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Abstract

‘Studies of a nesting colony of Ross’ geese at

Arlone Lake, in the Perry River region, N.W.T.,
during the summers of 1963 and 1964 are described.
The explorations, climate, vegetation, fauna, and
Eskimos of the area are reviewed. The history

of the Ross’ goose in the Perry River region is
given.

The following factors in the biology of Ross’
goose are discussed: arrival dates, nest initiation,
incubation, post-nuptial movements, mortality,
predation, productivity, and competition.

Sight reports of Ross’ geese during the spring
migration of 1964 are correlated with the north-
ward movement of the 40°F isotherm. The
possible advantage of this migration-control
mechanism is discussed.

No courtship behaviour was observed during

the study period at Arlone Lake, suggesting that
such activities are completed farther south. Ross’
geese use islands for nesting, presumably as a
defence against mammalian predators. Highest
nest densities were found in the mixed, birch,
rock, and open areas, which provide both cover
and grazing areas.

Eggs are laid every 114 days with an 8- to 9-day
egg-laying period. Clutch sizes, which average
three, may be controlled by the short Arctic
season. Late nesters lay smaller ¢clutches. Only 93
frost-free days are available to complete the
reproductive phase, In 1963 and 1964 the Ross’
geese utilized over 80 per cent of this period.

The high degree of attentiveness during the
incubation period results in maximum hatching
success. Mortality and predation are generally low
on the nesting islands. Productivity was estimated
from counts of 1-week-old and younger broods.
Most losses in 1964 occurred in the United States.
Goslings are polymorphic with gradations
between vellow and grey. A differential mortality
against female goslings occurs during the first 3
weeks of life. It is suggested that a large influx

of lesser snow and blue geese during the reproduc-
tive phase would be detrimental to the Ross’ geese.
It was concluded that the population of Ross’
geese nesting at Arlone Lake in 1963 and 1964
was not subjected to excessive limiting factors.
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A number of factors on the islands cause some
loss of young Ross’ geese. The extensive birch stands
act as traps from which the newly haiched goslings
find it impossible to escape once entangled. Twenty-
one goslings in 1963 and 17 in 1964 were rescued
from these areas. It is likely that many more
goslings were not found because it is hard to see
them under the thick cover. Apparently the trapped
goslings are abandoned by their parents who make
no extra effort to recover their progeny other than
calling them. Old, Eskimo caches and rock piles
acted as traps in the same way, but to a lesser
extent. It seems almost ironical that the most
favoured nesting habitat (birch and rock) should
be somewhat detrimental to the young.

Egg loss to predators was generally low at
Arlone Lake. In 1963 the hatching success was
exceptionally high (93.5 per cent). The presence of
arctic foxes at the start of the season in 1964 de-
creased the potential production and success of the
colony, but survival in the late 1963 season was not
much better. Foxes destroyed 144 Ross’ and 122
lesser snow geese nests in the first week in June
1964. In 1964, island E was deserted because of the
destruction of nests by arctic foxes. Once the foxes
leave the colony the goose nests are preyed upon
by only a small number of avian predators, from
which the geese suffer little. The geese stay close
to their nests and are adept in warding off the
predators.

Egg fertility is high in Ross’ geese. Not more than
1 per cent of the total eggs in the colony were
sterile. Cooch (1958) found that infertile, crumpled,
and rolled out eggs seldom exceeded 1 per cent of
the total in blue geese. Hanson (1950) found that
fertility in the Canada goose (Branta canadensis)
was 93 and 94 per cent in California and Utah
respectively.

Competition with the lesser snow goose
The Ross’ geese nesting at Arlone Lake share the
islands with the larger and often more aggressive

" lesser snow geese. In 1963 and 1964, 726 and 356

snow geese were recorded nesting at Arlone Lake.
It was of interest to find out whether the two species
competed for nesting sites and food, and to dis-
cover if the presence of the larger species had any
detrimental effect on the productivity of the Ross’
goose population,

Calculations of snow goose nest density were
made for each habitat on all the islands and in
addition the feeding grounds were observed daily
to detect any evidence of behavioural competition
for food. ‘
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Table 20 presents the density of snow goose nests
at Arlone Lake for 1964. With such a small popula-
tion of a potentially competitive species in a com-
paratively large colony of Ross® geese, it is difficult
to arrive at any definite conclusions regarding nest
site preference of the snow goose in this area. The
data do suggest that they, like the Ross’ geese,
shun the open regions and prefer the cover afforded
by edge areas of birch and mixed habitats. Although
this apparent similarity of nest site could easily give
rise to a serious competitive situation, there was
no evidence of it occurring at Arlone Lake. Density
and clutch sizes of Ross’ geese in the regions of
highest density of snow geese (i.e. mixed areas of
islands C and D) were the same as in areas where
snow goose density was low (islands A and BB,
mixed areas), suggesting snow geese were not dis-
placing Ross’ geese from preferred nesting locations.

TABLE 20 Nesting densities of the lesser snow

geese at Arlone Lake (nests per 1,000

sq. ft.)
Habitat
Island Open Rock Birch  Mixed
A 0.06 0.81 1.01 0.44
B1B> 0.08 0.74 1.63 0.44
C 0.07 1.66 0.63 1.66
D 0 0 1.02 4.61

Food is abundant in the area. Numerous feeding
stations around the pools on the tundra mainland
attract small groups of integrated flocks of snow
and Ross’ geese at all times of the day. Interspecific
interactions were far less common in these areas
than were the intraspecific type between Ross’
geese. Only when an individual came too close to
another did a dispute occur.

The threshold of competition between the lesser
snow goose and the Ross’ goose is not known, but
at present it does not appear to have been reached
in the Arlone Lake colony, at least to the point
where it has noticeable effect on the Ross’ goose
population. If many of the larger species were to
migrate into the Perry River region some time in
the future, effective displacement of the Ross’ geese
might occur. Cooch (1963) is of the opinion that if
blue-phase Anser caerulescens continue to increase
in the Hudson Bay drainage, a population capable
of supplying large donor populations to the western
regions will be established within 15 to 20 years.

‘That possibility is disturbing in view of the relict

distribution of the Ross’ goose, which may have
resulted, as Maclnnes and Cooch (1963) say, from
competition with the larger and more - aggressive
A. caerulescens. If the blue-phase and white-phase
snow geese invade, in ever-increasing numbers, the
specialized nesting habitat of the Ross’ goose, then
the Ross’ goose populations of the central Arctic
may be displaced into an environment to which
they cannot readily adapt.

The foregoing is speculative and has not yet been
observed in any existing colony of Ross’ geese.
The obvious limiting factor at Arlone Lake is nest-
ing space, which could be seriously depleted by a
substantial increase in the population of lesser snow
and blue geese.

Banding operations

Banding operations were a major part of the post-
breeding study of the Ross’ goose. Information
from banding is essential for future determination
of mortality, life-table construction, and migration
routes. Very few Ross’ geese have been banded in
the immediate vicinity of the nesting grounds in
the Perry River region (see Hanson et al., 1956;
Maclnnes and Weske, 1962).

The banding techniques used were those outlined
by Cooch (1953). A temporary camp was con-
structed (Fig. 3—cabin) from which the operations
were based. Each day we canoed 15 miles up the
Perry River, intercepting as many flocks of moulting
geese as possible,

In 10 days in 1963, 493 geese were banded,
409 Ross” and 84 lesser snow geese. Sexes were
distinguished in both age classes by banding the
left foot of males and the right foot of females.
Age-sex classes were further differentiated by using
coloured neck bands (Craighead and Stockstad,
1956),

The procedure was highly successful in terms of
percentage of flocks captured. As long as the geese
were not permitted to reach land they were excep-
tionally easy to drive into the banding corral. If
the geese reached solid ground before capture they
easily outran a man. Under such circumstances it
was necessary to band the geese before the later
stages of endyesis. At that time the geese would
rush for the banks of the river as soon as the canoe
Wwas observed. Before this they were tame and easy
to handle.

The Kogmiut are very efficient at driving the
geese into the corral and were of great assistance
on the project.
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Discussion

The Ross’ goose, which nests only in the Arctic,
must leave the California wintering grounds each
spring and migrate north at a rate that will cor-
relate their movements with the appearance of food
along the route and with the exposure of nesting
habitat and food in the North. This correlation,
which appears to exist in the spring migration of
Ross’ geese, is achieved, in part, by the geese fol-
lowing the 40°F isotherm. Other as yet uninves-
tigated environmental and (or) physiological factors
may be equally important in the control of migra-
tion (Farner, 1955).

The physiological readiness for egg laying, which
is shown to exist in Ross’ geese upon arrival on the
nesting grounds, suggests that the lengthy pairing
and courtship procedures are completed by that
time. This enables the geese to commence nesting
activities immediately and thus complete reproduc-
tion during the short arctic season. Lack of court-
ship activities has been reported in other arctic-
nesting geese (Barry, 1962; Hohn, 1957; and
Lemieux, 1959). Although the extent of time re-
quired to complete the pairing and courtship
procedures is not known, it is reasonable to assume
that they have a negative selective value in the
Arctic (Barry, 1962). The observation of copulation
in Ross’ geese in Alberta and the continual regres-
sion of gonad weights following arrival support
these contentions and suggest that Ross’ geese
utilize the Arctic as strictly a nesting rather than a
breeding area.

Following arrival on the nesting grounds, initia-
tion of nesting activities is controlled by two con-
ditions. The first of these is that potential nest sites
must be exposed. Lack (1933) said that a marked
difference in breeding time can clearly be correlated
with only one factor—the suitability of the ground
for nesting. This was found to be partially true on
the islands at Arlone Lake. Snow-covered habitat
which, when exposed, provides optimum nest sites
was ignored and the geese utilized exposed sub-
optimal regions. On island B; where approximately
20 per cent of the mixed region was snow covered,
a high density of nests occurred in the poorer but
uncovered region. The second factor which delays
nest initiation is local inclement weather. The 5-day
delay in 1963 was directly caused by gale-force
winds. Soper (1930), in his classic monograph on
the blue goose, reported that in the summer of
1929 *‘decidedly unpleasant” conditions of cold,
penetrating wind and below-freezing temperatures
caused the arriving flocks of blue geese to turn
south. Barry (1962) found that the Atlantic brant
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made long flights back and forth over the snow
fields when nesting habitat was not available. After
the thaw started, the flocks subdivided and nesting
activities began.

The presence of arctic foxes in the study area did
not delay nesting attempts.

The dispersion of the geese on the nesting islands
is not random. A definite nest-site selection occurs.
The nesting habits of the Ross™ goose show that
edge habitat is most suitable. One would think
that because of the lack of coverage which is
provided by tall bushes and emergent vegetation
farther south in their range, the geese would
naturally utilize any region which furnishes maxi-
mum protection against the elements. Such was
found not to be the case. Optimum habitat not
only must provide coverage but also a grazing area.
This exists in the form of mixed regions of small
birch stands, rock, and open moss. The purely rock
areas offer less protection from the elements.
Depending on the direction of wind and rain, the
rock-type nest site could be as suitable as the mixed
regions or as poor as the completely open areas.
The lack of protection of the open areas is reflected
in the increased thickness of nest walls. Since nests
in the birch and rocky areas receive insulation
from the immediate surroundings, nest walls need
not be so thick.

In so far as the female is not attentive during the

ege-laying period, certain behavioural characteris-
tics have developed which increase the survival rate
of the eggs during the period when the female is
off the nest. The formation of comparatively small,
closely guarded territories protects the nest and
eggs from the activities of other geese and ensures
the presence of the adults on the territory to drive
off potential predators. When the adults do leave
the territory they cover the eggs with nest material,
which screens the eggs from the prying eyes of
gulls and jaegers. Soper (1942) concluded that the
down which lines the nest also helps retain warmth
during the birds’ absence. This mechanism was
shown to protect goslings also. :

There is relatively little variation in clutch size
of the Ross’ goose. The factors which control
clutch size are not known. It has been shown in
this work that fidelity occurs in depleted clutches
except where no eggs are left in the nest and that
almost complete abandonment results from addi-
tions to a completed clutch. Delacour (1964) states
that eggs are occasionally pushed out of the nest
during normal movements, especially in the case
of large clutches. The very sight of a few eggs lying
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around a “hyperclutch” nest may cause the female
to abandon the rest of the clutch. Predators may
be attracted to these unprotected eggs, harassing
the adults to the point of desertion. In this study
all the eggs out of the nest were broken. This pos-
sibly induced the female to desert. The data show
that the species will not tolerate an excessively
Jarge clutch. The laying and hatching of each egg
in a clutch of Ross’ geese consume approximately
2 per cent of the frost-free period. It does not include
the incubation period. Large clutches would tend
to jeopardize the success of the whole brood because
of the limited time available for the reproductive
phase. The ultimate control of clutch size may be
the time factor, which prevents laying of excessively
large clutches. Additional data are presented which
suggest the feasibility of time as the factor con-
trolling clutch size. Clutches started later are smaller
than those started earlier, to compensate for the
time lost in nest initiation. Cooch (1958), Lemieux
(1959), and Barry (1962) found a negative correla-
tion between date of the first egg and final clutch
size in blue geese, greater snow geese, and Atlantic
brant respectively,

It is unlikely that renesting occurs in the Ross’
goose. The continuous regression of gonads fol-
lowing arrival and the determinate laying character
of the species would prevent successful secondary
ovulation and fertilization. Complete ovary and
testicular recrudescence would be required, judging
from the gonad size at the end of the laying period
(Fig. 6). Coupled with this time-consuming phys-
iological requirement, the short season would
definitely limit such a mechanism. Cooch (1958)
and Barry (1962) found no renesting in blue geese
and Atlantic brant.

The high degree of attentiveness shown during
the incubation period is reflected by a sudden
silence in the colony. The birds do not leave the
territories often but obtain most of their require-
ments from the territory. The appearance of down
strewn over the colony is the result of active plucking
of the breast feathers by the incubating female,
providing added insulation to the eggs. Hanson
(1959) states that if, as a result of increased pro-
lactin level at the time of egg laying, waterfowl
moulted the incubation patch promiscuously as do
Tnost passerines, the feathers would not be available
for placement in the nest. The positive correlation
9b§erved in this study between later stages of egg
aying and increased down deposition agrees with
[’I_anson’s(l959)_view that the plucking behaviour is

ighly dependent on complete development of the

sexual (hormonal) cycle as suggested by the fact
that down is placed in the nest only in the later
part of the egg-laying period. It is presumed that
prolactin is the hormone chiefly responsible for
the development of the feather plucking in geese
near the end of the egg-laying cycle. According to
Welty (1962), prolactin, which is secreted from the
pituitary gland, depresses the production of both
lutienizing and follicle stimulation hormone and
initiates broodiness (nesting and incubation).

The tightly knit flocks observed during the in-
cubation period are attributed to attentiveness at
this stage. The flocking is certainly not a general
character of the Ross’ goose during earlier phases.
Van Tyne (1961} mentions the existence of these
post-breeding flocks but gives no causal explana-
tion. Emlen (1952) is speculative in his account of
avian flocking. He attributes gregariousness to a
positive binding force, which according to Van Tyne
(1961) is absent during the breeding season and
active during the post-breeding period. The high
degree of attentiveness during incubation, the basic
cause of the clumping of flight groups, maintains
the least distance between the birds and their nests
during disturbance. The rapid return of the birds
to the nest is another indication of augmented
attentiveness.

The synchronous hatching of the eggs of Ross’
geese and the precocious characteristics of the
goslings ensure optimum survival and productivity.
The amount of food available on the nesting islands
is not sufficient to feed 3 or 4 thousand newly
hatched goslings. Departure of the parents to the
feeding areas on the mainland to bring back food
would allow the goslings to become easy prey for
avian predators. Consequently the parents must
simultaneously provide food and protection for the
young. This is accomplished by a marked move-
ment of the family groups from the nesting area
immediately after the clutch has hatched to regions
where food is available. The movement of the
family dictates that each of the young be approxi-
mately equal in size so that potential for food
acquisition and ability to keep up with the rest of
the family are equal throughout the brood. Such
abilities result only from a synchronous hatch.

Delacour (1964) and Hochbaum (1960) state that
the post-breeding movement of waterfowl takes
the birds to regions where they are protected from
predators and have a large food supply while under-
going the annual wing moult. I cannot agree with
Hochbaum (1960) when he states that the moulting
shift rarely occurs in breeding geese or swans. The
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whistling swan moves from its place of breeding
to large lakes or streams where moulting occurs
(Kortright, 1960), and observations made during
this study on Canada geese, snow geese, and white-
fronted geese also disagree with Hochbaum. Ap-
parently no constant geographical direction is
shown in the shift, and as Hochbaum (1960) points
out, it is an ecological rearrangement of the popula-
tion, with a bias toward large marshes and lakes.

The cause of the moult migration in Ross’ geese is
not known. In view of the abundance of food in the
immediate vicinity of Arlone Lake there is no
apparent reason for the extent of the movement.
Hanson and Smith (1950) state that post-breeding

- movements of the Canada goose are orientated

toward extensive feeding areas. Hanson et al. (1956)
observed that a slow movement of Ross™ geese
toward the coast following the nesting season occur-
red in 1949, and that this movement was partly
overland, thus avoiding rapids and enabling the
young to feed on insects and plants. Observations
made during this research agree somewhat with
those findings; however, the small proportion of
the total breeding population from Arlone Lake
which was later seen on the Perry River does indi-
cate that there is no mass movement to the coast
via the most obvious water route, the Perry River,
and that the movement from the breeding group
is a random movement of flocks from place to
place on the tundra, during which time moulting
occurs.

It has been shown that loss of eggs during the
nesting season is insignificant. Predation is the most
important cause of egg destruction. Following the
hatching period, mortality of young birds increases
but it is suggested that in the long run, this has a
decided advantage to the species in that weak in-
dividuals and perhaps undesirable genotypes are
eliminated from the population. Taverner (1940)

summarized this idea when he stated:

Under certain abnormal conditions there may be such
a thing as over-predation that fails to stop with the
weaklings and makes inrpoads upon the strong; but all
successful races can safely withstand the normal attacks
of their natural enemies under the conditions through
which they were evolved and have persisted. Were it
otherwise, /pso facto, they could not have originated
and survived to date,

The predators recorded during this study do not
seem fo exploit significantly the “strong” individuals
in the population.

The differential female mortality during the first

3 weeks after hatching cannot be explained. If it
had been found that a high percentage of females
were of the yellow phase it might have been pos-
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sible to make a correlation with mortality in that
yellow may be more obvious to predators than
gray. This would, in effect, increase the mortality of
females and in part justify the findings of this re-
search. However, both males and females show
the same colour ratios at hatching (1 : 2, yellow :
gray). The higher mortality of females appears to
be purely sexual and does not, from evidence pre-
sented, correlate with the colour phases.

The colouration of Ross’ goslings cannot be said
to be distinctly a case of pure dimorphism. As
Hanson er af. (1956) pointed out, and as is sub-
stantiated in this study, polymorphism is common.
The yellow and gray phases are extremes of the
colour types, and the gradations or mixed coloura-
tion which occur make it exceedingly difficult to
categorize accurately all individuals. A subjective
index of classification may be used, as in this study,
to show that a preponderance of the gray phase
exists. However, different researchers might not
agree how to categorize a gosling possessing char-
acters of both phases. Hanson et a/. (1956) obtained
a Mendelian 3 : | ratio of yellow : gray. Williamson
(1957) used Hanson’s data to determine genetic
dominance of the colour phases, Williamson er-
roneously concludes “The goslings of Ross’s Goose
(Anser rossii) may have either yellow or gray
plumage, and this seems to be a case of simple
dimorphism™, Conclusions based on subjectively
placed categories of colouration do not solve the
problem of if, and much less why, an apparent
predominance occurs. At this stage the cause of
one colour type seemingly being more common
than another is not known. Certainly, as vet no
selective value has been shown to exist for one
pure phase, and at present the problem appears
to be not the action of a single pair of alleles but
possibly an action of multiple alleles. Such alleles
do not result in distinct colouration, but rather
form one extreme to the other. Jaap, cited in Snyder
and David (1957), found three sets of alleles
affecting the plumage and colour variations in the
mallard duck. '

The weights of the adult geese on arrival at the
nesting grounds are at a maximum compared to
the other reproductive phases. Hanson (1962) found
the same condition in Canada geese (Branfa cana-
densis) upon arrival on the nesting grounds. The
pattern of fattening in the Ross’ goose is still
unknown, but ' Hanson (1962) found that the
Canada goose followed much the same pattern as
species which migrate leisurely. He states that the
abundance of fat in arriving geese is necessary to

supply energy from the time of arrival on the breed-
ing grounds until the snow cover has left and new
plant growth is again available. The subsequent
weight loss observed in Ross’ geese may well result
from the utilization of the stored fat supply, the
relatively sparse food available at the time, and the
physiological stresses of territory formation, nest
initiation, and egg laying. The greater total weight
loss exhibited by females results from ovary and
oviduct regression, increasing attentiveness to the
nest site, and minimal food consumption. The males
continue to graze on the territory and do not show
such a substantial weight loss. Irving (1960) thinks
that fat reserves may be important to males during
the intense period of courtship and territory main-
tenance. Courtship is not a stressful activity in
male Ross’ geese, as this phase is completed before
arrival in the North. The more rapid decline of
male fatness has been explained by Hanson (1962).
He states that because of the relative passiveness
of the females during courtship procedures, they
arrive in the North fatter than the males, and main-
tain comparable amounts of fat longer.

Following the hatching period both adult and
young Ross’ geese gain weight rapidly. The abun-
dance of mature flowers, leaves, and stems, the
long photoperiod, and the prolonged trek over the
tundra all allow for an increased food intake during
the nesting period. Another noticeable weight loss
occurs during the moulting period, when birds of
the year mature. Hanson (1962) states that this is
perhaps the period of greatest stress in the life of
the adult Canada goose. Data presented from this
research and reports from other workers (Barry,
1962; Cooch, 1958) indicate similar stress in the
R_oss’ and other arctic-nesting geese. Hanson (1962)
filscusses the possible physiological causes of stress
In the moulting geese that may lead to a decrease
In weight. He states that a marked increase in the
metabolic rate occurs as a result of the utilization
of muscle protein in the formation of feathers.
Marshall (1960) says that moulting imposes a
Severe strain on birds in that a large amount of
blood is required for the new feather growth.

In summary, the reproductive phase of the Ross’
Boose does not appear to be the limiting factor of
the population nesting at Arlone Lake. Nesting
and hatching success is high, and mortality of
thﬁ! adults and young is low. At present, competition
With the lesser snow goose is not affecting pro-
ductivity,

The two study seasons at Arlone Lake were good
ones. Neither climate nor biotic factors decreased

markedly the production of Ross’ geese. However,
in such an unstable ecosystem, late seasons or
excessive continued predation could cause drastic
annual drops in the productivity of the geese. In

1964 the white-fronted geese (Anser albifrons) nest-.

ing in the extreme western Arctic suffered greatly
because of the late season and subsequent flooding
of the nesting habitat. The studies of Barry (1962),
Cooch (1958), and Lemieux (1959) all point out
that climate during the reproductive phase is prob-
ably the most important limiting factor controlling
annual reproduction in arctic-nesting geese. Such
works should be considered as standards when
extrapolating for other geese nesting under relatively
similar conditions. Until we have further data on
the frequency of late seasons and inclement weather
during the reproductive phase of the Ross’ geese,
we will not know specifically how such occurrences
affect the species.

The importance of predation cannot be mini-
mized. Arctic fox damage to the Arlone Lake
colony in 1964 resulted in the complete evacuation
of one of the major nesting islands. The insular
habitat presumably saved the colony from com-
plete destruction. Until we know if the remaining
nesting colonies of Ross’ geese are insular, we
cannot say that mammalian predators do not con-
trol the annual productivity.

The need for future study on the Arlone Lake
and other nesting colonies is clear. We have now a
general over-all picture of the effects of weather,
predation, and human beings on a specific area,
but long-term studies are essential to provide ad-
ditional and comparative information,

45




|

[

Summary

1. This study of the breeding biology of Ross’
goose 'in the Perry River region was carried out
during the summers of 1963 and 1964 at Arlone
Lake and Perry River, N.W.T.

2. The spring migration of Ross’ geese in 1964
correlated with the northward movement of the
40°F isotherm.

3. Pairing and courtship activities are completed
before arrival on the nesting grounds.

4. Nest initiation depends upon the presence of
exposed and suitable nest sites and suitable weather
conditions on the nesting islands.

5. Excessive mammalian predation at the start of
the nesting season results in the abandonment of
nesting islands.

6. The distribution of nests is not random. Highest
densities occur in edge areas of mixed birch, rock,
and open terrain.

7. Subsequent eggs in the clutch are laid every
114 days with a resultant egg-laying period of 8 to 9
days for the whole colony.

8. The average clutch size is three, and the most
common clutch four. No significant differences in
clutch size occur among the four major habitats.

9. A negative correlation exists between date of
first egg laid and final clutch size. :

10. Little attentiveness to the nest is shown before
the incubation period. The beginning of incubation
is marked by silence over the colony, excessive
plucked down in the nests, tight flocking of dis-
turbed groups, and rapid return to nests.

11. The incubation period is 22 days.

12. The covering of eggs with nest material by
the female before the parents leave the territory
has a selective advantage.

13. Nests in open habitat are larger than those in
regions which provide coverage.

14. Renesting probably does not occur in the
study area.

15. Ross’ geese do not abandon a partially de-
pleted clutch, but will desert excessively large
clutches.

16. Hatching of a clutch is synchronous and as-
sures maximum survival of goslings. The hatching
period lasts approximately 8 days.

17. Predator numbers increased during the hatch-
ing period.

18. Nesting and hatching success was extremely
high.

- 19. The post-nuptial migration of the Arlone

Lake colony is not directed along the Perry River,
but occurs as a dispersal over the tundra from the
nesting area to the coast, Very few Ross’ geese
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reach the coast.

20. Predation was low during the reproductive
phases of 1963 and 1964. The greatest percentage
loss in 1964 occurred in the United States.

21. A 1:1 sex ratio exists in the adults and newly
hatched goslings.

22. A differential mortality occurs against females
during the first 3 weeks of life (137 males : 100
females).

23. It is suggested that brood counts taken while
the adult geese are moulting are invalid,

24. Body weights of adults are at a maximum on
arrival at the nesting grounds. Body weight drops
immediately after arrival and again during the
post-nuptial moult.

25. The growth rate of the goslings is rapid,
showing the typical sigmoid curve.

26. Parasite extensity throughout the reproductive
season is low.

27. No noticeable competition existed between
the Ross’ goose and the lesser snow goose at the
Arlone Lake colony in 1963 'and 1964. It is sug-
gested that excessive immigration of lesser snow

~ and blue geese into Ross’ geese nesting areas would

have a detrimental effect on the Ross’ geese.

28. The insular nesting habitat at Arlone Lake
is an efficient protective device against continuous
mammalian predation.

29. The reproductive phases of 1963 and 1964
were not the limiting stages in the life of the Ross’
goose at Arlone Lake.

30. Food is not a limiting factor on the nesting
grounds.

31. The frost-free period in the study area lasts
93 days. In 1963 and 1964, 86 per cent of this period
was used to complete the reproductive phase.

32. Continued study of the reproductive phase of
Ross’ geese is required to determine quantitatively
the effects of late seasons and heavy predation.
Comparative ecological data are needed from other
nesting colonies.
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Appendices

Appendix 1 Representative flora from Arlone Lake study area

Islands Tundra Moraines
Arctophila fulva Dryopteris fragrans
*Hierochloe alpina. .. .................. H. alpina

Gramineac
Carex bigelowii?

Carex SUPINGL ... oo o it eee et iinnnns Carex supina
Eriophorum vaginatum. ................ E. vaginatum
Juncus spp.

Salix SPP.. v o Salixspp.. . oo Salix spp.

Betula glandulosa. . ..................... B.glandulosa......................... B. glandulosa
Caltha palustris

Ranunculus sabinii

Papaver radicaluni .. .............cuiiiiiin..

Cruciferae

Saxifraga tricuspidata. .. .. ............. ... ...,
Potentilla hyparctica. . . ................0c.ccv..

.............................

.............................

.............................

Potentilla sp.

Rubus chamaemorus
Leguminosae

Empetrunmnigrum. ... ... o0 ... E. nigrum

Epilobium sp.

Epilobium latifolium. . .................

Hippuris vulgaris

Cassiope 1etragona. . . ...ocvvven it i,

Rhododendron lapponicum

Vaccinium Vitis-idaea. ... .......................

.............................

.............................

Pedicularis sudetica..................... P. sudetica

Petasites frigidus
Senecio congestus
Compositae

P. radicatum

S. tricuspidata
P. hyparctica

E. latifolium

C. tetragona
Ledum decumbens

V. Vitis-idaea

*Lines joining areas depict species common to these regions.
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Appendix 2a  Avian phenology chart Perry River, N.W.T., 1963

Species Common name Date No.
Buteo lagopus Rough-legged hawk May 22 1
Nyctea scandiaca Snowy owl May 22 1
Plectrophenax nivalis Snow bunting May 22 30
Larus argentatus Herring gull May 22 5
Grus canadensis Sandhill crane May 25 35
Branta canadensis Canada goose May 25 25
Olor columbianus Whistling swan ~ May 31 3
Lagopus mutus Rock ptarmigan May 31 100
Anser albifrons White-fronted goose June 1 10
Corvus corax Northern raven June 1 2
Eremophila alpestris Horned lark June 2 4
Anser caerulescens Lesser snow goose June 3 4
Calcarius lapponicus " Lapland longspur June 4 100
Pluviglis dominica Golden plover June 4 10
Anser rossii Ross’ goose June 5 12
Anas acuta Pintail duck June 5 15
Larus hyperboreus Glaucous gull June 6 5
Erolia bairdii Baird’s sandpiper June 6 10
Arenaria interpres Ruddy turnstone June 6 6
Stercorarius pomarinus Pomarine jaeger June 7 7
Clangula hyemalis Oldsquaw duck June 7 5
Somateria mollissima Common eider June 7 4
Somateria spectabilis King eider June 9 4
Phalaropus fulicarius Red phalarope June 9 50
Charadrius hiaticula Ringed plover June 9 1
Mergus serrator Red-breasted merganser June 9 3
Squatagrola squatarola Black-bellied plover June 10 5
Xema sabini Sabine’s gull June 10 2
Sterna paradisaea Arctic tern June 10 5
Asio flammeus Short-eared owl June 11 1
Erolia melanotos Pectoral sandpiper June 13 5
Passerculus sandwichensis Savannah sparrow June 13 1
Falco peregrinus Peregrine falcon June 13 1
Ereunetes pusillus Semipalmated sandpiper June 13 2
Gavia arctica Arctic loon June 14 2
Gavia stellata Red-throated loon June 14 1
Stercorarius parasiticus Parasitic jacger June 14 1
Stercorarius longicaudus Long-tailed jaeger June 14 2
Anas carolinensis Green-winged teal June 24 3
Lobipes lobatus Northern phalarope June 24 2
Aquila chrysaetos Golden eagle July 31 l
Toxostoma rufum Brown thrasher Aug. 13 1
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Appendix 2b  Avian phenology chart, Perry River, NNW.T., 1964

Species Common name Date No.
Branta canadensis Canada goose June 1| 10
Anser albifrons White-fronted goose June 1 4
Anser caerulescens Lesser snow goose June 1 4
Anser rossii Ross’ goose June 1 19
Lagopus mutus Rock ptarmigan June | 8
Calcarius lapponicus Lapland longspur June | 200
Plectrophenax nivalis Snow bunting June 1 150
Pluvialis dominica Golden plover June 1 3
Erolia bairdii Baird’s sandpiper June 1 50
Grus canadensis Sandhill crane June 1 100
Larus argentatus Herring gull June 1 4
Larus hyperboreus Glaucous gull June 1 1
Eremophila alpestris Horned lark June 1 3
Stercorarius pomarinus Pomarine jaeger June 2 8
Anas acuta Pintail duck June 2 7
Buteo lagopus Rough-legged hawk June 2 1
Falco rusticolus Gyrfalcon June 3 1
Asio flammeus Short-eared owl June 3 1
Hirundo rustica Barn swallow June 4 1
Corvus corax Northern raven June 8 2
Arenaria interpres Ruddy turnstone June 8 1
Clangula hyemalis Oldsquaw duck June 8§ 5
Stercorarius longicaudus Long-tailed jaeger June § 1
Sterna paradisaea Arctic tern June 9 13
Qlor columbianus Whistling swan June 9 4
Gavia arctica Arctic loon June 10 2
Calidris canutus Knot June 10 5
Stercorarius parasiticus Parasitic jaeger June 11 2
Somateria spectabilis King eider June 12 5
Charadrius semipalmatus Semipalmated plover June 13 1
Phalaropus fulicarius Red phalarope June 14 1
Erolia melanotos Pectoral sandpiper June 17 2
Ereunetes pusillus Semipalmated sandpiper June 20 2
Xema sabini Sabine’s gull June 27 2
Acanthis flammea Common redpoll June 27 1
Gavia stellata Red-throated loon June 30 2
Mergus serrator Red-breasted merganser July 5 2
Falco peregrinus Peregrine falcon July 12 2
Erolia alpina Dunlin Aug. 2 2




Appendix 3 Ross’ goose nest history card

Nest Island Dimensions Habitat Distance
no. type 1 2 3 4 5 6 7 8 9 10

Egg fate

Date hatch

Remarks

Appendix 4 Ross’ goose data form

Habitat .o, e

Weather: Temp........................... Wind....... Snow cover (%)......... e
Weight................... ABE.o CulmenI.. ... . I CulmenIl ...

Wartlength. ... .. Tarsuslength . ... ... Mid-toe.........................
Wing spread (at) ... o Taillength ...
Totallength ... . ... pre-ovulatory follicles ...
post-ovulatory follicles ...
atretic follicles ...
Oviduct width....._ ... Adrenals........................... Fat
Keeldepth........................... Pectoral musele.............................. El
F OO e e
Lens weight...........iii, .
Previous tag MATKS ... e e

Remarks:
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Appendix 5 Food habits

Data on Ross’ goose food habits were obtained
from analysis of 26 ventriculi (Table 21). Of these,
8 were collected in the 1963 field season and 18
in 1964.

TABLE 21 Results of food analysis of 26 Ross’
goose ventriculi collected in the Perry
River region, 1963 and 1964

Frequency
of occurrence
Food item June July
Roots Gramineae 1 —
Cyperaceae 2 o
unidentified 3 2
Leaves  Gramineae — 1+1G*
Cyperaceae — e
Carex spp. — 343G
Betula spp. — 2
unidentified 2 3+5G
Stems Gramineae 1 1G
Cyperaceae — |
Carex spp. — 1G
Eriophorum spp. — 1G
unidentified — |
Spikelets Gramineae — 2
Cyperaceae — 1
Carex spp. e 343G
Eriophorum spp. I 3
*G = gosling.

The only available data on food habits of Ross’
geese on the nesting grounds are documented by
Hanson et al. (1956). They state:

Contents of S gizzards [were| examined: 2 gizzards
contained the stems and leaves of the sedge Eriophorum,
though in one there were only trace quantities, the third
contained mainly Eriophorum with some Carex, the
f(_)urth was largely Carex with some Poa, and the fifth
8izzard was empty.

In the early spring and during June the geese
ffted largely on the roots of sedges. This is most
likely because stems, leaves, and flowers are not
Yet mature or do not furnish sufficient nutrients in
eafl)’ spring. Later in the season the geese utilize
Primarily leaves and spikelets. This is especially
m}e ij the young geese during the post-hatching
mlg.raftlon across the tundra. Lemieux (1959) found
@ similar sequence in the feeding habits of the
If;’:ll‘eater snow goose (Anser hyperborea atlantica).

€ states that in the early spring, roots of the

legume Oxytropis maydellians and Polygonum vivi-
parum (knotweed) were utilized. Later on, especially
when broods were accompanied by parents on

. land, the common foods consisted of blades of

grass and leafy plants. Although the goslings’ food
consisted primarily of marsh vegetation, blades of
grass were common. Delacour (1964) in his review
of food habits of Anserinae makes no mention of
animal matter being utilized by these birds and
states that a major part of the food consists of
grasses, sedges, and semi-aquatic vegetation. None
of the specimens of Ross’ geese collected during
this study contained animal material in the digestive
tract. Barry (1956) observed young captive Amer-
ican brant feeding on mosquitoes and larvae as
well as short grass and flowers of Ranunculus.
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Résumé

L’auteur donne un compte rendu des études effec-
tuées durant les étés de 1963 et 1964 dans une
colonie de nidification de I'oie de Ross, au lac
Arlone, dans la région de la riviére Perry (T. du
N.-0.). Suit un apergu général des explorations, du
climat, de la végétation, de la faune et de la popu-
lation esquimaude, ainsi que historique de I'im-
plantation de 'oie de Ross dans la région de la
riviere Perry.

Sont étudiés les aspects suivants de la biologie de
I'oie de Ross: les dates d’arrivée dans cette aire de
nidification, le début de la nidification, I'incubation,
les déplacements post-nuptiaux, la mortalité, la
déprédation, la fertilité et la concurrence.

L’auteur fait une corrélation entre des mentions
de la présence de P'oie de Ross au cours de la mi-
gration printanicre de 1964 et le déplacement, vers
le nord, de I'isotherme de 40°F. 1] étudie I'avantage
que peut présenter cet élément pour régir les mi-
grations.

Durant la période visée par I’étude faite au lac
Arlone, aucun comportement de pariade n’a été
obsérvé, ce qui donne 4 penser que cette activité a
lieu plus au sud. L’oie de Ross fait son nid dans
des iles afin de se défendre, croit-on, contre les
mammiféres prédateurs. Les plus fortes densités de
nidification ont été relevées dans des étendues ro-
cheuses parsemées de bouleaux et dans des espaces
dégagés offrant toutefois des abris et de la végé-
tation basse.

La ponte a lieu & intervalles d’un jour et demi,
et la période de ponte dure de 8 4 9 jours. Le nom-
bre des ceufs, qui est en moyenne de trois, peut
&tre limité par la bridveté de I'été arctique. Les
oiseaux qui nichent tard, ont des couvées plus res-
treintes. La reproduction doit se faire durant les
93 jours exempts de gel. En 1963 et en 1964, la
ponte a duré plus de 80 p, 100 de cette période.

Le haut degré de soin au cours de la période
d’incubation assure le succés maximum de la cou-
vaison. La mortalité et les déprédations sont géné-
ralement faibles dans les fles ot cette oie niche. On
a estimé la fertilité d’aprés des relevés des couvées
d’oisons agés d’une semaine ou moins. En 1964, la
plupart des pertes ont eu lieu aux Etats-Unis.

Les oisons sont polymorphiques, la teinte de leur
duvet variant entre le jaune et le gris. La mortalité
est plus élevée chez les oisons femelles durant leurs
trois premiéres semaines de vie. On estime que la
venue d’un fort contingent de petites oies blanches
et d’oies bleues nuirait & I'oie de Ross durant la
période de reproduction.

L’auteur conclut que la population d’oies de

56

Ross qui a niché au lac Arlone en 1963 et en 1964,
n’a pas été victime de facteurs limitatifs trop
sérieux.






