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Perspective

In the last twenty years or so changes
in land use have led to massive changes in
the distribution of Snow Geese on their
wintering and staging areas. As a result,
controversy has arisen about the scale of
hunting permitted and its impact on the
Snow Goose population. In Canada it has
become particularly urgent to find out to
what extent Indians and Inuit in the north

still depend on hunting geese for food, so as
to be able to balance their needs against the
demands of sport hunting elsewhere in
Canada and in the USA.

Now that biologists can measure
hunting kill with greater accuracy, it is
more than ever necessary to have reliable
measurements of population size against
which to judge the impact of hunting and
other causes of loss. The midwinter aerial
surveys that were used as an index of popu-
lation for many years have become more
difficult to carry out, as well as less com-
plete and reliable, as the wintering range
has enlarged. The two best opportunities
each year to estimate population size are
when the geese are nesting and when, a few
weeks earlier, they are concentrated in a
narrow strip along the coast of southern
Hudson Bay and James Bay.

The work reported here represents
the most comprehensive attempt yet to
furnish a quantitative base-line against
which to measure changes in the population
of Lesser Snow Geese nesting in eastern
Arctic Canada. The establishment of a per-
manent photographic record of nesting
distribution in June 1973 not only permits
an estimate of population size but also helps
greatly in understanding how the geese dis-
tribute themselves within colonies, where
they choose to set up colonies and to site
individual nests, and what food is available
to the geese while nesting and raising their
families. This report forms a substantial
contribution to a major study of the popu-
lation dynamies of Snow Geese being con-
ducted by the Canadian Wildlife Service
and by groups of biologists from univer-
sities.

Abstract

I surveyed the population of Lesser
Snow Geese (Anser caerulescens caerulescens)
nesting in the eastern Canadian Arctic by
means of large-format vertical photography
in June 1973. Subsequent analyses of the
photographs gave a total estimate of
528,700 (£ 43,600) nesting pairs in the

population. Of those, 42% were in the col-



onies of southwest Baffin Island, 15% on
south Southampton Island, 37% on west
Hudson Bay, and 6% at Cape Henrietta
Maria. [ also determined the total nesting
area, nest distribution pattern, and colour
ratio for each colony.

I developed the methods for obtain-
ing and analysing the photographs during
experimental surveys of the nesting col-
onies in 1971 and 1972. Optimum results
were obtained with standard mapping sur-
vey techniques and equipment using Kodak
Aerocolor Negative film and a 12 in. focal
length lens. The films were analysed on a
light table with a binocular microscope.

The photographic survey of 1973 has
provided the first accurate assessment of
this population. Although earlier records
are much less precise it is apparent that the
colour ratio has changed slightly in favour
of the blue phase or has remained nearly
static at all colonies for the past decade:

a majority of blue phase at Cape Henrietta
Maria and on Baffin Island, and a majority
of white phase on west Hudson Bay and
Southampton Island. For the past 30 to 40
years the size of colonies has probably not
changed on Baffin Island, has perhaps in-
creased on Southampton Island, has defin-
itely increased at Cape Henrietta Maria, and
has shown a phenomenal increase on west
Hudson Bay. That area now appears to be
much closer to its carrying capacity than
are the Southampton or Baffin island areas.
Potential climatic deterioration on South-
ampton and Baffin islands and potential
over-grazing of west Hudson Bay are major
future threats to the population.

Résumé

En juin 1973, a I’aide de photogra-
phies verticales prises sur pellicules de
grand format, j’ai étudié la population de
Petites Oies Blanches (Anser Caerulescens
caerulescens) nichant dans ’est de I’ Arcti-
que canadien. Des analyses subséquentes
des photographies ont permis d’estimer a
528,700 (+43,600) le nombre de couples
nicheurs au sein de la population. De ces
derniers, 42% se trouvaient parmi les colo-

nies du sud-ouest de I'ile Baffin, 15% dans
le sud de I'fle Southampton, 37% dans la
partie ouest de la baie d’Hudson et 6% au
cap Henriette-Marie. J’ai aussi déterminé
toute I’aire de nidification, le mode de dis-
tribution des nids et un rapport des cou-
leurs pour chaque colonie.

C’est au cours de dénombrements
expérimentaux des colonies d’oiseaux ni-
cheurs, en 1971 et 1972, que j’ai mis au
point les méthodes d’obtention et d’analyse
des photographies. Les procédés et appa-
reils normaux de cartographie, avec films
Kodalk Aerocolor Negative et lentille de 12
pouces de distance focale, ont donné les
meilleurs résultats. Un microscope bino-
culaire a servi a 'analyse des films, posés
sur une table lumineuse.

Le dénombrement photographique
de 1973 a permis la premiére évaluation
précise de la population. Malgré une plus
grande indétermination des dossiers pré-
cédents, il appert que le rapport des cou-
leurs ait quelque peu changé en faveur de
I'oie bleue ou soit demeuré presque le
méme dans toutes les colonies au cours des
dix derniéres années: I’oie bleue prédomine
au cap Henriette-Marie et sur I'ile Baffin
tandis qu’une majorité d’oies blanches ha-
bite I’ouest de la baie d’Hudson et I'ile
Southampton. Au cours des 30 & 40 der-
nieres années, les colonies n’ont probable-
ment pas changé en importance dans I'ile
Baffin, ont peut-étre augmenté dans I'ile
Southampton, se sont sans aucun doute
accrues au cap Henriette-Marie et ont subi
un accroissement phénoménal dans I’ouest
de la baie d’Hudson. Cette région semble
maintenant beaucoup plus pres de sa capa-
cité de charge que ne le sont les iles Baffin
et Southampton. La détérioration possible
du climat de ces dernieres et ’éventuelle
utilisation a outrance de la végétation dans
la partie occidentale de la baie d’Hudson
constituent les principales menaces futures
a la population.



Pesiome

B mone 1973 1. g 3aumyasies o6cae-
JO0BAHIIAMII TI0]O/IB IV CSI T0TVH0I0 ce-
Bepuoro (Anser Caerulescens), riesisiiie-
rocs B BOCTOUNOIT YaCTH KamaICKoI
ADRTIIRIL; 17T BTOTO 5T IPHMEISLT RPYII-
Ho-(hopMaTHOe BepTHRAJILHOE (hOTOrpa-
drposantie. B coorseTeTBHI ¢ TIOCTOY-
I0ITIIIM QHATII30M (DOTOCHUMEKOB 001112
OLLCHRA TOITY AL ryeell cocTaBuIa
528 700 (+/— 43 600), exeadauuzes
nap, 429, 13 HHX HAXOIIIICD B KOT0-
HIAX I0C0-3amMaIHoIT YacTn Badduuonoi
semn, 15 9%, — Ha 1ore- 0-sa CayrreM-
ToH, 37 % — ma 3amaje I'yasonona 3a-
aupa 11 6% na Keiin lenpuerta Mapus.
Mue yacioeh TarsRe ompe;1e HTh 00UYI0
I 101,16 CHCBI0BANIISA, MeCTOpacIpee-
JICHIIC THCS I IIBETOBOE COOTHOLTCHITC
1 Rask101T KOJTOHII.

§1 paspadora.1 MeTon ¢HeMOK H HX
aua’1I3a BO BPeMs ONBITHHIX 06¢.1e,10Ba-
HIIT THe3IAIIIXCA ROJTOHIII B 1971 1 B
1972 r.r. OnTiMaciblbe Pesy.IbTaTol
OLICIIT TTIOTYYCHBI ITPH TIOMOIITH CTAHIapT-
Hoit kapTorpaduuecroil TeXHHKH I 060-
PY0BAUHA: S HCIO.TH30BAT TIVIEHRY
Kodax Aaporo.aop Heeamue 1 JMH3LI C
12-1101IMOBBIM (JORYCHBIM PACCTOSHHEM.
IT1eHRTL OLICTH O IREPIREHH aHA TH3Y Ha
OCBCIILEHHOM CTOIC ¢ OMHORY.ISPHDINM
MIKPOCKOIIOM.

@otorpaduuccroe o06eae10BaNNE B
1973 r. MO3BOILTIO C16.TATh MCPBYIO TOY-
HYI0 OLleHRY momy. 11, Hecyorps Ha
TO, YT0 00.1C€ paHHIIC JaHHBIC MeHee
TOYHDI, BCC ke 0YCBHIHO UTO 33 TOCJIEf-
Hee JecATIRICTIe 1IBCTOBOE COOTHOIIIeHHTe
cJ1erka M3MCHILI0Ch B CTOPOHY roay 00it
OKPACKH ILIII 5Ke 0GTAI0Ch TIOYTH 0e3
H3MeHeHIHs Bo BeeX koaoHuax. IIpeodia-
Jalonasg yacTh rycell ¢ roay0oit okpac-
Koif Haxom1ach Ha KHeiim Ienpuerra
Mapus i Ha Bad@maosoii sex:1e, a oc-
HOBHAS YACTD Uycell ¢ Genoll 0Kpackoi —
Ha 3amaje I'yn3onoBa 3aimBa 1 0-Ba

Cayrremmron. Kaskercs, 9410 3a mocaes-
Hie 30-40 et pasMep KOJTOHHII ITOYTH He
m3Menmicd Ha baddiopoit seMie 1 yse-
JAMYHIICS He3HAYNTENLHO Ha 0-Be CayT-
TeMIITOH I CYNIECTBeHHO YBeJAHYHICSA Ha
Reiim lenpuerra Mapus; Ha s3anajie
I'yn3onona 3a/11Ba pasMep K0JIOHHI yBe-
JamuIrics (peHoMeHaJabHo. Mo:RHO cKasaTh,
IT0 IMOMYJIAIIHSA 3TOH 061aCTH (0.IbIIIe
NPHGIIRALTCA K CBOEMY OMTHMAJILHOMY
3HAUCHHIO, 4eM 06:1acTH 0-Ba CayTreMI-
tou 1 baddirropoii 3emin. IloTeHIa b
HOe YXYIILICHIE KIMMaTAIeCKIX yCJI0-
it Ha Cayrremmrone n Baddunosoit
3eM.1e H MOTCHIHAIbHOe 0CKY/IeHHe TIH-
TATCJIBHBIX PECYPCOB BalaTHOIl YaCTH
I'ysoH0Ba 3a.11Ba pejicTapiIger B 0y-
JYIICM YIPO3Y POCTY MOy IAIIHH.



Aerial view of the Lesser Snow Goose colony in late
June at East Bay, N.W.T.
Photo by H. C. Hanson.




e Figurel
llltro‘l“ctloll Distribution of the populations of Lesser Snow

Geese showing their main nesting areas and their
migration and wintering areas as shown by direct
band recoveries (from Dzubin, 1974)

Lesser Snow Geese are possibly the Figure 1
most numerous geese in the world. The
larger of their two main populations nests
in the eastern Canadian Arctic (hereafter v
referred to as the eastern Arctic). The num-
bers, distribution, and colour phase ratios 3
of the nesting colonies of that population
are the subject of the following report.

The eastern Arctic population con-
sists of at least two million birds nesting
near Hudson Bay and its northern exten-
sion, Foxe Basin; wintering near the Gulf of
Mexico (Dzubin, Boyd, and Stephen, 1973;
this report). The second main population,
that of the western Canadian Arctic, con-
tains about 600,000 birds nesting on Banks
Island, Wrangel Island, and the deltas of
the Mackenzie River and Anderson River;
wintering in California (Uspenski, 1967;
Lynch and Voelzer, 1974; Barry, pers.
comm.). Between those two, the small
central Canadian Arctic population of about
25,000 birds nests in association with
Ross Geese in the Queen Maud Gulf region;
wintering in Mexico and Texas (Barry,
1960; Ryder, pers. comm.). Ranges of the
three populations are shown in Figure 1.

The eastern Arctic population is
clearly important to the economy of North
America in the form of sport hunting. Sport
hunters in the USA harvested an esti-
mated average of 326,000 birds from this
population each year from 1962 to 1971
(Dzubin et al., 1973). Although the annual
harvest in Canada is much smaller, about
one-third that of the USA (Cooch and
Curtis, pers. comm.), it has special impor-
tance to the native people of the James Bay
area. Geese are still essential as both a food
resource and a component of the culture

of the people (Hanson and Currie, 1957; % .
Aitken, 1975).
By 1970 new developments had ex- SO <i:> s

tended interest in the conservation of
eastern Arctic Lesser Snow Geese beyond
those traditional concerns. In the USA the

o . Recovery Areas  Nesting Areas  Population Miles 0 500 1000
harvest was steadily increasing, and con- - - | | ]
troversy over short-stopping and an alleged * oninknihmadien R ! | ‘

versy ov PPLng o A Central Canadian Arctic Kilometers 0 800 1600
redistribution of the harvest had arisen : ;
. Western Canadian Arctic

between the southern and northern states




of the Central and Mississippi flyways
(Dzubin et al., 1973). In Canada the migra-
tion staging areas on James Bay faced in-
creasing pressure from sport hunting and
the threat of environmental damage from
hydro-electric developments (Glooschenko,
1972). In the Arctic the acceleration of
activities related to exploitation of petro-
leum and mineral resources threatened to
harm the nesting geese and their habitat
(McLaren, 1971). An accurate base-line
assessment of the population had to be
obtained if future changes were to be meas-
urable and if critical habitats were to be
identified and protected.

Past surveys of the geese on the
wintering grounds (Lynch, 1973 and earlier;
Lynch and Voelzer, 1974), the staging areas
of James and Hudson bays (Hanson, Lums-
den, Lynch, and Norton, 1972), and the
nesting grounds (Cooch, 1955; Kerbes,
1967, 1969) monitored changes in numbers,
productivity, and colour ratios, but they
failed to provide data with reliable confi-
dence limits. Apparently the population
was too large and its distribution too com-
plex for traditional counting techniques to
work anywhere. (Recent improved counts
of migrant Snow Geese on Hudson and
James bays by Curtis and Lumsden will be
noted later in this report.)

The Canadian Wildlife Service
mounted an attack at a new technical level
and a substantially higher financial level in
1971. As Heyland (1972) had already done
in 1970 with samples of nesting Greater
Snow Geese, I adapted and applied the pro-
fessional skills and equipment of large-
format vertical photography (a technology
at least 30 vears old) to obtain a photo-
graphic inventory of the eastern Arctic
colonies of Lesser Snow Geese. All the
colonies were successfully photographed in
June 1973. The results’of analysing those
photographs are central to the following
presentation. They give the location, total
nesting pairs, total nesting area, nest dis-
tribution pattern, and colour ratio of nest-
ing birds for each of the colonies. The bio-
logical significance of the June 1973 in-

10

ventory in relation to past records and
future possibilities and the application of
aerial photography (in Appendix 1) are
discussed at length.

The photographs of the colonies
contain much more than the basic results
presented here. Further analysis can pro-
vide a wealth of new information on the
distribution and behaviour of the geese, on
the details of nesting habitat, and on the
relationships between the two both within
and among colonies.



Methods

1. Definitions

The Lesser Snow Goose is the poly-
morphic subspecies Anser caerulescens
caerulescens which includes two colour
phases, white and blue (Delacour and Mayr,
1945; American Ornithologists’ Union,
1973).

Adult-plumaged white phase birds
have white plumage except for varying
amounts of dark colouring on the wing
(Cooke and Cooch, 1968).

Adult-plumaged blue phase birds have
grey plumage with a white head (usually)
and varying amounts of white on the ven-
tral surface (Cooke and Cooch, 1968).

A nest is here defined as a nesting
pair of adult birds with an active nest, un-
less specified otherwise.

To analyse, as used here, is to count
geese systematically from photographic
film as described.

To scan, as used here, it to examine
photographic film to determine the absence
or presence of geese.

Visual observations are not based on
photographs, but were recorded “live”
from the aircraft during the photographic
missions.

Scale is the ratio of a distance on a
photograph or map to its corresponding
distance on the ground. The scale of an
aerial photograph equals the height of the
aircraft above the ground divided by the
focal length of the lens (Thompson, 1966).
For example, at 1,500 m (5,000 ft) with a
6 in. lens the scale is 5,000 = 0.5 or
1:10,000. Hence, as used here, high-level
photography had a smaller scale (i.e. given
images were smaller) than loiw-level photo-
graphy.

2. Narrative review of

photography and analyses

On July 1, 1971 we obtained the first
large-format vertical photographs of nesting
Lesser Snow Geese on Baffin Island. On
April 21, 1972 I did experimental vertical
photography of flocks of captive Lesser
Snows and Canada Geese at Kortright

Waterfowl] Park, Guelph, Ontario. We

examined and analysed those films (Plus-X
black-and-white from Baffin Island and
Double-X black-and-white and Color Nega-
tive from Guelph) in May 1972. I concluded
that Color Negative film at scales of
1:10,000 (for white phase geese) and
1:4,000 (for blue phase) was optimal for
counting purposes.

Accordingly, I used Color Negative
film at those scales on my first photo-
graphic survey of the eastern Arctic colon-
ies from June 10 to July 10, 1972. Due to
an extremely late spring on the more north-
ern colonies, where prolonged snow cover
prevented nesting, only the La Pérouse Bay
and McConnell River colonies were succes-
fully photographed. We analysed the
McConnell River photographs (scale
1:10,000) in October and November 1972,
and the La Pérouse Bay, McConnell River
(scale 1:4,000) and Baffin Island 1971
photographs from December 1972 to April
1973. After the 1971 and 1972 films had
been analysed, I concluded that Plus-X film
at 1:10,000 and 1:3,000 was optimal for
counting geese (Kerbes and Prevett, 1973).

Therefore, I used Plus-X at those
scales for the next photographic survey of
the eastern Arctic colonies from June 4 to
29, 1973. Because the 1973 nesting season
was very good in all colonies and the
weather during the survey was almost per-
fect, I was able to photograph almost all the
colonies successfully. We made the basic
analyses of the photographs from Septem-
ber 1973 to March 1974, and the compari-
sons of counts and other tests on counting
accuracy in April 1974. We also made a
series of special counts (to be described
later) for calculating correction factors and
confidence limits of the basic counts in May
and June, 1974. We carried out statistical
calculations and organization of data for
the final estimates of colony size and colour
ratio in July and August 1974.

3. Obtaining photographs

Table 1 gives details of the equipment
and films used to obtain photographs from
1971 to 1973. Basic procedures were similar

to those used in mapping photography as
reviewed by Thompson (1966).

An aerial survey firm, under contract,
provided a small twin-engined aircraft
equipped for photography and manned by a
pilot and a cameraman-navigator on a
stand-by basis for the nesting season. I
accompanied the crew to tell them when
and where to take photographs. In addition,
1 made a visual reconnaissance from the
aircraft.

The camera had large-format film
(producing a 9 in. x 9 in. negative) and a
lens of 6 in. or 12 in. focal length. It was
mounted so that the lens viewed the ground
vertically through a hole in the belly of the
aircraft.

To achieve total photo coverage of a
given nesting colony, we flew a pattern of
predetermined parallel lines over the area
at the desired height above ground, and
exposed a series of photographs. Forward

overlap between frames gave continuous
O

coverage of the ground passing beneath the
aircraft along the flight line. Lateral overlap
between adjacent lines gave continuity
between lines. We did not require more
than a single flight line if the nesting area
was narrow enough to be covered by the
width of a frame, or if only sample coverage
was needed.

4.  Analysing photographs
4.1. Equipment

The equipment used in the analysis
of photographs included:

1) Survair light box which was a
plywood box, 106 ¢cm x 78 cm x 14 cm,
containing a standard (4,500°K) fluorescent
light fixture, topped with a 6 mm layer
of translucent glass, with commercially
made roller brackets attached to each end
of the box to hold and transport rolls of

film;

2) Spencer binocular microscope on
a stand with a flexible arm, placed on a
board mounted on castors to give mobility;

3) Wild M7 binocular microscope,
with a stand, placed on a table polished with
graphite to give mobility;

11



Table 1
Specifications of photographic surveys of
castern Arctic Lesser Snow Geese, 1971-73

Camera Lens Photo coverage
Aircraft Max. shutter  Focallgth. Film Scales

Survey type Type speed (sec.) (in.) Filter type (approx.) Line mi.  Area (km?)
Baffin Island 1971 Piper Zeiss 1/500 6 B Plus-Xt 1:2,100 7 5
Aztec RMK /23 1:11,000 97 392

Guelph* 1972 Cessna Zeiss 1/1,000 12 none Double- Xt
320 RMK30/23 Col. Neg$ Il If Il
Eastern Arctic 1972 Aero Zeiss 1/1,000 12 none Col. Neg$ 1:4,000 63 93
Commander RMK30/23 1:10,000 69 253
Eastern Arctic 1973 Aero Wild 1/500 6 500 Plus-Xt 1:3,000 622 686
Commander RC8 Pan X 1:10,000 1,043 3,836

* Kxperimental work on captive birds.
t Kodak Plus-X Aerographic Film 2402 (Estar Base).
1 Kodak Double-X Aerographic Film 2505

(Estar Base).

§ Kodak Aerocolor Negative Film 2445 (Estar Base).

I Approximately three frames obtained for each of
the films and scales used (1:2,000; 1:4,000;
1:6,000; 1:8,000; 1:10,000, and 1:12,000).

4) Richards M1M-231100 light table
with a mounted Bausch and Lomb Stereo-
Zoom 7 binocular microscope with 0.5X
adapter; :

5) nylon grids (invented by R. N.
Jones) made by stringing fine nylon fishing
line across a wooden frame to form two
grids of about 20 em x 20 em, one with 1
em x 1 em squares and the other with
2 cm x 2 cm squares;

6) acetate grids made by plotting
lines with a precision drafting machine on
clear acetate sheets to form two grids of
26 ¢cm x 26 cm, one with 1 emx 1 cm
squares and the other with2 cm x 2 em
squares;

7) data sheets of standard metric
graph paper, 25 cm x 18 cm, marked to cor-
respond with the nylon grids; or paper
photo-copies of the acetate grids.

4.2. Basic procedure and image identi-
fication

As in standard Canadian government
aerial photography, each roll and frame of
the exposed film from 1972 and 1973 was
given an identification number by the Inter-
departmental Committee on Air Surveys,
and the flight lines of photography were
plotted on an index map. After analysis, we
deposited the original films and their in-
dexes in the National Air Photo Library.
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We analysed the original negative of
each film by mounting it in roll form on the
Survair light box or the Richards light
table and examining it through a binocular
microscope. We placed the film emulsion
side down and applied the analysis work
and marking on the Estar base or back of
the film, while taking care to keep the film
clean and to prevent it from being
scratched.

The geese appeared on the photo-
graphs as oval images if they were on the
ground, or as spread-eagle images if they
were flying. The white phase birds appeared
as distinct dense black images on the nega-
tive film. The blue phase birds presented a
faint grey image. Often the white head of
the blue phase (a tiny black dot image) or
the bird’s shadow (a white image) aided in
identifying the blue phase.

We recorded geese as breeding birds
(distributed in pairs on the ground) or as
non-breeding birds (distributed in flocks on
the ground or in flight). Only white phase
geese were counted on the high-level pho-
tographs by using the 1 em x 1 ¢cm grid and
magnification to fill the microscope’s field of
view with one grid square. We counted
both white and blue phases on the low-
level photographs by using the 2 em x 2 cm
grid with appropriate microscopic magnifi-
cation.

4.3. Detailed procedure for counting
white phase geese

.We made positive contact prints or
half-size black-and-white positive prints of
every frame of the high-level negatives to be
analysed for nesting white phase geese. We
analysed the original negatives by flight
lines, first placing the grid on or under a
frame and marking the corners of its posi-
tion with a fine nylon-tipped pen on the
film. If we saw geese, we recorded the
numbers in the corresponding grid square
of the data sheet for that frame. We moved
the microscope slowly down the first
column until it reached the bottom row,
and then repeated the procedure by going
up the next column. The corners of the
area examined and marked on the first
frame were also marked on the second
frame to account for forward overlap in
moving the grid to examine a new ground
area on the second frame. In effect we |
searched the ground area frame-by-frame.
If there was sufficient forward overlap
(60% or more) we had to examine only
every alternate frame. The grid position
indicating the actual area examined on each
frame was also marked on the correspond-
ing print. We accounted for lateral overlap
as follows. Beginning at one edge of an
area photographed, we designated the first
flight line and every alternate one after it



as primary lines, and those between them
as secondary lines. We analysed the pri-
mary lines first, so that lateral overlap had
to be considered only when analysing the
secondary lines. Each secondary frame was
first compared to the prints of the primary
frames which it bordered. The area already
examined and marked on the print was
located and marked on the secondary frame.
That portion already examined on the pri-
mary frame we blocked off from the second-
ary frame so as to examine only the ground
area between primary lines. The corres-
ponding data sheets of the secondary frames
were also blocked off and filled in accord-
ingly.

After all frames had been analysed,
the data sheets provided a grid count of
white birds on the colony. We tallied the
total numbers of nesting and non-breeding
birds and measured the total nesting area
for each frame.

4.4. Calculations
To calculate the total number of

white phase plus blue phase nests in the
analysed area of a given colony, we multi-
plied the number of white phase nesting
geese counted by the reciprocal of the per-
centage white phase for the colony, and
divided by two, it being assumed that one
male and one female would be associated
with almost all active nests at the time of
photography. We calculated the colour
ratio, or percentage of white, from sample
counts of white and blue phase nesting
geese on low-level photographs. For this we
obtained minimum sample sizes of 1,600
whites plus blues for each colony.

© We plotted the boundary of the area
occupied by nesting birds at each colony on
standard National Air Photo Library scale
1:60,000 vertical photographs with refer-

ence to the data sheets of the analysed area.

We supplemented this by scanning the
photographic coverage of areas not analys-
ed in detail, and with visual observations
made during the photographic flights. We
alse plotted the area and position of each
photograph analysed on the 1:60,000 pho-

tographs. Sizes of the total nesting area and
the total photographic coverage were mea-
sured by planimeter. In some cases we
measured the area of coverage from the
analysed film (using a scale factor corrected
by comparison to the standard 1:60,000
photographs and 1:250,000 maps).

At some colonies the high-level
coverage of the nesting area was not quite
complete and, due to limited time, we did
not analyse all available film. We expanded
the mean density of nests on the analysed
sample by the total nesting area to estimate
total nests in the colony.

At some colonies both the extensive
sample counts of white phase birds as well
as the colour ratio sample counts of white
and blue phases were taken from the low-
level photographs.

We calculated the 95% confidence
intervals of the estimated colony size, based
on high-level coverage, by comparing
counts of white birds made on high and low-
level photographs of the same sample areas.
For colony size estimates based on low-
level photographs we used only the variance
of the sample to estimate the 95% confi-
dence interval of the total estimate of
colony size.

For further description and discus-
sion of methods and statistical procedures
see Appendices 1 and 2.
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The colonies

Table 2 gives the key results for each
colony from the June 1973 survey, includ-
ing total size and area, colour ratio, mean
density, proportion analysed, and 95%
confidence intervals of the total number of
nests and colour ratio of nesting birds. This
section elaborates on those results and dis-
cusses earlier records for each colony pro-
ceeding from south to north. I have grouped
the 16 nesting colonies into four geographic
regions:

1) south Hudson Bay — the coast of
Hudson and James bays, from La Pérouse
Bay to Attawapiskat, and the north coast of
Akimiski Island;

2) west Hudson Bay — the coast of
Hudson Bay from Thlewiaza River te
Maguse River;

3) Southampton Island — the south-
ern lowlands of the island;

4) Baffin Island — the coastal plain
from Garnet Bay to Taverner Bay.

Figure 2 shows the locations of the
regions and colonies, and subsequent
figures show more details for each colony.
Note that most of the major colonies (Cape
Henrietta Maria, McConnell River, Wolf
Creek, Boas River, East Bay, and Bowman
Bay) are shown at the same scale to facili-
tate comparisons.

Previous workers have not standard-
ized colony names, as will be noted when
former names differ from the ones I have
assigned. I hope that future workers will
adopt the names given here.

1. South Hudson Bay

Hanson and Lumsden have checked
the productivity of the colonies of this
region with aerial surveys almost annually
since 1957. Hanson et al. (1972) summar-
ized their results up to 1970 and reviewed
the history and development of the colonies.

Most of the nesting geese are in the
colonies at Cape Henrietta Maria, Ontario
and La Pérouse Bay, Manitoba, with per-
haps fewer than 100 pairs in any given year
found intermittently along the coast from
La Pérouse Bay southeast for about 1,100
km (700 mi) to Akimjski Island (Hanson
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Table 2

Summary of results of a photographic survey of
the nesting colonies of Lesser Snow Geese in the

eastern Canadian Arctic, June 1973

Total
nesting Mean
Total no. area km? density % blue
nests (% anal. (nests/ phase
Colony (£2s.e.) on photos) km?) (£2s.e.)
Cape Henrietta Maria 29,600 (= 7,800) 69.1 (37) 428 72.7 (£3.3)
La Pérouse Bay 2,800 6.8 (83) 412 26.0
Subtotal — S. Hudson Bay 32,400 75.9 427
Tha-anne River 3,200 1.1 (22) 2,909 20.8 (£2.2)
S. McConnell River 5,900 90.0 (67) 66 24.0
McConnell River 163,000 (429,100) 249.4 (72) 654 24.2 (£4.8)
Wolf Creek 22,500 (£ 3,600) 60.1 (62) 374 25.0 (£4.9)
Maguse River 500 10.6 (49) 47 25.0
Subtotal — W. Hudson Bay 195,100 411.2 474
Ell Bay 200 37.5 (94) 5 23.0
W. Boas River 4,000 80.0 (10) 50 23.0
Boas River 64,800 (£12,000)  384.0 (40) 169 23.1 (£2.6)
Bear Cove 400 1.6 (37) 250 35.0
SW. East Bay 1,000 150.0 (0) 7 35.0
East Bay 7,500 (= 1,800) 97.3 (32) 77 34.7 (£6.3)
Subtotal — Southampton Is. 77,900 750.4 104
Bowman Bay 91,900 (+23,500) 193.7 (67) 474 80.9 (£2.8)
Cape Dominion 36,400 (£10,100) 1,210.0 (3) 30 60.6 (£4.6)
Koukdjuak River 95,000 (£13,400) 1,533.0 (5) 62 41.4 (£3.2)
Subtotal — Baffin Is. 223,300 2,936.7 76
Total 528,700 (+43,600) 4,174.2 127 43

et al., 1972). That string of records thus
connects the two colonies, which are con-
sidered to have different origins (to be
noted later), and makes it logical to con-
sider south Hudson Bay as a region.

1.1. Cape Henrietta Maria

1973 — 29,600 nests, 73% blue
(Fig. 3). This was the only colony where
adverse weather prevented adequate photo-
graphy during my survey. I obtained low-
level sample coverage on June 11, but
clouds made high-level photography im-
possible. Due to an obvious difference in
nest densities between the western and
eastern parts of the colony, I divided it into
two strata for calculating the mean densi-
ties and total nests (Table 3).

Earlier records — After visiting the
Cape in late August, 1944 and talking with

Table 3

Calculation by strata of the size of the

Cape Henrietta Maria Lesser Snow Goose colony,
June 11, 1973

Total
nesting  Mean
Total no.  area km? density
nests (% anal. (nests/
Stratum (2+s.e.) on photos) km?)
Western 27,000 (£7,700) 36.7 (32) 736
Eastern 2,600 (= 800) 32.4 (43) 80
Total 29,600 (£7,800) 69.1 (37) 428

Indians who knew the area, Smith (1944)
surmised that there was a colony of about
100 nesting pairs, 75% blue phase. He also
noted reports of Snow Geese nesting on
Akimiski Island. Lumsden (1957) made the
first detailed studies of the Cape colony in
1957, including the banding of 50 goslings.

Since then aerial productivity appraisals



Figure 2

Breeding range of the eastern Arctic population
of Lesser Snow Geese showing colonies, regions,
air bases, and localities mentioned in the text.
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Figure 3

Lesser Snow Goose colony at Cape Henrietta Maria,
Ontario, showing the area occupied by nests, June
11, 1973, and the analysed photographic coverage.
Shading indicates strata of nesting densities.
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have been made annually (Hanson et al.,
1972) and an annual banding program has
been underway since 1969 (Lumsden, pers.
comm.).

In 1972 and 1973 Lumsden (pers.
comm.) censused the nesting birds by
means of small-format (35 mm) vertical
aerial photography. He found that the nest-
ing area was about the same in both years.
His estimates of the total nesting popula-
tion — 22,300 nests (1972) and 25,300
nests (1973) — were probably more accu-
rate than my estimate in 1973. Our results
indicate that the colony has tripled since
1957, when Lumsden estimated a total of
17,000 birds, including non-breeders
(Hanson et al., 1972). The colour ratios
estimated by Lumsden of 71.5% blue (1972)

16

and 71.9% blue (1973) were very close to
the one I estimated in 1973.

Hanson et al., (1972) calculated that
the percentage of blue in the adult com-
ponent of the colony had increased steadily
at the rate of 0.622 per year. They sug-

gested, as did Cooch (1964), that this colony

was founded by birds from Baffin Island.
1.2.  LaPérouse Bay

1973 — 2,800 nests, 26% blue (Fig.
4). We obtained total high-level photo co-
verage and extensive low-level coverage at
La Pérouse Bay on June 13 and 15, but the
resolution of the photographs was too poor
to permit accurate goose counting, appar-
ently because of heavy humidity haze.
However, researchers censused the colony

on the ground and advised (Cooke and
Finney, pers. comm.) that the ground area,
total nests, and colour ratio were similar to
those of 1972. My successful photographic
survey of the colony in 1972 (Kerbes and
Prevett, 1973) agreed closely with ground
counts. Therefore, the 1972 results have
been entered in Table 2 and Figure 4.
FEarlier records — In 1953 Wellein and
Newcomb (1954) saw 23 nests and 3 broods
between Norton Lake and La Pérouse Bay,
and in 1956 Foster (1957) found 15 nests at
La Pérouse Bay. Aerial surveys of the
colony at La Pérouse Bay have been under-
taken since 1962 by Hanson et al. (1972),
who have called it the ““Cape Churchill
Colony.” A team led by F. Cooke of Queen’s

University has studied the colony since



1968. Nesting biology, distribution, behav-
lour, genetics, and population turnover in
relation to colour phase are being followed
through nest history studies and a banding
and colour marking scheme (Cooke, 1975;
Cooke and Finney, pers. comm.).

The colony seems to have changed
little since 1963, when Hanson et al. (1972)
estimated a total of 5,600 birds, 24% blue.
Estimates made from the ground by Cooke
and Finney (pers. comm.) indicated that
the population remained stable at about
3,000 nesting pairs in 1972, 1973, and 1974,
and that the colour ratio was 26% blue in
1972 and 1973, and 28% blue in 1974.
Since its colour ratio and migration pattern
are similar to those of west Hudson Bay and
Southampton Island, the colony was prob-
ably founded by birds from those regions
(Hanson et al., 1972; Dzubin et al., 1973).

In addition to the geese nesting in the
colony, Cooke and Finney (pers. comm.)
reported a few nests, perhaps up to 200,
scattered along the coast from La Pérouse
Bay to Cape Churchill, and in 1968, 1969,
and 1970 Pakulak observed about 200 nests
(50% to 75% blue) at a small lake about 6.5
km (4 mi) south of Cape Churchill. I ob-
served that small colony in 1972 and 1973,
but my photographs did not permit accurate
analysis to confirm that the unexpectedly
high blue percentage still existed.

2. West Hudson Bay

Hanson and Lumsden have included
west Hudson Bay in their surveys since
1964. They have summarized their results
up to 1970 and reviewed the history and
growth of the colonies (Hanson et al.,
1972). They reported that during flights
(all done post-hatch) they usually were not
out of sight of flocks with young for some
113 km (70 mi) of coast from Thlewiaza
River to Maguse River, and they called that
sector the “McConnell River Colony.”

West Hudson Bay contains the huge
colony at McConnell River, the new colony
at Wolf Creek, the small colonies at Tha-
anne River and Maguse River, and an area
of scattered nests between Tha-anne and

Figure 4

Lesser Snow Goose colony at La Pérouse Bay,
Manitoba, showing the area occupied by nests,
June 1972 and 1973.

Figure 4

[
93°25’

La Pérouse

® a Bay
o

-
g

d

&

[
93°15’
v,

Cape
Churchill

58°45"—

Area occupied by nesting birds

Miles 1 2 3 4
[ | | | |

T 1T T 11
1 23 4 5 6 7

0
[
[
0

o —L-wn

Kilometers

McConnell, which I have designated “South
McConnell River.” Except for 100 adults
with young reported at Seal River, Mani-
toba in 1968 (Hanson et al., 1972), there
are no records of breeding birds between
the south and west Hudson Bay regions.
2.1. Tha.anne River

1973 — 3,200 nests, 21% blue (Fig.
5). We obtained complete high- and low-
level photographic coverage for this colony

and its environs on June 18 and 19. Analysis
and scanning of the film revealed a very
dense concentration of nests on three small
islands, totalling about 1 km?, in the north-
east corner of the joint mouth of the Tha-
anne and Thlewiaza rivers. The colour
ratio, which was calculated from a large
sample of birds in low-level photographs,
was not significantly different from that at
McConnell River. This is the densest colony
and the only one limited to deltaic islands.
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Figure 5
Lesser Snow Goose colony at Tha-anne River,
N.W.T., showing the area occupied by nests, June

18 and 19, 1973.
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FEarlier records — In 1950 Hawkins,
Wellein and Crissey (1951) saw a concen-
tration of nests that was probably on the
same islands as those occupied in 1973,

Hanson et al. (1972) suggested that
in some years «ufeis, or ice accumulating on
the delta over winter, p]'(-\'(rnl(‘d 11('sling
on the islands when it covered them and
did not melt soon enough. I found aufeis in
my survey of 1972, but not on the three
nesting islands, which were covered with

—

active nests (Kerbes and Prevett, 1973). In
1973, when no aufeis was present, nests were
again only on those three islands. Maclnnes
(pers. comm.) observed similar numbers

on the three islands in June, 1969.

2.2.  South McConnell River

19073 — 5,900 nests, 249 blue. From
analysis of a continuous strip of photo-
graphs and from visual observations taken
on June 18 along the coast, I estimated that

nests were scattered within 8 km (5 mi) of
the high-tide line from the north shore of
Tha-anne River to the south border of the
McConnell River colony. About 809 of
those nests were in the northern 25% of
that area. The area apparently provides
feeding grounds for many non-breeders, as
well as local breeders and others from Tha-
anne and McConnell after hateh. Colour
ratio was similar to McConnell River.

Earlier records — The unnamed river
north of the Tha-anne mentioned by Han-
son et al. (1972) as a potential nesting area
did not have any nests nor did it appear to
be suitable nesting habitat in 1972 or 1973.
2.3, McConnell River
1073 — 163,000 nests, 249 blue
(Fig. 6). We photographed the McConnell
River colony on June 18 and 19. Subse-
quent analysis showed it to be the largest
single colony in the eastern Arctic. The
density of nests was greatest along the north
branch of the McConnell River and on -
the large island between the north and
south branches.

Farlier records — In 1941 Angus
Gavin observed nesting birds in small arcas
at cach of the north and south branch
mouths of the McConnell River; he esti-
mated a total of 14,000 birds (Cooch, 1963,
and pers. comm.). Cooch (1958, 1961,
1963) called this the "Eskimo Point Col-
ony,” where he undertook banding and
other studies in 1954, 1959, and 1961. After
studving Canada Geese there in 1959 and
1960, C. D. MacInnes led a manv-faceted
study of geese with a team of graduate
students from the University of Western
Ontario from 1964 to 1971, In 1972 and
1973 Harwood and Ankney, respectively,
continued the studies. No investigators
were present in 1974 - for the first time
in 15 vears.

McConnell River has the best his-
torical record of all colonies, and it shows
the most phenomenal growth. In the 32
vears since 19411t has incereased almost
30-fold (assuming that Gavin’s 14,000 were
adult-plumaged birds and that the 326,000
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Figure 7

Lesser Snow Goose colony at Wolf Creek, N.W.T.,
showing the area occupied by nests, June 18, 1973,
and the analysed photographic coverage. The
numbers represent average densities in nests/km?
for the nesting areas within photo frames.
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nesting birds in 1973 were accompanied
by 90,000 non-breeders). The lack of accu-
rate population counts prior to the 1972
and 1973 surveys prevents reconstruction
of the yearly rate of growth.
In 1971 C. Von Barloewen (pers.
-comm.) used a ground sampling technique
to estimate 45,000 nests in the colony. My
photo surveys tallied 117,000 nests in 1972
(Kerbes and Prevett, 1973). It is unlikely
that the total nests more than doubled, as
it would seem, between 1971 and 1972.
MacInnes and Harwood (pers. comm.) re-
ported that the nesting phenology was later
and more restrictive in 1972 than it was
in 1971. Therefore, Von Barloewen’s esti-
mate probably was low because it under-
estimated the mean density of the colony
and the size of its northern area. The differ-
ence between 1972 and 1973 arose because
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1972 was a late season and the size of the
nesting area was restricted by late snow
cover (Harwood pers. comm.), while 1973
was one of the earliest and best on record
(Ankney, pers. comm.).

Hanson et al. (1972) pointed to the
apparent steady increase in the frequency
of blue genes in the colony from only a
trace percentage of blue in 1941 to 17%
blue in 1961 (Cooch, 1963), followed by an
apparently stable period from 1964 (24.5%
blue) to 1969 (25.5% blue). The ratio re-
mained at that level in each year from 1970
to 1973 (Prevett and Maclnnes, pers.

comm.; this report).

2.4. Wolf Creek

1973 — 22,500 nests, 25% blue
(Fig. 7). Wolf Creek is the unofficial name
(English translation of the Inuit name

“Amaurokilik™) of the small river which
enters Hudson Bay about 6.5 km (4 mi)
south of Eskimo Point. The colony, cross-
ed at its centre by Wolf Creek, was photo-
graphed on June 18. Blokpoel (1974) re-
ferred to it as the “Eskimo Point Colony.”

Earlier records— On June 27, 1967
J. P. Prevett (pers. comm.) saw a small
nesting colony of about 1,500 pairs along
the shores of Wolf Creek about 3.2 km (2
mi) inland from Hudson Bay. It has grown
rapidly since then. During the survey in
1972 T estimated visually that there were
30,000 nests. The higher total for 1972 than
for 1973 may have been due to an immigra-
tion of geese from Southampton Island,
where nesting was prevented by an excep-
tionally late spring (Kerbes and Prevett,
1973), or it may have been due to over-
estimation in 1972,

The Wolf Creek colony is closer to a
human settlement than any other: flight-
less geese have been seen at midsummer on
the streets of Eskimo Point.

2.5. Maguse River

1973 — 500 nests, 25% blue (Fig. 8).
This area was thoroughly reconnoitred
and extensive sample areas were photo-
graphed on June 18. Analysis of photo-
graphs and notes taken during the flight
indicated about 100 nests on Austin Island
and about 400 nests along a tributary of the
north branch of Maguse River. Colour ratio
was similar to Wolf Creek.

FEarlier records — Acting on a tip from
Cooch about an Inuit report, Lumsden
found about 4,000 geese with young on the
southern half of Austin Island on August
15, 1964 (Hanson et al., 1972). Maclnnes
(pers. comm.) reported about 50 nests on
Austin Island and about 250 on a tributary
of the north branch of the Maguse River in
1969. As we recorded nests at both in 1973,
the colony seems to have changed little.

In both 1972 and 1973 many thou-
sands of non-breeding geese were in the
area (apparently more were concentrated
there than at any other site in the west
Hudson Bay region).



Figure 8
Lesser Snow Goose colony at Maguse River,
N.W.T., showing the areas occupied by nests,

June 18, 1973.
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Figure9
Lesser Snow Goose colony at Ell Bay, N.W.T.,
showing the area occupied by nests, June 23, 1973.
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3. Southampton Island

Most of the island’s geese nest at
Boas River, with smaller numbers at East
Bay and Bear Cove. Some also nest in dif-
fuse colonies at Ell Bay and in two areas
adjacent to large colonies — west of Boas
River and southeast of East Bay. Parker
and Ross (1973) reported that during aerial
surveys in August 1971 flocks of geese
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were seen along the east coast of South Bay
and throughout the lowlands of southwest
Southampton Island.

Extensive aerial surveys of the
Southampton colonies were made by Cooch
in 1955 (Cooch, 1955) and by me in 1966
(Kerbes, 1967).

Inventory of the colonies during the
1972 survey was thwarted by the excep-

tionally late spring, which prevented nest-
ing on Southampton and Baflin islands.
Flocks of geese were seen on or near the
Southampton colony sites and a few (total
2,000 birds) on the east end of Coats Island
(Kerbes and Prevett, 1973), where there
may be a small colony. We surveyed most of
the sedge lowlands of Southampton Island,
L.e., the existing and potential colony sites,

in 1973, but did not visit Coats Island.

3.1. EllBay

1973 — 200 nests, 23% blue (I'ig. 9).
Visual observations and analysis of photo-
graphs taken on June 23 revealed a large
area of diffuse nesting near Ell Bay. Colour
ratio was approximately the same as that of
Boas River.

FEarlier records — Maclnnes (pers.
comm.) found old nests and other signs of
a colony when he visited Ell Bay in 1961.

3.2. West Boas River

1973 — 4,000 nests, 23% blue. Notes
and photographs taken on June 23 showed
scattered nests in an area averaging 4 km in
width extending for 20 km along the coast
west of the western boundary of the Boas
River colony. Densily within the area
varied greatly and the colour ratio was
similar to that of Boas River.

Earlier records — Sutton (1932) re-
layed Inuit reports of nests occurring along
the north shore of the Bay of God’s Merey
as far as Cape Kendall. However, Manning
(1942), Cooch (1958), and Kerbes (1967) -
reported no such westward extension.

3.3. BoasRiver

1973 -— 64,800 nests, 23% blue (Fig.
10). This colony, which was photographed
on June 21 and 23, proved to be the most
difficult for navigation. The low relief,
extensive melt-water flooding, and bewilder-
ing maze of water courses were aptly de-
scribed by Cooch (1958). Analysis of sam-
ple photo strips has shown that, although
nest densities were low, the total nesting
area was much bigger than that of Me-

Connell River.



Figure 10
Lesser Snow Goose colony at Boas River, NJW.T.,
showing the area occupied by nests, June 21 and
23, 1973, and the analysed photographic coverage.
The numbers represent average densities in
nests/km? for the nesting areas within photo
frames.
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Earlier records — In 1929 local Inuit
advised Sutton (1932) of this colony. It was
investigated by Manning (1942) in 1934
and by Bray (1943) and Manning in 1936.
Cooch (1958) did his classic Blue Goose
nesting studies in 1952 and 1953. In 1953,
1956, and 1957 Barry (1956, 1962) studied
Brant there and in 1961 MacInnes (pers.
comm.) studied Canada Geese. Banding was
undertaken in 1934, 1952 to 1961, 1965
and 1966; in the later years by Tooma
Netser of Coral Harbour.

The colony has increased more than
four-fold in total number of nests, from
15,000 estimated in 1934 (Manning, 1942)
t0 65,000 in 1973. Apparently most of that
increase has been since 1961 (Cooch,1963).
The nesting area used from 1952 to 1961
(Cooch 1958, 1963), in 1966 (Kerbes,

1967) and 1973 did not alter significantly.
Manning (1942) estimated the nesting area
to be much smaller in 1934 (about 35 km?)
than the area used from 1952 to 1973
(about 400 km?) yet Cooch (1963) implied
that there had been no increase in numbers
up to 1961. Either Manning’s estimate of
numbers was too high or his estimate of
area too low, or, more likely, Cooch’s esti-
male of total numbers was too low. It is
most unlikely that the density of nests
would have been much greater in 1934 than
it was from 1952 to 1961.

The proportion of blue phase in-
creased dramatically from 5% blue in 1934
(Manning, 1942) to 33% in 1961 (Cooch,
1963). Since then it has stabilized or per-
haps has decreased to 23% blue phase

in 1973.

3.4. Bear Cove

1973 — 400 nests, 35% blue (Fig.
11). We thoroughly searched and photo-
graphed this area from the air on June 21.
Analysis of photographs showed a small
colony on the banks of Bursting Brook with
a colour ratio close to that of East Bay.

Earlier records — Southampton Island
Inuit reported a small nesting colony at the
mouth of Bursting Brook in 1942 (Man-
ning, 1944). Cooch (1963) cited a report
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Figure 11
Lesser Snow Goose colony at Bear Cove, N.W.T.,

showing the area occupied by nests, June 21, 1973.
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that there were 2,000 birds, 33% blue, in
1960. Apparently the colony has changed
little since.

3.5. Southwest East Bay

1973 — 1,000 nests, 35% blue. We
saw scattered solitary nests and pockets of
a few nests each in a broad zone of very low
and waterlogged tundra extending from the
southwest boundary of the East Bay colony
across the narrow base of Bell Peninsula to

the east shore of Native Bay on June 21 and
23. Parts of the area were photographed,
but they have not been analysed. I visually
estimated the total nests and colour ratio.
FEarlier records — See East Bay.

3.6. East Bay

1973 — 7,500 nests, 35% blue (Fig.
12). This colony was completely photo-
graphed on June 21 and 23. Analysis of
sample photographs showed that its colour



ratio was significantly different from that
of Boas River.

Earlier records— Probably on the
. basis of information received from Inuit in
1934 and 1936, Manning (1942) indicated
that geese nested at least occasionally in the
general area where the East Bay and south-
west East Bay colonies were delineated in
1973. The Inuit reported the East Bay
colony to Loughrey in 1952 (Arctic Circu-
lar, 1959). Barry (1962) studied Brant at
East Bay in 1957.

In 1955 Cooch (1963) estimated
there were 25,000 birds, 33% blue, in al-
most exactly the same area delineated as
the East Bay colony in 1973. I found geese
nesting in the same area in 1966 (Kerbes,
1967). Since the 1955 estimate included
non-breeders and had no statistical confi-
dence limits, it may not mean that the
colony was larger than in 1973.

4.  Baffin Island

The breeding grounds of the Great
Plain of the Koukdjuak extend along the
west coast of Baffin Island for 257 km (160
mi) from Bowman Bay to Taverner Bay.
Following the early work of Soper (1930)
and Manning (1942), aerial surveys of the
geese were flown by Loughrey (1952) and
Cooch (1955). In 1961 Lemieux led a band-
ing expedition along the Koukdjuak River
(Lemieux and Heyland, 1967). I conducted
an aerial survey in 1966, and in 1967 and
1968 I carried out aerial surveys, breeding
biology studies, and banding operations
(Kerbes, 1967, 1969). I also undertook
aerial photographic surveys in 1971, 1972
and 1973.

The Great Plain of the Koukdjuak
includes over 11,000 km? of sedge lowland
adjacent to Foxe Basin and Koukdjuak
River. The geese use that area for feeding,
but they nest almost exclusively in some
3,000 km? of the plain along the coast from
Bowman Bay almost to the mouth of
Koukdjuak River. Cooch (1961) arbitrarily
divided the nesting grounds into three
colonies: Bowman Bay, Cape Dominion,

and Koukdjuak River.

Figure 12

Lesser Snow Goose colony at East Bay, N.W.T.,
showing the area occupied by nests, June 21 and
23,1973, and the analysed photographic coverage.
The numbers represent average densities in

nests/km?for the nesting areas within photo frames.
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In some years a few geese nest north
of Koukdjuak River, and there have been
reports of small colonies southwest of Bow-
man Bay at Garnet Bay, Cory Bay, and
Aukpar River (Cooch 1955, 1963). Prince
Charles and Air Force islands, which are
northern extensions of the Great Plain of
the Koukdjuak, provide summer range for
small numbers of non-breeding geese from
the colonies of the plain (Elliott, Manning,
pers. comm.). During the aerial surveys of

1966 to 1968 and 1971 to 1973 I saw no
nests outside the three main colonies.

A review of the 1973 results for each
of the Baffin colonies follows. Earlier
records are discussed for all three together
because of their close relationship.

4.1. Bowman Bay

1973 — 91,900 nests, 81% blue (Fig.
13). On June 26 to 28 we found nests on a
strip averaging 3 to 4 km wide above the

(W)
(o1}
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high-tide line along the east shore of Bow-
man Bay, in what Putnam (1928) called the
“Blue Goose Prairie.” It has since been
misspelled “Bluegoose Prairie” on official
maps, and Kerbes (1969) referred to this
colony as “Bluegoose Prairie.” Due to
obvious differences in nest densities among
the northern, central, and southern parts of
the colony, we based our calculations on
stratification (Table 4).

4.2. Cape Dominion

1973 — 36,400 nests, 61% blue (Fw
14). The photographic coverage analysed
(taken June 26 to 28) and estimated nesting
areas for Cape Dominion and Koukdjuak
River and their relationship to Bowman Bay
are shown in Figure 14. The border between
Cape Dominion and Bowman Bay was
based on a definite geographic feature (the
unnamed river) and on an apparent change
in the colour ratio, which we estimated
from small photographic samples at many
points in the Baflin colonies. The percent-
age of blue tended to decrease proceeding
north from Bowman Bay. We selected the
most obvious point of change in ratio as the
border between Dominion and Koukdjuak,
and arbitrarily drew that border perpen-
dicular to the coast.

For Dominion and Koukdjuak, I used
counts of white phase nesting birds from
only the low-level photos to compute the
mean density. Much of the high-level photo
coverage was analysed, but only to define
the edge of the nesting area. The high-level
counts could not be used to compute den-

sities because not enough high- and low-
level coverage ovexlapped to permit cal-
culation of the correction factors and con-
fidence limits. Accordingly, 1 based the
confidence limits for Dominion and Kouk-
djuak (as for Cape Henrietta Maria) on the
variance within the low-level samples

(Appendices 1 and 2).

4.3. Koukdjuak River

1973 — 95,000 nests, 41% blue (Fig.
14). T have covered special aspects of the
photographic survey of this colony under

Table 4
Calculation by strata of the size of the Bowman
Bay Lesser Snow Goose colony, June 26 to 28, 1973

Total
nesting  Mean
Total no. area km? density
nests (% anal. (nests/
Stratum (2%s.e.) on photos) km?)

Northern 8,900 (£ 5,700) 28.3 (57) 314
Central 60,300 (£13,100) 79.0 (91) 763
Southern 22,700 (+£18,600) 86.4 (48) 263
Total 91,900 (£23,500) 193.7 (67) 474

Cape Dominion (above). Koukdjuak River
was 21% larger than Cape Dominion, but it
contained 61% more nests, mainly because
of better drained habitat with higher and
more numerous nest sites. In both Kouk-
djuak and Dominion nest densities varied
greatly over short distances. Areas within
about 2 km of the high-tide line and within
about 0.5 km ofsllmm banks had fairly
uniform densities, but other areas showed
extreme clumping of nests.

4.4. Bowman Bay, Cape Dominion, and

Koukdjuak River

Earlier records — Historical data on
the distribution, numbers, and colour
phase ratios of the Baffin colonies are
sketchy. Although Soper (1930) saw only a
relatively small number of nests near Bow-
man Bay in 1929, he suggested that the
nesting grounds extended at least as far as
Koukdjuak River. In 1938 Manning (1942)
confirmed that geese were found almost
continuously along the coast from Bowman
Bay to Taverner Bay, but nests did not
occur in significant numbers north of the
Koukdjuak River. The same pattern has
been reported in subsequent surveys in
1952 (Loughrey, 1952), 1955 (Cooch,
1955), 1966 to 1968 (Kerbes, 1969), 1971
(Kerbes and Prevett, 1973), and 1973 (this
report).

The estimates of population made
prior to 1973 should be considered only as
indicators of order of magnitude. The
Baffin nesting grounds are too widespread
and contain too many geese to be measured
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Table 5

Percentage blue phase of Lesser Snow Geese in the

Baffin Island colonies, 1929 to 1973

Year Bowman Bay Cape Dominion Koukdjuak River Authority
1929 96 — — Soper (1930)
1938 — 14 10 Manning (1942)
1955 97 80 45 Cooch (1963)
1961 = — 51 Lemieux and Heyland (1967)
1967 88" — Kerbes (1969)
1968 85 76 57 Kerbes (1969)
1971 80 = — Kerbes and Prevett (1973)
1973 81 61 41 This report

during a coastal boat trip (Manning) or a
single flight (Cooch) with visual observa-
tions only. Nevertheless, the previous esti-
mates of total adult-plumaged birds on the
Baffin Island nesting grounds — a minimum
0f 200,000 in 1938 (Manning, 1942) and a
total 0f 405,000 in 1955 (Cooch, 1963) —
suggest that the total number may not

have changed significantly compared to the
total of 446,000 nesting birds counted in
1973. Comparison of Cooch’s estimate

with mine for Bowman Bay shows close
agreement between 185,000 adult-plumaged
birds in 1955 (Cooch, 1963) and 183,800
nesting birds in 1973. Both are much lower
than my estimate of 282,000 nesting birds
in 1967 (Kerbes, 1969). Probably the
number of nests was greatly overestimated
in 1967, since it was based on a very small
sample of visual transect counts.

Estimates based on field observations
of the colour phase ratios of the colonies
are given in Table 5. Those were probably
much more accurate than the early esti-
mates of population size. Since 1955 the
percentage of blue phase has decreased at
Bowman Bay and Cape Dominion, and it
seems to have increased and then decreased
at Koukdjuak River. The differences in
ratios among the three colonies in 1973 are
statistically significant (Table 2).

Nesting success and production of
the Baffin colonies go through drastic
fluctuations, as was aptly illustrated in the
studies by Kerbes (1969) at Bowman Bay.
Snow cleared from the nesting grounds in
1967 early enough to allow the geese to

nest over most of the potential area. In
1968, however, snow cover was much
deeper and harder and the nesting grounds
melted clear some two weeks later than in
1967. Consequently, geese were able to
nest only on the southern part of the Bow-
man Bay colony. The area on Baffin occu-
pied by nests in 1968 was a mere 5% of
what it had been in 1967. Lower nest densi-
ties and higher predation rates in 1968
served further to reduce production. Han-
son (pers. comm.) suggested that the
northern limit of nesting on Baffin depends
on the phenology of the spring season. That
may not be quite true, however, for the
habitat of Koukdjuak River is not as low
and wet as that of Cape Dominion, and
therefore may not take as long to clear even
if its phenology is slightly later.

Occasional failure of breeding sea-
sons, such as 1968 on Baffin, are a part of
the expected history of an arctic goose
colony (Cooch, 1958; Barry, 1962). The
retarded season reduces or prevents nest-
ing, but does not prevent the geese from
spending the spring and summer on the
colony. However, on Baffin Island in 1972
the snow cover cleared three to four weeks
later than normal. In attempting the photo-
graphic survey I found only about 5% of
the surface of the nesting grounds free of
snow or melted water on July 9, and about
one-tenth of the expected number of geese.
The season was so late that it not only pre-
vented the geese from nesting, but ap-
parently forced them to spend the summer
elsewhere (Kerbes and Prevett, 1973). The

retarded season was caused by heavier than
usual winter snowfall accompanied by
colder than usual spring temperatures.

It has been suggested that the Baffin
Island region has begun a trend towards
more accumulation of snow and ice on the
land (Bradley and Miller, 1972; Bradley,
1973a, 1973b; Kukla and Kukla, 1974).
Obviously, such a trend would not be con-
ducive to continued nesting there, especi-
ally since the colonies on Baffin already
have the shortest season of all (Cooch,

1958; Kerbes, 1969).



Colour phase
ratios

Cooch (1963) described an increase
in the percentage of blue phase in Lesser
Snow Goose colonies over the period 1929
to 1961, and on the basis of estimating the
rate of increase over those years he predic-
ted future colour ratios at major colonies.
Table 6 shows his estimates of the ratios
in 1955 and his predictions for 1970 for the
major castern Aretic colonies compared to
what they were in 1973.

Only at McConnell River was the
ratio predicted for 1970 close to the ratio
observed in 1973, the other values pre-
dicted for 1970 beiug higher than those of
1973. The 1973 ratios were the same as the
1955 ratios at Boas River and Koukdjuak
River, but were lower than the 1955 ratios
at Bowman Bay and Cape Dominion. Ryder
(1971) and Hanson et al. (1972) also have
described departures from Cooch’s pre-
dictions.

A decrease in the mean percentage of
blue for the whole castern Arctic popula-
tion is also evident. From Cooch’s estimate
of 629 blue in 1955 it has declined to about
509¢ blue in 1973-74. Tt was estimated to
be 43%¢ blue in June 1973, 49% in Decem-
ber 1973 (Lynch and Voelzer, 1974), and
5290 blue in May 1974 (Curtis, pers.
comm.).

Cooch (1961, 1963) attributed the
increase of blue phase geese primarily to a
recent warming in the eastern Arctic. He
drew supporting evidence from records of
climate and climate-dependent phenomena,
and from his observations of the compara-
tive nesting biology of blue and white phase
geese. He considered the increasing abund-
ance of blue phase to be an example of
adaptive polymorphism, which, under the
warming climalte, favoured the blue phase.

The departure of present blue phase

frequencies from what Cooch predicted may

be due Lo a reversal of the climatic warming
trend which he documented. Mitchell
(1961, 1972) and Lamb (1966) showed that
mean annual world temperature increased
from about 1900 to 1950, bul has since
decreased. The responsibility of man’s in-
dustrial and agricultural activities for
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Table 6
Estimated percentage of blue phase at selected
Lesser Snow Goose colonies in the eastern Arctic,

1955-73

Estimated

Cooch (1963) from

Estimated Predicted photos

Colony for 1955  for 1970  for 1973
McConnell River 8 27 24
Boas River 25 52 23
Bowman Bay 97 99 81
Cape Dominion 80 91 61
Koukdjuak River 45 73 41

inducing or reversing the trend to lower
temperatures is debatable [see, for example,
Bryson (1967) and Mitchell (1972)]. How-
ever, Bradley and Miller (1972), Bradley
(1973a, 1973b) and Kukla and Kukla (1974)
documented recent evidence of deteriora-
ting climate in the eastern Arctic, shown
especially by a decreasing snow-free period
and a trend towards accumulation of snow
and ice on the land.

Climate and other factors which may
influence changes in colour ratios have
been discussed by Hanson et al. (1972) and
by Cooke, MacInnes, and Prevett (1975).

Total size
of population

The population can be grouped into
three categories: the breeders, the non-
breeders, and the young of the year. Total
population reaches its annual minimum
just prior to hatch and its annual maximum
at hatch. I have estimated the total number
of breeders in June 1973, but it takes con-
siderable speculation to account for the
number of non-breeders present in June
and the number of young hatched in July.
According to Cooch (1958), Prevett (1972),
and Cooke (pers. comm.) non-breeders
(which, like nesting birds, are adult-
plumaged) are composed of (1) all yearlings
(birds hatched the previous summer), and
(2) a variable proportion of two-year-olds
and some older birds that are not in breed-
ing condition or have failed in nesting.

The proportion of failed breeders in the
non-breeding category mainly depends on
the phenology of the nesting season —
fewer birds are able to nest as the season
becomes critically delayed.

During incubation non-breeders are
found in low-density pockets within, on the
fringes of, or beyond the limits of the nest-
ing area. I did not account for all the non-
breeders with the photographic surveys,
since it was logistically possible to sample
or cover only the nesting areas and their
immediate environs. Table 7 gives the per-
centage of non-breeders in the total white
phase birds counted on the 1973 photo-
graphs of nesting areas. The percentage
was low at all colonies, particularly on
Southampton Island and Bowman Bay,
where it was less than 5%. That was ex-
pected, since in 1972 virtually no young
were hatched on Southampton or Baffin,
while the Hudson Bay mainland colonies had
average production (Kerbes and Prevett,
1973; Lynch, 1973). Cape Dominion and
Koukdjuak River showed a relatively high
proportion of non-breeders because their
mean nest densities were very low, allow-
ing non-breeders to use large arcas within
the colony where there were few orno
nests. Hence, most non-breeders were
probably on those colonies and the estimate
of about 10% non-breeders at Cape Domin-



Table 7

Estimated percentage of non-breeders among

white phase Lesser Snow Geese counted from photo-
graphs within nesting area of colonies, eastern
Arctic, June 1973

Total white Non-breeders

Colony phase counted (% of total)
Cape Henrietta Maria 5,599 5.3
MecConnell River 138,579 4.4
Wolf Creek 24,643 7.5
Boas River 47,142 3.8
East Bay 4,440 2.4
Bowman Bay 21,242 3.2
Cape Dominion 4,263 11.2
Koukdjuak River 10,287 8.2
Total 256,195 4.6

ion and Koukdjuak River was probably
valid. However, the percentage estimate at
the other colonies is low, since an unknown
and probably variable proportion of non-
breeders were not on the nesting areas
sampled by the photographic counts.

During their productivity appraisals
of the population on the wintering grounds
in December 1973, Lynch and Voelzer
(1974) estimated that 45.6¢ of the adult-
plumaged birds were non-breeders. That
proportion seems inordinately high, even
if allowance is made for the skewing effects
of greater mortality of young birds between
June and December. Hanson et al. (1972)
estimated a five-year average of 257 non-
breeders among the adult-plumaged birds
which were included in their photographic
samples of combined family flocks at Me-
Connell River. The actual mean value was
higher than 257, since their samples did
not include flocks made up entirely of
non-breeders.

In place of attempting to guess what
the actual proportions of non-breeders and
voung birds were, we can caleulate the
theoretical minimum and maximum num-
bers as follows. In June 1973 a minimum of
1.67¢ of the population were non-breeders
(Table 7); therefore, the total minimum
population was 1,108,000 birds. Alter-
natively, we can use the percentage from
Lynch and Voelzer (1974) — a maximum
of 5.6 non-breeders — which gives a

Figure 15

Comparison of estimates of the eastern Arctic
population of Lesser Snow Geese, December 1972
to May 1974.
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maximum population of 1,944,000 birds
in June 1973.

To calculate the theoretical maximum
population at hatch we can assume that the
mean brood size at hatch was at least 3.5
in 1973, which was an early nesting season.
Cooch (1958) found the mean brood at
hatch was 4.12 at Boas River in 1952, also
an early nesting season, and Kerbes (1969)
found a mean of 3.3 at Bowman Bay in
1967, which was an average season.

Cooch (1961) estimated hatching
success al 819¢ in an early season, 63.5% in
an average season, and 519 in a late season.
Cooch (1958) and Kerbes (1969) found
that most egg-loss occurred early in or prior
to incubation, but Harvey (1971) found
that most egg-loss was late in incubation.
Since the photographic survey was done
approximately half-way through incuba-
tion, we can assume that 15% of the eggs in
the nests counted in June 1973 did not
survive to hatch.

Using the above factors and assuming
that there was no significant loss of birds
between June and July, I put the theoretical
maximum total population in July 1973 at
3,517,000 birds: 30% breeders, 25% non-
breeders, and 45% young.

Figure 15 shows the theoretical June
and July 1973 populations compared to
other estimates made by Lynch and Voelzer
(1974) and Curtis (pers. comm.) between
December 1972 and May 1974. It is imme-
diately apparent that the estimates for May
1973 and May 1974 (obtained by Curtis
and Lumsden from aerial surveys along the
coast of Hudson and James bays using
visual estimation of total numbers of white
phase birds expanded by colour ratio esti-
mates made from small-format oblique
photographs) fit much better with the June
1973 estimate than do the estimates from
Lynch and Voelzer.

Lynch and Voelzer (1974) used pro-

ductivity appraisals taken on the wintering
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grounds (Lynch and Singleton, 1964)
applied to base-line population counts from
the Mid-winter Inventory to draw up the
population plot shown in Figure 15. The
Mid-winter Inventory is an annual count of
the population on its wintering grounds
near the Gulf of Mexico taken by visual
estimates from aerial surveys co-ordinated
among federal and state wildlife agencies.
The inventory has long been criticized for
its incompleteness, lack of reliability and
gross underestimation. Lynch (1973)
showed that an apparent doubling of the
inventory count, from 631,000 in 1967 to
1,340,800 in 1971, had happened while the
population had actually declined over the
same period, according to his appraisals of
productivity. Lynch’s continued concern
about the inaccuracy of the Mid-winter
Inventory (Lynch and Voelzer, 1974) has
been amply substantiated by the photo-
graphic survey of June 1973 and the sur-
veys of May 1973 and May 1974. The Mid-
winter Inventory accounted for only about
one-half of the population in December
1973.

With the problems of improving the
Mid-winter Inventory virtually insurmount-
able (Lynch and Voelzer, 1974; Lynch,
1973; A. Brazda, pers. comm.), the castern
Arctic population is obviously best cen-
sused on its n(’th" gr ounds or duri mng its
spring migration dlL)Il" Hudson and Lll]l(‘s
bays.

Distribution of
nesting and
feeding habitat

The basic requirements of a nesting
colony are nest sites and food. Geese arrive
on the nesting grounds in spring usually so
early that lllCll food is still uweled by
snow or melt water. At that time food is not
critical, for they arrive with energy re-
serves capable of sustaining them for
almost a month; enough time to allow for
nest-building, egg- L\\mtr incubation, and
hatch of lh(*u young. T h(‘ availability of
nest sites at that eLul) stage is critical to
their reproductive success. However, the
availability of food at hatch becomes critical
to the recovery of the parents and the
growth of the young within the limits of the
short aretic summer (Soper, 1930; Cooch,

1958; Lieff, 1973; Ankney, 1974).

1. Nesting habitat

Lesser Snow Geese nest on low
tundra hummocks or ridges on coastal
plains, and on small islands in braided river
channels and deltas, which provide rela-
tively dry and open sites in early to mid
June, w hen much of the sunoundmv area
is still covered by snow, ice or water.

Soper (1930) and Cooch (1958) have
more fully described the typical nesting
habitat. Cooch (1958) showed that the
availability of nest sites varied over very
short periods and with localized topography
and run-off. Additional sites became avail-
able quickly as snow and melt water dis-
appeared. He also believed that the nesting
behaviour of the geese was flexible enough
to permit crowding when habitat was
limited, but that geese tended to spread out
if sites were available.

The figures for the main colonies in
1973 show the nest density patterns in

“terms of photo frames analysed. Since the

total nesting area and the photo-frame
areas include both land and water surfaces,
the density figures represent the total spac-
ing of nests, not of the territories defended
by nesting pairs. Maximum density, there-
fore, d(ép(*nds on habitat characteristics
and on minimum size of territory.

Cooch (1958) observed territories as
small as one nest per 7 m?, and he pointed

out that the minimum territory tolerated
was unknown. At McConnell River in 1966,
Harvey (1971) found an average of one
nest per 278 m? in his study area, while in
1971 Von Barloewen (Ankney, 1974) found
densities as high as one nest per 100 m?.
Among the highest densities recorded from
my 1973 photo analysis was one nest per
27.3 m? in 900 m? at Tha-anne River.

It seems (Cooch, 1958) that the con-
tagious distribution (clumping) of nests is
not caused by the sociability of the geese,
but by topographical features of the habitat
and the timing of the melt. Therefore, it is
difficult, if not impossible, to estimate
potential maximum densities of nests.
Probably most colonies could support much
higher densities than they did in 1973, if
the nest sites were exposed in time, if birds
were available to take them, and if food was
present after hatch.

2. Feeding habitat

Studies by Lieff (1967, 1973) at
McConnell River showed that geese feed
selectively on above-ground parts of sedges
and grasses, which are the dominant plants
of their habitat. That habitat, which I call
sedge lowlands, provides both nest sites and
food. If food resources are depleted in the
vicinity of the nest site, the parents will
lead their young to feeding areas up to
50 km distant (Cooch, 1958).

By referring to aerial photographs
(from both my goose surveys and the
standard scale 1.60,000), to ERTS-1 satel-
lite imagery, and to my own experience, |
have mapped the sedge lowlands for west
Hudson Bay, Southampton Island, and
Baffin Island in Figures 16, 17, and 18
respectively. South Hudson Bay has not
been mapped, since it differs markedly from
the other regions in shape (extremely long
and narrow) and in flora (less arctic than
the others).

3. South Hudson Bay

Figures 3 and 4 show the nesting areas
in 1973 at Cape Henrietta Maria and La
Pérouse Bay. Hanson et al. (1972) recorded



Figure 16

West Hudson Bay, N.W.T., showing the nesting
and feeding habitat (sedge lowland) of Lesser
Snow Geese.
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small numbers of broods at points scattered
throughout this region from La Pérouse
Bay to Akimiski Island, which they termed
vagrant nestings. They noted that vagrant
nestings were concentrated in four areas,
and believed that the area near the Mani-
toba-Ontario border and the north coast of
Akimiski Island were most likely to be
colonized in future. As noted above, the
goose habitat zone of this region is not
readily mapped or comparable to that of the
more northern regions.

4. West Hudson Bay

The nesting areas in 1973 and the
sedge lowlands are mapped in Figure 16.
Records by Macpherson and Manning
(1959) ; Dzubin, Dauphiné, and Parker
(pers. comm.) ; and Miller (1972) of small
numbers of birds nesting inland — west of
this area but east of the Ross Goose colon-
ies in the Queen Maud Gulf region — re-
present at most a few hundred pairs. They
are probably related more closely to the
central Arctic population than to the
eastern Arctic population.

5. Southampton Island

In addition to the sources mentioned,
I referred to Bird (1953) and Parker (1975)
in mapping the sedge lowlands in Figure 17.
The goose habitat of Southampton Island
is not as easily defined as that of west
Hudson Bay or Baffin Island. In the latter
two regions the sedge lowland zone is virtu-
ally continuous and its border with rock
outcrops, old beaches, or dry uplands is
well defined. On Southampton much of the
sedge lowland zone has an ill-defined border
as it gives way from continuous cover to
smaller and smaller pockets of sedge. Each
of the three main continuous areas (Figure
17) supports at least one colony.

6. Baffin Island

The nesting areas in 1973 and the
sedge lowlands are mapped in Figure 18.
The sedge lowlands are essentially the
coastal flatlands of the Great Plain of the
Koukdjuak, with an extention to Cory and
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Figure 17

Southampton Island, N.W.T., showing the nesting
and feeding habitat (sedge lowland) of Lesser
Snow Geese.
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Garnets bays on northern Foxe Peninsula.
On Baffin Island the northern edge of
Lesser Snow Goose range borders the
southern edge of Greater Snow Goose range.
A few nesting white geese have been report-
ed from about 160 km (100 mi) northwest
of Taverner Bay (Elliott, and Pimlott, pers.

comm.). Although no specimens have been
collected, those birds are believed to be
Greater Snows because they had no blue
phase among them. Their nesting pattern
also is typical of Greater Snows, which nest
in small scattered groups throughout much
of northern Baffin and islands north of it.



Figure 18

Southwest Baffin Island, N.W.T., showing the
nesting and feeding habitat (sedge lowland) of
Lesser Snow Geese.
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Ts Protection of habitat

By 1961 all major colonies had been
given legal protection through the estab-
lishment of federal migratory bird sanctu-
aries. Their boundaries are outlined in
Figures 16, 17 and 18. Cape Henrietta
Maria and much of the south Hudson Bay
coast are afforded some protection by Polar
Bear Provincial Park, established by the
Province of Ontario in 1969.

Although the colonies remain remote
and basically untouched by detrimental
human activities, the inexorable push for
resources, particularly petroleum, poses a
considerable threat. Several offshore ex-
ploratory oil and gas wells have been drilled
in Hudson Bay, and the proposed eastern
Arctic pipeline may affect the west Hudson
Bay colonies or, possibly, the Southampton
colonies. Although less likely than Hudson
Bay, Foxe Basin has also been mentioned
as a potential petroleum-bearing area
(Trettin, 1969).

Habitat in the west Hudson Bay area
needs further protection, since it is sup-
porting an increasing proportion of the
Lesser Snow Goose population (see next
section) and is the most threatened by in-
creasing industrial activities. It has been
proposed that the whole sedge lowland area
of west Hudson Bay be established as a
national wildlife area, and within that the
McConnell River Bird Sanctuary should be
expanded to include all of the nesting areas
of the Tha-anne River, South McConnell
River, McConnell River and Wolf Creek
colonies.

The sanctuaries on Southampton and
Baffin islands appear to be adequate, al-
though large areas of important feeding
habitat remain outside their boundaries.



Estimated
maximum food
resources
and population

Table 8 shows the food resources and
the theoretical maximum populations they
could sustain in the main nesting regions
compared to the existing populations.
(Actual nesting areas are from Table 2 and
areas of sedge lowlands are calculated from
Figures 16, 17, and 18.) Air Force and
Prince Charles islands, which total about
11,000 km? of sedge lowlands (perhaps of
marginal quality) have not been included
in the Baffin figure. Lieff (1973) estimated
the annual rate of production of food
(sedge and grass in dry weight) for McCon-
nell River, and Parker (1975) did the same
for Southampton Island. Since no value
was available for Baffin Island, I have used
the Southampton value because of the
similar latitude and terrain. At McConnell
River, Harwood (1974) estimated that the
mean daily inlake of (undried) vegetation
was 1.5 kg per adult goose per day. Assum-
ing that the vegetation was 70% water
(Harwood, 1974) and that the mean annual
length of feeding period on the breeding
grounds was 55 days (Lieff, 1973), I esti-
maled the mean annual intake in dry weight
at 24.75 kg per goose. I divided that factor
into the estimated total annual production
to estimate the potential goose population.
The actual goose population in July 1973
was considered to be the maximum popula-
tion for each region, which expanded the
respective totals of nesting birds from
Table 2 by the factors calculated previously
to account for the numbers of non-breeding
and young birds.

Table 8 is based on several unproven
assumptions and does not account for all
variables. Other herbivores compete with
Lesser Snow Geese for sedge and grass as
food. Canada Geese and a few Whilte-
fronted Geese occur at McConnell, while
Canadas and Brant are on Southampton and
Baffin. Caribou are virtually absent from
Southampton (Parker, 1975) and are rare
on west Hudson Bay (Lieff, 1973) and on
Baffin (Kerbes, 1969). Lemmings are not
common in any of the nesting colonies,
except in the high years of their population
cycles. The estimate of daily food intake
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Table 8

Estimated food resources and potential popu-
lation levels of eastern Arctic Lesser Snow Geese,
excepting south Hudson Bay

West Hudson Southampton Baffin

Bay Island Island Total
1973 nesting area (km?) 410 750 2,940 4,100
Sedge lowland (km?) 1,100 7,400 12,200 20,700
Productivity (kg/ha/yr.) 633* 40071 400t ——
Production (kg x 1,000/yr.) 70,000 296,000 488,000 854,000
Potential goose pop.1 2,828,000 11,960,000 19,717,000 34,505,000
Actual goose pop. July 19731 1,298,000 518,000 1,485,000 3,301,000
Actual pop. as % of potential pop. 45.9 4.3 7.5 9.6

*Lieff (1973).
tParker (1975).
tSee text.

used in calculating potential goose popula-
tion was for adults (birds at least in their
second summer), but I have applied it to
the yearlings and the young geese as well,
since the figures are for the maximum
number of birds sustained. In my estimate
of actual population only the basic number
of nesting pairs is accurate. The number of
non-breeders and young are based on
assumed proportional estimates.

In spite of the above variables, the
data of Table 8 show differences so great
that they must mean that west Hudson Bay
is much closer to its carrying capacity than
is Southampton or Baffin, and it may be in
danger of over-population.

Cooch (1958) showed that geese from
Southampton Island and west Hudson Bay
sustained increased hunting mortality when
they occasionally interrupted their south-
ward migration to the Gulf Coast wintering
grounds by stopping in the north central
states (an area centered on eastern South
Dakota). He suggested that such stopovers
were due to delayed breeding seasons
which led to the decreased weight of mi-
grants and the necessity for the geese,
particularly the young, to make the addi-
tional refueling stop on their way south.
Cooch’s hypothesis was further developed
by MacInnes (1971), who showed that the
frequency of stopovers of geese from Mec-
Connell River had increased during the
1960’s. Maclnnes suggested that heavy

stopovers occurred in years when the
growth of vegetation at McConnell River
had been retarded by prolonged cold and
cloudy weather in June. He proposed that
food (either its quality or quantity or both)
was a limiting resource at McConnell River,
since poor summer diet could indirectly
increase the death rate of geese during
migration. After pointing to the growth of
the McConnell colony from 1960 to 1970,
he further suggested that “Possibly the
increasing regularity of mid-continent
stopover is a reflection of the increased
numbers having a severe effect on summer
feeding range.”

Lieff (1973) provided experimental
evidence that feeding conditions at Mec-
Connell River, especially in Canada Goose
brood rearing areas, were apparently dete-
riorating as a result of the rapidly increas-
ing numbers of Lesser Snow Geese. Dzubin
etal. (1973) confirmed that the harvest had
increased significantly in the northern and
central states from 1962 to 1971, and they
showed that a disproportionately large part
of that harvest came from McConnell
River, according to direct band recoveries.

McConnell River is a paradox among
the colonies; while showing the fastest
growth, it also shows the highest rate of
harvest and the most obvious signs of
over-grazing.

The potential food resources and
population of the south Hudson Bay region



Figure 19

Mean monthly temperature ranges for the eastern
Arctic Lesser Snow Goose nesting regions, May
to September (derived from the National Atlas of

Canada, 1974).
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have not been calculated for lack of suitable
parameters, but would certainly present at
least as low a ratio of potential to actual
population as Southampton and Baffin
Islands. We do not know the exact factors
needed for a colony to become established
and grow successfully, but they appear to
be habitat and climatic factors tied to the
traditions of the geese.

Present climatic conditions offer a
simple explanation for west Hudson Bay
being more productive than the more
northern areas. All of the eastern Arctic
colonies fall within the Arctic climatic zone
(Kimble and Good, 1955). However, as
might be expected of areas spread over such
wide latitudes, there is a marked cooling
and shortening of the summer proceeding
north from Cape Henrietta Maria to Baffin
Island (Fig. 19). To the geese, so dependent
on finding a season long enough for suc-
cessful reproduction, small differences in
the date of habitat clearance can be critical.
They need a minimum of 90 days — 10 for
nest construction, 12 for egg-laying, 23 for
incubation, and 45 for the young to reach
flying stage — (Cooch, 1958). The mean
date of habitat clearance at the southern-
most colony, Cape Henrietta Maria, is at
least 15 days earlier than it is at the north-
ernmost colony, Koukdjuak River (Cooch
and Lumsden, pers. comm.; Soper, 1930;
Kerbes, 1969).

As noted previously, the recent ap-
parent increase in glacierization of Baffin
Island (Bradley and Miller, 1972) has
sounded an ominous note for the future of
the colonies on Baffin and Southampton
islands. Presumably, it would take much
longer for a deteriorating climate to affect
the colonies of west or south Hudson Bay.
Bradley (1973b) has also said “However, in
view of the variability of the climate of
Baffin Island over the past several decades,
caution should be exercised in extrapolating
any current trends very far into the
future.”

The danger of premature conclusions
on weather trends has been made evident
recently. In 1972, with the news of the
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drastically late season in the Arctic, many
people spoke of the decline of the Baffin and
Southampton colonies, but then 1973 was a
record early year with record production.
Talk subsided about the decline of Baffin,
only to rise again in 1974 with the record
late summer in the High Arctic.



Recent
evolutionary
and geological
history

Johansen (1956) suggested that the
late Tertiary ancestors of the Snow Geese
were dark and that the white phase arose as
late as the period of Pleistocene glaciations.
Cooke and Ryder (1971) pointed out that
among the Lesser Snow, Greater Snow, and
Ross geese only the Lesser Snow had re-
tained the dark or blue phase in adult plum-
age. Ploeger (1968) suggested that white
and blue phase Lesser Snows were geo-
graphically separated only during the maxi-
mum of the last glacial period, with the
white phase surviving in refugia in
the Bering Strait region and the blue in the
Canadian arctic archipelago.

Today the eastern Arctic colonies are
located on plains adjacent to, and only
recently emerged from, the sea. Hence they
are covered with marine clays, silts, and
sands. All except those of west Hudson Bay,
which are Precambrian, are in Paleozoic
sediment basins (Bird, 1967). Have the
geese established their present colonies
because of special mineral and nutrient
requirements or simply because geological
history has led them there?

The last ice sheet retreated from the
areas now occupied by the goose colonies
about 7,500 to 7,000 years ago (Bryson,
Wendland, Ives, and Andrews, 1969).
Those areas were invaded by the sea when
the ice left, and since then, through iso-
static rebound, they have slowly emerged.
Using data on post-glacial emergence,
Hanson et al. (1972) estimated that the
present Cape Henrietta Maria colony may
have become available to geese only within
the last 250 years. Andrews (1970) esti-
mated that the rate of isostatic rebound has
been about 10% to 40% slower for the nest-
ing area on Baffin Island than for those on
Hudson Bay or Southampton Island. Cape
Dominion and Koukdjuak River colonies
have the widest and flattest zone of coastal
sedge lowlands, extending some 57.5 km
from the present coast inland to the 35 m
contour above sea level. The next widest
zones (except for Cape Henrietta Maria) are
for McConnell River and Boas River —
22.5 km to the 35 m contour. Therefore,

Lesser Snow Goose habitat must have been
available on Baffin long before it was avail-
able on the other present main colonies.

Traditions established when only the
Baffin nesting grounds were available may
account for almost half the population still
nesting in the coldest part of its breeding
range.

Conclusion

The large-format vertical photo-
graphy that we obtained in June 1973 has
provided the first precise and unbiased
base-line data on the distribution, numbers,
and colour ratios of the nesting Lesser Snow
Geese in the eastern Arctic.

Although the low precision of earlier
surveys has ruled out detailed comparisons,
the 1973 assessment suggests that the per-
centage of blue phase geese in the popula-
tion is no longer increasing. The 1973
results also confirm that the Mid-winter
Inventory counts have grossly underesti-
mated the population, and give warning
that the west Hudson Bay area is much
closer to its carrying capacity than are
Southampton or Baffin islands.

Through the 1973 photographic in-
ventory a proven, though expensive, tech-
nique has been applied at last on a large
scale in a field traditionally restricted to
modest budgets and “eyeball” techniques.
The results show that this method has
probably provided the most precise census
to date of a wildlife population as large as
that of the eastern Arctic Lesser Snow
Geese. As such, it has clearly demonstrated
the present value and future potentialities
of large-format vertical photography.
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Appendices

Appendix 1

Discussion and evaluation of methods and
materials used in the photographic surveys of
eastern Arctic Lesser Snow Geese, 1971 to 1973.

Table 9

High- and low-level white phase count comparisons
in the eastern Arctic Lesser Snow Geese photographic
surveys, 1971-73

1. Basic principles and assumptions

In discussing the field of photo interpreta-
tion, Colwell (1960) said **...the amount and relia-
bility of the information obtained depends on the
training and aptitude of the observer and on the
nature of the scene observed.”” Further, he pointed
out that photo interpretation comprises at least
three mental acts: 1) measurement (usually visu-
ally or mentally) of photographic images, 2) identi-
fication of the objects imaged and, 3) appropriate
use of this information in the solution of the prob-
lem at hand; and that those acts are stimulated
especially by the following characteristics of photo-
graphic images: size, shape, shadow, tone and
colour, texture, and pattern.

Those points were readily applicable to the
counting of geese. The individuals who analysed
film were well aware of what a goose colony looked
like and each underwent a familiarization and train-
ing period with the film before counts began. The
nesting colonies were a good subject for aerial
photography, providing images, particularly of
white phase geese, which contrasted with the back-
ground of flat even terrain covered by vegetation
shorter than the geese. The low relief of the colon-
ies also provided a nearly uniform scale across each
photo, making for consistent size of goose images,
as well as facilitating plotting of position and
calculation of the sizes of areas examined.

Following the recognition of images of goose
size, we used other clues, especially shape, tone or
colour (and shadow, for locating blue phase) to
confirm a goose image. The pattern of images of
geese on the ground was essential to separating the
nesting birds (grouped in pairs on their nest terri-
tories) from the non-breeding birds (defined as
groups or flocks of three or more individuals).
Flying birds were easily recognized and were class-
ed as non-breeders.

The assumption that breeding and non-
breeding geese could be separated by their distri-
bution patterns and by whether or not they were
flying was supported by Heyland’s (1972) results
with Greater Snow Geese and by ground truth from
La Pérouse Bay. In 1972 at La Pérouse Bay, Cooke
and his research group were on the colony when
our survey aircraft carried out photography from
an altitude of 1,200 m (4,000 ft). They reported that
only the non-breeders flew in response to the air-
craft passing overhead. Of many thousands of
geese counted on low-level photographs from 1971,
1972, and 1973, only a small percentage were in
flight.

We assumed that both white and blue phase
birds could be accurately counted from low-level
photographs, and that the photographic sample
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No. white % diff.

phase counted high Sample areas

High- Low- from Corr.§ Size
Year Colony level level low  coeff.  Sloped No.  (km?
1971* Bowman Bay 261 264 — 1.1 — — 7 0.35
1971¢ Bowman Bay 256 237 + 80 0.850 1.010 9 0.91
1973 Bowman Bay 1,474 1,928 —23.5 0.839 1.233 17 6.15
1972% McConnell River 1,926 1,913 + 0.7 — — 4 1.03
1972% McConnell River 3,075 3,155 — 2.5 0983 0.977 10 3.52
19731 McConnell River 2,169 2,831 —23.4 0.878 1.089 10 2.46
19731 Wolf Creek 3,057 2,862 4 6.8 0975 0.972 15 3.23
19731 Boas River 2,875 2,698 + 6.6 0954 1.015 18 3.66
19731 East Bay 596 417 4429 0.656  0.700 14 3.95

* Comparison analysis in 1973.
T Comparison analysis in 1974,
{ Comparison analysis in 1972.
§ See Appendix 2 for derivation.

provided a representative measure of the mean
colour ratio of agiven colony. The accuracy of our
method was supported by researchers working on
the ground at McConnell River in 1972 (Ankney,
pers. comm.) and 1973 (Harwood, pers. comm.).
The colour ratios which they estimated were within
the 95% confidence limits of our estimates. In
order to ensure that our count of blues and whites
provided a representative colour ratio, we selected
the photographic sample from all parts of a given

colony, since Cooke and Finney (pers. comm.) have

shown that colour phase distribution is probably
contagious.

A final assumption was that the number of
nests was equal to one-half of the estimated total of
nesting birds. Ground studies by Cooch (1958) and
Prevett (1972) found almost all active nests attend-
ed by one female and one male parent goose, and
that any yearling birds still with their parents at
the egg-laying stage departed once incubation was
under way.

2. Suitability of aircraft and analysis

equipment

The Aero Commander was well suited to the
photo survey. A valuable feature was its high-wing
configuration, which afforded good visibility of the
ground, facilitating visual observations of the
geese before and during the taking of photographs.
The Commander provided adequate load capacity
and a minimum range of 1,600 km (1,000 mi),
which was needed on ferry flights between bases
and to ensure that the colonies could be photo-
graphed with a minimum of trips back to base for
refueling. Like most conventional photo survey

aircraft, it was limited to operating only from bases
with prepared runways.

In 1973 we greatly improved the equipment
used in analysing the film by acquiring the Wild
M7 binocular microscope and the Richards light
table with Bausch and Lomb optics. Dodd found
that the Wild M7 was essential to the ease and
accuracy of her counts, and was much superior to
the Bausch and Lomb optics, apparently due to the
former’s colour-aberration correction. The ace-
tate grids and their data sheets were also a con-
siderable improvement over the nylon grid and
graph-paper data sheets for ease of operation and
for record keeping.

3. What is the best camerasystem?

Replication of high-level counts, air-ground
comparisons, and high and low-level comparisons
produced consistent results in the counts derived
from the 1971 and 1972 films (Kerbes and Prevett,
1973). However, we did not find such consistency
when checking the much more complete and opera-
tional films of 1973. Replicate counts and com-
parisons between high and low (control) counts
showed that counts from the 1973 high-level
film were subject to intermittent and changeable
biases.

We derived a correction factor for a given
colony size estimate by comparing sample high-
and low-level counts from that colony, and in-
corporating the variances into a single expression
in order to compute confidence limits for the esti-
mate of colony size. The detailed method and for-
mulae are given in Appendix 2 and the results of
the comparisons in Table 9.



In Table 9 the low-level count was assumed
to be the correct count, hence the percent difference
value gives a rough but simple evaluation of the
high-level count, while the correlation coefficient
and slope give measures of the agreement between
high and low. For perfect agreement both those
values would be equal to 1. The accuracy of the
counts from the 1972 film was considerably higher
than that from the 1971 and 1973 film. Also, the
two comparison analyses of the 1972 film showed
closer agreement than those of the 1971 film.
Hence we concluded that the 1972 film provided
the most accurate counts.

The quality of the photographs and the
accuracy of counts depended on: 1) the camera
system (camera, lens, filter and film); 2) exposure
and development of film; 3) sun angle and atmos-
pheric condition at the time of photography;

4) analysis procedure.

The last three factors remained essentially
constant in all years: No. 2 was determined by
standard air photo procedures, No. 3 by natural
phenomena (sunlight during the middle four
hours of the day in arctic air free of dust or
smoke though subject to variable humidity haze),
and No. 4 was more efficient, but its basic method
oraccuracy did not change.

Therefore, the superiority of the 1972 film,
asillustrated in Table 9, must have been due to
differences in camera systems. The camera system
was essentially the same in 1971 and 1973. Its
basic differences from the 1972 system were:

1) slower shutter speed; 2) use of a filter; 3) 6 in.
focal-length lens vs. the 12 in. of 1972; 4) Plus-X
black-and-white film vs. the Color Negative of 1972
(Table 1).

The first two features caused insignificant
differences in quality. Image motion was nota
problem on any film (i.e., the faster shutter speed
wasnot necessary even at low-level) and the minus
blue filter used in 1971 and 1973 was standard pro-
cedure for Plus-X film, as was no filter used in 1972
with Color Negative. The critical parts of the camera
system must have been the lens and the film type.
The two lenses and two films are compared below.

3.1. Comparison between 12 in. and
6in.lens

1) Image Resolution: A 12 in. lens is subject
to less fall-off in illumination and image quality
towards the edges of the field of view than is a 6 in.
lens (Howard, 1970).

2) Disturbance to the geese: A 12in. lens
permits flying at twice the height possible when
using a 6 in. lens to get the same scale; hence the
12in. lens causes less disturbance to geese on a
colony, and fewer nesting birds are apt to fly and
be counted as non-breeders or be missed by the
photograph.

3) Operational: Unlike a 6 in. lens, a 12 in.
lens does not permit good visual observation of

geese from the aircraft while flying low-level (scale
1:3,000) photography because of the altitude,
although geese can be seen through the viewing
screen on the camera, which looks vertically at the
ground through the lens.

4) Navigational: Navigation during photo-
graphy with a 12 in. lens is easier than with a6 in.
lens because the higher altitude allows more ground
features to be used as position fixes for keeping on
the desired photo line.

5) Photogrammetry: The equipment and
skills of topographic mapping are geared to photo-
graphy with a 6 in. and not to a 12 in. lens. How-
ever, goose counting does not require photogram-
metric specifications.

6) Cost: Mainly for the above reason, 6 in.
lenses are more readily available and cost less to
use than a 12 in. lens, although the difference is
only 1% or less of a major survey operation.

3.2. Comparison between Color

Negative and Plus-X film

1) Image identification: Colour photography,
especially from altitudes of up to 3,000 m (10,000
ft), permits the interpreter to recognize and under-
stand information more rapidly and with greater
confidence than with black-and-white photography
(Slaney, 1972). This is due to the enormous in-
crease in combinations of hue, value (brightness
or dullness), and chroma or intensity, as compared
with tonal differences only in black-and-white
photographs (Howard, 1970).

2) Image resolution: The resolving power of
Color Negative is slightly less than Plus-X. Eastman
Kodak Company (1971) rated them 40 and 50 lines
per mm, respectively, for a Test-Object Contrast
of 1.6:1.

3) Image granularity: Grain size of Color
Negative is considerably smaller than it is for
Plus-X. Eastman Kodak Company (1971) rated
their RMS granularity values at 13 and 30, re-
spectively, at a net density of 1.0.

4) Sensitivity to exposure and development:
Black-and-white films have a wider tolerance to
over- and under-exposure than colour films. In
black-and-white photography it is necessary only
to adjust the exposure to the quantity of available
light; but with colour the adjustment also has to be
made according to the quality of available light.
The development of colour film is also more com-
plicated and critical than with black-and-white
(Howard, 1970).

5) Cost: The purchase and development
costs of Color Negative are about three times those
of Plus-X.

6) Eyestrain during analysis: Some observers
find that Color Negative can induce eyestrain and
headaches more readily than does Plus-X. Of four
people who analysed the goose survey films, only
one found eyestrain to be a significant deterrent to
Color Negative.

On all important points concerning image
quality the 12 in. lens and Color Negative have the
advantage over the 6 in. lens and Plus-X. Although
costs are higher for Color Negative, they are not
exorbitant when considered as part of a major
operation, such as a survey of goose colonies. From
two-thirds to three-quarters of the expense of such
asurvey is for the stand-by charter of aircraft and
crew, which decreases the extra proportion needed
for Color Negative. Slaney (1972) argued that large-
format vertical colour photography was the cheap-
est and most effective remote sensing system avail-
able. He also calculated that the cost of photo-
graphy for a geological survey (on the same scale
as the goose survey) was 34% higher with colour
film than with black-and-white.

We were able to make detailed comparisons
between lenses and film types only for the McCon-
nell River colony. Perhaps other colonies would
not have given results so favourable to the 12 in.
lens and Color Negative film, but on the strength of
the results summarized in Table 9, and with the
basic characteristics of lenses and film types, we
concluded that the 12 in. lens with Color Negative
produces better quality photographs and conse-
quently more accurate counts of geese.

4. Large-format vertical photo-

graphy as an aid to studying Lesser

Snow Geese

My photographic surveys strongly support
Heyland’s (1972) assertion that large-format
vertical photography is superior to visual methods
or small-format oblique photography in a census
of wildlife populations. MacDowall (1972) des-
cribed such photography as “Probably the oldest,
most widely used, and most highly developed
method of remote sensing of earth resources. It
allows extremely high resolution imagery to be
collected and, with well trained interpreters, vast
amounts of information are available from this
imagery. Photographic film is one of the most
compact information storage methods available and
as such the camera can collect large amounts of
data easily and concisely.”

The first and most critical phase of a photo-
graphicinventory of nesting geese is the acquisition
of photographs providing adequate quantity
(coverage of all colonies) and quality (accurate
readability and precise measurement). By con-
tracting specialists with professional training and
equipment you greatly increase the likelihood of
obtaining such photographs. Less expensive photo-
graphic survey methods can be used, but their
results are more likely to be of only local or experi-
mental use.

To undertake photography of all the eastern
Arctic Lesser Snow Goose colonies in one nesting
season is to gamble that bad weather or mechanical
breakdowns will not thwart completion of the job
during the incubation period. That period begins
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with the completion of egglaying on south Hudson
Bay in early June and ends with the hatch of eggs
on Baffin Island in mid-July. Incubation takes only
23 days (Cooch, 1958) in any one colony, but the
south to north delay of nest initiation gives a
potential survey period of six weeks.

My experience has shown that readability of
photographs is more important than extensive
coverage in determining the confidence limits of
population and colour ratio estimates. The tests of
accuracy and the process of obtaining correction
factors for the 1973 photography caused at least
six months’ delay and almost doubled the cost of
analysing the film. Analysis of the 1973 photo-
graphs of Cape Dominion and Koukdjuak River
colonies showed that small, and accurate, low-level
sample counts could give population estimates
with confidence limits almost as narrow as for
colonies with extensive, but less accurate, high-
level sample counts.

Ideally, the objective is to obtain total photo-
graphic coverage from which arelatively small
number of representative sample areas can be
counted accurately. A procedure such as stratified
random sampling is probably desirable because of
the contagious distribution (clumping) of birds on
a colony. The existing near-total coverage of the
McConnell River colony for 1972 and 1973 pro-
vides a universe on which to test various amounts
and types of sampling. For logistical reasons it is
often not possible to obtain total photographic
coverage of a colony, although adequate samples
can be obtained. A problem may arise if there is too
little coverage to identify accurately (by analysis
and scanning of the film) the boundaries of the
nesting areas.

The amount of tedious photo analysis can be
reduced through sampling and perhaps, eventually,
through the use of automatic scanning devices
(Heyland, 1972).

Although the methods used by Hanson et al.
(1972) to appraise productivity on the Hudson
Bay mainland colonies in July, and by Curtis (pers.
comm.) and Lumsden to count spring migrant
geese on the Hudson —James Bay coast in May are
much cheaper than my method of photographically
counting the nesting birds, each of the two former
methods has serious disadvantages.

Unlike the nesting census, the July survey
methods cause the breeding geese to move away
from the approaching aircraft, since it must fly as
low as 60 m above ground, with almost continual
bankingmaneuvers (Hanson et al., 1972). By dis-
turbing the birds, surveys flown over nesting
colonies in July may cause significant losses of the
young when they are only one or two weeks old.
Observers at McConnell River (J. P. Prevett, L. S.
Maltby, and B. C. Lieff, pers. comm.) reported that
goslings were often separated from their parents,
and were thus put at risk to predators such as gulls,
when the geese fled from low-flying aircraft.
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The May survey provides estimates of total
numbers, but no measure or prediction of nesting
success. The July survey does not give total popu-
lation estimates and the productivity appraisals it
provides are available too late (late July or early
August) to be incorporated into the governmental
process of setting hunting regulations for that year.
A photo inventory of nesting birds in June pro-
vides both a reliable total count and a good pre-
diction of nesting success (based on immediate
appraisal by the biologist in charge) early enough
to effect hunting regulations, if necessary. Although
determination of final estimates of total nests took
along time after the 1972 and 1973 photographs
had been taken, in both years I was able to predict
immediately what the productivity of the birds was
going to be on the basis of what I saw from the
photographic survey in June (Lynch, 1973; Lynch
and Voelzer, 1974). With the experience now
gained, analysis of future survey photographs will
be much faster and more efficient.

The major disadvantage of my method of
photographing the colonies is cost. For example,
the June 1973 inventory cost approximately
$30,000 to obtain the photographs plus almost that
much again to purchase equipment and to hire
assistants to analyse them. In contrast, the May
1973 coastal survey cost about $12,000 plus $3,000
for analysis (Curtis, pers. comm.). Nevertheless,
for reasons given above, an accurate photographic
count is probably worth much more than four
times the value of a spring coastal count or a mid-
summer productivity appraisal.

Although Lumsden (pers. comm.) succeeded
in using small-format (35mm) vertical photography
to obtain an accurate count of the nests at Cape
Henrietta Mariain 1972 and 1973, it is doubtful
that all the colonies could be censused in one
season by this means. A 35 mm photo frame is
about 35 mm x 25 mm, which is only 1.7% of the
frame area of 9 in. x 9 in. format. Therefore, in
order to obtain the same amount of coverage at the
same scale, at least 7 times as many photo lines
would have to be flown with 35 mm format, and
there would be at least 60 times as many individual
photographs to be analysed, with consequent mul-
tiplication of overlap between frames to be
accounted for.

Although small format is not suitable for
photographing widespread nesting geese, it can be
used successfully with individual flocks of non-
breeding geese or breeding geese after hatch, as
Boag and Cooke (pers. comm.) have demonstrated
at La Pérouse Bay. They used 70 mm format ver-
tical photography, which has a frame area 9.4%
that of 9 in. format. Leonard and Fish (1970) used
35 mm format to census Sandhill Crane flocks
in Texas.

A photographic census can probably be
reduced in cost and increased in efficiency with
new or better equipment, such as the continuous

strip camera (Howard, 1970). Lavigne and @rits-
land (1974) used ultra-violet photography to iden-
tify white mammals against a white background of
snow and ice. Lavigne (pers. comm.) has suggested
that although ultra-violet probably will not identify
dark birds such as blue phase geese against a dark
background, there are probably photographic films
and methods available which can give better images
of blue phase geese than did the conventional films
and methods used in our surveys.

For use as base-line modelling data, the
photographic census probably does not need to be
repeated more than once every five years. In inter-
vening years a relatively low-cost visual survey
could be made from a short-term chartered air-
craft. The biologist conducting that survey could
monitor the size and productivity of the colonies
by comparing what he sees to the base-line data
from the photographic surveys. Such asurvey can
be supplemented, or perhaps replaced, by following
the course of snow clearance on the colonies with
satellite imagery and by establishing liaison with
agencies such as the N.W.T. Fish and Wildlife
Division and the Arctic weather stations of the
Atmospheric Environment Service.

Heyland (1972) discussed the history and
future possibilities of large-format vertical photo-
graphy in the study of wildlife populations. Large
white colonial nesting birds provide the easiest
targets, as Heyland (1972) demonstrated with
Greater Snow Geese, Boeker (1972) with White
Pelicans, and I with Lesser Snow Geese in the
eastern Arctic. The next logical subjects are Lesser
Snow Geese in the western Arctic. They are par-
ticularly well suited to photography, since they
contain only a trace of blue phase (Barry, pers.
comm.), which would not have to be identified on
the photographs. The Ross and Lesser Snow geese
of the central Arctic are also good candidates for
photography. However, since both nest in the same
colonies (Ryder, 1971) and since the Ross and the
white phase Snow geese would probably present the
same image, we would need to have ground infor-
mation on their relative proportions and on the
colour ratio of the Lesser Snows.

Good photographs are a bank of information;
they provide an accurate and permanent record
which can be re-evaluated as new information
needs and new analysis techniques arise. Probably
only the most basic and important data have so far
been extracted from our photographs of Lesser
Snow Geese. Much remains to be discovered. An
immediate practical need is for study of the distri-
bution of white and blue phase and of breeding and
non-breeding birds, in order to refine the sampling
methods of future surveys. Possibilities for re-
search on aspects such as behaviour and habitat,
both within and among colonies, are virtually
endless.



Appendix 2

Statistical procedures used in estimating the
population sizes and colour ratios of eastern Arctic
Lesser Snow Goose colonies from the 1973 photo-
graphic survey (by G. E.J. Smith).

1. Introduction

For most colonies studied, aerial photo-
graphy was done at two scales: a) 1:10,000 (high-
level) where there was estensive coverage, and
b) 1:3,000 (low-level) where coverage consisted of
asample of those areas photographed at high level.

Since counts of white phase geese from
high-level photography are biased whereas those
based on low-level photographs are relatively un-
biased, we used a double-sampling regression esti-
mator adapted from Cochran (1963, 334-339).
This procedure corrects the bias in the high-level
count by means of a comparison with the low-level
count on areas of duplicate coverage.

In other colonies, only low-level photographs
were available. In these the standard ratio esti-
mator is appropriate.

2. Estimation procedure for colonies
where both high- and low-level
photographic coverage is available
(double-sampling regression
estimator)

2.1. Estimating numbers of white phase
geese
Let i refer to the ith sampling unit which has

been analyzed from both high- and low-level photo-

graphy. [t consists of an area defined by recogniz-
able natural boundaries such as stream banks or
tundra patterns. Further,

Let  n = number of sampling units
Ai = area of the ith sampling unit

Yi = number of white phase nesting geese
counted on the ith sampling unit from
low-level photography

Xi = number of white phase nesting geese
counted on the ith sampling unit from
high-level photography

We will assume the linear model

T = bX; + ad; + ei A; (1)

where the e; are independently and identically
distributed random variables.

Thus the low-level (or true) count varies
linearly with the high-level count and area. The
variation with area is reasonable since the number
of rocks and other objects available to be mistaken
for geese or the number of geese likely to be missed
in the analysis of high-level photography is pro-

portional to area. Similar reasoning leads to the
assumption of error ej4;, being proportional to 4.

Let x; = Xi/Ai = density of white phase nest-
ing geese on the ith sampling
unit as determined from high-
level photography

= Yi/A; = density of white phase nest-
ing geese on the ith sampling
unit as determined from low-
level photography, i.e. the
true density.

=
I

Division of equation (1) by A4; yields
yi=bxi +a+ e (2)

which is equivalent to equation 12.17 of Cochran
(1963, 334,) when @ and b are the regression para-
meters of the model.

Let =x = Zxi/n
y = Zyi/n
sx2 = (Zxi2 — nx?)/(n—1)

sy? = (Zyi® — ny?)/(n—1)

sxy = (Zxiyi — nxy)/(n—1)
p = Sxy/Sxsy = correlation between the x’s
and y’s
b = sxy/s):2
n—1
syt =5 sy (1=p%)

X = number of white phase nesting geese
counted from high-level photography

=
I

total nesting area of the colony an-
alyzed from high-level photography

=

= N/(ZA4i/n) = the approximate
number of sampling
units needed to cover
the area analyzed
from high-level photo-

graphy

= fraction of total nesting area of the
colony analyzed from high-level
photography.

Then the estimator of the total white phase nesting
geese in the colony and its variance are, respec-
tively,

P = [Ny + b (A—N2)]/F and
e [NV L1, (X/N-%)?
v f= (F) Yo [n T =D ]

+ (1_;—1—1_1:2 (3)'2_ 5}"x2) }

These formulas correspond to the equations follow-
ing (12.17) and (12.29) of Cochran, 1963. The
above refer to estimated totals rather than means.
In the colonies analyzed, n! was very large and F
usually close to 1, making the last term very small,
hence it was omitted in the calculations.

One statistical assumption which is violated
in the above procedure is the fact that the high-
level photography is not a random selection of areas
from the colony. However in view of the fact that
it represents a high proportion of the area, and is
typical of the colony, this violation will not be
serious.

2.2. Estimating colour phase ratio

The final step in the estimation of total
geese is the estimation of the colour phase ratio
from an independent sample from low-level photo-
graphy. Using the standard ratio estimator, the
colour phase ratio and its variance are respectively

P = Zwi/3ti and

var p = 2 (Swi? + przs?
m—1

— 2DZwiti) / 2t

where
wi = number of white phase nesting geese
counted from the ith sampling unit

ti = number of white and blue phasenesting
geese counted from the ith sampling
unit

m = number of sampling units

Thus the estimator and variance of total white
and blue phase geese are

P f’/ﬁ and

var T = 72 (var Y + varp )
Ve pe

Assuming normality, 95% confidence limits for 7
are approximately T+ 2s(T), where s(f) =

v var T ; 95% confidence limits for the number
ofnestsared T == ‘;s('f)
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3. Estimation procedure for colonies
where only low-level photographic
coverage is available
In these colonies we used the standard ratio

estimator for the white phase geese, i.e.,

Y = NZYi/ZA4;

var Y =

_n(d=f (V2=
(1-1) (Z4)?

+ Yezdit — eNY=4;7))

where Yi, Ai, Y and n have the same definitions as
in section 2, [V is total area of colony and fis the
portion of the colony which was analyzed from
low-level photography.

The same procedure as before may be used
to estimate the colour phase ratio. Thus the esti-
mate and variance of the total number of geese in
the colony are respectively

T

I

I?/[‘} and
~, [varY | varp )
V2 p?

A'
var 1

95% confidence limits for T and the number of nests,
T/2, have the same expressions as in section 2.



Other
publications
in the

Report Series

No. 1

Whooping crane population dynamics on the nest-
ing grounds, Wood Buffalo National Park, North-
west Territories, Canada by N. S. Novakowski

Cat. No. R65-8/1, Price 50¢

No. 2

Bionomics of the sandhill crane by W.J. D. Stephen
Cat. No. R65-8/2, Price 75¢

No. 3

The breeding biology of Ross’ goose in the Perry
River region, Northwest Territories by J. P. Ryder
Cat. No. R65-8/3, Price 75¢

No. 4

Behaviour and the regulation of numbers in blue
grouse by J. F. Bendell and P. W. Elliott

Cat. No. R65-8/4, Price $1.00

No.5

Denning habits of the polar bear (Ursus maritimus
Phipps) by C. R. Harington

Cat. No. R65-8/5, Price 50¢

No. 6

Saskatoon wetlands seminar

Cat. No. R65-8/6, Price $5.25

No. 7

Histoire naturelle du Gode, Alca torda, L., dans le
golfe Saint-Laurent, province de Québec, Canada
par J. Bédard

Cat. No. R65-8/7, Price $1.25

No. 8

The dynamics of Canadian arctic fox populations
by A. H. Macpherson

Cat. No. R65-8/8, Price $1.00

No.9

Population estimates and distribution of barren-
ground caribou in Mackenzie District, N.W.T.,
Saskatchewan, and Alberta— March to May, 1967
by D. C. Thomas

Cat. No. R65-8/9, Price $1.00

No. 10

The mammals of Jasper National Park, Alberta
byJ. D. Soper

Cat. No. R65-8/10, Price $2.50

No. 11

Causes and implications of an observed sex
differential in the survival of wapiti by D. R. Flook
Cat. No. R65-8/11, Price $1.25

No.12

Breeding biology of California and ring-billed gulls:
astudy of ecological adaptations to the inland
habitat by K. Vermeer

Cat. No. R65-8/12, Price $1.25

No. 13

Geographical variation in the polar bear (Ursus
maritimus Phipps) by T. H. Manning

Cat. No. R65-8/13, Price $1.00

No. 14

Studies of bird hazards to aircraft

Cat. No. R65-8/14, Price $1.25

No. 15

Moose and deer behaviour in snow in Fundy
National Park, New Brunswick by J. P. Kelsall and
W. Prescott

Cat. No. R65-8/15, Price $1.00

No. 16

Effects of phosphamidon on forest birds in New
Brunswick by C. D. Fowle

Cat. No. CW65-8/16, Price $1.00

No. 17

Populations, movements and seasonal distribution
of mergansers in northern Cape Breton Island by
A.]J. Erskine

Cat. No. CW65-8/17, Price $1.00

No. 18

Waterfowl habitat trends in the aspen parkland of
Manitoba by W. H. Kiel, Jr., A. S. Hawkins and
N. G. Perret

Cat. No. CW65-8/19, Price $1.25

No. 19

Vegetation of the Ngorongoro Conservation Area,
Tanzaniaby D. J. Herlocker and H. J. Dirschl
Cat. No. CW65-8/19, Price $1.25

No. 20

Biology of the Kaminuriak Population of barren-
ground caribou.

Part 1: Total numbers, mortality, recruitment,
and seasonal distribution by G. R. Parker

Cat. No. CW65-8/20, Price $1.50

No. 21

Food habits and ecology of wolves on barren-
ground caribou range in the Northwest Territories
by E. Kuyt

Cat. No. CW65-8/21, Price $1.00

No. 22

Background for managing grizzly bears in the
national parks of Canada by K. R. D. Mundy and
D. R.Flook

Cat No. CW65-8/22, Price $1.00

No. 23

The mammals of Waterton Lakes National Park,
AlbertabyJ. D. Soper

Cat. No. CW65-8/23, Price $1.25

No. 24

Feeding ecology of Pintail, Gadwall, American
Widgeon and Lesser Scaup ducklings in southern
Alberta by L. G. Sugden

Cat. No. CW65-8/24, Price $1.50

No. 25

Home range and breeding biology of the Shoveler
by H.]J. Poston

Cat. No. CW65-8/25, Price $1.50

No. 26

Calf mortality during 1970 on the calving ground
of the Kaminuriak caribou by F. L. Miller and

E. Broughton

Cat. No, CW65-8/26, Price $1.00

No. 27

Bird damage to fruit crops in the Niagara Peninsula
by R. G. B. Brown

Cat. No. CW65-8/27, Price $1.50

No. 28

Migration of Lesser Snow and Blue Geese in spring
across southern Manitoba

Part 1: Distribution, chronology, directions, num-
bers, heights and speeds by H. Blokpoel

Cat. No. CW65-8/28, Price $1.00

No. 29

CWS Waterfowl studies in eastern Canada,
196973 edited by H. Boyd

Etude du SCF sur les oiseaux aquatiques dans I’est
du Canada 196973 rédigé par H. Boyd

Cat. No. CW65-8/29, Price/Prix $3.00

No. 30

Landscape classification and plant successional
trends in the Peace—Athabasca Delta by H.J
Dirschl, D. I.. Dabbs and G. C. Gentle

Cat. No. CW65-8/30, Price $3.00

No. 31

Biology of the Kaminuriak Population of barren-
ground caribou.

Part 2: Dentition as an indicator of age and sex;
composition and socialization of the population by
F. L. Miller

Cat. No. CW65-8/31, Price $3.00

No. 32

Migration of Lesser Snow and Blue Geese in spring
across southern Manitoba.

Part 2: Influence of the weather and prediction of
major flights by H. Blokpoel and Maureen C.
Gauthier

Cat. No. CW65-8/32, Price $1.00

No. 33

An investigation of caribou range on Southampton
Island, Northwest Territories by G. R. Parker

Cat. No. CW65-8/33, Price $2.75

No. 34

The northern interior grizzly bear (Ursus arctos L.)
by A. M. Pearson

Cat. No. CW65-8/34, Price $4.50

47






