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Abstract
Tail lan3 from Canrda ge eEe (Brantd cdnad.ntis) shot by hunters are eradined annuslly to estimate age ratios (inmaturei adult).
Sone innaturea conplet€ly replace inmtur€ (notched) tail f€athers with adult (unnotched) feathers before the €nd of hunttug
seeson. To analFe rhe significance of this molt, two fall estimates of the nunbers of inmaturee and adulb in the Rocky Moun-
tain Canada goose population (RMP) were used to calculate erpect€d tsil-fan ag€ ratios. The accuracy of theee ratioe was as-
ser6ed by dtimating tb€ percentage of immatures completing the tail molt to ad.iust the nunbers of ibmstures (bir& with
at lcart one notched tail feather) rnd apparent rdults (adulr6 plu6 imnaturee rith rdult-looling tail fesrh€rs) rvailsbte for san-
pling in tail-fan surveyr. Conparison of the estinated observed ratios to a n€sr age r.tio ftolr tbe surv€y irdicst€d reasonable
rerulb. Erpected tail-fan age ratios were from 0.9 to l.l versus atr obrerved ratio of 0.2. Tsil-fen ratios scross No h America
were enmined in relatior to larirude of resiiug and suggested that resting phenology, as it influences the tirre of molt, ie
a critical factor effecting the degee ot bias in Cauda goose tail-far surveys.

Introduction

Hunters annually submit to the U.S. Fish and
Wildlife Service (FWS) tail fans fron Canada
geese they have shot, These tail fans are exam-
ined and used to estimate fall age ratios de-
spite the fact that these ratios could be biased
(Sorensen e, al 198O. Because some immatures
(IM) completely replace the diagnostic notched
tail feathers before or during the hunting season,
they are misclassified as adults (AD) (Tacha et
oL 1987), thus causing observed IM/AD ratios to
be low. The extent to which tail-fan estimates are
below actual fall age ratios has not been deter-
mined for most Canada goose populations.

T*ha et al. (1987) found thar in a sample of
kuown-age Canada geese collected in November
and December,92 percent (n = 39) of the im-
mature 8 c. interior had one or more notched
tail feathers compared to only 23 percent (n =
30) of the immature B. c, matima. B. c. matima
nests in central North America, whereas B, c. in-
terior nests in the Hudson Bay region of central
Canada (Hine and Schoenfeld 1968:6). Tacha et
al (1984 noted that B. c, inrerior nests and molts
about a month later than B. c. ma,rima (based
on Hanson 1965:118) and suggested that the
degree of bias in harvest age ratios is a function
of subspecies. We provide evidence that the
IM/AD ratios of RMP geese, a mid-latitude nester

(Krohn and Bizeau 1980), were also biased low
and estimate the magnitude of this bias. In ad-
dition, ve examine the effect of latitude on teil-
fan age ratios and suggest that the time of
nesting and hatching (and hence molting) is a
more critical factor tlan subspecies per se affect-
ing the degree of bias in tail-fan surveys.

Methods

The number of Canada geese tail fans submit-
ted from the U.S.A. portion of the RMP's range
(see IGohn and Bizeau 1980:67,58) and classified
es immatures and adults, 1965-1974, was ob-
tained from the FWS's Office of Migratory Bird
Management, Laurel, Maryland. These years
were selected becaus€ th€y repr€s€nt€d a period
when the size of the RMP was relatively stable
(Krohn and Bizeau 1988) and were within the
period covered by population simulations done
by Krohn and Bizeau (1980).

Krohn and Bizeau (1980:,1849) examined the
population dynamics of the RMP with tvo deter-
ministic models built with data mostly from rhe
mid-1960's to early 1970's. These models provide
two estimates of the numbers of irnmatures and
adults in the fall population. Immatures were 1.29
times more likely to be shot than adults (Krohn
and Bizeau 1980:36). and thus the uumber of
adults available for harvest, and hence sampling
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in the tail-fan survey, rtas reduced by 0.78
(= 1.00/1.29). Because both population models
were of unknown reliability (Krohn and Bizeau
1980), the two expected age ratio estimates from
the models were checked by assuming a level of
bias in the number of immatures misclassified
as adults and recalculating observed tail-fan age
ratios. This check allowed us to determine
whether or not the expected age ratios (from
population data) approximated the observed
ratios (from tail-fan data). Tacha et al- (1987)
found that 23 percent of the immature B. c. mar-
ima had one or more notched tail feathers, so
we assumed that 77 percent of immature RMP
geese (8. c. moffitti; Krohn and. Bizeau 1980:48)
also completed the tail molt before or during the
hunting season, Seventy-seven percent is prob-
ably a high estimate because it was based on
birds examined in November and December
(Tac\a et al. l9B7) and a substantial part of the
RMP harvest occurs earlier (Krohn and Bizeau
1980:77-93) when fewer immatures have com-
pleted the tail molt.

To examine the effect of latirude on tail-fan
age ratios, we estimated the number of winter-
ing Canada geese in each flyway corning from
northern (>52oN. Lat.) and southern ((52oN.
Lat.) breeding areas. We expected those flyways
with a high percentage of northern birds, and
presumably later hatching and molting, to have
higher tail-fan age ratios. Populations were
assigned to flX-ways, and breeding ranges to north
or south categories, by locations as illustrated in
Hine and Schoenfeld (1968) and modified for 'B.
c- moffi.tti by Krohn and Bizeau (1980:45-4?).
Wintering numbers, l9B4-1985, came from the
Nonh American Waterford Management Plan
(Canadian Wildlife Service and FWS, l986:7) and
mean tail-fan age ratios, 1982-1986, were
calculated from Sorensen et al. (1987:,34-35).

Results
More tail fans were classified as adults than as
immatures, 1965-1974, with IM/AD ratios rang-
ing from 0.10 (1974) ro 0.37 (1969) (Table l).
Linear regression analysis indicated no temporal
trend (F = 1.46, P : 0.26), thus the mean of
0.19 was judged the best tail-fan estimate of RMP
fall age ratios.

In contrast, the two population models sug-
gested fall age ratios in the range of 0.67 to 0.83
(Table 2). Considering that adults are less
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TABLE L Fall age-ratios for the Rockt Mounrain Canada
Coose Population as indicated by tail-fan suFeys,
1965-1974..

Nunber ot
Immatures (lM) Adults (AD)

1965

t966

t967

1968

1969

1970

l97l

t972

r973

t974

SD

79

75

67

82

292

468

337

37r

221

249

258

229

301

0.27

0.t2

0.22

0.18

0.37

0 . t 2

0.2r

0.20

0.12

0.10

0 .19

0.08

55

36

36

56

l9

359

308

78

"Data fron U.S. FGh and Vildli{e Seryice, Office of Migratory
Bird Managenent, Laurel, Md.

TABLE 2. Iall age-ratios indicat€d by deterministic sinula-
iions of the Rocky Mountain Canada Goose
Population during the 1960-70s.

Population Simulations"
Nurnbers Merhod I Method lI

Immatures (IM)

Adulh (AD)
IM/AD in
fall population

Corrected Nunber

IM/AD expected
in tail-fan surYey

25,042

30,3r7

0.83

23,647

1.06

45,356

68,034

0.67

53,067

0.86

"Data from Table 40 of Krohn and Bizeau (1980:49).
6Nunber of adults decreased by 0.78 (= I 00jl 29) because
innatures were 1.29 rines nor€ likely to be shot than adults
(Krohn and Bizeau 1980:36).

vulnerable to shooting than immatures, then
IM/AD ratios in the harvest should be approx-
imately 0.86 to 1.06 (Table 2). If 77 petcent ol
the immatures completed the tail molt during the
hunting season, then from 19,313 (=0.77 x
25,082) to 34,924 (-0.77 z 45,356) immatures
were misclassified as adults. Counting these mis-
classified immatures as apparent adults, the ad-
justed adult f igures became 42,960 (= 19,313 +
23,647) and 87,99r (=34,924 + 53,067). With



o y 5'769 (=25,082 19,313) and 10,432
(=45,356 - 34,924) immatures with notched tail
feathers remaining in the population, estimates
of the observed tail-fan age ratios became 0.13
(= 5,769142,960) and 0.12 (=10,432187,911).
Because it was l ikely that the ?7 percent
misclassification rate was high, we anticipated
that these estimated ratios (0,12,0.13) would be
lower than the observed mean ratio (0.19).

Observed tail-fan age ratios became pro-
gressively lower from east to west (Table 3). The
Pacific Fl1'way had the lowest mean age rauo, cor-
responding to the lowest percentage ofbirds from
northern nesting areas. We suspect that the low
age ratios in tail fans from the Pacific Flyvay
(excluding Alaska) was largely due to the haryest
of more mid-latitude nesters (i.e., -8. c. moffittf l ,
which presumably molt earlier relative to
northern-nesting Canada geese.

TABLf, 3. Tail'fan age ratios (immature:adult) of Canada geese as relared to estimated percenrages (n in thousands) ofwinter-
ins birds fron northern versus southern breeding areas.

Fllvay and

Population
Est. % of Wint€ring Birds,

S. of 52o Lat.
1984-85, from:"
N. of  52o Lat .

Tail-fan Ase Ratios (X a SD),
1982€6'

(MeaD n per yeat

Atlantic

u.s.A.
Total

Mississippi

Tennessee Valley
Mississippi Valley
Eastern Prairi€
Tallsiass Prairie
Great Plains

Total

Central
West€rn Praiie
Shorrgrass P.airie
Great Plains
HiLine

Total

Pacilic
Rocky Mountain
Pacific
Leaaer
Dusky
CacLling

Total

(50r
6% (50)

(30)'

3% (30)

(4r
(93)

23% (97)

44% (r44)

l7e)

94% 1764)

(130)

1477)
(168),Y'

97qo p72)

(l3s),Y'

77 % (329\

(ls0)
(8)

(23)

s6% (r8r)

0.96 r 0.25
(3,047)

0.69 t 0.26
12,t86)

0.40 + 0.07
(1,84D

(e0)
(s0)

0.25 + 0.I1
(1,370)

'Data fron Tabl€ 3 of Canadian Wildlife Service and U.S. Fish and Vildlife Service (1986:?); excluding Aleutian and Van-
couver Canada geese because lhese populations are lightly hunled.
'Data from Table 18 of Sorensen et sl. (\987:34-35).
'A$unes 50,000 birds are resident geese (fron unpubl. manasement plan, U.S. Fish and Wildlife Se.vice, Washington, D.C.).
'Assumes breeding population of 17,000 results in 34,000 wintering birds of which 30,000 winter in the Mississippi Flyway
and 4,000 in the Central flyvay.
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Discussion and Management lmplications

Indirect evidence suggests that age ratios from
tail fans of RMP geese, relative to the actual fall
population, were biased low by a factor of 4 (0.2
vs. 0.7-0.8). Furthermore, the pattern ofvariation
in tail-fan age ratios among flyways as related
to the percentage of birds from northern versus
southern breeding grounds is consistent with the
hypothesis that, on a North American scale,lati-
tude affects age ratios rhrough time of nesting
and molting. However, within a subspecies or
population, factors other than latitude may af-
fecr time of molt. For example, Krohn and Bizeau
(1980:22-23) noted that the start of egg laying in
B. c. moffi.tti was relared (P < 0.01) to alritude
with up to a month difference in peak of nest ini-
tiation in sites at approximately I l0 m (360 ft)
above mean sea level versus those at 1,981 m
(6,500 ft). This difference in time of nest iniria-
tion could result in a month or so difference in
the stad of molt between various flocks of 8. c.
moffitt i . Ttos, we concur with Hanson's
(1965:l lB) starement that "It is advisable to con-
sider both the nesting phenology and the charac-
teristics of the individual populations before us-
ing collections of tail feathers to obtain age
ratios."

Although it is clear that tail fan surveys do
not accurately measure Canada goose age ratios,
it does not necessarily follow that these iatios
cannot be used as indices of recruitment. In the
Eastern Prairie Population, Rusch (cited in Trost
and Malecki 1985:503) found age ratios of har,
res led  geese cor re la ted  w i th  annua l  recru i ln ,en l
measured on the breeding ground. However, in
the case of the RMP, tail-fan ratios may not be
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useful recruitment indices given potentially
variable molting chronologies resulting from a
wide range of nesting elevations and spring
weather conditions (i.e., yearly variation in the
proportion of early- versus late-molting im-
matures could mask real changes in recruitment).

Tacha e t  a l .  (1987)  ques t ioned the  cont inua-
tion of tail fan surveys where B. c. mdxima are
harvested unless the bias associated with 8. c.
marima can be eliminated or more reliable
techniques developed. We agree with this con-
cern over bias, but argue that even biased tail-
fan ratios may provide useful recruitment indices.
We recommend study of the timing and extent
of molt in Canada geese, and whether or not tail-
fan age ratios correlate with recruitment in
specific populations. In addition to possibly solv-
ing the problem of reliable age determination
from tails or olher pa s potenrially submitted
by hunters, this could also lead to better tech-
niques for identifying subspecies and popula,
tions, longstanding needs for Canada goose
managemenl.

Acknowledgments

This is a contribution of the Maine Cooperative
Fish and Wildlife Research Unit (U.S. Fish and
Wildlife Service, University of Maine, Maine
Department of Inland Fisheries and Wildlife, and
Wildlife Management Institute, cooperating).
S. M. Carney and the Office of Migratory Bird
Managemenl helped by providing tail-fan data.
We thank I. J. Ball, R. E. Trost, and two
anonymous reviewers for improving this manu-
script. This is Publication No. l2B4 of the Maine
Agricultural Experiment Station.

1988. Changes in winler disrribution of the
Rocky Mountain Canada goose popularion. Wildl. Soc.
B]Ult. t6,272-277.

Sorensen, M. F., S. M. Carney, and E. M. Marrin. 198?. Ase
and sex composi t ion ofducks and geese ha €sredinrhe
1986 hunting season in conparison to prior years. U.S.
Fish and V/ildl. Serv. Adm. Rep., Off. Misra. Bird
Manage., Laurel, Martland. 40 p.

Tacha, T. C., D. D. Thornbu.g, and R. A. Williamson. 198?.
Bias of tail-fan surveys for €slimating Canad8 goose age
ratios. Wildl. Soc. Bull. l5:533-534.

Trost, R. E., ard R. A. Malecli. t985. Populaiion tr€nds in
Atlantic Flyway Canada geeser inplicarions for manage-
ment. Wildl. Soc. Bull. I3:502-508.

Krohn and Bizeau


