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THE SOCIAL STRUCTURE, BREEDING AND
POPULATION DYNAMICS OF PARADISE
SHELDUCK IN THE GISBORNE-EAST COAST
DISTRICT

By MURRAY WILLIAMS

ABSTRACT

The breeding biology of the Paradise Shelduck (Tadorna
variegata) was studied on hill-couniry farmland west of Toko-
maru Bay, New Zealand, during 1973-1976.

Throughout the breeding season the shelduck population
comprised territorial pairs, which occupied areas of pasture
surrounding stock ponds or other water bodies, and flocks, which
were mostly of juveniles and which remained at specific sites on
river terraces or hillsides. Breeding was atiempted only by the
territorial pairs.

Prospecting for nest sites started in late June and 62% of
47 nests found were in hollow logs on the ground. Laying began
in August and the mean size of 36 clutches was 9.4. Of 282 eggs,
5% were infertile and 87% of the fertile eggs haiched. Only
20% of the pairs which lost their clutches re-nested.

Ducklings were reared on stock ponds, in streams or tivers,
and in swampy soaks on hillsides. About 60% of the ducklings
reaching the rearing areas survived the 8-week fledging period.
The main causes of duckling mortality were bad weather and
predation by feral cats. During their first week, ducklings fed
mostly on aquatic insects, and thereafter on plant material, Of
677 ducklings which fledged, 54.7% were males, and, after fledg-
ing, males dispersed more widely than females .

NOTORNIS 26: 213-272 {1979)
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Ten (13%) of the 78 territorial pairs studied during 1973-
1975 did not attempt to breed, 46 (59%) appeared with duck-
lings, and the nesting attempt of 22 (28%) failed. Each pair of
territorial shelducks which attempted breeding produced 2.6-2.8
ducklings annually. The mean percentage annual survival of
territorial shelducks was 649, while about 50% of the flock birds
survived their first year and 55% their second. In most cases,
birds first attempted to breed when two years old.

The number of flock birds doubled each year between July
and October as mostly males arrived from nearer the coast. The
number of territorial pairs fluctuated from year to year: only 15

. of the 37 territories were occupied in all four years of the study.
Few locally-reared .young were recruited back into the local
breeding population, and changes in the density of territorial pairs
did not seem to reflect positively the breeding success two years
previously. Recruitment into the breeding population may be
determined . by competition amongst juvenile pairs when they
attempt to establish preliminary territories.

INTRODUCTION

The Paradise Shelduck (Tadorna variegata) is one of the few
endemic birds to have benefited from European Man’s drastic alteration
of the New Zealand landscape. Restricted in pre-European times to
lowland short-tussock grasslands and swamplands, a scarce native
habitat, the Paradise Shelduck has extended its range dramatically in
the .wake of the conversion of forest to pasture (Williams 1971). The
extensive construction of small watering ponds for stock  throughout
hill-country farmland has created a habitat which the species has
successfully exploited (McAllum 1965) and the introduced pasture
grasses: are now its main food (Bisset 1976).

This increase in numbers and range has been accompanied by an
increase in exploitation (Williams 1972). Although the Maoris formerly
caught large numbers of moulting birds for food (Buller 1893, Beattie
1920), an activity which undoubtedly affected local populations for a
time, sustained hunting by sportsmen has had a more dramatic effect
both locally and natjonally. Since 1950, as their numbers declined,
the species has been periodically removed from the list of hunted
waterfow!l in many districts and only a sustained period of protection
has enabled recovery. The Paradise Shelduck is easily over-exploited
and if it'is to be managed wisely, its biology needs to be better under-
stood. <

Little research to assist the wildlife managers has been done.
Extensive banding to determine rates of mortality and patterns of
dispersal commenced in 1961 (Williams 1972, 1975) and showed that
(a) district populations, defined as birds moulting at particular sites,
. were relatively discrete and rarely intermingled, and (b) mortality rates
varied between districts. However, there is no published information
on breeding output to complement these studies. Therefore, the present
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study began with the principal aim of determining the productivity of
a Paradise Shelduck population.

~

The literature on this species (Buller 1888, Henry 1907 Ohver
1955, McAllum 1965) and other shelducks (Dementiev &. Gladkov 1952,
Delacour 1954, Hori 1964, Frith 1967), the comments of hunters ahd
others, and my own previous observations suggested that Paradise
Shelduck populations contained both large flocks and scattered pairs,
A first step, therefore, was to determine precisely this social structure,
to establish which birds attempted to breed and examine the behaviour
of birds in these social categories, and determine how and when birds
moved from one social category to another. My findings are presented
in the ‘section on social structure. L

Having identified the breeding birds I then followed their nestmg
activities. Much of the ‘published information on Paradise Shelduck
breeding ‘behaviour is fragmentary and conflicting. 1 have included in
the sectiofi on breeding, therefore, details of ‘nest sites,,eggrsize and’
weight, incubatién behaviour and ducklmg deyelopment etc., as well
as data relevant to the study’s prmmpal aim (e,g. clutch size, hatchmg
success and duckling survival) iso, that the breedmg biology of this
species is more completely documented

In the section on populatlon dynamics, where the product1v1ty of
my study populatlon is calculated, 1 have tried to compile a life equation
for the species, that s, relatmg the average annual production "of
duckllngs to the numbers of adults and non-breeders which die each
year, This allows the productivity to be estimated and a_ stat1st1ca1
descrlptlon of the. 1mp0rtant stages in the life cycle.

This study had as a secondary aim the idéntification of those
aspects of the species’ biology which the wildlife manager could benefici-
ally influence, It is not my intention to discuss management procedures
in this paper. This and a discussion, of the communal moult gatherings
will appear separately However, in compiling this paper I am aware
that my secondary aim has substantially influenced the quantity- of data
collected on some topics, e.g. behaviour 6f flock birds, incubation, duck:
ling development, while others such as adult food, territory size, and
territorial behaviour have gone unstudied. In approaching my study,4
the:needs of the wildlife manager have -béen uppermost. in my mind, -
and® those aspects of Paradise Shelduck biology which he cannot
economically, practically or beneficially influence have therefore received
lesser attention. -

STUDY AREA

The study was conducted on Huiarua Station and adjacent farms,
an extensive region of hill-country farmland about 30 km west of
Tokomaru Bay (38°05’ S, 178°00" E) (Fig 1). It is a geologically unstable
area with spectacular badland erosion. The northern part of the study
area, roughly north of the divide between the Mata and Waitahaia rivers,
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FIGURE 1 — The study area on Huiarua Station, Tokomaru Bay, showing
topography, location of stock ponds, natural empoundments river
territories, vehicle tracks and flock sites.
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and the westernmost part are underlain by rocks from the Clarence to
Dannevirke Series (Kingma 1965), which span the interval from 100
to 50 million years ago. These rocks vary in hardness and in grain
size from mudstone to coarse sandstone and conglomerate, and most
units are broken by faults and fault movement. The southern part of
the study area is formed mostly of soft, grey sandy siltstone of Upper
Tertiary (Southland Series) age, often known as “ papa.” Thus, the
land throughout is unstable, landslides are frequent and temporary
ponds common,

The study area varies from 420 m as.l. in the Mata River valley
to the east, to 1000 m toward the Raukumara Ranges to the west, and
throughout is heavily dissected by deep valleys with steep hillsides
(Fig. 2). Small creeks which drain these hillsides have cut deep into
the soft underlying strata, causing extensive erosion and depositing huge
sediment loads which in some parts form large river terraces. Small
sadly depleted remnants of the original forest cover occur in patches
on hillsides or in gullies but are seldom larger than 5 ha. Otherwise
the entire area is covered by high-class pasture dominated by white
clover (Trifolium repens) and rye grass (Secale repens). Supplementary
feed crops of turnips (Brassica rapa) were grown on a limited scale
each year after which new grass was sown, providing Paradise Shelduck
flocks with a highly preferred food for several years thereafter.

Scattered throughout the station were numerous stock ponds
ranging in size from about 300 m?2 to 2 ha and located in a wide variety
of situations from deep in gullies to high on expesed hilisides. Most
had no marginal vegetation and had heavily eroded margins, the result
of stock trampling. The numerous temporary empoundments and
swampy soaks also provided feeding and rearing habitat for shelducks.

Breeding pairs were studied on Huiarua Station, an area of 125
km2. Approximately 87 km of farm roads and tracks provided vehicular
access close to most of the 66 stock ponds, 16 naturally-created empound-
ments and to various sections of the Mata River. Some pairs within
this area lived where access was difficult, and so they were not studied
intensively. The intensive observations were restricted to those pairs
which could be easily observed. To increase the sample of easy’
pairs I included some resident alongside the Waitahaia Road (Fig. 1).

In addition to observing the survival and dispersal of ducklings
reared by the intensively observed pairs, data were also collected on
broods reared on a series of stock ponds alongside the Tuakau and
Mata Roads (Fig. 1).

Data on flock birds were gathered at all flock sites within the
study area.

Capture METHODS

I have previously described the techniques used to capture moult-
ing shelducks (Williams 1972).

Ducklings reared on small ponds or on swampy flats were caught
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by hand as they hid amongst emergent vegetation. Those reared on
ponds with no escape cover usually attempted to avoid danger by
diving. To catch these, a 10 ¢cm mesh gill net, very lightly weighted,
was hung in the water and the diving birds became entangled.

Five females were captured on their nests during the last five
days of their incubation period. After banding they were returned to
their nests and, although they all departed almost immediately, all
resumed incubation within 3-4 hours and successfully hatched their
clutches.

Banding

From 1970 to 1972, ducklings were caught throughout the study
area and banded with numbered stainless steel bands and a coloured
plastic band to denote year class. In addition, birds moulting at four
sites elsewhere in the Gisborne-East Coast district were caught and
banded with colour combinations which denoted locality and age. Asa
result, 11 birds from 10 of the 25 pairs studied in 1973 could be
identified individually.

In January 1974, 196 birds moulting on Pond 20 (Fig. 1) were
caught and banded, each with a unique colour combination. The follow-
ing breeding season, 16 birds from 14 of the 21 intensively-observed
pairs could be individually identified.

In January 1975, a further 958 moulting birds were caught on
Ponds 20 and 69 (Fig. 1) and banded with individual colour com-
binations. In the subsequent breeding season, 38 individuals from 28

of the 32 pairs could be identified.

In each of the 1973, 1974 and 1975 seasons, all ducklings reared
within the study area (and some reared outside) were banded with
numbered plastic colour bands which allowed both year-class and
individual identification.

The numbered stainless steel bands used on all birds were 12 mm
high with an internal diameter of 14 mm. Colour bands were made
from “ Darvic” plastic of similar dimensions to the metal bands.
Numbered plastic bands were also made of “ Darvic ” plastic, 20 mm
high and 12 mm internal diameter. The engraved digits (the engraving
filled with black enamel paint) were 12 mm high and the two digits
were vertically coffset so as to avoid confusion about which was the
first.

Observations

All observations were made using 10 x 40 binoculars and 40 x
spotting scope. Birds throughout the study area were tolerant of farm
vehicles and I used a landrover as a mobile hide. In difficult terrain
or weather, work was done on foot, and careful stalking allowed me
to approach close enough to read colour combinations and engraved
band numbers.
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Throughout the breeding season (August to early November)
all pairs were observed on average once every two days, although some
pairs near my field base (near Pond 47, Fig. 1) were sometimes seen

. three times daily. Only in dry weather were all parts of the study
area visited in a single day. Each pair was observed long enough to
record its identity, lccation and behaviour, but for some special studies
pairs were cbserved continuously for several hours.

Outside the breeding season, visits lasting about one week were
made in various months to build up a picture of the species’ annual
cycle.

ANNUAL CYCLE

Paradise Shelducks gather in large flocks for their annual wing
moult. Their numbers at the traditional moulting sites build up rapidly
in late December when non-breeding juveniles (birds in their first year)
and yearlings (birds in their second year) arrive, followed later by the
failed breeders and finally the successful breeders, often accompanied
by their fledglings. Each bird is flightless for 3-4 weeks but remains
with the flock for lenger, and it is not until early March that the first
adults leave to return to their breeding areas. The previous yeat’s
territories are then recccupied; pairs which may have lost contact during
the moult are re-united while the newly fledged young (now juveniles),
together with juveniles of the previous year (now yearlings) remain
together as a flock.

From April to July, pairs defend their terrirories against neigh-
bours and previously non-breeding individuals which are attempting to
establish territories. Mates lost are replaced by new partners at this
time.

The large flock remaining at each moulting site gradually frag-
ments as small groups of birds move away to prime feeding areas
nearby where they remain throughout the rest of the year. However,
in September-November some juvenile pairs temporarily leave the flocks
and begin to visit areas which are potential territory sites and some
preliminary attachments to sites are made. By December, the various
flocks return to the moulting sites and the first juveniles are flightless
in mid-December.

During July, nest prospecting begins, with pairs spending much
of the day, particularly the morning, away from their principal resting
and feeding areas while the female looks for a suitable nesting site
in hollow logs or holes in the ground or in trees. The first eggs are
laid in August, laying reaching a peak toward the end of the month.
Ducklings first appear toward the end of September and are taken from
the nest to nearby water, usually the stock pond within their parents’
territory, where they are reared for eight weeks until fledged. After
fledging, the young and parents remain as a family group on the territory
for up ta two months while the adults undergo most of their body
moult. Later (usually late January or February), the adults migrate
to their moulting site to complete the wing moult.
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SOCIAL STRUCTURE

During the breeding season the population comprised two distinct
social categories:

{a) Those birds which, as pairs, were spatially separated from all
others, occupymg an area from which all other shelducks were
excluded and in which almost all of their activities were confined.

- These were the territorial pairs, most of which attempted to breed.

(b) Those birds, some of which were paired, which associated with
numerous others and spent most of their time in flocks at specific
localities. These were the flock birds, none of which attempted
to breed.

~ Qutside of the breeding season, this clear separation did not
occur. When, in March and April, the large moulting flocks fragmented,
small groups formed on the breeding areas. These comprised some
previous breeders (mostly males), some ycunger birds approaching
breeding age and which later in the year would attempt breeding, as
well as a few juveniles and yearlings. The experienced breeders were
awaiting the return of their previous year’s mates and so the flock with
which an experienced breeder was associated was invariably that which
had formed closest to its territory of the previous year. Once re-united,
the pair left the small flock to reoccupy their territory. If however
the. flock was resident on the pair’s former territory, much fighting
ensued before the flock was driven away. Gradually, these small flocks
disintegrated, and by June the experienced breeders were back on their
former territories, newly mature pairs were on unclaimed areas, and
the juveniles and yearlings were drifting away to rejoin large flocks at
the moulting site or at specific flock areas nearby.

THE FLOCK

- The following discussion refers to the flock during the breeding
season, unless otherwise stated.

Flock sites

The flocks of ]uvemles and yearlings did not move throughout
the study area; instead, they were almost always to be found at 10
specific areas, shown in Fig. 1 and 3. All flock sites had two principal
characteristics:

1. A wide-open aspect so that feeding birds had an uninterrupted
view of a large area; and

2. Proximity to a concentration of territorial pairs. .

Only one of the ten sites was not close to or associated with
the river. This site (No. 7, Fig. 1) was on rolling pasture in the midst
of territorial pairs. Here flock birds fed mainly on pasture grasses
on a large flat area and roosted on tops of hillocks from which they
had an extensive view. Seven sites were on the riverbed or on low
flats adjoining the river where the birds fed mainly on high-quality
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TABLE 1 — Characteristics of flock sites.

(s}ir‘:n:.’;iagtiwln) Terrain Feeding area :l::‘;;i::—i Usage
1 river flat pasture/swamp  river constant
2 hiltside swamp ponds limited
3 hillside swamp ponds limited
4 river flat pasture river limited
5 river flat pasture river [imited
6 river terrace pasture river/ponds limited
7 paddock pasture/swamp  ponds constant
8 river terrace  pasture/swamp  river/ponds constant
9 river bed swamp river limited

10 river bed swamp river limited

young pasture and in associated swampy soaks (Table 1). Sward
height determined the use of the pasture; once grass stooed 8-10 cm
high the birds avoided it, and so farming practices such as removal
of stock or closure of a paddock for hay could change the distribution
of flocks.

The two hillside flock sites were both in the Waitahaia River
valley but were over 350 m above the river. The birds concentrated
about two ponds, using them for bathing and drinking and the adjacent
swampy soaks for feeding. When these soaks dried up in late spring
the birds joined the flock at the river flat nearby.

Cheice of flock sites

Although there were 10 flock sites in the study area, they may
be regarded as forming four distinct units: sites 1,2,3; 4,5,6; 7; and
8,9,10. This division is based on the behaviour of marked birds. Of
four males and 27 females seen in flocks four or more times during
their first year of life, only two females were observed in more than
one of these unit areas. Of another 10 males and 14 females seen
two or three times in the flocks, only six of the males were seen in
two of the unit areas.

All of the above 41 juvenile females were most frequently seen
at the flock site which was closest to their natal territory. This was
not so for males. Eight of the above 14 males were seen at flock sites
well away from their natal area.

These observations suggest that females almost continuously
remain close to their area of birth whereas males are more mobile, a
feature of the species’ biology which may account for seasonal changes
in the sex ratio within the study area (see Sex Composition of Flock)
and the lack of examples of males breeding near their natal area (see
Population Dynamics) . )
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Age composition

No adults were seen in flocks at the moulting sites after April.
Although the small flocks on the breeding areas included adults,
juveniles and yearlings, no adults were ever seen in flocks at the 10
flock sites. The breeding seascn flock was therefore a separate social
entity by May.

Most birds observed in the breeding-season flocks were juveniles:
of 161 banded individuals identified there during 1973-1975, 143 (89%)
were juveniles, the rest yearlings. No adults, paired or unpaired, with
previous breeding histories or birds three years of age or older were
seen in these flocks. ‘ ‘

Towards-the end of the breeding season (November), the number
of yearlings in the flocks increased. Some had occupied territories but
apparently had not attempted to breed. They abandoned their territories
and rejoined the flocks before the arnual moult. Adults whose breeding
attempts had failed associated with flock birds only at the moulting
sites and were never seen at any of the main flock sites. .

The breeding-season flock therefore comprised juveniles and
yearlings only.

Sex composition

The numbers of males and females in some of the flocks en-
countered from February to October were recorded. Because newly
fledged young resemble adult males and cannot readily be distinguished
from them when viewed from adistance, no data were collected from
November to January.

Post-moulting flocks in February and March contained signifi-
cantly more females than males (Table 2). This was probably caused
by a difference in the timing of departure of males and females from
‘the moulting sites  (the male of a breeding pair was usually the first
to be recorded in the small flocks on the breeding areas), and the
dispersal of juvenile males may also commence then.

TABLE 2 — The percentage of female Paradise Shelducks seen in post-
moulting flocks (February to April) and in breeding-season flocks
{May to October). A chi-square value greater than 3.82 indicates
significantly more females than males.

No. of No. of Female Chi-square

Month flocks birds % value
February 28 2676 52.2 5.2
March 80 4270 53.9 25.5
April 16 238 49.6 0.2
May 11 - 227 50.7 0.04
June 43 1357 60.2 56.5
July 30 389 64.8 34.0
August 85 1453 61.3 73.6
September 131 3301 60.4 143.4

October 150 3558 §5.3 39.3
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There was no difference in the number of each sex encountered
during April and May and because of the small samples, the percentage
of females recorded then was not significantly different from that
recorded in February and March. However, the percentage of females
seen in June was significantly greater than that seen in May
(X2 = 73,001 > p > 0.001). This rather sudden increase in the
percentage of females may have resulted in part from the effects of
the May shooting seascn. Williams (1972) has recorded that males
are more likely to be shot than females — 53% of the shooter’s bag
were males. However, there must be other contributing factors. One
possibility is that yearling males may pair with older females, leaving
a surplus of yearling females in the flocks. Only one banded yearling
male was identified in a flock during June to September but four in
October, a time when the percentage of females in the flocks decreased
when yearling and juvenile pairs, which for part of the breeding season
may have temporarily occupied territories, returned to the flock.

Courtship behaviour of flock birds

Within the flock, some juveniles and all identified yearlings
associated in pairs., Many of these associations were temporary; one
male, for example, kept company with four different females at various
times. Courtship and the making and breaking of these temporary
associations was the major non-feeding activity within the flocks.

The dominant female courtship display was Inciting (Heinroth
1911). Females typically incited their actual or potential mates to
attack less preferred males or other females, thus choosing the male
whose response was the strongest.

Inciting cccurred on land or water from a posture which varied
with the intensity of the display. On water, low intensity Inciting was
characterised by a forward-stretched neck and head, both being inclined
at an angle of 20°-30°. The head was frequently downturned so that
the bill was close to the water. High-intensity Inciting (Fig. 4A)
results in the cutstretched body lying almost flat along the water surface,
the head and neck stretched as far forward as possible. Postures inter-
mediate between these extremes, indicative of differing intensities, may
be recognised. This display was accompanied by a loud, rapidly re-
peated high-pitched note uttered continuously. When displaying, the
female pointed to and frequently swam toward the “ offending ” bird (s),
swinging the body from side to side, the swinging movement and the
calling increasing before she charged.

On land, the posture also varied in intensity, At low intensities
the body axis was held at about 25° to the ground, the head and neck
held low and stretched well forward (Fig. 4B). With increasing
intensity the head was further lowered and a charge usually followed.

The male’s initial response was to move close alongside his
female, uttering a monosyllabic note, best described as a honk. If
Inciting persisted, the male call changed to a higher-pitched disyllabic



FIGURE 4 — Courtship displays of the Paradise Shelduck.
Inciting on land by female, male in the High-and-E
Trumpeting Ceremony. E — male Triumph posture.

A — high-intensity Inciting on water by the female. B —
rect posture. C — male Threat posture. D — Mutual
Del. Rod Morris.
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note, and he adopted a High-and-Erect posture in which the head and
neck were stretched forward and upward and the lower neck feathers
raised (Fig. 4B). The call was uttered in rapid succession and while
calling the male pivoted first toward the threatened bird, then back
to his mate. This was usually followed by the adoption of the Threat
posture and a charge (Fig. 4C).

Following a successful chase, the pair usually indulged in a
Mutual Trumpeting Ceremcny; the male adopting the High-and-Erect
posture and giving the disyllabic call, repeated rapidly, the female
adopting the Erect posture with the neck vertically up-stretched, the
head horizontal and calling continucusly (Fig. 4D). When the female
ceased calling the male note changed to the Triumph call — a disyllabic
note similar to that previously uttered although more protracted, with a
distinct break between the syllables and the second syllable declining
in amplitude and volume. There was an associated Triumph posture;
the shert first syllable of the call was associated with a rapid upward
jerking of the head, the longer second by a forward movement of the
head, still with the neck fully stretched (Fig. 4E).

The success of the male in repulsing challenges from others
seemed to be the basis on which the pair bond was maintained. Females
changed mates when the male was unable to curtail the persistent
presence of others and was beaten in the fights which occurted. The
Mutual Trumpeting Ceremony was not always performed after the male
was beaten in these fights and its absence probably indicated an impend-
ing change of association.

Territory prospecting by flock birds

As pairs, many juveniles and most yearlings left the flock for
varying periods and attempted to occupy and settle at or near the
female’s natal area. Sometimes these excursions were for only a few
hours, for the natal territory was usually occupied by a breeding pair
which drove the pre-breeders away. If, however, the natal pond or
an area close by was unoccupied, the flock pair often spent most of
the day there before returning to the flock in the evening. Eventually,
occupation of this area became continuous and the pair began to defend
it against other flock pairs.

These yearling or juvenile pairs on their territories tended to
decoy others from the flock and it was common to encounter several
pairs and individuals with them. Inciting and fighting were common
in these situations with usually one pair constantly attacking others,
both on the ground and in aerial pursuits. As a result of clashes on
these potential territories, changes in pairings occurred.

Most of this prospecting for territories occurred diring September
and October. On 46 occasions from July to November 1974, 1 saw
juvenile pairs prospecting, three during July, eight in August and
November, 12 in September, and 15 during October.
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Small groups of females only were sometimes seen flying and
landing at varicus localities amongst the territories, often near to or
alongside adult males waiting alone on their territories. Usually these
groups of females were immediately attacked and forced away.

TERRITORIAL PAIRS

Territorial birds are defined as those which, as pairs, were
spatially separated from others, exclusively occupying and defending
a fixed area of habitat to which almost all of their activities were
confined.

This definition includes pairs, one or both members of which
were juveniles, pairs which, although of breeding age apparently did
not attempt breeding, and pairs which bred. A distinction was there-
fore made between those territorial pairs which attempted to breed and
those which did not. A breeding attempt was identified by one of the
following criteria:

1. The pair appeared with duckliﬁgs. All adults guarding broods
were known to be the parents of some or all of the ducklings
in their charge. .

2. The nest of a pair was found.
3. The male of a pair was seen alone on his territory.

I have no records of members of pairs conforming to criteria
1 and 2 being separated from each other during the breeding season
except when the female was at the nest. While the female was nesting
the male remained alone on the territory, and for most breeding pairs
there were numercus such sightings. Furthermore, the behaviour of
breeding females was distinctive. During egg laying she was absent
from the territory one to three hours each day; when incubating she
was present on the territory for about one hour, two or three times
daily, feeding in a characteristically avid manner. Immediately prior
to egg laying, females developed a conspicuously distended abdomen
(Young 1970) as the ovaries and oviduct enlarged. The minimum
evidence upon which a breeding attempt was identified was the sighting
of an obviously gravid female followed shortly thereafter by a single
sighting of the male alone on the territory.

Territory requirements

Most territories were established over pasture, each encompassing
one or more of the 66 ponds and 16 natural empoundments within the
study area. Of the 103 pairs followed during 1973-76, 87 (84%)
established territories about ponds or empoundments, and 7 (7%)
centred their activities along a section of the Mata River or its tributary.
The territories of the rest (9%) contained no open water, but instead,
fresh water seepages and swampy areas were substituted.
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Although most pairs established their territories about ponds,
not all ponds appeared suitable; some were used each year, some never.
The choice seemed primarily determined by the pond’s surroundings.
To examine this, ponds were classified into four categories according
to their location ~— on hilltop or ridge-top (Fig. 5A), on hill face
(Fig. 5B), on relatively flat land (Fig. 5C) and in a gully (Fig. 5D),
and their frequency of inclusion in a territory over the four years of
study was determined. The analysis (Table 3) shows a clear preference
for ponds on hillsides and flats and an avoidance of ponds in gullies.

TABLE 3 — Frequency with which- 66 stock-ponds in different locations
were included in Paradise Shelduck territories during the four
years 1973-1976.

Frequency Stock-pond location
of use Gully Hillside Hilltop Flat
In 3 or 4 years 4 21 2 14
In 1 or 2 years 6 1 2 2
Never 10 2 0 2
Total ponds in
each location 20 24 4 18
The preferred ponds had one major feature in common — a
panoramic view from at or near the dam face (Fig. 5A). Five other
characteristics of ponds — size, depth, extent of marginal vegetation,

zooplankton content, and water clarity were also examined but there
were no significant differences between those ponds used regularly and
those used occasionally or never.

Of the nine territories established about swampy areas, two were
in a broad gully, four on hillsides and three on flats.

Most pairs included only one pond within their territory; of 87
territories, 56 (64%) included one pond, 17 (20%) included two
and 14 (16%) three or more. Where two or more ponds were
occupied, they were usually only a few hundred metres apart and often
all ponds could be seen from the pair’s main roosting point. In five
territories, the ponds were spaced well apart and birds spent much
time commuting between them. Three of these five pairs were non-
breeders; the two which attempted breeding reduced their occupied
area once the female commenced incubation but, after the ducklings
emerged, re-used all the ponds they had originally occupied.

Territorial pairs fed mainly in swampy soaks and gullies, eating
the roots and shoots of the semi-submerged  grasses. The extreme
irregularity of the countryside — the flatter land having numerous
shallow gullies and creeks, the steep expansive hillsides having numerous
slumps and soaks — provided everywhere an abundance of these choice
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feeding areas and their distribution is probably one of the factors
determining territory size.

Constancy of territory site

The records of 36 identifiable birds (21 female, 15 male) which
occupied territories in two or more successive years showed that changes
in territory site rarely occurred. All 21 females and 13 of 15 males
established their territories at the same site in successive years.

Of the two defaulting males, one as a juvenile occupied and
defended its natal area with its sibling. The following year however,
I did not see its sibling and the male paired and bred with an established
breeding female on a nearby territory. The other male lost his mate
in June and re-mated with a two-year-old. Although the re-pairing
occurred on the male’s original territory this area was abandoned and
the pair established a new territory about the female’s natal pond,
removing a pair which had newly established themselves there.

Apart from these examples, the loss of a mate during the
breeding season did not cause breeding or non-breeding birds to abandon
a territory, One male and one female from two non-breeding territorial
pairs were shot in October. Both the survivors found new mates and
remained on their territories. In another three pairs which had started
breeding, one member either died or was experimentally removed.
All three survivors (two females, one male) quickly obtained new
mates, remained on their territories and commenced breeding a second
time.

Location of territory in relation to natal site

Eighteen females whose natal sites were known established
territories either as breeders or non-breeders within the study area.
All but one did so at or close to the pond on which she had been
raised.

Three males whose natal sites were known established territories
within the study area. One male, referred to in the previous section,
occupied its natal pond in one year and another nearby the next.
The territories of the other two breeding males were well removed
from their natal areas.

Timing of territory occupation

Intensive observations of breeding pairs commenced on 25 July
in 1973, 1974 and 1975. By that date most pairs had established their
territory (24 of 25 pairs in 1973, 17 of 21 pairs in 1974, and 26 of
32 pairs in 1975). None subsequently changed their territory site and
none of the territorial birds changed mates.:

Visits were made to the study area in late March and mid-May
1974, mid-April and mid-June 1975 but in 1976, although intensive
observations throughout the breeding season were not attempted,.
territorial pairs were identified during visits in late June, early September
and early November.
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In late March 1974, only two of the pairs which occupied
territories during the subsequent breeding season were found back on
their territory while another male, without its mate, was defending the
pond he had occupied the previous season. By May 1974, 10 (48%)
of the 21 breeding territories were occupied. The birds involved were
probably territorial pairs of the previous year; three of four banded
individuals which bred in both 1973 and 1974, were occupying territories
then.

In April 1975, six pairs which subsequently attempted breeding
were then occupying territories; this group included three of the seven
banded individuals which bred in both 1974 and 1975. By mid-June
1975, 19 (63%) of the 32 territories were occupied. All of the
identifiable individuals from the previous year were re-established on
their territories at that time.

In June 1976, 18 (72%) of 25 pairs recorded on territories in
September were cbserved defending their chosen pond or water body.

These observations suggest that the breeding area is reoccupied
gradually with previously territorial pairs returning first, those attempt-
ing to breed for the first time establishing themselves later, and a few
juvenile pairs setting up territories after the breeding season has com-
menced. This is true only of permanently occupied territories: during
both May and June 1 saw pairs defending ponds which later during
the breeding season remained unoccupied. For example, in June 1975,
25 pairs had established territories but only 19 of these remained during
the breeding season. Of the 12 birds which abandoned their territories
five were banded, four being two-year olds, the other was of unknown
age. Similarly, in June 1976, 26 pairs were occupying territories, seven
on areas which were not used during the breeding season although six
ponds subsequently used were at that time unoccupied. Four of these
26 pairs had by September established their territory elsewhere within
the study area, and another four pairs left the area: ten of these 16
birds were banded, six of which were two-year olds, (one as a juvenile
had occupied a territory the previous year), three were of unknown
age and one was a juvenile.

Thus, most of the identifiable birds involved in the temporary
establishment of territories were two-year-olds.

Amongst these “ prospecting 7 territory seekers some pair associ-
ations were obviously temporary. For example, of the 26 pairs en-
countered in June 1976, changes of mates occurred in three pairs, all
involving a two-year old. Four mate changes occurred amongst pairs
encountered in both June and the breeding season of 1975 and three
pairings changed between May and August 1974.

These observations on temporary territories and pairings suggest
that amongst pairs which have not previously attempted breeding or
established territory there may be considerable competition for both
space and mates. A dominance hierarchy may develop amongst these
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young birds with some pairs establishing territories on highly suitable
areas (and maintaining their pair bond), other less successful pairs
occupying less suitable areas (from which they attempt to occupy better
sites and amongst which pair-honds may not be permanent), while in
a third category, pairs may fail to establish themselves at all and
so remain in the flock for a second year.

Defence of territory

Territories were defended mainly by boundary flights and
physical attacks. Boundary flights in which two pairs of birds flew
close alongside each other in wide circuits over a territory appeared
to be the principal method of territory defence during the period of
territory re-establishment and before the onset of laying. During these
flights, the defending pair flew on the inside or territory side of the
other, steadily widening the circuits until the intruders were outside
the defended area, at which point the defenders would wheel away
and return to the territory. Both pairs would call vociferously, the
females uttering their Inciting call and the males responding with a
disyllabic call identical to that associated with the High and Erect
posture on the ground. Occasionally the defending pair attempted to
strike or peck at the others in flight.

I also observed these flights in response to a single intruder.
Since the response was similar to both males and females, I interpreted
these flights as territorial defence. However, Riggert (1977) suggested
that similar flights involving single females in the Australian Mountain
Duck (T. tadornoides) were courtship flights. He made no comment
about flights involving single males.

Immediately before egg-laying, during egg-laying and early in-
cubation, and during the care of the ducklings, the drake was particularly
aggressive and immediately pursued or attacked any intruding individual,
pair or flock. However he became more tolerant of single intruders
as incubation proceeded. Solitary juvenile females were often seen
standing or resting for extensive periods within a territory while the -
defending male rested on the pondside awaiting the reappearance of
his incubating mate. But as soon as the incubating female returned
to feed, intruders were immediately driven off.

Chases and physical attacks were not always necessary to drive
intruders away. The adoption of the Threat posture by the male
(Fig. 4C) or the Inciting posture (Fig. 4B) or Inciting call by the
female was often sufficient to put intruders to flight and prevent others
from landing in the territory.

BREEDING
Males AGE OF FIRST BREEDING

Five banded males established territories as two-year olds, four
of which attempted to breed. The fifth male paired with a female
of the same age and did not attempt breeding until its third year.
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Seventeen banded one-year-old males were identified during the
breeding seasons, only three of which occupied territories. Two of
them made no breeding attempt, their mates being juveniles also. The
third territorial male was, according to the criteria given earlier, a
member of a breeding pair. His mate, of unknown age, developed the
greatly distended abdomen typical of a female about to lay, and sub-
sequently the male was twice observed alone on the territory. Six
days then elapsed without a further sighting of the male alone. I then
attempted to shoot the male but succeeded only in breaking its wing
and it was a further five days before it was recovered and killed. Some
testicular regression may have occurred in the meantime. Histological
examination of the testes (by Dr M. L. Gorman, Aberdeen University)
showed that interstitial (testosterone-secreting) tissue was well developed
and Leydig cells were numerous and large but that no spermatozoa
were present. Although this one-year-old male was probably sexually
active in its behaviour (as a result of well-developed testosterone tissue),
it was not fertile.

Females

Nineteen two-year-old females were observed throughout a breed-
ing season. Three remained in the flock, the other 16 occupied terri-
tories, 10 of which attempted to breed.

All females of the above sample which survived into their
third year attempted to breed.

Forty-one banded one-year-old females were seen two or more
times during a breeding season, eight of which established a territory
for a brief period. None were found breeding.

Thus, while most two-year-olds occupied territories, about
half of the females delayed their first breeding attempt until their third
year, whereas most males may have bred as two-year-olds.

NESTS
Nest-site prospecting
Some pairs began searching for nest sites up to two months
prior to laying, and during August it was their main early morning
activity. Prospecting seldom occurred in late afternoon.

Only the female investigated likely nest sites. Throughout all
prospecting activity the male remained alert and on guard nearby.
When examining trees for suitable holes, the female would fly on to
branches before sidling along to investigate holes in the main trunk.
To reach more inaccessible holes the female would attempt to hover
briefly in front of the opening before trying to setile on the lip. Tall
dead trees were particularly favoured and occasionally the male would
also settle in the tree alongside the female.

Prospecting occurred mostly amongst logs and stumps on the
ground (Fig. 6). Two females, for example, spent over four hours
continuously prospecting all logs on a hill face and several others were
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seen investigating logs for over two hours. Every likely hole in or
under each log was explored, some by merely poking the head inside,
others by the female entering completely. Some holes were investigated
several times; the female first exploring the hole, moving off to look
at another log nearby and then returning to invéstigate further; this
activity being repeated 'several times.

The behaviour of one pair about its nest site was followed from
their initial investigation to egg laying. The nest was in a tree hole,
about 300 m from the main resting and feeding area of the territory.
At dawn each morning, the pair would circle above the nest site
calling loudly, eventually settling on pasture about 50-80 m away.
There the birds remained feeding and resting for 3-4 hrs before flying
off. Several times during the rest of each day, they returned and
landed nearby. On each visit the female called vociferously but I did
not see her visit the nest site. This pattern of behaviour was repeated
day after day until egg-laying commenced and presumably served to
keep other pairs and stray flock females from investigating the nest site.

Nest sites

Forty-seven nests were located: 29 (62%) were inside hollow
logs on the ground (the nest being either in the log or beneath the
log), 4 (9%) in holes or burrows in the ground (mostly the tunnel
left following the decay of a tree root), 3 (6%) in holes at the base
of cabbage trees (Cordyline australis), and 11 (23%) in holes above
ground level in standing live or dead trees (Fig. 7A).

Nine of the 11 nests in tree holes were in willows (Salix fragilis)
(Fig. 7B), one in a “Dblue gum ™ (Eucalyptus sp.), the other in a
dead rata (Metrosideros robusta). Ten were within 3 m of the ground,
the other about 20 m high.

Most of the 47 nests found were close to the pond or water
area in the territory; 14 (30%) were within 100 m, 12 (26%) were
100-300 m away, 11 (23%) 300-500 m distant, 6 (13%) 500-1000 m
away, and 4 (8%) over 1 km from the pond.

Seven nest sites were used in consecutive years by the same
female. All were those in which all eggs had successfully hatched in
the previous year. However, not all old sites were re-used. The sites
of four mests in which all eggs had hatched and 10 in which only
some had hatched seemed to have remained unaltered over two years
but the females did not use them again. The re-use of a nest site
seems primarily dependent upon a total hatch in the previous year.

Nest bowl

All nests were placed as far from the entrance hole as the female
could scramble. Those on the ground or on the floor of a hollow log
were simple concavities containing a few fragments of bark, decayed
wood or grass (all probably accidentally added) and some breast
feathers. Large amounts of down were usually found at each nest
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but were not used to insulate the eggs from the ground. When the
female was off the nest, the down was heaped over the top of the
eggs (Fig. 8) but when incubating the female arranged it around the
rim of the nest bowl (Fig. 9).

EGGS
Colour
All freshly laid eggs were pure white. However, once incubation
commenced, they quickly became discoloured to a dirty brown-yellow.

Dimensions

All 223 eggs measured were ovoid and only slightly tapered.
They ranged in length 61.7-72.3 mm {mean 67.2, SD 2.1} and in
width 44.5-32.1 mm (mean 48.6, SD 1.4). One small ‘ albumen only’
egg was‘found but not measured.

The eggs of two females nesting for the first time were measured;
a two-year-old laid 10 eggs which measured 66.3 = 2.2 x 47.8 + 0.6 mm
and a three-year-old laid 7 eggs which measured 66.6 + 2.5 x 48.1
+ 0.7 mm.

Weight and composition

A complete clutch of 10 eggs was weighed in the laboratory;
mean weight 84.5 + 5.2 g, range 72.0-90.7 g.

These eggs were hardboiled and the yolk, albumen and shell
with its membrane separated and weighed. Each constituent was then
dried in an oven at 50 °C until no further weight loss occurred, and
the percentage dry weight composition determined (Table 4}.

TABLE 4 — Mean percentage composition of 10 Paradise Shelduck eggs.

Wet weight Dry weight
Constituent % SD % SD
Y.olk 40.0 0.9 56.0 1.2
Albumen 47.7 09 15.5 1.0
Shell + membrane 12.3 0.4 28.5 0.7

CLUTCH SIZE )

The sizes of 36 clutches each believed to have been laid by a
single female, are shown in Table 5. Data for all years 1973-76 have
been combined.

Three clutches to which more than one female may have con-
tributed were found. An unpaired two-year-old female was twice seen
to enter the nest of another two-year-old. This nest contained 14 eggs,
seven of which hatched, one contained a dead émbryo and six were
infertile. I believe that both females laid in this nest. For a first-time
layer, 14 eggs is an exceptional clutch and was greater than the female
subsequently laid (12 and 10).
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FIGURE 8 — The nest of a Paradise Shelduck inside the stump
shown in Fig. 7A. Plucked breast feathers {more usually
down) are heaped on top of the eggs while the female is
away from the nest.
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TABLE 5 — Size of Paradise Shelduck clutches, 1973-1976.

No. of eggs 5 6 7 8 9 10 11 12 13 14 15
No. of clutches 1 2 1 8 7 10 1 5 4} 4] 1
Total clutches 36 Mean 9.4 sSD 2.0

The history. of another duval clutch is more precisely known,
One female, on laying her sixtt egg, broke one and subsequently
abandoned her nest. Two days later she was observed entering another
female’s nest nearby and five days later this nest was also abandoned.
Of the 13 eggs in the second nest, nine showed signs of early embryo
development, the other four no development. When length v, width
of these eggs were plotted graphically, there were two distinct groups
of eggs, 10 and 3. (A similarly clear separation occurred between the
eggs of the second clutches of the two females involved).

In a third nest, a clutch of nine eggs was approximately two-
thirds incubated when an unpaired female added two infertile eggs.
This clutch was not abandoned.

Included in Table 5 are three repeat clutches. Both females
involved in the 13-egg dual cluich laid again; that which broke its egg
laid nine, the other 10. Anpother female whose initial clutch size was
unknown laid a second clutch of 10.

Three females nesting for the first time as three-year-olds laid
clutches of seven, eight and 10; four nesting as two-year-clds laid
clutches of six, eight, eight and 10. (Mean for all 7.9 + 1.2). One
of these three-year-olds increased her clutch {rom seven to eight, another
from eight to 11 and a two-year-old from eight to 12 in the succeeding
year. The two-year-old involved in the combined clutch of 14 laid
12 eggs as a three-year-old and 10 eggs the following year.

INCUBATION

Only the female incubated (Fig. 9). The male’s sole duty at
or near the nest was to accompany the female on her return. He
seldom landed, however, but instead circled overhead while the female
landed and approached the nest.

Incubation period

The full incubation period is known only for two nests. Duck-
lings emerged from these 32 and 33 days after the laying of the last
egg of the clutch. In four others, ducklings emerged 29-31 days after
I found the already incubated nest. The average incubation period
for 11 nests of captive birds was 30 days (T. A. Voss, pers. comm.).
Other authors have reported the incubation pericd as 30 days
(Delacour 1954, Soper 1963), 34 days (Oliver 1955) and 35 days
(Williams 1963). The incubation period of the closely related Australian
Mountain Duck is 30-32 days (Riggert 1977) and 30-31 days for the
European Shelduck, T. tadorna (Hori 1964}, .
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FIGURE 9 — A female Paradise Shelduck on her nest inside a hollow log.
Down is heaped to the front and side of the bird. -

Incubation spells

Most incubating females left their nest twice daily, at dawn and
in late afternoon, but a few, especially early in the incubation period,
also appeared at midday. As hatching approached, most females left
their nests only once daily.

The first feeding period usually commenced within an hour
of dawn and seven females spent an average of 65 min (range 30-150
min) off the nest then. Late afternoon periods off the nest averaged
50 min (range 25-75 min) for nine females.

Individual females tended to leave their nests at about the same
time each day, being especially regular during the last 10 days of
incubation. For example, one female appeared within 15 minutes of
midday on six consecutive days. When the number of daily feeding
spells was reduced, females usually appeared only at midday, feeding
then for up to 2 hours.

Thus, females on average incubated their eggs for 21-22 hours
each day. ' :

Behaviour on territory

From the nest the female flew direct to the pond or water area
within the territory alongside which the male was usually waiting.
When well away from the nest and close to the pond, the female
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uttered a shrill monosyllabic contact call similar to that used by
individuals to locate flocks., Immediately on hearing the call, the male
flew towards and joined her and -together they landed at the pond.
There followed a brief greeting display, the female with head held
low and pointing towards the male uttering a growling note similar
to the Inciting call; the male adopting the High-and-Erect posture and
repeating rapidly a disyllabic honk. The female then quickly drank or
bathed and then began feeding. Her feeding style was unmistakable —
she fed avidly, often running from one feeding site to another, spending
on average 93% of her time feeding while on the territory.

While the female was present, the male remained constantly
alert. Occasionally he joined her to feed, but this was exceptional and
I observed it only after females had been present for more than 90 min.
Males waiting alone on their territories spent most of their time rest-
ing; ten males observed for a total of 96 hours spent 65% of the time
resting, 25% feeding, 5% bathing and preening, 3% walking or fly-
ing and 2% in defence of the territory.

HATCHING

Only those clutches laid by a single female and from which at
least one duckling hatched are considered in this section.

Most eggs were fertile (Table 6). However, 13% of the
fertile eggs failed to hatch, the failure being significantly greater
(X2 = 895, 0.01 > p > 0.001) in 1974 than in 1975 for unknown
reasons. Most failures occurred at or near hatching; 18 full-term
embryos in unhatched or pipped eggs were found in nine (31%) of
the 29 clutches upon which Table 6 is based. All eggs hatched in
only nine (31%) of the clutches.

TABLE 6 — Fertility and hatching success of Paradise Shelduck eggs.

1973 1974 1975 1976 Total

No. of eggs 25 68 116 73 282
No. (%) of eggs '

fertile 23(92) 65(96) 109(94) 70(96) 267(95)
No. (%) of

fertile eggs

hatched 19(83) 48(74) 99(91) 67(96) 233(87)
Unhatched eggs '
Full-term embryo

{pipped or

almost so) 3 1 2 2 18
Early embryo

death 1 0 2 0 3
Rotten 6 6 1 13
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This high loss of fully developed embryos suggests that some
incubation occurred prior to the completion of the clutch and that
hatching was not always synchronous. Only one of the full-term
embryos was trampled to death. The rest were simply abandoned
before they had hatched, and the extent of this loss was similar in
nests that were well illuminated and those which were in total darkness.

RENESTING

In 1973, none of nine pairs whose nesting attempt failed
attempted to renest. In 1974, two of six unsuccessful pairs renested
and both successfully hatched their second clutch. In 1975, the nesting
attempt of nine pairs failed. Three renested, two successfully. The
female of another pair disappeared during incubation. Her mate re-
mained on the territory, re-paired almost immediately and bred success-
fully.

Renesting occurred only when the clutch was lost early in the
nesting cycle. 1 found the first nests of four of six renesters; one was
abandoned during laying, three during the first 10 days of incubation.
Ten of the above 16 pairs which did not renest failed during incubation;
three almost at hatching, five when their embryos were more than
half developed, and two after about 10 days. I am unsure of the time
of failure of the other six pairs.

The interval between failure and renesting was 14-16 days in
two cases (obtained by observing the laying female entering the new
nest), while in three cases the interval, based on sightings of the male
alone on the territory (a rather imprecise method) was 4-5 weeks.

DUCKLINGS
Classification

For ease of identification and as a means of assessing rates of
growth and survival patterns, ducklings were classified according to
their stage of plumage development (Table 7). Plumage stages are
related to age, and although there was some variation between broods,
all ducklings within a brood grew at a similar rate.

My classification system is similar to that widely used for dabbling
ducks (Mosby 1963), although some of Mosby’s classes were ignored
or changed because the transition from one to another was too
gradual. The system is the same I used for the European Shelduck
(Williams 1974).

The plumage classes are referred to in the text as C.I, C.II,
C.III, C.IV and C.V.
Nursery areas

From the nest, the female led her ducklings to a suitable rearing
area nearby. The male seldom walked with the young, remaining
instead in the air or alert on a lookout nearby.
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TABLE 7 — Classification of shelducklings used in this study and the mean
number and range of days spent by broods in each plumage class.
The number of broods on which growth rates were assessed is
given in parentheses after the range. The fledging period is
recorded under Class V.

Plumege Mosby (1963) Number of days in
class equivalent Description plumage class

Mean Range
I Ia + Ib Downy, newly hatched, patterns 7 6 - 8 (10)

bright and distinct. Neck and
tail not obvious, body Tounded.

11 Ic Down colour fading and patterns 19 15 -21 (8)
becoming progressively less
distinct. No contour feathers.
Head and neck Decome obvious,
body shape long and oval.

TIT ITa + ITb First feathers appear on flank 21 16 -26 (12)
and later on shoulders. Other
contour feathers and secondaries
develop. Face_remains_downy.

v IIc + IIla Face loses down cover. Remaining 16 43 21 (10)
down on nape and rump gradually
disappears, Predominantly
feathered.

v Fledged young 61 55 -65 (10)

Usually the nursery area was the pond or other water body
within the territory. Of 44 pairs which appeared with broods and
whose territories were centred about ponds, 43 (98%) reared their
young there. The territories of another four successful pairs contained
no open water; two reared their young in the swampy areas of their
territory, the others took their young to the nearby river or creek.
Of six pairs whose territories were along a river or creek, three reared
their young there, and three raised them on unoccupied ponds nearby.

The characteristics of ponds which made them suitable as
nursery areas were those which initially deterrnined their choice as
territorial ponds, namely their exposed position and the panoramic
view from them. Some marginal or emergent vegetation, mainly small
clumps of Juncus sp., occurred in only 62% of the ponds used and did
not seem a major requirement. Broods reared in territories containing
more than one stock pond often moved from one pond to another
and did not obviously favour that with most marginal vegetation.
Aquatic invertebrates in the ponds in which C.I and early C.II ducklings
fed were not sampled during summer, but their abundance may have
influenced the choice of pond.

Those parts of the Mata River in which ducklings were reared
were the wider, more slowly flowing sections. There, the gently sloping
banks and shingle flats provided easy access to and from the water and
it was from amongst the river-side pools or swampy margins that duck-
lings obtained their food.
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Some ducklings were raised in the narrow creeks which cut
across some of the pastoral flats; others were reared on hillsides where
no open water occurred. The latter spent almost all their time feeding
and hiding amongst vegetation which grew in the numerous hillside
seepages.

Each brood was reared separately from others on its own nursery
area. However, a single example of brood amalgamation was observed
when 19 ducklings, derived from at least three broods (there were three
distinct size classes) were reared on the same pond by one set of adults
(Fig. 10). This behaviour has not been reported previously for Paradise
Shelduck although it occurs in other species of shelduck (Williams
1974). It is possible that brocds amalgamate more frequently when
reared near each other on rivers.

B e ‘ -

FIGURE 10 — Part of a creche of 19 containing ducklings of at least
three different ages (arrowed).

I did not record two or more families using the same pond or
nursery area simultaneously. There were however two occasions when
by December early broods had fledged and left their nursery pond and
another pair and their newly hatched brood occupied the same pond.
Such overlap in use is probably the source of the erroneous belief that
Paradise Shelducks are double-brooded  (Henry 1907, Oliver 1955,
Falla et al, 1966).
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Parental behaviour

The female constantly stayed close to the ducklings throughout
their development; the male spent his time standing alert on suitable
lookout points, often 100-200 m away.

Females were observed brooding their young C.I ducklings several
times each day but I did not observe this after ducklings were eight
days old. Thereafter, when resting, the ducklings simply huddled to-
gether on the pondside.

There was almost constant vocal communication between the
female and ducklings, particularly during C.I and C.II. The duckling’s
call was a continuocus rapid twitter, the female’s a soft cluck. This
kept the ducklings in a fairly tight group and close to the female at all
times. ~However, by C.III (about 25 days) the continuous calling
ceased and ducklings tended to range widely.

I did not observe the parents’ response to mammalian predators
but when with ducklings, both adults invariably responded to me
by performing a brcken-wing display. The adults would run in a
very crouched posture, raising and lowering their half-opened wings
in the manner of flightless moulting birds paddling on water. They
would sometimes half flutter and then run again, all the time leading
me away from their brood. If 1 followed one of them, the other
would eventually return to the ducklings.

Australasian Harriers (Circus approximans) were very common
throughout the study area. They were seen frequently to swoop down
over the feeding or resting broods but never to take a duckling. When
this aerial harassment persisted, one or both of the adults flew at and
struck the harrier. The adults’ usual response to a harrier, however,
was to utter an alarm call to which the ducklings responded by assembl-
ing in a tight group in the centre of the pond.

Duckling escape behaviour

Escape from any form of harassment was simply by diving.
Older ducklings on ponds escaped from danger by hiding amongst
whatever marginal vegetation was present or beneath small overhangs
of the eroded pond bank (Fig. 11A, B). However, if disturbed from
their hiding place, they too would dive.

Ducklings reared on rivers and creeks either dived in the centre
of the river, if it was large enough, or would hide wherever possible
on the river edge. Those reared on hillsides away from open water
hid in tall vegetation or under logs, but if caught in the open without
cover, would simply ‘ freeze,” remaining absolutely still.

Food

The 13 ducklings collected to determine their food (Table 8)
came from three broods: five C.I ducklings while feeding on the surface
of a pond, five C.IIT ducklings while feeding by diving to the bottom
of a pond, and three C.IV ducklings while feeding on pasture alongside
a pond.
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FIGURE 11 — Escape cover for ducklings. A — amongst grass and Juncus
clumps on land. B — under vegetation overhanging the pond margin.
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TABLE 8 — Food of Paradise Shelducklings

CLASS I DUCKLINGS (Sample 5)

Maxi mum
number
in_ one
Insecta duckling
O. Hemiptera
Notonectidae Anlsops asgimilis-imago 3
Corixidae Sigara arguta-imago 15
O. Odonata N .
8.0. Zygoptera unident Damselfly-nymph 2
O. Diptera
Culicidae Culex sp?-larvae/pupae 7
Chironomidae Chironomus zelandicus-larvae 1
Tipulidae unident imago 1
Plant Material
Dicotyledones
Callitrichacene Callitriche stagnalis-
apical rosettes 5
fruits 'hundreds?
CLASS IIT DUCKLINGS (Sample 5)
Insecta
0. Hemiptera
Corixidae Sigara arguta-imago 2
0. Odonata
5.0. Zygoptera unident Damselfly-nymph 2
0. Diptera
Culicidae Culex sp?-larvae/pupae
Chironomidae Chitonomus zelandicus-larvae 1786
Crustacea
Ostracoda 2 unident. génera 'hundreds’
Annelida
Hirudinea unident. genus 1

Plant Material

'Aguatic detritus'

CLASS IV DUCKLINGS (Sample 3)

Plant Material

Dicotyledones
Leguminosae Trifolium sp.-leaves
donocotyledones
Graminae Poa pratensis -~ seed heads
Festuca rubra -~ tillers
Clyceria fluitans ~ +tillers
Compositae araxacum officilnale - leaves

of

ducklings in
which
present

2
3

A A

W

\n

TN AW
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The youngest ducklings had eaten a number of free-swimming
aquatic insects; one had caught 15 water boatmen (Sigara arguta) and

four had also eaten back-swimmers (Anisops assimilis).

Other insects

taken included damselfly nymphs, mosquito larvae and pupae, chirono-

mid larvae and a tipulid imago.

One duckling had eaten the apical

rosettes of the aquatic plant Callitriche stagnalis and all ducklings had
eaten many of its small seeds.
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Before I shot the C.II1 ducklings I observed them for about 15
minutes diving to the bottom of a pond dredging the pond floor. All
had consumed numerous chironomid larvae, the most in one bird being
1786. With these larvae were several hundreds of two genera (un-
identified) of Ostrocods and all birds contained decaying fragments
of plant material — aquatic detritus., Small numbers of free-swimming
aquatic insects were found in three ducklings and one had eaten a
small leech.

The near-fledged C.IV ducklings had eaten only plant material. .
The leaves of clover (Trifolium repens) and dandelion (Taraxacum
officinale) and the seedheads of the grass Poa pratensis were found in
all, and two had also nibbled at tillers of Festuce rubra and" Glyceria
fluitans.

These data do not completely describe feeding habits. C.I duck-
lings reared on ponds were seen to feed only there but obviously those
reared entirely on soaks or swamps must have had a different diet.
Ducklings first left their ponds to feed on pasture only when they had
reached C.IT and thereafter plant material probably formed the bulk
of their diet.

Timing of brood emergence

The dates on which broods were first seen in 1973-75 are
summarised in Figure 12. ~

The peak of duckling emergence occurred in the last week of
September and first week of October and the overall distribution of
emergence dates was similar in all years. The earliest brood en-
countered as day-old ducklings was on 12 September (1974) although
a brood of nine first seen on 27 September (1974) had flank and
scapular feathers and presumably had hatched during 3-10 September.
The latest newly hatched brood was seen on 16 December (1973).

Most of the females nesting for the first time appeared with
their broods after the peak of hatching. Of six two-year-olds, three
hatched their eggs in the first week of November and one in each of
the preceding three weeks. Of the four females nesting first as three-
year-olds, two appeared with broods during 24 September-1 October,
and two during 15-22 October. Five of the 12 clutches which hatched
after 5 November were known to be re-nests.

Weight at hatching

Ten newly hatched and dry ducklings had an average weight of
49.0 g (SD 3.1, range 43.0-53.1 g), equivalent to 58% (SD 4.5%, range
50.0-63.2%) of the fresh egg weight.

Survival

{a) From nest to nursery area: Twenty-one nests were checked
immediately after ducklings were first observed on their nursery area.
In these nests 163 ducklings had hatched but only 145 (89%) reached
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FIGURE 12 — The numbers of newly-hatched Paradise Shelduck broods
encountered during various weeks in 1973, 1974 and 1975.
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the nursery area. Losses occurred from seven (33%) of the broods,
the greatest loss being five ducklings from ome brood apparently the
result of feral cat (Felis catus) predation en route. From two nests
established in old tree stumps about 1 m below ground level, four of
13 ducklings failed to clamber out.

In general, parents were extremely successful at leading their
ducklings long distances from nest to nursery area. Some of the more
formidable journeys exceeded 1 km and involved descents from hill-
sides into deep gorges and then a climb on the other side; in two
examples these climbs exceeded 200 m and both were accomplished
without loss.

(b) After reaching nursery areas: For each newly hatched brood
reaching a nursery area, the initial number of ducklings seen and the
number alive at the end of C.I were recorded; these data for all broods
were summed and percentage survival was determined. The number
of ducklings alive at the end of successive plumage classes was similarly
used to determine percentage survival during those classes (Table 9).

TABLE 9 — The survival of ducklings from the time of arrival at their
nursery areas until fledging.

% Survival
in each
1973 1974 1975 Total class
No. of broods 15 18 21 54
Initial No. of
ducklings 93 125 147 365
No. ducklings
alive at end
of —
Class | 60 118 134 312 85.5
1 47 107 108 262 84.0
Hl 44 92 96 232 88.5
v 40 89 93 222 95.7
% Fledging 43.0 71.2 63.3 60.8

Over the three years 1973-75, approximately 61% of all ducklings
reaching nursery areas fledged and, with the exception of C.I and
C.II in 1973, survival during all plumage classes in all years exceeded
80%.

Most C.I ducklings died during cold, wet and windy weather.
One entire brood of eight C.I ducklings perished during three days
of strong cold winds and rain and the low survival of C.I and C.II
ducklings in 1973 was caused by the two weeks of poor weather in
late September-early October of that year.
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In both 1974 and 1975, the percentage survival of C.I ducklings
was higher than for C.II, whereas in dabbling ducks and the European
Shelduck (Williams 1974) most deaths occur during C.I. This is
related to a change in feeding habits; C.I ducklings feed within the
pond, C.II ducklings on pasture, Although during C.II, ducklings are
probably more tolerant to cold weather than during C.I, greater pre-
dation by cats occurs when ducklings feed away from the pond. All
dead C.IIT and C.IV ducklings found had been killed by cats.

Of the 54 broods followed throughout their development, all
ducklings in 10 (18.5%) died, three during C.l1, six during C.II and
one during C.III.

Sex ratio at fledging

The sex ratio at hatching is unknown but I assume that equal
numbers of males and females hatched. However, in those broods
in which all of the almost fully fledged ducklings were caught and
banded in the study area both before and during this study (Table 10),
there were 55% males, a significant departure from parity (X2 =
6.24, 002 > p > 0.01). Although more males were caught in all
years, the sex ratio of ducklings departed significantly from parity in
1973 only. These findings contrast with data from the Southland district
where, during 1970-1973, 1400 ducklings were banded, 720 (51.4%) of
which were males (X2 = 0.57, 0.50 > p > 0.30).

TABLE 10 — The percentage of males in Paradise Shelduck broods on
Huiarua Station 1971-1975.

Year No. of Broods Total ducklings % Male
1971 15 98 52.0
1972 18 110 53.6
1973 32 141 61.0
1974 31 160 '51.2
1975 34 168 55.4
Total 130 677 54.7

Post-fledging dispersal

The break-up of a brood usually occurred when the adults left
their territory to undergo their annual wing moult. Frequently the
young accompanied their parents to the moulting site where they joined
the large flocks of other juveniles, yearlings and adults. Those which
did not accompany their parents remained near their natal pond, making
daily flights over the surrounding area, eventually joining with other
groups of juveniles nearby. Eventually these groups found their way
to one of the nearby moulting sites and became part of the large
flocks there.
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Within these large flocks and also in those flocks which remained
near the moulting sites after most of the adults had departed, siblings
tended to keep together. For example, 50% or more of the sightings -
of 15 ducklings seen four or more times in February-April were in
the same flocks or small groups as one or more of their siblings.

o To determine the areas to which they dispersed, 688 ducklings

were ban'ded on or near Huiarua Station between 1970 and 1975 and
another 819 at sites near Gisborne. The locations at which some
were shot or found dead are summarised in Table 11 and shown in
Fig. 13 and 14.

TABLE 11 — The number of Paradise Shelducks banded as ducklings near
Huiarua Station and near Gisborne, 1969-75, shot or recovered
dead at various distances from their banding site.

DISTANCE (km) 0-10 “1-20 21-3C 31-40 41-50 51-60 64-70 71-80 81-30 91-100 107+ Total

HUIARU4 DUCKLINGS

MALES
Number 5 4 s e 5 3 2 2 o 13 a2
Cumulative % 7.1 16,7 28.6 47.6 59.5 81.0 5.7 90.5 92.9 100

FEWALES
Hunber 5 3 1 8 o 3 2 1 2 0o 3 25
Qumulative % . 17,9 28,6 32,1 60.7 71.4 78,6 82,1 89.3 1c0

GISBOPNE DUCKLINGS

HALES
Humber 8 47 19 & 8 0 3 o 0 113 8
owmulative % 2.7 4202 65,1 69.3 72.5 83.1 84,3 100

FEMALES
Humber 52 28 M 2 1 1 4 o 0 12 e
Cumuative % 39,0 73.2 86,6 8%.0 90,2 91.5 9.3 7.6

100

When adults in the moulting flocks dispersed back to their
breeding areas, many juveniles presumably followed for within 5-6
months of fledging, some were widely scattered and more than 100 km
(60 miles) from their natal area; all six Huiarua-banded ducklings
and 11 of 15 Gisborne-banded ducklings recovered more than 100 km
from their banding site were shot in their first six months of life.
Some of the dispersing Huiarua ducklings found their way south to
join the juvenile flocks which remained near moulting sites at Lake
Repongaere and Parehaka; here six of eight and seven of nine males
recovered 3140 km and 51-60 km respectively away from Huiarua
were shot in the May following fledging.

The recoveries of ducklings banded at Huiarua Station are few
and show no differences in the movements of males and females (male
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and female distributions in Table 11 are not significantly different,
X2 = 76, 4 df., 02 > p > 0.1). A difference in dispersal is
shown, however, by the more numerous recoveries of ducklings near
Gisborne (Table 11), (X2 = 225, 6 df., p = 0.001); they show that
females remained closer to their natal areas than males.

NAPIER

HASTING}
i? L Land above 850m
Banding Area ® Recovery Site
& Scale {km) 1
0. 0 20 40 60

FIGURE 13 — The locations of recovery of Paradise Shelducks banded as
ducklings on or near Huiarua Station, 1970-1975.
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FIGURE 14 — The iocations of recovery of Paradise Shelducks banded as
ducklings at various sites near Gisborne 1969-1974. The banding
sites were on the following farm stations: 1 — Rere, 2 — Hiwinui,
3 — Sunworth, 4 — Broadhurst, 5 — Smithfield, 6 — Holdsworth,
7 — Ngakaroa, 8 — Waimata Valiey, 9 — Gienroy, 10 — Panikau.

POPULATION DYNAMICS

PRODUCTIVITY
Status of territorial pairs

Not all the intensively observed territorial pairs attempted to
breed; some included juveniles not physiologically capable of breeding,
others included two-year-olds, only some of which nested. Using the
criteria described earlier to determine whethet a pair attempted
breeding, 1 concluded that 13% of the territorial pairs did not breed
(Table 12}. )
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TABLE 12 — The breeding status of territorial pairs of Paradise Shelducks
on Huiarua Station 1973-19875.

1973 1974 1975 All years
Total pairs 25 21 a2 78
No. {%) appearing
with ducklings 12(48) 15(72) 19(59) 46(59)
No. {%) whose :
nesting failed 9(36) 4(19) 9({28) 22(28)
No. (%) not
attempting to breed 4(16) 2(19} 4(13) 10({13}

Because 1 cbserved pairs cnly once each day or two I may not
have detected the breeding attempt of any pair which failed during
egg-laying. 1 cannot therefore be certain that all “ non-breeders ” did
not make some unnoticed breeding attempt. In 1973, for example,
one non-breeding female was recorded as “ medium gravid,” indicating
that some enlargement of the oviduct had occurred, but her mate was
rict seen alone on the territory; in contrast, the three other non-breeding
females did not show any abdominal enlargement. Of the two non-
breeding pairs in 1974, one included a two-year-old female which I
saw two or three times each day, often enough to be sure she did not
attempt breeding; the second pair was less frequently seen. In 1975,
twe non-breeding females were juveniles, the third a two-year-old (and
the only one of five two-year-old females which in this year did not
attempt breeding), while a fourth was caught during the moult the
previous year and was therefore at least two years old. All four pairs
were intensively and frequently observed.

Because [ may have missed the breeding attempt of four pairs
in 1973 and one pair in 1974, I have assumed in the subsequent dis-
cussion on productivity that in 1973 the percentage of breeding pairs
which successfully appeared with ducklings was 48% (all 25 pairs
nested) to 57% (only 21 pairs nested), in 1974 75% (20 pairs nested)
to 79% (19 pairs nested), in 1975 68% (28 pairs nesied), and over
the three years 63% to 68%.

Duckling production

Of the 54 broods followed throughout their development, duck-
lings fledged from 44 (81.5%); four (27%) of 15 broods disappeared
in 1973, two (11%) of 18 in 1974 and four (19%) of 21 in 1975.
These 54 broods were the progeny of all but two of the 46 successful
breeding pairs referred to in Table 12 plus another 10 pairs whose
territories were cutside the main study area but who reared their duck-
lings on creeks, swamps or empoundments within it. :

Over the three years, an average of 4.1 ducklings were reared
by each of the 54 pairs which initially appeared with ducklings (Table



262 WILLIAMS : NOTORNIS 26

13) — an average of 5.0 (SD 2.8, range 1-13) ducklings for each of the
44 pairs which raised at least one.

Not all of the pairs which attempted breeding hatched their
eggs; over the three years, 63-68% appeared with ducklings. Thus the
average number of ducklings fledged per territorial pair which attempted
to breed was between 2.6 and 2.8 (Table 13). ’

TABLE 13 — Mean production of ducklings per pair of territorial Paradise
Shelducks which attempted to breed on Huiarua Station'1973-1975.

1973 1974 1975 All years

No. of broods 15 18 21 54
No. of ducklings

fledging 40 89 93 222
Mean No. of ducklings ‘

per brood 2.7 4.9 4.4 4.1 _
% Breeding pairs

hatching ducklings 48-57 75-79 68 63-68
Mean No. of ducklings

per breeding pair 1315 3.7-39 3.0 2.6-2.8

To determine if similar production occurred outside the study
area I observed broods reared on a series of ponds alongside the Mata,
Tuakau and Waitahaia Roads (Fig. 1). Some broods were not seen
until some ducklings had died and the total disappearance of others was
probably because they changed their nursery area. Thus, 1 could
determine only the number of ducklings which fledged in each brood
(Table 14).

Although the average brood size inside and outside the main
study area differed in all years by slightly more than one duckling per

TABLE 14 — Mean size at fledging of Paradise Shelduck broods within and
outside the Huiarua Station study area, 1973-75.

Year In study area Outside study area Both areas
No. of Mean No. of Mean No. of Mean
broods size broods size broods size

1973 1 3.6 21 4.8 32 4.4

1974 16 5.6 17 4.2 33 4.9

1975 17 5.5 17 4.4 34 4.9

Total 44 50 £ 2.8 55 46 = 22 99 47 *25
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brood, these differences were not statistically significant (1973 t =
164,02 > p > 0.1; 1974 t = 1.02,03 > p > 0.2; 1975t = 0.73,
05 > p > 04) nor were the overall figures between years (1973-74
t = 124, 03 > p > 0.2). Thus, production in the study area was
similar to that from a wider area.

SURVIVAL

Estimates of adult survival were determined in two ways; from
the disappearance of marked territorial birds and from an analysis of
bands returned by hunters. For juveniles, survival estimates were
obtained from hunting returns and from sightings of marked birds in
the field. A full discussion of survival data will be published separately
and only the results ate summarised here.

Territorial adults

Because the established territorial birds did not change the
location of their territories, the disappearance of banded birds from
their territories was used to determine the annual survival of adults
(Table 15). These data are derived only from those territorial birds
which attempted breeding, thus excluding all juveniles and yearlings
which established territories, for whom a different survival rate may
apply.

Survival of males was higher than females although this difference
was not statistically significant (X2 = 1.89, 0.20 > p > 0.10).

Causes of death are not known. Only one of the 21 adults
which disappeared was reported to the Wildlife Service Banding Office
as having been shot and one female disappeared while nesting. All-
others simply failed to reappear after their annual moult.

Moulting adults

The annual survival of birds caught and banded during.their
wing moult at sites throughout the Gisborne-East Coast district during
1961 to 1969 was estimated to be about 64% (Williams 1972). In
1969 the hunter’s daily limit was reduced from 10 to three and was
maintained at three until 1977. The returns of bands from moulting
birds banded from 1969 to 1975 and shot during 1969 and 1976

TABLE 15 — Percentage annual survival of male (M) and female (F)
Paradise Shelducks on Huiarua Station, 1973-76.

Year No. identifiable No. present next year % Survival

M. F. M. F. M. F. M&F
1973 1 7 1 3 100 43 50
1974 6 8 5 6 83 75 79
1975 15 23 10 14 67 61 63
1976 8 7 6 3 75 43 60

Total 30 45 22 26 74 58 64
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TABLE 16 — The number of moulting Paradise Shelducks (adults) and
ducklings (young) banded throughout the Gisborne-East Coast district
between 1969 and 1975, and the numbers of each reported shot
in each year 1969 to 1976. ‘

Adults

Eiiiea ggﬁded 1969 1970 1971 1972 1973 1974 1975 1976 Total
1969 750 65 22 11 4 7 3 3 0 115
1970 750 55 16 8‘ 5 6 2 2 94
1971 747 57 28 8 2 7 3 85
1972, 692 53 36 12 8 7 116
1973 750 53 21 4 1 79
1974 842 . 46 17 8 71
1975 956 16 4 20
TOTAL 5487 65 77 64 93 109 90 57 25 580
Ioung

%iiied ggﬁded 1969 1970 1971 1972 1973 1974 1975 1976 Total
1969 137 15 5 7 0 1 1 o] 0 29
1970 187 17 14 4 . 3 1 0 0 39
1971 233 20 18 9 2 1 1 51
1972 218 ' 17 7 5 1 o %0
1973 180 ° 14 14 2 2 32
1974 383 28 14 3 45
1975 169 6 3 9
.POTAL 1507 15 22 49 39 34 51 2y 9 235

(Table 16) were analysed by computer using the highly advanced
Fortran IV program * BROWNIE ’ (Brownie et al. 1978). The analysis
was by courtesy of the Office of Migratory Bird Management, U.S. Fish
and Wildlife Service. The percentage mean annual survival of moulting
adults was determined as 70.3 = 6.4%, the annual survival varying
between 57.2% and 82.9%.

Juveniles

From 1969 to 1975, 1507 ducklings were caught and banded
immediately prior to fledging and by the end of September 1976, 235
had been reported shot (Table 16). This total comprised 70 of 688
banded during 1970-1975 on or about Huiarua Station and 165 of
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819 banded during 1969-1974 elsewhere in the Gisborne-East Coast
district. The combining of the two samples, necessitated by the small-
ness of the Huiarua returns, may introduce some bias because signifi-
cantly fewer of the Huiarua ducklings were reported shot (of those
banded 1970-74, 11.5% of 519 from Huiarua, 19.9% of 682 elsewhere;
(X2 = 15.2, p < 0.001) which may indicate different survival rates
in the two areas.

Analyses of these data were confusing: program ‘ BROWNIE'’
determined the percentage mean annual survival to exceed 100%, a
nonsense result which indicates the assumptions implicit in the statistical
models were not satisfied. Analysis using the now out-dated and
statistically inferior time-specific method (Farner 1955, Reid 1966)
determined that an average of 53% of the ducklings which survived
their first 5-6 months of life remained alive during the subsequent
year and that over the next four years average annual survival was
poorer at approximately 45%. Analysis of these band returns of 123
males and 112 females indicated that males survived better than females.
The survival of males was determined as 56% in the first year and an
average of 53% (range 44-65%) over the next four years, for females
the survival was 51% and 41% (range 24-54%) respectively. These
results conflict with estimates of adult survival presented above and
elsewhere (Williams 1972).

I analysed the sightings of ducklings banded and seen within
the study area to determine how many were present during the breeding
season in their first year of life. Because males tended to disperse
away from their natal area, only records of females were examined.
In 1974, 75 were banded and in the 1975 breeding season (August-
October) 34 (45%) were identified. A further three (4%) were
alive for they were later seen in 1976. On the unlikely assumption that
all survivors were observed or accounted for, a minimum of 49% of
females survived their first 8-10 months of life. Data for other years
were not considered because less effort had been made to read juvenile
band numbers.

Using only females introduces some bias because fewer of the
Huiarua females were shot (8.7% compared with 11.49% of males)
and their survival may therefore be different from that of males.

This confused situation cannot be resolved here. In subsequent
discussion 1 will assume that 50% of both sexes survive their first
year and 55% their second year.

SURVIVAL AND PRODUCTIVITY

A principal aim of this' study was to determine the breeding
output of the shelduck population and to relate this to known losses.
The various components in the life equation have now been calculated
and it remains only to relate these to one another,

Between 30% and 36% of the breeding adults died each year.
To replace themselves each breeding pair must produce, each year,
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sufficient ducklings to enable between 0.60-0.72 ducklings to attempt
breeding. Is this being achieved by the Huiarua population ?

Consider 100 breeding pairs (Table 17), an annual production
of 2.6-2.8 ducklings per pair at fledging, and assume that equal numbers
of males and females are produced. Applying the 50% and 55%
survival rates of the first and second years, between 35.7 and 38.5
ducklings of each sex would remain alive at the end of the second year.
Not all of these birds would attempt to breed at that age, however;
earlier I recorded that only four (80%) of five males and 10 (53%)
of 19 females did so. The non-breeders must wait a further year
(30-36% will die in the interim) before they enter the breeding popu-
lation. Overall (Table 17), 33-36 males and 27-31 females become
breeders, sufficient to maintain the population.

The precision of this. type of analysis is especially dependent on
statistically reliable estimates of male and female mortality during the
first two years of life. I have been unable to obtain these during this
study.

POPULATION FLUCTUATIONS WITHIN THE STUDY AREA

Flock size

Twice monthly during the peak of the breeding season (August,
September and October), I counted all the non-territorial birds. Flocks
at all the ten flock sites (Fig. 1) were counted and 1 also searched
areas adjacent to territorial pairs where, from time to time I had

TABLE 17 — Production per 100 breeding pairs of Paradise Shelduck.

Male ducklings Female ducklings

Number of ducklings fledged 130-140 130-140
First year survival (%) 50% 50%
Number alive at end of first year 65-70 65-70
Second year survival (%) 55% 55%
Number alive at end of second

year 35.7-38.5 35.7-38.6
% Breeding as 2-year-olds 80% 53%
Number of ducklings first

breeding at 2 28.6-30.8 18.9-20.4
Number of non-breeding

2-year-olds 7.1-7.7 16.8-18.1
Third year survival (%) 64-70% 64-70%
Number of ducklings first

breeding at 3 4.5-5.4 10.7-12.7

Total number -of ducklings enter-
ing breeding population 33.1-36.2 27.5-30.8
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encountered small groups of juveniles. Censuses were standardised in
that I always followed the same route between flock sites, conducted
the census over the same period of the day, spent about the same
length of time at each site and made five counts of the birds present.
In analysis I have used the highest count because when viewing some
sites, I was several hundreds of metres away from the birds and often
some were obscured.

Two counts were not completed: on 20 September 1973 when
low cloud obscured three flock sites and on 20 August 1974 when I
was away from the study area. Data are summarised in Table 18.

In early August each year 80-100 birds were present, but by the
end of September or early October, the number had doubled. This
increase occurred initially at flock sites 4, 5, 6 (Fig. 1) and later at
sites 8, 9, 10, suggesting a gradual movement of birds up the Mata
River valley from areas nearer the coast.

Most of the birds which reached the study area at this time
were males, for there was a gradual decline in the percentage of
females in the flocks as numbers increased (Table 18).. Many juvenile
and yearling pairs which had temporarily been occupying territories
also returned to the flocks in October. However, in all years, the
numbers of flock birds decreased at the end of October and the resulting
change in the sex ratio suggested a substantial emigration of males and
a lesser emigration of females.

Density of territorial pairs

On Huiarua Station [ tried to find every territorial pair present.
Some were in difficult areas but they were observed at least fortnightly
throughout August-October, and for inclusion in the following statistics
a pair had to be seen at the same locality on at least three successive
counts. Some pairs were undoubtedly juveniles — females could be

TABLE 18 — Number and sex ratio of Paradise Shelducks counted within
the study area during censuses, 1873-1975 (* — count incomplete).

1973 1974 1975
Date Number % Date  Number % Date Number %
) Female Female Female
10/8 o4 76.6 2/8 86 53.5 7/8 80 67.5
1 20/8 100 71.0 ==Not counted== 20/8 125 67.2
7/9 137 68.6 10/9 109 72.5 1M1M/9 152 63.2
20/9 53+ 60.4  28/9 145 62.8 26/9 178 53.9
17/10 171 53.8 7/10 112 60.7 6/10 205 50.2

31/10 152 50.7  31/10 91 69.2 3/11 120 73.5
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identified by their plumage but males only if banded — and it was
difficult to be sure that the same juvenile pair was always present at
the same locality unless one or both birds were banded. However,
if a juvenile pair was seen at the same locality on three successive
counts (and actively defended the area) it is included in the statistics,
but the number of juveniles occupying territories may have been greater.

In 1973, 25 pairs occupied territories. Three pairs included a
juvenile female and another a (banded) juvenile male (his female
being of breeding age). Most birds encountered this year were not
individually identifiable but I covered the area more frequently than
in later years.

In 1974, 22 pairs occupied territories. The territory of one
palr in 1973 was divided and occupied by two pairs while another
pair enlarged their territory over an area which the previous year had
supported two. All three territories cccupied by juveniles in 1973
remained unoccupied, and five other 1973 territoties were not used.
Four new ones were established, one by a juvenile pair, the others by
apparently adult pairs.

The number of territories occupied in 1975 increased to 27
two of them held by juvenile pairs. Two new territories were established
about newly-created ponds and three in localities not occupied in the
previous two years. Three areas occupied in 1974 were not used in
1975 while another three used in 1973 but not in 1974 were reoccupied.

In 1976, 25 territories were established, three by juvenile pairs.
One 1975 territory was split into two and another which had previously
housed two pairs was occupied by a single pair. Three territories of
the previous year remained uncccupied but one adult pair established
their territory around a pond not previously used.

Thus, in the four years, territories were established at 37 localities
on Huiarua Station, only 15 of which were occupied in all years.

Recruitment of locally reared young into the breeding population

Few of the ducklings banded in the study area were subsequently
seen breeding there, Data presented in Table 19 indicate that three
(1.9%) males and eight (6.1%) females reared in the study area
bred there as two-year-olds and a further four (4.8%) females as
three-year-olds. In addition, a one-year-old male was considered a
member of a breeding territorial pair in 1973.

Clearly this level of recruitment was too low to maintain the
breeding population. Substantial immigration must have occurred.
Although ducklings were banded elsewhere within the Mata River
catchment and many were later observed in the non-breeding flocks,
only two males bred within the study area, implying that immigrants
came from further afield. Three males and four females caught prior
to 1973 at moulting sites near Gisborne bred in the upper Mata River
valley which may indicate that some potential recruits reach the area
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TABLE 19 — Recruitment of Huiarua-reared male (M) and female (F)
ducklings into the Huiarua breeding population.

Year — Recruited as —
ducklings No. banded 2nd-year breeder 3rd-year breeder
banded M. F. M. F. M. F.
1971 41 30 1 3 - 1
1972 22 17 - - - 3
1973 46 36 1 4 - -
1974 49 49 1 1 No data

during the post-moulting dispersal. To determine "the origin of
immigrants to the Huiarua breeding population would require an
extensive banding programme outside the upper Mata. River valley.

Population regulation

It was beyond the scope of this limited study to investigate how
(or if) the breeding population was regulated, whether the density of
territorial pairs was related to the breeding output of preceding years
and whether the annual production of young was in any way related
to the number of potentidl breeders. However, the following hypotheses
may assist future studies on shelduck population dynamics:

1. Although local production appeared sufficient to replace losses
from the breeding population, few of the locally-reared ducklings were
recruited, and most new breeders were immigrants. Recruitment of
an immigrant into the breeding population probably requires the prior
step of recruitment into the resident non-breeding population, and the
most likely time for this to occur would be during September and
October when juvenile pairs first occupied territories to which they
returned as breeders the following year. The large increase of males
in the non-breeding flocks during September and October may there-
fore be directly related to this juvenile territorial behaviour and the
number which become permanent residents may depend on the number
of territories being contested by juvenile pairs.

2. Changes in the density of territorial pairs did not seem to
reflect positively the breeding success two years previously (Table 20).
Low breeding success in 1973 was followed in 1974 by a relatively
small flock, and yet in the next year, the number of territorial pairs
on Huiarua Station was the highest encountered during the study.
Conversely, high duckling production in 1974 was followed by a larger
non-breeding flock, and yet in 1976 the number of territorial pairs
declined. I have no evidence to show that the number of territory
sites was limiting and that this limit varied annually. On the contrary,
the frequency of territory reoccupation was low; only 15 of 37 territory
sites were used in all four years of study, implying that other factors
accounted for the relationship between the number of non-breeders and
territorial pairs.
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I suggest that the proportion of two-year-old shelducks which
attempt to breed varies annually and that this variability is related to
duckling production in each of the previous two years. When the
non-breeding population is high, reflecting high productivity in the
previous year, competition amongst juvenile pairs attempting to establish
a preliminary attachment to a territory site to which they may return
as two-year-olds to breed, may be so intense that all but a few are
unable to defend the site successfully. Without that preliminary attach-
ment in the first year, breeding may not be attempted in the second —
instead, the breeding attempt is delayed a further year. Thus, two
years after a high duckling production, one year after a large flock
size, the number of territorial pairs may remain static or even decline.
Conversely, when the non-breeding flock is small, competition for pre-
liminary territory sites is less intense and more pairs may successfully
enter the breeding population as two-year-olds. Hence, two years
after a poor breeding season (e.g. 1975) the number of territorial pairs
may increase.

TABLE 20 — The annual productivity and the number of flock birds and
territorial pairs of Paradise Shelducks on Huiarua Station 1973-1976.

Year 1973 1974 1975 1976
Ducklings per pair 1.3-1.5 3.5-39 3.0 Not recorded
Maximum number of

flock birds 171 145 205 Not recorded
No. of territorial pairs 25 22 27 25

3. I found no evidence that the number of nests which failed
or the .number of ducklings reared was limited or regulated. Inter-
ference at the nest by other breeders or non-breeders is a potential
regulatory mechanism but I found evidence of only three cases, and
in all, productivity was not significantly affected. Almost all ducklings
were reared in family units away from contact with other broods, and
I found only one example of creche formation. Creche formation is a
potential density-dependent regulator (Williams 1974) but seems in-
significant in hill-country habitat, although it may assume more import-
ance in river habitats where broods make frequent contact with each
other. The numbers of successful nests and the numbers of ducklings
raised were therefore determined by ‘accidental’ rather than ‘regulatory’
factors.

In summary, I suggest that if the Paradise Shelduck population
on Huiarua Station is regulated or limited in any way, the operating
factors affect the rate of recruitment into the breeding population
rather than the productivity of those pairs which attempt to breed.
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CONCLUDING REMARKS

Paradise Shelducks are mainly found in two very different
habitats; (i) hill-country farmland of which the Gisborne-East Coast
district is typical but which also occurs in parts of North Auckland,
King Country, inland Taranaki, coastal Wairarapa and the Taihape-
National Park district; and (ii) the tussock grasslands of the South
Island, land mainly above 400 m along the eastern foothills of the

Southern Alps, stretching from inland Marlborough to northern South-
land.

The bioclogy of Paradise Shelducks as described in this paper
is probably similar throughout the North Island hill-country habitat.
The Gisborne-East Coast district shares with most other North Island
areas where the bird is common the ‘big’ landscape of large hillsides,
deeply dissected terrain where even the smallest streams have cut
deep into the soft underlying strata (mostly papa), numerous stock
ponds scattered throughout, abundant naturally-formed ephemeral ponds
which have resulted from widespread erosion, copious littering of
decaying logs and tree stumps, small depleted remnants of the original
forest cover, and fertile riverside flats where the exotic grasses provide
rich feeding areas for the flocks.

The South Island habitat is so different as to suggest that there
the bird may behave differently. Stock ponds are not a regular feature
of this habitat; most territories seem to be established about areas of
running water and many broods are reared on the open shingle river-
beds. Suitable nest sites may be difficult to find and multiple nesting
may be common (records of broods of 15-20 ducklings suggest this
or extensive brood amalgamation). Flocks roam widely in the large
river valleys and moulting sites may draw birds from a much greater
area than is the case in the North Island (unpubl. data). The ecology
of the Paradise Shelduck in New Zealand cannct be completely under-
stood without a study, similar to that reported in this paper, being
conducted somewhere in the eastern foothills of the Southern Alps.
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PELLET CASTING BY SOUTH ISLAND ROBINS

By R. G. POWLESLAND
Zoology Department, University of Canterbury

ABSTRACT

Pellet casting was studied in a population of South Island
Robins (Petroica australis australis) at Kowhai Bush, Kaikoura
from April 1977 to July 1978. Pellet regurgitation is described.
Casting has a diurnal rhythm. Monthly regurgitation rates re-
flected the diet of the Robins, with the highest rates occurring in
the summer months when the main food is berries and inverte-
brates with their indigestible seeds and exoskeletons. It was
calculated that, during February 1978, the month of highest mean
egestion rate, a Robin would egest six pellets per day. The
effect of age and sex on the frequency of castings is discussed.

INTRODUCTION

Birds of several avian taxa are known to disgorge pellets con-
taining undigested portions of food (Welty .1975; Thomson 1964;
Rea 1973). Although many passerines probably cast pellets, few have
been seen to do so because egestion takes only a second or two and
occurs infrequently.

Flack (1973) noted that the South Island Robin (Petroica a.
australis) cast pellets. During the course of a time-budget study of
Robins, T noted pellet casting many times. This paper describes
the behaviour associated with pellet casting, the dimensions and dry
weight of the pellets and the rate at which they are produced both
diurnally and monthly. The influence of age and sex on pellet casting
are also discussed.

STUDY AREA AND METHODS

All the observations of South Island Robins were made at
Kowhai Bush, Kaikoura (42°S 174°E). Kowhai Bush is a 240 ha
strip of forest on the north-eastern side of the Kowhai River that lies
within the Kowhai River Protection Reserve. It is bounded by riverbed
and farmland at 60-150 m as.l. The low forest consists of a flood-
induced patchwork of successional stages of varying age, structure
and species composition often dominated by kanuka (Leptospermum
ericoides) with a dense understorey (Flack 1973). During this study,
from April 1977 to July 1978, there was a population of about 35-110
individually colour-banded Robins of known age.

During the studies of annual time-budgets, individual Robins
were watched about their territories. Whenever a Robin ejected a
pellet, the associated behaviour, date, time and individual band-
combination were recorded. It was usually possible to retrieve the

NOTORNIS 26: 273-278 (1979)
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pellet intact immediately after its egestion. The pellet was then dried
to a constant weight in a desiccator and weighed on a Mettler balance
to the nearest 0.1 mg. The length and maximum width of the pellets
were measured with vernier calipers to the nearest 0.1 mm. Because
only a few pellets were seen cast each month, it was ncessary to
combine all observations to determine whether a diurnal rhythm of
casting occurred. Fach day was arbitrarily divided into six equal
periods (Verner 1965). The limits of daylength were set at sunrise
and sunset although Robins were active in twilight. From official
sunrise and sunset data, contained in The Air Almanac (USA Govt.
Printing Office 1976), mean daylength and period length were deter-
mined for each month. By dividing the day into periods of diurnal
intervals, I was able to assign each egestion to a particular period
and then combine the information from throughout the study.

Immature Robins were defined as those independent of parental
care, a status attained about four weeks after leaving the nest. Their
immature status terminated at the end of July when breeding began.
At first, they were readily distinguished by their streaked crown feathers
and their small area of white breast feathers, but by March, the
growth of more contour feathers made most of them indistinguishable
from adults. From then until breeding began, they were recognised
as immatures only from their band combinations.

PELLET CASTING

Before the egestion of a pellet, Robins generally stopped what-
ever they were doing, retired to a sheltered perch and remained resting
for about a minute with the plumage slightly loosened out. Just before
ejection, the beak was gaped once or twice, possibly in response to
the pellet’s movement up the oesophagus. The beak was then opened
wide and the head given a shake as the pellet was ejected. Usually
the casting dropped to the ground but occasionally it was flicked
several metres. After egestion, the beak was usually wiped on the
perch, the body given a quick shake, and normal activity resumed.
On three occasions, a Robin was seen to egest a pellet in two or three
small, irregularly shaped portions that were produced at about one-
minute intervals.

Apart from while resting, the activities during which pellets
were disgorged included foraging, preening, full song, sunbathing and
boundary disputes. One female Robin, on egesting a pellet within a
metre of her nest, grasped the pellet in her beak rather than allowing
it to fall, flew off and dropped it several metres from the nest as if
handling a faecal sac.

RESULTS

The average measurements of 43 pellets were 129 £ 8.0 mm
long (range 20.4-8.9) by 7.3 £ 0.005 (8.9-6.2) wide, and 64 dried
ones averaged 123 =+ 0.2 mg (305-45.7). The standard errors show
that length was the most variable feature. Of 13 pellets produced
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by adults in the breeding season (August to December 1977), only
8% contained seeds, but in the non-breeding season (April to July
1977 and January to July 1978), 39% of adult Robin pellets (n = 28},
and 64% of immature Robin pellets (n = 25), contained seeds.
Evidently Robins fed on berries mainly during the non-breeding season,
although they were available all year, and berries formed a greater
proportion of the diet of immature Robins than of adults.

Figure 1 shows a diurnal rhythm of pellet egestion. Few pellets
were cjected during the first day-period but an almost constant rate
occurred for the rest of the day. The analysis of monthly rates of
casting (Fig. 2) shows that the highest rate occurred during the
summer months, and that few pellets were cast from May to November
inclusive. Two instances were seen of Robins casting two pellets in
a day, 3 hours apart on 27 March and 3.5 hours apart on 8 April 1978.
These egestion rates were similar to that calculated for March 1978
when one pellet every 3.4 hours was egested. Neither Robin was
observed continuously, and so another pellet could have been cast
between observations.

The pellet egestion rates of adult and immature male and female
Robins are given in Table 1. A chisquared test to compare the
egestion rates of male and female Robins of the same age showed
no significant differences within the three sample times. Also, at the
same time of year there was no significant difference in egestion rates
between adults and immatures. Nor were the rates for immatures
different during the two non-breeding seasons, but the rates for adults
were (chi-squared = 5.55, P<0.05). Thus the probability that the
difference between the two rates at which adults egested pellets during
the two non-breeding seasons was due to chance alone was less than
five percent.

TABLE 1 — PELLET EGESTION RATES (PELLETS/HR) OF ADULT AND
IMMATURE, MALE AND FEMALE ROBINS

Time of Year
Apr to Jul 1977 Aug to Dec 1977 Jan to Jul 1978

Adult

Male: 0.086(92.9)* 0.109(138.2) 0.206(121.2)
Female: 0.086(58.3) 0.051(155.7) 0.146( 95.9)
Total: 0.086(151.2) 0.078(293.9) 0.180(217.1)
Immature

Male: 0.187(32.1) — 0.181( 83.1)
Female: 0.111(36.1) — 0.225( 98.0)
Total: 0.147(68.2) — 0.204(181.1)

{* Number of hours of observation)
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DISCUSSION

The behaviour of South Island Robins of retiring to a sheltered
perch and resting before egesting a pellet was very similar to that
described by Pellow (1971) for the Dorset Wallcreeper (Tichodroma
muraria)., Also both species shook themselves and resumed normal
activity after pellet egestion. Like Ovenbird (Seiurus aurocapillus)
pellets (Zach & Falls 1977), Robins pellets were moist, soft and
spindle-shaped when cast. They were compact and held together by
mucus and, being fragile, some broke or were distorted when they
struck objects while falling.

Pellet length was the most variable feature, as was noted also
by Fox (1977) for pellets of the New Zealand Falcon (Falco novae-
seelandiae). A pellet’s maximum width may have been restricted by
the width of the Robin’s throat whereas pellet length varied with the
quantity of material present for regurgitation.

The Robins studied at Kowhai Bush ate a variety of invertebrates
and berries. The pellets that they ejected were composed, therefore,
of seeds and indigestible portions of invertbrates. Flack (1973) stated
that cast pellets never contained seeds, but of 66 pellets retrieved
during this study, 42.4% contained seeds and 22.7% had more than ten.

Few pellets were cast in the early morning, presumably because
indigestible fragments of food eaten the previous evening would have
been cast during the night. Warham (1957) collected the castings
of Splendid Blue Wrens (Malurus splendens) from beneath their roost-
ing site, but as I was unable to find Robin roosts I could not confirm
whether they regurgitated at night. The rate of egestion was fairly
constant during the rest of the day with a slightly faster rate about
midday. During period four, more of the Robins’ time was devoted to
comfort movements and resting, when pellets are usually disgorged,
compared to the other day-periods.

The monthly pellet-regurgitation rates reflected the Robin’s diet
and, in particular, the amount of indigestible focd eaten. The highest
rate of egestion occurred from January to March when most of the
food was berries and adult invertebrates. Cicadas, mainly Amphipsalta
zelandica, which emerged during January and had almost disappeared
by late March, were an important Robin food during this period.
Some pellets were almost entirely the indigestible exoskeletons of these
large insects and would have caused the high regurgitation rates.

Berries also contributed to the high rates of the summer months.
As many were swallowed whole, the seeds formed a large part of
some pellets. However, it was not unusual to see a Robin breaking
up a berry, possibly to remove the seeds before eating the fleshy
receptacle. Judging by the ‘mean egestion rate of 0.4 pellets per
hour and the mean daylength of 14 hours for February 1978, a Robin
in February would have cast six pellets per day. This was an egestion
rate 18 times greater than that calculated for August 1977.



278 POWLESLAND NOTORNIS 26

In winter, when adult insects were scarce, Robins ate earthworms,
slugs, snails, and larval insects, all of which had few hard parts. During
April 1978, over 400 mm of rain fell in a week, and the rate of casting
was lower than for the previous April because of the almost exclusive
consumption of soft-bodied organisms, particularly earthworms.

The significant increase in the pellet-regurgitation rate of adult
Robins during the 1978 non-breeding season was probably due to the
drought from January to early April. Presumably adults were forced
to eat foods containing much indigestible material, which in a typical
season, they would have ignored. Immature Robins had a higher
ejection rate than adults because they ate more berries with seeds.
Berthold (1976) concluded that usually, omnivorous songbirds ate
nutrient-poor plant foods, such as berries and other pulpy fruits, only
when there was a shortage of animal food. The immature Robins’
lack of experience with the changing variety of prey may have forced
them to eat more berries than did the adults.
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OBSERVATIONS ON HABITAT SELECTION
BY SOUTH ISLAND FERNBIRDS
(Bowdleria punctata punctata)

By H A. BEST

ABSTRACT

A survey of the distribution of South Island Fernbirds in
relation to vegetation types was made in part of the Kongahu
Swamp, Karamea district, West Nelson. The data show that
Fernbirds have a marked preference for areas with low, dense
ground vegetation and emergent shrubbery, and are infrequently
seen in cut-over kahikatea forest bordering on swampland, or in
level pakihi vegetation lacking shrubs. Observations on Fernbird
habitat at other places are compared with those for Kongahu
Swamp.

INTRODUCTION

Little research has been done on New Zealand’s endemic Fern-
birds (Bowdleria punctata) and published accounts of its biology are
restricted to general accounts only, e.g. Oliver (1955), M’Lean (1906),
Stead (1936, 1948), Blackburn (1967). A detailed study on the Snares
Fernbird was carried out by Best (1973) but the results have yet to
be published.

The lack of documentation on Fernbirds may be partly because
they inhabit typically a dense cover of reeds, fern and scrub growing
about swamps, lagoons, river flats and poorly drained terraces. In
addition, Fernbirds have an inconspicuous appearance and cryptic
behaviour. As a large amount of habitat has been converted into
productive land, populations of Fernbirds in the North and South
Islands have declined. For example, Fernbirds were plentiful in Canter-
bury at the start of European settlement  (Potts 1884) but were con-
sidered by Stead (in Oliver 1955) to have become extinct about 1898
as a result of habitat destruction. Although Fernbirds still appear to
be widely distributed in areas of suitable habitat in mainland New
Zealand (Notornis, annual Classified Summarised Notes), they have
become localised and greatly reduced in numbers.

Quantitative information on the habitat preferences of South
Island Fernbirds was gathered from a survey of part of the Kongahu
Swamp in the Karamea district of Nelson. The field work took place
on 28 June 1974, in warm sunny conditions and a light breeze. I have
also observed Fernbirds at various sites throughout New Zealand.

NOTORNIS 26: 279-287 (1979)
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Kongahu Swamp. Each circle is a station.



1979 SOUTH ISLAND FERNBIRDS 281

METHODS

Fifty-two stations were sampled once each over part of Kongahu
Swamp between 1000 and 1500 hours NZST. These stations were
laid out on a grid system, four stations wide by thirteen long (Fig. 1).
A distance of 300 m belween points was chosen to give a relatively
intensive coverage and yet to be far enough apart to prevent the same
individual bird being seen or heard at adjacent stations. Although
the grid layout gave a systematic coverage of the ground, stations were
at random with respect to variations in the habitat or the distribution
of Fernbirds.

Six people took part in the survey. At each station, the following
information was noted: the number of tiers of vegetation within a
5 x 50 m strip, the average height and the main plants of each tier,
and the number of Fernbirds seen or heard over a 20-minute period.
No attempt was made to attract Fernbirds and observers remained
quiet throughout each period.

THE STUDY AREA

The Kongahu Swamp (Fig. 1), 7 km south of Karamea, is
surrounded by a coastal strip of farmland to the west and steep hill
country covered in beech forest on the east. The swamp; of about
7.3 km?2, is a typical pakihi* area. Heavy rain had fallen a few days
before the survey and water covered the ground to a depth mainly of
0.1-0.2 m, although in some concealed hollows along the south and
west edges of the swamp, water depth was c. 1.8 m. The swamp often
dries out -in the summer and autumn, a time when little rain falls
(T. P. Fisher, pers. comm.).

The vegetation in the swamp was classified into four main types:

TYPE 1 Level reedbeds

Characterised by reedbeds (Juncus sp.) 0.6-1.3 m high
ranging from moderately dense (with the basal foliage and sometimes
the ground visible when viewed from above) to very dense (with
only the uppermost foliage visible when viewed from above). In
areas where the reeds were very dense, there tended to be an
equally dense quantity of umbrella fern underlain by a carpet of .
Sphagnum moss up to 15 cm deep. On slightly lower ground the
height and density of reeds sometimes declined and umbrella fern
and Sphagnum tended to become rare, leaving bare ground between
the bases of reeds. Stunted cabbage trees (Cordyline australis),
flax (Phormium tenax) and divaricating Coprosma sp. shrubs
occurred very rarely. In a few places bracken fern (Pteridium
aquilinum), sedge (Carex sp.), and Blechnum discolor fern were
sparsely distributed. ‘

* Pakihi swamp: an association of umbrella fern (Gleichenia dicarpa), Sphagnum moss, sedges,
rushes, and often stunted manuka (Leptospermum scoparium) growing on poorly to very
poorly drained, partly cemented, podsolised soils of low to very low fertility.
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TYPE 2 Reedbeds with stunted shrubs

Very dense reedbeds 0.6-1.3 m high, in association with
dense umbrella fern and a 10-15 cm deep carpet of Sphagnum,
dotted at intervals of ¢. 2-10 m by stunted manuka shrubs 1.2-2 m
high. This community had a typical hummocked form (see Fig. 2).
Bracken and Coprosma shrubs 1-1.4 m high and flax 1-2 m high
were rare to frequent, whereas toitoi (Arundo conspicua), tree fern
(Cyathea dealbata) and kamahi (Weinmannia racemosa) 1-15 m
high were rare.

TYPE 3 Scrubland of shrubs, flax, fern and reeds

Moderately dense to very dense stands of reeds 0.6-1.4 m
high, Coprosmea shrubs, Blechnum and bracken fern, kamahi, and
sometimes a ground carpet of Sphagnum plus flax 1.3-2 m high,
spaced at intervals of 1.5 m. An occasional cabbage tree, kamahi,
or lancewood (Pseudopanax crassifolium) was emergent above the
highest flax plants. Sometimes islands of this shrubland were dissected
by reed beds growing in a mass of narrow diffuse drainage channels.

TYPE 4 Cut-over kahikatea forest

A broken canopy of kahikatea (Dacrycarpus dacrydioides),
rimu (Dacrydium cuppressinum) and kamahi up to 15 m high was
underlain by a thick mass of toro (Myrsme salicina), kamabhi,
broadleaf (Griselinia littoralis), kahikatea, rimu and tree fern 2-3 m
high. The lower understorey, less than 1 m high, comprised fern,
Coprosma shrubs and hook grass (Uncinia sp.). This small block
of forest had been lightly logged.

. These communities form a natural seral succession from swamp,
through scrubland, to a climax vegetation of kahikatea forest. A
diagramatic profile of vegetation types 1, 2 and 3 is given in Figure 2,
and the distribution of the vegetation types in the surveyed part of
the Kongahu Swamp is mapped in Figure 3.

RESULTS AND DISCUSSION
Kongahu Swamp

The distribution and relative abundance of Fernbirds (expressed
as the number of birds per station) are shown in Figure 4. Fernbirds
occurred discontinuously throughout the area (chi-squared: 6.65, 2 d.f.,
P < 0.05) and were most abundant in vegetation of types 2 and 3
(Table 1); that is, in areas of very dense ground vegetation dotted
frequently with shrubbery.

It is likely that the estimate of the relative abundance and
distribution of Fernbirds in the kahikatea forest (type 4 vegetation)
is wrong as three of the four stations were just inside the forest and
birds calling from the adjacent swamp may have been recorded.
Because of this and the low number of stations in type 4 vegetation,
only the data for birds living in vegetation types 1, 2 and 3 have
been tested statistically. It is unfortunate that all the vegetation within
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TABLE 1 — RELATIVE ABUNDANCE OF FERNBIRDS IN RELATION TO
VEGETATION TYPE

Number of

Number of Fernbirds per

Number of Stations with Percent Station in that

Vegetation type Stations Fernhirds Occurrence vegetation type
1 17 4 24 0.18
2 24 21 83 2.08
3 7 7 100 2.86
4 4 2 50 1.25

52 34
Significance test: chi-squared, 6.65, 2 d.f.,, P < 0.05 for data from types
1, 2, 3. Those from type 4 are probably too high (see text).

earshot at each station was not sampled as birds detected at a station
may have been in a different type from that at the station itself.

The degree to which variation in Fernbird counts was .caused
by differences between observers or time of day is not known. It is
believed that these were minimal, for Fernbirds have quite distinctive
clear calls that are often repeated several times in a few seconds.
From my general experience with Fernbirds, they are relatively sedentary
birds and, apart from increased levels of vocal activity in the early
morning and at dusk, their calling frequency tends to be fairly constant
throughout the day.

General — Fernbird Habitat

The survey indicates that pakihi vegetation of even height is
quite poor habitat for South Island Fernbirds in the Kongahu Swamp.
My experience in the pakihi areas of Addisons Flat, Virgin Flat,
Caroline Terrace, Totara River, Four Mile River, Charleston, the catch-
menis of the Mawheraiti River and Craigieburn Creek (all areas in
Buller) and at Okarito (Westland) show that Fernbird distribution is
clumped around areas containing habitat identical in structure and often
in composition to the vegetation of types 2 and 3 in Kongahu Swamp.
For example, in some areas of Addisons and Virgin Flats and in the
pakihis along the Four Mile River, Fernbirds are concentrated into linear
home ranges centred on parallel lines of stunted manuka shrubbery that
has established along the spoil deposited at the edges of old bulldozed
tracks and logging tramways. In contrast, Fernbirds are encountered
rarely at any distance out into the level reedbeds. A similar decrease
in numbers of Fernbirds occurs in areas of even-height shrubbery,
e.g. manuka or gorse (Ulex europeus) located beside areas of hummocked
vegetation with dense populations of Fernbirds. Apparently, Fernbirds
do not penetrate far into mainland forest unless considerable disturb-
ance (windthrow or milling) has allowed suitable habitat to develop
in forest clearings.

It is not known why Fernbirds in some places have such a strong
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preference for reedbeds with stunted shrubs, and for scrubland of
shrubs, flax, fern and reeds. The birds’ territorial behaviour may
partly explain this preference. In the Buller district, territories are
defended from August to February, that is, just before and during the
breeding season. Thereafter, maintenance of territories declines but
pairs occupy home ranges which include some or all of their breeding
territories. Before breeding (at Buller and The Snares), fighting between
neighbours is frequent, but as boundaries become established and
recognised, overt aggression declines and defence is maintained by
males calling regularly for prolonged periods (sometimes more than
30 minutes) from elevated sites. Such territorial advertising often
induces neighbouring males to call from similar places within their
. territories, showing their occupation of that land and readiness to
drive off intruders. “Thus, the strong preference for areas of hummocked
profile over those of even height may be related in part to the presence
or absence of suitable ““ calling posts.” If male birds were to maintain
territories in vegetation of even height, they would find it difficult to
call from a conspicuous place, and the birds may have to spend more
time searching for and evicting intruders than is necessary in hummocked
areas. In my experience, calls given from within dense vegetation are
. subdued and are used almost exclusively to maintain contact between
the members of a pair or a family.

A territorial male can more easily detect an intruder from a
high vantage point for, although intruders may be hidden in the dense
ground vegetation, their movements make the vegetation tremble and
rustle. Intruding birds are even more conspicuous in emergent
shrubbery than among dense ground foliage and thus are more likely
to be driven away.

I have seen Fernbirds at a variety of sites spread over the King
Country, NW Nelson, North Westland, South Westland, Codfish Island,
southern Stewart Island and on The Snares. It would be incorrect
to say that the preferred habitat found in the Kongahu Swamp is the
ideal or only type occupied. It appears that local conditions can
determine where Fernbirds live, especially on islands. For example,
Fernbirds live in high densities in the forest on The Snares and the
islands off the south-west of Stewart Island, but apparently nowhere
else. However, it is clear that Fernbirds show a strong preference for
certain habitats, two of which are the types 2 and 3 at Kongahu Swamp.
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SHORT NOTE

HOMING BEHAVIOUR IN THE YELLOW:EYED PENGUIN

On 29 September 1977 I was asked by W. J. Baguley, master
of the Lyttelton to Diamond Harbour launch, to remove a Yellow-eyed
Penguin (Megadyptes antipodes) from Diamond Harbour, Banks Penin-
sula (172°44'E 43°37'S). A Yelle-eyed Penguin had been seen regu-
larly in Diamond Harbour since 'September 1976 (B. N. Norris, pers.
comm.). Mr Baguley was concerned for the pengums life as it had
recently started to swim alongside the launch into Diamond Harbour,
even during berthing, with a risk of being crushed against the wharf.

On the morning of 29 September, R. A. Savill and I found the
Yellow-eyed Penguin crouched under a car parked 20 m from the
wharf. The penguin was captured taken to Birdlings Flat (172°42'E
43°49'N), about 87 km by sea from Diamond Harbour, and liberated
at 1430 hours on the beach, 1 km from the base of Ellesmere Spit.
It was hoped that the penguin |m1ght become integrated with other
Yellow-eyed Penguins known to] breed on the southern coastline of
Banks Peninsula (see Harrow 1971, Notornis 18: 199-201). Two days
later, on the morning of 1 October 1977, a Yellow-eyed Penguin was
reported in Diamond Harbour I(B. N. Norris, pers. comm.). This
was assumed to be the same bird as there hdd been no report of
Yellow-eyed Penguins in Diamond Harbour from 29 to 31 September.

On 8 October B. N. Nortis captured the penguin in Diamond
Harbour. A Wildlife Service officer then took it to Otago where
it was flipper-banded (J-1480) and released on 10 October 1977 at
Pilots Beach, Otago Peninsula (173°43’E 45°47'S).

On 8 October B. N. Norris found a Yellow-eyed Penguin egg
about 100 m south of the Diamond Harbour wharf. It was on bare
ground under scrub, just above the uppermost limit of the rocky



288 BEST ~ NOTORNIS 26

shoreline. The egg was brought to the Canterbury Museum. It
weighed 130 g and measured 77.2 mm x 56.2 mm. It was fresh and
there were no obvious signs of an embryo, which suggested that it
had been laid by an unmated female, or that it had just been laid.

On 27 October, 17 days after its release on Pilots Beach, the
banded penguin was seen in Diamond Harbour, There had been no
reports of Yellow-eyed Penguins in the hatbour over this 17-day period.
The bird had travelled about 350 km back to Diamond Harbour, at
an average of at least 21 km/day. This penguin was last seen in
Diamond Harbour on about 10 November 1977 (W. J. Baguley, pers.
comm.). Seven weeks later, on 27 December 1977, it was found dead
by Sally Symes in Sandy Bay, Motunau, North Canterbury (172°04'E
43°03’S), about 70 km north of Diamond Harbour. In reporting the
details to the National Museum, Sally. Symes noted that the bird had
a broken neck and that the skeleton was partly exposed, although the
plumage and flippers were intact.

At the end of the breeding season, fledgling and juvenile Yellow-
eyed Penguins disperse mostly north (Richdale, L. E. 1957. A population
study of penguins. London: O.U.P). A few return to the place
where they were hatched but as the birds get older this tendency to
- disperse decreases. Richdale reported one fledgling that was picked
up 282 km north of the nearest known breeding place. A pullus
banded on 17 January 1978 at Owaka was recovered dead on 14 May
1978, 620 km further north on Paekakariki Beach (C. Mahoney, pers.
comm.). However, these two recoveries are of birds that covered
unusually long distances. Of fifteen tagged fledglings recovered, only
four moved more than 160 km from their point of capture (Richdale
1957).

Therefore the distance covered, the northerly direction of move-
ment and homing behaviour of J-1480 are generally consistent with
Richdale’s (1957) observations. However, based on his study and on
banding data received from the Wildlife Service, there are no previous
reports of Yellow-eyed Penguins covering a comparable distance in
the time recorded for J-1480.

If J-1480 did lay the egg in Diamond Harbour, its homing
behaviour could have been due to nest-site attachment. Because of
insufficient data it is not yet possible to assess the merits of shifting
this species to other localities.

I am grateful to the Wildlife Service for the banding data and
to Mr R. A. Savill for help in the field.

G. A. TUNNICLIFFE, Canterbury Museum, Rolleston Avenue, Christ-
church 1. :



KAIPARA HARBOUR — EASTER 1978
By C. k VEITCH

ABSTRACT

Between 24 and 27 March 1978, 61 members of the
Ornithological Society of New! Zealand counted birds on and
near Kaipara Harbour. Results are listed and tabulated. The
northward migration of Arctic [waders is noted. Unusual birds
recorded for this area were Grey Plover (Pluvialis squatarola),
Large Sand Dotterel (Charadrius leschenaulti), Black Stilt
(Himantopus novaezealandiae),! Black-fronted Tern (Chlidonias
albostriatus), and Fairy Tern (Sterna nereis).

INTRODUCTION

Kaipara Harbour has a total area of 94 700 hectares and a shore
line length of about 612 kilometres (Heath 1976). It has large areas
of open water north-west and south-west of the harbour entrance and
to the north-east many long meandering arms (Fig. 1). These arms
are fed by streams of varying size and larger rivers enter the main

harbour in the north-west and south-east.

The intertidal area is about 40900 ha of mud and sand flats
(Heath 1976). More than 12 500 ha of this is covered by mangroves
(Avicennia resinifera). The introduced grasses .Spartina alterniflora
and S. fownsendii now cover some 500 ha of mudflat and are still
spreading.

During Easter weekend, 24 to 27 March 1978, the following 61
OSNZ members observed and counted birds on and near Kaipara
Harbour:—

M. Barnes, G. Bates, K. Bond, K. Brash, J. A. & B. Brown,
B. Burch, L. R. Burgess, W. J. Campbell, S. Chamberlin, H. Cook,
P. Cozens, D. E. & R. Crockett, A. T. Edgar, G. Eller, M. S. Field,
T. P. Fisher, A. & A. Gordon, A. Habraken, R. Haddon, T. R. & H.
Harty, J. Hawken, R. & P. Hoop;er, D. Hussey, 3. Jenkins, M. Jones,
D. A. & L. L. Lawrie, A. McCutchan, J. Meder, C. Miskelly, J. D.
Morrison, A. McPherson, J. Nortﬁway, A. Palliser, R. Pierce, A. & J.
Piesse, A. Prickett, M. Quinn, S M. Reed, R. A. & M. E. Ringer,
N. Rothwell, C. Schischka, R. B. Sibson, J. Stanger, J. Staniland,
M. J. Taylor, R. N. & T. R. Thomas, C. R. Veitch, M. Wallis,
G. Watson, K. Wells, P. & J. Wilkinson.

Seven teams covered the Poutu Peninsula, Tinopai Peninsula,
Bickerstaffe area, Ngamotu area, Tapora, Glorit to Oyster Point, and
South Head Peninsula (Fig. 1). Each team was divided so that within
each of the above areas up to five roosts or arcas could be counted
at one time. The weather changed from fine with moderate south-west
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winds on the Saturday (25 March) to fine with strong east wmds on
the Sunday.
Observers were supplied with two forms to complete:

1. Wader and waterbird census. This was for the recording of
all waders and gannets, shags, herons, swans, ducks, gulls and
terns on the Kaipara Harbour. The list named 36 species, and
space was left for additions. Team leaders sent observers to
known roosts or observation points to count birds on Saturday
25 and Sunday 26 March at predetermined times set for the
whole harbour, as near as possible to high tide.

TE KO\;\/HAI

TAING AEHE

ORUAWHARO R.

TAPORA

P
TAPORA !% TE NGAIO

POINT

PAPAKANUI SPIT

© ) GLORIT

KAKANUE
- POINT

JORDANS

QYSTER POINT

SHELLY BEACH

O sz

1§km

I 1

LOCATION

FIGURE 1 — Kaipara Harbour.
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2. Casual bird list. This was to record all species at any place
or time to be put later on Bird Distribution Mapping Scheme
cards.

The Poutu team (nine observers) completed census forms for
ten different places between Poutu and Taingaehe. Only one area was
counted on both days. Okaro Creek had the most birds but many of
the other bays and creeks along this coast had as many species,
cccasionally more.

On the Tinopai Peninsula most of the birds were found in
the inlets cn the north-east side. The same four areas were counted
by nine observers on both days.

Around the Bickerstaffe area six places were counted by seven
observers. Local kncwledge and permission from landowners are
needed to reach these roosts.

From Ngamotu three large areas were counted by ten observers
along the Otamatea, Whakaki and Oruawharo Rivers. These areas
were counted on both days with similar results. Local knowledge and
permission from landowners are needed to reach these roosts.

Tapora has the largest suitable area within the harbour for
roosting waders. Tapora Island is probably the least disturbed part
of Kaipara Harbour although, in the Tapora areca, more birds were
roosting at Waikiri Creek. These localities and Te Ngaio Point. were
counted on both days by ten observers. |

Jordan’s had the greatest number of roosting birds. This roost
and Oyster Point were counted by eleven observers on both days, while
four different areas from a little south of Oyster Point north to Glorit
were each counted on one day only. Access to most of the roosts
between Oyster Point and Glorit is through private property.

At South Head the birds on Papakanui Spit were counted on
both days. Three large areas, down to the southernmost part of the
harbour, were counted, two on the Saturday and one on the Sunday.
This area was covered by five obsérvers. Access to most areas is over
private land although Papakanui Spit, a Wildlife Refuge, can be reached
by vehicle along the beach from Muriwai. |

RESULTS

From the wader and waterbird census lists, the higher 'daily
counts of the more abundant waders are given in Table 1 with comments

as follows: |

SOUTH ISLAND PIED OYSTERCATCHER (Haematopus ostralegus
finschi)

By far the most abundant species (c. 15000, Table 1). As
northward migration continues into April (Sibson 1970), it may be
more abundant later in the year.



TABLE 1 — The higher daily counts of the more abundant waders on the Kaipara Harbour 25-26 March 1978.
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VARIABLE OYSTERCATCHER (Haematopus unicolor)

Alastair Gordon (pers. comm.) has seen more than a hundred
in the northern reaches of the Kaipara during summer. The current
census recorded 13 birds in the harbour and 30 at the more exposed
Papakanui Spit where McKenzie (1965) recorded 13 in January 1965.

GREY PLOVER (Pluvialis squatarola)

One recorded by R. Pierce and M. Barnes at the south end of
Tapora Island on Saturday 25 March. This bird was first recognised
by its trisyllabic call as it flew towards the observers who then had
a good view of its black axillaries as it flew overhead. It did not
appear to have any traces of breeding plumage. -This is the second
record for Kaipara Harbour. '

PACIFIC GOLDEN PLOVER (Pluvialis dominica fulva)
40 to 50 at the north end of Tapora Island and a further 31
at Oyster Pcint on the Saturday only.

NEW ZEALAND DOTTEREL (Charadrius obscurus)

The Sunday total of 134 birds, found mainly at Waikiri Creek,
the south end of Tapora Island, Oyster Point and Papakanui Spit, is
a considerable increase on McKenzie’s (1965) total of 79 in January
1965, although distribution is similar.

BANDED DOTTEREL (Charadrius bicinctus)
Some 500 birds, roosting mainly at Oyster Point (300), Wlth
fewer at other roosts (Table 1).

LARGE SAND DOTTEREL (Charadrius leschenaulti)

One, showing no signs of breeding plumage, was seen at Papa-
kanui Spit on the Saturday with 3 NZ Dotterel by C. R. Veitch. This
association of the two species clearly showed the leggier proportions
(Sibson 1970) of the Large Sand Dotterel. Three were seen in this
area during the 1965 census (McKenzie 1965).

WRYBILL (Anarhynchus frontalis)
Most (127) roosted on the northern shores of the Tinopai
Peninsula at Raepere Creek with fewer at four other roosts (Table 1).

FAR-EASTERN CURLEW (Numenius madagascariensis)
One at Jordan’s on both census days.

ASTATIC WHIMBREL (Numenius phaeopus variegatus)

Not recorded on the Saturday but 20 seen at Oyster Point by
B. Brown and A. Habraken on the Sunday. These birds were carefully
moved by the observers so that the diagnostic white rumps were seen.

ASIATIC BLACK-TAILED GQDWIT (Limosa limosa melanuroides)
One seen by R. Pierce and M. Barnes at Te Ngaio Point on

the Sunday.

EASTERN BAR-TAILED GODWIT (Limosa lapponica baueri)
A 14% reduction of numbers from 5603 counted on the

Saturday to 4817 on the Sunday. 10000 godwit had been at Jordan’s
on 3 March (B. Brown pers. comm.). McKenzie (1965) recorded
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11 934 godwit on the Kaipara Harbour in January 1965. Since 1965,
the population is likely to have increased, as have those of Manukau
Harbour and the Firth of Thames (Veitch 1978). Numbers of waders
are also likely to increase in northern harbours towards the end of
summer and then drop rapidly (Bioresearches 1976). It therefore
seems likely that the numbers counted on 26 March were nearly down
to the winter population of 2000-3000.

TURNSTONE (Arenaria interpres)

A 32% reduction of numbers from 380 counted on the Saturday
to 259 on the Sunday. Apparently also migrating northward but still
more numerous than the 1965 summer count of 165 (McKenzie 1965).

KNOT (Calidris canutus) :

A 48% reduction of numbers from 10782 counted on the
Saturday to 5640 on the Sunday. On 3 March 15000 Knots had been
seen at Jordan’s (B. Brown, pers. comm.). This marked difference in
numbers is surely due to northward migration.

CURLEW SANDPIPER (Calidris ferruginea)

Not seen during this census. Apparently a very rare visitor.
One seen in 1964 (McKenzie 1965) and one in March 1975 (S. M.
Reed, pers. comm.).

RED-NECKED STINT (Calidris ruficollis)

Four seen at Papakanui Spit on the Sunday by R. A. Ringer
and G. Watson. McKenzie (1965) recorded a total of 6 birds for
the 1965 summer census, all at this site.

PIED STILT (Himantopus himantopus leucocephalus)

Some 6100 present, with relatively regular roosting habits despite
the change of weather. Their more even distribution of roosts (Table 1)
probably reflects their lack of dependence on the intertidal area for food.

BLACK STILT (Himantopus novaezealandiae)

One pure black and one “smudgy” bird (identified by C. R.
Veitch and party) were with 180 Pied Stilts loafing on a salt marsh
between stands of mangroves, about 6km north of Shelly Beach. Both
birds were conspicuous because they were moving around and feeding
while the Pied Stilts loafed. This is the same general arca where
1 black and 5 smudgy stilts were seen in 1965 (McKenzie 1965). One
smudgy stilt was seen at Moturemu Island (north of Glorit, Fig. 1)
on 5 March 1977 (S. M. Reed, pers. comm.), and one smudgy stilt was
seen by D. E. Crockett and party on the Otamatea River on 24
March 1978.

WATERBIRDS

The birds listed in the second half of the census form were not
dependent on high tide roosts and are often very mobile. Where
waders were abundant, observers concentrated on them as the first
requirement of the census. Total numbers of waterbirds seen can
therefore be taken only as an indication of numbers present and not
as an accurate census.
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TABLE 2 — The higher daily totals of shags, herons, ducks and gulls
on and near the Kaipara Harbour 25-26 March 1978.
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BLACK SHAG 1 1 24 108 10 - 56 2 202
PIED SHAG 6 3 1978 173 30 7 27 429
LITTLE BLACK SHAG - - 8 - - 8 16
LITTLE SHAG 2 - 1 1 109 14 1 1 129
WHITE-FACED HERON 3 332 5 %34 29 265 130 63 1167
WHITE HERCN - - - - 8 - - - - 8
REEF HERON 5 - - - - - - 6
BLACK SWAN - - - 8 485 3000 - - 3453
PARADISE DUCK - - u 21 - - - 14 39
MALLARD DUCK - - 122 150 - - - 13 285
GREY DUCK - - - 30 6 - - 25 61
GREY TEAL - 1 - - - - - - 1
SHOVELER DUCK - - - 1% . - - - - 13
MIXED DUCK FLOCK - 20 - 150 - - 100 155 495
BLACK~BACKED GULL 13 59 30 30 30 14 1 114 283
RED-BILLED GULL 56 113 1 144 48 279 - 165 776

The higher of the two daily totals of shags, herons, ducks and
gulls is listed in Table 2. Other species recorded were:

AUSTRALASIAN GANNET (Sula bassana serrator)
5 seen from the Tapora area on the Sunday.

LITTLE EGRET (Egretta garzetta)

One was known to be in the Bickerstaffe area before the census
but was not seen again until 29 April when it was with 5 White
Herons and some White-faced Herons (M. Wallis, pers. comm.).

REEF HERON (Egretta sacra)

Titipu Island is a breeding place of long standing. 8 birds
were seen there in January 1965 (B. Brown, pers. comm.). None
were recorded during this census.

ARCTIC SKUA (Stercorarius parasiticus)
Two seen from the northern end ot Tapora Island on the Sunday.

BLACK-FRONTED TERN (Chlidonias albostriatus)

On the Saturday two were seen at Waikiri Creek by S. Chamberlin
and T. P. Fisher and later the same day one was seen near Te Kowhai
by M. S. Field and C. Miskelly who, the next day, saw three in the
same area.

CASPIAN TERN (Hydroprogne caspia)
By far the most abundant tern with c¢. 300 being counted on
both days. Most of these were at Papakanui Spit and Waikiri Creek
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with smaller numbers being seen in most other areas. An average of
400 pairs nest at Papakanui Spit (B. D. Bell, pers. comm.).

FAIRY TERN (Sterna nereis)

One seen at Papakanui Spit on the Saturday (C. R. Veitch)
and two at Waikiri Creek on the Sunday (S. M. Reed and party).
A nest of this species was found on Tapora Island on 1 February 1976
(S. M. Reed, pers. comm.).

EASTERN LITTLE TERN (Sterna albtfrons sinensis)
13 were seer on the Saturday and 44 on the Sunday. Of these,
35 were at Waikiri Creek (S. M. Reed and party).

WHITE-FRONTED TERN (Stérna striata)

19 were seen on the Sunday and 13 of these were at Whakaki
River. In late December 1977, W. J. Campbell (pers. comm.) saw
¢. 850 White-fronted Terns at a nesting colony on the ocean beach
west of Okaro Creek (Fig. 1). Some 650 birds were still in this area
on 27 March 1978.

CASUAL BIRD LISTS

Some data from the casual birds lists have been included in
Table 2. A. T. Edgar has completed 31 Bird Distribution Mapping
Scheme cards from both casual and census lists.

DISCUSSION

The only previous survey of birdlife on the Kaipara Harbour
took place in January 1965 (McKenzie 1965). Initially, the current
survey was to be comparative but, because it was held some three
months later, the data for most species can not be compared. Although
more areas were covered than in 1965, there were still not enough
observers to visit all wader roosts and observations points simultaneously.

It was apparent that Godwits, Knots and Turnstones were all
moving northward in late March and that Godwits had nearly com-
pleted their departure.

I wish to thank B. Brown, S. M. Reed and D. E. Crockett,
Regional Representatives of OSNZ, for assisting with the planning
of this work. T hey and M. Wallis, A. & A. Gordon and L. Burgess
organised teams in the field. D. Crouchley, Wildlife Service, drew
the map (Fig 1).

Very special thanks 1o all who participated.
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TREASURER’S REPORT
For year ended 31 December 1978

At the end of the year the membership was 1295, an increase
of 37. New members admitted totalled 149, 56 left by resignation and
56 were struck off unfinancial. The classes of members are 1 honorary
life, 77 life, 801 ordinary, 63 junior, 13 family, 122 corporate bodies
and 109 husband and wife members, counting as two, to make the
total of 1295.

The income for the year was $11,548 compared with $11,624
for the previous year, a decrease of $76. Receipts from members’
subscriptions showed an increase of $284. Profit from the sale of
Christmas cards was a useful $992, but the number of cards sold had
not been as great as anticipated and so the profit was not as great
as had been hoped — 46,150 cards were sold as against 47,000 the
year before. The cards for this year’s sales, which were printed in
1977, are in hand and appear in the Balance Sheet at cost price. Sales
of back numbers of Notornis at $760 were $607 less than last year.
Interest received from investments decreased from $2,254 to $1,959.
Of this amount $525 was credited direct to the Projects Assistance
Reserve Fund and $1,434 as investment income in the Income Account.
The reason for the decrease was that when loans with The Perpetual
Trustees Co. matured, the moneys received were required to finance
the costs of the Christmas cards and the printing of the Bird Atlas.
It was not until the end of the year when the financial position became
more liquid that the amounts could be re-invested in N.Z. Government
Savings Stock.

Expenses totalled $14,436, $2,048 more than last year. The cost
of printing and distribution of Nofornis increased by $3,334 and the
cost of OSNZ News by $405, a total increase in printing costs of
$3,739. This increase is in line with that estimated and reported in
the December News. In 1975 our printing costs were $6,769, this
year $12,725.

Mainly as a result of the steep increase in printing charges and
the fact that the income for the year is almost the same, a deficiency
of $2,888 for the vear is the result. This amount has been debited
against the Accumulated Funds. Last year the deficiency was $764.
Further printing cost increases, which appear inevitable, mean that there
will be another substantial deficiency for this present year. The
resolution to increase subscriptions will come into effect for the 1980
tinancial year.

The costs of printing, etc., of the Atlas of Bird Distribution in
N.Z. amounted to $4,702. Sales to the end of December totalled
$4,115. Since balance date further sales of $544 have been made,
leaving the balance to break even, $43. When this amount is reached
further sales will be credited to a special reserve fund.

During the year the Projects Assistance Reserve Fund was
credited with $790, royalties on the revised Field Guide, and $525, the

interest earned by the Fund. The notes to the accounts detail the

cash grants made.
H. W. M. HOGG, Hon. Treasurer

NOTORNIS 26: 297-303 (1979)
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THE _ORNITHOLOGICAL SOCIETY OF N.Z. (INC)

STATEMENT OF ACCOUNTS FOR THE YEAR

ENDED 31ST DECEMBER 1978

1977
INCOME WAS EARNED FROM
7h.2 Subscriptions. 7,726
218 Transfer from Life Members 237 (Note i)
223 Donations 216
126 Profit from Christmas Cards 992
1367 Sale Back Numbers 760
3 Sale Car Stickers 2l
325 Sale Society Ties 102
- Surplus Summer Study Course ° 33
81 Biology of Birds 2l
9816 TOTAL ORDINARY INCOME 10,11
" PLUS_INVESTMENT INCOME
1808 Interest 1,13 (Note ii)
1808 TOTAL INVESTMENT INCOME 1,430
1162l TOTAL TINCOME 11,548
LESS EXPENSES
8986 "Notornis" & "OSNZ News" Printing
and Distribution 12,875
Less Subsidy Dept of Internal
Affairs 150
12,725
- Annual General Meeting 78
120 Audit Fee 140
20 Donations -
- Beach Patrol Scheme 65
203 General Expenses 210
98 Library Expenses 70
30 Nest Record Scheme 78
281 Postages . 330
275 Printing and Stationery 170
20 Royal Society Affiliation LO
667 Society Ties -
465 Travelling Expenses 530
1223 "Notornis" Reprinting -

DEFICIENCY FOR_YEAR TRANSFERRED
TO ACCUMULATED FUND $ 2,888

12388 : TOTAL EXPENSES 1y, 136
76l
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THE ORNITHOLOGICAL SOCIETY OF N.Z. (INC)
BALANCE SHEET AS AT 31ST DECEMBER 1978
1977
CURRENT ASSETS
3730 Cash at Bank of New Zealand 1,966
255 Amounts owing to Society 16
68 Bank of New Zealand Savings A/c L2
200 Term Deposits Bank of New Zealand 3,600
100 Stock of "Notornis" 100 (Note iii)
508l Stock of 1979 Christmas Cards 2,506
11637 TOTAL CURRENT ASSETS 8,360
INVESTMENTS
- N.Z. Government Savings Stock 5,000
3000 Local Body Stocks | 3,000
The Perpetual Trustees Co. Ltd
14300 Group Trustee Investments No. 2 70
B.N.Z. Finance Co. Ltd
6288 First Ranking Debenture Stock 6,728
Development Finance Corp. of N.Z.
5000 Secured Debenture Stock 5,000
18588 TOTAL INVESTMENTS 19,798
- Bird Distribution in N.Z. Atlas L, 702
- Less Sales L, 115 587
1000 Library at Valuation 1,000
31225 TOTAL ASSETS 29,745
LESS LIABILITIES
2745 Amounts Owed by Society 3,h66
566 Subscriptions in Advance 1,310
Reserve Funds
6295 Projects Assistance Reserve 6,060 (Note iv)
1968 Life Subscriptions 2,142
1000 Publications 1, 000
1257& TOTAL LIABILITIES 1§,982
18657 VALUE OF ACCUMULATED FUNDS AS BELOW $15,763
ACCUMULATED FUNDS
19415 Balance at 31.12.77 18,657
76L Deficiency for Year 2,388
18,651

$15,763
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THE ORNITHOLOGICAL SOCIETY OF N.Z. (INC)

NOTES TO ACCOUNTS

NOTE i Life members transfer : 10% of Balance at 31.12.78

NOTE ii The interest earned in the Projects Assistance Reserve
Fund investments has been credited direct to the fund.

NOTE iii Stocks of "Notornis" and Valuation of Library are at
Standard Values. No attempt has been made to
accurately value these assets.

NOTE iv Projects Assistance Reserve

Movements in this Reserve Fund during the year are:-

Balance at 1.1.78 6,295
Plus Royalty on Revised Field Guide 790
Interest earned by Fund 525
7,610
Less Cash Payments
N.Z. Dotterel Survey 100
Indexing New Field Guide 450
Chatham Island Taiko
Expedition 1,000
1,550

BALANCE AS AT 31.12.78 $6,060

STATEMENT OF ACCOUNTING POLICTIES

1. All financial statements have been prepared on the basis
of historical cost.

2. No subscriptions in arrears have been brought to account.
Subscriptions in advance have been taken out of income.

3. Stocks of Christmas Cards have been valued at cost.

Stocks of Bird Distribution in N.Z. Atlas have not been
valued and the balance represents the cost less the amount
sold.

We report, that in our opinion, the foregoing accounts and
notes attached of THE ORNITHOLOGICAL SOCIETY OF N.Z. (INC) for the
year ended 31st December 1978 are in agreement with the books and
reports of the Society and give a frue and fair view of the
Society's position at that date and the results of its transactions
for the year. The Society has kept proper books and supplied all
the information required.

DUNEDIN: 22 JANUARY 1979 THOMPSON & LANG
Chartered Accountants
Auditors
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DONATIONS

The following donations of $1.00 or more were received during
the year: H. W. Dickson $1.06; L. S. Rickard $4; D. Taylor $2;
Mrs P. A. Howlett $5; Mr & Mrs K. J. Fisher $1; M. Neilsen $2;
Mr & Mrs G. W. Wells $3; Mrs L. Collingwood $4; E. St.Paul $4;
A. MacCulloch $4; C. J. Foreman $2; Mr & Mrs A. B. Cochrane $9;
L. J. Davies $4; Mrs R. McKeller $4; K. J. Taylor $4; K. Hicks $4;
R. Cometti $10; Miss P. Archer $2; D. M. Cunningham $4; D. K. Hines
$4; R. G. Mueller $10; Mr & Mrs P. A. Prichard $6; S. D. Dixon $4;
S. R. Emmens $4; Mrs C. E. Armstrong $10; Mrs E. Spragg $4;
D. P. Fairfax $2; Mrs N. Dyson $2; H. Wolk $2; R. Jackson $4;
Dr C. N. S. McLachlan $2; R. E. Satherley $4; P. Warren $4;
Dr M. M. Simpson $4; C. W. B. Searle $5; Mrs H. M. J. Jensen $1;
A. H. Grootegoed $1; P. Geerlings $4; J. F. Castle $4; Mrs E. M.
Hannah $2; Mrs G. Dudley $4;C. E. Huntington $9; I. A. Mathieson $1;
D. Robertson $1; Sir Charles & Lady Fleming $6; R. T. Grove $2;
R. S. Cowan $4; Mrs E. M. Graham $10; E. Bodley $2; Mrs A. M.
Daniel $6; G. M. Kelly $5; R. G. Harper $2.50; E. Bodley $4;
Dr C. T. Black $15; Dr G. F. Van Tets $2.

o ——

NEST RECORD SCHEME
Report for year ended 30 April 1979

There are now 12 783 Nest Record Cards covering 147 species.
This year 42 members contributed 419 cards covering 68 species.

109 cards covering 31 species were contributed by Jon Lusk,
brother of Chris Lusk, who over the past four seasons has completed
301 Nest Record Cards.

The value of the Scheme in providing opportunity for individual
activity is shown by the detailed observations made by Jon and Chris
Lusk. Members unable to participate in group or regional activities
could contribute their personal observations through this Scheme and
by doing so would also be making a worthwhile contribution to such
national schemes as the Distribution Atlas.

Notable contributions have been received from Maida Barlow
(23), Ralph Powlesland (24), Colin O’Connell (37), Ray Pierce (23).

28 Colonial Cards were received covering the following 11
species:—

Black Shag, Pied Shag, Little Black Shag, 'White-throated Shag,

Spotted Shag, Black-billed Gull, Black-backed Gull, Red-billed

Gull, Black-fronted Tern, White-fronted Tern and Caspian Tern.

During the year cards on 16 species were lent to members for
analysis.

My sincere thanks to all contributors to the Scheme, to those
who have encouraged members to take part, and to my wife, Ruth,
whose assistance has been most valuable.

DAVID E. CROCKETT, Convener .
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R. Floyd, B. J. Gill, A .Gordon, R. Guest, G. P. Guest, M. Heine,
R. N. Holdaway, G. P. Kearns, M. Lane, S. Lauder, T. Lovegrove,.
C. H. Lusk, J. R. Lusk, J. McCallum, M. E. McKenzie, C. O’Donnell,
R. Pierce, M. H. Powlesland, R. G. Powlesland, A. D. Robinson,
C. H. B. Robinson, M. Round, P. M. Sagar, B. Seddon, J. Seddon,
M. L. Silcock, T. B. S. Taylor, C. R. Veitch, L. Wagener, G. A. Watson,
J. L. Woods, G. Yockney.

*

BEACH PATROL 1978 — INTERIM REPORT

During 1978, 3765 km of coast were patrolled by 188 OSNZ
members and their friends on a total of 633 patrols. These are all
the highest totals recorded. 12413 dead seabirds were found. A
wreck of Sooty Shearwaters in November and December contributed
greatly to this total. Unusually high numbers of antarctic species from
July onwards caused an increase in the amount of beach patrolling
and hence the total numbers of birds found.

The following are interim totals for sections of coast patrolled:

Coast ’ Km Birds
Auckland West 1430 7148
Taranaki 237 550
Wellington West 440 840
Westland 33 2
Auckland East 557 1449
Bay of Plenty 273 555
East Coast North I. 13 1
‘Wairarapa . 9 5
Canterbury North 61 130
Canterbury South 85 235
Otago 84 164
Southland 131 489
Wellington South 337 754
North Coast South I. 70 92
Outlying Islands 5 0

3765 12413

The success of the Beach Patrol Scheme during 1978 is due
to all those who took part.

C. R. VEITCH, Organiser
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ATLAS COMMITTEE
Report for year ended 30 April 1979

Last year’s report (Notornis 25: 242) recorded the publication
of the Provisional Atlas, and stated that “ publication of a definitive
atlas in the near future will need both new information and money.
The first depends on renewed enthusiasm among field observers and
the second on selling all copies of the Provisional Atlas.”

Field observers have certainly done their part. About 3350
new cards have been received since January 1977 when computer staff
ceased accepting new data and began producing maps for the Provisional
Atlgs. More cards are coming in all the time, and I hope there will
be an avalanche of new ones between now and 31 December when
field work ends. By 30 April 1979, lists (including those used in the
Provisional Atlas) had been received for 92% of the 1614 North Island
squares and for 88% of the 2061 southern ones (South Island plus
Stewart Island). Nationally, the coverage improved from 85% in
the Provisional Atlas to 90% by 30 April 1979, and this figure will
increase still further. A few intrepid ornithological explorers are
planning trips to neglected squares in remote areas, and the Wildlife
Service has promised bird lists from recent faunal surveys. While the
increase in coverage is gratifying, it represents only halt the story; no
less important are the many new records from squares which, though
technically “ covered,” had been surveyed inadequately.

Sales of the Provisional Atlas have also been encouraging. By
the end of April, 600 copies had been sold for a total of $4593. The
cost of production was $4702 so the atlas has almost paid for itself
within a year. Once the hundred dollars or so still outstanding have
been paid off, sale of the remaining copies will provide funds that can
be set aside as a modest deposit towards the cost of producing a
definitive atlas. So far, only about ten copies of the Provisional Atlas
have gone overseas; but more orders may arrive when reviews appear.
One review has already been published in USA (Maryland Birdlife 34:
63; ““special Atlas issue ) and others should scon appear in Britain
and Australia,

The Committee will be preoccupied for the rest of this year
with encouraging visits to squares that remain blank or poorly surveyed.
The main task for 1980 will be to arrange for all the new data to be
coded and added to those already in the computer. Sample maps
and tables can then be produced which, together with financial con-
siderations, will determine the scope of the definitive atlas and when
and how it is to be produced.

Credit for the achievements of the bird mapping scheme belongs
to the 635 people who have contributed cards since the scheme began
late in 1969. Special thanks are, however, due to the Society’s Regional
Representatives (past and present) who have spent long hours receiving,
checking and despatching other people’s cards, and ensuring that
observers know which squares are most in need of further visits.
Finally, we are grateful to Dr J. A. Gibb of Ecology Division, DSIR,
and Dr G. R. Williams of the New Zealand Wildlife Service for the
clerical and computing assistance provided by their respective
organisations.

P. C. BULL, Convener
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MASKED (BLUE-FACED) BOOBIES IN THE
FIRTH OF THAMES

On 30 October 1977, in the Firth of Thames, when the summer
census had been completed, attention shifted seawards when D. A.
Lawrie and P. M. Wilkinson were joined by B. J. Burch, G. L. Yockney
and B. Brown and later by M. E. McKenzie and H. R. McKenzie, to
watch two strangers among a flock of feeding Australasian Gannets
(Sula serrator). Whereas the gannets flew and dived in typical
fashion, another bird of similar size but of darker appearance soared,
wheeled, and occasionally flew with a flapping flight. It was seen to
dive only once, after an almost horizontal approach, and its body
did not penetrate the water. During our half-hour watch the bird
approached closely enough once for its principal details to be noted.
It was tentatively identified as a Masked (Blue-faced) Booby (Sula
dactylatra).

Size: approximately that of S. serrator.

Head and body: all white except for dusky facial mask; back

(between the wings) dark, sprinkled white.

Tail: dark above and below.

Wings: upper — dark, sprinkled white, with a large white

area showing strongly on the scapulars; under — white, with

dark-bordered trailing edges and tips, and a finer, perhaps broken,
black line on leading edge.

Bill: horn colour.

HRMcK, DAL and BB, using telescopes of x 30 and x 15-60,
agreed that the facial mask did not extend far enough behind the
eyes for the bird to be a Brown Booby (S. leucogaster), which in any
case has brown head and neck; and that it could not be a Red-footed
Booby (S. sula), which is slimmer, smaller and has a long, all-white
tail. BJB and BB also watched a second bird whose behaviour and
appearance were similar except that it seemed generally whiter. It
was seen more distantly and briefly than the other but it was probably
in adult or nearly adult plumage.

Falla, Sibson & Turbott (1966, Field guide to the birds of New
Zealand) describe S. dactylatra as “ largely white and at first glance
rather like S. serrator; but the tail and flight feathers are dark brown,
appearing in flight as a broad black band on the rear edge of the wing.
Head white; beak stout and yellow; naked skin on face and throat
blue-black, feet greenish-blue. Immatures are mainly white, but head,
throat, mantle, upper wing surfaces and tail are brown. . . . The
subspecies personata is widespread in the western and central Pacific;
only recorded in New Zealand from the Kermadecs where it breeds.”

NOTORNIS 26: 304-320 (1979)
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The Annotated Checklist of the Birds of New Zealand (1970) states
“ Straggling south to northern New Zealand; Gannet Island, 1883
(Reischek) and west of North Cape, 1964.”

The birds were probably sub-adults beyond the brown-headed
stage but retaining some brown on the wings and on the back between
the wings.

Two birds were seen distantly at Miranda on 19 October 1977
by Maxine E. McKenzie, Joan Trollope and H. R. McKenzie. The
further one appeared to be all dark but MEMcK had a good view of
the nearer one and noted the under surface to be white and the ends
of the wings to be black. As the shape was definitely that of a
gannet, it could not have been S. sula. Both birds were soaring and
flying in circles, quite unlike a gannet, and were not diving. They
were over shallow water near mangroves, where Australasian Gannets
have not been noted.

On 5 March 1978, in weather similar to that of the census day,
with a south-westerly wind, good light and a falling tide, two birds
were seen from the Miranda lime-works to as close as 300 m. When
first seen they were moving together southward along the coast. The
only birds feeding nearby were several White-fronted Terns (Sterna
striata) and a Little Tern (S. albifrons), close to the shore. After
fifteen minutes one booby returned but the other was apparently further
out. As previously, it was soaring and wheeling, not unlike an
albatross, with only occasional wing-flapping. It dived several times
into relatively shallow water from a height of 4-5 m at an angle of
about 45 degrees.

DAL described the plumage as:

Head and body: white except for facial mask which was not
as noticeable as previously. Top of wings, including back between
the wings: dark, although darker toward the wing tips, and broken
dark patches on front of wing. Most noticeable, however, was a white
patch on leading edge of wing between body and first joint, particularly
obvious when seen from front on. Tail: dark upper and lower, with
pointed shape. General impression was that plumage was tidier and
more defined than previously, suggesting transition from juvenile to
adult plumage.

J. A. F. Jenkins (pers. comm.) has seen Blue-faced Boobies
fairly regularly on voyages between New Zealand and Fiji and Tonga,
but always far to the north, usually at about 23°S, more than 660
miles north of North Cape.

Blue-faced Boobies in New Zealand coastal waters are most
likely to be from Norfolk Island or the Kermadec Islands, where
they breed in considerable numbers.

BETH BROWN, 39 Red Hill Road, Papakura; D. A. LAWRIE, 4 Fair
Oaks, Pukekohe.
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DETECTING THE PRESENCE OF BLUE DUCK
FROM ITS FAECAL SIGN

In some of its range, the Blue Duck (Hymenolaimus mala-
corhynchus) is largely crepuscular in habit, hiding amongst log-jams
or beneath stream-side vegetation during the day and emerging to
feed mainly at dusk and in the early hours of darkness, and again
briefly at dawn. Surveys of its habitat during daylight may therefore
fail to record its presence. The purpose of this note is to advise how
the presence of Blue Duck may be detected by observing its highly
characteristic faeces,

Blue Ducks feed almost entirely on aquatic invertebrates and
the larvae of various species of caddis fly (Trichoptera) dominate the
diet. To obtain this food, the ducks grovel amongst the rocks on
the stream or river floor or sccop the prey from the surface of large
boulders. Their fzeces therefore contain the undigested remains of
these insects as well as other material inadvertently swallowed. A close
examination of the faeces will usually reveal a mixture of fine sand
and the horny external cases of the caddis larvae. Often it is also
possible to find tiny, hard, rcund black specks in the faeces, these
being the head capsules of the caddis larvae.

Fresh faeces appear as dark grey or black, wet blobs on the
rock surface; when dried, they become lighter grey, with the caddis

FIGURE 1 — Blue Duck faeces (arrow) on boulder in middle of stream.
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FIGURE 2 — Several Blue Duck faeces ‘on boulder top. The large white

circular objects on the boulder are lichens. INSET — Close-up
view of faeces showing caddis cases. N

cases dark brown or black. Sometimes the faeces may be streaked
with white, the product of urinary discharge.

The faeces are invariably located on the tops of prominent
rocks or boulders in the midst of the water or immediately at the
water’s edge. It is my impression that they are especially abundant
on rocks where side-streams enter the main water-course and also at
particular localities on the main river, which are the boundaries of a
bird’s territory. It may be possible to estimate the number of territorial
pairs on a river if the faeces are concentrated in this way — a point
worthy of further investigation — although the presence of non-

territorial birds should not be overlooked.

) Few other animals leave droppings on rocks in Blue Duck
habitat. The droppings of Grey Duck (Anas superciliosa), Black
Shag (Phalacrocorax carbo) and Little Black Shag (P. sulcirostris)
found in the Hopuruahine River in Urewera Naticnal Park contained
no solid matter, being whitish streaks down rocks or in small hollows
on rocks. Faecal pellets of possum (Trichosurus -vulpecula), often
encountered on rocks at the stream edge or on fallen logs projecting
into or across the water-course, may sometimes cause confusion, After
rain, the characteristic form of these pellets is lost and they appear
as a small dark green or black blob. They are composed of finely
macerated plant material only.

MURRAY WILLIAMS, Wildlife Service, Department of Internal
Affairs, Private Bag, Wellington.
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THE PLUMAGES OF FLEDGLING Phoebetria ALBATROSSES

There are clear plumage differences between adult and sub-
adult Sooty Albatrosses (Phoebetric fusca), and adult and sub-adult
Light-mantled Sooty Albatrosses (P. palpebrata). However, there has
been confusion as to the identification of juvenile birds, and it has
been stated that it may be impossible to identify some juvenile
Phoebetria (Cox 1976, S. Austr. Orn. 27, 28-82; Serventy, Serventy
& Warham 1971, Handbook of Australian Sea-birds: 79; Watson 1975,
Birds of the Antarctic and sub-Antarctic: 98). An adult is defined
here as a bird which has bred, or will breed in that season. A sub-adult
is a bird which has visited the breeding ground subsequent to fledging.
A juvenile has not visited the hreeding ground subsequent to fledging.
Cox (1976) has summarised the identification of Phoebetria. This
note describes the differences between fledglings of the two species
at Marion Island (46°54’S 37°45’E) observed between October 1974
and June 1975, which may aid identification at sea.

I was unable to distinguish consistently between nestlings of
the two species prior to the development of teleoptile plumage. At
fledging, P. fusca nestlings had greyish-white eye-rings, dark grey sulci
and dark shafts to the primary feathers. The body plumage was similar
to that of the adult. By this time, plumage of adult. and sub-adult
birds has become worn and is lighter in colour than that of
fledglings. P. palpebrata nestlings were last seen about three weeks
prior to fledging, at which time the teleoptile plumage was well
developed. At this stage, the nestlings had greyish-white eye-rings,
dark grey-sulci and dark shafts to the primary feathers. The body
plumage was slightly more uniformly grey than that of the adult.
However, the abdomen and mantle were clearly lighter in colour than
in P. fusca fledglings. Sorenson (1950, Cape Exp. Series Bul. No. 8,
p. 7) described the sulcus colour of two P. palpebrata nestlings at

P palpebrata P fusca

FIGURE 1 — Eye-ring shape in Phoebetria fusca and P. palpebrata.
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fledging as brownish, and bluish-brown at the base. The P. palpebrata
nestlings I observed at Marion Island may have developed this coloration
prior to fledging, and after my departure from the island. The shape
of the eyering of the two species (adult and sub-adult birds, and
nestlings prior to fledging) was different (Fig. 1). However, this
is an aid to identification only at very close quarters, and in live birds.

The two species are distinguishable at fledging, on the basis of
eye-ring shape and general plumage coloration. It appears that wear
on the plumage of fledgling Phoebetria produces buffy or whitish edges
to the feathers, particularly on the mantle and nape of P. fusca. Thus
a post-fledgling P. fusca with worn plumage apparently has a buffy
or whitish mantle and nape, and would be very difficult to separate
from adult and sub-adult P. palpebrata in the field. However, it
appears that P. fusca consistently has a darker abdomen than P.
palpebrata, and this may be a valuable aid to identifying juvenile
Phoebetria.

I thank the South African Department of Transport for financial
and logistical support of work at Marion Island, and my colleagues
at the FitzPatrick Institute for advice and assistance. The project was
carried out under the auspices of the South African Scientific Committee
for Antarctic Research.

A. BERRUTI, FitzPatrick Institute, University of Cape Town, Ronde-
bosch 7700, South Africa

*

MULTIPLE CLUTCHES BY WELCOME SWALLOWS
IN THE WAIRARAPA

A pair of Welcome Swallows (Hirundo neoxena) was studied
over four breeding seasons (1974-75 to 1977-78) at the Field Research
Area of the Ministry of Agriculture, 8 km south of Masterton. It is
assumed that the same pair was studied each year because thejr mark-
ings and behaviour were consistent, Daily observations were made
during the nesting season from a hide only 1.7 m from the nest, which
was under a farm bridge.

Both birds took part in the nest construction, which began in
August each year and was characterised by slow beginnings, when
mud was layered for the nest foundation, and by rapid completion
(3 days) during the nest-lining stage. The important dates during
the 1976-77 season, typical of each season, are given in Table 1. Eggs
were laid one per day; the average of 10 clutches was 4.2 eggs, range
3-5. Incubation began immediately the last egg was laid and lasted
15-16 days. Chicks were fed by both parents and fledged at three
weeks. Feeding continued for another two weeks, after which the
chicks dispersed.

When chicks were very young, they were fed at intervals of
often up to an hour but when they were near to fledging, intervals
were nearer 30 minutes. After fledging, the intervals varied considerably
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TABLE 1

11/8/76 First evidence of nest-building on brldge runner.
27/8/76 First egg in nest.
31/8/76 Four eggs and bird sitting.
18/9/76 Three chicks and one egg.
10/10/76 Chicks fledged, returning to nest at intervals.
17/10/76 Nest being repaired. Unhatched egg removed and found to
have been infertile.
21/10/76 Nest re-lined with fresh feathers.
23/10/76 First egg in nest.
27/10/76 Five eggs.
13/11/76 Four chicks and one egg.
4/12/76 Chicks fledged and left nest.
11/12/76 35-40 swallows seen, with many staying up to four days.
12/12/76 Nest re-lined with fresh feathers.
14/12/76 First egg in nest.
17/12/76 Four eggs.
4/1/77 Four chicks in nest.
25/1/77 Chicks fledged.
5/2/77 Nest disappeared.
Thereafter, two swallows were seen on most days until early May.
Seen irregularly at intervals of 5-6 days during, May, June and July.

and we did not try to note them, although we noticed that from sunset
to dark the intervals were much shorter. Early morning and evening
feeding of the fledged young often took place under the bridge near
the nest; during the day, the young were fed usually while they were
resting on fence posts or fence droppers They were not seen to be
fed on the ground.

In all three seasons 1974-75 to 1976-77, three clutches were laid.
In 1974-75, from each of the first clutch of 5 and the second of 4, 4
chicks were hatched and were successfully reared, and the third clutch
of 4 was deserted just before hatching. In 1975-76, from each of the
first clutch of 4 and the second of 5, 4 chicks hatched and were reared
and all of the third clutch of 3 were hatched and reared. In 1976-77,
from the first clutch of 4, 3 chicks hatched and were reared and from
each of the second clutch of 5 and the third of 4, 4 chicks hatched and
were reared. This means that, from 38 eggs laid, 30 hatched (79%);
if the deserted clutch of 4 is omitted, then 88% hatched. Successful
fledging of hatched chicks was 100%.

In 1977-78, the nest was damaged, possibly by an opossum that
was caught the next day under the bridge, two days before the first
clutch of 4 eggs was due to hatch. Although they partly repaired the
nest, the birds finally abandoned. it almost two weeks later, at the
end of September.

In the three full seasons, this pair of swallows reared 30 young.
Their high breeding success must therefore be considered a major
factor in the species’ rapid increase since its arrival in New Zealand.

GEOFF énd DAVID CROUCHLEY, 98 Freyberg Avenue, Tamatea,
Napier.
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PLATE ! — Auckland Islands Banded Dotterel, photographed on Enderby Island, December 1972.

Photo: M. F. Soper
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STARLINGS BATHING IN FLOCKS

On 12 March 1978 I spent an hour during mid-afternoon at a
small dune lake near Foxton in the Manawatu. The lake is surrounded
by farmland. At one end an area of mud merged into marshy pasture
on one side and into shallow water on the other. A fence crossed
the mud about three metres from the water’s edge.

Small flocks of Starlings (Sturnus vulgaris) were bathing in
the water near the fence. Flocks of several hundred birds flew in
from the north, splitting into smaller groups as they landed on the
fence, the mud, on pasture by the fence or directly in the shallow water.

The birds in the water bathed in the normal manner, keeping
very close together (almost touching each other) and all facing the
same way. -A continuous chattering was made by the bathing birds.
At times two or three flocks of thirty or more birds each were bathing
at once, with a few birds spread out between. Birds kept flying from
the back to the front of the flock and to and from the shore and fence.
These short flights were the same as in a feeding flock on pasture,
passing over the flock to land in front of the leading birds or else
away from the flock in a rapid, banking flight. Eventually the water
became too deep and the flock stopped moving forward.

~As well as the individual movements, whole flocks would
suddenly move from fence to water or vice versa. Occaswnally, birds
from fence, ‘shore and water flew away from the lake in one large
flock. Flocks arrived from one direction and left in another, perhaps
towards a roost.

The interesting feature of these observations is the similar be-
haviour of :Starling flocks when feeding and when bathing. Powell
(1974, Anim. Behav. 22 (2): 501-505) found that individual Starlings
spent less time watching for predators and responded. more quickly to
the appearance of a model hawk when in a group of ten than when
in smaller groups. Flocking in birds ‘has several possible functions. It
is not known how frequently Starlings bathe in ﬂocks or how valuable
this behaviour is to each bird.

JOHN F. COCKREM, 26 Eton Drive, Hamilton

*

PRE-MIGRATION DISPLAY BY MONGOLIAN DOTTEREL
‘ TO BANDED DOTTERELS

On 22 April 1978 J. A. Brown-and I were at Karaka Shellbanks, .
south Manukau Harbour, when rapid pit-pit calls of Banded Dotterels
(Charadrius bicinctus) drew our attention to a cluster of about 20
birds. A Mongolian Dotterel (Charadrius mongolus), which had spent
the southern winter in the Karaka vicinity, was displaying to about
15 Banded Dotterels. Mongolian and Banded Dotterels, which breed
in Asia and New Zealand respectively, are very alike in size and
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appearance in non-breeding plumage. Interested spectators included
a Bar-tailed Gedwit (Limosa lapponica), two very grey stints which
we suspect may have been Semi-palmated Sandpipers (Calidris pusilla)
and, for a short time, a New Zealand Dotterel (Charadrius obscurus).

The Mongolian Dotterel; drawing itself up to full height, ran
to the Banded Dotterels and, standing with upstretched neck before
them, trilled a soft tirrit-tirrit-tirrit and once or twice tirr-ir-it, where-
upon all flew up to circle, perhaps three times, calling repeatedly, They
alighted and the same display was repeated twice more. Since they
seemed oblivious to our presence, we tried carefully to get the sun
behind us, better to observe this unique interaction between these two
dotterels. The attempt failed, for all flew right away.

The Mongolian Dotterel had a rich reddish-brown half collar.
Chin, throat, breast and belly were white, as were forehead and supet-
ciliary. Upper surfaces were brownish grey. We were not able to
note further details but my impression was that there was less white
and more definite brown on the head than had been seen on previous
occasions. On 13 November 1977, when the bird was first seen, the
upperparts had been noted as light brownish grey and hind-neck rufous.
Much white showed on face and forehead, viewed from the front.
There had been a complete, narrow grey band across the upper breast,
a dark patch behind the eye and the bill was short and thick. Legs
were greyish.

A return next day with sound-recording equipment was fruitless.
The bird could not be found, nor was it seen again.

BETH BROWN, 39 Red Hill Road, Papakura.
. . * . 3
ANTARCTIC PETRELS AROUND FOVEAUX STRAIT

In normal years Antarctic Petrels (Thalassoica antarctica) are
rarely seen, but towards the end of winter 1978 there were unusual
numbers from Preservation Inlet to Stewart Island. .

Roy Milford, who fishes these waters, passed ‘on .these comments

to me. “ Three or four have been round every. fishing boat; and
altogether there must kave been some hundreds. It is nice to have
a new bird arcund. They are very tame, the tamest seabird of all.
In fact, you can resch down and pick them off the water. They
seem completely fearless. Near the boats they sit alongside the Cape
Pigeons (Daption capense), eating scraps, and the Cape Pigeons bully
them. The Antarctic Petrels appeared in such numbers at the beginning
of September Coinciding with their arrival was an unusual abundance
of octopus.” :
Roy Milford, with 70 pots, added that normally he would get
three or four octopus per daily round, but that in 1978 he was getting
20 per day, and-other crayfishermen were reportmg similar numbers.

Any connection ?

MAIDA BARLOW, 38 Filleul Street, Invercargill,
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FURTHER SIGHTING OF THE WHITE FORM OF THE
SOUTHERN GIANT PETREL

While on the FV Nimrod in Cock .Strait on 21 June 1979, 1
cbserved a Southern Giant Petrel (Macrcnectes giganteus) which was
wholly white with occasional black flecks. The position was 41°11.5°S
174°27.5'E, which is 9 miles north-east ¢f Perano Head.

The bird was cbserved for 30 minutes and on occasions came
to within a half-metre of the vessel for fish offal. It eventually became
ertangled in a fishing line and was hauled aboard and examined for
bands, of which it had ncne. It was then released and flew off to
the cast. It was originally accompanied by two giant petrels of the
dark form of the same species, but these remained in the area after
it had gone.

In abcut 30 years of fishing in Ccook Strait, the owner of Nimrod,
Mr D. Fishburn, has scen only one other white giant petrel.

A. JOHNSTON, Ministry of Agriculture and Fisheries, Private Bag,
Nelson,
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BIRD OBSERVATIONS ON NORTH MEYER ISLET

In 1977, while on Raoul Island in the Kermadec Islands as a
member of a management expedition, I made two visits to North
Meyer Islet on 8 August and 12 October. I counted birds along a
route up the south-west ridge to North Meyer’s summit and down the
north ridge.

KERMADEC PETREL Pterodroma neglecta

On 8 August 337 adults and 87 chicks were seen at nests.
Most chicks were downy but others were near fully fledged. 50+
adults were flying overhead. By 12 October many of the young birds
seen previously had left the nests.

KERMADEC LITTLE SHEARWATER Puffinus assimilis kermadecensis

An adult was seen from 2 m entering a burrow at the summit
(122 m as.l.) on 8 August. Two burrows were seen and each held
a chick in dark grey down.

MASKED (BLUE-FACED) BOOBY Sula dactylatra personata

On 8 August one adult was incubating two eggs on the exposed
north ridge and five birds were circling the northern tip. An adult
with a downy chick was at 52 m asl. on the south-west ridge on
12 October.

SPOTLESS CRAKE Porzana tabuensis plumbea
One was seen running in Cyperus ustulatus on the north-western
face on 12 October.

EASTERN GOLDEN PLOVER Pluvialis dominica fulva
Two birds were resting on rock platforms near the sea on
12 October.

WHITE-CAPPED NODDY Anous minutus

On 8 August, 11 birds were resting in ngaios and on the ground.
On 12 October, 20 birds were incubating eggs in nests among ngaios
on the lower western slopes.

GREY TERNLET Procelsterna cerulea albivitta

Birds were on eggs at nest sites near sea-level on 8 August and
40+ birds were flying nearby. Several nests with downy chicks were
seen on 12 October.

KERMADEC PARAKEET Cyanoramphus novaezelandiae cyanurus
Parakeets were in low ngaio scrub on the western slopes: 14 on
8 August and 3 on 12 October.

BLACKBIRD Turdus merula
One bird was seen in ngaio scrub on both visits.

KIM MORRISON, Fiordland National Park, P.O. Box 29, Te Anau
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BROOD SIZE OF THE NORTH ISLAND KOKAKO ?

~ During a respite from the 49th ANZAAS Congress in Auckland,
I was fortunate to have a brief but very close view of a-party of
North Tsland Kokako (Callaeas cinerea wilsoni). As Lavers (1978)
pointed out, this bird has a contracting’ but still widespread range
mainly in central North Island. The main significance of the present
observation was not its location but the composition of the family party,
which may throw some light on the very limited knowledge of the
breeding biology of the species.

The observation was unusual in that it was made from a moving
“car, travelling between Hangatiki and Waitomo in.the King Country
at about 11 a.m. on 25 January 1979. .As the. car passed through a
patch of dense forest. six birds were seen crossing the road in .a loose
line.. The first and last_birds were adult Kokako, while the four in
the middle were smaller and more uniformly brown. The large blue
wattles were conspicuous on the adult birds but appeared fo be totally
absent on the other four.

The next day, the sighting was discussed with J. R. Hay of the
Department of Zoology, University of Auckland, who is working on
the Kokako, and several days later, I visited the Auckland War Memorial
Museum where three mounted adult Kokako are on dlsplay The
identity of the birds was confirmed.

In terms of distribution, the King Country remains one of the
strongholds-of the Kokako (Checklist 1970; McKenzie 1972; Falla et al.
1970; Lavers 1978), and Lavers mentions that “ . . . Kokako are more
likely to cccur close to canopy gaps or forest margins,” a habitat
provided by roads where they pass through forest. The interesting
feature of the observation was the presence ‘of four subaduit birds.
Little has been published cn the breeding biology of the Kokako.
MacDonald (1966), in a summary .of reports, mentions only one
nesting record, and Falla.e¢f al. (1970) cite three nesting observations

.up to 1970. From these, it appears that two or three eggs are laid
and that breeding occurs from November to March.

The appearance of four subadults with two adults suggests that
a clutch of four may occur or perhaps that some fosterlng or co-
operative nurture system may operate. The latter suggestion is highly
speculatlve but 1t may be significant that many records of Kokako
mention ““ groups” of the birds (Macdonald 1966; Lavers 1978).
Further, it is only in recent years in Australia that it has been realised
how many disparate species (wrens, magpies, kookaburras, etc.) live
in larger groups than 51mple pairs and that this behaviour is quite
variable even within species (Rowley 1968, 1974). Normally, however,
the additional group members are adults rather than juveniles. It is
even possible that the six birds were part of a larger .group, most of
which were not seen, but the behaviour of the birds, although briefly
seen, suggested a tightly organised family party.

Unfortunately, 1 shall probably never have an opportunity to
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see this species again and this note is offered simply as a contribution
to what seems a rather limited knowledge of a declining species.
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.SHARP-TAILED ‘SANDPIPER DISPLAYS.

During a visit to the southern side of the Manawatu River
estuary on 20 February 1977, R. H. D. Stidolph, C." E. Scadden and I
found a compact flock of 17 Sharp-tailed Sandpipers (Calidris acumin-
atq) resting quietly on mud freshly exposed by the falling tide.
Suddenly, one.of the birds raised and slightly opened its wings, and
“vertically erected and fully spread its tail, rather -like a fantail
(Rhipidura). At the. same time, it raised the feathers of the nape,
mantle and scapulars, dramatically increasing its apparent size. It then
chased a-'second bird for about 40 seconds, occasionally jumping into
_the air and ﬂlckmg its wings open vigorously. The chased bird ran
“rodent fashlon in and out of the flock without displaying or calling,
'while the rest of the flock remained quietly résting, apparently un-
affected by the two birds’ behaviour.

This flock ,had been at the Manawatu estuary since October
1976. When I vls1ted the estuary three weeks afrer this observation,
the flock had ‘gorie, presumably on the way to its Siberian breeding
grounds. .

Aggresswe displays are more hkely to occur when waders are
feeding than when resting. Because this display occuired when' the
birds were resting and seemed to be spontaneous, it may have been
a couttship display. Backen (1958, Emu 58: 267-270) gave a detailed
account of Sharp-tailed Sandpiper displays seen in Victoria in January-
February 1957. He described three basic displays, which he assumed
were courtship displays, and variations and combinations of them. The
Manawatu display fits Backen’s Type II, the type he saw most often
and that once both preceded and followed a copulation attempt.

R. H. D. Stidolph (pers. comm.) saw a slightly different, less
elaborate display on 8 November 1950 at Miranda in a group of 12
Sharp-tailed Sandpipers, probably not long back from their breeding
grounds. This display fitted Backen’s Type I. One bird, adopting
a semi-erect posture, with feathers raised and wings drooped, chased
another. Since a courtship display is unlikely in November, this and
Backen’s Type 1 are probably a basic aggressive display that may be
elaborated at courtship times into Backen’s Type 11, as seen at Manawatu
estuary.

MICHAEL D. DENNISON, 129 Renall Street, Masterton.
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WHITE-TAILED TROPIC BIRDS ON NORTH AUCKLAND
WEST COAST BEACHES

While doing the regular monthly patrol of a section of Muriwai
Beach with Mrs Claire Exley and lan Southey on 10 June 1979, I
uncovered the wreck of an immature White-tailed Tropic Bird (Phaethon
lepturus). Although about 2 weeks dead, enough feathering was intact
to provide satisfactory identification. Most of the feathers on the
head, back, shoulder of wing and outer tail were flecked with black.
The outer webs of the primaries were conspicuously black, as were

S AT

the feet. Bill grey. Measurements were bill 42.95. tarsus 22.1,
mid-toe and claw 36.9, wing 254, tail 145.8. The skeleton has been
deposited with the Auckland Museum, and a photograph accompanies
this note. '

R. N. THOMAS, 25 Ravenswood Drive, Auckland 10.

While beach patrolling on the Aranga-Dargaville west coast
beach on 24 February 1979, 1 picked up a quite fresh White-tailed
Tropic Bird (Phaethon lepturus). It appeared immature by its plumage
but with the two central tail feathers longer than the others. The
bird has since been sent by D. E. Crockett to the National Museum,
Wellington.

AUDREY GORDON, 4 Lewis Street, Kamo



LETTERS

The Editor, 15 June 1979

Sir,
Are Birds Strategists ?

Of course, Archie Blackburn is right. Surely our expatriate New
Zezlander writing from Canada (Notornis 26: 99-100) stands con-
demned out of his own mouth when he equates the correct use of
scientific or technical terms with jargon. As for “ streamlining technical
communication,” when intelligent scientists or thinkers (of different
disciplines) cenverse together, they may take shortcuts by using such
terms; but do they really want their talk to sound like the whine of
a shell, a high-powered car or jet plane, which in their fields are the
acme of streamlining ?

The practice of dressing up statements of observed facts or
basically simple hypotheses in high-fallutin’ language is to be deplored.
It tends to give to words which have a long historic usage a meaning
which they cannot bear, because of the many and varied implications
of the original word.

When the introduced Chaffinch and Goldfinch build their nests
in New Zealand, those nests are uncannily similar to the nests which
their ancestors were building in Europe a hundred years ago in a very
different environment. Put it down to blind instinct; and say that that
means nothing. It is simply defining something obscure by something
even more obscure — obscurum per obscurius, as the old classicists used
to say. But it works and it is not the result of a carefully planned
strategy.

Surely strategy implies the study of a host of logistics in order
to defeat or outwit a powerful enemy, known or suspected. A glance
at human history shows that much strategy has been disastrous because
it was based on miscalculation or ignorance. Nature may know a
little better. Define the methods by which she achieves her ends as
you will; but they are not strategies. Nor are the Chaffinches and
Goldfinches in our gardens strategists.

R. B. SIBSON

The Editor, 25 April 1979
Sir,
With the current concern for the survival of the North Island

Kokako, I feel obliged to point cut that the data presented by Mr Lavers
(Notornis 25: 165-185) actually indicate an increase from 35 grid

NOTORNIS 26: 321-322 (1979)
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squares occupied pre-1900 to 81 in the 1960-1970 period. The story
gleaned from his maps is as follows:

No. grid Pre-1900 1900-1939 1940-1960 1960-1970
squares 35 40 51 81

Mr Lavers claims on p. 173 “ However, it was not until the
1960s that, with added concern for this rare bird, more people began
to record sightings and the extent of this contracting distribution became:
evident.” The reader can find other statements in his paper which
cannot logically be drawn from the data it presents.

: JOHN M. CLARK
Dudley Road East, RD 6, Inglewood.

The " Editor, 13 June 1979
Sir,

Mr Clark is ¢orrect in pointing out-that there is an increase in
the number of ‘grid squares with Kokako from before 1900 until 1970.
However, it cannot be inferred from this that the Kokako has increased
numerically or that the pattern of distribution has ‘been enlarged, as
your correspondent may be suggesting.

Of the few records available for the. early. period, most give
only vague locality references, whereas the more numerous reports
over the past two decades.can usually be placed in a particular grid
square. This tends to show an apparent increase in distribution in
certain districts (Rotorua, South ,Auckland, Taranaki and Urewera)
where in fact, with a reduction in forest area, such an increase is
most unlikely.

The only conclusion that can be drawn from the available records
is that the distribution has contracted in areas to the north and south
of the Volcanic Plateau as suitable forest habitat has been removed.

R. B. LAVERS
P.O. Box 149, Te Anau.

*

REVIEWS

The Dromornithidae, an extinct family of large ground birds endemic
to Australia, by Pat Vickers Rich. Bulletin 184. Bureau .of Natural
Resources, Geology and Geophysics. Canberra 1979.

In this profusely illustrated’ book of 196 pages, Dr Pat Vickers
Rich has done for the Dromornithidae what Sir Gilbert. Archey and
Dr W. R. B. Oliver did for the Dinornithiformes of New Zealand, and
he has done it excellently, despite one of the biggest handicaps that
any avian osteologist can encounter — no cranial material; sor'that ithe



1979 REVIEWS 323

assignment of this group of extinct Australian birds to the Ratites rests
on the fact that the sternum has no carina or keel The geological
range is mid-Miocene to Pleistocene.

I had the opportunity in 1967 of‘exar'nining the original material,
both type and other bones, of Genyornic newtoni at the South Australian
Museum and later a few other bones of then undescribed birds of the
group, elsewhere, and since then Pat Rich has generously supplied
me with slides of others, so 1 was not entirely unfamiliar with the
Dromornithidae. Work on the group was begun by Dr Alden Miller
and then Dr Ruben Stirton — I supplied the latter with comparative
Moa material — but when first Miller and then Stirton died suddenly,
Dr Rich took over the study of these 1ntr1gu1ng birds and this mono-
graph is the result. Pat Rich’s approach is cladistic — in a simplified
definition, this means that characters.shared by all of a group or those
regarded as immediate ancestors are regarded as primitive; those not
shared, but peculiar to a particular genus or species are derived. The
method. has its difficulties but is in my opinion the bést taxonomic
tool yet devised.

After the usual introduction and acknowledgements the book
outlines the systematic approach used, the methodology and characters
used, and then proceeds to discuss the Dromornithidae, first at family
level, and then the various genera and spemes of which several are new..

The list is: E Y

Barawertornis tedfordi, a new genus and species; o

Bullockornis planei, a new genus and species; and another
probable species of this genus;

Dromornis australis Owen;

Dromornis stirtoni, a new species;

Ilbandornis weodburni, a new genus and species;

?Ilbandornis lawsoni, a new species; and

Genyornis newtoni Stirling and Ziutz.

A detailed account of the statigraphy of the deposits from which
the bones are derived is provided, footprints and the egg from dunes
in South-western Australia are discussed, and a full bibliography and
many pages of tables are included. Altogether Pat Rich has written
a very satlsfactory account of the Dromornithidae, working with
material that is far less plentiful and satlsfactory than that which we
have in New Zealand for the various Moa.

R.TJ. SCARLETT Canterbury Museum

-

The Hind Limb Musculature of the Brown Kiwi, Apteryx australis-
mantelli, by Christopher McGowan. Journal of Morphology. . Vol. 160.
No. 1. April 1979.

As an osteologist, 1 feel a little diffident in reviewing this very
important contribution to myological literature. It is a preliminary to
a cladistic analysis of Moa and their other struthious relatives on which
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Dr McGowan, Dr Alan Baker and I were engaged in Toronto last year,
and which is still continuing. The relationship between Apteryx and
Moa has long been known to New Zealand osteologists and has been
mentioned in the literature on several occasions, e.g. Haast (1886) who
considered his new genus Megalapteryx, founded on leg bones, to be
that of an enormous Kiwi, Archey (1941), Scarlett (1972), but Cracraft
(1974) is here quoted as the authority for the assertion. This is a
minor quibble with an excellent paper. The most extensive previous
study of the musculature of the hind limb of the Kiwi was that of
Owen in 1879. Perhaps because of paucity of material, Owen’s study
contained several errors. Some of these were corrected by later workers,
but sufficient uncertainty in several areas remained to warrant
McGowan’s re-examination. The result is, for an osteologist, unfortun-
ate as “ although the limb and pelvic bones are marked by numerous
features which suggest muscle attachments, relatively few can be
positively identified with specific muscles. Only 23% of the muscle
origins and insertions can be identified, and with three possible
exceptions, no indication of relative size is given by the scars. The
possibility of being able to reconstruct the musculature of the Kiwi
from its skeletal anatomy, much that of its extinct relatives, is remote.”

While this conclusion is disappointing, it does not detract from
a splendid piece of work. The paper is illustrated by four photographs
of stained skeletal muscles in transverse section, and 25 beautiful draw-
ings by Julian Mulock. T have seen the original drawings, and they
have reproduced extremely well.

R. J. SCARLETT, Canterbury Museum

NOTICE TO AUTHORS

In future, the 25 free offprints of papers will not be sent to
authors unless they have been ordered.

This is to reduce the considerable cost to the Society of this
service by eliminating the offprints that are not really wanted.

Note also that free offprints are limited to 25 per paper, and
so authors of multiple-author papers are expected to share their 25.

Please order all your offprints direct from Te Rau Press Ltd.,
P.0. Box 945, Gishorne, preferably at the time of receiving galley
proofs. Late orders usually cannot be met because offprints are
now printed straight after Notornis is printed.




