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U T e 'Abstra‘ct__ .
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Reasons for a blased sex ratlo ln |solated populatuons of wnld rmallards (Anas~
'platyrhynchos) wmtenng at a northern latltude (53 35‘N) were l'nvestngated As well -
. ,'dqmmance behavuour and effects of body reserves o?the well bemg of the mdlvrduaL and . .

; ‘ltS su uent reprod ik |ve per'ormance were examnned usmg a flocl('of captlve ybarllng ' :

PEE R

'malla_rd_s. A I I AL

. AR AN A .
Py ER Y . N

~ 0 - o
-

A sex. ratlo bras%d towards males exlsted at the onset of winter dunng both years of

study but durung one enwronmentalfy harsh vumter the proportnon of females in thev .

pOpuIatlon as well as the size of the Iatter contlnued to decllne over wunter Dafferentlal ,

dls@ersal at,the onset of wmter was probably the major factor 61[reatmg buased sex ratoosyn' ,
most 'northern wmtermg duck populatlons a b:as tha’:t appar ntly can b,e exacer,bateq?by
adverse.envlromental condltuons R \ oL SRR

o )> v a . Tl . .""1 : qf '
Among Captwe mallards. males domlnated females and parred b:rds dommated srngles .

DCmmance stetus of an mduvndual establnshed durmg early hfe was not related to :
3 dommance status as an adult of several correlates measured w»thm e;ch sex only hatch_
_date was related to dormnance status thtle overt aggressron was observed durmg the _‘
study Behav:oural rather than physncal cues probabl)/ medlated threugh hormone levels;
were used to establlsh dommance relatlonshlps The - Jevel of/ resource llmltatlon (food .
loaflng space) affected mteractloh rates, supportmg the ldea hat mteractrons ob;erved
among wnld "ducks repreSent competltlon for hmlted résources Domlnant mdlvzdualsf
vaulred preferred loafmg locatlons more often and palred earher than 5ubordmates' '
suggestmg there us an advantage to bemg dommant However; dommance status dld not"

mﬂuehce the level of Inpud reserves acqurred dunng competmon fﬁ Iumlted food resources o

* »

rorsuccessmpaurmg S

: d.pw,body welght an lndlcatch] of reduced body reserves, delayed mltuat\on of_'\‘
corurtshlp and pairing, .and decreased the number of permanent palr bonds fo’rmed .
However pamng date was not: correlated with laylng date. Low body welgf\t durln e

inter peruod had a greater mfluence on Iaymg date than low body welgﬁt durmg s%
tut neither affected clutch size. ThIS sugge\7ts that an mdwrdual arrlvmg on the breedmgl"

|+ p
grounds with Iow body reserves relatlve to others wrll have a lower reproductuve output
. that year \l v '

A O . : .
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LINTRODUCTION =~ *
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In the pastdo years much mformatron has be(“!pubhshed on the ecology and "

management of North Amencan waterfgwl (Anatldae) Desprte—t'ms volummous Titerature .
* .

th\e is stlll relatwely luttle known«about the ecology of waterfowl dunng the wmterrf

penod (Remecke 1981 Anderson and Batt 1983) Recent studles haave documentéd the

exrstence in wmter of a drfferentnal dlstrubutron of the sexes (Alexander" l:«983) domrnant-'

o subordmate relatlonshups (Paulus 1983) and mter—seasonal lnfluences ?n recrurtment rates

of ducks (Henfmeyer and Frednckson 1981) yet the mechamsms producmg each o‘(these -

: : _ .
phenorﬁena are not understood. - S )

- in many specles of waterfowl females mlgrate farther south than rﬁales (Lebret ‘

_ ‘, e LY
. phenomenon 1) drfferences betwe‘ér%the sexes l,g.body slze crea(te dlfferen es in the., ,
- P o .
‘abrllty to“iast and store body reserves (Calder 1974) such that Iarger males survrve better
A PTERCIRE P
‘ farther north than smaller females and 2) competmfn between the éexes occurs in ,whlch '

1950 Nrchols and Haramls 1980 ersson 1983) Two hypotheses are us?d to e?;lam this - -

.dommant males force subordmate females to move away (farther south) (Gauthreau! .

- 1978). As yet the re|evame of enther hypothesrs to waterfowl however has not, been ‘

: - 'ﬂ*" . Q . o L

- clarified. ., . - T L T R R
o . ‘« . . - . # : N St o

o > oo ‘J' I el

.~ Several authorshave observed'tha’t(some'individuals_ (males) arev‘dorninant to others . -

~
q

o (females) and suggest tha't subordinates 'incu'r the cost' of eic‘l’usion from crltical resources _
'(Hepp and Hair 1984 Alexander 1987) Yet the cnterla used to. ﬁecldg dommance status*

and the effects of exclusron on the mdrwdual are not well underswod n o
o~ ('L'.

Ty



Analysus of empmcal data gathered over many years showed that envnronm(e:utal .
o condmons on the wmtermg grounds were correlated wnth recru;tment rates the followrng -

: ‘year (Hentmeyer and Frednckson 1981 Kammlskn and Glueung 1987) lt is possrble that

..'delayed palrmg (Brodsky and Weatherhead 1985) and/or a reduttlon |n bocfy reserves :i

(Hextmeyer 1985) dunng the winter penod may be resppnsly-o‘for thts decrease ul N

: “"reproductrve Output but few stud:es have addressed thls questlon experrmentally
. Jn thrsthgsls l present the results of a study lnvestlgatrng changes insex ratio in'a
pop‘ulatxon o?rwrl allards (Anas platyrhynchos)‘,wmtermg on the North Saskatchewan

. . _) :
Rlver wuthnn the Clty of Edmonton Alberta A subsequent study examlned mechamsms of

v domlnance behavrour in mallards the consequences of thrs behavuour and how vanable

body reserves mfluenced mdnvuduals m a captlve flock of mallards ThlS specnes was
E selected because 1) a populatlon exlstmg at the northern edge of its winter range N

‘ (Bellrose 1976) was readrly accessrble 2)itis easlly raised and observed in captuvuty, and 3)

Dwm

-t IS one of the few specues fo; whnch a good body of publlshed llterature on nts wnnter'_ _ -

,ecologyexrts e

I present the results in three chapters The first (Chapter II) deals wuth the trmlng and~ |
causes of female drsappearance ina populatlon ofwuld mallards The second (Chapter III)-
' addresses the questrons is dommance behavrour prevalent in flocks of captwe mallards"'

how is it mamfested’ and does ® affect the well- l?emg of the mdwrdual? The thrrd i
_(Chapter IV) reports. on the relataonshlp between body reserves and courtshnp actlvrty,.‘

g .
v panrmg, and reproductron Chapter \" mteg?tes these results and dlSCUSSQS the |mportance
_pf dommance status and body reserves dunng the wmtq; period on ‘the welI being of the

EY

B mduv:duayl.. v

LlTERATURE‘ClTED.-. R S . ﬂ‘l

Alexander W.C. 1983, leferentlal dtstnbutlonsof wmtermg drvmg ducks (Aythyrm)ln
. : North Amenca ‘Am. Birds 37: 26-29 B
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in se/eral mlgratory blrd specles rnhabmng north temperate reglons females tend to "

'

" be distri uted farther south than males dunng the wmter penod This phenomenon has

- "been observed for puddle ducks (Anatu?) (Lebret 1950 Sugden et al 1974 N Isson 1983 ,

Perdeck and Clason 1983 Hepp and Haur 1984 Jorde et aI 1984), bay ducks (Aythynm).-'

[

N establrshment (Bell_roSe 1,976). Thus_ no selectrve,

in havlng_males‘vvinteras far_nonhispossibfe.. .

(Nrchols and Haramls 1980 Alexander 1983) sea ducks (Merglm) (Anderson and Tlmkln

1972 Sayler and Afton 1981) as well as ‘other blrd specres (ng et aI 1965 Ketterson and \:

Nolan§1976 Myers 1981 Doibeer 1982 Smlth and Nllsson 1987 ree hypotheses have

been proposed toaccount for th is grfference in migratory tendencg between’ the sexes
. K N . . * o -“ w ) . AN

The arnval tum% hypothesu states thnt nf mtrasexual selectlon confers a reproductnve

¢

advantage to mdnwduals (males) whrch arrive first on the breedmg grounds (e g for N

.

terntory establlshment and mate, acquns:tmn) then males should wmter as s close as possrble_

r

to the breedung grounds (Kettetson and Nolan 1976 Myers 1981) Among watefowl

however most specles palr before arnval on thé breedln _r.ounds and before termory '

rcrue to these species

vantage would
o Do : SR v '

1

-

.

N
reflected in body size (Calder 1974) allow the larger seqx"to winter in more northern and .
Ay ‘ N
ngorous clnmates (Ketter‘fon and Nolan 1976 Ketterson and ng 1977) Among ducks, o

-

‘)Accordmg to the "body-slze hypothesrs greater c\crld to‘*’rerance and fastmg abnluty,

: males tend to be largér than femalns (Bellfose 1976) and wil populatlons of waterfowl

that wmter in northern areas generally lose werght and are in thenr goorest physucal

a

condition duhng penods ot cold stress (Pnnce 1979 Reinecke et al. 1982 Whyte and Bolen

-

4
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1984) There lialso evidence suggestmg that females are more senslt;ve to cold (Srmth and :

.

R Prmee 1973 Bennet and Bolen 197‘8 Whyte and Bolen 1984) but sex speclfnc mortallty

dunng,harsh wmter weather has not been observed (Roseberry 1962 Boyd 1964 Bennet
‘ andBolen1978) o : '_ B R D ” ,

Fmally, the "dommance hypothesls states that mtersexual competntlon for llmlted

.t

resources Ieads the subord:nate sex to mrgrate be nd the wmter dustruButlon of. the
dommant sex (Gauthreaux 1978 Ketterson and Nolan 1979). In many duck specres males ‘

dommate femares (Nlchdls and Haramrs 1980 Hepp and Halr 1984 Hertmeyer 41985) and

competnthn between the sexes has been 1mpl|cated for yvhat are assumed to be hrnrted

. ;e_sources (Sayler and Afton 198 f aulus 1983, Hepp_,and H%rr~1_9_84, Alexander '1987).".

-

It is unclear however whlch of these hypothese‘s best explalns the proxlmate
mechamsm for dlfferentnal dlstnbutlon reported for the sexes durmg the wrnter penod f | '
competmon for Iumlted resources were the ajor cause ofxduspersal one would predlct _
that ferpales should dlsperse from a Iocal pop |atnon at the onset of the hmntatnon of the

: resourc,es (i.e. 'the begmmng of wmter) By contrast one would preduct a gradual change

in the sex ratlo to otcur throughout the wrnter penod if selectlve mortahty were .

‘ responsrble T‘hése pre |c'uons can be compared wutllobserved changes recorded in the sex :

]
, ratro of populatrons of ucks wmtermg atthe northern edge.ol thelr wmter range

.
¢

ﬂte mallard (Anas platyrhynchos) is a holarctrc specues that winters farther nonh than
\ = o
any other puddle duck (Bellrose 1976) and exhrb;ts asex ratro heavnly biased towards maleg .
‘ ln northern parts of its wmter range (Sugden et aI 1974 lor‘de et al 1984) The object of’

thls study was to document the chronology and rate of female drsappearance in.an |solated

4 \.

poQulatron of mallards wmtermg north of thelr normal wmter range (Bellrose 1976)



STUDYAREAANDMETHODS .~ .~ "~ . L L

The populatlon studned wmters on the North Saskatchewan Rlver wnthln the Clty of

Edmonton Atberta (53 45" N 114’ 30 W) Effluent from a sewage treatment facnllty o

‘

(major food source) and an electncal power generatmg station mamtalns approxumately 2-
v I ‘
4 krn of opeq wafer (20 75,m wrde) dunng the wmter peruod (November to. March) Waste

73
grain in surroundmg agncultural fnelds is used by the mallards as a food source dunng /

v o : - e T
, penodsofmimmalsnowcover L ‘. v o

Y

-

The ducks were counted on a'WeekIy basns (weather parmlttlng) durlng the winters of
3
1984- 85 and 1985 86 From observatlon points overlookmg major’ roost sites: + used a

Bushnell spottmg scope (15X40) to count lnms in the populatlon and determme thenr
. Sex. Each recorded count aud sex ratuo was treated asan mdmdual data ponnt Those days . |

,_‘.on whnch <. 100 md:vuduals were counted (1984/85 5, 1985/86 2) were omrttedﬂfrom the

analysns to reduce the mcldenace of potentnally maccurate estnmates of proportnons (Sbkal -
and Rohlf‘1 981) The data sets were subjected to Imear regresslon analyses using the BMDP
.computer package (Dlxon et al. 1983) Proportlons were arcsine transformed SImpIe G- :"T
‘ tests and G tests of lndependence thh Wllham s correctron ‘and t»tests were used

. T~ ’ cw

accordmg to Sokal and Rohlf (1981) Weather mformatlon was obtamed from the_,._‘

Atmosphenc Envnronment Servnce Edylronment Canada, at the Edmonton Mumcnpal

Alrport Be&use the nearest major wmtenng populatnon is 300 km south Il assurﬁed that

a

no nmm:gratuomntp my study populatnon occurred after freeze up (mad to Iate November)
" RESULTS - N | |
.The wmter of .1984- 85 was colder on average had mgre’ days below -20° C and had

Ly P

, greater snow depth than 1985 86 (Table II 1) An exceptlon to thts generahzatlon ‘was the

-

- -

month of NoTe’rﬂw\whlch was, warmer ,m 19‘84 than- 1985 (8 5° C+4 7 vs -

]

o
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32, 9C+ 10. 0 t 2. 171 df 29P < 005) For thrs reason freeze ub of the nver was. later in_. .

1984 (between November 20 25) thanin 1985(November 15 20) . - ‘ '

e . : . L .
s -

.Populatlon counts were vanable ln both years (Fugs ll 1 and ‘- 2) ‘but general trends

w‘Q
were apparent ln 1984 85 there was a srgmfrrant (P < 001) and relatlvely constant g

\

declm from early December (~ 500 brrds) to m1d March (~ 350 brrds) Dunng’ 1985 86 a

drffe ent’ trend was apparent Havlnwemoved from the analysrs the data pornts recorded

© e

before ahd dunng freeze-up of the nver (Novt- Nov20 1985), when changes in populatlon '
¢ S .

ki -~

slz%brob,ably reflected the movement of mrgratmg flocks through the area, | determmed'

that the declme in numbers of mallards observed between early December and mid- March

" was not slgnrfrcant (P > 0. 50) and that the populatlon remained at around 420 mdwlduals .

- S 3 S .\N

The proportron of females in the populatlon declined srgnlflcantly during and just after
‘ freeze up in both years of the study (Flgs ll 3 and Il- 4) In 1984/85 the observed
proportron went from 50 to 37% (G- test P <0. 005) wrthm a 11 day penod (Nov 27 Dec

"

B m 1(/86 it dropped from 56 t(37% (Lrnear regressron P< 0 01) in 32 days (Nov ‘l-

Dec. 2). in each -year the proportnon of females in the populatuon in early December
“the same (P > 0. 10) but trends observed for the remarnder of the wnnter were not srmrl r .
-.In 198485 the proportron of females declmed slgnrfrcantly between mrd December and l
/March from 37 to 32% P< 0. 01) whereas in 1985 86 the proportron remamed stable atA .

'3nsf>osm

e

| Ducu590~ P T
| . L

It appears that, drfferentral movement of the two-sexes wrth relatwely more females

. than males emugratmg at the onset of wmter was the marn reason for a skewed sex ratio rn o
these Populatlons of mallards In both winters an initial rapnd declme was’ observed rn the o '

: proportron of females. Drspe\sal rn response to the onset of adverse weather condrtrons

has been observed in several duck species (Bennet and Bolen 1978, Sayler_and Afton 1981,
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ersson 1983, Hentmeyer 1985) Bellrose and Crampton ( 1970) suggested that the wnnter

‘ dlstn.butron patterns of ducks (| e. populatlon srze sex and age ratros) were: influenced: by

_'weather factors such as temp@rature rce and snow condmons Nulsson (1983 1984)
Ed

: Perdeck and Classon (1983), and Nnchols et al. (1983_) found that reglonal and yearly
dlstnbutlon _jpatterns of ducks were related to the seventy of clrmatrc condmons on the '
wmterlng grounds Evrdence from this study and others supports the suggestlon made by"

Ketterson and Nolan (1979) that the sex ratlo in wmtermg .populatlons is establtshed via
_ ' "N
‘ dnfferentlal emrgratlon before sex speclfrc mortallty can unfluence the populatlon .

com posmon but the reason for dnfferentnal emugratnon is unclear

.- R T : L ) . .

' The onse‘ of the wmt‘er pgnod in north temperate regnons is often charactenzed by

raprdly fallmg tem.peratures and a sudden declnne in avallable food (Fretwell 1972) Thjs ‘

-grarn) and aquattc promotmg mtraspecrflc competmon (Gauthreaux 1978)\rﬂ 2) fallmg '

~

temperatures whlch mcrease energy demands (Calder 1974). Dnspersal to Iessstressful"
g , ,

. . environments assu‘med to exnstrfarther south would bea mea'_ns of escapin_g‘both probl_ems.

-

: lnteractlons between dommant males and subordmate females for food and Ioafmg

-

" " areas have been documented for several d'uck specne.s (Nlchols and Haramt/l980 Paulus
1983 Hepp and Hair 1984, Heltmeyer 1985 Alexander 1987), and it has been suggested-' '
‘ that thls competltlon may force females to dlsperse to more southern areas (Sayler and 8
_Afton 1981,. Alexander 1983 1987 Hepp and Hasr 1984) Nrchols et al (19 2) suggested ’
s thata threshold prornptmg thrs dispersal is reached at 0' [€ (u e.ice cover versus no rce) Also :
' gopulatuons that have ready access to artrfaclal food sources show littie tendency to‘ ‘.-
. dlsperse (Sugden et al 1974 Nllsson 1976) Thls suggests that competntlon for food and/or

-

| spaCe rather than thermoregulatory costs, causes drfferentral emrgratlon in mallards

C e - . N
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. contrast to the rapld decllne observed in both years-at the onset of wnnter the

- - N

: "proportuon of females in the populatlon (as dld populatlon suze) declmed slowly in 1984 85

but not in 1985 86. Smce mldwmter dlspersal is unllkely in thns populatnorr (nearest ma;or
—.wmtenng populatlon is.300 km' south) the decllne was probably due to mortallty Dunng ‘
- 1984 85 there Were three potenual sources of mortaluty for thlS populatlon shootmg to
control crop depredatron foulmg of plumage. by waste orls &usmg loss of .‘v
thermoregulatory ablllty, and death through starvatlon and/or exposure to extreme cold .

A combtnatgon of all three pr_qbably reduced the overall populataon size, but only the last
. = . g .
. mortallty facto; was hkely to be sex. blased in thrs local popula%n affectmg females more -
than males N B o 3 R o , P

Mortallty attnbuted to severe weather has been reported in several populatlons of

wmt-ermg dutks (Roseberry 1962, Boy®41964 Nelson 1978) Sugden et al §1974) who
studled a wunter@ng populatlon of m%rds in southern Alberta noted a low. but '

' continuom‘rffortallty Fte throughout the winter, appagntly through starvatlon Durmg :

periods of extreme cold waterfowl appear to be stressed and mo\dufy their behav:our to:- .
¢
reduce heat loss (Brodsky and Weatherhead 1984 .lorde et aI 1984) In this study, such

~

behavnour . e contnnuous restlng, huddhng) were observed and several deEd emaciated”

-

birds (4 females 3 males) wete found durlng penods of extreme cold in 1984-85 The
. winter peruod of 1984 85 was more severe than 1985 86 with low" temperatures bemg _

reached on numerous OCCBSIODS (Table ll 1).: lndlrect evndence (a contmual decline in the-

proportlon of females in the: populatuon) suggests tﬁ’at females were probably suffenng

v

' hlgher mortaluty rates than males

RPN [ - o ‘ _ . e

< .

i the harsher winter ot 1984-85 caused the apparent differential mortality of females,
the physlologlcal Inmltatlon hypothesns proposed by Ketterson and Nolan (1976)

L supported Females of several waterfowl specues may be more sensntlve to extreme cold. '

"



and ’Pn%ke 1973,\ Ketterson and Klng 1977 Bennet and Bolen 197@

Ry i o .
te an Bolerl 1984)‘buf there ls»m? qmect evtdence supportm‘g sex specnflc mortallty' s

”.ldy ' hysrologlcal lrmltatlons in waterfowl Ah alternAtive explanatlon would be o

< “that orta‘lty, via welght loss, was due to exclusldn from limite resomces (Nnchols and
; e
ﬁaramls 1980 Alexander 1983) Thus the mechanlsm mducmg female mortallty remalns o
- \ Ry e N
>unc|ear

r

g

\ -

$

"@vudence f'ro %e:e wmter observatlons suggested that drfferentral emlgratlon of
wmter was the pnmary mechamsm producmg a skewed sex ratlo in

, females at the onse

qulatlons of mallards wmtermgaat the Iatltude of Edmon’pn which supports the

‘,9'

domrnance hypothesrs As Ketterson and Nolan (1979) suggested thls may be the most

' ~

lmportant cause. of dlfferentla

wintering bll’dS. Ovenwmter-nlo

tiop patterns of the sexes in several specles of

'

iy, therefore ma \ﬁ be a secondary mechamsm that ‘
. |owerqlll further the prOportlon offjemales ina pqpulatlon that IS subjected to an’

extremely severe winter climate. lt is unlakely that this mechamsm Operates on waterfowl

wnntenng in more southerly areas where they aré not sub]ected to such a ngorous clnmate

 asthat experlenced by these populatlons ' 5 R o X
: . ’ hee ’ 4 L v'. .

< The "dommance hypothesls suggests that dlspersal (in thls study emlgratlon) us

-

caused by mtersexual competltlon for llmlted resources (Gauthreaux 1978 Ketterson and
Nolan 1979).. It ls’unclearwhether emlgratton o{ females at the onset of wmter is caused by.
direct. competmon between mdlwduals or is merely 4 mamfestatlon of the general
tendency in birds for females to dlsperse in greater Rumbers and over longer ds,stances
than males Whatever the cause, the result‘appears to be an evolutlonary adaptatnon to

r

\ o
avoid mortallty caus'ed by thermoregulatory costs and/or competmon fdr resources later in *

o ( s 6 . W

_thewmter S ' e .
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OMINANCE BEHAVIOUR ARID ITS CONSEQUENCES IN CAPTIVE MALLARDS
mTRobucnoN

Competrtlon for a hmrted resource Wthh is crmcal erther for survwal or reprod‘Uctwe
) .k N ‘ . .
Guccfess is an rmportant mechamsm of natural selection, as |t can lead to the excl{xsrpn of

- -

one of the competmg mdrvrdua‘ls from that resource (Lack 1968) Therefore any

-

charactenstnc that i rmproves competmve abrlrty should be favoured by natural selectron In

. passermes dommance status ds often assocrated with supeno‘r survnval and reproductwe |
success (Fretwell 1969 Klkkawa }980 Arcese and Smith 1985) and that may also be true of N

waterfowl (Scott 1980a, Hepp 1984, Hertmeyer 1985 Te.unrssen et al 1985 Lamprechet |

1986, Alexander 1987) For example the, "domrnance hypothesns whrch is based on a .

tdommant subordmate relatlonshrp among competrng mdlvxduals (Gauthreaux 1978) has

been used by several authors to explam dlfferentral drstrrbutron patterns of the sexes in
ducks durmg the wrnter perlogi (Nrchols and Haramls 1980 Sayler and Afton 1981 /,Pp

and Harr 1984); 5ubord|nate females are forced to- mrgrate faqher south than dommant

& . S et -

‘ males S : : B PTARSE R R S
. i f B S, . o T e T . - L R S

Domrnance status may affect an mdwrdual in several ways |ts spatral posutron wntl’r

a :folk (Sww/gland" 1977 Nlchols ahd Haramls 1980 Weatherhead and Hoysak 1984) |ts
succes/ 5'in mate acqursutron (Korschgeo and Frednckson 1975 Scott 1980b Searcy 1979b
4

Wishart 1983) and/or its level of body reserves (Fretwell 1969 .Patterson 1977 Heutmeyer

1985) pre;umably through pnon?y? access to food (Paulus«lsg; Del.aet 1985) - i _

' v

o Many studres haye exammed domrnance status ‘in relatron to mdmdual

charactenstrcs ln waterfowl status has been correlated wrth age (Alexander 1987) Sex .

FE LI

(Ravelmg 1970) srze (Scott 1980b) werght (Patterson 1977) plumage (Trtman and Lowther

197‘5) and pamng status (Hepp and Hanr 1984) There are also mdlcatlons m other brrd ’.

LT _*'if e t.\



o, ‘I_"/. . B . o : . . 4 ‘ ‘. ,‘
\‘ - L . < . S : .
specres that domlnance may be under genetrc control and/or is learned from expenence as .

.

.a famrly member (Boag 1982 Moss et al 1982 Arcese and Smith 1985) N

A O o C LN

. - - . '/‘ L - N v
The evrdence suggests that a dommant-subordmate relatlonshlp exists in many brrds

v

and that there 15 some advantage to belng domrnant But dommance has relevance only
when it can provide access to crmcal resources whrch are limited m abundance or

N e
accessrbrllty (Kaufmann 1983) ,_Jn these srtuatlons a subordlnate mcurs the cost of

exclusnon Thrs concept Ls a crrtlcal assumptlon inherent to many behawoural studies of

' waterfowl whrch document rnteractrons (and thereforel competltron) between domrnant :

and subordlnate mdrvrduals (Hepp a&\d Harr 1984 Paulus 1983, Alexaﬁder 1983 1987, ¢

-_ -«

Heltmeyer 1985) But if crmcal resources are not limited, rnteractlons between mdrvrduals

: . R
havelrttle meamng because exclusron cannot occur yoooT m G

"v

In thls study l exammed the dommant-subordnnate reIatlon among mdrvrduals in al. .
flock of captive mallards (Anas platyrhynchos) dunng the yvrnter penod 1 tested the critical
ass'umptlon that behavnoural rnteractrons over a specrfrc resource (food Ioafmg space, .
dabblrng space) were an mducatnon that the reso\urce was llmrtedi‘ | also explored se\:eral |
charactenstrcs of the ducks that potentrally could mfluence therr domlnance status These :
mcluded size, welght sex, pamng status, hatch date and expenence obtarned as a snblmg |
Fmally, 1 assessed the effects of domrnance status on an mdrvndual s abrlrty to acqutre'

access to a hmated resource (Ioafung space mates) ‘and oniits llprd reserves/\ !
. ST : I s »
STUDY AREA AND M.E'THODS; Lo o R
» The study was conducted from May 1985 to March 1986 at the Brooks Wuldlnfe
Centre located near Brooks (50’ 35 N 111 54’ W) Alberta The facrlmes used at the center

_were: deslgned specnfrcally for waterfowl malntenance and productlon and consisted of a

e



v N

senes of enclosed pens separated from one another and coverefwrtb wrre mesh Thrs'
. . z
study can be drvrded into three drstmct sectlons each wnth its own methods '

-

e Surnmer__"' R o oV e PUEDAT O

Eggs from nests of Witd’ mallards were collected near Brooks between May and June,

1985 and incubated, at the centre. When dry, the sex of newly hatched ducklmgs was '.

determlned theywere web -tagged, and placed wrth srblmgs m an observatlon pen whlgh‘
)

measured 1. 2 m2 Each group of srblmgs was: vnsually rsolated from one another prowded :

wrth a heat lamp, water and commerclal waterfowl starter ratron ad lib,” and mamtalned :

SR

under a natural photopenod for a 3 week peruod At 4 days of age each ducklmg was

. -

' mdnvndually marked wrth an adjustable vinyl neck coll}/ at. whnch tlme darly observatlons o
' were begun to establlsh the nature of domrnance relatlonshlps wrthnr] each brood -

Aggressrve mteractrons defrned as a peck or blte were recorded and the. number of v\nnsl,_

total number of’rnteractlons wrthrn each sex was used to establrsh the status of the

4

_ mdlvrdual (brtes dlrected at. the neck collar or web tag were rgnored) l,assumed that the :
dommance relatronshrps in the brood at’ 3 weeks of age remalned stable for the duratron
" of the study (Balph 1979 Gregorre pers comm) Aft'er 3 weeks observatrons were
termmated‘thelneck collars removed ahd the broods placed in Iarger outdoor pens A26 |

- m2 pond shelter and commeraal duck gréwer (switched to marntenance ratron at6 weeks 5

-' of age) was provrded ad Irb lndr{:d'ual broods were physrcally but not vrsually lsolated

Just before fledgmg, prrmarres on the Ieft wmg were cllpped to prevent flrght
winter(outdppr) LA

v

“In early October 1985 each mallard was grve?a numbered leg band and'a codedv,‘ '
\anyl nasal saddle (Sugden and Poston 1968) On Oc{bber 15 (and at. '2-week mtervals
thereafter) blrds were werghed to the nearest 25 g usmg a.2kg Pesola sprmg scale Onv'

Qgtober 15 18 males and 18 females, randomly selected (from the entrre flock (196 brrds), '

)



. . : . , p
were placed ullto one of four pens ThIS procedure was repeated three more trmes to glve

36 mallards in each of four pens for a total of 144 blrds On December 17 6 females were

randomly selected from each pen and then removed to bnng the total in each pen to 30

'bnrds to slmulate the skewed sex ratro typlcal of thls specres (Bellrose 1976)

hd [N

* Each pen was 150- m2, contasned a0 m2 section of pond a 6 m2 loaflng platform '

‘covered n straw and was vusually lsolated from other such pens Water was kept ice free

wrth a_200 watt stock pond heater and occasronal removal of i lce Ponds were dralned

s

cleared and refllled every 5 days Commercnal duck mamtenance ratronand hard wheat in-

~

' 3
,-a ratlo of‘ e 3 were provrded ad lrb usmg three gravity flow s(elf feeders each with an

aperture measunng 10 cmiin dlameter -Daily’ food consumptron was measured by volume

" to'the nearest 100 ml.
S S|
On, November 23, the amount of food" avallable in two of the four pens ‘was reduced

R ) create restncted dnet treatment and thereby reduce the level of endogenous reserves of
Sy J

" the treated blrds below those of brrds glven an ad lib diet. This mvolved removrng two of

the three feeders and reducung food avallable to 70% of the average dally consumptlon

1
LS

' ‘measured in the two remammg ad lib treatment pens Thrs amoun.t was further reduced to "

60% on December 19 and then to 50% on March 18 Pens 1 and 4, chosen l;andomly,
\ . , .
recelved tl)e restncted dnet whereas ){ 2and3 remarned on the ad Irb dfet ‘Ducks we‘ﬁ

fed 1 hour before regular observatnon pernods The area of the Ioa,flng platforms in Pens 1

B ‘...

and’ 4 were also lrmlted by reducmg the surface area of straw on; each platform by 25%

Ducks, used only the straw covered area of each platform

1) o . ' ’ ! . 7 ) ‘ » » ) - ’l.
Be@’nnmg on November 8 dally behavuoural observatuons were’ made from an

"elevated blind whrch previded a. complete view of two pens. Durmg a flxed 2- hour

sampling period (10 00-12: 00 or 13 00~15 00) flve 10-mmute observatlon sessrons were

3
1)

e BRI
alternated between each of two pens (one treatment and one control) MOrmn_g and



‘e
-~ — c.'_; A—_.__\a._,._w,’__”. = - .—h._'

' afternoonfampllng perlods were altergted for each pen to avoid blas From January 22

“to March 21 theobservatlon tlme was doubled by usmgtwo observers

K s : .
. . ~ | R . . cos R
. . a : g . . i o T s .
© “ N
A\

-+
1 v\ﬁurmg each 10 mmute sesslon several data were recorded AgOﬂlStl( mteractrons »

£z
.Y were noted For each mteractlon m whrch a clear winner and loser could be ndentnfued the

|mt|ator wmner loseb and actnylty of the non- mmator were noted To monntor use of

4
loafing areas each platform was dwlded mto 16 blocks of equal size. When an :dent frable

- 'mdlvndual used the platform |ts ldentlty, posmon and the number of mdwrduals on the

S

' platform at that tlme were recorded Male courtshlp actw:ty was quantlfled by recordmg

|
number of dlsplays exhlbnted by each male dunng\the observatlon session. Three dlsplays

°

were used to mdlcate courtshlp the grunt-whlstle" "ta|I~up, hegd up” and thef"down- )

up” dusplay (Johnsgard 1960) Because some dlsplays were mlssed dunng perlods of

' v mtense actmty the data represent mnnumum numbers of dusplays expressed by any given
"-v.dual Pamng was no;ed mdlvnduals wefe consndered paured ifa female showed\

consnstent preference for one male via lncltlng behavrour (Johnsgard 1960), and the

s ‘male showed no aggressweness towards that female for a; least a 6- day perlod Thiis

L3

stnngent requurement prevented nncorrect udentuflcatlon of ephemeral llalsons as pamngs
Permanent palrs were defmed as those pa‘rs which’ dld not ak up durmg the course /qf
- the study, temporary pairs bemg deflned as those that did after b'einvg' recorded as paired,

- Winter(ingoor) ~~© « A R
. oy L : ;
1n October 1985 20 mdmduwals (10 males, 10 femalos) Were selected randomly from

-

the remnant of the summer flock and placed ,Z one of two mdoor pens The'selectlon,.

¢ process was. then repeated for the second pen. Each pen was malntarned at room

N4
temperature under natural photopenod and was 50 m2 with 2 } 5 m2 pond." Ducks in one

pen were provnded wuth commerclal duck malntenance ratlon ad lib usmd two gravrty flow "

-

self feeders Food consumptlon by d?ks in thls control Ren was monr’tored ona darly basxs



N

to the pearest 50 mi*and the ducks in the restricted diet treatmerft pen were given:SO% of

. amount consumed by the cdntro’l group. Pens were cIeaned once every 2 days. After'a 7-
L

_week period, feedmg was termunated and after 12 hours the blrds on the restncted diet .

" were kllled tagged and frozen Darmg the study, few courtshrp dlsplays and no palred

birds were observed in the restncted dret treatment pen:

.. . 3 (

annd extractlon was conducted on whole. carcasses (prrmarles removed)
homogemzed twice through a meat gnnder witha Smm sieve plate Lrprd content of each

mdrvrdual was based ‘on three rephcate dned samples (2 3 g) taken from each carcass and

-determlned by a3- hour Soxhlet extractron usnng petrolegm ether Maxlmum dlfferences
: between repllcates was < 4% Percent |Ipld content sz obtamed by dlvrdlng the Irprd
content werght by the dned sample werght ‘ _. R _ L e .

D‘ata-‘analy_sis S e |

- ; ) r ) /

" To examine the influence of resource Irmltatlon on |nteract|on rate the numbers of
interactions over food Ioaflng space and dabblmg space in each pen were tabulated for ‘

two sample sessrons The fnrst session mcluded 10 observatron penods (November 8-’-‘ '
o : yt
_November 22) in whrch all pens ?ecelved |dent|cal non restrlcted treatments The second

penod contamed 14 observatlon perlods (November 23 - December 18) durmg wt}lch two
pens (Pens 1-and 4) recewed reduced amounts of food and Ioaflng space (restncted
treatment) and two pens Q’ens 2 and 3) recewed amounts slmuar to the frrst sample sessuon

(control). These data sets were compared uslng a G test for heterogeneuty - . :' ) '(-,_:ﬂ

\ ) \ - . ¢ °
Dommance sta{: of an unparred mdrvrdual was estrmated by dlvudtng the number ¢
. . A N ° DV-
' of wins by the total number of i mteracttons recorded for that 1ndwudua| mvolvmg ,that sex ’

: ~

A win is defmed as any interaction ir whvch the mduvndual is deferred to Because*

. ] ] TS ¢ 2 :

mteractmns drd not occurtat random the number occurrmg between the sexes berng mucb N
\ ¥ - L3 . ‘

less then.expected (Table l]l-1), the sexes were considered se_parately when _c&lcula‘tinﬁ,;; :

Y . o s
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‘ -dommance status. lnteractlons used m this analysrs were denved from regular observatron

T * ,__./-v

periodsylbs any rnte@ctrons observed outsrde these penods The accuracy of thrs estnmate

'depends on the number of observatuons gatherid per blrd (Arcese gﬁ'd Ludwng 1986)

: therefore when calculatmg c@n statlstucs each parr of values (X, X) was welghted
by multlplymg it by the number of observatuons the domunancel estlmate was based upon
4§ .

‘ Only those(dommance estlmates based on - 5 observatlons were used.

\

r all other

~

anaiyses. -

Loy

To examrne characterrstlcs’that may have mfluenced dogunance status simple G-tests '

. were performed on. the number of wiris for each categoncal group (e g male Vs’ female) A
. - e
G-test of mdependence was used to examme the relatlonshlp between domrnancé status
v
achleved as an mduvrdual in a brood to stftus actueved as an adult For thrs analysns

[

‘dommants are defmed as those blrds winning greater or equal tQ. the median proportlon

of wins for that sex. Spearman s coefflcrent of rank correfatron was. used o test for

o v,

slgmfncant relatlonshlps between contmuous vanables it waygpected a priori that
'heavner Iarggr and earlrer hatched mdrvrduals would be domman' hence one-tarled '

s,

,probabrlltles were used.
, , ) |
Preferéntial use of speclflc areas on the platform (edge vs non- e;lge) by specrflc
categoncal groups (eg parred n\ales) was examlned usnng a sumple G-test Edge was
:defrned as that portlon of the platform (4 of 16 blocks) Iocated adjacent to the pond The
' remamder of the’ straw covered platform was termed non edge. To ensure these*data
A\

reflected srtuatrons when competltlon exls,ted for loaf;ng space data were) used in the

ralysrs only when 2 8 mdrvrd Jals were on tl?é platform

) \/’.
To reduce the mfluence of vanable Ievels of endogenous reseryes c. used by the dlet -

_regrme only the cohtrol pens (2 and 3) were used m the analysis of cou

Courtship was quantlfred by recordmg the number of dlsplays expressed by the mdrvrdual _
- N



: and dwldmg them by the tbtal number of observatron penods in which the bird dxsplayed i
Spearman s coefflcnent of rank correlatlon was.used to test for‘ sngmflcant relatnonshvps_

between statu}ofamgle males and courtshnp amount initial date of courtsh‘p and pamng
d
date The mfluence of dommance on the permanence of _pair bonds and the number of

L
permanent palr bonds of dommant and Subordmate mdwnduals was exammed by usmg e

“G-test for mdeprendence The relatlonshlp between percent lipid content and sex was

tested using ANCOVA) Llpud v ominance data were ar_c'sme transf_ormed._priorto-

,‘analysls.,. ~ |

All statlstlcal tests follow Sokal and Rohlf (1981) Spearman 5 rank correlatlon and' '
srmple lmear regressuon analysls and. most ANOVAS were done usmg BMDP computer

package (anon et al. 1983) Nested ANOVA was done usmg the SAS computer package -
A

(SAS lnstltute Inc 1985) :W|llaam 'S correctian factor was used for all G values {Sokal and

-

Rohlf1981) I .-
RESULTS ~ . .~ f
- Criteriafordominance ~ ~,

o
* ’

The sex and pamng status of the mdwudual affected its dommance status (Table tH-

2) Under control condmons (Pens 2 and 3), when males both palred and smgle mteracted

-

it slngle females the males won sngn?cantly more rnteractlons Paured males also

- palred females But smgle males were not domlnant to palred females (Table‘

- 2) Thus, rgmng elevated the dommance status of females from subordmate to one of

elagge equallty ith smgle males Comparrsons wnthln a glven sQ( (Table lll 3) showe\that

p?r/ed males dom slngle males. FurthermOre the degree of pormanencyof the psa\ur'_

bond did not mfluence the domlnance status of males, permanently patred males dld not )

A

‘win srgmflcantly more interactions than temp&anly p/aured males durmg altercatlons'
®
"between these two groups _(Table -3). The resuits for paired _fe_males‘yersus slngle females

’
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ca

j were mconcluslv/eprobably because of the low number of encounters observed (Table IIl- o
3) Thus among mallards under control condrtlons males dqmrnate females and palred :

brrds domlnate smgle burds wlth the possrble exceptlon of females _
r e

. Ea l c B i . . . S :

v - .
_ The relatlonshrps are less clear-cut when resources were llmlted (Pens 1 and\i't)L R

Between sex compansons (Table Ill 2) show that durrng agonrstrc encounters both parred.-'

L 3

‘ and smgle males domrnated smgle females although not all drfferences were slgmflcant
/ . .
: However parred males won slgnrfrcantly more of the mteractfons durmg encounters wrth o

v jpalred females In contrast srngle males dommated panred 'females in one pen but not the

' other (Table - 2) Compansons wnthln a sex reveal that palred males dld not domlnate o

: srngfe males (Table lll—l) The smal- r'umber of,;observed mteractlons between parred and

single’ females led to mconcluswe results ln the experrmental pens males tended to

' '.dommate females but parred brrds dld not dommate srngle burds at(least among males ,

Over the entlre study perrod a total of 624 (Pen 1) 627 (Pen 2) 638 (Pen 3) and 552

(Pen 4 aggresslve mteractlons mvolvung smgle brrds was observed There Were no

~

consrstently s:gnlflcant relatlonshrps between phenotyplc characterlstlcs (body wenght

. 'wrng chord tarsus and culmen length) and domlnance status of srngle blrds wrthm either

’

- sex in erther the control or experrmental groups (Table lll 4) By contrast sngnrfrcantly '
»

' 'negatuve relatuonshrps between hatch date and domlnance status were observed in -

i females (Table Ill 4) suggesgng that th@later a female hatched the lower its, domrnance

. status No relatuonshrp, however was observed between the domnnance status (proportlon
' BRI PO v
) of wlns) Lf an mduvrdual within a brood and that shown as an adult for. elther males or’
v \-) . s . R : L
females (Table Ill‘S’). ‘ u T

. Frequency of interactions
.

v

The- number of agonrstrc lnteractrons occurrlng w:thm any qrven 4-day penod vaned o

.

over trme in aIl four pens (Frg lll 1) More mteractuons occurred in the expenm%\tal group :

Y
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than the control group prlor to m:d January, but the reverse occurred after thls time. 3

v

However statlsthal analyses of the data for these two perlods (Table 11-6) shows that these

dlfferences approached but dld not reach sngn flcance in both cases ) ‘.
.. _ Because of vanatlon in the number of mteract:ons for loaflng space over tlme (e g
Fag - ﬁ\and the absence of interaction data fo? food after December 19 (‘food was
consumed before behavaoural observatlons commenced) analysg? of loafmg and feedlng. :
N '
data was confmed to the flrst part of the study period. For the data recorded from"

_ November 8to 3ecember 18 (start of red@cﬁ@source abundance occurred on Nov 23)-

: drstmct trends are apparent IJOf the 436 aggresswe interactions tabulated for all four pens
the majorlty‘ mvolved three actlvmes access to 1) space on loafmg platforms (47 8%), 2)
dabbhng space on. water (32 8%) and 3) space at the feeders (16 7%). The number of;
mteractnons lnvolvmg these specuflc actlvltles was markedly influenced by resource
abundance (Flg Ill 2) Before food and space were reduced the number of mteractlons
recorded in all pens was low Thereafter the number of mteractlons rose more in the
~expenmental pens where the- bll’ds were subjected to reduced amounts of food and
avallablluty ‘of Ioaflng space, than in the control ppNS | where numbers of mteractnon,s' _'

. remamed rdatovely stable (Flg Il-2a- b) A statlstlcal analysis of the food and loafing data
showed that slgmfucant heterogenelty exlsted between the four pens whuch was

. attnbutable fo ddferences between the expemrfeht?l and control groups (Table lll 2)
ccontrast to the results for feedmg and Ioafmg the number of agomstlc mteractrons dunng -1
dabblmg actuvmes (an - 2c) showed no slgmfncant change (Table - 7). Smce‘ the water‘

_ space prowded by each pond ‘was hmnted (mmlmum area for each duck 0 27m2) but'

constant it lsrnot"unreasonable that interaction Tates should have remsned relatlvely

constant
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a 'Feedijng e Experimengalv.

Nov = Starttreatment Dec

\

Numberdfaéonis’ticinteradidﬁs recorded aerpbr:? o
captive mallards during 2-day periods before' and after

Methods) on Nov. 23.in the experimental

-feeding activity, b: loafing-c: dabblin'g’

. the availability of fobt? and space wasreduced (see

groupsa: .



/ .

Tab|e -7: Numb‘er of agomstrc mteractrons recorded among captive rhaliards whrle

,

\.

|nvolved in specrfrc actlvmes before and after reductron of resourceson Nov 23

i
C. . feeding - ‘.Laafivn"g ~ Dabbling -
5 o o S ' Y_Bejf_‘or:ei vAfterZ ' B*re Afterf  Before :Aft'_er‘_‘
CControl 2 .2 3m ,“36;26:\ 15 27A
o 3 \ 3 2a. ."1\0' -;"{-iA‘ 10 22/{,
/Exper'im‘en-tali : 1 1, 268 27 608 14 . 13A
N & 1 mB 7,30 10, 15A |
: ?r_ot;_abrhtyS QL = T <0.-02‘1_; 10.120

s

1Each pen observed for 10 sample penods prror‘to reduced treatment (Nov 8—22)
.2 Each'pen observed for 14 sample periods during reduced treatment (Nov 23- Dec 18)

- 3 Reduced avarlabrlrty of food. ‘d loafing space (see Methods).

4 Different letters identify pens which are not homogenous (Unplanned tests for -
- ‘homogeneity; X2¢ g5(6,1) = 6.92, based on-Sidak's multrp'hcatwe tnequalrty)

s Based on G-test for heterogenelty among p/ena
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« Influence of dominance

/

¥l

Loafing B TN P
_ g ‘ < "

To ascertaln whe}uer dommance status was related to use of preferred areas on the '

o ' !

loafing platforms it was flrst necessary to demonstrate that preferred areas exrsted Dunng

observatrons it quuckly became apparent th%t the edge of the platform closest to the pond

.‘ was used more frequently t‘nan the remamder of ‘the platform. Analysls of dlstnbutlon
.. . ‘ .
: pat‘tems for males (Table 111-8) and females (Table lII 9) verified these observatlons, in that -

a preference was shown for the pond edge wher < 8 mdlvrdualZ were present (Iow\

competlon) The pond edge was used (and therefore assumed to be referred) more: often '

' than the non-pond edge of the platform

- When =8 mdwlduals were preserfon the platform and’ space was not reduced
/
‘(controlfens 2 and 3), posmons used on the platform were dependent on dommance

_ status of both males (Table I1i- 10) and females (Table III 1 1) Subordrnate smgle males used :

the pond edge less than expected whereas parred males used this area more than

: expected The drstnbutron of doln_{mant smgle males did not drffer srgmflcantly from that
2

expected based on avanlabrlrty Dommant snngle females and parred females also used the

-pond edge more than expected(Table n-11).

Results are not as clear for the expenmental group (Pens\l and 4) Subordmate

‘ srqgle males dud not use the pond edge less than expected and dommant smgle males used '

 the pond edge mdre than expected only in Pen 4 as did palred males in Pen 1 (Table - 9)

For females (Table lll 11) dommant and subordinate srngle b:rds and panred females used

”

the (Jond edge more than expected only inPen 1.
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~ Eourtship and pairing ,su'cce‘ssl

. Very little: overt aggress:on was observ“qd between male mallards dunng courtshlp

activities (<39 /GI of all mteractlons) ‘Dominance status was not correlated thh the lnltlal ‘ B
#

~ dalte of courtshtp actwuty (Table - 12) However dlsplaylng rate was negatlvely correlated; '

wnth domunance status in Pen 2 and the relatlonshlp between dommance status and date

-

of pair formatron was also;egatwely correlated in both Pens 2 and 3 Thus the more )

dommant a male was the less it courted (Pen 2) and the earher it palred N

\

The number of permanent palrs formed byfmale mallards.although not srgmfrcantly _

S

dependent on status, dld show a tendency towards domlnant males ‘formlng a qreater
-

proportron of the panr bonds (Table - 13) Permanence of pair bonds was mdependent of,
&

domlnance status (fl‘able Ill 14) ‘ Successful pamng does not appear to depend on v

dommance status of the mduvndual.
Lipidreserves R R S

The percentage of lipid reserve.in 10 male (36. 4+6 7) and 10'fema|e (35 609 7

' mallards housed lndoors to remova the lnfluence of extreme cold were no‘ dlfferent .
(Table lll 15) An mdwndual s Ievel of llpld reserves at the end Sf a perlod of reduced
resource avallabnllty was not related to sex. Thus, for‘thls flock of blrds, it appears that

domlnance status was-not’ related to llpld reserves gven m the face of llmited food -

. . ' )
T ’ M
K S LR e

'lt was assumed a priori that males would dommate females dunng aggresswe
mteractrons over food Thns status wduld provnde pnorlty of access to the resource which
in turn would be reflected in hlgher Ilpld reserves in males than females at the end of the )

study Males won sngmfucantly more mteractnons an females when the two. sexes

mteracted (P < 0 01) but the humber of"lnteractlons occurnng between the sexes was
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*" Tabie lll-13: Compatison of the dominance status! of male
" .mallards with the number of pairs2 formed (Pens 2 and 3
combmed) - .

)

Paired

; Yes - ;No

o Status . 'varo.bébiIi.t-'y3,

‘ Dominaﬁt o9
10.208

Subordinate = 6 _ 10

1 Indnvuduals wuth < 5 mteractlons removed from
analysis.

2 Pairs defined as: those whnch are permanent :

" 3 Probability based on G-test of independence.

.4.5: e



V '-.Q A
Table l11-14: Companson of the dommance ‘status! of male

mallards with permanence. of thelr pair bonds (Pens 2 and 3
combmed) R

L o ‘Permanent R
Status . - . . .. Probability2
" Yes . No .- o
Dominant. . 9 1 o
. . 039
Subordinate - . 6 2

-1 Individuals with < 5 mteractnons removed from
analysis. ‘
2 Probabuhty based on G-test of mdependence
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’

Y
females appeared to avond mteractrons wrth ‘males. Furthermore nf |Ipld reserves of

females at the start of the study were greater than those of the males then the frnal lrpld

Ievels would not reflect accurately, the mfluence of dommance The body cgndrtuon

muth less than expected (P < 0. 001) Thus, although males were domlnadt to females,, v

lndlces (body werght!flattened ‘wing chord) of males and females at the beglnnmg of the :

study however were fiot statrstlcally dlfferent (t-test =1 69, df_ = 19 P>0. 10) Fnally,
1f males had pnorlty of access to’ food this probabI, would be reflected by the rate of

welght loss of each sex durrng the study No drfferentral rates of welght Ioss between the

sexes was obseryed (ANCOVA/\ 0.326, P = 0513) Ad hoc observatlons made durlng

feeding penods support these results No clear defence by mdrvrduals of the resource was

recorded at any trme lnstead a frenzred scramble by all mdnvnduals for the food was -

[ A

observed Whl(h precluded efflclent defence of tlie resource

Although domrnance status did not affect tg%’rate of werght loss or the level of Irpld

, vreserl/es at the ‘end of the study between the sexes a srgmfncant lmear correlatlon (P <

‘ 0. 001) dnd exlst wrthm each sex (Fugure Hi- 3) Llpra'reserve Levels of an mdlvrdual at the’ end

B mscussrou

of the study was related to its dommance statt&a wrthm that sex.

Crlteria fordominance T TR
' v? ot . " . . . 2 T N ~ ’

{
" Among several specles of waterfowl _sex-and parr status are frequently used as

fmale mallards domlnated females ;alhd ﬁalred birds domnnated smgle blrds when

o o
M )

b 4

‘ avauabalrty of food and Ioafmg space were- not restrrcted These relatlonshlps dnd not hold,
3 however when the resources were Lgttncted palred males dld not dommate smgle males

g - ‘ L
This cannotfe attnbuted to the rn‘fluence of mteractuons recorded for. any smgle actrvuty as -

=
P K 0
-’ shA

,' to dommate single brrds (Paulus 1983 Ravelmg i,970 Hepp and Harr 1984). "In this study \

e\

, determrnants of domlnance males are sald to dommate females ahd palred blde are said
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- thts result was snmrlar for all actrvmes Onebexplanatlon that the dommance status of :

| males formmg temporary pair bonds was msufflcrent to domlnate sungle males was not-"
true. Pbssnbly, when a resource lS l:mrted the motlvatlon of mdrvrduals toacqulre the - .
vresource may rise and therefore the dommant subdrdmate relatronshrp may break dowr?
.(Parker 1974a) Also blrds in these pens vvere |n relatlvely poor condmon (see Chapter 4) :

N wh:ch could also have mfluenced the relatlonshlp, orit may snmply reflect a chance event

. o 3,

Paired females dld not dommate smgle males Whl(h contrasts with the ob ervatlons' _

' ..of Paulus (1983) for gadwall (Anas strepera) Heltmeyer (1985) for mallards and Hepp and

‘ Halr (1984) for several other Anas spp. - In those wild populatldns palred females
. l
dominated smgle m_ales. My results may reflect a’ captlve srtuatlon where mdwldual

o recognmon and learned status could have Iessened the effect of palred status. Strll paired

L . 4

females achleved-a hlgher dommance status (neutral) than that of smgle females-

(subordmate)
0 & . . .
. s . -

To |dent|fy cntena that may determlne dommance w4thm a sex three attnbutes S

'(morphology, experlence and. a(e) were tested Desplte the suggestlon that large srze-'

e

) may ehhance dommance status in brrr‘s (Searcy 1979a) recent studles that have controlled?'.

l’ : -
for-the correlatlon between size and other vanables (e.g.-sex, age) have found no such

-

relatuonshups (Klkkawa 1980 Davnes and Lundberg 1984 Arcese and Smrth 1985) The' ]

results for the Anatldae are amblguous ThlS study found no relatnonshlp between size and

- !

dor_mn_ance st%us nor.was ‘one found, in elther adult (Ravelmg 1970) or goslmg (Gregoure‘--
pers comm) Canada geesp (Branta canadens:s) butﬂa{Po;st tcﬂrelatld‘h w;?'foung

between these VBTI&bl%S in Bewuck s swans ( Cygnus columbranus) by Scott 1978) cg,ed ? *5
l %%‘a % " ) S»Q
lScott (1980b) lntumvely one. would expect Iarge size to be advantageotts dgrmg

aggressnve encounters Wthh are used to assess dominance, but the results of this study do R

~ not support this expectatlon



‘ Pnor expenence may be an rmportant factor Whl(h can‘mﬂuence dommanc status-

- of. the mdrvndual (lmmelmann 1975 Baptlsta et aI 1987) In Japanese quatl (C turm:r, :

N

' coturmx) status achieved as a brood mate can in part affect an mdwrc:?/s status as an

adult (Boag 1982) In thls study no relatlonshrp exlsted between status a leved asa b’rood o

.»,. . - ‘_ +

mate and status as an adult, whuch is slmllar to the fmdmgs of Arcese and Smlth (1985) for '
; juvemle song%ﬂm:s (Melosplza melodra) As sugges ed by Bdag (1982) aad I&oss et al.-

..(1982) aggresslveness as an adult may be explame y hentablltty and not entsrely by:

v

Iearmng through early expenence Also |t was assumed that brood mates would manntarn-

stable dommance relatronshlps as has been observed m other young blrds (Balph 1979, ,

‘

' Boag and Alway 1981 Gregonre pers comm ) But |f the status of duckhngs in th:s study, o

recorded durmg early hfe were not stable these results cannot be mterpreted with any '

E confldence More work is needed m tHiscarea before any conclusaons can be made'A '

¥
pertalmng to mallards

”

L.

The final attribute thought to mfluence domi.ranre v -thm a sex was age (or hatch -

4

date) Although adult ducks often dommate juvemles (Paulus 1980, Alexander 1987) few -

studnes have mvestlggted the effect of age w:thm a year -class. : ln this study a srgnlfncant iR »

negatrve correlatton between hatch date and dommance exlsted in female mallards and a

[

nonslgmflcant trend was f0und for males Thls relatlonshlp was. also observed by Arcese'

and Smlth (1985) in 1uvenlle song sparrows and surprlsmgly, as'in thls study, hatch date was

vl

: the Qn\lyégmflcant predxctor of. dOmmance among mdrvldual’s wuthrn a sex. Garnett (1981)

found that among captlve great tits. (Parus major) older juvenlles dommated younger ones

) (

as did Kukkawa (1980): for yearlmg grey-breasted srlvereyes (Zostercops”lateralls) Twov.," -

: possnble explanations exrst for this phenomenon Frrst experlence as prdposed by Arcese L

~and Smlth (1985), allows an mdrvtdual to acqurre flghtmg skulls through partlcnpatron in

) aggresslve encounters Thrs is an’ unlrkely scenano for these captlve mallards as dlscussed _

above Also whnle development of fughtmg slulls may occur status wnthln the brood is also_' '
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| , S ( )
, bemg learned Corsequently, a ducklmg whrch contrnujously loses mteractlons may also. be -

z

o Iearnlﬁg that |t is subordlnate A second and possrbly related reason for the correlatron.‘

: getween hatch date and dommance status.is the Ievehéf horinone productron as rn,;drated

o n i r ' S R
vthrough varratlom sexua matu ity. _ g 93 e

4 . ~b

Severa: studles have documentecl the effects of androgerl levels on aggresslve
- behavrour in brrds (e g Etlenne and Frsher 1964 Balthazart and Stevens 1975 Akessen and -

Ravelmg 1981 Balthazart 1983) and it has been shown that sexual matunty wrll affect
. e o .
] . .
hormone productlon (Akessen and Ravelmg 4981 althazart 1983) Durlng h|s

, mvestlgatron of dommance in chrckens Rushen (19 2) found that a llnear hrerarchy
‘formed in relation to drfferences m matu'ratoron dates Earjler maturlng males were
domrnant to theilater maturmg compamons As well the initial status depended on the,
age of f:r:t aggressrveness whnle the fmal (stable) status dependedon the age of flrst bemg- :
: Submltted to by another mdrvcdual Although the relatronshlp between hormonoe levels ->

'aggressron and maturatron are extremely comglex (Dlttaml and Reger 1984) |t is

3

' concewable that earlrer hatchmg ducks have a higher hormone productnon on %a given date

.v»

' ;

than thelr later haﬁ:hmg compamons These potentrally more aggressive . dj‘n\would
:have a greater"chance of becommg dommant ThIS explanat%n may also a ply to adult .-

brrds at dlfferent stages of the reproductwe cycle(e g parred \/s slngle bsrds) or in dlfferent

‘ e / ’*
The results of thls study show that males domnnate femalés par.red brrcés dommate :

‘.‘A.

single blrdsgnd wathm female mallards at least dommance i$ correlated wrth hatch date

states of body condmon :

For many social animals. that Ilve in small groups and- form relatn/ely stable hlerarchles
mdnwdual recognrtlon can also be used to assess ‘status. I-lowever most waterfowl specles o

whrch wifiter in north temperate reglons resudg mrlai@e unstable flocks (Bellrose 1976)

n

:‘f'precludmg the possrbrlnty of mdlvrdual recogmtron or. the formatoon of dommance

hlerarchles (Ravelmg 1970) "et in the wild, aggressnve mteractloras occur m waterf 4 d
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‘domj ant-suqumate re atlonshnps exlst ( Paulus 1983 Hepp and Halr 1984 A-lexan%er :

followrng quesﬁon how can these stable dommance relatuonshlps ‘
D
exlst wrthout contl uous aggressnve altercatnons over resources’ A possrble explanatnon

may be status-slgnallm .

Status—srgnallmg as defuned by Rohwer (1975) is a means by Whl(h the socral status of

'an mdnvrdual can be assessed on the basls of its plumage The occurrence of status

' slgnalmg has been documented for several bird specnes (Rohwer 1975, Ke}terson 1979,
- Ewald and Ro{wer 1980 Parsons and Baptrsta 1980 Jarvi and Bakken 1984) Plumage:’ ,

1 varrabrlrty, not mdlvrdual recognltron is used to assess status Because of the large size and

|nstablllty of wrnter flocks (Rohwer 1975) status—sngnalllng may be an lmportant cue for

——— s

decudmg dommance status durlng mteractlons among waterfowl Sexually dlmorphrc

M 3

plumage charactenstlcs occur rn any duck specres (Bellrose 1976) and in the same way )
palred status can be used as an mdrc?‘tor of dommance status. | Problems exlst wrth thrs
mechamsm for mallards in that yearlmgs are subordlr‘fate to adults (Heltmeyer 1985) but o
have slmrla. plumage Moreover parred mdrvrduals are domlnant to other mdwrdualsﬂ.'

dunng mteractrons away from therr mates (pers obs) It is posslble howmer that subtle.

varratrons in plumage or behavroural postures as suggested by Heltmeyer (1985) may be

ot P

lmportant

| As stated by Ketterson (1979) the presence of charactenstlcs whlch are good
predlctors of dommance status’ does not demonstrate that a brrd specres employs status-
sugnallmg, but |t could provrde a srmple explanatlon for the presence of domrnant-
subordrnate relatuonshlps in mallards wuthout the occurrence of contmual overt

. -

_aggressiveness.

@ . . . . -



. “Interaction frequency

N . E

Aggresswe lnter’actlons over resources have been observed in several specnes of

'lwaterfowl durmg the winter penod (Patterson 1977 Paufus 1983 Hepp and Halr 1984
-

Heltmeyer 1985,}Alexander 1987). All of these studres suggest that aggressuve lnteractmns

K

reflect competrtuon for a fmlte resource, wuth exclusnon of some" mdrvrduals from that

" resource. But, for competltlon to be effectwe the resource need only be defendable -a c
may or may not be fmlte in abundance (Davaes and houston 1984) W mteractlons occur for
resources whlch are not lrmlted m abundance exclusron cannot occur and,aggressuve _
- -

' rnteracts_ons obServed' in wrld duck populaupns rnay have littl,@ meaning.‘

o - R

The results from this study suggest that aggressrve rnteractnons wull not occur for a .
resource that is not lrmlted in abundance (food) and a reduction in the abundance of a
.~z(;:r'esource (food and loafrng space) wrll mcrease the frequency mteractlons over that‘ o
. .
resougce These results are sm:nlar to those reported by l)(’aVles and Houston (1981 1984)
) for the pred wagtarl (Motacrl/a alba) Defence of a food resource by an mdlvrdual was
abandoned dunng perlods of super abundance because mtruders did'not affect rts feedlng
rate, but as food abundance declmed the individual would vrgorousry defend the resource-
and oust any mtruders Whe@rovnded wrth a predrctable hlgh quallty food - source the »
blrds in thls study appeared snmply to wait: for -access 1o ‘the food or move away at the "
approach of an lntruder But when food abundance was reduced aggressrve mteractlons
' ensued The number of mteractlons over space on the loafmg platform was also related to .
resource abundance A decrease in loafmg area was assoaated with }m mcrease in the “
"number of mteractrons for that space. Space on the loafmg platform was llmrted in
ahundance at aII times but the number of mteractlons was dependent on the dewee of

resburce llmrtatlon Comparatﬂe results were found for a wmter populatlon of European'

)
blackbnrds (Turdus merufa) by Lundberg (1985) Interactwn rates were generally very low

v\'



".'wrth the exceptron of two peaks one just before fall mrgratron and the second when food o
'. abundance was reduced _ et BT o ' 5

R . o g
. . . .- B e T i e

' Uautlon should be used when applyrng this mterpretatron to wrld populatlons of

~waterfowl. For example wrld birds have atime constramteﬁ;bcxated wrth feedrng whrch rsv' |
: RO

virtually nonexrstent for captrve birds (e 9. < 2% of observatlon time recorded as fegdlng “,
J

Tn\eontrol pens) Desprte belng abundelnt a food resource toa wrld bird mav still be’ lrmrted ‘

A R

srmply because of the nature of the resource (e.g. lts calonc value) and time constrarnts

placed pn the brrd (Brodsky and Weatherhead 1985 Paulus 1982) Wnth thls in 'mird it

‘appears that a aggressrve mteracuons for food in‘aflock of captlve mallards W||| occur only s

: 'wheh the rﬁsource is. Irmlted in abundance and that the number of mteractlons for Ioafmg

rihcreased by a reductron in the avaltable space These results s,upport t)he

i{ gé%s’t }atﬁat aggressrve mteractnons Wthh occur in wrld populatrons represent'
competrt:on for resources whrch are hmrted m abunqance [} true the questron becomes V'A'f :
can the gldrvrdual be excluded from some crltrcal resource ‘and can it suffer some adverse »

. 5y ‘ L s . i - ‘

effects from thrs exclusron7

Ty e T aw

Influence of dominaice status ‘

-subordlnates m’ales used thls area Iess than expected Be(ause coﬁpetmon exlsted

'between mdlwduals for use *of thrs preferred area, domlnant bnrd§ should be able to

: acqulre the "best locatron and conversely, those mdrvrduals of low status should be
excluded from it. The reSuIts are not con(cluswe but thrs pattern was observed in paored' '
brrds and subordrn%smglg htales Ex(fgtrons exrsted for smgle females dommant smgle "

umales in most of\ the pensgnd supofdmate srngle males in the experrmental pens, all of o

Peo
R
\ : N
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whrch showed erthe}’a random pattern of use or.use opposrte to expected Because snngle .
males avoided mteractnng with males itis possrble that they used the platform only in
e;sence of males but ths data recordfd precludes analysus of thls explanauon Palredf

males did not dominate smgle males in the experlmental pens whrch could explaln the lack?

- of sagmfncance between dommance and posmon on the platforms in these pens. This -

‘ ,-easonmg n‘s,m-appropnate' for the. control pens‘. }awever th.e -results obtarned from thg, .

control pens ‘indi’tated that domigance status did influence positional use of the-loafing

platforms, - -

Use of certam posrtnons wuthm a flock has been documented for several other blrd

,specues Murton et al. (1966, 197°1) found that among wood pigeons (Columba palumbus) o .

“individual blrds remamed in certain posrtlons wnthm the’ feedrng flock Dommant adult
v.bnrds ‘were positioned in the muddle of the flock and fed at a more rapld rate than
‘subordmate juveniles which were forced to the front of these feedmg groups Juvemles -
were more vugllant had lower feedmg rates and were less selectlve feeders. 'fahe authors_
suggested that these subordlnates ‘which had lower survnval rates, could not maintain theur '
body reser‘\‘/es as"tl;e result of |neffect|\1.e feeding and-may have suffered hlgher predat|on
rates. Weatherhead and Hoysak (1984) examnned the pattern of roosting red wnnged
blatkbrrds (Agelaius phoeniceus) in a cattail marsh Dommant adult males were found
the centre of,tﬂhe roost in the densest vegetatnon surrounded by subordinate juvemles in.
sparse vegetatuon They. suggested thata central posntmn would provnde better protectnon
from predatlon as well as prowdmg a more favourable mlcrochmate to those birds using
A the dense vegetatron'. .Svtnngland (1977) obseryed rooks (Cor‘vus frugilegus) during the
winiter perlod Domnnant adults chose the htghest positions in communal roosting trees

but moved to Iower levels durmg perlods of extreme cold, presumably to reduce heat lofs

and at thls time the subordmate juvemles were qulckly ev:cted from these shelte ed
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, locatxons Recently, Brown (1984) reported that, dommant purple martlns (Progne subrs)_ -

P
showed preferences for certam posrtlons wrthm the flock

. B > .. 7 .. ."

Jorde et al (1984) documented use of shelter‘ad Iocatnons dunng extreme ..old by

mallards in Nebraska Females did not use these arebs%sjreque .as palrs or “maies, and ,

‘the authors suggested that they were forced out by\o . - .

Baney and Batt (1574) - -
observed mterspeclflc aggression and hnerarchles |n duck%’fg 3‘:& in assocratnon wrth '
whlstllng swans (Cygnus columblanus) The most aggressrve and Iargest specues explo&d

' the optumal locatnons -Paulus (1983) observed -that panred gadwalls fed in. the central _
locat:ons of flocks and suggested the subordlnate smgle bnrds were forced to penpheral _
areas of lower food abundance ThlS argument has-also been used by Nl(hOlS and Harama
(1980) and Alexander (1987) in therr studies of mal&and female canvasbacks Because‘

' .those mdrv:duals that use specrfrc Iocatnons (e g. centre of flock closer to the water 3 edge)

’

“can he less vngrlant rhan other burds (Jennmgs and Evans 11980, Inglls and Lazarus 1981
Lendrem 1983) it suggests that these locatlons provide bettgr protectuon from predatron ;
(Morlarty T976 Hami.l'ton 1971) Presumably the posmon closest toa secure site provide’s
the best protection from predatlon in this study this preferred Ic;catron appeared to be :
the pond edge of the platform Use of thus preferred location, which' wat limited, resulted :
in expulslon from |t of subordmates If lndlvrduals m penpheral Iocatnons suffer hngher B

predatnon rates than those on preferred (optlmal) Iocatuons an ecologrcal advantage exlsts '

for dommant mdwrduals

)

. Courtship activity and pair formation

Accordmg to Trivers (1972) the sex makmg the Iargest parental mvestment wrll be - -
mdst selectlve ln many north temperate duck specres the female produces and mcubates

the eggs and provudes care. and protectson to the young until or shortly before ﬂedgmg

(Bellrose 1976}, 1t would appear t!nt fémales have a greater mvestment than males and
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therefore should be more selectlve durlng the matmg process Searcy (1979b; suggesteo

that to mfluence a female 3 chorce male rharactenstrc(s) must: 1) be vanable 7, must be

Q"'accurately assessable prror to matmg and3) must ultrmately have a srgmﬁcant effect on a .

females reproductlve success In some duck specre one such factor appears 16 be

V

dommance (Korsch en and Frednckson 1976 Wrshart 1983) Males also outnumber
females in most waterfowl specres (Bellrose 1976); therefore female avallablllty may

mfluence a male 's reproductuve success (Trrvers 1972) Consequently, mtense competrtlon

. 3

"__{ay\occqr between males for access to females durmg courtshrp and hlgh dommance

statud would be adVantageous durlng mate aCQUISIUOﬂ (McKmney 1975, erllams 1983)

1t appears that for captwe male mallards dommance mfluences dourtshlp amount

-

(Pen 2) but not’ the mltlal date of: coun,hlp Male mallardsusually dxsplay whrle part. of a ‘

courtshlp party consrstmg of ‘one to several mdlvrduals of both sexes (Johnsgard 1960)

lnherent to these groups are aggressrve lnteractrons between males competmg, for o
x .
prospectrve mates (Werdmann 1971) whu:h may lead to expulsnon of some: mdwnduals as

has been observed in wood ducks (Armbruster 1982) 1f thls occurs in mallards dominant
| males should exclude subordlnates from the group through aggresslve mteractlons Males
m thrs stydy showed Irttle overt aggresslon that resulted in expulsuon and the amount of
courtshrp of smgle males was negatrvely correlated with status in one, of the @dy pens
"\
(Pen 2) Johnsgard (1960) observed srmnlar results for males with damaged plumage These
mdrvrduals drsplayed more often and for longer penods of time than males with normal |
p:lumage and they never successfully parred He suggested that be)ause these males were
not successful they were “tryrng harder than the males wrth normal plumage This *

explanatuon may also apply to subordmate smgle male m'aﬂmsg} thrs study Thesdate of

; ,parr formatlon was also correlated with domlnance status in both control pens Because
r < . .9

dommant male mallards'parred earlrer than subordrnates and the amount of courtshup in .

Pens 2 and 3 was reduced dunng the early part of the study (see Chapter 4) the negatwe .‘ '
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bj.sa’éorrelatlon between dommance status and courtshlp amount in mg( male mallards (Pen :

; amount of courtshlp o o S ‘

.’

' " 2) probably reflects thlS relatnonshup rather than that between domnnance status and

. 1-

. Posmon wuthm the courtshlp party may also mfluence pamng success (Mcl(mney

1975) Slmmons and Wetdmann (1973) found that male mallards aum thenr dnsplays at’ '

By

E , spectflc females and domlnants may in fact achleve the best posmons (Weldmann and

~

Darley 1971 Standen 1980). Although this parameter was not quantlfled it was apparent

from ad hoc observations that males would “)ockey" for posrtlon to dlsplay to speclflc '

-females Therefore dommance status may affect the effectlveness of dlsplays whlch could

: reduce the need for a hngh dnsplay rate and allow dommant males 10 palr earller The

T

. amount of courtshlp a male exhlblts has been found to mfluence palrmg success u‘ﬂ

- LT A

-, mallards (Bossema and Krunt 1982) therefore dommance may mfluertce pairing date

: ; vmdlrectly through ItS effect on courtshlp actlwty, although the results just dlscussed would

‘ refute this suggeonn Asa result of Fns study ‘of pairing in adult and ]uvemle black ducks

(Anas rubnpes) Hepp (1986) suggested that dommance may be mvolved}m the tlmmg of

: permanence of the parr bond Halllday (1983) suggests that fema

pamng and ultnmately pamng success. o _' : S

P L . o~ -
@

'; Although the mechamsm is unclearl;ut appears then that dommance provrdes the

means by Wthh a male can pair at an. earller date relative to subordmate males Because

strong competutlon for mates decreases the avaclablllty of unsfrred females pressure to e

cnme to test }aate quallty and if necessary seek another mate pnor to breedmg (Wlshart

Lk ’ s : . . "/’ . .
L . s . .« »

If domlnance status can be used 3 an accurate measure of male "quallty and to

'provnde access 10 females durmg mtense competmon that woult‘:e reflected in the -

shoul'd; ma-te wn_th :

K

. pair early would increase (Parker i974b) Blrds pamng early would have a longer penod of o
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: dommant males to reduge problems of harassment In ducks a female vs\guarded by |ts

vngllant mate a@nst other coumng males and predators (McKmney 1975) allowmg the

female to feed with less drsturbance (Paulus 1980 Ashcroft 1976) Because {ny palrv. :

s

l ‘bonds are. ephemeral in ducks (Mcl(mney 1970) and mate preference has been observed in '

-

© the mallard (Lebret 1961) and other ducks (Korschgen and Frednckson 1976, Wrshart 1983) .

maintain the bond In srtuatrons of mtense competrtron for mates (thrs study) domnnant :

e

presumably domlnance wull mfluence a males effecfweness and therefore ltssablllty to

' <

. males should mamtam palr bonds more successfully than subordmates For captwe male

g

s,

. Dol T LR
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. , /c_.

mallards in this study no srgmfucant relatlonshnp was found between dommance status. am! &

P E) © s
“F
. !

permanence of the pair bc;r:lyausé some unparred dommant males were present,ﬁ‘;
I_ B es /:‘ .z, .

th.roughout the study perio e lack of competltron dlretted towarfls palred subordlqat
- ,g:)r .

' males is fiot a likely explanatlon for these results Energetlc constralnts are an lm_p?rtant

aspect of pair bond mamtenance (see Chapter 4) It lS 5uggested that on%e&,a fsemale

cho,oses a mate thrs factir rather than‘ male domrnance affects the peganence of the

Bo%e -4
’ .:r.l".

R MR : .
St * ‘ L

bond. A °

. -
' )

Courtshnp actlvu‘tyd pamng chronology and permanence of thegpalr bond all affect

..,.o,’va ‘9 o (/

pairing succ"'ss ofaagmale, dFor captwe male mallards m ‘this study. a nonslgnlfucant

K 30 o.‘.

s o ' 4

-

relatlonshrp was fou‘nd tfetween dommance status and the tend‘enrcy to form palrs In two

3‘_\. . ,ﬂ""(/

? . s
other Studles of‘gaptwe waterfowl domlnant male woqd ducks (Korschgen and
FAPELI o AN
Fredrnc’kson '76fand Amer&an wrgedn (Wlshart f%f)bwlere more successful in formmg

‘d’J o ) ) e ri-%y

vy . o L

3/£ . : - -

£ -
Although dommance status was correlated wrth the amount of courtshlp and
pagmg date |t was not correlated wnth a male s abullty t0 acqurre a mate or |ts ablllty to :

, sl e :
mamtam thairbond Both,,g;ltlmately, affect paurmg success and therefore reproductuve

success lt appears that some factor other than domlnance mfluences pamng success

"



" Lipid reserves - o

PR T
<

It has been suggested for waterfowl that dommance status medlated through

"

prrorlty of access. to. crltlcal resources may mfluence an mduvrdual s body’ reserves and/or .': .
survwal (Nrchols and Haramrs 1980 Sayler and Afton 1981 Jord et al 1984) Several -
' _.studres of non- waterfowl specres have found correlatrons betwee status foragmg success‘ 2
and body reserves (Fretwell 1969 Murton et al 1971 Swmgland 1977 DeLaet 1985

Lundberg 1985) but few exlst lnvolvmg ducks Domlnance was dlrectly related to foragmg :' B

© success in a wmter populatlon of mallards whuch were provnded wrth limited defenqeble -
. 7
. food resources (Harper 1982) Paulus‘ll983) and Alexander (1987). both presented data
: j‘
whlch showed use of preferred foragmg Iocatrons by dommant mleIdLIaIS lt has béen

‘suggested by Wlshart (1983) for wrld Amencan wrgeon and Hentmeyer (1986) for wild

mallards that a posrtlve relatuonshlp exists’ between dommance manr status)’a d body ' '

r ese I'VGS

v .
I
».

The results from thls study do not’ support the suggestron that domlnance status ..\

R

' mﬂuences the Ievel of an mdrvudual s body reserves fhrough pnonty of access to food

R

resources Wthh are lrmnted in abundance Malﬁs did not have higher lnprd reserve Ievels’f'
- than females nor- was the rate of weught Ioss sugmfucantly dlfferent between the sexes. _
From ad hoc observatuons of these br\ds dunng feedmg, these results are not. surpnsmg '
I _ Pnonty of access did not exist because of the «swampmg effect of mdwuduals usmg the'*

L]

feeder Desplte bemg dommant males could not. defend the resource due to the large ‘
ol ¢
number of competutors. ThIS phenomenon has also’ been documented by Burger and -
- ‘Gochfleld (1984) in gulls Therefore the desrgn of thTs experlment may explarn the results

. Whether dommance status can mflue ce llprd reserve Ievels of ducks has yet to be

answered.
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D:fferences in lrpsd reserve levels were not related 'yomina‘ncetstatus between the

, tf

sexes but wnﬁtrn each sex a sngmfrcént correlatlon exlsted lefer‘entlal access to the food |
‘ : resource probably do not explarn these results (see above text) SocJal stress has been used
g .to explam dlfferentnal survwal rates in wnld ammals (Chnstlan 1971) and mhtbntlon of' :
reproducuon in se\Zal speqes of burds (Robel 1972 Crawford 1977 Hannon et al 1982)
Stress has Iong been accepted as the srngle most |mportant factor mfluencmg domestlc
. - ammal health partlcularly in poultry such as waterfowl (Hullman et al. 1985). ln thls study
soclal stress may have had a srgnlflcant lmpact on- the mallards housed mdoors because
.\ subordlnates had httle opportumty to escape from domanants Danzter and’ Mormlde
(1983) suggest that physrologlcal aspects of the envrronment are powerful actlvators of
,endocrme responses whrch in turn influence the ammal s health Pronounced changes in
endocnne actwuty can occurom subordlnates after bemg subjected to overt aggressnon
" even slmple‘perceptlon of a threat is enough to cause. a Iarge change in hormone
productuon (Seyle 1956 Arnore and Dantzer 1980) Because mteractlons wnthln each sex ‘
occurred more often and mteractlons between the sexes less often then expected (P <
0’001) the mfluence of soclal stress may explam the correlatronﬂbetween status and llpld

t

reserve levels w:thm each sex. lt is conceuvable that social stress may also operate in. wrld

populatnons of ducks But much more work is’ needed in thns area o-f study before any
' mferences can be made These results do however rllustrate the complex nature of

domrnance and its mfluence on the mduvtdual
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IV EFFECTS OF BODY WEIGHT ON COURTSHIP PAIRlNG AND REPRODUCTION IN CAPTIVE

v

MALLARDS

B

<

INTRODUGUON . T
lt is gen rally accepted that brrds must sattsfy therr marnten%hg’é xequnrements :

before nutrrtronal resources can be allotted to reproductron (ng ‘1974) Consequently,

the avallabrllty of crrtlcal food resources needed to; full’lll energetlc and nutrrtlonal 54
. S ),-
B S IR oS
requnreu’ients can be‘*an Important constramt on rzdwrduals dunng therr reprodacﬁve
. a""' Q,\

- cycle. To optrmrze reproductrve output brg must complete the varlouSnstabes in the '
. ‘ N f_ ,.. .

reproductlve cycle raprdly, efflcnently, and have one- stage follow the other in quick -
succeSsron (erlrams and Nichols 1984) any constra;nt on-the mdrvrdual at one pomt in the .

cycle may have repercuvssrons ,upon

By

emaining stag_es. '

| Most north temperate dg blmg ddcks (Anas spp) rnmate courtshrp and establlsh '
parr bonds on therr wmter range, well before’ mrgratrng to the breedmg grounds in sprmg.
, (Bellrose 1976) Durrng wmter varrable clrmatrc COndmons can cause fluctuatrons in the :
avallabrllty of both food and aquatic habltat lFretweII 1972 Heltme;er 1985) which, in
turn, may advance or delay courtshrp actrvrty (Brodsky and Weatherhead 1985) and pair -
formatron (Hepp 1986) Any delay’ may |mpose energetlc and/or trme constramts on the ;
mdrvrdual The formatnon of ﬁ?parr bond in waterfowl is behavrourally complex belng>

costly in 1 terms of both trme and energy (McKrnney 1970 1975 Washart 1983b) and once

formed, marntenance of thrs bond is. also energetrcally costly (Daly 1978) However these '

»

: energetlc benefrts (Ashcroft 1976 McLandress and Ravelrng 1981, Paulus 1983) which

‘ 'ultrmately, may mcrease reproductlve output (Hepp 1984 Milne 1974)
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Avarlabnllty of both food and habltat on the breedmg‘ga d lso affect an

mdrvrdual s reproductrve output (Kammrskr and Gluesing 1987)

+

-dabbling ducks, such as mallards (Anas pIatyrhynchos) which arrive and initiate nestlng

hose specres of

. dunng the early spring (Cowardln etal. 1985) a reductrWod avarlabrlrty at that trme

& ¥

resultmg from adverse clrmat:c condltlons may prever‘ﬁ&;en@om aoqumag the, requnsrte :

resources for reproductlon possrbly causmg a delay m‘ﬂihle dnset %}aymg and a‘de»c\rease m .
clutch slze (Krapu. 1979 Krapu and Doty 1979, Krap]et al. 1983 Duncan 19&7)
Endogenous body reserves stoted by the mdnvrduél’ before .arriving on the breedmg
grounds may compensate for potentrsl varlatron rm food avaulablllty Levels of these -

.!\

&
R4

. P : et
teserves have als'o been |mpl|cate ] aslrmportani determmants of Iayrng date and clutch

srze (Krapu 1981 Drobney 1982) Smaller clutches generally mean fewer hatched*-

ducklrngs Moreover wrthm a specres later hatched broods suffer hlgher rates of

[

mortahty (Dow and Fredga 1984, Hill 1984 Toft et al. 1984) It appears thereforeﬂthat any

,..

“factor that mfluences either clutch srze or laymg date may ultlmately control. reproductwe i

success and hence the. frtness of the mdwrdual ' U R ; ..
& . '\\ . N - . . -~.‘ J‘ -

.{; _ - L : g
leen that trme and energy constramts can, influence several stages m the

;

reproductrve cycle of dabblmg ducks and that these stages extend across seasons, one

- .‘l»

could expect to observe the effect of a constramt in one season on events in the followmg .

,,season At the specles level a correlatlon exrsts between the chronology of pamng dates
¥

and nestmg dates.(Weller 1965) and wrthm a speaes yearlmgs tend to paur Iater nest later,

"and lay smaller clutches than adults (Wrshart 1983a, Afton 1984 Cow‘ardm et al. 1985) Thrs -

v.suggests that wrthln a specres pamng chronology mflu nces nestlng chronology
(Armbruster 1982 Brodsky and Weatherhead 1985 Hepp: 1986) and that body reserves
acqurred before arrival on the breedmg grounds could potentrally mfluence reproductuve

' success(Krapu 1981, Paulus 1983, Hepp 1984 Heltmeyer 1985)



M

In thls study, | tested the effects of body wenght a measuré of nutrlent reserves on

courtshlp actwrty, time of palr formatlon and extent of palr bond mamtenance of mallards .

dunng the wmter penod l used one age class of mallards ina captwe envuronment a'td‘

L

mampulated food avallabullty dunng the wmter and spnng periods to produce vanatlon in ’
the nutrlent reserves possessed by the blrds | compared pamng date. wnth laymg date

And finally, by exammmg Iaylng date and clutch size in mallards with and w:thout reduced

PR

- food resources dunng the. wrnter and sprmg, | determmed the |mpact of food avallablllty

a

" on these reproductlve vanables ‘ -v T . .
STUDY AREA AND METHODS *

Thls study was conducted from May 1985 to June 1986 at the Broo‘ks W:Idlufe Center

Iocated near Brooks (50° 35'N;’ 11 54 W), Alberta The facrlmes used at the center were
‘desngned speclfrcally for waterfowl maintenance and productnon and COﬂSlSted of 2 series
of enclosed pens separated from one another and covered wuth wire mesh ‘Each pen had a.
: smaII "pond" and faculntles for provndmg’ food and shelter to the occupants Eggs, collected g
~. from nests in the wrld near Brooks between May 20 and June 30, 1985 were mcubated at
'.the center. When dry, the newly hatched ducklmgs were placed with’ slblmgs in indoor.,~
pens Each group of slblmgs Was prowded with a heat source (heat lamp) water and
commerclal waterfowl starter ratnon ad lib, and manntamed under a natural photoperrod

' for a 3-week penod After 3 weeks the broods were placed in |arger outdoor pens
' provnded wr‘t'h a26 m2 pond and, shelter commerclal duck grower (swntched to
4 mamtenance ratron at 6 weeks of age) was' provnded ad lib. lndwrdual broods were

physlcally but not vnsually, |solated Just before fledgmg, the pnmanes on. the left wmg

were clnpped to prevent fllght. These bnrds were the subjects of thns study whrch was

dwrded into two dlstmct sectlons, each W|th its own procedures R



) Winter periqd N

ln early October 1985 each mallard was glven a numbered g band and a coded

T vrnyl nasal sacldle (Sugden*aod Poston 1968) On O’tober 15 (and at 2-week rntervals
”‘thereafter) brr.dswere weighed to the nearest 259 usmg a 2 ka Pesol prrng scale On ‘

October 15 18 males and ! ares, randomly selected from the entrre flock (196

. v mdrwduals) were placed mto one of four pens Thrs procedure was repeated three more

trmes to glve 36 mallards rneach of four pens for a total of 144 brrds On December 18 SIX :

‘ fel%ales were selected rand/omly from each pen. and then removed to brmg the total m,

- each’ pen to 30 (18 males 12 females) srmulatrng the skewed sex ratio. typrcal of thls ’: o

specres(Bellrose 1976)

NE .

: \ »' ~.‘-”

Each gen was 150 m2 |n area contamed a 10 m2. sectron of pond ab m2 loafrng-"

platform cove\ |n traw and.yas vrsuall |solated from other such pens Water was- ke t
y P _

v rce free wrth a 200 watt stoc-k*poﬂd heater and occas:onal removal of ice. Ponds were

)
\,‘
@

B drarned cleared and refrlled every 5 days Commercral duck marntenance ratron and hard )

wheat in

1atio of 7 3 were provrded ad lrb usrng three gravrty flow self feeders each with-
. " ‘

' an ap rture mea unng 10 cm in drameter Dar_ly_food consumptron waS'measured by :

w . o . - . L. &

vol_ume»to the nearest_ 100 ml.f : B
On November 23, the amount of food avallable in two of the four pens was reduced
to create a: restncted dret tredy

. v

of the treatment birds below tho of brrds grven an ad Irb dret Thrs Jnvolved removrngv '

ent and thereby reduce the level of endogenous reserves _

two of the three feeders and re ucmg food avaflable to 70% of . the average darly ‘

consump'lon as measured from the two remammg ad |lb treatment pens. ThlS amount was :
further reduced to GQ% on December 19 and then to 50% On March 18 Pens 1 and

a, randomly chosen, recerved the restncted dret whereas pens 2. and 3 remauned on the ad

|lb dret Ducks were fed 1 «hour before regular observatron penods Be,gmn_ung‘ on



.-November 8, dally behavro?fl observatrons were made from an elevated bﬁnd whsch o

i ‘prowded a.completé view of two pens Durlng a frxed 2-hour sampllng perlod (lO 00— E

T2 00 or 13: 00-15 00) flve 10—mmute observatron sesslons were alternated between each ”

- of.two pens (one treatment and one control) Mornmg and afternoon samplnng penods

| were alternated for each pen to avond any potentlal blas From January 22 to March 21 the i ) '

' observatlon time was doubled by using two observers | :
. N [

Durmg each lO-mmute sessnon two types of behav:oural data were recorded Male

courtshlp actnv:ty was quantufled by recordmg all occurrences of dnsplays exhlblted by each -

.

- male dunng the observatlon session. Three dlsplays were uséd to mdlcate courtshlp-«the

grunt whustle tall up, head -up” and the "down up dlsplays (Johnsgard’ taéﬁ)‘s .

' .Because somqulsplays were mlssed durmg penods of mtense actlinty the data représent v .
. ¢ . Q
minimum. numbers of dlsplays expressed by any guven mdwrdual Pamng was noted

A

' mdmduals were consudered palred |f a female showed consnstent preference for one male '

"vra rncltmg behavnour (Johnsgard 1960) and the male showed§no aggressron towards o
~l'the female for at least a 6 day penod This strmgent reclunrement prevented lncorrect
: |dent|f1cat|on of ephemeral Ilarsons as’ palred burds Permaxnt palrs were deflned as those |
o parrs that dld not break up durmg the course of the study, temporary parrs benng defrned T
5 as, those that broke up after bemg recorded as paure:l e | |

On Aprll 3 1986 all females that had shown evndence of havrng palred mth a male

o (45) were placed at random in mdlvrdual breedmg pens wuth thelr mates The remammg 5 i
| .three females Were placed wrth a male chosen at random from therr wmterpen (Pen 1 1

» female Pen A: 2 females) and also placed in separa.t:breedmg pens Thrs created }4 parrs -

o from each of the treatment and control groups Each enclosure was lO m2 provrded ‘

'partual wsual usolatlon from other pens and: contame? a 26 m2 pond and one gravuty flow .

W



-self?feed‘er.’ .artnflcual nest box contalnlng straw was provnded along wnth a supply of .
crushed oyster shell ad |lb @ S

4 :
. LI b
. o .

By selectlng palrs at' random from the two wmter groups, (treatment and control 24
m each group), four new treatments (12 palrs lmach) were created The four tredtments o
" pased on dnet were restncted wmter-restrrcted gprmg,«restncted wmter unllmlted spnng,

' unlumlted wmter-restncted spnng, unl:mlted wmter-unllmlted sprmg The mean k

consumptlon per palr per day of commercnal duck breeder ratron was calculated to the :

nearest 50 ml by volume for the 24 palrs on the unllmlted spnng dlet treatment The
_ _..remalnmg 24 palrs ona restncted spnng dlet recelved 50% of the dlet of the unllmlted

group for 7days this amount was increased to 70% thereafter - . R . i
Pens were checked dally for the presence of newly- lald eggs Of 43 hens that Iaud

»

I clutches 39 used the artlflcaal nest boxes provnded (all three females glven a mate lawl "

N

_ clutches) Clutches were consudered normal only when all eggs were laid W|th|n a smgle ‘

nest bowl The date on whnch% fi ?& egg was found in a nest was consudered the Iaymg
AR

’» date The clutch was consndered complete 3 days after the last egg was found: The eggs-- B

- were then removed placed in an’" ncubator and the patrs removed from the expenment

4 ’ B
Data analysis

To examme ;he mfluence of dlet restnctlon on courtshlp actl\nty, date of courtshlp

-

) mltuatlon and pamng date, a mlxed model nested ANOVA was used When sample sizes
‘ .
‘were unequal the Satterthwalte gpproxlmatron was applled if appropnate When the;

\

" Jmtermednate level of the mean. squares was nonsngmflcant the ‘rules for poolmq mean
,squares were. followed (S‘okal and Rohlf 1981) Because of varlance heterogenelty,‘
' comparlson of courtshlp actnvnty by smgle and palred males was’ done usnng the Wllcoxon o

; two sample test The relatlonshlp between dlet restrlctlon and panr bond permanence was' '

examlned usmg a G test for undependence w:th the Walllams correctnon factor (Sokal and L



. ‘ ‘
Rohlf 1981) A one—way ANOVA and ANCOVA were ‘used to. examme the mfluence of

treatment on laymg date and clutch srze respectwely lt was declded a prrorr to test for. ‘

: dnfferences in treatment means between unlrmrted wrnter—restncted sprmg ant}restrrcted

«

wmter unhmrted sprmg treatment groups Nested ANOVAS were done usmg the SAS co

. computer package (SAS lnstrtute Inc 1985) while all other ANOVAS were done using the
BMDP statrstrcal package(Drxon et aI 1983) |
| RESULTS o IR AR PO

Effectof food limitation =~ - |

w .
. .

| ‘Bod‘f/ werght of both sexes changed over time in relatlon to food restrlctron; for the L
iduratron of the wrnter study (Frg V- 1) On November 20 (Ieft arrowalg V- 1) at the onset' . -‘
“ of food reductron (70% ad lib), the mean welghts of male and female mallards formmg the .
"groups to be glven a restncted dret tended to be slrghtly greater than those of the groups “
to be retamed on the unlrmlted dlet (Flg Iv- 1) Thrs dlfferehce however was srgnrfrcantl
’v 'only among females (Table .V l) From November 20 to December 3 raprd werght loss‘ .
e occurred in both sexes caused by low temperatures durrng this’ perrod (mean
’ temperatures max = :17.0C * 4. 6 mrn -27 GC 48) Desplte th? reduced foodv-
avarlabrlrty the brrds on the. restrrcted dlet, drd not lose srgnrflcantly more welght than
vthose on the ad (rb duet (Table fv-1). On December 3 (centre arrow Flg V- 1) the amount o

q Y

; of food made avarlable to brrds on the restrr%d dret was reduced further to: 60% of the :
' »level -of mtake of the group on the ad hb dret Both the treatment and cohtrol groups' :

_ exhrblted raprd weught gatn from December 3 to December 18 (Flgure lV 1) but those on
' .the restrr“d dret dad not galn as. much as those on the ad lib- dret (Table lv-1) From

‘ : December 18 to March 17 bothsexes in.both the treatment and control groups lost werght .
- fat about the same rate (Frg Iv-1) but the blrds on the ad lrb dret were srgmﬂcantly heavrer ,.

. .than those on the restrlcted dret dunng thls pernod (Table IV 2) On: March 17 (nght arrow . }‘ ”
o o _ . o BRI EER
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Frg lV 1) the dlet of the restrncted treatment group was furtheP reduced to 50% ad hb

e

*7_-whrch mduced further wengﬁt Ioss mfthe experrmental groups (Frg IV-1) At the

“"termmatlon of the wmter study, blrds pn the restncted dlet had lost srgntflcantly more

.-’:‘v

most of the study (December 15 - March 27) the. Ievels of endogenous reserves m

' fj‘mdlvrduals of the restrlcted dret groups Were below those of bnrds on the ad lrb dnet .

.

T '

N '..ﬂ." RN

c!(a«

“..
¢

C0urtsh|p actlvrty and par ring success

N ?”
v oo r'\v

The 'number of male courtshrp drsplays observed in each pen varred consrderably

.f . & - '.

V among days and between pens (Frgs ly -2 and 3) apparenﬂy dependent upon date

' clrmatlc condltlons and the parr status of mdwndual males when obser‘vatrons were rrade

L Mo

"‘Courtshrp drsplays occurred sporadrcally untrl the mlddle of Januar’y when a sudd

: mcrease was observed whrch was sustamed through to early March (Fsgs 1V 2 and 3) E/en

[

'so the number of drsplays recOrded darly fluctuated between days apparehtly berng

\r

mfluenced by weather condmons; courtshlp was reduced on days when temperatures’ fell

a0

Amdlcatron that males gwen the ag ||b dret tended to dlsplay more often at colder

2 also mfluenced courtshrp actrvrty ln all four pens, m‘ales that were permanently parred

. 'omrtted from analysrs of male courtshlp actrvrty

' ‘the lsame trmg penod showed no statmlcal drfferences (ercoa on srgned rank‘s test Pcns !

:

,; A

e ,0' N A S

Loere

’. e..

Courtshrp actmty by male mallards drd not appear to be aﬂected by dwt treatment

‘,"'(Table lv-4) Moreover compansons gf darly courtshrp actrvrty lor groups observed durmg

7:

{ls\' ' R

»

- Y

welght than the brrds onan adzb diet ('l‘able N 1). From these results rt rs assumed that for .

C

~‘below 5 C and was ellmmated when they fell below 10 c (Frg |V~4) There is- some
temperatures than the. males grven the restrlcted dret (Frg IV”—A) ’X"male s parred status
: ‘dlsplayed less f?equently than srngle maT‘es or males that formed temporary paors (Table IV- g

" ,:-3) Because oftthese drfferences and the fact that each pen«drd not have the same number .' ‘

‘ .;of permanently parred males at any given trme data for permanently parred males were
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f - 2
' versus 2,P>0. 2 Pens 3 versus 4, P > 0 3) Males on-the. restncted diet dusplayed as much_' ‘
as males on the ad I|b diet.’ Although ré‘dlfferences were. observed m courtshup adwrty of- ’
) ‘ﬂmale mallards on two dlffErent dnet reglmes date of cour‘tshlp nmt:atron and date of parr.
. formation were d|fferent (Table IV 4) Most males on the ad lib diet commenced courtshrp.f.
in mld December but for males on the restrlcted dlet the onset of courtshlp dtsplays

averaged 8 days later. (P <0. 05) As well most pamng t00k place in m»d January for maies

on the ad Ilb diet but males on the restncted dlet formed parr bonds on avhrage 16 days

) later (Table IV-4). - "

' <
S Most of the 12 females i in each pen (1=11, 2 =12, 3 9,4= ll) parred-durlng the
study but the permanence of these pair bonds was mfluenced by the diet treatment (Table

CIV-5). Sugmflcantly more of the bonds (55%) formed in the groups ona restncted diet were

temporary than in the groups (20%) onan ad l|b diet.
B ‘~"Rep‘roduction- o - | | o - T

Forty one -of 48 female mallards initiated normal clutches over a 5-week period
dunng the study (Fig. IVv- 5) A progresslvely Iater mean Iaymg date accompanled an‘yv"
lncrease in the degree of diet restriction. Overall the mean values of laymg dates for the
four dret treatments were statrstlcally drfferent (Table lV 6) but more specrfncally the group :
on an unhmxted w:nter-hmlted sprmg dietiinitiated nestlng sngmfucantly earluer than those '

_on the lumlted winter-unlimited spnng d:et (Table Iv- 6) Clutch srze drd not follow the :
‘same trend as. layrng date (Table IV-6). When the sngmfucant correlatron (P < 0 0S)
“between laying date and cI‘utch size wis. accounted for no statistical d«fferences existed
B between the treatment groups The relatronshrp between date of pamng and layrng was

‘ also exammed but in none of the lour groups was a sugnmcant correlation found (Table -

N
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The vanabrhty in male courtsl’up actwlty (nunlber of‘ dlsplays per unrt trme) m each ‘of

the group,s ‘of male°mal|ar°ds was dependent upon calendar'date (photoperrod) cnmatrc‘:;

iy S

condltlons (rnamly temperature) and mdwrdual status (parred or unparred) ln mallards_;

13

‘ and other dabblmg duck spec:es rn whlch most populataonswmter at more southerly

-

";,:-ratitua’é.-s, co

) , Heitmeyer a8 ) t for those that wrnter further north near the nor'thern edge of therrf:' -
courtshrp actlvrty is often delayed tl" Iate wmter (Sugden et aI 1974 Brodsky:_ i

wmter range,

: and Weatherhead 1985) ThIS delay may be attnbuted to latltudlr;\al drfferences in day._'_

Iength as photopenod rs a major proxlmate factor contwllmg the commer{cement of o

l

courtshrp actrvrty (Farner and Follet 1979) Inclement weather (low temperatures) qurlng-‘

Ve

early ﬁmrter r’na‘y alsd delay the commencement of courtshlp (Lebret 1961) Durmg«thrs'_; 'f':'

: study cold temperatures had a dampenmg effect on the number of drsplays observed m,

)rr

each group even durrng perrods of peak courtshrp actwrty, whrch rs c’onsrstent wrth the }

~’r

observatrons of Lebret (1961) but contrasts wrth results found by Brodsky ﬁhnd':-ﬁf‘f‘-.?

Weatherhead (1985) who record:d a gradual in&cl/ c@nstant mcrease ln the amount of trme
- spent courtlng by male black ~ducks (Anas mbrrpes) wmterrng near Ottawa, Ontano -
: B : i R
regardless of the amblent temperature Vanagon befween groups was also be caused by-

. . - \ v
the relatrve numbers df parred and slngle males ip the group that were actwe on a glven‘ T

‘ . '. day Several authors have observed the. partlcrpatron of palred and srqgle males in : |
COUrtShlp partres (Lebret 1961 Johnsgard 1960), but the degree to whrch Vea‘ch contnbutes_ -
to courtshlp actwutres has rarely been quéntrfred (Wdhams 1983) In thrs study males that' ; /

) ; were smgle ortemmrar¥ palred dlsplayed more often than permanently parred mallargs . :

whach rs srmrlar to observatrons made by Tum'bull and Baldasarre (1987) of a populatron of_t ‘

R . -1 R
v Yo i . . .v o Lo i _t» . i = e T soE

B E N »



o wud mallards Therefore the number of drsplays observed on a partlcular day not only
o BN “' f:j -‘,- \1._,
reflected the number of males courtlng but also the relatrve abundance of slngle and

B e t‘

B palred males 4n the group Thls fdctor should l:k taken tnto account m any study whlch

- attempts to quantlfy rﬁale courtshlp adnvrty, as has been done by Frankel and Baskett

0
”
R

(1961 ) for calllng rates of the mournmg dove (Zenaldura macroura)

. o

e Rt

Male mallards on a restncted dlet commenced courtshrp dlsplays at a later date than g

dld ‘males on an ad llb dlet These results are consrstent wrth those found by Brodsky ansi

'A’ : ' . K :
-;‘Weatherhead (1985) whb found a srgmflcant relatlonshlp betwee/n food abundance at a P

B partxcular site and commencement of’ courtshlp in male black ducks wrnterlng near

: .-ATOttawa Ontano lt is generally acknowledged that. cou?tshlp actavnty |s costly in terms of

' energy and tlme chKmney 1975) If energetnc constralnts can delay th7 commencement

e

) S
_of courtshlp o_pe would also expect Ilmltatlons in the amount of courtshlp ;\_@f e,

‘ Body welght wuthm the range rec0rded durlng thls study, had no mfluence on the 8

L

number of dlsplays expressed by an mdwudual nor was the actnvrty of males on a resthcted T

u.t’
I

dlet lower than males 6!\ an ad |lb dleten any glven day Brodsky and Weatherhead (1985)_
... found sugmflcant dl»fferehces between three groups of wrld black duck ln terms of t{te .

perc}vtage of time- spent courtnng Blrds in hlgh quallty habltatq(hlgh food abundance) .

~

spent more tlme courtmg than blde resudlng m ‘areas of low foo&abundance They n

attnbuted thlS to dnfferences in body condltuon and tume avallable for courtshlp actl\lty (it ‘_A, :

v

was assumed that blrds in hlgh quallty habltat had hlgher body reserves) My'fesults dld

y

ot support these concluslons One reason may be the spatnal relatlonshlps between -

a

roqps of mallardsgm the pens Because cor{lrol and treatment pens were adjacent to bne

another (pens 1 and 2;Pens 3 and 4), the amOunt of courtshlp by male; in each pen may
not have been mdependent of that in the other lt is possrble therefore that altheugh o

‘ vnsually lsolated males in one pen may halve recenved acoustical stlmulaflon from males in .

7

"~ . the ad;acent pen makang the data from adjacent pens nomndependent Male mallards )



(r(pe,,,1 ’v.’ =0, 179 P > 0. w r(pen,3.4,.,o.1’ 15 P g‘iﬂ) .An alterr\ate exp

SO

mére appropnate smce blrds ondhe restnctgd diet) £}

_,: : : \H\‘h" S\ o
for‘matlon and mamtenarkﬁf 3

in r'\ tﬁre (McKu‘mey 1970) 1n

January, the ti‘ i

\
latnudes (Hepp and

| ,"1ater\than for
aau' \1v98

“_??‘w

rc n a restncted dnet expenenced p ‘

uﬂl. tnoﬁs at that Iatntude The results' ¢
>



93

.(./

: wuld b\ds at thns latntude (Sugden et al. 1974) whlch would sugges‘t that such W|Id brrds are

food hmlted Supplemental feedmg has ad Ced the start -of Medmg in other bll’d -
W N )
' specles (»Kallander 1974 Smlth et aI 1980 Ewald and Rohwer 1982 Davnes and Lundberg

K v

N ”85). It is clear however that dlfferences/d/g exlst in the tlmhg of pam formatlon - f

.,_bet eenthetwogroupson qrfferen‘tdletreglmes ' *‘ v iy s

' The pl'ocess of pair’ bond forma‘uoﬁ anOWeS both sexes The male mus‘..

) vV\th other males through mtense courtshnp for a mate whxleQ the female must chbose the. .
- ‘ —_— E ' ¥ . . ‘.

‘ :male exhlbmng appropnate qualmes After the mmal choac,e is made palr compatlbahty e

) g fos ‘ .
, and male quahty is contmually tested over an extended penod dunng Wthh the bond can .

" be dlssoIVed or strengthened to the polnt where lt becomes permanent (Mcl(mney 1975 i :

. _Wnlllams 1983) : A restricted dlet. wnn"reduce the amou.nt of energy\and time each .

_ mdwudual can commu to the pamng process Male attentlveness dunng and after palrmg

l

' '.may be an |mportant cue used by the female (McKmney 1975), therefore low, energy"

reserves may adversely arffect t.s aspect of male quahty Conversely, the date of patr\qg
. s R ,
© and-pair’ bond mamtenance may not be mfluenced by male qualuty but by the female s

-

' physnologucal state, Dnet restnctron has been shown to mfluence hormone productlon ,

'v""whuch in turn can control reprod’uctnon (Akesson and Ravelmg 1981 Balthazart 1983

. Bluhm 1985) Jl)W body reserves may dlsrupt thy’physnologncal state of the female toa:

‘\ ’pmnt at whlch pamng could be delayed or preventé\d ({nce paired, the effects of food

l|m|tat|on on female physlologrcal state may. persrst causing the female to abandon the

~ady\ __tages accrued by palrmg early “An increase in domlnance rank assocuated wuth

-



. _the parred: status has been documented for several waterfowl specnes (Ravelmg 1970 ;

'!

B :Paulu5__1983 Hepp and Harr 1984, thls study Chapter 3). This mcreased status may facllltate

‘n

-

- -atcess to hmlted resource&(Ashcroft 1976 ﬂcott 1980 Paulus 1983) and thereby allow the‘
".parr to iqunre the energy reserves needed f\.f both mamtenance and reprodu tion (Hepp ‘

. l
S | 984) Early pairing would ,allow potentral.,m_ates, to strengthen pair bonds beforestrong

N bonds are required. ‘Weak bonds'may be inefféttual ‘dur'ing periodsof int'ense competition =
A .

*fog resources durlng challopges made by reproductlvely active’ males in wnnter or dunng
- .

' , thme estarbhshmgnt of bre;dmg terntones n the spnng Studles have. shown that in some :

B specles

pirds that have been paired for & longer penod of tlme have a hrgher reproductwe :
succes than newly formed pairs (Mills 1973 Pernns and McCleery 19@5) S -"_. o
] Y .
. ~ . l . : T,
' *Because forming and maintain‘i'ng pair bonds e‘ntai'ls-'costs in. term’s of time and
: \/ — NN
'energy, it would be advantageom 10. have hrgh levels of energy reserves and /as dlscussed
%
"f.earlrer hlgh energy reserves may be an mdlcatlon of male quahty For both sexes, hrgh

' Ievels of ehergy reserves may allow the pamng process to commence at an earller date and -

:" thus enable a strong parr bond to form Low energy reserves may drsrupt and/or delay

: N d
these cntlcal brologncal processes ThlS could have a drrect |mpact on the mdcvudual on the : .

L wmtermg grounds and ultlmately affect its reproductrve success the followmg sp'rmg
: ;Reproduction . S o - e IR T .'_“"".
: _'ﬁﬁflue_nce of pairing date - A *

Several authors have suggested that for ducks, the tlmmg bf patr bond formatron

Py
can affect the date of Iaymg mdlrectly by rts mfluence on levels ofibody reserves durmg the

, }wuhter pernod (Spurr and Mllne 1976 Paulus 1983 Hepp 1984 Brodsky and Weatherhead

kN 1985 Heutmeyer 1985). Because the pamng process is an rmportant prelude to Iaymg

@



pairing chronology may affect

" " ‘, 4

AN

e

nesting 'chrbnology directly.

No C“orrelation'e'xisted between pairing date and laying date'in‘anyc)f‘the four 'diet o

treatments, but several factors must be acknowledged before concludmg that laymg date

- . ’

! has no relatlon to pamng dgte Thrs study, underxaptwe condltrons, removed some of the
. constramts to whnch mallérds are subjected in thelr natural envnronment Flrst. early
: i_ pamng d:d not appear to provude any advantage ’ré the acqutsmon of energy reserv‘es
' (Chapter 3) and second these birds were nat requuted to mrgrate or establlsh breedmg

terrrtones Because of the frrst condition the nndlrect advantages assocrated wuth early
: e

' pamng dld not exlst Because of the second the relatnonshlp examloed may have Iuttle \1':

O‘relevance to the wald srtuauon Therefore ‘these results must be mterpreted wnth cautron

and should not be used to refute the |dea that there is elther a dlrect or mdrrect mfluence

: of palrmb chronology on nestrng chronology o R

N ln'flucn‘ceofbodyvveightonla_ying

Bah the level of body reserves’ and food resourc ab sAdance have been implic’ated

35 |mportant determlnants of Iaymg date and clutch size in duck specles that nest early m- '

tbe breedung season (Krapu 1974 Krapu and Doty 1979 Drobney 1982 Coulson 1984

Duncan 1987) For the mallard it. has been argued that energy reserves acqulred befbre )

'.p."’

. &
" - arrival on ‘the breedmg grounds allow the female to secure the necessary amount of
' protem durmg the post-arnval pre- laymg penod for the egg productuon of her flrst clutch

(K_rapu 19811. Yet'the relatnOe rmportance of energy reserves acquired vbefo‘re.arﬁval versus’

-
-

tood"abundance on the breeding grounds has never been quantified. _ S
_ , . : \ -

“For captive nfallarg % his‘study: bird_s entering the’ breéding sea\son with low body

weights (minimal eng initiated clutches at a'later date than those birds which

~ had higher body wej , ere appeared to be no influence of body‘Weigh_t on clutch

. . .
-~ . -
. * ? : B



2
o
-

snze when lt was adjusted for laymg date In addltron Iow body wmghts ¢ ":re'the start’l'o'f' -

' ‘tf:z:reedmg season delayedjclutch mwt:atnonsrgmﬁcantly lo?lger than dld a restncted d'net»-‘f -
atthe onset of the breedmg seasort These results support the Suggestlon that the level of e

: . endoge%'osreserves acqﬁrred before arnvmg on the breeding: grounds can mfluence egg -
'.lproductron in early nestmg waterfowl Thls porqt may%e taken one step further
Envnronmental condmons south of the breedmg grounds whlch affect the female s

o enpogenous reserves may be a more |mportant mfluence on clutch lmtratlon dates than _

. envrronmental condrtlons on the breedmg grounds Whrch affect food avarlabllrty there

e

-

However thls mterpretatnon rs made. wrth cautlon The results are based on reIatnv&
. 'dlfferences in the degree of restnctlon between the wmter and sprmg penods A cha'\ge .

>

in the magmtude % the*restrlctlon durmg elther penod would probably have affected the

.

- magmtude of the observed dlfferences in laymg dates for example nf the restrlctron b

'dunng the wmter penod had been only 30% and the dlet restrlctuon dunng the sprmg

\DEI’IOd had been mcreased to 40% the observed’ results may have_been reversed Desplte

thls possrblllty, the Lesults shgvv that- endogenous reserves acqurred prtor to arrwal on‘ he =

s .

B ,' breedmg grounds can be more mRortant‘o date of clutch lnmatlon than envnronmeﬁ‘ta

-

v condm n the breedlng grounds Wthh affect food avarlab|l|ty

. i . . L .,A
. PN , : .
., .
v . .
1

To be of any blologncal S|gmf|cance a delay in laymg date must decrease '

reproductwe success of the mdrvndual Duckhng survrval a dlrect measure ‘of reproductrve
- ,‘:success is progresswely reduced the later ducklmgs hatch m a specles breedmg season
" (Dow and Fredga 1984 Hrll 1934 Toft et al #984) Lower survwal rates of later hatched
y6ung are also evndent in other specres of blrds (Perrms 1970 Drent and Daan 1980 Cooke
et al: 1984) A delay m Iaymg date has also assoclat:d wnth decreased clutch snze ir
- many waierfowl specles (Batt and Prlnce 1979 Davres and CookeJ983 Hmes and Mltchell

, 1983 ‘Duncan 1987) Several proxrmate factors have been postulated to explam thus -

" c(orrelatlon (Johnsgard 1973, Krapu et al 1983) but laytng date is probably the causal factor

.
oooel



(see Duncan 1987) A smaller clutch size would decrease reproductlve output of the .
: ¢ -
mdrw(dual for that breedmg season Frnally, the number of nestmg attempts may also be -

N

alffected by a delay in the laymg date Durmg the breedrng season several constramts are

J
‘ placed on the female mallard (Tltman 1981 Krapu 1981) and consequently, lrmltatrons of

- - Isd

tume and’ energy may drctave how many nestrng attempts, and hence opportumtres to

produce young, can’ be made (Swanson et al. 1986) A delay m thfmtlatron of the frrst ,_'v

P
gl

nest may reduce the number of subsequent nestlng attemptS\made by a female and thus

»"4

. 'co Id: ultnmately reduce her r}productlve output (Hegner and Wlngfreld 1986) Because

c e

Eﬁvnronmental condttlons oh‘ the breedmg grounds have been shown to rnﬁﬁgnce

D

, reproductlve output of blrds on the breedlng grounds (Jones and Ward 1976 Davres and

,4!

Cookeg§83 Davres and Lundberg 1985)l If the declslon to breed is related to a thresholq .

— I8

'7 Ievel of endogenous reserves ‘as has been suggested for several bll’d specles (Artkney and

Maclnnes 1978 Boersma and Ryder 1983 C0ulsoo.1384 Allsa'uskrs and Ankney 1985) and

these reserves are acqurred pnor to arnval on the breedmg grounds, then one. w0uld

expect to flnd twc‘ posmve correlatlons One between condmons off the breedmg grounds

o
énd levels of endogenous reserves and the second between condrtlons ofj the breedrng

v B 3

grou-nds and recrurtment rates the followrng.year Indeed prectpltatuon'levels on the

) wmtermg ground _'
. ¢
wrth endogenous I serve Ievels in the mallard (I-tertmeyer 1985) and prntall (Miller ‘1986) at -

hrch are a ood mdlcato( of food abgndance have been correlated

the.end of the _ mter penod As weII annual recrultment rates have been corl'elated wu{h

3
: envrronmen al. condntuons off the breedmg grounds for the mallard (Hertmeyer and
. Fredrrckson 198.1 Kamrnskn and Gluesnng lQBMther specres (ersson 1979 Den Held |
\ -
g

3

1981 Davres and Cooke 1983) \



To summanze the r*ults mdrcate tha low body welghts (low endogelnous reserves)

' on arnval on the breedlng grounds and. reduced food avallablllty after a'rnval wnll delay
: 7
' nest |nlt|at|on but not affect clutch size. It also appears that Iaymg date is affetted more by

s

low bgdy welghts on amval on the breedmg ground‘s thﬁ\ a restncted dlet thereafter (l'h‘e
) b“u . (3

expenmental deslgn and methodology used in thrs captwe study produced relatnve

dufferences between treatment groups under .an artlfrcnal/sltuatnfn greatly srmplnfymg the ' ":
blologlcal processes of a mallard relatlve to normal w»ld condntnons Nevertheless, { suggest

'that envrronmental condltlons off. the breedmg )grounds mfluence Ievels of Wdogenous

) 'reserves whrch m turn can affect laylng dates ultlmately mfluenﬁm? reproductwe output
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* V. CONCLUDING DISCUSSION - N
* '>~ ."_ & - - i I ',

.;3 . ThlS study documented dlfferentlal female emrgratlon from a populatlon of w;ld

mailards (Anas platyrhynchos) wmtenng at the Iatltude of Edmonton and using captlve

-

/

ducks mvestlgated the |mportance of dommance behawour and. body reserves to. the weIl-; o

~

bemg of the mdlwdual l alsa attempted to clanfy the rmpbrtance o(dommance status andf

“ 4-«—;
' .

body reserves of mallards durmg the wm?ppepod 02/ thenr subseouent reproductlve" '

{ : '\"\

/success. S LT N

also gradualty declmed dunng one wmter m wthh envnronmental condmons were

- N . N

B - [}
v -

Observatlons of wild mallards wmterlng north of thelr normal range mdrcated that ’ '

& o

 the sex ratlo was heavuly blased towards males and that thls b@s was, created at the onset' -

: of winter (freeze up of nver) The propomon of females and t.he snze of the populatlon:'

r

s -

. extremely harsh Because this - populatlon 5. subjected to env:ronmental cpndmons far

: (Brodsky and Weatherhea{i 1985) ' '» .

‘more severe than populatnons located at more SOutherIy Iatltudes, i suggest that

4.

: than dnffer;ntral mortallty rates. However the proxlmal mechamsm(s) causmg ‘this

»

1987) ata t;me when both space and fobd avallablllty are drastlcally reduced may induce B

3

the subordlnate females to emlgrate in greataer numbers than males The ultlmate cause
- R4 ’

' 'may bea means ‘of avordmg mortallty mduced by’a negatuve thermal balance (Calder 1974)_ '

"dlfferentlal dnspersal at the onset ofL’wunter is more |mportant in changlng the sex raﬁo

: dlfferentlal dlspersal |s (are) stlll unclear. Exclusron (Gauthreaux 1978) based on the .

a.v ’

: don’llnam-subOrdmate relatlonshlp of males and females (Hepp and- Halr 1984 Alexander

or posslbly due to exclusubn As well it may be mtportant for females to avord Iow body'

rEsérves whnch could reduce reproductlve output (Hepp 1984) ‘even. if it does not krll them :

-
0

LI



j ‘-sdbordrnate relatronshrp was observed in the captwe mallards as. has 2

v R

fﬁér wrld duck populatrons (Paulus 1383 _ epp and Harr 1984) Mal.es
/ ~. . / ) ) L s 1“6
j ds of both sexes Wrthin sex

;tgmf.cant effecfs On adult statqs However age (wrthm a year class) rnﬂuenced the
) S

dom.nance status achreved by females Aggressrve rnteractrons occmred at very Iow rates

PR

in th.s study, as has been observed in wrld populatrons (Paulus 1 980 Hepp and Harr 1984)
yet d.;tmct dommance classes eirsted These relatronshnps appeared to be estabhshed wnth
Itttle oven aggressron, yet of the vana.bles measured that could be used to‘ s“gnal

dommance status, none was correlated with- domma ce status l suggest that subtle '

.\,

behavroural cues such as posture are USed to astablrsh dormnance r‘atronshnps and that \
these cues are medrated by hormone levels Age and parr Rrusare. two factors whlch'—
e, N -
L
affect hormone productron (Akesson and Ravelmg 1981) and both are. related to

’ -

' 'dominanceétatusmthese ucks.- - R

thrs time m popula rons of wrld mallards To date. thrs phenomenon has not been i

o ear|.er and possrbly more often than subordmates, thereby enhancmg thesr chances of

reproducmg (Wrshart 1983) Dommants (parred males) also used preferred loafmg



s

attempts made (Hegner ahd ngfleld 1986), and by decreasung the survwal of duckllngs ’

"_,?v u
locatrons more frequently than subordlnates an advantage that would probably reduce
the llkelrhood of predatlon (Hamllton 197 l) Dommance status (sex) dld not appear to

affect levels of‘ lrpld reserves through pnonty of access 10 hmrted food resources These

-
Y

. resu 's are in contrast to those found for co?vnd (Cralg et al 1982) and other passenne

, sp cres (Fretwell 1969 DeLaet 1985) Thus lnferences made about the advantages of

- 3
acqulsmon oj crmcal llmlted food resources were not confrrmed Neverth‘eless, wuthm

' each sex domlnance status was posltuvely correlated wrth ||p|d reserves Because the results

of thls study may b/ave been mfluenced by the experlmental desrgn i suggest that more

- -

work is needed before deflnltlve conclusnons can be reached . } : e

g Low body welght an mdrcatron of reduced body reserves de ayed unrtlatlon of

courtshlp and pairing , and decreased the number of permanent palr bonds formed ThlS

\

suggests that there exrsts an |mportant relatlonshnp between body reserves prlor to amval

1

. on the sprmg breedmg grounds (durmg wmter perlod) and reproductlve actwrty Tq_be

t

detrnmental a delay m the pamng process must adversely affect the mduvrdual or its abnllty

to produce young For the male, any delay may prevent mate acqulsmon because femal{s
-area lumtted resource (Wlshart 1983) Because smgle females are subordmate any delayin

Ny patmg may hamper theur acqursrtnon of cntlcal food resources (Paulus 1983) In addmon

unstable palr bonds resultmg from poor condmon may hamper the male s abnlaty 10 protect

B lts mate from sexual advances by other males (Washart 1983) l.ow body welght durmg the |

wnnter,penod delayed nestmg to a greatg degree than reduced body werght durmg the

sprmg penod in this. study of captwe mallards Delayed nestlng may decrease reproductlve

‘ .output by decreasmg clutch size- (Duncan 1987), by reduclng the number of renestmg

hatched later in the specues breedmg season (Toft et al 1984) Thus rf a female arrlved on

..}-
'

domman&e«status in: waterfowl (Paulus 1983 Hepp 1984 Alexander 1 7) regardmg .

B

L e e e

e - . . PR ~ o

Soa
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080

. ; The brologrcal srgmflcance of dommance status and body reserves dunng the wmter o

. ‘pérg is'a toprc whlch has generated much rntereﬁ
b

b~ g
, brolbgrsts Varrable clrmatrc condmons have bEen correla‘

‘ (Hertmeyer 1985 Mrller 1986) and dommar;ce status has bee‘

critical resources (Paulus'l 983 Alexander 1987) A correlatron alsq exlsts between clrmatlcvf -

- condmons on the wrntenng grounds and reproductuve output the followmg year
: &

(Hertmeyer and Fredrrckson 1981 Kammskr and Glueslng 1987) Thrs study of captwe.

mallards demonstrated that mdrvrduals drffer m therr dommance status whuch in. turn can;

o,

-

"mfluence, to some degree, an mdwrdual S Well belng However the cntrcal questron as to._ '

in recent- years among waterfgwl
'-wrth levels of bod*reserves;

__‘as.socuated v‘n{h access. to;

whether dommance status can rnfluence Iev‘Ts of bgdy reserve threva prlonty of access to P

- hmrted food resources was not answered L

>

'_-envuronment mtroduced the possnble brjs of mdlvrdual recogmtuon durmg aggresswe =

mteractropg‘whrch is unlrkely to occur in thle’wrld (Ravel}ng 1970) Second artrfucral feedrng

~‘removed the. rrgours of the natural envrronment provrdmg ample tlme for mvestmg in

;.

lnterpretatron of these results muSt be tempered wrth cautlon Frrst the captwe_' 4

. other actlvmes such as courtshrp And fmally, spnng mrgratlon and *E'reedmg terrltory"'_f _.

*

: 'establrshment were tWo rmportant actrvmes orhrtted fromthe brologrcal cycle of these;

- mallards Thrs srmplrfled the relatronshrp between wmter condrtrons and sprmg ‘.

[ sa

reproductron of these brrds Yet desprte these srmplrfrcatrons, durrng the wmter perrod it f» ‘

Ao

is apparent that both socral and envrronmental factors have an |mportant rnfluence on the .

e

-

_»well-bemgofmallards S . o _‘ R Ca

'..urERAruneareo e LT [T'/ =

s Akesson, T; R and D G. Ravelmg 1981 Endocrme and body werght changes of nestrng .

S

»

o and non-nestmg Canada geese;Brol Rgp 25 792-105
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