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Summar

The biology of the White=tailed Black Cockatoo was studied

within three main terms of reference:-

1. Taxonomy, ocogesgraphy and speciation.

2 Breeding biolegy, food, movements and population dynamics.

- = Behaviour.

1. The two forms of the White-tailed Black Cockatoo (Calvptorhynchus

bBaudinii) and their relationship to the ¥Yellow-tailed Rlack Cockatoo
(0. funereas) are reviewed. The differences between the leng-hilled

(C. bardinii) and short-billed (C. latirostris) forms of the White—

tailed Black Cockatoo are presented: the long-billed form has a longer
wing, differently shaped maxilla, different cranial morphology,
different food preferences and different contact calls; the breeding
and foraging ranges of the two forme are presented and discussed.
Bazed on these differences, the two forms are treated as separate
species. The results of an examination of museum material and litera-
ture on the Yellow-tailed Black Cockatoo are presented. On this
evidence the ¥Yellow-tailed Black Cockatoo is divided into three sub-

gpecies, C. funerens funerens (sastern Victoria and north to Berserker

Range, near BRockhampton, 014), €. f. santhanotus (southern Victoria,

south-sastern South Australia to lower Eyre Peninsula, Kangaroo Island,

Tagmania and ¥ing, Flinders and Cape Barren Islands, Bass Strait), and

C. F. latiroastriz, which is white-tailed and here transferred from

€. baudinii (south-western Western Australia in the drier inland

gandplain and mallese areas) .

The similarities between €, f. xanthanotus and latirostriz are
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stressed. It is suggested that a continuous population of a atock

jointly ancestral to funereus and baudinil across spouthern Australis

was s5plit climatically and C. baudinii arose from the western
isclate and developed specialised adaptaticens for feeding on the

fruits of Marri, Bucalyptus calophvlla. &R subsequent invasion later

gave rise to C. f. latirostris which was reproductively isolated from

C. baudinii by different hahitat and calls,

. The breeding biclogy of €. f. latirostris was studied at two

main study areas: Coomallo Creek, an area with large tracts of un-
cleared land; and Manmanning, an area of extensive clearing with

little native vegetation remaining.

Cockatoos nested in any species of eucalypt that had a hollow
of enitable size. Eggs were laid between July and Hovember with birds
at Manmanning starting about four wesks after those at Coomallo Creek.
Clutch size was a maximm of two; incubation tock 28-29 days and
usually both eggs hatched. The second nestling usually died within

48 hours of hatching.

Rates of growth for weight and length of folded left wing were
calculated for nestlings from both areas. These rates of growth were
compared within areas between years and between areas within years.
Thore wag little difference in rates of growth of nestlings betwesn
vears at Coomallo Creek but at Mammanning there were significant

differences,

In both areas the birds were found to rely on native vegetation,
particularly the seads of the Proteaceae for food. Coomallo Creek

with its large tracts of uncleared vegetation appeared to have an
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adequate food supply whereas Manmanning with little remaining

vegetation did not.

Puring the non-breeding season birds from Coomallo Creek were
found to wander locally within 30 kilometres of the breeding ares
while birds from Mammanning undergo a definite migration to the

coast.

This study depended on the use of individually marked birds
carrying wing-tags. Calculaticons based on tag sightings rewvealed
that the birds had an annual loss of 30-40% giving & further 1life
expectancy of about 2.5 years. This was incompatible with thelr
period of immaturity (4 years) and their low reproduction rate. It
appearsd that differential predation may have been acting on the
population with the tagged birds suffering a higher predation rate

due to the conspicucus markings on the wings (tags).

3. The study of behavicur is based on populations in the field aug-

mented by studies made in the awviary.

A catalogua of the behaviour of birds is given and comsists of
both movements, postures and vocalisations. It was found that the

birds were able to idantify an Individual from its call.

Secquential analyses were carried cut on the behaviour of males
from field and aviary populaticns. Males In aviariez were found to
perform more agonistic, comfort and maintenance displays than males
in the field and this appeared to be a result of their confinement in

aviaries.

& description of the behaviocur of birds in the field throughout

the year is also given.



1. Ceneral introduoction and aims.

The black cockatoos of the genus Calyptorhynchus are found
only in Australia and Tasmania. Four species are at present recog-

nised within the genus: +the Red-tailed Black Cockatoo (C. magnificus),

the most widely distributed of them all, occcurring over much of
mainland Australis; the Glossy Black Cockatoo: (C. lathami) of
Kangaroo Island, coastal Mew South Wales and Cueensland: the Yellow-
tailed Black Cockatoo (C. funereus) of Kangaroo Island, south=-
eastern South Auestralia, ecocastal Victoria, New Scouth Wales and
pueensland, and on Tasmania and the Bass Stralt islands: and the
White-talled Black Cockatoo (C. baudinii) with a very limited range

in the south-west of Western Australia.

The White-talled Black Cockatoo, despite its limited range has
been regarded as a pest by the Forests Department as a result of the
birds' attacks on seed conea in Finus plantetions. Their activities
aleo cause broken or chewed growing points resulting in deformed
treeg. They also attack orchards; damaging apples and pears to dig
it the seeda. TInitdally, a study was commenced into the pest status
of the bird and this revealed that there were two forms of the
White-tailed Elack Cockatoo and these results have been published
{Baunders 1974b and 1974c). BAs there was very little published in-
formation about the biology of the these conspicuous birds or of any
of the cockatoos, this stundy was conducted concentrating on the
ghort-billed form of the White-tailed Black Cockatoo which was

responsible for the damage to pine plantations.



The aims of this research were: to reviee the classification
of the short-billed form of the White—tailed Black Cockatoo and
examine its relationship to the ¥ellow-tailed Black Cockatoogy to
study the breeding biclogy, food, movements and population dynamics
of the bird; and to describe and discuss the behavioural activities
of an unrestricted colony of the birds in their natural conditions
augmenting this with studies conducted in aviaries to clarify certain
problems raised by studies made in the field. The information gained
from this research was to be used in the formulating of guidelines

for the management (for control or conservation purposes) of this

Specles.



2. Study areas

2.1 Introdoctiom. The locations of the study areas are shown

in Figure 1 and were at Coomallo Creek, Manmanning, Tarwonga and
Mocrnaming. These four areas were selected because they are widely
epaced over the birds' distribution. Coomallo Creek and Tarwonga
each represent a central point in the birds®' northern and southern
distribution while Manmanning and Mocrnaming represent points on the
eastern edge of the bhirds' distribution to the north and south.

The difference in day length were minimal buot there were differences
in climate and habitat. Each study area is described separately and

summarised inm Table 1.

2.2 Coomalle Creck. This area lies on the line of the Pandaragan

Scarp, approximately 220 km north of Perth. It is only since the
second world war that advances in farming have made it possible to
ptilizse thiz country (Bzard, 1976} and most of the agricultural

clearing in this area has been done over the last fifteen years.

2.2, Climate. Climatic [igures are shown in Table 2 and
the rainfall figures have come from Badgingarra, 24 km south and
the temperature figurea from Eneabba, 40 km north. The monthly
rainfall figures for the years of the study for Coomallo Creck

it=elf are given in Figure 2.

2.d.d E_E-_. The study area, of 6,730 ha, has large tracts
of uncleared land within it (Figure 3). The nesting area is a large
belt of woodland which sweeps up through the middle of the stody area
and most of this has been left uncleared. Scattered within it and
arcund it are patches of sandplain heath. The locations of the

avallable nest sitesz are shown in Figure 3.



* (butqedn pue utbozxey ‘sTTTH uebuoM ‘exrebutbped) woTlw3s TeoThboToICAIS@ ISSARDU Y

a2 IeH—-T8qa3a0

BLT %ET L Tt RST syjucu 9 Uf BUTIINDSO
TTRFUTET TEIOG IO §
ATnp pue aunp
84F RLE LEE EE=1 1 Butinp Butiinooo
TTEFUTEL. T O %
ATnp % Bunp ATonp 3 sunp ATnpe % sunp Amnp 3 aunp SUUCU 3533338 OM]
EER 505 BHE Fasc () TTEJUTEd AW TEIUILY
PUBRTROOA puUETROOM asray
palagyvos paisyjeos uTeTdpues
/paivats ATurEy PUETPOON fpaxvato ATutey /PUETpoON uotieiabay
OTE DET GEE QOE {uw) =PO3TITY
q3,P0.8T1T H,90LTI H,90.LTT H.BZ.5TT apn3 Thuog
S PERLEL SiG0LEE 1508 2. TT0E ApnITIET
OLaT OLET 9LeT-0LET YLET=0L6T uorieIado JO SIES}
ButueuInoy ehuomIe] BUTUIBUIEY O T RULI)

SEEIF Apniys InoJ

T TIHVL

YL



!
1nre

Geraldton

® Coomalle Creek

e Manmanning
= EE-EI

FErth 390

@ Tarwonga

® Moornaming

kilomelres

R 1

Figure 1. Locations of the study areas.




232.3 Topography. The area is hilly with flat-topped
hills and gullied escarpments and is the upper catchment for the

Coomalle Crecek.

2.2.4 Vegetation. The woodland area is predominantly

Wandoo (Eucalyptus wandoo} with small patches of York Gum (E.

loscophleba) and Acacias. The sandplain heath is characterised
by low denge scrub dominated by the Myrtaceas, Lequminaceas and the
Froteaceae which are particularly well represented by a number of

epecies of Banksia, Dryandra, Hakea and Grevillea. The strips of

land along the roads (verges] in this area are all at least 200 m

wide and have not been clearsd of vegetation.

2.3 Manmanning. This area is in the wheatbelt and has been
settled gince the late 1920's. It has been extensively cleared for

agriculture.

2.3 Climate. The climatic figures, taken from Wongan

Hills, 35 km west, are given in Table 2.

The monthly rainfall figures for Manmanning itself during the

period of the study are given in Flgure 2.

2.3.2 Size. The birds forage over an area of 48,400 ha
arcund the nesting area. The locatlon of this nesting area within
the main study area iz sghown in Figure 4. & 4538 ha reserve in the
centre of the study area is unclearsd and the rest of the area is
cleared farmland with small patehesz of unclesred land around home—
stesds, along some of the roads and aleong the railway line. There

are also some isolated trees standing in paddocks.
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2.3.3 Topography. The area is a flat plain with small

isolated hillecks.

2.3.4 Vegetation. The remnant woodland is dominated by

Salmon Gum (E. salmonophloia) with some Gimlet (E. -zalubris) and

Wandoo cccurring in it. On the sandplain heath there are Mallees
in isplated shrubs or in thickets and on the poorer soils there are

Acacila thickets. Casuarina, Hakea, Grevillea, Banksia and Dryandra

are all well represented in the remnant sandplain heath.

The roadside verges are only 10=15 m wide (Figure 5) whereas the
railway line verge is about 60-80 m wide, and in both cases, most of

the original vegetation has been removed.

2.4 Tarwonga. This area, also within the wheatbelt, has been
gettled since late last century and comsists of cleared farmland,
privately owned uncleared areas and State Forest, Like Moornaming

it was only used as a study arsa during 1970 (see Section 3.8).

2.4.1 Climate. Climatic figures are taken from Marrogin,
19 km north, and are given in Table 2. The monthly rainfall figures

for Harrogin in 1870 are given in Figure &.

2.4.2 Size. The study area was B,170 ha and contained thres
forestry reserves used in the study which were 504 ha, 99 ha and 729

ha. Wwell over one third of the study area was unclearsd land.

2.4.3 raphy. The area was flat with some rolling

hills,

<.4.4 Vegetation. The woodland areas are Marri (E. calophylla)

with Wandoo scocurring in the valleys or on areas of alluvial white
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sand. Brown Mallet (E. astringens) is found around the breakaways.

The shrub layers are dominated by myrtaceous and proteaceous species.

The roadside verges are only 10-15 m wide but much of the original

vagetation remaings.

2.5 Moornaming. This area, also in the wheatbelt, has been

gettled since the turn of the century and has been extensively cleared.

2.5.1 Climate. The climatiec figures are given In Table 2.
The temperature figures are from Katanning, 51 km west and the rainfall

figures from Nyabing, 14 km east.

The monthly rainfall figures for Noornaming for 1970 are given

in Figure &.

2.5.2 Size. The study area was an uncleared reserve set
agide for a town and another reserve for water catchment. Thase two
regerves, btokalling 177 ha, are woodland with some sandplain heath
surrounded by cleared farmland. There is more uncleared land in

this region than there is around Manmanning.

2.5.3 Topography. The area is a flat plain.

2.5.4 V¥egetation. The woodland is dominated by Salmon Gum

with Swamp Yate {E. occidentalis]! in the wetter alluvial flaks. Sand-

plain heath occurs on the edge of the woodland areas and I:asuari_uaq,

Hakea, Grevillea and Dryandra are well represented. The roadside

verges are only 10-15 m wide with mest of the original vegetation

remaining.



3. Hethods.

3.1 Trapping. In the four hresding atudy areas adult hirds
were trapped in thelir nest hallows, Breeding female covkatoos
could not be trapped until their nestling was at least threae weeks
old. Experlence showed that 1f fomales are handled while they are
on @ggs or a very young nestling, they are liable to desert. (Of
9 females trapped on eggs, 7 deserted). Once the nestling is
about three weeks old the females no longer brood all the time and
spend some of the day oot feeding. This allows a trap to be posi-
tloned on the hollow while they are absent. Females brdod their
nestlings all night zo it {5 posgible te return guietly to the
nest area after dark and close the trap thereby catching the

female.

fuitable wing tags were not developed in time for use during the
breeding season of 1870 and so only bands (or leg rings) were used
in that year. After 1971 the fem&les were banded, tagged and then
replaced in the hollow. Just after dawn the following morning they
weres relesased. The males usually stayed in the nest area until after

their females were relezssd and the palr flew off bomether.

Breeding males wera more wary than fomales and some of them newver
entered the hollow if a trap was on it. This accounted for the higher
proportion of females in the sample. After the males had been caught,
banded and tagoed, thev were released and ueswvally flew away at once. I
know of no cases of desertion attributable to handling of the males. Tn

ong case when a male was banded and tagged at mid-morning, then



relepned, 1t was back feeding the nestling that same evening.

No bther trapping method was uesed in these four study areas.
At CGnangara pine plantation, on Perth's northern outskirts, and Red
Bully, 100 km north of Perth, cannon nets wora used during the non-
lireeding season in partly successful attempts to trap mesbers of the
large groups of cockatoos frequenting these areas. If many birds were
caught under the net at one time esach tended to bite ancother bird
near it and caunszed considerable physical damage. In view of this
type of damage, firings were made énly when small numbers of birds
were under the nets. Altogether 43 birds were caught and tagged in
gix Firings for a total of 43 separate attempts. The birds seemed to
avoid nets set in the samé spot for 8t least 8 week after a succassful

firing.

1,2 FBanding. HBlack cockatoos have a very short tarsgs and a
vary powerful bill. In 1970 the Adstralian Bird Bandlng Schems
cbhtained stainlese stesl leg bands which were suitable for use on
cockatoos. Every bird handled received a leg band {size 2Z1] om its
left leg, and by June, 1977, a totel of BO04 birda had besn banded

{Table 3).

Mestlings were banded and tagoed in their cest hollows about

2=3 wesks prior to their fledging.

3.3 Tagging. Wing tags were used to identify individual birde
and they were attached with & loop of stainless ateel]l wire going
through the patagium, coming back under the wing and joined to the
wirg coming over the wing, The wire was twisted together in such a

way that the bird could preen the wire to lie along the line of the
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sacondary flight feathers.

Fach bird handled from the beginning of the breeding season
in 1971 received one of these wing tags with its own two-letter
comiination on each wing. The tags were of 0.8 mm stainless steel
measuring 41 mm x 29 mm. The letters were 15 sm high and there was
about 17 mm separating the centres of the letters (Figure 7). Theszae
letters were engraved into the surface of the tag, the engraving
being 1.5 mm wide. Three coats of hard red enamel paint were painted
into the engraving. These tags have been on some birds for six
breeding seasons and they are 5till clearly readable (ag at June,

1977) .

A zecond saries of tags was brought into use when the sarlier
series was finished. They were the zame size as the others but coated
with an orange plastic compound which wasz baked on it in a furnace.
The engraving was then done on the tags and the letters were the

natural silver of stainless stesl.

It was found that people returning tags werse sometimes unaware
that the birds were banded as well. -So from 1973 on, all tags had a
stick=-on label placed on the back, sealed with a clear enamel

lacquer and inscribed;

INFORM CSIRD
HELENA VALLEY
W.A. G036 FHONE

REV. CHG. 246356

The numbers of birda banded or tagged in the different areas

are shown in Table 3.



10

3.4 Handling bipds. All birds were removed from the nest

hollow using a noocse made of PWC electrical conduit with a loop made
out of plastic coated curtain wire. This loop was placed owver the
bird's head and loosely pulled around the neck. Ho Injuries resulted

to any adult or immature birds as a result of this type of handling.

Immature birds were lowered back in a bag and deposzited on the

hollow floor. Adults were placed directly back in the hollow without

using a bag.

3.5 Adult measurements. When the adults were trappsd, the fol-

lowing measureménts and obzervations were taken from them {Figure B) :—

(1) Maxilla colour.

{2} cCulmen length (A).

{3) Maxilla width at widest point.

(4] Rosette colour.

{3) Cheek patch colour.

{B] Left tarsus length (B).

{7] Length of centre claw on left leg {(C).
{B) Length of folded left wing (D).

{3 Length of tail.

(10 Weight,

At the end of 1971, this practice was discontinued as additional

figures for C. £. latircstris were available from shot specimens

collected from g study into the pese status of the White-tailed Black

Cockaton (Saunders 197d¢) .



Figure 7. Wing tags used on the White-tailed Black
Cookatoo



Figure B. Measurement of cockatoos:-

R.

o= -]

Langth
Length
Langth
Length
Length

of culmen;

of tall;

of folded left wing;
of laft tarsus;

of ¢law.
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3.& Hestling measurements. Initially every nestling was

measured on each visit to the study area from the time the nestlings
were at least two weesks old until they fledged, The measurements

and ohservations were taken in the same manfer as those from adalts,

From the hreeding season of 1972 ypntil the end of the breesding
peason in 974 only the colouration, the lengths of the folded left

wing and tail and the weight were taken on each wisit.

In the breeding seaszon of 1975 and 1976 these measuromenbs were
made only onrce on each nestling in order to age it, thereafter it

waz only handled when it was banded and tagged.

k. Egg measurements. Egg measuremants were made throughout

whare it was possible to reach the eggs by hand.

3.8 HWesting studies. 1In 1970 at the beginning of the breeding

esason, a subjective search was made in each of the four study arsas
in crder to mark and plot the locstions of trees containing hollows
apparently suitable for use by White—tailed Black Cockatoos. The

following information was recorded from such hollows:

{1} Tree spacies.
£2) Height of entrance aboye ground.
(3] Diameter of entrance.

1) bepth of floor .of hollow.
(51 Lining on floor.

(&) Aspect of entrance (l.a. dlirection hollow opened out Eo).

Each hollow was marked with a small nombered disg and a record

was kept of sach visit and what speciss, if any, was ueing the hollow.
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Any scratching or fresh chipping on the entrance or down the inside

af the hollow was nobod.

After the 1970 breeding season the study areas at Tarwonga and
Moornaming were no longer used because human predation of nestlings

affected the results.

At Coomalle Cresk and Manmanoing, weskly visits wire made
throughout the 1971-76 breeding seasong. A search was made during

the egg-laving period each season to find nests.

The trees were vlimbed with the aid of a 7.9 m aluminium extension
ladder that weighed approximately 34 kg, This ladder could be handled
with relative sase by one man, provided there was little or no wind
blowing. When anything stronger than a light wind was blowing it
bacame necessary to use two men to erect the ladder. A roof platform
on the landrover added an extra 2.4 m to the lenath of the ladder
(Filgure 9). Any hollows higher than this combined height could usunally
be reached with the aid of spikes screwed into the tree beyond the

top of the ladder.

3.9 Food stpdiez. The number of breeding birds waszs small apd

no shot specimens were collected for erep samples throughout the
breeding season. Feeding studies relied on observation of birds
whenever they were sgen feeding and opportunistic collection of food
items (e.g. when an adult regurgitated food when being handled Ffor

tagging) .

3.1¢0 oObservations. Whrnever birds were =seen they were watched

and tags woere read with 8 x 56 bingculars where possible or a 40 x 60



Fi gure 9. Extension
ladder set on Landrover
for extra height

Figure 10. Hide tower at Coomallo Crask
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spotting telescope mounted on 8 tripod.

To study pesting behaviour a hide was set up so0 as to watch

several nosts — never less than three (Figure 10).

During hide watches, velced notes were recorded and transcribed
later. Filming was done with a 16 mm Bolex cine camera at 24
framasfaec., A total of 330 m of eine film was made for later

analysis of displays associated with breeding.

3.11 Movemehts. Band returng from various areas throughout
the study gave some idea of the seasonal movements of the birds.
Based on this information, searches were made at intervale through-
cut the non-breeding season. The areas searched included places
most likely to be freguented by White-tailed Black Cockatoos, such
as pine plantations or other places where food is concentrated,
and watering points. All groups seem in these areas were searched
for tagged birds. In addition, estimates were made of group size

and composition.

3.12 Hecording of wocalisations. WVocalisations were recorded

using a Sennheiser 804 directionsal microphone and recorded on a
Natiomal R} 4218 cassette tape recorder which had an adeguate fre-
guency response for recording White=tailed Black Cockatoo calls.

The different vocalisations were examined on a sonograph (Kay Electric

Co.} later.

An annotation was given to those vocalisations that could be
readily recognised and thess were recorded when behavicural sbeerva-

ticas were made,



Tndividual dAlfferences in the main vocalisations were examined

from captive White-tailed Black Cockatoos held at Helena Valley.

3.13 Captive birds. Five adult male and nine adult female
captive White-tailed BElack Cockatoos, all coliected from the wild
by the end of 1871, ware held at Helena Valley and used in a series of
behaviourdl experiments. By the end of the study, one pafir had bred

successtully and fledged a young [(Saunders 1976k,



15

4. Taxonomy of the White-tailed and Yellow-tailed Black Cockatoo

d.1 Introduction. In the past there has been & great deal

of gonfusion in the literature regarding the classification of the
Yollow and White-tailed Black Cockatoos, In view of this confusion

a taxonomic review was undertaken.

4.2 Historical introduction. The Yellow-tailed Black

Cockatoo wag descoribed by Shaw in 1794 and the White-tailed Black
Cockatoo by Lear in 1B32. Hothing was added to the literature of

C. funereus Shaw until 1865 when Gould described two different

forms of this cockatoo and treated them as separate species. One;
which he called the Funereal Cockatoo, C. funereus, scourred in

New South Wales, or that portion of the Rustralian continent forming
its eouth-eastern divisiot. The other, the Yellow-eared Black

Cockatoo, €. xanthanotus Gould, was distributed through Tasmania,

on Flinders Island and arcund Port Linceln in South Australia. This
was said to be smaller than the Funersal Cockatoo. In the same
publication Gould regarded C. baudinii Lear as a separats species,
Korth (1911) also treated g;_gguﬂinii 25 a8 separate species but stated
that because of the shortage of Tasmanlan material {3 skins) he

could not tell If xanthanotus was distinct from the contimental

form funereus. Mathews (1912} recorded the two as subspecies and

in 1913 Mathews separated the White-tailed Black Cockatoo into two
subapecies: one with a long narrow bill and the other with a

shorter wider bili. #He later (1917) changed his mind and stated

"the very restricted range of this bird is conduocive to no subspecific
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forms". Carnaby ([(1933) considered that the White—tailed Black
Cockatoo in the Take Grace district of Western hustralia was a good
subspecies of C. baudinii and later he formally named it C. b.
latirgstris Carnaby 1948. Serventy and Whittell (1967) accepted

the two subspecies although their nomenclature was incorrect.

Learts {1932) figure of baudinii was of a Iong-billed bird.
Mathews {1913} incorrectly assumed lLear's type was a short-billed

bird and then described tenuircetris stating that it differed by

having a much longer and narrower hill. This specimen iz Ho.
619324 of the American Museum of Natural History and it has a

culmen length of 56 mm. Calyptarhvnchus bauvdinii tenuircstris

is obviocusly a synonym of baudinii. The type for the short-bkilled
form latirostris is an adult male Ho. AR6463 at the Western

Australian Huseum {Carnaby 194B} and it has a culmen of 44 mm.

By the 1960's it was conventional to regard C. funereus in
sastern Australia and C. baudinii in the south-west as two separate
gspecies, each with two subspercies. Condon [1975) maintained this
arrangement althoupgh his nomenclature for the White-teiled Black
Cockatoo is incorrect. Forshaw (19839, 1973}, however, trested
funereus and bavdinli as conspecific under €. funereus. Although
he acknowledged the possibility that there may be two forms of baudinii

he made no mention of this possibility in funereus.

In 1974 the investigations into the status of the two forms revealed

that the long-billled form had a slightly longer wing {(Table B) and a mach
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longer culmen than the short-billed form. The adult skull of the
long-billed form was wider, higher, had a longer culmen, lower
mandibkle and gonys than the skull of the shert=billed form. In
addition there were differences in food preferences betwaen tha
two forms. On this basis the two forms were keplt as subspecies:

the long=billed form being C. b. baudiniil ILear and theé short-hilled

form €, b. latirostris Carnaby {Saunders 1974c).

In the above study the statistical methods used for analysing
the morphological data were univariate analyses of single characters.
These data were subsequently re-analysed uwaing multi-variate tech=
nigues to study the nature of the morphologizal divergence between
the two forms (Campbell and Savnders 1976). The results of this
approach showed that in external and cranlal morphology there was a
complete separation of the two [orms. This was greater than might be
gxpectod between subspecies and Buggested that the two may be full
binlogical species. Since thess reports were published, additlional
information has been collected on the status of the two forms from

which it is concluded that they shounld he treated as separate epecies.

Until now, no serious attempt has been made to determine their Te-
lationship to the Yellow-tailed Black Cockatoo. In order to do this,
moseum material in all Australian governmental museums was examined,
The firet part of this chapter presents the evidence on which the two
White-tailed Black Cockatoos have been separated; the second part
proesents the results of the examination of muséum material of the
Yellow=talled Black Cockatoo; and the final part deals with the rela-

tionship between the Whito-talled and Yellow—tailed Black Cockatoos.
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4.3 White-tailed Black Cockatono

4.3.1 Differences in morphology. The morphological

differences betwesn the two forms, baudinil and latirostris, have

Been well-documented. Saunders. (1974c) gave figures and tables
showing these differences in both adults and immature birds. The

mont striking difference bebtween them was the difference in lengths

of culmens: adults of bauvdinii have a mean length of culmen of 53.0
mm (standard errcr 0.33 range 48=57) ({75 individuals) and adults of
ig;i;gg;;ig a mean of 44.2 mm [SE 0.3; range 34-40) (186 individuals),
(zee Figure 12). There was no significant difference in the widths

of maxillae: adults of bhaudinii possess.a mean width of 21.8 mm (EE 0.2;

ranga 20-24) and adults of latirostris 22.3 mm (5E 0.1; range 20-25),

Two measuremants of tho exposed maxilla have been taken to
emphasise the difference in the shape between the two forms. The
manner in which these measurenents were made is shown on Figure 11.
The measurements ware: length of the exposed culmen, and length of

the inner tip (showing the more elongated tip of bavdinii).

Data included in the results of measurenents of the length of
the culmen conzist of those used in Saunders (1974c) . together with
additional measurements of adults of baudinii obtained since then.
The data on the length of the inner tip of the maxilla has baen

chtained since the previcusly published results.

The distribution of length of culmen in 75 adults of baudinii
{51 males amd 24 females) and IB6 adults of lativostria (90 males

and 96 females) is shosn on Figure 12. The distribution of length



Figure 11.

e

Head of a female of E:_haudin:li showing two
of the measurements of the maxilla discussed
in thig thesig:-

E. Length of exposed culben
B. Iength of inner tip of maxilla.
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of culmen of 36 immaturcs of bauvdinii {21 males and 15 females)
and 107 immatures of latirostris (44 males and 63 females) la shown

on Figure 13,

In adult birds there was little overlap in length of culmen
{(Figure 12) hetween the ranges of adults of baudinii apd
latirostris {3 cuk of 75 haudinii [4%] was the extent of the
overlap). The distribubion within sach sample showed the pattern
of normal distribotion with no departures from this at the point where
the twe distributicns overlap. There was more overlap in the ranges
in the samples of immature bhirds (Figure 13}. Three out of the 36
{or B per cent) immatures of bhaudinii fall within the range of

latirostris.

Tt hasi been found from measurements on growth rates of nestlings
of latirestrie, that latirostris fledges with a culmen of 35.0 mm or
greater in length (35 specimens). Despite these measurements, two
adults (bath males] and one immature female had culmens of only 34
mm. A1l three were individualas that were close to or larger than
average in other dimensions, and had probably sustained damage to the
culmen which resulted in the shorter overall length. Thres immature
individuals with length=s of culmens of 37 or 3B mm were all fomales
and all were smaller than normal (480, 500, 570 grams as compared with

a mean of 612 and a range of 480=-750).

e

mm or greater in length, which is 88 per cent of the mean length of
culmen of adults; then nestlings of Baudinii might be expected to fledge

with a culmen of 46 mm (i.e. 53 x .BB) or greater in length. This
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extrapolation is borne out by two immature individuals of bandinii
which had culmens of 45 mm in length:; one was 8 male (540 gram=s) and
one was a female (560 agrams) and both were amongst the smallest of

the sample [(mean 620 grams with a range of 540-770 grams).

The rhamphotheca or horny covering of the maxilla grows
throughout the 1ife of the bhird. In parrots it is constantly ground
down and honed by chewing at objects, by feeding and by grinding the
lower mandible against the ridgez inzide the maxilla. The result of
these actions ie that the culmen may change in length slightly during
the life of the bird, depending on differing diets at certain stages,

or due to damage to part of the stfucture (as mentioned earlleg).

This might have meant that the difference in length of culmen
between baudinil and latirostris was merely the result of differences
in diet due to different ranges, rather than an evoluticnary adaptaticn

resulting from different diets l(as suggested by Saunders 1497d4c).

In order to test this hypothesis the rhamphotheca was remowved
and the bone of the culmen (rostrum) measured. The distribution of
length of rostrum of 17 adults of bauvdinii (8 malez and 9 females)
and latirostris (10 males and 7 females) is shown on Figure 14. 1In

this case there is no overlap in the rangses and séparation is complete.

The difference in the shape of the bill is emphasised by
the differences in length of the inner tip of the maxilla. The dis-
tributien of theze measuroments from 20 adults {14 males and € females)
and 10 irmatures (5 males and 5 females) of baudinii and 19 adults

{1l males and B femalesz) and 11 immatures (2 malez and 9 femalesz) of
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latirostris 18 ghown on Figure 15. The mean length for the 30 in-
dividuals n£ baudinii was 21.6 mm against a mean of 11.9 mm for the
latiroatria. 1In this case also, there was no overlap in the ranges,
there being a 6.4 mm difference betweon the lengest specimen of

latirostris (13.3 mm} and the shortest of baudinii (19.7 mm).

4.3.2 Differences in food. The diffdérence in food taken

by bapdinifi and latirostris is shown in a sample of hoth collected

from Mundaring Forest, 33 km east of Perth, between April 1971 and
Dotober 1972. The results of this sample are shown on Table 4. This
sample is particularly informative because it was collected over an
area where the same foods were available to both baudinii and
latirostris at the same time. Despite this, both displayed differences

in preference.

Bandinii concentrated mainly on the seeds of the Marri, Bucalyptus
calophylla and insect larvae, especially those of wood-boring insects,
Latirostris depended largely on the seeds of EEEEEJ of which there ars
geveral species growing in plantations scattered through the western
half of the forest. They also concentrated on the seods of Dryandra

and Hakea species, both of which have seeds in small hard fruits

which regquire considerable force to open. This preferéance for sesds
of the Proteaceas is confirmed by studies of latirostris at
Coomallo Cresk and Manmanning {(see sections 6.2 and £.3). Ino

these areas the birds feed almost exclusively on nétive vegetation,

aapecially the seeds of Hakea, Growillea, Dryandra and Hanksla, there

being no Pinus speciss in either area.

Although baudinii and latirostris both attack Marri fruit, they de
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TAHLE 4

mnalysis of crop contents of cockatoos collected in Mundaring
forest from April 1971 = October 1972. WValues are the percontage
of crops that contained more than five examples of sach food

[from Saunders, 1974«).

Food baudinii latirostris
Pinus spp. seed a Bl
Marri (Buc. calophylla) seed B9 B
Banksia spp. Seed -1 5
bDryandra spp. seod a 20
Hakea spp. seed L 1%
Ingect larvae 14 ¥
Jarrah ‘E”.E' marginata)l sced 3 ]
Inidentified seed 2 g

RNumber of crops examined =8 59




so in different ways {(Saunders 1974c) and to 3 completely different
degres,  Marri appears to be the most important single species in

the diet of baudinii {(Table 4) and this is confirmed from observations
of groups of baudinii feeding over their entire range {Table 5). The
distribution of baudinii during the pericd when they were not nesting

appearyed to be tied to that of Marri.

In Table 5, 5 of the 34 feeding cbservations made of groups of
baudinii showed that the birds were feeding on the seeds of Ercdium sp.
This iz an exotic weed occurring in pastures and along cleared road
and railway verges. The birds eat it when it sets seed betwean September
and Kovember. Once the seed sets the birds eat it until it dries up
about 3 to 4 weeks later. Despite its limited availability, baudinii

readily feeds on it when it is available, as does latirostris.

Both latirostris and baudinii move readily to ground to feed cn

Ercdium and fallen fruit, e.g,. Marri fruits that have been chewed off

and dropped before the seeds have been extracted.

4.3.3 Differences in calls. The lowd flight or contact

calls of bawdinil differ from these of latirestris. In order to

investigate the difference, eight adult females and six-adult males
of latirostris and five adult males of bauwdinii were each, in turn,
igolated in a cage At CSIRO, Helena Walley laboratories. The total
vocal output for each fndividual from 1700 to 1830 en each of three

days was recorded oo a Sony TC BODB tape recorder via a Beyer HMLOD

microphone.

The contact calls were chosen for analyvsis as they were uttered

more frecuently and they are the calle used to communicate with other



TABLE 5

Species used by baudinii as food based on observations of
feeding groups throwghout their range. Valuss are number
of observations in which food was consumed. In Some instances

several different foods were consumed.

3 Humber of
¥ ocbzservations
Marri {(Buc. calophylla) seed 3
Banksla spp. se=d andfor flowers &
Erodium spp. seed ]
Insect larvaeg 2
=
Total number of groups cheerved 4

* SGroup size ranged from 2 - 200+ birds.
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individuals when they are out of sight bubt within vocal range. The
number of contact calls uttered by each individual over the four

and a half hour peried ranged from 13-112. A1 of the calls uttered
by individuals making 20 calls er less in the period were used in

the amalysis. Those individuals producing more than 20 calls had

20 randomly selected for analysis. These cz=lls were recorded on
sonograph tracings using a sonograph Model Recorder {Kay Electrie Co.)
set on a narrow-hand {45 Hz) filter. Sonographs of a total of 39

baudinii and 260 latircatris calls were made,

From examinations of the soncgraphs it sppeared that each call
consisted of four segments and from these segments a total of nine
parameters were measured. A sonograph of a répresentative call [from

a baudinil and latirostris male is shown in Figure 16. The parameters

that were measured are also indicated on this figure. Theee were:
{i) total length of the call (seconds); (ii) duration of segment "2
{seconds) ; {iii) start freguency of segment “A" (kHz); (iv) duration
of segment "B" (seconds)' (v) top frequency of segment "B" (kHz);
(vi) duration of eegment "C (seconds); (vil) start freguency of
segment “C® (kHz); (viii} duration of segment “D" (seconds); and

{ix) start Frequency of segment "D" (kHz).

The means, ranges and the results of comparisons between the msans

for each parameter in baudinii and latirostris are shown on Table &.

In seven of the parameters baudinii was significantly different from
latirpstris. There wes no difference betwsen them in the startlng
fregquency of segment "C® or the duration of the last segment of the

call (segment "IM).
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Figure 16. Soncgraph of contact calls of (al baudinii male and

i) la‘_tirnsttis female., The nine parameters examined
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"B"; lengthe of segments “A", "BY, "¢" and "D": and
the total lenogth of the call.
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The coefficient of varlstion s also shown for each parameter

for both baudinii snd latirostris on Table 6. The coefficient is

chtained by dividing the standard dewiation by the mean and expres-
ging the answer as a percentage. It is an expression of the varilance

of the sample.

The lerngth of the call and those four parameters involwving
gegment [requency have the lowest coefficients and, therefore; the
lowest variance. The four parameters involving segment duration
have high coefficient walues indicating that there is much more

variability in these parameters.

The data presented in Table © have been analysed in detail and the
resultes are fully presented inm the section on vocalisation lakter In Ehe
thesie {eection 9.5.3}. A discussion on the variahility in the sample
is given in that section but one point that must be borne in mind when
looking at the summary results in Table & is that the wariability comes
from several sources. Calls from one individual vary because there is
rormal wvariation in uttering the Call or because the call conveys diffe—
rent’ information; there ia variation between one individual and anocther
[it i5 Enown that an individual is able to recognise ancther from its
call [section 9.5,3])r variation dus to sexual difference and possibly:

varigtion due to differences in areas of origin.

The sample of latirestris btotalling fourteen individuals is
comprised of adults of both sexes and from at least Ffour different
arpas ranging from one about 60 km north of Albany to one about 200 km
north of Perth. The sample of baudinii consists of only five
individuals of the sameé sex, which were all collected from the same

foraging group. The higher coefficients of varistion in the latirostris
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gample are probably due to variation introduced by sex and region.

The mean total length of the contact eall in 5 adults of
bavdinii was D.47 (5E 0.01; range 0.35-0.62) scconds and 0.64 (BE
0.01; vrange 0.49-0.81) seconds for 14 adults of latirostris, a
difference of 0.17 seconds (36% of length of the call of baudinii).
The mean duration of segment "C" was 0.21 (SE 0.0073; range 0.09-0.3%)
gecondg in latirogtris and 0.06 [SE D.0OD2,; rpange 0.023-0.13) seconds
in baudinii, a difference of 0.15 seconds (250% of length of secgment
"2" im baudinii). It appears that the difference in length of the calls
iz due to the difference in duratiom of segment *C" and there iz very

little gverlap in the randes of value for eithar form.

The relation of total length of call and durstion of segment "C"
ia shown in Flgure 17 in which the duration of segment "C" is plotted
agalnst the total length of the call for each call analysed., In
addition, 4 contact call from cach of six individuals of baudinii
(gex and age not known) was analysed from tape recordings made in the
field in an srea abowt 160 km south of where the five captive males of
baudinii were collected., The data from these six calls are also shown
on Figure 17 and are all within the cluster of points from baudinii
calls recorded in the aviary. Figure 17 ghows that, with increasing
length of segment "C" there iz an increase in the total length of the

call.

Fointe for baudinii are clustered together at the lower end of
the graph and there iz little overlap with the much more widely scat-—

tered pointe for latirostris.
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The differende in duration of segment "€" apd its general
effect in altering the total length of the call 8 audible and,
together with the other minor differences Iin duration and fregquency,
account for the difference between the contact calls. The calls
are so markedly different that an experienced listener is able to

identify a bird of either form on the call alone.

4.3.4 Distribution,. The distribution of gauﬂinii and

latirostris i% shown on Figure 18. This figure is based on observa-
tions and collected specimens. Also shown on this figure are the
known negting distributions of the twe forms.  Baunders [197dc)} gave

a generalised account of the breeding distribution and suggested

that only baudinii breeds south of Perth in the area receiving more
than 750 mm annual average rainfall. This has been disproved with the
discovery of nests of latiroskrls as far south as Bunbury. The only
nests of bawdinii discovered to date have been in the very far south

of ths forest within the range of the Karri (E. diversicolor) which

iz ghown on Figure 18 together with the distributien of Wandoao
{(E. wandoo) (Churchill and Storr, pers. ctomm.). The bresding distri-
bution of latirestris in the wetter parts of its range follows the

distribotion of Wandoo closaly.

It appears from the distribution of known nests that baudipii
breeds in the far south of WA in the area to which Rarri is confined
and during the non-breeding season the birds forage guite widely moving as
far north as Mundaring, near Perth. The area over which they forage is
5111 connected by extensive tracts of State Forest from Albany tocan

area just north of Mundaring. Calyptdrhynchus latirostris breeds
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in the area outside this, following the belt of Wandoo down
the coastal plain to Bunbury. These birds algo wander

widely following breeding and forage within the breeding range of

baurdinii, just as baudinii does in part of the latirostris rangs.

4.4 Yellow—taliled Black Cockatoo.

4.4.1 Methods. A total of one hundred skins of
C. funereys from all of the Australlsn museums were axamined and

from each skin the following measurements wera taken:

Length of folded lefr wing
Length of tail

Length of exposed culmen

width of maxilla at widest point
Length of inner tip of maxilla
Length of left tarsus

Length of claw on longest toe of left leg.

In additicn to thése measurements, the colour and size of
the cheek patch and the colouring of the tail “windows®™ were noted
with partipular attention being paid te the intensity of the spot-

ting on the yellow colouring of the tail.

Because some specimens lecked deta, only ninebty-four
could be used in the analyses. Six weére excluded because they had
no collecting locality. Very few specimene carried adeguate
data, the sex of the specimen was freguently not stated and had to be
determined by the colour of the bill and gize of the choek patch, and

age was given on less than fifteen of the entire sample.
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4.4.2 Hesults. Condon (1975) had divided €. funereus

into two subspecies: C. f. funereps, a large form of the coastal

forests of eastern dustralia to extrems eastern Victoria; E;_EL
yanthaanEE. a smaller form of southern Victoria, socuth-eastern South
Australia and Tasmania. To assess this treatment of fumereus, the
gpecinens were arouped into regions from which they were collected and
the meoasurements then compared within the regionsg for homogeneity. The
regicnal groupings were: South Australia, Kangaroo Island and south-
western Viectoria (SA); Tasmania and the Bass Strait Isglands {Tasmaniali
and Hew Scuth Wales and Queensland {KSW). The locations of these re-
gisnal groups are shown on Figure 19 which also shows the distribution

of funereus based on collected specimens and records from the literature

dating back to 1894,

Although many specimens had no sex indicated on the data sheets,
it was possible to sex the specimens on colouring of the maxilla and
cheek patch. Adolt males have black maxillae and small dirty wvellow
cheek patches. Immature males have small dirty vellow chesek patches
but the colouring of the maxillae may wvary from dark grey to bone in
colour (as in females). By colour of the maxillae, males could be
sepparated inte immatures and adultes but, because immature females re-
semble adult females, it was not possible to age skins of females.
Consequently the regional aroupings were divided into sexes only for

analysis.

The mean and range of values for each sex in sach regional grouping
for each of the seven characters measured are shown on Table V. In the
HSW and BA samples there are no differences in size betwaen the sexes.

This iz also trus of baudinii and latiroetris (Saunders 1974c)}. In the

gample from Tasmania, the femalesz had longer tails and longer culmens
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thatn males. The sample of males from MNEW consisted of 61% adults and
the sample from SA had £7%, yet the sample from Tasmania had only 40%.
Adults of both baudinii and latirostrie are larger than the immatures
and it is reasonable to assume that this is also true of funereus. The
inclusion of more immatures in the sample of males from Tasmania, to-
gether with the possibility of more adults than immatures in the sample
of females may have biased the sample from Tasmania compared with the
other samples. Because there is no way of aging the femalea,; it was

not possible to verify this point.

The sex classes ‘in each regicnal grouping were combined except for
those characters in the sSample from Tasmania where there were significant
differences betwesn soxes. Then the group from HEW was subdivided into
two regional sub-groupings. One contained those oollected in MEW south
of a line drawn doe west of Sydney and the other contained those collec-
ted north of this line. There waz no significant difference between the
mean values for either sub-grovping in any of the seven characters. This
indicates that there la no demonstrable cline in sife in that state,

based on the material available.

The measurements for the seven characters in each regiomal group
are shown on Table B. In the sample from Tasmania where the sexes dif-
fered in size only the values for the males are presented. With =ach
mean & value which represents 1.3 times the standard deviation is given.
This designates the range of measurements within which 90% of the popu-
lation would occur. If the measurements indicated do not overlap when
comparing éifferent populations, then subspecific zeparation may be
justified. Subspecies are delineated here following Mayr (1963) whe
defined the subspecies as 'an aggregate of local populations of a species,

inhabiting & geographic subdivision of the range of the species, and
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differing taxonomically from other populations of the species.' He
further stated that 'subspecies are to be named only if they differ
"taxmcnomlcally®, that is, by diagngstic morphological characters, '

In determining the degree of differeoce in morphological characters
between subspecies, I have followed Fowley (1970] who used the term
subspecies to describe geographically defined aggregates of local popula-
tiona, 90% of which differ in morphological characters from 90% of other

such subdivisions of the species.

The malez from Tasmania were wider in the maxilla than the birds
from SA, there being no other significant differences (Table 8). Despite
the significant difference between the means for this character, a large
part of both populations fell within a range of values common to both and
5o there seems to be no basls for separating the two populations.
Although the females from Tasmapia had longer tails and longer culmens
than the males and the birds from S5&, this point was true of them as wall.
Thus, the birds from Tasmania and southern Anstralls are of the same form
but differ slightly as a result of isolation in different geographical

ranges,

Birds from eastern Australia had much longer wings and tails and
wers larger in the maxillae [both length and width),; tarsi and claws
than birds from Tasmania and southern Australia (Table B8). In mesasure-
menta of both wing and tall there is no owerlap at the 90% lewel between
the birds from HSW and the other two populations (enly 3 out of 37 [8%]
overlapped the range of the birds from Tasmanial. In the other charac-
tere . a large part of all populétions would fall within a range of values

comnon to all.

For comparative purposes the mean and range of measuremente for
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the seven characters for baudinii and latirostris are also shown on

Table B. Calvptorhynchus latiroetris is the same size as funereus from

EA except for a =lightly shorter culmen and a longer claw. The ghape
af the maxilla of latircstris 1z similar to the shape of the maxillae
in all three regicnal groupings of funersus but baundinii has a much

larger maxilla of a completely different shape from all of the others.

To illustrate further the gimilarity between the birds from
Tasmanisa and SA and the differences between them and the birds from NEW,
the length of the tail of each specimen was plotted against the length
of its wing. The resulting graph is shown on Figure 20 and the HsW
pointe form a cluster which barely overlaps the cluster formed by the

Tasmanian and Sk points.

The regional groups of 5 and NEW mest somewhers in central and
south-eastern Victoria, but unfortunately there were only eight skins
collected from this region. The location of each of these skins is shown
on Figure 1% and it was hoped that an examination of these specimens
would show 1f they were sharply separated or whether they integrated
whaere they approached each other gecgraphically. Each of the eight
speocimens is plotted on the wing/Stail graph on Figurs 20. Birds from
Mallacoota and Gippsland fall within the cluster from RSW (I, 3 and 4)
while birds from the Grampians, Glenarowua, Healesville, Cape Conran and
Enake Island (B, 7,6, 2 and 5) fall within the cluster from SA. Only
the birds from the Grampians, Glenarcus and Healesville could definitely
be classed a=s adults, the hird from Cape Conran was an immature male and

the remainder were females, and 50, impossible 0 age.

The breeding distribution of funereus is shown on Figure 19 and ias

baged on information obtalned from the literature and egg collectiong.
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The laying period is: MNovember to January in South Australia,
Victoria, Tasmania end the Bass Strait Islands; December to
February in southern NSW: January to May in northern HSW; and

April to July in the extreme north of the range.

The usual clutch is of two eggs (12 out of 16 clutches From
museums wera of two) and the size of the eggs is shown on Table 9,
The size of eggs of latirostris is also shown. In latirostris
the egg of 2 single egqg clutch 1% the same size as the larger egg
of a two-egg clutch, and these eggs are significantly larger than
the smaller egg of the clutch (sectiom 5.4.3}. For this reason those
gggs in the single egg clutches hawve been analyssd together with the
larger egg of the two-egg clutch. Clutches of C. funereus have been

analysed in regional groupings and there is wvery little difference in

gize of eggs within the species.

Although the usual clutch is two, the birdsz raise only cne
chick; the second nestling dying soon after hatching. ‘This is
reported in Forshaw (1969) and is often gooted for bhoth Yellow=
tailed Black Cockatoos and White-tailed Black Cockatoos. It is
not unusual for latirnstréi to Fledge both nestlings (section 5.6.2.B8)
and there ie a note attached to one clutch of egys in the H.L. White
Collection which indicates that funereas is alsoc capable of fledging
both, The note states that on Cape Barren Island, two very large
nestlings were seen late in May in a hollow. From the date they

must have besn close o fledging.

Throughout its range funereus feeds on the seeds of the
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Proteaceae and on insect larvae infesting acacias; eucalypts,
caruarinas, grass-tréees (Kanthorrhoea), MocInness and Carne (1978)
have dn excellent review and account of predation of Yellow=tailed
Black Cockatoos on insect larvae particularly the cossid moth
larvae., It also feeds on seeds of the introduced Pinus spp.

Thiz diet ig not unlike that of latirostris,
4.5 Digrussion,

45,1 Yellow-tailed Black Cockatoos. The relationship

of the two white-tailed Black Cockatoos to each other and to the
vollow-tailed Black Cockatoos is linked with eveolution in the

C. funersus superspecies. Within funereus thers are two forms:

one, a smaller form in South Auvstralia (Ineluding Kangaroo Tsland),
western Victoria, Tasmania and the Bass Strait Islands; and the other,
a larger bird occurring from southern Queensland to Gippsland. Both
forms are similarly sexually dimorphic in colour and individuals

of both have the same varying degrees of brown/black spotting and
barring on the tail “"windows" ranging from light spotting to wvery
heavy spotting that runs together to form heavy barring., There
appears to be no difference bebwesn the sexes in this character,

and no basis for saying that females are more heavily spotted or

barred than males as mentioned by Forshaw (1269} .

There iz a wide gap botween the known breeding rances of the two
forms (Figure 19) which makes it likely that birds found in this gap are non=-

broeding wanderars. On present evidence it sesms likely that therse are two
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subspecies in C. funereus (Condon, 1973) and that their ranges as
given by Condon are accurate as indicated by this study (see Storr
[1973] for range in Queensland). More information is needed on the
ecology, behaviour, movements and an adeguate collection of

materizl would be needed from the area east of Melbourne to establish
the ranges and if there is a grading of one form into the other.

C. funereus funereus Shaw is the larger form confined to eastern

Victoria and ranging north and ©. f. xanthanotus Gould is the smaller

form from Victoria, South Australis and Tagmania, Thare may be small
differences between the forms from Tasmania and the mainland due

to geographical isoclation.

4, 5.2 White=tailed Black Cockatoos. The fact that

baudinii and latirostris have different shaped maxillae, different
eranial morphology, different preferences of food and different
contact calls indicates that the two forms have been isolated for
some time. The question of thelr tamonomic status remains. If they
are gubspecies, their breeding ranges would be allopatric

and hybrids might be sxpected teo cecur in the =one of

overlap. TUnfortunately there were not encugh nests of either form
found to clarify this point. Individuals with lengths of culmen inter-
mediate between the two forms pught to indicate hybridisation but the
distribution of length of culmen in both forms did not show any
departure from a normal distribution and there was no overlap in

length of rostrum or in the length of the inner tip of the maxilla,

These morphological differences which provide complete separation
of the two forms together with the other differences indicate that

the forms are specifically distinct.
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4.5.3 Relstionship between the Yellow-tailed and

White-tailed Black Cockatoos. What then is the relationship bet-

ween funereus and the two white-tailed Black Cockatoos? There are
cnly minor differences in size between latirostris and funereps

from S5A {(Table 8} and these are comnected with the length of the
culmen, that of latircstris being slightly shorter, thoudh the bBills
of both are alike in shape. The diets are alas similar and the
major difference between them is in colour, the yellow being re-
placed by white and loss of the spotting. Tt was not possible to
obtain suitable material in order to examine the contact calls of
funereus to establish if it is similar to the contact call of

latirostris.

In view of the many similarities between allopatric latirostris

and funeregs, 1t seems reasoiable to treat latirostris and funereus

#s subspecies. Their separation in scuth-west and south-eastern
dustralia respectively may be relatively recent. On the other hand,

the greater differences between baudinii and latirostris probably

reflect a much older separation, even though the two forms are

gecgraphically contigquous now.

1t seems likely that the ancestral stock of baudinii was origin-
ally part of a population of proto-funereus that once extended right
across southern Australia and was subseguentiy cut off during the
late Pligcens or -early Pleistocene, that separated the Bassian
floras and faunas in south-western and south-esastern Australia.

During this period baudinii became adapted to a diet of Marri. During

igolation its yellow pigmentation may have been lost and replaced by
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white, but the reason for this is not clear. Calyptorhynchus latirostris

probably evolved from a subsequent invasion of the south-west by
funiereus during cne of the more favourable pericds of the Pleistocens
when eastern and western Bassian fapnas wore reconnected across the
head of the Great Australian Bight, This population did net invade

the far south-west [(which was already occupied by beudinii) and
remained in the habkitat that was similar to that which it had occupied
in the east. This population, in response to the same climatic con-
ditions to which baudiniil was responding, also lost its yellow colour

and spotting. Some individuals of both bandinii and latirostris

have yellow ear patches and feather margins and some have warying
degrees of yellow in the tail "windows". Of 52 nestlings of latirostris
examined in 1973, 43 (83%) had varying degrees of yellow (from pale

to bright yellow) on the ear patches. Most lose this colour-

ing soon after leaving the nest. There are no comparable data on

baudinii. This reconstruction of the origin of baudinii and latirpstris

by re-invasion has parallels in other Basslan species {see Serventy

and Whittell 1967; Ford 1971).

The separation of the two populations may have been reinforced
by a shortage of suitable hollows in which to nest. Breeding adults
of latirostris return to the same area to breed each year and it is
1ikely that baudinii does the samé, This behaviour would help to
maintain the separation even though there may have been an overlap in

foraging ranges.

The distribution of Karri and Wandoo define the nesting distribution

of baudinii anmd 1E;irnstris. calyptorhynchus latirastrig nests mainly in
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Wandoo and Salmon Gum E. @E}mnnnEE}nia which ocours in the drier areas

overlapping and extending bevond the range of wWandoo [(sectieom 5.1.4}).
Of five latirestris nesta found inside the 750 mm rainfall area,; three

woare in Wandoo, one in Tuart E. gomphocephala and one in Marri. Three

baudinii nests were in Earri (two) and Marri {one).

Studies on selection of nest sites by latirostris have shown
that the hirds will use any hollow in a tree provided it is large encuch
and of the correct shaps For their nesting parposes (sectiop 5.1). At
Tarwonga, Marri was the dominant tree with isclated patches of
Wandoo in the valleys or on sandy areas. Here the birds nested
exclusively in Wandoo, where, of 42 hollows measured and classed as
suitable for use by black cockatoosz, only one was iIn a Marri. Wandoo
appears to be. less resistant to fungus and termite attack (two major

agents in the formation of hollows) than Marri or Jarrah E. marginata.

Marri and Jarrah are the main woodland and forest trees coccurring in
the area between the distributional ranges of Karri and Wandoo.
Heither appears to offer many hollows of suitable size or shape
for use by black cockatoos. Lack of breeding gites iIn Marri or
Jarrah forests may have been the barrier that prevented the inwvading

population over-running the range of baudinii and perhaps replacing it.

The taxonomic conclusions drawn from this section are that the
C. funersus supsrspecies comprises two species, one monotypic, the

other of three subspecies, as follows:

Calyptorhynchus funereus (Shaw] Funereal®* Cockatoo

¥ MNow that white-tailed latirostris is included in . funereus,

Yellow-tailed Black Cockatoo becomes inappropriate for this species.
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Faittaous fumereus Shaw, 1794, Nat. Mise. 6: Pl. 186,

text — Hoew Hollang - Mew Scouath Wales.
Coastal mountals forests of castern Australis From Clarmont (north-
west of Rockhampton) and Fraser Island south through MHew South

Wales to extreme eastern Victoria {(Gippsland). A& large form.

Calyptorhynchus fundreus xanthanotas Gould

Calyptorhynehus ooithanotus Gould, 1838, Syn. Birds Aust.

Append.: 5 = Tasmania.

Calyptorhynolhue funercus whitei Mathews, 1912, Austral avian

Baz. 1l: 35 — ¥angaroo Island.
Sputhern Victoria: south-sastern South Rustralia to Mt. Lofty
Ranges, southsrn Yorke Peninsula, lower Eyre Feninsula north to
Wanilla and Marble Range; Kangaroo Island: King, Flinders
[formerly breeding) and Cape Barren Island, Bass Strait; Tasmania.

B small form.

Calyptorhynchus funereus latirostriz Carnaby

Calypicrhynchus baudinii lativostris Carnaby, 1948, West.

Aust. Mat. 1: 137 - Hopetoun, Western Australia.
South=-western Western Australia from lower Marchisom River and
south to beyond Esperance in the drier inland sandplain and Malles

areas. A small form with white ear patches and white tail "windows".

Calyptorhynchus baudinii Lear, Leng=billed Black Cockatoo.

Calypterhynchus boudinti Lear, 1832, Ills Pslttacid. 12 -

no locality; restrictad to Albany by Mathews, 1913. Austral

avian Reo,. l: 190,
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Calyptorhynchus boudinii tenuirvatris Mathews, 1913,

hustral avian Rec. 1: 190 = Wandering, Western Australia.

Extreme south-western forested corner of Western Australia.

There is no evidence for the choice of Albany as a type locality
for €. baudinil by MHathews other than his opinion that it resembled
a bird collected by Carter from Albany and that Baudin spent some time
in King George Sound. It may well be restricted to Geographe Bay,

ancther location Bauwdin sent a party ashore.
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i Breeding blology

o Hest selection.

5.1.1 Meat hollow location. With the start of the

breeding gsaszon adult birds return to the breeding areas. These
birds pest in hollows found in live or dead standing trees. The
locatiom of suitable nest hollows at Coomallo Creek and Manmanning
is ghown in Figures 3 and 4. The dAistribution of hollows in

relaticn te surrounding cleared and unclearsad land ise also showmn

on these figures.

5.1.2 MNest hollow selection, The histories of 56 tagged

fomales that had bred at Coomallo Creek for at least two seasons,
were examined to see if they used the same nest hollow each year.
The result of this analysis 18 shown on Table 10; half the
females did nest in the same hollow that was used previously. Those
that used a different hollow even though their previous one was
available were significantly lessz successful in fledging voung tham

the others.

The hollows used by some of the individual females whose his-
torieg are known for at least twoe breeding seasons zre shown in

Figures I1 and 225

The nest siteg of 21 females out of & possible &3 that coald
have been used to illustrate this at Coomallo Creek and those of
eight females put of a poszible 16 at Manmanning are shown on Figures

21 and 22.
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Figure 21. Cocmallo Creek. Locations of nest hollows of

1B individual females (BN is discussed in the

text). The number beside nest indicates year
{e.g. 5 i85 1975).




® Cochkaloo nisl sile

Figure 2Z. Manmanning. Locations of nest hollows of
elght individual females.
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In 51% of cases the females hawve used the same hollow
gach season or have used one in the same pateh of woodland or in an
adjacent one. At Coomallo Creek, AN iz a typical example and in
the seven breeding seasons she has osed only four different hollows,
one af them for four seasona and all the hollows were in the same
patch of woodland. Only five out of the 63 known cases went further

than the next patch of woodlamd.

Mammanning birds also follow this pattern. The only exceptions
area females that nested in ocuwtlying areas and subsequently moved

into the main nesting acea; e.g. BZ in Figure 22,

5.1.3 Formation of hollows. Hollows are formed in

trees as a result of warious agents but the two most important are
fungl and insects {Ancn 1971} . Fungi can attack the standing tree,
or may galn entry thropngh some injury to the tree, such as firescar
or bough-break. A number of different species attack the heartwood
and break down the wood cell structure. B&s this destruction takes
plece within the tree, wind-caused movement of the tree helps to
compress the decayed matter, creating hollows. The breaking off of

an infected bowush then provides access to the hollow.

Insects, particnlarly termites; also contribute to hollow for-
mation by attacking and eating out the heartwood, but of the two
agencies, fungi appsars to be the more important (Mr. R. Hilbton, Univ.

of W.A.; pers. comm.).
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fnly mature trees are large enough to have hollows of suitable
gize for White-tailed Black Cockatoos,; but some species of eucalypt
are more susceptible than others. Wandoo, salmon gum anpd karri
appear to be more. extensively affected than other large species
like jarrah and marri, and they are more cormonly used for

nesting.

5.1.4 Epecies of tree uged asg nest gites. The species of

nest tree used in the four areas studied are shown in Table 11. There
were no preferences for either living or déad trees and in all areas
except for Tarwonga, the dominant woodland species provided the
majority of nest sites. At Tarwonga, marri, though dominant, provided
no suitable hollows as Floors were lewvel with the entrances. Only one

marri hollow was found to Lo of suitable gize and shape.

5. 1.5 Characteristics of nest hollows.

. SIS hepect of hollow. The aspect of a hollow

ig defined as the direction towards which the hollow opens (Figure 23a)
and has also been described as the orientation of the hollow or nest

cavity {Connor, 1975).

At Coomalle Creek and Manmanning, the aspects of the entrances of
dll hollows used by White-talled Black Cockatocos any time during the
etudy were recorded and placed into oné of nine classes. These werae
the vertical aspect clase (Figure 23b) and eight egual segments of
the compass with the major peints af the compass at their centre (i.e.

¥, HE; B; a&tc.).
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In the analysiz of use;, each hollow was scored once for each
waar that 1t was Enown to be avallable as & nest site. For @xample, )
if & hollow was found to be used in 1970 and was available sach year
until 1973 when it was no longer suitable for use, thon it was

scored thred times.

The number of avallable hollows and the aspects of these hollows
at Coomalle Creek and Manmanning from 1970 to 1974 is ghown in Table
12. In both areas about 40 per cent of the awvailable hollows had
vertical aspects and the remainder opened in various directions which
were not randomly distributed {12 test) among the compass classes. At
Coomallo Creek there were: no hollows opening east and less than expected

opening west and north-west. At Manmanning, there were less opaning

to the north-east and south and more opening to the east than expected.

In addition to the destructive agents attacking the tree from the
ingide, wind is probably the octher main cause of branches breaking off
ir both study areas. Lightning strikes and bush fires alsc assist in
this but are probably of minor importance compared to wind. The only
recorde of wind welocity near the two areas are kept by the Burean of
Meterology for Jurien (approximately 40 km west of Coomallo Creek) and
Wongan Hills (approsximately 30 km west of Manmanning) . These are taken
at 9900 and 1500 hours daily and have only been taken for three years.
Ho consistent relationship between orientation of broken branches and
wind direction was apparent. TFor example, at Jurien the dominant wind
direction was from the south to south-east. Those branches at right
angles to the wind present the greatest resgistance to the wind and more
of these would be expected to be broken off than from other directions.

This is true of branches cut to the west at Coomallo Crsek but there
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were none off to the east which is equally at risk. This suggesta
B more complex relationship than that inferred from hollow orientat—

ion and prevailing wind.

Black cockatoos may cnly use those nest hollows that are avallable
but given this selection they may have preferences for hollows with
certain aspects. This has been found in woodpeckers and Reller (1972)
found that most nest entrances of the Red-head, Melanerpes

ervihrocephalus, and Red-bellied, Centurus carolinus, Woodpeckers

faced south-westerly. It was suggestsd that this orlentation
increased both ventilation by wind and warming by sun with the pos=
gibility that this eased the adults' incubation duties during cool
weather. Bent (1939) (in Conner, 1%75) stated that in the Pileated

Woodpecker, Dryocopus pileatus, nest entrances usually faced east or

south and suggested wood guality and slope of the trunk probably had

an additional effect on orientation. Connor (1975) found that most
woodpecker nests he examined opened downward and swggested that these
hollows are less likely to fill with water and that the underside of

a tree is pasier to excavate because it iz a8 molster micro-environment
than the- -upperside. Woodpeckers excavate their own hollows whereas the
White=tailed Black Cockatoos do not. The aspects of all haollows used
by White-tailed Black Cockatoos at Coomallo Creek and Manmanning are
shown in Table 13. 1In both areas there ig no departure from a random
selection of available hollows and so no bias towards any specific

aspect. This was found in the Eastern Bluebird, Sialia sialia, which

often nests in hollows produced by woodpeckers. Although the aspects
of these hollows are not randomly distributed, the choice by bluehirds
was thought to represent a random selection of available hollows

{(Pinkowski, 1976).
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ARlthough White=tailed Black Cockatoos showed no preference for
any aspects when selecting a hollow there is the possibility that
hollows facing in some directions may be less suitable for shelter.
These opening vertically or into the prevailing wind may be more
exposed and, therefore, place the nestlings at more risk than in
octher hollows. This appears to be unlikely because if this was the
case, random choosing of hollows could be selected against, or
conversely, choice of more suitable aspectzs selected for. The random
choice of hollows may be an outcome of their behavioural evolution,
rather than an example of catholic taste. In order to examine this
hypothesis, the hollows used at Coomallo Creek have been divided
into sucecessful (young fledged) and unsuccessful (nesting attempt
failed) categories and these are shown in Table 14. Here again, in
both categories, there was no departure from random and no specific
aspect was more, or less, successful than any other. In addition,
at Coomallo Creek the selection of hollows at different times of the
breeding season also occurs on & random basis. This indicates that
there is no advantage in being selective regarding choice of hollow
based on espect. The sample at Manmanning was too small for these

types of comparisons to be made.

Some hollows are susceptible to flooding but in these cases it is
psually as a result of stem run-off collecting in the hollow. These
hollows are usually Ilocated in a fork or some other area prone to
this type of water collection. Hollows which have entrances at the
end of a spout away from the trunk of the tree do not seem to be as
prone to flooding. In these cases the only water collecting inside

ie from rain blown or falling through the entrance. The porous nature
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of the [loor uswally allows this to drain away faster than it col-

lects and the pestlings can usually manage to stay Jdry.

5.1.5.2 Depth of hollow. The depth of each

hollow at Cocmallo Creek and Manmanning was measured from the lowest
point of the entrance ©o the floor and these measurements are glven

in Tabkle 15. In both areas these have been subdivided into success-
ful apd ursuccessful categories and there was very little difference
in the mean depth of soccessful or unsuccessful hollows in either area.
Depth of hollow does not appear to be a contributing factor to nest
failure. There waszs little difference between mean depth of hollows

at either area.

In beth areas the depth of each hollow when first measured was
compared with its depth in 1975 and the change in depth noted, At
Coomallo Creek hollow floor lewels fell at an average rate of 3.2 om
per year. One hollow floor was raised €7 em in 5 vears; another did
not change in & vears; and 4 third fell 161 om in 3 years. At
Manmanning, floor levels dropped at an average rate of 4.3 om per
yaar. D@E floor was raised 46 om in 5 years and at that stage the
floor was level with the entrance; another dropped 1 cm over 4 years:
and a third drepped 730 ¢m In one year - there was a hole in the tree
at ground level and the decayed wood spilled out this hole and the

tree became a hollow shell with an entrance on ground level.

Usually the level of hollow floors drop as a result of compression
of the decayed heartwood material. Floor levels rise because material
is added. Thie may come from the ceiling of the hollow or from the

outside. Galahs, Cacatua roseicapilla, us=e compressed sprays of
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green leaves ag & nest lining (Forshaw, 1969} and this may raise the

nest floor, as do Barn (wl, Tyto alba, pellets and bird excreta.

There were two cases in which the floor lewel fell while it
wag actually being used by White-tailed Black Cockatoos. HNeither of
these nests failed as a result of this. There were three cases in
which parts of the ceiling of the hollow fell in while the hollow
was in use. One of these nesting attempts falled because a large
Piece of wood blocked the spout and the adults were not able to get
near enough to the nestling to feed it and the nestling starved. The
adults did try to chew through the blockage but it was too sobestantial.
In another of these cases, the ceiling of one hollow formed part of
the floor of a hollow situated higher in the tree. The lower hollow
was occupled by a large White-tailed Black Cockatoo nestling and

the higher one by a large Long-billed Corella, Cacatua tenulrostris,

nestling. The collapse of the floor of the higher hollow resulted in
one single deep hollow with two separate entrandes and two nestlings

side by Bide on the floor. Both nestlings fledged succesafully.

5.1.5.3 Helght to entrance of hollow. The height

to the entrance from ground level at both Coomallo Creek and Manmanning
was measured and these measurements are given in Table 16. In both
areas these have been subdivided into successful and unsuccessful
categories. There was little difference between the mean heights for
oither category at Coomallo Creek or Manmanning. It appears that nest
entrance height does not affect nesting success., Mean nest entrance
height at Manmanning is nearly two metres higher than at Coomallo Creek
but this is because the salmon gums at Manmanning are taller trees with

a shape different from that of the Wandoo which predominate at Coomalles

Creek.
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There is no evidance to indicate that the birds always choose
hollows that are high up as has been noted by Serventy and Whittell
(1975}, ‘The hirds may only nest in hollows that are available and

if these happen to be only two metres off the ground, they are used.

5.1.6 Loss of hollows., By the end of 1871 there were

46 suitable hollows recordsd at Manmarming and by the end of 1976
thére were 35 of these still suitable for nesting (lozz of 4.8% of
hollows per year). At Coomallo Creek, by the end of 1972 there were
110 hollows marked and 98 left at the end of 1977 {loss of 2.2% of
hollowa per yearl. These losses were caused by trees being blown
over, bulldozed in clearing operations,; burnt, eections being broken
of f, the {loor falling =0 far thet it became too narrow for vse, or

the ceiling falling in and £illing the hollow.

Many of the mature and over-mature trees that have hollows in
them are particularly susceptikle to fire. This is especially true
of Wandoo and Salmon Gum. In some cases the tree may have only =
hollow shell of living material around the trunk with rotten heartwood.
A fire moving through the area and starting to burn at the base of
thiz type of tree scon eats through the base shell and quickly becomee
a tunnel of fire which destrovs the tree. This was zeen at Tarwongsa
after the Forasts Department had put in a slow reduction burn. &
nurber of hollow trees were destroyed during this burn. At Coomallo
Creek during the firat half of 1577, & fire burnt throwgh part of the

study area and six hollow trees were completely destroyed.

There are fow data onh the rate of creation of hollows dver the

poericd of the study. The trees were marked in the early part of the
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study bhecause they were of a suitable size for use by White-tailed
Black Cockatoos and subseguently trees were added to the record

once they had been used by the birds. There was no way of knowing

how long the hollows had been available to the birds before the hollows

wore marked.

The only information on hollow cregation was gained at Coomallo
Creek. & branch fell off a tree after a storm, exposing & larvge
cavity which had been hitherto inaccessible and it was used within

three weeks of its creation,

3:1.7 Use of hollows by other species. The use of nest

hollows by other species wvaried from year to year. Wood Duck,

Chengnetta jubata, at Cocmallo Creek and Mountain Duck, Tadorna

tadornoides, at Manmanning, contributed most to this variation.

Both species leave the hollow vacant after they have incubated their
voung: and because they usually complete their nesting before the start
of the White=tailed Black Cockatoo breeding season, use of nest
hollows by ducks does not prevent their use by White—tziled Black

Cockatoos subseguently in the same year.

Species which used hollows at the time of the White-talled Black
Cockatoo breeding season were the the Galah, Long-billed Corella, Port

Lincoln Parrot, Barnardius zZonarius, Smoker Parrot, Polytelis

anthopeplus, Mankeen Kestrel, Falco cenchroides, Barn Owl, Boobook Owl,

Hinox novaeseelandiae and feral bees, Apls sp. Bees have become a

problem at Coomallo Creek and in one season (1975), two nests failed
{one on eggs, one on nestling) becapse bees swarmed into the hollows

and sstablished hiwves there.
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In any year a2t either area there was never more than 53 per
cent occupancy of avallable hollows by all species excluding the
ducks. The range at Coomallo Creek between 1972 and 1976 was 38 to
53 per cent and at Mammanning, from 1971 to 1976, it was 23 to 53
per cent. The annual average ococupancy at Coomallo Creek during the

study was 45 per cent and at Manmanning, 41 per cent.

Galahs were the most important of the species that used hollows
of a size suitable for White-tailed Black Cockatoos, but they
appeared to prefer hollows with smaller entrances than thosa nor-
mally oeed by black cockatoos. BAs a result, there was not a great

overlap in hollow usage between the two species,

5.1.8 Eest hollow epacing. In one diecrete patch of

woodland there wera eleven hollows that had been used by cockatoos
zome time in the previcus seasons. In order to see if the provision
ocf more hollows would lead to increased usage of the area an extra
eleven hollows were created. This was done by cutting doors into
the sides of trees that appeared to have suitably sized entrances
but were blocked with decaved heartwood. This decayved matter was
removed wia the access door and a3 hollow created. The access door
was then blocked up. Four of these hollows were subseguently used:
two by White-tailed Black Cockatoos, and two by other specins.

Thera was no increase in the number of Black Cockatoo nests-in the
area in the four breeding seasons following. It would appear that
the birds do not nest in groups but may space themselwves out through
the available area. The provizion of more hollows, not leading to
more nests in the area seems to indicate that mome other factor was

involved.,
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The distribution of nest hollows uwsed in 1975 is shown for
Coomallo Creek on Figure 24 and Mammanning on Pigure 25, In order
to zee if there was any evidence of spacing out of White-tafled Black
Cockatons nestes in the available area, the distance between nest
tress and the nearest available nest tree to it was calculated using
an aecrial photograph of the area with the nest trees plotted on it.
The resulta of thege caleulations for Coomalla Creek each yvear from
1974 to 1976 are shown on Table 17. There were 143 trees with hollows
available during this period and the mean distance between each nest
tree and its nearest neighbour was 100 metres., For each breeding
season from 1974 to 1976 the distance between each nest tree used in
that season and ita nearest used neighbour was caiculated from the
aerial photograph. The mean distance between nest trees that were
actually used and their neoarest neighbour was 174 metres for the three

S8a 5000

A further breakdown was done and the distance betwsen a hollow

that was laid in during & particular week and any others also laid in
during that period together with hollows that were first used the
previous week was calculated. This was done for each week of the

layving season. The reasoning behind this caléulation and the over=
lap of periods was that a female prospecting for a nest hollow may be
influenced by ancther female who is also prospecting or praparing a hol-
low [see s=ection ©.7:2.1). Once a female iz imoubating she remains In the
hollow continuously except for 20 to 30 minutes each day and during this
period she is with the male being fed. At this stage she is unlikely to
affect any other birds proepecting for hollows. The resulta of theee

caleulations for the three seasons gave a mean distance between hollows
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of 800 metres. & d-test was carried owk to compare the mean dis-
tance between nearest neighbours over the entire season with the mean
distance bhetween nearest nelghbours commenced in a particular time.
There was a significant difference between the means: d = 11.4 with

2 degrees of freedom 0.001 = P,

5.2 Laying seasons. The laying eeason is taken as the

period owver which eggs are laid. The laying date for the first egg
from each nest is used in all calculations and these dates arse

grouped into weeks, week ong being 1=-7 July.

L | Laying geasons for study areas. The laying dates

for the first egg in sach nest at Coemallo Creek and Manmanning for
sach year from 1970 to 1976 are shown in Figures 26 and 27. These
are subdivided to show the number of eggs that successfully gave

rige to young that left the nest and those that did not.

At both Coomallo Creek and Mammanning the laving seasons were
regular. A&t Coomallo Creek the awverage start of laving was during
week four and varied two weeks eitheyr side of that (Figure 26).
Manmanning laying started on average during week eight and warisd two

woeks either sida (Figure 27).

The laying seasons appear to be regular both in start and finish

and there was no apparent trend dus to any one climatic influence,

5.2.2 Laying geasons of individual females, The laying

dates of the first egy for individual females in relation to the start
of laying each season for 12 Coomallo Creek females and 10 Manmarming

femples were examined. HNone of the: females in sither area appearsd to
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be consistent ower the different years in the time she layed after
the start of the season oy in order of laying as far as other females

wors conceriad.

5.3 JMeights of breeding adults, During 1970 and 1971 the

woights of all the breeding adulta handled at Coomallo Cresk and
Manmanning were noted. The mesn adult weights and ranges for 22
famales and eight males at Coomallo Creek, and 15 females and 10 males
at Manmanning are shown on Table 1B. &leo on this table are the mean
adult weights of 8 sample collested throughout the range of the
¥White=tailed Black Cockatoo (Saunders 1974c) and these are glven as a

population estimate.

The weights of males from Coomalle-Creek and both sexes from
Mapmanning did not differ from the population =sample but females from
Coonalle Creek were significantly heavier than the population estimate.

{Table 1E}.

The sample of birds used in the population estimzste (96 females;
90 males) was collected during the peried January through to August in
areéas where groups of birds congrégate outside the breading seapan.
It in probable that females increase in weight prior to breeding.
The Coomallo Creek sample indicates that females are heavier than
average in the sarly part of the breeding attempt but the Manmannaing

females have remained the same weight into the breeding scason.

5.4 Eggs.

5.4.1 Description. White-tailed Black Cockatoo eggs are
creamy-white and oval with ¢dme end slightly more pointed than the

other {(Figure 38).
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S.d.2 Clutch siZe. From obscrvations made on 526

clutches, the maximum number of egge im a clutch is two.

The clutch sizes for Coomallo Creek and Manmanning from 1970
to 1976 are shown in Table 19. Thers were no significant differences
between years at Manmanning but there were significant differences
between years at Coomallo Creek whore there were more two-ogg clutches

in 1970 than 19273 which had the least.

Cver all years there were significant differences betwesn

Coomallo and Manmanning with Coomallo having more two-egg clutches.

The clutch gizes for Tarwenga and Mocrhaming for 1970 are shown

in Table 20.

5:4.3 Measurements. The mean lengths, widths and ranges

of measurements for eggs of single and two-egg clutches are shown in
Table 21. An analysis of variance was carried out to determine any

dif ference hetween egg lengths and widths from the different study
areas. There was no significant difference in widths of eggs from any
category or between lengths of eggs from different areas in the same
categories, There was no significant difference in lengths betwessn

the larger eggs of two-egg clutches and the egges of single egg clutches,
vet these two categoriea were zsignificantly longer than the smaller

eggs of two—egg clutches {t-test; 0.001 > P).

G.d4.4 Eqgahell thickness. Seven or eight freshly hatched

eggs from each area were measured to see if there were any differences
in thickness of the shell betwesn areas. Each egg was measured in ten

different places. There were no significant differences in eggshell
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thickness between areas and the mean eggshell thickness for the

29 egge was 0,38 mm.

5.4.5 Pesticide lewvels. Thirteen fully incubated eggs

were examined by the Western Australian Government Chemical Leboratories
for the presence of BHC and DOT or itz metabolites. &1l eggs had only

negligible amounts of pesticide present in them (Table 22).

5.4.6 Interval between laying of first and second egg.

The intervals between the laying of the first and second egy in two-
#gy clutches are known for 60 clutches. The mean interval is eight
daye and the second egg may be laid any time from one to l& davs after

the first.

Hormally the second nestling dies within 48 hours ¢f hatching
But in eight oot of 526 nests obeerved (i.e. L.5%) both nestlings were
ralsed and subsequently fledged, The intervals between the eggs in

thase eight cases ranged from 1 to 12 days,

5.4.7 Inmcubation. The female zits continucusly after the
laying of the first egg. During this pericd, and for an unkoown period
after, she has a patch on her abdomen which is devoid of feathers.

The females do all the incubating and & male has never been seen

entering or Iesaving a nest hoellow while its mate was incubating.

The incubation periods were accurately recorded for four nests
and there were two instances of 2B days and two of 29 davs. Because
neste were not vigited every day, the incuobation periods have been
calculated on the maximum and minimm possible incubation time for
each of 57 nests and these times are shown in Figure 22 and support the

definition of the incubation period as 2B-29 days.
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The fact that incubation is carried out constantly by one
individual with about 30 to 40 minites per day off the nest while

ghe ig fed, would account for the regular incubation period.

Limited data available on incubation times for the second egg
indicate that it is the sams pericd as the first., Onee the first
egg hes hatched, the female continnes to incuabate the second egg gind
to brood the young nestling for at least 14 days. During thiz period
her dally routine iz the same as it was during incubatlon as she is

etill dependent on the male for food.

5.4.8 Hatching success. The hatching success [number of

nesting attempts where eggs hatched) for both one and two-egg clutches
for the years 1970 to 1976 is shown for Cocmallo Cresk and Mammanning
in Table 3. There wore no significant differences in hatching
success between the years at either area and over all the years there

were no differences between the two aresas.

Overall in both areas, in 71 .per cent of two-egg clutches both
eggs hatched, whereas only 56 per cent of one-egg clutches hatched.
The comparisons betwean hatching success of one-agg and two-egg
elutchas are shown in Table 34, TIn both areas there wers significant
differences between one-egg and two-egg clutches with two-egg clutches

being more successful.

5.4.9 Fledging success. The fledging success [(number of
woung fledged from nests where eggs hatched) for the years 1970 to
1976 is shown for Coomallo Creek and Manmanning in Table 25. There
were no significant differences between years at either area for one-
egg clutches and for two-egg clutchezs thers were no significant gif-
ferences batween years at Mammanning but there were significant

differences bétween years at Coomalls Creek.
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There was a significant difference in fledging success for
both ocne apd two-eqgg- ciutchos over all years between Manmannlng

and Coomallo Creek.

The comparisons between breeding success (number of nesting
attampts that fledged young) of one-egg and btwo-egg clutches are
ghown in Table 26. In both areas egge in two—-egg clutches were more
suceessful than those in one—egyg clutches. These data were analyesed
further to examine the fledoing success of these clutches which
hatched at least one egg. Within each area thers were no significant
differences in fledging success between eggs of one-egg and two-egg
clutches (those that hatched at least one egg). There were, however,

significant differences between arsas.

Within the study areas the difference in breeding success bet-
ween ohe-sgg &nd two-egg clutches iz due to the difference in hatching
guccess and not to any differences arising betwean hatching and
fledging. BEetween the two study areas, however, the difference im
bresding success of both sized clutches was due to events coocurring
betwesn hatching and fledging, with birds at Mammanning being at SOmE

disadvantage compared with hirds from Coomallo Creek.

A5 a result of btwo-egg clutches having a higher bresding success
than one-egg clutches, there is a tendency for an increase. in clutch
gize bo be accompanied by an increass in nesting success expressed
as a percentage of total nests ind the area that fleadged young., This
relationship is shown in Figure 30 and this alsoc shows that birds at
Manmanning are &t a disadvantage compared with those at Coomallo Creek.

Those years at Mapmanning with highest breeding success do not egoal the
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worst years at Coomallo Cresk. Im 1970, 47 per cent of nests at

Tarwonga fledged young, while &1 per cent did so at Moornaming.

5.4.10 Egg failures., Eggs fall for several reasons
but these can be divided Into twe main categories: defects within

the egg, or as a result of .accidental loss.

5.4.10.1 Possible defects within the egg. WO eggo were

Examingd to check fallures a% a result of this so there are no data
availahle. In two-eogg clutches where one of the esggs failed to hatch,
it was sometimes pushed over to one side of the nest, trampled into

the nest fioor or broken.

5.4.10.2 Accidental loss of egogs.

{1} Desertion. Fomales will readily desert if handled or
frightened during inctbhatiocn, The female iz dependent on the male
for food during this time and if he dles or disappears she will desert.
During incubation at Coomallo Creek the females were always in the
nest hollow or in the very near vicinity. At Manmarming incubating
females were ssen out foraging by themselves or with their mates.

Two incubating females were taken by Wedge-tailed Eagles (Aguila audax)

whilé out foraging; and such foraging leaves the eqogs ungoarded

against predators or other hole-neating birds.

{ii) Other hole-nesters., There is some inter-species aggression

agspciated with the selection and preparation of a nest hollow and
some instances of egg failure are attributable o the activities of
cther hole-nesters. The Galah mailntaing interest in its nest hollow

throughout the vear (Rowley, pers. comm.} whereas the White-tailed



1)

Black Cockatoo is interested only during the bresding season.
Hollews which hawve been Galah nests in previoua seasons may be used
by & White-tailed Black Cockatoo. In some cages the White-tailed
Black Cockatoo chewed up the leaf linifig prepared by the Galah
prior to laying her clutch. In at least two of these cases, the
White-tailed Black Cockatoo eggs were broken and the hollow

subseguently used by a Galalh ([(Figure 31).

{1ii) Breakage by females. Several egge appeared to have depres-

ged fractures in them that looked s if they had been caused by the
claws of a female that hurried oukt of the hollow when startled while

incubating.

{iv) Predators of eggs. The goanna (Varanus tristus) was seen

climbing into hollows on two different occasions.

During one hide watch at Coomallo Creek, a goanna wWas soeeh
olimbing up & tree which had a wWhite-tailed Black Cockatoo fomale
incubating in it. As the goanna approached the hollow entrance, the
female came up and sat staring out of the hollow entrance, The
guannsg turned and ran down the tree immediately, then ran along the
ground and up another hollow tree. #®e it ran up the triunk, several
Galahs saw it and flew arcund it making a threatening noise. The
goanna scurried into a hollow in the tree and periodically pesred out
of the hollow. The Galahs stayed nearby and threatensd it sach time
it appeared. It did not loave the hollow until the Galahs had flown
off. From the reaction of the Galahs, it would appear that the doanna
is a predator of egos and young. Pilanka (1971) cobserved a similar
incident and stated that large tree climbing lizards are a potént

threat to hole nesting parcots.



Figure 31la Broken egq with dropped in sprays of leaves

Figure 3lb Base broken off egg and contents removed



Figure 3lc. Two small nestlings with remains of noermally
hatched eggs nearby.
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On another occasion at Coomallo Creek, a goanna was Séen
‘entering a small hollow which contained a Port Lincoln Parrot's
Aest. Thers was much sguawking from inside and then silence. The

hollow could pot ke inspected, unfortunately, to see the damage.

In other areas, possume (Trichosurus sp.) may also be potential
predators of eggs. At Moornaming two nests were found with broken

eggs and in both, possums were sheltering in the hollow,

The accidental loss of an egg usually affects the whole clutch

and results in the failure of that nesting attempt.

5.4.11 Eepeat laving. There was only one known re-laying

at Manmamning and nine at Coomallp Creek, All of these instances
involved tagged individoals and there were probably other attempts

that could not be yverified.

AN attempt at re-=laying was alwaye carried out in ancther nest
hollow but usually in one close by, ©Of the ten documented cages, only
threse were puccessful in fledging young. In each of the instances,
the first nest had failed during incubation or wvery socn after

hatching.

The pericd between failure and the subssguent attempt at re-=laying
was arcund 20 days {20, 19, 22, 21, 15=23Z, 14-21). One bird made a
total of three nesting attempts in one breeding season. The first
two failed when the small nestlings died for some resason and she

succesafully fledged a young after the third attempt.

There were no known cases of re=laying attempts made by females

who falled after they ceased brooding their nestling continuously.
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5.4.12 Hreeding success in relaticn to laying date. At

Coomallo’ Creek, eggs that give rise to young that leave the nesk

are laid throughout the laying season {Pigure 26) whereas at
Marmanning there is & tendency for eggs that are 1aid late in the
geason to be unsuccessful (Figure 27)}. As there {s no difference in
hatohing success between elutches at either ared then this tendency
st Manmanning must be due to some factor acting on the population

in -such ‘a way that it results in more failures amongst nestlings

from late eggs-

The breeding data at Coomallo Creek have been examined to
gee if there is & reduction in clutch sige late in the laying
season and to see if wirds nesting early in the season 8fe more
cupcesasful. There wWere texn Fow data at Manmanning to exemine. The
laying  season has been divided into four-weekly laying periods {1.e.
pariod A consists ol the first four weeks after laying starts) and
the clutch size and fledging success within the laying seasons 1970

tp 1976 have been calenlated and shown on mable 27.

in all years except 1976 there is a trend of decreasing clutch
size as the season Progresses and in most years there is a trend
of decreaging breeding success as the season Progresses. in those
yoars whare there wers pairs who fledgad both young from the nest,

these usually teok place in the first half of the season.

5.5 Daily routine. The daily routine of nesting pairs from
laving of eggs to departure of young from the nest was determined from
hide cbservations and from casual ohservations made during the

eollection of nast data.



TaBLE 27

Fledging of Coomallo Creek young

in relation to laving dates,

s Laying Ho. of Clutch Ho.
pericd T nests gize Fledged/pair
1971 &4 1.B7 0.78
3z 1.75 0.50
1972 AW 29 1.86 0.7
B 20 1.75 0.85
1973 A i3 1.73 0.55
B 19 L B0 d.63
1974 el 12 i 51 1.08
= a3 1.83 O.B2
20 1.50 0.e0
1975 *® 32 1.B8 0.549
L 21 1.B1 0.71
21 1.EB1 .57
1976 B T 5T 0.8z
* 32 1.E8 0.81
14 1.B6 0.71
{ Pericd & first 4 weeks after laving starts.
E Feriod B next 4 weeks.
{ Period C romainder of laving period.

Denotes 2 nestlings fledged from one nest in this

period.
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The daily routine of females at six nests over two yeare at
Coomallo Creek is represented graphically in Figure 32. During
incubation the female remaing in the hollow except when the male
returns at mid-morning-and dusk to feed her. She may also spend a
brief pericd with him at dawn. The longest period spent cutside
tha bollow at this stage by any of the féemales was Just under one
hour made up of 11 minutes mid-morning and 42 minutes at dusk,
This pattern continued after hatching until the nestling was about

10 days old.

After thie the female would leave with the male at dawn and 4o
out feeding with the flock, returning at mid-morming and spending
the remainder of the time in the hollow. The period that the female
was absent from the hollow gradually increased until the nestling
was between three and four weeks old and from then on, the female
spent all day feeding with the male, returning at mid-morning and
dusk to feed the nestling. She still breoocded the nestling from dusk

to dawn.

It was during this period that the males were first seen entering
the hollows and feeding the nestlings. Some males did not fesd
the nestling directly but fed the female after she had fed the nest-
ling and she went back into the hollow and £ed the nestling again.
Thers was considerable individual wariation between males; some never

fed their mestlings, soms fed irregularly, and some fed reqularly.

From three to four weeks until eight to nine weeks, this pattern
continued with females brooding only at night. From sight to pine

weeks until fledging, the females ceased brooding at night and entered
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the hollow only to feed the nestling at mid-morning and at dusk.
The total time spent in the hollow at this istage was less than 20

minutes,

The daily routine of twe nests at Manmanning during 1972 is
ghown on Figure 32. Although both of these nests failed, casual
obeervations throughout the pericd of the study revealed that this

routine was guite typical of nests at Manmanning.

By the time the nmestlings at Manmanning were 10 days old, the
females wore leaving at dawn and apart from the mid-morning feed,
not returning until dusk. The birds at Coomalle Creek wvery seldom
falled to return at mid-morning to feed the nestlings but at
Manmanning the birds very often did not return at this time. Often
males at Manmanning failed to return mid-morning while their females

ware incubating.

As the nestlings at Manmanning got older, it was usual for the

birds to leave at dawn and return only at dusk to feed the nestlings.

The males at Manmanning began to feed the nestlinga as soon as
the females ceased brooding during the day which was at about 10 days.

In this area, at all the neste watched; males did not fail to feed

the nestlings dirsckly.

In both areas, once the nestlings left the hollow, the family

did not return to the area of the hoellow.
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5.6 Hastlings.

5.6.1  Bestling pericd. This term iz taken to cover the

pericd from hatching until the nestling leaves the nest hollow and

flies off with its parents (fledges),

The descriptive changes in nestlings between hatching and
fledyging are shown in Figures 33a-33f. Table 28 presents data on

the nestling period and shows it to occcur between 72 and BO days after

hatching.

BG.2 Growkh.

L e Introduction., Five different measurements

made on nestlings each time they were handled were selected for

analysis:=

{a) Length of culmen.

ib) Length of left tarsus.
{a] Length of tail.

{d) Weight.

(&) Length of folded left wing,.

All five were measured for 1970 and 1971 and thereafter only
the last two were measured. It was found that nestling weight gave
a reasopable indlceation of an individual's prospects for fledging and
that length of the folded left wing gave an accurate method for aging

nestlinga.

There were encough data from Coomallo Creek and Manmanning for

weight and length of folded wing comparisons between years, within



Figure 33a. 0-1 week. WNestling hatches covered with pale
vellow down, i3 blind and helpless with a
prominent egg tooth.

Figure 33b. 1-2 weeks. Eyes sti1ll cleosed, egg tooth present
and if touched nestling will beg immediately.
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FPigure 33c. 2-3 weeks. Eyves open and feathers burat through
the =zkin in all tracts. Mestling appears greyish
because of feather sheaths under the down.

Figure 33d. 3—4 weeks. Maxilla may develop grey stripes. [own
feathers are lost progressively as feathers burst
out of sheaths, Tail emerges and cheek patch appears,



Figure 33s. 5=6 weeka. Well covered with black feathers. May
be some tufts of down or some feathers. Cheek patch
Well defined and white tail "window"™ begins to appear.

33f. 7-8 weeks. White window on tail is now clearly wisible,



TABLE 28

Nestling period (days) based on nest visits to 197 nests.

pata from Coomallo Creek and Manmanning.

Hestling period Minimum period Maximum period
{daya) (Me. of clutches) (Mo, of clutches)

TO 12
71 17
T2 12 1 %
T3 1& 3
T4 23 d
75 14 i
TE 1z 1B
T3 5 12
T8 i 12
To 3 11
ap 2 1ia
a1 1 14
a8 16
83 1 12
a4 L 10
BS
B& 1
BT
B
B89 T4
a0

*  Shortest maximum pestling period

¥ Longest minimum neetling period

Bccurately known nestling periods: at T2 days
at 75 days
at To days
at 79 days

at 80 davs

L T
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aress and between areas, both overall and within years. As some
nestlings were only measured once and others measured up to nine
times before leaving the nest, it has not been possible to fit
growth curves to each individual nagtling, so¢ the data have been
pooled to allow growth curves to be ponstructed and comparisons to

be mads.

Growth curves have been fitted using methods set out by Ricklefs
{1967, 1968) and in each case it was found that the bast £it for

the data was the logistie curve which has the form:-

Weight (or length of folded left wingl= a

where 'a' is the asympotote of the curve (and in both cases this
was given the value of the mean adult welght or mean adult length
of folded left wing, for nestling weight and nestling folded left
wing respectively); 'k' is a copnstant which is proportional to the

overall growth rate, and 't' is time.

Ricklefs (1967) set ocut methods and conversion factors which
allow a straight line conversion of the logistic equation to be con-
structed, The slope of the straight line is directly proportional
k6 the rate constant of the logistic equation (and, therefore, to the

growth ratel.

Eicklefs states that *The selection of these equations does not
imply that they have any biclogical gignificance, or that they are
realistic models of the growth process, but merely that they are well-
suited for comparative descriptive purposes and have bean found to

approximate the growth curves of many kinds of organisms'. FProvided
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that the curves are found to be reasconable approximations it is pos-
sible to compare growth rates for different seasons or areas by
comparing the slopes of the straight line conversions and testing

them statistically with a '"t-test'.

Usually the age of a nestling could be determined to within two
or three days but because nest hollows were not inspected daily and
the hatching dates not known with certainty, the nestlings were
divided into age groups of 0-1, 1-2, 2-3, .... weeks which comprise
nestlings with -an age of D=7, B=14, 15-21, ..... days respectively.
For the purposes of plotting graphs ¢ach age group was given a plot-
ting day and this coincided with the middle of the age group; 0-1

wieeks was plotted at four days, 1-2 weeks plotted at 11 days, etc.

5.6.2.2 Length of culmen. Therse were only

small numbers of nestlings &t Manmanning so only the measurements of
Coomalle: Creek nestlings for 1970 and 1971 were pooled and used in

this analysis and the analyses of tail and tarsus.

The mean, ranges and standard deviation of culmen length for
each age group are given in Table 29. There is a steady increase in
culmen length from about 45 per cent of adult length at two to three
weeks until fledging at 10=11 weeks when it iz about 20 per cent of adult
length. Mestling culmen length plotted as a percentage of adult

length iz ghown in Figure 34,

3.6.2.3 Length of tail. The data for length of

tail are shown on Table 30 and there is a steady increase from its

firat appearance at two to three weeks to BS per cent of adult length
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by fledging. Tail length plotted as a percentage of adult length

is shown on Figure 3d.

5.6.2.4 Length of tarsus. The data for length

of tarsus shows that it increases very rapidly (Table 31) wntil four
to five weeks when it reacheés adult length and the chick is able to
stand properly. It is possible to band White=tailed Black Cockatoo

nestlings any time from four weeks old.

Tarsus length plotted as a percentage of adult length is shown

on Figure 34,

5.6.2.5 ¥estling WEiEht.

(1} HManmanning. The data for nestling weight for 3B nestlings
from Manmanning (1970 to 1976) are poocled and showsn on Table 32 and
Figure 35. The mean, ranges and standard deviation for each age
group are shown, as is the coefficient of variaticn (V) which is 100
* the standard deviation divided by the mean. This was used by
Visger (1974) as a good absolute measure for the variation within a

single age group.

The coefficient of wariaticn for nestling weight at Manmanning
was high and precluded the use of the legistic curve for the area

from 1970 to 1976 so that comparisons could mot be made betwaen years.

Hestling weight at Manmanning rose to a peak of B2 per cent of
adult weight by eight to nine weeks and dropped back to T4-B0 per cent

at fledging.

{ii) Coomalle Creek. The data for nestling weights of 335 nest-




"BOUBINIITR JUCITITUBTS o

TEUO JBMOT Ueyl s5a7 ATIUEDTITUBTS entea dop g
66 0°0F - 9°8¢ T £°6% 5 2T - 11
001 E*THF — 9°8BE 1 " S 6E BZ T = 01
&6 ¥ T ~ 0°LE 1 " Z°6E id3 0T - 6
&6 £°0F - 0°9E T i T 6E FE 6 -8
66 ETElr - G LE T "3 T1°6C LE 8- L
&6 5°0F = E£°SE L " 1°6E £ L =9
L6 a*ar - 0°9€E I " 5 8E LE 9 =5
€6 E'6E = O°FE s v 6°0E 81 § =%
vE 0°"9E - 0"0¢ z . TI°EE 51 ¥ - £
EL 0°6E I £=g
Z-=-T
(umr 9*gE) (=) (x) fu) {Exaamn)
EMEIET abu=yg UDTIETASR {ung) giEusT o] daes aby
IThpR Jo % paEpUEls ENSIEY URDH uT "ON
B S8 Uesy

y3buaT snsgel ¢

(TLADLET) Yoexs opTemooD

TE TFIEWT



BE = ShurTassd Jo gsgqumy

kL 209 QER 1T ES BEk 5 &1 = TI
0B 059 = 09E ET L9 LES FE L= gl
Z8 e dEE LI il =3 aFs £C OT. = 6
A= doL OBE a1 LB TS e &=
BL OTL OSE 6T = 153 o1 LE Bi=-L
i 099 ODE al 96 BOS EE R
' OTI9 - DBE 0z =] SLY ke g
ba 1 4 OLE 6T 18 Q& 1€ R
05 ook agz g FL cEE FT F =%
13 QTE = QBT LT BE OEL & E =2
1E QLT aTtT oFT Q E=1
(B 859) ta) (=) (%) () (SHPON)
ybram abueg (%) UOTIRTIVA UGT3ETASD {B) subtan ueay ardaes whby
IThpE 30 JUSTOTFISOD PIEQUELS uy Con
o %
= U3

Jbras burTisay

El " A



TUEaW IO SPIS ISYITe UOTIETARD DARpUR3S 81 3Tbusjosx Iabuwa
sjuassadal sUTT TP273T3p ' (9L6T-046T) Iybrem Burriseu Butuwewuey g sInbig

_“-..n_u_uv afy
n__m _u__h _“_Fm _...___.n_ ow oE oe QL a
1 i L i
+ = 00l
= 002
(2= 50-0) sussiw usSm|Bg BIUSI|IIP JUBRBLHEE W
(9261 = D261 weR2 BEE g0y Udjem vEel @ P
FO0E F
b z
i &=
- por 3
”ll __._ = *
il H
1 _ _ | i oos
L] i ._Iw
[ ] ] _ _
| T
_r__ ! - 008
_ L ool
EIMINNYR YN




68

Tings frém Coomallo Creek from 1970 o 1976 is ghown on Table 33 and
Plotted on Figure 36, Hestling weight increases to 95 per cent of
adult weight at seven to elght weeks and drops back to 86-89 per

cent at fledging. The coefficient of varlation decreases from guite
high at 25 per .cent at one to twe weeks to only & per cent at fledging.
The pattern in individuals measured from hatching to fledging was of
an increase in weight to a maximum around 50 to 60 days after which
the weight dropped off; this meant that the logistic curve, where it
could be fitted, would only hold until the weight reached a peak.

For this reason it was only applied to the data up to 55 days and was

found to be significant (0.001 > P). The [ltted curve iz shown on Figure 36.

The age of 21 nestlings was accurately known and the weights for
these individuals are shown on Figure 37. A logistie eguation was fit-
ted and found to ke slgniflicant (0.001 > P) and it is plotted on the fig-
ure as are the méan weights for each age group for the area from 1970 ko 1976.
The growth curves for the known aged nestlings and all nestlings in age
groups were converted to logistic factors. There was no significant
difference in the regression coefficients, therefore, no significant
difference in growth rates for the two curves. From this it appears
that the progess of grouping nestlings whose ages are not accurately

Enown was walid.,

(iii}y Comparison between Coomallo Creek and Manmanning. The

comparison between nestling weights for different age groups at
Coomallo Creek and Manmanning is shown on Table 34. By the time they
were thrae to four weeks old Coomallo Creek nestlings were significant-

ly heavier than Manmanning nestlings and remained so wntil fledging.
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Coomalles Creek nestlings reached a peak weight of about 630
grams by seven to eight weeks whereas Manmanning nestlings peaked -
at only 540 grams-a week later; l.e. 14 per cent lighter by 16 per

cent later.

{iv) Coomallo Creek comparison between years. The data for

nestling weight for age groups each year 1970 to 1976 are shown on
Table 35, pData for 1975 and 1976 are limited as each nestling was
measured only once Iin 1975 and twice in 1976 whereas in other years
they were mtasured each timé the nest hollow was inspacted, The
data for each year from Table 35 were used to calculate logistic

curves for sach year and each of these was found to be significant

(0.001 » P in each case). The converted growth curves for each year
are shown on Figure 38 and there were no slgnificant differences in

growth rates between any of the years.

(v} Growth rate in relation to time of laying. As mentioned

earlier the laying season at Coomallo Creek was divided up into
four-weekly laying pericds. The converted growth curves for each
period. in 1971, 1972, 1973, 1974 and 1976 were caleulsted and compared.
There were insufficient data in 1970 and 1975 to make this type of
comparieon, In only two of the years examined was there any differ-
ence in growth rates between periods. In 1972 the gqrowth rate in
Period B was significantly (0.001 > P} less than Period A, and in 1973
Period ¢ was significantly (0.002 > P > 0,001} less than the sarlier
two periods. The converted growth ocurves for hatching periods in 1972

and 1971 are shown on Figures 39 and 40,
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Converted growth curves for

nestling welght each season 1970-1976.
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{vi} Mammanning individual nestling weights. There were 59

nestlings measured over tho seven yeare -at Manmanning. Thé growth
curves for each individuoal have been examined and the growth curves
for all nestlings for whom there were at least three measurements
are shown for 1973 and 1974 on Figures 41 and 42, In each of these
figures the mean measuremants for Coomallo Creek nestlings [1970-
1976) are shown to illustrate the difference between the nestlings
of the two areas. The years illustrated were included as they show
the range of weights characteristic of the other years not 1llustrated.
Of all seven years, in only three of them, i.e. 1971, 1973 and 1974,
did any nestling have a weight growth curve that was similar to thao
pnormal Coomalle Creek curve. In 1971 there were four individuals
that did so and in the other twe years only one individual. Thess
individuals were all among the first laid in their particular year.
The remzining 92 per cent of nestlings at Hanmanning had weight

growth curves that were less than the noxrmal ourwve for Coomallo Creek.

5.6.2.6 Length af folded left wing.

(i) Coomslle Creek. The dats for length of folded left wing

for nestlings at Coomallo Creek 1970 to 1976 are shown oh Table 36 and
plotted an Figure 43, together with the fitted logistic growth curve
(significance 0.001 > P). 1In. thia case the logistic curve fits the

data throughout the nestling period,

The length of folded left wing of 21 known age nestlings iz shown
plotted on Figure 44 together with the fitted legistic growth curwve
(gignificence 0.001 = Pj. The means of each age group for the area

1990 to 1976 are also plotted.
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T1

There were no significant differences in growth rate between
known age birds and all nestlings from the area grouped into age
groups. This is indicated by the fact that the growth rate constant
'k' is the same in each case and is 0.072 and again this indicates

that the process of grouping mestlings in this manner was wvalid.

{ii) Manmanning. The data for mean, range and standard devia-
tion of lenogth of folded left wing for age groups at Manmanning during
1970 to 1976 are shown con Table 37, Using Ricklef's (1967) converszion
factors, a converted growth curve was calculated and was a significant
(0.001 > PF) fit to the data. The data from Table 37 together with

the fitted logistioc curve are shown on Figure 45.

{iii) Comparisons between areas. The comparison of the length of

folded wing for Coomallo Cresk and Manmanning is shown on Table 38.
There were ho significant differences between the arsas until the

six to seven week age group when Manmanning nestlings were signifi-
cantly smaller and remained so until fledging. They fledged when 85
per cent of adult length whereas Coomallo Cresk nestlings fledged when
BE per cent. There was also more variability in Manmanning nestlings
and by five to six wesks this wvariability was significantly different

from Coomallo Creek.

Using 1970 measurements for nestlings at Tarwonga and Moornaming,
growth curves were calculated. The converted growth curves for these
areas are shown on Figure 46 with comparative curves for Manmanning
(1970-1976) and Coomallo Creek ([1970=-197&). Manmanning showed a
gignificantly (0.02 > P > 0.01) lower growth rate than the others but

there weére no other significant differences.
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were there enough data to compare nestling growth rates between YEears
at Manmanning. The logistic eguations of the growth curves for each
of these years were calculated and the converted growth curves are
shown in Figure 47, There were no significant differences botween

YEATE.

(v} Coomallo Creek comparison betwsen years, The logistic
eqguations of the growth curves for the years 1970 to 1976 were
calculated and the converted growth corves are shown in Figqure 48
The years 1970 and 1972 had the lowsst growth rates and they differ

slgnificantly from all the rest (0.0l > P > ,002).

(vi) Coomallo Creek growth in relation to time of laying. The

converted growth curves for sach period im 1971, 1972, 1973, 1974 and
1976 were caloulated and compared. There wers insufficient data
available for 1970 and 1975. There were no significant differences

in growth rates between periods in any year except for 1972 when Period
B had a significantly lower growth rate than Pericd A (0.001 > PB).

The converted growbth curves for the two periods in 1972 are shown on

Figurs 49.

(wvii} Manmanning individual nestling growth curves. The growth

curves for individual nestlings at Manmanning in 1973 are pletted to-
gether with the overall growth curve for Coomallo Creek on Figure 50.
This figure illustrates the wide spread of data and that despite the
variability. the form of the individual growth curves is similar to
Coomallo Creek although they have a slower growth rate. This differs

from the effect seen in the individual nestling weight curves for the




-

0-6 <

islic eanversion factors
[=]
i

1970 y= 00 x- 6L
TN R R 19‘?1 }'- D—D‘l?l.-ﬂ-?ll

B -~ 1973 y=0D-0Bx-0 T4
e 1974 yu0-016x-0-781
------------- 1975 y = 0-017 x-0-808

MANMANKNING
o

-0-7 -
L=
5
=0k
= 5
=08 T T T 1 T T T 1
O 10 20 A0 40 50 B0 T BO
Age [Days)
Figure 47. Manmanning., Converted growth curves for length

of folded left wing of nestlings 1970-1975.
There were insufficient data for 1972 and 1976.
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game pestlings {Figore 41) where variation is greater than at Coomallo

Creck as well as the rate being slower.

5.6.2.7 ERelationship between increase in welght

and increase in wing length. WVisser {1974) states that "For all

young birds there is, of course, a relatiocnship between the increase
of body weight and that of wing length, although this relationship
differs from species to species’. This relationship was examined
for the White-tailed Black Cockatoo because it was thought that it
may differ between populations from different areas and sc might

raveal some differences between the areas.

Using those data up to 250 mm wing length (as this is when peak
weight is attained at Coomallo Creek), converted curves were made for
Coomallo Creek im 1973 and Manmanning 1970 to 1976. These converted
curves are plotted on Figure 51 and there was a significant difference
in rate of change in welght with respect to wing length betwesen
Hanmanning and Coomallo Creek with Manmanning having a lower rate

{.001 = B).

F.68.2.8 Twins. The zecond nestling usually dies
within 48 hours of hatching but in eight out of 222 cases at Coomallo
Creek both nestlings were fledged from the nest. The second negtling

hatched from 1-12 days after the first.

There were enough measurements made on three sats of twins at
Coumallo Creek to enable growth curves for weight ‘and length of folded
left wing to be drawn up and these are shown for one set of twins to-
gether with the normal growth curves for the area on Figure 5. In all

three cazes there was very little difference in growth curves for
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length of folded left wing between twins or the normal curve for the
area. This iz also true of weight in two cases but in the third
where there was an age difference of nine davs, the younger one was
considerably lighter than its twin at the same age. It did fledge
at the same weight as its twin (480 gram=] but both were wall below

normal fledging weight (5%0 grams} for the area.

In those cases where there was an age difference of several days
between the twina the older nestling fledged first but the adults
roturned to feed the younger one until it fledged also. In one case,
however, once the older nestling fledged the adults abandoned the

younger one and it starved to death.

There were no cases of twinsg fledging at Manmanning during the

period of the study.

hBed.9 Crowth curves for nestlings of individual

females.

{i} Coomallo Creek. The growth curves of weight and length

of folded left wing for the nestlings of one female from Coomallo
Creek in three succegsive seasons are shown in Flgure 531. This
female is representative of 23 other females for whose nestlings
gimilar curves could be drawn. The growth curves figured show little

difference between the individuals.

tii}) Manmanning. The female from Manmanning whoee nestling's
growth curves are shown in Figure 54 i= selected from a total of
seven females and opce again is representative. Growth curves for

length of folded left wing show some variation from year to year but
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the weight growth curves show & great wariation with vast differences

in fledging weight, ranging from 360 to 580 grams.

5.6.3 Productivity. Productivity or nesting success, expressed

8z a percentage of total nestz [(in which sggs were laid) that fledged young
iz shown for Coomallo Cresk and Mammanning for each yaar 1970=-76 in Table 39,
There were significant differences in success between years at

Cocmallo Creek with 1970 being most successful with 86 per cent of

nests fledging young and 1971 being least successful with 56 per cent.

Based on nesting suocess, several years can be grouped together and

thess groups arei=—

{a) 1970 85 per cemt
(b} 1974, 1976: 71-76 per cent
a3 1971, 1972, 1973, 107hH: E6=61 per cent.

The overall success at Coomallo Cresk was BS per cent.

At Manmanning there was no significant difference in nesting
guccess between years but when grouped into similar years based on
nesting success, there were significant differences 1n success

batween these groups 1122 = 7.04 0.0% > P > 0.,02). The groups are:-

[a) 1471, 197&6: 48-50 per cent
(b} 197g, 1974, 1975: 38=-4Z per cont
ich 1972, 1973 T1-35 per cent.

The data for these groups are shown on Table 39, 'The overall nesting

success was 35 per cent or just over half that at Coomallo Creek.
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In 1970 at Tarwonga, 47% of 15 nests were successful and at

Moornaming, 6l% of 18 nests were successful.

Tarwonga suffered from human predation which lowered its
nesting success but the results otherwise resemble the Coomallo

Creek mnesting success figures.

5.7 Immatures. After leaving the nest hollow the immature
bird remains with its parents until they return to the breeding

arga at the start of the following breeding season.

5.7.1 Development of the colouring of the maxilla and

cheek patch. The colouring of the maxilla of nestlings varies
from the bone colouring of adult females through varying stagea of
grey to the black colouring of adult males. The cheek patch also
varies from large and clear like the adult females down to small
and dirty in colouring like the adult males. There is no size
difference between sexes in adults but colouring is indicative of
sex; the available data on colouring of nestlings and their sub-
sequent changes after fledging were examined to see if nestling

colouring is a reliable indicator of sex.

With this aim in mind, the data for eighteen nestlings that have been
seen several years after they left the nest and whose sex iz now
known, were examined. These comprised eleven females and seven males,
one of which was reared in captivity at Helepna Valley and was five

years old in November 1976.

The captive male had a black bill and a small dirty white cheek

patch as it left the nest hollow, but very scon lost the colouring in
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ita bill and it became bone coloured like the adult females.

During the third year its bill progressively darkened and by the end
of that wear the bird's bill was black and its eye ring was pink.
The bird then resembled an adult male. During this whole period

the cheek patch stayed small in size as in the adult males.

Looking at the colouring of the other six males as nestlings,
&ll had small cheek patches of varying colours graded through dirty
white, white to dirty yellow. The bill ¢olours ranged from bone with

gray stripes through to black.

Immature females have bone bills and large cheek patches and
regamble adult females. Examination of the colouring of the 11
females as nestlings, showed that all had medium or large sized
cheek patches and colouring was white to vellow., Bill colouring

ranged from bone coloured through to grey black.

Using cheek patch size as the criteria for sexing nestlings the
Coomalle Creek nestling data for 1970 to 1974 were examined, These
years had complete measurements and descriptions of nestlings each
time the nest hollows were wisited. The sexes of fledged voung
based on this criteria are shown oo Table 40 and thers was no departure

from a 1l:1 sSox ratio.

L.T.2 hge at firet breeding. By the end of 1976 only

two known age females had bred for the first time. Both were at
Coomallo Creek and ong was four years old when she first bred and had
bred for three seasons by 1976: the firat two times successfully, the
third time unsuccesafully. The other female was five years old when

ghe bred first and she also bred successfully on thiz first ococcasion.



FIE 60T 50T STHLOL

55 1€ ¥z PLET
LY 6T 8E ELBT
&% EE 9% ZLBT
LE 0Z LT TLET
9g a7 ot OLET
T¥30L &6 P

(vL-046T) sBuriiseu psbpeTj jo x5 : Y991l OITEWOGD

OF BTHYL



7B

Both birds had originally fledged from Coomalle Creek but neither

nested In or near the hollow they originally fledged from.

Mo known age males had returned to breed in the study area by

the end of 1978,

5.B Digcussion.

5.8.1 Distribution of nests. Throughout its breeding range,

the White-tailed Black Cockatoo will nest in any eucalypt which has a
hollow of a suitable size. The distribution of large trees alang the
coastal heathland ie such that areas like Coomalle Creek are 'islands
of nest gites' scattered throughout a heathland that ie otherwice
barren of woodland. The nearest patch of tress to Coomallo Creek is
at Mt Leseur, 28 kilometres to the west. The concentration of nesting
birds at Coomallo Creek was different from the nesting distribution
found in continuous woodland. For example, at Tarwonga where the
study area was part of a large tract of State Forest, nests were all
widely separated. It is only in regions where nest sites are restric-
ted to particular areas for various reasons that the nesting birds
appeared to be colonial. Parts of the wheat belt of Western Australia
have nest sites restricted to standing trees around farmbouses or in
uncleared reserves with very little awvailable elsewhsre. In the past

nest sites were probably more uniformly distributed.

On first appearance with only about 40 per cent of available nest
sites being occcupied in any one season, it does nmot seem that the
availability of nest sites could be limiting the population in any
way, but considering those birds that laid at the same time or within

a week of each other the birds were spaced through the breeding aress.
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This was most likely to be as a result of interacticns with other birds
selecting and preparing their nests [(see sectlon 9.7.2.1) and that as a
consequence af thls, areas of timber weres not available bo some birds un=
til the ones preparing their nest hollows in those aress were incubating and
out of the way. Once this has happened, the area is accessible to

other females and they may then nest nearby. TIn extreme cases females

have nested in different hollows in the same tree and in EVEFY Case

the nests are staggered in tims,

At Coomallo Creek, egg-laving takes places over about 12 weeks
and is spread over that pericd without any clearly defined peaka.
This sproad may be as & result of the interaction between females
during nest hellow selection and preparation. As a consequence of
this behaviour, hollow availability may be a limiting factor as
suggested by Haartman (1957). Increasing the number of hollows
within the area would not allow the population to increase unless
there were no hollows to s&tart with or there was an increase in the
length of the breeding season. The fact that the breeding season
etarts and finishes at about the same time each year Indicates that
it is probably at its limit now, so the only way to increase the
population would ke to increase the total area over which hollows
are available. This would be true only if food was not limiting the

population.

5.8.2 Laving season. The laying season haz besn

taken as the perlod of egg=-laying and Moreau (1964) atates that most
birds lay eggs during only a few wecks and months of the year in any
given locality and that this period is striectly determined by natural

selection. He further states that in nearly all environments for any
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given species of bird, .one part of the year is more favourshle than

the rest of the year.

Two sets of factors opeérate on birds and through natural selec-
tion, determine the breeding seascn: ‘the ultimate factors', good
neegt sites, ete, and the '"proximate factors' which function as signals
telling of the approach of a suitabhle season. These factors dare the
changes in the birds environment which affect the physiclogical

changes within the bird to stimulate or retard breeding.

There hawve been a number of reviews on laying seascoms and

the facters that influence them (Marshall, 1961; Lofts and Murton,

1968; Perrins, 1970} Marshall (loc. cit.) states "no single overall factor
(such as day length) is responsible for the timing of avian egg-laying.

The laying season is kept in step with the sun essentially by the

external factors that influence the female exteroceptor organs and

ultimately permit nidification and ovulation on the habitual breeding

ground.,

In the south-west of Western Australia, the climate is regqular
with a well defined wet peried in the middle of the calendar year
which coincides with the coldest period and alse the pericd of
minisum day length. This reqularity of climate is reflected in the
reqularity of the laving season of the White-tailed Black Cockatoo.
At both Coomallo Creek and Manmsnning, laying commenced only two
weeks either gide of a mean date although Manmanning birds started

on average a month after Coomallo Creek birds.

Coomallo Cresk birds tended to be local in their movements during

the non-breeding season and were usually found within 50 kilometres
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of their breeding area, whereas Manmanning birds moved and spent

their non-breeding season nearly 200 kilometres away on the coastnerth
of Perth (see section 7).  Hoth populations were, therefore; subjected to
similar elimatic influences and the sort of factors that operate

on the birds induce movement to the breeding areas-at about the samse
time. Manmanning birds have further to go to return to their area

and this may be partly the reasan for the difference in starting dates.

In addition it appears likely that females increased in weight
either pricr to egg-laying or during incubation as shown by Cocmallo
Creck females who were four per cent heavier than females collected
outeide the breeding areas. This increase was most likely to take
place between the time the birde were returning to the breeding areas
and the time eggs were laid, at which time the female was completely
dependent on the male. Perrins (1970) suggests that hirds lay when
food has become sufficiently abundant for each femals to find enough
food to lay without risk to itself. The limited data on Manmanning
fomales indicates that they do not differ from the non-breeding popula=
tion porm because they have either not increased in weight or because

they have lost what increase they gained.

At Manmanning the modification te daily routine when zome females
who are incubating go out and forage, together with reduced nestling
growth rates, indicates that the Manmanning areas may be short of
cockatoo food. This limitation may affect the start of the laving
geason as It may take longer for the females toestablish thedr energy

reserves than it doga for Coomallo Cresk birds.

Cne of the advantages of breeding after the coldest and wettest

period of the year is that foraging time increases as day length
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increases and potentially nearly all of the day except for commuting
time iz awailable to the male to forage during the period when his
commitment is greatest i.e. feeding a female who is incubating or
brooding & nestling. If food is limited, then this foraging time is
important and it is advantageous to have as much useful time as
possible. As the weather gets warmer, the birds do not forage in

the hottest period of the day and at this time both parents are
foraging so the task of feeding the nestling is borne by both. During
the wvery hot part of the breeding season in late Hovember and into
December, the birds are often only able to forage in the early morning
and late evening, the remsinder of the time being spent sitting in

shade trying to keep cool.

o 5 3 | Cluteh size. Lack (1954) considered that the
clutch size of each species of bird under the influenecs of natural
selection has been adapted to correspond with the largest number of
young for which parents can, on average, provide enough food. He
subsegquently showed (Lack 1968} that nearly all offshore feeding seabirds
have clutches of one, whereas nearly all of the inshore feeders have
clutches of two or three eggs. He suggested that the offshore feeders
have a less reliable food supply and that in response they raise
smaller broods and have evolved smaller clutches than the inshore

feeders,

Although the White-tailed Black Cockatoo normally lays two eggs,
the second nestling usuwally dies within 48 hours of hatching and at
Coomallo Creek the second nestling survived more than three days in
only eleven ocut of 400 nests {i.e. 2.7%). There {5 a similar situation

in White Boobies (Sula dactylatra) and Brown Boobies (5. leucogaster)
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reported by Dorward (1962) where more than one chick is very rarely
raigsed from the two eggs. Dorward suggests that in these specles
the chick was ejected from the nest, not by the adults, but by the
efforts of the larger c<hick. He thought that the larger one could
hold up its head and push with itas feet while the younger one could
not and it forced the younger one out of the way and so got most
of the food. HNelson (1967) discussing the White Booby regards this
aa eibling murder and describes how a six day old chick attacked
its newly hatched companion and maintains that such attacks are

undoubtedly respensible for the death of the smaller birds.

The normal response in very small White=tailed Black Cockatoos
to the presence of something entering the nest hellow is to beg
imsigtently. The action of the ingpection light dropping inta the
nest hollow was usually encugh to elicit this response. 0On séveral
occasions the larger nestling lunged at the smaller one, knocking
it over as it comenced begging. This may have been an attempt
to put the smaller one at a disadvantage as far as receiving food
was concerned. In ome case involving nestlings that were seweral
weeke old, the older nestling had bitten the smaller one on the
leg, badly lacerating it. The dlifference in hatching dates may
result in guite large size differences and the larger cne may take
up the moet advantageous pogition in the hollew and get most of the
food while the smaller nestling gets less and starves. This has

been found in the Jackdaw (Corvus monedula} {(Lockie, 1955) and the

Heron (Ardea cinera) (Owen, 1955} where the smallest young get an

urduly small proportion of the food because they cannot compete with

their larger siblings.
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In view of the fact that the second nestling usually dies within
4B hours after hatching, it is probably reasonable to assume that the
actions of the older nestling ensure that it does not get sufficient

food and starves.

Dorward (loc. cit.] suggested that the extra egg might serve as in=
surance against loss of cne during incubation and in the White—tailed Black
Cockatoo in seweral cases the first egg has failed and the second
has given rise to the fledged young. The extra egg does occasional=-
1y produce an extra chick and so this will favour the retention of
the habit in the species. In addition, clutch size being a heredi-
tory factor, the two=egg clutches will still be favoured because
they have a higher hatching success than single-egg clutches.
White—tailed Black Cockatoo eggs are relatively small and the
physiological effort involved in producing the extra egg is probably
not uneconomic and the oost of producing the egg may be worth the

insurance it provides.

Meet success during incubation and brooding depends to a
large extent on the male®s ability to supply encugh food for his
peeds g5 well as his mate's. Although the female is dopendent on
the male, she will forage for herself if the male is not supplying
encugh for her nseds, as has happened at Manmanning. This dependence
of the female on the male is taken to its extreme in Hornbills (EKemp;
1370} where the female 18 sealed into the nest hollow leaving a

gmall hole through which she is fed.

5.8.4 Productivity. At Coomallo Creek there was a

tendency for clutch siZe to be reduced late in the laving secazon
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and fledging success to drop also, Xlomp (1870} said that many
birds breeding for the first time tend to have a slightly smaller
clutch and that in general they start laying slightly later than
older birds. This may be the case in the White=tailed Black
Cockatoo with the older more pxperienced birds breeding earlier,
tending €o use the same hollow as thoy used previously and laying
more two-egg clutches with the less experienced birxds breeding later

and laying fewer two-egg clutches.

The advantage of breeding earlier is that there iz a better
chance of taking up a known hollow and birds that breed in the same
holicw are more successful than those that do not. In addition,
the earlier the bird bireedsz, the lessz chance it will have of running
up against a foraging time limitation in the latter part of the
breeding season when it Is much hotter. This is shown clearly at
Manmannimg where it is usually only the early breeding birds who are

successful in fledging young.

This difference between Coomallo Creek and Manmanning is
aleoc shown in rates of growth of nestling weight and length of
folded left wing. At Coomallo Creek there were no differences in
tho rate of growth of nestling weight between years yvet at Manmanning
ithere were wide fluctuations in growth curves for weight of indivi-
dual nestlings and those that had rates of growth approaching the
normal for Coomallo Creek nestlings were all laid amongst the first

neste in each season.

Hestling-welght is a better indicator of nestling condition

for comparing the two arcas as the length of folded left wing does
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not vary as guickly in respopnse to food shortage as welght does.
Melscn {1964} states that variations in food intake at time of
intengive feather develcpment and high metabolic reguirements will
quickly be reflected in the weights of chicks. The growth curve
for length of folded left wing shows the usnal form even during
periods when weight is drastically below normal although it has a
reduced rate of growth. By maintaining flight feather growth as
high as possible during periods of reduced weight gain, it is pos=
sible for mestlings to fledge at around the normal time even

thoogh: their weight is well below normal fledging weight. For
example, at the lowest end of the range for Manmanning, nestlings

of the 10-11 week age class have a length of folded left wing of 70
per cent of adult size but a weight of only 55 per cent. At Coomallo
Creek the figures are 80 per cent and 7B per cent. Although the
chances of a neatling surviving after fledging well bolow normal
woight are probably low, they are prebahly much hetter than re-
maining in the hollow and depending on adults foraging in an area
which has & poor food supply. Once out of the hollow, the adults
can lead the fledgling to a more reliable food source provided it
haz the energy and necessary flight capsbilities to get there. Once
near a more reliable food source with no commueting time reguired then

the fledgling's chances of zurvival would be much enhanced.

Coomallo Creek weight curves for nestlings in different seasons
from the same female show little variation whereas Manmanning pest-—
lings show large variation indicating it is not the experience of
the breeding female that is responsible for this varistion but that

there iz some shortage of food in the area which is not the case at
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Coomallo Creek. In hot weather when foraging times are reduced
there does not appear to be spocugh time to gather gufficient food
for the nestlings and this is shown by the reduced weight gains,
and in EOmME areas, weight leosses in periods of hot weather. At
Manmanning the years with the worst breeding success, i.e. 1972 and
1473, were the years that started latest, Coomalle Cresk adults
are able to find enough food even during hot weather to ensure that
neatling rates of growth remain relatively constant in the area.
The fact that incubating Females at Manmanning are seen oot
foraging while Coomallo Creek birds are not, also points to a food

shortage in the area.

Connected with thies food shortage there are large differences
in breeding success between the two areas with Coomallo Creek having
a guccess rate of 65 por cont overall which is nearly twice that of
Manmanning at 35 per cent. As shown in the section on eggs (sectfon 5.4},
both areas have similar hatching sucoess in both one and two-egg clutchés
but a great differvence in sugcess between hatching and fledging and
the difference in food supplies {s almost certainly responasible for

thegs differences,

5.8.5 Twins. It 18 possible for one adult successfully
to maintain and fledge its nestling after the less of its mate.
Thizs was seen at Coomallo Creek several times when either one of the
adults disappeared and the remaining adult went on to fledge the
single voung within the normal sige range. Thersefore, two adults
should be able to Fledge twins and the growth curves for those twins
at Coomallo Creek for which sufficient data were available showed

that it is possible in some seasons to provide epocugh food to allow
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both nestlings to develop normally and fledge within the normal
pericd. Of the eleven nests at Coomallo Creek where the second
nestling survived more than three days, eight {i.e. Z2.6% of two-
egg clutches for area) have successfully fledged both young. It
wag also those years with higher nesting succesa and clutch size
which had successful douhle fledgings. The years 1971 and 1973

had the lowest success and clutch size and there were no double
fledgings in those years (Figure 30). At Manmanning, not one of
the 94 nests had successfully fledged two young and the longest a
second nestling had survived was three to four weeks. At Tarwonga
in 1970, there was one nest with twins in it and they were Success-
folly reared until the larger one was nine to ten weeks old when the
nest was chopped into and the contents stolen. Both nestlings wers

within the normal weight range and would Probably have fladged.

It seoms thalb if a gecond nestling survives the first three davs
there is a good chance that it will successfully fledge (over 70 per
cent of these did so at Coomallo Cresk) ¢ provided there is sufficient
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&. Food

——

L | Introduction. There is wvery little detailed published infor-

mation on the food of the White-tailed Black Cockatoo. Alexander (1916)
noted that in the Bremer Bay area they found their food in the open
country on low shrubs or on the ground. Carnaby {1933) stated that

in the Leake Grace disgtrict the short-billed White-tailed Black Cockatoo
lived on the open sandplaln and malles country and its food consisted
of large hard nuts. Serventy (19248) recorded that the birds were at-
tracted to the Forests Department pine plantations where they ate the
pine seed and Perry (194B) gave an excellent account of the way the
birds attacked the pine cones and extracted the seed. Carnahy (1948)

observed that the birds fed on the large hard nuts of Banksia and Hakea,

and Bedgwick and Sedgwick (1950) saw the birds feeding in Bapksia near
Lake Wheatfield, north of Esperance. The birds were recorded as feeding
on Pinus spp. at Wooroloo (Sedgwick 19535) and Robinson (1960) gave a
very good account of the flowering and fruiting cyecle of the marri and
pointed out that the White-talled Black Cockatoo consumed large gquanti-
ties of nectar from the marri blossocm. He went on to say that as the
marri fruit was procurable in some form throughout the vear, It was of
great value to the hirds who fed on it. Robinson also illustrated the
way warious bivds, including the White—tailed Black Cockatoo, extracted
the zeed from immature marri fruit and menticned that they also ex-
ploited new foods and referred to apple and pear orchards as well as
pine plantations. Sedgwick {1964) recorded a flock feeding on Dryandra
heads near Bluff Enoll in the Stirling Ranges while Eobinson (1965}
noted them feeding on the pupas of a braconid wasp which inhabits the

galls on Bankaila attenuata. He also said that the birds were poted for

the way they tear off the bark of dead and dyving trees to get the

larvae of a longicorn beetle (Cerambycidaes). Serventy and Whittell

——
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(1967) stated that the birds fed on the blossom and fruite of gum trees;
grubs under the bark of dead trees, particularly jarrah; and inland on

the hard fruits of Hakea crassifeolia. Forshaw (1969) diseussed both

the ¥Yellow-tailed Black Cockatoo and the White-tallsd Black Cockatoo and

said that they were particularly fond of the seeds of Eucalyptus, Acacia,

Hakea, Banksia and the introduced Pinus trees and that the White—tailed

Black Cockatoo has largely forsaken an Insectivorous diet in favour of
seada .,

e Rebeira and de Rebeira [(1977) recorded the birds feeding on
flowers of Dryandra in sandplain country west of the Wonogan Hills.
Serventy and Whittell (1976} summarised the published information and
said that when the gqum trees were in flower, the White~tailed Black
Cockatoos consumad large gquantities of pectar and when in fruit, they ate
the seed. At Boyup Brook in Septembier and October they fed on the wild
geranium and in jarrah areas they fed on grubs found under the bark of
dead trees. Serventy and Whittell reiterated their esarlier statement

that in the drier inland they fed on the froits of Hakea crassifalia and

they occasioned great loss to apple orchards and as a result were declared

vormin in some districts.

Rll of the above information except Carnaby (1933, 19438} does not
refer specifically o either the long-hilled or short-billed White—-tailed
Black Cockatoo but to both, Saunders (1974¢) gave the only specific ac=
count of the food eaten by both forms and stated that marri seeds and in-
sect larvae were found to be important food to the long-hilled birds

whilst seeds of Pinus, Dryandra and Hakea were found to be important

to the short-bills.

A pointed out in the Methods section, the only crop specimans
collected in the breeding areas were from birds found dead, both

adults and nestlings. The numbers of these were small and so the

e T— e
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information collscted From observations on feeding birdas have bheen
used in the following sections, One feedinﬁ nhse}uatlnn wis made
each time a bird {or group of birds) were seen feeding on a parti-
cular item. For example, if seven birds were seen feeding on

items A and B then that would constitute one observation each for

A oamd B.

€.2 Coomallo Creek. The list of gpecies that were exploited

by the White—tailed Black Cockatoo for food at Coomallo Cresk 1=
shown in Table 41. The only intreduced species used by the hirds

in this area were the seeda of the wild geranium (Erodium spp.} which
cocurred in only small patches at the south eénd of the study area

on ¢leared farmland., Over 20 per cent of feeding cbservations were
made on native vegetation and of these the single most important

ware seeds of Hakea lissocarpha of which were were extensive stands

throughout the study area. It was common nesar stands of woodland
and the birds appeared to favour these areas as they could sit in
the trees when not feeding, then fly down to feed, returning to the

trees after feeding,

The birds were also . geen to fesd on flowers as wall as the

seods of Banksia, Dyyandra and Lambertia multiflora.

Scma plant species were parasitised by ingects whose larvae
developed in the flowers or in the stems. Some of these larFvae wWepe
found in nestling crops sufficiently often to suggest deliberste

collection.

8.3 Mammanning. The species that were exploited by the White=

tailed Black Cockatoo at Manmanning are shown on Tahle 42, A black



TARELE 41

Coomallo Creek : Specie=s used by
White=tailed Black Cockatoos for food

Group
Ohservations®

Crop i
Contents

4) PLENT SPECIES
Banksia attenucta
B. menaiestdi
Dryandra frasert
D. seseilis

0. gpecioeda
Evodium app.
Hakea auviculalta
H. eonchifolia
B. gilbertii

H. inarassata

H. lisscoarpha

H. ebligqua

H. prostrata

K. pooparid

H. suleata

H. undulata
Lombertia multiflora

b) RANIMAL SPECIES

Insect larvase {unidentified)

HO. COF OBSERVATIONS:

NO. OF CROP SPECIMEMS:

e e T I (% R Y S T

51

e s W e

82

1z

* Humber of times birds seen feeding on this item. (One
chservation is taken each time any number of birds from

one up is seen feeding an

+ Humbers of crops that contained this food item.

a food item).



TABLE 42

Manmanning : Species used by

White—tailed Black Cockatoos for food

Group Crop

Cbservationas® Contents
a) PLANT SPECIES
Cfasuaving 8pp. 2
Dryondra affineireicides 2
Erodiim spp. 43 4
Grevillea gpiciloba 53
7. armigera 4
F. pamtoulata Z 7
G. paradona 1
&. petrophileidsa 1
Bakea eireunaloate 1
H, faleata 3
H. inerassata 3
H. multilineata 2 2
H. seoparia 18
H. sulecata 7
Tecpogon scabriusculus
Bl ANIMAL SPECIES
Insect larvae:
Family Cerambycidae i
Family Pyralidas 1
kD, OF OBSERVATIONS: 145 ==
HO. OF CROF SPECIMEHS - 12

* NWumber of timez birds seen feeding on this item.

+*

Humber of crops that contained this food item.
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'toothbrush' flowered shrub, Grevillea apiciloba, was the most

commonly eaten plant. It grew in patches that were left ungleared

and the birds fed extensively on the flowers and seeds,

Hakea scoparia was the next most important native item sccount-

ing for 12 per cent of chservations with the other 12 native species

making up 1B per cent of the cheervations.

In this area Erodlum spp. made up 33 per cent of the foeding
obeervations. There were extensive areas of Erodium at Manmanning
compared with native vegetation but it was only available over a
very restricted pericd. The birds only fed on it just prior to
ripening when it was still green through until it just turned
brovm. For example, birds were seen feeding on Ercdium in 1973 from
mid-Cetober to mid-November and in 1974 from mid-October: to the
first week in November. Onece the Ercdium seed was ripe and had
browned off, the birds no lenger ate it and thereafter only native
vegetation was eaten. It was not unusual to find almost all of the
breeding birds, except for those females who were incubating eggs,
feeding as one group on a patch of Erodium. For example on 18
October, 1974 all of the birde known to be nesting in the area,
except for females incubating, were in one group feeding on Erodium

about two kKilometres from the centre of the main breeding reserve.

In contrast G. apiciloba cccurred in thin ribbens along railway
and road verges which in some cases were only one shrub wide (Figure 5).
This difference in availability of these two food spurces was shown in
that the average group size of birds seen feeding on Erodium was
12.5 (8.E. 1.2) (48 chservations) which is more than double that seen

on G. apiciloba at 5.1 (5.E. 0.5) (53 observations) (significant 4if-

ference between means 0.001 > P).
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The overall importance of ipsect larvae in the diet of the

npoastlings was not known but flowers of Dryandra affincircicides

in one reserve in the study area appeared to be parasitised by
larvae of the family Pyralidas. That parents actively foraged for
these was shown by one nestling which appeared to have a crop full

of these larvae,

6.4 Comparison between Coomallo Creek and Hanmannini At no

time wdre the birds found eating any cereal c¢rop or other exotic
species [apart from Erodium) in eithar area. There wers no Pinus
or almond trees in either area, and these were attacked throughout

the range of the short=billed White=tailed Black Cockatoo.

Although the vegetation in the two areas was slightly different;
npative gpecies formed the basis of the diet and only at Manmanning
did any exotic species (Erodium) appear to be important, but this

was available for only three to six weeks.

In both areas the birds depend on native heathland species and
at Coomallo Creek there wore extensive areas of heathland contilguous
with the woodland areas. The birds were able to feed close to their
nesting area and the average distance individuals were seen from
their nests while foraging was 1.4 (5.BE. D.l; range 0-7.1) kilometrea

{147 observations).

At Coomallo Creek the size of groups of birds seen feeding
together have not changed during the period from 1971 to 1976 and

averaged 15 (15.1 E5.E. 1.3) birds (196 observations). The study

area had a breeding population in excess of 80 pairs and the birds

fed in small groups c¢lose to thelr nest sites. In this area large
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groups (of about 100 birds) were seen from the start of the breeding
season to the time that eéggs were laid and then the groups broke

up into smaller groups. In hot weather whoen the birds moved to
watoring points, larger numbers were seen as the feeding groups

flew in from different directions and congregated in the trees

pricr to drinking.

At Manmanning there was little uncleared native vegetation and
gven less of this was contiguous with the woodland in which the hirds
nested., In this area the average group size was sight (8.1 B.E.

0.3} {177 obhservations) and was just over half the size of the
average Coomallo Creek feeding group size. At Manmanning this
repregented about 25 par cent of thé breeding population in the
area whereas at Coomallo Creek the average group size represented

5 per cent or less.

The average distance feeding birds have been seen from their
nests at Manmanning wag 2.5 Em [5.E. 0.2; range 0.6-12.1) (153 obzer-
vations) and was significantly greater than at Coomalls Creek

(F < 0.001; 4= 5.83, 0.001 > P, 760 degrees of freadom).

&t Manmanning the dependence on road and railway verges showed
up clearly. The railway veorge to the north-east of the main reserve
was wery heavily exploited and here the birds grazed on native
vegetation. To the west of the reserve is an area where the birds
grazed repeatedly on Ercdium when it was available and for the

remainder the birds foraged over large areas.

A number of road werges and sections of the railway verdgez were

devoid of native vegetation, for example, the road leading west from



the centre of the reserve. Except where Erodium was avallable,

tha nearest available food to the west of the reserve was at the T-
junction four kilometres away. In order to find that food the birds
wonld have had to search the area between. Having found and ex=
ploited that food they would then hawve had to search for the next
source. In some cases there were continuous verges that led to
ather available food as shown at the south-east corner of Manmanning
townesite where there was a thinly vegetated verge along the main
acoess road. The birds were channelled along it until the food was

cxhausted.

The facts that females were seen out foraging while they were
incubating, that females ceased brooding during the day earlier
than at Coomallo Creek and that nestlings which hatched later in
the season had very little chance of fledging, point te a food

shortage at Manmanning which did hot ocour at Coomallo Creek,

One gubstantial sowrce of food at Manmanning was not exploited.
Abcut four to five Kilometres south of the main reserwve was a flora
and fauna reserve of 340 hectares, mainly sandplain heoath with &
congiderable amount of food in it, yvet the birds wore not soan
there. Possibly because there wags no continuous corridor of wegeta-
tion leading to it from the mainm reserve, the birds might not have

digcovered it.

Only the Erodium crop at Manmanning was sufficiently concentrated
for the entire populaticn to explolt it af once. The rest of the time
the birds were forced to forage widely. There seemed to b soms

ambient temperature above which the birds became uncomfortable and
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sat in the shade in an attempt to keep cool. Ag the hot weather
approached so the time spent sitting increased and foraging time
was reduced at a time when the nestling's needs were greatest. As
a consequence insufficient food was available at Manmanning for the

population to breed successfully.

6.5 Food during the non-breeding season. The birds only

remained in the breeding areas from July/Augqust until Decembwer/

January (Saunders 1974a). During the remainder of the vear they
foraged in other areas. A detailed account of movements and group
sizes during different pericds is given in & following section (Secticn
7) but an account of the food the birds eat during the non=breeding

season iz important to understanding their ecology.

&.5;1 Coomallo Creek birds. The Coomallo Cresk popula-

ticn spent the non-breeding season in the area between the Hill
Fiver (into which the Coomallo Creek drained) and the Arrowsmith
Fiver south of Dongara. Observations of White-tailed Black
Cockatoo groups zeen feeding in thils area during the periocd of the
study between January and July were made and those ppecicss ex—
ploited by the birds are listed en Table 43. The most important
species was marrl and 1lts geed accounted for 48 per cent of the

ochsérvations.

Marri occcurred in narrow strips along the major watercourses as
far north as Stockyard Gully, 23 kilometres south-west of Eneabba (see
Figure 55). During the drier part of the year the bhirds concentrated on these
watercourses because they werg among the few spots where water was

available.



TABLE 43

Coomalleo Creek birds : Species used by
White=tailed EBlack Cockatoos for food.

betwean Hill and Arrowsmith Rlvers

FPlant speciesg

Group observations

Bankeia acshbyti

B, attenmuois

B. gremdis

B. mensiesii

Dryandra nivea

D. sessilis

Euealyptus calophylia (marri)
E. todiianz

Hakea Iigsocarpha

H. obligua

K. prostrata

H. ruseifolia

H. trifurecata

H. varic

Lanbertia muliiflora

Ergr guetrglie (double-gees)

Lupin sead

HO. OF OBRSERVATIOHNS

s
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The only exotic species that the hirde were seen to feed on

were seeds of double-gees (Emex australis) and lupins (Lupinus spp.)

on a property on the Arrowsmith. There were still extensive tracts
of uncleared zandplain heath around watering points throughout

this area and food appeared to be adequate for the population.

6.5.2 Manmanning birds. The Manmanning birde spent

the non-breeding season in the ares between Perth and the Moore RHiwver
o the cosztal plain {(Figore 55). Betwsaan 1970 and 1972, 1692 White=-
tailed Black Cockatoo specimens were shot arcund Gnangara and
comerville Pine Plantations and 77 in Dale Forest near Mundaring im
the pericd February to Rugust, These samples were collected for an
earlior evaluation of the taxonomic status of the birda and the
results have been reported elsewhers (Saunders 1974b and 1374c).
Eomerville Pine Plantation was in the Ferth metropolitan area and
Dale Forest was an area of jarrah-marri foresat on the Darling scarp
which had large pine plantaticong interspersed in it. The crop con-
tents from these specimens were removed and analysed. The 1list of
gpecies found in these crops is given on Table 44 as are those
species that were seen to be eaten by birds in the area during the

pericd of the study.

In addition to the pine plantations mentioned, there were exten-
sive ones to the north=-west of Gnangara to a point mid-way between
Yanchep and the Moore River. In addition to these large planta-
ticng, there were several small trial plots scattered through the

uncleared heathland.

The large build-up of birds in the plne plantationz at the end

of the breeding season has been noted elsewhere (Saunders 1274b)



TABLE 44

Epecies used by White-tailed Black Cockatoos

~for food betwean Perth and Moore River

Group Gnangara/ hale

Observations Somervilie  Forest
a] PLBENT SPECIES
Bankeia attenuaia 1 AL .
B. grandie 3
B. pevitolilista 1
Dryandra niveo 17 10
D. prosmored 3
P, sessilis 1 5
Busalyptus calophylla 7 1 10
E. marginata 2 2
E. redunca (blossom) 1
Hakea auriculata 1
. eyelocarpa 1
H, gilberti
H. prostrata &
f. umdulata 1 14
H, varia
B, trifurcata 7
Pinuas app. 20 165 52
b} ABNIMAL SPECIES
Ingect larvae 5
NO. OF DBSERVATIONS: &7 - -
BO. OF CROPF SPECIMENS: - 19 77
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and it is not surprising to find that in this ares seeds from
Pinus spp. were very important, even though the pines cccurred in
plantatiens surrounded by native forest. A concentrated source of
seed was always available in plantaticns, but even in large ones

the birds still foraged for mative food and Banksia attenuata, which

was common arcund Gnangara and Somerville during the periocd of the

study, was an important food item.

Dryandra nivea, a prostrate plant, was very common through this

area and its seeds and flowers were also important food as were the

seads and Flowers of marrl and the seeds of Hakesa undulata.

Insect larvae did not appear to bhe important.

6.6 Conelusions. Both the Coomalle Creek and Manmanning popu-
lations relied on food collected from native vegetation throughout
the year. The Coomallo Creek birds had sefficient food for both the
breeding season and the non-breeding season but the Manmanning birds
had inadeguate food available in their breeding areas. Onoce they
have left the breeding areas for the coast there was sufficient food

available in uwnecleared native vegetation and exotic Pinus plantationa.
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T Movemsnta

T Introduction. One of the flrst references to movements

of the White-tailed Black Cockatoo was Leake's cooment (in Worth, 1911}
that the birds leave the Kellerberrin district in Bovember and
Becembar "for the coast'. Ortonm and Sandland {12913} noted that the
birds wers common in the Moora area but were absent during the summer
from MNovember to early Decenber when they left for the zandplain country
towards the coast, returning to Moora in flocks after the flirst rains.
Le SouBf {(1914) commented on group size in this area and said that "30
miles west of Mocora we motored throogh a flock of 300 black cockatocs
whizh flew slong in front of the car for nearly a mile"™. Serventy
{1937}, writing of the Swan Biver district and Sedgwick (1940} of the
Fockingham distriect, both mentioned a general northwards movement in
autumn and southwards in epring, indicating that the mowvement of birds
in this area was noticeable then. Serventy (1948) added that in the
tuart belt north of Ferth, flocks may he seen during most of the year
and menticned the large numbers that were attracted to the Foresta
Department pine plantations. Porry (1948) reported that the birds
moved into the pine plantations arcund Perth in February and March and
left in August and September. Saunders [(1%974b) reported the build-up
of birds in Somerville, Gnangara and Mundaring pine plantations in
January/February with a decrease starting in March/April in some plan-—

tations and ending in June in the large Gnangara plantation.

Davies {1966) used the records of a series of cbservers to explain
the movements of the White-tailed Black Cockatoo populaticon in the
Albany-Fojonup area. Hoe found that the birds moved to the south coast
and thought that this was a post=breeding movement from the inland to
the coast. He had limited data for the population north of Perth but he

thought that there was a post=hreeding movement to the west coast.
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The following movement studies were based on.the return of
leg bands and wing tags and tag sightings of birds away from the
breeding areas between January and July/August each season from 1972

to 1976.

7.2 Coomallo Creek population movements. The movements of

birds from the Coomallo Creek breeding area are shown in Figuore 55,
These results are based on thres tag returns and 718 sightings of

177 tagged ipndividuals.

The longest movement was by an immature bird which fledged at
the end of the 1975 breeding Season and was seen near "Glenvar"
homestead near Manmanning in company with four untagged birds a
vear later, in December, 1976. Thizs bird was 154 kilometres from
the breeding area. Observations have shown that after fledging,
immature birds remained with their parents for up to eight months
but that the parents returned to the breeding area without their off-
spring (section 9.7.2). The movements of these immature birds from that
time until they breed for the first time are not known..Some lknown age
individuals have been seen up to three years after fledging in
summer groups containing Coomallo Creek breeding adults, so some
must remain in the general area. The sighting of the bird at

"Glenvar®™ suggests that others may wander over larger areas.

On Figure 55 the locations of places where tagged Coomallo
Creek birds have heen seen are plotted. The birds moved away from
the breeding area in groups as they finished breeding and not
'en masse' after the last Lirds had finished. They did not

gather at the same dreas but collected in geveral different areas:



[::;, STUOY ARES
r' IPIHE FLANTATION

} Lﬁﬁ’ BAECOING ARCA

TAGGED CODMALLD
; (O crcex esios seen
DEG = JAN

movement or €8

1B AN

. Dby Sy ) — 2. 25 JaN
T npabiha Hq,l:'!s a: 'E FEH
White orsp Soeing 4275 MAR

5 22 APH

WOWVERMENT {F BIRDS FRO
—= COONALLD CHLEX  AND
MARMANMING

o L]
1 |

Moot beds seen aach

WP i e S, annth d@F Fadimsilah

Ayverags dor @ yrs
KAKY tHTZ 1o MEY 10T

GrErrvai
RAANBARNNISG

Figure 55. Movements of blrds from Coomallo Creek and
Manmanming.




101

for example, in early January 1975 there were still birds with young
in the nests and at the same time there were 50 kirds at Eneabba
Spring and 290 on the Hill River, both groups containing birds

from Coomallo Creek which had already finished breeding.

There were over B0 breeding palre at Coomallo Creek with a
total breeding success of ©5 per cent and as a result a population
of over 210 birds would hawve left the area by the end of the breeding
season,. The average group Size gean between the Hill and Arrowsmith
Rivers hetwean Decembey and the following June was 176 birds [(number
of groups seen = 52Z) ranging from ten to 400. Between 23 and 25
March 1977, there was a group of 300 birds along the Hill River, a
group of 300 around Stockyard Gully and 150 around whitehorse Spring.
All three groups contained Coomallo Creek birds and the total number
of birds was 750. OCbricusly these groups also comprised birds from

gavaral other breeding areas.

Batween December 1976 and June 1977, the area between . a point
just south of thae Hill River, north of the Arrowsmith and east of
the breeding area was searched systematically for White-=tailed Black
Cockatoo groups and any sesn were checked for tagged birds. Sixty-
three per cent of the tagged females and 75 per cent of the tagged

males that bred at Coomallo Creek in 1976 were seen during this pericd.

The area was characterised by large tracts of native heathland
with an occasional natural spring surrounded by trees. At these
points and in pools along the Hill and Arrowsmith Riwvers there was
permanent water available during the summer. In the very bhot period

from December through to the first heavy rains, the birds watered
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every day and congregated on these watering pointsz and sheltered

in the trees during the hot part of the day.

These groups were not static as obzervations showed that some
individuals left one group at one location and joined another at
gome other location. The movements of one female, LN, .are shown
ofn Flgure 55 and illustrate the movement within the area. Another
female, 9Z, was seen in a group of 200 on Hill River at 1700
hrs on 22 March and in a different group of 150 at Whitehorse Spring

at 1000 hra on 25 March, a distance of 45 kilometres in two davs.

With the oaset of the cooler weather and the rains in April or
May,; water became widely available and the birds were no longer
restricted to the vicinity of permanent watering points and spread

over a wide ares.

7.3 Manmanning population movements. The movements of

Manmanning birds are shown in Figure 55 and are based on one tag

raturn and 61 chservations made on 14 tagged indiwiduals.

once pairz had finished breeding they moved out of the area with
others who had also finiched and left those who had not. The birds
moved to the south-west towards the ¢coast. A bird shot at
Beermullah had left Manmanning at the end of December/early Jahuarcy
and was killed at the end of February. It was part of a large
group of several hundred birds who had been in the area for aeveral
wipks. The area arcund Beermuliah i= sandplain heathland and low
lying swampland with areas of marri and the sccurrence of White=-
tailed Black Cockatoos in the area each month averaged over four

vears is shown on Figure 55 . During the breeding season from July
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to Movember there were few hirdes in the area but numbers started

to build up in December, reaching a peak in February.

¥Yanchep Hational Park was an area of uncleared heathland and
woodland with Forests Department pine plantations to the north and
south-east. Within the park there was a swamp with dead Banksia
trees in which the White-talled Black Cockatoos settled before
drinking in the swamp. During 1975 a tower was set up with a hide
on it and a series of watches were kept on the swamp at regqular
intervals from 1500 hrs to dark. If the birds were in the area
then they usuvally drank at this point just before dusk and records
wore kept of total numbers of birds drinking and of tagged birds seen.
The results of these hide observations are shown on Figure 56 and
in January and February the total number of birds seen drinking
built up to over 1000 birds and remained high until June when numbers

dropped and remained low until the end of the breeding season,

Manmanning birds were first seen in the Yanchep area in mid-
January and remained there until the end of Augost by which time some
of the birds were already back at Manmanning starting to prepare
nest hollows. The shortest period between being seen at Yanchep and

then at Manmanning was 13 days.

By June 1977, 18 per cent of the total tagged females and 24
por cent of the males from Manmanning had been seen at some stage
at Yanchep. Some birds, therefore, must have gone to other areas,

e.9. Beermullah, for the entire non-breeding season.

There are some large pine plantations just north of Perth and

large groups of cockatoos build up in them. Perry (1948) refers to
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groups of 5000=-6000 birds and I have seen groups of this size
between January and April. There {s an interchange of individuals
between these different plantations and male OI, for example,

was Eeen in Gnangara in a large group on the same day that other
Manmanning birde were seen at Yanchep. About six weeks later,

he was seen at Yanchep and then next zeen at Manmanning at the start

of the breeding =season.

Immature birds in their first year have been seen with their
parents at Yanchep and subsequently in their second year they haver
been seen in the Yanchep groups. Unfortunately there was no
information on older immature birds, but it is probable that thay

wander nomadically in this area until they begin breeding.

T.4 Tarwonga population movements. The movements of birds

from Tarwonga are based on three band returns. All three were
immature birds and one was killed by a car while feeding on a road
verge near Crossman, 60 kilometres north-west of Tarwonga only four
to five weeks after fledging. The other two were shot while
feeding in almond trees in backyards in Narrogin townsite (25
kilometres north-east) in a group of about 150 birds. One was shot
in April, 16 months after it had fledged and the other in May when

it was six months old.,

Obzervations made by Narrogin residents show that the birds
were common in the area from January to May/June and that they fed
on marri and almonds in the area. Other birds moved away as shown
by the Crossman bird. Between Perth and Crossman there were pine

plantations at Gleneagle, 130 kilometres north-west of Tarwonga and

groups of birds build up in that area.
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The breeding area at Tarwonga was on the edge of extensive
forest that stretched from Perth to Albany in which groups of
birds wandered nomadically. The Croesman bird may have bean part

of one of these groups.

7.5 Discussion. The short=billed White=tailed Black Cockatoo
nested throughout its range during the period July/AZugust to December
(section 5.2, Saunders 1974¢). At the end of the breeding season thers
wag a movement away from the breeding areas and groups from one area
may split up and amalgamate with thosze from other areas bto wander in
search of food. The size of these groups depended mainly on avail=-
able food and such areas as large pine plantations may support very
large numbers over the non-brepding season and probably over most of
the year in the case of immature birds that do not return to the
breeding areas. HNative food sources were not as concentrated and
the birds remained there cnly as long as there was food available

{Saunders 1974bL) .

Of the populations studied, information on movements was avail-
able frem three and showed that there was a movement out of the
breeding areas to regions of higher rainfall cloeer to the coast

oncé breeding was completed.

At Coomallo Creek and the surrounding country where there were
extensive uncleared areass, the birds were able to forage locally,

joined by birds from other surrounding breeding areas.

At Mammanning, further from the coast, there was less food avall-
able and the birds underwent a definite migration from breeding

areas to feeding areas and back each year. The large groups of bhirds
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arcund Perth were probably made up of many such breeding groups

together with their non-breeding immature progeny.

It seemed that over the range of the short-bill, after the
breeding season there was a movement towards the higher rainfall
areas where there was more food available and in the nerthern popula-
tions this invelved a move to the west cosst and in the seuthern

Populations, a8 move to the scuth cozst.
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8. Fopulation dynamics and mortality

Bl Mortality factors. The cause of death was known for

3B individuals. These causes can be divided into three categories:
accidenta, shooting and predation. The data for the 28 adults

and 10 immatures from Coomallo Creek, Manmanning and Tarwonga are
ghown in Tabkle 45, Only sewven of these tag/band returns were

from people not involved in the study which represents a return

rate of less than 0.% per cent.

B.1.1 BAccident deaths

B8.1.1.1 Hit by car. When the birds were
feeding close to a road, the noise of a car approaching often
cauged them to take flight. When taking off the birds flew away
from thelr feeding site by the shortest route and if this hap-
pened to be the road side of a shrub then they may have flown into

the path of the cnocoming ecar.

Five of the #ight birds that died accidentally were killed
in collisions with cars. There was only one such death in the
Coomallo Creek and Tarwonga populations, but there were three at
Mammanning. Of these three, one female and a male were killed while
feeding together. All three were killed on the Dowerin-Cadoux Foad,
which was sealed, narrow, straight and fringed with native shruhbs,

and cars fregquently travelled at high speed along it.

As the birds at Mammanning often fed along road verges,

this oxposed them to this type of accident more frequently than
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the birds at the other study areas.

B.1.1.2 Other accidents. Two females at

Coomallo Creek died because they got stuck somewhers in nesting
hollows. ©One of them poushed her head through a fairly narrow
cpening while prospecting and could not get it out, The other
was backing into her hollow and got her foot caught in a V-shaped
groove on the inside of the hollow. She hung suspended: and
presumably starved to death. From the amount of chipping around
the aresa where her foot was trapped, she had tried very hard to
extricate herself. The small nestling in the hollow also starwved

as the female was blocking off the spout.

The only other acclidental desath was an immature bird from
Coomallo Creek that drowned in a stock tank at Whitehorse Spring.
When coming to drink, the birds. usually landed on a perch nearby
before flying down to land near the water source and walk up to
it. Any cbject higher than the water source wag used ags a perch
arnd it wasz not vnusual to ses them on fences, windmills, nearby
trees or stock tanks. The water levels in stock tanks were
usually too far down for the birds to drink from, it while
perched on them, an ocgasional gust of wind may throw them off
balance and topple them into the tank from which they cannot

ESCcape.

B.1l.2 Shooting. The White-tailed Black Cockatoo was
iand still is) protected throughout its range except in certain

apple growing areas which were cutside the range of the popula-
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tions in thiz study. Four birds were shot but only one of these,
the Coomallo Creek female, was shot in the breeding area. This
loss was a direct result of the bird being tagoed conspicucusly
because the person who shot the bird did so because he 'wanted to

take & look at one of these tagged birds®.

The Manmanning bird was shot while fesding in marri trees in
company with several hundred birds near a farm house. The noise
and mess they created so0 upset the resident that he fired
several shots into the foliage of the tree to scare the birds

off. In doing =0 he killed sewveral birde.

The Tarwonga birds were shot because they were raiding almond

trees in backyards in the Narrogin townsite.

B.1.3 Predaticn. The only known predator of the
¥hite-tailed Black Cockatoo was the Wedge-tailed Eagle (Agquila
auvdax) which occurred throughout the range of the White-tailed
Black Cockatoo. &t both Coomallo Creek and Manmanning, eagles
were ‘@een regularly throughout the study. At Coémallo Creek
there was an active eagle's nest found each year from 1972 to

1976 and at Manmanning in 1971 and from 1973 to 1976.

In both areas the eagles bred in the spring and were usually
nesting at the same time as the White-tailed EBlack Cockatoo, with
eqgqgs being laid gsome time between June and hugust {(Brooker 1976).
Each of the eagle nests (used and unused) in both areas were

searched regularly between August and January.
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During the breeding season, the nest (Figure 57a) wazs the focus
of the eagle's activity and food gathered for the eagle chick
elsewhere was brought back to the nest (Figure 57h), Other food
was consumed entirely by the adults close to where It was collected
&2 that found in or around the #agle nest represented only about
onge third or less of the food gathered by them during the breeding

BSOSO .

Eagles were not seen actually attacking White-tailed Black
Cockatoos, but from the reaction of the cockatoos to their presonce
and the sighting of freshly killed birds on eagle nests (Figure 57c)
it was obvious that the eagles do collect fres flying cockatoos,
Unfortunately, cockatoo bones were picked clean very guickly and
were dropped off the edge of the sagle nest where scavengers removed
them ar they were pushed into the nest llning and disapgeared from
sight. As a result, the only tangible signs that a White-tailed
Black Cockatoo had bson eaten were tags found arcund the nest area,
a leg band in an sagle pellet, or some distinctive body feathers

scattered about.

In all, eagles-accounted for BB per cent of the known deaths
[(Table 45). At Manmanning, one female was taken im 1973, 1975 and 1976, Of
these three females, two wore taken while they were incubating eggs
and both were seen out foraging by themselves prior to their baing

killed (Table 46).

The numberg and classes of birds taken by paglies at Cocamallo

Creek each year are shown in Table 46 together with the times by



Figuré 5Ta. Wedge-talled sagle's nest at Coomalle Creck.
It was uged in 1974 and 1975.

Figure 57b. Floor of eagle's nest showing tag, bones and
feathers from a White-tailed Black Cockatoo.



Figure 57c, Freshly killed remains of UM taken from the eagle's
nest. ©One tag from UG also found on nest.
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which the eagle chick and the first White-tailed Black Cockatoo
nestling had fledged. The 22 cockatoos taken represented a minimum
estimate of predation as they were derived from tags found in or
around eagles' nests and do not include those that may have beesn
eaten elgewhere. EREirdas were certainly killed and eaten in other
parts of the study area as 1 zaw an eagle sitting in a low mallee
{Eucalyptus sp.) on a rocky outcrop feeding on something, It flew
off as I approached and left the remains of F2, an immature bird
that had fledged about one week before. Sometimes only ong tag is
found in the nest area which indicated that the bird wes partially

gaten elsewhere and the remains brought in for the eagle chick.

1376 was the only year that White=tailed Black Cockatoo remains
were not found around the eagle's nest, That year the nest was on
the north end of the study area in a8 small patch of marri woodland
surrounded by cleared farmland, an area not favoured by the birds
for breeding. The properties arcund the area of the nest were owned
by people who lLived eleowhere and sheep carcasszes were left in the
paddocks and eagles were often seen feeding on these. From food
remaing around the nest, the eagles fed more on sheep than in any of
the other years (Brooker, pers. comm.). There were only fsolated
patches of native vegetation arcund the eagle's nest and the White=

tailed Black Cockatoos were never seen foraging there,

In 1974 and 1975, the eagle chick had fledged hefore the
first White-tailed Black Cockatoo nestling and =o ocnly the remains
of adults were found around the eagle's nest. 1In 1972 and 1373 the
firast White-tailed Black Cockatoo nestlings had fledged before the

pagle chick and in addition some White—talled Black Cockatoos often
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foraged on the edge of the woodland in which the 1972 and 1973

pagle nests were located and both adults and immatures were fed
to the eaglets. After the eagle ¢hick had fledoged, the eagles
continued hunting around the area and used these nests as feeding
platforms. As a result, there were White-tailed Black Cockatoo
carcasses brought back to these nests well after the sagle chicks

had fledged.

In 1573, between Auguat and November, 14 per cent of tagged
adult females in the Coomallo Creek area were known to have boen
taken by eagles. A minimum predation rate of 14 per cent over four
months suggested that the eagles may have been selecting tagged

adult females as prey in preference to untagoged birds,

8.2 Annual mortallty.

8.2.1 Adults. Using figures based on the mumber of tag-
ged birds known te be alive at the end of December in one year and
the numbar of them that were still alive 12 months later, the
average survival for both sexes at Coomallo Creek and Manmanning
has been calculated and shown on Table 47, The lowest survival was
for Coomallo Creek femalea at 60 per cent a&nd the highest was for
Manmanninpg males at 69 per cont, These figures are based on the
assumption that if a tagged bird was not seen in the breeding season
following, then it was no longer in the population and was presumed

dead.

This assumption was not always walid since some individials have
been seen in the non-breeding season groups but not seen in the

breeding area. In two krnown cases tagged males from Coomallo Creck




TRELE 47T

Cheerved annual survival = adults

Ho. tagged at Ho, Ieft
Year end 31 XII 12 months later L survival

Caoomallo Creek 99

1871 23 13 57
1972 56 26 46
1973 63 31 49
1974 69 54 78
1875 73 50 &8

Average survival 60%
Further life expoctancy® 2.0 yrs
Coomallo Creek Jd

1971 B 4 50
1972 21 11 52
1973 31 26 B4
1974 3e 28 T8
1975 31 24 77

Average surviwval GE%
Further life expesctancy* 2.6 yrs
Hﬂnmanning 3]

1971 14 9 64
i972 12 11 o2
1973 15 2 &0
1974 X2 a 75
19 12 b 42

Average survival E7%
Further life expectancy* 2.5 yrs
Manmapning dd

ig7l 7 78
1972 o 63
15973 ¥ 78
1974 10 G &0
1975 =1 4 &7

Average survival — G9%

Further life expectancy* 2.7 yrs

* Baged on lack's (1954) formula Z-m {where m = percentage annual

: m
mortality.
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who had tagged mates, weére seen in the non-breeding season groups
with untagged females but had pot been seen in the broeding area
during the preceding breeding season., Four females are known to
have gone to other areas but it is not known if they remated as
their mates were untagged,. Thoere were [ok anough data on these
oceurrences to see which sex remained area specific after remating.
The number  of birds in this category was small but omission of a few

tags could bias the results considerably.

8.2.2 Immature birds. The immature White-tailed Black

Cockateo remains with its parents in its first year until some time
shortly before the follewing breeding season when they become independ—
ent (secticn 2.7.2). This pattern of behavicur allowed erude estimatess of
immature mortality to be caloulated for the period from fledging to
the following May (i.e. the first gi% to eight months) based on Lag

sightings.,

From the end of the 1973 breeding season any searches made of
non=breeding seascon groups also included notes on tagged birds in
the groups. Using these sight records, & survival rate was calculated
for lmmatures. This wes based on the nugnber of tagged adults seen
in non-breeding season groups. These data are given in Tabla 48

and the average survival for the four years was 49 per cent.

This type of c¢aleulation has been carried out for ecach age
group seen in subseguent non-breeding seasons and the survival
rates are shown on Table 48. These were minimum figures as some may
have been in the groups but not séeén and others may have left the area,

€.g. the Immature bird spen at "Glenvar® twelve months after ik had
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fledged. There were too little data to correct the bias introduced

83 a resylt of dispersal.

8.3  QDiscussion., Shooting and collisions with cars are two factors
that have dnly acted on the black cockatoo populaticn comparatively recently.
In the case of shooting, only since European settlement, and in the
cage of collisions with cars, only in the last 50 years. Thesa
two mortality factors accounted for 24 per cent of known deaths bat
becausa they actively involved pecple, the return rate from thess
factors was probably much higher than for traditional factors
where the body was seldom seen. Both of theas factors
will probably become more important in time because as the human
population increases and more clearing takes place, the birds will
come into conflict with man more often. &5 mative food sources are
cleared, the birds will be forced more to exotic foods which are
usually grown for some profit to man and any depredations by tho

birds will result in more shootings.

Baged on tag sighting data, the average further life expectancy
of ﬁdult:s is two and a half years, yet they only fledge 0.65
young per nesting attempt. Within six to eight months, only 49 per
cent of these offspring are left alive. These survivors donot breed for
a further thres years and it is reasonable to assume that about half
or less of the remainder actuslly survive to breed. These figures
are probably too high and for compériscn, the Royal FPenguin (Eudyptes

chrysolophus] which is long-lived, has a survival rate of fledglings

to breeding age of about 5 per cent {(Carrick, 1972).

Besuming that one in five White-talled Black Cockatoo immatures

gurvives to breed, then it will take a pair of birds at Coomallo
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Creek 14 breeding yvears to produce two offspring who survive

and 21 years to produce three, If these figures reflect the true
sitoation then the adults must have an annual survival of hetween
90 and 95 par cent (from Lack, 1954) if the population is stable,
Lack (1954} states that the highest average age may be expected

in birds such as the larger petrels or eagles with a clutch of only
one egg and several years of immaturity. The White-tailed Black
Cockatoo with its low breeding rate and four years Immaturity,
mitst have a2 low adult mortality rate or the population would soon

die out.

Because the non-hbreeding season groups can be searched for
tagoged birds, it i3 possible to divide the year into two phases and
oxamine the adult mortality in each. At Coomallo Creek between the
end of the breeding season and the following April/May, when the
non—breeding season groups start to disperse, the survival of
tagged females "=z 93 per cent and 98 per cent for tagged males
averaged over four years. From this time until the birds are
bresdimg, the survival of females is down to &3 per cent and BB
per cent for males. There appears to be some factor operating in

the latter phase which resulte in most of the mortality.

The fact that during the 1973 breeding season gagles accounted
for at least 14 per cent of the tagged femalesz in only four months

indicates that there may be a bias towards the taking of tagged birds.

Fielowski (1959, 1961) showed that Goshawks (Accipiter gentilis)

preferred as prey domestic pigeons (Columba livia) that differed in

colour from the majority of the population, After some experimenta-

tion; he concluded that Goshawks seemed to prefer odd, or unusually
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coloured pigeons. Tinbergen (1960) found that tits (Paridae) tend
to select one kind of larval lepidoptera at any given time apd
believed that the birds were actively searching for these specific
larvae and largely ignoring other potential prey. He labelled
this phenomenon a ‘specific searching image® (S8I). Mueller
{1974) set out to delineate the influence of the §5I in prey
selection and explore the mechanism by which it is formed in the

Emarican ¥estrel (Falco sparverius). He found that in his

experiments a4 long-term 551 L= the most important determinant

of prey selection and that conspicuousness seems unimportant,

but several of his experimental birds 4id show a distinct

tendenoy to select 'odd! prey. Mueller commented that this tendency
to select 'odd' prey is probably important because in nature 'odd’
animals are less common than in his experimental regime, As a
result, a tendency to select "odd' prey may result in the capture

of all ef the 'odd' animals in the enviromment,

Wedge-tailed Eagles will prey on any birds with a body weight
in excesz of 100 grams (Brocker, pera. comm. § and Galahs, Ravens
{Corvus spp), White-tailed Black Cockatoos, Mountain Duck and

Straw=-necked Ibis (Threskiornls spinicollis} were all taken by

eagles at Coomallo Creek. During the period from August to
December, the White-tailed Black Cockatoo is common in the area
and in_the groups of cockatoos are scme individuals that are marked--—
in a conspicuous way. When a tagged bird is flying, the sun is
reflected off the tags and they are obvious to the naked eye from
gome distance away. Throughout the pericd of the study, tagged

birds were usually in the minority in groups seen and the sun
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glinting off the tags may have attracted the sagle's attention
and allowed them to keep tagged birds singled oot when making an

attack. This could lead to differential predation against tagged

birds.

In addition to making birds conspicuous, the wearing of tags
may affect the birds in other ways. Tags do protrude from the body
and as a result they may get caught on some projections (on trees
or in hellows, etc.) resulting in wing damage. The tags may also
affect the aercdynamics of the wing resulting in altered flight
characteristics. There only needs to be a slight disadvantage
accruing from the wearing of tags for selection to act against
tagged birds and eliminate them Erom the population. Despite this
disadvantage tags are necessary in order to carry out individual

behaviocur studies and movement studies on wild birds.
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Q. Pehaviogr

9.1 Alms of the research into behaviour. The primary aim

of thiz part of the study was to describe amd discuss some behavioural
activities of an unrestricted colony of White-tailed Black Cockatoo
in their natural conditions. The Coomallo Creek population was

used in this study because it was a viahle population with sufficient
nests in an area to ensure that several nests could be cbeerved at

DOCE .

The second aim was to carry out a study of an aviary colony in
order to clarify certailn problems raised by the field studies, The
birds' mobility in the field makes data collection difficult during
the non-breeding season and the use of aviary studies was to circum-

wvent this preblem in additisn to augmenting the field cbservations.

2.2 Behavioural studies on the Paittaciformes. Studies on the

behaviour of parrots are few and that of Dilger {1960) was the firse
detailed account. In a laboratory study on the comparative ethology
of the parrot genus Agapornis, development af the young, maintenance

activities, agonistic and reproductive behaviour are described and

discussed. Brockway, studying Budgerygars (Melopsittacus undulatus)

in aviaries, published a series of papers of various aspects of
behaviour; the effects of the position of the nest-entrance and male
vooalisations on reproduction {1962} : the effects of social influences
on reproductive physiclogy (1904a); a detailed account in which infor-
mation on the general biclogy, maintenance, sgonistic and other non-

reproductive behaviour is given and analysed with respect to functiom,
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causation and biclogical sianificance (1964b); an account in
which the behaviour patterns associated with pairing, precopulatory,
copulatory and post copulatory activities are described and their
possible function, causaticn and evoelution is discussed (1968do);
and an account of the influence of some experimental and genetic
factors on the visible courtship behaviour (1974). Willis (19&2)

studying the Red-backed Parrot (Fsephotus haematonotus) described

behaviour, particularly displacement activities. Thizs study was
conducted over a nine month period and was based on aviary studies
augmented with some field work. Hardy, studying the Orange-fronted

Parakeet (Aratinga canicularis) in both laboratory and field, des-

cribed the epigamic and nesting behavicur (1983} and the flock
social behaviour {1965). He later (1966) described a series of
experiments designed to reveal the importance of specific, racial
and individual characteristics of sociality and postulated their part
in the evolutionary process. Zann (1965) in a laboratory study on

the Quarrion (Wymphicus hollandicus) gave an-account of its general

biclogy and descriptions of maintenance, agonistic, reproductive and
flocking behaviour. Power, studying the Orange=chinned Parakeet

(Brotogeris jugularis] in captivity, described the aggressive and

appeagsement behaviour, the peck order, territoriality, reacticns to

a predator, displacement behaviour and wvocalisations {(1966). He sub-
sequently (1967} described the epigamic and reproductive behawiour
and particularly the behaviour of individuals and members of pairs.
Boackley (1968} studying the Blue-crowned Hanging Parrot (Loriculus
galgulus) and the Vernal Hanging Parrot (L. vernmalis) im awiaries,

described their maintenance, agonistic and reproductive behaviour,
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Pidgeon (1970} made the first detailed study on any of the cockatoos
and degcribed the individual and social behaviour of the Galah

(Eakatlle roselicapilla)l based on both aviary and field studies.

There are several more acoounts of more restricted aspects
of behaviour dealing with the Order generally or on a more specific
level. Brereton and Immelmann (1%62) investigated head scratching
in the Psittaciformes and Smith (19270) commented on the use of the
foot in feeding with specilal reference to parrots. Harrisen (1973)
described the nest-building behaviour of Quaker Parrots (Mycpsitta
monachusl in captivity and Potis (1976, 1277) described the comfort

mevements and the agonistic behaviour of the Kea {Hestor notabilis).

Behavioural research on parrots has been confined, almost
exclusively, to stuodies conducted in aviaries. As a result, there
has been an emphasis on behaviour associated with comfort, mainte—
nance and agonism; activities which are commenly seen in aviaries.
There are fewer studies on reproductive behaviour and of those that
been conducted ocnly Willis (19632} and Pidgeon (1970)used adult birds
taken from wild populations. The remainder used birds obtained
commercially and in some cases these were from domesticated strains.
AE a consequence, there 1s a congpicucus lack of detailed knowledge
of the behaviour of natural parrot populations and the part behaviour
playe in the regulation of these populations. The imposition of
space limitations on animals by confinement of any description, may
resalt in modifications of the behaviour and produce "artifacts of
behaviour". Without detailed knowledge of the hehaviour of animals

in free-living populations, predictions about wild populations, made
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on observations from caged animals, are potentially misleading.

The White-tailed Black Cockatoo was the only cockatoo which
had not bean bred successfully in captivity by the start of
this study (Lendeon, in Cayley, 1973). For this reason studies

of reproductive behaviour had to be undertaken in the field.

5.3 Methods

9.3.1 The field golony. In order to cbserve be-

haviour associated with breeding, a hide was set up on & three-
metre tower in the centre of a group of trees (Figure 10). This
group of trees was isolated by paddocks and uncleared heathland
from other such groups. {Figure 58 shows the location of the
hide in relation to nest hollows.) There were 15 hollows large

enough for the birds to use that could be observed from the hide.

In 1972, weakly watches wera kept on four nests, These
weekly watches were carrled out from 1600 hours until dark and
then from dawn to 1200 hours the following day. These were con-
ducted from the time the first eggs were lald until all the
nestlings had left the hollows. In 1273 and 1974, continuous
watches were conducted gach week from 1300 hours wuntil dark and
from dawn to 1300 hours the following day. These wers conducted
from before egg=laying until the nestlings fledged in 1973 and

until all the nestlings had hatched im 1974.

9.3.2 The aviary colony. Three sxperimental aviaries

witrs used In the course of the study.
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The first (Big Aviary) was 12.2 metres long and 6.4 metres
wide and high made out of aluminium angle supports and wire
mesh. It was constructed arcund a large wandoo which had been
trimmed ‘to allow the cage to be built arcond it. By the time
chegrvatione were begun the birds in the aviary had ringbarked
the tree and killed it. Thera were two hollows attached to the
dead tree and a further two more attached to the sides of the

avyiary.

Oegervations were made from a hide 12 metres from the cade,

The gecond aviary (T-aviary) was bpilt in the form of a large
T and was built out of frame sections 2.4 metres sguare covered
with wire mesh. The aviary was 2.4 metres high and 22 metres
long acroés the top of the T and 12.2 metres along the upright
of the T. Eight hollows were supplied in the aviary, twe in each
arm and in the centre section. Perches were supplied in each
arm and in the centre section. Observations were made from a

hide located in the middle of the top of the T.

The third aviary (Small Aviary) was built out of 2.4 matre
sectione covered with wire and was 4.2 metres long and 2.4 metres
wide and high. & perch was supplied at each end of the aviary.
Observations were made from a hide built at one end. This was

the only aviary with a concrete floor.

The birds were fed sunflower seed, and this was supplemented

with variocus other items such as pine cones, marri nuts and
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Banksia Erﬂﬂﬁiﬂ flowers and cones as often as they comld he

chtained. Water was supplied in stock treughs on the floor.

The use of these aviaries in the wvarious experiments con-=

ducted will be detailed in the presentation of the experiments.

9.4 Description of behaviour

9.4.1 Introduction. The study of the behaviour of

the White-tailed Black Cockatoo began with a gualitative desorip-
tion of the behaviour exhibited by hirds in both the field and
aviary. There were two basic types of behavicural units:
activity patterns (i.e. movements and postures) and vocaliza—
tions, although some vocalizations formed part of some activity
patterns. In the following sections the behavioural units
deseribed may consist of several component movements (for
grample, autopreening consists of several differont movements)
but the wnits have not been broken down to their components
becange it seemed that the unit was a more useful basis for the

subsequent analysils of its function.

In the following section the behavioural units have been
presented in wvarisus groupings. FEach group has an apparent funec-
tional correlate {e.g. maintenance and comfort behaviour,; locomo-
tion, etc.}. There iz a danger in such categorization as some.
units may have several functional correlates and this would
rezult in hyvbrid clessification. Bearing this in mind, impressions
gained during the descriptive phase of the study formed the basis

for the fallowing classification. The significance of this
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clagssification was then tested in guantitatiYe analyses of the

behavioural units.

9.4.2 Activity pattecns.

9.4.2 (1) Maintenance and comfort bahaviour.

These consist of activities carried oot to maintain the individual's

continued existence and well-baing.

9.4.2 {i){a) Feeding. White-tailed
Black Cockatoos are gregarious and feed in trees, low bushes, or on
the ground. They usually feed in groups which mowve steadily over
the food source, sach individuwal feeding in one spob, moving on
and then resuming feeding. Occasiconally, individuals will take
off and fly over those in front, land and start feeding. On the
ground, this type of feeding action causes the group to move
steadily across the food source. Moch the same type of action is
used when feeding in bushes and trees. This type of group feeding
movement has been termed "drifting" by Hinde ({1952) and occours in

Galahs (Pldgecn 1970) and Red-tailed BElack Cockatoos (pers, obs.).

Seed is picked up between the mandible tips and husked using
the tongue and mandible tips. The tonguee is used to clamp the
seed against the ingide of the upper mandible while the edge of the
lower iz applied to the =seed to erack the husk (see Homberger and
2iswiler [1972] for an accurate description of this process). The
seed 1s rotated using the tongue and when the seged is clean, the
husk is discarded apd the seed swallowed whole. Even seeds of the
Marri which are among the largest eucalypt seeds [Up to 12 mm long)

of wery large pine seeds [15 mm long x & mm wide) are swallowed whale.
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Sesd may be removed directly, leaving the damaged seed pod
on the plant as seen on some Hakeas, or the bird may bite off a
single pod or cluster of pods at the stalk. The pods are held
in the foot while the seeds are removed (Figure59). This
technigue is invariably used when feeding on Marri as the fruits
hang down and have to be removed before extracting the seed. The
frults are bitten off and lifted in the bill, then transferred
to the foot, This transferring results in the dropping of one
fruit out of ten befora it has been eaten [Saunders 19%74b). As a
result, there is food littered on the ground during a feeding bout
and this is exploited even while there is food still on the plant.
The Forests Department took advantage of this "clumsiness®™ by col-
lecting dropped pine cones (both uneaten and partly eatenl,
ripening them and extracting seed, thus eliminating the need to
climb the trees to get sced come (Perry 1948)., Some birds often
walk around on the ground picking ever dropped fruits while others
are feeding above. Even in cages where food is provided in kowls,
the hirds seem to prefer to scatter it around on the floor and walk

around picking it ower.

A number of species of plant shed their geed after fire and
the birds will readily come to the ground even while the bush is

gtill smoking, and feed on this seoed.

The birds will sometimes carry food with them when they fly

pff. This is vsually carried Iin the bill,

9.4.2 (i} {b}. Drinking. White-tailed

Black Cockatods are seed eaters and usually drink every day, wsually mid-



Figure 39, Food being transferred from the bill
te tho foot.
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morning and late afternocon, They will drink from any accessible
water source and they usually fly to sane vantage point (tree,
mill, tank or fence) before moving in to drink., From the vantage
point the birds fly to the ground or to a point several metres
from where they are going to drink and then walk in. They appear
to be wvery wary when drinking and by landing some distance away
they are able to survey the watering point thoroughly. This has
proved advantageous as the feral cat {Felis catus) in some areas
lies under stock troughs and preys on birds coming in to drink.
White-tailed Black Cockatoos, and Red-tailed Black Cockatoos
which survey the area before drinking are rarely caught this way
whereas Galahs and Corellas which land directly on the trough are

often caught (pers. obs.).

The birds lean forward and dip the mandibles into the water
with the bill half open. The lower mandible is filled with water,
the tongue being pushed up and down to help the water in, The bird
then raises its body anﬁ tilts its head so that the water runs
down into the crop when the bird swallows. This action iz repeated

until the bird has taken sufficient.

The observed number of dips in a drinking bout varies from two
to 21 seen on a very hot afterncon by a female which still had a
nestling. After drinking, the bird invariably flies directly to
a nearby tres or perch, waiting until the group has finished

drinking befaore flving off,

.4.2 (1) (g}, Neormal perch position.

this position, the feathers are yuffled, the lower mandible is hidden

In
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by feathers* and one foot may be drawn up into the feathers of

the abdomen [(Figure 60). The eyes may be closed,

9.4.% (1) {d) . Defecating: The body ise
lowered downwards and the feathers of the lower back and crissum are
ruffled. The same action is followed when the bird is on the
gropnd with the body lowered so that the cloaca almost touches
the ground. After woiding the bird shakes its tail hriefly,
rasunes the normal perch position although it may shake soon

after.

9.4.2 (i) {e). Chewing. White-tailed
Black Cockatoos, in common with many of the parrots [(Agapernis, bilger
1960; Red-backed Parrot, Willis 19623 Budgerigar, Brockway 1964dbg
Orange-fronted Parakeet, Hardy - 1963; Quarrion, Zann L9a5; Galah,
Pidgeon 1970; Red-tailed Black Cockatoo, pers. oba,) spend a
congiderable amount of time in the wild and in captivity engaged
in chewing activities. A wide range of cobjectr iz bitten and
chewed, In the case of a perch, the bird may bend down and bite
off large slivers of wood (Figure 61) which are picked up in the
bill, transferred to one foobt and held there as the bird chews them.
Dilger {i9&0) concludes that thils behaviour maintains thea
maxilla at a normal length in Agapornis, and states that when
access to material to chew is denied the tip of the maxilla
bepds to become abnormally long. Chewing in the White-tailed Black

Cockatoo may well have the same function,

* The generic name Calvrtorhynchus means "hidden bhill"™.




Figure €0. Hoyxmal perch position.



<

Figure £1. Chewing at perch.
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G.4.2 (i) (f) Billl stropping. The

bill is wiped across same object; first one side then the other

in the manner in which a knife is sharpened on a steel, The bird
may be walking or stationary when performing this action and it may
be done once or several times. It is commonly carried out after
feeding, drinking or chewing when foreign particles may be adhering
to the Bill. This has been termed bill-wiping by Zann {19653) and

Pidgeon (1370}.

g2.4.2 (i} (g} Bill grinding. The

edge of the mandible is moved up and down on the corrugated
surface on the inside of the maxilla. Sometimes a grinding

motion is used and the noise produced may be avdible several metres

away .

Homberger and Ziswiler (1972) in an investigation on the
functional morphology of the bill of parrots provide a detailed
description of this bill-honing process and note that in the 17
gpecies of parrot and cockatoo that they observed the birds only
porform this behaviour when they are in a peaceful, settled mood
and any disturbance stops it. This appears to be the case with
both White—tailed and Red-tailed Black Cockatoos which only perform
bill grinding when they are in the nommal perch position. Any
disturbance results in the bird adopting an alert posture and

bill grinding ceases.

Homberger and Ziswiler found that the functional significance

of bill grinding coneists in modelling of the final narrower section
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of the maxilla and in sharpening the cutting edge of the mandible.
In addition, the corrugated lining on the inside of the maxilla
ig modelied out and this section plays a vital part in the process
of husking the seed, It is this section that provides the anvil
an which the seed is held by the tongue while the mandible cuts

into the seed.

This interpretaticn of the function of bill grinding is confirmed
by the structure of the maxilla and mandible of one adult female
collected in a pine plantation. One side of the cutting edge of the
mandible had broken off for some reason so that the grinding action
en the inside of the maxilla resulted in only a portion of one side
being ground. The unground side continuved growing, as did the
unbroken tip of the mandible resulting in a deformed bill resembling
a large pair of shears. The maxilla was 34% longer than the normal
length. This bird was in very good condition with & crop full of

husked seeds when collecked,

Nestlings are able to bill grind by 5 weeks old and do it

after being fed.

9.4.2 (i) (h) Scratching. The head and
bill are the only areas scratched and this is carried ocut by raising
the foot under the wing and at the same time lowering the head towards
the foot. This is the "direst" method described by Simmons (1961)
and called "under®™ by Brereton and Immelman (1962). The claw of
the long centre tos is used in a series of rapid vertical movements

af the foot. The head is mowved in relation to the foot to enable
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differant areas to be tended.

Any persistent foreign particles remaining on the bill after

bill stropping are removed by scratching.

8.4,2 11} (1)} Poot care, The feet are
cleaned by the bill, the foot being raised under the wing and the
head is lowered to it. Debris is-cleaned off the legs by nibbling
with the bill and the toes and claws are cleaned in the same mannear.
They are alsc cleaned by drawing them through the partly ocpened

mandibles,

9.4.2 (i) (j) Resting and aleeping.

Reating and sleeping involve twe positions. The bird sits with its
head forward amd the bill partially hidden in the feathers of the
breast or the head may be turned over ong shoulder and the bill
buried in the scapulars. In both positions the body feathers are
partially ruffled and one foot 18 usually drawn up into the feathers

of the abdomen. The eyes may be open or clossd.

Both positions are wsed at night and doring the day and both
are used during brief rest perieds between other activities when
perched. This differs from the Galahs which used the head-forward

position for brief rest pericds (Pidgeon 19704},

Young nestlings often sleep or rest lying down on their
abdomens with their head out and turned to one side. The wings
arg held out from the body and drooped down. In this position

they can sée straight up the hollow to the entrance which they can
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not do easily when standing up. As they get older they start to
sleep standing up, first with both feet on floor, then as they are
able to bhalance more efficiently they draw cne foot up. By the

time they leave the hollow they only sleep standing up.

9.4.2 (i) (k) Stretching. When
stretching, one wing and the leg on the same side of the body are
extended down and backwards. The tail is fanned in the direction
of the extended wing (Flgure &2). This position is held briefly
then the normal perch position is resumed. This process may be
repoated on the other side of the body. After settling the feathers,
which may involve slight raising and ruffling of the flight feathers,
both carpal joints are usually raised up towards each other over
the back, the head iz lowered and the body bent forward in the form
of a wing arch {Figure 62). The tail iz occasicnally wagged

briefly. The normal perch position Ils then resumed.

These activities are similar to those described for a number
of parrot species: Dilger (1960) noted that Agapornis stretch but
made no mention of wing archingy; Willis (1962) observed wing-
arching and wing-leg-flex in the Red-backed Parrot; Brockway
11964k} noted stretching in the Budgerigar and =aid that wing
arching usually followed; Zann (1%65) chserved wing-leg-stretch
followed by wing arch in the Quarrion; Buckley [196B) stated that
wing stretch is usnally followed by wing arching in the Hanging
Farrotsy Pidgeon {(1970) noted both wing-leg-stretch and wing arch
in the Galah but fails to mention if they occur in Jjuxta positiong
Potts {1976) noted a correlation between wing-leg-stretch and

both wings stretch (wing arch) stating that the correlations “"may be



Stretching.

Figure 62.



Figure 63. Wing arch.
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congequences of simultaneous propriostimulation from inactive
muscles”: and the Red-tailed Black Cockatoo performs wing

streteh usually followed by wing arch (pers. obs.] .,

g.4.2 (iJ{1) Jaw stretch. The bill
is opened widely and the head raised alightly in what resembles a
vawn. In fact all of the above workers except Buckley (1968) and
potts (1976) have called this activity "yawning", the other two
calling it jaw-stretch. The action appears to ke a jaw-stretching

aption and 15 often carried out after long periods of inactivity.

9.4.2 (i) (m} Shaking. The feathers
are ruffled and the body and head are shaken by a geries of rolling
movements from side to side. On Some pocasions only the head is
shaken and this ocours quite often after drinking when there is
water dripping off the bill. On some coccasions the tall may be wagged

from side to side during shaking ard when this occurs it is not fanned,

This activity has been described for Agapornis (Dilger 1960),
Budgerigars (Brockway 1%64b), Quarrion (Zann 1365) , Hanging Parrots
{(Buckley 1968), Galahs (Pidgeon 1370 mentions it briefly in the
gection on preening), and the ¥Fea {Patts 19768), Most of these
workers refer to shaking as serving to settle the feathers or

dislodge some foreign matter on the bird.

9.4.2 (i) (n} Sneezing. Oocasicnally a
bird will explosively expel alr out of its nostrils while bobbing its
head. This has an appearance of a sneeze and sometimes ocours in young

birde after drinking. From the way small droplets of water aré
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expelled from the nostrlls it geems that the bird may have got
gome water into the trachea and the sneeze is a response to clear

- i

The Kéa is the only parrot species for which there is any

reference to sneezing (Potts 1976).

8.4.2 (1) {g) BAgtopreening. ©Cullen

{1963) proposed the term "antopreening" for those occasions when a

bird presns its own plumage and this term is used here.

White-talled Black Cockatogs spend a lot of time maintaining
the body surfaces. This is necessary to care for the feathers and

to remove ectoparasites such as feather lice (Mallophaga).

There are two types of preening movements involved. The
first consists of nibbling the feathers or skin with the bill and
is used for the small feoathers of the body and for ectoparasite
removal. The cther method is the drawing of feathers through the

bill and this is used for the remiges and rectrices (Figure &4).

A preen gland is present on the back near the base of the tail
and when preening, this gland is nibbled and the bill is wiped over
it. ©0il is probably placed on other parts of the body during
preening following use of the presn gland. It is not used in all

preening bouts but in a prolonged bout it is uvsed at least once.

The activities assoclated with autopresening are essentially
gimilar to those described for Agapornis (Dilger 1960), FRed-backed

Parrots (Willis 1962), Budgerigar (Brockway 1964b), Ouarrion (Zann



Figure 64. Preening rectrices.
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1265} , Hanging Parrots. (Buckley 1968}, Galah {Pidgeon 1970}, and

Fea (Potts 19768}, except Potts made no mention of a preen gland.

Ho predictable pattern appears to be followed during preening
kit preening of the neck and breast regions occur most commonly.
Virtually all of the body except for the head and upper neck are

accessible to autopreening.

9.4.2 (i) (p) Temperature regulation.

White-tailed Black Cockatoos sleek their feathers when they are warm
apd fluff them out when cold, In air temperatures up to- about
30=33°C they can malntain & normal plumage posture. Once the tem-
perature rises above this, then the feathers are slesked, the carpals
are held out from the body and drooped, the bill is half ocpened and
the birds pant. This posture may be maintained for long periods
over the heat of the middle of the day until the ambient temperature

falls.

9.4.2 (1) {g) Alert posture. The

alert posture adopted by the bird depends on the strength of the
gtimulus it receives. An unusual sound may result in the bird
pansing in its activity, raising its head and locking round, then

resuming its activity.

A loud sound or vnusual movement, such as a person appreaching,
results in the bird standing erect with the legs extended, feathers
sleeked and the neck extended. The feathers of the small crest
may be raised and the feathers arocund the lower mandible are
sleaked exposing the bill. In addition a short alert call may be
given (see Vocalirations section). The assumption of this posture

often results in other birds arocund it alse adopting the same posture.
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This posture is held until the bird is certain that no threat

is posed to it, in which case it resumes its other activities.

.4.2 (ii) Locomotion.

9.4.2 (ii)(a) WwWalking, White-
tailed Black Cockatoos walk with a slow waddle imposed on them by
their short tarsi. Both flat anpd inclined surfaces are covered on
foot and the birds usually walk or climb short distances rather

than £ly.

When climbing the bill is used as a third leg. The body and
neck are stretched up, the bill is hooked around a purchase point
and the feet walked up to a point just below tha bill. The bill
is released and moved up. When descending, the bill is hooked
arcund a purchase point level or lewer than the feet and the body
swung down to enable the feet to make contact lower down. Their
dexterity is such that they are able to climb up the side of a
wire cage using the bill as a third leg while holding another object

{guch a= a marri mut) between the mandibles.

This "three-legged" movement has been called "tripodding® by
Rowley (pers. comm.) in the Galah and has been described for:
Agapornis (Dilger 1960); Red-backed Parret (Willis 1962); Budgerigar
(BErockway 196db): Cumarrion (Zann 1965); Hanging Parrots {Buckley

1868} and Galah (Pidgeon 1970} .

9,.4,2 {ii}(b) Sidling, When travael-
ling short distances, the bhirds often move sideways with the head

turned in the direction of trawel. This is usually done on narrow
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perches and if longer distances are invelved, the bird turns its

body in the direction of travel and walks.

9,4.2 (ii}({e} Flying. Flying
involves slow regular wing beats of deep amplitude and a ground
gpead of about 30 kmf/hour. The wing beats on taking off are

slightly faster than those of normal flight.

On leaving the nest holleow for the first and only time
fledgling birde are able to fly gquite strongly and after the first
few hundred metres it ig difficult to distinguish between their
flight and that of their more experienced parents. To be able
ter do this they must have exercised their wings inzide the hollow
prior to fledging. They do this by stretching and arching their
wings inside the hollow. The nestling which I successfully hamd-
reared from about 30 days old frequently performed these actions.
On one cccasion when it was about 70 days old in one 20-minute
period it stretched its wings 8 times to each side followed in
each case by a wing arch. The frequency of this acticn is far in
excess of that seen by birds which have [ledged. In addition, by
about 35 days old it had started flapping its wings frequently.
In the confined space of a hollow there is insufficient room for
a nestling te extend ite wings fully in a flying attitnde so the
birds extend their wings up the spout of the hollow and flap them
in what space they have. Occasionally this results in a broken
wing because the bird has flapped the wing too hard against the

wall of the hollow.

Although large nestlings climb up the hollow and sit in the
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entrance they were never seen flapping their wings in this position,

Poggibly the risk of overbalancing and falling ocut iz too great.

Unlike Galahs (Pidgeon 1970}, White=tailed Black Cockatoos
seldom glide when flying. Gliding is usually done just prior to
landing, when weaving through tress or when flying during wvery

windy weather.

Watters (196B) in his thesis on the taxonomy of the

Pesittaciformes calculated the aspect ratio iwﬁ and wing
wing area

leading {gm;cmz of wing area) for a range of gpecies including
the White-tailed Black Cockatoo. The aspect ratio for this species
was determined at 0.556 and the wing loading at 0.377. PBEoth these
wvalues are slightly lower than those for the Galah (0.610 and 0,406},
Pidgeon (1970} irn his discussion on tho asrodynamic capahilities
in relation to feeding and movement patterns noted that "there 1z
a trend of decreasing aspect ratic and wing leading from the
pomadic tree feeding species to the sodentary ground feeding species”
asd gave an explanstion of why he Felt this was s2. He noted that
the Galah has a higher aspect ratio than sedentary species of parrot
but lower than other nomadic species, He stated that this probably
allows the Galah to move fairly long distances and to maneouvre
among trees and that the higher wing loading in relation to other

ground feeding species may be the cost of a large body size and

high aspect ratio.

This may be true of the White-tailed Black Cockatoo which is
both a ground and arboreal fesder as well as nomadic, moving long

distances guite guickly,
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9.4.2 (ii)({d) Landing. When
landing on a perch or on the groupnd the birds generally glide
and stall onto the perch surface by lowering the body, fanning
the tail and, just prior to contact, extending the legs down and
lifting the wings up. After landing the wings are settled and the
tail closed, If the landing is a heavy one apnd the bird over-
balances, the wings are flapped to regain the erect position

priocr to settling.

although Fledglings are able to fly strongly as scon as they
leave the nest, their landings aré often very poor, Their inex-
perience leads them to select places to land which are often
unsuitable. For example, small branches which will not support
their weight, or leawves in the canopy through which they crash
before finding samething more substantial to sectle on. Until they
gain some experience in landing correctly, each landing may
involve several aborted attempts before a succeseful one is
negotiated. During this learning period they are vulnerable as
they occazionally end up on the ground after a particularly unsuc-

cesgful lamding.

9,4.2 (ii){e) Pre=flight crouch.

Flight intention movements consist of sleeking the plumage; crouching
the body, Fflexing the legs and stretching the head out and dowri.

The wings may be closed or half raised and the tail may be fanned.

When taking off the bird raises its wings to their full ex-
tent and springs into the air, beating the wings strongly down to

garry the bird into the air. Flight does not always follow the
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adoption of the pre-flight crouch but f£flight is always preceded

by it.

This posture is similar to flight intenticn described for
hgapernis {Dilger 1960), Hanging Parrots (Buckley 1968) and Galahs

{Pidgeon 1970},

9.4.2% (i1) (f) Walking with head

twist. Some caged individuals often take several steps along a
perch then turn round by twisting the head over the shoulder and
then turning round in the direction the head is turned. They then
walk several paces and twist round. This may be performed ohcoe or

twlece or may go on for long pericds,

on other occasions they may twist round and round on the spot
without walking or they may twist the head owver the shoulder then
gwing it back and twist it round the other shoulder then back and
g3 on. None of these actlons has ever been seen to be performed

by any bird in the field.

These particular activities have not been described in any of

the parrots whose behaviour has been described in the literature.

9.4.2 (iii) Agonistic behaviobor. Thoge activi-

ties concerned with aggression.

.4.2 (iii} (a)} Bill face. The bill
of the White-tailed Black Cockatoo is very powsrful and is capable
of inflicting considerable damage to other birds. The capabilities

of the bill were convincingly demonstrated by an aviary female which
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crushed the skunll of 4 rat (Rattus spp.) which approached the
feed bowl while the female was feeding. Despite this power, there
were no instances Zeen in aviary or field where one bird caused

physical damage to another in an agonistic encounter.

Turning the head with the Ecathers sleeked so that the bill
{cloeed or partially open) is fully exposed and is facing towards
another bird is the lowest manifest form of aggressicon. It may
oocasionally be accompanied by a harsh Sguawk (Vocalizations section).
This facing of the bill towards another has also been regarded as

an aggressive act in the Galah (Pidgeon 1970).

9.4.2 (iii) (B} Bill face with gape.

In this posture the hird stands erect with its plumage slecked down,
head extended towards amother bird with the Lill cpened wide, This
is wsually accompanied by a4 loud Sgquawk (Figore 65), On some ocoa-—
gions the bird may attempt to nip the other bird, uosually arcund
the bill or arcund the toes. 0On all pccasions observed the other

bird had moved in time to avoid the nip.

Very rarely does aggression take the form of a "fight" with
both individuale attempting to bite, On the several occasions
obhserved where two individuals gawve bill face with gape to each
other apd attempted to bite, opne moved away very quickly before any
damage was done. On occaslons one leg may be raised and pushed
against the breast of another if the first bill face with gape does

not cause the bird to move away.

All parrots whose behavicur has ‘besn described used the bill



Figure £5. Bill face with gap=.
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in aggressive encounters: Agapornis {Dilger 1960} ; Red=hacked
Parrot (Willis 1962); Budgerigar {(Brockway 196db); OCrange-fronted
Parakeot (Hardy 1963):; Quarrion {Zann 19653); Orange-chinned
Parakeet (Power 1966); Hanging Farrots {Buckley 1968)r Galah

({Pidgeon 1970} and Kea (Potts 1977).

9.4,2 {iii) (e} Move towards. A bird

may approach another in several ways but if it moves towards the
other, facimg towards it with itz plumage sleeked and bill fully
axposed it constitutes an aggressive act. This 1s a form of hill

face but with a movemant towards the other bird,

9.4.2 [iii} (d) Bill face and pre=-

flight crouch. The bird adopts the pre=flight crouach and leans

forward facing ancther bird while Squawking loudly. If the other
bird i= pear, it may lunge and attempt to bite. If the other bird
is some distance away, for example, near the bird's nest hollow,

it may fly directly to the intruding bird. There is a very strong
tendency to fly at or after another bird in this posture and this

may result in a chase,

9.4.2 {iii)le) Sgueak/Chatter with

head bob. 811 of the displays inwolving the Sgueak/Chatter ({Vocal=
izations section) have only been ssen from malea directed towards

othar males.

A harsh Sgueak/Chatter is uttered, the head may be bobbed once
oF repeatedly and the tail fanmed (fully or partially) with each

head bob.
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2.4.2 (14i)(f) Sgueak/Chatter with

pre-flight crouch. The male adopts the pre~flight crouch and

draws itself eract while uttering the Sgueak/Chatter. The ta&ail
may be fanmed at the same time. Once the body is erect the whole
action may be repeated or the male resumes the normal perch
pogition, The male may resume the normal perch position without
drawing itself erect and in other variants it may wave ite head

From side to fide in the crowach.

This action may be given to another male nearby or to one
soma distance away and there 1% a strong tendency to fly at or

after the other male, This may result in a chase.

9.4,2 (iii){g) Chase. Chasing may
oreur while birds are perched or while flying and inwvoelves cne
bird following another after an aggressive encounter, Chasing
may involve female/female, male/male or female/male interactions

but po examples of males chasing females were ever seern,

9.4.2 (iv) MAppeasement.

9.4.2 (iv){a) Turp away. The action
of turning the head {and; therefore, the bill) away from an aggres-—
eive individual in an act of appoasement often results ln an

aggreassive encounter ceasing.

9.4.2 (iv)(b) Withdrawal. The act
of withdrawing from an aggressive encounter is an extrems form of
turyn away and usually results in an aggressive encounter ceasing.
Withdrawing may involve moving several steps away from the other

bird or it may involve flving some distance from it.
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During the breeding seaszon, when a female lands in & tree in
which ancther female is preparing a nest hollow, the intruding
female may have to fly several trees away from the occupying

female before an aggressive encounter is terminated.

9.4.2 {wv) ngual and other behaviour. Those

activities concerned with palr formation, pair bond maintenance

and breeding.

9.4.2 {v){a) Regurgitation bobs.

The bird lowers its head and extends its meck. The head is bobbed
vigorously up, down and from side to gide. This action moves food
upg from the crop priocr to feeding another bird. Eegurgitaticon
hobbing ia carried out by both males and females prior to feeding
their ocffapring and by males prior to feeding their mates, Ho adult

females were ever seen feeding their mates.

The act of one bird feeding its mate has been called Courtship
feeding and it is known to occur in many of the Paittaciformes az well
as many other families. 1In the genus Agapornis, only the male feeds
the female in seyeral gpecies and the female alspo feeds the male
in other species (Dilger 1960); only the male feeds in the Red-
backed Parrots {(Willis 19%62); in Budgerigars the male usually
feeda, but the the foemale sometimes does so (Brockway 1964c). In
the Orange—fronted Parakeet in captivity both sexes feed [Hardy
1963} ; both sexes feed in the Orange-chinned Parakeet [Power 1967);
courtship feeding was not poted in the Quarricen (Zann 1965); 4in
the Hanging Parrots only the males feed (Buckley 1968); and

Pidgeon (1970) states that courtship feeding does nok ocgur in the
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Galah, while Bowley [(pers. comm.) has observed it occasiopally
in Galahs but maintains it does not form part of their usual

repertoire,

9,4.2 {v)i{b) Begging crouch. The

begging bird crouches down low on the perch and extends its head
towards the other bird. While im this position it gives a
Bagging grate (Vocalizations secticn) if it is an immature
but may not do so if 1t is an adult female., This posture iz used
by immature hirds towarda theiy parents or by adult females

towards their mates,

9.4.2 () {c) Food transfer. This

takes place when one bird is fed by another. The bird being Fed
adopts the begging crouch, the two birds touch bills with the
feeding bird's bill higher (Figure 66), The bird being fed holds
its wings half out from the body and drooped down. The food is
transferred by & series of rocking movements accompanied by the

faeding A...A...A... (Vocalizations section).

9.4.2 {v){d) Allopreening. Cullen

(1963) proposed the term allopreening for those cccasions when it
preens the plumage of another bird and Harrison {1965) broadened
tha terminology to include: MNon-reciprocal allopreening = when
one bird preens another but is not preened in return; reciprocal
allopreening — when one bird preens another and is preened in
return in the same bout; and similtanecus preening — whan two or
more birds preen each other at the same time. This terminoclogy

will b= followed ard refers bo such terms as reciprocal preening
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(Dilger l960), social or partpner preening (Willis 1962) and mutual

preening (Hardy 1963, Fower 1967).

White=tailed Black Cockatoos allopreepn regularly and in
populationa in the field it has only been Ssen betwesn members
of mated pairs and reciprocal, non-reciprocal and simultanecus
allopreening all take place. In aviary populations it usually
takes place betwsen pairs and all three forms are also shown.
The only deviatlons from this were bouts of allopreening between
two adult femalez who often allopreened together exhibiting all

three forms in 4ditlon to allopreening with their mates.

The nibble presping method is used exclusively and the head
and neck regions are the most commonly involved (Figure 67 and
any attempt to allopreen other areas results in some form of

rebuattal.

Eithar member of a palir may initiate allopreening by offering
itgelf to be allopreaned or by beglnning to allopreen the other

bird. Heither method is always successful.

Bdults also allopreen their offspring and in these cases most
of the body is covered without any rebuttal. HNo instance of off-
gepring allopreening their parents was noted = every attempt by

the offspring that was obgerved resulted in a rebuttal.

9.4.2 (v)le} Offering. This posture
iz adopted by a bird attempting to initiate allopreening. The head
or neck is turned so that the area to be preened is offered to the

pther individual in such a manner that it is the nearest part and



Allcopreening.

Figure a7,
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is lower than the bill of the other bird (Figure 68). The head
and neck feathers are ruffled at the same time: —If this offering
is pot successful the ‘bird may off occasions butt the other bird

with its bill gently then resune the offering pesition.

Sgueak displays. These displays &1l invelve the Squeak Call

(Vocalizations section) made by males in situations invelving females.

2.4.2 (v} (f) Bgueak display 1. The

male glves a Sgueak or & serles of Sgueaks in the normal perch position.
In wariatione of this display it may give a hend bob with each Squeak;
fan its tail with each Squeak; or head bob apd tail fan with each

Bgqueak.,

2.4.2 (v) (g) Sgoeak display 2. The

male lowers its head, fans its tail and bends forward, The body
and head are then raised erect while the bird utters the Sgueak.
In variations on this, the head may be bobbed or waved from side

to side as the Sgueak is uttered.

9.4.2 {v)(h) Bgueak display 3. The

male lowers its head, fans its tail, crouches its body and walks
towards the female while uttering the Sgueak. As it approaches
thae female, it draws erect standing with its ledss extended. 'The
tail is closed &3 the male returns to the normal perch position or

moves away.

Ah-Ah displays. These displays all involve the Ah-ah call

(Vocalizations section) made by males towards females.
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9.4.2 (w]{i).  Ali-Ah display 13 The

male utters a continuous Bh=Ah in the nermal perch position. This
may be made briefly or 1t may continue for geveral minutes. The head

iz bobbed slightly as each phrase is uttered.

9.4.2 (v {4) Ah—-nh display 2. The

male bobs its head, half fans its tail and rocks backward and for-

word on the spot uttering & continwous Ah-Rh.

9.4.2 [v){k)  Rh—Bh display 3. The

male lowers its head, fans its tail, crouches its body and approaches
the female with its head boebbing and uttering a8 continuows Ah-Ah.

A5 it gets near the female it draws eroct with the tail fanned.

The male may then resume the normal perch position, or move away
uietly or move away in the crouched pogition with 1ta tail fan

closed, bobbing its head and uttering a continuous Ai—-Bh.

2.4.:%2 (v)il}) Head bob and tail fan.

Both gsexes perform thesse actiong but females do them rarely. The
Lird bobs its head once or several times, partially fannlng its
tall with each bob. This may be done in the normal perch position

or while walking.

9.4.2 {v){m] Head wave. This iz also
performed by both sexes. The head is lowered and waved from side to
glde once or several times, sometlimes with partial tail fan, This

may be done in the normal perch position, while walking or in the

pre—£light crouch.

9.4.2 (v)(n] Bowing. The head and

body are bowed forward then returned te the norml perch position.
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Cnce again it is performed by both sexes.

9.4.2 (v){o) Wing-head-tail display.

The body is bent forward, head lowered, neck extended, wipgs fully
raized apd tail fanned. The head may be waved and the wings flap-
ped once or several times. Both sexes perform this display and

males coccasionally give the Squedk at the same time.

9.4.2 (v}{p) Copulation. The female
sduats down on the perch and leans forward with the wings held down
==A et in front of her. The male hops onto the female's back and
=== ag, & iteelf with seweral flaps of its wings. It then settles on
the back of the female and twists ite tall around under the female's
¢ail, The male holds its head down but its wings are held up and
hack. The pair rock backwarda and forwards with the male pushing
its cloaca up against the female's. The male may change its tail
to the other side of the female's during copulation and on completion

it returns to the perch beside tha female.

9.4.2 [v)ig) Incubation and brooding

posture. Only the females incubate and brood but the posture adopted
by the females was not cbserved as it was not posaible during the

study to set up the necessary arrangements to observe behaviour

inside the hollow,

9.4.2 (vi) Summary of occurrence of the actdivity

patterns in field and aviary populations. All of the activity pat-

terng described with the exception of copulation ware seon o be

performed by members of the aviary colony. In the field population

most of the activity patterns were seen with the exceptions of:
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head wave, squeak/chatter with head wave and tail fan, squeak)
chatter with head bob, wing=head=-tail with squeak, and walking with

head twist.

0.5 Vocalizations.

9.5.1 Introduction. The communication system of the

Whito-tailed Black Cockatod comprises both auditory and visual
digplays. {There are no indications that sense of smell plays any
part in the communication system.] In the following sections, the
auditory displays {vocalizations) are described, illustrated on
ponograph tracings and the context im which they are performed is
diecussed. Several wvocalizations are associated with visual displayvs
and thoso are discussed in the séctions relating to those displays

of which they form part.

Delacour (1964) noted that '"parrots, usually very gregarious
and of high psychological development areée the noislest of all birds.
Thelr voices tend to b2 harsh screaming, and definitely disagreeable.®
While this may be true of most of the oockatoos, the White-tailed
Black Cockateo has a pleasant soundipmg whistle=like call that carries

for considerable distances.

All but one of the vocalizations produced by the White—tailed Black
Cockatoo fall into the category of call-notes which are defined by
Thorpe (1964) as being mostly monosyllabic or dysyllabic and
practically never consisting of more than four or five notes. The majo-

rity of their calls are apparently concerned with the cos=ordination of
the behaviour of other members of the species in situations that

areg not primarily sexual but concerned with maintenance activities,
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g,5.2 Dascriptions of calls. In the follow-

ing catalogue of the vocal repertoire of the White-tailed Black

Cockatoo; the calls have been grouped into the categories that

appear to cover the context in which they are used and these are:=

9.5.2 (1) Copntact calls., Calls that

gesm to be used in the context of group malntenance.

B.5,2 (i1} Sexual calls. Calls that

ara made in conjunction with semual displays.

9,.5,2 (iii) _.E'.'_gmistil: calls. ©Calls that

are made during encounters of an agonistic natura,.

9.5.2 {iv) Begging callg, Calls that
are psgocilated with situations inwveolwing soliciting food or

receiving food from ancther bircd.

9. 5.2 {v) Miscellaneous calls. ©Calls

that do not appear to fit into the above categories.

9.5,2 (i) Contact calls.

.5,2 (i) {a) Wy=lah call.
This is by far the most common call- made by the birds and may be
given by any Whnite-—-talled Black Tockateoo. It typically starts at
around 1 kHz rising to ebout 4 kHz, tails off to about 2 kHa
and lasts about 0.7 seconds (Figqure €9a). It is the loudest
of the sounds made by the White-tailed Black Cockatoo and the
descriptive name given to the call, wy-lah, is from cone of the many
Bhoriginal words for the black cockatoos. In this case, it i= one

of the east coast tribes' pames for the ¥Yellow-tailed Black Cockatoo



Frequessy (ke

-
i
r

Freqeeney  (EHE|

L)

Frequemey  |kHz

Frequency (kMal

14

Shorl  whistle call

o4

Whistle call

¢

Interogative  call

5

B

Wylah call

T —r— 1 e i e ——

05 14 k3 it

Figure B69.



151

{Fees, no date) but it is alsc a good description of the sound made

by the White-tailed Black Cockatoo.

The wy-lah call is given in & wide variety of situations and
there is considerable individual wariation in the calls. When
flying undisturbed, the members of a group commonly make this call
and it is usually heard before the birds themselves are seen. It
ig a call that 1s wvery directional. Birds returning to their nest
hollows commonly use the wy=lah call as do stationary groups wWho
hear other birds in the diztance. It is commonly used prior to
taking off and an individual giving a series of these calls may
shorten them until just prior to taking off when a8 wery shortened
vergion is given which may be only thres-guarters of the length of
the call given when flyving. In a series of wy-lah calls, there is
usually a distinct break between calls of arcund 0.4 seconds but
they may be given closer together in rapid succession or run boget-

her with no break, glving a4 double wy-lah.

9.5.2 (i} (k] Interrogative call. This

call sound like a drawn out wy-lah with an inflection at the end
that makes it sound like a guestion has been asked. The call starts
at arcund 1 k#z, rises to 3 kHz, finishes at 1 k#Hz and lasts 0.7-0.8
seconds (Figure 69b)., It is uttered by both sexes and often occours

in eonjunction with the wy-lah call.

9.5.2 (1) te) wWhistle ¢all. Thi=s iz a

dissyllabic call scunding like "whee-whees' and has only been heard
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from adult females. The call has an initial phrase at arcund 1 kHz
followad 0.4-0.5 seconds later by a second phrase at 3 KHz which drops
to abouk 1.5 kHex, the entire call lasting around 0.8 seconds

{Figure 53¢ .

The whistle call may be uttered at varicus levels ranging
from soft to very loud and may be given in juxtaposition with the
wy~-lah call and is generally given when the bird is not flying.
For example, when & group of wild birds flies near caged birds,
the caged females may remain on the perch and give many whistle
calls and wy-lahs and continue to do so while the wild birds are

within hearing.

Caged females appear to be 'restless' whon making the whistle
call - fregquently walking up amd down perches and flying round the
cage between bouts of calling. While females are involwed in a
bout of whistle calling, the males are freguently giving the wy-lah
call and showing the same sort of 'restlessness'. In the wild,

the whistle call may be given prior to a female taking off and

flying.

9.5.2 {i){d} Short whistle call. This

is a shortened version of the above whistle call, lasts arocuand 0.6
seconds and has a similar construction as the whistle call (Figure
694} . This call has only been heard from females, is usually of
low intensity and iz used in the same scrt of situations as the
whistle call. As a result of the low intensity, it is only audible
guite close to the calling bird and the use of this call is not
accompanied by the samé sort of restlessness that appears to be

assoclated with the whistle eall,
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D.5.2 (1) (e)] HRalf ecall. This call
has cnly been heard from males and is a2 low intensity call, It
gtarts around 1 kHz rising to 3 kHz, talling off below 1 kHz and

ig 0.6-0.7 seconds long (Figure T0a).

This call is often uttered in the type of situations whare

the females give the whistle ealls or the short whistle palls.

On occasions during the breeding season when the female is
in the nest hollow and the male is nearlby, the half call is com=

monly given by the male while the Female 15 out of sight.

9.5.2 [i}(f) Alert eall. Thiz iz a
monosyllabic call starting around 1 kHz rising to Z kHz, lasting

from 0.5-0.6 seconds and is a harsh sounding scream {Figure 780 ).

This call may be given by any individual and is uttered when
something 1s seen or occurs which is omasual or out of place., It
was never heard in any other context. For example, if_a staticnary
group of birds see a human approach them, one or several of the
birds may give this call. If the intruder is some distance away,
the call may be of low intensity but the effect on birds that hear
the call is for them to stop what they were doing and look around.
If the intruder does not come any cleser, the birds may resume what
+hey were doing but may give the alert call occasionally, especially
if the intruder alters position, If the intruder comes too close;
the alert call may become very loud amd insistent with the group

flying off shortly after.

Cn one occasion a group of three birds were seen feading on &

low shrub near a road when a cat ran out of the undergrowth near



-
-
-

Fremeerey  (hHE)

Freceency  {kHMz

1 Ah-Ah call
',J
5_
- L 4 . o L _ r 'J‘
AR . T
B e 0 o . S = o HBE e S e
HJ_i___::i;Lizh;:kébh—;:zLLdF;E£‘5 ..... ey Bt R S
9 Squeak call
'r_
PRETRNTE B T
’_-
L] rF‘ ! - o
3 -y P 'H -.‘: L - - "-'ﬂ_-ﬁqi—
5 z 'h L r. % % r " l:
B - - & & - M - = 5 |
o4 i ] T 1 1
% Alert call followed by Wy=lah call
74 "'-..._;—--
5 gz
3 l_._f"..-'_- - / = ol
"J_,..--"—_-"""‘-' j‘:!f"'_\-‘_':“'--—
b ST WY o L =5 R e ] e
e 1 - S R ¢
LE Hall call
ke
i-
34
e
14 . =X
od J. g i1 —"“-~_T 'lr_' bl S )
o 5 H (2] H 25

Figure 70.



154

the feeding hirds. All three gave very loud alert calls, flying

off immediately.

2.5.2 (4i) Sexual calls. Calls in this category

are discussed in more detail in the sections on the visval displays

of which they form part.

9.5.2 (ii}{a) Sgueak. This call is made
up of a series of notes rising rapidly from 2 kHz up to 4 kHz and
rapidly falling back to 2 kHg (Figure TO¢). These notes may be
joined in a sequence that can last from one or two notes of about
.2 geconds up to sequences involving many notes up to several

geconds in length.

The squeak calle are made only by adult males in situations
involving females,., They are the only sounds produced by the White-
tailed Black Cockatoo that could be called a type of song, the
remainder of sounds being calls of short duration or noise of

indefinite structure and length.

9.5.2 {ii)(b) Ah-8h. 'These are calls
made up of notes of under 1 kilz with several harmonics repeated at
corresponding higher frequencieés and lasting akout 0.1 seconds
[Figure 70d8). A& series of these Ah notes is strurng together at 0.1
second intervals to produce a monotonous Sequence sounding like

Ah=Ah=-Ah-Ah ... These aeguences vary in length from brief ones of

several notes to ocnes lasting for several mimtes,

Once again these calls are oply made by adult males and always

in situations where they are directed at females.
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9,5.,2 (i1i) Agonistic calls.

8.5.2 (iii) (a) Sgueak/chatter. This is

a very harsh sounding call made up of frequencies ranging from 0-4
kHz with wery little structure to the call (Figure 71a). This call
is usually uttered by the male. I have only heard one female utter
it and that was in an aviary. The call can be brief or can last
for several seconds. It sounds like a sqgueaky chattering noise

and is usually quite loud. The enly contexts this call has been
heard in are encounters of various types between males and it

appears to be of an aggressive nature.

For example, if one male lands near a pair sitting on a perch
and makes any approach towards them, the male of the pair may

approach him wttering the sgqueak/chatter,

9.5.2 (iii)(b) Sguawk. Thias is a very
harsh sounding noise ranging from 0-3 kHe and ranges from brief
sguawks lasting for over 1 second and constantly repeated (Figure
7lbl. The sguawk may be of low or very high intensity and may be

made by any bird.

It is commonly uttered when nestling or free flying birds
are handled by humans and in encounters with other conspecifics
in sitvations where there is conflict over some resource, e.g. nest
hollow, food or perch. It is alseo made during encounters with other

species, especially during the breeding season eroubd nest sites,

The squawk has a similar form to the '"scr' call uttered by the

Galah (Pidgeon 1970) and is used in similar contexts, The lscr' is
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'a noisy screeching sound of indefinite duration' which is
uttered when a Galah is under stress, when hovering over & predator

and during agonistic encounters betweenh other Galahs.

8.%.2 (iv) Pegging calls.

9,.5.2 {iv){a} Begging grate. The

begging grate is a moisa of little strocture from 0O=3 kHz with
most of the energy round 1 kHz (Figure 7lc). It iz usually &
coptinuous nolse made up of notes of 0.4-0.6 zeconds but they can
be longer and the intensity wvaries from low brief grates to loud

harah continuous grates that may go on for minutes,

The begging grate is made by nestlings anéd immature birds
prior to their being fed by their parents. The sight or sound of
the parents when the bird is hungry appears to release the begging
grate and the hird continues making it until it bas had sufficient

food or until the adulrs leave its presence.

The begging grate is also made by adult females during the
breeding season when the male returns to the nest area while the
fomale is incubating or broeding. The feéemales do not always make

the begoing grate prior to being fed but in most cases they do,

9.5.2 (iv)} (b} Feeding A..A..A. This is

arnoise sounding like 'A..A..A..A..A.."' and consists of a number of
syllables comprising frequency bands at 1, 2 and 3 kiz (Figure 714).
The syllables are about 0.06 seconds long and 0.07 seconds apart.
The sound is produced when one bird is being fed by another. When

food is transferred, a jerking moticn is used and each 'A' syllable
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coincides with a downward jerk. The action Inveolwed in transfer-
ring food may result in the production of this noise as a mechanical
by-product. Immature White-tailed Black Cockatoos that are spoon=
fed during hand rearing also produce this noise when being fed as

the food is forced into the crop.

Galahs {(Pidgeon 1870} and Port Lincoln Parrots (pers.

obs.) also produce a similar nolse when immature birds are

fed by their parents.

9.5.2 {w) Miscellansous calls.

9.5.2 (v} (a) OCrate. This is a grating
or buzzing nolse that has virtually po form but a contimicus range
of nodse from 1-6 kHz (Figure 72a). The syllables last for about
ong Second with varying pericds as low as 0.04 ssconds between,
Bouts of grating can go ¢on for long pericds and are made by
immature birds up to independence from their pavents. Adult birds
and birds no longer dependent on their parents do not seem to
utter the grate and it was never heard from any of the birds caged
at Helena Valley until one pair bred successfully and fledged a
voung. This fledgling uttered the grate constantly until it was
about 9 months old, by which time, in the wild, it would have become

independent of it&s parents.

The grate iz commonly heard from immature birds in groups in
a variety of contexts. Immature birds in feeding groups, in groups
settled in trees and in flying groups have uttered the grate. The

immature birds producing the grate are usually near their parents but
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the parents do not appear to react to it in any way unlike the

begging grate which usoally elicits some responsse from Lhem,

9.5.2 (v){b) Chuck. This iz a very
low intensity call that does sound like ‘chuck'. It is about
;04 seconds long and consists of two pulses, one at just over
1 kHz and the other just under 3 kHz (Flgure 72b), Because of the
low intensity of the chuck, it ie conly audible guite close to the
bird producing it. It is uttered by both sexes and nswally when

the birde are alone.

For example, a female who is incubating may climb up and sit
in the entrance to the hollow and go "chuck' occcasionally, Eirds

isolated in cages ococasionally produce this call.

9.%5.2 {v){c) Low whistle. This iz a
wvery low intensity call that has not been heard often. It consists
of notes from 1 kHe rising to 3 kKHe, dropping to 1 kHz and lasting
arcund 0.1 seconds {Figure 7Z2o). There are usually several notes
given and has only been heard from adult females and always in

situstions when they are alone.

In both the chuck and the low whistle, the low intensity and
golitary situmations in which it is uttered seems to indicate that
waither are contact calls., The functions of both calls are unclear
and Rowley (1973) noted that several of the Corvids had several
cills for which he had ne explanation. Here again, they were

delivered usually when the birds were alone and idla.

9.5.3 Individual recognition. Fecognition of
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one individual by another has been observed in many species and
appears to be well doveloped in socisal species. Tinbergen (19533},

studying the Herring Gull (Larus argentatus), noted that individuals

could recognize their mates apd peighbours from both auditory and
vigual cues. Weedon and Falls (195%) demcnstrated that male

Cwenbirds {Seirus aurccapillus} can distinguiszh between songs of

differsnt individuals of their species and can recognize songs of
particular individuale (their nelghbours). Nelson (1965) noted

that in the Gannet [(Sula bassana) individual differences in wvolce

enable individuals to recognize mates and neighbours as they £ly in.
He alsc noted that chicks recognize the voices of their parents.
Stevenson et al. (1970) demonstrated that chicks of Common Terns

[5terpma hirundc) recognize their parents call and react to it by

gaping amd cheeping - reactiocns they did not show to calls from
other individuals. Jarwvis (1%71) recorded that in the South Africanm

Gannet (Sula capensgig) it was apparent that many birds could recog-

nize their parents' voices, although he did record a number of

instances where a mistake was made.

The White=tailed Black Cockatoo, with its long-lasting pair
bonds and relatively long period of dependence of the young on the
parents, could be expected to show recognition of individuals.
Records were made during hide and incidental ocbservation periods
to see If the birds possessed this faculty. It scon became apparent
that birds did recognize different individuals and they did so from

bioth avditory and visual cues,

At Coomallo Creek in 1974, there were four active nests in the

immediate vicinity of the hide, and early in the breeding season,
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there were females préesent in each of these nest hollows, elther
incubating eggs or brooding small nestlings. This particular
area wog located near the centre of the study area and there was
usually & lot of cockatoo activity arcound it, especially at those
times when the males usually returned to feed the females. There
was a watering point and roosting area nearby and this resulted
in more activity around the area than there would have been in a

more isclated patch of woodland.

Az mentioned earlier, when birds were flying, they commonly
gave the wy-lah call and it was usually given when returping to
the area of the nest. Despite constant exposure to wy-lah calls
from many different directions, the females remained in their
hollews, ©On hearing one particular individual calling, the female
would leave the hollow and fly directly towards the incoming bird,
or call and £ly to a nearby tree and wait for the bird to land near
her, On every occasion that this was observed the incoming bird
the female reacted to, was her mate, In 1974, of 30 instances
where a male waz observed returning to the area of the nest hollow,
calling as he flew, in 2B of thess the female left the hellow and
joinsd the male as it was flying in or shortly after it landed.

In the remaining 2 cases the fomale did not leave the hollow im-

mediately but did subsequently leave and join the male,

Large nestlings were also able to recognirze their parents' calls
and this wes chserved on many cccasions, Hestlings have started
giving loud insistent begging grates and wy=lah calls from inside
the hollow on hearing their parents calling some distance away and

under the same conditions that females were seen to recognize their
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mates' galls.

There are other examples away from nesting sites where this
type of recognition was demopstrated by both males and females.
For example, lone birds were heard calling as they flew in to
join groups of birds feeding. Individuals were seen to leave these
groups and fly out to Jjoin the incoming bird. Ono each occasion in

which the identities of the birds were known, the birds were

paired.

There were many examples of identification invelving auditory
cues but very few involving visual cues only. The birds were
able to recognize individoale from visual cues only and this was
illustrated several times, On one occasion at Coomallo Creek, a
group of 12 birds flew in and settled in & tree about 30 metres
from nest hollow & in which there was a female on eggs, Theo male
From & was in the group but the female did not leave the hollow
when they flew in, although the birds were calling as they flew in
and settled. Once the group had settled they sat gquietly with
very little activity, About 2U minotes later, female & left the
hollow guietly and flew directly to the group, landing beside her

mate, EBhe was fed by him soon after.

One advantage in being able to recognize an individual's call
is the saving of energy as a result of reacting only to the correct
individual. The female need only cease incubating when the male is
approaching the area of the nest hollow. IEf she were not akle to
identify the male from its call, she may be bobhing in and out of
the hollow every time she heard a wy-lah call, wasting energy and

not incubating conastantly.



162

In the case of the nestlings, they only react when the
parents are near and the fact that there is a young bird in the
hollow is only advertised at the time when the adults are arcund

to defeond it,

in view of the fact that one individual is able to recognise
another from its call an analysis of the wy-lah call was carried
cut to determine what parameters show sufficient variation between

individuals to make this recognition possible.

The calls of eight adult females and six adult males ware
recorded at Helena Valley by isolating each bird in a cage 100
metres from the nearest birds. A Beyer M100 microphone was placed
near the cage and a Sony TCEOOR pecorder was used to record the
calls, A recording was made of each bird from 1700 o 1830 hoora
for three days. HMales were more vocal than females durlng this
period {(mean 54 [range 46-112] calls compared with 32 [13-45] by

females) .

Twenty wy-lah calls were selected from esach individual (all
wy—-lah calls were used from those that produced less than 20) for
further analysis. Each wy-lah was then recorded on a scnograph
using the narrow=band filter {45 kFz) and a sonograph tracing
produced. Each wy-lah wag subdivided into four segments and from
these four segments (shown on Flgure 16b) nine parametors were
chosen for measurement. These were: the total length of the
call (seconds); the length of sach pegment (secs); the commencing

frecquency of ségments "A", "C" apd D" in kHz and the peak fregquency
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of segment "B" (kHz) which is alss the peak frequency of the

call.

in all, 140 wy-lah calls from females and 120 from males
wers analysed and the mean measurement and standard deviation
for each parameter from each individual are given in Table 49a
and b. Also given on these tables are the coefficients of
variation (standard deviation divided by the mean expressed as a
percentage) for each parameter. aAn analysis of variation was
carried out on each parameter for both gexes apd there was a
significant difference between individuals within each séx in avery

parameter.,

For each parameter, an analysis was carried out to compare
each mean with the one below it in value and the results of this
analysis are shown in Tables 50a and b. These results show that
each individual's values differ in relation to other individuals
throughout the nine parameters. For example, female 052 has the
longest eall but the length of segment "n" is among the shortest
in the sample. Similarly, male €-50 has a call among the longest

in the sample but the length of segment “"g" is the shortest,

The overall mean values for each rarameter for all of the
female and male wy-lah calls were then compared and the results
of this analysis are shown on Table 51. There was no significant
difference in the total length of the wy-lah calls between the
sexes bit there were significant differences between the sexes in

each of the other eight parameters,
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Within sexes the coefficients of wariation are lowest in the
segment freguencies and total length of call and highest in the
segment lengthe. This would seem to indicate that it ie the
digorimination of time by which ane individoal identifies another
rather than the discrimination of frequency. Fooke and Fnight
(1997}, in a €fiscussion on sound location, reviewsd the literature
on avian discorimipation of freguency and time, They noted that
"birda and man may have comparable abilities to detect ¢hanges in
freqgiency but avian discrimination of time is some 10 to 100 times
better than man's with the latter figure more likeiwy." The
figure they suggested for birds was 0.5 msec [.0005 acconds) .

The difference in length of segments within and between individuals
excends this figure many times and 18 well within the bird's

capacity of discrimination.

Hutchinson et. al (1268} using one call from esach of 40

Sandwich Terns (Sterna sandvicensis) and Berger and Ligon (1977)

with one call from 12 Pinicn Jays (Gymnorhinus cyvanocephalus) foand

that the ocoefficient of variation for the total length of the
calls was lower but that certain parameters had much higher
coefficient of wariation. Both studies concluded that those
parameters with the higher wariability possibly allow auditery
recognition of one individeal by ancther and that those parameators
with low variability were possibly parameters that were associated

with species ldentificatidn.

5.4 Discusasion of vocalizationz, Within the White-

tailed Black Cockatoos there are 15 different groups of calls but

these are probably not the full range used by the birds. Within
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each group there is certain to be # range of variations of each
call within one individual bird's repertolre and each variatlon
may convey a different meaning depending on mood and context.

Cameron [(1968) in the discusaion on her study of the Red-backed

Parrot (Psephotus haematonotus) noted that the most commonly

uttered signales lack specificity of context and she suggested
that they fulfil several functiong, This is certainly true of
the White-tailed Black Cockatoo as far as the wy-lah call {5 con-
cerned. One particular wy=-lah may convey a different meaning

to a slightly altered wy-lah given in the same context. For
example, a bird, sitting in & tree with ancther bird, may give
the wy=lah call several times bafore flying off. The shorter the
wy=lah iz and the more often it is repeated before Elving, the
greater the probability that the remaining bird will take off and

follow.

Thare are relatively detailed accounta of the wocal reper-
toire of six speciee of parrot given in the literature. These
are: Brereton (1963, 1971) and Brereton and Pidgeon {196&) on the

Eastern Rpsella {Platycercuns eximius) in which initially 19 calls

were determined then later increased to 25; Brogkway (1964a and hb)
who distinguished eight calls in the Budgerygah:; Zann (1965} who
distinguished seven calls in the Quarrion; Power (1966) who dis-
tinguished nine calls in the Orange-chinned Parakeet; Cameron (1968)
who described 153 wocal signals in the Red-backed Parrot; and
Pidgeon (1270) who found nine distinct calls with a number of

variations in the Galah.
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Of all of these studies, including the present one on the
White=tailed Black Cockatoo, only Cameron's work was entirely
devoted to vocal communicaticons. The remainder were part of
broader studies on behaviour, ecology or both. Cameron notes
that her Findings of 15 described calls are probably not the
full range of calls as she did not work for a £full year on the

birds and same of the breeding repertodire may have been missed,

In gocial birds like the parrots, voral communication has an
important role in co-ordinating group activities. A5 a4 result
of individual variations in calls, the study of vocal communication
is very time consuming and as a conseguence, results obtained from
other broader studies may be limited and tend to understate the

complexity of the system.

Rowley (1974) noted that long-lived birds with long-lasting
pair bonds that pass the non-breeding season together may not
require elaborate courtship displays as the onset of breeding
does not pose behavioural problems that arise with species that only
pair for the reproductive season. This point is borme out by the
paueclty of vocal signals in the White-tailed Black Cockatoo
associated with sexual situations. Only two of the 12 groupings
of calls that may be assigned to a functional category, are used
exclusively in a sexual category. The remainder are used in group

maintenance and co-ordinating categories.

9.6 Quantitative study of behaviour. The study of birds

in the field revealed that there were problems associated with

collection of data. The birds were mobile, easily startled and
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hard to follow because of the nature of the country over which
they foraged. The only point where continuous cbservation could be
made was around the nest site from & hide., At other locations

and during the non-breeding season they were never 1n one spot

long encugh to follow up koown individuals for long periods.

In an attempt to overcome this and to try to clarify some questions
raised by the field study, aviary experiments were conducted and
comparisons made between results gathered from the field popula-

tions and results from aviary populations.

9.6.1 Which sex was most suitable for a study of

behaviour? Cbservaticns made in the field had shown that the birds
were more active in the early morning and late afterncon. It

also seemed that males appeared to perform more displays orlented
towards the female than vice versa. In order to establish if

bhirds held in aviaries showed similar activity patternse te those
ghown by wild birds a male and female were cbserved in the Big
Aviary from 0940 to dark and from dawn to 0940 the following day.
The birds had been 1n the aviary for several months prigr to the

ohservations.

The birds' actions were scored in hourly units. In addition,
Lhie length of each feeding bout was noted. The number of times
various acticns were performed at different times of the day are
shiown on Table 52, Acticns associated with locomotion have been
excluded and autopreening, scratching, stretching and shaking hawve
all been grouped under maintenance. In each category the number
given 1s the number of bouts of that action in the time period,

rather than the number of times an individual action was performed.
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For example, one bout of preening may have occupled ten minutes
and several areas may have been preened;, but it would scors as one

bout of maintenance.

The male performad 2.5 times as many bouts of activity as the
female and confirmed what appeared to be true of wild birds.
Both birds were more active in the early morning and late afternoocn
and maintenande activities tended to occur during the periods when

the birds were less active,

The time spent feeding is shown for sach bird on Table 53.
The male spent 36 minutes in 17 bouts (mean 2.1 minutes per bowut;
ratwe 1-8 minutes) and the female spent 29 minutes in 15 bouts
imean 1.%; range 1-B)}. Both birds fed pricor to 0300 and did not
recommence feeding until after 1400. The indications from this
gmall sample were that the males would be better subjocts for &
gtudy of behaviour because they had a broader repertoire of displays

than the females,

The early morning and the late afternoon were found to be the
most productive pericds for observation as the birds tend to be
more active then. This was alsg true of wild birds arnd it appsared
that the daily cycle of birds in the aviary was essentially similar
to that displayed by wild birds with one very important differénce.
Aviary birds did not have to commute any distance to look for
food. Food was available in one location and total time spent
foeding was brief - around half am hour. Wild birds have to search
for their food and then to gather it. With very few exceptions,

food was not concentrated and feeding tock much longer thap in
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aviaries. This extra time available to aviary birds may have

resulted in some modification in their behaviour.

9.6.2 Seguential analysis of the behaviour of males.

9.6.2 {i) Intreduction. In common with many

other animals, the behavioural activities of White-tailed Black
Cockatoos were not randomly distributed in time or in association
with each other, It was obvious that some activities often occurred
together and that some, as &8 result, may have been cansally linked.
While causal linkage is very difficult to investigate and prove,

it is possible to investigate the temporal association of displays
by using sequential analyses. These technigques have been used by 2
rumber of workers for a range of studies from specific analyees of

a particular behaviour of one individual through studieg on a wide
variety of behavipurs by many individuale (e.g. reproductive
behavicur of Bitterlings [Wiepkema, 1961]; maintenance, feeding and
locomotion in Magpie Geese [Davies, 1961]; agonistic behavicur of
Creat Tits [Blurten Jeones, 1968); maintenance behaviour in ESkylarks
[Delius, 196%]; hehavicur of bicolor Damselfish [Myrberdg, 1972]:
behaviour in isclated male Zebra Pinches [Slater and Ollason, 1972];
and agonistic and sexual behaviocur of cyprinodent Fish [Ewing and
Evans, 19731). The rationale behind these technicques and the methods
ysed are well set out in several of these papers as are some of thea

limitations.

In order to give some understanding of the temporal associa-
tion of the displays of male White-tailed Black Cockatoos sequence

analyses were carried out. Observations of males from field and
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aviary populations were analysed and seguences of behavigural

units were entered into a table for the relevant population; the
tables consisted of columns and rows with behavicural units listed

in the samo order in both, so that sach unit was equidistant from the
upper left hand corner of the table. For example, normal perch pogi-
tion ecccupies space five in both column and row lists. The list of
unite down the side of the table (column) were the preceding actions
and the units along the top (row) were the following actions. The
~tables-were constructed by entering the figure for the total number
of times one acticon was followed by ancther. Inm the calculations
bazsed on these figqures, the number of times cne action followed itself
{l.e. was repeated) was ignored. As Davies (loc. cit.) explained
"repetitive actions were considered as single acts and each individual

action in a repetitive sequence was assumed to express the same mood™,

Using methods fully explained by Davies (lec. cit.) in his
appendix, expected walues for each cell in the table were calculated.
Any difference between the ocbserved and expected values was conside—
red significant if it amounted to more than three times the sguare
root of the expected value. Observed values significantly less
than expected were considered to indicate a negative correlation
{i.e. that action followed less often then would be expected on a
random basis) and chserved values gignificantly greater than

expected were considered positively correlated.

The tables for both populaticns were summarized so that only the
gignificant positive and negative correlations were indicated,
These summaries are shown in Tables 54 and 55. The column arnd
row totals are shown and the column total for one behavicural unit

often differs from the row total for the same hehavieur. This
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difference is due to the fact that the tables were constructed
from a pumber of different cbservation periods and a male may
have been performing one action when observations began and another
possibly different action when observations ceased. The grand

total of both column and row totals 1 the same.

9. 6.2 {11} Besults., The summary for field
males iz shown in Table 54 and was constructed from cbzervationa
around nest hollows totalling 93 hours on 11 males and a totdl of
3497 following actions were recorded. The summary for aviary
males is im Table 55 and invelwed 100 hours observation on & males.
A total of 7186 following actions were recorded, over twice as

many as field males.

In sach table there were 2450 cells, each representing a
possible following action. Only 292 (11.9% of cells] were entered
in the field table and of these, 138 (5.6%) had frequencies of
Lhree or greater. Sixty-s5ix (2.7%) of following actions had
positive correlations and 29 (1.2%) had negative correlations.

In the aviary table 661 (27%) cells were entered and 326 (13.3%)
had freguencies of three or greater. One hundred and thirty-eight
15,6%) had positive correlations and 71 (2.9%) had negative

correlations.

The tables have been arranged so that the positive correla-
tions lie as close to the diagonal {upper left -+ lower right}) as
possible. This arrangement grouped behavioural units to a certain
extent and showed those behaviours that formed transitions from

one group to another, e.g. normal perch position,
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The first major grouplng concerns drinking, feeding, loco=
motion, normal perch and head wave. The field males were all
chserved in the area of their nest hellows and food and water were
not always available nearby. As a result there were feW data on
these activities but both field and aviary males showed the tendency
for drinking to follow walking, i.e. the birds settling away from
the water scurce and walking in. The pre-flight crouch was always
adopted before flying but it was followed by other activities
although théere were gtrong negative correlaticons with these activi=-
ties. This indicated that a bird adeopting the pre-flight crouch

had a very strong intention to fly and usuwally did so.

The second grouping contaiped those displavs associated with
agoni=m. This grouping did oot form a cluster as most of the other
groupings did. Diagrams (flow diagrams) for these displays illust-
rating those which were positively correlated with tham are shown
for both field and aviary males in Pigure 73, The field malaes
showed little agonimm and only 37 {1.1% of total following acticns)
wara so connected. Sgueak/chatbter was followed Ly sgueak/schatter
with pre-flight crouch indicating a strong tendency to f1v
at or after the other bird or birds. fviary males showed a
wider range of agonistic displays and 253 {3.5%) were conmected
with agoni=sm. The diagram for agonistic displays in aviary maleson
Figure 73 illustrates that thesse displays are pozitively correlated
with locomotion. Bgueak/chatter, the most common agonistic display;
follows walking and flying by which methods a bird approaches ancther,

Egqueak/chatter was often followed by pre-flight crouch = the preludse
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to flying, eithaer away becapse it had lost the enopunter or in

pursuit bBecause it had wonh,

Comfort and maintenance displays {excluding feeding and
drinking) formed the next groupingon Tables 54 and 55 and diagrams
showing the correlaticons between these displays are shown on Fioure
74, Field males performed these behaviours 103 times (2:.9%) com-
pared with €95 (9.7%) for aviary males. In aviary males there
were positive correlations with the grouvping of displays associated
with allopreening and for this reason these displays are also

included in Figure 74,

In field males chewing often followed scratching and was ocften
followed by avtopreoning. It also often followed a definite move
away from another bird. In aviary maleg the pattern was similar,
but with more data available more correlations showed up.  Seratching,
shaking, stretching, chewing and autopreening show positive inter-

relations between each other and also with the normal perch position.

In field males allopreaning and being allopreensd were often
performed in close Jjuxtaposition and allopreening often followed a
definite move to another bird, ©Offering, allopreening and being
allopreenad were 1.9% of total displays whereas in aviary males they
were onlyD.1% of the total. In aviary males both allopreening and
being allopreened often followsed autopreening and occcourred in bouts

of maintenance actiwvities.

Fegqurgitation bobbing iz a wvery distinctive series of actions
and was 50 named because it dppeared to be comnected with forcing

food up from the crop into the kill. Those dizplays that appeared
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to be correlated with regurgitation bobbing form the next grouping
on Tables 54 and 55 and those that have positive correlations with
this group are shown in Figure 75 for both field and aviary males.
In field males :Egurgitatinn bobbing was followed by feeding another
bird (always itz mate) and this in turn was often followed by more
bobbing. Bill touching was also connected with bobbing and food
being transferred. It seemed to take place when one of the partners
wag not prepared for food to be transferred. They would touch bills
briefly, withdraw them, lean forward and food transfer would take
place. The pattern for aviary males was similar to the field males
but there were far fewer instances of actuoal feeding (36 &% compared
with 118 in field males). In the aviaries regurgitation hobbing was
positively correlated with Sgueak Displays 2 and 3, pre-flight crouch

with head wave and tail fan and walking with head bobbing.

The Sgueak Displays and Ah-Ah Displays are displays made by
males towards females and as such they have been grouped in the
category of sexnal displays. Field males performed 237 (6.B%) dis-
plays in this category while aviary malea performed 918 (12.8%). The
positive correlations between these digplays and others are shown
for both populations in Figure 76. In field males Souesk Display 1
and Ah-Ah 1 were the most fregquently performed. Sgqueak Diasplay 1
was often followed by Ah=Ah 1 and wice versa as was Squeak Display 2.
Copnlation was recorded eight times during these chservation periods
and Squeak Display 2 was the only display correlated with it. In
aviary males Sgueak Digplay 1 and 2 and Ah-Ah 1 were the most com-
monly performed displays in this category with Sgueak Dizsplay 1

correlated with Sgqueak Display 2 and Sgueak Display 2 with Squeak
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Display 3. This pattern is different from that shown by field males
and regqurgitation bobbing was correlated with both Sgqueak Display 2
amd 3. The incidence of many displaye was low and apart from their
positive correlations with the Sgueak Displays or the Ah-Ah Displays,
nothing could be determined about thelr possible function. Wo cop=
ulations were seen in the aviary population at any time during the

study.

The last major grouping in Tables 54 and 55 concerns the apdible
vocalizations made by males. The displays that were positively
correlated with these vocalizations are shown on Figure 77 for both
populations. 1In the field, males gshowed a tendency to call (Wy-lah call).
prior to adopting the pre-flight erovch and to give the half-rall from the
normal perch position without showing any tendency te fly. The half-
call was particularly common when a male was sitting in the wicinity
of its nest hollow while his mate was out of sight in the hollow.

In the aviary both call and half-call were positively correlated with
each other-and the call was alsc correlated with walk with twist and
normal perch position. Half-call was aleo correlated with the

normal perch pogition and there was a tendency to perform Squeak
Displays 1 and 2 after giwving the half-call as well as shaking and

head bobbing.

Walk with twist was only seen in aviary situations and was never
seen in the field. Males in aviaries were never seen entering or

leaving hollows unlike males in the field,

3.6.2 (1ii) Discusszion. The sequential contiguity

tables for both field and aviary populations were constructed From
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chservations on a number of different individunale in a variety of
different circumstances. Ho effort was made to control the exkternal
conditions under which the chservations were made., As a result the
patterns of behavicur may have been modified by a wide range of
environmental influences, both endogenous and esogenous. Despite
envircnmental and individual differences it should be poszible by
observing a number of different individuals to group displays into
categories. In addition, by comparing populations of males from field
and aviary it should be possible to investigate broad differences in

behaviour between the two populations.

The first obvicus difference between the two populations ghowa unp
in the fact that in the field males appeared to sit inactive more
than in aviaries (normal perch 24% of total compared with 12%). In
the field males were cbserved for this guantitative phase of the work
in the area of their nest hollows. This was because the breesding
behaviour was the main intersst of the study of behavicur and this
area was one where the cbhserver would guarantee unrestricted ochserva-
tion. In the aviaries, in contrast, the birds were observed at dif-
ferent times of the year and mainly at a time of day when the birds
were more active - early in the morning and so, many more following
actions were recocrded and the males spent less time sitting in the

normal perch position.

By placing birds in aviaries a set of space limitatione are
placed an them. In the wild the birds are not restricted to any
single location and food and water were usually not available in
close proximity to nesting eite. By necessity, in aviaries these

requirements must all be located in one very restricted site. The



17

effect of these restrictions shows in agonistic encounters. In
the field the loser of such an encounter usgally moved sufficiently
far away to be involved no longer. In the aviary the loser
sometimes could not get sufficiently far away and so the encounters
were continued when they may have been terminated had the bird
been able to ezcape. A% a result; agonistic behaviour formed a
higher percentage of the total in aviary males (3.5% compared with

T.1%).

Comfort and maintenance displays were also much-more oommonly
displayed by males in aviaries {9.7% compared with 2.9%) and of
these, chewing was particularly interesting. The fact that it has
strong connectiong with other maintenance functions leads to the
conclusion that chewing has a maintenance function and serves to
maintain the mandibles by continually wearing them down, as sug-
gested by Dilger (1960). In the field, chewlng was only 0.01% of
the total activities recorded, yet in the aviary males it was 3.7%.
The diet of the twe populations differed markedly, aviary males
being fed sunflower seed with soft husks while in the field the birds
ate seed which had to be extracted from hard seed podsa. It is pos-
sible that the lack of hard fruits means that aviary birds must chew
at cbjects other than food more freguently than would be reguired in

the field.

Allopreening was only seen performed between mated pairs in the
field (and, once breeding had finished, between adults and their
offspring). The increased incidence of allopreening in the field

may indicate some purpose in maintaining centact between paired birds.
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During the pericd that the female was incubsating and brooding the
contact between the male and female was brief — in some cases only

10 minutes a day. The contact between the pair during allopreening
may be a very important method of reinforcing the pair bond during
this pericd. There was no evidence in either field or aviary
ocbesarvations that allopreening bad an agonistic function as suggested
by Goodwin (1956, 1959 and 1960) and discussed at length by Harrison
11865} . The offering position adopted by one bird in relaticn to
another often resulted in the bird being allepreened but it was not
alwavs successful. On somo ooccasions, if the bird in the offering
position was not allopreencd it would butt the other bhird in the

gide or chest with its head then resume the offering position. The
argumant pot forward by Harrison (loo,. cit.) was that the bird being
allopreened was the less dominant individual yel allopreening took
place between both members of the pair regularly. In the field, arcund
the nest hollows, males allopreened females over twice as much as
they were allopreened by the females (45 incidents to 1B} and experi-
ments {secticom 9.8.3) and cbservations showed that the female was the

dominant individual in the pair.

In the field, over the pericd these observations were made, the
males were responsible for providing food for the females. In the
aviaries, in the few bresding attempts that 4id take place, the
females foraged for themselves [(food being abundant near the hollow)
and the males did not have this obligation. In view of this it was not
surprising that male feeding female incidents were so low compared with
the field {36 compared with 11B}. In both field and aviary, males did

feed females during the non-breeding seascn and this process may
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also be important in reinforcing the pair bond throughout the

year,

The fact that courtship feeding dees take place throughout the
vear and that regurgitation bobbing is correlated with the Sgueak

Displays (Figure T76) adds support te this theory.

Move with twist, although seen only in aviaries, was not
performed by all aviary birds, Two which had been in the aviaries
all their lives were never seen performing it and some individuals
parformed it more than others. Thestrong correlation between move
with twist ang calling indicates that it might be associated with a
thwarted intention to fly. There was a moticeable increasg in its
performance during periods when wild birds were flying down the
valley, calling loudly within range of the aviary populatiomn.

This wsually resulted in pericds of calling aszociated with move
with twist. Owercast and rainy weather seemeéd to unsettle the birds

and calling and move with twist were noticeable during these pericds.

The results of these analyses show some major differencesz in
behaviour between males in field and aviary populaticons, particularly
in the incidence of certain displayvs. Any interpretation of the
function of socme of these displavs (particularly those regarded as
sexual) based on these analyses iz difficult because of the
different constraints om the two populations (one a free flying
population consisting of bhreeding pairs with a strong pair bond;
the other a caged population consisting of individuals the strength

of whose pair bonds were not known) .
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Thege analyses did show that the displaye could be grouped
into categories which could be used in the interpretation of results

cobtained from studying the behavipur of the birds in the field.

o7 Behaviour of birda in the field population: White-tailed

Black Cockatoos do not breed until they are at least four years old
{section 5.7.2) and for the flrst vear the immature birds are dependent
on their parents. Little iz known about theilr associations with other

birds between thelr second and fourth vears.

Cnce the birds take a mate they do so for the life of one of the
partners. With only one excoption during the study, when & bird took
another mate itz previous mate was never seen again (from observations
of 22 males and 20 females known to have taken another mate). The pair
involved in this cne exception were marked in 1973 during which they
successfully fledged a nestling. In 1974 they nested uvnsuccessiully,
failing for some reazon when thelr three week old nestling died sarly
in Qotober. They were next seen on 24th January, 1975 in a group of
about 300 birds along the Hill River. The female {5Z) was sitting
with an untagoed male and the male {(MM) was sitting with another female
(LI} in a nearby tree. From the way the two duos were acting 1t was
ocbvicus that they were paired and in the following breeding sgcason S8
and an untagged male successfully fledged one young while LI and MM

were seen together several times during the breeding seasomn.

9.7.1 Daily routine and behaviour during the non-breeding

segascn. During the non-breeding season the birds remain in foraging
groups made up of pairs with their fledglings, pairs who have bred

but failed or have lost their fledglings and immature birds {(one year
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or older). During this pericd the daily activity pattern was
constant. After dawn the birds moved away from the area of the
roost to the feeding area and remained there until about 1000, They
then moved gradually back to a water source, drank and then movaed

to trees nearby and settled. During wvery hot weather this took
place early in the day before it got hot, but in the cooler weather

this took place at 1100=1200.

From 1500 {or even later in wery hot weather) the birds mowved
out and began feeding. This continued wontil about an hour before dark
when the blrds returned to water and drank. Just prior to dark
the birds moved off to roost. Once they had settled in the rocst
trees the birds remained guiet and stayed in the roost the following

morning until there was light enough to see,

Males occasionally fed their mates during the non=bresding
geaszon, with or without the female begging prior to being fed.
They also alleopreened together, especially in the evening or in the
middle of the day. Males occasionally performed the Ah-Ah Displays
and the Sgueak Displays (particularly &h=Ah 1 and Squeak Display 1)
during this perind but there was no noticeable response from the
females apart from an agonistlc action if the males approached the

females during the performance of the displays.

The young birdz remain with the parents from the time they
leave the mest hollow until just prior to the adults returning to
breed, Immediately after fledging the young birds would beg
congtantly from the adults or continually utter the "grate” call.

The presence of dependant young in a group of birds was indicated
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if this eall was uttered. Az the fledglings got older they begged
less and fed themselves more, but when sitting near their parents
at mid-morning or at dusk, they often begged from them. -Both adults
fed the fledgling and both allepreened it. Allopreening between
parent and offspring differed fromallopreening between mates as it
was ot restricted to the head and neck. These areas and mast of
the body surfaces of the £ledgling may be alloproenesd by a pareént;
but the adultswould not allow the fledgling to allopreen them, and

they rejected it if it attempted to do so.

With the start of the breeding seascn the family groups break
up, the adults returning to the breeding area and the young birds
becoming completely independent and remaining with other immaturaes
in foraging groups. This process of the break-up of the family unit
wag tover seen and the method by which it was accomplished is not
knovn. In =ix cases the immaturesz returned to the breeseding areas
with the adults and were obviously associated with them. TT was
fledged by female MH and an untagged male from hollow 107 in December
1975, This family was seen along the Hill River the following
January and in September 1976 they were seen togethar in the area
of 107 only sight - days before MH laid in that hollew. TT was not
seen Wwith MH subsegquently. HP was fledged by female UG and an untag-
gid male from hollow 132 in 1974, The following January and Pebrusry
this group was seen along the Hill Biver and in July 1975 this group
was seen around the area of 132 several times, the last being 14
days before UG laid in 132, Here again, HP was not seen with UG after

laving.
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The fact that the immatures were still asscciated with the adults
at this stage was shown by Eé;ale ME and male OI who fledged GH
from hollow 90 in 1974, This family group was sespn eldght times
between January and March along the Hill River then they were re-
sighted in the breeding area in July close to the area of hollow 90.
G was begging loudly and male QI was making vigoromas regurgitation
boba and moving towards GN when all three were chaged off by
another female. GN was subsequently seen (October) in the breeding

area fesding in & group of birds and neither of its parents were

presant .,

The Ffinal incident of agssociatlion of adults and offspring in
the breeding area the following breeding season concerned male ML
who, with female SW, fledged TH from hollow 105 in Dec. 1975. They were
geen together along the Hill River in Janoary, then the next sighting
was made in mid-September in the area of 105. ML had re-mated with
an untagged female (5W was never sighted after the Jamuary sighting)
and he was alleopreening TH. TH was seen with ML until mid-Movember
when 1t disappeared. ML's mate neszsted in the area of 1905 but I 4id

not find out which nest they were using,

There ware only two lnstances of immatore birds being soen
with one or other of their parents over a year after they fledged.
The first example cencerned FH which was fledged by female 1A and male
g0 early in December 1973, The following Januvary and February this
group was seen together along the Hill River, L& was not seen after
this but 50 remated with an untagged female later in 1974. PBE was
re-aighted twice in January 1975 in a group of about 300 birds alopg

the Hill River. ©On these occasions it appeared to be alone then
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shortly after it was seen in association with SO and they were
flying and sitting together throughout the four hours the group

was chserved. [(RE was an immature male so SD was not mated to it
and there was an untagged female with S0 during this pericdl. The
other example inveolved female UY and male ZN who fledged XA from
hollow 50 in December 1974. In September, 1975, UY was brooding a
young nestling in hollow 50 and one evening EN flew in accompanied
by ¥& and settled near 50. Xh was begging louwdly from ZH. UY¥

left the hollow and all three flew off together. XA was nobt seen
for the remainder of the year but UY and ZHN were seen on threa
different occasions. This pair soccessfully fledged a nestling but
it was not seen subseqguently. The pair were next seen in March 1976
along the Hill River together with XA which was being allopresned by

.

Bpart from these two instances, the association of the pair
with their fledfgling ceased either just prior to or Jjust after the

gtart of the next breeding season.

It was not possible to investigate the process of the break
between adults and thelr offspring in the aviary situation. The
cnly successful breeding attempt in the aviary that may have been
uzed in such an experiment was upset when the nestling fledged. It
flew into the side of the aviary and concussed iteelf, resulting im
paralyzis down one side for several weeks and it never completely

recovered,

9.7.2 PBehavicur during the breeding season. With the

return of the pairs to the breeding area the remainder of the breeding
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geason may be divided into three main phases: the selection and
preparation of nest hollows; the laying and incubation of eggs;
and the nestling perlod. The following sections deal with the be-
havicur of the birds in the vicinity of their nest szites (i.e.

within vipual distance of an observer watching the nest sites).

9.7.2 {1} Selection and preparation of nest

hollows. With the start of the breeding season the birds move back
to the brseding areas in small groups. While some pairs are in the
area selecting and preparing hollows, others hawe not yet returmed
to the area. Once back in the area the pair commenced searching

for a suitable hollow in which to nest. This searching was carried
ot around mid-morning by the female with the male accompanying

her but taking no part in the investigations. Initially, the search
involved the pair flving into an area and the female moving round
the area from tree to tres examining different hollows. This it
would do by locking inmto the hollow, walking round the entrance,
chewing briefly at the entrance but not entering the hollow at this
stage. The male would git nearby and follow the female from tree to
tree. The total time spent by females in the vinity of their future
nest hollows during the preparation stage is shown for four females
on Figure 78. Also shown in this figure is the time the females
spent inside the hollows. The earliest any of these birds were seen
in the area prior to egg-laying was 40 days. This difference
between individual females is showm clearly in this figure. In both
1973 and 1974 MX started prospecting much earlier than the other
birds and in both years, AN started much later, and was not seen in

the area of its future nest until nine days or less before laying.
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During the early wvisits the females did not spend long near
any one hollow, but investigated a mumber of different hollows
around the general area. In subsequent vieite they spent more time
arcund the hoellow they later used but they occasionally went to

look at other hollows nearby.

The time spent inside the hollow prier to egg-laying also
varied between females (Figure 78). MY started entering hollow 13,
24 davs before laying in 1973 and during each subsequent visit spent
some time in the hollow., AN 4id not enter any hollow for any length
of time in either year until two days before laving in 1973 and was
not seen to enter any hollow entirely prior to laying in 1974, It
did back into the entrance of a number of different hollows in the
area., Those females that did spend socme time in the hollow spent
part of the time chewing at the ingide of the hollow. The eggs are
laid on a bed of wood chips and from those hollows that were close to
the hide a steady sound of splitting wood could be heard from the

hollows whenever the females were inside prior to laying.

Although most of this preparation activity took place arcund
mid-morning some birds did occasionally wvieit the area in the ewvening
but neone of them roosted near their future nest hollows. The birpds
always joined a group in a roost which was in trees along a creeck

aouth of the chservation area.

The number of agonistic encounters between females preparing
their hollows and other females in the area is shown for four females
on Figure 72. During the preparation stage there were more such

encounters than in the following two stages. In addition, during
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the preparation stage the females chased other females Ffurther

from their nest hollows than they did in the rest of the breeding
geason. For emample, 16 days before laying, AW chaszed a female
from tree 7B (in which AN later nested). The female flew from 7B
and landed in a tree nearby which also had a suitable hollow in it.
AN eguawked loudly and flew towards the female and chased it well
bayond the tree, before eireling and landing in 7. Onoe the
females had laid they would tolerate other females in their nest
tree, but not near their hollow entrance. If a female investigated
an occupied hollow, the oocupant would start sguawking loudly and
continue until the intruder withdrew. If an owner was outside the
hollow when the intruder was inspecting the entrance then the owner
would chase the intruder from the entrance, but not necessarily out

of the tree.

uring the entire study males were pever seen initiating any
agonistic encounters with females=. Around the hollow males did
chase intruding males away while their mates dealt with the femnlesg.
Throughout the yvear males threatened any male that went too close
to thelr mates but they did not pursue them once they had moved away

from the female.

89.7.2 (i1} Incubation and nestling stages. The

daily routine of the pairs during these stages has been discussed
garlier (Figure 32) and from the time eggs were laid the females

did not interfere with other birds in the arsa unless they went

near their nest entrance. During these stages the females showed the
game basic routine with little wariaticn between indiwviduals and

the birds from neighbouring nests often left and returned in & group




188

during their daily activities.

8.7.2 (iii} H™ale behaviour inm the vicinity of the

nest hollow. The total time spent by the meles in the area of the
nest hollow while their mates were in the hellow iz shown on Figure
BO, During the preparation stage the males remained in the area
with the females and none of the males was ever seen entering or
leaving a hollow. (No male was seen in a hollow until they started
feeding the nestling after about 20 days after hatching.) Once the
females laid the first egg they incubated continuously and this
abrupt change in routine ocbviously affected the males. TPrior to
this the pair had flown into the area together and left together,
dezspite the fact that the female may have spent some time out of
sight in a2 hollow. The effect of this change on the males was shown
by the amount of time they spent sitting near the hollow after the
females had returned to incubate. Some males spent up to two
hours-waiting for the females to reappear before flying off alone.
By maeven to ten days after laying the males had adjusted to this
change and spent very little time waiting around after the females
had ré-entered the hollow. This pattern continved until about ten
daye after hatching when the females started changing their routine.
From this time they uvsually left with the males at dawn and returned
mid-morning and spent the remainder of the day breoding. Once again
it took some time for some of the males to adjust to this change.
There was considerable variation between individuals in the time
they spent waiting. For example, male 78 in 1972 did not wait
arcund long once the female re-entered the hollow but male & in 1973
gpent up to three hours waiting. During these periods of waiting

the males sat immobile uttering the occasional half-call then starting
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& =eriez of calls before flying off alone calling lowdly. By about
30 days after hatching the femalea had adjusted to the routine of
spending all day with their mates and brooding the nestlings at night
and the males spent little time waiting around after the females had

gntared the hollow for the night.

During the preparaticn stage males fed and allopreened their

mates occasionally but during incubation and the first 10 days

after hatching the males always fed the females at the visits at mid-
morping and dusk but they did not allopreen with them on every wisit.
From 10 days after hatching, as the females spent longer ocut feeding
with the males, the males Fed the females less. If the males fed the
nestlings directly they usually did not feed the females as well but
if they did not feed the nestlings then they always fed the females.
Allopreening cccurred occasionally throughout this part of the nest-

ling period.

Copulation was only seen in the vicinity of the nest tree and was
geen at varying times from 26 days before laying untll six days after

and was not seen on every wisit by the pair. The occasions when

copulation was cbserved during the hide observations are shown on Figure

Bl.

The most common displays performed by the males towards the
females (apart from allopreening or feeding} in the vicinity of the
hollows were the Ah=Ah and Sgueak Displays. ©Of these displays Ah-=ph 1
and Sqgueak Display 1 were performed more freguently than the others
(93 Ah=8h 1 compared with 13 Bh-2h 2 and 3 combined; 5% Squeak Display

1 compared with 33 Sgueak Display 2 and 3). The numbér of Ah-Ah 1 and




"MOTTOU 38U Ul Jo
BaIe 93 UT SaTeEw TEnpiaTpul Ag pauzojizad ¢ pue T Aerdelo yw-uyy Jo Jogqumy T 2Inbtg

AR
O0lESd  DNMLSIN __ RO AT |‘_.| MOl LvHve 3
oL (] 0% o (] 0z oL 0 oz o 0 ol= 0= -
ilﬂﬂki.ﬁlﬂrﬂ.'&lﬂﬁlﬂﬁl@a&lﬂ.?»ﬁ.&[l&%ﬁi | B £
a ot oo v e ¥ q — 1
v - o o J_ O =z
[ae iyt LICH LR MOy _ w v b v ~E
B o ; X . |
ELON s wE (D W ? 5
gon san wat D ® ﬂ
08 o meN g O 9 il
Bl ote 1SN E_m_..U m| - L
0
-
L

i
LI

VAt =My 100N



190

Ah-Ah 2 performed by individual males throughout the breeding season
in the area of the nest hollows i8 shown on Figure Bl. There wera
too few Ah-Ah 2 performed to discues but the pattern of performance
of Ah=-Ah 1 was highly wvariable. Male & in 1973 performed Ah-Ah 1

in the preparation and incubation stages but was not seen to perform
it during the nestling peried. Male 13 in 1973 followed a similar
pattern, Male 80 in the same year performed Ah-Ah 1 consistently

throughout the breeding season.

Treating the data on Figure Bl differently shows that there is a
trend of decreasing performance of Ah-Ah 1 through the breeding seasom.
By taking all the points on the Figure into consideration, of the 13
ohgervations made during the preparation atage, 10 (77%) of them had
ohe or more Ah-Ah 1 performed during the péricd around the nest hollow.
During incubation this falls to 10 out of 25 {40%) and during the

nestling period to 13 ocut of 42 (31%).

The number of Sgueak Display 1 and 2 performed by individual males
is sahown on Figure 82., The data for Sgueak Display 2 are limited but
they show the same trend as the hh-Ah 1 displays with decreasing
performance through the breeding season. D[During preparation, seven out
of 13 (544%) compared with four out of 25 (16%) for incubation and four

out of 42 (10%) for the nestling poricd.

The same trend applies with Sgueak Display 1 with relatively more
being performed during the preparation stage. During preparation 10
out of 13 (77%) compared with five out of 25 (20%) during incubation

and 10 out of 42 {(24%) during the nestling period.
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B.7.2 {1%). Parentfy?ung

interactions. There appeared to be a strong hond between adults

and their nestling and as long as it was alive and in the hollow

they would continue to feed 1t. In 1973 one nestling had damaged

its wing when it was about 50 days old. As a result tha Wing was
malformed and useless. This nestling remained in the holilow for 140-
150 days {twice the normal nestling period) after which it disappearsd.
During this period the adults (female EF and male ON) continued to feed
it and its weight at 140 days was the same as its welght at BO days.
During the last six weeks of this period this pair were the only birds
left in the breeding area. The other birds had left and were in the
non-breeding season groups. EF and (N were flying out to join these
groups during the day and returning to feed the nestling in the evening.
The closest point these groups were foraging to the breeding area was

17 kilemetras,

In the event of the death of the female, the male will ecentinue to
look after the nestling in certain cases and this varied with individuals.
In 1974 the female at 106 disappeared when her nestling wae arcund 30
days old. The male continued to lock after the nestling which fledged
at the average age and weight. On the other hand in 1975 UG was taken
by & Wedge-tailed Eagle when her nestling was sbout 25 days old. The
male spent lorg periods in the nest tree, near the hollow, calling
loudly. It did mot go into the hollow and feed the nestling despite
ites very loud ins=istent beqgging whenever the male was arcund and the
nestling died. In another example, female MO was taken by a Wedge-
tailed Eagle when her nestling was about &0 daye old. The male main-
tained the nestling which fledged at 73-80 days and was above average

weight; this fledgling was seen three years later in a large non-breeding
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season group. There were no known cases where the male disappeared

leaving the female alone.

There were considerable differences in the behaviour of nestlings
at tha time they fledged. Some sat waiting in the entrances until
their parents returned. As soon as the adults appeared the nestlings
jumped clear of the hollow and started flying. The adults joined them
in the air and flew off calling loudly with the fledgling flying with
them. ©Other nestlings spent several days, when their parents were
around, sitting in the entrance adopting the pre-flight crouch,
continuously appearing to take off but not doing so. In one of these
cases ohne evening, the male flew down to a point near the hollow and
started regurgitation bobbing. He and the nestling leant towards each
other in order to transfer food. The male withdrew slightly before the
bills touched and the nestling leant further out of the hollow towards
the malie. It overbalanced, fell ocut of the hollow and started flapping

its winga. The adults took off and flew off with it in the direction

of the roosting point.

9.8 Aviary studies. Observaticns made in the field raized certain

questions which it was not possible to answer from data derived from
field studies. In order to provide answers to some of these guestions
certain experiments were conduocted on the aviary populatien. These

experiments are sat out below.

9. 8.1 Feedini. Apart from the period when the female was
incubating or brooding, the members of the palr were together through-
out the vear. The hirds usually sat or flew close to their mate. Field

observations indicated that when the birds were feeding the members
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of the pair were sometimes separated - one feeding, the other in a
nearby tree or perch. In order to see if the presence of one member
of a pair feeding attracted the other member to feed, an experiment
was carried out in the T-aviary. This involved six pairs of birds
which had baen placed in the aviary as a group a month before the
experiment began., Food [(sunflower seed) was broadcast over an ares
of sufficient size to enable the birds to fesd without being
bunched up {(as around & feed tray). During cbservations, on each
occagion that one of the birds went to feed the presence or absence
of 1ts mate in the feeding area was noted. A total of 154 feeding
bouts were chserved and the results are shown on Table 56. The data
were enalvsed using the Spearman Rank Correlation Coefficient Test
(Siegel, 1958) and confirmed that an individual's feeding waszs not

ralated to its mate's actiwvities in the feeding area.

2.B.2 Pair formation. The pair appeared to be the

basic unit of the social system but the process by which two indfvi-
duals form a pair was not zeen in the field. In order to investigate
thiz process an experiment waz conducted in the Small Aviary. Five
adult males and seven adult females were involved in the experiment
and all were caught as adult breeding birds. Male A and female A
had been caught together and were a known pair. ({They were the only
pair to breed successfully in captivity during the course of the
study.) The remainder of the birds had been grouped in the T-aviary
for several months and were divided into pairs on the bagis of

which male and female were cobserved allopreening together. On
eztabliszhing which birds appeared to be paired, each pair was held
in different aviaries for several months before the experiment was

begqun. The two extra females were held together.
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Feeding trials to establish £f the
presence of a bird fesding attracte
it's mate to feed

Ectivity of mate
Individual
Hot feeding Feeding
29 Q 12 12
5 15 Q
o 1 4]
W 3 5
RR 4 3
E 4 3
dd o 8 14
8 12 5
i) i} O
W 10 2
RR 12 4
R 13 4
Total 102 L2

Rank Spearman Coefficient = 0.110. Hot significant
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All of the birds were then separated from thelr mates a week
before the experiment was commenced. One male was then placed in the
Emall Aviary and the following day a female was placed in the awviary

with the male and observations made for one hour.

Recordings were made of the birds' activities and every 30 seconds
the distance between the birds was noted. At the end of the observa-
tion period the female was removed and each soccessive day another
female was introduced until all seven had been cbserved. The male
was then replaced and the experiment repeated until all of the males

had been tested with all of the females.

The results of this experiment are shown on Tables 57 and 58,

Table 57 shows the number of times that certain displays were performed
by the males towards the females (a list of these displays is given in
Table 58). The observation periods have been divided into successive
ten—minute intervals and the total number of times these displays were
performed by each male in the ten-minute intervals are shown., Male R
did not perform any displays towards any of the females at all during
the experiment. Tt sat on a perch throughout the cbhservation periods

and did nat mova.

With the other males over half of the displays were performed in
the first ten mimutes after the introduction of the female (53%) and
within 20 minutes 78% had been performed. There was no correlation
between the number of displays performed in the first ten minutes
and the average distance between the male and female during this
period. There was no consiztency in the amount males displaved to
thoze females they had been paired with before the experiment. Males

E and C displayed less while males B and D displayed more. Each male
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dieplayed more to some femalés than to others yet there was no
concordance between the males concerning the females which were
digplayed to more than others (Kendell's Ceoefficient of Concordance
Test, Siegel, 1956; W= 0.20y 0.70 > P > 0.50). For example,

male © performed 90 displays towards female G while male D performed

no display at all to the same female.

The totals of the different displaye performed by the males
towards the females are shown on Tabkle 58, In all cases regurgitstion
bobbing (rhe), the Sgqueak Displays and the Ah-Ah Displays form the
largest part of the total displays performed (mean B6% with a range
of 64-93%}. The males differed in their responses to different
females and between each other in the freguencies of different

displays.

only two of the males allopreened with a female and on both
occasions it was with the female with which the male had been paired
before the experiment was conducted. In one case (palr E] the female
offered itself to the male and allopreening began 17 minuotes after
the female was placed in the aviary. In the other case (pair BE) the

female moved to the male and began allopreening after 44 minutes,

811 of the four males which performed displays towards the
females regurgitation bobhbed, but not to every female. Only two males
actually fed some of the females., After 4 minutes, male B fed the
fomale it had been paired with and also fed females C (11 minutesg
after start) and & (6 minutes after start). Female A attempted to
bite thiz male 11 minutes after the start and immediately after the
male had fed it. The male displayed for a further fonr minutes,

started chewing and appeared to take no further interest in the female.
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Male D fed only the female it had been paired with and it was fed
gix minutes after the start and immediately after the female had

offered itself for allopreening.

Females F and & were the two which were not paired before the
experiment and female F ignored each male and sat gquietly through
each observation period. Female § ignored male D, offered itgelf
to male B, gawve several agonistic displays to male C and gave an
agonistic display to male E in the first minute after the male had

regurgitation bobbed.

The females were much less active than the males and the number
of times the females performed agonistic displays towards the males,
together with the number of times they of fered themselves for allo-
preenitg are shown on Table S8, Here again there were differences
in the response of each female to different males. Female A
reacted agonistically to each male whenever it approached, except

for male B yet female F ignored sach male.

The indications from this experiment are that pair formation
proceeds rapidly and that the male goes through a variety of displays
most of which are grouped in the sexual category. For paly formation
to-have taken place the male must be able to approach the female to
a8llow it to be fed, allopreen=d and, during the breeding season,
copulated with. With the excepticon of male A, the males performed
the majority of their displays towards the females in the first 20
minutes after approaching them, If the females rejected the males
and appeared to take no part in the males activities, the males
desisted and took no further interest in the females. There were

variations in appreach and in some cases male C persizted for longer
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pericds than the others but the females reacted agonistically

to it throughout its performance.

The males often appeoared to approach the females tentatively
during the -displays, seeming to back away from the femalss before
the females reacted = almost as if the males expected & rebuttal.

This was alsg true of males observed in the field.

In the cases where allopreening took place the female initiated
it by offering itself by actively approaching the male and starting

to allopreen with it.

After this experiment had been conducted an attempt was made
in the field to validate the theory that the male initiates pair
formation. This was carried out with three pairs that each had a
large nestling and the nests were oclose enough to be observed to-
gether. The males of two palrs and the female of the one pair were
trapped one evening and held In cages away from the area of the
nests, The nests were watched the following day to obserwve the
roactions of the indiwviduals. Arcund 0700 the male returned to the
area of the neat alone and sat in & nearby tree calling intermittently.
After remaining in the area for about three hours it flew off calling
lowdly. ©One of the females flew in at around CB0O and was accompanied
by a male. The female gat in & tres near the nest hollow and as
socon 28 the male landed it started a seguence of Sgqueak Displays and
Ah-Ah Displays which lasted for 27 minutes. During this time the
female sat guietly and on three coccasions rejected the male with
loud scuawks and attempted to bite it. The male flew off after it

ceagsed its displays. The female remained in the area of the hollow
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untll around 1230 and flew off alone. During thia period the female
flew to the edge of the nest hollow twice and sat briefly but did

not go in.

The other female returned to the nest area at about 1000 and
landed in the nest tree. It was accompanied by a male which landed
near the femala. The female flew down to the edge of the hollow
and the male followed landing close to the female and gave a series
of Ah-Ah and Sgueak Displavs. The female sguawked and attempted to
bite the male. It flew to a nearhy branch. The famale went into tha
hollow and fed the nestling. It left the hollow and flew off followed

by the male.

The experiment was terminated by releasing the other members of
the pairs that afterncon after nearly 24 hours in captivity. EBach

pair subseguently fledged their nestling.

Additional information which lends support to the theory that it
iz the male that initiates pair formation was seen at Manmanning.
Female OF was using hollow 43 and had laid two eggs. On one occasion
OF was seen sitting alome in the nest tree. & male [(not its mate)
flew in and landed near OF on the same branch. The male immediately
performed several Sgueak Displavs and one Ah-Bh Display towards the
fomale who appeared to take no notice. The male flew off shortly

after. The identity of the male was not knowo,

9.8.3 ﬁﬂﬂniﬁtiﬂ behaviour. Studies of birds in the

field revealed that thers was little agonistic activity and that it
was mostly associated with selecticon and preparaticn of nest sites.

Arvound nest hollows, the resident female was dominant over other
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birds and in all other situwations females were dominant over males.
This seemed to ba true not only with regard to a female's mate

but also other males as well.

In ordef to invéstigate agoniastie behaviour in aviary situations
a pair {(called old palr) was establiched in the Big Aviary and left
there for several months. In early Bogust a second pair (new pair)
ware introduced into the aviary at 1600, about two hours before dark.
These two paira had not been housed together prior to the experiment.
During observations periods the birde activities were recorded on a
tape recorder. Observations were made from 0630-0800 for the next
two mornings after the introduction and thereafter at approximately
weekly intervals until 18 December. This period of observation was
to establish if there were any changes in agonistic behaviour should
the birds attempt to breed, Both pairs did attempt to breed and the
old female laid betweon 18 and 26 September. The egos Falled to
hatch and this attempt was abandoned by & Bovember. This fomale
relaid betwaen 27 Hovember and 4 December but these eggs alsc failed
to hatch. The new female lald on 24 OQctober and the nestling hatched
on 22 Hovember. The experiment was terminated on 18 December as this
was the time when the pair would be absent all day if the attempt
had taken place in the field. The nestling survived until early

January when it died from unknown causes.

A dominance hierarchy was established within cne hour of the new
pair being introduced. The new female and male were dominant owver
the old femzle and male respectively and both females were domipant
over the males. (The results of each bird's agonigtic encounters with the
other three birds are shown on Tables 59=62:)]1 'The results of the

agonistic encounters usually consisted of the new female flying
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towards the old female who flew off before the new female got near it
{Tables 5% and 60). After 12 Auvgust each encounter between the females
ocococurred when the old female was investigating the entrance to one of

the hollows in the aviary.

Bsth of the females won every agonistic encounter with the males
{Tables 5% and 60} although the 6ld female had only one such encounter
with the new male, The new female usually moved or flew towards the
males and they retreated (1B out of 25 encounters involved this action by
the female [Tabkle-5811. The old female used bill face (with or without

gape and squawk) more {11 ocut of 19 encounters [Table €0]).

Agonistic encounters between the new female and the old male had
ceased by 1B September. From that time on the new male would not

allow the old male to get near the female (Tabkle &1).

The results-of the sagonistic encounters between the males are
shown on Tables 61 and 62 and illustrated on Figure 83. The only two
encounters won by the old male were in the first five days after the

introduction of the new pair.

The number of agonistic encounters between the two males re-
maifned relatively low until about one or two weeks before the
0ld female laid. The number of agonistic encounters more than
doubled and remained at this level until two of three wesks before
the new female laid. At this stage the new male would not tolerate
the old male near the new female. ([The new male's mate was in a
hollow incubating at this stage = Figure B3). From this time on
the new male spent long periods chasing the old male up and down the
aviary. The peak of the agonistic activity between the males was

on 27 Newember when there were 110 encounters. Most of these
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consisted of the new male flying towards the old male with or
without a sgueak/chatter and the old male flying off to the other
end of the cage = the new male landing where the old male had been.
It was cbvious that the old male could not get far encugh away in

the aviary to escape from the new male.

There wasa a marked reduction in agonistic ectivity bebtwean the
males when the new female laid and spent the chservation pericd out of
sight in the hollow (Figure 83). As zcon as the new female appeared
from the hollow the new male incregsed his harassing of the old male.
For example, on 30 October, the new female was out of the hollow
for 14 minutes and during this time there were 56 agonistic en-
counters. There were only l4 encounters between the males during
the rest of the observation pericd, when the new female was back in

the hollow.

This ochservation posed the problem that the presence or absence
of a mate may alter the status of a bird and affect its deslings
with other birds. In order to investigate thiz two pairs were
placed together in the Small Aviary and cbserved for one hour each
day in each of four days. Then in turn each bird was removed for
four days and replaced, the next bird being removed. Every agonlstic
encounter between the birds was noted and the results of this
gxperiment are shown on Figure B4. Here again the hierarchy was
egtablished immediately with female A and male A being dominant over
the same sex of the other pair. Both females were dominant over the

males.,

The removal of the dominant female (A} yreversad the situation

between the males with male A winning only 3 out of 13 agonistic

LT




{a) All birds logether

(b) @ removed

{c) removed

id)

2

(e} (B) removed

®

Figure 84, BResults of agonistic encounters between two
pairs in an experimental situation. Figures
marked on arrows show the number of encounters
betwesn the individoals connected by the
arrows, which points to the loser of the

encounter.
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encounters with male B. With the removal of female B the situation
was again reversed. With the females, the removal of their mates

did not affect the position in the hierarchy.

Aviary studies confirmed that females were dominant over males,
a point which came out from field cbhservations. The imposition of
gpace limitations on the birds in aviaries means that under certain
conditions the birds were not able to escape from each other leading
to an increase in agonistic actiwvities compared with the situation
which exists in the field. With the results of the pair formation
edperiments it iz predictable that the females are dominant over
tha males but there were no indications in the field of a hisrarchy
of the nature that was established in both cage experiments. The
capacity to form such a hierarchy is cbviously there (in view of
the rapidity with which it was established) but there ssems to bhe
little need for such a hisrarchy under most field conditions. In
all situations, other than the defence of the area round a nest
hollow the bhirds co-exist with very little agonistic interaction.
It would appear that the two resources which the birds defend are:
the area of the nest hollow and the other member of the pair, both

resources which are wvital to the ecology of the species.

9,B.4d Ereeding studies. Az mentioned earlier, the White=-

tailed Black Cockatoo had not been successfully bred in captivity
prior to the start of this study. It was thought that there may be
a space requirement for the birds to breed succesafully and in order
to provide a large enough cage should this be so, the Big Aviary was
built. Cne pair was placed in this and the female laid two eggs

which were infertile. The following year another pair was placed
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in the Big Aviary together with the first pair, This formed part
of the experiment on agonistic behaviour. The old female laid
twice but neither set of eggs hatched. The new female success-—
fully hatched a nestling but it died at six weeks old. This pair
were caught together at a nest site in the field and were a known
pair. They were left alone in the Big Rviary but there were extén-
sive sarthworks carried out near the aviary during the hresding
geason and the pair made no attempt to breed. The old female had
died earlier in that same year. The following year this new pair
bred successfully but the nestling concussed itself on fledging.
The palr were moved to the T-aviary and kept there with three other
pairs. They made no attempt to bBreed. The following season the
other three pairs were removed from the T-aviary and the new pair
bred successfully and fledged ocne young. This bird broke its wing

soon after fledging and died scon after.

Despite these very mixed successes, certain salient points emerge.
Although all the birds used in the experiments were wild caught,
known breeding adults, otly two of the females produced eggs. Of
these,; only one produced fertile eggs = this female was the only one
which was caught with her mate. The pair-bond is cbviously important
in allowing success=ful breeding and the known pair were the only ones
with a bond of sufficient strength to allow breeding., The other
birds were housed in similar conditions to the koown pair yvet they dig

not breed - the only apparent difference being the pair-bond.

As a result of this failure on the part of all but one pair no

breeding studies were conducted on the aviary population.
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10, Concluding discussion

The climate of the south-west corner of Western hustralia is a
regular one with a well-defined hot, dry period and a cold, wet one.
Churchill (1968} found that there had been fluctuations in the ratios
of marri, jarrah and karri pollen in the peat deposits of all swamp
sites he examined in the south-west: he attributed this to the
changes in distribution of the trees as a result of long term Fluc-
tuations of rainfall. Despite these fluctuations all three species
have been present for much more than 10,000 years. It seems that the
environment in the south-west has been stable for a long pericd. One -
by-product of this type of environmental stability is regularity of
breeding and Davies (1979) has analysed nest records and breeding
data from a number of species and shown that over 20 per cent of the
clutches were laid between July and December. Data for individosl
species showed that although each species had a characteristic breeding
peried, it wvaried regionally and from year to year in the same place.

The White-tailed Black Cockatoo is one of the many species that has

adapted to this climatic pattern with a regular breeding season com— |

mencing two weeks either aide of a mean date. It has also evolwved an
efficient social structure enabling it to be successful in a stable
environment. The birds use the same area in which to breed each year
but having remained in the one area for the five months reguired for
breeding the birds move away and forage over a much wider area for

the remainder of the year. Ewven during this non-breeding season the
birds go to sites known to them and move from one to ancther through-
out the season. The family group appears to be the most important unit

in the social structure of the birds. The strength of the pair bond
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and the long association of parents and offspring confer several
advantages on the species. The diet of the birds is varied ([insect
larvas, seeds and nectar) and the area owver which they forage is
large,. The most efficient way to ensure that young birds find out
what tyvpe of foods are eaten and what range to forage over, is to
have a long assoclation with it's parents so that it has time €0
learn by social facilitation. That it is a learning process involved
was shown by McInnes and Carne (1978} who demonstrated that Yellow-
tailed Black Cockatoos taken from the nest and hand-reared had no
interest in logs infested with cossid larvae while adults collected
from the wild immediately excavated the larvae. In the metropolitan
area of Perth there are isolated pine trees which are attacked every
vear, probably by the same birds, and this is almost certainly a

result of learning.

The breeding season is the only pericd when the birds are restrice
ted to cne site during the year and by moving away from these areas
after breeding, the food supply is not over exploited. During the
remainder of the year, the birds' habits of moving around in a nomadic
fashion spreads grazing over a wide area and ensures some form of
conservation of foed snpplies, The birds are gquite destructive when
feeding; chewing off branches and breaking them under their weight;
end zo any scheme of minimizing damage in one area would be beneficial.
In addition, the dispersed breeding pattern with nests spaced out
throegh the available resource alzo sproads the grazing more evenly.
At Tarwonga, where bhirds were breeding in State Forest nests were
spread throughout the forest and not concentrated in smaller areas.

At coomallo Creek, which is a natural "island" situation and provides

———
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the only breeding sites for considerable distances all round, there
is a spacing of nesting birds ags a result of the interacticns between
birds at the same stage of the breeding cyecle. This effectively

acts to limit the population.

Once the bond has been formed between a male and a female thers
are few displays assoclated with its maintenance. Alleopreening and
the feeding of the female by the male appear to be the way in which
contact is maintained between the members of the pair all vear. The
fact that the pair are together all the time and that they are con-
gtantly in contact would decrease the number of dizplays or rituals
needed to allow the male close encugh to copulate during the breeding
geason. The lack of any form of greeting display ls noticeable but
the only time such a display might be necessary would be when the
female is incubating. The ability of the birds to recognise a mate's

call would eliminate the nesd for these ceremonies.

This species has evolved in a stable environment for a long
pericd. The zlow rate of reproduction, the longevity, the long period
of immaturity, the site specificity for breeding and foraging, the long
association between parents and offspring and the strong bond between
the members of the pair are all consistent with this stability and

have ensured that the species has been succeasful.

The social structure which enables the species to be successful
in & stable environment places the species at a disadvantage during
periods of rapid environmental change. Such changes are taking place
within the range of the hirds as a result of clearing for agriculture.

Clearing of woodland in which the birds nest may lead to a conceptration
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of birds in remaining nest sites and the increased agnostic inter-
actions between females may lead to significant nesting failures.
The long pair bonds and the attachment to specific breeding areas
means that the birds will not disperse after disturbance and will
persist in returning to the same sites and attempt to breed, The
birds will persizt until there are no areas nearby in which to breed
or until they die out. The fact that the birds are long-lived and
that they form large foraging groups outside the breeding areas may
give rise to the belief that the gize of the population is adegoate
ar? “lv biyrds are in no danger. This has already happened with the
- iled Black Cockatoo, After the Poreste Department began to
gegtablich large pine plantations on the Swan coastal plain, the
mambers of black cockatoos visiting these pines during the non-
breeding season seemed to increase rapldly. This was explained as
being due to an incresse in population as a result of a greatly
increased supply of food. The results of this research indlcate
that this rapid build up of numbers in the plantations was not due
to a matural increase in population size but could only be due to
an increaged concentration of existing birds azs more and more learned
of the source of food. With group sizes of 5,000-6,000 birds it
appeared that the population was healthy. As some of the birds
that formed this large aggregation came from areas where breeding
success was too low for successful recruitment then the sitoation

was masked by the large numbers.

Based on the distribution of breeding birds at Coomalle Creéek,

Manmanning and Tarwvonga and applying these figures to the total area

over which the birds are known to breed, some crude population
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estimates may be made. The total population of latirostris
probably lies between 11,000 and 59,000 birds. Despite the
large range of the estimate, if the larger figure is accepted,
an aggregation of €,000 birds in CGnangara pine plantation repre-

sents ten per cent of the total population.

The aim of this research was to gain biological information
in order to zst out some form of management guidelines for the
control or congervation of this species. Faced with the fact that
this species may ba in need of conservation measures soon, what
can be done about it? In order to preserve thisg species it is
not sufficient simply to set aside one tract of land with both nest
eites and an adeguate food supply. The birds will only stay in the
area to breed and then move ocff. Food must be available in other
areas in pufficient guantity to supply the foraglng groups during
the non-breeding geason. FPine plantations have proved to be ideally
suited for this purpose but S0 have large tracts of sandplain heath
in coastal national parks. The tenure of the naticnal parks is
gecure and the food sources will be safe, but these areas do not
gatisfy breeding requirements. It is the breeding areas that are
under more threat and suitable mosaics of native vegetation must be

retained throwughout the range of the species, if it is to survive.
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