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Summary 

Background 

Recently, in both the scientific and the popular press, 
wildlife managers and administrators have proclaimed that 
there are too many Lesser Snow Geese Anser caerulescens 
caerulescens (hereafter referred to as Snow Geese) in North 
America. The experts have recommended that goose 
numbers be reduced in order to prevent the geese from 
destroying Arctic coastal habitats on which they and other 
wildlife depend as feeding grounds. It is important to realize 
that this reduction program is aimed at the Midcontinent 
Snow Goose Population, which nests in the Eastern and 
Central Canadian Arctic. So far, that program does not apply 
to the much smaller and more western populations of Snow 
Geese, which nest in the Western Canadian Arctic and on 
Wrangel Island, Russia. Those populations, which are the 
subject of this report, have shown quite different histories 
and have presented different management problems. 

In the late 1980s, a convergence of concerns from 
Canada, Russia, and the United States led to an extensive 
international study of the Western Canadian Arctic and 
Wrangel Island populations of Snow Geese. The Wrangel 
Island Population (the only Snow Geese nesting outside 
North America) had dropped by over 50%, to fewer than 
100 000 geese, and did not appear to be recovering. The 
Western Canadian Arctic Population had slowly increased to 
about 200 000 nesting birds in the 1980s. The Inuvialuit land 
claim settlement in the Western Canadian Arctic created both 
the need for enhanced waterfowl management and a source 
of funds for investigations of the geese there. Farther south, 
wildlife managers were concerned about apparent shifts in 
these populations on their wintering grounds. 

Improved and updated information was needed on the 
year-round distribution, survival rates, and size of the 
Western Canadian Arctic and Wrangel Island populations. 
Those objectives were addressed by a cooperative 
neckbanding and monitoring program from 1987 to 1992, an 
analysis of recoveries of legbanded geese for the 
1950s-1980s, and inventories of the geese on their nesting 
colonies. This Occasional Paper presents the results and 
management recommendations arising from that work. What 
follows are the main points of each paper and a summary of 
our management recommendations. 

Project overview 

The key objectives of this study were to determine 
1) numbers and distribution of nesting adults on their Arctic 
breeding colonies and the size of total populations in 
different parts of their wintering grounds; 2) autumn and 
winter distributions and how they might have changed during 
the past 30 years; 3) routes and timing of migration between 
staging and wintering areas and fidelity of geese to specific 
staging and wintering areas; 4) survival rates for the Western 
Arctic Population and for each of the north- and south-
wintering components of the Wrangel Island Population; and 
5) the effectiveness of mineral staining in facial plumage of 
Wrangel Island geese as an indicator of wintering ground. 

Flightless geese were captured on their Arctic 
breeding grounds, and the adults were fitted with individu­
ally coded plastic neckbands and numbered metal legbands. 
From 1987 to 1991, 2643 Western Arctic and 1462 Wrangel 
Island Snow Geese were neckbanded. An extensive network 
of cooperators monitored these birds throughout western 
North America, achieving direct observation rates of 
58-77% each year. 

Population size 

Population size on the breeding grounds was 
estimated by ground transect surveys on Wrangel Island and 
by aerial photography in the Western Canadian Arctic. On 
Wrangel Island, the total number of adults in spring declined 
from 150 000 in 1970 to 56 000 in 1975. The population 
recovered during the 1980s to 100 000 geese but has 
averaged only about 65 000 geese in the 1990s. In contrast, 
the total number of nesting adults in the Western Arctic has 
increased almost threefold, from 170 000 in 1976 to nearly 
490 000 in 1995. The average annual rate of population 
growth from 1976 to 1981 was 4.1%, but from 1981 to 1995 
it was 6.3%. 

Estimates of population size from mark:resight data 
were made for some wintering areas during 1987-1989. 
Those estimates agreed with independent aerial surveys 
made during the winter. Using the breeding ground inventory 
data and information on the winter distribution of collared 
geese, we estimated population sizes in different wintering 
areas. We found that counts from the aerial winter survey 
agreed with extrapolations from the 1987 count of breeding 
adults but not from that of 1995. The wintering ground 
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surveys accounted for 34% fewer geese in the Pacific and 
Western Central flyways than expected by extrapolation of 
total winter population from the combined 1995 counts of 
breeding birds on Wrangel Island and the Western Canadian 
Arctic. That discrepancy was most likely due to an underesti­
mation of numbers in the winter surveys. 

Autumn and winter distributions 

Autumn and winter distributions were determined 
from legband recovery data for 1953-1979 and from legband 
recovery and neckband observation data for 1987-1992. In 
the autumn of recent years, all of the Western Canadian 
Arctic Population and less than 6% of the Wrangel Island 
Population migrated through the Canadian prairies, and the 
remainder of the Wrangel Island Population moved down the 
Pacific coast. The migration route used by the Western 
Arctic geese has shifted eastward on the Canadian prairies. 
Most geese (74%) moved through eastern Alberta in the 
1950s and 1960s, whereas only 26% staged in western 
Saskatchewan. By the late 1980s, only 32-36% of the geese 
staged in eastern Alberta, and 64-68% staged in western 
Saskatchewan. 

Snow Geese winter in three main regions in western 
North America: 1) the Fraser River Delta (British Columbia) 
and the Skagit River Delta (Washington); 2) the Western 
Central Flyway (composed of New Mexico, northwestern 
Texas, southeastern Colorado, and the Northern Highlands of 
Mexico); and 3) the Central Valley of California and the 
Klamath Basin in northern California and southern Oregon. 
In addition, smaller numbers winter in southern California 
and in the Columbia River area in Washington and Oregon. 

On the wintering grounds in the 1960s and 1970s, 
90% of the Western Arctic Population wintered in California, 
with about 8% in the Western Central Flyway. By the late 
1980s, only 76% of the geese wintered in California, with 
24% in the Western Central Flyway. Recent wintering 
ground counts suggest that an even greater proportion of the 
Western Arctic geese now winter in the Western Central 
Flyway. Most of the growth of the Western Arctic Popula­
tion appears to be related to an increase in winter numbers in 
that area. 

Legband recoveries in the 1960s and 1970s suggested 
that nearly 90% of the Wrangel Island Population wintered in 
California, with the remainder in the Fraser and Skagit river 
deltas of British Columbia-Washington. By 1987-1992, less 
than 50% wintered in California. The relative decline of both 
the Western Arctic and Wrangel Island populations in Cali­
fornia seems to have been due more to changes in movement 
patterns than to population or regional differences in survival 
and productivity. 

Routes and timing of migration 

Routes and timing of migration during 1987-1992 
were determined from observations of Snow Geese neck-
banded on Wrangel Island and in the Western Canadian 
Arctic. Wrangel Island geese followed a coastal route in 
autumn to British Columbia-Washington and California, 
with a small number going to California via the prairies of 
southeastern Alberta, southwestern Saskatchewan, and 
western Montana. In spring, most of the Wrangel Island birds 
that wintered in California returned north through the 

prairies, and those from British Columbia-Washington went 
north via southwestern Alaska. In autumn, Western Arctic 
geese travelled south via Alberta and Saskatchewan. Many of 
those going to California then went through western 
Montana and eastern Oregon. Most of those going to the 
Western Central Flyway apparently stayed on the eastern 
side of the Rocky Mountains. A small number of geese, 
however, went to the Western Central Flyway via California. 
In spring, most Western Arctic geese apparently followed the 
same routes in reverse, and those that wintered in southern 
California went north via Utah. More than 90% of both male 
and female geese resighted in consecutive years were 
observed on the same wintering area each year, indicating 
high rates of fidelity to wintering areas. 

There was limited temporal separation between 
Wrangel Island and Western Arctic stocks on the migration 
and wintering areas where they both occurred. In autumn, the 
south-wintering Wrangel Island birds arrived later than 
Western Arctic birds in Alberta and Saskatchewan and 
earlier in eastern Oregon. 

Survival rates 

Survival rates were estimated for collared adult 
female geese marked in the Western Canadian Arctic and for 
each of the north- and south-wintering Wrangel Island ' 
stocks, as well as for geese neckbanded in Alaska, British 
Columbia, and New Mexico. About 75% of the marked 
geese were observed each year, leading to relatively small 
standard errors and a good ability to detect survival differ­
ences among groups of collared geese. The average survival 
rate for Western Canadian Arctic females during 1987-1989 
(0.802) was higher than for Wrangel Island females (0.685). 
There was no strong evidence that average survival rates of 
the decreasing south-wintering Wrangel Island stock (0.656) 
were lower than those of the increasing north-wintering stock 
(0.628), although only two annual estimates were available. 
However, in California, the Western Arctic geese had signifi­
cantly higher survival rates (0.844) than the Wrangel Island 
birds. Survival of adult females from both populations was 
similar during the November-January period of all years, but 
lower for Wrangel Island geese during the February-
November period. 

Survival rates from legband recoveries of adult geese 
from the Western Arctic were 0.935 in 1960-1963, 0.832 in 
1973-1975, and 0.789 in 1987-1989, compared with 0.668 
for Wrangel Island geese in 1975-1977. Comparison of these 
estimates as well as those from the neckband resighting data 
suggested that survival rates of Wrangel Island adults were 
0.10-0.15 lower than for their Western Arctic counterparts 
during both the 1970s and 1980s. The survival rates of 
Western Arctic adults may have declined from the 1960s to 
the 1980s. The survival rates for Wrangel Island geese are 
among the lowest values reported for adult Snow Geese, 
whereas those for Western Arctic birds are relatively high. 
While differences in rates of survival might in part explain 
why the Western Arctic Population has increased whereas 
the Wrangel Island Population has not, we found no evidence 
that regional variations in survival rates could explain the 
recent changes in the winter distribution of either population. 

Harvest rates, estimated using both legband recover­
ies and information on harvest and population size, for the 
combined Wrangel Island and Western Arctic populations 



were 15-20% in the 1960s and 1970s and less than 10% in 
the late 1980s. The two populations appeared to be harvested 
at approximately the same rate in the late 1980s (comparable 
data for the earlier period were not available). 

Mineral staining of facial plumage in Wrangel Island 
geese 

Mineral staining in Wrangel Island geese had been 
investigated previously by Russian biologists. They had 
shown that the north-wintering birds, because they fed exten­
sively by grubbing in tidal marshes, tended to have reddish-
coloured faces from mineral staining. In contrast, the 
south-wintering geese fed in agricultural fields and tended to 
retain their white facial plumage. In the late 1970s and the 
early 1980s, face colour scores could be used to identify the 
wintering ground affiliations of 86-90% of the Wrangel 
Island geese. We evaluated the continued reliability of face 
staining as an indicator of the wintering grounds of Snow 
Geese neckbanded during 1988 and 1989 on Wrangel Island. 
Neckband observations of 1357 geese from Wrangel Island 
indicated that 86% of the lower three (white) classes 
wintered in California, while 90% of the upper three (red) 
classes wintered in British Columbia-Washington. Geese 
with intermediate scores, which made up 35% of the marked 
sample, could not be closely associated with either wintering 
area based on face staining. Although face staining is not 
now as broadly applicable as a natural marker as it had been 
previously, it still should be useful in studies comparing the 
productivity, survival, or migration patterns of the two 
different stocks of geese, while acknowledging that samples 
obtained by face staining scores may be missing a significant 
proportion of the population. 

Management recommendations 

Our studies clearly underline a continued concern for 
the Wrangel Island Snow Goose Population. If possible, 
hunting pressure on this population should be reduced. The 
north-wintering segment of the Wrangel Island Population 
could be further protected with hunting restrictions on its 
wintering grounds in British Columbia-Washington, 
although such action in turn might increase complaints of 
goose depredations on agricultural crops in that area. The 
south-wintering segment in California is difficult to manage 
selectively, because it shares that wintering ground with 
Snow Geese and Ross' Geese Anser rossii from other 
breeding areas. Hunting restrictions would need to be 
imposed on those populations as well, in order to protect 
Wrangel Island birds in California. 

The rapid rate of increase in the Western Arctic Popu­
lation shows that its Arctic habitats could be threatened by 
overgrazing, as has already been demonstrated for some 
areas along the coast of Hudson Bay. Studies of habitat and 
effects of grazing by Snow Geese should be conducted on 
Banks Island. A useful management goal would be to 
stabilize the number of Western Arctic Snow Geese at about 
the current level. That could be done by at least doubling the 
current total harvest — i.e., harvesting it at a rate of 15-20%. 
Similar harvest rates were attained in the 1960s and 1970s, a 
period when the population growth rate was apparently low. 
Increasing the harvest now would help prevent the popula­
tion from growing beyond the level where its increase can be 

controlled by hunting. The increase in harvest should be 
directed at the increasing numbers of geese using the 
Western Central Flyway, so that neither the south-wintering 
stock of Wrangel Island geese nor the apparently stable 
segment of the Western Arctic Population wintering in Cali­
fornia would be impacted. Spring harvest in the Western 
Arctic could also be increased, although it would need to be 
focused on geese returning to Banks Island, avoiding geese 
from the small and less secure colonies at Anderson River 
and Kendall Island. However, a significant increase in 
harvest in the Western Arctic or the Western Central Flyway 
will be difficult to attain because of the relatively small 
number of waterfowl hunters in those areas. 

The breeding ground inventories should continue, 
annually on Wrangel Island and at five-year intervals in the 
Western Arctic. To reconcile apparent differences between 
estimates of population size extrapolated from breeding 
inventories and population estimates from the winter 
surveys, we recommend improved winter surveys. The 
improved counts must have a ground truthing component to 
assess the accuracy of the aerial counts and to estimate the 
Ross':Snow goose ratio in surveys of white geese. 

Further studies should use satellite tracking of 
radio-marked birds to obtain a better understanding of fall 
and spring migration of Wrangel Island and Western Arctic 
geese across northern areas and of the complete spring 
migration of geese returning to the Western Arctic from the 
Western Central Flyway. 



Resume 

Historique 

Recernment, dans la presse scientifique et populaire, 
les gestionnaires et les administrateurs de la faune ont 
declare qu'il y a trop de Petites Oies des neiges Anser caeru­
lescens caerulescens (appelees ci-apres Oies des neiges) en 
Amerique du Nord. Les experts ont en effet recommande la 
reduction du nombre d'oies afin de prevenir la destruction 
des habitats cotiers de l'Arctique sur lesquels les oies et 
d'autres animaux comptent pour se nourrir. II est important 
de se rendre compte que ce programme de reduction vise la 
population d'Oies des neiges du milieu du continent, qui 
niche dans l'est et le centre de l'Arctique canadien. Le 
programme ne s'applique pas encore aux populations 
beaucoup plus petites d'Oies des neiges qui habitent plus a 
l'ouest soit dans l'ouest de 1'Arctique canadien et sur l'ile 
Wrangel, en Russie. Ces populations, qui font l'objet de ce 
rapport, ont des antecedents assez differents et presentent des 
problemes de gestion distincts. 

A la fin des annees 1980, des inquietudes soulevees 
au Canada, en Russie et aux Etats-Unis ont abouti a une 
importante etude internationale des populations d'Oies des 
neiges de l'ouest de l'Arctique canadien et de l'ile Wrangel. 
La population de l'ile Wrangel (les seules Oies des neiges a 
nicher a l'exterieur de l'Amerique du Nord) a baisse de plus 
de 50 p. 100, pour atteindre un nombre inferieur a 
100 000 oies et elle ne semblait pas vouloir se retablir. La 
population de l'ouest de l'Arctique canadien a connu une 
croissance lente et se chiffrait a environ 200 000 oiseaux 
nicheurs dans les annees 1980. Par ailleurs, le reglement des 
revendications territoriales dTnuvialuit, dans l'ouest de 
1'Arctique canadien, a cree a la fois le besoin d'une meilleure 
gestion de la sauvagine et d'une source de fmancement pour 
realiser des enquetes sur les populations d'oies vivant a cet 
endroit. Plus au sud, les gestionnaires de la faune etaient 
preoccupes des changements apparents au sein de ces popu­
lations dans leurs aires d'hivernage. 

II etait devenu necessaire de compiler de meilleurs 
renseignements sur la repartition annuelle, les taux de survie 
et la taille des populations de l'ouest de l'Arctique canadien 
et de l'ile Wrangel, et de les mettre a jour. Pour repondre a 
ces objectifs, on a precede a un projet cooperatif de 
marquage, au moyen d'un collier, et de surveillance de 1987 
a 1992, on a realise une analyse des bagues recuperees au 
cours des annees 1950 a 1980 et on a analyse les inventaires 
des oies dans leurs colonies de nidification. La presente 

publication hors-serie presente les resultats et les recornman-
dations en matiere de gestion decoulant de ce travail. Le 
texte qui suit contient les points principaux de ehaque cahier 
ainsi qu'un resume de nos recornmandations en matiere de 
gestion. 

Apercu du projet 

Les objectifs cles de cette etude consistaient a deter­
miner 1) le nombre et la repartition des adultes nicheurs dans 
leurs colonies de nidification de l'Arctique et la taille des 
populations totales dans les differents secteurs de leurs aires 
d'hivernage; 2) les distributions automnales et hivernales et 
leur evolution possible au cours des 30 dernieres annees; 
3) les routes migratoires et le moment de la migration entre 
les aires de repos et d'hivernage et la fidelite des oies a 
certaines aires de repos et d'hivernage particulieres; 4) les 
taux de survie pour la population de l'ouest de l'Arctique et 
pour chacun des segments de la population de Pile Wrangel, 
soit celui qui hiverne dans le nord ou celui qui hiverne dans 
le sud; et 5) l'efficacite des taches faciales des oies de l'ile 
Wrangel comme indicateur de l'aire d'hivernage. 

Des oies coureuses ont ete capturees sur leur aire de 
reproduction de l'Arctique et on a pose, au cou des adultes, 
des colliers de plastique comportant un code individuel, ainsi 
que des bagues de metal numerotees a leur parte. De 1987 a 
1991, on a pose des colliers au cou de 2 643 Oies des neiges 
de l'ouest de l'Arctique et de 1 462 Oies des neiges de Pile 
Wrangel. Un vaste reseau de collaborateurs a surveille ces 
oiseaux dans l'ouest de l'Amerique du Nord, et un taux 
d'observation directe de 58 a 77 p. 100 par annee a ete 
atteint. 

Taille de la population 

La taille de la population sur les aires de reproduction 
a ete estimee au moyen de releves au sol par transect sur Pile 
Wrangel et de photographies aeriennes prises dans l'ouest de 
l'Arctique canadien. Sur l'ile Wrangel, le nombre total 
d'adultes au printemps a connu un declin et est passe de 
150 000 en 1970 a 56 000 en 1975. Durant les annees 1980, 
il s'est produit une croissance de la population et cette 
derniere a augmente a 100 000 oies. Elle ne se chiffrait 
toutefois qu'a environ 65 000 dans les annees 1990. Par 
contraste, le nombre total d'adultes nicheurs dans l'ouest de 
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l'Arctique a presque triple, passant de 170 000 en 1976 a 
pres de 490 000 en 1995. Entre 1976 et 1981, le taux de 
croissance annuel moyen de la population etait de 4,1 p. 100, 
mais de 1981 a 1995, il se chiffrait a 6,3 p. 100. 

On a etabli des estimations de la taille de la popula­
tion d'apres des donnees tirees des marquages-observations 
pour certaines aires d'hivernage de 1987 a 1989. Ces estima­
tions ont confirme des enquetes par photographies aeriennes 
independantes effectuees durant l'hiver. En utilisant les 
donnees et les renseignements de l'inventaire au sol des aires 
de reproduction portant sur la repartition hivernale des oies 
marquees, nous avons estime la taille des populations dans 
les diverses aires d'hivernage. Selon nos constatations, les 
donnees provenant des enquetes aeriennes effectuees durant 
l'hiver correspondaient aux extrapolations etablies lors du 
denombrement, en 1987, des adultes nicheurs, mais elles ne 
concordaient pas avec celles de 1995. Les releves des aires 
d'hivernage indiquaient qu'il y avait 34 p. 100 moins d'oies 
dans les voies migratoires du Pacifique et du centre-ouest 
qu'on l'avait estime en se basant sur l'extrapolation de la 
population d'hiver totale a partir des releves combines des 
aires de nidification de 1995 sur l'ile Wrangel et 1'ouest de 
l'Arctique canadien. Cet ecart etait probablement attribuable 
a une sous-estimation des donnees dans les enquetes 
realisees en hiver. 

Distributions automnales et hivernales 

Les distributions automnales et hivernales ont ete 
determinees a partir des donnees tirees des bagues recuperees 
au cours des annees 1953 a 1979, ainsi que des donnees 
tirees des bagues recuperees et des colliers observees pour la 
periode s'echelonnant entre 1987 et 1992. Au cours des 
dernieres annees, a l'automne, l'ensemble de la population 
de 1'ouest de l'Arctique canadien et moins de 6 p. 100 de la 
population de l'ile Wrangel ont migre par les Prairies cana-
diennes, et le reste de la population de l'ile Wrangel a 
descendu le long de la cote du Pacifique. La route migratoire 
utilisee par les oies de 1'ouest de l'Arctique canadien s'est 
deplacee vers Test dans les Prairies canadiennes. La plupart 
des oies (74 p. 100) se sont deplacees dans l'est de l'AIberta 
au cours des annees 1950 et 1960, tandis que seulement 
26 p. 100 se rassemblaient dans 1'ouest de la Saskatchewan. 
A la fin des annees 1980, seulement 32 a 36 p. 100 des oies 
trouvaient leur aire de repos dans l'est de l'AIberta et de 64 a 
68 p. 100 trouvaient la leur dans 1'ouest de la Saskatchewan. 

Les Oies des neiges passent l'hiver dans trois regions 
principales de 1'ouest de l'Amerique du Nord : 1) les deltas 
du fleuve Fraser (Colombie-Britannique) et de la riviere 
Skagit (Etat de Washington); 2) la voie migratoire du 
centre-ouest (qui se compose du Nouveau-Mexique, du 
nord-ouest du Texas, du sud-est du Colorado et des terres 
hautes du nord du Mexique); et 3) la vallee centrale de la 
Califomie et le bassin de Klamath dans le nord de la Cali-
fornie et dans le sud de l'Oregon. De plus, un nombre moins 
important d'oies passent l'hiver dans le sud de la Califomie 
et dans la region de la riviere Columbia dans les Etats de 
Washington et de l'Oregon. 

En ce qui a trait aux aires d'hivernage, dans les 
annees 1960 et 1970, 90 p. 100 de la population de 1'ouest de 
l'Arctique sejournait en Califomie, et environ 8 p. 100 dans 
la voie migratoire du centre-ouest. A la fin des annees 1980, 
seulement 76 p. 100 des oies passaient l'hiver en Califomie 

et environ 24 p. 100 dans la voie migratoire du centre-ouest. 
Le denombrement effectue recemment dans les aires 
d'hivernage suggere qu'une proportion encore plus grande 
d'oies de 1'ouest de l'Arctique passe l'hiver dans la voie 
migratoire du centre-ouest. La majeure partie de la crois­
sance de la population de 1'ouest de l'Arctique semble etre 
reliee a une augmentation du nombre d'oies dans cette 
region. 

Les bagues recuperees au cours des annees 1960 et 
1970 suggerent que pres de 90 p. 100 de la population de 
l'ile Wrangel hivemait en Califomie, et que le reste faisait 
halte dans les deltas du fleuve Fraser et de la riviere Skagit 
de la Colombie-Britannique et de l'Etat de Washington. De 
1987 a 1992, moins de 50 p. 100 passait l'hiver en Cali­
fomie. Le declin relatif des populations de 1'ouest de 
l'Arctique et de l'ile Wrangel en Califomie semble etre attri­
buable plutot a des changements de migration qu'a des diffe­
rences de region ou de population liees a la survie et a la 
productivite. 

Routes et moment de la migration 

De 1987 a 1992, les routes et le moment de la 
migration ont ete determines a partir des observations d'Oies 
des neiges a qui on a pose un collier sur l'ile Wrangel et dans 
1'ouest de l'Arctique canadien. En automne, les oies de l'ile 
Wrangel ont suivi une route le long de la cote jusqu'en 
Colombie-Britannique, dans l'Etat de Washington et en Cali­
fomie, et un petit nombre s'est rendu en Califomie en 
passant par les Praires du sud-est de l'AIberta, le sud-ouest 
de la Saskatchewan et 1'ouest du Montana. Au printemps, la 
plupart des oiseaux de l'ile Wrangel qui avaient passe l'hiver 
en Califomie sont retournes vers le nord par les Prairies et 
ceux de la Colombie-Britannique et de l'Etat de Washington 
se sont diriges vers le nord par le sud-ouest de 1'Alaska. En 
automne, les oies de 1'ouest de l'Arctique se sont deplacees 
vers le sud par l'AIberta et la Saskatchewan. Un grand 
nombre des oies se dirigeant vers la Califomie a traverse 
1'ouest du Montana et l'est de l'Oregon. La plupart des oies 
empruntant la voie migratoire du centre-ouest sont apparem-
ment restees a l'est des montagnes Rocheuses. Un petit 
nombre d'oies, toutefois, s'est rendu a la voie migratoire du 
centre-ouest par la Califomie. Au printemps, la plupart des 
oies de 1'ouest de l'Arctique ont apparemment suivi les 
memes routes en direction inverse, et celles qui avaient passe 
l'hiver dans le sud de la Califomie se sont dirigees vers le 
nord en passant par l'Utah. Plus de 90 p. 100 des oies males 
et femelles observees au cours des annees consecutives ont 
ete observees dans la meme aire d'hivernage chaque annee, 
ce qui indique un haut taux de fidelite envers ces aires 
d'hivernage. 

II y avait une difference temporelle limitee entre les 
troupeaux de l'ile Wrangel et de 1'ouest de l'Arctique en 
matiere de migration et d'aires d'hivernage, dans les cas ou il 
y avait occurrence des deux. En automne, les oiseaux de l'ile 
Wrangel qui hivemaient dans le sud arrivaient plus tard que 
ceux de 1'ouest de l'Arctique en Alberta et en Saskatchewan 
mais plus tot que ceux de l'est de l'Oregon. 

Taux de survie 

On a estime les taux de survie pour les oies femelles 
adultes marquees dans 1'ouest de l'Arctique canadien et pour 



le troupeau de l'ile Wrangel hivernant dans le nord et celui 
hivernant dans le sud, de meme que pour des oies a qui on a 
pose un collier en Alaska, en Colombie-Britannique et au 
Nouveau-Mexique. Environ 75 p. 100 des oies marquees ont 
ete observees ehaque annee, ce qui a permis d'obtenir un 
taux d'erreur-type relativement faible et de deceler les diffe­
rences de survie entre les groupes d'oies portant un collier. 
Le taux de survie moyen pour les femelles de l'ouest de 
l'Arctique canadien de 1987 a 1989 (0,802) etait plus eleve 
que celui des femelles de l'ile Wrangel (0,685). Nous 
n'avons constate aucune preuve convaincante permettant de 
confirmer que les taux de survie moyens du troupeau de l'ile 
Wrangel hivernant dans le sud (0,656), dont la population est 
en baisse, etaient inferieurs a ceux du troupeau hivernant 
dans le nord (0,628), dont la population est en hausse, bien 
que seulement deux estimations annuelles soient disponibles. 
Pourtant, en Califomie, les oies de l'ouest de l'Arctique 
avaient des taux de survie considerablement plus eleves 
(0,844) que les oiseaux de l'ile Wrangel. Les taux de survie 
des femelles adultes des deux populations etaient identiques 
au cours de la periode allant de novembre a Janvier pour 
toutes les annees, mais ils etaient inferieurs pour les oies de 
Wrangel pendant la periode s'echelonnant entre fevrier et 
novembre. 

L'analyse des bagues recuperees provenant des oies 
adultes de l'ouest de l'Arctique a permis de constater des 
taux de survie de 0,935 de 1960 a 1963, de 0,832 de 1973 a 
1975 et de 0,789 de 1987 a 1989, par rapport a 0,668 pour les 
oies de l'ile Wrangel de 1975 a 1977. La comparaison de ces 
estimations, de meme que de celles tirees des donnees 
d'observation des colliers, suggere que les taux de survie des 
adultes de l'ile Wrangel etaient inferieurs dans une propor­
tion de 0,10 a 0,15 a ceux des oies de l'ouest de l'Arctique au 
cours des annees 1970 et 1980. Les taux de survie des 
adultes de l'ouest de l'Arctique peuvent avoir connu un 
declin entre les annees 1960 et 1̂ 80. Les taux de survie des 
oies de l'ile Wrangel comptent parmi les plus faibles 
rapportes pour les Oies des neiges adultes, tandis que ceux 
des oiseaux de l'ouest de l'Arctique sont relativement eleves. 
Bien que les differences entre les niveaux de survie puissent 
expliquer en partie pourquoi la population de l'ouest de 
l'Arctique a augmente et celle de l'ile Wrangel a baisse, nous 
n'avons constate aucune preuve indiquant que les variations 
regionales des taux de survie pouvaient expliquer les change-
ments recents de la distribution hivemale des deux 
populations. 

Les niveaux de recolte, dont les estimations se 
fondent sur les bagues de parte recuperees ainsi que les ren-
seignements relatifs a la recolte et a la taille de la population, 
etaient, dans les annees 1960 et 1970, de 15 a 20 p. 100 pour 
l'ensemble des populations de l'ile Wrangel et de l'ouest de 
l'Arctique, et de moins de 10 p. 100 vers la fin des annees 
1980. Les deux populations semblent avoir fait l'objet d'une 
recolte a peu pres au meme niveau vers la fin des annees 
1980 (des donnees comparables pour la periode precedente 
n'etaient pas disponibles). 

Taches de mineraux sur le plumage facial des oies de l'ile 
Wrangel 

Les biologistes russes ont deja examine la question 
des taches de mineraux sur les oies de l'ile Wrangel. Ils 
avaient demontre que la face des oiseaux hivernant dans le 

nord etait souvent d'une couleur rougeatre qui etait attri-
buable aux mineraux se trouvant dans le sol des marais 
maritimes ou les oiseaux se nourrissaient principalement. Par 
contraste, les oies hivernant dans le sud se nourrissaient dans 
les champs agricoles et avaient tendance a conserver leur 
plumage facial blanc. Vers la fin des annees 1970 et au debut 
des annees 1980, on pouvait se servir d'un systeme 
d'attribution de points pour la couleur faciale afin 
d'identifier les aires d'hivernage de 86 a 90 p. 100 des oies 
de Pile Wrangel. Nous avons evalue la fiabilite continue des 
taches faciales pour indiquer les aires d'hivernage des Oies 
des neiges a qui on a pose un collier en 1988 et en 1989 sur 
l'ile Wrangel. Les observations des colliers poses a 
1 357 oies de l'ile Wrangel ont indique que 86 p. 100 des 
trois classes inferieures (blanches) passait l'hiver en Cali­
fomie, tandis que 90 p. 100 des trois classes superieures 
(rouges) passaient l'hiver en Colombie-Britannique et dans 
l'Etat de Washington. On ne pouvait pas etablir un lien clair 
entre les oies qui obtenaient des evaluations intermediaires, 
qui representaient 35 p. 100 des echantillons marques, et 
l'une des aires d'hivernage en fonction des taches faciales. 
Bien que l'utilisation des taches faciales a titre d'indicateur 
naturel ne soit pas aujourd'hui aussi generalisee 
qu'auparavant, elle devrait toutefois s'averer encore utile 
dans le cadre d'etudes comparant la productivite, la survie ou 
le comportement migratoire des deux troupeaux differents 
d'oies, tout en reconnaissant le fait que les echantillons 
obtenus au moyen de 1'evaluation des taches faciales 
puissent ne pas inclure une partie importante de la 
population. 

Recommandations en matiere de gestion 

Nos etudes soulignent clairement une preoccupation 
continue relative a la population des Oies des neiges de Pile 
Wrangel. Dans la mesure du possible, on devrait reduire les 
pressions que la chasse exerce sur ses populations. On 
pourrait mieux proteger la population de l'ile Wrangel qui 
hiverne dans le nord en instaurant des restrictions sur la 
chasse dans les aires d'hivernage en Colombie-Britannique et 
dans l'Etat de Washington, bien que de telles mesures 
puissent egalement dormer lieu a une augmentation des 
plaintes concernant les dommages que les oies infligent aux 
recoltes dans la region. Les oies hivernant dans le sud, soit en 
Californie, sont difficiles a gerer de facon selective parce 
qu'elles partagent l'aire d'hivernage avec des Oies des neiges 
et des Oies de Ross Anser rossii provenant d'autres aires de 
nidification. Des restrictions sur la chasse devraient 
s'imposer sur ces populations aussi, en vue de proteger les 
oiseaux de Pile Wrangel en Californie. 

Par ailleurs, le taux de croissance rapide de la popula­
tion de l'ouest de l'Arctique montre que ses habitats pour-
raient etre menaces par le surpaturage, comme cela a deja ete 
demontre pour certaines regions le long de la cote de la baie 
d'Hudson. On devrait realiser des etudes de l'habitat et 
examiner les effets du paturage des Oies des neiges sur l'ile 
Banks. Un objectif de gestion valable consisterait a stabiliser 
le nombre d'Oies des neiges de l'ouest de l'Arctique a peu 
pres a leur niveau actuel. II serait possible d'atteindre cet 
objectif en doublant au moins la recolte totale actuelle, 
c.-a-d., en fixant la recolte a un niveau de 15 a 20 p. 100. Des 
niveaux de recolte semblables ont ete atteints dans les annees 
1960 et 1970, au cours d'une periode ou le taux de 



croissance de la population etait apparemment faible. 
L'augmentation de la recolte des maintenant contribuerait a 
prevenir la croissance de la population au-dela du point ou 
elle peut etre controlee au moyen de la chasse. La hausse du 
niveau de recolte devrait viser le nombre croissant des oies 
empruntant la voie migratoire du centre-ouest, afin que ni le 
troupeau des oies de file Wrangel hivernant dans le sud, ni 
le segment apparemment stable de la population de 1'ouest de 
l'Arctique hivernant en Califomie ne soient touches. La 
recolte du printemps dans 1'ouest de l'Arctique pourrait 
egalement etre accrue, bien qu'elle doive se concentrer sur 
les oies retournant a l'ile Banks, et eviter les oies des 
colonies plus petites et plus menacees de la riviere Anderson 
et de l'ile Kendall. Toutefois, une augmentation importante 
de la recolte dans 1'ouest de l'Arctique ou dans la voie 
migratoire du centre-ouest sera difficile a realiser en raison 
du nombre peu important de chasseurs de sauvagine dans ces 
regions. 

Les inventaires des aires de reproduction devraient se 
poursuivre sur une base annuelle sur l'ile Wrangel et, a des 
intervalles de cinq ans, dans 1'ouest de l'Arctique. Dans le 
but de faire concorder des differences apparentes entre les 
estimations de la taille de la population extrapolee des inven­
taires de reproduction et des estimations de population 
provenant des enquetes hivernales, nous recommandons une 
amelioration des enquetes hivernales. Les denombrements 
ameliores doivent comporter un element ancre dans les faits 
afin d'evaluer I'exactitude des denombrements aeriens et 
d'estimer le ratio des Oies de Ross et des Oies des neiges 
dans les enquetes portant sur les oies blanches. 

Les nouvelles etudes devraient utiliser un systeme de 
teledetection pour suivre des oiseaux marques et mieux com-
prendre la migration automnale et printaniere des oies de l'ile 
Wrangel et de 1'ouest de l'Arctique dans les regions 
nordiques, ainsi que l'ensemble de la migration des oies 
retournant vers 1'ouest de l'Arctique depuis la voie migra­
toire centre-ouest. 
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KOHCnEKT 

BBê eHHe 
HeflaBHO, H B HayHHbix H B nonyjiapHbix 

H3JiaHHax npeccbi,aflMHHHCTpaTopM H 

ynpaBJiaioin,He B o&nacTH 2CHBOH npnpoJXbi 
o6i>aBHjiH,HTO B CeBepHoii AMepHKe cymecTByeT 
cjiHinKOM MHoro 6ejibix ryceii (Anser caerulescens 
caerulescens). 3KcnepTbi coBeTyiOT coKparaTb 
HHCJieHHOCTb ryceii, HTO6W npeflOTBpaTHTb 
pa3pyineHHe 6eperoB oKpyacaioinen ApKTHHecKOH 
cpeixbi, KOTopaa aBJiaeTca MCCTOM KopMJieHna He 
TOJIBKO rycen, HO H flpyrnx JTHKHX XHBOTHHX. 
BaatHO oco3Han>, *ITO 3Ta ace nporpaMMa 
coKpameHna HanejieHa Ha HaceneHHe 6ejibix ryceii 
cpeflHero KOHTHHeHTa, KOTopoe nie3,iurTca Ha 
BOCTOHHOH H n;eHTpajibHOH nacTax apKTHHecKoii 
KaHaflbi. B jraHHbiH MOMenr 3Ta nporpaMMa He 
pacnpocrpaHaeTca Ha MeHburyio H 6ojiee 3anajJ,Hyio 
nacTb HacejieHHa 6ejiwx rycen, KOTopoe rHe3,rraTca B 
3anaflHOH apKTHHecKOH nacre KaHaflbi H Ha ocTpoBe 
BpaHrejia, B POCCHH. 

B KOHoe 1980 roflOB coBnafleHHe HHTepecoB 
KaHaflbl, POCCHH H C U I A npHBeJIO K HHTeHCHBHMM 
MeamyHapoAHbiM HCCJieflOBaHHAM HacejieHHa 6ejibix 
rycen, rae3Jj^inHxca B 3anajj,Hoii Hacra apKranecKOH 
KaHaflbi H Ha ocTpoBe BpaHrejia. noiryjianiia 
ocTpoBa BpaHrejia (eflHHCTBeHHoe MCCTO nocejiemia 
6ejiwx ryceii 3a npejiejiaMH ceBepHoii 
AMepHKH),yMeHbiiiHjiocb 6ojibiue neM HanojioBHHy, 
MeHee 100 000 rycen H B03poagi,eHHa B nonyjiHinra 
H e Ha6jiK>jiaeTCH. HaceneHHe 3 a n a f l H O H iacra 
apKTHHecKoii KaHanbi B1980 ronax nocTeneHHo 
yBejiHHHJiacb Ha 200,000 rHe3;n#inHxca nap. 
TpeooBaHHfl HHbioBbajiioHTOB (KopeHHoe HaceneHHe 
ceBepo-3ana,n,HOH KaHan,bi)no B03BpaTy TeppnTopHH 
npHBejIH K HCCJieiTOBaHHflM B 06jiaCTH BOJiaHBIX nTHIJ, 
H rycen. ynpaBJiaioiH,He acnBon npnpoflon B 6ojiee 
roacHbix odjiacTax, 6MJIH ooecnoKoeHbi aBHbiMH 
H3MeHeHHflMH 3HMHHX aCH3HCHHbIX yCJIOBHH 3T0r0 
HacejieHHa. 

Ha3pena Heo6xojiHMOCTb B y j iynnieHHOH H 
MOAePHH3HpOBaHHOH HHCpOpMajXHH nO HOpMaM 
BbiacHBaHHfl H no pa3MepaM HHCJICHHOCTH 
nonyjiannn 3anajj,HOH nacTH apKTHHecKoii KaHajjjbi H 
ocTpoBa BpaHrejia. 3TH 3ajraHH 6um pa3penieHbi 
onieiiHbiM KoonepaTHBHbiM KOJibneBaHneM H 
nporpaMMoii H a o j n o n e H H a c 1987 no 1992 rona, 
Taicace aHajiH30M OKaJibnpBaHHbix ryceii 3a nepHOJj, 
1950-1980 ronoB H noflcneTOM ryceii B MecTax 
ra:e3Jj;oBaHHKrB jraHHoii craTbe npencTaBJieHbi 
pe3yjibTaTbi H anMHHHCTpaTHBHbie peKOMeHflaHHH 
B03HHKIHHe Ha OCHOBe npoBeneHHOH pa6oTbi. 

0 6 m e e o6o3peHHe npoeKTa 

IJejibio jraHHoro Hccjiejj,OBaHHa aBJiaeTca: 
l ) H H C J i e H H 0 C T b H pacnpejjejieHHe rae3Jj#ni,Hxca nap 
B HX apKTHHeCKHX KOJIOHHflX pa3MHOaceHHfl 
(rHe3Jj;oBaHHa), a TaKace pa3Mepbi H HHCJieHHOCTb B 
pa3JiHHHbix nacrax HX 3HMOBOK; 2)oceHHHe H 
3HMHHe pacnpenejiemia, H KHK OHH MOTJIH 
H3MeHHTbca 3a nocjiejrHHe 30jieT; 3)nyTH MHrpaHHH 
H HX peryjiHpoBaHHe B MecTax KopMJieHHS Ha 
3HMOBKaX H HX npHBfl3aHH0CTb K CneUHCpOTeCKHM 
MecTaM; 4)cTeneHb BbDKHBaHHa HacejieHHa rycen 
3anaflHoii APKTHKH H Taxace 3HMyK»m,nx ceBepHbix n 
loatHbix KOMnoHeHTOB HacejieHHa o c T p o B a 
BpaHrejia; 5)9(p<peKTHBHOCTb MHHepajibHoii OKpacKH 
jiHiieBoro onepeHHa ryceii ocTpoBa BpaHrejia, KaK 
yKa3aTejib 3HMOBOK. 

TycH, He cnoco6Hbie JieTaTb, 6MJIH noiiMaHbi 
B 3HMHHX apKTHnecKHx KOJiOHHax pa3MHoaceHHa 
(rae3Jj;0BaHHa), H 3pejibie rycn 6bijiH HHflHBHjryajibHO 
OKOJIbII,OBaHbI 3aKOJJ,HpOBaHHbIMH nJiaCTHKOBBIMH 
omeHHHKaMH H npoHjnviepoBaHHbiMH 
MeTajuiHiecKHM KOJibiraMH. C 1987 no 1991 roabi 
6WJIH OKOJibii,OBaHbi 2643 ryceii 3ana;n,HOii APKTHKH 
H 1462 6eJibix ryceii ocTpoBa BpaHrejia. OdninpHaa 
ceTb coTpyAHHKOB 3anaiJ,Horo nojiyniapna CeBepHoii 
AMepHKH npoBOJiHJia Ha6jnojj,eHHa, jj;o6HBHiHCb B 
Kaacjj,0M rofly OT 58 JJ,O 77% ycnexa B 
HenocpeiJCTBeHHbix Ha6jnojj,eHHax. 

HncjieHHOCTb HacejieHHa 
HncjieHHOCTb HacejieHHa B KOJiOHHax 

pa3MH0aceHHa (raesflOBaHHa) onpejj,ejiajiacb 
TpaHceKTOBbiMH o63opaMH Ha noHBe ocTpoBa 
BpaHrejia H Hafl3eMHbiMH o6o3peHHaMH 3anajj;HOH 
apKTHnecKOH Hacra KaHanbi. Ha ocTpoBe 
BpaHrejia,BecHoii, incjieHHocTb 3pejibix ryceii 
CHH3HJiacb OT 150000 B1970 ro«ax JJ,O 56000 B 1975 
roiiax. B 1980 rojiax incjieHHOCTb noffHajiacb JTO 
100000, HO B 1990 rojj;ax OHa B cpeflHeM cpaBHajiacb 
JJ,O 65000 ryceii. IIo KOHTpacTŷ  KOJIJIHICCTBO apejibix 
rycen B 3ananHoii apKTHHecKoii qacra KaHajrbi, 
yTpOHJiocb c 170000 B 1976 rojjy npaKTHHecKH JHO 
490000 B 1995 roiry. B cpeflHeM ranoBoii DOCT 
HacejieHHa c 1976 jro 1981 TOJJ;OB obui 4.1%, a c 1981 
no 1995 rojj,OB 6biJi 6.3%. 

IloscHeT pa3MepoB HacejieHHa OT jraHHbix 
MeTOK OIieHHBajICa Ha HeKOTOpblX 3HMOBKaX B 
Te êHne 1987-1989 TOAOB. 3TH pac^eTbi cxoacn c 
He3aBHCHMbIMH Hafl3eMHbIMH OD03peHHaMH 
npOBejreHHblMH 3HMOH. Ha OCHOBe HHBeHTOpHblX 
flaHHbix rHe3Jj,OBaHna Ha noHBe n HH(bopMaii,HH 0 
3HMHeM pacnpejj,ejieHHH rycen c orneiiHHKaMH, M H 
noj icHHTaj in pa3Mepbi HacejieHHa B pa3Hbix 3HMHHX 
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paiioHax. M M o6HapyacHJiH, HTO pac^eTM 
Haff3eMH0r0 0603peHHa 3HM0B0K CXOflHJIHCb c 
SKCTpanoMiiHflMH no;n;cieTOB rHe3flOBaHHa 3pejii.ix 
rycen 1987 ro,n,a, HO OTJiHHajiHct OT pe3yji_TaTOB 
1995 rojja. PacneTbi c MecT 3HMOBOK noKa3ajin 34% 
MeHbine ryceii B panoHax Tnxoro H 3anaflHO-
LT,eHTpajibHoro MHrpaiFHOHHoro nyTH, qeM 
npeflnojiarajiocfe nyTeM 3KCTpono.rianHH o6mero 
KOJiHHecTBa nonyjia_;HH co Bcex no^cieTOB 1995 
rofla pa3MHOxeHHa c ocTpoBa BpaHrejia H 3anajTHOH 
nacTH apKTHHecKoii KaHâ bi. Bepoarao, STO 
pacxoameHne 6MJIO B_i3Bario HeflooiieHKOH 
HHCJieHHOCTH iyceH B 3HMHHX 0003peHHflX. 

OceHHHe H 3HMHne pacimeaejieHHS 

OceHHne H 3HMHHe pacnpesejieHHfl 6BIJIH 
ocHOBaHti Ha fl.aHH_.ix coSpaHHbix c ryceH c 
omeHHHKaMH 3a nepHO,rr 1953-1979 ronpB H C ryceH c 
KOKi>Li,aMH H onieHHHKaMH c 1987 flo 1992 roflOB. B 
Teiemie HecKOJibKHX nocneAHHX OCCHHHX ce30HOB, 
HacejieHne 3ana,n;Hoii iacTH apKTHHecKOii KaHaflbi H 
MeHbine neM 6% HacejieHna ocTpoBa BpaHrejia 
MHrpnpoBajiH no KaHajjcKHM npepnaM, ocrajibHaa 
nacTb HacejieHna BpaHrejia JTBHrajiacb K no6epea_bK> 
THXoro OKeaHa. MHrparrHOHHbiii nyTb ryceH 
3anaflHofi APKTHKH noMeHajica B CTopoHy 
BOCTOMHbrxpanoHOBKaHaACKHxnpepHii. BoJibinaa 
nacTb rycen (74%) MnrpnpoBajia nepe3 BOCTOHHyio 
Ajib6epTy B 1950 H 1960 ro«ax, Korfla jinnib 26% 
npojieTeno Han 3ananoM CacKaneBaHa. B KOHiie 
1980 roflOB TOJibKO 32-36% ryceH ocTaHOBHJiHCb B 
BOCTOHHOH AjibSepTe, H 64-68% B 3anajrHOM 
CacKaTHeBaHe. 

Bejibie rycH 3HMyK)T B Tpex panoHax 
3anaflHOH nacra CeBepHOH AMCPHKH: 1) flejrbTa petcn 
<l>peH3epa ( EpHTaHCKaa Kojr/M6Ha) H xejnvra peKH 
CKeiifl-KHTa (niTaT BamHHrroH)-
2) Ĥ eHTpajIbHblH MHrpailHOHHblH nyTb (HoBaa 
MeKCHKa, ceBepo-3ana^ HiTaTa Texac, ioro-BOCTOK 
HiTSTa Kojiopaflo H raocKoropbe ceBepa MCKCHKH); 
3) iieHTpajibHaa ,n;ojiHHa H 6acceiiH KjiaMaTa HiTaTa 
KojiH<popHHa H jor HiTaTa OJJHTOH. KpoMe Toro, 
He3HaMHTejibHaa nacTb rycen 3HMyK)T B K>_KHOH 
KajradpopHHH H B paiioHe peKH KojiyMfina B HiTaTax 
BaiHHHrTOH H OpHTOH. 

B 1960 H 1970 roffax 90% 3anaflHO-
apKTHHecKoro HacejieHna ryceH 3HMOBajio B 
KajiHfiopHHH, npHMepHO 8% HaxoflHJiocb B 
3anaflHOH nacTH neHTpajibHoro MHrpanHomioro 
nyrn. B KOHiie 1980 roflOB TOJibKO 76%ryceii 
3HMOBOJIO B KajIHdpopHHH H3 HHX 24% B 3anaflHOH 
nacTH H,eHTpajibHoro MHrpaiu-OHHoro nyTH. 
BOJIbHieHCTBO COBpeMeHHblX OTHeTOB O 3HMOBKe 
ryceii HaBOftHT Ha MHCJib, HTO .naace 6ojibinHe 
n p o n o p i T H H ryceii 3ana,n,HOii APKTHKH 3HMyK)T B 
3anaflHoii nacra HeHTpajibHoro MHrpanHomioro 
nyTH. BojibHiHH POCT HacejieHna rycen 3anaflHoii 
ApKTHKH aBJiaeTCa CBJ.3aHMM c yBejIHHeHHCM HX 
HHCJieHHOCTH BO BpeMS 3HMOBKH B 3T0M paHOHe. 

Bo3BpaTbi KOJieii B 1960 H 1970 roflax flajiH 
B03MO>KHOCTb npeflno-rraacHTb, ^TO nowm 
90%HacejieHHfl ocTpoBa BpaHrejia 3HMOBajio B 
KajiH ôpHHH, a ocTaTOK B sejibTax pex OpeH3ep H 
CKeiiff-KHT. K 1987-1992 roiaM MeHee 50% 
3HMOB3JIH B KaJIH(pOpHHH. (JTHOCHTeJIbHOe 
cHHJKeHHe HHCJieHHOCTH ryceii B KajiHdpopHHH 
npoHcxoflHJio 6ojibnie 6jiaroj_;apa H3MeHeHHaM B 
xagaKTepe nepecexteHHii, qeM B 3acejieHHOCTH HJIH 
paHOHHoii pa3HHii,e no oTHOHieHHio K BbtaceBaHHio 
HJIH npOflyKTHBHOCTH. 

nyrn H Bbi6op BpeMeHH MHipanjHH 
nyTH H Bbi6op BpeMeHH MHrpan,HH B 1987-

1992 ro^ax 3aBnceji OT Ha6jnoji,eHHH 3a 6ejibiMH 
rycaMH B onreHHHKax Ha ocTpoBe BpaHrejia H Ha 
3anaflHoii ^acra apKTHHecKoii KaHa^bi. OceHbio, 
rycH c ocrpoBa BpaHrejia, npnflepjKHBajiHCb floporn 
BflOJib no6epe_Kba K BpHTaHCKoii KojiyMSHH, 
BaLUHHTTOHy H KaJIHCpOpHHH, H B He3HaHHTejIbHOM 
KOjiJiH^ecTBe nepejxBHrajiHCb B KajindpopHHio nepe3 
npepHH loro-BocTOKa AjibSepTbi, ioro-3anajj;a 
CacKaneBaHa H 3anajiH0H Mac™ uiTaTa MoHTaHa. 
BecHOii, dojibinaa nacTb nTHii, c ocTpoBa BpaHrejia, 
KOTOpaa 3HMOBajia B KaJiHfbopHHH, B03Bpam,ajiacb 
^epe3 npepHH, a nacTb H3 BpHTaHCKoii KojiyM6HH-
BaniHHrTOHa Ha ceBep qepe3 ioro-3anajT AjiacKH. 
OceHbio, rycH H3 3anaAHOii qacra APKTHKH 
nyTemecTBOBajiH Ha ior nepe3 Ajib6epTy H 
CacKaTHeBaH. MHorae rycn, jieTamne B 
KajindpopHHio, 3aTeM OTnpaBHJiHCb nepe3 3anajj,Hyio 
MoHTaHy H BOCTOHHyio HacTb OpnroHa. 
BojibinHHCTBO ryceii nepeflBHraioiii,HXca no 
neHTpajibHOMy MHrpan,HOHHOMy nyTH 
nTHfleP-KHBajIHCb BOCTOHHOii CTOpOHbl CKaJIHCTblX 
rop, xoTa, He6ojibHiaa rpyrma HanpaBjiajiacb B 
LteHTpajibHbiii MHrpaiTHOHHbiii rryrb nepe3 
KajindpopHHio. BecHoii, SojibniHHCTBO ryceii 
3anajj;Hoii APKTHKH cueflOBajio no TOMy ace nyTH, HO 
B oSparaoM HanpaBJieHHH. Tycn, 3HMOBaBnine B 
loacHoii KajiHiopHHH, jieTejiH Ha ceBep nepe3 niTaT 
IOTa. Bojiee 90% caMijoB H caMOK, HaxoAHBHineca 
nofl HenocpejiCTBeHHbiMH Ha6jnoji.eHHaMH B TeneHHe 
HecKOJibKHX jieT, 6MJIH 3aMeneHbi Ha OJTHOH H TOH 
2Ke 3HMOBKe Ka_KJTbIH TOfl, yKa3WBaa STEM BblCOKyiO 
CTeneHb npHBa3aHHOCTH K MecTaM 3HMOBKH. 

Bo BpeMa MHrpan.HH H 3HMOBKH 
Ha6jnoji,ajiocb He3HaHHTejibHoe, BpeMeHHoe 
pa3jj;ejieHHe Meamy rycHHbiMH ceMbaMH ocTpoBa 
BpaHrejia H 3anaji,HOH APKTHKH . OceHbio, nTHH,bi c 
ocTpoBa BpaHrejia, 3HMyroiiiHe Ha lore, npHJieTejiH B 
Anb6epTy H CacKaTneBaH paHbme 3anaflHO-
apKTH_ecKHX nTHii, a B BOCTOHHWH OperoH em;e 
paHbine. 

K03Cpd>HIH-eHTbI BbDKHBaHHa 

KoadprbHiiHeHTbi BbiacHBaHHa 6MJIH 
ycTaHOBJieHbi ji,jia 3pejibix caMOK B omeiiHHKax 
OKOJibiioBaHHbix B 3anaji,HOH Hacra apKTHHecKoii 
KaHaflbi, Taicace B ceBepHOH H KMKHOH 
o6jiacTH 3HMOBKH Ha ocTpoBa BpaHrejia H Ha 
AjiacKe, B BpHTaHCKoii KojryMOHHH H B HOBOH 
MeKCHKe. OKOJIO 75% MeieHHbix ryceii 6biJiH noA 
Ha6jiioAeHHeM Kaacjibiii roji, HTO, ecTecTBeHHo, 
npHBeJIO K OTHOCHTejIbHO He3HaHHTeJIbHbIM 
CTaHflapTHblM OHIH6KaM H K XOpOHieii B03MO.KHOCTH 
BbiaBHTb pa3HHii,y BbDKHBaHHa Meagiy rpynnaMH 
ryceii B OHieiiHHKax. CpeaHHii ypoBeHb BbDKHBaHHa 
caMOK 3an_AHoii nacra apKTHHecKoii KaHa^bi c 
1987-1989 roflOB(0.802)obiji Bbime, neM Ha ocTpoBe 
BpaHrejia (0.685). He OHJIO flOCTaTOHHo CTporax 
CBHAeTejIbCTB, HTO CpeflHHH ypOBeHb BbDKHBaHHa 
noHHxaroineroca HacejieHna ryceii ocTpoBa 
BpaHrejia, 3HMyK)iiiero Ha lore (0.656) OMJI HH_Ke 
noBbiuiaiOHieroca HacejieHna 3HMyioni.ero Ha ceBepe 
(0.628), xoTa 6bijiH jjocTynHbi TOJibKO jTByxroflHHHbie 
cpaBHeHHa. TeM He MeHee, creneHb BbDKHBaHHa 
ryceii 3anaflHoii apKTHHecKoii KaHâ w B 
KajiHdpopHHH 6biJia 3HaHHTejibHO Bbinie (0.844), neM 
Ta ace CTeneHb Ha ocTpoBe BpaHrejia. BbiacHBaHne 
3pejibix caMOK B O6OHX paiioHax 6MJIO cxoace B 
TeneHHe Bcex j ieT c Hoaopa no aHBapb, HO HHace jrjia 
ryceii c ocTpoBa BpaHrejia B nepnofl c dpeBpajia no 
Hoa6pb. 

Ko3d)cpHH,HeHT BbDKHBaHHa Ha ocHOBe c6opa 
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KOJieii co 3pejitix rycen c 3ananHoii 
apKTHHecKOH KaHanbi 6WJI 0.935 Bl960-1963ronax, 
0.832 B 1973-1975ronax, H 0.789 B 1987-1989ronax, 
no cpaBHeHHio c 0.668 B 1975-1977ronax Ha ocTpoBe 
BpaHrena. CpaBHeHne BTHX, a Taicace npejj,bi;n;yinHX 
pacneTOB HaBonHT Ha MMCJIB, HTO Kosd^nirneHT 
BbDKHBaHHa 3pejibix rycen ocTpoBa BpaHrejia 6bin 
0.10-0.15 Hnace, HeM B 3ananHon apKTHiecKOH 
KaHane B 1970-1980 ronax. IIpoii,eHT BbDKHBaHHa 
3pejibix ryceii 3anan.Hon apKTHHecKon KaHanbi c 
1960 no 1980 roflOB Bepoarao CHH3Hjica. IIponeHT 
BbDXHBaHna rycen oc/rpoBa BpaHrejia OAHH H3 nncjia 
caMbix HH3KHX, ony6jiHKOBaHHbix OT^STOB o 6ejibix 
rycax, Korna B 3ananHoii apKTHHecKoii nacra 
KaHanbi OTHOCHTejibHO Bbiine. XoTa pa3HHna 
KO(bCpHIJ,HeHTa BbDKHBaHHa HeKOTOpbIM o6pa30M 
MoaceT o6i>acHHTb npHHHHy noBbinieHna 
HHcneHHOCTH ryceii Ha 3ananHoii apKTHHecKoii nacTn 
KaHanbi no OTHonieHHio K oerpoBy BpaHrejia, M M He 
oSHapyacHJin HHKaKHX cpaKTOB, HTO pa3HHjj;a B 
panoHax pocTa BbDKHBaHHa MoaceT o6i>acHHTb 
coBpeMeHHbie H3MeHeHna 3HMHero pacceneHHa 
nonynannn O6OHX paiioHOB. Koacpcbni^neHTbi JiOBa, 
ocHOBaHHbie Ha naHHbix c B03BpaTa KOJieii, 
HHdpopMauHH yjiOBa n Ha pa3Mepe nncneHHOCTH 
nTHii,, o6"bejj,HHeHHoro HacejieHHa ocTpoBa BpaHrejia 
H 3anajj,Hoii apKTHHecKoii Hacra KaHanbi 6bijin 15-
20% B 1960 n 1970 ronax n 10% B KOHue 1980ronpB. 
OSa HacejieHHa B KOHne 1980 ronpB BbiJiaBJiHBajincb 
npnMepHO Ha OHHOM ypoBHe (naTbi conocTaBjieHna 
paHbnx nepnoAOB 6buin HaM He npcTyTiHbJ.). 

MnHepajibHaa OKpacKa jnmeBoro onepeHna ryceii 
ocTpoBa BpaHrejia 

HccjieflOBaHna MHHepajibHoii OKpacKH ryceii 
ocTpoBa BpaHrena 6biJia npoBeneHM 6nojioraMH 
Poccnn. OHH noKa3ajiH, HTO rycn 3HMyionj,He Ha 
ceBepe, npoaBJiajra TeHn,eHn,nio K KpacHOBaTOii 
OKpacKe JiHii, 6naronapa nocToaHHoii KopMeaace 
dojiOTHCToii Maccoii BO BpeMa npnnnBOB. C npyroii 
CTopoHbi, rycn 3HMyioiii,He Ha lore, KOPMBJIHCB Ha 
cejibCK0X03aiicTBeHHbix nojiax, HX nnneBoe 
onepeHne npoaBjiajio TeHneHirnio coxpaHemia 6enoii 
OKpacKH. BHanajie 1970 H KOHire 1980 ronpB, HiKajia 
jmneBoii OKpacKH Hcnojib30Bajiacb nna onpenenemia 
rycen npHcoeneHHBniHxca BO BpeMa 3HMOBKH Ha 86-
90%. B 1988 H 1989 ronax Ha ocTpoBe BpaHrejMj 
HaMH npoBepajiacb HaneaoiocTb niKajibi JIHITCBOH 
OKpaCKH, KaK nOKa3aTejIb 3 H M 0 B K H OKOJIbllOBaHHblX 
dejibix ryceii 

Ha6jnoJi,eHHa 3a 1357 rycaMH B orueiiHHKax c 
ocTpoBa BpaHrejia noKa3ajio, HTO 86% Tpex HHacHHx 
(6ejibix) KJiaccH(pHKaiJ,Hii 3HMOBajio B KajiHriopHHH, 
Korira 90% Tpex BepxHHX (icpacHbix) KJiaccoB 
3HMaBajio B BpHTaHCKoii KojiyM6HH-BaniHHrTOHe. 
TycH, HMeBHine cpenHyio CTeneHb OKpacKH, 
npHMepHO 35%, He nonnaBanncb HCTKOH 
KBajIHOpHKaiI,HH 3HMOBKH B 3aBHCHMOCTH OT KpaCKH 
jiHH,eBoro onepeHna. XoTa nnea nnneBoii OKpacKH 
He pacnpocTpaHeHa B HacToarrree BpeMa TaK 
ninpoKO, KaK paHbine, oHa Bee ace MoaceT 6biTb 
HCnOJIb30BaHa H.Jia npOHyKTHBHOCTH, BbDKHBaHHa 
HJIH MOflejiH MHrpan,HH Meacny pa3HOBHn,HOCTaMH 
ryceii, onriaKO, yHHTWBaa TO, HTO 3HaMHTejibHaa 
nponopnna HacejieHHa MoaceT 6bm> ynyineHa H3 
nponeca non,in,eTa. 

Ta nacTb nTHii, KOTopaa nepenBHraeTca Ha ceBepe 
MoaceT 6wTb npenpxpaHeHa 6ojiee acecTKHMH 
3aKOHaMH OXOTbl Ha 3HMOBKax B BpHTaHCKOH 
KojryMdHH-BaniHHiTOHe, B CBOIO onepenb 3TO MoaceT 
Bbi3BaTb acajiofibi Ha rycei i B CB33H C onycTonieHHeM 
HMH cejibCK0X03aiiCTBeHHbix noceBOB B STHX 
paiioHax. TpynHee ynpaBJiaTb nraiT 3HMyioiH,HX Ha 
lore KajindpopHHH, noTOMy HTO STOT panoH 3acejieH 
He TOJibKO dejibiMH rycaMH, HO H rycaMH Pocc (Anser 
rossii). Hjia 3ainHTbi H npenpxpaHeHHa rycei i 
ocTpoBa BpaHrejia B KanncpopHHH Taicace 
Heo6xonHMO orpaHHieTb oxoTy Ha Bee HaceneHHe. 

BbiCTpwH POCT qncjieHHOCTH HacejieHHa 
3ananHoii apKTHHecKoii KaHanbi noKa3breaeT, HTO 
ecTecTBeHHaa cpen,a APKTHKH MoaceT 6biTb non. 
yrpo30H noTepH nocTOHirr, KaK BTO npoH3oniJio B 
HeKOTopbix oonacTax Bjrojib no6epeacba 3ajiHBa Ha 
ryjj,30He. H3yneHHe ecTecTBeHHOH cpeflbi H yrpo3bi 
noTepn nocTdHin, noji BJinaHHeM Sejibix rycei i 

SOJDKHM npoBOflHTbca Ha ocTpoBe BaHKca. 
[ojie3Hoii peKOMeHjran;Heii pyKOBo^cTBy aBJiaeTca 

CTa6HJiH3an,Ha HHCJICHHOCTH rycei i 3anajj,Hoii nacTH 
KaHanbi no Kpaimeii Mepe Ha cynTecTByioniHii 
ypoBeHb. 3TO MoacHO flocTHHb xoTa 6bi n y T e M 
y^BoeHHa cynrecTByionTero JiOBa; non^HTbTb ero B 
nponopu,HH 15-20%). IJonpSHbie pa3Mepw noBa 
non^epacHBanHCb B 1960 H 1970 ro^ax, B TO BpeMa 
POCT HHcneHHOCTH HaceneHHa 6bin 3aMeji,neH. 
YBenHHeHHe noBa ce i i i ac noMoaceT npeiroTBpaTHTb 
pocT HaceneHHa no ypoBHa, KOTRSL HX POCT MoacHO 
perynnpoBaTb OXOTOH. IIoBbiHieHHe noBa 
HanpaBjianocb 6bi Ha yBenHiHBaioiiTeeca 
KonnHHecTBO rycei i MHrpnpyioiHHx no 3anaiJ,HO-
ireHTpanbHOMy iryra . TaKHM o6pa30M, rycn ocTpoBe 
BpaHrena H HaceneHHe rycei i 3anaAHoii nacra 
apKTHHecKoii KaHanbi 6yjj,yT He 3aTpoHyTbi. 
BeceHHHii noB B 3anaflHoii ApKTHKe MoacHO TaK ace 
yBenHHHTb, xoTa HyacHO KOHu;eHTpHpoBaTbca Ha 
rycax B03Bpaui,aioni,Hxca K ocTpoBy BaHKca, H36eraa 
rycei i c Manbix H MeHee ycToiiHHBbix KonoHHii y peicn 
AHjj,epcoH H ocTpoBa KeH^ann. KOHCHHO, AOCTHHB 
3HaHHTenbHoro noBbinieHna noBa B 3anaflHOH 
apKTHqecKOH nacTH KaHanbi nnn 3anajj,Horo 
H,eHTanbHoro n y r a 6yneT He nenco ocymeTBHTb, H3-
3a OTHOCHTenbHO ManeHbKoii HHcnemiocTH 
BOAonnaBaK»Hi,Hx OXOTHHKOB B BTHX paiioHax. 

063opw Ha3eMHoro rHe3Jj,OBaHHa flonacHbi 
nponpjiacaTbca eaceroflHO Ha ocTpoBe BpaHrena H 
lepes Kaacflbie naTb neT B 3anaji,Hoii ApKTHKe. flna 
cornacoBaHHa pa3HHii,bi B npennonaraeMoii 
HHcneHHOCTH HaceneHHa H B cynieTByronieH, 
BbiBefleHHoii Ha OCHOBe naHHbix c 3HMOBOK, M M 
npennoraeM ynj^niHTb 3HMHHe no^CHeTbi. 
ycoBepnieHCTBeHHMH noncHCT jj,onaceH HMeTb 
TOHHOCTb no^BeHHoro KOMnoHeHTa Ana OKa3aHHa 
noMoni,H B TOHHOCTH on;eHOK HaA3eMHoro o63opa, H 
oneHKa cooTHonieHHa Meacny rycaMH pocc H 
SenbiMH rycaMH. 

flna jranbHeiiHiHX HccnenpBaHHii 
npeflno^THTenbHo Hcnonb30BaTb pajj,no cnrHanbi Ha 
MeneHHMX nraitax nepe3 caTennHT, HTO6M flo6HTbca 
n^niero noHHMaHna B oceHHHX H BeceHHHX 
MHrpan;Hax ryceii c ocrpoBa BpaHrena H 3anajj,HOii 
Hacra apKTHiecKOH KaHanbi. Hepe3 ceBepHbie 
paiioHbi H nonHyio BeceHHioio MHrpan,Hio rycen 
B03BpainaK>innxca B 3ananHyio ApKTHKy H3 
3anajj,Hoii nacra ireHTpanbHoro Mnrpan,noHHoro 
ny ra . 

PeKOMeHjraHHH pyKOBO^CTBy 

Hanin nccneflOBaHHa aBHO noflnepKHBaiOT 
HenpepbiBHoe 6ecnoKoiicTBO no OTHonieHHio K 
6enbiM rycaM ocTpoBa BpaHrena. Ecnn B03MoacHO, 
oxoTa Ha 3T0 HaceneHHe jj;onacHa 6biTb ocnaSneHa. 
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Project overview 

Richard H. Kerbes and Katherine M. Meeres 

1. Introduction 

In the late 1980s, a convergence of concerns from 
Canada, Russia, and the United States led to an extensive 
international study (Bartonek 1986) of Lesser Snow Geese 
Anser caerulescens caerulescens (hereafter referred to as 
Snow Geese). The study focused on the populations that 
nested in the Western Arctic of Canada and on Wrangel 
Island in Russia (Fig. 1). The Snow Goose population on 
Wrangel Island had dropped by more than 50%, from 
150 000 to fewer than 60 000 geese, in the early 1970s and 
had not recovered to its former level (Baranyuk 1992). 
Wrangel Island was the last surviving colony of Snow Geese 
in Asia, and it provided the only wintering population of 
Snow Geese in Canada (Boyd 1995). The Western Canadian 
Arctic Population had increased from fewer than 100 000 
nesting birds in the 1950s to more than 200 000 in the early 
1980s (Kerbes 1986). The Inuvialuit land claim settlement in 
the Western Arctic created both the need for enhanced 
waterfowl management and a source of funds for investiga­
tions of the geese there. Farther south, wildlife managers 
were concerned about apparent shifts in these populations on 
the wintering grounds. Improved and updated information 
was needed on the distribution, survival rates, and size of 
both populations. 

In the late 1980s, Western Canadian Arctic Snow 
Geese were known to winter in California and to a lesser 
extent in a region known as the Western Central Flyway, 
which is composed of New Mexico, the Northern Highlands 
of Mexico, northwestern Texas, and southeastern Colorado. 
Wrangel Island Snow Geese had two distinct wintering 
areas: a northern area composed of the Fraser River Delta of 
southern British Columbia and the Skagit River Delta of 
northern Washington (BC-WA); and a southern area in Cali­
fornia (Subcommittee on White Geese 1992a, 1992b). Biolo­
gists were concerned that the proportion of Wrangel Island 
Snow Geese wintering in California was declining and that 
the proportion wintering in BC-WA was increasing. They 
were also concerned that California was losing Snow Geese 
and Ross' Geese Anser rossii to the Western Central Flyway 
(Bartonek 1986), where increasing numbers of wintering 
geese, particularly in New Mexico, were damaging agricul­
tural crops (Taylor and Kirby 1990). Management of the 
populations was confounded by mixing of populations of 
Snow and Ross' geese in California and the Western Central 
Flyway, because these species could not be separately 

identified during winter aerial surveys (McLandress 1979; 
Silveira 1990). 

The timing of these concerns in the flyways coincided 
with the implementation of the Inuvialuit Final Agreement in 
the Western Arctic and with a scientific exchange agreement 
between Canada and Russia to study the Wrangel Island 
Snow Geese. As a result, the International Snow Goose 
Neckbanding Project, a cooperative marking and monitoring 
program, was initiated in the summer of 1987 with the 
marking of Snow Geese in the Western Canadian Arctic 
(Bartonek 1986; Kerbes 1988). Wildlife agencies from 
Canada, the United States, and Mexico mobilized a network 
of observers to follow marked birds throughout fall, winter, 
and spring. The project expanded in 1988 to include neck-
banding of Snow Geese on Wrangel Island and, in 1989, 
marking of both Snow and Ross' geese in the Central 
Canadian Arctic (Central Arctic results are not presented 
here). In this report, we include results from inventories of 
the breeding populations in the Western Canadian Arctic and 
on Wrangel Island, which provided important baseline data 
in analyzing the neckband results. 

Snow Geese neckbanded in other projects were 
monitored within our project. Those studies, which are being 
reported elsewhere, included 1) work at the small colony in 
Alaska (500 birds, a satellite colony of the Western Canadian 
Arctic Population), monitored since the 1970s as a result of 
environmental concerns about oil field activity (Johnson 
1996); 2) studies on the wintering grounds in British 
Columbia (McKelvey et al. 1989; Boyd 1995), New Mexico 
(Taylor and Kirby 1990), and Texas (D. Slack, pers. 
commun.); 3) a study of avian cholera in Snow Geese of the 
Pacific Flyway (Samuel et al. 1998); and 4) a project to 
restore wintering Snow Geese to Japan (Takekawa et al. 
1994). 

This Occasional Paper describes the major attributes 
of the Western Canadian Arctic and Wrangel Island Snow 
Goose populations. In this introductory paper, we outline the 
general objectives and scope of the project, summarize data 
on the numbers of geese neckbanded on their breeding 
grounds and subsequently observed on migration and 
wintering areas, and review the neckband observation effort 
and other concerns that are basic to a study of collared birds. 

15 



S c deeding areas (stars) with migration and wintering areas for Lesser Snow Geese from Wrangel Island, the Western Canadian Arctic, and Alaska. Dots 
represent locations at which one or more neckbands were observed over the period 1987-1988 to 1991-1992. 
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2. Objectives 

The key objectives of this study were to determine the 
following parameters for the Western Canadian Arctic and 
Wrangel Island Snow Goose populations: 

1) Numbers and distribution of nesting adults on their 
Arctic colonies, and the numbers of geese on their 
different wintering grounds; 

2) Autumn and winter distributions, and how they might 
have changed during the past 30 years; 

3) Temporal distribution and movements between 
migration staging and wintering areas, and fidelity of 
geese to specific wintering areas; 

4) Survival rates for the Western Arctic Population and 
for each of the north- and south-wintering compo­
nents of the Wrangel Island Population; and 

5) Mineral staining in facial plumage of Wrangel Island 
geese as an indicator of wintering ground. 

3. Neckbanding and monitoring 

Flightless geese were captured on their breeding 
grounds from mid-July to early August by crews with heli­
copter support in the Western Arctic, using variations of 
methods described by Hey land (1970), Timm and Bromley 
(1976), and Maltby (1977); or by ground methods on 
Wrangel Island, using variations of methods described by 
Cooch (1953). Adult (after hatch year) geese received metal 
legbands and plastic neckbands. Neckband colour was black 
for the Western Canadian Arctic and red for Wrangel Island. 
Code colour was white. Associated projects in other areas 
used different neckband colours and, on the wintering 
grounds, different capture methods. Each neckband had a 
unique three-character code, which was etched into the 
neckband by removal of the outer layer of plastic to expose 
the underlying layer. Neckbands were 18 cm long, 5 cm 
wide, and 1.5 mm thick and were curled to a diameter of 4.5 
cm, with a 1.5-cm overlap. 

An extensive network of cooperators monitored the 
marked birds throughout western North America during 
migration and winter. Most of those observers were 
employed by federal, provincial, or state wildlife agencies, 
but some volunteers and some employees of nongovernment 
organizations were also involved. Data forms and instruc­
tions on field procedures (Kerbes 1987) were distributed to 
observers. Basic instructions for recording neckband obser­
vations included details on the information to be recorded in 
each field of the form. Locally appropriate methods were 
used to approach and observe feeding or resting flocks of 
geese, using spotting scopes from vehicles or tripods. 
Observers recorded neckband codes, location description, 
latitude and longitude to nearest minute, date, and start and 
end time of the observation session. Where feasible, 
observers also recorded numbers of geese present and 
estimates of the proportion of marked and unmarked adult 
geese in a sample of the total geese present. 

Arctic marking and continental monitoring of geese 
under the International Snow Goose Neckbanding Project 
were coordinated through the Canadian Wildlife Service 

office in Saskatoon, Saskatchewan. Data from banders and 
observers were compiled into a central database, and annual 
progress reports were distributed to cooperators (Kerbes 
1988, 1989, 1990, 1991). 

In total, 2643 Western Arctic and 1462 Wrangel 
Island Snow Geese were neckbanded on their Arctic 
breeding areas from 1987 to 1991. Direct annual observation 
rates (those recorded in the year immediately following 
banding) on those marked birds were over 50% in 
1987-1988, rising to 65% and higher in subsequent years 
(Fig. 2; Table 1). Total observations of marked birds, direct 
and indirect (4410 for Western Arctic, 2215 for Wrangel), in 
each province and state are presented in Appendices 1 and 2. 

3.1 Observation effort 

Observers monitored geese on all major migration 
and wintering areas as much as possible, with some monitor­
ing of "fringe" areas as well. Coordination and most of the 
fieldwork itself in each province and state were done by 
federal, state, or provincial wildlife agency personnel, with 
assistance from nongovernment and private observers. Thus, 
observers who were familiar with their region made a 
concerted effort to cover all areas within a given state or 
province where significant numbers of Snow Geese 
occurred. 

As an approximate measure of the amount and distri­
bution of observer effort, we defined a person-day as a day 
on which an individual observer was in the field examining 
geese for neckbands. Approximately 66% of the 30 812 
observation forms received from individual observers 
included observation times. That sample yielded an average 
of 135 minutes (standard deviation 56 minutes) of observa­
tion time per person-day. 

Observation efforts increased from almost 700 
person-days in 1987-1988 to over 1700 in 1991-1992 
(Table 2). Figure 3 shows the distribution of observation 
effort by province and state in the three-year period, autumn 
1987 to spring 1990. During that period, observers concen­
trated their efforts on Snow and Ross' geese. Subsequent 
years were not included in this figure, because observers 
were also monitoring neckbanded White-fronted Geese 
Anser albifrons and small Canada Geese Branta canadensis, 
and separate times were not recorded (Kerbes 1991). 

We believe that the amount and distribution of obser­
vation effort (Fig. 3; Table 2) were broadly related to the dis­
tribution and numbers of the geese. Observers covered the 
areas where geese were staging in migration and wintering 
throughout the range of the Western Arctic and Wrangel 
Island geese, in southern Canada, the United States, and 
Mexico. As noted above, those observers were very familiar 
with goose distribution in their regions and dedicated to 
monitoring both known and "new" areas of concentration. 
The efforts of more than 180 observers throughout the range 
were unlikely to have missed significant concentrations of 
geese. Owing to variation in the numbers and availability of 
the geese and in the resources available within a given 
province or state for making observations, some areas of 
concentration were undoubtedly covered more thoroughly 
than others. However, it is very unlikely that such variation 
was large enough to have affected the accuracy of the general 
patterns of goose distribution that we obtained from the 
neckband monitoring network. 
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Figure 2 
Numbers of Lesser Snow Geese neckbanded from 1987 to 1991, by nesting region, with subsequent direct observations 
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Table 1 b 
Number of Lesser Snow Geese neckbanded in 1987, 1988, 1989, and 1991, by nesting region," with subsequent direct observations 

Region 

Observed, Observed, Observed, Observed, 
Neck- 1987-1988 Neck- 1988-1989 Neck- 1989-1990 Neck- 1991-1992 

banded, banded, banded, banded, 
1987 Uniques % 1988 Uniques % 1989 Uniques % 1991 Uniques 

Total neck­
banded, 

% 1987-1991 

Wrangel Island 

Western Arctic 

Total 

1033 594 58 

897 

898 

739 82 

637 71 

460 

712 

251 55 

529 74 

105 73 70 

1033 594 58 1795 1376 77 1172 780 67 105 73 70 

1462 

2643 

4105 
° See Figure 1 and note: Western Arctic = Anderson River, Egg River (Banks Island, includes Lennie River), Kendall Island (Big Lake). 
b Those recorded in the year immediately following banding. 

The observation effort in the major wintering regions 
during this study appeared to be sufficient to identify most of 
the neckbanded birds in a given region. Essentially, further 
observation effort and accumulation of sightings beyond a 
certain point did not increase the number of individual geese 
(unique neckband codes) identified. The number of sightings 
of "new" unique codes began to level off before the end of 
winter in at least one year on each major wintering region, 
except Mexico (Figs. 4-7). 

The high average rate of resightings per winter in 
these major wintering regions also indicated that most 
marked birds present on the key wintering areas (with the 
exception of Mexico) were seen. Over the period 1987-1992, 
the mean annual number of resightings per marked bird for 
Western Arctic geese was 3.4 in California, 6.6 in New 
Mexico, 1.5 in Chihuahua, and 2.1 in Durango (Appendix 1); 
and for Wrangel Island geese, 4.0 in British Columbia, 3.2 in 
Washington, and 3.7 in California (Appendix 2). 

A final line of evidence that the neckband observation 
network provided a good estimate of the winter distribution 
of Snow Geese is presented elsewhere in this volume (Hines 
et al. 1999a). Three independent methods (legband 

recoveries from hunter-killed geese, numbers of neckband 
observations, and a mark:resight estimate of the number of 
collared geese present in different areas) all provided very 
similar pictures of winter distribution. 

3.2 Errors in reading neckband codes 

We found, as did Raveling et al. (1990) in a study of 
neckbanded Canada Geese, that less experienced or "casual" 
observers made more errors than experienced "primary" 
observers. As in that study, our monitoring network had a 
small number of primary observers (wildlife agency 
employees, contractors, and key volunteers) wlroreported 
most of the codes and had a lower error rate than the other 
observers. As a minimum measure of error rate, we used the 
frequency of "rejects" or reported codes that did not exist. 
(We used the 1991-1992 observation year, as we could not 
separate primary from casual observers with enough 
certainty prior to that year.) The error rate for primary 
observers (1.4%) was much lower than that for casual 
observers (10.5%) (x = 9.98, 1 df, P < 0.01). As the rate for 
primary observers was low, and as the casual observers 



Table 2 
Observation effort on monitoring neckbanded geese, International Snow Goose Neckbanding Project, 1987-1992, 
measured in person-days" 

Number of person-days 

State/province4 1987-1988 1988-1989 1989-1990 1990-1991 1991-1992 
Canada 
British Columbia 83 73 64 36 87 
Alberta 26 41 61 130 107 
Saskatchewan 157 149 166 303 272 
Manitoba 4 6 14 38 61 

Pacific Flyway 
Alaska 3 12 26 1 -Washington 9 41 52 33 12 
Columbia River" - 7 12 13 4 
Oregon 16 23 54 41 47 
California . 196 327 373 252 186 
Imperial Valley'' 11 15 12 5 6 
Montana 4 19 47 55 57 
Utah 3 14 9 20 13 
Nevada 2 3 8 5 7 

Central Flyway 
North Dakota 21 16 32 77 116 
South Dakota 5 23 11 64 53 
Colorado 2 19 15 9 20 
New Mexico 75 8l' 88 45 11 
Kansas -

v4 23 43 104 
Nebraska - 6 19 77 203 
Oklahoma 1 11 13 72 80 
Texas 3 58 106 119 254 

Mexico 
Chihuahua 67 47 58 17 8 
Durango 3 13 16 2 4 

Total 691 1008 1279 1457 1712 
" Person-day = a day in which an individual observer reported the examination of geese for neckbands, whether or not 

neckbands were actually seen. 
* Not included in this table are the Northwest Territories and Wrangel Island, as these included almost entirely breeding 

ground resightings, and Yukon Territory, Idaho, and Arizona, as these had less than five person-days in all years. 
c Northern Oregon/Southern Washington. 
** Southern California. 

reported only a small proportion of the total data (2.0%), we 
concluded that observer error, after removal of known 
"reject" codes, was insignificant. The annual rate of known 
"rejects" over the five-year period ranged from 0.0% to 
1.8%. 

3.3 Problems caused by neckbands 

Previous studies have indicated that neckbands can 
sometimes cause changes in behaviour or, in extreme cases, 
death of geese (Ankney 1975; Raveling 1976; Zicus et al. 
1983; Maclnnes and Dunn 1988; Ely 1990; Samuel et al. 
1990). Many reported fatalities have been Canada Geese, 
which in general winter farther north than other geese and 
occasionally have ice buildup on their neckbands. 

A few Snow Geese worked at the neckbands with 
their bills immediately after receiving them and got their 
lower mandibles stuck in the neckbands. Fortunately, they 
always managed to get them unstuck after, at most, a few 
minutes of struggling in the banding pen. The geese had 
"accepted" their new neckbands by the time they were 
released from the banding pen. However, three Snow Geese 
were reported to have drowned after release from banding 

when they got their bills stuck in the neckbands while in 
deep water. A few geese were observed worldng at their 
neckbands well after the period of marking. 

From 1987 to 1992, from over 7000 Snow Geese that 
had been neckbanded in the Western Canadian Arctic, on 
Wrangel Island, in Alaska, and in the Central Canadian 
Arctic, we received the following reports of ice accumula­
tions on the neckbands, but not enough to affect the normal 
behaviour of the birds: five in Alberta, three in 
Saskatchewan, and one in Montana. During that period, two 
Snow Geese were reported shot in South Dakota and one in 
North Dakota with ice on their neckbands. One Snow Goose 
was found dead with an iced neckband in South Dakota. In 
addition to those, we had one report of a Snow Goose in 
California that was found dead with its lower mandible stuck 
in its neckband. Thus, the eight problem-related deaths 
reported, from the breeding to wintering grounds, out of 
7000 collared Snow Geese represented a minimum mortality 
rate of 0.1% due to neckbands. 



Observer effort, as measured in person-days per year (three-year average, 1987-1988 to 1989-1990), and calculated for each degree block 
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Figure 4 
Relationship between cumulative collar codes read and new uniques 
encountered: wintering ground observations made in B.C.-Washington, 
1988-1989, of birds neckbanded on Wrangel Island 
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Figure 6 
Relationship between cumulative collar codes read and new uniques 
encountered: wintering ground observations made in Central Valley, 
California, 1989-1990, of birds neckbanded in Western Canadian Arctic 
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Figure 5 
Relationship between cumulative collar codes read and new uniques 
encountered: wintering ground observations made in Central Valley, 
California, 1989-1990, of birds neckbanded on Wrangel Island 
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Figure 7 
Relationship between cumulative collar codes read and new uniques 
encountered: wintering ground observations made in New Mexico, 
1990-1991, of birds neckbanded in Western Canadian Arctic 
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3.4 Neckband loss 

Loss of neckbands from marked geese can̂ cause 
biased estimates of survival or other population parameters. 
To determine if neckband loss was significant for Snow 
Geese, we used two sources of information: data on 
neckband retention collected during annual neckbanding at 
Howe Island, Alaska (Johnson et al. 1995); and question­
naires sent to hunters who had shot banded birds (see Samuel 
et al. 1990). The resulting estimates of neckband retention 
rates and their effects on survival estimates are described 
elsewhere in this volume (Hines et al. 1999b). 
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Appendix 1 
Lesser Snow Geese marked in the Western Canadian Arctic in 1987-1989: number of neckbanded birds observed in each of the years 1987-1988 to 
1991-1992 

State/province 

1987- 1988 1988- 1989 1989- 1990 1990-1991 1991- 1992 Total 

State/province Unique" Average' Unique" Average4 Unique" Average4 Unique" Average4 Unique" Average4 Unique" Average4 

Russia 
Wrangel Island - 4 1.0 2 1.0 1 1.0 c C 7 1.0 

Canada 
Northwest Territories 5 1.0 - - 1 1.0 14 1.0 14 1.0 34 1.0 
Alberta 26 1.1 59 1.1 303 1.3 199 1.4 62 1.1 649 1.3 
Saskatchewan 199 1.3 424 1.4 602 1.6 158 1.3 43 1.1 1426 1.5 

Pacific Flyway 
Alaska - - - - 15 1.0 - - - - 15 1.0 
Montana 5 1.0 73 1.1 258 1.5 190 1.7 125 1.9 651 1.6 
Idaho - - - - - - - - 10 1.0 10 1.0 
Oregon 21 1.0 46 1.2 107 1.3 27 1.7 6 1.3 207 1.3 
Utah 1 1.0 32 1.4 44 2.0 36 2.8 23 2.2 136 2.1 
Nevada 2 1.0 4 1.0 14 2.4 5 1.2 3 1.7 28 1.8 
Arizona - - 1 1.0 - - - - - - 1 1.0 
Northern + Central California 397 3.1 754 4.2 949 3.6 493 2.6 230 2.0 2823 3.4 
Southern California 13 1.8 38 2.6 59 1.9 6 1.0 5 1.4 121 2.1 

Central Flyway 
Nebraska - - - - - - 2 1.0 - - 2 1.0 
Colorado 3 1.0 3 1.0 1 1.0 4 1.0 1 1.0 12 1.0 
New Mexico 47 3.9 73 8.9 91 7.5 48 4.7 5 1.4 264 6.6 
Texas 3 1.0 2 1.0 3 1.0 3 1.0 - - 11 1.0 

Mississippi Flyway 
Iowa - - 1 1.0 - - - - - - 1 1.0 

Mexico 
Chihuahua 27 1.4 84 1.1 130 1.9 16 1.1 1 1.0 258 1.5 
Durango - - 24 1.7 70 2.3 2 1.5 - - 96 2.1 

Total 594" 3.0 1132" 4.4 1507" 4.4 796" 3.2 381" 2.4 4410" 3.8 
" Unique = Number of neckband codes unique within state/province per observation year. 
4 Average = Mean number of observations per unique code. 
c 1991-1992 observations not available. 
" Number of neckband codes unique within all states and provinces combined. 

23 



Le^er Snow Geese marked on Wrangel Island in 1988-1989 and 1991: number of neckbanded birds observed in each of the years 1988-
1988-1989 1989-1990 1990-1991 1991-1992 

-1989 to 1991-1992 

Total 

State/province Unique'' Average Unique" Average' Unique" Average Unique" Average Unique" Average 

Russia . 
Wrangel Island 

Canada 
Northwest Territories 
British Columbia 
Alberta 
Saskatchewan 

Pacific Flyway 
Alaska 
Montana 
Idaho 
Washington 
Northern Oregon/Southern 
Washington 
Oregon 
Utah 
Nevada 
Northern + Central 
California 

Central Flyway 
New Mexico 

Mexico 
Chihuahua 
Durango 

Total 

214 1.9 185 1.3 160 1.6 - « C 559 1.6 

1 1.0 _ 1 1.0 2 1.0 

360 3.8 360 3.8 148 2.8 132 6.2 1000 4.0 

12 1.3 34 1.2 28 1.2 11 1.0 85 1.2 

96 1.4 93 1.7 14 1.1 2 1.0 205 1.5 

24 2.3 92 1.5 _ _ — - 116 1.6 

42 1.2 86 1.5 38 1.8 57 2.2 223 1.7 
_ _ _ - 2 1.5 2 1.5 

318 3.3 296 4.0 141 1.8 64 1.9 819 3.2 

15 1.6 15 2.5 5 7.8 6 2.3 41 2.8 

72 1.2 34 1.6 17 1.1 7 1.0 130 1.3 
_ 2 3.5 1 1.0 3 2.7 

- - 2 2.5 1 1.0 1 2.0 4 2.0 

336 4.5 302 4.1 193 2.7 125 2.0 956 3.7 

1 16.0 1 24.0 1 12.0 - - 3 17.3 

1 1.0 _ — 1 1.0 

1 4.0 1 2.0 - - - - 2 3.0 

739* 6.4 727* 6.3 453" 3.7 296* 4.6 2215* 5.6 

unique — n u m u c i u i I I C _ - R . U _ ~ _ I . U U . ~ um^uv w*w~~ — — -. 
' Average = mean number of observations per unique code. 
: 1991-1992 observations not available. 
' Number of neckband codes unique within all states and provinces combined. 
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Estimated size of the Western Canadian Arctic and 
Wrangel Island Lesser Snow Goose populations on their 
breeding and wintering grounds 

Richard H. Kerbes, Vasily V. Baranyuk, and James E. Hines 

Abstract 

The numbers of Lesser Snow Geese Anser 
caerulescens caerulescens (hereafter referred to as Snow 
Geese) nesting on Wrangel Island have been estimated 
annually since 1970 by ground surveys; numbers nesting in 
the Western Canadian Arctic were estimated in 1976, 1981, 
1987, and 1995 by airphoto surveys. On Wrangel Island, the 
total number of adults in spring (including nonbreeding 
birds) declined precipitously from 150 000 in 1970 to 56 000 
in 1975. The population recovered during the 1980s to 
100 000 but subsequently fell to an average of about 65 000 
in 1990-1995. In contrast, the total number of nesting adults 
in the Western Canadian Arctic increased from 170 000 in 
1976 to 207 500 in 1981 and to 486 000 in 1995 (an average 
annual growth rate of 4.1% from 1976 to 1981 and of 6.3% 
from 1981 to 1995). Since 1970, most of the Wrangel Island 
Snow Goose Population has nested at the Tundra River 
colony, with low and variable numbers nesting at a few other 
sites on Wrangel Island and on the coastal mainland of 
Siberia. Since 1976, over 95% of the Western Canadian 
Arctic Population has nested at the Egg River colony on 
Banks Island, and the remainder of the population has nested 
mainly in colonies at Anderson River and on Kendall Island. 

Data collected during the neckband observation 
program were used to estimate the number of adult geese in 
some wintering areas. From 1987 to 1989, the average of our 
markrresight estimates of adult Snow Geese was 241 000 in 
California and 41 000 in New Mexico. Independent winter 
aerial surveys, adjusted for the percentage of Ross' Geese 
Anser rossii in the counts, agreed with those results. The 
wintering ground surveys accounted for 34% fewer geese in 
the Pacific and Western Central flyways than expected by 
extrapolation of total winter population from the combined 
1995 counts of breeding birds on Wrangel Island and the 
Western Canadian Arctic. It seems likely that the visual 
estimates of the winter inventory underestimated the actual 
number of birds. 

Given the growth of the Western Arctic Population, we 
recommend that investigations be carried out to determine if 
overgrazing poses a threat to its Arctic habitats. We also 
recommend that breeding inventories continue on Wrangel 
Island and the Western Arctic and that wintering ground 
surveys in California and the Western Central Flyway be 
improved, including a ground-based estimate of the 
Ross': Snow goose ratio and correction for visual estimate bias. 

Resume 

Depuis 1970, on estime le nombre annuel de Petites 
Oies des neiges Anser caerulescens caerulescens (appelees 
ci-apres Oies des neiges) qui nidifient sur l'ile Wrangler au 
moyen d'enquetes sur le terrain. On a estime le nombre 
d'oiseaux nicheurs de 1'ouest de l'Arctique canadien en 
1976, 1981, 1987 et 1995 au moyen de photographies 
aeriennes. Sur l'ile Wrangel, le nombre total d'adultes au 
printemps (incluant les oiseaux non nicheurs) a connu un 
declin rapide et est passe de 150 000 en 1970 a 56 000 en 
1975. Au cours des annees 1980, la population a connu une 
remontee et se chiffrait a 100 000 individus, mais elle a par 
la suite connu une baisse et se situait a une moyenne de 65 
000 de 1990 a 1995. Par contraste, le nombre total d'adultes 
nicheurs de 1'ouest de l'Arctique canadien est passe de 
170 000 en 1976 a 207 500 en 1981, puis a 486 000 en 1995 
(un taux de croissance annuel moyen de 4,1 p. 100 de 1976 a 
1981 etde 6,3 p. 100 de 1981 a 1995). Depuis 1970, la 
majeure partie de la population d'Oies des neiges de l'ile 
Wrangel a nidifie dans la colonie de la riviere Tundra, tandis 
qu'un nombre variable nidifiait a d'autres endroits de l'ile 
Wrangel et de la cote du continent de la Siberie. Depuis 
1976, plus de 95 p. 100 de la population de 1'ouest de 
l'Arctique canadien a nidifie dans la colonie de la riviere Egg 
sur l'ile Banks et le reste de la population a nidifie principa-
lement dans des colonies de la riviere Anderson et sur l'ile 
Kendall. 

Les donnees recueillies pendant le programme 
d'observation des colliers ont servi a estimer le nombre 
d'oies adultes dans certaines aires d'hivernage. De 1987 a 
1989, la moyenne de nos estimations de marquage-
observation des Oies des neiges adultes etait de 241 000 en 
Califomie et de 41 000 au Nouveau-Mexique. Des enquetes 
par photographies aeriennes independantes realisees en hiver, 
corrigees pour tenir compte dans les calculs du pourcentage 
des Oies de Ross Anser rossii, ont confirme ces resultats. Les 
releves des aires d'hivernage indiquaient qu'il y avait 
34 p. 100 moins d'oies dans les voies migratoires du 
Pacifique et du centre-ouest qu'on l'avait estime en se basant 
sur 1'extrapolation de la population d'hiver totale a partir des 
releves combines des aires de nidification de 1995 sur l'ile 
Wrangel et 1'ouest de l'Arctique canadien. II semble 
probable que les estimations visuelles des inventaires d'hiver 
ont sous-estime le nombre reel d'oiseaux. 
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En raison de la croissance de la population de l'ouest 
de l'Arctique, nous recommandons que des enquetes soient 
menees pour determiner si le surpaturage presente une 
menace pour les habitats de l'Arctique. Nous recommandons 
egalement que les inventaires de reproduction se poursuivent 
a l'ile Wrangel et dans l'ouest de l'Arctique et que les 
enquetes sur les aires d'hivernage en Californie et dans la 
voie migratoire du centre-ouest soient ameliorees et qu'elles 
comprennent une estimation fondee sur des observations au 
sol du ratio entre les Oies de Ross et les Oies des neiges et 
que Ton corrige le biais attribuable aux estimations visuelles. 

1. Introduction 

An estimate of population size is perhaps the most 
fundamental information required for the management of any 
wildlife population. Surveys of breeding Lesser Snow Geese 
Anser caerulescens caerulescens (hereafter referred to as 
Snow Geese) were first conducted in the 1960s on Wrangel 
Island, Russia (Uspenski 1965) and in the 1950s in the 
Western Canadian Arctic (Manning et al. 1956; McEwan 
1958). More accurate inventories of nesting birds have been 
done in the Western Arctic periodically since 1976 using 
aerial photography (Kerbes 1983, 1986) and on Wrangel 
Island annually since 1970 using ground transects 
(Syroechkovsky and Litvin 1984; Bousfield and 
Syroechkovsky 1985). 

The winter inventories of geese conducted annually in 
the Pacific Flyway include Snow Geese from the Western 
Canadian Arctic and Wrangel Island (Subcommittee on 
White Geese 1992a). Similar sorts of winter surveys 
conducted periodically in the Western Central Flyway 
include Snow Geese from both the Western and Central 
Arctic (Subcommittee on White Geese 1992b; Turner et al. 
1994). Thus, both of these surveys have combined unknown 
proportions of geese from different breeding stocks. Ross' 
Geese Anser rossii, which also winter in California and the 
Western Central Flyway, have caused additional complica­
tions, because they cannot be distinguished from Snow 
Geese in visual aerial surveys. Except for a few special 
surveys that have included ground truthing to estimate the 
relative abundance of the two species (McLandress 1979; 
Silveira 1990; Turner et al. 1994), the winter surveys have 
combined Snow and Ross' geese as "white geese." The Inter­
national Snow Goose Neckbanding Project (Kerbes and 
Meeres 1999, this volume) provided another means of esti­
mating the numbers of combined Western Canadian Arctic 
and Wrangel Island stocks in certain wintering areas, using 
mark:resight methods (Hestbeck and Malecki 1989; 
Hestbeck et al. 1990). 

The breeding ground inventory is the only current 
method to monitor the status of each of the Western 
Canadian Arctic and Wrangel Island Snow Goose popula­
tions (Fig. 1). In this paper, we review the historical and 
recent inventory results from the breeding grounds, and we 
present the 1987-1989 markrresight estimates of total 
numbers in some wintering areas. We then discuss these 
results in relation to other surveys on the wintering grounds, 
long-term population trends, current population status of the 
geese, and the relevant applications of this information to 
research and management. 

Figure 1 
Nesting colonies of Lesser Snow Geese (triangles) in the Western Canadian 
Arctic, in Alaska, and on Wrangel Island 
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2. Methods 

2.1 Breeding ground inventories 

2.1.1 Wrangel Island 
Annual numbers of nesting adults were estimated 

using a systematic ground survey of the main Wrangel Island 
colony located in the Tundra River valley, about 35 km 
inland from the ocean (Syroechkovsky and Litvin 1984). 
Each year, the boundary of the area occupied by nesting 
birds was determined from a ground survey walked during 
incubation. Following hatch in early July, after broods had 
left the colony, a ground survey was conducted of the 
number of nests present. Transects that were 8 m wide and 
spaced at 200-m intervals were run across the colony in an 
east-west orientation. Thus, the transects sampled 4% of the 
surface area of the colony. Observers walked the transects 
and counted all nests within 4 m of the centre line. The nests 
for the current year, both successful and unsuccessful (classi­
fied according to the presence or absence of egg membranes 
or shell remnants at the nest), were recorded per 250-m 
segment along each transect. The average nest density 
obtained from the transect segments was then multiplied by 
the area of the colony to estimate the number of nesting birds 
(two per nest) and 95% confidence limits of this estimate. 

Nonbreeding birds were counted in early June on the 
Tundra River colony. Flocks of nonbreeders congregated on 
the colony at that time, generally in areas of low nest density 
or near the fringes of the occupied nesting area. The counts 
occurred before the nesting geese had begun to incubate and 
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before nonbreeders were thought to have dispersed to other 
areas. The nonbreeders were counted by an observer using 
binoculars and spotting scope from vantage points on hills 
overlooking the nesting grounds. This method provided a 
minimum estimate of nonbreeders, as some flocks of 
nonbreeders on Wrangel Island may not have come through 
the Tundra River colony in some years (V.V. Baranyuk, 
unpubl. data). 

2.1.2 Western Canadian Arctic 
Periodic inventories of the Snow Goose colonies in 

the Canadian Arctic have used large-format (23 * 23 cm) 
vertical aerial photography (Kerbes 1975, 1983, 1986; Reed 
et al. 1987). Air photos of the nesting colonies in the Western 
Arctic were obtained in June 1987 and June 1995, approxi­
mately midway through the incubation period. We used a 
small twin-engine aircraft equipped with a large-format 
camera and 153-mm lens. In 1987, Kodak Plus-X film was 
used to photograph the colonies from an altitude of 800 m 
above ground level, thereby providing a photo scale of 
1:5000. In 1995, Kodak Panatomic-X film was used from an 
aircraft at 1600 m, providing a photo scale of 1:10 000. In 
1995, the Panatomic-X film, which has much finer image 
resolution than Plus-X, permitted the higher flying height 
and increased strip width, for more cost-effective coverage. 

The entire occupied nesting areas at Anderson River 
and Kendall Island were photographed in both years, and all 
birds were counted on those colonies. Because of the much 
larger size of the Egg River colony, the counts there were 
taken from samples of the photo coverage. In 1987, the photo 
lines covered a strip of ground 1.15 km wide, and line 
centres were spaced at 1.6-km intervals, which meant that 
70% of the surface area of the colony was photographed. In 
1995, the photo lines covered a 2.3-km-wide strip, and line 
centres were spaced at 2.0-km intervals, so that the nesting 
area was completely photographed. In both years, the counts 
were taken from photos that sampled all parts of the colony. 
The amount of the total surface area analyzed was 16.4% in 
1987 and 18.0% in 1995. 

The rolls of negatives were examined on a light table 
with a binocular microscope. Counts of geese were made 
using a transparent grid of 0.5- or 1.0-cm squares placed 
beneath the film. Birds were recorded as breeders (pairs or 
singles on the ground) or as nonbreeders (all geese in flight 
and flocks of five or more birds on the ground). The photo 
count of nonbreeders did not include geese that were located 
outside the nesting colonies at the time of the survey. The 
boundary of the colony was determined from the air photos, 
and the colony was divided into strata based on nest 
densities. Numbers of birds with 95% confidence limits in 
each stratum and the entire colony were then calculated 
(Kerbes 1986). 

2.2 Mark:resight estimate of the number of geese on the 
wintering grounds 

The mark:resight method involves capturing, 
marking, and releasing a sample of individuals, resampling 
the population later to determine what proportion of the pop­
ulation has been marked, and then calculating the population 
size based on this information (Krebs 1989; Hestbeck et al. 
1990). In a Lincoln-Petersen or two-sample mark-recapture 

study, the number of marked animals is known from trapping 
or banding data, and population size (N) can be estimated by 
the following or a similar formula: 

N = Mx R 

where M is the number of animals marked in the first sample 
and R is the ratio of the total animals to marked animals in 
the second sample. 

Mark-recapture studies of neckbanded geese differ in 
a number of ways from a typical Lincoln-Petersen study. 
First, birds are marked on the breeding grounds, usually 
outside the period when the population estimate is derived. 
Second, marking typically occurs over a number of seasons, 
so neckbanded geese from several banding years are present. 
Finally, marked birds are "recaptured" by observers using 
spotting scopes to read their neckband codes rather than 
being physically recaptured. 

Observations of Snow Geese made during the fall and 
winter on staging areas and on the wintering grounds (Kerbes 
and Meeres 1999, this volume) were used to estimate the 
total number of geese in certain wintering areas. The 
variables recorded at each observation site included date, 
location, individual neckband codes, estimated number of 
geese present, and the number of marked (neckbanded) and 
unmarked individuals in a sample of adult geese examined 
for neckbands. 

Estimates of both the number of marked birds in the 
population (M) and the ratio of total to marked birds (R) 
must be obtained in order to determine population size. We 
estimated the number of marked birds (M) present in a given 
wintering area and year by the "closed" population methods 
described by Otis et al. (1978) using the computer program 
CAPTURE. 

The approach endorsed by Otis et al. (1978) allows 
the testing of assumptions about the effects of heterogeneity, 
time dependence, and behavioural response on recapture 
(resighting) rates and, hence, the estimates of population 
size. Therefore, populations can be estimated according to a 
model that takes into account the different sources of 
variation and best fits the data. Behavioural or trap response 
is unlikely in resighting studies, so we eliminated models 
that included behavioural response. We chose Model M , 
which assumed that recapture (resighting) rates were time 
dependent and heterogeneous. This was because we expected 
resighting rates to vary with time and location as a result of 
variations in observer effort (Kerbes and Meeres 1999, this 
volume). 

The wintering season (1 November - 31 March) was 
divided into 10 semimonthly sampling periods. The number 
of periods that could be used for a given location and year 
depended on data availability. Six to 10 sampling occasions 
were available for different individual year/wintering 
location combinations. The first time a neckbanded goose 
was sighted on the wintering grounds was treated as the time 
of marking, and each subsequent sighting was treated as a 
recapture. We attempted to estimate the number of 
neckbanded geese from Wrangel Island and the Western 
Canadian Arctic combined in each of the major wintering 
areas: British Columbia-Washington (BC-WA), California, 
New Mexico, and the Northern Highlands of Mexico. 

The number of adult geese checked for neckbands 
differed from one occasion to another, depending on the 
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number of geese present at a particular site, how easy the 
birds were to observe, light and weather conditions, and a 
variety of other logistic constraints. Very large counts of 
marked and unmarked geese have been shown in one 
instance (Hestbeck and Malecki 1989) to underestimate the 
number of marked geese present. This would cause the 
estimate of R to be biased upwards and the estimate of popu­
lation size to be too large. We wanted to evaluate the 
potential for a similar sort of bias, so we divided the data into 
classes by number of adult Snow Goose necks examined: 
<100, 101-200, 201-500, 501-1000, 1001-2000, and>2000. 
We then compared R for each observation size class. 

An estimate of the ratio of total to marked geese in 
the observed samples (R) and its standard error (SE(R)) were 
calculated according to the formulas presented by Hestbeck 
and Malecki (1989): 

R = Is 
m 

my f(f-l) 

where g is the number of adult geese checked for the 
presence of a neckband, m is the number of marked 
(neckbanded) adults among the g adults, and f is the number 
of flocks from which the information on total and marked 
geese was collected. 

As explained above, the overall population estimate 
(N) is the product of M and R. Its standard error (SE(N)) can 
be computed by combining the variances (var) of M and R 
(Goodman 1960): 

SE(N) = 7(R2var(M)+M2var(R)-var(M)var(R)) 

3. Results and discussion 

3.1 Breeding ground inventories 

The inventories of nesting Snow Geese on Wrangel 
Island and in the Western Canadian Arctic have shown that 
these two populations have had very different trends over the 
past 30 years — a significant decline on Wrangel Island and 
a huge increase in the Western Arctic (Fig. 2; Table 1). The 
total number of adults present in spring (nesting plus 
nonbreeding birds) on Wrangel Island declined precipitously 
from 150 000 in 1970 to 56 000 birds in 1975, apparently 
due to four consecutive years of almost no reproductive 
success (Bousfield and Syroechkovsky 1985; Brault et al. 
1994). The population increased during the 1980s to as many 
as 100 000 geese but has subsequently fallen to an average of 
65 000 in 1990-1995. In contrast, the number of nesting 
adults in the Western Canadian Arctic increased almost 
threefold, from 170 000 in 1976 to 486 000 in 1995 (Fig. 2). 

3.1.1 Wrangel Island 
More than 98% of Asian Snow Geese nest on 

Wrangel Island, and over 90% of those birds nest at the 
Tundra River colony (Baranyuk 1992). Low and annually 
variable numbers nest at a few other sites on Wrangel Island 
and on the Arctic coast of Siberia. The largest and most 

persistent of the small colonies is at the Mammoth River on 
Wrangel Island, approximately 10 km southeast of the 
Tundra River colony. Reported to have been a large colony 
until the 1950s, the Mammoth River colony has supported at 
most only a few hundred birds in recent decades (Takekawa 
et al. 1994; V.V. Baranyuk, pers. commun.). Southwest of 
Wrangel Island, on the Kolyma River Delta on the mainland 
coast, Uemura et al. (1998) recorded a small colony of 
100-200 Snow Geese in 1993-1995. They reported that 
resightings of adults neckbanded there showed that those 
birds joined the Wrangel Island Population on migration to 
wintering grounds in North America. 

Figure 3 shows the 10-km2 area occupied in 1989 by 
nesting birds in the Tundra River valley. It represents a fairly 
typical distribution of the geese for many of the years from 
1970 to 1995. However, in years with relatively large 
numbers of nesting birds, such as 1970 and 1981, the colony 
covered over 20 km2, extending beyond the area shown in 
Figure 3, especially to the northeast (V.V. Baranyuk, pers. 
commun.). 

On Wrangel Island, the annual number of nesting 
birds has been much more variable than the estimated 
number of nesting plus nonbreeding birds at the Tundra 
River colony in spring (Fig. 2; Table 1). From 1970 to 1995, 
the percentage of total birds that nested has varied widely, 
from 4% to 100%. The key factors affecting this proportion 
seemed to be the amount of snow cover in spring and the 
date by which it cleared (Bousfield and Syroechkovsky 
1985; Baranyuk 1992). 

3.1.2 Western Canadian Arctic 
Since 1976, over 95% of the Western Canadian Arctic 

Population nested at the Egg River colony on Banks Island, 
and most of the remainder nested at coastal river deltas on 
the mainland at Anderson River and Kendall Island (Figs. 1, 
4-6; Tables 2-4). A few other locations on the mainland, 
southwestern Banks Island, and southwestern Victoria Island 
have occasionally supported groups of nesting Snow Geese. 
The total number of geese in those small colonies has been 
estimated to be a few hundred birds at most (Kerbes 1986; 
T.W. Barry, pers. commun.; J.E. Hines, unpubl. data). 
Johnson (1996) considered the small colony of about 500 
birds at Howe Island, Alaska, to be a satellite of the Western 
Canadian Arctic Population. 

Nesting birds at Anderson River and Kendall Island 
have consistently occupied the same deltaic islands, with 
only minor variations in distribution of nests in 1987 and 
1995 (Figs. 5 and 6) and in 1976 and 1981 (Kerbes 1986). 
Numbers and nesting success on these two small colonies 
appeared to be limited by annually variable but often severe 
loss to predation from barren-ground grizzly bears Ursus 
arctos horribilis or, less frequently, to flooding (T.W. Barry, 
S. Barry, and W.T. Armstrong, pers. commun.; J.E. Hines, 
unpubl. data). 

On the main colony at Egg River (Kerbes 1986) 
(Fig. 4; Tables 3 and 4), the core nesting area consistently 
has been southwest of the junction of the Egg and Big rivers. 
The density of nests in the core has varied, as have the 
occupied areas outside the core. The total occupied area in 
1976 (605 km2) was much larger than in later years (169, 
109, and 112 km2, respectively, in 1981, 1987, and 1995). 
Spring was unusually early in 1976 (T.W. Barry, pers. 
commun.). Apparently, without restrictions on the available 
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Figure 2 
Annual number of nesting Lesser Snow Geese in June on Wrangel Island, Russia, 1970-1995, and the Western Canadian 
Arctic in 1976,1981, 1987, and 1995; and total number of nesting plus nonbreeding birds on Wrangel Island 

500 000i 

WRANGEL ISLAND: 
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nesting area caused by snow cover, low densities of geese 
were extensive outside the core. 

Spring habitat conditions on the Western Canadian 
Arctic colonies were assessed independently by ground work 
or visual air surveys in the years when air photo inventories 
were carried out. Of those years, 1976, 1981, and 1995 were 
rated as having average or early snowmelt (T.W. Barry and 
G. Samelius, pers. commun.), and we assumed that the 
majority of the birds in breeding condition were able to nest 
in those years. In 1987, snow clearance was later than 
average, resulting in reduced available nesting area. Thus, 
not all potential breeders may have been able to nest at Egg 
River that year. 

Although the photo inventories could not detect the 
total number of nonbreeders, these surveys did provide an 
estimate of the number of nonbreeding geese on or near 
(within approximately 1 km) the nesting area. The minimum 
percentages of the geese at the Western Arctic colonies that 

were nonbreeders were 7% and 8% in 1976 and 1981, 
respectively (Kerbes 1986), and 3% and 4% in 1987 and 
1995, respectively. An unknown but probably large propor­
tion of the nonbreeding geese was located outside the area 
covered by the air photos. On average, Snow Goose popula­
tions have been considered to have 25-35% nonbreeders in 
spring (Lynch and Singleton 1964; Lynch and Voelzer 
1974). Therefore, the total breeding and nonbreeding geese 
in the spring Western Arctic Population could have 
numbered 270 000 in 1981 and 632 000 in 1995. 

The Western Arctic Population grew at an average 
rate of 3.0% per annum from 1960 to 1976 (Table 5, 
assuming there were 105 000 nesting adults in 1960). From 
1976 to 1981, the annual rate of increase was 4.1%, and from 
1981 to 1995 it was 6.3%. That increasing growth rate raises 
concern for overpopulation with consequent risk of overgraz­
ing of Arctic habitats, as noted below. 



Table 1 
Numbers of Lesser Snow Geese in June on Wrangel Island for 1970-1995 
from annual ground surveys and in the Western Canadian Arctic for 1976, 
1981, 1987, and 1995 from air photo inventories 

Western Canadian 
Wrangel Island Arctic 

Figure 3 
Lesser Snow Goose colony at Tundra River, Wrangel Island, Russia, 
June 1989 

Year 
Total no. 
of adults" 

No. of nesting adults 
± 2 S E 4 

% nesting 
adults 

No. of nesting adults 
±2SE i 

1970 150 000 120 000 80 -
1971 132 000 24 000 18 -
1972 107 000 36 000 34 -
1973 86 000 12 000 14 -
1974 70 000 32 000 46 -
1975 56 000 56 000 100 -
1976 58 000 46 000 79 169 600 
1977 68 200 10 000 15 -
1978 65 400 42 000 64 -
1979 84 500 60 000 71 -
1980 90 700 20 000 22 -
1981 89 000 78 000 88 207 500 (±23 900) 
1982 100 000 _ 28 000 28 -
1983 95 000 3 400 4 -
1984 85 000 42 000 49 -
1985 85 000 50 000 59 -
1986 90 000 58000 64 -
1987 100 000 47 000 47 205 100 (±23 400) 
1988 80 000 13 000 16 -
1989 70 000 60 000 86 -
1990 60 000 53 000 ± 6 000 88 -
1991 60 000 41 600 ±3 200 69 -
1992 70 000 46 200 ± 5 600 66 -
1993 65 000 52 200 ± 5 600 80 -
1994 70 000 30 000 ± 6 000 43 -
1995 65 000 8 800 ± 2 400 14 486 000 (±49 200) 
" Nesting adults plus yearlings and other nonbreeders. 
4 95% confidence limits. 

3.2 Wintering ground estimates compared with 
extrapolations from the breeding ground inventories 

Adequate mark:resight data were available to provide 
good estimates of the number of neckbanded geese present in 
BC-WA, California, and New Mexico (Table 6). Although 
the sample size of marked:unmarked counts varied consider­
ably from observation to observation, the proportion of 
marked birds did not decrease with size of the sample. Thus, 
data from all samples were used in calculating R for the 
different areas. 

The average of our mark:resight estimates of total 
adult Snow Geese from 1987 to 1989 was 241 000 in Cali­
fornia and 41 000 in New Mexico (Table 6). The difficulty in 
coverage of the wintering grounds in northern Mexico 
resulted in too few observations to estimate the number of 
neckbanded birds present there, and the size of the popula­
tion could not be calculated. The population for BC-WA 
could not be estimated because marked.unmarked data were 
not recorded there. 

Annual aerial surveys on the wintering grounds 
(Figs. 7-9) provide an independent set of data with which to 
compare our results. For California and the Western Central 
Flyway, we have further synthesized recent data from these 
surveys with data from "special" winter surveys to estimate 
the number of Snow and Ross' geese in those areas 
(Table 7). This has allowed us to determine recent numbers 
and population trends of Snow Geese present in each 
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wintering area. For 1987-1990, our maricresight estimates of 
adult snow geese wintering in California and New Mexico 
agreed with the ground count estimates. 

In the Fraser-Skagit deltas, after a rapid decline of 
Snow Geese wintering in the early 1970s, the numbers 
returned to near their former level and have since fluctuated 
greatly (Fig. 7). Boyd (1995) documented the increased pro­
portion of Wrangel Island geese wintering in the Fraser-
Skagit deltas and the decline in the numbers and proportion 
of those wintering in California. Using analyses of legband 
recoveries, Hines et al. (1999a, this volume) documented that 
shift in distribution of wintering Wrangel Island geese and 
concluded that the most probable cause of the change in dis­
tribution is short-stopping of geese in the Fraser-Skagit area, 
where habitat conditions seem to have improved relative to 
those in California. 

In California, the winter inventories indicate that the 
total number of Snow Geese from Wrangel Island plus the 
Western Canadian Arctic has not increased during the past 
15 years (Fig. 8; Table 7) and may well have decreased, con­
sidering the growing numbers of Ross' Geese there (Silveira 
1989, 1990; Silveira and Mensik 1992). Given the relatively 



Figure 4 
Lesser Snow Goose colony at Egg River, Western Canadian Arctic, showing the area occupied by nesting birds in 
June 1987 (above) and in June 1995 (below) 
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Figure 5 
Lesser Snow Goose colony at Anderson River, Western Canadian Arctic, 
showing the area occupied by nesting birds in June 1987 (above) and in 
June 1995 (below) 

small number of Wrangel Island Snow Geese wintering in 
California, it appears that the number of Western Arctic 
geese in California has not increased, despite the substantial 
increase in the size of the Western Arctic Population. 

In the Western Central Flyway, the number of 
wintering Snow Geese has increased since the early 1970s 
(Fig. 9), at least in part because of increased input from the 
Western Canadian Arctic (Hines et al. 1999a, this volume). 
The Central Arctic Snow Goose Population, which has also 
been increasing (Kerbes 1994), contributes substantial 
numbers to the Western Central Flyway as well. Turner et al. 
(1994), using neckband observations in Mexico and breeding 
population data, calculated that the Central Arctic 

Figure 6 
Lesser Snow Goose colony at Kendall Island, Western Canadian Arctic, 
showing the area occupied by nesting birds in June 1987 (above) and in 
June 1995 (below) 

contributed approximately 40% of the Snow Geese in the 
Northern Hi^ilands in 1989-1990. We recalculated that 
estimate, using their method, for Mexico (Appendices 1 and 
2) and for New Mexico (Appendix 3). We used the actual 
proportions of western and eastern components of the 
Central Arctic Population (Kerbes 1994, Appendix 2) — i.e., 
6000 and 273 000 birds, respectively, compared with 
150 000 and 150 000 used by Turner et al. (1994). We 
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Table 2 
Photographic inventory of Lesser Snow Goose colonies in the Western Canadian Arctic, 16-17 June 1987 and 11 June 
1995 

Total nesting % analyzed Mean density 
Year Colony No, of nesting birds ± 2 SE" area (km2) on photos (birds/ha) 
1987 Egg River 196 506 ±23 384 109.4 16 18.0 

Anderson River 7 186±0 15.9 100 4.6 
Kendall Island 1 380 ± 0 3.2 100 4.4 

Total 205 072 ± 23 384 128.5 16.0 

1995 Egg River 479 362 ±49 151 112.1 18 42.8 
Anderson River 3 607±0 15.2 100 2.4 
Kendall Island 3 050±0 6.4 100 4.8 

Total 486 019 ±49 151 133/7 364 
" 95% confidence limits. 

Table 3 
Photographic inventory of Lesser Snow Goose colony at Egg River, Western 
Canadian Arctic, 16 June 1987 

Stratum 
(see Fig. 3) 

No. of nesting birds 
±2SE" 

Total 
nesting 

area (km2) 
% area 

analyzed 
Density 

(nests/ha) 
1 152 936 ±19 955 28.48 22.8 26.85 
2 23 114 ± 10 551 15.12 19.1 7.64 
3 11 723±7327 51.42 9.8 1.14 
4 1 686±0 0.64 100.0 13.17 
5 1 572 ±781 12.41 11.7 0.63 
6 1 518 ± 0 0.66 100.0 11.50 
7 3 956 ± 0 0.71 100.0 27.86 

Total 196 505 ±23 383 109.44 16.4 8.98 
95% confidence limits. 

Table 4 
Photographic inventory of Lesser Snow Goose colony at Egg River, Western 
Canadian Arctic, 11 June 1995 

Stratum 
(see Fig. 3) 

No. of nesting birds 
±2SE" 

Total 
nesting 

area (km2) 
% area 

analyzed 
Density 

(nests/ha) 
1 148 486 ± 13 451 11.48 17.7 64.67 
2 241 907 ± 42 093 48.05 18.5 25.17 
3 40 235 ± 20 535 27.18 15.6 7.40 
4 20 539 ± 6 152 3.47 30.0 29.60 
5 28 148 ± 10 133 21.94 18.5 6.41 

Total 479 315 ±49 151 112.12 18.0 21.38 
" 95% confidence limits. 

Table 5 
Estimated numbers of Lesser Snow Geese in the Western Canadian Arctic colonies, 1952-1995 
Year Egg River Anderson River Kendall Island Total Reference 
1952 120 000" Manning et al. (1956) 
1953 100 000* H6hn (1954) 
1955 41 000* 500* McEwan (1958); Hohn (1959) 
1960 116 000+" 8 000" 7 500" 131 500+" Barry (1960) 
1967 150 000" Barry (1967) 
1976 165 000* 3 800* 800* 169 600* Kerbes (1983) 
1981 198 100* 8 400* 1 000* 207 500* Kerbes (1986) 
1987 196 500* 7 200* 1400* 205 100* This paper 
1995 479 400* 3 600* 3 000* 486 000* This paper 
" Total adult population, including nonbreeders. 

Total nesting adult population. 

thereby estimated that in 1989-1990, the Central Arctic con­
tributed 20% of the birds wintering in the Northern 
Highlands north of 28°N (Appendix 1), 13% in the Northern 
Highlands south of 28°N (Appendix 2), and 16% in New 
Mexico (Appendix 3), or 17% in the three areas combined 
(Appendix 4). 

The winter inventory in 1987-1992 seemed to 
account for most of the geese from Wrangel Island and the 
Western Canadian Arctic, based on our estimates of their 
numbers on the breeding colonies and their winter distribu­
tion as shown by neckband resightings and legband recover­
ies (see Hines et al. 1999a, this volume). However, an 

extrapolation from the 1995 breeding inventories does not 
agree well with the recent winter inventory results. Those 
inventories suggest an extrapolated population total in 1995— 
1996 of at least 800 000 birds: 486 000 nesting adults for the 
Western Arctic and 65 000 total adults for Wrangel Island, 
plus nonbreeders and young birds from the Western Arctic 
(almost no young were fledged from Wrangel Island in 
1995). The grand total from the winter counts on the Pacific 
and Western Central flyways was 566 500 (Table 7). Sub­
tracting the proportion of that total which came from the 
Central Canadian Arctic (17% of the Western Central 
Flyway subtotal, as noted above) leaves 525 600. Thus, it 
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Table 6 • , . , , , , 
The estimated numbers of Snow Geese in different wintering regions based on mark:resight data on geese marked 
(neckbanded) in the Western Canadian Arctic and Wrangel Island 

Location 

Estimated no. 
of marked 

Year geese + SE 

No. of geese 
examined 

Total Marked 

Ratio of 
totakmarked 

±SE 
Population 

estimate ± SE CV (%) 

British Columbia and 
Washington 

388 ± 19 
1989 337 ±12 

Average (1988-1989) 

California 1987 750 ± 33 29 556 89 332.1 ±40.2 249 068 ± 32 085 12.9 
1988 1 546 ± 32 68 417 500 136.8 ±9 211 545 ± 14 528 6.9 
1989 1 703 ± 29 33 135 215 154.1 ± 19.6 262 460 ± 33 604 12.8 

Average (1987-1989) 241 024 

New Mexico 1987 88 ±8 56 808 90 631.2 ±92.9 55 546 ± 9 666 17.4 

1988 113 ± 7 71 005 205 346.4 ±30.8 39 143 ± 4 306 11 
1989 133 ±9 22 099 106 208.5 ± 18.4 27 728 ±3 031 10.9 

Average (1987-1989) 40 806 

Winter aerial visual counts of Lesser Snow Geese in the Fraser-Skagit Delta, BC-WA, 1948-1996 (from Boyd 1995) 

z 10 000 + 

0 -I 1 1 1 1 1 1 1 ' 
1948 1953 1958 1963 1968 1973 1978 1983 1988 1993 



Figure 9 
Winter aerial visual counts of Lesser Snow and Ross' geese in New Mexico and the Northern Highlands of Mexico, 
1972-1973 to 1995-1996 (from Sharp 1996) 

300 000 T 

0 I i i — i — i — i — i — i — i i i—i i — i — i — i — i — i — i i i i i 
1972- 1976- 1980- 1984- 1988- 1992-
1973 1977 1981 1985 1989 1993 

Table 7 
Recent estimates of Lesser Snow Goose numbers on wintering grounds in the Pacific and Western Central flyways 

No. of Snow Geese (thousands) 

Location Years Adults Young Total Method Reference 
Fraser-Skagit 1988-1989 to 1991-1992 - - 37.4 Air Boyd (1995) 

1992-1993 to 1994-1995 - - 42.0 Air Trost (1996) 
California 1987-1988 to 1989-1990 241.0 - - Mark:resight This paper 

1988-1989 224.4 100.8 325.2 Air/ground" Silveira (1989) 
1989-1990 220.0 85.5 305.5 Air/ground" Silveira (1990) 
1992-1993 - - 376.8 Air/ground" Mensik and Silveira (1993) 
1993-1994 to 1995-1996 - - 284.1 (335?) Air6 Trost (1996) 

Western Central Flyway (U.S. portion) 1987-1988 to 1989-1990 40.8 - - Mark:resight This paper 
1987-1988 to 1989-1990 - - 46.2 Airc Sharp (1996) 
1990-1991 to 1995-1996 - - 81.5 Airc Sharp (1996) 

Western Central Flyway (Mexico portion) 1987-1988 to 1989-1990 -• - 90.0 Ground counts Turner etal. (1994) 
1987-1988 - - 82.9 Air" Sharp (1996) 
1990-1991 - - 70.4 Aii" Sharp (1996) 
1993-1994 - - 158.9(187?) Air* Sharp (1996) 

" Aerial counts of "white" geese corrected for percentage of Ross' Geese and Snow Geese in population (from ground counts). 
b Three-year average of adjusted fall aerial indices. Assumed 60% Snow Geese in fall counts of white geese (Silveira 1989, 1990; Mensik and Silveira 1993). 

During three comparable years, fall indices underestimated the winter counts of these authors by 15.2%, suggesting that 335 000 Snow Geese were present in 
1993-1994 to 1995-1996. 

c Assumed 87% Snow Geese in winter aerial counts (R. Drewien, pers. commun.; D. Benning, pers. commun.). 
* Assumed 90% Snow Geese in winter aerial counts (Turner et al. 1994). Aerial counts were 14.8% lower than ground counts for 1987-1988 to 1990-1991, 

suggesting that 187 000 Snow Geese were present in Mexico in 1993-1994 

would appear that the winter count was about 34% lower 
than the total expected from extrapolation from the breeding 
ground counts. However, the count for Mexico used in Table 
7 was for 1993-1994. Had one been made in 1995-1996, it 
probably would have been larger. In general, the winter 
inventories were probably low because of underestimation in 
the visual counts. Kerbes (1975) calculated that the winter 
inventory of Midcontinent Snow Geese in 1973-1974 had 
underestimated the actual population by 50%. More recently, 
W.S. Boyd (unpubl. data) compared visual estimates with 
photo counts of Snow Goose flocks (n = 55) on the Fraser 
Delta. He found that, on average, the visual estimates were 
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37.5% lower than the photo counts and recommended that 
this bias be recognized. 

A second, less likely, explanation to account for the 
lower numbers in the winter inventory is that a large segment 
of the Western Arctic Population is wintering outside its "tra­
ditional" areas, perhaps in the main part of the Central 
Flyway. However, that explanation is not supported by our 
analysis of legband recoveries or neckband sightings of 
geese marked in the Western Canadian Arctic (Hines et al. 
1999a, this volume). 



3.3 Implications for research and management 5. Literature cited 

Maintenance of the Wrangel Island Population is a 
continuing concern. In contrast, the rapid (6% per annum 
from 1981 to 1995) growth rate of the Western Arctic Popu­
lation raises the possible problem of too many geese on the 
Arctic habitats. Overgrazing by Snow Geese on coastal areas 
of western and southern Hudson Bay, with destruction of 
vegetation and potential negative impacts on geese and other 
wildlife, has become a continental management issue 
(Kerbes et al. 1990; Ankney 1996; Abraham et al. 1997; Batt 
1997). Extensive damage to vegetation from Snow Geese in 
the Western Canadian Arctic has not been reported, but 
detailed studies have not been carried out. We recommend 
that the effect of increasing numbers of Snow Geese on 
Western Arctic habitats be monitored, perhaps in conjunction 
with studies on Banks Island of the range of muskoxen, 
which use much of the same habitat as geese and have also 
dramatically increased in number in the past two decades 
(J. Nagy and N. Larter, pers. commun.). Elsewhere in this 
volume, Hines et al. (1999b) recommend that the growth of 
the Western Canadian Arctic Population be limited by 
increasing the annual harvest rate to 15-20% of the 
population. 

To improve our understanding of the numbers of 
geese on the breeding grounds and their winter distribution, 
we recommend the following management actions: 1) annual 
inventories of nesting and nonbreeding geese on Wrangel 
Island; 2) another air photo inventory of the Western 
Canadian Arctic in the year 2000, and at five-year intervals 
after that; and 3) improved surveys of the winter distribution 
and abundance of Snow and Ross' geese in the Pacific and 
Western Central flyways Oparticularly in the Northern 
Highlands of Mexico), including ground surveys to estimate 
the Ross':Snow goose ratio and to adjust for the tendency for 
visual estimates to be too low. 
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Appendix 1 
Estimated proportion of Lesser Snow Geese wintering in northern and 
central Chihuahua, Mexico (north of 28°N latitude), in 1989-1990 that came 
from colonies in the Western Arctic, western Central Arctic, and eastern 
Central Arctic 

Western Eastern 
Western Central Central 

Arctic Arctic" Arctic* 
Population sizec 205 000 6000 273 000 
Number neckbanded, summer 1989 718 279 711 
Ratio of population size to number 
neckbanded 286:1 22:1 384:1 
Number of neckbands read, 1989-1990 52 28 8 

Estimated number of geese from a 
given breeding area in observed sample 14 847 602 3072 
% of geese from each region* 80.2 3.3 16.5 
" West of 101°W longitude. 
* East of 101 ° W longitude. 
c Number of nesting adults in the Western Arctic in 1987 and in Central 

Arctic in 1988 (Kerbes 1994, Appendix 2). 
* Calculated following the method of Turner et al. (1994:14). 

Appendix 3 
Estimated proportion of Lesser Snow Geese wintering in New Mexico in 
1989-1990 that came from colonies in the Western Arctic, western Central 
Arctic, and eastern Central Arctic 

Western Eastern 
Western Central Central 

Arctic Arctic" Arctic* 
Population sizec 205 000 6000 273 000 
Number neckbanded, summer 1989 718 279 711 
Ratio of population size to number 
neckbanded 286:1 22:1 384:1 
Number of neckbands read, 1989-1990 33 32 3 

Estimated number of geese from a 
given breeding area in observed sample 9422 688 1152 
% of geese from each region* 83.7 6.1 10.2 
" West of 101°W longitude. 
4 East of 101°W longitude. 
c Number of nesting adults in the Western Arctic in 1987 and in Central 

Arctic in 1988 (Kerbes 1994, Appendix 2). 
* Calculated following the method of Turner et al. (1994:14). 

Appendix 2 
Estimated proportion of Lesser Snow Geese wintering in southern 
Chihuahua and Durango, Mexico (south of 28°N latitude), in 1989-1990 
that came from colonies in the Western Arctic, western Central Arctic, and 
eastern Central Arctic 

Western Eastern 
Western Central Central 

Arctic Arctic" Arctic* 
Population sizec 205 000 6000 273 000 
Number neckbanded, summer 1989 718 279 711 
Ratio of population size to number 
neckbanded 286:1 22:1 384:1 
Number of neckbands read, 1989-1990 39 6 4 
Estimated number of geese from a 
given breeding area in observed sample 11 135 129 1536 
% of geese from each region* 87.0 1.0 12.0 
" West of 101°W longitude. 
* East of 101°W longitude. 
" Number of nesting adults in the Western Arctic in 1987 and in Central 

Arctic in 1988 (Kerbes 1994, Appendix 2). 
* Calculated following the method of Turner et al. (1994:14). 

Appendix 4 
Estimated proportion of Lesser Snow Geese wintering in New Mexico and 
the Northern Highlands of Mexico in 1989-1990 that came from colonies in 
the Western Arctic, western Central Arctic, and eastern Central Arctic 

Western Eastern 
Western Central Central 

Arctic Arctic" Arctic* 
Population size" 205 000 6000 273 000 
Number neckbanded, summer 1989 718 279 711 
Ratio of population size to number 
neckbanded 286:1 22:1 384:1 
Number of neckbands read, 1989-1990 119 66 14 

Estimated number of geese from a 
given breeding area in observed sample 33 976 1419 5376 
% of geese from each region* 83.3 3.5 13.2 
" West of 101oW longitude. 
* East of 101°W longitude. 
c Number of nesting adults in the Western Arctic in 1987 and in Central 

Arctic in 1988 (Kerbes 1994, Appendix 2). 
* Calculated following the method of Turner et al. (1994:14). 
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Abstract 

Recent and historical changes in the autumn and 
winter distributions of Lesser Snow Geese Anser 
caerulescens caerulescens (hereafter referred to as Snow 
Geese) that breed in the Western Canadian Arctic and on 
Wrangel Island were evaluated from legband recoveries from 
hunter-killed geese and from resightings of neckbanded 
geese, using data from banding in the Western Arctic in 
1953-1966, 1973-1976, and 1987-1989 and on Wrangel 
Island in 1961-1963, 1975-1979, and 1988-1989. 

There has been a gradual eastward shift in the 
location of the autumn staging area in the Canadian prairies 
used by Snow Geese from the Western Arctic. In the 1950s 
and 1960s, 74% of the legband recoveries in the Canadian 
prairies occurred in Alberta, and 26% were in Saskatchewan. 
By the late 1980s and early 1990s, only 36% of the legband 
recoveries and 32% of the neckband observations were in 
Alberta, and the remainder were in Saskatchewan. A small 
proportion (<6%) of the Wrangel Island Population moved 
through the Canadian prairies in autumn; most of the popula­
tion apparently migrated along the Pacific coast. There was 
no evidence of broad-scale changes in the fall distribution of 
Wrangel Island geese using the Pacific route. 

Nine major areas where geese from one or both popu­
lations spent the winter (December-February) were identi­
fied. Significant changes have occurred in the winter 
distribution of both populations. In the 1960s and 1970s, 
90% of the Western Arctic geese wintered in California, and 
about 8% wintered in the Western Central Flyway. By the 
late 1980s, the Western Central Flyway component had 
increased to 24% of the total population, whereas the Cali­
fornia component had declined to 76%. In the 1960s and 
1970s, approximately 90% of the Wrangel Island Population 
wintered in California and 10% in the Fraser-Skagit region. 
Observations of neckbanded geese in the late 1980s and early 
1990s indicated that only 47% moved south to California 
while at least 52% of the population wintered in the Fraser-
Skagit region. Possible explanations of the changes in winter 
distribution of Wrangel Island and Western Arctic Snow 
Geese, including geographic differences in survival, produc­
tivity, and movement patterns, are discussed. 

Further growth of the Western Arctic Population has 
occurred since the completion of the collaring study in 1992. 
Recent wintering ground counts suggest that most of the 

population growth is associated with the segment of the 
population wintering outside California. 

Resume 

Les changements recents et historiques dans les distri­
butions automnales et hivernales des Petites Oies des neiges 
Anser caerulescens caerulescens (appelees ci-apres Oies des 
neiges), qui se reprodnisent dans l'ouest de l'Arctique 
canadien et sur l'ile Wrangel, ont ete evalues a partir des 
bagues recuperees aupres d'oies tuees par des chasseurs et de 
l'observation des oies a qui on a pose un collier, en utilisant 
les donnees provenant du baguage des oiseaux dans l'ouest 
de l'Arctique de 1953 a 1966, de 1973 a 1976 et de 1987 a 
1989 ainsi que dans Pile Wrangel de 1961 a 1963, de 1975 a 
1979 etde 1988 a 1989. 

II s'est produit un deplacement graduel vers Pest de 
l'emplacement des aires de repos d'automne dans les Prairies 
canadiennes frequentees par les Oies des neiges de l'ouest de 
l'Arctique. Dans les annees 1950 et 1960, 74 p. 100 des 
bagues recuperees dans les Prairies canadiennes 
s'effectuaient en Alberta et 26 p. 100 avaient lieu en Saskat­
chewan. A la fin des annees 1980 et au debut des annees 
1990, seulement 36 p. 100 des bagues recuperees et 
32 p. 100 des observations des colliers se produisaient en 
Alberta et le reste s'effectuait en Saskatchewan. Une faible 
proportion (<6 p. 100) de la population de l'ile Wrangel se 
deplacait dans les Prairies canadiennes a l'automne; la 
majeure partie de la population migrait apparemment le long 
de la cote du Pacifique. II n'y avait aucune preuve de change-
ment a grande echelle de la distribution automnale des oies 
de l'ile Wrangel utilisant la route du Pacifique. 

On a identifie neuf regions principales ou les oies 
d'une population ou des deux populations hivernent (de 
decembre a fevrier). Des changements importants se sont 
produits dans la distribution hivernale des deux populations. 
Dans lps annees 1960 et 1970, 90 p. 100 des oies de l'ouest 
de l'Arctique hivernaient en Californie et environ 8 p. 100 
hivernaient dans la voie migratoire du centre-ouest. A la fin 
des annees 1980, la voie migratoire du centre-ouest avait 
connu une hausse de 24 p. 100 de l'ensemble de la popula­
tion, tandis que la composante de la Californie avait connu 
un declin de 76 p. 100. Dans les annees 1960 et 1970, 
environ 90 p. 100 de la population de l'ile Wrangel hivernait 
en Californie et 10 p. 100 dans la region Fraser-Skagit. Les 
observations effectuees des oies a qui on a pose un collier 
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vers la fin des annees 1980 et au debut des annees 1990 ont 
indique que seulement 47 p. 100 de la population se deplacait 
vers le sud jusqu'en Californie, tandis qu'au moins 52 p. 100 
de la population hivemait dans la region Fraser-Skagit. Des 
explications possibles de ces changements de la distribution 
hivernale des Oies des neiges de l'ile Wrangel et de l'ouest 
de l'Arctique, y compris les differences des taux de survie, 
de productivite et des tendances de mouvements, font l'objet 
de discussion. 

Une nouvelle croissance de la population de l'ouest 
de l'Arctique s'est produite depuis la conclusion de l'etude 
sur la pose de colliers de 1992. Les denombrements recents 
effectues dans les aires d'hivernage suggerent que la majeure 
partie de la croissance de la population est associee au 
segment de la population hivernant a 1'exterieur de la 
Californie. 

1. Introduction 

The autumn and winter distributions of Lesser Snow 
Geese Anser caerulescens caerulescens (hereafter referred to 
as Snow Geese) from breeding colonies in the Western 
Canadian Arctic and on Wrangel Island, Russia, have been 
described previously in a number of general references, man­
agement plans, and technical reports (Rienecker 1965; 
Dzubin 1974; Dzubin et al. 1975; Bellrose 1976; Subcom­
mittee on White Geese 1992a, 1992b). Much of this under­
standing was based on banding programs carried out before 
1972. In the late 1980s, suspected changes in the distribution 
of these populations precipitated a major collaring and obser­
vation study of Snow Geese in western North America. In 
this paper, we describe the autumn and winter distributions 
of the geese based on information from individuals that were 
legbanded from 1953 to 1989 and collared from 1987 to 
1989. Our objective is to document both recent and 
long-term changes in the distributions of Western Canadian 
Arctic and Wrangel Island Snow Geese and describe the 
management implications of these results. 

2. Methods 
Banding of Snow Geese has been carried out periodi­

cally since 1953 in the Western Arctic and since 1961 on 
Wrangel Island. Although significant numbers of birds were 
colour-marked by either collaring or dyeing plumage prior to 
1980, the only data now available on distribution from this 
period come from legband recoveries. Most adult geese 
captured from 1987 to 1989, as well as being legbanded, 
were equipped with uniquely coded plastic neckbands. Thus, 
data from both legband recoveries and neckband sightings 
were collected for this sample of geese. Descriptions of field 
methods, observation effort, and general results of the 
1987-1989 neckband study are included in Kerbes and 
Meeres (1999, this volume). Locations of major field activi­
ties and other areas referred to in the text are shown in 
Figure 1. 

Although exact dates of neckband observations were 
recorded, dates of legband recoveries were sometimes known 
to the nearest month only. Thus, we defined the winter 
period as 1 December - 29 February for both legband recov­
eries and neckband observations. This corresponds to the 
interval when most migration was complete and the geese 
had settled on wintering areas (Armstrong et al. 1999, this 

volume). This definition is somewhat broader than that used 
in Armstrong et al. (1999, this volume). 

2.1 Band recoveries 

We examined autumn and winter distributions of 
Snow Geese banded on Wrangel Island in 1961-1963, 
1975-1979, and 1988-1989 and in the Western Arctic in 
1953-1963, 1973-1976, and 1987-1989 by mapping the 
locations of legband recoveries from hunter-killed birds. As 
many of the banding and recovery records for 1961-1963 for 
Wrangel Island were destroyed in a fire, we used the data for 
this period reported by Dzubin et al. (1975:31), after Teplov 
and Shevareva (1965). All other recovery data were obtained 
from the Bird Banding Office of the Canadian Wildlife 
Service, Ottawa. 

Important areas for wintering Snow Geese were iden­
tified from clusters of legband recoveries. Data for both adult 
(after hatch year) and young (hatch year) geese were 
combined in the analyses, as the distributions of these recov­
eries did not differ greatly (Appendices la-If). Only 
combined data on direct recoveries (i.e., those made within 
one year of banding) and indirect recoveries (made more 
than one year after banding) were available for the 
1961-1963 bandings on Wrangel Island (Dzubin 1974). Data 
summaries indicated that the distributions of direct and 
indirect recoveries were similar and that pooling samples 
would not alter the general results (Appendices 2 and 3). 

Most (>95%) of the Snow Geese from the Western 
Arctic nest on Banks Island (Kerbes et al. 1999, this 
volume), where geese were banded in 1953, 1955, 1961, and 
1987. As the geographic distribution of legband recoveries or 
neckband observations from geese banded on Banks Island 
did not differ greatly from that for geese banded on the 
mainland (Anderson River or Kendall Island) (Appendices 4 
and 5), all Snow Geese banded in the Western Arctic were 
combined into a single sample for each year. 

2.2 Neckband observations 

Collared Snow Geese were observed between 
September 1987 and April 1992. An extensive network of 
observers equipped with spotting scopes recorded individual 
neckband codes of the geese as they fed in open agricultural 
fields or rested on land or water (Kerbes and Meeres 1999, 
this volume). 

The distributions of Snow Geese from Wrangel Island 
and the Western Arctic were estimated from neckband 
resightings in two ways. First, we identified clusters of 
sightings. The numbers of collared individuals sighted in 
each 1) degree block, 2) province, state, or territory, or 
3) general wintering area (e.g., Western Central Flyway) 
were determined. A second approach used marlcresight 
methods to estimate the number of collared geese from each 
breeding population present in the different wintering areas. 
This involved dividing the winter into six two-week intervals 
and treating each interval as a sampling period. The number 
of collared geese present in each area was then estimated 
using the computer program CAPTURE (Otis et al. 1978). 
Further details of how the method was applied to neckband 
data are described in Kerbes et al. (1999, this volume). 

There were too few observations from the wintering 
grounds in the Northern Highlands of Mexico to allow us to 
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Evocations w h e r e Lesser Snow Geese were 
where neckbanded geese were resighted, 1953-1992 

apply the mark:resight method. Instead, we estimated the 
number of collared geese present in this region using infor­
mation on total population size and the estimated ratio of 
marked to total geese present (from Turner et al. 1994). 

3. Results 

Between 1953 and 1989,14 477 Snow Geese were 
banded in the Western Arctic; from 1961 to 1989, more than 
3565 Snow Geese were banded on Wrangel Island (the 
numbers banded from 1961 to 1963 are uncertain) (Table 1). 

We used 2014 legband recoveries from hunter-shot geese 
from the Western Arctic and 693 recoveries from Wrangel 
Island geese (Appendices la-If). In addition, the collaring of 
geese from 1987 to 1989 provided very detailed information 
on distribution in the late 1980s and early 1990s (Appendices 
la-If): 17 094 observations of 2644 individuals from the 
Western Arctic and 11 927 observations of 1357 individuals 
from Wrangel Island were made between 1 September 1987 
and 29 February 1992. The seasonal distributions of legband 
recoveries and neckband observations for Western Arctic 
Snow Geese for the different banding periods are 
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Table 1 
The number of Lesser Snow Geese marked in the Western Canadian Arctic and on Wrangel Island. 1953-1989 

Legbanded Neckbanded 

Location Year 
Banks Island 1953 
Banks Island 1955 
Anderson River 1959 
Anderson River 1960 
Anderson River 1961 
Banks Island 1961 
Anderson River 1962 
Anderson River 1963 
Anderson River 1964 
Anderson River 1966 
Anderson River 1973 
Anderson River 1974 
Anderson River 1975 
Anderson River 1976 
Anderson River 1979. 
Kendall Island 1987 
Anderson River 1987 
Banks Island 1987 
Anderson River 1988 
Anderson River 1989 

Total — Western Canadian Arctic 3 321 

Adults 
79 

177 
134 
614 
227 
535 
371 
190 

0 
103 
688 
269 
383 
71 
1 
1 

22 
226 

2 
19 

Young 
Unknown 

age Adults 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

59 
492 
479 
886 
713 

Young Total 
79 

299 
230 

1 670 
747 

1 065 
1 018 
1 166 

1 
224 

1438 
474 
930 
197 

1 
141 
693 

1 338 
1 723 
1 043 

0 
122 
96 

1 056 
520 
530 
647 
976 

0 
121 
749 
205 
546 
126 

0 
80 

179 
628 
834 
311 

6 923 
Wrangel Island" 1961-1963 ? ? 
Wrangel Island 1974 1 0 
Wrangel Island 1975 0 372 
Wrangel Island 1976 83 231 
Wrangel Island 1977 103 231 
Wrangel Island 1979 0 0 
Wrangel Island 1988 339 0 
Wrangel Island 1989 0 0 
Total — Wrangel Island >526 >834 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
5 
0 
0 

9 

0 
0 
0 
0 
0 
3 
0 

3 420 

? 
0 

224 
182 
386 
49 

901 
460 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

804 

? 
0 
0 
0 
0 
0 
0 
0 

14 477 

? 
1 

596 
496 
720 
49 

1 243 
460 

>3 >2 202 >0 >3 565 

summarized in Figures 2-10 and Appendices la-lc and for 
Wrangel Island Snow Geese in Figures 11-18 and Appen­
dices ld-lf. ™ 

3.1 Autumn distribution 

Details of recent autumn and spring migration routes 
for Snow Geese from the Western Arctic and Wrangel Island 
are described by Armstrong et al. (1999, this volume). Here 
we focus on the major autumn staging area for the Western 
Arctic geese in the Canadian prairies (Fig. 1). Since 1953, 
this area has accounted for 52% of the legband recoveries for 
Western Arctic geese during September-November and for 
48% of the autumn observations of collared geese from 1987 
to 1992. 

In the 1950s and 1960s, the migration corridor 
followed by Western Arctic geese was mainly through 
eastern Alberta (74% of the legband recoveries were in 
Alberta, compared with 26% in Saskatchewan; Fig. 2). By 
the 1970s, the recoveries were split almost equally between 
the two provinces (53% in Alberta, 47% in Saskatchewan; 
Fig. 3); in the late 1980s and early 1990s, only 36% of the 
legband recoveries and 32% of the neckband observations 
were in Alberta, compared with 64% of legband recoveries 
and 68% of the neckband observations in Saskatchewan 

(Figs. 4 and 5). Thus, there has been a gradual but substantial 
shift eastward, with a larger percentage of the Western Arctic 
Population now staging in Saskatchewan. 

Relatively few geese (<6% of the autumn recoveries) 
from either the 1975-1977 or 1988-1989 bandings on 
Wrangel Island were recovered in the Canadian prairies 
during September-November (Figs. 11-12), and only 4% of 
the collared geese sighted in the fall during 1988-1992 were 
seen there (Fig. 13). Thus, most of the Wrangel Island geese 
migrated along a Pacific coast route in fall (see Armstrong et 
al. 1999, this volume). 

Since 1961, nearly all (14 of 15) of the small sample 
of Wrangel Island legband recoveries from the Canadian 
prairies were from Alberta (Figs. 11, 12, and 14; Appendices 
Id and le). In contrast, the fall neckband observations of 
Wrangel Island geese made in the prairies from 1988 to 1992 
were equally distributed between Saskatchewan and Alberta 
(n = 42; Fig. 13). Thus, unlike the situation with Western 
Arctic geese, the data seem equivocal on the question of 
whether the small numbers of Wrangel Island geese moving 
through the Canadian prairies in fall are taking a more 
easterly route than previously. 

There were no obvious broad-scale changes in the use 
of fall staging areas by Wrangel Island geese that migrate 
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Figure 2 
Distribution of legband recoveries for Lesser Snow Geese marked in the Western Canadian Arctic, 1953-1966, and shot during autumn 
(September-November). The numbers of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 
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Distribution of legband recoveries for Lesser Snow Geese marked in the Western Canadian Arctic, 1973-1976, and shot during autumn 
(September-November). The numbers of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 
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Figure 4 
Distribution of legband recoveries for Lesser Snow Geese marked in the Western Canadian Arctic, 1987-1989, and shot during autumn 
(September-November). The numbers of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 



Distribution of neckband observations of Lesser Snow Geese marked in the Western Canadian Arctic, 1987-1989, and seen during autumn (September-
November). The numbers of individual geese sighted per degree block are indicated, and the total numbers of individuals sighted per province or state an 
circled. 



Figure 6 
Distribution of legband recoveries for Lesser Snow Geese marked in the Western Canadian Arctic, 1953-1966, and shot during winter (December-February). 
The numbers of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 



Distribution of legband recoveries for Lesser Snow Geese marked in the Western Canadian Arctic, 1973-1976, and shot during winter (December-February). 
The numbers of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 



Figure 8 
Distribution of legband recoveries for Lesser Snow Geese marked in the Western Canadian Arctic, 1987-1989, and shot during winter (December-February). 
The numbers of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 



Distribution of neckband observations of Lesser Snow Geese marked in the Western Canadian Arctic, 1987-1989, and seen during winter (December-
February). The numbers of individual geese sighted per degree block are indicated, and the total numbers of individuals sighted per province or state ar 
circled. 
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Figure 10 
Changes in the winter distribution of Lesser Snow Geese from the Western 
Canadian Arctic determined by legband recoveries and neckband resightings 
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south along the Pacific Flyway route (Figs. 11-13; 
Appendix le). 

3.2 Major wintering areas 

Nine major wintering areas for Snow Geese were 
identified from the information on banded and collared indi­
viduals (Fig. 1) and related descriptions from the literature 
(see Bellrose 1976; Subcommittee on White Geese 1992a, 
1992b; Armstrong et al. 1999, this volume). The areas 
included 1) the Fraser River and Skagit River deltas of 
British Columbia and Washington; 2) the Columbia River 
area in southern Washington and northern Oregon; 3) the 
Klamath Basin in southern Oregon and northern California; 
4) the Central Valley of California; 5) the Saltan 

Sea-Imperial Valley area of southern California and 
Arizona; 6) western New Mexico (i.e., west of 105°W); 7) 
eastern New Mexico (i.e., east of 105°W), southern 
Colorado, and northwestern Texas; 8) the Northern 
Highlands of Mexico north of 28°N; and 9) the Northern 
Highlands of Mexico south of 28°N. For management 
purposes, the groups of geese wintering in the latter four 
areas are termed the Western Central Flyway Population. 
Similarly, geese wintering in areas 1-5 comprise the Pacific 
Flyway Population. This population is composed mainly of a 
north-wintering group from Wrangel Island (using mainly 
the Fraser-Skagit area) and a south-wintering group derived 
from colonies in the Western Arctic and Wrangel Island 
(using mainly the Klamath Basin and the Central Valley). 

3.2.1 Winter distribution of Western Canadian Arctic Snow 
Geese 
The geographic distributions of winter legband recov­

eries and neckband observations of Western Arctic Snow 
Geese are mapped in Figures 6—9, and the historical changes 
in distribution are summarized in Figure 10. 

In the 1950s-1970s, 90% of the winter legband recov­
eries occurred in California, and only 8% were in the 
Western Central Flyway (Figs. 6 and 7). By the late 1980s, 
the proportion of the recoveries in the latter area had 
increased to 20%, whereas those in California had declined 
to 77% (Fig. 8). Neckband observations in the late 1980s and 
early 1990s suggested that 24% of the Western Arctic geese 
may have wintered in the Western Central Flyway and 72% 
in California (Figs. 9 and 10). Using the marfcresight 
approach to estimate total numbers of collared geese in each 
area, we found that 76% of the Western Arctic geese 
wintered in California and 24% in the Western Central 
Flyway in 1988-1990 (Table 2). 

The estimated number of neckbanded Lesser Snow Geese in different wintering areas in the Pacific and Western Central 
flyways, 1988-1989 and 1989-1990 

Wintering location Year 

Wrangel Island Western Canadian Arctic 

Wintering location Year Number ±SE Percent Number ±SE Percent 
British Columbia-Washington 1988--1989 382 ±27 • 53.9 0 0.0 
California 1988--1989 324 ± 17 45.7 827 ± 39 74.0 
New Mexico 1988--1989 1 0.1 77 ± 4 6.9 
Mexico 1988--1989 2 0.3 211 18.9 
Other 1988--1989 0 0.0 3 0.3 

All areas 1988--1989 709 100.0 1118 100.0 

British Columbia-Washington 1989--1990 346 ± 33 51.0 0 0.0 
California 1989--1990 330 ± 15 48.7 1077 ±31 76.8 
New Mexico 1989--1990 1 0.1 130 ± 15 9.3 
Mexico 1989--1990 1 0.1 194 13.8 
Other 1989--1990 0 0.0 1 0.1° 

All areas 1989--1990 678 100.0 1402 100.0 

British Columbia-Washington 1988--1990 (mean) 364 52.4 0 0.0 
California 1988--1990 (mean) 327 47.1 952 75.5 
New Mexico 1988--1990 (mean) 1 0.1 104 8.2 
Mexico 1988--1990 (mean) 2 0.3 203 16.1 
Other 1988--1990 (mean) 0 0.0 2 0.2" 

All areas 1988--1990 (mean) 694 100.0 1261 100.0 
" Fifty-nine migrant geese appearing in Utah in February 1990 were excluded from the analyses. 



Distribution of legband recoveries for Lesser Snow Geese marked on Wrangel Island, 1975-1979, and shot during autumn (September-November). The 
numbers of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 
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Figure 12 
Distribution of legband recoveries for Lesser Snow Geese marked on Wrangel Island, 1988-1989, and shot during autumn (September-November). The 
numbers of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 
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Distribution of neckband observations of Lesser Snow Geese marked on Wrangel Island, 1988-1989, and seen during autumn (September-November). The 
numbers of individual geese sighted per degree block are indicated, and the total numbers of individuals sighted per province or state are circled. 



Figure 14 
Distribution of legband recoveries for Lesser Snow Geese marked on Wrangel Island, 1961-1963, and shot during autumn and winter (September-February). 
Total recoveries per province or state are circled. More detailed information on either locations or dates of recoveries was not available. 
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Dtotritafon of legband recoveries for Lesser Snow Geese marked on Wrangel Island, 1975-1979, and shot during winter (December-February). The numbers 
of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 
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Total legbanded=1861 (includes 841 collared). 
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(to February 1996). 
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Figure 16 
Distribution of legband recoveries for Lesser Snow Geese marked on Wrangel Island, 1988-1989, and shot during winter (December-February). The numbers 
of recoveries per degree block are indicated, and the total recoveries per province or state are circled. 
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Figure 17 
Distribution of neckband observations of Lesser Snow Geese marked on Wrangel Island, 1988-1989, and seen during winter (December-February). The 
numbers of individual geese sighted per degree block are indicated, and the total numbers of individuals sighted per province or state are circled. 
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Figure 18 
Changes in the winter distribution of Lesser Snow Geese from Wrangel 
Island determined by legband recoveries and neckband resightings 

3.2.2 Winter distribution of Wrangel Island Snow Geese 
The previously published 1961-1963 legband 

recovery data were pooled by the age of the birds and the 
month of recovery and could not be separated into fall and 
winter categories, as were the other samples. Most recoveries 
were from California-Oregon (85%), and few (10%) were 
from British Columbia and Washington (Figs. 14 and 18). As 
some of the geese were likely killed on their southward 
migration, probably 90% or more of the winter recoveries 
would have been from California-Oregon. These proportions 
did not change significantly in the 1970s (Figs. 15 and 18). 

By the late 1980s, a significant shift in the winter dis­
tribution of Wrangel Island geese had occurred: recoveries 
indicated that 47% of the geese (Figs. 16 and 18) now 
wintered in British Columbia and Washington, with the 
remainder using the California-Oregon wintering area. 
Neckband observations carried out from 1988 to 1992 
indicated that 46% of the wintering population was in Cali­
fornia-Oregon and 53%) was in British Columbia-Washing­
ton (Figs. 17 and 18). The mark:resight estimates of the 
number of collared geese present in each wintering area 
yielded quite similar results (Fig. 18; Table 2). 

Despite a wide distribution of observer effort through­
out a broad geographic area and over an extended period 
(Kerbes and Meeres 1999, this volume), relatively few 
Wrangel Island geese collared in 1988-1989 were sighted 
outside the traditional wintering and migration sites (Fig. 
17). The pattern of legband recoveries was similar (Fig. 16). 

4. Discussion 

A major objective of this study was to describe the 
recent autumn and winter distributions of Snow Geese from 
the Western Canadian Arctic and Wrangel Island and to 
determine how the distribution of geese from the two areas 
might have changed over the past several decades. The reli­
ability of the results depends on how representative legband 
recoveries and neckband observations are of the true distri­
bution of wintering geese from the different breeding areas. 

The relative merits of the legband recovery and 
neckband resighting approaches have been discussed by 
Hestbeck et al. (1990). The results of legband recovery 
analyses depend on the distribution of hunters. Geographic 
variations in hunting effort and band reporting rates could 
potentially give misleading indications of the proportion of a 
population using different areas. Likewise, the neckband 
resighting approach depends on the distribution and effi­
ciency of observers. Resightings have the potential to 
provide much more detailed and reliable results than legband 
recoveries, because the resighting rates for collared geese 
(about 75%) are much higher than the legband recovery rates 
(2-3%>) (Hines et al. 1999, this volume). In addition, possible 
biases in the neckband resighting data can be overcome if the 
number of collared geese wintering in each area can be 
estimated from the data. The broad similarity of distribution 
patterns derived from numbers of legband recoveries, 
numbers of neckband observations, and mark:resight 
estimates of the numbers of collared geese present in 
different wintering areas increases our confidence in the 
general reliability of the results. 

4.1 Western Canadian Arctic Population 

The long-term legband recovery data and the more 
recent information on collared geese clearly demonstrate 
changes in the autumn distribution of Western Arctic Snow 
Geese. On the staging grounds of the Canadian prairies, the 
eastward shift from about 75% of the geese staging in 
Alberta in the 1950s and 1960s to >60% of the geese staging 
in Saskatchewan in the late 1980s and early 1990s was 
possibly related to differences in hunting regulations in the 
two provinces. Goose hunting has been restricted to "morn­
ing-only" throughout the southern Saskatchewan staging area 
since the early 1960s (G.W. Pepper, pers. commun.) but is 
"all-day" in Alberta, which undoubtedly increased the degree 
of disturbance in Alberta relative to that in Saskatchewan. 
The eastward shift may also have been related to drought in 
the early 1960s, the impact of which was more pronounced 
on the shallow wetlands used by staging geese in Alberta 
than in the more permanent wetlands available to staging 
geese in Saskatchewan. 

Significant changes in the winter distribution of the 
Western Arctic Snow Geese have also occurred. The propor­
tion of the population wintering in the Central Valley of Cal­
ifornia decreased from 90% in the 1960s to 76% in the late 
1980s and early 1990s (most of this change occurring since 
the late 1970s), while the proportion wintering in the 
Western Central Flyway increased to 24%. 

The extent to which changes in the winter distribution 
of the Western Arctic Population are related to variations in 
survival, productivity, or movements is difficult to 
determine. For 1987-1989, survival estimates for the increas­
ing Western Central Flyway component of the population 
were not higher than those for the stable California wintering 
segment (Hines et al. 1999, this volume). Productivity data, 
although not collected continuously for both wintering areas, 
suggest that the reproductive success of the Western Central 
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Flyway stock is lower than that of the California-wintering 
stock (Silveira 1989, 1990; Subcommittee on White Geese 
1992a; Turner et al. 1994).1 Therefore, the shifting distribu­
tion of wintering geese from the Western Arctic does not 
appear to be a product of regional differences in survival or 
productivity and might be related to changes in movement 
patterns. Specifically, either there has been an influx to the 
Western Arctic breeding colonies of birds from the Central 
Arctic (perhaps facilitated through mixing on staging areas 
or the wintering grounds in the Western Central Flyway) (see 
Dzubin 1979) or significant numbers of geese from the 
Western Arctic colonies have shifted to the Western Central 
Flyway, rather than following the traditional migration route 
to California (Bartonek 1986). Snow Geese from the Central 
Arctic share wintering grounds with Western Arctic geese in 
New Mexico and Mexico and are the most probable source 
of immigrating geese. In 1988, 20% of Central Arctic Snow 
Geese were blue phase, and individual colonies ranged from 
5% to 33% blue (Kerbes 1994). A substantial increase in the 
number of blue geese in the Western Arctic would be 
expected if geese formerly breeding in the Central Arctic 
have shifted to the Western Arctic. Although the proportion 
of blue-phase geese on Banks Island increased from about 
0.01% in the mid-1970s (Dzubin 1979) to 0.5% in 1995-
-1997 (G. Samelius, pers. commun.), it remains very low. 
This change in the colour phase ratio suggests that, in 1995, 
fewer than 2500 blue-phase and 45 000 white-phase geese on 
Banks Island would have originated from the Central Arctic 
(assuming the immigrants were only 5% blue). As the popu­
lation increased by more than 280 000 breeding geese during 
this period, immigrating geese seem to have made a rela­
tively small contribution to the overall population growth (at 
most 17%>). Most of the increase in the Western Arctic Popu­
lation must have been internal. 

There are few available data that can be used to 
evaluate what effect emigration (i.e., the abandonment by 
individual geese of their traditional wintering area in Califor­
nia for the wintering area in the Western Central Flyway) has 
had on the winter distribution of Western Arctic geese. The 
high degree of philopatry of collared adult geese to previous 
staging and wintering areas (Armstrong et al. 1999, this 
volume) suggests that any wide-scale changes in use of 
wintering areas would have had to involve young geese. If 
there has been a shift from the California migration route to 
the Western Central Flyway, then numerous hatch-year birds 
that first wintered in California must have shifted to the 
Western Central Flyway in subsequent winters. Unfortu­
nately, young geese were not collared, so there is no infor­
mation on their movements. 

4.2 Wrangel Island Population 

The results from the 1988-1989 collaring study 
clearly support earlier observations that there are two major 
wintering areas for Wrangel Island Snow Geese (Subcom­
mittee on White Geese 1992b). As previously noted by 
Baranyuk (1992, 1995) and Boyd (1995), the proportions of 

the population using the northern and southern wintering 
areas have changed greatly over the past 30 years. In the 
1960s and 1970s, <10% of the Wrangel Island geese 
remained in the Fraser-Skagit (northern) area, whereas 90% 
moved south to California (Fig. 19). By the late 1980s, about 
50% of the geese wintered in each area. Using data from 
annual photo counts of geese wintering in the Fraser-Skagit 
area and spring counts of both breeding and nonbreeding 
geese on Wrangel Island, Boyd (1995) estimated that the 
proportion of the Wrangel Island Population wintering in the 
north had increased from about 22% in 1968 to 56% in 1992. 
The percentages of north-wintering geese determined in this 
manner are slightly higher than those obtained for similar 
periods through the Iegbanding and neckbanding studies. 

According to the legband recovery and neckband 
observation data, much of the change in the distribution of 
wintering geese occurred in the late 1970s or during the 
1980s. Similarly, the annual photo counts of wintering birds 
in the Fraser-Skagit region (Boyd 1995) indicated a very 
rapid increase in goose numbers between 1974-1975 and 
1980-1981, at a rate (>19% per annum) far too high to be 
explained entirely in terms of enhanced reproductive success 
or high survivorship. In 1988-1989, the survival rates of the 
north-wintering stock of geese were not higher than those of 
the south-wintering ones (Hines et al. 1999, this volume) and 
are among the lowest values reported for adult Snow Geese 
(see Rienecker 1965; Francis and Cooke 1992; Hines et al. 
1999, this volume). Information on the productivity of the 
south-wintering stock of Wrangel Island geese is not 
available; however, the average productivity of the northern 
stock of geese has not increased since the 1970s and is quite 
low (19%) compared with other values reported in the litera­
ture (see Bellrose 1976; Jeffrey and Kaiser 1979; Boyd 
1995). Therefore, it seems probable that changing movement 
patterns must account, at least in part, for the increasing per­
centage of the population wintering in the north. 

The rapid increase in the proportion of the population 
wintering in the Fraser-Skagit region seems to have occurred 
in the late 1970s, when the geese first began to feed in agri­
cultural fields (see Hatfield, referred to by Campbell et al. 
1990) and were no longer entirely dependent on salt-marsh 
habitat. This timing of the increase also corresponds to a 
period when the Wrangel Island Population, having sustained 
four consecutive years of weather-induced reproductive 
failure, was recovering from all-time low numbers. Thus, a 
possible explanation of the increasing proportion of geese in 
the Fraser-Skagit area is that reduced competition for food 
resources there has "short-stopped" some fall migrants 
formerly bound for California. 

4.3 Integration of distribution and population data from 
1987-1992, and possible changes since then 

In Figure 19, we have summarized the findings on the 
fall and winter distributions of geese in the context of our 
current understanding of population size on both breeding 
and wintering grounds (Kerbes et al. 1999, this volume). 

1 The percent young in wintering flocks of Snow Geese in New Mexico and Mexico averaged 22% during 1979-1992. In the Pacific Flyway, where 
>75% of the wintering geese are from the Western Arctic, there was an average of 31% young in the population from 1973 to 1981. In 1988-1989 and 
1989-1990, there was an average of 30% young in California. The estimates for the Pacific Flyway include Wrangel Island geese (known to have low 
productivity) and would probably underestimate the reproductive success of Snow Geese from the Western Arctic. 
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Figure 19 
The numbers of adult Lesser Snow Geese from the Western Arctic and 
Wrangel Island wintering in different regions. Numbers presented are for 
adult geese (both breeders and nonbreeders) and represent average values for 
1987-1992. 

5 

When combined, the population and distribution data from 
the late 1980s and early 1990s are compatible and seem to 
present a fairly complete picture of the distribution of both 
Wrangel Island and Western Arctic populations. However, 
more recent population estimates indicate that the Western 
Canadian Arctic Population has continued to grow substan­
tially and that a significant change in the winter distribution 
of these geese may have occurred. 

Between 1987 and 1995, the Western Arctic Popula­
tion grew from more than 250 000 to over 500 000 adults 

(breeders and nonbreeders). Surprisingly, the numbers of 
birds wintering in California did not increase during this 
period, so in recent years more than half the population may 
have wintered outside California. Numbers of wintering 
Snow Geese in the Western Central Flyway apparently 
doubled in the early 1990s to more than 250 000. This total 
includes both adult and young geese and may be composed 
of only about 80% Western Arctic birds (see Turner et al. 
1994:14-15; Kerbes et al. 1999:33, this volume). Thus, 
despite the substantial increase in numbers of Snow Geese 
wintering in the Western Central Flyway, we can now 
account for only <70% of the Western Arctic geese in winter. 
The most likely explanation for this is that the winter counts 
in the Western Central Flyway and California have more sig­
nificantly underestimated the number of geese present in 
recent years than they did a few years earlier (Kerbes et al. 
1999, this volume). 

4.4 Management implications 

Increasing numbers of Snow Geese of the 
Midcontinent Population of the Eastern and Central 
Canadian Arctic have severely overgrazed large areas of 
tundra near some breeding colonies on the southern and 
western coasts of Hudson Bay (Kerbes et al. 1990; Batt 
1997). Although we have not detected any evidence of wide­
spread overgrazing in the Western Arctic, it would be useful 
to take a proactive approach in the management of this popu­
lation before it increases to a level where it cannot be readily 
controlled by hunting. We believe a desirable goal would be 
to stabilize the size of the population at its current level, 
thereby maintaining maximum opportunities for subsistence 
harvest of the geese in northern Canada and for sport hunting 
and nonconsumptive recreational use in southern Canada, the 
United States, and Mexico. 

Any management efforts aimed at stabilizing the 
numbers of Western Arctic Snow Geese must also consider 
the south-wintering Wrangel Island geese, which have 
greatly declined in numbers during the past 30 years. In 
addition, the available evidence from the wintering grounds 
suggests that the total number of wintering birds in Califor­
nia (>85% Western Arctic geese, <15% Wrangel Island 
geese) has not increased with the overall Western Arctic pop­
ulation. Thus, neither of the stocks of geese wintering in Cal­
ifornia may be able to sustain increased harvest. Elsewhere 
in this volume, we have suggested that the safest approach to 
population management would be to "increase the fall harvest 
of Snow Geese in Alberta, Saskatchewan, and Montana, the 
winter harvest in the Western Central Flyway, and the spring 
subsistence harvest in the Western Arctic (Hines et al. 1999). 
This approach would help protect the Wrangel Island geese 
while focusing the harvest more directly on the increasing 
eastern segment of the Western Arctic Population. 
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Appendix la 
Locations where adult and young Lesser Snow Geese banded in the Western Canadian Arctic were recovered or their 
neckbands were resighted. Recoveries or resightings are for autumn and winter (September-February). 
Western Arctic — adults 

Neckband 
observations 

Legband recoveries (to 1996) (to 1992) 

Location 
banded 

1953-1966 
banded 

1973-1976 
banded 

1987-1989 Total 
banded 

1987-1989 
Alberta 88 17.1% 43 14.6% 23 9.5% 154 14.6% 377 11.8% 
Arizona 1 0.2% 0 0.0% 0 0.0% 1 0.1% 1 0.0% 
California 300 58.4% 183 62.0% 124 51.0% 607 57.7% 1375 42.9% 
Colorado 1 0.2% 0 0.0% 6 2.5% 7 0.7% 8 0.2% 
Idaho 0 0.0% 0 0.0% 1 0.4% 1 0.1% 3 0.1% 
Iowa 0 0.0% 1 0.3% 0 0.0% 1 0.1% 0 0.0% 
Louisiana 0 0.0% 0 0.0% 1 0.4% 1 0.1% 0 0.0% 
Mexico 23 4.5% 7 2.4% 20 8.2% 50 4.8% 301 9.4% 
Montana 15 2.9% 4 1.4% 8 3.3% 27 2.6% 81 2.5% 
Nevada 6 1.2% 1 0.3% 2 0.8% 9 0.9% 12 0.4% 
New Mexico 1 0.2% 5 1.7% 6 2.5% 12 1.1% 151 4.7% 
North Dakota 1 0.2% 0 0.0% 0 0.0% 1 0.1% 0 0.0% 
Northwest Territories 10 1.9% 4 1.4% 1 0.0% 15 1.4% 0 0.0% 
Oregon 26 5.1% 6 2.0% 8 3.3% 40 3.8% 34 1.1% 
Saskatchewan 35 6.8% 38 12.9% 35 14.4% 108 10.3% 798 24.9% 
South Dakota 0 0.0% 0 0.0% 1 0.4% 1 0.1% 0 0.0% 
Texas 0 0.0% 0 0.0% 6 2.5% 6 0.6% 6 0.2% 
Utah 3 0.6% 0 0.0% 1 0.4% 4 0.4% 59 1.8% 
Washington 2 0.4% 0 0.0% 0 0.0% 2 0.2% 0 0.0% 
Yukon 2 0.4% 3 1.0% 0 0.0% 5 0.5% 0 0.0% 

Total 514 100.0% 295 100.0% 243 100.0% 1052 100.0% 3206 100.0% 

Western Arctic —young 

Legband recoveries (to 1996) 

Location 
banded 

1953-1966 
banded 

1973-1976 
banded 

1987-1989 Total 
Alaska 2 0.4% 0 0.0% 0 0.0% 2 0.2% 
Alberta 102 18.1% 38 15.4% 17 11.3% 157 16.4% 
Arkansas 0 0.0% 0 0.0% 1 0.7% 1 0.1% 
California 328 58.3% 142 57.5% 69 46.0% 539 56.1% 
Colorado 0 0.0% 0 0.0% 1 0.7% 1 0.1% 
Idaho 1 0.2% 1 0.4% 2 1.3% 4 0.4% 
Louisiana 0 0.0% 1 0.4% 0 0.0% 1 "0.1% 
Manitoba 0 0.0% 0 0.0% 1 0.7% 1 0.1% 
Mexico 28 5.0% 12 4.9% 8 5.3% 48 5.0% 
Montana 17 3.0% 2 0.8% 2 • 1.3% 21 2.2% 
Nebraska 0 0.0% 1 0.4% 0 0.0% 1 0.1% 
Nevada 9 1.6% 4 1.6% 0 0.0% 13 1.4% 
New Mexico 0 0.0% 0 0.0% 3 2.0% 3 0.3% 
North Dakota 1 0.2% 1 0.4% 0 0.0% 2 0.2% 
Northwest Territories 3 0.5% 2 0.8% 2 0.0% 7 0.7% 
Oklahoma 0 0.0% 1 0.4% 0 0.0% 1 0.1% 
Oregon 36 6.4% 7 2.8% 6 4.0% 49 5.1% 
Saskatchewan 32 5.7% 34 13.8% 36 24.0% 102 10.6% 
Texas 0 0.0% 0 0.0% 2 1.3% 2 0.2% 
Utah 1 0.2% 0 0.0% 0 0.0% 1 0.1% 
Washington 3 0.5% 0 0.0% 0 0.0% 3 0.3% 
Yukon 0 0.0% 1 0.4% 0 0.0% 1 0.1% 

Total 563 100.0% 247 100.0% 150 100.0% 960 100.0% 



Locations where adult and young Lesser Snow Geese banded in the Western Canadian Arctic were recovered or their 
neckbands were resighted. Recoveries or resightings are for autumn and winter (September-February). 

Western Arctic — adults and young 
Neckband 

observations 
Legband recoveries (to 1996) (to 1992) 

Location 
banded 

1953-1966 
banded 

1973-1976 
banded 

1987-1989 Total 
banded 

1987-1989 

Alaska 2 0.2% 0 0.0% 0 0.0% 2 0.1% 0 0.0% 
Alberta 190 17.6% 81 14.9% 40 10.1% 311 15.4% 377 11.8% 
Arizona 1 0.1% 0 0.0% 0 0.0% 1 0.0% 1 0.0% 
Arkansas 0 0.0% 0 0.0% 1 0.3% 1 0.0% 0 0.0% 
California 628 58.3% 325 60.0% 195" 49.4% 1148 57.0% 1375 42.9% 
Colorado 1 0.1% 0 0.0% 7 1.8% 8 0.4% 8 0.2% 
Idaho 1 0.1% 1 0.2% 3 0.8% 5 0.2% 3 0.1% 
Iowa 0 0.0% 1 0.2% 0 0.0% 1 0.0% 0 0.0% 
Louisiana 0 0.0% 1 0.2% 1 0.3% 2 0.1% 0 0.0% 
Manitoba 0 0.0% 0 0.0% 1 0.3% 1 0.0% 0 0.0% 
Mexico .51 4.7% 19 3.5% 28 7.1% 98 4.9% 301 9.4% 
Montana 32 3.0% 6 1.1% 10 2.5% 48 2.4% 81 2.5% 
Nebraska 0 0.0% 1 0.2% 0 0.0% 1 0.0% 0 0.0% 
Nevada 15 1.4% 5 0.9% 2 0.5% 22 1.1% 12 0.4% 
New Mexico 1 0.1% 5 0.9% 9 2.3% 15 0.7% 151 4.7% 
North Dakota 2 0.2% 1 0.2% 0 0.0% 3 0.1% 0 0.0% 
Northwest Territories 13 1.2% 6 1.1% 3 0.8% 22 1.1% 0 0.0% 
Oklahoma 0 0.0% 1 0.2% 0 0.0% 1 0.0% 0 0.0% 
Oregon 62 5.8% 13 2.4% 14 3.5% 89 4.4% 34 1.1% 
Saskatchewan 67 6.2% 72 13.3% 71 18.0% 210 10.4% 798 24.9% 
South Dakota 0 0.0% 0 0.0% 1 0.3% 1 0.0% 0 0.0% 
Texas 0 0.0% 0 0.0% 8 2.0% 8 0.4% 6 0.2% 
Utah 4 0.4% 0 0.0% 1 0.3% 5 0.2% 59 1.8% 
Washington 5 0.5% 0 0.0% 0 0.0% 5 0.2% 0 0.0% 
Yukon 2 0.2% 4 0.7% 0 0.0% 6 0.3% 0 0.0% 

Total 1077 100.0% 542 100.0% 395 100.0% 2014 100.0% 3206 100.0% 

" Two individuals were recorded as unknown age. 
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Appendix lb 
Locations where adult and young Lesser Snow Geese banded in the Western Canadian Arctic were recovered or their 
neckbands were resighted. Recoveries or resightings are for autumn (September-November). 
Western A rctic — adults 

Neckband 
observations 

Legband recoveries (to 1995) (to 1991) 

Location 
banded 

1953-1966 
banded 

1973-1976 
banded 

1987-1989 Total 
banded 

1987-1989 

Alberta 87 34.9% 43 30.9% 23 19.8% 153 30.4% 377 15.4% 

California 62 24.9% 38 27.3% 29 25.0% 129 25.6% 1047 '42.9% 
Colorado 1 0.4% 0 0.0% 2 1.7% 3 o:6% 2 0.1% 
Iowa 0 0.0% 1 0.7% 0 0.0% 1 0.2% 0 0.0% 

Mexico 4 1.6% 2 1.4% 2 1.7% 8 1.6% 3 0.1% 

Montana 15 6.0% 4 2.9% 8 6.9% 27 5.4% 81 3.3% 

Nebraska 0 0.0% 0 0.0% 0 0.0% 0 0.0% 115 4.7% 

Nevada 2 0.8% 0 0.0% 2 1.7% 4 0.8% 6 0.2% 

New Mexico 0 0.0% 1 0.7% 1 0.9% 2 0.4% 9 0.4% 

North Dakota 1 0.4% 0 0.0% 0 0.0% 1 0.2% 0 0.0% 
Northwest Territories 10 4.0% 4 2.9% 1 0.9% 15 3.0% 0 0.0% 

Oregon 26 10.4% 6 4.3% 8 6.9% 40 7.9% 0 0.0% 

Saskatchewan 35 14.1% 37 26.6% 35 30.2% 107 21.2% 798 32.7% 

South Dakota 0 0.0%. 0 0.0% 1 0.9% 1 0.2% 0 0.0% 

Texas 0 0.0% 0 0.0% 3 2.6% 3 0.6% 3 0.1% 

Utah 2 0.8% 0 0.0% 1 0.9% 3 0.6% 0 0.0% 
Washington 2 0.8% 0 0.0% 0 0.0% 2 0.4% 0 0.0% 

Yukon 2 0.8% 3 2.2% 0 0.0% 5 1.0% 0 0.0% 

Total 249 100.0% 139 100.0% 116 100.0% 504 100.0% 2441 100.0% 

Western Arctic—young 

Legband recoveries (to 1995) 

Location 
banded 

1953-1966 
banded 

1973-1976 
banded 

1987-1989 Total 
Alaska 2 0.7% 0 0.0% 0 0.0% 2 0.4% 

Alberta 101 35.2% 38 32.2% 17 19.5% 156 31.7% 
California 82 28.6% 29 24.6% 18 20.7% 129 26.2% 

Idaho 0 0.0% 0 0.0% 2 2.3% 2 0.4% 

Manitoba 0 0.0% 0 0.0% 1 1.1% 1 0.2% 
Mexico 5 1.7% 0 0.0% 1 1.1% 6 1.2% 

Montana 16 5.6% 2 1.7% 2 2.3% 20 4.1% 

Nebraska 0 0.0% 1 0.8% 0 0.0% 1 0.2% 

Nevada 6 2.1% 3 2.5% 0 0.0% 9 1.8% 
New Mexico 0 0.0% 0 0.0% 1 1.1% 1 0.2% 

North Dakota 1 0.3% 1 0.8% 0 0.0% 2 0.4% 

Northwest Territories 3 1.0% 2 1.7% 2 2.3% 7 1.4% 

Oregon 36 12.5% 7 5.9% 6 6.9% 49 10.0% 

Saskatchewan 32 11.1% 34 28.8% 36 41.4% 102 20.7% 

Texas 0 0.0% 0 0.0% 1 1.1% 1 0.2% 

Utah 1 0.3% 0 0.0% 0 0.0% 1 0.2% 

Washington 2 0.7% 0 0.0% 0 0.0% 2 0.4% 

Yukon 0 0.0% 1 0.8% 0 0.0% 1 0.2% 

Total 287 100.0% 118 100.0% 87 100.0% 492 100.0% 



Appendix lb (cont'd) . 
Locations where adult and young Lesser Snow Geese banded in the Western Canadian Arctic were recovered or their 
neckbands were resighted. Recoveries or resightings are for autumn (September-November), 

Western Arctic — adults and young 
Neckband 

observations 
Legband recoveries (to 1995) (to 1991) 

Location 
banded 

1953-1966 
banded 

1973-1976 
banded 

1987-1989 Total 
banded 

1987-1989 

Alaska 2 0.4% 0 0.0% 0 0.0% 2 0.2% 0 0.0% 
Alberta 188 35.1% 81 31.5% 40 19.6% 309 31.0% 377 15.4% 
California 144 26.9% 67 26.1% 48° 23.5% 259 26.0% 1047 42.9% 
Colorado 1 0.2% 0 0.0% 2 1.0% 3 0.3% 2 0.1% 
Idaho 0 0.0% 0 0.0% 2 1.0% 2 0.2% 0 0.0% 
Iowa 0 0.0% 1 0.4% 0 0.0% 1 0.1% 0 0.0% 
Manitoba 0 0.0% 0 0.0% 1 0.5% 1 0.1% 0 0.0% 
Mexico 9 1.7% 2 0.8% 3 1.5% 14 1.4% 3 0.1% 
Montana 31 5.8% 6 2.3% 10 4.9% 47 4.7% 81 3.3% 
Nebraska 0 0.0% 1 0.4% 0 0.0% 1 0.1% 115 4.7% 
Nevada 8 1.5% 3 1.2% 2 1.0% 13 1.3% 6 0.2% 
New Mexico 0 0.0% 1 0.4% 2 1.0% 3 0.3% 9 0.4% 
North Dakota 2 0.4% 1 0.4% 0 0.0% 3 0.3% 0 0.0% 
Northwest Territories 13 2.4% 6 2.3% 3 1.5% 22 2.2% 0 0.0% 
Oregon 62 11.6% 13 5.1% 14 6.9% 89 8.9% 0 0.0% 
Saskatchewan 67 12.5% 71 27.6% 71 34.8% 209 21.0% 798 32.7% 
South Dakota 0 0.0% 0 0.0% 1 0.5% 1 0.1% 0 0.0% 
Texas 0 0.0% 0 0.0% 4 2.0% 4 0.4% 3 0.1% 
Utah 3 0.6% 0 0.0% 1 0.5% 4 0.4% 0 0.0% 
Washington 4 0.7% 0 0.0% 0 0.0% 4 0.4% 0 0.0% 
Yukon 2 0.4% 4 1.6% 0 0.0% 6 0.6% 0 0.0% 

Total 536 100.0% 257 100.0% 204 100.0% 997 100.0% 2441 100.0% 

" One individual was recorded as unknown age. 
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LoSns^where adult and young Lesser Snow Geese banded in the Western Canadian Arctic were recovered or their 
neckbands were resighted. Recoveries or resightings are for winter (December-February). : 

Western Arctic — adults . 
Neckband 

observations 
Legband recoveries (to 1996) (to. 1992) 

Location 
banded 

1953-1966 
banded 

1973-1976 
banded 

1987-1989 Total 
banded 

1987-1989 

Arizona 1 0.4% 0 0.0% 0 0.0% 1 0.2% 1 0.1% 

California 238 90.2% 145 93.5% 95 74.8% 478 87.5% 1235 70.2% 

Colorado 0 0.0% 0 0.0% 4 3.1% 4 0.7% 7 0.4% 

Idaho 0 0.0% 0 0.0% 1 0.8% 1 0.2% 3 0.2% 

Louisiana 0 0.0% 0 0.0% 1 0.8% 1 0.2% 0 0.0% 

Mexico 19 7.2% 5 3.2% 18 14.2% 42 7.7% 298 16.9% 

Nevada 4 1.5% 1 0.6% 0 0.0% 5 0.9% 5 0.3% 

New Mexico 1 0.4% 4 2.6% 5 3.9% 10 1.8% 119 6.8% 

Oregon 
Texas 

0 0.0% 0 0.0% 0 0.0% 0 0.0% 29 1.6% Oregon 
Texas 0 0.0% 0 0.0% 3 2.4% 3 0.5% 3 0.2% 

Utah 1 0.4% 0 0.0% 0 0.0% 1 0.2% 59 3.4% 

Total 264 100.0% 155 100.0% 127 100.0% 546 100.0% 1759 100.0% 

Western Arctic—young 
Legband recoveries (to 1996) 

Location 
banded 

1953-1966 
banded 

1973-1976 
banded 

1987-1989 Total 

Arkansas 0 0.0% 0 0.0% 1 1.6% 1 0.2% 

California 246 89.5% 113 87.6% 51 81.0% 410 87.8% 

Colorado 0 0.0% 0 0.0% 1 1.6% 1 0.2% 

Idaho 1 0.4% 1 0.8% 0 0.0% 2 0.4% 

Louisiana 0 0.0% 1 0.8% 0 0.0% 1 0.2% 

Mexico 23 8.4% 12 9.3% 7 11.1% 42 9.0% 

Montana 1 0.4% 0 0.0% 0 0.0% 1 0.2% 

Nevada 3 1.1% 1 0.8% 0 0.0% 4 0.9% 

New Mexico 0 0.0% 0 0.0% 2 3.2% 2 0.4% 

Oklahoma 0 0.0% 1 0.8% 0 0.0% 1 0.2% 

Texas 0 0.0% 0 0.0% 1 1.6% 1 0.2% 
Washington 1 0.4% 0 0.0% 0 0.0% 1 0.2% 

Total 275 100.0% 129 100.0% 63 100.0% 467 100.0% 

Western Arctic — adults and young 

Location 

Legband recoveries (to 1996) 

banded 
1953-1966 

banded 
1973-1976 

banded 
1987-1989 Total 

Neckband 
observations 

(to 1992) 

banded 
1987-1989 

0.1% 
Arizona 
Arkansas 
California 
Colorado 
Idaho 
Louisiana 
Mexico 
Montana 
Nevada 
New Mexico 
Oklahoma 
Oregon 
Texas 
Utah 
Washington 

1 0.2% 0 0.0% 0 0.0% 1 0.1% 1 

0 0.0% 0 0.0% 1 0.5% 1 0.1% 0 
484 89.8% 258 90.8% 147" 77.0% 889 87.7% 1235 

0 0.0% 0 0.0% 5 2.6% 5 0.5% 7 
1 0.2% 1 0.4% 1 0.5% 3 0.3% 3 

0 0.0% 1 0.4% 1 0.5% 2 0.2% 0 

42 7.8% 17 6.0% 25 13.1% 84 8.3% 298 
1 0.2% 0 0.0% 0 0.0% 1 0.1% 0 
7 1.3% 2 0.7% 0 0.0% 9 0.9% 5 

1 0.2% 4 1.4% 7 3.7% 12 1.2% 119 

0 0.0% 1 0.4% 0 0.0% 1 0.1% 0 

0 0.0% 0 0.0% 0 0.0% 0 0.0% 29 

0 0.0% 0 0.0% 4 2.1% 4 0.4% 3 

1 0.2% 0 0.0% 0 0.0% 1 0.1% 59 

1 0.2% 0 0.0% 0 0.0% 1 0.1% 0 

0.4% 
0.2% 
0.0% 

0.3% 
6.8% 
0.0% 
1.6% 
0.2% 
3.4% 
0.0% 

Total 539 100.0% 284 100.0% 191 100.0% 1014 100.0% 1759 100.0% 

One individual was recorded as unknown age. 
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Appendix Id 
Locations where adult and young Lesser Snow Geese banded on Wrangel Island were recovered or their neckbands were 
resighted. Recoveries or resightings are for autumn and winter (September-February). 
Wrangel Island—adults 

Neckband 
observations 

Legband recoveries (to 1996) (to 1992) 

Location 
banded 

1961-1963 
banded 

1975-1979 
banded 

1988-1989 Total 
banded 

1988-1989 
Alaska ? ? 2 1.3% 2 1.8% 4 1.5% 0 0.0% 
Alberta ? ? 4 2.6% 3 2.8% 7 2.6% 21 1.4% 
British Columbia ? ? 17 10.9% 11 10.1% 28 10.6% 564 37.4% 
California ? ? 86 55.1% 39 35.8% 125 47.2% 453 30.0% 
Idaho ? ? 0 0.0% 0 0.0% 0 0.0% 2 0.1% 
Mexico ? ? 0 0.0% 0 0.0% 0 0.0% 2 0.1% 
Montana ? ? 0 0.0% 0 0.0% 0 0.0% 5 0.3% 
Nevada ? ? 0 0.0% 0 0.0% 0 0.0% 2 0.1% 
New Mexico ? ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
Oregon ? ? 22 14.1% 22 20.2% 44 16.6% 66 4.4% 
Russia ? ? 1 0.6% 0 0.0% 1 0.4% 0 0.0% 
Saskatchewan ?' ? 0 0.0% 0 0.0% 0 0.0% 21 1.4% 
Utah ? ? 0 0.0% 0 0.0% 0 0.0% 2 0.1% 
Washington ? ? 24 15.4% 32 29.4% 56 21.1% 369 24.5% 

Total ? ? 156 100.0% 109 100.0% 265 100.0% 1508 100.0% 

Wrangel Island—young 

Legband recoveries (to 1996) 

banded banded banded 
Location 1961--1963 1975-1979 1988-1989 Total 
Alaska ? ? 1 1.2% 0 0.0% 1 1.2% 
Alberta ? ? 4 4.8% 0 0.0% 4 4.8% 
British Columbia ? ? 8 9.5% 0 0.0% 8 9.5% 
California ? ? 37 44.0% 0 0.0% 37 44.0% 
Ontario ? ? 1 1.2% 0 0.0% 1 1.2% 
Oregon ? ? 28 33.3% 0 0.0% 28 33.3% 
Washington ? ? 5 6.0% 0 0.0% 5 6.0% 

Total ? ? 84 100.0% 0 0.0% 84 100.0% 

Wrangel Island—adults and young 

Neckband 
observations 

Legband recoveries (to 1996) (to 1992) 

Location 
banded 

1961-1963 
banded 

1975-1979 
banded 

1988-1989 Total 
banded 

1988-1989 
Alaska 10 2.9% 3 1.3% 2 1.8% 15 2.2% 0 0.0% 
Alberta 3 0.9% 8 3.3% 3 2.8% 14 2.0% 21 1.4% 
British Columbia 16 4.7% 25 10.4% 11 10.1% 52 7.5% 564 37.4% 
California 141 41.0% 123 51.3% 39 35.8% 303 43.7% 453 30.0% 
Idaho 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 0.1% 
Mexico 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 0.1% 
Montana 2 0.6% 0 0.0% 0 0.0% 2 0.3% 5 0.3% 
Nevada 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 0.1% 
New Mexico 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
Ontario 0 0.0% 1 0.4% 0 0.0% 1 0.1% 0 0.0% 
Oregon 152 44.2% 50 20.8% 22 20.2% 224 32.3% 66 4.4% 
Russia 0 0.0% 1 0.4% 0 0.0% 1 0.1% 0 0.0% 
Saskatchewan 1 0.3% 0 0.0% 0 0.0% 1 0.1% 21 1.4% 
Utah 1 0.3% 0 0.0% 0 0.0% 1 0.1% 2 0.1% 
Washington 18 5.2% 29 12.1% 32 29.4% 79 11.4% 369 24.5% 

Total 344 100.0% 240 100.0% 109 100.0% . 693 100.0% 1508 100.0% 



Appendix le 
Locations where adult and young Lesser Snow Geese banded on Wrangel Island were recovered or their neckbands were 
resighted. Recoveries or resightings are for autumn (September-November). 
Wrangel Island—adults 

Neckband 
observations 

Legband recoveries (to 1995) (to 1991) 

Location 
banded 

1953-1966 
banded 

1975-1979 
banded 

1987-1989 Total 
banded 

1987-1989 
Alaska ? 2 2.4% 2 3.4% 4 2.9% 0 0.0% 
Alberta ? 4 4.9% 3 5.2% 7 5.0% 21 2.0% 
British Columbia ? 16 19.5% 11 19.0% 27 19.3% 543 52.1% 
California 9 25 30.5% 15 25.9% 40 28.6% 298 28.6% 
Montana ? 0 0.0% 0 0.0% 0 0.0% 5 0.5% 
Nevada ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
New Mexico ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
Oregon ? 20 24.4% 19 32.8% 39 27.9% 43 4.1% 
Russia ? 1 1.2% 0 0.0% 1 0.7% 0 0.0% 
Saskatchewan ? 0 0.0% 0 0.0% 0 0.0% 21 2.0% 
Washington ? 14 17.1% 8 13.8% 22 15.7% 110 10.5% 

Total ? 82 100.0% 58 100.0% 140 100.0% 1043 100.0% 

Wrangel Island—young 

Legband recoveries (to 1995) 

Location 
banded 

1953-1966 
banded 

1975-1979 
banded 

1987-1989 Total 
Alaska ? 1 1.8% 0 0.0% 1 1.8% 
Alberta ? 4 7.1% 0 0.0% 4 7.1% 
British Columbia ? 8 14.3% 0 0.0% 8 14.3% 
California ? 9 16.1% 0 0.0% 9 16.1% 
Ontario ? 1 1.8% 0 0.0% 1 1.8% 
Oregon ? 28 50.0% 0 0.0% 28 50.0% 
Washington ? 5 8.9% 0 0.0% 5 8.9% 

Total ? 56 100.0% 0 0.0% 56 100.0% 

Wrangel Island — adults and young 

Neckband 
observations 

Legband recoveries (to 1995) ' (to 1991) 

banded banded banded banded 
Location 1953-1966 1975-1979 1987-1989 Total 1987-1989 
Alaska ? 3 2.2% 2 3.4% 5 2.6% 0 0.0% 
Alberta ? 8 5.8% 3 5.2% 11 5.6% 21 2.0% 
British Columbia ? 24 17.4% 11 19.0% 35 17.9% 543 52.1% 
California ? 34 24.6% 15 25.9% 49 25.0% 298 28.6% 
Montana ? 0 0.0% 0 0.0% 0 0.0% 5 0.5% 
Nevada ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
New Mexico ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
Ontario ? 1 0.7% 0 0.0% 1 0.5% 0 0.0% 
Oregon ? 48 34.8% 19 32.8% 67 34.2% 43 4.1% 
Russia ? 1 0.7% 0 0.0% 1 0.5% 0 0.0% 
Saskatchewan ? 0 0.0% 0 0.0% 0 0.0% 21 2.0% 
Washington ? 19 13.8% 8 13.8% 27 13.8% 110 10.5% 

Total ? 138 100.0% 58 100.0% 196 100.0% 1043 100.0% 



Appendix If 
Locations where adult and young Lesser Snow Geese banded on Wrangel Island 
resighted. Recoveries or resightings are for winter (December-February). 

were recovered or their neckbands were 

Wrangel Island—adults 

Legband recoveries (to 1996) 

Neckband 
observations 

(to 1992) 

Location 
banded 

1961-1963 
banded 

1975-1979 
banded 

1988-1989 Total 
banded 

1988-1989 

British Columbia ? 1 1.4% 0 0.0% 1 0.8% 174 18.3% 
California ? 61 82.4% 24 47.1% 85 68.0% 409 43.1% 
Idaho ? 0 0.0% 0 0.0% 0 0.0% 2 0.2% 
Mexico ? 0 0.0% 0 0.0% 0 0.0% 2 0.2% 
Nevada ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
New Mexico ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
Oregon ? 2 2.7% 3 5.9% 5 4.0% 28 2.9% 
Utah 9 0 0.0% 0 0.0% 0 0.0% 2 0.2% 
Washington ? 10 13.5% 24 47.1% 34 27.2% 331 34.8% 

Total ? 74 100.0% 51 100.0% 125 100.0% 950 100.0% 

Wrangel Island—young 

Location 
banded 

1961-1963 

Legband recoveries (to 1996) 

banded 
1975-1979 

banded 
1988-1989 Total 

California 28 100.0% 0 0.0% 28 100.0% 

Total 28 100.0% 0 0.0% 28 100.0% 

Wrangel Island—adults and young 

Legband recoveries (to 1996) 

Neckband 
observations 

(to 1992) 

Location 
banded 

1961-1963 
banded 

1975-1979 
banded 

1988-1989 Total 
banded 

1988-1989 

British Columbia ? 1 1.0% 0 0.0% 1 0.7% 174 18.3% 
California ? 89 87.3% 24 47.1% 113 73.9% 409 43.1% 
Idaho ? 0 0.0% 0 0.0% 0 0.0% 2 0.2% 
Mexico ? 0 0.0% 0 0.0% 0 0.0% 2 0.2% 

Nevada ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
New Mexico ? 0 0.0% 0 0.0% 0 0.0% 1 0.1% 
Oregon ? 2 2.0% 3 5.9% 5 3.3% 28 2.9% 
Utah ? 0 0.0% 0 0.0% 0 0.0% 2 0.2% 
Washington ? 10 9.8% 24 47.1% 34 22.2% 331 34.8% 

Total ? 102 100.0% 51 100.0% 153 100.0% 950 100.0% 
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Appendix 2 
Locations where adult and young Lesser Snow Geese banded in the Western Canadian Arctic were recovered or their neckbands were resighted. Both direct and indirect recoveries or resightings for autumn and winter 
are renorfpn °^ 0 

Legband recoveries (1953-1996) 

banded 
1953-1966 

banded 
1973-1976 

banded 
1987-1989 Total 

Neckband observations 
(1987-1992) 

banded 
1987-1989 

Location Direct Indirect Direct Indirect Direct Indirect Direct Indirect Direct Indirect 
Alaska 0 0.0% 2 0.3% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 0.2% 0 0.0% 0 0.0% 
Alberta 80 21.3% 110 15.7% 31 13.7% 50 15.8% 21 12.1% 19 8.6% 132 17.0% 179 14.5% 112 5.5% 282 13.3% 
Arizona 0 0.0% 1 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 1 0.0% 0 0.0% 
Arkansas 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.5% 0 0.0% 1 0.1% 0 0.0% 0 0.0% 
California 207 55.1% 421 60.1% 139 61.5% 186 58.9% 64 36.8% 131 59.3% 410 52.8% 738 59.6% 1166 56.8% 962 45.3% 
Colorado 1 0.3% 0 0.0% 0 0.0% 0 0.0% 5 2.9% 2 0.9% 6 0.8% 2 0.2% 2 0.1% 7 0.3% 
Idaho 0 0.0% 1 0.1% 0 0.0% 1 0.3% 0 0.0% 3 1.4% 0 0.0% 5 0.4% 0 0.0% 3 0.1% 
Iowa 0 0.0% 0 0.0% 0 0.0% 1 0.3% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 0 0.0% 0 0.0% 
Louisiana 0 0.0% 0 0.0% 0 0.0% 1 0.3% 1 0.6% 0 0.0% 1 0.1% 1 0.1% 0 0.0% 0 0.0% 
Manitoba 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.5% 0 0.0% 1 0.1% 0 0.0% 0 0.0% 
Mexico 19 5.1% 32 4.6% 6 2.7% 13 4.1% 10 5.7% 18 8.1% 35 4.5% 63 5.1% 183 8.9% 153 7.2% 
Montana 15 4.0% 17 2.4% 2 0.9% 4 1.3% 5 2.9% 5 2.3% 22 2.8% 26 2.1% 10 0.5% 72 3.4% 
Nebraska 0 0.0% 0 0.0% 1 0.4% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 0 0.0% 0 0.0% 0 0.0% 
Nevada 8 2.1% 7 1.0% 3 1.3% 2 0.6% 2 1.1% 0 0.0% 13 1.7% 9 0.7% 1 0.0% 12 0.6% 
New Mexico 0 0.0% 1 0.1% 0 0.0% 5 1.6% 4 2.3% 5 2.3% 4 0.5% 11 0.9% 126 6.1% 92 4.3% 
North Dakota 0 0.0% 2 0.3% 0 0.0% 1 0.3% 0 0.0% 0 0.0% 0 0.0% 3 0.2% 0 0.0% 0 0.0% 
Northwest Territories 0 0.0% 13 1.9% 3 1.3% 3 0.9% 2 1.1% 1 0.5% 5 0.6% 17 1.4% 0 0.0% 0 0.0% 
Oklahoma 0 0.0% 0 0.0% 1 0.4% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 0 0.0% 0 0.0% 0 0.0% 
Oregon 31 8.2% 31 4.4% 7 3.1% 6 1.9% 7 4.0% 7 3.2% 45 5.8% 44 3.6% 12 0.6% 22 1.0% 
Saskatchewan 14 3.7% 53 7.6% 31 13.7% 41 13.0% 46 26.4% 25 11.3% 91 11.7% 119 9.6% 419 20.4% 465 21.9% 
South Dakota 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.5% 0 0.0% 1 0.1% 0 0.0% 0 0.0% 
Texas 0 0.0% 0 0.0% 0 0.0% 0 0.0% 6 3.4% 2 0.9% 6 0.8% 2 0.2% 0 0.0% 6 0.3% 
Utah 0 0.0% 4 0.6% 0 0.0% 0 0,0% 1 0.6% 0 0.0% 1 0.1% 4 0.3% 21 1.0% 47 2.2% 
Washington 0 0.0% 5 0.7% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 5 0.4% 0 0.0% 0 0.0% 
Yukon 1 0.3% 1 0.1% 2 0.9% 2 0.6% 0 0.0% 0 0.0% 3 0.4% 3 0.2% 0 0.0% 0 0.0% 
Total 376 100.0% 701 100.0% 226 100.0% 316 100.0% 174 100.0% 221 100.0% 776 100.0% 1238 100.0% 2053 100.0% 2123 100.0% 

Direct recoveries or resightings occur during the first autumn and winter following marking. All later recoveries or resightings are termed indirect. 



LoraTonTwhere adult and young Lesser Snow Geese banded at Wrangel Island were recovered or their neckbands were resighted. Both direct and indirect 
recoveries or resightings for autumn and winter are reported.'' 

Legband recoveries (1953-1996) 
Neckband observations 

(1987-1992) 

Location 

banded 
1975-1979 

banded 
1987-1989 Total 

banded 
1987-1989 

Location Direct Indirect Direct Indirect Direct Indirect Direct Indirect 

Alberta 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 5 0.4% 18 2.1% 

British Columbia 1 2.0% 0 0.0% 0 0.0% 0 0.0% 1 1.3% 0 0.0% 456 36.8% 290 34.2% 

California 45 90.0% 44 84.6% 8 27.6% 16 72.7% 53 67.1% 60 81.1% 405 32.7% 275 32.5% 

Idaho 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 0.2% 

Mexico 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 0.2% 1 0.1% 

Montana 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 5 0.6% 

Nevada 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 1 0.1% 
New Mexico 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.1% 1 0.1% 

Oregon 
Saskatchewan 

2 4.0% 0 0.0% 3 . 10.3% 0 0.0% 5 6.3% 0 0.0% 46 3.7% 28 3.3% Oregon 
Saskatchewan 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3 0.2% 20 2.4% 

Utah 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 0.2% 
Washington 2 4.0% 8 15.4% 18 62.1% 6 27.3% 20 25.3% 14 18.9% 321 25.9% 204 24.1% 

Total 50 100.0% 52 100.0% 29 100.0% 22 100.0% 79 100.0% 74 100.0% 1240 100.0% 847 100.0% 

" Direct recoveries or resightings occur during the first autumn and winter following marking. All later recoveries or resightings are termed indirect. 

Appendix 4 
Locations where adult and young Lesser Snow Geese banded at Banks 
Island and Anderson River were recovered. Recoveries are for autumn and 
winter (September-February). 
Band recoveries (1953-1996) 

Banding location (banding years) 

Location 

Banks Island 
(1953, 1955, 

1961) 

Anderson River 
(1959-1964, 

1966) Both areas 
Alaska 0 0.0% 2 0.2% 2 0.2% 
Alberta 54 20.7% 136 16.7% 190 17.6% 
Arizona 0 0.0% 1 0.1% 1 0.1% 
California 137 52.5% 491 60.2% 628 58.3% 
Colorado 0 0.0% 1 0.1% 1 0.1% 
Idaho 0 0.0% 1 0.1% 1 0.1% 
Mexico 17 6.5% 34 4.2% 51 4.7% 
Montana 8 3.1% 24 2.9% 32 3.0% 
Nevada 3 1.1% 12 1.5% 15 1.4% 
New Mexico 1 0.4% 0 0.0% 1 0.1% 
North Dakota 1 0.4% 1 0.1% 2 0.2% 
Northwest Territories 2 0.8% 11 1.3% 13 1.2% 
Oregon 18 6.9% 44 5.4% 62 5.8% 
Russia 0 0.0% 0 0.0% 0 0.0% 
Saskatchewan 15 5.7% 52 6.4% 67 6.2% 
Utah 1 0.4% 3 0.4% 4 0.4% 
Washington 3 1.1% 2 0.2% 5 0.5% 
Yukon 1 0.4% 1 0.1% 2 0.2% 

Total 261 100.0% 816 100.0% 1077 100.0% 
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Appendix 5 
Locations where adult and young Lesser Snow Geese banded at Banks Island, Kendall Island, and Anderson River were 
recovered or their neckbands were resighted. Recoveries or resightings are for autumn and winter (September-February). 

Band recoveries (1987-1996) . 

Banding location (banding years) 

Location 
Banks Island 

(1987) 
Kendall Island 

(1987) 
Anderson River 

(1987) 
Anderson River 

(1987-1989) 
All areas 

(1987-1989) 
Alberta 13 11.7% 2 10.5% 5 9.3% 25 9.4% 40 10.1% 
Arkansas 0 0.0% 0 0.0% 0 0.0% 1 0.4% 1 0.3% 
California 48 43.2% 7 36.8% 30 55.6% 140 52.8% 195 49.4% 
Colorado 1 0.9% 0 0.0% 3 5.6% 6 2.3% 7 1.8% 
Idaho 1 0.9% 0 0.0% 1 1.9% 2 0.8% 3 0.8% 
Louisiana 0 0.0% 0 0.0% 0 0.0% 1 0.4% 1 0.3% 
Manitoba 0 0.0% 0 0.0% 0 0.0% 1 0.4% 1 0.3% 
Mexico 6 5.4% 1 5.3% 6 11.1% 21 7.9% 28 7.1% 
Montana 2 1.8% 0 0.0% 2 3.7% 8 3.0% 10 2.5% 
Nevada 0 0.0% 0 0.0% 1 1.9% 2 0.8% 2 0.5% 
New Mexico 1 0.9% 1 5.3% 1 1.9% 7 2.6% 9 2.3% 
Northwest Territories 2 1.8% 0 0.0% 0 0.0% 1 0.4% 3 0.8% 
Oregon 11 9.9% 0 0.0% 0 0.0% 3 1.1% 14 3.5% 
Saskatchewan 25 22.5% 7 36.8% 3 5.6% 39 14.7% 71 18.0% 
South Dakota 0 0.0% 0 0.0% 0 0.0% 1 0.4% 1 0.3% 
Texas 1 0.9% 1 5.3% 1 1.9% 6 2.3% 8 2.0% 
Utah 0 0.0% 0 0.0% 1 1.9% 1 0.4% 1 0.3% 

Total 111 100.0% 19 100.0% 54 100.0% 265 100.0% 395 100.0% 

Neckband observations (1987-1992) 

Banding location (banding years) 

Location 
Banks Island 

(1987) 
Kendall Island 

(1987) 
Anderson River 

(1987) 
Anderson River 

(1987-1989) 
All areas 

(1987-1989) 
Alberta 52 10.1% 6 9.5% 65 11.2% 319 12.1% 377 11.8% 
Arizona 0 0.0% 0 0.0% 0 0.0% 1 0.0% 1 0.0% 
California 223 43.1% 33 52.4% 255 43.9% 1119 42.6% 1375 42.9% 
Colorado 2 0.4% 0 0.0% 1 0.2% 6 0.2% 8 0.2% 
Idaho 0 0.0% 0 0.0% 1 0.2% 3 0.1% 3 0.1% 
Mexico 49 9.5% 3 4.8% 50 8.6% 249 9.5% 301 9.4% 
Montana 10 1.9% 1 1.6% 16 2.8% 70 2.7% 81 2.5% 
Nevada 6 1.2% 0 0.0% 1 0.2% 6 0.2% 12 0.4% 
New Mexico 26 5.0% 2 3.2% 31 5.3% 123 4.7% 151 4.7% 
Oregon 7 1.4% 0 0.0% 8 1.4% 27 1.0% 34 1.1% 
Saskatchewan 136 26.3% 18 28.6% 148 25.5% 644 24.5% 798 24.9% 
Texas 2 0.4% 0 0.0% 0 0.0% 4 0.2% 6 0.2% 
Utah 4 0.8% 0 0.0% 5 0.9% 55 2.1% 59 1.8% 

Total 517 100.0% 63 100.0% 581 100.0% 2626 100.0% 3206 100.0% 
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Routes and timing of migration of Lesser Snow Geese 
from the Western Canadian Arctic and Wrangel Island, 
Russia, 1987-1992 

W. Terry Armstrong, Katherine M. Meeres, Richard H. Kerbes, W. Sean Boyd, 
Joseph G. Silveira, John P. Taylor, and Bruce Turner 

Abstract 

Routes and timing of migration and philopatry to 
staging and wintering areas of Lesser Snow Geese Anser 
caerulescens caerulescens (hereafter referred to as Snow 
Geese) from the Western Canadian Arctic and Wrangel 
Island, Russia, were determined from geese neckbanded on 
nesting areas and observed on migration and wintering areas 
from 1987 to 1992. Snow Geese from the Western Arctic 
staged on the Arctic coast of the western Northwest Terri­
tories, Yukon Territory, and northeastern Alaska in early fall 
and migrated from there to the prairies of southeastern 
Alberta and southwestern Saskatchewan (AB-SK). From 
there, 80% migrated to the Klamath Basin and Central 
Valley area of California, some stopping in Montana along 
the way. A small number wintered in southern California's 
Imperial Valley, and the remainder followed an interior path 
to the Western Central Flyway. During spring migration, 
Western Arctic Snow Geese reversed their fall routes. Most 
Snow Geese from Wrangel Island apparently followed a 
Pacific route to reach their winter destinations in British 
Columbia-Washington (BC-WA) and California. Small 
numbers (11% of the neckbanded geese) migrated south via 
the prairies (AB-SK). In spring, most of the south-wintering 
Wrangel Island birds returned north via the prairies. Timing 
of migration was similar for the two nesting populations 
except in the fall, when Western Arctic geese seemed to 
arrive earlier and stay later in AB-SK and Wrangel Island 
geese arrived on average perhaps two weeks earlier in 
eastern Oregon. Both sexes were highly philopatric to 
wintering areas from year to year, with 96—97% of the geese 
sighted in consecutive years being in the same area. Opportu­
nities to selectively harvest the two populations occurred in 
BC-WA and in the Western Central Flyway, where there was 
little or no geographic overlap of the two stocks, and 
possibly during short periods of temporal separation in fall in 
AB-SK and eastern Oregon. Further investigations using 
satelitte-tracking of radio-marked birds are needed to 
determine the routes and timing of fall and spring migration 
of Wrangel Island and Western Arctic geese across north­
western Canada, Alaska, and northeastern Siberia and of 
spring migration of geese returning from the Western Central 
Flyway. 

Resume 

Les routes et le moment de migration ainsi que la phi-
lopatrie envers les aires de repos et d'hivernage des Petites 
Oies des neiges Anser caerulescens caerulescens (appelees 
ci-apres Oies des neiges) de l'ouest de l'Arctique canadien et 
de Pile Wrangel, en Russie, ont ete determines a partir des 
oies a qui on a pose un collier dans les aires de nidification et 
observees dans les aires de migration et d'hivernage de 1987 
a 1992. Les Oies des neiges de l'ouest de l'Arctique se sont 
rassemblees sur la cote arctique de l'ouest des Territoires du 
Nord-Ouest, du territoire du Yukon et du nord-est de 
l'Alaska au debut de l'automne et ont migre de cet endroit 
jusqu'aux Prairies du sud-est de l'Alberta et du sud-ouest de 
la Saskatchewan (AB-SK). A partir de ces lieux, 80 p. 100 
ont migre vers le bassin de Klamath et la region de la vallee 
centrale de la Californie, certains oiseaux s'arretant au 
Montana en cours de route. Un faible nombre a hiverne dans 
la vallee Imperial de la Californie et le reste a suivi une voie 
interieure jusqu'a la voie migratoire du centre-ouest. Au 
cours de la migration printaniere, les Oies des neiges de 
l'ouest de l'Arctique ont emprunte les routes automnales en 
direction inverse. La plupart des Oies des neiges de l'ile 
Wrangel ont apparemment suivi une route le long du 
Pacifique pour se rendre a leur destination hivernale en 
Colombie-Britannique et dans l'Etat de Washington 
(CB-WA) et en Californie. Un faible nombre (11 p. 100 des 
oies a qui on a pose un collier) ont migre vers le sud par les 
Prairies (AB-SK). Au printemps, la plupart des oiseaux de 
Pile Wrangel hivernant au sud sont retournes vers le nord par 
les Prairies. Le moment de la migration etait semblable pour 
les deux populations nicheuses, a l'exception de l'automne, 
lorsque les oies de l'ouest de l'Arctique semblaient arriver 
plus tot et rester plus longtemps en AB-SK, et les oies de 
l'ile Wrangel arrivaient en moyenne peut-etre deux semaines 
plus tot dans l'est de l'Oregon. Les deux sexes ont fait 
preuve d'une grande philopatrie par rapport aux aires 
d'hivernage d'une annee a l'autre, et 96 a 97 p. 100 des oies 
ont ete reperees dans la meme aire d'hivernage pendant des 
annees consecutives. Des occasions de recolte selective des 
deux populations se sont produites en CB-WA et dans la voie 
migratoire du centre-ouest, ou il y avait peu ou pas de che-
vauchement geographique des deux troupeaux, et peut-etre 
pendant de courtes periodes de separation temporelle en 
automne en AB-SK et dans l'est de l'Oregon. II est neces-
saire de realiser de nouvelles enquetes en utilisant un 



systeme de teledetection pour determiner les routes et le 
moment des migrations automnales et printanieres des oies 
de l'ile Wrangel et de 1'ouest de l'Arctique dans le nord-
ouest du Canada, l'Alaska et le nord-est de la Siberie ainsi 
que la migration printaniere des oies retournant de la voie 
migratoire du centre-ouest. 

1. Introduction 

Lesser Snow Geese Anser caerulescens caerulescens 
(hereafter referred to as Snow Geese) from Wrangel Island 
declined in number in the early 1970s and have not since 
recovered, whereas those from the Western Canadian Arctic 
have increased in number (Kerbes et al. 1999, this volume). 
Current management concerns are that there are too few 
Wrangel Island geese and perhaps too many Western Arctic 
geese. Historical changes in the relative use of different 
wintering areas by the two populations have been discussed 
by Hines et al. (1999a). In this paper, we focus on the routes 
and timing of migration. As the two populations overlap 
during the fall through spring periods, a detailed understand­
ing of the spatial and temporal distribution and the year-to-
year consistency of migration is valuable for management 
purposes (Raveling 1979). 

Female waterfowl tend to be highly philopatric to 
their nesting areas, but males are generally less likely to 
return to their previous breeding site unless they accompany 
their previous mate (Greenwood 1980; Anderson et al. 
1992). When applying harvest management strategies to 
Snow Geese on migration and wintering areas, it is important 
to know the degree of philopatry to nonbreeding areas and 
whether such philopatry is sex biased. A management 
strategy that assumes mortality is distributed evenly between 
the sexes might have a greater effect than anticipated if 
mortality is concentrated on just one sex, owing to 
sex-biased philopatry and dispersal during fall and winter. 

From 1987 to 1992, collared Snow Geese from the 
Western Canadian Arctic and Wrangel Island were observed 
on their migration routes and wintering grounds in western 
North America (Kerbes and Meeres 1999, this volume). The 
primary objectives of our study were to determine 1) the 
spring and fall migration routes used by these populations; 
2) rates of philopatry to staging and wintering areas; and 
3) whether those rates were sex biased. We also estimated 
arrival dates, departure dates, and length of stay of geese on 
staging and wintering areas. Our focus was on determining 
how Wrangel Island Snow Geese differed from the Western 
Arctic Population in their routes and timing of migration. 

2. Methods 

Major staging and wintering areas for Snow Geese 
were delineated from observations of neckbanded individu­
als. Temporal distribution of geese was estimated using the 
number of neckbanded individuals from Wrangel Island and 
the Western Canadian Arctic that were sighted in each 
staging and wintering area from early fall to late spring. We 
defined early fall as 1 August - 31 October, late fall as 1 
November - 15 December, winter as 16 December -
15 February, early spring as 16 February - 31 March, and 
late spring as 1 April - 30 June. Our definition of winter was 
shorter and more restrictive than that used by Hines et al. 
(1999a), who had to deal with the imprecise nature of 

legband recovery dates; differences in interval definitions 
cause some slight discrepancies in observed winter 
distributions. 

Arrival dates were defined by the date on which the 
first neckband was read, and departure dates by the date of 
the last neckband observation; the difference between those 
dates estimated the minimum duration at that location. To 
document the period that geese were present in the different 
areas, we summarized the number of unique neckband obser­
vations for each area by 10-day time periods (1st to 10th, 
11th to 20th, and 21st to the end of each month). 

Fall migration routes were determined by analyzing 
observations of marked geese on each staging and wintering 
area and determining where each collared goose had been 
previously observed in the same fall-winter season. Spring 
migration routes were determined from birds seen in two or 
more areas during any single winter-spring season. 
Southward migration routes were determined from observa­
tions made from early fall to the end of winter. Northward 
migration included movements from the beginning of winter 
through late spring. Individual geese were said to be 
philopatric to a wintering or staging area if they were 
observed in the same area in consecutive years. When esti­
mating philopatry, early and late fall were combined for 
analyses of fall migration and early and late spring for spring 
migration. We compared, using G-tCsts of independence, the 
proportion of male and female geese that were sighted in the 
same areas in successive years in order to find out if there 
were sex-related biases in philopatry. 

The winter period was included in the time span of 
observations for both fall and spring migration to include the 
southern terminus of fall migration and the most distant 
origin of spring migration. Thus, our analyses included win­
tertime movements that were neither fall nor spring 
migration. Some records of individual Snow Geese moving 
among wintering areas (Appendices 1 and 2) may have 
reflected wintertime dispersal or resulted from errors in 
reading or recording neckband codes. 

3. Results and discussion 

In total, 27 651 complete observations of4001 
neckbanded Snow Geese from the Western Canadian Arctic 
and Wrangel Island were recorded during this study. Obser­
vations were made at six staging areas during fall: the north­
eastern Arctic coast of Alaska; the Hay Lake area of 
northwestern Alberta; southeastern Alberta and southwestern 
Saskatchewan (AB-SK); western Montana (primarily the 
Freezeout Lake area); the Summer Lake and Malheur Lake 
area in eastern Oregon; and Carson Sink in Nevada (Fig. 1). 
During spring migration, geese were observed in several of 
the same areas as on fall migration, with the addition of 
western Utah and the southeastern Pacific coast of Alaska. 

Based on the distribution of neckband sightings, we 
recognized nine wintering areas (Fig. 1): the estuaries of the 
Fraser River in British Columbia and the Skagit River in 
Washington (BC-WA) (area 13 in Fig. 1); the Columbia 
River area of southern Washington and northern Oregon 
(14); the Klamath Basin of southern Oregon and northern 
California (15); California's Central Valley (16); the 
Imperial Valley area of southern California (17); New 
Mexico west of 105°W (including the Rio Grande Valley) 
(18); the combined area of New Mexico east of 105°W 
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Figure 1 
Nesting, staging, and wintering areas of Lesser Snow Geese from Wrangel Island and the Western Canadian Arctic 

(including the Pecos River), northwestern Texas, and south­
eastern Colorado (19); northern Chihuahua (i.e., north of 
28°N latitude) (20); and southern Chihuahua and Durango 
(21). For management purposes, the first five areas are 
known as the Pacific Flyway, and the remaining areas as the 
Western Central Flyway. Wintering areas in Mexico were 
divided at 28°N, following Turner et al. (1994), who found 
there was little movement of geese between the two areas in 
winter. 

3.1 Western Canadian Arctic Population 

During fall migration, Snow Geese from the Western 
Canadian Arctic arrived at their main fall staging locations in 
AB-SK about mid-September. The exact timing and path 
followed from the Arctic to the prairies are unknown, as we 
have only 15 observations of collared geese from the north 
(all from the northeastern coast of Alaska in late August). 
Western Arctic Snow Geese, after leaving the breeding 
grounds in late August or early September, staged on the 
Bathurst Peninsula, the Tuktoyaktuk Peninsula, the outer part 
of the Mackenzie Delta, and the Yukon and Alaska North 
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Slope (Fig. 1) (Barry 1967; J.E. Hines, pers. commun.). 
Barry (1967) reported that their southward migration 
followed the Mackenzie Valley to the Peace-Athabasca 
Delta in northeastern Alberta or to Hay Lakes in northwest­
ern Alberta. Small numbers (a few thousand geese) also 
stage at Mills Lake in the southwestern Northwest Territories 
each year (Alexander 1991). 

AB-SK was the main fall staging location for Western 
Arctic geese (Fig. 2; Table 1). Geese remained in AB-SK 
longer than on any other fall staging area; the average span 
of observations was more than six weeks (Appendix 3). 
From the Canadian prairies, some geese moved on to western 
Montana and eastern Oregon in late October and remained 
on those staging areas until mid-November, before moving 
on to the wintering areas of the Klamath Basin and the 
Central Valley of California, although some Snow Geese 
were already there by the end of October (Fig. 3). 

Most (83%) of the geese wintering in southern Cali­
fornia's Imperial Valley migrated there directly from AB-SK 
and Montana, probably via Utah (Nagel 1969; Johnson 
1996). The remaining Imperial Valley birds arrived by way 
of a secondary route through the Klamath Basin and the 
Central Valley (Appendix 1). 

During winter, >20% of the observations occurred in 
the Western Central Flyway, with the remainder in California 
(Table 1). Most geese that wintered in the Western Central 
Flyway were not observed in Montana after departing 
AB-SK, nor were they observed on any other staging areas 
between AB-SK and the wintering areas. A small number of 
geese wintering in the Western Central Flyway (22%) 
arrived there via the Klamath Basin and California's Central 
Valley (Fig. 4; Appendix 1). Western Arctic geese began 
arriving on Western Central Flyway wintering areas the first 
week of November (Fig. 2). 

Geese were observed over an average span of 144 
days in the Central Valley and 105 days in western New 
Mexico; in other areas, they were recorded over shorter time 
spans, in some cases possibly reflecting a lower degree of 
observation effort in those areas (Appendix 4). 

In early spring, Western Arctic geese were still 
present on all wintering areas, but most observations were on 
staging areas to the north, mainly the Klamath Basin and 
Montana (Table 1). Spring migration of Snow Geese from 
the Central Valley to the Western Arctic proceeded by way 
of the Klamath Basin, eastern Oregon, Montana, and AB-SK 
(Fig. 4; Appendix 1). Most geese that wintered in the 
Western Central Flyway apparently made a more direct 
return to AB-SK, but some followed a secondary route to 
California's Central Valley and then on to AB-SK (Fig. 4; 
Appendix 1). The migration routes we described follow 
closely those routes described by Bellrose (1980) and Nagel 
(1969). Two spring records in Nebraska, as well as evidence 
from radio-tracking in the spring of 1997 (J.Y. Takekawa, 
pers. commun.), suggest that some Western Central Flyway 
geese may return north by a more easterly route. 

Spring migration brought southern California-
wintering Western Arctic geese to Utah in the last week of 
February, Nevada in the first week of March, eastern Oregon 
and Montana by mid-March, and the Canadian prairies in the 
first week of April (Fig. 2). A few geese from southern Cali­
fornia went to the Central Valley and then on to the Klamath 
Basin and eastern Oregon before passing through Montana 

and AB-SK (Fig. 4; Appendix 5). Geese were observed from 
early April to early May in AB-SK (Fig. 2). 

3.2 Wrangel Island Population 

BC-WA was a major staging area in fall as well as an 
important wintering area for Snow Geese neckbanded on 
Wrangel Island (Fig. 5). Snow Geese arrived in BC-WA by 
mid-October and in the Central Valley by late October 
(Fig. 3). Most apparently moved directly to the Central 
Valley from BC-WA, but some stopped at Columbia River, 
eastern Oregon, and the Klamath Basin on the way. A 
secondary route to the Central Valley was from AB-SK via 
Montana and the Klamath Basin (Fig. 5; Appendix 3). By 
late fall and over winter, observations were evenly split 
between BC-WA and California, with only a few additional 
sightings in the Columbia River area and the Western Central 
Flyway (Table 1). 

Bellrose (1980) described the primary fall migration 
route of Wrangel Island Snow Geese as "across the Gulf of 
Alaska to make landfall near the mouth of the Columbia 
River and on to Summer Lake, Oregon, and Klamath Basin," 
with a secondary route from Alaska to the Fraser-Skagit 
deltas (BC-WA) along the Pacific coast and a minor route 
through the prairies (AB-SK and Montana) and then 
southwest to the Klamath Basin. Syroechkovsky and Litvin 
(1986), using results from neckbanding on Wrangel Island in 
the 1970s, argued that Snow Geese had not used offshore 
migration routes and that most Wrangel Island Snow Geese 
that wintered in California had migrated there by way of the 
Canadian prairies. We have no data to support or refute the 
hypothesis of an oceanic migration route across the Gulf of 
Alaska. Our data clearly show that many more geese (78%) 
arrived in the Central Valley via BC-WA than by way of 
AB-SK (Fig. 5; Appendix 2). The relatively few Wrangel 
Island geese that were observed in AB-SK in autumn and 
were subsequently resighted appeared to follow the same 
route as Western Arctic geese to California's Central Valley 
(Appendix 2). 

Most (83%, n = 54) of the Wrangel Island geese 
observed on the Canadian prairies in the fall were males, 
compared with 51% males in the sample banded on Wrangel 
Island (n = 1355, G-test, P < 0.01). A similar male bias 
among Wrangel Island Snow Geese in the fall on the prairies 
was also reported by Syroechkovsky and Litvin (1986). 
Pairing of males from Wrangel Island with females from the 
Western Arctic and the subsequent adoption of the females' 
migration route might explain the observed sex bias, but it 
does not explain why the same sex bias (nine of 11 being 
males) occurred in observations recorded in the fall immedi­
ately following banding, before males would have had the 
opportunity to pair with females from other areas. In 
contrast, there was no such sex bias among Wrangel Island 
geese observed on the prairies in spring (1988-1992, 54.5% 
males, n = 396, G-test, P > 0.05). 

As northward migration began in early spring, the 
proportion of Wrangel Island Snow Goose observations 
increased in BC-WA and the Klamath Basin, with some 
geese also sighted in eastern Oregon, Idaho, and Montana 
(Table 1). Half of the late spring sightings occurred in 
BC-WA, one-third in Montana and AB-SK, and over 12% in 
southeastern Alaska (Table 1). Neckbanded Snow Geese 
were observed in BC-WA over a longer period than at any 
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Figure 2 
Seasonal changes in the number of neckbanded Lesser Snow Geese from Wrangel Island and the Western Canadian Arctic observed in major inland staging 
and wintering areas. Histogram heights indicate 1987-1992 averages for each 10-day interval. 
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Seasonal'" distribution, 1987-1992, of neckbanded Lesser Snow Geese from the Western Canadian Arctic and Wrangel Island. Values represent within-season 
distribution (%) of observations, averaged across years. 

Banded in Western Canadian Arctic Banded on Wrangel Island 

Early fall Late fall Winter Early spring Late spring 
(n= 1555) (n = 2372) (n = 2279) (n= 1970) (n = 1133) 

Early fall Late fall Winter Early spring Late spring 
(n = 788) (n=1318) (n=1184) (n=1316) (n = 895) 

Staging area 
Northeastern Alaska 
Southeastern Alaska 
Northern Alberta 
Southern Alberta/ 
Southern Saskatchewan 
Montana 
Idaho 
Eastern Oregon 
Nevada 
Utah 

Wintering area 
B.C./Washington 
Columbia River 
Klamath Basin 
California - Central 
Valley 
California - Imperial 
Valley 
Western New Mexico 
Eastern New Mexico/ 
Colorado/Texas 
Northern Chihuahua 
Southern Chihuahua/ 
Durango 

2.3 

0.6 

12.9 

72.3 3.5 _ 0.5 63.2 7.9 0.2 - - 20.8 

6.0 2.7 - 19.6 24.0 0.8 0.7 - 13.4 12.1 
_ _ — 4.9 - - - - 1.7 
_ 0.3 _ 3.7 5.3 3.5 2.3 - 3.6 1.8 

0.5 . . . 1.0 1.4 - 0.2 - 0.5 -
- - 8.0 - - - — 0.9 

69.1 49.0 44.1 51.1 49.0 
_ _ _ 1.0 3.1 0.7 -

8.8 12.8 2.4 32.5 6.1 11.1 9.8 2.7 12.9 3.4 

7.5 66.1 74.2 22.4 - 7.5 36.6 49.4 14.9 -

1.1 2.4 2.5 1.2 _ - - - - -
0.7 8.5 7.0 2.7 - - 0.3 0.3 0.3 

0.7 1.8 1.4 0.1 _ - - - - -
- 1.4 5.9 1.9 - - - 0.2 — 

_ 6.7 1.0 - - - 0.2 - -
Early fall = 1 August - 31 October; late fall = 1 November - 15 December; winter = 16 December - 15 February; early spring = 16 February - 31 March; 
late spring = 1 April - 30 June. 

other wintering area, over 180 days in most years (Appendix 
4). Bellrose (1980) and Syroechkovsky and Litvin (1986) 
agreed that most Wrangel Island geese wintering in Califor­
nia passed through the prairies as they migrated back to their 
breeding grounds. Our observations of birds seen in more 
than one area during winter-spring migration support this 
interpretation: of the Wrangel Island geese wintering in the 
southern areas, more than 74% were known to migrate north 
through the prairies (Appendix 2). 

On spring migration, neckbanded geese were first 
observed in Utah in the last week of February, in Nevada by 
the first week of March, and in eastern Oregon by 
mid-March. They were recorded in Montana in mid-March 
and in AB-SK in the first week of April (Fig. 2). Wrangel 
Island Snow Geese reached coastal southeastern Alaska in 
mid-April. The duration of staging on the Canadian prairies 
was shorter in spring than in autumn (Appendix 5). 

As with fall migration, our study provided little infor­
mation on the details of spring migration in northern Canada, 
Alaska, or northeastern Siberia. The observer network of our 
study did not cover that area, owing to the remoteness and 
inaccessibility of the regions between the prairies and 
Wrangel Island. The spring route has been assumed to follow 
the Mackenzie River to its mouth, then turn westward along 
the Arctic coast of Alaska (Bellrose 1980). However, too few 
Snow Geese have been reported on the north coast of Alaska 
to verify it as the major route (S.R. Johnson and T. Rothe, 
pers. commun.). Evidence for an inland route through Alaska 
comes from a limited number of spring records from the 
period 1955-1980, which showed several thousand Snow 

Geese following a route through the upper Tanana River of 
eastern Alaska (T. Rothe, pers. commun.). The Tanana River 
has also been documented as a major route for other geese 
and swans (T. Rothe, pers. commun.) and for Sandhill 
Cranes Grus canadensis, many of which are going to 
breeding grounds in Siberia (Kessel 1984). 

Wrangel Island Snow Geese travel farther each year 
than other geese wintering in North America (with the 
exception of some Black Brant Branta bernicla nigricans). 
For example, in 1988-1989, the bird with neckband F27, an 
adult male marked on Wrangel Island in 1988, first travelled 
from Wrangel Island through British Columbia to winter in 
Durango (6741 km), then in spring returned through Sas­
katchewan to Wrangel Island (6922 km), for an annual total 
of almost 14 000 km, computed as the shortest (great circle) 
distances between points where he was observed. Typical of 
Wrangel Island geese wintering in California, in 1994-1995, 
the bird with neckband 01 J, an adult male, went from 
Wrangel Island through British Columbia to California (5100 
km), then through Montana and Saskatchewan back to 
Wrangel Island (5840 km), for an annual total of 11 000 km. 

3.3 Philopatry 

Observed philopatry rates of marked Snow Geese 
varied by season and by population. Philopatry to wintering 
areas (96.8%, n = 1115) was higher than philopatry to fall 
(79.9%, n = 1688) and spring (74.1%, n = 1365) staging 
areas, but the latter estimates are undoubtedly low because 
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Figure 3 
Seasonal changes in the number of neckbanded Lesser Snow Geese from Wrangel Island and the Western Canadian Arctic observed in major inland staging 
and wintering areas. Histogram heights indicate 1987-1992 averages for each 10-day interval. 
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Figure 4 
Major migration routes of Lesser Snow Geese neckbanded in the Western Canadian Arctic, 1987-1989, and observed from 1987-1988 to 1991-1992 

staging areas were not covered by observers as thoroughly as 
wintering ones. Wrangel Island geese had higher philopatry 
rates to staging areas during both fall and spring migration 
than did Western Arctic geese, presumably reflecting the 
more thorough coverage of the more geographically compact 
spring staging areas in British Columbia. There was no dif­
ference in philopatry to wintering areas by geese from the 
two populations (Table 2). In contrast to findings on natal 
and breeding philopatry (Cooke et al. 1975), there were no 
differences in philopatry rates of males and females to either 
staging or wintering areas (Table 3). 

Philopatry rates to staging areas were remarkably 
high considering the number of areas used on migration and 
the short time geese remained on each relative to time spent 
on wintering areas. These philopatry rates to staging areas 
suggest that Snow Geese are highly conservative in their use 
of migration routes and that conclusions based on the 
migration patterns observed in this study are likely to be 
applicable to the population at least in the near future. The 
higher estimates of philopatry for Wrangel Island geese 
could be due to population differences in migration route 
philopatry or may have been a result of that population 
following less dispersed migration routes than Snow Geese 
from the Western Arctic. 

4. Management implications 

The decline of the Wrangel Island Snow Goose Popu­
lation and the increase in population size and apparent shift 
in wintering pattern of the Western Arctic Population 
highlight the need for selective harvest management strate­
gies (Hines et al. 1999a, 1999b, this volume; Kerbes et al. 
1999, this volume). Our findings suggest that there is 
potential to manage Wrangel Island and Western Arctic 
Snow Geese as separate populations because they are segre­
gated at a number of times and places during the fall and 
winter and are philopatric to wintering areas and migration 
routes. 

Temporal segregation of Western Arctic and Wrangel 
Island populations was observed in the fall in eastern 
Oregon, where Wrangel Island Snow Geese arrived up to 
two weeks earlier in the fall than those from the Western 
Arctic (Appendix 3). Although these observations are not 
statistically significant (t-test, P > 0.05), this temporal segre­
gation has been documented and used in management in the 
past. The opening of the hunting season in Klamath County 
was delayed until approximately 1 November from 1978 to 
1983 in an attempt to reduce hunting pressure on Wrangel 
Island geese (Subcommittee on White Geese 1992; J.C. 
Bartonek, pers. commun.). In AB-SK, we found temporal 
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Figure 5 
Major migration routes of Lesser Snow Geese neckbanded on Wrangel Island, 1988-1989, and observed from 1988-1989 to 1991-1992 

Table 2 
Estimated rates of philopatry to staging and wintering areas by neckbanded Lesser Snow Geese from the Western 
Canadian Arctic and Wrangel Island 

Western Canadian Arctic Wrangel Island 

Season n" % n" % G df P-value 
Fall migration 1149 77.2 539 85.3 15.785 . 1 P < 0.001 
Winter 708 97.3 407 95.8 1.788 1 P = 0.181 
Spring migration 815 66.8 550 84.9 59.257 1 P< 0.001 
" Sample sizes (n) are the number of times geese were observed in consecutive years. 

Table 3 
Estimated rates of philopatry to staging and wintering areas by neckbanded 
female and male Lesser Snow Geese from the Western Canadian Arctic and 
Wrangel Island 

Female Male 

Season Banding location n" % n" % G df P-value 
Fall Western Arctic 698 76.1 451 78.9 1.283 1 P = 0.257 
Fall Wrangel Island 259 85.3 280 85.4 0.000 1 P = 0.992 
Winter Western Arctic 406 98.3 302. 96.0 3.316 1 P = 0.069 
Winter Wrangel Island 209 95.7 198 96.0 0.108 1 P = 0.893 
Spring Western Arctic 524 65.5 291 69.1 1.107 1 P = 0.293 
Spring Wrangel Island 268 85.5 282 84.4 0.118 1 P = 0.731 
" Sample sizes (n) are the number of times geese were observed in consecu­

tive years. 
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segregation of the two populations in the fall, when the few 
Wrangel Island birds migrating through the area arrived nine 
days later than their Western Arctic counterparts (t-test, 
P < 0.05) (Fig. 2; Appendix 3). 

Geographical separation occurred in BC-WA, which 
supported only Wrangel Island geese; in AB-SK, where the 
majority of geese throughout the autumn staging period were 
from the Western Arctic; in Western Central Flyway 
wintering areas, where Wrangel Island birds were rare; and 
in the Imperial Valley of southern California, where the 
wintering population consisted entirely of Western Arctic 
geese. 

Reducing the hunting pressure in BC-WA in winter 
would benefit the north-wintering component of the Wrangel 
Island Population. The south-wintering component might 
benefit from hunting restrictions in October in eastern 
Oregon, as noted above. Increased hunting pressure on 
Western Arctic Snow Geese in southern California through­
out the winter would not affect the Wrangel Island Popula­
tion. Increased harvest in the Western Central Flyway would 
affect Western Arctic and Central Canadian Arctic Snow 
Geese without having an impact on the Wrangel Island Popu­
lation. Hines et al. (1999a, 1999b, this volume) offer further 
recommendations for harvest management. 

We recommend further investigations using satellite 
tracking of radio-marked birds. Fall and spring migrations 
over the sparsely settled areas of northwestern Canada, 
Alaska, and northeastern Siberia are poorly understood for 
both Wrangel Island and Western Arctic geese. Further, in 
view of recent proposals for spring hunting (D. Duncan, pers. 
commun.), more information is needed on the spring routes 
and timing of Western Arctic geese returning from the 
Western Central Flyway. Experimental satellite tracking of 
Wrangel Island geese in fall 1991 and of Western Central 
Flyway geese in 1996-1997 was conducted by J. Takekawa 
(pers. commun.), but much more remains to be done. 
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Appendix 1 
Migration route connections of Lesser Snow Geese from the Western Canadian Arctic showing where geese came from (fall) and where they went (spring). Numbers represent the number of neckbanded geese observed 
in the area that were observed elsewhere in the same migration period (with percentage where sample size > 25). Data were combined for all years of the study. 
Fall migration 
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Migration route connections of Lesser Snow Geese from Wrangel Island showing where geese came from (fall) and where they went (spring). Numbers 
represent the number of neckbanded geese observed in the area that were observed elsewhere in the same migration period (with percentage where sample 
size > 25). Data were combined for all years of the study. ; 
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Appendix 3 
(A) Date of first observation, (B) date of last observation, and (C) span of 
observations of neckbanded Lesser Snow Geese from the Western Canadian 
Arctic and Wrangel Island on fall staging areas, averaged across years. 
Sample sizes in A (n years of observations, total number of neckbands 
recorded in the area between 1 August and 31 December over n years) also 
apply to B and C. 

Fall 

Banding location 

Western Canadian Arctic Wrangel Island 
A. First observation (x ± SE") 
N.E. Alaska 27 Aug. (1. 15) -
N. Alberta 20 Sep. ± 1.0 (2,6) -AB-SK6 19 Sep. ±2.6 (5, 1738) 28 Sep. ± 1.3 (4, 56) 
Montana 27 Oct. ± 7.4 (4, 109) 31 Oct. ±4.0 (2, 7) 
E. Oregon 7 Nov. ± 4.0 (3, 8) 24 Oct. ± 8.4 (3, 52) 
Nevada 18 Nov. ± 3.5 (2, 17) 15 Nov. (1,3) 

B. Last observation (x ± SE") 
N.E. Alaska 29 Aug. -
N. Alberta 27-Sep. ± 8.0 -
AB-SK* 2 Nov. ± 2.9 24 Oct. ± 5.3 
Montana 10 Nov. ±5.8 10 Nov. ±0.5 
E. Oregon 14 Nov. ± 11.3 19 Nov. ±9.2 
Nevada 24 Nov. ± 2.0 26 Nov. 

C. Span of observations (days) 
N.E. Alaska 2 ±0.0 -
N. Alberta 7 ±7.0 -
AB-SK* 44.6 ± 1.6 26.0 ±5.4 
Montana 14.2 ± 5.9 11.0 ±4.5 
E. Oregon 7.7 ±7.7 26.0 ± 10.1 
Nevada 5.5 ±5.5 11.0 
" SE in days. 
* AB-SK = southeastern Alberta and southwestern Saskatchewan. 

Appendix 4 
(A) Date of first observation, (B) date of last observation, and (C) span of 
observations of neckbanded Lesser Snow Geese from the Western Canadian 
Arctic and Wrangel Island on wintering areas, averaged across years. 
Sample sizes in A (n years of observations, total number of neckbands 
recorded in the area between 1 August and 30 June over n years) also apply 
to B and C. 

Winter 

Banding location 

Western Canadian Arctic Wrangel Island 
A. First observation (x ±SE") 
BC-WA* - 14 Oct. ± 1.6 (4, 5288) 
Columbia River - 27 Nov. ± 9.2 (4,109) 
Klamath Basin 29 Oct. ± 11.1 (5, 3281) 18 Oct. ± 19.2 (4, 1405) 
Central Valley 24 Oct. ± 1.6 (5, 6330) 25 Oct. ± 4.1 (4, 2040) 
Imperial Valley 31 Oct. ± 4.9 (5,251) -
E. NM, CO, TX* 7 Nov. ± 3.5 (5,91) -
W.NM* 8 Nov. ± 10.8 (5, 1671) 9 Nov. ± 4.5 (3, 52) 
N. Chihuahua 6 Dec. ± 7.0 (5, 340) 29 Jan. (1,1) 
S. Chihuahua, Durango 27 Jan. ± 16.8 (4, 258) 17 Jan.± 1.0 (2,6) 

B. Last observation (x ±SE") 
BC-WA* - 18 Apr. ± 3.1 
Columbia River - 8 Feb. ± 16.0 
Klamath Basin 1 Apr. ± 4.1 30 Mar. ± 4.9 
Central Valley 17 Mar. ± 3.1 13 Mar. ± 3.4 
Imperial Valley 4 Feb. ± 14.9 -
E. NM, CO, TX* 27 Jan. ± 16.7 -W.NM* 21 Feb. ± 11.4 19 Feb. ± 2.9 
N. Chihuahua 1 Feb. ± 9.5 29 Jan. 
S. Chihuahua, Durango 19 Feb. ± 3.6 17 Jan.± 0.5 

C. Span of observations (days) 
BC-WA* - 186.5 ± 1.7 
Columbia River - 72.5 ± 21.8 
Klamath Basin 153.4 ± 14.8 162.5 ± 23.6 
Central Valley 144.0 ± 3.2 139.5 ± 6.2 
Imperial Valley 96.0 ± 17.6 -
E. NM, CO, TX* 81.0 ± 17.8 -
W.NM* 105.0 ± 22.1 102.0 ± 2.1 
N. Chihuahua 56.8 ± 14.8 0.0 
S. Chihuahua, Durango 23.2 ± 13.5 0.5 ± 0.5 
" SE in days. 
* BC-WA = Fraser-Skagit deltas (British Columbia-Washington); E. NM, 

CO, TX = New Mexico east of 105°W (including the Pecos River), Colo­
rado, and Texas (including the Gulf Coast); W. NM = New Mexico west 
of 105°W (including the Rio Grande Valley). 
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Appendix 5 
(A) Date of first observation, (B) date of last observation, and (C) span of 
observations of neckbanded Lesser Snow Geese from the Western Canadian 
Arctic and Wrangel Island on spring staging areas, averaged across years. 
Sample sizes in A (n years of observations, total number of neckbands 
recorded in the area between 1 August and 31 December over n years) also 
apply to B and C. 

Spring 

Banding location 

Western Canadian Arctic Wrangel Island 
A. First observation (x ± SE") 
S.E. Alaska - 15 Apr. ± 1.0 (2, 187) 
AB-SK* 1 Apr. ±4.1 (5, 1173) 6 Apr. ± 2.8 (4, 347) 
Montana 14 Mar. ±6.0 (5,919) .13 Mar. ±1.7 (4, 339) 
E. Oregon 7 Mar. ±2.5 (5,139) 10 Mar. ± 5.5 (3,63) 
Nevada 6 Mar. ± 9.5 (5,31) 2 Mar. ± 6.8 (3, 5) 
Utah 23 Feb. ± 1.3 (4,286) 22 Feb. ± 2.5 (2, 8) 
Nebraska 7 Mar. (1,2) -
B. Last observation (x ± SE") 
S.E. Alaska - 1 May ±4.0 
AB-SK* 4 May ± 1.9 4 May ± 2.4 
Montana 13 Apr. ± 1.9 16 Apr. ±0.8 
E. Oregon 9 Apr. ± 3.7 2 Apr. ± 6.6 
Nevada 13 Mar. ± 7.4 2 Mar. ± 6.4 
Utah 15 Mar. ±4.0 26 Feb. ±1.5 
Nebraska 18 Mar. -
C. Span of observations (days) 
S.E. Alaska - 16.0 ±3.0 
AB-SK* 33.2 ±4.8 28.0 ± 0.9 
Montana 30.0 ± 7.0 33.5 ±2.3 
E. Oregon 33.4 ± 5.2 23.0 ±4.7 
Nevada 7.2 ± 3.3 0.3 ±0.3 
Utah 20.5 ±4.7 4.0 ± 4.0 
Nebraska 11.0 -
" SE in days. 
* AB-SK = southeastern Alberta and southwestern Saskatchewan. 



Survival rates of Lesser Snow Geese in the Pacific and 
Western Central flyways, 1953-1989 

James E. Hines, Myra O. Wiebe, Sam J. Barry, Vasily V. Baranyuk, 
John P. Taylor, Richard McKelvey, Stephen R. Johnson, and Richard H. Kerbes 

Abstract 

We evaluated neckband observations and legband 
recoveries to determine survival rates and their effects on the 
changing numbers and distribution of Lesser Snow Geese 
Anser caerulescens caerulescens (hereafter referred to as 
Snow Geese) in the Pacific and Western Central flyways 
over the past 40 years. 

Survival estimates were determined, using the 
Jolly-Seber and related methods, for a sample of 4583 adult 
geese collared on the breeding grounds from 1987 to 1989 
and 590 adults collared on wintering areas in 1986 and 1987. 
Neckband retention rates of male Snow Geese were low and 
highly variable; hence, we do not believe that the 
mark:resight survival estimates for males could be ade­
quately corrected for neckband loss. Average annual 
neckband retention rates for females were higher (>0.869) 
and were used to adjust the average survival rates of female 
geese. Annual resighting rates of collared geese were high 
(about 75%), leading to relatively small standard errors (SE) 
and a good ability to detect survival or resighting differences 
among groups of collared geese. 

Average survival rates of female geese marked in the 
Western Arctic (0.802 ± SE 0.024) were higher than those 
for Wrangel Island geese (0.685 ± 0.033). Survival estimates 
for females collared on the wintering grounds in British 
Columbia (0.742 ± 0.036) and New Mexico (0.784 ± 0.037) 
were fairly consistent with those reported for Wrangel Island 
and the Western Arctic, respectively. We found no strong 
evidence that survival rates of the decreasing south-wintering 
(i.e., California) group of Wrangel Island birds (0.656 ± 
0.056) were lower than those of the increasing 
north-wintering (i.e., British Columbia-Washington) stock 
(0.628 ± 0.045). In contrast, Western Arctic geese that shared 
wintering grounds with south-wintering Wrangel Island birds 
in California had significantly higher survival rates (0.844 ± 
0.025). This suggests that differences in survival of the 
Western Arctic and Wrangel Island geese that occurred 
outside the wintering period might account for the overall 
differences in survival rates of the two populations. Survival 
of adult females from both populations was similar during 
the "winter" period (1 November - 1 February) of all years 
but lower for Wrangel Island geese during the "late winter -
early fall period" (1 February - 1 November) of at least one 
year, lending further support to this interpretation. 

Legband recoveries indicated that survival rates for 
adult geese from the Western Canadian Arctic were 
0.935 ± 0.047 in 1960-1963, 0.832 ± 0.062 in 1973-1975, 
and 0.789 ± 0.069 in 1987-1989. Survival rates of adult 
geese from Wrangel Island were 0.668 ± 0.084 during 
1975-1977. Comparison of these estimates as well as those 
from the neckband resighting data suggested that survival 
rates of Wrangel Island adults were 0.10-0.15 lower than for 
their Western Arctic counterparts during both the 1970s and 
1980s, and among the lowest values reported for Snow 
Geese. The survival rates of Western Arctic adults may have 
declined from the 1960s to the 1980s. Although differences 
in rates of survival might in part explain why the Western 
Arctic Population has increased whereas the Wrangel Island 
Population has not, we found no evidence that regional 
variation in survival rates explained the recent changes in the 
winter distribution of either population. 

Harvest rates, estimated using both legband recover­
ies and information on harvest and population size, for the 
combined Wrangel Island/Western Arctic populations were 
15-20% in the 1960s and 1970s and <10% in the late 1980s. 
Legband recoveries indicate that harvest rates were similar 
for both populations in recent years. 

Unlike the situation with Snow Geese using the 
lowlands bordering Hudson Bay, there is little evidence that 
the Western Arctic geese are severely overgrazing their 
summer habitat. However, because of the current size and 
growth rate of the Western Arctic Population, we 
recommend returning the harvest rate to a 1960s and 1970s 
level. This would prevent the population from growing 
beyond the point where numbers can be successfully 
managed by hunting. 

Resume 

Nous avons evalue les observations des colliers et 
analyse les bagues de parte recuperees pour determiner les 
taux de survie et leurs effets sur les changements dans le 
nombre et la repartition des Petites Oies des neiges Anser 
caerulescens caerulescens (appelees ci-apres Oies des 
neiges) des voies migratoires du Pacifique et du centre-ouest 
de 1953 a 1989. 

Les estimations des taux de survie ont ete determi-
nees, au moyen de la methode Jolly-Seber et de methodes 
connexes, aupres d'un echantillon de 4 583 oies adultes a qui 
on a pose un collier dans les aires de reproduction de 1987 a 
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1989 et de 590 oies adultes a qui on a pose un collier dans les 
aires d'hivernage en 1986 et en 1987. Le taux de retention 
des colliers des Oies des neiges males etait faible et tres 
variable. Par consequent, nous ne croyons pas que les estima­
tions des taux de survie pour les males d'apres les marqua-
ges-observations pourraient etre adequatement corriges pour 
la perte des colliers. Les taux de retention annuels moyens 
des colliers des femelles etaient plus eleves (>0,869) et 
etaient utilises pour corriger les taux de survie annuels des 
oies femelles. Les taux d'observation annuels des oies a qui 
on a pose un collier etaient eleves (environ 75 p. 100), ce qui 
a donne lieu a un taux d'erreur-type (ET) relativement faible 
et a la capacite de bien deceler les differences des taux de 
survie ou d'observation entre les groupes d'oies portant un 
collier. 

Les taux moyens de survie des oies femelles 
marquees dans 1'ouest de rArctique (0,802 ± ES 0,024) 
etaient plus eleves que ceux des oies de l'ile Wrangel (0,685 
± 0,033). Les estimations des taux de survie pour les femelles 
a qui on a pose un collier dans les aires d'hivernage de la 
Colombie-Britannique (0,742 ± 0,036) et du Nouveau-
Mexique (0,784 ± 0,037) etaient assez conformes a celles 
rapportees pour l'ile Wrangel et 1'ouest de l'Arctique, res­
pectivement. Nous n'avons constate aucune preuve convain-
cante permettant de confirmer que les taux de survie du 
troupeau en regression de File Wrangel (0,656 ± 0,056) 
hivernant dans le sud (c.-a-d., en Califomie) etait inferieur a 
ceux du troupeau en hausse (0,628 ± 0,045) hivernant dans le 
nord (c.-a-d., en Colombie-Britannique et dans l'Etat de 
Washington). Par contraste, les oies de 1'ouest de l'Arctique 
qui partageaient les aires d'hivernage des oiseaux de l'ile 
Wrangel hivernant dans le sud (en Califomie) avaient des 
taux de survie beaucoup plus eleves (0,844 ± 0,025). Cette 
situation suggere que les differences des taux de survie entre 
les oies de 1'ouest de l'Arctique et celles de l'ile Wrangel, 
qui se produisaient en dehors de la periode d'hivernage, 
pourrait expliquer les differences globales des taux de survie 
des deux populations. Les taux de survie des femelles adultes 
pour les deux populations etaient semblables pendant la 
periode « d'hiver » (du 1" novembre au P'fevrier) de toutes 
les annees, mais ils etaient inferieurs pour les oies de l'ile 
Wrangel pendant la periode « allant de la fin de l'hiver au 
debut de l'automne »(du l c r fevrier au 1" novembre) au cours 
d'au moins une annee, ce qui appuie cette interpretation. 

L'analyse des bagues recuperees a indique que les 
taux de survie des oies adultes provenant de 1'ouest de 
l'Arctique canadien etaient de 0,935 ± 0,047 de 1960 a 1963, 
de 0,832 ± 0,062 de 1973 a 1975 et de 0,789 ± 0,069 de 1987 
a 1989. Les taux de survie des oies adultes provenant de l'ile 
Wrangel etaient de 0,668 ± 0,084 de 1975 a 1977. La compa-
raison de ces estimations, de meme que de celles tirees des 
donnees de reperages des colliers suggerent que les taux de 
survie des adultes de l'ile Wrangel etaient inferieurs dans une 
proportion de 0,10 a 0,15 a ceux des oies de 1'ouest de 
l'Arctique au cours des annees 1970 et 1980, et se situaient 
parmi les valeurs les plus faibles rapportees pour l'Oie des 
neiges. Les taux de survie des adultes de 1'ouest de 
l'Arctique peuvent avoir connu un declin entre les annees 
1960 et 1980. Bien que les differences entre les taux de 
survie puissent expliquer en partie pourquoi la population de 
1'ouest de l'Arctique a augmente et pas celle de l'ile 
Wrangel, nous n'avons constate aucune preuve indiquant que 
les variations regionales des taux de survie pouvaient 

expliquer les changements recents de la distribution 
hivernale des deux populations. 

Les niveaux de recolte, dont les estimations se 
fondent sur les bagues de patte recuperees ainsi que sur les 
renseignements relatifs a la recolte et a la taille de la popula­
tion, etaient, dans les annees 1960 et 1970, de 15 a 20 p. 100 
pour l'ensemble des populations de l'ile Wrangel et de 
1'ouest de l'Arctique, et de <10 p. 100 a la fin des annees 
1980. Les bagues de patte recuperees indiquent, qu'au cours 
des dernieres annees, les niveaux de recolte etaient sembla­
bles pour les deux populations. 

Contrairement a la situation des Oies des neiges se 
nourrissant dans les basses terres bordant la baie d'Hudson, il 
existe peu de preuves confirmant un surpaturage important 
par les oies de Touest de l'Arctique dans leur habitat estival. 
Toutefois, en raison de la taille actuelle et du taux de crois­
sance de la population de l'ouest de l'Arctique, nous recom-
mandons de fixer les niveaux de recolte a ceux des annees 
1960 et 1970. Cette mesure empecherait la croissance de la 
population au-dela du point ou elle peut etre controlee au 
moyen de la chasse. 

1. Introduction 

Lesser Snow Geese Anser caerulescens caerulescens 
(hereafter referred to as Snow Geese) of the Pacific Flyway 
breed in the Western Canadian Arctic (mainly on Banks 
Island), on Wrangel Island, Russia, and at a small colony on 
the North Slope of Alaska (Fig. 1). Traditionally, most geese 
from Canada and Alaska wintered in the Central Valley of 
California, whereas those from Wrangel Island wintered at 
the Fraser Delta of British Columbia and the Skagit Delta in 
Washington as well as in the Central Valley. The winter dis­
tribution of Snow Geese in western North America seems to 
have changed during the past several decades (Dzubin 1979; 
Turner et al. 1994; Armstrong et al. 1999, this volume; Hines 
et al. 1999, this volume). Numbers of wintering birds have 
increased in the Western Central Flyway (i.e., the Northern 
Highlands of Durango and Chihuahua, New Mexico, and 
neighbouring parts of Colorado and Texas) and in British 
Columbia-Washington but have possibly declined in Califor­
nia (see Kerbes et al. 1999, this volume). 

In addition to the dynamic nature of the Winter distri­
bution of Snow Geese, there have been significant changes in 
numbers at the breeding colonies (Kerbes et al. 1999, this 
volume). The Western Canadian Arctic Population has more 
than doubled since the late 1980s, and the small Alaskan 
colony is growing also (Johnson 1996). The Wrangel Island 
Population of Snow Geese is of special management concern 
because it declined greatly in the early 1970s and never 
returned to its former level (Bellrose 1976; Bousfield and 
Syroechkovsky 1985; Subcommittee on White Geese 1992a; 
Kerbes et al. 1999, this volume). Despite this overall decline, 
the number of Wrangel Island birds wintering in the Fraser-
Skagit deltas has increased (Boyd 1995), possibly at the 
expense of the Central Valley component of the population. 

The role that temporal and geographic differences in 
survival rates have played in altering the numbers and distri­
butions of Snow Geese in western North America is not 
known, although there are now several sets of data that might 
shed light on this important problem. The observations of 
geese collared on the breeding and wintering grounds from 
1986 to 1989 can be used to estimate survival rates by 
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Figure 1 
Distribution of Lesser Snow Geese, showing breeding, migration, and wintering areas 

capture-recapture (mark:resight) methods (Hestbeck et al. 
1990; Pollock et al. 1990; Lebreton et al. 1992). Addi­
tionally, significant numbers of geese were banded in the 
Pacific Flyway from 1953 through the 1970s. Except for a 
report by Rienecker (1965), the legband recovery data have 
not previously been analyzed or widely reported. 

In this report, we summarize the data on survival rates 
of geese collared at the different colonies and wintering areas 
from 1986 to 1989 and also review and analyze earlier 
banding and recovery data for Pacific and Western Central 
flyway Snow Geese. Our specific objectives were to 1) 
compute recent survival rates of adult Snow Geese from the 

Western Canadian Arctic, Alaska, Wrangel Island, British 
Columbia, and New Mexico and document annual variations 
in survival for each site; 2) compare the survival of 
north-wintering (i.e., Fraser-Skagit deltas) and 
south-wintering (i.e., California) components of the Wrangel 
Island Population to determine if survival differences could 
account for recent changes in numbers of wintering geese at 
the two sites; and 3) derive survival and recovery rates from 
the 1950s-1980s banding and recovery data to determine if 
rates of survival or harvest have changed substantially over 
the past 35-40 years. 



2. Methods 
2.1 Marking and observing geese 

During the summer flightless period, flocks of geese 
were herded into temporary capture pens by helicopter 
(Heyland 1970; Timm and Bromley 1976; Maltby 1977) or 
by crews working on foot (Cooch 1953). The sex and age of 
each captured goose were determined, and each bird was 
equipped with a standard metal legband. For analytical 
purposes, two age classes were recognized: adult (after hatch 
year) and young (hatch year). In addition to legbanding, in 
1987-1989, many of the adult geese were marked with 
coloured plastic neckbands. Each neckband had a unique 
alpha-numeric code, making each collared goose individually 
identifiable. 

Geese were also collared on two wintering areas in 
1986 and 1987, the Fraser Delta in British Columbia 
(McKelvey et al. 1989) and the Bosque del Apache refuge in 
New Mexico (Taylor and Kirby 1990). In both areas, geese 
were captured with cannon nets as they fed in fields. 

A large network of observers working at fall staging 
areas and wintering grounds used spotting scopes to scan 
flocks of feeding or resting geese and identify collared indi­
viduals (Kerbes and Meeres 1999, this volume). We used 
observations of collared geese made between November 
1986 and February 1992 in our analyses. 

2.2 Capture-recapture (mark:resight) analysis 

The data from the observations of collared geese were 
suited for a capture-recapture (mark:resight) analysis for 
open populations (Pollock et al. 1990). By observing the 
gradual loss from the population of birds marked at specific 
times, survival rates were estimated (Hestbeck et al. 1990; 
Ebbinge et al. 1991). Current approaches to estimating 
survival rates by open population methods emphasize 
selecting a model that fits the data but requires the lowest 
number of estimable parameters (i.e., is parsimonious). 

Data reported by Johnson et al. (1995) for geese 
collared at the Sagavanirktok River Delta in Alaska indicated 
that males and females had quite different rates of neckband 
loss, so we considered data sets for the two sexes separately. 
Because observer effort varied regionally and annually, most 
analyses were done separately for the different banding 
areas. We chose the Jolly-Seber model as a global model that 
was biologically realistic. It assumes that the two parameters 
of interest, survival rates and resighting rates, are time 
dependent (Jolly 1965; Seber 1965; Pollock et al. 1990). 

In the analyses, a survival rate is defined as the prob­
ability that a goose alive at the midpoint of the neckband 
observation period of one year would live to the same date in 
the following year. A resighting rate (or the probability of 
capture) is the estimated probability that a collared goose 
alive during a given observation period was observed (i.e., its 
neckband code recorded) during that period. 

Program RELEASE (Burnham et al. 1987), which can 
handle multiple data sets, was used to examine the goodness-
of-fit to the Jolly-Seber model and to test for overall differ­
ences in survival or resighting rates among birds from 
different areas. We used Tests 2 and 3 of RELEASE to 
provide a cumulative %2 test for goodness-of-fit to the general 
Jolly-Seber model and Test 1 as an overall test for some 

treatment effect (i.e., do survival rates or rates of observation 
of marked individuals differ among banding areas?). 
Program JOLLY (Pollock et al. 1990) was used to compute 
both annual and average survival rates (Model A) and to 
attempt to fit reduced parameter models.to the data sets (e.g., 
ones in which survival probabilities [Model B] or both 
survival and capture probabilities [Model D] are constant 
among years). The model that best fit the individual data sets 
was deemed the "best model," and the estimate from that 
model the "best estimate" of the average survival rate for a 
given group of geese. We then used the %2 test (Sauer and 
Williams 1989) to conduct pairwise comparisons of annual 
or "best estimates" of survival among areas if the Program 
RELEASE tests (mentioned above) indicated that such com­
parisons were warranted (Program CONTRAST; Hines and 
Sauer 1989). Unless otherwise indicated, statistical hypothe­
ses were tested at the 0.05 level of significance. 

Previous studies have shown that neckband loss is 
sometimes high for certain species of geese (Campbell and 
Becker 1991; Johnson et al. 1995). If rates of neckband 
retention can be measured, however, neckband loss can be 
accounted for when estimating population parameters 
(Arnason and Mills 1981; Hestbeck et al. 1990; Pollock et al. 
1990; Nichols et al. 1992). In order to arrive at rates of 
neckband retention, we used the data reported by Johnson et 
al. (1995) for annual banding/collaring drives carried out 
from 1980 to 1989 at the Sagavanirktok River Delta, Alaska. 
Average neckband retention rates were calculated from these 
data according to the formula for a binomial distribution. We 
also estimated neckband retention rates by sending question­
naires to hunters who had shot banded birds, a method that 
had proven to be useful for Canada Geese Branta canadensis 
(Samuel et al. 1990a). The small sample of returns from the 
questionnaire was useful in checking the generality of the 
results from Alaska. Average retention rates were estimated 
from the questionnaire data using a modified form of the 
Mayfield estimator (Bart and Robson 1982). Mean survival 
rates and their standard errors were corrected for the effect of 
neckband loss using the formula described by Pollock 
(1981). 

Although geese were marked in the Arctic during July 
or August of each year, we considered in our analyses of 
annual survival rates only the birds observed during 
November, December, and January of 1986-1987 to 
1991-1992. This period was chosen because it contained the 
highest proportion (nearly 50%) of the annual neckband 
observations of any three-month period. For birds marked on 
the wintering grounds, the date of collaring was treated as an 
observation. Annual survival estimates refer to the midpoints 
of the consecutive sampling periods — i.e., from 15 
December of one year to 15 December of the next. 

We considered Wrangel Island geese that wintered in 
the Fraser-Skagit deltas and California separately in some 
analyses to find out if geographic differences in survival 
rates might account for the recent changes in the distribution 
of this population. For this purpose, geese sighted only in the 
Fraser-Skagit deltas or California between 1 November and 
31 January were treated as being present on the wintering 
grounds, and geese sighted in more than one wintering area 
were eliminated from the analyses. From 1988 to 1992, 88% 
of the geese (730 of 830) sighted during November-January 
were observed in only the north (Fraser-Skagit) or the south 
(California) wintering area. Therefore, we believe that it was 
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valid to separate the overall population into north- and 
south-wintering stocks, and that eliminating the individuals 
that could not be clearly assigned to either stock would not 
severely bias the analyses. For comparative purposes, we 
also computed survival rates of Western Canadian Arctic 
geese that wintered in California. 

To determine if survival rates differed seasonally for 
geese from different banding areas, we divided the observa­
tion data into two intervals per year, 11 October - 22 
November and 11 January - 22 February, and computed 
survival rates for those periods. In this instance, the survival 
rates (from the midpoint of one sampling period to the 
midpoint of the next) are from 1 November to 1 February 
and from 1 February to 1 November, respectively. The 
intervals chosen for the analysis were dictated by the avail­
ability of data for different time periods and the need to 
shorten the sampling period relative to the time between 
samples (one of the assumptions of the Jolly-Seber method; 
Krebs 1989:43). 

2.3 Band recovery analysis of earlier and present data sets 
(1960-1989) 

Survival rates for Snow Geese banded in the 1960s 
through 1970s were estimated using legband recovery 
methods described by Brownie et al. (1985) and Conroy et 
al. (1989). Legband recoveries were also used to provide a 
statistically independent estimate of survival rates for the 
sample of geese collared from 1987 to 1989. The analyses 
used only legbands from hunter-killed birds that were 
reported to the Bird Banding Office of the Canadian Wildlife 
Service or the U.S. Fish and Wildlife Service. In these 
analyses, a recovery rate is defined as the estimated propor­
tion of banded birds in the population that were killed by 
hunters during the subsequent hunting season and had their 
legbands reported (Brownie et al. 1985). A direct recovery 
rate is the recovery rate during the first hunting season after 
banding. Survival rate refers to the estimated proportion of 
birds (of a given sex or age class) that survived from the time 
of banding in one year to the time of banding in the 
following year. 

The legband recovery approach involved selecting a 
multinomial model that best fit the data and then generating 
maximum likelihood estimates of survival and legband 
recovery estimates using the preferred model. We used the 
ESTIMATE procedure of the computer program MULT 
(Conroy et al. 1989) to determine survival rates of adult 
geese. This software tested for the fit of the legband recovery 
data to three models: M l (both survival rates and recovery 
rates are year dependent), M2 (survival rates are constant 
from year to year, but recovery rates vary annually), and M3 
(survival rates and recovery rates are constant each year). 
Adequate samples of banded juveniles were available for the 
Western Canadian Arctic and Wrangel Island for some years. 
In these instances, the BROWNIE procedure in program 
MULT was used to estimate survival for both adults and 
young. Specifically, we employed models HI, H02, and HOI 
of the BROWNIE procedure, which are two age class exten­
sions of models M l , M2, and M3, respectively. 

2.4 Harvest rates 

Band recovery estimates are a useful index of the pro­
portion of a waterfowl population that is killed by hunters 
each year. In the following analyses, we have assumed that 
legband reporting estimates have not changed over the years 
and that legbands from 30-40% of the marked birds shot by 
hunters are eventually "recovered" — that is, reported to one 
of the Wildlife Services (Martinson and McCann 1966; 
Conroy and Blandin 1984; Nichols et al. 1991). This assump­
tion should produce a conservative estimate of the proportion 
of the population killed by hunters, because it does not take 
into account unretrieved kill or spring subsistence harvest of 
banded birds. 

Analysis of legband recoveries might be further com­
plicated by the collaring of geese. If hunters are more apt to 
report having shot a collared goose compared with one that 
was only legbanded (Samuel et al. 1990b), the collaring of 
adult geese during 1975-1977 on Wrangel Island and during 
1987-1989 both on Wrangel Island and in the Western 
Canadian Arctic would inflate recovery estimates for those 
years relative to other periods. This form of bias was identi­
fied primarily for direct recovery estimates of collared geese 
and so might not greatly influence the overall recovery 
estimates (i.e., including direct plus indirect recoveries) for 
adult geese described here (Samuel et al. 1990b). In our 
analyses, we have assumed a reporting rate of 1/3. For the 
reasons outlined above, we believe this will lead to conserva­
tive estimates of harvest rates for legbanded birds and might 
somewhat inflate harvest rates for collared geese. 

As a second measure of harvest rate, we considered 
annual estimates of harvest and population size. Because of 
the typically imprecise nature of both harvest and population 
estimates, the ratio of harvest to overall population size may 
be a less reliable estimator of harvest rate than legband 
recovery estimates. Nevertheless, the method provided a 
useful independent index to harvest rate. In most instances, 
the origin of harvested birds cannot be attributed to a specific 
breeding colony, so we calculated only an overall harvest 
rate for the entire flyway population. 

3. Results 

3.1 Neckbanding studies (1986-1989) 

On the breeding grounds, 4583 adult Snow Geese 
were collared from 1987 to 1989, approximately 58% of 
these in the Western Canadian Arctic, 30% at Wrangel 
Island, and 13% at the Sagavanirktok Delta in Alaska 
(Table 1). Geese were banded in the Western Arctic and 
Alaska during all three years of study, but only during 1988 
and 1989 on Wrangel Island. Sixty-one percent of the 
collared geese were sighted during the November-January 
period of at least one year, so the number of collared birds 
from the breeding grounds in the mark:resight survival 
analyses was 2814. 

In the winters of 1986 and 1987, 345 adult geese were 
collared at the Fraser Delta, British Columbia, and 245 adults 
at the Bosque del Apache refuge in New Mexico (Table 1). 
Data from all of these geese were used in survival analyses. 

Annual resighting probabilities for geese collared on 
the breeding grounds averaged nearly 0.75, and the average 
resighting rates for those collared during winter exceeded 
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Number of adult Lesser Snow Geese neckbanded at five sites in the Pacific Flyway, 1986-1989 (F indicates females and M indicates males) 

Western Canadian Arctic Alaska Wrangel Island British Columbia New Mexico 

Year F M Both F M Both F M Both F M Both F M Both 

1986 0 0 0 0 0 0" 0 0 0 96 74 170 117 90 225* 
1987 518 515 1033 87 113 200 0 0 0 98 76 175* 14 4 20* 
1988 449 449 898 88 112 200 453 442 897s 0 0 0 0 0 0 
1989 391 322 713 90 92 182 207 253 460 0 0 0 0 0 0 

Total 1358 1286 2644 265 317 582 660 695 1357* 194 150 345* 131 94 245* 
" One hundred and ninety-nine geese were banded in Alaska in 1986, but these individuals were not used for survival analyses. 
* Totals include geese of undetermined sex. 

Table 2 
Minimum annual survival estimates (± standard errors) of neckbanded adult 
female Lesser Snow Geese from the Western Canadian Arctic, Alaska, and 
Wrangel Island, 1987-1989. The annual and average survival estimates are 
based on the Jolly-Seber model (Program JOLLY, Model A), and the overall 
survival estimates are based on the constant survival model (Model B). The 
survival estimate (average or overall) based on the best model (i.e., the 
simplest model that fit) is in bold type. 

Probability of re-
Year Survival ± SE sighting ± SE Banding area 

Western Canadian Arctic 1987 
1988 
1989 
1990 

0.819 ±0.037 
0.769 ± 0.028° 0.678 ± 0.042 
0.544 ±0.030* 0.839 ±0.028 

0.727 ± 0.037 

Average 0.711 ±0.016c 0.748 ±0.031 

Overall (1987-1989) 0.737 ± 0.019'' 0.631 ±0.033 

Alaska 1988 0.847 ±0.120 
1989 0.539 ±0.112 
1990 

0.703 ±0.116 
0.549 ±0.118 

Average 0.693 ± 0.074 0.626 ± 0.166 

Overall (1988-1989) 0.758 ±0.094 0.488 ± 0.095 

Wrangel Island 1988 
1989 
1990 

0.632 ± 0.036 
0.576 ± 0.046 0.841 ± 0.040 

0.738 ± 0.054 

Average 0.604 ± 0.027 0.789 ± 0.067 

Overall (1988-1989) 0.612 ± 0.027 0.722 ± 0.058 
Survival estimate is 0.742 ± 0.038 if geese collared in 1987 are eliminated. 
Survival estimate is 0.515 ± 0.033 if geese collared in 1987 are eliminated 
(probability of resighting is 0.849 ± 0.039). 
Average survival estimate is 0.628 ± 0.023 if geese collared in 1987 are 
eliminated (probability of resighting is 0.806 ± 0.059). 
Overall survival estimate is 0.644 ± 0.030 if geese collared in 1987 are 
eliminated (probability of resighting is 0.687 ± 0.049). 

Table 3 
Minimum annual survival estimates (± standard errors) of neckbanded adult 
male Lesser Snow Geese from the Western Canadian Arctic, Alaska, and 
Wrangel Island, 1987-1989. The annual and average survival estimates are 
based on the Jolly-Seber model (Program JOLLY, Model A), and the overall 
survival estimates are based on the constant survival model (Model B). The 
survival estimate (average or overall) based on the best model (i.e., the 
simplest model that fit) is in bold type. 

Probability of re-
Banding area Year Survival ± SE sighting ± SE 
Western Canadian Arctic 1987 

1988 
1989 
1990 

0.690 ±0.046 
0.640 ±0.031" 
0.445 ± 0.046* 

0.622 ±0.051 
0.909 ± 0.030 
0.700 ± 0.069 

Average 0.592 ±0.022c 0.743 ±0.046 

Overall (1987-1989) 0.638 ± 0.022d 0.566 ± 0.037 

Alaska 1988 0.547 ± 0.090 
1989 0.397 ±0.113 
1990 

0.878 ±0.110 
0.633 ±0.170 

Average 0.472 ± 0.070 0.756 ± 0.203 

Overall (1988-1989) 0.519 ±0.077 0.560 ±0.114 

Wrangel Island 1988 0.598 ±0.036 
1989 0.624 ± 0.057 
1990 

0.873 ± 0.039 
0.649 ± 0.061 

Average 0.611 ± 0.032 0.761 ± 0.072 

Overall (1988-1989) 0.608 ±0.029 0.685 ±0.055 
" Survival estimate is 0.666 ± 0.041 if geese collared in 1987 are eliminated. 

Survival estimate is 0.424 ± 0.048 if geese collared in 1987 are eliminated 
(probability of resighting is 0.900 ± 0.042). 

c Average survival estimate is 0.545 ± 0.030 if geese collared in 1987 are 
eliminated (probability of resighting is 0.837 ± 0.091). 

d Overall survival estimate is 0.625 ± 0.038 if geese collared in 1987 are 
eliminated (probability of resighting is 0.547 ± 0.043). 

0.80. The high rates of resighting lead to good precision for 
many survival estimates (i.e., standard errors <0.05) and 
good statistical power to detect significant differences in 
survival rates (Tables 2-4). 

Neckbands placed on geese in Alaska in 1987 were 
not glued, and birds collared in that year had much higher 
rates of neckband loss than birds collared in any other year 
(Johnson et al. 1995). Therefore, we omitted the birds 
collared in Alaska in 1987 from the analyses. We estimated 
survival rates for three years (1987-1989) for geese from the 
Western Canadian Arctic and for two years (1988-1989) for 
geese from Alaska and Wrangel Island (Tables 2 and 3). 

Data from female geese marked on the wintering grounds 
provided four annual estimates of survival (1986-1989), but 
only two or three annual estimates were calculated for males 
because of small sample sizes (Table 4). All estimates 
presented in Tables 2-4 are minimum survival rates, as they 
do not take neckband loss into account. 

Table 5 summarizes Program RELEASE output con­
cerning goodness-of-fit of the resighting data to the general 
Jolly-Seber model as well as the test results for differences in 
resighting or survival rates of geese from the three Arctic 
banding sites. In Table 6, Program JOLLY results describing 
the fit of the resighting data to the Jolly-Seber model (and its 
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Table 4 
Minimum annual survival estimates (± standard errors) of adult Lesser Snow Geese neckbanded in winter in British 
Columbia and New Mexico, 1986-1989. The annual and average survival estimates are based on the Jolly-Seber model 
(Program JOLLY, Model A), and the overall survival estimates are based on the constant survival model (Model B). The 
survival estimate (average or overall) based on the best model (i.e., the simplest model that fit) is in bold type. 

British Columbia New Mexico 

Probability of Probability of 
Sex Year Survival ± SE resighting ± SE Survival ± SE resighting ± SE 
Female 1986 0.673 ±0.051 0.731 ±0.046 

1987 0.682 ± 0.042 0.929 ± 0.040 0.684 ± 0.053 0.877 ± 0.043 
1988 0.555 ± 0.064 0.912 ± 0.038 0.631 ±0.073 0.926 ±0.041 
1989 0.566 ± 0.226 0.861 ± 0.074 0.487 ± 0.082 0.861 ±0.075 
1990 0.486 ±0.191 inadequate data" 

Average 0.619 ±0.059 0.797 ±0.071 0.633 ± 0.029 0.888 ± 0.048 

Overall (1986-1989) 0.657 ± 0.029 0.650 ±0.071 0.695 ± 0.030 0.674 ±0.075 

Male 1986 0.582 ± 0.072 0.747 ± 0.057 
1987 0.530 ±0.091 0.836 ± 0.084 0.569 ± 0.074 0.862 ± 0.057 
1988 inadequate data" 0.729 ±0.117 0.476 ±0.121 0.886 ±0.076 
1989 inadequate data" inadequate data" 0.825 ±0.162 

Average 0.556 ± 0.055 0.783 ±0.144 0.597 ± 0.046 0.858 ± 0.094 

Overall (1986-1988) 0.568 ± 0.057 0.633 ± 0.099 0.672 ± 0.044 0.644 ±0.106 
" Sample sizes too small to estimate values. 

Table 5 
The overall goodness-of-fit to the Jolly-Seber model (Program RELEASE, Tests 2 + 3) and test results for the regional differences in survival or resighting 
estimates (Test 1) for adult Lesser Snow Geese neckbanded on the breeding grounds, 1987-1989 

Regional differences 
Goodness-of-fit to in survival or resight-
Jolly-Seber model ing estimates 

Banding areas Period Sex x2 df pa x2 df P* 
Western Canadian Arctic, Alaska, and Wrangel Island 1987--1989 F 23.697 15 0.070 18.743 10 0.044 
Western Canadian Arctic, Alaska, and Wrangel Island 1988--1989 F 15.522 12 0.214 14.911 10 0.135 
Western Canadian Arctic and Wrangel Island that wintered in all areas (seasonal rates) 1987--1989 F 123.515 72 0.000 43.401 13 0.000 
Western Canadian Arctic and Wrangel Island that wintered in California (seasonal rates) 1987--1989 F 70.799 64 0.261 36.426 13 0.001 
Wrangel Island (north- and south-wintering) 1988- -1989 F 14.836 8 0.062 9.073 5 0.106 
Western Canadian Arctic, Alaska, and Wrangel Island 1987- -1989 M 18.873 15 0.220 36.804 9 0.000 
Western Canadian Arctic, Alaska, and Wrangel Island 1988- -1989 M 9.702 12 0.642 40.388 9 0.000 
Western Canadian Arctic and Wrangel Island that wintered in all areas (seasonal rates) 1987- -1989 M 100.345 57 0.000 46.372 13 0.000 
Western Canadian Arctic and Wrangel Island that wintered in California (seasonal rates) 1987- -1989 M 71.783 50 0.023 9.271 13 0.752 
Wrangel Island (north- and south-wintering) 1988- -1989 M 6.064 8 0.640 18.128 5 0.003 

" Nonsignificant x2-values (P > 0.05) indicate adequate fit to the Jolly-Seber model. 
* Significant x2-values (P < 0.05) indicate regional differences in survival or resighting estimates. 

constant survival version) are presented for birds marked at 
each of the summer and winter banding sites. 

3.2 Minimum survival rates of adult females 

3.2.1 Females neckbanded on the breeding grounds 
When only 1988 and 1989 bandings were considered 

(i.e., only the years when birds were collared at all three 
breeding areas), the observations of adult females showed 
good fit to the overall Jolly-Seber model. The data also 
showed adequate fit when the 1987 data for the Western 
Arctic were included (Tables 2 and 5). 

The Test 1 results from RELEASE were ambiguous 
and did not provide clear evidence that survival or resighting 
rates differed among banding areas. When only the 1988— 

1989 data were included, the overall test result was not statis­
tically significant, suggesting that there was no difference in 
survival or resighting rates. When the 1987 Western Arctic 
data were included in the analysis, the overall test result was 
significant, suggesting that there were regional differences in 
either survival or resighting rates (Table 5). 

The constant survival model (Model B) best fit the 
Wrangel Island and Alaska data sets (Table 6). The Jolly-
Seber model (Model A) best fit the data for the Western 
Arctic. 

Comparison of the estimates for the three Arctic 
banding sites using the method of Sauer and Williams (1989) 
indicated that several of the survival rates for the Western 
Arctic were significantly higher than the rates for Wrangel 
Island (Table 7). Alaska estimates had large standard errors, 



Table 6 
The goodness-of-fit of the Jolly-Seber model (Program JOLLY, Model A) and the constant survival model (Model B) 
for adult Lesser Snow Geese neckbanded on the breeding and wintering grounds, 1986-1989. The best model (i.e., the 
simplest model that fit) is indicated. 

Goodness-of-fit to 
Jolly-Seber model 

Goodness-of-fit to 
constant 

survival model 

Banding area Period" Sex x2 df P x2 df P Best model 

Western Canadian Arctic 1987-1989 F 10.702 7 0.152 41.611 9 0.000 Jolly-Seber 

Alaska 1988-1989 F 0.022 1 0.882 2.294 2 0.318 Constant survival 
Wrangel Island 1988-1989 F 8.013 3 0.046 8.769 4 0.067 Constant survival 
British Columbia 1986-1989 F 0.529 1 0.467 2.632 3 0.452 Constant survival 
New Mexico 1986-1989 F 0.030 1 0.863 1.495 2 0.474 Constant survival 
Wrangel Island (north-wintering) 1988-1989 F 1.288 1 0.257 5.969 2 0.051 Jolly-Seber* 
Wrangel Island (south-wintering) 1988-1989 F 11.971 2 0.003 14.119 3 0.003 Unknown 
Western Canadian Arctic 1987-1989 M 4.647 4 0.326 14.356 6 0.026 Jolly-Seber 
Alaska 1988-1989 M 0.251 1 0.616 inadequate data0 Jolly-Seber 
Wrangel Island 1988-1989 M 2.080 3 0.556 2.260 4 0.688 Constant survival 
British Columbia 1986-1987 M 1.623 1 0.203 1.736 2 0.420 Constant survival 
New Mexico 1986-1988 M inadequate datac inadequate data' Unknown 
Wrangel Island (north-wintering) 1988-1989 M 0.221 3 0.974 0.302 4 0.990 Constant survival 
Wrangel Island (south-wintering) 1988-1989 M 1.089 2 0.580 3.156 3 0.368 Constant survival 
" Period refers to years for which survival estimates were determined. 2 
4 The fit of the Jolly-Seber model was significantly better than that of the constant survival model (x 

P = 0.031). 
c Sample sizes too small to test the goodness-of-fit. 

= 4.681, df=l, 

so none of the comparisons with the Wrangel Island or the 
Western Arctic estimates was statistically significant. 

3.2.2 Females neckbanded on the wintering grounds 
Data for adult female Snow Geese collared in New 

Mexico showed good fit to the Jolly-Seber model and 
showed best fit to the constant survival model (Tables 4 
and 6). About half of the geese wintering in the Western 
Central Flyway (Turner et al. 1994) are from the Western 
Arctic, so comparisons with this stock were most meaning­
ful. Some of the annual survival rates for Western Arctic 
samples were significantly higher than those for New 
Mexico birds, but there were no significant differences in 
survival rates for the two sites when the best overall model 
was used (Table 7). 

The observations of geese collared on the Fraser Delta 
showed adequate fit to the Jolly-Seber model (Table 6), with 
the constant survival model showing best fit to the data. This 
group of birds is part of the Wrangel Island Population, so 
perhaps it was not surprising that the survival rates for geese 
marked on the Fraser Delta and on Wrangel Island were 
similar (Table 7). 

3.3 Minimum survival rates of adult males 

3.3.1 Males neckbanded on the breeding grounds 
The observations of males fit the Jolly-Seber model 

for the 1988-1989 data for the Western Arctic, Wrangel 
Island, and Alaska (Tables 3 and 5). When the data for the 
Western Arctic geese collared in 1987 were included, the fit 
to the Jolly-Seber model remained adequate. The overall test 
for regional differences in either male survival or resighting 
rates (Test 1) was highly significant for both the 1988-1989 
and the 1987-1989 data sets (Table 5). 

The generalized Jolly-Seber model (Model A) 
provided best fit for the Western Arctic and Alaska data, and 
the constant survival model (Model B) best fit the Wrangel 

Island data (Table 6). Pairwise comparisons did not indicate 
any significant difference in average or "best model" 
survival estimates of male geese from the three regions 
(Table 8). 

3.3.2 Males neckbanded on the wintering grounds 
The data on adult male geese collared at the Bosque 

del Apache refuge in New Mexico did not fit either the 
Jolly-Seber model (Model A) or its reduced parameter 
version, the constant survival model (Table 6). As noted by 
Carothers (1973, 1979) and Pollock et al. (1990), the 
Jolly-Seber survival estimator seems robust to heterogeneity 
of capture and survival probabilities, especially when 
recapture or resighting rates are high (e.g., >0.5). Therefore, 
we felt it was valid to compare annual, average, or "best 
model" survival estimates of the New Mexico and Western 
Arctic geese. None of the comparisons revealed significant 
differences (Table 8). 

Observations of adult male geese collared in the 
Fraser Delta of British Columbia fit the Jolly-Seber model 
and showed best fit to the constant survival model (Table 6). 
Comparisons with the sample of geese marked on Wrangel 
Island revealed no significant differences in overall or 
average survival rates for the two banding areas (Table 8). 

3.4 Survival of north- and south-wintering stocks of the 
Wrangel Island Population 

Survival rates of north-wintering and south-wintering 
stocks of Wrangel Island Snow Geese are presented in 
Table 9. The data for females had borderline fit to the 
Jolly-Seber model, and Test 1 suggested that neither survival 
nor resighting rates differed between the two wintering areas 
(Table 5). 

The Jolly-Seber survival estimate proved to be best 
for the north-wintering females, but neither the Jolly-Seber 
nor the constant survival model fit the data set for the 



Table 7 ~ ~ ~ 
i ^ ' ™ ? ! ?°™P a r i s o .^ of estimated survival estimates for neckbanded adult female Lesser Snow Geese (Sauer and Williams 1989). Significant ̂ -values 
(P < 0.05) indicate differences in survival estimates. A 

Comparisons Year df x2 P 
Group with higher 
survival estimate 

Western Canadian Arctic (1987-1989), Alaska, and Wrangel Island Average 2 11.381 0.003 See comparisons below 
Best model0 2 10J16 0.006 See comparisons below 

Western Canadian Arctic (1987-1989) and Alaska Average 
Best model ; 0.055 0.814 

0.244 0.621 
-

Western Canadian Arctic (1987-1989) and Wrangel Island Average i 11.362 0.001 Western Canadian Arctic 
Best model i 9.526 0.002 Western Canadian Arctic 

Wrangel Island and Alaska Average 
Best model ; 1.258 0.262 

2.224 0.136 
-

Western Canadian Arctic (1988-1989), Alaska, and Wrangel Island 1988 2 6.140 0.046 _ 
1989 2 1.154 0.562 -
Average 2 1.419 0.492 -
Best model 2 2.241 0.326 -

Western Canadian Arctic (1988-1989) and Alaska 1988 1 0.701 0.402 _ 

Western Canadian Arctic (1988-1989) and Wrangel Island 1988 1 4.393 0.036 Western Canadian Arctic 
Alaska and Wrangel Island 1988 1 2.944 0.086 _ 

Western Canadian Arctic wintering in California (1988-1989) and south-wintering Wrangel Island 1988 1 16.396 0.000 Western Canadian Arctic 
1989 1 0.361 0.548 -
Average* 1 3.776 0.052 -

Western Canadian Arctic (1987-1989) and New Mexico 1987 1 4.329 0.038 Western Canadian Arctic 
1988 1 3.117 0.078 -
1989 1 0.440 0.507 -
Average 1 5.542 0.019 Western Canadian Arctic 
Best model 1 0.214 0.644 -

North- and south-wintering Wrangel Island 1988 1 3.878 0.049 North-wintering 
1989 1 3.983 0.046 South-wintering 
Average* 1 0.159 0.690 -

British Columbia and Wrangel Island 1988 1 1.116 0.291 _ 
1989 1 0.002 1.000 -
Average 1 0.052 0.820 -
Best model 1 1.261 0.262 -

British Columbia and north-wintering Wrangel Island 1988 1 1.911 0.167 
1989 1 0.264 0.607 - • 
Average 1 0.659 0.417 -
Best model 1 3.844 0.050 British Columbia 

* Comparison using the simplest models that fit. 
Average is the best model. 

soum-wintering birds (Table 6). The resighting rates for the 
south-wintering geese were high (Table 9); thus, despite the 
inadequate model fit, we felt it was valid to make cautious 
use of the average survival rates for this group (Carothers 
1973, 1979; Pollock et al. 1990). A comparison of the 
survival rates of the north- and south-wintering females 
suggested that average survival rates were similar for both 
stocks, although there may have been some annual differ­
ences in survival estimates (Tables 7 and 9). 

The data sets on north-wintering and south-wintering 
males together showed good fit to the Jolly-Seber model 
(Table 5), and there was strong evidence of regional differ­
ences in survival and/or resighting rates. The constant 
survival model showed best fit to each of the individual data 
sets for males (Table 6). Subsequent comparisons of the 
constant survival estimates of north- and south-wintering 
males indicated no significant difference among the two 
groups of birds (Table 8). 

The collaring done at the Fraser Delta in 1986 and 
1987 offered an independent estimate of the survival of the 
north-wintering stock of Wrangel Island geese (Tables 4 
and 9). The annual and average survival rates for females 
marked at the Fraser Delta were similar to the estimates for 
the north-wintering females collared on Wrangel Island. 
However, use of the "best estimates" suggested that birds 
marked at the Fraser Delta had higher survival (Table 7). 
Average or "best estimate" survival values did not differ for 
male geese collared on Wrangel Island or in British 
Columbia (Tables 8 and 9). 

Female geese from the Western Arctic that wintered 
in California had significantly higher survival rates than 
Wrangel Island geese sharing the same wintering area during 
at least one year and perhaps overall (Tables 7 and 9). There 
was no evidence that this relationship held for male geese, 
however (Tables 8 and 9). 



Statistical comparisons of estimated survival estimates for neckbanded adult male Lesser Snow Geese (Sauer 
(P < 0.05) indicate differences in survival estimates. ^ . 

and Williams 1989). Significant -̂values 

Comparisons Year df 
Group with higher 

P survival estimate 

Western Canadian Arctic (1987-1989), Alaska, and Wrangel Island Average 
Best moder 

3.284 0.194 -
1.170 0.557 -

Western Canadian Arctic (1988-1989), Alaska, and Wrangel Island 1988 
1989 

2 
2 

2.296 0.317 
8.103 0.017 See comparisons below 

Average 2 4.245 0.120 -
Best model 2 2.777 0.250 -

Western Canadian Arctic (1988-1989) and Alaska 1988 1 0.048 0.827 -
Western Canadian Arctic (1988-1989) and Wrangel Island 1988 1 7.226 0.007 Wrangel Island 

Alaska and Wrangel Island 1988 1 3.236 0.072 — 

Western Canadian Arctic wintering in California (1988-1989) and south-wintering Wrangel Island 1988 
1989 } 

2.041 0.153 
5.957 0.015 Wrangel Island 

Average 1 1.215 0.270 -
Best model 1 2.588 0.108 — 

Western Canadian Arctic (1987-1989) and New Mexico 1987 
1988 

; 1.926 0.165 
1.745 0.187 _ 

Average i 0.013 0.910 -
Best model 1 2.626 0.105 — 

North- and south-wintering Wrangel Island 1988 
1989 } 

0.011 0.915 
1.655 0.198 

— 

Average i 1.130 0.288 -
Best model i 0.476 0.490 -

British Columbia and Wrangel Island Average 
Best model i 

0.750 0.384 
0.378 0.539 -

British Columbia and north-wintering Wrangel Island Average 
Best model 

0.056 0.814 
0.039 0.844 

— 

" Comparison using the simplest models that fit. 

M I I L annua, survival estimates ( - - d a r d errors) o f ^ c k b ^ 

X ^ a ^ ^ 
ff1™3- "iT/" "„„.. o r o v e r a i i ) based on the best model (i.e., the simplest model that fit) is in bold type. . B). The estimate (average < 

Sex Year 
Female 1987 

1988 
1989 
1990 

Overall 

Male 1987 
1988 
1989 
1990 

Wrangel Island 
(north-wintering) 

Wrangel Island 
(south-wintering) 

Probability of Probability of 
Survival ± SE resighting ± SE Survival ± SE resighting ± SE 

Western Canadian Arctic 
wintering in California 

Probability of 
Survival ± SE resighting ± SE 

0.677 ±0.062 0.516 ±0.054 
0 446 ± 0 064 0.790 ±0.069 0.657 ±0.085 0.894 ±0.057 

0.766 ±0.092 0.689 ±0.091 

0.835 ± 0.039 
0.805 ± 0.029 
0.604 ± 0.032 

0.686 ±0.046 
0.861 ± 0.028 
0.762 ± 0.038 

Average 0.562 ±0.039 0.778 ±0.114 0.586 ±0.049° 0.791 ±0.108 0.748 ± 0.017 0.769 ± 0.033 

0.608 ± 0.049 0.625 ±0.089 0.570 ±0.042° 0.765 ±0.096 0.768 ±0.020 0.663 ± 0.037 

0.562 ±0.066 0.553 ±0.049 
0 512 ± 0 102 0.809 ± 0.083 0.674 ±0.074 0.944 ±0.038 

0.516 ±0.107 0.752 ±0.081 

0.813 ±0.053 
0.635 ± 0.035 
0.495 ± 0.049 

0.633 ± 0.056 
0.930 ± 0.030 
0.721 ±0.068 

Average 0.537 ±0.057 0.662 ±0.135 0.613 ±0.044 0.848 ±0.090 0.648 ± 0.024 0.761 ± 0.047 

Overall 0.553 ± 0.054 0.587 ± 0.096 0.598 ± 0.037 0.781 ±0.078 
2 = 11.97 

0.670 ± 0.026 0.607 ± 0.043 
P = 0.003; constant survival model, ° Neither the Jolly-Seber model nor the constant survival model fit the data (goodness-of-fit tests: Jolly-Seber, %' 

X2 = 14.12, P = 0.003), so the model of best fit is unknown. 
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Table 10 
Minimum seasonal survival estimates (± standard errors) of neckbanded adult female Lesser Snow Geese from the 
Western Canadian Arctic and Wrangel Island, 1987-1992 

Period 

Western Canadian Arctic 

Probability of 
Survival ± SE resighting ± SE 

Wrangel Island 

Probability of 
Survival ± SE resighting ± SE 

Pairwise 
comparison" 

Wintering in all areas 
Nov 1/87-Feb 1/88 0.813 ±0.050 
Feb 1/88-Nov 1/88 0.898 ±0.043 0.441 ±0.052 
Nov 1/88-Feb 1/89 0.901 ±0.035 0.487 ±0.041 0.823 ± 0.052 1.580 0.209 
Feb 1/89-Nov 1/89 0.840 ± 0.037 0.476 ±0.030 0.684 ± 0.044 0.585 ± 0.052 7.344 0.007 
Nov 1/89-Feb 1/90 0.867 ± 0.042 0.532 ± 0.030 0.803 ± 0.050 0.667 ± 0.044 0.973 0.324 
Feb 1/90-Nov 1/90 0.676 ± 0.047 0.509 ±0.030 0.754 ± 0.070 0.573 ± 0.044 0.871 0.351 
Nov 1/90-Feb 1/91 0.826 ±0.094 0.479 ± 0.035 0.795 ±0.116 0.464 ± 0.050 0.045 0.833 
Feb 1/91-Nov 1/91 0.693 ±0.145 0.317 ±0.040 0.930 ±0.408 0.506 ± 0.073 0.300 0.584 
Nov 1/91-Feb 1/92 0.402 ± 0.078 0.207 ± 0.092 

Average 0.814 ±0.018 0.456 ±0.018 0.798 ± 0.067 0.500 ±0.030 0.055 0.814 

Average (Nov 1 - Feb 1) 0.852 0.499 0.807 0.566 

Average (Feb 1 - Nov 1)* 0.804 0.476 0.719 0.579 

Wintering in California 
Nov 1/87-Feb 1/88 0.902 ± 0.045 
Feb 1/88-Nov 1/88 0.946 ± 0.040 0.505 ± 0.058 
Nov 1/88-Feb 1/89 0.935 ± 0.036 0.558 ± 0.046 0.872 ± 0.074 0.579 0.447 
Feb 1/89-Nov 1/89 0.879 ± 0.039 0.455 ±0.033 0.709 ± 0.065 0.531 ±0.071 4.968 0.026 
Nov 1/89-Feb 1/90 0.903 ± 0.043 0.570 ± 0.033 0.757 ± 0.097 0.707 ± 0.063 1.872 0.171 
Feb 1/90-Nov 1/90 0.731 ±0.051 0.519 ±0.033 0.784 ±0.187 0.534 ± 0.079 0.074 0.786 
Nov 1/90-Feb 1/91 0.824 ± 0.090 0.495 ± 0.038 0.559 ± 0.255 0.408 ±0.103 0.962 0.327 
Feb 1/91-Nov 1/91 0.801 ±0.161 0.361 ± 0.044 inadequate data' 0.475 ±0.191 
Nov 1/91-Feb 1/92 0.415 ±0.079 inadequate data' 

Average 0.865 ±0.019 0.485 ±0.019 0.736 ± 0.050 0.531 ±0.062 5.860 0.016 

Average (Nov 1- Feb 1) 0.891 0.510 0.729 0.557 

Average (Feb 1 - Nov 1)* 0.852 0.493 0.747 0.532 
" Pairwise comparison of survival estimates (Sauer and Williams 1989). Significant x2- values (P < 0.05) indicate 

regional differences in survival. 
Average does not include Feb 1/91 - Nov 1/91 because of the small sample size for this period. 

' Sample sizes too small to calculate values. 

3.5 Seasonal differences in survival rates of Wrangel 
Island and Western Canadian Arctic Snow Geese 

Survival rates for the periods 1 November - 1 
February and 1 February - 1 November were compared to 
determine whether seasonal differences in survival occurred 
between the Wrangel Island and Western Canadian Arctic 
populations (Tables 10 and 11). We carried out two separate 
analyses for males and females from each area: 1) birds that 
wintered in any area; and 2) birds that wintered in California. 

The overall data set for females did not fit the 
Jolly-Seber model, whereas the California data set did (Table 
5). Test 1 results for both data sets suggested that either 
survival or resighting rates differed between the two regions. 
Subsequent pairwise comparisons indicated only one signifi­
cant difference: female geese from the Western Arctic had 
higher survival than Wrangel Island geese during the spring 
and summer of 1989 (Table 10). This result held for both the 
complete and California data sets. 

Neither data set for males adequately fit the 
Jolly-Seber model (Table 5). Test 1 results suggested that 

there may have been geographic differences in survival or 
resighting rates for the overall data set, and pairwise compar­
isons suggested one or two significant differences in survival 
rates (Table 11). There was no consistent pattern to these 
differences, and, given the lack of model fit and the problem 
with neckband loss for males (described in Section 4.1.1), we 
do not attach any specific biological significance to these 
differences. 

3.6 Rates of neckband retention and adjusted estimates of 
survival 

Average annual neckband retention rates were derived 
from the data collected by Johnson et al. (1995) at the 
Sagavanirktok River Delta, Alaska. We excluded the 
neckband retention data for 1987 from the analyses, as did 
Johnson et al. (1995), because no adhesive was used on the 
neckbands that year. 

For females, the overall annual retention rates 
declined gradually in the years following banding. Average 



Minimum seasonal survival estimates (± standard errors) of neckbanded adult male Lesser Snow Geese from the 
Western Canadian Arctic and Wrangel Island, 1987-1992 .— 

Period 

Western Canadian Arctic 

Probability of 
Survival ± SE resighting ± SE 

Wrangel Island 

Probability of 
Survival ± SE resighting ± SE 

Wintering in all areas 
Nov 1/87-Feb 1/88 
Feb 1/88 - Nov 1/88 
Nov 1/88-Feb 1/89 
Feb 1/89-Nov 1/89 
Nov 1/89-Feb 1/90 
Feb 1/90-Nov 1/90 
Nov 1/90-Feb 1/91 
Feb 1/91-Nov 1/91 
Nov 1/91-Feb 1/92 

0.750 ± 0.063 
0.754 ±0.050 
0.952 ± 0.050 
0.723 ± 0.048 
0.833 ±0.060 
0.534 ±0.057 
0.779 ±0.185 
0.254 ± 0.087 

0.420 ± 0.058 
0.585 ± 0.048 
0.443 ±0.035 
0.491 ±0.036 
0.499 ±0.040 
0.509 ±0.053 
0.322 ±0.078 
0.443 ±0.122 

0.809 ±0.053 
0.698 ± 0.047 
0.836 ± 0.048 
0.731 ±0.066 
0.858 ±0.135 
0.470 ±0.139 

0.561 ±0.052 
0.639 ±0.046 
0.607 ± 0.043 
0.479 ± 0.049 
0.449 ±0.073 
0.412 ±0.114 

Wintering in California 
Nov 1/87-Feb 1/88 
Feb 1/88-Nov 1/88 
Nov 1/8S-Feb 1/89 
Feb 1/89-Nov 1/89 
Nov 1/89-Feb 1/90 
Feb 1/90-Nov 1/90 
Nov 1/90-Feb 1/91 
Feb 1/91-Nov 1/91 
Nov 1/91-Feb 1/92 

0.896 ± 0.059 
0.896 ±0.051 
0.933 ± 0.054 
0.764 ±0.056 
0.900 ± 0.075 
0.552 ± 0.070 
0.749 ±0.171 
0.339 ±0.106 

0.441 ± 0.064 
0.625 ±0X)52 
0.465 ± 0.041 
0.537 ± 0.044 
0.471 ±0.046 
0.491 ±0.060 
0.354 ±0.082 
0.511 ±0.125 

0.819 ±0.077 
0.788 ±0.080 
0.928 ±0.126 
0.760 ±0.194 
0.779 ±0.458 

inadequate data' 

0.564 ± 0.079 
0.584 ± 0.073 
0.496 ±0.083 
0.362 ± 0.099 
0.352 ±0.191 

inadequate datac 

Pairwise 
comparison'' 

3.815 
0.137 
0.001 
5.133 
0.120 
1.730 

0.051 
0.711 
1.000 
0.024 
0.730 
0.189 

Average 0.697 ± 0.020 0.464 ±0.026 0.734 ±0.025 0.525 ±0.033 1.298 0.255 

Average (Nov 1 -Febl) 0.828 0.528 0.834 0.559 

Average (Feb 1 --Novl) 4 0.670 0.454 0.715 0.584 

1.510 
0.061 
0.036 
1.014 
0.004 

0.219 
0.805 
0.850 
0.314 
0.951 

Average 0.754 ±0.018 0.487 ±0.028 0.815 ±0.088 0.472 ± 0.064 0.464 0.496 

Average (Nov 1 - Feb 1) 0.870 0.551 0.842 0.473 

Average (Feb 1 - Nov 1)* 0.737 0.459 0.774 0.530 

Pairwise comparison of survival estimates (Sauer and Williams 1989). Significant Z

2-values (P < 0.05) indicate 

» A ^ ^ S o t t o d ! ^ W b l / 9 1 -Nov 1/91 because of the small sample size for this period. 
c Sample sizes too small to calculate values. 

annual retention rates for one, two, three, four, five, and six 
years after banding were 0.952 ± 0.016,0.940 ± 0.015,0.915 
± 0.016,0.894 ± 0.017, 0.886 ± 0.017, and 0.869 ± 0.017, 
respectively. 

The smaller data set from the hunter questionnaire 
provided an independent assessment of neckband loss rates 
for females from the Western Canadian Arctic and Wrangel 
Island. Eighteen of 20 females retained their neckbands into 
the first hunting season, nine of nine retained their neckbands 
into the second hunting season, and six of seven retained 
their neckbands into the third season. The annualized 
neckband retention rate was 0.920 ± 0.045 for the first 2.5 
years after collaring. This result was consistent with the 
short-term retention rates calculated from the Alaska data of 
Johnson etal. (1995). 

Annual neckband retention rates for adult male geese 
collared and recaptured at the Sagavanirktok Delta averaged 
0.696 ± 0.039 after one year, 0.634 ± 0.036 after two years, 
0.615 ± 0.036 after three years, and 0.611 ± 0.017 in the four 
years after marking. Neckband loss from males increased 

with the age of the neckbands, to the point where no recap­
tured geese retained neckbands five years after marking 
(Johnson et al. 1995). Although the sample was small, it was 
clearly evident that neckband retention rates for males 
derived from the hunter questionnaires were higher than 
those we calculated from the recapture data of Johnson et al. 
(1995). TWrty-three of 36 geese retained neckbands into the 
first hunting season, eight of 13 retained neckbands into the 
second hunting season, and five of five geese retained their 
neckbands into the third hunting season. The annualized 
neckband retention rate based on the questionnaires was 
0.820 ± 0.058 for the first 2.5 years after marking. 

Average minimum survival rates for females were 
adjusted for neckband loss by dividing the survival rate by 
the appropriate neckband retention rate (Pollock 1981). For 
example, the average survival estimate for females from the 
Western Arctic (0.711 ± 0.016; Table 2) based on five years 
of observations (1987-1988 to 1991-1992) was divided by 
0.886 ±0.017 (the average annual neckband retention rate 
over five years) to produce a corrected survival estimate of 
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Table 12 
Survival estimates adjusted for neckband loss (± standard errors) for female Lesser Snow Geese neckbanded on breeding 
or wintering areas, 1986-1989. The survival estimates from the models of best fit are presented. 

Banding area Years 

Mean annual 
Minimum neckband 

survival retention 
estimate rate ± SE" 

Adjusted 
survival 

estimate ± SE 
Western Canadian Arctic 
Western Canadian Arctic wintering in California 
Western Canadian Arctic neckbanded on the mainland 
Western Canadian Arctic neckbanded on the mainland in 
Western Canadian Arctic neckbanded on Banks Island in 
Alaska 
New Mexico 
Wrangel Island 
Wrangel Island (north-wintering) 
Wrangel Island (south-wintering) 
British Columbia 

1987-1989 0.711 ±0.016 0.886 ± 0.017 0.802 ±0.024 
1987-1989 0.748 ±0.017 0.886 ±0.017 0.844 ±0.025 
1987- 1989 0.722 ±0.020 0.886 ±0.017 0.814 ±0.027 

1987 1987-1989 0.812 ±0.028 0.886 ±0.017 0.917 ±0.036 
1987 1987-1989 0.767 ± 0.039 0.886 ±0.017 0.865 ±0.047 

1988- 1989 0.758 ± 0.095 0.894 ±0.017 0.848 ±0.108 
1986-1989 0.695 ± 0.030 0.886 ±0.017 0.784 ±0.037 
1988-1989 0.612 ±0.027 0.894 ±0.017 0.685 ±0.033 
1988-1989 0.562 ± 0.039 0.894 ± 0.017 0.628 ±0.045 
1988-1989 0.586 ±0.049 0.894 ±0.017 0.656 ±0.056 
1986-1989 0.657 ±0.029 0.886 ±0.017 0.742 ±0.036 

Mean annual rate of neckband retention is dependent on the number of years of observations for a given group of 
geese. 

0.802 ± 0.024 (Table 12). The correction for neckband loss 
raised survival estimates by 0.07-0.11 and increased the size 
of standard errors by 0.006-0.013 (Table 12). The adjusted 
survival estimates for Western Arctic females were about 
0.11 higher than those for Wrangel Island females. Similarly, 
the adjusted survival estimate for female geese from Alaska 
was comparable to that for Western Arctic birds and high 
relative to the estimate for Wrangel Island. In general, statis­
tical comparisons of the adjusted survival rates indicated 
similar patterns to that reported previously for the minimum 
survival estimates (Table 13). 

3.7 Survival rates based on legband recoveries 

The numbers of geese banded in the Western 
Canadian Arctic and on Wrangel Island from 1953 to 1989 
are summarized in Table 14, and survival and legband 
recovery estimates for geese from these locations are 
presented in Tables 15 and 16. (The summary does not 
include results of banding studies carried out on Wrangel 
Island in the 1950s and 1960s, many of the records of which 
were destroyed in a fire.) Samples of adults were large 
enough for calculating survival estimates for three periods 
for the Western Arctic (1960-1963, 1973-1975, and 
1987-1989) and one period for Wrangel Island (1975-1977). 
Constant survival models best fit all data sets for adults 
except for the 1988-1989 Wrangel data, which were very 
sparse (Table 15). 

Survival estimates derived for the 1953-1963 banding 
study carried out in northern California are presented in 
Table 17 (Rienecker 1965). This area is an important 
stopping point for geese of both the Wrangel Island and 
Western Arctic stocks as they move southward, and the 
banded sample of geese was composed of birds from both 
populations. Given the size of the two populations in the 
1950s and 1960s (Kerbes et al. 1999, this volume), the 
banded sample would have consisted of about half Wrangel 
Island and half Western Arctic geese during that period. We 
reanalyzed the data for adults using the methods described by 
Brownie et al. (1985), which were not available when 
Rienecker (1965) carried out his analyses. None of the 
models showed good fit to the data set for adults (Table 17). 

We were able to calculate survival rates of young 
(hatch year) geese for three periods (1960-1963, 1973-1975, 
and 1987-1989) for the Western Arctic and for one period 
for Wrangel Island (1975-1977). A constant survival model 
(BROWNIE H02) best fit the 1987-1989 data for the 
Western Arctic, but none of the models showed good fit to 
the other data sets (Table 16). 

The best information on historic changes in survival 
rates of Snow Geese in western North America comes from 
the legbanded samples of adults from the Western Arctic. 
Statistical comparisons from these data indicated no signifi­
cant long-term changes in survival rates in the 1960-1963, 
1973-1975, or 1987-1989 periods (Table 18). If, however, 
the survival estimate from the neckband resighting data was 
used instead of that for the legband recoveries for 1987-
1989, the difference among periods was significant. Spe­
cifically, pairwise contrasts indicated that the 1960-1963 
estimate (0.935) was significantly higher than that for 1987-
1989 (0.802). The mean survival rate for adult geese from 
1960 to 1989 was 0.852 based on legband recoveries or 
0.856 if the 1987-1989 resighting estimate is used. 

A comparison between the 1973-1975 Western Arctic 
adult survival rate and that for Wrangel Island geese for 
1975-1977 revealed no statistical significance despite the 
relatively large difference between estimates. 

Survival rates of young geese banded in the Western 
Arctic differed significantly among the three time periods 
(Table 18). The only significant pairwise comparison 
involved the 1987-1989 estimate, which was greater than 
both the 1960-1963 and 1973-1975 estimates. The survival 
estimate for young Wrangel Island geese banded during 
1975-1977 was not significantly different from that for 
young geese marked in the Western Arctic during 
1973-1975. 

3.8 Legband recovery and harvest rates (1953-1989) 

Legband recovery rates for both adult and young 
geese from the Western Arctic varied among time periods, 
increasing from 1960-1963 to 1973-1975 and then declining 
in 1987-1989 (Tables 15 and 16). As has been reported in 



Statistical comparisons of survival estimates (adjusted for neckband loss) for adult female Lesser Snow Geese (Sauer and Williams 1989). Significant 
X2-values (P < 0.05) indicate differences in survival estimates 

Comparisons df x2 P Group with higher estimate 
8.846 0.012 See comparisons below 
0.170 0.680 -
8.240 0.004 Western Canadian Arctic 
2.082 0.149 -
3.991 0.046 New Mexico 
9.428 0.002 Western Canadian Arctic 
0.175 0.676 -
0.150 0.699 -
1.355 0.244 -
3.873 0.049 British Columbia 

Western Canadian Arctic, Alaska, and Wrangel Island 
Western Canadian Arctic and Alaska 
Western Canadian Arctic and Wrangel Island 
Alaska and Wrangel Island 
New Mexico and Wrangel Island 
Western Canadian Arctic wintering in California and south-wintering Wrangel Island 
Western Canadian Arctic and New Mexico 
North- and south-wintering Wrangel Island 
British Columbia and Wrangel Island 
British Columbia and north-wintering Wrangel Island 

Table 14 
Number of Lesser Snow Geese banded in the Western Canadian Arctic, 
Wrangel Island, and in the Klamath Basin, California, 1953-1989 

Number banded 

Year Banding area Adult Young Total 

1953 Western Canadian Arctic 79 0 79 1953 
California 485 269 754 

1954 California 970 592 1562 

1955 Western Canadian Arctic 177 122 299 1955 
California 706 357 1063 

1956 California 461 434 895 
1957 California 372 270 642 
1958 California 753 251 1004 

1959 Western Canadian Arctic 134 96 230 1959 
California 475 579 1054 

1960 Western Canadian Arctic 614 1056 1670 1960 
California 503 325 828 

1961 Western Canadian Arctic 762 1050 1812 1961 
California 238 270 508 

1962 Western Canadian Arctic 371 647 1018 1962 
California 482 452 934 

1963 Western Canadian Arctic 190 976 1166 1963 
California 563 497 1060 

1964 Western Canadian Arctic 0 0 1" 
1966 Western Canadian Arctic 103 121 224 
1973 Western Canadian Arctic 688 749 1438" 

1974 Western Canadian Arctic 269 205 474 
1 Wrangel Island 1 0 

474 
1 

1975 Western Canadian Arctic 383 546 930" 1975 
Wrangel Island 224 372 596 

1976 Western Canadian Arctic 71 126 197 1976 
Wrangel Island 265 231 496 

1977 Wrangel Island 489 231 720 

1979 Western Canadian Arctic 1 0 1 
49 

1979 
Wrangel Island 49 0 

1 
49 

1987 Western Canadian Arctic 1279 887 2172" 

1988 Western Canadian Arctic 888 835 1723 
1243" 1988 

Wrangel Island 1240 0 
1723 

1243" 

1989 Western Canadian Arctic 732 311 1043 1989 
Wrangel Island 460 0 460 

" Total includes individuals of unknown age. 

Table 15 
Annual survival and recovery estimates (± standard errors) determined from 
legband recoveries of adult Lesser Snow Geese from the Western Canadian 
Arctic and Wrangel Island, 1960-1989. The annual and average survival 
estimates are based on the estimate model Ml, and the overall survival 
estimates are based on the constant survival model (M2). The survival 
estimate (average or overall) based on the best model (i.e., the simplest 
model that fit) is in bold type. 

Recovery 
Banding area Year Survival ± SE estimate ± SE 
Western Canadian Arctic 1960 

1961 
1962 
1963 

0.952 ±0.096 
0.946 ±0.124 
0.836 ±0.156 

Western Canadian Arctic 1973 
1974 
1975 

0.882 ±0.131 
0.749 ±0.133 

Overall (1973-1975) 0.832 ±0.062 

Average 0.781 ±0.070 

Overall (1987-1989) 0.789 ±0.069 

Wrangel Island 1975 
1976 
1977 

0.497 ±0.115 
0.850 ±0.177 

Overall (1975-1977) 0.668 ±0.084 

Wrangel Island 1988 
1989 

1.076 ±0.286 

0.055 ±0.009 
0.050 ±0.006 
0.024 ±0.004 
0.032 ±0.006 

Average 0.911 ±0.050 0.041 ±0.003 

Overall (1960-1963) 0.935 ±0.047 0.026 ±0.002 

0.055 ±0.009 
0.070 ±0.011 
0.041 ±0.007 

Average 0.816 ±0.061 0.056 ±0.005 

0.032 ±0.003 

Western Canadian Arctic 1987 0.753 ±0.119 0.043 ± 0.006 
1988 0.809 ±0.146 0.020 ±0.004 
1989 0.026 ±0.004 

0.030 ±0.003 

0.021 ±0.002 

0.094 ±0.020 
0.103 ±0.017 
0.041 ±0.008 

Average 0.673 ±0.090 0.079 ±0.009 

0.074 ±0.013 

0.036 ±0.005 
0.013 ±0.004 

Average 1.076 ±0.286" 0.024 ±0.003 

Overall (1988-1989) 1.134 ±0.302" 0.008 ±0.001 
" Neither Model Ml nor Model M2 fit the data (goodness-of-fit tests, 

X2 = 22.7, P < 0.0001 for both models), so the model of best fit is 
unknown. 
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Table 16 
Annual survival and recovery estimates (± standard errors) determined from legband recoveries of adult and young 
Lesser Snow Geese from the Western Canadian Arctic and Wrangel Island, 1960-1989. The annual and average 
survival estimates are based on the BROWNIE Model HI, and the overall survival estimates are based on the constant 
survival model (BROWNIE Model H02). The survival estimate (average or overall) based on the best model (i.e., the 
simplest model that fit) is in bold type. 

Adults Young 

Banding area and year Survival ± SE 
Recovery 

estimate ± SE Survival ± SE 
Recovery 

estimate ± SE 
Western Canadian Arctic 

1960 
1961 
1962 
1963 

Average 

0.952 ±0.096 
0.921 ±0.121 
0.828 ±0.154 

0.055 ±0.009 
0.055 ±0.006 
0.026 ±0.004 
0.036 ±0.006 

0.900 ±0.049 0.043 ±0.003 

0.186 ±0.030 
0.390 ±0.060 
0.415 ±0.083 

0.330 ±0.036 

0.056 ±0.007 
0.081 ±0.008 
0.045 ±0.008 
0.075 ±0.008 

0.064 ±0.004 

Overall (1960-1963) inadequate data inadequate data inadequate data inadequate data 

Western Canadian Arctic 
1973 
1974 
1975 

0.882 ±0.131 
0.732 ±0.129 

0.055 ±0.009 
0.073 ±0.011 
0.043 ±0.007 

0.314 ± 0.059 
0.144 ±0.066 

0.079 ±0.010 
0.112 ±0.022 
0.099 ±0.013 

Average 0.807 ±0.059 0.057 ±0.005 0.229 ±0.044 0.097 ±0.009 

Overall (1973-1975) inadequate data" inadequate data" inadequate data" inadequate data" 
Western Canadian Arctic 

1987 
1988 
1989 

0.753 ±0.119 
0.831 ±0.149 

0.043 ±0.006 
0.019 ±0.003 
0.025 ±0.004 

0.418 ± 0.089 
0.553 ±0.118 

0.038 ±0.006 
0.038 ±0.007 
0.051 ±0.013 

Average 0.792 ±0.071 0.029 ±0.003 0.485 ±0.074 0.043 ±0.005 

Overall (1987-1989) 0.833 ±0.060 0.019 ±0.002 0.527 ±0.071 0.043 ±0.005 
Wrangel Island 

1975 
1976 
1977 

0.497 ±0.115 
0.870 ±0.177 

0.094 ±0.020 
0.101 ±0.017 
0.037 ±0.007 

0.156 ±0.048 0.065 ±0.013 
0.549 ±0.153 0.091 ±0.019 

0.030 ±0.011 

Average 0.684 ±0.089 0.077 ±0.009 0.352 ±0.080 0.062 ±0.009 

Overall (1975-1977) inadequate data" inadequate data" inadequate data" inadequate data" 
Sample sizes too small to estimate values. 

many studies of waterfowl (Brownie et al. 1985), recovery 
rates for young birds were higher than those for adults. 

Recovery rates for adult Snow Geese banded in 
California averaged 0.045 for the 1953-1963 banding period 
(Table 17) and were somewhat higher than the rates for adult 
geese marked in the Western Arctic in the 1960s (0.026-
0.032; Table 15). During the 1970s, recovery rates were 
greater for Wrangel Island adults than for Western Arctic 
adults. The difference possibly reflected heavier hunting 
pressure on the Wrangel Island stock, but the data are 
difficult to interpret because the years of banding do not 
entirely correspond and because most Wrangel Island geese 
were collared whereas the Western Arctic birds were only 
legbanded. In contrast to the situation for adults, the recovery 
rates of young (which were legbanded only) were in fact 
higher for the Western Arctic than for Wrangel Island in the 
1970s. This result suggested that the high recovery rate for 
Wrangel Island adults in the 1970s may have been, in part, 
an artifact of collaring (see Samuel et al. 1990b). During 

1987-1989, overall recovery rates for Wrangel Island adults 
were not significantly different from the rates for Western 
Arctic geese. 

Harvest rates, calculated from the legband recovery 
data, suggested that about 11% of the adult and 19% of the 
young geese in the overall Wrangel Island/Western Arctic 
population were harvested each year in the 1950s and 1960s 
(Table 19). Harvest rates increased to about 15% for adults 
and 26% for young geese in the 1970s and dropped to <7% 
for adults and 13% for young in the late 1980s. 

Harvest rates computed using estimates of population 
size and reported harvest were higher than those calculated 
from legband recoveries (Table 19), but general trends corre­
sponded to that determined from the legband recovery data. 
Considering both methods of harvest rate calculation 
together suggested that overall harvest rates for the combined 
Wrangel Island/Western Arctic population were about 
15-20% in the 1960s and 1970s and <10% in the late 1980s. 

103 



Annual survival and recovery estimates (± standard errors) determined from 
legband recoveries of adult Lesser Snow Geese banded at the Klamath 
Bran, California, 1953-1963 (data from Rienecker 1965) The annual and 
average survival estimates are based on the estimate model Ml, and the 
overall survival estimates are based on the constant survival model (M2). 

Year Survival ±SE Recovery estimate ± SE 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

0.837 ±0.106 
0.760 ± 0.084 
0.659 ± 0.082 
1.095 ±0.179 
0.598 ± 0.097 
0.716 ±0.099 
1.344 ±0.235 
0.514 ±0.121 
0.753 ±0.189 
1.205 ±0.309 

0.083 ± 0.013 
0.043 ± 0.006 
0.042 ± 0.005 
0.061 ± 0.008 
0.042 ± 0.007 
0.037 ± 0.005 
0.031 ±0.005 
0.037 ± 0.006 
0.050 ±0.010 
0.021 ± 0.004 
0.044 ± 0.009 

Average 0.848 ± 0.033" 0.045 ± 0.002 

Overall (1953-1963) 0.802 ±0.013" 0.046 ±0.002 

" Neither model fit the data (goodness-of-fit tests: Jolly-Seber, % - 78.1, 
P = 0.0008; constant survivll model, Z

2 = 95.2, P = 0.0003), so the model 

4. Discussion 

Both the numbers (Kerbes et al. 1999, this volume) 
and fall-winter distribution (Armstrong et al. 1999, this 
volume; Hines et al. 1999, this volume) of Snow Geese have 
changed greatly in the Pacific Flyway and neighbouring parts 
of the Western Central Flyway over the past 35-40 years. 
The Egg River breeding colony on Banks Island, which 
comprises >95% of the Western Arctic Population, has more 
than quadrupled in size since the 1960s. In contrast, the 

Wrangel Island Population declined rapidly in the early 
1970s and has since fluctuated around a level half its former 
size. Smaller proportions of both populations winter in the 
Central Valley of California than previously. High adult 
survival rates (>85%) are associated with the increasing 
Midcontinent Snow Goose Population that breeds in the 
Central and Eastern Arctic (Francis and Cooke 1992). 
Elsewhere, relatively low survival rates (<70%) were associ­
ated with decreasing populations of Atlantic Flyway Canada 
Geese (Hestbeck 1994,1995) and Pacific Flyway Greater 
White-fronted Geese Anser albifrons (Timm and Dau 1979). 
We wished to evaluate the effect that regional and historic 
differences in survival might have on changes in distribution 
and numbers of Snow Geese in the Pacific and Western 
Central flyways. Before we can do that, however, we must 
first consider the general reliability of the results. 

4.1 Reliability of results and possible biases 

Survival analyses can provide an overwhelming array 
of rates, standard errors, x2 statistics, and P-values that are 
difficult to interpret and sometimes conflicting. The biologi­
cal significance that can be attributed to these values depends 
on the assumptions that it is safe to make about the data set. 
As discussed below, both neckband loss and the nature of the 
marking and observation efforts placed constraints on the 
representativeness of the recent (1987-1989) collaring obser­
vation data. 

4.1.1 Neckband loss 
Minimum survival rates of male geese for most 

locations and years were lower than survival rates for 
females from the same banding areas or years. Undoubtedly, 

Statistical comparisons of average survival estimates and recovery estimates determined from 
V ^ m m s S ^ L a n t -̂values (P < 0.05) indicate differences in survival. Compansons 

legband recoveries from Lesser Snow Geese (Sauer and 
were done with estimates from the models of best fit. 

Comparisons 
Survival estimates from legband recoveries 
Western Canadian Arctic 1960-1963, 1973-1975, and 1987-1989 — 
Western Canadian Arctic 1960-1963, 1973-1975, and 1987-1989 — 

1960-1963 and 1973-1975 
1960-1963 and 1987-1989 
1973-1975 and 1987-1989 

Western Canadian Arctic 1973-1975 and Wrangel Island 1975-1977 
Western Canadian Arctic 1973-1975 and Wrangel Island 1975-1977 
Western Canadian Arctic 1987-1989 and Wrangel Island 1988-1989 
Wrangel Island 1975-1977 and 1988-1989 — adults 

Recovery estimates from legband recoveries 
Western Canadian Arctic 1960-1963, 1973-1975, and 1987-1989 — 

1960-1963 and 1973-1975 
1960-1963 and 1987-1989 
1973-1975 and 1987-1989 

Western Canadian Arctic 1960-1963, 1973-1975, and 1987-1989 — 
1960-1963 and 1973-1975 
1960-1963 and 1987-1989 
1973-1975 and 1987-1989 

Western Canadian Arctic 1973-1975 and Wrangel Island 1975-1977 
Western Canadian Arctic 1973-1975 and Wrangel Island 1975-1977 
Western Canadian Arctic 1987-1989 and Wrangel Island 1988-1989 
Wrangel Island 1975-1977 and 1988-1989 

adults 
young 

— adults 
— young 

adults 

adults 

young 

— adults 
— young 
— adults 

df x2 P Group with higher estimate 

2 3.633 0.163 _ 

2 12.814 0.002 See comparisons below 
1 3.188 0.074 -
1 6.131 0.013 1987-1989 
1 12.686 0.000 1987-1989 
1 2.489 0.115 -
1 1.811 0.178 -
1 0.948 0.330 -
1 1.874 0.171 -

2 12.213 0.002 See comparisons below 
1 3.818 0.051 -
1 3.883 0.049 1960-1963 
1 11.834 0.001 1973-1975 
2 28.133 0.000 See comparisons below 
1 10.690 0.001 1973-1975 
1 10.541 0.001 1960-1963 
1 26.349 0.000 1973-1975 
1 11.168 0.001 Wrangel Island 
1 7.765 0.005 Western Canadian Arctic 
1 0.641 0.424 -
1 15.076 0.000 1975-1977 
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Table 19 
Changes in harvest estimates for Lesser Snow Geese, 1953-1989, 
determined by using recovery estimates from banded birds and by using the 
estimated population size and reported harvest for Pacific Flyway Snow 
Geese. The recovery estimates from the models of best fit are presented. 

Recovery Harvest 
Year Banding area Age estimate rate 
1953--1963 California Adult 0.045 0.135 
1960-1963 Western Canadian Arctic Adult 0.026 0.078 

Young 0.064 0.192 
1973--1975 Western Canadian Arctic Adult 0.032 0.096 

Young 0.097 0.291 
1987--1989 Western Canadian Arctic Adult 0.021 0.063 

Young 0.043 0.129 
1975--1977 Wrangel Island Adult 0.074 0.222 

Young 0.062 0.186 
1988--1989 Wrangel Island Adult 0.024 0.072 

Year Fall population size" Reported harvest* Harvest rate 
1961- 1970 408 400 84 718c 0.207 
1971- 1979 403 800 74 242 0.184 
1981- 1989 473 800 47 138 0.099 
" Summer population estimates from breeding grounds (Kerbes et al. 1999, 

this volume) adjusted for 19% young in the autumn population from 
Wrangel Island (Boyd 1995) and for 30% young in the remainder of the 
population (Subcommittee on White Geese 1992b). Assumed that 20% of 
the Western Canadian Arctic population were nonbreeders. 
Reported harvest from Sharp (1996). Includes both adult and young geese. 

c Reported harvest is for 1962-1970. 

much of this indicated difference was a function of the dif­
ferences in neckband loss rates, which averaged >10% per 
annum for females and possibly 40% or more for males. 
Therefore, despite substantial differences between minimum 
survival estimates for males and females for several samples, 
there was not a valid reason to conclude that survival rates of 
the two sexes were different. Two independent sources of 
information — geese recaptured in Alaska (Johnson et al. 
1995) and questionnaires sent to hunters who reported 
shooting banded geese from the Western Arctic or Wrangel 
Island — suggested that the neckband retention rates for 
males might have been influenced by a number of factors, 
including year and geographic location of collaring, method 
of estimating neckband retention, and the age of the 
neckband. Given the low, highly variable, and uncertain rates 
of neckband retention for male geese, we believe it is 
difficult to adjust the data to provide unbiased estimates of 
survival rates for males. 

Other studies suggest that survival rates of male and 
female geese might differ at least under some circumstances. 
For example, nesting females might be more susceptible to 
starvation or more vulnerable to predation than males, and 
males may be more sensitive to avian cholera than females 
(McLandress 1983). Given the suspected impact of arctic fox 
Alopex lagopus predation on Wrangel Island Snow Geese 
(Bousfield and Syroechkovsky 1985) and the prevalence of 
avian cholera among Pacific Flyway Snow Geese (Friend et 
al. 1987), there is a need to know more about the relative 
survival rates of the two sexes. For such studies to be suc­
cessful, improved methods for marking male geese and better 
ways of estimating neckband loss may be required. We echo 
the sentiments of Hestbeck et al. (1990), Nichols et al. 
(1992), and others — evaluating neckband loss should be an 
important component of any capture-recapture study of 
collared waterfowl. 

The two sources of information on neckband loss 
provided high and very similar estimates of average 
neckband retention for female Snow Geese for the different 
areas, so we have taken the approach of adjusting the average 
or overall estimates of survival rates using the average 
neckband retention rate. To check further on the reliability of 
this approach, we compared survival estimates derived from 
legband recoveries and neckband observations for the only 
banding area and time period for which adequate data were 
available (i.e., the Western Arctic data for 1987-1989). The 
estimates, 0.802 ± 0.024 using the mark:resight approach and 
0.789 ± 0.069 from legband recoveries, were similar. 
Therefore, the adjusted survival estimates for females seem 
reasonable. 

4.1.2 Marking and observing geese 
An important source of bias that needs to be consid­

ered in any mark:resight study is how well the marked or 
resighted samples represent the populations from which they 
were taken. The large flocks of flightless geese captured on 
the breeding grounds are certainly not random samples from 
the populations (Sulzbach and Cooke 1978), and the same is 
likely true of the cannon-netted samples from the wintering 
grounds as well (Raveling 1966). The comparisons between 
banding areas reported here are based on the assumption that 
these sorts of biases were not severe or, if they occurred, 
acted similarly on the different marked samples. 

A particular problem might be noted for the sample of 
geese banded in the Western Canadian Arctic. For logistical 
reasons, collaring was carried out on the mainland (mainly at 
Anderson River) during all three years (1987-1989) but at 
Banks Island, which comprises most of the population, only 
during 1987. Both the fall-winter distribution (Hines et al. 
1999, this volume) and survival rates (Table 12) of the Banks 
Island and mainland samples were similar over the 1987— 
1989 period, so it seemed reasonable to consider the 
mainland geese as representative of the Western Arctic 
Population. 

The neckband observation data were gathered over a 
four- or five-year period through a large but geographically 
diverse and temporally variable observation effort. The 
network of observers had as a main goal determining the 
fall-winter distribution of Snow Geese from different regions 
(Kerbes and Meeres 1999, this volume); for this reason, the 
study design was not optimal for a survival study. Ideally, 
such a study would be carried out over an even greater 
number of years, with more intensive observations over 
narrow and rigorously defined observation periods each year. 

Most samples indicated a relative decrease in survival 
rates throughout time. Undoubtedly, neckband loss was a 
major factor influencing this pattern, a goose that lost its 
neckband being effectively the same as a dead goose from an 
analytical viewpoint. If neckband loss were the only factor 
involved here, the correction for neckband loss should have 
helped overcome this bias. The reduced observation effort in 
the later years of study might also possibly influence survival 
estimates. This may have been especially true in Mexico, 
where it was logistically much more difficult to observe 
collared geese at the same level of intensity as at some of the 
other sites. 

Errors in reading neckband codes are frequent in 
studies of collared geese, especially for inexperienced 
observers (Raveling et al. 1990; Kerbes and Meeres 1999, 
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this volume). As a check on the effect that such errors might 
have on the reliability of our survival estimates, we repeated 
the analyses for the Western Arctic sample, treating only 
geese that were sighted two or more times as alive in a given 
sampling period. The mean minimum survival estimate from 
this analysis (0.697 ± 0.028) was very similar to that 
obtained using single observations (0.711 ± 0.016), so we 
concluded that errors in reading neckband codes did not alter 
survival estimates. Weiss et al. (1991) reached a similar con­
clusion for Canada Geese. 

Despite the possible shortcomings in our data set 
mentioned above, the fit to the Jolly-Seber model was good 
for most samples, resighting rates were very high, and most 
survival and resighting rates were precise for the data from 
collared females. Given the robust nature of the Jolly-Seber 
survival estimator (Carothers 1973, 1979; Pollock et al. 
1990), we believe that a number of generalizations and con­
clusions can be drawn from the data on female geese collared 
from 1986 to 1989 and for geese of both sexes banded in 
earlier years. The implications of these results are discussed 
below. 

4.2 Regional and seasonal differences in survival 

Collared adult female Snow Geese from the Western 
Canadian Arctic had significantly higher survival rates than 
females from Wrangel Island in the late 1980s. Legband 
recoveries suggested that a similar pattern may also have 
existed in the 1970s (Fig. 2), although the results were not 
statistically significant, possibly because of small sample 
sizes. The available data indicate that average survival rates 
for Western Arctic adults may have been 0.10 or more 
greater than those of the Wrangel Island adults during the 
late 1980s. 

The actual causes of the differences in survival rates 
in recent years are open to speculation. During the late 
1980s, both direct legband recovery rates (0.034 ± 0.004 for 
Wrangel Island adults, 0.035 ± 0.003 for Western Arctic 
adults) and overall annual recovery rates (0.024 ± 0.003 for 
Wrangel Island, 0.021 ± 0.002 for the Western Arctic) were 
similar for geese from the two populations. Therefore, differ­
ences in harvest rates for the two populations did not seem to 
account for the recent differences in adult survival. In the 
1970s, however, recovery rates of Wrangel Island adults 
were higher than for Western Arctic adults, although the 
opposite was true for young birds. The difference in adult 
recovery rates in the 1970s might be caused by a factor other 
than differential hunting pressure on the two populations. 
Specifically, the Wrangel Island geese were collared, and 
legband reporting rates are sometimes higher for neckbanded 
than for legbanded-only birds (Samuel et al. 1990b). 

Two additional lines of evidence suggested that 
nonhunting mortality outside the wintering period might 
account for survival differences between Wrangel Island and 
Western Arctic geese. First, Snow Geese of the two popula­
tions sharing common wintering grounds in California (and 
presumably subjected to similar sources and levels of 
mortality during winter) had highly different survival rates. 
Second, calculations of seasonal rates indicated no signifi­
cant difference in survival rates of Wrangel Island and 
Western Arctic females during winter (1 November -
1 February) but lower survival rates for Wrangel Island 

females during the spring-summer-early fall period 
(1 February -1 November) of at least one year. 

A variety of biotic and environmental factors might 
operate differently on Wrangel Island and Western Arctic 
Snow Geese during the spring and summer. Migrating 
Wrangel Island geese follow a longer and possibly more 
arduous route than Western Arctic geese and, once they 
arrive on the breeding grounds, usually face harsher and 
more unpredictable weather conditions than the Western 
Arctic birds. High rates of predation by arctic foxes have 
been observed on Wrangel Island and might also be the 
cause of lower survival rates of Wrangel Island geese 
(Bousfield and Syroechkovsky 1985). Similarly, avian 
cholera might differentially impact the Wrangel Island and 
Western Arctic stocks of geese (M.D. Samuel, pers. 
commun.). 

The neckband data provide no strong evidence that 
north-wintering geese from Wrangel Island survived better 
than those wintering farther south in California over the 
1988-1989 period. If this is a generalization that can be 
extended to other years, the recent change in abundance of 
the two stocks must be explained by factors other than differ­
ential mortality of north- and south-wintering stocks. Recent 
changes in movement patterns or differences in productivity 
of the two stocks are alternative explanations that need to be 
evaluated. Elsewhere in this volume, we have suggested that 
changes in movement patterns rather than regional differ­
ences in survival or productivity are the most likely cause of 
changes in the distribution of Snow Geese in the Pacific and 
Western Central flyways (Hines et al. 1999). We note, 
however, that survival rates from the present data set refer 
only to adult geese, and there is also a need for a detailed 
evaluation of the survival of young geese from this and other 
stocks. 

4.3 Management implications 

The Western Arctic Population of Snow Geese has 
grown over the past several decades, and the survival rates of 
adult geese are high. Thus, a larger harvest of this population 
seems warranted. The geese do not seem to have increased to 
the level where they are seriously damaging habitat on the 
breeding grounds, as witnessed in the Hudson Bay area 
(Kerbes et al. 1990; Abraham and Jefferies 1997), but it 
would be prudent to take measures to reduce the rate of pop­
ulation growth before the number of geese becomes too large 
to be readily influenced by traditional forms of harvest man­
agement (liberalizing seasons and bag limits). 

Although the Western Arctic Population has grown 
rapidly, the Wrangel Island stock of geese is not doing as 
well, and the average adult survival rate for this population is 
among the lowest reported for Snow Geese (Francis and 
Cooke 1992). An optimum harvest strategy should involve 
directing the harvest towards the growing Western Arctic 
stock while minimizing the harvest on the declining southern 
stock of Wrangel Island geese. Implementing such a strategy 
would not be simple. 

Harvest rates of Western Arctic geese were nearly 
twice as high in the 1960s and 1970s (15-20%) as they were 
in the late 1980s (<10%), but the population still grew 
slowly. Returning the harvest rate to the 1960s and 1970s 
level, seemingly a safe harvest strategy, would amount to a 
doubling of the recent kill of Snow Geese in western North 
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Figure 2 
Change in survival (± standard errors) of adult Lesser Snow Geese legbanded or neckbanded in California, the Western 
Canadian Arctic, and Wrangel Island, 1953-1989. The survival estimates from the models of best fit are presented. 

1953-1963 1960-1963 1973-1975 1987-1989 1987-1989 1975-1977 1988-1989 

California Western Canadian Arctic Wrangel Island 
— — -

America, from about 50 000 geese to 100 000 geese 
(Table 19). 

Traditionally, over 80% of the Snow Goose harvest in 
the Pacific Flyway has occurred in Oregon and California, 
and the greatest potential for increasing the harvest on 
Western Arctic geese is there. However, the number of 
Western Arctic birds wintering in Oregon and California 
does not seem to have increased in recent years (Hines et al. 
1999, this volume; Kerbes et al. 1999, this volume), and a 
greater harvest of this population segment might not be sus­
tainable. In any event, increasing the harvest of Snow Geese 
in this region might further jeopardize the south-wintering 
stock of Wrangel Island geese, which overlaps both spatially 
and temporally with the Western Arctic Population through­
out much of the late fall and winter. A safer approach would 
be to increase the fall harvest of Snow Geese in Alberta, Sas­
katchewan, and Montana, the winter harvest in the Western 
Central Flyway, or the spring subsistence harvest in the 
western Northwest Territories. The number of hunters and 

the demand for more Snow Goose hunting opportunities in 
these areas are limited, however, and the total take of geese 
there would have to be increased by a factor of about four to 
reach a harvest objective of 100 000 geese. In addition, any 
increase in harvest in the Western Arctic would need to be 
focused on geese returning to Banks Island (where the vast 
majority of the Western Arctic Population nests) and avoid 
geese from the small and less secure colonies at Anderson 
River and Kendall Island. 
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Mineral staining of facial plumage as an indicator of the 
wintering ground affinities of Wrangel Island Lesser 
Snow Geese 

V a s i l y V . Baranyuk , James E. H i n e s , and E v g e n y V . Sy roechkovsky 

Abstract 

Lesser Snow Geese Anser caerulescens caerulescens 
(hereafter referred to as Snow Geese) from Wrangel Island, 
Russia, can be divided into two different groups based on 
their wintering ground affinities. A northern group winters at 
the Fraser and Skagit river deltas of British Columbia and 
Washington, whereas a southern group, after stopping in the 
Fraser-Skagit area during fall migration, continues on to 
winter in the Central Valley of California. It was previously 
shown that the north-wintering birds, because they fed exten­
sively by grubbing in tidal marshes, tended to have red­
dish-coloured faces from mineral staining. In contrast, the 
south-wintering geese fed in agricultural fields and tended to 
retain their white facial plumage. Face colour scores could be 
used to identify the wintering ground affiliations of 86-90% 
of the Wrangel Island geese in the late 1970s and the early 
1980s. We evaluated the continued reliability of face staining 
as an indicator of the wintering grounds of Snow Geese 
neckbanded during 1988 and 1989 on Wrangel Island. The 
face colour of 1357 geese neckbanded on Wrangel Island 
was scored using a subjective scale of 0 (no staining) to 10 
(maximum staining) in 1988 and 0 to 9 in 1989. Neckband 
observations indicated that 86% of the geese in the lower 
three classes (n = 226) individually identified during winter 
were in California and 90% of the geese in the upper three 
classes (n = 209) wintered in the Fraser-Skagit area. Geese 
with intermediate scores (3-7 in 1988, 3-6 in 1989) made up 
35% of the captured sample but could not be closely associ­
ated with wintering areas based on face staining. Although 
face staining is not now as broadly applicable as a natural 
marker as it had been previously, it still should be useful in 
studies comparing the productivity, survival, or migration 
patterns of the two different stocks of geese, while acknowl­
edging that samples obtained by face staining scores may be 
missing a significant proportion of the population. An addi­
tional variable (size and wear of feathers on the head) might 
be used to enhance the reliability of the technique. 

Resume 

Les Petites Oies des neiges Anser caerulescens caeru­
lescens (appelees ci-apres Oies des neiges) provenant de l'ile 
Wrangel, en Russie, peuvent etre divisees en deux groupes 
differents en fonction de leurs affinites aux aires d'hivernage. 
Un groupe du nord hiverne dans les deltas du fleuve Fraser et 

de la riviere Skagit de la Colombie-Britannique et de l'Etat 
de Washington, tandis qu'un groupe du sud, apres une halte 
dans la region Fraser-Skagit pendant la migration d'automne, 
poursuit sa route pour hiverner dans la vallee centrale de la 
Califomie. On avait deja demontre que la face des oiseaux 
hivernant dans le nord etait souvent d'une couleur rougeatre 
qui etait attribuable aux mineraux se trouvant dans le sol des 
marais maritimes ou les oiseaux se nourrissaient principale-
ment. Par contraste, les oies hivernant dans le sud se nourris­
saient dans les champs agricoles et avaient tendance a 
conserver leur plumage facial blanc. Vers la fin des annees 
1970 et au debut des annees 1980, on pouvait se servir d'un 
systeme d'attribution de points pour la couleur faciale afin 
d'identifier les affinites vis-a-vis des aires d'hivernage de 86 
a 90 p. 100 des oies de l'ile Wrangel. Nous avons evalue la 
fiabilite continue des taches faciales pour indiquer les aires 
d'hivernage des Oies des neiges baguees au cou en 1988 et 
en 1989 sur l'ile Wrangel. On a attribue des points pour la 
couleur faciale de 1 357 oies baguees au cou a l'ile Wrangel 
en utilisant une echelle subjective de 0 (aucune tache) a 
10 (beaucoup de taches) en 1998 et de 0 a 9 en 1989. Les 
observations des bagues de cou ont indique que 86 p. 100 des 
oies des trois classes inferieures (n = 226) qui avaient ete 
individuellement identifies passaient l'hiver en Califomie, 
tandis que 90 p. 100 des oies des trois classes superieures (n 
= 209) hivernaient dans la region Fraser-Skagit. Les oies qui 
obtenaient des evaluations intermediates (3 a 7 en 1988, 3 a 
6 en 1989) representaient 35 p. 100 des echantillons captures, 
mais on ne pouvait pas etablir un lien etroit avec les aires 
d'hivernage en fonction des taches faciales. Bien que 
l'utilisation des taches faciales a titre d'indicateur naturel ne 
soit pas aujourd'hui aussi generalisee qu'auparavant, elle 
devrait toutefois s'averer encore utile dans le cadre d'etudes 
comparant la productivite, la survie ou le comportement 
migratoire des deux troupeaux differents, tout en reconnais-
sant le fait que les echantillons obtenus au moyen de 
revaluation des taches faciales pourraient ne pas inclure une 
partie importante de la population. On pourrait utiliser une 
variable supplemental (taille et usure des plumes de la tete) 
pour accroitre la fiabilite de la technique. 
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1. Introduction 

Lesser Snow Geese Anser caerulescens caerulescens 
(hereafter referred to as Snow Geese) breeding on Wrangel 
Island, Russia, winter in two distinct areas. A 
south-wintering group mixes with geese from the Western 
Arctic in the Central Valley of California, and a 
north-wintering group uses the deltas of the Fraser and 
Skagit rivers in British Columbia-Washington (Subcommit­
tee on White Geese 1992a, 1992b). Geese of the 
south-wintering group feed mainly in agricultural fields, 
whereas geese of the north-wintering group, in addition to 
feeding in agricultural fields, forage extensively in tidal 
marshes, where they grub for bulrush (Scirpus americanus) 
rhizomes (Boyd 1995). 

As a result of frequent grubbing in salt marshes, the 
white facial plumage takes on a heavy red staining from iron 
oxides in the substrate. Using a three-class scoring system, 
Baranyuk and Syroechkovsky (1994) recorded the degree of 
mineral staining on the faces of Snow Geese breeding on 
Wrangel Island in the late 1970s and early 1980s. They dem­
onstrated, with information on marked birds from known 
wintering locations, that 90% of the redder-faced geese 
wintered in the north and that 86% of the whiter-faced birds 
wintered in the south. 

Conditions that lead to the differences in face colours 
between north- and south-wintering geese seem to have 
changed since the late 1970s and early 1980s, when 
Baranyuk and Syroechkovsky (1994) carried out their work. 
Particularly, the geese in the Fraser Delta now spend much 
more of their time feeding in upland areas than they did pre­
viously (W.S. Boyd, pers. commun.). 

We ranked face staining for Snow Geese neckbanded 
on Wrangel Island in 1988 and 1989. Our objective was to 
determine if face stain scores remained a reliable indicator of 
wintering ground affinities of Wrangel Island Snow Geese. 
The continued existence of such a marker would be valuable 
for linking specific demographic variables to the wintering 
ground affinities of the geese and for understanding what 
effect events on the wintering ground might be having on the 
population. 

2. Methods 

Adult geese were captured during banding drives in 
1988 and 1989 on Wrangel Island. The face colour of 
captured adult geese was scored on a subjective scale ranging 
from 0 (white or no staining) to 10 (reddish or maximum 
staining) in 1988, and from 0 to 9 in 1989. The data were 
recorded only by the senior author to standardize the 
technique as much as possible. The age and sex of captured 
geese were recorded, and 1357 adult geese (898 in 1988,459 
in 1989) were equipped with red plastic neckbands with 
white alpha-numeric codes. 

Neckbanded geese were individually identified on the 
wintering grounds by observers using spotting scopes. Birds 
sighted from 1 December to 1 February were treated as being 
present on the wintering grounds, as most migration is 
completed at this time (Bellrose 1976; Armstrong et al. 1999, 
this volume). The percentage of the geese by face colour 
score that wintered in each major wintering area was used to 
determine how reliable the scores were for indicating 
wintering ground affinities. For this purpose, we recognized 

Table 1 , s . , „ 
The number of male and female Lesser Snow Geese (n) in each face score 
class that wintered in each location." 

Both 
(North and 

South) North South Central 
jface 

Year score n (%) n (%) n (%) n (%) 
1988 0 9 (13.8) 53 (81.5) 0 (0.0) 3 (4.6) 

1 4 (8.0) 41 (82.0) 1 (0.0) 4 (8.0) 
2 5 (8.8) 50 (87.7) 0 (0.0) 2 (3.5) 
3 5 (33.3) 10 (66.7) 0 (0.0) 0 (0.0) 
4 . 29 (29.0) 61 (61.0) 1 (1.0) 9 (9.0) 
5 11 (45.8) 10 (41.7) 2 (8.3) 1 (4.2) 
6 11 (61.1) 7 (38.9) 0 (0.0) 0 (0.0) 
7 42 (61.8) 21 (30.9) 1 (1.5) 4 (5.9) 
8 15 (88.2) 1 (5.9) 0 (0.0) 1 (5.9) 
9 24 (85.7) 3 (10.7) 1 (3.6) 0 (0.0) 

10 90 (90.9) 7 (7.1) 1 (1.0) 1 (1.0) 

Total (1988) 245 (45.3) 264 (48.8) 7 (1.3) 25 (4.6) 

1989 0 2 (4.5) 42 (95.5) 0 (0.0) 0 (0.0) 

1 1 (25.0) 3 (75.0) 0 (0.0) 0 (0.0) 
2 0 (0.0) 6(100.0)- 0 (0.0) 0 (0.0) 
3 1 (16.7) 4 (66.7) 1 (16.7) 0 (0.0) 
4 5 (35.7) 7 (50.0) 1 (7.1) 1 (7.1) 
5 2 (20.0) 8 (80.0) 0 (0.0) 0 (0.0) 
6 5 (50.0) 3 (30.0) 1 (10.0) 1 (10.0) 
7 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 
8 10 (83.3) - 0 (0.0) 1 (8.3) 1 (8.3) 
9 48 (94.1) 2 (3.9) 1 (2.0) 0 (0.0) 

Total (1989) 76 (47.8) 75 (47.2) 5 (3.1) 3 (1.9) 

North = Fraser and Skagit river deltas; South = California; Central -
southern Washington and northern Oregon; Both = sighted in both North 
and South regions during winter. 

three broad wintering areas: 1) the Fraser and Skagit river 
deltas of British Columbia-Washington (referred to as the 
North area); 2) California (the South area); and 3) southern 
Washington and northern Oregon (the Central area). In 
addition, a few birds were sighted in both the North and 
South areas during the wintering period. We designated 
geese in this category as wintering in "both" areas. Only 
"direct" sightings of collared geese (those made during the 
winter following banding) were used in the analyses. 

3. Results and discussion 

At least 75% of the geese marked in a given year 
were resighted within the seven months after banding (see 
Kerbes and Meeres 1999, this volume, for details of observer 
effort and success). More than half (52%, or 700 of 1357) of 
the geese neckbanded and scored for face colour on Wrangel 
Island were resighted during the "wintering" period. 

High or low (but not intermediate) face colour scores 
proved to be good indicators of wintering area. Observations 
on the wintering grounds revealed that 86% (195 of 226) of 
the neckbanded geese in the three lowest classes wintered in 
California, and 90% (189 of 209) of those in the upper three 
classes wintered in British Columbia or Washington 
(Table 1). We therefore believe it was valid to treat these two 
categories of individuals as samples of the south- and 
north-wintering components of the population, respectively. 
The middle grouping of face colour scores (scores 3-7 in 
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Figure 1 
The percentage of Wrangel Island Lesser Snow Geese by face colour scores 
that wintered in the Fraser-Skagit area (North) or California (South). Data 
shown here are for both males and females. 
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1988, 3-6 in 1989) proved to be ambiguous as an indicator 
of wintering area (Table 1; Fig. 1). 

Using only the upper three and lower three face 
colour classes, 86% of the females (n = 205) and 91% of the 
males (n = 228) could be correctly classified to wintering 
area (Tables 2 and 3). The difference between sexes was not 
statistically significant (%2 = 2.575, 1 df, P = 0.1086), 
possibly owing to small sample sizes. 

About 33% of the 1357 geese marked on Wrangel 
Island in 1988 and 1989 were placed in the lower three 
colour classes, and 32% of the geese were placed in the 
upper three (red) classes. Therefore, it would have been rea­
sonable to try to predict the wintering areas for 65% of the 
population marked from 1988 to 1989. The remaining 35% 
of the geese were in the intermediate face colour classes, and 
their wintering ground affinities could not be determined 
from feather staining. In contrast, face colour was an 
accurate predictor of the wintering grounds of most 
(86-90%) of the Wrangel Island geese in the late 1970s and 
early 1980s (Baranyuk and Syroechkovsky 1994). Changes 
in the foraging behaviour of the geese in the Fraser Delta 

Table 2 
The number of female Lesser Snow Geese (n) in each face score class that 
wintered in each location" 

Both 
(North and 

North South Central South) 
Face Year score n (%) n (%) n (%) n (%) 

1988 0 3 (9.1) 27 (81.8) 0 (0.0) 3 (9.1) 
1 3 (11.1) 20 (74.1) 0 (0.0) 4 (14.8) 
2 2 (8.7) 20 (87.0) 0 (0.0) 1 (4.3) 
3 1 (16.7) 5 (83.3) 0 (0.0) 0 (0.0) 
4 14 (26.4) 34 (64.2) 1 (1.9) 4 (7.5) 
5 9 (60.0) 5 (33.3) 1 (6.7) 0 (0.0) 
6 5 (55.6) 4 (44.4) 0 (0.0) 0 (0.0) 
7 26 (68.4) 10 (26.3) 1 (2.6) 1 (2.6) 
8 6 (85.7) 0 (0.0) 0 (0.0) 1 (14.3) 
9 16 (88.9) 2 (11.1) 0 (0.0) 0 (0.0) 

10 41 (87.2) 5 (10.6) 0 (0.0) 1 (2.1) 

Total (1988) 126 (45.7) 132 (47.8) 3 (1.1) 15 (5.4) 

1989 0 1 (5.3) 18 (94.7) &• (0.0) 0 (0.0) 
1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
2 0 (0.0) 3 (100.0) 0 (0.0) 0 (0.0) 
3 0 (0.0) 2 (66.7) 1 (33.3) 0 (0.0) 
4 2 (40.0) 2 (40.0) 0 (0.0) 1 (20.0) 
5 0 (0.0) 4 (100.0) 0 (0.0) 0 (0.0) 
6 3 (60.0) 1 (20.0) 1 (20.0) 0 (0.0) 
7 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 
8 6 (75.0) 0 (0.0) 1 (12.5) 1 (12.5) 
9 17 (94.4) 1 (5.6) 0 (0.0) 0 (0.0) 

Total (1989) 31 (46.3) 31 (46.3) 3 (4.5) 2 (3.0) 
" North = Fraser and Skagit river deltas; South = California; Central = 

southern Washington and northern Oregon; Both = sighted in both North 
and South regions during winter. 

likely account for this difference. In the 1970s, Snow Geese 
using the Fraser Delta fed almost exclusively in salt-marsh 
habitats (Jeffrey and Kaiser 1979); now, however, they feed 
extensively in fields as well (Boyd 1995). 

Despite the changes noted above, our results suggest 
that face colour can still be used to indicate the wintering 
ground affiliations of a significant proportion of the Wrangel 
Island Snow Goose Population. It has the advantage that 
large samples of geese of known wintering ground affiliation 
can be observed without any effort, expense, or disturbance 
to the geese required for "marking." Previously, this natural 
marker has been used to assess the relative productivity and 
brood sizes of north- and south-wintering geese 
(V.V. Baranyuk, unpubl. data), as well as to determine the 
relative dates of arrival and nesting of the two different 
stocks of geese on Wrangel Island (Baranyuk and 
Syroechkovsky 1994). 

In studies involving actual capturing of geese, face 
colour scores may allow researchers to accurately predict 
where geese will winter and thereby to allocate neckbanding, 
radio-tagging, or other sampling efforts effectively. We 
caution that such studies still need to be carefully thought 
out, as one-third of the population, which might have 
different patterns of habitat use and demography, would be 
eliminated from the sample because of intermediate face 
colour score. 

Finally, we note one other variable that might be used 
to enhance the reliability of the technique. The geese 
wintering in California feed in grain stubble, and this seems 
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The number of male Lesser Snow Geese (n) in each face score class that 
wintered in each location" 

Both 
(North and 

North South Central South) 
Face (%) Year score n (%) n (%) n (%) n (%) 

1988 0 6 (18.8) 26 (81.3) 0 (0.0) 0 (0.0) 
1 1 (4.3) 21 (91.3) 1 (0.0) 0 (0.0) 
2 3 (8.8) 30 (88.2) 0 (0.0) 1 (2.9) 
3 .4 (44.4) 5 (55.6) 0 (0.0) 0 (0.0) 
4 15 (31.9) 27 (57.4) 0 (0.0) 5 (10.6) 
5 2 (22.2) 5 (55.6) 1 (11.1) 1 (11.1) 
6 6 (66.7) 3 (33.3) 0 (0.0) 0 (0.0) 
7 16 (53.3) 11 (36.7) 0 (0.0) 3 (10.0) 
8 9 (90.0) 1 (10.0) 0 (0.0) 0 (0.0) 
9 8 (80.0) 1 (10.0) 1 (10.0) 0 (0.0) 

10 48 (96.0) 1 (2.0) 1 (2.0) 0 (0.0) 

Total (1988) 118 (44.9) 131 (49.8) 4 (1.5) 10 (3.8) 

1989 0 1 (4.0) 24 (96.0) 0 (0.0) 0 (0.0) 
1 1 (25.0) 3 (75.0) 0 (0.0) 0 (0.0) 
2 0 (0.0) 3 (100.0) 0 (0.0) 0 (0.0) 
3 1 (33.3) 2 (66.7) 0 (0.0) 0 (0.0) 
4 3 (33.3) 5 (55.6) 1 (11.1) 0 (0.0) 
5 2 (33.3) 4 (66.7) 0 (0.0) 0 (0.0) 
6 2 (40.0) 2 (40.0) 0 (0.0) 1 (20.0) 
7 0 (0.0) 0 (0.0) 0 (0.0) . 0 (0.0) 
8 4 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 
9 31 (93.9) 1 (3.0) 1 (3.0) 0 (0.0) 

Total (1989) 45 (48.9) 44 (47.8) 2 (2.2) 1 (1.1) 
" North = Fraser and Skagit river deltas; South = California; Central = 

southern Washington and northern Oregon; Both = sighted in both North 
and South regions during winter. 

to cause greater feather wear and reduced feather size on the 
faces of many geese (V.V. Baranyuk, pers. obs.). Consider­
ation of this variable when birds are being scored might 
further enhance the predictive value of the face stain scores. 
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