reported
that 12 of 104 nests were more than 36.4 m from water and 13

nests lrere within 19.2 m of water. Dow (1943) reported that
90% of. all nests were surrounded by r+ater or within g.e1 m

of water.

Kropman (1958) states that nest sites near water
provide better visabirity for the gander and a guick escape
route and an immediate food source for the goslings.
williams and Marshall (1937) concruded that it is ',difficult
to evaluate the rear significance of nearest to water
because of the comprex interrelationships of environment
f actors in general" (p. 84 ) . This author agrees that it vras

difficurt to determine the significance of the distance each
nest site was from water.

Distance From the Nest. Data collection began
mid-april and continued through the first week in June.
Data nere colrected upon all nesting pairs. Fifteen nesting
pairs were classified as successfur (by rratching out at
least one gosring) and were incruded in the data analysis.
The first successfur nesting pair hatched their first
gosling on May 1Oth, while the fifteenth pair hatched our
their clutch June 1st. Table 6 contains data collected from
lhe successfur nesting pairs during the 19gg nesting season.
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The data yrere analyzed using a one-way analysis of
variance with repeated measures over days. For statistical
purposes, only data collected from the rast 24 days of
incubation was included in the data analysis. This
procedure was followed so that an equal number of
observations was obtained on each of 24 days. Data
collected from the rast 24 days of the femares' incubation
period incruded the day of gosling hatch. Day 0 represented
the day that the first gosling hatched. The days of
incubation prior to hatch v¡ere referred to as ,days prior to
hatch'. Hencer one day prior to hatch was represented by

I
-t.

À significant main effect was obtained for the ganders,
distance from the nest, f (231322) = z.ggr p < 0.001. The
mean distance from the nest over 24 days was 5.11 m, ranging
from 1.95 m to 6.28 meters (see Figure g). with the
exception of the Day 0 mean (1.95 m), the means between Day

-23 and Day -1 indicated a very restricted range within
which the ganders' distance from the nest varies. Tabre 7

provides the mean distance (and range) for fifteen ganders,
distance from the nest over the 24 days of data corlection
and the standard deviation for each day. post-hoc

comparisons using the Tukey's studentized range test (nso)
on all main effect means indicated that the mean of Day 0
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lable 6. Data collected From successfur Nesting pairs
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Table 6

Data ColÌected From Successful Nestinq Pairs

Pair #'s
Male Female

Hatch Date E/G I ncub GI{D

( days ) (m)

1 8s 295

wild 104

231 46

10 120

195 186

173 206

286 296

291 1 09

+ ¿¿3

192 197

31 248

285 27

14 277

176
21 0c 254

May 10

May 12

May 11

May 13

May 14

May 15

May 16

May 17

May 19

May 24

May 25

May 25

May 29

May 31

June 1

NN

(m)

10.52

10.52

18.68

17 .10

12.42

17 .10

15.15

13.05

16.00

18. s3

16. 00

19.72

13.05

20.05

12.42

DP

(m)

6.49

6.07

5.78

24.85

7.30

7.75

20 .46

26.94

s.59

44.95

18.00

8.26

26.94

16.0s

6. 18

6/s

8/1

8/5

5/1

5/3

6/5

6/1

4/1

4/3

8/6

5/1

5/4

s/1

5/3

5/s

30

27

31

31

29

30

29

JJ

32

24

29

28

33

26

27

3.30

2.98

6.23

7 .69

4.25

1 .71

8.01

1 .80

6.05

2 .60

9.76

3.52

6.19

8.69

5.11

Key: Pairs
E/G
I ncub
GMD

NN
DP

Number represents neck collar number
Eggs Iaid/goslings hatched
tength of f emal-e' s incubat ion per iod
Gander's mean distance from the nest over
female' s incubation period.
Distance to nearest neighbour from nest
Distance to pond's edge from nest
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differed significantly ( p r .05) from aII of the other 23

day means. There rvere no other statistically significant
compar i sons.

The Huynh-Feldt Epsilon test, which measures sequentiar

effects of the independent variable, v¡as 0.sb20. The value

of the Huynh-Feldt Epsilon test should be over 0.75,
indicating independence between days. The type rIr sums of
sguares (error term) was very Iarge, indicating the
potential presence of an outlier within the data.

The Dixon criterion (a small sample (n

outliers) indicated that the Day 0 mean ( 1 .95 m) vras an

outlier. However, the Day 0 mean vras not an outlier due to
an error, but a meaningful outlier in terms of the collected
data.

The data $¡ere then investigated further to find the

significance of the Day 0 mean. À one-way analysis of
variance with repeated measures over days with the mean of
Day 0 (day of gosring hatch) removed f rom the data ser vras

used to analyze the data. The results indicated no

signif icant main ef fect, F(22, 308) = 0.94r p > 0.0S. The

resurts indicated that most of the variabirty within the

data, which resurted in a significant overarl F (r = 2.88, p

be attributed to the Day 0 mean. when the Day 0 mean is
removed from the analysis, the one-way analysis of variance
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becomes non-significant. The mean distance from the nest

over 23 days became 5.24 m, ranging from 4.40 m to 6.28

meters. All of the 23 mean distances (excruding Ðay 0) from

the nest are within or less than 1.88 m of each other,
indicating a very restricted range of means.

These results indicate that with the mean of Day 0

included in the analysis, there is a significant ( p.
0.0001) main effect. gthen the mean of Day 0 is removed from

the analysis, there is no main effect. The removal of the

mean of Day 0 also results in a narrower range of values
(¿.gZ m to 6.45 m vs. 1.97 m to 6.54 m).

The full set of data were subsequently analyzed using a

regression analysis. The data indicated no significant (r
(1r22) = 1.83, p < 0.189) relationship between the ganders'

distance from the nest and the femare's incubation period

when using the fuII model (y = 4.73 0.032X). Figure 9

represents the regression line for the fuIl model. The

coefficient of determination (i.e., r ) $¡as 0.03.

The data vras further analyzed using simple regression

procedures with the mean of Day 0 removed from the data seÈ.

The results indicated a non significant (f (1,21) = 0.003,

p < 0.9546) slope of the regression line, under the

restricted moder (y = 5.25 + 0.0008x). The coefficient of

determination was 0.0002 (see Figure 10). The coefficient of

determination measures how much variation in the dependent



83

variabre can be accounted for by the independent variabre.
The removal of the mean of Day 0 in the regression anarysis
resurted in a change in the slope of the regression rine
from slightly negative under the furr moder (- 0.032) ro
srightly positive (+ 0.0008) under the restricted model.

The regression rine (rutt model) indicated that the
ganders' distance from their nest 23 days prior to gosling
hatch varied randomly around the mean distance, except on

day 0 (day of gosling hatch) where it significantry differed
from the mean and was classified as a meaningful outrier.
For the twenty-three days prior to gosling hatch the
ganders' distance from their nest randomly varies between
4.40 m and 6.28 m. on the day of gosling hatch (oay o) the
mean distance from the nest is significantly reduced to 1.95
meters. These data indicate that the gander significantly
decreased his distance from his nest as a function of Lhe

first gosling to hatchr âs shown in Figure g.

The distance a gander was from his nest did not decline
gradually (¡alham, 1954; Brakhage, 1965; Mickelson, 1g75;

sherwood, 1966; stroud, 19Bz; wormer, 1969) or increase
(Mineau and cooke, 1979) as a function of the female's
incubation period. Rather, it remained constant untir the
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Figure 8. Plot of Gander's mean distance from hisnest. Day 0 indicates day of gosling hatch.
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Table 7. Data for Fifteen Ganders'
From the Nest During the
Incubation Period.

Mean Distance
Female' s
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Table 7

Data
Nest

for Fifteen Ganders'
ourinq the FemãlF

Mean Dista nce From the
r ñãlFallãn Period.

Days Prior
to Hatch

Mean
Di stance

Range (m)
Minimum Maximum

Standard
Deviat i on

(hatch) 0

a
-l

-2
-3
-4
-5
-6

-8
-9
-10
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
-22
-¿5

I OR

4 .40
6.28
5 .62
4.54
4.71
5.02
5.40
5.57
5.87
5.46
4.90
3. t3
5. 59
5.61
5 .42
Ã?o
5.25
5.45
5.28
4.87
s.38
q '1 tr

4.7 4

0.00

0.00
0.78
1.34
0.07
0.15
1.72
0.30
0.16
0.75
2.17
0.00
0.72
0.73
0.00
0.31
0.22
0.38
0.00
0.00
0.00
0.00
0.00
0.26

9.10

10.45
14. 10
11.01

9 .14
9.11

10 .67
11.11
14. 15
| ¿. s3
12.92
11 .69
16.54
11.01
10 .71
11 .40
11 .08
11.73
11.11
0. 34
2.06
1 .05

12.53
9.82

2.52

3.8s
3.98
2 .60
3.08
2 .48
2.69
3.07
3.72
3.43
3.06
3.43
4.16
3 .43
3.29
3. 18
3 .41
3.57
3.19
3.30
3.36
3.33
3.43
2.86

m

m

m
m

m
m

m
m
m
m
m

m

m
m

m
m

m

m

m
m

m

m

m
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Figure 9. Fitted regression line for Ganders mean
distance from the nest. FuIl Model (y =4.73 0.032X) with 95% confidence limits.
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Figure 10. Fitted regression line for Ganders mean
distance from the nest. Restricted Model(y = 5.2s + 0.0008x) wittr 95% conf idence
limits.
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time of hatching when it decreased to within 1.97 m of the
gander's nest site. The distance a gander was from his nest

did not remain constant during the female's ent.ire
incubation period (Cooper, 1978; Evraschuk and Boag, 1972;

Ogilive, 1978; Owens and Wells, 1979). The ganders' did not

decrease their distance from their nest until at least one

gosling had hatched. This decrease was rerated to the time

of gosling hatching, and not to gosling pipping. peeping of
goslings can be heard in the shell 48 to 60 hours before

hatching, with the gosling taking 6 to 24 hours to emerge

from the egg once pipping had begun (Kossack, 1950). Other

authors report that 24 hours are required for the crutch to
hatch (Brakhage, 1955; Collias and Jahn, 1959; Kossack,

1950; Macrnnes, 1962). The data indicate that the gander's

distance from his nest did not diminish during the gosring's
pipping period.

Balham ( 1 954 ) reported that the area the gander

defended increased rapidly until incubation and then

gradually decreased until hatching when it encompassed only
the nest (as shown in Figure 5). The results of the present

study do not support Bal-ham' s ( 1954 ) conclusions.

Brakhage (1965) reported that the size of the nesting
territory decreased as incubation progressed. However,

Brakhage provided elevated wash tubs to be used as nest

sites and, furthermore, provided logs to be used as
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artificial loafing sites for the ganders. The positioning
of the artificial roafing sites may have resulted in the

reduction of the ganders' territory. Brakhage (1965) stated
that "a day or so before the eggs were to hatch, they
(gander's) forsook their dry loafing sites and svram around

the tub supports" (p. 762). Brakhage posturated an "innate
timing mechanism coinciding with the incubation period" (p.

762). The results of this study do not lend support to
Brakage's (1965) position for the ganders' did not decrease

their distance from the nest until at least one gosling had

hatched. Evidence to support the idea of an "innate timing
mechanism coinciding with the incubation period" vras not

obtained in this study.

In a similar study, Cooper (1978) concluded that the

territory size of the gander remained constant (see Figure
4). Cooper (1978) based his conclusions on a very large
sample size (N=611) and plotted the gander's distance from

his nest during a 28 day female incubation period. cooper's
results indicate that for 611 ganders, the incubation period

of each of their 611 females yras 28 days. The resurts of

the present study indicate a mean incubation period of 29.3

days, ranging from 24 days to 33 days of incubation. other
authors report incubation periods ranging from 25 days to 33

days (see pp. 65-68 of this study).
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This information leads one to question the validity of
cooper's (1978) resurts. specificarly, one has to question
how cooper (1978) obtained 6'1 1 femare canada geese who all
incubated for 28 days. cooper states, within the same

article, that he measured the incubation period for 34

nests, reporting that "23 completed hatching in 27 days, g

in 28, and 3 in 26 days" (p. 51). cooper (1979) arso states
that he estimated Lhe time of raying of the rast egg. rt
seems highly improbabre that cooper (1979) obtained 611

female canada geese which arr incubated for exactly 2g days.

The fact that cooper himself reports, within the same

article, incubation periods between 26 and zg days leads one

to question the validly of his results.
It is hypothesized that the goslings provide the

stimurus which causes the gander to decrease his distance
from his nest. The goslings may provide a "timing
mechanism" for the gander who reacts by reducing his
distance from his nest site. The ganders' distance from the
nest decreased as the goslings hatched, not prior to their
hatching, and failed to occur when the femare's crutch was

overdue (i.e., did not hatch on day zg of incubation).
Ganders' associated with females who remained on the crutch
weeks after the expected hatching date did not reduce their
distance from the nest. For exampJ.e, female #1g (neck

coÌlar) who is the mate of male #1529 (green neck colrar)
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incubated her eggs several days after the expected hatch

date. Figure 11 demonstrates that male #1szg did not reduce

the size of his territory on or near the expected day of
gosling hatch. A regression analysis indicated that the
distance gander #152 h'as from his nest remained consÈant 1 1

days prior to and 1 1 days after the expected gosling hatch

date (r (1,21) = 0.23, p. < 0.6383). The regression moder

was I = 3.42 0.01x. These resurts do not lend support to
the suggestion of an "innate timing mechanism" controlling a

gander's distance from his nesr.

The results of the present study indicate that some

sort of stimurus is needed before the gander will decrease

his distance from the nest. presumably, the biorogical
significance of this reduction in territory size is that it
would bring the gander closer to the nest, enabring the
gander to provide better protection for the incubating
female and the hatching gosrings. secondly, with the gander

closer to the nest, the famiry unit wourd be together in
anticipation of nest exodus. During gosling hatching, the
vocarizations of the newry hatched gosrings increase the
vocal output emanating from the nest. Hence, the nest

becomes more perceptibre to potential predators. The

immediate physical presence of the gander ar-lows for an

increased level of nest/gosling defence.
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Figure 11. Gander #152,s mean distance from his nest.Figure demonstrates no reduction in territory ãi"ã---when eggs of female #18 did not hatch.



t1

E.
Ê
N

D
I
9e
I

Ê
N

t,
F
R

0
Ì1

4
T
t-l

E

N
¡3
q

T

I
N2
tl

GANDER #152'5 MEAN DISTANCE FROM HIS NEST
95% CONFIDENCE INTERVAI.S

o
I

TIIlE

I-r I 3

( I NCUBÊT I 0N PER I 0D 0F FEflÊLE n I I )

\



98

sentrv positions. Each nesting gander occupied one or
more sentry positions or guard posts during the female's
incubation period. Balham (1954) referred to loafing sites
of the gander as "waiting sites" andr ês the territory
decreased, the waiting gander took up waiting sites that
r'rere closer and croser to the nest. Brakhage (1965)

reported that at the Trimble wildlife Area every nesting
territory included waiting sites or sentry positions.

Sentry positions $¡ere always on land. À sentry
position was a preferred rocation within the gander,s
territory from which the gander initiated territoriar
defense. preferred positions were evident by the
accumulation of gander fecal matter at that position.
sentry positions ylere not random positions within the
gander's territory, but strategic points within this area.
rn general, the locations of the sentry postions vrere

between the incubating female or nest site and the nearest
neighbour' s sentry position.

sentry positions yrere infruenced by crimatorogicat
conditions and topographical factors. For examprer oÍr hot
sunny days many gander's moved their sentry positions under
trees or behind nest sites in an effort to reach shaded
areas away from lhe sun. under these conditions, a senE,ry
position took on a thermoregulatory function.
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sentry postions arso changed as a result of nest exodus

or nest abandonment of the nearest pair. such a situation
usually resulted in the gander moving towards the previously
occupied territory. Minor changes (ress than 2 ù in sentry
positions occurred as the resurt of aggressive encounters or
threats between neighbouring ganders. These changes

resulted in smalr deviations around the preferred sentry
position. Balham ( 1 954 ) reported simirar observations.

The sentry position moved within 2 m of the nest site
during hatching. some ganders moved their sentry position
to the top of the straw bares which comprised their nesr

site or into the nest site itself, in which case both the
gander and the female were inside the nesting structure
during hatching.

Function of Breedinq Territory. Ryder (1975)

hypothesized that the ganders territory must be rarge enough

to provide sufficient food supplies during the incubation
period yet smarr enough to enabre the gander to protect the
nest site from conspecifics. Food was availabre for the
geese at the fierd station. Therefore, for this flock of
giant canada geese, food was not a resource affecting
territorial size or boundaries (expect in one instance,
where a gander defended one feeder of food against all other
geese). .The author hypothesizes that the function of the
breeding territory was to provide a sanctuary for the
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female, where she $¡as free from harassment from other geese.

The role of the gander was to defend the female. when a

female left the nesting territory, the gander would

accompany her off the territory and would not remain to
defend the nest site. rn one instance, a gander (#47)

abandoned a femare (#12) on a nesting territory with four
eggs. The female remained on the eggs, but was continualry
harrassed by other nearby nesting pairs until she abandoned

her clutch.

Territorv size and Boundaries. The rargest territory,
as calcurated from a gander's mean distance from his nest
over the entire incubation period was 9.76 m, whire the
smallest was 1.71 m (see Tabre 6), the average mean distance
from the nest for this flock v¡as 5.19 m (so=z.7s; N = 1s).
Territories were crassified by the researcher as smarr,
medium or large (criteria: smart 0.00 to 3.99 m, medium 4.00
to 6.99 m, large 7.00 to 9.99 m). Six ganders were

crassified as having smarr territories, five had medium

territories, and four had large territories. This data
supports the view that the size of the breeding territories
in giant canada geese is highry variabre between individual
pairs (ColIias and Jahn , lg'g; Ewaschuk and Boag, 1972;

Mineau and Cooke, 1979) .

Territory size vras affected by environmental
heterogeneity, with items in the environment providing



101

natural boundary Lines between some pairs. Environmentar

obstructions that were utilized as naturar boundaries

incruded large trees, terephone poIes, stacked hay bales,
feeders, the predator proof fence, and the pens for holding
waterfowl (see Figure 12).

Summary

Fifty-two nest sites were prepared March 11, 199g.

Adul-t pairs were observed selecting nesL sites March 12,
1988. The f irst goose egg $¡as raid March 3oth, ..|9gg, and

marked the beginning of the 19BB nesting period. The Last
eggs (¡¡=6) were laid May 6, 1988. Thirty-four of Sz

avairabre nest sites (or 6s%) were used, while three
additional nesting sites were created by nesting geese.

During the nesting period, 177 goose eggs vlere laid.
The mean incubation period for fifteen femares was zg.1

days. The J.ongest incubation period (N=z ) h'as 33 days in
duration and the shortest incubation period was 24 days.
successful pairs laid 85 eggs with a mean clutch size of 5.5
eggs with a range of 4 to I eggs per crutch. successful
pairs hatched out a totar of 45 gosrings with a mean of 3.0
goslings per nest and a range of one to six goslings per

nest.
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Figure 12. Territorial Boundaries of successfur Ganders
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The objective of this study was to determine whether
the size of Èhe gander's territory changed in relation to
the female's incubation period. The subjects observed
during this experiment were a flock of wird giant canada
geese. Data was collected from arl_ nesting pairs. Fifteen
nesting pairs were crassified as successfur (by hatching out
at least one gosring) and were included in the data
analysis. The data were analyzed using a one-way analysis
of variance with repeated measures over days. A significant
main effect was obtained for the gander's distance from the
nest, F (231322) = 2.88r p < 0.001. with the exception of
the Day 0 mean (the day of gosring hatch), the means between

Day -23 and Day -1 indicated a very restricted range within
which the ganders' distance from the nest varied. post-hoc

comparisons using the Tukey's studentized range test on arl
main effect means indicated that the mean of Day 0 differed
significantly ( p. .05) from all of the other 23 day means.

There !{ere no other statisticalry significant results.
These data indicate that the gander significantly

decreased his distance from his nest as a function of the
first gosling to hatch. rt was hypothesized that the
goslings provide the stimurus which causes the gander to
decrease his distance from his nest.
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KEY TO ÀPPENDICES

KEY EXPLANÀÎION

* indicates that a neck colrar and/or Ieg band has
been replaced with a different numbered band/corrar
(i-e- the previous band/corrar had been lost).
The number in brackets represents the previous
band/co1lar number.

(t'l) rndicates Mike Mahoney's geese hatched in 1gg2.

(o) Indicates death of a goose.

LB Indicates leg band number

UM Indicates an unmarked goose (no neck col1ar/Ieg band)
that is pinioned.

I^IB rndicates a wild f ree f rying goose (unpinioned).

AB Àbbreviation for "Abandoned"; indicates that a

nesting pair had abandoned a clutch of eggs.

HÀTCH Refers to the date the first gosring in a crutch
hatched.

?? Incomplete data

NMALE Female goose raid an egg in a nest site, without a

male present.
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Avian

Àppendix À

Behaviour Laboratory Goose FIock

October 1987

MaIe Geese

NECK

COLLÀR

LEG AGE

BAND (yeens)

CULMEN

2(cm)

CULMEN TOTAL T^TEIGHT

I^rr DTH ( cm ) TARSUS ( cm ) ( r,ns )

* 4 (1509) Z+ 10 7.12

* 5 (184) 184 5 7.10

i' 10 (139) 139 8+ G.96

r, 14 290 5 6. 96

r, 17 49 8+ G. 86

21 21 10 6.65

28 (204) 204 7+ 7,42

31 31 13 6.56

* 40 (1tg) (o)* 40(29s) 5 6.85

44 (¡l) 44 4 7.01

47 47 13+ 7.36

102 ? 7 6.89

121 121 7 6.98

122 ?? ?? ??

1 30c 286 ?? ??

t 132 (p) 114 7 7.33

2 .48

2.20

2.40

¿.5¿

2.28

2.30

2.43

2.44

2.34

2.26

2.54

2.34

2.38

??

??

2 .43

12 .60

12.60

13 .44

11.45

12.00

12 .14

12 .11

11 .38

11.57

11.31

11.76

12.14

11.41

??

??

11.40

13.1

11 1

12 .3

13.s

12.8

13 .2

12.0

11.1

10.8

11.4

12 "3
1R ?

12 .4

??

??

11 .2
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Male Geese 1987 (continued)

NECK

COLLAR

LEG AGE

BÀND (yeens)

CULMEN

2

CULMEN

WIDTH

TOTAL

TÀRSUS

WETGHT

( r.gs )

136 185 5 7.30

143 ? _ 6.52

1479 138 tZ 6.98

148s (128) 1zB 7 7.Oz

1529 242 B+ 7.54

165 165 7 7.98

1729 (231) 231 B+ 7.04

173 173 10 6.63

1779 (161)¡b 150(161)12 7.01

186 186 5 6.42

190 't 1GB S 7.4g

191 191 s 7.30

192 192 5 6.91

196 ?? ? ??

¿.3¿

2.14

2.24

2.51

2.36

2.31

2 .48

2.27

2.41

2.28

2 .39

2.40

2.28

??

11.88

9. 95

12 .48

12.20

12.15

12.99

11.94

12.00

11 .94

10.28

12.04

t¿.¿3

11.72

??

13.7

12.0

14.2

16.3

9.9

t¿. I

13.6

12.3

1 3.9

12.0

13.9

12.8

11.6

11
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MaIe Geese 1987 (continued)

NECK

COLLAR

LEG AGE

BAND (yeans)

CULMEN

2

CULMEN

Ì^TIDTH

TOTÀL WEIGHT

TARSUS (rns)

200s (2e1)

2039

209s

210s (12q)

256

261 (ru)

274

292

296

5 7.35

5 6.75

6 6.74

7 7.72

8+ 6.92

4 7.54

? ??

5 7.29

6 6.50

12.34

11 .38

11.74

11.s9
'1 0 .46

12.17

11.36

10.73

291

195

28s

124

256

261

??

292

296

3 .37

2.36

2 .44

2.52

2.55

2.33

??

2.48

2.32

12.0

12.9

13.5

11.6

| 5.5

11.6

??

13.5

10.5
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Appendix À

Avian Behaviour Laboratory

October 1987

Female Geese

Goose Flock

NECK

COLLÀR

LEG AGE

BAND (YEARS)

CULMEN

2

CULMEN

WIDTH

TOTAL

TÀRSUS

WETGHT

(r¡s)

6

* 11 (250)

12

't 13 (o)

18

t 19 (288)

22 (o)

t 24 (193)

¡, 27

* 35 (119)

46

104

108

109

115

120

68+
2s0 (M) 10

12 13

122 7

18 10

288 5

22 10

193 s

240 8+

119 7

46 10

104 7

108 7

109 7

115 7

120 7

10.64

12.29

11 .14

10.67

11.75

10 .82

11.30

11 .62

10.28

1 0.84

10 .72

10.51

12.04

'11.28

11.08

10.58

6.27

7.33

6.52

6 .40

b. /5

6.45

Þ.+)

6.90

6.26

7.02

6 .46

6. s5

6.94

6.81

6 .43

5. 3g

2 .10

2.24

2 .48

2.27

2 .11

2.23

2.30

2.22

2.17

2.20

2.10

2.54

2.46

2.19

2.19

2.22

11.0

8.4

10.4

12.1

12.2

9.3

11 .4

10.6

10.6

8.9

11.3

10 .7

14.2

14.0

9.4
'10.5
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Female Geese 1987 (continued)

NECK

COLLAR

1 309

186

187

189 (o)

196

197

201s (182)

206s (220)

206

223

248

254 (u) *

274

275

277

LEG AGE

BAND (yeens)

CULMEN

2

CULMEN

WIDTH

TOT.AL

TARSUS

WEIGHT

(rss)

286

186

187

189

196

197

182

220

206

223

248

162

274

275

277

5 6.42

5 6.42

5 6.36

5 7.06

5 6.s0

5 6.72

s 6.20

8+ 7 .25

8+ 6.57

8+ 6.91

8+ 6.56

4 6.45

6 6.57

6 6.77

4 6.29

2 .02

2.28

2.04

2.30

2.28

2.17

2.28

2.46

2.16

2.29

2.20

2 .11

2.16

2.19

2.39

11 .78

10 .28

10.63

11.02

10 .42

11 .24

10.50

12.79

10.84

11 .34

11 .13

11.89

11.10

10 .34

10.89

9.7

12 .0

9.6

1i.8

1 0.6

11.9

1 0.0

14 .1

9.6

10 .2

9.8

9.7

11.4

10.3

10.6
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Female Geese 1gB7 (continued)

NECK

COLLAR

281

282

283

287

289

292

293

296

298

299

300

LEG AGE

BÀND (yeens)

CULMEN

2

CULMEN

WIDlH

TOTÀL

TARSUS

WETGHT

( ¡,¡s )

10 .2

??

QO

11.0

11 .7

??

12.8

1 0.5

11 .7

??

12.2

281

??

283

287

289

??

293

296

298

??

300

6 6.66

6??
6 6.54

s 6.38

5 6.35

? ??

5 6.44

5 6.50

5 6.28

???
5 6.78

2.12

??

2.12

1 .99

2.24

??

2.30

2 .32

2.29

??

2.16

11.11

??

10.48

10.96

10.76

??

10.74

10.73

10 .64

11 .72
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Àppendix A

Àvian Behaviour Laboratory Goose Flock

October 1987

Sex Unknown

NECK LEG ÀGE CULMEN CULMEN TOTÀL WEIGHT

COLLAR BÀND (YNANS) Z WIDTH TARSUS (LBS)

* 15 (o) 213 8+ 6.90 2.27 12.45 13.4
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Appendix B

Goose Nesting Records 1 988 1982



125

1 988 GOOSE NESTING RECORDS

NEST MALE/FEMALE 1ST EGG LÀST EGG HÀTCH #DÀYS #EGGS #GOS

2 124L8 254 APR 30 MÀY 6 ,¡uHe 1 26
3 195L8 186L8 ÀPR 8 APR 17 MÀY 14 27
4 NMALE 197 ÀPR 28 APR 28 0
5 2B5LB 27 ÀpR g FROZE 0
5 2g5BL 27 ÀPR 20 ÀPR 29 MÀY 25 26
7 1S2c 18 ÀpR 5 ÀpR 15 0
9 231L8 46 ÀPR 2 APR 12 MÀY 11 29

11 4 223 ÀPR 15 ÀPR 19 MÀY 19 30
13 NMÀLE 2O1G MÀY 3 uay 3 _ 0
16 154L8 13 ÀPR 28 ÀPR 30 FEMALE DÏED
19 128L8 3OO APR 5 APR 10 ABÀNDON O

1g 274 108 ÀPR 22 ÀPR 22 0
20 T.TTLD 104 ÀPR 5 ÀPR 15 MAY 12 27
21 261L8 1 

.I9LB ÀPR 6 APR 12 ÀBANDON O

22 185TJM 293 APR 5 APR 12 MÀY 10 28
24 24 .143G 

APR 29 APR 29 ABÀNÐON O

26 ?? ?? MAy 2 ¡¿ay OB 0
30 173 206 APR I APR 16 MAY 14 28
33 17 6 ÀPR 26 MÀY 6 MAY 31 25
PENS 286L8 296 ÀPR 12 APR 19 MAy 16 27
42 21OG 254 ÀPR 12 APR 16 ÀBÀNDON O

43 31 248 APR 10 ÀPR 10 ABÀNDON O

5

6

1

1

6

6

I
4

1

2

4

1

I
6

6

1

6

6

5

6

4

1

tr

3

0

0

=

0

5

5

0

0

0

0

1

0

5

0

0

E

?

I

0

0
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1988 Goosg NESTING REcoRDS (coNrrNueo)

NEST ¡¿er,e/FnMAr,n 1ST EGG LÀST EGG HATCH #DAYS #EGGS #GOS

43

45

47

48

51

52

53

53

53

54

55

56

56

tro

RO

61

62

63

STRAW

STRÀI,I

31LB 248

154L8 13

291L8 1 09

't 4 277

102 275

1 43c 24

21 22

191 299

128L8 300

256 283

10 120

256 283

2s6 283

102 282

192L8 197

40LB 298

47 12

196 292

1 68LB 1g

1 68LB 19

ÀPR 24

APR 8

APR 10

ÀPR 14

ÀPR 11

ÀPR 12

APR 5

APR 12

APR 22

APR 13

ÀPR 6

ÀPR 12

ÀPR 29

ÀPR 3

ÀPR 19

APR 10

ÀPR 19

APR 17

ÀPR 12

ÀPR 30

ÀPR 29

APR 8

APR 17

APR 29

ÀPR 15

APR 12

ÀPR 10

ÀPR 18

APR 28

ÀPR 21

APR 14

APR 17

MÀY 6

APR 12

MÀY 2

ÀPR 18

APR 25

APR 22

APR 19

MAY 9

MAY 25 26

ABANDON O

MÀY 17 30

MAY 29 30

ABANDON O

ABANDON O

ABÀNDON O

FEMÀLE DIED

REMOVED O

ÀBÀNDON O

MAY 13 29

ABÀNDON O

JUNE 2 27

ABANDON O

MAY 24 22

ABÀNDON O

ABÀNDON O

ÀBÀNDON O

ÀBÀNÐON O

ABÀNDON O

5

1

7

6

4
I

4

4

4

5

4

5

I
I
4

4

5

2

4

1

0

1

I
I

0

0

0

0

0

0

1

0

5

U

6

0

0

0

0

0
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1988 SI.'MMARY

NEST SI TE : USED i 34 / 52 ( 65%')

CREÀTED : 3

UNUSED : 18/52 (35%)

TOTAL EGGS : 177

TOTÀL GOSLTNGS 2 45

TOTÀL FLOCK SUCCESS : 25.4%

SUCCESSFUL PÀIRS (N=15) UHSUCCESSFUL PAIRS (¡¡=22)

TOTÀL EGGS

TOTÀL GOSLINGS

HÀTCH SUCCESS

AVG CLUTCH STZE

85

45

52 .9%

s. 66

87

0

0%

3.9s

MARCH 30 1 988

MÀY 6 1988

TOTÀL NUMBER OF INCUBÀTION DÀYS : 437

NTJMBER OF SUCCESSFUL PAIRS : 15

AVERAGE INCUBÀTTON PERIOD 29.1

(nnou LÀsT EGG To HATcH)

LONGEST INCUBATION PERIOD : 33 DAYS

SHORTEST : 24 DAYS

FÏRST EGG LÀID

LÀST EGG LÀID
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1987 GOOSE NESTING RECORDS

NEST MALE/FEMÀLE 1ST EGG LAST EGG HATCH #DAYS #EGGS #GOS

2

4

6

I
9

11tl

19

¿l

22

23

¿6

PENS

TI RE

TI RE

30

37

ÀPR

APR

APR

MAR

APR

APR

APR

ÀPR

ÀPR

ÀPR

APR

?

APR

APR

ÀPR

MAR

6

29

11

30

6

7

6

6

6

7

9

139 120

203c 1 86

290 277

231 46

1 50G 223

UM 104

148c 300

192 197

1 85 293

191 299

191 299

1 30c 296

1 90 288

17c 298

173 206

1s2c 18

APR 18

MÀY 1

APR 20

APR 15

APR 18

ÀPR 16

ÀPR 15

APR 11

APR 16

ÀPR 18

APR 16

??

APR 26

MÀY 11

APR 27

APR 25

MAY 12

ÀBÀNDON

MÀY 24

MÀY 10

ÀBANDON

MAY 12

ÀBANDON

MÀY 10

ÀBANDON

MAY 17

ÀBÀNDON

?

ÀBANDON

ÀBANDON

MÀY 15

ABANDON

24

34

25

26

29

29

?

19

7

2

6

7

5

5

7

7

7

7

5

?

6

6

tr

3

5

U

2

6

0

5

U

6

rr

?

0

0

0

1

0

16

16

10

28
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1987 coosg NESTTNG REcoRps (coHrrHueo)

NEST I¡ETB/TEMATE 15? EGG LAST EGG HATCH #DAYS #EGGS #GOS

43

45

47

48

48

49

50

52

54

55

56

59

61

62

64

31 248

117c 122

138 11s

47 12

47 189

275 102

275 102

21 22

155 6

121 281

256 283

114 283

292 201G

292 201c

44 196

ÀPR 2

APR 8

APR 4

APR 4

APR 30

MÀR 29

APR 5

APR 4

ÀPR 8

ÀPR 10

ÀPR 9

APR 19

APR 13

APR 9

APR 8

ÀPR '1 1

APR 16

APR 18

APR 27

MÀY 4

MAR 29

ÀPR 27

APR 11

APR 14

APR 27

ÀPR 18

ÀPR 27

APR 21

APR 25

APR 15

MAY 10

MAY 11

ÀBÀNDON

ABÀNDON

ABANDON

ABÀNÐON

ABANDON

MAY 8

MAY 12

ABÀNDON

ÀBANDON

?

ÀBÀNDON

ABÀNDON

,)

29

25

7

6

I
13

3

1

20

6

5

6

6

5

5

5

5

28

28

2

5

0

0

0

0

0

5

+

0

0

?

0

0

,)

1
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1987 SUMMARY

NEST SITES: USED = 27 OE 50 (54%)

CREATED= 4 (TrRE, IIRE, PENS, BESTDE 4g)

UNUSED = 23 OF 50 (46%)

TOTAL EccS = 184

TOTAL GOSLINGS = 39

TOTAL FLOCK SUCCESS = 21.2 %

SUCCESSFUL PAIRS

TOTÀL EGGS

TOTAL GOSLINGS

HATCH SUCCESS

AVG CLUTCH SIZE

(¡¡=10) uNsuccEsSFUL pArRS (¡r=17) u¡lxNowH (H=a)

61

39

63.9%

6.1

106

0

0%

o.¿

17

?

?

4.25

TOTÀL NUMBER OF INCUBÀTION DÀYS . 296

NUMBER OF SUCCESSFUL PÀIRS : 10

ÀVERAGE INCUBÀTION PERIOD : 29.6 DAYS

(FRoM LÀsT EGG To HATcH)

LONGEST INCUBÀTION PERIoD: 34 DÀYs

SHORTEST 19 DÀYS

FIRST EGG LÀID : MÀRCH 3OTH 1987.
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1 986 GOOSE NESTING RECORDS

NEST MALE/FEMÀLE 1ST EGG LÀST EGG HÀTCH #ÐAYS #EGGS #GOS

1

2

5

6

7

I
9

12

1^l=

18

19

20

21

22

23

26

1 39 120

1 90 288

NC 18

290 277

231 46

231 46

NC 223

144 104

144 254

1 08 274

NC 300

204 119

192 197

1 85 293

NC 193

121 NC

APR 23

APR 30

ÀPR 1

APR 25

ÀPR 1

ÀPR 29

APR 11

APR '1 
1

MAY 1

ÀPR 5

ÀPR 1

ÀPR 3

ÀPR 10

ÀPR 3

APR 21

APR 14

MÀY

MÀY

MÀY

ÀPR 17

ÀPR 22

MÀY 7

APR 11

APR 17

ÀPR 16

APR 11

MÀY 29

JUNE 5

ABANDON

JUNE 2

ÀBÀNDON

ÀBANDON

ABÀNDON

ABANDON

ÀBÀNDON

ÀBÀNDON

MAY 27

ABANDON

MAY 15

ABANDON

ÀBANDON

ABÀNDON

52
71
70
52
70
50
60
40
50
40
81
40
43
60
60
70

1

I
29

28

31

46

29
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1986 coosg NESTTNc REcoRps (coNrr¡¡unn)

NEsr tfer,e/reMar,e 1sT EGG LÀsr EGG HATCH #DAYS #EGGS #GOS

30

35

44

46

47

48

49

5l

53

54

5b

59

60

62

PENS

STRAW

PENS

173 206

286 296

31 248

246 122

NC 109

47 12

102 275

216 289

21 22

114 282

16s 6

195 186

256 283

NC 298

138 11s

NC 287

292 182

286 296

ÀPR 23

APR 11

ÀPR 11

ÀPR 11

ÀPR 16

APR 11

ÀPR 13

ÀPR 30

APR 28

APR 25

APR 23

APR 30

MÀY 20

ÀBANDON

MÀY 7

MAY 12

MÀY 13

MAY 12

ÀBANDON

ÀBÀNDON

ÀBÀNDON

MAY 11

MÀY 11

ÀBANDON

MÀY 19

ÀBÀNDON

ÀBANDON

ABÀNDON

ABANDON

MÀY 29

APR

APR

ÀPR

ÀPR

APR

ÀPR

APR

MAY

APR

APR

ÀPR

ÀPR

APR

APR

ÀPR

APR

APR

APR

18

7

J

5

8

2

29

2

3

5

20

15

10

14

18

15

21

27

¿b

31

32

26

30

28

21

29

2

6

6

5

6

7

3

6

6

5

7

6

6

5

6

6

4

0

tr

1
I

q

I

0

^

0

4

=

ñ

5

0

0

0

0

6

123

181

DEÀTHS:
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1 986 SUMMÀRY

NEST SITES: USED =

CREATED=

UNUSED =

TOTAL EGGS = 188

TOTÀL GOSLINGS = 44

TOTAL FLOCK SUCCESS = 23.4%

SUCCESSFUL PÀIRS (¡T = 14)

TOTÀL EGGS : 81

TOTÀL GOSLINGS 2 44

HATCH SUCCESS : 54.3 %

ÀVG CLUTCH SIZE : 5.78

TOTAL NUMBER OF INCUBATION

NUMBER OF SUCCESSFUL PAIRS

ÀVERÀGE INCUBATION PERIOD

(nnou LAST EGc To HÀTcH)

LONGEST INCUBÀTTON

SHORTEST

FIRST EGG LÀID

PERIOD:

31 0F s0 (çz %)

3 (2 PENS, 1 sTRAw)

19 0F 50 (38 %)

UNSUCCESSFUL PÀIRS (N = 20)

DÀYS

107

0

0%

q ?tr
J.JJ

413

14

29.5. ÐÀys

46 DAYS

21 DAYS

ÀPRIL 3OTH 1 986
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1 985 GOOSE NESTING RECORDS

NEST MÀLE/FEMALE 1ST EGG LAST EGG HATCH #DAYS #EGGS #GOS

J

4

7

9

20

21

22

23

24

27

28

29

30

1 90 288

290 277

203 18

231 46

209 223

204 119

192 197

144 169

272 104

1 85 293

114 282

191 299

294 300

173 206

APR 17

ÀPR 18

MAR 29

APR 2

MÀR 30

APR 1

ÀPR 13

APR 7

ÀPR 10

APR 17

APR 1

APR 13

APR 7

ÀPR 10

APR 23

APR 23

APR 9

ÀPR 11

ÀPR 5

APR 9

APR 18

APR 12

ÀPR 22

APR 22

APR 13

APR 22

ÀPR 14

ÀPR 18

MAY 22

ÀBANDON

ABÀNDON

MAY 10

ÀBANDON

MÀY 8

MAY 16

ABÀNDON

ABANDON

ABANDON

ABANDON

MÀY 18

ÀBANDON

MAY 16

29

29

5

3

I
6

5

6

5

?

6

5

I
6

5

7

5

0

0

2

0

4

4

0

0

0

0

6

0

7

29

28

26

28



13s

1985 coosg NESTTNG REcoRps (coNrrxueo)

NEST MeTe/TeMÀI,e I STEGG LASTEGG HÀTcH #DAYS #EGGS #GOS

33

44

45

47

50

53

54

59

60

62

63

64

STRAW

STRAW

111 120

31 248

246 122

47 12

102 275

21 22

286 296

165 6

256 283

29s 298

23 170

189

138 115

271 1 86

292 182

APR 13

MAR 30

APR 5

APR 13

APR 6

APR 6

ÀPR 12

APR 7

ÀPR 15

ÀPR 20

ÀPR 7

APR 17

ÀPR 7

APR 6

MÀY 9

APR 20

ÀPR 9

APR 24

APR 20

ÀPR 12

APR 12

APR 18

APR 26

ÀPR 24

ÀPR 26

APR 16

ÀPR 24

ÀPR 15

ÀPR 12

MAY 13

ABÀNDON

MÀY 6

MAY 13

ABANDON

ÀBANDON

MAY 13

MÀY 18

MAY 27

MÀY 22

ABÀNDON

MÀY 13

ABÀNDON

MÀY 21

MAY 11

JIJN 1O

27

19

31

30

31

28

27

36

29

28

5

6

6

6

5

c

5

5

=̂

7

L

4

4

R

0

4

J

0

0

?

¿+.

3

0

1

0

3

4

3
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1985 SUMMARY

NEST SITES: USED = 27 OF 65 (41.5 %)

CREÀTEÐ= 2 (STRAW)

UNUSED = 38 oF 65 (S8.4 %)

TOTAL EGGS = 155

TOTÀL GOSLINGS = 60

TOTAL FLOCK SUCCESS = 45.3 %

SUCCESSFUL PÀIRS (N = 16) UNSUCCESSFUL PAIRS (N = 12)

TOTAL EGGS : 86 62

TOTÀL GOSLINGS : 60 O

HÀTCH SUCCESS : 69.7 % O%

Àvc CLUTCH SrzE : S.37 5.17

TOTÀL NUMBER oF INCUBATIoN DAYS: 455

NUMBER OF SUCCESSFUL PAIRS : 16

AVERÀGE TNCUBATION PERIOD : 28.4 DÀYS

(rnou LAsr EGc To HÀTcH)

LONGEST INCUBATIoN PERIoD: 36 DAYS

SHORTEST 19 DÀYS

FIRST EGG LÀID : MARCH 29TH 1 985
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1984 GOOSE NESTTNG RECORDS

NEST MALE/FEMÀLE lSTEGG LASTEGG HÀTCH #DÀYS #EGGS #GOS

I

2

+

q

7

12

14

17

20

21

22

23

24

26

27

294 300

111 120

203 18

1 86 271

231 46

209 223

122 246

1 08 274

204 119

NC 197

144 169

4 ?4 ?tÞt Þ

222 188

104 272

220 1 09

ÀPR 22

APR 8

MÀR 30

ÀPR 14

ÀPR 4

MAR 30

ÀPR 8

ÀPR 12

MÀR 30

MA,Y 1

ÀPR 3

ÀPR 8

APR 16

APR 8

APR 9

ÀPR 16

APR 11

APR 15

APR 21

ÀPR 13

APR 5

ÀPR 15

ÀPR 12

APR 13

MÀY 1

ÀPR 7

APR 13

MAY 3

APR 19

APR 23

AB

MAY 12

AB

MÀY 18

MAY 10

AB

MAY 11

AB

MAY 11

JUN 4

MÀY 9

AB

AB

MAY 1 'I

MAY 14

31

27

27

27

22

20

3

6

I
5

6

5

6

1

I
+

4

6

6

7

7

0

4

0

q

4

0

6

0

3

5

0

0

3

28

29

32
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1984 GOOSE NESTING RECORDS (CONTINUED)

NEST MÀLE/FEMÀLE lSTEGG LÀSTEGG HATCH #DAYS #EGGS #GOS

28

29

31

43

48

49

5'l

52

þJ

54

58

62

64

121 281

114 282

173 206

31 248

47 12

102 275

2s 139

191 299

21 22

165 28

256 283

23 170

138 1 1s

APR '13

ÀPR 6

ÀPR '13

ÀPR 9

APR 13

ÀPR 5

ÀPR 26

ÀPR 19

APR 3

APR 9

APR 17

APR 10

APR 7

MÀY 22

MÀY '10

MÀY 17

MAY 14

MAY 19

ÀB

AB

AB

MÀY 10

MÀY 14

ÀB

MÀY 14

ÀB

ÀPR

APR

APR

ÀPR

APR

ÀPR

ÀPR

MAY

ÀPR

23

1-lt¡

19

17

21

13

26

1

14

16

25

28

29

28

27

28

¿o

22APR

APR

??

12

I
5

6

6

6

6

I
I

6

6

6

5

6

I

3

5

6

6

n

0

0

5

5

rì

3

0
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1984 SUMMARY

NEST SITES:

TOTAL EGGS

TOTAL GOSLINGS

TOTÀL EGGS

TOTAL GOSLINGS

HÀTCH SUCCESS

AVG CLUTCH SIZE

USED = 28 OF

CREATED= 0

UNUSED = 37 OF

= 157

=75

102

75

t5.5

6.0

65 (+Z.t %)

6s (56.9 %)

UNSUCCESSFUL PÀIRS (N = 11)

55

0

% 0"/o

5.0

TOTAL FLOCK SUCCESS = 47.7 %

SUCCESSFUL PÀIRS (N = 17)

TOTAL NUMBER OF INCUBATION DÀYS:

NUMBER OF SUCCESSFUL PATRS :

AVERAGE INCUBATION PERIOÐ

(rno¡¿ LÀST EGG To HATcH)

LONGEST INCUBATTON PERIOD:

SHORTEST

FIRST EGG LÀIÐ

458

18

25 .4

32 DAYS

20 DÀYS

MÀRCH 3OTH 1984
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1 983 GOOSE NESTING RECORDS

NEST MÀLE/FEMALE lSTEGG LÀSTEGG HATCH #DAYS #EGGS #GOS

7

9

14

17

19

20

21

22

23

25

26

27

28

29

31

231 46

209 223

122 246

1 08 274

47 12

204 119

42 248

144 169

242 251

135 141

1 04 272

220 1 09

220 109

114 282

173 206

APR 4

ÀPR 18

APR 14

APR 28

ÀPR 17

ÀPR 9

APR 7

APR 10

APR 24

ÀPR 10

APR 19

ÀPR 10

APR 14

APR 25

ÀPR 14

APR 14

ÀPR 24

APR 24

APR 28

ÀPR 26

APR 20

ÀPR 11

APR 14

APR 24

ÀPR 19

ÀPR 26

APR 10

APR 19

MAY 4

APR 21

MÀY 13

MAY 22

MÀY 20

ABANDON

MAY 23

MÀY 17

ABÀNDON

MAY 13

ABANDON

ÀBANDON

MAY 23

CRÀCKED

MÀY 16

MAY 29

MÀY 19

29

28

26

29

27

19

27

25

25

28

7

.*.

0

4

6

0

2

0

0

2

0

4

E

6

I

6

I
I

5

6

7

5

1

4

1

6

6
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1983 GOOSE NESTING RECORDS (COWITNUNO)

NEST MELE/TEMAI,E lSTEGG LÀSTEGG HATCH #DÀYS #EGGS #GOS

?R

42

43

+5

47

49

53

54

Êtr

58

61

64

STRÀW

203 18

14 174

209 223

31 248

139 25

102 275

21 22

165 28

161 6

256 283

23 170

138 11s

111 120

ÀPR 5

MAY 2

APR 5

MÀY 1

ÀPR 6

ÀPR 20

ÀPR 10

ÀPR 28

APR 7

APR 28

ÀPR '1 
1

ÀPR 8

APR 25

APR 10

ÀPR 19

APR 24

APR 14

MAY 2

APR 16

APR 20

APR 15

APR 29

ÀBANDON

ÀBANDON

ÀBANDON

ÀBANDON

ÀBANDON

MÀY 21

MÀY 19

ÀBANÐON

MAY 12

ABANDON

MAY 17

MAY 13

MÀY 27

27

25

26

I
+

6

6

7

4

J

6

6

6

4

7

4

0

0

0

0

0

3

2

0

6

0

3

7

3

27

27

28

DEÀTHS: 42

219

MIKE MAHONEY'S GEESE : 44 261

45 262

250 254
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1 983 SUMMÀRY

NEST SITES: USED = 27 OF 65 (41.5 %)

CREATED= 1

UNUSED = 38 oF 65 (58.46 %)

TOTAL EccS = 142

TOTAL GOSLINGS = 69

TOTAL FLOCK SUCCESS = 48.6 %

SUCCESSFUL PÀIRS (H = 16) UNSUCCESSFUL PÀIRS (N = 12)

TOTAL EGGS

TOTAL GOSLINGS

HATCH SUCCESS

AVG CLUTCH SIZE

85

69

81 .2 %

s.3

JI

0

0%

4.75

TOTÀL NUMBER OF INCUBÀTION DAYS i 423

NUMBER OF SUCCESSFUL PAIRS i 16

AVERAGE INCUBATION PERIOD : 26.4 DAYS

(rnoI¿ LAsT EGG To HATcH)

LONGEST INCUBÀTION PERIOD: 29 DÀYS

SHoRTEST 19 DÀYS

FIRST EGG LAID : APRIL 4TH 1983
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GOOSE NESÎING RECORDS

NEST MALE/FEMÀLE lSTEGG LASTEGG HATCH #DAYS #EGGS #GOS

1982

2

J

6

9

11

18

20

21

22

23

25

27

283
29

46

49

58

59

61

203 18

259 260

231 46

14 174

209 202

164 28

42 248

154 9

144 169

242 23

225 223

220 1 09

23 170

173 206

161 6

139 25

47 12

21 22

138 1 15

ÀPR 21

ÀPR 18

APR 16

MÀY 5

ÀPR 18

APR 28

ÀPR 18

APR 14

APR 23

APR 14

ÀPR 30

APR 24

ÀPR 24

ÀPR 17

ÀPR 10

APR 23

MAY 1

MAY 17

ÀPR 27

ÀPR 18

ÀPR 24

APR 24

MÀY 3

ÀPR 21

APR 27

APR 30

MÀY 2

APR 28

APR 30

ÀPR 26

APR 21

MÀY 1

MÀY 5

MÀY 21

MAY 25

ABÀNDON

MAY 22

ABANDON

ÀBANDON

MAY 29

MAY 20

ÏNFERTTLE

INFERTILE

ÀBANDON

MAY 29

MAY 31

MAY 29

TNFERTILE

MAY 21

¡,lAY 29

MÀY 30

ABANDON

28

28

27

35

30

30

28

25

5

¡

7

3

6

5

5

0

6

7

9

4

2

5

6

10

6

5

4

¿

0

1

0

0

+̂

tr

0

0

U

0

4

1

5

0

9

3

5

0
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DEÀTHS: 29

45

103

125

127

202

225

228

273

NOTE: TRIO 3-23 170



145

1982 SUMMÀRY

NEST SITES: USED =

CREATED=

UNUSED =

TOTÀL NUMBER OF INCUBÀTION ÐAYS

NUMBER OF SUCCESSFUL PÀIRS

AVERAGE INCUBATION PERIOD

(rnou LAsT EGG To HATcH)

LONGEST INCUBÀTION PERIOD

SHORTEST

FIRST EGG LÀID

FIRST GOSLING

19 0F

0

46 0F

6s (29.2 %)

6s (70.8 %)

286

10

28.6 DAYS

DÀYS

DÀYS

ÀPRIL 1 OTH 1982

MAY 2OTH 1982

TOTAL EGGS = 96

TOTAL GOSLINGS = 39

TOTAL FLOCK SUCCESS = 40.6 %

SUCCESSFUL PÀTRS (¡¡ = 10) UNSUCCESSFUL PAIRS (N = 9)
TOTAL EGGS : 54 42

TOTAL GOSLINGS : 39 9

HATCH SUCCESS : 72.2 % O%

AVG CLUTCH SIZE : 5.4 4.6

35

25
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THE END


