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support of the project through all its stages. 

P e r s p e c t i v e 
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 poptdation 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 dynamics 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-
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onies of southwest Baffin Island, 15% on 
south Southampton Island, 37% on west 
Hudson Bay, and 6% at Cape Henrietta 
Maria. I 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. 

R é s u m é 
En juin 1973, à l'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 l'est de l'Arcti­
que canadien. Des analyses subséquentes 
des photographies ont permis d'estimer à 
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 l'île Baffin, 15% dans 
le sud de l'île Southampton, 37% dans la 
partie ouest de la baie d'Hudson et 6% au 
cap Henriette-Marie. J'ai aussi déterminé 
toute l'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 
Kodak Aerocolor Negative et lentille de 12 
pouces de distance focale, ont donné les 
meilleurs résultats. Un microscope bino­
culaire a servi à l'analyse des films, posés 
sur une table lumineuse. 

Le dénombrement photographique 
de 1973 a permis la première 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 
l'oie bleue ou soit demeuré presque le 
même dans toutes les colonies au cours des 
dix dernières années: l'oie bleue prédomine 
au cap Henriette-Marie et sur l'île Baffin 
tandis qu'une majorité d'oies blanches ha­
bite l'ouest de la baie d'Hudson et l'île 
Southampton. Au cours des 30 à 40 der­
nières années, les colonies n'ont probable­
ment pas changé en importance dans l'île 
Baffin, ont peut-être augmenté dans l'île 
Southampton, se sont sans aucun doute 
accrues au cap Henriette-Marie et ont subi 
un accroissement phénoménal dans l'ouest 
de la baie d'Hudson. Cette région semble 
maintenant beaucoup plus près de sa capa­
cité de charge que ne le sont les îles Baffin 
et Southampton. La détérioration possible 
du climat de ces dernières et l'éventuelle 
utilisation à outrance de la végétation dans 
la partie occidentale de la baie d'Hudson 
constituent les principales menaces futures 
à la population. 
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Р е з ю м е 
В июне 1973 г. я занимался обсле­

дованиями породы гуся голубого се­
верного (Anser Caerulescens), гнездяще­
гося в восточной части канадской 
Арктики; для этого я применял круп­
но-форматное вертикальное фотогра­
фирование. В соответствии с последу­
ющим анализом фотоснимков общая 
оценка популяции гусей составила 
528 700 ( + / — 4 3 600), гнездящихся 
пар, 42% из них находились в коло­
ниях юго-западной части Баффиновой 
земли, 15% — н а юге- о-ва Саутгемп-
тон, 3 7 % — па западе Гудзонова за­
лива и 6% на Кейп Генриетта Мария. 
Мне удалось также определить общую 
площадь гнездования, местораспреде-
ление гнезд и цветовое соотношение 
для каждой колонии. 

Я разработал методы съемок и их 
анализа во время опытных обследова­
ний гнездящихся колоний в 1971 ив 
1972 г.г. Оптимальные результаты 
были получены при помощи стандарт­
ной картографической техники и обо­
рудования: я использовал пленку 
Кодак Аэроколор Негатив и линзы с 
12-дюймовым фокусным расстоянием. 
Пленки были подвержены анализу на 
освещенном столе с бинокулярным 
микроскопом. 

Фотографическое обследование в 
1973 г. позволило сделать первую точ­
ную оценку популяции. Несмотря на 
то, что более ранние данные менее 
точны, все же очевидно что за послед­
нее десятилетие цветовое соотношение 
слегка изменилось в сторону голубой 
окраски или же осталось почти без 
изменения во всех колониях. Преобла­
дающая часть гусей с голубой окрас­
кой находилась на Кейп Генриетта 
Мария и на Баффиновой земле, а ос­
новная часть гусей с белой окраской — 
на западе Гудзонова залива и о-ва 

Саутгемптон. Кажется, что за послед­
ние 30-40 лет размер колоний почти не 
изменился на Баффиновой земле и уве­
личился незначительно на о-ве Саут­
гемптон и существенно увеличился на 
Кейп Генриетта Мария; на западе 
Гудзонова залива размер колоний уве­
личился феноменально. Можно сказать, 
что популяция этой области больше 
приближается к своему оптимальному 
значению, чем области о-ва Саутгемп­
тон и Баффиновой земли. Потенциаль­
ное ухудшение климатических усло­
вий на Саутгемптоне и Баффиновой 
земле и потенциальное оскудение пи­
тательных ресурсов западной части 
Гудзонова залива представляет в бу­
дущем угрозу росту популяции. 
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Aerial view ol the Lesser Snow Goose colony in late 
June at Last llav. N.W.T. 
Photo by H. С Hanson. 
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Introduction Figure 1 
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) 
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Lesser Snow Geese are possibly the 
most numerous geese in the world. The 
larger of their two main populations nests 
in the eastern Canadian Arctic (hereafter 
referred to as the eastern Arctic). The num­
bers, distribution, and colour phase ratios 
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 ah, 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
tended interest in the conservation of 
eastern Arctic Lesser Snow Geese beyond 
those traditional concerns. In the USA the 
harvest was steadily increasing, and con­
troversy over short-stopping and an alleged 
redistribution of the harvest had arisen 
between the southern and northern states 

Figure 1 



of the Central and Mississippi flyways 
(Dzuhin 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 hays (Hanson, Luras-
den, Lynch, and Norton, 1972), and the 
nesting grounds (Cooch, 1955; Kerhes, 
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 hays 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 years 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 colonics. The bio­
logical significance of the June 1973 in­

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. 
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Methods 

1. Def ini t ions 
The Lesser Snow Goose is the poly­

morphic subspecies Anser caendescens 
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, hut were recorded "l ive" 
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 -t- 0.5 or 
1:10,000. Hence, as used here, high-level 
photography had a smaller scale (i.e. given 
images were smaller) than low-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-Xfilm 
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. Obta in ing 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 
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 he covered by the 
width of a frame, or if only sample coverage 
was needed. 

4. Analys ing p h o t o g r a p h s 
4.1. Equipment 

The equipment used in the analysis 
of photographs included: 

1) Survair light box which was a 
plywood box, 106 em 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; 
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