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ABSTRACT We conducted a physical simulation expenment to test the cfficacy of harmonue direction finding for remorely detecting
lacomoror activity in animals. The ability to remotely detecr movemenr helps to avaid disturbing natural mavement behavior. Remote derectian
implies that the observer can sense only a change in signal beanng. In our simulated movements, small changes in bearing (<5 77) were
routinely underccable. Detectabality imoroved progressively with the size of the simulated animal movement. The average (£SD) ef reflector
tag movements correctly detected for § observers was 93.2 = 12 8% when the tag was moved >11.5°, most observers correctly detected rag
mavements >20.1°. Given our data, one can assess whether the techmque will be effective for detecting movements af an observauon distance
appropriate for the study orgamsm. We recommend that both habirat and behavior of the organism be raken into consideration when
contemplating use of rhis technique fur detecting locomornon. (JOURNAL OF WILDLIFE MANAGEMENT 71(5)1704-1707; 2007)
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The development of harmonic direction-finding systems
over the past 30 years has transformed researchers’ abilities
to track small animals, particularly invertebrates. Because
this technology employs passive reflector tags consrructed
from minute Schottky diodes (Mascanzoni and Wallin
1986), it avoids some of the conventional radiotelemetry
limitations, especially those associated wirh size and weight
of transmitters. Harmonic reflector tags do not use barteries,
are mostly antennas (£13 cm long, <2 mm chick, approx.
0.004 g in our case) and, thus, could conceivably last
indefinitely. The diodes used in reflector tags re-radiate a
signal that is the first harmonic (approx. 1,830 MHz) of the
original signal (approx. 915 MHz) emittcd from the hand-
held, battery-operated transceiver (Mascanzoni and Wallin
1986).

Harmonic direction-finding systems have been used to
track carabid beetles (Mascanzoni and Wallin 1986, Wallin
1991, Lovei er al. 1997), snails (Lovei et al. 1997, Stringer et
al. 2003), bumblebees (Osborne et al. 1999, Capald: er al.
2000), and moths (Riley et al. 1998). Only recently have
they been employed in vertebrate research, mosty with
amphibians and reptiles. Harmonic direction finding has
been evaluated for tracking movement of Lesueur's tree frog
(Litoria Jesuewrd) in Australia (Langkilde and Alford 2002)
and for studying the European tree frog (Hyla arborea) in
terrestrial habitats (Peller et al. 2006). This technology has
been used to examine the effects of coarse woody debris and
pine litter depth manipularions on mole salamander
(Ambystoma fa/poidum) movement and microhabitat use in
South Carolina, USA (Moselcy et al. 2004). Webb and
Shine (1997} employed harmonic direction finding to track
juvenile broad-headed snakes (Hoplocephalus bungaroides) in
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New South Wales, Australia, and Engelstoft et al. (1999)
evaluated its use with sharp-tailed snakes (Contia fenuis), a
small snake species.

The above vertebrate studies were conducted primarily to
delineare activity areas or home ranges. The animals were
located precisely by homing in on the emitted signal.
Because the detection radius of typical reptile or amphibian
reflector tags is fairly small (usually approx. 15 m), the
primary challenge is locating the detection zone of the
animal, Accordingly, rhe methodological focus of these
studies was evaluation of the conditions influencing
detection distance. These studies did not evaluate accuracy
in detecting angular movements, because it is unimportant
when locating an animal by homing (rhe animal’s exact
position is confirmed by close approach or visual detection).

The problem of detecting movement in disturbance-
sensitive species is widespread; it constitutes a biologist's
challenge akin to rhe physicisr's Heisenberg Uncertainty
Principle (Heisenberg 1927). If an observer is close enough
to monitor the animal's movements, the observer may be
disrupting the measuremenr of the phenomenon of interest.
From a hidden monitoring position the observer can record
only changes in bearing, not changes in location (location is
inferred by triangulating simultaneous bearings from multi-
ple monirtoring positions).

We ultimately soughr to use the harmonic direction-
finding system for studying the undisturbed locomotor
activity of the brown treesnake (Boiga irregularis). Although
our srudy did not progress to the point of tracking live
snakes, the behavior of brown treesnakes guided the design
of our simulation srudy. Brown treesnakes ordinarily move
only a few meters per hour, and their locomotor activity may
be biased by closely approaching observers (within line of
sight at night, when they are acave). Thus, our objective was
o test the efficacy of harmonic direction finding for
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Figure 1. Diageam of ficld experiment conducred on Guam during July
2003 o rest the efficacy of harmonic direction finding for studying
undisturbed locotuator activiry of animals. The obscrver was posinoned
bemrd a blind consisting of dense sword grass. An assistant moved the
reflector tag among the numbered powts (to simulate movernent) based on
the previously generated List of random numbers. The obscrver recorded
whether he or she detected tag movement, and 1f so, the derecrion of the
movement.

remotely detecting locomotor activity in animals by
conducting a physical simulation experiment.

STUDY AREA

We conducted our study on Guam (13°30'N, 144°50°E), a
forested tropical island with seasonally heavy rainfall and
high humidiry (National Weather Service 2004). Our study
area was located in an open field near a dense pacch of sword
grass (Miscanthus floridulus) in northern Guam.

METHODS

Preliminary trials indicated that we could not derect our
reflector tags from a reasonable distance (10 m) during or
after rainfall (or with dew present on vegeration); water {or
lipids) in the environment absorbs the signal. Furthermore,
we found that tree trunks blocked the signal; thus, we
conducted all trials during dry weather and in the absence of
intervening woody vegetation. We also lost the signal if the
tag was oricnted parallel to rhe line of detection (Boyarski
2005). Therefore, there were many circumstances in which
the detection distance was less chan the limit of how close
the obscrver could approach the subjecr without biasing
locomotor movements. Apparently chis problem was not duc
10 our equipment; in an open field, we observed a similar
maximum detection range, 83.5 > 1.1 m {Boyarski 2005),
as recorded by Enplestoft et al. (1999) for similar antenna
lengths.

Qur harmonic reflector tags were identical to those used by
Engelstoft et al. (1999). We used prefabricated tags with a
6.5-cm antenna mounted on each end of a Schottky diode
(Hewlert-Packard HP5316; AtNet, Sunnyvale, CA). We
fastened the tag perpendicular to a stick held vertically in
front of an assistant at a height of 2 m. We selected this
height to represent ideal conditions in which reflection from
the ground would not present false signals. The cransceiver
was 2 RECCO8 Avalanche Rescue System (RECCO®,
Lidingd, Sweden).

Our study employed 5 observers during July 2003. To
evaluate the ability of observers to derect reflector tag
movement, it was critical that observers remained com-
pletely blind to tag placement. Therefore, we conducted
these experiments in a dense and visually opaque patch of
sword grass. An observer stationed ac one fixed location held
the transceiver at shoulder level and moved it as desired to
identify the direction of maximum reception. At a distance
of 10 m and completely hidden from the observer, we
established an are of flags labeled 0-9 and spaced at 0.5-m,
or 2.9° intervals. The maximum distance between the 2
endpoints was 4.5 m, or 25.8° (Fig. 1).

While holding the tag at an optimal orientation for
detection, an assistant moved the tag among flag positions
according to a previously generated list of 100 random
integers ranging 0-9. After recording the apparent position
of the signal, an observer used a walkie-talkie to request that
the assistant move the refiecror tag to the next position, The
next position might be unchanged (0°) or might change as
much as 25.8° (as determined by the random no. sequence).
We dctermined whether each of 5 observers detected each of
100 movements of the tag from one reference point to a new
reference point. We considered both type I (falsely
estimatcd movement when none occurred = erroneous
movement) and type II (falsely cstimating immobility when
movement cccurred = erroneous nonmovement) qualitative
errors; however, we did not identify quantitative errors. That
1s, if the simulated movement was 11.5° co the righr and the
observer judged the movement as being 8.6° to the right, we
would note no error, as the observer scored only left, nghr,
or no movement. Faiture ro discriminate the 2.9° difference
beeween 8.6° and 11.5° would, however, be revealed by
errors when judging simulated movements of 2.9°. We
evaluated the percentage of correetly detected tag move-
ments as a function of the angular change between reference
points. We averaged the percentage of correctly detected tag
movements across observers for each angular increment in
series 1 and we based the standard deviations on inter-
observer variability at that angular increment.

Detection was scnsitive to reflector tag orientation in
relation to the transceiver; we could not receive a signal
when the tag antenna was parallel to line of reception. As
the tag antenna arientation deviated progressively from the
idcal perpendicular orieotation in preliminary trials, recep-
tion degsaded (the signal became weaker and less regular)
and opportunities for false direction finding (bounced
signals) increased. We conducted a second series of trials
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to quantify efficacy in determining movements when the
orientation of the reflector tag varied (within derectability
limits) at sub-optimal angles. In series 2, we set rtag
orientation to 1 of 3 randomly assigned orientations (0°,
20°, 40°) at each of the 100 randomly assigned Hag
positions. In ocher respects the sccond series was identical
with the first, except that series 2 occurred after series 1 and,
thus, the observers had additional experience using the
equipment. We did not conduct separate trials to specifically
quantify accuracy ac each tag orientation.

RESULTS

Because we abserved no differences between series 1 and 2
(#7=1.11, P=0.298), we combined the results from both.
Our experimental setup did not allow us to quantify
measurement error in absolute units, but the majority of
errors occurred with simulated movements of <2.9° (Fig. 2).
Observers correctly detected movements of 5.7-8.6° ahout
75% of the time, and they rarely missed larger movements;
average (=SID) percentage of correcdy detected tag move-
ments for all 5 observers was 93.9 * 9.3% when we moved
the reflector tag >11.5° in both series. On average (& SD),
ohservers correctly detected movements 95.7 * 11.6% of
the tme when we moved the refiector rag >17.2°, and most
observers correctly detected tag movements >20.1° (Fig. 2).

In the second series 2 confounded factors appeared:
observer experience and variable tag orientation. Variable
tag ortentation would be expected to degrade ability to
correctly detect movement, yet the percentage of correct
scores at small angles was numerically but nor statistically
improved. Although the ¢-test of mean percentage correct
scores paired by rag angle suggested little change in series 2,
inspection of the scores indicated that the largest differences
benwveen serics were associated with movements of 0-5.7°,
Variance among observers was also unchanged betwecn
series (F14 = 1.30, P =0.273). The absence of statistical
degradation suggesrs that rag orientation was either
relatively unimportant or that observers may have improved
slightly with experience.

The transceiver provided only an auditory indication of
signal strength (we estimated the animal’s direction from
maximal signal strength). In these trials, much of the inter-
observer variability was associated with one observer whose
auditery acuity was tnildly diminished; thercfore, observer-
specific rrials might be warranted when estimation of
angular movements is critical.

DISCUSSION

In our simulation study, we detcrmined that observers werc
unable to detcer reflector tag movements wich small changes
in bearing (<£2.9°) bur cosrectly detected Jarger movements
(220.1°). This suggests that harmooic direction-finding
techniques are berter suited for measuring locomotion in
specics thar move grearer distances. Based on our experi-
cnce, scveral limitations may limit the uulity of chese
techniques for monitoring locomotor movements. The
detection distance may nor he sufficient under many
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Figure 2. Obscrver responses in relation 1o reflector tag movernent along an
expenimenral arc dunng 2 senes {one with and one without vanaiion n
orientation of reflecting antenna) of trials on Guam during July 2003. We
detected no differences in responses between the 2 senes; thus, we
camnbined the results. We present the percentage of movements correctly
detected with error bars showing inter-abserver varianon {z1 SD} m
correct responses for each degrec of movement. We also present the
percentages of nonmovements judged o have been movements (erroneous
maovement) and the percentages of movements judged to have been
nonmovements (erroneocus nonmovements).

circumstances. Dense woody vegeration and dew or rain will
absorb most signals, so denscly forested or rainy environ-
ments are unfavorable. More open habitats have increased
opportunities for visual disturbance but also enhanced
harmonic signal transmission. Because harmonic signals
can penetrate dry earth, and earth blocks opportunities for
visual disturbance (allowing very close approach without
disturbance), harmonic direction finding may be ideally
suited for tracking shallow subterranean movements. As
with all radiotelemetric tracking, movements towards or
away from the recciver (parallel to the line of reception}
cannot be reliably detected by a single receiver. Accurate
location of the signal source is possible only if the animal is
simultaneously detected from 2 scations that are more or less
orthogonal to the animal’s location. However, in the case of
harmonic dircetion finding, reception will also be lost by any
receiving station of which the line of reception s parallel o
the reflecting antenna, which 1s attached to the animal and,
therefore, has an orientation that is both unknown and
uncontrollable. Thercfore, additional monitoring positions
may be required to triangulate the animal’s position.

MANAGEMENT IMPLICATIONS

We conducted our trials under ideal conditions to evaluate rhe
use of harmonic direction finding to detect angular movement.
Given our data, one can assess whecher the technique will be
effective for movemnents of a specified scope at an observation
distance appropriate for the study organism. Favorable
conditions would include disturbance-insensirive species chat
move large distances relative to the system’s detection distance
(implying large angular changes). Harmonic direction finding
is environment- and organism-specific, and we recommend
thar researchers take those factors into considerarion when
contemplating usc of this novel tracking tool.
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