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To m o n i to r  the nu m b e rs  and d is tr ibu t ion  of 
G re a te r  S now  Geese at the  la rg e s t  
b reed ing  co lony  in the  eas te rn  
Canadian High Arctic , surveys were 
conducted on Bylot Is land at five year 
in te rva ls  from  1983 to 1998. The surveys 
w ere  conducted dur ing  the b rood -rea r ing  period 
using a s tra t i f ied  sam p l ing  procedure and aer ia l  pho tog­
raphy. The to ta l  n u m b e r  of adu lt  geese increased from  
25,500 (SE 2582) in 1983 to 69,500 [SE 8645) in 1993 (a year 
of exceptiona lly  high breeding e ffo rt and breeding success) 
before dropping s l igh t ly  in 1998. The n u m b e r  of gos l ings 
also increased from  26,500 (SE 2320) in 1983 to 86,500 (SE 
8147) in 1993, and also dropped s l igh t ly  in 1998. In years 
of high breeding success (1983 and 1993) the  adu lt  popu­
lation on Bylot Is land represented 14% of the en tire  w o r ld  
popu la t ion  of G reater Snow Geese. The adu lt  popula t ion 
on Bylot Is land between 1983 and 1998 showed an ave r­
age annua l rate of increase of 7%, s im i la r  to the 9% 
increase recorded fo r  the entire  popula t ion. Brood dens i­
ties varied f rom  a low  of 0.8 broods km 2 in the poorest qua l i ty  hab ita ts  in 
1983 to 29.9 broods k r r f2 in the best habita ts  in 1993, but an increasing 
trend was evident in a l l  hab ita t s tra ta  over the  course of the  study. A 
large p roport ion  (63%) of the surface  area of the  colony accom m odated  
only very low  brood dens it ies  in 1983, but by 1993 the  p roport ion  occu­
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pied by such low  dens it ies  had been reduced to 29%. It is conc luded tha t 
the increase in goose num bers  and the spread of h ighe r  brood densit ies 
over a la rg e r  port ion of the colony are ind ica t ions tha t the carry ing 
capacity of the Island has not yet been reached.

KeyW ords : Colony survey, brood d istribu tion, population change.
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The study of popula t ion change in 
w i ld fow l relies heavily on survey data. 
To examine the num bers  and trends of 
w ild fow l, many w i ld l i fe  agencies have 
placed em phasis  on surveys conducted 
when the birds are concentra ted on 
w in te r ing  or s taging areas (Eggeman & 

Johnson 1989). As usefu l as they are, 
such surveys do not te l l  the entire  story. 
Decisions on m anagem en t and conse r­
vation issues require a b roader base of 
knowledge, inc lud ing  in fo rm a tion  on 
num bers  and trends in o the r areas of 
the range, on popula t ion dynamics, and 

on b ird -hab ita t re la tionsh ips. Recent 
concerns about expanding popula t ions 
of Snow Geese A nser caerulescens have 
h igh lighted the th rea ts  of overpopu la­

t ion on frag i le  A rc t ic  hab ita ts  (Batt
1997, 1998). With 'n o r th e rn '  geese, the 
rem oteness  of th e i r  breeding areas and 
the high costs of A rc t ic  survey opera ­
tions have made it d i f f icu lt  to conduct 
breeding surveys. As a result, few s tud ­
ies have been able to track  populat ion 

changes at la rge  breeding co lon ies 
over extended per iods  of t im e . 
However, in fo rm ation  of th is  so rt is 
c r i t ica l  fo r  effective m anagem en t when 
vu lnerab le  A rc t ic  habitats are th re a t­
ened by la rge  and expanding 
populat ions. For Snow Geese in North

America, the governm ents  of Canada 
and the United States (with the co l lab ­
orat ion of the provinces and states), 
under the M ig ra to ry  Bird Treaty of 1917, 
e f fec t ive ly  m anaged  p o p u la t io n s  by 
regu la ting au tum n  and w in te r  hunting 
seasons, and by creating refuges and 
o ther protected areas. Through these 
actions, large popula t ions were bu i lt up 
o r mainta ined, but over the last few 
decades of the 20th century  many of 
these popu la t ions expanded d ra m a t i ­
cally as a resu lt  of increasing use of 
a g r icu l tu ra l  land during w in te r  where  
an a b u n d a n t food supp ly  ensured  
improved survival. Currently, several 
Snow Goose popula t ions are causing 
dam age  to, o r  are th re a te n in g  the  
in tegri ty  of certa in arct ic  ecosystems 
th rough  intensive grazing (Batt 1997,
1998). The conservation cha l lenge has 

now shifted from  ensuring  more geese, 
to reaching levels where  the de s tru c ­
tion of na tu ra l  habitats in the arct ic  
(and elsewhere) w i l l  be halted. This 

m eans  e i th e r  a r re s t in g  popu la t ion  
growth o r reducing num bers. Arr iv ing 
at m e a n in g fu l  popu la t ion  goa ls  
requires in fo rm ation  on goose n u m ­
bers and densit ies at vu lnerab le  arct ic  
sites, and on the carry ing capacity of 
those  hab ita ts .  In th is  paper, the
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re s u l ts  of fo u r  surveys conduc ted  
between 1983 and 1998 at the largest 
known colony of Greater Snow Geese A  
c. a tlanticus  in the Canadian High Arctic  
are presented. Changes in goose n u m ­

bers tha t have occurred at the study 
colony are compared w ith  those o ccu r­
ring in the subspec ies ’ populat ion, and 
changes in num bers  and d is tr ibu t ion  

are exam ined in re la t ion  to habita t 
types.

Study area and m ethods :

Bylot Island (73°N, 79°W), located 
nea r  the  n o r th e a s t  edge of Baff in  

Island, covers 10,750 k m 2, of wh ich

more than a half is composed of high 
m oun ta ins  covered w ith  glaciers, ice­
f ie lds  and p e rm anen t snow. Terrain 
su itab le  fo r  geese is found in low lying 
areas near the coast, especially in the
1,600 k m 2 ro ll ing plain along the so u th ­
west coast (F igure 1 ).

The sou thw est plain consti tu ted the 
survey zone, and w as divided into 400 

2x2km plots. The surveys were con­
ducted during the b rood-rear ing  period 
(between July 21 and August 8) when 

a l l  geese were f l igh t less, and involved 
com prehens ive  h e l ic o p te r -b a se d  
searches in sam ple  plots. A l l  g roups of 
geese encountered w ere  photographed 
during these surveys. The survey zone

Figure 1. Bylot Island, showing its location (inset, upper left), the entire island with the southwest plain 
study area outlined (upper right), and the habitat stratification of the study area (bottom map).
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was divided into three  strata (F igure 1), 

representing su itab i l i ty  of the habitat 
fo r  b ro o d - re a r in g  (good, poo r  and 
intermediate), based main ly  on a vege­
tat ion map (Zoltai et at. 1983). Areas 
w ith  abundant food (high degree of 
g ra m in o id  p lan t cover) and escape 

cover (num erous ponds o r streams), 
were considered 'good', w hereas those 
w ith  l it t le  food (non-vegetated o r low 
abundance of g ram ino ids) o r escape 
cover (l it tle o r no open water), were 
cons idered 'poor '.  In it ia l ly , 71 p lots 
were c lassif ied as good, 134 as in te r ­
m ediate and 195 as poor. For the 1998 
survey, based on an improved know l­
edge of the terra in , some plots were 
re -c lass i f ied ,  y ie ld ing  83 good, 129 

in te rm edia te , and 188 poor plots. The 
op t im a l  a l location method (Cochran 
1977) was used to select a random 

sam ple  of plots to be surveyed. Survey 
coverage varied from  21% of the to ta l  
area in 1983 and 1988 to 27% in 1993 
and 19% in 1998.

The surveys were  conducted using a 
he l icop ter (Bell 206B in 1983 and 1988, 
B e ll  206L in 1993 and 1998), w ith  one 
person navigating and recording, and a 
second person photograph ing  geese. 
Navigation was aided by aeria l pho­
tographs w ith  the boundaries of each 
survey plot drawn on an acetate over­
lay. In 1993 and 1998, a G lobal 
Posit ioning System was also used to 
fac i l i ta te  the location of plots and to 
d e te rm in e  bo u n d a r ie s  w he re  la n d ­
m arks  were indist inct. An exhaustive 
search of each plot was conducted and 
a l l  g roups  of geese recorded.

Generally, g roups of 10 or few er adult 

geese were counted visually, whereas 
la rge r g roups were photographed and 
geese counted from  projected images. 
A du lts  and gos l ings were counted sep­
arately, except in som e sm a l l  f locks  fo r 
wh ich  only the adu lts  were counted; the 
n u m b e r  of gos l ings  accom pany ing  
these adu lts  were estimated from  a 
regression m ode l based on the ratio of 
adu lts  to gos l ings in f locks where  both 
age groups were counted. The e s t im a ­
tion of to ta l  num bers  of adu lts  and 
gosl ings was made using the standard 
stra ti f ied es t im a to r  of Cochran (1977). 
Most goose groups, at the t im e  of 
recording, included fam ily  groups in a 
t igh t f lock, m aking  it im poss ib le  to 
identify s ingle fam il ies  or to d istinguish 
between adu lts  accompanied by young 
[parents) f ro m  those w ith o u t  young 

(non- and fa i led -b reeders , he rea f te r  
referred to as non-pa ren ta l  geese). In 
o rde r to d is t inguish between these two 

groups of adults , each year a n u m b e r of 
ind iv idual broods were observed from  
the ground unde r  und is tu rbed cond i­
t ions to de te rm ine  the average brood 
size. By dividing the n u m b e r of gosl ings 
in a group by the average brood size the 
expected n u m b e r  of parents in that 
group could be de te rm ined ; any excess 
a du l ts  were  cons idered to be non- 

p a re n ta l  geese. F u r th e r  de ta i ls  of 
survey m ethods can be found in Reed & 
Chagnon (1987) and Reed et at. (1992).
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Results

Population estimates and trends

The to ta l  n u m b e r  of adu lt  geese 
increased f rom  25,500 (SE 2582) in 
1983, to 69,500 [SE 8645) in 1993, 
before dropping to 60,700 (SE 7981) in
1998. The n u m b e r  of gos l ings  also 
increased from  26,500 (SE 2320) in 1983 
to 86,500 (SE 8147) in 1993, and 
dropped to 59,100 (SE 6658) in 1998 
(Table 1). The mean brood sizes used to 
subd iv ide  the  a du l t  popu la t ion  into 

parenta l and non -pa ren ta l  com ponents  
w ere  3.20 gosl ings per fam ily  (n=165, 
SE 0.09) in 1983; 3.15 (n=265, SE 0.07) 
in 1988; 3.14 (n=284, SE 0.08) in 1993; 
3.03 (n=303, SE 0.064) in 1998.

There was an increasing trend in the 
to ta l  n u m b e r  of geese (average rate of 

increase = 6.5% per year), of parenta l 
adu lts  (6.4% per year), of to ta l  adu lts  
(6.8% per year) and of gos l ings (6.3% 
per year), a l though fo r  a l l  of these ca t­
ego r ies  the  h ighes t n u m b e r  was 
obtained in 1993 (Figure 2). The n u m ­

ber of n o n -p a re n ta l  geese a lso 
increased (7.7% per year), w ith  the 
h ighest value occu rr ing  in 1998 and the 
lowest in 1988 (Table 1). The proportion 
of non -pa ren ta l  geese in the adu lt pop­
u lation varied from  17% to 38%, but 
showed no apparent trend. The growth 
rate of the adu lt  popula t ion on Bylot 
Is land para l le led  th a t  of the en tire  
Greater Snow Goose popula t ion , as 
de te rm ined  from  spring surveys on a 
s tag ing  area (Table 2, Figure 3). 
Productiv ity surveys in the staging area 
during au tum n showed tha t a l l  fou r 

surveys were conducted in years when 
breeding success w as above the long ­
te rm  average (Table 3).

Brood densities and distribution

Brood densit ies varied am ong years, 

showing an overall increasing trend. 
They also varied between habitat types, 
reach ing  the  h ighes t  dens ity  (29.9 
broods km  2) in the best habitats in 1993 
[Table 4). Density in the low-qua lity  
habitat increased from  0.8 broods km '2 
in 1983, to levels >6 broods km 2 in sub-

Table 1. Population estimates of Greater Snow Geese on Bylot Island 1983-1998. SE in 
parentheses.

Year Breeding Goslings Non-parental Total geese
adults adults

1983 16,600 (1,520) 26,500 (2,320) 8,900 (1,062) 52,000 (4,308)

1988 26,300 (4,990) 41,400 (7,810) 5.400 (950) 73,100 (13,676)

1993 55,000 (5,238) 86,500 (8,147) 14,500 (3,407) 155,900 (14,912)

1998 37,600 (4,260) 59,100 (6,658) 23,100 (3,721) 119,800 (14,242)
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Figure 2. Estimated numbers of Greater Snow Geese on the southwest plain of Bylot Island, 1983-1998.

Table 2. Number of Greater Snow Geese recorded on Bylot Island in summer and in south­
ern Québec in spring, 1983-1998.

Year Total geese in 
southern Québec'

Adults on Bylot Island Adults on Bylot as % of 
total population

1983 185,000 25,500 13.8
1984 225,400
1985 260,000
1986 303,500
1987 255,000
1988 363,800 31,700 8.7
1989 363,200
1990 368,300
1991 352,600
1992 448,100
1993 498,400 69,500 13.9
1994 591,400
1995 616,600
1996 669,100
1997 657,500
1998 741,200 60,700 8.2
'D a ta  fro m  Reed et a/., 1998 and A. Reed, unp ub lished .
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Table 3. Breeding success and productivity of Greater Snow Geese, 1983-1998

Year % young in fall  f light ' % nest success on 
(entire population] Bylot Island2

Ratio young:adult  at 
f ledging on Bylot island

1983 47.4
1984. 30.4
1985 25.8
1986 2.3
1987 40.2
1988 33.1
1989 31.1 70
1990 23.6 79 1.15 1
1991 38.3 72 1.46 1
1992 5.4 70 0.81 1

1993 47.8 89 1.55 1
1994 9.2 40 0.79 1

1995 16.6 14 1.10 1

1996 25.1 65 0.83 1
1997 36.8 83 1.06 1
1998 33.1 79 1.09 1
Mean 27.9 66 .7 7.09 7
'D a ta  fro m  Reed et al. 1998 and A. Reed, unp ub lished .

‘ Data fro m  G au th ie r ef a/., 1999
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Figure 3. Comparison of growth rates of the numbers of adult Greater Snow Geese on the southwest 
plain of Bylot Island (ln N Blot) and of the entire population (in N total) using logarithm ic values for 1983, 

3, 1993 and 1998: b(slope)=1.049; SleO.415; P=0.127.
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Table 4. Densities of Greater Snow Goose broods in relation to habitat quality, Bylot Island, 
1983-1998. Densities given in broods krrf2 (SE).

Year Good habitat Intermediate habitat Poor habitat Total

1983 16.4 (1.6) 5.6 (0.9) 0.8 (0.3) 5.2 (0.5)

1988 14.9 (1.7) 7.8 (2.1) 6.1 (2.8) 8.2 (1.6)

1993 29.9 (3.3) 16.0 (3.3) 12.1 (2.2) 17.0 (1.6)

1998 22.9 (3.2) 10.6 (2.0) 7.7 (2.0) 11.8 (1.3)

Figure 4. Distribution of Greater Snow Geese broods Inumber of broods/2x2km plot) on the southwest 
plain of Bylot Island in 1983 (above) and 1993 (below).
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sequent surveys. The spatial d istr ibu ­
tion of broods in 1983 w as 
characterised by the presence of three 
s m a ll  areas of high to moderate densi­
ty (37% of 400 plots had densities >25 
broods/plot or approxim ately  six broods 
km"2] and one large area of low density 
(63% of plots with <six broods/plot). By 
1993, the three areas of high to m o d e r ­
ate density had expanded substantia lly  
around the ir initial epicentres (71% of 
plots with > six broods/plot) (Figure 4] .

Discussion

Quantif ication of the size of the 
potential breeding and non -breed ing  
goose populations of the island is of 
considerable value for m anagem ent 
and conservation purposes. To est i­
mate re levant p a ram eters ,  an 
assessm ent is needed of w hethe r  all 
potential breeders and non -breeders  
are present on the island at the time of 
the survey. Recent studies by Reed et 
at. (in press), have demonstrated that 
most local breeders unable to nest, or 
those that lose the ir nest in an early 
stage of breeding, leave the study area 
to moult e lsewhere, and this occurs 
pr ior to the survey dates. Furtherm ore, 
there are large annual variations in 
breeding success, which is a function of 
wea the r  condit ions and predator pres ­
sure (Reed 2002; Bêty et aí. 2001). As a 
result,  nest success and nesting effort 

(the percentage of potential breeders 
that a ttem pt to nest), is variab le. 
Evidence of breeding effort and success 
over the study period were  examined to

detect any such possible biases.
An n u a l monitoring of breeding s u c ­

cess on Bylot Island began in 1989 
(Gauthier et aí. 1999), and the last two 
colony surveys overlapped with this 
work. Monitoring of breeding success 
of the entire Greater Snow Goose pop­
ulation has, however, been conducted 
during the entire 16-year period of 
1983-1998, using age ratio counts in 
the autumn flight in southern Québec 
[Table 3). Over the 12 years during 
w h ich  m o n ito r in g  occurred  at both 
sites, the indices of success rates on 
Bylot Island were s im ila r  to those for 
the entire population. The age ratios 
recorded in southern Québec varied 
from 2.3% to 47.8%, average 27.9% 
(Reed et ai. 1998, A. Reed unpublished 
data). A l l  four of the surveys described 
here were conducted in years when the 
age ratios were above this average. 
None of the surveys were conducted in 
years of widespread breeding failure 
(eg 1992 and 1994) when m any geese 
either did not nest or failed in their 
attempts. In two of the four survey 
years (1983 and 1993), the proportion of 
young reached the highest levels, not 
only for the 16-year study period, but 
for the entire 28 years of available data. 
Thus, in a ll four survey years, it is l ike­
ly that the p roport ion  of potentia l 
breeders present in the study area at 
the time of the survey was high, but 
probably s l ight ly  h igher in 1983 and
1993 than in 1988 and 1998.

The data do not a llow correction of 
the four estimates of adult geese to a 
com m on index of potential breeders.
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However, errors  o r  biases that may 

have occurred through annual var iab il ­
ity in reproductive success (ie through 
variab il ity  in rates of em igration  by 
non -breeders  and failed breeders), are 
likely to have been minor, and the 
trends detected for adult segm ents  of 
the population probably reflect true 
changes in the potential breeding pop­
ulation. It would  be desirable to correct 
fo r  e m ig ra t in g  n o n -b re e d e rs  and 
fa iled -breeders  in o rder to better est i ­
mate the potential population, and to 
provide more accurate est im ates of 
rate of change. The capability to make 
such correct ions would  be particu larly  
useful in years when breeding success 
was low. Such correct ions may become 
possible with continued monitoring of 
breeding success and colony surveys, 
and w ith  fu r th e r  s tudy  of breeding 
propensity and em igrat ion of non - and 
failed breeders.

The co lony  su rve y  resu lts  w ere 
compared to those from the annual 
spring surveys of the entire Greater 
Snow Geese population on the ir staging 
area in southern Québec over the same 
time period (Table 2). Both sets of data 
show  an increasing trend over the study 
period. The est im ates from  Québec 
indicate an annua l average rate of 
increase of 9% (Menu ef ai. 2002), close 
to the 7% computed for the adult popu­
lation on Bylot Island. L o g a r i th m ic  
values of data from these two sets were 
compared for 1983,1988,1993 and 1998. 
Th is  gave a slope of 1.049, close to the 
predicted value of 1.0 for two popula ­
tions changing at the same rate (Figure

3). It w as concluded that the breeding 

population  on Bylot Island has 
increased at a s im ila r  rate to that of the 
entire population.

Despite the rapid increase of the 
overall population (a four-fo ld  increase 
between 1983 and 1998), Bylot Island 
has continued to be used by a s im ila r  
proportion of the population. Th is  is 
consistent with the findings of Massé 
ef at. (2001) w ho  concluded that the 
carry ing capacity of the island's w e t ­
land brood -rearing  habitats had not yet 
been reached. It cannot, however, be 
ruled out that dens ity  dependent 
effects may be a factor. A lthough  the 
main reason fo r th e  decline in num bers  
of breeding geese between 1993 and 
1998 m ay have been due to a h igher 
rate of absence of failed b reeders  
(through em igration pr ior  to the s u r ­
vey), it is possible that part of the 
decline w as due to few er potential 
breeders. A lso, mean brood size on 
Bylot Island showed a regu lar but non ­
significant declining trend of about 5% 
overall between 1983 to 1998, which 
could reflect deteriorating feeding con­
ditions for goslings. Present levels of 
g raz in g  p ressure  by geese have 
reduced the annual production of food 
plants on Bylot Island but have not led 
to long te rm  habitat degradation  
(Gauthier ef at. 1996).

In both years of very  high breeding 
success, 1983 and 1993, Bylot Island 
accom m odated about 14% of the entire 
adult goose population, and between 
8% and 9% in the other two years 
(Table 2). The lower values recorded in
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1988 and 1998, when breeding success 
w as lower, probably reflected depar­
tu re s  of n o n -b re e d e rs  and 
fa i le d -b re e d e rs  between a rr iv a l  in 
spring and the time of the survey. In 
1983 and 1993 it is probable that nearly 
all  of the potential breeders were still  
present at the tim e of the survey. Thus 
the potential breeding population of the 
southwest plain of Bylot Island is prob­
ably  close to, but som ewhat greater 
than 14% of the entire adult population 
of Greater Snow Geese.

Brood densities genera lly  increased 
at s im i la r  rates in a ll habitat types over 
the course of the study. A ltho ugh  very 
low densities were recorded in habitats 
judged to be of poorest quality ('poor' 
stratum ) during the first survey, densi­
ties reached moderate levels in later 
surveys. These poorer quality habitats 
occurred on upland sites with reduced 
availability of g ram inaceous food plants 
and with a lack of large ponds or lakes 
to serve as refuge from  te rre s tr ia l  
predators. Com petit ion  for the p re ­
ferred  low land (wetland) habitats 
(mainly 'good' stratum), w here  food and 
refuge were more available (Hughes et 
al. 1994) may have reached a threshold 
after 1983, forcing more geese to make 
this shift. A lso, a la rger goose popula ­
tion may have led to increased sizes of 
brood flocks which, by virtue of a larger 
crit ical mass of adult geese, may have 
been more effective in reducing preda­
tion by Arct ic  Fox Alopex lagopus. This 
interpretation is consistent with o b se r ­
vations over the course of the study 
showing increased use of mesic (drier)

upland sites by la rge m u lt i -b ro o d  
flocks. Th is  increased use of poorer 
qua lity  habitat is espec ia l ly  evident 
from  a comparison of distribution maps 
showing densities of broods in 1983 and
1993 (Figure 4). Th is  shows that the 
area occupied by low densit ies (<6 
broods km 2) covered >10,000 k m 2 (63% 
of the study area) in 1983 but only 4,600 
km 2 in 1993.

The Greater Snow  Goose population 
has increased continuously  over recent 
decades reaching springt im e levels of 
>800,000 by 1999 (Reed et al. 1998, A. 
Reed unpublished data). In response to 
potentia l th reats  to the in tegrity  of 
habitats throughout the range, a sp e ­
cia l sp r ing  hunting  season w as 
proposed (Giroux et al. 1998) and initi­
ated in Québec in 1999. It w as thought 
that this specia l hunt, combined with 
the continuing traditional autumn hunt, 
could halt population growth and sta­
bilise the populat ion . Given the 
seriousness of the problem and the 
sensistivity of the conservation issues, 
it is imperative that scientists continue 
and enhance efforts to m on ito r  the 
population and exam ine relationships 
between goose d ens ity  and habitat 
integrity, especially  on fragile Arct ic  
ecosys tem s. T h e se  effo rts  should  
include continuation of the survey on 
the Bylot Island colony every five years, 
annual monitoring of breeding success, 
fu rther  study of breeding effort and 
em igration of non - and-failed breeders.
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