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ABSTP�CT 

The social 8rganization and behaviour of the pukeko, Porphyria 
porphyria �elanotus, is described for two different habitats. The 
stud y shows that pukeko breed in pairs or commu�al groups with the 
proportion of thsse varying according to habitat. All breeding 
pairs and groups defend territories, but the degree of maintenance 
varies. In some defence occurs at all times of the year; of the 
remainder and outside the breeding season, some restrict dafence to a 

core area while with the rest defence ceases. Outside the breeding 
season also, part of the population form flocks. A hierarchy exists 
among members of groups and flocks. Furthermore, a hierarchy is 
found between pukeko of adjacent territories as is �emonstrated by 
differential boundary positions. In group territories, all adults 
participate in breeding and often more than one female lays in the 
same nest. Breeding success varies, in this study, pairs ar� more 
successful than groups 
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S UMMARY 

1 .  The year-round soc ial organiz ation of the pukeko , 

Porphyrio porph yrio me lanotus , was investigated in two 

areas of differing habitat ; a dune lake at Puke puke and 
I 

a small stream valley at Linton. Speci al emphasis was 

given to assessing the interaction of social hierarchy 

and territory , and the role of c 0mmunal breeding. The 

study was c arried out between Marc h 1 970 and April 1 973. 

2. Pukeko were sexed and aged from body me asurement 's 

( Wil liams and Miers , 1 958)  which varied with reproduc ­

t ive stat e  but were adequate wh �n repeated several 

times during the year. Nares-to-tip was the most 

reli able me asurement with males exceeding 30 mm • .  A 

front al shiel d less than 23 mm wide coupled with an 

olive colo uration in the iris indic ated a bird les s  

than one ye ar old. 

3 .  The overall dispersion of pukeko was territori al·during 

breeding but varied from t erritorial to flocking in 

autumn and winter. Most ( 79% )  of territories were held 

by communal groups of 3-6 birds ,- the re mainder (n = 7 )  

were held by p airs , with s i x  of these at Linto .n. Sex 

ratios within territories were e qual e xcept in those 

fo rmed by flock birds : here males predo minat ed .  Flocks 

had a preponderance of males ( 63-64%)  and juveniles 

( 63-69% ) . 

4 .  Pukeko are mainly he rbivorous although quantities of 

animal food were taken in the breeding season and fed 

mainly to chicks . Most territories cont ained both 
pasture and swamp. Pasture provided most of the food 

outside the breeding season but when nesting or caring. 

for young chicks , pukeko qonfined their activities to 

the swamp where they fed mainly on raupo . 

5 .  Pukeko that failed to j oin a t erritory dispersed 

radi ally as did chicks at Linton that were expelled 
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from the pair territories prior to nesting. Most 
chicks in group territories remained in their natal 
territories . Dispersal accelerated during the shooting 
s eason when small numbers were shot . 

6 .  The b ehavioural repertoire o f  the pukeko is d escribe d  
and analysed quantitatively . Agonistic displays 
c entred around the head or tail . In the most aggressive 
displays , the head was held in a pecking position with 
the red beak pointed at the oppou�nt , but with increa­
s ing conflict between escape and aggression, the beak 
was lowered towards the gro�d and finally pointed at 
it . Alternatively , the beak was turned away from the 
opponent . The r ed frontal shield is believed to 
accentuate the beak as the aggressive releaser . Sub-

' missive displays focused on the white under-tail which 
was directed ·at the opponent . The wings were rais ed 
to expose a greater amount of whit e  in the more sub­
missive displays , and infrequently sexual displays were 
used for signalling submission . 

7. Social hierarchies were investigated in all territories 
and within the flocks , with artificial feeding used to 
increase the number of interactions . A linear 
hierarchy existed between all members of all territories 
and flocks . Status was d ependent on sex, males domi­
nating females ;  on age , adults dominating juveniles ; 
and in the flock alone , on prior residence .  Where 
t erritories broke down outside the breeding s eason, the 
same birds were still dominant over pukeko of siffiilar 
age and s ex in their previous territorial ranges .  

8 .  All breeding groups established d efended territories , 
but maintenance varied outside the breeding season. 
In s ome, defence c ontinued unchanged , in others d efence 
became restricted to a c ore area , while in the remain­
der , it broke down completely . All members of the 
territories helped in defence although the greater 
proportion ( 75%) was done by males . Territory size 
varied from 0 . 5 to 3.2 hectares and appeared to be 
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unrelated to the ntunber of birds in the territory. 

9 .  Territorial boundaries were constant between group 
territories but varied markedly between pairs , apparen­
tly as a result of fewer birds being available for 

defence during breeding . The length of boundary 
requiring defence was short in pair territories . A 

hierarchy between members of adj acent territories was 
d emonstrated by the existence of different boundary 
positions for different opposing pairs although the 
presence of more than two birds at the boundary compli­
cated results . Inter-territorial status correlated 
with intra-territorial status . 

1 0. Courtship and c opulations occurred b etween all adult 
members of a territory regardless of sex although male­
female copulations were the most  common. Participation 
in copulation by more than two birds was common and is 
believed to help synchronize sexual eycles allowing 
several females t o  lay in the same nest at the sam� 
time. No relationship between frequency of c opulation 
and status was obvious although low ranking yearlings 
were excluded. 

1 1 .  Clutch size correlat ed directly with the number of 
birds in a territory with an overall mean of 6.0. 
Dominant and older females tended to lay more eggs and 

also contributed more to the more successful earlier 

clutches. Most territories were double brooded. 

1 2. All adults incubated with frequency of incubation depen­

dent on status : the dominant male and female each 

tended to spend more time incubating than lower ranked 

birds did. Incubation time varied from 23 to 29 days 

as hatching was asynchronous . All full-grown birds 
cared for the chicks with the proportion of care 

dependent on status: the dominant male did a greater 

amount than the dominant female who in turn did more 

than the lower ranking adults . Where yearlings were 

present, these cared for chicks more than any other bird , 
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while in pair territories, early chicks fed later ones. 

13. Hatching success varied but was higher (not signifi­

cantly) in groups. Overall reproductive success was 

significantly higher in pair territories than in group 

territories and there was a significant difference 

between the two study areas. Most groups were found 

at Pukepuke where low summer water levels dried the 

territories, thereby reducing the amount of animal food 

for the chicks and so leading to the loss of almost all 

the young of second clutches. In contrast, water 

levels at Linton were constant and survival was high in 

all broods. Breeding success of individual territories 

- appeared to be related to the amount of cover, end to 

water depth. 



1 . 1 General 

1. I}�RODUCTION 

The pukeko, Porphyria porphyria melanotus ( Temminck ) 
ranging throughout east ern Australia, Tasmania and New 

Zealand, is one of 22 sub-specie� of a species with world­

wid e distribution ( Peters, 1 934; OSNZ , 1 970). Its arrival in 

New Zealand from Australia is estimated at the late Pleistocene 

( Fleming , 1 961 ). The pukeko inhabits mainly swamps and 

marshes, as is typical for most members of the Rallidae and , 

pos s ibly b ecause observation in such areas·is difficult, few 

d etailed studies have been made of any rails, except for the 

more aquatic species such as coots ( Fulica spp . ) . 

Early NeH Zealand authors ( Bull er, 1 882; :r-1cLean , 1 902; 

and see  Carroll, 1 969) recorded the abundance of pukeko and 

referred to  it as an agricultural pest. Pukeko have been 
blamed for carrying Salmonella , destroying root ( potato, 

kumara, swede ) and grain crops, fouling pasture and wat er 

troughs, and raiding vmt erfovrl nests t o  eat eggs and kill 

ducklings ( Oliver, 1 930, 1 95 5; Bell, 1 95 5; McKenzie , 1 967; 

Carroll , 1 969; and many farmers , pers, comm. ) . Pukeko 

predation on eggs and young of pied stilt , Himantopus 

l eucocephalus, has als o  b een record ed ( Pullen, 1 967; Fogarty, 

1968; McConkey, 1 972) . 

Carroll ( 1 969) records fluctuations in numbers of 

pukeko and its history as a game bird. The pukeko ranks +.hird 

on the gam� list in numbers shot per season following mallard, 

Anas platyrhynchos ,  and grey duck , Anas superciliosa (T.A. 

Caithness , pers. comm. ) . It would probably be taken in great er 

numbers were it not for imposed bag limits. 

Becaus e of the pukeko's reputat ion as an agricultural pest , 

Muggeridge and Cottier ( 1 93 1 )  and Carroll ( 1 966) investigated 
feeding hab its and found the pukeko to be mainly herbivorous. 

On the other hand , there are numerous reports ( e.g. McLean , 

1902; Oliver , 1 955; McKenzie, 1 967) of pukeko taking animal 
food , �specially during the breeding s eason. McLean ( 1 902) 

and Guthrie-Smith ( 1927) gave accounts of the general biology 
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of the pukeko, and thes e  have been added to by Tunnicliffe 

( 1 96 5 ) . Tunnicliffe ( in preparat ion ) is concluding a more 

detailed study of behaviour and ecology but this study has 

not followed the social organization throughout the year 

mainly because of the s ize of the s tudy area and the sheer 

number of pirds present . 

McLean ( 1 902 ) ,  Guthrie-Smitn ( 1 927 ) and Tunnicliffe 

( 1 96 5 )  rec ord a long breeding season ( August to March ) and 
Oliver ( 1 955) report s eggs as lat e as June . Thes e  authors 

als o  described co-operative breeding where several females 
la:d in the same nest and Tunnicliffe ( 1 965 ) , Stidolph ( 1 97 1 ) 

and P .  Morris on ( pers . c omm. ) rec ord females laying in imme­

diately adjacent mult iple nest�. Feeding of younger chicks 

by-older ones has been obs erved in the wild ( Tunnicliffe , 

1 96 5 )  and in captivity ( Guthrie-Smith , 1 927 ) .  

Pukeko are territorial only during the breeding s eason 

( Tunnicliffe , 1 96 5 ) , forming large flocks of u� to 250 birds 

in autumn and winter ( see  als o  Carrell , 1 969 ) .  At Lake 

Ellesmere all breeding t erritories held three or more birds 

( Tunnicliffe , pers. c omm. ) but many reports ( e.g. McLean , 

1 902 ; Andrew, 1 967 )  re cord pairs although it is suspected 

that many of thes e may have been groups. Tunnicliffe ( 1 965 ) 

report ed 37 monogamous nests bas ed on a clutch of less than 

eight with eggs of uniform c olour , but gave no figures for 
the numb er of birds in the t erritory. 

A single male was held to  be  involved in c o-partnership 

nests  ( Guthrie-Smith , 1 927 ; Tunnicliffe , 1 96 5 ) , but later 

research with banded birds showed that more than one male 

may have b een involved and that· the overall sex rat io 

favoured males ( Tunnicliffe , pers . comm. ) . Both authors 
suggested that most of the incubation was done by the male , 
at least during the day, and this was accepted by Oliver 

( 1 930 , 1 95 5 )  and Falla , Sibson and Turbott ( 1 966 ) ,  but McLean 

( 1 902 ) c ons idered that females did most of the incubation. 

1 . 2 Aims 

Previous workers have been conc erned mainly with the 

feeding and breeding biology of pukeko and very little 
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examinat ion has been made o f  year-round social organization , 

or its relation t o  ecological as�ects  such as habitat and 

reproductive output. This study was intended t o  fill such 

gaps . 

In the voluminous literature on avian s o c ial organi­

zation , most s tudies have dealt with passerines and colonial 
s eabirds , have concentrated on breeding organization , and 

als o  on a single conc ept - territory . A number of rec ent 

papers ( e . g .  Emlen,  1 957; Pitelka , 1 959) have challenged 
Noble's ( 1 939) classical definition of t erritory of 'any 
defended area' which was ac cepted by Hinde ( 1 956) . More 

recent crit icism has b een applied to  the validity of ass ess­

ing t erritory as an isolated social phenomenon and a link 
between social hierarchy and territ ory has b een propos ed 

( e . g .  Davis , 1 958, 1 959; Bro�om , � 963; l<fillis , 1 967) . 

Davis ( 1 959), lvorking on house  mic e ,  J'.ius mus culus , 

regarded social hierarchy and territory as t wo extremes o� 

a continuum of social organizat ion . The pos ition along this 
continutun depended on populaticn density , tending t owards 

t errit oriality at lmv densities . This was upheld by Kinsey 

(1971 ) \vith vrood :cats, Neotoma fus cines . A number of other 
s tudies  ( Sabine , 1 959; Kikkawa , 1 96 1 ; Willis , 1 967; McBride, 

Parker and Foenander , 1 969) have demonstrated an interaction 

between t erritory and social hierarchy vrhere ran-le was depen­

dent on distance from ne sting t erritory . 

Studies o f  mammals ( e . g .  Etkin , 1 964; Hornocker , 1 969; 

and Leyhausen,  1 971 ) have s imilarly linked home range , 
t erritory and s o cial hierarchy . More recent s tudi es 

( Brereton, 1 966, 1 971 ; Leyhausen, 1 97 1 ) have brought t ogether 
thes e  previously isolat ed c onc epts o f  social organization. 

Thus, one of the main objects of the present study 1vas t o  

investigat e the inter-relation , particularly o f  territory 

and social hierarchy , within the s ocial organization o f  
pukeko throughout the year . 

Animal social organization has been widely linked with 

different s elective advantages; as by Wynne-Edwards ( 1 962) 

with regulation of population size in relation t o  resourc es: 

Brereton ( 1 966, 1 970, 1 971 ) with habitat type. and f ood; 
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Brown ( 1 963 , 1 96 9 ) and BrmV'n and Orians ( 1 970 ) 'V'i th dis­

tribution of resources; and Crook ( 1 96 5 )  with resourc e 

distribution and predation . In an att empt t o  evaluate thes e 
s eparat e theories , ecological aspects  of pukeko soc ial orga­

nizat ion were investigated at two different study areas in 

the 1'1anawatu . The larger o f  these vms a coastal dune lake 

at Pukepuke and the small er was an inland stream gully and 

surrounding areas at Linton . 

Pukeko have b een previously repor�ed as both monogamous 

and c o-operative breeders , and an att empt was made t o  asc er­

tain the ecological factors that c ould have produced these  

differenc es. In the small amount o f  previous work on 

communally breeding species , authors have either. shovm a 

selective advantage in reproduct ion ( e . g. Parry , 1 96 8 ;  

Ridpath , 1 972; although in the latt er cas e ,  kin selection 

was invoked; Rid path and Maynard-Smi th, 1 972 ) ,  or link
.
ed the 

communal habit with population regulation ( Carrick , 196 3 ) .  

T o  establish the gross behav-ioural strategies o f  the 
pukeko , an att empt was made to describe the b ehavioural 
reperto ire and t o  analys e quantitat ively all agonistic and 

courtship postures .  

It was hoped that information gained might assist in 

the future management of the pukeko both as a game bird and 

as a reputed agricultural pest , and also help in the manage­
ment o f  related takahe , Notornis mant elli. Observations 

were made on captive takahe at Mt Bruc e Wildlife Res erve t o  

further this link . 

Feeding ( at present be ing studied by R.A. Fordham and 

also c overed by Carrell , 1 966 ) , maintenance activities, 

growth and development of young, moult and anatomy ( covered 

by Tunnicliffe , in preparation ) were not investigat ed further. 

Incidental obs ervat1ons , however , were made vrhere necessary 

to int erpret other results b etter. 
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1 . 3 Descr iption of Study Areas 

1 • 3 .  1 

Pukepuke Lagoon is a Game Hanagement Reserve under 

the control of the Wildlife Branch, Department of Int ernal 

Affairs, w i th t o tal area of S'\·Tamp and open wate r  o f  
approximat ely 90 hec tares. Observati ons were c onc entrated 

in the south-east ern c orner o f  the r eserve and the adj ac ent 

pasture. 

The lagoon vegetat ion forms a hydrosere of four basic 
c olnm.unit i es: 

( i )  Float ing plants - Lemna minor, Azolla rubra, 

Wolffia arrhiza and Spirodella £�igo rrhiza. 

( ii )  Submerged plants - Chara spp., Potamogeton c rispus 

and Ranunculus fluitans. 

( iii ) S easonally emergGnt rooted plants - Veronica 
anagalis-aquat ica, Ranunculus scleratus, 
Nasturt ium offic inale agg., Polygonum dec iniens 

and Polygonum hydropiper. 

( iv) Tall emergent macrophytes: 

( a ) raupo, Typha ori entalis and Carex �eta 

( b )  flax, Phormium tenax and cabbage tree, 

Cordyline australis. 

All these c ommunit ies were present in the area studied 

although cabbage trees were sparse and Mariscus ustulatus 

was common· in the flax zone. 

Adj ac ent paddocks were ent irely different. The 'Hay 
Paddo ck' , ( Fig. 39 ) ( so named b e cause it vras shut for hay in 

the 1 970-71 summer ) had a pasture of Trifolium fragiferum, 

Agrostis t enuis, �uncus art i culatus, Juncus bufonius, Bromus 

mollis and o ther grasses. In the ' Rough Paddo ck' ( Fig. 39 ) 
which was poorly drained and had never b een ploughed and sown, 

the main pasture s pe c ies .were Festuca gigant ea, Festuca 
arundinac ea, Trifolium fragiferum , Juncus art iculatus , 

Agrost is spp . ,  Lo tus pedunculatus , Holcus lanatus. As well 

as these, large areas of Mariscus, Cortaderia t o e t o e  and 
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Juncus pallidus were present. Cordyline and flax were also 

common. 

Pukepuke Lagoon is fed by a catchment of approximately 

2600 hectares and although the outlet is controlled, \'later 

levels fluctuate widely (Fig. 2 a ) . In the summer of 1 96 9-70 , 
immediately prior to the start of this study, the lagoon 

dried up completely. After refilling in April-may 1 970, the 

lagoon became choked with dense grovrth of the 'seasonally 

emergent plants' and Chara. Another drought in the summer 

of 1 972-73 almost dried the lagoon, producing dense growth 

of Bidens pilosa among the raupo. Cattle grazed in the 

Reserve until November 1 970 , cro�ping much of the 'seasonally 

emergent vegetation' and raupo. Sambar deer, Cervus unicolor, 

also present in the �eserve, were rarely seen and had a 

negligible effect on the vegetation of the area under obser­

vation. In Narch 1 97 1  the New Pond (Fig. 40 ) was constructed 

and one year later the ClovP-rlea:f Ponds (Fig. 41 ) "t-Tere 

excavated. Minor changes to the leading edge of the raupo 

were made by duck shooters befcre each season. More exten­

sive cutting by duck shooters and the Wildlife Branch 

occurred early in 1 973 . 

1 .  3. 2 

The stream gully at Linton (Fig. 38)  had basically 

the same floating vegetation as Pukepuke with emergent Tynha, 

Carex and Mariscus, forming both pure and mixed stands. 

There was only one small area of open water. The surrounding 

paddocks s�pported a wetland pasture of Trifolium repens, 

Plantago �anceolata, Lolium spp., Festuca spp., Cynosurus 

cristatus, Holcus lanatus and Juncus articulatus. Water 

levels were almost constant as the area was fed by a bore at 

the top of the valley. 

The vegetation of adjacent areas at Linton (Fig. 38)  
was var�.ed: Lint on 3 had almost pure Typha \'li th a small area 

of open vTater; Lint on 4 had mainly Festuca spp. and Carex and 

Linton 5 pure Carex. Linton 3 had a relatively constant 

water level; Linton 4 and 5 were subjected to periodic flood­

ing in winter but, except for the drain in Linton 4, dried out 

�ompletely in summer. 
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Pukeko were observed for a t otal o f  1160 hours between 

April 1970 and May 1973 (Appendix I ) from three permanent 
hides with the aid of 7 x 3 5  and 10 x 50 binoculars and a 

15-60 x zoom telescope. Most of the interact ions observed 

o ccurred within 1 50 metres of th� hid es , which vrere elevated 

on 4. 5 m legs . Supplementary obs ervations ·vrere made from 
vehicles , portabl e hides and, less frequently , other perma­

nent hides at Pukepuke. Watches were typically kept for 

three t o  five hours but short er and longer vratches were also  

made ,  the longer vrat ches being usually employed for photo­

graphy. Initially, watches were mad e  at all t imes of the day 
but- , exc ept when obs erving nests , vr ere later res tricJ._ed to  

periods of peak activity , from dawn to  mid-morning and from 

mid-afternoon t o  dark . To facilitat e obs ervation , small areas 

of raupo were cleared in the immediat e vicinity of the hides, 

but in many of thes e regrovrth occurred during the breeding 

season. 

All activity was recorded on a portable tape recorder 

and later transposed. Init ially all behaviour vTas des cribed 

and frequently recorded by sketches. Direct obs ervations 
were supplement ed vri th approximately 1 850 frames of 3 5  mm 

film (using a Pentax S 1  and Pentax with motor drive and 1 3 5 

and 500 mm telephoto lens es ) , 1200 feet of 8 mm colour movie 

(using a Bolex and Cannon with zoom lens ) and 500 feet of 

black and whit e 16 mm (using a Bolex ) . The majority of 8 mm 

film was exposed during the operat ion of an automatic nes� 
recorder ( Craig & Craig - in pres s - Appendix II ) . A Nagra 

IV portable tape recorder was us ed in an att empt to  record 
calls . 

Birds vrere trapped in· standard funnel-entrance traps 

baited  with maize and barley. A rocket net was used once in 

May 1972 . A{1Jblrds wer e  individually marked with numbered 
metal leg band s, individual combinations of c oloured leg 

bands and also numbered and lettered patagial vring tags ( c .  f� 

And erson - 1961 - ) made of heavyweight PVC with plastic 

marking ink. All birds 1·1henever caught were measured and 

weighed . 
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Artificial feeding 1vas us ed. From January 

to September, a d ouble pile of maize and barley was put ir­

the hay paddock at Pukepuke to increas e  the number of inter­
actions and so det ermine a hi erarchy . The food was put in a 

different area at each watch and to assist discovery of the 

food, a large metal disc was displayed. The piles 'tvere 30-
50 cm apart and contained sufficient food for int ermitt enc 

feeding by one bird for 1 -2 hours. To facilitate obs ervation 

of boundary behaviour,  food 1vas evenl�l spread up t o  ten 

metres on either side of the suspected boundary posit ion. 

These boundaries vrere peggec' at one metre intervals b.y num­

bered pegs. Young chicks vrere kept near cover: so  small 
patches of food were occasionally put in an easi�y observed 

part of the t erritory to  entice  the families out and allm-r 
the chicks t o  be  counted. 

Such artificial feeding 1-ras never more than spasmodic , 

was insufficient to form any significant part o f  any bird's 
diet and t otalled less than 20 kg over the three years. The 

majority of watches during the breed ing season and many out­
side the breeding s eason were mad e without recourse t o  

artificial feeding. Except for the 1-Jinter months, natural 
food was so abundant that the birds remained at the arti­

ficial food only for brief periods. Food remaining at the 

conclusion of 1-ratches 1-ras removed. 

Art ificial aids were als o u.s ed t o  follow nesting beha.­

viour. A tambour ( Gurr, 1 95 5 ) was used in one nest, and a 

thermistor (l\1cConkey, 1 972 ) in another. Incubation 1-1as 

followed by means o f  an aut omatically triggering 8 mm camera 

(Appendix II ) , while telemetry was also tried unsucc essfully 

for the same purpos e. All eggs were nQmbered and measured, 

and chicks were individually toe-clipped on hat ching. In 

September 1 971 , min�ature patagial tags ( 0 . 3 g in weight ) 
were attached t o  one vring o f  1 1  newly hat ched chicks. Hmv-ever, 
most were lost or had t o  be removed b ecause they hindered 

movement. Coloured tape on chicks' legs was also tried unsuc­

cessfully as most of the s e  markings were lest within hours of 
applicat ion. 
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For comparison with the pukeko data , 39 hours were 

spent making similar observations o n  captive Notornis at 

Mt Bruce .  All watches were from a permanent hide and were 

supplemented by photogra�hy. 



2 .  1 Morphology 

2 . 1 . 1  General 

2 .  GENERAL BIOLOGY 

10 . 

The morphology of the pukeko has b e en adequately 

described  by Oliver (1955 )  and need not be repeat ed. The 

species is pu.rticularly prone to albinism; one bird ·outs ide 

the study area at Pukepuke had lvholly vrhite vrings as well as 

nunerous white . body feathers. Five of the birds banded at 

/Pukepuke had a small number ( less than 10) of whit e  thigh 

feathers , obvious only when in the hand. A purple-buff 

coloured variety , termed isab elline by Oliver (1955 ) ,  has 

been rec orded in the \'lairarapa ( Cunningham, 1 955 ) ,  and is 

b eing bred at the !·1t Bruc e. v/ildlife Res erve . The colour is 

apparently controlled by a single rec essive allele. 

2 .  1 • 2 Sex and Age Determinati�n 

Measurements and morphological not es 1vere taken at first 
banding and subs equent recaptures. Pukeko are monomorphic 

but can b e  sexed from external measurements ( culmen length 
and body vTeight ) vl'i th accuracy of 94% ( 'dilliams and 1v1iers, 

1958 )  or 92% ( Tunnicliffe, 1965 ) .  Males have a culmen length 
of 70 mm or more and weigh above 950 g; the figures for 

females are lov1er but show some overlap vli th males ( \Villiams 

and l\Uers , 1958 ) . Mos t  birds band ed were caught and 

measured more than onc e, and s ex v1as d etermined by measure­

ment and behaviour. Only four birds ( n = 133 )  fell outside 

their sex range for both measurements and in each case these 

measurements fell within the range on at least one subsequent 

recapture ( Table 1 and Fig; 1 ) .  

Both measurellients were variable. The. weight of breed­

ing femRles increased rapidly in early spring but decreased 

after laying. For example ,  00* weighed 970 g in August 1970 

* Reference to individual birds is by their patagial tag 
number. 



Table 1 PUKEKO BODY MEASU'RE!lENTS 

Juvenile Female 

Mean s.d. n 

Tibia Length 90. 3 mm 2 . 84 26 

Tarsus Le::a.gth 91 . 7  mm 2 . 80 '26  

Culmen + Shi eld Leng th 63 . 3  mm 2 . 1 0  26 

Shi eld Width 2 1 . 1  mm 2 . 33 26 

Bill Depth 27. 1 mm 0 . 97 26 

Nares-to-tip Length 28. 1 mm 0 . 79 26 
-

Body Weight 81 4 . 6  gm 6 1 . 22 25 

Adult Female 

Tibia Length 91. 2 mm 3 . 2 1 22 

Tarsus Length 91  . 8  mm 3 . 02 2 1  
Culmen + Shi eld Length 64 . 5  mm 1 .  6 5  2 9  

Shield Width 25.7 mm 1 .  6 1  29 

Bill Depth 28. 0 mm 0 . 99 2 7  

Nares-to-tip Length 28 . 8  mm 0. 78 29 

Body Weight 875 . 9  gm 70 . 7  29 

Juvenile Male 

Tibia Length 95 . 3  mm 3 . 50 3 7  
Shi elQ. Length 97 . 3  mm 3 .  9 1  37 

Culmen + Shi eld Leng th 67. 7 mm 3 . 53 37 
Culmen Width 2 1 . 9  mm 2 . 50 3 7  

BilJ. Depth 28 . 8  mm 1 . 62 37 
Nares-to-tip Length 30. 3  mm 1 . 57 37 
Body Weight 924 . 6  gm 1 13 . 7  37 
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Adult I�ale 

Mean s.d . n 

Tibia Length 98. 1 mm 2 . 73 37 

Tarsus Length 98 . 8  mm 3 . 49 37 

Culmen + Sl}i eld Length 73 . 9  mm 2 . 58 42 

Shi eld Width 27 . 2  mm 2 . 00 42 

Bill Depth 30 . 4  mm 0 . 88 42 

Nares-to-tip Length 3 1  .a mm 1 . 1 2  43 

Body Weight 1 052 . 6  gm 63 . 9  40 



Figure 1 

(a) 

Measurements Used for Sexing and Aging Pukeko 

Mean and range of body measurements in relation 

to age and sex. 

A = adult 

M = male 

J = juvenile 

F = female 
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but was only 806 g three months later. The frontal shield 

width of Ew v1as 34.88 mm in February but only 3 1 . 64 mm in 
+ Shlelc::A 

July. Expansion of the shield also  affected culmen.(length 
and for most breeding adults this measurement expanded up t o  

2 mm .  

Failure to  establish age may have been a sour c e  of error 

in the data of  other l'lOrkers. The bill , frontal shield, iris 

and l egs of adults are red , vThereas chicks hatch with a white 

bill except Ior a black tip ,  a black shi eld and browny-black 

iris and legs. The bill colouration undergoes a s eries of 

changes varying the proportion of black to  1vhi te  b efore 

becoming red . This reddening begins at the shield and pro­

gress es forward unt il only the tip remains black , by which 

time the body plumage res embles the adult apart from white­

tipped feathers between the legs . Finally the bill redd ens 
c ompletely . Thes e changes are illustrated by Tunnicliffe 

( 1 965 ) .  The leg reddens more slovlly than the bill but 

res embles the . adult's at 5-6 months. After the c olour change 

of the bill and legs and the djaappearanc e  of the whit e­

t ipped feathers between the legs , age can still be estimated 
by iris colour and shi eld width. 

The iris  begins to  redd en at about the same time as the 
bill and shield but more slowly . When the bill is c omplet ely 

red, the eye is still olive-red but at about nine months only 

a fine inner ring of olive next to the pupil remains. This 

olive ring can persist for 1 8  months. 

The shield does not attain adult width until the birC:. 

reaches breeding cond ition ( Table 1 ) .  In non-breeding year­

lings , the shi eld remains narrow and very horny as distinct 

from its fleshy expansion in breeding birds. Eye c olour and 

shield width and condition _can b e  gauged only in live or 

freshly killed birds as both s tructures contract \vhen frozen. 

9y was an exception t o  both these age indicators , having a 
large shield width (25. 86 mm ) and a fully red iris at six 

months. 

If juvenile birds ( identifi ed by an olive eye or shield 

width of less than 23 mm ) are omitted from a s exing sample, 

a higher proportion c ould probably be sexed accurat ely by 
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the method o f  \'lilliams and Miers ( 1 95 8 )  • (A juvenile is 

defined as a bird less than ten months old , the youngest age 

at which a bird was known to breed. ) This \vould not 1 however, 
\�� ' 

includ e females �-o;hi ch exc eed 70 mm culmen +.Shield"8.nd/or 950 g 

weight, but would only separat e the juvenile males \vhose  

measurement s  resemble those  of adult females ( Table 1 ) .  The 

difficu�ty of sexing juvenile s also remains. 

Two other bill measurements: Nares-to-tip and d epth 

(Fig.16 ) were us ed to  overcome this, The former measurement 

was found t o  be extremely reliable, lacked seasonal variation 

and opera t or error , and \vas less than 30 mm in females 1·ri th 

two except ions. Behaviour ivas used t o  s ex thes e tvro f emales. 

The bills of juveniles reacr.ed adult dimensions for nares­
to-tip at about 5.:..6 months of age , '"hereas culmen length 

frequently took 8-10 months and in non-breeders even longer. 

Bill depth paralleled nares-to-tip in juvenile females 
whereas in males the latter meacurement usually increased 

at a greater rate. Thus, us ing nares-to-tip in relation -Go 

depth , it was poss ible to sex most birds over four months o f  

age. 

2 .  1 • 3 Discussion 

The sexual monomorphism of the pukeko leads t o  some 
� shif.l� 

unc ertainty in sexing. Culmen�length and body weight , 
suggested by previ ous workers for separating the larger males 

t- S�\U� Shidd. 
from the females, vary seasonally. Culmenklength and�width 

expand vri th the onset of breedint;, a change that has b een 

linked in c oots with sex hormone conc entrations ( Gullion, 

1951 ) . In pukeko , the weight of bre eding female s  increas ed 
markedly before laying and the body \·Teight of males could 

also  change greatly in a short period as shmvn by TOy ( s ee  

p. 99 ) .  A further problem \vas the similarity of measurements 

of juvenile males and adult females . These factors must have 

led t o  much discrepancy by previous Horkers in the matt er o f  ... -;.r.,;eJol 
sex det ermination. Error in culmen�length measurements is 
als o  likely in live birds. Williams and Mi ers ( 1958 )  recom­

mended the use of body vreight because o f  reduc ed operator 
error, but this is count ered by vrider natural variability. 



Figure 1 

(b ) 

Measurements Used for Sexing and Aging Pukeko 

Head measurements used 

\ i ) As viewed from the sj.de 

(ii ) As viewed from above 

L = Length of culmen + shield 

W = Width of shield 

D = Depth of bill 

N-T = Nares-to-Tip length 





Nares-t o-tip does not vary IV'i th bre eding status and 

henc e w�s found to  b e  a more reliable guid e t o  sex than 
-t�ield 
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culmen�length or body vreight. Operator error vms negligible. 
b ecause c allipers can b e  rested on hard and non-fle shy end 

points. This measurement moreover reaches adult range sooner 
T Sl'\\e.\d 

than culmenklength or body weight, thereby allowing earli er 
sexing. Accordingly its us e is strongly recommend ed for 

t- shlc.\cl 
est imating sex. Despite the objections to  culmen�length and 

b ody weight , thes e  allowed ultimat e s exing of all adults in 
the study territories, since measurement at different times 

of the year gave opportunit ies to check scxing at al� s tage s  

of the breeding cycle. Behaviour (Chapters 3 and 6 )  was a 
reliable check of s ex although homos exual matings caus ed  

difficulty for the observer. 

A major differenc e of this study from previous \Wrk is  

the small number of f emale s  (4)  which exc e eded the maximu� 
+ sh\e..ld. 

female eulmen�length and the small ext ent of this overlap 

( 0 . 72 mm ). Tunnicliffe (1965 ) had 49 o f  128 females with a 
t- Shle.\d. 

culmenkl ength greater than 70 mm , and R eid (pers. comm.) 

found 14 out of 68 females in.this category. The figures o f  

Williams and Niers (1958 )  (2 out of 3 8  females greater than 

70 mm ) compared more closely \vith the pre sent results. 

Differenc e s  between the studies probably aros e  from incorrect 

s exing and/or different measuring t echniques. The marked 

advantages of the pres ent study were that all b irds were able  

t o  be  aged , were alive and measured more than onc e , in c on­

trast to the un-aged and shot samples o f  other workers. 

Gullion (1952a ) found overlap of body measurements of 

males and females in the American coot , Fulica americana. 

J.Udtoe length was the most reliable but can involve 
c onsiderable sampling error, and in pukeko, this measurement 
showed large male/female overlap. Kornm-rskt ( 1957 )  als o  

found c ons iderable overlap of body measurement s in the 
European c oot , Fulica atra , including nares-to-t ip but, 
unlike Gullion, was us ing an un-aged sample. Body measure­

ments were also unreliable for s exing Tasmanian native hens 
(Ridpath , 1972) .  All these  species,·however , lack the large 

frontal shield found in the pukeko and it is a s sumed that 
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this may affect the differences in the reliability of the 
measurements . Gullion ( 1 95 2 ) found voice to be the most 
accurate means of sexing coots, but this was not reliable 
for pukeko which do not duet like some other rails . 

Age is more difficult to determine than sex . Bill and 
leg colour, and the presence of white-tipped feathers 
b et'tveen the legs were reliable age indicators in very young 
pukeko, but other characteristics were needed for birds over 
five months . Eye colour appeared to be very reliable :  the 
presence of olive in the iris vTas found only in birds less 
than one year old apart from a small number of non-bleeding 
yearlings, which had a fine olive inner-ring . Culmen width 
was also helpful for aging birds but was complicated by 
breeding condition; non7breeding yearlings ·were silnilar to 
juvenilbs, but a shield width of less than 23 mm appeared to 
be a reliable indication of a juvenile . Birds with a width 
greater than 23 mm and a totally red iris could still be 
juveniles however, as for example, 9y , vrhose adult shield and 
eye co�dition could have been related to the great amount of 
territorial defence undertaken by this yo��g bird when both 
parents were renesting. 

The leg of the coot does not attain adult colour until 
it is two years old, and thus is a reliable indicator of age 
( Gullion, 1 952a ) . There are no published age criteria for 
other rails . 

2 . 2  Feeding 

The pukeko studied had tvro niaj or feeding times, early 
morning and late afternoon . Birds roosted until da-vm, then 
moved out to feed in m·ramp or pasture, before returning 
nearer to cover about mid-morning to preen and sleep . During 
mid-afternoon they returned to open feeding areas where they 
remained until dusk, at which time they moved back to cov-;r 
to roost . A number of observers have noted pukeko flying at 
night, and hro birds were seen at Pukepuke flying back to the 
swamp from a barley field three hours after dusk on a moonlit 
night . 
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2 .  2 .  1 Food 

All the study territories c ontained both swamp and 
pasture . The birds fed mostly in the pasture in late summer, 
autumn and vTinter but in spring and early summer, vrhen chicks 
were present, they fed mostly in the cover of swamp vege­
tation, chiefly - as often observed - on raupo . \·lhen water 
levels dropped at Pukepuke, many holes were apparent where 
raupo shoots had been removed . As �orell as shoots, fully 
grown raupo plants were attacked but only the inner apex was 
eaten, a hole being torn through the outer leaves to gain 
access . At Linton, water levels were relatively constant 
and cows grazed the outer edges of the raupo; thus raupo 
shoots were less accessible and were rarely eaten, but grass 
was readily available instead . 

Claims by farmers of extensive damage to grain and root 
pc=-.t+"..,J.� 'j crops could be�substantiated at Pukepuke only when crops 

were planted within 3 50 m of the swamp, where in 1 973 much Glt'd fto.Mpleok -
of the pukeko flock fed inAthe barley. 

Animal food was insignificant in the diet except during 
the breeding season when much· of such material taken vras fed 
subsequently to chicks anu juveniles . Animals observed to 
be eaten included: annelids, isopods, insects, mollt�.scs, 
three eels (Anguilla spp . ) , two frogs (Litoria aurea ) , three 
ducklings (Anas spp . ) , one sparrow ( Passer domesticus ) , one 
black-backed gull (Larus d.ominicanus ) as carrion; birds' 
eggs, one rat (Rattus spp . ) and three rabbits ( Oryctolagus 
cuniculus ) as carrion . On only une occasion was a duck nest 
observed under attack by pukeko although many other suc cess­
ful duck nests were found in pukeko territories . Moreover, 
one deserted duck nest vras found in Linton 4 and the eggs 
were still intact three months later . 

Animal remains were frequently found around pukeko 
nests and included 30-40 snail shells (Helix asnersa ) and 
duckling remains. Pukeko were never observed to attack 
ducklings, nor were ducks with young seen to take protective 
action when near pukeko . 
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2 . 2 . 2 Feeding Behaviour 

Raupo l·ras ahrays held up to the beak in one foot . 
Grass 1-1as usually eaten by pulling a single tiller out Hi th . 
the beak , to be transferred to one foot to eat the succulent 
stem base; the blade normally being discarded . Whole plants 
were occasionally pulled up and \-lashed before being eaten . 
Grass seeds were stripped in the sa�e manner as described 
for takahe by Williams ( 1 960 ) . 

Ground invertebrates were picked up directly in the 
beak but lou flying insects 1-1ere chased . Worms were ea ten 
when encountered in pasture , and at Lint on vrere actively 

I 

sought , cattle faeces being ripped open or overturned to 
yield large numbers of wormo and other invertebra tes . Frogs , 
eels and small birds were aetively hunted, though most 
vertebrates were probably dead before they were found . 

2 . 2 . 3  Discussion 

P._lkeko are primarily vegetarian as shovm by Carrell 
( 1 966 ) ,  but raupo appeared to be relatively more important 
(at least at Pukepuke ) than her study indicat ed (see also 
IVJ:cKenzie , 1 96 7 ) . Raupo is a seasonal food, l'rith use depen­
dent on vrater levels , i·Thich may explain these different 
observations . 

The amount of animal food in the diet of pukeko is 
also in dispute .  Carrell ( 1 96 6 ) reported very little , but 
I-'IcKenzie ( 1 967) , G .  Tunnicliffe and C .  Roderick ( pers . comm . ) 
also found pukeko taking live young , especially birds . The 
present study suggests that duck eggs and young are rarely 
taken nor are they actively sought , and that animal food , 
vrhile recorded frequently , formed only a small proportion of 
the diet , with most of it fed to the young . Gurr ( 1 95 1 ) 
recorded a high proportion of animal matter in the diet of 
young takahe . In pukeko , most larger items of animal food 
were dead \vhen found and , as suggested by Caithness ( 1 97:2.) , 
the major effect of pukeko predation occurs under unnatural 
c onditions . This could explain the larger numbers of duck­
lings killed at r-�t Bruce ( C .  Roderick ,  pers . comm . ) . 



2 . 3  Overall Pattern of Dispersion 

2 . 3 . 1  Territory 
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If Noble ' s  ( 1 939 ) classical definition of territory as 
' any defended area ' is accepted, pukeko held territories 
during the breeding season . Those at Linton held territories 
all the year �ound while most pukeko at Pukepuke showed vary­
ing degrees of tolerance of non-territorial birds outside the 
breeding season ( see Chapter 5 ) . Some �erritories at 
Pukepuke completely broke down at this time , presumably due 
to ' swamping ' by large numbers of non-territorial birds , and 
others were abandoned after unsuccessful breeding . 

There were variable numbers of birds vTi thin territories. 
Th& numbers record ed ( Table 2 )  were from counts made at the 
hatching of the first egg or , where breeding "\·ms unsuccessful, 
at the laying of the first clutch. Participation in breeding 
was not a pre-requisite . In the study areas , 22% of the 
territories contained monogamous pairs, but , of all terri­
tories where numbers vTere kno-vm accurately, only 1 9% were 
pairs . Most of thes� pair territories (six out of seven ) 
w·ere found at Linton . The number of birds in group terri­
tories varied ( three to six )  but showed an increase in the 
mean as the study progressed, this being caused mainly by the 
retention of young in the territory . Monogamous pairs 
expelled their young prior to the subsequent breeding season .  
In all group territories , and in pair territories when 
juveniles were present , a hierarchy was established. 

The sex ratio was equal in territories vTi th an even 
number of birds ( trN"o , four or six ) i'Ti th the exception of the 
Peninsular Territory 1 972-73 (see Fig .  40 ) vrhere there were 
five males and a single female (Appendix 3 ) . The sex ratio 
in four group territories with uneven numbers was ascertained : 
two had an extra female and two an extra male . Thus the 
overall sex ratio for all territuries was approximately equal 
( 48 males : 44 females; X2 = 0 . 087 ) .  

2 . 3 . 2  Flocking 

Non-territorial birds began to flock in the Hay Paddock 
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Table 2 

N1JHBERS OF BIRDS �·TITHIN A TERR ITORY* 

Recorded at the hatching of the first egg or, l·rhere 
breeding 1vas unsucc essful, at the laying of the first 
clutch . 

No . of Birds 
Per Territory 

Hea:n 
2 3 4 5 6 

Year 

1 970-7 1 1 2 4 1 - 3 . 6  

1 97 1 -72 3 - 4 5 - 3 . 9  

1 972-73 3 2 2 - 5 4 . 2  

Total 7 4 1 0  6 5 4 . 0  

Extra + 1 2 2 4 . 0  Territories 

Overall Total 7 5 1 2 8 5 4 . 0  

* From Appendix 3 

+ From adjacent areas 
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in November and December each year . Building to a peak in 
April , the flock then gradually decreased until all birds 
had dispersed by the following breeding season ( Fig . 2a ) . 
The size of the flock fluctuated, c ontaining only 29 birds 
in April 1 97 1 , but exceeding 50 ( maximum = 72 ) in other years. 
The build-up was also variable , being faster in 1 972-73 than 
in other years possibly because of the low 'I'Tater levels 
caused by the drought . Comparison of water levels with flock 
size ( Fig . 2� shows a negative c orrelation in 1 972 and 1 973 . 
(Most territories were dry lvhen the lagoon level dropped 
beJ. ow 6 . 25 m a . s . l. ) .  The assembly of the flock also appea­
red to b e  related to breeding since ,  each year , the first 
major increase in flock size occurred approximately one 
mon�h after laying began in the last study nest althuugh 
there was a gradual increase before this . 

Flock composition was not constant and banding showed 
that some birds remained in the flock for only a few days or 
weeks : these movements were partially reflected in the sud­
den decreases and increases in flock size sho1m in Fig . 2a. 
A few birds (Ow, Vy , /Vw)  were present in the flock in more 
than one year , Vy returning in all years , and this number 
1--rould probably have been greater had all birds bee:n banded . 
As in all territo�ial groups , a hierarchy existed in the 
flock . 

May shooting affected flock numbers . In all years 
numbers fell after the shooting season but ahmys by more 
than those knm·m to have been shot (see p .  32 ) . The decrease 
observed before shooting in 1 972 may have been caused by 
shooters going to the lake to prepare maimais ( shooting 
stands) and to clear raupo . Shooting in 1 97 1  resulted in 
the original flock splitting into t1vo parts · (Fig. 2a) , one 
remaining in the Hay Paddock and the smaller one shifting to 
the Rough Paddock , 1vi th some interchange occurring . In 1 973 , 
the flock divided prior to the shooting season. 

Sex and age ratios of the 1 970-7 1  and 1 97 1 -72 flocks 
were sk�wed ( Table 3 ) .  These two flocks had a 
high proportion of both males ( 64% and 63% respectively ) ,  and 
of juvenile birds . Since no new· birds �·rere banded in the 



I 
I Figure 2 ( a )  Number o f  Pukeko in the Pukepuke Flocks in 

Relation to Breeding and Lake Levels 

Numbers in the flock are shown by two lines where the 
flock was split . The upper line represents the total 
number·s in the flocks in both the Hay Paddock ( lower 
line ) and the Rough Paddock . The number of nests 
initiated per month is includ ed as a reference to 
breeding. Lake level depths below 6 . 25 m represent 
substantial drying of the study territories . 

No t e : The numb er o f  birds r e c o rd ed i n  t h e  fl o c k  was the 

maximum seen during each watch . 
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Table 3 

AGE AND SEX CQr.1POSITION 

OF PUKEKO FLOCKS 

Male 

Female 

Total 

Uni tary = 

Age Ratio 1 Adult 

Male 

Female 

Total 

Uni tary = 

Age Ratio Adult 

1 970-71 

Adult Juvenile Total 

9 

2 

1 1 

2 . 3  Juv . 

1 97 1 -72 

1 4  23 

1 1 1 3  

25 36 

Uni tary = 8 �� 
Sex Ra tio 1 � :  1 • 00 -

Adult Juvenile Total 

6 

5 

1 1  

1 .  7 Juv 

1 3  1 9  

6 1 1 

1 9  30 

Uni tary = _.,.� 
S ex R a t io 1 � :  1 • 7 ° 0  
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1 972-73 flock, little is kno1-m regarding the sex and age 
ratios . Four birds were caught , however, all of which were 
juveniles and the only one sexed was a male . Another b ird, 
banded as a chick at the end of the 1 97 1 -72 breeding season, 
also appeared in the flock and 1vas found to be a male . The 
preponderanc e of young birds especially males in the pre­
vious t"'vO flocks could thus hav€ been repeated in the 1 973 
flock .  

Flo ck numbers slowly diminished until fevr birds remained 
in August when most breeding territories were re-established 
as defended areas . In 1 97 1  the remaining birds ( 7 )  moved to 
the Rough Paddock where five eventually defended a territory 
and bred . In August 1 972 more birds remained and the flock 
in the Hay Padclock split into tvro groups which then estab­
lished the Trap and Peninsular Territories . As already seen 
(Appendix 3 ) , these territories had a high proportion of 
males . The Trap Territory :formed first and expelled the 
remaining nine birds ( 6 male : 3 female ) lvhich nested and 

nine. 
laid . After losing the first two nests, theset-.vrere reduced 
to the final six of the Peninsular Territory . The sec ond 
flock in the Roug� Paddock also formed into two groups: one 
remaining and establishing the Corner Territory forcing the 
rest to a neighbouring drain . This group later disappeared . 

Apart from the birds which established breeding terri­
tories in the study area, little could be found about 
dispersal of flock memb ers . A small number were known to 
have moved to other areas ( see p. 3 1  ) and a few remained �_n 
the study area as solitary non-breeding birds . Vy and F� 
from the 1 970-7 1  flock were seen frequently in the study 
territories throughout the following breeding season . Both 
birds were extremely ' furtive ' in their habits, moving 
b etween territories in a c�ouch with tail flicking , keeping 
close to cover and away from the territorial birds . Vy 
reappe.q,red in bocth the 1 972 and 1 973 flocks . Ow was also 
present in the flock in tv1o years but its 1ivhereabouts in the 
intervening ( 1 97 1 - ·72 ) breeding season 1vere not knmm . Ky , a 
member of the 1 971 flock, was still at Pukepuke and non­
territorial in February 1 972 , but did not rej oin the flock. 
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/Vw from the 1 972 flock j oined the Corner Territory vthich 

diss olved aft er unsuccessful breeding and /Vw reappeared in 

the flock in April 1 973 . 

Some of the flock birds managed t o  j oin establish ed 
territorial groups , but most did s o  only temporarily . For 

example ,  on April 28, 1 972, fLy was fully ac c ept ed in the 

Hid e Territory but was gone by June 1 2 , 1 972, but by July 6 ,  
1 972 , /Jy was a member o f  the same t errit ory . Vy was a c cep­
ted into the \iestern Territory on August 1 5 ,  1 972, but the 

territory dissolved aft er unsucc essful breeding. Kw j oined 

the Hide Territory in 1 97 1  and became a permanent me1.Lb er .  

An att empt 1vas made t o  det ermine the origin of flock 

birds by banding and follovr:i ng two  t erritorial groups out side 

the study area at· Pukepuke. Both t erritories contained very 
small areas of pasture . These t1vo banded groups , hmveve:r· , 

remained in their territori es all the year and did not move 

to the flock area at any time . Periodic observations �orere 

als o made around the Res erve , but thes e failed t o  demonstrat e 

the existence o f  other flocks . They did , however , show that 

out s id e  the bre ed ing season birds were sti�l ass o ciated in · 

small groups - suspe cted to  be  t erritorial . 

2 . 3 . 3  Discuss ion 

Pukeko populations appeared to have two forms of s o c ial 

organization : territories and flocks. All pairs and groups 

1vere t errit orial during the breeding season and 1vhile some 

were d efend ed throughout the yec..:' , others broke down either 
partially or c ompletely . This will b e  further documented 

and discussed in Chapters 5 and 7 .  

Numbers of b irds 1d thin a t erritory 1vere variable , but 
over 80% of study territories c onta ined more than a pair . 

The d isproportionate occurrenc e of pairs at Lint on suggests 

a relat ionship betwe en t erritory type and hab itat , which will 

be  discuss ed further in Chapters 5,  6 and 7 .  The increase , 

during the study , in the mean number of birds per t erritory 
appears to b e  a reflection of an overall population ris e  

which showed further in an increase in the number o f  terri­

tories  and an increase in flock size . The increasing number 

/ 
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of  birds in a t erritory was caused in almost every cas e by 

the ret ention of young . It is  unlikely that numbers within 

a t e rritory vmuld have cont inued to increase indefinit ely but 

it is not kno;1n lvhen this pro c e s s  breaks down and birds are 

expelled from the t erritories .  Further investigat ion is 

nee d ed .  

Tunni cliffe ( 1 96 5 )  gave no figures for the number o f  

pukeko per t e rritory but found no pairs a t  Lake Ellesmere 

( pers . comm . ) . Ridpath ( 1 972 ) reports approximat ely equal 

numbers of pairs and trios ( 26 and 1 9  respectively ) , five 

t erritories  with four birds and one of five in the �asmanian 

native hen . Ridpath also recorded four Porphyrio trios in 

Tasmania . The coot is listed as being monogamous by Gullion 

( 1 9 52 ) and Kornowski ( 1 957 ) but there is s ome evidenc e 

( Fredrickson , 1 970 ) that more than one fem<.:le may occasionally 

lay in a nest . Howard ( 1 940 ) als o recorded the moorhen 

( Gallinula chloropus ) as b e ing monogamous although there are 

reports of  a juvenile helping with breeding , including 

incubc• c i on (Robertson,  1 972 ) . 

Takahe are generally con�idered monogamous and t erri­

t orial (l'lilliams , 1 960; Re id , 1 9 67 ) . Ho1vever , 1dilliams and 

Miers ( 1 958 ) report ed t-vro cas e s  of yearlings remaining 1·ri thin 

their parent s '  territory and another possibl e cas e of three  

birds in a t erritory . Seven o f  the t en chicks banded by Reid 

( 1 9 67 ) were still in their natal territory as yearlings , and 

another was found ass ociated with another pair . Of s even 

birds caught as tvw-year olds , one was within , and another 

on the margin of its home t erritory .  It vlaS not knovm if any 

of these takahe bred communally . \·lilliams and :rviiers ( 1 95 8 )  
reported one yearling incubat ing in its parents ' territory 

but Reid ( 1 967 )  suggested that this was more likely to b e  

' an exampl e  o f  family-sharing incubation ' , but i t  vrould s t ill 

constitut e a group t erritory as defined in my s tudy . 

Guthrie-Smi th ( 1 92 7 )  record ed one vreka ( Gallirallus 

australis ) trio vli th tvro female s  laying in the same nest .  

Gullion ( 1 9 5 2 )  c onsidered monogamy to b e  general for 

Rallidae , assuming it to be a necessary condit ion in birds 

where both s exes incubat e .  The well document ed cases o f  
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communal breeding in Tribonyx and Pornhyrio , however , and 

the o c casional instances in takahe , 1veka , coot and moorher: 

suggest that group territories and c ommunal bre ed ing may b e  

a s  frequent a s  pair t erritories and monogamy • .  Detailed 

studies of more  rails are need ed to verify this . 

Sex ratios vvi thin the study t erritories vrere balanced 

with the exception of the Peninsular Territ ory ( 1 972-73 ) .  
Guthrie-Smith ( 1 9 27 )  referred to pukeko as being polygamous 

but h e  sexed by observation only , whi� � Tunnicliffe ( pers . 

comm . ) consid ered pukeko t o  be  polyandrous . The findings of  

the present study do not necessarily c onflict with tho s e  of 

Tunnicliffe as , although sex ratios are not known for 

Tunnicliffe ' s  s tudy , all his territo�ies were held only in 

the breeding s eason and were set up by flock bird s . The sex 

ratio  is  known fo1  two t erritories ( Peninsular and Trap , 1 972-
73 ) at Pukepuke which were formed in a similar vmy and in 

both cases males predominat ed . It is possible that other 

t erritories ( e . g . Rough Paddock 1 97 1 -72, and Corner 1 972-73 ) 
that were als o formed from the fJock may have had a pre:;>on­

deran c e  of male s  but sex ratios were not known . 

Ridpath ( 1 972 ) found Tribonyx to  be p()lyand.rous with 

permanent t erritories in vrhich sex ratios favoured males  in 

all but three cas es .  Of thes e ,  two favoured females and the 

third had an even ratio . Hovrever , Ridpa th ' s method and 

accuracy of s exing is questioned ( s e e  p � 203) . 

Becaus e most study territories vrere occupied all the 

year , it is d ifficult to explain the origin of the flocks at 

Pukepuke . In each year , some of the first birds to  appear 

in the flock s e emed to be family groups , and init ially 

remained coherent , but as flock s i z e  increased the s e  became 

fragmented and indistinguishable .  Thes e  groups suggest ed 

that the flock was ·partly formed from birds that held t erri­

torie s  only in the breeding s eason .  It was suspect ed that 

the t erritories  most likely to b..:·eak dovm aft er breeding VTere 

thos e  iacking adjac ent paddocks for feeding , but the only 

evidenc e available conflicts with this . 

The very high proport ion of young birds in the flock 

suggests that it may be  formed from juveniles and yearlings 
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expelled from natal territories . However , the j uvenile s  

band ed ln the t�w t errit ori e s  lacking pasture remained w ith · 

their parents , as did all j uveniles in the study t erritories 

at Pukepuke . One bird banded as a chick by the Ne1v Pond did · 

j oin the flock as a yearling . 

The return o f  birds to  the flock in subsequent years 

indicat e s  the origin of part of the flock . The records of 

Vy and /Vw suggest that at l east part of the flock was formed 

from non-breeding itinerants and birds from unsucc essful 

breeding t erritories . Hov1ever , oppos ing this 1vas the failure 

of  Ky and Fly and the other banded birds from the un.:;ucc ess­

ful territories t o  re j oin the flo ck . Thus the origin o f  the 

maj ority o f  birds in the flo ck remains unsolved , but the 

preponderanc e of young ,pukeko in the flock points t o  expul­

sion of young as a likely factor in its fo�:-mation . 

The s ex rat io of the 33 chicks banded in study terri­

tories ( see  Table 2 5 ) 1·ms eq_'.lal ( 1 6  males : 1 7 females ) vThich 

suggests  that the strongly imbalanc ed s ex ratio of the flock 

was net due to an unbalanc ed chick s ex ratio . It is perhaps 

unrealistic to extrapolat e fr?m the study t errit ori es whi ch 

apart from the Peninsular t erritory did not c ontribute t o  

the feeding flock , but i t  is  possible that ivhatever the 

condit ions that prevailed in the t erritories c ontributing -
birds t o  the flock , they may have result ed in a differential 

survival of male offspring o r  differential ret ention of 

female o ffspring . In fac t , Table 25 shm·rs that of the s even 

juveniles produced and retained in permanent t erritories  at 

Pukepuke , five ivere females . This favours the sugges tion of 

differential retention of females and coupled with a prepon­

deranc e of males in the t erritories which broke doivn t o  form 

the flock ( assuming this t o  occur as shown by Peninsular and 

Trap territories ) , may explain the unequal ratios o f  the 

flock . The very low number of adult females in the flo ck 

may have been partly due t o  biased trapping ( s ee p .  1 25 ) , 

but in 1 972 the rocket net caught all exc ept ti-ro of the 

unbanded birds , so this bias vras not large , and 1-ras insuffi­

c ient to explain the unbalanced ratios . 

Tunnicliffe ( 1 96 5 )  obs erved up t o  eight non-territorial 
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flo cks at Lake Ellesmere and many other large aggregations 

have been obs e rved by others ( e . g . Carrell , 1 969 ) but no �ex 

or  age ratios  are available . 

American coots are partially migratory and in s ome areas , 

form large winter flocks rTi th a high proportion ( 90% )  of 

young birds but with a s ex ratio clos e to 1 : 1 ( 1 08 males  : 

1 00 females ) ( Gullion , 1 952a ) . European coots ( Kornmvski , 

1 95 7 ) and moorhens ( Anderson in Dunnet , 1 96 5 ) als o form large 

winter flocks after breeding territori�s break down but 

takahe ( Williams , 1 960 ; Reid , 1 96 7 ) and Tasmanian native hens 
( Ridpath , 1 972 ) do  not form flocks . The s ex ratio of  

Tasmanian nat ive hens heavily favoured males ( 1 1 1  males : 74  

female s ) in Ridpath ' s  study area but a neighbouring popu­

lati on ( shot and internally sexed ) had a more even distribu­

tion of the s exes livhi ch t ends to lay doubt on Ridpath ' s 

method of s exing ( s e e  als o  p .. 203 ) . Hm·rever,  the s ex rat io 

of surviving Tribonyx chicks ( int ernally sexed ) als o  favo·.:tred 

males  ( 50 : 1 8 ) and may have affected adult ratios . As 

discussed earlier , pukeko chick sex ratios were even al�.hough 

no chicks were kiJ_led for sexing in my study in ord er that 

chick dispersal could be followed .  

2 . 4  Dispersal 

2 .  4 .  1 

Much of the evidenc e for dispersal comes from shoot ers ' 

returns , but because pukeko fo1� a very small proportion of 

bags in the Wellington District ( 3% in 1 971  and 2% in 1 972 ; 

Caithness , 1 973 ) , only a small numb er of bands vrere returned . 

In order to obtain records from the 1 973 shoot ing s eason , an 

appeal for the early return of pukeko bands was mailed to  all 

shoo t ers in the Wellington District . 

Known returns showed that most birds moved only short 

distances ( Fig . 2b ) , the longest being 24 km from Linton to  

Omanuka . As  already stated ( p .  20 ) juven:.les from the pair 

territories at Linton were expelled prior to the hat ching of 

the first egg or more usually before laying , and disper s ed 



Figure 2 ( b ) Dispersal of Pukeko from Study Areas 

Arrows represent "the places wheru birds frcm · th e  
study area were found or s ighted . Totals are shown 
at the tip of each arrow . Dotted lines show that the 
bird ( s ) subsequently dispers ed further . 
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mostly to neighbouring areas . 05 ,06 and Ow from Linton 1 
all moved to  Linton 3 in August 1 972. 21w was known to have 

left Linton 2 and moved to an area 2 km East in Sept ember 

1 972, but then returned to  Linton 2 before dispersing again 

to an unknown area . 'ltlhen Linton 5 broke dmm ,  two of the 

birds were s e en in Lint on 2 but w·ere expelled . 7y · from 

Linton ::? was found breeding in a group territory 2 km South­

west in Octob er 1 972 . 

Birds from Puke puke \vere o c cas ionally sighted in 

ad j a c ent areas , and aft er the breakdo\vn of the flock in 1 972, 
four band ed birds were s e en briefly in surrounding <:L .. :eas . 

IFy was obs erved in early .November 9 km North-east of  

Pukepuke one week aft er leaving the flock , but vras gone three 

days later . Thre e other banded birds v.rere s e en 1 kJ? South 

of Puke:puke in Septemb er but subsequent vi::. : i  ts to this area 

failed to find the birds which , like IJY , were appare�tly 

still dispersing . 

Fifty-four band returns from all operators throughout 

New Zsaland showed no general trend in dispersal . Distances 

moved varied from 0 to 240 km :  1 5  moved more than 50 km and 

s ix more than 1 00 km .  Sutton ( 1 967 ) recorded a pukeko 

returning 97 km to its point of capture in eight days , and 

band record s  als o shmved t\vO pukeko moved more than 1 80 km 
in three months in late summer and autumn , while another 

moved 1 2 1 km in 52 days in autumn . 

Pukeko may also  remain in the same plac e for a long 

t ime ; one band ed bird vras recorc_c:d at its pla c e  of capture 

s even years later . \f.hile the brevity of my study prevent ed 

accumulation of such data , at the conclusion (April 1 973 ) 1 2  
birds 1·rere still resident in the territories where they vrere 

band ed in 1 970, and one other , Ew ,  had moved to  an adjacent 

territory . Also seven of the young rai s ed in the 1 970-7 1 or 

1 97 1 -72 breeding seasons vrere still in their natal t erri­

t ories at the conclus ion of the study . 

One bird , /Sw , which had been captured as a chick at 

Opiki and held in captivity for one year , was released at 

Pukepuke in rJiarch 1 972 . It vras shot thr e e  months later jus t  

1 00 m from vrhere i t  was released . 



2 . 4 . 2  Dis cuss ion 

Pukeko appear to radiat e from the ir natal areas stopping 

at intervening swampy areas until eventually they find a 

plac e suitable t o  breed . Host birds d ispers ing from the 

study areas were  juveniles or yearlings , but s ome adults als o  

moved , especially aft er unsuc cessful breeding ( s e e  p .  2 5  ) . 

Other reports demonstrate that pukeko are capable of moving 

long distanc es in a short time and that of Sut t on ( 1 96 7 ) 

shows that breeding birds Hill return t9 a suc c essful t erri-: 

tory if moved , vlhile non-breeding birds may adopt new areas 
( c f .  1Sw ) . Most long distanc e dispersals occurred . outside 

the breeding s eason . 

Ridpath ( 1 972 ) found that flightless Tasmanian native 

her.s , mostly juveniles ,  radiated short distances to ad jacent 

areas , and Gulli on ( 1 95 2 ) recorded c o ots r�turning to the 

point of capture after being mov0d to other areas . 

2 . 5  Shooting Pressure 

2 . 5 . 1  Results 

Pukeko are third on the game list in terms of numb ers 

sho t , but in 1 972 formed only 7% of the total bag for Nev1 

Zealand ( T .A .  Caithness , pers . c omm . ) . Shooting pressure 

varie s  from area to area as do bag limits : e . g . in the West 

Coast Acclimatization District , pukeko c omprise up to  3 5% 

of the shooters ' bags ( Caithness , 1 972 ) . 

In the s tudy area , pukeko vrere prot ected in 1 968 and 

1 969 ,  but in 1 970 , 1 97 1  and 1 972 , shooters ( n = 28-33 ) vrere 

allowed hw pukeko per day for the opening and closing vreek­

ends only - a maximlun bag of t en .  Despit e this only 42 , 1 1  

and 1 0  were shot in · the three  s eas ons respectively ( Caithness , 

pers . c omm . ) but this may have been affected by requests  not 

to  shoot band ed birds . In 1 973 , vlhen shoot ers 1vere allmred 

two b irds per :_ day for the vrhol e  s eason ,  only 20 were shot . 

��easurements vrere taken in 1 971  and 1 972 to gauge the age 

and s ex ratios of the shot birds . Thes e  results ( Table 4 )  
sugges t t3C. that more males than females are shot . 



Table 4 

Sex Adult 

3 
M 2* 

1 
F 

AGE AND SEX OF BIRDS SHOT 

1 97 1  1 972 Totals 

+ 

* 

Juvenile Adult Juvenile Adult 

1 2 1 5 
2+ 4 

1 1 - 2 
1 ·lE- 1 -)(- 1 

Birds shot b�r 1tl . J . P .  at vlanganui 

Verified by �nternal sexing 

Juvenile 

2 

1 
1 

-

2 . 5 . 2  Discussion 

3 3 . 

Shooting pressure is extremely variable throughout New 
Zealand, and the numbers shot appear to depend on the avail­
ability of more sought-after species such as ducks and mvans . 
At Pukepuke it appeared that insufficient pukeko were shot 
to affect the population size, but this may have been partly 
due to requests to leave banded birds . tfuen questioned � 
most shooters considered them easy to shoot and poor to eat . 
It is not knmm vrhether the greater harvest of male pukeko 

\ 

was simply a reflection of the overall sex ratio or whether 
shooters actively took larger birds . The large number of 
adult males taken suggests the latter may be more likely . 

As pukeko are considered poorer game but cause c onsi­
derable crop damage in certain areas , it is suggested that 
a special shooting season ( over crops ) in March would be the 
most effective means of controlling pukeko . The present 
study has shown that flock pukeko ( those most likely to 
cause damage ) 1vere mainly non-territorial and non-breeding 
birds vrhose elimination IWUld have little effect on the 
overall population . 



3 . 1  Introduction 

3 .  GENERAL BEHAVIOUR 

34 . 

In order to interpret c o rrectly the gross behaviour of 

a species , it is ne ces sary t o  begin �vi th descripti on and 

categorization of individual units thus e stablishing an 

ethograB or behavioural repertoire . If the tempo ral 

r elationships of des criptive units are analys ed , causal and 

functional relat ionships can b e  inferred . Obs ervat ion 

shvuld , ideally , b e  on a wild population , be unbiased , and 

direct obs ervation s hould b e  accompanied by film recordings 

t o  ensure that all aspects are record ed ( Eibl-Eibe s feldt , 

1 970 ) .  As r�Iarler and Hamilt on ( 1 96 6 ) point out obs ervation 

must to  s ome degree  be selective , but this can b e  partially 

overcome by the use of ob j ec t ive terms to  desc rib e behaviour . 

Therefore in the formation of the original des cription of 

b ehaviou.r , no  presumptions 1.vere made conc erning function o f  

the different patt erns . This v;as determined later by 

analysis . 

The problem of sub j ective des cript ion further arises  

from fitting obs erved behaviours into previously numed dis­

plays . To overcome this , no account of prior 1vo.rk was 

recorded until all behaviour had been fu�ly a s s es s ed . Con­

s equently all patterns of behaviour were given original and 

purely descriptive t erms , but to prevent unneces sary dupli­

cation many postures have b een e quated vTi th previously 

des crib ed pehaviour . Many of the terms used in earlier 

research Here inadequat e or inaccurat e ;  so my o riginal terms 

are retained . 

As previously mentioned ( p .  4 ) no· att empt was made t o  

record maintenanc e behaviour o r  ontogeny of b ehaviour already 

covered by Tunnic liffe ( in prep . ) 

3 . 2 Loc omoti on 

Loc omotory activities have no s ignal function but are 

included to provide relat ed information for the b etter 
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understanding of the overall behaviour of the pukeko . 

3 .  2 . 1 Flying and \valking 

The pukeko is capable of long sustained flight . Hovrever ,  

its flight appears ' laboured ' and birds res orted to flying 

in few situat ions , e . g . escape from predators and c ro s sing 

of  drains . In the latt er situation , birds rarely flew when 

c ro ssing to open fields but did so  readily when cro s sing 

back to c over . At all other t imes walking Has ' preferred ' 

and running Has frequently acc ompanied by �ring flapping . 

3 . 2 . 2  Svrirnming 

Pukeko do not have vreb"oed feet , but svrim vlell with i'fings 

and tail rais ed . Chick
'
s can swim from the day of hat

'
ching 

and can als o  dive in respons e t o  predators .  Adult pukeko are 

als o reported to d ive ( Tunnicliffe , 1 96 5 ) .  

3 . 3 Int erspecific Behaviour 

3 .  3 . 1  Alert 

The bird stood complet ely s till and erect , all body 

feathers vrere sleeked , and the neck i·ras elongat ed . The head 

might be t ilted especially when vratching a predator  and the 

tail was normally flicked . A bird in an Alert appear ed 

' anxious ' and ' ill at ease ' ( Fig . 6 ) . The Alert "ivas also 

used frequently in intraspecific o ccas ions . 

3 . 3 . 2  Grouping 

When actively threat ened by hawks , Circus approximans , 

pukeko grouped in very c ompact  aggregations in the Alert 

posture . A harsh alarm call ivas given and if  the havrk 

swooped , one or more birds flew up at it . Grouping vras 

independent of t erritory and status and thus la rge groups of 

birds , even froo ad jacent territories , formed and c ons e­

quently much fighting and pecking o ccurred after the danger 

was past ( Fig . 3a ) . 



Figure 3 F.Lock Pukeko 

(a) Flock birds slol'rly dispersing into the Hay 

Paddock. 

(b ) Flock birds grouped beside the drain . Note 

the small distance between individuals. 
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As �orell as the above behaviour , pukeko actively hunt ed 

and att�cked mustelid s  and rats  when s een.  

3 . 4  Calls 

The lack  of a directional microphone prevent ed the 

recording of all calls and hence none are pres ent ed in detail , 

but a number of calls Here eas ily recognisable .  No attempt 

is made in the follovring descriptions t o  use phonetic symbols 

which are of  very limit ed us e .  

3 .  4 .  1 Territorial Long Call 

This call 1vas the long.3st  of the calls and v;as usually 

repeated up t o  five tim'es . The initial call vras harsh and 

the notes gradually tapered away . This call vras frequently 

heard at night and was given by most  t erritorial birds ul, en 

flying out t o  feed at the conclus ion of a territorial defence  

or aft er Wing Clapping . 

3 . 4 . 2  Wing Clap Call 

This , as the name suggests , al1vays accompanied the 1lling 

Clap and \v'as a harsh , short , staccato c all . Like th8 Long 

Call it 1vas partly a t erritorial call but was also us ed i!l 

distract ion of predators ( p .  55 ) . 

3 . 4 . 3 Location Calls 

Very s oft ' ding ' calls were given by birds when in 

d ense cover . These  vrere espe cially common lvhen adults were 

calling and leading chicks . 

3 . 4 . 4  Juvenile Calls 

( a ) Cheeps : Thes e 1·rere given by very young chicks 

and were s imilar to domestic  chick calls . 

( b ) Immature ' I'-�iamv ' ( Follm·ring Ridpath , 1 972 ) :  This 

1-Tas a high pitched monotonous 1·rhining call , given 

by juveniles vrhen b egging or lvhen attacked . 



3 . 4 . 5  Yell ing 

A very loud rauc ous call o c cas i onally given in a 

t erri t o rial d i s put e . 

3 . 4 . 6  Pre c o pulat ory Hum 

A very nasal mono t onic call given by th e male 1vhen 

approaching o r  foll ovr ing the f emale prior to mount ing . 

3 . 4 . 7 Grating Low Pitc hed Call 

38 . 

A very d e e p  s t a c cato grat ing call g iven by s ubordina t e s  

i n  a BovT . 

]\�any o ther very soft call s were g iven b ehre e n  b irds at 

the ne s t . Thes e were part i cularly fre quent pri o r  t o  n e s t  

r elie f .  

No call e qu ival ent t o  the ' .S e e - Savr Aggr e s s ive Call ' 

( Ridpath , 1 972 ) o ::  the Tasmanian nat ive hen vms h eard but 

s imilar due t ing is c ommon in takahe ( pcrs . obs erva t ion ) and 

o ther rails ( e . g .  c o ots - Gul l i on , 1 95 2 ) . 

3 . 5  Agonis t i c  Behaviour 

The follm·ring b ehaviour patt erns form d is t inct uni t s  o f  

a c ont il".uum of b ehavi our with extremes repres ent ing atta c k  

and e s ca p e . · Apart from t h e  ext reme , t h e  rema ind er vr ere 

ambivalent c ontaining element s of at t a c k  and e s cape . Feif 

patt erns appeared in is olat i on but formed c omplex chains o f  

r eact ion . No at t empt is mad e to d e s c r i b e  th e int egration o f  

the s e  d i splays i n  ipt er- o r  intra-group int era c t i ons . The s e 

will b e  d etailed in the rel evant chapters ( 4 ,  5 and 6 ) . 

What follmvs i s  s ol ely d e s c ript i 0n and analy s i s  o f  pos ture s . 

The head , ne c k , b ody , tail , wings , and the t o tal orientat ion 

o f  the b ird were us e d  s e parat ely and in coL.tb inat i on in 

s ignalling .  Apart from the init ial d e s c ript ion o f  1-ring and 

tail pe s j_ t i ons , d i s plays are pre s ent e d  in a s e quenc e bas ed 
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o n  head pos i t i on and body orientat ion , but this i s  not m eant 

tp · b e  a fu�c t i onal s e quenc e .  

3 .  5 . 1 Wing and Tail Pos i t i ons 

Pukeko have \vhi t e  und ertail cove r t s  which · c ontrast 

s t rongly with the surrounding black tail and wing f e athers : 

Hing and t ail p o s i t ions vari e d  greatly b oth as c omponents of 

all displays and as s e parat e d i s plays . The wings and tail 

f o rmed a c ont inuous gradation where the -vrings var i e d  from 

b e ing clos ely again s t the body to be ing vert ically rais e d  

anu lat erally e x t en d e d , and the tail vari ed from fully d own 

and clos e d  t o  vert i ca l  and expand ed . The s e  were d ivid e d  into 

units that -vrer e read ily dist inguishabl e  in the f i el d . 

A .  Tail Po s ture s  

( a ) At Re s t : The tail was h eld d own at an angl e 

from the body , l·ras c omple t ely c lo s e d , and 

no whi t e  1vas obvi ous . 

(b ) Tai l  Up : Thi s  was r e c ogniz ed as a s e parat e 

d i s play as well as a c c ompanyi ng ether p o s tures . 

Five grades 1ve r e  r e c ogni z ed a c c o rd ing t o  the 

angl e of the tail to t he body axi s . The s e  

wer e Tail One Third Down , Tail Hori z ontal , 

Tai l  One Third , T1w Thirds and Fully Up , a nd 

showed increas ing amount s of 1vhi t e  b ehind . 

The ta il was e ither c lo s ed or expand e d  t o  

s om e  degr e e . 

_ ( c ) Ta il Fl ick : The tail was rapidly flicked from 

a l m·rer to a higher p o s ition and then r eturned . 

Rat e s  and amplitud e o f  flicking 1ver e  variabl e .  

B .  \'ling Po s it ions 

( a ) A� Rest : The wings were fol d e d  and lay c lo s e 

t o  the b ody and along th e ba ck . 

( b ) \Vings Partly Up : The -vTings l'rer e part ially 

rais ed but fully c l o s ed . The t ip o f  t he tail 

f eathers s t ill pro j ec t ed ab ove the "ivings . 
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( c ) \'lings Fully Up : The wings v1e r e  rai s ed whi l e  

s t ill c l o s e d , c omplet e ly c overing th e rai s ed 

tail from s id e  view . 

( d ) v!ings Exaggera t e d  Up : The lvings vrere h eld 

at extr eme e l evat ion , s t ill fully c lo s ed and 

with the tips t ouching . 

( e ) vlings Out : Thi s  acc ompanied any o f  the 

pre c e d ing lving p o s it i ons and t o ok the form 

of the 1vings held out lat erally o n  e ithe r  

s i d e  o f  the body . It was usually a c c ompanied 

by Yel ling . 

C .  Comb inat ion o f  \'ling and Tail Po s iti ons 

In general increased elevat i on of the 1·lings 1vas 

a c c ompani ed by grea t e r  elevat ion and expans ion o f  

the t a il .  The t ai  1 vms normally Fully Up whe n  the 

wings l·rere Partly Up b'.J.t tail expan s i o n  was at a 

maximum when v1ings 1ve r e  Fully or Exaggerat e d  Up . 

The po s ture s des crib e d  ab ove form a grada t i on that 

from the r ear expo s � d  incr eas ing amount s o f  whi t e  

und ertail c overt s but from the front and s i d e  mad e  

.the b ird appear inc r eas ingly large . Th e dark \·rings 

were a sharp c ontra s t  to the whit e  t ail and frame d  

and ac c en tua ted it vrhen v i  mved from b eh ind ( Fig:::: 

4-25 ) . 

Fighting 

Normally al1 a c t i ons 1ve r e  very fas t  ind e e d . Oppos ing 

b i rds jumped at each o ther f e et firs t , attempt ing to rip 

vio l ently "'i th their c lav-TS . The leg a c t ions o c ca s i onally 

pushed the b irds apart and ont o the ir backs . One bird th en 

managed t o  get astride th e ba ck or be lly of the other and 

viol ently pecked i t . Bird s o ccas i onally locked t ogether 

s i t t ing o n  their rumps ripping at each o ther ' s breas t s  '>-rith 
their fre e  l egs . The main element o f  f ighting appeared t o  

b e  gett ing int o a pos ition t o  d eliver a ·  d mmward peck . This 

was achi eved by jumping ab ove the other b ird , g e t t ing i t  o ff 

balanc e o r  in a pos it ion wher e it c ould b e  pe cked but was 
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unable to return a peck ( Figs 4 and 5 ) . Most fighting was 

very svd ft and involved as many as four birds ( Fig . 5 ) .  
However , oc casionally two birds stood perfe ctly st ill and 
slovrly sparre d  at each o ther with one foot ( Fig . 4 ) . 

Fight ing was never observed between members of the same group 

but was frequently seen on t errit orial boundaries o r ,  l ess 
often , ryetween members of large wint er flocks . 

3 . 5 . 3  Pecking 

This was normally a simple downward peck with slightly 

o pened beak usually dire cted at the opponent's h ead , neck o r  

back (Fig. 3 5 ) .  Pecking vTas m ost c ommon betv1een adults and 

j uveniles in the same group . 

3 . 5 . 4  Charge 

Here a b ird ran at another with the posit ion o f  the ne ck 

dependi�g on the spe ed o f  running ( Fig . 7 ) . With increasing 

s peed , the neck was lowered further towards the horizontal 

for balanc e . The b eak p o int ed dol¥-nwards and if the opponent 

was reached , a violent peck w�s del ivered. Wing and tail 

posit ions were variable but t ended toi-rards the more raised 

posit ions with the increasing status of the opponent and the 

proximity of the t err itorial boundary . 

A s e c ond form of charge , the ' Splatt er ' ( c f .  Gullion , 
1 952b ) was rec ognized. In this the vrings were flapped t o  
increase the speed of charge and t o  retain balanc e. 

3 . 5 . 5  Head Flick 

In this posture the head and bill were fl icked 

vert ically upwards and backwards ( Figs 8 and 1 0a ) . Body 

f eathers were normally sle ek . In extreme cases , the neck 

"i'Tas elongated and curved up and back so that the beak lay 

along the back . The head pos ture vras held for varying 

l engths of time but -vras frequently only a simpl e fl ic k .  

A c c ompanying wing and tail posit ions were variabl e  but the 

tail vms almost always Fully Up and the wings vrere Fully or 

Exaggerated Up . 



Figure 4 FIGHTING 

Two pukeko sparring with feet on a territorial 

boundary. Both birds are in ' Aggressive ' Uprights. 

Figure 5 FIGHTING 

Multiple fight between four birds on a territorial 

boundary. Note pegs demarcating the boundary zone . 
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Figure 6 

1 �  in an ALERT . Not e  the very erect stance . 

Figure 7 

Pukeko CHARGING during a t erritorial disput e . 
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3 . 5 . 6  Upright 

Thl s pos ture was s o  named b e caus e o f  it s s imilarity t o  

the Upright o f  eulls , Larus s pp . ( T inb ergen , 1 9 5 9 ) . Like 

th e p o s tur e in the gull , it ivas extremely variab le but i·ri t h  

hro eas ily d i s t ingui shabl e  extrem e s , th e 1 Aggr es s ive ' 

Upri eht and the ' A��i e ty ' Upright . 

( a )  Aggre s s ive Uprip;ht :  The head and bill vrere p o in­

t ed downward s a t  approximat e ly 45 d egre es , and 

the n e c k  was e ither vert ical or forward . The n e c k  

vari e d  from b e ing fully s t r e t ched t o  b e ir. _s  unex­

t end c d  and fat t ened . Where tHo b ird s fac e d  ea ch 

other , b o th usually ext end e d  their ne cks pre­

sumably to g e t  th eir b eaks ab ove the other t o  

d e liver a downvrard peck ( Figs S and 1 0b ) . A b ird 

in an Aggres s ive Upright n early a livays fa c ed i t s 

opp on ent a!ld o c c a s i onal ly a dvanc ed t 01-rard s i t . 

Be cau s e  of thi s  ori entat i o n , the red frontal 

shi e ld and bill were prominently d i s played , and 

probably a c t e d  as rel eas ers ( Figs . 9 and 1 1  ) . 

Rar ely this p o s ture vras ad o p t e d  >·Then the b o dy ':m s 

s i d e  o n  or t urn ed away from the opponent . This 

vra s ob s e rved only 1·rhen a l ow s tatus b ird from one 

t erri t o ry \vas n ear the b ound ary and th e d i s p laying 

bird i·ms a high ranking mal e  Hho Has f e ed ing vrhile 

fac ing m-.Jay from the b oundary . I f  this part­

ado pt i o n  o f  th e pos�1�e was ineff e c t i�e i n  pro du­

c ing th e re treat o f  the opponent , th en the b ird 

adopt e d  the full frontal o ri entat ion.  

( b ) Anx i e ty Upr ight :  As in gulls , this posture 

d i f f e r e d  from the ab ove in that the head and b i ll 

1ve r e  horiz ont al or po int ing sl ightly U!:nvards .  

The n e c k  Has usually uns t ret ched and ver t i c al , and 

l·ras rar e ly inclined f o r-vrard . Plumage ;vas usually 

s l e ek and fla t t ened ( Fig . 1 0 c ) . 

Ori entat ion was variabl e  but the bird never m oved 

tmvards an o pponent . Th e  h igher angle of the 



Figure 8 

Mala ( H1 w )  in an ' AGGRESSIVE ' UPRIGH'I· , -Tail One Third 
Up approach:ing a female whtch is HEAD FLICKING , Wings 
Partly Up , Tail Fully Up . Note tip o f  tail still 
visible above the wings . 

Figure 9 

Two males in a territorial dispute .  Male on right 
in an ' AGGRESSIVE ' UPRIGHT , Wings Fully Up and Out , 
Tail Fully Up . Second male has just jumped up and 
back .  





Figure 1 0  Head Flick and Uprights 

( a ) Head Flick , Wings and Tail Fully Up . 

( b )  ' Aggressive ' Upright , Wings Fully Down Tail 

Horizontal . 

( c ) ' Anxiety ' Upright , Wings and Tail Fully Up . 
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head t ended t o  minimize or obliterat e the 
opponent ' s  view of thA frontal shield . 

47 .  

( c )  C omments : Intermediat e positions behreen the two 
extremes vrer e  c ommon . \•ling and tail positions 
were also extremely variable but paralleled 
changes in head and neck postures . At the 
1 Anxiety ' extreme , the wings and tail i·rer e  usually 

· at their extremes of elevat ion , but the c onverse  
usually appli ed at  the  ' Ag0res sive ' extreme . How­
ever , most c ombinations of head , neck , tail , vlings 
and feathers were poss ible and depended on the 
status of the opponen t ,  and the distanc e from the 
o pponent and/or territorial boundary . Th � 
' Anxiety ' Upright Has never accompanied by '\1/ings 
Out . Body feathers , espe cially of the back and 
neck , were frequently erected but the amount of 
fluffing vras less i·Ti ti.1 the more exaggerat Rd wi:.1.g 
postures . 

This posture graded from the previous one and was named 
after the s imilar posture found in gulls ( Tinbergen , 1 9 59 ) . 

It vias extremely variable  1vi th the two extremes , Horizontal 
and Depressed Forvrard . 

( a )  Horizontal Forvrard : In the Horizontal the bill 
viaS horizontal or slightly depres sed , t:te head 
and neck v.rere held loi·T , roughly horizontal or 
angled slightly above the horizontal and the neck 
was forward and fre quently stretched . The body 
and vertebral column i•rere approximately horizontal 
or tilt ed slightly f'orvrard . A bird in the Hori­
zontal always fac ed d irectly at the opponent and 
s o  ext ended the r ed b ill and frontal shield 
t mvards it . Be caus e of the neck position ,  the 
b ill a!" d shield 1·rere surrounded and offs et  by the 
dark plumage of the b ird . The bird remained 

completely motionl es s , gradually moved t o-vrards its 



Figure 1 1  

Two males in a territorial dispute . Male on the 
right is in an ' AGGRESSIVE '  UPRIGHT , Wings and Tail 
Fully Up . ?-Tale on the left is in a DEPRESSED FOR\'IARD , 
Wings and Tail Fully Up . 

Figure 1 2  

Tw ( Northern Territory)  and Aw ( Southern Territory ) 
less than 5 0  cm apart during territorial dispute .  
Tw is in a HORIZOl�AL FORWARD , Wings and Tail Fully 
Down while kvl is in a FULI1 BOW '· Wings and Tail Fully 
Up .  
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opponent , o r  charged . The posture was not usually 
accompanied by a call . 

Wing and tail postures were variable but were 
usually at l east Partly Up and were occas ionally 
Out . Body feathers were almost  always fluffed 
( Figs 1 2  and 1 3a ) . 

( b ) Depressed Forward : The main differenc e b etween 
this posture and the Horizontal vras that the head 
and bill vrere nearer the ground but still hori­
zontal , and the important feature -vras that the 
b ill 'vas pointed at the opponent . The vert ebral 
c olumn was t ilt ed forVTard and dmvn so  that the 
body formed an angle of 20°-600 with the ground . 

As in the Horizontal , a bird in the Depressed 
For1·rard almost aJ \•rays fac ed its opponent but 
o ccasionally moved slmvly forv-rard or bac:b-�rard , or 
in rapid short j erks forward . 1r'ling and tail 
postures 1vere variable  but t ended t m-Tard s  the more 
elevat ed , although· all variations v1ere possible . 
Body feathers were alm9st always fluffed ( Figs 1 1 , 

1 3b and 1 4 ) . 

3 .  5 .  8 Bovr 

This posture was extremely variable but has b e en d ivid ed 
into three  readily distinguishable units . The important 
unifying feature was that the bill point ed vertically down­
wards at the ground . 

( a ) Head Bow : This posture \•Tas basically s imilar t o  
the Horizontal exc ept for the important feature 
of beak o rientat ion Hhich l·ras vertically down . 
This vras achieved by turning the head downwards , 
lo�orering the neck and pointing the head downi'ra.rds ,  
or more rarely by arching the neck through 90° s o  
that t�1e b ill point ed vertically dowm·rards ( Figs 
1 5  and 1 8a ) . 



Figure 1 3  �ORWARDS 

( a )  Horizontal Forward Wings and Tail Fully Down . 

( b ) Depres sed Forward Wings and Tail Fully Up . 



\ I 

\ 
\ \ 
. \ 



Figure 1 4  

E,y ( Southern Territory )  in a DEPRESSED FORWARD , Wings 
and Tail Fully . Up and Ew ( Northern Territory - wing 
tag lost ) in a HEAD BOW , Wings and Tail Fully Up 
during a boundary disput e .  

Figure 1 5  

Unbanded pUkeko on the left in a HEAD BOW , Wings and 
Tail Fully Up, TURNING A\'IAY from Pw ( centre ) -vrho is 
in a HORIZONTAL , Wings Partly Up Tail Fully Up . Bw 
on the right is in a FULL BOW , _Wings and Tail Fully 
Up . 
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Orientat ion was initia1ly frontal but in the 

majority o f  cas es the bird ' Turned Avray ' t o  siie 

on  or Fac ing A1vay from the opponent . 

(b ) Full Bmv : The bill again pointed directly at the 
ground or back b etween the l egs . The vert ebral 
colmnn 1vas tilt ed well for1vard vri th the n eck held 

at the same angle as the body or further depressed 
and the body and neck for�ed an angle of 60o-goo 

1vi th the ground ( Figs 1 2 , � ab and 32 ) .  

A bird in a Full Bow usually remained extremely 

rigid . Houever , o ccasionally one foot vras 
repeat edly stamped on the ground or rapid ' pecking ' 

movements oc cu.rred . An extremely lm,r grating 

sound T ras occasionally utt ered by a bird in this 

posture. A Dip Bovr occurred vThere a bird ,,ias 

moving tovmrds its opponent ' and alternat ed betwe en 

an Upright and a Full Bovr givir..g the impres sion 

of rapid pecking or d ipping its beak into th6 

wat er. 

( c ) Body Bow : This pos ture represented the extreme 

form o f  the Bow . The vert ebral column Has t ilt ed 
1vell forward almost to the vertical but also do-vm­

ward so  that the breast rest ed on , or near , the 
ground . This meant that the neck vms extended 
forvrard and like the head and beak res ted on the 

ground . A bird in this posture vras usually rigid , 

but if fac ing the other bird, frequently backed 

avmy ( Figs 1 6 ,  1 7 and 18c ) . 

( d ) Comments : Int ermediate variations b et1-reen the 

apove :Sows did occur but usually only vrhen the 

bird was changing from one Bow t o  another , and 

1vere therefore only transit ory. 

\•ling and tail postures vrere variable but t end ed 
t owards Fully or Extremely Up , especially in the 

case cf Full and Body Bo1.;s . The \·rings were never 

Out and , b ody f eathers vrere rarely fluffed . 



Figure 1 6  

Kw (� male , Hide Territory ) in a BODY BOW , Wings and 
Tail Fully Up backing away from H1 w ( o< male )  who is 
approaching in a HORIZONTAL FORWARD , Tail Horizontal . 

Figure 1 7  

Bw (� female , Northern Territory ) in a BODY BOW , 
Wings and Tail Fully Up as Tw (� mal e )  approaches 
in an ' AGGRESSIVE ' UPRIGHT , Wings and Tail Fully 
Do� .  





Figure 1 8 Bovrs 

( a ) Head Bow , ''�ings Partly Up 

( b )  Full Bow, Wings and Tail Fully Up 

( c ) Body Bovr, Wings Exaggerated Up Tail fully Up 
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3 . 5 . 9  Crouch 

The head and b ill vrere horizontal or depressed and even 
partly tucked und er the body , the b ody feathers -vrere sle eked · 
and the b ird crouched lower and lower , with the neck with­
dralm and hunched . Hings 1mr e  held clos e  to the body and the 
tail poR i tion vras variable but usually dovm .  Orientation vras 
extremely variable . This posture nearly alvrays involved 
birds of very lovr status , or juveniles ,  in l·rhich cas e the 
posture 1vas accompanied by very loud j uvenile ' miaow ' calls 
( Fig . 1 9 ) .  

3 . 5 . 1 0  Facing A1vay 

In this s imple movemen,; , the bird merely turned its 
head anti bill m>Tay from the other b ird . The react ing bird 
was at any orientat ion to its opponent but the head was 
alv.rays turned m .. ray from the opponent . The important point 
vras the r emoval of the bill and shield from view . 

!-'ac ing AvTay occurred in many of the above postures but 
-vras mor e  c ommon in the Bovr , Depress ed For\vard , Crouch , 
Headflick and Upright . Facing A1-ray almost al-vrays preceded 

1 Turning Away 1 1·rhere the bird turned from its frontal 
ori entat ion prior to ' Noving kr,vay ' ( Fig . 20 ) .  \'ling and tail 
postures vTere usually vrell raised and frequently i'Tings 
Extremely Up . 

3 . 5 . 1 1  Head Flap;ging 

This  1vas alternat e Fac ing A1vay t o  either s id e  of the 
body and usually occurred lvhen b irds were facing each other . 
This only occurred in Bows and the Crouch . 

3 . 5 . 1 2  Erect Hunch 

In this position,  the head and b eak vrere d epress e d  and 
the neck Has hunched , the vertebral c olumn vras held almo::: -t 
vertical with the vrings close to  the body and the legs 1vell 
spread . Orientat ion Has ahrays a-vray from the opponent . The 
tail vras d epressed  and the bird usually shuffled a1vay from 

the other bird . The bird appeared huncheu and its head and 



Figure 1 9  

An adult male in an ' AGGRESSIVE '  UPRIGHT standing over 
a j uvenile ( note narrow culmen) which is CROUCHING . 

Figure 20 

Pukeko on the right starting to FACE AWAY from the 
left hand bird which is in an ' AGGRESSIVE ' UPRIGHT . 

Not e  the lower ranking bird in the background in an 
' Aggressive ' Upright and that the wings of the b ird 
Facing Away are mere elevated than the b ird in the 
' Aggressive ' Upright . 
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b eak w·ere hidden from the opponent . The posture clos ely 
resembled the pre-copulatory post �r e  of the female d iffering 
only in its extreme vertical stanc e ( Figs 2 1 and 23a ) . 

3 . 5 . 1 3  �dings Expanded Hunch 

This posture differed from the preceding one only in 
the pos ition of the wings . In the extreme cas e the primaries  
1·i8re fully ·extended and expanded . The bird occas ionally 
' looked over its shoulder ' 1vhile in this posture and only if  
the opponent had moved did  it drop the posture ( Figs 2 2  and 
23b ) . 

3 .  5,. 1 4 !!_ings Drooped 

A bird in the Wings Drooped posture differed from the 
normal feeding posture only in the pos ition of the 1o1ing 
primariE:S , I·Thich were drooped and hung besid e the body . 
Orientation vras always side on . Only dominant males  i>Tere 
obs erved in this  posture and no bird reacted aggres s ively 
tm·rard it while this posture vras held ( Fig . 26 ) .  

3 . 5 . 1 5  \ling Clap 

Tha bird giving a �.'ling Clap l·ras usually in an Upright . 
Orientat ion 1-ras variable and the posture vras rarely given by 
an isolated bird . The vlings \vere partly spread and rapidly 
lift ed t o  meet above the back . The posture was accompanied 
by a loud call with every clap . The vring clap was als o  used 
interspec ifically and appeared t o  funct ion in l eading a 
predat or f�om the nest or young . Birds wing clapping in this 
situat ion gave the impres sion of losing balanc e and gradually 
led the predat or from the nest , but the birds did not feign 
injury . 

3 . 5 . 1 6  Es cape 

Various forms of pure e scape' b ehaviour oc curred .  

( a )  Move A1vay : This  -vras a very broad category of 
behaviou.r in 'N"hich the ess ential element "�oras that 
the b ird moved away from its opponent . Body 



Figure 2 1  

Male pukeko (Aw) in an ERECT HUNCH as viewed from the 

side. 

Figure 22 

Pukeko in a WINGS EXPANDED HUNCH during a territorial 

dispute as viewed by its opponent . 





Figure 23  Hunch Postures 

( a ) Erect Hunch 

( b ) Wings Expanded Hunch 
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pos ition usually depended on the postur e  held 
prior t o  moving avray . For example ,  a b ird in a 
Bovr usually moved avmy vli th its beak s till held 
near the ground and only slowly rai s ed it as it 
moved further from its o pponent . The one factor 
common t o  all displays grouped under Moving Avmy 
vTas the high eleva t icn of 11'ling and/ or Tail 

. position.  Becaus e the tail '\vas the feature most 
o'bvious to  the opponent , it 1·ras cons idered justi­
fied t o  group all variat ions of the posture 
regardless of head and bill position Hhich rrere 
hidden from the opponent ( Figs 24 and 25 ) .  

( b )  Splatt er Escape : This was identical t o  t:1e 
Splatt er Charge with the exc eption of ori �ntation 
\vhich was ai•ray from the other bird . 

3 . 5 . 1 7 Grass Pulling 

On four occas ions in a te:rri torial disput e \-There both 
birds wer e  facing each other in ForHards ,  one b ird (Ey in 
three cas es ) was s e en to peck viol ently into a flattened 
Carex clump immediately in front of it and then thi.�ow the 
re�v� tant beakful of grass to one side and backvrards . The 
number of times this act ion occurred in each cas e  varied from 
one to four . In all cas es this bird then retreat ed . 

3 . 6  Sexual and Court ship Behaviour 

3 . 6 . 1 Allo-preening ( Cullen , 1 963 ) 

Pukeko are unable to  preen their own head and neck 
but this \vas frequently done by other members o f  the group . 
The bird wishing to  be preened usually presented its elf in 
the form of a BoH , with eye s  closed . Facing Away \vas fre­
quently involved . The position of Hings and tail and the 
form of Bm-r of the pres ent ing bird d epended on the s tatus of 
the bird . The more elevated the !·rings and tail \vere , the 
lovrer the status of the bird . Only the lmvest ranlcing birds 

assumed a body bmv ;  all others adopted a full bovr .  



Figure 24  

Two male pukcko MOVING AWAY , Wings and Tail Fully 

Up in respons e to  the male on the left from the 

adj ac ent territory who is in a HORIZONTAL FORWARD , 

Wings Fully Down. 

Figure 2 5  

Pukeko MOVING AWAY WINGS EXAGGERATED UP , Tail Fully 

Up . 
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Orientation \vas variable  but usually frontal ( Fig . 27 ) . 

3 . 6 . 2  CourtshiP Feeding 

Postures  were similar to  Allo-preening but eyes wer e  
abvays open . Orientation vras ahmys frontal and vrings and 
tail vrere normally d own . Actual passing of food , usually 
small pie c e s  of duck 'i·reed , o ccurred only 1vhen the birds were 
stand ing in �orater . Much courtship feed ing appeared purely 
symbolic '\-Ti th the two birds s tanding beak to b eak ' nibbling ' . 
Passage o f  ' food ' was usually from male t o  female ,  although 
fewale to  male or female t o  female did o ccur ( s e e p.  1 63 ) .  

3 . 6 . 3  Sexual Upright 

This posture resembled the ' Aggressive ' Upright with 
the beak s trongly d epress ed . The neck was usually elongat ed 
and th8 posture  1·ras accompanie d  by a Humming call . A male 
in this posture 1valked tov12.rds the female 1vi th a high st ep­
ping gait and then follovred b ehind her . \'lings and tail vTere 
always down ( Figs 28 and 47 ) .  

3 . 6 . 4  Sexual Fol'Hard 

This posture usually followed the ' Sexual ' Upright . 
The head and neck were 1'li thdra-vm , the b eak depre ssed , and 
the m8.le '  s body \vas held slightly above the horizontal . The 
same Humming Call 1vas given ( Fig . 4 7 ) • 

3 . 6 . 5  Precopulatory Hunch 

This posture of the female  varied little from the Erect 
Hunch exc ept that the vert ebral column vras held at a more 
horizontal angle ( Figs 28 and 47 ) .  

3 . 6 . 6  Prec oPulatory Pos ition 

This graded from the Hunch . The neck was elongated and 
curved down�orards with the head point ing at the ground , and 
the wings were he�d out from the body but the primaries 
r emained clo s ed . As the male  mount ed , the head and neck 



Figure 2 6  

Dominant male standing i n  t erritorial boundary zone 
with \viNGS DROOPED . 

Figure 27  

COURTSHIP ALLOPREElUNG . Note the presenting bird is 
in a Bow with eyes closed . 





61 • 

were point ed back b et w e en the l ege and the body was inc l ined 

unt i l  hori zontal ( Figs 29 and 30 ) . 

3 . 6 . 7 C opulat i on 

Th e mal e typi cally placed one foot on the back of the 

f ema l e  and mount e d  s t ill giving the Hurc�ing Call . H e  t h en 

trod the back o f  the female and sl owly l ow·ered unt il h i s  

me tatars i lay o n  either s i d e  o f  the f emale ' s  back . Th e t o e s  

appeared t o  curl over t h e  front edge o �  the femal e ' s  partly 

ext e nd ed vrings . The mal e ,  flapp ing his \'rings t o  help ma in­

tain balanc e ,  s l o1vly b e c am e  ver t i cal , the f emale rai s e d  h er 

tail , and the mal e  s id e - swiped h i s  tail attaining c l oa cal 

c ontact and e j a culating ( Fig . 30 ) .  The mal e then d i smount ed 

over th e head o f  t he f emale vri t h  ;'/ings and 1Eail Fully Up 

( F ig . 3 1  ) . 

3 . 7  Chick Po s t ures 

3 . 7 . 1 Food Begeing 

This pos tur e 1-.ras adopt ed by chi cks and j uven il e s  

att empt ing t o  s o l i c i t  f o o d  from older birds . The young b ird 

vras in a crouched hunch pos ture with head and neck ext ended 

hori z ontally fo rvmrd , �ori th the -vrings held at r ight angl e s  

from the b o dy and rapidly t1·1irl ed . A s o ft b egging call Has 

given and Head Flagging c ould al s o  o c cur . The food lrh en 

o ff e rr ed >vas taken from the edge or t ip of the adult ' s  b ill . 

3 . 8  Quant itat ive Analys is 

Vlith the variOUS b ehaviour pat t erns nO\v d e s crib ed i n  

is ola t e d  unit s , i · c  . i s  ne c e s sary t o  d emonstrat e int errelat ion­

ship b e t r,'leen them and thus det ermine the ir s ignal func t ion . .  

Then by determining c ommon c omp o:1ent s of l inke d  display s , 

form an overall pat t ern o f  the c omponent s important in aggres­

s i on and in e s cap e . 



Figure 28 

Male in a SEXUAL UPRIGHT with beak open g1v1ng the 

Humming Call approaching a female in a PRECOPULATORY 

mnwH . 

Figure 29 

A male still g1v1ng the Humming Call MOUNTING a 

female  in the PRECOPUiill.TORY POSITION" . 





Figure 30 

Cloacal contact during a copulation. Male is flapping 

wings to retain balance and has his tail to the s ide , 
female has her b eak back between her legs . 

Figure 3 1  

l-1ale in POSTCOPULATORY POSITION with ltlings Exaggerated 

Up Tail Fully Up as he steps off the front of the 

female after copulation . Female still has tail fully 

raised but not expanded as when us ed in submissive 

display . 
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3 . 8 . 1  Intergroup Spac ing Behaviour 

6 4 . 

( a ) Sequential Ord ering of Displays by a Single Bird : 

T emporal correlation of the different displays o f  
a b ird involved in t erritorial d efenc e was 
obtained by r e cording the frequency 'lli th \vhich 
one display pre ceded another in any bird . · Terri­
t orial displays of all adult birds regardless  of 
s ex and age were combined but becaus e males were 
responsible for the greater proportion of terri­
torial defenc e ( s e e  p .  1 37 ) the displays of males 
form the great er part of the sample ( Table 5 ) . 
Apart from this , no differences wer e  observed in 
the display .s equences of mal es and feruales . The 
analysis excludes inc omplet e re �ords and some 
made early in the s tudy . Statistical analysis 
follows Da \Ties ( 1 963 ) w·here  if the expe ct ed value 
d iffered from the obs erved by more than thre e 
times its own square root , the difference -vras 
taken as significant . (This approximates t o  a 
probability level � f  0 . 0 1 . )  A positive significant 
link demonstrates that postures follm·red each other 
more often than expected at random and henc e the 
postures ivere of s imilar motivation . 

Displays did not occur at random ( Table  5 )  but a 
large number of significant links ( both positive 
and negative ) occurrel between displays . The 
main positive trends are illustr�ted in Fig . 3 2 . 

(�tcM lo.'ol ... � 6, s, /lf.'t- '� ) 
Starting from the most  c ommonly observed pos tur� 
the ' Aggressive ' Upright , there are three main 
sequenc e s : two of these end in pure escape and 
therefore include increas ing elements of escape . 
One sequenc e leads t o  an ' Anxiety ' Upright and 
then to I•foving Away . The s econd and longer ir. t e­
grated s e quence of displays l eads from the 
' Aggress ive ' Upright to a Horizontal Forvrard to a 
Depress ed For-vmrd to  a Bow to �1oving A\·ray . The 



� Cl} H A 

g \-''"i 8 
2 
g: 

Table 5 

Fight Splat . 

Fight � 1 
4 . 56 

Splatter 3 � 1 . 47 

Charge 1 9  80 
1 7 . 75 1 5 . 06 

' Anxiety ' - -
Upright 4 . 22 3 . 58 

' A{Z_gress 1 ve ' 32 3 + 
Upri(;..i.t 1 9 . 38 1 6 . 45 

Horizontal 22 - + 
22 . 23 1 8 . 86 

Depressed 1 6  -
Forward 1 0 . 66 9 . 04 

Head B.::>w - -

I 
2 . 95 2 . 50 -

Full Bow - + -
I 

1 0 . 5 9  8 . 98 

Pacing Away - -

Erect Hunch - -
2 . 1 1  1 .  79 

I 

I Expanded 
Hunch - -

1 . 20 1 . 02 l Hove Away 5 - + 
1 2 . 6 1  1 0 . 70 I Splatter 2 -

r,��- 0 . 44 0 . 3 7  
-·- ---

ilinea j Drooped 0 . 60 0 . 5 1  

Total 99 84 

Charge 

3 
6 . 1 8  

-
1 ,  70 

SEQUZN�IAL ORDERING OF TER.�ITORIAI. DISPLAYS OF A SINGLE BIRD 

(The expected value is given belmt the observed value . )  

FOLLOt!ING DISPLAY 

Anx. Agg . Horiz. Depr. Head Full Body Face Erect 
Up . Up . Fwd Fwd Bow Bow Bow A1rey Hunch 

2:77 1 35 * 1 0  4 - 1 - - -
9 . 33 1 5 . 30 1 0 . 69 2 . 93 1 0 . 09 0 . 1 1  0 . 1 1  2 . 60 

- 1 4 1 - - - - -
0 . 76 2 . 56 4 . 1 9  2 . 93 0 . 80 2 . 77 0 . 03 0 . 03 o .  71 

� 9 36 85 * 6 + - + 1 1  + - - 2 
9 . 1 4  30 . 84 50 . 56 3 5 . 32 9 . 68 33 . 3 5  0 . 35 0 . 36 8 , 6 1  

1 � 5 - + - - 2 - - 3 
4 . 36 7 . 34 1 2 . 03 8 . 4 1  2 . 30 7 . 94 0 . 08 0 . 09 2 . 05 

56 "' 37 * � 98 ·• 1 9  + 1 6  2 1  - - - + 
2 2 . 3 2  9 . 98 55 . 2 1  38. 57 1 0 . 57 3 6 . 42 0 . 39 0 . 3 9  9 . 40 

9 + 4 35 � 1 49 * 36 .. 66 "' - 1 3 
25 . 59 1 1 . 45 38.62 4 4 . 23 1 2 . 1 2  41 . 76 0 . 45 0 . 45 1 0 . 78 

- + 1 1 1  22 � 2 79 * - - 4 
1 2 . 27 5 . 49 1 8 . 52 30 . 36 5 . 81 2 0 . 02 0 . 22 0 . 22 5 . 1 7  

- - - 7 4 � - - - 3 
3 . 40 1 . 52 5 . 1 3  8 . 4 1  5 . 87 5 . 54 0 . 06 0,06 1 . 43 

� - + - - + 8 + 8 - 2 .. - 6 
1 2 . 1 9  5 . 45 1 8 . 3 9  30. 1 5  2 1 . 06 5 . 07 0 . 2 1  0 . 2 1  5 . 1 3  

- - - 1 - - - - � -

- - 3 3 - - 1 - - � 2 . 43 1 . 09 3 . 66 6 . 01  4 . 20 1 . 1 5  3 . 96 0 . 04 0 . 04 

3 - 3 3 1 - - - 1 -
1 . 39 0 . 62 2 . 09 3 . 43 2 . 3 9  0 . 66 2 . 26 0 . 02 0 , 02 0 . 5 8  

3 1  .. - 41 * 40 5 + - 5 + - - 27 * 

1 4 . 5 2  6 . 49 2 1 . 90 ·35 . 91 25 . 09 6 . 88 23 . 69 0 . 25 0 . 25 6 , 1 1  

- - 2 1 - - - - - -
0 . 50 0 . 22 0 . 76 1 . 24 0 . 87 0 . 24 0 , 82 0 . 01 0 . 0 1  0 , 2 1  

1 1  " - - - - - - - - -
0 . 69 0 . 31 1 .04 1 .  70 1 . 1 9 0 . 33 1 . 1 2  0 . 01 0 . 01 0 . 29 

1 1 4  51  1 72 282 1 97 54 1 86 2 2 48 

Exp. Hove Splat . 
Hunch Away Away 

- 34 6 * 

1 . 1 9  2 6 . 9 6  0 , 81 

- 1 7  * -
0 . 33 7 . 39 0 . 22 

- 59 + -
3 . 94 89 . 1 0  2 . 69 

- 65 * -
0 . 94 2 1 . 2 1  0 . 64 

- 43 + -
4 . 3 1  97 . 3 0  2 . 94 

- 23 + -
4 . 94 1 1 1  . 58 3 . 37 

- 41  -
2 . 37 53 . 50 1 . 6 1  

1 38 * -
0 . 6 6  1 4 . 82 0 . 45 

1 1 5 1  * -
2 . 3 5  53 . 1 4  1 . 60 

- - -

1 9  {1. 1 2  -
0 . 47 1 0 . 59 0 . 32 

� 1 1  -
6 . 04 0 . 1 8  

1 � 9 * 
2 . 80 1 . 91 

- 3 � 0 . 1 0  2 . 1 9  
- - -

0 . 1 3  3 . 00  0 . 09 

22 497 1 5 

Statistical ta�t following Davies 1 963 � *� = positive s ignificant difference 

+ 
= negative s,ignificant difference 

Wings Total Droop 

- 94 
0 . 38 

- 26 
0 . 1 0  

1 308 
1 . 2 5  

- 76 
0 . 30 

- 325 
1 . 37 

- 348 
1 . 57 

- 1 76 I 
0 . 75 ! ' 

- 53 
0 . 2 1  

- 1 76 
0 . 75 

- 1 

- 38 
0. 1 5  

- 22 
0 . 08 

6 * 1 70 
0 . 89 

- 8 
0 . 03 

� 1 1  

7 1 832 



Figure 32 Flow Diagram of Display Sequences during a 

�erritorial Dispute 

The proportion of a�y , display which led to any other 

is represent ed by the width of the connecting arrows . 

( For simpli c i ty , di splays and non-si gni ficant links 

o b s erv ed l e ss than 1 5  time s ar e omi t t ed . ) 



Significant L ink 
c::======�� Non- sign i ficant L ink 

Splatter / 
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positive link betv1e en Horizontal and Bo�r shows 
that the Depres sed For';·mrd may b e  by-passed . 

Both of  these s equenc es involve changes in the 
pos ition of the head s o  that it b ecomes increas­
ingly less orientat ed for pecking and more hidden 
from the opponent . The firs t line of  ' Aggressive ' 
t o  ' Anxiety ' Upright to  Nove A1vay involves a 
lifting of the head to remove the bill a�d shi eld 
from the opponent ' s  view . The s econd more c omplex 
sequenc e involves a progressive lm-rering of the 
head . This does  not remove the bill and shield 
from the opponent ' s  vi ew , but puts the bird in an 
increasingly dif:icult pos it ion for pe cking , unt il 
the bird finally Turns Away and l\1oves Avray . 
However , it should b e  not ed that the lowering of 
the head also takes the head nearer the oppon0nt , 
suggesting a gre�t er aggressive t end ency as well 
as the increased escape t end ency . This increased 
aggre ssive t end ency is  als o  demons trated by the 
negative links b et1·reen Horizontal and l'Iove A'tlaY . 

A third sequence of d isplays leads from the 
' Aggressive ' Upright to the Charge and then to  
the Splatter . This s eries involves increas ing 
speed of movement towards the opponent and thus 
an increas ingly aggress ive tendency . The signifi­
cant link b etween Charge and Horizontal shows that 
the ' Aggre s s ive ' Upright can be by-passed and als o 
adds further evidenc e of  the highly aggressive 
c ont ent of the Horizont al .  Thes e main postural 
s equenc es can be summarized in a motivational 
hierarchy ( Fig.  33 ) .  

Apart from these  main d isplay s e quenc es , a number 
of smaller s ignificant links between displays 
can be found . An ext ens ion to the main sequenc e 
involves the Erect and \'ings · Sxpanded Hunch . 
Moving Away led s ignificantly more t imes than 
expected to  an Erect  Hunch l'lhich then l ed t o  the 



Figure 33 Motivational Hierarchy o f  Territorial 

Displays of Pukeko 

Most displays appear to be the outcome of c onflict 

b etwe en tend encies t o  attack and to escape . To 

d emonstrate the inter-relation of thes e tendencies 

the proportion and intensity of these tendenc ies 

are plotted against each other . 

68. 
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Es cape 

' Anxiety ' 
Upright 

' Aggressive ' 
Upright � 

I 
Splatter 

/ 
Charge 

Horizontal 

Depressed 
Fo:rward 

�· 
Bow 

Move/ 
Away 

�------------------ Intensity------------------------� 

Increasing Escape Increasing Aggression 



6 9 . 

\'lings Expanded Hunch . A positive link also 
exists betl•re en :f.Toving Away and Splatter Away 
which is only to b e  expected as this involves 
increasing movement avmy from the opponent i . e .  
higher escape tendency . 

I·1ove_ A-vray also has expected positive significant 
links with more . aggressive displays, because 
:f.Toving Avmy must lead the bird further back into 
its own territory 11here it is more likely to act 
aggressively, thus starting a new sequence .  For 
this reason these are not shown in Fig . 3 2 .  
Similarly the large number of !-1ove Aways following 
a Splatter Charg0 is likely if the Splatter took 
the bird pas't its boundary, especially -vrhen more 
than t�w birds were interacting . Negative signi­
ficant links add further evidenc e to the above 
interpretation by demonstrating the infrequency 
1vi th �o;hich highly aggressive displays led to 
displays -vri th high escape tendencies • 

. 
Wing and tail postures are disregarded in Table 5 
for simplicity . Ho,vever, because the wings and 
tail form an important part of most postures, it 
is necessary to investigate these as well . There 
are several ways of doing this, but now that the 
postures have been arranged in a motivational 
hierarchy, it is easier to compare the wing and 
tail postures of each display . 

Tabulation of the frequency of the different wing 
and tail postures seen in each display ( Table 6 )  
shows an increasing frequency of "the more elevated 
wing and tail positions with increasing escape 
motivation of the display . Thus the more aggres­
sive the display, the more likely it is to be 
accompanied by lovr �oring and tail postures 'ivhile 
the higher the escape tendency, the more likely 
a bird ' s vTings and tail will be elevated . 



Table 6 

-

Posture 
' 

Charge 

FREQUENCY OF iVING AND TAn POSTURES 
SEEN IN EACH DISPLAY (ONE BIRD) 

% Frequ ency of Posture Seen With 

Tail Up 

Tail Wing s  Wings Wings Wings 

Down Down Partly Fully Exaggerated 
Up Up Up 

24 . 0 7 . 1 2 1 . 2  3 1 . 3  1 6. 4  

' Aggre s s ive ' 6 . 9  5 . 6  22 . 8  1 8 . 1  46 . 7  Upright 

Horizontal 2 . 5  1 . 1 2 9 . 3 3 1 . 2  3 5 . 9  Forward 

Depre s s ed 1 • 1 0 . 5 3 . 0 5 3 . 0  42 . 4  Forwarj 

Bow 0 1 • 1 2 . 3  43 . 7  5 2 . 9 

' Anxiety ' 0 1 . 6 1 • 5 20 . 5  76 . 4  Upright 

Moving 0 . 1 1 . 4  0 . 6 1 0 . 7  87 . 2  Away 

No t e : wh e r e  t h e  wings ar e up , t h e  tai l is also up , 

and wi th inc r e a s i n g  rai sing o f  t h e  wings , mor e o f  

the whi t e  under tail i s  expo s ed . 

70 . 

n 

422 

497 

630 

373 

471 

1 'i "'' 
C.. I 

66 7 
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The high frequ ency of V/ings Exaggerated Up but 
low frequency o f  ':lings Fully Up in the ' Aggres s ive ' 
Upright may have b een partly due to observat ional 
errors . Either s ome of the vlings Fully Up c ould 
have b e en interpreted as Vlings Exaggerat ed Up or 
some \•Tings Exaggerat ed Up ' Aggressive ' Uprights 
could have been Hings Exaggerat ed Up ' Anxiety ' 

Uprights .  The latter is a probable explanation 
becaus e it is  l ess  likely that a highly aggressive 
bill position would b e  accompani ed s o  frequently 
with the most extreme wing position which appears 
from Table 6 to shmv a high e scape t endency . 
Thus s ome o f  the 46 . 7% of the ' Aggressive ' Uprights 
s een 1vi th \•/i;ngs Exaggerat ed Up 1ver e probably 
' Anxiety ' Uprights or intermedi:tt es . 

Further evidenc e for the motivat ional stat e UDd er­
lying the different wing and tail pos itions can be 
obtained from the frequency with which one posture 
led to  another with a higher escape tendency and 

( i ) a higher V-Ting and tail postur e , or 

( ii ) a lower wing and tail postur e . 

This is given in Table 7 and as expect ed from the 
result s of Table 6 ,  ( i ) was more frequent than 
( ii ) . 

( b )  Sequential Ord ering of Displays Between Birds : 
Further evidence for the motivational bas is of 
displays can b e  obtained from the ' effect ' of a 

display in a t errit orial dispute .. By scoring the 
display of any bird elicited by a given d isplay 
of another b ird , it is  possible t o  obtain a 
measure of the ' effectiveness '  o f  any d isplay and 
thus confirm or disprove the previously c alculated  
motivational basis o f  the displays ( Table  8 ) . On 
the as sumption that the previous mot ivati onal 
hierarchy is c orrect , it would b e  expect ed that 



Tabl(: 7 

WING AlfD TAIL POSITIONS ASSOCIATED 
WITH A CHANGE TO A 

DISPLAY OF HIGHER . ESCAPE MOTIVATION 

Subsequen� Posture of Hi�fter 
Es cape Motivation With 

Posture 

Lower Same Higher 
Wings and Wings and \'lings and 

Tail Tail Tail 
. 

Charge 3 . 4% · 40 . 7% 5 6 . 3% 

' Aggressive ' 3 . 4% 73 . 1 % 23 . 5% Upright 

Horizontal 1 . 8% 78 . 1 % 20 . 1 % Forward 

Depressed 1 . 6% 74 . 3% 23 . 8% Forward 

Bow 0 . 5% 60 . 3% 39 . 2% 

' Anxiety ' 0% 76 . 9% 23 . 1 %  Upright 

72 . 

Sample 

Size 

206 

234 

274 

1 22 

1 89 

6 5  
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Table 8 

Fight 

Fight 45 �· 
1 . 1 1 

Sp:latter -
2 . 38 

I Cl-...a.:rge - + 
1 1  . 02 

' Anxiety ' -
Upright 0 . 07 

' Aggres sive ' 1 • 7 J Upright I 1 8 . 06 

I Horizontal 
�Ol':'113.rd 

Depres sed 
For.mrd 

Head Bow 

E'ull Bovr 

Body Bow 

Erect Hunch 

Exuanded Hunch I I<!ove A'ila.Y 

l �otal 

I - + 
il 1 2 . 97 

I! 4 ! 4 . 84 

-
0 . 22 

-
1 . 68 

-
I 

-

I 0 . 24 

-
0 . 51 

-
2 . 84 

56 

SEQUENTIAL ORDE...'UNG OF DISPLAYS BETWEEN" BI!'l.DS DT TERRITORIAL DISPUTES 

(The expected value is given below the observed value . )  

DISPLAY OF SECOND BIRD 

Anx .  Agg . Horiz . Depr . Head Full Body Face Erect Exp . :r.�ove Splat . 
Charge Up . Up . Fwd Fwd Bovl Bovr Bow Away Hunch Hunch Away Away 

- - - - - - -
1 . 05 0 . 85 3 . 60 6 . 36 3 . 06 1 . 24 4 . 1 1  

- - - - - - -
2 . 2 5 1 . 83 7 . 74 1 3 . 6 9  6 . 5 9 2 . 68 8 . 85 

1 0  7 32 2 1 + 8 + 2 8 + 
1 0 . 43 8 . 46 35 . 80 63 . 3 5 3 0 . 49 1 2 . 39 40 . 92 

1 I 1 - - - -
0 . 07 o:o6 1 0 . 23 0 . 4 1  0 . 20 0 . 08 0 . 27 

1 9  31 * 1 1 0 * 1 05 32 21 55 
1 7 . 1 0  1 3 . 87 5 8 . 71 1 03 . 88 50 . 00 2 1 . 32 6 7 . 1 0  

1 3  2 1 8  + 1 6 4 ,... 65 * 26 75 * 
1 2 . 27 9 . 96 42 . 1 4  74 . 55 35 . 89 1 4 . 59 48 . 1 6 

4 3 1 2  1 5  49 * 9 48 * 
4 . 58 3 . 71 1 5 . 71 27 . 80 1 3 . 38 5 . 44 1 7 . 9 6  

- - - 1 - 5 * 2 
0 . 20 0 . 1 7  0 . 70 1 . 24 0 . 60 0 . 24 0 . 80 · 

- - 7 2 3 - 1 8  .,. 
1 . 59 1 . 29 5 . 47 9 . 68 4 . 66 1 . 89 6 . 25 

- - - - - - -

1 - - - - - -
0 . 23 0 . 1 8  0 . 78 1 . 38 0 . 67 0 . 27 0 . 89 

- - - - - - -
0 . 48 0 . 39 1 . 6 4  2 . 90 1 . 40 0 . 57 1 . 88 

5 - 2 1 4  - - 2 
2 . 69 2 . 1 8  9 . 23 1 6 . 32 7 . 86 3 . 1 9  1 0 . 54 

53 43 1 82 322 1 55 63 208 

Statistical .analysis following Davis,  1 963 . 

-
-

0 . 23 

-o . 5 1  

-
2 . 36 

-
0 . 02 

1 0  
3 . 87 

2 
2 . 78 

-
1 . 04 

-
0 . 05 

-
0 . 36 

-

-
0 . 05 

-
o .  1 1  

-
0 . 6 1 

1 2  

- - - 1 + -
0 . 1 4  1 . 07 0 . 89 20 . 27 1 . 88  

- - - 4 95 * 
0 . 30 2 . 30 1 . 9 1  43 . 63 4 . 04 

- 6 2 362 * -
1 . 38 1 0 . 62 8 . 85 201 . 85 1 8 . 6 9 

- - - 1 -
0 . 01 0 . 07 0 . 06 1 . 32 0 . 1 2 

7 20 1 2  3 1 5 - +-
2 . 26 1 7 . 42 1 4 . 52 330 . 98 30 . 65 

- 1 8  1 8  1 38 + - + 
1 . 62 1 2 . 50 1 0 . 42 237 . 5 5 2 2 . 00 

- 6 3 50 + -
0 . 60 4 . 66 3 . 89 88 . 5 9  8 . 20 

- - - 1 -
0 . 03 0 . 2 1  o .  1 7  3 . 97 0 . 37 

- 1 - 39 -
0 . 2 1 1 . 62 1 . 35 30 . 85 2 . 86 

- - - 3 -
1 . 32 

- 1 4 * 4 -
0 . 03 0 . 23 o .  1 9  4 . 41 0 . 4 1  

- - 6 * 1 5  -
0 . 06 0 . 49 0 . 41 9 . 26 0 . 86 

- 2 - 93 * -
0 . 35 2 . 74 2 . 28 52 . 1 1  4 . 82 

7 54 45 1 026 95 

* 11 = positive significant difference 

+ = negative significant difference 

I 
Crouch Total i 

i '\ 
- 46 I 0 . 1 4  

- 99 ! 
0 . 30 I 

- 458 : 
1 . 38 I 

- 3 I 
0 . 01 i i 

7 if 

751 I 2 . 26 
- 539 i 

1 . 62 ' 

- 201 
0 . 60 

- 9 
0 . 03 

- 70 
0 . 2 1 

- 3 
I 

- 1 0  
0 . 03 

- 2 1  
0 . 06 

- 1 1 8  
0 . 3 5  

7 2328 
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in a t e rrit orial dis pute , the f irst b ird t o  a ct 

would as sum e  a p o s ture of highly aggr e s s ive 

m o t ivat ion and the res pond ing b ird -vrould ado pt a 

d is play o f  higher es cape mo t ivat ion . But where 

a d i s pute vras more c l o s ely c onte sted , t he p o s tures 

adopted by the t-vro b i rds 1·rould be mor e  e qually 

mo t ivat ed . Thus s ignificant l inks would be 

exp e c t e d  

( i )  between highly aggr e s s ive dis plays by the 

first bird and highly submiss ive d i s play s  

by the s e cond b ird and 

( ii ) b etv1een dis plays o f  s imilar mot ivat ion . 

The data b ear out thes e expe ctations . 

A go o d  measure o f  the aggres sive c o n ten t o f  a 

given p o s ture c an be o b t ai ned , there fore , from 

the frequenc y  that the d i s play was seen t o  eli c i t  

esc ape ( Move Away o r  Spla t ter Away ) i n  the o ther 

bir d . 
The r e sult s ( Table 9 )  are 

. as exp e c t ed and shmv the highest fr e quency of 

es cape w a s  eli c i t ed by the Splat t er Charge and the 

l owe s t  by the Bm·r and 1 Anx i e ty 1 Upri ght . 

A sec o n d  measure o f  the e f fec tivenes s  o f  any one 

di spl ay c an be o b t ained by c al c u l a t i n g  t he frequency 

wi th whi c h  an o pp onen t was obs erved t o  reply i n  a 

displ ay o f  hi gher esc ape mo tivati o n . These resu l t s  

( Table 1 0 )  c o n fi rm the previ ou sly c al c u la ted 

mo tivati onal hierarchy . 

Jus t  as eviden c e  for the mo t ivat i onal bas is of 

d i s plays has b e en obtain ed from th e e ffect o f  the 

d isplay in a t erri t o rial d i s put e ,  s o  furth er 

evid enc e regarding the mot ivation und erly ing w ing 

and t ai l  posit i ons can b e  gai ned from the s ame 

s ourc e .  I f  a more elevat ed w iEg a nd tail pos ture 



Table 9 

FREQUENCY WITH WHICH EACH DISPLAY LED TO 

� ESCAPE (NOVE A\'/AY OR SPLATTE..� AWAY ) 

BY THE OPPONENT 

Fre quency Sample Posture Leading To Size Moving A"ttay 

Splatter Charge 1 00 . 0% 99 

Charge 72 . 0%  5 1 0  

' Aggressiv e ' 34 . 0% 933 Upright 

Horizontal . 1 7 . 7% 86 1 Forward 

Depressed 1 4 . 0%  356 Forward 

Bow 1 2 . 6% 366 

' Anxiety ' · 2 . 1 % 48 Upright 

75 . 



Table 1 0  

PERCENTAGE FREQUENCY OF OBS ERVED POSTURE , 

\'liTE THE OPPONENT IN A POSTURE OF HIGHER 

ESCAPE J11QTIVATION, IN RELATION TO THE 

NUNBER OF TD1ES THE POSTURE i·TAS S EEN 

Frequency of 

Posture Opponent in Posture Sample 
of Higher Escape Size 

l·lotiv�tion 

Charge 97 . 8%  458 

' Aggressive' 81  . 1 %  75 1  Upright 

Horizonta·l 63 . 5% 539 Forward 

Depressed 57 . 7% 201 Forward 

Bow 2 1 . 6% 79 

' Anxiety ' 0% 3 Upright 

76 . 
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was due t o  a high e r  element of escape i t  vrould 

be exp e c t ed that vThere an opponent gave a p o s ture 

of highe r escape mot iva t i on in reply to any given 

d i s pla.y , it s -vring and tai l p osture ivould b e  the 

more el evat ed . Results ( Table 1 1 ) c onfirm this . 

The c onvers e i s  als o t rue , i . e .  that a reply 

posture of lmver e s cap e mot ivat ion i s  more likely 

t o  have a lower v.ri ng and t a i l  po sture ( Tab l e  1 1  ) • 

The exc e pt i on i s  the ' Aggr e s s ive ' Upright s but 

this may be partly du e t o  the small sampl e s i z e  

and/o r  may b e  the resul t of observat ional errors 

( p .  7 1 ) . 

Further indicat i � n  of the motiva ti onal ba s is o f  

,.ring and tai'l po3tures can b e  obtain ed from the 

fr equency with "'lvhich each d is play vras s e en 1vi th 

the two ext remes - Wings and Tail Dmm and \1lir. gs 

Exaggerateu Up Ta il Fully Up ( Tab l e  1 2 ) . As 

expe c t ed , the f o rmer was most commo nly found in 

the more aggr e s s ive displays and th e lat t er in 

the e s cape-mot ivat�d d isplays . 

Intragroup Spac ing B ehavi our 

S equent ial analy s i s  of postures us ed in the e s tabl i sh­

ment and maint e nanc e of hi erarchi e s  ( Table 1 4 , 1 5  and 1 6 ) 

can al s o  b e  us e d  t o  provid e further evid enc e f or the 

mot ivat ional h i erarchy o f  posture s  already e s t ablished from 

int ergroup s pa c ing b ehaviour . Ad expect ed , pos tures given 

by the more d ominant pukeko were the more aggres s iv e  ( Charge 

and ' Aggres s ive ' Upright ) , whil e  d is plays given by subm i s s ive 

birds v1ere all high in e s cape c ont ent . The wing and tail 

pos tur es of the submiss ive b irds were mor e elevat ed than 

thos e of the d ominants in all cas e s . 

3 . 9  C olour Expe riment s 

Two b irds were painted in an att empt t o  inve s t igat e  the 

rol e of th e re d c olourat i o n  o f  the b ill and shi eld and the 

vThi t e  of the und ertail . Th e pa int and dy e us ed ivere first 



Table 1 1  

RELATIONSHIP OF \VING AND TAIL POSTURE 
TO DISPLAY �10TIVATI ON 

Opponent in Higher Es cape 
Motivated Pos ture 

Posture 

Higher Wings Same �lings Lower vlings 
and Tail and Tail and Tail 

-

Charge 6 8 . 6% 23 . 28% 8 . 1 % 

' Aggresoive ' 62 . 0% 3 1 . 7(Y/o 6 . 3% Upright 

Horizontal 55 . 1r� 40 � 20% 4 . 1 % Forward 

Depres�ed 33 . 6% 66 . 40% O% Forward 

Bow 9 1 . 1 % . 5 . 60% 4 . 4% 

Opponent in Higher Aggress ively 
Mot ivat ed Pos ture 

Posture 

Higher Wings Same Wings Lower Wings 
and Tail and Tail and Tail 

' Aggres s ive ' 35 . 29% 35 . 3% 29 . 4% Upright 

Horizontal 1 5 . 30% 5 1 . 6% 33 . 1 % Forward 

Depressed 6 . 60% 57 . 4% 35 . 0% Forward 

Bow 4 . 70% 33 . 8% 6 1 . 5% 

Moving 2 . 30% 25 . 3% 72 . 5% Away 

' Anxiety ' 0% 22 . 7% 87 . 3% Upright 

78 . 

Sample 

I Size 

481 

599 

338 

1 07 

45 

Sample 

Size 

5 1 

1 5 7  

.1 36 

275 

93 1 

44 



Table 1 2  

FREQUENCY OF THE EXTREME WING AND TAIL 

POSITIONS OBSERVED IN EACH DISPLAY 

Frequency of Po sture 
s een with 

Posture 
Sample 

- Size 

Tail Dmm Wings 
Exaggerated Up 

Charge 26 . 67% 9 . 02% 5 1 0 

' Aggre s s ive ' 27 . 44% 29 . 50% 933 Upright . 

Horizontal 1 . 40% 33 . 1  O% 86 1 
Forward 

Depre s s ed 1 . 69% 45 . 22% 3 56 
?orward 

Bow 2 . 73% 5 8 . 74% 366 

Moving 0 . 87% 5 5 . 87% 1 260 
Away 

' Anxi ety ' 2 . 1 7% 47. 83% 46 Upright 

79 . 



80 . 

tried on two captive birds t o  t est for possible side effects . 

The b ill and frontal shi eld of one male  (Hiw ) w·ere 
painted black with a fast drying commercial lac quer in the 
expectati on that this bird \·Jould los e status 1·ri th the c olot.tr 
change . S everal subordinate s  challenged H1w after it vms 
painted but all were succ essfully repelled . Hlw c ontinued 
to d ominat e all subordinat e birds and appeared as effective 
in display · as b efore ( se e p .  1 1 7 ) . In the second cas e ,  the 
undertail of a lovr ranking female from the feeding flock 
(Niw ) was blackened with Durafur R Flakes ( I . C . I .  Ltd )  in 
the expe ctation that Nlw lvould be chased more oft en without 

a ivhi t e  tail t o  signal submission. . No detectable change in 
behaviour occurred . 

The failure of the experiments to  produc e the expe ct ed 
result is , in the cas e of Nlw , poss ibly due t o  the fac t  that 
although the shield and bill i·Tere black like the surrounding 
feathers , their smooth t exture made them still fairly obvious . 
The experiment may have b een affected by the fac t  that status 
of resid ent birds was part ially d epend ent on the pres enc e o f  
other memb ers of the territory ( see p . 1 48 ) , and that 
individual re cognit ion may have involved charact ers other 
than the bill and shield . It  is difficult to s e e  how the s e  
factors c ould have b een avoided . The failure of the tail 
blackening experiment was due mainly t o  the inability t o  
d etect  small changes in distanc e run in the flock s ituat ion.  
Circumstances prevent ed the repetition of the experiment at 
a marked territ orial boundary vThere small changes could hrwe 
b e en measu;r-ed . 

3 .  1 0  Discussion 

r.1ost pukeko displays appear t o  be  centred around t1vo 
anatomical features - the red frontal shield and bill and 
the \.•rhiJ:e undertail coverts . Thes e features c ontrast 
markedly 1·ri th the dark colour of the plumage and thus are 
ideal s ignalling structures and obviously act as releas ers . 
Pres enta.tion of the main fighting vreapons o c curs in the 
threat displays o:: many animals (Narler & Ha�ilt on , 1 966 ) .  
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T inbergen , 1 959 and Andrew , 1 96 1  gave the bill and wings as 

the main '\·rea :pons o f  many birds . The frontal shield o f  the 

Rallidae appears t o  function as an ext ension o f  the bill , 

c onsequently s erving t o  magnify the opponent ' s  vi ew of the 

main 1-1eapon - the bill . 

The main elem ent of attack appeared t o  b e  the po s it ion­

ing of the bill so that a d m·m\vard peck can be delivered . 

B ecaus e feet \vere als o  us ed in fight ing , the upright s tanc e 

adopt ed in the more aggress ive threat postures -vras expect ed 

s o  that the feet could als o  b e  used for striking . Thus the 

1 Aggr e s s ive ' Upright is the s implest and therefore t:·.le mos t  

c ol!U1lon threat pos ture found i n  pukeko . The main element o f  

e s cape is movement away from the opponent , therefore mos t  

posture s  were ambivalen.t i n  that the b ird continued t o  fac e  

its o pponent but increasingly removed the ·:ocus o f  att ent ion 

from its beak .  

1'/i t h  increas ing 0 onflict bei;1·re en es cape and aggress ion 

the bill i s  still orientat ed t ov;rards the opponent , but in a 

position fro1:1 t-Thich it vTould b e  increas ingly d ifficult t o  

peck . Hence the s equenc es ' Aggres s ive ' Upright-Horiz ontal 

Forivard-Depressed ForHard-Bm·T 

' Anxiety ' Upright-Head Flick . 

b e  not ed that in the For1.·rard ,  

and ' Aggr e ssive ' Upright -

On the other hand it should 

while the bill was put in a 

position i•There pecking 1vas unlikely , the bill was taken 

nearer the opponent suggesting an increase in aggression as 

well as an increas ed element of escape . The fact that b o th 

Forv-rards led t o  fighting t ends t o  c onfirm this . Thus the 

Forvrards convey maximum threat on the one hand , and on the 

other the intenti on that the bird will not attack unl e s s  

attacked as Tinbergen ( 1 95 9 )  suggested for t h e  For-vrard and 

Choking in Gulls . Finally the bill i s  dire cted avmy from 

the o pponent (Fac ing Away and Turning Avray ) and the s e quenc e 

t erminat e s  in pure escape ( }1oving Avmy ) . The very high 

number o f  ' Aggres s ive ' Uprights s een is readily explained if 

it is a s sumed that a bird in an aggre s s ive encounter will 

init ially a d opt the aggre s s ive pos ture involving the least 

expenditure of energy . Its future a c t i on will then d e pend 

on the act ion of the o ther bird . 
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The ext ens i on o f  t h e  main s e qu enc e fro� aggre s s io n  t o  

e s cape :i.nt o the Hunche s and t hen back t o  T•1oving Away i s  

int e r e s t ing b e caus e o f  t he obvious s imilar ity b etwe en the 

Hunches and the femal e Pr ecopu lat ory Pos i t ion . In mo s t  

ca s es , the s e  Hunche s  1v e r e  adopt ed by mal e s  �·rhen invo lved in 

a d i s put e vri th a mal e  from the o ppo s it e  t errit ory , but -vrere 

ad o pt ed by e i ther s e x  1vh en r ea c t ing t o  an opponent of e ither 

s e x . Thi s p o s ture may s e rve t o  mo t ivat e the o pponent 

s exually , and b e caus e o f  the s imilarity of the dis plays , the 

Hunch e s  have probably d eveloped by ritual izat ion from the 

pre c o pulatory s exual p o s ture s . It should b e  noted t�at 

s exual invers i on (Hind e ,  1 970 ) o c curs in pukeko ( s e e  p .  1 67 )  

and therefore f e!!lal e pr e c opulat ory · pos tur e s  vrere part o f  the 

mal e ' s  b ehaviour repert oire . A s  a b ird was rar ely attacked 

1·rhile in th is po s i t i o n  i t  appears t o  b e  a very e ff e c t ive 

submis s ive p o s ture . Ho1vever , the body f eathers 1v ere fluffed 

and the -vrings spread , suggest ing an element of aggr e s s ior:: . 

Thi s c ould a c c ount fo r the 11vings Expand ed Hunch l ead ing t o  

threat d i s play as frequently as it l ed t o  Hoving A1-1ay . 

The \·!i ngs Drooped po s ture i s  also o f  int erest in that 

i t  Has ad opted only b y  mal es and the b ird vms never attacked 

vrhil e in t his postur e . Th e s ignifi cant link from itli ngs 

Dr o o ped t o  the Charge sugge s t s  i t  is an aggre s s ive p o s tur e . 

Pukeko and other rails sunbath e in s imilar postur e s  ( Holyuake , 

1 970 ) . 

The small numb e r  of ob s e rvat ions o f  Fac ing A\vay as a 

s e parate d is play d i s t inct from Tnrning Avray may b e  due t o  

the open nature and large s iz e  o f  pukeko territor ies . Spe c i e s  

which live i n  c oloni es and hen c e  in very clo s e  c ontact , f o r  

example gul ls (Moynihan , 1 95 5 ; Cullen , 1 95 7 ;  T inb ergen , 

1 95 9 ) , t end to have d eveloped Fa cing Away to a great er d egr e e . 

On the other hand puk eko d o  no t ne ed t o  rely on appeas ement 

d is plays r elat ively a s  much b e c aus e t hey can read ily e s cape 

from e a ch o ther . S imilarly the ab s enc e of a d i s play equ iva­

l ent t o  the choking o f  gulls may b e  due to the large s iz e  

o f  pukeko t erritori es and the c o ns equ ent ab ility t o  e s cap e . 

Aggr e s s ion has b e en fre quently l i nked vri th an inc r ea s e  

i n  s i z e ; henc e the fluffing o f  feathers ( �l though this may 



also be submissive ( cf. r1Iorris , 1 970 ) , erection of crests, 
raising of \.Yings , and other similar acts . In pukeko, the 
erection of body feathers appeared to be related to 
aggression ,  as it was most c ommon in the ' Aggressive ' 
Upright and Forwards . Hmqever, it may have been due to 
thwarting (Horris , 1 95 6 ) in the conflict situation that 
these displays occur . Sleeking of feathers was most c ommon 
immediately prior to and during escape . 

\-ling raising by pukeko does not seem to include an 
element of aggression ( i . e .  by increasing the apparent size 
of the displaying bird ) , for the more elevated the w�ng 
posture � the higher the escape element in the display . Also 
sleeked body feathers invariably accompanied an extremely 
elevated 'lving posture which vTOuld not be expected if raised 
vTings signified increased aggression . Howuver , the increased 
apparent size gained by lm-vering the wings as in the \•lings 
Drooped and the vlings Expanded Hunch definitely appears to 
be linked with aggression . It follo-vrs that if the wing 
posture cannot be explained by the conventional argument of 
enlargement for aggression ( Tinbergen , 1 95 9 ) , another 
postulate must be mad e . 

Highe� wing and tail postures were more frequent in 
displays of high escape motivation, and an elevation of 
wings followed the adoption of a display vli th high escape 
c ontent more often than did a less elevated posture . Elevated 
wing postures were always accompanied by an extremely elevated 
and expanded tail posture . Also (see p .  9 1 ) a submissive 
bird almost always maintained a more elevated tail posture 
when near a more dominant bird . This suggests that elevated 
wings and tail are more closely linked t o  escape and sub­
mission than to aggression . It is therefore postulated that 
the white undertail c overts are a submissive signal and that 
the elevation of the wings serves to expose more of the white 
tail and provide a c ontrasting frame . A similar theory for 
white mammalian rump patches has been formulated by Guthrie 
( 1 97 1 ) .  Guthrie, however, explained the evolution of 
mammalian rump patches by suggesting that the presentatiOil of 
the white rump remotivates the aggressor sexually towards 

• 



the pre s ent ing animal . This explanat ion is unl ikely in 

pukeko , b e caus e the femal e d o e s  not ra i s e  the tail unt i l  

aft er t h e  mal e has mount ed f o r  c o pulat ion . S o  i t  i s  

pos tulat ed that t h e  \vhite und ertail c overts have evolved 
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more as the d ire c t  oppo s i t e  o f  the aggr es s ive weapon . Thus 

no t only d o es the white und ertail o c cur at th e o pp o s i t e  end 

of the pukeko t o  its beak but the whi t e  is in d i r e c t  c ontrast 

t o  th e red o f  the shi eld , b ill a nd eye . The elevat i o n  of the 

wings therefore is not a c t ing to increas e the apparent s i z e  

of the b ird , but s erves only t o  exp o s e  mo re o f  the sub ordi­

nat e  s ignal , and als o provid e a c ontrast ing fram e . 

I f  this pos tulat e  i s  t rue , and all evid enc e appears t o  

support it , then all the postures o f  the pukeko invo lving 

frontal orientation and elevat ed vrings and tail mus t  b e  

amb ival ent . The frontal ori entat i on and p:e s enta t i o n  o f  the 

b ill are element s of aggres s i on whi l e  the ra i s e d  wings and 

tail a r �  element s commo n t o  submis s i on and es cap e . 

The only apparent c ontrad i c t ion t o  the theory i s  the 

high inci den c e  of highly e l evat ed wing and tai l po s ture s  in 

the ' Aggre s s ive ' Upright . Sope of this may have b e en due t o  

an ob s erva t i onal error where ' Aggres s ive ' and ' Anx i ety ' 

Uprights lv.ere di fficult t o  d i s t inguish , and while the 

' Aggr e s s ive ' Upright is thought t o  b e  lovr in e s cape mot iva-

t i on , it is als o  cons idered to b e  l ower in aggr e s s ive c ont ent 

than the Charge or even th e Ho r i z ontal . If i t  was very high 

in aggress ive mot ivat ion , i t  would b e  unl ikely t o  l ead 

immediately t o  such a strong appP.as ement po stur e as the 

' Anx i ety ' Upright . S el e c t ion \vould t end to produ c e  a great e r  

differenc e b e tvreen the Uprights i f  the s ignal �>ras s o  c om­

pl e t ely d i ff erent . Als o mo s t  of the ' Aggr e s s ive ' Uprights 

with elevated wings a�d tails wer e accompanied by sleek ing 

of f eathers a nd ivere g iven when opp onents were in very cl os e 

prox imity . 

This the o ry that w ing po s tures ar e link ed 1N' ith e s care 

rather than aggre s s i o n  i s  c ontrary t o  mo st previ ous work 

( e . g .  Gullion , 1 95 2 ; Tinb ergen , 1 95 9 ) . However , my result s  

sugg e s t  that the pos ture needs t o  be evaluat e d  quantitative ly 

in rails , and the o c curr enc e of exno s ed c�rpal j o int s in 
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eve ry submi s s ive b egging postur e o f  gLlil s  ( T inb ergen , 1 9 5 9 ) 
sugg e s t �  tha t  the significanc e o f  ra is ed wings ne eds wid er 

quant itat ive evaluation in b irds . This the ory als o d iffers 

from the c onvent ional idea that Hhite und ertail c overt s in 

the pukeko and mo st o ther rails a c t  as a warning s i gnal in 

t imes of danger ( e . g .  Oliver , 1 9 5 5 ; Tunni c liffe , 1 96 5 ; Hmvard , 

1 9 40 ; G u.llion , 1 9 5 2 ; \Villiams , 1 96 0 ; and many o th ers ) . 

Howeve r ,  t ai l  flick ing was s e en ivh enever a b ird was agitat ed , 

whi ch includ ed sight ing o f  predat ors , but n eighb ouring b irds 

r e a c t ed only i f  the b ird als o as sumed the Alert . A c c ordingly 

the function of Hhit e und erta il c overts as a warning signal 

i s  disput ed . 

The problem rema ins as t o  the poss ible derivat i on o f  

wing and t a il posture s . .  As n o t e d  o n  page 3 5 , pukeko rai s e  

wings and tail 1-1hen s1vimming , pre sumab ly t v  prevent unn e c e s ­

s ary we t t ing .  Th e e l eva t ed wings and tail are als o  movements 

o f  int ent i on to fly and it i s  likely that ritual izat ion o f  

int ent i on movement s o f  flight for esc ape i s  the s ourc e o f  the 

p o s ture . 

Daan j e  ( 1 9 50 ) sugges t ed that th e rai s ed wings and tail 

in most b irds , inc lud ing the c o ot and mo orhen , are int ent i o n  

movement s f o r  fl ight . He al s o  sugges t ed the tail postures 

o f  c o o t s  and moorh ens were r itualized i nt ent i on m ovements 

for j u�ping , and no t e d  that the moorhen will t ilt its t a il 

to�orards the opponent and hen c e impli ed that th e jumping 

movement mus t be away from the opponent . 

3 . 1 1 C omparison with Work on Other Rails 

Vari ous vTOrkers have given brief account s of the 

d is plays of other ra ils but most were vague , c onfus ed , and u 

t e nded t o  follow the work o f  Gullion ( 1 9 5 2b ) . None ha s 

employed quant itat ive analy s is . Dis play t erms us ed b y  other 

workers ar e lis t e d  in Tab l e  1 3 . 

Figh t ing app ears t o  b e  the least c onfu s ed o f  the 

b ehaviours . Tunnic liffe ( 1 96 5 ) report s act ions s imilar t o  

tho s e  d e s cribed and Tasmanian nat ive hens appear t o  f i gh t  



Table 1 3  

TERM USED IN 
THIS STUDY 
FOR PUKEKO 

Charge 

TERMS FOR POSTURES OF RAILS 
USED BY OTHER ""/ORKERS 

TEillJIS USED FOR 
OTHER RAILS 

Charge 
Swimming Attack 
Aggressive Run 

AUTHOR 

Gullion ( 1 952b ) 
Kornowski ( 1 957 ) 
Ridpath ( 1 972 ) 
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�----------�r-------------- ---------+----------------� 

Splatter 

Forwa1·rl � 
Bows ) 
Moving Away ) 

Horizontal 
Forward 

Depressed 
Forward 

Bow 

Tail Up 

· rlings Up 

Splatter· 
Flying-run Attack 
Chase 

Paired Display 
Paired Display 
Ostentatious D�splay 
Extreme Threat 

Gaping Threat Posture 

Hunched Threat Posture 
Ready 

Bo�T ) 
Arch) 
Bow 
Gre eting Display 

Greeting Display 
Swimming Arch 

\'ling Arching 
Wing Arching 

Gull ion 
Kornowski 
Rid path 

Gull ion 
Tunnicliffe ( 1 965 )  
Kornowski 
Williams ( 1 960 ) 

Holyoake ( 1 970 )  

Holyoake 
Ridpath 

Howard ( 1 940 ) 
Gullion 
Rid path 
Rid path 

Ho ward 
Gull ion 

Gull ion 
Tunnicliffe 



87 . 

i n  an id ent ical manner t o  pukeko ( Ridpath , 1 9 72 ) . Th e 

a c c ount s  o f  fight ing in Ameri can and Euro pean coot s ( Gullion , 

1 9 5 2b and KornovlS ki , 1 9 5 7 ) and in moorhens ( Hm·rard , 1 9 40 ) 
appear s imilar exc ept that , b e ing wat e r  b irds , they d o  not 

j ump at each other but s it o n  their t a il s  propp ed agains t 

their wings on the wat er and spar with the ir f e e t . Takahe 

a t t empt t o  peck the cheek o f  the opponent and hold o n ,  

t 1vist ing and pull i ng lvi th t h e  beak and pushing and ripp ing 

vli th the f e et ( pers . ob s erva t i o n ) . 

Charging has b e en d e s cr ib ed by all 1vorkers but und er 

d iffering names . I have followed Gullion ( 1 9 5 2b ) in us ing 

the t err.u Charge but KornoHs k i  ( 1 9 5 7 ) t ermed it a S1vim.ming 

A t tack and Ridpath ( 1 9 72 ) r�f e rred t o  the ' Aggre s s ive Run ' . 

The hro latt er t erms w·ere cons idered unsuitabl e b e caus e they 

inc lud e a referenc e to int ent . 

For the same rea s on , Gullion ' s  t erm Splat t e r  i s  

preferred t o  Kornowski ' s  t erm ' Flying-run At tack ' .  Ridpath 

us ed Cha s e  to d e s crib e  the same d isplay , but Chas e impl i e s  

the involvement o f  more than one bird 11hereas puk eko 1ve r e  

fre quent ly se en Splatte ring t�nmrd s another wh ich was unavrare 

of the a c t i on and d id no t S platter ar.-my t ill the las t  minut e .  

Takahe also Charge and Splat t er ( p ers . ob servat ion ) . 

A posture s imilar t o  the ' Aggr e s s ive ' Upr ight wa s 

d es c rib ed and illustrated by Holyoak e ( 1 9 70 ) , and the S -c il l  

of t h e  Tasmanian nat ive h en is a l s o  s imilar . B o th authors 

illus trat e the b ird s 'lli th t a ils up . No previous re cords o f  

' Anx i e t y ' Upright and Head Flick a r e  known f o r  o ther ra il s , 

although both have b e en o b s e rved in takahe ( p ers . o b s e r­

vat i o n ) . 

Acc ounts o f  Horizontals , Depre s s ed Forwa rd s  and Bmvs 

are c onfused . Gull ion ( 1 9 5 2b ) and Tunnicliffe ( 1 9 6 5 ) c onfus e 

tne s e  with Tl1oving Away vlings Exaggerat ed Up Tail Fully Up , 

lumping all und er the t e rm Paired Dis play , as d o e s  Kornowski 

( 1 9 5 7 ) , who us ed the t erm Os tentat i ous ins t ead of Pair e d . 

Gull i on and Tunnicliffe s tate that the b ird ' s  head is held 

l ow and the w ings are arched . The b ird th en pivo t s  t o  bring 

the und ertail c overt s into prominenc e .  Tunnicliffe ( 1 96 5 ) 
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i llus trat e s  a bird in a Hor i z ontal \Vings and Tail Ful ly Up 

und e r  the c apt ion Pa ired Dis play and Korno�orski als o  stat e s  

t hat t h e  h ead is h e l d  l ow during the Os t entatious Display . 

Williams ( 1 96 0 ) us es the t e rm ' Extreme Threat ' fo r takahe . 

Takahe d o  have Horizont als , Depr e s s ed For�vards and Bows as 

d e s crib ed for pukeko ( pers . obs e rvat ion ) . Holyoake ( 1 970 ) 

als o illustra t e s  a b i rd in a Hor iz ontal , c alling i t  a Gaping 

Threat Po s tur e . He also de s c rib es a Hunched Threat posture 

1vhi ch may b e  eq_ui val ent to a Depres s ed Fo r1·rard or Bow but the 

d e s cript ion is vague . Ridpath ( 1 9 72 ) ref ers to the ' Ready ' 

1vh .; eh appears t o  b e  the e quival ent of the Depr es s e d  Forward 

e s p ec ially as he s tat es that i t  frequently pre c e ded a fight . 

The ma j ority o f  �<rorkers ( Hm·rard , Gulli on , Kornmvski , 

Tunni c liffe , Ridpath ) r e c ord the Bow , although m o s t  only in 

c o u�tship . Ridpath does illus trat e i t  in an int ragroup 

enc ount e r  but int erpreted it as a ' Gre et ing Dis play ' ( s e e 

p .  1 2 2 for further d i s cussion ) . Howard ( 1 940 ) and Gull i on 

( 1 9 5 2b ) refer t o  Arching 'tThich appears t o  b e  the e q_ui val ent 

of Bowing . r·To orhens and c o o t s  are monogamous and Hovrard and 

Gull i on c onfus ed this Bowing ( Arching ) 1vith a s exual display , 

but , b ec ause it \v3.S given by the femal e vrithout nibbling or 

c opulat i on , it is more l ikely a submi s s ive dis play . The 

' Squat Arch ' ( Gullion ) appears e q_ui val ent t o  the Body B ovr ,  

Howard ( 1 940 ) als o illus t rat e d  Body Bmvs and Bo1-rs and 

Kornmv-s ki ( 1 95 7 ) d e s crib es Bovring in a s imilar s ituation t o  

Gullion ' s  but d o e s  no t name i t . 

Gull ion ( 1 9 5 2 b ) al s o  r e ferred t o  ' Bo-.;ving ' as a d i s pl8.y 

dis t inct �rom Arching and r e port ed i t  -vms normally a s s o c iated 

with nibbling . The dis t inc t ion was tha t Bovring o c curre d in 

the 1va t e r  while Arching o c curr ed on platforms or on land . 

But b e cause the e s s ent ial element o f  b eak point ed at t h e  

ground ( or wat e r ) is c ommo n  t o  b o th t he two should b e  

c omb in ed . Gullion ( 1 9 5 2b ) appear ed t o  b e  partly 2.vmre o f  

the s ign ificanc e of t h e  d i s play a s  he stat e d : ' th e  submis­

s ive b ird go e s  int o a Bow ' . Tunnicl iffe used the t erm Bciwing 

for the land dis p:.ay . 

Tunnicliffe ( pers . c omm . ) al s o  r e c ogni s e d  the Bow as a 

threat d i splay , and explained the Dip Bo\v as . a  rituali z ed 
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d is plac ement a c t ivi ty - namely d i s plac enent drinking Hhi ch 

b ecame relevant b e caus e i t  als o  washed the b ill and fr ont3.1 

shield , the primary o rgans of attac k . Dis plac ement p e cking 

a t  t h e  ground by pukeko was als o  c ommon during :Bm-r s  and was 

no t e d  in moorhens by Howard ( 1 940 ) . It i s  pos s ibl e , there­

for e , that the d is play may be d erived by rituali zat ion o f  

f e e d ing and/o r  d r inking . 

No previ ous author r ecord ed the us e o f  the Ere c t  Hunche s  

in d i sput e s , although Hm-rard ( 1 940 ) i lJ..ustrated mal e s  ' in the 

form of a Bow ' in fr ont o f  femal es . Howard ' s  ' form o f  a Bo-vr ' 

is the equival ent of the Pre c o pulat o ry Po s i t ion . S imilar 

b ehaviour vras ob served in takahe . 

The l ea s t  c onfus i on in previous d es cript ion� o c curs in 

reeard to s exual and c ourt ship displays . All a c c ount s appear 

very s imilar . 

The great est c ontrad i ct ion with pr evi ous work i s  the 

int erpretat i o n  o f  the elevated ';.ring and tail pos ture s . As 

ment ion ed , all referred to Tail Fl icki ng as a warni ng d � s play . 

H ovrard ( 1 940 ) d e s c rib ed T ilt ing i n  the moorhen 1:rh ere the tail 

1-ras t ilted t m·mrds t he other b ird expos ing t!le whi t e  und er­

t a il c overt s . Howard d e scrib e d  it as a ' Gr e et ing Dis play ' 

but said it c oul d o c cur ' out o f  cont ext ' and o ft en was an 

i s olated a c t  or even appear ed at the end of c o i t i o n . Gullion 

( 1 95 2b ) d e s c r ib ed a ' SI-rimming Arch ' vrhere the fema l e  m,ram 

imme diat ely ahead o f  the mal e  d is playing her und e rtail 

c overt s . The e quival ent is not found in Euro p ean c o ots 

( Kornowski , 1 95 7 )  whi ch have black und e rtail c overt s .  

Ridpath ( 1 972 ) d id n o t  record a s e parat e Ta il Up d i s play in 

the Tasmanian nat ive hen but the tai l vras s t ill ra is ed in 

many dis plays even though the nat ive hens als o lack the whit e 

und ertail c overt s . 

\vings Up was t·e rmed \'ling Arching by Gull ion ( 1 952b ) and 

by Tunnic l i ffe ( 1 96 5 ) . Both rec ord e d  it as an ' ant i s o c ial '
. 

d isplay and Gullion stated that 1t ' supplement s ' the frontal 

shield and ruff ' iT hen a mor e aggr e s s ive display is required ' . 

Both al s o  r e cord ed the ' Pai red Display ' where two ( or more ) 
b irds sHam m·ray from each other l•ri th Hings and tails ra i s ed 
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and the b irds ' pre s ent the ir tails t o  each o ther ' . Gull ion 

r e c ord ed this as the ' fi nal act of aggre s s ion ' .  Thi s  

' Paired Dis play ' i s  obvious ly Noving A1my I·Ti t h  vlings a n d  Tail 

}\llly or even Exaggerat e d  Up . However , as already s ta t ed , 

the a c c ounts are c onfus e d . Gull i on ' s d e s cription s t at e d  tha t  

the whi t e  und e rtail c overts and t h e  frontal shield a r e  

prominent - an imp o s s ib l e  comb inat i o n  fo r a s ingle d i s play . 

Gull i on did r e c ord the Pai r.ed Dis play in non- t e rrit o rial 

d i s put e s  and Hmmrd ( 1 940 ) illust ra t ed b irds in Bo1-rs and 

Vl ings and Tai l  Fully Up . 

T o  summari z e , in th e d i s plays o f  th e pukeko , mo s t  

r itual izat i o n  has o c curred in c onne c t i on wi th the head and 

b ill , the lat t er be ing the primary aggr e s s ive weapon . 

R i  tualizat i on has al s o  o c curr ed i n  respe c t  of the 1·lings and 

tail which have as sum e d  the func t i on of submi s s ive s ignals . 

Cons e quently in the mo s t  aggres s ive d i s play , the b ill and 

frontal shi eld are cl early pre s ented , and with d e c reas ing 

aggr e s s ive mot ivat i o n ,  the b ill i s  increas ingly r enoved from 

focus unt il it is c ompl e t ely hidd en in the submiss ive d i s play s . 

To pr event amb iguity , the "�;lhi t e  und ertail covert s have evolved 

as a dist inc t subw i s s ive s ignal , b e ing mark edly d ifferent i n  

c o lour and l o ca tion t o  the aggr e s s ive weapon , t h e  b il l . Th e 

d evelopment o f  the whi t e  tail a s  a submi s s ive s ignal may have 

parall eled the develo pment of th8 large frontal shi eld 'irhich 

s e rve s t o  max imize th e aggres s ive releas er . Ri tual iz ed 

f emale s exual pos tur e s  s erve as s e c ondary submi s s ive d i s plays . 



4 . 1 Introdu c t i on 

4 .  SOC IAL HIERARCHY 

9 1 . 

When the e x i s t enc e of a s o c ial o rd er in t erri t orial 

groups was sus p e c t ed , art ificial c onc entrat i ons of food were 

provid ed to f o r c e  crowd ing and induc e an increas e in i nt er-

. a c t i on b etvr e en i nd ividuals . The f o od was plac e d  s o  that if 

more than onA b ird fed at a s ingl e  pile , the d istan c e  b etw e en 

ind ividuals was l e s s  than 1 0  cm . Two piles , 5 0  cm apart , 

were usually provid ed s o  that mor e t han one b ird c ould feed 

at the same t ime , but c ould eas ily supplant one ano th er. 

Ar ti fi c ial f e e ding was infrequent during the br eeding s e a son . 

All int eract ions b et1-re en b irds at and a1my from the food 

1vere r ec ord ed as ':>rer e tho s e  vrhen no art ificial food was 

provid e ii .  Avo j_dan c e  and aggr e s s ive dis plac ements were vrorked 

up s eparat e ly to give t-vro ind ic es of status . 

4 . 2  Behaviour Ass o c i a t ed �d th Hi erarchy in Territ ories 

Th e hi erarchi cal b ehavi our of pukeko 1rli thin t erri t or i e s  

(b o th a t  and aHay . from food piles ) is sur:nmari z ed in Tab l e  1 4 . 

4 .  2 .  1 Wi thout Artific ial Food 

The e x i s't enc e of a hie rarchy ".vas first sus p e ct e d  in 

Lint on 1 in 1 970 when b i rds in c l o s e  c ontact with e a ch other 

were ob s e rved t o  have di fferent t ail pos tures ; s ub ord inat e s  

al't·rays rai s ing their ta ils m o r e  than tho s e  o f  b ird s of higher 

rank . Wa en approached by a d ominant b ird , a sub ordinat e 

ra is ed i t s  tail , dire c t ed it a t  the d ominant and moved avmy . 

The subord inat e  then fed i·T ith i t s  ta il elevated but gradually 

l owered it . 

Suh s e qu ent obs ervations i·Ti th art ific ial food c onfirmed 

the hierarchy in Lint on 1 sugges t ed by tail po s it i ons . Hm-r­
ever , att empts t o  a pply the hypo thes i s  to all t e rritories 

were not c ompletely suc c e s s ful for the subord inat e did not 

always ad o p t  the more submi s s ive posture . Thi s  vms 
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Table 1 4  

Charge 

' Agg..cessi ve ' 
Upright 

Peck 

Foot Up 

Dip Bow 

Full Bow 

HIERAHCHICAL BEHAVIOUR HITHIN 'r.�jRR.ITORIAL GROUPS 
( The subordi n a t e ' s  p o s tu r e  r e c ord ed was th e f i r s t  and usually th e o nly 

po s tu r e  giv en . ) 

SUBORDINATE ' S  POSTURE 

' Anxiety ' Head Dip Full Body Fac e  Erect vlings Head T!Iove Expand ed Crouch Upright Flick Bow BO\'T BovT A'v·ray Hunch Hunch Flag Avray 

- 1 - - - - 1 - 1 - 5 1  

2 7  4 2  34 1 00 2 1  2 4  - 2 39  1 6  1 92 

1 - - - - - - - 1 7  2 9 

- - - - - - - - 3 - 6 

- 1 - 1 5 - - - - - - -

1 - - 2 - - - - - - 1 

Splatt er 
A11ay 

6 

-

-

-

-
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e s p e c ially eYident in the b r e e ding s e a s on , Hhen a d ominant 

b ird was o c casionally s e en t o  rai s e  i t s  tail •!lhen vralking 

pas t  an immed iat e subordina t e  of e i ther s ex . 

The differen c e  b e tween Lint on 1 and other t e rrit o r i e s  

in the reliabil ity of tail positi ons as ind i c e s o f  s tatus 

may have b e en r elat ed to differenc e s  in the memb ership of 
in 1'170 

the t erritorie s .  Lint on 1 � c ons i s t e d  o f  an adult mal e  (04 ) ,  
an adult femal e (0 7 ) . and a yearling female (06 ) . All o ther 

t erri t o ri e s  had a t  least two adult mal e s , most had two adult 

f emale s ,  and thus sub ord inat es -vrere greater rivals for s tatus . 

vlhen bird s from th e same territ ory met , one normally 

as sumed a submis s ive or appeaseme nt pos ture Hhile the o ther 

r ewa ined in an Upri ght . Apart from ·the rais ing o f  the tail , 

th0 most common p o s tur e as sumed by a s ubmi ss ive b ird a112.y 

from f o od piles was a B ow ( Table 1 4 ) . The bird init ially 

rai s e d  i ts tail , then i t s  I·Tings :1nd finally vrh en the more 

d ominant Has c l os e ,  it dropped t o  a B m·i and held this unt il 

the d ominant had pas s ed ( F i g .  34 ) • Oc casionally a Bov1 l ed 

int o a Body Bow . Other c ommon s ubmiss ive or appeasement 

pos tures ad opte d  by adult subord ina t e s  w ere the ' Anxi ety ' 

Upright and the Head Fli c k , but vThere the sub ordinates vr ere 

j uveniles or yearlings , Crouching and Head-Flagging were the 

most c ommon . 

The ' Aggre s s ive ' Upri ght vra s  the pos ture mos t c ommonly 

ad opted by the d ominant b ird ( Tab l e  1 4 ) �  although p e c ks and 

f o o t  displac ement s  were s e en but 1vere usually d ir e c t ed a t  

j uvenile s
·
. The us e o f  t he submiss ive Bovrs b y  d ominant b ird s 

appears contrad i c t o ry ,  but thes e w er e  Dip Bows , vrh ere the 

b ird rapidly alt ernated b ehr e en a Bmv and an Uprigh t . In 

almo s t  all cas e s , the s ub ordinat e as sumed a Perman ent BoH 

as the d ominant approached from a d is tanc e .  As well a s  th e 

above . pos ture s , b ird s o c c as i onally s upplant ed other m emb ers 

of the t errit ory and then fed o n  the captured food supply . 

Le s s  freQuent ly a do�inant t o o k  food , usually raupo shoo ts , 

from a sub ord ina t e .  



Figure 34  nOWING during Hierarchical Interaction 

(a )  Subordinate ( right ) has Wings Partly Up , Tail 
Fully Up and is beginning to Bow to the 

approaching dominant . 

( b )  Subordinat e in Full Bow , Wings and Tail Fully 

Up as the dominant approaches in an ' Aggressive ' 

Upright , Tail One Third Up . 
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4 . 2 . 2  At Art ificial Food 

Only t\oro birds were usually present at the food at any 

one t ime although o ther birds , unable t o  feed becaus e o f  the . 

pre senc e o f  dominant s ,  c ircled and oc casionally dashed in 

and grabbe d  food from under them . Hos t  int eractions at the 

food involved the sub ordinat es Moving Away , usually with 

wings and tail rais ed in reply to an ' Aggressive ' Upright 

by the dominant . Facing Avray and Head Flicks were also 

c ommon , although j uvenil es usually Crouched or Read Flagged . 

Food begging was als o  s e en from juveniles and even yearlings 

in reac t ion to an aggres sive adult , and this frequently 

r esulted in feeding and/or aggres s ive pecking . Results o f  

art ificial feeding were less c onclus ive i n  the breed ing 

s eason as male and female o c casionally fed at the same pile 

o f  food . 

4 . 3 Behaviour Ass o c iated with Hierarchy in the Flock 

4 . 3 . 1  Without Art if i c ial Food 
. 

Normally the flo ck maintained relatively large indivi-

dual distances and d ispers ed gradually through the F�y 

Paddo ck . Occasionally one bird displa c ed another when in 

clos e contact but s ometimes dis plac ement was delib erately 

initiated from further away . Cro1·1ding o c curred naturally , 

b efore and v.rhen the birds firs t appeared in the paddock , �ovhe n  

they flew back to the lake aft er be ing disturb ed b y  s t o c k  o r  

humans ) when birds vrent t o  the drain t o  drink , and als o  lvhen 

the birds grouped in react ion t o  a circling hmvk ( Fig . 3b ) . 

Apart from times 1..vhen the ha11k was s t ill pre s ent , this 
• 

cr01vd ing produc ed int ense int eraction and b irds were act ively 

displa c e d  by both Peck and Foot Up , ( Figs 3 5  and 36 ) while 

others Hoved A\1ay , Y.Ti th \'/ings and Tail Up . Charges and 

Splatt e rs were als o s e e n ,  but eventually the birds disper s ed 

and int eractions c eased . 

4 . 3 . 2  At Art ific ial Fo od 

Once the food lras found , pukeko usually grouped around 



Figure 3 5  

Subordinate in  a crouch being PECKED by a dominant . 

Figure 3 6  

FOOT V P  displacement by a dominant . The dominant 

bird on the right has j ust run its foot d own the 

back of  the subordinate .  

Figure 37 

Initiation of a chick into the hierarchy . 1 Nw 

pecking Vw when the latter begged for food . Vw in 

a crouch . 
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i t  d i spla c ing tho s e  o f  l mr e r  rank and c ir c l ing tho s e  o f  

h igher ::: ta tus . Low rankinG b irds frequently d a s h e d  i n  and 

s natch e d  a s inel e grain fr om und er the f e e d ing b ird s and 

then t o ok i t  away to eat it . As th e s e  b irds ran from th e 

f o od , they avo i d e d  more d ooinant pukeko and d i s plac e d  sub ­

o rd inat es . S ir::!ilar int era c t i o ns Here ob s erved Hh en b irds 

mov e d  t o  or from the drain t o  drink which they d i d  fre qu ent ly 

pr e s ur.1:::: bly b e caus e of the l ov1 m o i s ture c o nt ent o f  the gra in . 

All this provi d ed a large ntli1b e r  o f  a c t ive d i s plac ements and 

avo idan c e  int era c t i ons whi ch wer e usually very b r i e f ; the 

d ominant b ird s ir.1ply adopt e d  an aggre s s ive po s ture ',,( li l e  t h e  

s ubmis s ive pukeko T·Toved A1ii8.Y o r  as sumed an app eas ement 

p o s tur e . A sample o f  t h e  b ehaviour o f  the fe ed ing fl o c k  

obs e rved around a r t i fic ial f o o d  c onc ent rat ions i s  given i n  

Tab l e  1 5 . 

Head Flicks , Pe cks , and Foot dis plac ements ·H e r e  c omm o n , 

probab ly r e fl e c t ing the extrerr..e r,rm,ld ing ob s e rved around the 

f o od , and s ub ord inat e s  ahrays Hoved Avray vri th a h i gh e r  i·ring 
and tc:. i l  p o s ture than th e d ominant b ird . 1:rnen y ou cons id er 

the large numb er o f  j uveni l e s  in the fl o c k  ( s ee Tab le 3 )  i t  

i s  int e re s t ing t o  not e th e relat ively l ow fr e qu ency ( 2 . 9� )  
o f  Crouching . In rar e  c a s e s  a pukcko chall ensed a mor e 

d ominant b ird caus ing a short f ight �·rh i ch usual ly end e d  i n  

a Splat t e r  cha s e .  The ma j o ri ty o f  charging , hm·r ever , -vra s 

th e res'J.l t o f  redir e ct ed aggr e s s i on Hhi ch \'la S c omaon . For 

exampl e ,  a b ird supplant ed from , o r  unab le to gain a c c es s  

t o , the food Charge d  o r  Spla t t ered the neare s t  s ub o rd inat e ( s ) . 

Red i r e c t ed aggress i on o c ca s i onally pro duc ed a c ha in r e a c t i o n  

1·rh e r e  a d i s pla c ed b ird s upplanted anoth er �·rhi ch in t urn 

a t t a c k ed another , and such cha i n  reac t i o ns c ould invo lve up 

to five b irds . 

4 .  4 B ehavi our As s o c iat ed 'i!i th the Es tablishr2ent o ::  a 

H i e rarchy 

4 .  4 .  1 Within Terri t o r i e s  

Mo s t  t errit ori e s  �·rere permanent and m emb ership vms 
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c o ns tant throughout the y ear . S ix t errit o ri es w e r e  

obs erved b e ing s et u p  but in each cas e  t h e  pair , o r  group : 

had an e s tablished hi erarchy b e f o r e  the t errit o ry f o rmed . 

One cas e o f  a b ird b eing admi t t e d t o  an e s tablished t e rri­

t ory was r e c o r d e d  in d et a il , how ever . 

I n  early Narch 1 9 7 1  , an lmband ed male ( lat er IOy ) 
appeared in the main valley at Jjint on , and vra s trea t e d  as 

a t r e s pas s e r , b e i ng alternat ely d r iven from Lint on 1 and 

Li:n t on 2 .  I t  finally rena ined in Lir.�--t o."l 1 and Has Charged 

and Spla t t ered by a l l  memb er s  of the group , but c o nt rary t o  

i t s  init ial b ehavi our ,  IOy d i d  n o t  run d irectly m·ray from 

th e a t ta cking b i rd ( s ) but ran in c i rcles , and a t  times , up 

t o  four b ird s v1e r e s e en runninG in file aft er it ; Th e 

amount of Spla t t ering s l mvly d e creas e d  and by 2 4 l\Iar ch 1 97 1  
th e dominc.nt mal e  (04 ) had c ea s e d  at tacking tOy , �·rh i ch 

a s su..TTied e>. subnis sive p o s tur e and alm o s t  c o nstantly Tail 

F l i c k e d  ,,,rh enever !tear 04 . Other memb ers of t h e  t errit ory 

c ont inued t o  a t t a c k  i t . By 2 8  I(r� rch 1 97 1  , TOy had b e gun 

a t t a c king the j uvenil e memb ers of the t err itory and by 

1 8  April 1 97 1 , was c o�pl e t e ly a c c ep t e d  int o the t e rrit ory 

and submi s s ive o nly to 04 . tOy d ominat e d  �he j uvenile f emal e  

(08 ) firs t , then the j uvenile mal es (Ow and 4 w ) 2.nd f inally 

th e a dult fm:1al e (07 ) and 1·rhe n  r e caugh t on 1 3 June 1 97 1  , 
IOy had dropped from 1 0 5 5  grams at 1 1  April 1 97 1 , t o  895 
grams . 

Other evi d enc e f o r  the e s tabli shm ent o f  a h i erar chy 

I•Ti thin r. t e rr i t ory c om e s  from the ini t iat ion o f  chi cks int o 

t h e  hi erar chy . l1o s t  chi cks rema ined in t he ir na tal t er ri­

t ory unt il e i ght months o f  age and in group t erri t o r i e s  many 

s tay e d  p ermanently . Pukeko ,,,er e usually doub l e-bro od ed 

( s e e  p .  1 82 ) and Hhen r en e s t ing b egan , the f irs t chicks 1-1 e r e  

frequently p e c ked as they b egged for food , b u t  w e r e  s t ill 

f e d , the pe cking b e c oming more fr e quent anu sub s e quent f e ed �  

i n g  l e s s  c or.u::10n .  Chi cl:s fr om tt 2 s e c ond b r o od >·rer e  t reat ed 

s inilarly onc e they ·Here two or thr e e  m onths o ld . ':Ther e 

y earlings 'J e r e  pre s ent i n  the t err i t o ry , t::1ey a s sumed much 

o f  the rol e of feed ing the chi cks ( s ee p .  1 93 ) but wh en th e 

chi c l-::s · .. ''3re t 1-ro t o  t hre e nonths old , the y�?arlings p e ck e d  

LIBRA RY 
MASSEY UNlv -·RSITY 
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and chas ed the chicks as frequently as they fed them . In 

the Southern Territory , 1 9 72 , the thre e surviving chic ks 
from the firs t nest 1vere fed mainly by the yearling female 

( /Nw ) , One o f  the s e  chi.cks 'iras banded ( Vw) and i·ras immed­

iat ely a ttacked vrhenever it b egged from /Nw ( Fig . 37 ) , 
long chases  frequently result ing . None of  the adults  reacted 

in this uay t o  Vw and !Nw did not treat the other t1-ro chiclm 

similarly unt il thr e e  ..,,re eks aft er Vw Has banded . I t  is 
interesting t o  not e that onc e !Nw;·ms cr .. p. s ing Vw, other birds 
from the  t erritory j oined in the a ttacl� on Vw . Chi cks began 
pecking each o ther from abc�t three months when b oth wer e  
becsging fron the sam e adult , although food stealing '.vas 
o c cas ionally obs erved b etwe en younger chicks , e s p e cially 
-v;here they Here diff erent in s i z e  ( s e e  :?ig . 49 ) . 

1). . 4 . 2  Within the Flock 

1tlhE:n the floc} :  fir s t  formed early in the y ear , fiehting 
be ·breen r::cr.'.b ers uas COJJl[lOn . Sor.J.c.; disput es �·re re  s ettJ. ed  by 
s parring with the feet ( Fig . 4 ) until one b ird retreat ed , 
but nos t  were decid ed after a s ingle Splatter . Other 
disput es 1:rere protracted , o ccas ionally involved nore than 
tuo b irds , and strongly r e s enbled territ orial int eractions 

as the birds displayed t o  each other in Forwards and Bows . 

Pull fir:;hts sometimes result ed . T'-':ost  birds ''rere unbanded 
at this time of year ; s o  r elat ionships b etwe en individuals 
1vere unknown . 

4 .  5 Behaviour Ass o c iated  1'Ti th Sxpuls ion from the nierarcby 

As noted previously ( p .  2 5 ) ,  the Hide T erri t ory abs orb ed 
a number of males , thr e e  of I·Thich (J!w, fLy 2.nd I Jy ) \-re re lat e r  
expelled prior t o  the breeding s eas on . .!l.ft er /Jy ·Has 
expelled in 1 972 , it was frequently s een in other t erritori es . · 
Initially the Peninsular Terri to ·o:-y 1 9 72- 1 973 c ontained the 
remaining nine flock birds ( p .  24 ) ,  hro of  lvhich (Ky and /y ) 
vrere sub s equently ej e ct ed �-.rhile the third \_Qw) l eft aft er 
tHo unsucc es s ful bre ed ing att enpts . The b ehaviour o f  the 
o thc:::r �; _ ·nb ers of  the groups when they expelled the s e  b irds 

i s  shown in Table 1 6 .  
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Table 1 6  

Cl) 

� �  Splatt er 

� E-l  Charge H Ul � 0  
o P-1  ' Aggressive ' A Upright 

BEHAVIOUR OBSID1VED WHEN A BIRD WAS 
EXPELLED FROM THE HIERARCHY 

' Anxiety ' Head 
Upright Flick 

- -

3 -

2 2 

POSTURE OF EXPELLED BIRD 

Dip 
Bow 

-

-

9 

Full Body 
Bow Bow 

- -

2 -

5 5 
- --------------------

Crouch 

-

-

2 
--------

Move Splatter 
Away Away 

2 71 

1 1 6 

8 -

-
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Submi s s ive or appeasement displays on the part of the 

e j e c t ed birds were infrequent bu � escape , e specially Splatter 

A-r,,:ay ,  ·Has co:r.Tillon . In direct c ontrast to  the b ehaviour 

ass o c iat ed Hi th admiss ion of pukeko t o  the hierarchy , the s e  

e s capes and Splatters Here initially i n  c ircle s , but 

gradually the at tacked bird t ook more and more to  running 

directly from the attacker , spen � less  and les s  t ime in the 

t errit ory and eventually d isappeared . 

A more violent expuls ion of a juvenile pukeko occurred 

at Linton . On 29  Sept emb er 1 972 , 17w -vras dominant over f ly 

in Linton 2 and persist ently att empted to  drive it from the 

t errit ory . 

many of the 

evic t  17w . 

On 4 Octob er 1 972 the roles were reversed and 

other b irds from the territory also tried to 

Ex·cracts from my field notes  read : 

081 2 Lot of calling from first bay . 1 1 y in raupo at 
the end of the bay , moving in an ' Aggres s ive ' Upright 
1tl 0� TFD at 1 ?w· vrhich is in a Body Bmv \'! & T?U . 1 1vr 
remained in Bow as 1 1 y approached . 1 1 y got on 1 7w 
and pecked rapidly at the top of it s he�d . 1 7w ran 
off in sleek crouch with 1 1 y charging after it . 1 1 y 
kept pecking 1 7w and hittinG it with its fo ot . 1 0w , 

03 and 2 h·r als o  charged over and held , kicl'::ed , cla�·red 
and pecked 1 7w hnrd on the head . 1 7w limped int o 
raupo , 00 fle11 after it and vigorousl:y pecked its  head . 
Calling brought 6 1 y and 7 1 y ( Linton 1 )  to  the 
bo1;.ndo..ry . 0325 

17w '.-ms still in the valley on 24  Octo"b er 1 9 72 but 

appeared blind ed in one eye and spent most  of its time at 

the Linton 1 /Linton 2 b oundary . 

4 . 6 Quan-ti tat j_ve Result s  

Brown ( 1 963 ) has stre s s ed that different crit eria o f  

dominanc e are applicabl e to different speci es and it i s  

nec es sary to establish crit eria bas ed o n  the b ehaviour o f  

the species in qut::stion . r�:uch o f  pas t emphas i s  has b een 

placed on measuring the mor e dominant individuals ' priority 

to inc entives such as food , water , s p3c e ,  s exual partner , 

ro ost , et c . Food has b een the mos t common ( Guhl & Allee , 

1 944 ; Ritchey , 1 95 1 ; Wood-�wh , 1 955 ; Marler , 1 955 ; Brown , 

1 963 ; Dixon , 1 96 5 : ncBride � al , 1 96 9 ; V!o..tson ,  1 970 ; 



1 03 .  

Nino c k , 1 97 1 ; He e z e  & E\1bank , 1 972 ; and many oth ers ) . Other 

workers e . g .  Snbine ( 1 95 9 ) and Powell ( fron B erns t ein , 1 970 ) 

have c onclud ed that res ponses of subordina t es were b e t t er 

i nd i c es of rank . 

B erns t e in ( 1 970 ) s tat ed that Hhile f eedine; ord er or 

a c qui s i t i on t o  pre sumed inc e�t ives is a popular and s imple 

ob j ective measur e  of d ominanc e ,  ' it may not be cl ear e zo.c tly 

i'rhat is b e ing measured , in-as-much as this measure may 

c o rrelat e p oorly '.'ri th other presumed d ominanc e m easures such 

as d irect i on of agonis t ic epis odes . '  He conclud ed t Qat it 

was �mportant to shoH s igni ficant p o s i t ive c orrelati ons 

b ehr een hro ind epend ent s c oring t echniques .  For exampl e :  

4 . 6 . 1 

( 1 ) Agonistic d oninanc e ( such as aggres s ive d i s plac e­

ment from food ) 
( 2 )  Priority of acc e s s  t o  food ( as d emons trat ed in 

avoidanc e by subord inates ) . 

In the pre s ent s tudy , thes e were : 

( 1 )  Agere s s ive d i s plac er:wnt Hhe r e  tr�e d ornino.nt b ird 

( a ) eave a unidire t t ional peck , 

( b ) gave a unid ire c t ional displ ac eme�t ':ri th a 

Foot Up , 

( c ) ado p t ed a threat pos ture which produc ed e s c ape 

or appeas ement in the other bird . 

( 2 )  Avo idanc e �,rher e th e sub ord inat e bird 

( a )  moved out of the way with no apparent thr eat 

d is play by the other b ird , 

( b ) c ircled a f e e d ing b ird , 

( c ) sna t ched food from und er a f e eding b ird . 

Within � e rritorial Groups 

Int eractions b e hreen t errit orial nemb ers o f  the Hid e , 

Northern , and Southern T e rritories are pres ent ed in Tables 

1 7- 1 9 ,  �,rhe r e  monthly int erac t ions are given for 1 972  and 

overall r e sults for 1 97 1  are pres ent ed for the Hid e and 

Northern T erritori es . Res ul t s  for the 1 970- 7 1  breeding 

s eason for the Hide Territ ory are also includ ed . 
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Tab1e 1 7  HIDE T Bfu�ITORY HI ERARCHY 

Figures represent the number of times a bird vmn or lost 
an encounter with the s core recorded against the loser . 

August 1 970-January 1 971  ��rch 1 971 -August 1 971 

� {f) 
0 
H 

WINNEll 
H1 vl 2B 2C 2J 2E 

Ew - - - 2 
H1 w 5 2 - 1 1 
2B 2 2 
2 C* 2 -

2J 4 1 0  
2E 1 1  1 2 

l··Iarch 1 972 

2E Ph1 R1 w 
Hw 
Kw 
2 E  
Phr 
R1 ltT 

June 1 972 

P1 w 2E R 1 w 
H1 w 
Kw 
P1 w 
2 E  
R1 w 

August 1 972 
2E R1 w 

H1 w· 
Ktv 
P1 w 
2E 
R1 w 
1 Jy 

October 1 972 

1 J  

H1 w 
� K� 
m J I W  1 3  
0 2E 32 
H P1 w 1 2  

Hhr 
Kw 
1 :Ly 
2E 
P1 w 
Rh1 

WIIDillR 
Kw J 1  i·T 2E P1  w 

April 1 972 

July 1 972 
P1 w 2E Rh1 1 J  

7 
5 

Sept ember 1 972 
P1 w 2 E  R 

TOTAL 
2E Rh r 

H1 w 
Phr 2E R1 w 1 J  

Kw 
P1 w 

1 

2 E  
R 1 w 

* Left territory , 1 6  October 1 970 
! Most of thes e occurred during July when 2E appeared 

to attempt t o  expel P1 w 

7 
5 
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Table 1 8  NORTHERN TERRITORY HIERARCHY 

� m 
0 
H 

Figures represent the number of times a bird won or lost 
an encounter 1-1i th the score recorded against the loser . 

!1arch 1 972 April 1 972 
lJINNElt \'/I}TNER 
hl B\v 1 Bw L 1 w P\·1 Bvr 1 Bw L1 w 1 Xw 

Ew E\·r � w  Tw 
Pw P=: Pw BvT 2 2 M B1v m 
1 Bw 5 1 0 1 Bv1 
Lhr 1 0  H L1 w 

1 Xt-.r 

June 1 972 August and September 1 972 
Tl'l Pvr Bvr 1 Bw L 1 1·r Tw Pw Bw 1 Bt-r 11 r,.; Ew Ew 

Tw Tiv 
Pw Pi·l Bw Bvr 1 Bw 3 2 1 B-vr 3 
L1 w 4 3 L1 w 4 3 5 

October 1 9 '72 November 1 972 
P\i Bvr 1 Bw Lhr TH Pw B1v 1 Bw Lhr 

fur Evr 
Tw Tw 
Pti Pw 
Bw 1 n .. ., 2 
1 Bw 2 1 B'i·T 3 2 2 L1 w 1 L1 w 3 3 

TOTAL 1 972 
Ew P\v Bw 1 B1-1 Lh 1 1 Xw 

Ew 
Ttv 1 6  
Pw 7 
Bw 7 
1 Bw 1 7  1 4 
Lh r 24 1 5  1 Xw 5 4 
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Table 1 9  SOUTHERN TERRITORY HIERARCHY 

� 

� f:il tl) 
0 
H 

Figures repr e s ent the numb er o f  t imes a bird won or lost 
an encounter with the s c ore rv c or d ed aga ins t the l o s er . 

A1:1 
Ey 
By 
S h t 
1 Nw 
1 Pl'r 

Al.:r 
Ey 
By 
S 1 w 
1 Pw  
1 N'\v 

Aw 

Ey 
By 
S 1w 
1 Nw 1 P\-r 

JI'Iarch 1 972 

W INNER 
-B S 1 w  1 N-vr 1 Pw 

1 4  
23 1 6  

9 1 1  
4 3 
4 3 2 

Jtme 1972 

S 1 w  1 Pw 1 Nw 

4 
3 1 2 
2 8 4 

October 1972 

S 1 w  1 Nvr 1 Pw 

3 2 1 
1 4 1 

April 1972 

\tTIN1TER 
S hr 1 Nw 1 Plv 

Aw 
Ey 
By 
S 1 w  
1 Nw 
1 Pw  3 

August and 1 972 

S 1  w 1 Pvr 1 :t;w 

Aw 
Ey 
By 
S 1 w 1 
1 Pw  1 
1 Nw 3 1 3 

Novemb er 1972 

Aw 
Ey 
By 
S1w 
1 Pw 
1Nw 

1 1 

S 1  w 1 Pw 1 Nlr 

TOTAL 1972 

Aw 
Ey 2 1  
By 3 2 25 
S hr 15 29 26 
1 Pw  13 1 6  1 2  
1 Nw 1 6  1 7  20 

S hr 1 Pw 1 Ntr 
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In general , a s imple linear o r  abs olut e ( Leyhaus en , 

1 9 7 1 ) hierarchy exist ed in all t erritori e s  and no t rian­

eular relati onships o c curred . A small numb er of hier�rchi cal 

vi o lat ions 'irere re c ord ed , but usually the s e  1·rer e  b ehre en 

b ird s irnmed ia t ely a d j a c ent in s tatus and 1·:ere far ouhr e ighe d  

b y  int era c t ions in the other dir e c t i on . The only except i ons 

to th is involved females during the b r e e d in� s eason . A 

numb er c f  reversals o f  status Here ob s erved e . g . 2£ ( chi ck 

in 1 9 6 9-70 ) and Plw ( chick in 1 970-7 1 ) of the Hid e T errit o ry 

revers ed pos it ions in A pril 1 9 72 . The four chicks o f  

1 9 7 1 -72 , of t h e  North ern and S outh ern Te r�i t ori es , lbw o.nd 

L lw , 2.ncl IPw and IN w re s p e c t ive ly , also revers ed pos it ions 

b etH e en April and June 1 9 73 , alt hou[;h numb ers of int era c t i ons 

1ve r e  small . 

Hierarchi es at Lint on are given in Tab les 20 and 2 1  for 

Lint o n  1 and Lint on 2 respectively . Both territ ories 

includ e·.l chi cks and j uven ile s Hh::.. ch in all cas e s  1·rere sub-

ord i no. t e  t o  adult s ,  although by th e t ime the younc l eft tl:. e  
t errit, ory they had s c ored a numb er of violat ions that 

sugge s t ed a change in status �ight eventually have o ccurred . 

Result s �o r other t err itories were s imilar t o  the above , 

1vere  fm·r , and are not given . 

4 . 6 . 2  Within the Fl o ck 

Fa ilure to capture and band nost  o f  the pukeko in 

Autur.m 1 9 7 1  floc k ,  d e s pit e int ens ive t rapping , meant that 

l i t t l e work c ould b e  d one on · a hierarchy , but by June a 

nunb er of b irds 1·r ere b and e d  and a h i erarchy uas calculat ed 

( Tabl e  2 2 ) . A s i mple lin ear hi erarchy appeared to exist in 

the fl o c k  but int ero. c t io ns b etwe e n  s ome pairs of b irds wer e  

not obs erved . Violati ons als o oc curr ed b etiH; en I!lany o f  the 

b ird s but result s wer e t o o  few to r e c o rd monthly and so 11ere  

inc onclus ive . 

In 1 97 2  a c o�c ent rat ed e ffort t o  investigat e  a f l o ck 

hierarchy l ed t o  int ens ified banding culMinating in the 

us e of a rocket n e t  in June , and resul t ed in all exc ept t;vo 

of the fl o ck bird s b eing cau&ht and banded . Later , a metal 



Table 20 

LINTON 1 HIERARCHY 

July 1 970-July 1 97 1  

1 08 .  

Figures represent the numb e-r:- of t imes a bird lTOn or lost 
an enc ount er with the s.core re c ord ed against the loser . 

\VIlil'JER 
04 1 0y 07 06 Ow 4w 08 

d"04 4 3 

o; Oy 1 8  3 4 1 

�07 1 2  5 

&1 �06 1 2  8 
[(.) 
0 

rf' Ow H 1 4 1 1  

d' 4w 6 

�08 1 3  1 0  

Juveniles are underlined 
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LINTON 2 HIERARCHY 

.!.m. 

1 09 .  

Figures represent the number of t imes a bird won or lost 
an encounter with the score recorded against the los �r . 

WINNER 

03 00 Oy . 1 0w 2h; 1 4\v n y  1 7w 6w 

603 

�0 8 2 

a'� 8 6 1 

t1 OvT 6 1 1 5 

� 6'21 ... ., 5 6 2 2 !:(.} 
0 H �lli 1 3 2 4 1 

�lli 4 7 3 1 

�lli 5 1 0  2 5 2 

� .§!! 2 1 

Juveniles are underlined 



Table 22 

FLOCK HIERARCHY 

March-July 1 97 1  

1 1  0 .  

Figures repres ent the number of times a bird vron or lost 
an encounter with the s c or e  re corded against the loser . 

Ub Oy Ky x� · K1 y Ni-t Vy F1 y Sw Ub 

o"Ub 1 2 

o"� 2 1 2 1 

cf'Kz 4 6 1 

�w 6 2 

�K1 y 1 2 2 1 
� 

d".lli'L C/:2 1 1 0 
H 

O'Yz 1 3 1 2  1 0 1 2 

�F1;y 3 9 7 2 

�� 3 2 

�!lE. 4 4 1 

Juveniles are underlined 
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d i s c  vm s pla c ed in the padd o ck ( s ee p .  8 ) t o  help pukeko 

find the· art if i c ial food and thus to provide a maximum 

numb er of int era c t ions . The b irds readily as s o c iat ed the 

d i s c with the food and ran to it 'vhenever it was out . A 

s ampl e of re sul t s  ( Table 23 ) d emons tra t e s  the exi s t enc e o f  

a linear hie rarchy among the flo c k  memb ers even though a 

small n�b er of viola t i ons o ccurred . The hi erarchy was als o 

c omplicat ed by the reb ellion o f  P!w against 2E already 

referred to ( Tabl e 1 7 ) .  Table 23 als o d emonst rat e s  the 

frequently ob served redire ct ed aggre s s i on .  The large numb er 

of interact ions involving 2E were the re sult o f  redi �ec t ed 

aggr e s s ion aft er 2E was unable t o  gain acc e s s  t o  the food 

or was driven from i t . 

Hany o f  the violations were apparently due t o  mistaken 

ident ity , a s  in the extremely crowd ed. s itu<1tion around t h e  

food , a pukeko o c ca s ionally pe cked a m o r e  dominant b ird from 

b ehind . Thi s bird mad e a short dash away f then turned and 

immed iat ely attacked the bird t hat had displac ed i t . 

In June 1 972 T� rec eived a s evere inj ury t o  i t s  right 

leg and had a pr onounc ed limp# but was s t ill able t o  main­

tain its po s it i6n in the hierarchy even when it was for c ed 

t o  h o p  for a short period . The inj ury gradually h ealed and 

ny b ecame the dominant male i n  the Trap T errito ry . 

4 . 7  Int eract ion Be twe en T errit ory and H� erarchy 

The flo c k  formed in the Hay Paddock and fed in a 

numb er of former breeding t erritories ( s ee p .  20 ) . 

Initially the resid ent birds a t t empt ed t o  defend t h e ir 

t erri t orial boundari e s  agains t  the intruders but by March 

1 972 and 1 973 the Peninsular T erritory had c omplet ely b r oken 

dorm as had the Trap T erritory in 1 973 . Defenc e o f  the Hid e  

T errit ory was also res tricted t o  a ' core ' area ( ' nucl eus area , 

c entred about the previous s eason ' s  ne s ting s i t e s ' ,  Gullion , 

1 95 2 )  by April in all years and the flo c k  fed freely in all 

areas of the Hay Paddock previously includ ed in all the s e  

t errit orie s .  T o  invest igate the effe c t s  of territory , prio r  

re s id enc e and distanc e from n e s t  s i t e , o n  the s tatus of t h e  
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LAilLE 2 3 

H lw Ow 
Hl·..r 

0<.' 2 z 

K,.• ! 3 1 0 7 

1 Ly 

2 E 

P h· 

T l y  

l T,.. 

Rlw 

1 2>.' 
Qw 
Lly 

l Fy 

l Ey 

l L"' 

Vly 

l V..-

Vy 

l C y  

Z w  

Nlw 

I y  

5 1 0  5 

6 1 2 6  
!I l l 1 1 

I 2 ! 2 2 

2 4 2  6 8 2 

s l 6 a 

1. 6 2  3 s 2  
2 4 2  6 g 2  
3 5 2  3 4 1 

l 4 1 2 3 1 

3 5 2 t s " 

" s " 2 3 1 

3 3 

2 s 3 1 2 1  

5 1 0 5 " 4  

1 3 2 z 2 

5 7 2 1 2 1 

1 1 

t 
FLOCK HIER1fHY APRIL 1 9 7 2  

Food i n  H i d e  T e r r i t ory 
WU.""NER 

Kw K 2E Plw T l v  1T._. Rlw 

1 1 

3 9 6  '1 

2 5 l 3 4 1 " s 1 

3 1 0 7  sts 6 2 7 5 2 3 1  l z l  

I 1 
I 1 

23 ! 
7 9 2 
� 7 2 
6 6 
� s � 

" 4  

5 6 1 

1 1 

3 3 

" s i 

5 5 

3 4 1 

1 z : 6 6 " 4 

1 1 1 2 1 s 1 0 1 1 .. 1 4 

' 1 2 5 " 1 s 11  6 1 1 5 1 1 1 1 
I 1 I "J. 6 :< S'5 I 5 7 2 • 5 I 

1 1 

! 1 I Il l 5 5  5 7  2 3 6 3 3 3 

2 2 1 � s 1 7  1 9 2  1o 1 2 2 

7 g 1 1 9z 0 2 1 11 2 1 58 3 " s 1 

1 1 1 szo t 1 7  1 sr 6 1 6 g 3 

2 2 1 1 2 z 

2 z 1 71 9 2 6 6 6 1 3 7 1 3 2  

2 2 5 5 

1 3 2 1 21 4  2 5 6 I 
•

s t 
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birds in the flock,  artificial food vras plac ed in different 

areas oi the Hay Paddock on different days and results 

tabulated monthly ( Table 23 , Appendix 4 ) . Host feed ing was 

done in e ither the Hide or Peninsular Territorial areas but 

food was als o placed on the old b oundary between the s e  

territories  and in what later became the Trap Territory . 

The results show a strong correlation b etween terri­

torial membership ( and thus prior residence ) and sta�us in 

the flock . (JI'lembership of all study territories is given 

in Table 2 5 ) . The regular members of the Hide T err:ttory ,  

Hlw, Kw , 2£ and Pl w ,  were higher in status in their mm 

territorial area than they were in the Peninsular t erritorial 

area l·rhere Mlw and Ow ivere 'iominant . This applied particu­

larly to the dominant male from each territory who was 

complet ely dominant over all birds ( territorial and flock ) 

in his o-vm territorial area . This included Ry rrhen the 1 972 
flock Qivided ( se e p .  22 ) �s , although most flock members 

were not banded , Ry was able t o  hold artificial .food against 

all birds in the ivestern ' Territory ' , part of the Rough 

Paddock . 

T emporary male members of the Hide Territory ( J/w ,  /Ly 
and Uy ) also ranked higher in their O"''Tn territory than in 

the Peninsular territorial area . The Hide Territory birds 

were lowest in status when the food was far from their 

territory ( e . g .  June ) ,  and did not go to it when it was in 

the area that later became the Trap Territory . 

The females of the t erritories did not have constant 

status throughout the year . vfuen the flock first invaded 

their t erritories , they ranked highly but slowly dropped in 

status . However , dominant females in each territory 

dominated all other females in their area at all t imes . At 

first , birds from the same territory a cted together to dis­

place other birds , and thus low status birds gained access 

to the food in the presence o f  higher ranked non-t erritorial 

birds . This would explain the frequent violations between 

the Hide T erritory and flock b irds , especially the juvenile 

R/w. Dominant males oc casionally tolerated their own 
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j uveniles and females at the same pile of food in March and 

April . For example ,  H lw allm·red R lw and o c casionally 2E a t  

the f o o d  vrith it ; and Mlw t o l erated L ly and Nlw and 

o c ca s ionally O w  also . Some evid ence for combined act ion 

of b irds from t h e  s ame t erri t o ry was s e en when the d ominant 

male (/-{fw ) d id not appear at the food ( Appendix 4g) . On 

that day , Kw was the only Hid e  Territ o ry bird t o  s pend any 

t im e  at the food and suffered status violations t o  Q T w  and 

TZw, which wer e not repeated at any o ther t ime . S imilarly , 

the f ew ob servat i ons o f  Hlw d isplac ing Mlw when the f o od 

vras in t h e  Peninsular T erri t o ry were bel i eved t o  b e  C.ue t o  

the pre s ence o f  Kw a t  t h e  f o o d  with Hlw .  

By Augus t ,  Hide Terr i t o ry b ird s vrere agai n able t o  

de fend their territ ory a nd artific ial feed ing i n  this part 

of th e lfuy field produc ed o nly t erritorial int era c t i ons . 

Art i f i c ial food in the Peninsrtlar Territ ory s t ill attrac t ed 

most o f  the Hid e T e rritory b ird s although even Hlw was 

attacked by previously subordinat e birds which lat er b eca� e  

memb ers of the Peninsular Terr i t ory .  

Apart from the above , int eract i ons betwe en memb ers of 

the flo ck wer e r elat ively constant , although minor change s 

o f  s tatus did o c cur among bird s  at the b ott om of the 

hi erarchy - e spe cially ry • The only triangular relationship 

evid ent involved P/w ,  /Zw and 2E when food was put on the 

boundary b etwe en the Peninsular and Trap Terr it ori es . 

4 . 8  Relationship of Status t o  Sex and Age 

As a general rul e ,  within t errit ori e s  mal e s  d ominat ed 

female s , but there were exception s . In the Hid e  T erritory 

in 1 970 ( Tabl e  1 7 ) ,  2J was d ominat ed by the two adult 

femal e s , 28 and 2C . However , 'i'l'hile 2J was d efinit ely an 

adult male , i t s  previous his t ory was not knovm and i t  was 

expell ed from th e t errit ory b efore the chicks hat ched . L1 
1 972 , Uy whi ch was similarly expelled during the breeding 

season ( although it wa s aft e r  the chicks hat ched ) ,  was sub­

ordinate to the adult fema l e s , P!w and 2E , during the 

breeding s eason . Uy had d ominat ed 2£ prior to the b r e ed ing 
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s eason and had been admitted to the territory during the 

previouf, w·int er . In all other cases , adult males dominated 

all females . 

The evid ence o f  the Northern ru1d Southern T erritori es 

( Tabl e s  1 8  and 1 9) suggests that juvenil e femal es initially 

dominat ed juvenile males but that this was revers ed at about 

ei@1t months of age . Int erac t ions are few and results differ 

from Linton ( Tables 20 and 2 1 ) where all males dominated all 

f emales in the same age class . Older chicks dominated 

younger chicks of the same s ex at b oth Linton and Pukepuke 

( Tables 1 8 ,  20  and 2 1 ) .  
Males d ominated females in  the flo ck as in t erritories , 

but this vras c omplicated by the effects of t errit ory and 

prior residenc e .  Thus in the Hid e  t erri torial are a ,  2£ and 

P! w vrere able to dominat e adult males (Appendix 4 )  but only 

in the months imme d iat ely after t erritorial defence c eas e i . 

Adults dominat ed init ially , but J UVenil e male s  ( e . g . ! Ww and 

/Zw) vrere abl e  to dol:'.inate adult females in lat er months 

( Appendix 4 ) . The exc eption to these generalizations vTas 
Rlw, a j uvenile f emale , which . at first vms abl e  to  dominate 

b oth adults and juveniles , but only in its natal territorial 

area . 

4 .  9 Relationship o f  Status t o  \veight s.nd Shi eld Size 

The weights and shield measurement s  of all birds in the 

territorial and flock hierarchies are given in Tabl e 24 . 
There is  correlation b e tween b ody weight and status although 
oth er factors such as prior residenc e c omplicat e this and 

have already been d i s cussed . Using culmen length x shield 

widths as an . index of shield area , the correlation between 

shield size and status is  more evident but it is again 

affected by prior residence . Juvenile s  are excluded as  

their measurements were continually changing . 

4 . 1 0  Experimental Results 

Because the red c olour of the shield and b ill was 



Table 2 4  CULMEN SIZE AND BODY �."EIGHT 
IN RELATION TO STATUS 

Birds are listed in order of status with juveniles and 
yearlings underlined . Measurements were taken at different 
t imes of the year for different birds . 

Hide Territory 1 972-73 

Culmen Size 
Length \'lidth 

Body \veight; 

mm mm gm 
H1 vu!' 76 . 95 3 1  . 05 1 1 20 
Kwd" 75 . 54 28 . 36 1 0 1 0  

P1 w� 65 . 32 23 . 34 985 
2E� 65 . 30 23 . 06 860 

R1 w� 6 4 . 48 1 8 . 92 820 

Northern Territory 1 972-73 

�id" 8 1  . 68 34 . 88 1 1 60 
Twd" 74 . 1 2  29 . 5 2  1 070 

Pw� 68 . 70 25 . 72 . 956 
J:Sv1� 69 . 22 23 . 64 920 

1 Bwd' 70 . 34 2 1 . 84 940 
.!ill!� 66 . 48 25 . 88 870 
1Xw� 5 9 . 52 1 7  . oo 750 

Southern Territory 1972-73 

Awe!' 75 . 1 0  30. 36 1 060 
Eye?' 70 . 1 6  25 . 94 995 
By� 68 . 40 26 . 50 880 

S 1 w� 68 . 84 24 . 86 825 
1 Pwdf 68 . 96 24 . 72 945 

lli:!� 60 . 20 20 . 92 770 
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Flock 1 971 

Culmen Size Body \'/eight 
Length Width 

mm mm gm 

S!zd' 67 . 46 20 . 62 980 
I&:_cf 66 . 66 23 . 34 870 
Xw6' 69 . 80 24 . 92 925 

� 62 . 68 23 . 44 920 
Nwc:f 66 . 78 24 . 82 860 

!2...Y� 6 1 . 70 1 9 . 64 72 5  
Sw� 64 . 62 2 1 . 84 785 

Flock 1 972 

H� -vrO' 76 . 95 3 1 . 05 1 1 20 
M1 wd' 75 . 46 29 . 26 1 020 

Kwd' 75 . 54 28 . 36 1 0 1 0  
Owd" 70 . 58 24 . 24 985 

T 1  yif 71 . 78 24 . 60 1 020 
i Two" 7 1  . 1 8  25 . 54 1 060 
Q1 wd" 71 . 68 26 . 86 1 03 5  
.LZwcf 

70 . 48 25 . 38 1 030 
1 �/wet' 69 . 28 23 . 64 1 030 -

Qwf 68 . 64 28 . 1 8  880 
P1 wo 6 5 . 32 23 . 34 985 

+ 
2Eo 65 . 30 

+ 
23 . 06 860 

llid' 70 . 42 24 . 88 930 
J1'.y:if 6 7 . 1 2  2 1 . 1 2  890 
1hd' 6 5 . 78 23 . 24 955  
llio 

+ 
66 . 94 2 1 . 76 880 

J::Lo 
+ 

6 5 . 94 22 . 88 875 
Zw9 6 5 . 48 22 . 60 800 

� 62 . 74 2 1 . 02 875 
N1 w9 6 2 . 82 20 . 92 76 0  

� 66 . 92 2 1 . 58 895 
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assumed to be important in aggressive displays ( p. 80 ) , 

thes e  parts of Hlw , the dominant male of the Hide Territory, 

were painted black. It was expected that : 

(i ) This would make Hlw less effective in aggressive 

displays . 

(ii )  I t  would alter a chara�teristic us ed for individual 

recognition and hence cause a change of status. 

On the .:iay of painting , Hlw did not appear in the Hay 

Paddock (Appendix 4g) but interacted with the other members 

of the Hide Territory, all of \·Thorn reacted submissively. 

The morning following painting (Appendix 4h ) , Hlw moved out 

as usual with the other members of the Hide Territory and 

went to the food in the Peninsular territorial area . Six 

birds from the flock initially displaced H!w but were 

immediately attacked and defeated . Mlw , usually dominant 

to  Hlw , even avoided it when it was fe eding with Kw at the 

second pile of food. The afternoon after the painting, food 

was put in the Hide territoriaJ area and Hlw suc cessfully 

dominated all birds and was not attacked by any (Appendix 

4f) .  vli thin eight days , much of the black paint had 1vorn 

off and it was completely gone 20 days after application . 

4 . 11 Relationships Between Ranl: and Departure Dates of 

Juveniles 

These results apply only to Linton because juveniles 

at Pukepuke were retained in their natal territories . In 

1 971 , only one chick ( 7w) survived in Linton 2 ,  the other 

being killed on the road . In Linton 1, three chicks were 

still alive in June, and the t erritory dissolved in August. 

Ow which appeared t o  be the dominant j uvenile (Table 20 ) 

left the territory in June and moved t o  Linton 3 . 4 w 

departed when the territory dissolved but 08 remained for 

a further three weeks. 

In Linton 2 ,  1972 , six chicks were successfully raised 

(the seventh again killed on the road) and the most dominant , 

Oy , left the territory on 1 9  September 1 972. The remaining 
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j uveniles left b etwe en 24 Octob er 1 972 , and 2 Novemb er 1 972 , 

although 2/w l eft the t erritory , returned and finally 

d e part ed vri th the others as di s cussed earlier ( p .  3 1 ) .  Two 

of the chicks in Lint on 1 in 1 972 'I'Tere no t band e d . Ho1r1ever ,  

the most dominant j uvenil e ,  9y , l e ft the territ ory a month 

b efore the two unband ed ones . Tl··.e youngest three j uvenile s  

were the last t o  leave - almo s t  s ix weeks after 9y . Thu s , 
in general , the mos t  dominant j uveniles l eft the territ ory 

fir s t  but the remaind er usually left "tvi thin a short t ime o f  

eac'l o ther . 

4 . 1 2  Relati onship Between Rank and Leadershi12. 

Results were kept of the or�er in which flo ck pukeko 

appeared in the Hay Paddock and t he ir pos itions were mapped 

at quart er-hour int ervals . No patt ern of entry to t h e  Hay 

Padd o ck emerged o ther than that Mlw was c ons ist ently one of 

the last t o  appear , but , in gen �ral , all bird s emerged 
within a few minute s  of each other and in groups . The 

c omposition of th es e groups app eared arb itrary and changed 

constantly . Onc e  in the Hay Paddo c k ,  the birds dispers ed 

throughout the area , usually feeding in groups whi ch vTere 

inc onsist ent in memb ership . The loive s t  ranking b irds , 

e s p ec ially Nlw , Zw and 1Cy , were always furthe st from the 

d ra in while M/w was nearly always clos e s t  to the dra in . vfhen 
art ific ial food "t-Tas supplied , the lmvest ranking birds , Nlw , 

Zw, 1Cy and (y , were frequently unable t o  gain a c c e ss t o  :t t 

and dispersed int o the paddoc k . A s  the piles decreased in 

s i z e , more and more b ird s drifted out further into the 

pad d o ck forc ing the lower ranking b irds s t ill fUrther from 
c ove r .  In July and Augus t ,  Nlw wa s at the great e s t  distance 

from the dra in in all watche s and was frequently 1 5-25 metres 

further than the next bird . 

Thus , in general , the dominant b ird l'Tas the last t o  

app ear and the lowe s t  ranking bird s  dis persed furthe s t  from 

cover but for the ma j ority of the flo c k  no obvious pat tern 

emerged . 
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4 . 1 3  Dis cus s io n  

The us e o f  art i fi c ial food t o  inve s t i gat e hi erarchi e s  

has b een cri t i c is ed ( e . g . Ridpath , 1 972 ) as an unnatural 

s i tuat ion which produc es abnormal b ehaviour and the fabri­

cation of a h i e rarchy wh ich d o e s  not exist in natural 

unc rowded s ituat ions . Hm·rever , b ird s fre quently d o  crm·rd 

around natural food ( Willi s , 1 96 7 ;  Raveling ,  1 970 ) and 

pukeko d id naturally c ro1·1d in barl ey field s ( p .  1 8  ) . Als o , 
. 

a hi erarchy was suspe c t e d  prior t o  art ifi c ial feed ing and 

was s imply c onfirm ed by i t . Many int eract ions were s e en 

away from food or in the abs enc e o f  i t  and the s e  agreed w ith 

the ord er obt a ined using art if i c i aJ. fo od . 

The b ehaviour s e en around the fo od was as exp e ct ed 

where individual a is tanc e was greatly r educ ed in that 

appea s ement p o st t�es involving the rapid removal of b ill and 

shi eld from the opponent ' s  view , such as Head Fli ck and 

Facing Avray , wer e  c ommon . The p c s ttu·e mo s t  s een in all 

s ituations was the rai s ing of the tail , a nd fre quently ·�he 

wings as l'lell , ana. l<1oving A-vmy from the opponent . In a 

t e rritorial s it uat ion where the t irds were in constant con­

tact , this was short ened t o  s imply rais ing the tail to a 

d ominant . 

The high frequency of Crouching and Head Flagging i� 

the t erritorial s ituat ion , even when the young lvere more 

than e ight months o f  age , and the l ow frequency o f  the same 

d i s playt i n  t he flock , vThi ch contained a large numb er of 

j uveniles of s imilar age ( s e e  Tab l e  3 ) , suggests that y oung 

retained in t erri torie s  ext end the us e of juvenil e b ehaviour 

patterns . Thi s r e t ention of j uvenile b ehaviour is pre sumed 

t o  produc e t ol eran c e  o n  the part o f  adult memb ers of the 

t errit ory and hence allow c ont inued r e s id enc e in it . 

The BovT was the mo s t  common and mos t  subm i s s iv e  frontally 

orientated p o s ture in the t erritvrial s ituation and the u s e 

of Bm'ls , Head Flicks , ' Anx i e ty ' Upright s and Fac ing Away i n  

a l l  hierarchical inte rac t ions c onfirms t h e  pri o r  evi d enc e 

( p .  82 ) that the s e  are extremely submis s ive displays involv­

ing a large element of e s cape . Similarly , the high 
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fre quency o f  ' Aggres s ive ' Upright s by the more dominant bird 

sub s tant iat e s  the vi ew that this was the s impl e s t  l ow 

intens ity aggr e s s ive d i splay . Thi s i s  as sumed b ecaus e in a 

h i erarchy int e ra c t ion vrhere status vms already d e t ermined , 

a di splay of low aggressive inten � Jity was all that was 

required to d i s place a sub ordinat e .  Only if this d is play 

involving the minimum exp end itur e of energy was ignore d , d id 

the d ominant resort t o  a more aggre s s ive display . 

The fac t  that the wing and tail pasture o f  sub o rd inat es 

was always more elevat ed than that o f  the more dominant 

b irds is further evid enc e that te.i l  c olour has evolved for 

appeas ement and t hat the rais ing o f  the vTings s erves only 

t o  incr eas e  th e d ominant ' s  vi ew o f  t hi s  s ignal . · 

The ob s ervat ion that dominant s s ometimes rai s e d  the i r  

tail s  when pas s ing sub ordinat e s  d o e s  n o t  ne c e s sarily confl i c t  

with t h e  the o ry of \'ling and tail posture s ,  be cause such 

b ehaviour oc curr e d  mainly in the bre e d ing s ea s on and was 

c orr elated with t h e  part ial di sappearanc e of hi erarchical 

b ehaviour . It i s  obvious that ind ividual dis tanc e and 

aggr ess ion b etween the s exes needs t o  d e c rea s e  at this t ime 
i n  ord er to fac ilitat e suc c e s s ful bre ed ing . This would 

explain why d ominant males tol erate d  femal es at the sam e  

food pil e during thi s  period . This the ory c ould als o  b e  

ext ende d  to explain the out-of- c ontext tail ra is ing b etw6 en 

male s  of the same t erritory , as all adult males h el p  w i th 

incubation ( s e e  p .  1 88 ) . Therefore , it i s  as sumed that 

aggress �on on the part of the dominant male t oward s sub­

ordina t e  mal e s  would also need to be r e duc ed or the 

subordinat e male ( s )  would not approach the nest for incu­

bat ion when the d ominant male was pre sent . In fac t , wher e 

male s  were a c t ively d isplaced by dominant male s  during the 

breed ing season, e . g .  Jlw and /Jy , they did no t incubat e  or 

took very little part in incubation ( s e e  p .  1 88 ) .  

Another factor likely t o  prvduc e  the rais ing o f  the 

tail by a d ominant when pa ss ing a s ub o rd inate may have b een 

a n  ambivalent att itud e on the part o f  the dominant t oward s 

a s trong rival . Thus i t  c ould b e  d e emed advantageous for 

th e dc!::inant to d i splay a submissive s ignal to an immedia t e  
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subord inat e when the d ominant i s  in a d efenc e l e s s  s ituation 

such as walking immediate ly ahead o f  the subord inat e .  

Failure t o  d o  this c ould provoke attack by the sub ordinat e 

a t  a t ime when maximum energy and co-operation were re quired 

for breeding . The s e  pos tula t e s  would explain why a dominant 

rai s ed its t a il in the i1mned ia t e  vi c inity of a rival or a 

memb er of the o pposite s ex , but not t o  a bird o f  markedly 

l ower rank . 1-1cBr id e e t  al ( 1 96 9 )  found that f owl s ' lo s t  

status ' i n  a numb er o f  s ituations , ona o f  i-vhi ch was running , . 
when b irds were frequently attacked by sub ordina t e s  from 

b ehind . Thus the dominant � ukeko c ould lose status when 

immediat ely in front of the h ead of anot her and hence res ort 

t o  submis s ive tail rai s ing . 

Further evid enc e for the previ ously estlinat ed mot iva­

t ional bas is o f  d i s plays is obtained from the b ehaviour 

a s s o c iat ed with admis s ion t o  and expuls ion from a h i erarchy . 

Birds entering a hi erarchy used a high proport ion o f  appease­

ment displays that ivere not given by exp elled b irds vrhich 

reverted more and more to higher int ens ity e s ca p e . Thi s i s  

c o rrelated with t h e  d ominant b ird ' s  b ehaviour Hhi ch d eclined 

in aggress ive intens i ty when a new b ird was a d�it t ed , and 

ros e in aggre s s ive int ensity ( as sho1m by a high frequency 

of Charges and Splatt ers ) '\.;hen a bird i•ras expelled . 

Collation of all behavioural int eractions d emonstra t e d  

a linear hi erarchy within all groups . !Jiovement s o f  birds 

were no t at random with r egard t o  neighb ours a nd t otal agree­

ment was obtained from the two crit eria - avoidanc e and 

aggre s s i on .  Many other authors ( s ee p .  1 24 )  have demonstrat ed 

a s imilar hierarchy in o ther birds . 

A number o f  hierarchi cal violat ions were rec o rded . 

However , it is pos s ible t hat s ome of the s e  were observati onal 

errors , the mo s t  likely o ne b eing the mis int erpre tat i on of 

s ituations where a dominant l eft food of its own acc o rd and 

a s ub ordinate immediat ely t ook i�s plac e .  Sabine ( 1 95 9 ) 

rec ords a s imilar problem . Another s ourc e  of violations was 

mistaken id ent ity and thi s further s tress e s  the d i sadvantage 

o f  a d ominant close t o , and with its back turned t owards a 

subordinat e .  This would b e  l ikely if the charact erist i c s  
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use d  :for individual ident ification are all centred on the 

head and the attacks on Hlw by s ix sub ord inat e s  a ft er itti 

shi eld and b ill were paint ed suggested thes e charact ers are 

important for rec ognition . Guhl and Wo od-Gush ( 1 953 ) and 

Guhl and Ortman ( 1 953 ) have shown that c omb s and other head 

f eatures are important for rec ognition in fowls . A f ew 

violat ions w·ere the re sult of att empt ed rebellions , whil e  

others were the re sult o f  t h e  c ombined e ffect o f  memb ers o f  

the s ame t erritory . Raveling ( 1 970 ) dls o  found int era c t i on 
. 

between memb ers of the s ame family in Canada ge e s e : the 

goo s e  famili e s  remained ana fought as distinc t units whereas 

with pukeko , familie s  ( o r  t erritorial groups ) n ever reac t e d  

t ogether as a unit and only rarely did one memb er h e l p  o r  

tolera t e  another . 

As far a s  i s  kno'lm , Ridpa th ( 1 972 ) i s  the only other 

worker to inve st igat e a po s s ible 

Tri h onyx . Although he d e s c rib ed 

one b ird hold the same s tatus it 

have b e en caus e d  by exp erimental 

us e d  art ific ial food pil es large 

the t e rrit ory t o  feed t ogether . 

hi erarchy in a ra il , 

a hi erarchy �<There m ore tLl.an 

i s  sus p e cted that this may 

1ne thod . Ridpath ( pers c omm . ) 
enough for all b irds from 

Thus it is assume d  that 

even though a c omplet e hi erarchy exis t ed , the b irds -v;ere 

abl e  to feed ,,,h ere they cho s e  and henc e intera c t ions b etween 

many b irds were not obs erve d and a partial hierarchy re sulted . 

Us e o f  small er food piles where b irds wer e forced t o  s upplant 

each o ther c ould b e  expe c t ed t o  give a differ ent result . 

Ricpath d id not s e e  any obvious hi erarchic al int er­

act ions away from art ific ial food but as ment i oned previously 

( s e e  p .  93 ) ,  b mdng b etween members o f  the same t errit ory was 

ob served and b e c ause thi s  usually happened when b irds met at 

a d i stanc e ,  Ridpath as sumed this bowing t o  b e  a ' Gre e t ing 

Dis play ' of unknown s ignifi canc e .  Pukeko fre quently Bowed 

t o  a dominant member of the t e rrit o ry , this b e ing mos t  

c ommon when b ird s were at a dis t�nc e ,  and thi s therefore 

sugges t s  that the ' Greeting Display ' of the Tasmanian Hen 

c ould have been an int era c t i on b et�qe en a sub o rd inat e  and a 

d ominant . I f  this analogy is c orrec t , further d oubt i s  

throv�l on Ridpatt ' s  sexing o f  Tasmanian Hens . He r e c orded 
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that male Tasmanian native hens bowed t o  femal es as 

frequently as the c onvers e oc curred .  In pukeko the femal� 

was a lmos t  always subordinat e to males in the same age clas s 

which i s  also true f or Tasmanian native hens j udging fr om 

the partial s tatus results ob ta ined by Rid path ( 1 972 ) .  So 

the anomalous s ituation o c curs where the dominant mal es gave 

a subord inat e d i s play t o  females as frequently as the sut­

ord inate females gave the sam e display t o  the higher s tatus 

males . It is there fore poss ible that many of the bird s that 

Ridpath as sumed were males were in fac t  females . 

Gullion did not quanti�·y status in c oots but no ted t hat 

sub ordinate females Bm·re d at the approach of the more 

d ominant male , ( d i s cus s e d  on p .  88 ) and des cribed females 

in a Swimming Arch ( Tail Up ) in front of males . Thi s  i s  in 

t otal agreement �r:. th my re sults but conflicts ¥ri th the 

behavioural observat ions of Ridpath . 

4 . 1 4  Int eraction of Hi erarchy and T err it ory 

At any one s ite a linear or abs olut e social hi erar chy 

exis t e d  in the pukeko , but status vari ed with s i t e  and hence 

in reality a relat ive s o c ial hi erarchy ( Leyhausen , 1 971 ) 

existed . Thus a t  Pukepuke , the fl ock invaded part o f  the 

Hide T err itory in all years , part of the v/e st ern Territ o ry 

j_n 1 972 , all o f  the Peninsular Territory in 1 972 and 1 973 

and all the Trap Territory in 1 973 . ��ile it is po s s ible 

to stat e that the Hid e  T errit ory and \lle s t ern Territ ory wer e 

held all the year round b e cause an inner ' c ore ' area was 

always defend e d , this cannot be claimed for th e Peninsular 

or Trap Territories which were c ompl et ely invaded . But 

even though trespass �;as c ommon , the results s hmv that t h e  

dominant male of the t erritory was able t o  dominate all the 

trespa s s ing birds , and the dominant female was able to 

d efeat all trespa s s ing f emales . In many months , espec ially 

early in the year , the o ther members of the t errit ory were 

abl e t o  d ominate all trespa s s ers o f  the sa.:c:.e sex and age 

cla s s . Therefore , if t errit ory is d e fined as • a  spa c e  in 

which o r- e  animal gen erally dominat es others which b e c ome 
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dominant elsewhere' (\'lillis , 1 967 ) , the territories can be 

said to have been permanent because there was a reversal of 

dominance ,  with birds dominant in their previous territorial 

area but subordinate in the territorial area of others . 

This will be discussed further in chapter 7 . 

Other workers (e . g. Dixon, 1 96 5  and other referenceE 

in Willis, 1 967 )  have demonstrated a dominance order 

related to distance from the nest site . In all cases, the 

higher status near the nest site may haqe been due to prior 

residence, or may have been a relic of ' territorial' 

behaviour, or may have been caused by both of these .  Because 

status of the previous territorial members declined with time 

anC. territory was re-established su.ddenly at the · beginning 

of the breeding season prior residence appears the �ore 

likely . Prior residence has been shown to affect status in 

caged birds (e . g .  Guhl & Allee , 1 944 ; Collias, 1 952 ; 
Wood-Gush ,  1 95 5 ;  and many others) . 

Various factors have been sho\m to influence the status 

of a bird . These include sex, age, size, l'leight, plumage 

and other bodily characteristics , prior residence, sexual 

state and physiological state. 

In most studies, males dominate females but this may 

be altered by the sexual state of the female . �ale 

domination has been demonstrated in domestic hens , Gallus 

�llus (Guhl & Allee , 1 944 ; Guhl, 1 95 4 ; and others ) ,  feral 

hens (McBride et al , 1 969 ) , chaffinch, Fringilla coelebs 

(�mrler, 1 95 5 ) , mountain chickadees, Parus gambeli (Dixon, 

1 965 ) ,  blackcapped chickadees , Parus atricapillus (Hartzler ,  

1 970 ) , Australian magpies, Gymnorhina tibicen (Carrick, 

1 963 ) , white wagtails , Notacilla alba (Zahavi . 1 97 1  ) , red 

grouse, Lagopus lagopus (ivatson & Jenkins , 1 968 ) , American 

robin , Turdus migratorius (Young , 1 95 6 ) and many others , in 

most primates (Bernstein , 1 970 ) and , in fact , in most 

vertebrates (Allee , 1 950 ) . How·ever, sex status reversals 

are reported at the beginning of the breeding season in some 

birds: e . g .  chaffinch (Marler, 1 95 6  and other references 

in Allee , 1 950 ) . In other species, males cease to exert 

dominance over females during the breeding season (Allee, 
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1 950 ) or females as sume the same status as their mates 

(McBride et al , 1 969 ) .  In primates , females in o e strus 

assume the same status as their mates ( Yerkes , 1 943 ; Camb ell , 

1 96 6 ; Bernstein, 1 970 ; and other s ) . S imilar results were 

obtained for pukeko in that there were fewer interactions 

during the breeding s eason and females were frequently 

t ol erated at the same food by a !Gale , as discussed earlier 

{ p . 1 1 3 ) . 

The exi8t enc e o f  hierarchies with status related t o  s ex 

may have affected tra pping of pukeko . As traps were baited 

and subordinat es avoided dominants ,  it is poss ible that 

t rapping could have b e en bias ed �n favour of males . Thi s  

i s  thought to have b een overcome by repeated t rappinR i n  the 

same area . 

The age of pukeko affec t ed status in that young were 

always �ubordinate to adults until full breeding s tatus was 

obtained , but little is known regarding the effe c t  of age 

on s tatus in other b ird s  as mos t  s tudies have confined 

results to birds of s j_milar age in art ificial pens ( Guhl 

& Allee , 1 944 ; Guhl ; 1 950 ; Wood-Gush , 1 95 5 ; Ritchey , 1 95 1 ) 

o r  restrict ed observat ions t o  adults only ( e . g. Sab ine , 1 959 ; 

Dixon , 1 96 5 ; Brown , ·j 963 ; Hartzler , 1 970 ) . Emlen ( 1 93 9 ) 

reports that older quail Lophortyx californicus , generally 

rank hig�er , and Raveling ( 1 970 ) demonstrat ed that adults 

d ominated j uveniles in Canada geese , Branta canadensis , 

although the s ituat ion vras c omplicated by family group s tatus . 

The d ominanc e of adults over j uveniles was als o  shown for 

feral fowl. (McBride et al , 1 96 9 ) , and in kookaburra , Dac elo 

gigas ( Par.ry , 1 973 ) . In primates , adults clearly dominat e 

j uveniles ( Bernstein ,  1 970 ; Kummer , 1 96 9 ; Sugiyama , 1 96 9 ; 

Kaufus en , 1 96 9 ; Sade , 1 969 ; and others ) although in Hanuman 

Langurs , Presbyt i s  entellus , the situation i s  complicat ed 

by filial tolerance ( Sugiyama , 1 96 9 ) . In fre e  ranging 

Rhesus monkeys , Sade ( 1 969 ) demonstrated that even though 

young s tart fight ing as infants or yearlings , their rank is 

predetermined by their mother ' s  rank . Similarly , on reach­

ing maturity , the adult female ' s  rank i s  still determined 

by her mother ' s  rank . No s imilar results were f ound with 
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pukeko although juveniles in the flock tended t o  rank 

highest when in their natal t err�tory are a ,  and status was 

affecteQ by the presenc e  of other memb ers of the t erritory 

( cf .  Rl w ) .  
Domestic chickens begin fighting for status at 5-7 

weeks of age and have a stable dominance order at about 8-1 0 

weeks ( Guhl , 1 96 4 ) . However ,  as thes e were isolated flocks 

of chicks , nothing is knovm about the effects of parental 

status or ot!r er factors in the development of the hierarchy . 

McBride et al ( 1 969 ) record hierarchies developing within 

broods of feral domestic fowl and Cullen ( 1 95 7 )  reports a 

peck order b etwe en nestling kitt iwakes , Rissa tridactyla . 

vo.n Lmvick-Goodall ( 1 968 ) reported the interesting phenoJTlenon of 

juvenile chimpanzees , Pan troglodytes , hiding behind adults 

( especially mother ) of high s tatus when fleeing from a 

j uvenile of higher status and in many cas es even threat ening 

the more dominant individual while sheltering . Similar 

cases  of sheltering b ehind individuals of higher status have 

not been report ed in birds although there is s ome c omparison 

in Canada geese  (Raveling , 1 970 ) where a hierarchy exists 

between family groups w ith status partly dependent on that 

of the adult male but more on the size of the family group . 

Here all members of the family shared equal dominanc e 

status but the dominance posit ion decreas ed on separat ion 

and increased upon unification . ( It should be noted, however , 

that in the case cited by Raveling , it 1·ras not known lofhether 

the ' family ' groups were actually related individuals ) .  

However , from thes e cases  it is obvious that an individual ' s  

status can depend on the pres ence of other individuals near 

it . No comparable results  vrere obtained for pukeko in intra­

group behaviour , but similar results were obtained in inter­

group encount ers ( s ee  p .  1 48 ) . 

The initiat ivn of dominance in chicks of feral fowls 

was foJ.,_ovred by r1cBride et al ( 1 969 ) . Fighting ( both play 

and dominance )  began at four weeks but McBride did not stat e  

if a hierarchy wa� formed within each brood . Aft er weaning , 

the broods t ended to r emain distinct until about 1 7  weeks 

when males changed rank ; pullets ( juvenile females ) were 
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integrated into the adult female hierarchy on reaching 

s exual maturity . Hierarchies  have been reported in young 

mammals in the form of teat orders for pigs ( McBride , 1 963 ) 

and cats ( Leyha.us en , 1 97 1  ) • 

The correlation of  rank and weight has also been 

demonst rat ed for other species e . g . Adelie penguin , 

P.vltog;celis ,�.d eli.ae. ( Spurr , 1 972 ) but is  not universal 

( \vynne-EdHards , 1 96 2 ) , and may be a reflection of age . 

Culmen size in the pukeko was also related t o  s tatus and is 

ass1uned to be one of  the mos t  important characteristics us ed 

in individual recognition. Comb size is correlated w ith 

status in domestic hens and presence and size of horns is 

lirked to status in mamm�ls ( e . g .  Ge�st , 1 966 ;  Bouisson ,  

1 972 ) . 

There was only a partial relationship between s tatus 

and flock lead ership . The obse!· red pattern of dis tribution 

of birds when feeding '"as believed t o  be related t o  the 

fact that subordinates were forced to feed further from 

c over and water poss ibly due t o  a ' pushing effect ' ( Leyhausen , 

1 971 ) o f  the dominant male . Hafez  ( 1 96 2 ) , and Leyhausen 

( 1 971 ) have shown a partial correlation between rank and 

leadership in maremals . 

4 . 1 5  Function of Hierarchy 

One of the most important functions that have b een 

postulated for hi erarchy i s  reduction in aggression ( Guhl 

& Allee ,  1 944 ; Raveling, 1 970 ) . Thus the rank of neighbours 

is c onstantly recognised , and behaviour is regulated 

preventing overt aggression . Accordingly memory a nd habit 

reinforc e and may replace aggression which is so important 

in the origin of the social order , and ' social inertia ' 

( Guhl , 1 968)  results . Social inertia of  stable flocks has 

also been noted by other authors (McBride et al , 1 969 ) , and 

occurs because bird s learn and accept dominant-subordinate 

relationships . When these  relationships become habituat ed 

social inertia is operative and promotes stability of the 

hierar·chy . The resulting dispers ion means birds can feed 



1 28 .  

i n  groups without l o s s  of food or inj ury becaus e o f  fight ing . 

This may explain the ability o f  s ome s ick or inj ured birds 

to maintain their s tatus provided fac t ors for recognition 

are unalt ered ( Guhl , 1 964 ) . For instanc e Tly was abl e t o  

maintain its rank d e s pite a s evere l eg inj ury . 

In the pukeko , d ominant s gained pri ority t o  food and 

wat er and also v:rere able to feed in areas c lo s e s t  to c over . 

Sub ordinates wer e for c ed t o  feed in areas furthe st frore 

c over in order t o  feed undisturbed , b�t . were able to j o in 

the flock \vhen predat ors (ha"�<rks ) attacked , and had the 

opportunity to j o in a group for b re ed ing . Thi s  sub j ect will 

be d is cussed further in chapt er 7 .  
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T erritory d efined as ' any d P f end ed area ' ( Nob l e , 1 93 9 )  

i s  vli th b irds on e o f  the most corunon int er-group d ivis i ons 
o f  spa c e  ( �rown and Orians , 1 970 ) , and is an important aspect  
o f  pukeko soc ial organizat ion . Th e crit eria applied t o  

d et e rmine th e exist enc e o f  t erri t ories  '.·rere thos e list ed by 
Hind e ( 1 95 6 )  and Brown and Orians ( 1 970 ) ,  namely : 

( a )  res triction o f  s ome or all types of b ehaviour t o  
a more or less  cl early d ef in ed area , 

( b ) defenc e of that area . 

With th� s e  crit e ria all breeding groups and pairs of puk eko 
d e �  end ed a s et area during spring and early sun:mer , t·u.t l'!O s t  
of thes e t erritories  broke down partly o r  c ompl e t ely a t  other 
t imes of the year . 

Fifteen t err i t o r i e s  ( App endix 3 )  were ob s erved during 
the s tudy and e ight were foll owed in d etail ( Tabl e  25 ) .  Six 
t errit ories were at Linton ( Fig � 3 8 )  and the remaind er at 
Puk epuke ( Figs 3 9 ,  40 and 4 1 ) . At Lint on ·chr ee o f  the t erri­

t ories , 1 ,  2 ,  and 4 , Here ad j ac ent , 11lhe reas the o thers , 3 ,  5 ,  

and 0 ,  were semi-i s olat ed swaop areas . Th e Hid e was pla c e d  
on the b oundary b etv1een t err itories 1 and 2 ,  both o f  vrl:ich 
were d e fend ed at all times of the y ear . Adult memb ership of 
Linton 2 -vras c ons tant , but all b irds from Linton 1 l eft in 

August 1 9 7 1 , and in all th e territori e s  chi cks d ispers ed 
p�ior to breeding each y ear . 

At Puk epuke all territories ad j o ined anoth er on a t  
l east one boundary and vari ed greatly i n  P-1emb ership and d egree 
of breakdown . T errit ories formed from flock birds -
Peninsular , Rough Paddock , Trap , and Corner ( s e e  p . 2 4 ) -

broke d own compl et ely after bre eding . The Hid e and 1.'/ es t e rn 
Territ ories partially broke d own out s id e  the bre eding 
s eason and trespass ing was tolerat ed out side  a ' core ' area 



Table 2 5  

T3R�IT 0::1IES 

SEA S OH 

T:SRRI':'Ol1Y - 1 970 1 9 70- 7 1  "'- ? 7 1 -72 1 9 7 2 -73 

Lint on 1 046' -;(- 0 4 d"  Ub d"  Ubcf 
07� 

-)(- 07o 4 1 y o 4 1 yo 
06 o * 06 � * 9y!f"' 3Ub -.-

·K· 05 ' * 1 o �,,&" '* 2Ub 2Ub -� -X· /j. �vcf' X 6 1  vcr -

..,� 089 ''c 7 1  y_d' 
* 0\·.'0" ·>-'- 8 1  V(_J.. -

Linton 2 03 o" 0 3 6'  03 c! o3d" 
OOo 00 :) OO o OOo 

·)(- 0 1  (?T * 7H(j" ·X· (),r[! 4 Ub' 
0 2o 5 Hrf' 

-�c! ·)(- + .:* 1 C i:t -,.. 7\· 1 1 ye! 
: 6\•!9-
·.oc 1 1� T;J Q 
.. ' 7  9 ··"_l . ::l, _ -)(-2 1 �·.-21' --

Hide Eud" EH cf' H1 Hcl' H 1  -.,-vd" 
H1  Hd" H1 1-rcf' Tr. 1cf' K1·rd' .t':..\' 

2Jd' I 2Jd' ·Y.· J 1 l·ld" I 1 Jyo" 
2BQ + 2BQ 2Eo 2EQ 

·)(- 2 C ' 2E2 P1  \·rg P1 vrg 9-2 E9- P 1 '•lQ R1 '1'l R 1 -r,-r -, -, 4Ub,. 

-
Southern A,..rcf' Avl d' Av.rd' A-r,-vcf' 

2Ko" Ey e? Eyd' Eycf 
Eycl' By� ByQ Byo Byq S hv S 1  vr� S 1  1.;o 

·lE- 21J� T 1 Pvr 1 PrrrCf" 1 1hr_<f 1 Hvv-9-
V-r,v-

2Ub -

No::.�thern Ay cf'l * Aycf' Emf' EHcJf 
T1vd' T-vr f' TT,vc!' Twd' F-d� P\·rq PI·TQ_ P1·l§ 
B\·T BHQ B119- B1·1 

-r· 1 B�·r2f' 1 B1v0f 
L1 HO L 1 i·ro · � 2Ub ' -y- _iill_ -

---



1 30 .  
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Figure 38 Breeding Territories at Linton 





Figure 3 9  Breeding Territories a t  Pukepuke 1 970�1 9 7 1  

W . T .  = \vestern Territory 

N . T .  = Northern Territory 

S . T .  = Southern Territory 

H . T . = Hide Territory 

I . T .  = Inlet Territory 

Wider s pac ed dotting of boundary enclose s  the area 

of greatest use after laying . 
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Figure 40 Breed ing Territori es at Pukepuke 1 97 1 - 1 9 72 

vn . T .  = Willow Territory 

P . T .  = Peninsular Territory 

R . P . T .  = Rough Paddock Territory 

Wider s paced d otting of boundary enclos es the area 

of greate s t  us e aft er laying . 
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Figure 41  Breeding Territories at Pukepuke 1 972- 1 973 

C . T . = Corner Territory 

T . T .  = Trap Territory 

Wider spaced dotting of boundary encloses the area 

of great est use after laying . 
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( t erm i s  Gullion ' s ,  1 95 2 ) . The remaining study t errit o r i e s  

( North ern and S outhern ) w e r e  nore s imilar t o  Lint on i n  th�t 

the b r e e d ing t e rr i t o ry was d e f ended all y ear . Th ere was , 

hov1ever , a t emporal pat t ern · o f  us e in 1 97 1  in t ha t  b o th 

t e rr i t o r i e s  1·rere a c t ively d e f end e d  during the dayligh t , but 

from dusk t ill imm e d iat ely b e fore da1-rn they Here used f o r  

r o o s t ing b y  flock pukeko . 

Tviemb e rshi p o f  the four main Puke puke t errit o r i e s  1tlas 

rel�t ively c ons tant ( Tab l e  2 5 )  although s ome b irds d i sap­

p eared and 1-r ere r e plac e d , and one b i rd , Ew , changed t erri­

t or ie s . Ma j or memb ershi p  chances d i d  o c cur i n  th e W e s t e rn 

T err i t ory in 1 97 1 - 7 2 , wh en c ons i s t ent nes t ing failur e ( s e a  

Apr end ix 6 )  cau s e d  1j- and Sy t o  va cat e the t errit ory . In 

1 972-73 , vlhen the d ominant f emal e d i ed in the t e rr i t o ry , the 

two male s  d e s ert e a , the r emai ning f enal e r e j o ine d the f l o c k  

( s e e  p .  25  ) and th e t e rr i t o ry 1•l8.S ab s o rb ed b y  ne ighb our inG 

t errit ori e s  ( Fig . 4 1  ) .  

5 . 2  Behaviour A s s o c i at ed w i th T e � r i t o rv 

Th e b ehaviour ass o c iated w i th t e rrit o�ial d e f enc e has 

already b e en us e d  to analys e pukeko d i s plays ( Chapt e r  3 ) . 
Terr i t o rial d i s put e s  fall int o two cat egori es : 

( a ) d e fenc e against knm;n ne i ghb ours , 

( b ) expul s i on o f  i t inerant t r e s pas s ers . 

In the J at t er ca s e , b ehaviour 1-ms r elat ively s inpl e : the 

t errit ory memb e r  e i ther Charged o r  Spla t t ere d the int rud er 

caus i ng i t s  r e t r ea t . The t err ito rial b i rd usual ly had w ings 

and tail Fully Do-vm in c ontra s t  t o  the el evat ed H ings and 

tail o f  the int rud e r . The attacking b ird fre Quently c on c lud ed 

with a Wing Clap and call and oft en us ed a Long Call as well . 

Wing C laps and call s w e r e  freQuently us ed by b ird s wi thin 

th eir t err i t o ry and appeare d to ]re c l a im ownersh ip . 

De f enc e o f  t e rr itory aga ins t a kno�m neighb our ,,ras 

usual ly pr o t rac t ed . The boundary appeared t o  b e  knmm by all 

ind ividuals and i f  a b i rd o f  a ne ighb ouring t erri t o ry 

t re S ik:�_; :; -:; d , i t  1·ra s treat e d  like any o ther intrud e r  e x c ept 
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that the attacki ng r e s i d ent usually had el evat e d  idngs and 

t a i l , the d egre e  o f  e l evat ion in� reas ing as it approached 

the b oundary . Usually the n e i ghbouring b ir d  n e e d e d  t o  b e  

wi thin o nly a few m e t res o f  th e b oundary t o  e l i c i t  a - r e s po ns e 

from th e res ident . In this s i tua t i on ,  i f  one b ird attacked 

or ado p t e d  an aggr e s s ive d i s play , the o th er repli ed in a n  

agoni s t i c  pos tur e : t h e  more e qual their d i s t anc e s  from t h e  

b oundary , t h e  m o r e  s imilar th e ir d i s plays . Thi s  is shown b y  

t h e  high freJ.u ency 1tfi t h  whi ch hro d i s put i nc; b i rds H e r e  s e en 

in the s ame d is play ( ' Aggr e s s ive ' Uprigh t s , Hori. z ontal 

Fo! ward s and Depr e s s ed Forward s - Tab l e  8 ) . 
Usually in a b oundary d i s pu·t e one b ird was the c l o s er 

to .th e  boundary , adopt ing a pos ture o :  high e s cape c 0nt ent 

( Tab l e  8 )  b e fore Moving Away . Th is r e t reating bird 

fre quent ly moved only one t o  thr e e  m e t r es , then turned and 

s t o od i� an aggre s s ive d i s play whi ch nor�ally r e sulted in the 

s e c ond bird r e trea t ing and the f ir s t  advanc ing onc e m o re 

thereby produc i ng a nu,vnb er o f  z ig- zag enc ount e r s . 1.·n.1en 

n e i ther b ird r e t reat ed a f i ght resul t e d . 

1ilh i l e  the above d e s c r ib es t h e  gen e ra� na tur e o f  t err i­

t or ial encount ers the ma j o r i ty were ouch mor e  c ompl icat e d . 

T·1os t t e rrit o r i e s  \'le r e  h e l d  by a group ( s e e  p .  20 ) and s o  

b oundary d i s put e s  usual ly involved nore th2n two birds . For 

in s t anc e ,  �fu en o n e  b ird was attacked , its fel loHs aided it 

or nor e than one b ird a t tacked s imult an e ous ly ( Fig . 5 ) . 

Mul t i p l e  t erri t or ial d e fenc e a l s o  o c curr ed i n  na ir t erri­

tor i e s  Hhen young over t hr e e  months o f  age j o ine d in . 

Tre s pass ing by b ird s o f  neighb ouring t e rri t o r i e s  l'las 

c ommon and much �,r ent und e t e c t e d  although feH bird s  t r e s ­

pas s ed m o r e  than a f e w  metre s . Dominant mal e s  patrolled the 

b oundari e s  p e r i od i cally throughout the d ay and Hhen t raps 

1vere s e t  near the b oundaries the s e  fre qu er:.tly caught t h e  

pat r o l l ing cal e from th e ad j ac ent t errit ory . This appli ed 

t o  H/w aud Ew e s p e c ial ly . 

W eather c ond �. t i ons pr event ed b ird s fron d i s c over ing all 

int rus i ons int o th e ir t e rrit ory . The Lint on valley ran 

approx imat ely eas t -we s t  and was , th er e f o re , s t r ongly a f f e c t ed 
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by the preva il ing w e s t erly wind s . B i r d s  fa c e d  int o a s t rong 

w ind wh s� f e e d ing whi ch m eant that t r e s pa s s  was f r e quently 

und et e c t e d  on such day s even though the t r e s pa s s er would 

have b e en d e t e c t ed if the t e rr i t o ry oi'm e r  had fac e d  in t h e  

o p po s i t e  d ir e c t i on . 

M i s t aken i d en t i ty was a pparen t ly a no ther c au s e o f  t r e s ­

pas s . F o r  cxanpl e , on 20 June 1 972 /Nw ( S outhern T erri t o ry ) 
and Tw ( north ern T erri t o ry ) b o th f e d  at t h e  same par t  o f  t h e  

b oundary and 

/Nw and f e d . 

lBw ( Eorth e rn T e rr it o ry ) even 1·ralked out p a s t  

\·Th en i d ent i ty 1-ras f inally e s tab l i s he d , /Nw 
dash e d  b a c k  t o  i t s  mvn t er!' i t o ry .  

Ano ther i nt e r e s t ing cas e o f  t r e s pa s s  o c cur r e d  a f t e r  

Ew l eft t h e  Hid e  T e rr i t ory �nd e s tab l i sh e d  hims e l :  as t h e  

d om i nant mal e i n  t h e  1rorth el'n T er r i t o ry .  H i  thin t h e  f o l l Oiv­

ing month , Ew r e turne d  t o  t h e  Hid e T e rr i t o ry thr e e  t ime s , o n  

o ne o c c as ion civing a J1ong Call and 1:!ing Clap o n i t s  r e turn , 

and on ano t'!.1 er h e l p ing in a t erri t o r ial d is put e . On all 

o c c a s i on s  it was s t i l l  t r eat e d  as t h e  d om inant nal e of t h e  

Hid e T e rr i t o ry b y  t h e  o t h e r  m emb ers . Thus f o r  approxima t e ly 
one month Ew e n j oyed d oJl inant . s tatus in tvro t e rr i t o r i e s  

s imult an e ous J y .  

5 . 3 Effec t s  o f  S tatus , S ex and Age o n  Fr e a u ency o f  Defenc e 

In 1 972 , b e t w e en Kar ch and De c emb er ,  t h e  b ounda ry 

b e t1ve en the S outhern and No rthern T erri t o r i e s  at Puk e puke 

( F i g . 42 ) wa s s tud i e d  in d e t a il and all t err i t orial int er­

ac t ions were r e c o rd ed ( Tab l e  26 ) .  In b o th t e rrit ori e s , adul t 

mal e s  a c c ount e d  f o r  appro ximat ely 74% o f  th e d e fe nc e i n  t h e  

nine months , exc lud ing t h e  Hay s ho o t ing s e as o n .  

o f  d e fenc e a t t r ibutabl e  t o  f emal e s  and j uven i l e s  

t err i t o r i e s  1,ras a l s o  s im i lar , b e ing 1 9% and 6 .  7% 

Pro p o r t i ons 

in b o th 

r e s p e c t ively . 

Among t h e  mal es t h e r e  was inc ons i s t e nt d iv i s i o n  o f  

d e fenc e a c c o r d ing t o  s tatus . In Northern T e rr it ory , t he 

d ominant mal e , Ew , d id 48% o f  th e d e fenc e and t h e  ;6 mal e , 

Tw , only 255b . The c onve r s e  appl i e d  in t h e  S outhern 

T err i t o ry vrh e r e  A w, the d ominant mal e , a c c ount e d  for 2 5;� o f  



Figure 42 

Boundary zone bet\;een the Northern ( left ) and 

Southern Territor.i.es . Note  the pegs at metre 

intervals ( every third one has 3. numbered d.isk ) , 

and the screen .  Thre e  birds are out from each 

territory .  





Table 26 

r·fonth 

Narch 

April 

June 
July 

August 
Sept 
Oct 

Nov 
De c 

PROPORT I ON Al::.O FR:SJUENCY OF DEF}��WE ATTR IBUTABLE 
T O  IlJD IVI DUAI1 E�J'.:DER S OF GROU::? 1'31lRi r: , OTI. I R S  

A s ingl e  defenc e action Has scored Hhen a bird �m s ob served to  attack or d isplay 
at a memb er ( s )  of .the other territory regardless of actions of other memb ers o f  
the same t errit ory . Birds ar e in order o f  status . 

Northern T erritory 

d' c!' � � Jd" J� 
E\·r T1·r Pw BI·J 1 B,,., I,1 1'l 

1 1 4 33 1 9 28  9 4 
5 5 . 1 j� 1 6 .  07� 9 .  2�� 1 3 . 67·� 4 . 4�·� 2 .  O�j 

2 1 7 94 6 9 3 1  9 3 
5 1 . 3�� 22 . 3% 1 6 . 4% 7 . 4% 2 . 2% O . Ti� 

4 1 80 2 1  2 1 2 3 
2 5 . 8% 50 . 4�� 1 3 . 2% 1 • 3% 7 . 6�� 1 • 9/� 

6 6  24 1 0  - 8 1 
6 0 . 6% 22 . 1 %  9 . 2% - 7 . 4% 1 • o;�� 

92 4 2  24 3 23 9 
4 7 .  7�0 2 1  . 8% 1 2 . 5% 1 • 67b 1 2 .  0�� 4 . 7% 

530  2 73 1 43 6 4  6 1  20 

Total 

207 

423 

1 5 9 

1 09 

1 93 

d' 
A;-r 

66  
3 2 . 6� 

!:i 4.  / . 

1 4 . 1 %  

42 
30 . 9% 

1 7 
2 6 . 6�� 

64  40.  8/G 
2 11r3 

c3' 
Ey 
78 

38 . 5% 

2 2 6  
5 0 04 ..J • ; o  

67  
49 . 3% 

34  
5 3 . 2::b 

5 5  3 5 . 1 ;:� 
460  

Southern Territory 

� � J d"  
By S 1 H 1 T.\r 

34 1 5 2 
1 6 .  8�& 7 .  4/� 1 . 0% 

6 1  :?5  9 
1 6 .  o;:� 6 .  6�� 2 .  4�� 

1 4  6 4 
1 0 . 3% 4 . 5% 3 . 0% 

2 - 1 0  
3 . 2% - 1 5 .  7;� 

7 1 5 2 
4 . 5% 9 . 6% 1 . 3% 

1 H 3  6 1  Total 1 09 1  27 48 . 6�� 2 5 . 1 % 1 3 . 1 %  5 .  97� 5 . 6;;� 1 • 9;j 2 5 . 8% 48 . 8% 1 2 .  b/� 6 . 5 �� ') 9' '  L • ; 0  

- - ..... 

J = juvenile 

� 
1 lh-T 

8 
4 .  0�� 

8 
2 .  1 �� 

3 
2 .  2;� 

1 
1 . 6� 

1 4  
9 . 0% 

3 � 
3 .  G50 

��otal 

203 

383 

1 36 

6 4  

1 5 7 

943 

--� 

__.. 
\..N 
I..D 
• 
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the d e f enc e 1·1hi l e  th e ? mal e , Ey , did 48% . C or r elat ion o f  

d efenc e with s t a tus was mo r e  evi� ent in t h e  adult females , 

a s  i n  b o th t e rr itories the d ominant femal e d id 1 3% ,  the� 
f emal e  only 6�� . Defenc e by j uvenile s 1-ms variab l e : in the 

Northern T e rr i t o ry ,  the mal e ,  lBw , d i d  more than t h e  

j uveni l e  f emal e , L lw , Hhi l e  t h e  oppos i t e  o c curr e d  i n  the 

S outh ern T errit ory . Pro po r t ion o: d e fenc e by all j uvenil e s  

was s imilar . The c ompl e t e  ab s en c e  o f  d e fen c e  by th e 

f emal e  o f  b o th t errit o r i es i n  Augus t - S ept emb e r- O c t ob e r  Has 

d u e  to th e fact that all wat c h e s  durine thi s t im e  were fr om 

da1 . n and this c o incided \'li th the incubat i on shift o f  the 

f emal e . 

Monthly result s  r e fl ec t  obs erva t i on hours ( Appe�d ix 1 )  
and the nv�b er o f  f e ed day s rather than a natural d is t ri­

buti o n  of t e rrito rial enc ount ers . There vras , hoHever , a 

t r end t owards d e c reas e d  d e f enc e by femal es and an increas e 

in d e f enc e by juven i l e s  dur lng t�: e  breed ing s ea s on . 

Scores o f  t e rr i t o rial d i s put es in a pa i r  t e rrit o ry 

( L int on 2 )  are given in Tab l e  27 . Co�pl emen tnry r e sults for 

Lint o n  1 are not given b ec aus e not all o f  the b irds were 

band ed . Unl ike th e gr oup t e rrit ories at Puke puke , j uven il e s  

i n  Linton 2 t o ok a ma j or part i n  t errit orial d ef enc e ,  the 

tHo old er j uvenil e  mal e s  (Oy 2.nd 10w ) a c c ou.nt ing f o r  505� of 

t h e  enco u.nt ers . Th e adul t mal e , 03 , d id a further 2 7 . 5�) , 

t hus i n  t o tal , 84 . 4';;� o f  t err ito rial d e f enc e Has at t r ibut abl e  

t o  mal e s . Th e adul t femal e ,  00 , d id more d e f enc e than any 

o f  the juvenile femal e s  but th e d ifferenc e i s  not grea t . 

The r e  \•Ta S ·no evid enc e o f  any r elat i onship b e hr e en s tatus , 

ind epend ent o f  s ex ,  and the propo r t i ons o f  d e fenc e . 

5 . 4  T errit orial Boundari es 

5 . 4 . 1 Po s it ion 

Boundari e s  generally follm·re d  geographi cal features , 

e s p e c ially d ra ins , fenc e s , and lake edge . Thi s  reduc ed the 

l e ngth of boundary along Hhi ch phys i c al d e f enc e Has ne c e s ­

sary , a l though pu::::eko s t il l  d i s played o n  e i ther s id e  o f  t h e  
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Table 27 

03 

00 

Oy 
1 01·1 

1 1  y 
61'1 

2 1  "\•,' 

1 71·1 

1 4w· 

PRO?O:<.T IOITS 0::.' TE��ITOJ.L":.L :J3J.'E��C3 A mTE I3U�_,'.BLE 
TO IlTDIVIDUAl l-�:sn::r;:.1 2 0:? A ?!c iR T :::;R"] I�OJi.Y 

( Linton 2 ) 

(A s ingle d efenc e act ion �-ms s c ore d 1·rhen a bird 1·ras 
ob served to attack or dis play at a meob er ( s ) of an 
ad j ac ent t erritory regardle s s  of  act ions o f  o ther 
memb ers of the same t erritory . ) 

ECNTH 

Jan Feb I'-:3.r Apr lTay June Jul·r ,; Aug SeDt Oct  l'�ov T o t a l  

3 1 0  6 1 1 2 1 3 3 - 3 2 - 5 3  

1 2 - 3 - 1 - - - 4 2 1 3 
- <: 3 1 3 1 4 3 7 3 ·:+ 3 7  / 

- 4 6 . ..., 
4 1 8  2 4 6 5 * 5 6  I 

2 1 1 3 * I 
7 - - - - - -

- 2 + 2 
- - - - - 4 - 3 - 4 �· 1 1 

- - - + 2 1 - - 2 - * 6 
- - - - 1 1 - - - - * 2 

1 87 

+ killed 

l e ft t erritory 

_ ,  , -
? '7 ,-
� I o 0 
1 3 
1 9 . 8 
3 0 . 0 

3 . 8  

1 • 1 
!::; 0 _; . -' 

3 . 2 

1 • "1 
-
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barri er . I n  a b oundary d i s put e , t h e  retreating bird 

fr equently Halk e d  at an angl e t o  the b oundary r::oving 

gradual:;_y rathe r  than d ir e c t ly m..;ay fr om it . I t  1-ras thoneht 

tha t this t:J igh t have affe c t ed the p o s i  t j_on of a b oundary 

Hhe r e  a phy s i cal barr i er d id n o t  e x i s t . T o  t es t  thi s id ea 

a wire s c re en l-ras pla c ed at right angl e s  t o  the b oundary 

b e tw e e n  ro rth ern and S outh ern T � rr i t or i e s  ( Fi g . 42 ) t o  s e e  

i f  i t  vrould a l t er th e po s i t ion o f  the boundary . The s c r e en 

forc e d  dis play ing b irds t o  r e t reat d i r e c tly away f r om e a ch 

o ther . R e sul t s  for the males ( Tab l e  2 8 )  show that althouch 

the b oundary did , as pr e d i c t e d , shift t o vrards the S o uth ern 

T errit ory wh il e the s c r e en was in pla c e ,  the shi ft had 

start ed b e f o r e  the s c re e n  was e r e c t ed and was not a c c el era­

t ed by i t . 

Tab l e  28 

S creen from i 5 .  0 t o' 1 7 .  8 int ro duc e d  4 August 1 972 
r emoved 2 7  Oc t ob e r  1 972  

( Units are 0 . 5  m taken fr om an arb i t rary z er o  po int ) 

r-·:arch April Jun e/July Aug/S ept /Oc t Nov/D e c  
--

Boundary 
Po s ition 1 4 .  5 1 6 . 5  1 7 .  6 1 7 .  9 1 7 .  5 o f  
Ew- Ey 

The b oundary d i d  eventually shift past the end o f  the 

s cr e en and then bs.ck again Hh en i t  Has r er:.oved , but at n o  

t ime '�'ra s the boundary far enough int o th e S outhern T e r ri t o ry 

f o r  the Korthern T e rri t o ry b i rd s  t o  walk ar ound t h e  end o f  

the s c reen . 
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5 . 4 . 2  S i z e  o f  Boundari es 

Boundary l engths var i ed gr eat ly from one t erri t o ry t o  

anothe r . A t  Lint on ( Fi g .  3 8 )  the b oundary b e tween t erri­

t o r i e s  and 2 was never gr eat er than 40 n et re s ; all o ther 

Lint o n  t e rri t or i e s  were s epara t e d  by phy s i cal b oundari es . 

At Pukepuke all study t e rri t o r i e s  ( Figs 3 9 , 40 and L: 1 ) 

i•Tere bound ed by o thers on at l e a s t  t1v 0  s i d e s ; thu s  the 

d e fensible b oundaries were large and in all c a s e s  were longer 

than tho s e  at Lint on . Furthermo r e , m o � t  t e rri t o r i e s  had a 

p o o rly d e fined b oundary on .�.t  l e a s t  one s id e  ( e .  g .  o :pen 

p�d d o c l-;: o r  lake ) but th e s e '.vere s t ill d e fend ed against 

i t in erant b i rd s . Puk eko s :p ent l i t t l e  t ime i.n t h e  o p en 

paC. d o cks during the b r e ed ing s ea s o �  and the mo s t  c ommonly 

d e f end ed b oundaries vrere tho s e  b e t'll e en the lake edge and the 

ad j a c ent pad d o c �m . Th e smal l e s t  o f  th e s e  1·: ere o n  e ither s i d e  

o f  t h e  Hid e  T e rritory and H e r e  l ; s s  than four m e t r e s  i n  

l ength . 

5 . 4 . 3 Stab i l i ty o f  Bound ar i e s  

T h e  p o s i t ion o f  boundari e s  a t  Puk e pui:e ch3.nge d  litt l e  

during t h e  s tudy , but b ound ar i e s  w er e  ' elast i c ' i n  tha t wh en 

a n e i ghb ouring t errit ory broke d tnm or 'tlh en gro s s  changes in 

hab it a t  o c curred , e . g . th e lake d rying up and making more 

area availab l e , b oundar i e s  1·rere ext end e d  to t ak e  in part o f  

th e s e  new ar eas . I n  F eb ruary , 1 972 , th e Peninsular 

T errit ory c onta ine d a b r e e d ing pa i r ,  and a male and a fema l e  

chi c k . Th e neighb ouring Eid e T errit ory c ontained f ive 

adults and o n e  j uvenil e who s l owly enc roached o n  t h e  

Peninsular T e rrit ory . At th e s ame t ime , int e ns ive du ck t rap­

p ing att empt e d  at the end of the Peninsula a t t ra c t e d  b ird s 

from all t err i t o rie s n earby ( Hid e , Peninsular and Tra:p ) , as 

llell as the f irst fl o c k  birds . The ' I·'Iaima i I s l and ' in the 

Peninsular T e rritory ( Fig . 40 ) wa s l o s t  to the Hid e 

T e rrit ory and the end o f  t�e Penlnsula t o  the Inl e t  

T errit ory . By mid-I·1ar ch , the Pen insular T e rr i t o ry had b e c one 

overrun with flock b i rd s and it c ompl e t ely broke d own . 

In th e 1 972-73 b r e e d ing s ea s on , t h e  '.'l e s t  ern T er ri t o ry 

b r o k e  do-,-m aft er the d om inant female d i ed and t h e  t ... vo mal e s  



disappeared . At the same t ime , the lake began drying up . 
The Northern Territory expanded its boundaries ( Fig .  4 1 ) 
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t o  incorporate part of the Western Territory and part of the 

old lake bed v1hich gave the birds c ontinuing acc ess to wat er .· 

Drying o f  the lake also produced a change in the boundary 

betv1een the Southern Territory and the Hide Territory that 

presuma0ly ensured a water supply for the former . In con­

trast , the boundary between the Northern and Southern 

Territories uas very stable  and varied only 1 . 5 metres 

( Table 28 ) . 

At Linton ,  the territorial boundary under\·Tent c �. ,ntinual 

change ( Fig. 43 ) with the boundary of the dominant males 

varying over 1 50 metres . This change appeared to be closely 

related t o  breeding, as . b oth Linton 1 and Linton 2 were pair 

territo�ies ( exc ept the former in 1 970-7 1 ) and when a pair 

was nesting , mos t  t ime was s pent incubating or feeding and 

little t ime vTas spent maintaining the boundary . Thus , birds 

lost ground when breeding . \Vhen the chicks were two and a 

half months old , they began helping in territorial defenc e 

and ground was regained , but becaus e breeding at Linton 'tvas 

asynchronous , the territorial ' boundary zig-zagged to and 

from the c entral fence . The two other maj or pos itions vrhere 

the boundary stab ilized , were gaps in the raupo cover which 

allmved bird s  to  move freely from one side of the valley to 

the other . 

5 . 5  Territory Size 

Territory s ize ( Table 2 9 ) was calculated from photo­

graphs of knovm s cale bet,·reen d efend ed boundaries , or where 

the s e  were not clear , between lines enclosing areas 

frequently used by the birds of the t errit0ry . This did not , 

therefore , include all the area ranged by a group of pukeko 

but only the areas of frequent use .  

The two maL� Linton territories were very s imilar in 

s ize  when the fence was taken as the boundary . vlhen the full 
variat ion in size is calculated , however, over half a hectare 

changed ownership . Thus in June/July 1 97 1 , Linton 1 was 



Figure 43 

Change� in the position of the boundary between 

Linton 1 and Linton 2 in relation to nesting . 



fluctuat ions of the  Ter ri to r i a l  Boundary at l i n t o n  

150m 
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Tabl e 29 

E IHD:�1 AREA (ha ) 0:? S'rUDY TER�ITORIES 

TERRIT ORY 1 970-7 1  1 97 1 -72 1 9 72-73 

Puke}2uke 

Hid e 3 . 1 (6) 2 . 5  (6) 2 . 3  (6) 

S outhern 1 • 0 (4) 1 . 5  (4}  L 2 (6} 

Northern o .  7 (4) 1 . 0 (4} 0 . 7 (6) 

\·l e s t  ern - 1 . 2 (5} 0 . 9 (4) 

Pen insular - 2 . 0  (2) 1 . 6 (6) 

Tra p  - - 1 • 0 (3) 
Inl et - 3 .  1 (5} 3 . 0  (6) 

C o rner - - 1 • r (4) 

Rough Paddock - 2 .  4 (5) 2 .  1 (5) 
He an 1 . 60  1 . 96 (4·4) 1 . 54  f5·1J 

Lint on 

Lint on 1 o .  79 

Lint o n  2 0 . 82 

Th e numb er o f  bi r d s  i n  e a c h  t e r ri t o ry i s  giv e n  i n  brac ke t s .  
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almo s t  1 . 0  ha and Lint o n  2 only 0 . 6  ha ; uhile in O c t ob e r/ 
Novemb er 1 97 1  , Lint on 2 1vas more than 1 • 1 ha while Lint on 1 

'\'TaS l e s s  than 0 .  5 ha . 

Territ or:v s i z e  at Pukepuke Has ext remely variab l e  but 
1<\lt-7.2. O..V\� 1�72. -7� bd·we.e"' /.. there 1·ras a trend t ovrards a decreas e in s i z e  1-Ti th an 

increase in the numb er o f  t errit ori es and bird s in the area . 

The larger t e rrit ories t ended t o  have one or more und e fined 

b oundaries · ( F igs 39 , 40 and 4 1 ) Hhi l e  th e small er t errit ories 

were surround e d  on almo s t  all s id es by other t erri t o ri e s . 

Th ere was no s impl e r e lat ionship be tween t errit ory s i z e  and 

the numb er o f  b ird s p er t errit ory ( Append ix 3 )  and t erri­

t o ry s i z e  d e c reased in many cas e 3  even though the numb e r  of 

b irds pr es ent in the t e rritory l·ras great er . 

The large s i z e  of th e Hid e T e rrit ory in 1 970- 7 1  was 

a s s o c iated with lack o f  c over caused by ext ens ive graz ing by 

cat t l e . 1,fnen the cat t l e  111ere excluded fr om the Res e rve ( s e e  

p .  6 ) , the b irds began nest ing and the t errit ory shrank 

markedly in s i z e  ( Fig . 3 9 ) . 

5 . 6  Int ergr oup �i erar chy 

S o  far , ' t errit orial boundary ' has inpl ied a d i s t inct 

l in e , but in 1 97 1  it b ec ame obvious that d ifferent pukeko 

from each t errit ory d e fend ed d i ffer ent b oundaries aga ins t 

d iff e rent memb ers o f  the oppos ing t erritory . To i nvest igat e 

this c ompl i c a t e d  s i tuat i o n ,  a numb er o f  b oundary areas l·rere 

marked Kith numb ered pe8s at me tre int ervals , and s mall 

amount s of· food were put out at irregular int erval s to 

inc rease the numb er of int erac t i ons . The b irds rapidly 

as s o c iat ed my pres enc e w ith the pr ovi s i o n  of food s o  that 

even on d ays vrhen f o o d  1-ras . not put out , they \vent t o  the 

b oundary s earching for food and int erac t ed . All int e ra c t i ons 

-vre r e  recor d ed , includ i ng the pla c e s  \·There the atta cking bird 

b e gan a11d end e d  its advanc e ,  and the pla c es v-rh ere the retreat -

ing b ird start ed and finished its e s cape . Fre quently t-vro 
b ird s advanc e d  tovrard s each o ther and this d oubl e  advan c e  1-ras 

s c or ed s eparat ely as was the locat ion of fights . 
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The presenc e  of more than one member of a t erritory in 

the boundary zone at one t ime made interpretation of the 

interactions d ifficult . Thus -vrhen a j uvenile of t erritory 

A -vms out alone , the male from t errit ory B vTOuld charge t o  
a c ertain point ( X ) , but i'rhen the do�inant male of t erri­

tory A Has out 1vi th the juvenile and the neighbouring male  
charged , th e  j uvenile usually ro� t o  the shelt er of the 

dominant male not back to ( X ) . Als o lOi'l ranking b irds t end ed 
to  advanc e further 1·rhen accompanied by more dominant birds 

than ,,rhen they i'lere alone . Henc e  the pos ition of the boun­

d<.?.:ry for any bird ,,, i th the partial exc eption of o< males Has 

d ependent on the status of other b irds with it . Extracts 

from my fi eld notes d emonstrate  the complexity of such 
situat ionc ( l'J'ot e : The measurements vrere 50 cm int ervals 1'lith 

the zero point marking the furthes t  point a b ird from the 

Southern T erritory advanced into the Northern T erritory ) : 

( i )  1 April 1 972 

0700 hrs 1 Bw ,  I,h, at 1 3 , Ey 1 7  charged t o  1 5 . 
1 Bw ran back to 9 ':! & TFU ( ':rings and Tail Fully 
Up ) and L1 w to 8 �1 & TFU . 1 Nw at 1 9 . Pvt at 3 . 
Ey feeding at 1 5 .  1 Bw and LhT st ill 8 .  1 Nl>i 
moved to  1 6 . 1 Pw at 1 9  and S 1 w at 2 1 . By came 
out t o  1 7 . P\v '·mlked in ' Agr:;ress ive ' U:;Jright �·,' 
& TPU to  9 .  Ey '.1 & TFU Hent back t o  1 6 and By 
back to  1 8 . Pw ·uent to 1 1  and fed . 1 Pw at 1 8  
and P\v in an ' Aggressive ' Upright at it and it 
dashed back to  20 T�U . Ey in an ' Aggres sive ' 
Upright at Pw 1vho turned and Ey chare;ed t o  1 4 . 
Pw 1il & T�U dashed �Hay and Ey charged t o  9 .  
\•! & TEU ( Exaggerat ed Up ) back to 7 .  Pw turned 
and a full fie;ht ;'fith Ey at 9 .  Blv in an 
' Aggre8si  ve ' Uprie;ht 1:! &: TFU at 7 .  Ey -vrent bn ...:k 
to  1 2 'd & T:FU and Pw to 1 0 1:! t. TFU . Pw then ,_,r ent 
back t o  4 and pre ened and Ey to 1 5  and fed . 

( ii )  6 Octob er 1 972 

( . . .  ) 11 1 ,  

1 Pw at 2 0 , Ey at 2 1  and Ew at 1 6  in an 
' Aggress ive ' Upri�ht . 1 Pw  \·! 8:. TFU back to 2 1 . 5  
and fed immediat ely behind Ey .  

2 5  r·Tarch 1 972  

Ew at 1 6  and 1 Bw feeding immediat ely b ehind it . 
Ey at 1 8 . Eiv head und er Hat er pulli� at raupo 
shoot . Ey charged to 1 6 at i Bw 1·.rho dashed back 
vl & TSU to 9 .  Eiv pulled shoot up and into an 
' Aggress ive ' Upright 1,'1 & TFD and Ey '.l & T'T<'U back 
to 1 9 .  
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( i v)  Aw at 1 8 ,  1 Pi·r at 1 9 ,  By at 20 and 1 Nw at  205 . 
1 Th-T charged 'd & TFU from 1 6 at 1 P\'1 vrho dashed 
back 'd & TFU to 2 1  vThere it turned and had a 
full fight 1vi th 1 Bw . 1 Bw then dashed back t o  
1 6  VI & TFU and 1 Pi., in an ' Aggressive ' Upright 
\v & TFU to  1 9 .  ( Not e that here 1 B\·r charged past 
three other menbers o f  the Southern T erritory 
lvhen fight ing 1 Pw ) . 

Becaus e of the influenc e of other birds , results we�e 

s eparated into ' guard ed ' and ' unguard ed ' depending on 
vrhether a bird �vas at the boundary araa alone ( or in the 

c ompany of lmver status birds ) or -vrhether it \vas accompanied 
by a bird of s imilar or hi�.er s tatus . Results for two 

different portions of the boundary b etHeen the Southern and 

Northern T erritories were compared monthly (Append ix 5 )  but 

were added t o  give an overall result for the year ( Table  30 ) . 

The b oundary between any t"Ttro birds 1·ms obtained �y 
taking the overall ( true ) mean of all interactions involving 
thos e  bj rds . 

An estimat e o f  the boundary was obtained from four 
d ifferent values , guarded and unguarded beine treat ed 
s eparately . 

( a )  r-fean fight locat ions . 

( b )  ;;'/here one bird advanced and the other retreat ed : 

( i )  True mean of the mee.n maximum advanc e of  
bird A and the  mean maxinum �etreat o f  b ird 
B .  

( ii )  True mean of the mean maximum advanc e of 
b ird B and the mean maximum retreat o f  
b ird A .  

( c )  1llhere both birds advanced , the true mean o f  the 
mean maximum advanc e of both A and B .  

For adult males , these four value s  1vere i n  close  
agreement but guard ing masked th-? results  in lm'ler ranked 

birds . In many , the differen c e  between guarded  and unguar­
ded  int eractions vras substant ial but only "" fei'r o f  thes e 

were significant ( Appendix 5 ) . The failure to d emonstrat e 
s ignj_ :f:. :::0.n.c e in o -ther cas es 1·m.s due t o  the small number of  



Table 3 0  RELATIVE TERRITOR IAL BOUNDARY PO S IT I OHS BET1:TEEN THE B IRDS 

OF THE SOUTHERN AND NORT�r.Rlr TSRR IT CRI E S  

Boundaries are given in metres relative to the boundary of dominant males  ( 0 . 00 ) . 
Negative values indicate that boundary is on Southern Territory s id e  of zero line . 
Actu�l numbers of encounters that the boundaries are calculat ed from are given in brackets . 
Birds are in order of intra-t erritorial status . 
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results .  ·\,lhere unguarded r esults are kno-vm , thes e 1vere 
s imilar to  f ight locat ions but the difference b etv1een f igi1t 

and guarded was large . Ideally only unguard ed results 
should have b een us ed for calculating botundar� es but in many 
cas es none were obs erved . Overall mean r esults ( vThere known ) 
for :r.Iarch to December 1 972  are given in Figs 44 and 45 . 

Combined action of t-vro birds als o affected re sults .  
For example ,  on 8 April 1 972 , the t1:m males of the Southern 
Territory ( Aw and Ey ) repeatedly c ombined to attack Ew and 
the j oint effort managed to push Ew back a further four 
metres ( Appendix 5 ) . 

In the overall r esults there is a positive link bet �-reen 
intra-t erritorial and in t er-t erritorial status where the  
lat t er is  demonst�at ed by  different boundary posit ions . This 
link shmvn by l inear regres sion analysis ( Table 30 and Fig . 

46 )  is s ignificant at the 5% lev 31 in all exc ept three  cas es 
but this does not hold for all monthly results ,  s ome of 
Hhich are definit ely non-linear . Hovrever , it is as sumed 
that int er-territorial status is establ ished s eparat ely from 
int ra-t erritorial status and is probably decided in firs t 
t erritorial enc ounters . But it is probabl3 that a linear 
relat ionship b et1·:een the two ranks vwuld have b een d emon­
strat ed in all months if suffic i ent unguarded results had 
b e en obtained . Despit e this , there 11as considerable ind i­
vidual variation and birds tended t o  attack mostly birds of 
s imilar status a nd age in the oppos ing t erritory . Thus A�v 
reac t ed the mos t  I·Ti th Ew but l ess  than Ey in respect o f  all 
other members of the Northern Territ ory ( Figs 44 and 45 ) .  
This trend is  -vrell illustrated by the fact that for any one 
b ird , its boundary closest to the zero point Has '\·Ti th the 
b ird of s imilar status in the oppos ing t erritory . 

The effects  of b reeding on b o�"ldary po sitions 1ve re 
obvious becaus e the boundaries o f  females  retreat ed in 
relat ion to tho s e  of the males during the breeding s eason.  
The b oundaries , and hence the s tatus , of the juveniles 
( especially males ) advanced vrith increas ing age . 

T�0. result s  (App endix 5 )  als o  demonstrate the ritual­
izat ion o f  b ehaviour to d isplay and the resultant lm·r 



Figure 44 Inter-t errit orial Status a s  Demonstra t ed by 

Boundary Po s ition . 

The b oundary posi tions o f  the Southern T erl'it ory pukeko 

are given in r elation to each o f  the Horthern T errit o ry 

birds . Northern T erritory birds are in ord er o f  intra­

t erritorial s tatus and the S outhern T erritory b irds are 

repre s ent ed numerically in o rd er o f  rank ( Aw ,  Ey , By , 

Shr ,  1 Pw ,  1 Nw ) .  

Boundary p o s it ion is relative , with that of the d ominant 

male s  t aken a s  the z ero point . Po s it ive values mean 

that the b ird vTas able t o  drive b irds further than the 

dominant male ' s  b oundary and negat iv e  values m ean th e 

c onve rs e .  
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I 
Figure 45 Int er-t erritorial S tatus as Demonstrat e d  by 

Boundary Pos ition . 

The boundary p o s i t ions o f  the Northern T errito ry b irds 

are given in relat ion to each o f  the Southern T errit ory 

b irds . S outhern T erritory birds are given in o rder o f  

intra-territorial s tatus and th e Northern Territ ory 

birds ar e repr e s ent ed numerically in order o f  rank ( �v �  

T1v , Pvr , Bw , 1 B"ti , L 1 w ) • 

Boundary position is r e lat ive , \vi th that o f  the d ominant 

mal e s  taken as the zero po int . Po s i t ive values mean 

that the b ird \vas abl e t o  drive b irds further than the 

d ominant mal e ' s  b oundary and neg�tive values mean the 

convers e .  
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Figure 46 Relat ionship Betwe e n  Intra- and Int er­

T erritor ial Status 

The bour1dary po s i t ions o f  Ew and S 1 w in relat ion to 

the b irds ( given in order o f  int ra-t errit o rial s tatus ) 
o f  the o pposing t e rrit ory for A?ril and Novemb er­

De c emb er . Lines d erived from linear regress ion 

analys is are shovm to d emons trate variat i on of close­

nes s  of fit t o  a l inear relat ion between intra- and 

int 0r- t e rr itorial s tatus . Boundari es are measured in 

0 . 2 5 m t4�its from an arbitrary z ero po int . 
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fre quency of overt aggress ion . Only 29 of 1 758 int er­
actions were fights ( 1 . 6 5% ) . 

1 55 . 

These findings of  different b oundary pos it i ons for 
different pairs of birds are pert inent to the previous 
dis cuss ion on boundaries Hhere the ' boundc..ry ' referred to 
vms that of the dominant males . Thus , although t opo­
graphical features marked many boundary areas , the s id e  of 
this barrier on 1vhich disput es occurred d epended on the status 
of the int eracting b irds . Thus birds of similar s tatus 
displayed on their respective s ides o f  the barrier , e . g . a 
drain ,  but l•rhen there 1-1as disparity of status , the d j_sput e 
o ccurred on one sid e  of the dra in . 

5 . 7  Discuss ion 

Pukeko pairs and groups 'i·rere spat ially d istribut ed j n  
localized defend ed areas during �he breeding s eason . The 
s easonal exi s t ence of these t erritories was variable ;  s ooe 
were tefended throughout the year , defenc e of others was 
reduced to a ' c ore ' area during the non-bre eding s eason and 
a small numb er Here t emporary , breal:ing d m·rn c omplet ely out­
s id e  the breed ing s eason . The permanence of ter::ci tory 
appeared to d epend on the memb ership and the phys ical 
chara c t eristics  of the t erritory . 

All territories that compl et ely or partially broke down 
c ontained , o r  were ad j acent to , main wint er feeding areas , 
or ,-rere marginal areas . Those H� li ch broke dm-m c ompl etely 
had b een formed from floc k  b irds , mainly in marginal areas . 
Death of a d ominant member als o  caused dissolut ion of the 
t erritory . Gullion ( 1 95 3 ) reports s imilar find ings for the 
c oot . 

The stability of mos t  territorial b oundaries c onfirms 
the b elief that pukeko are abl e  t o  rec ognis e a boundary . 
The extreme stab ility of the boundary b etHeen the Northern 
and Southern Territories is believed to  b e  the result of 
s tabl e  membership and equal numbers of birds in the hro t erri­
tories . However , the zig-zag nature of d efence sugges ts the 
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rec ognition of  a boundary zone rather than a d i s t inct l in e  

in spac e , although i t  i s  po s s ible that a sharp lin e  i s  

rec ognis ed with d e fenc e o n  such a fine scale a n  impos s ib ility . 

The boundary cons e quent ly repre sent ed only th e middle o f  this 

zone but as such it is a val id referenc e for d efining s pat ial 

r elat ionships of the birds . 

The large pro portion of  t errit orial defen c e  carr i e d  out 

by mal es is in a c c o rd 1·Ti th the d ivi s i ons of labour c ommon in 

most b irds ( Hind e ,  1 95 6 , 1 9 70 ; Welty , 1 964 ) .  Defenc e was 

clos ely relat ed t o  intra-group s tatus in that higher ranking 

b irds were r es pons ibl e  for more of it than lmrer ranKed 

pukeko . The exc ept ion t o  this ( Ey from the Southern 

T errit ory ) may have been due to individual d i fferenc es in 

aggr e s s ivenes s  and/or divis ion of lab our relat ed to bre eding 

( s ee p .  1 88 ) . 

Ridpath ( 1 972 ) rec ords the fre quency of init iat ion o f  

t errit orial disput es  by mal e and femal e Tasmanian native hens 

and , as in th e pukeko , male s  1vere res pons ibl e for a gr eater 

numb e r  than femal es . Ridpath ( 1 972 ) als o found a high pro­

port ion ( 33% ) of disput e s  at t errito rial boundarie s  that 

were far in exc e s s  of the numb er found in my s tudy . The 

very lovr numb er of fights observed in pukeko b oundary d is­

put e s  i s  in keeping vrith th e theory ( Lor enz , 1 966 ) that 

aggress ive behaviour is s t rongly rituali zed , reduc ing overt 

aggress ion and thus prevent ing inj ury to the b irds , but 

Ridpath ' s  result s app ear t o  contrad ict this . 

The close assoc iat i on of t erritorial boundaries and 

phys i cal barri ers has b e en r ec ord ed for many non-pa s s erine 

spe c i e s  ( Gull ion , 1 9 53 ;  \•lelty ,  1 96 4 ) , and i s  clearly 

advantageous in that it r educ es the l ength of boundary 

requiring defenc e ,  and s o  allmvs more t ime for other 

act ivit ies . 

Th e length of de fend ed b oundary in relat ion to the 

numb er of b irds in a t erritory sugges t s  a reason for the 

exist ence of pair and group t erri t o r i e s , The b oundary of 
all pair t erritories was small whereas that of group 

t e rrit ori es was large , sugges t ing that a pair may b e  
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incapable o f  maintaining large boundaries , espec ially in 
o pt imal areas v1here populati on dcns i ty is high . The b es t  
evidence for this is gained from the c ont inual shift of the 
Linton b oundary . In thes e  t erritories , expulsion of young 
was c onc omitant with the ons et of nest ing and hence in the 
breeding season not only were the juveniles no longer avail­
able  for t erritorial defence but one adult \•ras involved \vi th 
incubat ion . Thus only one b ird 1-m s abl e  to d efend the b oun­
dary and because the onset of breeding and the expuls ion of 
young 1vas out of phase b etv1 een the t erritories , one t erri­
t o: y  always coritained more b irds available for d efence than 
the other , and was increas ed in size . 'tlhen the chicks 1vere 
old enough , they b egan helping with d efence and f eeding 
laier broods , and the t erritory increased in s i z e . fhe 
asynchrony of breeding t imes and consequently in the age s o f  
the young in the two Linton t erritories  produced a continual 
change ln the bou�dary . Gullion ( 1 95 3 )  records s imilar 
changes in the boundary of c oot t erritories Hhere nesting 

of adj ac ent pairs was asynchron ous . 

Further evid enc e for the relationship b et1tleen the num­
b er o f  birds in a t erritory a nd the s i z e  of the - boundary can 
be t aken from the Peninsular Territory in 1 97 1 -72 . This 
t erritory vms held by a pair ';rho 1·rere unabl e to vri ths tand 
the pre ssure of neighbouring territ orial groups after thes e 
had finished breedine ,  a nd it 1vas greatly reduc ed in s i z e  
before the influx of non-territorial flock b irds caus ed it 
to break d mvn complet ely . The ab ility of the Peninsular pair 
init ially to maintain their boundary may have been due partly 
to near synchrony o f  nesting with ad j a c ent t erritories ( s ee 
Appendix 6 ) . But it was probably due largely t o  the more 
secretive b ehaviour of bre ed ing b irds vrhich res tricted them 
to  c over and henc e reduced · the size o f  the d efended b oundary . 

This was especially marked with the Hide Territory-Peninsular . 
Territory boundary ·.·rhich T;Tas reduc-ed to  about four metres .  

The high frequency o f  d efence by males 1vould explain -vrhy 
the b irds in Lintvn 1 in 1 970-71 were unable to maintain a 

constant boundary even though three adults were involved . 
Because females acc ount ed for such a small amount o f  
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t erritorial d efenc e , the pres enc e of an extra female in this 
t erritory wou�d not help maintai� the boundary . An extra 
mal e ,  however , wotlid b e  highly advantageous in maintaining 
the t errit o�J and this would explain why the Trap Territory 
of two males  and one female vias maintained agains t large 

groups on e ither s ide . Similarly , the acceptanc e of the male 
IOy , into Linton 1 vias ac companied by a s ignificant gain in 

area . 

Sinc e b irds fed exclus ively w ithin their t erritories , 
the lack of c orrelation b etween territory siz e and the num­
b el.' of  birds 1vi thin a t erritory , c oupled 1vi th the fact  that 
in many cas es  t erritory size  decreas ed even though the num­
b er of birds pres ent increas ed , sugges ts that food may have 
b een unimportant in det ermining t erritory size  in the study 
area . No est imate of available food Has mad e  however . The 
variation in s ize of the Hide T erritory suggests a clos er 
link b etwe en cover and t erritory size , and the incre&se in 
t erri to:t:>y s i z e  1vhen the lake dried up stress es the importance  
of wat er as  Hell . Thes e concli..�.sions are in  l ine with 
Tunnicliffe ' s ( 1 965 ) find ings that the presence of 1vet  ground 
and emergent vegetat ion for c over were the most important 
characteristics  of a pukeko t erritory .  Parry ( 1 968 ) and 
Ridpath ( 1 972 ) have d emonstrated a direct link b etween t erri­
tory size  and the number of b irds in kookaburras and 
Tasmal!ian native hens res:9ectively . Carrick ( 1 963 ) found no 
direct correlation beh1een t erri to:ry s i z e  and the number of 
Australian magpies within a territ ory but suggested upper 
and loi·Ter limits of t errit ory s i z e  uere s et by the numb er 
of b irds in the territory . This is also likely for pukeko . 

Tunnicliffe ( 1 965 )  estimat ed pukeko territories to b e  
from 0 . 1 2-0 . 24 ha but this is  a cons id erably l ower range than 
I obtained . In other rails the s ize of the t erritory varies 
greatly . Tasmaninn native hens ( Ridpath , 1 972 ) had terri­
t ories of 0 . 4 2- 1 . 47 ha although only firs t year groups had 
a t erritory less than 1 ha . Gullion ( 1 953 ) fotmd American 
c o ot territories "'raried from 0 .  1 5-0 . 6  ha . Thus my terri­
t orie s 1rere s imilar to those  of Tasmanian native hens but it  
is  difficult to make a useful comparison of territory s izes 
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in d ifferent hab itats for the same s pecies , let alone for 
different species . 

Rid path ( 1 972 ) found a decreas e in t erritory s i z e  1vi th 
increas ing population d ens ity and s imilar findings have been 
reported for o ther species ( Kendeigh , 1 94 1 ; Cond or , 1 956 ; 
Wat s on ,  1 96 5 ; ?ettingill , 1 970 ) . At Pukepuke , not only did 
t erritory s i z e  decreas e v.rith increas ing populat ion density , 
but the intra-t erritory density als o  increas ed . Further 
discuss ion of t erritory and its ' functions ' 1·lill b e  res erved 
till breeding data have been pre s ent ed ( p .  1 93 ) .  

The obs ervation that all b irds from the same t errit ory 
did not d efend the same boundary demonstrates the existence 
of an inter-t erritorial hierarchy and shous that there mus t  
be individual recognit ion bet1·ree� memb ers o f  adjac en"G t erri­
torie s . The l ink between intra- and int er-t erritorial s tatus 
suegest fj that the charact eristics  us ed for d e t er:L,lining rank 
must b e  s imilar in both cas es . Hmv ever , this link 1",-Ta S not 
found in all cas es and demonstrates that the t1vo hierarchies 
1.;ere ind epend ent . Thes e  findinGs , along Hi th the frequent 
obs ervations of trespass and the hi erarchical results in the 
flock ( p .  1 1 3 ) d emonst rate that the present c onc ept of terri­
tory is inadequate to explain int er-group spac ing in the 
pukeko . This will be dis cussed further in Chapter 7 .  

The shelt ering o f  low ranked b irds b ehind tho s e  of 
high er status in int er-group encount ers is s imilar to the 
find ings of LaHick-Goo dall ( 1 968 ) for intra-Group encount ers 
of chimpanze es . The c onb ined attacks of  A w and EJ. 'tlhich ;wn 
them a pos it ion in advanc e of 1·1hat each could have achieved 
alone , is s imilar to interactions in Canada ge e s e  ' famili es ' 
(Raveling , 1 970 ) and turkey , r�Telea�ris gallon::1ve , s ibling 
groups ( t:Tatts  and Stokes , 1 97 1 ) ,  \·There s tatus is d epend ent 
on group s iz e ,  and b irds separat ed from t�eir groups are 
cons istently d efeated . 

So far as is knm,m , no c omparable findines o f  int er­
group int eract ionr have b een r eported , but the frequently 
recorded obs ervation in other b irds ( SnoH , 1 9 56 ; Gibb , 1 9 56 ; 
Parry , 1 968 ; Reid , pers . comm . , and many others ) that males 
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fight males , and females fight females during t erritorial 

disput e s  can b e  explained by the s e  find ings . Thus , if in+;er­
t erritorial status is applicable in the se cases , then without 
sexual s egrecation ,  the two combats I'TOuld occur at different 
points .  It vrould b e  expected , therefore , that 1<Vhere both 
pairs were pres ent in a territorial disput e ,  each fight 
would b e  sexually segregat ed . 



6 . 1  Introduc t ion 

6 . BREEDING BIOLOGY 
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The breeding sys tem of pukeko varied from monogamy 

through polygamy to communal breeding , depending on the 

numb er of b irds in the terr itory . ( Communal breed ing is 

defined as where two or more males and female s  breed and 

mat e  promiscuously , but as distinct from true promi s cuity , 

a b ond is formed b etwe en all individuals ) . The ma j ority of 

pukeko in the study areas were already paired or ·grouped and 

defending a t erritory before the breeding season ( ie .  prior 

to c ourt ship b e ing obs erved ) . However , a small number o f  

t erritories were formed· immediat ely prior to the breeding 

s eason ( see p .  24 ) , but thes e lat t e r  terr4tories usually 

broke d own aft er nes ting .  No recognised pairing or grouping 

display� were obs erved and b irds pres ent in a t erritory at 

its inc ept ion usually remained t ogether . 

6 . 2  Court ship 

Us ing the t erm in its broadest s ense (Morris , 1 970 ) and 

ext ended to allow homos exual interac t ions within groups ,  

c ourt ship in pukeko c ons i s t ed of allopre ening , c ourtship 

feeding and copulat ion . Thes e have been des cribed on pp . 57  
and 5 9 and the last will be treated separat ely { p .  1 63 ) .  

Most c ourt ship was s e en betwe en lat e  July and early 

Dec emb er ,  although is olated inc idents of c ourtship preening 

were s e en between March and July . 

Both males and females preened each other and in group 

t erritories pre ening was not restricted t o  members of the 

opposite s ex .  Preening was usually init iated by one b ird 

pre s ent ing in a Full Bow and holding this whil e the other 

bird approached . Where the approaching bird was d ominant , 

it normally as sumed an Upright whereas � subordinate 

advanc ed in a Bow . Dominant s init iat ed courtship preening 

more frequently than subo rdinat es ( Table 3 1 ) .  Subordinate s , 



Table 3 1  

INC IDENCE OF COURT SHIP ALLOPREENING AND FEEDING 

IN RELAT ION TO SEX AND STATUS 

Allopreening 

Bird Bird Preened 
Preening ��le Female 

Male 1 4* 1 6  

Female 26 1 1  + 

* Dominant preened subordinate 4 times 
+ Dominant preened subordinate 5 times 

Allopreening initiated by dominant 40 times ; by 
subordinate 27 times 

Courtship Feeding 

Bird Bird ' Fed ' 
O:t:feri,ng 

Food Male Female 

Male - 1 3  

Female 4 4* 

1 62 .  

* In all 4 cases , the dominant fed the subordinate 
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however , preened dooinants more frequently than the converse .  

On many occasions , a dominant approached a bowing 
subordinate ,  presented its head for preening, but the sub­
ordinate did not preen . Each time the dominant opened its 
eyes and lifted its head , the subordinate Faced Away but 
when the dominant presented again, the subordinate put its 
head beside the dominant ' s  but did not preen . Once IPw 

refused to preen Ey for almost three minutes , and Ey even­
tually pecked 1Pw before walking off . 

Courtship feeding was Fore infrequent (Table 3 1 ) and 
was only once observed in a pair territory. The ' Food ' 
exchanged was usually only Lemna leaves but pieces of raupo 
shoot were occasionally given . In contrast to courtship 
preening , courtship feeding from dominant to subordinate was 
more frequent and both birds kept their eyes open . 

Females preened males more than the reverse ,  and malP-s 
preened males more often than females preened females . In 
contrast ,  males courtship-fed females more often than tha 
reverse and males were never observed to feed another male . 

6 . 3 Copulation 

6 • 3 • 1 General 

Copulations were more localized in time than courtship 
feeding and preening, most being observed between August and 
November , although the initiation of many second clutches 
after November suggests that copulations did occur but were 
not seen. More than 90 complete copulations were observed . 

Initiation of copulation was difficult to determine . 
Mostly , the male approached the female in a ' Sexual ' Upright 
and began giving the Humming Call, whereupon the female 
typically raised her tail and began walking in front of the 
male . Actions were very stiff-legged and the birds appeared 
to strut , often both in step . If the femaJ.e continued to 
strut in front of the male ,  he aeopted the ' Sexual ' Forward . 
Eventually , the female began to assume the Precopulatory 
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Hunch and f inally the Precopulatory Pos ition . The male then 

mounted and c opulated ( s ee pp . 59 and 6 1  ) .  After cloacal 

contact , the male dismounted over the front o f  the female 

assuming a \Vings and Tail Fully or Exaggerated Up ( se e  Fig. 

3 1 ) and then \<Talked m-lay ; the female usually preened after 

c opulation . Les s than one third of the observed att empted 

copulations went to completion , with either b ird terminating 

the att empt , and the female most c ommonly doing so by Head 

Flicking. 

Occas ionally the female appeared t o  initiat e c opulation . 

It was suspect ed that she use d  a call b ecause frequently two 

or more males ran t o  her at the 8ame t ime and , in thes e cas e s , 

the female immediately assumed a Precopulatory Pos it ;.on . 

Copulation att empts w er e  n�t restricted t o  two birds 

nor did males mount only f emales . The Humming Call was 

audibl e at long distances and in group territories one b ird 

attempting to copulate with another usually attracted other 

members of the t e rritory ( Fi g .  47 ) . Occasionally memb ers of 

ad j acent territories were drawn by a copulation t o  the 

boundary . Extra b irds ( from the same t erritory ) either 

participated or watched the copulation. Multipl e  partici­

pat ion in a c opulation att empt took various forms but mostly 

the extra birds j oined in line and strutted behind the first 

two ( Fi g .  47a ) . Lines of up t o  five individuals were not 

uncommon and frequently culminated in two pairs of birds 

copulating . Another common variation of multiple part ici­

pation in copulation was one in whi ch a female ran ahead uf 

a male apparently att empt ing to avoid copulation and a 

s econd b ird j oined the chase .  The two pursuing birds ran 

on either s ide and behind the female ,  both att empting t o  

mount whenever she slowed d own .  This was espe c ially common 

in the Peninsular Territory in 1 972 and at times all five 

males were s e en running b ehind Ow or Zw . In this t errito ry ,  

up to t��ee birds att empt ed t o  mount at the same time -

irrespe c t ive of orientat ion . Another variation cons is t ed of 

a s econd female att empting to get under the firs t ,  and 

pecking at her breast and neck ( Fig . 47a) . In all cas e s , 

the extra female �·ras a yearling raised within the t erritory . 



Figure 47 �nr.LT IPLE PARTI C IPATION IN COPULATI ON by Birds 

of a Group Territory 

( a ) �ro males approaching a female for copulation . 

Right band male in a Sexual Upright and male 

( second from left ) is dropping to a S exual 

Forward . The bird partially obs cured is a 

yearling female who is Facing Away after the 

adult female turned and pecked her as she had 

been attempting t o  get between the legs of the 

front female . 

( b ) The same birds with the dominant male copulat ing 

with the dominant female while the other two 

feed in close proximity . 
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This was first observed in 1 97 1  when P!w consistently 

att empted to get under 2E whenever 2E was involved in a 

copulation attempt . Rlw reacted s imilarly to Plw in 1 972 
and Llw and !Nw were s een to do likewise to Pwand By 

respectively . This action by the j uvenile female mainly 

resulted in the adult female pecking it or one of the males 

mounting , although this latter alternat ive was observed only 

in respect . of P!w. Int erruptive behaviour by yearling 

females rese·ID.bled j uvenile food begging. On one occas ion a 

yearling male , /Pw , interrupt ed a copulation attempt b etween 

Aw and By , by food begging but d id not attempt to get under 

the femal e .  

Table 32 

No . of 
Birds in 
Territory 

4 

5 

6 

7* 

Total 

�TBER OF BIRDS I�\TOLVED IN COPULAT IONS 

AND ATT:Erw!PTED COPULATI ONS 

No . of Birds No . of 
involved in N'o . of Complete 

Territory Copulat ior1s Complet e Copulations 
and Attempt s Copulations involving 

2 3 4 5 Tot Tl'l'O Birds 

Northern 
1 97 1 -72 1 4 6 - - 20 7 (35% )  6 ( 86%) 
Southern 
1 97 1 -72 7 - - - 7 5 ( 71 % )  5 ( 1 OQofo)  
Hide 
1 97 1 -72 24 1 7  6 - 47 1 8  ( 38%)  1 4  ( 78%) 
Hide 
1 972-73 1 6  1 7  1 0  - 43 1 0  ( 23%) 8 ( 80%) 
Northern 
1 972-73 1 2 1 - - 1 3 4 ( 3 1 % ) 3 ( 75%)  
Southern 
1 972-73 1 1 9 1 - 2 1  1 0  ( 48%)  7 ( 70%) 
Peninsular 
1 972-73 1 5 46 93 28 1 82 1 9  ( 1 0% )  7 ( 37%) 

73 ( 41 % ) 50 ( 69% )  

* B,y definition ( see p .  2 1  ) there were only six 
birds in this territory but initially seven 
birds were involved in copulations . 
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In the main group territories a large number of 
copulat�on attempts involved more than two birds (Table 32 ) ,  
and multiple participation tended to increase with the number 
of birds in the territory . However, a high proportion of 
complete copulations involved only two birds . The maj ority 
of copulations and attempts were between a male and a female 
with the former mounting the latter . 

Twenty three copulations were homosexual ; 1 8  between 
females and the remainder between males of the Peninsular 
Territory in 1 972 . One female-male copulation was observed -
between Tw and Bw on 27  September 1 972 - and immediately 
followed a copulation between Bw and Tw .  While these birds 
were copulating, the domina�t male (Ew) ran over and stood 
in an ' Aggressive ' Upri·ght "!Jeside them. Tw dismounted over 
the front of Bw, to a spot immediately in front of the other 
two birds , and instead of assuming the post-copulatory Wings 
and Tail Fully Up , Tw went into an Erect Hunch and Bw 
mounted . 

It is interesting to note that after one homosexual 
copulation between P/w and 2E ., P/wwent into a pre-copulatory 
position in front of 2 E  on dismounting and 2E then mounted 
P/w but immediately dismounted , giving a superficial 
resemblance to an incomplete female-male copulation . 

6 . 3 . 2 In Relation to  Status 

All attempted and full copulations according to  status 
and sex are given in Table 33 . fhe dominant male had more 
copulation attempts in the Southern and the Northern 
Territories but this trend did not hold in the Hlde and 
Peninsular Territories . Yearling males were involved in few 
attempted copulations and none achieved a mount . The 
proportion of attempts that were successful was variable but 
� males tended to be more successful than� males . 

Correlation between frequency of copulation attempts 
and status in females was also variable . Dominant females 
were involved in copulations more often than� females in 
five out of seven territories , but the number that was 



TABLE 33 

"CC Cl) .... 
s:: 
;l 0 
a 

"CC 
... .... 

.c 

(i) 197 1-72 Hide Territory 

Hlw 
Kw 
2E h6 2 

Plw 22 
Total 18 2 23 1 � 3 1 

(ii) Southern Territory , 1 97 1-72 
Aw Ey By Slw 

et- cf � !; 
Aw � 
Ey � 
By 1 4 3  1 1 � 
Slw 1 2 1 � 
Total 6 � 1 1 - -

I 

e 33 

47 

Total 

5 � 
2 1 

7 5 

(iii) Northern Territory , 197 1-72 

Ew rf' r-... er Pw � Bw � Total 

Ew � 
Tw � 1 1 1 
Pw 242 l 3 1 � 7 3  
Bw �7 3  i6 1 1 � 13 4 
Total 1 1 5 92  1 1 1 207 

COPULATIONS IN RELATION TO STATUS AND SEX 
Birds in 01 der of S tatua 

1 972-73 
M' i . ..... � ... - .... .... d ..., ..... _ 

--

"CC Cl) .... 
c 
;l � 
" ... .... 

.c 

Hlw 
Kw 
Plw 
2E 
lJy 

Total 

Aw 
Ey 
By 
Slw 
1Pw 

Total 

Ew 
Tw 
Pw 
Bw 

Total 

Hlw 

� 
24 2 

�3 1 

13 3 

Kw Plw 

� ho4 � 
is i7 2 

15 4 7 2 

1972-73 
Aw Ey By 

� � � 24 2 l s 3 

3 8 5 J l  

1 2 7  6 3 -

1972-73 

lf.w Tw Pw 

� � 
3 4 1 23 1 � !3 22 1 1 
7 1 5 3 1 

2E 

rZ 
3 

Slw 

� 
-

Bw 

� 
Key: a • attempted ccpulati:::u (including all behaviour 

b c 
T a 

short of a full mount) 
b • mount 
c • full copulation 
T • Total 

1Jy rf' 

2 2 
23 1 I 

� 
5 1 

----

1Pw � 

33 

� 
3 

Total 

7 2 
6 2 

13 4 

Total 

19 6 
24 4 

4310 
---

Total 

1 2 5  
9 s 

21 1 0 

' 

� 
0"\ 
CO 

• 



TABLE }3 contd COPULATION IN RELATION TO STATUS AND SEX 

( iv) PeninsularTerritory 1972-73 
(a) Attempted copulations 

Bird Mounting 
lw 1Ww 1Zw Zw I Total 

Mlw 

1Tw 

Qlw 
-a 
41 1Ww ... 
c:: 
::1 0 1Zw X 

38 
-a 1 1 56 1 5 6 1 u142 1-1 Qw � .... 
l'<l 

Zw
� 

13 14 1 3 3 17 1 7 9 12 3 59 

Total 15 9 23 26 24 97  

(b)  Mounts and Full Copulations 
Bird Mounting 

lw 1Ww 1Zw Zw I T� 
Mlw 

1Tw 1 

Qlw 1 1 1 
-a Ill ... 1Ww l 2 1 1 c:: 3 
::1 0 

X 1Zw 1 
-a 

� 
Qw I 32 

l'<l Zw ,.62  35 2 

21 

52 

Total 9 10 16  19 24 l 79 

a • attempted copulation 
a b 
T. b • attempted copulation with pecks 

a • full copulation 
b c b • mount T 
a c • mount with pecks 

Proportion of copulations involving Qw before October • 90 . 5% 
(n � 64) 

-
0\ 
\.0 
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successful was similar for all females . One factor that 

could account for the low succ ess of dominant males and 

females , especially in the Hide Territory was frequent 

interruption of copulation; ie . the action of P/wdisrupted 

most attempts of H/w to mount 2£. 

On eight occasions dominant males actively prevented 

a subordinate male from copulating, but this behaviour was 

inconsistent . For example , on 2 October 1 971 , Hlw 
prevented Kw copulating with 2£ but allowed . it to copulate 

with Plw less than ten minutes later . Occasionally dominant 

birds interrupted their own copulation to drive a subord inate 

away . 

- The Peninsular Territory , 1 972 , was atypical in the 

large number of copulation attempts observed ( Table 33 ) and 

this was possibly a reflection of the skewed sex ratio 

within the group ( see p. 20 ) • Effects of individual status 

were more evident among the females of this territory . Up 

till the end of September ,  Ow was involved in 58 attempts 

whereas Zwwas involved in only six . Dw was obs erved once 

to attack Z.w when the latter was copulating. After Qwleft 

the territory in rr.id-October , Zw became the only female and 

thus the focus of copulations . 

The males in the PeninsulQ.r Territory attempted t o  

copulate with a female almost every five minutes the birds 

were in view . For example - condensed extracts from my notes 

on 1 8  September 1 972 : 

1 Zw and 1 Ww attempted to mount Qw .  
1 Zw - 1 \'lw and Q 1  w chasing after Qw . 1 Zw 
mounted and 1 Ww one foot up . 

1 Ww after Qw , mounted but Qw pecked it . 

1 Zw and 1 Ww behind Qw who stopped and both 
males tried t o  mount . Qw resumed running 
and both males  ran after her . Three ran 
past Zw and the two males ran after Zw . 
Both 1 Zw· and 1 \•/w returned and mounted Qw .  
Q1 w ran over and Qw collapsed . · 

1 Zw ani 1 Ww walking after Qw in a ' Sexual ' 
Upright and Zw is immediately in front of 
Qw . 1 Ww eventually mounted and had a full 
copulation with Qw .  
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Male homos exual mountings were als o  observed in the 

Peninsular Territory . In all five of these ,  the dominant 

mounted the subordinate aft er four or five males had been 

attempting to mount the same female and one had done so  

successfully . 

Aggression was seen in many of the copulation attempts 

in the Peninsular Territory . The males frequently pecked 

the f emale when she would not allow them to mount or would 

not rais e her tail to make cloacal coiltact possible . On 

six o ccasions ( Table 33 ) ,  Ow pecked males attempting to 

mount her . 

In pair t erritories ( Table 34) copulation w�s rarely 

s een but almost half of the attempts ·  were complete , and 

although juvenile males attempted to copulate with their 

mothers and s ibling females , none succeeded in mounting . 

It should be noted that only one attempted copulation 

involving a juvenile female was obs erved except in the Hide 

Territory where adult females had died and the juvenile 

femal es bred . Thus , although pukeko are capable of breeding 

in their first year as evidenc ed by 2£ and Plw, no juvenile 

did s o  while in its natal territory , unless it was replacing 

an adult . 

6. 4 Nests 

Pv$eko built large numbers of nesting structures . 

About a month before laying a number of • trial ' nests 

( following Williams , 1 960)  were built in the territory . 

Many of thes e were roughly construct ed and lacked a definit e 

bowl , but s ome were well-shaped , and , as laying approached , 

more well formed bovrls were c ompleted with usually two or 

three made ready for laying. Early nests und trial nests 

were frequently used as roosts and were soiled with faeces . 

·Normally , one nest was chosen for laying but in Linton 2 
( 1 97 1  ) t'\<TO nests , 3 m apart , were laid in hut only one was 

incubated . 

Trial and egg nests were constructed mainly in two 



Tabl.e 34 

COPULATORY BEHAVIOUR I N  RELATION TO 

AGE AND SEX IN PAIR TERRITORIES. 

(Yearlings are underlined ) 

Linton 1 1 972-73 

Mounting Bird 

Ubd' �d' 
4 1 y� 

1 84 
3 3 3 

�� - 2 2 

Linton 2 

1 72 .  

1 971 -72 1 972-73 

03(jf 

00� 
1
3

1 
1 

!>1ounting Bird 

036' 1 Owd" 
re 
!1 j:Q 00� 

1
8

4 
33 3 

re Cl> 

i !1¥� - 1 1 
� 

a = Attempted copulation including 
all behaviour short of a mount . 

b = Mount 

c = Full copul.a tion 
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places in a Carex or Mariscus tussock , or between raupo 

sho ot s , while other nests were found in grass clumps or in 
rushes , (Juncus spp ) . A typical raupo nest comprised dry 
and fresh raupo leaves between the bases of 3-8 raupo shoots 
with s ome of the support shoot leaves interlaced above and 
into the nest . Raupo nests were usually about 20 cm above 
water level . Carex and Mariscus nests were constructed 
either in the crO\in of the clump or on one side of it with 
the bowl made of Carex and raupo leaves and usually 60 cm 
above water level . Most  Carex nests were in the crown of 
a clump that was itself sheltered by an adj acent overhanging 
Carex or by raupo . An exception was the Western Territory 
where nests were a lmost always in the crown of a s ingle 
Carex and were very open. 

All nest bowls were approached by one or two ramps made 
of raupo and were 0 . 2-1  m long, although the Mariscus nest 
used by the Hide Territory in 1 971  had a ramp almost  three 
metres long . Most nests also had a ' landing pad ' in nearby 
raupo . This was constructed by interlacing the leaves o f  
a number of shoots and provided a firm landing platform for 
incoming birds about 1 -2 m above water level. 

The chosen nest site was consistent in most territories 
( Table 35 )  with three exceptions : the Southern Territory 
nested once in Carex and onc e in raupo every year ; the Hide 
Territory changed from raupo t o  Carex in 1 97 1 , while the 
Northern Territory changed from Carex to raupo . 

Nest material was o ccasionally carried long distanc es ,  
and one nest in 1 970 in grass beside the drain to Kaikokopu 
had a bowl n1ade of raupo leaves , the nearest source of which 
was at least 300 m distant . ��t erial was added throughout 
incubation and the bowl enlarged to take the number of eggs 
laid . 

All nests in the study areas were single-bowled and 
with one exception were used for a single clutch. In the 
Peninsular Territc.ry in 1 972 , the first replacement clutch 
was laid in the same nest as the original clutch. One nest 
outsid e  the study area (Awahuri ) was used successively by 



Table 3 5  

NEST SITES IN STUDY TERRITORIES 

Territory 

1 970-71 

Linton 1 c , c  

Lint on 2 . C* , C  

Hide R 
. 

Peninsular -

Trap -

Inlet c 

Southern R , C  

Northern c , c  

Western c 

Corner -

Rough Paddock -

. 

Season 

1 971 -72 

C , G , G ' 

C '  , C , C  

C , R '  

c 

-

c 

C , R 

R+ , M , R  

C* C C-lC· C t t , 

-

M 

1 972-77i 

c , c  

M , M  

c 

G* , G* , R 

G* , C  

c 

C , R 

R , R  

c 

J* 

-

C = Car ex (2'8) 1 R = Rau po (10) , G = Gras s (s ) 
J = Juncus ll ) 1 M = Mari scus ('f-) 

+ flood ed ' desert ed 

* dest roy ed by predator 

1 74 .  
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thr e e  females from the same territ ory . Initially a clutch 

of three eggs was laid and five days before thes e hatched , 

a s e c ond clutch of four o f  a different c olour was add ed and 

t en days before the s ec ond clutch hat ched , another three 

eggs o f  yet another c olour were added . 

After the eggs hat ched , brood nests were c onstructed 

for brooding young at night . Many of the raupo egg nests 

were us ed as brood nests but Carex nes t s  never were . Brood 

nests were frequently aband oned and nel'T ones built usually 

close r  to r egular feed ing areas , were extremely bulky , and 

initially had a shallow bowl , but the bowl increas ed in 

d epth as the chicks grew older . Nests were kept free o f  

fae c es exc ept for chick droppings in brood nests , bu+. heaps 

of fa eces were frequently found close to a nes t . 

Nest c onstruction was rarely observed but on the f ew 

occas ions it was , only males including yearlings were 

building . 

6 . 5 � 

6 . 5 . 1  General 

In mos t cas es eggs were laid daily jus t  aft er dawn , 

although single rest days were common . The exc ept ions t o  

this were group territ ories where more than one female laid 

in the same nest . Evidence for this was as follows : 

(a ) Eggs of two different colours in the same nest 

( Fig .  48) . The colour difference was very obvious 

and in many cases was as distinct as brown and 

white domestic hen eggs . As well as a differenc e 

in c olour , there was a regular differenc e in s i z e  

between eggs o f  different colours a s  illustrat ed 

by the Reichenow· ind ex of egg shape ( Romanoff and 

Romanoff , 1 949)  ( Tabl e 36 ) .  Egg size ( Tabl e 3 6 ) 

and colour in pair t erritories was c ons istent , 

and egg shells from mos t territorie s ,  kept for 

c omparison , showed that colour within a territory 

was also c onsistent from year to year . Colour 



Figure 48 

Two hen clut ch with s ix brown and thre e white eggs . 





Table 36 EGG S I ZE I N  RELATION TO COLOUR 

Northern Territ ory 

1 77 .  

Season Clutch Colour Egg Siz e  *Reichenow Index 

1 970-71 1 Brown 5 7 . 06 X 3 5 . 4 1 62 . 1 8  
5 4 . 28 X 36 . 22 66 . 73 
57 . 94 X 3 5 . 92 62 . 00 
54 . 38 X 3 5 . 26 64 . 84 

2 Brown 5� . 48 X 36 . 68 6 9 . 89 
5 0 . 56  X 3 5 . 02 69 . 26 
53 . 42 X 35 . 1 0  6 5 . 71 
57 . 1 2  X 33 . 66 5 8 . 93 

1 971 -72 1 Brown 5 1 . 22 X 36 . 68 7 1 . 6 1 
52 . 1 6  X 36 . 26 69 . 52 
5 1  . 22 :r 34 . 68 67 . 71  

2 White 57 . 52 X 3 5 . 80 62 . 24 
56 . 1 2  X 35 . 92 64 . 01 
54 . 28 X 35 . 88 66 . 1 0  

Brown 50. 82 X 34 . 58 6 8 . 04 
5 1 . 42 X 3 5 . 38 68 . 81 
53 . 01 X 33 . 06 66 . 1 3 
5 1  . 1 8  X 3 5 . 78 6 9 . 91 

3 White 53 . 1 8  X 36 . 24 6 8 . 1 5  
56 . 04 :r 36 . 02 64 . 28 
57 . 1 4  X 36 . 00 63 . 00 
57 . 06 X 36 . 92 64 . 70 

1 972-73 1 White 53 . 44 X 36 . 34 68 . 00 
60 . 34 X 34 . 46 5 7 . 1 1  

Brown 52 . 56 X 35 . 58 67 . 69 
54 . 32 X 36 . 94 6 8 . 00 
53 . 3 5  X 37 . 1 6  69 . 65 
5 1 . 48 X 34 . 70 67 . 40 

2 Brown 53 . 90 X 36 . 28 67 . 3 1  
52 . 1 6  X 35 . 88 68. 79 
5 2 . 45 X 37 . 78 72 . 03 
53 . 94 .X: 36 . 32 67. 33 

White 52 . 52 X 35 . 48 67 . 56 
54 . 1 2  X 35 . 66 6 5 . 89 
5 8 . 42 X 3 5 . 1 6  6 0 . 1 8  
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Table 3 6  cont . Southern Territory 

Season Clutch Colour Egg Size *Reichenow Index 

1 970-71 1 White 50 . 62 X 35 . 98 7 1 . 08 
54 . 44 X 36 . 66 6 7 . 34 
5 2 . 24 X 36 . 48 69 . 83 
5 0 . 96 X 37 . 52 73 . 63 

2 White 52 . 1 4  X 3 5 . 30 6 7 . 70 
54 . 82 X 36 . 26 66 . 1 4  
5 2 . 42 X 35 . 84 6 8 . 37 

Brown 50 . 56 X 3 5 . 08 6 9 . 38 
49 . 06 X 36 . 74 74 . 89 

. 49 • 86 X 36 . 28 72 . 76 
49 . 98 X 37 . 1 6  74 . 35 

1 971 -72 1 White 53 . 22 X 3 5 . 64 64 . 54 
5 3 . 24 X 36 . 40 . 68 . 37 
52 . 02 X 36 . 6 2 70 . 40 
5 5 . 52 X 35 . 76 64 . 4 1 
5 2 . 84 � 36 . 46 6 9 . 00 

Brown 47 . 94 X 34 . 52 72 . 01 
47 . 48 X 34 . 86 73 . 42 

2 Brown 44 . 50 X 3 4 . 32 77. 1 2  
46 . 64 X 3 5 . 54 76 . 20 
49 . 26 X 36 . 38 73 . 85 
49 . 82 X 36 . 68 73 . 63 

White 53 . 64 X 35 . 80 66 . 74 
53 . 00 X 35 . 92 67 . 77 
5 5 . 28 X 37. 1 0  67 . 1 1  
5 5 . 70 X 3 5 . 62 63 . 95 

1 972-73 1 White 53 . 48 A: 36 . 66 6 8 . 55 
5 6 . 48 X 36 . 56 64 . 73 
5 5 . 94 X 37 . 66 67 . 32 
56 . 62 X 37 . 04 6 5 . 42 

2 Brown 5 1 . 70 X 36 . 28 70 . 1 7  
47 . 26 X 34 . 92 73 . 89 
50. 28 X 36 . 22 72 . 04 
48 . 34 X 36 . 96 76 . 46 
49 . 74 X 36 . 28 72 . 94 
50. 52 X 36 . 42 72 . 09 
49 . 82 X 35 . 58 71 . 42 

White 54 . 66 X 35 . 84 65 . 57 
55 . 22 X 36 . 92 66 . 86 
53 . 84 X 36 . 50 67 . 79 
5 5 . 1 0  X 36 . 52 66 . 28 
54 . 92 X 37. 1 6  6 7 . 66 
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Table 36 continued 

Hid e T e rritory 

Season Clut ch Colour Egg Size *Reichenow Ind ex 

1 970-71 1 Brown 4 9 . 20 X 36 . 26 73 . 70 
50 . 84 X 35 . 40 6 9 . 63 
50 . 04 X 3 5 . 06 70 . 06 
5 1 . 46 X 35 . 00 68 . 01 

Lighter 49 . 00 X 34 . 22 69 . 84 Brown 

1 971 -72 1 Brown 49 . 90 X 3 7 . 56 75 . 27 
49 . 36 X 37 . 1 0  75 . 1 6  
50 . 24 X 36 . 94 73 . 53 
5 0 . 92 X 3 5 . 84 70 . 38 
49 . 30 X 35 . 74 72 . 49 
5 2 . 88 X 36 . 98 69 . 93 

Lighter 
Brown 48 . 36 X 37 . 80 78 . 1 6  

2 3 Light Brown 5 Brown 
Eg g s  d e s tr o y e d  b y  p r e dator b e fo r e  measured 

1 972-73 1 Whit e 48. 74 X 36 . 56 75 . 01 
48 . 54 X 37 . 52 77 . 30 
49 . 48 X 37 . 1 6  75 . 1 0  

Brown 5 1 . 38 X 36 . 58 7 1 . 20 
5 1 . 28 X 36 . 74 7 1 . 65 
5 2 . 02 X 35 . 96 6 9 . 1 3  
5 2 . 86 X 36 . 48 6 9 . 01 
50 . 08 X 36 . 88 73 . 64 
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Table 36 continued 

Western Territory 

Season Clutch Colour Egg Size *Reichenow Index 

1 972-73 1 Brown 5 0 . 94 X 3 5 . 62 69 . 93 
49 . 74 X 36 . 04 72 . 46 
53 . 08 X 34 . 82 6 5 . 60 
5 1 . 1 6  X 34 . 96 68 . 33 
52 . 1 8  X 3 5 . 22 67 . 50 
48 . 78 X 3 5 . 24 72 . 24 

Grey 48 . 98 X 35 . 80 73 . 09 

Linton 1 

Season Clutch Colour Egg Size *Reichenow Index 

1 972-73 1 5 5 . 40 X 38 . 35 6 9 . 22 
5 5 . 35 X 37 . 80 68. 29 
53 . 40 X 38 . 40 7 1 . 9 1 
54 . 65  X 38. 25 68 . 99 
5 3 . 1 5  X 37 . 80 7 1 . 1 2  

2 5 2 . 36 X 38 . 24 73 . 03 
5 2 . 78 X 3 8 . 50 72 . 94 
5 3 . 66 X 3 8 . 1 2  7 1 . 04 
5 3 . 38 :.1C 38 . 08 7 1 . 34 
54 . 06 X 37 . 72 69 . 77 
54 . 94 X 36 . 96 67 . 27 

* Romanoff & Romanoff ( 1 949 ) 
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differenc es were less obvious in the Hide 

Territ ory where females were related (mother and 

daughter ) in all years , but s ize differenc es were 

obviou s  ( Table 3 6 ) .  

( b ) Two eggs appearing in a nest in one day . These 

eggs were always of different colours . For example :  

( i ) Southern Territ ory 

Dat e Hour No . of Eggs Colours 

20 De c 71  1 200 2 2 brown -

22 Dec 71 1 430 6 4 brown 2 white 

1 Nov 72 1 1 00 4 · - 1 brown 3 white 

3 Nov 72 11.1.Q 7 ,., brown 5 whit e ' ·  

( ii ) Hid e Territory 

7 Oct 72 1 030 4 3 brown 1 whit e 

8 Oct 72 .illQ 6 4 brovm 2 white 

( c ) A gap of more than two days in a laying cycle . 

In all cas e s  the eggs produ c ed aft er the gap were 

of a different colour and size from thos e pro-

duc ed prior to the gap .  For exampl e :  

( i ) Southern Territory 

Date No . of Eggs Colours 

25 Oct 71  5 5 white 

27  Oct 71 5 5 white 

29  Oct 71 6 5 whit9 1 brown 

30 Oct 71  7 5 white 2 bro1m 

( ii ) West ern Territory 

1 0  Oct 72 6 6 brown 
1 3  Oct 72 6 6 bro1m 
1 8  Oct 72 7 6 brown 1 whit e 
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( iii ) The previously discussed nest at Awahuri 
( see p .  1 75 ) .  

Laying was frequently initiated at the same time in 
adj acent territories (see Appendix 6 )  and on two occasions , 
the Northern and Southern Territories initiated nests on 
the same day . 

6 . 5 . 2  Clutch Size 

Clutch size is taken as the maximum number of eggs in 
a r est ( Davis , 1 95 5 ) .  Overall clutch size was constant in 
1 97 1 -72 and 1 972-73 at 6 .2 ( n = 34 ) but varied greatly 
between t erritories and als o varied directly with the number 
of birds in the territory ( Table 3 7 ) . In pair terri�ories , 
first clutches were larger than later ones , while in all 
group t erritories , first clutches were smaller than subsequent 
ones . Clutch s ize in 1 970-71 was lower than in other years 
but the history of the birds was unknown in that year. 

6 . 5 . 3 Clutch Size in Relation to Status 

In nests with eggs of more than one colour , the colours 
were never equal in numbers and att empts were made to 
ascertain which female laid the greater number of eggs . The 
egg colour of each female was determined by : 

(a ) Obs erving which female was on the nest when an 
egg was laid . To pinpoint exact arrival t ime of 
eggs , nests were checked immediately before da� 

_ and again after the female left the nest . The 
presence of a female on the nest was deduced by 
direct observation or , where this was not possible , 
from the fact that all other territory members 
were in view . 

(b ) Comparing egg colours between years when pre­
viously only one of the females had been pres ent . 
This was useful in the Hide Territory only . 

( c ) Experiment : In 1 972 , the Northern Territory 
females were trapped as regularly as possible 
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Table 37 

CLUTCH SIZE 

Number of Birds in Territory 
Year 

2 3 4 5 

1 970-71 6 , 3  4 , 6 4 , 7  5 
4 , 8 
4 , 4 
9 

Mean* 4 . 5 5 5 . 7  5 

Overall Nean 5 . 3  n = 1 2  s ·. d .  = 1 . 88 

1 971 -72 7 , 5 , 5 4 , 5 8 , 8  
6 , 3  7 , 9  6 , 7 , 1 0 , 7  
6 7 , 4  4 

Mean° 5 . 3  6 . 0  7 . 1  

Overall !vlean 6 . 2 n = 1 9  s . d .  = 1 . 84 

1 972-73 5 , 6  4 7 
6 , 5  4 
4 

Mean+ 5 . 2  4 I 5 . 5  

Overall Mean 6 . 2  n = 1 5  s . d .  = 2 .  1 45 

Overall Mean for All Years = 6 . 0  n = 46 

Overall Mean 
of first and 6 . 0 , 4 . 5  5 . 0 , 6 . 2 7 . 0 , 7 . 5 sub s e quent 

clut ches 

Overall Meanso 5 • . 2 4 . 7 5 . 8  

s . d .  1 • 21  1 • 1 5 1 . 97 

* No significant linear c orrelat ion 

+ Linear correlation significant p<0 . 05 

0 Linear correlat ion significant p< 0 . 01 

6 . 9  

1 . 89 

· -

6 

8 
5 
5 , 1 2  
6 , 8  
8 

7 . 4  

s . d .  = 1 . 95  

5 . 5 , 9 . 5  

7 . 4  

2 . 44 
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and force-fed with gelatine capsules of lipid 

dye s  of different colours . The dyes used were 

Sudan III ,  Sudan Black , and Sudan Blue which all 

stain the yolk . Rhodamine B ,  which is recorded 

to stain egg shell (Romanoff and Romanoff ,  1 949 ) 

was also fed t o  the bird given Sudan III . On ·t 1 

September 1 972 , Pw was fed one capsule of Sudan 

III and one of Rhodamine B .  The following morn­

ing, a pink streaked white egg appeared in the 

nest . Bw had been fed Sudan Black two weeks 

previously and one brown egg was later removed 

from the nest and boiled but the yolk was normal . 

This may have been due to  the large gap ( 20 days ) 
between feeding �he dye and laying . The 

experiment d
.
id , ilowever , c onfirm that Pw laid the 

white egg, a fact that had been deduced from (a ) 
above . 

Based on these criteria , the number of eggs laid by the 

femal�s of the study territories is given in Table 38.  

Generally , dominant females laid more eggs than the sub­

ordinate females but this was· complicated by age . In the 

Northern Territory in all years , and in the Hide Territory 

in 1 972 , the older female laid more eggs than the younger 

dominant . The older female in all territories laid the 

greater proportion of the first clutch . It is interest ing 

to note that in the group territories the average number of 

eggs laid by each female was much smaller than that laid by 

a female in a monogamous territory ( Table 37) . 

6 . 6  Incubation 

6 . 6 . 1  General 

Incubation rarely started with the first egg but 

usually began mid-clutch . Eggs were initially cold to 

touch but were warm after incubation began . A thermistor 

(McConkey , 1 972 ) was put in an egg which was substituted 

in Nest 1 ,  Northern Territory , 1 971 -72 . Due to calibration 
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Table 38 

-

CLUTCH SIZE OF IriDIVIDUAL FID�LES 

IN GROUP TERRITORIES 

Territory 

Season Northern Southern Hide Western 

Pw ( W )  Bw ( B )  By ( W )  S 1 w (B ) 2 E ( B) P1 w ( W ) Ub� ( B )  Vy (W ) 

1 970-71 4B 4W - -
4B 3W 4B 

3B 5W 2B 1B 1 W  
1 971 -72 3W 4B 4\'1 4B 5 B  3W -

4W 

1 972-73 4B 2W 4W 5B 3W 6B 
5B 3W 5W 7B 

Overall mean clutch size of s ingle female = 3 . 9  (n  = 28)  
s . d .  = 1 . 474 

Females in order of status 

( ) Egg colour 

No t e : 2E and P 1 w r eversed dominan c e  i n  1 972 ( s e e  p . 1 07 )  

1 W  
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errors , actual t emperatures could not be calculated but the 
thermistor did show that incubation was irregular at first 
as the eggs were left for periods of up to t en hours before 
incubation began in earnest . All birds from a territory 
were frequently observed fe eding together when the clutch 
was incomplete but while eggs were occasionally left 
unattended during later stages of incubation, thes e spells 
were short , usually from two to fift een minute s .  

Incubation was followed by direct observation wh3re 
poss ible , but most nests were not visible from the hides ; so  
an automatic camera recorder was d evised ( Craig & Craig - in 
press , and Appendix 2 ) . Initially no time s cale was included 
and - results in 1 971  gave only order and frequency of incuba­
tion shifts . An electric clock was placed in the field of 
view but led to desertion of the nest ( Nest 1 ,  Western 
Territory ) . Early in the 1 972-73 season, a small mechanical 
clock , suitably camouflaged , was used succes sfully and lat er 
an automatic time scale was includ ed .  Film also gave 
records of behaviour at the nest . 

Incubation time averaged 24 . 8  days ( range 23-27 ) ,  
{ n  = 1 2 ) .  This calculation does not include early eggs which 
could take up to 29 days to hatch. 

6 . 6 . 2  Behaviour 

Birds at the nest  behaved in accord with their status . 
Low ranking birds were  usually in a Bow , Wings and Tail 
Fully Up when entering the nest and normally had Wings and 
Tail Fully Up when relieved by a more dominant . Subordinates 
fre quently left the nest before the dominant arrived and by 
the ramp on the opposite s ide  of the nest from which the 
dominant approached . When the subordinate left by the same 
ramp as the dominant approached , it was in a Bow and was 
o c casionally pecked . Rarely birds fought on the ramp o r  in 
the nes� but this behaviour was seen mainly in the t erri­
tories formed from the flock . This was suspected to be the 
cause of some egg damage and e j ections . 

In most instances , the sitting bird left when the 
relief arrive , but if it did not and was a subordinate ,  the 



� ..-I 
.p .p 
..-I tll 

1 87 .  

dominant sat with it , :pushed it off the nest , or :pecked it . 

Where the two birds sat t ogether , it was always b eak to tail . 

Birds frequently brought nest mat erial t o  the nest when 

relieving especially when a dominant relieved a subordinate 

( Table 3 9 ) . Allopreening was also common during the change 

over . Sometimes a bird left a nest before another arrived 

and on all occasions , this bird then gave a Wing Clap and 

call which immediately brought another bird which usually 

took over . After relief , a bird frequently returned to the 

neat with building material ( Table 3 9 )  but this behaviour 

diC:. not appear to be clearly relat ed to rank or sex .  

-

Table 3 9  INCIDENCE OF BUILDING TRIPS T O  NEST 

BEFORE AND AFTER INCUBATION 

Figures represent the number. of times a bird was 
observed to carry material to the nest . 

Before Incubating 

Southern TerritOT7 Peninsular Territory 
1 972-73 1 972-73 

Relieving Relieving 

Aw Ey By S1 w Dominant Subordinate 

Aw 1 (]" (jf � 
Ey Dom. cf1 -------- 5 -

By 1 

S 1 w 2 2 
( if'  20 � -

Subord . � ( � 8 -

After Incubating 

Peninsular Territory 
1 972-73 

N1 w 1 Tw Q1 w 1 Ww 1 Zw Zw 

3 8 1 2  1 1 1  
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The Peninsular Territory , 1 972-73 , was the mos t  dis­

organised and disputes  were common on the ramp when more 

than one bird arrived for relief . The female , Zw ,  was 

regularly pecked when relieving and departing, and normally 

reverted to  Head Flagging. Non-breeding yearlings in their 

natal territories did not incubate  but occasionally visited 

the nest . 

6 . 6 . 3  In Relation to Status and S ex 0 

Dominant males and fem�les tended to  carry out 

proportionately more of the incubation. Individually , 

dominant birds did more of the observed incubation shifts 

anC also did longer shifts than the -subordinates in most of 

the s tudy t erritories ( Table 40 ) . 

The Southern Territory in all years , the Peninsular 

Territory in 1 972-73 and the Hid e  T erritory , 1 970-71 , were 

exc eptions and the � male did more incubation than the 

dominant male . 2£ was also an exc eption among the females 

as she did more than 28 in 1 970-71  and approximately the 

same as P/w in 1 972-73 . 

In pair territories , incubation regularly alternated 

between the male and the female with day shifts of 

approximately three hours duration . In all territories , 

males sat at dusk and were relieved immediately before dawn 

by a female . The dominant male sat at night in all knovm 

cases and was usually relieved by the dominant female who 

was in turn relieved by the � female . Times involved in 

night and dawn shifts are not included in Table 40 but 

would further accentuate the greater proportion of incuba­

t ion attributable to the dominant pair . Non-breeding 

yearlings were not observed to incubate but frequently 

visited the nest , 

6 . 7  Chick Care 

Pukeko chicks are nidifugous , requiring to be fed ( Fig. 

49 ) , led 7 brooded , and protected from predators . Hatching 



Southern Territory 1 972-73 ( Nest 1 )  

Number 
Frequency % 

A�Td' 

8(  1 ) 
8 . 7 

Eyd' l By2 S1 w� 
1 9 ( 2 ) *  l 38 ( 9 )  27 ( 6 ) *  
20 . 7 1 4 1 . 3  29 . 4  

Southern Territory 1 972-73 (Nest 2 )  

Number 
- Frequency % 

Awd' 
1 3 ( 2 )  
20 . 3  

Eyd' 
1 5 (2 ) -)(-
23 . 4  

By� S 1 w� 
1 8 ( 7 )  1 8 ( 3 ) *  
28. 1 28. 1 

Peninsular Territory 1 972-73 

Number 
Frequency % 

Mean Time (mins ) 
Frequency % 

Jl�1 wd' 
36 ( 5 ) (  1 ) 
1 6 .  1 

33 . 70 
1 5 . 4  

1 Tw6' Q1 wd' 
58 ( 1 ) 30 
2 5 . 9  1 3 . 4  

49 . 45 29 . 24 
36 . 3  1 1  • 1 

( ) = number of dusk shifts 

1 \'lwci' 
32 

1 4 . 3  

32 . 1 5  
1 3 . 0  

(_ ) = number of first dawn shifts 
( ) *= number of second dawn shifts 

1 89 .  

n 
92 

n 
6 4  

1 Zwci' Zw2 
3 1  37 (3 ) 

1 3 . 8  1 6 . 5  

28 . 74 27 . 46 
1 1 . 3 1 2 . 9  



Figure 49 

An adult male ( Tw ) and a yearling female feeding two 

chicks in the Northern Territory . Note the difference 

in the s ize o·f the two chicks . 
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was asynchronous and s pread over three to six days . During 
this period one parent c ontinued to s it on the eggs and 
newly hatched chicks while other members of the t erritory 
brought food giving it either to the s itting bird who then 
fed the chicks , or directly to the chicks . Within the first 
three days after hatching, chicks were led from the nest and 
fed in its vicinity , often on platforms built on the water 
out of large numbers of Carex and raupo leaves . As the 
chicks grew , they were led further fr·om the nest . 

0 

Chick loss was high in the first two months , especially 
in the first few days , and when a fer.., chicks hatched well 
in advance of the maj ority o f  the clutch , they frequently 
d iP.d in the nest - presumably o f  starvation. Less frequently 
thP, last eggs were abandoned and the hatched chicks were led 
t o  food : in one nest , Linton 4 ,  1 970-71 , the last egg _was 
pipped and the chick visible when deserted . Dead chicks 
were frequently found in territories within the first fort­
night of hat ching and continued to disappear till two 
months of age . 

Chicks began t o  feed themselves from about two days but 
still received the maj ority of their food from the adults 
until they were tlvo months old . By this age , chicks spent 
much t ime alone but the adults rushed t o  them whenever 
harriers were overhead . In their turn, the chicks kept 
close to cover in their first two months . At Pukepuke in 
early 1 973 , adults were progressively forced by the drying 
up of t:te lake to feed further from cover ; thus the chicks 
of second broods were left alone for long periods o f  time 
and none survived . 

In pair territories both adults fed the chicks until 
re-nesting �hen the non-incubating bird alone cared for the 
chicks . Chicks were thus forc ed to become independent 
relatively earlier in pair territories , and when the second 
clutch hat ched , older chicks did most of the caring for the 
younger ones . 

Care of chicks was unequally distributed among the 
birds ( Table 41 ) .  In the study territories in 1 97 1 -72 , the 
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Table 4 1 CHICK CARE IN RELATION TO 

STATUS, SEX AITD AGE 

The figures show the number of times birds were seen 
with chicks . Birds are in order of status and year­
lings are underlined . 

Dec 
Jan 
Feb 
Mar 

Total 

Freq .% 

Dec 
Jan 
Feb 
Mar 

Total 

H1 w
cf" 

Kw
d' 

7 5 
1 4  3 

1 3 
1 -

23 1 1 

2E� 
3 
5 
1 
3 

1 2  

Hide Territory 

P1 w� H1 w 
3 Nov 2 
4 Dec 2 
1 

1 0  

1 8  Total 4 

1 972-73 

Kw P1 w 2E Rhr� 
3 1 3 1 
6 4 8 4 

9 5 1 1 5 

3 5 . 9  1 7 . 2  1 8 . 8  28 . 1  Freq .% 1 1 . 8 26 . 5  1 4 . 7  32 . 4  1 4 . 7  

Southern Territory 

Awcf Eyrl' By� S1 w� Awd' Eycf' By� S 1 w� 1 Nw� 
1 2  1 7 4 Oct 3 3 -3 -z 

7 1 4 1 6  Nov 1 8  2 3 8 1 6  
4 1 4 3 Dec 7 5 8 6 3 

1 4  5 5 7 

37 8 20 30 Total 28 7 1 4  1 7  20 

1 Pw6' 1 
3 1  
1 2  

45  

Freq.% 38 . 9 8 . 4 2 1 . 1  3 1  . 6  Freq . %  2 1  • 4 1 0 . 7  5 . 3 1 3 . 0  1 5 . 3  34 . 4  

Northern Territory 

Ew� Tw(/' Pw� Bw� 1 Bwc:S" L 1  w� 
Dec 1 2  1 8  26 22 Juv � 
Jan 6 1 2  2 1 
Feb 20 5 2 7 
Mar 36 2 4 6 5 1 1  
Apr 1 4 5 1 0  1 1  6 7 

Total 88 42 44 47 1 1  1 8  

Freq .% 3 5 . 2  1 6 . 8  1 7 . 6  1 8 . 8  4 . 4  7 . 2  

Ew Tw Pw Bw 1 Bw L1 w 
Nov - 7 1 2 --z 0 
Dec 5 5 8 - 4 1 

Total 5 1 2  9 2 6 7 

Freq .% 1 2 . 2  29 . 3 22 . 0  4 •. 9 1 4 . 6  1 7 . 1 
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dominant male cared for the chicks substantially more than 

any other memb er of the territory . The subordinat e female 

was next and the �� male s c ored poorly . This pattern was 

not so  obvious in 1 972-73 when yearlings were present in all 

t erritories , as they account ed for a large proportion of the 

chick care . In the Southern T erritory , the dominant male 

s t ill cared more for the chicks than any other adult but 

this was not so in the Hide and Northern Territories 

although there are few results in thes e cases . 

6 . 8  Reproductive Success 

- Hatching succes s  and survival rat e  varied marke�ly 

between t erritories and als o  from year to year ( Tabl� 42 

and Appendix 6 ) .  Survival rat es were very low at Pukepuke . 

In 1 970-·71 only two chicks survived from all broods , and 

in all years survival was low for second and subsequent 

broods , poss ibly because o f  low water levels ( s e e p .  22 ) .  
Survival rates at LL�ton were high in all years . 

Overall breeding success was inversely relat ed t o  the 

number of b irds in the territory ; pairs being more success­

ful than groups in all except the 1 970-71  season . It is 

probably unrealist ic however , t o  compare the stable pair 

territories at Linton with the groups at Pukepuke , many of 

whi ch were unstable having b een formed from flock b irds . 

When the results of stable groups are c ompared with stable 

pairs , groups have a significantly lower bre eding success 

in terms of surviving offspring , but have a higher hatching 

rat e  although this is not s ignificant . This trend of lower 

success of groups also appears when pairs are compared with 

groups at Linton , but the results are again not significant 

pos sibly because of the smaller numbers involved .  Only one 

pair was found at Pukepuke which is insufficient for a 

meaninglul comparison to be made between pairs and groups 

at this area . 

When survival rat es for individual territories are 

examined they appear to b e  closely related t o  water depth 



No . of 
Territories 

No . of Nests 

No . of Eggs 

No . Hatched 

Hatching 
Success 

No . of Chicks 
Surviving to 
4 months 

Breeding 
Suc c es s  

!-!ean }To . 
cf Chicks Surviving/ Territo1.7 

r<�ean No . 
o� Chicks 
Surviving/ 
Bird 

Table 42 REPRODUCTIVE OUTPUT OF PAIRS AND GROUPS 

1 970-71 1 971 -72 1 972-73 Totals 
Lint on Pu.kepuke Lint on Pukepuke Lint on Pukepu..'l{e Lint on Pukepuke All All Stable Flock 

Prs 

1 

2 

1 0  
5 

50% 

2 

2()7� 

2 . 0  

1 . 0 

I 

Gps Gps Prs rzps 1-'rS Gps 
3&4 5&6 4 5 

3 3 1 2 2 1 2 4 

5 5 1 6 3 1 5 8 
24 29 5 28 1 5 6 30 47 

20 28 5 1 6 1 5  6 23 26 

83% 97% 1 00;'� 57% 1 00% 1 00% 77% 55% I 
8 1 2 1 1  3 2 5 3 I 

33% 3% 40% 39% 20% 33% 1 7% 6% I 

2 . 7  0 . 3 2 5 . 5  1 . 5  2 2 . 5  0 . 75 

0 . 8  0 . 9 0 . 4 2 . 8  0 . 4 1 . 0 , 0 . 6  0 . 2  

I I 

.Prs 

3 
5 

26 

2 1 

81 % 

1 1  

42% 

3 . 7  

1 . 8 

li-ps 
3&4 6 

3 4 

4 8 

1 8  47 

7 35 

39% 74% 
0 9 

0% 1 9% 

0 2 . 3 

Prs Gps 

6 5 

1 3 8 

64 39 

42 35 
ns* 

66% 90% 

24 1 1  
ns·* 

38% 28% 

4 2 . 2  

0 0 . 4  1 2 . 0  0 . 5  

Prs 

1 

1 
I 

6 

6 

1 00% 

2 

33% 

2 

1 . 0 

* Using X 2  contingency t est 

Gps Prs Gps [.Lint on PU..!re [Prs Gps Unstable 
3&4 5&.-6 Pukepuke 

8 9 7 22 9 1 0  6 1 3 4 

1 4  1 7  1 4  39 1 9  1 8  1 3  24 8 

77 99 70 2 1 5 94 1 1 9 64 1 49 30 
58 66 48 1 59 70 92 42 1 20 1 7 

ns * ns * ns* ns* 

75% 67% 6 9% 74% 74% 77% 665� 8 1 %  57% 

6 1 4  26 3 1 36 1 8 27 28 0 
ns* p<0 . 01 'k p<0 . 01 * p<0 . 05* 

8% 1 4% 37% 1 4% 38% 1 5% 42% 1 9% 0% 

0 . 8  1 . 6  3 . 7  1 . 4  4 1 . 8 4 . 5  2 . 2  0 

0 . 2  0 . 3 1 . 9  0 . 3  1 . 6 0 . 4 2 . 3 0 . 2  0 

---- --·---

No t e : Wh ere i t  i s  su spec t ed that n o t  all n e s t s  were found , the r e sul t s  o f  that 
t erri t o ry ar e n o t  inc lu d ed . 

Overall 
To tel. 

29 

53 

285 

207 

73% 

57 

20% 

2 . 0  I 

0 . 5  : ' I 



1 95 . 

and the area of cover vegetation available ( Table 43 ) . 

Territories with large areas of cover had higher survival 

rates than those with little cover, with the exception of 

the Western Territory . The low success in the Western 

Territory was possibly due to the very high proportion of 

Carex in the vegetation and the birds ' failure to provide 

cover for their nests from aerial predators ( see p .  1 73 ) .  

Although there was little Carex or raupo cover in Linton 4 ,  

rank grass clumps provided sufficient protection and aerial 

predators were rarely seen . Chick survival also appeared 

to be  directly related to constancy of water levels although 

Linton 4 was again an exception. The high mortality of eggs 

and. chicks in the Inlet , Peninsular , Corner , Rough Paddock 

and Trap Territories was partly caused by the small area of 

cover vegetation but more by the low water levels , nest 

s ites , and mustelid predation . Mustelids were suspected to 

have taken eggs because nests we�e well covered but many 
were at ground level and must elids were seen in the terri­

tories in early summer . Track� used by me t o  these nests 

were always retraced and crossed in an attempt to provide 

a confused trail for ground predators . Egg loss for all 

territories is detailed in Table 44 . Predation was the 

greatest source of egg loss but desertion and ej ection were 

also common. 

6 . 9  Discuss ion 

Court�hip and other sexual behaviour was strongly 

affected by individual status . Courtship involved 

adopt ion of the frontal posture with the lowest aggressive 

cont ent . The obs ervation that dominants initiated court­

ship more frequently than subordinates is in keeping with 

the expectation that subordinates would tend to avoid 

contact with dominants .  The frequently obs erved failure of 

subordinates to preen a presenting dominant suggests that 

inhibition of contact is high especially where disparity of 

rank was great . The red colour of the iris 'itas similar t o  
the colour o f  the bill which is the aggressive weapon and 
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Table 43 

Territory 

Western 

Northern 

Southern 

Hide 

Peninsular 

Trap 

Corner 

Rough Paddock 

Linton 1 

Linton 2 

Linton 4 

BREEDING SUCCESS IN INDIVIDUAL TERRITORIE� 

IN RELATION TO COVER AND WATER �EVEL 

No . of No . of Eggs 
Eggs Laid Hatched 

40* 27 

32* 28 

45 39 

29 1 6  

6 6 
8 5 

7 2 

4 0 

4 3 

39 24 

3 1  23 

24 23 
--- -

Chicks 
Surviving 

1 ( 2 . 5%) 

5 ( 1 5 . 6%)  

5 ( 1 1  • 2%) 

7 ( 24 . 2% )  

2 ( 33%) 
0 

0 

0 

0 

1 5  ( 40%) 

1 3  ( 42%) 

8 ( 33%) 

I 

Area of Raupo 
and Carex 

0 . 3 2  ha 
0 . 23 ha 
0 . 28 ha 

0 . 23 ha 

0 . 08 ha 
0 . 06 ha 

0 . 02 ha 

0 . 01 ha 
0 

0 . 0 1  ha 

0 . 4  ha 

0 . 4  ha 

0 . 06 ha 

* Eggs believed lost by my interferenc 3 not included . 
+ Constant water level 

Water 
Level 

)'60 cm 

)60 cm 

') 60 cm 

) 30 cm 

> 30 cm 
) 30 cm 

< 30 cm 

-

-

60 cm+ 

60 cm+ 

-

I 

__. 
\.0 0'\ 
• 



Table 44 

CAUSES OF EGG LOSS 

Cause NUI:lber · Total Lost 

Predation - Harrier 25+ I Mus.telid 6 
Man 4 '  3 5  

Des erted 20 

Ej ected - cracked 1 2  
not cracked 3 1 5  

Addled 8 

Died in hatching . 2 

Infertile* 1 

Unknown 1 0  
I 

+ Loss of six believed to b e  due to automatic 
camera . 

1 One removed in an experiment . 

* Judged infertile because no d ecomposit ion 
had occurred after full incubation (Roderick, pers . comm . ) . 

1 97 . 
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this may explain why dominants closed their eyes during 
allopreaning. 

Courtship feeding appears to be c ompletely ritualized 
and no longer serves any function of increasing nutrient 
intake of the female . This ritualization has b een 
suggested in many other species ( Welty , 1 964 ) although 
Tinbergen ( 1 959 ) suggests courtship feeding has a nutritive 
function in gulls where significant quantities of food are 
given . 

The observation that courtship occurred betwe en all 
memb.ers of a group territory is probably related t o  the fact 
that all birds in a territory participate in most breeding 
activities and s o  aggressio� among all birds must b e  reduced 
to promote co-operation for nesting . Courtship between all 
members probably also helped synchronize sexual cycles and 
s o  ensure that all birds were ready for nesting at the same 
t ime . Gullion ( 1 954 ) records allopreening between members 
o�· winter flocks of coots regardless of sex but found that 
it became increasingly restricted to between males and 
females . 

The similarity of the Sexual Upright and Forward and 
the ' Aggress ive ' Upright and Forward suggests a high 
aggressive element in the sexual displays of the male 
(mounting bird ) . This is further demonstrated by t he 
frequency of copulations and attempts involving pecking ,  
especially in the Peninsular Territory (Table 33 ) .  

The frequently observed copulations between females 
of the same group territory are also believed to help 
synchronize the cycles of the females so that they can lay 
in the same nest at the same time . Synchronized laying 
would not only reduce the likelihood of predation by redu­
cing the number of nests , but would also reduce the length 
of vulnerable time spent on the nest . It would also effect 
more synchronous hatching which , in turn, would reduc e the 
t ime when labour was necessary for incubation and chick care 
simultaneously . 

The frequency with which females copulated with 
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females especially in the Hide Territory , the link between 

status and frequency of mounting, and the apparent 

completeness of many female homosexual matings casts severe 

doubt on sexing by copulations alone . This was especially 

so  in regard t o  Plw which was obviously a female by measure­

ment and was also sexed internally but which regularly 

copulated with 2£, the other fellial e .  Ridpath ( 1 972 ) relied 

solely on observed copulation for sexing Tasmanian nat ive 

hens and comment ed { pers . comm . ) that homosexual and 

reverse mount ings were far outnumbered by normal hetero­

se: :ual copulations , but he gave no figures .  Ridpath further 

stated ( pers . comm . ) that female-male mountings were always 

incomplete .  However ,  in pukeko , ( as noted on p .  1 67 ) Plw 
fully copulated with 2£ on one o ccasion ( both females ) and 

then 2£ mounted P!w but immediat�ly dismounted giving 

superficial resemblance to an incomplete female-male mount­

ing . N·o female-male copulations are recorded for monogamous 

rails (Ho1r.ard , 1 940 ; Gullion, 1 954 ; Kornowski , 1 95 7 ;  Reid , 

1 96 7  and pers . c omm . ) .  

The participation of more . than two birds in most 

copulation attempts appears superficially maladaptive in 

that it prevented many copulations from going to completion 
but it is suggested that multiple participation is important 

in synchronizing the sexual cycles of all birds in the terri­

tory .  In addition to this social stimulation within the 
territory , there appears to have been stimulation b etween 

t erritories as evidenced by synchrony of nests in adjacent 

t erritories ( Appendix 6 ) . Social stimulation synchronizing 

nest ing has b een recorded in many other spe cies ( e . g . 

Patterson , 1 965 ) and it is suggested that this is advanta­

geous in relation t o  predation by condensing vulnerable 

nesting time to a minimum. · 

The repeated rape att empts in the Peninsular Territory 

appearen to b e  a direct outcome of the skewed sex ratio and 

must have b een partly maladaptive as they significantly 

reduced feeding bJ the female at a time when she needed 

extra nourishment for egg production. 
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The observation that yearlings , retained in natal 

territories where all adult birds were still in residenc e ,  

rarely o r  never part icipat ed in copulations is in agreement 

with previous obs ervations that thes e b irds must continually 

show juvenile behaviour and supress adult behaviour patt erns 

to be ahle t o  remain in the territory . This would also 

explain the begging-type behaviour of yearling females when 

the adults were copulating . The participation in breeding 

by 2£ and Plw show that yearlings are e
.
levated to reproduc­

tive status when a breeding adult is lost . 

The highly elevated wing and tail positions o f  males 

when dismounting after c opulation is probably due to loss 

of status when immediately in front 9f another bird , ( see 

p .  1 2 1 ) . The adoption of a Pre-copulatory Pos ition when 

dismounting , perhaps similarly explained , was seen twi.c e  

only : once when a dominant female mounted a subordinat e in 

a homos e:xual mating, and onc e when a ;<3 male bad mounted a 

female in the pres enc e of a d ominant male.  In the latt er 

cas e ,  it is believed that the� male was reacting to the 

other mal e rather than the female even though she mounted . 

A male Post-copulatory Pos ition similar to the female 

Pre-copulatory Position has been recorded in moorhens 

(Howard , 1 940 ) , and Tribonyx ( Ridpath , 1 972 ) . Takahe 

frequently adopt this posture in front of the female after 

unsucc essful attempts t o  mount ( pers . observ . ) . 

Apart from the Peninsular Territ ory ,  there appeared t o  

be  no re lationship between status and frequency of copu­

lations in females but dominant males att empt ed t o  copulat e 

more frequently than subordinate males and prevented the 

latt er from mounting on a numb er of occas ions . There was , 

however , no link between full copulation and status , and 

it i s  d oubt ful if the dominant male had any reproductive 

advantage in relation to the number of eggs fertilized . 

Guhl , Collias , and Allee ( 1 945 ) 'i.nvestigat ed mating 

behaviour of domestic fowls and found negat ive correlations 

between : 

( 1 ) Social pos ition and frequency o f  mating . 
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( 2 )  Social posit ion and frequency of being c ourt e d . 

( 3 )  S o c ial pos it ion and frequency of invit ing the 

c o ck to mate .  

Thus higher ranke d  hens mat ed less frequent ly than 

thos e  lower in the s cale but laid more eggs . If sub­

flo cking o c curred so that all hi�her ranking hens were 

t ogether in the abs enc e of most subordinates , they mat ed 

more often . than when no sub-fl o cking o c curred ( Guhl , 1 950 ) . 

Therefore , the habit of dominating int erferes with mating 

in hens . However , mat ing was suffic ient for fertilizat ion 

and cons e quently higher ranked hens produc e more offs pring . 

The s it e  of egg nes t s  in each t errit ory was c onsist ently 

in the same vegetat ion . The exc epti ons to this suggest t hat 

the dominant male was respons ibl� for nes t  s it e  s electio n .  
The change from Carex t o  raupo in the Northern T erritory and 

the revers e change in the Hid e  Territ ory coinc id ed with the 
s hift of Ew from the latter t erritory t o  the former . The 

regular change in the Southern Terri tory st�ges t s  that b o th 
A w  and Ey cho s e  different nest s it e s  and is further evi d enc e 

of the high status of Ey .  I t  is sus p e c t ed there fore that 
choic e of ne st s i·c e may be l earned behaviour with mal es 

building in the same ne st typ es as they uere reared in . 

This s hould b e  a sub j ect of future inves t igation . 

The c onstruct ion of multiple nests prior t o  laying may 

b e  rela t ed to the platforms made by more aquat ic rails and 

used for c opulation ( e . g . Howard , 1 940 ; Gullio n ,  1 954 ; 

Kornowski , 1 957 ) . Trial nes t s  have als o b e en r e c orded for 

pukeko by Tunnicliffe ( 1 96 5 ) , for Tribonvx ( Ridpath , 1 972 ) 

and Not ornis Olill iams , 1 960 ) . Tunnicl iffe ( 1 965 ) ,  

Guthrie-Smith ( 1 92 7 ) ,  Ol iver ( 1 95 5 ) and Morris on ( pers . 

c omm . ) record mult iple nests for puk eko where two or three 

nes t s  w ere cons truc ted clos e t ogether and all were used for 

laying and incubat io n. No such nest s were found at Pukepuke 

and all c ommunal nests 'i'l ere s ingle-b ovrled . I t  is sugges t ed 

that this may b e  an ant i-predator devi c e  in that it reduc es 

the s iz e  of the nest area and henc e d e creas e s  the likeliho od 

of it b eing found by an aerial predator . The multiple nes t s  



202 . 

recorded by Tunnicliffe ( 1 96 5 )  and Morrison ( pers . comm . ) 
were al� in very open areas where each nest regardless of 
its size was obvious to predators , and it was also always 
in view of the pttkeko . Thus becaus e the nest and the 
incubating bird were s o  exposed , reduction of nest s ize t o  
a single bowl would not have made the nest less obvious t o  
aerial predators . 

In many species there is cons istent variation in the 
colour of eggs from different individuals (Romanoff and 
Romanoff , 1 949 ) , but in some species colour can be  extremely 
variable especially in those species that lay two eggs 

(Welty , 1 964 ) . Notornis females lay eggs which usually vary 
markedly in colour ( pers . o�serv. ) .  Egg shape is reported 
to be regular but can also vary l-Ti thin a laying cycle 
(Romanoff and Romanoff , 1 949 ) .  Despite this , pukeko egg 
colour in monogamous nests was consistently the same but 
where two d ifferent egg colours appeared in a nest , eggs of 
each of the two colour types were consistently similar , 
even from year to  year and were consistently dissimilar 
from the other type , both in polour and size . Taken with 
the evidence of deposition time , egg c olour is believed to 
be a very .reliable guide to the number of hens laying in a 
nest in pukeko . Egg colour is genetically determined 
( Romanoff and Romanoff , 1 949 ) and this would explain the 
similarity of egg colour in nests where the females were 
related . 

Tunnicliffe ( 1 965 ) also useJ egg colour , egg size and 
the deposition of more than one egg a day to determine if 
more than one hen was laying in a nest . ri!oreover , he 
categorized nests with more than eight eggs as communal ,  
but many communal nests at Pukepuke contained fewer than 
nine eggs , hence egg number is a poor criterion for c ommunal 
nests . Co-partnership or communal nests have been recorded 
for wekas ( Guthrie-Smith, 1 92 7 )  and promiscuous laying h&s 
been recorded in coots (Alley & Boyd , 1 94 7 ;  Fredrickson , 1 970 ) . 
Ridpath ( 1 972 ) did not comment on more than one female 
Tasmanian native hen laying in the same nest but gave only 
one plate of a nest , which contained six eggs of two 
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distinct colour types . 

size . 

et al 

Other authors give varying estimates of pukeko clutch 

McLean ( 1 902 ) gives 3-1 4 ;  Oliver ( 1 955 ) 5-7 ; Falla 

( 1 966 ) 4-7 ; and Tunnicliffe ( 1 965 ) 3-8 for monogamous 

and 9- 1 8 for c o-partnership nests . Morrison { pers . c omm. ) 
gives a mean c lutch size of 4-7 for monogamous nests and 

5-1 8 when co-partnership nests are included . 

The larger clutch size in my group territories in 

comparison with pairs '\'TaS caused by more than one female 

la�·ing in the nest and not to an increase in the number of 

eggs laid by a female in a group territory .  In fact , 

individual clutch sizes are lower for communal females than 

monogamous hens . Morrison { pers . c omm. ) found that �he 

clutch size of individual females in a group nest was 4 . 75 ,  

slightly higher than for monogamous females , but results were 

taken f:�om three nests only . 

The significant correlation between clutch size and 

the number of birds in group territories with more than four 

individuals is believed to be due to  the increas ing age of 

the females and not to more females laying. Parry ( 1 968 ) 

recorded an increased clutch size of kookaburras in group 

t erritories , but this was not significant . Ridpath ( 1 972 ) 

showed that the Tasmanian native hen yearlings had smaller 

clut ches , and he recorded a significant increase in clutch 

size between group and pair territories with birds of 

s imilar ages . This , he suggested , was ' presumably connected 

in some way with having more males ' .  However , there is 

considerable evidenc e from pukeko ( see pp . 27 , 1 22 ,  

and 1 99 ) to question Ridpa th ' s  sexing. It is likely , 

therefore , that this increase in the clutch size of 

Tribonyx trios arose from more than one female laying in 

some of his t erritories , and this conclusion is backed up 

by the only photograph of a nest which contains what appears 

to be a two hen clutch .  

The dominant female in most territories laid more eggs 

than the subordinate .  This may have been a reflection of 

age in that the older female (who was also dominant in most  
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t erritories ) laid the greatest number of eggs in every 
territory . In general , the olde� ( and dominant ) hen was 
responsible for most of the first clutch . Older birds · are 
recorded as laying earlier in many species (refs in Davis , 
1 955 ; Coulson & White , 1 95 8 ) . As discussed above , egg 
product ion is d irectly related to s tatus in domestic hens 
( Guhl � al , 1 945 ) but the hens in question were of s imilar 
age . 

As in other rails ( Gullion , 1 95 4 ;  Ridpath , 1 972 ) 
incubation by pukeko did not start with the first egg ,  s o  
that the time between laying and hatching varied between 23 
and 29 days , with most taking 24--25 days . Incubation in 
other rails is also variable ( review in Gullion, 1 951 ) , 
varying from 1 6-27 days . Incubation in pukeko was shared 
by both sexes as in most monogamous species ( Lack ,  1 968)  
and depended on status with the dominant pair being mainly 
responsible , but again , Ey was an exception . As with all 
interactions b etween birds , behaviour at the nest was 
strongly influenced by status , and because . birds were in 
very close c ontact , appeasement and aggressive behaviour 
was c ommon. Subordinates exaggerated postures and used 
Fac ing . Away and Head Flagging as expected in a clos e contact 
situation ( see p .  1 1 9 ) . Fights were observed , however , and 
were probably the cause of cracking and ej ection of eggs . 
The habit of the dominant taking nesting material to the 
nest when relieving a subordinate was possibly to cause a 
change of motivation of the subordinates from escape 
behaviour into nest building and so bring about a non­
violent change over . Morrison ( pers . comm . ) has als o  
recorded agonistic behaviour at a change over and the 
presentation of nest material . 

Previous workers have suggested that the male is res­
ponsible for the maj ority of incubat ion ( Guthrie-Smith , 1 927 ; 
Tunnicltffe , 1 965 ) and this has been accepted by others ( e . g .  
Oliver , 1 95 5 ; Falla et al , 1 966 ) , while McLean ( 1 902 ) 
reports the femal� was responsible for inc11bation. My 
results show that the incubation is shared between the 
sexes and the high incidence of incubation attributed to the 
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male by other workers is probably due t o  the fact that the 

dominant male usually returns to the nest after a d isturbanc e .  

Gullion ( 1 954 ) record ed that male coots , like pukeko , did 

night incubation shift s . 

Even though pukeko chicks are precocial and nidifugous , 

they are depend ent on their parents unt il at least 

one month of age and mortality was high during thi s  time . 

Capt ive chicks can be taught to fe ed themselves completely 

from about fcur days (Reid , Rod erick , and Kelly , pers . comm . ) . 

As with other activities , chick care by adult s varied with 

status . Females initially tended chicks more than did males ,  

but dominant males subsequently ·�ook on an increas ing amount 

of �hick care . Where yearlings were pres ent thes e a�sumed 

the maj or role in chick care and if a s econd brood S1trvived 

past two weeks , chicks of the first brood were res pons ible 

fpr most o f  the ir feed ing . This was especially obvious in 

pair t erritories . 

The pres ence of extra helpers in chick care has been 

recorded in many species ( Skutch , 1 96 1 ; Harrison ,  1 96 9 ; Dow , 

1 970 ) . Many of the s e  extra helpers were young of an earlier 

brood or young of the previous year ( Skutch , 1 96 1 ; Row·ley , 

1 965 ; Parry , 1 968 ; Dow , 1 970 ; Fry , 1 972 ) .  Howard ( 1 940 ) 
d emonstrat ed young of an earlier brood helping feed a 

subs equent moorhen brood and Ridpath ( 1 972 ) als o recorded 

this in Tasmanian native hens . A full discuss ion of the 

phenomenon of helpers at a nest will be given in the next 

chapter . 

Reproduct ive suc cess was low ( 20%) but egg loss als o  

was comparatively low , whereas chick mortality was high 

especially in the first month . Tunnicliffe ( 1 9 6 5  and p ers . 

corrm . ) attributed low reproductive success at Ellesmere t o  

egg losses caused by flooding , but h e  gave no figures . 

Reproduct ive success of other rails is very similar to  my 

results but the hatching rat e of rails is more variable . 

Reproduct ive success in individual territories appears 

closely related to shelt er from predators . For successful 

rearing of chicks , a minimum area of cover appears nec es sary 
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in relat ion to aerial predators and a minimum wat er d epth 

of aboui 30 cm appears necessary perhaps to eliminate ground 

predators . 

Table 45 BREEDING SUC C ESS OF OTHER RAI LS 

Spec ies 

Coat 

P.1oorhens 

Tribonyx 

Notornis 

Source 

Alley & Boyd ( 1 947 ) 
Gullion ( 1 954 ) 
Sage ( 1 970 ) 

Anderson ( in  
Dunnet , 1 96 5 )  

Ridpath ( 1 972 ) 

Williams ( 1 960 ) 

Hatching 
Rat e/Clutch 

34 . 7% 
48% 
33 . 8% 

70'/o 

89% 

57% 

Survival 
Rat e/Clutch 

23 . 1 % 
26% 
20 . 6% 

3 9-64% 

The lmTer reproduct ive succ ess ,  measttred by the pro­

port ion of young surviving to f our months t o  the numb er of 

eggs J aid , of group territories in c omparis on with pairs is 

one of the more unexpected result s of the study . Hat ching 

success was higher ( although not significantly s o ) in group 

t erritories pre sumably b ecaus e more birds were available 

for incubation but overall success was lower for groups . 

There was , however , a higher reproductive suc c ess of birds 

at Linton in comparison with tho s e  at Pukepuke and as all 

except one of the pairs followed was at Linton and most of 

the groups were at Pukepwce , the differenc e b etween pairs 

and groups may have been due mainly to habitat . Comparis on 

of pairs with groups at Linton als o shows a trend of lower 

reproductive suc c ess of the latt er but results are t o o  few 

and the differenc e is not significant ( X 2  = 0 . 23 ) . As 

Linton groups were found mainly in areas with variable wat er 

levels while mo st of the pairs had constant wat er l evels in 

their territories , this difference may also be due to 

habitat . Fluctuating 'vat er levels were also b elieved to 

have been an important factor in the lower reproductive 

success of groups at Pukepuke . Most territories dried up 

at the t ime o f  the hat ching of late first and s econd clutches 

from which no chicks survived with the exc eption of the 
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Northern Territory 1 97 1 -72 . This high mortality is thought 

to have been caused by a depletion in the supply of animal 

food so  necessary for chick growth . As physical charac­

teristics of a territory appear to det ermine the number o f  

birds in the territory , it i s  hard to  separate the effects 

of habitat from that of the number of birds in the territory 

and reproductive suc cess is probably the result of a complex 

interplay of both . 

Do�inant females were more likely to  leave surviving 

offspring because they laid a greater proportion of the 

more suc c essful first clutches .  No such relationship can 

be assumed for the males . 

Increased reproductive success with an increas e in the 

number of birds per territory has been des�ribed in other 

spe cies , e . g .  kookaburras ( Parry , 1 96 8 )  and Tasmanian native 

hens (Ridpath , 1 972 ) .  Both authors suggest that this wa& 

due to the increased care afforded by the extra birds . 

RowevPr , Ridpath ( 1 972 ) did not give sufficient data to 

allow for reworking his results and also bases  his compari­

s on between pairs and groups uf clutch size , percentage 
survival per clutch , and the mean number of young surviving 
in December on d ifferent sample sizes . Moreover , he 
measured survival of chicks to Dec emb er ,  and in his words -

• to foux months of age ' . These terms are not synonymous as 

the second clutches (which accounted for much of the 

increased success o f  his group ) did not hatch till December 

and thus were only days old when counted . If similar 

criteria were used for calculating pukeko reproductive 

succes s ,  groups would definitely have a greater succ es s  than 

pairs due to their larger second clutches . However , I have 

used the age of four months ( when birds were capable of 

independence ) and not a calender month as the cut-off time 

for survival . The high mortality of chicks in both this 

study and that of Ridpath makes any estimate of survival 

taken under one month of age unrealistic . Further evidence 

for the validity of the cut-off age can b e  gained from the 

fact that only three of the 57  chicks alive at four months 

died before eight months of age . 
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A full discuss ion of the implications of reproduct ive 

success will be given in the next chapter . 



7 . 1  Use of Space 

7 . 1 . 1  General 

7 .  FINAL DISCUSSION 

209 . 

An animal ' s  use of s pace is governed by its social 
organization which in turn is closely linked to and deter­
mined by habitat type especially in relation t o  food (Crook, 
1 96 5 ; Brown & Orians , 1 970 ; Brereton, 1 97 1 ) .  Social 
organizat ion has two distinct aspects - it produces �t non­
random distribution of individuals which is believed t o  
reduce competition and predation, but maximize utilization 
of resources ( Kikkawa &. Thorne , 1 971 ) ,  while also bringing 
members of the opposite sex together for b�e eding. The 
social organization of a species is , therefore , a compromis e  
between thes e two aspect s  and must result from natural 
selection. Various workers have attempted to classify dis­
persion patterns and explain their evolution but only a few 
(Wynne-Edwards ,  1 962 ; Brown & Orians , 1 970 ; Brereton , 1 97 1 ) 
have attempted to link all known forms of dispersion and 
then propos e  a general s elective theory which is applicable 
to all species . 

One of the problems in classifying an animal into a 
particular type of dispersion is that many s pecies have a 
different s patial organization at different times of the 
year or they have different social phases (McBride , 1 97 1 ) .  
Brereton ( 1 97 1 ) has suggested classification by breeding 
phase organization and suggests  three basic types : 

( i ) Gregarious - amorphous flocks with no recognisable 
internal organization . 

( ii ) Inters pers ing - interacting flocks with d efinite 
organization such as a hierarchy . 

( iii ) Territorial - pairs or groups having exclusive 
use of res ources in both time and s pac e .  

Brereton did not consider these as s eparate entities 
but more as a continuum of soci�l organization related to 
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habitat , with social organization tending towards ( i ) with 
increasing aridity and uneven dictribution of resources . 
Before the results of previous chapters are taken t ogether 
to classify the social organizat ion of pukeko , it is  
relevant to review the two main spacing c oncepts - social 
hierarchy and territory . 

7 . 1 • 2 Soc ial Hierarchy 

The concept of social hierarchy is usually first 
associated with Schj elderup --Ebbe ( 1 922 , 1 93 5  from Guhl & 

Alle e ,  1 944 ) who first demonstrat ed a ranking order in a 
flock of domestic chickens . The ranking order was termed 
a �peck ord er ' as it was measured by unidirectional necking 
at a food tray . Since then, a large number of studies have 
been undertaken but mainly on captive birds or primates 
( Brown, 1 963 ; Bernstein ,  1 970 ) . 

Early evidence suggested the existence of two different 
forms of peck order (Nasure & Allee , 1 93 4 ) . The simple , 
usually linear , despotic organization reported by 
Schj eld erup-Ebbe was termed ' peck right ' ,  where the dominant 
or alpha (o< ) bird could peck all those lower in rank , the 
s econd or Beta }1.5 )  bird could peck all exc ept o<. which 
could however peck� , and the bottom or omega (� ) bird 
c ould be pecked by all but peck none in return. In large 
flocks this linear organization was frequently c omplicated 
by triangular relationships e . g . o< >�> l )' o( ( Allee , 1 950 ; 
Woo�sh , 1 9 55 ) .  

Investigation of pigeons (Masure & Allee ,  1 934 ) 
produced a more complicated peck order where all birds were 
pecked but also pecked in return and dominance became a 
relative measure of pecks given to pec ks received . This is 
termed ' peck dominanc e ' . In the pigeon (Masure & Allee , 
1 934 ; Ritchey , 1 95 1 ) dominance was found t o  be related to  
the s it�  of  the encounter in that even subordinate birds 
were able to defeat more dominant birds within their own 
' territory ' but were still not ent irely free from being 
pecked . It should be noted that ' territory ' us ed in this 
sens e is not the classical ' defended area ' bu.t more closely 

·. 
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resembles the home range sys t em .  Peck-dominance is usually 

ass o c iat ed with crowd ed populat ions . However , Marler ( 1 95 5 )  
as s o c iat e s  peck-dominanc e with territories in the chaffinch . 

Lat er work has demonstrat ed the existenc e o f  dominanc e 

ranks in many animal groups ( c . f . refs in Alle e , 1 950 ; 
Wynne-Edwards , 1 96 2 ) making the term ' peck order ' redundant 

and it is now referred t o  as ' so cial hi erarchy ' .  Further­

mor e , empha s i s  has shift ed from scoring s olely aggressive 

crit eria , such as pecking and fighting , as ind i c e s  o f  

d ominanc e and rank , t o  avoidance b y  subordinat es and allowed 

priority of acc ess to inc ent ives for dominants ( Bernst ein, 

1 970 ) . Willis ( 1 967 ) emphasized the importanc e of both 

aggress ion and submiss ion i�. hierarchies . Thus hi erarchies 

e stablish s e quenc es of prec ed enc e acc ording t o  rank in 

c ompetit ive situations within a group . 

For a hi erarchy of any form to exis t , memb ers o f  the 

group mus t be able to recognize every other ind ividual 

( C ollias , 1 952 ) .  Schj elderup-Ebb e ( from Collias , 1 952 ) 
noted this and by altering h ead c harac t eris tics was able t o  

change the status o f  some memb ers . Hed iger ( 1 950 ) and 

Collias ( 1 952 ) state that a hierarchy means that members 

not only re cognize each other but al so form appropriat e 

habits o f  int eraction with each other member o f  the group . 

The int era c t ions betwe en dominant and subordinat e individ�ls 

r einforce these habits and subordinates ado pt more submis s ive 

postures and thus offer weaker s t imul i for aggressio n .  

C onsequently , intens ity of aggrer:sion and avo idanc e become 

reduc ed and behaviour patt erns become more symbolic ( ritua­

lized ) such as threat . For example , avo idanc e may be 

r educ ed to s imple facing away of the head ( Hafez , 1 950 ; 
T inb ergen , 1 95 9 ) . Thus toleranc e develops within the group 

and this s o c ial inertia promotes social stability . Sabine 

( 1 959 ) als o demonstrat ed rituali zation of pecking and 

stressed th e use of avo idanc e rather than pe cking as a 

criterion for ass es s ing rank . Dixon ( 1 96 5 ) crit icized the 

investigat ion of hi erarchi es at a s ingl e fe eding s tat ion as 

this can l ead t o  an erroneous int erpretation that a ' pe ck­

right ' order exists whereas that population may in reality 
·. 
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have a ' peck-dominanc e '  hi erarchy with status dependent on 

s it e .  

These critic isms were recogni zed in the present s tudy . 

As a result , both aggress ion and avoidanc e were us ed as 

crit eria , and hi erarchi es were inve st igated at a numb er of 

s i t e s . Both criteria gave the same results and at any single 

point , a linear hierarchy devo id of triangular relat i onships 

l'Tas demonstrat ed . This linear grouping was stable among 

members of a t erritory for all parts o� the t errit ory but 

status was found to b e  site dependent ( pe ck-dominanc e ) 
among birds o f  the flock . 

7 . 1 . 3 Territory 

The c onc ept o f  territory is usually attributed t o  

Howard ( 1 92 0 )  although prior rdf erence s  do o c cur ( cf .  Nic e ,  

1 94 1 ; Lac k ,  1 944 ) . " Early work o:n t erritory involved 

c ons ide1•able c ontroversy over it s definit ion , although 

Nobl e ' s  ( 1 93 9 ) definit ion of ' any de fended area ' i s  the 

most ac cepted ( Hind e , 1 956 ) .  Hmvever , because of its s im­

plic ity , it is not without criti c ism . Nice ( 1 94 1 ) and 

Armstrong ( 1 95 6 ) argue that the definit ion d o e s  not stat e 

against whom the t e rrit ory is d efended . Armstrong argued 

that defenc e against c o�pet itors of the same s pe c ies is the 

ess ential feature , while Nic e ' s  definition ( accept ed by 

Welty , 1 964 ) takes it further t o  embody defen c e  against 

members of the same s ex .  However , Nic e ' s  d e finit i on is t o o  

s p e c ifj_(' , b e ing readily applicable only to the mal e  

d e f ended t erritorie s o f  some pas s erines , and the exis t enc e 

of int erspec ific t erritories ( Lanyon , 1 956 ; Orians & Wils on , 

1 964 ; and other references in Hinde , 1 956 ) tend s t o  negat e 

Armstrong ' s  ob j ec t ion . 

Using Noble ' s  definition o f  territ ory , all pukeko pairs 

and groups in the study areas were t errit orial during the 

breed ing s eason although a small number of ind ividual b irds 

were non-territorial and did not bre ed . Out s ide the breed­

ing s eason , the degre e of defenc e of breeding t errit ories 

varied from c ompl ete d efenc e at Linton and s ome Puke puke 

terri to r:Les t o  to tal breakdown o f  defence of tho s e  
. . 
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territories invaded by the flock . Thus the standard 
definition of territory did not fit all groups outsid e  th� 
bre ed ing phase .  

Following the review of t erritory summarized by 
Hinde ( 1 956 ) , Emlen ( 1 9 5 7 )  immediately criticized the 
accepted definition of ' any defended area ' .  Emlen emphasized 
the danger of fitting observations into an acc epted pattern 
through the use of approved t erms and phrases instead of 
reporting obs ervations directly and he further doubted that 
the area was the object of the aggressive behaviour . He 
defined t erritory more loosely as ' an area of space in which 
a particular bird is aggressive and largely , if not supremely , 
do�inant with respect to certain categories of intruders ' .  
Emlen ' s  ob j ection is upheld when many of the papers summa­
rized by Hinde ( 1 95 6 ) are considered . 

Young ( 1 956 ) recorded extennive trespass in the American 
robin , Turdus migratorius , and commented that the concept 
of territory as ' a  defended area ' did not completely fit 
the situation. Snow ( 1 956 ) recorded that t erritorial black­
birds , Turdus merula , were more tolerant of trespass in 
winter . Swanberg ( 1 95 6 )  noted frequent tolerance o f  intru­
d ers in the nutcracker , Nucifraga. caryocatactes , and that 
birds were driven from the stored food supply but not from 
the territory , while Blank & Ash ( 1 956 ) described overlap­
ping territories in the partridge , Perdix perdix perdix . 

Tinbergen ( 1 9 5 7 )  similarly linked dominance and terri­
t ory .  He considered geographical fixation irrelevant but , 
where it d id occur , it was the result of two distinct t en­
dencies : (a ) site attachment 

(b ) hostility . 

Each of these t endencies could , however , occur without 
the other . Patterson ( 1 96 5 )  has shown that hostility related 
to distance from aggressor is the most important aspect in 
dispers ion patterns such as t erritory and that boundaries 
are only secondary due to s it e  attachment �d learning . 

Pitelka ( 1 959 ) also criticized the accepted definition 
of territory despite the fact that his study species , the 
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pectoral sandpiper , Erolia melanotus , defended its breeding 
range . 

Pitelka criticized the us e of the word ' defended ' and 
considered that ' the fundamental importance o f  territory 
lies not in the mechanism ( overt defence or any other action ) 
by which the territory bec omes identified with the occupant , 
but in the degree t o  which it is in fact used exclusively 
by its occupant ' .  Pitelka preferred the definition ' an 
exclusive area ' . However , while this removes the focus from 
defence it still fails to allow for trespass or overlap . 
Young ( 1 9 70 )  used Pitelka ' s  definition. 

Davis ( 1 958 ) from his work with caged house mice ,  add ed 
further t o  Emlen ' s  and Tinb�rgen ' s  idea of dominanc e in 
territory by postulating a link betwe en soc ial hierarchy and 
territory . He found that with mice ' the area defended 
decreases  as density increases  until none is held ' .  He 
advanc ed the hypothesis that " territorialism and social rank 
are two poles of a continuum of behaviour that is dependent 
on density . At all densities the individuals arranged 
themselves in·' a rank , but at low density the groups t end t o  
be smaller s o  that at the lowest density ,  each ' group ' con­
sists of one animal who has a territory and who is naturally 
dominant " .  In other words the territory owner is dominant 
within his own territory . This has been substantiated by 
Kinsey ( 1 971 ) in wood rats , Neotoma fuscipes . 

It should be noted ho�rever that the idea of dominance 
of the t erritory owner is not new but had been included in 
Nic e ' s  ( 1 941 ) definition of territory where she des cribed 
the territorial male as being ' supremely dominant ' within 
his own territory . Gibb ( 1 95 6 ) in discussing territory in 
the rock pipit , Anthus spinoletta , also stated ' owners are 
always �ominant over the rock pipits in their territories ' .  
However , unlike Emlen ( 1 9 5 7 )  and Davis ( 1 958 ) thes e works 
still emphasized defence of trespass rather than domination 
of trespasser .  It should also be noted that the switch 
from social hierarchy to territory with decreasing density 
was previously not ed by Greenberg ( 1 947 ) in captive green 
sunfish , Lepomis cyanellus . 

·. 
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Davis ( 1 95 9 ) further extended his idea with his work 

on star�.ings , Sturnus vulgaris , to include the concept of 

territorial rank. He found that starlings did not have 

territories but the male dominated a nest hol e  and drove 

other birds away . This is similar to the nes t  hole terri­

tory of the pied flycatcher , Mus cicapa hypoleuca ( Haartman , 

1 956 ) .  Davis ( 1 95 9 )  postulated that ' territory is really 

a special case of social rank ' in that subordinate birds 

can flee in the wild but not in captivity . He therefore 

concluded that ' the starling has social rank in the wild 

but the subordinate individuals are present only tem)orarily 

and thus we have superficial res emblance to territorial 

behaviour ' • 

Further evidence for the concept of social hierarchy 

and t erritory being two poles of a continuum is given in 

Brown ' s  ( 1 963 ) work on stellar j ays , Cyanocitta stelleri , 

where s ocial rank was strongly dependent on area - in this 

case d istance from nest s ite . Brown considered this 

interwediate between social hierarchy independent of site 

( peck right ) and the conventional defended territory . 

Similarly , Willis ( 1 96 7 )  found that bicoloured antbirds , 

Gymnopi thys bicolor , were ahrays dominant on their own nest­

ing area . Unlike Brown ' s  ( 1 96 3 ) work where feeding was at 

artificial food sources , bicoloured antbirds naturally crowd 

over swarms o f  ants , forming stable hierarchies in which the 

pair on its O'\·m nesting area was dominant . Thus in both 

species there was overlap of feeding areas but non-overlap 

of nesting areas producing a spatially related dominanc e 

reversal where birds were dominant in their own territories 

but subordinate in nesting areas of other . Willis ( 1 967 ) 
criticized the classical definition of territory because it 

' merely expresses one factor space - which can determine 

dominance in an encounter between animals ' .  He concluded 

that consistent reversals of dominance with difference in 

space should be made the criterion for territoriality and 

defined territory as ' a  space in which one animal ( or group ) 

generally dominates others which b ecome dominant els ewhere ' . 

It has already been noted that if this definition of 
•, 
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Willis ' s  i s  us ed for pukeko , then most o f  the s tudy pukeko 

can b e  said to have b e en t erritoTial all the year round , 

becaus e even where t erritorial defenc e broke down part ially 

or completely ( cf .  West ern , Hide , Peninsular and Trap t erri­

t orie s ) the dominant birds within the territory were still 

dominant over all b irds ( tres pass ers and other members al ike ) 

when in their old breed ing t erri c ory area . 

Corr elation between rank and distanc e from nest ing area 

has als o been shol� in Carolina chickadee , Parus carolineuis ,  

( Dixon, 1 963 ) ,  and many other species of tits ( refs in 

Willis , 1 967) . Sabine ( 1 959 ) and Kikkawa ( 1 96 1 ) als o  showed 

an int errelation of territ ory and s o c ial hi erarchy in the 

jun_cos , Junco s pp . , and white-eye , Zosterops la t erali..§. ,  

res pectively , where c onvent ional t erritories held during the 

breed ing season gave way to site dependent hierarchy ( ' peck 

right ' ) and eventually t o  a simple hierarchy with increas e 

in flock s ize . These all add ft�ther to the idea of a c on­

tinuum b etween hierarchy and territory and Willis ( 1 96 7 ) 
c ons idered exclus ion as s een in class ical t e rritory only 

as a s pe cial cas e  of dominanc e .  

Perhaps the strongest cas e for t erritory b eing an 

ext ensi on of s o c ial hierarchy comes from the work of McBrid e 
tl !!:1, ( 1 969 ) on the feral domestic fowl . The feral fowl 

has two seasonal phases to its s o c ial system ,  and during all 

pha s e s  hierarchies exis t  between males and between females 

of the flo cks . During the bre ed ing phase ( s eason ) s ix 

cat egories of males were recogniz e d  forming a scale from 

t erritorial to hi erarchical with variations in the degree 

to which dominance was expressed in the exclus ive c ontrol 

of s pa c e .  None of the females was territorial but usually 

j oined flocks associat ed with t e rrit orial males . During the 

wint er phas e ,  territories broke down and males adopt ed a 

sys t em of overlapping home ranges with a hi erarchy b etween 

alpha males . Throughout both pha s es , hierarchies among the 

females were abs olut e ( Leyhausen , 1 971 ) b e ing ind ependent 

of lo cality . Bec��us e o f  this , McBride et �1 ( 1 969 ) c oncluded 
that the term t erritoriality was a gro ss over-s impli fi cation 

but that the concept of dominanc e provid ing control over ·. 
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fixed or portable space clarified the s ituation and that 

dominance had little meaning unless s ome distance was 

included . 

The finding of a hierarchy between pukeko t erritorial 

groups further emphasizes the inadequacy of territory when 

viewed as an isolated phenomenon ; but can be explained in 

a s patially related dominance system . 

The idea of dominance in territory , like Emlen ' s  ( 1 957 ) 
critique , reduces the emphasis on defence and aggression 

and makes avoidance as important a criterion . Other authors 

have also noted the importance of avoidance and escape in 

both classical territory and hierarchy ( e . g .  Lack , 1 954 ; 
Etkin, 1 96 4 ;  Willis , 1 967 ; linbergen , 1 96 8 ;  Hornocker , 1 96 9 ) . 
Many mammals restrict activities to a particular locality 

and defence or dominance of the area may not b e  observed . 

But because avoidanc e as well as  defence or dominance giv·es 

exclusive use , it is  often difficult t o  distinguish between 

home range and territory no matter hm., the latt er is d efined . 

Thus Etkin ( 1 964 ) defined territoriality as ' any behaviour 

on the part of an animal which tends t o  confine the movement s 

of the animal to a particular locality ' .  This tends to 

merge the broad concept of home range with territory . 

All previous discuss ion on territory has c ons idered it 

as a mechanism of spatial dispersion , but Hornocker ( 1 96 9 ) 
extended the concept of territory to b e  solely temporal in 

exclusiveness . He found that mountain lions , Felis concolor , 

had overlapping ranges but avoidance gave exclusive use of 

resources in time though not necessarily in spac e . 

The complete defence of the Northern and Southern 

Territories agair� t  flock birds in 1 972 during the day , 

with trespass for roosting being tolerated at night , empha­

sizes the importance of both t ime and space in the social 

organization of pukeko . 

Leyhausen ( 1 971 ) further discus s ed the concept of time 

and s pace in both territory and hierarchy and d erived both 

from individual distance . He suggested that if an animal 

is equipped with structural and behavioural prerequisites 
•, 



2 1 8 .  

for fighting , then fighting is employed t o  maintain 

individual distanc e .  The outcom� i s  that more aggressive 

and stronger animB.ls maintain great er distances aroUnd them 

( cf .  Patterson , 1 965 ) . Thus one gets what Leyhausen terms 

' an individual distance differential ' and space becomes a 

symbol of social status ( cf .  McBride · et al , 1 969 ) . However , 

the motivational state of an ani�al varies with circadian 

and seasonal rhythms as well as other factors and cons equen­

tly individ��l distance and status also vary with time . 

Ranking order that is observed by a ll individuals at all 

tit es and in all places is an absolute social hierarchy 

( Leyhausen , 1 971 ) .  This applies only to the hierarchy 

observed between members of the same ' territorial ' group of  

pukeko . 

Similarly territory can be  derived from individual 

distance by localization to make it a topographically d efined 

area . When discussing t erritory in mammals , Leyhausen used 

the concept of a ' time-space fabricated straight-jacket ' in 

that mammals form a network of pathways and a time-schedule 

by which this network is used . He emphasized that a t erri­

tory is not j ust an area inside a fixed boundary but a 

network of paths and places to visit and use ,  ( cf .  Emlen , 

1 95 7 )  on which the animal moves and has its activity ( cf .  

Etkin , 1 96 4 ) . In many cases a boundary does not exist for 

mammals , but in areas of overlap there is a kind of traffic 

regulation where animals making use of ,  for example ,  a 

communal water hole or border path , do so at different 

t imes ( cf .  Hornocker , 1 969 ) .  The question of who has right 

of way is s olved during territorial fights but this ranking 

is site fixed . 

Thus Leyhausen ( 1 971 ) called ranking related t o  time 

and/or space a relative social hierarchy.  Consequently , 

classical territory is only an extreme case of relative 

social hierarchy . The finding of the hierarchy between 

t erritorial groups of pukeko at the boundary area with 

status dependent on site supports this theory . 

Leyhausen further agreed with the statement of  Davis 

( 1 958 ) that the effect of crowding on the balance between 
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the two hierarchies ( Relative and Absolute )  is a growing 

prepond�rance  of the latter , which eventually becomes d es­

potism and tyranny . 

Kaufman ( 1 971 ) also questioned whether territory is 

definable and , like Leyhausen ( 1 971  ) ,  commented on the lack 

of a single c ommon factor in the many examples of t erritory . 

He gave examples of what he termed ' purely funct ional 

territories ' ( cf .  Pitelka , 1 95 9 ) . For example ,  Coatis , 

Nasua rarica , and Australian quokkas , Setonix brachyurus , 

have overlapping home ranges but non-overlapping ' core ' 

areas within which they have exclusive use o f  resources . 

Kaufman suggested that no conflict need exist between con­

cepts of territory a nd rela+.ive s oc ial hierarchy if it is 

agreed that priority of· access to resources , e . g .  food , 

water, shelter ,  spac e , receptive females , etc . , is the impor­

tant issue . Exclusive use ( c f .  Pitelka , 1 95 9 )  is not 

necessary if intruders defer to +,he residents in economic 

matters and s o  defence is no longer necessary . Also 

exclueive use or priority of acc ess is a phenomenon of time 

and space . Kaufman concluded that ' no simplified definition 

or explanation of territory yet advanc ed can cover all of 

the related kinds of behaviour known , and perhaps it is 

naive to look for one ' .  

However , an indefinable term is meaningless and s o  it 

is probably better t o  use a new term such as Leyhaus en ' s  

( 1 97 1 ) relative social hierarchy and restrict  the use of 

t erritory to the original concep� of 'a defended area ' . At 

the same time it should be realized that territory represents 

an extreme pole of a cont inuum of behaviour , which is 

directly related to distribution of resources ( Brown & Orians , 

1 970 - see page 222 ) .  

As noted , the present study on pukeko adds further to 

the theory of a link between territory and hierarchy . All 

breeding groups held defended t erritories but outs ide the 

breeding season , the degree of defence varied . At Linton 

in all years , and in the Southern and Northern Territories 

in 1 970-71 and 1 972-73 , t erritories were defended all year 

round at all times of the day . In the Hide and Western 
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Territories, defence was restricted to a ' core ' area of 

raupo and Carex adjacent to the lake and trespass was 

tolerated in other areas outside the breeding season. But 

in those areas of the breeding territory where trespass was 

allowed, the dominant male and female were dominant over 

all other birds of the same sex and the male dominated all 

birds . Similarly , in the Peninsular . and Trap Territories 

where defence completely broke dovm during the autumn and 

winter , the dominant birds from the territories dominated 
0 

all other birds . Thus using Willis ' s  ( 1 96 7 )  definition for 

territory involving dominanL e reversals ,  all territories 

can be said to have been permanent . 

The Southern and Northern Territories in 1 97 1 -72 were 

a special case in that while they were defended all year 

round, trespass occurred at night for roosting .  Therefore 

trespass was temporally and seasonally regulated in these 

territories while in some others it was seasonally 

restricted only . 

Outside the breeding season , part of the pukeko 

population formed into flocks which were believed to have 

been formed from non-breeding itinerants , yearlings and 

juveniles expelled from breeding territories ; and also from 

breeding groups which held seasonal territories in sub­

optimal areas . ( Sub-optimal is here taken as areas lacking 

one or more of the attributes believed necessary in a terri­

tory - food, water or cover ) . Tunnicliffe ( 1 96 5  & pers . 

comm . ) reported total breakdown of his study territories 

outside the breeding season . Further research is needed to 

determine the requisites of a permanent territory as distinct 

from temporary territories . 

Within territories and within the flock, a hierarchy 

existed . Between territorial members and between non­

resident memb ers of the flock , this was absolute ( cf . 

Leyhausen , 1 971 ) but between thede two groups of birds , the 

hierarchy was relat ive with status related to distance from 

nest site . Furthermore , between memb ers of adjacent 

territories a hierarchy existed but was manifested at the 

boundary area only . Thus a varied and complex territorial-
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hierarchical organi zation existed in the study populat ion 

and dis�ers ion was the result o f  the complex int erplay of 

b o th spacing mechanisms . This provid es strong evid enc e 

that t errit ory and hierarchy are part of a cont inuum , and 
the temporal variations in the defence o f  the Northern and 

Southern Territ ories emphas ize the inadequacy of pres ent 

c oncept s of s o c ial organi zation bas ed on spat ial distri­

buti on only . 

Applying Leyhaus en ' s  ( 1 971 ) ext ension of Davi s ' s  

densi ty hypothesis o f  a shift from relative t o  abs o lute 
s o c ial hi erarchy with an Lncreas e in density , the dis tri­

but ion within a group repre sent e d  high dens ity ,  while that 

b etwe en groups in r elation to one another repre s ent ed a low 

d ens ity . Therefore an absolut e s o c ial hi erarchy is found 

within groups ( t errit ories and flo cks ) and a relative 

s o c ial hierarchy betwe en groups . The exist enc e of a hie­

rarchy � etween groups suggests the dens ity of groups was 

high , relative to more strictly t erritorial s p e c i es . 

Struh8aker ( 1 97 1 ) has suggest ed s imilar c onclus ions f or 

vervet monkeys ,  Cerc opithecus aithiops , which also hold 

group t errit ories . 

7. 2  Evolut ion of S o c ial Organization 

Onc e  the spatial and t emporal organi zat ion of a species 

has b een delineat ed , it is des irable t o  postulat e its 

s ele ctive advantages and henc e i�s evolution . Previously 

this has b e en looked at more in terms of ' funct ions ' of a 

part icular organizat i on ,  but as Brmm ( 1 964 , 1 96 9 ) has 

s tressed , funct ion is not synonymous with s ele c t ive advan­

tage but more readily e quat ed with consequence . 

Several theories have b e en advanced to expla in the 

existence o f  s o c ial organi zation , especially s pacing 
m echani sms , although most authors have treated the differ ent 

mechanisms as dis tinct entities rather than part of a c on­

t inuum . Wynne-Edvmrds ( 1 962 ) has pos tulat ed that all f orms 

of soc ial organi zat ion and d ispersion have evolved by int er- .. 
population ( group ) s ele ction for the prevention of over-
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explo itation o f  resources by a species . Many workers have 
critici7-ed Wynne-Edwards for the use of group selection 

( Smith , 1 96 4 ;  Lack , 1 96 6 ; Chitty , 1 96 7 ) , and Brown ( 1 96 9 ) , 
Brown & Orians ( 1 970 ) ,  and Williams ( 1 970 )  have shown that 
it is  possible to explain the exist ence of the different 
forms of  organization by natural selection alone . Lack 
( 1 954 , � 966 ) postulated that individuals of a species t end 
to d istribute themselves in suitable habitats according to 
the availability of food and other resources required for 
survival and reproduction and that territory is primarily 
an aid for attracting and keeping a mat� acting only 
s econdarily in dispersion . Crook ( 1 965 ) and Brereton ( 1 97 1 ) 
linked social organization with overall hab itat type 
although Crook also stresse� predation . Bro�m ( 1 96 9 ) , Brown 
& Orians ( 1 970 ) and Brereton ( 1 971 ) provided a concise 
theory embodying the idea of spacing mechanisms being a 
continuum related to environmental resources . 

Brolin ( 1 96 9 )  noted that some resources are distributed 

in t�G and space in such a way that they are economically 
defens ible while others are not .  Brown & Orians ( 1 970 ) 
postulated that resources ( taken t o  include food , water , 
cover , nest site , mates , etc . ) will be  defended where they 
are economically defens ible ( in terms of individual survival 
and reproductive output ) . Thus by a cost-benefit analysis 
it is  possible to predict and explain the existence of ihe 
social organization of any animal . Zahavi ( 1 972 ) has 
investigated this experimentally . lfJhere territories do 
exist , it is poss ible t o  det ermine which resourc es are 
defensible from the type of t erritory ( feed ing, nesting , 
general , etc . ) the animal holds . This theory can be  used 
to explain the spatial organization of  pukeko . 

Pukeko live in swampy areas which are highly productive 
( Fiala & Kvet , 1 97 1 ; and J .  Ogden , pers . comm . ) and hence 
food is seasonally available in large quantities in a small 
area . Small areas of c ontinuous nest cover ( raupo and 
Carex ) are available and , in the study areas were adj acent 
t o  large areas of year-round food ( pasture ) . Thus on the 
basis of Brown ' s  theory it would be expected that where 
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s easonally highly productive and protective swamp is 
adj acent to year-round food in the form of pasture , perma� 

nent territories will result . Where year-round food is 
s patially separated from the swamp areas which provid e large 
quantities of  vegetable and animal food during the breeding 
s eason ,  cover from aerial predators , and isolation of nest 
site  and vulnerable young from ground predators , terri­
tori es will be seasonal and birds will flock t o  wint er 
feeding areas . Thus year-round territories could be  
expected on  the basis of Brown ' s  theor.i , and were found . 
The partial breakdown of  s o1 �e t erritories adj acent to areas 
of superior winter feed was also expected becaus e  defence 
of  such a large area against large numbers of no�-territorial 
b irds would require the expenditure of �neconomical amounts 
of energy when th� same outcome , viz . priority over resources , 
can b e  obtained by dominanc e .  

Th� existence o f  both pair and group t erritories is 
b elieved to be related to the length of defensible boundary . 

Thus in areas such as Pukepuke , where long b oundaries m�t 
be  maintained , it may be impossible for two pukeko to defend 
a territ ory adequately and thus group t erritories may be 
advantageous . Wnereas at such areas as Linton where natural 
boundaries delimit mos t  territories and populat ion dens ity 
is low , pairs are capable of defending territories . This 
will be discussed further ( s e e  p .  23 1 ) . 

To summarize , the social organization of pukeko is a 
complex interaction of both relative and absolute social 
hierarchies with the extreme of the former , namely territory , 
being found in the breeding s eason for all groups and pairs . 
Outs�de the breeding s eason , there is a shift from the terri-, 
t orial end of the continuum towards a s ite-dependent 
hierarchy except at. Linton where classical defence occurred 
at all times of the year . The situation a� Linton is 
believed to be related to low po�ulation density and defen­
s ibility of resources . 
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Only rec ently ( cf . Carrick , 1 96 3 ; Rowley , 1 96 5 , 1 96 8 ;  
Parry , 1 968 ; Brown , 1 96 9 ; Brereton , 1 971 ; Fry , 1 972 ; Ridpath , 

1 972 ) has work been done on c ommunal bre eding or group 

t errit o17 .  Mos t  previous work had b een confined to mono­

gamous pas serines or marine species (refs in Wynne-Edwards ,  

1 96 2 ; Lack , 1 96 6 , 1 96 8 ) , although re ferences to ' helpers ' 

at nests have b e en record ed ( Skutch , 1 96 1 ; Harrison , 1 96 9 ) .  
Dow ( 1 970 ) preferred the t erm ' visitors ' unless the b irds 
were actually observed helping in nesting activit ies . Parry 

( 1 96 8 ,  1 973 ) prefers the t erm auxiliary as it impli es more 

than a casual relationship . 

- Lack ( 1 968 )  defined c o-operative or c ommunal br�eding 

as : ' where more than one pair share in building a n�st , 

laying the c lut ch , helping with incubation o r  rearing the 

brood ' .  Lack preferred t o  exclud e species where nest build­

ing is co-operative but the monogamous pairs s till defend 

their Ovnl nests and rai s e  young unaided as in some African 

weavers ( Proc einae ) ( Cro ok , 1 964 ; other referenc e3 in Lack , 

1 96 8 ) . Other cases such as s ome rat it es (rhea , Rhea �. ; 
o strich , Struthio camelus - refs in Cro ok , 1 96 5 )  where 

s everal females lay in the nest of a mal e ,  but where all 

incubat ion and care of the young i s  done by the male are 

als o excluded . Polygamy where one male is mated t o  two or 
more females but where the females lay in separat e nests 

e ither 

( i ) within a larger male t erritory ( e . g . lyrebirds , 

Menura novaehollandiae , Kenyon ,  1 972 ; wren , 

Troglodyt es troglodytes , Armstrong , 1 956 ) 
or 

( ii ) in s eparate t e rritories maintained by the same 

male ( e . g. p i ed flycatcher , Haartman , 1 95 6 ) ,  is 

also excluded from discuss ion . 

Many isolat ed cas es of ' helpers ' at the nest have been 

report ed for many usually monogamous bird s ( Skut ch, 1 96 1 ) .  
However , be cause thes e are unc ommon , Lack ( 1 968)  suggested 

that such b ehaviour ' is evid ently sele cted agains t and the 
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extra helpers probably have no ecological significanc e ' .  

S imilarly , reports o f  more than 0ne female laying in the 

same nest in a typi cally monogamous s p e c ies ( e . g . blackbird , 

Turdus merula ; Newland , 1 970 ) can b e  c ons idered unusual and 

are exclud ed from d is cus s ion . 

In many of the early reports of helpers at the n e s t  

( Skutch , 1 96 1 ) ,  the h elpers were thought to b e  j uvenil e s  or 

y earlings and in many cas es were sus pected t o  be males . 

S ome rec ent pap ers are a s  inconclusive ( e . g . Dow , 1 970 ) 
b ecaus e individually marked populations were no t us ed . More 

r e cent s tud ies of band ed b irds ( Carrick , 1 963 ; Rowl ey , 1 96 5 ; 
Parry , 1 968 ; Fry , 1 972 ) have d emonstrat ed that in most cases 

the helpers were e ither young of an earlier brood or young 

of the previous year . Howard ( 1 940 ) also d emonstrat ed that 

young of an earlier brood help fe ed those of a subs e quent 

brood in the moorhe n .  A s imilar report for captive pukeko 

has already b een m ent ioned ( p .  2 ) .  

Rowley ( 1 96 5 ) , Fry ( 1 972 ) ,  and Ridpath ( 1 972 ) have 

shown that helpers t end to b e  males more o ft en than femal e s  

and that there is an overall unbalanc ed s ex rat io favouring 

males . In Tri bon;rx , Ridpa th ( 1 972 ) r eport ed that mos t  o f  

the trios ( 1 2 out o f  1 3 ) involved s ibling mal es o r  parent 

and mal e  offspring although Ridpath ' s  method of s exing is 

ques t io ned . Parry ( 1 968 )  re c orded auxiliari es of b oth s exes 

and an even s ex rat io in kookaburras Dacelo gigas . Similar 

to kookaburras , pukeko helpers were of either sex d es pit e 

an apparent unequal s ex rat i o  in favour of mal e s . 

The studies by Rowley , Parry and Ridpath have also 

demonstrated great er reproductive succ ess , measured by more 

o ffspring per nes t , for pairs with h elpers in comparison 

with pairs without . The convers e  was found in the pres ent 

s tudy . In superb blue wren� pairs with help ers rai s ed more 

fledgings per adult than pairs without . In addition to 

helping raise more young per nest , extra help ers fre quently 

t o ok c omplete charge o f  the brood once it had left the nest 

and h enc e allowed the pair t o  raise a second brood ( Rowley , 

1 965 ) . A s imilar situat i on is found in pukeko pair t erri­

tori e s  where chicks of the f irst brood took over much o f  the 
·. 



226 . 

rearing o f  later broods . Als o  in group territories with 

non-reproductive yearlings , thesb took over a large 

proportion of the chick care but this s ituation still did 

not lead to higher breeding success compared with pairs . 

Like the pukeko , Australian magpies , Gymnorhina tibicen 

( Carrick , 1 963 ) ,  kookaburras ( Parry , 1 968)  and Tasmanian 

native hens ( Ridpath , 1 972 ) are fully commtmal s pecies in 

that all birds participated with all reproductive activities 

( in some cases even copulations , although these were rare 

in magpie and kookaburra ) and groups remained together for 

life . In s ome cases ( Rowley ,  1 963 ; Ridpath , 1 972 ) more than 

one female laid in the same nest . In the few well documen­

ted cases of true communal species as in pukeko , a 

hierarchy was demonstrated between the members of thP. breed­

ing group ( Carrick , 1 963 ; Parry , 1 96 8 ) . Ridpath ( 1 972 ) 
report ed a partial hierarchy where more than one b ird held 

the same status , but this has be�n criticized as resulting 

from experimental method ( s ee p .  1 22 ) .  Carrick ( 1 963 ) ,  
Rowley ( 1 965 ) , Parry ( 1 968 ) , a11d Fry ( 1 972 ) reported that 

the dominant members of the group normally prevented the 

more submissive individuals from breeding. This was not so  

in  pukeko although dominants occasionally prevented sub­

ordinat es from c opulating . Similarly all birds copulated  

and bred in Tribonyx groups (Ridpath , 1 972 ) . 

As with pukeko , territorial defence in most recorded 

co-operative and communal groups was done by all members of 

the group , with individuals aiding others when attacked , 

( Carrick , ·1 963 ; Rowley , 1 965 ; Parry , 1 968 ; Fry , 1 972 ; and 

other refs in Lack,  1 968 ) . Communal defence of colonies 

of monogamous pairs has also b een recorded ( Crook , 1 965 ; 
Young, 1 972 and pers . comm . ; Fry , 1 972 ; other refs in Lack , 

1 96 8 ; and Brown , 1 969 ) . 

Territory size appears to b e  directly related to the 

number uf birds per group in Tasmanian native hens ( Ridpath , 

1 972 ) , kookaburras ( Parry , 1 968 )  and bee-eaters ( Fry , 1 972 ) 
although all authors report age as a complicating factor . 

Carrick ( 1 963 ) cons idered the relation of food reserves t o  

group size a s  the most important factor determining 

... 
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territory size in Australian magpies , but Parry ( 1 968)  
considered ability t o  defend an area as the most important 

factor determining t erritory size in the kookaburra . 

Similarly it is believed that ability to defend boundaries 

in relation to population density is the most important 

factor regulating t erritory size in pukeko . 

The evolution of co-operative breeding and communal 

territories can be explained by natural selection (Lack, 

1 968 ; Brown, 1 969 ) and need not involve the postulation of 

group selection as Wynne-Edwards ( 1 96 2 ) and Fry ( 1 972 ) have 

done . According to the theory of group selection , cvmmunal 

nesting and communal territories have arisen as altruistic 

behaviour favouring the population by acting as a form of 

population regulation and ' providing a reserve of experienced 

birds for recru.i tment into the breeding po1•ula tion to make 

good its annual loss through death and emigration ' (Fry , 

1 972 ) . However , Lack ( 1 968)  and Brown ( 1 96 9 )  have shown 'that 

evolution of communal breeding and group territory can b e  

explaii1ed by individual and kin select ion . ( It should be 

noted that unlike group selection where individuals in the 

population need not be related , kin selection has a s ound 

theoretical basis ( Birch , 1 960 ; Hamilton , 1 963 ; Smith,  1 96 4 ;  
and other refs in Brown, 1 96 9 ) . Brown ( 1 96 9 )  suggested 

that the system of helpers at the nest is the first step 
o.t 

towards ,  and a pre-adap\ion for , the evolution of group 

territories . 

In the cas e of helpers , thi� can be favoured by 

natural selection in that the pairs with helpers tend to 

produce more offspring than pairs without helpers , and s o  

will b e  favoured by selection.  Also if the helper is an 

offspring or sibling , as was the case for many of the pukeko , 

then they also will be selected because th�y help leave more 

individuals of a genotype s imilar to t heir Oi'ln ( kin­

selection) . 

Ridpath and Maynard-Smith ( 1 972 ) have shovm that kin­

selection ean partially explain the existence of groups with 

related males in Tribonyx . They demonstrated that a mal e  
.,. 
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is almost  as likely to leave as many genes when in a group 

with a brother as when in a pair , and hence is not at a 

selective disadvantage . But they failed to demonstrate a 

sele ctive advantage for groups , and other factors must be 

investigated to explain fully the existence of groups . 

Brown ( 1 96 9 ) suggested that by attaching themselves to 

experienced breeders , helpers will have breeding ' practice ' 

which may help them raise more young in subsequent years . 

Although there is no direct evidence �� support this view , 
such a situation might arise in a population with a surplus 

of potential breeders that are prevented from establishing 

territories and breeding, particularly in long-lived species . 

Barding records ( see  p .  3 1  ) show th�t pukeko can live for 

at least s�e.n years . Brown ( 1 96 9 )  considered that communal 

t erritories could have evolved from the helper si tuati.on 

where family groups tend to remain t ogether during the non­

breeding season, as pukeko do . Again, this is only likely 

if part of the population is prevented from breeding ( see 

p . 243 for evidence for pukeko ) , and survival of young i� 

enhanced by their remaining with parents . Also with 

increasing density that prevent part of the population from 

breeding, territorial birds would have to spend more time 

and energy in defence . This added cost might be offs et by 

allowing subordinates that would normally be exclud ed to 

participate in territorial defence and other family affairs . 

Brown ( 1 969 ) excluded copulating from peroitted subordinate 

acti vi tj  es , but Rmtley ( 1 96 5 ) ,  Parry ( 1 968 ) , Rid path ( 1 972 ) 
and Fry ( 1 972 ) report birds other than the dominant pair 

participating in mating , although in some cases this was 

rare . Participation in copulation is taken as the criterion 

t o  d istinguish communal breeding from co-operative breeding 

where copulation is not allowed . 

If· the population surplus is large and persistent 
enough , the probability of the i"ldividual eventually gaining 

the opportunity to breed successfully may be greater if it 

remains within the family group a nd awaits the death of 
elders ( Brown, 1 969 ; Harrison, 1 969 ) .  Also at high 

dens i t :i. � s , there w·ill be intens e competition and thus the 
.. 
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group that can defend the nec e s s ary t erritorial area without 

detrime�t t o  breeding will b e  the mos t  suc c essful in t erms 

of gene frequenc ies in the populat ion. Brown ' s  { 1 96 9 )  
hypothesis i s  that ' in a species pre-adapted by the occasio­

nal parti cipat ion of y oung bird s in the care of subsequent 
bro ods , kin s elect ion for this and related traits within 

the f�ily become int ens i fied through the pers is tent 

pre s ence of a large surplus of pot ential breeders and the 

environmental conditions whi ch lead t o  this surplus . This 

would act to increas e  the role of the young in the family , 

t o  iengthen their s tay with their parents , and t o  in �reas e 

the tolerance of parents for such a relationship ' .  

For ' extra ' birds t o  be tolerat ed , there mus t  be a 

de c reas e in aggress ion by the dominant birds and this may 

e xplain why subordinates in s exually dimorJ?hic communal 

s pe cies have a delayed adoption o f ,  or failure t o  adopt full 

male plumage ( Rowley , 1 965 ; Harris on ,  1 969 ) . Subordinate 

male s  in relatively inc ons picuous plumage are less likely 

t o  ar�us e aggression in the d ominant male . This argument 

would suggest a higher probability of finding c ommunal 
. 

breeding in monomorphic species such as the pukeko . 

Lack . ( 1 968) str e s s ed that c ommunal breeding is likely 

t o  arise only where young can remain with parents during the 

non-breed ing seas ons and cons equently he excluded it in 

migrat ory s pecies . He therefore suggested that it will b e  

more common in warmer regions . Similarly , Fry ( 1 972 ) 
emphasized the occurrenc e o f  c o-nperat ive and communal 

breeding in tropical , subtropical and Aus tralian areas . 
Skutch ( 1 96 1 ) li sted 1 35 species in which helpers have been 

r e c ord ed . Discounting capt ive s ituat ions this leaves 6 5  
s pecies , o f  which 5 0  involve adult helpers , although many 

o f  these are young of previous years . Of these 50 , 3 1  are 

tropical , subtropical , or Australian ( Fry , 1 972 ) and 

subsequent work has doubled this number ( Rowley , 1 968 ; 
Harris on ,  1 969 ; Fry , 1 972 ) .  Emphasizing th e overwhelming 

o ccurrenc e  of this habit in more ' even ' climat e s , Fry ( 1 972 ) 
suggested that communal and co-operative breeding is 

unfavourable in t emperate r egions where migrat ion , high 
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mortality , and the short breeding season often allow only 

a single brood to be raised , necessitating the recruitment 

of nearly all s exually mature individuals into the popu­

lation . However ,  there is evidence that many t emperate 

s pecies have a substantial non-breeding population ( c f .  

Wynne-Edwards ,  1 962 ; Watson , 1 96 7 ; Watson & Moss , 1 971 ; Krebs , 

1 971  ) • 

Brereton ( 1 971 ) has also linked social organization 

with ecological parameters such as habitat type especially 

in relation to food distribution, while Crook ( 1 96 5 ) relied 

heavily on the enhanced food finding ability of groups as 

their main selective advantage . Brown ( 1 96 9 )  countered this 

by stressing that in s ome s�ecies the extra helpers do not 

carry food to young or participate significantly in feeding 

young (Rowley , 1 965 ; other refs in Brown, 1 96 9 ) . Parry 

( 1 968 ) has shown that young in group territories are not fed 

more as nestlings . Fry ( 1 972 ) s�ressed tl�t because of the 

occurrence of c ommunal breeding in many different groups , 

with diverse ecological requirements , ' the possibility of 

one single variable inducing �he evolution of co-operative 

breeding mus t  b e  rej ected ' .  

However ,  it is obvious that habitat type ( Brereton ,  

1 97 1 ) ,  climatic conditions (making migration unnecessary ­

Lack , 1 969 - but also allowing lower post-natal mortality 

with resultant high population density - Brown , 1 96 9  - ) , and 

both temporarily and s patially scattered food resources 

(Brereton , 1 97 1 ) are the most lj.�:ely selective factors for 

groups and probably act together in many cases . Wynne­

Edwards ( 1 96 2 )  and Fry ( 1 972 ) have suggest ed group territory 

evolved as a means of population c ontrol and Bro�vn ( 1 969 ) 
listed it with polygamy , delayed sexual maturation, and 

lower clutch s ize , as adaptations to population surplus in 

larger longer-lived species . This possible role of popu­

lation regulation will be discussed fully , see page 239 t o  

248 . 

The group territories of pukeko are distinct from the 

helper situation in that all adults in the group participated 

in all reproductive activities , but the persistence  of the 
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previous year ' s  young in the t erritory ( Western , Northern, 

Southeru and Hide ) and the fact that thes e yearlings h elped 

only with feeding young suggest that the group t e rritory of 

pukeko could have evolved from a helper s ituation . When an 

adult died or left the t e rritory ( e . g . Hid e  Territo ry  

1 970-71 and 1 97 1 -72 ) these extra yearlings were promoted to 

full reproduct ive status . Unlike many of the studies 

mentioned above , helpers were of e ither s ex but were more 

oft en female than male d espit e an apparently unbalanc ed s ex 

rat �o favouring males for the total populat ion . The reason 

for this is not known . · 

Pukeko fit many o f  the sugge s t ed cond itions neces sary 

for group t erritories to ha7e evolved : 

( 1 ) Young were abl e to r emain with �arents in the 

non-breeding s eason . 

( 2 )  The re was a large port ion of the populat ion 

prevent ed from breeding ( s ee p .  200 ) , hence 

( 3 )  Young may have a bett er chanc e o f  breeding by 

remaining with their parents and by kin-sel ection 

certainly have a great er chance of leaving their 

genes by helping raise r elatives o f  similar 

genotype . 

(4 ) Pukeko are monomorphic ,  and related t o  this is 

the ret ent ion of j uvenile b ehaviour patterns by 

' extra ' non-reproducing b irds . Both of thes e 

fact ors are believed eo h elp reduc e aggress ion 

in group s ituations . 

( 5 )  The most important s ingle factor , indicat ed by 

this study , is that with high population dens ity , 

the time and energy expenditure o n  t erritorial 

defence is reduc ed by allowing subord inates to 

remain in the t erritory and help . The reas ons 

for sugge sting this are : 

( i )  Pair and group territories were found in 

d ifferent habitats . Only one pa ir t erritory 

( Peninsular Territory 1 971 -72 ) was formed at 
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Pukepuke where populat ion dens ity was high 

and this t erritory was unabl e to withstand 

enc roachment from neighbouring group t erri­

t ories . The fact that the pair d id nes t 

suc c essfully is believed to have b e en due 

s o l ely to synchrony of nesting with the 

ad jacent territ ories and to the small s i z e  

o f  t h e  boundaries . In contras t ,  pair t erri­

tories existed in all years at Lint on which 

had low populat ion d ensity and the defend ed 

boundary be··;we en t erritories was small . Even 

though the boundary betwe en the territories 

w·as small , neither pair was abl e  . to maintain 

it throughout the year becaus e o f  

cJ�.ronous ne sting .  

asyn-

( i i ) Birds within a t errit ory were not ne c essarily 

related . Relationships betwe en b irds in 

t erritories were unknown except in the Hide 

T erritory where the bre eding femal e s  we�e 

relat ed in all years but the male s  were not , 

and in the West ern T erritory 1 972-73 , where 

the females were not related . 

( iii ) Reproduct ive suc cess of groups was lower 

than that for pa irs and even when kin-s eJ e c­

tion is invok ed , survival was s t il l  

insuffici ent t o  d emonstrate a sele c t ive 

advantage for groups . However , this may 

have b e en a reflect ion of habitat . 

It is sugge sted that if the Linton territories had been 

surround ed by other territories as was found at Puke puke , 

they 'rould have b e en unable to maintain boundari e s  and hence 

unable to bre ed suc c e s s fully . Therefore while groups had 

l ower reproduct ive succ ess , it is predicted that pairs in 

the same habitat would be unsuc c as s ful in mainta ining their 

b oundarie s  and henc e unsucc e s s ful in rais ing any young . 

Thus birds in groups would l eave more offspring than if they 

had nested in pairs . Us ing Brown & Orians ( 1 970 ) model , 

resour �0s were ec onomically de fens ible by pairs at Linton 
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As mentioned above , Ridpath and Maynard-Smith ( 1 972 ) 
were unable  to  d emonstrate a reproductive selective advantage 

of groups over pairs but Ridpath noted ( pers . comm . ) that 

pairs were more frequent in areas of lower population d ensity . 

Thus a theory s imilar to that propos e d  for pukeko may hold 

for Tribonyx . 

Group t€rritories in pukeko are believed to  have 

evolved from the extended family s ituation as suggested by 

the fact that young of the first brood frequently fed 

subsequent broods , and that yearlings were tolerated in s ome 

territories . However , the formation of groups is be! i eved 

to b e  fully emancipated from the family situation in that 

group formation is no longer dependent on retention of 

related birds , but occurred among unrelated birds . The 

type of territory held is determined by habitat . 

7 . 4 Ecological Consequences of Social Organization 

7 . 4 . 1  General 

Social systems are generally c onsidered t o  be spacing 

mechanisms whereby conspecifics are organized spatially in 

accordance with economic or reproductive paramet ers (McBride , 

1 97 1 ) .  Many early references attributed varied functions to 

different social systems in different speci es . However ,  �.s 

Hinde ( 1 95� ) pointed out , the obs erved functions of territory , 

especially apparent advantages , may not be the selective 

factor producing the t erritorial behaviour . In other words , 

attributed functions of s ocial organization may be apparent 

rather than r eal , being only a consequence o f  the behaviour 

rather than the reason f or its existence . Brown ( 1 969 ) and 

Krebs ( 1 971 ) also emphasize this difference b etween functions 

in the evolutionary sense , and consequences . 

7 . 4 . 2  So cial Hierarchy 

As noted on page 209 , this is primarily a spacing 
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mechanism and serves t o  co-ordinate group activities and 

reduce aggression , allowing more dominant individuals 

priority to inc entives but affording membership rights and 

henc e protection from predators to all members . Guhl & 

Allee ( 1 944 ) investigat ed the effects of social hierarchy 

in d ome stic hens . They c ompared a control sub-flock where 

a stable hierarchy was formed , w�th an experimental sub­

flock where membership was continually altered and no stable 

order resulted . The experimental flock had higher l evels 

of aggression , as measured by peck rates ; they consumed less 

foc i and cons equently los t  weight ; laid fewer eggs and had 

smaller combs . Guhl & Allee concluded that the decreas e in 

intra-flock fighting and the greater consumption of food 

has · immediate survival value for all members of such flocks . 

However ,  they also concluded tha+. this ' stable peck order 

type of social organi zation in flocks of hens , may s erve to 

build a co-operat i ve social unit better fitted t o  compete 

or to co-operate with other flocks at the group level than 

are s o cially unorganized groups ' .  This argument is s imilar 

to ' group selection ' (advocated by Wynne-Edwards , 1 962 ) 
which as previously stat ed has a doubtful theoretical basis 

and need not b e  invoked as the behaviour can be explained 

by natural selection . The situation reported by Guhl & 

Allee is also artificial . 

' Functions ' of social hierarchy benefiting dominant 

members are easily found . Dominant individuals have priority 

to incentive s such as food , water , s exual partners , etc .  

( Guhl , 1 96 4 ) . Because measurement of status is frequently 

associated
-

with assessing priority to food and water ( s ee 

p. 1 02 )  these two incentives will not be discussed further. 

Guhl � al ( 1 945 ) investigated mating behaviour in 

d omestic fowls and found that high ranked hens mat ed less 

fre�uently than those lower in the s cale but laid more eggs . 

No such c orrelation of mating frequency was found in pukeko . 

Although dominants tended t o  lay more eggs , they rarely 

prevented subordir.at es from mating . 

In the male fowls , the convers e was observed where 

dominant males mated more than subordinates and s o cial 
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• castration • occurred in lower males ( Guhl � al , 1 945 ) . 
Similar results have been obtained for captive birds ( e . g. 

Burmese red junglefowl , Gallus gallus spadiceus , - Lill , 

1 966  - ) and in the wild ( e . g. grouse , Lagopus �. , - Scott , 

1 942 ; and other refs in Collias , 1 950 - ) . Thus dominant 

males have the opportunity to sire more offspring .  No 

correlation between status of ma�e pukeko and frequency of 

full copulation was found although dominants tended to 

attempt copulation more frequently . 

Dominant individuals frequently have larger territories ,  

( e . g . red grouse ,  Lagopus lagopus , Watson , 1 96 7 ;  and numerous 

other species , Wynne-Edwards ,  1 962 ) and subordinates may be 

prevented from holding territory , ( Wynne-Edwards ,  1 9f2 ; 
McBride et al , 1 969 ; Watson & Moss , 1 970 ) .  The move�ent of 

Ew from the large Hide  Territory to the smaller Northern 

Territory suggests that , in pukeko , the quality of t erritory 

is more important than size . 

While the above discussion suggests possible selective 

advantages for dominant members of the flock at all times 

and for all memb ers of the flock when food and water are 

limiting , the observed death of subordinates in t imes of 

food shortage ( cf .  refs in Wynne-Edwards ,  1 962 ) suggests 

the necessity to invoke ' group s election ' to explain the 

existenc e of  social hierarchies and the seemingly altruistic 

b ehaviour of  the lower class birds . However , Murton ( 1 96 7) 
has shown that subordinate pigeons are continuously ' uneasy ' ,  

s earch for food at a lower rate and have a lower intake o� 
food which· may lead to  death in times of food shortage . 

Solitary pigeons , however , have an even lower rate o f  food 

intake because they were even more ' uneasy ' due to lack of 

protection against predators previously afforded by the 

flock. These solitary birds may actually starve ' while in 

the midst of plenty ' .  Murton concluded that ' on average it 

is safe�� for a bird to risk being dominated in a social 

hierarchy than to risk being caught napping by a predator ' .  

Consequently , rather than showing altruistic behaviour for 

the survival of the group , subordinate birds are ensuring 

their 01n1 survival , and the evolution of s ocial hierarchy 
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may be expla ined solely by natural s el e c t ion . 

The role o f  s o c ial hierarchy in populat ion regulat ion 

will b e  dis cussed s eparat ely ( s e e p .  239 ) .  

In the pukeko , hi erarchy appeared t o  reduc e antagonism 

in that overt aggr e s s ion was rarely s een in gr oups with 

e stabl i shed hierarchies but "ms common in the early stages 

o f . flock format ion b e fore a s table hi erarchy was established . 

Groups with a stable hi erarchy were highly co-ordinat ed and 

co-operat ed in breeding and t erritorial activit ies . 

Dominant members had priority t o  inc entives suc�1 as 

food , water and t o  a certain ext ent also to s exual partners . 

Dominant femal es did not c opulat e less frequently ( cf . Guhl 

e t  al , 1 945 ) but did lay more eggs espec ially in the more 
- - . 

suc c es sful earlier clutches , although age ·1as a complicat ing 

factor . Dominant males did tend to c opulate more frequently 

than subordinates but thi s  vras not universal . There is , 

hmtever , no evidenc e t o  suggest that the dominant mal es were 

more likely to l eave more offspring than the� male , 

although ' soc ial castrat ion ' ( Guhl e t  al , 1 945 ) of the lowest 

ranking b irds ( y earlings ) d id" oc cur . Other reproductive 

act ivit ies , such as nest -building , incubation and chick care , 

were shared among all reproduct ive memb ers o f  the group 

although the d ominant pair t end ed to do more than the o thers . 

Non-reproduc tive yearlings participated only in chick care 

and o ft en did more of thi s  than the other b irds . 

Benefits for subordinate members were obvious . Some 

sub o rdinates were able t o  breed which would have b een l e s s  

likely i f  they had att empte d  t o  bree� alone ( s e e p .  231  ) .  
In the case o f  the subord inate yearlings whi ch were prevent ed 

from breeding ( exc ept where an a dult died ) , these did 

perpetuate their gene s by helping t o raise relative s o f  

s imilar. genotyp e . The advantage o f  prot e c t ion from predators 

is probably also appli cable to subord inat e pukeko e s pe c i ally 

in the flock . The grouping behaviour of pukeko in respons e 

t o  harriers suggests that only solitary b irds are vulnerable , 

that this prote c tion is afforded all members o f  the group 

or flock and that all birds can feed in relative safety . 
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7 . 4 . 3 Territory ( Relative Social Hierarchy ) 
Many early authors classified t erritories according 

to apparent function ( e . g . Nice ,  1 94 1 ; Armstrong, 1 947 ; 
Hinde , 1 956 ) .  As Hinde stressed , however , thes e  were 

intended only as ' an aid to discussion as the diversity of 

nature can never be fitted into a system of pigeon-holes ' . 

Hinde ( 1 956 ) and Carpenter ( 1 96 5 )  gave long lists of 

apparent functions attributed to t erritory .  Some of the s e  

were : regulating the population, facilitating pair forma­

tion , maintenance of pair bond , reduction of interferenc e 

with reproduct ive activities , defence of nest and nest s it e , 

provision of ad equate food supply , reduction of predatory 

losses , prevention of disea�e , range extens ion , and reduction 

of t ime spent in aggression . Various authors have attributed 

different functions to the territories of different species 

although Wynne-Edwards ( 1 962 ) considered regulation o f  the 

population t o  be the basic function of territory in all 

species . 

Any suggestion of function or consequence must be  from 

circumstantial evidence but this is not without pitfalls as 

Hinde ( 1 956 ) pointed out . For example ,  if the selective 

force depend s  on only one effect , say that of food supply � 

for the evolution of territoriality , then this could not 

lead to defence of an area larger than that necessary to  

guarantee supply . Defence of a larger area would entail 

disadvantageous consequences without compensatory r eward . 

Als o ,  feeding exclus ively in a turritory does not show ipso 

facto that provis ion of food is a significant or advanta­

geous cons equenc e ( cf . Lack , 1 95 4 ,  1 966 ) .  Nor can it be 

argued that territory has no significance in relation to food 

if most or s ome of the food is c ollected outside the terri­

tory .  

Despite this , it is obvious that many of the above­

mentioned functions o f  territory are at least advantageous 

conse quences and in many cases may be  s elective funct ions 

of territory . Many of the functions of territory have been 

evaluated ( cf . Lack , 1 95 4 ,  1 96 6 , 1 968 ; Wyrme-Edwards , 1 96 2 ; 
Hinde , 1 95 6 ; Carpenter, 1 96 5  and other refs given by same 
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authors ) , but , as Watson and Moss ( 1 971 ) have stres sed , too 
little is knovm about most species , too few s tudies have 
involved individually marked b irds and too  few have involved 
experiments testing null hypotheses . Hence functions have 

been attributed to t erritory on too little evidence .  

Consequently d iscussion for or against all the 
attributed functions of territory would be lengthy , incon­
clusive and in general of little relevanc e to the pres ent 

study . Also it is obvious that funct ion (and consequence ) 
of territory must vary with the different types of territory 
and with the species . 

Despite this , possible consequences of a relative 
social hierarchy ( t erritory i in pukeko are : 

( 1 ) Priority of access to incentive�: such as food , 
cover , and nest s ites . All feeding was done 
within the defended  area ( or area of  dominance ) 
except where large artificial concentrations of 

food were provided immediately outs ide this area . 
Pukeko territori es in the study areas were mult i­
purpos e  (Nice ,  1 941 ) and provided all requirements 
throughout the year . 

( 2 )  Reduct ion of interference with nesting activiti es . 
Nest sites were generally distant from defended 
boundaries . 

( 3 )  Reduction of predation.  Territorialism spac ed 
out groups and therefvre also nests and poss ibly 
reduced predation as sugges ted by Tinbergen ( 1 9 5 2 )  
and Crook ( 1 96 5 ) ,  and demonstrated by Tinbergen 
� al ( 1 96 7 ) . The laying by several females in 
the same nest is also believed to help this . 

( 4 )  Regulation of population size . This will be 

discussed s eparat ely . 

There is no evidence that territory was important in 
pair ( group ) formation as has been postulated for other 
species ( e . g . Lack,  1 954 , 1 966 ) because most pairs and groups 
were established prior to defending a territory . Some of  



239 .  

the above c ons e quenc e s  are po s s ibly s electively advantageous 

but are probably sec ondary to th e e ffects of hab itat already 

d i s cus s ed { p .  2 3 1 ) .  

7 . 5  Role of Social Organizat ion in Regulation of 

Populat ion S i z e  

The fact that animal populat ions fluctuate numerically 

b etween rather restric t e d  limit s  and that animals rarely 

deplet e their food suppli es ( exc ept i� cases of human 

int erference ) has led t o  postulations that populations are 

regulatod . Different workers have sugge sted c onfl i c t ing 

me chanisms and c onsid erab l e  c ontroversy has result ed , 

lead ing to thre e main theorle s : 

( 1 ) Populat ions are limi t e d  by density-inde pend ent 

factors affe cting ava ilability of res ourc e s , e . g . 

weather (Andrewartha & Birch , 1 954 ) . 

( 2 )  Populations are r egulated by dens ity-de pendent 

m ortality , and mortality rat es balanc e re produc­

� ive rate s  ( Lack , 1 954 , 1 96 6 ) .  

( 3 )  . Populati ons are re gulat ed by dens ity-dep end ent 

natality with reproductive rates balanc ing 

mortality rates ( Wynne-Edvmrds ,  1 962 )  • 

However , it is po s sibl e t o  sub s c ribe t o  both d ensity­

d ep endent and density-independent the ories depending on 

whi ch part of the range o f  an an::..mal is s tudied ( \tlhi t taker , 

1 97 1 ) .  Thus at the edge of a s p e c ie s ' range in sub o pt imal 

c ondit ions , d ens ity i s  low and d ens ity-independent fact o rs 

limit the p opulat ion , whereas in optimal areas o f  a 

s pec ies ' range , dens ity is high , feedback o c curs and thus 

dens ity-dependent fac t ors limit the populat ion • 

. 

Both Lac k  and l�ynne-Ed"'vards beli eve food limits mos t , 

if not all , populations but Lac k  b eli eved food t o  b e  the 

proximat e fac t or d irec tly det ermining animal s pac ing whil e  

Wynne-Edward s has postulat ed that f o o d  i s  the ult imate 

factor c ontrolling animal spa c ing acting through s o c ial 

b ehaviour as the proximate fac t or . Thus , in v/ynne-Edwards I 
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view social b ehaviour i s  the result o f  group s election 
whereby populations able to prevent over-explo itation of 
their environment are selected for , in contrast to 
populat ions with no internal control . This control is 
effected by ad j usted reproductive rates , controlled 
recruitment to the breeding population , and socially induced 
mortality of surplus individuals ( Wynne-Edwards ,  1 96 2 , 1 S63 ) .  
The types of b ehaviour related to  population control involve 
the establishment of dominance by some animals over others 
by means of aggression , thus affecting the pattern of animal 
spac ing. This results in a: '. unequal division of res ources 
such as food , nest sites , etc . , according t o  the status of 
the individual . Both abs olute and relative ( including t erri­
tory ) social hierarchies are involved . 

,.. I•1:uch cl..ontovei:sy wages over Lack ' s  and \vynne-Edwar:ds ' 
postulated means of population control , especially in 
relat ion to territory .  But as has already b een stressed 
( p .  238 )  too few s tudies involving individually marked birds 
over long periods have been undertaken . Despite this , �oth 
Lack and \vynne-Edvrards have amassed exhaustive evidence to 
support their � priori hypotheses . However , much o f  the 
evidence used is circumstantial and incomplete and many of  
the arguments are circular and s emantic . 

Lack ( 1 966 ) claimed that food is the proximate con­
trolling factor in many resident species holding only 
breeding territories and acts mainly through winter star­
vation . There is little d irect evidence of winter 
s tarvation, however ( I-1:acArthur , 1 97 1  ; Haartman, 1 97 1 ) .  And 
if food was limiting in winter and exercised its greatest 
c ontrol at this time , then breeding distribution would b e  
les s  likely t o  b e  related to  food as also claimed by Lack , 
but would b e  more closely related to predation and preparing 
young for winter food searching (HacArthur , 1 97 1 ) .  Evidence 
that breeding success is correlated \vi th populat ion d ensity 
in the following spring t ends t o  refute the role o f  winter 
starvation ( Lack , 1 966 ; Wats on & Hoss , 1 970 ; Cody , 1 971 ) as 
does Krebs ' ( 1 971 ) study where extra winter food was provided 
but failed to increase breeding density . In s ome species 
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increased food reduced territory size ( Stenger , 1 95 8 ;  
Wats on & Mos s ,  1 970 , 1 97 1 ) and improved hatching success 

and early survival (Jenkins , Watson & I>Uller , 1 963 ) . 

The main criticism of Wynne-Edwards ' theory is his use 

of ' group selection ' t o  explain the evolution of s ocial 

behaviour as the control mechanism ( Smith , 1 964 ; Lack ,  1 966 ; 
Chitty , 1 967)  and also see  page 222 . However , even if it 

is possible to disprove group selection ,  this need not 

negate a role of s ocial b ehaviour in population regulation . 

As Murton ( 1 96 7 )  pointed out , social b ehaviour may act in 

population regulation but or. ly fortuitousl� having evolved 

for other reasons . 

Much of the argument surrounding the regulating effect 

of social behaviour stems from the d istinction between 
limiting the population as a whole and limiting only the 

breeding population . Brown ( 1 969 )  made an ext ensive review 

of literature t o  evaluate the former , viz .  limitat ion of �he 

whole population . He suggested the necessity to d ifferen­

tiate between thre e critical population densities : 

Level 1 : The lov1est level where territory s ize should not 

be limit ed by competit ion and all individuals obtain t erri­

tories in optimum habitat . At this level marginal habitats 

need not be occupied and t erritorial behaviour can have no 

significant limiting effect on the reproduct ion of the 

population. In fact at such low dens ities territoriality 

may ensure maximum breeding performanc e .  Brown doubted the 

exist enc-e of this level in many species in the wild , and it 

was not reached in either of the pukeko study areas . 

Level 2 :  Some individuals are prevented from breed ing in 

preferred ( optimum) habitat by aggressive competition for 

t erritories and thes e birds are forced to breed in marginal 

or less productive habitat s . This is frequently referred 

to as the ' buffer effect ' and can occur only where birds 

have a choice of habitats l'Ti thin the small region where the 

individual is likely to  s e ek a territory .  At this level 

the r eproductive rate ( defined as output per b ird ) of the 

population is lower ( due to the reduced breeding success 
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of those pairs in marginal habitat ) but there is still an 
increase in total production .  The pukeko at Pukepuke in 
1 970-71 were at this level in that birds in the Hide 
Territ ory were forced into a sub-optimal area ( poor cover 
due to cattle ) but none was prevented from nesting. Because 
of the c omplicating factor of group territories , however , 
it may b e  said that s ome birds were prevented from breed ing 
s ince only . one female laid in each of the Southern and 
Northern Territories in 1 970-71 , although all birds copulated . 

The b est  documented case of  a level 2 population is that 
d emonstrated by Krebs ( 1 97 1 ) in the Great Tit , Parus major L .  

Great tits nest in mixed wood and surrounding hedgerows . 
Hedgerow pairs had lower clutch size and fledgling s�ccess 
than those  in the wood . Krebs then removed territorial pairs 
from the wood resulting in : 

( i )  Territorial pairs in the wood movinB t o  new 
territories , and/or expanding their t erritory 
size , and 

( ii )  Hedgerow pairs moving into vacated areas in the 
wood while their old territories remained unoccu­
pied . 

The pairs moving t o  the wood had increased clutch size and 
fledging success . This , correlated with the fact that 
territories in the centre of the wood were smaller than those 
at the e dge , suggests that there was competition for terri­
tories in preferred habitat forcing s ome birds to occupy 
marginal a�eas because of t erritorial aggression ( cf .  
Patterson , 1 96 5 ) . Other examples are given in Wynne-Edwards 
( 1 96 2 ) ,  Brown ( 1 96 9 ) ,  and Wats on & Moss ( 1 970 ) .  

Level 3 :  All habitats , both optimal and marginal , are fully 
occupied by territorial individuals and a surplus of poten­
tial breeders exists as non-breeding floaters - the reserve 
populatton . At this level total production is still great er 
than l evel 2 but the reproductive rat e  is lower than either 
of the previous levels . Brovm ( 1 96 9 ) states that this is 
the level at which classical limiting effects occur .  
However , it should be not ed that no account is taken of 
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other density-depend ent effects .  

Level 3 is best d emonstrated by removal experiments 

with rapid r eplacement of removed b irds and also d emonstra­

t ion that floaters d o  occur . Proof o f  the latter is 

frequently d ifficult because o f  the inconspicuous b ehaviour 

of trans ient birds . Pukeko at Pukepuke were at this l eveJ. 

in 1 97 1 -72 and 1 972-73 in that a small number of non-bre eding 

floaters ( e . g. Vj , F& ) were observed , and it is suspected 

that many more \iere forced to emigrate . o  As well as this , 

all terri tories in 1 972-73 contained a number of non-breeding 

yearlings . All optimal or sub-optimal areas were us ed for 

breeding ( sub-opt imal habitat is taken as that with an area 

of cover l ess than 0 . 2  ha and a water d epth less "than 30 cm -

see page 1 96 ) .  Reproductive s uccess in all t erritories in 

sub-optimal ·areas ( e . g . Rough Paddock , Corner , Trap ) w�s low 

and in most cas es zero ( Table 43 ) .  

Lack ( 1 95 4 ,  1 96 6 ) and Hinde ( 1 95 6 ) provid e examples o f  

birds failing to s et up t erritories and Wynne-Edwards ( 1 96 2 )  
records removal experiments .  However ,  Brown ( 1 96 9 ) , 
reviewing past removal experiments ( e . g . thos e  of Hensley 

& Cope ) , crit icized most b ecause of the failure t o  d emon­

strat e replacement of females . It  is also neces sary to shmi 

that it is the t erritorial b ehaviour that is preventing the 

b irds from breeding and that the surplus does exist for 

s ome o ther reas on - for example , shortage of nest s it es ( c f .  

Haartman , 1 971 ) .  
' 

The best examples o f  level 3 population are thos e  o f  

red grous e ,  ( Wat s on & Mos s , 1 970 ) and magpies ( Carrick , 

1 963 ) .  Other studies such as Zwickel ( 1 972 ) and Bendel l , 

King & l\1ossop ( 1 972 ) on blue grouse ,  Dendragapus obs curu s , 

sugges t  results s imilar t o  those of Watson & Hoss but the 

experim�nts are at an earlier stage . Red grous e are terri­

torial , and non-t erritorial birds took territori es and bred 

only aft er vacanc i es were provided by shooting or removal 

of owners ( Watson & Jenkins , 1 968 ) . Most non-t erritorial 

birds died in winter . Australian magpies show a s lightly 

different organization with t erritorial groups in preferred 
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and marginal habitats as well as large non-breeding flocks . 

Successful breeding was virtually restricted to d ominant 

members of the group t erritories  in the preferred habitat , 

( Carrick , 1 963 ) .  In comparison, while successful breeding 

in pukeko was restricted to optimal habitat , only the bott om 

birds in the hierarchy ( yearlings ) were prevented from · 

breeding . Other l ess  conclusive evidence is reviewed in 

Wynne-Edwards ( 1 962 ) and Brown ( 1 96 9 ) .  

In no case  above has it been shc�-:n that t erritorial 

b ehaviour has any direct regulatory effect on the number of 

floaters . Most studies have shown that predation , s tarva­

tion and disease are the main controlling factors directly 

ree;ulating numbers of floater ( Watson & Noss , 1 970 ; Carrick, 

1 96 3 ; Gullion, 1 970 ) .  Thus it can be concluded that terri­

t orial behaviour ruay regulate the breeding density in _s ome 

species ( thos e at ·level 3 )  and may limit the breeding rate 

o f  spec:i.es at levels 2 and 3 ,  but in none can it be 

considered the proximate factor regulating the population 

as a whole . However ,  because th� high level of predaticn 

and starvat ion among floaters is related at least partially 

t o  their exclusion (by territory and/or hierarchy ) from the 

optimum habitats , territory could be considered as an 

ultimate control of population s ize in some species . 

Carrick ' s  ( 1 963 ) s tudy is one of the few demonstrating the 

effect of hierarchy on breeding rat e . 

The above discussion was concerned with the effect of 

social l ehaviour on regulation of population numb ers which 

is not the same thing as regulation of the breeding popu­

lat ion as discuss ed by \•/atson and Moss ( 1 970 ) . In the 

latter , breeding success is de-emphasized and the emphasis 

is on control of recruitment to the breeding population and 

so only occurs at Brown ' s  level 3 • 

. 

In an attempt to assess accurat ely the role of social · 

b ehaviour ( via socially induc ed 1nortality and depression of  

recruitment ) in  regulating the breeding population , Watson 

and Moss ( 1 970 ) dre\'1 up a rigorous set of criteria . They 

assumed that social behaviour may play a significant role 

in regn.lating the breeding population if it can be shown 
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(a )  ' A  substantial part of the population does not 

breed , e ither because animals die , or because they 

attempt t o  breed but they and/or their young all 

die , or because they are inhibited from breeding 

even although they may survive , and may breed in 

later years . 

( b )  Such non-breeders are phys iologically capable of 

breeding if the more dominant or territorial ( i . e .  

breeding ) animals are removed . 

( c ) The breed ing animals are not using up some rescurces 

completely , such as food , s pace ,  or nest sites . 

If they are , the ..&.'esource is limiting. ' 

Wa tson and Moss  ( 1 970 ) gave two more r!ondi tions . The 

first by their own admission is relatively impossible to 

demonstrate in the -.;vild .  The final c ondition relates to a 

change in numbers follmving changes in food and demonstrat es 

both food and social behaviour to be limiting . They also 

stressed the importance of assessing conditions over a 

number of years to d emonstrate  long term regulation of the 

breeding population . 

�mny experimental studies have investigat ed the effects 

of behaviour vrhen resources such as food are not limiting . 

By providing excess of food , water , shelter and nest s ites 

various authors have shm-rn that subordinate · and non-terri­

torial animals have lower breeding success or are prevented 

from breeding by d ominant and/or territorial individuals who 

were s till able t o  breed successfully ( e . g . Zahavi , 1 972 , 

for white vragtails ; Myers & Poole , 1 963 , for rabb its ; 

Calhoun , 1 963 , for rat s ; and 

1 96 2 ;  Watson & Moss , 1 970 ) .  

in the wild . 

other references in Wynne-Edwards , 

Few s tudies have attempted this 

Many studies have demonstrated lower breeding succeso 

of birds and mammals at high population dens ities ( Kluyver , 

1 95 1  , from Wynne-Edvrards ,  1 962 ; I·1yers & · Poole , 1 96 1  , other 

references in \vynne-Edvrards , 1 96 2 ) . But factors which 

limit the breeding rate need not be the same as those  
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limit ing the breed ing populat ion b e caus e the critical 

factor ·i.s r e cruitment of young into the breed ing populat i o n  

and not the numb er produc e d . Carrick ( 1 96 3 )  and Wat s on & 

Mo s s  ( 1 970 ) have d emons trat e d  that subordinat e and non­

t errit orial ind ividuals have a c cess t o  food but all work in 

the wild is hamper e d  by problems of measuring quality and 

quant its- of available food . No at t empt was made t o  a s s e s s  
· 

this in relat ion t o  pukeko . 

Much previous work can b e  crit i c i z ed ( cf . Brown , 1 96 4 ,  
1 969 ; Orians , 1 971 ) in that workers have tended to s eek 

funct i ons for isolated b ehaviour patt erns , e s p e cially 

t erritoriality , rather than t o  look at th e overall res pons e s  

of b irds t o  s pac e and to r e c ogni z e  that th e pat t erns are 

only part of a c o nt inuum of b ehaviour . Wynne-Edwards ( 1 96 2 )  
is poss ibly clo s e s t  to thi s a pproach , but :lis theory fails 

acc e ptanc e by the unnec es sary im�mentation of group s elec­

tion which does not account for the b ehaviour aris ing in the 

first population ( Brown , 1 96 4 ) . 

In c onclus ion , many o f  the arguments regarding 

population regulat ion are cir�ular and s emantic . The 

lit erature on the sub j ect is voluminous and mo s t  of the 

s tud i e s  lack suffici ent d emographic information and c ontain 

too many variab l e s  to s tat e conclus ively whether fo od o r  

b ehaviour i s  t h e  proximat e  or the ult imate fact o r ,  o r  only 

one of the fac t ors . As Chitty ( 1 967 )  points out : ' among 

the s e conflict ing claims th e  answer probably lies ' . He 

sugges t ed that e c o logis t s  should perhaps doubt the truth o f  

everything s o  far rrri t t en i f  they are to find the answe r .  

I t  i s  unlikely that the same fac t ors control every 

species in the s ame way and it is likewis e totally unr ealis­

tic t o  pos tulat e a s ingle mechanism for populat ion r e gula t i o n .  

Als o  if the problem is tackled from t h e  view o f  habitat 

s el e c tion , ( cf . Haartman , 1 971 ; Orians , 1 97 1 ) ,  the argument 

of proximate and ult imat e fac tors b ecomes unneces sary wh� n  

i t  i s  realized that c ontro l is th e r esult o f  compl ex inte r­

a c t i ons between individuals and th eir environments .  

Pukeko at Puke puke we re at Brorm ' s  ( 1 96 9 )  level 2 in 
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1 970-71 but at level 3 i n  1 971 -72 and 1 972-73 . In the las t  

two seasons , both optimal and marginal habitat '1-Tas us ed , 

and a number o f  birds were prevented from breeding . Thes e  

included both non-territorial floaters and lower ranked 

t erritorial birds . Reproductive success in sub-o pt imal 

areas was zero ( 1vats on & Hoss , 1 970 - c ondition a ) . There 

is also evidence to suggest that those birds prevented fi·om 

breeding were physiologically capable of doing s o . In the 

cas e of the non-breeding territorial yearlings , it is assumed 
0 

that these were capable of breeding as 2£ and P/w did so  in 

the Hide Territory ( s ee p .  �:00 ) . Also Vy did not breed as 

a trans ient yearling in 1 971 -72 but j oined the i'lestern 

Territory in 1 972-73 and laid . 

No evidence can b e  offered regarding depletion of food 

supplies but the !'act that territories continued to support 

more birds while decreasing in s iz e ,  suggests that food \vas 

not limiting . Future work might vlell concentrat e on this 

question . 

Thus t erritoriality or relative social hierarchy could 

be said t o  limit the breeding population of pukeko at 

Pukepuke by preventing some birds from holding areas suitable 

for bre eding and forcing others to breed in marginal areas . 

The absolute social hierarchy within the territorial groups 

prevented yearlings from breeding ( cf . Carrick , 1 963 ) . 
Supernumerary males ( e . g .  J/w , /Jy ) low in the hierarchy were 

also prevented from breeding. Thes e birds vTere ' socially 

castrated ' ( Guhl e t  al , 1 945 ) . Similarly , pukeko numbers 

at Linton "''lere presumed to  be regulat ed in that the perma­

nent territorial b ehaviour of the resident pairs forced all 

other birds , including offspring , to leave the area . 

Thus the s ocial organization of pukeko , cons isting of 

both relative and absolute social hierarchy , appeared to 

regulate the breeding populat ion by preventing some birds 

from breeding and forcing others to  do so in marginal areas . 

This is b elieved to  be a consequence of s ocial organization , 

and not a selective advantage as proposed by Wynne-Ed1·rards 

( 1 96 2 ) , and can b e  explained by natural selec tion . Thus 

birds �:,redisposed t o ,  and capable o f ,  holding territories 
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leave more surviving offspring and are favoured . However , 

in areas where food , nest s ites and cover are c oncentratei 

with few natural boundaries ( Pukepuke ) , birds capable of 
tolerating o thers in the f ormation of a group territory have 

an advantage . As little is  known regarding the survival of 

non-breeders and those forc ed to emigrate ,  the factors that 

regulate the total population remain uncertain. 



Month 1 970 

Jan -

Feb 

Mar 

Apr 

May* -

June 2 

July 3 

Aug 1 3  

Sept 28 

Oct 3 1  

Nov 1 6  

Dec 1 6  

Total 1 09 

Appendix 1 

NOMBER OF HOURS SPEUT OBSERVING 

PUKEKO FROf·! HIDES 

LINTON PUKEPUKE 

1 971  1 972 1 973 1 970 1 971  1 972 1 973 

1 4  1 7  2 1 7  29  5 

4 1 8  2 1 1  3 7  4 

1 1  1 1 2 1 8  40 5 

1 3  1 0  22 37 2 

- - 3 2 3 2 

20 8 - 1 8  1 0  

1 0  2 26 29  1 7  

9 9 1 8  1 8  29 

1 5  7 50  26  26  

4 1 1  35 30 32 

8 1 0  24 45 34 

1 1  5 42 39 33 

1 1 9  1 08 6 1 98 275 327 1 8  

* Duck shooting season 

249 . 

1 1 60 
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Appendix 2 

AN AUTOMATIC NEST RECORDER 

Graham H.  Craig and John L .  Craig 

Abstract 

An inexpensive , reliable , automat�c camera control for 

the observation of wildlife activities is described . The 

d evice  will record a preset number of frames on 8 mm movie 

film either at preset time int ervals up to 30 minutes , when 

triggered by a switch , or a combination of thes e .  The 

timer automatically stops during darkness . 

Introduct ion 

An investigation is being made by one of us ( J . L . C . ) 
of the social organization of the pukeko , Porphyrio 

porphyrio melanotus . Pukeko hold both communal and pair 

territories and both sexes incubate .  Most t erritories 

studied are communal containing three to eight adults ,  some 

of thes e  being offspring of previous years . One or more 

females lay in the same nest . Research has revealed a 

linear hierarchy within groups and it was decided to inves­

tigate a possible correlation between status , age , and s ex 

with incubation,  as well as look at incubation behaviour in 

general , However , because nesting in the study areas occurs 

in two metre Typha stands , direct observation is impossible 

and so an automatic recording device was required . 

Mechanical ( e . g . Gurr , 1 95 5 ) and telemetry (Barwick , 

pers . comm . ) recording methods were tried but found inade­

quate .  Telemetry is both expensive and nec essitated 

capt�ing all the birds within the territory immediately 

prior t o  nesting - this proved �poss ible . It was decided 

that an automat ic camera device would provide the fullest 

information. Systems used previously ( e . g . Gysel & Davis , 

1 956 ; Dodge & Snyder , 1 96 0 ; Weller & Derkson,  1 972 ; Temple ,  

1 972 ) ; ; e r e  not considered suitable for this study , were 
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costly and had high power demands requiring frequent 

replacement of large batteries . It was decided , thereforo , 

to design an electronic switching device that would fulfill 

. the following requirements :  

( 1 ) Record every nest change showing the identity and 

behaviour of all birds involved . 

( 2 )  Provide a time reference .  

( 3 ) Be readily adaptable to any 8 mm camera and b e  . 
able to work o ff the camera ' s  internal power 

supply if necessa1 y .  ( An 8 mm camera was chosen 

becaus e it provided automatic exposure control , 

zoom lens , and cassette film ) . 

( 4 ) Be small , reliable ,  economical in operation , and 

not costly t o  construct .  

The unit described below wa�: designed and constructed 

(by G . H . C . )  to  meet all these requirements . The camera ( in 

this study a Canon 5 1 8 )  and circuitry ( 5  x 6 x 2 . 5  cm ) were 

c ontained together in a waterproof metal case ,  ( scarcely 

bigger than the camera itself ) which was bolted to a pole 

driven into the swamp . Two suitably camouflaged foot pads 

with microswitches , were placed in the ramps leading t o  the 

nest  under observation and were connected in parallel to 

the circuit . Depression of the foot pad ( s )  exposed a pre�et 

length of film and a built-in timer provided a t ime 

reference .  All birds in the study territories were banded 

with coloured l eg bands and patagial tags . 

Circuit Description 

The circuit (Fig. 1 )  can conveniently be divided into 

four parts to explain its operation . 

1 .  Timer : Provides a positive pulse to t.urn on the con­

trol switch at a preset interval of between 5 and 25  
minutes . 

2 .  Control s,.,i tch A :  Activated by the timer to turn the 

camera switch on for a varying duration { for 0-20 
fr�mes )  to provide a time reference .  
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FT , 
Dl R5 <--

i a::::.: 
+•• 

R6 R7 

T I M E R  

R l l  R l 6  

CONTROL S W I TC H  A CAM E R A  SWITCH 

X - to Control Switc.h B 

Figure 1 Camera Control Circuit 

R1 
R2 
R3 
R4 
R5 

R6 
R7 
R8 

D1 
D2 ) 
D3 ) 
D4 l D5 
T1 , 

1 k ohm 
3 . 3  N ol:.r:� 

Resistors ( all i watt ) 

R9 1 5  k ohm 
R1 0 6 . 8  k ohm 

1 00 ohm rreset potentiometer 
see text ) 

470 k ohm R 1 1 3 . 3  H ohm 
1 N ohm R1 2 1 k ohm nreset potent ioneter "tsee text ) R1 3 1 k ohm 
1 k ohm R1 4 1 5  k ohm 

1 00 k ohm R1 5 1 0  k ohm 
1 00 ohm R1 6 390 ohm 

Capacitors 

C1 3 . 3  uF 1 0v electrolytic 
C2 0. 1 uF 25v polyester 
C3 470 uF 1 6v electrolyt ic ( s ee text ) 
C4 1 00 uF 1 0v electrolytic ( s ee t ext ) 
C5 22 uF 1 6v electrolytic ( s ee text ) 
C6 0 . 01 uF 50v Disc Ceramic 
C7 O . OOl uF 50v Disc Ceramic 
C8 O . OO l uF  50v Disc Ceramic 
C9 0 . 01 uF 50v Disc Ceramic 

Seru i c onductors et c .  

4 . 3v 400mW zener diode ( see text ) 

small general purpo s e ,  s il i c on diode ( e . g. Al12003 ) 

3 .  

0 .  5A eeneral purpose ,  silicon pm1er diode 
( e . g .  Il/400 1 ) 

small a ienal , p;enerul purpose,  npn s ilicon 
and 5 trans istor ( e . e .  25c3 7 1 , }IC 1 08 , BC 1 48 )  
T2 
and 4 
T6 

L . D . R .  

snall . si cnul , general purpose pnp silicon 
trans is tor 
pnp s ilicon power trans is tor ( e . g . 2 5 D4 3 4 ,  2 5 A671 1 see text 1 
see text 
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3 .  Control Switch B :  ( not shown in Fig. 1 ) . Turns the 

can,era switch on for a preset run ( 1 -25  frames ) when 

activated by a microswitch. 

4 .  The Camera Switch : Provides power to the camera when 

switched on by one of the control switches .  

Tw0 control switches were needed to conserve film . One 

( B )  was required to record the identity and b ehaviour of 

birds entering and leaving the nest on approximately 1 5  
frames of film and a second ( A )  expos ed a small number of 

frames for a time referenc e .  Either o f  these control swit­

ches could b e  us ed separately or deleted .  ·Control switch B 

is connected in parallel with control switch A at the points 

marked X in Fig. 1 ,  and is �dentical to A except that C5 and 

R8 in B are 47 mfd 6 . 3  volt� and 1 k ohms respectively . 

Each control switch is bas ically a monostable multivibrator 

that uses one npn and one pnp transistor ,  as this c onfigu ­

ration gives zero current drain in its stable state .  The 

microswitches are connected between pins 5 and 6 ( of control 

switch B )  by a length of thin twin cable and when a bird 

depresses a footpad , control switch B is activated and turns 

on the camera switch . Pins 5 and 6 on control switch A were 

unused in this project  but were included on the design to 

make the device more versatile .  If the microswitch is 

connect�d to control switch A rather than B then the t ime� 

and the switch both r esult in the exposure of the same num­

ber of frames of film and when the device is triggered by 

the microswitch , the timer auto�.tically resets . 

The timer also uses  one npn and one pnp transistor but 

these are c onnected together to form the equivalent of a 

programmable unijunction transistor ( P . V . T . ) .  D1 is a zener 

diode which is used to form a voltage reference ( of about 

two volts ) but because of the very low current through the 

device ,  · a  4 . 3  volt z ener was required . This value , however , 

is not critical. The zener was used as it allows a high 

current to flow during the ON state but permits a very small 

current under OFF conditions , giving good battery economy . 

Pins 3 and 4 are provided so that the t imer can be turned 

off when not required as this is the only part of the 
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circuit that draws any standby current , although it is 

typically less than 4uA . Pins 3 and 4 are shorted toget­
her for normal operation of the timer . Pins 1 and 2 are 
also shorted together for normal operation but if a light 
dependent resistor ( L . D . R . ) is wired between these pins 
inst ead the device automatically turns off at night , pre­
venting film wastage . The L . D .R .  used had a resistance o f  
about 1 00 ohms under bright light and about 50  M ohms under 
complete darkness .  These values are not critical . The 
values of R4 and R5 shown give a time interval (variable by 
changing H5 ) anywhere from about 5-20 minutes . C3 sl:ould 
be a capacitor with low leakage current such as a tantalum 
electrolytic but a 470 mfd 1 6  volt standard aluminium elec­
trolytic capacitor was �ound suitable provided that it was 
preformod by placing a 1 0  volt power suppl�-- across it for a 
few minutes . 

The camera swit ch also c ontains one npn and one pnp 
transistor and these are connected so that when e ither 
control switch turns on, the battery voltage is applied to 
the camera ( through D4 in the case of a 6 volt supply ) .  
The whole device was designed to work from e ither 4 . 5 volts 
( the camera ' s  internal batteries ) or 6 volts from an exter­
nal supply . To use the camera ' s  internal batteries , a 
small piece ( about 5 mm across ) of double-sided printed 
circuit board with a wire soldered to each copper side was 
inserted in series with the positive s ide of the batteries . 
The wire connected to the battery positive was soldered to 
pin 7 of the camera switch and the other wire to  pin 8 .  A 

lead from the negative side of the batteries was connected 
to pin 9 to complete the supply to the board . D4 is shorted 
with a 4 . 5 volt supply . The camera batteries are normally 
good for about six films but with this unit in use ,  the 
voltage supplied to the camera is slightly lower than when 
suppli ed directly and hence the effective battery life is 
less . To compensate for this , a small battery holder c on­
taining four pen-light c ells l'Tas added .  Diode , D4 is 
required with the six volt supply to drop the voltage sup­
plied to the camera . 
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Transistor ,  T6 , is an epoxy case power transist or 

( Pc is 25W at 25°C ) and this was used to provide a very low 

saturation voltage ( less than 0 . 2  volts )  across the transis­
t or at the high current levels of the camera . A Toshiba 
28B434 was us ed as it is small in size and is possible to 
mount in a small space on a printed c ircuit board by stand­
ing it on its three leads ; but other similar types would 
have been as suitable .  

Results and Conclusions 

Excellent results were obtained from the device  and 
included full sequenc es for most nest changes . Nest build­
ing, egg shell and dead chi�k removal , courtship,  chick 
feeding ,.  and identity of prE.:dators in the case of predat ed 
nests was also recorded . Batteries lasted for the full 
season, exposing eleven films . The authors feel that thj_.'3 
system is readily adaptable t o  any situation where auto­
matic recording of wildlife activity is required . No 
provision was made for night recording as it was not needed 
in this s tudy , but this could . be overcome by the exclus ion 
of the L . D . R .  and the inclus ion of a flash unit and extra 
power supply . The devices main advantages were its 
versatility , reliability , lm'l cost ( $2-$8 excluding camera ) ,  
and eco:10mical operation . 

We are grateful to Professo:• E . C .  Young and Roger Croft 
for critically reading the manuscript . 
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Territory 

Linton 1 

Linton 2 

Linton 3 
Linton 4 

Linton 5 

Linton 0 

\'lest em 

Northern 

Southern 

Hide 

Peninsular 

Trap 

Inlet 

Rough 
Paddock 

Corner · 

TOTAL 

Appendix 3 

NUMBERS AND PROPORTION OF SEXES 

IN 

STUDY TERRITORIES 

1 970-71  1 97 1 -72 

No . of Sex No . of Sex 
Birds 1-1 F Birds l-1 F 

3 1 ·  2 2 1 1 

2 1 1 2 1 1 

3 -

4 2 2 4 2 2 

- 5 
. 

4 -

4 2 2 5 2 3 

4 2 2 4 2 2 

4 2 2 4 2 2 

5 3 2 5 3 3 

- .., 1 1 -

- -

- 5 

- 5 

- -

29 1 3 : 1 3 48 1 4 : 1 5  

257 . 

1 972-73 
No . of Sex 
Birds M F 

2 1 1 

2 1 1 

-

2 1 1 
I 

-

3 

4 2 2 

6 3 3 

6 3 3 

6 3 3 

6 5 1 

3 2 1 

6 

-

4 

50 2 1  : 1 6  



APPENDIX 4a FLOCK HIERARCHY MARCH 1972 

kw 
WINNER 

Kw Rlw Plw 2E Tlv 1Tw Qw Llv Vlv 1Cv 1Hv 1Jw Vv Zw Nlw 

Hlw 

Kw 

Rlw 

Plw I '13 ' 1 3 2 

2E I 5 10 5 25 3  
Food in Hide 

Tly I 3 6 3 1 1 2 42 

2z 6 7 1 Territory 
1Tw 

1 1 '7 1 1 
a • Aggression 

Qw a b  c.: b • Avoidance � T lS Lly 1 1 
o-l T • Total 

Vly 2 53 1 1 7 1 0 3 1 3 2 2 42 1 1 

1Cy 1 1 242 �s 1 2z 1 2 1 2z 

1Hy 1 1 

1Jw . 3 52 7 g2 "s 1 2z �4 

Vy 3 4 1 2z "4  1 2 1 3 1 1 1 1 1 

Zw 3 6 3 23 1  

1 1 1 2 1 � 1\) 
Nlw 25 3  \.11 

()) 



APPENDIX 4b FLOCK HIERARCHY MARCH 1972 
Food in Peninsular Territory . 

R 

K Hlw Tly lTw Qw 2E Plw lFy lEy lHy Vly Lly Vy Rlw lCy Zw lNw 

Mlw 

Hlw 

Tly 1 1 1 ""-.. � 1 1 
lTw 

Qw 1 1 35 2 

2E 1 1 

Plw 1 1 
�.�, 

a • Aggression 

lFy �4 1 1 2 2 a b b • Avoidance 
� 3 3 

T � lEy 3 3 1 1 T • Total 
0 
� 2z 25 3  22 1 52 lHy 

Vly 1 1 3 3 7 1 0 3 3 6 3 3 3 

Lly 1 1 22 7 1 0 3 

Vy 1 1 22 ·3 3 3 3 

Rlw 2 z 

lCy 3 3 1 1 ?s i "a � 3 4 1 10 13 3 

Zw 22 S l l l z2 · ss 25 3  'a 2 8 12 " 

Nlw 1 1 z2 1 1 1 1 "4 1 3 2 1 2 1 23 1 15 17 2 1 32 2 2. 7 7  ' 1\) 
\J1 
1.0 
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Food in Hide Territory. 

WINNER 

Hlw 

� 
tLz 2E Plw Tlv lTw Rlw l Zw Qw Llv lFv lEv lLw Vlv , lVW v,. lCv Zw Nlw I 

Ow 2 :.1 • 1 1 1 1 

Kw 3 5 2  

lLy I 5 1 0 2 3 5 2  

2E 6 9 3 2 2 ' 3 " s 1 

P lw: 1 1 1 1 1 , 6 3 , 1 4 5 2 7 5 2 3 1  1 2 1 1 2 1 1 

Tly I 1 2 1  2 2 1 1 1 2 1 6 6  "4 1 1 a • Aggression 

lTw I 24 2 6 8 2 1 1 !1 1 2 1 9 1 0 1 1" 14 a
T

b b • Avoidance 

Rlw I 24 2 2 3 1  7 1 0 3 .  27 5  6 8 2 1 1 22 '! • Total 

l Zw 1 � 6 2 s 5 2  1 9 2 1 1 1 .. 1 6 2 1 6 1  5 7 2 t 3 z 1 1 

Q'-1 24 2 6 8 2 5 7 2 1 1 !1 1 1  55 5 7 2 3 6 3 ' 3  23 1  

gJ Lly 1 5 2  1 4 1  , 6  2 2 15 1 5 , 7 1 9 2 1o 1 2 2 1 1 1 4 1  """ 1 1 1 1 "' 
0 
,..l lFy 1 4 1 2 3 1  � 5 1 1 8 1  1a 20 2 u 1 2 t s 8 3  "s t 3 3  1 2 1 

1Ey 3 s 2  t s � 1 4 1 1 1' 2o t  '7 ts 1 6 1  ' 9 3 �4 2 2 

1Lw 22 1 1 22 

Vly 1 1 8 .. 2 3 1  56 1  2 2 11 1 9 2 , 6  , 1 3 1 1 3 2 1 2 1 5 7 2 1 1 , 7 1  1 1 1 1 

1 Vw 3 3 1 1 2 2 5 5 1 1 1 1 1 1 

vy 2 5 3 1 2 1  s 3  1 3 2 12 1 4 2 5 6 1  .. 5 1 .. 5 1 1 2 1 5 6 1  s 3  22 

Icy 5 1 0 5 �4 "s 1 ' 1 2 ' 23 27 " 11 1 3 2 1 s "  .. 5 1 " 6 2 1 1 1 1 "5 1 

zw 1 3 2 2 2 5 5  s 6 1 u 1 3 5 6 1  2 2 1 1 1 2 1 1 1 1 3 � � � 1\J 
Nlw I ' 7 ' ' 2 ' ' 4 '  ' 2  " 1 6 '  ' 1 1 ' ' 3 '  t '  ' t  3 '  ' s '  ' 7 '  ' 7 '  ' 1 ' 3 '  ' 3 ' � ? 
Iy I 1 1 3 3 7 7 1 1 1 1 � 4 1 1 
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APPENDIX 4d 

Hlw Kw 

Hlw� 
Kw �4 

Tly I 1 1 1 2 1 

1Tw 

1Ly 1 1 

Plw 9 1 1 2 1 2 1 

2E I 22 3 3 

1Zw I 3 3 2 3 1 

Qw I 22 

Lly 6 82 44 

lFy 68 2 2 2 

Vly 49 5 4 5 1 

l.Ey "' ; 3  3 4 1 

Rlw 1 1 1 4 1 2 1 

Vy 6 7 1 

Zw 1 1 1Cy I 56 1 

Nlw 22 

Iy I 1 1 1 1 

Tlv 1Tw Kv Plw 

1 1 � 1 1 

1 1 �s 1 

462 1 1 1 1 

14 15 1 25 3  44 

3 3 1 1 

a 24 1 3 '7 1 1 ss 

10 20 I 0 1 4 3 1 2 1 ss 

11 1 7 6 1 1 1 3 2 6 9 3 

7 1 3 6 1 1 9 9 

59 4 22 1 2 1 1 1 

3 8 5 44  

7 10 3 2z 

5 5 1 2 1 3 3 

1 1 

FLOCK HIERARCHY APRIL 1972 

WINNER 
2E 1Zw Ow Llv 1Fv Vlv 1Ev Rlw Vv Zw 1C  

1 1 3 4 1 2 2 1 1 1 2 1 1 1 1 1 Food on Hide Territory -

55 Peninsul� Territory Boundary 

1 1 1 1 
a • Aggression 

a b b • Avoidance 22 2 1 7 1 5 1 1 1 1 � 1  1 1 T 

23 1 6 12 6 11 17 6 1 1 1 1 2z 1 1 T • Total 

56 1 2 15 1 ) 17236 ea 
3 3 11 19 8 z2 Zl zs2 78 1 22 

6 82 �5 1 2 3 1 44 242 

22 3 3 . 9 1 1 2 6 7 1 23 1 24 2 44 

1 1 2 2 1 1 

1 1 46 2 56 1 11 1 1  ea 3 3 2.2 
1 2 1 I s � 1 1 z 2 44 1 1 1 1 l s � � 1\) 

� 
2� 1 1 2z 

_. 

• 



APPENDIX 4e FLOCK HIERARCHY JUNE 1972 
Food in Peninsula Territory 

WINNER 
Mlw Kw Ow Tl;t 1Tw Qlw 1Zw � Plw 1Ww Ll;t 1F;t lE:z: I:z: 2E Vl:z: · Rlw Zw Nlw 1C 

Hlw I �2 

Mlw I 34 1 

Kw I � 6 2 22 

Ow I ' 1 02 2 3 1 1 1 Tly I �a� ' 3 1 1 Z3 l 1 1 1 1 

1Tw 7 1 03 1 1 1 1 2 2 1 1 Food in Penin-
Qlw I sa s � 5 1 1 2 1 1 1 1 2 1 sular Territory 
lZw I 9 14 5 1 1 22 ' 5 2 �7 ' 1 32 1 1 a • Aggression 

a b  �w I 59� '9 2 1 2 1 ' 4 1 1 4 3  ' t o '  1 1 T b • Avoidance 
6 1 0 � 1 1 p 1 1 T • Total 

� 
1Ww sa s 1 1 2 3 1 '4 1 23 1 

c.: l&l ., Lly 6 10� 3 3 1 1 ' 6 ' 23 1 � 5 1 1 2 1 '5 2 1 2 1 ' 3 3 
1Fy 6 1 1 5  �4 1 1 14 3 sa 3 23 1 25 3 1 1 1 1 1 2 1 26 � 

1Ey �s" ' u � 1 1 1 2 1 10 1 22 1 1 "7 ' ' 7 ' 6 1 2 1 1 1 3 4 1 
Iy 6 1 1 5  1 1 2 3 1 34 1 a• 23 1 2 7 5 1 2 1 22 6 14 1 1 17 9 'a2 �1 1 1 2 

2E 26 � 1 1 1 1 22 
33 1 1 

Vly I 5 10 5  242 1 1 1 1 1 2 1 1 2 1 1 2 1 25 3  ' 3 55 "s l 

Rlw 8 14 6 1 1 1 1 1 1 1 2 1 1 2 1 1 2 1 ' 4 1 1 2 1 1 1 
Zw I ' a s 1 2 1 1 2 1 3 7 � 1 2 1 1 2 1 242 �4 22 1 7 6 ' 9 ' 2 42 22 

� 1\J 
Nlw I 3 6 3 1 4 3  22 1 1 1 4 3  4 "  �s � 1 2 1 37 " '7 � 1 1 1 32  2.5 3  4 �  � 

1\J 
• 

lCy I 25 3  1 1 1 1 l l 



APPENDIX 4f FLOCK HIERARCHY JULY 1972 
Food in Hide Territory . 

WINNER 
Hlw Mlw Kw J Plw 2E Ow Tl 1w 1Zw lWw Rlw Ll Zw Nlw 

HJ.w 

:"'!.1 t1 

Kw I 520 1 5 
Jy 1 15 zz1 8 20 1 2  23 1 1 1 ' 3 ' 3 
Plw 8 1 7 9 7 147 27 5 1 2 1 1 2 1 1 2 1 
::E I 10 18 8 39 6 '5 2 ' 7 �  55 
Ow I 24 2 22 1 1 7 7 Hlw has bill 
Tly I 1 1 1 2 1 1 1 22 22 blackened 

lTw 1 2 1 2 2 1 1 �4 1 1 22 1 1 a • Aggression 

Qlw I 1 32 1 2 1 1 4 3  1 1 23 1 28 6 a b b • Avoidance 
T 

� 1 Zw I 58 3 1 2 1 3 4 1 u 142 23 1 17 20 ' 2s ' 1 1 1 1 T • Total 
� "' 
0 lWw 24 2 2s 3 1 1 2z U 13 1 5 149 24 2 297  ....:1 

:w I 5 1 0 5 1 1 1 32 1 1 23 1 22 ' 18 1 5 1 4 3  5 14 9 1 2 1 4 �  
8 24 1 6 8 17 9 '9 ' u 13 2 '+7 3 22 55 

Lly 24 2 1 4 3  22 1 1 .. 4 3 107 .. 4 26 4 44 56 1 
1Fy ' s:. 2 2 ' s 2 3 4 1 26 '+ 1 3 2 s s ' 7 � 1 1 

1Ey � s 1 1 1 u 187 1 2 1 22 1 4 3  1 1 ' 3 S8 3 �6 2 1720 ' 1 1 ' a s 
44 

Vly 1 1 1 1 22 e a ' 1 1 a 24 2 26 � 1 1 2 2 2 2 1 4 3  1 1 ' a s 

Zw 24 2 1 1 1 1 1 1 ss 3 1 1 8 1 1 s s 1 1 22 22 1 s 4 22 39 6 1 1 

Nlw I 2 2 1 1 1 1 1 7 6 2 7 5 1 s 4 2 5 3 4 4 2 12 1 0 .2 1 1 9 ' 4 1 
' 3� 1\) 

Iy I 1 z 1 1 1 1 1 ss 27 S 1 1 1 s �+ 3 107 3 ' 
4
s 1 1 9 8 4 1 1 7 1 1 1 1 O'o 

Vl 
-

lCy I 3 7  .. 1 3 2 s l 27 242 66 2s ' 1 3 2 
46 2 '6 ' 1 4 3  26 '+ ss 23 1 1 1 ' s 2 1 1 1 1 1 1 



APPENDIX 4g FLOCK HIERARCHY1 14th JULY 1972 
Food in Peninsula Territory (On the day Hlw ' s  bill was blackened) 

Mlw Ow Kw Tl 1Tw Plw 1Ww Ll Nlw Zw lC 

Mlw 

Ow 7 14 7 

Kw I 2 2 1 1 2 2 

Tly 9 1 S 6 �s 1 1 2 1 

1Jy 1 1 1 1 22 � 2 

1Tw 7 10 3 9 1 7 1 1 1 7 1 2 s 1 1 22 a • Aggression 

Plw I 1 1 1 1 a b  b • Avoidance 
T 

Qlw 3 3 3 3 1 1 22 1 1 ss 22 � ' 3 1 1 T • Total 
1Zw 1 1 � s �  22 �9 5  1 1 s s 

� � 1 10 9 5 1 3 8  1 1 3 3 1 1 l a ?  22 1 3 2  � Qw 
...:I 

1Ww ' 1 2 5  Sa 3  1 4 3 '6 3 9 6 3 4 1 

Lly I 3 7 � t s� 1 1 10 1 3 3 1 1 3 9 6  2s ' 2 2 2a 6  1 10 2 
� 

1 1 ' 3 

lFy 1 2 1 1 1 • 1 1 S 72 � s � 1 4 3 1 3 2  26" 2 2 •a 

lEy 2 5 3 1 4 3 1 1 3 3 �a "  �5 1 1 2 1 �a " �4 'a l  ss 

Iy � 1 06 396  22 ' u "  6' "7 ' 26 " ' 9 ' 57 2 S6 1 's 2 5a3  

Vly 27 5 l a ?  I s � 1 4 3 1 3 2  2 2 �a � 1 1 2s 3 22 1 1 1 1 

Nlw 4 �  1 3 2  2 2 2 2 1 1 1 1 1 1 1 1 1 1 

Zw I 1 1 I s " 1 1 2 2 34 1 1 1 2 2 22 1 1 1 1 1 1 

1Cy I 27 S s s 1 1 1 6 S  6 ' 22 I s " 6 ' 13 2 510 5 1 2 1 2g6 5 72 1 32 .......... 1\) 
0"1 
..p. 



APPENDIX 4h 

Hlw Mlw 

Hlw I """' 
Mlw I 1 1 � 
Kw t l 2 � 1 1 

Ow I � 1 7 �  e 102 
7a 1 Tly I · lTw i 1 sr  �s 1 

Q1w 1 �20 !  1 2 1 

1Zw I 1�27 � 2 3 1  

1Ww I 1 1 23 1 

Plw I �7 ! 1 1 
2E I � 7  1 1 

gl Jy , 1� 1 7 � 1 1 "' 
3 Qw 7 12 5  24 2 
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lFy � 1 4 f  1 2 1 

Rlw I l 6 �  2 2 

1 Ey � 1� 22 t o 1 s �  
Vly 792 1 1 

Vy 1 1 1 
Zw 1 1 
Nlw I 2 42 
Iy I 1�33Z  , 2 , 

1Cy I f 4 1  24 2 

Kw 

l 2 

1 1 

1 2 1 

1 '  

23 1 

!4 1 
1 1 

�9 f 

r 1 � 

1 10 f 
23 1 
! 4 i 
ss 

! 6� 

, s t 

Ow Tlv 1Tw Olw 1 Zw 

1 1 1 1 22 

� 
t 147 

hat  56 1 1 1 

h6� "4 34 1 1 4 3 
7 1 7 �  13 2 25 3 25 3 

3 4 1 1 1 1 2 1 

1 1 !3 3 3 1 1 

1 1 

1 1 1 1 22 22 

� 16 i 1 s r l 2 r s 1 

ho� ho t 1 3 2 f7 f 1 2 1 

7 1 2 �  3 10i l 3 1  �a �  l 6 � 

57 z 3 6 3 1 3 l 23 1  

f 9 �  
�
2 1 1 1 5 �  1 3 l 

1 1 1 2 1 
1 1 

25 3 22 1 1 �6 2 1 2 1 

i l9 � 5 1 3�  s a � 1a !  ! a ! 
' 1  2 ,  , 3 l 1 2 1 

FLOCK HIERARCHY JULY 1972 

WINNER 
1Ww P lw 2E Jv Ow Lli 1FI Rlw 1E:t: Vli VY. Zw Nlw I 

1 1 1 1 1 1 

1 1 

1 1 1 1 1 1 

1 1 

Food in Penin-
1 1 sula� Territory . 

1 1 1 1 1 2 1 Hlw Bill Non-
Black top row. 

1 1 
Hlw Bill Black-

1 2 1 !6 1 z2 z2 ened bot tom row. 

d 1 1 a • Aggressia\ 
a b 

1 2 1 1 2 1 1 ! ! 3 1  l4 1 1 1 1 
aTb b • Avoidance 

1 1 � 10 �  2 2 1 4 3 ) 1 [ 2  , 1 T • Total � 

l 4 2 1 3 1 59"  l 6 l  1 1 1 2 1 1 1 

1 1 l 3 1 1 1 ! 3 1 f3 

t l ! s i  1 2 1 �6 2 1 1 1 1 
4 "  1 4 3  l l2 f J2s f 23 1 1 1 

1 1 1 1 23 1 1 2 1 

, 1 
1 2 1 1 1 1 '  

� 1\) 
1 1 , 4 1 24 } 2 1 1 ' ! 4 ; � 22 1 '  �9 1 1 1 0'\ 

\J1 
. 

1 2 1 22 i3 23 1 



APPENDIX 4i FLOCK HIERARCHY AUGUST 1 9 72 

WINNER 
Mlw Hlw Ow Tl lw 2E 1Zw 1Ww Ll Zw Nlw I Rlw 1Vw 

Mlw 
I l l 1 1 1 1 Hlw ! 

Ow I ls 3 3 6 3 

Tly I 3 3 1 1 

1Tw �s 1 1 1 �7 3 22 

Qlw ! 8 1 3 5 1 1 1 1 22 � 1 1 

2E I 3 4 1 1 1 
Food in Peninsular 

1 Zw I 1 2 1 27 5 3 6 3 22 3 6 3  1 1 1 2 1 1 1 

Qw I ' 14 5 �7 3 3 52 22 26 � 792 22 �4 1 1 1 1 1 1 
Territory 

1Ww 66 1 1 22 6 7 1 22 '9 ' 1 3 2 1 2 1 a • Aggressicn 
• b b • Avoidance 

Lly 10 15 5 23 1 3 9 6 �s 1 �s � 10 1 6 6 1 1 ' 7 � 3 s 2 77  1 1 T 
� w T • Total 
Cl) lJy 2 3 1 1 1 2 2 0 
o-l 

Plw 1 1 3 5 2 1 1 1 1 22 

lFy 5 1 27 3 3 3 1 2' 1 1 1 3 2 24 2 1 4 3  �4 ' 13 � 1 1 

1Ey 1 1 1 3 2 1 1 1 1 s a ' 1 1 1 2 1 1 2 1 ss ' 3 

Vly 26�  3 ' j '  4 �  1 1 ·22 1 4 3  1 32 
I 

Zw I 1 1 1 32 1 2 1 1 2 1 . 1 1 

Nlw 1 1 1 2 1 1 32 1 1 .242 1 1 � s � 1 1 1 1 1 1 22 22 

Iy 1 6 5  sa ' ' 12' 22 59� .. 7 , 5 5 1 1 25 3 7 1 1  � 1 1 �6 2 '41  

1Cy 3 3 22 22 ' 1 1 2 1 �6 2 1 1 1 3 2 22 3 3 .. 7 3 1 1 1 2 1 

Rlw .� 5 .. ' 1 1 1 1 2 1 1 1 � 1\) 
0'\ 
0'\ 

lVw I 1 1 ""-... • 



APPENDIX 4j FLOCK HIERARCHY AUGUST 1972 

:·r>: 
Tly 1Tw Qlw 1Ww 1Zw Ow Llv 1Fv Zw Vl 

Tly I 2 3 1 3 52 

lTw �6 2 1 6 5 5 9 " � 3 ! 

Qlw I 1 32 1 2 1 " s i 

lWw 1 6 5 5 9 " 3 8 5 1 3 2 .. 7 3 1 1 Food on Peninsula 

' 1 7 e "E � 1 3 2 Territory and Hide 
lZw I 2 2 26 " 3 6 3 Territory Boundary 

Qw I 1 3 2 1 2 1 1 9 8  3 3 1 1 a • Aggression 
a b e-5 Lly 1 4 3 1 5 " 2 10 8 5 1 1 6 25 3 710 3 1 1 T b • Avoidance 

Cl) 
· 0 1Fy 1 2 1 3 85 1 32 1 2 1 �4 ! 6 3 �3 ' 1 '  · s � 

2� T • Total ,..I 

Zw 1 1 2 1 4 " 1 32 1 5 .. 22 3 3 1 7 6 1 1 

Vly 
1

1 32 25 ! 1 5 � 1 12 1 1  .. 10, I s " 5 5 .. 

� 
1 32 2 2 22 

Nlw 1 1 1 1 1 1 

Iy 
, � 5 � 4 .. ! 8 5 5 12 7  58 3  s s 1 3 2 2 10 8 1 4 3 23 1 1 1 22 

1Cy 5 5 1 4 ! 25 3 1 109 3 3 4 " 2 3 1 2 7 3 3 7

� 
23 1 2 2 

� f\.) 
! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 "' Vy -.J 
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Appendix 5 

TERRITORIAL BOUliDA:tY POS ITIONS 
OF PAIRS OF OPPOS ING 

NORTHERN AND SOUTHERN TERRITORY BI3.DS 

Results are divided into three categories : 

268.  

( i )  Where one b ird advanc ed and the other retreat ed , 
the figure given representing the true mean of 
the mean maximum advanc e  of one b ird and the 
mean maximum retreat of the other . Unguarded 
results , i . e .  where no bird of higher s tatus 1vas 
pre sent are given fir�t . 

( ii )  Where both b irds advanc ed towards each other , 
the figures repr8s ent the true mean of the mean 
maximum advanc e  of both birds . Unguard ed 
results are again given first . 

( ii i )  Mean fight locat ion . 

The unit s used are 0 . 5 m measured froo an arb itrary 
zer:> point at the Northern Territory edge of the boundary 
zone except for Narch A where results were taken from a 
d ifferent part of the b oundary and the zero point vms at 
the Southern Territory edge of the zone . 

March A 

Bw Aw Bv1 Ey 
( i )  - - - -

1 5 . 00 ( 1 ) 1 5 . 00 ( 4 )  - 1 5 .  3 1  ( 8 ) 

( ii )  - -

1 6 . 00 ( 1 ) -

Boundary � 1 5 . 1 7  ( 6 )  Boundary = 1 5 . 3 1  ( 8) 



l-1arch A continued 

B1v By 

( i )  - 1 5 . 50 ( 1 ) 
1 2 . 00 ( 2 )  1 4 . 25 ( 4 )  

( ii )  -

1 5 . 25 ( 1 ) 

Boundary = 1 3 . 97 ( 8 )  

B1v 1 Nw 

( i )  - -

1 2 . 08 ( 6 )  1 2 . 75 ( 1 ) 

Boundary = 1 2 . 1 8  ( 7 )  

-

El'l Avr 

( i )  1 3 . 1 3  ( 8 ) 1 3 . 36 ( 7 )  
- -

( ii )  1 3 . 1 6 7 ( 1 ) 
-

( iii ) 

Boundary = 

Elv 

. ( i )  -

1 2 . 50 ( 1 ) 

Boundary = 

-

E1v 

( i ) -

1 1  . 80 ( 4 )  

' Boundary = 

Pw 
( i )  -

-

Boundary = 

1 3 . 23 ( 1 6 )  

By 
-

-

1 2 .  50 ( 1 ) 

1 Nw 

-

-

1 1  • 80 ( 4 )  

AI•T 
1 9 .  00 ( 1 ) 
1 5 . 1 7  ( 3 )  

1 6 .  1 3  ( 4 )  

269 . 

Bvl S1 vT 

- -

1 3 . 40 ( 2 ) . 1 4 .  00 ( 1 ) 

-

-

Boundary = 

. 

Bw 

-

1 2 . 00 ( 1 ) 

Boundary = 

Ew 

1 3 . 00 ( 1 ) 
1 3 . 63 ( 1 3 )  

1 3 . 50 
1 3 .  1 3  

1 3 . 50 

Boundary = 

Er.v 

1 0 . 00 ( 1 ) 
1 2 . 6 7 ( 3 )  

Boundary = 

�., 
-

1 8 . 00 ( 1 ) 

Boundary = 

1 3 . 90 ( 3 )  

1 Pw 

-

-

1 2 .  00 ( 1 ) 

Ey 
-

1 3 . 58 ( 6 )  

( 2 ) I 

( 2 )  

( 1 ) 

1 3 . 5 4 ( 25 )  

S 1 w 
-

-

1 2 . 00 ( 4 )  

. Ey  
-

1 5 . GO ( 2 )  

1 6 . 40 ( 3 ) 

I 



March A c ontinued 

Pw By 

( i ) - -

1 2 . 00 ( 1 ) 1 3 . 90 ( 2 )  

( ii ) -

1 4 . 50 ( 1 ) 

Boundary = 1 3 . 5 7 ( 4 )  
- · - .. 

Pw 1 Nw 

( i ) - -

1 3 .  1 0 ( 4 )  -

Tw Ai·T 

( i ) 1 2 . 75 ( 1 ) 1 3 . 2 5 ( 2 )  
1 2 . 75 ( 1 ) . -

( ii ) -

-

Boundary = 1 3 . 00 ( 4 )  

Lhr Atv 

( i ) - -

- 1 3 . 2 5 ( 1 ) 

L1 w 1 Nw 

( i ) - 1 2 .  50 ( 1 ) 
1 1  • 00 ( 1 ) -

( ii ) -

1 4 . 2 5 ( 1 ) 

Boundary = 1 2 . 58 ( 3 )  

' 

1 Bi·T Ey 
( i ) - -

1 4 . 2 5 ( 2 ) -

� .)._ 

Pw 

-

1 1  • 00 ( 2 )  

-

-

Boundary = 

. 
Pv; 

-

1 3 . 75 ( 2 ) 

T1·T 

-

1 2 . 50 ( 3 )  

-

1 1 . 75 

Boundary = 

L 1 w 

-

-

L1 w 

-

1 5 .  50 ( 1 ) 

1 Bvi 

-

1 3 . 50 ( 3 )  

Boundary = 

270 . 

S 1 w  

-

. 1 2 . 00 ( 1 ) 

1 1  • 33 ( 3 )  

1 P\v 

-

-

Ey 
-

1 3 . 7 5 ( 1 ) 

( 2 )  

1 2 . 46 ( 6 )  

S 1 w 

-

1 1  . 50 ( 1 ) 

1 P\v 

-

-

1 Nw 

1 3 .  00 ( 1 ) 
-

1 3 . 38 ( 4 )  



( i )  

( i )  

( ii )  

( i )  

( ii )  

( iii ) 

( i )  

( i )  

. 

March B 

B1v Aw 

- 9 . 00 � � � - 1 1  • 50  

Boundary = 1 0 . 67 

Bw 

-

1 1  • 00 ( 1 ) 
-

1 3 . 50 

Boundary ·= 

:&·T 
1 5 . 46 ( 7 ) 

-

1 3 . 89 
-

1 3 . 00 

Boundary = 

Ew 

1 9 . 00 ( 1 ) 
1 5 . 83 ( 3 ) 
Boundary = 

Ew 

1 8 . 50 ( 1 ) 
1 9 . 00 ( 1 ) 

Boundary = 

By 

-

1 0 . 33 ( 3 ) 

( 1 ) 

1 1  • 1 ·0 ( 5 ) 

Aw 

1 5 .  00 ( 4 )  
-

( 7 ) 

( 1 ) 

1 4 .  6 6  ( 1 9 )  

By 

1 8 .  75 ( 1 ) 
-

1 7 .  0 5  ( 5 ) 

1 NvT 
-

-

1 8 . 75 ( 2 )  

. 

27 1 . 

Bw Ey 
- 1 1  • 00 � ; � 1 2  . oo ( 1 ) 1 1  • 3 3  

Boundary = 1 1  • 40 

Bw S1 w 

- -

1 1 . 00 ( 1 ) ·-

-

-

E1v Ey 
* 1 6 . 00 ( 1 1  ) 1 4 . 5 5 ( 5 ) 

1 4 . 4  7 ( 1 5 ) 1 3 . 50 ( g )  
1 5 . 63 ( 4 )  
1 4 .  1 1  ( 1 6 ) 
1 3 . 6 7 ( 3 ) 

Boundary = 1 4 . 5 5  ( 6 3 ) 
j 

Ev; S hv 

- -

1 4 . 1 3  ( 4 )  -

EvT 1 Pw 
- -

1 8 . 33 ( 3 ) -



Narch B continued 

Pw 
( i ) -

-

( ii )  -

1 1  • 50 

Boundary = 

I1v 

( i) -

9 . 75 ( 2 )  
-

Ti•T 

( i )  -

1 3 . 33 ( 9 ) 

( ii )  -

1 2 . 82 

( iii ) 1 2 .  25 

Boundary = 

-

Tiv 

( i )  -

1 1  • 90 ( 2 ) 

L 1 w 

( i )  -

-

Boundary = 

L 1  \•T 

( i )  -

-

Boundary = 

Aw 

-

1 o .  50 ( 1 ) 

( 1 ) 

1 1  • 00 ( 2 )  

By 

-

-

Aw 

-

1 2 .  7 1  ( 6 )  

( 7 )  

( 2 )  

1 2 . 94 ( 24 )  

By 

-

-

Avr 

6 .  00 � 1 � 
1 3 . 50 4 

1 2 .  00 ( 5 )  

By 

7 . 50 ( 2 )  
1 2 . 86 ( 7 )  

1 1 . 67 ( g )  

. 

- -

272 . 

P\'i Ey 
- 1 3 . 00 � 1 � 

1 o .  25 ( 4 )  9 . 50 1 

-

-

Boundary = 1 0 . 58 ( 6 )  

Tiv Ey 
- -

1 2 .  88 ( 2 ) 1 2 . 2 5 ( 1 ) 

-

1 3 . 50 ( 1 ) 

1 3 . 50 ( 1 ) 

Boundary = 1 3 . 00 

Tw s 1 i'l 

- -

1 5 .  1 0 ( 2 ) -

Lhv Ey 
- 8 .  00 � 1 � 
- 7 . 08 3 

Boundary = 7 . 3 1  ( 4 )  

Lhv 

-

-

S hr 

5 . 75 ( 2 ) 
1 1  • 00 ( 1 ) 

Boundary = 7 . 50 ( 3 )  



!�larch B cont inued 

( i ) 

( i ) 

( i ) 

( ii )  

( i )  

( i ) 

( i ) 

L 1 w 

-

1 6 .  00 ( 1 ) 
Boundary = 

1 B1·T 

-

-

1 Bw 

-

-

-

1 3 . 50 

Boundary = 

1 Bw 

-

1 5 .  50 ( 1 ) 

1 XI·T 
-

-

1 Xw 

-

-

1 Nvr 

-

1 4 . 38 ( 4 ) 
1 4 .  70 ( 5 ) 

Avr 

-

9 . 50 ( 3 ) 

By 

8 . 50 c � )  
1 1  . "88 ( 1 )  

( 1 ) 
1 1  • 1 4 

1 N\·T 
-

-

Avr 
-

1 0 . 20 ( 3 ) 

By 

-

1 1 . 25 ( 4 ) 

273 . 

L1 w 1 Plv 

- -

- 1 2 . 00 ( 1 ) 

1 Bvr Ey 

- -

- 1 2 . 50 ( 3 ) 
---

1 Bl·T S 1 w  

- 6 . 83 ( 3 ) * 
1 3 . 00 ( 2 ) 1 0 . 58 ( 3 )  

-

-

Boundary = 9 . 78 ( 8 )  

1 Bw 1 P1v 
. 

- -

- 1 2 . 50 ( 1 ) 

1 Xw Ey 
- -

- 6 . 50 ( 1 ) 
- -

1 Xw S 1 lv 

- -

- 6 . 20 ( 3 ) 



( i )  

( i ) 

( ii )  

-

( iii ) 

( i )  

( i )  

( ii )  

( iii ) 

( i )  

April 

Bw Aw 

- -

- 1 3 . 25 ( 2 )  

B:v By 

1 9 . 00 ( 2 )  1 4 . 75 ( 5 )  
1 6 .  1 7 ( 3 )  1 5 .  0 1  ( 1 2 )  

1 7 . 88 ( 2 )  
20 . 00 ( 1 ) 

1 9 . 00 ( 1 ) 

Boundary = 1 5 . 97 ( 26 )  

Bv1 1 Nw 

27 . 50 ( 1 ) -

1 8 . 92 ( 6 )  -

Boundary = 2 1 . 1 4  ( 7 )  

EH 

1 7 . 50 ( 1 ) 
1 7 . 63 ( 2 )  

-

1 4 . 07 

Boundary = 

A,,, and Ey 

I · 1 3 . 00 ( 4 )  

. Boundary = 

Aiv 

1 6 .  1 9 ( 4 )  
1 7 . 33 ( 6 )  

( 7 ) 

1 5 .  5 1  ( 25 )  

combined 

1 1 . 50 ( 1 ) 

1 2 .  70 ( 5 )  

I 

2 74 . 

Bw Ey 
- -

9 . 50 ( 1 ) 1 1  • 84 ( 1 6 )  

Boundary = 1 1  . 7 1  ( 1 7 ) 

Bw S 1 w 

20 . 00 � 1 ) -

1 7 . 83 3 )  1 4 .  3 1  ( 4 )  

Boundary = 1 6 . 34 ( 8 ) 

Bw· 1 Pw 

*27 . 75 ( 2 )  2 1 . 50 ( 1 ) 
1 9 . 25 ( 8 ) -

Boundary = 2 1 . 00 ( 1 1 )  

Ew Ey 

1 6 . 94 ( 54 )  1 6 . 5 7 ( 34 )  
1 6 .  96 ( 7 )  1 6 . 58 ( 3 )  

1 6 . 77 ( 43 )  
1 2 . 87 ( 1 3 ) 

1 6 . 5  ( 3 )  

Boundary = 1 6 . 46 

Avr and "F;y combined 
1 3 . 28 ( 8 )  1 2 . 64 ( 7 )  

Boundary = 1 2 . 98 



April c ontinued 

Ew 

( i ) 1 9 . 90 ( 5 �  
1 8 .  9 1  ( 8  

Boundary = 

Ew 

( i ) 1 9 . 75 ( 2 )  
1 8 . 98 ( 1 2 )  

Boundary = 

Pw 

( i ) -

1 5 . 40 ( 5 )  

( ii ) 1 4 . 00 
1 3 . 88 

( iii ) 
Boundary = 

PvT 

( i ) -

1 7 . 3 6  ( 9 )  

( ii ) -

1 8 . 3 1  

Boundary = 

Pw 

( i ) -

1 6 . 89 ( 9 )  
' ( i i ) -

1 5 . 00 

By 

-

-

1 9 . 29 ( 1 3 )  

1 Nw 

-

-

1 9 .  09 ( 1 4 ) 

Aw 

1 4 . 1 3  ( 2 ) + 1 5 . 54 ( 7 )  

( 3 )  
( 2 )  

1 4 . 93 ( 1 9 )  

By 

-

1 6 .  83 ( 6 )  

( 4 )  

1 7 . 39 ( 1 9 )  

1 Nw 

-

-

( 1 ) 

Boundary == 1 6 . 70 ( 1 0 ) 

Ew 

-

1 8 . 54 ( 1 7 ) 

Boundary = 

:Thv 

1 9 . i J ( 2 )  
1 9 . 2 2 ( 22 )  

Boundary = 

. Pw 

1 3 .  81 ( 4 )  
1 5 . 50 ( 8 ) 

1 2 . 1 3  
1 5 . 20 

1 2 . 00 

Boundary = 

Pw 

-

1 7 . 96 (7 ) 

Boundary = 

Pw 

-

1 6 . 80 ( 5 )  

2 75 . 

S 1 w 

20 . 00 ( 1 ) 
-

1 8 . 63 ( 1 8 ) 

1 Pw 

1 6 . 50 ( 1 ) 
-

1 8 . 22 ( 25 )  

Ey 
1 2 . 22 ( 9 ) 
1 4 .  84 ( 1 '4 )  

( 4 )  
( 5 )  

( 3 )  

1 3 . 73 ( 47 )  

Shv 

-

1 5 .  00 ( 3 ) 

1 7 .  07 ( 1 0 )  

1 Pw 

-

-
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April cont inued 

Tw Aw Tw Ey 
( i ) 1 7 . 08 ( 3 )  1 5 . 75 ( 2 ) 1 6 . 36 ( 9 )  1 5 . 28 ( 8 ) 

1 7 . 39 ( 7 )  1 7 . 83 ( 6 )  1 6 . 98 ( 1 0 ) 1 6 .  1 7 ( 6 )  

( i i ) 1 7  . oo ( 1 ) 1 5 . 70 ( 1 0 )  
1 8 . 2 5 ( 2 )  1 7 . 2 5 ( 1 4 )  

( i i i ) 1 5 .  5 ( 2 ) 

Boundary = 1 7 . 38 ( 2 1 ) Boundary = 1 6 .  1 9 ( 49 )  

T\1 By Tw S 1 w 

( i ) 1 9 . 00 ( 3 )  1 7 . 50 � 1 ) *20 . 00 ( 1 ) -

1 7 . 00 ( 8 )  1 8 . 50 ,_;. )  1 8 . 38 ( 1 0 ) -

( i i ) 1 7 . 50 � � �  -

1 7 . 67 1 8 . 5  ( 1 ) 

Boundary = 1 7 . 74 ( 2 1  ) I 
Boundary = 1 8 . 5 2 ( 1 2 )  I 

11 Tw· 1 Nw Tw 1 Pw 

( i ) - - . 
- -

1 8 . 03 ( 8 )  - 1 8 . 3 1 ( 9 )  -

( i i ) - -

- 1 9 . 5  ( 1 ) 
I 

Boundary = 1 8 . 43 ( 1 0 )  

Lhr Avr L 1 w Ey 

( i ) - 1 1  . 00 ( 1 ) - 1 0 . 75 ( 2 )  
- 1 2 . 75 ( 3 )  - 1 3 . 78 ( 1 5 ) 

Boundary = 1 2 .  3 1  ( 4 )  Boundary = 1 3 . 43 ( 1 7 )  

L 1 w By Lhv S 1 w 

( i ) - - - -

- 1 3 . 48 ( 1 2 ) - 1 3 .  97 ( 8 )  



April continued 
-

L1 w 1 Nw 

( i ) - -

1 6 . 50 ( 2 ) 1 2 . 50 ( 4 )  

Boundary = 1 3 . 83 ( 6 )  

-

1 BvT Aw 

( i )  - -

- 1 3 . 43 ( 7 )  

1 Bw . By 

( i )  - -

- 1 3 . 00 ( 5 )  

I 
I 
I 1 Bw 1 Nw 

( i ) - -

1 5 . 6 7 ( 3 )  1 5 .  75 ( 1 ) 

I Boundary = 1 5 . 69 ( 4 )  

' 1 Xw Aw 

( i ) - 9 .  00 ( 1 ) 
- 1 3 .  1 0 ( 4 )  

Boundary = 1 2 . 28 ( 5 )  

1 Xw By 

( i )  - -

- 1 2 . 70 ( 3 )  

1 Xw 1 Nw 

( i )  - -

- 1 4 . 2 5 ( 2 )  

-

. 

LhT 

-

1 8 . 25 ( 1 ) 

Boundary = 

1 Bw 

-

-

Boundary = 

1 Bw 

-

1 8 .  00 ( 1 ) 

Boundary = 

1 Bvl 

2 5 . 00 ( 1 ) 
1 8 .  1 3 ( 4 )  

Boundary = 

1 Xvl 

-

-

1 XvT 

-

-

2 77 . 

1 Pw 

-

1 5 .  00 ( 3 )  

1 5 .  8 1  ( 4 )  

Ey 
9 . 94 ( 4 )  

1 3 . 39 ( 20 ) + 

1 2 .  8 1 ( 24 )  

Shr 

-

1 4 . 35 ( 5 )  

1 4 . 96 ( 6 )  

1 Pw 
-

1 5 .  83 ( 3 )  

1 8 .  1 3  ( 8 )  

Ey 

-

1 4 . 5 7 ( 7 )  

S 1 w 

-

1 5 . 60 ( 2 )  



B1·1 

( i )  --

B1o1 

( i ) -
1 5 .  50 ( 1 ) 

Boundary = 

Bw 

( i ) -
1 7 .  50 ( 1 ) 

I E1v 

( i )  1 6 . 6 7 ( 3 ) I 

1 7 . 25 ( 7 )  

( ii )  1 6 . 25 
1 7 . 1 9 

Boundary = 

Ew 

( i )  1 8 . 50 ( 1 ) 
1 7 .  75 ( 2 )  

Boundary = 

]ilrl 

( i ) -
20 . 50 ( 1 ) 

' 

( ii )  

June/July 

Aw 

-
1 4 . 25 ( 2 )  

By 
-

1 5 . 83 ( 3 )  

1 5 .  75 ( 4 )  

1 Pw  

--

Aw 

1 5 . 00 ( 1 ) 
1 6 . 67 ( 3 ) 

( 2 ) 
( 4 )  

1 6 . 85 ( 20 ) 
- --
By 

--
1 8 .  00 ( 3 )  

1 Pw  

--

. 

Bw 

--

Bvl 

1 7 . 50 ( 1 ) 
1 2 . 50 ( 1 ) 

Boundary = 

Ew 

1 7 . 88 ( 4 )  
1 8 . 92 ( 3 )  

1 7 . 00 
1 7 . 50 

Boundary = 

Ew 

-
1 8 . 06 ( 4 )  

Pvl 

1 5 . 94 ( 4 )  
1 6 . 50 ( 1 ) 

1 4 . 00 
1 6 . 25 
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Ey 
-

1 7 .  00 ( 2 ) 

1 Nw 

-
1 1  • 00 ( 2 )  

1 3 .  00 ( �� ) 

Ey 
-

1 6 . 88 ( 2 )  

( 5 )  
( 5 )  

1 7 .  6 1  ( � 9 )  

1 Nw 

--

Aw 

1 5 . 50 ( 1 ) 
1 5 . 6 7  ( 3 )  

( 1 � 
( 1 

Boundary = 1 5 . 73 ( 1 1  ) 
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June/July cont inued 
-

Pw By Pw 1 Nw 

( i )  1 9 . 00 ( 1 ) 1 8 . 50 ( 2 )  22 . 00 ( 2 ) -

1 7  . oo ( 2 )  1 5 . 50 ( 1 ) 1 8 . 50 ( 2 )  -

Boundary = 1 7 . 58 ( 6 )  Boundary = 20 . 2 5 ( 4 )  

Pw 1Pw  

( i )  2 1 . 50 ( 1 ) - 0 

1 9 . 2 5 ( 3 )  -

Boundary = 1 9 . 8 1 ( 4 )  
- - -

Tw Aw · Tw Ey 
( i )  1 7 .  3 1  ( 4 )  1 7 . 25 � � � 1 7 . 3 1  � 4 ) -

1 7 . 48 ( 1 3 )  1 6 .  4 1  1 7 . 43 1 1 ) 1 6 . 55 ( 5 )  

( ii )  1 6 . 67 ( 6 )  1 7 . 25 ( 1 � 1 7 . 1 9  ( 1 2 ) 1 7 . 08 ( 9  

( iii )  I 1 6 . 00 ( 3 )  1 6 . 00 ( 1 ) 

Botmdary = 1 7 . 0 1 ( 4 7 )  I Boundary = 1 7 .  1 2 ( 3 1  ) 
I 

Tw By Ti·T S 1 w 

( i )  - - 1 9 . 25 g � -

1 7 . 83 ( 3 ) - 1 8 . 50 -

Boundary = 1 8 . 88 ( 4 )  
-

Tw 1 Nw I T-o;.; 1 Pw 
I 

( i ) - - - -

1 8 . 1 0  ( 5 )  - 1 7 . 88 ( 4 )  -

· -

L1 vT Aw LhT Ey 
( i )  - 1 0 . 75 ( 2 ) *  - -

- 1 5 . 33 ( 3 )  - 1 4 . 20 ( 3 )  

Boundary = 1 3 . 50 ( 5 )  



June/July c ontinued 
-

L1 w 

( i )  -

-

L1 w 

( i )  -

1 8 . 75 ( 2 )  
· -

1 Bw 

( i )  -

-

- .  

1 BvT 

( i )  -

-

i 

1 Bw 

( i )  23 . 00 ( 1 ) 
1 8 . 33 ( 3 ) 

( iii ) 

Boundary = 

By 

-

1 6 . 1 0  ( 3 ) 

1 NvT 

-

-

Aw 

-

1 6 . 00 ('=5) 
--· 

By 

-

1 4 . 90 ( 5 )  

1 Nw 
-

1 9 . 50 ( 1 ) 

1 9 .  50 ( 5 )  

. 
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L 1 w S 1 w 
- -

- 1 5 .  50 ( 1 ) 

Lhv 1 Pw  

23 . 50 ( 1 ) -

- -

1 Bw Ey 
- 8 . 00 � 1 � + 
- 1 5 . 46 6 

1 BvT Shr 

- 1 • 50 � 1 � + 
- 1 3 . 3 1  4 

Boundary = 1 0  95 ( 5 )  

1 Biv 1 �'l 

2 1 . 00 ( 1 ) 1 8 . 50 ( 2 )  
1 7 . 90 ( 5 )  -

1 9 . 75 ( 2 )  

Bou.'1dary = 1 8 .  6 9 ( 1 0 )  

August/Seutember/October 

Ew Aw Eiv Ey 

( i )  - 1 9 . 00 ( 1 ) 1 7 . 00 ( 1 ) 1 8 .  2 1  ( 1 2  � 1 7 . 44 ( 8 )  
1 9 . 75 ( 7 )  1 7 . 75 ( 2 )  1 7 . 95 ( 1 0  1 7 .  3 1  ( 4 )  

( ii )  1 8 . 38 ( 4 )  
1 8 .  1 3  ( 2 )  1 7 . 94 ( 4 )  

Boundary = 1 8 . 92 ( 1 3 )  Boundary = 1 7 . 90 ( 42 )  
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August /Sept emb er/October continued 

Ew By Ew 1 N\v 

( i )  23 . 88 ( 2 )  - - -

2 1  • 1 3 ( 2 )  20 . 75 ( 2 ) 2 1  . 04 ( 6 )  -

Boundary = 2 1 . 92 ( 6 )  

. EI-T 1 Pw Pw Aw 

( i ) - - 1 5 . 75 ( 1 ) 1 1  • 50 ( 2 ) 
20 . 48 ( 1 6 )  - - -

( ii )  -

1 1  • 00 ( 1 ) 
- Boundary = 1 2 . 44 { . ) \ -1-

.P\-1 1 Nw Pw 1 P\v 

( i ) 22 . 00 ( 2 )  - 2 1  . 50 ( 1 ) -

1 8 . 50 ( 2 )  -

*
1 9 . 2 5 ( 3 )  -

Boundary = 20 . 2 5 ( 4 )  11 Boundary = 1 9 . 81 ( 4 )  

Tv1 Aw Tv1 Ey 

( i )  1 6 . 63 ( 2 )  - 1 7 .  7 1  ( 7 )  1 6 . 5 5 ( 5 )  
1 6 . 50 ( 1 ) 1 7 � 20 ( 5 ) 1 7 . 38 ( 2 )  1 6 . 00 ( 3 )  

( ii )  1 7 . 1 3 ( 2 )  
-

Boundary = 1 6 . 97 ( 8 )  Boundary = 1 7 . 04 ( 1 9 )  

Tw By Tw S hr 

( i )  - - - -

20 . 50 ( 1 ) - 22 . 00 ( 1 ) -

Ti'T 1 Nw Tw 1 .P\-1 

( i )  - - - -

1 9 . 25 ( 4 )  - 1 8 . 5 6 ( 4 )  1 7 .  00 ( 1 ) 
Boundary = 1 8 . 25 ( 5 )  



August/September/October continued 

( i )  

( i )  

( i )  

( i )  

( ii )  

11 w 

-

-

Boundary 

Lhv 

-

20 . 50 ( 1 ) 

Boundary 

1 Bw 

-

-

1 Bvl 

-

2 1 . 75 ( 1 ) 

= 

= 

AI•T 

1 • 00 ( 1 � + 
1 5 . 25 ( 2  

1 0 . 50 ( 3 )  

1 Nw 

-

1 8 . 00 ( 1 ) 

1 9 . 25 ( 2 ) 

Avr 

-

1 5 .  00 ( 1 ) 
--

1 Nw 

-

-

-

-

1 1 w 

-

-

1 1 w 

-

-

Boundary = 

· 1 BvT 

-

-

1 Btv 

-

1 7 . 75 ( 5 ) 

-

1 6 . 25 
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Ey 
-

. 1 4 . 00 ( 2 )  

1 Pw  

1 0 . 50 ( 2 �  
1 3 .  50 ( 2 

1 2 .  00 ( 4 )  

' 

Ey 

-

1 4 . 50 ( 2 )  

1 Pw 

-

1 6 . 00 ( 3 )  

( 2 )  

- ·  

Boundary = 1 6 . 93 ( 1 0 )  

NoveQber/Dec ember 

Thv Aw B1v Ey 
( i )  - - - -

- 9 . 50 ( 1 ) - 1 4 . 00 ( 2 )  

Bvl 1 Nvr Bvr 1 Pw 

( i )  - - - -

1 7 . 50 ( 1 ) 1 4 . 00 ( 2 )  1 8 . 00 ( 1 ) -

( ii )  -

1 8 . 40 ( 1 ) 

Boundary = 1 6 . 4 1  ( 4 ) 



November/December continued 

E\v Aw 

( i )  1 7 . 75 ( 2 � 1 8 . 08 � § � 1 7 . 75 ( 4  1 6 . 83 

( ii )  1 9 . 00 ( 2 )  
1 7 . 2 5  ( 3 )  . 

Boundary = 1 7 . 7 1 ( 1 7 )  

Ev; By 

( i ) 22 . 38 ( 4 )  2 1  . 00 ( 1 ) - -
( 2 i )  2 1  • 88 ( 2 )  -

Boundary = 22 . 04 ( 7 )  

Etv 1 Nw 

( i ) 28 . 67 ( 3 )  29 . 50 ( 1 ) 
2 1  • 63 ( 1 2 )  -

( ii )  26 . 75 ( 2 )  -
( iii ) 

Boundary = 23 . 81 ( 1 8 )  
11 - I 

Pi-T A-v; 

( i ) * 9 . 3 2 ( 7 )  6 . 22 ( 8 ) + 1 3 .  75 ( 1 ) 1 4 . 75 ( 4 ) 

( ii )  7 . 80 ( 5  � 1 7 . 25 ( 1 

( iii ) 8 . 00 ( 2 )  

. Boundary = 9 .  29 ( 28 )  I ' 
I -

�v By 

( i )  - -- -
( ii )  

" 
( 1 ) � 1 7 . 00 

--'--· 

Etv Ey 

1 7 . 77 ( 1 1  � 1 6 . 84 � � � 1 7 . 6 1  ( 7  . 1 7 . 8 1 

1 7 . 83 � 6 )  1 7 . 63 4 )  

Boundary = 1 7 . 5 4 ( 40 )  

0 

Etv S 1 w 

30 . 2 5 ( 2 )  -
23 . 08 ( 6 )  20 . 75 ( 1 ) 

Boundary = 24 . 4 2 ( 9 } 
-
Ew 

23 . 86 ( 7 � 20 . 38 ( 8  

25 . 3 1  -
25 . 1 7  

Boundary = 

Pi-T 

-
1 4 . 00 ( 1 ) 

-
1 6 . 00 

Boundary = 

Pi-T 

--

1 J:>\.r 
26 . 00 ( 1 � 20 . 25 ( 1 

( 4 )  

( 3 )  

23 . 04 ( 24 ) 

Ey 
1 3 . 2 5 ( 2 ) 
1 4 . 88 ( 4 ) 

( 1 ) 

1 4 .  50 ( 8 )  

S1 w 

-
20 . 00 ( 1 ) 
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November/December c ontinued 

( i )  

( i )  

( ii )  

( iii ) 

( i )  

( i )  

( ii )  

( i )  

( i )  

Pw 
-

1 9 . 63 ( 4 )  

Tw 

* 1 7 . 55 ( 1 1  � 
1 8 . 44 ( 4  

-

1 6 . 6 9 

1 7 . 00 

Boundary = 

Tw 

-

23 . 50 ( 1 ) 

TvT 

23 . 00 ( 1 ) 
1 7 ' 75 ( 4 )  

-

1 9 . 50 

Boundary = 

L1 lv 

-

-

Boundary 
-

L1 w 

1 8. 25 ( 1 ) 
1 7 .  00 ( 1 ) 

= 

Boundary = 

1 Ntv 
-

-

Aw 

1 6 . 48 ( 1 4 )  
1 7 .  3 1  ( 4 )  

( 9 )  

( 1 ) 

1 7 . 07 ( 43 )  

S 1 w 
-

-

1 Nw 

-

-

( 1 ) 

1 8 . 92 ( 6 )  

Ey 
9 .  50 ( 1 ) 

1 5 . 6 7 ( 3 )  

1 4 . 1 3  ( 4 )  
-

S 1 w 

1 2 . 25 ( 1 ) 
1 8 .  50 ( 1 ) 

1 6 . 50 ( 4 )  

PvT 

-

20 . 00 ( 1 ) 

Tw 

-

1 8 . 53 ( 4 )  
. 

-

- 1 7 . 67 

Boundary = 

Tw 

-

2 1 . 00 ( 3 )  

Lhv 

8 . 50 (3 ) 
1 0 .  00 ( 1 ) 

-

284 . 

-

1 Pw 

-

-

Ey 
-

1 7 . 38 ( 6 )  

( 4 )  

1 7 . 82 ( 1 4 )  

1 Pw .  

-

-

A1v 

1 • 00 ( 3 ) •* 
1 5 . 00 ( 1 ) 

Boundary = 6 . 6 9 ( 8 )  

L hT 

7 .  50 ( 1 ) 
-

Boundary = 

Lhr 

1 7 .  00 ( 1 ) 
-

Boundary = 

By 

4 . 00 ( 2 �  
1 2 .  50 ( 1 

7 . 00 ( 4 )  

1 Nw 

-

1 5 . 63 ( 2 )  

1 6 . 09 ( 3 )  



Novemb er/December c ontinued 
-

1 Bw Aw 1 Bw Ey 
( i )  - 3 . 50 ( 2 ) +  - -

1 3 . 60 ( 5 )  1 4 . 50 ( 8 )  1 5 . 75 ( 1 ) 1 5 . 33 ( 9 )  

( ii )  - -

1 6 . 25 ( 1 ) 1 8 . 00 ( 1 ) 

Boundary = 1 3 . 08 ( 1 6 )  Boundary = 1 5 .  6 1  ( 1 1  ) 

L 1 w  1 Pw 1 Bv1 S 1 w 

( i )  - - 1 8 . 00 � 1 ) 1 2 . 2 5 ( 1 � 
2 1  . 00 ( 1 ) - 25 . 25 4 )  2 1 . 00 ( 1  

- Boundary = 1 8 . 89 ( 7 ) 
-·· 

1 Bw HTw 1 Bw 1 Pw 

( i )  1 8 . 88 ( 4 )  1 0 . 67 ( 3 ) *  - -

1 9 . 00 ( 1 ) 20 . 08 ( 3 )  1 8 . 80 ( 3 )  1 5 . 50 ( 1 ) 

( ii )  1 8 . 00 ( 1 ) -

- 1 6 . 00 ( 1 ) 

Boundary =-= 1 7 .  06 ( 1 2 )  Boundary = 1 7 . 58 ( 5 )  

Student ' t '  test used to t est differenc es between 

guard ed and unguarded results .  

* p <.O .  05 + p< O .  0 1 

285 . 
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Append ix 6 

BREEDING DATA OF STUDY TERRITOR IES 

Dat e of Clutch Numb er No . Surviving 
T erritory First Egg S i z e  Hat ched at Age of 

4 1-lonths 

Linton 1 ( G ) 20/8/70 4 4 1 
30/1 0/70 6 5 3 

. 

Linton 2 ( P )  4/1 1 /70 4 Robbed by predator 
and deserted 

1 7/ 1 1 /70 6 5 2 

Linton 3 1 /1 0/70 3 1 0 

L� nton 4 ( G) 5/9/70 4 3 2 
2/1 1 /70 7 7 2 

Hide ( G ) � 9/1 1 /70 5 5 2 

Southern ( G ) 8/1 0/70 4 3 0 
23/ 1 2/70 8 8 0 

Northern ( G ) 8/1 0/70 4 4 0 
29/1 1 /70 4 4 0 

Wes t ern ( G ) 5/ 1 0/70 9 9 1 

Inlet 1 6/1 0/70 4 Robbed by predat or 

Linton 0 ( G) 29/9/71 6 6 1 
Linton 1 ( P ) 1 2/9/71 6 4 3 

23/ 1 1 /71 7 4 3 
1 5/ 1 /72 5 desert ed 

Linton 2 ( P ) 1 6/1 0/71 1 
1 8/ 1 0/71 6 6 5 
27/1 /72 3 2 2 

Linton 4 ( G )  2 1 /8/71  4 4 2 
25/ 1 0/71 5 5 0 

Inlet 2 1 /9/7 1  5 4 2 
Peninsular ( P) 1 9/1 0/71 6 6 2 
Hide ( G ) 1 2/1 0/71 8 6 1 

27/1 2/71 8 deserted 

S outhern ( G) 20./1 0/71 7 7 2 
1 9/1 2/7 1 9 7 0 

Northern ( G) 28/9/71 3 des ert ed and flo oded 23/1 0/71 7 7 I 2 
1 9/1 2/71 4 2 1 

West ern ( G ) 20/8/71 6 Robbed by predat or 
1 8/9/71  7 6 0 
8/1 1 /71 1 0  Twi c e  robb ed by 

1 4/ 1 2/71  
predator 

7 7 0 
Rough Paddock · 1 8/ 1 1 /7 1  4 3 0 



Territory 

Linton 1 ( P )  

Linton 2 ( P) 

Linton 4 ( P )  
Trap ( G) 

Peninsular ( G )  

In1e t  ( G )  

Southern ( G) 

Northern ( G ) 

Western ( G ) 

Corner ( G) 

Hide ( G) 

Date of 
First Egg 

1 /9/72 
2 1 /1 1 /72 
1 1 /1 0/72 
24/2/73 
25/8/72 
30/9/72 
26/1 0/72 

1 / 1 0/72 
1 3/1 0/72 

7/1 1 /72 
1 5/9/72 
23/8/72 
22L1 oz12 
1 1 /9/72 
�z1 1 Z12  
3/1 0/72 

23/1 0/72 
2/1 0/72 

(G) = group 

(P )  = pair 

Clutch 
Size 

5 
6 
6 
5 
4 
3 
4 
2 
1 
5 
8 
5 

1 2  
6 
8 
7 
4 
8 

. 

287 . 

Number No . Surviving 

Hat ched at Age of 
4 Months 

4 3 
3 2 
6 4 
4 0 
4 2 

Robbed by predator 
2 I 0 

Robbed by preda uor 
Robbed by predator 

5 0 
6 ? 
4 3 

1 0  0 
4* 2 
7 0 
5 0 

Robbed by predator 

5 4 

* one egg removed in experiment 
Synchronized nests are und erlined 
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