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Abstract
Radiotransmitters are widely used in wildlife ecology, often providing data that cannot be collected using other methods. However, negative



ducks, scoters experienced high rates of mortality soon after
release when implanted with coelomic transmitters (Rosenberg
and Petrula 2000).

The 4 radiotransmitter types we evaluated in this study were 1)
coelomic implants with external antennas, 2) coelomic implants
with internal antennas, 3) subcutaneous mounts, and 4) external
mounts attached using a subcutaneous prong, with the transmitter
also glued to the feathers (Fig. 1). We wanted to evaluate which



Committee at the University of British Columbia, Canada
(Protocol #A01–0227).

Radiotransmitter Tracking
After release, radiotagged scoters were monitored daily for a 30-
day period, and thereafter, at weekly intervals from 14 January to
31 March 2002. Mortality status, location, and radiotransmitter
signal strength were documented using 2 motor vehicles equipped
with 4-element dual-Yagi antennas and null-peak systems. Each
transmitter was equipped with a motion-sensitive mortality sensor
that doubled pulse rate if inactive for .12 hours. Indicated
mortalities were confirmed either by recovery of the carcass or
location of the signal in upland habitats, which scoters do not use
during the nonbreeding season. Monitoring of radiotransmitters
for which signals were lost continued throughout the 100-day
study period.
Survey protocol was to scan for all frequencies, with telemetry

vehicles leap-frogging between roadside pullouts every 1–4 km as
necessary to ensure complete coverage of the ;100-km2 study
area. Following detection of a transmitter, observers rated signal
strength on a scale of 1 to 5, with 1 ¼ very faint; 2 ¼ faint; 3 ¼
moderate; 4 ¼ strong; and 5 ¼ very strong. Locations were
determined based on the intersection of signal bearings, using the
best biangulation procedure in program LOAS (Ecological



estimated, with mean bearing error used to determine whether



during the first 14 days after release or over the course of the full



With respect to linear error, measured as the mean distance
between actual and estimated locations, variation among radios
was minimal at a distance of 200 m, with estimates ranging from
19.9 m for COINT radios to 21.1 m for SUBCU radios. These
differences were more pronounced at greater distances, ranging
from 74.6 m for COINT to 93.3 m for SUBCU at a distance of
2 km (Fig. 3). All the best-fitting models for predicting linear
error included distance as a significant explanatory variable
(Table 4). The interaction term for antenna 3 distance also was
supported by the data, suggesting a difference in slope between
COINT radios and those with external antenna. Estimates for
RxDistance and RxAntenna were 1.00 and 0.59, respectively.
Mean bearing error estimates, which are useful as tests of

sampling bias and should approach zero when a telemetry system
is properly calibrated, were low for all 4 radio types (Table 5).
Standard deviations of bearing error, which measure precision,
also were small (Table 5). These results suggest our tracking
system was consistent and free of bias.

Discussion

All 4 radiotransmitter types we evaluated performed well for
investigating winter movements, foraging ecology, and demog-

raphy of scoters. However, trade-offs were evident among
different radiotransmitter types, and the recommendations that
follow reflect these trade-offs.
The first criterion we investigated and the foremost consid-

eration in any radiotelemetry study is the well being of study
animals. Higher mortality rates associated with surgery and during
the period immediately following release were hypothesized as one
potential disadvantage of using coelomically implanted radio-
transmitters on scoters. However, in this study, differences in
survival probability between scoters with coelomically implanted
(COEXT, COINT) versus dorsally attached (SUBCU, PRONG)
radiotransmitters were not evident. Overall, surgery-related and
14-day postrelease mortality rates were 4.0% and 8.4%,
respectively. For coelomic implants, these estimates were 1.7%
and 8.6%. While higher than those documented for harlequin
ducks implanted using methods identical to that described for
COEXT transmitters in this paper (1.5% and 1.5%



shedding of radiotransmitters. One potential drawback of non-
coelomically implanted transmitters—particularly PRONG
style—has been their failure to remain on ducks long enough to
provide sufficient data when attached only with sutures or sutures
and glue (Rotella et al. 1993). Previous studies have found that
attaching PRONG radios using subcutaneous anchors and glue—
as was done in this study—has eliminated many of these problems.
For example, Pietz et al. (1995) reported that 98% (n ¼ 91) of
prong-outfitted mallards (Anas platyrhynchos) and gadwalls (A.
strepera) retained their transmitters over a 75-day study interval.
Retention probabilities for PRONG transmitters were not nearly
as high in this study. After 60 days, the retention rate of
PRONG-outfitted scoters was 86%, and after 100 days, it was
74%. Two SUBCU radios also were shed after day 90, yielding a
100-day retention probability of 85%. In contrast, no coelomically
implanted scoters were known to have shed their transmitters, and
although such extrusions have been documented, these occur-
rences are extremely rare (Garrettson and Rohwer 1996, Mulcahy
et al. 1999).
With respect to signal disappearance, some variation among

radiotransmitter types was evident, with COINT and COEXT
transmitters having the lowest signal-disappearance rates and




