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.•BSTRACT.--Mass and recapture histories of 6,000 Canvasbacks (Aythya valisineria) banded 
in upper Chesapeake Bay were used to test two hypotheses: (1) early-winter body mass is 
associated with the probability of surviving the winter, and (2) early-winter body mass is 
associated with annual survival probability. Data were analyzed by a binary regression meth- 
od that treated mass as a continuous variable and estimated parameters to describe a general 
relationship between body mass and survival probability. Results for adult males, which 
provided our largest data sets, presented strong evidence that birds with high relative early- 
winter masses had both greater overwinter and annual survival probabilities. Results of 
overwinter analyses necessarily are qualified by the alternative explanation of mass-depen- 
dent emigration, i.e. the possibility that lighter birds move south in response to cold weather 
and leave only heavy birds for recapture. Such a phenomenon remains to be documented. 
Results concerning annual survival probabilities are not vulnerable to this alternative ex- 
planation because of the strong fidelity of Canvasbacks at the banding site. Because of small 
sample size, data were inadequate to permit mass/survival inferences for adult females. 
Sample sizes were adequate for young Canvasbacks, but the results were less consistent than 
for adult males. Although early-winter body mass was associated positively with overwinter 
as well as annual survival for young Canvasbacks in some years, we suspect that the lack of 
established wintering patterns among these birds may underlie the less consistent result. 
Received 11 February 1985, accepted 9 January 1986. 

FOR several species of waterfowl, evidence 
now exists for a relationship between the phys- 
iological state or "condition" of an individual 
and its subsequent reproductive performance 
(e.g. Ankney and Macinnes 1978; Raveling 1979; 
Krapu 1979, 1981). It is also reasonable to ex- 
pect that the "physiological condition" of an 
individual at some time t is related to its prob- 
ability of surviving some subsequent period (t, 
t + •), especially if the period is one in which 
food resources are limited or environmental 

conditions are energetically stressful, or both. 
This expectation has been accepted in the lit- 
erature not only for waterfowl, but for birds 
and mammals in general, and it is now a tacit 
assumption of most published studies dealing 
with physiological condition during nonbreed- 
ing periods. We are aware of few efforts that 
use birds, however, to test the hypothesis that 
particular physiological characteristics are re- 
lated to survival probability. There is consid- 
erable speculation and some evidence for sev- 
eral bird species that food supplies may be 
limited during winter and that both food avail- 
ability and winter weather are related to sur- 

vival probability (Lack 1966; Fretwell 1968, 
1972; Goss-Custard 1979; North and Morgan 
1979; Pulliam and Parker 1979; van Balen 1980; 
Ekman et al. 1981; Jansson et al. 1981). Winter 
is thus a logical time to look for a relationship 
between physiological condition and survival 
within many Temperate Zone birds. 

Two general approaches have been used to 
draw inferences about the relationship be- 
tween condition and survival in wintering 
birds. The first involves comparisons of vari- 
ables believed to reflect condition (e.g. body 
mass, percentage of fat or lipid in the body, 
percentage of protein in the body) between two 
groups: (1) birds found dead during periods of 
severe winter weather, and (2) birds collected 
during "normal" or mild winter weather and 
believed to be representative of live wintering 
birds. There are large differences between these 
two groups for Eurasian Coots (Fulica atra; Vis- 
ser 1978), Common Redshanks (Tringa totanus; 
Davidson and Evans 1982), and Eurasian Oys- 
tercatchers (Haematopus ostralegus; Davidson and 
Evans 1982, Swennen and Duiven 1983). Thus, 
these results provided evidence that lipid and 
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protein reserves are mobilized during periods 
of severe weather and may be important to 
winter survival. Nevertheless, these studies did 
not demonstrate that variation in survival 

probability is associated with variation in body 
mass or nutrient reserves. 

The second general approach permits strong- 
er inferences about this relationship. Birds are 
captured and weighed (or assigned to a con- 
dition category by some other means) at the 
beginning of a winter period. Recaptures or re- 
sightings of the birds at the end of the period 
are then used to draw inferences about varia- 

tion in survival probabilities for birds of dif- 
ferent masses or condition categories. We are 
aware of two such studies on wintering birds. 
In a 2-yr study, Fretwell (1968) captured and 
banded 85 Field Sparrows (Spizella pusilla) in 
early winter and assigned them to two fat cat- 
egories (above and below average). The pro- 
portion of birds seen later in winter was sig- 
nificantly greater for the above-average 
category in 1 of 2 years. In another study, 
Kikkawa (1980) weighed and color-banded 388 
first-year Gray-backed White-eyes (Zosterops 
lateralis) at the beginning of winter over a 3-yr 
period. Resightings at the end of each winter 
showed no significant difference between the 
proportion of birds above vs. below average in 
initial mass. 

We use an approach similar to the second 
described above with Canvasbacks (Aythya va- 
lisineria) wintering on Chesapeake Bay. Winter 
weather conditions on Chesapeake Bay are fre- 
quently subfreezing, and prolonged ice cover 
may limit food availability for Canvasbacks. In 
addition, resource-related differences in winter 

mortality associated with behavioral domi- 
nance or fasting endurance may be important 
selective forces in the evolution of winter dis- 

tribution patterns in this species (Nichols and 
Haramis 1980, Alexander 1983, Haramis et al. 

1985). In ducks, there is generally a good cor- 
relation between body mass and both fat (Owen 
and Cook 1977, Bailey 1979) and total nutrient 
(lipid + protein) reserves (Wishart 1979). 
Therefore, we expect high body masses to re- 
flect good reserves and possibly confer a great- 
er probability of surviving the winter. In our 
study, masses and recapture histories of Can- 
vasbacks were used to test two hypotheses: (1) 
Canvasback body mass in early winter is asso- 
ciated with the probability of surviving that 

winter, and (2) Canvasback body mass in early 
winter is associated with subsequent annual 
survival probability. 

METHODS 

We used masses and recapture histories of winter- 
banded Canvasbacks caught from December through 
March, 1978-1983, in upper Chesapeake Bay. Birds 
were captured in wire traps baited with corn and 
held in modified poultry crates until dry. Birds were 
then sexed, aged, banded, weighed to the nearest 5 
g, and released (see Haramis et al. 1982 for detailed 
methods). 

Body masses of individual birds could not be com- 
pared directly because birds were held for different 
periods of time before weighing. Because greater 
numbers of birds generally were captured at dawn 
and dusk, two times for weighing were chosen: those 
birds captured in early morning and held 3-8 h be- 
fore weighing and those captured in late afternoon 
and held overnight (13-18 h) before weighing. We 
inspected the gullet of each bird for corn content 
before weighing and separated birds into those with 
corn and those with little or no corn. Thus, each bird 

was classified in I of 4 categories, depending on the 
time delay before weighing and the corn content. 

A mean mass was computed for each of the 4 cat- 
egories, and a "normalized" mass (x•) was computed 
for each individual as: 

x, = (w, - zv)/zv, 

where w• is the mass of individual i and •b is the 
arithmetic mean mass of birds in the appropriate cat- 
emory. Thus, normalized masses expressed the mass 
of each individual relative to all other birds with 

similar corn content and time delay before weighing. 
Separate analyses were conducted for adult males, 
adult females, and young of both sexes. 

To determine whether a bird's mass at capture was 
related to the probability of catching that bird in a 
sample at some later time, we let 0, denote the prob- 
ability that individual i, from a particular banded 
sample, is recaptured at some later time. 0, is the 
product of two probabilities, 0• = •b, p, where •b. de- 
notes the probability that marked bird i will survive 
until the subsequent recapture period and p is the 
probability that a bird alive during the recapture pe- 
riod will be captured. If we assume a priori that p is 
the same for each duck regardless of body mass at 
initial capture (or perhaps just that p does not depend 
on body mass, regardless of whether or not it is a 
constant for all birds), then a test of the hypothesis 
that 0• is not related to body mass is also a test of the 
hypothesis that •b. is not related to body mass. 

In the first analysis, we determined whether ducks 
in a banded sample were recaptured in the same win- 
ter (e.g. banded in December 1979 and recaptured in 
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January-March 1980). In a second analysis, we deter- 
mined whether banded birds were recaptured dur- 
ing the winter following the winter of banding (e.g. 
banded in December 1978 and recaptured December 
1979 to March 1980). In both analyses we were not 
interested in multiple recaptures, but simply in 
whether a bird was recaptured at least once in the 
sampling period of interest. 

For both analyses the recapture data were binary 
(i.e. a bird either was recaptured or not), and we ap- 
plied a binary regression model (see Cox 1970: 87- 
91). The following linear-logistic model provides a 
reasonable and flexible form (see discussion in Cox 
1970) for the relationship between 0, and body mass: 

exp(Bo + B•x,) 
0, = 1 + exp(B0 + B,x,) ' (1) 

where Bo and B• are parameters to be estimated and 
x, is the normalized mass. We further define the ran- 
dom variable y• which assumes a value of 0 if indi- 
vidual i is not recaptured and I if it is recaptured. 
We then write the probability distribution function 
for a vector of y• from a banded sample of n individ- 
uals as: 

•-I exp(B0 + Bxx,)y, 
P(y•, y ..... y,) (2) 

•-I[1 + exp(B0 + B•x,)] 

The logarithm of Eq. 2 is the log likelihood; first and 
second derivatives of this, with respect to the param- 
eters of interest (Bo and B•), were used with the it- 
erative "method of scoring" (see Brownie et al. 1978: 
212) to obtain the maximum likelihood estimates, 
and /•,•and• their as.•ym•ptotic variances and covari- 
ances, var(Bo), and var(/•), c•v(/•o,/•,). 

One approach to testing the significance of the re- 
lationship between mass and recapture probability 
uses a simple model that does not contain B•. In this 
model 0, is written as: 

exp(B0) 
0, (3) 

1 + exp(B0) ' 

Thus, each individual is assumed to have the same 

recapture probability (which does not depend on• body 
mass). Closed-form estimators of Bo and var(Bo) are 
available. If we call this model Mo, and the previous 
model (Eqs. 1 and 2) M•, then the likelihood ratio 
test of M0 vs. M• provides a test of the hypothesized 
mass relationship. 

A quadratic-logistic model (Me) with greater flex- 
ibility than M• also was tested. In this model 0i is 
written as: 

exp(Bo + B•xi + Bex?) 
0, 1 + exp(Bo + B,x, + B2x, e) ' (4) 

Maximum likelihood estimates of Bo, B•, and Be were 
obtained using the method of scoring, and likelihood 
ratio tests for M• vs. Me and for M0 vs. Me were con- 
ducted. A computer program was written to compute 
the parameter estimates using all three models. The 
three described likelihood ratio test statistics and their 

associated probability levels were computed. 
Another means of judging the significance of the 

relationship between mass and recapture probability 
in the above model is to compute a z statistic [z = 
/•/S•(/•)]. z is approximately distributed as Normal 
(0,1) under the null hypothesis of no relationship 
between mass and survival. 

We also used the nonparametric Wilcoxon rank sum 
test (see Dietz 1983) to test for a relationship between 
recapture probability and mass without the assump- 
tion of a specific model such as Eqs. 1-4. In this pro- 
cedure, we ranked birds in specified samples by mass 
(greatest to least) and asked whether recaptured birds 
were clumped in certain portions of this distribution 
or were distributed uniformly throughout the distri- 
bution. 

Test statistics were computed for a number of 
banded samples, each representing a specific age-sex 
class and a specific month and year of banding. Com- 
posite test statistics also were computed over all 
banded samples for each age-sex class and banding 
month, and for both banding months (December and 
January) combined. The likelihood ratio test statistics 
are distributed as chi-square, so the composite statis- 
tic was obtained by summing these individual statis- 
tics and their associated degrees of freedom to obtain 
an overall statistic distributed as chi-square under 
the null hypothesis. For the Wilcoxon rank sum sta- 
tistics, the composite was obtained by computing 

-2 • In P,, where P• is the Eœobability associated 
with the test statistic for data set i and n is the total 

number of data sets. This statistic is distributed as 

chi-square with 2n degrees of freedom under the null 
hypothesis. A composite Z statistic was computed as 

n 

•z,/•, where z, is the z statistic for data set i and 

n is again the number of data sets. Z is distributed as 
Normal (0,1) under the null hypothesis. We treated 
the likelihood ratio and Wilcoxon tests as two-tailed; 

however, the sign of the z statistic indicates the di- 
rection of the relationship between body mass and 
recapture probability, so we use one-tailed z tests with 
positive B• and z re,presenting the alternative hy- 
pothesis of interest. 

RESULTS 

The first set of tests used bandings and sub- 
sequent recaptures occurring later the same 
winter. Only recaptures occurring at least 2 
weeks after initial banding were included in 
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the analyses. These analyses thus deal with the 
relationship between initial body mass and the 
probability of surviving the subsequent 2-12- 
week (in most cases 4-6-week) wintering pe- 
riod). Seven data sets for adult males, 1 for adult 
females, and 5 for young Canvasbacks met our 
arbitrary minimum requirement of at least 9 
recaptures (Tables 1 and 2). Six of 7 adult-male 
data sets had positive/•x's, and the relationship 
was significant (P < 0.05) for all three tests for 
birds banded in December 1978 (Table 1), a 
winter with the coldest combined January and 
February period during the study. The com- 
posite statistics were significant (P < 0.05) for 
birds banded in December, but not for birds 

banded in January. For December and January 
bandings combined, the directional composite 
Z statistic was significant (1-tailed, P < 0.05; 
Table 1). Only one data set for adult females 
was suffi•ciently large for analysis, and the re- 
suiting B• was positive but nonsignifi?nt (Ta- 
ble 1). For young Canvasbacks, 3 of 5 B•'s were 
positive; 2 of these yielded significant (P < 0.05) 
test statistics using all three tests (Table 2). The 
composite test statistics for December bandings 
and December and January bandings combined 
were significant (P < 0.05). 

The second set of tests used recaptures oc- 
curring during the winter following the winter 
of banding, and thus concerned the relation- 
ship between winter mass and annual survival. 
Six data sets for adult males, 2 for adult fe- 

males, and 6 for young Canvasbacks met our 
minimum arbitrary sample-size requirement of 
at least 9 recaptures (Tables 3 and 4). For adult 
males,/• was positive for all data sets, which 
suggested a positive relationship between win- 
ter body mass and annual survival (Table 3). 
Significant test statistics were obtained for a 
number of the individual adult-male data sets, 
and results were consistent for the three test 

statistics. All three composite statistics for De- 
cember bandings and December and January 
bandings combined were highly significant 
(P < 0.01; Table 3). Sample sizes were small for 
the two adult-female data sets. One/•x was pos- 
itive, the other negative. None of the individ- 
ual or composite test statistics was significant. 

Among you•ng Canvasbacks, 3 of the data sets 
had positive B•'s and 3 had negative, although 
the two strongest relationships had positive B•'s 
(Table 4). For December, January, and com- 
bined bandings, the composite Mx vs. Mo test 
statistics were significant (P < 0.05) and the 
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composite Wilcoxon statistics approached sig- 
nificance. Both positive and negative relation- 
ships between body mass and survival, how- 
ever, contribute to the magnitude of these test 
statistics. For this reason, when some individ- 

ual data sets show positive and others negative 
/•'s, the most informative composite test statis- 
tic is the Z. For young Canvasbacks, the com- 
posite Z statistics were positive but nonsignifi- 
cant (Table 4). 

We also estimated parameters and computed 
likelihoods under a more flexible quadratic-lo- 
gistic model, M2. The M• vs. M2 likelihood ra- 
tio test statistic was significant (P < 0.05) for 
only 4 of the 27 individual data sets, however, 
and we concluded that the additional complex- 
ity of the M2 model was not necessary for these 
data. 

DISCUSSION 

Adult males with high relative body mass 
had greater overwinter survival probabilities 
than lightweight birds (Table 1). When actual 
body masses are used in Eq. 1 in conjunction 
with the parameter estimates under model M•, 
extremely heavy individuals have estimated 
overwinter survival probabilities that are sub- 
stantially larger than those of extremely light- 
weight birds. Body mass in early winter is also 
associated with the annual survival probability 
of adult males (Table 3). Thus, the overwinter 
survival advantage associated with large mass 
is not eliminated by any mass-associated dis- 
advantages occurring at some other time of the 
year. 

There was no evidence in adult females for 

a relationship between early-winter body mass 
and either overwinter (Table 1) or annual (Ta- 
ble 3) survival. Sample sizes were very small 
for this category, however, and we conclude 
that the data simply were not adequate to per- 
mit inferences about the presence or absence 
of a mass effect on survival. 

The small sample size for young Canvasback 
females and inconsistent results of sex-specific 
tests prompted combining data for the sexes for 
final analyses. Although the estimated B, coef- 
ficients were negative in some years and posi- 
tive in others, 4 of 5 significant (P < 0.05) test 
statistics indicated a positive relationship be- 
tween early-winter body mass and both over- 
winter (Table 2) and annual (Table 4) survival. 
Results for young Canvasbacks are presumably 
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less consistent than for adult males because the 

young lack an established wintering pattern. 
A critical assumption in our analysis was that 

the probability of catching a bird, given that it 
is alive (p), is independent of initial body mass. 
Our results indicated a positive relationship 
between body mass and 0•. We interpret this as 
indicative of a positive relationship between 
body mass and survival rate, •bi. Because 0• = 
•b•p, however, this result could reflect a positive 
relationship between body mass and p. We have 
no evidence to suggest that such a relationship 
between body mass and p existed. Not only 
were large numbers of Canvasbacks trapped at 
Gibson Island, but there was substantial varia- 

tion in body masses of the birds in all samples. 
Weatherhead and Ankney (1984) speculated 
that bait trapping may result in higher capture 
probabilities for lightweight birds. If this was 
true for Canvasbacks, however, then our tests 
would be conservative and the true relation- 

ship between body mass and survival proba- 
bility would be even stronger than indicated 
by our results. 

We note also that the complement of our sur- 
vival probability (1 - •b,) includes not only 
mortality but emigration from the Gibson Is- 
land banding site. Generally, large numbers of 
females and young pass through Chesapeake 
Bay in November and December to winter in 
North Carolina. Males remain in the upper Bay 
and commonly outnumber females 4 to 1 or 
more by midwinter. This general migration 
pattern has been supported by the observation 
of increased male-to-female sex ratios from late 

fall through midwinter on Chesapeake Bay 
(Welling and Sladen 1979). A midwinter lati- 
tudinal gradient in flyway distribution of the 
sexes was confirmed by aerial photography 
(Haramis et aL 1985). Finally, a decline in the 
number of juveniles and an increase in adult 
male Canvasbacks captured with the advent of 
cold weather imply a change (Haramis unpubl. 
data). Emigration will not influence our results 
if it is independent of mass (i.e. condition) 
within an age-sex class. Mass-dependent emi- 
gration, i.e. light birds moving south with the 
advent of cold weather and leaving only the 
heavy birds for recapture, could explain the re- 
suits of our same-winter analyses. We have no 
evidence to support this explanation but cur- 
rently are studying this possibility. 

Unlike the same-winter analyses, the be- 
tween-winter analyses are not vulnerable to 

possible effects of a mass-dependent emigra- 
tion because of the strong fidelity of Canvas- 
backs in the upper Bay. For instance, about 95% 
of the Canvasbacks recovered in the Atlantic 

Flyway from 1929 to 1977 had been banded 
during winter in the Atlantic Flyway (Nichols 
and Haramis 1980: table 2). In addition, our trap 
site is located strategically at a traditional ar- 
rival and departure area for Canvasbacks using 
the Chesapeake Bay migration corridor, and 
thus provides access over three months of trap- 
ping to a majority of Canvasbacks wintering 
from Chesapeake Bay south to coastal North 
Carolina. These characteristics are the founda- 

tion for the assumption of equal catchability of 
previously marked birds. 

Because birds with larger fat reserves should 
be able to survive longer during periods of food 
shortage and cold stress (Calder 1974: 114) and 
because body mass and fat reserves are posi- 
tively correlated in ducks (Owen and Cook 
1977, Bailey 1979, Wishart 1979), heavy Can- 
vasbacks are expected to better survive winter 
periods of food shortage. The between-winter 
recapture analyses indicate that heavy Canvas- 
backs in the upper Chesapeake Bay have higher 
survival probabilities, at least during some 
years. The apparent absence of this relation- 
ship during some years may result from mild 
winter weather and the availability of food re- 
sources. Results of the same-winter analyses also 
support these findings, but are contingent on 
the independence of body mass and emigration 
probabilities. 

The majority of studies of wintering water- 
fowl have assumed a relationship between con- 
dition/mass and survival. Except for the con- 
trasting results of Fretwell (1968) and Kikkawa 
(1980), however, we know of no other tests of 
this hypothesized relationship. Our study in- 
dicates that Canvasback body mass in early 
winter is related to survival probability, and 
thus provides evidence that this commonly as- 
sumed relationship does exist in wintering wa- 
terfowl. 
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