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WHY DO FLAME ROBINS Petroica phoenicea MIGRATE?
A COMPARISON BETWEEN THE SOCIAL AND FEEDING ECOLOGIES

OF THE FLAME ROBIN AND SCARLET ROBIN P. multicolor
DOUG ROBINSON

I)epartmcnr of Botrny and Zoology. Monash UDivofsity. ( layron. Vic. l l6t
Pre\ent addre\s:2l l  Brth Strcct. Mornington. Vic. l9Ji

Rtu' iLcri  l7 Norrnttu r 198t)

Comparisons between the ecology of Flame and Scarlet Robins at a sympatric breeding site
suggested thal Flame Robins migrated during the winter months because of a decl ine rn the avai labi l i tv
ol the r major prey. During the nine months that Flame Robins were present at the breeding site, they
foraged for flying insecls twice as oflen as did Scarlet Robins. Scarlet Robins foraged more often for
ground-dwell ing prey. Flying insects are a very seasonal lood resource, presenl mosfly during the
warmer monlhs. Ground-dwell ing arthropods remain relat ively more common in winter. Thus, Fiame
Robins migrated from their breeding grounds once food abundance decreased and competi l ion for
rernarning prey increased in the aulumn months. Scarlet Bobins were able to find sufficient iood to
remarn al their breeding grounds throughoul ihe year. Severe competit ion for terr i ior ies in breeding
habital may have been a further select ion pressure on Scarlet Robins to remain at their breedina
grounds lhroughoul the year, since terr i lorV turnover was low.

N4orphological comparisons indicated that Flame Robins showed long-term adaptations to their
winter .environment and winler feeding behaviour (hop-gleaning on the dround). Such adaptatons
rmply that migralion may be an ancestral irait within this species rather lh;n a recent event, and that
Flame Robins have long moved between wintering and breeding orounds to exploi l  seasonally
abundant suDolies of Jood.

INTRODUCTION

In contrast to thc tcmperate northern hemi-
sphcre. where 40-75 per cent of landbird species
migratc. er. rrl asr-e (Perrins and Birkhcad i9g3).
landtrird migration in Australizr is poorly undci-
stood. Few Austrzrl ian landbirds migrate largc
drstanccs,.or migratc in flocks (Ford 1989). Migra_
trons by Australian landbirds instead tcnd to be'L l i l l u \ ( '  t .R(chcr  l9x5 l .  cornpr i . ingsh, , r t -6 ; . ,nn . . .
( , r  la t t r i r l  mrgra t  ions .  (FurJ  l98r l ) .  Nonethe l *s .
r n r g r 3 I t ( ) n  t s  i t  d l s l t n c l r \ e  l c a t u r c  r l [  m i r n y  A r r s t r a -
l ian  b i rd  communi t ies  (N ix  1976;  Rechcr  c l  c / .
1983) ,  and as  many as  50  per  cent  o f  spcc ies  in

south-eastcrn Australia show regular movcmcnts
betwcen brceding and non-breeding environ-
mcnts (Nix 1976; Rechcr er a1. 1983; Loyn 1985a).

_ Lack (1954) proposed thar scarcity of foocl is
thc ult imate cause of migration antong birds and
that species which feed on scasonal rciourccs arc
more l ikely to migrate than specics whose tbods
are availablc all ycar round. Hc proposcd further_
morc _that compctit ion for f(x)d during winter
c r ruscd .  i r r l r r rspec i f i c  r l i f f c rencc .  in  migra tory
tcndencies: thus. if they are smaller and ricakei.
tcmales are more l ikcly to migratc than males and
young males arc morc l ikely to ntove than adults.
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Morc  rcccn t  nodc ls  about  thc  eco log ica l  causes
of  conrpc t i t ion  s in i la r l v  cons ic le r  food ava i lab i l i t y
and conrl 'rctit ion for food to bc the ultimatc causci
ol nligri lt ion. but strcss thc sigDificancc of social
conrpctlt lon as a proxintatc causc. Migratory
te'ntlcncics ar c preclicted to vary batwecn
diffcrcnt agc-clusscs. ciiffercnt scxcs and differcnt
spcc ies  bcc l rusc  o l  compet i t ion  fo r  non-breed ing
scAson or brceding rcsources. Compctit ion for
r ( \ , , 1 t l \ ' L \  . l r r r i r r l  t l r e  r r , ' n - h l e e L l i r r $  \ ( . 1 \ ( ) n  l i l )
\  . r u \ L  \ u l \ ) r L l i n i r l c  i r r d i r  i r l r r r r l .  L , r  \ l r e r i u i  l .  !
(hspcrsc  to  p (x ) rc r  qua l i t v  hab i ta ts  u ' i th in  the i r
l r t c e , l i n c  r ; r n F t .  ( , r  r  n l | r r . l l e  I r \  ( ( p l r r i t t (  w i n l ( r -
ing lrountls (Ciox l9(ri i: Gauthrcaux l9ll2: Ketter-
son unr l  No lan  l9 i i l ) .  (bnpc t i t ion  fb r  b rccd ing
scason rcsourccs DtiLV causc thosc intl ividuals
nros t  l im i tcd  bv  rcsourcc  ava i lab i l i t v  to  migra te
on lv  shor  t  t l i s tanccs .  o r  to  rc tu rn  to  thc i r  b reed ing
gIr)unds a\ carll us possiblc (Greenwoocl 191.i0;
Mvcrs  19 ,91 :  Kc t tc rson unc l  No lan  l98 i :
P icnkou 'sk i  lnd  Evans l9 l l5 ) .

Phvs io log ica l  cons t r i t i l t t s  i t rc  i l l to thcr  poss ib lc
causc  o l  b i rc l  m igra l ion .  Snta l l c r -bod icd  inc l i v ic l -
uu ls  rna \  bc  l css  i tb lc  to  w i ths tand cx tcnded
pcr iods  ( ) l  las t  than la rgcr - i rod icd  t r i rds .  Se lec t ion
prcssurcs  rn i r !  leud  to  thc  migra t ion  o l  smal lc r -
boclic'cl birt ls fronr trrcccling grounds where food
bcconlcs t()() scarcc in \\ ' intcr. ()r t() longer nligra,
t ions  bv  snra l l c r  b i rds  (M\crs  l9 l i l :  Ke t te rson and
N o l r n  1 9 8 3  ) .

Flirnrc Ilobins I '<troicu lthocriced and Scarlct
Rohins l. tnulti(olor arc closclv-related specics
( ) l  l l vca lchers  th i t t  a lc  w idesprea i l  th lough iou th-
cas tc rn  Aus t l i r l i a .  Bo th  spcc ics  a rc  found in  fo rcs t
i rn t l  uood land cnv i ronmcnts  bu t  o f ten  arc
sc l ) iU i r tcd  b l  in tc rspec i l i c  d i f f c rcnccs  in  i i l t i tudc
or  i l l rb i ta t  se lec t ion  dur ing  thc  b rccd ing  season.
Sc l r r le l  Rob ins  arc  rn ( ) rc  commi)n  a t  lowcr
irlt i tLiclcs in dricr rvootl lancl and forcst cnviron-
nrcn ts .  F lamc I lob ins  a rc  onc  o f  thc  commoncst
brecd inu  spec ics  n l  h ighcr  a l t i tudcs  (1300- l  700 m)
(Lovn 1985b) .  A1 thc  enc l  o f  the  breed ing  season.
thc  majo l i t v  o f  F lamc Rob ins  migra te  to  low land
grasslands and pastures. Some bircls may also
n l ig ra tc  to  the  na in land f rom Tasmania
(Campbe l l  1909:  Dennet t  1982) .  The nra jo r i t y  o f
Scar lc t  Rob ins  r re  scdcntarv  (Huddy 1979;  Be l l
and Ford  l9 i l7 :  Rob inson 1990) .

It secms clcar rvhv Flame Robins migrate fronr
h igh- l r l t i tudc  t r reed ing  grounds fo r  thc  w in tc r .
s incc  thc i r  b rccc l in -q  g rounds are  o f ten  snow-
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STUDY AREA AND METHODS

Mo\t  o l  thc studl  qas done on ihc Soulhcrn lublc l i l l rds o i '
Ncr Soulh Wti lcs.  a l  r  100 hr t  s i tc  c iu Nimnr i l l l )e l  ( j6 'J6 'S.
119' :1 8.8( l (1 900 n asl) .  Bccausc I  c{) r ld nol  locrrc popula-
l i . ' r . , ' l  f l . ,  I r  R . ' ' i r r . , , r ,  r h .  r . , l , j r . . . r . l .  i r  u r r r r c r .  r , c t '  r r  r r c
I r lanre Rohin populat ion was obscncd dLrr i  s  thc non,bfecding
scir \on i t t  a s i tc  ncur Scrt lord.  Vic lor i r i  ( l i i '06 S.  l '15 '05'8.
l0 nr  ls l )  t )ar l  $err  col lccrcd tu)  r  Jul r  l98l  ro Mlv l9t i6.

]_hc Ninrnr i tabcl  stud, l  s i tc  corrpr ised Lui t ! \ l )  t \  \ in t innl is ,
I :  pt t1 i f loru forcsr  rnd \ \ (xJ( l la c l .  r , rd \o ' r rc ( ) l rcD gl1rssl lnd
hubi tat .  Thc lorcst  rn( l  $(xtr l lard habi l l ts  scre uscd l ) !  ro l ) in\
r ' l l  r ,  r ,  r r , r r r r r l  . , r . i  h .  r . r . l . , | l  l  h : , . I : , r  $ : $ r F . 1 l . i u f  r  ! . , , r r , I r ) r l
an( l  u intcr  ' I 'hc 

Scaford s i lc  \ \as a l l )  h i r  pt i ( ldock covcrcd
ost lv  bv shor l  (< l { )  cm).  in l roduccd 8rrss specics lnd sonrc

prlchc\ ol scdge Jrrr('U.\ d.illr/r and Blackbcrry Ruhur lturkt)su\.- lhc 
paddock lvrs bordered b)  r  lcr- l rcc L?pto\ t ) .DtuDt

/dcrr3d/rur  l redgc and r  n^!  of  15 m high pinc\  I ' inu\  tu l iutut .

' I  
cnrpcraturc\  at  bolh s i tcs showcd mrr  kcci  scrs( 'nal  v i l r i i r

l ion.  rnd wcrc coolcr  i r r  Ninmi l lhc l .  Mcan In in i lnunr
lcmpcralurcs al  Nlmmil rbel  fe l l  beklw 0 ' ( 'bc lwecn Nlav and
Scl) lc lnbcr:  mern ln inr1nuIn t ( rDrpcl1r lurcs Lr l  Scr l i ) rd werc
ncvcr lowcr thrn '1"(1.  Ma) i imum tcmpcfx lures $crc s inr i l ; r r  i r l
bolh s i l r \  d l r r jng osl  o l  thc ycar and r i | l lged l rom rpproxr
mrtelv l5 'C in \ l , in tcr  to l l -2] 'C in runrmcr i rnd l lutunrn
( T a b l c  3 ) .  R a i D l a l l  $ a s  l o w c s r  i n  J a n u a n .  f c b r u r f )  r n d
lvtr rch.  and le l ]ded to bc high i  spr ingi  thcrc $cre ()  ( ) thcr
con\ i \ (cnr  l l t lcrns Sno$,fc l l  occi rsr)n i r l lv  l l  Ninrn] i r i rbcl  in
cvcry x ' i  lcr  i tnd \pr i r rg i  orc wi ts fccor( lc( l  r l  Scir fof t l

f ivc 1()  20 dr ls  pcr  Inonth $crc spcnt  in lhc l ic ld.  Robins
were caueht bv mis l -net ! ing and bv c l i rp- l raps bai !cd rv i ih
ncalwormr.  Al l  b i rds caught rvere indivrdual lv  colrur  brndcd.
nrcasufed rod re lcased The lo l l ( )$ ing nreasureIncnis wcrc
laken lor  as D nr-  b i rds as possib lc:

( l )  b o d y  w c i g h l  ( t o  t h c  n c u r c s l  0 . 1  g ) r

(2)  wing lcngth ( to th i ,  ncarc\ l  0 I  nr l l r  1 i [  l ]a l lcned winS chord):

(3)  larsus length (ro thc ncrrest  i ) .01 nr ln l ro ln thc in ler lars i r l

to int  1o rhc bot()m of  thc l ( )west  undiv i ( lcd scutc l l i r r
scqIrcnt) :

(1)  b i l l  lcngrh ( to (hc ocarcn 0 0l  nrm i rorr  thc brsc of  rhc
fr)n\  to b i l l  1 ip) :
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covcr cd betwcclt June and Scptcrrbcr anci ftxrd is
prcsumably scalce. Cr:l l t l  tcmpcraturcs rnay also
reduce ind iv idua ls  chanccs  o f  ovcr -w in te r
surv iva l  (c .g . .  Grccn  1959) .  I t  i s  no t  c lcar  whv
F l r r rne  R. rh rns  migr ' : r l \ '  l r , ' r ) l  l , , rver - r r l t i tuJ .  . i t c '
(600-l (XX) rn). wherc sympatric populations of
Scar lc t  Rob ins  ren ta in  a l l  ycar  round.  Herc  I
compare thc ccokrgv of Flamc and Scarlct Robins
at a sympatric brccding grounLl in l ight of thc
abovc hypothescs to i lsscss rvhv FIame Robins
migra te  and Scar lc t  Rob ins  do  no t .
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( a )  l ) i l l  \ i ( l t h  ( t o  t h c  n f r r e \ 1  ( 1 . ( ) l  r r m  i r o n r  j u s l  1 ' n t e r i o r  r o
cach l l rd \  os(r i l \ )  i

( i r )  l ! l l  l rngth/bi l l  r id lh (dcf ivcr l  l ronr lhc i r l rorc two
lnei l \urcnrcnts nrr tdc in rhc l i l ( l ) .

\Vins.  lar \u\  : rn( l  b i l l  r r rc lsurcnrcnl \  $erc d i ! ' ided l ) !  lhc
r .  r l \  s J , l r r  r .  . , l l ,  $  t , , r  . , 1 1 .  r r ,  | | r ,  , . t , ,  r '  , , t

\ \e i rht  ( rn thr \ r  Inrrsurf  rcnl \  (Ca\ lon 197-1).  Bird\  \ 'crc
se\ l rd i lnd tscd u\ ln!  behi t ! ioLl l i i l  und bionrctr ic  cai lcr iu.  lhc
' i ' (e o l  c lprrrc o l  hr fds c i tught  \ \ ' l \  c \prcs\cd ls  rhr  runrbcr
pcr nf t  hoLrf .  i r  l igurr  l ) l \ed on thc nulnbcr of lc t ivc nets r ind
lhc l ! ' r l lh  ( ) l  r inrc th i r l  th.sc \ \ 'cre opc .

In( l iv i (hrul  nn)vrnr fnt \  o l  robins werc nxrni rorcd duf in!
nr()nth l \  \ ' i \ i ls  to lhe tcrr i lor i rs  o1 l l l  known birds un( l  bv
r . r , r l . , r  . . . . r .  , ( . ,  l  l r . , l . . r ' ,  \ ' r l  r  .  . l . , . i , , I i r  : j r h c . r r r . h , i r . i .- l  

hc loeat ions ol  r l l  r  obins \ i {hrc( l  \ \ere pl ( )Ltcd q i rh re icrc cc
to r  50 nr  b\  ao nr  gr id ! \ r lbhshed throughout lhe study s i t l j .
I le l \cen \ l i r \  ln i l  / \u, ru\ l_ l , )S5.  I  \crrcbcd gf |s\ tands aId
prd( io.ks \ i r th in r  lo krrr  r i td iu\  o l  Ninr In i l lL)c l  to t r !  11) tocl tc
\ \1rr l r '1n!  Lroups ot  I : t i rmc Rot) in\ .  I  r lso ptrccd. t tequcsr I i ) r
1 r ) l o t n r a t i o n  e o l L r n r n \  i n  r l l  l ( , c t ' l  m c d i l .

I ror i r ! rn!  dr t r  \ \ r rc .o l lcctc( l  dunng 5 - t5 r r inutr
\at .h.s o l  l ( )cr l  b i r ( l \ .  dur ing Nhich I  f rcordcd thc nrerhod.
s L r h s t  t f  .  h c i ! h t . r n c t  t i r n l  s f e c i c s  { i l  p l a n t  s p c c i e s  u s c d )
l ( ) '  cvcf \ '  ( )b\cr \ed f (Jr i r r ing acl .  \ {c(hods were caregor. ized
rs:  / , . r i l r ( r r r .  $h. 'c  a prrch.d bi rd df t ,npcd ro thc gR)Lrnd
lo r rp lur .  r  t rc)  i r .nr  rn( t  fcrurnrd lo a pcrchi  i rdB,ktrS.
N b c r .  l  l i \ r l l r  h i r ( l  c r p t u r c d  ( o r  i r [ c m p t e d  r o  c r ] r r u r e ) l  p r l y
i rcnr in l l ighrr  r i rar i l l l r r r .  uhcrc l  h i r ( t  l tc*  nonr u pcrch
I()  \nr l .h r  prc\  r tcrr  l r lnn sub\ t r l r tcs \urh a\  tot iagc : rnclb l rkr
r / , , , r ' r , ,  s h , r .  . ,  \ r . , r .  , r \  ,  i r  r , r r ^  I , r \ \  i r c r n .  r , . . . r r i
on \u l ) \ r r i r t fs i  tnd lk t .g lu i t tg.  I rhcrc b i fds hoppcd
r lorr , r  thc gr()uDd rrra l ins repertcd pccks r l  d i11cfrn l  I , rcv
11rnr\ .  [ i ) r i r ! i r ] {  hc i rhts *ctc recorded to thr  nf l fcst  mclrc
r n ( l  l i t l r r  | ( x ) i r d  i n r o , i \ c  d i f f c r c n r  h c i g h t  c l a s s r \ :  ( f  t  l n .
I  I  nr . . l  5 nr  5 16 nr  rnd >10 nr .  Subsl f .Lres $eru dl r t i r rcd
:rs:  t r ( rund.  r  f .  h l lncbc\ .  t runk\ .  fo l i  gc.  r rnd lo{s anrt

Stal i \ t i ! i r l  anal \ . ic \  o l  t i ) f r rs in!  t rchrv iour wcrc &)ne bv
.  '  ' r i r ' !  $  l r .  r l . '  |  . , r  . ' r  , .  l  , r  . . r t .  r r . t r \ r . t  I  \ r r  . .  f , r r r . U t : , r

l fcding rr rcth( 'd.  height  f lu\ \ .  \ubsl l . l r te or  p l rnt  \pccics
L_l te{or \  dunn! r l ]  ( )h\cf !ut ion pcr iod.  (ateg()r ies \ 'crc
sc( i rc( l  onlv oncc pcr obscrrat ion per iod.  Chi-squarc rcs ls
wcrc thcn u\cd to corr lpr fe rhe l lcqucncv wirh which indiv ic l
uul \  ( i ld  o l  d i t l  not  use u pl l r t icular  catelory of  l i tnging
r \ ' h , \ r .  l , , l . r . l . r t . . ,  . r \ L  r . r i ( !  t r . r  ( \ L r \  .  - t \ ! , . t \  .  I  t , , r  r l t . l !
r ( l r : , \ r . ' , r '  \ ( r .  , l (  i \ , . 1  l \  ' r r n | l l i r , ,  , . r . t  r , t r \ r , r u . . t .
I )crecnl l {c  \core tor  th l t t  cale lor !  to obla i I  a populr t ion v l t luc
rn( i  ( t r ! id inq thr l  \ ' l lLrc b\  'n  _ \ rhcre n i : ,  lhe nurrrbcr  o i  t l i fds
\ \ i i tched rn!  InonthAc:r \on/vcl r .  Popul : r r ion rverages { i ) r  cach
cutc{() r \  ot  lorujng hchr\ iour arc presenrcd throu{houl  thc

I)unng ohscrvLrt1()ns of  nrct ' l  b i f t ls .  I  recor( tc( l  the r imc
spent rn lor l l rng rn( t  thc u lnber of  t r ) raging acrs nr ldc pcr
oh\c r l ion pcr iod.  F() . i r ! ing l in lc  inctu( tcd thc r imc \pcnt
i r l r r l  i r t  pcrchc\  lh i r r  \ \ ' rs  nol  \pcnt  in orhcr i lc l iv i r ics (c.g. .
s 'ng ' rg o '  r 'gsrcss ' \e behrviou.) .  Fof tg ing Lrcr \  $,crc u l l

rssuncd lo bc rqual l " -  su.cr \s lu1.  ar  prc!  \ iz fs $rrc too snral l
ro ler  me iudge the \ucce\s of  i r i lLr fc o1 an\  ob\crvcd rct .  I
a lso rccordcd the f fcqucrcy and durar ion oi  rgonist ic  in lcr
a( t i { )ns dur inq ob\cr !ar ion pcr iods.  f f t )nr  ! rh ich I  calcUhlcd
, c . ' , , r r . r l  . l ' r r  , t r . , I \  , I L .  r . r r . .  , ,  r r l r ( . . r ' (  '  r . r ' , . ' i . , n .

A cur\orv rs\essmcnr o i  F lanrc Rol) ins d ic ls a l  Scr l i ) rd wir \
dorc b_'"  s tomach l lushing a snul l  r r rmplc of  b i |ds in N{ar and
June 19i i6.  A I  nm Ll l i r r rctcr  tubc i r l lachc( l  10 r  5 ml s! r ingc
$, i rs i r ) \cr lcd into thf  r ( )b ins stonr i tch\ .  ( )Dcc thc tubc \ las in
phcc.  l ) i rds wcrc i | ] jcr ted $i th I  n l  o l  \ r i r rn)  wulcr .  lhc tubc
wrs rcrr lo\c( I .  rnd bi rd\  \ rcrc hcld o\cr  i t  r ( ) l l fc t ing l i rnncl  t { )
rc! (1r ! ! la lc :1oIn:rch contents.  Stonrach contrnts ! \ 'crc
prc\cr ! 'cd in 70 pcr ccnt  cthvl  r lcoh(r l  lnd la lcr  cxrminlrd
undcr a stcreo'nr ic |osc(r fc.  Prcv i lcrn\  \ \erc r ( funl i l ied to ( r r ( lcr
r r rc l  nrcr \Lrrc( l  t ( )  lhc ncl rc. i t  0 |  nrnr .

Al l  r r ror lhonrcl r ic .  lceding rr te i r  d in lc l r r r lon l1r te d l t l
rerc lcs lcd l ( ) r  hor ogc c i l )  ( ) l  ! i i r i lnccs pf i ( ' r  lo  \ l  t is l ic l l
a r ) r l f \ c \  I r e e d i n g  r a r c  r n r l  i n l c r a c t i o r r  f r t c  d r r r  w c r c  s u b
scqucnl l \  log-r f r  s lor  nrc( i  hcclusc vrr i lncc\  o l  sr Inths
r n c r c r s r d  \ r r h  i n c r c i t \ r n g  r r l c l r r s .  N l o r t h o I n c l r i c .  l c c d i n g  f r L t c
rnd i l r lcrrc l ron 11rtc dr t r  wcr!  c( 'mI l rcd b\  t - rcst . i  l i ) r lg ing
( l l la  *crc cornpi l lcd b\  \  tcs1s.  ] r i ! 'c  pcr  rcnl  s igni l i -
c ! n c c  l c \ c l \  l r c  u s e d  r h f o u g h o u l  r h c  t l p c r .  u n l c \ s  o r h c f r i \ c
\ l i r l e d .

Bccuusc l r la lnc I lobin\  wcrc abscnr l ronl  Ninr  r r . rhel
b e l $ c c r  M a v  r n d  J u l ) .  s c r s o n s  * c f r  d e t i  c r l  i u b l l r r r i l v  r \ :
r i n l c r  ( M r ) . l t l l i ) :  \ I i n g  ( A u ! L r \ l  ( ) c r ( ) b f r ) t  \ u n r n r c r
(Novcnrbcr Januur\  ) i  aurLr]nn (Fcl) rurr fv , \ t ) I l )  l -hcsc det ln i
l ront  o l  scrs()r rs r rc usc( l  rhfoughout lhc pupcr.

' l l ro{n bi rds re l l j rs  ro Icnt l rh lnd J i r \ t  vc l r  r r r i r lc  I r lanr!
l { , ' l , r  r .  r ' . ' l c ,  : , \  i  | (  . .  I r i ,  | \ .  , .  r l r ,  r s , ,  , ' . , , , t ,  s ,  r .  1 , .
r l c a f l r  d i s l i n g u i s h r b l c  i n  l h r  l i c l ( l

RESULTS

Mory)honctric.t

F lanre  Rob ins  wcrc  s l igh t ly  bu t  s ign ihcant lv
hcav ie r  than Scar le t  Rob ins  o f  cc t r respond ing  sex
(Tab le  l  ) .  F lamc Rob in  males  had s ign i f i can t lv
longcr  w ines .  ta rs i  anc l  b i l l s  than Scar lc t  Rob in
malcs. aftcr correcting for sizc differcnces
bc twccn thc  t rvo  spcc ics  (scc  Mcthods) .  Thcre
werc no significant diffcrcnces bctwccn thcir bil l
w id ths  (hav ing  c r t r rcc ted  fo r  s izc  c l i l l c rences)  nor
the  ra t io  o f  b i l l  l eng th /b i l l  r v i t l th .  Ma le  F la rne
Robins therefbrc hacl longcr and fjncr bil ls than
n la le  Scar le t  Rob ins-  Fenra le  F la tnc  Rob ins
sinilarlv hacl rclativel_v nrrrrowcr bil ls than fcmalc
S . r r r l e t  R , ' b i n . .  i l n ( l  l , ) n i t ( f  l i r r : i .  \ \ i n r  l (  n g t h .
l r i l l  l t  r q r h .  r r r r r l  I ' i l l  u i t l t i i '  , r t  l e r n r r l t  \ c : r r l t i  r r n , l
Flanc Robirrs wcre no1 sirnit icantlv differcnt
( T a b l e  1 ) .
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I : lamc Robin Scartct  Robin

Nlr  surcmcnt ( l l1  nralcs)  (atr  rn l l jcs l

TAI]LE ]
Nlorphomctr ic  comp r is(r rs bctwccn (a)  a l l  In l tc  Scrr lcr
Rol) in\  l  d Fl rnr(r  Robin\ .  (b)  adul t  malc robins and (c)
fcnalc nrbins.  Valucs fcprcsenr nrern + SD and samplc s i ie
With thr  e\ccpt ions of  bod!  \ l .c ight  rnd cutmcn/widrh
rrrc i r \urcmcnts.  lc !c l r  of  s igni l lcrncc arc brscd on t - rcs ls donc
on nr l ) rphorrrctr ic  v l luc!  d iv ided b)  thc cube rcol  of  body

wclght .

Males on average rcturncd to Nintmitabel a
week carlier than fcmale robins. but arrival datcs
of the two sexcs over' lapped considcr.atrly. The
mcclian alrival datc of fcimales was 15 August;
mrle's ntcclian arrivirl datc was ll August. Inclivid-
uzrls of each sex continued to arrivc i lnd settlc at
N i n r m i t r h c l  u n t i l  m i ( l  S c n t ( . m h c r .

September was one of thc two pcak pcriods of
F lamc Rob in  moventcn t  th rough the .s tudy  s i te
(Fig. 1) as bircls returncd to thcir brelding
grounds. Most Flanre Robins caught at Nimmitabel
during Septcmbcr did not establish territories
there, and disappcared within a few clays. Birds
that scttled werc vcry site-faithful. Eighty-three
pcr cent of males and 67 per cent of femalcs that
settled on territorics at Nimmitabel returned for
a second brceding scilson, most of them returning
lo  l l l c  p re \  iou \  \c  son s  le r  l r r ry .

Flame Robins dcfended tcrritories from August
to thc end of thc breeding season (January or
February). Most subsequently abandoncd their
territories, at least unti l completion of the annual
moult, and joined groups of f irst-year Flame
Robins that were wandcring through the study
site. Some Flame Robins bccame partly territorial
once morc in March and April. Thcse birds spcnt
at least a few hours a day on their former
territories, but abandoned them during the
middle of the day or during cold weather.
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Mor h

Fignrc 1. Capture rates of Scarlet an.l Fla'ne Robins al
Ninnirabcl for all years rcmbined. Results are erprcsvd as
th. numbet oJ l,iftls &ught pet n4 hour. Numb?rs abovt
lymtutls slntt actual numher of hirth caught in that nrcnlh.

wrrghl
! r rng lc  { rn
l l r !us lcnt t l l
cul  rcn lcntrh
b i l l w i d r h
lcnglh/ !v idth

tr lcrsufentcnl

t-1.51 :r 0 rJ2.55
78.-16 a 1.-1.1. 55
I  L17  t  0 .75 .  l ( l
10 .19  i  0 .50 .35
- l . 5u  t  0 .15 .  l 9
L l l 9  1  0 .21 .  t 9

Fl lnre Robin
(trdul l  lnale\)

13 . l 2  r  0 .76 . : l . l
71..10 1 1.98, 11
20 . l 7  1  0 .39 .  l ! l
9 -l.l i LtilJ. 23
1 . 6 5  t  0 . 3 r .  l l
2 . 5 1  t  0  i l l . l 0

Scarlct Robin
(aclul l  f talcs)

<0.05
<0 .1 )01
<0 .001
<0.05

P

\ !crght
w i t r g  l c n g t h
trrsns lcngth
culnrcn lcnqth
l ) i l 1 $ i d t h
lcngthA! id1h

( c )

N{cusurcn1ent

l t . l 0  1  0 .71 .  13
7ri.95 t L53. l . l
l l . l 5  1 0  r J 0 .  l 7
10 .03  r  0 .60 .23
l . 6 l  t  0 . : 5 .  l 1
: . i 16  t  0 .1 t .  I 1

Flarne Robin
( f cma lcs )

12 .99  r  0 .72 .  l 6
7 .1 .1 {9 i200 .  l 5
20 .12  : r  0 .90 .  l 0
9 . 2 1  1 0 . 3 6 .  l 1
3 .76  t  0 .36 .  7
2..19 t 0.97. 7

Scarlct Robin
(tcmlles)

<0.0()I
<0 .01
<0.05

P

w c r g h t
wlnt  lcnslh
l r  r \u\  lcngth
culr r lcn lcngth
b i l l w i d r h
lenglh/widlh

l ] . 7 3  r  I  ] 2 . : 7
7 r . -  r  1 .16 .  : u
11  . 55  r  0 .53 .  l 3
t0 .1 t )  t  0  . 19 .  t . l
- r . ' 1 6  1 0 l l .  8
: . 95  t  0 .30 .  E

1 3 . 1 1 t 0 . 7 2 , 2 0
73 .16  t  t  l t 0 .  l 9
r 9 . 8 E  l  l . l t .  l t
9.77 A 0.5f i .  l2
3 .29  a  L18 .  7
2 . 5  1  1  0 . : 1 .  6

<0.05

<0.001

<0 .  ( 11

Soc iul ctologt- oJ tlrc Flume Robin

Most Flame Robins were prcsent at Nimmitabel
for approximately nioc montlls of the year
betwccn August and April. Adult males were the
hrst birds to return and thc last birds to dopart,
and wcrc present from the last week of July/first
wcck ol August unti l early May. The rncdian
arrival datc of adult nrale robins was 5 August;
thc mcdian arrival date of f irst-year males was 14
August. There may have becn some separation
betwccn the arrival dates of adult and first-year
fcmale Flame Robins, but sample sizes of banded
birds were too small to test thc difference. The
llrst two fcmales to rcturn to Ninmitabel in 1985
hacl both bred thcrc the previous year.

J T M A M J J A S O N D
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During late summer and autumn thcre was an
influx of irnmigrant Flamc Robins to thc study
area (Fig. 1), most of which were brown birds
(66"1') or juvenilcs (29%). This influx of robins
into the study arca signil icantly increascd the ritte
ot aggressivc interactions between Flame Robins
(FL FL in Fig. 2). Thc interaction rate between
Flarnc Robins and Scarlet Robins also incrcascd
(FL SC in  F ig .  2 ) .  i r l t l roug l r  Lhc  in ( rc i rsc  $ ! \  nor
significant (tr6e - 1.52, P > 0.05). The largest
numbers of Flame Robins moved through the
s tudy  arca  in  Apr i l  (F ig .  1 ) .  By  mid  May,  no
F lame Rob ins  remained a t  N immi tabe l ,  the i r
dep l r tu rc  co inc id ing  w i rh  decreases  in  rn iu rmum
temperaturcs in April and May.

Flame Robins in winter were non-territorial
and foraged in small groups together. Groups
includcd femalcs, adult males and lirst-year
males. Pair-bonds were not cvident. Twenty-
scven per cent of adult males and 13 per cent ol
brown birds were resighted at the same locality
one or more years after banding at Seaford. Four
of the ninc robins banded in brown plumage
and subscquently retrappcd at Seaford had
acquired adult male plumagc. The remaining
five birds were retrapped in brown plumagE
and considered to be females. Thus, fenales,
adult malcs and first-year males all showed site
fidelity to their wintering grounds in successive
years .

Winter searches of grassland areas within 30
km of Nimmitabel failed to locate any colour-
handcd F lamr '  Rob ins  and managed to  loeute  on ly
lh rcc  F lamc Rob ins  in  a l l .  M;d ia  rcquesrs  to i
information also failed to produce records of
colour-banded Flame Robins from the Bega or
Bombala districts of New South Wales.

\r'r-rttl ec,'logv .tl thc Sctllcr Rubin

Sevcnty-three pcr cent of the Scarlet Robins
occupying territories at Nimmitabel wcrc resident
birds which defcnded tcrritories throughout thc
year. Residents were nearly all adults (82%, n -
22), and tended to occupy territories in thc forest
h a h i t r r t  { o 5 o " .  n  2 2 ) .  H i g h  a d u l r  s u r r i v , r r s h i n
rnd  i  tense conrpcr i r ion  f , r r  su i rah le  b reed ing
habitat led to low annual rates of territory turnl
ovcr in the forcst habitat: nine of l1 teri itories
occupicd during the 198,1-85 breeding season
werc rerained by the same nales in tht19g5 g6
brceding season (Fig. 3).

The remaining 27 per cent of territorial Scarlet
Robins were present only during the non-brccding
season. In late summcr and autumn therc was at't
influx of Scarlet Robins into the study site (Fig.
1), leading to an increase in tlte ratc of intra-
specific aggressive interactions (SC SC in Fig.2).
Some of th(] immigrants stayed and establishcd
non-breeding season territories; the rest depiutcd
aftcr a few days to on(] month (Robinson 1990).
Heavier birds appeared more l ikcly to stay than
lighter birds, although sample sizes werc too small
for statistical compzrrisons. First-year malcs that
staycd weighed on average t3.4 + 0.8 g (n = 9).
First-year malcs that departed wcighed 12.7 t 0.1
g (n : 4). Seventy-onc per cent of thc nales
caught from January to April (n : 2l) were first-
ycar birds, as wcrc five of eight femalcs which I
was able to age. No Scarlet Robins moyed
through thc study site at thc end of winter or in
early spring (Fig. l).

o
c

i ,
i

.E
o
^ l

FL
FL

FL SC SC
SC FL SC

interacting b:ds

Figxrc 2. Frequen(l of intft$pecif. and intenpKiJic tlisputes
between Sca et dnd Fldne Robins. The sp?cie:; list?r! trst itl
th.c eptiont h?lo\' !he r utis r.prcs..n^ th( spctiei behrl
observed. 7he ba^ \ho|| the awruge hourt), r(te 4 intu;
a(tton bettreen nttlividuals. The y.rtital Iintr rqrerott ont
standutd e, tor. Suntplc sizes ( umbo oJ ohstrvation
p(ri.,ds) atu: g]l,en ahoye rfu ha^ lbt "d& sp(i,:s ol nbin.
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FilUJe 3. Disttibution of Sca et Robins' tenitories at Nimmitabel during the breeding and non'breedinS.

seasons. Srippled areas indicate grassland habitat. Large black dots indicate those tenitories occupied
by first-year males. The numbers represent the identity of indivitlual pais that werc recorded from
Nimmitabel durinx the non-breeding and brcedingseasons. Pai$ are given tha sume number in both vea^-
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TABLE2
Territory sizes and percentage grassland of territories occupicd by ycar-round resident (Res.) and
wintering (Vis.) pairs of Scarlet Robin during the breedinB season (S) and non-breeding scason (W).
Values represent mean i SD and sample size. The'P'column denotes levels ofsignificance for compari-
sons between territory sizes and per cent grassland of territories occupied by winter visitors and resident
birds during the non-breeding season (upper ligure), and territory sizcs and pcr cent Srassland of

territories occupied by resident birds in winter and summer (lower figure).

Territory
size (ha)

Per cenl
gmssland

S

S

S

84/85 Vis.
84/85 Res.
84/85 Res.

1984 Vis.
1984 Res.
1984 Res.

1985 Vis.
1985 Res.
1985 Res.

9.9  r  5 .2 ,  4
7 . 0  x 2 . 4 ,  r r
3 .2  r  1 .5 ,  11

6 . 1 1 1 . 5 ,  9
3 . 2 X r . 3 , 9

9 .3  !  3 .9 ,  8

3 .2  X  | .4 ,20

54.5  I  36 .8 ,  4
1 5 . 9  t  2 1 . 9 ,  1 1
0 . 3  t  1 . 2 ,  1 1

64.0 X 44.2, 4
5 .0  !  6 .2 ,  9

5 9 . 3 : t 3 8 . 0 , 8
11.0  i  17 .3 ,20
0.9  !  2 .4 ,20

<0.001

n,  s .

<0.001

<0.05

<0.001

<0.05

<0.05

<0.01

<0.05

Scarlet Robins present at Nimmitabel during
only autumn and winter were nearly all f irst-year
b i rds  (75%,  n :8 ) ,  and most ly  es tab l i shed
territories in the grassland habitat (75%, n : 8,
Fig. 3). Grassland robins showed little site fidelity.
Four  o f  the  f i ve  f r rs t -year  pa i rs  wh ich  se l t led  in
grassland habitat disappeared at the start of the
breeding season without attempting to brced, and
did not return the following year. The fifth pair
moved 600 m from its grassland territory to a
breed ing  season re r r i ro ry  in  fo res l  hab i ta t  (pa i r  9 .
F ig .  3 ) .  By  cont ras l .  o0  per  cenr  o f  f i r s l -yea i  pa i rs
that established territories in the forest habitat
(n = 5) did not disappear at the start of the breed-
ing season and retained their territories durins
the  hrced ing  season and fo l lou ing  years .  F i rs t -
year males that established territories in forest
hab i t r t  tended ro  be  heav ie r  (  13 .7  =  0 .5  g .  n  =  51
than hrs l -year  ml les  lha t  esrab l i shed te r r i to r ies  in
grass land hab i ta t  (13 .1  +  1 .1  g ,  n :4 ) ,  a l though
sample sizes were too small to make statistical
comparisons. Brceding sgason movcments of
Scarlet Robins that disappeared from either the
grassland or forest habitais at thc end of winter
remain unknown.

Scarlet Robins which remaincd at Nimmitabel
lh rough{ )ur  the  year  de fended i ign i f i canr ly  la rger
t ( rn lonc i  dur ing  the  non-breed ing  season than
d_uring the breeding season (Tablel). They also
showed a significant habitat shift during the non-
hr re r . l ing  season.  and inc lu t ied  more  qrass lan t l

habitat within thcir defended space (Table 2).
Two pairs (pairs 9 and 10) moved distances of
more than 500 m between separate breeding-
season and non-breeding-season territories (Fig.
3). Non-breeding-season territories averaged 6.6
ha and comprised 11 per cent grassland habitat.
Breeding-season territories measured 3.2 ha and
comprised less than 1 per cent grassland habitat.
Territory sizes of robins present only during the
non-breeding season were larger still: thcy averaged
9.3 ha, and comprised -59 per cent grassland
habitat (Table 2). The largest territory held by a
wintering pair of Scarlet Robins measured 17.7 ha
and compriscd 78 per cent grassland habitat.

Feeding ecology

Males of each soecies sDent from between 60
and 90 per cent-of their daily t ime budgets
foraging for food, spending most t ime foraging in
winter and spring when average temperatures
were lowest (Table 3). Thcrc were no significant
interspecific differences bctween their foraging
timc budgets, although Flame Robins in summe r
appeared to spend more time foraging than did
Scar le t  Rob ins  (P  <  0 .10) .

Their foraging behaviour showed extensive
overlap, especially in autumn (overlap : 84%)
and spring (overlap = 85ol') (Robinson 1992).
Ovcrlap was highest for use of vertical space, and
loues l  fo r  use  o l  [o rag ing  methods  (Rob in \on
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TABLE 3
Tinlc spent foraging by male robins in cvery scason as per ccnt  of  dayl ight  hours.  percentage valucs
are under l ined.  Numbers in brackels represent the number of  hours oblervat ion.  Avcrage scasonal
lcnperntures ( 'c)  at  Nimmitabel  and at  seaford ( in brackets)  are also given.  Note that  seasons are
dcl ined here as in rhc methods sect ion:  aulumn (Fehruary Apr i l l r  wiotcr jMay-July) ;  spr ing (August_

Oct, ,her) :  .umm(r I  \ovcmber_. t i tnuar!  I

Corel la 16(1)

Sc.rrlet Robin
Scason feeding t ime

Flame Robin
fecdjng t ime

Maximum
remperarurc

Minimum

Autumn

Spring
Summer

75.0 (30.6)
89 .9  (18 .7 )
81 .3  (16 .9 )
60 .9  (21 .9 )

66.5 (2s.s)
92 .0  (21 .5)
83.3 (23.0)
74.3 (22.0\

2t .3 (23.2)
ls .2  (1s .8 )
16 .1  (16 .s )
21 .5 (22.6)

6 .7  ( t2 .2 )
3 .0  (5 .5 )
o.9 (7.'. l)
6 .6  (12 .0)

TABLE 4
Foraging data for  Scar let  and Flame Robins at  Nimmitabel  dur ing the nine monlhs (Augusr Apr i l )
poolcd,  in autumn (February Apr i t )  and winter  (May July) .  The winter  dara for  Flamc Robins are for
rhc S-cnford. \ i le .  F igurcs rn columns represent average percentage valucs for  each species,  populat ion
(see Mclhods f i ) r  more detai lcd descr ipr ion).  Number of  feeding rccords and nLrmbei  of  b i rds observed

are grven below each subhcadine.

Nine months
Scar let  Flame Scarlet Flamc Scar let  Flame

Robin RobinRobir Robin

No. of records
No. of  b i rds

snatch
glean
hop-glean

No of records
No ofbi rds

ground
air
branch
trunk
fol iage
logs/rocks

Height
No of  records
No of  b i rds

t F l  m
l-3 m
3-5 m
5-16 m
16 l0 nr

1 926
324

14.6
16 .0
31 .0
2 .0
0 .4

4 502
324

48.5
l'7.'7
10 .4
13 .0
8 .8
1 . 6

4',763
324

s6.3
l 3 . l
'7.9

21 .0
t . 1

5 22u
323

33.9
33.2
22.',7
2 .3
'7 .9

5 099
323

41 .8

5 .2
9 .3
6 .0
3 . 5

5 1 4 0
323

61.6
14.3
'7.5

13 .6
3 .0

2 187
130

32 .5
18 .7
44.2
3 . 8
0.8

| 920
130

36.5
2 t . 0
14.4
1.7.1
9 .3
L . ' 7

2 082
130

47.9
l',/.4
10 .7
22.5

1 . 5

1 469
103

20.'7
35 .0
32.4
3 .9
8 .0

1 169
103

35.0
9 .4

16 .6
8 .6
3 . 1

| 469
103

50.4
18 .9
9 .6

15 .2
5 .9

2 201
105

7 t .4
2 .8

24 .3
1 . 0
0.5

1 8 5 6
105

86.2
3 .3
1 . 9
1 . 6
5 . I
1 . 9

2 146
105

82.5
6 .8
4 .O
5.,1
1 . 3

| 22{)
81

16 .8
9 .6
1 . 4
0 . 1

72 .1

| 22{)
81

89.0
9 .5
0 .8
0 .1
0 .6
0 .0

| 220
81

96.5
1 . 9
0 .2
r .4
0 .0
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1991) .  Noncthc lcss .  thc rc  wcrc  s ign i l i can t  i l i f f c r -
cnccs bct*,ccn nvcragc., 'alues recortletl for Flame
Robins  and Scar lc t  Rob ins '  f ccd ing  methods ,
loiaging substratcs. tccding hcights anci usc of
p lan t  spcc ics  (Rob inson l9 l i9 ) .  F Ianre  Rob ins
hau'kctl for f lving prel' twice as oltcn as did
Sc i r r le t  Rob ins .  

' l ' hcv  
a lso  hop-g lcancd r ro rc

o l tcn  th |n  Scar lc t  Rob ins  (Ta l ) l c  4 ) .  Scar lc t
Ilobins l.rounccd fir l grouncl-clwcll ing preyr and
snatchcd fo r .p rc l  rcs t ing  on  branches.  t runks  and
fo l i lgc  o l  t rccs  and shrubs  more  o f tcn  t l lan  F lan lc
Rob ins  (1 'ab le  - l ) .  Thcsc  d i f f c rences  rcmaincd in
ru tL rnrn  (Tab le  - l ) .  Ihen  homc rangcs  o f  cach
spcc ics  bcgan to  ovcr l i tp  (Rob inson 1990) .  N iche
brcadth  r ,a lucs  l i ) r  cac l l  spec ies  rangec l  l rom
bctwecn (1 . -10  to  1 .56 .  und wcrc  lo \ \ , cs t  in  rv in te r
anc l  h ighcs t  in  au turnn  and summcr  (Rot r inson
l9 i i9 ) .  N iche brcac l th  va lucs  io r  F I i imc Rob in
$crc  b road anc l  s im i l i r r  to  those fo r  Sc{ r l c t  Rob in
in  cvcrv  sc i rson  [ )u t  $ , in tc r .  F lamc Rob ins  in
wintcr wcrc spccialist grtrund-fcctlcrs (90'L ol
l irragin.q rccords. ' l 'al-rlc .1). u' lr ich fctraged alnrost
cxc lus ive lv  a t  hc ig l r ts  o f  { t r - l  n r  (Tab lc  .1 ) .  Thc i r
n iche  breac l th  $ ,us  lowcs t  in  tha t  scason (Rob in-
soD l9 f i9 ) .

Both  spcc ics  shou 'cd  s ign i f i c , rn t  seasona l
v  r ia l io l )  in  thc  ra tes  a t  u ,h ich  thc)  lo r i rgc( l
l i r r  l i rod  (Scar le t  Rob in :  Fq . , . . *  :  20 . l .  P  <  0 .001;
F l a r n e  R o b i n :  F q , , 1 1  : 7 9 . 5 .  I ' .  <  0 . ( X ) l ) .  f o r a g -
ing  a t  a  n rorc  rap id  n r te  in  w in tc r  anc i  spr ing
(F i t .  J ) .  *hen abunc lance o l  p rc t  and tenpcr iL -
lufcs werc lou,cst. Sca rlct Rotrits showcd
cornpar i r t i ve lY  smal l  inc reases  in  thc i r  tb rag ing
ratc. on avcragc naking 57 i i)Iaging acts/h
rn  au tumn and 7 l  ac ts /h  in  w in tc r .  F ' lane  Rob ins
on ilvcnrge ntade 6.1 fitraging acts/h in autunrn
and 24-1 acts/h in u'inter a tburlbli l  seasonal
d i i fe rcncc .  Scar lc t  Rob ins  rnade s ign i l i can t ly
lcucr  fo rag ing  ac ts /h  than F lame Rob ins  in
evcrv  nonth  cxcept  Februar ) ' .  March  and Apr i l .
Dilferenccs betwccn the two spccics' fccding
ralcs \! 'crc cspc-ciallv large in $,inter (Fig.
: t ) .

Assuming tha t  cach spec ies  necdcd s in t i la r
i r rounts  o f  fooc l  to  surv ivc .  Scar lc t  Rob ins  wcrc
evidently ablc to obtain it from fcwcr fi)raging
ac ts  than F la rnc  Rob ins  (F ig .4 ) . - l ' h is  d i f fe rcnc i
bctwccn thc t\\ 'o spccics' fbragiug behaviour
rmpl ied  tha t  Scar lc t  Rob ins  wcrc  tak ing  la rger
p lcv  r tcms than F l i ime Rob ins .  o r  caught  fooc l
morc  succcss fu l i \ ' -

I r igu fc  l .  Mox l / r / r '  t  o io t ion  i  th . ,  l kd in !  ta t^  t ) l  I luDt .  d tk l
. \ (  t l4  Roh i t t5 .  l ' u lu rs  tc l t rc r tn r  t tu  t r f l r y (  n tDtb( t  t ) l

lo t l , ( i t tg  t t ^  t ( ( ,11&!  t )0  hout .

Fic ld  obscr r  a l ions  sugScstc ( l  th i t t  F l r rn rc  Rob ins
took  many snra l l  p rcv  i l cnrs  w l rcn  hop-g lcan ing .
Thus .  thc  percent rge  o i  t imc spcDt  hop-g lcan ing
bv  F lamc Rob ins  was s ign i l i c i rn t l v  cor rc la tcd  w i th
thc lvcragc numbcr of foraging acts/h madc per
n r o n t h  ( r  -  0 . 8 - 5 .  n  :  1 2 .  P .  <  0 . 0 1 ) .  N o  s i g n i h
cant .  pos i t i vc  cor rc la t ions  wcrc  ob t i r i l t cd  bc twcc l ' )
thc avclag(] nuInl)cr ol i i)raging acls/h madc pct.
n r r , I l h  i r n r l  t l t C  p , . r t t r r t . r p e  o l  t i n t r . : . | t r r t  l n ' l l  c i  !
l rawk ing  or  snatch ing .  Fur thennorc .  l i r r  the  l -5
F lamc Rob ins  sampled  a t  Sea l i r ld  in  w in tc r .  the
la rgcs t  p rcv  i t c rn  n tcasurcc l  jus t  10 .0  mrn .  rvh i l c
most prey nrcasurcd bctu'ccn 1.5 antl 5..1 rrnt
(Tab lc  5 ) .  Smal l  bcc t ics .  c l l c rp i l la rs .  i l i es  and
irnts werc l ltc contntoltcsl pref itcms lccoldcrl
f rom thc  F la r r rc  Rob ins '  s ton tachs  (1 'ab lc  -5 ) .
Other  s tud ies  o f  F lame Rob ins  s tonrach con len ts
I tavc  a lso  iound bec t lc i  and an ts  1o  bc  connton
prc) ,  i tenrs  in  w in te r  (C lc lanc l  i9  I  I  :  I -ca  an t l  C i ra l
19351 Fava loro  1953) .

Interspccific conrpalisons bclwccn thc frcclucncl
with rl,hich cach species clcrnolishcci prcy itcnts
pr io r  to  ca t ing  thcn t  p rov ic lcd  anothcr  n leans  o l '
es t iDra t ing  thc  s ize  o f  p rc l  takcn  bv  h i rc ls
assurn ing  t l la t  on l \  la rgc  prcy  nccdet l  to  bc
c lcmol ishcc l .  Demol ish ing  l rc rc  rc fe rs  11)  rh r :  d is
l i n i l i \ r '  : i c l i o t )  ( ' t  t i  l r c l ' r r ( l l \  h r t t i l r . '  I ' r ' t  r  : r r . ' , r i r r . r

i  300

E zoo
E



t o D. rgoblnsonr Why do Flame Robins migrale? Core l l a  16 (1 )

DISCUSSION

Scurlet Robin dispersul

Scasonal pattcn]s of scttlcment by son]c Scarlct
Rob ins  a t  N immi tabe l  rcsemblcd  thc  d ispcrsa l
patterns of migrants. Grassland birds arrivcd in
late summer and autumn. staycd for thc non-
breeding season, and disappearcd at thc cnd of
wintcr. Howcvcr, no grassland robins returned to
thc i r  w in te r ing  grounds the  fo l low ing  year ,  in  one
case. at least. because the male had establishcd a
tcrritory in brccding habitat. Nor was there an
influx of Scarlct Robins into the study area in
spring to indicatc a rcturn movement by nrigrating
birds to their brccding gror.rnds. Furthermore,
first-year Scarlet Robins which settled in forest
haLritat did not disappear at the end of wintcr but
retained their territories for thc brccding scason
and subsequcnt wintcr.

These differenccs bctwccn the ciispersal
patterns of individual Scarlet Robins suggest that
thc autumn and winter influx of Scarlct Robins
rcprcscntcd dispersal by subordinate. I l]ostly
first-year robins into sccondary habitats, rather
than migration. Moreover. the dispersal patterns
of individual birds sccmcd to be correlated,
at least partly. with thcir social status and
body s izc .  Adu l t  ma les  occup ied  most  o l  the
tc r r i to r ies  in  b recd ing  hab i ta t  and rcmained
at  N in ln r i tabe l  th roughout  thc  year .  B i rds
thnt occupied territorics in brccding habitat
did not dispcrsc. remaining at Niminitabcl
throughout thc ycar. Scarlet Robins unablc
to cstablish tcrritorics in thc forest habitat
. \ l i r l \ l i s l l cd  nun-hrccd in f - \ (  r : \ , ,n  lL  r r i to r i c \  i l t
grassland habitat. Scarlet Robins that did not
cstablish lcrritorics in grassland habitat
disappcarcd from the study area. Grassland
robins and robins that disappearcd without
cstablishing territorics wcrc neitrly all t irst-ycar
birds. Hcavy first-year malcs were more l ikcly
than light birds t() cstablish territorics in brccding
habitat. Tlrc l ightcst bircls tended to disappcar
from Ninrmitabel without cstablishing long-ternr
territories there.

Thcrcfore. conrpetit ion for trreeding season
resources appearcd to be crit ical ir dctcrmining
individual Scarlel Robins' dispersal pattcrns
during the non-breeding scason. Conpetit ion for
territorics in breeding habitat indccd may havc
been s , . r  scvcrc  tha t  ie r r i lo rv -ho l ( ie rs  remai reC a l

ir solid substr.ltc to rupturc thc prcy itcm's exo-
skc lc ton-  Scar le t  Rob ins  anc l  F lamc Rob ins  cach
t lcmol ishcd Icss  than 3  pcr  ccn t  o f  p rcy  i tens  in
any season (' l 'ablc 6). Both species nonetheless
showcci significant scasonal variation in the
frcqucncy with which thev demolished prcy
(Tab lc  6 ) .  Scar lc t  Rob ins  dcmol ishcc l  p rcy  most
o f ten  in  w in tc r .  wh i lc  F la r rc  Rob ins  dcmol ished
prey  leasr  o f ren  in  u , in rc r  (x r  =  104.9 .  P  <  0 .001) .
Prel'-clenolishing was recorded twice as oftcn lor
Scarlct Robin as it r '",as l ir Flarre Robin (Tahlc 6).

TAtsLE 5
Slorr l i rch conlcnrs o l  F lanlc Robins i l t  Scrford.  Drta bascd on
s!nr l les oblr incd l ronr l5 s iornach-f lushed birds in I9U6.
I i rcqucnc rcfcrs to thc pcrcentagc of  samplcs in which cach
arthropod group \ las recordcd.  Cirmposi t ion rc lcrs to thc
rhurrdi rncc of  c lch ar thropod l l roup i r  lhc robins dicts.  as a
pcrccntasc ol  thc to la l  numbcr o l  ar thopods lound in thc l5
I ' i r , ' .  . r . , r r r . , . l r  . , ' n t .  l ,  n i \  . r / !  \ . ' l u ! .  r ( l r ( . c  l  r ( . , r )  \ i / c
t  SD and s lmple srzc lor  $hole stecimens oblr incd in thc

\ i rnrplcs.

I i r rqucnc!  CoInposir ion

1 n =  1 5 )  ( n =  1 6 5 l  P r c y s i z e  ( m I n )

Llcct lc \
( (  incoprcrr)

I : t ic \
( D i p r c r r  )

C  t e f p i l l r r s
(  t ,epidoprerr)

{  I  lvnrc ot l r i r )
SpidcI \

(  A r a c h n i d r )

(  I  l r  nr tnoprcrr  )
L lcct  lc  l i r r !a

l l

1r){)

7 l

7 l

6 l

l : l

I

I

t 9 . l

1 7 . 6

: 0 6

l . 5 t l l . i l

3 I  r 0 . 5 .  4

5 . J  t  l 7 .  l t

1.5  r  { ) .7 .  3

1 . . 1  a 0 0 .  I

TABLE 6

Sclrsonal [r 'cclucno $i lh \rhich rohins dcmolishcclprey. N rep-
resenrs thc numbcr ol recorde(l prct rt trcks l i )r  crch spccics
in irrv scrs(Jn. Thlr percenlagc valucs rcprcscrr l  thc pcfccrrt: tgc

ol prc\ altacks accompanicd h! dcnrol ishing ol prey.

Scrr lc l  Robir)
N '1, ,

F lanrc Robin
N "1,

5 f n : r g

2 :16
I  l l l
I  N i l

sl3

t . l
l. -l
0 . 1
0 :

1 1 7 1
6 llt9
3 l l 9
! l7.l

l l '
{t.2
0 . : i
0.-1

16 .5 .  P  <  | . { r 0 i 7{ o. P< 0 0i} l
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Nimmitabel throughout the ycar rathcr than risk
thc  loss  o f  thc i r  t c r r i to r i cs  and thc  chancc  to
brcetl (cf. Haartman 1968: Frctwcll 19E0).

Disgrersal ol subordin2rtc birds into sccondary
habitats nray explain the winter influx of Scarlet
Robins recorded fronr vtrrious locirl i t ics in castcrn
Aust ra l ia  (Cohn 1926;  Lcach 1928;  Lamm and
Calaby  1950;  Watson 1955;  Rowley  1961) .  Other
rccolcls of wintcring robins may rcprcscnt local
n]ovcn]ent bV rcsidcnt birds into grassland
habitats acljt i ining their breeding teiritories.
ra thcr  than migra t ion  (F ig .  3 ) .  S t i l l  o thcr  rccords
of movcncnts by Scarlet Robins suggcst that
some Scarlct Robins migrzlte. Scarlet Robins were
recorcletl as plssage visitors at Thrcclbo. Ncr.l '
S ( )u th  Wales .  in  au tumn and spr ing  (Ga l l  and
Longmore  l97 l t ) .  imp ly ing  tha t  b i rds  wcrc
migrating bctu,ccn brceding ard wirtering
grounds.  Fur thcr  bant l ing  s tud ics  a re  requ i red  to
exanrine the fidelity of Scarlct Robins to sitcs
whcrc thc.v occur only in winter.

Wltv tlo Flanrc l lobins migfttte?

Discr.rssion about why Flamc Robins migrate is
rtcccssarilv speculative. as no population has yet
hecn locatcd at both its breeding ancl wintcring
grounds. a problem confounding nost studies of
migran ts  (Kc t tc rson and No lan  1983:  P ienkowsk i
an t l  Evans  1985:  Be l l  1986) .  The d iscuss ion  is  a lso
spcculativc becausc thc hypotheses outl inecl in
thc  in t roduc t ion  are  no t  mutua l l y  exc lus ive .
Indiviciuals may migrate from thcir brccding
grouncls bccuusc of lack of food. smaller body
size. subordinatc sti l tus. less intensc competit ion
for brccding rcsourccs. or all of thcsc factors
(Mycrs  l9U1:  Kc t tc rson and No lan  1983;
P ienkowsk i  und Ev i ins  1985) .  An unc ie rs tand ing
of the ultimate and proximate causcs aftccting
nligration b1' Flante Robins and other Australian
migrants rcquircs much morc informirtion than
row ex is ts  (Bc l l  1986) .  I t  nevcr the less  seems
rvorthwhilc to consicicr Flame Robins' dispersal
patterns within the framcwork of existing migra-
t ion  hypothescs .  i f  on ly  to  gcncr i t te  tes tab lc
hypothcscs  fo r  fu r thcr  rcscarch .

Thc crit ical assunlpti()n of the body-size
hvpr r th t r i .  i s  rh ; r r  l r r rg l r -h , ,d r rL l  ind i r i t lu r r l i  can
bettcr withstand extendcd periotls of fast than
srna l l c r -bod ied  inc i i v idua ls ,  bcca tLse o f  the i r  la rger
rescrvcs  o f  fa t  (Ca lder  197,1 :  Mvcrs  l981;  Ket te r -
:on  and No lan  1983) .  Accord ing ly .  i t  i s  the

smallcr-bodicd individuals. because of their largcr
rcscrvcs  o f  fa t  (Ca lder  1974;  Myers  l9U l ;  Kc t tc r -
son and Nolan l9fl3). Accordingly, it is the
smallcr-bodicd Scarlet Robin which should have
migrated frem Nirnrnitabel if body size was an
important selective forcc on robins' migratory
trehaviour. Scarlct Robins instead remained at
Nimmitabel throughout tlrc ycar while the larger
F lanrc  Rob ins  migra ted .  I t  i s  un l i kc ly .  howcvcr ,
that physiological constraints on body size werc
important sclective pressures on eithcr spccics'
dispersal pattcnls. sincc conditions wcrc not
severe enough to cause prolongcd pcriods of fast.
Food was availablc throughout the ),ear. albeit at
lower densities in the non-breeding season (data
from Rcchcr el a1. l9li3). and snow cover rarely
lastcd for more than a feu, days. The bod1, sizc
hypothesis therelbre may bc rcjcctccl, although
body sizc may be implicatecl as a cause of migra-
tion beciluse of its correlation with social status
(Gauthrcaux  191J2:  Kc t tc rson and No lan  l9 {33) .

Differcnces between the i l iets of Flame Robins
and Scarlet Robins antl the conparative abundance
of i lrthropods takcn by thcm instcad rcprcscnt thc
most l ikely causes of migration by Flame Robins.
F'lame Robins at Nimmitabel forageci for f lf ing
insccts twicc as oftcn as did Scarlet Robins. Scarlet
Robins took more arthropocls from thc ground
and bark sutrstratcs. Comparablc tl i ffcrcnccs
betwecn thc tccding bchaviour ol thc two spccics
havc bccn rcportcd lrorn clscwhcrc (Flcming
1980;  Rechcr  and Ho lmcs 1985) .  a l though thc
differences were smaller than recordcd fronl
N immi tabc l .

Whi le  the  b iomass and abundance o I  a l l
arthropods tcnd to dccrcasc in wintcr. grouncl-
dwcll ing arthropods remain relatively more
conrmon in wintcr thln arthopods on olhcr sul-r
strates. and cspccially nrorc c()rnnroll than flying
insec ts  (Recher  e t  a / .  1983) .  F lv ing  inscc ts  shou
malor  seasona l  var i r t ion  in  the i r  abundance and
b iomass.  Thcy  arc  usua l ly  adu l ts  rvh ich  erncrge
after anbient tcmpcraturcs risc above a crit icl l
th resho ld  (Hughcs  1975)  and thc  spr ing  f lush  o f
new plant growth (Nix 1976). Thcy <iisappear or
d ie  as  tcmpcra tures  decrease aga in ,  l cav ing  thc i r
laI.lac to develop slowly during the cooler months
(Hughes 197-5) .  F ly ing  inscc ts  a rc  conscquenr ly  a
very seasonal tbod resource. their numbcrs anci
b ionrass  lowcs t  in  Junc .  Ju ly  and August  i lnd
highcst in sumrncr (Hr.rddv 1979i Recher c1 a/.
19u3:  I le l l  1985;  Car reron  l9 l l -5 ) .
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Numbers anil biomass or ground-dwelling
inver tcbra tcs  u lso  arc  h ighcs t  in  summer .  How--
eycr .  t l t c i r  w in tc r  l l i omass  in  south-eas tc rn  Aus t -
ra l ia  rcmains  many t in tcs  g rea ter  than thc  w in te r
iriomass of f lving insects. Rccher e/ a/. (1983)
ti)und that numbcrs of f lving insects in south
erstcrn Ncw South Wales ri lnged from betwecn
7(I 160 insccts/stick\ trap in suntmer to (I 40
rnsccts/sticky trlp in $'inter. Thcir biomass
clccrcasccl f lom an avcrage of 0.7 g/trap in
January  to  0 .1  g / t rap  in  Junc  and Ju ly .  The
bionrass of sround-dwcll ing invertebrates
dccr casccl from an avcrage of 70 g/trap in January
to 5-25 g/trap in .Tune ancl Julv. Whcrcas the
. l \ c r i r I r .  \ i r c  r r l  l ] v ing  i rs t r ts  decrc ; r . r ' .  in  t r in te r
(Huddy 1979:  Pykc  1983:  C lameron 1985) .  thc
average sizc of grounti-clwell ing invcrtcbrates
Dlav cvcn increasc in winter. bccztusc of the
cmcrgcncc  o f  inscc t  la rvae.  ear thu 'o rms and mi l l i -
pedes  (Ashton  1975:  Huddv i9797.

Scarlct Robins thus cxploitecl r food resource
th iL t  was  re la t i vc ly  morc  common in  w in to r  than
othcr foods (Ford l9ll9) by pouncing forconpara-
tivcly large. grounci-dwell ing prev. Thcy compen-
satc fi)r the wintel dccrease in prey abundancc by
foraging ovcr larger areas. foraging more often in
grass land hab i ta t  (Tab le  2 )  and increas ing  thc
tiInc pcr dav that thc)' foraged (Tablc 3).

Flame Robins also pounced tbr ground-dwelling
prcv throughout the year (Table 4), but foraged
significantly more often fbr f lying insccts than did
Scarlet Robins. Whcn numbers of f lying insects
dccrcasccl at thcir breeding grounds, following a
shilrp dccrease in ovcrnight temperatures in April
and  Mav.  thc  F lame Rob ins  migra ted .  ln  w in te r ,
thcv bccante specialist grouncl-fccders in grarss-
land env i ronmcn ls  on  t iny .  g round-dwc l l ing  prey .

Morphological diffcrcnces between Scarlet and
Fla|nc Robins suggested that differenccs bctween
the two species' diets and foraging bchaviour
wcre not nrerely artifacts of the sampling period
or sitc. but long-term adaptirt ions by cach species
to diffcrcnt cnvironnlents and diffcrcnt prey
typcs. Thus, Flame Robins had signil icantly
longer tarsi than Scarlct Robins, presumably an
ldaptrtion to their ground-feeding behaviour in
wintcr. as ground-feeders tcnd to have longer
tarsi thiln congeners which feed fron other sub*
stratcs (Fretwell 1969; Gaston 1974). Flame
Robins also had longer bil ls than Scarlet Robins
lnci rnarv have been able to capture more mobile

prey. sincc the bil l  t ips of longcr-bil led birds close
faster than those of shorter-bil lcd birds (Ashmolc
l96ll). Howcver. Flantc Robins' comparativclv
longcr. morc slender lri l ls may havc restricted tl]c
sizc of the prcy thcy could effcctively'capturc and
clcrnolish. sincc thc force exertcd by beaks ncar
t h e i r  t i p  i :  i n r c r s e l v  r . . l a t , , l  l "  I e l S l h  ( A \ h m u i (
1968;  Lederer  1975) .  and incrcascs  w i th  inc rcas-
in8  w id th  ( I -ederc r  1975) .  Hence.  F lamc Rob ins
may have bccn icss able thail Scarlct Robins to
c \ ( r t  \ u l f i c i e n l  f , ) r \ ' (  i r l  l h e i r  I r i l l  l i f \ .  l o  ( ; i p t u r c
largc plcy. The comparativcly shorter, broadcr
bil l of the Scarlet Robin nlay have assistccl it to
cilpture l i lrger prcy itcms than those lakcn by
F lamc Rob ins .

Obseryations at Ninrnritabcl wcrc consistcnt
with Cox's ( l96il) hypothesis that intraspccitic and
intcrspccific competit ion for rcsourccs in winter
nli ly causc thc elimination of corrpctit ively
inferior spccics from their breeding rangc during
thc non-breeding season. As shown in Figure 2,
the frecluency of aggrcssive disputes bctwccn
robins increased in autumn. as mostly young
individuals of cach species moved through thc
study area. This influx of birds rr.ray havc causcd
increasing compctit ion for lood. especiallv anrong
Flame Robins. sincc thcir numbcrs were con-
siderably higher than thosc of Scarlet Robins.
Such competit ion is predicted to be severest in
la tc  au tumn and w in tc r  as  numbcrs  o f  acr ia l
insects decreasc. Intcrspccific competit ion by
Scarlct Robins for ground-dwelling invertc-
brates may then further induce Flamc Robins to
migrate. However, this hypothcsis nccds more
inforrnation to test whether or not Flame Robins
d , r  t l i .ner .e  f rom the i r  h rccd ing  r r rng t  in  res f \ r ,nse
to increasing competit ion for food from con-
spccific and congeneric individuals. and whetlrer
Scarlct and Flame Robins feed on different
prey types. Further studics of Flame Robin
migration also need to consider intraspecific
variation between individuals' dispersit l patterns,
for insti lncc; do trirds of different age-classes
ancl sexes frem the one breeding population
migrate to the same wintering ground, or do
somc birds migratc furthcr; why do adult
males depart earlier from and return earlier to
their breeding grounds than fcmalcs or f irst-year
males; why do some Flane Robins migrate
further than others, for example across Bass
Strait. while others remain near their breeding
grounds?
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Studics of bird communities overse2rs suggcst
that migratory species tend to fccd on scasonally
limitcd, patchy footl rcsources, whereas residents
feed on morc stitble resourccs (Herrera 1978;
Fretwell 1980; Lack l9li6). Several studies have
also shown that aerial feeders are near-obligatc
migrants while ground-pouncers are usually
sedentirry (Hcrrcra 1978; Lack 1986). This
scparation betwecn ground-feeding rcsidents and
acrial fccding migrants appears to be truc of
inscctivorous bircls in eastern Australia. Loyn
( l9tl5a) commented that the only birds rcmaining
in Mountain Ash E. regnans forcst during wintcr
wcre l ittcr-fccders. birds fccding on bark sub-
stratcs i lncl some honcyeaters; aerial fceders and
foliagc-teeders dcparted. Huddy (1979) and
Cameron (1985) found that f lycatchcrs with more
specialized feeding stratcgies. notably hawking
and foliage-snirtching specics, migrated from their
study areas, while the morc generalizcd, ground-
fceding spccies remaincd.

A similar distinction was apparcnt betwecn the
dispcrsal patterns of Flame Robins and Scarlet
Robins at Ninmitabel. The morc aerial-fccding
Flarne Robin nrigrated from the study area for at
l c rs t  th ree  months  dur ing  the  non-breed ing
scason. rnost l ikely to grasslands at lowcr
altitudes. Thc ground-pouncing Scarlet Robin
rcmained at Nimn]itabel threughout thc year.
Thc Flarne Robin thercfore may be considereci
an opportunistic species which moves betwcen
wintcring and breeding grounds to exploit scason-
ally abundant food resources at the two sites.
Morphological adaptatiens to thr: winter environ-
ment suggest that selection pressures during the
non-brceding scason have influenced thc F-iame
Robin s evolution (see Fretwell 1969). and further
inply that migration by Flame Robins may be an
anccstral trait of this specics.
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