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Avian selection of
Ruhus spectahilisz

the color-dimorphic
a field experiment

fruits of salmonberry.

Jennil 'er A. Genais. Barn' R. Noon and l larv F. trVi l lson

Manl '  p lants  proc luce f leshy '  t l -Lr i ts .  Manl '  an iml r ls  in-
clLrcle thcsc f l 'ui ts in their cl iets. i tncl to vitry ' ing clcgrccs.
cl isperse thc scecls fbuncl u' i thin thet-u. Nalural ists i tncl
eco log is ts  havc long specula ted on thc 1- ro tcnt ia l  lb r
cocr , 'o lu t ionur l '  p ressLrres t t ' r  shapc th is  r -c la t ionsh ip
(Dan r i n  I 8 -59 .  R i c l l c y ' 1930 .  Sno r . r  197 I .  McKc1 ,  1975 .
luncl n-r i tnr. '  othcrs). A -ureit t  cleit l  of '  research has bcctt
curr iecl out in thc past f .eu clecircles erploring thc crtcnt
ol '  thc r-r-rr"rtual isur.

Mr.rch ol ' thc u'ork has l i rcr"rsecl on erat-nitr ing plant and
run imul  spcc ics  lbr  t ra i ts  that  nr i -ght  be ac lapt i rc  lbr
l rLrg i rory 'anc l  sccc l  c l ispers i t l .  FrLr i t  t1 'pc  (Jansot . t  I983) .
cokr r  (Tr - r rcck l9( r3 .  Janson 1983.  Whcc lu ' r ight  anc l
Jansor . r  198,5.  Wi l lson at rd  Whclan 1990.  u t rc l  nrurv
others) .  s ize (Whechi ' r ight  198-5.  Kn ight  unc l  S ig l ' r ' i cc l

( l c r r r r i s . . l  .  A . "  \ o o n "  [ ] .  R .  r L n c l  W i l l s o n .  M .  l ' . .  l 9 9 t ) .  A r i u n  s c l c c t i o n  o l ' t h '
co lo r - t l i n . ro r ' ph i c  l - r ' L r i t s  o l ' su ln . tonbc r r r .  / i i r b i r , i  . s ; l t t ' c t t r l t i l i . : :  l L  l i c l c l  c rpc r i t t t c t t t .  O ikos
8' l :  77 86.

A l l h o r r g h  t h c  n t u t u l l i s n r  b e t r i c c n  l l ' r . r g i v o r . o u s  l L n i n l t l s  i t n d  t h c  l ' r ' L r i t i n g  p l a r t t s  u h t ' r s c

s c e c l s  t h c r  c l i s p c r s c  h l L s  b c c n  n o t e d  l i r ' ( ) \ e l  i . r  e c u t r . r r ' \ .  i t  t ' e I n l t i n s  r - t n c l c u t ' r i h c t h c r '

a n i n u r l  s c l c c t i o n  h u s  h l r d  a n 1  p i r r t  i n  t l r c  c r  o l L r t i o n  t r l '  l l ' L r i t  c h u n t c t c r i s t i c s .  W e

conc l l rc tcc l  f i c ld  e rpe l i rncn ts  L rs ing  thc  co lo r -c l in ro rph ic  l l ' L r i t s  o l '  sa ln ron l - rc r r r '  (  I i l t l t t t s

.s ; l t t ' t  t t r l t i l i , :  )  to  c le tc rnr inc  r i  hc thcr  l ' r ' cc - r ' lng ing  b i rc ls  c l t t iosc  l ' r ' t r i t s  r r t t  thc  b l ts is  o l

c c l o r . "  a n d  i l '  s o .  r i  h c t l i c r  t h c s e  p u t t c n r s  i n c l i c l L t c c l  t h c  p o t c n t i a l  l i r l  b i l c l s  t o  c r c r t

L - \  o l L l l i o u a r i l l  s i g n i f i c u n t  s c l c c t i r  c  p l ' c s s L r r c  o n  l h i s  l l ' u i t  t r l r i t .  I l i l t l s  c i t n s i s t c t i t l - r
se lec tec l  l cc l  o r  c r  on lnsc  1 l 'L r i t s  in  c rpcr in re  n tu l  c l i sp l l r  s  in  thc  l i c l t l  c les l - r i t c  u  i c le
geo-u t 'u l th ic  t  u r iu t ion  in  l l -L t i t -co lo r  l ' r ' ccprcnc ics .  l l ' L r i t -c rop  dc t ts i t i cs .  u t tc l  t tL r t t tbc rs  l t t r r l

s 1 - l c c i c s  c o n r l - l o s i t i o n  o l - l r r i a n  I ' r ' L r g i r o l c s  i t . t  O r c g o n  l t n t l  , \ l l t s l < i t .  T h i s  i s  t h c  l i r s t  l i c k l

s tuc l r  t l cn to r " rs t l l r t ing  s i_sn i l i c iLn t  anc l  cons is tcn t  l l ' L r i t - t r l r i t  sc lcc t i t ln  b i  b i l c ls  u t  u  sc l t l c

r c l c r  u n t  t o  c o c r  o l L r t i o n u l r  p r ( ) c c s s c s .  T h c s c  r c s L r l t s  i u c l i c u t c  t h u l  l ' o l c c s  o t h c r  t h l t n

a n i n t a l  s c l c c t i r  c  p r c s s u r c  a r c  i L l s o  s h a l - l i n g  t h c  o c c t r l r c n c c  o l '  l l ' L r i t  c o l o t '  t f a i t s  i l r

b i rc l -c l i spc lscc l  l ' r ' L r i t ing  p lun ts .
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I  9E3.  McPhcrson I  988 ) .  shu l - rc  (  Hcrrcra  I  99 la  ) "  a t tc l
nut r ient  conten l  ( . loht ts t ' r t t  c t  a l .  198-5.  Whelan i t t rc l
Wi l lson 199;1)hure u l l  been s tLrc l icd l l 'onr  th is  perspect i \c .
Houever .  t l -u i t  ch l r luc tcr is t ies  i -u 'c  t t t ien in ter re la tcc l .
making i t  c l i l l rcLr l t  to  c \ r . r r .n inc  i .ur l  r )ne t ra i t  lb r  poss ib lc
an inra l  se lcc t ion r i  h i le  ho lc l ing o thcr  1 t ' ; . r i ts  coust r . tn t .
Fur ther .  f l - r " r i t  character is t ics  n- ray bc thc  rcsu l ts  o t 'ent i re l l '
u r r rc la tec l  processes.  such us phy ' logcnct ic  h is tor l '  (Her-

rera I  991a.  b .  F ischer  unr l  Chu; rnr iur  I  993.  . lo rc la t ro  I  993 ) .
An inra l  se lect ion o l '  l l 'u i ts  is  a lso in l lL rcncec l  by '  t i rc tors
lunrelatecl to genetics. slrch i ls thc bitckgrot-urcl abunclunce
of  f l 'L r i ts  f l 'onr  c i i l ' f 'e rent  spcc ics  o l 'p lunts  (e .g .  Dens lou
1987.  Jorc luno 1987.  Sargcnt  1990) .  Th is  coml- r le . r i t1 '
r -nzrkes i t  c rcn nrore c l i t f i cu l t  to  c l i rec t ly '  asscss ac lapt i r .e
rc la t ior rsh ips bct l recn 1 l -Lr i ts  unc l  l i 'L rg i r  oror - ls  an in ta ls .
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Ol -a l l  t hc  l l - u i t  t r a i t s  t ha t  n ra r  bc  t hc  r csL r l t  o f ' un in l r l
sc lcc t i rc  p l 'cssL l l ' c .  c r t l t t r  has lccc i icc l  nrost  o1 ' thc  l t tcn-
t i on :  i t  i s  a  consp ieL r ( )u \  t n l i t .  cu \ , \  l o  i c l cn t i l ' r  unc l
cutcgor ize .  und lent ls  i tse l l ' to  l - ro th  l - r roac l -scu lc  conr l -x r r i -
sons i rnc i  to  l inc-sc i r lc  crpcr inrcnts .  ,A gcncnr l  p l l t tcnr
l i r r  lcg ionul  f lonrs  to  proc lucc l l 'u i ts  th l t  urc  rcc l .  b l lc l , .
( ) r ' t r l uc  i n  co lo r - .  o r  f i r r  b i r ds  t o  t l i sp ropo r t i ona tc l l
c() l lsun' lc f l ' t r i ts ot '  thesc coltrrs" has bcen notccl t i rr  l r
nLrmbcr  o l ' r ' cg ionul  p lunt  uud b i r t l  conrr -nur- t i t ies .  These
inc lL r r l c  p l an t  con rn run i t i c s  i n  Fu ro l - r c  (  l ' L r r cck  l 96 i ) .
Pcn r  ( . l unson  198 .1 ) "  C 'os1u  R i cu  (Whee lu r i gh t  an t l  . l an -
son  l 9E - r ) "  f i l r bon  (G l ru t i c r ' -H ion  c t  a l .  198 - i ) .  sou thc rn
A f l ' i cu  (Kn i sh t  an r l  S ig l ' r ' i cd  l 98 i ) .  unc l  ,Aus tn r l i a  und
No i  Zc i r l i r nd  (W i l l son  c1  l r l .  l 9S9 )  l t  i s  t cn r l . r t i ng  t o
conc luc lc  thut  iu r iura l  sc lcc t ion is  thc  ura- jor  cuusc bc-
h inc l  thcsc c( )us is tcn l  t rcnt ls  in  l l 'L r i t  co lor ' .  but  nraur
ot l tc r  l i r rccs urc  u ls t ' r  l i kc ly  to  bc rcspor ts ib lc  (Wi l lson

I r n t l  \ \  I t c l l 1 1 1  l , ) t ) { ) y .

l - o r  c ran rp l c .  t hc  b i ogcog ru rph i c  o r  ph r l oucnc t i c  h i s -
t o r r  o l - t hc  l r l un t s  n ra \  cons l ra i n  t hc  c ro lL r t i on  o l ' t hc
co lors  o l '  f l 'L r i ts  unrong rc lu lc r i  s i - rcc ics  (Wi l lson lnr l
Whclan 1990.  Hcn 'cnr  l99 lu .  b .  l - ischer  unc l  Chul - rn l rn
199J .  . l o r t l ano  1993 ) .  C 'o l o r  n l r r  p l l r  l  ph rs i o l og i cu l
ro lc  in  l l -Lr i t  c lc r  c lo l - l rcnt .  us  gr -ccn l . r -u i ts  apparcnt l l
r c t a i n  t hc  ab i l i t l  t o  pho tos r  n thes i ze  (C ipo l l i n i  an r l
Lc rc1  l t ) 91 ) :  a l t cn l r t i r c l r .  co lo r  n t r l  a i c l  l ' r ' L r i t  c l c r c l op -
nrcnt  b i  c lc l inc l ing thc  1 l 'u i t  l l 'onr  i r t tack b1 insccts
(W i l l son  an r l  

' f  
hon rpson  l 98 l  ) .  f ' o l o r s  r . nu r  l r l so  bc

cor . rs tnr i r . rcd by thc  phr  s i t l log icu l  costs  to  thc  purcut
p lunt  assoc ia tc t l  u i th  ; l ignrcnt  1- l roc luct ion (Wi l lson and
Whe lan  1990 ) .  I n  t he  l acc  o l ' s ( )  muu \  u l t en l r t i r c  1 - ross i -
b i l i t i cs .  the or t l r  \ \av  to  usscss uhct l ter  ar la l - r tu t ior t  t t r
l l 'uc i r  orcs  is  u t  lcust  paf t iu l l \  rcs l - rons ib lc  lbr  c r is t ing
l - r 'L r i t  chunrc tcr is l ics  is  to  c lc tcnr inc  u  hcthcr '  1 l 'ug i r  orcs
c lcn ' toust la le  the ab i l i t l  to  c l iscr inr inatc  bet r i  ecn aud
cons is tcnt l r  sc lcc t  ccr ta iu  l l 'u i t  t ru i ts  orcr  o thcr -s .

L) iscr inr inat ion an-r t ' rng p l l l t lb lc  l l 'u i ts  basct l  ( )n  co lor '
r a r - i u t i on  has  becn  shoun  b1  b i r ds  i n  u r i u r i cs .  E rpe r i -
nreuts  us ing both reu l  unr l  ur t i l i c ia l  f ru i ts  hare den- ton-
s t r -a tcd thut  uhcn othcr  f  r rc t ( ) rs  such as l l -u i t  s ize"  scec l
s ize .  anc l  nut r ient  content  are he lc l  con: ; tu l t t "  inc l iv ic lua l
bircls cio clcrttonstrutc prel 'erence l irr  st ' l le colors ()\ 'er

t ' r thcls: in gcncnrl.  r 'ccl und bl irck urc prcf 'cn'ccl ovcr

l c l l ou  anc l  g r ccn  (McPhc rson  1988 .  Mur ra r  c t  a l .  1993 .
Wi l lson unr l  C 'onrc l  l9 t )3 .  Wi l lson 199-1.  Puc l<c1 c t  i r l .
199(r).  (-t ' rr .rsr-rr.ucr s1-rccics tcstccl includccl Anrcl icun
r t rb ins (Tr t r t l t ts  t t r i , lq t ' t t to r i t r . : .  Wi l lsou 199- l ) .  ccc l i t r
\ \  r \ \ \  ings (  IJontbyt ' i l lu  t ' c t l ror tu t t .  McPhcrson l9E8) .  s i l -
\c fc \cs  (Zo.s t t ' t 'o1t .s  l t r t t ' t ' t r l i .s .  PLrckc l  c t  a l .  l9 t ) ( r ) .  I ror th-
\\  cstcnr cr '() \ \  s ( ( i l ' r 'u.r L' t t tr t ' i r t t t .s- Wil lson i tnrl  ( 'ot-t- tct

l99 l ) .  gr i r l '  cu tb i rc ls  ( l ) r r r t r t ' l c l l t t  t ' t t t 'o l i t t t ' t r , t i t .  Whelan
lunc l  Wi l lson l t )9- l ) .  ant l  Su l inson"s  i lnd hcrnr i t  th lLrshcs
( ( 'L t l l t t t t ' t r . t  t t .s t t t l t t l t r . :  l rnc l  ( ' .  gut l ( t l t t . \ .  T t ' l t r  csct  l rn t l  Wi l l -
son in  1- r lcss) .  Houcrcr ' .  in t l i r i t lL r l ls  r l r r ic r l  grc l t l l  in  thc
co lors  that  thc i  pre l 'e r - rec l .  unc l  in  thc  s t rengths o l ' thosc
pre tcrcnccs ( N' lr .rrnrr et al.  I  99-1. Wil lsr 'r l t  aucl C-onrct
l9 t ) .1"  Wi l lson 199-1.  Tnrrcset  unc l  Wi l ls t ' r r t  in  r . l ' css) .  l r . t
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s()nrc  c \pcr inrcnts .  co lo t '  prc lc rcnccs r . rc rc  c i thcr  \ \ ! - t rk

1\V i l lson c t  u l .  l t )90) .  ( ) r '  d isu l - rpcarc{  1r r  c r  t in rc
(McPhcrson l98f i ; .  Thc lc r r  l i c l t l  c rpcr in tcnts  c lcs igncc l
t o  dc t c rn r i nc  uhc thc r  r i i l r l  popu lu t i ous  o l ' b i r r l s  c rh i b i t
co lo r  sc l cc t i o r t  hu rc  bccn  con t l uc l cc l  on  u  s rna l l  spu t i a l
scu lc .  ur t t i  hur  e  uot  l i runc l  c lcar  cr  ic le  ncc that  b i r -c ls
sc lcc tcr l  l l ' r r i ts  on thc bus is  o l '  co lur  (Wi l lson I98. i .
\ \ ' i l l son  anc l  O ' [ ) ou t l  1989 ) .

Thesc nr i rcc i  resu l ts  suggcst  that  l r i rc ls  h i r rc  rcn l i t t l c
to  t lo  u  i th  thc  c t ' rns t ra inct l  pat tcnts  o f '  l l 'L r i t  co lor  r  ur iu-
t io l r  notcc l  i l r  thc  r  u l ' ious t 'cg ion l r l  l lo t ' l s .  I  Ior i  c r  c r .  a
n l r - j o r  d i l i r cL r l t y  i n  c l l r i l ' r i ng  cco log i cu l  un t l  c ro l u t i on -
iu ' \  rc lu t ionsh ips l ics  in  r lc tc lnr in ing thc u1-rpropr iu tc
sc l t lc  to  Lr :c  i l  L r t ' ing t - \ l ' rc1 ' i ;11g1.1 t l r t i t rn .  Obsc l r  c r l  c r  r t l r r -
t io t l t r r  p f ( )ccsscs l r rc l  pat tc l 'ns  l r rc  thc  sL lnr  o l - thc
rn t l i r  i t l Lu r l s '  l r c t i ons  u t  t hc  l c r  c l  o l '  t hc  1 - ropL r l u t i on
(Thon r l - r son  l 9 t ) - l ) .  Acco rc l i ng l r .  i n r cs t i gu t i ons  i n to  t hc
potcnt iu l  l i r l  l ' r 'L rg i ro lc  cho icc  to  iu l lL rcncc 1 l 'L r i t  chu l l rc -
tc r is l ics  shoulc l  bc  cun ' ic t l  out  i t t  thc  sc l t lc  o l ' thc  l l ( ) [ )L l -
lu t ion.  SLrch crpcr inre 'n ts  i i  i l l  bc  nrot 'c  l i l ,c l r  to  r lc tcc t
thc  c \ is tcncc o l '  c lOnr inant  l l l r t tc fns o l '  sc lcc t i t ) l r  th l r t
emcrsc l l -onr  r  u l iu t ion u t  thc  scu lc  o l '  inc l i i  i c lLur l
( ) l ' g l l n l s l n s .

In  th is  s t r - rc l r  .  \ \  c  c \pun( lcc l  thc  se l lc  o l -  iu r  cs t ig l t io l r
Lrc l  onr l  i t r  i iu ' r  c rpcr inrcnts  to  I ic l r l  c rPc l ' i111r ' ' l t \  t ( )  tcs t
u  hcthcr  u  i lc l  b i lc l  ; lopu lu t ions c lcn ionst la tc  l l 'u i t  co lor
sc lcc t ion nhcn nruk ing l i r r l rg ing c lcc is ions.  Wc crcatcd
sn t l r l l  pa t chcs  o l ' l l ' u i t  n l r c l c  r r p  o l ' t hc  t no  co lo r  n ro rphs
tr l '  slr lr l trnbcl lr  /1l lr l r l . t  .s1tL'L t t t l t i l l . r  PLrrsh. Roslrcclrc) lrnrl
cnrbcc lc lcc i  thcnr  in  natunr l l r  ( )ccu l ' l ' iug su lnr r tnbcr r r
th ickcts .  The sc nran ipLr la t ions a l lor i  cc l  us  to  cruu- t i r . tc
co lor  cho icc  o1 '  ur  iuu l ' r 'ug i r  orcs  ug l ins t  i r  \  i r f i l lb lc
buckgrount l  o1 ' l l 'L r i t -co lor  I ' t -ccprc l rc ics  a t  both  locu l  unc l
l cg iona l  sca l cs .  I l ' b i r r l s  i r r c  \ c l cc t i \ c  a r cn t s  eo r . r s t l l L i n i ng
the  e ro lu t i on  o l '  l l ' u i t  co lo r ' "  t hc l  shou l c l  c l cn ions t l u t c
cons is tcr - t t  co lo l  sc lcc t ion lcg l r r -c l lcss  o l '  i - l l ckgror rnr l  l l -c -
c lucnc ics  o l '  thc  l l 'u i ts .  l l '  b i rds '  cho iccs urc  nrcrc l r  i r
re  l lcc t ion o l '  the i r '  p rcr  ious l i r rag ing erpcr ienccs.  thcn
t l 'u i t  renror  a l  s l tou l r l  occur  propol t ionatc ly  to  thc  b lck-
grounc l  co lor  l ' r ' cc lLrcnc ics .  F  ina l l r  .  i1 '  b i rc ls  c lo  r . to t  r - rsc
co lor  us u  se lcc t i re  cr i tc l ion.  l l 'L r i ts  shoul t l  bc  rcnrorc t l
l l -om thc t l i sp lur  putchcs in  propor t ion 1o thc i r '
l  b l rn t la  ncc.

Nlcthods

Studr sites :rnd species

Il tr l t tr .s .s; l t t ' t t trhi l i .s is a cr.rnc-1-rroclucing shrLrb thut cr lcnt ls
lu lous thc custcnr  P lc i l i c  coust  1 l 'onr  ccnt ra l  Cal i l i r rn i l
1o sou lh-ccut r l l l  A l lska.  unr l  p t 'o t luccs co lor -c l in rorph ic
l - r -Lr i ts  throughout  i ts  nrngc.  C 'o lor ' -po l rnrorph ic  l l 'u i ts  in
R.  s l t t ' t ' t t t l t i l r r  unt l  o t l tc t '  p lunt  s1- rcc ics  arc  r  c r r  s inr i lu r  t r r
cuch  o thc r  i n  s i zc  l r nc l  nu t r i cn t  c ( )n t cn t  (W i l l son  198 i "
W i l l son  unc l  O 'L )ou r l  19E9 .  

' l ' r ' l i c sc t  
un r l  W i l l son  i n

p rcss ) .  N luu r  No r th ; \ n r c r i cun  p luu t  spcc i cs  p roduce



co lor -po l \  nrorph ic  l l 'L r i ts  ( \ \ ' i l l son I  9 f i6  ) .  bLr t  /1 .
.s l t< ' t  tuh i l i .s  is  unusr . ra l  in  that  no l  on l r  r lo  both l l 'u i t -
co lor  n ior ; lhs  usuul l r  ( )ccur  toscther  a t  u  s i tc .  bLr t  c rcn
thc rarcr  nrorph is  t r ,p ica l l r  c lu i tc  c( )u lnou.  J-hcsc ' tnr i ts
t 'csu l t  in  uc lcc lLut tc  sLrpp l ics  o l '  l l 'L r i ts  o l '  both  co lors  l i r r
f ic l r l  c rpcr inrcnts .

Alt lr trLrgh nlur\ r-r-urr. t-rulr ls cut I l .  : l tct t t thi l i  r  l l 'Lr i ts.

[ ] iu ' t iculal '11 bcru's ([  l ' . l rr . l  t tntt ' t ' i t t r t t t t .r  i rnd L . tr t ' t  t t t . t)" i t ' t
oLl l '  stuclr si tes the l l -Lri ts a; lpcurccl to bc rcr.r-ror ecl
pr inrar i ly  by  b i rc ls .  - luc lg ing l l 'onr  both c l i rcc t  obscr ra-
t ions and thc luck o l '  n l rnrn l r l  s ign ( i .c . .  sc i . l t  l r  i th
suln-tonbcr-rr scccls). Bcur cor-tsLrr-r-t1-l t ion in purt icular is
nrar l icd  br  u i r lcs l - r fc i ld  ( l i lml tgc  to  the p lants"  unc i  th is
uas  c r i c l cn t  i u  on l l  onc  s i t c  i n  A lusku .  occu r r i ng  u l j c r
n lurv  o f  thc  s l ln ronbcrr r  f l 'L r i ts  h l r r l  a l rcat l r  r i1 - rcncc l  und
hacl bccn t 'cr. t- torccl bv birt ls.

Wc tcs tcc l  l i r r  l l 'u i t -co lor  sc lcc t ion br  b i ru ls  in  thc
Wa lc l ; r o r t  [ ) i s t r i c t  o l ' t hc  S ius l i t u  Nu t i onu l  Fo res t  i n  t hc
C'o i ts t  Rungc o l -  C)rcgo l r .  unc l  iu  SoLr thcust  A luska near
. l uncau "  I n  c i r ch  s ta t c .  t c  l ocu t cc l  c i gh t  s i t c s  r i i t h  ubun -
c lur t t  sa lu tonbcrn :  a l l  i r  c t 'c  cus i l r  uccess ib lc  b1 rouc ls
lund tnr i ls .  S i tcs  \ \c rc  c l is t r ibLr tcd o \  c l  C)regon anc l
A lusku in  areus L5 kur  auc l  -50 l . .nr  long.  res1-rcc t i re l r .
Sun .c r s  o1 '  t hc  t l ' L r i t  d i n ro rph i sn r  i n  t hc  S ius luu  Na -
t ionu l  Fo lcs t  l l 'onr  a  p i lo t  s tuc l l  conc luctcc l  thc  prcr  ioLrs
\ car- incl icatccl that r-r-rorph l ' r-ecluencics \\ 'c l 'c sint i l l rr '
t h roughoL r t  t hc  r cg ion .  u  hc rcas  i n  S t l u thcus t  A lus l t a "
thcr  rur iec l  t re 'n- rcnc lous l r  aurong s i tcs .  At  the t in rc  o f '
the crpcr inrc l r ts .  n t l  o thcr '  1 ' r 'u i t  s1- rcc ics  \ \c re  r ipe in  thc
s luc l r  r t t ' ca  in  Ot 'cgou.  Ripc b lLrcbel r ies  (  l 'uc t  i r t i t rn i  s1- r1 t .  )
c lonr inatcc l  ouc s i tc  in  A l l rsk l r :  in  o lhers"  red c lc lc rbcrn
shrr tbs  ( .Sunrht t tLr . :  t ' ( r ( (n t ( ) . \ ( t ) .  dcr  i l ' s  c lLrb  (  Ol to l t l tu t t r . t '
I to t ' t ' i t l t r t t t  ) .  uuc l  S l r  ed ish d t t  i t r l '  co t 'nc l  ( ( ' t t t ' t t t r . :  .s t r t , t  i t  t t l
h l t r i  i t l so  1- r t 'oc luccc l  r ipc  l lu i t  b1 thc  cnc l  o l .  thc  crpc l i -
rncntu l  pcr - ioc l .  We conc luctcc l  l le lc luor l<  in  C)r 'csorr  l5
N{ r r1  l l  . f  L rne  an r l  i n  A laska  -5  3 l  . l u l i .  1996 :  l i r l l  s i t c
dcscr i l - r t ions anc i  dates urc  s i r  c r - r  c lscu here (Cicr r  a is
1996)  Erpcr inre  n ts  \ \ ' c rc  rL ln  coucLl l ' rcnt l r  r i  i th in  s t i r tcs
l t s  n r t r ch  as  l og i s t i ca l l r  poss ib l c :  i n  a l l  cuscs "  t hc rc  uus
l t  lc i rs t  s ( )nrc  lcur [ - ronr l  or  c r lap.

Fruit-color select ion experiments

We c les igncr l  pu i rcd crpcr inrcntu l  t l i sp lurs  to  tcs t  l i r r '
lu r iun f l -ug i rorc  co lor  sc lcc t ion in  thr -cc  s i tcs  l lc r  s t i l tc .
Thcsc ucrc  sc lcc tcc l  f l 'onr  r l i l ' l c rcnt  uate rshcc ls  a t  lcast  5
knr u1-xrl t  to incr-casc inclcl- lc 'nclence o1' thc l ' r 'ugir()r ' ()Lls
t r i rc l  conrnr lur i t ics  antong s i tcs .

l - o r  t hc  e rpe r i n ' r cn t s  i n  cuch  s i t c .  i r e  cu t  cuncs  o f 'R .
t;1tt , t ' t trbi l i . :  bcut ' iug r ipe lr-Lri ts ancl pl ircccl thcnt in -10-cnt

lcngths o l '  7 .5  cnr  t l ian. rc tcr  p last ic  AI IS p ipc l . rounc lec l
in to  t l i c  ground.  Thc 1- r i1- rcs  uerc  l incc l  r i i th  p l1- rcr  cLtps
lunc l  p las t ic  bags 1o ho lc l  u l r tc r ' "  unc l  uc  p laccc l  thc  tn t r

1- r i1- rcs  u  i th in  l0  l0  cnr  o l 'each ot l tc t ' .  Wc 1- r rcscntcr l  thc
colors scpltnttclr.  ot. tc color ; lcr- pi1-lc. lncl t lc-tc 'rnt inetl
thc  1- los i t ions rundot . t - t l i .  Euch c l isp l l r r  s t i r t ion c( )u t i r iucd

( ) l h ( ) S  l : 1 : 1  I  1 L ) ! r ( ) )

t u  c l r  c  l l ' L r i t s  o l '  c i r c h  c o l o r -  r n o r - p l r .  I t r - L r i t s  u  c r c  t l r l i c n

l l - r t t r  n r t t r c  tha r . t  Or . t c  n r ie  I t , s iLc  t ( )  l ' c l ) l ' cscn t  l l hcn ( ) t \  [ ) i c
r a r i u b i l i t r  i n  1 l ' L r i t  c h u n r c t c r i s l i g 5  1 \ \ i i l l s o n  u n c l  W h c l u n

I  99- l  I

W c  s c 1  L l p  l 0  c l i s p l u i  s t u t i o n s  c \ c r ' \  l ( X )  n t  ( ) u  u  ) - k u t

t n u r s c c l ,  o l ' r ' a n c l o n r  o r - i g i n  u t  c u c h  s i t c . ' l ' h c  t l ' i . l u \ c c t s

u  c rc  p luccd  iu  c r t cns i r  c  th i ckc ts  o l -  su ln . ronbc r r r  so  tha t

a l l  c l i sp l l r r  s t l t i ons  l i ac l  a t  l cas t  son rc  n l t  r - r l a l l r  ( ) ccL l l ' -

r i n g  1 1 .  : l t c t ' t t r l t i l i . s  r i i t h i u  l r  l c u  n r c t e r s .  W c  p l u c c d

t l i s p l u v  s l u t i o n s  a t  t h c  c t l g c s  o l ' c l c l r r i n g s  ( ) r  u n t l c r '
( ) \ c r s t ( ) r \  r c g c t l t i o n  t o  l r r o i d  l i r p i c l  r l c t c r - i o n r t i o n  o l ' t h c

d isp lu r  f l ' L r i t s .  C 'u r t cs  \ \  c rc  cL l l  l i x  t hc  c l i sp lu r  s  u r i  u r

l l ' on r  thc  c l i sp lu r  s i t c  un t i l  i r l ' t c r  t hc  r cgc t l t i on  l l r c l  bccn

I r . t c i t su rc t l  t o  l r r  o i c l  b i l r s ing  thc  rncas rn -c l l c l t t s .  
' l - h i s  

r i  l r s

pu r t i cu lu r l r  i r t - r1 - ro l tan t  i n  s i t cs  i t  hc rc  ( )nc  c ( ) l ( ) l '  u t ( ) l ' ph

\ \ ' l l s  nu ' c .  s lncc  l ' e l l o r  i ng  c l tncs  o l '  t h l r t  n to r ' ph  rn igh t

s u b s t u n l i u l l i  b i a s  s a n r p l i n g  r c s u l t s .

Wc  i  i s i t cc l  cach  c l i sp la \  \ t i r t i ( ) l r  t l l r i l r  l r n r i  c t ' r . ru t c r i  t hc

I r u n r b c t '  o l '  t ' c n r l r i n i n s  l l ' L r i t s  u n t i l  n r o s t  r l i s p l u r  s  h l r c l  h l r d

lu l l  t hc  l l - L r i t s  r cn ro r  c r1 .  , \ r r r  c lncs  n  i t h  t l i sco lo rc r l  o r '

n to l t l r  l l ' t r i t s  r i  c l c  r cp lucc r l  u  i t h  l l - csh  c lu rcs  l r ca r ing  thc

s lunc  nL ln rbc l  o l '  l l ' u i t s  so  th i r t  \  i s i t i ng  b i r t l s  r i  ou l c l  no t

b c  b i a s c t l  i n  t h c i r  s c l c c t i o n  b 1  u n r  r  i s i b l c  l l ' L r i t  r l c t c r i o -

t ' l t 1 i o n .  ( ' l n c s  n  h o s c  l l ' u i t s  h a t l  i l l ) l l i u ' c u t l \  l l l l c n  l l ' o n t

the  c l i sp la rs  \ \ ' c l ' c  u l so  t ' cp luccc l .  us  uc l c  those  nhosc

l l ' u i t s  ue rc  cu tcn  b r  ro t l cn ts .  Wc  i r l cn t i l i cc l  l i r l l cn  l l ' L r i t s

rus  cn t i r c  l l ' L r i t s  l r  i ns  d i r cc t l r  l r cnc l th  thc  t l i sp l l r :  r ' o r l c r . r t

r cn ro r  u l  u  l r s  i t l c r t t i l i cd  b r  thc  [ r i t s  o l '  scc r l  hL rsk  un t l

; rL r lp  tha t  a1 . r1 ' r c l l ec l  bcnc l r th  thc  t l i sp lu r .  B i r c l s  c i t hc r '

t 'c t t t r . r r  cc l  thc u holc l l -Lr i t  ot '  nt ( ) rc l ' lu 'c11.  i tcckcci  o l ' l '

scc t i ons .  l ca r  i ng  rn tuc t  scc r l s  su r roL rnc lc r l  b r  pu lp .  Suc l r

f l ' u i1s  uc l c  cons i r l c rcc l  r - c r .no rcd .  l ' ' cuc r  tha l t  -5 '  ,  o l '  l r l l

l l ' u i1s  L rscc l  i n  thc  c l i sp lu r  s  u  c rc  absc isc t l  o r  c l t cn  b r

rodcn  t s .

l -o r  cach  t l i s ; l l u r  s lu t i on .  uc  t l c t cn r r i ned  thc  n tcc l i an

nunrbc l  o l '  c l i r r  s  bc tu  ccn  l i r s t  r cn ro r  l r l  o l '  l r r t r  l l ' r r i t  i r nc l

t h c  t l c p l c t i o r . t  o l ' u l l  f l - u i t s  o l ' o n c  o l ' t l t c  c o l o r  n t o r p h s .

Mcc l i un  t i n rc  to  r cn ro r  i r l  i i  l r s  L rscd  d r rc  to  thc  g re  a t

r  l t r i l t t i t t n  i r . t  r c ln t t r  l l  p t t t c rns  l n r ( )ng  s t t r t i ons .  We thcn

t l c t c n l i n c c l  t h c  n r - r n r b c r  o l ' l l ' u i t s  o l - c u c h  n r o r ' p h  t h u t

h ld  bccn  rcu l ( ) \ cc l  b r  thc  n tcc l i l Lu  t l u r .  S incc  thc  l u t cs  o l '

t - cc l  un t l  ( ) f l u rgc  l l ' u i t s  l r t  c l ch  d i sp la i  l u ' c  u ( ) t  l i kc l r  t o  bc

inc l c l - r c r r r l cn t  o l '  cuch  o thc r ' "  r i  c  cu l cu l l t c r i  t hc  r l i l - t i l cne  cs

in  the  nunrbc r  t i l '  l l ' L r i t s  r cn ro r  c t l  b r  sL rb t rac t i ng  thc

r t r" rnrbe r  o l '  or- i rnr lc  l - r 'Lr i ts  rcni t r r  cc l  1 l -onr thc nrrnrbcr o l '

| cc l  f l ' u i t s  | cn r ( ) \  c r l .  T$  o  r l i sp la r  s tu t i t rns  i r t  r ) l l c  s i t c  i n

Oregon  \ \ ' c r c  nc \c r  r i s i t c t l  b r  l ' r ' ug i i o lous  b i rds "  a r rc l  u

bc i r r  repea tcc l l r  r l cs l r ' o r  c t l  t r i  o  s tu t i ons  l r l  ( )nc  r i t c  i n

, \ l uska .  Thcsc  c i i sp l l r  s t l t t i o r t s  \ \  c l ' c  l cn r ( ) r  cc l  l l ' on r  th i s

lu r l t l r  s i s .

Wc  1 - rc r l i r rn rcd  a  ncs tcc l  unu l r  s i s  o l ' r  u r i uncc  ( , \NOV \  )

on  thc  r l i f ' f  c rcnccs .  u  i t h  s i t c  ncs lec l  u  i t h in  s t r . r t c .  S incc

n c i t h e l  s t a t c  n o r -  s i t c  h a t l  s i g n i l i c a n t  c f ' l c c t s  ( 1 " ,  _ *  -  ' t . 1 9 .

1 ' ] -  0 . l l :  1 ' 1 . , ,  -  0  l + .  I ' : 0 . 9 7  l i r t '  s t u t c  u n d  s i t c  r i i t h i n

s t i l t c "  I ' cs l l cc t i r  c l r  ) .  r i  c  e  on rp i r r c t i  c l i l ' l c r cnccs  i r c l ' ( ) s \  t r l l

s i t c s  u s i n g  u  p l r i l c t l  1 - t c s t  t ( )  c r u n r i n c  t l i c  n L r l l  I t r  p o t l t c s i s

t l t i t t  t h c r c  \ \ l t s  n ( )  c o n s i s t c n l  c o l o r -  s c l c c t i o n .  W c  r r s c c l
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SAS (SnS  1989 )  l b r  a l l  s t a t i s t i ca l  ana l vscs .  u i t h  t hc
e \ ccp t i on  o1 ' t hc  l os l i ncu r  n roc le l i ng .  uh i ch  uus  c l t t uc
u i t h  N ( ' S S  ( H i n t z c  1 9 9 0 ) .

We tcstccl lbl  cl i f ' lcrcnccs in thc rut1es ol '  l l 'Lr i t  rett-tor ul
aur r )ng s i tes  i rnc l  bc tuccn s ta tcs  bv con-rp l t t - ing the l lu l l t -
l - rc rs  o1 ' f l -u i ts  ren-rorec l  by ' thc  nrcr l iun datc  t i r r  thc  nrcr
co lor  nror -p lhs se; lant te lv  unc l  c t lmbincc l .  In  c i tc i r  c l tse.  l t
ncs te r l  ANOVA r i us  uscd .  u i t h  s i t c  ncs tec l  u i t h i n  s tu te
luntl  both laclors consiclererl  f i recl.  Sttcs ucrc cousiclcrccl
l i rcr l  in this cuse bccar-rsc u \crv s1-rccif ic sLtbsantple o1'
thc  t t l tu l  s i tcs  cranr incd u as chosen l i r r  the erper i -
nrcnts basccl ()u re clLrircurcnts ()f-  sizc. cl istuuce 1l 'our
cach othcr - .  unc l  prcscncc ot ' l ' r 'L r i t ing p lants  (Bcnt r i t rg ton

anr i  Thavnc 199-+) .  Whcn l l l  s i tcs  \ \ 'e re  cor ts i r le t 'ec l
toccthcr .  us  uhcn l ru i t  c ro l - r  i t t t l ' ibutes \ \erc  contL lurec l .
thc cl ' lcct ot 'si te uus ct 'rr-tsiclcrccl tr-r be I 'anclon'r sirtce the
in i t ia l  sc lcc t ion o f '  s i tcs  l i r r  thc  s t r " rc l l  nus buscc l  so lc l l
t r n  t hc  l r r escnce  o t ' 11 .  . s1 t t ' c t t r l t i l i . s  und  acccss ib i l i t l ' b1
roac ls  or  tnr i ls .

Fruit-color frequencr' ,  densit l ' ,  size, and nutr ient

content

Wc est inutcd l l 'L r i t -co lor -  1r -ec luenc ies r i i t l t in  natLu ' i l l l \
occr rn ' ing s l ln ronbcrr r  ; lo1- lu l l r t ions a t  our  s tuc l r  s i tcs  1 t r
dctcnr - r ine i f '  background c l ' l cc ts  \ \ ' c rc  cont r ib i t l i t rg  to
lur ian t l 'Lr i t  se lect ion. uncl u c c.rauriuecl a nuntber of '
l t t r i bu t cs  o1 ' t he  nu tun t l l l  occu r r i ng  su ln ronbc rn '  i n  ou r
s tLrc ly  s i tcs .  Wc cst inra ted the co lor -urorph l - t ' cc lLrcnc ies
in  euch o l '  thc  l ( r  s i tcs  us i r tg  l  s r  s lcn- l t t ic  sanrp l inu
dcs ign .  n r c r r \ r . u ' i n !  I  - t t t '  c1  t t i t t l  t ' l t t :  c r  c l r  5  I t t  ( \ l t  t l ' i u t \ cc t s
- i0  ur  long.  In  l l t rgc  p i t lchcs such i ts  c lc i t rcuts .  \ \  e
nrnc lonr l r 'p lacec l  l0  to  I5  t ransects  perper tc l icu l l t r  to  l l tc
ec lgc or  to  i r  ccnt l 'u l  rouc i .  L ineur  putchcs grou ing a lonr l
trui ls or streiuls \ \  erc r-t .rci tsurccl u i th I  0 trausects
pl lrcct l  cncl to cnci l l -on-t u rauclout start:  in lonu 1-xttches.
the tnrnsccts  u 'c re  u l ternatec l  11 i111 -50-nr  gaps.  Wi th in
thc c1L[ rc l f t r ts .  \ \ ' c  recorc lec l  thc  pcr  ccnt  c( ) \ 'e l -o f  R.
. t l t t , t  t t r l t i l i .s .  thc  nunrbers  o l '  [ l 'L r i ts  o f '  c i tch co lor  nrorph"
lunr l  thc  phcnolog icu l  s tu tc  o l '  a l l  l l 'L r i ts  as e i ther  gree l t .

r i1- lc. or renrored rottccl.
The pro l - ror t ion o1 ' rec l  f l -u i ts  in  euch pt ' rpLt l i t t ion is  the

to ta l  nL rn rbc t ' o1 - r cc l  t l - L r i t s  d i r i c l ec l  b1 ' t hc  sun r  o1 'bo t l - r
recl uncl orangc f l 'ui ts pcr si te. Uniclcnti l i i tblc t l 'ui ts uere
c re l t t dc r l :  t hc : c  l l ' t r i t \  \ \ c r c  S I ' c c l t .  t t t i s : i t t g .  ( ) l '  l ' ( ) t t c t l .
lunc l  lac l tcc l  ident i l lab le  l l 'L r i ts  on thc same cane.  The
propol ' t ious tt l '  r 'ccl 1r-Lri t  pel si le u crc arcsine-scluare-
|trot t f trr-rsl irrntecl (Zr 198-1). thcn c()rnltarecl betueen
sti l tcs r-rsins a tu t t-sanrplc 1-trcst. We crtt t- tpured thc
prOpOrtictus ct l '  t l  Lracl r 'ats pcr si tc cOnluining l ' r 'Lr i ts t- tsi  n g

a ch i -sc luurc  tcs l  to  tes t  lb r  c l i t l 'e rencr 's  uuronu s i tcs  i t t
t l rc 1-rrtr1-rort ion ot '  l l .  .s:1tt ' t  t trhi lr . i  proclLrcing t ' r-uit .  Ripen-
ing sruchron l  bc tueen co lo t '  morphs.  s i tcs .  anc l  s ta tes
\ \ i l s  comp i t t ' c c1  us ing  l og l i neu r  unu l r s i s  (F i cnbc rg  I 977 "
Knohe  anc l  BL r r kc  19E0 .  H in t ze  1990 ) .  F  i na l l l ' "  \ \ ' e
crln-rparccl clcnsit ics o1' l l -Lr i ts per qr-utclntt  bctueetr si tes

80

l ind s tu tcs  r - rs iug ncstcc l  ANOVA tests .  S ince s tu tcs  \ \c fc
c l roscn t r )  rcpreseut  thc  c \ t rcnrcs o l 'R.  , r7rcr '1ub i l i ,s  c l is t r i -
br-rt ion. \ \ 'c consir lerecl the statc ct-f tct t t-r  bc l l recl.
uhcrcus thc tuc tor  o1-s i tes  l l i th in  s ta tes uus c t ' rns idct 'cd
1rr bc nrncl() l l  as cl iscLrssccl above (Zar 198:1. Bennington
anc l  Th i i r  nc  199-+) .  Wc conrpurec l  c ' lens i t ies  o l -
t l 'Lr i ts rrsins al l  cputr lr i t ts thit t  contatnecl I l . . : l tcttuhi l i . :
caues.  A l tc r  log-sc luurc- root  t ransf i rn-uut ic ' rn .  thc  c la ta
lu- lc t  the assunrpt ion o l 'eqLur l i t r  o l ' rur ianccs.  S ince s i tes
d i t ' l c rcd in  thc  nr . rnrbcr  o t '  r lL rac l r i t ts  sunrp lec l .  F  s la t is t ics
uc rc  ca l cu la tec l  us ins  t he  t r pe  I I I  sLu l s  o l ' s c l ua rcs "  as
thcl arc bcl icr ccl to bc nrost rel iuble lbr Lrtrbit latrcccl
c l cs i gns  (Shau  anc l  M i t chc l l -O lds  1993 ) .

l -o  cnsurc  that  cons is te  n t  c l i f l 'e rcnces in  f l 'L r i t  s izc  ncre
not  rcspons ib lc  t i r r  t l -u i t  se lect io t t .  \ \c  conr l la rcd 1 l -Lr i t
s izcs bct r iccn thc t i lo  co lor  morphs.  co l lc 'c t ing l9  l l 'L r i ts
of 'each nrorph l l 'onr  tuo s i lcs  in  Orcgon"  anr l  l9  l l -Lr i ts
o l ' each  morph  l l ' om  tuo  s i t es  i n  A lasku .  F - rL r i t  l cng ths
ancl r i  ic l ths \\ 'c l-e nreusure cl to thc ncarcst mnr l tncl
con-rpurcc l  us ing u tuo- l i rc1ot '  ANOVA. tsoth  c l in re t r -
s ions r ic rc  nrcusurcc l  bcc i tuse su lnroubet ' r r  f l 'L r i ts  cau be
c lLr i tc  r  ur iab lc  in  shape .  S incc l l -Lr i t  c l in rc t . ts ions r i  c re
h igh l l  co r r c l a t cc l  ( r ' : 0 .91 ) "  ue  pc r l i r nnc t l  t  p r i nc i pa l

c( )nrp( )ucuts  unalVs is  r tn  the l t ts - t raus l i t |u rcc l  r ] i t tu :  thc
f l rs t  tac tor -  i l ccoL lu ted l i r r '  9 -1 . ( r ' f  , ,  o l '  the r lu- i i tnce.  Wc
then tcs tec i  l i r r  c l i l ' l  c rcnccs iu i to l tg  l i tc t t r t ' \e ( ) l ' cs  L ts i t t r - I
nestcc l  ANOVA. S i te  u 'as  nestcc l  r i i th in  s t i r tc .  anc l  s ta te
ancl color \ \crc cr 'osseci.  We cc'rnsiclcrccl al l  cfJ-ects t irecl"
I rs  \ \c  co l lcc lcc l  the 1 l 'L r i ts  l l 'om s i tcs  uhcrc  uc huc l
placeci ren-tor l t l  ci ispl i tvs.

We co l lec tec l  l l 'L r i ts  o l 'cach nrorph at  thc  thrcc  re-
r-r-roral si tcs in f)rcgou. rcnroreci the seecls. uncl subn-t i t-
tcc l  thc  cr - rmbinec l  s i tnrp lc  o l 'cuch nrorph t i l r  i tna ly 's is  o l
n i t r oscn .  u i r t e r .  l i p i c l .  und  o rc r i t l l  sL rga r  con ten t .  S iun -
p les o l - f ' r 'L r i ts  f l 'onr  the Juneuu areu huc l  bccn testec i
prer ioLrs l r '  (Travcset  anc l  Wi l lsor t  in  1- r t 'css) .  S ince thc
cos l  o [ ' thc  luboraton un i r lvses pfc \cntcc ]  us  1 l -ont  sut - ; -
nr i t t ing morc thun ( )ne sunrp le  pcr  co lo t '  nrorph per

s1atc. no st i t t ist ici t I  con"r1-xtt- isolts \ \cl 'c 1-rossible .

Survevs of avian trugivores

Wc cst in t l r tcd thc  cr )u- )pos i t ion unc l  lc lu t i rc  abuudi tncc
r r l '  t l t e  l r r  i l r t t  I ' r ' t r g i r  ( ) l ' c  e ( ) t ) ) t ) ) un i t _ \  t t s i t t u  l t r l i n t  e ( ) r . r | t  t
sLrrvevs ( H utto ct i i l .  I  9f i6 ) centerccl on t l ie retnor i t l
c l isp la l  s ta t ions.  E i tch sLr r \  e  \  cons is tcc i  o1-  i t t r  8- t t t i t t
coLurt pcriod clurins u hich u e recorclccl al l  birc' ls clc-
tcc lcc l  u i th in  0  50 unr l  50 + m ntc l i r - ts  banc ls .  A l ier  cac l i
E-n-r in sLlr ' \ 'ev t 'e plul 'eci rccorclccl songs of ' thc l i rLrr
thr r - rsh spec ics  l ikc l l  to  occL l r  in  these s i tcs :  Amet ' ic i t t r
rob in .  Su u i r - rson 's  thr r , rsh"  henni t  thr r - rsh.  and r , 'u r iec l
thr r " rsh ( l to t ' t ' t r .s  t r t r t r i t r .s  ) .  Thcsc t r ia ls  cons is lec l  r t l -  I
n r i n  o l ' song  l r l a l buck  a t  cons tan t  r o l u t re .  t i r l l ouec l  b1
I  min o l -  s i lcncc u  h i le  \ \ ' c  lookcd lbr  b i rds i tnc l
l is tener l  lb r  roca l  rcsponses.  A l l  sur rc1s \ \ ' c l ' c  conc lucted
bct r iccn 0-5;0( ;  anc l  I0 : (X) .  anc ' l  u l l  rcn. tova l  c l isn lar  s tu-
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Tab le  l .  S ta te .  san rp le  s i zc "  n rcc l i an  t i r res  to  l en ro ra l  o1 'a l l  l l ' L r i t s  i n  e rpe r in ren tu l  c l i sp la t ' s  (MTR) .
color  nrorph lb l  cach s i tc .  ValLrcs Arc nrcaus *  I  s lanciarc l  en 'or .  The ur-rnrber o l 'erpc ' r inrental  l l -Lr i t
r is i tec l  b i  b i rc ls is  inc ' l icatccl  b i  r r .  Thc locul ion nunrLrc l  is  l is tecl  Lurc ler  s i te.

anc l  l l ' u i t s  r cn ro red  o1 -each
l 'e l ro\  a l  c l isplur  s th iLt  u ct 'c

S ta tc S i t c M T R  ( d a r s ) Fru i ts  rcnro lcc l

Recl  1 l 'Lr i ts f ) r 'ansc  I l ' L r i t s Tot l l  1 l ' L r i t s

OR

C)r  c la l l

A K

Or cra l l

2
4
6

I
2
5

l 0
ft

l 0
t a

E
l 0
l 0
l 8

i .6  +  0 . t )
1 .2  +  0 .1
L9 + o.-5
3. 1 .  0.: l

1 .0  i  0 . ( ,
3 .1  +  0 .6
,+.0  + 0 .8
3 .1  +  0 . -+

. 1 . 6  +  l . i
5 . 8  -  l . - 5
7 . 7  +  0 . E
6 . 0  -  0 . 7

l . l  t  0 . ( r
-+ .0  + 0 .E
5 . 5  +  l . l
3 . 9  +  0 . 6

3. - i  +  0 .9
5 . 1  +  1 . 0
1 . 1  +  1 . 2
-+.- i  + 0.6

6 . 7  +  l . l
9 . E  +  1 . 9

l i . l  +  1 . 5
r ) . 9  L  I  . 0

5 . 5  -  l . l
6 . 1  -  l . l
6 . 5  +  1 . 1
6 . 1  t  0 . 6

9 . 0  +  1 . 9
I  l . - +  +  l . l
I  l . l  +  l . l
1 0 . 6  +  1  . 1

t ic lns at a sitc \ \ 'crc survcyccl thc sal-uc u-lorning u' i th a
fcu cxccptic-rns rclatcd to \ \ 'cathcr ancl bcar act ivi t) ' .
Each site \ \ 'as surve)'ecl three t inres uhi le t l 'Lr i t  select ion
e-\periureuts wcre in progrcss. Wc rariccl thc clrcler ol
visi ts tc-r cl isplal '  stat ions r. l ' i thin a sitc to aloid systcr.n-
at ic  t ime b iases in  1he s l l r \e)s .

Wc sunnnccl thc uLrmbcrs ol- thrr-rshes cletcctccl per

" 
isi t  u, i thir.r  50 m ol- each cl isplay' stat ion ancl the

numbcr of thrushcs clctcctcd durin-e thc son-u plal 'back
pcriocl.  ancl usecl the grcatcr ol- thcsc tu'o counts lbr
i tnaly'ses. AlthoLrgh r i 'e cl icl  not inclucle ccclar r.r 'arr,r ' inss
(Bonth.rt'illu t't'drortrtn ) or bohct-nian rvarr.r'in-qs ( 8. gtu'-
rtr l t t .s) in t l te song play'backs. u,e aclclccl an1' '  rn'arxu' in-us
rccorclcd to thc total.  as thcsc spe-cies are hi-uhly'  l rugi l ' -
o roL rs  (Eh r l i ch  c1  a l .  1988 .  Levey 'anc l  G ra ja l  l 99 l ) .
AlthoLrgh ue obsern'ec1 other bircl  species sLlch as spot-
lccl to'nr lrc cs ( P i  p i  l  o ( t ' . t '  t  l  t  r  o p l  t  t  l  r  t t  l  n t  t t .s ).  w'hite-crou'necl
sparro\\is (Zrtrrott'itltiu lcut'opltr.t'.s) ancl fbr spitrro\\'s
(Pu.s.sarcl lu i l iucu) eating salmonben'), .  \ \ ,c cl icl  not in-
c luc lc  them in  the analys is  becuLrse ot '  the i r  genela l l l -
n-ruch lor,r 'cr lcvcls of f  rugi l 'orv. ancl their relat ivel) '  lou
cletection f.r-equency'.  In aclcl i t ion. spurro\\ 's har, 'e much
less predictable ef]-ects on scccl surr, ' i r , 'al .  u,hereas seecls
eaten by thrr-rshcs shou' high rates ol- gemrination suc-
cess (Barnca c t  a l .  1990.  Izhak i  anc l  Sa l i ie l  1990.  Trar , 'e -
set  anc l  Wi l lson in  press) .  The to ta l  nur .nbers  o1 ' thrushes
ancl u' l tru' ings cletected u'ere comparecl r"rsing a ncstcd
ANOVA. \ \ i th  s ta te  and s i te  u ' i th in  s ta te  cons idcrcc l
l i lccl cf-f tcts. ancl stat ion u i lhin site ancl state consid-
erecl a rundorl cff tct.  Sitc r i 'as a frrecl ef l-ect in this case
because on l l ' those s i tcs  u ' i th  rer - r - ror ,a l  c l isp la l 's  n 'ere
surl 'cvccl lbr f  rr-rgivoror-rs birds.

Relat ionships between numbers of birds,

color-morph dominance, and fruit selection

We Lrsed anal l ,s is  o f  covar iancc (ANCOVA) to  erar .n ine
le la t ionsh ips between thc nur .nbcr  o f '  thrushes and
waxr.r ' i r-rss detectecl at a rclroval cl isplay' stat ion and the
r-r lrnrbcrs cf frr-r i ts rcmol 'cd fror-n the display,s. We perlor-
med ANCOVAs on red anc l  oranse l l 'L r i ts  separate l ) 'and

( ) I K O S  f - 1 : l  (  l 9 ( ) 9 )

combinecl. usiug 1he nuurbers o[ '  thrLrshcs l tncl l r  ar lr  ings
c lc tcc tcd as thc  covar iu lc .  Wc a lso pcr lbrmcc l  cor rc la-
t ion anal l ' ses to  eran-r ine poss ib le  re lu t ionsh ips betueen
the nLrmber  o l '  th rushes unc l  lvuru ings c le tectec l .  the
c lcns i tv  o1-  t l 'u i ts  pcr  qr " rac l ra t .  and thc l r rc ragc mccl ian
f l 'L r i l  renro la l  c la te  lbr  euch o l ' the s i r  s i tes  lbr  uh ich i r l l
o1'these clata u'ere recclrcled.

Results

Fruit-color selection erperiments

Bircls sclcctcd nrorc rccl f ' r 'ui ts than orangc 1r 'Lri ts. rc-
garc ' l less o l 's i1e or  s ta te  (Table  l ) .  The nte iu t  c l i f l 'e rence
in  l l 'L r i ts  ren- rorec l  per  r l isp la) ,  betueen the tuo co lor
n ro rphs  nus  1 .84  l l - u i t s "  uh i ch "  u1  ou r  sun rp le  s i ze "  u ' as
s t a t i s t i c a l l y  s i g n i f r c r n t  ( / : 3 . 7 8 .  P  <  0 . 0 1 .  r : 5 6 ) .

Bircls rer-novecl l l 'ui ts ut sinri lar nltes iur- long sites.
There \\ 'AS no cl i f ' f trcncc in thc nlrnrbcrs ol '  t l 'Lr i ts crrtcn
b1 ' the mecl ian c la te  betu 'een s ta tes L) r  iu l r )ns  s i t r ' :
u ' i th in  s t i l tes  (T i tb le  2) .  Mecl i i tn  t in res to  c lep le t ion u lscr
c l ic l  no1 d i f ' l 'e r  s ign i l icant l l '  betu 'een s ta tes (1 ' r  + :0 .03.
P :0 .86 ) .  a l t hoL rgh  t he re  uas  son re  cv i c l cnce  t ha t  t hc l '
c i ic l  rar l '  umonq s i tes  n ' i th in  s tu tes (1 ' l : , ,  :  ) .31.  P -

0 .07  ) .

Tablc  L  Nested ANOVA con ' rpar ing numbers o1 ' l l -u i ts  er r ten
by thc I rec l ian c lu te  be lucen s i tes .  Thc c l ' fcc t  o t '  S ITE uas
ncstccl u i thin STATI:.  ancl both cl ' lccts u crc l i rct l .  N,lcirn
vu lucs lb l  euch rur iub lc  u le  s iven i r r  T l rb lc  l .

S o L r l c e  o 1 '  r  l r r i u t i o n  d f  N { S f -  I ,> I '

I .  Recl 1l 'Lr i ts
STATE
s l ' l ' E  ( s ' fATE)
E llt-l r'

I I .  Orangc  l r -L r i t s
STATE
S I T E  ( S T A T E )
En'r'lt'

l l l .  To ta l  t l ' u i t s
S  fATE
S I T E  ( S T A T E )
Il rror

I  0 .0 I  .5 ,+  0 . (X)  0 .91
'+ [.8-5-58 ].01 0.-+ I

5 0  1 1 . 6 9

I -+.98-+6 0.18 0.6-l
. +  I  7 .8 t t t  t .O l  0 .  I  I

50  8 .85 t0

I
.+

i 0

- ) .55 - l8
- i9.  i t90
t 8 . 6 l t  5

0 . 0 9  0 . 7 8
) . 0 7  0 . 1 0

EI



Table l .  Plopor '1 ions ol 'sumplecl  c l r . racl rats that  containecl  I ' r 'Lr i t ing
I  SE. Aslc l isks inc l icatc s i tcs t rsccl  lbr '  1 l 'Lr i t  rcuro\al  crpcr imcnts

R. .s:1tt 'ctuIt i l i . r '  clrncs. ancl ntcar.r
M c a n s  b v  s t u t e  a r e  l i s t e c l  a t

t l-Lrit densities lle r r.nr-cluuclnrt +
the bottor.r.r.

Orcgon A l a s k a

S i t c Propor t i on Dcns i t l S i t c Pt'c'rpolt ic 'rn Dens i t l

O R

0.-+6
0 .66
0 . -55
0 .66
0. -5-5
0. -51
0.-5 j
0.6- t

0 . -58 . 1 ' 7  L

0 .5
1 . 0
0 . 1
0 . 1
0 . 5
0 .9
0 .5
0 .8

0 . i

l x
') t:

3
L

a
7
8

A K

l (x)
93
9 l
J9
95
90
t2
95

8 1 5

0 .61
0 . 6 8
0. -5(r
0. -5:+
() . -10
0 .7 f i
0 .  E 8
0 . 7  6

0 . 6 5

8-i
9 l
71

l t 8
,t9
lr)
9 )
8-i

6 8 t

l . -5 +
6 .8  *
.+.3 +
5 . 8  +
2 . 7  +
.+.6 +
i . 7  +
5 . 6  +

5 . 1  +  0 . 5
8 . 0 +  l . l
-1 .6  r  0 .7
.1 .6  f  0 .9
1 . 9  +  0 . 5
8 . 1  +  0 . 9

l . t . l  +  1 .8
8 . 1  +  1 . 0

6.0 + 0..1

TlLblc -1.  Phcnological  con' t1-ru l isons r- rs ing
n l rmbcr  o f ' t l ' u i t s  coun ted  o t ' e i r ch  co lo r
Aster isks incl icate s i tcs Lrsecl  lbr  renroval

p ropor t i ons  o l ' r ' i pc  l l ' L r i t s  o l ' cuch  co lo r  n to r -ph  pe r  s i t c  unc l
morph uncl  l t re g i ren in purentheses.  Merrns urc l is tecl  t i r r
expe f  lme l r t s .

st iLte.  Sunrple s izes ure the
e l r ch  s tu te  u t  t he  bo t tom.

O R Rccl C)ransc A K Rcci Ora n cc

0 . i 0  ( 2 t )
0 . l t j  ( l 3 l )
0 . 3 9  ( 6 1 )
0 . -+ l  ( i 7 )
0 . l l  ( l l )
0 . 1 6  ( 1 0 . + )
0.3 .+ (68)
0.50 ( -+)

0.19 (.+-+ l  )

0 . - ) 6  ( l 7 l )
0 . r6  ( -167)
0 . 3 0  ( l - 5 1 )
0 .39  (689 )
0.1 .+ (95 )
0 .17  (156  )
0 . .+9 (157)
0.37 (.+5.+)

0. i6  (16.+0)

0 . t 6  (70 i  )
0 . i 9  ( i 8  r  )
0 . 3 1  ( 1 9 7 )
0.10 ( l l , t )
0 . 1 3  ( l  l 3 )
0 .13  ( -571  )
0 . 1 6  ( 1 i 5 6 )
0 . i l  ( 6 t - s )

0 .18 ( ,+170)

0 .15  (187 )
0 . 5  r  ( 3 7 1 )
0 . 3 t  ( 3 1  )
0 . 1 6  (  l l 9 )
0 . 3  1  ( 5 1  )
0 . 1 7  ( 1 5 3 )
0.1-1 (16.1)
0 -t:t ( l-+7)

0 .31  ( l - t 3 . t )

I
)
-l

-+
5
6
1
d

O R A K

Fruit-color frequencl'., density', size, and nutrient

content

Alaska cons is tent l r . '  hac l  a  n lL lch sreater  propor t ion o l -
rcd f l 'ui ts t l . ian Oregon (r :  0.73. SE : 0.0-5. :rnci .r  -

0 .15 .  SE :0 .03  l b r  A laska  anc l  O regon .  r espec t i ve l y :
t : 8 . ( r 9 .  P  <  0 .01 .  t t : 81 .  Ac ross  a l l  s i t es  sa rxp led .  t hc
proport ion ol '  r .rniclcnti l lablc frr-r i ts pcr si te ar, 'erased
0 . 0 4  ( S E : 0 . 0 1 .  t r : 1 6 ) .  a n d  t h c  r c s r , r l t s  o f ' c o r . n p a r i n g
propor t ions c l id  not  change when the Lrn ic lent i f iab le
f l 'ui ts w'crc addcd to either color cate-qory.

Thc propc-rrt ion of qLlaclrats r" ' i th f l -uit i r-r-9 canes ancl
t lrc dcnsit l '  ot ' fruits per sclLlure rreter also vuriecl l l 'ou-t
si te to site. A greater proport ior.r of c1r-radrats in Alaska
containecl fnri t in_c R. . ;1tct ' tuhi i i . r  canes (.v :  0.66. SE :

0  05 .  n  :  81 ,5 )  t han  i n  O regou  ( . r -  :  0 .57 .  SE  :  0 .01 .
r : 6 8 1 ^  y - ) : 8 . 9 1 .  P  <  0 . 0 1 ) .  S i t e s  a l s o  v a r i e d  s i g n i t i -
cant l ) '  in  thc  propor t ion o f  c luadrats  conta in in- r r  f i 'L r i t ing
s t cn l s  (Z r  -  8 t .U .  P  <  0  01 .  Tab le  3 ) .  S ta tes  d i c l  no t
cl i f f tr  in the nreun clensit ies o1' l l 'Lr i ts per q Lradrat
(Fr  r+ :  1 .8( r .  1 ' :0 .19)  bLr t  there r i 'as  s igr t i ( rca l t t  a l t to l t -q-
s i t e  r a r i a t i on  (F ' r  r -+s ,  -  10 .4 -5 .  P  <  0 .01 .  Tab le  ; l ) .  S i t es
u i th thc highest cler.rsi t ies of f l ' r"r i ts also hacl the greatest
prol lort ions ol clLladrats r,vi th l l 'ui t in-q ci lncs (r '-  0.E2.
P < 0 . 0 1 .  n :  l 6 ) .

Thc cor-rsistent select ion o1' red l l 'ui ts wits t-tot basecl
on phcnokrg),r.  of r i 'hich color nrorph r ipened f lrst:  there
\\ ' i rs r.ro cl i t lcrence between the propcr' t ior-rs ol- r ipe fruits
o f  each  o l '  t he  co lo r  n . ro rphs  w i t h i n  s i t cs  ( r :  1 .35 .

R l

P : 0.20. rt  -  16. Table ; l) .  The onl."- krgl ir-rear t .uoclel

that gave an aclccluate stat ist ical f i t  to the pl"renolo-uical

c lu ta  inc l r , rded the in teract ion o f  a l l  rnodel  lac tors .  In

othcr n'orcls. r ipcning phcnolo-e1'r 'ar icd rvith frr,r i t  color.
state. ancl si te: the two r-norphs rvere not consistentl .v"
cl i l l -erent l l 'our each other bctr,r, 'ccn st lr tcs or amon_q sites.
Frr,r i t  select ion. therefirre. lvas not basecl on r ipenir-rg
phe nolo_u1,' .

Frr-r i t  sclcct ior-r r, i 'as also not basecl on f l 'ui t  size. Size
cl icl  not dif fbr bctr, l 'ccr.r thc tu'o color morphs (Table 5).

although thc overal l  size of '  t l -uits vuriecl si-ur-r i f icantl1' '
anrong both sites uncl states. FrLri ts in Oregon tcnclccl to
be larger  than those in  A laska (Table  6) .

Table 5. Crossecl. nestecl ANOVA testing lbr cl i l lcrcnccs in
1l 'Lr i t  sizcs bctr i  cen color morphs. states. uncl si tcs r.r ' i thin
st l tes. COLOR rvas crossccl ancl SITE rias nestecl r i  i thin
STATE.  A l l  l i Lc to ls  r i c lc  cons ic lc rcc l  f i r cc l .  The c la ta  usec l  lb r '

the  lu ra lys is  ne le  thc  l l ck r l  sco fcs  -gcncnr tcc l  f l ' onr  the  f i r -s t
e igenvec tor  o l ' i L  PC'A conc lL rc tcc l  on  thc  log- t r i tns t i r t - t ' nec l  v l t l -

rucs  o f  f r r - r i t  l cns th  anc l  r i i c l th .

Source ot '  r 'ar iat ion dl '  MS F  P > F

C O L O R
STATE
S I T E  ( S T A T E )
COLOR x  STATE
COLOR x  S I ' l -E

( S T A T E )

0.7730 1.0 . i  0 .  l6
I  10.1668 l " t .  l0  0 .0 ; l

.1 .5760 11.06 0. (x)
0 . 9 8 t I  0 . l l  0 . 1 I
0 . t  l . l8  0 .57 0. -57
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Tab lc  ( r .  Sun. rmal r  o1 ' l l ' L r i t  s izcs  l i r l  cach  c t r lo l  n ro lph  br
s izcs  i r rc  thc  n lu rbcr  r i l ' l ru i t s  n - rc lsu lcc l  lnc l  a rc  g i rcn  in
arc  a ls t ' r  g i rcn .

s i t e  l r n c l  s 1 l t c .  V a l L r c s  l r r c  t h c  l l c i u r s

1- r iL lcn thcscs .  The ovcnr l l  meun s i tc
l l t  l - I l n t  I

r  l l L rcs  1 . l c r

I  s t i rnd l l c l  c r - r 'o r ' :  s ln rp lc
s l l l t c  -  I  s tan t l l l c l  c r r r ' r r '

Sta te S i te Rec l  l l -L r i t s O n r n g c  l l ' t r i t s

Lcns th Wic l t l r Lcng th Wicl th

O R

Or cral l

A K

Oi,'crall

i  1 . 5
1 6 . 8
l9 . l

1 8 . 9
19 . .+
l 9 . l

( 1 9 )
(  l 9 ;
( 3 8  )
( t 9  )
( l 9 l
( -58 )

)
6

I

1 9 . 3  +  l . i  ( 1 9 )
1 3 . 3 + l . l ( 1 9 )
l ( r . . i  r  1 .0  ( .18)

1 8 . 6  r 0 . - 5  1 2 9 1
19 .0  +  0 . ( r  ( 19 )
1 8 . 8  +  0 . . 1  ( ) 8 )

, 1 " )-  t  - :

r l l

+  1 . 0

+ 0.-5
+ 0.- i
r l l  I

l l . 0 + 0 . 8  ( 1 9 )
1 6 . 8  +  0 . 9  ( 1 9 )
1 8 . 9  +  0 . 7  ( i 8 )

1 8 . 8  +  0 . 7  ( 1 9 )
11  . 1  +  0 . - i  129 ;
t 8 . l  +  0 . -+  ( - 58 )

. r t . i  +  0 . 8  ( 1 9 )
1 7 . . i  +  l . l  ( 1 9 )
19 .9  +  0 .9  ( . ] | i )

1 9 . 8  +  0 . 6  ( 1 9 )
1 9 . 8  +  0 . - i  1 2 9 1
1 9 . 8  +  0 . +  ( 5 8  )

Tab le  7 .  Conrpur i sons  o f  nu t r i cn t  cou tcu t
perccntages.  Percent  u l t tcr  rc-acl ings \ \ 'crc

bctr iccn lccl ancl ol lur,sc
tukcn a t  ( r - i 'C- .  anc l  TNC

ru ro rph  l l ' L r i t s  i n  O lcgon  unc l  A lusku . .A l l  ru lL rcs  u rc  g i r cn  us
i s  t l t e  to t l t l  n ( )ns t ruc tL l l ' u l  c i r t ' b r . rh r t l f i l t c  con tcu l "  o r  sL l s i r r s .

Oleu,'rr. t A l l t s k l r

L ip id T),JC HrO L ip i c l I ' N ( H . o

( ) t ' : t n , ' . .

Rccl
L 0 l
1  .00

) 1  . ( l
10.-+

l  - , l

l . l l
-tr0.+
r9 .0

r . i 4
1 .0 .1

9,+.  l l
9;t. 5 ,5

9 l
99

T l r b l c 8 . M c a t r r l r . t l l l b e r s o l . t h r . L l s h c s

nrcan o f '1hc  to t l t l  nunrbers  c le tec tec l  ner  s i te  bv  s t r r te  l l r c  i t l so  l i s tcd  +  I  s tunc la rc l  c l r r l r '  ( r r  -  - j ) .

S l a t c

o R AI(

S i te
Sur r  c r  I
SL r l r  e r  l
Su l r  ey  3
Total

Or  c la l l

+ 0.-+
+ 0 1
+  0 . 3
r l l  I

1
1..+ + 0..+
l . l  +  0 . : 1
1 . 9  +  0 . 7
6 . . 1  +  1 .0

5 .1  +  0 .6

6
1 . 7  +  0 . 1
1 . 7  +  0 . 3
1 . 7  +  0 . 1
-5.1  + 0 . - l

I
1 .7  + 0 . - )
l . l  +  0 . 6
l . l  +  0 . - +
5 .9  +  0 .8

5 . . 1  +  1 .8

+ 0.+
+ 0.+
+ 0..1
+ 0.()

-i
1 . 0  +  0 . 1
0.- i  r  0. - l
0 . 7 : 0 . - l
l . l  +  0 . 6

Fruits of thc tu'o morphs variecl some\\ 'hrrt  in nLrtr i-
eut contcnt bctween states. but mnch lcss so bctu, 'cct.r
rrorphs vu' i thin a st ir te (Table 7). Recl t l 'Lr i ts coutainccl
rrore watcr than orange f l 'Lr i ts in Alaska. altcl  rcd fruits
containecl sl i-uhtly '  _sreater slrgar content ancl lcss l ipid
contcnt in Oregc'rn than the f l-Lri ts of thc ori lnsc l t- lorph.

Surveys of avian frugivores

Thc nunrbcl 's of thrushes and n'axlvings clctcctccl dic' l
not dif fer bct lvcen st i l tes nor Anror- l-q rento\al cl isplay'
s t a t i o r r s  ( F r . + : 0 . 0 1 .  P : 0 . 9 2  a n c l  F . *  r : ,  -  I  . 0 1 .  P :
0.38 fbr  s ta te  and s ta t ion.  respect i r , 'e ly ' ) .  bLr t  s i tcs  wi th in
sta tcs  d ic l  shor ,v  s ign i f icant  var ia t ion (F*s+:  11.2.  P <
0 . 0 1 .  T a b l e  8 ) .

Relat ionships between numbers of birds,

color-morph dominance, and fruit  select ion

There \\ 'as no er, ' idence of a lelat ionship betrveen thc
tolal nunrbers of ' f l 'ui t  removcd bv thc median clate altcl

O I K O S  S - l :  l  (  1 9 9 9  )

the nunrbers  o f  f ' r 'ug i rorous b i rc ls  (Tablc  9) .  anc l  thc
numbcrs o l '  th rLrshes unc l  naru inss c l ic l  not  c rp la in  a
si-gnifrcant auroLurt ol- 'nariuuce. The nunrbers ol '  rccl
l ' r 'Lr i ts ret-noved cl icl  not cl i f l .cr lurons sitcs or bctnccn

T a b l e  9 .  A ) . 1 ( ' O V A  o l ' n L r n r b c l  o l ' l ' r ' u i l s  l c ' n r o v c ( l  p c ' r  d i s p l l r r
s t a t i o n  u s i n c  t h c  t o t l l  n L r n r b c l  o l ' t h l t r s h c s  c l c t c c t c c l  l r t  t l i a t
s t i t t i o n  i t s  l  c t ' r t u t i l t c .  S I T E  r i u s  n c s t c c l  i i i l h i n  S [ ' , \ T ' [ ' . :  b o t l r
l u c t o l s  u e r c  f i r c r l .

Source  o1 '  r ' l r r i l t i on c l l [ '> '  F\ IS

l .  Recl  l l 'Lr i ts
STATE
S I ' f E  ( S T A T E )
B I R D S
ti rlo r'

I I .  Oran t rc  t l ' u i1s
STATE
SITE (STA-TE)
B I R D S
Error '

I I l .  To ta l  1 l ' L r i t s
S  I 'ATE
S I T E  ( S T A T E )
B I R D S
E.rror

I  1.60- l i
. +  1 8 . + 7 l l
I  j i . s 8 9 5

- \  I  l l . s  l 7 - +

I  l t . 5 7 f i 9
-+ I  9.1969
I  7 .75 t i7

5 l  9 . 0 1 8 i

I  t t . -+0t9
-+ 7-+.6+-10
|  11 .019  |

5  I  t 9 . 6 0 l 9

0 6 +
0 . l l
0 . l l

0.6-+ 0.+7
l .  l 9  0 . 0 8
0 .86  0 .36

0 . 5  5
0.0- i
0 . l l

0 . 1 5
t.-+-+
1.6-+

8 3



stutcs .  but  t l - rere  uus u 'eak c l ' i c lcncc that  the t ru t -nbers  o l '
or iurgc f l-uits removccl cl i l - f-crecl amons sitcs. Thcrc \\ 'cre
no cl i f l -crences betr, i 'ecn statcs. houeler. There \\ 'as l to
cr iclcncc that color--nrorph clot-tr inance int lLrencccl thc
numbcrs o1-fruits rer-t-tovecl of caclt  morph.

There \\  crc uo signif icant correl i t t ions bctr,r 'een the
nr-rnrbers of '  thrLrshes uncl lva.ruiugs dctcctecl per site
i r n r l  t hc  n t cc l i an  t i n te  t o  ren to ra l  ( r ' :  0 .21^  P :0 .6 -5 .
n :  ( r ) .  or  betuecn thc f ru i t  c lens i t l 'anc l  the t -ucc l ian c la te
o l ' r e n . r o r A l  l b r  c a c h  s i t e  ( r ' :  - 0 . 0 7 .  P : 0 . 9 0 .  r i - 6 ) .
Thc numbcrs o t ' thrLrshes i tnc l  ua. ru ' ings per  s i te .  l tou-
cver. \ \ 'ere corrclatecl uith thc clcnsit ics ot '  1-r-uits per

sc l l r i r r e  n r c t c r  ( r ' -  0 .8 | "  I ' -  0 .0 -5 .  f l  -  6 ) .

Discussion

At thc popLrlal ion scale. bircls ct 'rnsistcntl l  selectecl rccl
o\ cr oranqe f 'r 'ui ts in thc cl isplal 's rcgarcl lcss ot '  the
locl l ly occurring l ' r 'Lr i t-color t ' r 'ecluencies or clcnsit ics. Tct

thc bcst o1'our l tnoulcclgc. this is the f lrst s1ud1' clett-t t ' r t t-
stnrt ing t l 'usir ore selcct ir-rn of a f l 'ui t  tr i l i l  at u scule
re lcr  ur - r1  to  potent i i t l  cocr  o lu t iouur l ' '  p r ( )ccsscs.  A l -
thor - rgh \ \e  c lu lnot  conc luc ie  th i t l  pat tc t 'ns  o t '1 l -u i t -c t t lo r
occLlrrcucc t l 'c the resLrlt  ol- l t 'Lrgivore selecl i t-rn. \ \ 'c

demonst ra tec l  the potcnt ia l  fo l '  a r iun l rug i r t t rcs  to  erer t
cons is tcnt  sc lcc t i re  pressL l rc  a t  both  loca l  and rcg ional
spat ia l  sca lcs .  Th is  resu l t  co l . t t ras ts  u i th  thc  antb igu i tv
o1 '  the combincc l  resu l ts  o l -  ar  ia r l  exper in ten ls  car r icc l
oL l t  b)  a  nunrber  o f  researchcrs  (c .g . .  McPherson l9 t tE.
W i l l son  c t  a l .  1990 .  W i l l son  auc l  Co r t re t  1993 .  W i l l son
199-+) .  I t  is  in  gener i t l  agrccr rent  r , l i th  thc  r ' rork  cor t rpar-
ins  l l 'u i t  co lurs  unc l  apparent  t l ' r " t -c i rorc  cho ice pat tents

anrons rcg i t ' rnu l  f lo rus (Turcck l9( r3 .  Jat rsot . t  1983.
Knight  anc l  S ig t r iec l  l t )8-1 .  GaLr t ier -Hio t r  c t  a l .  1985.
Whee lu r i gh t  anc l  Janso t . t  1985 .  W i l l son  c1  a l .  1989 ) .
u  hcre rec l  u  as a  c lominant  co lor .

The consistcnt nlrnrbers ol- fruits utrci placctnctrt  ot '
the tn o color n-ror-phs acl iaccnt to each other in t l te
ren.rolal display's control lecl l trr  the elfects of crop size
anc l  thc  poss ib i l i ty  in  naturut l  popLr la t ions that  the
cl i l lcr-cnt l l 'Lr i t-color morphs rui-sht l tot occup)'  the saue
microsite. Fruit  crop size has beetr shou'tr t t t  i t t l l r tcttce
t - r ' r - r i t  se lect ion (Moot 'e  a t rc l  Wi l lson 1981.  Dav idar  and
Mortor" t  1986.  Dcns lou 1987.  . lo rc lano 1987.  Boc ln tcr
lc )90.  Thebauc l  ancJ Debusschc l99 l :  bLr t  see Frcuch et
a l .  l99 l  anc l  Laska anc l  St i les  1994)  The conspcc i f ic
nc ighborhooc ls  sur rounc l ing thc  crpcr i t re t t ta l  rentor ' 'a l
c l isp la l 's  ucrc  h iqh i l '  r . 'a r iab lc .  rang in- t  f l 'o t l  cuncs u i th
no l l 'Lr i ts present to hi-ch clcnsit ies ol '  l l 'ui ts. ancl cct l t t t ' -
nrorph frccluencies that ratrgecl t't'otl 5')',, ,.l r.rtat. J0'1,
rcc l .  Des l r i te  thc  backqroLrnc l  rar iab i l i ty ' .  the ne i - t lhbor-
ht 'rocl ct-f lcts in this stucl l '  hacl nc'r l tppal-ent i tr l lLretrcc
over  co lor - -nrorph sc lcc t ion.  Th is  a lso cont r i ts ts  u ' i t l t
p rer ,  i t ' rus  u  ork  (Moorc auc l  Wi l lson 1982.  Det rs lor i
1987 .  Sa rgen t  1990 .  Sa l l aban l t s  1993 .  W i l l son  a t r c l  Whc -
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lan 1993) .  The l i rc t  lhat  cnr" i ronnrentu l  f  uc tors  be1 'ond
the control o{- thc l larent plants r,r 'ere iusul l lcicnt to
coLluter oVeralI  pattcr l-rs o1' 1-r-ugiVOt'e selecl ir-rt- l  sLlpports
thc argunrent  thu l  l l 'u i t  co lor  is  a  tac tor  in  t l 'u i t  sc lcc-
t ion b1,  b i rc ls .  anc l  that  th is  sc lect ion is  o l '  pote l t t ia l

er  o lu t iona11 '  s isn i l icunce to  11esh1"- t rLr i tec l  p lants .
Recl l l 'Lr i ts of R. .rTrcctult i l i ,s n'crc sclccted consistentl l '

ovcr the orauge morph l l 'Lr i ts. The errnsuntc-r- l 'cCt)r lr i -
t ion hl,pothcsis nral '  hclp erplain r i 'h1' rccl l ruits rr 'ere
chc'rscr-r cr, 'en l lheu the 1l 'Lr i ts ol '  this color t lorph n'crc
c lLr i te  rare (Stephens anc l  Krebs 1986) .  In  th is  case.
color select ion ma1' bc s1-rccif ic to the t1'pe of color
pol l ' rrrorlrhisnr lbuncl in R. .s 1t t '  t '  t  u h i  l  i .s. Frr"t i t-colot '  pol l ' -

n-rorphisn-rs can be dir iclccl into tu'o setreral t) 'pcs: orte
uhcrc  one ot - the co lors  is  a  var iant  lbnr  causcc l  by  i t
lack ol- pignrent: utrcl a sccond t1' ;rc. in i i ' l t ich thc colors
represent  grac l icn ls  a long u c lere lopnrcnta l  l ta thw'u1.  R.
.; l t t ' t ' tul t i l i .s bclongs in the lattcr ci t tegor) ' .  Recl sal l lon-
bcrr1, f l -uits unc' lcr_so simiIar color chaugcs clevelopnten-
ta l l l  as  thc  orange l l 'L r i ts .  c . \ccpt  that  they 'da lkcn to  rcc l

c lLr r ing thc  t ina l  r ipen ing (our  pcrsot ra l  obsern 'a t ion) .  Ar t
oran-uc-colorecl l l -Lr i t  cAn thcrcfbre l 'epreseni r. t  t ' ipc.
reacl1,-to-ci l t  oranse l l 'Lr i t .  or a harcl.  uuripe rccl frr-r i t .
For  huntans.  i t  is  o l ien c l i l l l cLr l t  to  c l is t ingu ish thc tu 'c r
u  i thout  resor t ing 1o cran-r in ing the rest  o l -  the cune lbr
r ipe t ' r -Lr i ts .  or  hanc l l ing the c luest ionable  f l -ur ts  to  c lc tc t ' -
r-r-r ine harclncss. Bircls trul '  havc sin-r i lar difhculty' .  artc' l
nray' choosc to select thc f l 'Lr i t  color that is ahva.vs r ipe.

Color-mor'ph tr-eqLrencl '  of R. .s1tt ' t ' luhi l i . r  varicd sLrb-
s tant ia l l l '  betu 'ccn s i tes  uuc l  a l -no l tg  s ta tes.  Thesc var i -
able 1l 'Lr i t-color frecluencies cl ic ' l  not ref lect frugi l 'ore
choice a1 c i ther  a  loca l  or  rcg io tu t l  scu le .  T i t rs  pat tent

h igh l ights  the l imi ta t ions o1 '  se lcc t i r ,c  torces on thc
cvolut i t ' rn of l l ' r-r i t  traits: cleurlr ' .  seccl cl isperser pressLlrc

is  ncr l  t l re  on ly  fuc tor .  In  thc  case of 'R. .s1t t ' t ' tuh i l i . r .  i ts
t 'eprOductiVe strateg)1 nt i l l l  c l i lLrte al ly '  frLrgiVore se' lcc-
1ion. Sahronberr,v sprcads r. 'c11' I 'ei tcl i lv thrclugh rhi-
zr)mes ancl is thelefbre able to persist altuost irrclef initel l , '

lu t  a  s i tc  u i thout  seru i t l  rcpt 'oc l r " tc t ion (Tappei t le r  e t  a l .
1991 .  Tappc ine r  unc l  Zasac la  1993 .  Zas i t da  e t  a l .  199 ,1 ) .
FLrr thcr .  the geographic  r . 'a r iu t ion in  co lor -n torph c lo t t r i -
luiurcc suggests lhat lactor-s such as soi ls or cl i t t tatc t t taY
be acting on plant trut i ts that are correlutccl u' i th. br-rt
luot relatcd to. the trr-r i t  color ntorph. the colors t-t- t i t1'

simpll '  bc b1,-proclr-rcts of select ion acting or. l  thesc
corre la tec l  characters  (Wi l lsor r  anc l  Whelan 1990) .  For

erat-nplc. t l re r. ' i t r ioLrs l l 'Lr i t-colt tr  t t- t t trphs of- Rlrugotl i t t

1tut 'ubttI i t 'u pt 'ocluce seeds u' i th cl i t l 'er ing dorntatrc,v pcri-

ods be lorc  scrnr i t t t t ion (Wi l lson and O'Dor i 'c l  l9 t t9) .

rrtrcl  banatra slu-u (At ' iol i trru.r ctt l r trrrhiurrtr. l )  i t t-ucsti t-rt t  of '
R. .s;1tt ' t ' tuhr1r.r inhibitecl gertuinatiotr t trot 'e stt 'on-t: : lv i t- t

the recl than thc orange n-rorph seecls (Gcrvais et ul.  i r t
press) .  In tcrest in-u l1 ' .  b i rc l  and bcat '  ingest ion o t '
salmonbcrry'  frLri ts cl icl  not procluce a cl i f f trential -cemti-
natior"t el ' l -ect bct lveetr color ntorphs (Trarcset ancl Wil l-

son 1997). althor,rgh ingcstccl seecls shorvccl erthattced
genrinal ion over cr)ntrol sccds. Prel int inarl , '  u 'ork u' i th
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soi ls incl icatecl that the trvo R..: :pt 'cl t thr lr .r  l l 'Lr i t-color
morphs ma1' germinatc at cl i f ferent rates clcpencl ing ott
t l -re soi l  t ,vpe (Traveset aucl Wil lson in prcss). Gcrn.t ina-
t ion behal ' ior is rer1, unl ikcly'  to be a ccrnseclueucc of
f ru i t  co lor .  To the e\ tent  that  th is  character  cor rc la t i r - ru
occurs. the abi l i t-v of a plant spccics to responcl tcr
selecti l 'e prcssLlrc on lur) oue tr l t i t  is consic' let 'ablv less-
enec1.  a lon-u n ' i th  thc  potcnt ia l  fbr  ad l | t i re  rcspol ts r -s .

I r r  conc lus ior - r .  b i rc ls  cons is tent l l ,sc lcc tcd the rec l
cofrrr rrorph of R. .s1tt ' t ' tubi l i .s on both local ancl regional
scalcs. The pattenr ol- sclcct ion occun'ecl c ' lespite cl i f l t r-
ences in thc number-s ancl species of frugivores preseltt .

lund the vcry cl i t terer"rt  back-qrouncl abunclatrces atrcl
frecluencics of the t l l  c 'r  cokrr morphs. This result
demonstrates that i tviart f l 'ur-qivorcs have the potential tct
appl "v  evo lu t ionar i l l ,  s ign i f ic i ln t  pressure on the p lants
whose f l-Lri ts t l ie.v- cat ancl lvhose seeds they cl ispcrse.
Hol lever .  the fac t  that  the f l 'u i t -co lor  morph c l is t r ibLr -
t i t ' rn pattenrs \\ 'ere inclepcnclent of frugivore prcf-crctrcc

sug-uests  that  manv other  lac tors  arc  l ike lv  to  p lay a
ro le  in  p lant  le  sponses.  F ina l l l ' .  thc  re la t ionsh ip  be-
t l l 'een the frugivore color selcct iou cle tectecl in this
strrcly'and thc reprodr-rct ive strategy of R. . ;1tt ' t ' luhi l i ,s
remair-rs r-rncertaitr .

. lt l irtorrlt,t l.q(nt(ttt,\ This rcscarch lr 'as sr.t1-r1-rrlrtccl in part br a
cc ' ropcnrt ive reseurch aqrccnrcnt  bctueen LISDA Irorcst  Scl ' r  icc
Rcci toocl  Sciences Labolatorr  lnc l  JAG. lnc l  b1 a Glant- in-
Aic l  o l  Rcsclrch b1 Signra Xi  to . lAG. Fic lc luork ussistance
u a s  g i r c n  b v  B .  C u n n o n .  M .  D o n a - u h r .  K .  M i n o .  A .  R o -
cl r iguez uncl  M. StLrbbs.  Thc n ' t l rnuscr ipt  benel i tec l  l l 'onr  conr-
r r c u t s  b 1  T .  W .  A t ' n o l c l "  T .  L .  ( l e o r - g e . C . M .  I l e r - r c l a .  M .
Mcs lc r .  R .  S .  Os t l ' e ld^  D .  K .  Roscnbc fg .  A  T r i t rese t .  . l  .  B .
Wi l son -  anc l  K .  Wi r rnc t -N lL r r r l \ .
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