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The Mayfield method was used to estimate the survival rate of 19 radio-marked, female Black Ducks (Anas rubripes) in
southcentral Maine during 1977-80. An overall survival rate of 0.74 was estimated for the 121-day monitoring period that
included the pre-laying and laying, incubation, brood rearing, and post-rearing stages. No differences in survival rates were
detected among these stages. Two instrumented hens were killed by Red-shouldered Hawks (Buteo lineatus) and a third was
killed by an unknown predator. We found no evidence that the attachment of radio transmitters affected hen survival.
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To understand changes in waterfowl populations it
is important to know how annual mortality is parti-
tioned between hunting and non-hunting causes, as
well as among specific periods of the annual cycle
(Anderson and Burnham 1976:42). It 1s particularly
important to obtain such information for the Black
Duck (Anas rubripes), a heavily-hunted species that
has declined in numbers and for which seasonal mort-
ality estimates are lacking. Because of low band re-
covery rates during non-hunting periods and the diffi-
culty in detecting deaths of wild, unmarked
waterfowl, recent studies (Gilmer et al. 1974; Kirby
and Cowardin in press) have used radio-equipped
ducks to estimate survival during the breeding and
post-breeding period. In the present study, we use
biotelemetry to estimate survival rates of adult female
Black Ducks in southcentral Maine breeding habitat.

Study Area and Methods

The 151 km? study area was located 30 km south-
west of Bangor, Maine. The area supported 28-32
Black Duck pairs/year on 112 wetlands typical of the
evergreen and deciduous scrub-shrub, deciduous
forested, and emergent wetland types (Cowardin et al.
1979) found in the Northeast. Detailed descriptions of
the study area are presented by Ringelman (1980).

Nineteen female Black Ducks were captured during
1977-80 (five in April, 10 in May, two in June, and two
in July) with nest traps (Coulter 1958) and rocket nets
(Wildlife Materials, Carbondale, Illinois: use of trade
names does not imply U.S. Government endorsement
of products). Birds were fitted with adjustable (Dwyer
1972) back-mounted radio packages (Cedar Creek
Bioelectronics Laboratory) weighing 20-25 g with an
effective range of 1.5-3.0 km. Transmitter life ranged
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from 20 to 120 days (X = 63). Hens were located 3-4
times/day from mobile tracking vehicles by conven-
tional telemetry techniques. Locations of marked
females were plotted on U.S.G.S. topographic maps
(1:64 000) to a resolution of 1.0 ha. If a bird remained
in an area for >2 days and its radio signal indicated
inactivity, we visited the site and determined whether
the duck was dead or alive and healthy. Rustrack
(model 288) recorders coupled to receivers (AVM
Company model LA12) and 3-element yagi antennas
allowed continuous monitoring of 16 females.
Recorder stations detected attenuations in radio sig-
nals that indicated duck activity.

Visual observations of radio-equipped females were
made once every three days, and individuals were
occasionally flushed to reaffirm that transmitters were
not inhibiting flight. Field necropsies of marked birds
were conducted to determine cause of death and gen-
eral condition.

Survival rates were calculated by a method origi-
nally developed for determining nesting success (May-
field 1961, 1975) and recently applied in survival stu-
dies of ducklings (Ringelman and Longcore 1982) and
adult ducks (Kirby and Cowardin in press). Known
days of survival represented days of “exposure”, and
time of death was estimated as one-half the interval
between the last date the bird was known to have been
alive and the date that death was confirmed. The
breeding season was partitioned into four stages: pre-
laying and laying, incubation, brood-rearing, and
post-rearing. Unsuccessful nesters were assigned to
the post-rearing period following their final nesting
attempt. Because hens were captured before or during
incubation, birds were assigned to the brood-rearing
or post-rearing stages based on behavioral data
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obtained by telemetry. Estimates of the duration of
the prelaying-laying (16 days) and incubation (26
days) stages were used to back-date reproductive phe-
nology and determine exposure for these early inter-
vals. Comparisons of survival rates follow procedures
described in Johnson (1979).

Results and Discussion

Three of 19 instrumented Black Ducks died during
the monitoring period; one during pre-laying and lay-
ing, two during post-rearing and none during incuba-
tion and brood-rearing (Table 1). Differences in sur-
vival rates could not be detected among stages
(p > 0.10); thus the overall survival rate for the 121-
day season was estimated as 0.74 (the probability of
surviving 1 day, 0.99748, times itself 121 times). All
dead birds had been killed by predators. Two ducks
(one pre-laying, one post-breeding) were killed by
Red-shouldered Hawks (Bureo lineatus), and a third
female just completing the wing-molt was killed by an
unknown predator. Another unmarked, incubating
hen (not included in our estimate of survival) was
killed by a Raccoon (Procyon lotor). All predator-
killed ducks were in good body condition when reco-
vered, exhibiting no lesions or other debilitating physi-
cal effects attributable to the transmitter packages,
and two of those birds whose esophagi were examined
had been feeding immediately before death.

Although it has been suggested that predation
accounts for a small portion of nonhunting mortality
in waterfowl (Stout and Cornwell 1976), it may have a
disproportionately large effect on population levels by
affecting nesting success (Duebbert and Lokemoen
1980) and sex ratios (Johnson and Sargeant 1977).
Reduced survival rates of breeding and molting
females, when examined in a computer simulation
model, showed a potentially significant effect on the
Black Duck population (Ringelman and Longcore
1980). Common predators of adult Black Ducks
include large raptors (Mendall 1944, Wright 1954;
Appendix I1), Red Foxes (Vulpes fulva; Wright 1954:
Appendix 11), and Raccoons (Stotts 1959;168, Stotts
and Davis 1960). Although Mendall (1944) reported
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no waterfowl remains in |4 stomachs of Red-
shouldered Hawks in Maine, this species obtains most
of its prey from wetland habitats (Bednarz and Dins-
more 1981). Thus Red-shouldered Hawk predation
on Black Ducks in our study is not implausible.

It is important to assess the effects of instrumenta-
tion on survival because the validity of survival rate
estimates derived from radio-equipped ducks is con-
tingent upon marked ducks experiencing the same
mortality factors as the wild, unmarked population.

We flushed instrumented females on over 30 occa-
sions, and none exhibited reduced flight ability. Some
hens preened excessively around the transmitter dur-
ing the week following instrumentation, but this
behavior was not apparent after a one-week acclima-
tion period. However, we could not determine
whether the death of the hen during the pre-laying and
laying period, which occurred during the first week of
instrumentation, was related to behavioral changes
associated with instrumentation. Three Black Ducks
(1 male, 2 females) with radio packages still attached
one year following instrumentation, were observed on
the study area and all were paired with new mates and
behaving normally. One of these females that we
recaptured was of average weight and body condition,
and showed no skin abrasion or feather wear beneath
the harness or transmitter. Habitat preferences of
marked and unmarked Black Ducks on our study area
were similar (Ringelman 1980:22).

Caution must be used when interpreting published
accounts of the effects of transmitter packages on
duck behavior and survival (Schladweiler and Tester
1972; Greenwood and Sargeant 1973; Gilmer et al.
1974; Kirby and Cowardin in press), because harness
configuration, transmitter size and weight, tempera-
ment of individual birds, and especially the care taken
in installing the harness may influence behavior and
survival. A review of previous studies, along with our
data on instrumented Black Ducks, leads us to con-
clude that the capture, handling, and instrumentation
of free-living Anas species does not cause biased sur-
vival estimates during the breeding and early post-
breeding seasons.

TABLE |. Survival rates of radio-marked, female Black Ducks during four stages of the breeding season.

Period 95%
length Exposure Period Confidence
Period N (days) (days) Deaths survival rate interval
Pre-laying and laying 18 16 278.5 1 0.94 0.84-1.06
Incubation 15 26 299.0 0 1.00
Brood-rearing 6 45" 175.0 0 1.00
Post-rearing 13 34" 438.5 2 0.86 0.69-1.07
Totals 121 1191.0 3

:[.ength equals the average number of days that two radio-marked hens remained with broods (43-48 days).
Length equals the average number of days birds were monitored during this period.
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The breeding season survival rate (0.74) for Black
Ducks does not differ (P> 0.50) from survival esti-
mates obtained from radio-marked female Mallards
(0.73) breeding in northcentral Minnesota (Kirby and
Cowardin in press). These most recent biotelemetry
data suggest that breeding and post-breeding season
survival rates are lower than had been previously
assumed (e.g. Cowardin and Johnson 1979, Ringel-
man and Longcore 1980).

Population management of waterfowl is accom-
plished primarily through regulatory manipulation of
the harvest. Yet, to recognize when and how much the
harvest should be restricted or liberalized, managers
should know the magnitude and timing of seasonal
non-hunting mortality. For adult female Black Ducks
in Maine the average annual survival rate is 0.51,
slightly lower than the continental mean, 0.56 (W.
Blandin, Office of Migratory Bird Management, per-
sonal communication). Except for our estimate of
Black Duck survival for the breeding season, other
seasonal survival rates (post-breeding and molt, win-
tering, and hunting periods) are unknown. If we
assume, for purposes of illustration, that these rates
approximate those of the closely related Mallard (A.
platyrhynchos), then the product of the four seasonal

survival rates would be breeding — Black Duck,
0.74 X post-breeding - Mallard, 0.947 (Kirby and
Cowardin in press) X hunting — Mallards, 0.811

(Anderson 1975; Johnson and Sargeant 1977) X
wintering — Mallard, 0.919 (Cowardin and Johnson
1979) = 0.520, a value close to the average annual
survival rate for female Black Ducks in Maine. In
actuality, Black Duck survival rates probably differ
greatly from those of the Mallard at many times of the
year. Only after additional research is conducted on
season-specific survival can we hope to comprehend
the dynamics of the Black Duck population.
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