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Abstract 

EstÎmates of hunting ~ill, band recoveries, and 
aerial surveys of wimering places are used to describe the 
status of Lesser Snow Geese (Anser c. merulescens) breeding 
in eastern arctÎc Canada during 1964-79. The population 
in mid August averaged 2.42 million birds, with a lowof 
1.35 million in 1966, a maximum of 3.3 million in 1974, 
and an average annual increase of 130000 birds. In winter 
the aerial surveys accounted for an average 1.1 million, 
with a mean rate of increase of 67 000 birds each year. In 
the US, hunters killed an average of 356 000 (range: 
161 000 575000) geese each season in the Mississippi 
and Central flyways. In Canada, recreational hunters killed 
an average 47000 annually between 1964 and 1979, 
though l'rom 1975 that an nuai kill increased rapidly as the 
geese spent more time in southern Manitoba and southeast 
Saskatchewan and eastern stocks spent less time around 
James Bay. The westward shift left Indian subsistence 
hunters with smaller kills: from 72000 in 1973-75 to less 
than 30000 in 1977-79. The mean an nuai survival rate of 
adults banded at three colonies was 77.1 % (range: 67.6-
93.4%): for geese in the first year al' ter fledging the mean 
survival rate was 44.2% (range: 23.2-71.2;10). The 
recorded hunting kill amounted to more chan half of aIl 
adult losses and about 43% of the losses suffered in the 
tirst year aller fledging. The effects on goose numbers 
and breeding - of weather in the breeding, staging, and 
wintering areas are compared with the impact of hunting 
and the age st.rtlcture and behaviour of the goose . 
population. There was a sustained upward trend in. 
numbers which did not seem to be related to weather or 
other population variables. These variables did, however, 
predict yearly fluctuations about the trend. Weather in the 
breeding area at the onset of nesting, represented by mean 
June temperature, has the most effect on the production of 
young. Winter precipitation in the Gulf coast states affects 
the number of adults and their breeding success to a 
greater extent than spring temperatures and accumulated 
precipitation in the northern staging areas in the Dakotas 
and southern Manitoba. The size of the US hunting kill in 
the previous season also influences population size. There 
have been substantial changes in the distribution of the 
geese in fall, winter, and spring, initiated by the geese 
lhemselves. The numbers at particular breeding colonies 
changed considerably From 1973 to 1979 but the effective 
breeding population remained much the same~ The geese 
are managing themselves with notable success. Wildlife 
agencies may be able to influence t.heir distribution for the 
benefit of human users. 

Résumé 

On a utilisé des estimations des prises des chasseurs, 
du nombre de bagues récupérées et des relevés aériens des 
lieux d'hivernage pour connaître la situation de la Petite Oie 
blanche (Anser c. caeru/esœns) nichant dans la partie est de 
l'Arctique canadien, eime 1964 et 1979. A la mi-août, la 
population moyenne a été de 2,42 millions d'oiseaux, le 
niveau le plus bas ayant été de 1,35 million d'individus en 
1966, et le plus élevé, de 3,3 mîllions en 1974; l'augmenta­
tion annuelle moyenne est de 130 000 individus. En hiver, 
grâce aux relevés aériens, on a compté une moyenne de 1,1 
million d'oiseaux et évah;é l'augmentation annuelle 
moyenne à 67 000. Aux Etats-Unis, les chasseurs ont tué en 
moyenne 356000 oies (de 161 000 à 575 000) chaque saison, 
dans les voies migratoires du Mississipi et du Centre. Au 
Canada, les chasseurs sportifs ont pris en moyenne 47 000 
oiseaux par année entre 1964 et 1979, bien qu'à partir de 
1975, le nombre de prises ait augmenté rapidement à mesure 
que l'oie passait davantage de temps dans le sud du Mani­
toba et le sud-est de la Saskatchewan, et que les populations 
de l'est demeuraient moins longtemps dans la région de la 
baieJames. Par contre, ce mouvement vers l'Ouest a réduit le 
nombre des prises des autochtones qui chassent pour leur 
subsistance: elles sont passées de 72 000 en 1973-1975, à 
moins de 30 000 en 1977-1979. Le taux annuel moyen de 
survie des adultes bagués dans tTois colonies a été de 77,1 % 
(de 67,6% à 93,4%); le taux moyen de survie des jeunes un 
an après qu'ils aient acquis leurs plumes était de 44,2% (de 
23,2% à 71,2%). Les prises des chasseurs ont compté pour 
plus de la moitié de la mortalité chez les adultes et pour envi­
ron 43% des pertes chez les jeunes. Le rapport compare les 
effets, sur les populations et la reproduction, des conditions 
météorologiques des aires de nidification, de repos et d'hi­
vernage, avec les conséquences de la,chasse et la pyramide 

,d'âge et le comportement des populations d'oies blanches._ 
On a remarqué une tendance continue à la hausse dans les 
populations, laquelle ne semblait pas assujettie aux condi­
tions climatiques ni à d'autres variables de population. 
Cependant., ces variables ont permis de prévoir les fluctua­
tions annuelles de la tendance. C'est le temps qu'il fait dans 
l'aire de nidification au début de la période de reproduction, 
représenté par la température moyenne de juin, qui a le plus 
grand effet sur lacpfOduction de jeunes. Les précipitations 
d'hiver dans l{>(Êtat~ côtiers du Golfe ont des répercussions 
plus marquée~ le nombre d'adultes et sur la réussite de la 
reproduclion que les températures du printemps et l'ac-
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cumulation de précipitations dans les aires de repos des 
Dakotas et du sud du Manitoba. L'importance des prises des 
chasseurs américains influe également sur le chiffre de la 
population de l'année suivante. On a remarqué d'importants 
changements dans la répartition des oies en automne, en 
hiver et au printemps, changements provoqués par les oies 
elles-mêmes. Les populations de certaines colonies ont varié 
considérablement de 1973 à 1979, mais la population repro­
ductrice s'est maintenue pratiquement au même niveau. Les 
oies assurent leur permanence de façon remarquable. Les 
organismes de faune pourraient éventuellement influer sur la 
répartition de cette espèce à l'intention des utilisateurs. 

Introduction 

Snow Geese are easier to fmd and count than most 
other geese, are abundant, and are growing in popularity as 
quarry for hunters. They have received a good deal of atten­
tion from researchers in northern Canada (see especially 
Cooke et al. 1981) and have been surveyed fairly systemati­
cally in Canada and in the US for unusually long periods 
- over 40 years on the Gulf coast. 

This note is a synthesis of sorne recent appraisals of 
the eastern arctic stocks of Lesser Snow Geese (Al/ser c. caeru­
lescens) i.e., those breeding in the colonies around Hudson 
Bay and Foxe Basin (Fig. 1). Boyd (1976a, b) described the 
methods used for estimating total numbers in August. Esti­
mates ofnumbers in winter are obtained from aerial sUl·veys 
organized by the US Fish and Wildlife Service (USFWS). The 
national harvest surveys operated by the USFWS and Cana­
dian Wildlife Service (CWS) provide estimates of kill, which 
are also used in estimating abundance. 

We have tried to con vey sorne feeling for the magni­
tude of changes in a large; highly mobile population and to 
explain those changes. In contrast to the proper con cern of 
scholarly biologists with detail and precision, this is a sketch 
with a broad brush, using unavoidably imprecise data to 
arrive at general impressions of the well-being of the entire 
eastern arctic stock, rather than of any particular colony or 
wintering· group. 

In this, as in earlier reports, the name "Lesser Snow 
Goose" is applied to geese ofboth the white and blue colour 
phases, for which the data and results are pooled. 

Figure 1 
Map of breeding colonies of Lesser Snow Geese in the eastern Canadian 
Arctic 
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Methods 

1. Numbers in August 

The August population of Lesser Snoll' Geese is 
derived ["romlhe relalionship: 

es t. tOlal no. geese, i" 
esl. geese kill by hunlers, K 

so that ,\ ' = 
K.R 
D 

no, gee,sC' banded, B 

clirect recoveries 0[" 

banded geese, D 

where a " direct recoverv" is one oblainecl in the lirst hllnting' 
seaso n aftcr banding (Lincoln 1930) . As Ilot a il bancl ecl geese 
which arc shot a rc reponecl il is necessa r y 10 acljust for tlllle­
poned bands. J-/ere, as in earlicr calcula lions or nulllhcrs 
(Bovd 197Gb), ll'e assu me a conslanl annual rcponing rate of 
one ~ lhird , basee! on resulls l'or severa l species o l' geesc 
reponee! by Martinson ane! McCtnll ( 1 9GG) and Hellny 
(19G7). So lo n g as lhe repon ing raI e reilla ins ncarh' co n ­
sta nl, even ifUJlkno\\'n,.\' Gill be consiclered ;IS an index. Il' 
the ,lssullled reponing rat e is 100 high lhe resull " 'ill he <In 
overest irllalt' 0[" the nlllilber of g'cese in t.he populalioll. 

The liS and C,lIladian n ,l li o nal h,u'I'esl sunTVS pro­
vide lhe esl imales or lhe goose kil! . The kill CIIl be di\'iclecl 
inlO adliit a nd lirSl-\'Car bircb according to t.he proportions 
round inlh c sa mples oCtail kalhns inlhc species COlilpOS­
ilion SLlnT}'S. III prC'\'i(lIls eS lilli a tes I()r 1 DG-~- 7:{ onh Ill e liS 
kil! ,Ille! US recoveries \Ine u sed (Bo\C1 1 ~)7()b). For 1 ~)7-l-7q 
clireCI recm'eri cs <1 1](1 kill ill bOlh COll;llries ha\'C heellll.';ed . 
The US kill estilllai cs ail' limilcd to lhose Icport cd 1'10111 lhe 
Mississippi ,1I1d Cellll<ll rl\'\I'a\·s. h'\\, l.esser SIl OII Ccese arc 
shol in lhe Atlanlic 1"1\'11',]\ ,lIle! Iledrh' a lllllOsl' shOI illlhc 
Pacifie Flnval origill'Ile h:OIlI lhe \\'e.~l eJï1 Canadian ,n'C lic or 
"Vrdng-cllslancl (lkllrosc 1~17ü ). III Clnad" Ih e kil! orHud­
SOIl Ba\' Less e r 5110\\' (;eese is \'inualh' confùlecllo lhcJnn es 
Hav an~ 1 e<lslem Hud so n B;l\ cO;IS1S o('Qucbec ,lllcl Olll;n'io, 
<1Il~110 Manitoba allCl SOlllh~,ISlen1 Sask;IlChe\lan; geese lhal 
ail' lake ll rùrther \ITSI cO l11e l'rolll 1 he \l'es Lem .--\rnic (lhubill , 
go\'(l, alld Slcphell 1975). 

. The cS limalor is\' = i; X Bld >, 'Il Il!Jere d is Ihe 
Ilurnber or direct ITconTies re)J0 n ee! alld 'Il is lhe <lssurned 
l epo nillg l'al e nlenliollecl above, i.e ., d ~, 0/3. Separalt' c.l l­
culaliOl1s are macl e f'or adllii alld firsl-year birds . 1\ is Ille eSli­
m<Il ed kill in the rcl c\' ;ml )Jarls orCan;lc);} alldlhe LIS. This 
estil1lalor pr()\'icles an inclex 01'.\', ralh e r Lhan ail absolule 
\·a lue. 'l' h e accu r;lCY and prccision orlhe est imales ha\'(' nOI 
\'()ried signifi c<l nlly aparl f'rom SOIiIe illlprovemeIlI ill th e 
C; lIladian eSlllllates, \l'hich h a\'C represelllee! onh' 10 '1rJ (5-
4H'fr!) of'lhe 10l al <1l1 llual kilt. 

One of' th e f'unda m c nl" 1 assu Jl1 pl ions of' 1 he ;1 bmT 

(Lincoln Index) n1eLhod (Seber 1973) is thal ail <l nilnals hav e 
Ihe saille probabilit) orbei llg- caught. During 19G3-79 geese 
\\'ere marked al onl y tlnee co lonies - Ll Pt'm use Bay, Mani­
toba (1~.)()9-c0I1Linuing); Capt' Henri el la i'lI ar ia, Ontario 
(1970- conlinuillg); and M cCOl1 nell River, NW'I' (19G4-G9 
and 1977- 78) - a ncl non-breeclcrs \\'ere under-represenled 
because thev had rnovccl a\l'ay l'rom the breecl in g arca s 
before becoming Hightless. HO\I'ever, Dwbin (1974) ane! 
Dzubin fi al. (1975) ha ve shown th a! extensive mixing occurs 
,I\I'a)' rronl the breecling areas; therefore, wc assum c lhallhe 
.q rnpling ofmarkee! and 11l1l11a rked geese by hunters is ran­
dom wilh respecl 10 colony or o ri g in, Ihou g h biased lO\\'<lrds 
lhe killing oryoung birc!s. The recovl'ly raie oCgeese \ITa rin g 
hi g hh' \'isihle plasli c neck collaI" i.s grealer lha n Ih"l of geese 
GIIT\ing o nh' !cg bands . The recover ics of geese co llar­
Inarkee! (Il lhe i\IcCollllell RinT ill Ihe 19üOs h;l\C tlJ(: re["ore 
been olilill ed l'rom Ihe ca lcu lations. 

Givell lhe uncen ,l inl Y associ<lled \l'ilh Ihe eSlimale k 
off,:, ail approxill1 <llelv ullbiased eSLimale or lhe variance of 
,\ ' C<l n bc sho\\'n 10 be: 

var .\' = (B+ 1) (B-rI) ~,+", ! ' J 
(D+ 1 Hf) + 2) J ( /\ 1) (A-d) + \ar l\ 

Th is recluces 10 lhe eSlimale g iven on page 60 ofSebcr 
( 197:3) whell k is kno\\'n, i.e., v<Jr Â.' = O. 

The calculaled conficlence inlervals arc so \Vicie as 10 
he ofîill!e assislance in discenting " '!Jal m,IV he happening, 
Ihoug h lh e\' show Ih<ll lillle \\'cighl shollle!lJe givell 10 <lpp,u '­
l'ni changes [rom oll e vea r 10 the next. 

2, Winter inventory 

The Il'i nler iIlVt'1l101'\' eSl imalcs (IÎ ') ;Irc Ihe .SUIll oi'lhe 
nlllllbcrs l'oUIlc! hl ' Ih e LlS FWS c<lch \lilllCI ill bOllllhe Jvfis­
sissippi <111(1 Cenlral HI'II ;"·s. Bcfore J Q7:\, Ihe aeri;J!slJIveys 
\1'Cre IJJ,lde ill (',Irh .1'III1l<lJ'l. Sillcc 197:\ t hc\ have bccn macle 
in miclDecelJJIKT. The carlin (OIJJ11IlligIJi be exp(,Cl eci lo 
kad 10 in creased cSlilll'IlC.', as hlllllillg conlinlles illloJanll­
,II'\': yu \l'hell CoUnl, \ITre Illad e in bOlh Jl1oll1hs IhcJal1ll<IJ'I' 
COIiIlI I\' ,IS sOllJclinlt's hi g hn. Th e ill\clllories I ~il i short 0(' ,1 

lTIlSlIS, lor Lill' ,lre;IS 10 i)c scarchecl , li T large <JnclCOlllillualh 
chdngill!;, ;I ncl il is hard lU <l\'oicl IInderCSl iJl1,llill g \cI"large 
,lggTegal iOlls or geesl', \l'hel hl'l in lIigll1 o r al rcst. Though 
110 clel,lils of Ih c sc'Ircllc .s ,11'<.: Pllhlished, so \IT cio 1101 kno\l' 
hml cU ll s i.sl(' nl al1d COlllp,Ir;lblc lhl'\ arc . Ihe \\'illin ill\T II­
Ion' is slillusclul as an index of'rel,lli\'l' ahllnclance f()r lhe 
ciel CCI iOI 1 oltrcnds. 

BO\cI ( 1 U7(iIJ) uscd ,In inclex of f;dl f-liglll (1-) oblaillecl 
h> ,Iclclill g lh e cS lilllale o fkill (Â.) IO Ill e \Iinler IOlal (IÎ') alld 

,Ill acljusled index (FI ) in which IÎ' wa s rcplaced by fÎi, using 
a correclion r~1clor oblainecl l'rom Ma y cens uses in 1973 and 
1 !174 lo iner'ease li'. Similar indices ha ve been calculall'd here 
{or 1974-79 (Fig. 4). ' l'heir chief' Il1cril is 10 c(lnflnn lhal in 
mos[ \'e<lrs Ihe acljuslecl fall Ili g hl is o r Ille saille ordcr ,1S, 
11wugh sma ller than , Ih e eS linlaLeri population sizc in 

August. 

l'holo: 1~ . 11. Knlw,.C \\ 'S 9 
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Results and discussion 

1. Kill in Canada 

Tables 1 and 2 list estima tes of the kill in 1964-79 of 
eastern arctic Lesser Snow Geese in Canada and the US. 
When practicable the national totals are split into numbers of 
adults and of first-winter geese, on the basis of the propor­
tion of young geese found in the samples of goose lails in the 
national species composition surveys. 

-l'he Canadian kill was small and fairly constant from 
1969 to 1974. Since 1975, growing numbers have been 
reported. The upward trend is equivalent to 6000 more 
geese being shot each year (r 0.70). Table 3 shows a great 
increase in the kill in Manitoba and southeastern Saskatche-

Table 1 
Es!ima!es (in thollsands) from the national harves! survevs of the retrieved 
kilt of Lesser Snow Geese in the Mississippi and Ccntral ftvwavs (US kilt) and 
in,southeastern Saskatchewan, Man!toba, Ontario, and w'::stein Quebec 
(Canadlan kIlIl. 1974-79. KIII partlllOned Il1to adults (Ad.) and first-wimer 
Ost w.) on basis of age-ratios in goose tails in the US and Canadian spccies 

Breeding 

1975 169.0 357.5 526.5 34.3 
1976 233.8 J37.2 371.0 26,4 
1977 178,4 241.6 420.0 21.4 
1978 255.6 67.3 322.9 38.6 
1979 190.5 306.2 496.7 46.1 

Mean 212.5 213.1 425.6 31.6 

SE 37.7 108.9 76.0 9.8 

Table 2 
Estimates (in thousands) from the national harvest surveys of the retrieved 
kill of eastern arctic Lesser Snow Geese, 1964-73. The V.S. estimates here 
differ from those published by Boyd (1976b) which contaÎned several errors. 
The Canadian kill cannot be separated into adult (Ad.) and first-wÎnter (1 st 

birds. . 

1965 104.1 100.0 204.1 n.a. n.a. 
1966 153.6 193.0 346.6 Il.a. n.a. 
1967 147.6 119.3 286.9 Il.a. n.a. 
1968 118.1 42.6 160.7 n.a. n.a. 
1969 168.1 241.0 409.1 41.1 450.2 
1970 268.9 305.7 574.6 29.'1 604.0 
1971 241.1 145.3 380.4 29.1 4f5.5 
1972 187.2 57.5 245.7 24.4 270.1 
1973 148.5 251.7 400.2 39.6 439.8 

Meant 163.6 155.0 318.8 32.7 435.9 

SE 57.8 88.9 128.0 7.3 118.7 

• Not available. 
t The totals may Ilot equa1 the sum of the parts due 10 rounding. 

wan, partially offset by decreases in the kili in Ontario and 
western Quebec. Though there is no complete and continu­
ing system for estimating the kill by native people, who are 
not required to hold a migratory game bird hunting permit, 
the reported take by the Crees of northern Quebec, which 
averaged 25 300 in 1973-75, fell to 15000 in 1977-78, and 
only 4800 in 1978-79 Oames Bay and Northern Quebec 
Native HarveslÎng Research Committee 1976, 1980). The 
committee estimated that other subsÎstence hunters LOok 
about 40 000 eastern Lesser Snow Geese in 1973-75, the 
majority in northern Ontario. Recentless complete infor­
mation suggests that the kill ofSnow Geese by native people 
in Ontario has also tàllen, though not as much as in northern 

43.2 77.5 
16.8 43.2 
26.7 48.1 
14.9 53.5 
69.7 115.8 

31.9 63.4 244.1 245.0 489.0 

21.2 28.7 37.8 126.4 98.1 

TabJe3 
EstÎmates (in thollsands) of the kil! of eastern arctic Lesser Snow Geese in 
Canada bv purchasers of the migratory game bird hunting permit, 1969-79. 

Ont. and ·Man. and 
Year SE 

11.9 41.1 
1970 . 19.0 10.·1 29,4 
1971 19.3 9.8 29.1 
1972 8.6 15.8 24.4 
1973 17.2 22,4 39.6 
1974 15.5 26.8 42.3 
1975 24.2 53.3 77.5 
1976 10.5 32.7 43.2 
1977 9.1 39.0 48.1 
1978 7.5 46.0 53.5 
1979 14.8 

33.8 47.0 

SE 6.9 28.2 29.4 

Regression 
on yrs., r -0.61 0.79 0.70 

• The totals lllay Ilot equal the sum orthe parts due to rou'.'ding. 

Table 4 
Nllmbers of sllccessful hunters of geese in provincial zones visited by eastern 
arclic Lesser Snow Geese. 1974-79, and their average season kill of Lesser 
SnowGeese 

1974 1975 1976 1977 

Goose hunters 

Onl..03(N) 2752 3656 2742 3951 
Man.,02(N) 4050 5147 5578 4749 

OI{S) 12469 19010 14250 Il 199 
Sask., 03(SE) 5687 7881 7948 7278 

Total 24958 35694 30518 27177 

Av. SnowGeese 

3,46 4.90 3,49 l.-17 
0.50 1.17 0.41 0.70 
1.78 2,44 2.08 2.48 
0.29 0.13 0.09 1.11 

1.42 2.00 1.38 1.65 

'P < 0.05. 

Table 5 
Estimated kill of I.esser Snow Geese per 100 adult hunters in those states in 
the Central and Mississippi Ayways where substantialnumbers ofLesser 
Snow Geese were taken. 1971-79. 

state 1971 1972 1973 J974 

N. Oak. 116 72 136 167 
S. Dak. 90 62 74 64 
Kans. 8 7 18 36 
Nebr. 19 14 36 37 
Tex. 40 55 91 63 

Cent. Flyway 57 57 

Minn. 18 12 10 28 
Iowa 66 54 48 55 
Mo. 41 22 34 48 
La. ~9 27 75 39 

Miss. Flyway 19 19 

Quebec: in 1977-79 native people took no more lhan 
30000. These reductions appear to be due to smaUer num­
bers of Lesser Snow Geese slaging in faU in those parts of the 
shore of eastern Hudson Bay and James Bay frequented by 
Indian hunters. That shift may also account for the decreas­
ing numbers and success of visiting sport hunters using the 
commercial hunting camps along those coasts (Boyd and 
Wendt, in press). 

The changes in kiU are related to the estimated num­
bers of successful goose hunters in the zones where most 
eastern arctic Lesser Snow Geese are taken (Table 4). 
Recause the information on goose-hunting effort was for­
merly estimated in a different way it is only practicable to 
examine data for the six seasons 1974-79, so Ihat the 
chances of statistically significant correlations with years are 
reduced (for 1/ 6 and p < 0.05, r > 0.707). There has been 
a general increase in successful goose hunters in ail four 
zones, proportionately most evident in Manitoba and south­
eastern Saskatchewan. \Iany of these hunters are taking 
other geese, perhaps exclusively. The average kill ofLesser 
Snow Geese has increased in Manitoba but decreased in 
northern On la rio, consistent \Vith the changes in the total 
provincial kill of this goose. 

2. Kill in the US 

Over the 16 years 1964-79 the estimated kill in the 
Mississippi and Central flyways averaged 356 ono, ranging 
from 161 000 in 1968-69 to 575 000 in 1970-71 and show­
ing a small though significant increase over lime (1' = 0:566, 
p < 0.(5), equivalent to 4.0% of the mean annual kil\. :\Iost 

1978 1979 nlean SE Ann. 

2803 4821 3454 846 0.57 254 
5530 6271 5221 765 0.80' 326 

17551 21255 15956 3941 0.49 1043 
8624 8872 7715 1 145 0.82' 500 

34508 41219 32346 5988 0.66 2126 

2,45 1.74 2.92 1.28 -0.7.5' -0.51 
1.15 1.45 0.90 0,42 0.63 0.14 
1.91 4.13 2,47 0.86 0.66 0.30 
0.72 0.:;5 0,45 0.39 0,42 0.09 

1.53 2.63 0.48 0.55 0.1·1 

1975 J976 1977 1978 1979 Mean 

228 147 200 128 220 157 
91 38 85 31 65 67 
13 19 13 8 14 15 
42 II 22 23 32 26 

106 95 95 49 94 76 

80 58 69 43 76 63 

9 4 6 3 30 13 
59 24 41 31 77 51 
61 17 29 16 25 33 
60 47 49 67 39 42 

18 12 14 16 21 17 

of the increase has been in the Central Flyway (Table 5), and 
particularly in the north central states, with a marked decline 
in recent years in the central tier (Kansas, Nebraska, \fis­
souri), On the Gulf coast there have been large fluctuations 
in the size of the kill, both absolutely and in proportion to the 
total kill in the two flyways. The decline of the southern har­
vest due to "short stopping" that was feared in the early 
19708 and which prompted much of the US interést in these 
geese seems to have been prevented. 

Though it is not possible to determine l'rom the 
USFWS harvest surveys how many of the waterfowl hunIers 
in astate were seeking to kill Lesser Snow Geese. it is of 
some interest to relate the killto the numbers of adult hun­
ters (Table 5). The five states with the largest kills are also 
those with the highest kill per hundred hunters in 1971-79, 
In descending order they are North Dakota (157), Texas 
(76), South Dakota (67). Iowa (51), and Louisiana (42). If the 
number ofhunters is used as an index ofhunting eflort. il. is 
notable lhat none of the stales with a substantial kill ofLesser 
Snow Geese showed a significant trend in yield for effort dur­
ing 1971-79. 

To understand the population fluctuations of the 
geese il is more important to consider the extent to which the 
US kill is relaled to the size of the Lesser Snow Goose popu­
lation in August. The first column of Table 6 shows that in 
the west north central region there was a strong correlation 
between population size and kill (1 = 0.843). with significant 
correlations al80 for several, but not ail, individual slates. 
The second column of Table 6 shows that thesize of the kill 
in the west north central region was also strongly correlated 
with the average temperature in November-December. The 11 
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partial correlation coefficients (col.-3 and 4) suggest ihat the 
kill in Minnesota and Iowa was affected by local temperature 
rather than by the size of the fall f1ight. Presumably season­
ably high tempe ratures encourage geese to remain longer in 
the northern states. 

The kill in Louisiana and Texas was not simply rela­
ted to the size of the population in August, whether or not 
kill in Canada and the northern states is included. The south­
ern kill does not correlate significantly with temperatures in 
the Gulf states or in the more northerly fall staging areas. 
Perhaps this lack of fit reflects the consequences ofextending 
the southern season into lateJanuary in recent years, so as Lü 

increase hunting opportunities. 

Table 6 
Correlation of estimated hunting kill (K) of Lesser Snow Geese in the 
northern and central states of the Central and Mississippi flyways. 1971-79, 
with estimated population size in August (N) and with local temperatures in 
fall . 

N. Dak. 0.784' 0584 0.646 0.145 
S. Dak. 0.411 0.448 0.284 0.241 
Minn. 0.352 0.803t -0.295 0.812 
Iowa 0.095 0.793t -0.490 0.875 
Nebr., Kans. 0.633' 0.372 0.552 0.045 
Mo. 0.608' 0.640' 0.617 0.651 

West North Central Re~ion 0.843t 0.836t 0.768 0.621 

• Significant at leve1 P 0.05. 
t p= 0.01. 

Table 7 
Lincoln Index estÎmates (in thousands) of Lesser Snow Geese in the eastern 
Canadian Arctic in August, 1974-79, based on sampI es from banding at La 
Pérouse Bay (LPB) and Cape Henrietta Maria (CHM), 1974-79. The second 
estima tes for 1977 and 1978 incIude the data from large-scale banding at the 
McConnell River. 

Banding Adults 

yr. and Banded Recov'd Est. no. 
place Ba da lV a sEUVal 

1974 3014 110 2469 681 
1975 1470 76 1311 428 
1976 1858 87 1851 568 
1977 2141 89 1602 488 
1978 2213 lOI 2149 636 
1979 5103 141 2851 701 

McConneli River & LPB and CHM 

1977 18164 543 2283 288 
1978 44649 1223 3580 302 

Table 8 
Lincoln Index estimates (in thousandsl of Lesser Snow Geese in the eastern 
Canadian Arctic in August, 1964-73, based on the harves! estimates in Table 
2 and on recoveries from samples banded at the McConnell River, NWT, in 
1964-68, and at La Pérouse Bay and Cape Henrietta Maria during 1969-73. 

Banding 
Adults Young yr. and 

place Ba da ,Va BI d] 

River 

1964 1443 49 975 657 24 
1965 6745 223 1050 4851 205 
1966' 400 37 554 4052 327 
1967 2421 103 1156 3427 274 
1968 8716 154 2228 1217 123 

Mean 1965-68 1193 

La Pérouse Bay and Cape Henrietta Maria 

1969 2963 112 1482 1892 228 
1970 4273 193 1908 5998 590 
1971 3243 164 1422 1360 124 
1972 2115 90 1473 3491 304 
1973 2418 81 1471 3556 291 
Mean 1969-73 1551 

3. Numbers in August 

Tables 7 and 81ist estimates of the numbers of adult 
and young geese in late summer derived from the estimates 
ofkill in Table 2 and records of geese banded and direct 
recoveries. The estimates derived l'rom banding at 
McConneli River are listed separately from those based on 
the pooled results ofbanding at La Pérouse Bay (LPB) and 
Cape Henrietta Maria (CHM), because the probability of 
recovery and the extent ofmixing are likely to be different. 
Figure 2 suggests that the 1964-68 McConnell-hased esti­
mates are compatible both with the LPB-CHM estima tes for 
1969-78 and with the 1977-78 McConnell-based figures. Yet 
the results from the McConnell banding lead to the inference 
of a relatively large rate of increase while the LPB-CHM 
series suggests Iittle growth, if any. The large discrepancies 
between the alternative estimates for the years 1977 and 
1978 seem Lü result l'rom low recovery rates for the geese 
banded at the McConnell River colony. 

The estimâtes for adults show muéh the same trends 
as those for total numbers. The numbers of young geese 
show no time trend over the series as a whole (r 0.025) 
for the LPB-CHM series of 1969-78. From McConnell band­
ing they are negative for 1964-68 (r = -0.909), but positive 
(r 0.411) when the 1977 and 1978 estimates are included. 

. Yearly variations in the weather at breeding areas 
seem to have had an effect on breeding, as weil as the trend 
in adult numbers discussed later. Yet it is worth remarking 

Total no. 

Banded Recov'd Est. no. 
BI dl NI SE(,Vll iV=,Va+·,vl 

2451 186 829 173 3298 
3930 349 1504 229 2815 
3ïï8 355 546 82 2397 
3745 330 1015 159 2617 
3010 244 338 62 2487 
8027 487 2065 271 4919 

12846 877 1310 128 3593 
13803 1072 353 31 3933 

Total 

N] IV IV a+ 1V l 

860 1835 
789 1839 
797 1351 
497 1653 
140 2368 

617 1811 

667 2149 
994 2902 
475 1897 
220 1693 

1028 2499 

675 2228 

\~ 

Figure 2 
Lincoln Index estimates of the total numberofLesser Snow Geese in the 
eastern Canadian Arctic-in 1964-78 
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the existence of an inverse correlation (r -0.486) between 
the estimated numbers of adults and of young, just signifi­
cant at the 5% level. 

4. Numbers in win ter 

The inventory made by searches and counts from 
Iight aircraft in the US wintering areas suggests a substantial 
rate of increase during 1965-80 (Fig. 3 and Table 9), with a 
peak in 1977, when the numbers recorded in the win ter 
inventory represented about 75ro of the Lincoln Index esti­
mates for the preceding August. On average for the entire 
period the winter inventories account for only about 50% of 
the estimated numbers in August, a discrepancy too great to 
be accounted for by hunting between August and December. 

5. N umbers in fall 

Fall f1ight indices (F) have been calculated for 
1974-79 by adding the Canadian and US kill Lü the winter 

'Înventory total. An adjusted l'ail f1ight index (F 1) was 
obtained by multiplying the win ter estimate by the factor 
1.58 derived by Boyd (l976b) from a comparison ofwinter 
surveys and inventories along the Hudson Bay coast in May 
1973 and 1974. As Figure 4 shows, the numbers were larger 
in recent years than in 1964-68, reflecting the upward trends 
in the win ter inventories and, to a lesser degree, in the 
recorded kill. 

Another way to estimate an annual index of popula­
tion size is to use survival rates ofbanded geese. That 
method requires the following information about the relative 
abundance of young blrds. 

6. Age-ratios 

The Lincoln Index estimates of the numbers of adults 
and nearly-Hedged goslings yield estima tes of the age ratio: 
r (%) 100 S'yi (l'ç'a + LV y). A second and third set can be 
derived from the age-ratios in the tail fans of shot geese sent 
in Lü the CWS and USF'WS species composition surveys, 
though these are biased by the .greater vulnerabiiity of young 
geese to the gun. There are also field counts made on the US 
Gulf coast (Lynch and Singleton 1964 and laler USFWS 

FigureS 
Number of eastern arctÎc Lesser Snow Geese reported in winter inventories 
in the Çcntral and Mississippi flyways, 1965-80 

No. of 

~.~ 

1965 1970 1915 1980 

Figure 4 
Number of eastern arctic Lesser Snow Geese in fall, estÎmated from adjusted 
win ter and from hunting kill, 1964-79 (F, index off al! flight; F', 

No. of 
Geese 

,10
6 t 
Ut 
3,O~ 

2.5 

2.0 

1"5 1910 1975 1919 

Table 9 
Estimates (in thousands) ofLcsser Snow Geese seen in winter inventories in 
Mississippi and Central ftyways, 1974-79 

Year Central Total 

1974 442 681 1123 
1975 692 894 1586 
1976 571 613 1184 
19ïï 796 1231 2027 
1978 573 828 1401 
1979 594 834 1428 

mean 611 847 1458 

SE 121 216 326 

reports). Figure 5 compares these four sets ofdata. The Lin~ 
coin Index esttmales are not independent of those l'rom the 
species composition surveys, for i~ will be recalled that the 
latter were used to derive k a and ky from the total harvest 
estimate f:, so that the resemblance between the variations in 13 
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those age-ratios might be expected. The very strong correla­
tion between the estimated age-ratio in August (Lincoln 
Index) and the observed ratio in counts of geese flocks on 
the Gulf coast in late fall (,- = 0.912) is more useful, helping 
to confirm the reliability ofboth measures. 'l'he correlations 
between the observed Gulf coast ratio and those in the Cana­
dian tail sampi es (,- = 0.900) and the US tail samples (1' = 
0.932) are of the same high order. 

7. Recovery rates and vulnerability 

Suppose Ba and BI are, respectively, the numbers of 
adu1t andjuvenile geese banded, and da and dl are the num-

Figure 5 
Proportion of young easlern arClic Lesser Snow Geese in the Canadian and 
US kil! and in Rocks wintering in the Gulf coast states compared with propor-
tion obtained from Lincoln Index eslÎmates 

Table 10 

Aupl' 
Caudia" Kill 

u---v U.$. Km 
Gulf Cooll Countt 

1965 1910 1915 1919 

Relative vulnerability ofbanded Lesser Snow Gecse in their first year after 
with that of older birds marked in the same year: 

LPB/CHM 
McConnell pooled 

Ycar V Year 

1964 1.08 1969 3.19 
1965 1.28 1970 2.18 
1966 0.87 1971 1.80 
1967 \.88 1972 2.05 
1968 5.72 1973 2,36 

Mean 1.21 . 2.61 

Table Il 
Estimated annual sur"i"al (%) of adult Lesser Sno\\' Geese (more than I-vear­
old at banding), 1965-78, Estimates by G. Butler, using "maximum likeli: 
hood models", except for those shown in italic type, which were calculated 
using Ricker's method. Survival eSlimatc refcrs to 12 following months. e,g" 

1965 1966. 

Banding 
l'car 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

Arithmetic 
mcan 

McConnell River 

SE 

69.46 7.18 
67.47 7.11 
78.26 6.15 
76.28 6.21 
68.99 8.35 
68,35 7.-19 

8-1,8-1 3.58 

71.47 
( 1965-70) 

91.37 
74.27 
80.64 
75.57 
90.63 
70.98 
92.17 
77,41 
59.00 
68.9-1 

78.08 
(1969-78) 

bers ofadult andjuvenile direct r'eported recoveries l'rom 
these bandings. These have already been used to estimate lV 
but are useful for another purpose, as measures orthe extra 
vulnerabilily oryoung geese to the gun, using the vulnerabil­
ily quotient V dl' BI/da. Ba (Bellrose in Hamon and Smith, 
1950). The annual values of such a quotient are susceptible 
to chance variations in the numbers of banded geese 
reported so are widely scattered around the period means 
Crable 10). which themselves vary considerably. This reflects 
a relative poor correlation between the direct (fÎrst-year) 
recovery rates of geese banded before fledging and of those 
more than a year old when marked. 

8. Mortality and hunting kill 

A thorough investigation ofthe melhods ofeslimat­
ing the survival of western arctic Lesser Snow Geese banded 
since 1964 was made in 1979-80 by G. Butler (unpubl.), who 
found differences in the reliability and robustness of the 
methods of estimation, as weil as differences between the 
survival ofwhite- and blue-phase geese from sorne colonies 
and rather small differences between the survival rates of 
males and females. We have made one estimate for ail adults 
and young marked at any one colony in one year Crables II 
and 12, Fig. 6). Wherever possible we used the "maximum 
likelihood method" of estimation (Seber 1973, Brownie et al 
1978), and Ricker's (1975) method to calculate sorne addi­
tional values. 

ln compiling the data tor estimating recovery and 
survival rates Butler used only records of geese shot in Sep­
lember-March, to avoid heterogeneity; other recoveries are 
relatively few. There is !iule correlation bet",een Lhe direcL 

LP13 CHl\! 
Year V JI 
1974 l,54 1.74 
1975 1.38 2.18 
1976 2,01 1.73 
1977 2.28 1.39 
1978 lAI 2,33 

1.74 1.99 

C. Henrietta Maria 

g SE 

23.60 98.58 11.07 
8.38 60.17 7.IG 
8.75 102,64 14,13 
7,10 67.62 8,61 

10.83 96.18 \0.05 
9.91 64,31 8.23 

12.97 88.96 15,26 
12.08 64.41 12.02 
10.60 96.15 li. 88 
15.68 70.76 Ii. 69 

2,81 80,98 3.80 
(1969-78) 

Pooled McCounell 
JI V 

1.72 
2.01 
2.14 2,2~) 

1.78 2.91 

1.95 2.GO 

Arithmetic 
rllcan 

(69.5) 
(67.5) 
(78.3) 
(76.3) 
80.:1 
67.6 
91.0 
71.6 
93.4 
GHi 
90,6 
70.9 
77.0 
09,9 

78.7±34 
(l!)69-78) 

Table 12 
ESlimaled allnual survival (%) of young Lesser Snow Geese in first l'car after 
Iledgmg. 1965-78. [slnnates bl' G. Butler. lIsing "maximum likelihood modo 
cls", exccpt f~r lhos~ iu italic type. which were calculat.ed IIsing Rickcr's 
melhod, Survlval eSlImalC refcrs 10 12 foHowing mOlllhs, e.g .. Angust 1965-

1966. . 

Banding location 

Banding - McConncll River La Pérouse Bay , C. Henrietta Maria Arithmetic 
meall 

1966 
1%7 
1968 
1969 
1970 
\971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

Arithmetic 
mean 

Figure 6 

28.79 
23.13 
50.34 
35.83 
52.06 

61,.17 

39.82 
(1965-70) 

2.68 
2.44 
4.99 
-1.7-1 
7.27 

3,85 

13.00 

44.90 
37.36 
46.85 
39.01 
56.99 
36.24 
64,06 
58.45 
42.96 
2880 

4ïA3 
(1969-77) 

Annual survival ofadulls and first-year Lesser Snow Geese, estimated [rom 
recoveries of Lesser Snow Geese banded at McConnell River, 1964-69, and 
at La Pérouse Bay and Cape Henrietta Maria, 1969-78 
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recovery rates and the corresponding mortality rates 
(IÎI 1-.1'): (II = 14; r = 0.212 for adults, -0.035 for young). 

Pursuing funher possible relationships belween the 
fa te orbanded geese and that of the population atlarge, nei­
th el' the 11l0nality rates nor the direct recovery rates are sig­
nifîcantly correlated with the size of the US kill: for IÎI, r = 
0.122 101' adults, 0.067 for young: lor d. r 0.159 for adults. 
0.269 [or young (II = 14). 

The Lincoln Index estÎmates of population size can be 
used Lo derive anolher crude measure of survival, the ratio of 
adults in August of year t + 1 Lü the LOLal population in 
AugusL ofyear t. Those survival indices, which involve a mix­
Lure of adult and Ilrst-year survival, have a 14-year mean of 
74.2 21.5%. falling as low as 39.7% in 1974-75 and 
apparentlyexcceding 100% in 1967-68 and 1978 -79. The 
corresponding mean and range lor the survival ofbanded 
geese can be obtained by weighting the adult and first-year 
estimates by the numbers of newly-marked adults and young 
(thOllgh this is not equivalent to the ratio of adults to young 

6.56 31.79 
4.11 40.66 
5.86 52.49 
3,86 58.24 
6,66 45,70 
5.35 36.12 
7.90 78,34 
8.93 29.08 
7.76 73.59 
6.97 27.29 

2.18 56.78 
(1970-77) 

Table 13 

-2.53 
4.83 

23.42 
8.44 
7.95 
7.36 

13.91 
7.44 

22.54 
/l.50 

4.67 
(\965-78) 
(1969-78) 

(50.8) 
(28.8) 
(23,1) 
(50.3) 
37.5 
39.0 
49.7 
48.6 
51.3 
36.2 
71.2 
43.8 . 
59.3 
28.0 

44.0 
46.5±12,5 

Numbers (in thotlsands) ofLesser Snol\' Geese in the eastern Canadian Arctic 
in 1973 and during 1977-80. Counts from aerial pholOgraphs ofbreeding 
areas in JUlie, 1973 results from Kerbes (1975). Later COUnlS [rom R.H. 
Kerbes, A. Reed, P. Dupuis, H.G. Lumsden (pers. comm.). 

1973 1977 1978 

S. Bay 65 
W. HudsOI; Bav 390 393 332 
Southampton Îs, 156 
Ballin 15. 447 
Total 1057 

* 1l1lerpolatcd value sincc no survcy was done, 

1979 

118 
283 * 
214 
455 

1069 

1980 

263 

in the total population). The pooled 14-year mean survival of 
banded geese is 65.8% 11.0%. Again, there is no fit 
between the two annual slIrvival estimates obtained in these 
two different, though not independent, ways: r = -0.009. 
There is no association belween "Lincoln Index" mortaliLv 
rateS and the size of the US kill (r 0.080). ' 

9. Numbers ofbreeding Lesser Snow Geese 

Kerbes (1975) reported on a photographic invenlory 
ofbreeding geese in 1973 and on the recent hisLory of the 
colonies around Hudson Bay and Foxe Basin. Photographic 
inventories conducted in 1978-80 are being reported in 
detail elsewhere by the scÎentists respo)1sible but Table 13 
summarizes the relevant results. The most interesting, yet 
unexpected, [inding is Lhat the total breeding population in 
1979 was mu ch the same size as in 1973, about 1.06 million 
birds. AILhough Lhe number of geese at the Cape HenrietLa 
Maria colony had nearly doubled, l'rom 59000 LO 110000 
birds (H.G. Lumsden, pers. comm.) and the population on 
SOllthampLon Island had increased from 156000 to 214 000, 
Lhe McConnell River colony declined al' ter 1977. Though no 
aerial survey of that colony could be made in 1979 it was sur­
veyed in 1977, 1978, and 1980; we interpolated a value of 
about 283 000 geese for 1979. The reduction of 39;7'0 l'rom 
1977 to 1980 at the McConnell River group of colonies is the 
most rapid large decrease yet recorded. R.H. Kerbes, A. 
Reed, H.G. Lumsden, and others will disCllSS the reasons for 
that and other changes in another place. 

The aerial phoLographs Laken in June do not provide 
a total censlls because large numbers of non-breeding geese 
are not recorded. Thcse g'eese tend to fly away at the 15 
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approach of the survey aircraft, while the breeders remain. 
Also, other non-breeders have already moved away From the 
nesting places. Kerbes (1975) estimated that in summer 1973 
there were at least 430 000 non-breeders. We cannot esti­
mate how many non-breeders there were in summer 1979 
until reliable estÎmales of lhe total numbers that year have 
been obtained. 

10. What is there to account for? 

Figure 7 compares four population indices derived 
From data in earlier sections, using a standardized base, the 
mean number in each series in 1965-78. Three of the series 
have already been described. The fourth, labelled "survival," 
was obtained by starting with a population arbitrarily put al 
1 million, using the Gulf coast age-ratios to reRect the pro­
portion of young geese entering each year and using the 
pooled annual survival rates ofbanded birds, the rates [or 
adulls and young being applied to the appropria le cohorts, 
to determine the size of the total stock in the following 
summer. 

IL is a reRection of the similarity of the trends shown 
by the four indices, after 1968, that they had to be plotted in 
pairs, ralher than ail on one graph, in order to be distin­
guishable. The resemblance between the plots ofwinter 
inventory and fall Righl, especially the large Ruc~uations of 
1975-78 is, of course, due to both of them being derived 
[rom the winter counts. The high values of the "survival" 
index in 1965 and 1 966, when the other three indices were 
only around 60, arc puzzling. The important géneralresult is 
lhat, despite individual deviations, ail [our indices show an 
upward trend over most o[ the period. The aHllUal rates of 
increase are ofthe order of 5 %, and are arithmetic, rather 
than exponel1lial. 

An alternative way oflooking al. the changes over the 
period is by means of a loss-and-recruitment account (Table 
14), derived l'rom the Lincoln Index estimates. 'fhis suggests 
an annualnet gain of only 2%, clearly not significal1l in view 

Figure 7 
Comparison of population estimates in SUlJlmer, fall, and winter, and from 
survival eslÎmates. Each index uses 100 = mean 
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Table 14 
Estimates of numbers (in thousands) of eastern arClic Lesser Snow Gcese lost 
from one Augustto the next and of numbers then recruited to the Ilying 
stage, 1964-78. 

Year Initial Losses Recruits Ket 
1-1+1 stock inl+1 

1964-65 1835 781 789 +8 
1965-66 1839 1265 797 -488 
1966-67 1351 195 497 +302 
1967-68 1653 -575 140 +715 
1968-69 2368 886 667 -219 
1969-70 2149 165 1036 +871 
1970-71 2902 1431 531 -900 
1971-72 1897 654 220 -434 
1972-73 1693 208 1025 +817 
1973-74 2499 34 829 +795 
1974-75 3298 1987 1504 -483 
1975-76 2815 964 546 -418 
1976-77 2397 795 1015 +220 
1977-78 2617 468 338 130 

+3728 
-.3072 

Annual net gain = 656/14 = 47 or 2.0% of the mean Aug. stock 

of the imprecision of the estimates. The point of interest in 
Table 14 is the repeated alternation between net gains and 
losses after 1 or 2 years, with no long runs. The same charac­
teristics are exhibited in the production of young (Fig. 5) ,ind 
by the survival rates ofbanded geese (Fig. 7). 

11. Effects of c1imate on breeding success and survival 

The breeding ofarctic-nesting geese is adversel)' 
affected by persisting snow cover: if extensive snow remains 
until midJune, nesting may not be attempted·at aIl. Recent 
evidence suggests that drought in northern spring staging 
areas lowers the breeding per[ormance ofLesser Snow 
Geese (Blokpoel 1980, Davies 1981, Owen 1980). 

There are no weather stations with long mns of 
records situated close to nonhern nesting colonies of Lesser 
Snow Gees(\ though the .one at Churchill Îs only about 60 km 
l'rom the perimeter of the smal.1 colol1\' aL La Pérouse Ba\'. 
The other stations used here arc at CI~esterfleld, Coral Har­
bour, Hall Beach. and Longstaff Bluff; the t wo latter began lo 
operate only in 1958 and 1961 respectively. As Lhere are few 
detailed records of the dates of first laying or full occupation 
al the northern colonies there is litlle point in trying to use 
dail)' weather data. Pooled monthly mean temperatures for 
May and June, tog·ether with the depth of snow co ver on May 
31, are used here as indices of the severit)' or conditions. For 
conditions on the spring staging areas in southern Manitoba 
and the nonhern midwest states and in the win ter quarters 
the indices are del'ived frmn mOlllhly records of temperalLlre 
and precipitation. 

There is no reason to expect a strong· or a tinear 
relationship betweell these area weather indices and the 
performance of the geese, such as emerges [j'Olll the long­
contÎnued study of the geese at La Pérouse Bay (Cooke el 

al. 1981). As the data summarized in Table 1 and Figure 5 
have shown, substantial year-to-year variations in breeding 
success can be inferred l'rom field ob~ervations in the 
[ollowing l'ail and win ter. ln Figure 8a the data on brood­
size and on the percentagc of young birds in wimering 
flocks are combined into a single index, taking values l'rom 
1 t.o 5. Production in seasons close to the mean valucs is 
given a score of 3; higher proportions o[ young and larger 
mean brood-sizes are scored 4 to 5 and po or output 2 or 
l. Figure 8a shows good breeding seasons in 1952, 1955, 
and 1959 but none sinœ. ·The fuur poorest scasons wcre 
1951, 196\. 1972, and 1978. Figure 8b depicts conditions 
al. the four weather stations nearest to the Foxe Basin 

FigureS 
Breeding suceess index compared with wealher parameters, 1950-80. Sum­
maries are presented ofbreeding suceess; (a) Lemperature and precipitation 
at the four wealher stations nearest to the Foxe Basin colonies; (h) tempera­
ture and snow cover in the northwest central regions in March and April; and 
(c) precipitaLion and temperature in Louisiana and Texas in December­
March 

1950 1955 1960 1965 1970 1975 

1 

O·L-----------------------------------------------~ 
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colonies; Figure 8c summarizes temperalUre and snow 
cover in the West North Cel1lral Region in March and 
Apl'il and 8d the precipitation and temperalllre in 
Louisiana and Texas in Dccember-Mal·ch. 

1980 

While there are some obvious correspondences 
between the annual indices oC:breeding' success and of the 
weathn to which the gcese had been subjened, most notably 
in 1951 (poor), 1955 (good), 1972 and 1978 (both pOOl'), at 
other times there are none. The high production in 1952 and 
1959 and poor production in 1961 do not rel1en unusually 
favourablc or inclement. weather, either around I;'oxe Basin 
and Hudson Bay or in the staging and wintering places. 

l'vluch of the lack orlil may simply be the consequence 
orthe oversimplificatioll involved in expressing production 
and weather variation by mcans or single annual index nUIll­
bers. T'he possible relationships GI/1 al80 be explorec\. by 
means of correlation and regression using rive parallleters to 

Table 15 
Mode!s relaling the total number of caSLern arctic Lesser Snow Geese 
expected to be found in mid December (the winter inventory) to previous and 
current states and LO c1imalic variables: (a) the bestthree-variable 
mode! the best six,variable model. 

.Intercept -3713.02 
Year 45.52 15.57 8.55 0.0138 
DST 106.37 46.02 5.34 0.0412 
EKAI 0.29 0.127 5.31 0.0417 

b. Six variables: r2 0.981 F= 69.67 

h value SE F 

InLercept -2112.31 
Year 82.02 4.718 302.21 0.0001 
PJA 22.49 2.348 91.75 0.0001 
MBW -1257.78 146.05 74.16 0.0001 
PJWI -20.59 2.872 51.38 0.0001 
DWP -5.93 0.840 49.75 0.0001 
DST 85.98 16.938 25.ï7 0.0010 

describe the goose population. eight to describ.e the weather 
in the Gulf coast states in win ter, in the Dakotas and Mani­
toba in March, April, and May and in Foxe Basin in May and 
June, and two for the sport huntinglill in Canada and the 
US. The data are tabulated in Appendix 2, which also 
includes the statistically significant correIatiorî coefficients 
between pairs of variables, including parameters for previous 
years as weil as CUITent years, so that lagged responses can be 
detected. 

Many observers have had difficulty finding and count­
ing Lesser Snow Geese and identifying the broods and the 
proportion of young birds (see VoeIzer 1980). The Lincoln 
Index method of estimating population size has rarely been 
used on this scale, either because the assumptions of the 
mode! were not met or because the data were incomplete or 
biased. Thus it is encouraging to find that the estimated pro­
portiolls of young geese in mid Augustcorrelate closely with 
those found in the field l'rom October to December, and to 
find that the relationship between pairs of total population 
estima tes is reasonably constant. 

The significant correlation coefficients help to id en­
tif Y the parameters most likely to have affected the numbers 
and production ofLesser Snow Geese in 1964-79. We have 
used stepwise multiple regression analysis to obtain models 
describing the relationships of the number ofgeese, in 
August and in December. to the previous population size and 
composition and to some of the weather variables. As the 
longest runs o[ data are no more than 16 years in most cases, 
it is approprÎate Lo use models with few variables. 

Arter obtaining suitable models by ordinary least 
squares (OLS), i.e., standard regression techniques, we tried 
to rcfme the estimates using aULOregressive series of orders 
one and two to allow 101' dependencÎes among years in the 
enor tenn. However, the autocorrelations were generally 
not signiflCalll, and there was liule difference in the parame­
ter cstimates. 'T'he significallce Jevels for the parameters 
tended to be somewhat higher lIsing an autoregressive 
series, but the tests in this case are only approximate. 
Because much orthe data is derived l'rom rough measure­
mcnts. the series of data is rather short, and in the interest of 
simplicity. we present the results of the OLS procedure. V,Te 
used the statistical package, SAS, (SAS User's Guide, 1979 
Edition) 1O per[orm the calculations. 

Taking the totaillumber ofgeese tound in mid 
Deccmbel' as the dependeI1l variable and maximizing ,-2. two 
simple models are of parlicular interest (Fig. 9a and b, Table 
15). The appearance of"year" as an independent variable 
rel1ects the presence of a trend which was not explained by 
other independent variables. "Year" was inserted so that var­
iability due Lü lInexplained long-term trends would not mask 
short-term fluctuations in numbers of geese caused by simi­
laI' fluctuations in other dependent variables. 

In the best three-variabJe model (Fig. 9a) the other 
two variables, with nearly eqllal efFect, are the spring temper­
ature in the Dakotas (DST) and lhe total numbers in August 
of the previous year (ENA l "1" aher the abbreviation 
identifies a variable for the preceding year). The latter per­
haps serves as an index of the number of potential breeders 
in the current summer, since the sllrvivors of the "adliits" 
present in August of the previous year would now be mature. 

The six-variable modcl (Fig. 9b, Table 15b) is outstand-
ing (r2 0.980, F 69.67. prob. (F6 ,R > 69.67) < 0.0001. 
'The largest contribution is again made by the year. T'he 
population variables idenLified as affecting the number in 
December are the proportion ofjuveniles in August WIA) 
and, in a negative WaY, the mean brood size in November 17 
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Figure 9 
Comparison ofprediclions rro!ll!llodels ",ilh nUJllber~ of geesc rccorded in 
winler invenlories (a, b) and ""lilllalcs of August numbers (c. d) 
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(~'I13 W), and the propOri ion orjuvcniles preselll in the 
pl"eceding \1' illler (l'J \>\' 1). The lalle! IVould he rcsponsiblc 
l'or lhe presence or immature birds in lite sumllll'l", The lll'g, l­
live effect ol'MB"" n:HeC[s the raCllhat the larger lh e m ea n 
brood sizc lhe smaller the nlllllber ol'sllccessf"ul parenls 
rcquired 10 correspond to the obscl'\'ed proportion or ~oung 
gcese. The influcnliall\'Calher variables in Lhis lllodei arc the 
spring le l1lperatllrc in lhe Dakol<lS (DST) having- a [lositill' 
ct!l>rL. ancllhe acnllnulaled \l'inlel' precipilallon in ll1(' J)ako­
las (DWP) h,I\'ing, surprisinglv, <l neg'a ti,'l' effeel. 

TI\'O other sil1lple nlOdefs (Fig, ~lr ,Ind d) aCCollllt f'o r 
nlllch orthe varialion in goose nUlllbel"s in Allg11SI , as eSli­
lllaled b~ the Lincoln Index lechnique. SOI1lC 75'70 orthe \'ar­
iation in size ofllJe cstimaled I-Jcdging popltlalion (EN r\ Y) is 
ctelerlllined bl' thcJunc lelllperalllre ;Iround the Foxe Basin 
(Fig, f)1 and Table 1 Gb). The lhree-variable lllodei (Table J Gr) 
cSlimaling tulall1l1111bers c1raws onl;letors rcOeCling- e\'ent" 
in lhe LIS in the prC'v ious winln: lite ClImlllali\T precipil,ltion 
in LOllisian,l and Texas (GWP), lhe lllean hrood'iize 
UvIEV\' 1) , ,meltlte US hancsi (USKII.) , The nlllllbers 01' 
;ldllllS in ,\ugusl arc harder lO predict. A fi\"(>-\'ariable Illoclcl 
viC"lds ,.2 = (Ui.'") and ,1 small F value (Tahle 1 Ga). It is of inll'l"­
l'SI chiefh- heC<lllsc il \l'oulcl en,lble a predinion lo he macle as 
soon as 1 hc.lllnc lemperature \\",IS knollïl, as lite oth('\" \' ,1 1"1;] ­

bles arC' rrolll lite pre\'ious ,,·inter. 
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Table 16 

1976 

YEAR 

1977 1978 1979 

Number oradults (ENAA) and you ng (ENA Y) as de pe ndenl variabk" u.sillJ.( 
curl"elll yeal" ",ealher variables: (0) besl Eve-var iable mode! for adullS: (b) beS( 
one-\'ariable model for young; (c) besi tbree -variable ",odel for 101<11 POI)ula­
lion in mid Angusi 

a. AdulIS, five variables r" = 0,650 F = 2.98 P(I--,i , ~ > 2.(8) = 0.0826 

b-\'alne SE F P(I'Ü > F) 

inlercepl -143(;7.26 
)'ear 223.62 82 .45 7.36 0.02(,6 
rJT -263.27 93.212 7.98 0.0223 
ENAYI 1.379 0.588 550 00~71 
GNWI -2. 222 0.980 5. H 0.0531 
GWP 4.77 2. J77 .80 0.0598 

b Young, one \'"riable: r' = 0.756 f = 37.:18 P(FI. 12 > 37 .28) < 0.0001 

illlercep i 
FJT 

b-\'alue SE F P(F 1.12 > Fi 
491.(;4 
145.50 28.83 37.28 0.0001 

r. Total nllmber, Ihree va riables: 

inlcrccpl 
GWr 
USKIL 
MIlWI 

r' = 0.87(, F = 2~.49 P(F3.IO < 23.49) > 0.0001 

b-vaille SE F P(FI.IO < F! 

-65 10.94 
9,63 
4.41 

1957.75 

1.292 
0632 

-12591) 

5!l.53 
48.75 
21. 12 

0.0001 
0.0001 
0.0010 

] 2. Comparison of predictions of goose numbers with 
observations and estimates 

lt is intcrcsting lO compare the Aug'USl population of 
I.esser SIlOW Gecse as prcdiClt>d From lhe lll1ear Illodds \Vith 
llw 1ll1l11ber of adults andju\"t.'llilc geese in AuguSl ca lculatecl 
by llH'ans of Ihe Lincoln Ind ex and to sel' how wclllitc three­
;lI1d six-factor 1l10dds preclicl l1umbcrs in December. 
Bec;luse those other cstimates are themse lves imprecise wc 
;lr(' nOI cOll1paring the predictions with act.ual numbers, Fur-
1 her, ill calcuJating lhe prediCled valucs. ll'e Oll1illed the 
values l'or the latest l'l'ars, Olle at a tim e, so thal, [or examplc, 
the prediClioll for 1979 \l'as derived from dal,l for 19G-I-7H 
(in practicc onl)' 14 l'ears becaus e ofnlissing valucs) \l'hile 
lhal for 1974 was based on on'" nine l'l'ars of dala. l'hus, 
;t1lhough the saille depe ndenl variables are used, the parall1-
eler cSlilllalcs (b-values) will dilkr fi'Olll one year to the nexl. 
Thi, was clone to help reducc lht.' tcndency to get a good bUl 
spuriolls fIL bctll'c('n actuaillumbcrs andnlllnbers prediued 
Iw thc lllode!. (We \l'ollicl be llsing ail the data lO es timale 
paral1lelers andlhen cOlnparing u sing Ihe saille dala.) 

The abo\'e pro("edure cloes nOl eliminale a spurious fIL 
sinCl', initiall), ail lite dala Il t're useclto choose the independ­
enl \'a riablcs. Norlllaill' , a belllT Illl'thod of' lesling a lllodei 
\l'o llle! be 10 use a slIbsct Url'earS, sa~' up to 1973, choose \ ',11'­

iables using a s te p\I'isc regres.'iion, 1 hen proceed to ma ke 
l'Carl\' predict ions ming ail ,w;lil ,lblc data. I-Iol\'cvel' , lhe l'un 
o["dal<l \l'as llollong enough 10 cio lhis. The acicllesl oflhe 

'. ~ ~ ~ - -

~,,,. ........ - - -.. . 
. .-

1liOdds \vill be lheir ruture suceess, In Figure 9 lhe prcdilled 
numbers oLldults andjuveniles in .'\ugust in the 6 years 
1974-79 are each plotlccl against lhe Lincoln Index lé'sti­
mates. As mighl be expect ed from the relativ e l)' low,.~ in lhe 
hw-factor model (Fig. 9(1) l'or aclulls in August lhe fil 
be lween the l'alues for adulls is pOOl' for 1975 <lnd 1978, In 
1 V75 tlte predictecl value was more lltan the Ilumbcr calrll­
lated [rom direct recoveries. In 1978 those values were re\­
ersed. The model for juveniles in Aug'ust based solely on the 
June tempcratllre in Foxe Basin (Fig. ge) fits the Lincoln 
llldex estimatcs lTll1arkably closel). The cxception was in 
1979, for which Ihe Lincoln Index estimales seellllo he wild, 
due 10 a shorlage of Icco \'eries. This will be rc-eX<lll1iIWd 
II"hen lhe reports of recoverics in 19HO ancl 1981 arc av ,lila­
ble ror <lnalysis. 

The l'hree-factor lllodei fur totalnllmbers in Dcccl11-
ber (Fig, 917) yiclds values close to the ",inter inventories in :i 
ofG )cars , cxcepl in 1977 lI·lten the \l'inter inve ntorv was 
lTluch higher than in the o ther years but th e prediction 1\';1., 

1011', The predictions l'or lhe six-factor model (hg. 9") corre­
spolld verv \\'ell \vith lhe observecl nllmbers, supporling the 
O('CUITeI1CC or a high \'aluc in 1977_ 

Thc.'ic results el11pha size the necessity for slls lained 
Illonitoring orlhe principal parameters year hy )'ear. Unlil 
dal,) for at leasl 1 0 ~'Cals ,Ire ,lvailable the clegrees 01 (rl'edom 
,liT so f(:\\ ' th,1I onlv H' I'Y simple models C HI be used, with a 
serious recluCliol1 in lhe cOl1lidel1ce \l'ilh Il'hich predictions 
(",!lI be made l'or lhe fonhcoming- AlIg-USl and Deccmber. 

19 



1 

.1 

li 

1 

ii 
:jt 20 

~ Il 
!j~ 

ii 

What needs to be done? 

Although the Migratory Birds Convention requires 
the federal governments of Canada and the US to manage 
Lesser Snow Geese, the birds regulate themselves effectively 
without intervention by management agencies at the national 
or internationallevel. 

The self-regulation of the geese is not effective from 
the point ofview ofhunters, who are so much less mobile. 
Are agencies under any obligation to maintain hunting 
opporumities ir. particular areas at specified levels? If 50, 

how might that be done, given the freedom of the geese to 
choose where and when to trave! or stay? 

Only the 1979 James Bay and !\orthern Quebec 
Agreement imposes such an obligation on the federal gov­
ernment. Sec,tion 24.6.5. of the agreemem (repi'oduced as 
App. 1) requires the determination of the "present levels of 
harvesting" in the territory by native humers, the kill by 
other hunters in the territory, and "the total kill figures for 
each migratory bird population", 50 that "the percentage of 
the total kill from each population now being taken in the 
Territory" can be calculated. Section 24.6.5. states "This 
percentage figure shaH constÎtute a guarantee 50 that in any 
given year the Territory would be guaranteed at least the 
same percent age of the total kill from each population as is 
presently hunted and harvested." The implications of this 
undertaking have yet to be worked out in numerical detail, 
although the James Bay and Northern Quebec Native Har­
vesling Research Committee has now collected data for a 5-
year period. 

Supposing that the arithmetic of the James Bay case 
with respect to Lesser Snow Geese will soon be argued, the 
major practical question may weIl turn out to be what can the 
CWS do to check or reverse the very recent tendency of 
Baffin Island geese to spend less lime on the Quebec coasts 
ofHudspn Bay and James Bay in the faIl? (They have long 
made comparatively little use of the Quebec coast in spring.) 
This paper provides no more than an indication ofhow the 
distribution is changing. \Vhy is it happening and what, if 
anything, can be do ne about it will require more imensive 
studies, chieRy, though not exclusiy,e!y, in nonhern Quebec. 

\Vhile it appears that the reèent level of exploitation 
of this stock of geese is too low to be having a detrimental 
effect at the continentallevel, if the intensity of exploitation 
cominues to increase, locally or continentally, more intensive 
monitoring ofhunting, as weil as the resources of the geese, 
will be needed. The rapidly growing harvest in the Atlantic 
Flyway (Reed, Boyd and Wendt, 1981), sincel975 when 
hunting of the Greater Snow Goose (A. caerulescens atlantirus j 
was resumed, is providing a test case. 

BecaUse of the greater abundance and geographic 
range of the Lesser Snow Goose, many states and provinces 

must be involved in its management. Their local interests are 
often confticting - more geese at A means fewer al B, or 
more crop damage at A. The decisions on distribution made 
by the geese themselves largely preempt the tasks that rnan-. 
agers might wish to undertake. That is surely a goodthing. 
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Appendices 

Appendix 1 
Section 24.6.5. oftheJames Bay and Northem Québec Agreement of Novem­
ber 1976. 

24.6.5. Subject to the principle of conservation and where populations of 
these specîes permit, the principle of priority of Native harvesting shaU be 

- applied to migratory birds in a manner similar or equivalent to the proce­
dures hereinafter set Forth: 

a) In conformity with the procedure provided in paragraph 24.6.2, the pres­
ent levels ofharvesting ofmigratory birds shall be established. 

b) The present level of harvesting shall be combined with the present level of 
non-Native hunting of such birds in the Territory to establish the total pres-
ent kil! for the Territory. . 

e) Based upon the total kil! figures for each migra tory bird population and 
the total kil! in the Territory for each migra tory bird population, there shal! 
be a determination of the percentage of the total kil! from each population 
now being taken in the Territory. 

d). This percentage figure shall constÏtute a guarantee so that in any given 
year the Territory would be guaranteed at least the same percentage of the 
total kil! from eacb population as is presently hunted and harvested. 

e) Within the Territory itself, the principle of priority for Native harvesting 
shaH apply 10 the allocation of quotas or use of other management techniques 
in such a way as to ensure that the Native people are guaranteed a harvest 
based on present levels ofharvesting of migra tory birds. 

Appendix2 . , 
Relationship between Lesser Snow Goose breeding and weather variables 

(a) Identifier, means, standard deviation, and range of descriptive parameters 

Variable 

GNW - midwinter count, X 103 

ENA - no. in Aug .. x 103 

PJA - % jllVS. Aug. 
PJW - '7Q jllvs. win ter 
MBW - mean brood size, winter 

G\VT mean temp.Jan.-Mar. 
La. to Tex., ' 

GWP-precip.,Oct.-Feb. 
La. to Tex., mm 

DST - spring tempo W. 
N. central, 'C 

DWP - precip .. OCL-Mar. 
W.N. central, mm 

MSM - Manitoba soil 

FMS snow coyer, Foxe Basin 
31 May,mm 

FSI Foxe Basin, spring 
index (see text) 

FJT -June tempo 
Foxe Basin, 'C 

CDNKIL - sport kil!. Can., li 103 

USKIL- kill in US ,,103 

f) In any given year when populations permit a kil! for the Territory higher 
than the guaranteed allocation equal to present levels ofharvesting, the 
Native people shaH be allowed a harvest equal to the guarantee based on 
present levels ofharvesting, and the remainder of the permÎssible kil! for the 
Territory shaH be divided in such a way as to ensure primarily the continu· 
ance of the traditional pursuits ofthe Native people and secondarily 50 the 
non-Native people may satisfy their needs for recreational hunting. 

g) ln any given year wh en the populations permit a kill for the Territory 
lower than the guaranteed allocation for the Native people equal to present 
levels ofharvesting, the entire kil! for the Territory shall be aHocated to the 
Native people, who shan have the righl in tum to a!locate a portion of this ki!l 
to non·Native hunting through recognized outfitting facilities. 

hl This guarantee shaU not operate to endanger migra tory bird populations. 

i) This guarantee in itself shall not operate to prohibit or reduce hunting of 
migra tory birds elsewhere in the flyway or in Canada. 

No. of 
N Mean SV 

16 71.5 4.76 1964-79 

16 1108.8 359.11 633.0 2027.0 
15 2278.5 541.71 1351.0 - 3298.0 
16 32.5 15.30 5.9 - 59.0 
16 26.4 11.75 7.5 - 44.6 
16 1.96 0.30 1.49 - 2.59 

16 9.1 1.43 6.1 - lUI 

16 360 82.3 201 525 

16 8.47 1.17 6.9 11.8 

16 184 46.8 121 - 288 
16 159 24.9 104 191 

16 359 144.4 170 571 

16 -230 1015 -2233 to 1558 

16 1.42 2.08 -2.7 to 6.3 

II 49.4 26.28 24.4 - 115.8 
16 658.8 120.81 160.7 - 574.6 

(b) Parameter values 

Year 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

G 
N 
W 

X 103 

796 
698 
642 
633 
718 
826 

1077 
1341 
1037 
1202 
1103 
1585 
1263 
2027 
1401 
1391 

E E 
N N 
A A 
A y 

975 860 
1050 789 
554 797 

1156 497 
2228 140 
1482 667 
1984 1036 
1589 531 
1466 220 
1478 1025 
2469 829 
1311 1504 
1851 546 
1602 1015 
2149 328 
2854· 2065· 

P P M 
J J B 
W A W 

% % 
25.8 46.9 2.09 
33.7 42.9 2.11 
42.7 59.0 2.49 
20.2 30.1 1.92 
12.7 5.9 1.88 
29.1 31.0 1.98 
26.7 34.3 1.84 
17.2 25.0 1.58 
9.7 13.0 1.63 

37.8 41.0 1.94 
17.6 25.1 1.64 
44.6 53.4 2.05 
22.7 22.8 2.00 
38.3 38.6 2.13 

7.5 9.0 1.49 
36.5 42.0 2.59 

• Over-estimates due to in complete reporting of direct recoveries; not used in 
calculations. though shown in Figure 9c and d. 

(c) Correlation coefficients of mrrent year parameters: 
*significantatp < 0.05; tp < 0.01; tp < 0.001 

G 
W 
T 

'C 

8.7 
8.6 
8.2 

10.7 
8.3 
8.8 
9.4 
9.9 

10.9 
8.9 

Il.l 
9.5 

lU 
8.6 
6.1 
7.1 

Year GNW ENA PJW PJA MBW GWT 

Year 
GNW 
ENA 
i'JW 
PJA 
MBW 
GWT 
GWP 
DST 
DWP 
MSM 
FMS 
FSI 
USKIL 
ENAA 
ENAY 

0.836t 0.820· 
0.560* 

0.913t 0.78It 
0.732t 

0.581* 0.722t -O.741t -O.71Ot 
0.832; 

(d) Correlation coefficients involving parameters from previous year: 

GNWI 0.848; 0.637· 
ENAI 0.620* 0.669t 
PJWI 
MBWI 
USKILl 0.531* 
PJAI 
GWrl 
OST! 
DWPI 0.612* 
FMSI 
FSII 
FJTl 
ENAAI 0.581* 0.652t 
GNWI 0.848t 

G 0 0 ~f 
W S W S 
P T P M 

mm 'C mm mm 

312 8.8 121 191 
342 7.1 150 143 
322 8.3 155 161 
201 8.5 132 165 
406 9.1 151 148 
402 7.9 239 151 
398 7.6 178 178 
250 8.1 204 176 
365 8.8 221 174 
525 9.2 288 121 
413 9.0 225 158 
449 6.9 215 183 
265 9.1 122 165 
375 11.8 157 104 
310 8.3 197 131 
432 7.1 188 191 

GWP OST DWP MSM 

0.520* 

0.671 t 
0.626t 

tp < 0.01; ;p < 0.001 

GWT GWP 

-0.741 t 
-0.715t 

-O.756t 

-0.542* 

-0.604* 
0.564* -0.515* 
0.525* 

-0.631· 

F 
M 
S 

mm 

330 
330 
l71 
482 
571 
546 
362 
21l 
565 
247 
235 
241 
398 
550 
330 
170 

FMS 

0.532* 

DST 

0.535* 

F 
J 
T 

C 
D 
N 
K 
1 
L 

U 
S 
K 
1 
L 

'C ,,103 xI03 

0.3 
0.7 
1.4 
0.7 
0.3 
0.7 
2.0 
2.0 

-2.7 
4.4 
2.4 
6.3 
1.5 
2.6 
1.4 
1.5 

FSI 

0.623t 
0.68lt 

-O.690t 

0.697t 

41.1 
29.4 
29.1 
24.4 
39.6 
42.3 
77:5 
43.2 
48.1 
53.5 

115.8 

FJT 

0.499* 
0.707t 
0.585* 

0.809; 

0.840t 

DWP 

-0.586* 
-0.642t 

-O.679t 

-0.573· 

193.6· 
204.1 
346.6 
266.9 
160.7 
409.1 
574.6 
386.4 
245.7 
400.2 
416.7 
526.5 
420.0 
420.0 
322.9 
496.7 

USKIL 

0.566· 
0.575* 
0.636* 

0.621t 

0.666t 

USKIL 

0.552* 

0.632* 
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