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Abstract.--A total of 4965 Dusky Canada Geese (Branta canadensis occidentalis) were neck- 
collared on the Copper River Delta, Alaska, in 1984-1990. Collar retention rates for adult 
geese were obtained from examination of 910 recaptures. The effects of sex, collar age and 
collaring year on retention rates were determined using logit models. As there was a sig- 
nificant interaction between the effects of sex and collar age on retention rates, the sexes 
were modeled separately. The average annual retention rate for female geese (0.875 ___ 0.163 
SE) was independent of all effects considered. Retention rates for males was influenced by 
collar age and the year collared. It is concluded that collar losses were substantial and that 
losses specific to the years modeled should be considered in any population model. 

RETENCI•N DE ANILLOS EN EL PESCUEZO POR PARTE DE 
INDIVIDUOS DE BRANTA ½ANADENSIS OCCIDENTALIS 

Sinopsis.--Entre el 1984-1990 un total de 4965 individuos de gansos del Canada (Branta 
canadensis occidentalis) fucron anillados cn la pescuezo en el delta del Rio Copper, Alaska. 
La retenci6n de las anillas, pot parte dc adultos, fue obtenida del estudio de 910 individuos 
rccapturados. E1 efecto dcl sexo, edad dc la anilla y afio de la anillada, en la tasa de retcnci6n 
de anillas, fuc determinada utilizando modelos dc "logit." Como hubo una interaccion 
significativa entre el efecto del sexo y edad de la anilla, en la tasa de retenci6n, se hicieron 
modelos separados para ambos sexos. La retenci6n promcdio anual para hembras (0.875 + 
0.163 EE) result6 set indepcndiente dc todos los otros efectos considerados. La tasa dc 
rctcnci6n cn los machos fue influcnciada pot la cdad de la anilla y el afio dc anillamiento. 
Sc concluye quc las p6rdidas de las anillas fue sustancial, y quc los extravlos en aftos 
particulates deben set consideradas en cualquier modelo poblacional. 

Neck collars have been used to mark geese for several decades (Marion 
and Shamis 1977). Observations of these birds have provided much valu- 
able information about population dynamics (Hestbeck and Malecki 1989, 
Rusch et al. 1985), migration (Craven and Rusch 1983, Koerner et al. 
1974, Raveling 1978, Trost et al. 1980), and behavior (Macinnes and 
Lieff 1968). Recently, observations of marked geese have been applied 
in methods used to estimate survival probabilities (Ebbinge and van Biezen 
1987, Hestbeck and Malecki 1989, Raveling and Zezulak 1988, Rusch 
et al. 1985, Yparraguirre 1982), statistics that have traditionally been 
calculated from models utilizing band recovery data (Brownie et al. 1985). 
These models generally do not account for marker loss (Brownie et al. 
1985, Pollock and Raveling 1982), which is probably of little consequence 
for-short lived species. In the case of potentially long-lived animals such 
as geese, however, marker loss may severely affect survival estimates 
(Nelson et al. 1980). 

The Dusky Canada Goose (Branta canadensis occidentalis), which nests 
primarily on the Copper River Delta, Alaska, and winters in the Wil- 
lamitte Valley in Oregon and southwestern Washington, has steadily 
declined in number since 1979. Harvest was restricted in 1984 and is 
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presently minimal. Survival rates for the Dusky Canada Goose were 
estimated during an early period of liberal hunting regulations (Chapman 
et al. 1969), but lack of band recoveries under current harvest restrictions 
has precluded further analysis. In response to the need for current survival 
estimates, observations of neck-collared geese are currently being used to 
estimate survival rates (R. Jarvis, pers. comm.). This paper presents a 
collar-retention model that we believe should be considered in the com- 

putation of survival statistics. 

METHODS 

In 1984-1989 we neck-collared 4108 adult Dusky Canada Geese on 
the Copper River Delta (Table 1). Collars were made of 1.5-mm thick, 
2-ply vinyl plastic, measured 64 mm wide x 180 mm long, and individ- 
ually labelled with engraved characters. They were heat-formed to 3.4 
cm diameter and attached by fusing the overlap with plastic cement. All 
birds were also marked with U.S. Fish and Wildlife Service metal leg 
bands. Neck collar retention was determined from examination of recap- 
tured geese. As poor reproduction limited the number of goslings available 
for marking, only collar retention of adult geese was modeled. 

The effects of sex, age of collar and the year of collaring on collar 
retention were examined using logit models for categorical data (Agresti 
1984). The response variable was the logit of geese that had retained 
their collars to those which had lost collars (In [number of retained collars/ 
number of lost collars]). Possible explanatory variables included sex, age 
of collar, year of collaring and all higher order interaction terms of these 
variables. A backward elimination procedure (Agresti 1984) was used to 
determine the most parsimonious model that adequately describes the 
data. Variables were dropped from the model if they were not significantly 
different from zero at ot -- 0.05. Lower-order interaction terms were not 

considered unless all higher order interaction terms for which they were 
a subset had already been eliminated. 

RESULTS 

We examined 910 recaptured geese for neck collar retention in 1985- 
1990 (Table 1). With the possible exception of collaring year 1984, for 
which only 85 collared birds were recaptured over a 6-yr period, sample 
sizes for each year of neck collaring seemed to be adequate for statistical 
analysis. There was a significant (G 2 = 36.23, df = 10, P = 0.001) 
interaction between the effects of sex and collar age on retention rates, 
therefore models for each sex were developed. 

The most parsimonious model (G 2 = 26.94, df -- 20, P = 0.14), which 
adequately explained the data for female geese, was an average annual 
retention rate, independent of all other explanatory variables considered. 
This rate was 0.875 _ 0.163 (SE). The most parsimonious model (G 2 - 
11.80, df -- 14, P -- 0.62) explaining collar retention for males was a 
function of an average retention rate (0), a linear effect (fl) of collar age 
(vi), and year collared (Xj). This model is: 
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TABLE 2. Modifying parameters for age of collar for each collar cohort of adult male 
Dusky Canada Geese marked on the Copper River Delta, Alaska, 1984-1989. 

Parameter Estimate SE Z 95% CI 

-0.9040 0.3229 -2.7995 -0.7684, -0.1354 
1984 -2.4092 0.4387 -5.4915 -1.6345, -0.7746 
1985 0.8555 0.3454 2.4770 0.0893, 0.7662 
1986 -0.3087 0.3594 -0.8589 -0.5065, 0.1979 
1987 0.0391 0.3638 0.1074 -0.3370, 0.3761 
1988 1.0140 0.5427 1.8685 -0.0248,1.0389 
1989 0.8092 0.8734 0.9265 -0.4514, 1.2606 

-1.3844 0.1516 -9.1332 -0.8408, -0.5437 

ln(Nt•j/N2ij) = 0 + fi(v,- re) + X;- + e•j 
where i indexes collar age (i = 1, 2, ..., 6), re indicates mean collar age 
(3.5), andj indexes year collared (j = 1984, 1985,..., 1989), Nt is the 
number of collars retained, N2 is the number of collars missing, and e 
represents the random error term. The parameter estimates and standard 
errors used in this model are listed in Table 2. The odds of an adult male 

goose retaining a collar were converted to retention probabilities (Table 
3) by the logistic function: 

P(collar retained 1 yr = i, age = j) = exp(0 + fi [v, - r•] + X;) 
- 1 + exp(0+fi[v,-V]+ 

DISCUSSION 

Population models for geese, based on neck collar observations, have 
generally been developed without regard for marker loss though several 
investigations have suggested that such losses may be significant (Craven 
1979, Fjetland 1973, Raveling 1978, Raveling and Zezulak 1988). The 
results of this investigation not only indicate a sizable annual collar loss 
for adult Dusky Canada Geese, but that the rate of that loss varies between 
the sexes and, in the case of males, between collar cohorts. 

To our knowledge, only three other studies have reported differing 
collar retention rates between male and female Canada Geese. Although 
his results have been questioned (Zicus and Pace 1986), Fjetland (1973) 
reported that female Canada Geese marked at Seney National Wildlife 
Refuge retained their collars at a higher rate than males. Females have 
also been reported to retain their collars more frequently than males in 
the Mississippi Flyway (Samuel et al. 1990). Johnson and Sibly (1989) 
reported a similar situation with feral Canada Geese in Great Britain. 
Johnson and Sibly (1989) suggested that these differences may occur 
because males are more successful in removing collars due to their larger 
size and greater strength, and Samuel et al. (1990) suggest that aggression 
during breeding may contribute to greater collar losses in males. 

Intraspecific aggression is suspected to be the primary cause of higher 
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TABLE 3. Estimated probability of collar retention for adult male Dusky Canada Geese 
marked on the Copper River Delta, Alaska, 1984-1989. 

Year Retention probability 
collared Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

1984 0.518 0.350 

1985 0.846 0.734 
1986 0.755 0.606 

1987 0.786 0.647 

1988 0.856 0.734 
1989 0.843 

0.212 0.012 0.063 
0.580 0.408 0.257 
0.435 0.278 
0.478 

0.033 

collar loss rates for male Dusky Canada Geese. Male Canada Geese are 
not only larger, but more aggressive than females, especially during the 
breeding period (Raveling 1970). We have observed physical aggression 
between male Dusky Canada Geese on the breeding grounds including 
pulling and dragging by the neck collar. Aggression might be further 
stimulated by relatively high nest densities. Dusky Canada Geese have 
some of the highest nest densities reported for a mainland nesting sub- 
species of Canada Geese (Bromley 1976, Cornely et al. 1985), a situation 
known to stimulate aggression between pairs (Ewaschuk and Boag 1972). 
Although undocumented, aggression on the wintering grounds, where 
Dusky Canada Geese mix with nearly 60,000 other Canada Geese (Jarvis 
and Cornely 1988), may also contribute to collar loss. 

The cause of varying retention rates between collar cohorts for adult 
males is harder to explain. While retention rates varied considerably 
during the study, there was similarity between several of the cohorts. 
Retention of collars by the 1984 cohort was unlike any other year, but 
the 1986 and 1987 cohorts had similar rates as did the 1985, 1988 and 
1989 cohorts (Table 3). Annual variation in the quality of material used 
for collars, method of collar formation or collar attachment might cause 
variation in retention rates between cohorts. Samuel et al. (1990) dem- 
onstrated that materials can influence collar retention rates. These influ- 

ences should not be sex-specific, however, unless the additional stress 
placed on collars by males accentuates them. 

Regardless of the causes, the variation in collar retention between sexes 
and the multiplicative change in retention rates for males prohibits de- 
velopment of mean collar retention rates for adult Dusky Canada Geese. 
This, in combination with the relatively substantial annual collar loss, 
indicates that any population modeling study based on collar sightings 
should include provisions to measure and correct for collar loss. 
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