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Abstract
Relation'hips of Lnd specie. richneii ard abundance du rgthe breednrg -.eason with fore.t afea and eilge !ere stu.li.d lof L,i,

c o n ' e 1 a t i o n r L i t h a r e a ' S p e r i e s t h a l | o r a g t d u , s t l \ i l ] l u | ' o u | d n ] g l !

cone la ted  l ,e t te r  $ i th .dg .  than $ i th  nna.

o f e d g e h a b i t a t | r o n r . ' h i c h b n d . l l a ' | o r a g e i i r t o s u r r o u l d n l g r

fuag ing  i r i th in  fo res t .  f ' a l te rD i  o f  spec ie i  d is l r ibu t io r .  inpor tance o f  edge.  0d  c ] rDges in  j i rn .omr  r r i r \  curn l 'n ' j t r , ' r  -  r " . .
the  rongc  o l  lo rs t  pa t r i r

n ron lunr '  ( r )n i l . rn r \  lo r ' \ l ' .

Introduction

-\llanv stuclies hale shot'n that number of bircl
species and individuLrls using srnal l  paL<'hes of
rroodland increase r,;ith alea. both wnele roresr
fragmcnlal ion has rcsultcd lronr human aclrvrlr '
(Ca1li  et ol.  J976. S hitcomb et ol.  l9Bl " Holr- '
1982tr. Harden eI aL. 1985- Temph 1986. Blake
and Kan l9l i7). and \rhere woodlots have l leen
planted in a sulrounding matix ol croplands
(Nlarr in l9B1.r).  fhcsc lcsults havc genfratcd con-
cern that ()nl inued loss an{l fragrnenlal ion of foresl
habitat l ill cause long tenn declines in some fbrest
bird populat ions {Robbins 1979. Bulchcr ct ol.
I  981 . S'hitcorrb er oL l98l.  Anrbucl anrl  Tcmplc
l9[: t j i .  Blake and l(arr 19871.

Civcn current interest in the eifects of habitat
desLnrct ion on thc clccl inc of lcmpcralr:  for-cst
breeding birds. eriaminaLion of bird ormrnunit ie-"
i n  n r r l r r r . r l l r - o '  e r r r i r g  l b fp - l  I ' l r l c l - p -  i .  i r n l o r l Jn l
frecaLrse Lhese cornrruniLies presunrablv are no
Lrnger adjLrsLirrg Io processes of haLitat fragrnen-
tat ion (-qee Rosenberg and Raphael 19136). I
anal lzed the relal iorship beLrreen bircl  sper: ies
r-ichncss ancl number of inclividu:rls (herealier
referr-ecl Lo as atrundancc) anri  arca of snral l  forcsl
patches ir l  a l ;resltundrR ecolone. alrd te-cled lhe
predittion that spccics nlost dcpcndcnt Llpon ibr-cst

vegetaLion $i l l  sl lo\r ' lhe grcalcst rcsponsc to dif-
ference-" in forest area. To rnr knorledgr. a stucl,v
of this nature has not been previouslv underLaken
in a habiLaL unaffectcd bv human uctrvrtr ' .

Methods

I stucliecl bird use ol forcst patchcs in thc subalpine
frrres!alpine tundra ecotone of thc Rcartooth
I ' lountains. s' 'vorr ing. The ecotone is a rnosaic of
plant comnlllnities resembling those oi the cr)n-
t inuous subalpinc forcst or alpinc tundra in ph,r 'si-
oppomr and til\onomic cornposilior. Discr-ete foresl
stands l i thin thc ccotone occul on rocky. r 'el l-
draincd sitcs and arc surlounded bv lneadow veg-
elaLiorr.  Thcre is a sharp lr i lnsi l ion bcti feen the two
piant comrnu i t ies. \ ' lanv slands ocurr on outclops
oi rockr'. uell-drained soil. and are roLrghh cilcul.rr
in shapc; othcr-s arc ndlro$'(ca. 20 to 50 m) slr i f-c
of "r ibbon foresL" bclrrccn bload balus or srro-
:r lpine meador,.  rnd probablr hare resLrlted fronr
a colnbinatidl of strong uinter r,, inds. snowdrifl ac-
culnulat ion pattern-(. and cool srrrnmer-c (Bi l l i rrgs

I969 ) .

fen studr sites rrere selected to minirnize dif-
ferences in habiLat variablcs othcr than area and
edge. AII si tes lere betl 'een 2900 and 2960 rn'?
clcr. t ion dnd 25 to 100 rn from adjacent stands
ol trees. Al l  loresl palchcs containcd Lnglemann
sprrrce (Picen englemonniil, subalpine lir' (,46ier
Iasiocarpa). ancl lhi tebalk pine (PintLs uLbicatLl i^t).
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Alelage canopl height rras aLout B m. Unclerston
vcgctat ion was sparsf. consisl ing prinrari l r  of
rlholtlehcrn (Vacciniutn xt4rtti u.rn).

\ ine patches sLrrrounclcd br meadot habitat
rarierl  in aretr i iom ar00 Lo 23.000 m' {Tahle I ) .
To compare bircl  abundance in 1raLrhes rclat ive t.)
a iarger. non-isolatcd stand. an addiLional plc* of
10.000 rn'zrras cstabl ishecl in a continuous for-c,(t
sl i tnd ol cr.6 ha. Becausc I l ished to analvze hol
reduccd cdge ;r i l i :cts r ichncs,. and :rbundarrce of
lbrest interior spccies. borrrrclaries rvcrc placecl as
far-fr-om the near-est forcst/mendou habitat discon-
t inLriLr as possible. Boundarics l 'crc ca.50 rn frorn
the neiuesL rncadorr on thlee sides ol thc plot.  and
25 m l ion rneaclot on the other. alLhough some
cdge impacts rnal cxtrncl further irr to dcciduous
lbrcst l iagnents {Tonplc 1986). Size oi Lhc plot.
and ( l ;stance of boundarics from the nearesl rnca-
' l o r '  h a l , i t r r .  r ' ,  r  l i r n i t e , l  l , r  r l r - , l i r , , r ' i r l r o u - r r e ,
r l istr ibution in Lhe ccotone.

Fofc,. t  patches r, ,erc'  rnappcd in the f ield l i th
a 50-m tape and harrcl-hclcl compas-".,{rea ofeach

l)at( 'h $as calculaled br cutl ing out each lofesL
paL<'h frorn a tnap ol the sluci l  area. rreighing iL
to the Deeresl 0.001 g on an anah.Lical balance.
. r n , l  J i r i , l i r r s  t l r -  n ,  i y h t  I ' r  r ' e i g h r  1 , . r  r r r '  r  r r l  r .
PerirneLer of cach lbtesL l)akrh. hcrcaiter rel i :rrecl
lo ds ' 'ed: ie. las dclcrmined di lect lr  from f iclcl
rncasuremeDts using a 50-n1 tape.

Each -site las c,cnsuscd i i 'e t imes during the
l , n , d r n e  - " o - " r  i r r  1 , t 8 0 .  I n "  c , , r r  l , r r . r i r ,  p u r -

poscs. lour plots werc crnsused at least cight times
in 1981. Durirg each r isi t .  I  lalked slorr l l  through
the sitr  and rccorded al l  incl ivir luals seen or lreard.
A minimurn of l5 rnin/census was al located to the
smallest patches. irnrl  no census lastecj rnore than
1.5 h. A 25 m x 25 m grid tus e-stabl ished in
the Iargesl plot to facilitate census tork. \'lost cen-
suses \rcrc conducted betwccn 0(100 ancl 1030:
each sLancl $as also censused ilL lcast once between
1900 and 2100 lo hcar evening thrush choluses.

l)ul ing cen-"us uork in ibrest plols and sur-
lrurrding mcador,rs. I  quanti f icd avian habitat
choice (eiLher mcaclot'or liresL) for activelr forag-
ing birds. Data lcrc recordecl aL l5-s inter\als
siglaled u' i th a Lonc pr se ernit ted bl tn electronic
nrctronorne (S,.iens et al. 1970). No rrorc than iive
obscrvations lele recordcd on a single bird to re-
du< e sampling bias. AlthoLrgh scquential obscna-
t ions ol incl iviclual birds ale not independent
(l\'|orri,.on 19tt.l). T r,;ishccl to follow cach bird
Llrrough a selies ol fbrag;ng rctivities and not bias
m! daLa Lo\r'ards con-spicuous bilds lrl reorrding
a sinpl le obsrnrl ion ofeach bir-d encountered (sec
Vagncr 1981). Spet ies rtplcscnted b\ few.cr than
30 obsenations $cle classif ied according to ac-
{ounts in the l i ter-aLLrrr.  I 'hree fbragirrg habitat
groups (FHGs) tcrc recognized (Tablc 2): - t)spe-
cics for lhich 2 90 pcrccnt of al l  i i raging obser-
!aL;ons \rcle in meado$ habitat;  2) specics for
thich > 90 percent of al l  foraginpl observaLions

Norrnenl



T1BLE 2. llear aburdance Ilumher of indir rlLralsr t'ersus }lott and foragirg habiLs oI bird spticsin "rrali li,r( sI parches t600
6.200 nr ' ) .  h.d i , ,h l i r rsr  l ratrh|s (9.000-23.000 nrr l .  n, id d ldrg,  i , , , r in, rn, \  l ; r .sr  r focr  110.000 nr ' ) .  \  a lLres are
a\er lgcd l i i ,  a l l  rcuscs.  l9Btf )  l r l  l9Bl .  \ r r r rb.r  o l  p lor .  i , r  ( . ! .h s iz.  chss u.s i r . .  i , ,  1 r .

l b !ndoncr  i ln l i r i , l ! r l s r ( .nsus 'p lo l )
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' l "H( i  :  l i , rus ing  f rb i t r t  gnr rp :  \ l  :  n t ldo l r  l ; f rg ing  iper ies .  C =  genera l i . t . .  F  =  fo res t  lo rasnrg  " rn -n  s .

r  =  nur rber  o l  fo regn ig  obser \ l t i tD : .
' R r l :  f . l . f e n ( e i  o D  l d r s i n g :  I  =  B e n r 1 9 3 9 : 2  =  B e r t  l 9 . 1 a r i : l  =  B e D r  1 9 1 8 : 1  =  B . n r  1 9 t . l i ;  :  B ( , r r  l 9 6 i l : 6 :  F r e r c h

1 9 5 . 1 : ;  -  a ; a b d e l n  l n d J . r . t  l i l l 0 :  B  =  \ , \ r r o n  l 9 ; 2 r  q  :  S r r l l ( ! , 1 )  l q { , 8 :  l 0 :  T o n r b a c h  l 9 7 7 .
:Specie' hrorrn to hreed ivithnr forest stards ir the ecotore.

+Species that probabLr hreeds rvithir forest stands in the erotore.
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r.ere in loresl habitat: ancl 3) generalisrs Lhat for-
agcd in both forest :rnd meador,".habitars.

I  exarnincd sper' ies-arca, abundanc,r:-aroa,
specics-edge. and abundance-edge rclationships us-
inpJ logJog {pot'er'). sernilog (exponenrial), and un-
tlanslbrrned (lincar) regression functions (l\,lartin
l98la). BesL-fit functions u,ere dctennined bv corn-
parisons of corrclat ion coelf icicnts: I  deternined
signilicance of thr: coeflicienLs with tables in Rohlf
and $rka1 (19811. Relat ionships of FHGs to area
and edge u'ere also ex:rrnirred rr.ith regressiorr func-
tiorrs. Additionalh. proportion of Lhe total ari:ur com-
munih cornprised b,"- each l'HC rras compared
among threer plot size r'lassrs: ,.rnall tracts lrom 600
to 6.200 rr ' :  (n = 5): mediunr lracts f i .om 9.000 to
23"000 m' {r:4,);  and the largcst tract 1,10.000
m']). Propoftion ol species aud Lotal inclividuals in
the lhrce I H(ls lere calurlated lirr each patch.
based on cLrmulative daLa frorn all censrrses. l,ro-
portions rrere then avcr-aged oler all plots in each
size class. Size classr:s rrcre sepilratrd bctr{een
6200 and 9.000 m'zto includc appro:. imarch cqual
numbers ol pltches in Lhc srnal l  and mrdium
c]Jsses.

Besults
Spec es F chness and Abundance
Species lichncss fbr the ninc smallel irrrest patche-s
increased with both arca (Log.Y : 0.4,7,1 +
0 .323Log .X ;  r  =  0 .860 .  P  <  0 .011  and  cdge
(Los,Y = l) . :J05 + 0.561Log"X: r.= 0.{J6j j .  P
< 0.01) in 1980. wi lh pol,er l i rrrrLions providingr
t l r e  L e - t  f  t F i y .  1 , .  \ l - a r r  r r r r r n l , e r ' , , t  - 1 , . ,  i ,  -  p o r
census cl icl  noL r i i i fcr fbr pbts cr- 'nsused in boLh
vears (t- lcsts. l '  > 0.10). \ ' lean abunduce ( in-
dividuals pcr census) also increased l iLh both are:r
( r  =  0 . 9 1 1 .  P  <  0 . 0 1 ) a n d  e d g e  { r :  0 . 8 6 3 .  I '
< 0.011 in 1980. l i th the l inear function providing
thc best i i l  (Fig. 1). There ucr-c no betleen-vcar
dif ferenccs irr mean abundance frrr patches cen-
susecl in both 1980 and I 981 (t tests. P > 0.10).

Ser'eral r-csults indicatc that s; 'ecies r ichless
and abtrnclancc lere lorler in the larpgst fcrrcst plot.
thich lacked adjacent rneadol habitat.  than in in
tcrmcdiate-sized folest pak,l tes -.un.ounded bl
rneadorr. l'ir-.t. [t hitst as rnanv indir.iclu s anrl
speties r, ;r :rc obsen,ecl pcr ccnsus i l  inLcrmcdiate
patchcs rs ir  thc lalgest plrt .  r lcspite al apl)rox-
imatelv 200 percent r l i l fcrence in ar.ra (Table l) .
1he spec ies r-ichness r'Lrrvc also appeared to ler.el
off at an asr rn plote abor'e 22.000 rn'z (Fig. 1 ). Scc
ond. bircl  abund.rnce in the largcst plot Iel l  bclot '

Figu.f L l'lean Durnlx'r ol indiri.luals p.r.ensus (r,,1, ond
total number ol bird species (bo onr) plolred rglind
urea for the rinc smaller foF( pll(hes. Regr.\sion
lines are bas.d ufon 1980 dlh onh tclosed.if, tcs):
,lul! lor l9til t,)tnJ, t rngles) lrd llfgest p!t.l (ptol
!  h . , r  - d e c ,  . , .  . h  { ' n  i o r  ,  . , , 1 , . ,  , . , , r  .

values pr-erJictcd br. lhe r-cgression equation cal-
culatcd from daLa for the nine smaller palches
(l ' is. 1).

Forag ng Hab tat Groups

Of the 22 spccie-. observcd, eight rverc phed in
the gcncralist FHC. [r.c in the rncaclol FHG" and
ninc in the forr:st !H(l  (Tablc 2). The meadol
FHC included species that used forcst palchcs fbr
ncsting [Arncl ican Robin and \ ' lounrain Bluebir.d
{al l  scicnti f ic naftrcs ale given in Table 2)l  and
perch siLes onlr (S'arer l , ipi t .  Rosv t ' inch. and
Vesper Sparror). Exc r:pt fol the Dark-eved Jrrnco,
gencralists u-suallr. ncsted in ftrrcst habitat. although
White-crol rred Sparrol s also nested Lrnrlcr tilbrv
lSnli.r) clLrmps in rncadot-s. Bascd on lirraging
obserlal ions and l i telalLrrc rcierences (sce Table
2), T placed -"ereral species Lhal lced prirrari lv on
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seeds. bucls. or foi iage during much of thc vcar
in lhc general ist FH(l lclark's Nutcracker. Pine
Crosbcak. ancl Pine Sisl in).

FHG Distr bution Patterns

As precl ic{ecl.  me:ldon species rrcr-c nol correlated
ti th forest prtch arca (r :  0.566. t '  > 0.05),
lhi lc number ofgenelal ist -species (r = 0.893. P
( 0.01)and lbrcst spccir:s (r :  0.7713. P < 0.05)
incrrasecl r i th lorest patch alca. \ \ 'hcn r laLa from
the lalgcst plol rr'cre added to the reglessions. thc
i i t  t :rs decrcascd l 'or neaclow species and
gcncral isLs. and increNed 1r = 0.843) iol forest
species. -Edge 1\,as a belLer predictor of species
nlrnrbcr for lhc rrreador FH(l in lbrest patches (r
:  0.6?8. l '  (  0.05), cvcn Lhough rohins and
Nlountain BlueLirds nested l i thin thc ftrrest
prtche-. and up to 50rn frorn the iirrest edgc. Edgc
\!es elso 11 bettel prcdictol. of species richnes-" lbr
gcnc ra l i s t s  ( r  :  0 .91 l .  l ' <  0 .01 ) .

Regression of rncan abundartce per census
ilgainst 1lrco. bascr] on data firl the nine smallcst
p1ots. rere signi i icant ibr the gcnrral ist (r :  0.945.
P  <  0 . 0 l )  a n d  l t r l e s t  ( r : 0 . 8 3 9 .  P  <  0 . 0 1 )
FH(ls. \ \ 'hen data lrom lhc largesL plot lere trdd-
ed. a better 1it rias proviclcd onlr iol the frrrest FH(i
(r = 0.912). Rrrnoval ol general ist IHC spccies
lhat presumablv rel icd rnorc heari lr  oi) lesources
$,ithin forsl patchcs lharr in srrrrounding meadorts
(Pine Crosbeak. Clnrk's \utcrackcr, and Pine
s i - k i r r t  [ r " r n  t h ,  r l , ' r r r , l l r ,  ' - a re , r  l " g l e . . i un  r ,  -

cluced the l i t  to r = 0.680 fol thc general ist FH().
As t iLh species number. edgc proviclerl  the best
estimatc ol 'abun{lance ir:  0.67t}.  p < 0.05) Ior
t lre neador l 'H(1.

A-s plot sizc incrcascrl .  forest species and in-
dividuals |epresented an increasi lg pr-opor-l ion ol
the btal conrmlrnit \ '  (Fig. 2). Prolrort ions ol geler-
al ist spe<ries and indir, idunls welc similal in al l  piot
sjzcs. l\Ir:arLrt FIIC -qpecies ancl inclivicluals rcpre-
- . r l t ed  . r  l r | gc r  p rupu f l i , ' n  , , f  t l r -  , , ' n rmun  t r  i n
srnal l  pulchcs lha irr inlenlediate patchcs or lhe
largest l lot.

'fhc 
mcaclon-foraging Arneric.rn Robin ancl thc

general ist Dark-e1ed Junco. which foragcd lrr imar-
ih on the ftr lest f l rxrr and in small  dcarings
(Norment. unpublishcrl (liila). rere the ollr specics
abund:rnt on ail plots ('l ablc 2). Onlr meadorr ard

l icncrr l l ist species were observed at ratcs > 0.5
irrdividuals per census in srnal l  palches. Included
in this group lcre I)alk-eyed Juncos. \{'ater l'ipit-..

stzE cLAss

I igur r '2 .  Arerage percent  o f  to ta l  obser ra lbns  lDUmL. r i
(ensusDlot) ofspecies (top) and indiriduols (borr(m)

.on t  bu ted  b !  rhe  fo res t  FHC ( f ) .  scncr l l i i t  IHC

{C) .  and rneadon FHC ( [ ' l )  in  th .  th r ! ]  p l i , r  5 iz .

. lasses  l l  =  600 r r .200 n l :2  :  9 .000 23 .000 m' r

3  =  1 iJ .000 mr) .

\ \  hi tr- 'crouned -(parrols. and American Robins:
the t iro lattcl  spccies nested irr rerv srnal l  foresl
paL(.hes (< 100 rn') in other parts of thc ccol onc.
\ l r n r  : '  n ,  r . r l i - t  . , r ' , 1  r n ' . r d , ' "  - 1 ,e r i . -  r . e re

rcslr;cled to forest habitat near the per\rher_r' of
patcires. ald rcrc rarclv. i I  erer. obsened in the
Jargcst plot.  thich had boundaries > 25 m ol the
nealcst mcado\\,  habitaL. Included in this grorrp

ere the Northern l l ickcr. Nlounta'n Bluebird.
S'ater Pipit. (las-.in's l'inch. Chipping Sparrot" and
\\ hitc-crortncd -sparro* (Table 2).

N{cmbcrs of the lcrrest FHC l'ere abundant onh
in foresi pat.he-s > 9.000 m'( l 'ablc 2). lhc onl,r '

Bird l ,se of Forest Patches



cornmon membcrs of the lbl iage-gleaning gui ld-
Nountain Chickaclcr. Rubr.-crolrned KingleL. arrr i
YcJlol,-rumped S':rrbler-rere rnosl lrcqueltlv en-
countered in the largest plc*. Balk probers and
gleaners (c.g.. Hain Sroodpetkcr ancl Rcd- and
S'hite bleastecl \ulhalchcs) lere latelv obserled
in thc subalpine f irrest-alpinc t lurdla ecotone.

Discussion

The cLrrrcnt studl is similal to previous studic,.  of
bird communit ies irr lorest f lagrncnts in that in-
creased arca dccoLulied l i rr  increasrr i  spccics r ich
nes-s anrl  ahundarrcc \Call j  et al.  1976. Anbuel
rncl ' lemple 1983. Flccmark and fr ler l iarn l9[:16.
Tcmplc 1986. Blake and l(arr 198?. and othelsJ.
Hoterer. thc shong respolse of the nrearlorr.  and
gcncralist FHOs to edgc suggcst that it is also im-
port.rnt iu dcLcrrnining bi ld species r ichness and
abundance in i i rresL patchcs in the Beutooth
l{ountains. } 'orest petch area appcarcd to bc more
imporlanL Lhan cclgc for species that rel\  on forcst
habitat fol boL| ncsting ancl ibraging.

Itciatir,elv iir sturlies har.c clilcctlv analrzed
e d ; .  : r -  r  ' . r r i . r h l ,  r r f r r " n " . r r g  h i r d  , , , n ' r " ' r l i t  ,  -
in rroocl land 1i:rgments. Bird spc'cics r ichness ald
ahrrnclarrct in South f)akota shelLerbelLs l ,r :rc
posit ir ,eh. bLrt less slr-onglr. .  correlated l i lh eclge
lhan l i th area (I ' lal t in 1981a). although the con-
rerse las f i :runcl I i r  bird tomrnunit ics in I ' l inne
sotn sheltelbelLs (Yrhncr 1983). Bircl species
richncss also \ras posi l i \elv r.orrclatcd r i th plot
cdge irr DoLrglas-fir' (P.\eudotsufaa menziesii) lorcsrs
irr Cali fornia ( l losenbelg and Raphael l986). Bird
species r ichnr:ss in l l l inoi-.  l i rest f frgnrenLs cor-
lclated most sLrorrglr t i th arr la. although sone
spccics rrele al-so inf iuencerl br. amount ofrtoocl lr t
edge (Blakc ancl lQlr l9B7i.

Ecological general ists that fccd in both I irests
and srrrrounding habit l ts ale iml) l) f tanl conrpo-
nents ol bi ld trrrnrnunil ics in mant {orest l iagrnerrLs
(Call i  er al.  1976. \ ' lart in I  98la. \ \ 'hrtcomt er at.
198 ] "  R lakc  1983 .  H : rnsson  l 9 l l i | ,  Ho l c  198 .1 .
Harderr ei c1. M85. Haila 198ti).  In rhe Bearroorh
N'lountains. internedidte-sizcd pittchcs mar support
more ]r irr ls than cither sm l patches or Lhr: intcr ior
arca-s of continuous []resl bccausc thcv contant sul-
l ic ient habitat for forcst specie-. anci are surrouncl-
ed by rneac|rrrs that provide abunclant lcrocl frrr
spccics nesting ir  I i ) fesL sLands. f lsc oi surrouncl-
ing habitat fol folagingl ma1 :rccount for incrcasrd

nesting densit irs in r iparian communit ies and
shcltclbelts surroundecl bv agricultural fields that
provide abundanL resourccs but lack suitablc nest
sites (CalrrLlrers et al.  I974. Xlart in l9BIa).

r\bsence of specics that require edge or near-
bv mcadot habitat rnar. partiailv explain lotcr
ahundance and lack of increase in specics r ichness
in the continuous forcst plot.  Hotrever. thrcc ad-
dit iorral f i rc,tors mal also be important. l i rst.  the
largcst plot may hare been too smill to athact forest
interior species Lhat rcquile ertensive blocks of
habitat.  Thc' number of -species prcscnt on the
largc,.t plot. and rhiclr probablt brecl in ltrrcst
-qtands in thc ccotone (1;).  \1as lcss than the
nurnber of hreeding scason non-raplors in ldr.ger
arras in hlo othel northenr Rockl fr lountain
spluce l i r  i ; r 'esls (SalL 1957. Thornpson 1 978).
This coLrld explain lhc absence from thc ccotone
ofsix spr:cics rcported in each of thc above studies.
and tr{o glr i lds gencral lr  present in Rockl Nloun-
tairr sprucc-f ir  forests: t imber-r lr i l l .  and airpelch-
. , , c r ' ' - e e  S r n i t l r  l ' t 8 0 t .  \  - i r n i l e r , r l ' h n r t i o r r  r n r r
i r ' , , , . r - l  l u r  l he  ro -e r r ,  -  , , f  r ' . , " t 11 *ck " r -  f r , , r n
snal l .  I ;rested lakc islancls (Hore 1979). Hol.
ever. loLenLial arca cf iect-.  are the rrsuh of l imita-
Lions on the avian commLrniLv clu,.ed br fatchl
trcc distr ibution and l imitcd stand size in the
ecotone" rathfr than arbitrar-r '  usc of srnal l  plots.
Whetlrer larger plots lould hare r, ieldcd greater
l r rm lu  r -  o l  - pee ie -  a r r , l  r r , I i r i , I r r . r | .  i - .  i r r  - , , r " ,

wa!s. a rn(x)t point since larger. conl inuous stands
\\ ere nol loun(.

Seconcl. rclat ir .clr '  1ew neotrr4rical nigrants.
such as rrood rrarblers (/)endoica spp.) nesL in
spluce-l ir  f i rresLs (Smith l9B0). Neotropical mi-
grants are stronglv affeclcd bv forest flagrncnto-
t ion arrd thcir species r ir 'hrress and obundance
shorr'stronpl area-de1)endcnt rc,(ponses (L\ nch and
fi 'hi tcornb ]978. Kcast and l lol ton 1980. Whir
co ln l )  e t  o1 .  l 98 l ) .

Thi lr i .  Englcmaln spluce cornprisccl 70 per-
cent of the l fees in fofcst patches in the ccotone
{Norrrcnt. unpublished daLaJ. Englcmann spnrce
lorests sul ln)ft  poor avi launas. t)art iculr lrh of
fcr l iagc-glcaning sPecies (Snith 1980). anrt bird
spccrics r ichness and dcnsi l ics declease as l inglc-
mtrnn spruce irrcrcascs in abundance (Austin and
Perrv 1979. Srnith and \ ' lac\ ' lalron 198It.  Low
densit ies mar be r iuc in part to lorr abundances
of glound and fol irge arthropocls ( l ' ichter 19i39,
Haylald 1945. \onnent. rrnpublishccl data).

\orment



I Conlerselv. forest birds capable of ibraging in
meadorls in lhe Bearlooth l , lountains can e\ploit
abundant af ihlol lod lxrpulat ions during rnuch of
their brccding c1'cle (Norment t9{37). Sihatevcr
the ult inaLr causc. a srnal l  source pool. or high
ratio betr!een nunrbcr olspccics present rn a senes
of habitat patches or islands and source pool size.
should decrease the strcngth ofthc area response
in island (or patch) situal ions (Schoener 1976.
1\Iart in 1981b). Thus the corrLirrccl cffccts of o
srnal l  sourrc pool ol -sprucel ir  lbrest rI terror
species, srnal] foresl palch sizc. lorr resoulce le\:els.
and lack of edge habitaL nav cxplain thc lehtir ,e-
l r  l o r '  b i " d  a l r . r n , r : r r r ,  -  ; r ' , 1  l . r ,  k  " l  n i  r  r : p  n
species r ichness irr Lhe conl inuous plot.

Bccouse the -. lud) did rroL inclurle rcpl icatcs
in the largcst sizc class. dif lerences bet\ leerr Lhe
continuous frrr 'esL ploL and smallcr lbrest patches
coulcl be due to -s|ecillc site chaructcristics and not
lo molc Eieneral ef l icts relaLrcl lo arra. Horrcvcr.
censl ls data from lorest interiors i2 25 m from
thc nr:arcst cdge) throughorrl  the ecotone col l :ctcd
du r i ng  1980 .  198 I .  1984 .  and  l 9 f l 7  ( \ r , r r n rn t .

unpubli-shecl data) suggcst that this hairitat is
generalh depaupefate in bi ld sprcics and in-
dividuals. Onl.r 15 -.pecies lere observcd lo ncst
in forr:sl  intcr ior habitat.  anci al l  ol  Lhese r:rccpt
the IIairr Noodpcckel rrele obserled in the largc
ploL (Tablr:  2). Addit ional lr .  curnulal i \e detection
rate-s (number of inr l ivicluals obsened/hour) in Lhe
interior ol six f()fesL palchcs > 2.0 ha lere lerv
lor,;  or 0 ibr species rrrelt  seen in Lhc largc plot.
For exanrpler" cumulative detectidr rates i)r thc
Northerrr Fl ickcr" Nlountain Bluebi ld. Cassin's
I ' inch. and [ 'hi ter-c rowncd Sparrorr were 0.07.
0.05.0.16. arrd 0.05 incl ir icluals/hr (-\"orment. un-
published daLa).

Rcsponscs of bird cornmLrrr iLies to r l i l fcrcnccs
in area of forr:sl fragments are inlluenced bv pat-
terns ol resource r l istr ibution. habitat heterogenei-
t \ ' ,  the sunounding habital metl i) i .  isolat ion o1
lblest patches. cornposiLion oI thc specles source
pool. and t ime since fr lrgrDc'nlal i{rn (Bntcher et al.

l9Bl .  ) Ianin l981a. Whitcorrb er ol.  l9Bl.Blake
198i1. Holc 1984. l ' reemark and \ ' lerr iam 1986.
Rosenberg and Raphacl 1986. Blake and Karr
1987). Because phlsical and biot ic characterrshcs
ol $cslcrn montane coniiiloLr-q frrresLs and castern
decidLrous Iolcsts di i fer. responses to habitat
l iagmenLalion b_r bird comrnunit ies in these forest
t\pes also rnal bc cxpectet l  to di l i i r  (Reesc and
Ratt i  1988). At highcr clevations in the Bearlooth
\'lountains. forest bird communities m:rv respond
1 ,  - .  - t r o r r g l r  t o . l r e a  t l r a r r  l , r r ' - t  L i r r l ,  u r n n r u n i t i c -
in easlern and midltestern fore-qt fragmr:nts, al,
though Lhis conclusion t 'ould be strengLhened bt '
lurther o)mparati tc lork in ibrest patches and
conlinLr{)Lrs foresl.  Prcsumablr. a longJasting
equil ibr iurn rxisls bct$'ccn meaclol and lorcst
vegetatior in the BearLooth Nlountains (Billings

1969). and ibre-st bird cornrnunil ics are not
presentlv adjusl ing to habitat changes. Tnstcad.
abundant r-esourccs in surrounding rneadows" thc
presence o1 r'elativelr fcw spe'cies stronglv aileclcd
bl habitat fragmentdtion, .rnd the highl,- frag-
rnented nature of the forcst-tundla ecotone mav
produce a svstem in \r hich irrLermcdiatc-sized lbrest
pakrhcs contdin more indi! iduals than larger
patches. and cdge is a bctter predictot ol specics
richDess than area.
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