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Abstract:  Because resource selection is of paramount importance to ecology and management of any species,
we compared 6 statistical methods of analyzing resource selection data, given the known biological requirements
of radiomarked Merriam’s wild turkey (Meleagris gallopavo merriami) hens with poults in the Black Hills of
South Dakota. A single variable, habitat, was used for the comparisons. Hen turkeys with poults are ideal for
these comparisons because poults have narrow dietary protein requirements, and habitats that meet these
requirements are well documented. We also tested the effects on the statistical methods of varying the habitats
considered as available. Availability of habitats was defined by 100-, 200-, and 400-m-radii buffers around

individual poult locations and also as the total study area. The 6 statistical techniques gave different results
because of how the methods addressed variability in habitat use of individual birds and how availability was
defined. These differences made identification of a “best” technique difficult. Only 1 method (Neu’s) identified
habitat selection patterns consistent with known requirements of poults at all levels of habitat availability.

However, defining availability at the study-area level was generally superior to use of circular buffers. We
recommend that during analyses of resource selection researchers include the study-area level of habitat avail-

ability based on the distribution of radiomarked animals.
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Analysis of how wildlife use habitat is among
the most important aspects of wildlife science.
Among the major difficulties in statistical anal-
ysis of habitat selection, however, is choosing
among the profusion of methods (Manly et al.
1993). The most common test is chi-square
goodness-of-fit analysis (Fleiss 198 1) coupled
with the placement of Bonferroni confidence
intervals around proportional use to estimate if
habitats are selected disproportionate to their
availability (Neu et al. 1974). Among other ap-
proaches, 2 nonparametric methods, the Fried-
man and Quade methods (see Alldredge and
Ratti 1986) have been used. Multivariate meth-
ods of testing for habitat selection include hab-
itat preference analysis (Johnson 1980), com-
positional analysis (Aebischer et al. 1993), and
the multiresponse permutation procedure
(MRPP; Mielke 1986, Alldredge et al. 1991).
Other approaches include log-linear models
(Heisey 1985), logistic regression (Pereira and
Itami 1991), and the geometric method (Kin-
caid and Bryant 1983).

Regardless of the analytical method used, the
definition of availability is a key element of re-
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source selection studies. This definition is a dif-
ficulty because the size of the study area can
influence the results of resource selection anal-
yses, if habitats are aggregated (Porter and
Church 1987). Also, the area defined as avail-
able may contain habitats not actually available
to the animal (Johnson 1980). Second, a hier-
archy of several spatial and temporal scales may
be involved in the habitat selection of a species
(Orains and Wittenberger 1991), but often only
1 scale is analyzed. This scale effect can be im-
portant because animals may be selecting hab-
itat features at different scales such as micro-
and macrohabitat. Third, if habitat quantity and
quality are not interchangeable, then results of
habitat use-availability may not reflect carrying
capacity (Hobbs and Hanley 1990), which can
be a serious problem if many low-quality habi-
tats occur in the study area.

Poults of Merriam’s wild turkey are ideal for
comparing use-availability analyses because
poults have very narrow dietary requirements
for growth and development during the first 4-
7 weeks after hatching (Robbins 1983, Hurst
1992). Dietary animal protein obtained from in-
vertebrates is required in substantial quantities,
or young gallinaceous birds will not grow and
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develop (Johnson and Boyce 1990). Hence, tur-
key poults forage along edges of meadows
where invertebrates are abundant (Rumble and
Anderson 1993), and abundance of inverte-
brates is directly related to herbaceous biomass
in these meadows (Healy 1985, Rumble 1990).
Indeed, the selection of habitats with abundant
herbaceous vegetation by hens with poults is
the most consistent of any habitat relation for
turkeys (Porter 1992). Therefore, given dietary
requirements of poults, we expected that hens
with poults should be selecting for meadow
habitats, and that statistical evaluation of re-
source selection methods should reflect that se-
lection.

The objective of our study was to assess the
sensitivity of 6 resource selection analysis tech-
niques to 4 definitions of habitat availability and
to compare consistency of analysis results with
what we believe are the habitat requirements of
turkey poults <7 weeks old. While comparison
of competing tests via simulation allows a broad
range of hypothetical conditions to be consid-
ered, empirical comparisons provide a direct
link with real-world situations and interpreta-
tion of results.

METHODS
Collection of Field Data

We collected habitat use data from radio-
marked Merriam’s wild turkey hens with poults
in the Black Hills of South Dakota between
1986 and 1991. The study area was approxi-
mately 25 km west of Rapid City. The predom-
inant vegetation type in the study area was pon-
derosa pine (Pinus ponderosa) forest. Other
vegetation types included aspen (Populus tre-
muloides)-birch (Betula papyrifera), mead -
ows, white spruce (Picea glauca), and bur oak
(Quercus macrocarpa). Habitat descriptions are
based on vegetation type and overstory canopy
cover (OCC; Rumble and Anderson 1992). We
defined 3 ponderosa pine habitats on the basis
of OCC (PA was <40% OCC, PB = 41-70%
OCC, PC was >71% OCC), a grass-forb habitat
(GF), and an aspen-birch habitat (AS). We ex-
cluded white spruce and bur oak habitats from
the analyses because they occupied <1% of our
study area, and observations in them were rare.
We described habitats via modifications of the
U.S. Forest Service Region 2 criteria for mod-
eling wildlife habitat relations (Buttery and Gil--
lam 1983). We delimited habitats on 1:24,000
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scale U.S. Geological Survey topographic con-
tour maps based on aerial photographs.

We trapped hens in late February-early
March and monitored them until it appeared
each hen had initiated a nest. After hatching,
hens were normally located 3 times/week. We
collected data between June and August of each
year, and only birds with >10 observations/bird
were included in the analysis. We used 15 ra-
diomarked Merriam’s turkey hens with poults
for the statistical analyses. Mean observations
per bird was 16, and 4 birds were observed dur-
ing successive summers. Patterns of habitat use
among years for these 4 birds did not differ;
thus, we pooled observations over years.

We located radiomarked hens with poults via
a hand-held Yagi antenna. In the field, we
marked locations of hens on maps that con-
tained habitat polygons. If locations were near
the boundary of a polygon, we verified the lo-
cation by encircling the radiomarked hen while
continuously monitoring her location. We also
attempted to obtain visual verification of each
hen’s location without disturbing it. Approxi-
mately half the locations were visual observa-
tions of birds.

Geographic Information System (GIS)
Analyses

We used a GIS to construct a database of
habitats and poult locations via ARC/INFO
software (Environmental Systems Research In-
stitute 1992). We delineated 607 habitat poly-
gons encompassing 4,380 ha and digitized them
from topographic maps into a vector database.
The habitat polygons were typically between 4
and 32 ha (Fig. 1). We constructed a GIS map
of poult locations from ASCII input of their
Universal Transverse Mercator (UTM) coordi-
nates. Occasionally (<10%), the nearest 100-m
UTM coordinates fell outside the recorded hab-
itat polygon where the birds were observed.
The UTms for these observations were moved
to the nearest location within the habitat poly-
gon or dropped if =100 m from the nearest
correct habitat polygon.

We used the GIS to vary the definition of
available. habitat to test the effect of multiple
spatial scales on the statistical methods. First,
the area encompassing all observations of birds
was considered as available for all birds. This
approach is typical of most applications of the
chi-square method (Neu et al. 1974). Availabil-
ity also was determined as circular buffers of
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Fig. 1. The study area in the Black Hills of. South Dakota and the 5 habitats: PA = ponderosa pine <40% overstory canopy
cover, PB = ponderosa pine 41-70% overstory canopy cover, PC = ponderosa pine >70% overstory canopy cover, GF =

grass—forb, and AS = aspen-birch.

100 m, 200 m, and 400 m around poult loca-
tions. The buffers were introduced as a more

systematic attempt to estimate availability for
each bird.

Statistical Analyses

We compared 6 statistical methods: the chi-
square goodness-of-fit test (Neu method), John-
son’s method, Friedman test, Quade test, com-
positional analysis, and MRPP. Statistical cal-
culations were made via modifications to the
PREFER program (Johnson 1980), which in-
corporates the Neu, Johnson, Friedman, and
Quade tests into a single program (G. E. Brink,
U.S. Forest Service, Rocky Mountain Research
Station, unpublished software). We pro-
grammed compositional analysis computations
with SPSS (SPSS 1993). We computed MRPP
tests via the National Ecology Research Cen-
ter's BLOSSOM statistical software (Slauson et
al. 1991. BLOSSOM statistical software, unpub-
lished. National Ecology Research Center, Fort
Collins, Colorado, USA). We compared results

of the 6 analysis methods from 2 perspectives:
(1) whether the omnibus test rejected the null
hypothesis that used and available habitats did
not differ, and (2) whether multiple comparison
analyses suggested that all habitats received the
same use.

The 6 methods differ in the specific form of
these general null hypotheses tested, the Mul-
tiple Comparison Procedure (MCP), and distri-
butional assumptions. All MCPs were applied
using experimentwise error rates. This approach
focuses attention on the hypothesis tested, not
on whether a comparisonwise or experiment-
wise error rate should be used.

Comparison of Statistical Methods

The 6 methods assume 2 of 3 possible sam-
pling designs (Thomas and Taylor 1990). In de-
sign 1, individuals are pooled together and
availability is determined and held constant for
the entire study area. We pooled individuals
only for designating the size and shape of the
study area, although Neu’s method inherently
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pools data across individuals. Design 2 treats
animals as individuals, but availability, in this
case the study area, is considered the same for
all individuals. Design 3 also treats animals as
individuals but estimates availability for each in-
dividual separately (the buffers). Designs 2 and
3 were used for Neu, Johnson’s, Friedman,
Quade, MRPP, and compositional analysis. The
Neu method assumes that observations are in-
dependent, both within and between animals (a
condition that is rarely met),. and that all habi-
tats are equally available to all animals (Jelinski
1991). The other methods assume indepen-
dence between animals, but not for each ani-
mal’s observations.

The Neu method is the most common test
used in resource selection studies. A chi-square
goodness-of-fit test is used to test the null hy-
pothesis that animals use habitats in proportion
to their area, and all habitats and animals are
considered together. A correction for continuity
was included in the computation of the overall
individual confidence intervals for the chi-
square statistic (Fleiss 1981). Following Neu,
we used a Bonferroni correction to the Z-statis-
tic to maintain an experimentwise error rate
(Miller 1981). The confidence interval approach
only allows relative statements about habitats;
thus, if 2 habitats are used more than expected,
it is difficult to determine which habitat is more
important. The chi-square test is not necessary
to maintain experimentwise error of the confi-
dence intervals, but computation of the confi-
dence intervals may be informative even for
borderline, omnibus chi-square tests. The sim-
plicity of the method is appealing to many re-
searchers and, if animals are not recorded as
individuals, it is the only choice of the tech-
niques evaluated in this paper.

Johnson’s method uses a Hotelling T2 statistic
to test the null hypothesis that differences be-
tween ranks of use and availability are equal.
Johnson’s method uses ranks to account for sit-
uations where inclusion or exclusion of certain
habitats is questionable (Johnson 1980). If the
null hypothesis is rejected, Johnson used the
Waller-Duncan MCP to make inferences about
selection of individual habitats relative to each
other. Habitats could also be compared via the

mean difference between the use and availabil-
ity ranks. To determine if animals selected for
habitats, against habitats, or neither, we com-
pared these mean differences: (1) against zero,
to test use versus available; and (2) among hab-
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itats, with multivariate analysis of variance con-
trasts. Experimentwise error for these tests and
contrasts was maintained by assessing T? statis-
tics against the F-distribution (Morrison 1967).

The Friedman and Quade methods are sim-
ilar. Both use ranked data and treat animals as
blocks (Conover 1980). The omnibus null hy-
pothesis for the Friedman test is that ranks of
the differences between use and availability are
equal for all habitats (Alldredge and Ratti
1986). We compared mean Friedman ranks
among habitats with a studentized range pro-
cedure (Hochberg and Tamhane 1987). The
Quade test is a modification of the Friedman
test, which weights each individual’s observa-
tions. Larger variance between use and avail-
ability is weighted heavier and assumed indic-
ative of greater habitat selection (Alldredge and
Ratti 1992). The null hypotheses are the same
as with the Friedman test. Experimentwise
multiple comparisons for the Quade test were
computed via Bonferroni-corrected least signif-
icant difference (LSD) confidence intervals. Be-
cause these tests only use ranks, there are,cases
where the null hypothesis may better match the
precision of biological data than is the case with
the Neu method (Johnson 1980, Alldredge and
Ratti 1986).

Compositional analysis uses a log-ratio trans-
formation of proportional used and available
values to overcome the unit-sum constraint on
proportional data (Aebischer et al. 1993). Aitch-
ison (1985) claims the unit-sum constraint in-
validates the use of many statistical techniques
with proportional (compositional) data. How-
ever, there is no consensus on the unit-sum
constraint in the statistical community, and
there is some controversy over the effectiveness
of the transformation (Tangri and Wright 1993).
Aebischer et al. (1993) suggest a 2-stage pro-
cess. First, proportional availability of each hab-
itat in the study area is compared to propor-
tional availability of habitats in home ranges.
Second, proportional availability of habitats in
the home range is compared to proportions of
radiolocations for each individual.

For our analysis, we compared the propor-
tional availability of habitats in the study area
with radiolocations to the proportional avail-
ability of habitats in the buffers with radiolo-
cations. We used a Hotellings T? statistic to test
the omnibus null hypothesis of no difference
(used-available) among the components of the
transformed data matrix. We then used paired
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t-tests (Bonferroni corrected) to determine
whether there was selection for particular hab-
itats, if the omnibus null hypothesis was reject-
ed (Aebischer et al. 1993).

Compositional analysis and Johnson’s method
both use multivariate analysis of variance tech-
niques. Both techniques assume multivariate
normality; if this is not met, then randomization
techniques may be needed to obtain a valid test
statistic (Manly 1991).

The MRPP is a permutation procedure de-
veloped by Mielke (1986) and has the advantage
of avoiding distributional assumptions made by
both parametric multivariate and nonparamet-
ric rank techniques. Differences in proportional
use and availability are used to test the null hy-
pothesis that habitat use did not differ from
habitat availability. When data occur in blocks
(animals), a slight modification of the MRPP
model is used (Mielke 1986), and the resulting
model is referred to as the multiresponse
blocked permutation procedure (MRBP). If the
omnibus null hypothesis is rejected, matched-
pairs permutation tests (Mielke and Berry 1982)
are used to make all possible pairwise compar-
isons among the habitats. A Bonferroni correc-
tion was used to control experimentwise errors.

RESULTS

The Neu method rejected the null omnibus
hypothesis at all 4 levels of availability (Table
1). The Bonferroni confidence interval indicat-
ed that GF was used more than expected and
PA was used less then expected at all 4 levels
of availability. The PC habitat was used less
then expected only at the level of the total study
area. Relative proportion of each habitat did not
change much between the 100-, 200-, and 400-
m levels, which accounts for the stability of the
results among these 3 levels. Availability of PC
habitat increased at the level of the total study
area, which accounts for PC appearing less used
at that level. The Neu method consistently
identified the GF habitat as being selected by
poults.

Johnson’s test also rejected the null omnibus
hypothesis at all 4 levels of habitat availability
(Table 1). The Mean rank MCP test, which tests
a similar hypothesis as the Bonferroni confi-
dence intervals in Neu’s method, showed that
AS was selected more then expected at the 100-
and 200-m levels. Using our modified Johnson’s
method, we found that GF was not selected by
poults at any level of availability.
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The Friedman and Quade methods rejected
the null omnibus hypothesis only at the level of
total study area (Table 1). Both methods found
GF selected relative to the 3 pine habitats (PA,
PB, PC) at the total study area level. These re-
sults are somewhat different from the Neu
method. Although the Friedman and Quade
tests imply selection for the GF habitat, such
selection was only over the pine habitats. The
MCP did not identify GF as the most preferred
habitat at this level.

Compositional analysis resulted in rejection
of the null omnibus hypothesis only at the 200-
m level (Table 1). The paired t-tests found AS
the highest ranked habitat; PA, PB, and PC
ranked the lowest, and GF ranked in between
(Table 2). Compositional analysis also did not
identify GF as the most important habitat for
poults.

The permutation technique, MRBP, led to
rejection of the null omnibus hypothesis at the
100-m, 400-m, and study area levels (Table 1).
However, differences among habitats were ap-
parent only at the 100-m availability, where AS
was selected relative to PC. The MRBP tech-
nique also failed to find GF as a selected hab-
itat.

. DISCUSSION

These comparisons demonstrate that choice
of method used to evaluate resource selection
and how availability is determined affects infer-
ences regarding habitat requirements for wild-
life. When availability is defined as the whole
study area, all the techniques, with the excep-
tion of compositional analysis, rejected the om-
nibus null hypothesis. After the MCP analysis,
however, the set of habitat selection interpre-
tations was unique to the method of resource
selection used. This lack of agreement among
methods is troubling but not surprising, as other
studies have reported such disagreement (All-
dredge and Ratti 1986, 1992; Manly et al.
1993).

If grass-forb is assumed the most important
habitat, the Neu method yielded results consis-
tent with poult habitat and dietary require-
ments. The Friedman and Quade methods at
the study area level of availability also indicated
that GF was an important habitat. However,
these tests did not consistently find GF impor-
tant at all levels of availability. The remaining
methods for determining resource selection
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Table 2. Rank matrices for selection of habitats at 200-m buffers of habitat availability for compositional analysis.2
Habitats PA PB PC GF AS Rank 1b Rank 2
PA - - - — 1 1
PB + + - — 3 1
PC + - - - 2 1
GF + + + - 4 4
AS +++ +++ +++ + 5 5
# Elements in the matrix are replaced by + if selection is >0, — if selection is <0 triple signs indicate a significance from zero (paired t-test, a <
0.05).

b Ranks show in ascending order least to most selected habitats. Rank 1 depicts ranks of habitat selection if significance from zero is ignored, Rank

2 depicts ranks of habitat selection considering significance from zero.

suggest that patterns of habitat selection are de-
pendent upon the method used for analysis.

Individual animals select habitats differently
and in accordance with availability. The Neu
method is relatively insensitive to individual
variability because data are pooled. The other
methods we evaluated treat individual animals
as sample units and are affected by differences
among animals both in habitat use and avail-
ability estimates. Neu’s method is possibly less
sensitive to individual variation in both use and
availability estimates, which appears to be as-
sociated with greater consistency of results. The
apparently desirable attribute that the ranking
. procedures (Johnson, Friedman, Quade) more
closely approximate the precision of real data
may be negatively balanced by inconsistent re-
sults associated with attention to individual vari-
ation.

Johnson’s method at the 100- and 200-m lev-
els, compositional analysis at the 200-m level,
and MRBP at the 100-m level showed selection
for aspen habitat. This pattern of habitat selec-
tion may have resulted from the shape and size
of aspen habitats. Most of the aspen polygons
were long and narrow and composed a small
proportion of the study area; hence, there was
seldom much total aspen habitat available with-
in the buffers. As a result, infrequent selection
of aspen habitat tends to differ from availability.

Aspen habitats had the second highest inver-
tebrate abundance, but most invertebrates were
rare in diets of poults (Rumble and Anderson
1996). Because hens do not nest adjacent to
brood-rearing areas, hens with poults some-
times used aspen as travel lanes to meadows,
and hens occasionally moved long distances to
brood-rearing meadows (Rumble and Anderson
1993). Identification of AS as important is thus
biologically plausible, but birds eventually ter-
minated their movements when reaching large
GF habitats.

We used circular buffers for assessing avail-
ability in an attempt to constrain habitat avail-
ability only to habitats accessible to birds. Tur-
keys are highly mobile, even at a young age;
thus, we believe all habitats <200 m and prob-
ably those <400 m away were available from
the standpoint of accessibility to hens with
poults. Although there were exceptions, there
was a general trend toward less difference be-
tween use and availability as buffer size de-
clined. This trend was expected because use
and availability ultimately become equal as the
size of the availability buffer approaches the
size of the bird location. Thus, there is a trade-
off between the confidence placed on the ac-
curacy of habitats available to animals and the
ability to detect statistical differences that infer
selection of resources. Including habitats un-
available to animals increases chances for Type
I errors of resource selection, but excluding
habitats that are available to animals increases
chances of Type II errors. In our study, how-
ever, use of circular buffers produced less sen-
sitive results than use of the whole study area.

Given the degree to which the methods are
affected by habitat availability, researchers
should look critically at how availability is de-
termined. Home range approximations have
been used to assign habitat availability, but
there was great difficulty in determining the
home range boundaries for turkey poults in our
study. The linear nature of their movements
precluded assigning home ranges for any given
individual. Further, even in ideal situations, not
all habitats within a home range can be consid-
ered actually available. The hierarchical nature
of habitat selection further complicates the sit-
uation. Estimation of availability for individual
animals is necessarily “noisy” and imprecise, un-
less substantial data per individual are obtained.
Availability at the study area level reduces ani-
mal-to-animal variation, but at the cost of pos-
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sibly misrepresenting reality. Buffer size and
shape estimates may be equally arbitrary deci-
sions.

Another important consideration in the
choice of a statistical method is whether the
MCP adequately controls for experimentwise
error. If Type | error protection is more impor-
tant than Type Il error protection, then exper-
imentwise error is generally recommended
(Hochberg and Tamhane 1987). Conversely, if
Type |l error is an important consideration,
comparisonwise error may warrant more em-
phasis. In this case, since we were analyzing a
group Of habitats, we believe experimentwise
error is the most appropriate.

Overall, Neu’s method identified selection for
GF across all levels of habitat availability tested.
Friedman and Quade methods, at the study
area level of habitat availability, ranked habitat
selection patterns compatible with our assump-
tion that poults select habitats with herbaceous
vegetation to meet dietary requirements for
protein. Johnson, MRBP, and compositional
analysis did not suggest selection of GF habitats
by hens with poults and were insensitive to pat-
terns of selection by brood hens for our dataset.

The determination of availability should be
carefully considered, albeit there presently is no
simple criterion for such a determination. From
our empirical results, it may be useful to in-
clude the study area level of availability in re-
source selection studies, no matter which statis-
tical method is used.
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