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ABSTRACT Satellite telemetry has become a leading method for studying large-scale movements and
survival in birds, yet few have addressed potential effects of the larger and heavier tracking equipment on
study subjects. We simultaneously evaluated effects of satellite telemetry equipment on captive and wild
mallards (Anas platyrhynchos) to assess impacts on behavior, body mass, and movement. We randomly
assigned 55 captive ducks to one of 3 treatment groups, including a standard body harness group, a modified
harness group, and a control group. Ducks in the control group were not fitted with equipment, whereas
individuals in the other 2 groups were fitted with dummy transmitters attached with a Teflon ribbon harness
or with a similar harness constructed of nylon cord. At the conclusion of the 14-week captive study, mean
body mass of birds in the control group was 40-105 g (95% CI) greater than birds with standard harnesses,
and 28-99¢g (95% CI) greater than birds with modified harnesses. Further, results of focal behavior
observations indicated ducks with transmitters were less likely to be in water than control birds. We also
tested whether movements of wild birds marked with a similar Teflon harness satellite transmitter aligned
with population movements reported by on-the-ground observers who indexed local abundances of mid-
continent mallards throughout the non-breeding period. Results indicated birds marked with satellite
transmitters moved concurrently with the larger unmarked population. Our results have broad implications
for field research and suggest that investigators should consider potential for physiological and behavioral
effects brought about by tracking equipment. Nonetheless, results from wild ducks indicate satellite telemetry

has the potential to provide useful movement data. © 2014 The Wildlife Society.
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Remote satellite telemetry systems, including satellite
platform terminal transmitters (PTT) and PTTs combined
with global positioning systems (GPS), have revolutionized
the study of animal movements (Peterson and Douglas 1995,
Petrie and Rogers 1997). Researchers now have the ability to
monitor animals in remote locations over broad spatial scales
to study ecological processes that were previously difficult to
address with the limited range of very high frequency (VHF)
radiotelemetry (Higuchi et al. 2004, Small et al. 2004).
For example, satellite telemetry systems facilitate studies of
the migratory movements in birds, which are challenging to
measure by other means (Roshier et al. 2006, Gill et al. 2009,
Beatty et al. 2014). Investigations that have used satellite
telemetry have yielded new information about behavior,
spatial distribution, and demography of wildlife populations
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(Woolnough et al. 2004, Shaffer et al. 2005, Mulcahy 2006,
Krementz et al. 2011, Millspaugh et al. 2012). As a result,
satellite telemetry has become a key tool for biologists in
identifying dispersal patterns, migration routes, habitat
selection, resource use, and phenology for a variety of taxa
(e.g., Gill et al. 2009, Qian et al. 2009, Takekawa et al. 2010).

Satellite telemetry systems are often heavier than previous
generations of VHF telemetry equipment because they
require larger batteries and more sophisticated electronics
to broadcast to Earth-orbiting satellites. Thus, satellite
telemetry systems also have the potential to impact study
subjects (Millspaugh et al. 2012). Although the equipment
has been used to study marine organisms, terrestrial
mammals (Bunnefeld et al. 2011), reptiles (Godley et al.
2002), and fish (Fitzpatrick et al. 2012), studies that use
satellite telemetry systems have often focused on birds
(Barron et al. 2010). The delicate relationship between body
mass, balance and flight in birds complicates the use of
transmitters, which add weight and potentially hinder
mobility (Culik et al. 1994, Veasey et al. 1998, Woolnough
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etal. 2004); further, placement of transmitter devices also can
affect flight energetics (Caccamise and Hedin 1985).

A range of techniques has been used to secure traditional
VHF and satellite telemetry equipment to birds, and
previous studies reported attachment effectiveness and the
influence of equipment on bird behavior. Abrasion and
altered behavior were affiliated with backpack harnesses
attached around the wings, and pathological effects were
observed in birds with transmitter implants (Small
et al. 2004, Mulcahy 2006, Robert et al. 2006, Mong and
Sandercock 2007). Backpack harnesses were also associated
with reduced feeding and elevated grooming behaviors
(Garrettson et al. 2000, Robert et al. 2006). Studies of VHF
telemetry transmitters on small birds demonstrated that
harness-based equipment can remain attached for extended
periods, even after transmitter battery failure (Doerr and
Doerr 2002, Woolnough et al. 2004, but see Kesler 2011),
whereas adhesive attachment techniques can deteriorate
prematurely (Perry et al. 1981, Karl and Clout 1987). A
common method of transmitter attachment for ducks is a
body harness constructed from Teflon ribbon, consisting
of a transmitter mounted between the wings on a bird’s
back. Investigators reported conflicting results about body
harness effects (Kenward 1987, Malecki et al. 2001, Miller
et al. 2005, Sousa et al. 2008). Some report few or no effects
on waterfowl (Bergmann et al. 1994, Dzus and Clark 1996),
whereas others detail delayed nesting, reduced clutch
and egg sizes, and decreased incubation rates in ducks
marked with body-style harnesses (Pietz et al. 1993, Rotella
et al. 1993).

Investigations of marked animals often assume that study
subjects are not affected by equipment, and thus provide data
representative of the larger unmarked population (Barron
et al. 2010). However, demonstrable effects of satellite
telemetry equipment on behavior, movement, and energetics
indicate potential to violate this no-effect assumption.
Despite the potential for elevated effects from heavier and
larger satellite telemetry systems, few studies have investi-
gated the impact of the equipment on avian behavior and
movement with unmarked controls (Houston and
Greenwood 1993, Pietz et al. 1993, Petrie et al. 1996,
Robert et al. 2006, Barron et al. 2010). We assessed the effect
of satellite transmitters and harnesses on physiology and
behavior of captive mallards (Anas platyrbynchos). In the
captive duck population, we evaluated body mass and
behaviors of birds fitted with dummy transmitters and a
control group without equipment. Additionally, we com-
pared migration movements of wild, free-ranging mallards
harnessed with functional GPS satellite transmitters to
movements of the greater population of unmarked birds
during the non-breeding season.

STUDY AREA

We conducted research on a captive mallard population
between July and December 2010 at the Missouri Depart-
ment of Conservation Green Area (38°49'N, 93°15'E). We
housed mallards in a square outdoor study enclosure (approx.
40 m x 40 m) that encompassed approximately equal areas of

r A
a 225 450 200 1,350 1,800 II “}_
- — e— 0TS |
. & .'.I @y
& = f—f\‘
L A o
o > . =
ZE e TR ':‘_ -
. TR
| | % Iy oF - w "’ "
PR
N o Y o - . ¥ 4 3
] < Ta [
| .e .
aa - )
| 1 v—
— | o . A
o A i gl
i = = + ¥ . £% |
A |
« a4 & F . |
I' - 1 : |k
‘. .. .0. :1 A ‘* ~ d
| I Aes M fr?
— o oy oty X ) d|
. * s | iy —i )
N '
|I || o . A T .
, R -.:'.-*-J_ a f
¥
| * ]
S .
et = \ I, | L
N, ¥ Y. it s | T
\ ) ; B
.
" i, T W,

Figure 1. Mallard Migration Observation Network sites in the United
States where indices were recorded (dots), and those that were within
100 km of telemetry-marked mallard females when population indices were
recorded in 2010 and 2011 (triangles). Observations of mallard females that
were near index sites are marked with crosses.

mowed grass (Schedonorus arundinacea) and a small artificial
pond. The pen was constructed of mesh netting supported by
4 x 4 posts on the sides and in the center. Duck food was
available ad /ibitum in an open container placed on land. The
mud pond bottom sloped from the bank to an approximate
1.3-m depth at the edge of the enclosure.

We captured free-ranging adult mallard females in
Yorkton, Saskatchewan, Canada (51°13'N, 102°28'E).
Additionally, a second group of adult mallard females was
captured at various sites in Arkansas, USA, including 5-Oaks
Duck Lodge (34°20'N, 91°36'E), Bayou Meto Wildlife
Management Area (34°13'N, 91°31'E), and Black River
Wildlife Management Area (36°03'N, 91°09'E). Satellite
telemetry-marked mallards ranged across the mid-continen-
tal United States and southern Canada (Fig. 1).

METHODS

Captive Population

We purchased 59 hatch-year mallard females from a local
breeder on 29 July 2010 and immediately released the birds
into the Missouri study enclosure. The birds originated with
a wild stock, but the number of generations removed was
unknown. Work with captive birds was conducted under
Animal Care and Use Protocol 6662 (University of
Missouri). We allowed 8 weeks for ducks to acclimate
to the surroundings and stabilize body mass. Four study
subjects disappeared during the adjustment period, and likely
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