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On the Limitations of Species-Habitat Association Studies

A trend in wildlife ecology over the last 25 years
has been to study characteristics of a specics hab-
itat, primarily vertebrate species of management
concern, and then infer something about habitat
preferences or suitability for that particular species
(e.g. Verner et al. 1986). The approach includes
identifying a refatively high density population of
a given species, or in some cases documenting the
home ranges of representative individuals from that
population, and then corrclating habitat use or daily
activity patterns with a series of habitat measure-
ments such as plant species composition, vegeta-
tion juxtaposition, topographyv, and so [orth.
Presumably, this correlation tells something about
habitat preferences or suitability for the species.
In many cases, the study stops here and is pub-
lished simply with correlational results. More ap-
propriately. the correlational results are used in
wildlife-habital association or habitat suitability in-
dex (HSI} models (Fish and Wildlife Service 1981,
Verner et al. 1986). These models have their ap-
plication if tested properly, but they too have their
pitfalls and shortcomings (e.g. Layvmon and Bar-
rett 1986; and other references in Verner et al.
1986). Herein, T summarize what 1 sce as some
problems associated with the use of wildlife-habitat
association studies as endpoints in themselves, 1
am not the first to point these out and [ refer the
reader 1o Ruggicro et al. (1988) and many of the
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references in Verner et al. (1986} and Morrison
et al. (1992} for further discussion. My arguments
arc of a general nature and T avoid citing specific
studies to make a point, My intention is not to de-
nounce all habitat-association studies, but rather
to caution investigators and managers of their pit-
falls and limitations. In doing so, I emphasize the
importance of understanding behavioral as well as
ecological factors that determine a species
distribution.

1. The wildlife-habitat correlational ap-
proach does not provide an endpoint in itself.
Wildlife habital association studies are conducted
where a species is known to occur; therefore, some
positive correlations are likely to be derived for that
species and some particular habitat feature(s). This
type of study provides only the baseline data neces-
sary to predict where a species can oceur. Two ad-
ditional components are required to make the study
conclusive and the results predictive. First, Lo verify
the relevance of these habitat correlates to the pres-
ence of the species, the study must document that
the species does not oceur in other randomly
selected areas where these habilat features do not
cxist. Second, the study must test the now a priori
predictions that the species will oceur in habitats
where these features are present and not in areas
where they are not (i.e. the retrospective correla-
tional study now becomes prospective}. This




testing of the model can be done through natural
cxperiments by finding similar habilats that do and
do not have these same key features or through
manipulation and experimentation (see references
in Verner e al. 1986 for resuits of altempts 1o vali-
date maodels). This Tast part of the study, and in
some cases the latter two parts, are often not done,
Therefore, the species-habitat correlation part of
the study is left incomplete. Without the tatter two
parts the study, managers can not make defensi-
ble predictions or conclusions, or have confidence
in management decisions. [ might point out that
management agencies are very good at funding the
first of the scries, bul almost never fund the vali-
dation studies. The lack of validation causes un-
certainly and may ultimately result in loss of
credibility of biologists.

2, Species ranges of tolerance are often
greater than can be measured in one short-
term localized stndy. The historic distribution
records of verlebrate species shows that most spe-
cies al one time had much greater ranges than they
have today. Most species of management concern
have a much wider range of ecological tolerances
than can be described in one isolated subpopula-
tion, We also know that many of thesc species live
in a variety of macro- and microhabitats (consider
for example the variety of habitats in which elk,
Cervus elaphus, marten, Martes americana, Douglas
squirrels, Temiasciurus douglasii, and red-tailed
hawks, Buteo jamaicencis. occur). Thercfore,
species-habitat correlations determined from anly
a few individuals from a subpopulation in a small
part of the species range tells us virtually nothing
ahout the range of tolerance for that species
throughout its distribution. Tn this sense, species-
habital association studies are not species-level
siudies, but rather subpopulation-level studies.
Species obviously survive very well outside the
range of any habitat measurements made in a
specific subpopulation-habitat association study,
Thus, the results may he relevant for the particu-
lar study site examined and not much beyond that
ibut see Noon et al. 1980). The result, therefore.
has little, if any, prediclive power lor the species,
yet is often accepted as factual and conclusive and
applicd to the species in other parts of its range.
This may be an inappropriate application of these
results, especially for spectes with wide distribu-
tions that exhibit ecotypic variation which may or
may not be genetic adaptations to localized
conditions.

3. The results from species-habital associ-
ation studies are often interpreted to mean
that the species does not or cannot exist in
areas where these selected habitat features do
nol exist. In other words, presumably all the
“good” habitat is utilized and (0 increase numbers
of individuals or pepulation size, more of this good
habital should be created. This may not be a valid
assumption for at leasl two reasons. First, many
species now survive in refugia habitat that remains
after humans exploited much of the hahitat previ-
ously occupied by the species. Therefore, a given
species may be existing in marginal and not op-
timal habilal, because optimal habitat no longer
exisls. Second, consider for example the Tdeal Free
Distribution Model of Fretwell and Lucas (1970)
which proposes that animals first settle in “optimal”
habitats and then as thesc territories become ve-
cupied, additional individuals settle in “suboptimal”
or “marginal” areas. The reproductive success of
individuals in suboptimal or marginal areas may
be just as good as those in optimal areas for a va-
riety of reasons. On the other hand, the Ideal Dom-
inance Distribution (Fretwell 1972) and
Source-Sink Models (Wolff 1982, Pulliam and
Danielson 1991} do have survival and fitness con-
sequences for individuals in optimal, suboplimal,
and marginal habitats. Some measure of fitness is
thus necessary to conelude something about habi-
tat cuality (see also number 10 below). Similarly,
species-habilat association measurements focus on
a very short-term time frame, often less than one
year, and do not consider multi-annual, or in some
cases even seasonal variation in habitat use, or
lifespan of the species (voles, Microtus, versus
elephants, Lovodonta, versus migratory caribou,
Rangifer tarandus).

A related assumption often made in species-
habitat association studies is that the population
is at carrying capacity, in “optimal” habitat, and
is relatively constant in time and space. This as-
sumption too is often invalid and probably never
tested. For instance, habital and{or) nest-site selec-
tion may vary temporally and spatially especially
for predators that feed on fluctuating prev such as
lemmings, Lemmus lemumus, or snowshoe hares, fe-
pus americanus, or for nesting birds in the pres-
ence or absence of predators. A perfect or even
“optimal” habitat probably does not exist for any
species, but rather most species are flexible in their
requirements and adjust to variable ecological con-
ditions. Habilat asseciation studies sheuld focus
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more on the limitalions for a given species than
on studying populations where they do “hest.”
Limitations as well as “best” must be defined in
terms of survival and reproduclive success.

4., A problem exists with independence of
observations and lack of replication. Although
some studies have used replicate plots that are in-
dependent of each other, most studies use in-
dividuals rather than plots as replicates. In the case
of social animals such as deer. Odocoilens sp., and
clk, the movements and habitat use of one in-
dividual are not independent of those of another
individual in Lhe same social unit, such as a mated
pair, mother and offspring, or members of the same
harem. In territorial species, the position of each
territory is influenced by the boundary of an adja-
cent individual (i.e. no two individuals can occupy
the “preferred” space). In mammals, the space
used by males may be more dependent on the
spacing of lemales than any specific habital fea-
ture. For large herbivares such as decr, elk. and
caribou. males associate with females only during
a short breeding scason, whereas during the non-
breeding scason, the sexes are segregated, often
in very distinet habitats. In small mammals with
long breeding seasans, males select habitat based
on the proximity of estrus females. In birds, males
establish territorics and females choose males
based on their territory. Therefore, habitat selec-
tion or preferences of males and females that have
contiguous or overlapping home ranges are not in-
dependent of each other and can not be used as
independent observations for statistical purposes.
Similarly, for species that exhibit seasonal segre-
gation of the sexcs, each sex, habitat, and season
must be considered separately. This is rarely done,

5. What does “habitat preference” really
mean to the individual animal. Just because an
individual spends more time in one habitat than
expected, based on the habitat’s frequency of oc-
currence (= preference), savs nothing about how
critical that habitat is for survival and reproduc-
lion. For instance, marten spend 95% of their time
in forest habitat, but a very eritical 5% of their time
hunting voles in adjacent grassland habital
(Spencer 1981; Zielinski 1981). Likewise, many
owls require large trees for nesting and adjacent
open fields for foraging. Therefore, habitat require-
ments may include a mosaic of habitat types and
the juxtaposition of habilat patches to one another
is what is important, not the time spent in each hab-
itat type. Similarly, deer and elk often seek shel-
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ter in forests and forage in cdge or open areas.
The time spent in each habilat is irrelevant 1o the
importance of each. Habitat “preference” for snow-
shoe hares is determined by predator pressure, not
optimal feod conditions; distribution of moose,
Alces alces, may be limited by interspecific inter-
actions with white-tailed deer, Odocoileus virginia-
nus; and habitat use by red-winged blackbirds,
Agelaius phoeniceus, varics depending on the pres-
ence or absence of yellow-headed blackbirds, Xan-
thocephalus xanthocephalus. Habitat preference is
often used as a mathematical and not a biological
measure of importance or preference (Porter and

Church 1987).

6. Species habital association studies do
not take advantage of the scientific method
for conducting research. The scientific method
has six parts: (1) make an ohservation (or
documentation from the literature), (2) list all
reasonable allernative hypotheses that could ex-
plain this observation, (3) design an experiment
(observational or manipulative) that allows for re-
jection of cach hypothesis independently, (4) con-
duct the experiment {or gather the data), (5)
analyze data, and (6) draw conclusions. The
species-hahitat association studies do not test hy-
potheses. More importantly they are not designed
1o reject alternative hypotheses. Species-habitat as-
sociation studies use a reductionist approach to
laok for positive carrelations with one or a few hab-
itat features and do not address alternative expla-
nations for the observation. Research projects that
have @ priori hypothescs that are rejectable with
the data gathered in the study make a greater con-
tributicn to science than do corrclational studies
that do not provide a basis to reject alternatives.

7. Species-habitat association studies ask
the wrong question. These studies are descrip-
tive and address the “what,” or proximate mechan-
isms cuestions rather than “why” or ultimate causcs
questions (Gavin 1991}, The question should be
not only “what,” but “why” certain factors deter-
mine the distribution of a given species (or more
importantly, determine survival and reproductive
success). The requirements for life for any species
include physiological adaptations to the abiotic ¢n-
vironment. ccological adaptations to the biotic en-
vironment, and behavioral adaplations to the social
environment. Therefore the questions are, (1) is
the species physiologically adapted for a given hab-
ilat (environment), (2) can it find enough food on
which 1o live, (3) can it survive (avoid predators




and competitors), and (4) can it find a mate and
nest sitc and breed successfully? Once these ques-
tions are answered, the conclusions have direct ap-
plication 10 management or any other scientific
objective. The correlation of a few individuals in
a subpopulation in a small portion of the species”
total range 1o a fow habitat structural leatures might
prove quite insignificant and irrelevant once these
lour questions are answered.

8. Correlational studies cannot demon-
strate cause and effect. In the case of habital
features, these measurements supposedly indirectly
measure predator avoidance and access to food
and shelter, though this is rarely demonstrated (but
sec references in Verner et al. 1986). A real dan-
ger exists in making use of indirect measures where
results can often he misleading, For instance, take
an analegous situatien. 1f 1 were to place radio-
transmitters on 30 biologists and follow them
around for three months, T might conclude that
their use of habitats includes 30% time in brick
buildings, 30% in wooden buildings, 20% out-
doors, 1% in motor vehicles, and 10% other. This
tclis me nothing at all about where the biologists
find food (access to resources), aveid predators or
compelilors (scek shelter), or seek mates and rear
offspring (maximize their fitness). If the grocery
store moved [rom a brick te a steel building or a
biologist transferred from an indeor administrative
position te an outdoor field laboratory, the results
would be invalidated. Whereas, if mv objectives
were 1o predict that the 30 biologists will vecur
where they have access o resourees (food und shel-
ter = employment) and mates, T would have di-
rect measurements of individual needs and results
that were predictive. If T could measure reproduc-
tive success of cach individual and correlate it with
the habitat variables measured, T would have the
ultimate measure of the importance of the differ-
ent variables. If I wanted to ask where a species
could live, I would be better off measuring a lood
source, shelter, and presence of predators or com-
petitors, than 1 would measuring diameters of trees
or percent ground cover of moss or logs. These
latter measurements arc only valuable if I have
slatistical confidence in how they relate to the
former factors through time and space.

9. Habitat-association studies focus on a
species’ ecological surroundings and do nol
consider lhe evolutionary or behavioral
aspects of why animals do what they do (Gavin
1991). A sound theoretical base is available for

asking questions based on the functional sig-
nificance of space use. For instance, theories on
aggression and territorial defense, mate selection,
parental strategies, and optimal foraging behavior
predict that home range size, shape, and defense
should shift seasonally with respect to availability
of different lood resources. access to mates, pro-
tection of young from infanticide, and vulnerabil-
ity to predators (Krebs and Davies 1993).
Questions asked in species-habitat association
studies are aboul the species, whereas selection
for these traits acts on individuals and not species
or even subpopulations. Also, an application of
evolutionarily stable strategy theory {Maynard
Smith 1982} 1o habilat or nest site selection would
jHlace the results within the framework of natural
sclection.

10. Wildlife habitat-association studies do
not measure litness. Darwin's theory of cvolu-
tion by natural selection is the central and unify-
ing paradigm for all the life scienees. The only true
measure that is relevant in any ecological study on
a species is [itness, one that is overlooked in
habitat-association studies. Although this measure-
ment is difficull to get, it is not impossible and
should be altempted whenever possible, Whether
a specics exists in old growth lorests, pole size-class
timber, north- or south-facing slopes, or conifer-
ous or deciduous forests, if individuals arc surviv-
ing and reproducing at the same rate as in
“preferred” habitat, then any habitat-association
measure is superfluous. Species are often much
more resilient and adaptable than ean be inter-
preted from a few habilal measurements. I do not
doubt that most, il not all, species could expand
their range and use more of existing habitats if they
were nol disturbed or preved upon by humans.
Therefore, some measure of human activity or dis-
turbance is probably much more meaningful than
i some measure of habilal variables,

I strongly encourage verlebratc biologists to
consider “what is the question” hefore they em-
bark on a dctailed methodology that has limited
application to the endpoint desired. Researchers
must define the goal of a specics-habitat associa-
tion study. Is it 10 predict oeceurrence? 1o choose
“best” habitats for preservalion or management?
to provide baseline dala 10 manipulate or create
wildlife habital? to describe patterns or explain
processes? or what? A good clear objective, set of
testable hypotheses, and appropriate methodology
will lend predictability and applicability to the
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results, In that the future of many wild populations
is in jeopardy, precise and conclusive research on
wildlife habitat is essential for continued preser-
vation of threatened species and ecosyslems. Per-
haps measures of the functional relationship of
biotic, abiotic, and social environments will pro-
vide a sound basis for aceomplishing these goals.
I hope this comment will be seen in light of con-
tributing to this goal.
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