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H. Boyd 

F o r the purpose o f con t r i bu t i ng to a Symposium largely devoted to geese 
i n the western Pa lea rc t i c , i t seems appropr ia te to a v o i d repor t ing solely 
N o r t h A m e r i c a n events and take a more generál v iew, made possible by the 
v e r y recent pub l i ca t i on o f sets o f seasonal (Jones and Wigley, 1980a — d ; 
Kelly and Jones, 1981a— b). The ways i n w h i c h those indices are de r ived f rom 
Station records are descr ibed i n those publ ica t ions . The publ i shed est imates 
are expressed as anomalies (i.e., departures f rom the d a t u m o f the mean 
values f rom the years 1941 — 1900). I have reca lcula ted t h e m as dev ia t ions 
f rom the mean for 1950 — 1980, the pe r iod i n w h i c h the goose d a t a are 
ava i lab le . 

I have brought together the results o f mon i to r ing the numbers and breed­
i n g success o f several goose popula t ions f rom E u r a s i a as we l l as N o r t h A m e r i ­
ca, u p d a t i n g the d a t a assembled b y Ogilvie (1980). A few runs o f records 
ex tend as far back as 1950. T h e other records a l l cover a t least ten years. 
Instead o f consider ing one species or one subpopu la t ion at a t ime , I have 
pooled the da ta b y regions and then for the A r c t i c as a whole . The bound-
aries of the four regions were de te rmined as m u c h b y the a v a i l a b i l i t y o f 
records as b y geography. The regional collect ions are: (1) Alaska ( in w h i c h 
I have also i nc luded O s t r o v V r a n g e l y a and the nor thwes t o f the N o r t h w e s t 
Ter r i to r ies ) ; (2) northeastem Canada, ex tend ing f rom the Queen E l i z a b e t h 
Islands to James B a y a n d f rom Queen M a u d G u l f and the western coast 
o f H u d s o n B a y east to southern B a f f in I s l and a n d the west coast o f Green­
l a n d ; (3) the Greenland Sea states, i.e., east Green land , Ice land and Sp i t z ­
bergen ; and (4) northern U.S.S.B. f rom the K o l a Pen in su l a east to the T a y m y r 
Pen insu la , i n c l u d i n g N o v a y a Z e m l y a and other offshore is lands. I have found 
no sui table da t a for nor theas tem A s i a , f rom 100°E to the B e r i n g S t ra i t , 
apar t f rom the Lesser Snow Geese breeding on Os t rov V r a n g e l y a . 

Three k inds o f d a t a are used wherever poss ible : (1) annua l census or 
index numbers ( N ) ; (2) f i e ld observat ions on the p ropor t ion o f f i rs t -winter 
birds i n f locks i n a u t u m n or ear ly win te r ( J ) ; and (3) annua l means o f observed 
brood sizes (B) . A s a Supplement i n some cases, the p ropor t ion o f f i r s t -win ter 
goose ta i ls found i n the samples re turned by hunters selected to t ake par t 
i n the U . S . and C a n a d i a n species compos i t ion surveys are used. C a n a d a 
Geese have been left ou t o f this analysis as they pose special problems. 
I t is d i f f i cu l t to ident i fy young C a n a d a Geese i n the f i e ld f rom September 
onwards . There are also di f f icul t ies i n dissect ing the in fo rmat ion on numbers 
in winter , usua l ly pub l i shed state-by-state, so as to correspond w h i t h wha t 
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is known about the segregation of different populations that overlap in their 
winter quarters. 

This approach to population analysis was pioneered by Lehret (1948) 
in Europe and by Lynch in North America (Lynch and Singleton, 1964, 
and many unpublished reports to the U.S. Fish and Wildlife Service). 
There are several ways in which the available data may be biased and in only 
a few cases have large samj)les been obtained to reflect the composition of very 
large populations. Seemingly inconsistent results have led several investi-
gators to spend more effort on reconciling regional data, or deploring their 
u s e . than in seeing whether the data can be used effectively, despite their 
obvious limitations. 

The notion of pooling results from different species and subpopulations 
exposed to different local climates will doubtless seem improper to such 
critics; and the results which follow are sufficiently inconclusive to give 
grounds for scepticism. Yet it is important to look at large Sketches as well 
as at small, detailed pictures. National agencies must be more concerned 
with Continental than with local fluctuations in the numbers and distribu­
tion of geese and their possible causes. 

I have combined inventories and observations on family size and the pro­
portion of young geese into two sets of index numbers. The first, a success 
index (SI), was obtained by assigning annual scores to each eonstituent 
and then summing them. Values less than the period mean minus one stan­
dard error (m —s) were scored as " 1 " ; those exceeding the mean plus one 
standard error (m + s) were scored as " 3 " ; and the remainder, grouped about 
the mean, were scored " 2 " . For brood size and % first-winter the means 
of the whole run of years were used. Nearly all the populations concerned 
increased substantially during the period 1950—1980. In those cases where 
there were clear trends throughout the period the deviations from the 
expected population size were used. Where the fluctuations were irregulär 
5- or 10-year mean population sizes were used to score the year-to-year 
changes. A complete data set for any population results in an integer score 
ranging from 3 to 9. WThere one of the pieces of information is missing for 
an entire run (e.g., brood sizes for Atlantic Brent Geese), no entry has been 
made so that the score could not exceed 6. Occasional missing values have 
been delat with by inserting a score of 2. For those early years in which few 
populations were being monitored, no index number was inserted unless 
at least three statistics derived from 3 populations, in at least 2 regions, were 
available. 

The annual indices from all available data (total success index or TSI) 
are displayed in Figure 1. There were no significant regional trends extend-
ing over the entire period. The TSI show a significant decrease, its correlation 
with years yielding R = —0.421 (0.02 p 0.01). The mean annual decre-
ment ( — 0.01) is much less than most of the year-to-year changes. The most 
important characteristic of the TSI series is that there are no long runs of 
high or low scores. The wide fluctuations are somewhat surprising given that 
the method of rating ensures that about 2/3 of the scores for each elements 
will be " 2 " . 

The second indicator shown in Figure 1 is the ratio parents/geese in aduit 
plumage (P/A), Lynch's "field productivity" (Lynch and Singleton, 1964). 
This is obtained from the proportion of the first-winter geese observed (j) 
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YEAR 
Figure XXIX/1: Variations in annual indices of goose population success and on the parentj aduit ratio, derived from field observations 

in fali and winter. 1950 -1980 



and from the mean brood size (b), on the assumption that all the broods 
were accompanied by two adults: 

P / A = 2 / b X J / ( l - J ) 
Many of the geese in "aduit plumage" may be pre-breeders in their second 
or third winter. It would be preferable to obtain estimates of "true productiv­
ity" by subtracting pre-breeders from the aduit sample. As that can rarely 
be done in the field, the only way to remove them would be by making some 
estimate of the survival of geese in their first and second years relative to the 
survival of truly aduit geese. As estimates from recoveries of banded Lesser 
Snow Geese of known age have shown, there may be wide Variation from year 
to year in the apparent survival rate of different age cohorts, so that even 
from Lesser Snow Geese it would be unwise to apply correction factors to the 
observed age ratios to reflect changes in survival with age. (What seems most 
often to be the case is that losses in the first winter tend to be high in com-
parison with aduit losses, while pre-breeders may suffer relatively few losses, 
as they escape the special hazards of innocence and parenthood.) 

The parent/aduit ratio has varied less widely than the TSI while sharing 
with it the lack of any long runs on either side of the mean. Though they 
are derived from the same data, the two indices are differently weighted. 
The TSI incorporates information on population size. 

Figure 2 illustrates differences in the TSI amongst different populations 
of White-fronted and Lesser Snow Geese. Its confused appearance reflects 
the extent of variability, as well as the lack of sustained trends. The Snow 
Goose plots suggest that the fortunes of Greater Snow Geese and of the eastern 
populations of Lesser Snow Geese have usually fluctuated in parallel, while 
the Lesser Snow Geese of the Pacific coast have sometimes followed a path 
of their own. This difference is not surprising, the breeding ranges of the 
Greater Snows and eastern Lesser Snows now being contiguous, even per-
haps now overlapping around the northern shores of Foxe Basin, and are 
well separated from the Pacific population of Lesser Snow Geese at all 
times of the year. The most notable feature of the While-fronted Goose 
diagram is the very low output of the Greenland race, A. albifrons flavirostr is. 

Arctic temperature in spring and summer 

Figure 3 illustrates how the mean seasonal temperatures of the Arctic 
(defined as the whole land area from 65°N to 85°N) have varied since 1950. 
"Spring" includes March, April and May; "summer" June, July and August. 
The summer values show little variability. 

The very wide fluctuations shown by the spring estimates from 1950 to 
1955, from 1962 to 1968 tend to obseure a difference in the summer tempera­
tures that may have been more important to geese. From 1950 to 1963 
all the summer temperatures were above the mean for 1950 — 1980. For 
6 of the next 7 years the temperatures were below the mean. From 1970 
to 1980 no long runs occurred. Summer warmth is known to have important 
effects on nesting and brood-rearing of geese as well as on the growth and 
quality of their food plants. From Figure 3 it might therefore be expected 
that Arctic-nesting geese should have done better in the 1950s than in the 
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F i g u r e 2 A n n u a l i n d i c e s of t he b r e e d i n g s u c c e s s of d i f f e ren t p o p u l a t i o n s of 
S n o w G e e s e a n d W h i t e - f r o n t e d G e e s e , 1 9 5 0 - 1 9 8 0 . 
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Figure XXIX/2: Annual indices of the breeding success of different populations of Snow 

Geese and White fronted Geese 1950 — 1980. 
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1960s, w i t h the i r preformance i n the 1970s being intermediäre. The Var i ­
a t ion i n goose success i l l u s t r a t ed i n F i g u r e 1 conforms i n a generál way w i t h 
the appearance of F i g u r e 3, except i n the 1970s. There were v e r y poor con­
d i t ions for goose nes t ing i n the eastern C a n a d i a n A r c t i c i n 1972, 1974 a n d 
1978 w h i c h grea t ly affected the performanee o f several o f the popula t ions 
used i n c o m p i l i n g the T S I . 

Winter and spring temperature anomalies in the Northern Hemisphere 

A s no geese spend the entire year n o r t h o f 65°, i t is necessary to look a t 
condi t ions i n the i r w in t e r quarters . T h i s is being done for several specif ic 
popula t ions i n E u r o p e a n d N o r t h A m e r i c a . Here I ignore those studies 
and again l o o k at composi te figures for a l l Arc t i c -nes t i ng geese, this t ime 
i n re la t ion to the tempera ture o f the whole N o r t h e r n Hemisphere (Jones 
and Wigley, 1980). He re " w i n t e r " is def ined as December , J a n u a r y and F e b ­
r u a r y (dated "1970" for the w in t e r o f December 1969 to F e b r u a r y 1970), 
t o be fo l lowed b y " s p r i n g " (March , A p r i l , M a y ) . U s i n g spr ing d a t a for b o t h 
the A r c t i c and the N o r t h e r n Hemisphere m a y seem to g ive too m u c h weight 
to happenings at t ha t season. Y e t i t is l i k e l y to be c ruc ia l to the annua l cycle . 
The a b i l i t y of geese to l a y d o w n reserves to ca r ry t h e m t h r o u g h nest ing, as 
wel l as the i r n o r t h w a r d mig ra t i on , m a y be decis ive for the success o f i n d i v i d ­
uals a n d o f popu la t ions o f geese, to the extent t ha t gains a n d failures 
are a t t r ibu tab le to the effects o f tempera ture . I n N o r t h A m e r i c a , 1981 was 
a poor year for goose p r o d u c t i o n . F i r s t , those geese Staging i n the prair ies 
i n A p r i l and ear ly M a y encountered severe drought . T h e n snow cover per-
s is ted i n m a n y no r the rn nes t ing areas u n t i l near ly the midd le o f June . I n 
east Green land , Sp i tzbergen a n d I ce l and the summer of 1981 was also late 
and cool . Thus , the r e sumpt ion o f r a p i d g r o w t h i n goose numbers seems u n -
l i k e l y to be ev iden t before the late summer o f 1982. 

The win te r and sp r ing anomal ies for the N o r t h e r n Hemisphere i l lus t ra ted 
i n F i g u r e 4 are r emarkab le f rom a N o r t h A m e r i c a n po in t o f v iew, because 
the sever i ty o f winters i n eastern N o r t h A m e r i c a i n the late 1970s is not 
ref lected i n the hemispher ic means. The pe r iod f rom 1963 to 1972 appears 
as r e l a t i ve ly cool at b o t h seasons. A s w i t h the A r c t i c summer temperatures 
these goose figures y i e l d no s t a t i s t i ca l ly s igni f icant correlat ions between 
the series i n the i r en t i re ty . T h a t is not at a l l surpr i s ing g iven the heterogeneity 
o f the da ta , even though , for c i r cumscr ibed areas a n d popula t ions , qui te 
s t rong correlat ions have been found. 

A n ins t rue t ive w a y to look at possible re la t ionships over the 31-year pe r iod 
between levels o f breeding success a n d temperature variet ies i n the A r c t i c 
and n o r t h temperate zones is i l l u s t r a t ed i n F i g u r e 5 i n w h i c h the goose da t a 
a n d the tempera ture d a t a are each Condensed in to single annua l figures, w i t h 
o n l y anomalies o f > ± 1 s.e. p lo t t ed a n d summed , so tha t the largest possible 
score wou ld be + " 4 " . T w o features are o f interest . F i r s t , despite the l ack o f 
one-to-one correlat ions, near ly a l l the pos i t ive scores for goose success and 
w a r m temperatures occur red i n the f irst h a l f o f the per iod, w i t h the negat ive 
scores simüarly concentra ted i n the second half. 
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F i g u r e 5 A n o m a l o u s v a l u e s of g o o s e s u c c e s s i ndex a n d o f p r e - b r e e d i n g t e m p e r a t u r e s 
in the A r c t i c , 1 9 5 0 - 1 9 8 0 . 
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Figure XXIX/5: Anomalous of goose success index and of pre-breeding temperatures in the 
Arctic, 1950-1980. 

Second, 1980 was a mild year and the winter of 1980 — 81 was the wärmest 
in the 100 years of Northern Hemisphere records assembled by Jones and 
Wigley (1980). This suggests that there could now be a recrudescence of growth 
in the numbers and successes of Arctic-nesting geese. 

Conclusion 

It makes some sense to look at Arctic nesting as a whole, in addition to 
studying populations one by one. There have been no persistent trends in 
spring and summer temperatures in the Arctic. Temperatures in summer 
have varied much less than temperatures in autumn, winter and spring. This 
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m a y help to exp l a in w h y there has been poor year -by-year correspondence 
between nor thern temperature anomalies and f luc tua t ions in breeding success 
i n the last 30 years. Mos t popula t ions o f geese have increased subs tan t i a l ly 
since 1950, t h o u g h m u c h more r a p i d l y between 1950 a n d 1965 t h a n f rom 1965 
to 1980. The reduced rate o f increase m a y wel l have been due i n par t to re­
l a t i v e l y cool nor the rn Springs a n d summers and to cool winters further south 
i n 8 o f the 16 years end ing i n 1979. W h e t h e r w a r m winters i n 1979 — 80 and , 
especia l ly , i n 1980 — 81 w i l l be fo l lowed b y renewed increases i n the rates o f 
ga in d u r i n g the 1980s we sha l l soone see. 

I t is d iscouraging to realize tha t the greater the extent to w h i c h changes in 
goose popula t ions can be a t t r i bu t ed to the effect o f temperature and other 
elements o f c l imate , the less l i k e l y i t is tha t we can make useful long- te rm 
forecasts about the prospects o f our feathered friends. Th i s shou ld not i n h i b i t 
further efforts to f i n d out the roles p l a y e d b y weather . Tempera ture da t a are 
not necessari ly the most i n fo rma t ive and m a n y more inves t iga t ions are 
needed, at several different levels o f aggregat ion, f rom si te-specific to Conti­
nenta l . 
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