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Understanding the degree of demographic connectivity among population segments is
increasingly recognized as central to the fields of population ecology and conservation
biology. However, delineating discrete population units has proven challenging,
particularly for migratory birds as they move through their annual cycle. In this
study, radio telemetry was used to assess movement rates among habitats by harlequin
ducks Histrionicus histrionicus during the non-breeding season in Prince William
Sound, Alaska. A total of 434 females were outfitted with radio transmitters over six
years of data collection, and their signals tracked by aircraft. Using a spatially nested
design, it was determined that 75% of radioed females remained in the bay or coastline
area where they were originally trapped, 94% remained on the same island or mainland
region of Prince William Sound where they began the winter period, and 98% remained
within the 4500 km2 study area as a whole. Home range analyses corroborated these
findings, indicating that the scale of individual movements was small, with 95% kernel
home range estimates averaging only 11.59/2.2 km2. A simple demographic model,
which incorporated estimates for population size, survival, and movement rates, was
used to infer the degree of independence among population segments. Immigrant
females were found to contribute little to population numbers in most areas,
accounting for only 4% of the adult female population at a scale of approximately
100 km2. These results have important implications for the scale of conservation action
for the species and demonstrate that winter movements can have a strong influence
local population dynamics.
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units (Esler 2000, Webster et al. 2002) and predict the

consequences of habitat loss or modification during a

given portion of the annual cycle (Sutherland 1998). To

date, much attention has focused on use of genetic

markers to delineate subpopulations for conservation

purposes (Avise 2000), however, exclusive focus on

genetic criteria for the delineation of management units

has proven inadequate for many migratory bird species.

Although numerous migratory species exhibit a high

degree of site fidelity at specific stages of their annual

cycle (Greenwood 1980, Anderson et al. 1992, Robertson

and Cooke 1999), genetic differentiation has rarely been

identified on a fine scale (Webster et al. 2002).

The absence of significant population genetic struc-

ture should not, however, be interpreted to indicate that

populations lack biologically relevant spatial structuring

(Paetkau 1999). There are several important questions to

consider when delineating populations, including: how

much movement is necessary to link demographic rates

among local populations, does the existence of genetic

panmixia preclude significant demographic structuring,

and what is the relevance of site faithful behavior by

individuals at various stages during their annual cycle? It

is important to note that while a few immigrants per

generation may be sufficient to homogenize subpopula-



through 2002�/2003) in Prince William Sound, Alaska

(Fig. 1). During the first three winters (hereafter 1995,

1996 and 1997) female harlequin ducks were captured

during wing molt (1 August to 17 September) by herding

flightless birds into funnel traps using sea kayaks.

During the last three winters (hereafter 2000, 2001 and

2002), floating mist nets were used to capture flighted

birds (31 October to 2 December). Females were targeted

because population sex ratios are male-biased and

female survival and movement were considered of

paramount importance from a population dynamic

standpoint.

All birds were transported by skiff to a larger vessel

where U.S. Fish and Wildlife Service bands were affixed,

morphological measurements taken, and radio transmit-

ters implanted. Sex determinations were made based on

plumage characteristics and cloacal examination and age

class was determined by probing bursal depth (Mather

and Esler 1999). Radio transmitters were implanted

surgically by experienced veterinarians using procedures

described by Mulcahy and Esler (1999). During the first

three years of the study only adult (after second year,

ASY) females were implanted, whereas during the final

three years second year (SY) and hatch year (HY)

females also were implanted. The transmitters weighed

17.5 g (B/3% average female body mass) and had

external antennae (Holohil, Carp, Ontario, Canada).

Each transmitter was equipped with a sensor that

doubled pulse rate after a period of �/12 hr of

immobility to indicate mortality. Only birds that sur-

vived a 14-day post-surgery censor period (approxi-

mately 97% of all implanted birds) were included in

analyses. Literature suggests implants are less disruptive

than external methods for wild waterfowl (Esler et al.

2000c).

Radio tracking

Radio marked females were monitored at approximately

weekly intervals from an airplane to determine mortality

status and location. In total, over 1500 km of coastline

was surveyed within the 4500 km2 study area. Monitor-

ing flights began after the first birds were released and

continued until the end of March. All frequencies were

monitored throughout the winter season, including those

for which signals were lost.

During monitoring flights individual birds were lo-

cated by site, which we defined as a bay, inlet, group of

islets, or continuous section of coastline bounded by a

prominent geographic feature (Fig. 1). Because we were



habitat in which harlequin duck densities approached

zero; and areas, which were islands or mainland regions

separated from other areas by �/5 km of open water



the tracked bird sample fell into one of four possible

categories, which summed to Ntracked: These categories

were: (1) S�
in */the radio functioned normally and

remained in the study area; (2) S�
in */the radio failed,

but remained in the study area; (3) S�
out*/the radio

functioned normally and left the study area; or (4) S�
out*/

the radio failed and the left the study area. Independent

estimates for/S�
in ; S�

out; and S�
out could not be made for the

tracked bird dataset, because the three conditions were

not distinguishable during monitoring flights, however,

the sum of the three conditions was known: (S�
in �S�

out�
S�

out)�Ntracked�S�
in : The second sample was a subset of

the first, composed of recaptured birds. There were two

conditions of interest in the second sample: (1) S�
in ?*/

recaptured birds with radios that had functioned nor-

mally during the previous winter; or (2) S�
in ?*/recaptured

birds with radios that had during failed the previous

winter. S�
out? and S�

out? were not considered because long

distance emigrants were not recaptured.

From these samples the probability that a female

harlequin duck moved outside the study area could be

estimated using equations 1�/3, below:

S�
in �[(S�

in )(S�
in ?)]=(S�

in ?) (1)

S�
out�S�

out�Ntracked�(S�
in �S�

in ) (2)

p[S�=�
out ](S�

out�S�
out)=Ntracked; (3)

where equation (1) uses the proportion of failed radios in

the recaptured bird data subset to estimate the number

of failed radios, which remained in the study area from

the full tracked bird data set, equation (2) estimates the



area *



locations were obtained. Regression analysis suggested

that, at that threshold, the slope of the regression line did

not differ from zero, indicating home range size was



effective area-specific conservation strategies for wildlife



although sample sizes were very small in the British

Columbia study.

For species like the harlequin duck, with high rates of

site fidelity and subsequent reliance on intrinsic demo-

graphic properties to maintain population numbers,

perturbations to local habitats may have important,

long lasting population level effects. For example,

previous research has speculated that harlequin duck

population recovery in areas affected by the 1989 Exxon

Valdez oil spill was slowed by the high degree of

demographic structure in south central Alaska (Esler

et al. 2000a, 2002). This study confirms that, in the

absence of immigration by adult females, full recovery of

harlequin duck numbers in oiled areas was likely
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