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'ﬁeﬁprox1nate lstatus of 1nd1v1duals 1n dom1nance h1erarCh]esfi;;¢;7
~uw1th1n specres.that flock durlng w1nter H1s hypothesws was!ifh;i;
fgf.}tested Wlth redpolls (Carduelis flammea and C hornemann,‘;fviﬁik
‘vf?iL ),,northern carduel1ne f1nches noted f?r extens1ve Plumage ff? ;ﬁ
di{jyar1ab1l1ty An extensxon of ‘Rohwer s hypothes1s, that
V'febr1ghtly coloured b1rds ( hose pred1cted to be dom1nant)i;ffffc
,»hshould enJoy n greater \PepPOduct1ve success than paleiff;ufv
{(SUbOPdlnaté) lnd1v1duals.\uas also tested L 5

S U L e T
Data were collected from observatxons of - breedihgf-glﬁ*

..}jéﬁ;fﬂv Inuv1k and Krekov1ck Land1ng,j}fhd{fdlﬁ:

S [‘»r1tor1es dur1ng the summers of 1977 and 1978 Contraryf;i;ixz

the predlction based on. Rohwerd”ihypothes1s, the breastﬁﬁ7fffi

Ad'itcolouratlon of male and female redpolls was: not correlated:lentﬂﬁ

.....

-ﬂf!W1th nest1ng success. terr1tory quallty or frequency ofuff}{eh
Lf}fmat1ng In order to test whether plumage colour can predictiilf’uﬁ

”fFLSOC1al statusl: exper1ments’gwere conducted With captiveé

5fif;redpolls during 1978 and 197d‘in their summer and winter St
?;f{ranggs Unlike the observat1ons reported by Rohwer (1977l;ﬁﬁjfl*
'lil_ Harris Sparrows (Z:notnichla querula) Marlerieir;ff
; (1955b)f Chaff1nche§ "',';'(Fr-""gma ooelebs)»

. ar %f fi cial ly{_ ;,‘f s
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.ild. was descrlbed by the tr1chromat1c coeff1c1ents domwnant hue.f:»

pur1ty and br1ghtness and agon1st1c behav1our was descrlbed:fj{d

'*ﬂf]fbyi;;the 1nd1ces dom1nance,1 success, v1ct1m1zatmon andl]

@aggre551veness Add1t1onally. larger b1rds d1d not domxhate;?f’;

‘}fsmaller b1rds,_aga1n regardless of season morph ‘or level offiaffi

‘:T{fiaggress1on Based on my observatlons and reports,ﬂfnlﬁthécff?f

'3;¥ffl1terature, I concluded that colour s1gnals dom1nance statuséhgf;

’*?}f!only insofar as colour and dom1nance are both sex--fandi°"

‘”7ﬂ}dage related characterIStics An alternatlve hypOtheSlS-,thatﬁ:f,t;

"}flfpe]at1ve domwnance.ln redpoll h1erarch1es ‘S: SIQnalled byff,fjr

"fffcthe behav1our 1nd1v1duals rather than thelr colour

ﬁﬁfﬁfpresented The colour var1ab1lity exhib1ted by redpolls d”f{fﬁ

U'hﬁﬁotherx passerlnes may facil1tate'\1nd1V1dua‘ PeCOQNlth” 7lf;ff

[{f;fpresented 1n SUpport of thls suggest1on:ﬁhg3fff?fj'd‘dgv”

f?fjAspects of the b1o]ogy of redpolls and other passer1nes ane:fffaf
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: '\\ oL INTRODUCTION
'"’,The' colouratlon -of blPdS has 1ong fasc1nate9 qaturart

h1stor1ans More re ently, eco]og1sts have proposed theortes_ ﬂ'“

.“asrelatlng soc1a1»7vorganwzat1on : commun1ty structunp and,

_L7Ephystology to, the d1vers1ty of plumage patterns observed
fi;blrds dInu 1975 Rohwer presented a: new hypothes1s that hasph
g:sparked much attent1on Rohwer postulated 11nk betweenig
”fav1an p]umage co]ouratlon and soc1a1 structure, the status

"f51gna111ng hypothe51s He observed ;th fo]low1ng colourp

:fvartab111ty occursi in spec1es that assoc1ate 1n flocks;fi-f

‘Vdurtng the W1nter and vcompete ﬂﬁ resources through

| u~f}dom1nance h1erarchy the flock plumage monomorph1sm 1s_aapt

ffound 1n spec1es 1n wh1ch 1nd1v1duals are spaced over ~the

'g'env1ronment and compete for resources through terrttor1a]1ty~f;"

"Ihdur1ng the w1nter ' Based on. these observat1ons Rohwer*;hj

. proposed that (a) Plumage vartab1l1ty has evolved to 51gnaTgffJ

t'f.the approx1mate status of each 1nd1v1dua1 z1n the socrati

,-,subordlnate 1nd1v1duals to s1gnal the1r5vrank and assessg5'

‘f;others, thereby decreas1ng the necess1ty of ftght1ng to .

'determ1ne relat1ve status Th1s advantage should be greater'5;ur

'f1n unstable flocks 1n wh1ch 1nd1v1duals are unknown to each'

A

;7other (c) Lack of var1ab111ty would be favoured t*é.g,fh

‘,'terr1tor1a1 s1tuat1on .1n wh1ch there are only two poss1b1eff‘h°

'“,states--possessors <and}f non- possessors of:“ terr1t0r1es “ o

“etEvolutton of a - s1ngle piumage 51gnal onid fa0111tateg,,

;-Q‘tcommuntcation of\ possessorsh1p state .and decogn1t1oh of7'
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'“general appl1cab1l1ty of his - hypothe51s w1th ser1es of ﬁ::”

"1nterspec1f1c \tests "in;. whlch he: examwned plumagel -

var1ab1ltty, soc1al structure and hab1ts of 29 passerwne

"-7;spe01eS (Rohwer 1975) He then used soc1al 1nteract1ons 1n a

| é:-flock of w1ld Harrts Sparrows, (Zonotrlchla querula) wh1ch

- the head and neck rf05ﬁ43ﬁj 1ntraspec1f1c test of hlS

‘;;hypothes1s (Rohwer 1975) Rohwer found that br1ghter or

“u"“studl1ér"fb1rds won 76 and 70 per Ce”t Of a, random subset

;,Of_ 75 and 44 pa1red 1nteract1ons respect1vely,_results 1n

The l1terature prov1des evwdence that

'"contrad1cts Rohwer 'S hypothes1s Marler (19 5b)’demonstrated

"fthat breast colour of capt1ve Chaff1nches (Frlngllla

7:;coelebs) | wasj correlated w1th the probab1l1ty of W1nn1ng

o
Z1ntraspec1f1c compet1t1ons Female Chaff1nches art1f1c1ally

t;coloured red to- resemble males won more encounters Wlth

B :;fmalestand_females than normally CGIOUred females Red o

: breasts caused"an avo1dance react1on 1n both sexes HowéVer

’3h1s 1nvest1gat1on‘Wasv restr1cted to the role of sexual

{.tfd1chromat1sm, nrt the cont1nuous var1ab1l1ty that Rohwer
“7ﬂ,-addressed 'i“f1' e .EJ-A TR - :

0bservat1ons 1ncons*s\\nt w1th Rohwer s hypothes1s,:.;*7

&

oth supports and

e terr1tor1al compet1tors | Rohwér7 first '1nvest1gated thee‘f

@ .

‘t*l(Aexh1b1t w1de var1at1on in the extent of black colouratlon on . 7'

"_fagreement w1th h1s hypothes1s ."f);_L.,AH* f75)5}§rﬂff

'Ifthat colour was unrelated to SOClal status. were made by - b

‘1Br1an (1949) in a study o? wild Great Ttts (Parus maJor)

»Thompspn (1960) w1th capt1ve House F1nches (Carpodacus
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}tfmeXJcanUS) and D1lger (1960) w1th capt1ve Common Redpolls_Efw 

-(Carduelrs flammea) However,f ev\dence presented to backﬁff‘

'~dfthe1r statements was scant Br1ght colourat1on appears to bebek.

'51nversely related to soc1al status vi Purple Fxnches ‘lC}t,ﬁ_t

. fpurpuneus) Casstn S F1nches (C CaSSIniI Samson 1977) andj

,yeBullf1nches (PyPPhula pyPPhuIa N1cola1 1956 Hnnde' 1955 T

'i’ﬂf1956) 1n all of whtch pale females dom1nate the br1ghtlyd';h3f»

'i,‘fcoloured males 1n w1nter flocks

Balph Balph and Romesburg (1979) spec1f1cally tested§’.;7"

'f*ff;Rohwer S hypothes1s w1th capt1ve- Dark eyed duncos (dunco”fffd:

‘ 7r;[hyemalrs) he crown and throat colourat1on 1n thts spe01es

”7ftxvar1es w1th the sex. and age. of an 1nd1v1dual They observed

‘"'fgs1x groups of 51x b\rds each and concluded that hOOd CO]OUP

"Viy}same sex and approx1mately equal w1ng length whereas sex

’wa a poor 1nd1cator of social status between pa1rs of the Gj;f;

'\‘\-.

?'g*fwaéf the better 1nd1cator of soc1al status They suggested

:{fffthat 1f plumage colouratlon s1gnalled domtnance status to fi-?7*’

-:{varlables such as sex and age

Baker and Fox (1978): also tested the relattonsh1p

ijfbetween domtnance and soc1al status w1th Dark eyed duncos

(hpThey reported a non 51gn1f1cant correlatton between hood

*,_colour and ank and that w1ng length pred1cted dominance

ntf;best of those varlables tested (sex was not tested)

"b'fconc1031ons they drew from observattons of 21 captlve blPdS

Vo were 51m1lar to those reached by Balph et al hood colour

,:per se was weakly related to dominance. but 1t could pred1ct

‘\,_<



'fdomtnance by v1rtue of 1ts assoc1at1on w1th sex S

| Stnce the ‘flrst presentatton of his hypothes1s Rohwenhh,
'«_conducted further exper1ments whtch 1nvestlgated control 'off~f'ﬁ\
'cheat1ng the ~status s1gnall1ng system Harr1s -
;’%H:‘pSparrows He found that sparrows artlftc1ally blackened

dm1m1c‘ h1gh ranktng b1rds were persecuted by those of hlghfﬂafv

hd

...........

,idomtnance status,ﬁ and those bleached showed ‘ 1ncreasedf;§hf?
.aggress1veness,5 attacklng b1rds that treated them

;}subordlnates (Rohwer 1977)‘"ﬁNext Rohwer observed severa1;31}_;

jbtrdsfg;];' ” flock of wtld sparrows that were g1ven?}e55

_}testosterone and others that were gtven testOStepOne é-d;i;,.,

f,dyed black From these observat1ons Rohwer concluded that}fﬁ%f
fthe persecut1on he w1tnessed 1n the prev1ous study was 'otffﬁff
‘due to a 5001ally controlled 51gnall1ng system as he f1rstﬁf?ﬁﬁ
fproposed but rather was due to untreatbd blPdS vperce1v1nggyr77

1an o 1ncongruence between the status 51gnalled and theft{ﬁ{_

'behavlour of the dyed b1rds T ghe
:‘ A weakness shared by all the stud1es I have reported 1sfﬂf;f
;xhe1r poorly quanttfled results Assessment of colourat1on |

etther 1mpl101tly or. expl101tlyh:yi

*ﬁof 1ndivlduals was ach1erﬁ
;by subJectively compartn}f each 1nd1v1dual to all others;ifrfg
i ’lBrlan 1949 Thompson 1960; D1lger 1960 Balph et al. 1979zrjifw
"if;BaKer and Fox 1978 Rohw'r 1975 1977 1978) or colourattonhtiﬁf
“;hwas treated as a d1scret,.characterlstic,\ f5ff examplev;r?ﬁ:lniit
%rhf]ﬂlnd1v1dual elther |

V”V(Marler 1955b) RN

| r;v In order _tesj;;the;jéiatasﬂ;signaillQQY?hypaihe;ls~?ff*

Assed male, or female colourat1onhff*“

- ;,_:'- 5

pos




‘-.,:~_,-'j‘Rohwe,~ (1975) and Balph et al. (1979)*_1, "

ﬂ:};hsuch methods ar;

":l'compar1sons method in whlch only the d1rect1on of theﬁffh.

’h:'outcome of an agon1st1c encounter s requ1red Baker and Fox'f:}l

::fh(1978) tested Rohwer s hypothes1s by correlat1ng colour w1th

“X’Vfdomtnance 'ranks Both methods' c1rcumvent the need ‘oftth;

; f

d3i§quant1tat1vely descr1be a b1rd’s behav10ur Weaknesses of ny?}

'“ff\outcomes and a §1mpl1st1c v1ew of dom1nance 1nteractlons.fj1“

"'fﬁthus overlook1ng tsubtler behav1oural ﬂ‘ detalls }groffquf

1ikt Rohwer (1978) were based on?

| f"ff'"v_;rephcatwr’ns hf exper1mental treatmentsi.

. f?1nteract1ons Coll1as (1950) cr1t1c1zed s1mp11st1c?}fi?
ib"ff?assessment of agon1st1c behav1ouP fbl 1ts 1nab111ty 5€;;tfg
5'vxtf?prov1de an- adequate measure of dom1nance and suggested U51n9>iii;i

ﬁ;fffa mu1t1var1ate measure as 2 better estimator F1na11y,:t35tsﬁttn?j
Lhtff7performed on. rank data, such -as. the chi square test Ofif{h}d

'i'r;iandependence, are less powerful than tests that can be?f}ifi

the pa1redff::;"

fa 1ack of sens1t1v1ty to the magnxtudes offﬁfgf‘

7appl1ed to cont1nuous. var1ables,. such; as,,regresSJQn or_;f~ff

*lfanalys1s of var1ance

Another weaKness of prev1ous stud1es was small sampte:u;ff?

slzes D1Tger s (1960) comments on the relat1onship of

' Vf} colour and soc1a]* status were based on e1ght b1rds;515“f

; 1ntens1ve1y stud1ed for an unspec1f1ed period of timestﬁ;,fi
,' Although Rohwer (1975) and Balph et 7#\ 1979) presented;:;ﬁ.f

g

.;f; data for oVer 35 birds, the conclus1ons drawn by Rohwer andifﬁ}tt

"; i J i :_'-
fthree experimentally treated;

o bwrds and two controls With so few anwmals suff1c1ent53}ﬁﬂ;

] .1 .;

| d}fflcult

'__‘;J’- ’,.‘ ; ',"- SO B R
W

are indeed}ffawv



'”zfﬁiftnches and several;otheP passerinii

?ff;fiyear and acquire thetr‘

zz}{ﬁfand shmmer i mff”?x& T

filtégoverall body s1ze has not been demonstrated

Balph et al (1979) have suggested that plumage'.

.var1ab1l1ty has evolved 1n relatton to breed1ng rather than}fsiQ

1f:uw1nter soc1al structure In spec1es that undergo a panttal;lex
1fppenupt1al (prealternate) molt such as Harr1s Sparrows df"ﬁ

7{fnbthls cons1deratlon 1s less 1mportant because 5ummer 'plUmageffvf:

;;“ﬁofannual postnupt1al (preba51c) molt (Dw1ght 1900)f3”¥t

Although titts; generally assumed that body s1ze 1s af}77*

| V"ifthat 46 not show exaggerated s1ze dtfferences (e g

T g {

'751t was~ the a1m of th1s study to test Rohwer sfi{ifd

'7""".A?.i..l.',CO‘OU"atlon is vaU"‘ed mdependently of wmter plumage. .

f'deowever 1t 1s a relevant concern btn Juncos carduel1ne€§;;u
»Ethat molt only once af;"éu
fnupttal (alternate) plumage ”"E?j;fﬁ;}

j'”"figresult of wear of the plumage obtatned after breed1ng by thefﬁbﬁ#

’d;?anXamlnatton of soc1al behav1our thh respect to plumagejg ]r

”ffififcolourat1on in. these spe01es 1s necessary dur1ng both wvntera7{;}g

;"Effpred1ctor of domlnance (e g Coll1as 1943 Thompson 1960;';;;;z
ftfifijFretwell 1969) ev1dence ?i the l1terature suggests thatpr"'

“iwtdfthese two characterwst1cs are pOOPly correlated 1n spectes“ﬁfff

ylseQEShoemaker 1939 Tordoff 1954 Thompson 1960 Fretwell 1969 1f7]£i
:txfbeRohwer 1975 Glase 1973) In these and other studtes bodyf:tiéi
;“f;f¥S1ze has - been esttmated by a s1ngle var1able-—we1ght le. g- 2flg-:
.féiltShoemaker 1939 Coll1as 1943 Thompson 1960),/or wing lengthi}igdi
(e Fretwell 1969, Rohwer 1975, Balph et’ al. 1979).

feEffﬁHowever, the Pellabxftfy of either vartable 1n est1mat1ng{;tf3ﬁ



7n¢status 1n w1nt
1ﬁFyIn order “t@fft h

“°fyquant1fy agon1stlc behav1our. colourat1on and body s1ze,_andaﬁﬁifff

'9atyvar1ab1l1ty, was an 1deal anlmal w1th wh1ch to test Rohwer sff}:fftv

"”ihcategor1zed accordtng to the extent of var1ab1l1ty theyi§f¢ﬂfﬁ

'nﬁlipred1ct F example,{ spec1es of low colour vartab1lttyhf_f?vf

;gppfcharactertst1c

'B":Vand between sex or age classes The only hYPOtheses thatfﬂxfd7f

and othert smm1lar carduel1nes‘

:\\

'7nhypothes1s of status 51gnall1ng, spec1f1cally hts predtctlon?ri7Q'f

i

.]“that ﬁan 1nd1V1dual s colour serves to s1gnal 1ts dom1nance e

%"fapplled them to a large enough sample so that the resultsbni-h5f

'l'_gcould be analyzed statlstlcally

The redpoll (Carduelis flammea and C hornemann: L ).,

‘?f}fnorthern carduel1ne flnch noted for exten51ve plumagey?zbfﬂ}

'??thypothes1s No eXplanatlons have been offered to account for*;jf _

‘XThﬁthe var1ab1l1ty 1n plUmage colourat1on.exh1b1ted by redpollsiﬁQrmfn

ifw1th1n sex and age classes) The numerOus hypotheses thati”ff

’*hffhave been proposed to account for av1an colourat1on may befﬁ:¢rf#

” fi;would generally be expected 1f the1r colourat1on were used
'1};f6_ camouflage,u m1m1cry,i phy51olog1cal purposes, spe01es_ffij7r

e ecogn1t1on ?ﬂ,, flash colourat1on y Plumage ' patterns[ffii[f

l

'f}selectlon USS'Of colour 51gnals for 1ntrasexual threat
’iffsex recogn1t1on Thts categor1zat1on may over 31mplify thelft‘
iffr”pred1cted colour patterns but nevertheless. none of th%fﬁi;*fi

“sf;lhypotheses ltsted predtcts colour var1ab1l1ty both w1th1n? yﬂf;?

_-,{-,.;addr‘eSS SUQh CO]OUT‘ var'|ab1 ]1ty ar‘e , those Of status

h1erarch1es of 2 vartably coloured SpeC1es :n,r

th1s hypothe51s,'1 developed methods tof-;ﬁif‘

lspec1f1cally, vartabllwtyffvﬁhiw

¢Vf each sex would result from sexua]i;fﬂ;lr




,f'hj51gnallxng (Rohwer 1975) and 1nd1v1dual recogn1t1on (Bennett
ﬂ_,}'1939 Hogah- Warburg 1966 Bayl1s 1979 Sh1elds 1977) |

The content1on that the red areas of -th 1 redpoll

-

L 5opt1cal 4s1gnals used 1ntraspec1f1c communlcatwon “sl'7f*

'“‘V,strengthened by the pos1t1on and hue of the patches Th

fn,flco oured crown. cheeks and breast are located frontally and

1 ]fventrally where a conspec1f1c, rather than, say, a predator

_i“xﬁfw1ll view }the colour (Rohwer 1975 alph et 37 1979)
2 ;;Donner (1951 1953) Goldsmlth GQldsm1th (1979)

Wi5§7Ham1lton and Coleman (1933)"“{t

,and others have demonstrated
o . ,-s,,\;v.

lff;f?tﬂat;,blrds have excellent v1sual é acu1ty b 'd | colour

'l;f*}perceptlon (comparable to' that of humans) The;"ump patch

“*lf{may funct1on 1n commun1catlonwassoc1ated w1th flock1ng 51nce

“f“tf1t s more exposed when a b1rd 1s 1n fl1ght than when 1ts

“Q}riw1ngs are folded Red hues, common 1n many northern b1rds,,'““7*

:fdshould be favoured as s1gnal colours where low sun angles'f;sﬁ;h

"””Qﬂpredom1nate for three reasons (a) a brIth s1gnal SUCh tdﬂffﬁif

”“tt?red or- orange WOuld be most consp1cuous where total

*ffg§1rradiance 1s low (b) these colours W1ll appear br1ghtest

”7f;because they reflect most ,strongly 1n the portlon of the fhifit

“:iigspectrum w1th the h1ghest amb1ent llght levels (1 e"“long

*5h5;wavalengthslvxul. (C) those s1gnals reflect1ng long

“df],wavelengths w1ll be h1ghly contrasted aga1nst blue sK& or. ""r

,fifigreen foliage (Hatlman 1977)

f A

Therefore,. because the maJor1ty of theor1es developed

7"q;_to expla1n av1an colourat1on can be d1sm1ssed unl1kely

"-dw1th regard to redpolls, and because the1r colourat1on does




”E}ah'f appear to be a neutr l character1st1c attrlbutable tot’fl

'"}~gsuch causes as dletary dtrferences 'fort example, redpollsﬂ? 5f

'tffiappeared to ‘be fa h1ghl_ su1table spec1es on wh1ch to testQ:yﬂ_
beRohwer s hypothes1s j Redpolls ; fulf1ll t"] 1mportantaa@“

“;f;cond1t1ons Rohwer pred1cted would favour s1gnall1ng 1n aiﬁ’

?1ffspecwes FlPSt, redpo]ls are ja; var1ably coloured spec1esh5}f4
'?‘that assocxate 1n w1nter flocKs and compete for resourcese?t

hg;hthrough a dom1nance h1erarchy Secondly. the1r flocks are offV

7f35relat1vely unstable'?membershwp, therefore ;lt; would beﬁ{

”p”;advantageous for 1ndtv1duals to adverttse and to be able ?toftff
”ﬂfzfassess dom1nance status of unknown 1nd1v1duals, thereby;ffjf

'ttifreduc1ng the need for combat to determ1ne relatlve status

:{; Cho1ce of redpolls for thts ‘study offered furtherff&Ef

”~@fadvantage They could be observed dur1ng w1nter and breedtngf‘ =

,;seasons’whlch was necessary 1n order to test an exten51on j;f;fff

[;Rohwer s status s1gnall1ng hypthes1s,to the breed1ng season,;;yjﬂ

.i“ﬁfthat brtghtly coloured b1rds (predlcted to be dom1nant)g;ﬁ :

5ienJoyed greater reproduct1ve success than pale b1rdsfjtj~

"h“fﬁ(predtcted to be subord1nate)
T R T e R



R 11 STUDY ANIMAL o
Redpolls are we]] known for thetr colour vartabtltty

‘t?(Grtnne]t 1947 Newton 1972) Most btrds possess a deep ‘F¢d73

' ,fjpott or cgown after thetr postJuvenal (f1rst preba51c) molt, ufafv

t‘;~;ﬁbut the extent and 1nten51ty of red colourat1on on‘ breast -

J /‘_1"’

AfCheeksi~ and rump vary con51derab1y from ‘1nd1v1dual to o

.;1nd1v1dua1 Males and adu]ts of both sexes are genera]]y&esg.‘

AL

°'5fedredder! than fema]es and subad and Common Redpollsffﬁg'

‘;(Carduelfs flammeal a darker red than the;_p1nk Hoarydv

‘f,Redpolls (C hornemannl) There ‘ -exten51vevover1apvoflwft,f

:ﬂtfqplumage types W1th1n and between ?Séi} and age categortes,iu

hdifivaensson 1975)

.ﬁ&ttshow1ng netther wrnter nor summer phllopatry (Evans 1969

‘1f;:Er1ksson 1970 Newton 1972 Dav1s 1977)

>“fffconsequently most ‘1nd1v1duats ’cannot be c1a551f1ed by!ffafl

| Figcolouratton alone (Da Prato and Da Prato 1978 Evans 1966 ;ifft‘

Redpolls are'c1rcumpolar 1n dtstrtbut1on Dur1ng summeﬁ,yﬁf{:

: “fithey are found 1n porthern borea] forest and tundra regtons,;Tﬁ“f?

”"5étdur1ng W1nter they come south to the boreal;forest northern{t;;Vf

xtdtifdec1duous forest, and pra1r1es They largety nomadtc,h £

/t ,

./t

The 5001a1 structure of redpolls ;j cons1stent w1thn{€nff

,t{ﬂ%Rowher s observatﬁon that vartab]y Cotoured SpeCIes;h;:{f
,a{sqia55001ate 1n ftocks '—Redpotts feed 1n flocks year POUnd;f?fff
.tiff;(Newton 1972) F10cks ‘as large as 1 000 (Bowtes 1917) and'_.._v“_..:i,.--__».i-~
'aﬁtf4 000 btrds (Easterlf 1978) have been Peported durlngai :ii
,;}tinwtnter In summer, smaller aggregattons of two to s1x b1rdscai?fﬁ

ti'ﬁtare common Based on the general hypotheses Of LaCK (1958);535?3



;_Tfand'9CHcck (1965) Newton (1972) related” the'gregartous.h

"e,nature of redpolls to thetr gram1n1Vorous (seed) dtet Which-:‘ -

largely compr1sed of blPCh seeds wh1ch are patchtly»1

' d1stributed (Petponen 1962)‘ Redpolls feed predom1nantly on ;f :

f’,tseeds durnng summer (Gr1nnell’ 1947 Rls1ng and Schefter,;f

v-f;pers comm ) unl1ke most w1nter gram1n1vores wh1ch Shlft to ;z}.”’

“1nseot1vory (also from gregartousness to terrltor1a$ﬂty%:"“

':3~wh1le nesttng

.. evidence. ex1sts ‘on’ théi_ stab1llty‘i ”$f: redpoll flockff'f;hh

Rohwer pred1cted that the 7 advantage, fof;_ statusftf'[l

131gnall1ng should 1ncrease W1th flock 1nstab1l1ty No d1rectf};:*5

:’ff?membershtp Shaub (1950) reported that 20 redpolls out of ah7rlfh

fg:total of. 39 banded durtng a W1nter rema1ned for nearly t" g

ffffweeks, ;but only three of the banded btrds were observed 1n§”f;fgt

ﬁlftthe area after three weeks Erlksson (1970) concludedt;%

'“fuyiseems ltkely however, that at least some of the 80 per cent“ib

ﬁ;dtsappearance reported for the three months November to

.wldanuary,, was attr1butable to movement rather than death Mytf

'37ﬁ;1very low band returns dur1ng a w1nter and the followxng;tfﬁﬁf

fgﬁdisummer that mortal1ty amongst these btrds was h1gh Itfjffff

.?ﬁjfobservattons of banded redpolls at a w1nter feeder support*ﬁf

'tifdmembershtp

r77iffthe view that flocks ;are unstable 1n bdth locat1on andfﬁfﬁlff

R Redpolls mate wh1le 1n large w1nter flocks en route tofnfjffi
:l\ff?breed1ng areas %}Newton 1972) On the breed1ng grounds thefiji?ff
'7%fffmonogamous palrs establ1sh nests 1n sem1colon1al situattonsiff7j}§

(H1lden 1969 Newton 1972) A clutch of four or f1Ve eggs~1s:flgpf;




hd1ncubated 1?6?{“11 days by the female The maTe feeds theuflu.
;female and any hatchT1ngs from the t1me of nest 1n1t1at1onitti:r
_runt11 the young fTedge, from 11 to T3 days after hatch1ngf’frb'
'{fSome stud}es suggest that two broods are reared w}thTH one(dt:,ﬁ
“ prgseason (Brandt 1943 D1ce 1918 Gr1nneTTaT947 Irv1ng 1960

o 1?H11den 1969 Troy and Sh1e1ds 1979) gf,;t‘5;*o;7f7o-ﬁti}'jyi:Tli
' ,(_:~v L1tt1e 1s known about predat1on on redpoTTs,3€‘ factor',fﬁﬂv
’f:tilhypothes1zed to 1nf1uence av1an colourat1on (e g Cott 1946

’frniZHa1Tman 1977;%f

“Baker and Parker 1§79) Kestrels (Falcoanf,f;
','sparverlus._ Cooke 1885) Marsh Hawks (C:rcus cyaneus¢fgfff:

fﬂﬁ(f«Roberts 1932) Jaegers (Stercorarlus sp ,:iSuttoh 1932) fﬁfi?;

“:§°£gPeregP1ne Fa]cons; (Falco pepegPInUS Sutton 1932)

7hfj;5hr1kes (Lanlus excubitorr;pers obs ) have been observed to?
'"i?;ﬁe1ther capture or pursue w1Td redpol]s S

| The plumage coTourat1on of redpo]ls 1s acqu1red 1n twofffﬂ;?

waays AlT b1rds one year on and oner undergo a completefvhf{ﬁ

_;J;postnupt1a1 (prebas1c) molt whereas the f1rst wwnter pTumageti:ﬁ"f

'Ta:jgof Juven1les 1s the result of a partlal postJuvenaT (fTPStTif;fo

’fbfgtprebas1c) molt of body and w1ng coverts (Dw1ght 1900) ﬁ;ﬂf;f

£ ~?ﬂBetween annua] molts feathers are abraded and change coJoUr;;jﬂjﬂ
‘Tff;:asffa resuTt the wh1te to gray barbules of the contourfi;f:“
"?itﬁffeathers break off and expose the caroten01d p1gments that
rrs{;ape restr1cted the basal part of the feather (waght
’(f9f§1900) Thus. nuptlaT (alternate) pTumage,, wh1ch redder

:hﬁfthhan w1nter plumage,,,1 aCQUTPed by wear ratherf'than L

Vxhbmolt1ng ‘ f};&j;f};ff,ff}f}fﬁffj,ffgf['¥f{‘ﬁ¢’~;"

Caroten01d compos1t1on and concentrat1on w1th1n tbe
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4feathers"of blrdS'can be determined by'“genetic.“dtetary,

U

o metabol1c and phys1olog1ca1 factors (Brush and .Power 1976)‘

”From expertments performed on the House F1nch a close

v‘grelat1ve of redpolls, Brush and Power (1978) concluded that

' .gtven a suff101ent dtetary source of caroteno1ds colour

JfﬁVar1ab1llty,' exh1b1ted pr1mar1ly among- males was due toh'

r“lhormonal act1v1ty and- capac1ty to metabol1ze caroteno1dsn,'

,"bep051t1on - of p1gments was‘ ult1mately expressed throughh
foll1cular cell select1v1ty Brush and Power suggested that
,dtetary d1fferences of w1ld House Ftnches contr1buted t0g
-_thetr colouratlon dtfferences It ts unknown how 1mportant;

- this factor 'lS‘ in determ1n1ng the colourationg of wlldd
dredpolls Although redpolls usually forage iln flocks ‘jn,
which all 1nd1v1duals appear to consume the same foods, Troy
*-and Spr1nger observed pa1rs of nest1ng redpoils to " travel
dlfferent dtstances to “feed and hirds often var1ed |
éconstderably in the contents of thetr’fdivert1cula (Troy,‘
'pers;d‘comm.) Nevertheless, it is unl1kely that 1nd1v1duals
’choose seeds on the ba51s of carotene content (Brush pers
The effect of age on colouralﬂE;?1s st1ll uncerta1n

'M1c.vnen and M1chener (1931) concluded on the bas1s of
'7returns \of banded House F1nches that they 1ncreased 1n;
' redness with age (however old females never attatned the
brtght | olour.'of ‘males). keﬁﬁara_ (1959, 1962).observed
“similar chahgesin:Purple'Finches; Band réturns-are,eXtremely _
low‘,inr redoOlls. Because they'arefnomad;c, it Has not been

.
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posstbte*'to follow part1cular indtyidualsq From very'Few

"~returns i't appears that redpoT]s may tncreasef~in' redness

wwth age (Troy,¢ pers comm. ) ; however,gas age was unknown'y

lwhen the btrds were banded colour changes may have been~“

”_attr1butab1e to these b1rds pass1ng from Juventle to adu]t,y -

stages. Increase of” caroten01d deposlt1on ‘with' age has not',
fbeen demonstrated nor 1s there any phys1olog1ca] reason to”f
_belteve it may do fso exoept that hormone 1eye]s'\could;3-
. 1ncrease :w1th age and affect‘ colourat1on (Bnush; pers.
| Few data ex1st on the effect of hormones in determ1n1ng

"j colour'- var1ab1l1ty Tewary ~and x?aqner (1973)» observed3;
castrated male. House F1nches and those' g;yen estrogen, lto”h

e

kgrow female- llke p]umage lack1ng orange or red co]ourat1on

-

‘5typ1ca1 of males S1m11ar]y, Brush and’ Power (pers ~comm ) l$y~’

-

‘ffound that House F1nch males g1ven anttandrogen, and femalest
g1ven testosterone molted 1nto Fema]e l1ke p]umage (1acR1ng'
:red, colourat1on) 'f Males adm1n1stered testosterone 'andlfi

d1hydrotestosterone molted 1nto normal male colour but

'var1ab1l1ty was matnta1ned w1th1n th1s group These resultsuf“

, 5 §
hdemOnstrate that sex hormones do in part determ1neL p]umageg

| COIOUPat1°n' -b”t that other, as  yet unknown, factOrS_;‘
contribute hs1gnif?cant1y‘ to caroten01d metabo]1sm ‘and”:'

'depos1t1on

-The taxohomy of- redpol]s<f1s controvers1a1 Although,'

wHoary Redpolls possess shorter w1der"b1lls and genéralty‘*iu'

11ghter and less streaked plumage colourat1on than Common'

e
Lrul



iy pedpollsr ’birdst of ‘1ntermed1ate characters do exist. andh
'1nterbreed1ng occurs (Baldw1n 1955‘ Kessel and Cade 1958‘m
v Maher: 1959, Gabr1elson and L1ncoln 1959 Wlll1amson et al
.1966) Several authors have concluded that two spec1es exxstr
”J'desptte extenstve overlap of breed1ng populatlons ‘and ;

'5 ev1dence of hybr1dtzat1on (Gr1nnell 1947 Wynne Edwards,

v 1952 Gabr1elson and L1ncoln 1959 Baldw1n 1961 051eck'-

c 976) ‘ Amerlcan 0rn1tholog1sts Un1on (1957) l1sts;.:u

-]

. Zhornemannl and Flammea as d1st1nct spec1es (the gener1c name |

‘:has [ changed from Acanthis Carduells Amertcanl”"

-0rn1tholog1sts Un10n 1976) Other authors have v1ewed Hoaryftji

"?and Common redpolls as a 51ngle spec1es (Salomonsen 1928 f:~'

'_'W1ll1amson 1961 Harr1s et al : 1965 W1ll1amson et al R

. fm1966) For example, Brooks (1968) suggested that common ’ahdtVfl

st

.tjhoary types occupy endp01nts 'of a phys1olog1cal conttnuumif'»

fw1th hoarles better adapted o:f cold than -commons . ?,75

'_Prel1m1nary results:jé f karyotyp1ng E Alaskan }redpolls}fnc

RER T1nd1cated no maJor chromosomal d1fferences between the two (N

types ‘(Troy, pers comm ) I accept the latter v1ew of the~¥

8 taXO Q;ic statusv of redpolls‘ and thus regard“ commons,}f,

hoar1es and hybrwd types as one spec1es



r : srunv AREA -
Summer research was conducted at Inuv1k (1977 and 1978)7
vand Krekov1ck Land1ng (1978) Northwest Terr1tor1es (F1gure
1) Both are well w1th1n the geograph1c range in whtcht»

_redpolls are . found Inuv1k (68 18" and 133 29 W)

.'s1tuated on the east shore of East Channe] of the MacKen21e fh

"‘ijer Delta, at the edge of the open borea] btome (Aldr1ch.j

51967) Studtes on captlve- redpolls were performed }ata%anhd.'

I

: av1ary at the Inuv1k Research Laboratory (Department of¢v"’“

51;.*Ind1an and Northern Affa1rs) Duck Lake,‘ H1dden _LaKe t.dd“‘

slavBompas Street‘ study areas were -chosen after' asse531ng

'7f:fredpol] act1v1ty in. and 1mmed1ately around Inuv1k - héf:*'h

'9htvegetat‘°n 1n wh1ch nests were 31tuated at these 51tesf’

dlffered somewhat from each other o

DUCK Lake s’tex a. 3 to '4 hectare woodland sttuafed];iﬁfdf

' f;_between th laboratory and east channel supportedctheo.pr,.
:°fo7rlohest av1faunal communtty and redpo]l populatton ‘jh@f;he*;:":

| ,]~Inuv1k area and so ‘was the /ma1n area 1n whtch nesttng] S

"‘“ltact1v1t1es were stud1ed in: 1977 It was domtnated by SP"UCe |

‘.ftt(Pfcea glauca and P mariana) wtth a few btPCh (Betula‘rﬁt;hd

| ;papyrifera) on htgher ground Max1mum he1ght of trees» wasff

,about 12 m The other maJor vegetatton w1llow (Salix spp )ﬁ]ﬁf

~‘and btPCh (Betula glandulosa) shrubs attatned hetghts of 5 mff S

:and dens1t1es of p to 40 stems/mzn In places the shrubfi;*li

v‘:p:layer formed a thtCK canopy Ground cover vap1ed »‘"Verse]y\""'

:*:accordtng to canopy cover
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Vegetat1on 1l the Hldden Lake 51te (Just eastfof |

7lnuvrk)_was s1m1l r to that at the DucK LaKe '51te sAth.the7vf-“

L

"Bompas Street 51te, the _trees and shrubs were sparse andnww

dwarfed compared w1th the DucK Lake 51te The open sprucef'

l7forest of th1s v51te was s1m1lari to the spruee woodsﬁid.}:w

h;ifdescrtbed by Kessel and Schaller (1960) and W1lltamson héhdlﬁ:lt":'

theyton (1962) in the1r av1faunal studles of AlasKa,:and alsohj5'

|- resembled. that found at Church1ll Man1toba (59", _94f:"

tf.tW)(thchle 1959) 'e@ locat10n at whtch Gr1nnell (1947Y\;;W:'_

1tr}stud1ed redpoll nest1ng

w':'ydi summer 1978 few redpolls nested '_;‘ Inuv1k Zf”fﬂ7ff

'-ﬁﬂconsequently another s1te Krekov1ck Landtng (69 50’ 128 .rf;fivﬂ

5liﬁ58 W) was chosen for most observattons of redpoll nest1ng e

landlng located '1n a large tundra plateau on theﬁhgiff{f

Ffj“eastern shore of the Anderson Rlver Delta, 27 Km from thjighffitt

N - . N N .

'Q[;Arcttc Ocean | [}3ff_* rltthffij.fiﬁffﬁfti,;fm,al'ff

Numerous plant commun1t1es were found w1th1n 5 km offfﬂff;?:

'ft;the land1ng Most redpoll act1V1ty occurred 1n the tall

'qffshrub communtty In Alaska.‘ Maher (1959) W1lllamson and;ﬂ;iluft

'ﬂ7Peyton (1962) and W1ll1amson et al (1966) and othePSﬁl'{lffr

( fﬁreported that redpolls used _a 51m11ar r1par1an commun1tYltlf:;;'

:.timore heav1ly than other habltats The tall shrub commun1tyffj.%h'~

y be d1v1Bed '1nto three SUbtypes‘; an Alnus crispasg'~&f;h

Q}assoc1at1on in deep draws, a Sallx Ianata assoc1at10n jng.g”

".;fflatter and very wet stream beds and a Salrx alaxensis]@ffﬁf

7“j'assoc1at1on 1n less wet open draws Sallx and Alnus shrubsd{;”~“r

‘f'jfh@ the A crlspa assoc1at1on attalned he1ght5 of 2 5> tO 3 5

T e T T e gy e
e S T T e
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below wh1ch fat wlde var1ety of herbs grew The canopy, o

| ”vfhelght of the S Ianata a53001at10n was 1 1 5 m. Only;f}*f

».?j9"353¢5 sedges and horseta1ls (EqusetUm spp ) grew 1n the};f'

"-1,"herb‘layer The S alaxensrs canopy was 1 5 to 2 m in. he1ghtyt‘.d

'E~t7:and “was less dense than that of the other two a55001at1ons ”

i h Ground spe01es were s1m1lar -to thOSe of the'rS,l;lanatawgf;

Med1um shrub heath commun1ty (Corn5'1974,balso namedﬁyttr

A

-?};dwarf shrub sedge tundra by Maher T@SQ) was also used by | -

"?ffgredpolls around Krekovxck Land1ng Clumps of S glauca fromfﬂ;t”

~3f{if0 3 to 3 m W1de character1zed th1s commun1ty whlch coveredr;f<d

ﬁb:sthe .central port1on of the plateau The helght of the SaIlX;g;;f
egﬁba;shrubs var1ed from 0 3 to 1 3 m Dwar b;skh . }__
was much . than Sallx and atta‘med helghts of only 0 3
Cm Well- clra%g B
:f‘;;g51m1lar to those of the dwarf shrub oommunlty descr1bed by
-57“jKe$sel and Cade (1958), and Kessel and Schaller 1960)

Betula ’nana fjf;f

50115 supported many herbs whtch werefsi:f

“7?tiffth low shrub heath communlty descrtbed by Wlll1amson andffféff

}V;:7fhPeyton (1962) and Corns (1974) However those _commun1t1eS?;ﬁ93

' 5h.“;d1ffered from the medlum shrub heath communlty 1n that thefhﬁ;tf

"7f1jtformer were dom1nated by Betula nana rather than;_Salixf'whh

v
= ‘ : -

Nestlng redpolls were also d1scovered on Bluff Island i;;hfi

| -"v,"that has an area of about 4 hectare§ and lies apprommately:ﬂ'f:‘]f"v".:.."

':r:f”10 Km south of Krekov1ck Land1ng 1n the Anderson R1ver:;*bt;

;nDelta On the south of the w1nd swept sandy 1sland grew jj?ft

’3ni15parse willow shrubs._the north part was éovered by sedges
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Inuytk is 1n the tatga zone: (Burns 1973) which"tg'@e,];¢\-'

"f'wwthtn 'dthe: cl1mat1c range of redpolls Mean monthly

'f7£temperatures dur1ng summer are cool (-0. 8 - 9 8 13 3.

'3,‘,f10 C fop May to August respect1vely, averaged over 14 years,ft;{"

B j;vEnv1ponment Canada,. Temperatures :jréhd{i; Prec1p1tat1on;~f: .

i1g41 1970 ] _ and N, w T ) Krekov1ck Land1ng,. 1n the5{“

””mar1ne tundra zone (Burns 1973) '1s at the cold end of

lﬁfiitemperatures' are about 5 C

“”;thMay through August | respec

v';{f7m1d duly

'-Tfjcltmatlc >range in wh1ch pedpolls breed Mean month]y;mi

‘3fﬂf(temperatures recorded t the closest weather stat1on.3jfff‘

¥

"ffthcholson Potnt 17 Km north of Krekov1ck Landtng) Meandfff°f
'°f;;3total prec1p1tat10n, mostly 1n Paln,f_: low at InUV1k ;;;;5

?ﬁt{fparttcularly in- early summer (17 5 12 9, 34 3 and 46 2 mmafdfﬁt

“?i:total ra1nfall plus water e3r1valent of total snowfall forf:“nf

"ﬂlngemperatures and Prec1p1tat1on 1941 1970 and N W.T)
_};i;Krekov1ck Land1ng rece1ves about 10 mm léss prec}p1tat10n;fffif

”;f{:than Inuv1k durtng summer Snow regularly falls at Inuv1k}fd55;

1A

'x'51;and KreKovuck Landtng in’ all months except duly The~*sun9fvij

| Vﬁfrema1ns above the hor1zon at both locattons from late May to[hfp]h

—_—

W1nter research took place approx1mately ? 15

°'”ifsouthwest of Edmonton, 1n Parkland County, Alberta (thuréifv?;f

t‘_j; ) an area typical of aspen parkland (Aldr1ch 1967)

'vbpﬂwh1ch redpclls commonly w1nter A shallow tree l1ned r1verf[?:ff
”55f;valley runs east to west by the qorth border of the area Oniffi:“

”f}ﬂ:'e1ther s1de of thts valley lie strtps of pasture that 1n?y27vu

'*_,.f\g\s:;_pﬂzf

,?cooler j than Inuv1K;tei,f

vely; Env1ronment Canada;iﬂﬁfff



"éfliurh are bordered by cult1vated f1e1ds to the north andf“: 
south ‘ - | |

The cl1mate of Edmonton s cold qx temperatem' 

(Env1ronment : Canada.nf Temperature }ehdiw Prec1p1tatwon2f<‘-

(
///1941-1970 Pra1r1e Prov1nces) Dur1ng w1nter mean month1y¢jj‘.;

E"f,'temperatures rema1n well below 0 C (*12 3 =-16 3 -12 1 ff\:;?

1;J-7 3 and 2 9 C for December through Apr11 respect1vely):

"‘-fQ;Mean total prec1p1tat1on, mostiy snow.:;f low andﬁjj;}ﬂ

'-’-»”-_?:"',:.relatwely constant (18‘ 23 4 19 8 17,3 and 22 1 mm

“ffjwater equ1valent, for December to Apr11)




IV, METHODS.

A Captur1ng and Markxng B1rds | ’
o All b1rds handled in: thTS study were caught 1n} m1stsa‘

‘nets made of blacK ny]on of 3 2 and 3 8 cm mesh s1ze 2 1 m o

’mfihxgh and 9 1 m 12 8 or 18 3 m 1n 1ength The nets wereif:'?ﬁ

.C,ptaced fltght paths freQUented by redpolls 51 e. alongﬁh'l
a;gpraths in the Duck Lake 51te and at the mouth of draws »at_f.l

,xbﬂgKreKov1ck Land1ng At the W1nterburn s1te a platform 45 by '}3:f}

,'60 cm supplted w1th commerc1al f1nch seed m1xture,m. as:;;-uf~

“"n;erected approx1mately 2 m 1n front of the avtary, and nets7,d;;:i

"fwere placed to 1ntercept redpolls fly1ng from the platformfff;fkn

fﬁfh?to the bIPCh and Man1toba map]e trees 4 m away }}t"_j{fh}f'

r’fi;iwas frlghtened 1nto the net

In order to capture parent b1rds at the nest 1n summer,?ttf;ti

”7'3fa mtst net was draped around the tree or bush 1n wh1ch theﬁan?f:
"f7‘fnest was s1tuated w1th an open1ng left to allow parentshifidff

fﬁ:j;access to the nest When e1ther parent reached the nest t;fiﬁrbh

e

R

At Kreckov1ck Landtng some nests were 1n shrubs too

; ;f_short tO SUPPOPt a mtst net In such c1rcumstances two m1st€"ftf“
.f”;f‘nests (e1ther 9 1 or 12 8 m long) were erected 1n a V shapei:i;;f’

‘"f%[to enclose the ,nest on 3 s1des The parents 8 eltheritbnﬁ75

4

'tf*;greturned or 1eft the1r nest

't‘nadVePtBNt1y flew or I scared them, 1nto the net when theY”ﬁffrfﬁ

Nets were set dur1ng the day but not dur1ng w1ndy7hlj{f

1tg”and/or wet weather cond1t10ns In summer nets were checkedfh?ffﬂf

,,515ghourly. 1n w1nter they were watched constantly After théf;jftf

RN -
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"'5ﬁthcKlefs 1977) were recorded to est1mate b111 and externahifff'
f”fﬁf;ft1p of the upper mand1b1e to the anter1or edge of the r1ghtagiof

'1“5ﬂfthe comm1ssura1 po1nt,_and depth of the upper mand1b1e takenﬁgﬂtl

E *l-%perpend1cu]ar to the upper mandlbular tom1um at the base off{wj{

',}retr1x to the uropygeal gland and tarsus length from the?;fif

S

23

/b1rds were taken from the nets I put a standard U S F1sh_

\

and W11d11fe alum1num band stamped W1th a un1que number. and;

:two colour bands on : the legs (tarsometatars1) of each b1rd

"5»A11 b1rds were 1dent1f1able by the1r un1que band sequence at, 1t

»_d1stances up to approx1mate]y 30 m.

Slze Measurements

‘t]bel al] b1rds captured the Follow1ng measurements werex':

t'f‘ftaken as estlmators of body stze Immed1ately after capturemn‘
VJ}féach b1rd was placed 1n a prewe1ghed cotton bag, and thef_f»l
:Ld“wetght of the b1rd was taKen to the,nearest O 1 g,. W1th ta;tf?
'b*ﬂfPesola sca]e that measured up to 30 gm A set of s1Xf;_§
brt;measurements 1nc]uding those trad1t1onally :}used iihiciat

ftyorn1tholog1ca1 stud1es (e g Barlow 1973 Emlen et al 1975-;1
?Et;m:body s1ze (lncludlng feather length) B:ll length”*from thefiwj;
:1**fnostr1l btll w1dth on the upper mand1b1e Just antertor to:ﬁt;?;
't{};fthe bill, were measured to 0 01 mm w1th a- M1tutoyo d1a1{fd?ﬁ

'ﬁ_calwper W1ng (chord) from the bend of the wlng to thefﬁfb?

A““hbilongest pr1mary, tail length from the tlp of th longestb7ft'

Th.f;prox1mal end of the tarsometatarsus to the ]ast und1v1deddff{m

"f,;scute were recorded to the nearest mm w1th the cal1pers 'b{f



L2

'Ntneteen measurements (FiguretZ, Appéndix”F) wepe_taken onﬁf
.:the skeletons of those blPdS -killed'tand autopsxed These’
N measurements had the greatest coeff1ctents of vartatton of am

hﬁi}larger set ftrst taken on redpoll' skeletons (Troy, pers

ucomm—) D1al caltpersv were» agatn used and the d1men51ons.¢ =

3~were measured to the nearest 0 01 mm.

';'~‘Colour Determlnatlon ;,i"b |
The colourat1on of all blrds was est1mated sub3ect1velyhf i

.Aulmmedtately after the1r capture Under natural l1ght in the)

| *summer or’ 1ncandescent and natural ltght 1n the w1nter the ‘

”;1ntens1ty of red colourat1on on the cap or poll cheek _: )f

-»;breast and rump of an 1nd1v1dual were each scored on a scalef7

'fof 0 ( red) to 5 (brrght red) The colourat1on of btrds;'wrh

,}F;handled 1n thts study all fell w1th1n the whtte p1nk r‘edvj.;l.‘,}v-a,.‘:,t

;éxcept?)fqri few yellow and orange caps)

our score 1 ass1gned a btrd Indtviduals that)ﬁ)u

*i;ijwééafa;sﬁ- 5low scores had few pale red feathers whereasfafi
"7,4jnaiyiqf’ W1th htgh scores possessed a deep red colourﬁf;f)i”

eas of thetr breasts

'Forjxirds captured and k1lled colouratton was measuredsﬁ?

'»”7;after they were prepared as study sk1ns w1th a reflectance;;xsﬁyi
ﬂ'e];spectrophotometer,g1n order to prov1de a more obJect1ve}tiimwi

tn)fdescrtptton of the b1rds breast colour than that assessed;fffi"f

or orange coloured breasts Gr1nnelltif2 |
"ﬁwere not encountered The extent of red_ifi)f?{

ythe breast was closely correlated w1th the flij;vafi

):;f;by eye (Bowers 1956) Feather colour d1d not 5 changeiie;ff;




: ,""F'i’g'u'ré '2 Illustratmn of skeletal measurements-taken on-
~redpoll specimens. Nunbers refer to measurements that. are.'_'::i:,-'
described in Appenchx 2 Bones are drawn to scale, ; S
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'notlceably between fthen t1me ;réf-v capture .5hd”f colour | ‘;j

,v-determ1natlon -Measurements were made accord1ng to Sta”dard:i“_-

’/.methods (establ1shed by the Comm1ss1on Internat1onale de_f"'}

rl Eclalrage or C 1. E ) thh a Bausch and Lomb Spectronlc 505l*“'f

*'iiltrecordlng spectroPhotometer : equ1pped Wlth " v1s1blef;ﬂ

'”M’reflectanCe sphere located at the Royal Dntar1o Museum nrsj;q

-

'AToronto Ontar1o

Br1efly. the spectrophotometer cons1sts of ba l1ght:,g"f15

o source, a ser1es of coll1mat1ng lenses and pr1sms, tHe test*_t;"

fsample photoelectr1c detector and a recordlng dev1ce (Hardyxh‘f';

"ff1936) The photoelectrlc detector compares the reflectance?:

‘szt“of the sample at each wave length between 400 and 7OOP nmr;klf;f

'”Qf§w1th the reflectance of a bar1um sulphate standard S1nce ffﬁf;

Hﬁaﬁ}rough textured or non homogeneous materlals scatter l1ghtf?1@1?5

; ‘Sphepe b

1’f¢§sre

l

"lqlfrfrom a)bcolllmat1ng beam, :anh:1ntegrat1ng or reflectance;fr;jﬂ
vsfused The wh1te walls of the sphere reflect ;d;;ﬂff;

reflect 'the lncomlng l1ght and thus 1llum1nate ‘the samplefh“”hl

l”ﬁlgﬁfrom all d1rect1ons (Dch 1966) Use of the reflectance;fffﬁ;

Tffgfsphere allowed me to est1mate colour as seen 1n the 1ntact

“?;7d;feather. wh1ch results from p1gments and feather structure;fflsdt

bl

' ﬁrather than measure colour from the 1solated p1gments alone if;?f;
&“'Tr1st1mulus vaers were calculated by the welghtedff;;}?

Qord1nate method (Hardy 1936) from the reflectance curvefffiff



1

1,samptel.the Tatter‘deSCribed(as_the tota],ref1ectance‘cf'atl
.ilight »re]atiye< to the _standard (Bowers 1956, Dyck 1966&.
| SUbjectively;iY givéé'a measdre cf‘ the brightness‘ of .a
'sample (Hardy 1936) | | -
}Stnce the“ tr1st1mulus QaiUes .can ‘be difficult dtov
1frtnterpretand,compare (Hardy 1936)."co}odrs" are “usuatly~
| described” by ‘means ‘off.the trichrOmatic coefficients. The
coeff1cwents wh1ch are rat1os der1ved from the tristimu1USp
yalpes, prov1de a_ un1que numerwcal descr1pt1dn_}oftﬂthe‘n
.:duattty'of-any:ccldur or its chromat101ty The first ratio"
x=X/(X+Y+Z) 'represents dom1nant wavelength or hue Every
real colour is a m1xture of- wh1te ttéht and spectrum ‘ltght_s
fbfi the domvnant wavelength The second ratio, y=Y/(X+Y+Z),
&,/15 a measure of purity or saturat1on wh1ch corresponds ton
the proportion of white 1light or the degree to which the -
" xcolour dtffers from gray (Hardy 1936 Bower 1956 Dyck 1966h

4

~and Hatlman 1977)

17'

Breasts of redpoll Spec1mens prepared as study.sk1
wére pos1t1oned 1n front of the 11 mm spectrophotometer e
| _aperature and a 4 by 6 mm spot, that was approx15ptely 2.5
-‘to 5 percent of the red area of a breast ‘ was( 1]€Lm1nated¥
i(see' Barlow and W1lliams 1971, for an explanat1on).- The -
.reddest or 1f'there was no red on thevbreast whitest, area
cf the Vanter1or of the breast . (usually m1dway between the
centre of” the breast and beg1nn1ng of the w1ng) was chosen
ﬁ%r measurement Because of . the -non unhform1ty of the -

feather surface, two readings were. taken from each bird from’
. , .
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this.regton and‘the reddest or'whttest curve/was chosen The'

rationale - for ch0051ng the reddest or whttest curve from am;

blPd was based on- the assumpt1on that a conspec1f1c viewer
would f1rst percetve the mos t br1ll1ant colour on the breast

,rather than an average of breast colour In the absence‘ of

any red feathers on the breast, I‘assumed that'thefwhttest

"part of ‘the breast would first attract .the ~pye glven rthe»‘

h1gh v1sual acu1ty angd excellent colour perceptton ab1l1t1es‘
of passertnes (e g Hamtlton and Coleman 1933 Goldsmtth andp;
Goldsm1th 1979 Donner 1951 1953) The dom1nant hue value"

' measured for each blPd w1th the spectrophotometer generally~f
'agreed Wlth the btrd‘s aSSIgned colour score. (Spearman Rank -

: Conrelatton r: 0 69)

. Breeding |
| Nestlng | : | |
My prtmary goal durlng the breed1ng season was to testt
the extens1on of Rohwer s status 51gnall1ng hypothesis, that.1
brightly or red- breasted b1rds were fttter than. pale or
'whtte breasted btrds The most d1rect way of testtng this

: pred1ct10n was to compare nestlng success of b1rds varytng

| '.1n‘ colour ‘thus finding nests recetved pr1or1ty durlng the

breeding season Redpolls. usually bU1ld well- concealed
nests~ Thls,, in addttlon to thetr lack of terrttortal 51te
: defense and the often shy, unobtru51ve nature of the b1rds'

l'made the task of nest flnd1ng dlfflCU]t, ‘a problem descr ibed

by Grtnnell (1947) and Clement (1968) Approxtmately 10, "km?

- e
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were searched for redpoll nests in Inuv1k in 1977 6 Rmz" at
xflnuv1k ‘t 1978 'and lO km2 at Krekov1ck Land1ng in 1978w
'Each nest d1scovered was. marked by fluorescent surveyor s
! tape t1ed to a nearby tree or shrub no less than two meter5~
“from the nest | "‘ |
ln.order to observe and identify btrds Aattendtng1'16
'Anests,"parents were' caught W1th mist nets, and banded and o
»then jreleas.‘ed At seven nests parents and young werefl'
H»captured when poss1ble and k1lled SO that the1r colour could‘t
-vbe measured w1th the spectrophotometer =
Nests were v151ted every th1rd day 1n 1977, kand every -
‘fourth day ;in' 1978 after I suspected that the v1s1ts were’

,rf]ead1ng to 1ncreased predat1on, a hypothes1s also ‘suggested,r_a

by Bart (1978) The numbers of eggs la1d eggs hatched and,;,}

e'nestl1ngs were recorded at each v1s1t If the nest had been'

o deserted : any rema1n1ng young were we1ghed preserved, and:tt

“depos1ted in the Royal Ontarlo Museum in Toronto Ontar1o

Nest Habltat S ““34]~ o

Sm1th (1976) postulated that dom1nant blPdS may be able';“'

o to 'secure h1gher i quallty nest1ng ,terr1tor1es than ‘

subordﬁnate b1rds Coulson (1968) and Smith} (1976)' have _:f
demonstrated that dom1nance status affects terr1tory qual1ty
in a non- passer1net and passertne’_respect1vely Extend1ng j"
'°$mith’ ‘.suggestion to this“study, that dom1nant b1rds nestiA
't‘1n h1gher qual1ty hab1tat . than Asubord1nates,__l' predlctedxf
"that br1ghtly- .Or red- coloured blPdS would nest in h1gher'h

‘yquallty hab1tat than pale or, wh1te coloured b1rds Although'gf»
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- hab1tat qua)1ty as Judged by a b1rd is d1ff1cult for a human

to assess, the pred1ct1on would be oonf1rmed 1f hab1tats ‘)

chosen by red b1rds (those W1th h1ghest nest1ng success 1F

'the pPeVIOUS pred1ct1on ﬂs Uphe)d) were s1m1)ar to each:'~-&"

t'other and dlffered from habltats 1n wh1ch pa)e b1rds (thoserﬂ

: QW1th ]ow pred1cted nest1ng success) nested

In order to test th1s predtct1on\\l used dames and

'aShugart s (1970) method to obta1n‘a quant1tat1ve descr1pt1on)'

of the habltat surround1ng each nest The 0. 1-acre CTPcularaf o

p]ot method (L1ndsey, Barton and Mlles 1958) prov1des eas1)yii

"measured estlmates of tree denstty and dom1nance (basal~ai .

\\.

o area) 'shrub dens1ty, ground cover,_ canopy cover,' canopy':)h R

>¢~ he‘ght and the number Of tree. shrub and ground spec1es The‘”'h

"400 m2 area they SUQQGSted samp11ng was reduced to a 25 m2f;. L

S ;c1rcu)ar p)ot of rad1us 2. 82(+5 cm) centred on each nest f";V{tiﬁﬂ

,Slnce redpo)ls are not terr1tor1al do not feed _thef 3 f.j;f

"”:‘v101n1ty of the nest, and frequent)y had nests )ooated

';tiw1th1n a Few metres of an adJacent hab1tat type,'If fe)t ;ah%fi

W'area ‘asf )arge .asg 400 mzl was unnecessary and could”th/)"u

o .mlsrepresent the hab1tat in which the‘,nest was' - actua)]ys7,'

h'~) situated

: flIn b order tot -proVidé' 'vstmpte," two-dimensioﬁal'
-descr1pt1on »of the s1m1lar1ty\\of habwtats , (based )
| measurements taken) 1n_ wh1ch Inuv1k and Krekov1ck Land1ng'“

}nests were found - each was 're expressed by means of',

. \

§ rec1proca) averag1ng ord1nat1on H1)) (1973) descr1bed this

vtechnlque whlch uses succe351ve cal1brat1on oﬁ\var1ab)es and
\_. . .

it
Vo
A
\. .
. \A N



then neSts, to arrlve at a unlque and obJect1ve 'solutlon

'S'Elgenvectors are extracted from the data by a method s1m1lar.

'tto pr1nc1pal components analys1s Re01procal averag1ng has”s

, H rseveral advantages inl that -it' prov1des an ord1nat1on of

":~'plots and var1ables, the opt1mal solutvon %;s arr1ved .athf“d7

tfw1thout researcher blas and the techn1que d1storts data less

Athan some . other ord1natlon techn1ques (Gauch Wh1ttaker and -

"Wentworth 1977) Apply1ng the rec1procal averag1ng techn1queh.,?V'

““_to Inuv1k and KreKQV1ck Land1ng nests (the two 51tes were R

;Ttreated separately) : obta1ned graphs 1llustrat1ng the :

- pos1t1ons of nests along the f1rst and second e1genvectors ff»iifif

"'[e?Be51de each respect1ve nest on the graphs,‘were added thelliif,f,f
w{;-'plumage colour scores of: parents and the1ri nest1ng successj?ffﬁ-flt
‘tfth determ1ne f1f successful and/or nests of red b1rds werei;'ug;j['

‘jh:ﬂgrouped | partlcular hab1tat type apart fpom ;,lessf'jft s

‘fh];successful and/or nests of pale b1rds

ifthESt Defense fffx“w Ea i |
}h{h Gr’n”el] (1947) ’Ciemeﬁt (1968) and Newton (1972):hhh“

"thQreported on: anecdotal ev1dence~ that redpolls exh1b1t no

'1¢érr1tor1al | defense o dec1ded to test thls becausethfjfﬁf,f

:d;{cterr1tor1a]1ty .ﬂhlmportant to the f status s1gnall1ng?3""‘
‘:slihypothes1s vffI order; t test redpol]s defended:ff;‘~‘f'

'[territor1es, models were placed close to nests (Lack 1946,‘

'Slgl1n and Weller‘ 1963 Blurton dones 1968) at Krekov1ckff:

V”fTLandlng in 1978 I also w1shed to see if the colour of ,thef'f R

Vtmodel- (or' 1nterloper) affected the react1oni of. nest1ng:_dh |

7fpabep;s For example a redfbreasted.f1nterloper-1m;ght}“bed._fﬂh



"5r;nests found at- thlS stage

| fmore‘threatening‘and therefore: inVORe ) greater ‘réspansé"
'-than a wh1te breasted 1nterloper as LacK (1946) observed 1nfif
European Rob1ns (Erlthacus Pubecula) | »} |
The two mode]s I used were made of stutfed sK1ns of
ltf male redpolls caught at Krekov1ck Land1ng Just pr1or to thef:gb‘ |
exper1ments Dne of the b1rds caught had a ,whtte breast_f;f;}j‘
(scored 0), the other s entlre breast was red (scored 5) '

f matchbox f1tted w1th a head made of clay (two black p1”5it3¥fm””

' serv1ng s eyes were the only features the head)f'fﬁnjf;f
funct1oned as a: controT The two mode]s and the control wereﬁfif;]';f
each tested three stages of nest1ng of redpo]ls at the;tjfiﬁ~'7

Landtng, when eggs were present 1n the nest short]y aftepggﬁ}g}:*
the eggs hatched and Just before the young were to fledge,?i%pffyit
except the wh1te model and contro] wh1ch were not tested jafgffff3H»ﬂ

~

the» egg stage because of t1me contra1nts and the pauc1ty of";ffifﬁig
ﬁﬂ}”adf Before the model was pos1t1oned at a nest the nest wasfffﬁi'h
fn}j observed for‘ one - to three hours in: order to estab]1sh the*f-th':‘

pattern of attendance by the parents The model was thengu;a;;g,p

'"7; attached to an branch w1th1n 20 cm of the nest so that it T

) , R s
e appeared to be perch1ng on Ta» branch look1ng towardq;f . :

.°_' nest After -the model was f1xed near the nestﬂf.;_ react1on

of the parents return1ng to and then att;_‘1ng,_ the nest

was observed for one to two h u:s» Thus'the nests were f”f575

: fg observed for a total of two'to/fﬁve hours ;7'cﬁ'f]

ok



’f_ﬁtstatus in a domtnance h1erarchy (Rohwer 1975) Becauseﬁit;

?was d\ff1cu1t to obta1n extens1ve data ﬂon; dom1nancefgl7

:Mh.“exper1ments afforded two tests}‘ Rohwer s hypotheS1s.ﬁff'ﬁ
.:wft:F1FSt Rohwer s pred1ct1on that br1ght1y coloured b1rds}i}"ﬁ“h
jlfffwould domlnate pale b1rds 1n h1erarch1es was tested W1th2ff;fcf7*

“”f??observat1ons of the agonlst1c behav1our of Capt1Ve b‘rd557 ;fffff

D Behav1our

‘ General

\‘,‘:

| The cruc1a1 predictiont'ot Rohwer's\status SignaI]ing: :

‘¢-'hypothes1s wi : that plumage' colourat1on pred1cts SOcial-

”-hcrelatlons of W11d redpoils. I conducted exper1ments W1thii

ﬁl;fcapt1ve b1rds that would test; th1s predtctlon 3%The _h,;fzf

ﬂﬂfwhose colour could be accurately measured Secondly, Rohweryﬁif

.*.f(1977) pred1cted that subord1nates should defervbﬁton,{afffh

’ﬁ:jart1f1c1a11y br1ghtened btrds,.who should be persecuted byeth o

’“f»yTh1s pred1ct10n was tested by art1f1c1ally colourlng

'°'fftdom1nant blrds perce1v1ng an 1ncongruence between the s1gnatf1ff%t”?

4‘”f(p1umage colour) and behav1our of the colour enhanced b1rd ftft;}\.

”“ﬁffrandom]y chosen 1nd1v1dua1 m1dway through each experlment;;fetfﬁf

2 'f:and observ1ng any changes 1n the behav1our of all \b1rds inttl?tt‘

’"jfd,the R1erarchy

"7;A'1n the f1rst exper1ment) were conducted 1n 1978 and 1979 1:f?f;yfi

E]even exper1ments W1th s1x capt1ve blPdS each (sevenjrfﬁtv,

W'lh,m1st netted 1mmed1ately pr1or to each exper1ment except~

d‘fg-three of the summer exper1ments when they were captured onefﬂ'h

7;;pto three weeks before the experwments and were Kept

= seven 1n w1nter spr ng,, four j1n summer Test b1rds wepe?gwrr



“”fﬁexper1ments because suff1c1ent number of new blPdS were.,?.Jl o

(3

B RN

\t“dseveral small holdlng cages At thh tlme of capture th¢;t.
a»:t;b1rds we1ghts and external body measurements were taken andgh‘

'3h%plumage colour was scored B%rds were color banded on each*rg
- fleg, one‘ colour per b1rd in the experlment The s1x b1rds'if¢.'

gfchosen for an experlment were elther those ava1lable at the;‘

‘5g.t1me, o 1f more than s1x b1rds were caught 1nd1v1duals ‘;f'"
ifdrfw1th a. w1de range of breast colourat1on -were p1cked Wheniah‘*
:yzfdbwrds were held pr1or to exper1ments. those not Keptf‘c

“%rl“together were used SlX blPdS were used two success1ve R

'vblpanot ava1lable Sex and age were determlned by autopsy afterf{f;frplﬁ
“sdnexper1ments Although bands were d1ff1cult to see at t1mes{;9#’?€ifk
}}?gpart1cularly when 1t was very cold l{ reJected a moreffdfffff
?fiobv1ous 1dent1f1cat1on mark %‘such s a coloured featherfz?dsfwff
'ﬁ:fattached -the retr1cesv (Hammerstom 1942) > avoldf?s5~%$;

ff;ﬁfposs1ble effects' of such on behav1oural 1nteracttons A;h??iiff;

\ .

'fvsummary of b1rds used 1n exper1ments 1s 1n Appendlx 1

'~Tlf{and 1 8 om deep) located 1n Parkland County, Alberta wasif:f~*r
'-ffffused for w1nter exper1ments fﬁIﬁ‘f summer, T:au av1ary;;::;fé~i

**fidapprox1mately 6 6 ‘md (2. 1 m w1de;-1 5 m deep, 2 1 m h1gh at*tpf.fi;

"t;lthe front and 1 5 m h1Jh at the back) occup1ed one half of:l;f,fftf
iﬁl.a garden shed that was s1tuated on the grounds of the Inuv1k{;§}l
”f;fResearch Laboratory Thus each blrd had an. average of 1.3 mad? .
'l”gof space 1n w1nter or 1 1 m3 1n summer. that was much larger?”77 e
‘tfithan space alloted *or b1rds in other av1ary studles (e g ;h]f:7f57

‘:'}"ffonger (1960) allotted o 04 m per redpoll Thompson (1960)‘_"



“allotted 0 4 m3 per House F1nch Tor off (1954) provlded O 8*
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v'im3 per Red w1nged Crossbtll (Lox, Ieucopter))
The w1nter av1ary was bu1lt adJaoent to the west wall

of | house Plastlc screentng covered three 81des and thei

:top of the av1ary wh1le the house formed the fourth 51de L

v.:Commerctal f1nch seed m1xture and’ "budgte gravel were g1ven}a

L to the blPdS ad Ilbltum They obtalned water from snow whenf

»5"~tt} was present otherw1se a shallow contalner f1lled w1th;
“twatep was prov1ded Two young poplar trees W1th1n the av1arya

-QtfprOV1ded perches and roost1ng places Two WTndows facedh-

'i[d1rectly 1nto the av1ary and prov1ded an observatlon po1nt

The summer av1ary was partlally protected from famb1entf

e

h‘;{weather, cond1t1ons Alum1num screentng covered the wallf-;'vail

- prartutlonlng the av1ary and observer halves of the shed and"fb:f}?if

"egtl ‘m of the front of the av1ary.‘the walls and roof of the:f]}fad;ﬁf

ffteshed enclosed the remalnder The doors of the shed fac1ngT¥¥fffgif;

'j[fthe west were kept open,;so that the temperature 1n the

'fjrav1ary approx1mated ambtent temperature,jfb_t l1ght levels.ﬁffyrfff

'“ffwere lower than amb1ent and shelter was prov1ded from mostf,;iyrﬁ'if

v3é-prec1p1tatton and w1nd The observer sat about 1 m from _thef’fij}ff
”;ffscreen 'n ‘the . other half of the shed Proxvm1ty of the;;'t

”rf;observer d1d not seem to affect the b1rds,Aj a ’po1nt also}f“xT”\LTf

f]j‘noted by D1lger (1960) for redpolls Commerc1al f1nch seedyaf;hf-ff5

f-'?m1xture and ”budg1e"'gravel were abundantly spr1nkled on theihfé

*\Ffloor of the av1ary and fresh water was suppl1ed da1ly AL PRE I

,f;'Alder and w1llow bushes and spruce sapltngs were fre?hly C“t‘tfliftff'

v'fffor the av1ary at the commencement ofxeach exper1ment
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The b1rds were observed da1ly for varying‘lléhgth§”a0fd,_f

tlhe iTh average length of an. exper1ment was 10 days and?e

J

f32 4 hours of observat1on Every three days the blPdS wereff

e wetghed After-;a h1erarchy was . establ1shed one randomly_

dlﬂchoseh b1rd was coloured red Red ha1r dye appl1ed to ithe .

rd

f;:b1rd’ f breast rump and cheeks was used 1n the flPSt f1verf_v

fexperlments ;In’;ij_ exper1ments i_” red h1stolog1cal dye;”

.{.(Ponceau A01d Fuchs1n) was used as the colour1ng agent. and-'

<f;4another b1rd _,randomly chosen from {héi rema1n1ng f1ved‘t" :

ju-uncovoured b1rds was coloured green w”th a hTStOloglcal dye,h' =

”u‘(L1ght Green) as a control (Marler 1955b)

At the t1me of colour1ng, all blPdS were removed from;@tffff

rfffthe av1ary, we1ghed and then the four or f1ve untreatedl;

;?tb1rds were re 1ntroduced From 30 to 60 mwnutes werei;:ﬁ:lzn,;

;5j requ1red to apply the colour1ng agent and allow the feathers)f’” B

‘3ffto dry,,after wh1ch t1me the treated b1rd(s) were returned&ffffff[iﬂ

‘3f5to the av1ary and observatlons were cont1nued

Table 1 l1sts the behav1ours, ortg1nally descr1bed by

;r?lDllger (1960) for_ capt1ve redpolls.; that were recorded fh}hff'fﬂf

5ff{Greatest ,_emphasls flwaS’- placed on record1ng agontst1cﬂffﬂhh;f*fj

if';encounters (those behavaours assoc1ated W1th attack andfifpﬁwkv

'5~tescape tendenCIes.,Scott and Fredrlckson 1951) that prov1ded5ffil‘i%lf

'dom1nance subordlnance 1nformat1on The 1n1t1ator and 1t5jﬂr"yff :

*ffibehav1our, the rec1p1ent of the behavxour and 1ts reacttons;f;ff_ﬂ e

‘ {,were recorded for each encounter Numbers of ‘agon1st1c:gf.7

| jencounters suff1c1ent to determ1ne dom1nance relat1ons. werej*V"

;n;,observed 1n veach exper1ment w1thout llmgtlng food °”11;;ifff.f

B




r'lTabfe 1 Summary of behav1ours recorded from observat1ons ofi
captive: redpo]]s These are based on:- D1]ger s (1960) R

e original desor1ptwons

. _,--.--:..-..-..-..-..-___..-__--_....’...‘_..-,_--_,-...._‘....-._'..--‘-....._.._‘_-..-..' _____ :

o Agonlst1c

Av01dance FRREIRETLS

Head toward or approach opponent
".Head, forward threat"
"Head forward threat: w1th gap1ng
B Head forward threat w1th w1ngs ra1sed T
Q.;;jpd é&Chase B I R E S DR
S Attack

Subm1ss1ve ‘,;ingj.ﬂﬂf!iygff;ffff;f;““”' h

Retreat
Ma1ntenance "dd .
R v Feedlng on dr1nk1ng L
“General aot1v1ty, i e f1y1ng
Preen poa L T
Rest

Courtshtp tit”t*fﬁfjffiiffffﬁffdofffifff?_ef;r:f7’7">ffhsﬁf

. “;ig;7]u< ‘ 60urtsh1p Feed1ng

: ..‘—-.'..-__---..‘--,-'-.,‘.'---g—,-_'—,—'----j—'—,-—'—---,;.-;-_....“...-_‘..--.'-..---j..-,"
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'}starv1ng b1rds:;»'.;ShoemaKer H(1939)' .Mabjép'.(1955a)f‘ahdx‘{ o

':D1lger (1950“
Yol ‘?aoted by hand

teneral method outltned by Brown (1975)_'

“two. \matrtces ,=were | constructed or each .

;wap1d1 Al] behav1ours, .and. the t1me at wh1ch/ }g"

experime ased on observat1ons pr1or to art1f101a1';u\f

tfcoJourati ﬁ.he' other on observat1ons after colouratton
.ntatned frequenc1es of a]l encounters won‘fand“‘
F~anafheb:if. encounters between the t the number1 of .
,’w1ns ‘

feach b1rd was equal to the number of 1nd1v1duals b1rdyun

Qﬁdom1nated
ffwas the alp

;hdomtnated“;'

' .b1rd A ‘bird - was cons1dered dom1nant over,f'
”the number of losses The rank ass1gned ton;;;
rd: that dom1nated f1ve 1nd1v1duals (ranK 5)nthf:"

'fthe group, whereas a b1rd w1th rank O’;;'f

r_others and so was the omega b1rd 1n the}ff;gifjt]7f

f{hterarchy Such a rank1ng system ea511y accommodated ttestffgij;f77?”

i}and tr1angles 1n the h1erarchy s1nce the numer1cal value of ff:hésﬂtfffh

f;the ranK d1d not 1mp1y a un1que pos1t1on 1n the h1erarchy

Behav iour Soores

Because the complex1ty of the blPdS behav1our was»hnotfabﬂjfhﬁch*?

,fadequately descr1bed by each b1rd’ ranK a]one (Coll1asffrf*§hfﬁ':l
| S L

jn1950) behav1oural scores were computed for each 1nd1v1dualtj;;¥hiffﬁt*5

fh1n each expertment The number of agon1st1c encountersV,fff;jf'7”

f,1n1t1ated the number won (regardless of who _1n1t1ated h RERE AR e LN

Y

:rencounter) and the tota] number of agontst1c encounters 1n1¥fﬁ*‘3f5?ff“




-which‘ian“ 1nd1v1dua1 part1c1pated per 10 hour pePTOd were.f‘”

tallied. forg each b1rd before and _after 'the t1me »:of

iart1f1c1a] _colouratton he 10 hours were randomly chosen- -
'_ffrom observat1on t1me durtng wh1ch the rate of aggress1vet;m,t
T'encounters "Wgwylomo%eneous (Mar]er 1955a,.see be]ow Rates;_;;

*of AggPeSS1ve Interact1on) Attacks and chases hereafterl3¢"

Tt.referred to ':f attacK behav1our were separated 1n these‘y'H‘

‘7mta111es from the rema1nTngvagonxst1c behav1ours wh1ch

-‘.referred to as avo1dalce b haV1our (see Table 1) L

{( T,: Four behav1oura(; 1ndaces were der1ved from the threel

kulbfscores descr1bed above The f1rst (number of encounters wonVJf”t
ed1v1ded by the ;number of encounter part1c1pated 1n) '“Fgcﬁ:th
*\measure of the pos1t1op of an. 1nd1v1dual 1n a h1erarchy }andi?fﬂf

‘f‘vmay be Toosely taken as domwnance (FretweTT 1969 Baker andh{;sff

'hko]Fox 1978), a b1rd who won IT‘ encounters i wh1ch tfhff@*

;fgjnpart1c1pated would have score of71hwhereas a b1rd thath#;*w
‘?fé?flost all encounters 1n mh1ch.tt.part1c1pated would have i
”:igiscore of 0 The second 1ndex (number of encounters won : &
**EJTdIVTded by the number ]of encounters 1n1t1ated) may. be
(f;}}1nterpreted the success of a bvrgi1n W1nn1ng encounters_
CTT;“1t 1n1t1a$ed Values for th1s 1ndex QVPTCa‘IV ranged from
”“fhfo 3 t;jds The third 1ndex (number_ of encounters

"‘;f_part1c1pated in. m1nus the number of encounters ‘1n1t1ated)

Wt
(

/pepresents the number of aggress1ve attacks or threats a

b1rd recefved or to whlch 1tawas v1ct1m Thus the dom1nant

b1rd would have a scor‘ of 0, and the omega blrd, a score

”?}fl approach1ng the number f(of encounters fj wh1ch 'tdafihf



"'r1n1t1ated) 1s s1mply the number of encounters an 1nd1v1dual'f“ o

.‘-.. -

?xlfblrds f[i;f

'.,part1c1pated ‘TheT last ;indexr' (number ;of‘d encountersr S

::;values of each 1ndex that descrwbed the1r behavwour jin3ﬂth§}ffﬁgf

ztﬁlf Directton of Aggresslon

‘;1n1t1ated per 10 hour peraod and 1s con51dered a meaSUre ofr“'-'f
-falrthe aggresslveness of that blrd The agon1sttc behav1our of]

fevery b1rd 15 therefore summar1zed by beP values of eachf;l; d
}:T,r1ndex ;7( total of 16 numbers for each b1rd) | th°537ihi"
fdrtcalculated before and after art1f1clal colouratlon tookifff”,f
”itf;place, and for both avo1dance and attack behav1ours The s1xd§,?fi
Ttblrds used in two exper1ments were essent1ally treated s

—Tifnew b1rds 1n the _second experlment Thusr they had fourfjffj;f

."ff1rst experlment and four values of each 1ndex (1ndependentff;{Ji

"?fOf the pPGV1ous set) for the second experlment el s T R

Rohwer predtcted that most f1ghts should occur betweenﬁr”ﬁfd

51m11ar plumage,_ﬁ

ﬁvlw{"]‘kes Wlll flght"h. Th1s pred1ct1on was tested by t‘df

}ffiimethods,, based on the assumpt1on that b1rds would be ranKedi, o

B ‘S

f§71f1n h1erarch1es accordang to thetr colour, as Rohwer i
f:aznpredtcted Flrst the number of aggressxve 1nteract1ons each€7fff”
fﬁ'ffbtrd 1n1tiated towards the blrd of 1mmed1ately adJacent ixfii;
5ilower rank and the omega b1rd (of farthest lower ranK) weré;;ff;?
Ltf?ftall1ed (these scores could not be obtalned for h lowest;ﬁaftf
?fﬁiwand second lowest b1rds 1n the h1erarchy) The seco thodﬁffE;j
*Tlfhby wh1ch the pred1ct1on' was tested was vf1rst used bYT317”i

"ﬂQ?Ketterson (1979a) | The number of blrds subord1nate to an“f"”ll

‘w;§1nd1v1dual was d1v1ded 1nto an upper half of those of nearbyff e
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) rank, and a lower half of those of more .distant rank.“TheA

| number* of aggre551ve acts directed towards each half was

tallied. If the number of subordinate-birds was odd, 50 per

cent of the<numb2r of;aggresstve tnteractions,inyolving the -

~middle bird was added to the top half, and 50 per cent to

the lower half. Counts from both methods were tall1ed before',

the artiticial colourat1on -for : avo1dance ‘*andg‘ attack
,;behav1our separately After colouratlon only scores computed
d“by meé thod 1 were calculated |
" Rates of Aggress ive Interaction
As birds were observed over var1ousr'hours da1ly ~and

| durlng W1nter and summer t1mes when' their act1v1ty levels

var1ed cons1derably, the1r rates of encounter were examined

':1n order to’ determtne the hotrs during which the1r act1v1ty’

‘was relat1vely homogeneous The number of all. aggre351ve

" _encounters 1n the h1erarchy ‘(of av01dance and - attack E

.behav1ours comblned) Was averaged for each hourly 1ntervald

and every average hourly rate had an assoc1ated standard

dev1at10n A scattergram of aggress1ve 1nteract1ons per hour_

":agannst hour~ (thure =3l*showed d1st1nct w1nter_and‘§ummer |

l groups The results of a welghted covar1ance analvsis with

-season as covar1ate and the standard devtation of each

average as its” weight (Table 2) were h19hly s1gn1f1cant the
means and- slopes of the’ two seasons were s1gn1f1cantly
dtfferent from each other and the covar1ate was sqg f1cantly
‘ _d1fferent from zero. A test of 51gn1f1cance of each we1ghted

fregreSSIOn alone yxelded stgn1f1cance for the s

group'
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.redpolls were observed. T

R

%-Téb]e12~-R¢sU]fé of é_weighted‘éoyéfiahée‘ahaTyéié bf‘hoUrIy

‘rates of ‘aggressive encounters on' hours during the day that™

he covariate used was season .and .’

> the weight wasfthe"standard-deviationfassocjatedgwjth-eabh_ avf ;

‘ _rate of encounter. =~ . »

_..'_..'..—'_--—-’--——_-—_.’P_‘..-v_-----q---—'—----_-_--_---————-—---—_--_-_ﬁ..

'_-f__..----,..--'_-\-_--___--........._,----_---.._-..__.._-_____-----_'--__-_,--_- ;

vaeta7i;:»»‘f

_covariates0 ' covariate-0.02. 1,108  44.00 <0.001

'1'wiﬁtebiéummer g winfér='0,003. fJfT,TO7  7133;81; <Q;QQ1'$'¥“"

Mean .

winterssummer  winter=0.21° 1108 308.12 <0.01_

‘summer=1.04
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only; thus the‘ rate « of aggressiVe: intenaCtion-dectined‘r o

throughout the day in ‘SUmmeP}»tht“ remained constant .fh"

wtnter;‘ The summer observat1ons appeared to be d153unct at

‘1706“hourst»The mean rate ' from 0900 to 17QO-,hours was'”

; , o _ o : & - U _
' significantly greater than the mean~‘rate 'from 1700;t0

L r2400hours (t 5 17, df= 42 p<0 005) Since. the b1rds ‘bften

~

‘-_frested from 1700 to 2400 hours. behav1our scores were takenta_.;l

ﬁifrom observat1ons between 0900 and 1700 hours when they were -

'more act1ve.,7'
" E Ana]ysas Fw,f\;{:g@';\]f

Data“yﬁﬁt i normally d1str1buted were tésfed“~Wi£h*fg
'tfvynonparametr1c procedures such as the Slgn Test W11coxonlﬂﬂf§hf
| v;b51QNEd RanK Test Mann Whltney U Test and Kruskal Walltsfj;f”rqb".
v“d“)One -way Analys1s of Var1ance Q(S1ege1 1956) A one samp]e’yftyi
”?ntKo]mOQOrov Sm1rnov test was used to- test the normal1ty of-t“tafﬁhf
p;_‘var1ab1e d1str1but1ons and regress1on resrdua]s - Where ftheai; s

'd»data were normally dlstr1buted or a. transformat1on app11ed‘sde‘"d
"r.to the data brought the d1str1but1on c]ose to- normal1ty,,‘1j

".]used parametr1c stat1st1cs euch as regress1on (un1var1ate,n

step w1se mult1ple and mult1ple mu1t1var1ate Neter and

#

_’,Wasserman 1974) , and canon1cal var1ates analys1s (Morr1son .
. -1967) A probab111ty level f 0 05 s consuderedl
f’stat1st1cally s1gn1f1cant for all tests Programmes from thed“:

ng1omed1cal Computer Programs P- Ser1es (Dlxon and Brown 1979)

and programmes wr1tten by Dr D L. McLelsh 1n APL were used

. for the analyses

[ - | | fj"7- o 44':
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' V. RESULTS

A, Breed1ng
| Nestlng

L

"7,The. most d1rect test of the appltcatton of the statUSQTd:r

’t‘hypothesﬁs to the breed1ng season 5 to compare ;the :

t'7reproduct1ve success of b1rds d1ffer1ng 1n colour ‘red. b1rds TR

?,fshould ‘enjoy greater reproduct1ve success than pale b1rds =

'3”Contrary to the pred1cted outcome,’ clutch §1ze at eachisff»

| rlocatlon number Of eggs hatched and the number of youngi_uf-””7e“

f’f,ffledged d1d not d1ffer' among NBIES’ of d1fferent breast_iff;ffefQ
*“Ljucolours attend1ng nests t Inuv1k and Krekov1k Land1ng:fibp]tﬁié

{”;‘f(Table 3)

K}

Alternat1vely,»,1 tested the .hypothes1s thatilargere‘fVﬂ}Effﬁ

:7;fb1rds (those presumed to be domlnant) are reproducttvelyf;uﬁf

Kfcbymore successful than' smaller b1rds (those presumed to be[?-'

'ﬂj,subord1nate) I th1s' case .s1ze was est1mated by

o external body measurements Hoary type males attendlng nestsg;d“"ﬂ

:n"conta1n1ng a clutch s1ze of four eggs were s1gn1flcantlyfg_"

'vnjlarger itﬁhhf] those attend1ng f nests , w1th f1ve eggstl”;
. (Hotelling's fT?L, F(6,2)220.10,  P=0.05; common-—'*andf*"'

1hoary type fathers were separated for th1s analys1s because e

‘their bOdY measurements d1ffered s1gn1f1cantly from each;jf;d:‘ :

dt,lother (Hotelltng s' T2 F(6 10) 3 45 P O Oﬁ)) The s1ze¥;v.

: d\fference may - be an. arttfact of the small samp]e 51ze :5_3;”_.¢.

| :,Common type males attend1ng nests w1th four eggs and f1vel:

rﬂueggs were s1milar 1n s1ze as wene parents of e1ther type inff ftf“

T




.{fifand red (4 and5) ..

E IaniK.ﬁi;ff”S 0+0

 Eggs hatched  4.0:0.3 4.

L

"Hf:Table 3 Compar1son of nest1ng success - (mean+S E | accord1ng”;ﬂ{ffff

" to breast. colour of- ‘males by means of. ‘Kruskal- Wallis One- wayfg{,g,;
~. - Analysis of Variance (df=2). Breast colour categories are ' = . -
. white: (subJect1vely ass1gned scores 0 and. 1) p1nK (2 and 3),,15?gjg

-_.........._-.--...--.._4....._-~-"......._........“...'-.._-_-_'....,-..___..----,q-_..__...._‘__-.-

--—-..-,——'—-1-'--_-._..—--—------..—-—--—_—u-,q--,.'————---—--———— —————————

4
Krekov1cK5Q7;4 3#0. 3 4;
4

"";Young fiedgedfjfé,Otbfdf 1,3£1;fJ'  °°

&—---.q-—------_.-'_‘-.-—.'--.—--‘-ﬁ‘---——-’ -------
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:;.relat1on to the number of the1P eggs that hatched
| The body measurements of patrs of btrds were compared ;ﬁ

fto determlne if.a pattern ex1sted W1th1n patrs, Ttlef 1argef

_sbtrds w1th large mates, 1arge w1th smalt etc A canontcal

corre]atton analys1s and a mu1t1var1ate regreSS1on of ﬁthe o

if:body measurements of mated pa1rs were both non s1gn1f1cant =

fv51m11ar1y,:there was no apparent pattern between the breastfusf

y:scolours of mated patrs Frequenc1§s of breast colours'iyﬁ:ffﬁb

'5;(numbers of b1rds lacktng red breast co\our those w1th p1nkgtsg;1;ff

ﬁffbreasts ,and those w1th red breasts) among males Known to be;*bbj;;fé

5ffmated was 51m11ar to those of all males banded durtng theﬂiiffi“@j

fﬁybreed1ng season (F1gure 4 commons,.n 82 ch1 square 4 71 ff;f!fii’

' df=5, P0.88; hoaries, n: 27, chi-square=0. 02, df=2, P=0, 88) e

f;,These results suggest that ch010e of mates was random

'h}Nesting Habltat

The generally accepted 1dea that dom1nant 1nd1v1dualsgfiz;b.“

%_5fare better than subord1nates 1n W1nter h1erarch1es wasfiﬂfﬁ]@}g

;giextended the breedtng season by Sm1th (1976) She;fhffff“z

”'fpredtcted that domlnant b1rds should acqu1re h1gher qua11ty h;f,ft7}'

'ftbterr1t0r1es than subord1nates and offered as eV1dence worklffﬁf;ffg

- fby Coulson (1968) on a 'non passer1ne,=iseveral studtesfﬁ}tfﬁf?n

f;frev1ewed by Natson and Moss (1970) ‘ and her : rk- onfiffn‘

4f:Ch1ckadees (Sm1th 1976) Weatherhead and Robertson (1977)?ﬁfﬁf7i¢i

“iand Plesczyznska (1978) demonstrated a posuttve correlat1on}f13ff§%;

".between terrttory qua11ty and 1nd1v1dua] fttness 'infg;j;f;}*

'ff}passerines 0 the ba51s of Sm1th’s worK I hypothestzedff{f;{;f

Qfdfthat red b1rds (predicted to be domtnant) shou]d nest i fjf}fjj;?
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:’3f37F1gure 4 Frequency d1stribut1on of breast colour scores off]j;ffj
- 'birds ‘known to be mated(hatched bars) and all other b1rds 7.775?7

;v,fﬁ:(open bars) netted durlng summer at Inuvuk and Krekovnck
""5;Landing S SR T Dl




“-,Hs;dIfferences--open boreal forest s; tundra respect1vely)

g 5-fthat the nest hab1tat was not related to nest1ng success

'better habitat than pale :(pred1cted to be sUbondinatef

fb1rds Although terr1tory qual1ty is d1ff1cuﬁt to assess, myff,t:

A.predlctlon would be at- least part1ally conf1rmed 1f all red‘

'ﬂ:b1rds nested 1n s1m1lar habntat that dlffered from that

'Ef.dwh1ch pale b1rds nested In. my study, hab1tat qual1ty wana'7

- descr1bed by varlables characterlzlng the vegetat1on aroundp

'*:'uthe nest Rec1procal averag1ng ord1nat10n was used t l

‘3*ffseparated from nests of pale b1rds, 1n elther Inuv1k or

-*J”.the nest (for. example. 'tree dens1ty and he1ght). and. the"

'tz{wjp031tlon and locatlon (1n terms of hab1tat 1d?erfaces) bff?

\'nmfprov1de a v1sual summary of the p051tlons of nests w1thelt_f'
5ﬂt-,ﬁrespect to each other, accord1ng to the vegetatlon and nest(

ﬁi”j7var1ables measured (Inuv1k and Krekov1ck Land1ng nests wereff,h::

T s \Q“@&;,P
"ﬁj-treated separately because -g;of;;:;major vegetat1on}j;§:”

*?Q;ijontrary to the predlctlon,,an examlnatlon of the ord1natedj;j**

’ffis*nests. that took 1nto account the colourat1on of parents and?f;fsf

E v;ﬁnest1ng hab1tat showed that nests of red b1rds were not;g-*vﬁ

'ldKreKov1cK Land1ng (F1gure 5) Nest ordlnatlons,, wh1chf{f}”§

Inuv1k nests were ord1nated on the f1rst re01procalbf ot

’t;jfcons1dered clutch s1ze and number of eggs hatched showed;fi{f~

"ﬂ»fiaveragtng axis accord1ng to decreas1ng shrub dens1ty.v;_?a;fdt7'
| 'sfffrequency of small trees,. and 1ncreas1ng frequency offﬁfie'
' fi;fmoderate and large slzed trees (from left to r1ght F1gure'”

: Jf.tS top) the secdnd ax1s,vthe hab1tats 1n whlch nests”sﬂvf”

e fﬂwere found were pos1t1oned terms of t1ncreas1ng tree;ﬁfff

e .
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‘“'_bottom to top) ,”3blb“ g:vf_: o ""{;“* R

~Qif{reacted d1fferently to a red breasted model than a

e o
,\ \\. i \‘s _5;1‘
 density and abundance of White SpruCe, and decreasing.canopy
cover, ffrequency_'ofhﬁlarge_ trees and’ he1ght at whwch thf.

:nests”Were'builtt(from'bottom ~to tOP) Krekov1ck Landlng_;

nests were ordlnated on ax1s 1 accord1ng to- 1ncreas1ng shrub_“'

'rhe1ght, and decreas;ng shrub den51ty. ground cover randV

':_number of herbaceous spec1es found- (from left to r1ght.&,ka :

.*'Flgure 5 bottom) The trends lllustrated on ax1s Q were an -

| f1ncrease the percentage of the ;herbaceous commun1ty_"

J'Wf dom1nated by one spec1es a decrease 1n nest he1ght and 'a: S

| sh1ft from nests 1ocated 1n homogeneous vegetat1on to those}

'1

4located Juxtaposed by dlfferent vegetat1on types S (fromf}'” -

M

:'“f]Nest Defense ?;;'f

Seven exper1ments wh1ch 1nvolved e1ther stuffed andf}ﬁﬁi

“imounted redpolls or a control at a nest _were. conducted for;fj*“

?7?}*two purposes f1rst I wanted to test the SUPPOS’t‘O” that 7;335‘
titlredpqlls are not terrttor1a1 (Grlnnell 1947 Clement 1968 Q[T"‘

Velt‘Newton 1972) and secondly, to determ1ne whether the parents?d]ffﬂj

55;;wh1te breasted one I observed e1ther l1ttle or no react1onﬁtf“;“i
“of parents towards models at nests and ; Could detect noffﬂ>”'b
s"td1fferences react1on accord1ng to the nestlng stage atgt""”t

37f,the t1me of the exper1ment or the modet used In most casesftietyt

7ifone or both parents returned to their nest at a pred1ctab]e;€,jut3

,tet1me (based on observat1ons made 1mmediately before ;thef?:
| s

'7ffmode1 was lntroduced), and thelr act1v1t1es were unaffectedf" B

;:f?.by the fore1gn obJect Models were/11ght1y pecked three{f“"‘t



-V[ftreact1ons ‘to models were s1m1lar to the1r behav1our when I; fof_

R
W
Loy,

: out of seven exper1ments (the wh1te breasted model at a nest
o conta1n1ng eggs the red breasted model at a nest w1th younig o

i approx1mately three to f1ve days old and the control at} a

nest , conta1n1ng recently hatched chlcks) The controlh

f'i “st1mulated the greatest response of any of the models,‘tbut_
: even that react1on was modest 1n contrast to accounts gtven N
: ‘ﬁ‘.by LacK (1946) of the reactlon of nest1ng European Rob1ns to

frf;a stuffed rob1n

) Successuve» expertments with dlfferent /models . were .

";Lconducted at two nests SlX and n1ne days apart because of-5'»7'
;tnﬁthe few nests ava1lable for testlng On the f1rst occas1onfﬁh”b'
frfnpﬁboth palrs of blPdS hopped around and gently pecked at the ;'d"
l'L.'models (th1s accounts for two of three observatlons 1n wh1chT’

fftfa react1on to a model was noted) the second t1me they ook)tf:'Tﬁ
@i;fno nottce of the models Thus, apparent hab1tuat1on of thesev

*.{‘parents to models may have been respon51ble for the lacK of_T;tf:

~'ﬁ‘response on. the second occas1on

These expertments d1d reveal var1ab1l1ty 1n the

: -/.‘

,fitattenttveness of parents Those parents that left the neSt
nffunattended }far vary1ng lengths Of t1me V151ted the nest;jifflf
_kt:wtthout thetr mate and generally took llttle not1ce Of%:y;iiﬁ
:.gfmodels f1xed by the1r nest d1ffered from others that:ffiiii
“?j?closely attended the nest often v1s1ted w1th the1r mate'r?;;rf;?
T7'f.tended to vocallze in ‘response to 1ntruders and str1ke agyifﬁli

'”Tfmodel placed 1n pPolelty to the1r 'nest The parents t]{fff

JIfi’insp‘ ' | "caught parents for band1ng These resultsffft;“



"jfobserved dur1ng _

ifTED1Tger‘s;

B

A
‘ agree W1th reports of con51derable 1nd1v1duaT variationfﬁin‘Vti
react1ons- of b1rds to models or of attentvveness to nests

a(e g Lack 1946 Blurton dones 1968)

VTB Behav1our :TtndT; 5 '
| The ,foTTow1ng general aspects T:ofddfth “ ‘dom1nancegf’

L behavtourv of redpolls were noted from my observat1ons ofyffﬂ'ﬁ
' captive - “birds f 1n exper1ments _ Dom1nance subord1nancef;:h
relatlonsh1ps,a_ often 1n the; form of subtle agon1st1c;i»”5TJi
‘;ffbehav1ours such as supoTants1 were - eas11y d1scernable in aTTf!?f}jtf

fcapt1ve exper1ments Three of the seven h1erarch1es observed;f”ﬂ"T'T

yijdur1ng wxnter were non 11near one of h three had ;"'ﬂ

:non T1near relat1onsh1ps out of a posswb]e 15 unwd"**"”

ffrpa1rs,-the other two had three Of h ﬂj;wfi»e

*@sunner "oneﬁf?hédu“T':i
*ff}relat1onsh1p These observat1onsffébéﬁ?f.T'tt

' (1960)

report

of a str1ct 11near hlerarchy wh1ch

;fﬁiobserved

the most

By far common.agon1st1 beh

and behav1our scores of

‘Tfranks the5s1x7b1rds‘used i»ytﬂt:

"7?}exper1ments were not s1gn1f1cantly dé ;



54
:eiperiment’than'infthe:first; | |

S1nce w1nter and summer"yaersymon*twoftof-'the’hfour 
;fit behav1our vartables ; (v1ct1m'l7and:yadgreSSiyenessle'Qérén
| 81gnf1cantly d1fferent (Tabié ;Alf:’data' from W1nter and;xffij
-<'glsummer' experTments were analyzed separately Ind1v1duals‘tlfft’“
'_ ;vo1dance scores were not hlghly correlated w1th thelryfeffli
:3’31attacK _ scores f (Table 5) these too were analyzed jm
; ~:fseparately Hoary types tended to domtnate »and be moretf7
.lf?iaggress1ve than common tYpes 1n exper1ments dur1ng WInter;fh
o Males were s1gn1f1cantly. more domlnant than femaleslf}iaa;

”,r”dur1ng summer, and were more successful at w1nn1ng agonlstlc,pfiffﬁ

;ggg'encounters than females durtng w1nter (Table 7) However 7§f3;f7°

if5the method_used to analyze domtnance relat1ons between sexes;afjh}Ij

tlnfguenced the 1?

terpretat1on of the results When domlnancei?fﬂf:ﬁ

'~{f¥reﬂat1ons Of 'f bvsexual pa1rs w1th1n an exper1ment werefﬁQfﬁff*

”hhhiexam1ned ﬁmales dom1nated females about two thtrds of h_foffffh

t._ofl 35 pa1rs dur1ng the w1nter 23 out of 33;.?;‘ﬁ1

,dur1ng,3he summer) Yet dur1ng both seasons b1rds ranksfifwmmy

};fifresults 1nd1cate'fthat males tended to dom1nate females but*?ffifﬁf

o

viff;this“was not steadfast as Dllger reported for redpolls, | _dffﬁ?f*v*
".'J'V;:Marler (1955a> H1nde (1955 1956) l’honpson (1960) Coutlee

.Q},t(1967) and others reported for other carduel1ne flnches»: ff?fl:
,;hese authors observed that females became dom1nant over o

.[frlthe1r mates dur1ng summer In my exper1ments dom1nance :fﬁghﬁo




Table 4 Comparlson of w1nter and- summer avo1dance behav1our
- scores (meantS.E.) by means of Mann- Wh1tney U test, w1th ‘
.sample size of 41 for w1nter and 24 for- sumger .

__—---_-....--_-—-p—-—-----_---_-——-——-————-—-..._._......__.._..-—----.

Variable . Winter Summer U P
CDominanee  0.46:0.05  0.47:0.06 507 0.83
© Success - 0.99:0 0. 92:0 -~ 549 0.43
Victim - 21.56£2.85 94.99410.74 104 <0.01

Aggressivenéss 5150243.22 . 90.62¢13.53 172 - <0.01

- . - s A Smmm G Gr e Gm e W M G T R S G R W e th Ee e ee M e A R e e e A S @ e e e e e e s e W e eSS

o .Table 5. Results of mult1var1ate multiple regress1on

agalysis of attack 'on avoidance behaviour scores, with 1 and
19 df

----'-----—--—-----_--——--_—--—----—_--‘.———----____.._..-_- ——————

Dependent ‘variable .o P Rz Beta
T pominance . 30.18  <0.01  0.61 0.8
Success . . 0.56 - 0.46  0.03.  0.30
*V1ct1m 5;vv.j - * 6,50 '.‘ 0.02 | O;25~:§ 0.16
Aggress1veness v 2.43j' “0.1? : '0.11‘ | 6315 ;:
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.91+ 3,74

23.

00t 9.41

56

A
‘./ ®
~ Table} 6. Comparison of behaviour scores (meantS.E.J of
common and hoary-type redpolls by means of Manp-Whitney U
test with sample sizes of 30 and 10 for winter, 11 and 13
" for summer, common and hoary respectively. @ . v
}Varﬁable Common Hoary U P
, Dominance?Jf . o  ._ . - _'- o
- ‘avoidance winter - 0.40£0.05 . 0.64+£0.07 82 0.03
- . summer- 0.44:x0.10 0.49+0.08 65 0.71
- attack - summer 0.37x0.11" 0.48%0.10 36 0.
avoidance winter . , 1.00£0.04- 1.02+0.01 100 0.09.
- . summer’ 0.91£0.05 0.83+0.06 50  0.21
attack  summer- 0.9120.10 0.9720.03 56_ 0.
Victim . . | a -
' avoidance winter 23.75¢ 3.60 ~ 15.70%+11.33 184 (.28
, - summer  106.09+20.40 85.61+ 9.94 83 0.
attack . summer 18.91x 5.14  17.08% 4.32 62 0.60
AggresSivehesé - . e
‘avoidance winter 19,84+ 4.18 25.80% 3.41 91 (.06
. “summer - 78.00+15.58 101.31£21.34:. 62 0.60
attack . summer 21 46 0.52



. Table 7. .Comparison o
sand female redpollsaﬁ
- sample sizes of 29

d 9 for w1nter

‘male and fema]e respect1ve1y

ER R N,
)
U

57

f beha01our ‘scores 0mean+5 E ) of male ‘
y means of ‘Mann-Whitney U ‘test with
15 and 9 for summer ,

..-_.._.._.....-----_—-_...._-__--_.._-,_---------__......,.._-..-..-'__'-..-.._-

'"‘1Dom1nance

" avoidance winter
" summer

| éttaék  summer '
“Success ,
avo1dance w1nter ,
- summer -
attack \\ summer
© Victim :
avojdance w1nter ,
\a - summer’
attack »

'Aggress1veness |
: avo1dance w1nter
'~ summer

- attack . summer

summer

; jo;nszo;os
©0.5520.08
. 0.52£0.09:

1.,02£0.04
0,94%0.04
10,9720, 02

21.10¢ 3.88
84.33+13.99
17.00% 3.90

-

. 20.83% 3.
1118717,
~25.07% 8.

43
95
05

OO0

42+0.09 120
34+0.09 97
29+0.12 49
‘940,03 184
'89+0.08 61
197£0.17 47
91+ 4.14 107
'78415.58 47
[44% 3.03 38
.82+ 8.95 11t
'56+14.72 103,
122¢ 2.76 55,

coo .

ooo

» . . .
-_—..----——--——-—_—---—--——---—-——-——-------—---—-—---—--- .....
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reversal with season was probably not observed because I did
'not observe the same- b1rds 1n both season |
Behavtour ‘and Colour p" |

| The def1n1t1ve test of the status s1gnall1ng hypothes1s
ﬂ;'is: to.. determ1ne if the behav1our of 1nd1v1duals in/a~
h1erarchy cou]d be pred1cted by the1r -colour ~In ‘thei
| exper1ments I conducted the ranks of b]Pds were 1ndependentfn
of the1r breast colourat1on (w1nter,,ch1 square 8 18, df= 10 o

‘,p 0. 50 . summer .ch1 square 6 77 df 4 P 0 16) S1m1larly,iﬁ

- -there was 11ttlearelat1onsh1p between a b1rd’s behav10ur and :

"‘t breast colouratlon La descr1bed by the tr1chromat1Cu'
’coeff1c1ents Thts held for both avo1dance and*‘attackiff
5 encounters,, and for common- and hoary type redpolls 1n7’t

‘d,mu1t1ple mu]ttvar1ate regre551ons w1th d ' w1thout

"s’covarxate for season (Table 8). and mu1t1ple step wlse’b

“'1gregress1ons (Table 9) Scatterplots of thecjdata (F1gure 6 .

x, -
- 111ustrates two of the varlables,. dom1nance vs domtnanti"

‘hue). and tests of the regress1on re51duals ‘for_ normalqty:p;
,h conf1rmed that hIQher order regress1on;models were o

_unnecessary and : 1llustrated .1the, randomness f»of-'athed
s{relatlonsh1ps - for; those' models 1n which the F- ratvo of

_regress1on mean square to error mean square was s1gn1f1cant

(an 1ndicat10n that the slope(s) are not equal to zero) 'edj(

L 1coeff1c1ent of multlple determtnatlon was,: neverhheless,v

' _close to zero Values close to zero result when 1ndependent*_.
}varwables contrIbute little or noth1ng to the pred1ct10n of.

dependent vartable(s) These results clearly demonstrate,:'
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Tab]e 8 Results of mu1t1ple mult1var1ate regress1on of

behav1our scores on breast: ‘colouration variables with 4. and
46 df for avo1dance scores and 4 and 12 for attack scores g'i

o j_—-—-'—-—_--....-.-_-—-——_----—-----———u—------——--———__-—_'--_-‘-_p‘_,-

' Dependent Variable .

“Multiple R2

-—-_--_..-..-_..-..--_-....._--...--,-_-__---_--------,.-...;....-.._-_ﬁ.u’L..-_-— .

Dom1nance "

~.avoidance ft‘t(?f‘;_”}JO;
: attack R

Success.

“avoidance 0
Cattack 0.

&
’V1ct1m L
av01dance; o0

attack e T “O.

Aggre551veness

. avoidance : - '»;,;' f“ld:
attack s 0

19
43 =
.09

15

3
08

0.55

179
0.27

70

5
389-”

T e . T I S e R



1'_ "Table 9 Results of step w1se mult1ple regress1ons of
v{r!av01dance behaviour . scores on breast colouration var1ables
i-;flndependent var1ab1es are. listed in’ ‘the order of 1nclus1on
.+ in- the regressions. The R?%. represents a cumulative value. =~
. Criterion for 1nclus1on of an:- 1ndependent var1ab1e was F= 4 0
' fand removal F 3 9 LR , . . ;

-----—---,--_-_-----—;-—--’.-_-_---,’.._’_.‘—---'_‘--—q_--_-—--‘ ........

Dependent Independent ~ "~ F. .df P Rz ' Beta;:,f
Variable -~ Variables .~ . oo

‘..-_..--..-.......--»-.1--..-_..-_-....--..-_-_-..----...'.__--_.-..-..____---.._-..-,

v 7; rbmeﬁanC¢‘f} 'fiBr1ghtness 7'?16173'"1;50 ;*;*"0}18 :- 0:04,§’

CRed 122 2,49 NS

R 0.2
. success . Red . 1.78 1,49 NS 0.03  0.23 ~
it “‘L‘“*‘”"“"‘tv o 1.69 2,48 .ngio.o,?,-:;;-:-1'-..64‘-;-'
©Victim© . - Red 'ff{'T73;_"?,*=,':.f’f,o,' - 9
T T e e . 1.66 2,49 NS 0.1
: :;fBrlghtness S 6; S K '0;
p-gj(Red removed)

“"Aggre551veness¢gNo var1ables';"”-' T

e e - - v o e - - - - e ey - - e - - - - - -

st

f \ *rk P<0 001
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'_-'_;',‘.*.Flgur'e 6 Graph of the refationshi;n betpwze-en-dor“mnar’.\(’:e o
-a‘;and dormnant hue of captive r‘ede”S- SR -fcérés"‘
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"'lthat’:behaViour‘ was 'indeoendent70ffcql0ur.icontrary.to-they'

-pred1cted outcome

';ﬁhygArtszCJal Colouratron ;{i'

Rohwer (1977) predtcted that 1nd1v1duals whose colourff

" [uewas art1f1c1ally enhanced would be deferred to by b1rds ofl’

: ia']owep s1gnalled ranK (pale b1rds) and persecuted by those of*f

"°L,fhtgher s1gnalled rank (br1ghtly coloured b1rds) Although mYﬁt

57gffdata suggest art1f1c1ally coloured b1rds changed rank more;?

'“f“f{often than b1rds not art1f1c1ally coloured as pred1cted htfd

- ;fdtfference was not stgn1f1cant (ch1 SQUare 2 80 df%TffV

>?1P O 09) Eleven changes inf h1erarch1cal rank1ng wereji

"3jhfobserved 1n all 67 blPdS. 5 of wh1ch were among the 17 blrd§ﬁi

"7fart1f1c1ally coloured (2 out of 6 coloured green 3 out of;f

1 1 CO]OUr‘ed l‘ed) A] ] Changes wer'e tO el thel" adJacentv

";-‘p051t1on

"*’h1gher or lower rank--no b1rd changed rank by more than onelf

The behav1our of all 1nd1v1duals in. the experlments dldhf

-gant d1ffer s1gn1f1cantly before and after the colourat1on oij

':’{fftest b1rds for avo1dance ori attack 1nteract1ons,; ;ihﬁ;

'v-quw1nter or summer exper1ments W1th the except1on of one casef,

| 7f.las 1llustrated 1n Table 10 Seasons were treat-

K& separately¥:

s () L
f,h-because two var1ables had s1gn1ftcantly d1fferent var1ances;g

'ﬂfalthough the means for ll var1ables were s1milar fﬁef?‘

°7igiexceptton was in the v1ct1m index of attack encounters,;_

;l'gwhich was s1gn1f1cantly lower after colouratlon than befor:go7

Art1fi01al reddening of test b1rds d1d not affect thewr

7:3:{avoidance behav1our scores after treatment (Table :jﬁjﬁﬁi

L e
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’-Table 10 Compar1son of behavvour scores (mean+5 E ) of all

'3 Qcapt1ve birds before and after artificial colouration by :

‘means -qf Student’s t and Hotel]1ng s T2 tests with 42 df fo#[ o

51{;W1nter and 23 for summer. .

-..-,_...-..--..----_'.._‘.;_...---..--...--__'.;-.-_.,_”-_....--_--_._-_..-..‘,_......--..'_........'

":}Dom1nance ¥ s
avo1dance w1nter[ggm
fsummerif.jf

‘1YTAgress1veness fff7*¥ ¥W

< .-_-‘-...._..-..----'..-..----..--......

attackix

B

B avo1dance W1nter f”£*0
~-summer- 0

. .9210.
‘fsummerjﬂf’io

attack ;94+0
lfi7V1ct1m R ‘
' avo1dance w1nterf[ﬂ 
- summer ..
summer:5~%

:;53+ 2.85
.00+£10.74
attack

L

avo1dance w1nter¥fﬁ-21¢b2+ 3 22
.62£13.53

summenf]y* :
fﬁ7+ 5 38

attack summer:-?*

qlﬁk

‘" 199+0:03§$»-
04
05 §§

592+ 3.25

.46+d'o$3f759.
14750.06 .
430,07

211
84,
6.

2of
79
17

*Tcnscer'

08¢ 242 0.2
08210.92 .1,
87¢ 2.03

74&;2;54fﬁ
T71£13.09 -
;3];,2;43~“

—
(8 o]
Qoo

F-Y
N
coo

--..-....----.'....'_-_..."_..-“-...'.,.ﬂ.;.-..;..'.-.-.._..- -

-------.,'_---',-v-..-..-..----..-.----‘-‘-__v.."..-‘....'..v..--.'..-;._.....,-»--'..----.; ....

 ff;avo1dance w1nterp~.f

summer

summer;f'ﬂil’°
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: SCores-'of ‘attack 'encounters»'of reddened b1rds were not

‘_thana]yzed statwsttcally because there were too many scores off

f;’zero Acaused by the lack of attack behavicur durlng wwntervt‘

but the. scores tended to be h1gher before than after~;

’ﬁd;redden1ng Scores of control b1rds that were coloured green
tiﬂjwere s1m1lar before and after treatment The v1ct1m 1ndex of ,
‘reddened b1rds rema1ned v1rtually unchanged before and after fh
f}colour1ng The scores presented here are’ dlrectly analagous;.
y};to although moreO comprehens1ve than data Rohwer (1977)a
igagfpresented on the effect of colour enhancement of Harr1s
‘"”ﬂ:spappows Contrary to my results, hlS data showed that afterj-
s;oifcolouratlon test b1rds recelved slgn1f1cantly more overt
37zp7attacks f(as compared to avo1dance encounters) than prtor tOf::
tb;ticolourat1on o R e 3

vwfz;Dlrectlon of Aggression

Based on the observatxon’ that more br1ghtly- oloured;ff_

ff{;berds domlnated pale b1rds,_Rohwer t1975) predlcted that 1ni5;f
'l}ffthe l1near hlerarch1es of - Harrls Sparrows most f1ght1ngqii-
5';€w1ll occur between b1rds of llke plumage and hence status Hei'ﬁ'
? 'c;1nterpreted such f1ght1ng (“l1kes W1ll f1ght") s' d1sputes;s§f
:;fdiover rank rather than attempts to expel low rank1ng b1rds ath{

ig1n despotrc f1ght1ng Because the assumptuon that colour ,
:"r;correlated w1th rank was not met in redpolls._Rohwer stfdﬂ
'?ffipredlct1on that ;"llkes w1ll f1ght” becomes iarrelevant -

*;ff5terms of the status s1gnall1 hypothes1s

Examtnat1on cf aggre531ve 1nteract1ons redpollsfiig

zﬁfﬁfshowed that the agonxst1c behav1our of all b@rdsﬁ‘was more}ft?



 Table 11,

L Compar1son of a
- (means*S.E.) of artificia

vowdance behav1our scores . .
1y reddened: birds before- and after

"colourat1on by means of W1lcoxon S1gned RanK test w1th 10 o

o df.

_"_"_V-.----,.._--...a...-—--‘__.-:.-...'-.._’..__-..‘__-..--._-_--..-_--....--...-..-.--...,q

Var1able

uﬁ»;;Dom1nance ffvﬂ'

?*; 0. 99+ 0. 12f“5;§

a f(Success  ﬁﬁ}Fﬁ

.f[V1ct1m f%

e o o -

Before Ea

0. 81+ 0*12f%f}7>3
té61 00+1g 79;§ffff?
ﬂ;32.s4;1oﬁggjf;j”;

*’[57 18£19. 78

1;77A99ress1veﬁ¢5€[*5“[38 91+15 72f:f

After

-...'.'.-.._.—-‘--’---V—v_j-_-__‘....’..g-..,-_---'-..-.... ,,,,,,,



86

. g

often d1rected toward}-birds ofvadjacent lower rank rather

“than toward the omega b1rd (Table . 12a) thus?confirming that

fd1sputes among capt1ve redpolls serve to establish'rankd.*
irather than el1m1nate subord1nates Dilger (1960) reported'
swm11ar patterns of behav1our in captlve redpolls In both "
e ;seasons and for both leve]s of vaggress1on th1s tendencyu

1ncreased slught]y follow1ng art1f1c1al colouratlon of test

5h_btrds The ratwo of the number of attacks d1rected towards

‘,the b1rd of adJacent 1ower rank to the number of attacKS' :

| d1rected towards the omega b1rd (aggress1on rat1o 1) d1d nd@"'

..t1me in relatlon to the colour alterat1on, ,SeX,f season.ftq
trspec1es or_ rank (Table 12b) Thus,: the d1str1but1on of;"
"f=agon1stlc,behav1our was re]atlvely constant throughou} all
» riexper1ments huhjftigf11}fhflﬁ]hf;§7;i‘{;. e t“‘.h | o
v Genera]]y vthv'.samef results were obta1ned W1th the hf

flhsecond method by wh1ch the dlrectxon of aggre551on washéﬁ1

}Qﬁ{%towards the/top half tended to exceed those d1r t%% t£uardshif

t‘

Vdfbottom half (aggress1on rat1o 2) d1d not change according to;]}

fAevel of aggreSSIOn. season spec1es or sexyf;bu d1d e

/ o

;i‘:d1ffer sign1f1cantly w1th the rank of the b1rds (Table 13b)/

The data 1llustrate that patterns of aggress1on of aJl

/

‘b»7d1ffer s1gn1f1cant1y when compar1ng the 1eve1 of aggress1on, ff

t‘°examuned tpe frequenc1es of agon1st1c behav1ours d1rectedf;3t

‘%ftEthe bottom half of a b1rd’s subord1nates (Table 13a) Th1s;32
*"ff:dxfference was s1gn1ficant in the case of attacks durlng;’f*
H 1”SHmmeP The rat1o of agon1st1c behav1ours d1rected toward'f;t

'ﬁrffthe top halsgio agon1st1c behav1ours d1rected toward theff;

/

I A R

2 P B oo . R ' L F ST, : .
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.Table 12 Analy51s of d1rectﬁon of aggress1on w1th1n ff :fEf
- hierdrchies. Comparison of the: number-of encounters . S

~initiated by four. top- rank1ng 1nd1v1duals W1th adJacent and n
ﬁfomega individuals. e

Comparison of aggress1on (mean+S E ) dlreoted towards,,
;adJacent or omega individuals. Test used was’ W1100xon 51gnedﬁg
'Rank test W1th 25 df for w1nter and 16 for summer SR -

Comparlson IR '_'AdjaCed:" ..... e
. Pre- colourat1en ' ;L‘ e e
N avo1dance winter '.'1"8;58t13ju53~ 6.
~summer -~ - 37.25#5.22 . 32.

attack t summer»‘t‘_f56t8712,

Post colourat1on R R T SRR PP S i
avo1dance w1ntenfp, -~ 9.09£1.00 - 6.1420.85 .- 0.02 -
"'~',‘ - L summer 35 37+£4.69 - 27.75%3.13. 0.0t":
o atﬁack sy mmerffa 5 94*2469‘_131;4010;39 - 0.01.

: b Comparlson of aggress1on ratto (see text) : -
'icon51d€r1ng various factors: Two-way comper1sons ‘were: made L
by. means of. Mann-Whitney U tests multiway compar1son was S
'made w1th Kruskal -Wallis: Dne way ANOVA with:3 dfv:f .

-------------------------------------------------- { '..'_.'.-'v.."._~'-—j)‘

/////‘ Factor” "t:lfgf???thupffff"liﬂMea"*S E. NP
,he, Level of Aggre551on .;ffy”*t"”“7ff}”fft}fff?ff f[}:7ﬁijt'f§;f

Pre colourat1an o Avo1dance 1,110,137 13°°0.860
f‘:f SN N .«ttAttacK co2.02£0,90 430
“ftf;tﬁééftédldﬁféfibﬁfi Avowdance S1,3320.15 19 0. L

‘s~;,;uvzy*;f*es;-}cﬁiAttack A‘jj;¢v6;§5;ﬁg§80t39»arf¥z'*
3ffféartsﬁdfféibehtheﬁtg:tPre co]ourat1on';g1}4450;15tfﬁ§*5b]t8fff

»gjr’;séagaﬁs;tjkgz{%;%zsaasummerazg:s;:eﬁ?r1¢24to;¢gzw1a5go,zav;i

-*ﬁ?épeciesftybéti}fft;”thommon_ s:tfthVi,7Sidﬁ327f25ﬂ:0;355”3

e o Hoary © ot 00 1.3620.22° 048
O Male :~.ﬁ{:;ﬁ?gf4554¢o;195f3f5fo;5yig
»“¢'~Female S 0172200800 12
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,Table 13 Analy51s of d1rect1on of aggress1on w1th1n
o .huerarch1es ‘Comparison of the . number of encounters .
27 initiated with the top: and bottom halves of. an 1nd1v1dual s
jw{;subord1nates _uzwg., AR p_, ,‘. v

B ‘a: Compar1sbn of.. aggPGSSTOh (mean+S E. ) d1rected
.5@towards top. and bottom halves of .an individual’s" Ry
~:"subordinates. ‘Test ‘used was: W1]coxon S\gned Ranks test w1th
25 df for winfer and 16 ‘for “summer. »

--_ﬂ----_-_--_--_--_-_----_-u---------_-----;-_-_----,.;- ________

T Compar1son

1, F?13 85+2 07 12 75+2 34?fi ;1%j£
65 00+7 80 58 3_2+6 38
,_-,'_‘11;7?.3“5 04‘ A

Ll “b Comparison of’aggress1on rat1o 2 (see ext) ,
Jﬂjvjcons1dering various factors:.: Two-way comparlsons were" made S
- by ‘means of ‘Mann-Whitney U" tests smultiway compar1son was L
»’_{Qmade with Kruskal- ¥allis One- -way 3WOVAfw1th 3af. S

-'.----....--..--_

;ﬂ ¥: Level'0f Aggress1on

"fAVOIdance
< Attack

¥
2.ﬁ3_:5eqsbn;} -*ﬁﬁfA_,t“’*gsummerg;gvi
R Wmte"

'2.0420.33 :
12580.26. 14 ..

- 1.50%0.26 " 1 e

1:79£0.81_ :

- e -
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: birds at the beginning of experiments were exaggerated as
rtime,:progressed. the ratio of aggre551on Q1rected towards
_'birds of neighbouring rank " to birds of farther  rank
.increased trom the first. part of the experiments to thei
‘~seoond pant' ipar{}'COrresponding to before and - after

, . | : | | R
~artificial colouration of teSt‘birds). Tordoff (1954) and

CEllis * (1966) .noted that the hierarchies ~of Red- w1nged::-"

_Crossbiils \nd Stariings (Sturnus VUIgaris) respectiveiy,,
,became more rigid with ‘time while retaining the 'same
patterns The tendency for more encounters'betweenabirds.of y
close rank that-i»observed was aiso more pronodnced w1th
‘displays of overt aggression such as chasing and . attacking 3
"‘than in avoidance situations which indi%ates that birds of
SImilar 'rank are more overtiy serious opponents than birds
- of different rank o .

| Common types engaged in aggression ‘nith birds | oi
i'isimilar rank more than hoary types (Tables 12b and 13b).
“ﬁ?ThlS observation is consistent with higher dominance _scores
.vof hoar ies’; (parttcuiariy of - avoidance interactions). as
r;compared to oommons the greater g proportion iof
: encounters an individual wins relative to those in which it
fiiparticipated (the definition of dominance used here)
'f7iess ambiguous is its rank and/the less 1t needs~to defend"r

é

o 1ts position from rivals

Behavlour and Morphology

Surpri51ngiy generai bOdy s12e Which was estimated by:

biii "wing!_ ta:T‘k and tarsus measurements, wasu‘pooriy' i

2

R

-
FARRERE “ oo o Y
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'corre\ated w1th behav1our scorés The relationship - was

‘tested w1th mu1t1ple mult1var1ate and step w1se mult1ptei ’

regresswons of avo1dance and ‘attack encounters dur1ng w:nter

and throughout the year, and .for common - and hoary type |

redpolls (Table‘ 14) S1gn1f1cant regress1on effects (1. e.

s1gn1f1cant F stat1stlcs) for v1ct1m and aggress1veness were

found however the coeff1c1ents of multiple determination ;

l-were. very low '19 the multiple mult1var1ate regressxont'

(R2=0.27 and, 0.20. respect1vely) In both cases bill width
was  the only 1ndependent vartable with a s1gn1f1cant
~regression coefficient. In step wise muttlple regress1ons,

‘each independent variable that met the criterion - for

inclusion 1n the model (F 4.0, a level commonly used Dixon

- and Brown 1979). contr1buted very little to est1mat1on of
the dependent vartable (Table 15). For example b1ll width
1mproved pred1ct1on of the v1ct1m index by only 10 per cent

Regardiess of season, body welghts of birds taken at the‘f

f1nit1ation of each exper1ment were not relateq[to subsequent
‘i-behav1our (Table 16) In fact, the two data sets were nearly

'independent WIth respect to each other. and in the cases of

'the v1ct1m 1ndex and aggress1veness regressions in which the ,
F- values were 51gn1f1cant the reductlon "0f var1ance;'

attr1butable to we1ght was only e1ght and swx per cent -

| respect1vely _h” . ‘_/’ ;t," f» }:' ,..;p;i

There were B¢ le) s1gn1flcant regress1on effects in‘_a
1mu1t1ple mu1t1var1ate regress1on of av01dance behav1our.5“

variables and skeletal measurements of b1rds ‘tested _({abled

_ .« R .
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- Table 14. Resu]ts of multlple mu1t1var1ate regress1on offfwf
behaviour scores on external body measurements with 6 and 58 df =

for avoidance scores; and 6 and 14 df for attack scores.

 Independent variables listed are those with —-Beta- va]ues,-”‘

.significantly different from zero as cated by the t-values
(df of t-values are 58 for avoidance sco and 14 for attack
- scores). : R L a Y
) . ‘ : ‘ o . ) R )
. Dependent Mult1ple F :"‘Pv Independent 't P - Beta
‘Variable ~R2 o Var1able T
Dom1nance ’ ‘_ ' ' ,‘,- . o
‘avoidance 0.08 0.80 0.57  none
attack. ~ 0.47. 2.11. 0.12 . none
Success o o e |
‘ av01dance - 0.12 1,28 0.28  none R S
- attack | q124 0.75°0.62 - pone .. oy

V1ct1m“;': T N L -
- avoidance . 0.27 3.61 0.00 Bl]] wvdth 2, 88 0 01 1 52.21
‘attack =~ 0.14  0.37 0.89 g'_ none - 3

!

: Aggressi&ene55? R RN B RUCINEES B o o
avoidance -~ 0.20 - 2.43 0,04 Bill w1dth 3 62 <0. 01 52152,
attack -~ 0.29 1 0.98 ‘0.48 : none ' RS

g : ', : i | _4 : j : \
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. Table 15. Results of step-wise multiple-regressions of
“avoidance behaviour scores on external-body*measurements.A_[} :
Independent variables are listed in. the order of inclusion . -

~in the regression. Criterion for inclusion of an independent

‘variable was F=4.0 and removal F=3.9. The R2 represents a
 5cumu1ativejvalue;v?} : o T :

- e - - — An e o e e e e e e M e G W eSS S S

‘Dependent " Independent . F 0 df ‘Rz = Beta ~ ‘

Variable - Variables

---------------- e ew e wn an e em e T e e e o e o AR G e R e e

1:42 1,65 - 0.06  0.03

- Dominance ~  Tail
"Success ,
L v Tarsus - .
S Bill width 1.
Victim - Billwidth - 6.48 1,65 009 = 46.18
o Wing . ¢ 5.69 2,64 0,17 . -5.33
Tarsus : 3. 3,63 o
Bill length™ - 1
. Jlength™

Aggressiveness  Bill width  13.01 1,65 0.17  65.98
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Table 16. Results of unlvarlate regress1ons of avo1dance e

- behaviour.‘scores on body we1ght”w1th 1 and 65 df

---—-——;----b‘-——-——--—é——---—-,----—‘-t--'-———----.. ------------

--------——-_---a---—--p—----_---—---——q-———.--—------——---—--,

Dominance . Oﬁ01'

r Su¢cessx* B ,O}01§"
"iiV1ctrm : .) u"K' 'j5538 f

f1 Aggress1veness .f V3T89  

e o o e e e e e e e - -

[
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| ‘17, a regre551on w1th attack scores ‘was. :t’ cons1derediv

'because of theﬂ large number of zero scores that resultedfﬁ

. t74u

“l"from the}lack of attack behav1our dur1ng w1nter) In thé}f.f“”‘

i<mult1plerh_

._:coeff101ents of multlple determlnatlon 1nd1cated that thé.?inf,?a“,
'l’;skeletal measurements (1ndependent vartables) accounted fortf}f" o
‘T:f49 to 73 per cent of the varlance of the behav1our scoresviltlj_},

'(dependent varlables) . The hlgh R values are ~l1ke]y anfﬁjf;:;v

' 1ncluded in the model (Neter Wasserman and Wh1tmore 1978) L
',Thts supp051t10n. was 1conf1rmed by step w1se multtp]e}.ﬂx
| nregre551ons each \skeletal @ﬁndependent) varwable reduced;l*l“
J~the vartance of the dependent vartable by only 5 to 10 perr ”
‘f:cent (Table 2ﬂ8) Except1ons to the low R values were w1thnre
;1:pscapular w1dth and humerus length wh1ch contr1buted 20 and}hdf»
f33 per cent to the predtctton of the v1ct1m 1ndex andgf
Tt,;aggress1veness respectzvely The results of the numeroush;)
7"tests descr1bed here demonstrate that dqmtmance behav1ourf*ﬁ!f

| both av01dance and attack durlng summer and wtnter. was notfpi£~

llf,SIQnif1cantly correlated Wltb the-MOPPhOJOQiEE‘;Vaflab‘es

'measured

lttvartate regress1on that was pepfoPmed fbef:itdf\'j'

“‘oart1fact of the large number of 1ndependent var1ables (1g)t\ft-~”":

-



V‘P;Table 17 Results of mult1ple multIVarlate regress1on of
and 13 df. Independent variables listed are. those with

’7.?by the t- value (df of t- value is 13)

 Variable .. Rz o sVarisble .

" -avoidance behaviour scores on skeletal measurements with 19 1i_7~; L

"fBeta -values s1gn1f1cantly different from zero as’ tndlcated

- .----------b--‘--—-—--—--—-i-q—’~--q‘----ﬁ

‘~Mult1ple A jj P Independent g}P;;auBera%‘ff R

---------------

lDependent

TQ:lDom1nance§1&;}vfQ}i37f1§86l:0;13j+5capular 3 79 (0 01 6}02:e?:uf?3 jf
a‘“fff9;”'?fnvj?;???finjV.7‘5523]ﬂ7¥:W‘dth A e
a,{isac¢e;gjYf“;ff§50;49;19;65fQo;élQfKeel 2 so o 03 o ooaf-fifj*5ii

R u', :  ;111“‘¥:%:  uf';mff s'f'ﬁt]ength L 2

f‘“}Vtctlm :iltﬂfffOIB@f:;;;;fﬁfi;.

ernggresslveness 0. 662Ji§l7}f7}




'ﬁip"Table 18 Results of step wxse mult1ple regress1ons of
- ~avoidance behaviour ‘scores on skeletal measurements. Ly
“ﬁjﬁlndependent variables are listed in the order of: 1nc1us1on
- in"the régressions.: Cr1ter1on for inclusion. of an’ :
.. “independent variable was F=4.0 and removal F=3.9, The R2
“ represents a cumulative va]ue None of the 1ndependent

"9;;var1abies were 519n1f1cant

‘_-.--'-'-‘-.'...--"..-"—‘.,,-—'—..‘------------‘---_-,.--'---g-----..‘_'--_...-. ........

o Do,m nahcev‘(:_”_'t"_j L Keel length
T Ha kL 4-»
e i Ke8T depth
S oobe T Scapular: w1dth?a7h5‘¥
U Humerus - _ﬁ"
- 'Tarsus: L
. Premax:: w1dth B

; T s ,;Coraco1d
*r;;;guccesgjy,“;f;*ﬁTTPremM’i w1dth ,°1Lf
'“;k39~¢g.?ﬁfl;jﬁ*l-wHallux P ]

(T e e e e e e e

—n AN B UV

CBOTES ST 1

PN BWR = 4
W NNNRORIWLWW ok

—~R I NOODOO =R 1

W
[ & ey

- Vetim ;,u;nf&gScapular wadth;”t
U el s L Gonys Rv;s~. .ﬁ”““
S CFueculum
o Keel | length
\~,4}.';7*Premax. length},w .
' fa;;lSternum lengthag;[“

w
-

: o w w e w e. -

% _
W
RNIRINIWLIW: - NIRINI G LD W

S;Humerus ff~£‘?t
s Femur: wvdth
. Hallux - aﬂqa;fg
-v{,¢ﬁFurculum mfgfp
'QVPremax ~length.. - °
- Lower man, wxdthv;# .
i&Scapular width :

NOOO =N NOOO =N
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a'ffout to determ1ne 1f Rohwer s status s1gnall1ng hypothes1s;effff'

*w’ta?e ChOSGﬂ preferentlally U% females over low rank1ng'malesf??5§f7f=

iiafbr1ghtly coloured mmles.“ For eaample, Hogan Narburg (1966);ﬁjftf*et ’
f?;ﬁobserved that darK coloured Ruffs (Phllomaohus pugnax),f”}ﬁff;[ff;

k?‘,

;ff]often went unmated‘ﬁThe pr:”tctron 1s appl1cable to:redpolls{

VI DISCUSSION

l,}7STh¢d Cp1t1031 test of Rohwer s hypothes1s isdrto e
'“;r;determ1ne if plumage colourat1on is strongly correlated w1thfv};;:'h

“ f:fsoc1al status 1n a w1nter h1erarchy Secondar1ly, 1 have set?ﬂtﬁi:iﬂh

i_itgcould be extended the breed1ng season that 1s,_1f:{;i53w,
f?fplumage colourat1on 15) dxrectly related Pep"°duct1vefj?§fif95f
,1n;$uccess Ev1dence from observat1ons dur1ng the breed1ngff*f?f;:5§
ﬂ:ffseason and from expertments are presented as tests of . th¢f7wjfj?*

‘*“fh thes1 ,]fisiﬂf..fxi;.,}rfx.f - ‘f1“3;;f.s;af;:-..;w~-

Rohwer (1975) d1d not extend h1s status s1gnall1ng“7fl

lftfhypothes1s to the breedtng season but.‘1f blrds of h1gh rankr;ﬁ;fffo?
vfﬁei1n winter' h1erarch1es have a h1gher survival rate (Kluyver;f:n'5f¢*f

fﬂ;1957 Lock1e 1956).vsecure h1gher quallty nestlng areas ﬁ?ﬁdff'f{ftlaﬁ

“7t%(Sm1th 1976) then EX logigal extens1on of hls hypothesws lsifffgftf_
ffglthat br1ghtly coloured . and hence domihant males ShOUId;éffit;ff

fg?fhave greater reproducttve 5; success than | 'esstiﬁfgff:f;

“defended terrxtor1es and enJoyed preferentlal mating whereasritfﬁi;f,;?

?jgnuffs that were mostly white did not defend. terr1tor1es and.
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ﬁ,fp]umage vartabtltty,’“and' mott JUSt once.a year after the.1 3

‘jalbreedtng season The ftrst two condtttons re]ate dtrectly to_ R

t?those 'lmposed by Rohwer Th last condttton artses from"':”

'Qt;Rohwer s assumptwon that the p]umage co]ouratton of spec1es;t-t e

:ff*wtth only one annual molt is used for the same communtcatton‘:

'“5ﬁprPposes 1n w1nter and summer Thus 1n such spec1es, 1f _thyf'i

E‘ttadvantage conferred by SIQnalltng one s :status wtthvfftfy

57iﬁcolour durtng w1nter thts shou]d‘carry over to summer

The nomadtc nature Of redeHs makes tit dtfftcult t,;ff.afﬁTT"

tfd}obtatn data on thetr surv1val rates The problem of;jf§“:c.7ﬁ

7h“Tmeasur1ng surv1va1 rates was approached by Baker: and Fox?ifffftf'w"

he

*fﬂj(1978) who conducted expertments wtth capttve Juncos 1n;fy§7;f;a5

'f*_whtch food was ltmtted Heav1er b1rds tended surv1ve?5f{fftjftf

F*}ftonger than l1ghter btrds whtch tended to be Iow ranktngfﬂf,fﬁff.j

:ffffemales Except for 1ts assoc1atton wtth hood colour:“

*~;¥was not related to survivorshtp“’rn thetr expertment:%ﬁ*'

tié:descrtbe the vegetatton 1n thts study) Nests were locatedtf3

_;iﬁrandomly with respect to vegetation type Thpse atte"dedf“bY5if

;':ibrightly*coloured males, wereL%n habttats stmtlar to thosevffi5xt*-~‘

*wjattended by pale ma;

ettSmalt clutéhesifif

| ?success Rather, redpolls seemed 1nexacting 1n thetr ch01cesfﬁﬂ*~5ffaf:

of suitable nest1ng habttat a p01nt alsq,noted by Hagerup:hyfﬁﬂfrt-f

(1891) and Walktnshaw

0

711948) Moreoﬁermf there was nqujtgf;?a




‘_bP 19htly coloured one.

t;'studied These 'results areihslmilar' to those.reported byw
rMarler band Mundlnger o (1975)!;_%6% _Twites“t lC?ﬁdUellsb
55e_’flav1rostrls) “ A“:; - ,:V | ':: o b
' Some carduellnev f1nch populatlons are Known -to.be-"f\'
Zﬂ;;female l1m1ted dur1ng the breed1ng season (French 7l95§"v
itf',idohnson 1965 Samson 1978) :,’J redpolls are: also’ o
‘?=fdfemale l1m1ted Implylng that*f?males} should have a w1dejv s
"”f?dch01ce of males w1th whlch to mate and 1f brlghtly coloured'fl?‘
"lf;?males are des1rable,5 then females would preferentlally--:d';?:”
‘?*if;select them The proportlon of colour types among malesfw

:'*Jgknown to have been mated was the same among 1" malesdtd_ﬁlfff

B

:tffgcaught 1nd1cat1ng that e1ther males were not preferent1allyf;fff1fii
'ﬁf;;fchosen as. mates accordlng to colour or that there: ‘was noﬁhf;if”;*
"‘ﬁﬁgshortage oﬁ,females fof:f[iT?:ﬂ{ffif{‘g’tﬂf;l)aiﬁf}i;i‘#»>
f Some anecdota] eV1dence foudd both in the l1terature;¥:;f;€H?
”jfl{and by the author' suggests that red breasted males_ are??ff}?af;
i;;'?equally or poss1bly less de51rable mates than wh1te breasted?ﬂi}ffiff
E:;}‘males Hagerup (1891) noted that of the 'males he obSeryedfkfhffff"
-dllfneﬁtlng,}none had red breasts, Alsop (1973) reported that d !d -
. ”atwo of three male redpolls attend1ng one female brood1ng“*;frgf]f
*ifffeggs on'a nest lacked red breasts wh1le the thlrd was hlghlyrthﬂ-fig
i*flgcoloured and I observed one nest at wh1ch two males were7;$ Tff%”
ijpresent both of wh1ch had 1ntensely red breasts It,ﬁfyfffd”
Eff;{brtghtly coloured males are at an advantage w1th respect tvdfffiw’t:
”“i?fmat1ng 1t ls unllkely that they would share nest1ng dutlesifV;f’"b’

j‘ﬁbaw1th another(} male,; espec1ally tg. w1th another ;;fliﬁa”



N o
A VA .
./ ' |
& | ' | /
QWA"‘ Ftnally. reproducttve success as Judged by clutch 51ze,}

hatchtng success and fledg1ng SUCCeSS/ of young, var1ed

1ndependently of the breast colouratton éf fathers Althougha‘-

| m«reproducttve success is the essenttal test of the predtcttonl

'g:‘that brtghtly coloured btrds are advantaged dur1ng ~breedmg

seasons ‘as well as w1nter. a larger number of nests would

';- have provtded a. more rtgorous teht. Nevertheless. JI feel .

JUStlfled re3ect1ng the predtct1on based on both my

observat1ons and eV1dence 1n t e l1terature

‘ £¢ it i
B Expertments

.....

ﬁgrswas tested by art1ftc1 lly man1pulat1ng plumage colour of

f:ffcapttve btrds wtth/the1r p051tvons in hterarch1es ‘lf{gzﬂjfﬁfffi'?~7

n

Sy
;HiArtifiCJaI Colouration

/ . . S Y "";.~i_>v,.ﬂ i
There are several reports 1n the l1terature ‘fo_fﬂﬁ e

fg;fexpertments 1n wh1ch the colour of a/bird 1n a dom1nance
tg:;h1erarchy was arttflcially man1pulated the results d1ffer
;{;1from Stde tO study For example R1ng Doves (Streptopelia

ifffrfsorla) temporartly altered thetr behavvour towards 5@
of;lartif1cially coJoured flock member, whtchtled Beﬂhett (193§l
ftg;to conclude that 1nd1v1duals 1n a h1erarchy recogn1zed each
‘fffother Guhl and Ortman (1953) reached a s1m1lar conclusion

**fafter Qbserv1ng few changes 1n a hterarchy oﬁ. domest1c

P

K :

e e b i e e e e

f;some capt1ve btrds// and by comparing the brightness of f;ftj;;:;

1ﬂ;fgh1ckens before‘ﬁand aﬁter alter1ng the1r colour or shape ;;;ifﬁtf;




“”m?fsuggest that iﬂd‘V*duals ‘“4

'r7Bennett' (t939) 'and "GUht and Ortman (1953) suggested that'ptj,f
e recogn1t1on was accomp11shed pr1mar11y through behav1our .

-_:supplemented by v1sua1 and audltory s1gnals However Marler.

: }(1955b) observed that female Chaff1nches whose breasts‘ hadhf-t:vr

1 been’ reddened resemble that of males, rose i soc1al:;;ffj.l-
'iApstatus Rohwer and Rohwer (1978) demonstrated ¢hat behav1our¥‘nf“

as well as; hood co]ourat1on was 1mportant to the soc1a1“h

';;organ1zat1on of Harr1s Sparrows They found that' , e

o art1flc1ally coloured b1rds w1th testosterone 1mp1ants rose;;;:gﬁz_g

'»1n soc1al status whereas b1rds'that were coloured but not'f?;f?to”

rtreated w1th testosterone were persecuted}' fj\§7;7°i'

In redpolls, enhancement of breast colou \\d1d ”Ot%rgf~-

% :v.:_v. Sge R

DU

'?fﬁfln conJunct1on w1th my fteld observatlons‘%f models p]acedﬁ?f:f;,ﬁft
Cat nests. these results 1nd1cate that red breast co[ourat:onfiffigtfdf

,ﬁffgdoes not act as a‘“soc1al releaser“'(Twnbergen 1948) as

7 and Chafflnches, respectively Additionany. breast colourfa""gff‘- T

/

other b1rds ab111ty ?frecogn1ze them Th1s suggest1on7iff};f;fo

‘555f1ncrease the1r soc1a1 status, contrary to Mar1er s (1955b)}ffsf*”"”

'fghdobServattons of Chafflnches. As well art1f1c1ally coloured;fﬁuxtbl5f
‘Qi?;b1rds d1d not become the vict1m of more attacKs ok L

fff,perrsecut1on as Rohwer (1977) observed in Harrts Sparrowsritufﬁfﬁdb

o je;ﬂ?wfﬁm,f
'ffﬁftLacK 1946) and Marler (1955b) reported for Engl1sh Rob1ns;gﬁ;ihffﬁa

.TEQEdoes ‘not appear to s1gna1 the status of 1nd1vidua1s L also?}f;jtfﬂg?
» '°5hierarchy rebbgn1ze each other;afwf e
'f}itby means other than onrtn add1t10n to breast colouratton;iifiiit;f
ltffbased on my observatlons where art1f1c1ally colour1ng One or;;ttiftift

}jcttwo of the birds In a hlerarchy d1d not appear to~alter thefhhoi?i:?f

5 \
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dsupports D1lger s (1960) comment that redpolls have a. well
““tdeveloped ;:abtllty for 1nd1v1dual recogn1t1on whtch he

grelated to the1r r1g1d socwal structure ';;t5j°rfft'j7i; efa;fﬁtf-{;

\* ERN

e
My data demonstrate that an 1nd1v1dual s colour 1s }ff}»#,?**
?frelated 1ts soc1al status ah a hlerarchy,t[egardless of. fff?tf

iﬂo

ﬁh*season'=1t is unIIKely that the results obta1ned were ﬁan:?a”}

fefart1fact°iof the des1gn ofgfihe expervments and method ofgt

'f?test1ng the relat1onshipy-between plumage colourat1on andt,}ff
“ffsoc1al pos1t10n The measurements recorded to descr1be
*;:colouratton andabehav1our and the stat1st1cal tests employed

fffto analyze them were more thbrough and sen51t1ve than those

fé:of prev1ous 1nvestigators (Thompson 1960 ' D1lger 1960 S
*T{Rohwer 1975 Baldh et al 1979 Baker and Fox 1973) Thus,_ 3»7*"

.}jif colour were related to domlnance. or another ,aspect of'24
3[?agon1st1c behavrour ~%uch as aggress1veness,_1t would have

‘»fbeen detected in’ the data and test results

‘_.,

My observations of behaviour the av1ar1es were v

f}similar to those Of redpolls ." the f1eld For example, ?,:f?¥?’
fwMIefaﬁuu,ramnns cmnt

1

ually engaged 1n agonlst1c

eibehavlour, often fgr no. apparent reason I observed b1rds of“’ :;;a
‘37311 colours as aggressors and victlms‘:,‘ Cat o

;ffeeder platform were randomly p051t_
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umﬁ\gg;5'f\_' S -.;,::L,r(’;;;e fgj _-_‘* o oo ?,)";{'”:
‘ .1n1t1ated feed1ng of any con51stent plumage colour BRI
Behavtoun and Morphology _' R l |
My data \\how that agon1§$1c behavﬂour measured 1n
var1ous ways Was unrelated to any measure. of. - body 51ze,
wh1ch strongly conftrms- s1mtlar but wbaker tests w1th

(1960) Glase (1973). and Sm1th (1976) In my analys1s body

passertnes by Shoemaker. (1939) Tordoff (1954) Thompson i'

we1ght w1ng length and tarsus T length - measurementsf“

‘r; , generally used to est1m\te body s1ze were augmented by'.*

other external and skeletal measure'\\ts so- that body SIZe L

-

should have been more than adequately reflected From.my‘?'”

N observat1ons and those of others innithe' l1terature e, g. dj:

Shoemaker 1939 Tordoff 1954 Thompson 1960 Rohwer 1975)
- \
', there 1s l1ttle ev1dence for the W1dely held bel1e¥ that

passertnes dom1nant b1rds "are'_ larger ~in s1ze~-than o

'-.~»subord1nate oqes.

C Status SignallIng Hypothesrs

hd

In llgh{pof the observatnons I have presented and anx"

examtnatton f ,the l1terature one can Just1f1ably ask i

AYS

Rehwer § hypothesws holds for any. spec1es, and 1f so underv'}

what cond4t1ons “To a‘§wer thlS questlon I have evaluated:;_h

the tests of pnedtcttons based on his hypothes1s that Rohwer;_

performed ; and compared hlS results W1th expep,menta]fff\:

ev1dence from s1m1lar stud1es As well I wwll d1scuss somefffi'

T

theoretical con51derattons "fandf7 poss1ble y evoluttonary:

' b mechantsms for the development of status: s1gnall1ng
- Lo u R

C o
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"g; Interspec:f;c TeSts o

Rohwer made three 1nterspec1f1c tests of the predtct1on.".f

l°f>that p]umage var1ab1l1ty is negat1vely correlated w1th flock *

f‘ngQstale1ty t the flPSt test plumage scores a551gned to .

y
[ S

’\,k-\For example colour pafte:ns from speCIes w1th two .dtscrete

9:' ythe 51gn1f1cance of the regress1on he performed was

:";categor1cal scores Nevertheless,, the var1ab1l1ty scores
v‘(from low to htgh) were pos1t1vely correlated w1th w1nter7

f;soc1al structure (from spaced to flocked) }‘h“fff'ff¢;.g"‘

‘l‘fifhmales of 29 passer1ne spec1es (based on 1nd1v1dual var1at1on"‘
'kl-ﬁﬁand amount of s1gnall1ng colour) were regressed on scores'

lff;ass1gned for the1r W1nter flock structure and mlgratory

d(ffstatus The result of the regress1on was SIgn1f\\ant 1n the |
:;‘pdedlcted (pos1t1ve) d1rect1on Sh1elds\\lJQZZl cr1t1c1zed \\

.the plumage var1ab1l1ty scores a551gned tolthe spe_tes, for_lg,

3lthe1r sub3ect1v1ty and hence lackrof repeatab1l1ty, and \forlzrl

Q-

‘;T_comb1n1ng d1verse types /of plumage patterns on one scale

'tuage related plumages ‘and a Spe01es exh1b1t1ng cont1nuous
. var1ab1l1ty could have rece1ved s1m1lar scores Rohwer s
(1977) response to;th1s cr1t1c1sm ‘was an explanat1on of how '

S he dealt W1th monomorph1c \dlmOPpth and polymorph1c spec1es

and conf1rmed the subpectlve nature of the ranklng As well \f
, b

<
TN

m‘su1table for treatment by parametr1c stattst1csa for example'g:)_

Q

The other two 1nterspec1f1c tests Rohwer presented rely

7f\ on questlonable assumptxons and hypotheses not fully tested

that weaKen any conclus1ons that may _behdrqyn,from the'

| '"JYQUesttonable becaUSe 1t was pePfOPmed 0” data that were ”Ot J a

i
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t're01procal

‘-tests Rohwer assumed that dlurnal m1grants ex1st 1n more

- stable flocks than nocturnal m1grants and c1ted Balcomb

1977) who reported tth b1rds m1grat1ng at n1ght mostly do
o .

o so s1ngly, rather than 1n flocks Balcomb s observatlon does

h;not' conf1rm 'thef assumptlon that the degree of assoc1at10n

between 1nd1v1duals dur1ng mlgratlon 1s d1rectly related t S

the1r day to day flock stab1l1ty

F1nally,_ Rohwer attempted to demonstrate that flock h

stab1l1ty ts related to plumage varlab1l1ty by means of

assumpt1on that dtstress\screams gtven by w1nter bﬂrds have

| evolved as crtes for» help thr0ugh k1n select1 n (Rohwer

Fretwell and Tuckf1eld 1976) Thnee assumpt1ons underl1
o

Rohwer s te;}--that of K1n select1on (Maynard Sm1th 1964) ort:'

measure of ktn selectlon (Rohwer et al. 1976), and plumage

; var1ab111ty related to k1nsh1p (Rohwer 1975) Any outcome of

deductlve cha1n si;a. result of the 1mpllclt assumptlons

the f1nal l1nk that plumage var1ab1l1ty lS correlated

-_locK stab1l1ty, _could.not ‘be fqrmly demonstrated_by\'
this tegt. . -~ SRR §
Intrasbutiffc TestS“i: R dt,»» o 7'1 _:,.yﬁ.s |

In/;dd1t1on to my . work three stud1es, those of Rohwer

(19\75)

expllct\\y tested the status 51gnall1ng hypothes1s."theii

.85

B measure//of klnshlp assoc1atlon The test was based on the -

Ttruism (Tr1vers 1871), d1stress screams fas a}ff”

-‘”the. test between dlStPeSS screams and plumage var1ab1]1ty“

.would only be tenuously related to the f1nal l1nk ‘tn theh ia]

Baker and Fox (1978). and Balph et al (1979) have



i*f;i;ltghter hooded 1nd1V1dualfgl

ff@ffon]y 52 per cent of encounters/over llghter hooded b1rds

"3';;capt1ve Juncos Jahd}; calculated that hood colourat1on{h.

o fcontp1buted 11 per cent to yhe pred1ct1on of‘“survwvorshlp

15i~related to age“and sexgﬁBalph et al (1979) found that*

C Junco/ won 69 per cent of ftghts w1th

;However darKer

E;ﬁ51mllar results were obtalned when blrds weret

another sex dependent

g rouped accordlng to W1ng lengthf:

fCharacter1st1c BaKer and Fox (1978) found a non s1gn1ftcant5

. 'r [N

'Lfdcorrelatlon between hood darkness and domlnance rank off ;f

Sy

| "*fdomtnance rank contrtbuted 30 per cent and body welght 20?;;f4;

Vatter two W1th DarK eyed duncos Hood colourat1on 1n Juncosf7):'a

Qnd1V1duals wong7: X

'per‘:,cent Balph et al 1979) BaKer and Fox (1978) d

‘i:;;Ketterson (1913\" who 1nd1rectly examlned hood colourattoni;fgjh

s yw‘th respect to agontsttc behavwour 1n w1ld JUncos) %Qreedr\i:ii

-that hood colour 51gnals s001al status 1n Dark eyed duncosf w;fj

I

lf-only 1nsofar as colour 1s related to. sex and age classes

}', My observatlons on redpolls concur Wlth the1r comments't">

7.'Male _and adult redpolls tended to be domtnant and redderljtl'

h*:*than females and Juventles However. colour f less wellf'

7‘correlated w1th sex or age class in rede]LS than in Juncos,e,‘

:r}fhence the low correlatton between colour and soc1al status ]

'}}Balph et al (1979) suggested that the degree of sexualiﬁﬂ,?

- dlchromattsm exh1b1ted by a spec1es may be related to 1the_f'

extent to wh1ch one 'se ;ﬁ'

'1n3tes the other 1n,Eventng"f.]‘

Grosbeaks (Hesperlphona vespePtha) wh1ch g_areL' htghly:'

Tﬁ sexually d1chromatlc,- males‘domtnated females 1n more than -



g7

cent of the encounters observed by Balph et a] inr“
&he ;”“*,_sexualby dmchromat1c than Even1ngt%;fjf

.‘males dom1nated ﬁemales 1n 82 per. cent of;];**»l

and Lin redpo]]s._ tﬁk‘ least;Aguxg“

patrs I observed ’}j{;;?f,«[jgivf}¢;§_~-j&;+¢,;;?_ﬂ[;;7h;j,,{~v;;;

‘fRohwer (1975 977) dvd not present data on wh1ch goi;ff”\

»talybase hlS conclus1on that plumage colourat1on of w1nter1ngf’:féf3

’[Harr1s Sparrows 1s a more accurate pred1ctor of soc1al}*14'x;

’rffjstatus than 'sex or age Hls conclus1on seems to be at oddsfffd
-5fjiW1th h1s observatxon that darker p]umage sparrows won~76 andf}f :

V17ﬁ70 per cent of encounters, f1gures comparable to the 69 per jfﬁ o

\/~-...‘-" SIS
R

‘"»ﬂfcent recorded by Balph et al_,(1979) for JUﬂCOS THUS» " the

’}exper1mental ev1dence presented to date does‘not support."{‘}"'\t

“f.rRohwer s statement that plumage colourat1on ) accurate]yfaﬁg;?

"Eipred1cts soc1a1 status-; espec1ally w1th1n a’ sex of: agef:”:A:;

__se_ctass The statusw_ASJQnalu__g_p_abd11t f»i 1nd1v1dua1dfit"

colourat1on appears to accrue pr1mar1ly through assoc1at1on fd

| w1th sex and age groups
t»Theoretical Consrderations _ |
Add1t1ona] ev1dence m1l1tat1ng ag31nst Rohw %

,;thpothesis L comes f from theoretlcal cons1derat1ons hofdft~;'

‘:; dom1nance h1erarch1es Chase (1974) examtned | stat1st1ca1535'gﬁ]

._Oilgutournament _ h1erarchy format1on An wh1ch ranks aperi;;g;
,determ1ned by round rob1n f‘ghttng,_.and COPrelation orff-sv-

"“s1gnalled h1erarch1es L1n, wh1ch ani 1nd1v1duat 8 soc1a1rh'y‘

‘ ?.fstatus 1s conrelated w1th some tra1t or' group;nof tra1ts



S .‘,

.:'fThrough mathemat1cal formulat1ons,,tested on data from tthe.

s

fdomest1c ch1cKens) he found that the correlat1on betweenfd"

icij11terature (mostly from Guhls (1953 1968) stud1es onfm-"

"~:_status and a tra1t must be very h1gh to allow pred1ct1on of}f :

1f;&rank (for example %Up 88 for a. group of 6 1nd1v1duals) Suchnfﬁd

\/,-'

.f‘vaolutlonany MechanISm 3'*f" 55‘**f¥5it‘7"7ffwi'”t'['
| Rohwer (1975) d1d ”Ot p"0pose a mechan1sm by wh1chff}t"

: ;Q}1nd1v1duals onld evo]ve to 51gnal th61P soc1al status~ ;it?

generally accepted that the advantage of dom1nance=

F;tih1gh levels \of correlat1on “are’ general1y not found 1“?F255f
:f‘;;h1erarch1es that have been stud1ed Chase adm1tted that h182?;itit
ﬁiidconclus1on8 may not be. appltcable to a11 spec1es formlng;aff_f
hii;fstrong hlerarch1es If h1s results are relevant to Harr1s %};v

.h;;SpaPPOWSv,dijt' seems unltkely that ‘hood colourat1on téf;ttfa
';5%¥correlated h1gh1y enough w1th dom&nance (at the 1eve] ChaSé;tafi;i

'"-?fpropOSed as necessary) for the correlat1on model to operate~53'f¢if

| '3fh1erarch1es is reduced levels of aggress1on (e g Allee~

,1e;1952 uockle -1956 Sm1th 1976) and that ab111ty to s‘g”allg-]"ﬂ
{rprowess 1ncreases Athe fadvantage by | furthep : lessen1ngc}_f¢‘5
h:”aggress1ve 1nteract1ons (e g Rohwer 1975 Barnard and Burk_f_Hﬁt

?7f31979) Imp11c1t 1n such arguments hj the hypothes1s thatagffﬂ::

| A feas1b1h
'l*d1ff1cu]t to *construct 1f fightwng w1th1n a flocK

in;idgroup select1on acts to ma1nta1n 51gnals 51nce s1gna111ng 1s<_f,fff
=T v SR Ir
",vaadvantageous to the group or at least to h1gh rank1ng b1rds S

evolut1onary mechanism “ft espec1a11ylf;:u ;

',jdespot1c as- R’hwer 1975) reported Sh1e1ds (1977) arguedff. :

d ifthat _1f f1"ht1ng s* truely despot1c,; pale b1rds wouldiff.gtv



: r891?.5.;

'f‘l‘. : “ -
co T

| ftprovoke Tattacks from br1ghtly coloured btrds.ﬁhence plumage

‘-'jjvarlab1l1ty w1th1n a flock would 1ncrease the frequency of

.of _aggre351on Contrary to Rohwer s hypothesls convergence

'7'f:on a s1ngle p]umage type or s1gnal would be pred1cted g1ven

}fif15h1eld' llne of 'reasonlng Alsb h1s argument would

F‘ffcontradtct Rohwer s, pred1ct10n that“*lv

advantageous toﬁfﬁtid;

"#q\all b1rds to assess and advertlse rank‘wtth sxgnals 1n order

‘ijto obv1ate combat Rohwer (1977) responded to th1s CPlthlsm

”*.f,w1th three poss1b1l1t1es\L ftrst that kln select1on may be

tiﬂoperattng, second that not ll flghtlng may be despotac dff;fﬁ
*ﬁggfth1rd that h1s hypothes1s j%y be 1nvaltd " L

G1ven that f1ghts occur between 1nd1v1duals of s1m1lar

"-‘-}f;?plumage w1th1n a flock Balph et al. (1979) proposed that

T‘rflplumage var1ab1l1ty w0uld be selected for 1f there was a ffljf

i"cost assoC1ated w1th signall1ng '. status that_,was notffftn“

uf_fcommensurate w1th f1ght1ng ab1l1ty,; such as the loss of

“‘-jenergy expens1ve f1ghts Th1s argument may be unnecessary 1f

-~fg9colour acts as a releaser or condltloned retnforcer (Balph

'7Qfet aI 1979) because colour could have evolved for a purpose efi?

h":;other than status s1gnall1ng g'_g;fffff;f;fjifiurffkfj:{ e

*.7,.

Maynard Sm1th (1979) brtefly eXam1ned Rohwer s worK 1n vjsjt

MVcterms of evolut1onar1ly stable strategles, 1n an attempt

"’tﬂfel1m1nate group 1n favour of 1nd1v1dual select1on arguments

; ,ﬁHe suggested that Harr1s SparrofiV'ay be playing e1ther

f:fffm1xed strategy or a'"Hobson s Cho1ce strategy If playtng a B

'%um1xed strategy, the sparrows must meet the cr1ter10n that

Vfg,tthe f1tness of 1nd1v1duals playtng d1fferent strategtes must ?:‘f



‘:‘f}béidtﬁé‘ same (Maynard Smlth 1979) Meet1ng thls cr1ter1onbﬁ_
.,fif;truns coUnter to emp1r1cal ev1dence that subordinate (henceaﬁt
.Tlf?fﬂpale) 1nd1v1duals have lower pPObabl]lt’es Of SU"V‘Va] (e giﬁln
. Lockie 1956, Murton  1971). xli"Hobson s ghoice’ :strategy:l;

o 5ffdepends on some extr1ns1c factor an example 1s,f lf large?ff

Jff{{ﬁplay Hawk 1f small play Dove Harrts Sparrows and Juncoei?f

fifpfmay be adopt1ng a Hobson s Cho1ce strategy, perhaps basedfl{

"ﬁe”ﬂfon ‘sex. or age rather than 51ze, and CO]OUF may cue Wh‘Chﬁn5

&iréistrategy w1ll be played For example.,large males that are}jﬂ

u;f?bp1ght]y coloured may play Hawk and behave aggre351velytff

"?ﬁfwhereas small females that are pale may play DOVe and behavéf”f

‘7*?;}Lsubm1ss1ve1y The. latter strateQY\may eXpla1n the evoluttoﬁfuf

;» w;@fvf the assoc1at1on between plumage colour and soc1al statusjf;

*?*fffConclusions on Status SignaIlfng protheSfS

'”ff1n ‘some’ spectes, although thts is d1ff1cult to test

&

. Pr1or to the presentatlon of Rohwer s ' hypothe51s_wﬁ

1several authors (e g Colllas 1943 Guhl and Ortman 1953tf}f

e

‘“'f:7expressed the 1dea that external character1st1cs of

“V*;';ig1nd1v1duals s1gnalled or ?at least were 'correlated w1thﬂ?ﬂ
”?ff,n;soctal status Getst (1966) presented StPOﬂQ case .forf;;
1;5?7f;§correlat1on between .1nd1v1dual appearance and dom1nance 1n;i;
, :fjgmounta1n sheep (Ovls canadensfs) The status s19nal“"9izf
"w””fijkhYPothes1s as appl1ed to b1rds is attracttve 1n 1ts ab1l1ty};il
:hfnto account for _ broad Speptrum of plumage types fromiglf

9falfmonomorphlsm fo cont1nuous 1nter 1nd1v1dual var1ab1llty

Barnard and Burk (1979) ralsed some 1nterest1ng PO‘”tsl:iﬂ

’Tf;fconcern1ng the status stgnall1ng hYPOthGS‘S FlrSt thex’;}_




‘3';3fdeterm1n1ng whether colour i

A_"fl
)

”}Lfconcluded that at least two cues, coloUr and behavwour wereﬂf?[?

'aused by Harrls Sparrows to assess dom1nance on the bas1s ofﬁ{lh

.....

1'jfe1nd1v1duals only coloured d1d not rlse 1n rank whereas those,yl :

Vfgicoloured and g1ven testosterone: 1mplants d1d (Rohwer ;aqdff;,f

5h3Rohwer 1978) Second Barnard and Burk: drew attent1on to thei“'ff

%;filhfalse dlst1nct1on made between‘"lnd1v1dual recogn1tlon 'Qand,a;fi

f'i;recogn1t1on us1ng one or

'—73};dom1nance hlerarchles are formed The dlsagreement betweenﬂfﬁva

fs};iiRohwer (19785 and Sh1elds (1977) on the evolut1on of colou S

ffew cues “in. descr1b1ng how;i

75?3;5var1ab1l1ty f the purpose of status 51gnall1ng Td? ﬁ?i

'"ﬁfhﬁ1nd1v1dual recogn1t1on respect1vely,, therefore reduces tofif?a

g

';¢jfuor not ;lfjf,ﬁ;fﬁgfigg:wi;f;ﬁ,ﬁ}ajﬂjr{iff)"":” il

;correlated w1th soc1al stath;;fif

' ?f'Th lack, of an eas1ly testable hypothes1s that couldf;yff

aa,,;account for the evolut1on of colour as a SIQnal of domlnancefl%igi
Q;*7f{' h1erarchy (the hypotheses l1sted above have yet tb befjfi}

vffh}tested) is a weakness of Rohwer s\hypothesls 1t rema1ns t¢l;lt:?

”ffflbe shown how a SIgnal detr1mental_to 1ts bearer could

5p;vfevolve Th1s weakness howev; X

;_irfargument

Tlffsconclude that plumage colour 1s very weakly related ti;”fgff

ooes not 1nval1date Rohwer Slf’fﬂ'

Based on my observatlons and those 1n the l1terature lffﬂff

“:fisoc1al status din w1nter h1erarch1es As Ketterson (1979a)1fs;ff

’“jfdpo1nted out desplte the low predlCthe power ‘Of

"f15§1nd1v1dual s colour wlthin ?tf

-

sex and age class, Rogyer silf]j;

‘{g,,hypothes1s could eXplaln why these, or any other class s aref};ei"




"ff; relnforcer (Balph et al 1979), although I have presentedzf];f

"?§1978) was un3ust1f1ed

5"3;{fother*spec1es, andy‘hat colour has evolved solely to SIQnalﬁﬁé;h

f;hstatus 1n spe01es that are vx

d1st1ngu1ghable by plumage colour jnffthe;f non breed1nghl

season Alternat1vely, colour may have evolved for other;

purposes and may only be ' releaserl;ngfh: cond1t\onalftv5f

&f?fffevldence suggest1ng that brea9t colour 1n redpolls aoes notfﬁﬂﬁ'

\

”5_§ff5¢t;fasgggf releaser Ewther way, I feel Rohwer (1975 1977 i

L excel]ent "predlctor of status 1n Harr1s Sparrows or anyhf{{,

Kl

flably coloured 1n w1nter l

"TszLD How Are H1erarch1es Formed 1n Redpolls° ‘ﬁfffg,fff;jjff5g¢;
| Redpolls d form strong h1erarchles ' captlveff;fi
‘h;f51tuvj1ons, and w1ld blPdS exh1b1t dom1nance behav1our 'Adi;ff:

f{fmay ex1st 1n h1erarch1es The quest1on rema1ns open as. to.”}_v,:'-'_'f:-f'j

”“f,rhow pank 1s determ1ned 1n redpoll hlerarchles

:”;ffb' formed f in three ways (1) through 'round.nob1nﬂffr':

9’fﬁchompetlt1ons, (2) by the relatlve conf1dence of 1nd1v1dual{fy_5;

Barnard and Burk (1979) suggested that h1erarch1es may;;_;f

ﬂfffhbasedléon prev1ous w1ns and losses, and (3) by assessment offﬁff?‘

\"d'we or cues related to an 1nd1v1dual s compet1t1ve;f};J;

"ﬁ3gab111ty Redpolls do not appear to employ elther the f1rst

*@fﬂzor second method 1n determwnlng rank This bel1ef 1s basediklﬂfl

lbw numbers of encounters 1nvolv1ng any f1ght1ng that If

:;;_f1ntroduced to the av1ary subord1nates deferred to domlnantsffff;f

;oibserved (part1cularly 1n w1ntef7: even when b1rds were;;f;fj

bt*{w1thout v1s1ble combat There 1s 'no ev1dence that anf{}

8 concludlng that colour dérfgﬁaﬁizﬂ



| Lfdijnd1v1dua1 uses one or more than one,_ mOPPh01OQTC3] or
J°5ftp]umage co]our character1sttcs by WhTCh assess tﬁé*~*

5 ;dt1ght1ng ab1ﬁ1ty of others ’Rather I suggest that 'P6d901‘sttf

,}form assessment h1eranch1es,“' w1th the behav1our' of‘;'

_51nd1v1duals taken as cues of f1ght1ng ab111ty 1 Guhl and B
-fOrtman 1953) offerred a 51m11ar suggestton concernlng rank

: ,jestab11shment 1n domest1c ch1ckens A blPd' behav1our viSQjﬁ
‘*Fﬁffnotf“ a]ways commepsurate W1th t f1ght1ng ab111ty asg;~

eV1 denced byl ;

they 1n1t1ated (success scores less than one) Actualg}?

that

'h7f{f1ght1ng”3ab1] Qy .'th f1na1 arb1ter of rank 1f ani;

'lfiamb1gu1ty arﬂses or some 1nd1v1duals are 0f s1m11ar status Q;I
'“fs;My data do not 1llustrate th1s peP se but 1nd1rect1y theyfff

b"“fshow ?}thft rank was h1gh1y correlated w1th behav1ourfff

;'?ffvar1ables a11 of wh1ch e 1nterdependent ias, they were}f
. / BT . i o :

}fder1ved from the same set of 1nteract1ons Stronger ev1dencetrﬁ

/

' ffon wh1ch to base th1s suggestlon was the, 1nfrequency of; .

;oveKt aggress1on that 1 observed and the 1ow number of rank i;
At”ﬁgchanges w1th1n hterarchles Barnard .and Burk (1979)iff
- ' e
/predlcted that rank changes should occur 1n confwdence but“g[

s

lfv/fnot assessment h1erarch1es In my study,, 1f hf subordlnatefff

“7; d1d ' defer to a dom1nant 1nd1v1dua1 aggress1veﬁ'f

X;;3 encounters escalated unt1l one bqrd retreated

1nd1v1duals occasxonatly 10051ng encounters'd'

L
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E 50urce Of Var1ab111ty 1n Redpo11 Colourat1on fﬂ_ti‘

Colouratton of redpolls and other cardue11ne f1qphes'“t’f

"

7*ﬂcont1nues to be an en]gma Is redpoll co1ourat1on related tOftsi'

'?the eco]ogy or 5001a1 system of the spec1es or 1s the1r redhftdf

"Qf;coldUrat1on a neutpa] character1st1c un1nf1uen¢ed 59{ _5]

”5"¥fse1ect1on pressures7l'1 agree w1th dohnson and Brush (1972)

,"f’who,;xinj j, study of the colourat1on of bush tanagers

: ”’itzsf;systems suggests that colors and patterns of plumagej:t

‘F7"537;? that *there a modal1ty of pattern and color of”§7}‘htﬁ?

“(Chlorosplngus plleatus and C zeledonl) PeJected the 1dea

that colourat1on was a neutra] character1st1c ‘““ o f A
We do not accept the the51s that the examp]es Of};fw'itf
v1s1b1e phenotyp1c d1fference wh1ch character1zelff;;f{”

':5Polymorph1sm 1n b1rds are select1ve1y neutral evenﬁ;ftrint?

”‘;~fﬂ;1f they are ma1nta1ned 1n part as byproducts of a?Vljla““

‘tfht genet1c thS1olog1cal mechantsm that 1s favored bYé;”;nt%:~

' .-’;se]eCtu)n (Mayr‘ ]963 157)" i FOI" One tthg
. .)deegree of reltance of many Spe01es Of;d

':?=v1sua1 commun1cat1on 1n the organ1zat1on of soc1anﬁ7

#:H?ttrelate 1mportant1y tO success in. pa1r1ng and

'dfitherefore to reproduct1ve f1tness Th1s 1mp11es{;j

. w”fhfplumage, from whlch s1gn1f1cant departures gahefff}ﬂhyff
‘"*ffgfcostly hb terms of soc1al, and hence reproducttve,ff*fﬁv.ff

In order to test_if a spec1es co]ourat1on 1s 'adapttveﬂ’iff

o }iif;ﬁﬁ; necessary to demonsﬁrate that 1nd1v1duals are 1essﬁ3{fT

suecessful after thexr colour has been altered as has beenf5§1¥

; Z’ .



- v’-; done w1th Red W1nged B1ackb1rds (Agelalus phoenlceUS ' Peekfd;
| ﬂl’~?1972 Sm1th 1972) Ye]lthhroats Hﬁaothlypls trlchas vLew1sfii
| dﬁﬁf f1972), and V1]lage Weaverbirds (Ploceus cucullatus Coll1asf};
ffefet al 1979) to ment1on a few 11 contend that a red ratherf;_i

“R‘“Athan wh1te breast renders a redpoll more obv1ous to av1anf;1t

"‘gjfpredators by decreas1ngtthe b1rd's crypt1c1ty Because theéujf

tfdspec1es 1s probably vulnerab]e and palatab]e,gfagffépé;;ﬁﬂ*f“ra

Ajifcongeners Tw1tes and L1nnets (Carduells°flav1rostrls anu,C \'ﬁt

‘f?ﬁfﬁfcannablna Cott 1946) 1t 1s a reasonable conJecture that an

eneflt 1n3:some way from the br1ght

'@]colourat1on

In the 1ntroduct1on I 11sted several..hypotheses thatfffJ

'°Tffﬁ;jhave been proposed to exp1a1n av1an colourat1ony»of wh1ch1ﬁbﬁ

status s1gna111ng and :wnd1v1dua1 _frecogn1tlonff;ﬁ

37f\ff?on1y the?

‘H'UTJthpotheses could account for 1nter 1nd1v1dual var1ab 11ty s"

L?7f'if1nd1v1dual recogn1t1on is here cons1dered to*be unrelated tof.:t

'a3d0m1nance behav1our ffi the forego1ng I have demonstratedﬂffi
‘t:*lfﬁ;that Rohwer 5. status s1gna111ng hypothes1s does not hold forffi?

'ffiﬂPedpolls Basgd on my observat1ons, I subm1t that redp0115;s¥¥

”?”5fexh1b1t 1nter 1nd1v1dua1 colour var1ab111ty fOP the purposef{ﬁi

. . .

“*Qf}ffof 1nd1v1dua1 recqgnltlon

Indtvtdual Recognltlon S
‘ It has been amp]x\documented that many b1rds, usuallyfitf

"fﬁapfmates or other fam11y members,t can eas11y ’1dent1fy eachﬁgfi
?”i?dther Ind1v1dual recogn1t1on by means of vo1ce has beenﬂffﬁ
SR e /* s

ﬂ}documented exper1mentally ~for example, 0venb1rds¢gs

’;2?(Selurus ”aurocapfljus, Weeden jl,andtﬁ; Fa]ls 1959)f3,;j
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Wh1te throaJed Sparrows (Zonotrlchla alblcollls Brooks and

'ff._ Falls 19]5) Zebra Flnches (Poephrla guttata M111er 19]5),

Amer1can \ Goldflnphes f andﬂi European and P1ne Siskins -
"(Carduelis tristis, C.: splnus “and C. pinus; Mundlnger
..1970). {Accounts' of recogn1t1on by v1sua1 means are most1y|

~anecdotal Examples ~1nc1ude Marsh t1ts- (Parus palustrls :

- Morley 1942) European Rob1ns (Lack 1939) P1ntalls (Anas

"acuta Hochbaum ?944) and dackdaws (Corvus mondedUIa Lorenz |
"1931) all of - whlch .were | reported to- recogn1ze mates or”
'flock mates at d1stances up to .60 to 300 metres “In .one of
the few exper1ments 'conducted oq‘ visual recognition,;,
.»TriTlmich (1976) demonstrated' N that | :.Budgerigars‘
L(Mblopsittacus undulatus) tralned t0'respond°to_projected
“images.. of conspec1f1cs 5 could d1st1ngu1sh :'befwégh_:
1nd1v1duals when presented w1th two cho1ces | | i}
} : Recogn1t1on of 1nd1v1duals has been hypothes1zed to be
}important in spe01es in wh1ch soc1a1 relat1onsh1ps are
:,protracted parental " care cont1nues after young__have,
'-'fledged in colon1a1 s1tuat1ons1 and when a species is- not
iphllopatr1c and 1nd1v1dua}s © show ; f1de11ty to other~
' 1nd1v1duals rather than to a place‘iThorpe 1968, Beer 1970 |
,J_Samson 1978) i Vocalizat1ons among 1nd1v1duals may be more
.variable and hence a1d in 1nd1vidual recogn1t1on when vo1ceh
.jsf not constra1ned by use for terr1tor1a] advert1sement and -
"defense (Marler 1961 Thorpe and North 1966, Thorpe .1858,
” 1968) Vocal1zat1ons would be part1butar1y important in

, environments where vision 1sy obscured such as in dense
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'forestS"or coastal water (Thorpe' and\lNorth- 1966, Thorpe;

T968)' Opt1ca1 51gnats, wh1ch prov1de a w1der range of cues-

»-pfor recogn1t10n (Thorpe 1968) would be favoured in open

. ;hab1tats (Beer 1970) and 1n specxes freed\from 1ntense’u

N
.

1 offer; three reasons,‘for the, use of coToUr"'For_

'1nd!v1dua1 recogn1t1on by redpolls The f1rst two po1nts,*

_T1nter 1nd1v1dua1 var1ab111ty and the poswtton ‘of the~jred’f

'f\.‘colourat1on, were d1scussed earlter in connect1on w1th thej

‘use of colour as an 1ntraspec1fwc communc1at1on s1gna1 The’

thTPd po1nt concerns the general b1ology of the spec1es

f Four’ aspects of redpoTT b1o]ogy would favour wellj

n‘ developed ab111t1es to recogn1ze other‘.1nd1v1duals F1rst |

redpolls flock year round even dur1ng the breed1ng season{q

and mat1ng takes pTace wh1Te b1rds wareh‘ Targe w1nter‘

Jflocks Such gregar1ousness yis analagous to colon1a1

'breedlng systems in whlch fast and accurate mate recogn1tlon‘

(is at a prem1um (Thorpe 1968 Beer-1970) Second ‘redpollsa'
B iare not ph1Topatr1c and they show f1deT1ty to mates wh1le :
breed1ng,_ rather than terr1tor1es In specwes that are s1tei

’ftenac(ous anddterr1tor1a1 mate recogn1twon is s ondary to"

- recognition T‘of territOry (Beer 1970) Th1rd redpolls

;develop relat veTy strongerelat1onsh1ps dur1ng the breedlngl

season the1r monogamous pa1r bonds per51st for at Teast one

" month and young may be fed for up to two weeks after. they'

Teave ‘the . nest. For' example Newton (1972) reported that»

‘,young“European Gonf1nches are fed for at ‘least 10 days
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after leaving the nest. and L1nnets and TW1tes at. least 15¢
B days It is of- courte 1mportant to recogn1ze mates’and young

'i* when a famtly membed ares fé% another. (Thorpe 1968) 1For>

‘-f\example, femalexredpolls on . the nest are fed by thetr mates.r
durlﬁg '1ncubat1on‘:and post hatch1ng per1ods : Flnally.
'”»redpolls frequent open hab1tats, where colour swgnals can be

‘1_ eas1ly seen (Beer 1970 Ha1lman 1977),.such as. tundra | openff

:oboreal forest (w1th . dlscont1nuousv canopy cover) d‘
ypra1r1es - ' - ";;ﬁ;\41.' i S
Varlattons ?“the colourat1on of;_ redpolls are

- tconststent L w1th th_}11nd1v1dual recogn1t1on hypothes1s
=:fyoperhaps most 1mportant that d'f‘colouratwon xtandkf
:"bfconsequently colour var1ab111ty, W1th1n a populatlon reaches:p
ﬂtlya max1mum durlng the breed1ng season when _recogn1t1oni ofpy
‘ mates and young 1s requ1red Hoary types, wh1ch attatn only
"b_,ptnk breasts. 1nhab1t more open habltat in.: wh1ch Optlcal:,'
{'stgnals are»‘more ea51ly seen . than in forests 1nhab1ted byfi
l’_bfthe redder common type Hoary blrds Care’ also_ whtter thanl_a

: 'commons wh1ch supports Hallman s (1977) hypothe51s that

‘.f[spec1es l1ving 1nlenv1ronments w1th low levels of 1rrad1ance'

‘(such .;av htgh latltudes) should use l1ght colours,ii
vpart1cularly Wh1te as optlcal s1gnals thferences ih; the
'frangel of breast colours attatned by sex and age classes mayfi
- be expla1ned by the1r ‘relat:ve ,vulnerablllty Cryps1s is‘lf
_:probably paramount to 1nexper1enced 3uven1les and females.i'
".e_who remaln on the nest dur1ng 1ncubat1on and early fledglngi

pertods (wh1ch ane relat1vely vulnerable Baker and Parkerﬁ,
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1979)< “and so foutweighs ’any advantagesa. ccru1ng from'A
posse551on of a red breast Females do acqulre p1nK breasts,-

'f,but"how common  this ,is, .or whether it 1s age related is

. i “'
»‘unknown, '

N
1

Two studtesrot related spectes bear d1rectly on, ithehf

,} 'hypothes1s of 1nd1v1dual recogn1t1on as’ app11ed to redpolls

fSamson (1978) noted w1de var1ab1l1ty 1n the vocal repert01re
‘{”off;1nd1v1dual Cass1n s Ftnches,\ and suggested that the1r1
}gsongs, wh1ch are not used for terr1tor1a1 defense 1n‘\th1sn
":;nomadtc_ spec1es, »may a1d in ma1nta1n1ng flock compos1t1on

tttharlabte vocaltzattons a]so allow for 1nd1v1dua] recogn1tlon:

S | .
' ;of mates, wh1ch could fac111tate pa1r b nd1ng wh11e the :

‘"'rt /b1rds a53001ate in: w1nter flocks,:and recogn1t1on of mates

from year to year e | | | 7
: In contrast to the 1arge vocal.reperto1re of Cass1n stf
tTF1nches.’ Marler and Mund1nger (1975) found jthe;; vocatét
”erepert01re of TW1tes to be unusually small for passer1nes,{‘
deven _forh a carduellne However th1s Spec1es ‘exh1b1tsi~
;var1ab111ty the amount of red colourat1on on the rump -
= Tw1tes are s1m11ar to other cardue11nes 1n the1r tendency tot

’.flock year round and ma]es defend a terrwtory centred onf

_the1r mate rather than on a 51te, and so. accompany females;

':whenever they leave the nest Marler and Mund1nger proposed:‘
:‘sthat Tw1tes use vtsual swgnals\jn the open hab1tat 1n wh1chﬂ'
'”Vthey .nest thereby ,reduc1ng dependence on voca]1zat1ons,
a'}although:jt»appearsv mates recogntze each other s votces‘i

| tMundinger_"1979).wjThe}slgnall)ng ability of'the rump patch .
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.‘ts’ enhanced by senttnet“l'behaytour and.aotherﬁpostures',
| assumed by ma]es that expose the rump . | R

'General Appllcablllty of - the Hypothes:s 1

Further examtnatton of the . 1nd1v1dua1 d'recognitton :

hypothests is necessary before its. general appltcabtltty and,?
‘1mportance to redpol]s and other av1an spe01es ts Known }Fdei"
those spectes ‘1n wh1ch 1nd1v1dua1 recogn1tton 1s 1mportant‘

(those that f]ock year round co]ontal nesters, nomads, fandv”'

’7;so on) predtct a h1gh degree of vartabtltty 1n etther-yh

'.\

'tbvotce ‘or 'p umage.j whtchever modaltty fts used most f_r?1;

' 51gna111ng V01ce should be used for recognttton 1n spe01es}ff

B wunder heavy predatton pressure from predators W1th colourf3l

f‘5-i}v151on or 'spec1es that frequent dense habttats such as;fd

"{ihforests A]ternattvely, spec1es ustng plumage as 51gnalj;j

_z.rtiwould be expected to be llghtly preyed upon or to 11ve 1nf:f

"fopen habttats Netther ;votce n* plumage need be used;fﬁ

'7fexc]us1ve1y as stgnaIS' comb1nat1ons best su1ted tO the

‘_“551tuatton of parttcu]ar spec1es would be expected

» The 1nd1v1dua1 recognttton hypothests can be well
}d}itllustrated ;in the redpoll genus Carduelis Al] spectes ofrl%
f}»th‘s genus eXh1b1t 5001a1 systems very s1m11ar to that of‘hy
'{;tthe redpoll-ftnd1v1duals are 5001a] they flock year poundrfa

'f'and nest sem1 colontalty One group of spe01es ﬁh th15x:1

'"bzgenus,v those formenly of the genus Splnus (Greenftnch

Stsktn and European and Amertcan Goldftnches) are al] yellowfgf

AU

tror greentsh and 1nhab1t closed habttats such as thtckets and;hf

”'Aiforests (Newton -1972) _‘ suggest that they f achteveﬂﬂ
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d,1nd1v1dua1 recogn1t1on pr1mar1]y through vo1ce Mund1ngerJ,n
.'f(1970) demonstrated that go]df1nches and s1sk1ns recogn12ed"h
.aetthe1r mates' cal] wh1ch was very s1m11ar to the1rtbown.n»Thettx

‘fs1m11ar1ty of calls between mates and among “att‘ftockﬁ“JT
-;Emembers resu]ted from the wel] developed learn1ng ab1l1ty of’%[:
h"ylthese b1rds New f11ght calls could be learned by 1m1tatnon-
f?iat any age w1th1n both pa1rs and flocks The other&group ofmfﬁt
‘taspec1es,:formerly Acanthls or redp011-11ke specwes (L1nnet S
‘df‘thW1te and Redpo]ls) all exh1b1t vary1ng amounts of red onQi%i
.Jffigthe1r rump, throat or cap depend1ng on the spec1es and sex f[;;

5 f'Newton (1972) descr1bed these b1rds ~b scrub dwelltng/ orffﬁi

_”.ﬁa1nhab1t1ng ‘open country I propose that 1nd1v1dualf7?f
‘&tt;irecogn1t1on} accompl1shed pr1mar11y through p]umage;pfi
;ﬁfyeyvar1ab111ty although there.’1s no doubt that vo1ce rema1nsa;:i
j§t€f1mportant (Mund1nger 1979) Marler and Mund1ngeP 5 (1975)5;2;

fff;{study of TW1tes 1s 1nstruct1ve here

Chaff1nches and Brambl1ngs (Fhlngllla coelebs and F:f;gf

'"“7]m0ntifrlngllla) prov1de a contrast to the Carduelis SpeC1es»ht€f

o ;SThe former show strong sex'al d1chromat1sm and have wellV:d

Vvtfdeveloped songs,f both plumag s and songS are used fOPi-}f

‘:1gdﬁg9rr1tor1al defense (whwch »Lack (1968) and Newton (1972);%?{

X ‘suggested 15 assoc1ated w1th hhe1r 1nsect1vorous d1et)

'ilprobably through vo1ce a

hhythese h19h1y terr1tor1al spe'1es. I suggest that recogn1t10ntf‘

pr1mar11y s1te related;f

‘f"1nd1v1duals,k such ' f,ne1 hbourlng tePP1t0Fy holders,.fisf..ﬂ

U:SPQPVQWS (Brooks and Falls 1975) Sexual recogn1t1on may be:jff

Secondar1ly,h recogn1t1on ofb}'ﬁ

5 1n Aterr1tor1al Whlte throatediﬂft
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factlttated by thetr character1st1c plumages (Hamilton 1961,1

. PR "

faRowland 1979)

Ftnally, at the oppos1te end of the plumage varxabtltty;

- :conttnuum from redpoll-ltke cardueltnes, are spe01es of lowf

'a',colour' vartabtllty such s; Bullftnches andf. papquf
*fh(chtckadees';fand tttmtce) Bullflnches _afé” sexuallyf

f.fdvchromattc carduellnes w1th a very 51mple plumage pattern *

'f;iNth4a1 (1956) repprted that they mate for ltfe Partds are;

'“FT*urstte tenac1ous and terr1tor1al 1nd1v1duals may remath

'”f,ﬁﬂ35a55001ated over several years 1n the same locat1on (Wallacef

.;f;ﬁ1941) I suspect that recogn1t1on 1s 1n paPt Slte ”e'atEd;:

*if;and also achteved through subtle plumage and vocalE-

‘3'ﬁtf;id1fferences made p0551ble by the length of ttme over wh1ch;;

'"‘ifftnd1V1duals remaln assoc1ated w}f13f5f1f5ﬁ}""‘:

Plumage colouratton of numerous other spec1es can be]

‘xxffeXplatned by 1nterplay of factors ltsted above Byft

"7-[}’ﬂprop051ng h' 1nd1v1dual recognltton hypothesfs I “am by no;'

”ffmeans assumtng that thts or any other 51nhﬁe‘.hypothests‘y

1 fcould acocunt fr the many and dtverse facets of av1an§}

'5°Q,col8yratton patterns

The pred1cttons I have enumerated from the 1nd1v1dual;f

:‘f,recogn1t1on hypothe51s could be tested 1n three ways Thejf

"tt;ffftrst test uses the COmparattve method (Hatlman 1977 13lif

”‘ﬁfﬁwhereby species found 1n dtfferent env1ronmental condtttons ;ﬂ

ff,and dtffertng 1n behav1our are exam1ned to’ determtne 1f theyff

ig;omé t the predlctlons of the hypothes1s Although I havef?

?"ﬁf?fcompared several SDec1es dtffertng in habttats ’“ Wh1°h theyi}



'ntare found behav1our and co]our var1ab111ty, a more thorough“g’

ﬂftest should 1nclude more spec1es of as d1verse a range Off‘w

9 iﬁ»character1stlcs as poss1b1e For5 example, P1ne Grosbeaks~‘;

fffhjun1form1y co]oured waxw1ngs (Bombyc111

‘f(Pznlcola enucleaton)v and Red and Wh1te W1nged Crossblllsfu’

lh(Lox1a curv:rostra and L IeUCOpfeFa) eXhlb’t eXte”S‘Vefiﬁ

‘fplumage var1ab1]1ty that 1s 1n stark;contrast to the veFYhi?

“'_'_'ae) and f 1ycatchers e

u:{d(Tyrann1dae) However compar1ng the var1ous character1sttcs;._

*r-ﬁ;of spec1es prov1des on]y c1rcumstant1al ev1dence and thus 1ssif

‘?t?not a powerful test of the pred1ct1ons

.'d“felﬁnghe second test more potent than the f1qst d1rect1yfff

'?"?ffexam1nes the 1nd1v1dua1 recogn1tlon hYPOtheS1S by means Ofiui

. flndav1duals tra1ned to d1scr1m1nate between conspeC1f‘Cs onjfx

'f,glﬁthe bas1s of v1sual appearance alone Tr111m1ch’ (1976t;;5

“’“1ffextens1ve and elegant exper1ments w1th tra1ned BudgerlgarSiif

;‘Fffprov1de the best example of such tests Tr111m1ch tra1ned¥ft

;ﬁﬁif’b1rds to choose (by US1ng p051t1ve re1nforement of correctV?f

fg??scho1ces) between ;‘1nd1v1dua]s,j, prOJected ;'1mages fféfh'ﬁ

’*ffj;1nd1v1duals,j vocal1zat1ons,; and 1mages and voca]1zat1onsi};

h;;;htogether SubJect1ng tralned redpolls 51°'¢589§h;t-anff;

fgffdexperlmental reg1me would ;}allow the exper1menter 'to?ft

“55fd1st1ngu1sh cues used by the b1rds 1n mak1ng the1r Ch01ce‘¥*

"sidp¢ﬁ: examp]e, Tr1llm1ch determ1ned that the features of thehfi

"f

"S;ghead were used predom1nantly f, d1scr1m1nat1on by thﬁfﬁs

~fﬁf#budger1gars tested by concealing var1ous parts, °f th?f*f

9} obJect’ b1rds (those presented to the b1rd mak1ng th'ﬁfh

o cho1ce) He a]so found that the b1rds rel1ed on V1sualjtf



'.changtng 'theh* voca]1zat1ons presented W1th th; 1mage

*dggsother 1nd1v1dua1 character1st1cs such as shape

o ?yrreact1on of the_
;'aﬁ)are necessary fonﬂ
”'ffiwnd1v1duals are too unpred1ctab1e in’ the1r-,

‘ffffallow suff1c1ent observat1on of 1nteract1ons before and}ff

W"Talteratton than those performed in 31m1lar expeP1m€ntS that:f7

e oo .~

tand Vogt 1935 Lew1s 1972) lupvd;1df1;]}f'}%g;;Fu;;g;**

;hiTﬁé? th1rd test of the hypothes1s 1nvolves wttdtfa

use.
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~fappearance ' more = thani" voca11zat1ons by 51multaneously ,

P subJecttng tra1ned b]PdS to 1mages and -vocal1zat1ons }andf“f

J"{:fnervous nature- of redpol]s than budgertgars. and must belv

"'fdes1gned to enable d1st1nct1on between plumage co]our and“ff

| fffﬁredpolls Th1s test could be accomp11shed by sub}]y a]terwng ;i
’Vufﬂithe colour of one member of a mated paxr and observ1ng the £
other b1rd_to 1ts altered mate Mated pa1rs f}
i h;t the;fexper1ment because other o

aSSOC1at1ons t %fi

'ﬂtafter colourat1on A test of thef'1nd1v1dual recogn1t1on5;f

:*7hYP0thests’,wou1d requ1re more ref1ned technlques of co]our‘}',?f

:have exam1ned cues used for sexual recogn1t1on d’ Noblefi



I SUNMARY and CONCLUSIONS 3
fwfih;gth”h study reported here I have tested Rohwer '8~
(1975) status s1gnall1ng hypothes1s that states that plumage'f

lf%y}?ivar1ab]]]ty' wh1ch {; related to the soc1al structure of

"vav1an spe01es ;1n w1nter has evolved 51gnal theh;'
CQ;“approx1mate status of 1nd1v1duals 1n dom1nance hleramchles

&'fe fl also tested an extens1on of Rohwer s hypothe51s that

. :l?lbrtghtly coJoured .jxnd1v1duals (those pred1cted to be
1°fﬂfdom1nant) should engoy h1gher reproduct1ve f1tness thanfpale

£ R
H;spec1es /

f'ﬁff(subordlnate) 1nd1v1duals Redpolls were chosen as
iﬁWlth wh1ch to test the hypothes1s because of thewr plumage

tzﬁfdmvar1ab1l1ty and tendency to assoc1ate in flocks

Contrary to the pred1ct1on I found that breast i
{fcolouratxon of male and female redpolls was not correlated |
b;i;iGWlth nest1ng success,; terrltory qual1ty or frequency of .
'Jlfe;mat1ng durlng the breedtng season In ordee to test Rohwer s
| iii?maJOP pred1ct1on that more brlghtly coloured 1nd1v1duals f{
’:ff:(those w1th redder breasts) should dom1nate“hpa? 'dvor'il

Q{; ..if‘_sr.

‘ri?;pwh1te breasted ones,t,l conducted exper1ments w1th}capt1ve

e D",\ o-’

¥

3}idfﬂb1rds in. W1nter and summer Indtviduals that were _ “
"afyl rt1f101ally reddened 1n these exper1ments d’d ”04 1ncrease ”
“ff;;1n domlnance status as Marler (1955b) reported for §lmllaP
)ihfffexper1ment5 w1th Chaff1nches,} or suffer persecut1on after

”"sjtftreatmenb- . Rohwer (1977) observed w1th art1f1c1ally

”,fbddblackened Harr1s ’ Sparrows Contrary the predlctvon,,.
"ftzféagon1st1c behav1our (descrtbed by the var1ables domfnance.ﬁtdl

-wt;j]success.5 v1ct1m1zat1on and; aggress1veness) ‘fA_,,not;_ :
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o correlated w1th breast colour of test b]rds lrepresented by
'ﬁsfdom1nant hue,. pur1ty or br1ghtness) regardless of season
t'fifmorph (common or hoary) or level of aggress1on Ne1ther was

”:f'the size: of the b1rds (descr1bed by\seven external body

.flw!measurements and 19 skeletal measurements), correlated w1thl
,'h the1r ‘agonistlc behav1our These results support numerous
igga'?fﬁweaker tests that prov1de ev1dence contradlct1ng the;
.'Ww;;v?generally held bel1ef that larger blrds domlnate smaller}

A’.

"-'fflones

Therefore based on my observat1ons and those reported}

ﬁfby others who have tested the status s1gnalllng hypothes1s,;

.}*tlzl conclude that colour 81gnals domlnance 1nsofar bothi

“"*k;fcolour e and o om1nance ,a% sex-‘?“and age-”related'~

y

"”*5€f;fcharacter1st1cs 1n many spec1es I agree Wlth the suggestlon;

that colour;;d

.....

 made by Balph et al. (1979‘

';gffdomlnance,;acts e1ther f}{freleaser or | cond1t1onalj
'\f"ﬂjre1nforcer However there 1s no ev1dence that breast colour{

‘?i[;acts as a releaser 1n redpolls

,_'E .

As an alternan1ve to Rohwer s hypothes1s,;_1 SuggestQt

'“?Q%fthat relat'ﬂe dom1nance 1n rede]] h1erarch1es ‘S determlned;;

::;i{fby ‘the gsse sment of the behav1our of 1nd1v1duals dfah;;
'"tfff*1ndlcat1on tOf thelP fxght1ng prowess F1ght1ng ab1l1ty ls
“uix5§the f1nal arblter where d1sputes occur '_ | ”f“ 1' | : '
| Return1ng to the central question of av1an colourat1on

';?g;uand more fspec1f1cally the colour var1ab1l1ty exh1b1ted by ;
"Qf;redpolls, 1 subm1t that var1ab1l1ty fac1l1tates 1nd1v1dual
tff;recognltlon - wh1ch 1mportant to 1nd1viduals because of



107

: \d aA."' R

}f.-the1r soc1a1 system 1nd1v1dua]s flock year- round (1nc1ud1ngh

i;}dur1ng the breed1ng season) pa1r format1on occurs' wh11el

itthey are 51n large w1nter f]ocks, the spec1es is. nomad1c,?

‘7ﬁfﬁvar1ab1

f}show1ng ne1ther w1nter or summer ph1lopatry, and they nest

vseml colon1a11y w1th no\\SIte related terr1tor1a] defense .

.'VThe, 1nd1v1dual recogn1t1on hypothes1s can account fbr'

4)\

-ity 1n v1sual or vocal nals, or the lack of themfi
T AN

'fjlln other carduellnes and p0551bly\passer1nes 1n general e
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; (‘-/:; : APPENDIX 1
_ L1st of" capt1ve b1rds that were in . experlments Collection
" number preceeded by MLD 1nd1cates ‘that = the ,1nd1v1dua1 was’ - -
_taken as a ‘specimen, Number preceeded by L indicates" ‘that
~ .the bird’ escaped Sex ‘of individuals s spec1f1ed by. M- for,g
" 'male, F for female and? for unknown .’ Breast ‘colour scorés -~
! were subJect1ve1y assigned. to birds on a scalée of 0 “for no.
red, to- 5. for  .an extens1ve and bright red breast.. BN and
o »tarsus refer to. b111 Tength . and . tarsometatarsus lengths
%,respect1vely An- asterisk .beside collection number -
. indicates. that the 1nd1v1dua1 was art1flc1a11y colqured - red, \f?
Tola cross ~indicates. an individual ‘was: artificially" coloured
~ green. The breast colour ' scores -of art1f1c1a]1y coloured
'~“»_b1rds refer to the1r pre colourat1on appearance g R

‘, .-....w_-__.._—,—'..----_‘—,-_-..ﬂ-_.'._-.._....-_-v_--.._--..-‘..-_--_..d..._-_-.._—-'_..'

Exper1ment Co]lect1on Rank Sex Breast BN Tarsus
‘Dates. {‘Ej;_,fi “Number o CoTour
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Exper1ment . Coliechon Rank Sex Breast BN Tarsus. -
Dates S Numbep - e ‘Colour Sl

--_-__—-..-__-—--——-—-.__.._.._.__...._-.——_'—_-—_——_-___----—---——-—_ .

9/4 -19/4/78 e L1285 M 3 7.3 15.8°
. MLD126° 3 M 3 7.4 5.2
\ MLD 144 3 M2 7.8 15.0 -
‘ L #1425+ 2 F 0 7.4 15.3
L1271 M- 1. 7.1 14,8
. . L 124 0  F 0 6.6 14.7
- 10/12-15/12/78 ~ MLD 264+ 5 M 1 7.2 14.%
L . MLD 262« & 4 M 0 6.8 = 15.1.
MLD 259 3 .M 1t 7.3 15.4°
MLD 263 2 M. 0 7.1 14.9
MLD 265 1. M 2 6.2 14.0
o , MLD 261 0 M 2 7.5 15,6
27/1 - 4/2/79 . MLD 270 . 5 LI Y A B T
o MLD 271 4 F 1 7.2 14.8
MLD 267 -.3.- M 2 7.6 14.1
MLD 268 - T4 M 2 7.5 15,2
MLD 269+ - -~ 1. M "3 8.2  14.1
~ MLD 286+ 1 - F 0 7.8 16.1.
: Sunmer _ . S S
,§§_ o 11/7 26/7/78 . MLD 209« 5. M 0 7.8
L” 92 4 M 4. 7.8
" MLD 210 3 F 0 6.7
- L. 80 2 M 2 6.9
. MLD 211+ -1 M .0 6.2
. — L 91 .0 F- 0 6.5 -
p
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APPENDIX 2

‘DeSCrlpt1on' of 'skeletal measurements taken -on redlelV’-\

S spec1mens (from Troy, pers» comm. ).

-.._-_...-........--___-_-_............,--__--___s_..--_........_'....-_'-'-_-_..'____..,_._..

Measurement S Descr1pt10n
fll'PremaX1lla] o length from poster1or end of. external
length o [nnares to t1p of premax1lla v _
7’2,‘Premax1lla ‘ ‘V]w1dth just anter1or to’ lateral .
o w1dth 3;14-'pr03ect1ons near: base of upper b1ll
;fGonys _l>f“,pf;med1al length of dentary symphys1s tﬂ!

;,Mand1ble wwdth max1mum w1dth of lower b1ll N ﬁgfffs
.-Coraco1d length'max1mum length o v

{?Furcula length max imum d1stance from furcular process
. . ‘to acromton process - o :

’Cy”(hnjb”'n>_

dl’7;sScabu1a Wtdthf ,w1dth of anterlor end from the gleno1d
T - to the process where -the scapula o

| ‘<artlculates Wlth the coracg1d

'“1;_8n.Humerus length max1mum length » S

. 9r-Ulna length ; fmaxjmum length

| -j'10,_Rad1us length h;maximum length

A"11.-Femur w1dth :i7smax1mum transverse dlstance from head to
ST - flattened, lateral surface of prox:mal
A end of femur - e

" 12. Tibiotarsus max1mum length .
7 emgth SRR |
. 13Q‘Tibictarsus, © maximum w1dth of dlstal end of t1b1o-.'hl”'“
. width* - tarsus where it art1culates w1th the R

-.1tarsometatarsus

14, Tarsometatarsus length from subterm1nal prOJect1on
length - at proximal end of tarsometatarsus to .
o -the trochlea for phalanx III o o

‘r15;‘Hallux length';.maxlmum length ofaphalanx_l =
‘ Mo p T

2



18,

‘Keel depth

’MeaSUremeht

;VSteanm length’

o127
Descrwpt1on

max1mum d1stance from anter1or end of
manubrial spine to centre of poster1or

",:eedge of stennum

Keel length. — m
o visternum. to anter1or (ventral) edge of
'Keel ' , }

Synsacrum width

medial d1stance from posterlor edge of

_3max1mum depth of Kee] 1nc}ud1ng 11p on’
j‘dorsal surface of.. sternum IR

X,

max1mum w1dth of synsacrum dorsal to thejf_{_
’foram1na where the femurs art1culate AT



