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Kc;xvoId,,:  a \ Jan  cotl l l l l t l l l i l \  Ml-tlCltliC, d ixct , , i t \ ,  habi ta t  SIFllCItlIC, ICSOtlICC plai lni l lg modcl ,  spal ial  

pa t te rns ,  \ \ i ld l i fc  habi ta l  

Al)slracl 

J'~ s imple regional  habi ta t  model  l+oundcd on the rclat ion bct~\ con \ c|-tical habi ta t  complcxit_x and ,,pccics rich- 

ncss has been used to descr ibe  \~ildlifc habi ta t  in response  to m a c r o \ t a l c  pa t te rns  in land m,c and land co\  or. 

\ \h i l t  thc model  has a basis in ecologica l  t hco r ) ,  it has not been sub]coted to l-igoiotls to\ l ing.  \Vc c \ a l u a t c d  

thc m odc l ' s  lt, ndamcn ta l  a s sumpt ion  on landscapes  in thc ca \ t e rn  Iorcs tcd region oI  the United Stalcs and 

Iot lnd the tl lodcl tO bc s u p p o r t e d  \; hen \ \c  used ;.t 111cLlStll-C ol" ax ian  conllnunit~ integri ty dur ing thc blccdin~ 

season.  I h c  model  \ \as  i m p r o \ c d  b.\ i nco rpo ra t i ng  nlca,,urcs o l  ] lOl i /onla l  hctcrogcnci l . \ ,  indica t ing  thal the 

\ ci-Iical aild hor i zon ta l  >,tructurc o I  habita/~, should  bc coI> idcrcd  ilt ana l \  zing l i l t  lCSpoiisc of  \~. i ldl i lc  to ILtild 

resource  policies thai can ;_lI[cct b road  lai/d t|sc p:.tllcFtts. 

I .  l n l rodue l ion  

(_;I'O\ ~'. ins intcnsit , ,  o1 land usc, increasing publ ic  in- 

terest in b io logica l  consc rxa t ion ,  and  legislated rc- 

q L l J I e m C l l t s  l 'Of r c sOt l ICC illlpLiCl a s s c s s l l l C l l l s  d e -  

m a n d  the use o i  a n a h t i c a l  tools  Ior c \ a l u a t i n g  

\~ildlil'c response  to land mai la~cmcnt ,  l . a~s  in lhc 

United States  spcc i ly  that land m a n a g i n g  act i \  itics 

in\ o1\ ins Icdcral  agencies must aCCOLII/I I'01 illlpi_tCls 

tO species.  Nluch of  the c inphas is  in d c \ c l o p i n ~  

\ \ i ld l i fc  resource  p lann ing  models  has bccn on sin- 

Sic species. H o \ \ c \  or, the nt, mbcr  o1 \vildli lc species 
the.it cLii/ OCCLIF \~ithin a rc.~ion cast>, doubt  Oll 

whcthcr  mode l ing  thc gtutccological r cqu i rcmcnts  

of  each inhab i t an t  is Icasiblc (Emlcn and Piki tch  

1989). Bccausc it is un l ikc l \  that rcsottrcc manage-  

ment objec t ives  d i rec ted  at nlaJntaJnJng biological  

d ixc r s i t \  can bc met s o l c h  th rough  thc a n a h s i s  o1 

singlc- ' ,pccics rcsl+U,m:,,c models ,  habha t  c \ a l u a t i o n  

technique,,  that ~.tddrc,,,, v.,ildliIc c,,mln+tunhic , ,nccd  

to bc d e \ e l o p e d .  

Extens ion ol + \, .ildlitc rcsotncc  plannin+ a l la l \ scx  

to addrcs>, ,,pccics a>,cmblagcs  ha~ been a c c o m p a  

nicd b \  a need to Cxl;and their geograph ic  :-,cope. 

R e g i O l l a l  a n d  n a t i O l l a I  IC',OLII+CC a'~,C~,~,111C11[ ~, hL l \ c  

b c c o l l l C  a C O l l ~ , i d c i a l i o l l  d ~, polio> ;_tllal\ SIS ;.Ind c c o l -  

ogi,,ts recognize the nccd to b roaden  the spat ial  and 

t C I l l p O r a l  '~cLilcs Of  naIl . l l -al  l C S o t l l c c  c \ a h l a l i o i / s  

(Nlaurcr  1985; Noon (,1 u/. 19S5; Helle 1986; Hunte r  

1987; Knight 1987; Ricklcls 19,';7; TIlI-I1CI- 1987; 

S~\anson and Sparks  199(}). \Vhilc the call for a 

b roa de r  geograph ic  pcr~,pcctixc in c n \ i r o n m c n l a l  

;..IS>,CS, Y, IllCIltS (Klopatck  el u/. 19S3) and resource 

p lanning  (Klopa lck  ('1 ul. 1979; Sander son  el ul. 

1979) J,, not no \ e l ,  the de\  c lopnlcnt  of  m a c r o \ t a l c  

\~ildlilc p lanning  models  has bccn l imited b \  the 

* ][I O./op~.'rLili<+HI \~+ilh ( olc, rado ~ILIIL' I lllx.r 
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axailabilitv of data to analyze large-scale rcsource 

policy questions (Hirsch el al. 1979; Flathcr and 

Hoekstra 1989). 

Gixen that communi t \ - Ic \c l  and macroscalc 

~ i lcl l i lc resource plannii l  7 models arc uncommon in 

and of then>elves, their intersection is excn loss 

prevalent. Many community-level models ha'>c 
bccn de~eloped to analyze specific plant communi- 

ties that b\  def ini t ion examine cotnnl un i t ;  stt-ucturc 

\~ithin a gi;cri locale (Schroeder 1987}. ( ) f  those 

macroscalc ~vildlifc planning models thai ha\c been 

developed, most ha',c focused solcl\ on distr ibut ion 
or abtilldancc patterils o1 a single species ( I .eni la f t /  

and Xlc('lurc 1979; Sheffield 1981; Klopatek alld 

Kitchings 1985; Flathcr 1988; \Valkcr 199{}). ('Olll- 

t l l t ln i t \  or dixersity properties at the scale of all ell- 

tire landscape comprised of a mosaic of  land types 
ha\e ilot been the foe\is of much in',cstigation 

(lstock and Schcincr 1997). 

..\n exception to tile abo\c obser\ations is a 

habitat structure model or ig inal ly proposed b;  

Short (1982; 19<R<R)thai associates xvildli lc species 
richness \vith the ~crtical complexity of habitat',. 

An ctdapicd form of the model (F, irecter et a]. 1983) 

,acts applicd in a planning analysis of larid use im- 

pacts oil \~ i ld l i fe for a national appraisal of  natural 

resources, as mandated b \ t h c  Reset, tees ('onscr~. a - 
tion Act {1977: Public La\~ 95-192) (USI)A 1999a, 

1989b). \%'hile tile ecological basis and tile potentic/l 

merits of tile model ha\c boon describcd {Short 

1988), tile model has not  been subjected to strict 

tests. Consequently, rise of this model in resource 
planning has been l imited b'> insufficient intorma- 

\ion on model performance and unquantif ied con- 

fidence in model-based c\aluations of policy alter- 

natives. 

In this paper we state the furidatllental assutnp- 
\ion of the habitat structure inodcl as a lcscarch 

hypothesis to be tested with both land base and 

\vildlife data that are consistent \vhh the scale of na- 

tional policy questions. The rcsuhs, in light of de- 

veloping principles of landscape ecology, ptoxidc 
an indication of n-iodel rel iabi l i ty and form :+1 basis 

for recomnlending modif ications to refine its use in 

the dccision-nlaking process. 

2. Melhods  

2. I. The  /zal}ilaz ,'~[/ll{'[tlre #H()(Ie/ dH(/ l/PC 

./Tmdanzenlal avstUtZlTtio#z 

The relationship hetween ~egetation structure and 

animal community organization has received cxten- 

si,,,.." empirical eXatllination. It has been reasoned 

that more complex habitats offer a greater Iltlltlber 

ol + potential niches and therefore should support a 
greater \ar ietv of  species (MacAr thur  et a/. 1962). 

A comt]lOl] obscr,.ation is a positive relation bc- 

tv, ecn '+ertical habitat complexity ( i .e . ,  tile nunlber 

OI strata ~ i th in  a habitat) and species diversity 

(MacArthur  and MacAr thur  196l; Recher 1969; 
Karr and Rolh 19"71 ; !\tlTtlSt 19<R3). Ho'a,e,,er, ,,crti- 

cal habitat complexity has nOl bceil fot l l ld to boa 

general explanation for ~arial ion in aninlal specie<, 

richness. Horizontal  patchiness (Roth 1976; \\+ions 

el al. 1987: (+erell 1988: Kot l iar  and \\' lens 1990)+ 
l'loristics (Rolenberrv 1995; XlacNal l ;  + 1990b), and 

climate ( lnk lcy 1985; Owen 1990; \Viens 1991) also 

int'lucncc species richness patterns. In addit ion, the 

relati',o contr ibut ion of those factors has been ob- 

scr\ed to xarv alllOllg habitats ~i th basic physiog- 
i loMic dif lercl lces (grassland \s. forests, \Viens 

1999). 

Based on the ctnpirical findings relating vegeta- 

tion physiognomy to species richness+ Short {1992; 

1988) and Streeter et a/. (19~3) proposed a model 
that described habitat structtlrc in terms of \ert ical 

la\et-s, l:i~c terrestrial strata were defined; stlbstii +- 

face, st i f f  ace, mid,,tor),, lroe hole, tree canop_,,. [;n- 

der a niche ttleoretic construct+ the vertebrate com- 

mun i t ;  \vas conceptualized to part i t ion resources 
across habitat lavers according to breeding and 

feeding requiremcilts (Sllort and Btirtlhari1 19~R~'; 

VerFier 1984; Szaro 1987). ,.\n air else\~hcrc ' la\er" 

was added to accoutlt for aerial feeders and those 

species thai do not breed in the vegetation layers dc- 
l ined. This restihed in a feeding breeding matr ix 

containing 36 'guild blocks'. 

The output of the habitat structure nlodcl is an 

index of vertical habitat complexity calculated as 

the quotient of the observed number of guild blocks 
at an in~ entory sample site and the number of guild 

blocks that \vould be a',ailable under the potential 



natura l  \ e g e t a t i o n  type as def incd  by Kiichler  

(1964). Tile index tends to \ a r v  bctween 0 and 1.0 

depend ing  oil whether  tile site has been highly dis- 

t u rbed  or is s t ruc tu ra lh '  s imi lar  to that cxpected un- 

der  the na tura l  vegeta t ion .  

Use o f  this model  to ex a lua tc  \vildlife response  to 

land m a n a g e m e n t  act ivi t ies  assumes that  \ e r t i ca l  

habi ta t  complex i ty  is the p r inmry  de t c rminan t  of  

\ e r t e b r a t c  species r ichness.  \Vhile \~e agree that tills 

index o f  habi ta t  s t ruc ture  "seems dircct l \ '  re lated to 

species r ichness '  (Short  19<"48: 300), app l i ca t ion  o f  

tile model  in resource  p lann ing  analyses  should  be 
contingent on testing tills fundamental assutnption 

and explor ing  a l t e r n a t i \ e  relations bet,,,,eetl com- 

muni t \ '  s t ruc ture  and wildl i fe  hab i ta t .  

\Vo imp lemen ted  tile habi ta t  s t ruc ture  model  t,s- 

inf  the 1982 Na t iona l  Resources  lnxen to rv  (NRI)  
( U S D A ,  Soil C o n s e r \ a t i o n  Scr \ i cc  19<"47). The NRI 

is a per iod ic  il-iventorv o f  soil atld water  resources ,  

inc luding land c o \ c r ,  land use, and  n lanagcmcnt  

ac t i \ i t i e s ,  that occur oil nonfederal lands. In 1982, 

a s t ra t i f ied  r a n d o m  sample  of  a p p r o x h n a t e l y  321 

t h o u s a n d  s amp le  units across  tile U.S.  `+\ere in`+en- 

tor ied  to p rov ide  s ta t i s t ica l ly  rel iable areal  esti- 

mates  of  lllajor land gists for phys iog raph i c  s t ra ta  

t e rmed M a j o r  Land  Resource  A r e a s ( M I . R A ' s ) .  The 

M L R A ' s ,  in genera l ,  def ine  10,000-kill-" regions of  

r e la t i \ c lv  h o m o g e n e o u s  c l imate ,  phys iog raphy ,  

soils,  and land use (LISDA, Soil Conse rva t i on  Set-- 

\ i ce  1981). Given tile c o n n n o n a l i t v  be t \ \ een  the 

cr i ter ia  used to de l ine  1MI+RA's and l andscapes  

( F o r m a n  and G o d r o n  1986), we refer  to M L R A ' s  its 
l andscapes ,  and they fo rmed  the obse r \  a t iona l  unit 

in test ing thc habi ta t  s t ruc ture  tnodel (see Appcnd ix  

A for iden t i f i ca t ion  of  M L R A ' s  used in this study). 

2.2. lt 'i/d/ile c o m m u n i t y  .s/ruc#'l/re.' an index o I  

.lTzunol in[e~rit.r 

The ava i l ab i l i ty  of  na t iona l ly  cx t ens i \ e  da ta  sots on 

d i s t r ibu t ion  and a b u n d a n c e  pa t te rns  o f  most classes 
o f  `+\ildlife is l imi ted.  A l though  the habi ta t  s t ruc turc  

mode l  is p u r p o r t e d  to indicate  the assemblage  of  all 

ver tebra tes ,  da t a  cons t ra in t s  forced us to CXalnine 

onl \ '  avian taxa.  The U.S.  Fish and \Vildl ife  Service 

Breeding Bird Sur\ 'e \ '  (BBS) \vas used to provide  
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da ta  on the occur rence  of  avian species based OH1 

r a n d o i n l \  located roads ide  rot_lies. Each rotltC is 

compr i scd  o f  50 slops spaccd al 0.8-krt+l ( '  _,-mile) 

intervals .  At each s top the species and l lull lber of  

birds  seen or  heard within 402 ill ( ~  mile) of  the 

route  \vcrc recorded  (sec Droege [1990] for details) .  

The loca t ion  of tile route  center  wa<, used to nlap 

and assign BBS t-outcs to NI t .RA-def ined  land- 

scapes.  A h h o u g h  a number  of  problen-is `+`+ith the 

BBS havc been noted (Byst rak  1981), no other  

geograph ica l ly  ex tcns i \ e  su rxe \  exists v, ith s imilar  

standardization and consideration for statistical 

design.  

Ill o rde r  to have an a`+ian COlllllltlllilv metric conl-  

mcns tua t c  `+vith the habi ta t  s t ruc ture  model ,  a mea- 

sure o i  species t-ichlless related tO some s t anda rd  `eva <, 

required .  Thc species pool  uilder t latural  condit ion, ,  

has been r e c m n m e n d e d  as an at+propriate  s t anda rd  

for compar i so t l  when e`+aluatillg a h e r n a t i \ e  man-  

agement  s t rategies  (N'oss and Harr i s  1986)and has 

been referenced as a me thod  for charac te r i l i t ly  

faunal integrity ( K;.u-r arid l)udlev 19g l ; l )c\al l  and 

Sessions 19<'44; Karr 1990). \Ve compared the iltlm- 

ber or avian species observed  `+~ith tile ntllllber ex- 

pected in each , \ I k R A - d e f i n e d  landscapc .  This 

standardization Ilclpcd to control for potential ly 
confounding \ar iat ion ill t-ichnes,, itlllOng land- 

scapes `+`+ith inherent l \  dif terel l t  species pool sizes 

unrelitied to habitat structure and lalld use. 

\Ve used data from a continent-wide range map 
stud.\ conducted b\  Ink ier  (19S5)to define the ex- 

pected a`+ian species pool for each landscape unit. 

Ink lc \  o`+erhtid a strati l ied randoil l  sample of 
points  on bird species d i s t r ibu t ion  maps  generated 

l 'rom i-allge desc r ip t ions  ill The Checklis t  o l.\o#'H~ 
,qmeri('~H1 Bird.`+ ( . . \mcrican Orn i tho log i s t s '  Llnion 

1983). Casual  or  acc identa l  s ightings \`+ere omi t tcd  

in the COilStruction of  the species ranges as '+,,ere all 

n o n n a t i \ e  a \ i a n  species. Tile nuiYiber of  ~,pecies 

ranges thai each sample  point  intersected def ined 
tile expected avian c o m m u n i t y  compos i t i on  ill e;.Ich 

point .  \Ve associa ted  each sample  point `+`+ith an 

M L R A - d e f i n e d  landscape  based oil its mapped  lo- 

ca t ion.  Tile p r o p o r t i o n  o f  tile expected c o m n m n i t y  

c o m p o s i t i o n  that \vas observed  b \ t h e  BBS was used 
as an index to a\ ian comnluilit+v integri ty for each 

landscapc .  
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2.3 . . . t  mllvsis  and mode l  lestin,,, 

We limitcd otir  test of  the inodel  to the eastern Unit-  

ed Staten because  tile NRI in` ,entorics only non- 

federal  lands and the `,`,estern U.S.  ix cha rac te r i zcd  

b \  large blocky of  federal  oxvnership. Eorcst  is thc 

p r e d o m i n a n t  na tu ra l  \ e g e t a t i o n  in the East ,  and `,re 

included onl \  those  l andscape  units that  had thc 

potent ia l  to suppor t  forest e c o s \ s t e m s  (n - 66) 

(USD..\ ,  Soil ( ' o n s e r v a t i o n  Scr`,ice 1981 ). \Vc vie`,`, 

our exaluation of the model as a conserxatixc tesl 

becatisc `,ertical complexity `,~as expected to be a 

more important factor explaining avian rictlncss 
paltet-n~, in forest ecosystems lh;-lil i l lOie simply 

structured habitats (e.;,., grassland and shrubland 

systcnls) (\Viens 1989). 

.,\ meal1 habhat structure index, `,`,eighted by the 

area  expans ion  fac tor  assoc ia ted  `,`,ith each NRI 

sample  point ,  `,vax ca lcu la ted  for each landscape .  

I`,`,o mea~,urcs rcflcctixc of  the spat ia l  pa t te rn  of  

habitat x̀ , i thin landscapes `,`,ere also calculated from 

the NRI. The sainple \ariance of the habitat sit-tic- 

lure index `,vas used as an indirect  measure  Of 
hor izon ta l  habi ta t  he i c rogenc i t \ .  A ~,econd, and 

direct llleastlre of  land type dixcrsit`, ~`,as the tlUl'll- 

ber of  n la jor  land rises ( i .e . ,  c rop l and ,  g rass land ,  

forest ,  u rban ,  `,`,atcr, ~`,etland) `,`,ithin 402 m of  an 

inxentory point. Tile measuren~ent scale of 402 m 
,.'.;_is choscu to be conlnle l l s t l ra te  \`,ith that useci by 

the 17,I:1S to recoM bird specics occur rencc .  

Thc obscrxed  avian comnluni l . \  con lpos i t io l l  for 

each landscapc  `,`,an based oil a sampl ing  f rame 

compr i sed  o f  all BBS routes  that `,\ere run dur ing  a 

5-year  x`,indm`, centered oil 1982 (the year of  the 

NRI in`,entor_\). Any  route  thal ,,`,;-ix rl.ln at loam 

oncc cltit-illg this 5-year `,~indm`, `,`,as inchided, and 

each roulo-\'ear defined ;-lll obser`, atiou. On l \  those 

landscapes  that  had a f ia i l le  size of  at least 30 route-  

\oars  xvere cons idered  in the ana l \ s i s .  ,,X s imple 

resampl ing  plan (Ef ron  1982) `,`,as inq'Hcmcntcd 

,̀̀ , hich involved:  1) selecting a randonl sample ,  xvith 

replacemeut, of 30 route-years to compilc avian 

species lists for each landscape; 2) calculating the 
proport ion of tile expected aviau community (as de- 

termined from 62 of lnkle\ ' , ,  range map sample 

points) lh;-ll \`,as obsei-`, ecl b\  the BI:I.'-; for eacll land- 

scape; and 3) repeat ing  the l-)re`, ious steps 30 t imes 

and calculating a mean index of axian conlmtini tv 

in tegr i ty .  This  r e sampl ing  p rocedu re  \`,as tropic- 

monied to con t ro l  for noted  sampl ing  effor t  effects  

oil dixersit.v vahies (Sanders  1968; Fager  1972: 

. lames and Ra thbun  1981; \Vilson and Shmida  

1984). The r c sampl ing  plan also pe rmi t t ed  a vari- 

ance es t imate  o f  a \ i a n  c o m m u n i t y  in tegr i ty  - the 

inxcrsc of  \~hich was tised to v, eight the obserxa-  

t ions in regress ion analysis  to con t ro l  for v io la t ion  

of  the h o m o g e n e o u s  var iance  a s s u m p t i o n  under  

leas t - squares  e s t ima t ion  (K le inbaum el al. 1988) 

\Ve tested the hab i ta t  s t ruc ture  model  b \  restat-  

ing the f u n d a m e n t a l  a s sump t ion  as the fo l lowing 

null hypothes is :  xcrt ical  habi ta t  s t ruc ture  (VHS) 

shov, s no posi t ive  re la t ion `,vith avian c o m m u n h v  

integri ty  (ACI) .  A s ignif icant  (c, = 0.05) Spear-  

m a n ' s  rank co r re l a t ion  bet\veen thcsc indices `,`,ax 

in te rpre ted  as evidencc for re jec t ing  the null 

hypothes is .  S imple  l inear  regress ion analys is  `,`,as 

used to examine  the a m o u n t  o f  va r i a t ion  in ACI  

thai '+',as exp la incd  b \  \ :MS.  Mul t ip le  l inear  regres- 

sion anahsis ,̀̀ , as uscd to deternfine i f  tile explana- 

tory po`,~er of  tile Silnple linear model could be im- 

pro\ed `,`,hen moastii-es of  horizontal heterogeneit_\ 

m land types `,`,ere also included. 
Final ly ,  `,re exp lored  al tcrnat i ` ,e  measures  o f  

l andscape  spat ia l  pa t tc rn  that may bc useful  iu ex- 

p la in ing  ,̀ ar iat ion in aviall conlnluni ty structure b \  

i nc o rpo ra t i ng  digi t ized land cover  da t a  from the 

U.S.  Geolog ica l  S u r v e \  (USGS)  (USI ) I ,  Geolog ica l  

Survey 1987). H igh-a l t i t ude  aer ia l  photo, g raphs ,  

usuall \ '  at scales smal ler  than 1:60,000, v, erc tised to 

digi t ize ;-uld tr;-lnsfei- da t a  to 1:250,000 base Yilaps. 

Raster  fo rmat  da ta  `,vith grids o f  200 in: p rox ided  

i n f o r m a t i o n  on 9 b road  land cover  types,  inc luding 

urban or buih-up land, agrict l l tural land, ran- 

gcland,  lores l ,  \~.;-tter, v, e t lands ,  bar ren  land,  tun- 

dra ,  and perennia l  sno`,v or  ice. We ex t rac ted  circu- 

lar ( radius  - 19.7 kin, ' : ttle length o f a  BBS route)  

land cover  scenes ccntercd on each BBS route .  The 

landscape  pa t te rn  indices tised, their  desc r ip t ion ,  

and the sotircc of  the index are p rov ided  in Table  1. 

Land c o \ o r  scenes within each M L R A - d e f i n e d  land-  

scape ~verc poo led  to p rov ide  landscape-`,vidc meas-  

ures o f  spat ia l  pattern. 
\Vc let NRI and U S G S - b a s e d  measures  o f  land-  

scape pa t te rn  ' c o m p e t e '  in a step`,\ise `,;-triable sclec- 
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l - j h l c  I .  NRI  and {%( ,N  land,cape xu i i ab lc ,  used ill an: l l ) , i~  ol rcl41iouls ~ i l h  the index ol a~iall con l tn tu l i l }  in tcb ' r i l>  

\ a r i a h l c  

N R I-ba,,cd 
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V . \R  V H S  

N o - I I  

/ R B . \ N  

l '%(iS-b:.i',cd 

H 

I) 

I D  P.% 

I-D-(IR 

F ' - \  I N o  

P . \  I ' 4Z  

[ )c~cri pl ion ~Otll Ct2 

I l l  p r o p o s d  c lsc~hcrc)  

Index o l  ~crliccil hab i la l  ~ l ruct tuc.  

%anlplc ~lliCillcc' o l  xcl l ic41 ht lb i la i  sl l t lClt lrc. 

Nu inbc i  ol k ind l )pcs ~ i l h l n  4(i" ul ol an 

ill'~ el / lOt\  pOllll . 

t~ ropo i l i on  ol u rban Ol bu i l t -up  Icind. 

Sl rcc le r  e l  tll .  (19S3) 

Shani~on di~ c rq l }  mdcx 

#i 

t /  ~ P< In I' 
I I 

x~hc'ic / ~, i', lhc p ropo l l i c in  ol land 

tbpc # {llld t l  is Ihc t/tl l l lbCl ol land 

ibpc~ in (he land~ccipc 

\ l ca~urc ,  Icind ibpc dominance,  ol Ihc 

It.'l/dcllC) 1ol chic or {1 Ic.>~. ~. land (3pt_'x [o 

COml~li~c Ihc im i i o i i l )  ol  Ihc landscape. 

11 

l )  In ,'l �9 ~ P hi 1> 
I 

"%lcastilc ol 1411d I),pc Ct l l l l { i~ i t ' l l ] .  t ) [  Ihc 

c \ (cn l  It} which land Ibpc,  arc aggrcgalcd in 

ct) i l l igt iot ls pal chc,,. 

#l #1 

( ,'1 In  #l , %" \~ ] 2 hi / j 

l I / I 

~ h c l c  tJ,~ i~ ihc p robab i l i l \  Ilictl k ind Ixpc i is 

adiaccnt  io l : lud ibpc / 

I racial d ink 'u~ iou ba~cd Oll Ihc pc l imc lc i -  

illt_'~l l l lc lht id.  '%lc;.l~tilC ~, l i l t  complcx i l>  tll 

lorc,,I pt l lch Qlapc. 

Fracial  d i n l c i > h m  b;l~t_'d on Ihc g i id  n lc lhod.  

MCCL',tLTCS ttlc disl] t_' lSiOII OI IOICM p4lCilCS. 

"\',C't~lgt.' nt l l l lbCl ot IOlCxl p4tchc~. 

.\~cl4,."c ~i/c o [  lOlt.'M paichc',. 

O'Ne i l l  e/ o/. (19S,'4) 

O 'Ne i l l  e t a / .  (19SS) 

( ) ' S t i l l  cl a/ .  (Ic)NN) 

K i l l i l l m C ]  t'/ , I /  ( l < J S - I  

Milnc ( 1'491 ) 

, ion p rocedure  unclcr muh ip l c  l inear regre<,sion. 

The USGS da ta ,  which was col lected p r imar i ly  

dur ing  the e a r l \  and mid-1970 ' s ,  \~as not i cmpo-  

,all,,' congruent  with the NRI da ta .  Consequen t ly ,  

v,e emphas ize  that  ot, r pu rpose  here was to explore  

po ten t i a l ly  tiseful re la t ions  ra ther  than p ropose  a 

model  for predic t ixc  use in resourse  decis ion-  

mak ing .  

3. Results and Discussion 

3.1.  Rc/uliO#ls t~el n'cen /lul~il~zt .slrucgtt#e ~z#l(I 

gzl'iu## ('o###nll/#zi:v inte<.,riLv 

We implemented tile habitat structure model in a 
fashion consistent with the Soil Conservation 

Service's national planning application ( U S D A  
1989b). Prior to applying the model,  ~ve elinlinated 

from the land base NRI inxentorv points thai fell 

within land types that were assumed to be unsuit- 
able for wildlife habitat (i.e., urbari and built-up 
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Fig. 1. a) \\'cighted mean ~crtical habitat structure indcx lor each count}, in those MLRA-defincd landscapes that could support forest 
ecosystems based on tile 1982 NRI, and b) tile 35 land,,capes that ,,',ere used to test the habitat structtlrc model (mmleric codes dcfincd 
in Appendix AL 

land, t ranspor ta t ion  routes,  and farmsteads) 

(Streeter et al. 1983). The geographic  distr ibution 

of  VHS (Fig. la) was consistent with our  a p r i o r i  

expectations,  namely that intensive land use in the 

corn belt region ( i . e . ,  western Ohio,  Indiana,  
Illinois, and Iowa) and the lower Mississippi River 

Valley has greatly simplified vertical habitat  com-  

plexity. Conversely,, New England,  the Southern 

Appalachians ,  and nor thern  por t ions  o f  Michigan 

and Wisconsin have retained a greater p ropor t ion  
of  the vertical habitat  complexity' expected under 

natural  vegetation. Thirty-five of  the 66 M L R A -  

defined landscapes that could support  forest vege- 

tat ion had sufficient avian data  to be included in the 

test of  the habitat  s tructure model ' s  fundamenta l  
assumption (Fig. lb). 

While the habitat  s tructure model  was consistent 

with our perceptions o f  the regional patterns o f  

land use intensity, evidence that avian conmmnit ies  

exhibit simplification in extensively disturbed land- 
scapes would eliminate reliance on convent ional  

wisdom for model  verification. Spea rman ' s  rank 

correlat ion between the VHS and ACI resulted in 

rejection o f  the null hypothesis  of  no positive rela- 

tion between these i n d i c e s ( r  = 0 . 4 6 ; P  = 0.0054: 

n = 35). Noted spurious correlat ion a m o n g  ratio 

variables (Atchley el al. 1976; Jackson  et  al. 1990) 

was not a concern  as our  ratios did not share com- 

mon variables (Kenney 1982). While the correlat ion 
is significant,  it is weak and indicated that substan- 

tial variability in ACI  remains unaccoun ted  for by 

VHS. Weighted linear regression with the habitat  

structure index as the sole predictor  accounted  for 

approximate ly  !71~ of  the total variat ion in the index 
of  avian oommuni ty  integrity (Fig. 2). Examinat ion  

o f  the residuals in normal  probabi l i ty  plots (Klein- 

baum et al. 1988: 191) did not reveal depar tures  

f rom normal i ty ,  suggesting that data  t r ans fo rma-  

tions were unnecessary.  
It was not surprising that a model  characterizing 

only' vertical habitat complexi ty  failed to account  

for much o f  the observed variat ion in avian com-  

muni ty  integrity. A corners tone  o f  landscape ecolo- 

gy is its focus on spatial patterns o f  land type 
mosaics,  how those mosaics were formed,  and how 

they effect the distr ibution and movement  o f  eco- 
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Fig. 2. Simple linear regression of avian community integrity as 

a function of vertical habitat structure. 

system components  (e.g., species) within the land- 

scape (Forman and Godron  1981; Urban et al. 
1987; Swanson et al. 1988). With this broader per- 

spective, there is a growing appreciat ion that pat- 

terns observed at a local scale are influenced by 

processes that operate at larger scales (Brown and 

Roughgarden 1990; Helle 1986; MacNally 1990a; 
Askins and Philbrick 1987). 

The NRI contains numerous variables that could 

improve the simple linear relation between ACI and 

VHS. However,  our approach to exploring model 

improvement  was to specify, apriori, a model to ex- 
plain avian communi ty  integrity based on: 
1) factors thought to affect avian communities that 

were ignored in the Soil Conservation Service's na- 

tional planning application (i.e., urban land), and 

2) spatial pattern factors suggested f rom principles 
of  landscape ecology. 

Elimination of  data about  urban land likely un- 

derestimated the impacts of  anthropogenic distur- 
bance on avian communities.  Therefore,  we added 

the proport ion of  urban and built-up land within a 
landscape as a predictor of  ACI in an attempt to 
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capture the simplification of avian community  

composit ion that has accompanied urbanization 
(DeGraaf  1986). 

Based on principles of  landscape ecology, the 

variance of  the habitat structure index (VAR-VHS) 
and the mean number  of  land types (No-LT) within 

402 m of  an inventory point were chosen to indicate 

the spatial pattern of  land types. Scatter plots of  

these data indicated that the variance of  the habitat 

index was related to ACI as a quadratic,  suggesting 
that landscapes of  intermediate levels of  heter- 

ogeneity support  a greater number  of  the expected 
species pool. Attainment of  maximum species rich- 

ness at intermediate levels of  habitat variation has 

been an observed landscape-level pattern (Pickett 
1976; Fuentes 1988) that was formalized as the in- 

termediate disturbance hypothesis (Connell 1978). 

Our fully specified model to explain variation in 

avian communi ty  integrity was as follows: ACI = 

f(VHS, VAR-VHS, VAR-VHS 2, No-LT,  URBAN). 
The model (F = 7.88, P < 0.0001) explained an ad- 

ditional 15% of the variation in avian community  

integrity (adj R 2 = 0.503) over the simple linear 

model. All parameter  estimates were significant at 

the 90% confidence level (Table 2). 

3.2. USGS-derived measures o f  landscape pattern 

Because the NRI was originally conceived to pro- 

vide periodic estimates of  land area, the spatial pat- 

tern metrics we derived were opportunistic. In ord- 
er to explore the premise that an inventory designed 

to provide spatial pattern metrics would offer im- 
proved explanation of avian communi ty  structure, 

we used the USGS digital land use and land cover 

data to contribute a more comprehensive set of  
landscape structure variables. The median year for 
the landscape scenes in our study area was 1974 - 

nearly a decade earlier than the NRI.  Because of the 

temporal  discrepancy between these data sets, the 

results of  incorporating detailed landscape pattern 
statistics f rom the USGS are only suggestive of  the 

improvement  that may be realized. 
The spatial pattern variables from the USGS 

were allowed to compete with NRI-derived varia- 

bles. The stepwise-selected model (F = 12.73; P < 
0.0001) retained the proport ion of urban land and 
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lahlc 2. Rcgrc,,sion model  cocl i ic icnt , ,  lo t  Ihc lu l l \  , ,pcciticd 

ll]t'ldC[ el :+l\i~.lll Ct' l l l l l l l t l l l l t} i l l tCgrl l}  :.is :+1 [tll lCtiOll el  xcrlic:+ll 

habi tat  ',iftier tl rt.' +illd land tl.,c \ :+il i:.il-+[t_.,, ba,,cd on the X R l daici. 

\ : u i a b l c  ( 'ocf f ic icn t  l- P > / 

\ I T S  0.315 16.44 0.00O3 

I R IL.\ X 0.4"1i 3.66 1i.11656 

V.XR VHS 0.374 5.00 <t.(t1~2 

\+ \R-VH% 2 O. IS6 3.05 11.(1564 

Nod  [ 0.069 7.34 ().Ill 12 

the rlurnber of  land types v,ithin 402 m, but replaccd 
tile variance of  the habitat  structure index with 

measures of  land type dot-ninancc and the perime- 

tc r ,a rea  fractal tneasurc o f  forest cdgc complexity 

(Table 3). Both USGS-derived measures of  land- 

scape structure \,,ere negati\ ely corrclated with a~i- 
an conununit.v intcgrity, and their inclusioi-i has the 

potential to improx c thc model ' s  predictix c capabil- 

ity (adj R: - 0.633). 

7.3. lml~licatiotz.s [ o  re.source /Uatz#zi/z<,, 

-lhe de\elopmcnt of largc-scalc ~ildlil'e plantfing 
models has proceeded along a path of first general- 
ing models and then demonstrating l'casible appli- 
cation. Because compatible large-scale data sets arc 
rare, rclativelv little effort  has been de \o led  to 

rigorou~,l', testing model assLnnptions and predic- 
tions. As noted by Salazar and Leo (1990), a cOilSC- 

quence of  such an approach  is policy proposals  \~ith 
\~cak empirical foundat ions .  Subjecting resource 

planning models to falsification is required if 

decis ion-makers  are to haxe a basis for evaluating 

the in format ion  content o f  resourcc models,  il + 

analysts are to improve the pe r fo rmance  of  plan- 
ning models,  and if resource inventory specialists 

are to improve the data bases that arc the lour~da- 

tion of  resource polic.~ analysis. 

Our tcst o f  tile habitat structurc model supl-~ortcd 

tile model ' s  fundamenta l  assumpt ion.  Ho\~e\er ,  it 
also shmved that considcrablc  ui ' lccrtaint\ regard- 

ing the factors affect ing axian conlmuni tv  intcgrity 

tit a landscape scale remained even after spatial pat- 

tern metrics were incorporated  into a muhiplc  

regression model.  Hal l  the variation in avian corn- 

7~#>h' 3. Rcgrc'+qon model  coef f ic ient ' ,  lo t  ,+tcpx~i',c ,c lcctcd 

tnodt.q el a,.Lii/ cc ;mmuml)  i n leg r i t }  a', a l unc t i on  e l  X R I  aud 

t'F,t;5, di,- ' i i i /cd [aild tl.+.t. ' cind land co\t+,r data.  

\+ariablc (oc l l ' i c i cn t  / / j .> / 

',I-t S 0.260 13.6S o. 000'-J 

L R  13..\ N 0.912 16.59 o. 0(103 

No- I  I 0.0,'45 I I . - 1  (I.()(ll'4 

D 0 . "64  16.(i9 ll.(i(l(i4 

I I ) - I '  .\ 0.5 I0 4.16 O.O5 I(i 

munity  integrity rcmained unaccounted  for bv the 
fully specified modcl  using the NRI.  He \ re ;  er, \~ith 

the magnitude of thc uncertaint\ quantified, 
resource policy arialvqs nov, ha,,e a basis for 
v<ighting the infornlaliori COillOnt of this model 
relat i \e  to other  resource models tised in the 
resource clecision-making process. In addition, a 
bcncimmrk against x~hich to s i m p r o \ e m c n t  <, 

in model pcrlormance has bccn established. 
\\hile the focus of tile habitat structure model is 

on species richness, x~c ;.ire not suggesting thai rich- 
ness bc the sole criterion for analyzing larid polio_,> 

impacts. Indeed our measure of  a \ i an  COlllmtHlit\ 

integrity appears  to offer  an approach  to identify- 

ing species that should receive d i spropor t iona te  

conserxat ion considerat ion.  Patterns in life histor'> 
attributes (e.<,'., habitat requircments, tnigt-atory 
strateg), and body size) that arc shared amoil 7 the 
unobser\ed portion of the expected Sl-,CCieS pool 
\~ithin and amollg landscapes may pro\ide furthcr 
insights into regional conser\ation needs that could 
bc illCOl-poraled into resource policy decisions. 

4. Conc lus ion  

Natural  resource planning and 131a i l a .~e l l l en t  is  b e -  

coming increasingly complex as expanding human  

populat ions  place compet ing  demands  on a finite 

resource base. Unders tanding and anticipating the 

consequences of  alternative land managetllellt 
strategies is critical if informed and tenable policy 
regarding n a t u r a l  r e s o u r c e  [ ] l a n a g e l l l c n t  is t o  be  d o -  

,,eloped. 
Our landscape-level test and analysis of  the 

habitat s tructure model using tile NRI,  USGS digi- 



tized land cover  data, and avian COllllllUllil\ COlll- 

posit ion data duting thc brecding season has cstab- 
lishcd t\,,o points .  First, the I+undan+mntal assump-  

tion that asian cornmt, t+dt\ ' intcgrit:, is rclatcd to 

,.crtical I+mbitat complex i ty  v.us supported in 

eastern t'orcstcd CCOSVStCIllS. Second,  reliance on 

\ c r t i ca l  habi ta t  s t ruc lurc  as the s o d  i r tdicator  of  
a \ i a t l  c o n l l l l t l n i t \  responsc  a t  t h c  l andscapc  scale 

\ v a s  i n a d e q u a t e .  \ lore cotnplcx models t h a t  i n c o r -  

p O l - a l c  s p a t i a l  p a t t e r n s  o f  l a n d  t ) p c s  a r c  r e q u i r e d  i f  

t h e  c a p a b i l i t y  to, a n t i c i p a t e  avian c o m m u r t i t \  

r e s p o n s e  t o  a l t e r n a t i v e  l a n d  m a n a g c m c n t  p o l i c y  is 

t o  b c  r c a l i z c d .  
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habi ta t ,  l+an,,. Not th  \ m .  \\tl, .II. Nal+ Rc,+oul.  ( , . m l .  44: 

340 :~ 5 ~). 

HIllllCt. \1.1 I")S- \lLlllLt~iIIg l o t c q ,  tOl xpLItKl[ hclclOb'CllClt 3 

tO maln la ln  bi,.+l,.+gical di, .cr ' , i t \ .  I Ian',. Nor th  ..\m. \ \ i l d l .  

NLll. I-~csOttl. (o111 52: (+{) 69. 

In \ I t> ,  I).l'l. I m"+5. Rcl:.ltion,hip', bct,,'.ccn a \ i a n  ,,pccic,, r l chnc , ,  

dllt.l cn\ilOlllllClltli] chal : lCtCllqics HI Nol th  \ l n c l i c a .  Ihcxl~. 

Ph. I ) .  I. IlL\CIvil} ot \ \  }Olllillg. I a tamic .  

I ' ,tock, ( .\. mid gchc inc l .  ".,.Xl. I'+)S -. .\lliltlliC~ and highcl 

older d i \ c t , i t \  \ \ i th in  tan,+l,capc IliOn.die ~, i \ o l  l 'col .  I: 

II 2++ 

.lack,,.m, D . \ . ,  Flat\c?+, t l . l l  and  F, omc+,.  K.NI. 1990. Rat io ,  

ill dqU.:lliC ,,UiCIlCCx: 'qdltstiCgi] xhorlCOlllitlg> \\ith tll~-'Lill dcl',th 

:and the mori',h,.;cdaphic im.lc\. Can..I. I t,h..'\,.lU:.It. <,ci. 4-: 

I~SX I-'~5. 

.lame',. I ( . a n d  Ra thbun . " , .  I'.)Sl. Ra rc l ac t ion ,  rclati \cal+,tm 

dance,  and di \  crsil} ,.',t a\ ian cotnnnlni l ic , . . . . \uk  9g: -S5 SOIl. 

K:. lr l . . I .R.  1990. t~k+logic.:L] itllCglit} illlt] tilt..' go:a] ot cn\ i lOl/-  

ItlClIILII Ic~is]atH, Hl: ICxxotlx lot COll,,cr\ LltlOn biology,. (OIl,.CI \. 

Biol. 4:244 250. 
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k a r t . . I . R ,  and [)ut i le'),  D .R.  19St. I -cological  pcr~pcct i \c  on 

~.l lc ' i  qua l i l )  coal,,, l:n~irc+il. '~lanagc+ 5 : 5 5  6<<'4. 

I-~alr, .ILI~. and t-~oth, R.R.  17~1. \ cgctat ion s l l uc lu rc  ai ld ~l\ hlti 

d i vo t , i t \  in sc~cral nc~ ~o r l d  ~lt'Ctlk. \ I l l  \,:+it. I{15; 4."3 43 ~'. 

Kclm~+, B . (  19,'42. I:lc'~Cilc' o i  ,,l+tltic+tl +, ,c l i -corrc l t t t i<m, .  \ \  :itc'l 

~c.'~Otll .  Rc~,  18:1(14.1  1(14~. 

Kio inbaum,  1).(} . ,  Kuppc i ,  I . I .  ai/d k lu l l c r ,  K.I{+ Iq,R,R..\p- 

pl ied icgtc,,~ion anaL)q +, and olhcr tnti l t i~cii iabLc tncihod' , .  

P\V%-Kcnt I ) t ib l iq i ing  ( .o . ,  }]oxlt+l/, \la~n:ichtlkt+'il~. 

Klol+Uitc'k, . I .M.  and l'~itchinT',, .1+ I .  Ic)s 4. .\ icTional  technique 

It+ i t dd rc~  lal ld-u~c r al ld i i l l i l l / t l l  h:.tbilctl~. L : l l t i l t+ l l  

( U I > C ~ .  1 2 : 3 4 3  3513. 

K l o p a t c k ,  I . \ I . .  K f u n ' l m c l . . I . R . ,  \ l a n k i n ,  . I .B.  a n d  ( ) ' N c i l I ,  

R . \ .  19S3. ,\ theoret ical  approach  to rcglot la[ on\ i t tmtncn ia l  

conf l i c t , , . . I ,  l -n'+iron. \ lanagc ' .  16: I I ~. 

Klopatc.k,  I . \ I . .  ( ) l~on,  R..I.. l : lncr<,on, t .I and lone,,,,, .I I . 

19-9. 1 and u~c conl l ic i , ,  ~ i t h  natura l  ~ u, gclcilit~n i r / the [ n i lcd 

~lalu<~. l : n ~ i l o n .  ( t ' ~ n x c l \ .  f~: L91 199. 

Kn igh t ,  I ) . H .  19,R7. Pa+a,,iic,,, l i gh in ing ,  ai ld the \C~ClallOll 

I l lO~ilc Ill \\ i ldcl n c ~  land,,,+apc <,. /,'1 I :.lnd,,capc hclcl t~c.'llc'll ) 

ai ld d iqt l lba l lCC, p p  59 S3. I.:diicd I~\ \ l . t l .  I u l r l c ' i  

V .p r ingc t - \c r lnu ,  Nc~\ ~ o r k .  

I-{t~llial, \ I~. a n d  \ \ i o n , .  I . - \ .  199(1. \ l u l t i p l c  , ,cll lc,  ol  p a l c h l  

licks {llll+i p{l{ch StTLICItlIC: ~L hiclLl1chictil IF{ l l l lC \~Olk  It / I  Ihc 

<,tud\ oi hc tc loecnc l l ) .  ( ) i k o ,  59 :253  26{I. 

KtUll /nlc' l .  I . I ~ .  (.icirdTlCl, R . t I . ,  %tigi111ilcl, ( i . ,  ( ) ' \ t i l l ,  R . \ .  

al/d ( olclll~ti/. P.R. Iq,R- I al ld~capc ptlltcUll in a chqu lbcd  

L'n\11t,nlllCill. (}ik<~, 4,";: 321 3~'-1. 

KIIc] l lc l ,  \ . \ \  . 1964..  i)t)lClll it l l II~ttural \cgcl~llit+11 on (lie' CtUI[CI - 

l l l inou',  [ n i tcd 5,1:.ilc'+..\m. (Tc'oer. ?qoc. ~,pcc. Publ .  36. 

I cnna r t / ,  \ I . R .  and \ l r  1979. l ~ t imai in  7 thc c \ i cn l  

ol led cock:.ldcd ~'+oodpcckcr hcibiicii ill lhc ~oIllllCLInt. / t l  

Io iC~l  Icxtltl lCC Il l \Cl/tt l l lCX, \o I .  I ,  pp. 4s 6" .  l:dLtcd b\ 

\ \  .l . } Id\t . ' l .  ( o lo radu  ~llllc' [. i l l \c ' l~ l l ) ,  } ot l  ( o l l i l > .  

( oltt l :+ldtl. 

\ l : . i c . \ r l hu l ,  R .H .  cind \ l a c . \ l { h u l ,  I . \ \ .  19f~1. ( )n b i ld  ~pccic++ 

d i \ c t ~ i l \ ,  l:co[og?, 42: 594. 59S. 

\ l a c . . \ i l h u r ,  t t . t t . ,  \ l c i c . \ t l h u l ,  I . \ \ .  ~illcl }>lc'cr, .I. It,lf~ ". () i l  

b i td  ,pcc ic ,  d i \ c ~ q i \  11. l q cd i c l i on  ol b i rd  cc'l/~tlx l io i l l  

hcibilcil nlc~t~lllc'll~C'l/l~. \ I I1 .  Hal .  t)(~; Ir I-4.. 

\ 1 a t \ t i l l ) .  R . (  I q q l k i . . \ n  c inal \q~ ot dc l lx i l )  rcxpon++c +, ol 

IOl C%| and \~ ot'll+l[al/d bi ld~ tt~ cc~tnpt~,,ilc l'dl) xic'lgllOlllic \ ; l ihi 

b]c',. " \ t i s t . . I .  l : co l .  14: 2 6 -  275 .  

\ l a c N a l L ) ,  R . ( .  199{Ib. I h c l o l c s o l  t l o r i q i c ' ,  a n d  ph),,i~L,,:notn 3 

IIli1\1~111Ctllllllltlllit} COllll+lt>,Jlit~ll.. .\tlst..I. I+ct~l. 15: 32L 3 2 - .  

\ l~ l t l lCl .  I'I . - \  I'-J,"45. "\'~i~tll C t l l l l l l l t l l l i t \  t . l \ l l { l l l l iC ~, ill dc' ,c l l  gl:l',s 

lalld~] clbSCT+\tllhu/al , ta lc  {lllti h lcrc i lchhLI  ~ l l t lU l / l t r  Ict~l 

Monclgr .  go,: -'95 3 ] 2 .  

NliLnc, I'i. [ .  1991.  l cs~,oll', l r o l n  app l~ , ing  I~aclaL m o d e l ' ,  to  l a n d  

'~capc p~itlCl l/~. h! Qtl;.li/lil~lli\ c illct h o d s  ill ];.ind~,c~lpc cot'.Log) . 

p p .  19q 235 .  [ : d i t c d  bx NI . ( ; .  l u l i t c t  a n d  R . I t .  t l a r d l l c r  

F . p l i n g c t  \ c t l a g ,  Ncx\ " l t u k .  

N o o n ,  B . R . ,  [)~i\~ s o n .  I ) . K .  a n d  Kcll?. ,  . I P .  19X5. \ , , c a l ch  led 

s tubi l i l? ,  g l a d i c n l s  in N o r t h  . \ m c r i c a n  b l e e d i n g  b i r d  c o i n m u -  

nil ic, , .  : \ u k  1{32: 64. ,"41. 

No<,',, R.  a n d  t l a r r i s ,  I . 19N6. Node , , ,  i lc l \~oTk' , ,  a n d  Nit  NI ' , :  

1+,rc, ,cr\ine ,..Ii\CF',R)+ at  all +,talc,,. l . n ; i r o n .  M:.ina,_,c+ 1o: 

299  309 .  

( Y N u i l l .  R . \ . .  K r u n u n c l ,  J . R . ,  G a r d n e r .  R . t { . .  F . u g i h a t a .  ( i . ,  

. h l ck , , on ,  F;., I ) r  1 ) . 1 . ,  \ l i l n u ,  13 .1 . ,  l u t m : t .  \ l . ( i . ,  

/ ? , u t n u n t .  B . ,  Chri, , t<:n,+cn, S . \ \ . .  l ) a l c .  V . H .  a n d  Gr:. ih; .un, 

R.I  . 19SS. I n d i c t , ,  ,.',f l a n d < , c a p c  1+,altcrn. I ;+md',c. I ,_>l.  I: 

157+ le,2. 

()v, c n ,  .l.C+. l ' 9 ' -m . . . \ n  a n a l \ , , i  <, t+l tilt+' ,,pati;.il MItlCtillt .  > o1 m a m -  

m a l i a n  di',ltibtLti+.+n patt , . . '~n, it+ I c \ ; . t , .  l-<.,.+],.+.<-'?, - I  

1S23 IS32 .  

l ' i c k c t t .  %. 1 . . \ .  19"+6. %uc,.',:+,++ion: ,in c \ oh t t i on : . i r , ,  illtu'tF, t c t a -  

tic, n . . \ m .  N a t .  II<}: IO" 119. 

R c u h c t ,  H . I .  1'469. I+iTd H;ccic , ,  dixci,,it~, a n d  h a l q t a t  d i \ c r , , i t )  

in . \ tp,  tlali~t ;_ind N o [ t h  \ t n c r i c ; . i . . \ h i .  N a t .  I ~ -5  S{). 

R i o \ l e t , ,  R I  1 9 g - . ( o r n m t m l t ~  d i \ c l~ , i l ) :  t t+ ' lat i ' ,c tolc+,t+t  Ic+<++al 

a n d  tL'uiotl;.tl ptocc,+,+c~.. %_icnv'c. 235: Itg- I + l .  

Rt~tCtl1~u'tl), I I . 19S5. I he rolu' of habilal in a\i~in COtlllllililiI~. 

Ct'illlpO,,ilJt~II: p11~.',it~lli]lll) Or 1loli<,(iC'~? ()r (1-; 

213 2 1 -  

Rc, th. R.R I~)-6. %p;.uial hutclogcnclI) nnd bitd ',pccic,, di\ut,i 

t~+. l-c,>t<~.~?+ +,-: ~ - 3  -,'+;2. 

%J;ila/at.  I) . . l .  and [ ,..'u. R . ( i .  19'4(). N;.iILLI;il rt. 'xt+urcc p+.+lic> a n a l  

)+',i', a n d  ~ation;.il  chL+icc t h c o r ) , :  a , , t t ;alce) lo l  cml+,iricat  

rc<,carch .  N a l .  RC+,OLIt. I .  3(I: 283  ~( 

%anuh:r,, I1.1 . tgt+'+S. \lariil<,++ I+~,,_'tlti/i+,. �9 di\c.u+,it): +t coIl/l+~llatl',u ' 

q l ld \ . .  '\Ill. N;.it. I(12: _~'4"~ _,X_.~ '~' 

Sandci,,.m. C,.( . \I'>Ic,, I .I)., %F, atto',\c. It.I). (iIIc.'I~. I.R , 

lhutl,. I I) am.I Xh><_'n. \ ",. 19-',L kc',c~itch nu,.:,.I, in ;;iM 

lilt. I t~ul, North \ill \\ildl. Nat. Rc,.our. (onl -1.4: 

166 I'5. 

%,..'hlt+cd<:t, R.I . LYS ~. (. otntntinit)model<, lol \\iMlilc irni'ulCt 

~ix~C~,',TlICIlI : ~I I C\ iC\\ O1 COllddp(~, ;.Illt.] appl O~ic.']IC'>. Ii, iohL<.ri<_al 

Rcp,.~rtS-<21 t S I)ci',ailmcniotth,.:ImcrLot. Ii',harld\\ild 

lilt <qcr\ ice 

% h c f l i c t d .  R . \ I .  I'-}<"41. \IultIT<:,+t+tLrCC in \c rw.+l iu ' , :  I c c h r l i q u u ,  lo t  

c \ a t u a t i n u  m' ,ne : . imc b i r d  hM+,it;+u. 14r P a p . .  l - - _ IS .  L )4. 

1)Cp~Ittlllt.'tll OI , . \~rk. ' t i l l t l lC.  }t+tc' , l  ~,cI\iCu', %OILIhc~P, tCIII 

I OIC'+I I \pCl  ill+LClll %l ; . l t ioI I . . ' \ ' ,hcx illc. NOl l t l  ( ~ilc"litl;i. 

%ho t I ,  t1.I  19S2.  I)cxchq+,mut+t a i ld  u+,c ~+l a h;tl"+ilal e l a d i c n l  

nlod,.:l tt~ c ' \ a l u a t c  \ , . i ld l i lc  h a h i t a l .  I l an , ,  N o r l h  . \ t n .  \ \  i l d l  

\ ; . I t .  R c x o t l l .  ( 'O l l l .  4.~: 5 ~ 72. 

~,]lclrl, t I . I .  IqSS. . \  h~ibilat qFtlCltlrC [l+it)dcl Io i  l la l t l l t i l  

ICxtltIICc' IllitllLICc'lllc'l/I . .  I I I1% ilOll. ~l:+lll[i~c'.. _r ]Xc) I )4 . 

%holt ,  t1.1 . ~tnd }~ulnhai l l ,  k P. 19,R-'. I c chn iquc  h u  q i t lC l t l i  

ing ~ i l d l i l c  guilcl~ to+ c \ah i i l i c  iml+cicl~ un ~ i l d l i l r  don/t l lUl l i  

tic',, t '? ' ; I) l .  } l~h ;illcl \V i l d l i l c  %ct~i,'c. ~pcc. %ci. Rcp. 

\V i ld l .  N~+. 24.4.+ \Vaqlinut<+n, I ) . ( ' .  

~ t rcc tc i ,  R . ( i . ,  t ha lk ,  I).1+., l homa~ .  ( + f l .  and K rohn ,  \ \  .}+1. 

19,k3. Natit+nal app+:ii+,iil lot ~ i ld l i lc  hnbi ta l  l t o tn  in~cnlcu) 

lt+ Ill{lllii~t+'lllClll. 1#1 Rcnc%%ablc ICktltilCt.' i[l%t2nioric +, Itu 

[ll<+[llt<+iill 7 ~.'tliitlgC+'x Cilid Ircild+,. pp. 674. 677. l d i tcd h~ .1.I .  

I/cll Cilld I .  : \ l l O l b u r \ .  ( ) rcTon %lciic { i l i~cisi tS. ( o l ~ a l l i , ,  

( )I i.'~tltl+ 

%\',cu>on, I ..I.+ Kr;It/. I .K., (ainu, N...ttld \\ o\+chY~;.in,,cc. R.ti. 

IYSX. I LIlldlOl'lll ClICCI', Oil Cc.'tlx~.xlClll piillCIIl itIld pI'OCC','.. 

li, io~cicli<..'C 3S: 92 '9,X. 
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%',;~iii ',oil, J I .  and  h p m l , , ,  R.I . 199(I. I ons  il.:i l i l c.'COlogic~ll 

r c w a ~ c h  a n d  ihc  h l x i q b l c  p l ace .  B iohc icn , : c  .ill: $(i2 5()~. 
%I4rO. R. ( . .  I'-M-. ( i u i l d  II]{lll~l~t,'ll~CI]l~ Llll C\{llllLl[It)ll Ol Ll\i{ill 

gui ld ' ,  el'. ~l p r c d i c l i ' . c  Ioo l .  l - n ' . i r on .  ',14na,.-'<_'. I(1: f,,":l ~S,~ 

I u i i l c t ,  X l . ( i . ,  ( cd . )  19,'.4-. I ai/d,,cal',C h c i c r o g c l l c i i }  a n d  di,,iUl 

b a n c c .  "4p~in,._,ci \ c r l a g .  5.,c~ " l o i k .  

I t h a n .  I ) . l . ,  ( ) ' N c i l l ,  I t . ' , .  a n d  S h u ~ a r l ,  t t . H .  I '4,'4-. I a n d , < a p c  

cc,.',1,47): a hJcrarch ia l  pei,,]~c<_'li'.c can help ,,cicnii,,I,, u i ldc i  
,,l~lnd ",p;.lii~il I~:.lltL'rn,,. B ioSmicncc J - :  I IC> I 12-.  

[ .% I)c 'p~i l l l l lc ' l l l  t 'q . \ ~ l iC t i l l l l lC  IC.ISUJ. \ I l t i l iOl l t l ]  l~lO7l~il l l  l l l l  

',oil t l l ld \ ;Li tc i  Ctll~',C'l\~ll lt l l l . / . '1  (~iO',c'l l/mc'llI PI iHII I I*J 

()11iCr '.\ a ' . h i nT ion ,  I ) . t  

~ .  I)Cl~aiInlc, nl o l  . \b ' r imuhuiL ' ,  IC.lXgb I h c  , ,ccond R( \ ~il~ 

pra i ' .a l .  [ .<4 ( . l o \ c r n n ] o n i  P i i r i l i n  7 ( ) I l i c r  ' , \a , ,h in,_ ' ion,  I )  ( 
b;. I)Cl~CiilUlc'ni o l  \ T i i m u l l u l c ,  <',oil t c /n , , c i \ ; . l l i o i l  ' - ,u i~ icu 

19Xl .  I 4 i ld  IC~,tltllc.'c ' lc.'7i,.)i/~ : l l ld  r]l~liol I t l l /d Im',oilr ct.' :llc.'cl~ i l l 

lilt.' I ] l i i cd  NItLIC',. . \L'r i , .uhtl l<.. '  t l t l i l d b o o k  2"}6. \ \  ci-,hin<._'lon, 

I).(. 
l)L'l%.llll11L'l/l t l l  " \~ l iC t l l l t l lC ,  Soi l  (, t~ll,,c'l~.ClliOll %c'l\it.t.' 

It,iX - .  Bcl,.ic q t l t i ' , l i c~  IqX2 ll~ll iOIl{l[ lt.'~,t~UlCC ~, i l l \ e l l [ t / I }  

<ql~lli',lic:d } t u l l c l i n  -4f~. [ .h. [ ) cpc l i l n l cn i  ol  - \o l i c l l ] I t l l c ' ,  Soi l  

t on ' ,cr~ut io t~ So l , i ce .  \ \ a ' , h i n g i o n ,  [ ) . t  . 

1 % .  [ )cpar ln lL ' l l l  o l  Ihc  lu icr io++ (h:olo.,_'ical 'qtLr~c.'~. Iq,"4- I 4rid 

u',c.' 4r id I+illd co\c ' l  d iQ i tM d;.tl+t i i o l l l  1:24(),1)1lli + +llid 

I ; l l i l ) , l i l i ( I  .<41r mcip <, I);114 u',cr', 7 t l idc  4. I . .S .  t ,+~c ' i n r l l cn l  

t>rini iu.~ ( ) l l i c c ,  \ \  a<,hiu,- ' ion, l ) . t .  

\ c'rllc'r, . [  19S4. l t+c' gu i l d  c o n o : p t  app l i ed  io  111411~lQc'lllL'nt o l  
b i rd  pO l+u la l i on , .  F n ~ i l o n .  \l;.tl laL'c'. S: I 14. 

%% MkL ' I ,  I ) . - \  Iggl ) .  Modcl l in. ,- '  ~ i l d l i l c  d i , , l l i bu l i on , ,  l i,, iu7 ti <."c'o 

<."ralq/iL i i/Io111/41iOll x\ klk'l l l: !..{Ill,LIt OO ~, in r cl{llJt'lll Io  ~.i i intl lc 
I .  B i o g c o g i .  I - :  2-U 2,<'4'-J 

\ \  ion',, .I .-\ .  Ic.ISq. I h c  ccolo.<-',, ol  b i rd  c o m m u n i l i c , . .  \ OItlII1L' I 

I o u i ~ d a l i o n - ,  cind pci l ic tn ' , ,  t ' c i n l b r i dTc  t n i ~ c r , i b  P r o , ,  
t'ZLII]I~I M~<.'. [ { l lg l t i l ld .  

\ \  ic.'il~, I . \ .  Iq41 .  t :coloQi, :a l  , ,ml i la l i t ) ,  ot ,h tub-dc : , , c l l  { l~.l ldtlI l{I 

OI \t l<,itctlKi 4 l id N, o i l h  \r l lc. ' l idt l .  l <olo'-'$ "2 :  4-U 4<;5 

\ \  i on , . . I .  \ . ,  I-~t+lc'nbcrr x, I [ .  and  \ t i l l  I lo im_' ,  It. ]<)S - t i a b i i ; l i  

t+cdt lpdl id} t'~:.tllc.'r I1", t l l  N, tl l Ih .\Il lL'IiC~Ul ',hFtll'~-'.lcl'~l'~c' b l ld ' , :  

the L' I IccI ' ,  o l  ",ptllicll ",c~llc. ( ) i k o ,  4S: t32 1 4 -  
\ \ i l , o n ,  X I . V .  ~lNd F, h m i d 4 ,  . \ .  Ig,'44 Mca,,urin<-' br  cli~<.'l,it} 

~.~.ilh plC',ClldC-Llt~sClICc' d< l ld  . I  } c'O]. -2 ;  11145 ()f~J.. 
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