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On the Limitations of Species-Habitat Association Studies

A trend in rrildliie ecology over Lhc last 25 vears
has been to studv charar:ter-istics of a spccics hab-
itat. primarily vertebrate species of management
concern" and thcn inler somethinpl about habitat
pre.ferertces or s u itttbilitl' ibr that pn icular species
(e.g. \rerner er a1. 1986). The approach includes
identi iying u rciat ively high densit,v populat ion of
a givcn species. or in sorne cases clocumenLing lhc
horne rangcs of rcpresentative individuals flom that
population, and then conclating habitat use or dailv
activitv patterns uith a ser-ics of habitat mcasure-
mcnts such as plant species rtmposition. vcgeta-
t ion juxtaposit ion. topographv. and so lcrrth.
Plcsumablv. this correlation tells somelhing aboLrl
habilat prcfcrcnccs or suitabilit_"- lbr the species.
In rnanv cases, lhc shldv stops here and is pub-
lished simpl,v with correlational rcsults. frlorc ap-
propriatci l .  thc correlat ional lesults are used in
l ildliie-h ab itat association or hlbitat suitabilit,\' in-
dex (HSI) models (Fish and Wildlife Serrice I9B1;
\rerner el nl.  1986). Thesc modcls have their ap
pJication i f tested propcrlv. but tbcy too have their
pit fal ls and shortcomings (e.g. Lavmon and Bar-
rctt  1986: and other rel;rences in Verner e, .r l .
1986). Herein. I  summarizc rvhat I  sce as some
pr-oblems associated r,rith the use o l wildliic-habitat
associat ion studies as endpoints in themselres. I
am not thc fiIst to point these oul ancl I refer the
reader to Ruggicro et a1. ( l9BB) and man;- of the
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rel;rences in Verner et ol.  (1986) and Slor son
et al. (1992\ f<tr itrther discussion. My argLrments
urc tll a general nature and I avoid citing spccfic
studies to make a point. ]-y intcntion is not to de-
nounce all habitat-association studies. but rather
to caution investigators and managcrs of their pit
falls and limitations. ln doing so. I emphasize the
importance ol under-standing bchavioral as well as
ecological fdctors that determine a specics
clistribution.

l. The wildlife-habitat correlational ap-
proach does not provide an endpoint in iteelf.
Wildl i fe habitat associat ion studies are conducted
lvhere a species is known to occur; thcrcfore, some
positile corrclations are Jikely to be derived for that
species and some partir:ular habitat fcature(s). 1'his
type oI study provides only thc baseline data neces-
sa|1 to prcdict r.here a species can or:cur. Trvo atl-
ditional componenls are lequirecl to makc the study
conclusir.c and the results predictive. First, to vcrify
the relevance of thesc habitat correllrtes to the prcs-
encc ofthe species. the study musl document that
the species clocs not occur in other randomly
selected arcas rlhcrc these habitat features do not
,  r i s t .  Secon , l .  l hc  - l ud \  mu . t  t c - t  l h r  n , , \ 1  d  / nun
predictions that the species will occur in habitats
uh - r '  t hese  i  r l u r . { . r f c  p re -en l  and  no l  i n  a rFJ -
where they are not (i.e. the retrospccti\.e correla-
l ional stuclv no$ becomes prospectivc). This



test ing of the modcl can be donc through natural
cxperiments bv linding similar habitats that do and
do not have these stme kev fcatures or.through
manipulation and experimentntion (see rclerences
in \ erner- et oL 1986 frrr results o[ attcmpts ro vali
date rnodcls). This last part of thc studv, ancl in
some cases thc latter t1lo parts, are oftcn not donc.
' Ihereforc, 

the sJrecicsJrabitat correlat ion part of
the studv is left irrr:omplete. Without the laller t\ro
parls the study, managers can not rnakc delensi-
blc predict ions or conclusions. or havc confidcncc
in managcment decisions. I  might point out that
managcmeDt agencies are very good at [unding the
l lrst of the scries, but almost ne,,er fund the val i-
dation studies. Thc lack oI val idatiorr causes un-
certairrtr imd may ultimatelv rcsult in loss of
credibi l i tv of biologisls.

2. Species ranges of tolerance are often
greater than can be measured in one short-
term local ized srudy. 

' l 'he 
historic distr. ibution

recnrds ofvertrbrate species shot's thar mosr spe-
cies at onc time had much greater ranges than they
havc today. Most species of managemcnt concern
have a rnuch lider rtnge of ecological tolerances
than can be described in onc isolated subpopula-
t ion. [ 'e also lcrot that manv o[ Lhesc species Jivc
in a larietv of macro- and microhabitats (consider
for cxample thc varietv of habitats in r.hich elk,
CerL:us eLaphus. marlen. M arte-s ameicano, l) ortgla;s
squirrels. Iomiasciztus tlouglasii, and red-tailcd
hawks. Bzteo jam.aicencis. occur). Therclbre,
species-habitat correlat ions determincd from onlv
r  l e r '  i nd i r i J r r . r l -  f r ' ,m  r . uh f , , l , u l . r t i on  i l  a  -mr i l
part ol the species lange tells us virtually nothing
about the rangc of tolerance for that species
l h r o u F l r u r r t  i r - , l i s t r i b u t i o r ' .  I n  r h i - . e r r s . -  - p e c i e - -
habitat association studies are not species-lcvel
studies. but rathcr subpopulat ionlevel studies.
Species obviouslv surlive verv rvcll outside the
range ol anv habitat measuremcnts madc in a
specif i  c subpopulat ion-habitat associat ion studv.
T l r r r - .  t he  r c - r r l t -  ma r  l u . r e l e , , a r r t  t o r  t l ' e  pa r r i ,  i r -
lar study site examined and not much bcvond thar
rb r l  . e .  \ uun  c t  n l .  l gBO) .  Th ,  r es r r l r .  r h ,  r c tu l e .
has little, if anv, predicLivc power for the species,
_let is olten accepted as factual and condusivc and
applied to the spccies in othcr parLs of i ts range.
This ma_v be an inappropr;ate application oI rhesc
rcsulls. espcciallr, for species with wide distribu,
tions that exhibit ccotypic variation rvhich mav or
mr r  r r t  Le  ge r re t i r  r da l r t c t i un -  t n  l L r , . r l i zed
condit ions.

3. The results froln species-habitat associ-
ation studies are often interpreted to mean
that the species does not or cannot exist in
areag where thcse selected habitat features do
not exist.  In other tords, presumably al l  thc
"good" habitat is ut i l ized and to increase numbers
oi individuals or population size. more of this good
habitaL should be crcatcd. This may not be a valid
assumption for at least tr{o reasons. First, manv
sper:ies now survive in refugia habitat that rcmairrs
after hurnans crploited much of the habitat previ-
ously occupied by the species. Thcrelbre. a gir.en
species may be eristing irr rnarginal and not op-
Limal habitat. because optimal habitat no longcr
exists. Sccond, consider Ior erample the Tdcal Free
Distr ibution Model of Fretnel l  and Lucas (1970)
which proposes that animals first settle in "optimal"

habitats and thcn as thesc territorics become oc-
cupied, additional individuaLs settle in "srrh4rtimal"

or "margina.l" 
areas. ' l 'he reproductive success oI

individuals in suboptimal or marginal areas md_v
he j r - l  J "  gond  1 -  1 [6 .e  i n  gp t ima l  a r - : r s  l u l  a  r r -
riety of rcasons. On thc other hand, the Icleal Dom-
inance  D i s t r i bu t i on  (F re t r ve l l  ) 972 )  and
Source-Sink Xlodcls (S ollf 1982, Pulliam and
Danielson 1991) do have sunival and f i tncss con-
scquences for individuals in optimal. suboptimal.
and marginal habira|s. Some measure of fitness is
thos nccessary to conclude something about habi-
tnt qual;ty (see also number 10 below). Similarlv.
spccies-habiht association mensuremcnts focus on
a verv short-term timc frnme, often less than one
year, and do not consider multi-anmral. or in some
r ' Jsc \  e \Fn  se r .ona l  r r r i r t i on  i n  h rh i t a t  , r s , .  u r
Jifespan of the species (voles. Microtzs, r.ersus
clephants. Loxodonta. venus migratorv caribouJ
Rangifer taranclusl.

A rclated assumption often made rr specres-
habitat associat ion studics is thar thc populat ion
is at carrying capac;ty, in "optimal" habitat, and
is relativelv constant in time and space. This as-
sumption too is often invalid and probablv nevcr
le"t.d. For in-t.rn,,  .  hahirat anrJlorl  rc- l* i lc -cle, -
tion mav vary temporall,v and spatially especiallv
for predators that feed on {luctuating prcv such as
lemmings, Zemmus lemmu.s. or snowshoe nrLrcs, re
pus umeicartus, or for nesting birds in the pres-
encc or absence ol predators. A pertect or evcn
"optimal" habitat probablv does not erisl for anv
-1rel ies. but rcrh-r mo.t .p.,  i r .  re f ler iLle irr rh-ir
requirements and adjust to variable ecological con-
dit ions. Habitat associat ion studies should locus
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rnore on thc limitations for a given species than

on stuclving populat ions u'here they do "bcst."

l , imitat ions as well  as "bcst" must bc clel lned in

terms of sunival and reProdLl(1ive success.

4. A problem exists l'ith independence of

obsen'ations and lack of replication. Although

some sludies hrlle used rcplicate plots thal are in-

dependcnt ol each other. most sludies use in-

divicluals rather than plots as rcplicates. In lhe r:a-se

of social animals such as deer. Odocoileu.s sp , and

clk. the movcments and habitat use of one in-

diviclual are not independcnl of those of another'

individual in rhe same social unit. such as r mated

pair. mother and offspring. or members of the samc

harem. ln terr i tor ial species. thc posit ion of cach

terrilorv is influcnced by thc boundary o{ an adja-

cent indjr.idual (i.e. no trro indivjcluals can occrtp,v

the "preferrcrJ" space). In marnmds. the spacc

used by males mav be moIc dependent on the

spacing of lemales than anv spccific habitat fea-

turc. For largc herbivores such as decr. elk. and

oaribou. males associatt rith lemales onl,v during

a short breeding scason. n'hclcas durill€t the non-

br-eeding scason. the scxes are scgregated. oftcn

in r.ery distinct habitats. In small mamrnals \r'ith

long brccding seasons, males sclect habitat based

on the proximit.,- of estrus fern:rles. [n birds. males

establish territories and fcmalcs choose males

lrased on thcir territory. Therelbrc, habitat sclec-

tion or prclerences of males ancl fernales that have

contiguous or overlapping home rangts are not ln-

dependent oI each other and can not bc used as

independent obserr.at ions for stat;sl ical purposcs.

Similarly, for species that exhibit  seasonal segrc-

gation of the sexcs. each sex. habitat.  and season

must be considered separately 
'l'his 

is rarely clonc.

5. Srhat does o'habital preferenee" really

mean to the individual aninal' Just becausc an

individual spends more t imc in one habitat than

expccted, based on the habitrt's lrequenc-v ol oc-

currence (: prelerence). says noth;ng about ho$

critical that habitat is ibr sur,rival and reproduc-

tion. l'ol instance, mancn spend 959'6 o1 their tine

in forcst habitat. but a very critical 50/o ofthcir time

hLrnting r.oles in adjacent grassland habitat

r 5 p ,  n , . r  l o B l :  Z i . l i n - k i  l q R l ) .  L i k e u i s , .  m a n r

o\'!ls requ;rc large trccs for nesting and adjactnt

open Iields for loraging. Therefore, habitat recluirc-

mcnts may include a mosaic of habitat t,vpes and

the juxtaposition of hdbitat patchcs to one another

is rvhat is important, not the time spent irl each hab-

itat type. Sirni lar l l .  decr and elk oltcn seek shel-

ter in forests and forage in cdge or 'open areas.

The l ime spcnl in each habitat is i l relcvanl to the

importanee ol each. Habitat "prcference" Ibr snow-

shoe hares is determined bv predator-pressurc. not

oJrLimal footi (:onditions; distribution of moose.

Alces aLces. mt,v be limited bt interspccific inter-

ar-r ion- r ' i th shi le-tJi l ,  J , leer. r lduui lpu' uirgini, , t '

nr ; and habitat use bv rcd-\!;nged blackbirds.

AgeLaius phoeniceus. !.uics dependinli on the pres-

encc or absence ofyellorv-headcd blackbirds. .Xon-

thocephoLus xa nthocep&alus. Habitat preferencc is

olten used as a mathemat;cal and not a biological

medsure of importance or prcference (Porter and

Church  1987 ) .

6. Species habital association studies do

not take advantage of the scientiffc method

for conducting research. The scientific method

has six parls: (li make an obsen'ation (or

documentation fiom the literatur(r. (.2) Est alL

rcasonable alternative hypotheses thal could ex-

plain this obsen'at ion. ( i3) design an experimcnt
(observational or manipulative) that allows for re-
ject ion ofeach hvpothcsis independentlv, (4) con-

duct the expcrimemt (or gather the data), (5)

analvzc data. and (6) drat' conclusions. The

species-habitat association studies do not test hy-

pothcses. Morc importantly they are not desi8ned

to reject altrrnative hvpotheses. Species-habitat as-

sociation studies use a rcductionist approach to

look fbr positive correlations rvith onc or a ferv hab-

itat fcalures and do not addrcss alternative expla-

nations for-the obser-vation. Rese ch projects that

hare a pioi hypothescs thal are rcjectable ilith

the data gatheled in lhe studv maLe a greatcr con-

rfibution to science than do corrclational studics

that do not provide a basis to reject altcrnatives.

7. Species-habitat asBociation studies ask

the $'rong question. Thcse studies are descrip_

tive ancl address thc "lhat." or proximate mechan-

isrn- quesl i i ,ns ralhcr lhan uhv" or ul l imate r"ru.,  s

qucstions (Gavin t99l).  Thc question should be

not onl,v '!hat." but "why" ccrtain factors deter-

mine the distribution of a given specics (or more

importantly, determine sun'ival and reproduct;ve

success). The rcquirements for tile for nnY species

include physiological adaptations to the abiotic cn-

vironment. ccological ndaptations to the biolic en-

\.ilonment, and behavioral ndapLalions to thc social

eDvironmcnt. Thcre{ore the questions are, ( l)  is

the species physiologically adapted for a given hab-

itat (environment). (2) can i t  f ind enough food on

which to live. (3) can it sun'ive (avoid predators
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and competitors), and (4) can it find a mate and
nesl si tc and breed successful ly? Oncc thcsc que-r-
tions are ansrvered, the conclusions har.e direct ap-
pl ical ion to managcment or anv olher sc;enl i f ic
objectivc. The correlation of a few indir.iduals in
a subpopulation in a small portion of the species"
total range to d fc$ habitat structural leaLurcs might
prove quite insignif icant i tnd inelevant once these
lour qucsl ions are anslrered.

8. Correlational studies cannot demon-
slrate cause and effect, ln the case of habitaL
fealures, thesc mcasurements supposecllv indircctly
mcasurc predator avoidance and acccss to lbod
and shelter. thoogh this is ralelv demonstrated (trut
sec rclclences in Verner el ol.  1986). A real dan-
ger exists in rraking use of indirect measLrres l,".hcrc
rcsults can olien be misleading. For instance, take
an analogoLrs situation. lf I l,".ere to place radio-
transmil lcrs on 30 bioiogists and fol lor l  them
around for three months, I  might conclude that
their use of habitats include-q 300/o t ime in brick
bui ldings, 300[ in uooden bui ldings. 200/o out-
doors, l0o/o in motor vehicles. and l00i othcr. This
tclls me nothing at all aborrt t'hcrc the biologists
iind foo.l (aocess to lcsources). :rvoid predators or
conpeli tors (scck shelter).  or seek rnates and rcar
offspring (marimize their fitncss). lf the grocerv
store moled lrom a brick to a steel bui lding or a
L i , , l uy i s t  t r r n " l e l r ed  l r om a r r  i n , l , ' u r . r , lm in i - t r . r t  i r e
position to an outcloor lield laboratorv. thc rcsults
loulcl be invalidated. S'hereas. if mv objectives
'were 1{) prcdid that the 30 biologists wil l  occur
rvherc thr-'v havc access to resources (food and shel
tcr = employment) and malcs, T would hale di-
rect measLlrements of indir.idual needs ancl results
thal lvcrc predictive. If I could rneasurc reproduc-
tive success oI cach indir.idual and corr'elatc it vith
thc hubitat variables measured. I  would have the
ullirnate rneasurc of ihe importance of thc cliffcr-
. n t  r . r r i r b l c - .  l l  I  r . a r r t - , 1  l , '  ask  shc re  r  1 ' ec ie -
could Eye.I worrlcl bc bdtcr oiT measuring a lood
source, sheltrr.  and presence ofpredetors or com-
pcti tors, than I tould rneasrrr ing diameters ol trees
or percenl ground cover ol moss or logs. Thcsc
latter measuremenls arc onlt valuable il I hare
sLatistical confidence in horr Lher. rclatc to the
lbrmcr Iirctors throLrgh timc and space.

9, Habitat-associalion studies focus on a
species' ecological surroundings and do nol
consider the evolutionary or behar-ioral
aspects of *'hy animals rftr rlhat they do (Gavin
l99l).  A sound theoretical basc is ar.ai lable for

asking questions based on thc functional sig-
nif icancc o[ spacc use. For instancre. lhcories on
aggrcssion and territorial defcnsc. mnte seledion.
parental strategics, and optimal foraging behar.ior
pledict that home range size, shape, and dcfense
should shili seasonallv with rcspcct to ar.ail$ilitr
o l  d i l l ; r . r r t  l , , nJ  r ,  . ou rce - .  dc . c - :  r , '  r n i r l Fs .  p ru -
tcct ion ol voung from in[anticiclc. and vulnerabi l-
i t1 to prcdators (Krebs and Dalics 1993).

Qr " - t i on .  . r - ke , l  i r r  - p - , i , . - h rh i t r t  a - . , . i a t i nn
studies are aboul thc species. u'hereas srlcction
for lhcsc traits acts on individuals ancl not species
or cven subpopulat ions. Also. an npplication of
evolutionarily stablc stlate€s theor_,- (Maynartl

Smith 1982.) to habiLat or ncst sitc selection $'ould
place Lhc rcsults t'ithin the lrarnework of natural
sclection.

10. Wildlife habitat-as8ociation studie8 do
not Ineasure litness, Darwin's theorv of cvohr-
tion bv nalural selection is the centfdl and unify-
ing paradigrn for all thc life sciences. The onlv lruc
measurc that i,. relevant in anv ecological studv on
a species is fitncss, one that is overlcxrkcd in
h r l ' i t r t - r - - oc i . r t i on  - l r r d i e . .  A l t hL ,ugh  t h i .  me r - r r r e -
ment is diflicult tr) gct, it is not impossible ancl
should be attemptcd r,".henever possible. s.hcthcr
a spccics cxists in old growth fcrrests. pole size-class
timber, north- or south-facing slopes, or crnifcr-
o r r -  , , r  J ,  ,  i d ' r uu -  [ o re . t - .  i f  i nd i r  i , l r r r l -  . r ,  . r r r r  i r -
i np  r r l l  r . 1 ' r , , J r r ,  i ng  r l  l l r e  - cm-  ro te  us  i n
-1 ' 1 ,  f " 11 , . 1  

'  
hcb i t a t .  t he r '  an r  h . r l ' i t . r t - . r - - oc ia t i on

measure is superf luous. Species are often much
more resi l ient ancl adaptable than can bc inter,
prctcd from a lerv habiLat mcasurcments. I  do not
cloubt that most. i[ not iill. species could expanrJ
their rangc and use more ofexisting habitats ifthev
were nol disLurbcd or preved upon b;_ humans.
Thcrcfore. some measure olhuman actir . i tv or dis-
turbance is probably much more rneaningful than
i -  s , rm ,  mc : r -u re  o i  hah i t a t  r a r i r l l es

I slronglv encourage lerLebratc biologists to
consider' \ 'hat is the qucstion" befbre they em-
bark on a dctailed methodologl that has limited
appJication to the endpoint desirecl. Researchrrs
rn . r - t  ' l ,  f i ne  t he  goa l  n l  a  sp . ,  i ,  - - h r l ' i t . r t  , r - . oc i a -
t ion stud,y. Is iL to prcdict occurrence? to choosc
"best" habitats lbr preserlat ion or managemenl?
to provide btrseline data Lo manipulate or creale
t'ildlile habitaLT to rlcscribc patterns of e\plain
processes? or n'hat? A good r: lear objcct ivc. set of
tcstable hypotheses. ancl appropriate methodololry
wil l  lcnd predictabi l i ty and applicabi l i ty to the
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rcsults. ln thrt the future ol manv $'ilrl popLrlations
is in jeopardv, pr-ecise and conclusivc rcsearch orl
rtilcllifc habitat is essential lbr continued preser-
lat ion ofthreatened species and ecosvstems. Per-
haps measur-es of the functional rclat ionship of
biotic, abiotic, and social environments 1,i11 pro-
vide a sound basis for accomplishing thcsc gol ls.
I hopc this comment will be seen in light of con-
tr ibuting to this goal.
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