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Radiolocations of animals by triangulation have certain errors. I show how the ratio of telemetry error to habitat size affects
efﬁcxency of testing for habitat selection and how to estimate sample size when telemetry error is large. When telemetry error
is more than 1.5 times average habitat size, the required sample size increases immensely. When telemetry error is large,
measurements of habitat selection are thPd I present a technique to remove the bias and estimate the habitat selection one

would observe if telemetry error were zero.
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Le repérage radio- télémétrique d’animaux par triangulation comporte certaines erreurs. Je démontre ici comment 1’impor-
tance de I’erreur par rapport a la surface de I’habitat peut affecter ’efficacité des tests sur le choix d’un habitat et j’explique
comment on peut estimer la taille de 1’échantillon lorsque I’erreur est grande. Lorsque ’erreur dépasse 1,5 fois la surface
moyenne de I’habitat, la taille de I’échantillon doit augmenter énormément. Lorsque 1’erreur est grande, la mesure du choix de
I’habitat est faussée. Je présente ici une technique capable d’éliminer le biais et d’estimer la sélection de ’habitat comme si

I’erreur reliée a la télémétrie était égale a zéro.

Introduction

Biologists often measure habitat selection by locating ani-
mals with radiotelemetry and comparing habitat use with avail-
ability (Alldredge and Ratti 1986; Kenward 1987; Pietz and
Tester 1983; White and Garrott 1986). However, when an ani-
mal is observed to be in a certain habitat, it may in reality be
elsewhere. Because of triangulation error, the telemetry loca-
tion is not an exact point, but rather lies somewhere within an
error area (Heezen and Tester 1967; Springer 1979). When the
error area overlaps more than one habitat, there is a problem in
determining in which habitat the animal actually is. For exam-
ple, in Fig. 1 the center of location 2 lies in habitat B, but the
animal could also be in habitat C. This causes observed habitat
use to be biased away from real habitat use and towards the
proportions of habitats available. For example, when error
areas are very large, each one covers so many habitats that
observed habitat use is random. This bias causes two prob-
lems: first, it reduces the power of statistical tests for habitat
selection (White and Garrott 1986), and second, it distorts
measures of habitat selection.

Although biologists often do estimate telemetery error
(Heezen and Tester 1967; Springer 1979), they generally do
not take it into account when testing for habitat selection.
Kenward (1987) and Pietz and Tester (1983) suggested that
one should disregard all telemetry locations whose error areas
cover more than one habitat.

White and Garrott (1986) showed that in general the power
of testing for habitat selection decreases with decreasing bear-
ing precision, increasing habitat complexity, and decreasing
sample sizes. However, they gave no guidelines for individual
studies; they concluded that ‘‘a habitat experiment using tri-
angulation should be simulated on a computer prior to collect-
ing field data to determine the power of the habitat selection
statistical test.”” I present a technique for estimating power of
testing for habitat selection in individual studies that does not
require computer simulation, and I show how to use this tech-
nique to estimate the required sample size.
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One cannot apply White and Garrott’s (1986) results when
planning specific studies because they used precision of the
bearing angle to measure telemetry error. The power of a test
for habitat selection is dependent on the error in assigning
habitats for each location, which is in turn dependent on the
size of the error area, which is in turn dependent on the pre-
cision of the bearing angle. In using bearing precision, White
and Garrott had to specify the other variables that also affect
size of the error area, such as distance from animal to receiver
and the specific spatial orientation of the receiving antennas.
For example, they used the three-tower setup suggested by
White (1985). Thus, one cannot use their results to plan studies
with three-tower setups in other spatial orientations, studies
with two or more than three towers, or studies with mobile
receiving antennas.

A more direct and general measure of telemetry error is the
actual size of the telemetry error area. The effects of this factor
on the power of the test are independent of distance to the ani-
mal and the spatial orientation of the receiving antennas. I dis-
cuss the effects of telemetry error area on testing for habitat
selection, and answer the following questions: (i) How large
can telemetry error be and still allow us to test for habitat selec-
tion? For example, if error size is larger than average habitat
size, can one still detect habitat selection? (ii) How much do
we need to increase sample size to compensate for the decrease
in power caused by telemetry error? (iii) If we want to measure
habitat selection, how can we remove the bias?

Efficiency of chi-square test for habitat selection

Methods

I looked at the effects of telemetry error on the chi-square
contingency test for habitat selection (differences between
observed versus expected habitat use). Alldredge and Ratti
(1986) found that none of the four tests for habitat selection
that they evaluated was appreciably better than the others, so I
considered the most commonly used one, the chi-square test.

I estimated efficiencies at various error to habitat size ratios.
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of error area to habitat area, but typically telemetry errors are
presented as diameters (e.g., a location to within 100 m) rather
than as areas. One can simply transform diameter ratios to area
ratios by squaring them.

I estimated efficiencies by computer simulation, using a grid
of 50 X 50 square habitats. The program randomly placed

animal locations within the area, added the random telemetry

error, and noted in what habitat the telemetry location ended
up; it did this 5000 times for each set of parameters. For tele-
metry errors, I used circular, binormally distributed 95% con-
fidence areas (because bearing angles are normally distributed;
Springer 1979). Efficiency was measured by the ratio of chi-
square statistics for observed versus actual habitat use.
By using this ratio, I measured efficiency independently of
sample size.

I checked to see if this efficiency statistic was an unbiased
measure of efficiency. If it is unbiased, then a chi-square test
for observed telemetry habitat use with a sample size of
Nlefficiency would give the same results as one for actual
habitat use with a sample size of N. I compared these two and
found that one was larger than the other for about half of the
simulations; therefore, the efficiency statistic I used is an
unbiased measure of efficiency.

I varied the error to habitat diameter ratio by keeping habitat
size constant (1 unit) and changing the size of the 95% error
area; thus the error to habitat diameter ratio was simply the
diameter of the error area (in habitat units).

To see how robust the efficiency versus error/habitat size
relationship was, I compared efficiency for different levels of
habitat selection, different numbers of habitats, and different
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numbers of habitats have little effect on efficiency. Table 1 shows the
habitat selection values used in Fig. 2A.

habitat dispersions. When comparing different levels of habitat
selection, I used eight habitats and the habitat selection values
shown in Table 1. When comparing different numbers of habi-
tats, T used 2, 4, 8, and 16 habitats and similar habitat selection
values. For both comparisons, I used error to habitat diameter
ratios of 0.1, 0.5, 1.0, and 2.0 and a random habitat disper-
sion. To compare different habitat dispersions I set up eight
different nonrandom habitat dispersions, ranging from very
regular to clumped, with similar habitat selection values in
each. I compared efficiencies from these dispersions with
those from random habitats.

v Results

Efficiency is relatively insensitive to differences in habitat
selection and number of habitats (Fig. 2), compared with the
effects of different error to habitat ratios. Although certain
nonrandom habitat dispersions show larger efficiencies than
random ones, generally, habitat dispersion also has little effect
on efficiency (Fig. 3).

One can adjust for the effects of telemetry error by simply
taking more samples (Fig. 3B). If samples are cheap, then it is
worthwhile to test for habitat selection even when telemetry
error is greater than habitat size, e.g., when the size of the
telemetry error is the same as the average habitat size (ratio =
1), then approximately 2.5 times the normal sample size is
needed. However, when error is more than 1.5 times average
size, the required sample size increases immensely: at an error















