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Studies of co-operative breeding in Australia and New Zealand have made a considerable
contribution to the current understanding of this phenomenon. This review considers the progress that
has been made since l. Rowley's pioneering work on the Superb Fairy-wren in the 1950s and 60s in
testing hypotheses proposed to explain (a) why individuals refrain from dispersing from their natal
territory (i.e. are philopatric) and (b) why philopatric individuals help to raise young that are not their
own. I survey all Australian species that have been recorded as breeding co-operatively, and possible
explanations for the disproportionately large number of Australian species that breed co-operativelv
are discussed.

INTRODUCTION

The primary aim of this paper is to review the
substantial contribution studies in Australia and
New Zealand have made to the current under-
standing of cc-r-operative brecding in birds. An
additional aim is to review the incidence of
co-operative brecding in Australian birds. While
it was beyond the scope of this review to collate
all records of co-operative breeding in all of
Australasia, it would be remiss to isnore the
significant contribution to the field made by
studies in New Zealand, and so the latter are
included in a general review of hypotheses.

. Fnf. the pr.rrposes of this review co-operative
breeding is dcfined as zrny situation in which more
than two. indiv iduals prov ide care in  the rear ing
of a single clutch or brood (except for cases oT
intraspccific brood parasitism oi cuckoldry in
which the parasites do not provide any care to
their offspring (Brown 1987)). Two broad types

of breeding system fall within this dcfinit ion of
co-operative breeding: (i) situations in which
parentage and care of the young in a brood is
shared by more than two individuals (variously
labelled ' joint nesting', 'mate sharing' or'communal brceding' (Emlen 19t34; Brown 1987);
and (i i) situations in which an individual ( 'helpcr')
performs parent-l ike behaviour towards young
that  are nol  i ts  own of fspr ing (Brown 1987).  l ;
the latter category a common pattern is for off-
spring raised during a previous brecding attempt
to assist in raising their younger siblings at their
parents' subsequent nests.

Evolutionary biologists have long been fascinated
by co-operative breeding bccause it poses arn
intriguing challcnge to Darwin's (18-54) theory of
evolution by natural selection acting upon
indiv iduals.  When d iscussing sacr i l ic ia l  a ic l -g iv ing
between individuals of our own sDecies. Darwin
(1871;  p.  130)  acknowledged.  'He who was ready
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TABLE 1
Spccics that  have l tccn rccorc led brecding co-operat ively wi th in Austra l ia.  Nomenclature fo lkrws Chr ist ic l is  ancl  ISolcs (1994).

Re[crcnccs for  a l l  specics are provided in Dor.v ( l9t i0)  unlcss indicatccl  othcrwise.

Fami l r - Conrmon namc Scientific name Rel'e renccs

Anscranir t ic lac
Podic ipcdidae
Ra l l i dac

Apodic lac
Halcvonidae

Mcropic lac
Cl imactcr ic lac

Malur ic lac

Parda lo t idac

Mc l i ph  r q i t l l c

Magpic Goosc
Austra lasian Grebc
Purple Swamphen
Duskv Moorchcn
' l 'asmanian 

Nzrt ivc Hen
Whitc-rumped Swif t lc t
Buff-breasted Paradise-Kingfisher
Laughing Kookaburra
Blue-winged Kookaburra
Forcst Kingfisher
Rainbow Bee-eater
Rccl-brorved Trcccrccper
Brown Treecreepcr
B Iack-ta i lcc i  Treecreeper
Rufous Treecreepcr
Purple-crorvned Fairy-wren
Supcrb Fairy-wren
Splendid Fairv-wren
Var ie gated Fairy-wren
Lovclv Fairy-wrcn
BIue-brcasted Fairy-wrcn
Recl-wingcd Fairy-wren
Whitc-wingcd Fairy-u,ren
Red-backecl  Fairy-wren
Whitc- throated Crasswrcn
Thick-bi l led Grasswren
Str iatcc l  Pardakrte
White-brorvcd Scrubwren

Large-bi l led Scrubu,rcn
Specklecl  Warbler
Weeb i l l
Brou,n Gervgone
Chestnut-rumpecl  Thornbi l l
Buf f - rumpcd Thornbi l l
Yclkru ' - runtpcd Thornbi l l
Ycl loq Thornbi l l
Str iatcd Thornbi l l
Southcrn Whitefacc

Banclccl  Whi te facc
Rcd Watt lebird
L i t t l e  Wa t t l eb i r d
Str iped Honevcatcr
I - i t t lc  Fr iarbi rc l
Bluc- facct l  Honcycater
Be  l l  M inc r
No i sv  M ine r
Ye l low-throated Mincr
Black-carcd N' [ incr
Ye llorv-tr-r ftcd I krneycater
White-plumcd Honeycatcr
ts lack-chinned F{oncvcater
Broq n-he ade d Honevear ler

Anseranos semipalnnta
Tachy bap t us nov oe h o I I an d iu e
Porph-vrio porphvrio
Gullinula Ienabros0
Gttllinula mortieri
C ol Iocal ia s pod iopy gi us c h ill igo e nsis
Tanysiptera s,vlvia
Dut'elo novoeguineae
Ducelo leechii
Todiramp hus ntucl e ay ii
Merops ornrtLts
Climucteris erythrops
Climocteris picumnus
Climucteris melanura
Climacteris ruJa
Mulurus coronatus
Maltrrus cvuneus
Malunts splendens
Malurus Iantberti
Malurus umabilis
MalurLts pulcherrinus
Malurus elegans
Malurus leLtcoptaru.s
M a I u r Lrs me I a n o t' e p h a I tt s
Amy-tornis woodwardi
Amytornis tertilis
Pardalotus striottts
Sericetrnis frontulis

Serico rnis tnagni ros l ri s
C ht ho ni co Ia sugi ttattts
S tni cro rn i s h rev i ros t ri s
Gervgone mouki
A ur n t h i ztr tt r o p -r- g i o I i s
Actt tt t h i zn re gu I ct i de s
A<'ttn I lt i zu ch rysorrh oo
Acuttthiza nana
Acanlhizu Iineutu
A p he loce p halu le uco 1ts i s

A p he Iot'e p ha Ia n igricinctu
An th oc haera c a runcu I u ta
A nt hochaera t' h rvso p te ru
P I ec t o rh v nc h a I o nceo Iotu
P h ile nnn c i t reoguluris
Erttornyzon cy0notis
Marorina nelunophrys
M anorinn mclanocephu Iu
Munorintt .fluvigultt
Monorina melanotis
Lic he nostomtts ne la nop s
Lic h e no s to mus p e n nic i I I a t us
M e I i th rep t trs gu I a ri s (l ate ro i r racc)
M e I it h ra p ns b rav iros tris

Tarburton ant i  Minot  1987

Rowley ancl  Russcl l  1993

Schoddc 191t2
Schoddc l9 l l2
Brooker 1 988

Harr is  and Ncwn.ran l97zl
c i ted in Brown l9 lJ7

Sandbr ink ancl  Robinson
199"1

Blakcrs er al. 1984
Talmage 1993

Moffat cl d/. 1983

Boles e/  d/ .  l98l

MacLaughl in 1990
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Fanr i lv Common name Scientific name Referenccs

Me  l i pha t i dae
- ('0iltUrrr(d

Petroic ic lac

Orthorychic lae
Po ma tostont id l te

Cinclosonrat ic l  ac
Neosi t t i r lae
Pach yce ph al  ic lae
Dicrur ic lac
Canrpcphagic lac
Orio l ic l i rc
Artanr ic lac

C()  ru ( ) r i re  id l l c

Whi t c - t h rou ted  Honeyc l l e r
White-napcd Honeycater
Black-headccl  Honeyeater
Nerv Hol lancl  Honcyeater
Rufous-throated Honeyeater
Hooded Robin
Eastern Ycl low Robin
White-brcastecl  Robin
Wcstcrn Ycl low Robin
I-ogrunner
Grcy-crowncd Babbler
Whitc-brou,ed Babbler
Ha l l ' s  Babb le r
Cinnarnon Quai l - thrush
Var icd Si t te l la
Crcsted Shr ike-t i t
Magpie - lark
Grounci  Cuckoo-shr ike
Figbird
White-brcasted Woodswal low
BIack-faccd Woodswal low
Dr.rskl Woociswallorv
Li t t le Woodswal low
Grcy Butchcrbirc l
Pie d Butcherbirc i
Austra l ian Magpie
White-winged Chough
Apost lebird

M e I it h rep t us al b o gul aris
MelithrcptLts IunatLts
Melirhreptus uffinis
P hy I itl o n y r is no v aeh o I I an d i ae
C o n o po p h i I u ntfo gul ur is
Melunodryas cucullata
Eopsaltria austt'ulis
Eopsultria georgiunu
Eopsal tri u griseogil aris
Orthonvx tamminckii
P o mu tos to nuts Ie mp o r o I i s
Po m a t o.s I o m u s .s t t pc rt i I i t ts t t.t
Pomatostomus halli
Ci n c I os o mu c i n n0 m o ne u tn
D o p h o e n o s i t I tt c h r v- s 0 p t e r a
Fu I cu n c u I us J ro n tu I tts
G rallinu cyunoleucu
Corucina mu,rima
Sphecotheres vit'idis
Artumus Ie ucct rhv nclt tts
Artqmus cinereus
Artamus cvanoplerus
Artomus minor
Cracticus torqLtolLts
C rctc ticus nigro gu I aris
Gymnorhina tibicen
C o rco rax me I u n o rlt a mp h u s
Struthidea cinerea

Blakers et 01. lL)84

I l rown 1987

Astor.r l9ll8

Woodal l  l9 lJ l

to sacrif icc his l i fc. . . would often leave no off-
spring to inherit his noble nature. Therefore it
hard ly  seems probable,  that  the number of  men
gifted with such virtues, . . . could be increased
through natural selection, that is, by survival of
thc f i t test . ' .  Wi l l iams (1966;  p. l9a)  expressed the
dilemma in more modern genetic terminology
when he wrote, 'How could natural selection
based on the relative role of reproduction of
differcnt individuals, favour genes that cause their
bcarers to expend resources to benefit their
gcnet ic  compet i tors ' l ' .  Hence,  much of  the
rescarch on co-operative breeding over the last
30 years has attempted to test hypotheses
postulate d to explain why helpers contribute
food. t irne and energy raising young that are not
tne l r  own .

Co-operative breeding is of particular intercst
to Australasian ornithologists since a dispro-
portionate number of species in this region breed
co-operatively. For example, currently 80 of
the 667 species ( I2" / , , )  thar  are found on the
Australian mainland. Tasmania or surroundins

waters that are breeding residents or resular
migrants (Chr is t id is  und Boles 1994) have 

-heen

recorded breeding co-operatively (Table 1).
By contrast, in a global review of the incidencc
of co-operative breeding Brown (1987) reported
approximately 222 (2.5%) of the 9 016 species
of bird in the world bred co-oDerativelv. The
number of Australian species recorded bieedins
cooperat ive ly  has r iscn steadi ly  s ince Dow' i
(1980a) review rcported 62 such species,
and no doubt the figure wil l continue to increase
as more species are studied in dctail. Russell
(1989),  and later  Edwards and Naeem (1993),
highlighted the fact that, among Australian
species with a Gondwanan origin (the 'old

endemics'), the incidence of co-operative
breeding was extremely h igh (at  least  22%),
suggesting that co-operative breeding may have
had a long history in Australia. Conscquently
there are profound thcoretical and prilctical
reasons why it is important to undersfand the
evolutionary forces that have led to such a large
proportion of the Australian avifauna breeding
co-operatively.



Australasian ornithologists also have an historical
clzrirn to having helped focus the ornithological
wor ld 's  at tent ion on co-operat ivc breeding.
Rowley's (196-5) pioneering study of the Superb
Fairy-wren wzls one of the first detailed studies of
an individually colour-banded population of co-
operatively breecling birds in the world. Further-
more. his wils one of the first attempts to quantify
the impact of helpers upon the reproductive out-
put of breeding pairs. By demonstrating the
abunc'lancc of co-operatively breeding species in
Ar. rs t ra l ia .  Rowlc l , (1968) ru led out  any possib i l i ty
of clismissing rcports of helping as a rare, inconse-
quent ia l  or  abcrrant  behaviour  pat tern -  despi te
i ts  rar i ty  in  the n<>rthern hemisphere.  Hence,  the
stage was set for studies of Australasian species
t t r  11111ks  l r  s i c .n i t i can t  con t r i bu t i on  t o  unde rs tand -
ing co-operat ive breeding in  b i rds.

Given thc par.rcity of basic knowlcdge of thc
brcecling biology of most Australasian species of
birds. most stuclies have bcen necessarily
dcscr ipt ive (e.g.  Rowley 1965;  Parry 1973;  Dow
1978a;  Craig 1980;  Clzrrke 1988;  Poiani  1993a).
Somc have investigated anatomical or physiological
i lspccts of co-operatively bre eding species
(Ambrose and Bradshaw 1988; Schmidt er a/.
l99 l :  Mulder  and Cockburn 1993:  Poiani  and
Flctcher 1994). Others have been carefully
targetccl towards groups of congeneric species
cxhib i t ing a range of  socia l  systems (e.g.  Bel l  and
Ford 1986;  T idemann 1986;  Noske 1991) or  have
studied thc biology of a single species in a range
of  habi tats  (Ambrose and Davies 1989).  Most
havc strr.rgglcd to obtain both the essential basic
background inform:it ion on each species' breed-
ing biology and tc-r also makc powerful compara-
tivc analyscs of the traits they observe in different
species or at various localit ics. Nevertheless,
thesc clescriptive studies have led to a substantial
improvcment in our understanding of the general
ccology of co-operative breeding in birds, and
placccl the field on zi sound footing to address the
kcy questions posed by co-operative breeding.

Two fundantcntal and interrelated questions
need to be answered if we are to understand co-
opcrat ive brceding (Brown 1987).  The f i rs t  is
why.  among co-operat ivc breeders,  do some
indiv iduals fa i l  to  d ispersc and breed indepen-
dcnt ly .  ancl  instead remain on thei r  nata l  terr i tory
( i .e .  arc phi lopatr ic) ,  o f ten as a member of  a
farnily group. The second is, given an individual
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is philopatric, why should it help raise another
individual's offspring.

WHY BE PHILOPATRIC?

Detailed studies of the ecology, and in particular
demography of co-operatively breeding species,
have led to a general hypothesis that some
individuals are forced to be philopatric either by
(a) ecological constraints making dispersal a more
costly tactic than philopatry (Brown 1969b, 1978;
Koenig and Pi te lka 1981),  or  (b)  the benef i ts  to
an individual's f itness of remainins in the natal
group outweigh the bencfits that could be gained
by dispersing and breeding independently as a
lone pair (Stacey and Ligon 1987) (Table 2).
In effect (a) and (b) are just the two sides of
thc same cost-benefit equation (Emlen 1991).
Three ecological constraints have been postulated
to explain why some birds fail to disperse
(Table 2). All of these constraints may opcrate at
different t imes upon a population of a single
specles.

TABLE,2

Hypotheses proposed to expla in why indiv iduals remein
phi lopatr ic .  rather than dispersing to breed independent ly out-

s ide the natal  grouo.

Hypothcscs Proposecl  mechanism

(i)  Shortagc of  sui table (or  good
qual i t l ' )  breeding habi tat

( i i )  Shortage of  matcs.
( i i i )  Shortage of  sk i l ls  nceded for

breeding.

( i )  More than a pair  of  indiv iduals
requ i r cd  t o  I ' r c cd  s t r cce rs fu l l y .

( i i )  More thar. r  a pair  of  indiv iduals
recluirecl to succcssfully defend
a tcrritory or resource from
conspccifics and heterospccifi cs.

( i i i )  Reduced predat ion.
( iv)  Clo-opcrat ivc hunt ing.

Considerable descriptivc evidence has bccn
collected during long-term studies of colour-
marked populations that all availablc habitat
appears to be occupied at times for several co-
operatively breeding species (e.g. Splendid Fairy-
wren, Russell and Rowley 1993). This is often
reflected in the stabil it i  of thc numher of
territories available at a site throuehout a studv
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and the speed with which any vacancies are fi l led
(e.g. in the Bell Miner, Clarke 1988; Clarke and
Heathcote 1990). As in studies overseas, particular
key resources for a species that could potentially
be in short supply have been postulated. For
example, Noske (1991) suggested the Red-
browed Treecreeper may bc l imited by a scarcity
of roost and nesting holes in trees. Attempts to
exper imenta l ly  manipulate the abundance or
availabil ity of such reiources have been rare (but
note Ligon et al. 1991).

Demographic data from long-term studies have
also shown that in Tasmanian Native Hens, Bell
Miners and Splendid Fairy-wrens there can be a
shortage of females within the population with
which 1o breed (Maynard Smith and Ridpath
1972; Clarke and Heathcote 1990: Russell and
Rowley 1993).

A most convincing test of the habitat saturation
hypothesis and the shortage of mates hypothesis
was conducted in a study of Superb Fairy-wrens
by Pruett-Jones and Lewis (1990). Vacancies
were created by removing breeding males from
their territories. Thirty-one of a possible 33 non-
territory-holding male helpers dispersed and fi l led
the vacancies, on average within 5.3 h of the
vacancy being created. If, however, the breeding
females from the territory had also been
removed, male helpers did not disperse to fi l l
these totally vacant territories until the female
had been returned. Although this study did not
identify what attribute(s) of the habitat made it
suitable or unsuitable as a breeding territorv. it
d id demonstrate that  phi lopatr ic  helpers were
constrained from breeding independently by a
shortage of available mates and habitat suitable
for breeding.

While the 'skills hypothesis' has been postulated
as an explanation for philopatric behaviour, very
few attempts have been made in studies of co-
operative breeders to document the ontogeny of
the parenting skills necessary for successful repro-
duction (e.g. Poiani 1993a). These might include
skills in nest construction, care of young, territorial
and agonistic interactions, predator detection and
avoidance (Brown 1987). Following the observa-
tion by Rowley (1978) that White-winged
Choughs acquire their foraging skills very slowly,
Heinsohn et al. (1988) went on to demonstrate
that individuals commonlv took four vears to

achieve foraging efficiency and competency in
delivering food to young. They suggested that in
White-winged Choughs '.young dispersers would
have difficulty in successfully raising young in
pairs' (Heinsohn e/ a/. 1988, p. 18a). By contrast,
Bell Miner helpers were found to be quite proficient
provisioners well before they reachcd dispersal or
breeding age (Poiani 1993a). Until a study can
demonstrate that a skilled pair of birds has
significantly higher reproductive success than a
corresponding pair of the same age that has been
prevented from gaining skil ls, support for this
hypothesis remains equivocal.

The first of the potential benefits of philopatry
suggests that some species may be incapable of
breeding in simple pairs (Table 2). Dow (1980)
labelled such species 'obligate communal breeders'.
He included within this group the small number
of species that appear to always breed co-
operatively, but acknowledged that there may be
no species that is truly obligate. Heinsohn (1991)
presents data that suggest that White-winged
Chough pairs at his study site cannot breed
unaided, and may indeed fit the description of an
obligate co-operative breeder. He postulates
'. . . high costs of parental care may be a direct
cause of delayed breeding. Young individuals
may be constrained from dispersing because of
the impossibility of raising young without
he lp .  .  . ' (He insohn  1991 ,  p .  876 ) .  I t  r ema ins  t o
be seen whether simple pairs are incapable of
breeding successfully throughout the species'
range. Since the vast majority of co-operative
breeders are known to be capable of breedins
successfu l ly  as a s imple pai r .  i i  seems l ike ly  thal
the 'more than a pair needed for breeding'
hypothesis would, at best, have limited scope as
a general explanation of philopatry.

Similarly, there is circumstantial evidence in
only a small number of species that more than
two individuals appear essential for the defence
of a breeding territory. Craig (1984) argued that
in the Pukeko situations could arise where simple
pairs were incapable of defending their territory
from surrounding groups of conspecifics. Honey-
eaters in the genus Manorina appear to gain
almost exclusive use of a piece of habitat through
extreme levels of interspecific aggression by
colony members (Dow 1977; Loyn et al. 1983).
Access to the resources defended by a colony of
miners may often be unattainable for a simple
palr.



In thcir review of ecological correlates of co_
opcrurtive t 'rrceding in Australian birds, Ford el rzl.
( l9 t t8)  h ighl ighted the fact  that  many Austra l ian
co-operative hreeders were ground foragers and
glcancrs. They argued thai such speci"es werc
potent ia l lV more vulnerable to predat ion than
anim.als using other foraging teihniques. They
conclLrdcd that species facing high predation
pressurc could gain greater benefits from group
living. Howevcr. this could also favour fbimine
flocks of non-breeding l loaters (e.g. Australian
Magpie.  Carr ick 1963).  as wel l  as phi lopatry.
Furthermore. there is no evidence currently avail-
ablc to suggcst that co-operatively brecding
spccies are subjected to higher levels of predation
pressurc than non-co-operative species. Clearly
other factors, in addition to predation pressure,
need to be invoked to explain the high incidence
of  phi lopatry.

There is l i tt le cvidence to suggest that many
co-operatively breeding species in Australia gain
benefits from co-operative hunting in groups, as
opposed to hunt ing a lone or  in  pai rs .  Balda and
Brcrwn (1917,  p.  114) ,  however,  repor ted what
thcy regarded as co-operilt ive foraging in Hall 's
Babbler wherc birds engaged in 'mutual f lushing
of t iny insects from the understorey' and 'sharing

large parcels of food'. Similarly, there is l i tt le
cvidence to suggest that only philopatric individuals
are ablc to attain the Dote ntial bcnefits of
improved thcrmoregulation achieved by communal
roosting. as opposcd to non-philopatric individuals
that join flocks that roost together. Hence, the
be ncfits of superior thermorcgulation are unlikely
to be an adequate explanation of the high
incidcnce of philopatry among co-opcrativc
breeders.

Overal l .  most  deta i led long- term studies of  co-
opcrativc breeders in Australia have documented
evidencc that there is a surplus of potential
breeders in  the populat ion,  re lat ive to the number
of  opportuni t ies for  them to breed.  The non-
dispersal by these surplus individuals may be due
to tl"re high costs of dispersal or the benefits of
phi lopatry.  Heinsohn et  a/ .  (1990) argue that
many spccies of bird (including non-co-operative
breedcrs) may be ecologically constrained (e.9.
face a shortage of breeding territories), but not
all become philopatric. Given the scarcity of long-
term studies of non-co-operatively brccding
species in Australasia, it is diff icult to determine
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how.. t requent ly  analogous non-co-operat ive ly
breeding species produce a surplus of potenti i l
breeders and whether they are 

-ecologically 
con-

strained. More long-term studies of the popula-
tion dynamics and demography of closcly-reiated
non-co-operatively breeding spccies are needed.
Furthermore, because of the logistic diff iculties
of studying highly mobile co-operatively hreeding
species (e.g. Melithreptus honeyeaters) current
studies are biased towards sedentarv sDecies.
Hence, our current view of co-operative breeclers
commonly being fbrccd into philopatry by eco-
logical constraints may not hold when a broader
range of species is studied, or individual species
arc studied in different parts of their range undcr
ditferent ecological conditions (e.g. Ambrose and
Davies 1989).

WHY DO HELPERS HELP?

Unfortunately thc emphasis on identifying the
ecological constraints or benefits of philopatry
relevant to particular co-operatively breeding
species led to the mistaken belief that zrn explana-
tion of philopatry equated with an explanation of
co-operative breeding. ln 1982, it was suggested
that the habitat saturation hvoothesis had 'become

the modus operandi for ecliogical thinking con-
cerning the evolution of helping behaviour . . . '
(Emlen 1982, p. 32). However, as Brown (19tt7)
has stressed, explaining why an individual may
stay at home with its parents or why it might delay
breeding, does not necessarily explain why it
should act as a helper. Indeed, there are cases
where individuals are philopatric but refrain from
help ing (e.g.  Austra l ian Magpie,  Vel tman (1989):
Note, Poiani (1994) has recently suggested an
hypothesis to explain why this might be the case).

The emphasis in the last decade upon identify-
ing ecological and demographic correlates with
co-operative breeding appears to have been at the
expense of detailed testing of hypotheses postulated
to explain why philopatric individuals help - the
primary question that sparkcd the interest of
biologists in co-operative breeding in the first
place.

At least 11 distinct hypotheses have been
postulated to explain how helpers and the
recipients of their aid may increase their f itness
through helping (Table 3). The different benefits
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of helping postulated by the various hypotheses
may bc acting additivcly and are not necessarily
mutual lv  exc lus ive (Emlcn and Wrege 1989).  This
fact has macle determinins the rclevance of each
hypothesis  in  i iccount ing ior  help ing par t icu lar ly
chal lcnging.

TABLE 3

Hvpothcses proposecl  to cxpla in hclp ing behaviour.  Thc
Effect  on Rccip icnts column rcfers to whcther the hypothcsis
rcquircs that  thc cf fect  of  the helper 's  act iv i t ies has a negat ive.

nclr t ra l .  or  posi t ivc cf fect  upon the recip icnts ' l i tness.

HYpothcscs Effect on Recipients

( i roLrp Sclect ion hvpothesis
Unselectccl  h.vpothesis
Exper icnce h,vpothesis
Pay me nt  hypot l resrs
Bucldins-of f  hvpothesis
I ' rcc lator  Avoic l i rncc hvpothcsrs

(a)  scrrsrr  Caraco ancl  Bml l ,n
( l en6)

(b)  serrsr  Brown (  l9 l t7)
Socia l  Bonding hvpothesis
Matc Acqtr is i t ion hvpothcsis
Rcciprocat ion hvpot l . resis
Indircct  Fi tncss Benef i ts

hvpothcsis
Parcntaqc hl ,pothcsis

nc-gat ive or  ne utra l
neutra l
neutra l  or  posi t ive
posi t ivc
posi t ive

negat ive,  ncutra l  or
posi t ive

posi t ivc
neutral  or  posi t ive
neutral or pi)sitive
posi t ive
positive

posi t ivc

Group Selection hvpothesis

An early study of co-operative breeding in the
Laughing Kookaburra concluded that the system
of helpcis at the nest 'appears to be a long-term
aclaptation for reducing fcrti l i ty . . . '  (Parry 1973,
p.  81 ) .  Such an explanat ion is  real ly  only
potentially fensible for reproductive restraint by
philopatric individuals. It provides no reason why
we should expect philopatric individuals to help.
Nevcrtheless. even if one argues that helping per
se may lead to reduced ferti l i ty in a population,
Morton and Parry (1914) pointcd out that such a
'group selectionist' argument hzrd serious theoretical
l imi tat ions (see Maynard Smith 1964;  Wi l l iams
1966). Because of the very restrictive conditions
required for  group select ion to operate,  the
hypothesis has not often been considered. Furthcr-
morc. there is observational zrnd exDerimental
ev idence against  the hvpothesis ;  pai rs  ass is ted by
helpcrs fledge greater numbers of young than they
would have if the heloers had refrained from

helping (e.g. Rowley 1965; Brown et al. 1982:
Marchant 19U-5). This is contrary to any
hypothesis  based upon' reproduct ive rest ra int ' .

Unselected hypothesis

Will iams (1966) conclucled that helping
behaviour was simply reproductively frustrated
individuals exhibit ing misplaced parcntal care.
The hypothesis that helping bchaviour has no
adaptive explanation has been advocated by
several  authors (e.g.  Jamicson and Craig 1987;
White et al. 1997). It has been explored and
championcd most forcefully by Ian Jamieson and
John Craig (Jamieson 1986; Jamieson and Craig
1987;  Jamieson 1989a;  Jamieson 1989b;  Jamieson
1991) who argue that 'the feeding of nestl ings in
communal breeders is maintained by thc same
stimulus-response mechanism that results in
parents feeding thcir own young or host species
feeding parasitic young, a situation where there is
no reasonable adaptive cxplanation' (Jamieson
and Craig 1987, p. B0). Because of the effccts of
helping upon the recipient's and thc helper's
fitness prcdicted by this hypothesis are neutral
(Table 3), it is debatable how much evidence
exists supporting this hypothcsis. Should studics
that fail to detect any positive effect of help upon
the helper or the recipicnt's f itness (e.g. Nias
1986) be treated as evidence against any kind of
selectcd hypothesis and supportivc of the
unselected hypothesis (Jamieson 1989a), or as
cases where 'not all relevant f itness comDonents
were measured' (Emlen er al. 199I)? When one
considers the numerous mechanisms by which a
helper's aid might lead to an increase in the fitness
of the recipient breeding pair (Fig. 1 . ), i t is clearly
challenging to conclusively demonstrate that
effects of helping in a species are neutral.

One prediction of the unselected hypothesis
that has proved simpler to test is that helpers
'should, in gencral, provision any nestl ings they
come in contact with . . . '  (Jamieson 1989a,
p. aO\. Cases of helpers discriminating among
potential recipients in their distribution of aid in
the Bell Miner (Clarke 1989; Clarke 1990) have
been acknowledged by Jamieson (1991) zrs being
inconsistent with the predictions of the
Unselected hypothesis .  Howcvcr ,  Jamreson
(1991) argues resul ts  such as those for  the Bel l
Miner (which has more than one breeding pair
breeding in a communally defcnded territory) are



atypical because they do not reflect what occurs
in the more typical co-operative breeders (that
have a single territorial pair with several non-
breeding helpers). Carefully designed experiments
are needed to test Jamieson's (1989a) prediction
that. ' i f selection is acting directly upon helpers,
their helping behaviour should be fine-tuned so
that non-breeders show a greater predisposition
to provision nestl ings, or provision with greater
intensity, relative to non-breeders of closely-
related but non-communal species' (Jamieson
r99r,  p.277).

Experience hypothesis

One of the most frequently cited benefits of
helping behaviour to the fitness of the helper is
that, through helping, an immature or non-
breeding bird gains valuable experience and skil ls
that will enhance its reproductive success when
later in l i fe it gains an opportunity to breed (e.g.
Lack 1968; Rowley 1981; Marchant 1985). Despite
the ready acceptance of this hypothesis by many
authors, there is l i tt le conclusive evidence
supporting it. Rowley (1965) reported that
experienced unassisted pairs of Superb Fairy-
wrens failed to produce any more fledglings than
in,:xperienced unassisted pairs. However, Russell .
and Rowley (1988) found female Splendid Fairy-
wrens that had acted as a helper for one year
produced more fledglings than females which had
not helped (but only if helpers were present). It
should also be noted that the former were also
one year older. Heinsohn e/ 4/. (1988) reported
that White-winged Choughs showed a marked
improvement in delivering food to young when
acting as helpers. They argue that young
inexperienced and unskilled dispersers would
have difficulty in successfully raising young in
pairs. The fact that none of these studies has been
able to compare the survivorship and repro-
ductive success of philopatric individuals of the
same age that have helped, with those that have
not (whilst also controlling for confounding
factors such as variation in territory quality and
the number of helpers the focal individual has
assisting it when it breeds), illustrates what an
extremely difficult hypothesis this is to test.

Payment hypothesis

Gaston (1978) suggested that philopatric young
may impose costs upon the breeders whose
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territories they share, e.g. increased competit ion
for food and mates, or increased attraction of
predators and parasites to the territory. He
argued that, 'A portion of the assistance rendered
to the breeders can be regarded as 'payment' for
the right to remain' (Gaston 1978, p. 1095). This
hypothesis predicts that helpers should direct
their aid towards breeders whose territories they
share, and unhelpful individuals should be evicted
by breeders. Contrary to this prediction, Clarke
and Fitz-Gerald (1994) found helpers regularly
gave aid to breeders whose home ranges they did
not overlap. Furthermore, little evidence has
accumulated of breeders evicting non-helping
individuals, despite very detailed studies of some
species (e.g. Russell and Rowley 1988).

Mulder and Langmore (1993) attempted to test
this hypothesis in a study of the Superb Fairy-wren
by experimentally removing male helpers from
territories for 24 h, at different stages in the
reproductive cycle of the dominant pair. They
reported that upon release, the males were
harassed by the dominant male for 'failing to
help'. It is debateable whether the aggression
shown by the dominant male towards the'returned'
male was purely punishment for failure to help.
The male helper's absence may have been
perceived by the dominant male as an indication
of some threat of cuckoldry by the male helper
of the dominant male's social partner, or of
neighbouring females with whom the dominant
male might also mate (Mulder et al. 1994).If the
Payment hypothesis was correct, one might have
also expected the female breeder to behave
aggressively towards the wayward helper. The
observation that dominant males were aggressive
towards the returned male helpers even during
the fertilization and incubation periods (when
there were no young present for the helper to
feed) suggests that punishment was being metered
out for demeanours other than the failure to help.
Experiments like Mulder and Langmore's (1993),
have tremendous potential to test this commonly
cited, but rarely tested, hypothesis.

Budding-off hypothes is

Rowley (1981, p. 247) reported that in the
Splendid Fairy-wren '11 out of 19 males attaining
breeding status did so by inheritance, and all
inherited the widow as well as the real estate'.
After making similar observations in a study of
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the Superb Fairy'-wrcn. Nias and Ford (1992.
p. 2a2) concluded that the most plausible explana-
tion of co-operativc breeding in this species at
their study site was that ' individuals hatched on
higher quality territories arc more l ikely to delay
dispersal if they are eventually able to inherit (or
dispcrsc to) a breeding position within a good
territory. than risk dispersal and low reproductive
success on zr poor quality territory.'. In both of
these cxantples territorial inheritance can be
vicwed as a benefit of philopatry, but not
neccssarily of helping per se - the same benefit
could,  theoret ica l ly ,  be avai lable to any non-
help ing phi lopatr ic  ind iv idual  (Brown 1987).  The
distinction nccds to be made between a Territorial
Inheritance hypothesis (that might well account
for philopatric behaviour) and thc Budding-off
hypothcsis advocated by Woolfenden and
Fitzpatrick (1978) as a possible explanation of
helping. The latter suggests that if the aid given
by a hc lper  increases thc group's  s ize,  i t  might
enablc the group to control a larger territory,
within which the helpcr can establish (bud-off)
h is  own breeding terr i tory.  Rowley (1981) found
no evidence that larger groups occupied larger
territories in his study of the Splendid Fairy-wren.
Furthermure, as Brown (1987) highlights, this
hypothesis predicts thert we should see more
examplcs of territorial budding in larger groups
and breedcr  replacement  in  smal ler  groups.  Such
data.have yet to be collected for an Australasian
specles.

Predcttor Avoiclance hypothesis

Another potential benefit to the helper of helping
that hiis been postulatcd is that by feeding young
a helpcr might reduce the persistent begging of
the young that might otherwise attract predators
to wi th in the helper 's  home range.  Hence,  help ing
could be vicwed as an attempt by the helpcr to
increase its own survivorship (Caraco and Brown
1986).  A s imi lar  hypothesis  is  that  i f  addi t ional
young arc produced as a consequence of the
helper's aid, and group size increases, this may
also benefit the helper's survivorship by improving
the level of vigilance and anti-predator behaviour
in the v ic in i ty  of  the helper 's  home range due to
havins more indiv iduals on the look out  and avai l -
able to repel predators. This hypothesis prcdicts
that individuals should have higher survivorship
in larger rather than smaller groups (Emlen and
Wrege 1989). To test this prediction one would

again need to control for variation in territory
quality between groups of differing size. To my
knowledge, no such study of the survivorship of
helpers l iving in groups of various sizcs has been
made.

Social Bonding hypothesis

Helpers may not only improve their own
survivorship by helping to produce more youngl
they might also improve their chance of securing
a brceding position - cspecially if acquisit ion of
a breeding territory requires a co-operative effort
by a coal i t ion of  ind iv iduals (e.g.  male coal i t ions
in l ions, Packer et al. l9B8). Helpers may form
social bonds with the young they are provisioning.
When the helper eventually disperses it may be
joined by several of the young it has helped to
raise, and as a coalit ion such a group might have
a better chance of acquiring a territory than would
a lone disperser. According to this hypothcsis the
young disperse with the helper because it benefits
their f itness to do so, not becausc they are repay-
ing the helper for its aid.

Cases of dispersal by coalit ions of helpers and
rccipients have been reported in several spccies
(e.g. Tasmanian Native Hcn, Ridpath 1972).
Heinsohn (1991b) repor ted that  the nccd for
collaborators in White-winged Choughs is so
great that individuals from one group wil l kidnap
young from another in order to increase the
group's size, and thus enable a ncw subgroup to
fbrm that wil l disperse to eventually establish a
new group. This hypothesis predicts (a) that large
coalit ions wil l be more succcssful in obtzrinins and
defending a terr i tory than smal ler  ones,  and th)
that the act of helping is crit ical to the formation
of  such coal i t ions (Emlen 1991).  There are somc
observations of the Pukeko that arc consistent
with prcdiction (a) of this hypothesis (Craig
1984). However, given the diff iculty of tracing
dispersal events, this hypothcsis has proven
diff icult to test.

Mate Acquisition hypothesis

A shortage of mates of onc scx has bcen
reported in many co-operative breeders (see
above). Such a shortagc could lcad to compctit ion
among members of  the l imi ted sex (general ly
males) for access to the l imiting sex (generally
females). Sexual selection theory has often been



invoked to expla in the evolut ion of  many extra-
ordinary male traits such as elaborate displavs and
adornments used in cour tshiD.  and anatomical
f-eaturcs used in combat with ofher males (Bateson
1983).  Howcver.  females may a lso base thei r
choicc of  mate upon thei r  potent ia l  par tner 's
parcnta l -carc abi l i ty .  Reyer (1980) proposed that
a non-breeding indiv idual  could enhance i ts
probabil ity of pairing with a female by helping to
raisc her current young. Despite widespread
reports of male-biased sex ratios, helpers being
predominant ly  males (see Brown 1987) and
numerous accounts of male helpers subsequently
pairing with a femalc breeder thcy had previously
aidcd (e.g.  in  the Splendid Fai ry-wren,  Rowley
1981),  th is  hypothesis  has received l i t t le  at tent ion.
Preliminary supportive cvidence was found in the
Bcll Miner where each of f ive widowed females
prefercnt ia l ly  pai red wi th the unmated,
unrc lated.  male helper  that  had contr ibuted the
most aicl at her previous nesting attcmpt (Clarke
1989).  An exper imenta l  test  of  th is  hypothcsis  has
yet  to  be conducted.

Rec i p roc'ttt io n ltv p o the s rs

The hypothesis of reciprocal altruism suggested
by Tr ivers (1971) has found l i t t le  support  in
str-rdies of co-operatively breeding birds. It
postulatcs that hclping could be favoured by
natural sclcction if thc cost to the hclper's f itness
of  g iv ing a id was lcss than the bencfr t  obra ined
when thc or ig inal  rec ip ient  of  the a id la ter
rcc iprocated in  some manncr .  This  might  be
through assis t ing the helper  to gain a breeding
position or through helping to raise the helper's
y()ung.

Heinsohn (1991b.  p.  1099) has suggestcd that
in thc case of White-winged Choughs 'kidnapping'

young. 'reciprocity may in itself be sufficient to
cause help ing behaviour ' .  However.  Wal tz  (1981)
pointec l  out  that  before such a conclus ion is
just i f  icd one neecls t<t  demonstrate that  any
supposcd ' rcc iprocat ion '  of  a id g iven by the in i t ia l
rcc ip icnt  is  a form of  rcpayment  to the helper .
runcl not an example of a byproduct mutualism
(.r'cn.rrr Bmwn 1987). The reciprocator may be
act ing in  i ts  own sel f - in tcrcst  and might  choose to
dispcrse r," ' i th thc kidnappers irrespcctivc of
whcther  the k idnappers had helped ra ise i t  or  not .

Although thc clemographic prcconditions of
ovcr lapping gcnerat ions caused by delayed
dispcrsal  ancl  h igh longevi ty  are common in
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co-opcrative brecders, no data are available that
demonstrate that recruitment of the next senera-
tion of helpers is dependent upon prior helping
associat ions (E,mlen 1991).  Emlen (1991) pointed
out that species in which more than one breeding
pair simultaneously have ncsts in close proximity
could provide helpers with a choice of rccipients,
allowing an observer to determine if grown young
prefcrentially give aid to individuals thar had
previously helped to rear them. Such species are
known to occur in Australasia (c.g. Manorina
spp. Dow 1978b; Clarke 1988) and offer great
potential for examining this hypothesis.

Indirect Fitness Benefits hypothesis

Foflowing the publication of Hamilton's (1964)
theory of inclusive fitness. there has been considcr-
able debate among students of co-operative
breeding as to the relative importancc of indirect
fitness benefits (sensu Brown 1980) gained from
helping (see Brown 1987 for a review). This
hypothesis postulates that helpcrs can increase
their own inclusive fitness, if, through helprng,
they increase the production of non-descendent
kin. Two predictions flow from this hypothesis.
The first is that helpers should generally be close
relatives of thc recipients of their aid. Thc second
is that the aid givcn by the helpers should incrcase
the recipients' (breeders or nestl ings) fitncss, and
thereby the indirect component of the helper's
inclusive fitness.

Early consideration of this hypothesis focused
on the simple question of whether recipients were
close relatives of thc hclocrs. While manv studies
reported that helpers were offspring frt 'rm the
breeders' previous broods (e.g. Rowley 1965;
Parry 1973; Noske 1980). some studies reported
such large numbers of helpers (..g. > 22 male
helpers in  the Noisy Miner ,  Dow 1979) that  i t  was
felt improbable that all helpers were close
relat ives.  Nevertheless.  sDecies l ike the Miners
(Monorinu spp.). in which an individual helper
may providc aid to scvcral diffcrcnt breeding
pairs within a single breeding season, provide an
opportunity to see if helpers preferentially
distribute their aid to closc rclativcs as opposed
to non-relatives. Such preferential distribution of
aid to close relatives bv heloers has bcen
documented in the Bel l  Miner  (Clarke 1989).  In
the vast majority of co-operative breeders so far
described, helpers appear to be close kin of the
rccipicnts of their aid (Brown 1987). While such
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observations are consistent with the indirect
fitness benefits hypothcsis, they fall far short of
demonstrating that helpers substantially increase
thcir inclusive fitncss through the production of
non-c lescenclent  k in.  This  reoui res data on the
l i fc t i rne reproduct ive success of  gencrat ions of
hclpers anc'l breeders of known genetic relation-
ship to one anothcr .  Using data col lected dur ing
thc i r  in tensive long- term study of  the Splendid
Fairv-wren. Rr-rssell and Rowley (198B) calculated
the ef fcct  of  help ing upon the helper 's  inc lus ive
fitncss. They concluded that 'If I or 2 years' helping
is followed by several vears brecding, then the
inclirect contribution to fitness from one to two
ycars helping is rclertively insignificant. But for
the s igni f icant  number of  b i rds which help but
ne \e I  gc t  t h t ' ch l rnec  t0  h rccd .  i nc lus i ve  f i t ness  i s
ent i re ly  ind i rcct .  Those b i rds which d isperse and
clo not achicve a brccdins vacancv do not have
ever"r  that . '  (Rr- rssel l  and Lowley 1OSS. p.  t :V; .
Hou'evcr .  subscquent  genet ic  analyses of  the
parentagc of  thc young produced by a group
(Brookcr et al. l()90) revcalecl that at least 6-5 per
cent of ) 'oung were not fathered by any of the
males in  the group (contrary to the assumpt ions
macle b,v Russell and Rowley 1988). Brooker et
ul. (1990) acknowledged that this unexpected
mating pattern affects the eiir l ier inclusive fitness
calculat ions (Russel l  and Rowley 19BB).  Future
atternpts to calculate the relative importance of
the dircct and indirect f itness components of
inc lus ive f i tncss wi l l  necd to combine deta i led
lifetime rcrrrocluctive success data with molecular
analvscs of  re lat ionships betwecn the indiv iduals
involved - currently a very costly exercise.

Pa re ttttr ge lt v po t lrc s is

Earlv in the study of co-operative breeding in
Australasia researchers believed that some of the
yollng being cared for by helpers were thc
helper's own offspring; either as a consequence
of co-oper:rtive poly:rndry or polygyny (Frith and
Davies l96l ;  Rowley 1965;  Maynard Smith and
Ridpath 1972). or cuckoldry perpetrated by a
helper  (Dow 1978a).  Having observed female
Noisy Miners mating with more than one male
dr"rring the reproductive cycle, Dow (1978a, p. 82)
suggested that it could be advantageous for the
female to copulate promiscuously, ' . . . i f the
boncl or association with a mating partner
incrcase his propensity to care for her young
latcr . ' .  Dow and Whi tmore (1990) suggested that

promiscuity could have been the first step towards
co-operative breeding in Noisy Miner. By con-
trast, only monogamous matings have been
observed in the congeneric Bell Miner (Clarke
1988; Poiani and Flctchcr 1994). Howevcr, the
observation of male helpers feeding brooding
females (Poiani 1992) and subsequcnt analysis of
gonadal development of helpers in this species
have led Poiani and Flctcher (1994) to suggest
older male helpers may bc siring offspring without
openly chal lcnging the male breeder.

The recent  appl icat ion of  molecular  techniques
to determine parentagc of young has revealed
that some of the young being provisioned by
helpers are indced the helper's own offspring
(Brooker et ul. 1990: Muldcr et al. 1994). How-
ever. in both studies the mating pattern rcvcaled
by the genetic analyses differed substantially from
that deduced from behavioural obscrvations.
Rather than the Superb Fairy-wren being co-
operatively polyandrous. as suggested by Rowley
(196-5), Mulder et ol. (1994) reported that 76 per
cent of young were sired by malcs from outside
thc socierl group. Similarly, instead of thc high
levcls of inbreeding thought to be occurring in
thc Spfendid Fairy-wrcn (Rov;ley et al. 1986'),
Brooker et al. Q990) found that the patcrnity of
only 27 per cent and B per cent of young were
consistent with the senior male or a male helner
in the group (rcspcctively). Analysis of paternity
in the Noisy Miner  (T.  Poldmaa.  pers.  comm.)
has failed to detect the promiscuity reportcd in
ear l ier  s tudies (c f .  Dow 1978a).  Al l  o f  these
studies suggest reproductivc strategies more
under thc control of the female breeders than has
oftcn becn acknowlcdgcd in the past.

Based on thesc recent  genet ic  analyses.  i t  is
clearly inadequate to assume that social parentage
zrnd partnerships (i.e. who is observed caring for
whom; who is paired with whom) can routinely
bc cquatcd wi th genet ic  parentage or  par tnership.
Nevertheless, even with high lcvels of extra-pair
paternity and mirtcrnit) ', i t is clear that a large
proportion of helpers must sti l l  be caring for
young that are not their own offspring. Dow and
Whitmore (1990.  p.  -570)  suggest  th is  is  not  an
insurmountable problem for the Parentage
hypothesis  ' I f  males that  copulatc wi th a
femalc bchavc as though thcy havc fathered her
offspring, then a fcrnalc could activcly recruit
auxi l iary males through mul t ip lc  copulat ions. ' .
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However.  helpers in  manv species are sexual ly
immature and incapablc of  being the parents of
thc young thev ra ise (e.g.  Bel l  Miner ,  Clarke
1984). For such inclividuals, hypotheses other
than thc Parentage hvpothesis must be considered.

DOES HELPING HELP?

Of the I I hvpotheses postulzitecl to account for
help ing behaviour .  s ix  assume that  the zr id  g iven
b1' the helper has a significant positive effcct upon
thc f i tncss of  the rec ip ient  breeding pai r  (Table
2) .  This  ra ises the quest ion:  Does help ing real ly
help ' /  I l  i t  does not ,  then these s ix  hypotheses can
be rc iected.  The two components of  a breeder 's
fitncss that thc aid given b,v a hclper may affect
arc: a. its rcproductive success and, b. its survivor-
ship.  Scveni l  rnechanisms bv u,h ich thcsc two
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components can be affected have been suggested
(Fig. 1). The most obvious is that the aid provided
by the helper results in more young being pro-
duced per breeding attempt. This might be clue to
the helpers' activit ies increasing thc young's food
supply or reducing the probabil ity thc young
suf fer  predi r t i t ln  or  parasi t isrn.

Rowlcy's (196-5) study of Superb Fairy-wrens
was the first to demonstrate that pairs with helpers
fledgcd more young than tl.rose without. Similar
results wcre obtained in studies of a nllmber of
other species (Maynard Smith and Ridpath 1972;
Parry 1973:  Marchant  198-5:  Heinsohn 1991c) .
However. a similar number of studies have failed
to find such an effect (Craig 1979; Rowley 1981;
Nias 1986;  Hemn'r ings 1989;  Shcr ley 1990).  Even
if pairs with helpers did flcdge more young, such
a correlation could also have been due to the pairs
with helpers occupying higher quality territories
(e.g.  Nias 1986) or  being more exper ienced
breeders than pairs without helpers (Brown and
Balda 1911). In order to control for thesc con-
founding variablcs an elegant cxperimental study
was carried out on Grey-crowned Babblers
(Brown et ol. 1982). Helpers were removed from
a random selection of groups. and the fledging
success of these experimenterl groups was compared
with that of control groups whose membership
had not becn diminished. Experimcntal groups
produced only one third as many fledglings as the
control groups. indicating that helpcrs did,
indeed. increase the number of young produced
per nest  in  th is  species.

In the search for mechanisms by which helpers
might increase fledging success. studies that have
measured the influence of helpers upon the
amount or rate at which food is delivered to the
nestl ings. or the growth rates of nestl ings, have
generally failed to detect any significant increase
due to provisioning by helpers (Parry 1973
Rowley 1978; Brown et al. l97B;, Dow and Gill
1984;  T idemann 1986;  Poiani  1993b,  c f .  Clarke
1984 and Heinsohn 1991b).  A more common
observation has been that. as hclocrs contribute
more to the provis ioning of  young.  hreeders
reduce their contribution (Brown et ol. 1978: Dow
1978b; Tidcmann 1986; Ambrosc and Davies 1989;
Sherley 1990). A reduction in the provisioning
burden of breeders could free the breeders to
devote more time and energy to other activit ies
like predator detection and repulsion (Rabenold
1984). It could also reduce the energetic cost to
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thc brccc lers of  each nest ing at tempt.  enabl ing the
breedcr  to renest  sooner;  th is  a l lows the breeding
pair  to  cornplete morc at tcmpts in  a s ingle breed-
ing season (Fig.  l ) .  Ev idcnce of  such an cf fcct  has
been for-rncl in the Grev-crowned Babbler and
Splcnclicl Fairy-u'ren. Larger groups hacl shorter
in tcrvals  bctween c lutches and morc nest i r lc
at tcmpts per  year  than smal ler  groups (Brown
ancl  Brown l98l ;  Russel l  i rnd Rowley 1988).  In
both cascs nests wi th helners in  at tendance d id
not  havc greatcr  success on u pcr  egg or  per  nest
basis .  However.  as Russel l  and Rowley (1988)
have stressed. it is crit ical to consider the cffects
of helpcrs upon thc seasonal or l i fetimc productivity
ol' breeclers in multi-brooded species. rather than
j r , rs t  s ingle ncst ing at tcmpts.

A l ightening of  the provis ioning burden of
bre edcrs rnight also lead to increased longevity of
breeclers due to a reduction in the cost of repro-
c luct ion (F ig.  1) .  Brceding fcmale Splendid Fai ry-
wrens witl.r helpcrs were more l ikely to survive to
thc next  breeding season (7,+.4%) than f 'cmales
wi thout  helpcrs ( -5-5.4%).  The presencc of  helpcrs
hacl  no ef fect  on the surv iva l  of  breeding males
(Rowley ancl  Russel l  1c) f i8)  A s i rn i lar  rcsul t  was
obta incd in  a st t rdv of  the Ri f leman.  Ac 'a i lh is i t tu
t 'h lor is  by Shcr ley I  tOOO;.

Considcr ing thc complcx i ty  of  thc pathways
c ' lep ic ted in  F ig.  l .  caut ion must  be taken befr t rc
onc ccrncludcs that a helper's cfforts do not result
in  an incrcase in the rec ip iu.nt  brecder 's  f i tncss;
espccia l ly  i f  on l l ,  one or  two of  the possib le path-
wavs have been cxamined (Ernlen et al. 1991).
Clcar l1, .  long- term data on both the reproduct ive
outp l l t  o f  pai rs  and the genct ic  parentagc of  a l l
thc vor-rng produced are nceded beforc conclusittns
can be drau'n rc-garding the cffect of hclpers'
activit ies upon the l ifetime reproductive success
of  breeders.  Est in tates of  the l i fe t ime repro-
duct ive succcss of  males.  wi thout  accompanying
gcnet ic  data on patern i t ,v  of  young,  must  be
trcatcd r',, i th _sreat caution, as \rlras acknowledged
by Rowlcy and Russel l  (1989) in  thei r  s tudy o l
the polygarnous Splendid Fai ry-wren.  The 17
years of  data avai lable for  thc Splendid Fai ry-
wren are a lso sober ing when onc considers how
long a ' long-term' sttrdy must be to cncompetss
important  ccological  events in  unpredictable
envi ronments.  Rowlev et  u l .  (199 l )  sub-div idcd
thei r  data set  in to thrce per iods (ot  f ive ycars,
scvcn vears and four vears respectively) based
upon the fire history of the study site. They found

a significant effect of group size upon thc rcpro-
ductive success of pairs in the first two periods
but  not  in  the th i rd l  Whether  a studv oer iod
includes potcntially significlnt ecoltrgicil cvcnts
like bushfircs. drougl.rts. f loocls or cyclones can
have major effects upon tlrc gcncrality of the
conclusions that can be drawn in unpredictablc
c l ima l i c  reg ions  l i ke  much  o l  Aus t r i r l i l .

WHY ARE THE,RE SO MANY
CO-OPERATIVELY BREEDING SPECIES

IN AUSTRALIA?

The disproportionate abur"rdance of co-
operat ivc ly  breeding spccies among the Austra-
l ian avifauna has been a puzzle that has intrigucd
orni thologis ts  s incc the ear l iest  s tudics (e.g.
Rowley 1965).  In  h is  major  rev iew of  the
taxonomic distribution of co-opcrative brccding,
Brown (1987,  p.  43)  concluded that  thcre was
'l itt le scopc for interprctation along phylogenctic
l ines cxcept  wi th in genera or  sub- fami l ies. ' .  Hctw-
ever ,  Russcl l (1989) pointed out  that  phylogenet ic
correlations with co-operativc breeding were
present ,  but  had been masked bv so many Austra-
l ian species bc ing misc lass i f ied as members of
Afro-E,urasi : rn fami l ies.  Based upon phylogenics
dctermined by DNA hybridization. clcctrophoretic
and chromosomc studies.  she argued that  co-
operat ive brecding wirs  d isp iopor t ionatc ly
common among the old endemic families of t l 'rc
car ly  Austra l ian radi i i t ion that  hacl  bccn d is t inct
for 3-5-40 m.y. This was not to suggest that these
familics were ' locked' into breeding co-operatively.
i r rcspcct ive of  prevai l ing cnvi ronmental  con-
di t ions.  but  s imply that  i t  was possib lc  that  cer ta in
lamilies may possess a phylogcnctic preclisposition
that makes co-opcrative breeding mrtre l ikely in
some fami l ies than othcrs.  Russel l  and Rowley
(1993b,  p.  -501)  point  out .  howcvcr .  that  the
abovc observat ion 'does not  cxpla in why i t  [co-
operat ivc brccding]  evolved in thc f i rs t  p lace . ' .

In regard to answering this qucstion as it relates
to the disproportionate abundance of co-opcrativcly
brccding species e lmong the Austra l ian av i fauna,
two broad hypothcscs can be recognizecl. Thc first
is that co-opcrativc brccding is an adaptatit 'r lr to
an errat ic .  unpredictablc  ancl  of ten harsh envrron-
ment that undergoes large fluctuations irr eco-
logical conclit ions l ike l irod abundancc (Rowley
196-5; Harrison 1969: Thomas 1974). Thc
hypothcsis  suggests that  helpers cnablc brccders



to  makc thc most  of  occasional  gctod condi t ions.
L i t t lc  support  fur  th is  hvptr thgsi5 has accumulatcd
since i t  arose ancl  i t  has becn re jccted by
somc authors (Dow 1980b;  Russcl l  and Rowley
I t ) t ) . ]b  ) .

Thc second broad tvpe of  explanat ion of  the
abunclancc of co-operative brceders in Australia
suggests that  the ascasonal  c l in tat ic  condi t ions
founcl ovcr mllch of Australia in thc pzrst, and
currcnt ly .  have created condi t ions in  which
phi lopatrv is  l ikc ly  to evolve.  l t  has been
suggestccl that thc absencc of a sevcre winter
favours scc lentar incss rather  than misrat ion
(Rowlc,v 1968).  creat ing concl i t i ( )ns condui ive to
farn i lv  rncmbers stay ing c lose together  (Lack
1968).  Possib le except ions to the corre lat ion
bctu 'ccn co-opcrat ive breeding and scdentar iness
(rathcr than migratorv or nomadic l if 'estyles)
shoulc l  be noted.  The migratorv Duskv Wood-
swal low.  Rainbow Bec-el ter  un. t  guf f -Lrreasted
Paradise Kingf ishcr ,  and the nomadic L i t t le
Wooclswallou' are all known to brccd co-
operat ivc ly .  rvh i le  man,v sedentary spccics (e.g.
Brown Thornbi l l )  do not  appear to breed co-
opc ra t i ve l v .  desp i t c  man ! ' o f  t hc i r  congcnc rs
c lo ing so (Bel l  ancl  Forc i  1986).

Thc abscncc of  a scvcrc winter  might  a lso lead
to increasccl  longcvi tv  crcat ing condi t ions con-
cluci"'c to ovcrlapping gcncrzrtions of birds
occl rpv ing a s i tc  and -group l iv ing (Rowley and
Russcl l  1990).  This  assumes that  a terr i tory has
suf f ic icnt  rcsourccs to s i rnul taneously sustn in both
parcnts uncl  thei r  progenV throughout  the year
(Forc l  cr  a1.  1988).  Ford er  a1.  (1988) found co-
opcnltivc trrcccling \\rAS morc comrnon in habitat
showing thc lcast  scasonal i tv  of  p lant  growth.  i .e .
cucal ) 'p t  and scmi-ar id u 'oocl lands,  rathcr  than
wct tcr  or  c l r icr  habi tats .  Rowlcy and Russel l
( 1990 .  p .  25 ) .wh i l c  acccp t i ng  Fo rd  e t  o l . ' s  ( 1988 )
gcneral  corrc lat ion bctu 'cen co-operat ive brced-
ing ancl  c l imates that  arc cquable wi th in a year .
s t rcsscd thc s igni f icance of  major  f luctuat ions in
ccological  condi t ions that  rn ight  occur  oncc or
twicc ir clccaclc. They, suggcst that once or twicc
a c lccaclc  brccding succcss n lay be n i l .  but  con-
vcrsc ly .  onc ( ) r  two vears ma,v be exccpt ional ly
product ive.  ancl  long- l ivec l  b i rds may reap the
bcncf i ts .  However,  a consequencc of  being a
long- l ivcd rcs ic lcnt  is  that  'a l l  thc avai l : rb le good
rcal  cst i l tc  tcnds to i - rc  occupicd,  posing a problem
l i r r  d ispcrs ing progeny. ' .
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Ford er a/. (1988) also found that specics that
occupy foraging niches regarderl by the authors
ari particularly vulncrable to predators (e.g.
ground foragers) werc more l ikely to breed co-
operativcly than spccies occupying other foraging
niches. They suggested that the young of species
occupying vulnerable foraging nichcs are l ikcly to
gain significant predator-detection bcnefits from
group l iv ing.  i .e .  f rom being phi lopatr ic .  Hence,
they suggcst since predation pressure may lead
animals to l ive in  groups,  i t  may be a condi t ion
conducive to thc cvolution of co-oDerative breed-
ing. However, thc same ecological pressure
(prcdation) appears to havc led to a wide range
of responses by organisms that do not involve co-
operat ivc brceding.  e.g.  f lock ing,  or  crypt ic
p lumage or  behaviour .  As Brown (1987) s t ressed,
whi le  these var ious precondi t ions may be
permissive or conducivc to the evolution of
philopatry, additionarl hypotheses arc nceded to
account for helping bchaviour.

LIFE HISTORY TRAITS OF
CO-OPERATIVE BREEDERS

Recently attempts have bccn made to identi ly
l ife history attributcs that might be correlated
wi th co-operat ive brccding in  Austra l ian b i rds.
Longcvity has been suggested as a possible
corrc latc  (e.g.  Rowley and Russel l  1990).  How-
ever, increascd longevity appears to be typical of
many Australian species (particularly tropical
species) and not iust co-operative breeders
(Russel l  and Rowley 1993b).

Australian Dasserines tend to have smallcr
clutches than their Northern Hemisphere counter-
par ts  (Rowley and Russel l  1991).  Fur thcrmore,
Poiani and Jermiin ( 1994) found that co-operatively
breeding species in Australia lay smaller clutches
than non-co-operatively breeding congeners. Co-
ope rative breeders were also more l ikely to
produce morc than one clutch in a breeding
season. This is despite co-operativc breeders
hzrving breeding seasons of a similar lcngth to
non-co-opcrative breedcrs in Australia (Poiani
and Jermiin 1994). Thc observatiolt that small
clutch size and multibroodedness appcar to be
correlated with co-operative breeding in Australia
is  in t r igu ing.  but  sheds l i t t le  l ight  on the causes of
co-opcrative brecding. For cxample , is it the aid
given to thc female breeder by helpers that
cnables hcr to procluce a greater number of small
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clutches wi th in a f lxcd t imc-oer iod.  i .e .  be mul t i -
brooclcc l ' l  C)r  is  mul t ibroodeciness a r isk-sprcading
rcsponsc bv the fernale to prcdation pressurc
( that  happens to resLr l t  in  a condi t ion that  is  con-
c luc ivc to the cvolut ion c l f  helpers at  the nest .  i .e .
namelv.  progenv f rom u previous hrrood st i l l  be ing
prcse nt r.vhen the next brclod is raised)?

Largc-scalc comparat ivc s tudics arc current ly
fashionable in  behavioura l  ccologv and are being
usecl  to  tack le these k inds of  quest ions (e.g.
E,clwarcis and Naecm 1993). Large-scale compara-
t ive analvses can onlv ever  be as good as the data
upon which thcv are based;  unfor tunate ly  at
prcscnt thc qualitv of the data i ivzri lable for most
specics is  vcry l imi tec ' I .  Current  knowledge of  the
propensi t l '  o f  each spccics to breed co-operat ive ly
ancl accompanving knclwleclge of basic l i fe history
traits is verv poor f 'or mclst Australian passerine
spccics.  Vcrv l i t t lc  is  known about  geographic and
ternporal  . , 'ar ia t ion in  these t ra i ts  for  any species.
Long-term stuc l ies have revealed considerable
var iabi l i tv  i r . r  s i ' rnrc spccies in  thei r  tendency to
brccd co-operat ive lv .  For  cxamplc.  Rowlcy
(  l9u l  )  rcpor ts  thc percentage of  pai rs  wi th
hclpcrs cach vear variecl from 0-c. 82 per cent
cluring a five r, 'ear stuclv of the Superb Fairy-wren.
Dcspi tc  th is  r , 'ar iabi l i tv ,  species tend to be
cl i rss ihct l  i ls  c( ) - ( )pc l  at i \  c  or  non-co-operat ive
brecclers on thc basis  of  u,hether  the species
has bccn f requent ly  c locumented breeding co-
operativel-v- (Poiani and Elgar 1994). There are at
least  t l . r ree d i f f icu l t ies wi th th is  approach.  F i rs t .  in
a rcgion whcrc much of thc avifauna has not been
stucliecl in detail. such classifications have the
danger of being rnore a reflection of how intensively
a sDccies has been studied than a reflection of the
species' propensity to breed co-operatively.
Second, l i fe historv data for a species that has
bcen col lected f rom one range of  habi tats  (e.g.
Beruldscn 1980) tend to bc analysed a longside
clata on the propensit,v of the species to breed
co-opcratively that may have been collected in
another  complctc lv  d i f ferent  range of  habi tats .
Thi rd.  t rcat ing what  is  most  probably a con-
t inuor . rs  var iable ( i .e .  a species 'propensi ty  to
breecl co-operatively') as a categorical variable is
l ikely to greatlv reduce thc powcr of any com-
piirativc analvsis (Mclennan and Brooks 1993).
For  cxamplc.  i t  is  debateable whether  a specics
such as the Eastern Yel low Robin ( for  which only
2-5 pcr cent of pairs were reportcd to have helpers
(Marchant 198-5)) shor.rld be regardcd as a 'regular
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and well-docurnented co-operzrtivc brceder'
(Poiani  and E, lgar  1994) .  in  thc same c lass as
species l ike the Whitc-winged Chough that almost
a lways has helpers at  thc ncst  (Heinsohn 1991c) .

CONCLUSION

As the quality of l i fe history data available for
Australasian co-operatively and, in particular,
non-co-operatively breeding specics improves,
comparat ivc analyses wi l l  become increasingly
valuable for testing old hypotheses and possibly
generat ing ncw ones that  can be tested exper i -
mentally. While the long-term dcscriptive study
has been the common approach of  the past ,  i t  is
clear that the greatest progress in testing hypotheses
has been achieved u'hcn this i ipproelch hzrs bccn
combined wi th a manipulat ive exper imenta l
approach (e.g.  Pruet t -Jones and Lewis 1990).  St i l l
more powerful tests u'i l l  bc achicvcd whcn the
expcrimcntal approach can be combined with
more accurate descriptive data on the paternity
and matcrnitv of youne bascd on modcrn molccular
techniqucs (e.g.  Mulder  et  a l .  1994).  Hi rv ing
reviewed the range of hypotheses relating to why
birds breed co-operat ive ly .  i t  is  s t r ik ing how many
have yet  to  be r igorously  tested.
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